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INTRODUCTION 

Historically, production of cotton in southern areas of the United States provided the 
main source of income for many farm families and was the economic impetus for 
entire farm communities. Insects occurred as occasional or sporadic pests; however, 
biological and climatic factors regulated their abundance to a large degree. When the 
boll weevil, Anthonomus grandis grandis Boheman, invaded United States cotton 
growing areas in 1892, spreading across the Cotton Belt in subsequent years, crop fail-
ure and economic disaster followed in its wake (Gaines, 1957). 

Devastation of cotton by boll weevil populations provided the impetus for the devel-
opment and widespread acceptance of chemical control of insect pests of cotton. 
Producers became heavily dependent on chemical means of control of insect pest out-
breaks. As much as 40 percent of the insecticides produced in the United S tates was 
used on cotton (Newsom and Brazzel, 1968). Widespread use of insecticides resulted 
in secondary and occasional pests being elevated to primary pest status as they were 
released from their natural biotic control (Newsom and Smith, 1949; Reynolds, 197 1; 
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Lincoln and Graves, 1978). In the western areas of the Cotton Belt, plant bug, Lygus 
spp., and spider mite, Tetranychus spp., outbreaks provided similar scenarios as did the 
boll weevil in the eastern areas of the Cotton Belt (Reynolds et al. , 1982). 

Calcium arsenate was the first in a long line of chemicals that were registered, suc-
cessfully used, and finally replaced because of diminishing perfmmance. Seven dif-
ferent classes of synthetic insecticides have been developed for use on cotton: (a) 
inorganics or arsenicals; (b) organochlorines; (c) organophosphates; (d) carbamates; 
(e) formamidines; (f) pyrethroids; and (g) ave1mectins. Each class was phenomenally 
effective upon introduction. After several years of use, some of the products required 
tank-mixes with other materials to achieve control and finally, with the exception of 
the arsenicals (which are no longer used), formamidines and avermectins, lost effec-
tiveness due to the build-up of resistance in one or more pest species. Fortunately, new 
classes of chemicals were developed and approved for use as materials in the former 
classes were losing effectiveness. This provided only temporary relief, however, as the 
cycle inevitably would repeat itself. The pyrethroids, one of the latest and most widely 
used classes to be developed, are now going through the initial stages of resistance 
development in bollworm, Helicoverpa zea (Boddie), a~d tobacco budwonn, Heliothis 
virescens (F.), populations (Plapp and Campanhola, 1986; Leonard et al. , 1987, 1988; 
Luttrell et al.,1987). Resistance management strategies have been implemented in an 
attempt to delay further spread of resistance (Anonymous, 1986; Plapp et al., 1987). 
There is, however, a desperate need for new chemistry to be developed for cotton 
insect control. 

In addition to the seven classes of insecticides mentioned above, two novel types 
of insecticides, biologicals and insect growth regulators, also have been registered. 
The biologicals receiving registration consisted of the delta-endotoxin from the bac-
terium, Bacillus thuringiensis, sold under various trade names, and a nuclear poly-
hedrosis virus, Elcar®. Use of these materials met with limited success against 
moderate to high populations of bollwonn!tobacco budworm. Commercial produc-
tion of Elcar® has been discontinued because of lack of use. However, biological 
insecticides offer a wide area of opportunity as advances in biotechnology and 
genetic engineering occur. 

Diflubenzuron (Dimilin®), an insect growth regulator, has been registered for con-
trol of boll weevil populations. It was proven to be effective against low levels of wee-
vils emerging from overwintering sites when scheduled applications were made 
beginning when cotton initiated fruiting. Commercial success of this product for boll 
weevil control in cotton has been limited due to a prohibitive price structure and its 
incompatibility with current insect pest management systems. Most recently, it has 
been shown to provide good suppression of populations of beet armyworm, 
Spodoptera exigua (Hiibner), in cotton (Herzog, unpublished data). Other insect 
growth regulator materials have been tested during the last few years. Some have 
shown promise, but none have been registered for use on cotton primarily because of 
fear of environmental effects on nontarget arthropods. Nevertheless, interest continues 
in this area of insect control. 
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Two classes of insecticides with new and unique modes of action are cunently under 
development. They include a class called the pyrroles containing a compound with the 
proposed name of Pirate® and a class called the nitromethelene guanocycles which 
includes a material called imidacloprid with the proposed name of Admire®. Pirate® 
shows promise for control of a broad spectrum of insect pests in cotton, particularly 
lepidopterous larve. Admire® is a systemic insecticide that is extremely efficacious 
against a wide range of sucking insect pests. 

With the current regulatory climate, increasing environmental awareness, the cost of 
registration of new chemicals and the high cost of reregistration of existing materials, 
new products are not being developed as rapidly as in the past. Additionally, during the 
last decade there has been a trend toward the reduction in the number of agricultural 
chemical industries that remain in business. This has occurred as a result of corporate 
mergers or from indust1ies being purchased by other chemical companies. There 
appears to be a commensurate reduction in the testing and development of new insec-
ticides. Thus, resistance to currently used insecticides poses an even greater threat to 
the viability of the cotton industry in the United States. Newsom and Brazzel (1968) 
stated that "there is evidence that populations of Heliothis spp. and Tetranychus spp. 
are becoming completely intractable to control by any currently available insecticide". 
Although new chemicals became available shortly thereafter, that threat still exists per-
haps with even more certainty. Chemical control of insect pests in cotton still is the 
first line of defense against economic damage, but resistance remains the greatest 
threat to the demise of this highly effective tool. Borlaug (1972) stated that if pesticides 
were completely banned, crop losses would probably soar to 50 percent and food 
prices would increase four to five fold. The outlook appears similar if resistance to 
insecticides by major pests of cotton precludes control. 

EVOLUTION OF CHEMICAL CONTROL 

SOUTHEASTERN UNITED STATES 
The production of cotton in the southeastern United States provided economic sta-

bility to the region during a long period of historical development. The establishment 
of the boll weevil, however, brought crop devastation and economic disaster to most 
of the cotton growing areas in this region. 

Arsenicals - Calcium arsenate was first tested in 1916 and was found to effec-
tively control the boll weevil, but profitability was diminished due to added produc-
tion costs. As calcium arsenate was more widely used, the disruption of biotic control 
factors involved in regulation of other insect pests allowed secondary and occasional 
pests to be elevated to primary pest status. Cotton aphid, Aphis gossypii Glover, and 
bollworm/tobacco budworm outbreaks were common following the use of these inor-
ganic insecticides. Cost of control became prohibitive in much of the area; thus, pro-
ducers began sem·ching for alternative crops. Alternatives such as peanuts, soybeans, 
vegetables and livestock increased in popularity thereby dramatically reducing the 
acreage planted to cotton. 
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Organochlorines - The introduction of the organochlorine insecticides ushered in 
a new era of cotton insect control. These broad spectrum materials were effective in 
controlling virtually all insect pest problems in cotton. These materials created a 
renewed interest in cotton production; however, it was found that costs for control 
were too high even in light of the unprecedented yields that were obtained. A mqjor 
drawback to their use was the increased incidence of spider mite problems. Producers 
that continued to grow cotton found that, in view of the heavy pest infestation levels 
and the overlap of populations experienced in much of the southeastern United States, 
it was expedient to apply controls on a scheduled basis. This approach lead to exten-
sive use of the available chemicals bringing about serious problems with resistance 
(Tippins and Becld1am, 1962; Snow, 1965). By the late 1960s many of the organochlo-
rine compounds were found to be ineffective against boll weevil and 
bollworm/tobacco budworm populations. A mixture of toxaphene-DDT was still used 
to some extent until the cancellation of DDT registration by the Environmental 
Protection Agency in 1972. 

Organophosphates - The late 1950s and early 1960s ushered in the era of the 
extensive use of organophosphate insecticides. These· materials provided excellent 
control of bollworm/tobacco bud worm and boll weevil. The systemic nature of several 
of the organophosphates also afforded excellent control of plant bugs, spider mites and 
several species of thrips. A wide array of organophosphate products was developed. 
Many of them had a broad spectrum of activity, while others offered selective control 
of some pests. 

The organophosphate compounds were not unlike their predecessors-resistance 
began to develop in several pest species to several products (Canerday, 1974; Sparks, 
1981). However, the boll weevil appears to be an exception as it is currently as sus-
ceptible to methyl par·athion (Metaphos®, Penncap-M®), malathion (Cythion®) and 
azinphosmethyl (Guthion®) as when these compounds were introduced over thirty 
years ago. The selection pressure being placed on this species by the Boll Weevil 
Eradication Program in the Southeast should reveal organophosphate resistance mech-
anisms- barring mutations- if they are present in the population. Nevertheless, after 
completion of the eradication program in over one million acres of cotton in six south-
eastern states, no indication of increased resistance or tolerance has been documented 
or even suspected. 

Carbamates - Carbamate insecticides were introduced into the marketplace for 
cotton insect control beginning in the late 1950s with the registration of carbar·yl 
(Sevin®). It took only about ten year·s for resistance to this compound to develop in 
bollworm/tobacco budworm populations (Spm·ks, 1981). Methomyl (Lannate®, 
Nudrin®) was introduced in the early 1970s. Although not effective against boll wee-
vil, it provided broad spectrum activity against other cotton insect pests. It was partic-
ularly useful in the control of insecticide-tolerant armyworms, Spodoptera spp. The 
mqjor drawback to its use was the reddening of cotton foliage that occmred when high 
rates or repeated applications were made. Methomyl was also found to be a very effec-
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tive contact ovicide against bollworm/tobacco budworm eggs when used at low rates 
(Pitts and Pieters, 1980). Resistance to methomy1 (Lannate®, Nudrin®) followed 
similar pattems to other materials (Sparks, 1981). Thiodicarb (Larvin®) was regis-
tered in the mid-1980s for use in cotton insect control. It has proven to be extremely 
effective against beet armyworm and fall armyworm, Spodoptem frugiperda (J. E. 
Smith), that are tolerant to most other insecticides. It also provides good control of 
bollworm/ tobacco budworm but is ineffective against the boll weevil. Low rates of 
thiodicarb have been shown to have contact ovicidal activity against bollworm/ 
tobacco budworm eggs. 

Aldicarb (Temik®), a systemic carbamate insecticide, has been used extensively 
since the early 1970s as an in-furrow treatment at planting for the control of early sea-
son pests of cotton. It is particularly effective against thrips, aphids and spider mites in 
seedling cotton. It has been shown to control other insects, including boll weevil, when 
applied at high rates as a side-dress application (Hopkins and Taft, 1965). Resistance 
has not become a problem with this compound in target species. 

Formamidines - A formamidine insecticide, chlordimeform (Fundal®, Gale-
cron®) has been used extensively tlu·ough the 1970s and 1980s. Its primary activity is 
as an ovicide against bollworm/tobacco budworm (Dittrich, 1967). It exhibits contact 
and vapor activity against eggs of this group of pests and has a unique adverse effect 
on adult moths (Phillips, 1971). It was also demonstrated that there is an adverse effect 
from chlordimeform residues on larvae infesting treated foliage (Treacy et al., 1987). 

Plapp (1976) reported that chlordimeform synergized compounds against resistant 
bollworms/tobacco budworms. In fact, chlordimeform proved to be effective in the 
field when used against resistant tobacco budworms. Nevertheless, it was voluntarily 
removed hom the market by the manufacturers following the 1989 crop year because 
of toxicological problems regarding safety to manufacturing employees. Several al ter-
natives have received federal registration as ovicides for control of bollworm/tobacco 
budworm eggs, including another formamidine, amitraz (Ovasyn®), methomyl (Lan-
nate®, Nudrin®), thioclicarb (Larvin®) and profenofos (Curacron®). 

Pyrethroids- Pyrethroids were among the last groups of insecticides to be devel-
oped and marketed for control of insect pests of cotton. They were first used commer-
cially in 1978 under FIFRA Section 18 emergency use program and have since gained 
widespread acceptance as the materials-of-choice for control of bollworm/tobacco 
budworm populations. Use rates of these materials is roughly one-tenth or Jess that of 
organophosphate or carbamate insecticides. One consideration in the use of these prod-
ucts is their propensity to induce secondary pest outbreaks. Outbreaks of spider mites, 
cotton aphids and western flower tlu·ips, Fmnkliniella occidentalis (Pergande), fre-
quently occur following pyrethroid applications. Pyretlu·oids have not been reliable 
materials for control of armyworms, Spodoptera spp., particularly larger larvae, in cot-
ton. There appears to be a preadaptive tolerance to the pyrethroicls in these species 
(Herzog, 1988). 

The soybean looper, Pseudoplusia includens (Walker), has been a sporadic pest of 
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cotton in the southernmost areas of the southeast United States during the 1980s and 
early 1990s. It was effectively controlled with applications of permetlnin (Ambush®, 
Pounce®) until 1988 when resistance to these pyrethroids began to appear. A 22-fold 
level of resistance to permethrin was documented in this pest during 1988-1989 
(Herzog, 1988) making pennethrin virtually useless for control of this pest. 

Recently, there has been considerable concern that pyrethroid resistance in tobacco 
budwonn populations already identified in Arkansas, Louisiana, Mississippi and 
Texas-may be spreading to the Southeast. One cotton growing area of north Alabama 
reported unexplained difficulty in achieving control of tobacco bud worm beginning in 
late 1987. Adult moth vial tests (Plapp et al., 1987) indicated that some resistant indi-
viduals may have been present in that population (Herzog, 1988). Standard laborat01y 
bioassays using topical application on bollworm/tobacco bud worm larvae indicate no 
change in pyretln·oid susceptibility in either species in Georgia (Herzog et a!. , 1987). 
There have been no reports of unexplained field failures in other areas of the 
Southeast. 

The loss of these valuable compounds to resistance would certainly be a critical set-
back to cotton production in the Southeast. Cotton acreage in tllis region has expeti-
enced a steady increase over the last several years. This expansion may be attributed, 
in part, to the dependable control provided by the pyretln·oids. Resistance, at least at 
some level, appears to be inevitable. 

The success of the Boll Weevil Eradication Program in elimination of the boll wee-
vil in much of the southeastern United States has provided significant opportunities for 
the return to a more biologically-based system of insect pest management. There has 
been a dramatic reduction in the amount of insecticide used in areas where sprays for 
boll weevils are not required. Natural enenlies of pest species are more able to regu-
late populations to at least some extent reducing the number of insecticide applications 
appreciably. This reduction in insecticide use may delay pyrethroid resistance, how-
ever, the increased acreage of cotton with the accompanying exposure of a greater pro-
portion of the tobacco budworm population to these compounds may portend a more 
rapid development of pyrethroid resistance. 

MID-SOUTH AND SOUTHWEST UNITED STATES 
Until the boll weevil entered the Utlited States in 1892, only the cotton leafworm, 

Alabama argillacea (Hi.ibner), cotton aphid and bollworm/tobacco budwonn were rec-
ognized as occasional pests of cotton in the Mid-South and Southwest United States 
(Newsom and Brazzel, 1968). The boll weevil became a perennial pest of cotton 
(Metcalf and Luckmann, 1975) since populations exceeding recognized economic 
thresholds usually occurred annually due to insufficient natural control from climatic 
and biotic factors. In 1918, Coad demonstrated for the first time that a chemical, cal-
cium arsenate, could be used to effectively control the boll weevil. The widespread use 
of calcium arsenate from the 1920s through the mid-1940s resulted in the cotton aphid 
and bollworm/tobacco buclworm beconling severe pests (Lincoln and Graves, 1978). 

The advent of DDT and other organochlorines in the mid- to late-1940s revolution-
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ized cotton insect pest control since they exhibited a broad spectrum of activity against 
practically all arthropod pests. However, most organochlorines induced spider mite 
outbreaks. Development of insecticide and acaricide resistance in numerous arthro-
pods, resurgence of arthropod pests following pesticide applications, and induced 
mthropod pest problems resulted in rapid shifts to new pesticide chemistry as it 
became available. 

Use of organophosphates and carbamates became widespread in the late 1950s and 
continues to the present. However, the pyrethroids, which became available in 1978 
m·e now being used extensively for control of bollworm/tobacco budworm, boll wee-
vils and other insect pests of cotton. Outbreaks of cotton aphids, spider mites and west-
ern flower thrips have been associated with the use of pyrethroids. Other classes of 
insecticides useful in managing arthropod pest populations on cotton are formamidines 
( chlordimeform [Fundal®, Galecron®]) and insect growth regulators such as difluben-
zuron (Dimilin®). 

Arsenicals - Prior to Coad's (1918) demonstration that calcium arsenate could be 
effectively and economically used to manage boll weevil populations, there was no 
appreciable use of insecticides on cotton in the Mid-South or Southwest United States. 
During this period producers relied mainly on cultural and biological approaches, but 
they proved to be umeliable and inadequate. 

From the early 1920s until the mid-1940s, calcium arsenate was used extensively 
for boll weevil control. Early recommendations for its use followed modern concepts 
of insect pest management. Emphasis was placed on cultural controls with calcium 
arsenate to be used only after other methods had failed. Dusting was recommended 
when 10 to 15 percent of the cotton squares were damaged (Hunter and Coad, 1923; 
Isely and Baerg, 1924); however, the treatment level later was increased to 25 percent 
in the Mississippi Delta (Gaines, 1944). Isely found that automatic em·ly-season appli-
cations of calcium arsenate failed to control boll weevils effectively or increase yields; 
whereas, scouting and treating as needed proved quite effective (lsely and Baerg, 
1924). Isely (1926) also introduced spot-dusting for control of emerging first-genera-
tion adults. From the early work oflsely, an insect pest management system was devel-
oped, its major components being scouting, spot dusting and early maturity of the 
cotton crop (Lincoln et al., 1975). 

Repeated applications of calcium arsenate, which were necessary in areas of heavy 
boll weevil pressure, usually induced cotton aphid outbreaks. Folsum (1928), Smith 
and Fontenot ( 1942) and Isely ( 1946) reported that these aphid outbreaks resulted from 
the detrimental effects of calcium arsenate on the biological control system that ordi-
narily controlled this insect. Furthermore, disruption of the biological control system 
plus the abundance of honeydew (from aphids) as a food source for adults of boll-
worm/tobacco bud worm often led to outbreaks of these species (Lincoln and Graves, 
1978). Nicotine, a plant product insecticide, was used to control aphids, but control of 
bollwonn/tobacco budworm with available insecticides was virtually impossible. 
Meanwhile, the widespread use of ca lcium arsenate greatly reduced the pest status of 
the cotton leafworm. 
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Organochlorines - The advent of DDT and other organochlmines beginning in 
the mid-1940s revolutionized cotton insect pest control. These broad spectrum and rel-
atively long residual insecticides were so effective against boll weevils; bollworms/ 
tobacco budworms; aphids; cotton Jeafworms; tlu·ips (primarily tobacco thrips, Frankl
iniella fusca [Hinds]); tarnished plant bugs, Lygus lineolaris (Palisot de Beauvais); 
cotton fleahoppers , Pseudatomoscelis seriatus (Reuter); and, other occasional pests of 
cotton that yields resulting from their use approximately doubled that obtained with 
calcium arsenate and other inorganic insecticides (Newsom and Brazzel, 1968). 

DDT was the first truly effective insecticide for control of bollworm/tobacco bud-
WOlm. DDT was soon followed by BHC, dieldrin, endrin and toxaphene, which were 
shown to be highly efficacious against boll weevils and most other cotton insect pests 
(Anonymous, 1947-71). Unfortunately, use of organochlorines released spider mites 
from their biological control agents and outbreaks became widespread (Anonymous, 
1947-71; Boyer and Bell, 1961). Thus, mixtures of insecticides, including sulfur to 
suppress spider mites, were commonly ust:d to control the insect pest complex attack-
ing cotton, (Lincoln and Graves, 1978). 

Because of their effectiveness, many cotton producers began to use the organochlo-
rines on a preventative basis rather than when economic tlu·esholds were exceeded 
(Lincoln and Graves, 1978). This "automatic" system, which was based on a fixed 
schedule of applications, was successful in its primary objectives of controlling insect 
pests and increasing cotton yields. However, subsequent problems of environmental 
pollution by the long-residual organochlorines and development of resistance to 
organochlorines by several cotton insect pests dictated a return to cotton insect pest 
management systems based on scouting, economic thresholds and timing of insecti-
cide applications. 

The boll weevil developed resistance to such organochlorines as BHC, toxaphene, 
endrin and dieldrin in less than a decade after their introduction (Roussel and Clower, 
1957). Though first documented in Louisiana (Roussel and Clower, 1957), resistance 
to organochlorines developed rapidly throughout the range of the boll weevil (Graves 
and Roussel, 1962; Brazzel and Shipp, 1962; Tippins and Beckham, 1962). Neverthe-
less, mixtures of toxaphene and DDT still effectively controlled weevils even though 
weevils were resistant to toxaphene alone or DDT alone. Also, calcium arsenate again 
was used to effectively control boll weevils. 

Other species of cotton insect pests also developed resistance to organochlorines. 
Resistance to DDT in the tobacco budworm occurred in Texas in 1961 (Brazzel, 1963) 
and soon was reported from across the Cotton Belt (Graves et a!., 1964, 1967; Pate and 
Brazzel, 1964; Snow, 1965; Lingren and Bryan, 1965; Harris, 1970). Graves eta!. 
(1963) first reported organochlorine resistance in bollworms from Louisiana. 
Resistance to DDT and other organochlorines in the bollworm was soon reported from 
across the Cotton Belt (Graves et al., 1963, 1964; Lincoln et a/., 1967; Brazzel, 1964; 
Snow, 1965; Lingren and Bryan, 1965). As with the boll weevil, mixtures of toxaphene 
and DDT remained effective against DDT-resistant bollworms/tobacco budworms. 
However, the removal of tl1e DDT registration on cotton by the United States 
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Environmental Protection Agency in 1972 not only ended the use of the toxaphene-
DDT mixture, but also signalled an end to the organochlorine era. 

Or ganophosphates - Organophosphate insecticides were first developed in the 
late 1 940s and early 1 950s. Parathion was recommended for emergency use on cotton 
in 1951. Also TEPP (tetraethyl pyrophosphate) was recommended for aphid control in 
1951. By the mid-1950s several compounds (malathion [Cythion®], demeton 
[Systox®, Metasystox®], methyl parathion and EPN) were registered on cotton and 
exhibited broad spectrum activity against most arthropod pests. Malathion and methyl 
pamthion remain highly effective today on the boll weevil. In 1958, carbophenothion 
(Trithion®) was registered for control of cotton aphids and spider mites. During 1959, 
naled (Dibrom®), trichlorfon (Dylox®) and ethyl parathion were used to control sev-
eral cotton pests. Ethyl parathion was used to contr·oJ a wide vatiety of pests including 
organochlorine resistant bollworm/tobacco budworm populations. 

Methyl parathion was recommended for bollworm/tobacco bud worm control in the 
early 1960s. Shortly thereafter methyl parathion was mixed with endrin, carbaryl 
(Sevin®), strobane (Strobane®) and DDT for bollworm/tobacco budwmm control. In 
1962, phosphamidon (Swat®) was shown to provide effective control of cotton aphids, 
tarnished plant bugs and other mirids (small plant bugs that feed mainly on plant 
juices). Dicrotophos (Bidrin®), recom111ended in 1963, gave excellent contr·ol of cot-
ton fleal1oppers, cotton aphids, spider mites and tarnished plant bugs. Azinphosmethyl 
(Guthion®) was recommended in the mid-1960s for control of boll weevils, aphids, 
thrips and armyworms. Azinphosmethyl (Guthion®) still remains vety effective 
against boll weevils. In the mid-1960s, dimethoate (Cygon®) and dicrotophos 
(Bidrin®) were used to control Lygus spp., cotton fleahoppers and tlu·ips. Both are still 
recommended for the control of early season pests of cotton (except for spider mites). 
Monocrotophos (Azodrin®) was also registered during the mid-1960s for control of: 
boll weevils; bollworms/tobacco budworms; cabbage loopers, Trichoplusia ni 
(Hi.ibner); cotton aphids; cotton fleahoppers; tarnished plant bugs; thrips; and spider 
mites. Monocrotophos (Azodrin®) was recommended for control of the majority of 
these pests but was voluntarily removed from the market by the manufacturer follow-
ing the 1989 growing season. 

In 1969 the bollworm began to develop resistance to methyl parathion in Arkansas 
and Oklahoma. During the early 1970s bollworm/tobacco bud worm populations began 
to develop resistance to most recommended organophosphates used alone (Lukefahr, 
1970). At that time several mixtures of organophosphates were used on populations 
that were difficult to control. Among these were: EPN + methyl pmathion; EPN + 
methyl parathion+ methomyl (Lannate®, Nudrin®); toxaphene+ methyl parathion + 
chlorpyrifos (Lorsban®); and, EPN + methyl parathion + cblorpyrifos (Lorsban®). 
These mixtures provided effective control for several years. 

Acephate (Orthene®) was registered for use in the mid-1970s for control of boll-
worms/tobacco budworms as well as loopers, cotton aphids, cotton tleahoppers, tar-
nished plant bugs and the bandedwinged whitefly, Trialeurodes abutilonea 
(Haldeman). Also during the late 1970s and early 1980s, sulprofos (Bolstar®) and pro-
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fenofos (Curacron®) were registered for control of the bollwonn/tobacco budworm 
and armyworm complexes. 

Several organophosphate insecticides including disulfoton (Di-Syston®), phorate 
(Thinet®) and acephate (Orthene®) are recommended as seed treatments or in-fwTow 
applications at planting for systemic control of tlu"ips in seedling cotton. 

The development of resistance in bollwonn/tobacco budworm populations to 
organochlorines (Brazzel, 1963) made it necessaty to rely on organophosphate insecti-
cides for control (Adkisson, 1968). However, as eru"ly as 1970, Cantu and Wolfenbru·ger 
(1970) recommended that insecticides with different modes of chemistty were needed 
because of resistance to methyl pru·athion and monocrotophos (Azodrin®) that was 
found in lru·vae of the tobacco bud worm collected in the Mante-Tatnpico, Mexico ru·ea 
and at Brownsville, Texas. Also, Whitten and Bull (1970) reported the tobacco bud-
wotm to be resistant to organophosphate insecticides. Plapp (1972) recognized that 
bollwonn/tobacco budwotm were becoming resistant to methyl pru·athion and immedi-
ately began looking for alternative insecticides. He reported that chlordimeform 
(Fundal®, Galeet·on®) worked as a synergist with many insecticides to control resistant 
populations of tobacco bud worm (Plapp, 1976). Watve et al. (1977) reported high lev-
els of resistance in bandedwinged whitefly to methyl pru·athion and monocrotophos 
(Azodrin®). However, Bottrell eta!. (1973) reported that the boll weevil had failed to 
develop resistance to malathion (Cythion®) after several yeru·s of exposure. 

Carbamates - Cru·bru·yl (Sevin®) was the first of the cru·bamate insecticides to be 
reconunended for use in the control of insect pests of cotton. By 1958 it was recom-
mended for the control of boll weevils, bollworms/tobacco budwonns and plant bugs. 
A bot.. l ten years later the bollworm showed signs of resistance to this compound in 
Texas (Adkisson and Nemec, 1966) and Louisiana (Graves eta/. , 1964). Methomyl 
(Lannate®, Nudrin®) was recommended for control of bollwonllS/tobacco budworms 
and plant bugs in the early 1970s. Methomyl-resistant bollworm/tobacco budwonn 
larvae were found, however, in Louisiana (Clower, 1980) and Mississippi (Fun, 1978) 
as early as 1976. Cru·bofman (Furadan®) showed promise as an in-furrow treatment 
for controlling tarnished plant bugs, cotton fleahoppers, bandedwinged whiteflies and 
thrips. Aldicarb (Temik®), used at high rates, was shown to control overwintering boll 
weevils (Hopkins and Taft, 1965; Bariola eta/., 197 1). However, reseru·chers reported 
that increases in bollworm/tobacco budworm populations occmTed following use of 
aldicarb at high rates, one to two pounds of active ingredient per acre (Cowan eta/., 
1966; Coppedge et a!. , 1969). Scott eta!. (1985) reported little effect on total predator 
populations and no increase of bollworm/ tobacco budworm infestations when 
aldicarb was used at 0.25-0.5 pounds active ingredient per acre. Aldicarb currently is 
used widely across the Cotton Belt to control early-season pests in cotton. Oxamyl 
(Vydate®) was registered on cotton for control of several insect pests in the late 1970s 
but has not been widely used. Thiodicarb (Larvin®) was registered in the rnid-1980s 
for cotton insect control. It has been especially effective against armyworms 
Spodoptem spp. ; it provides good control of bollworm/tobacco budwonn eggs and lar-
vae; but, it is ineffective against the boll weevil. 
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Pyrethroids- Natural pyrethrins and early pyrethroids were recognized as excel-
lent insecticides with a broad spectrum of activity against insects but relatively hm:m-
less to mammals (Barthel, 1961 ; Elliott, 1971). However, they were too unstable and 
expensive to efficaciously control pests of agricultural crops such as cotton (Elliott, 
1976). Once permethrin was synthesized in 1972, pyrethroids which were photostable 
enough to be used on cotton and other agricultural crops started to become available 
(Elliott's et a/. , 1973). Although pyrethroids exhibit a broad spectmm of activity 
against practically all cotton insects, they are especially toxic to the bollworm and 
tobacco budworm. For example, permethrin is approximately ten times more toxic to 
these pests than organophosphates and carbamates. 

Pyretlu·oids became available for field use under a lm·ge-scale Section 18 program 
in 1977-1978. Conditional registration was granted in 1979 and they quickly became 
the insecticide of choice for controlling cotton insect pests, pmticularly the tobacco 
budworm, which had developed high levels of resistance to most organochlorines, 
organophosphates and carbamates (Clower, 1980). To reduce their usage and thus 
lessen the possibility of resistance development, pyretlu·oids usually were recom-
mended only for control of the bollworm/tobacco bud worm, although they were quite 
effective against boll weevil, tm·nished plant bugs, cotton fleahoppers, cutworms and 
most species of tlu'ips. Conversely, pyrethroids generally exacerbate aphid, spider mite 
and western flower tlu·ips problems. 

Pyretlu'Oids became the most widely used insecticides on cotton during the early 
1980s and remain so today. However, the development of problem levels of resistance 
to pyrethroids by the tobacco budworm in some locations in Texas in 1985 and in 
Texas, Arkansas, Louisiana and Mississippi during 1986 (Leonard eta!., 1987, 1988; 
Plapp eta!. , 1987; Roush and Luttrell, 1987) threatens their continued usefulness. In 
response to the pyrethroid resistance problem in tobacco budworm, state and federal 
resemch and extension entomologists from Arkansas, Louisiana and Mississippi 
adopted and recommended a pyrethroid resistance management plan (Anonymous, 
1986). This plan was widely accepted by cotton producers in the Mid-South and resis-
tance monitoring data for 1987 indicates that resistant genotypes of tobacco bud worm 
were reduced about 50 percent in Louisiana (Graves et a!., 1988a, 1988b). 

Pyrethroid resistance problems in tobacco budworm have continued to increase 
through much of the Mid-South and Southwest United States. A number of field con-
trol fa ilures using pyretlu·oids against tobacco budworm have been reported as a result 
of this resistance. This has made it necessaty for growers to use tank-rni'Ctures with 
other classes of chemistry or to switch to other classes altogether (Leonard eta!., 1993). 

WESTERN UNITED STATES 
Evolution of insecticidal control of pest insects in cotton grown in the irrigated 

deserts of the western United States followed a pattern sim.ilar to that in the southern 
and southeastern United States, except that the pest control scheme was dominated by 
the western lygus bug, Lvgus hesperus Knight, and the bollworm (Reynolds et al., 
1982). More recently insecticide usage in cotton has been dictated by: (a) the pink boll-
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worm, Pectinophora gossypiella (Saunders), which completed its spread across Arizona 
and southern Califorma in 1965 (Noble, 1969); (b) the tobacco budworm beginning in 
1972 in A.tizona and subsequently into southern Califomia (Watson, 1974); (c) the boll 
weevil in various parts of A.t·izona and southern desert valleys of California beginning 
in 1978 (Bergman eta!., 1982; Watson eta!. , 1986a); and most recently by (d) the 
sweetpotato whitefly, Bemisia tabaci (Gennadius) (Henneberry, 1993). 

Prior to the establishment of the pink bollworm, insecticide treatments were gener-
ally initiated for control of lygus bugs and occasionally for control of the bollworm. 
Since 1966, when control of the pink bollworm required scheduled applications of 
insecticides, secondary pest outbreaks have occurred including the cotton leafpelfora-
tor, Buccu!atrix thurberie!la (Busck), sweetpotato whitefly, and spider mites. Little 
insecticide was used in western cotton prior to the mid-1940s when the organochlo-
t"ines became available. DDT and other organochlorines dominated the scene for the 
next two decades, ultimately being replaced by the organophosphates and carbamates 
beginning in the late 1950s and continuing to the mid-1970s, and then the pyrethroids 
in the late 1970s. 

Organochlorines - DDT was first used experimentally in A.t·izona in 1943 and 
1944; its first commercial use occmTed in 1945, primarily against Lygus spp. (Ware, 
1974). Subsequent outbreaks of other species such as the beet armyworm and salt-
marsh caterpillar, Estigmene acrea (Drury), were also effectively controlled by DDT 
and other organochlorines (Ware, 1974). Because of severe insecticide-induced prob-
lems with secondary pests, developing in southern California in the late 1950s, the 
broad spectrum organochlorine insecticides were phased out in favor of a simple sys-
tem of integrated pest control (Reynolds eta!., 1982). Tllis system was centered on: 
(a) conserving the natural enenlies of the target insect pest and secondary pest species 
and (b) using selective dosages of selected organophosphate insecticides. 

During the nlid-1950s, additional problems with organochlorine insecticides were 
beginning to surface. DDT was losing its effectiveness against the pests which were of 
greatest economic importance. Western lygus bugs could no longer be controlled with 
DDT in the San Joaquin Valley of California (Leigh, 1969). By 1966 the bollworm had 
become nine-fold more tolerant to DDT in Maricopa County, Arizona, than in the gen-
erally untreated area of Cochise County (Fadare, 1967). 

In 1968, the United States Food and Drug Administration placed an embargo on 
50,000 pounds of butter shipped from Arizona to California because of DDT residues 
present in amounts over the legal tolerance; in the same year, the University of Arizona 
Department of Entomology removed DDT from all of its agricultural pest control rec-
ommendations with the sole objective of reducing DDT residues in food and feed 
crops (Ware, 1974). This, of course, did not elinlinate the use of DDT but paved the 
way for a one-year ban placed on its use in 1969 by the Arizona Board of Pesticide 
Control. This was repeated in 1970, 1971 and l 972. A federal ban on the use of DDT 
on cotton was declared by the United States Environmental Protection Agency, effec-
tive January 1, 1973 (Ware, 1974). 
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Organophosphates - The organophosphates, especially methyl parathion, were 
effective against bollworm and tobacco budworm in the western areas of the cotton 
growing region of the United States up to 1972. However, following the serious out-
break of tobacco budworm in 1972, it was fou nd that these materials were becoming 
ineffective (Lentz et al., 1974). During the tobacco budworm outbreak years of 1976-
78, methyl parathion became viltually useless (Watson eta/., 1986b). The organophos-
phates, particularly methyl parathion and azinphosmethyl (Guthion®) were very 
effective against the key pest, the pink bollworm. Cotton leafpedorators became an 
increasingly serious problem during this time as they became resistant to organophos-
phates and problems were in fact exacerbated by their use. 

The boll weevil required insecticidal control measures in some areas of A1izona 
prior to the eradication effort in that area. Several organophosphate insecticides, such 
as methyl parathion, azinphosmethyl (Guthion®), malathion and encapsulated methyl 
parathion (Penncap-M®), as well as some of the pyrethroids, still effectively control 
the boll weevil. However, applications must be made at shorter intervals and for a 
much longer part of the growing season than for other pests. This results in excessively 
high control costs and the development of additional secondary pest problems. 

Carbamates - During the early 1970s the introduction of the carbamate methomyl 
(Lannate®, Nudrin®) provided much needed relief for control of the resistant cotton 
leafpe1forator, a serious secondary pest caused by the use of organophosphate insecti-
cides. Methomyl was also quite effective against tobacco budworm until the outbreak 
years of 1976-78 at which time resistance rendered it virtually useless. 

Pyrethroids - During the tobacco budworm outbreak years of 1976-78, the 
pyrethroid il1secticides were being developed and by 1979 had gained conditional fed-
eral registration. This group of insecticides had broad-spectrnm activity and was 
extremely effective against the pink bollworm and tobacco budworm. Because of the 
need to conserve these materials for use against the bollworm/tobacco budworm com-
plex, growers were cautioned against using them to control pests for which other effec-
tive materials were available. Specifically, they were encouraged to continue using the 
organophosphates for pink bollworm control. 

During the next decade much of the chemical control of cotton pests ill the West 
involved the use of pyrethroids, with the exception of the San Joaquin Valley of Cali-
fornia. The result has been the development of higher levels of tolerance in certain local-
ized populations of the pink bollworm (Miller, 1987). Additionally, a laboratory study in 
Arizona has shown that selective pressure on tobacco budworm at the LDso' level will 
result in high levels of resistance after only twelve generations (Jensen eta!., 1984). 

Because of increased spider mite populations following the use of pyrethroids, these 
materials are not recommended in California's San Joaquin Valley. In southern Cali-
fornia and Arizona, there also is an association between sweetpotato whitefly out-
breaks and the use of pyrethroicls. Few effective materials are currently available for 
spider mite control and no really satisfactory insecticide is currently registered for 
sweetpotato whitefly control. 
'LD80 is the dosage level which is lethal to 80 percent of the treated individuals. 
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In the highly fragile agroecosystem of the San Joaquin Valley, the western lygus bug 
is the key to the insect pest management program. Insecticide applications for lygus 
control can trigger outbreaks of bollworm/tobacco budworm, beet armyworm, cab-
bage looper and spider mites. Careful timmg of insecticide applications and utilization 
of higher econorillc thresholds help prevent outbreaks of these secondary pests. This 
results in fewer insecticide applications in the San Joaquin Valley than in the lower 
desert areas of southern California and Arizona. 

The sweetpotato whitefly has become an extremely serious pest problem not only 
in cotton but in a variety of other crops in the southwestern United States since the B-
Strain became the predorillnant biotype (Hennebeny, 1993; Heilllebeny and Toscano, 
1993). Management and insecticidal control of this pest is extremely difficult because 
of: (a) its tolerance to most pesticides; (b) its wide and diverse host range; and (c) its 
biotic potential. 

Several combinations of insecticides have shown prorillse for control of the sweet-
potato whitefly provided that populations do not reach high levels before control pro-
grams are initiated. Fortunately, from the standpoint of insecticide resistance 
management, several classes of insecticides are included among those that are useful 
for control of sweetpotato whitefly. The materials that have shown the greatest activ-
ity against the whitefly include: (a) the pyrethToids-Capture® and Danitol®; (b) the 
organochlorine-endosulfan (Thiodan®, Phaser®); (c) the formamidine-amitraz 
(Ovasyn®); and (d) several organophosphates including Orthene® and Monitor®. 
Additionally, an insect growth regulator, buprofezin (Applaud®), and a systemic insec-
ticide, irilldacloptid, NTN-33893 (Admire® [proposed] have shown prorillse for sweet-
potato whitefly control, however, it may be several years before their use is approved 
by the Environmental Protection Agency. 

RELATIVE EFFICACY 

Pesticide efficacy in relation to cotton pest control may be defined as " the ability of 
a compound, when applied to the crop, to reduce or elirillnate the capability of a pest 
to cause crop damage". For purposes of this discussion, this is interpreted as resulting 
from pesticide-induced mortality or some other direct effect on the pest population. 

There is no universal index of relative efficacy of insecticides. Labelling information 
required by state and federal agencies may be used to indicate general efficacy of a com-
pound, at least at the time of registration (Table 1). However, because of the dynarillc 
nan1re of insecticide efficacy in relation to individual pest species, label recommendations 
may not always reflect reality. Pesticide effectiveness is dependent upon a number of fac-
tors including: (a) the susceptibility of the pest species to the compound; (b) the density 
of insects per unit area; (c) the concentration of resistant genotypes in the population; (d) 
the type of resistance demonstrated in the population; (e) weather factors; (f) method of 
application; (g) timing of the pesticide application in relation to life stage of the target pest 
or time of day; (h) pH of the insecticide spray solution; (i) crop canopy density; (j) age of 
the plants; (k) plant uptake and transport; 0) pest behavior, and many other factors. 
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Table 1. Insecticides and acrui cides fully registered for control (C) or suppression 
(S) of cotton arthropod pests as derived from actual labels or labels printed in Crop 
Protection and Chemicals Reference as of January 19Y3. 
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Bacillus Lhuringiensis1 1 B IO c c c c c c c c 
Aldie arb Sy CAR c c c c c c c c 
Carbaryl Ct CAR c c c c c c c c c s c c c 
C lfbofuran Ct,Sy CAR c 
Methomyl Ct CAR c c c c c c c c c c 
Ox amyl Ct CAR c c c c 
Thiodicarb cu CAR c c c c c c s c c c s s s 
Amitraz Ct,F FOR c c c c c 
Diflubenzuron Ct,l IGR c c c 
Dicofol Ct OCL c 
Endosulfan Ct OCL c c c c c c c c 
Acephate Ct,Sy OP c c c c c c c c c c c c c 
Azinphosmethyl Ct OP c c c c c c c c 
Chlorpyrifos Ct OP c c c c c c c c c c c c c c c 
Dicrotophos Ct,Sy OP c c c c c c c c c c 
Dimethoate Ct,Sy OP c c c c c 
Disulfoton Sy OP c c c 
Phosphamidon Sy OP c c c c 
Jvlalathion Ct OP c c c c c c 
Oxydemeton-methyl Sy OP c c c c c 
~~Iet.hamidophos Ct,Sy OP c c c c c c c c c 
Methidathion Ct OP c c c c c c 
Methyl parathion Ct OP c c c c c c 
Nalcd Ct,F OP c c c c c c s 
Phorate Sy OP c c c c c 
Phosmet Ct OP c c 
Profenofos Ct OP c c c c c c c c s 
Sulprofos Ct OP c c c c c c c c c s s 
TrichJorphon Ct,Sy OP c c c c c c c c 
Bifenthrin Ct py c c c c c c c c c c c c c c c c c c c 
Cyfluthrin Ct PY c c c c c c c c c c c c c c c c c c s c 
Cypermcthrin Ct py c c c c c c c c c c c c s c c s 
EsfcnvaJerate Ct py c c c c c c c c c c c c c s c 
LamGacyhalothrin Ct py c c c c c c c c c c c c c s c c c s s 
Penncthrin Ct PY c c c c c c c c s c c s 
Tralome!hrin Ct PY c c c c c c c c c c c c s c c c s s 
Zetacypemlelhrin Ct PY c - c c c c c c c c c c s c c s 

Key: BIO - biological, CAR - carbamate, FOR - fonnamidine, IGR - insect growth regulator, OCL - organochlorine, 
OP - organophosphate, PY - pyrethroid, Ct - contact, Sy - systemic, 1 - ingestion, F - fumigant 

''Western flower thtips are suppressed by only a few systemic insecticides. 
**There is no effective compound for sweetpotato whitefly control in Arizona & California 
1All cunent commercial products of Bacillus tlwri11giensis· used in cotton include vars. Kurstaki, Aizawai, or a combination 
of the two. 
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Pesticide efficacy may be affected by previous use or misuse of insecticides which 
may induce pest resistance to the pesticide of choice (cross resistance). By the 1960s 
resistance to at least one insecticide was noted for every major cotton insect pest 
(Brazzel and Wilson, 1967). Insecticide efficacy for a specific compound and pest may 
vary among geographical areas. Factors that contribute to these variations include 
weather differences, differences in the pest insect gene pool caused by previous insec-
ticide use, immigration of insects (gene flow) or other reasons. In addition, insecticides 
may stimulate the development of secondary pest populations by reducing natural con-
trol agents. Thus aphid and whitefly populations may increase drastically following 
repeated pyrethroid applications, and spider mite populations may build following 
applications of organophosphate or pyrethroid compounds. 

Relative efficacy is related to the mode of entry of the insecticide into the insect-
by contact, stomach (ingestion) or fumigant action. Insecticides which are taken into 
the plant's vascular system, and hence by feeding into the insect, are classified as sys-
temic insecticides. In general, insects with a piercing-sucking method of feeding are 
best controlled by systemic insecticides. This is particularly tme of aphids, spider 
mites, whiteflies and tlu-ips which typically inhabit the abaxial (lower) leaf surface 
where deposition of insecticide by standard spraying systems is minimal. Usually, lep-
idopterous larvae which attack cotton fruit are controlled best with contact poisons that 
are transported through the insect integument (exoskeleton or enveloping layer) either 
when the spray falls on the insect or the insect contacts chemical residue on the plant's 
surface during movement. Leaf feeding insects are usually more susceptible to stom-
ach poisons than insects which feed on more protected areas of the plant where there 
is less insecticide deposited. The fumigant activity of most insecticides is negligible 
and generally does not contribute much to efficacy of cotton insecticides. A notable 
exception is chlordimeform (Fundal®, Galecron®) which provides ovicidal activity in 
the vapor phase (Ditt1ich, 1967; Phillips, 1971) and affects mating behavior and fecun-
dity (the ability to lay eggs and thus reproduce) of adult moths (Phillips, 1971). 

Insecticide efficacy is also related to mode of action. In general, organophosphates 
and carbamates function as acetyl cholinesterase inhibitors, while pyrethroids function 
by altering ion permeability of nerve axons in a manner similar to that of early 
organochlorines. Endosulfan (Thiodan®, Phaser®), an organochlorine cun ently 
labelled for control of some cotton insects, blocks inhibitory nerve synapses. Insect 
growth regulators, pathogens and other biological or pseudobiological compounds 
used as insecticides function in various ways, many against specific insects or related 
groups of insects. For a more indepth discussion of mode of action of specific types of 
insecticides, readers are referred to Chapter 8 of this book. 

Pyrethroids and organophosphates are the primary insecticides used on cotton. 
According to Luttrell and Reed (1986), field tests over a period of ten years indicate 
that control of larvae of the tobacco budworm and the bollworm collectively was sig-
nificantly better with pyrethroids than organophosphates, and control of boll weevil, 
spider mites and aphids was significantly better with the organophosphates than with 
pyrethroids. Clower era/. (1987) reported that, over a period of several years through-
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out the Cotton Belt, pyrethroids were slightly more efficacious than carbamates or 
organophosphates for the control of bollworm/tobacco budworm. 

The bollworm/tobacco budworm complex aptly demonstrates the difficulty in ade-
quate insecticide efficacy evaluation. The larvae of the two species are so similar that 
identification in the field is difficult and reports of insecticide efficacy have generally 
referred to the population as a whole, rather than to populations of separate species. 
Because of the development of resistance in tobacco budworm larvae, the control of 
this species with pyrethroids is decreasing in the Arkansas, Louisiana, Mississippi and 
Texas. This continual decline in efficacy for control of larvae of the bollworm/tobacco 
budworm complex by two pyrethroids as used in several states from 1980 to 1986 is 
demonstrated in Figure 1. An increase in tobacco budwmm resistance in 1986 
(Leonard et al., 1987; Luttrell et a!., 1987; Roush and Luttrell, 1987; Plapp et al. , 
1987) may explain the drastic drop in efficacy of pyretlu-oids that year, 1986. In 
Mississippi, the percentage of field-collected bollworm/tobacco budwmm eggs which 
developed into tobacco budworm was low in 1984 and 1985 (Pfrimmer, 1986). In 
Mississippi and Louisiana, the portion of adult pheromone-trapped male 
bollworm/tobacco budworm which were tobacco budworm also was low in 1984 and 
1985 (Personal communication, E. A. Stadelbacher, retired, Greenville, Mississippi; 
Leonard, et a!. , 1989) . lf this trend was true in the rest of the Mid-South and 
Southwest United States, the increase in efficacy of the two pyrethroids during those 
years may be related to higher bollworm populations and lower tobacco budworm 
numbers. Stadelbacher (1979) ascribes a reversal in species dominance of these insects 
plior to 1979 to development of higher levels of resistance to insecticides in tobacco 
budworm than in the bollworm population. He attributes the general increase in 
tobacco bud worm density to increased acreage of wild geranium, Geranium dissectum 
L. Thus, species identification, population densities, wild host availability and prior 
insecticide use all have played roles in efficacy evaluation for insecticides used to con-
trol bollworm/tobacco budworm larvae. 

The relative efficacy of compounds used against resistant populations may be aug-
mented or synergized by addition of other compounds. Field tests summatized over a 
period of several years indicate that pyrethroids, at one-half the recmrunended rate in 
combination with chlordimeform (Fundal®, Galecron®) at low rates, petformed as 
well against bollworm/tobacco budworm as pyrethroids alone at full recommended 
rates (Luttrell and Reed, 1986). In addition to synergistic applications, compound mix-
tures may allow for concurrent control of secondary pests or as partial insurance 
against development of resistance. 

When insecticide resistance has occurred, changing to a compound with a different 
mode of action has usually circumvented the problem. Thus control of boll weevil 
changed from organochlorine compounds to organophosphates in most areas. 
Similarly, the cotton leafperforator in the western United States developed resistance 
to organophosphates used for control of pink bollworm and was elevated from a minor 
pest to a primmy pest. Introduction of chlordimeform (Fundal®, Galecron®) proved 
effective in regaining control of this pest. 
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Figure 1. Downward trend of an efficacy index representing control of bollworm/ 
tobacco budwmm larvae by cypermethrin (Ammo®, Cymbush®) and fenvalerate 
(Pydrin®) as calculated from small plot field studies published in Insecticide and 
Acaracide Tests from 1979 to 1989. Data are from Mississippi, Louisiana, Texas and 
Alabama. The Efficacy Ratio is computed by dividing the larvae reported in treated 
plots by the number of larvae reported in untreated plots. An Efficacy Ratio of 1.0 
indicates the same number of larvae are reported in the treated and the untreated 
plots. Negative efficacy ratios were not included in the graph. 

Following a change in pesticide type, insect resistance to a previously used com-
pound might decrease in time; but with the strong possibility that resistance in the 
insect population would build very rapidly if the insecticide were brought back into 
repetitive use. 

As new chemistry is developed, there is a trend for compounds to be much more 
specific for the contr·ol of insects and less toxic to vertebrates. Early pyrethroids were 
used at a rate of approximately one tenth of a pound of active ingredient per acre; rates 
of three hundredths of a pound per acre or less are common with the newer pyrethroid 
insecticides. Such specificity is even more apparent in contr·ast to the organophos-
phates and organochlorines which were, or are, recommended for use at one pound or 
more active ingredient per acre. In addition to increased efficacy, there is a tendency 
for increased specificity, particularly in the case of experimental insect growth regula-
tors and pathogens used as insecticides. These factors, however, have little bearing on 
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the probability that pests may become genetically adapted to a chemical control agent. 
A major task of researchers and insecticide developers is to maintain an index of pes-
ticide efficacies (insecticide resistance monitoring) in order to evaluate efficacy 
changes and to institute new procedures or compounds to insure maximum efficacy 
and longevity of compounds in common use. 

INSECTICIDE RECOMMENDATIONS 

Prior to the discovery that calcium arsenate could be used to effectively control the 
boll weevil (Coad, 1918), management of insect pests of cotton relied mainly on cul-
tural and biological means (Lincoln and Graves, 1978). From the 1920s until the 
appearance of the organochlorines in the mid-1940s, insecticide recommendations 
were available only from bulletins published by either the USDA or agricultural exper-
iment stations in the vmious states where cotton was grown. Typical of these em-Iy bul-
letins m·e: (a) "The Boll-Weevil Problem", a USDA publication by Hunter and Coad 
(1923), and (b) "The Boll Weevil Problem in Arkansas", an Arkansas Agricultural 
Expetiment Station publication by Isely and Baerg (1924). These bulletins explained 
how and when to use calcium m·senate in concert with cultural controls to manage boll 
weevil populations. 

The advent of the organochlorines in the 1940s and the organophosphates in the 
1950s made available a lm-ge number of effective and economical insecticides and aca-
ticides for use against mthropod pests of cotton. The sudden availability of so many 
pesticides that generally had a broad spectrum of activity was confusing and necessi-
tated a more timely and a more formal approach to insecticide recommendations. The 
cooperative extension services of the various states producing cotton began publishing 
annual insecticide recommendations to fit their individual cotton insect pest problems 
and situations. Similm-Iy, the National Cotton Cow1cil of America began publishing the 
annual Beltwide Conference Reports on Cotton Insect Resem·ch and Control stmting 
in1947 (Anonymous, 1947-1987; see Commemoration, this book). 

The current process through which the cooperative extension services of the vmious 
cotton-producing states derive their cotton insect control recommendations varies 
greatly. However, the most common procedure involves an annual meeting of exten-
sion and resem·ch cotton specialists (primarily entomologists); private agricultural con-
sultants, USDA cotton specialists, state regulatory officials, and cotton producers often 
are included. They discuss and decide upon additions, deletions and resttictions. To be 
recommended for a particular use, a pesticide must be registered by the United States 
Environmental Protection Agency and the state pesticide regulatory agency; it also 
must effectively control the pest(s) in question. The question of efficacy is answered 
by considering: (a) data made available by the registrant or manufacturer; (b) data 
obtained by state and federal scientists in that state; and, (c) data available from state 
and federal scientists in other states. Usually two to three years of efficacy data are 
required before new pesticides are added to official state recommendations. The most 
common reasons for deleting a pesticide from recommendations are: (a) the develop-
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ment of resistance to the pesticide; (b) cancellation of its registration by the 
Environmental Protection Agency or state regulatmy agencies; and, (c) lack of avail-
ability. 

In Louisiana, eight c1iteria are used in evaluating an insecticide for inclusion in the 
recommended list (Reagan, 1981). These are: (a) efficacy; (b) residual activity; (c) 
effect on important beneficial arthropods; (d) potential to cause buildup of secondary 
pests; (e) hazard to the applicator; (f) potential mortality to birds, fish, crustaceans and 
other nontarget animals; (g) potential for development of insecticide resistance; and, 
(h) ability to use the insecticide within the context of pest management so as to insure 
its availability for a longer period of time. Other states use most, if not all, of the Cii-
telia listed above as well as additional criteria that are pertinent to their cotton insect 
pest situations. 

The most recent conference reports on Cotton Insect Research and Control pub-
lished by the National Cotton Council of America contain a listing entitled "Changes 
in State Recommendations for Treatmentof Arthropod Pests of Cotton". The list 
shows changes by states that are applicable to the upcoming season. The rates or rate 
ranges for each chemical recommended for controlling individual cotton pests are 
reported in the section titled "Cotton Insects and Spider Mites and Their Control". 
These annual conference reports serve as a national and international source of infor-
mation on current cotton arthropod pest control recommendations. 

FUTURE AREAS OF RESEARCH 

Historically, insecticides have been the primary means of managing arthropod pests 
of cotton. However, the continued availability of effective and economical chemicals 
is in question because of: (a) rapid development of resistance by arthropods to chem-
icals used for control; (b) the increasingly stringent and costly federal and state regis-
tration requirements; (c) the relatively short patent life of new chemicals; and (d) the 
difficulty in discovering new leads for insecticides with novel modes of action. 
Increased research concerning the best uti lization of available chemicals (i.e. mixtures, 
altem ations, rates, timing and resistance management) is required to prolong the use 
and effectiveness of currently available compounds and insure continuing adequate 
control of cotton insects and mites. 

There is a current research thrust to "focus on the unique aspects of insect-specific 
physiological processes, thereby increasing the margin of safety for nontarget animals" 
(Adams, 1986). This biorational approach to insecticide synthesis and screening offers, 
long term, great promise since it capitalizes on knowledge of insect physiology and 
biochemistry which emphasizes differences between pests and nontarget organisms 
(Williams, 1967; Sparks and Hammock, 1983). There is current interest in insect 
endocrinology, especially juvenile hormones, hormone inhibitors, biologically active 
peptides (Ross eta/. , 1986a, 1986b, 1987) and other regulators of insect growth and 
development. These would include insect specific hormone or pheromone inhibitors 
such as anti-juvenile hormone agents (Staal, 1986). 
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Synthetic aggregation and "sex" pheromones or close mimics are commonplace in 
monitoring programs for boll weevil, bollworm, tobacco budworm and pink boll-
worm. They have been used for increasing the efficacy of pathogens on other crops, or 
to increase insecticide efficacy by attracting the pests to insecticide treated areas. 

Entomopathogens have been developed and marketed. Nuclear or cytoplasmic 
polyhedrosis viruses and various strains of Bacillus thuringiensis have been utilized 
with varied success for insect control on cotton or other crops. Further research has 
resulted in bacterial exotoxins which are pesticidal and show promise of efficacy 
where resistance has developed to standard pesticides (Roush and W1ight, 1986). 
Added to these are the little exploited entomophagus fungi (Samson, 1981; King and 
Humber, 1 981; Bland et a!. , 1981; Wilding eta!., 1986) which are active in nature and 
often reduce populations of aphids and spider mites. 

Recently, the entomophagus fungus, Beauveria bassiana (Balsamo), has been 
shown to suppress populations of boll weevil and sweetpotato whitefly as well as other 
pest arthropods (W1ight, 1 993; Wright et al., 1993). A commercial formulation of this 
fungus, Naturalis-L®, has been granted an Experimental Use Permit by the 
Environmental Protection Agency on various crops including cotton. The registration 
and successful use of this fungus may provide an additional biorational tool for con-
trol of several insect pests of cotton. 

Allelochernicals are yet another possibility for insecticide research. These com-
pounds occur in nature, originating in individuals of one species but affecting individ-
uals of another species. Terpenes, tannins, gossypol and similar allelochemicals of 
cotton or other plant species may be found useful in future insecticide-related concepts 
such as predisposing cotton pests to insecticide susceptibility. 

Genetic engineering developments that permit incorporation of foreign genes into 
bacteria, viruses, plants (Marvel, 1985) and insects (Maeda et al. , 1985) offer new vis-
tas for imaginative researchers. Toxin producing genes have been transferred from 
bacteria to plants and shown to produce plants possessing insect tolerance (Fischhoff 
eta/. , 1987; Vaeck eta/. , 1987). Similarly, Hammock (1985) has proposed that genes 
for bioactive molecules could be transferred to pest insects through an appropriate viral 
or bacterial vector. Adaptation of the insect populations to genetically altered mono-
cultures is a possibility, and although this elicits questions concerning longevity of the 
benefits (Gould, 1988), genetically engineered crops remain a viable hope for future 
crop protection. 

The possibilities of light-activated compounds which are toxic to insects primarily 
in the presence of light have been explored (Heitz, 1987). Rebeiz (1988) recently 
researched entomological applications of the light-sensitive porphyric insecticides 
which cause insect mortality by uncontrolled biosynthesis of a protoporphyrin within 
the insect. The future of such compounds remains to be decided, but if perfected, they 
may contribute to the arsenal of insect-specific insecticides. 

Abamectin (Zephyr®), which is as toxic to tobacco budworm as permethrin in lab-
oratory tests and field trials on flue-cured tobacco (Wolfenbarger et al. , 1985), repre-
sents a new class of insecticides, avermectins, which are revolutionizing animal health 
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care. Because the avermectins act on the petipheral nervous system rather than the cen-
tral nervous system, there is no anticipated cross-resistance present from previous use 
of organochlorines, organophosphates or pyretht·oids (Roush and Wright, 1986). The 
avermectins offer great promise in controlling insect pests of cotton. However, many 
of those now available are too labile (unstable) to be efficacious Lmder field conditions. 

Thus there are many possibilities for future insecticide research, but few promises 
of functional breakthroughs with an impact comparable to the development of 
pyrethroids in the 1970s. Research is being slowed by the burdens of increased cost 
and registration requirements. Although some functional advances in bioengineering 
and chemistry are expected in the near future, they probably will not be frequent and 
may be designed for specific pests or related pest groups rather than as broad spectmm 
insecticides. 

SUMMARY 

R. L. Metcalf (1980) indicated that the "Age of Pesticides", beginning with the 
introduction of DDT in 1946, had undergone three distinct phases in the thirty years 
leading up to 1976. Those phases were: (a) the Era of Optimism, 1946-1962; (b) the 
Era of Doubt, 1962-1976; and (c) the Era of Integrated Pest Management beginning in 
1976. Cotton entomologists and producers have experienced the first two of those 
cycles on several occasions. Those cycles coincide with the introduction of new 
classes of insecticides and then their eventual loss due to resistance. First there was the 
"optimism" that the arsenicals would provide the needed relief from boll weevil inva-
sion. Then came the petiod of "doubt" when secondary pest infestations became over-
whelming problems. With the introduction of the organochlorines came the period of 
"optimism" that all of their pest problems had been solved. Reality of resmgent pest 
populations and later resistance brought about the second cycle of "doubt". 
Organophosphate and carbamate insecticides brought "optimism" that finally control 
would be achieved without wony, but "doubt" returned when resistance removed 
many products from recommendations. Finally, "optimism" was high upon the intro-
duction of the pyrethroids. But now "doubt" is beginning to return as secondary pest 
problems become more significant and reports of resistance in tobacco budworm and 
pink bollworm populations become more widespread. 

Looking back at the history of insecticide use in cotton, it becomes evident that a 
new class of insecticides has a life expectancy of only about ten years. After that time 
resistance usually bas negated the use of many or most products of tbis type at least 
for some important uses. Changes in use patterns of a new class of insecticides also 
occurs in a predictable manner. First, there is careful and judicious use of the materi-
als in insect pest management systems followed by a period when applications are 
made on a preventative or scheduled basis. This latter period is inevitably followed by 
a period of decreasing effectiveness, elevation of secondary pests to primary pest sta-
tus and often resurging pest populations. 
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Should another highly effective class of insecticides for use in cotton be discovered 
and registered, past expe1iences make it imperative that their use be carefully managed 
in order to maintain a viable cotton industry throughout the Cotton Belt. Following the 
basic piinciples of insect pest management, i.e. monitoring pest populations, utilizing 
established economic thresholds, and timing necessary applications to achieve maxi-
mum long term benefits, is the obvious and logical approach to conserving such a valu-
able resource as a new class of insecticides. In addition, resistance management 
systems such as those now being recommended for pyreth!·oids in the Mid-South 
United States (Anonymous, 1986) and Texas (Plapp, 1987) must be designed and 
implemented as part of an overall insect pest management system when new classes 
of insecticides become available. 





CHAPTER 14 

CULTURAL CONTROL 

J. K. Walker 
Department of Entomology 

Texas A&M University 
College Station, Texas 

and 
C. W. Smith 

Department of Soils and Crop Sciences 
Texas A&M University 
College Station, Texas 

INTRODUCTION 

It is likely that at some moment in the last years of the 1890s, a cotton farmer -
perhaps several cotton fatmers - in the Rio Grande Valley of Texas, sizing up his 
experience, reached a persuasive conclusion about a matter of importance. He had had 
by now several years to examine and mull the matter; surely he regmded his judge-
ment as meaningful, and surely he communicated his conclusions to neighbors. Taking 
account of what he had seen on his and neighbors' fat·ms, he decided that cotton grown 
on certain soils, and in certain locations, and that certain cultivms of cotton, were espe-
cially vulnerable to damage from the newly introduced Mexican cotton boll weevil, 
Anthonomus gmndis grandis Boheman. Entering the Valley probably in 1892, the boll 
weevil was the beginning of the end for a cotton production era that had run a comse 
largely free of infestations of injurious insects. For a 100 yeat·s, acreage of the crop had 
expanded in this country, and it was acreage fatmed with considerable license and lee-
way. Such was the absence of insect threat that cotton could be cultivated across the 
southern United States, restricted only by the lack of suitable soils or by deficient rain-
fall. In no instance had an insect dictated where the crop should be grown, or how it 
should be grown. The bottomlands of the Brazos and the Mississippi, and the upland 
spaces of the Piedmont and the Blacklands Prairies, and creek bottoms of Alabama and 
Georgia and sandy fields grubbed out of thickets of east Texas pines - all were cho-
sen for the crop, although, obviously, the more productive lands were prefened. The 
boll weevil then would violate an old self-evident tmth, making at the same time a 
compelling statement about how the crop would be grown in the future. 

In any case, the Rio Grande Valley fmmer who had enjoyed this historical produc-
tion license took measure of the new and unprecedented situation: on sandy, loamy 
soils where cotton had always fmited slowly, losses to the boll weevil were often 
severe; and where cotton was planted in proximity to brushy rangeland, losses were 
substantially elevated. Aware of the varying eat"liness among the cultivars grown in his 
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community, this grower noted that cottons that proceeded quickly with vigorous fruit-
ing and rapid boll set produced more cotton in the presence of weevils than the slower-
fruiting cottons that were commonly planted. Thus was born, though informally, the 
beginnings of a control strategy. There was a corollary to his observations: If the like-
lihood of weevil damage was associated with certain farmer decisions and practices, 
there were clearly adjustments possible to alter or cancel these; there were immediate, 
practical changes - cultural changes - that could be made in the face of this new 
reality. 

From this imagined but likely beginning, and from the watershed of broad experi-
mentation that followed by entomologists of the public institutions on all cotton 
insects, emerged a strategy--cultural control. For many years, until the organic insec-
ticide period of post World War II, the cultural strategy represented the major compo-
nent of the plan for addressing several of cotton's insects. The efficacy of these 
chemicals then largely eclipsed the cultural elements, but in more recent times with 
new understandings and an awareness of the difficulties of cotton insect control strate-
gies built on an insecticide foundation only, application of cultural measures has 
received renewed attention. 

The cultural recommendations of the public institutions that answered the intrusion 
of the boll weevil were promulgated, roughly, from 1895-1912; and these came to be 
known as the "Government Method" (Helms, 1980); and pioneer protagonist and 
advocate of agricultural extension education, Seaman Knapp, set about with on-farm 
demonstrations to promote this scheme of the entomologists (Knapp, 1911). If the pro-
gram was given to farmers as a package of steps, the hard reality was that but two of 
the recommendations were the important elements; and only one of these was, or could 
be, carried out successfully. The first of these was timely stalk destruction, but its prac-
tice for boll weevil management was ahead of the times and usually not followed; the 
second, the securing of earliness in cotton production by way of selection of cultivar, 
planting date and row spacing, and through judicious fertilizer use, became common 
practice and had a powerful effect in mitigating boll weevil damage. These were the 
heart of the Government Method, and in this chapter we will consider them and other 
aspects of cultural control. 

STALK DESTRUCT1lON, FIELD SANITATION, HARVEST 
PRACTICES, TILLAGE AND WINTER IRRIGATION 

BOLL WEEVIL 
In the fall of 1894, L. 0. Howard, the new chief of the Division of Entomology (C. 

V. Riley had just stepped down) of the United States Department of Agriculture in 
Washington, D.C. , contacted an old friend and erstwhile member of the Division, C. 
H. T. Townsend (Wagner, 1980). Would he, Howard asked, accept a position as tem-
porary agent for the Department in south Texas where a disturbing situation had only 
recently developed in cotton? Charles Henry Tyler Townsend jumped at Howard's 
offer, accepting the position with relish. A man of catholic biological interests, a stu-
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dent of natural history, Tyler Townsend sought a research appointment. And so he 
accepted, moving b1iskly to south Texas in a few weeks where he began to examine 
the developing problem, the boll weevil. He kept Howard apprised dming the follow-
ing months with what were smely alarming reports, and the full substance of his inves-
tigation was published the next year in Insect Life (Townsend, 1895). The content of 
the report was an apocalypse. Analysis of the situation in several of the cotton pro-
ducing communities near Corpus Chtisti indicated that the weevil had exacted yield 
reductions of 30 to 90 percent. Extensions of these figures north and east across Texas, 
and possibly across all of southern United States where cotton was farmed in a one-
crop economy, must have been frightening considerations for Howard and all others 
privy to the possibilities of the matter. 

Research on the boll weevil started with Townsend. Perhaps his significant contri-
bution was the recognition of the need for stalk destruction after harvest to reduce win-
ter cany-over of adult boll weevils. Kill the boll weevils in the crop residue in a field 
he reasoned, by plowing or burning, and you will have fewer boll weevils to endure 
the following season. Because the weevil was known to attack only cotton, this tactic 
was all the more persuasive. Townsend clearly thought that overwintering was 
restricted to the immediate infested cotton field, unaware that the adults fly through-
out cotton growing conununities as they seek quarters in many places, especially in the 
leaf litter of well-drained wooded sites (Isley, 1929). Townsend called for other cul-
tural adjustments, these well beyond the practice of the individual farmer. No shrink-
ing violet, he boldly implored for laws that would interdict cotton farming across a 
broad fifty mile swath of southem Texas to stop the weevils' northern, and eastern, 
progress. Politically charged, involving the livelihood of hundreds of farmers, this rec-
ommendation had no chance for implementation. Later, as the weevil ranged eastward, 
states attempted, to little effect, to apply quarantines (Hunter, 1905). The proposed 
Townsend interdiction, had the Texas Legislature acted or had there been Federal 
imposition, might have bought, at best, a few years for northern and eastern produc-
tion - before the cotton free zone was breached by dispersing weevils. 

USDA investigations of the boll weevil problem in Texas continued into 1898 -
the year the Texas Legislature appropriated money to fund a State Entomologist posi-
tion at the Agricultural and Mechanical College; the year the insect was well into east 
Texas. The Division of Entomology withdrew from Texas in 1898, and Frederick 
William Mally was engaged in the state position (Little, 1960). Without delay, 
Professor Mally was about this problem of the boll weevil. Launching a triad of effort 
-research, extension and education - Mally, as he toured south central and eastern 
Texas cotton growing districts, speaking before farmer groups, arguing and exhorting, 
extolling early-maturing cottons, grimly demanding prompt stalk destruction after har-
vest, acquainted farmers and the public with the term "entomology" (Wagner, 1980; 
Anonymous, 1901). As Townsend, he recognized the value of stalk destruction before 
frost because this was the "vulnerable period" in the weevil's yearly history. M ally rec-
ognized that even in the absence of the practice of early stalk destmction, relatively 
few adult weevils survived the winter; obviously the additional tier of mortality result-
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ing from early stalk destruction would further reduce numbers (Mally, 1902). He made 
a judgement about the weevils that survive the winter, and this conclusion, because it 
apparently was based on Mally 's imagination rather than on the facts of experimenta-
tion, is rather more remarkable. He sensed that there was some special quality of the 
weevils that reached the adult stage during the fall, and it was only these insects that 
could successfully overwinter. 

It is credited to Brazzel and Newsome (1959) the discovery of diapause (a physio-
logical reordering that permits survival in a harsh period) in the boll weevil. They 
demonstrated that boll weevils that are to survive the winter originate primmily from 
eggs deposited in the late summer-em·ly fall and that these adults m·e, in several ways, 
different from the reproducing weevils of sununer; they noted also that a feeding 
period of some days is required by adult weevils for the attainment of diapause, fur-
ther emphasizing then the need for timely stalk destruction. Later, research (Brazzel 
and Hightower, 1960; Lloyd et al. , 1967; Tingle and Lloyd, 1969; Carter and Phillips, 
1973) would measure the pattern of diapause incidence in the insect in the late sum-
mer-fall period and the factors that influence its occurrence. Mally, not knowing the 
term "diapause," and in the absence of the understanding of the phenomenon we 
presently enjoy, seemed to recognize this difference in the two kinds of weevils that 
Brazzel and Newsome described. In his 1902 report to the President of the Agriculture 
and Mechanical College, Mally wrote of the weevils belonging to the "summer brood" 
and to the "hibernating brood" (Mally, 1902): 

"It is safe to state that a large percent of those which had laid a considerable 
portion of their eggs before going into winter qum·ters will either have died dur-
ing the winter, or perish very early in spring after having deposited a few more 
eggs. The weevils coming from hibernation qumters in spring and which have 
laid no eggs the previous fall are the ones which live longest in spring and lay the 
principal portion of eggs for the first generation of larvae." 

He suggests here that diapausing boll weevils lay no eggs prior to entering winter quar-
ters, that these weevils have an entirely different purpose- A conjecture later con-
firmed (Walker, 1967). As Townsend, Mally was convinced that elimination of boll 
weevils in crop residue in the immediate cotton field or very nearby, by plowing, burn-
ing or grazing, would reduce overwintering. Neither man had appreciated the dispers-
ing quality of late summer-fall boll weevils, that these insects seek out overwintering 
quarters throughout a farming community, often distances away from cotton fields. 

Frederick Mally as Townsend was not a man burdened by reticence. In his report to 
President D. F. Houston of the College, together with a number of practices that the 
individual grower should follow to diminish weevil losses, Mally included his critical 
thoughts on those fmmers who had not warmed to his recommendations on prompt 
stall< destruction after hmvest; and he demanded, posthaste, enactment of laws requir-
ing this practice in the fall and the smrunm·y means to deal with those recalcitrants who 
do not see fit to comply. His passion notwithstanding, laws were not passed; increas-
ingly the professor came under fire from a dissatisfied clientele, and in 1902 he 
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resigned (Wagner, 1980). Mally had not given the easy control answers invoked by 
growers, but both he and Townsend had made the case for stalk destruction. Both had 
thought erroneously that the total benefit of the practice came from the lirunediate 
destruction of weevils that happened to be present when a cotton field is destroyed. 
The fact that they did not understand that it is the removal of growing cotton that ends 
the food source necessary for the attainment of diapause that curtails overwintering 
does not form as a great error however. 

Uncomfortable with the progress of the entomologists of the public institutions and 
feeling the continuing political heat, the Texas Legislature with prodding from the 
Governor responded again, posting in 1903 a reward of $50,000 for solvli1g the boll 
weevil problem. This staggering amount (a fortune in 1903 dollars) was to be given to 
anyone coming forward with a solution (Cohn, 1956). Fiscally chary lawmakers of 
those times who were lmowledgeable in matters of the boll weevil probably lost little 
sleep over the prospects of awarding the money. As they had half-imagined, the 
$50,000 was never collected. Apparently the Legislature felt that the partial cultural 
solution to the weevil soon to derive from the organized research programs of the 
USDA and state entomologists did not qualify. In the end, none of the numerous (about 
tluee hundred) and sometimes harebrained schemes and devices that were submitted 
as solutions measured up under examination. Each though had been dutifully scruti-
nized by USDA entomologists who had returned to Texas in 190 I, and their findings 
were made known to a legislature appointed committee, the Boll Weevil Commission. 
One secret remedy was fuzzily described in a letter from France, from a Dr. L' heureux. 
A pesticide apparently, the product was "very simple, infallible and little expensive .. . " 
and did no injury to plants. And there was more. Applied to human skin, this boll wee-
vil remedy, Dr. L'heureux noted, behaved as a mosquito repellant (Wagner, 1980). 

Mally's entomological program had been supported by an initial state appropriation 
of $5000. Out of that came his salary, $2800, and $2200 remained for research and 
travel. It was a level of funding that, given the scale and complexity of the weevil prob-
lem and the political discomfort that grew from the insect's pillage, may not have been 
a token appropriation but it wasn ' t a great deal more. Examined against the well-
funded, well-staffed research program of the USDA, research of Texas' first State 
Entomologist moved along on a shoestring (Wagner, 1980). The Division of 
Entomology built a laboratory at Victoria in 1902, moving the facility to Dallas in 
1905; and as research leader for Texas, chief L. 0. Howard chose, in 1901, young 
Walter David Hunter. The selection was a masterstroke: Hunter, age 26, would move 
with grace and control tbw ugh the political thickets created by tlle boll weevil, estab-
lishing credibility in the eyes of growers as Frederick Mally had not; and the consid-
erable progress in the understanding of the "natural history" of the pest that would 
arise from USDA research. The application of that understanding to cultural strategies, 
became a testament to Hunter's leadership. 

With the eastward advance of the weevil, a USDA research facility was established 
at Tallulah, Louisiana in 1909. A cotton entomology research program was launched 
in the state a few years earlier. It was sponsored by the Louisiana State Pest Crop 
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Commission and under the direction of Wilmon Newell (Little and Martin, 1942; 
Parencia, 1978). It was during the ten years or so after Mally's departme that the 
Government Method, in part, was implemented by fmmers. The extreme yield losses 
that Townsend had measured in south Texas in the first years of weevil infestation did 
not last (Hunter, 1909a); cultural adjustments, largely in the form of early-maturing 
cottons, had partially deflected the brunt of weevil attack; and reductions in cotton 
yields because of the boll weevil fell to ten percent or less. Although weevil losses 
were greater as the pest moved into the higher rain zones of the eastern United States, 
they were not as severe as that foreshadowed in the Townsend report (Brown and 
Ware, 1958a). The fast-fruiting cottons had made the difference. But, if farmers had 
willingly and successfully changed one practice, from slow-fmiting cultivars to early-
maturing ones, they could not bring themselves to assiduously practice prompt stalk 
destruction. There were, as we shall see, reasons for this. 

Considerable evidence accrued dmi ng the early 1900s, expanding the understand-
ings of boll weevils and hibernation, making an ever stronger case for the cultural 
operation of stalk desuuction. However, entomologists still did not understand that 
potential overwintering weevils in the late summer-fall season disperse in all directions 
and for some distance from old cotton fields as they seek all manner of places to pro-
tect themselves from winter climes (Hunter, 1904a). Destroying weevils in or very 
near to cotton fields before frost was thought to lessen overwinte1ing. USDA ento-
mologist W. D. Hunter repeated the earlier advice of plowing out cotton (to the roots), 
wind rowing and burning, adding a description too of a stallc cutter that could be pulled 
by either horse or mule - "a wheeled cylinder provided with oblique knives." Exper-
iments reported by Hunter (1907) made even a stronger case for early stalk removal, 
showing that weevils removed on different fall dates ti'om cotton and caged on hiber-
nation media survived in greater numbers as they were caged later in the season. It log-
ically followed that if stalks were cut and destroyed at elates corresponding to those of 
the hibernation cage tests, similar hardship would be placed on weevils seeking to 
overwinter. By 1909, the strong dispersing ability of the hibernating weevil seems to 
have been recognized. "They fly from cotton in the fall in all directions," Hunter wrote 
(Hunter, 1909b), adding that the insect could fly forty miles. Hunter and Pierce (1912), 
taking a backward glance, assessed the weevil and the success of research to combat 
it, contrasting the extreme losses to the pest in its first years in Texas with contempo-
rary and improved yields. They noted again the persuasion of the hibernation cage 
study data that, over a period of years, had argued for early stalk destruction - the ear-
lier weevils were removed from cotton in the fall, the greater the winter mortality. For 
example, about 0.3 percent of the September weevils survived against a 10 percent sur-
vival of weevils caged in December, a pattern of survival not adequately explained 
until the research of Brazzel and Newsome. September survival was low because the 
incidence of diapause was low, that of December greater because of the higher inci-
dence of diapause. The writers referred to a stalk cutter newly invented by the State 
Crop Pest Commission of Louisiana, and the USDA entomologists obviously had 
pinned hopes on the device. Unlike the "wheeled cylinder ... " previously mentioned, 



CULTURAL CONTROL 477 

the contrivance was a "V" shaped sled, each side of the V armed with a sharpened 
blade. An implement of some bulk, the rig was to be pulled, instructed its inventors, 
by two horses, hitched, not side by side, but in tandem. Plans that might be used for 
on-farm constmction of the V cutter appeared in a circular of the Commission (Newell 
and Dougherty, 1909). 

Ce1tain field experiments and observations averTed the findings of the hibernation 
cage work. Hunter wrote of the experience in Calhoun county of Texas in 1906 where 
400 acres of isolated, weevil infested cotton were plowed up and burned in the first ten 
days of October. The following year a series of examinations on cotton planted there 
established a much reduced weevil infestation and high production. A check field was 
infested early, incurring considerable lint loss to the pest (Hunter, 1912). Observations 
were made by Wilmon Newell in Louisiana on the effects of an early killing frost, 
November 13, 1907, on weevil infestation in cotton of the area during the following 
year: It was considerably reduced, compared with infestations in cotton in south 
Louisiana (Newell, 1909a). By 1912, it seems, expe1ience and a body of data had made 
a case for the removal of cotton stalks by early October. Hunter put it well , this need 
for stalk destruction, in the title of a circular of the Bureau of Entomology: "The most 
important step in the cultural system of controlling the boll weevil" (Hunter, 1904a). 

As important as the tactic seemed to cotton entomologists, the tmth of the matter 
was that farmers found every reason not to follow the recommendation. As Helms 
(1980) wrote: "Farmers shunned most the aspect of the cultural system that entomol-
ogists claimed brought the highest degree of control." In the first place, hand-harvest-
ing of cotton was a protracted affair, often extending late in the fall and past the time 
of early October when stalk destmction was called for. Too, the economics of the crop 
compellingly demanded that every last harvestable boll be harvested; and the lure of 
that occasional event, a "top crop," as infrequently as that occurred, served to counter 
the earliness theme itself. An official of the Texas Agricultural Experiment Station of 
those early years estimated that Jess than one percent of Texas farmers practiced the 
recommendation (Helms, 1980). 

Stalk cutters were available, but their costs were prohibitive to many farmers; and 
in the event that a fanner owned one, he found it an inadequate tool for cutting tough, 
resilient, green cotton stalks in October (Wilkes et of. , 1962). On the other hand, 
should he wait into the late fall or early winter after a freeze had killed the stalks, dried 
them, made them brittle, stalk destruction was a far easier chore. But, of course, by 
then it was too late; weevils had already prepared for hibernation and left the field. In 
those instances when a grower did destroy statics with some sort of a cutting imple-
ment, it did not follow that the plants' roots could always be immediately plowed out 
- a practice needed to prevent regrowth. Perhaps dry, hard soils would prevent the 
plowing operation after stalks were cut; and when plowing could be started, the slow 
mule drawn operation naturally worked against a quick removal. And, perhaps, a 
human element, the propensity to rein up and take one's ease after a job is seen to be 
over - and indeed the harvest of that last lock of cotton on one's farm had a ring of 
finality to it- was factored into the southern cotton farmer's unwillingness to assid-
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uously tend to stalk destruction. For years, following harvest, growers had plowed out 
their cotton stalks, at their own pace, at a time of their choosing. Now they were being 
asked to do something else. 

The early stalk cutters were inadequate to deal with green cotton especially in those 
regions where stalks were large; and even the first modem rolling stalk cutter (Brown 
and Ware, 1958b), an implement introduced in 1925 that could be used behind animals 
or, in rare instances, tractors, lacked the engineering capability for cutting green cot-
ton stalks over a range of conditions. There must have been hopes though for improved 
stalk cutting where the implements were tractor drawn; in any event, the Ford Motor 
Company, in the 1920s, saw cotton stalk removal as a sales opportunity for their newly 
introduced Fordson tractor- they even made a movie about it with the title: " Where 
the Fordson Shines: Beginnings of the Systematic Extermination of the Enemy of the 
South: Boll Weevil" (Helms, 1980). Ford figured to cany out this systematic extemu-
nation using the Fordson to pull a cutter. 

If the cultural practice of stallc destmcti9n was in the main ignored, there were a few 
examples where concerted efforts brought stalk clean-up in areas of some scale. Little 
and Martin (1942) noted that the strategy was more ordimuily observed on the coast 
(presumably the Texas Gulf coast) because early planting and earlier harvest happened 
to accommodate its practice. Also, Gaines and Johnston (1949) described the orga-
nized stalk destruction program that took place in Williamson county of Texas in the 
late '40s and the positive reductions in weevils the next year. Included was an account 
of various levels of farmer compliance in stalk destruction in the Rio Grande Valley 
and the resulting effects on boll weevil infestations the following seasons. War, patri-
otism and propaganda even have had a place in cotton stalk destmction: Concerned not 
so much with boll weevils as pink bollworms, Pectinophora gossypie!la (Saunders), 
cotton interests of the Rio Grande Valley during World War II years and a !ugh pitch 
of propaganda in local newspapers placed fam1ers who were not attentive to stalk 
destruction and the unpatriotic on the same shelf (Wallcer, 1984 ). Everything 
Americans did or did not do in those years had something to do with winning the war, 
and that included cotton farmers. 

In another instance, static destruction and allied practice achieved such a concert of 
appliance that, if it resulted in a victory over overwintered weevils, it was literally a 
Pyrrhic one. During the 1920s, growers of Greene county Georgia took the early burn-
ing recommendation to heart, extending its application not only to cotton fields but to 
woods, hedgerows and terraces. Weary of claims for burned down houses and farm 
buildings, insurance companies in the n1.id-'20s refused to write rural policies for the 
county (Helms, 1980). 

For all of the preceding, yearly, effective, areawide practice of stalk destruc tion, as 
W. D. Hunter had imagined it, did not come about until well after World War II. If there 
was a single reason, we believe it rested with the lack of a specific farm implement: a 
stalk cutter of appropriate design, and power, to cut green cotton stalks efficiently over 
a range of stalk sizes. The old rolling stalk cutter, whether powered by mules or early 
tractors, operated largely as a consequence of the weight of the implement or the sharp-
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ness of its cutting blades (Wilkes et al., 1962). Its efficiency arose, obviously, apart 
from any external power source other than the speed at which it was drawn. An effec-
tive stallc cutter awaited mechanization in cotton; and during the '30s, through the first 
years after World War II, mechanization became, indeed, fact (Brown and Ware, 
1958b ). Stalk cutters were developed that functioned not just because they were 
equipped with a set of stallc cutting blades- they cut stalks efficiently because power 
could be transmitted from the engine of the tractor to the cutter. The first of these 
machines was powered by way of a chain or belt drive (Smith and Jones, 1948), but 
the rapid development and standardization of power take-offs on tractors after World 
War II permitted new and efficient design in stallc cutters: the horizontal rotary blade 
cutter (Smith, 1964). Fmther improvements arrived with the flail cutter, a machine that 
chops the entire plant into small pieces. The rotary cutter, a simpler machine, however, 
is the more common choice today. By the late '50s, rotary cutters were common imple-
ments for farmers: For the first time, stalk removal in cotton fields, whether in Texas 
or Mississippi, could be addressed with ease. Rotary horizontal stalk cutters as they 
came to be used in increasing numbers had to have decreased numbers of boll weevils 
overwintering; but they received little formal credit. They were being used now 
because cutters had become part of a well-managed fanning operation. Farmers were 
cutting statics out, not so much because of boll weevils, but because it was the first step 
in a series that would lead to seed bed preparation for next year's crop. 

Another practice, mechanical harvest, came soon after World Wru: II that would 
accomplish some of the goals of stalk destruction but before the act of stalk destruc-
tion. Stripper and spindle harvest, and the harvest-aid chemicals that are required for 
their operation, necessarily has levied another level of mortality on boll weevils that 
are to overwinter (Cleveland and Smith, 1964; Summy et al., 1986); and today the 
machines are used to gather the entire United States crop. Mechanical harvest with 
spindle pickers has eliminated the protracted hand harvest period that had once left 
standing cotton in the field late in the season, and stalks can be destroyed earlier. But 
even before stalk destruction, the required use of defoliants, applied before harvest, 
will have caused leaves and small fruits to shed. In effect, preparation for harvest, the 
picking operation itself and finally stallc destruction are an interruption of considerable 
magnitude in the usual seasonal order of boll weevil diapause. One or two harvests are 
made where spindle pickers are used. In the March planted cotton in the Rio Grande 
Valley of Texas, good managers can destroy stalks in August, an operation early 
enough to reduce sharply numbers of overwintered weevils. Recent improvements in 
earliness of new cotton varieties of the eastern United States (a topic discussed in a 
later section) should allow harvest and stalk termination in October in many instances, 
a time early enough to affect weevil overwintering. 

Practiced in large parts of Oklahoma and Texas, stripper harvest can exact a heavy 
toll on boll weevils that might otherwise seek to overwinter. The desiccant arsenic acid 
is applied to cotton before stripper harvest in the Blacldands and Lower Gulf Coast of 
Texas; and the chemical kills all leaves, drying squares and small bolls, swiftly elimi-
nating food for weevils that might overwinter. A single harvest gathers the entire crop. 
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Shredding is often accomplished in late July in Texas coast cotton, in early September 
in the southern Blacldands of Texas. Removing cotton stalks early in these regions, and 
that effect on overwinte1ing weevils, is an important determinant of the reduced insec-
ticide usage there (Anonymous, 1981). 

Certain new harvest-aid chemicals, ethephon (Prep®) and thidiazuron (Dropp®) 
hasten the opening of mature bolls and cause small, immature green bolls to shed from 
the plant, allowing still earlier harvest. In addition, the chemicals reduced the number 
of weevils emerging from collected squares and bolls (Bariola et al., 1986). Thus, 
these products are an additive to the cultural management of the pest that present har-
vest procedures bring. Modern harvest technology followed by stalk destruction then, 
unimagined in its present detail by Frederick Mally or Walter Hunter, has effected, var-
iously, the tactic these entomologists roughed out more than 80 years ago. 

The powe1ful force of stalk destmction followed by stubble plow-out in suppress-
ing boll weevils in the cotton system can be witnessed in the cunent yields and insec-
ticidal use patterns of farmers participating in the integrated pest management program 
of Williamson county, Texas. Under the auspices of the Texas Agiicultural Extension 
Service, a county agent-pest management professional supervises insect management 
for a number of farms in this Blacklands' location where the crop is grown dryland. 
Cotton is stripper-harvested in early September, and stalk destruction and plowing fol-
low. Histmical yields, 1928-1939, for Williamson county averaged 162 pounds of lint 
per acre. The average yield over the seven years 1983-1989 was 513 pounds of lint. 
Essentially all gi"OWers apply early season applications for tJu·ips, Franklinie!la spp., 
overwintered boll weevils and cotton fleahoppers, Pseudatomoscelis seriatus (Reuter). 
C. G. Sansone, Extension county agent-pest management, compiled the following 
information on late-season insecticide use by participating growers for boll weevils, 
bollworms, Helicove1pa zea Boddie, and tobacco budworms, Heliothis virescens (F.): 

Number of late-season treatments 
1981 1982 1983 1984 1985 1986 1987 

Bollworms-bud worms 0.9 0.8 0.4 2.2 1.0 1.5 1.6 
Boll weevils 1.2 1.4 0.6 0.2 0 0 1.0 

Obviously, late-season infestations of weevils are a small matter for Williamson 
county growers. Assiduous attention to stalk destruction and plow up are accountable 
in large part. 

We have considered in this discussion cultural actions that are performed to reduce 
numbers of overwintering boll weevils, of diapausing adult weevils. These actions 
deny food sources to the special adult weevils that are to diapause. But boll weevils 
can overwinter as immature and unfed adults enclosed in late cotton bolls (Bottger et 
af., 1964; Bergman et af., 1983), and a small percent can Jive to infest squares the fol-
lowing years. That is, these adults that emerge in the spring have not fed, and will not 
feed, until the squares appear in the new crop. This problem has occurred in Arizona 
stub cotton fields, (cotton not plowed out at the end of a growing season but cotton 
allowed to remain in the field for next year's crop). Stub cotton provides a source for 
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infestation in not only the stub fields but also in adjacent cotton farmed under normal 
culture. Practiced off and on in Arizona for years, conttibuting to the pink bollworm 
problem, stubbing of cotton is now prohibited in Arizona (Moore, 1985). 
Unfortunately, weevils also overwinter in Arizona as typical diapausing adults; and 
these establish, in cotton, as they do in the East, beginning infestations in the spring. 
Stalk destmction, which is not required of growers until mid-winter in Arizona, could 
not be expected to levy the degree of population management that a September shred-
ding brings in Texas. 

As in Arizona, weevils survive dming the winter in bolls on undestroyed stalks in 
scattered cotton fields in the Rio Grande Valley of Texas. Moreover, the mild winter 
here, the lack of freezing temperatures in some years, sometimes allows cotton in these 
unattended fields to fruit through the winter; and weevils springing from such loca-
tions become a serious threat (Norman et a!., 1984; Summy et al., 1988). A few 
unshredded fields or fields that have regrown after shredding become a source of inoc-
ulation for considerable acreage in the followin~ growing season. Although there are 
September stalk cutting and plow down Jaws for pink bollworm management in the 
Valley for years(Allen et al., 1985), scattered fields have remained unattended every 
year, these influencing nearby acreage. Recently, a new stalk destruction law (The Boll 
Weevil Control Act) was passed by the Texas Legislature. Under this law, stalk 
destruction by September 1 is now required for the Valley. 

PINK BOLLWORM 
In 1916, the chilling expe1ience of the boll weevil fresh in everyone's memory, the 

United States Department of Agriculture considered the ominous development that 
only recently had occuned in Mexico. The pink bollwonn, an insect pest of cotton in 
different world regions, had entered the country in 1911 and by 1916 was blinging 
damage to the Mexican crop. In view of the measures that were soon to follow in the 
United States, it is apparent that the insect was regarded in 1916 as a manifest threat 
to cotton - all cotton grown in this country. Taking no chances and prepared to act, 
the Department by now had the authority to deal with such a ttu·eat by way of newly 
passed quarantine legislation; and the Federal Horticultural Board could execute this 
authority (Hunter, 1926). Certainly, contingency plans had already been drafted by 
1917; and the quick events that reeled off in succession in the autumn of that year jus-
tified all of the concern, all of the attention. 

Infestations of pink bollworm appeared in a field of cotton near Hearne, Texas in the 
fall of 1917, a location receiving about 40 inches of rain per year; not many weeks 
later, additional infestations were noted in southeast Texas where annual rainfall aver-
aged about 50 inches. Typical of United States rainbelt cotton, these production areas 
with their pink bollworm infestations now, represented the gravest of portents. 
Analysis of the situation incriminated infested cottonseed imported from Mexico 
(Hunter, 1926). Armed to deal with such a situation, the United States Department of 
Agriculture and the Texas Department of Agriculture, in full cry, worked to eradicate 
these infestations; and they did. The operation was a large, labor intense effort. A force 



482 WALKER AND SMITH 

of 500 was organized, its activities directed toward destroying all cotton plant products 
in the localities: seeds, fallen lint, burs, stalks, bolls, cotton refuse about gins - any-
thing that remained after harvest and that was related to the cotton plant. Sixteen hun-
dred acres of cotton at Hearne and over 7000 in southeast Texas were subjected to this 
effort in the fall of 1917; and the following year and for additional seasons, no cotton 
was permitted to be grown in the locales of the infestations. For example, an area six 
miles in diameter was denied the crop at the Hearne site following the clean-up. And 
that prohibition was to continue for several years. The eradication clearly was as suc-
cessful as a political achievement as it was as a biological success. Shortly, other rain-
belt infestations were detected in Louisiana, and eradicated (Noble, 1969). 
Underlining the vulnerability of the insect during fall, these several eradications made, 
in time, a positive statement on the cultural management of the pink bollworm with, 
at least, some of the eradication tactics - should it ever become permanently estab-
lished. In not many years it had. 

As with the boll weevil, the diapausing ~tage (last larval ins tat) of the p ink bollworm 
represented a weak link; as with the weevil, stalk destruction (and field sanitation) 
could be used, and even more effectively, to manipulate downward numbers of the pest 
overwintering. The special realm of the overwintering larvae necessarily makes them 
vulnerable to cultural measures, limited as these diapausing individuals are to the 
immediate cotton fields , to implements transporting cotton products and to cotton gin 
residues. They cannot, as the boll weevil, disperse by flight to overwinter in scattered 
sites remote from man's actions. Pink bollworm larvae overwinter where cultural pro-
cedures can be applied. Unlike the weevil, there are a number of hosts other than cot-
ton; but with the exception of cultivated acreage of okra, it is cotton that provides the 
important matrix for winter survival (Little and Martin, 1942). The success of the rain-
belt eradications, notwithstanding, there is considerable doubt in our minds that the 
insect would have ever achieved and maintained pest status in the colder, wetter rain-
belt production areas of the United States where the eradications had been so effective. 
But, of course, at a tin1e when public figures were still reeling from the experience of 
the boll weevil, and when there was less !mown about the pink bollworm, it is under-
standable that these eradication programs were conducted. Since those times, infesta-
tions have briefly appeared in rain belt cotton and northwestern cotton of Texas only, 
in the absence of Draconian quarantine measures, to disappear (Noble, 1969). But for 
cotton of the southern and warm tip of Texas, and for western desert production, it has 
been another matter. 

The pink bollworm in the years after the Hearne eradication did establish in the near 
tropical Rio Grande Valley of Texas and, with the exclusion of the San Joaquin Valley 
of California, the western United States. But, despite the relative nearness of infested 
cultivated cotton in Mexico, it required years for this to happen. Various quarantine 
measures slowed its advance. Although the pink bollworm was first detected in 
Arizona in 1926, for example, much of the production region was held free of injuri-
ous infestations; and it wasn' t until the early 1950s that the entire state was placed 
under quarantine (Noble, 1969). The series: Annual Reports of the University of 
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Arizona, College of Agriculture and Agricultural Experiment Station, 1936-1950, 
gives the insect little attention. Texas' Rio Grande Valley remained as a fastness from 
the pink bollworm until 1936, and not until the early 1960s did the southern valleys of 
California become infested. Quarantine procedures and clean-ups were instrumental in 
delaying the insect. 

The success of the early quarantine and eradication programs had made the case for 
cultural management of the pink bollworm at the farmer level, and with the 1930s 
came the beginnings of definitive research on the biology of the insect, and the new 
understandings that followed together with new technology would make even a more 
robust argument for the application of cultural measures for the management of this 
insect. 

In 1927, the United States Department of Agriculture established its first laboratory 
in the United States for pink bollworm research , locating the facility at El Paso. 
(Earlier investigations, beginning in 1918, had taken place in Mexico.) Experiments in 
cooperation with the Texas Agricultural Experiment Station were carried out near 
Castolon, a location on the Rio Grande in the Big Bend country of Texas; and in 1927 
a laboratory was opened at Presidio, a remote Texas town on the Rio Grande. Sub-lab-
oratories were put in operation by USDA at other sites as infestation warranted, and 
one of these, at Brownsville, was elevated to headquarter laboratory status in 1941. 
Responding to sudden increases in infestation levels in Texas in the early '50s, pro-
grams were expanded in 1952; and these were once again a joint effort of USDA and 
the Texas Agricultural Experiment Station (Noble, 1969). The record of understand-
ings of the pink bollworm derived from the research programs of these agencies across 
the years is indeed laudable, and much of the progress directed the formation of cul-
tural management strategies. Diapause, the understanding of it, is a case in point. 

The appearance of overwintering or diapausing pink bollworm larvae, individuals 
known as "long cycle" larvae by the entomologists of the 1930s, was first thought to 
occur because of the influence of the moderating temperatures of late summer-fa ll 
(Busk, 1917). They were called long cycle because the insects would remain in the last 
larval instar li1 cotton bolls, usually in the seeds of the boils, through the winter unti l 
spring when they would pupate with adult moths later emerging. It became apparent to 
researchers that the appearance of the long cycle or diapause condition could first be 
seen in September: About 50 percent of the larvae in open cotton bolls was noted to be 
in diapause then (Owen and Calhoun, 1932). Although temperatures of early September 
in Texas often differ little hom those of August, temperatures were still commonly 
thought to be the effectors of this September diapause. Establishing that diapause 
seemed to be initiated in September eventually became the openli1g argument for the 
seasonal timing of regional stalk destruction programs. The reduction of overwintering 
by pink bollworm larvae ideally would be achieved if cotton stallcs could be removed 
before diapause was prompted in the pest, and it was this rationale that specified 
September as the month for stallc destruction in the Rio Grande Valley (Curl, 1949). 

Understandings broadened as data accreted durli1g the course of research. Chapman 
and Cavitt (1937) established that earliness of fruit removal from cotton stalks influ-
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enced negatively the numbers of larvae in soil beneath the plants; where plants were 
denuded of fmit on October 1, fewer larvae were recorded than when the stlipping 
process was delayed until November. Other investigations showed that the large 
majority of the long cycle larvae survived in cotton bolls, although some did exit bolls 
to bunow in soils, later to form hibernacula (for protection in the winter) (Fenton and 
Owen, 1931). Studies of Fife eta!. (1947) that measured the survival of the pest in cot-
ton bolls collected on different dates showed that winter survival of the insect for 
August bolls was 0.4 percent, in October bolls it was 25 percent. 

Other experiments assessed the influence of winter moisture on the time of spring 
emergence of adults. Moisture hastened pupation and early moth emergence 
(Chapman and Cavitt, 1934). Other studies measured the effects of tillage and irriga-
tion, winter irrigation and deep plowing reduced survival (Isler and Fenton, 1931). 
From the foregoing, and from other research, stalk destruction, field sanitation, tillage 
and winter irrigation (gin sanitation too) were framed into cultural programs for the 
pink bollworm; and, evidently, for many years these were successful for the manage-
ment of the pest in the infested areas. For much of the early peliod of pink bollworm 
infestations to the 1950s, it should be remembered that growers lacked efficient stalk 
cutters. Although another agency of control, the organic insecticides of post World War 
II, was given wide cunency in the first years of the 1950s for all cotton insects, an out-
breal( of pink bollworms throughout much of central and north Texas happened then, 
this despite the new chemicals. Expanded research programs were quick to follow 
(Noble, 1969), and they brought a larger comprehension of diapause and the pink boll-
worm mortality factors that man could impose. 

The impelfect understanding of the pink bollworm seasonal diapause was soon 
given clarity. Lukefahr (1961) tied the appearance of the condition to photoperiod, the 
length of daylight hours; and Adkisson et al. (1966) demonstrated the precision with 
which the insect cleverly reads the decreasing hours of daylight in the days of late sum-
mer and into the fall , in increments of fifteen minutes even, translating these messages 
purposefully into a higher incidence of diapause as each few days pass. This line of 
investigation revealed that the first diapause actually arose in larvae that originated 
from eggs deposited in the last week of August; and from eggs laid at September 's end, 
a cohort of larvae would follow containing 70 percent diapausing individuals. 

The effects of harvest-aid chemicals on overwintering in the pink bollworm were 
researched. When defoliants and desiccants were used at the propitious (favorable) 
time, the occurrence of larvae in the overwintered state could be greatly reduced. 
Applied August 22, these chemicals reduced diapausing larvae in cottonseeds about 85 
percent over counts in check plots; that is, there were about 12,000 larvae per acre in 
diapause in the defoliant-desiccant treatments, about 97,000 in the control. Delaying 
application until October 5 allowed for an enormous increase in diapausing individu-
als, and near 132,000 per acre were recorded. The chemicals at this later elate still 
effected about a 26 percent reduction over numbers in the controls (Adkisson, 1962). 

Decreasing clay lengths of late summer-early fall, unhl<e the inconsistent tempera-
tures of the same period, form as unvarying signals: constants at the same time every 
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year for late infestations of pink bollworms as the message to diapause is compre-
hended by the insect. Understanding the precision with which day length times dia-
pause in the insect removed all uncertainty and argument about when the crop should 
be brought to end by the harvesting process - harvest aid chemicals, harvest, stalk 
destruction and plow up. If these measures are brought to bear in mid-September, win-
tertime survival will be curtailed in a significant way - piimaiily because the cotton 
food source is destroyed before a high propm1ion of the insects are in diapause. Delay 
the harvest process until November, and one has guaranteed diapause to the insect. 

So destroying cotton stalks before the pink bollworm receives the short day cue to 
diapause exploits a vulnerable place in the life history of the insect; but even when this 
practice has been delayed and the condition in the larvae already triggered, research 
showed that modern stalk cutters, rotary and flail, destroy not only cotton plant par1s 
but also lar·vae in cotton bolls, reducing consequently the overwintering diapausing 
population (Wilkes et al., 1962). The flail machines in tllis regar·d are superior. Also 
following the stalk cutting-shredding, moldboard-turning of the soil to a depth of 6 
inches, followed by listing, destroys many overwintering individuals (Noble et al. , 
1962). And, if these practices are followed in desert regions by winter irrigation, even 
greater reductions accrue. The earlier these tillage operations, the greater the effect; an 
October practice reduces overwintering more than one of January (Watson et al., 
1974). Adding to the mortalities has been the conttibution of the harvest-aid chemicals 
ethephon (Prep®) and thidiazuron (Dropp®). Bringing rapid boll opening and the 
shedding of immature bolls, applications of these compounds also reduce numbers of 
diapausing lar-vae. Obviously, the stubbing of cotton that was once allowed in Arizona 
provided wintering pink bollworms largesse: The cotton stubs were a refuge for late 
bolls carrying the pest, and these insects escaped the mortalities induced by plowing 
and listing (Bergman et al., 1981). 

Estimates of certain mortalities and their accumulation that man, through cultural 
procedures, can levy on the pink bollworm have been calculated (Graham et al. , 1962). 
In this example, stalk destruction is carried out during mid-September when 30 per-
cent of the insects have taken the day length signal to diapause: 

Mortality factor 
Diapause 
Harvest 
Shredding 
Bolls are left on soi l surface 

until April 15 (squaring date) 

Percent survival after mortality factor 
30 
30 
40 

1.18 

Combined survival is 0.04 percent of the September population. That is, from a larval 
population of 4,000 larvae in September, less than two ar·e calculated to survive to the 
adult stage to oviposit in cotton the following April. 

Planting and stalk cutting dates for pink bollworm management long have been 
under the authority of the state departments of agriculture. For example, the Texas 
counterpart presently sets stall( cutting and plow up by September 25 for the Rio 
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Grande Valley, a date, if observed by growers, certainly early enough to harshly restrict 
overwintering (as we noted, a new stalk destmction law recently has been passed in 
Texas for management of the boll weevil and earlier stalk destruction, September 1, is 
now required for the Valley). Cotton of the El Paso Valley is allowed to stand until 
Febmary, long past the time of major pink bollworm diapause (Allen et al., 1985). 
However, unWce the warm Rio Grande Valley, low winter temperatures often occur at 
El Paso, bringing greater winter mortality to pink bollworm larvae. Benefiting from a 
long production season, Arizona has been reluctant to impose stalk destmction dates 
that are contrary to the opportunities for high cotton yields that are seen by growers to 
go hand in hand with the long season. Hence, a mid-winter stalk destruction prevails. 
For another western area, the Imperial Valley of Califomia, there has been a recent 
change of heart. Accommodated by a warm and long production season, and known 
for its high yields, the Valley in recent years has lost acreage to the companion diffi-
culties of insecticide resistant major cotton insects, secondary insects and mites, and 
the onerous expense of the insecticides required to answer the pest challenge. During 
the last ten years cotton farming has declined 120,000 acres (Anonymous, 1988). The 
mid-winter stalk destruction time established for the Imperial Valley bas allowed 
abounding overwinteting of the pink bollworm, and insecticides for the control of the 
pest have commonly triggered infestation of bollworm and tobacco budworm and 
other secondary pests. Until recently, growers have not been agreeable to crop termi-
nation procedures that would meaningfully go to the center of the problem; a 
September hatvest practice (which would bring reductions in pink bollworms) has 
been viewed as umealistic for their yield ptiorities. That, as late, has changed; a grower 
referendum has approved the requirement for the application, by September l , of a 
preharvest defoliant, this to be followed by prompt harvest and stall<: desttuction and 
plow up by November 1. Such a program, if followed through, could ease the expense 
and difficulties of insect control in the cotton in the Valley. Though stallcs would not 
be destroyed here in early September, the harvest-aid chemicals and the subsequent 
harvest (and the stall<: destruction to follow) will certainly reduce numbers of diapaus-
ing pink bollworm. 

ESTABLISHING EARLINESS 

GENETIC EARLINESS 
Although prompt stalk destruction for weevil management was commonly viewed 

with disdain because of the impracticality of a mule powered operation, early-produc-
ing cultivars that had arisen out of the genetic variability of the planted cottons of the 
1800s quid dy were seized upon as a means to cut losses to the pest. Within four years 
after the entry of the weevil, Howard ( 1896) recommended that farmers plant early-
maturing cultivars, and the wisdom of this recommendation was confirmed shortly by 
other agricultural scientists (Bennett, 1904, 1908; Mally, 1902; Newell and Rosenfeld, 
1909). To appreciate the genetic variability that provided cotton producers with this 
timely means of limiting losses to the boll weevil, one should consider the types and 
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origins of upland cotton being grown in 1892; remember also that scientific develop-
ment of cultivars of any crop awaited, in the early 1900s, the rediscovery of Mendel's 
laws. Yet, in the absence of these laws, progress in cotton "breeding" was already 
being made. 

Over the time span covered herein, we will use the term "cultivar" to denote a com-
mercially grown genotype of cotton, realizing that the term "variety" was in vogue 
until about 1970. The reader should be aware that most cultivars, if not all, from colo-
nial days until probably 1915 or so were not pure lines but rather mixtures of several 
genotypes, and probably still segregating for others. 

In the late 1700s, only two types of cotton were grown on the upland or interior por-
tion of the United States. These were Georgia Green Seed, a cotton introduced to the 
coastal states from the West Indies by botanist Philip Miller, and Creole Black Seed, 
which was grown in the lower Mississippi River Valley. The French had brought in the 
latter about 1730 (Moore, 1956). Lacking a range of useful genetic variability, these 
cottons likely would not have furnished the kind of germplasm needed in developing 
the more productive and adapted cultivars that shortly were to be demanded as cotton 
began its spread from the uplands near the Atlantic coast on to the west. Fortunately, 
another somce of germplasm was soon to appear; and its entry was a new turn for the 
crop. At no time was that turn more significant than it was in the first years of boll wee-
vil infestation. 

Walter Burling, a Mississippi planter from Natchez, traveled to Mexico in 1806 offi-
cially to mediate a boundaty disagreement between the Spanish tenitmy of Mexico 
and the Louisiana Territory, a dispute that had kept both sides uneasy throughout the 
yeru·. To this end, Burling sought and was granted an audience with the Viceroy of 
Mexico, Jose De Iturrigaray. Following discussions on the dispute, Burling, on a mat-
ter of personal importance, opportunistically requested seed of a certain cotton that he 
hac! heard of that was grown by Indians of the Central Mexican Plateau. Viceroy De 
ItuJTigaray denied the request. One can only surmise that official Spanish policy was 
not to part with national resources such as crop plants; at least not to allow their expor-
tation to a territory that had been owned by their traditional rival, France, only tlu·ee 
yeru·s prior. However, Burling was invited to cline with the Viceroy that evening. After 
a hardy meal and probably several glasses of wine, the Viceroy became quite cordial, 
insisting that Burling return to his home in Mississippi with a personal gift "Mexican 
dolls." The gift was presented in such a manner that Burling could not mistake its 
meaning; and so he retumecl to Natchez with dolls, the exact number being unknown, 
filled with contraband cottonseed (Weiler, 1976). The effects of those seeds were 
immediate and continuing. If the benefits of Burling's surreptitiously carried germ-
plasm began at once to influence the course of cultivar development, it was the bene-
fits of that same germplasm compounded by selection and outcrossing for the next 
eighty years that would lead the cotton industty from the weevil disaster. 

The following year Burling gave the seed to a friend, William Dunbar, who appar-
ently had received, or shortly would receive, favorable reports on the Mexican fiber 
from textile experts in England. Between 1807 and 1810, Dunbar increased the con-
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traband seeds to over 3,000 pounds of ginned cottonseed. By 1820, this Mexican intro-
duction had outcrossed with both Georgia Green Seed and Creole Black Seed. 
Apparently the 1806 introduction was known as Mexican Hybrid, Mexican Highland 
Stock, and probably by several other names. History suggests that other introductions 
of the Mexican cottons were made in the early 1800s; however, definite proof is some-
times lacking. The appearance of the Mexican phenotype in Georgia and the Carolinas 
for instance, about 1825, could have originated from seed of the 1806 introduction. 
Aside from seed brought by returning United States soldiers from the Mexican War of 
1847-48, the historical record notes one other introduction of the stock, this by the 
Wyche brothers about 1857 (Ware, 1951). When the brothers emigrated from Germany 
in 1853, one went to Algeria and the other settled in Georgia. In 1857, the brother in 
Algeria sent a package of cottonseed, apparently of Mexican descent, to the brother in 
Georgia. 

The act of nature in the intermixing of Georgia Green Seed, Creole Black Seed, and 
the Mexican introduction(s) brought a wellspring of variability that in time yielded 
extraordinary breeding opportunities; and with the help of Dr. Rush Nutt of Rodney, 
Mississippi and Mr. Henry W. Viele, son of the founder of Vicksburg, Mississippi, each 
using different selection techniques, two original cultiva.rs arose - Petit Gulf, devel-
oped by Nutt, and One Hundred Seed, developed by Viele. As one would expect, these 
two cultivars were dispersed across the lower Mississippi Valley and the southeastern 
United States and renamed many times. Without organized plant breeding efforts and 
in the absence of widespread use of isolation or selfing techniques to maintain purity, 
outcrossing, in effect, had resulted in many local or native cultivars. The growth in the 
number of supposed cultivars was such that during the 1840s, Martin W. Phillips, a 
seed producer in southern Mississippi attempting to bting order to the trade and move 
beyond salesmanship and claims, conducted cultivar trials and made the results avail-
able to sunounding farmers. These trials may have furnished the first unbiased data of 
this kind in cotton. According to Brown (1938a), fifty-eight cotton cultivars were 
grown by 1880, 118 by 1895, and almost 400 by 1907. Tyler (191 0), however, identi-
fied over 600 cultivars in 1907. It is evident then that a large amount of natural cross-
ing between Georgia Green Seed, Mexican Stock, and Creole Black Seed had resulted 
in astonishing variability in the cotton being planted at the time of the boll weevil; and 
it was that diversity that had already permitted, through earlier selection efforts, the 
development of faster-maturing cottons. By 1900, early matming cottons had been 
bred specifically for cultivation in the northern extremes of the Cotton Belt. 

The immediate acceptance of the recommendation that farmers grow early-matur-
ing cultivars allowed farmers to survive the onslaught of the pest from Mexico, 
although there were still yield losses. It is logical that many south Texas fanners, from 
their own experience, had already observed that cotton fields that ti11ited quickly, or 
the earliest-fruiting cottons, or even areas within fields that fruited early, produced 
more cotton. Surely, Professor Mally made the same observations in growers' fields or 
had visited with farmers who had had this experience. Perhaps it was this obvious 
advantage that had prompted him to conduct field evaluations of several cultivars that 
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varied in the earliness quality, and the selection of an early-maturing cotton was high 
on Mally's list of recommendations to growers (Mally, 1902). The first published rec-
ommendation that farmers plant earlier-maturing cultivars was made by L. 0. Howard 
(1896). Howard may have been aware of the early cultivar Dickson, which was being 
planted in eastem Texas by 1896. This cultivar had been developed in Georgia as an 
early-maturing cotton to escape the effects of caterpillars (Ware, 195 1), probably cab-
bage loopers, Trichoplusia ni (Hiibner). Although such things as the removal by hand 
of flared squares and weevils from cotton plants and the gathering of egg-infested 
squares beneath cotton plants became part of the Government Method (Mally, 1902; 
Hunter, 1904b; Newell, 1908; Knapp, 1911), planting early-maturing cultivars was the 
one component that growers could promptly accept since, obviously, these cottons did 
not disrupt normal farming operations; and because their benefits were so obvious -
even to the most casual observer. 

Dming the 86 years that intervened between the introduction of the Mexican 
Highland seed stocks by Burling and the first reported case of boll weevil infestation, 
the number of cultivars of cotton increased from two to 118. And between 1899 and 
1904, the boll weevil caused an estimated reduction of 2,000,000 bales of cotton in 
Texas, a loss of $100,000,000 (Sanderson, 1905). When one considers the magnitude 
of the weevil problem dming those times and the increase in apparently unique culti-
vars between 1806 and 1892, then the significance of Burling's trip to Mexico must be 
seen to rank with the development of the cotton gin by Eli Whitney. Perhaps cotton 
culture would not have survived without the unique genetic stock smuggled out of 
Mexico in 1806. 

Because shorter-season cotton appeared to be the only practical way to survive the 
boll weevil, producers in Texas who had already experienced the destruction, and those 
east and north who realized that it was only a matter of time before the weevil migrated 
into their area, began to import in considerable quantities seeds of cultivars grown in 
the northern and northeastern ranges of the Cotton Belt. These cottons had been 
selected by necessity to be early maturing since they were grown in short-season envi-
ronments. But the acceptance of these from northern areas to reduce losses to the boll 
weevil became a bittersweet remedy because of the cottons' poor fiber quality, a defi-
ciency either not recognized or appreciated or honestly considered as these early-
maturing cottons were brought into Texas with enthusiasm and some fanfare. There 
were some areas of Texas in 1892 that produced cotton of some renown, being listed 
as a standard on the Liverpool, England market: "Texas one and one-eighth." Typically 
though, the majority of the Texas cottons of 1892 had a shorter staple. The exact 
locales within the state are not identified , but Ware (195 1) suggests that most of the 
cotton grown in Texas in 1892 averaged 15/16 to 1 1132 inches in staple. And there 
was a strong market for these cottons. With the introduction of cultivars from the north, 
however, staple length shortened; and as early as 1904, Liverpool buyers bad become 
skeptical about purchasing cotton on the San Antonio market because of the preva-
lence of 5/8 inch cotton; and whereas cotton buyers once readily accepted cotton pro-
duced from Bryan to Dallas, they soon began to be very selective in their purchases 
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(Helms, 1980). Hailed as a means to reduce losses to the Mexican boll weevil, these 
short-season cultivars ironically cost the Texas cotton producer markets, a tum adding 
to his economic plight. If the Texas grower was caught in this quality-quantity squeeze, 
then it surely affected producers in the Mississippi River Valley and further east who 
grew cottons such as Peelers, a type developed in 1864, and Allen, developed in 1879, 
cottons that enjoyed premium lint lengths of 1 1/2 inches (Ware, 1951 ). Spinners in the 
New England states were the primary buyers of these valuable long-staple upland 
types (Ware, 195 1), and although the effects of the boll weevil on these cultivars can 
not be directly documented, it would ·>eem that their production was halted completely 
in the early years of this century, presumably because of the boll weevil and the slow 
rate of maturity of these cottons. 

In addition to deficiency in fiber quality, the imported northern cottons had other 
shortcomings. The Texas big-boll cotton cultivars that had been grown before the boll 
weevil exhibited a meaningful degree of "stormproofness" or the degree of lint reten-
tion in the carpel walls after boll opening - a feature lacking in the imported north-
ern types. Much of the cotton producing area of Texas experienced winds sufficient to 
require some degree of protection against shattering. Too, producers in Texas and other 
parts of the southern portion of the Cotton Belt did not care for the small bolls of the 
introduced northern cultivars; small-bolled cottons slowed harvest. Although inferior 
fiber and small bolls and loose lint dogged the northern cottons, their superior yield 
performance under weevil attack became an object lesson demonstrating that there 
was resolution to the boll weevil - especially if cultivars could be bred for both the 
early quality and appropriate fiber length. Rather quickly, that would happen. 

In the recognition of the need for a different kind of cotton for the southern parts of 
the Cotton Belt, procedures for the unbiased evaluation of the pelformances of avail-
able cotton cultivars became established. Newell and Rosenfeld (1909) reported on 
cultivar trials from 1906-1 908. These tests were conducted in far mer fields across a 
range of soil types and native fer tility. In 1906, Mebane Triumph, King, and "Southern 
Missouri" were compared with "native" seed at two sites in Louisiana; on the farm of 
D. J. Bland, "hill land," and on the farm of J. E. Byram, "alluvial Mississippi Valley 
soil." In 1908, near Marksville, Louisiana, Toole's Prolific, Mebane Triumph, native, 
and "Northern Oldahoma" were compared. The results of these and other evaluations 
enabled growers to make intelligent choices in selecting cultivars. 

As farmers and seed dealers brought in large amounts of the seeds of the northern 
grown cultivars with the inferior fiber properties in their attempts to "outrun" the boll 
weevil, certain assumptions prevailed about early-maturing cottons: 

1. The large-bolted cotton such as native Texas cottons could not be grown early 
enough to escape the weevil ; 

2. The northern types by their fas t developing nature could not possess good sta-
ple ("staple cotton" was a conunon term for cotton which pulled 1 l/8 inches); 

3. Early-maturing cultivars obtained from the north and northeast parts of the 
Cotton Belt would "adapt" to the longer season in the southern portion of the 
belt and thereby become late-maturing cotton. 
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However, R. L. Bennett (1904), who began cotton breeding investigations under the 
first United States Congressional appropriations for boll weevil work, realized the 
errancy of the above suppositions. After only one year, Bennett concluded: 

1. Texas growers need not import early cotton to escape weevils; 
2. Early cottons of superior quality could be obtained from native, big- boll, good 

staple, Texas cotton cultivars on any grower's farm. This could be accomplished 
by selecting plants with the desired characteristics. 

Bennett noted from studies of many plants of all standard cultivars, and from stud-
ies of many nameless cottons, that the earliest-maturing plants "sent out the first fruit 
limbs at the joint nearest the seed leaf." Plants that fruit more rapidly than average, he 
found, had short internodes on the main stem and fruiting limbs. For productivity, 
Bennett urged producers to select the largest plants within the above guidelines. In the 
years since Bennett's observations, several scientists (McNamara eta!., 1940; Ray and 
Richmond, 1966; Smith, 1984) have quantified his observations. Many later repmts on 
the nature of earliness in cotton have supported Bennett's view that faster-fruiting 
plants tend to have sympodia at lower main stem nodes, shorter square and boll mat-
mation periods, and reduced vertical and horizontal fruiting intervals. 

Leaving an impressive scientific record before entering the commercial cotton seed 
business, Bennett conducted experiments demonstrating that farmers could select for 
earliness or lateness, productivity or non-productivity, big leaves or small leaves, nat-
ural defoliation or leaf retention at maturity, for boll size ranging from 40 bolls per 
pound of seedcotton to 90 bolls per pound of seedcotton, as well as for stormproof-
ness. Bennett (1908) secured seed of a common Texas cotton, name and history 
unknown, from Dr. J. H. Wilson of Quanah, Texas, and demonstrated the benefits of 
plant selection: Plants chosen in 1904 gave rise to progeny rows planted in 1905 yield-
ing 1854 pounds of seedcotton per acre while the unselected parent yielded only 1630 
pounds per acre. 

In 1904, Dr. D. N. Shoemaker developed Express, an early cultivar not well 
accepted because it had small bolls and was not stormproof. However, it did have an 
improved staple length of 1 3/16 inches. Lone Star, released by D. A. Saunders of 
Smithville, Texas in 1905, was a big-boll, stormproof type with lint length of 1 1/8 
inches (Brown, 1938a). These are but two examples of the rapid development of cul-
tivars of cotton with sufficient early-maturity to be grown in boll weevil zones in the 
early 1900s, yet with satisfactory staple length. Both cottons supported Bennett's 1904 
proposals. 

So, earliness in cotton initially came by way of the short fiber "nor thern" types and 
later from cultiva.rs specifically bred for earliness after the weevil's arrival. However, 
two cottons with sufficient earliness to escape weevil damage had already been devel-
oped before the hour of the boll weevil, and these were being planted in Texas. Though 
both had adequate fiber length, these cottons seem to have been overlooked in the first 
confused years of the weevil's tenure. Perhaps the most widely grown was Triumph, a 
cotton selected by A. D. Mebane of Lockhart, Texas, using the plant to row method. 
An unusual man, a man venerated in later years by cotton interests, Mr. Mebane was 



492 WALKER AND SMITH 

both farmer and plant breeder (but without portfolio). Mebane T1iumph became a kind 
of standard by which to judge new cultivars grown under boll weevil infestation, and 
the cotton was widely planted for many years (Ware, 1951). It seems then that, had 
there been interest, many cultivars with earliness and quality fiber could have been 
developed before the weevil's entry. But in the absence of the pest, it is evident breed-
ers of the southem parts of the Cotton Belt attached little value to earliness. 

Cotton breeding had been practiced in the United States through selection of seed 
and plant cha:racte1istics from 1807 until the early twentieth century. Some hybiidiza-
tions were made along the way but scientific cotton breeding began with Dr. H. J. 
Webber, a USDA scientist hired in 1898 to develop improved cultivars of upland cot-
ton. Although some cotton breeding had already talcen place at several state experi-
ment stations, including Alabama, Georgia, South Carolina and Tennessee, the 
programs had been of little permanent value (Brown, 1938b). By 1914 a new force was 
beginning to exert influence on the United States cotton farming scene. Men of vision 
realized the commercial application of the new-found science of plant breeding. Initial 
hyb1idizations and selections for commercial sale of cultivars had begun at Hartsville, 
South Carolina by D. R. Coker, and at Stoneville, Mississippi by H. B. Brown and E. 
C. Ewing (Ware, 1951) - the days when each fanner selected and saved planting seed 
were corning to an end. The commercial cotton breeder, armed by the new and rapidly 
expanding knowledge of genetics, supported by germplasm enhancement by USDA 
and experiment station breeders and geneticists, would work a modern miracle, albeit 
slow, over the next 50 plus years. 

DATE OF PLANTING 
With the corning of the weevil, the term "earliness" took on a much different mean-

ing. Prior to the 1890s and early 1900s, a cultivar or crop was early if it matured a rea-
sonable number of bolls prior to host. But during the early weevil years, farmers and 
agricultural scientists began to think of an early cultivar and early production in terms 
of the production that occurred before the late season buildup of boll weevil popula-
tions. Early planting as well as fast maturing cottons was recommended to achieve this 
goal. The entreaty (Howard, 1896; Mally, 1902; Bennett, 1904; Brown, 1938c) to plant 
as early as possible in order to make an early crop probably told farmers what they 
already knew. Producers would have seen from experience that early planting resulted 
in an early crop and less weevil damage or would have learned the same thing from 
word-of-mouth advice of other farmers. 

Although the apparent way to live with the boll weevil was through early-maturing 
cultivars, early planting and cultural practices to promote earliness (Howard, 1896; 
Mally, 1902; Knapp, 1911; and Newell and Rosenfeld, 1909), the idea oflate planting 
as a tactic to starve the emerging overwinte1ing weevils in the spring periodically sur-
faced. The rationale of late planting was that it delayed the appearance of the first cot-
ton squares so that food was denied to weevils recently emerged from winter quarters. 
As sound as that may have appeared, it rarely, if ever, worked. Having built to great 
numbers on early-planted cotton, weevils would disperse and flock to late-planted cot-
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ton, overwhelming it before an adequate crop could be made. Newell and Rosenfeld 
(1909) dryly made the following succinct comments about late planting: 

1. Weevils emerge in Louisiana from March 22 through June 28. Over 30 percent 
of the weevils remain in winter quarters until May 15; 

2. Cotton planted early is squaring rapidly by July 1 when weevils are reproducing 
rapidly and it therefore has a chance of producing squares faster than the wee-
vils can destroy them; 

3. Cotton planted hlte is squa1ing very slowly by July 1 while weevils are repro-
ducing very rapidly; and, 

4. If late planting was useful then surely some of the "thousands" of Texas farm-
ers would have discovered that fact by accident by 1908. 

Later in this chapter we will describe how pmposefully delayed planting in a region of 
Texas has reduced weevil losses. 

ROW WIDTH AND DRILL SPACING 
While it is true that the search to find ways to live with the boll weevil stimulated 

interest and spurred investigations into optimum row widths and plant densities for 
earliness, these types of scientific inquiry were underway before the weevil affected 
production and, in some instances, before the boll weevil was ever heard of. The ear-
liest report was by the North Carolina Agricultural Experiment Station in 1888 
(Reynolds, 1926). Similar studies were reported from South Carolina, Georgia, 
Alabama, Mississippi, Louisiana, and Texas before 1907, with many of these con-
ducted obviously before the impact of the boll weevil had been felt (Barrow, 1894; 
Duggar, 1897, 1898, 1899a; Ferris, 1904; Fox, 1907; Lee, 1889, 1891, 1892, 1893, 
1894; McBryde, 1891; Newman, 1890; Newman and Clayton, 1891a, 1891b; Pittuck, 
1897; Pittuck and McHeruy, 1899; Redding and Kimbrough, 1906; Newell, 1909b). 

Typical conclusions were those of Redding and Kimbrough (1906): "The expeli-
ments that have been made indicate unmistakably that the cotton plants should be 
thinned to one in a place; and that the rows should be narrow and the plants wider so 
as to be more nearly equidistant. Of course on very thin land requiring a very thick 
stand, the rows can not be economically, with reference to expense of planting and cul-
tivating, closer than 30-36 inches and plants may then be not farther apart than 10 to 
12 inches .. .land capable of a yield of 3/4 to 1 1/2 bales per acre the rows should be 3 
1/2 to 4 feet wide and the plants 12 to 18 inches apart in the drills, the narrower rows 
and the closer spacing for less productive soils." However, Newell (1909b) reported 
on plant spacing studies conducted in Louisiana in 1907 and 1908, comparing wide 
(rows 6 to 7 feet apart and plants 18 to 24 inches apart), medium (rows 4 1/2 feet apart 
and plants spaced 12 to 15 inches), and narrow (rows 3 to 3 1/2 feet apart with plants 
spaced 12 inches within drills) rows. Of four such experiments, the narTow rows out-
yielded both wide and medium row widths. 

Brown (1923) concluded from 64 spacing experiments conducted across the 
Southeast and Mid-South that the superior and most consistent yields, in the absence or 
near absence of the weevil, were from plants spaced 12 inches apart in 3 1/2 to 4-foot 



494 WALKER AND SMITH 

wide rows. On less fe1tile land, closer spacing gave better yields. Under slight to heavy 
weevil infestation, Brown concluded that it was not practical to leave plants close enough 
in the drill for maximum yields. Grass and weeds had to be removed with hoes that mea-
sured 7 to 8 inches wide, and therefore the producer, at best, could obtain only two to 
three plants per hill spaced approximately 12 inches, since a chopper rarely "came within 
an inch of what she was looking at," and sometimes, "was not looking at the row at all." 
Brown suggested that producers lly to obtain four plants per hill on poorer soils. Brown 
noted that, "with heavy weevil infestation the fruit must be set in a vety short petiod of 
time, say a month or less." This time period, thirty days or less, is similar to that proposed 
by Walker and Niles (1971) for the short-season production system that has found favor 
with producers in pmts of Texas, as we shall cover in a later section. 

For a brief period following the weevil's entrance from Mexico, the strategy was to 
plant vety wide rows since immature weevils in fallen squares often perished from hot, 
dry weather when squares fell into clean, dust-mulched middles where abundant sun-
shine could reach (Mally, 1902). In fields with rank stalks, such as that found in the 
fertile alluvial soils of river bottoms, little sunshine reached fallen squm·es and survival 
was much favored. Mally advised growers to plant in wide rows, cultivate often to cre-
ate a dust mulch and cultivate in such a manner as to create a slope towards the mid-
dle of the funow such that shed squares would be blown by spting winds toward the 
open and sunny middle. In addition, growers should plant rows in a direction that 
allowed the greatest peneu·ation of sunlight; plant such that prevailing winds would 
blow the fallen squmes into the cultivated fun·ow and away from the natural shade of 
the plants. Mally's wide rows did not endure, and in time standard row widths of about 
36-40 inches came to be accepted. 

Soon scientists recognized that closer spaced rows or closer within-drill spacing of 
plants suppressed the development of vegetative limbs and hastened maturity, 
encouraging the development of more uniformly small plants (Cook, 1913; Martin et 
al., 1923). Reducing plant size was desirable under boll weevil conditions, for it cre-
ated a microclimate conducive to weevil mortality, the same reasons expounded by 
Mally in defense of wider rows. Hunter and Pierce (1912) reported 23.8 percent mor-
tality of immature weevils from heat and dryness in cotton middles where sunlight 
could penetrate. Smith (1 921) reported up to 91.3 percent mortality under Florida 
conditions, and McNamara (1 927) suggested that it could be even higher in the dryer 
areas of Texas. 

By the 1930s, it was well established that where the boll weevil was a recurring pest, 
a population of 50,000 plants per acre would result in higher yields and earlier matu-
rity than would result from a stand of 10,000 plants, which was often recommended in 
non-weevil areas (Reynolds, 1926; Ware, 1930; Cotton and Brown, 1934). It was rec-
ognized that thicker stands resulted in fewer blooms per plant but more blooms per 
acre during the early blooming period; and that translated into a yield increase in the 
first harvest, although not necessarily in an increase in total yield. But the increase in 
earliness was often the major objective in combating the weevil; in later years, the pink 
bollworm, bollworm, and tobacco budworm. Common to all spacing and planting den-
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sity work from 1888 to the present has been the goal to discover the optimum row con-
figuration and plant density that will result in highest cotton yields. 

Although production technology and cultivars have changed dramatically since the 
introduction of the boll weevil, the desirability of developing earlier-maturing cultivars 
and technologies to achieve earlier crop maturity remains. Vital to early maturity in 
modern production is the control of certain insects that delay crop maturity: Lygus 
spp., thrips and cotton fleahoppers; and establishing earliness by eliminating their 
damage often translates to reduced problems with weevils, bollwmms, and tobacco 
budworms. In recent years, earlier-maturing cultivar development, the Texas shmt-sea-
son production technology and very narrow-row/high plant population production 
technology have received much attention relative to earlier crop maturity (Davis et a!., 
1978; Niles, 1970; Taylor, 1971; Ray, 1970; Walhood and Yamada, 1972; Bridge eta!., 
1975; Bridge, 1986; Sappenfield, 1985; Bird et a!., 1986; Smith, 1988). 

FERTILITY 
A considerable amount of on-farm experience had occurred by 1912 with organic 

and inorganic fertilizers, along with some scientific expelimentation that documented 
the amount of nutrients removed from the soil by cotton (White, 1896; McBryde, 
1891; Duggar, 1899b). But, as with the development of early-maturing cultivars and 
recommendations on row widths and plant densities, the boll weevil was the new 
in1petus to investigations into the nutrition of cotton (Newell and Rosenfeld, 1909; 
Hunter and Coad, 1923). Bennett (1904) noted that nitrogen had been known for some 
tin1e to hasten growth but also to delay the onset of fruiting; that potash would delay 
maturity; and that phosphorus would hasten fruiting and early boll set. Later, of course, 
it was recognized that proper nutrient balance only brought optimum growing condi-
tions and that the apparent delay or improvement in earliness were only artifacts. The 
following are data of Bennett (1904) from experiments conducted in 1903: 

Fertility Plant Squares/stalk First Total 
treatments height @ 65 days harvest yield 

Acid P 18 8-16 683 1003 
N 6-9 0-4 195 570 
K 6-9 0-4 320 684 
0 6-9 0-4 343 740 
Complete 720 1105 

- Plant height in inches; harvest in pounds seedcotton per acre -

Such results led early scientists to conclude that phosphorus, in some way, caused cot-
ton plants to fruit faster and yield more in the presence of the boll weevil, again an arti-
fact. The obvious benefits of adding nutrients to soils were seen in crop earliness and 
yields and were especially strilcing on the southeastern soils that had been cropped for 
many years with little attempt made to replace depleted nutrients or to provide non-
existent nutrients. 



496 WALKER AND SMITH 

Scientists would soon detennine the role of phosphorus in the energy system of 
plants, learning that it is stored in relatively large supply in seeds for the energy process. 
But in 1903 too little phosphorus meant poor plant health, fewer seeds and thus less 
fiber. By 1923, and in the years since, agricultural scientists were urging producers not 
to use excessive fertilizer, especially nitrogen, because the abundant vegetation that fol-
lowed caused problems of late maturity and hindered insect control (Hunter and Coad, 
1923; Brown, 1938d; Nelson and Ware, 1932; Murphy and Sanborn, 1929; Tucker and 
Tucker, 1968; Mist:ric, 1968; Beckham, 1970; Maples and Keogh, 1971). 

CHEMICALS THAT HASTEN MATURITY; IRRIGATION AND NITROGEN 
MANAGEMENT 

In more recent times, scientists (Kittock et al., 1973; Bariola et al., 1976; 1986; 
Bmiola and Henneberry, 1987; Ehlig et al., 1983; Hopkins and Moore, 1980; Kittock 
et al., 1979) explored the possibilities of reducing the number of days required to pro-
duce and harvest cotton by terminating the growth of the crop by certain chemicals. 
This line of work showed that use of ethylene producing compounds late in the season 
will cause squares and small bolls to shed, thereby eliminating food supply and reduc-
ing the population of diapausing pink bollwmms and boll weevils. 

In the dese1i areas of New Mexico, Arizona, and California, where rainfall rm·ely 
intelferes with inigation scheduling, producers can reduce or eliminate late irrigations 
and decrease nitrogen fertilization such tllat tlle crop will "cut-out" earlier (Kerby t f 

al. , 1984). This production strategy allows for earlier stalk destruction and reduces 
populations of diapausing pink bollworms and boll weevils. 

REDISCOVERING EARLINESS 

The groundswell for em'lier-maturing cultivars diminished by the 1920s as the 
"Promised Land" of complete chemical control of insects arrived in the form of an 
insecticide, calcium arsenate, a product that growers never enthusiastically accepted. 
If breeding for earliness lost momentum with the appearance of this chemical in 1916 
(Coad, 1918), then it came to an almost complete stop with the development of the 
organic insecticides after World War II. These later compounds were fm· superior to the 
arsenical, and the need for earliness as an escape mechanism was no longer so per-
suasive. This hiatus of smis, especially after World War II, away from the major push 
to develop earlier genotypes, gave the fledgling cultivar development industry an 
opportunity to concentrate on yield potential. Breeding efforts in the rainbelt and irri-
gated West were directed almost entirely to yield potential of full season types, to take 
advantage of the botanical indeterminacy of cotton. Yields have steadily increased in 
the Mid-South, averaging 21 pounds (9.46 leg) of seedcotton gain per acre per year 
from 1910 to 1979 (Bridge and Meredith, 1983). Surely similar results could be 
claimed for the remainder of the United States Cotton Belt. 

Calcium arsenate had provided a means of significantly reducing losses to the boll 
weevil, but its use was often linked with outbreaks of secondary pests (Ballou, 1919; 
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Sherman, 1930). However, the shortcomings of this chemical were forgotten with the 
synthetic chlorinated hydrocarbon insecticides, and the exodus away from early-
maturing cultivars became complete (Walker, 1984). However, by the mid-1950s, the 
constant selection pressure on the boll weevil population effected a shift in the crea-
ture 's gene pool to one that contained a large percentage of individuals resistant to the 
chlorinated hydrocarbons (Brazzel, 1961; Roussel and Clower, 1955). The agricul-
tural chemical industry responded with the organophosphate methyl parathion; and it 
gave almost complete control of weevils; and chlorinated hydrocarbons, such as 
DDT, were added to control bollworm and tobacco budworm. The American cotton 
producer was mesmerized, for the moment, into thinking that all insect problems 
could be corrected with the right chemical(s). However, within a few years increased 

·dosages of the chlorinated hydrocarbon compounds were often required to control 
bollworm and tobacco budworm; and by 1965 these chemicals were deemed ineffec-
tive in certain areas of the Cotton Belt (Adkisson, 1964; Adkisson and Nemec, 1966; 
Brazzel, 1964; Har1is et al., 1972; Nemec and Adkisson, 1969). For a brief period, 
bollworm and tobacco bud worm were controlled with high rates of methyl parathion; 
but resistance was soon detected in the tobacco budworm (Brazzel, 1963). With this 
development, researchers began turning their attention toward the advice of Mally 
and Bennett sixty years before. New interest in developing earlier-maturing cultivars 
began in the 1950s, accelerating in the '60s and '70s. Producers and entomologists 
began to look again for earlier maturity as the cornerstone of cotton insect manage-
ment. Shortening the growing season reduced exposure time to insects, thereby 
reducing the number of insecticide applications. Less insecticide was lauded by all, 
for it placed less selection pressure on insect populations, was cheaper and environ-
mentally desirable. Where bollworm and tobacco budworm outbreaks were attendant 
with late season insecticide applications for control of weevils, earliness became the 
structure around which schemes were designed to manage the boll weevil, schemes 
with less dependence on insecticides. With the rediscovery of earliness and cultural 
control in general, equipped now with new knowledge of the biology of weevils and 
other pests, integrated pest management (IPM), systems approach, short-season con-
cept, and communitywide approach became the slogans of the day; and early-matur-
ing, more agronomically determinate cultivars were once again the cornerstone. 
Walker and Niles (1971), working to understand economic tlu·esholds of the weevil, 
found that fast-fruiting genotypes could set an acceptable crop of bolls that could 
escape first generation weevil damage if fields were infested with twenty or fewer 
overwintered females per acre. But if 60 or more females were found, then the first 
generation population of weevils would be of sufficient numbers to cause economic 
loss. This work led to the conclusion that it was important to have thirty days of 
blooming before weevils built to damaging levels. Thirty days of blooming would 
result in a sufficient number of bolls, of sufficient age, to escape major damage 
(Walker and Niles, 1971). Therefore, genotypes setting the greatest number of bolls 
in the first thirty days of blooming would have a production advantage under reduced 
insecticide production schemes. 
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This understanding of overwintering weevils and population dynamics was refined 
by Parker et al. (1980) who reported that 5000 or more punctured squares per acre 
before bloom meant that a destructive population would build by the twentieth day of 
bloom, while 1500 or fewer punctures indicated that damaging levels would not occur 
until the thirtieth day of blooming, or later. 

From 1970 through 1973, Sterling and Haney (1973) directed the systems approach 
to insect management on the farms of the Texas Department of Corrections, increas-
ing yields and decreasing insecticide use. Other researchers reported on the economic 
advantage of integrated pest management (Canuth and Moore, 1973; Frisbie et al. , 
1976; Larson et ol., 1975; Collins, et al., 1979). 

Another event has recently sparked interest in short-season cultivars. The energy 
crises of the 1970s and the resulting inflation hammered home a startling point: 
Chemicals were no longer cheap and irrigation water would become more expensive 
(Schaunak eta/. , 1982); and in this new reality, short-season cultivars broadened their 
appeal. 

We now digress to the mid-1950s to document one of the first renewed efforts to 
move toward earlier-maiming cultivars for rain belt production. Carl Moos berg, USDA 
cotton breeder headquartered at Marianna, Arkansas released, in 1957, the cultivar 
Rex; and it was a cotton meaningfully faster fruiting than the then currently available 
cultivars (Waddle, 1957). Developed for mechanical picking and rainbelt production, 
Rex was 10 to 14 days earlier than other commercially available cultivars in Arkansas; 
and in one comparison at Marianna, Rex produced 11 I 2 pounds of seedcotton at first 
harvest while a "popular cultivar" produced only 409 pounds. Rex outyielded the 
check cultivar by approximately 350 pounds of seedcotton (Moosberg and Waddle, 
1958). With the development of Rex, Moosberg, as had Bennett (1904), demonstrated 
that ear·liness could be obtained without sacrifice of yield or quality in picker-type cot-
tons. Ironically, Rex's phenotype was similar to that advocated by Bennett (1 904); it 
had short sympodial internodes and, for 1957, much shortened vertical and horizontal 
fruiting intervals. 

With the cumulative problems of resistance in populations of weevils and tobacco 
budworms; with harvest problems of late-maturing cultivars, especially in years when 
the effective growing season was reduced by the early onset of low temperatures; with 
har-vest problems that arose with excessive rates of fertilizer, especially nitrogen; and 
with the possible delays in maturity associated with certain organophosphate insecti-
cides, breeders began to follow Moosberg's lead, giving consideration to earlier-matur-
ing genotypes. The move to earlier-maturing picker types gathered steam with the 
release of the DES cultivars in Mississippi in the early 1970s, quicldy to be followed by 
privately developed early-maturing cultivars; and today all cultivars grown in the Mid-
South are considered early-maturing. In fact, Bridge and McDonald (1987) found that 
34 fewer days were required from planting to final harvest of the Mississippi Cotton 
Cultivar Trials at Sumner and Stoneville in 1986 than were required in 1968. 

As breeders in the Southeast, Mid-South, and Far West proceeded cautiously toward 
short-season cul tivars, attempting at the same time to maintain agronomic indetermi-
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nacy, breeders in Texas moved quickly to determinate, ultra short-season (for their 
day) cultivars. The work of Walker and Niles (1971) had demonstrated the wisdom of 
planting these types, and L. S. Bird and others put the concepts into practice. Tamcot 
SP21, SP23, and SP37 were released in 1973; and they fit the requirements for deter-
minacy and productivity (Adkisson, et al., 1982; Bird, 1975). These cultivars were 
especially useful for production in the Coastal Bend area of Texas. The expense and 
difficulty of insect control had almost driven cotton production out of this five county 
area near Corpus Christi, with only 50,000 acres remaining by the early 1970s. 
Acreage planted to cotton in this region increased dramatically during the years fol-
lowing the release of the determinate Tamcot germplasm, and by 1979 near 300,000 
acres were grown. Adoption of the Tamcot cultivars and the attendant cultmal control 
of the boll weevil through early harvest and stalk destruction have resulted in an esti-
mated increase of $11 ,000,000 in producer profits in 1979 (Lacewell and Taylor, 1980; 
Masud eta!., 1980). 

In higher rainfall production areas, short-season technology, as that used in the 
Coastal Bend of Texas, could not be transferred. Nmmal rain patterns and amounts, 
less than 40 inches, supported the use of detetminate types in the drier Coastal Bend 
area of Texas. But in areas that receive 50 inches of rain per year or more, the new 
determinate Texas cu1tivars were found to be poorly adapted. Rainfall amounts and 
distribution in those areas dictate a less determinate and larger plant type for optimum 
economic yields. In the irrigated areas of New Mexico, Arizona, and California, agro-
nomically determinate types are presently not acceptable because of the availability of 
irrigation water and an accommodating long production season that encourage the use 
of agronomically indeterminate cultivars for maximum yields of superior quality lint. 
However, all producers in the United States recognize the value of earlier cotton pro-
duction; they recognize the dollar savings associated with the reduced inputs and are 
more comfortable with the lower risks that earliness carries. 

SEEKING PLANTING LOCATIONS OF LESS RISK 

Among the cultural recommendations to emerge fi"om entomological research in 
Texas in the first years of boll weevil infestation was the cautious suggestion that cotton 
might be planted at locations where there was less risk from the pest; by 1912 some 
growers had found the merit of the advice. Hunter and Pierce (19 12) showed with maps 
the decreasing intensity of weevil attack in Texas as cotton had moved west, especially 
where the crop was planted west of Austin. They added that the percentage of Texas bales 
produced in this area was increasing yearly. By the late 1920s, near five million acres of 
cotton were being planted in the Rolling and High Plains as dry land cotton (Bonnen and 
Gabbard, 1947); and this was acreage free from the weevil. The lower rainfall here, 18 
to 25 inches, the low humidity and the harsh winters, all seemed to wall off this space of 
the state from the weevil; and the classical maps published each year by the USDA that 
chatted the weevil 's advance in the United States dramatized how western Texas formed 
as a redoubt, country free from the insect (Metcalf and F lint, 1939). 
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The High Plains had little of the forest habitat so important to overwintering of the 
weevil in the east; and if patches of hardwood cover could be found in the Rolling 
Plains, the pest had great difficulty in establishing in threatening numbers. If the wee-
vil overwintered here in those years preceding the late 1950s, it was only in seasons of 
extraordinary description; and even then it was in scatterings of meager numbers. 
These lines held until the 1960s. Then boll weevils, likely through the genetic selec-
tion of a biotype, began to overwinter, and in large numbers, in the Rolling Plains. A 
recent cultural strategy for this new turn will follow in the next section. 

The appeal of growing cotton where boll weevils were presumed absent was per-
suasive; and that, together with irrigation technology, prompted the crop movement 
west, to California, A.Iizona and New Mexico (Turner, 1981). Grown fitfully in 
California, expe1imentally and commercially, before and after the Civil War, cotton by 
the late years of the nineteenth century had been abandoned in the state. Then, in atten-
dance with the development of western inigation projects after the turn of the century, 
cotton acreage started back and grew to i11clude production in A.Iizona and New 
Mexico. 

The series, CENSUS OF AGRICULTURE, published by the United States 
Department of Commerce, provides the following data on the extraordinary growth of 
western production: 

State Year Acres of cotton 
California 1889 0 
Arizona 1889 0 
New Mexico 1889 0 
California 1909 324 
A.I·izona 1909 19 
New Mexico 1909 790 
California 1919 87,308 
A.I·izona 1919 106,283 
New Mexico 1919 10,666 
California 1929 300,058 
A.I·izona 1929 211,178 
New Mexico 1929 136,700 

For the moment, this new production in the western states, for all purposes, had left 
the boll weevil behind; but, as we wrote, another insect, the pink bollworm, would 
soon take its place. Adding to that problem has been the recent elevation of the pest 
status of the boll weevil in A.Ii zona (Moore, 1985). But for years the western strategy 
had worked; and even today the largest production area, the San Joaquin Valley, 
remains free of the weevil and the pink bollworm. [In 1912, a form of the boll weevil 
was unexpectedly recorded in Arizona on a wild mallow, the thurberia plant (Pierce, 
1913); and a few years later the insect was noted as a pest of A.I"izona cotton. But infes-
tations for years were sporadic and commonly of little consequence, though severe 
damage was measured occasionally. For a number of years, the biology of this A.I·izona 
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insect seems to have been different enough from the biology of the boll weevil of east-
em cotton that the Arizona weevil was less a threat to cultivated cotton. That status 
gradually changed, and today the boll weevil of Alizona cotton possesses the same 
imperious qualities that characterized the highly destructive boll weevil of southem 
Texas in 1894.] 

If cotton could be grown almost free from the weevil for a long period in the arid 
western states, it also could escape much of the damage of the pest by moving north 
in rain belt country. The crop of northern AI·kansas no doubt benefitted; but the "north-
ern tactic" is probably better illustrated by acreage growth in Missomi, especially in 
the Bootheel of this state (Lewis and Richmond, 1968). The CENSUS OF AGRI-
CULTURE gives these data: 

Year 
1899 
1909 
1919 
1929 

Acres of cotton. Missouri 
57,260 
96,527 

110,027 
352,899 

Cold winters, perhaps a paucity of overwintering habitat, contributed to a reduced 
weevil problem; and growers took advantage of it. 

In short, about six million acres of cotton were being grown in the late '20s in coun-
try chosen in part because it was recognized that the boll weevil either was not a threat 
or, at worst, only a small matter for concern. Growers had exercised an option to plant 
acreage at locations purposefully selected to avoid the insect, a cultural option. 

Within the traditional country of rainbelt cotton production, growers probably 
selected certain planting sites because they regarded the weevil as less a threat there. 
Certainly, any field distant from extensive spaces of trees and leaf litter where the 
insect could overwinter in great numbers owned an advantage; and Rummel and 
Adkisson (1970) described, in some detail, the likelihood of weevil infestations in cot-
ton fields located at various distances from wooded habitat in the Texas Rolling Plains. 
Again, exercising a cultural option, growers here could select planting fields based on 
the calculations of risk presented in that study. 

COMMUNJITYWIDE DELAYED PJLANTJING 

Time and time again, entomological writers of the first twenty years of this century, 
as they considered the course of action to be taken against the boll weevil, entreated 
farmers to plant cotton early. The Government Method considered early planting as a 
major tenet, ranking in importance, probably, just beneath the selection of a cotton 
variety that produced quickly. For most of the cotton of the United States, early plant-
ing still forms as a requisite for a judicious cotton farming operation. There is, how-
ever, an exception. 

Secure from damaging infestations of the weevil until the early 1960s, the Rolling 
Plains of Texas, a region of low inputs, frugal budgeting and low yields, could not add 
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the extra expense of a series of insecticidal treatments for weevil control to its tightly 
defined economic situation and survive as a viable cotton producing region. Because 
Rolling Plains cotton is not harvested until November or later, early stalk destruction 
could not be used as it is in south Texas to manage weevils. An alternative was needed 
and one was developed. Out of indepth ecological investigations of weevils in the 
Rolling Plains came understandings, and these led to a major cultural adjustment by 
cotton growers. Investigating the overwintering weevil habitat and cotton of the 
Rolling Plains, Rummel and Adkisson ( 1970) remarked the obvious effect of pheno-
logical age of cotton and the disposition to weevil attack. Intensity of infestation was 
clearly more severe in early planted fields, and these entomologists conjectured that 
cotton purposefully planted late might serve as a management strategy. In controlled 
studies in the region, Slosser (1978) verified this. 

White and Rummel (1978) added understandings of overwintered weevil infesta-
tion, desc1ibing the pattern of entry into early-planted and late-planted cotton. Far 
more weevils entered cotton of both planting times after the first squares appeared -
though sharply fewer infested the late-planted. Other Rolling Plains ' studies examined 
the longevity of overwintered weevils infesting cotton at different phenological ages 
of cotton; in the absence of fruit, mortality came swiftly. On the other hand where 
squares were present, 67 percent of the individuals lived more than twenty days 
(Rummel and Carol, 1985). Early emergence and establishment in cotton before squar-
ing, then, carries high mortality risks. 

Studying the population dynamics of the weevil in Rolling Plains cotton, Slosser et 
al. (1989) measured the build-up of the first generation from eggs oviposited by over-
wintered weevils. Expressing essentially no growth, first generation numbers were 
contained by the typically harsh, dry environment and represented no threat to yields 
of cotton of the study. The rate of the drying process in larval infested squares has been 
shown to be critical to survival to the adult stage (Curry et a!., 1982); should the 
process hasten, as it clearly does in dry environments, it hazards the life of the devel-
oping weevils. That is, as heat increases with the progression of summer; and when 
humidities are low, the risk of death of immature weevils in infested squares height-
ens. Delayed squaring in cotton can represent danger to immature boll weevils in the 
Rolling Plains. 

These several findings were the substance and logic for areawide, delayed planting 
of cotton, a practice that delays square production until late June-early July. Taking 
advantage of a high level of suicidal emergence of overwintered weevils that occurs 
when there is an absence of squares, the system also enjoys the benefits that accrue from 
pushing the early squaring period later into the summer, to a time of hotter weather 
when square drying is more c1itical for immature stages. This program has been adopted 
by Rolling Plains growers because it works, and because it fits the requirements of the 
budgets of the low input Rolling Plains production. It costs nothing to delay planting. 
Economic analysis has measured the benefits of the practice (Masud et al., 1984). 
Planting dates, varying of course from north to south in the Rolling Plains, are set for 
the different communities. The program encourages growers within a community to 
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complete planting in as short a pe1iod as possible so that square production in all cot-
ton initiates about the same time, a result that tends to even overwintered boll weevil 
numbers among cotton fields. Recommended planting dates are about two weeks later 
than those previously used. 

HABITAT MODIFICATION OR REMOVAL 

The possibility of direct action against woodland habitat !mown to harbor diapaus-
ing boll weevils has long piqued the interests of cotton entomologists. Hunter (l909a) 
wrote of procedures to counter survival of the pest during the winter, and Isely (1930) 
desclibed how 600 acres of cotton fields were freed of the immediate risk of infesta-
tion by clearing bmsh and undergrowth from about 50 acres of land interspersed 
among the 600. As an ongoing process, the clearing of large tracts of land to row crop 
cotton and other crops certainly has brought the same benefits noted by Isely. 

Recently, the possibilities of addressing overwintering of the insect in localized, 
man-constructed habitats - habitats that grew out of the experience of Dust Bowl 
times- have been examined. During the period 1936-1942, the Prairie States Forestry 
Program planted belts of several species of trees in sections of the Rolling Plains. 
Called "shelterbelts," often 100 feet in width, these strips interposed the cropland, 
serving to reduce wind-caused soil erosion. In time, the accumulation of leaf litter 
began to satisfy the requirements of overwinte1ing weevils. By the 1960s, weevils 
were spreading to these opportunities for overwintering; and where the belts were 
located near cotton they became a source for weevil establishment. Slosser and Boring 
(1980), on this account, initiated studies on certain cultural practices for management 
of overwintered weevils in the shelterbelts. Describing the reduction in weevils 
recorded in leaf litter following fire, these entomologists concluded that the fewer 
numbers did not justify the damage to trees; and, moreover, secondary sprouting fol-
lowed, with fresh litter swiftly accumulating. With another approach, they measured 
the positive benefits of pruning certain species of trees in the strips: Pruning brought 
highly variable temperatures to the leaf litter, and Slosser and Boring regarded this as 
responsible for the greater winter mortalities of weevils recorded. Writing to the future, 
they advise caution for expanded shelterbelt programs, recommending the selection of 
only those trees whose leaf litter is known to be infe1ior as weevil overwintering mate-
rial (Bottrell et a/. 1972). For regions free from the boll weevil because of a lack of 
overwintering habitat, the High Plains of Texas for example, that would consider the 
planting of shelterbelts, Slosser and Boring advise careful scrutiny and planning of the 
activity. Apparently the wide shelterbelts of the Rolling Plains, which accumulated 
substantial areas of litter, are not needed to stop wind erosion. Narrow belts of one to 
three rows of trees would fulfill the need. Nevertheless, it seems to us that the intro-
duction of a network of windbreak belts to the millions of acres of the Texas High 
Plains would transform a habitat largely batTen of weevil overwintering quarters to one 
that would permit winter survival. The scale of that survival would become known 
only after the fact. 
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IRRIGATION TIMING 

Slosser (1980) explored the effects of iiTigation on bollworm infestations in cotton 
of the Texas Rolling Plains in experimentation of three years. Using the computer fore-
casting model, MOTHZV-2 (Hartstack eta!., 1976), he was able to predict (and antic-
ipate) peak pe1iods of oviposition (egg laying) in cotton, verifying these by sampling. 

The model proving accurate, Slosser showed that irrigation applied dming peak moth 
activity abetted the pest in two ways: (a) In cotton that was water-stressed at the time of 
inigation, more eggs were deposited than in water-stressed cotton not inigated; (b) and, 
in cotton not suffering from water stress, irrigation applied at peak ovipositional activ-
ity smartly increased lruval smvival over the non-stressed, non-inigated control plots. 

Because the computer model established accurately, within a few days, the time 
of peak oviposition, Slosser concluded that the predictions could be used, by design, 
to advance or delay an appbcation of water purposefully to the detriment of the 
bollworm. 

PLANT BUG MANAGEMENT IN ALFALFA AND COTTON 

Cotton culture of the San Joaquin Valley of California enjoys an enviable status 
among the production regions of the United States: Neither the pink bollworm nor the 
boll weevil occurs here, and consequently insecticide and miticide use is insignificant. 
Secondru·y attacks, bollworms and tobacco bud worms for example, that so commonly 
break out in other regions following treatments for the weevil or pink bollworm are not 
a factor in the Valley today. But this has not always been the case. University of 
California entomologists remember a peliod thirty years ago when insecticide use for 
the plant bug complex, principally Lygus hesperus Knight, was followed by multi-
treatments for a complex of other pests; sometimes as many as eight were required 
(personal communication, V. M. Stern). Reseru-cl1 began to explore this problem. 
Alfalfa, investigators noted, served as one of the main reservoirs of the bugs, and the 
cultural management of alfalfa had much to do with infestations of these pests in cot-
ton (Stern et af. 1964; Stern et al. 1969). Preferring lush alfalfa, plant bugs primmily 
would remain in strips of the hay crop interplanted in cotton if these strips were main-
tained lush by irrigation. When marked bugs were released, most found their way to 
the alfalfa, not cotton. The hay obviously was a supe1ior host for the bugs. 

Hru·vesting practice of alfalfa was directly incriminated as influencing the spread of 
the bugs to cotton. If complete harvest of an alfalfa field caused massive migration of 
plant bugs to cotton, entomologists found that cutting the hay in strips and leaving 
strips of uncut hay held the bugs in the uncut strips. Again, it was necessru-y to main-
tain the alfalfa in a lush condition. Growing from this has been a conceptual under-
standing of California growers: that it is their management of alfalfa that determines 
whether plant bugs become a pest of nearby cotton. Providing clarity to a once per-
plexing cotton problem, research has guided farmers into alfalfa production schemes 
that influence the course of plant bug infestation in cotton. 
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OTHER CULTURAL APPROACHES 

The possibilities of small plantings of cotton, trap crops, as a piece of the overall 
boll weevil strategy have occupied the interests of entomologists since the days of 
Townsend. A leitmotif (leading motive), this approach through the years has waxed 
and waned only to flourish again as researchers were persuaded and discouraged 
before what appeared to be its transcending argument (Niles et a!., 1978). 
Transcending as it might seem, trap crop plantings have not found their way into prac-
tice. There are good reasons for this. 

In its simplest form, the trap effect of early planted (and early fruited) cotton is its 
attraction to what are obviously disproportionately large numbers of overwintered 
weevils. This was surely noted by Texas farmers during the first seasons of the boll 
weevil, and it was formally recorded in the writings of Townsend and Mally. 
Extending from such observations was the recorrunendation of Mally (1902): plant, 
and at an earlier time, small plots of an early-fruiting cotton alongside fields that would 
be planted later to the main crop. The exaggerated numbers of overwintered weevils 
that gathered there were presumed to occur at the expense of the weevil infestation of 
the main crop: Overwintered weevils were being lured from the main and commercial 
planting by the early-fruited trap crops. Then as now, that was the appeal of this 
scheme. 

Researched, trap crop planting seems to have lost a measme of practicality. It has 
been difficult to be able to sow the plots early enough in the season to fix a strong dif-
ferential in fruiting between the plots and the main crop. And even when differentials 
in squaring rates have been effected, the reports of efficacy in managing the pest in the 
commercial cotton near the traps have been mixed (Niles ef a!., 1978). Trap cropping 
for boll weevil management is not used today by farmers. 

There are several once-recommended cultural practices that are largely forgotten 
today - from the use of a chain implement to drag fallen weevil infested squares to 
the middles of cotton rows, to the Florida Method (Little and Martin, 1942). 

Evidently the Florida Method appealed to farmers of certain regions of the eastern 
United States and was practiced. Interesting because it seems to have been built on 
ecological understandings, the Florida Method entailed the removal, by hand, of the 
first squares punctured by overwintered weevils; these squares, and any weevils col-
lected, were destroyed. Then, the cotton plants were either dusted with a single appb-
cation of calcium arsenate or their terminals were mopped with syrup-calcium arsenate 
mixture. Based on weevil hibernation cage data that suggested that major colonization 
of overwintered weevils had occurred by the time of first squares, this approach was 
used by Florida growers fanning the crop on lower yielding soils (Little and Martin, 
1942; Smith, 1922, 1924). As an effective control, it seemed more appropriate for cot-
ton grown in areas where weevil overwintering habitat was restricted. Although there 
is colonization of weevils after the first appearance of squares (Walker and Bottrell, 
1970), more, certainly, than was likely indicated by Florida hibernation cage experi-
mentation, the Fl01ida Method evidently reduced oviposition by overwintered weevils 
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sufficiently that it importantly decreased the size of the first summer generation 
(Walker and Niles, 1971). The modern strategy of boll weevil management by way of 
insecticide applications applied at first one third grown cotton squares is obviously an 
extension of the Flmida Method of the 1920s. 

LOOKING BEYOND 

Elements of the cultural strategy formed in the ideas of cotton entomologists as they 
dealt with the turn of the century invasion of the boll weevil and, thirty years later, with 
the newly introduced pink bollworm. One tactic for the boll weevil, scientists argued , 
was an early-maturing crop. Row widths of about 40 inches, P and K fertilizers, early 
planting and early-maturing cultivars, they said, would bring earliness and reduce 
yield losses; and farmers bought almost immediately this program and saw the bene-
fits. On the other hand, another tactic, that of prompt stalk destmction after harvest, 
though heralded far and wide, in print and harangue and oration, as the most mean-
ingful practice available to growers, rarely was carried out in the early years of weevil 
infestation. 

Much of the weevil strategy applied to the later infesting pink bollworm. Practices 
to secure earliness seem to have been accepted, and unlike the failed attempts to con-
vince growers to cut stalks after harvest to control boll weevils, recommendations for 
stalk and field clean-up for the pink bollworm were followed. Cultural elements for the 
pink bollworm in those years to the 1950s showcased the cultural strategy. So, in one 
instance the cultural strategy seems to have been rather adequately used, in the other, 
only a piece of the approach was carried out. Through 1945 this was the way, this cul-
tural approach, that two important cotton insects were managed in United States cot-
ton; and it worked well enough that yields of cotton held up to historical comparison. 
In fact, starting in 1937 and in the years thereafter, but before the introduction of the 
synthetic organic insecticides, yields moved upward about 40 percent compared with 
the average yield of the ten years prior. As meager as it would seem today, production 
had advanced beyond 250 pounds of lint per acre as World War II concluded. The cul-
tural strategy had demonstrated its value; the vitality of the cotton industry remained, 
despite the unbidden introductions of two injurious insects. Yet, few close to the crop 
imagined that yields might increase further without the addition of something more. 
There was to be something more. 

The synthetic organic insecticides that appeared in those quick, enthusiastic and 
heroic years after World War II found their way into agriculture, and for cotton the ben-
efits were astounding. Yields moved upward as insect and mite damage was power-
fully reduced. A permanent shield from arthropod attack, safe and economical, seemed 
at hand; and the importance of the cultural aspect diminished in the eyes of the indus-
try or at least was hardly thought of. 

Earliness no longer received the attention it once had, and new cottons were bred 
for maximum yields, even if those cottons were slow in maturi ty. Nitrogen fertilizer, 
liberally used now to take advantage of the yield capability of the new cottons, further 
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increased production. And if inigation was available, it could be applied to lengthen 
the growing season and ensure even higher yields. Arizona growers, losing all fear of 
the pink bollworm and forgetting the years of cultural management, extended produc-
tion late into the growing season. Effective insecticides used in multi-applications had 
brought this, and these products had few detractors. As one cultural practice dimmed, 
so another tactic, which had rarely been practiced with enthusiasm and timeliness in 
rainbelt cotton, was given wide cu!Tency. New tractor powered stalk-cutters were 
being used to destroy cotton stalks, though farmers saw this as less a practice for boll 
weevil management than a necessity for seed bed preparation for next year's crop. 
Nevertheless, for whatever reason, stalks began getting cut early enough to influence 
weevil overwintering. It was a first step. Such was the background and outlook in the 
early 1960s. 

But changes were ahead. The recognition, for many reasons, of the value of earli-
ness in cotton production and growing problems with resistance of pests to the new 
organic insecticides and, in the distance, a building clamor of environmental concern 
- all would clear the way for a production system less exposed to arthropod pests. 
Earliness was rediscovered, and much earlier-matming cultivars were bred; fertilizer 
and i1Tigation practice was modified to capture the advantage of this earliness; and new 
maturity hastening chemicals reinforced the earliness goal. After Wilmon Newell 
demonstrated in the first decade of this century that more cotton was produced under 
boll weevil infestation with very narrow rows (36-42 inches), 38-40 inches row width 
became standard practice. But now, modern research showed that there was a maturity 
advantage of cotton grown in row widths less than 38 inches. Farmers began to try tllis 
rediscovery. The return to earliness and the adoption of stalk destruction for rainbelt 
cotton have led to superior insect management and have brought marked reductions in 
insecticides in some cases. 

Perhaps all of tllis is not "conling full circle" but it does tell of the irregular course 
of the cultmal strategy. The approach has operated in spurts and withdrawals with 
rediscoveries being made along the way as priorities have formed and reformed. 
Perhaps the meander of the cultural strategy thmugh the years has obscured its value 
in modern cotton agriculture, but it is, nevertheless, a functioning part of pest man-
agement today. The goal for the future would be to make the strategy even more mean-
ingful in managing cotton pests. Presently, much of the United States production hangs 
together only because there are effective insecticides to be used in multi-treatments. It 
is a fragile system. 

The experience gleaned from over forty years of insecticide use on cotton has not 
been altogether comforting. Multi-application programs are expensive propositions, 
and the numerous treatment~, no doubt, shorten the productive life of the chemicals 
themselves by promoting the development of insect resistance. Then another chemical 
is turned to- if one is available, and largely there has been one available. At some 
point before us, there might not be that available option. 

Hence, it seems incumbent that the industry do those things that would fmther lower 
insecticide use on the crop. The cultural elements - earliness and prompt stalk 
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destruction- seem to be the one realistic practice that could influence insecticide use 
in the immediacy. It seems foolish that we should wait tmtil the efficacy of all insecti-
cides has been exhausted by resistance before there is modification in the cropping 
system of cotton. And there is another compelling reason to reduce insecticide depen-
dency. 

The insecticides of the post World War II years and for a number of years following 
were given to fanners as tools to be used at their discretion, convenient products for 
agriculture in a laissez-faire setting. That is not entirely the case today; more, the pre-
vailing political and social temper suggests that agricultural chemicals in general are 
to be increasingly examined, sometimes restricted. For example, it is not far afield to 
imagine that the total amounts of an insecticide permitted to be used on a crop, for a 
given season, may some day be set by law or edict. Such a prospect thirty years ago 
would have seemed unthinkable. Today it is but one of the several possibilities con-
cerning insecticide use in agriculture. 

Cotton then, often a high insecticide use crop, needs to move pmdently toward a 
system less vulnerable to insects and mites, to a system where insecticides are a 
smaller component. Further shortening the production period and increasing earliness 
and vigorous, organized attention to stalk destruction would serve this end. Western 
desert production could accommodate these adjustments. And although such changes 
would seem more difficult for rainbelt cotton, we note the advances in earliness that 
have come about in the last twenty years in the new rainbelt cultivars, and we remem-
ber too that twenty five years ago there was, in some quarters, little support for devel-
oping such early-maturing cottons. But, in the end, it was done. 

SUMMARY 

The cultural approach for managing insect pests of cotton of the United States began 
in the years following the entrance of the boll weevil into sou th Texas in 1892. 
Recormnendations of entomologists of the public institutions then contained two ele-
ments that are today as vital to judicious farming as they were in the first years of this 
century: crop earliness and prompt stalk destruction. Earliness has been achieved with 
a combination of practices: planting date, row width and planting density, fertilizer 
application and cul tivar - but, perhaps it is the selection of the appropriate early-
maturing genotype that has been most influential. The weevil problem of the early 
years was partially solved by planting faster-maturing cottons, and in recent times 
progress has continued in breeding plants that produce in a shorter period. Historically, 
genetic earliness for these cottons came from a distinct region in Mexico, the Mexican 
Highlands. Providing escape from large late-season infestations, fas t cottons also 
allow the crop to be harvested earlier and the cotton stalks destroyed early enough to 
reduce overwintering in certain pests. 

During the first years of boll weevil infestation, very wide row widths were recom-
mended, but in time this concept was rejected; centers of about 40 inches are com-
monly used today, although experimentation in certain areas has shown that more 
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rapid maturity can be achieved by planting on rows considerably nanower than 40 
inches. On deficient soils, a balance of nitrogen, phosphorus and potash fertilizers has 
allowed early fruiting in cotton. 

Destroying cotton stallcs in the fall, a difficult task in the first years of the weevil, is 
now possible with modem machinery. Prior to stalk cutting, harvest practices (harvest-
aid chemicals and mechanical harvest), have already reduced the overwintering num-
bers of certain insects. The winter survival of the pink bollworm is sh·ongly influenced 
by tillage practices during the fall and winter, and by winter inigation. 

Required stalk cutting dates and plow downs have been promulgated in the laws of 
the states' Department of Agriculture for pink bollworm and boll weevil management. 

Although early planting has stood for years as a tenet of insect management, 
recently the application, of delayed planting on a communitywide basis, has reduced 
weevil damage in the Texas Rolling Plains. 

Fatmers often in the past planted the crop where insect tlu·eat was less. The expan-
sion of cotton to northwest Texas, to the Bootheel of Missouri, and to the westem 
United States was prompted in part by the understanding that this was country free 
from major cotton insects or, at least, these were areas of diminished risk from insects. 
The wealth of that production still enjoys that advantage. 

The timing of irrigation has been shown to influence infestations of bollworm in 
cotton of the Texas Rolling Plains, and other studies in this region have dealt with the 
management of overwintered boll weevils through the modification of the shelterbelts 
that are planted there to reduce wind erosion of soils. 

Plant bug infestations in California cotton fields have been shown to relate to farm-
ing practice in nearby alfalfa, and modification of that practice can result in lower 
infestations in cotton. 
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INTRODUCTION 

Over 100 species of insects and mites are pests of cotton in the United States (see 
Chapter 2, this book). From 1980 to 1987, the aggregate damage attributed to these 
cotton insect and mite pests was about 7 to 14 percent despite the best control efforts 
(see Chapter 24, this book). In 1993, arthropod pests reduced cotton yields in the 
United States by about 6.9 percent resulting in a loss of 890 thousand bales from 
potential yield and $331 million in revenue (Hardee and Herzog, 1994). Moreover, 
$586 million were spent for pesticides to control these pests. So, the total direct cost 
of arthropod pests to United States cotton production was $917 million in 1993. 
Indirect costs not included are the value of the lost lint as it would have moved through 
the market place and the cost of environmental degradation caused by the application 
of about 1.6 pounds (active ingredient) of synthetic chemical insecticides and miticides 
applied per acre over 10 to 14 million acres of cotton in the United States each year 
(Chapter 24, this book). 

Obviously, the cost to United States cotton growers, consumers, and the environ-
ment for arthropod pest control in cotton is unacceptably high, and there is an urgent 
need to develop less expensive pest management techniques. Perhaps even more 
importantly, United States cotton producers will be forced to consider non-chemical 
control measures more strongly because of public concern about synthetic chemical 
pesticides (see Chapter 28, this book; King et al., 1988a). For example, concern in 
California about the need for safe drinking water resulted in Proposition 65, the "Safe 
Drinking Water and Toxic Enforcement Act of 1986," empowering the governor of 
that state to declare any chemical to be a health hazard if it is a carcinogen or repro-
ductive toxicant. Moreover, where pesticides may be used, and therefore where cotton 
may be economically grown, is impacted by The Endangered Species Act of 1973, 
requiring the United States Environmental Protection Agency (EPA) to protect endan-
gered and tlu-eatened species under the Federal Insecticide, Fungicide, and Rodenticide 
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Act. Finally, the number of effective pesticides for cotton insect and mite pests is 
decreasing. This decrease is related to obsolescence resulting from resistance (see 
Chapters 8, 9, and 13, this book), high cost of research and development (estimated 
over $50 million to acquire the first label for registered use of one single pesticide), 
and the requirement that all pesticide uses registered prior to November 1984 must be 
re-registered under EPA requirements because of putative clu·onic health effects and 
ground water leaching. 

INTEGRATED PEST MANAGEMENT 

The integrated pest management (IPM) concept fully emerged in the 1960s 
(Newsom and Brazzel, 1968) and became the dominant approach to artlu·opod pest 
control in cotton as well as other crops dming the 1970s and early 1980s (F1isbie and 
Adkisson, 1985). Its development was in response to the control failures of insecti-
cides and miticides (due to the development 9f resistant populations) as well as public 
concerns relative to the impact of these synthetic pesticides on non-target animal pop-
ulations. 

IPM has been defined as a system in which all available techniques are evaluated 
and consolidated into a unified program for managing pest populations to avoid eco-
nomic damage and minimize adverse side effects on the environment (National 
Academy of Sciences, 1969). The evolution of this concept in cotton beginning in the 
early 1900s to date is reviewed in Chapter 1, this book. 

BIOLOGICAL CONTROL STRATEGIES 

Biological control is an integral component of cotton IPM strategy in the United 
States. It involves managing natural enemies (predators, parasites and pathogens) to 
reduce pest populations and their effects. Other non-chemical control strategies, such 
as genetic or autocidal control and host plant resistance or cultural control, are dis-
cussed in other chapters of this book. 

Three strategies are often identified for encouraging and using natural enemies 
(Figure 1). First, exotic species may be introduced and established on pest species 
potentially reducing the pest population permanently to a lower level- this is classi-
cal biological control. Second, means may be developed to protect and spare natural 
enemies-conservation. Finally, efforts to increase the number of natural enemies, or 
their effec tiveness, within a defined area may be undertaken- this is augmentation. 

Importation - Some of the most important pests of cotton originated in other 
countti es, including the boll weevil, Anthonomus grandis grandis Boheman, the pink 
bollworm, Pectinophom gossypiella (Saunders), and the sweetpotato whitefly, 
Bemisia tabaci (Ge1madius). Consequently, these pests are not associated in the United 
States with co-evolved, selective natural enemies. Attempts to import and establish co-
evolved natural enemies from the site of origin for these pest have not been success-
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Figure 1. Biological control strategies for using entomophagous arthropods to reduce 
insect/mite populations and their effects. 

ful. This biological control strategy is discussed in more detail on a pest-by-pest basis 
later in this chapter. 

Conservation - Current cotton IPM strategy emphasizes minimizing insecticide 
and miticide usage to spare natural enemies and maximize their pest suppression 
action (IGng, 1986). Avoidance of pesticide usage has often been cited as precluding 
the buildup of pest populations, such as the bollworm, Helicove1pa zea (Boddie), and 
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tobacco budworm (Heliothis virescens (F.)), aphids, whiteflies and mites because of 
pesticide-related mortality to the natural enemies (Bottrell and Adkisson, 1977). 

Literally hundreds of species of mthropod predators, pm·asites and pathogens are 
associated with cotton arthropod pests (van den Bosch m1d Hagen, 1966; Whitcomb and 
Bell, 1964; Falcon, 1971; also see Chapters 3 and 5, this book). Perhaps the best evi-
dence of the importance of these natural enemies in suppressing pest populations is the 
resmgence of treated pest populations to levels equal to or greater than pretreatment lev-
els, and outbreaks of pests other than those against which the insecticides were directed 
resulting from insecticide overuse (Newsom and Brazzel, 1968). For example, the cot-
ton aphid, Aphis gossypii Glover, became a serious pest of cotton as a consequence of 
using calcium m·senate for control of the boll weevil (Folsom, 1928). Indications are 
that this phenomenon occuned because of destmction of predators. Likewise, there is 
good evidence that the emergence of spider mites, as pests in the West and Southwest 
regions of the Cotton Belt is related to destruction of effective predators by pesticides 
used to control other pest species. Lingren et al. (1968) correlated a reduction of about 
SO percent in predator populations after foliar applications of several organophosphate 
insecticides for control of the cotton fleahopper, Pseudatomoscelis seriatus (Reuter), 
and a subsequent buildup of damaging bollworm and tobacco budworm populations. 

Augmentation- There are two basic approaches to augmentation: periodic release 
and environmental manipulation. The most direct approach is through propagation and 
release or application of the natural enemy. These augmentations m·e classified as inoc-
ulative or inundative releases. Excellent reviews of this technology for crops in gen-
eral may be found in Ridgway and Vinson (1977), Rabbet al. (1976), Stinner (1977), 
and King (1993). King and Powell (1992) reviewed the state of technology for mass 
propagating and augmentatively releasing predators and parasites for control of insect 
and tnite pests of cotton. Additionally, parasites and predators have been augmented 
by environmental manipulation, including the provision of supplemental resources 
such as food or semiochemicals (naturally occurring, behavior-modifying substances 
that mediate interactions between organisms). For example, Hagen et al. (1971) 
reported that a dairy product composed of the yeast Sacclwromyces .fragilis and its 
whey substrate sprayed on cotton increased the effectiveness of the common green 
lacewing, Cl11ysoperla carnecr Stephens, against bollworm eggs and larvae. Nordlund 
eta/. (1985) provide some evidence for and suggest that semiochemicals from plants 
and/or hosts or prey may be applied to crop fields for retention and concentration of 
predator and parasite populations. (See Chapter 11, this book, for a comprehensive 
review of the use of semiochemicals to manage pest and natural enemy populations). 

BIOLOGICAL CONTROL WITH PREDATORS 
AND PARASITES 

This review of biological control of cotton arthropod pests will be largely restricted 
to those pests normally enumerated in the annual report on "Cotton Losses to Insects" 
(e.g., Hardee and Herzog, 1994). About one-half of the cotton insect losses in 1993 
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were attributed to three pest species: the boll weevil, the bollworm and the tobacco 
bud worm. The remainder of the loss is attributed largely to plant bugs (Lygus spp. and 
the cotton fleahopper), spider mites, thrips, the sweetpotato whitefly and armyworms. 
The loss attributed to the pink bollworm is relatively low in most areas, but may be 
substantial in California and Arizona. The pink bollworm is included in this review 
because of its historical importance as a key pest. 

BOLLWORMffOBACCOBUDWORM 

Biological control of the bollworm and tobacco budworm, as well as other 
Helicove1pa/Heliothis species has been extensively reviewed for cotton and other 
crops, worldwide. King and Jackson (1989) organized a symposium resulting in a 
comprehensive publication on the systematics, distribution and biological control of 
Helicove1pa/Heliothis. Symposium infmruation was updated and summarized in King 
and Coleman (1989). Johnson et al. (1986) comprehensively reviewed cultural and 
biological control of Helicove1pa!Heliothis across crops. Perhaps the most compre-
hensive review of Helicove1pa!Heliothis to date is the "Proceedings of the 
International Workshop on Heliothis Management" (International Crops Research 
Institute for Semi-Arid Tropics, 1982). 

Importation- Hundreds of predators and parasites attack Helicove1pa/ Heliothis. 
Some of the world's most important parasites attacking Helicove1pa!Heliothis have 
been imported, propagated and released for establishment. Three species of predators 
have been imported. This subject was most recently reviewed by Powell (1989) for the 
United States and by King and Jackson (1989), worldwide. To date, no exotic parasites 
or predators have been established on the bollworm/tobacco buclworm in the United 
States. Nevertheless, attempts to establish effective species continue because of the 
potentially high return that may be gained by reducing the pest status level of the boll-
worm/tobacco budworm. In fact, the braconid Cotesia kazak (Telenga), imported from 
Europe and released in New Zealand in 1977, was established. It now has altered the 
number of Helicove1po ormigem (Hiibner) attaining damaging levels in New Zealand 
(Cameron and Valentine, 1989). 

Cotesio lwzok was imported and released in the United States, and recovered from 
field collected larvae. However, long term establishment has not been documented. 
Some other important parasites imported and released in the United States include 
Campoletis chloridae Uchida from India, Microplitis denwlitor Wilkinson from 
Australia, Microplitis rt({iventris Kok from Egypt, Hyposoter didymotor (Thunb.) 
from Europe and Polexoristo lcLYO (Curran) from Kenya (Powell, 1989). 

Conservation - Kogan et al. (1989), using a database of 7,717 documents, said 
that for bollworm and tobacco budwonn in North, Central and South America, there 
were reported to be: (a) 60 species of hymenopterous parasites in six families; (b) 61 
species of dipterous parasites in four families; and (c) 142 species of predators from 
eight insect and two Arachnid orders. 
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In the United States, the most common egg parasites were Trichogramma spp. and 
the most common larval parasites were Cardiochiles nigriceps Viereck, Microplitis 
croceipes (Cresson), Cotesia marginiventris (Cresson) and several species of 
Campoletis and Hyposotor. Common tachinid parasites included Eucelatoria /JJyani 
Sabrosky and Archytas marmoratus (Townsend). Predominant predators included 
members of the: (a) Coleoptera order (especially the convergent lady beetle, 
Hippodamia convergens Guerin-Meneville, Collops spp. , the spotted lady beetle, 
Coleomegilla maculata DeGeer, and Scymnus spp.) ; (b) Hemiptera order (especially 
bigeyed bugs, Geocoris spp.; pirate bugs, Orius spp. ; damsel bugs, Nabis spp.; and sol-
dier bugs, Podisus spp.); (c) Neuroptera order (primarily lacewings, Chrysoperla 
spp.); and (d) the spiders. 

Most of the predators and parasites cited above have been recorded from cotton 
fields. Whitcomb and Bell (1964) recorded over 600 predators in Arkansas cotton 
fields and van den Bosch and Hagen (1966) estimated about 350 different predators 
and parasites in California. Other data citing the diversity of predators and parasites of 
bollworm/tobacco budworm and other pests in cotton are given in Chapter 3, this 
book. 

In large measure the emergence of IPM in cotton was caused by the failure of insec-
ticides to control the bollworm/tobacco budworm, particularly the tobacco budworm, 
and other cotton arthropod pests (Bottrell and Adkisson, 1977). The conservation and 
maximum use of naturally occurring biological control agents is a key component of 
the IPM strategy. The potential effect of naturally occurring predators and parasites is 
generally recognized in cotton insect control guides (King, 1986; see Chapters 20, 2 1, 
22, and 23, this book). On the other hand, explicit instructions for incorporating preda-
tors and parasites into decision-making regarding action versus nonaction are gener-
ally lacking. 

Most state cotton insect control guides provide a listing of the predators that may be 
encountered while surveying insect pest infestations. Parasitic insects are usually men-
tioned but not by name. Some guides provide picture sheets to illustrate key natural 
enemies and some discuss techniques for quantifying predators. Rarely do the guides 
provide instructions for deciding on treatment versus no treatment based on abundance 
of natural enemies (King and Coleman, 1989). 

The complexity of sampling for predators and parasites, and interpreting what these 
numbers mean relative to the vast array of biotic and abiotic factors affecting boll-
worm/tobacco budwonn populations make the development of computer based deci-
sion-making technology imperative. Wagner et a!. (see Chapter 6, this book) review 
the various models that have been developed in an attempt to describe the interaction 
between bollworm/tobacco budworm populations, their natural enemies and other 
components of their biotic and abiotic environment. One computer model, MOTHZV, 
predicted survival of late-instar bollworm/ tobacco budworm larvae based on the 
effects of different densities of total predators (Hartstack and Witz, 1983). Ables et a!. 
(1983) describe in detail the concepts underlying the use of predator-prey ratios to 
make decisions regarding IPM on a field-by-field basis but admit the inability to cor-
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relate increase or decrease of predator populations with varying densities of boll-
worm/tobacco budworm populations. Regardless, articles were cited and data pre-
sented demonstrating the efficacy of predators on bollworm/tobacco budworm life 
stages. 

Direct evidence of predator efficacy consists of observations (Fletcher and Thomas, 
1943; Whitcomb, 1967a, 1967b) and cage expe1iments (Lopez et al., 1976; van den 
Bosch et al., 1969; Tejada, 1971). Indirect evidence of predator efficacy is persuasive 
and has emerged as a consequence of first eliminating natural enemies followed by 
bollworm/tobacco budworm population outbreaks (Lingren et al. , 1968, van den 
Bosch et al., 1971; and van Steenwyk et al., 1976). 

MOTHZV has been incorporated into the highly useful management model, TEX-
CIM (described in detail in Chapter 7, this book). In brief, 'TEXCIM is a multipest, 
multitrophic, multicomponent computer model that uses field counts of cotton flea-
hopper, bollworm, tobacco bud worm and boll weevil, ten groups of predators, insecti-
cides, cotton fruit and local weather to forecast the expected benefits of control." 

Other models also contain natural enemy components, e.g., HELSIM (Stinner eta!., 
1977) and CIM-HEL (Brown eta/., 1979; McClendon and Brown, 1983). The decision 
making model, DEMHELIC, proposed by Hopper and Stark (1987) made explicit use 
of natural enemy populations. This model has structures for bollwmm/tobacco bud-
worm feeding, the impact of natural enemies on bollworm/tobacco budworm feeding 
and survival, cotton plant growth, mortality of bollworm/tobacco budwmm and preda-
tors and parasites from insecticides and the economics of insecticide inputs and returns. 

Augmentation: Parasites - The principal parasites that contribute to mortality of 
bollworm and tobacco budworm eggs and larvae are Trichogramma spp., Microplitis 
croceipes, Cmdiochiles nigriceps (tobacco budworm only) and Cotesia marginiven
tris. Of these parasites, primary attention has been given to augmentation of 
Trichogmmma populations. Recently, major emphasis has been placed on the devel-
opment of augmentation technology for the larval endoparasite Microplitis cmceipes. 
Other efforts have been placed on the development of rearing and augmentative 
release technology for the tachinid Archytas marmoratus. 

Egg Parasites. Biological control of bollworm/tobacco budworm in cotton by 
releases of egg parasites lilce Trichogrmmna, particularly Trichogramma pretiosum 
Riley, in the United States is comprehensively reviewed in King et a!. (1985a). All 
aspects are reviewed including: (a) rearing (Morrison, 1985a, 1985b); (b) transport, 
storage and parasite release technology (Bouse and Morrison, 1985); (c) behavioral 
manipulation (Lewis eta!., 1985); (d) parasite movement (Keller and Lewis, 1985); 
efficacy (King eta/. , 1985b; Lopez and Morrison, 1985); (e) pesticide effects (Bull and 
Coleman, 1985); and (f) modeling (Goodenough and Witz, 1985). A recent popular-
ized review of the state-of-the-art technology for identifying, propagating and aug-
menting Trichogramnw populations is given by Olkowski and Zhang (1990). 

Olkowski and Zhang (1990) list seven commercial producers of Trichogrammo in 
the United States. These parasites are released over a total of about 200,000 acres. The 
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parasite most commonly reared and released in cotton is Trichogramma pretiosum. 
The Angoumois grain moth, Sitotroga cerealella (Olivier), is the host generally used 
in the mass reming/production system for this pm·asite. The technical feasibility of sup-
pressing bollworm/tobacco budworm populations in cotton by inundative releases of 
Trichogramma has been repeatedly demonstrated in the United States. Aerial releases 
of 49,980 to 99,960 adult Trichogramma per acre resulted in an average 51 percent 
pmasitism of bollworm/tobacco bud worm eggs on five Texas cotton farms (Ridgway 
et al., 1977). Stinner eta/. (1974) evaluated the technical feasibility of reducing boll-
worm/tobacco budworm larval populations in cotton by releasing Trichogramma pre
tiosum. Parasite release rates were high (up to 387,293 per acre), but bollworm/tobacco 
budworm larval populations were suppressed. King et al. (1985b) reported three years 
of data following releases of Trichogramma pretiosum in cotton. In each year egg pm·-
asitism was increased as a consequence of the released parasites, but these parasitism 
rates could not be conelated with larval suppression. Regardless, in the third yem·, 
yields in release fields were significantly higher than in non-release, untreated control 
fields ; though this amounted to 77 percent ·as much lint as in the insecticide-treated 
plots. 

Larval Parasites. Lm·val pm·asites m·e an important part of the environmental resis-
tance to increase of Helicove1pa!Heliothis populations. Unique complexes of 
hymenopterous and tachinid parasites have been recorded in the various regions of the 
world (King and Jackson, 1989). Cumulative rates of lmval parasitism are often high 
but the predominant species vmy between region of the countly in the United States as 
well as crop (King et a /., 1982). One of the most important parasites of 
bollworm/tobacco budworm lm·vae in cotton and wild host plants in the United States 
is Microplitis croceipes (King and Powell, 1989). 

The potential for releases of larval parasites has been indicated in small-scale tests. 
Lingren (1969) reported that Cotesia marginiventris had considerable potential for use 
in augmentation programs. Also, Campoletis sonorensis (Cameron) released at the rate 
of 680/day for 10 consecutive days in a 0.08 acre cage (13,760 wasps per acre equiv-
alent) infested with tobacco budworm lmvae resulted in 85 percent parasitization for 
nine consecutive weeks (Lingren, 1977). Jackson eta/. (1970) reported that if the 
tachinids Euce/atoria b1yani and Palexorista taxa were released at the rate of 2,500 
female flies per acre on cotton containing 5,000 bollworm/tobacco budworm larvae 
per acre, about 50 percent parasitization should occur in two days. 

Research on Microplitis croceipes has been extensive (Powell et al. , 1989). Basic 
biology including host relationship physiology was recently reviewed by Powell and 
Elzen (1989) and Vinson and Dahlman (1989). Behavioral aspects relating to habitat 
and host location, mate finding and mating were reviewed by Nordlund er al. (1989), 
Elzen and Powell (1989) and Jones (1989). Other research vital to development of the 
augmentation technology for Microp/itis croceipes is effect of insecticides on the par-
asite (Bull et al., 1989), genetic characterization and genetic improvement (Steiner and 
Teig, 1989), and the possibility of developing an in vitro rearing system for the para-
site (Greany era!., 1989). 
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Hopper (1989) surmised that augmentation of Microplitis croceipes for control of 
bollwom/tobacco budwonn is technically feasible. Of the principal parasites of boll-
worrnJtobacco budworm, across host plants, Microplitis croceipes has emerged as one 
of the most important (King et al., 1985c; King and Powell, 1989). King et a!. (1985c) 
hypothesized-based on dramatically higher rates of bollworm/tobacco bud worm lar-
val parasitism-that Microplitis croceipes was highly tolerant of many commonly 
used insecticides, particularly the pyrethroids. In general, the parasites are more toler-
ant of certain pyrethroids (e.g., esfenvalerate [Asana®] and cypermethtin [Ammo®, 
Cymbush®]) and carbamates (e.g., thiodicarb [Larvin®] and oxamyl [Vydate®]) and 
least tolerant of certain organophosphates (e.g., acephate [Orthene®] and profenofos 
[Curacron®]) (Powell and Scott, 1991). Microplitis croceipes prefers to parasitize 
third instai·larvae, (Hopper and King, 1984a), but all pai·asitized instars move and feed 
less on the cotton plant (Hopper and King, 1984b). Consequently, less damage is 
caused by parasitized lai·vae. Hopper et al. (1991) report that releasing 809 female 
Microplitis croceipes per acre of cotton yielded 75 percent parasitized bollworm/ 
tobacco bud worm lai·vae after six days, with an estimated 38 percent reduction in dam-
age. Hopper (1989) suggested that releases over lai·ge 31·eas, paiticulai·ly during the 
time that bollworrnJtobacco budworm 31·e restricted on wild host plants (valid in the 
United States only for the Mid-South) might be an effective population suppressant 
tactic. 

Augmentation: Predators - No predators 31·e currently being released for con-
trolling bollworm/tobacco budworm in the United States. Most management models 
do include predator-caused mortality, indirectly if not directly. 

Releases of several hemipteran predators indicate that it might be feasible to aug-
ment their populations if economical procedures for mass producing them could be 
developed. Field-cage studies by Lingren et al. (1968), van den Bosch et al. ( 1969) and 
Lopez et aT. ( 1976) with a bigeyed bug, Geocoris punctipes (Say), the conunon damsel 
bug, Nobis americC?ferus Carayon, and the spined soldier bug, Podisus maculiventris 
(Say), respectively, demonstrate their ability to suppress bollworm/tobacco budworm 
populations in cotton. 

Ridgway et al. (1977) reviewed the technical feasibility of suppressing 
bollworm/tobacco budworm larval populations in cotton by petiodic releases of the 
common green lacewing's eggs or larvae. Release of2-to 3-day-old larvae consistently 
produced significant reductions of bollworm/tobacco bud worm on cotton. Reductions 
in bollworm/tobacco budworm larval populations were obtained by releasing as few 
as 10,000 common green lacewing larvae per acre, and high levels of reduction were 
obtained in the field by releasing 100,000 to 200,000 thousand per acre. 

BOLL WEEVIL 

Importation- The boll weevil evolved on noncrop hosts, Hampea spp. , in Central 
America (Burke eta!. , 1986). Subsequent colonization of wild cotton by the boll wee-
vil followed by cultivation of cotton along the eastern coastal lowlands of Mexico ulti-
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mately provided a "bridge" into the Lower Rio Grande Valley of Texas. Northward 
expansion by the weevil, coupled with the ability to overwinter as an adult in faculta-
tive diapause, allowed its "escape" from co-evolved natural enemies. In fact, some par-
asite species, e.g., Bmcon compressitarsis Wharton, attack the boll weevil on Hampea 
spp. but not cotton. Consequently, the boll weevil is often viewed as a key pest that is 
largely invulnerable to biological control in the United States (Bottrell, 1976). 

The earliest attempt to import and establish natural enemies involved a parasitic 
mite, Pediculoides ventricosus Newport (Hunter and Hinds, 1905). Cook (1904, 1905) 
imported the "lcelep ant," Ectatoma tuberculatum (Oliver), from Guatemala, but it 
failed to establish in Texas. Two parasites, Triaspis vestiticida Viereck and Bm con 
vestiticida (Viereck), imported from Peru and Colombia, parasitized boll weevi1larvae 
but failed to establish after field release (Berry, 1947). Two parasites, Bracon kirk
patricki Wilkinson from Africa and Bmcon greeni Ashmead from India, imported for 
establishment on the pink bollworm, parasitized boll weevil larvae in the laboratory, 
but failed to overwinter in Mississippi (Cross et al. , 1969). 

Some parasites attacking the boll weevil arid a closely related species, Anthonomus 
hunteri Burke and Cate, in southern Mexico include Cato/accus gmndis (Bmks), 
Catolaccus hunteri Crawford, Heterospilus annulatus Marsh, H. mega/opus Marsh, 
Bracon compressitarsis, Urosigalphus schwarzi Gibson, Zatropis incertus Ashmead, 
Lelaps sp., Paracrias anthonomi Woolley and Schauff, Nealiolus sp., Phaneronoma 
sp., and Spilochalcis sp. (Cate et a!. , 1990). Several species have been reared in the 
laboratory (Cate, 1987). 

Marsh (1982) reported that the two braconids, Heterospilus annulatus and 
Heterospilus mega/opus, released at fom Texas sites, apparently did not establish. 
Catolaccus grandis, was released during 1967 to 1969 in Mississippi resulting in high 
rates of parasitism and in-season recycling by the parasite (Johnson et a!., 1973). Cate 
et al. (1990) reported that a single release of 1200 female C. gmndis provided eco-
nomic control of the boll weevil in a cotton field for a six-week period. However, in 
both cases, the parasite did not establish. 

Conset·vation - Numerous predators and parasites have been observed to attack 
the boll weevil in the United States (Pierce et al., 1912; Cross and Chestnut, 1971). 
However, only in unique circumstances have they been documented as causing signif-
icant mortality. For example, Sterling and collaborators (Fillman and Sterling, 1983; 
Sterling et al., 1984) report that, where the red imported fire ant, Solenopsis invicta 
Buren, exists in east Texas, it may be an effective predator of boll weevil larvae. 
Parasites, indigenous to the United States, that attack the boll weevil are typically 
polyphagous and utilize the boll weevil facultatively. 

At least 55 indigenous entomophagous arthropods have been recorded as attacking 
the boll weevil in the United States (Pierce, 1908; Hunter, 19 10; Pierce et a!., 1912; 
Chestnut and Cross, 1971). Of these, Bmcon mellitor Say predominates, sometimes 
accounting for as much as 90 percent of the total parasitism (Marlatt, 1933). An 
oligophagous parasite, Urosigalphus anthonomi Crawford, has been detected in sur-
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veys near Brownsville, TX, parasitizing up to 50 percent of the boll weevil larvae col-
lected (Pierce et a!., 1912; Summy, 1991). Other parasites occurring in significant 
numbers include Aliolus curculionis (Fitch), Ewytoma gossypii Bugbee, Catolaccus 
hunteri, Zatropis incertus, and Eupelmus cycmiceps Ashmead (Cate, 1985). 

Indigenous parasites of the boll weevil characteristically have a wide host range 
(polyphagous or oligophagous), and, consequently, do not respond to boll weevil pop-
ulation dynamics as would a more host-specific parasite. For example, B. mellitor typ-
ically occurs too late in the season to maintain the boll weevil at subeconomic levels. 
Moreover, Adams eta!. (1969) report that B. mellitor prefers to oviposit on weevil lar-
vae in floral buds (squares) not completely abscised from the plant. However, present-
day commercial cotton varieties typically shed their squares and the boll weevil larva 
completes its development to adulthood inside the fallen square. Moreover, B. melli
tor development is poorly synchronized with development by the boll weevil 
(Morales-Ramos and Cate, 1993). The parasite V. anthonomi is of interest, but it has 
not been successfully reared in the laboratory. Bra con thurberiphagae is a primary par-
asite of the thurberia form of the boll weevil, but it is restricted to searching for hosts 
in Gossypium thurberi. 

Augmentation- Pierce (1908) increased the percentage parasitism of boll weevil 
larvae by collecting parasites from one location and releasing them in another. Pierce et 
a!. (1912) proposed encouraging the growth of plant species which attract and support 
hosts of polyphagous parasites, including the suggestion that these alternate host plants 
might then be destroyed thereby forcing the polyphagous parasites into cotton. Bottrell 
( 1972) suggested the use of the synthetic pheromone Grandlure® to attract overwinter-
ing weevils into a portion of the cotton field thereby increasing the density of host lar-
vae. The idea was to attract B. mellitor into cotton earlier in the season. McGovern and 
Cross (1976) increased the effectiveness of B. mellitor by use of the frego-bract char-
acter in commercial cottons; parasitism was increased from 7-56 percent. 

Others surmised that it might be possible to mass propagate parasites and augmen-
tatively release them for control of the boll weevil (Anonymous, 1958). In fact, 
Johnson eta/. (1973) reported releases of C. grandis during 1967, 1968, and 1969, 
resulting in rates of parasitism ranging up to 72 percent as well as in-season recycling 
by the exotic parasite. Though they were unsuccessful in establishing the parasite, they 
suggested that it "might be used as part of an integrated control program ... if the para-
site can be mass reared ... " . Regardless, no determined attempts were made to suppress 
the boll weevil by augmentative releases of parasites until 1992 (Summy eta!., 1993). 

King (1993) hypothesized in 1988 that some of the United States' most intractable 
key pests, such as the boll weevil, may be controlled through propagation and inocu-
lative/augmentative releases of selective parasites. It was further hypothesized that 
failure to become established, as in the case of exotic parasites of the boll weevil, was 
not critical in an inoculative/augmentative release program. In fact, it was concluded 
that population densities of boll weevils tolerated by cotton growers, in season, are so 
low that they cannot support a naturally-occurring parasite population. These hypothe-
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ses are documented in two USDA Agticultural Research Service CRIS Work Projects 
(1988, 1989) and in the Proceedings of a Work Planning Session, September 19-20, 
1989 (Memo, E. G. King!W. Klassen, ARS Associate Deputy Administrator, and oth-
ers, 1990). As part of the Work Planning Session, E. F. Knipling developed a theor·et-
ical model postulating the suppressive effects of a selective parasite inoculatively/ 
augmentatively released against the boll weevil; this model is elaborated on in 
Knipling (1992). 

An outcome of the 1989 Work Planning Session was selection of C. grandis as the 
lead candidate for large-scale propagation and release for control of the boll weevil. 
This parasite apparently is well adapted to the in-season biotic and abiotic environment 
of the United States cotton agroecosystem based on results from attempts to establish 
it (Johnson et al., 1973; Cate et al. , 1990). Though the parasite did not establish, these 
studies demonstrated that C. grandis effectively searches for boll weevil-infested 
squares on the ground as well as on the plant. 

A series of experiments from 1992 through 1994 demonstrated the effectiveness of 
C. grandis augmentative releases. Summy eta/. (1993, 1994) report on exceptionally 
high rates of parasitism of boll weevil larvae, as well as their population suppression, 
following inoculative/augmentative releases of C. grandis. Augmentative releases of 
C. g randis in Texas and Alabama cotton fields at rates of 500 to 1000 females/acre per 
week during early season resulted in 50 to 100 percent parasitism of boll weevil third 
instars during the release periods (Morales-Ramos et al. , 1994; Summy et al., 1994). 
The parasite releases were made over a six- to eight-week period in Texas and a three-
week period in Alabama. Lint yield from parasite-release fields in Texas did not differ 
significantly from the insecticide-treated IPM control fields, but the test was tenni-
nated prematurely in Alabama due to a lack of boll weevil immatures to rear the par-
asites. 

Catolaccus grandis is highly fecund relative to its host, the boll weevil. During their 
most fertile ages the parasite is capable of producing several times more eggs than the 
boll weevil (Morales-Ramos and Cate, 1992; Gast, 1966). Weekly releases of the par-
asite during the F, and F, larval-pupal generations are projected to have a highly sup-
pressive effect on the boll weevil population (Morales-Ramos et a!. , 1993). So, 
parasite fecundity is not a limiting factor in biological control of the boll weevil. 
Moreover, tllis high fecundity facilitates mass propagation of the parasite, in vivo or in 
vitm. 

The parasite prefers boll weevil third instars, but also oviposits in squares containing 
host prepupae and pupae and occasionally second instars. It apparently searches effec-
tively for host larvae in shed squares, but a cage study (Tillman, 1993) demonstrated a 
preference for infested squares on the plant as opposed to abscised infes ted squares on 
the ground smf ace. Another study (Summy et al., 1993) revealed a preference by field-
released parasites for infested squares over infested bolls during early season. These 
findings affirm the strategy for using the parasite to attack and strongly suppress the F, 
and F, host larval/pupal generations, which are typically in squares on the soil smface, 
thereby reducing the third and fourth weevil generations to non-pest status. 
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At temperatures ranging from l6°C to over 36"C the development of C. grandis is 
well synchronized with its obligate host, the boll weevil (Morales-Ramos and Cate 
1993). In contrast, development of the polyphagous parasite, Bracon me/litor is not 
well synclu·onized. The developmental time of C. grandis and the boll weevil from egg 
to adult at 30°C is about 12 days each. 

Initial efforts to rear C. gmndis required placing third instar larvae into hollowed 
cotton squares, sealing the hollowed square with artificial medium, and exposing the 
artificially implanted larvae to gravid C. grandis females (Johnson et al. 1973). Cate 
(1987) reported a simple but elegant process, encapsulating the third instar host larvae 
in ParafilmR in lieu of artificially infesting hollowed squares. Morales-Ramos et a!. 
(1992) modified and improved the encapsulation process. Further automation of the 
process described by Morales-Ramos et al. (1992) is given by Roberson and Harsh 
(1993). The potential for in vivo mass propagation of C. grandis exists because of the 
advances that have already been made in the mass propagation of the host (see 
Roberson and Wright 1984). 

Catolaccus grandis has been reared from egg to adult on an artificial diet (Guerra 
et al., 1993; Rojas et al., patent pending/in manusCiipt), and the economic feasibility 
of the inoculative/augmentative release approach to areawide boll weevil suppression 
may be dependent on this technological advance. On the other hand, use of inocula-
tive/augmentative releases of C. gmndis in environmentally-sensitive areas as a com-
ponent in the boll weevil eradication programs may be economically feasible using in 
viva-reared parasites. 

Two substantial limitations have been identified in attempts to develop a use pattern 
for releasing C. gmndis in the cotton agroecosystem. First, this parasite is highly sen-
sitive to the chemical insecticides that are likely to be used for control of the boll wee-
vil as well as other pests (Summy et al. , 1994) . However, if the application of these 
chemicals is strategically timed, they can be used for control of early-season pests, 
such as thrips and plant bugs. Moreover, at least one application of a relatively short 
residual chemical may be applied early to eliminate overwintering weevils invading 
the cotton fields. 

The second linutation involves the ability of the parasite to detect infested squares 
on the ground that have been covered with soil. In one controlled test, infested squares 
were covered with about one millimeter of soil to simulate the likely effect of cultiva-
tion. The parasite females apparently could not detect and parasitize the host larvae. 
Consequently, mechanical cultivation at the time of, and following parasite release, 
will have to be curtailed to achieve maximum effectiveness by the parasite (Summy et 
a!., 1994). 

The inoculative/augmentative release strategy of Catolaccus gm /l(lis for control of 
the boll weevil can be integrated into short-season, cotton-production systems. There 
are a number of attributes of this system that make it amenable to the parasite inocu-
lative/augmentative release strategy. Shortening the growing season tlu·ough manage-
ment practices, including planting of rapidly maturing cultivars, escapes high, 
late-season weevil and other pest populations. Moreover, shortening the season allows 
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earlier stalk destruction and plowdown thereby further reducing the number of weevils 
overwintering and dispersing into cotton fields the following year. Imposing insecti-
cide applications early season, near pinhead square occurrence, to kill invading over-
wintered weevils reduces populations to their lowest seasonal density. Harvest-aid 
chemicals can be valuable in preparing the crop for earlier harvest, and indirectly, in 
suppressing diapausing weevils (Cleveland and Smith, 1964). 

Release of C. gmndis to parasitize and kill F, and F2 weevil immatures imposes an 
additional mortality factor heretofore not possible in extant production systems. In 
fact, attainment of vety high rates of parasitism by C. grandis dming the F, and F2 gen-
erations can practically eliminate in-field reproduction by the boll weevil, thereby pre-
cluding the need for subsequent insecticide treatments for control of the weevil 
(Summy eta/., 1994; King et al., unpublished data). 

Proper timing and use of short-residual materials prior to releases of C. gmndis 
controls early season pests (including overwintered boll weevil), yet minimally 
impacts the parasite. Properly timed, this prac;:tice can greatly reduce or eliminate the 
need for boll weevil control later in the season (Walker, 1980a). Later, mid-season 
pests, such as the bollworm or tobacco budworm, may require insecticide treat-
ments, which would curtail subsequent releases of C. grandis. However, avoidance 
of additional insecticide treatments for 30 to 45 days may allow predators and para-
sites to increase in sufficient numbers to curb damaging pest populations. In fact, 
during 1994 field tests with C. grandis, no insecticide applications were necessary 
for late-season pests such as the bollworm and sweetpotato whitefly in fields where 
C. grandis was released but were necessary in the IPM-treated control fields (King 
et al. , unpublished data). Often, late-season pests can be tolerated because the major-
ity of the crop is of sufficient maturity that potentially harvestable bolls are no longer 
vulnerable to insect damage, and feeding or oviposition on other fruiting forms does 
not affect realized yield. 

The role of mechanical cultivation in cotton is primarily for weed control. Yet, as 
reported earlier, covering infested squares with soil allows the immature boll weevil to 
escape parasitism. We have hypothesized that weed control in the nanow-row (30 
inch), short-season system may be achieved with reduced herbicide and mechanical 
cultivation. Smart (1993) demonstrated experimentally that more rapid shading of 
interrow spaces occurs, correlated with increased canopy, in the narrow-row system as 
opposed to the conventional 40-inch system. So, the narrow-row system potentially 
may complement parasite release by reducing weed populations and the need for 
mechanical cultivation. 

Early stalk destmction after harvest has long been touted as a means of reducing boll 
weevil and pink bollworm overwintering populations. Nevertheless, it was not until 
the 1950s that equipment became available to realistically accomplish timely stalk 
destruction and plowdown (Chapter 14, this book). Since that time it bas become more 
apparent that early stallc destruction as well as many other pest control measures are 
most effective when practiced on an areawide basis because of the dispersal capabil-
ity of these pests (Henneberry et o f., 1991). 
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Based on tests conducted in 1992 (Summy eta!., 1993; and Morales et al., 1993), 
apparently it is possible to virtually eliminate boll weevil reproduction in defined areas 
by augmentative releases of Catolaccus gmndis. However, simulations of parasite 
releases demonstrate that boll weevil ingression into the test area and parasite egres-
sion from the test area limits the power of the augmentation approach. Expetience with 
the boll weevil as well as with other dispersing insects has demonstrated that suppres-
sive tactics applied over large areas and to all plants inhabited by the insect (areawide 
suppression) are more powetful than a field-by-field approach. 

PINK BOLLWORM 

Importation - Classical biological control efforts against the pink bollwmm were 
initiated in Egypt during the period 1928 to 1935 with the importation of Bracon kirk
patricki from Kenya and Sudan (Alfieri, 1929) and Bracon mellitor from Hawaii 
(Kamal, 1935). Both of these parasites failed to become established (Clausen, 1978). 
The importation of Bracon lejivyi (D & C) in 1935 from India resulted in establish-
ment, but no appreciable impact (Kamal, 1951). Initial efforts in the United States dm-
ing the period 1932 to 1955 included the importation into Texas of the: (a) European 
corn borer strain of Exeristes roborator Fabricius and Bracon brevicornis Wesm. from 
southern Europe; (b) Bracon kirf...patricki from Africa; (c) Bracon mellitor and 
Chelonus blackbumi Cam. from Hawaii; (d) Bracon nigrorutum (Cushm.) and 
Chelonus pectinophorae Cushm. from Korea; and (e) Bracon brevicornis, Bracon 
gelechiae Ashm. , Chelonus naraya11i Rao, Chelonus heliopae Gupta and Cotesia 
( =Apanteles) angaleti Mues. from India (Noble and Hunt, 1937; McGough and Noble, 
1955, 1957). Several of these parasite species were recovered during the season of 
release, although none became established (Clausen, 1978). More recently, Legner and 
Medved (1979) summarized attempts to establish 14 hymenopterous parasite species 
in the Lower Colorado Valley of California and Arizona. Included were: (a) Goniozus 
sp. from Ethiopia; (b) Parasierola emigrata (Rohwer) from Hawaii; (c) Cotesia 
angaleti Muesebeck from India; (d) Cotesia (=Apanteles) oenone Nixon from 
Australia; (e) Bracon gelechiae from India; (f) Bracon kirkpatricki from Kenya; 
(g) Bmcon me/litor from Mississippi; (h) Chelonus blackbumi from Hawaii; 
(i) Chelonus curvimaculatus Cameron from Africa; (j) two Chelonus. spp. from 
Ethiopia; (k) Chelonus sp. from Australia; (l) Exeristes robomtor from Europe; and 
(m) Pristomerus hawaiiensis Ashmead from Hawaii. Reproduction during the season 
of release was documented for eight species. None of them became established 
(Legner and Medved, 1979). The most recent attempts involved the importation into 
California of Goniozus aethiops Evans from Ethiopia (Gordh and Evans, 1976), 
Goniozus pakmanus Gordh from Pakistan (Gordh and Medved, 1986) and 
Trichogrammatoidea bactme Nagaraja from Australia (Hutchinson et al. , 1990). 
Establishment of the latter species has not been documented. 

Conservation- In addition to the exotic parasites, pink bollworm is attacked by a 
large complex of native predators in the southwestern United States (Telford and 
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Hopkins, 1957; Wene and Sheets, 1962; van den Bosch and Hagen, 1966). Orphanides 
et al. (1971) suggested that pink bollworm eggs were the stage most vulnerable to pre-
dation, and noted that larvae of common green lacewing and adults of Collops mar
ginellus LeConte, bigeyed bug, Notm·us calcaratus Horn, the common damsel bug, 
and the minute pirate bug, Orius tristicolor (White), may destroy substantial numbers 
of pink bollworm eggs under laboratory conditions. Irwin et al. ( 1974) quantified pre-
dation of pink bollworm eggs, placed under calyxes (bracts) of bolls, during 48-hour 
intervals, and noted that: (a) 75 percent of such eggs were detected and destroyed by 
common green lacewing larvae; (b) 45 percent by the western bigeyed bug, Geocoris 
pollens Stal; (c) 25 percent by the minute pirate bug: (d) 16 percent by Spanogonicus 
a!bofasciatus (Reuter); (e) 1 percent by the common damsel bug; and (f) 0 percent by 
Collops marginellus. Henneberry and Clayton (1985) quantified rates of egg predation 
by several predator species, and noted the highest consumption rate of 96 eggs per day 
by adult Collops vittatus (Say), followed by 63-67 eggs per day for mixed common 
green lacewing and convergent lady beetle larvae, 39 eggs per day for adult Nabis spp., 
14 eggs per day for Sinea COI!fusa Caudall , 8 eggs per day for Geocoris spp. and 5 eggs 
per day for the minute pirate bug. Henneberry and Clayton (1985) concluded that sev-
eral predators commonly found on cotton in Arizona and California have the potential 
to reduce pink bollworm populations. 

Attempts to evaluate the impact of native predators on field infestations of pink boll-
worm have produced variable results. Btyan eta!. (1976) documented the occunence 
of generally large predator populations on cotton during the production season, but 
also noted a significant decline in abundance of several species (particularly the com-
mon green lacewing, Co/lops vittatus, convergent lady beetle, minute pirate bug, 
Noctoxus calcaratus and ants) during mid-August, a period in which the abundance of 
various lepidopterous prey was generally increasing. Such trends suggested that preda-
tor populations tend to be more dependent upon populations of aphids than lepi-
dopterous prey (Btyan et a!., 1976). Irwin et a!. (1974) suggested that most native 
predators tend to be relatively ineffective against pink bollworm eggs except at rela-
tively high predator densities. However, Henneberry and Clayton (1985) documented 
egg predation ranging from 95 percent in July to 35 percent in September. They sug-
gested that native predators may have a significant impact against pink bollworm. 

Augmentation - Despite their failure to become established in the United States, 
many of the exotic parasite species appear to be promising candidates for augmenta-
tion. The release of more than two million Brocon kirkpatricki and about 280,000 
Chelonus blackburni into about 113 acres of Arizona cotton resulted in a significant 
reduction in the need for insecticidal treatment in release sites compared to controls 
(Btyan eta!. , 1973a, 1973b). Parasitism by Bmcon kirkpatricki ranged up to 25 per-
cent, which the authors considered an underestimation, whereas Chelonus blackburni 
appeared to be largely ineffective, which the authors attributed to release of insuffi-
cient numbers. More recently, Bryan et a!. ( 1976) documented parasitism of about 32 
percent by Bracon kirkpatricki and about 9 percent by Chelonus blackburni, but con-
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eluded that such rates were insufficient to control pink bollworm. Inundative release 
of several parasite species in the Lower Colorado Desert of Arizona and California 
produced variable levels of pink bollworm control (Legner and Medved, 1979). Most 
effective was Chelonus sp. m. cun,imaculatus Cameron, which was credited with an 
adjusted 69.6 percent infested boll reduction at the equivalent release rate of 1,079 
females per acre (Legner and Medved, 1979). Augmentation of exotic parasites 
appears to be a feasible approach to pink bollworm control, and has been enhanced 
considerably by the development of artificial diets for pink bollworm (Adkisson eta!., 
1960; Stewart, 1984) and several parasite species (Bryan et al., 1969, 1971). 

Several augmentation strategies designed to enhance the impact of the native preda-
tor complex attacking pink bollworm appear to be feasible. The effectiveness of 
releases of the common green lacewing against bollworm/tobacco bud worm on cotton 
has been clearly demonstrated (Ridgway and Jones, 1969). A second approach 
involves the generation of field "nurseries" of native predators in crops such as alfalfa 
and sorghum, which subsequently move into cotton (Stern et al. , 1967; Fye, 1971; 
DeLoach and Peters, 1972; Fye and Carranza, 1972; Robinson et al., 1972). Field stud-
ies have generally suggested that native predators tend to be most effective against 
reduced pink bollworm infestations, which tends to promote a relatively high preda-
tor-prey ratio, and have therefore stressed the importance of cultural controls as an 
adjunct to biological control (B1yan eta!., 1976). 

PLANT BUGS 

Importation - The term plant bugs is commonly used to refer to several pest 
species in the family Miridae (see Chapter 2, this book, for a listing of species and their 
biology and ecology). For purposes of this discussion biological control efforts have 
focused on two species: the western lygus bug, Lygus hesperus Knight and the tar-
nished plant bug, Lygus lineolaris (Palisot de Beauvois). Several efforts to import par-
asites of Lygus from Europe and establish them in North America have been made, but 
all have failed. The most intense effort involved the rearing and release of the braconid 
Peristenus stygicus Loan (Van Steenwyk and Stern, 1976, 1977). Lesser numbers of 
Peristenus digoneutis Loan and Peristenus rubricollis (Thomson) also were released 
(Hormchan, 1977; Coulson, 1987). A good review of the effort to establish Lygus par-
asites in North America is found in Coulson (1987). In 1985 two braconid parasites, 
Leiophron schusteri Loan and Peristenus nigric(//pus (Szepligeti), were obtained from 
mi.rids in Kenya and successfully reared in the USDA, ARS Stoneville, Mississippi 
Research Quarantine Facility (Jones et a!. , 1985) using nymphs of tarnished plant bug 
and western lygus bug. Releases of small numbers of adults of both species were made 
in Mississippi in 1987 (Snodgrass, unpublished data). 

Conservation - Plant bugs are attacked by predators and parasites on cotton, other 
crops and on alternate or wild hosts. Numerous references are made in the literature to 
various arthropods feeding on plant bugs. However, little quantitative data is available 
on the importance of these predators in controlling plant bug populations. Most stud-
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ies have been done in the laboratory using species of bigeyed bugs or damsel bugs. 
These have been studied since they are abundant in cotton and will feed on plant bugs. 
Crocker and Whitcomb (1980) observed that, under natural conditions, species of 
bigeyed bugs feed opportunistically on diverse small to minute arthropods and obtain 
additional nutrition by feeding on insect corpses and several herbaceous angiosperms. 
One of the small arthropods fed upon are pirate bugs. Pirate bugs are also important 
predators in cotton, and predation by bigeyed bugs is probably detrimental to total 
insect control of pests in cotton. 

Plant bugs and bigeyed bugs also prey upon each other (Champlain and Butler, 
1967; Dunbar and Bacon, 1972; Leigh and Gonzalez, 1976). Tamak.i et al. (1978) 
found the large bigeyed bug, Geocoris bullatus (Say), to be an effective predator of 
early instar nymphs. Gupta et al. (1980) found that the large bigeyed bug preferred the 
pea aphid, Acyrthosiphon pisum (Harris), over plant bugs and had trouble capturing 
late instar plant bugs. Leigh and Gonzalez (1976) found western bigeyed bug to be an 
effective predator of eggs and nymphs of western lygus bug. Predation between west-
ern lygus bug and bigeyed bugs is thought to be related to developmental time of 
nymphs as related to temperature. Champlain and Sholdt (1967) found that the west-
ern lygus bug developed faster than bigeyed bugs at the cool temperatures which are 
found in early spring. The more rapidly developing western lygus bug population 
could depress bigeyed bugs by predation of the smaller slower developing bigeyed bug 
nymphs. Cohen (1982) confirmed that the bigeyed bug required higher temperatures 
than the western lygus bug for optimum development. 

Damsel bugs and bigeyed bugs also prey on each other. A tim and Graham (1 984) 
found that Geocoris punctipes and the western damsel bug, Nabis altematus Parshley, 
would feed on each other, and that size was the determining factor as to which species 
was predator and which was prey. Thus, there is a complex relationship between Lygus 
and its predators in cotton. How these predators interact with Lygus and other prey is 
largely unknown. Assessing the value of predators in control of Lygus in cotton will be 
difficult, especially if the spiders, which are usually one of the bigger groups of preda-
tors in cotton, are also considered. 

The main nymphal parasites of Lygus in North America are the braconids Peristenus 
pollipes (Curtis), Peristenus pseudopallipes Loan, and Leiophron unifonnis (Gahan). 
Peristenus pallipes is found in most areas of the United States but not in the Southwest 
(Clancy and Pierce, 1966). Leiophron unifonnis is found from the Southwest to the 
East coast and Canada, while Peristenus pseudopallipes is found mainly in Canada. 
Peristenus pallipes and Peristenus pseudopallipes are univoltine while Leiophron uni
formis produces two to four generations each year (Loan, 1965; Clancy and Pierce, 
1966; Lim and Stewart, 1976). 

Eggs of Lygus are parasitized by the mymarid, Anaphes iole Giraul t. It could be the 
most important parasite of Lygus in the United States, since it is found in most areas 
of the country and is multivoltine (produces several broods per year) (Clancy and 
Pierce, 1966; Romney and Cassidy, 1945; Sillings and Broersma, 1974; Scales, 1973; 
Graham et al., 1986). 
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Few studies have ever determined the rate of parasitism of Lygus in cotton. Graham 
et al. ( 1986) found that Anaphes iole parasitized western lygus bug eggs in cotton in 
Arizona at rates as high as 36 percent from May through August. They found no par-
asites from nymphs collected in cotton. Most studies of the parasitism of Lygus have 
been conducted in crops other than cotton-crops which receive few or no insecticide 
treatments, and in which Lygus produces higher populations for a longer period of 
time. Parasitism of Lygus on wild host plants near crops has also been frequently stud-
ied. In Canada rates of parasitism of tarnished plant bug by Peristenus pallipes and 
Peristenus pseudopallipes range from 8 to 60 percent in alfalfa, forage legumes and 
weeds (Loan, 1965, 1970, 1980; Lim and Stewart, 1976; Loan and Craig, 1976). 
Shahjahan and Streams (1973) reported parasitism averaging 20 to 30 percent for tar-
nished plant bug on weed hosts. Scales (1973) reported parasitism of tarnished plant 
bug as high as 62 percent in weeds in the mid-delta of Mississippi. Clancy and Pierce 
(1966) found the pale legume bug, Lygus elisus Van Duzee, was parasitized by 
Leiophron un(formis at rates of25 to 50 percent on goosefoot grass, Chenopodium spp. 
Rates of parasitism are usually higher in areas undisturbed by agricultural practices 
(Sillings and Broersoma, 1974). 

In addition to agricultural practices, other factors can influence rates of parasitism 
of Lygus. One or more species of the weeds commonly called fleabanes in the genus 
Erigeron have been identified in several different geographical areas as being impor-
tant wild hosts of Lygus (Tugwell et al. , 1976; Latson et al. , 1977; Cleveland, 1982; 
Anderson and Schuster, 1983; Snodgrass eta/. , 1984; Fleischer and Gaylor, 1987). 
Stt·eams et al. ( 1968) found Peristenus pallipes parasitized tarnished plant bug nymphs 
on plants in the genus Erigeron while mostly ignoring nymphs on other plant species 
in a field in Connecticut. They thought that volatile semiochemicals (naturally occur-
ring behavior modifying chemicals) from Erigeron attracted the parasite, and this was 
confirmed by Shahjal1an (1970). 

In most areas of the United States where cotton is grown, rates of parasitism of Lygus 
have not been studied. It is not known how much control they presently exert on Lygus 
populations, or what their potential is for control if agricultural practices such as insec-
ticide use are modified to favor them. Consequently, designing strategies for Lygus con-
trol in cotton that better utilizes Lygus parasites is difficult. The information that is 
available suggests that additional parasites are needed. Where studied in the Southeast, 
the main nymphal parasite of the tarnished plant bug is Peristenus pallipes (Scales, 
1973; Hormchan, 1977). This parasite is univoltine (produces one brood per year) and 
is not present to parasitize the tarnished plant bug during several of its generations on 
wild or alternate hosts during the year. A multivoltine parasite that could overwinter in 
the Southwest could have a major impact on western lygus bug populations. The mul-
tivoltine egg parasite Anaphes iole is present in the Southeast (Scales, 1973); however, 
very little is known about its impact on tamished plant bug populations in this area. 

Augmentation - The development of an artificial diet for western lygus bugs 
(Debolt, 1982) has made production of large numbers of nymphs and eggs possible. 
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This greatly increases possibilities for biological control of western lygus bugs since 
large numbers of nymphal or egg parasites also might be reared in the laboratory for 
release in the field. The potential for using inundative releases of parasites to control 
Lygus is discussed in Debolt (1987) and holds promise for Lygus control in the future. 

Too little is known about the biology and behavior of Lygus predators and parasites 
to estimate their effects on Lygus populations. More information is needed on the con-
trol they exert on Lygus on wild or alternate hosts as well as on cotton. In many areas 
where cotton is grown, the parasites present have not been determined. The presence 
of Lygus on wild or alternate host plants throughout the year presents good opportuni-
ties to control this pest prior to its movement into cotton by reducing the size of the 
overwintering generation or reducing the size of the first and/or second generation pro-
duced in the sp1ing. This could be done by a variety of methods. Some methods, such 
as the use of insecticides or herbicides, could also harm parasite and predator popula-
tions. Better information on the value of Lygus parasites and predators is needed in 
order to make the proper control decisions, and make better use of the amount of con-
trol provided by these beneficial arthropods. ' 

.!BIOLOGICAL CONTROL WITH MICRORIALS 

The use of insect pathogens for biological control of insect pests is generally 
accepted as a safe and efficacious method. Except in some recent cases where geneti-
cally altered microorganisms have been opposed (Ferguson, 1988), insect pathogens 
have not provoked the adverse reactions from the general public as have chemical 
insecticides. The microbials that are under serious study for use in insect pest man-
agement systems are usually lmown to be environmentally safe and to have almost no 
adverse effect on the crop or on non-target species. Except for the genetically altered 
microorganisms, insect pathogens are naturally occUlTing in the insect populations. In 
that sense, they may already exist and interact in the crop ecosystems as limiting fac-
tors of some populations. When pathogens are applied as a management component, 
the attempt is to exploit the specific disease processes of the individual pathogens in 
order to maximize their effectiveness in the biological control of insect pests. The fol-
lowing discussion smmnarizes: (a) the microbial agents available either for research or 
for on-farm use; (b) reports of efficacy of microbials in the management or control of 
cotton insect pests; and (c) some various tactics being studied to increase their effec-
tiveness. A more in-depth review of the pathogens found in cotton insects and mites 
and their effects on populations, regardless of their commercial amenability, is pre-
sented by Harper and Carner (see Chapter 5, this book). 

The insect pathogens studied for possible use in the management of cotton pests 
include representatives of the viruses, bacteria, fungi, protozoa and nematodes. The 
ecology of the pest species and the traits of the pathogen often indicate innate factors 
that determine which pathogen has the best chance of success in individual manage-
ment systems. One important consideration is usually the feeding habit of the target 
pest. Although some pathogens may be transmitted in or on the egg (Hamm and 
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Young, 1974), most viruses, bacte1ia and protozoa are transmitted by the insect ingest-
ing the pathogen along with its food. Therefore an insect larva such as the cabbage 
looper feeding on leaves, is more likely to consume and thus become infected by those 
pathogens than a pink bollworm larvae, feeding inside the squares or bolls. Since the 
immature stages of the boll weevil develop entirely within the cotton fruit, it is even 
more protected from pathogens which must be consumed. An analogy may be drawn 
comparing the bactetia, viruses and protozoa to the stomach poison-type chemical 
insecticides and the fungi and nematodes to contact-type insecticides. The ento-
mopathogenic fungi and insect nematodes, which may invade the host without being 
ingested, often have other traits which make them less attractive as microbial agents 
for use in exposed m·eas such as on cotton foliage because they are often very sensi-
tive to variation in microhabitat. Even after the target insect population is infected with 
the pathogen, crop protection still depends upon the disease processes of the particu-
lar microbial organisms. 

Of the microbials, the viruses and bacteria cunently m·e considered to have the 
greatest potential for commercial development and use as biological control agents. 
More than 1000 virus-host relationships in over 700 species of insects and mites (about 
370 baculoviruses) have been reported (David, 197 5; Mm·tignoni and I wai, 1981) and 
this is considered by some to be just a small fraction of the actual numbers present 
(Kurstak and Tijssen, 1982). Although many of the reported vir1.1ses have been found 
to affect pests of agricultural importance, few have offered control potential to date. Of 
those vir1.1ses, the baculoviruses (nuclear polyhedrosis viruses and granulosis viru ses) 
have the most desirable properties . These properties include their safety, relative sta-
bility and virulence. They are considered among the safer pathogens for study since 
they are uniquely associated with invertebrates, and usually have a limited host range. 
They also have a potential infectivity such that the LD"' may be as low as a single poly-
hedron per bollworm/tobacco budworm larva (Burges, 1981). The negative aspects of 
their· use as biological control agents in cotton include their relatively long incubation 
period, problems related to the target insect ingesting the virus, and deactivation of the 
vir1.1s by environmental factors (Bullock, 1967; Ignoffo et al., 1972; Yem·ian and 
Young, 1974; Young and Yearian, 1974; Jacques, 1977; Bell, 1983). Since vir1.1ses must 
be produced in live tissue, industry generally views their· production as somewhat dif-
ficult, however several efficacious production procedures are known (Ignoffo, 1966; 
Shapiro, 1982; Sheih and Bohmfalk, 1980). Research has shown that many of these 
problems can be overcome. Ingestion of the virus by the tm·get insect may be increased 
by improved application and formulation techniques that place more of the pathogen 
in the target area (Smith et al. , 1977, 1978; Smith and Bouse, 1981), or by the use of 
formulations containing feeding stimulants that increase feeding on the pathogen (Bell 
and Kanavel, 1975, 1977, 1978; Luttrell et al., 1982, 1983). Problems with environ-
mental deactivation of the virus may be overcome by the use of protectants which 
increase field persistence of the virus (Bull, 1978; Ignoffo and Batzer, 1971 ; Smith and 
Hostetter, 1982). Despite their· good traits, only the baculovir·us from the bollworm is 
registered for use on cotton ir1 the United States, and none m·e in present commercial 
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production. Sandoz, Inc. mass produced the bollworm/tobacco budwmm virus from 
1976 until about 1982 under the trade name Elcar®. Bohmfalk (1982) discussed some 
possible explanations for its lack of acceptance. Primarily, application of the virus did 
not result in a rapid kill desired by the growers. The problems associated with the rel-
atively long period between ingestion of the vilus and the expression of the disease 
symptoms (incubation pe1iod) have yet to be overcome and are due to the pathologi-
cal characteristics innate to the disease. Basically, the vilus may appear within the 
nuclei of certain tissues of the insect host within 24 hours after ingestion, but external 
appearance and behavior may not be noticeably changed during the il1cubation period. 
After the symptoms are noticed, the larvae usually die within about three days. 

Of the bacterial candidates for biological control of cotton insects, by far the most 
promising are strains of Bacillus thuringiensis Berliner (B.t.). Research uses and com-
mercial sales of B.t.-based products have been steadily expanding. This bacterium per-
sists worldwide and natural variation is widely observed. Many varieties, or serovars, 
have been recognized in the hundreds of isol""tes (Martin and Dean, 1981; Luthy et al., 
1982; DeLucca et al., 1981), and their pathogenicity to various insects differs widely 
from very active to none (Dulmage, 1981). As a biological control agent in cotton, B.t., 
unlilce the baculovirus, can be used to rapidly affect caterpillar pest populations and 
reduce crop injury. Again, this is due to the specific pathological characteristics of the 
microbial. When B.t. and its associated toxins are ingested, the gut cells of larvae of 
susceptible species are affected in such a way as to immediately inhibit feeding (Faust 
and Bulla, 1982). The bactetia themselves, unlike the viruses, may be inefficient as 
infective agents, but produce effective toxins that serve as narrow-spectlum toxins of 
many crop insect pests (Kurstak and Tijssen, 1982). These include a thermolabile 
(changes with heat) toxin ( d-endotoxin) contained within a ctystal produced within the 
cell, and a thermostable toxin (a -exotoxin). Strains producing the exotoxin are not 
presently registered for use ill the United States. As with the viruses, the effectiveness 
of this microbial depends largely on feeding activity of the target pest which results in 
ingestion of the microbial. Also, the activity of the B.t. is adversely affected by the 
envil"onment and repeated applications at two- to three-day intervals may be necessary 
for control (Beegle eta f., 1981 ). Probably one of the main advantages of bacteria in 
comparison to the viruses as control agents is that they may be mass produced by fer-
mentation procedures. Consequently, they are easier to produce and less expensive. 

Several cotton insect pest species are killed by fungi, either individually or in epi-
zootics (outbreaks involving several species). The reason cited for the lack of wide-
spread use of fungal agents is that there are too many variable conditions which make 
their application unreliable and which would require the proper conditions for every 
combination of fungus and pest insect (Weiser, 1982). Of the fungi tested as biologi-
cal control agents, only deuteromycete fungi have been produced in somewhat large 
scale (e.g. , species of Beauveria, Metarrhizium, Nomuraea, Verticiffium, Hirsutelfa). 
Some of these have been field tested against cotton pests (Fen·on, 1978, 1981; Ignoffo, 
1981). Although several of these fungi have potential as biological agents of cotton 
pests, especially in the areas of cotton with normally high humidity, only two fungi are 
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being seriously researched as possible control measures for the sweetpotato whitefly 
in cotton. 

There are numerous reports of nematode parasitism in insect populations, but most 
are from observations made in host plants other than cotton. Members of the 
Steinernematidae and Heterorhabditidae families have a mutualistic association with 
specific bacteria that can rapidly kill insect hosts, thus there has been much interest in 
their use as biological control agents (Wood!ing and Kaya, 1988). 

Many species of insects, including several cotton pests, are known to be hosts of 
protozoans. However, few protozoan pathogens of insects have been field tested as 
biological control agents, perhaps because the incubation pe1iod is so long that crop 
damage usually is not controlled. They tend to cause slow, debilitative symptoms that 
do not lead to the rapid mortality needed in most crop protection systems, including 
cotton. Since the protozoans usually produce chronic rather than acute diseases, they 
are considered as being more useful as long-term control agents for the suppression of 
insect populations. 

TOBACCO BUDWORM AND COTTON BOLLWORM 
There are presently two registered pathogens for use in the management of tobacco 

budworms and bollworms, the bollworm nuclear polyhedrosis virus and the d-endo-
toxin of Bacillus thuringiensis (B.t.). Of these, only B.t. is in commercial production 
at present. The last commercial production of bollworm nuclear polyhedrosis virus 
was registered and sold as Elcar® for use against bollwormftobacco budworm in cot-
ton by Sandoz, Inc. Sandoz ceased production by 1982, due primarily to competition 
from the new pyrethroid insecticides. Although B.t. is registered for use against boll-
wormftobacco bud worm in cotton, relatively little is used for control of population out-
breaks. 

Field studies have shown that applications of B.t. at dosages of 3.6-7.3 X 109 
International Units (IU) of potency per 0.16 acre will suppress a bollwonn/tobacco bud-
worm larval population and result in increased cotton yield over an untreated check 
(Bell and Romine, 1980; Pnimmer et al., 1971; Pfrimmer, 1979). However, the degree 
of control generally was less than that obtained using effective chemical insecticides. 
The control obtained with B.t. has been more consistent than that with the 
bollworm/tobacco bud worm nuclear polyhedrosis virus, primarily due to the respective 
characteristics of the pathogens after ingestion by the larval host as previously 
described. Whereas the virus is slow acting and the larva continues to feed, the inges-
tion of B.t. acts to immediately reduce feeding. Larvae are known to grow at a slower 
rate after feeding on B.t., but they tend to recover, continue their feeding and emerge as 
adults after a period of time (Dulmage et at. , 1978; Bell and Romine, 1986). Although 
control comparable to that obtained with chemical insecticides was reported using B.t., 
the quantity of formulation necessary was too great for such applications to be eco-
nomically feasible (McGarr et al., 1970). The level of control of bollworm/tobacco bud-
worm on cotton produced by multiple applications of the bollworm/tobacco budworm 
nuclear polyhedrosis virus has been erratic. In some tests, the control was shown com-
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parable to that obtained with chemica[ insecticides (Ignoffo eta!., 1965; Allen et al., 
1967a, 1967b; Andrews et al., 1975), whereas others showed a 10 to 40 percent yield 
increase compared to check plots (Shieh and Bohmfallc, 1980), or marginal to no con-
trol when used alone in field tests (McGarr, 1968; Pfrimrner, 1979). Burges (1981) dis-
cussed the use of the nuclear polyhedrosis virus in 150 to 200 field ttials for control of 
bollworm/tobacco budwmm in cotton as well as other field crops. Control of "light" to 
"moderate" infestations with the virus was reported as comparable to a chemical stan-
dard, but at higher infestations, control by the virus was inferior. 

Other nuclear polyhedrosis vimses isolated from bollworm/tobacco budworm and 
other species have been reported to be efficacious for control of bollwmm/tobacco 
budworm on cotton. Although it has a very diminished effect on bollworms, the 
nuclear polyhedrosis virus from the alfalfa looper, Autogmplw califomica (Speyer), 
was shown to be very virulent against the tobacco budworm and other cotton pests 
(Vail and Jay, 1973; Vail et al., 1970). The nuclear polyhedrosis virus isolated from 
Helicove1pa cmnigera was field tested and demonstrated control in one of two years 
tested (Roome, 1975). Several of these nuclear polyhedrosis viruses are also known to 
exhibit broader host ranges than the isolate registered for use. 

Several attempts have been made to increase the effectiveness of the nuclear poly-
hedrosis virus and B.t. against bollworm/tobacco budwonn in cotton. These include 
the development of formulations to protect the microbial from deactivation by SLlll-

light and to increase ingestion through feeding stimulants (Bull et a!., 1976; Ignoffo 
et al. , 1976; Patti and Carner, 1974; Bell and Kanavel, 1978). In most instances, the 
addition of these materials to nuclear polyhedrosis virus or B.t. sprays increased the 
effectiveness of the microbial. Two feeding-type spray adjuvants were marketed for 
commercial use with nuclear polyhedrosis viruses and B.t.; Gusto!® was developed 
and manufactured by Sandoz, Inc. and COAX®, manufactured by Traders Oil Mill 
Co. Both were shown to increase feeding by bollworm/tobacco budwonn larvae and 
to increase the persistence of nuclear polyhedrosis virus on cotton (Bell and 
Kanavel, 1978; Smith and Hostetter, 1982). In most reported studies, the addition of 
these adjuvants generally increased the effectiveness of the microbials (Bell, 1983). 
In one field test, treatment with a mixture ofB.t. with the nuclear polyhedrosis virus 
from the alfalfa looper and COAX® resulted in less than 10 percent square damage 
compared to up to 60 percent damage in untreated cotton and an increase in yield 
from 292 pounds per acre seed cotton to 1,270 pounds per acre (Bell and Romine, 
1980). 

Another area of research to increase efficacy has been in the study of application 
methods. Yearian and Young (1982) reviewed some of the aspects associated with the 
formulation and application methodology as it applied to efficacy of nuclear polyhe-
drosis virus. In general, although the viruses and bacteria may be applied utilizing 
equipment designed for chemical insecticides, it was shown that some droplet sizes 
and density were more desirable than others (Smith eta!., 1977). Since the activity of 
these pathogens depends upon ingestion, methods of application that result in more 
thorough coverage may increase effectiveness (Falcon, 1978). 
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Finally, one of the more promising new technologies with exciting possibilities for 
use in microbial control, including cotton insect pests, is through genetic manipulation 
(or genetic engineering) of !mown pathogens. The aspect of these altered microbials 
led to the beginning of several companies based on the ideas that these new pathogens 
can compete with chemical insecticides. Research to date by these companies has been 
focused mostly on the development of new products based on B.t. As more informa-
tion is developed, these studies might lead to vmieties of increased stability, host range 
and potency, and thus to increased effectiveness of microbials (Mmtin and Dean, 1981 ; 
Geiser, 1986). Several constructs ofthe B.t. gene have been inserted into advanced cot-
ton strains and commercial vm·ieties m·e now available (see Chapter 17) .. 

BOLL WEEVIL 
Pathogens infecting boll weevils include: the sporozoans Mattesia grandis 

McLaughlin and Glugea gasti McLaughlin ; the bacterium Serratia marcescens Bizio; 
the fungi Mettarrh iziwn anisopliae (Metschnikoff) Sorokin, Nomumea rileyi (Fm·Jow) 
Sampson and Beauveria bassiana (Balsamo); and, the nonoccluded Chilo iridescent 
virus (McLaughlin, 1965, 1969; McLaughlin et a/., 1972; Bell, 1983; Wright and 
Chandler, 1991). None m·e registered for use at this time. Although several ento-
mopathogenic fungi are known, and field testing was conducted with protozoan 
pathogens, none resulted in levels of economic control that encouraged commercial 
possibilities (McLaughlin, 1962; McLaughlin et a!., 1969). While boll weevils were 
shown to be susceptible to a nonoccluded (not enclosed) Chilo iridescent virus 
(McLaughlin eta /. , 1972), none of the viruses isolated to date have shown promise for 
use as field control agents of that pest. There is hope for future microbial insecticides 
of the boll weevil through the ever-increasing vm·ieties of Bacillus thuringiensis. A 
variety (MYX 1806) is presently being produced by Mycogen Corporation, under an 
Emergency Use Permit. It has activity against another coleopterans (beetles) . A vm·i-
ety having activity against adult weevils would be needed to be useful as a control 
agent due to their feeding habits. 

PINK BOLLWORM 
Although pink bollworms are susceptible to Bacillus thuringiensis and some mea-

sure of control has been shown (Bullock and Dulmage, 1969), the level of control has 
not been reproducible and no microbials are recommended for control of pink boll-
worm. The nuclear polyhedrosis virus isolated from the alfalfa looper infects pink 
bollworms as well as several other lepidopteran pests of cotton (Vail et al ., 1972) and 
was field tested for possible control applications. In field tests, only about one percent 
of the lmval population was infected, presumably because the larvae did not ingest the 
virus. Although the use of a feeding stimulant form ulation significantly increased the 
incidence of infection (Bell and Kanavel, 1975, 1977), the degree of control was not 
deemed practical because of the quantity and cost of materials. The results did, how-
ever, indicate that an em·Jy-season application of the formulation might be useful as a 
population suppression method. 
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The entomopathogenic nematode, Steinemema riobmvis Poinar, Cabanillas, and 
Raulston, is a highly virulent and heat tolerant species that was discovered attacking 
bollworm pre-pupae and pupae in corn fields in the Lower Rio Grande Valley of Texas 
(Cabanillas et al., 1994). Methods have been developed for small scale field testing 
and efficacy monitoring (Linclegren et al. , 1994). They showed that when applied as a 
water suspension to soil in cotton fields, nematode rates as low as 10 infective juve-
niles per cm2 resulted in greater than 90 percent parasitism of pink bollworm larvae. 
Steinemema riobravis may have a potential role for managing cotton insect pests 
(bollworm/tobacco budworm, pink bollworm, boll weevil and others) that spend a por-
tion of their life cycle in or at the soil smface. This species and others are commer-
cially available, EPA exempt, and can be delivered with conventional ground, air, or 
irrigation systems. 

Other pathogens infect the pink bollworm and can be considered potential control 
agents. For example, a cytoplasmic polyhedrosis virus found in a laboratmy culture 
(Ignoffo and Adams, 1966) produces chronic and debilitative effects on the insect. At 
present, the pathogen is not considered a promising candidate due to the quantity of 
virus required and problems associated with production (Bell and Henneberry, 1980). 

OTHER COTTON INSECTS 
The nuclear polyhedrosis viruses of the cabbage looper and the beet armyworm 

occur naturally in larval populations and are important in the regulation of their respec-
tive hosts. Further, varieties of B.t. are commercially available for their control when 
needed. Since the feeding behavior of these two species favors ingestion of the applied 
microb.ials, they are more easily controlled by the virus and bacterial pathogens com-
pared to the more specific feeders. Both species are also susceptible to a broad range 
of known pathogens including the nuclear polyhedrosis virus from the alfalfa looper 
(Vail and Jay, 1973). 

The cotton leafperforator, Buccalatrix thurberieffa Busck, is considered a sporadic 
pest of cotton in the western United States. Vail eta/. (1977) obtained partial control 
with multiple applications of the alfalfa looper nuclear polyhedrosis virus, and multi-
ple applications of the HD-1 variant of B.t. at normal recommended rates resulted in 
an acceptable level of control (Bell and Romine, 1982). Although such microbial con-
trol methods probably would not be used against this pest, treatments directed against 
other pest insects could reduce the populations of this pest as well. 

Many efforts are being made to increase the effectiveness and the uses of microbia Is 
in cotton insect control and management programs. The use of microbials remains 
very appealing from an environmental safety standpoint. However, either for opera-
tional or economic reasons, their use at present and in the near future appears limited. 
The development of more virulent strains of B.t. over a broad host range of pest 
species should aiel in increased utilization of products based on that bacterium. The 
development of other pathogens as commercial products for cotton insect control may 
depend upon identifying specific areas for their use, or increased public involvement 
in environmental concerns. 
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SUMIVIARY 

In 1994, administrators of the United States ' Environmental Protection Agency, 
Food and Drug Administration, and the Department of Agriculture presented joint tes-
timony stating their intent to focus efforts on " ... reducing overalltisks from the use of 
pesticides through integrated pest management programs (IPM) which lead to more 
sustainable agricultw·al production strategies and reductions in the use of pesticides." 
Reducing "pesticide 1isks" can be most expeditiously achieved by changing from 
chemically-intensive pest management to systems emphasizing biologically-based or 
other nonchernical-control strategies. 

Over the last three to four decades cotton insect and mite pest management has 
evolved from the use of long-residual, broad-spectrum organochlorine insecticides and 
rniticides, applied at predetermined intervals based on a pre-specified time interval, 
calendar date, or plant growth stage, to IPM systems that prescribe chemical treat-
ments when damaging populations of the insects and mites are present-based on 
scouting. Importantly, the use of pest presence or damage thresholds as criteria for 
chemical treatment in lieu of other pre-determined criteria often spares predators and 
parasites and reduces the overall amount of chemical insecticides and miticides used. 
The development and use of computer-based decision-making technology that makes 
explicit (qualitatively and quantitatively) use of natural enemy populations is growing, 
and promises to further reduce "pesticide risks." 

On the other hand, the United States' most intractable cotton insect pests are lack-
ing in effective natural enemies; two of these pests are exotic, viz., the boll weevil and 
pink bollworm. And, attempts to introduce natural enemies that co-evolved with them 
in their site of origin have been unsuccessful- leading to the prevalent belief that these 
pests cannot be biologically controlled. Also, plant bugs often function as key pests by 
causing early-season insecticide treatments for their control. Plant bugs are effectively 
attacked by numerous predators and parasites in wild host habitats but not in cotton 
fields. Chemical treatments for these key pests often induces the occurrence of other 
pests, such as whiteflies, aphids, bollworms, tobacco budwonns, loopers, and army-
worms, by killing their natural enemies. 

The technical feasibility of augmenting natural enemies through mass propagation 
and strategically timed releases or applications is being practiced on a limited com-
mercial basis in the United States. Pathogens, particularly a nuclear polyhedrosis virus 
for control of bollworms and tobacco budworms, and the delta-endotoxin from the 
bacterium, Bacillus thuringiensis, have been marketed in the United States on a lim-
ited basis. The egg parasite, Trichogmmma spp., and lacewings, Clnysoperla spp., are 
also occasionally sold to cotton producers, but the high cost for producing and releas-
ing them in numbers and times required to be effective, is prohibitive. 

The ectoparasite, Catolaccus grandis, effectively suppressed boll weevil popula-
tions in cotton fields. The parasite is easily reared on artificial diet-reared boll weevil 
third instars, but this approach probably is not economically feasible except in exten-
uating circumstances, e.g., elimination of the boll weevil from environmentally-sensi-
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tive areas as part of the boll weevil eradication programs. However, preliminary results 
indicate that the parasite can be reared on artificial diet and pelform in the field as well 
as weevil-reared parasites. Development of this mass propagation technology has 
potential for opening the path toward operational and economic feasibility of the aug-
mentation approach for areawide suppression of the boll weevil. Release of the para-
site during early season in previously eradicated areas that have been reinvaded by boll 
weevils may be a cost-effective and environmentally-rational approach for eliminating 
rare individuals while they are still in the immature stage. 

Development of biologically-based IPM systems in cotton maximizes the value of 
predators and parasites. Often, these natural enemies maintain pest populations at 
subeconomically important levels. Management guidelines should make explicit use 
of natural enemy populations in mal(ing control decisions. Regardless, seasonally-dis-
rupted system such as cotton production can be expected to intrinsically limit natural 
enemy numbers, diversity, and effectiveness. Consequently, natural enemies often 
appear too few and too late. Moreover, exotjc pests such as the pink bollworm, the boll 
weevil, and sweetpotato whitefly often are lacking in co-evolved, selective natural 
enemies. Failure to establish co-evolved natural enemies from the pest site of origin 
does not preclude the mass propagation and seasonal introduction and augmentation 
of these natural enemies. Biological control of early-season pests and the avoidance of 
chemical insecticides and miticides spares naturally occmTing and augmented benefi-
cial organisms thereby opening the path to reducing "pesticide risks" , increasing pro-
duction profitability and achieving sustainability. 
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INTRODUCTION 

The control of insects which annoy man or attack his food and fiber crops largely 
had been the exclusive domain of entomologists (and perhaps toxicologists) up to the 
early 1960s when geneticists became involved in certain new techniques called 
"genetic" or "autocidal" control procedures. A Russian geneticist suggested the use of 
clu·omosomal translocations to influence the reproduction of harmful species 
(Serebrovsky, 1940). However, this suggestion effectively was lost to entomological 
research until resurrected by Curtis (1968) [for a complete discussion of the history of 
genetic thought in insect control procedures see Whitten (1985)]. 

All methods of genetic control require the introduction of detrimental traits into the 
target population by the release of suitable carrier insects. Released insects are usually 
reared under laboratory conditions that emphasize mass-production. The quality of a 
released insect is a poorly understood concept that usually is secondary to production 
of high numbers. By its very nature, laboratory rearing often produces insects that are 
less fit than the native insects for life outside the laboratmy. However, as LaChance 
(1979) indicated, the components of fi tness for the released and native insects are not 
necessarily the same. Released insects need not be identical to natives to be effective. 
The released insects must mate with enough members of the target population to intro-
duce their genes into that population, or, in the case of sterile insects, reduce egg hatch 
sufficiently to effect a negative rate of reproduction. 

The most widely publicized and successful proposal for the use of genetic tech-
niques in insect control is the Sterile Insect Release Method (SIRM) or Sterile Insect 
Technique (SIT) first conceived by E. F. Knipling in 1938 (Lindquist, 1955). Other 
well known genetic techniques are inherited sterility and backcross sterility. These 
tlu·ee methods have been evaluated on cotton insects, particularly the boll weevil, 
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Anthonomus grandis gnu1dis Boheman, the tobacco budwmm, Heliothis virescens 
(F.), the bollworm, Helicove1pa zea (Boddie), and the pink bollworm, Pectinophora 
gossypiella (Saunders). With the exception of the pink bollworm, no method of genetic 
control has progressed much beyond the pilot test stage for any cotton insect. A USDA, 
APHIS directed program using sterile pink bollworms in California's San Joaquin 
Valley has been underway since 1969. It is funded primarily by cotton growers in 
California with some federal and state help. 

At a Helicove1pa/Heliothis workshop, Stoneville, Mississippi, June 12-14, 1984, 
LaChance (unpublished) proposed adoption of the following terminology to avoid 
semantic difficulty in describing mechanisms for genetic control of species in these 
genera: 

STERILE INSECT RELEASE METHOD 
The Sterile Insect Release Method (SIRM) or Sterile Insect Technique (SIT) is a 

procedure wherein a fully sterilizing dose of radiation is administered to both males 
and females. Under these conditions the males are at least 99 percent sterile when out-
crossed to normal females; the same is true when irradiated females are outcrossed to 
untreated males. Dominant lethal mutations induced in both the sperm and the ova 
(egg cells) of the treated species form the basis of the sterile insect release method. 

Studies of insect reproduction have demonstrated that when insects are treated with 
X-ray, gamma radiation or certain mutagenic chemicals the treated insects become 
unable to produce the normal number of live progeny (Knipling, 1979). Treated males 
are usually at least 99 percent sterile when outcrossed to normal females, and the same 
is true when treated females are outcrossed to normal males. Treated insects are 
released in large numbers into a field environment and are expected to mate with the 
feral (wild, native) insects, thus interfering with reproduction. The number of insects 
released must be of such a magnitude that the proportion of normal X nonnal matings 
is essentially zero. If matings between treated insects and normal insects are success-
ful, then reproduc tion of the field population will be disrupted, and the population will 
decline. The success of Sterile Insect Release Method depends on several factors : 

1. Techniques for producing large numbers of the target insect; 
2. Techniques for sterilizing large numbers of the target insect; 
3. Reasonably competitive insects that can be released after treatment; 
4. Tools that will assess field populations accurately before and after the release of 

the treated insects; and, 
5. A treatment area large enough (or adequately isolated) to exclude the possibility 

of immigration of fertile females into the release area. 

With the exception of item 2, these criteria also apply to other autocidal techniques. 
Except for research or demonstration purposes, use of genetic methods for population 

suppression or eradication has been ve1y limited. Eradication of the screwworm, 
Cochlio111yio hominivorax (Coguerel), from the United States, conceived by E. F. 
Knipling (Lindquist, 1955) and completed in 1966 (Bushland, 1975), remains the clas-
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sic example of insect control by Stelile Insect Release Method. Following the success of 
this program, this method was attempted on many other insect pests. The protection of 
Califomia's fruit industry by the release of sterile Mexican fmit flies, Anastrepha ludens 
(Loew), and the short-tem1 eradication of MeditetTanean fruit fly, Ceratitis capitata 
(Wiedemann), populations from Los Angeles County, Califomia (LaChance, 1979) are 
other examples of successful implementation of the Stetile Insect Release Method. 
However, problems with reintroduction and possible establishment of these pests occur. 

INHERITED STERILITY 
Inherited stelility is the use of substerilizing doses of radiation administered to 

males and females. Depending on the dose given, the males and females can be par-
tially fertile when outcrossed to untreated insects, or the males can be partially fertile 
and the females completely sterile. The dose can be adjusted so that the released males 
and females are completely sterile when they intermate. The F1 progeny of these males 
and females can be completely to pmtially sterile, depending on the dose administered 
to the pm·ents. Insects exposed to doses of radiation which do not produce full sterility 
produce F, progeny that can exhibit levels of sterility equal to or higher than those of 
their treated parents (North, 1975). This F, (or delayed) sterility has been suggested to 
be of use in control programs. 

BACKCROSS STERILITY 
Backcross sterility describes the release of stetile hybrid insects propagated by the 

use of backcross techniques. These insects have been derived from an original cross 
involving tobacco budworm, Heliothis virescens (Fabricius), males and Heliothis sub
.flexa (Guenee) females (Laster, 1972). The fertile female progeny are backcrossed to 
tobacco budworm males each generation and continue to produce fertile females and 
sterile males. The backcross is a way to maintain the strain so that hybrid sterility can 
be expressed. Both the terms backcross and hybrid sterility are acceptable, but, 
because F, hybrid insects are not released and backcross insects are, backcross steril-
ity has become the more used term. 

OTHER GENETIC CONTROL CONCEPTS 
Other genetic control concepts involve: (a) the release of insects homozygous for 

induced or natural chromosomal translocations; (b) selection and release of strains 
of insects bearing conditional lethal traits or recessive lethal genes; (c) releasing 
insects bearing compound chromosomes; (d) the overflooding of wild populations 
with cytoplasmically incompatible insects; (e) isolation and release of strains with 
distorted sex ratios; (f) forcing of deleterious genes through a population with seg-
regation-distorting chromosomes (meiotic drive) ; or (g) release of sterile hybrids 
(progeny of crosses between closely related species) . Each of these genetic tech-
niques has a common requirement, the mating of a laboratory-reared insect with one 
from the field population. The Sterile Insect Release Method differs from other 
genetic approaches because all insects released are sterile. All of the other genetic 
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control techniques listed above require the release of at least one fertile sex so that 
the character can be transmitted to the field population. As will be discussed later in 
this chapter, this factor has been a stumbling block in the use of some of the more 
sophisticated autocidal control techniques. 

The relative efficiency of various genetic methods for population suppression and a 
list of pertinent references has been compiled by Kn.ipling and Klassen (1976). 
Additional information can be found in Hoy and McKelvey ( 1979) and Kn.ipling (1979). 

COTTON INSECTS 

The subfamily Heliothinae of the family Noctuidae contains some of the most eco-
nomically important insect pests of aglicult:ural crops worldwide. Species of the corn 
ear-worm complex and the tobacco budworm complex ar·e members of th.is subfamily. 
Traditionally, the bollworm or corn earworm and the tobacco budworm have been 
grouped together and referred to as the Helipthis complex. However, Hardwick (1965) 
revised the bollworm-com earwmm species. He divided them into seventeen species 
in five species groups and separ·ated them from the genus Heliothis. He proposed the 
genus name Helicove1pa for this group. Acceptance of th.is genus name change has 
been met with mixed responses from entomologists. Poole (1989a,b) accepted the pro-
posed revision by Hardwick (1965) as scientifically conect because Helicoverpa is 
morphologically distinct and phylogenetically separate from all other genera in the 
sub-family Helioth.inae. Matthews (1987), in his classification of the Heliothinae, also 
agreed with Hardwick (1965). The corn ear·worm is identified as Helicoverpa zea 
(Boddie) in the Entomological Society of America (1989) list of approved common 
names. Because these changes have a sound scientific basis, it seems fitting that they 
should be adopted by the scientific community and used accordingly. The remainder 
of this discussion will follow the genus terminology of Hardwick (1 965), and the 
species groups for each complex me listed in Table 1. 

The bollworm and tobacco budwonn ar·e serious pests of a large number of agricul-
tural crops. The bollworm is the only North American species within the genus 
Helicove1pa. Twelve species of Heliothis occur in North America (only three species ar·e 
listed in Table 1), and the tobacco budworm, Heliothis virescens, is the primary pest in 
this genus. Heliothis subjlexa is lrnown to feed only on groundcherry, Physalis spp., and 
is not a pest in the Mid-South. It could be a serious pest of the husk tomato (tomatillo), 
Physalis ixoc((Jpa, in Mexico or other areas where it is grown commercially. Heliothis 
subflexa is most important for hybridization with tobacco budwonn, Heliothis virescens 
to produce genetic sterility. Heliothis phloxiphaga Grote and Robinson is not considered 
a pest, but it has been collected from safflower, Carthamus tinctorius. 

STERILE INSECT RELEASE METHOD 
Varying degrees of success have been demonstrated by this method, par·ticularly 

with lepidopterous pests such as the codling moth , Cmpocapsa pomone/la (L.) 
(Proverbs and Newton, 1962a,b; Proverbs et al. , 1969), the tobacco hornworm, 
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Table 1. Grouping of Helicove1pa and selected Heliothis species, their distribution and 
economic importance (Hardwick, 1965; Poole, 1989b). 

Species 

Helicove1pa 

The zea group 
zea Boddie 
confusa Hardwick 
minuta Hardwick 
pacifica Hardwick 
assulta Guenee 
toddi Hardwick 
.fletcheri Hardwick 
tibetensis Hardwick 

The punctigera group 
punctigera (Wallengren) 

The armigera group 
annigera (Hi.ibner) 
helenae Hardwick 

The gelotopoeon group 
gelotopoeon Dyar 
bracteae Hardwick 
riticacae Hardwick 
atacamae Hardwick 

The hawaiiensis group 
hawaiiensis (Quaintance 

and Brues) 
pal/ida Hardwick 

Unassigned group (Poole, 1989b) 
tertia Roepke 

Heliotllis 

virescens (Fabricius) 
subjlexa (Guenee) 
phloxiphaga Grote and Robinson 

Distribution 

New World 
Hawaii 
Hawaii 
Jarvis Island 
Old World 
Africa 
Africa 
Tibet 

Australia 

Old World 
St. Helena Island 

South Ame1ica 
South America 
South America 
South America 

Hawaii 
Hawaii 

Indonesia 

New World 
New World 
New World 

Economic 
importance' 

+++ 

++ 

++ 

+++ 

+ 

+++ 

'+++ = severe pest. ++ = moderate pest, + = occasional pest, - = not economically important or pest status 
unknown. 
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Manduca sexta (L.) (Cantelo et al., 1973) and the pink bollworm. Inadiated pink boll-
worm moths have been used in Stelile Insect Release Method programs since 1968 
(Miller et al. , 1984) to keep this species from becoming established in the San Joaquin 
Valley of California where approximately one million acres of cotton are grown. 

Bollworm-Eradication of the bollworm from St. Croix was attempted in 1968-69 
using irradiated insects (Snow eta/., 1971). This program was confronted with a num-
ber of complicating factors and was terminated without reaching its eradication goal 
(Snow et al., 1971). 

Tobacco Budworm-Following termination of the bollworm eradication program 
on St. Croix, a cooperative sterile insect release program for the tobacco bud worm was 
initiated in 1971 between USDA, ARS, Brownsville, Texas, and St. Croix. Pilot test 
funds were made available to support this effort in 1972 (unpublished report of the 
tobacco budworm study on St. Croix from September 1971 to October 1973). This 
program did not accomplish its suppression objectives due largely to the non-compet-
itive ability of the inadiated laboratory-reared insects that were released. 

North and Holt (1968) reported that lepidopterous insects are extremely resistant to 
inadiation treatment when the critetion is induced male stetility. For example, 5 krads 
are required to sterilize adult male screwworms (Bushland and Hopkins, 1951), 
whereas 35-45 krads are required to sterilize adult tobacco budworms (Flint and 
Kressin, 1968). These high doses of radiation result in deleterious effects on the com-
petitive ability of the treated insects. This lack of competitiveness can probably be 
attributed to radiation-induced somatic damage (North and Holt, 1968). Large amounts 
of radiation reduce the ability of the male to transfer sperm (Flint and Kressin, 1967, 
1968; North eta!. , 1975; Snow et al., 1972). The successful mating of a bollworm or 
tobacco budwonn is believed to require the incorporation of both eupyrene (normal 
sperm with nucleus) and apyrene (without nucleus) sperm in the spermatheca (sac con-
nected to the female organ that receives and retains the sperm). The large nucleated 
eupyrene sperm are capable of fertilization, but they do not become motile until they 
are transported to the spermatheca of the female. The anucleated apyrene sperm pos-
sess motility when they enter the seminal vesicles and are involved in the transport of 
eupyrene sperm to the spermatheca (North and Holt, 1971). Transfer of eupyrene 
sperm by lepidopteran males is important in changing the female postcopulatory 
behavior. Females that have mated and received no sperm or only apyrene sperm con-
tinue to "call" for mates, tend to remate, and generally refrain from ovipositing (lay-
ing eggs) until they receive eupyrene sperm. Large amounts of radiation often reduce 
the ability of the male to transfer sperm; the irradiated sperm does not survive as long 
within the female; and, male vigor and longevity can be drastically lowered 
(LaChance, 1979). This combination of factors results in insects that are not competi-
tive in Sterile Insect Release Method programs and dictates the need for ways to lower 
the doses of radiation for lepidopteran species. Consequently, inherited or partial steril-
ity offers the probability of much greater success than total steri lity for controlling the 
bollworm or tobacco budwonn in Sterile Insect Release Method programs. 
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Pink Bollworm-Experiments on the use of Sterile Insect Release Method for the 
pink bollworm started in the early 1960s at Brownsville, Texas. The first tests used 
cobalt-60 ganuna radiation on pupae (Ouye et al. , 1964) and the chemical sterilant, 
metepa, on adult males (Ouye et al. , 1965). By that time, Richmond and Ignoffo 
(1964) had adapted the individual rearing methods of Vanderzant and Reiser (1956) to 
the rearing of large numbers of pink bollworms. 

Releases of high ratios (50 sterile: 1 native) of irradiated or chemically stetilized 
pink bollworm males into field cages containing native populations were very suc-
cessful in controlling the increase in the population over the growing season (see 
Henneberry (1980) for a review of six field cage release experiments). However, until 
1987, except for the Sterile Insect Release Method project in the San Joaquin Valley 
of California (Stewart, 1984), where numbers of native moths are very low, no large 
scale release programs had been able to duplicate the cage results. In most pink boll-
worm infested areas, the large numbers of moths present in the field population and/or 
the immigration of fe1iile females from untreated areas masked the effect of the 
released moths on population numbers. 

In 1987, a pink bollworm management trial using a combination of Sterile Insect 
Release Method and pheromone disruption was conducted on 1000 acres of cotton 
planted in the Coachella Valley, California (Staten, 1987; Staten eta!., 1988). In this 
trial, sterile insects were released over all cotton growing areas in the Valley through-
out the growing season. High-rate pheromone ropes were used only in fields which 
were not maintaining a 60 sterile : 1 native ratio at pinhead square stage (Staten eta!. , 
1987). Conventional insecticides were applied based on the recommendations of the 
growers' pest control advisors. 

In this management trial, the criterion for success was a reduction in the number of 
insecticide treatments that these fields had expelienced in past growing seasons. In 
1985, before any management trials, insecticides were first employed on June 1 and 
7.2 treatments per field were applied valleywide. Fifty-six of 57 fields were treated. In 
1986, high pheromone rope treatments were used valleywide without sterile insect 
releases and only 1.8 treatments were made per field with 17 of 31 fields receiving 
treatment. During the 1987 Sterile Insect Release Method trial no insecticides were 
applied in June or July; only six of 27 fields were treated with insecticides through 
August; and only 7 of 27 fields were treated through September. An average of 1.03 
applications of insecticide per field were applied valleywide. The trial in 1988 was 
even more encouraging, since no conventional insecticide applications occurred in the 
management area of Coachella Valley (R. T. Staten, personal communication). 
Secondary pest populations (such as whitefly) were also observed to be lower. 

Thus, it appears that the integration of Sterile Insect Release Method and 
pheromone disruption as control procedures, along with careful monitoring of insect 
populations, reduced the number of conventional insecticide treatments required in the 
Coachella Valley of California. Further integration of other management practices-
such as pest-resistant (nectariless, okra leaf) and short-season cotton varieties, crop ter-
mination with a plant growth regulator, early plowdown, and use of non-chernical 
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sprays (such as Bacillus thuringiensis)-for control of leaf-eating insects, such as the 
bollworm or saltmarsh caterpillar, should lead to further reductions in pest populations. 

Boll Weevil- A review of the status of boll weevil sterility and the technology 
available for eradicating the boll weevil was presented in 1983 (Wright and Villavaso, 
1983; Knipling, 1983). A brief history of boll weevil sterility, the effectiveness of ster-
ile weevils in the field, and the potential use of sterile weevils as a genetic means of 
population suppression will be presented here. 

In the case of the boll weevil, the sterile male technique has been the only method 
of genetic control attempted. A paper on the theoretical release of boll weevils carry-
ing recessive lethal mutations is available (LaChance and Knipling, 1962), but as of 
yet, no colonies of boll weevils with recessive lethals are in existence. 

Irradiation was the first method used to stetilize the boll weevil. Dosages of irradi-
ation large enough to produce stetility also caused what was then considered to be 
unacceptably high mortality (Davich and Lindquist, 1962). Longevity in both the field 
and laboratory also was significantly reduced, and levels of sterility were not consis-
tent. From results of a field cage test, Davich et al. (1965) estimated the mating com-
petitiveness of irradiated males to be roughly 20 percent that of nmmal males. 

Chemosterilization was tried as an alternative method to sterilize the weevil, but it 
also reduced vigor and steti lity was not permanent (Borkovec et al., 1978; Earle and 
Leopold, 1975; Gassner et al. , 1974; Haynes, 1963; Haynes et al. , 1975; Lindquist et 
al. , 1964; MeHaffey and Borkovec, 1976). However, chemosterilization with busulfan 
and hempa appeared to be the best sterilizing treatment available in the early 1970s, 
and it was chosen as the method for sterilizing the weevils released in the Pilot Boll 
Weevil Eradication Experiment [PBWEE] conducted in South Mississippi, Louisiana, 
and Alabama from 1971-1973. Males released in the experiment were both mass-
reared and mass-sterilized. Tests of the competitiveness of weevils treated by the 
chemosterilization technique were conducted on weevils reared and sterilized on a 
small scale (less than 1000 or so insects) and then released into 1116 acre screened cot-
ton plots (Villavaso and Earle, 1976). These males were 25-33 percent as competitive 
as untreated males. 

The eradication area for the experiment averaged about 2600 acres during the three-
year test with the total eradication and buffer areas averaging about 20,000 acres (Boyd, 
1976). Events leading to tllis experiment, results of the experiment, and the rep01ts of two 
comnlittees convened to evaluate whether eradication was achieved or would be achiev-
able with the technology then available are presented in the report of Boyd (1976). 

A sterilization treatment in which small doses of irradiation were given to adult male 
confused flower beetles, Tribolium conjusum Jacquelin cluVal, over a period of time 
rather than in one large dose became known as fractionated irradiation (Ducoff et al., 
1969, 1971). The treatment appeared to produce both high sterility and longer post-
irradiation survival. This type of treatment had been deemed to be unsatisfactory for 
the boll weevil (Flint et a/., 1966), but was revived in the nlid-1970s as a series of 25 
doses of irradiation administered to adult boll weevils at four-hour intervals (Earle et 



GENETIC CONTROL 547 

at. , 1978; D. Birkenmeyer, D. Childress, and R. Leopold, USDA, ARS, Metabolism 
and Radiation Research Laboratory, Fargo, North Dakota, unpublished data). 

The use of fractionated irradiation on boll weevil pupae was begun in the mid-
1970s. Males emerging from pupae subjected to a seties of 25 inadiation treatments 
of approximately 250 rad per treatment (Haynes et al., 1977) were 23 percent as com-
petitive as normal males (Villavaso eta/. , 1979). In comparison, adult males allowed 
to remain on the smface of the larval media for 3-4 days after emergence and then 
treated with a single dosage (acute irradiation) of seven krad followed by a five sec-
ond dip in a 0.02 percent solution of diflubenzuron (Dimihn®) in acetone (R. A 
Leopold and D. T. North, personal communication; Earle eta!., 1978) were 36 percent 
as competitive as normal males. Although it worked relatively well, pupal fractiona-
tion was dropped because of its unwieldiness and its failure to produce males any more 
competitive than those treated with acute inadiation. 

Diflubenzuron (Dimilin®) had been found to be an effective means of preventing 
hatch of eggs laid by irradiated females mated to fettile males without causing 
increased mortality (Moore and Taft, 1975; Moore eta!., 1978), but administration of 
diflubenzuron to males not yet hardened after emergence severely reduced their abil-
ity to inseminate females (Earle eta!., 1979). The mating ability of males allowed to 
age four or more days before treatment with diflubenzuron was not affected. However, 
dit1ubenzmon was applied as an acetone dip, and acetone was found to severely impair 
the flight ability of treated weevils (Earle and Simmons, 1979; Haynes et al., 1981). 

Pheromone production for both pupal fractionation and acute irradiation was 
approximately equal. Even though the pupal fractionation group was newly emerged, 
pheromone production averaged 2.0 micrograms per male per day for days one to three 
after emergence; this rose to 4.5 per male per day for days four to six. The weevils that 
received the single dosage of seven krad had been allowed to feed on the surface of 
the larval media for three to four days before treatment; however, their level of 
pheromone production was not significantly higher than that of the pupal fractionation 
group indicating that diet might be as important as age in the onset of pheromone pro-
duction by males (Villavaso et a/., 1979). 

The laboratory work of Leopold, North and Earle had stimulated renewed interest 
in acute irradiation as a method to sterilize the boll weevi l. Acceptable levels of field 
competitiveness in male weevils sterilized by acute irradiation reestablished the feasi-
bility of using this treatment in mass-release programs (Villavaso et al., 1979). 
However, the use of acute irradiation would not have come about without the advent 
of the following three factors: (a) mass-rearing of boll weevils relatively free of path-
ogenic bacteria (Sikorowski et al. , 1977; Sikorowski, 1984); (b) use of diflubenzuron 
(Dimilin®) to bring about complete sterility of treated females (Moore et at., 1978); 
and perhaps most importantly, (c) the lowering of the formerly acceptable standard of 
50 to 70 percent survival of treated males for three weeks after treatment to a more 
realistic one. A sterilizing treatment is now considered to be acceptable if males are 
able to attract and inseminate females for at least seven days after treatment. (Villavaso 
eta/. , 1980). 
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The firs t field tests designed to estimate competitiveness of inadiated males were 
conducted in 1977 (Villavaso et al., 1979). Sterile and fertile males were released into 
isolated boll weevil-free plots of cotton along with virgin females. One week later, 
squares with oviposition punctures were collected from the plots. Hatch of eggs col-
lected from these squares along with hatch from crosses between ste1ile males X nor-
mal females, normal males X normal females, and the ratio of sterile to normal males 
in the field were used to estimate competitiveness according to a formula derived by 
Fried (1971): 

Where 
Ha = percent egg hatch for normal males X normal females 
Hs = percent egg hatch for sterile males X normal females 
Ee = percent egg hatch observed in the experimental plots 
N = the number of normal males 
S = the number of sterile males 

The formula gives an estimate of the overall competitiveness of the sterile males as 
measured by egg hatch. No assumptions are made as to the individual factor or factors 
that might be responsible for the degree of competitiveness achieved. The Fried for-
mula gives competitiveness as a decimal equivalent. Multiplying by 100 converts this 
figure to percentage. Use of the isolated plot technique and the formula of Fried are 
the standard methods for determining competitiveness of sterile boll weevils. 

Using basically the same procedures established in 1977, small plot tests were con-
ducted simultaneously in Louisiana and North Cmolina (Villavaso et al. , 1980) to 
determine the competitiveness of males sterilized by three methods. The three steril-
ization methods were: (a) fumigation with bisazir followed by dipping in penfluron 
(Borkovec et al. , 1978); (b) irradiation with 10 krad of gamma inadiation followed by 
dipping in dit1ubenzuron (Leopold and North, personal communication; Earle et al., 
1978); and (c) treatment of pupae with doses of 250 rad every four hours until a total 
dosage of 6250 rads hac\ been administered (Haynes et al., 1977). The males sterilized 
by the three methods were 23, 17 and 12 percent, respectively, as competitive as 
untreated males of the same laboratory reared strain. The fumigated males and those 
given the single dosage of irradiation were fed artificial diet for five days prior to irra-
diation (Wright et a!., 1980). 

In 1979 sterile males were released as part of the Boll Weevil Eradication Trial 
(BWET) on approximately 19,000 acres of cotton in Virginia and North Carolina. A 
fall diapause program in which all cotton acreage was treated with organophosphate 
insecticides significantly reduced the number of weevils entering diapause. It was fol-
lowed by spting applications of sterile insects, pheromone trapping and aerial applica-
tions of organophosphates and the insect growth regulator diflubenzuron (Dimilin®). 
Though the boll weevil was eradicated from the trial area by this combination of tech-
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niques, the effect of each technique could not be measured separately. Only seven 
native weevils were captured in the trial area prior to the release of 11.2 million ster-
ile weevils; thus, the role played by the sterile insects in eradication remains unclear. 
The treatment selected to sterilize the weevils released in the Boll Weevil Eradication 
T1ial consisted of feeding weevils on slabs of diet containing 0.01 percent difluben-
zuron for the first five days after they had emerged followed by 10 krad of ganrma-
inadiation (Wright et al. , 1980). This treatment was chosen because of its simplicity 
and predictability and because of the potential health hazard associated with the fumi-
gation treatment (Villavaso et al., 1980). Diflubenzuron (Dimilin®) was administered 
in the diet rather than as an acetone dip because acetone was found to have an adverse 
effect on the flight ability of dipped weevils (Earle and Simmons, 1979; Haynes eta!., 
1981). Administration of diflubenzuron to newly emerged weevils was l<llown to have 
a serious det1imental effect on their ability to mate (Earle et al., 1979), but it was con-
sidered to be the only available means of assuring complete sterility while avoiding the 
flight problem associated with dipping in acetone. 

In 1979, 1980 and 1981, weevils treated by the same method used in the Trial 
were tested for competitiveness in the field. Competitiveness of the sterile males 
versus untreated laboratory-reared males averaged 10.6 percent for the first seven 
days following release when they were released with laboratory-reared virgin 
females. Competitiveness of sterile males versus native males averaged six percent 
when they were released with native virgin females. In general, the treated weevils 
were competitive only during the first four days of the seven-day period. Between 
days five and seven after release, competitiveness was no more than two percent 
indicating that biweekly releases of sterile weevils would be more effective than 
weekly releases. In fact, if weevils that are only effective for four days are released 
at seven day intervals, their pheromone might tend to concentrate the native weevils 
during these four days. Between days five and seven, the concentrated natives would 
have virtually no competition from sterile weevils, and this could increase the prob-
ability of native males mating with native females (Villavaso, 1981, 1982; Villavaso 
and Thompson, 1984). Additionally, Mitchell eta/. (1983) reported no reduction in 
egg hatch when weevils treated by the method used in the Boll Weevil Eradication 
Trial were released against a very small native population on 120 acres of commer-
cially grown cotton; this indicated that some factor or factors had prevented their 
being effective under field conditions. 

In the early 1980s, a method of sterilization was developed that resulted in the 
highest competitiveness value that had been obtained for sterile boll weevils in small 
plot field tests. Males fed an ecdysteroicl rather than diflubenzuron (Dimilin®) for 
five clays prior to irradiation were 43.7 percent as competitive for laboratory reared 
females as untreated laboratory reared males. In comparison, the cliflubenzuron feel 
irradiated males were only 12.5 percent as competitive (Villavaso et a /. , 1983; 
Villavaso and Thompson, 1984). Weevils treated by the ecdysteroid plus irradiation 
technique were 50.4 percent as competitive as native males that naturally infested 
three small field plots (Villavaso et a!., 1986a). All of these estimates of competi-
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tiveness were obtained from males reared and sterilized on a small scale (several 
hundred to 5000 at a time). However, when weevils treated by this same technique 
were reared and treated on a large scale (several hundred thousand per week), they 
were estimated to be only 11.4 percent as competitive as the natives infesting 180 
acres of cotton in the Mississippi Delta (Villavaso et al., l986b). Bacterial contam-
ination of the mass-reared weevils and/or the crowded conditions during the 1.8 hour 
period of exposure to inadiation appeared to have a severe detrimental effect on the 
released weevils. 

In 1983, mass-reared and stelilized weevils were released into the cotton fields by 
two new methods. The first consisted of hanging small paper bags each containing 
about 75 weevils on cotton plants at the rate of four bags per acre. The bags were torn 
open to allow the weevils to escape. For the second method, weevils were suspended 
in a 0.6 percent solution of furcelleran and dispensed onto the plants by means of a 
specially designed pumping device (D. K. Harsh, J. L. Roberson and E. J. Villavaso, 
USDA, ARS, unpublished). Both methods of release effectively placed weevils 
directly on the plants instead of randomly 'ctropping them into the fields where they 
might land either on the plant or on the ground. Dropping weevils onto freshly culti-
vated or hot soils (greater than ll5°F) in early 1983 resulted in very low numbers of 
weevils reaching the cotton plants (Roberson and Villavaso, unpublished). The loose 
soil prevented the weevils from leaving the ground where they had fallen, and if soil 
temperatures reached lethal levels as they often did during the release periods, the wee-
vils died on the ground without ever reaching the plants. The importance of develop-
ing a method of release that resulted in a large portion of the weevils reaching the 
cotton plants was clearly seen, and a method by which released weevils would be con-
tainerized for mass-release was subsequently developed. 

In 1984, mass-reared and sterilized weevils were released by the furcelleran method 
into six fields of commercially grown cotton totaling 69.5 acres in north central 
Mississippi (Villavaso et al. , 1989a). The weevil population in the fields was low 
(approximately four per acre) during the test due to the effects of the severe preceding 
winter. Diflubenzuron wettable powder (Dimilin® 25 percent WP) was used as an 
aqueous dip (Roberson and Villavaso, unpublished) or as an acetone dip (0.4 percent) 
prior to treatment with 10 krad of gamma inadiation. Use of the aqueous dip avoids 
the flight inhibition caused by acetone. Treating four day old weevils rather than newly 
emerged ones with diflubenzuron allows the cuticles of these weevils to harden and 
increases their ability to mate. Release of weevils directly on to the cotton plants in the 
furcelleran solution counteracted the flight inhibiting effect of acetone. 

Egg hatch in the six fields was reduced to 15.2 percent while hatch in the three con-
trol fields (46.5 acres) was 94.4 percent. This was the most significant demonstration 
of the effectiveness of ste1ile weevils against relatively low populations of natives. A 
population of four weevils per acre is at least twice as high as that which sterile wee-
vils might be used against in an eradication program, and the population was probably 
underestimated. Additionally, the sterile weevils were estimated to be only about 12 
percent as competitive as the natives. Some of the then unidentified problems associ-
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ated with the status of mass-rearing, handling and sterilizing of weevils apparently 
were responsible for the lowered competitiveness. 

In 1985, mass-reared and sterilized weevils (inadiation plus aqueous dip in 
diflubenzuron) were containetized and mass-released in a large scale test in South 
Carolina. The LT50 (the day on which 50% or more of the males had died) of the sam-
ples of males held on cotton plants averaged 7.7 days, and competitiveness of the 
mass-reared, mass-steiilized weevils was increased to 19 percent. Antibiotics added to 
the pre-irradiation diet may have been beneficial in increasing longevity of these wee-
vils (Reinecke et al., 1986). 

In 1986, there were reports that the vision of mass-reared weevils was impaired 
(Agee, 1986), and that the addition of carotenoids to the diet would remedy the impair-
ment (Dickens and Agee, 1987). The competitiveness of the visually impaired weevils 
(71 percent) and that of weevils whose visual impairment was con ected by the use of 
carotenoids (77 percent) was not significantly different, and it was determined that the 
visual impairment was not an important factor in competitiveness (Villavaso et al., 
1988). Also in 1986, the competitiveness of visually impaired sterile weevils was 
tested in small field plots in Arizona against the Alizona natives. Competitiveness 
averaged 83 percent (Villavaso et at., 1989b). The released weevils were mass-reared 
and then handled and ste1ilized in small groups of a few hundred. The high degree of 
competitiveness indicated that the quality of the mass-reared weevils had improved 
significantly over the previous year. 

Prior to 1985, most of the research on the competitiveness of ste1ile weevils had 
been done in small isolated plots of 1/4 to 1 acre or in commercial cotton plantings of 
less than 200 acres (Villavaso eta/. , 1979, 1980, 1986a,b, 1988). In 1987 and 1988, a 
test of the effectiveness of mass-reared, sterilized (irTadiation plus aqueous dip in 
diflubenzuron), containerized and aerially-dropped weevils was conducted on about 
5000 and 3000 acres, respectively, in Fayette County, Alabama. In 1987 the test area 
had native populations that were too high for the sterile weevil to be very effective. 
However, even with the high populations, the fertility of the native females was 
reduced by about 39 percent. The LT50 of samples of sterile males held in individual 
screened containers on cotton plants averaged 9. 1 days. This exceeded the previous 
high for a test of this type by 15 percent. The 1988 weevil populations appeared to be 
smaller than those of 1987, and fields selected for intensive sampling showed the 
effectiveness of the sterile weevils (Smith et al., 1989). 

The degree of competitiveness that sterile weevils must exhibit in order to eradicate 
indigenous populations of boll weevils has not been determ.ined. Eradication was 
achieved in the 1979 Boll Weevil Eradication Trial, but the extent to which the released 
weevils contributed to eradication could not be partitioned from that of the other metll-
ods of suppression used. This remains one of the major problems in assessing the value 
of sterile weevils in eradication efforts. Before eradication by means of sterile weevil 
releases can be demonstrated in large acreages of commercially grown cotton, the tar-
get population must be very low. A highly competitive sterile weevi l nl.ight be effec-
tive in eradicating populations as high as five natives per acre. However, the chances 
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of achieving eradication with sterile weevils alone probably decrease greatly as native 
populations increase to more than two per acre. When native populations are small 
enough to expect eradication, it becomes almost impossible to evaluate the effect of 
sterile weevils because of the difficulty in collecting data and the possibility of migra-
tion into the test area. The expense of testing over very large acreages (more than 3000 
acres) where migration might be plotted by use of trap lines is too large for most 
research budgets to absorb. Different management practices from farm to farm, espe-
cially application of insecticides for other insects, confound the evaluation process. 

When using small (less than 1 acre), isolated plots to evaluate the effectiveness of 
sterile weevils, a sufficient number of normal weevils must be released into the test 
plots to insure an adequate number of eggs for measuring egg hatch. This means that 
many more normal males and females must be put into the small plots than one would 
anticipate in any program where eradication was the goal. From the small plot data, 
the competitiveness of stetile weevils can be estimated. These estimates can then be 
used in models to predict the probability of c:radicating very low weevil populations. 
However, many variables affect the pelformance of weevils released in the field, and 
they must be researched or assumed before models can be constructed. These include, 
but are not limited to, the number of native weevils enteting the cotton fields, the time 
period over which they enter the fields, the expected rate of increase of the native pop-
ulation, their spatial distribution in the fields, and the relationship between the growth 
stage of the cotton plants and the temporal (of or relating to time) and spatial distlibu-
tion of the native and the released weevils. 

The temporal (time related) distribution of native populations emerging in the spring 
can alter the effectiveness of sterile weevils. Two populations of similar size might 
have dissimilar emergence patterns. In one year, most of the overwintered weevils 
might emerge before the cotton has begun squaling. In this case treatment with insec-
ticide before the squares are large enough for larval development (pinhead square 
treatment) will have a devastating effect on the native population. In another year or 
the same year in a different location, most overwintered weevils might emerge after 
the appearance of squares large enough to support reproduction. In this case the effec-
tiveness of the pinhead square treatment will be reduced. Thus, even though the spring 
populations were similar in size, sterile weevils will be competing with a much larger 
number of native weevils in the second case than in the first. 

Sterile weevils will probably be released at a fixed number per week, but the ratio of 
sterile to native weevils will vary depending on how the natives emerge. If, for exam-
ple, 200 native weevils fly into a 100 acre cotton field during the week after pinhead 
square treatment and sterile weevils that are effective for one week are being released 
at a rate of 100 per acre per week, the ratio of sterile to natives will be 50:1 for that 
week. If native weevils live for two weeks and the 200 natives emerge at a rate of 25 
per week for eight weeks, then the sterile to native ratio will be much greater ( 400: 1 for 
the 1st week and 200: 1 thereafter). If the ste1ile weevils are 25 percent as competitive 
as natives, the 50:1 ratio becomes 12.5:1 and reproduction will probably occur. The 
200: 1 ratio becomes 50:1 , and there is a much greater chance that the sterile weevils 
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will prevent reproduction in the field . Thus the odds of sterile weevils preventing repro-
duction in two native populations of exactly the same size can be quite different. 

Another problem associated with suppression by sterile weevils is the spatial distri-
bution of the native weevils in the field. An average population of one native per acre 
unifmmly distributed over a field would be amenable to eradication. However, if 80 
native weevils settled in a 10 acre portion of a 100 acre field over a shmt period of 
time, and the remaining 20 natives dispersed over the other 90 acres, then a higher than 
acceptable rate of reproduction is almost certain to occur in that portion of the field 
where the native population is actually eight times the average for the whole field. The 
use of sterile weevils would be effective only against very low populations of natives 
where aggregations of emerging overwintered insects would be small enough to be 
controlled by the released weevils. Therefore, their use wouldn' t be effective in fields 
with spatial distribution problems. 

If sterile males are unable to attract and mate with native females before the native 
females mate with a native males, the effectiveness of the sterile males will be dimin-
ished. The eggs laid by native females tend to be highly aggregated (Pieters and 
Sterling, 1974). The F, weevils emerge from these aggregations or clumps (Mitchell et 
al. , 1976) in close proximity to one another, and tbe ratio of sterile to native weevils 
in such aggregations will be much lower than that over the field as a whole. These 
aggregations will be difficult for sterile weevils to control. 

Effects of both clumping (spatial distribution) and emergence pattern (temporal dis-
tribution) on the effectiveness of sterile weevils can only be speculated, but it is rea-
sonable to assume that both can have significant impact on the success of a sterile 
insect release program. These effects might best be estimated with the aid of computer 
simulation models. 

Use of insecticides to decimate boll weevil populations followed by the use of 
pheromone traps to identify surviving pockets of reproductive activity, followed by 
more insecticide applications and more trapping has been successful in eradicating boll 
weevils from North Carolina and most of South Carolina. This method of eradication 
is continuing in most of the cotton growing areas of Georgia and Florida and signifi-
cant portions of Alabama, and as long as the method is acceptable, sterile weevils will 
probably not be used for eradication. The odds for sterile boll weevils ever being used 
for other than research or demonstration appear to be low at present. 

INHERITED STERILITY 
Bollworm- LaChance ( 1985) stated that all models comparing inherited sterility 

(see discussion of inherited sterility in earlier section of their chapter) with total steril-
ity demonstrated that inherited sterility is more effective in suppressing native popula-
tions of lepidopterous species than an equal number of fully sterile insects. Proverbs 
and Newton (1962a) first reported the incidence of inherited sterility in the codling 
moth. Since that report, many researchers have studied inherited sterility and its poten-
tial for population suppression for a number of lepidopterous pests (North, 1975; 
Laster eta!., 1988a). 
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Knipling (1970), using population models, demonstrated the advantage of inherited 
sterility over the sterile insect release method. The bollworm has been suggested as a 
potential candidate for control by inherited sterility (North and Holt, 1971 ; Knipling, 
1979; LaChance, 1985; Carpenter et al., 1987a,b,c). North and Holt (1970) first 
reported inherited sterility in the bollworm. They observed reduced egg hatch from F, 
(first generation offspring) moths compared to P, (parental generation) moths, fotmd 
that inadiated males transferred a normal amount and ratio of eupyrene: apyrene 
sperm (e.g. ratio of normal sperm: sperm without a nucleus), and suggested the possi-
bility of population suppression by releasing partially sterile moths. Snow et al. (1972) 
studied the effects of irradiation on the ability of adult male bollworms to transfer 
spetm and the field attt·activeness of females mated to irradiated males. They found 
that irradiated males transfened significantly less normal sperm than noninadiated 
males, but the decrease was greater with sterile males than partially sterile males. Also, 
females containing irradiated sperm were as attractive as virgin females; females 
mated with untreated males were less attractive. They concluded there would be sig-
nificant advantages, in terms of sperm transfer, from the use of partially sterile males 
in release programs. 

The early work by North and Holt (1970) has been expanded with efforts directed 
toward refining the inherited sterility technique to control the bollwmm. Carpenter et 
a!. (1987a) found that females mated to normal males and males irradiated with 10 
hads have the same mating propensity and experience the same intermating interval. 
Sperm competitiveness demonstrated by these irradiated males was reduced in F, 
males. Females mated to male progeny from the irradiated males outcrossed to normal 
females exhibited the same attractiveness and mating propensity as virgin females. 
These females apparently were able to detect the quality of a sperm complement and 
reduce their intermating interval if the quality was not satisfactory. Therefore, the 
sperm from the F, males would be less competitive than normal sperm because they 
would be displaced more quickly by sperm from a subsequent mating due to the 
shorter intermating interval. 

Carpenter eta!. (1987c) studied the effects of substerilizing doses of radiation and 
inherited sterility on reproduction of the bollworm. They noted a higher degree of 
sterility in the F, progeny than in the P, adults when inadiated males were mated with 
normal females, and radiation-induced deleterious effects were inherited through the 
F1 generation. Carpenter eta!. (1987a), using a population model to predict the effects 
of inherited sterility on a native population, projected that a single release of males 
irradiated with 10 krads at a 9:1 ratio (irradiated:normal) would reduce the native pop-
ulation by more than 99 percent after three generations. Therefore, inherited sterility 
appears to be the more promising means of suppressing the bollworm than any other 
release technology presently known. 

Tobacco Budworm-Flint and Kressin (1967) noted that male tobacco budworm 
moths were 99 percent sterile after an irradiation dose of 35 krads. Female moths pro-
duced few eggs at this dose, but there was some egg hatch. These studies were not 
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expanded to determine the extent of inherited sterility. Proshold and Bartell (1970) 
reported the effects of inherited sterility on reproduction, developmental time and sex 
ratio of this species. They found that irradiation reduced mating and fecundity (the abil-
ity to lay eggs), increased developmental time, increased larval and pupal mortality, and 
distmted the sex ratio in favor of the males. Proshold and Bartell (1972) further indi-
cated the potential for reducing tobacco bud worm populations by inherited sterility and 
reported that sterility factors were nearly eliminated by the third generation. 

Laster (1972) discovered hybrid sterility by crossing Heliothis subflexa females 
with tobacco budworm males. Knipling (1979) stated that the calculated effects due to 
the release of both hybrid sterile males, iffully competitive, and hybrid fertile females 
for one generation ar·e among the most impressive of the various genetic mechanisms 
considered. Since hybrid sterility for the tobacco budworm was discovered and its 
population suppression potential recognized, little effort on inadiation sterility for this 
species has been pursued. 

Pink Bollworm-In the pink bollworm, F, males from parents treated with radia-
tion failed to transfer sperm to their untreated mates and the females continued to seek 
mates (LaChance et al., 1973). Because of the appar·ent reproductive problems with F, 
males, as well as a lack of good isolated field populations, no experimental field 
release programs have been attempted using partially sterilized pink bollworms. The 
effects of low doses of radiation (1 - 10 krad) on the reproduction of P, and F, pink 
bollworms have not been examined fully, and the impact of such insects in field pop-
ulations is unlmown. 

Boll Weevil-In the boll weevil, some reduction in the reproductive potential ofF, 
through F, insects has been seen, but the results are highly variable (Haynes and Smith, 
1989; Haynes, 1990; Villavaso, unpublished). The technique does not seem to offer 
much promise at present. 

BACKCROSS STERILITY 

Bollworm-Backcross sterility such as that which has been demonstrated for the 
tobacco bud worm is not !mown for any other agricultural insect pest species. Because 
the sterility mechanism was found for the tobacco budwonn, it is reasonable to assume 
that it may also occur in other phylogenetically related lepidopterous species. Efforts 
are in progress to search for a similar· type of sterility for the bollworm. 

Research was initiated in 1984 to sear·ch for backcross sterility for bollworm. Tllis 
effort involves importing Helicove1pa species from various parts of the world into the 
Stoneville Research Quarantine Facility, Stoneville, Mississippi, crossing them with 
bollworm, and evaluating the progeny for male sterility. In a cytoplasmic incompati-
bility system, sterility may not be expressed in the F, , but may develop in later back-
cross generations as the chromosomes of one species are transferred to the cytoplasm 
of the related species. For this reason, long term experiments involving several labo-
ratory generations ar·e necessar·y (Laster eta!., 1985). 
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The search for bollworm backcross sterility is dependent upon foreign exploration, 
importation and colonization of the "exotic" species in quarantine in order to carry out 
crossing trials over several generations. Primary emphasis is placed on obtaining and 
evaluating the Helicove1pa species described by Hardwick (1965) (Table 1). Species 
that have been evaluated thus far, their origin, and reproductive status are listed in 
Table 2. From the standpoint of hybridization with Helicove1pa zea, Helicove1pa 
armigera appears to be homogeneous across its geographic range. Although the inci-
dence of mating between the two species is low, progeny are produced from success-
ful matings with no evidence of sterility (Laster, unpublished). Matings between 
Helicove1pa fletcheri from Mali, West Africa, and Helicovnpa z.ea gave results simi-
lar to those between Helicoverpa zea and Helicove1pa annigera. All attempted mat-
ings between Helicove1pa punctigera from Australia and Helicove1pa z.ea or 
Helicove1pa gelotopoeon from Argentina and Helicove1pa zea resulted in the pairs 
permanently locked in copula and no reproduction. Progeny were obtained from one 

Table 2. Reproduction from exotic Helicove1pa species imported into the Stoneville 
Research Quarantine Facility and crossed with bollworm. 

Species Origin Reproduction 

annigera Australia yes 
armigera Egypt yes 
armigera Indonesia yes 
a rmigera Pakistan yes 
annigera Thailand yes 
armigera Zimbabwe yes 
armigera conferta New Zealand yes 
assulta Pakistan yes' 
assulta Thailand no 
assulta Zimbabwe no 
fletcheri Mali yes 
gelotopoeon Argentina no 
punctigera Australia no 

1F1 Progeny were obtained from one mating of bollworm x H. assulta. Haldane's (1922) effect was 
expressed and the colony was lost. 

mating of Helicove1pa zea x Helicove1pa assulta from Pakistan. Progeny from this 
mating were all male following Haldane's Rule (1922) which states: "When in the F, 
offspring of two different animal races, one sex is absent, rare or sterile, that sex is the 
heterozygous sex." The hybrid from Heliothis subflexa females mated to tobacco bud-
worm males is an exception to this mle because, in Lepidoptera the female is the het-
erozygous sex (Robinson, 1971). Although no backcross sterility has been found for 
bollworm, there still remains a large number of candidate species in various geo-
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graphical locations for crossing with bollworm. The potential for population suppres-
sion of bollworm with backcross sterility justifies the effmt in continuing the program. 

Tobacco Budworm-Laster (1972) crossed Heliothis subflexa females with 
tobacco budworm males and discovered that the hyblid males were sterile. Hybrid 
females, when mated to tobacco bud worm males, produced progeny with sterile males 
and reproductive females. This sterile male trait continued through successive back-
cross (BC) generations when backcross females were mated to tobacco budwmm 
males. After a few backcross generations, these insects are genetically almost identi-
cal to tobacco budworm except that the males are completely sterile (Laster et al., 
1988a). The tobacco budworm genome operating in the Heliothis subjlexa cytoplasm 
results in male sterility. However, the mechanism causing male sterility has not been 
determined. 

The potential for suppressing wild tobacco budworm populations through use of 
backcross ste1ility in mass rearing and release programs was recognized. The sterile 
male producing females provide the driving force for population suppression. Anum-
ber of models have been developed that project the decline of the natural tobacco bud-
worm population following release of backcross insects (Laster et al., 1976; Malcela 
and Huette!, 1979; Levins and Par·ker, 1983; Roush and Schneider, 1985). 

Biological investigations showed that backcross insects utilized the same host plants 
as the tobacco budworm (Laster et al., 1978, 1982; Martinet al., 1984), and that the 
final mating of females took precedence over previous matings (Pair eta!. , 1977). Egg 
hatch was reduced through sterile male matings and the sterile male trait was infused 
into the tobacco budworm population (Laster eta!., 1978). A pilot backcross release 
program conducted on St. Croix during 1977-1980 demonstrated that the tobacco bud-
worm population was suppressed during this period when compared with the popula-
tion on Vieques, a neighboring island, for the same period (Proshold et al. , 1982). 

Evaluation of backcross sterility in a typical agricultural area in the contiguous 
United States is needed to determine its effectiveness for tobacco budworm population 
suppression. All biological data indicate that backcross insects are competitive with 
normal insects in the feral (wild, native) population. Also, char·acteristics such as insec-
ticide resistance, to give the backcross insects a competitive advantage, might be 
incorporated into the backcross (Firko and King, 1990). 

Evaluation of tobacco bud worm collected over a wide geographical range (Arizona, 
California, Mississippi, North Car-olina, Texas, Mexico, South America, Puerto Rico 
and St. Croix) indicated no differences in their response to hybridization (Laster et a!. , 
1988b; Laster, unpublished). This indicates that a backcross release program should be 
widely adaptable and would have the following advantages over the other sterility 
inducing systems: (a) no treatment is necessar·y other than the miginal cross; (b) any 
life stage of the insect can be released; (c) backcross populations ar·e perpetuated by 
the backcross females; and (d) the desired backcross frequency can be obtained either 
by release of large numbers for one generation or fewer numbers for several genera-
tions (Proshold et al., 1982). 



558 VILLAVASO, BARTLETT AND LASTER 

Pink Bollworm-No measurable hybrid ste1ility has been found in crosses between 
pink bollwmm collections from areas within the United States, Mexico, Puerto Rico 
or St. Croix, Virgin Islands, (A C. Bartlett, unpublished results). Raina et al. (1981) 
reported no incompatibility between a strain of insects from southem India and two 
strains of pink bollworm (one \Vas a long-term laboratmy colonized strain, the other a 
newly colonized strain) from Arizona. We have not been able to import live pink boll-
worms from other areas (e.g., Egypt, China, Macedonia, Turkey, USSR) to pursue this 
research as thoroughly as should be done. 

LaChance and Ruud (1979) made crosses between strains of the pink bollworm 
from Australia and Arizona and found full fertility. They also made reciprocal crosses 
between both strains of the pink bollworm and a strain of Pectinophora scutigera 
(Holdaway) from Australia. These crosses were characterized by reduced interspecific 
mating, low fecundity and low fertility. Some F, fertile progeny were produced, espe-
cially when Pectinophora scutigera females were crossed with pink bollwmm males. 
Those F, individuals were fertile in backcrosses to Pectinophora scutigera but infer-
tile in crosses to the pink bollworm. The authors suggest that interspecific hybrids 
between these two species will not be obtained easily and that these results may not be 
useful in control procedures. It seems possible, by artificial selection procedures, to 
improve the rate of interspecific mating, fecundity and fertility, so that increased num-
bers ofF, progeny could be produced. Because the interspecific hybrids are sterile 
when crossed with pink bollworms, there is a possibility that they could be used in 
sterile releases without the debilitating effects of radiation. Such usage may entail 
more research effort than is justified, if radiation sterilized insect releases continue to 
be as efficacious as shown in the Coachella Valley trial in California. 

CONDITIONAL LETHAL MUTATIONS 

Pink Bollworm-Strains of insects can be manipulated by artificial selection pro-
cedures to cany traits that are detrimental to a field population but that do not affect 
the ability of the strain to exist in the laboratory For example, in areas of the world 
where diapause is mandatory for carrying populations through host-free or environ-
mentally unsuitable periods, the inability of the pink bollworm to go into diapause 
would be a conditional lethal trait. A non-diapausing (ND) strain could be reared read-
ily in the laboratory, but progeny produced by this strain in the field would not dia-
pause, and could not reproduce during the host-free period. 

Bartlett and Lewis (1987) selected strains of pink bollworms for the inability to 
respond to conditions in the laboratmy (short photoperiod and low temperatme) which 
normally induce diapause. The non-diapause character is controlled by dominant or 
partially dominant alleles and is polygenic. 

The nature of the inheritance of the non-diapause character suggests that single 
releases of the non-diapause strain should be made in extremely large numbers near 
the end of the reproductive season. However, if fema les were released in the numbers 
needed to insert the character into field populations, they would lay fertile eggs and 
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almost certainly increase the numbers of larvae present in the bolls. Increased larval 
numbers would lead to increased crop loss. The increased loss coupled with the cost 
of the release program, is not likely to be accepted by most farmers. In common with 
other genetic control procedures, it would be most beneficial if only males canying the 
trait could be released. In this way, crop loss due to the addition of fertile females to 
the population would be avoided since the released males would mate only with native 
females . 

SEX-LINKED RECESSIVE LETHAL MUTATIONS 

Pink Bollworm-Lepidopterous males cany two X chromosomes (homogametic), 
while the females have only one (heterogametic). Stmnnikov (1979) proposed the use 
of strains of Lepidoptera with balanced recessive lethal mutations on the sex chromo-
somes of the male as a method for control of lepidopterous pests. 

Males ca:nying balanced recessive lethal mutations have two different recessive 
lethal genes, one on each X chromosome at ·different loci. When such males are 
crossed with any female, no female progeny are produced, unless crossing-over occurs 
between the two loci. Stmnnikov (1979) postulated that the use of such genetically 
altered insects would be 1.3 times as effective in the F2 as the single release of fully 
sterile males and that the effect would increase over generations. 

In addition to the usefulness of balanced sex-linked recessive lethal mutations in 
control procedures, such stocks would be useful in genetic sexing of strains where only 
males should be released to drive a detrimental character (such as non-diapause) into 
a field population. In fact, the two systems (conditional lethal and balanced lethal) 
would act in concert to reduce pest populations during the growing season and the 
host-free season. 

Bartlett (1988) demonstrated that sex-linked recessive lethal mutations can be 
induced readily in the pink bollworm and, by means of a sex-linked recessive eye color 
mutation, can be maintained over many generations in the laboratory. The production 
of a balanced sex-linked lethal strain has not yet been accomplished in the pink boll-
worm, nor in the codling moth (Anisimov, 1988). However, the possibility of devel-
oping such strains is being investigated actively at this time. 

TRANSLOCATION§ 

Pink Bollworm-Pink bollworms have been exposed to irradiation for the produc-
tion of chromosomal translocations in a number of experiments (A. C. Bartlett, unpub-
lished). Visible eye-color genetic markers have been used to recover reciprocal 
translocations. However, radiation induces a number of detrimental mutations (reces-
sive lethals, deletions, duplications, etc.) along with the reciprocal translocations. A 
single heterozygous translocation produces about 50 percent sterility in the insect car-
ly ing the translocation. Thus, the reduced fertility due to the translocation, plus the 
problems with fertility caused by induced detrimental mutations, lead to rapid loss of 
translocation-bearing strains. Implementation of control using translocations thus 
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awaits fmther experimentation with agents that will induce translocations without 
causing other reproductive problems. 

CYTOPLASMIC INCOMPATIBILITY 

Pinl( Bollworm- No information is available nor have any experiments been 
attempted to isolate cytoplasmic incompatibilities in the pink bollworm, or cases of 
meiotic d1ive. Pmt of the reason for this lack of infmmation is the fact that only nine 
simply inherited visible mutations m·e presently available as chromosome markers. 
None of these markers are linked, so only 9 of 30 chromosomes are marked. 

FUTURE POSSIBILITIES 

BOLLWORM AND TOBACCO BUDWORM 

Although backcross sterility for the bollworm has not been discovered, there 
remains a number of Helicove1pa species in various geographical locations 
(Hardwick, 1965) that have not been evaluated in crossing trials with the bollworm. 
Each of these species is a possible candidate for producing hybrid sterility when 
crossed with the bollworm. Efforts to obtain and evaluate these species should be con-
tinued. Even if backcross ste1ility is not developed for the bollworm, the potential for 
controlling this species with inherited sterility is very encouraging. This technology 
should be refined and thoroughly tested for practical application. 

Much of the backcross sterility technology for the tobacco budworm has been 
developed and evaluated to a limited extent. This technology needs to be evaluated in 
an areawide program in a typical agricultural production area. Techniques for using 
this technology for areawide tobacco budworm suppression need to be refined for 
practical application. 

Genetic control methods offer considerable promise for suppressing both bollwmm 
and tobacco budworm populations. Total sterility and inherited sterility m·e effective 
for both species whereas backcross sterility is only available for the tobacco bud worm. 
Problems associated with insecticide resistance in these species and their destruction 
of food and fiber crops dictate the need for alternate control methods. The potential 
benefits in controlling these species by genetic means make continued development of 
these programs wo1thwhile. 

PINK BOLLWORM 

Some of the technical limitations of genetic control procedures for the pink boll-
worm have already been overcome. Rem·ing techniques m·e well-developed and in 
place. Insects produced by these techniques are vigorous and competitive. The tools 
for accurate assessment of field populations and the evaluation of the effects of the 
procedures have been used and improved on in actual field trials. In fact, recent con-
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trol programs have been successful using the sterile insect release method and 
pheromone di smption. These techniques can be integrated easily with other existing 
technologies to further ensure success. However, in case certain populations of the 
pink bollworm are reluctant to succumb to the encroaching of man into their teLTitory, 
new methodologies are beginning to be developed. At present, the methods of molec-
ular biology are being employed to refine early genetic techniques. For example, yolk 
protein genes have been cloned in three insect species. The expression of these genes 

· is stage-, sex- and tissue-specific. Sufficient information is available on the effects of 
hormonal regulation of protein production of yolk protein genes to indicate that these 
genes could be used to produce single sexed progeny in genetically engineered strains. 
The practical use of this information awaits the development of gerrnline transforma-
tion vectors for insect pest species. 

The identification and testing of candidate genes to introduce into the genome of the 
pink bollworm will be an expensive and long-term proposition since so little has 
presently been accomplished in this species or in Lepidoptera in general. However, 
once such candidates are identified and transfotmation vectors isolated, specific phe-
notypes can be altered rapidly and placed into service utilizing the considerable rear-
ing and control expertise presently available for this important pest of cotton. 

BOLL WEEVIL 

Though no definitive work has been done, one might reasonably assume that the 
effectiveness of sterile weevils would increase as postirradiation survival time and 
mating capability increased. Thus, experiments to improve the effectiveness of sterile 
boll weevils have focused on these two traits. A strain of boll weevil was genetically 
selected with postinadiation survival in the laboratmy 1.65 times that of the control 
and with significantly increased mating capability (Enfield eta/., 1981). Differences 
in postinadiation survival reached a plateau at about the 12th generation, and relaxing 
selection pressure for five generations did not result in a decline of longevity (Enfield 
et al. , 1983). In greenhouse and field tests, males of the selected strain lived 1.25 times 
longer than those of the strain currently in mass production (19.5 vs 15.2 days). 
Attractiveness and mating propensity during the second week after irradiation was 
somewhat greater than that of the mass reared strain . These differences did not result 
in increased competitiveness in the field, apparently because the mass-reared strain 
lived much longer than had been previously observed (Villavaso et a/., in press). 
Preliminary experiments that minimized cross-contamination, crowding, and handling 
produced a much longer lived mass-reared sterile weevil. (J. L. Roberson and E. J. 
Villavaso, unpublished) . Research is underway to develop, on the scale that would be 
required for areawide programs, a workable system for minimizing crowding and han-
dling wllile maintaining sterility. 
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SUMMARY 

For genetic control of an insect population to be successful, detrimental traits must 
be introduced into that population from a released carrier population. Most methods of 
genetic control use prevention of egg hatch in the target population as the final mode 
of action, e.g., sterile insect method, inherited sterility, and backcross sterility. Other 
methods include the use of chromosomal translocations, conditionallethals, and cyto-
plasmic incompatibility. With the exception of inadiated pink bollworm moths in the 
San Joaquin Valley of California, no method of genetic control has been used on any 
cotton insect for other than research or demonstration purposes. because genetic con-
trol is species-specific and environmentally benign, research to pelfect commercially 
usable technology will probably be supported for the foreseeable future. 
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INTRODUCTION 

Germplasm resources available to researchers include wild species of Gossypium, 
obsolete cultivars (varieties), cunent cultivars, germplasm released by public research 
scientists and the wild or feral extra long staple cotton Gossypium barbadense L. and 
upland cotton, Gossypium hirsutum L., collections. 

Resistance of cotton to insects, diseases and nematodes is relative, i.e., vmiation in 
response is evident among almost any diverse group of germplasm one chooses to 
investigate. Most resem·chers use some type of accepted cultivar as a control in their 
experiments and only report a strain as being resistant when it receives significantly 
less damage than the control cultivm·. Host plant resistance is one component of the 
production system for cotton. The cultivar becomes the foundation upon which all 
other components of the crops production and pest control systems operate. Thus, rel-
atively small differences in genetic potential between cultivars can become important. 

Em·ly research in Africa led to the development of hirsute (hairy) cultivm·s of cotton 
to resist jassids (leafhoppers, Empoasca spp.). Painter (1951) provides an excellent 
discussion of early development of leafhopper resistance. The development of 
leafhopper resistant cultivars of cotton in South Africa and later in India offer the first 
instance of using resistant cultivars of cotton to control a major pest (Parnell, 1925; 
Hutchinson, 1962). The growing of very hairy cottons essentially eliminated leafhop-
per as major pests of cotton in tropical Africa. 

The boll weevil, Anthonomus grandis gmndis Boheman, moved into the United 
States Cotton Belt in 1892. Em"ly cotton breeders responded by developing em"lier 
maturing cotton cultivm·s which evaded some damage ti·om boll weevil, yet still 
allowed a crop to be produced, albeit less profitable. Following World Wm· II, organic 
insecticides were developed which were vety effective in controlling cotton pests, espe-
cially the boll weevil. Consequently, breeders began to develop cotton cultivms which 
again used a longer part of the potential growing season. These longer-season cotton 
cultivars produced more lint and were more profitable than the short-season cultivm·s. 
Reviews of the progress and problems associated with boll weevil control have been 
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presented by Adkisson eta/. (1982), Flisbie and Walker (1981), Parker eta/. (1980), 
Walker (1980a,b), Walker (1984), Walker et al. (1978) and Walker eta!. (1984). 

Beginning about 1960 several states and the United States Department of Agricul-
ture, Agricultural Research Service began extensive research programs aimed at iden-
tifying characteristics in cotton which were useful in the development of cultivars with 
increased levels of resistance to several insect pests. Reviews have been wtitten by 
Jenkins (1982a,b), Maxwell eta!. (1972), Niles (1980) and Wilson (1982). 

This chapter will not attempt to exhaustively survey and report the literature on host 
plant resistance in cotton, but will attempt to document the present state of the art in 
this area of science. 

GERMPJLASM SOURCES OJF PEST RES][S'fANCE 

CULTIVATED COTTONS 

Earliness - In the Mid-South, a cotton plant initiates about 60 flower buds 
(squares) over a 12-week period and eventually matures 10-15 bolls per plant. An aver-
age stand of 30,000 plants per acre equates to 1.8 million squares and 290,000 to 
445,000 [=10-15 bolls/plant] mature bolls. This number of bolls would represent an 
estimated lint yield of 2.4 to 3.6 bales per acre. This estimate represents an effective 
fruit set and harvest, yet it is only 15-25 percent of the squares initiated by the plant. 
The number of fruit initiated, and the time and rate of their initiation and maturation 
have direct relationships to insect pests and the damage that they cause. 

When plants harbor lower pest populations because they are early maturing this is 
considered host evasion rather than true resistance (Painter, 1951). Nevertheless, ear-
liness is a very important component in insect control, as already stated in the case of 
the boll weevil. Because of the nature of the fruiting cycle in cotton, breeders can exert 
a great amount of control over the plant. After many years of developing full-season 
cultivars and depending heavily upon insecticides, breeders once again are developing 
early-season cultivars and growers are using these in systems to produce cotton at a 
profit. Researchers and producers in Texas were among the first to utilize these sys-
tems to advantage. Theoretical and applied approaches were developed by Adkisson et 
a!. (1982), El-Zik and Fli sbie (1985), Frisbie (1981), Namken et al. (1983) and Walker 
and Niles (1980). 

Even in other areas of the United States, cotton cultivars grown in 1987 were far dif-
ferent from those grown in most states in 1972. In 1972, two cultivars, 'Stoneville 213' 
and 'Deltapine 16' accounted for 50 percent of the United States acreage; however, by 
1986 it required six Stoneville and 13 Deltapine cultivars to account for 43 percent of 
the United States acreage (Bridge and McDonald, 1987). In 1986 the five most popu-
lar cultivars accounted for only 37 percent of the United States acreage. Thus, the cul-
tivars being grown by United States growers are changing rapidly (Bridge and 
McDonald, 1987). These changes are in the direction of earlier maturing cultivars 
which bear directly on the pest problems in the crop. Earlier maturing cultivars are in 
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many instances more resistant to pests. This resistance involves escape or pest evasion 
as well as direct fmms of resistance. Early cultivars thus produce a crop which receives 
less damage from insect pests than those grown in prior years. This is effective host 
plant resistance in practice. 

Bridge and McDonald (1987) present data which show a decrease in number of days 
from planting to harvest of 32 days (last 28 years) at Stoneville, Mississippi; 45 days 
(last 20 years) at Sumner, Mississippi; 28 days (last 21 years) at College Station, 
Texas; and 33 days (last 19 years) at Florence, South Carolina. These are dramatic 
increases in earliness. Yields have also increased during this time. 

The major shifts in cultivars began in Texas in the early 1970s and in the late 1970s 
in the Mid-South. These shifts were associated with the release of the Tamcot (Bird, 
1976; Bird et al., 1986) cultiva.rs in Texas and the release of 'Stoneville 825' in 1978 
followed by 'DES 56', 'DES 422', 'DES 119', 'Stoneville 603', 'Deltapine 41', 
'Deltapine 50' and 'Deltapine 20' in Mississippi. In 1978, the Rio Grande Valley area 
of Texas was growing 25 percent early-maturing cultivars whereas the Corpus Christi 
area was growing 82 percent early-matming cultivars. By 1986 these figures were 98 
and 100 percent. The Mid-South area had 8-25 percent in early maturing cultivars in 
1976 and 78-99 percent (depending upon the state) in 1986. The shift to earlier matur-
ing cultivars is just beginning in the irrigated dese1t areas of southern California (Kerby 
et al., 1988, 1990). Also, a shift could occur in the San Joaquin Valley of Califomia, 
where considerable research has been done on shmt-season strains (Burch, 1988). 

Morphological Traits - There are a number of plant traits which affect insect 
pests of cotton (Table 1). With many there are trade offs, as they confer resistance to 
one insect while increasing susceptibility to one or more others. 

The Stoneville 825 cultivar is nectariless (i.e., lacks extrafloral nectaries, but has flo-
ral nectaries). It has been grown on large acreage. Nectariless improves resistance to 
the bollworm, Helicove1pa zea (Boddie), and tobacco budworm, Heliothis virescens 
(F.); less eggs are deposited on nectariless cotton (Meredith, 1990). It also confers 
resistance to plant bugs by causing reduced oviposition and the nectar food som-ce for 
nymphs (Schuster eta!., 1976; Panott et al. , 1982). It confers resistance to pink boll-
worm, Pectinophora gossypiella (Saunders), particularly in conjunction with the okra 
leaf trait (Wilson, 1987). Nectariless also confers resistance to the cotton leafpelfora-
tor, Bucculatrix thurberiella Busck., (Henneben-y et al., 1977). Nectmiless also affects 
the food source for predators that feed on nectar and, thus their numbers m·e decreased. 
No major adverse agronomic or fiber properties have been found to be associated with 
nectm·iless (McCarty et al. , 1983; Meredith and Bridge, 1977). 

Pilose plants are densely pubescent (hail-y). This pubescence increases resistance to 
plant bugs and boll weevil, but oviposition (laying of eggs) by bollworm/tobacco bud-
worm moths and whiteflies increases. Pubescence is associated with resistance to 
thrips in the seedling stage. 

Pilose is a gene with detrimental effects on agronomic properties and yield. However, 
there are other pubescence genes that do not have this effect. Pilose and the other pubes-
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Table l. Morphological traits of cotton and their effects on pest resistance and agro-
nomic traits. 

Leaf- Boll Bollworm/ Plant Bandedwinged Cotton Pink Agronomic 
hoppers weevil Tobacco budwonn bugs whitefly leafperforator bollworm Thrips traits 

Glabrous s R s R R s N 
Pilose R R s s s R R R D 
Okra-leaf R s R R N 
Frego R R s N 
Red plant R s s D 
Yellow pollen R N 
Orange pollen R N 
Nectariless R R R R N 
High gossypol R R R N 
Male sterile R 
Cytoplasms 

barbadense R N 
tom en tosum R N 
arboreum R D 
herbaceum R D 
an om a leum R D 
harknesii R D 

R indicates the trait increases resistance to this pest. 
S indicates the trait increases susceptibility to this pest. 
N indicates the trait has a neutral effect on yield and agronomics. 
D indicates the trait has a decreasing effect on yield and agronomics 

cent traits increase the trash content of mechanically harvested cotton; thus, it is not 
likely to be used in the United States. 

As stated earlier, pubescent cottons were the first trait used in Africa for leafhopper 
control and were very effective for that purpose. Lack of plant pubescence (glabrous-
ness or smoothleaf) reduces bollworm/tobacco budworm oviposition and numbers of 
whiteflies and cotton leafpeliorator. On the other hand, glabrous cottons are suscepti-
ble to plant bugs, thrips and Empoasca spp., jassids (leafhoppers). 

The okra-leaf trait increases the earliness of cotton strains and is thus useful in boll 
weevil control. It also changes the microclimate and allows more desiccation by high 
temperatures to squares with immature boll weevil larvae. It has also shown resistance 
to bandedwinged whitefly, Trialeumdes abutilonea (Haldeman) (Jones et a/. , 1975). I t 
is useful for pink bollworm control. 

Three strains which possess both the nectariless and okra-leaf traits have been re-
leased. They are more resistant to pink bollworm than currently grown commercial 
cultivars (Wilson, 1987). 
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High yielding cultivars with the okra-leaf trait have been developed for use in 
Louisiana (Burris et al., 1981 ). The okra-leaf trait also reduces boll rot due to the more 
open canopy (Andries et al. , 1970). A cultivar of okra-leaf cotton (SIOKRA) grown in 
Australia improved cotton pest management (Personal communication, Brian Hearne 
and Norm Thompson, CSIRO Division of Plant Industry, Cotton Research Unit, New 
South Wales Agricultural Research Station, Australia) and produced high yields (Reid 
et al., 1989). Okra leaf increases penetration of insecticidal sprays into the plant 
canopy. It seems to be more sensitive to environmental stress than normal-leaf culti-
vars and will suffer yield reductions under adverse growing conditions (Landivar et al., 
1983a,b; Meredith and Wells, 1987). 

Frega bract increases resistance to boll weevil, and in some breeding lines, to boll-
worm/tobacco budworm while increasing susceptibility to plant bugs. Frega bract 
allows better penetration of insecticide and decreases boll rot because the bracts do not 
enclose the boll. High yielding lines have been developed that combine frega bract 
with the nectariless and rapid fmiting traits. These lines are competitive in yield with 
normal bract cultivars. Their usefulness in boll weevil control is discussed under the 
section on boll weevil in this chapter. 

Red-pigmented plants are apparently more difficult for the boll weevil to locate. 
Once weevils are on red cotton, however, it is as susceptible as green cotton (Hunter 
et al., 1965; Isley, 1928). Red plants are more susceptible than green plants to pink 
bollworm and to cotton leafpetforator. Red has a slightly negative effect on yield of 
cotton (Jones and Brand, 1981). It has been used successfully in trap crop situations in 
Louisiana and in Georgia for boll weevil control where the major part of the field is 
planted in red cotton and the trap rows in green (Weaver and Reddy, 1977). It is not as 
useful for this purpose as is frego bract, nor is it as effective as using adapted cultivars 
for the major part of the field and using early, highly susceptible, strains for the trap 
rows (Jones et al. , 1987a). 

Yellow or orange pollen mutants show antibiosis to tobacco budworm when com-
pared with the predominant cream pollen cultivars. No serious effort to use these in the 
development of cultivars has been reported. However, since most upland cultivars 
have cream pollen, this result may indicate that other pollen colors have a dehimental 
effect on yield. 

Biochemical Mutants - High levels of gossypol and other allelochemicals have 
been shown to be antibiotic to bollworm/tobacco budworm larvae. Much research has 
been directed towards using high gossypol as a source of resistance to the bollworm 
and tobacco budworm, but this trait has shown resistance to other insects as well. In 
1988, high yielding cotton germplasm with high levels of gossypol were registered 
with the Crop Science Society of America (Jones eta!. , 1988b). The usefulness of this 
trait and some of its possible problems are discussed under the section on 
bollworm/tobacco budworm. At this stage of the development of resistant cultivars, it 
appears that high levels of gossypol can be used without a detrimental effect on agro-
nomic properties and yield. 
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Exotic Cytoplasms - Cytoplasms from two tetraploid and four diploid cottons 
have been evaluated for resistance to pests (Table 1). The diploid cytoplasms result in 
less oviposition by the boll weevil (McCarty, 1974; McCarty et a/. , 1977). These 
diploid cytoplasms however, generally have a detrimental effect on yield (Meredith et 
al. , 1979b). Gossypiwn tomentosum (Nuttall) cytoplasm is antibiotic to 
bollworm/tobacco budworm larvae and results in about a 15 percent reduction in lar-
val size (Jenkins et al. , 1986; Meredith et al., 1979b). 

Germplasm releases - Several Gossypium hirsutwn germplasms with single or 
combinations of resistance traits (glabrous, nectariless, frego bract, ola"a leaf, high 
gossypol) have been developed and registered (Table 2). Three of these are useful for 
control of pink bollworm (Wilson, 1987). These germplasms are in several cultivar 
backgrounds and generally have yields similar to the recunent cultivar parent (Lee, 
1977; Meredith and Btidge, 1977; Shepherd, 1982 a,b,c,d; Shepherd and Kappelman, 
1982a; Shepherd eta/. , 1986a,b; and Wilson, 1987). The nectariless and oha-leaf traits 
are also being transfened into Pima (Gossypium barbadense) background (Personal 
communication, R. Percy, Western Cotton Research Laboratmy, United States 
Department of Agticulture, Agricultural Research Service, Phoenix, Arizona). 

PRIMITIVE RACE COLLECTION 
Breeding for resistance to pests requires a reservoir of genes for resistance. A good 

source of genes is the collection of primitive cottons. A number of these have been 
evaluated for pest resistance (Table 3). Most reports of evaluations do not include 
breeding lines which are not resistant. Thus, the data repmted in Table 3 show resis-
tance for each pest where it has been reported. However, the lack of a resistance indi-
cation does not mean that the line is susceptible; it may not have been evaluated for 
the particular pest. 

Multiple pest resistance is common in the race collection. There are 228 lines resis-
tant to one or more pests. There are 33 lines high in gossypol which should confer 
resistance to the bollworm/tobacco budworm complex. There are 56 lines which have 
been identified as resistant to bollworm/tobacco budworm. There are 59 lines resistant 
to boll weevil, 99 resistant to pink bollworm, six resistant to mites, and 11 resistant to 
plant bugs. These lines and this collection are valuable resources for future work on 
resistance to pests of cotton. The evaluations which provided data for these counts or 
resistant lines show that much useful variability is available in this collection. Its use 
will require long-term breeding goals since much of the collection is photoperiodic and 
will not flower in the long days of the United States Cotton Belt in the summer. 
Conversion programs are underway in the authors' USDA, ARS laboratories in 
Mississippi and Atizona to breed day-neutral genes into the Gossypium hirsutum and 
Gossypium barbadense lines, respectively, in this collection. This is also a long-term 
program; however, each year a group of lines is released to the public from this 
research program (McCarty et a/., 1979). 
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Table 2. Registered germplasm of cotton with morphological or biochemical mutants 
confening resistance to one or more pests'. 

Year 
Registration No. Strain 01iginator Registered 

36-37 2 smoothleaf strains Lee 1977 
27-35 9 nectariless (NE) strains Meredith & Bridge 1977 
167-174 8 frego strains Shepherd 1982 
175-182 8 nectariless strains Shepherd 1982 
183-185 3 okra-leaf, frego bract strains Kappelman 1982 
186-193 8 okra-leaf strains Shepherd 1982 
194-201 8 smoothleaf strains Shepherd 1982 
270-277 8 okra-leaf, fi"ego bract strains Shepherd et at. 1986a 
278-285 8 nectariless, frego bract strains Shepherd et at. 1986b 
260,263, 4 nectariless, okra-leaf strains Wilson 1986 

264,266 
305,307 2 nectariless, okra-leaf strains Wilson 1987 
306 1 nectariless, okra-leaf, smooth strain Wilson 1987 
313-315 3 high gossypol strains Jones et al. 1988b 
'Registered with the Crop Science Society of America, 677 South Segue Rd., Madison, Wisconsin 53711 . 

Table 3. Accessions in upland cotton, Gossypium hirsutum race collection with pest 
resistance. 

Accessions with high gossypol: 102, 114, 115, 144, 152, 165, 187, 197,216,231,258,277,297, 
306,345, 487, 490, 495,497, 499, 606,642, 663,664, 665,674,707, 766, 805, 934, 952, 1036, 
1150 

Boll weevil resistant race accessions: 11 , 18, 26, 78, 80, 94, 109, 11 8, 128, 140, 147, 185, 192, 
196,209,260,265,267, 292, 293,294, 295, 297,304, 323,326,330,333,336,339,340,347, 
461, 600,625, 679, 681, 720, 725,730, 732,756,759, 760,763,764,77 1,786,790, 805, 938, 
952, 955, 1067, I 105, 1119, 1134, 1149, 1150 

Bollworm/tobacco bud worm resistant race accessions: 16, 72, 9 J, 100, 102, 104, 110, 113, 119, 
130, 163, 164, 165, 167, 171, 187, 195, 201 , 206, 219,228, 247, 254, 295,490,600, 620, 670, 
675,681, 682, 687, 693, 697, 707,709, 766, 776,802,805,953,999, 1001 , 1006, 1015, 1036, 
1040, 1041, 1066, 1067, 1102, 1106, 1108, 1121, 1132, 1150 

Pink bollworm resistant race accessions: 7, 17, 20, 21, 25, 31, 39, 40, 41 , 53, 55, 58, 62, 65, 72, 
78, 93, 99, 101, 102, 103, 127, 142, 158, 160, 164, 167, 168, 169, 170, 175, 176, 180, 18 1, 185, 
202,203, 207, 2 16,218,220, 226, 228,232,245, 247,254,257,265, 273, 293, 302, 303,306, 
316,330, 331, 333, 335, 336,339,342, 377, 389,469,489, 497, 503, 570,596, 610, 616,620, 
635, 636,639, 646,657,658, 668, 679, 682, 703, 705, 711,712,763,764,775,937, 955,960, 
1048, 1053, 1125, 11 58, 1177, 11 80, 1182 

Spieler nlite resistant race accessions: l , 5, llO, 11 8, 144, 165 

Plant bug resistant race accessions: 78, 113, 158, 195,247,254, 481,655,658, 682,701 
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RESISTANCE TO INSECTS AND MITES 

BOLL WEEVIL 
The boll weevil is a major pest in much of the Cotton Belt. It has been eradicated in 

North Carolina and South Carolina; eradication projects are proceeding in Florida, 
Georgia, and parts of Alabama, Arizona, and California. Planning is underway to erad-
icate it in other states. 

The correct management of the boll weevil supports effective pest management pro-
grams for other cotton insects. The use of resistant cultivars, i.e., early season cultivars 
having a useful level of resistance as well as pest evasion, coupled with recommended 
management practices, has relegated the boll weevil to a manageable status in much 
of Texas (Adkisson et al. , 1982; El-Zik and Ftisbie, 1985 ; Flisbie, 1981 ; Namken et 
al., 1983; Parker et al., 1980; Walker, 1980a,b; Walker et al., 1978; Walker, 1984; 
Walker et al., 1984). 

Because of these events, most seed breeding films are not actively pursuing programs 
to develop cultivars with specific resistance to boll weevil, but they are developing 
early, short-season cultivars which aid in its management. These cottons first became 
available as cultivars in Texas in the mid-1970s and in the Mid-South in the early-
1980s. Growers have several cultivars to choose from in each region. Table 4 lists those 
which have been officially registered with the Crop Science Society of America. 

Many cultivars developed by private seed companies are never registered with the 
Crop Science Society of America (Table 5). Many germplasm resources are available 
to use in developing cultivars with resistance to boll weevil (Table 6). The most preva-
lent type of resistance is a reduction in oviposition (Buford eta/. , 1967; Buford et al. , 
1968; Jenkins et al., 1964; Jenkins et al. , 1969; Jenkins eta/., 1978; Lambert et al., 
1980; McCarty and McGovern, 1987; McCarty and Jones, 1988; McCarty et al. , 
1986b; McCarty et al. , 1977; McCarty et al. , 1982a; Weaver and Reddy, 1977). 
Several cases of antibiosis have also been reported (Bailey et al. , 1967; Black and 
Leigh, 1963; Hunter et al. , 1965; Jenkins et al. , 1964). The very pubescent cottons are 
less preferred by the boll weevil (Hunter et al. , 1965; Wannamaker et al. , 1957). 

Over 60 accessions in the collection of wild races of cotton are resistant to the boll 
weevil. Resistance is expressed as reduced oviposition (Jenkins et al. , 1978). These 
race stocks are generally photoperiodic, but some have been developed into day-neu-
tral lines and still retain the resistance to boll weevil (Table 5). MWR-1 and MWR-2, 
boll weevil resistant lines, have been released to the public and registered with the 
Crop Science Society of America (McCarty et al. , 1986b). Day-neutral lines from 
Gosspium hirsutum race accessions 80, 759, 1149, 109, 293, 326, 330, 763 and 1180 
are resistant to the boll weevil in the field (Jones et al. , 1987a; McCarty and Jones, 
1989; McCarty et al. , 1982a). A listing of the race lines resistant to boll weevil and 
their !mown cross resistance to other pests are shown in Table 3. 

Host plant resistance research with the boll weevil has led to the discovery of 
numerous substances in cotton that act as feeding deterrents, feeding stimulants, attrac-
tants or arrestants for the boll weevil (Benedict eta!., 1987; Hedin eta/., 197 4; Hedin 
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Table 4. Registered cultivars and germplasm of cotton which are early, shOJt season 
types'. 

Registration Year 
No. Cotton line Type Originator registered 

61 Tamcot SP21 Cultivar Bird 1976 
62 Tamcot SP23 Cultivar Bird 1976 
63 Tamcot SP37 Cultivar Bird 1976 
69 DES24 Cu1tivar Bridge & Chism 1978a 
70 DES 56 Cultivar Bridge & Chism 1978b 
74 Tamcot CAMD-E Cultivar Bird 1979 
73 Tamcot SP21S Cultivar Bird 1976 
75 Tamcot SP37H Cultivar Bird 1979 
156 DES-04-6 Germplasm Bridge 1980 
157 DES-04-11 Germplasm Bridge 1980 
158 DES-04-606 Germplasm Bridge 1980 
163 HYC 76-59 Germplasm Sappenfield 1981 
225 UARK-1 Germplasm Smith 1983 
226 UARK-2 Germplasm Smith 1983 
86 PD-2 Germ plasm Culp et al. 1985 
88 DES-11 9 Cultivar Bridge 1986b 
87 Tamcot CABCS Cultivar Bird et al. 1986 
303 Miscot 7813 Germ plasm Bourland 1987 
304 Miscot 7841 Germplasm Bourland 1987 
308 DES 237-7 Germ plasm Bridge 1987 
92 Arkot 518 Cultivar Smith 1988 
94 Tamcot CD3H Cultivar Bird eta!. 1988 
319-332 CS-8601 to CS-8614 Gennplasm Smith & Niles 1988 
316 Miscot 7913-5 J Germ plasm Bourland 1988 
317 Miscot 7913-83 Germ plasm Bourland 1988 
318 Miscot 7913-84 Germ plasm Bourland 1988 

'Registered with the Crop Science Society of America, 677 South Segoe Rei. , Madison, Wisconsin 53711. 
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Table 5. Cultivars (varieties) of cotton developed by private seed companies for short-
season production. 

Cultivar 

Stoneville 506 
Stoneville 11 2 
Stoneville 132 
Stoneville 453 
Stoneville 825 

Deltapine 20 
Deltapine 50 
Deltapine 41 

Coker 208 
Coker 304 
Coker 235 

Centennial 

White Lightning 
Short Cut 

Developer 

Stoneville Pedigreed Seed Company 
Stoneville Pedigreed Seed Company 
Stoneville Pedigreed Seed Company 
Stoneville Pedigreed Seed Company 
Stoneville Pedigreed Seed Company 

Deltapine Seed Company 
Deltapine Seed Company 
Deltapine Seed Company 

Coker Pedigreed Seed Company 
Coker Pedigreed Seed Company 
Coker Pedigreed Seed Company 

Sun Valley Seed Company 

Seeds of Tomorrow 
Seeds of Tomorrow 

eta!., 1977; Jenkins eta!. , 1963; Keller et al. , 1962; Keller et al. , 1963; Maxwell et 
a!., 1963a, b; Maxwell eta!. , 1965; McKibben eta/. , 1985). Some of these have found 
practical use as adjuncts to baits or pheromones such as the commercial product 
NoMate Blockade® and the Boll Weevil Bait Stick (McKibben and Smith, 1991). 

The frego bract character effectively can reduce the population of boll weevils ; 
thus, it is an effective trait to use in developing cultivars resistant to the boll weevil 
(Jenkins, 1982ab; Jenkins and Parrott, 1971 ; Jenkins et al., 1969; Jones eta!., 1983; 
McCarty eta!., 1983). Boll weevil oviposition (egg laying) in plots of frego-bract 
cotton was suppressed 66, 71, 75 and 94 percent below oviposition in non-frego cot-
ton plots in field studies with this trait (Jenkins and Parrott, 1971). A problem with 
the use of frego bract is its sensitivity to plant bugs. Addition of the nectariless trait 
helps in this regard as does breeding frego bract into early maturing cultivars (Jones 
eta!. , 1983; Milam et al., 1982). 

The trap crop principle using lines which vary in their preference by the boll wee-
vil has been demonstrated in Louisiana (Burris et ul., 1982); Jones and Brand, 1981; 
and Jones et al., 1987 a,b). The cottons Tamcot CAB-CS, TX CAMD 21S-7-81 and 
TX BLLEBOS 1-83 are more attractive to boll weevil than 'Deltapine 41'; they also 
fruit earlier. Therefore, they are especially usefu l in the trap crop system for boll wee-
vil control (Jones eta!., 1987a). 
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Table 6. Summary of evaluations for resistance to boll weevil in cotton. 

Resistant source and type 

Antibiosis 
Gossypium arboreum, Gossypium davidsoni, 

Gossypium thurberi 
Gossypium thurberi, Pima S-1 
Gossypium barbodense 
Hopi Russian SA, CB2545 

Reduced oviposition 
Triple Hallmark SI, Seaben y Sl , Russian SI, 

Brown Egyptian 
5 frega, 4 red, SI Seaberry 
MWR-1 , MWR-2 
Male sterility 
Lansii 11 , AC134, Albar 627, G077-2, 
BPA52/NC63, Tx-Ly-18-72 gl, DES-HERB-16, 
DES-ARB-16 
75 Gossypium hirsutum race lines 

Non preference 
Hairy plants 
MU-9, Pilose, R1 

Reference 

Bailey et al., 1967 
Jenkins et o f. , 1964 
Black & Leigh 1963 
Hunter et al., 1965 

Buford eta!., I 967, 
1968 

Jenkins et al., 1969 
McCarty et al. , 1986b 
Weaver et al., 1977 

Lambert et al., 1980 
McCarty et al., 1977, 

1982a 
McCarty, 1987 
Jenkins et al. , 1978 

Hunter et al. , 1965 
Wannamaker, 1957 

BOLLWORM/TOBACCO BUDWORM COMPLEX 

573 

Much effort is directed towards control of these two species of cotton. Many of the 
presently reconunended control practices depend upon using early, short-season culti-
vars as a foundation for pest management. Tllis approach is used very effectively in 
Texas (Adkisson et al. , 1982; El-Zilc and Frisbie, 1985; Frisbie and Walker, 1981; and 
Walker et al., I 978). 

Considerable effort has been directed toward understanding the relationship 
between cotton and the bollworm/tobacco bud worm complex. These pests feed on sev-
eral host plant species and usually feed on a succession of hosts during the year. 
Control of bollworm/tobacco budworm on host plants other than cotton has the poten-
tial to solve their pest status on cotton. In the Mid-South, tobacco budworms oviposit 
most of their eggs in the upper one-third of the plant, usually near the ternlinal, except 
during the late part of the season (Ramalho et a/., 1984). First and second instar 
tobacco bud worm larvae are generally found in the upper one-third of the plant canopy 
except late in the season. Instars three tlu·ough six are found moving throughout the 
plant canopy. All larval instm·s are found primarily on structures that m·ise from the first 
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position on a branch (Ramalho eta!. , 1984). In field studies on the bollworm, site of 
oviposition had little effect on the level of establishment; however, in laboratory stud-
ies larval development was affected by feeding site with larvae on flowers and bolls 
developing faster and growing larger than those on squares, leaves and terminals 
(Fanar et al., 1985). First instm· lm·vae of tobacco budworm avoid feeding on gossy-
pol glands (PmTott et al., 1983). 

Cotton contains many chemicals which retm·d the growth of bollworm/tobacco bud-
worm larvae. Numerous laboratory studies have shown that these are effective (Bell 
and Stipanovic, 1977; Bell et al., 1974; Chan and Waiss, 1981; Chan et al., 1978a,b,c; 
Elliger et al., 1978; Jenkins eta!., 1983; Lukefahr and Martin, 1966; Lukefahr and 
Houghtaling, 1969; Waiss et al. , 1981). Numerous cotton lines have been developed 
or evaluated with various levels of one or more of these chemicals which reduce the 
growth of larvae (Table 7). Yellow or orange pollen reduces the growth of lm·vae 
(Bailey, 1981; Hanney et al., 1979). Nectariless strains of cotton reduce oviposition of 
moths as do glabrous leaves (Lukefahr et ~1!., 1971 ; Lukefahr eta!., 1975). 

In the collection of wild cottons, over 60 lines show antibiosis toward lm·vae of 
tobacco budworm or bollworm (Parrott et al., 1978; Personal communication, J. E. 
Jones, Louisiana State University, Baton Rouge, Louisiana) (Tables 3 & 7). 
Additionally, 32 lines from the collection are high in gosspol (Dilday and Shaver, 
1976a,b; Dilday and Shaver, 1980) (Table 7). Nine of the high gosspol accessions 
show antibiosis (antagonistic association) against bollworm/tobacco budworm. The 
remaining high gossypol lines also should be resistant. 

A diverse group of cottons were grown in Mississippi and tobacco bud worm larvae 
were grown from emergence to five days of age on the different cotton lines. 
Concurrently, the lines were sampled and analyzed for certain classes of chemicals 
alleged to be antibiotic to the larvae. Tannin level was not related to larval growth. 
Negative relationships were shown between level of gossypol and larval growth, and 
level of a mixture of flavonoids and anthocyanin and growth (Jenkins 1982b; Jenkins 
eta!. , 1983; White, 198 1; White eta!., 1982a,b). 

Many cotton constituents are antiobic to tobacco budworm larvae when added to 
diets. The amount of chemical necessary to reduce growth 50 percent varies from 0.03 
to 0.46 percent of the diet (Bell and Stipanovic, 1977; Bell eta/., 1974; Chan and 
Waiss, 1981; Chan et al. , 1978a,b; Jenkins et al., 1983; Waiss eta/. , 1981) (Table 8). 

Larvae grow much fas ter on artificial diet than on cotton plants, presumably because 
of the number and amount of allelochemicals' in the plant and the better nutrition 
available in the artificial diet. At the end of day one, lmvae on diet m·e two times larger 
than those on cotton. At the end of five clays those on cotton weigh 2.5 milligrams, 
whereas, those on diet weigh 20 milligrams. At day 9, those on cotton weigh 60 mil-
ligrams and those on diet weigh 300 milligrams (Jenkins, unpublished data). The small 
larvae, however, are quite capable of damaging cotton. 

'Allelochemicals are naturally occurring behavior-modifying chemicals that mediate interspecific interac-
tions. See Chapter 11 for more in formation on such chemicals. 
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Table 7. Summary of evaluations for resistance to bollworm/tobacco budworm in cot-
ton. 

Resistant source 

Antibiosis 

High gossypol 

Gossypium tomentoswn cytoplasm 
Yellow pollen 
Orange pollen 
BJA592, Laxmi, Satu-65, MOHG, HGBR-8N 
Gossypol, quercetin, rutin 
BW76-31 

Heliocides H1 & H2, Hemigossypolone 
Catechin, chrysanthemin, isoquercetrin, 

delpbinidin, quercetin, condensed tannins, 
cyanidin gossypol 

T-934 Socorro Island Wild 
Race accessions 91, 122, 11 3, 100, 104, 195, 

228, 201 , 102, 110, 171, 119 
48 Gossypium hirsutum race accessions 

Red plant color 
Gossypium arborewn, Gossypium bickii, 

Gossypium herbaceum, Gossypium somalense 

Reduced Oviposition 

Smoothleaf 
Nectariless 
NC-1, NC-2 

Ability to yield under infestation 

CAMD-E, PD 875, PD 8619, ST-506 

High gossypol 

33 Gossypiwn hirsutum race accessions 

Reference 

Lukefahr & Houghtaling, 
1969 

Lukefahr eta!., 1975 
Meredith et al. , 1979b 
Hanney et al. , 1979 
Bailey et al. , 1984 
Lambert et al. , 1982a 
Lukefahr & Martin, 1966 
Stokes & Sappenfield, 
1981 

Elliger et al. , 1978 

Jenkins et al., 1983 
Dilday & Shaver, 1980 

Parrott et al. , 1978 
Jones, Personal 
Communication ' 

Bhardwaj & Weaver, 1983 
Benedict et a!., 1987 

Lukefahr eta/., 197 1 
Lukefahr et a!. , 1975 
Lee, 1977 

Jenkins eta!. , 1986 

Dilday & Shaver, l976a,b 
Dilday & Shaver, 1980 

'J. E. Jones, Professor of Agronomy, Louisiana State University, Baton Rouge, Louisiana 70893. 
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Table 8. Percent allelochemical required in laboratory diet to reduce bollworm/ 
tobacco budwmm larval growth 50 percent. 

Evaluated by 

Allelochemical Chan Stipanovic Missississippi State University 

Gossypol 
Hemigossypolone 
H1 
H2 
Catechin 
Epicatechin 
Quercetin 
Condensed tannin 
Methyl sterculate 
Cyanidin 
Delphinidin 
Flavonoids & anthocyanin 

mixture (F7) 

0.12 
0.03 
0.1 2 
0.13 
0.13 

0.05 
0.15 
0.41 

0.05 
0.29 
0.10 
0.46 

0.12 

0.05 
0.11 
0.05 
0.05 

0.15 
0.1 3 

0.07 

Table 9. Regression equation for allelochemical effects on first instm· tobacco bud-
worm larvae grown on diet for 5 days. 

Regression 
Allelochemical form a b 

Catechin Y=aXb' 7.06 -0.562 
Chrysanthemin Y=aXb 7.91 1 -0.707 
Isoquercitrin Y=aX" 4.49 -0.888 
Quercetin Y=aX" 3.29 -0.705 
Condensed tannin Y=aX" 2.07 -0.880 
Cyanidin Y=a+bX 105.10 -332.9 
Delphinidin Y=a+bX 124.40 -540.4 
Gossypol Y=a+bX 101.61 -390.3 

':'*Significant at O.Ollevel. 
'Y = aXb is same as logY = log a + b log X. 
From: Jenkins et al. , 1983 . 

Coefficient of 
determination r2 

0 .90 
0.81 
0.85 
0.90 
0.90 
0.71 
0.89 
0.56 

Significance of 
Regression r 

** ** 
** ** 
** ** 
** ** 
** ** 
*':' ** 
** ** 
** ** 
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Regression equations for larval growth as a function of level of allelochemical in 
artificial diet indicated a linear relationship for the chemicals cyanidin, delphinidin and 
gossypol. Curvilinear relationships were found for catechin, chrysanthemin, iso-
quercitrin, quercetin and condensed tannin (Table 9) (Jenkins et al., 1983). Using these 
relationships to calculate the level of allelochemicals necessary to reduce growth of 
larvae 90 and 95 percent, 0.235 and 0.248 percent gossypol are required, respectively. 
For isoquercitrin, a curvilinear relationship exists and 0.538 and 1.848 percent are 
required for a 90 and 95 percent reduction in growth (Table 10) (Jenkins eta!. , 1983). 
These levels are within the limits of those found naturally in cotton plants. 

Increasing the natural level of allelochemicals in cotton has been the goal of several 
research programs. In this context, the interaction of cotton genotype and environment 
and the type of gene action involved in allelo-chemical production are both important. 
Fortunately, these are within ranges which allow their use by cotton breeders. 

Six types of chemical analyses were pe1formed on a group of cotton lines (strains) 
from which samples were collected weekly. Data for selected weeks are shown in 
Table 11 (White eta!., 1982b). Each of the chemicals varied over the season whether 
considered from individual strains (lines) or as means over all strains. Components of 
variance analyses for the chemicals showed that weeks (i.e., stage of growth) was a 
much larger component than strains; however, significant variability was evident 
among the strains and there was not a large strains by week interaction. This indicates 
that in each cotton strain the level of the allelochemical varied across weeks, but it var-
ied in a similar manner in each of the cotton strains in the experiment. Broadsense her-
itability estimates were 93 to 99 percent (Table 12) (White et al. , 1982a). 

Genetic studies on three cotton crosses produced estimates of the various types of 
gene action. For each chemical, except aniline reacting terpenes, additi ve effects were 
the largest component. Dominance effects were important for phenolics as well as ani-
line reacting terpines (Table 13) (White, 1981; White eta!., 1982b). Thus, breeders can 
select for higher levels of these chemicals and expect to be successful. Samples for 
comparison purposes should be collected at the same time because of the week-to-
week variation; however, genetic effects should not be confounded by a major geno-
type by environment interaction (Dilday and Shaver, 1980; White et al., 1982b). 

Plant breeders have actively cooperated with entomologists for several years to 
identify strains of cotton with antibiosis against the bollworm/tobacco budworm. 
Numerous obsolete cultivars, wild race accessions and special genetic stocks have 
been identified (Table 7). Techniques are now available which allow the breeder to 
select resistant plants from segregating progeny or progeny rows following crosses 
between resistant and susceptible lines. Most of the resistant lines were found origi-
nally in nonadapted cottons. Techniques have been developed for infes ting plots with 
eggs; however, these were not considered to be as useful as those using first instar lar-
vae. The technique of choice distributes first instar larvae mixed with corncob grits 
onto terminal leaves (Hall et a/., 1980; Jenkins eta!., 1982). Larval rearing and field 
distribution procedures have been developed for achieving uniform infestations 
(Jenkins eta/., 1982; Parrott eta!., 1986). These techniques are useful in their present 



Table 10. Predicted amounts of allelocherillcals necessary in diet to achieve desired level of growth reduction in tobacco bud worm, 
based upon regression equations. (From Jenkins et al., 1983.) 

Desired percent of weight on control diet 

Allelochemical 100 75 50 25 10 5 2 1 0 

% allelocherillcal 

Catechin 0.009 0.015 0.131 0.105 0.538 1.848 9.430 32.360 

Chrysantherilln 0.028 0.042 0.074 0.196 0.727 1.913 6.988 18.620 
Isoquercitrin 0.030 0.042 0.066 0.145 0.406 0.886 2.485 5.425 
Quercetin 0.008 0.012 0.021 0.056 0.207 0.552 2.025 5.412 
Condensed tannin 0.0 12 0.017 0.027 0.059 0.167 0.367 1.041 2.285 
Cyanidin 0.015 0.090 0.166 0.241 0.286 0.301 0.310 0.313 0.316 
Dephinidin 0.045 0.091 0.138 0.184 0.212 0.221 0 .227 0.228 0.230 
Gossypol 0.004 0.068 0. 132 0.196 0.235 0.248 0.255 0.258 0.260 
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Table 11. Allelochernical concentration in cotton terminal leaves over time. Mean of 
20 strains. (From White eta/., 1982b.) 

Samgling dates (week uostemergence) Season 
Compound 5 7 9 11 13 mean 

Percent dry weight basis 
Tannin 5.8 13.0 18.1 17.5 21.3 16.1 
El, 1 5.9 10.2 13.8 13.9 16.2 12.6 
Catechin 6.7 11.9 14.5 12.4 13.9 12.6 
Phenolics 4.7 5.5 7.6 11.6 19.7 10.2 
Gossypol 0.28 0.38 0.28 0.24 0.20 0.27 
Flavonoids & 

anthocyanin 0.38 0.63 0.48 0.45 0.36 0.45 

Table 12. Estimates of components of variance for cotton allelochemicals from a group 
of 20 cotton strains sampled for 10 weeks. (From White eta/., 1982a.) 

Mean sguares' Broad sense 
Compound Strains Week SxW heritability 

Tannin 930** 3004''':' 171** 97.7 
El, 1 4*':' 10** l* * 97.5 
Catechin 222** 834*':' 25** 98.3 
Phenolics 18 3029** 0 93.2 
Gossypol 1.5':'* 0.3*'' 0 99.2 
Flavonoids & 
anthocyanin 8** 1* '-' 1** 98.9 

'** significant F value at 0.01 level. 
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Table 13. Mean squares from Generation Mean Analysis hom three sets of crosses 
illustrating genetic effects involved in allelochemicals in cotton. (From White eta!., 
1982a.) 

Genetic effects for crosses 

Set 1 Set 2 Set 3 

Allelochemical A D RE A D RE A D RE 

-------milligram/gram dry weight----- ---
E1 , 1 tannin .0046* 
Catechin 
Total phenolics 
Aniline reacting 27 .7* 

terpines 
Gossypol 
Flavonoid/ 

anthocyanidin 

10.0* 
10.1 * 

A= Additive effects. 
D = Dominance effects. 
RE = Residual epistatic effects. 

.0032* 
18739* 

9.0* 29.9 '" 17.7* 

6.5* 

* = Significant effect at 0.05 level of significance. 

2 10.0* 93 .0* 

4.2* 1.8* 

form to commercial plant breeding firms. One company is presently using these tech-
niques in its breeding program to develop cultivars (varieties) resistant to tobacco bud-
worm. 

The cultivar 'DES 119' is presently being grown on a large acreage in the Mid-
South. Using the larval infestation technique, we evaluated DES 119, during its vari-
ous stages of development, and reported its resistance levels. When the cultivar was 
released by the breeder, it was described as being tolerant to tobacco budworm 
(Bridge, 1986b ). 

Rapid progress towards developing cultivars highly tolerant to tobacco budworm 
without any loss in yield or agronomic and fiber properties now should be possible. 
Public research scientists in USDA's Ag1icultural Research Service, and in the state agri-
cultural experiment stations have developed the techniques and ge1mplasm necessary for 
this progress. Germplasms with the desired combinations of resistance, yield, agronomic 
and fiber properties have been released; they have been registered by the Crop Science 
Society of America since 1981 , with most of it in 1984 and 1988. Many of the cotton 
lines listed in Table 14 carry these combinations (Bourland, 1987, 1988; Bridge, 
1986a,b; Jenkins eta!., 1984; Jenkins eta!., 1988a,b,c; Jones eta!., 1988b; Mahill et a!., 
1984; Stokes and Sappenfield, 1981; Stringer et al. , 1983; Stringer eta/., 1987). 

There is no reason why high yielding cultivars with high levels of tolerance to 
tobacco budworm cannot be developed (Hsieh eta/. , 1987; Jenkins eta!., 1987; Jones 



HOST PLANT RESISTANCE 581 

et al., 1987; Sttinger eta/., 1987). The DES 119 cultivar is a start in this direction. It is 
up to the commercial cotton breeders to take advantage of this available germplasm in 
developing other suitable cultivars (varieties). 

In addition to these programs, a number of genetic engineeting firms are inserting 
several constructs of the d-endotoxin gene from Bacillus thuringiensis Kurstaki into 
advanced strains of cotton. In 1990 public research scientists in cooperation with 
Monsanto Agricultural Company evaluated five cotton strains into which the B.t. gene 
had been genetically engineered. When all pests were controlled, these strains were 
equal in yield to the non-h·ansformed parental cultivar Coker 312. This shows that the 
B.t. gene insertion did not have a detlimental effect on yield. When pest insects were 
allowed to damage the plots; very little damage was found in the transgenic sti·ain plots; 
whereas, extensive bollwonnltobacco budworm; pink bollworm; cotton leafpelforator; 
and saltmarsh caterpillar, Estigmene acrea (Drury). Smaller bolls and seed as well as 
some changes in lint percentage and some fiber properties were observed in the ti·ans-
genic strains (Jenkins etal., 1991; Jenkins etal.,l993; Micinski and Caldwell, 1991; 
Benedict et al., 1991, Gannaway et al., 1991; Wilson and flint, 1991; Williamson and 
Deaton, 1991 ). 

In 1989, scientists with USDA's Agticultural Research Service and with the genetic 
engineering company Argracetus conducted a field evaluation of four strains containing 
the B.t. gene. The expression of the B.t. gene in these strains was not at a level that 
offered any control of bollworm/tobacco budwonn in field plots . Yields of the trans-
formed strains were good; bolls and seed were smaller and lint percentage higher than 
in the non-transformed parental Coker 312 strains (Jenkins eta!. , 1991). 

When developing strains with high gossypol as the mechanism for resistance to boll-
worm/tobacco budwonn, the breeder must attempt to keep a low level of gossypol in 
the seed and at the same time increase gossypol to an acceptable level for resistance in 
the square. This does not seem to be an insurmountable obstacle. No published data 
were found on the level of gossypol in the seed of recently developed germplasms 
which are resistant to tobacco budworm (Table 14). It may be possible to develop a cul-
tivar with glands in the square and no glands in the seed (Altman eta/., 1987; Dilday et 
a!. , 1982; and Dilday, 1986). We know that gossypol and related compounds are 
involved in resistance in some lines; however, in others much of the resistance is not 
due to gossypol. If large acreages of high-gossypol cotton are grown, it is likely that a 
strain of bollwmm/tobacco budworm tolerant of higher levels of gossypol would be 
selected. A strain with higher tolerance to gossypol has been developed through direct 
selections in the laboratory; however, this strain was 38 percent less fertile than the con-
trol strain (Raulston eta!. , 1985). Thus, in tllis instance there were opposing forces oper-
ating. The number of generations out of the total generations each year that the species 
would be under selection pressure from high gossypol cotton is also a m<Uor consider-
ation. There are several instances of selection for resistance to insecticides in boll-
worm/tobacco budworm. Researchers in host plant resistance should expect resistance 
to gossypol to develop and be prepared with other sources of resistance. This goal is 
already being considered as all the germplasms or cultivars tolerant to tobacco bud-
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Table 14. Registered lines of cotton resistant to bollworm/tobacco budwmm'. 

Registration Year 
No. Cotton line Type Originator registered 

162 BW76-3 1 Germplasm Stokes & 1981 
Sappenfield 

242 MDH-118 Germplasm Mahill et a!., 1984 
243 MDH-121 Germplasm Mahill et a!. , 1984 
244 MDH-126 Germplasm Mahill eta!., 1984 
245 MDH-128 Germplasm Mahill eta!., 1984 
246 MHR-1 Germplasm Jenkins et al. , 1984 

88 DES-119 Cu1tivar Bridge 1986b 
313 LaHG 063 Germplasm Jones et al., 1988b 
314 LaHG 065 Germplasm Jones eta!. , 1988b 
315 LaHG660 Germplasm Jones eta!., 1988b 
316 Miscot 7913-51 Germplasm Bourland 1988 
317 Miscot 7913-83 Germplasm Bourland 1988 
318 Miscot 7913-84 Germplasm Bourland 1988 
345 MHR-10 Germplasm Jenkins et al. , 1988b 
346 MHR- 11 Germplasm Jenkins eta!., 1988b 
347 MHR-12 Gennplasm Jenkins eta!., 1988b 
348 MHR-14 Germplasm Jenkins eta!., 1988c 
349 MHR-15 Germplasm Jenkins et al. , 1988c 
350 MHR-16 Germ plasm Jenkins et al. , 1988c 
351 MHR-17 Germplasm Jenkins eta!. , 1988a 
352 MHR-18 Germplasm Jenkins eta!., 1988a 

PD 875 Germ plasm Culp era!. , 1979 
PD 895 Germplasm Cu1p eta!. , 1979 

'Registered with Crop Science Society of America, 677 South Segoe Road, Madison, Wisconsin , 537 .II. 

worm are not high in gossypol. Our data show that evasion, through early, fast fruiting 
is also a major component of the resistance in several of these germp1asms. 

For several years, researchers have cooperated in two Regional Evaluation Tests. 
One of these involves strains being developed for tolerance to tobacco budworm, and 
the second involves strains being developed for early, short-season, production. At the 
Mississippi State location, we have conducted each test under conditions of fu ll pro-
tection from insects and with a uniform artificial infestation of tobacco budworm. In 
some years, one or two other locations have had sufficient natural infestations of boll-
worm/tobacco budworm to evaluate resistance as well as agronomic performance. 
Progress has been made in developing high yielding, resistant strains. In 1978, the four 
highest yielding strains in the bollworm/tobacco buclworm test produced only 86 per-
cent of the yield of 'Stoneville 213', the check cultivar. Average yields of the top four 
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were 91 , 92, 105 and 114 percent of Stoneville 213 in 1982 through 1985, respectively, 
when bollwmm/tobacco budwmm were controlled. When they were allowed to dam-
age the plots, yields of these same strains were 116, 103, 144 and 267 percent of 
'Stoneville 213' in 1982-1985, respectively. Thus, progress also has been made in tol-
erance to tobacco budworm (McCarty, 1987). 

In 1987 at Mississippi State, Mississippi, yields of strains in the bollworm/tobacco 
budwmm test ranged from 11 percent less than 'Stoneville 213' to equal when insects 
were controlled; when high levels of tobacco budworm were allowed to develop, the 
range was 22 percent to 55 percent higher than 'Stoneville 213' (Table 15). In a 1987 
evaluation of early, short-season strains at Mississippi State, Mississippi, yields were 
from three percent less to eight percent more than 'Stoneville 213' when insects were 
controlled, and from 15 to 29 percent higher when tobacco budworms were allowed to 
develop in the plots (Table 16). 

Crop damage from infestations of tobacco budworm larvae varies dming the grow-
ing season. In general, infestations of larvae during the early stages of fmiting result in 
lower yields and delayed maturity; whereas, mid-season to late-season infestations have 
little or no effect on yield or maturity (McCmty eta!., 1982b; McCmty et al., 1986a). 
These differences are related to the manner in which the cotton plant produces bolls. 
Most (65 percent) of the yield of cotton is produced from bolls at the first position on 
fruiting branches; bolls at position two account for an additional 20 percent of the yield 
(Knight eta!., 1988; Jenkins et al. , 1990a,b). There m·e differences among cultivm·s in 
the number of bolls produced on each fruiting branch. These differences translate into 
fruit being set at different times dming the season by different cultivms. Thus, one 

Table 15. Yield of selected strains of cotton from 1987 regional test for tobacco bud-
worm resistant strains grown at Mississippi State, Mississippi with and without 
tobacco budwonn. (From: Regional Cotton Ymiety Test, 1987. Processed by 
National Cotton Variety Testing Program, USDA, ARS, P. 0. Box 19687, New 
Orleans, Louisiana 70179.) 

Lint yield 
Strain Developer With Without 

tobacco budworm tobacco budworm 

ST HG-6- 1 Stoneville Pedigreed Seed Company 
La HG 81 0065 J. Jones 
La HG 810060 J. Jones 
Miscot 7913-835 F. Bourland 
Miscot 7913-51H F. Bourland 
ST 2 13 Check Stoneville Pedigreed Seed Company 

LSD .05' 

'Least significant di fference required for signi ficance at .05 level. 

lbs/acre 
815 1050 
918 .1108 
898 1019 
759 1005 
721 1128 
590 1127 
189 198 
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Table 16. Yield of selected strains of cotton from1987 regional test of early, short sea-
son strains grown at Mississippi State, Mississippi, with and without tobacco bud-
worm. (From: Regional Cotton Variety Test, 1987. Processed by National Cotton 
Variety Testing Program, USDA, ARS, P. 0 . Box 19687, New Orleans, Louisiana 
70179.) 

Seed cotton yield 
Strain Developer With Without 

tobacco budworm tobacco budworm 

----lbs/acre- - - -
ST 6413 Stoneville Pedigreed Seed Company 3431 4133 
DES 936 Bridge 3977 4029 
Coker 84-610 Coker Pedigreed Seed Company 3276 4040 
ST 7913 Stoneville Pedigreed Seed Company 38 11 3858 
ST 213 Check Stoneville Pedigreed Seed Company 3456 3759 

LSD .051 1373 709 

'Least significant difference required for significance at .05 level. 

should expect different levels of tolerance to tobacco budwonns among cultivars 
(Jenkins, et al., 1990a,b; Jenkins et al., 1986; McCarty eta!., 1986a). 

The cotton plant possesses structures called capitate hairs on both smfaces of leaves. 
Strains differ in the density of capitate hairs (Bryson et al., 1983; Kosmidou-
Dimitropoulou et al., 1980). These are secretory (associated with secretion) hairs and 
may be involved in resistance. However, in a survey of 29 cotton lines vcuying in resis-
tance to tobacco budworm, no association was found between density of capitate hairs 
and growth of tobacco budworm larvae (Btyson et al. , 1983). 

Glandless cottons have the potential to increase the value of seed products tlu·ough 
increased utilization in feed and food products for nonn un inants, including humans. 
Most research indicates that glandless cottons are more susceptible to bollworm/ 
tobacco bud worm than glanded cottons. However, this is not true fm all glandless lines. 
Some glandless lines are no mme susceptible than standard glanded cultivars (Meredi th 
eta!., 1979a) or than isolines of glanded cotton (Jenkins et al., 1966; Oliver eta!, 1967). 

PINK BOLLWORM 
The pink bollworm is the most serious insect pest in many cotton growing areas of the 

world (Noble, 1969). In the United States, at present, it is a pest of economic importance 
in the irrigated meas of western Texas, New Mexico, Arizona, and southern California. 
It has the potential of becoming an economic pest fmther east, but it is largely controlled 
by a combination of quarantine regulations, cultural practices and emly maturing culti-
vms that ensure a long host-free period (Noble, 1969). It has not become established in 
the San Joaquin Valley of California as a serious pest. Presumably, the ongoing sterile 
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moth release program that was stmted in the late 1960s has prevented the pink bollworm 
from becoming established in the Valley (Hennebeny, 1980). 

Cotton growers in the inigated deserts of the West have depended upon full season 
cultivars, a long growing season and repeated applications of insecticides to produce the 
highest average lint yields in the United States. However insecticides m·e becoming less 
effective, and hence more expensive, because of the development of insecticide resis-
tm1ce in the pink bollworm. Heavy use of insecticides also leads to other problems, 
including outbreaks of second my pests and deleterious effects on other orgmtisms. This 
situation has encouraged growers to consider using short-season production practices 
and early maturing cultivm·s. Another development is the use of high levels of gossy-
plure, the pink bollworm pheromone, for em·ly-season control (Staten et a!., 1987). 
However, this strategy is expensive and is wmTanted only where pink bollworm popu-
lations may become high. A cultivm· having natural resistance to pink bollworm would 
be a welcome addition to the grower's defense arsenal against this insect pest. 

Painter (1951) and Niles (1980) reviewed the earlier resem·ch on resistance of cotton 
to the pink bollworm. In this chapter we review recent research and discuss the current 
state of the aJt in the development of resistant germ plasm. 

A wide vmiety of cotton germplasm has been evaluated in both upland short-staple 
(Gossypium hirsutum) and extra-long staple (Gossypium barbadense) cottons, includ-
ing current and obsolete cultivars, germplasm lines, morphological mutants, and day-
neutral and photoperiodic primitive race stocks (Wilson et al., 198 1). 

Several methods are used to evaluate germplasm. They include: (a) exposing cottons 
to natural field infestations; (b) infesting field or greenhouse plants with eggs or lm·vae; 
(c) releasing moths into the greenhouse or field cages; and, (d) bioassays of insect devel-
opment on artificial diets to which boll content or cm·pel wall material have been added. 
The standm·cl method for evaluating field-grown cottons is to determine percent seed 
damage caused by pink bollworm as shown on radiographs of seed samples (Wilson and 
George, 1985). In other tests, we have counted eggs and entrance holes, monitored devel-
opment time and survival of larvae and pupae, and have weighed pupae. 

Upland cottons that have shown natural resistance in the field include necta~·i less, 

okra-leaf, super okra-leaf, pilose, high-terpenoid and early maturing germplasm hnes 
and cultivars (Table 1). Other upland cottons that showed resistance were an obsolete 
American cultivar, 'Coker's Foster 300', an Indian cultivar, 'Laxmi', a cultivm· from 
Pakistan, 'NIAB-78', and five breeding stocks of complex pm·entage- three from 
Texas (AET-5, AET-BR-2-1, and AET-BR-2-8) and two hom Arizona (7203-14-7 and 
7203-14-104) (Wilson eta/., 198 1; Wilson, unpublished data). Singh and Sidhu (1984) 
reported that the Indian cultivar 'F414' , showed some pink bollworm resistance in the 
Punjab. Chakravorty eta/. (1982) reported that 'H-777' , a cotton with high tannin and 
low seed protein, had lower seed damage than three other Gossypium hirsutwn strains. 

On the other hand, Gossypium hirsllfum strains that had as much or more seed dam-
age than the checks were red plant, late-maturing, glandless and frego-bract; strains cm·-
rying exotic cytoplasms from six other Gossypiwn spp. are also included (Wilson eta/. , 
1979; Wilson eta!., 1981). 
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Ame1ican Pima strains, Gossypium barbadense, that showed resistance to the pink 
bollworm were pilos, okra-leaf, glandless, and Pima dwarf . Pima nectar·iless unexpect-
edly did not have less seed damage than 'Pima S-5' or 'Pima S-6' (Wilson eta!., 1977, 
1981; Wilson, unpublished data). Pima red had significantly more seed damage than the 
checks. 

Sixty of 321 primitive race stocks of Gossypium hirsutum evaluated showed some 
resistance in diet bioassays and 41 of 290 evaluated showed resistance in field plots in 
Puerto Rico (Wilson et al. , 1981) (Table 3). Seven of 41 race stocks showed resistance 
in field plots in Arizona. A mqjority of the race stocks that had shown resistance 
(antibiosis) in the diet bioassays also showed antibiosis when bolls on greenhouse-
grown plants were hand-infested with young larvae. Of the seven race stocks selected 
as most promising in the greenhouse tests, three (T-39, T-167 and T-705) showed 
antibiosis after pink bollworm eggs had been placed on green bolls in the field (Wilson 
and George, 1984). 

The subsequent focus of the pink bollworm resear·ch has been to transfer combined 
resistance traits into agronomically acceptable cottons. The most immediately useful 
traits are ear·ly maturity, nectariless, and okra-leaf. 

A series of nectariless isolines averaged 72 percent as much seed damage and 99 per-
cent as much lint yield as the nectar·ied counterparts while the comparable series of nec-
tariless, okra-leaf isolines averaged 60 percent as much seed damage and 93 percent as 
much lint yield (Wilson, 1988). A nectmiless, okra-leaf isoline and a nectariless, 
smoothleaf isoline yielded l3 and 14 percent more lint, respectively, than the nectari-
less counterpart cultivm·, but did not have less seed damage. An early maturing nectar-
iless, okra-leaf germplasm line, WC-12-NL, when compared at two locations and three 
seasons with a full-season, nectmi ed, normal-leaf cultivar, Deltapine 61, required 41 
percent less insecticide to control the pink boll worm, and yielded 12 percent more lint 
(Wilson, 1988; Wilson, 1991). 

Among the sources of antibiosis, the AET-5 strain and gennplasm lines from individ-
ual plant selections from T-39 me serving as sources of resistance in the breeding pro-
gram in Arizona (Wilson and George, 1984). In an experiment which was infested 
artificially with pink bollworm eggs, the germplasm line that had the lowest seed dam-
age (nectariless, AET-t resistance) had 61 percent as much seed damage, yielded 99 per-
cent as much lint, but was not significantly earlier than Deltapine 90 (Wilson, 
unpublished). Thus, nectar·iless and nectariless, okra leaf germplasm lines are available 
that combine significant resistance to pink bollworm with yield potentials approaching 
or equalling those of current cultivms (Tables 2, 17, 19). It remains to be seen whether 
transfer of the sources of antibiosis will add an increment of resistance to pink bollworm. 

Eight gennplasm lines with some resistance to pink bollworm were registered with 
the Crop Science Society of Ame1ica in 1992 (Wilson, 1992). It may not be possible to 
develop germplasm with enough resistance to pink bollworm to preclude the use of 
other control measures. On the other hand, even a moderate level of resistance, com-
bined with other non-insecticidal control methods, could allow the grower to produce a 
crop without the use of insecticides to control pink bollworm. 
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Table 17. Registered germplasm resistant to pink bollworm.' 

Registration Year 
No. Cotton line Type Originator registered 

305 WC-10NL Germplasm Wilson 1987 
306 WC- llNSSL Germplasm Wilson 1987 
307 WC-12NL Germplasm Wilson 1987 
260 AET-5N Germplasm Wilson 1986 
263 AET-5L Ge1mplasm Wilson 1986 
264 AET-5NL Ge1mplasm Wilson 1986 
266 AET-5NSL Germplasm Wilson 1986 

'Registered with Crop Science Soceity of America, 677 South Segoe Road, Madison, Wisconsin, 5371 1. 

COTTON LEAFPERFORATOR 
The cotton leafpeiforator has a complex life history. The first three instru·s of the lru·-

val stage mine inside the cotton leaf, then the third instm emerges to form a one-day 
resting, or "horseshoe" stage. Fourth and fifth instar lru·vae feed externally on the leaf 
and ru·e capable of causing considerable damage (Smith and Flint, 1977). 

Fry and Henneberry (1977) and Wilson and Wilson (1975) reported methods of mea-
suring leaf damage by the cotton leafpelforator. A convenient method of estimating field 
damage is to collect mature leaves peliodically and count "horseshoes". Data ru·e 
expressed as the number of "horseshoes" per gram leaf weight, which compensates for 
differences in leaf size (Wilson and Wilson, 1977). 

Resistance in nectariless cotton to the cotton leafpeiforator was reported by 
Benschoter and Leaf (1974) and Hennebeny eta/. (1977) (Table 1). George and Wilson 
(unpublished), however, found no difference between nectariless and the check cultivru· 
or smoothleaf-nectariless stocks and the check cultivar in terms of cotton leafpelforator 
"horseshoes" per gram leaf tissue. 

A number of reseru·chers have studied the relationship between cotton-leaf pubes-
cence and the incidence of cotton leafpelforator. Rejesus (1968) found no difference in 
oviposition between glabrous (smoothleaf) Seabrook Sea Island and the upland pubes-
cent 'Coker lOOA' (Gossypium hirsutwn). Two smoothleaf upland strains had more 
eggs than a pubescent strain and two pilose strains and also more than the Arizona wild 
cotton, Gossypiwn thurberi (Todmo). Less leaf tissue was consumed on four glabrous 
strains and on 'Deltapine 16' (semi-glabrous) than on four normally pubescent strains. 

Wilson and Wilson (1975) reported that strains that were either more glabrous or 
more pubescent than the normally pubescent upland cultivars were more resistant to 
cotton leafpelforator. The TM-1 Pilose strain (1100 trichomes per square centimeter as 
compmed to 125 trichomes per squru·e centimeter for normal TM-1) had the lowest pop-
ulations of cotton leafperforator and the least amount of leaf tissue consumed. Hru·ding 
and Cowan (1971) reported that cotton leafpetforator populations were slightly lower 
on TM-1 Pilose, and slightly higher on D2 Smoothleaf-321 than on the hi1sute check. 
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George and Wilson (unpublished) subsequently screened many race stocks, upland 
breeding stocks, mutants, and cultivars of Gossypium hirsutum for cotton leafperfora-
tor response. They found no consistent differences in stocks of frego bract, early matur-
ing, high-gossypol, glandless, okra-leaf, super okra-leaf, and AET-cottons. 

Harding and Cowan (1971) observed significantly higher populations of cotton leaf-
pelforator on red leaf cotton, but not significantly different populations on bronze, yel-
low-green, or virescent mutants. George and Wilson (unpublished) observed higher 
numbers of "horseshoes" on red-foliaged Gossypium hirsutum race stocks, accessions 
1234 and 1235. 

Among 34 ennies of Gossypium hirsutum race stocks, George and Wilson (unpub-
lished) found four with significantly fewer "horseshoes" than the check Deltapine 16. 
When retested, these same four had significantly fewer "horseshoes" than Deltapine 61, 
but they also had significantly more leaf trichomes. George and Wilson (unpublished) 
also screened a number of race stocks and race stock X cultivar derivatives repmted to 
have high levels of condensed tannins in the Jeaves. In 1979, the number of "horse-
shoes" was more highly correlated with leaf pubescence than with tannin content. One 
exception was Texas 1055, which is glabrous and had fewer "horseshoes" than 
Deltapine-61. In 1980, several glabrous, high-tannin derivatives from T-1055 X 
Stoneville 213 bad significantly fewer "horseshoes" than Deltapine-61. In 1981, none 
of those retested had significantly fewer "horseshoes" than Deltapine-61. F2BR-1, a 
high-tannin cotton from North Carolina, had significantly more "horseshoes" than any 
other entry. 

Wilson et aT. (1977) reported that in mutants ofPin1a cotton, red leaf had significantly 
more "horseshoes" than the Pima S-4 or Pima S-5 checks. Pima Pilose and Young's 
dwatf Pima had fewer "horseshoes" than the check; but, virescent-7, okra-leaf, gland-
less and the two monomeric glanded Pimas did not have fewer "horseshoes" than the 
check. George and Wilson (unpublished) observed fewer "horseshoes" in Pima gland-
less than in Pima S-5 in a later test. 

In summary, heavily pubescent cottons have shown good resistance to cotton leaf-
pelforator, glabrous cottons have shown some resistance, and red leaf cottons have been 
susceptible. Also, there is some indication that the nectm·iless character and cottons with 
high tannin levels confer some resistance to cotton leafperforator, but these chmacters 
need more testing. The B.t. gene in transgenic Coker 312 cotton strains conferred resis-
tance to cotton leafperforator (Wilson and Flint, 1991). 

PLANT BUGS 
Several species of plant bugs attack cotton. The most prevalent ones in the United 

States are three species of mirids: the tarnished plant bug, Lygus lineolaris (Palisot de 
Beauvais); western lygus bug, Lygus hesperus; and cotton fleahopper, Pseudomatos
celis seriatus (Reuter). Plant bugs are sucking insects and sometinles cause plants to 
branch abnormally or to shed squares or young bolls. Insecticidal control of plant bugs 
em·Iy in the season can sometimes lead to lepidopterous pests problems later in the sea-
son because of the destruction of predators and pm·asites. 
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The tarnished plant bug is most important economically in the Mid-South. In 1987, 
68 percent of the yield loss caused by tarnished plant bug was in the Mississippi Delta 
and the rest was in other parts of Mississippi and Louisiana (King et al., 1988). 
Unfm1tmately, a number of cotton mutants that are useful for resistance to other insects 
are susceptible to tarnished plant bug, as follows: glabrous (Jenkins et a/., 1977; 
Meredith and Schuster, 1979; Bailey, 1982); okra-leaf and super okra-leaf (Jones, 
1982); frega-bract (Schuster and Frazier, 1977). 

Fm1Unately, the nectariless and rapid fruiting traits confer some resistance to tar-
nished plant bug (Bailey et al., 1980; Bailey, 1982; Bailey et al. , 1984). Therefore, 
breeding strategy has been to combine nectariless with susceptible traits to ameliorate 
the susceptibility (Jones; 1982; Milam et al., 1982; Jones, 1983). A number of races-
tacks and various accessions of upland cotton have also shown resistance to tarnished 
plant bug (Table 18). 

The tarnished plant bug has less preference for high gossypol cottons (Schuster and 
Frazier, 1977). Glandless strains vmied in susceptibility to tarnished plant bug. Most 
of the glandless strains that suffered the least loss in yield, however, were also nectar-
iless, hirsute, or rapid frniting (Table 18) (Meredith et al., 1979a). Two germplasm 
lines and one cultivar have been registered that have resistance to tm·nished plant bug 
(Table 19). 

The western lygus bug is an economically important pest in Califomia, Arizona, 
New Mexico and western Texas. In the San Joaquin Valley of California, it is the most 
important pest in some yem·s, but not in others. For example, in 1986, it caused a esti-
mated loss of over 59,000 bales of lint, but in 1987, no loss was reported (King et al., 
1987, 1988). 

The western lygus bug appm·ently feeds on cotton when preferred hosts, primmily 
alfalfa, are not available. The adults m·e mobile and may move into the cotton crop 
when alfalfa is cut, or when hosts are hmvested or dry up as the season progresses. 
Nymphs m·e much less mobile than adults and may cause considerable damage. 

Tingey et al. (1975a) found resistance to the western lygus bug in a number of 
Gossypium hirsutum, Gossypium arboreum L. and Gossypium barbadense strains. 
Several workers have observed resistance to this insect in nectm·iless cotton (Benedict 
et al., 1981; Henneberry et al., 1977; Benedict eta/. , 1982). 

The data are conflicting on the response of the western lygus bug to glabrous cot-
ton. Tingey et al. (1975a) reported that growth, survival and nymphal emergence were 
no different on Bayou SM-6 glabrous than on Acala SJ-1. Wilson, R. L. and F. D. 
Wilson (unpublished) observed lower populations of adults (but not nymphs) on a 
Stoneville glabrous strain, and also on a glabrous, nectari!ess strain. George and 
Wilson (unpublished) observed that more squmes were shed on glabrous than on hir-
sute isolines, but genetic background effects were operating. Benedict et al. (1982) 
reported that glabrous reduced oviposition (egg laying) by 30 percent, but increased 
growth rate and survival. The pilose trait caused increased oviposition, but decreased 
growth rate and survival. Tingey er al. (1975a) also reported lower nymphal weight on 
pilose than on a normally hirsute cultivar (Table 18). 
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Table 18. Summary of selected evaluations for resistance to Lygus spp. in cotton. 

Resistant source and type Reference 

Antibiosis 
Nectariless Benedict et al., 1981 

Pilose, DES-ARB-16, DES-HAF-277, DES-HAMS-
277, DES-HAMS-16, DES-HERB-16, DES-LONG-
227, DES-LONG-16, Gossypium arboreum, SA203, 
SA117, CB3031 , T-110, T-254-24-14, 
247-1-6-HGSm Tingey et al., 1975a,b 

Yield under tar·nished plant bug infestation 
Day neutral selections from T-78, 113, 158, 195, 
DES-ANOM-16, Bulgarian 3279, Hopi NM, Timok 811 Jenkins & ParTott, 1976 
JPM-781-78-3 Jenkins et at., 1979a 
Pubescence Meredith et al., 1979 
Glandless lines with either nectariless, hirsute 
or rapid fruiting 

DES-35, DES-119 
Meredith & Schuster, 1979 
Bridge, 1986a,b 

Table 19. Summary of resistant cotton germplasm and races available to breeders to 
use in developing resistant cultivms. 

Trait or pest 

Pink bollworm 
Bollworm/tobacco budworm 
High gossypol content 
Spider mite 
Plant bug 
Boll weevil 
Emly short-season strains 
Nectariless strains 
Frego bract strains 
Smooth leaf strains 
Ol<Ta-leaf strains 
Okra-leaf frego bract strains 
Nectar·iless frego strains 
Nectariless okra-leaf 

Released to public 
Resistant Resistant 

germplasms cultivar·s 

7 
20 

2 
20 

7 
17 
8 

10 
8 

11 
8 
7 

Number of race 
accessions 

99 
56 
33 
6 

11 
59 
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Several workers reported that frego bract and glandless strains are more susceptible 
to western lygus bug than their normal counterparts (Leigh et al., 1971 ; Tingey et a/., 
1975b). Benedict et al. (1981) found no difference in oviposition on glanded and 
glandless isolines. Leigh et al. (1985) compared 52 glandless breeding lines with the 
check cultivar, Acala SJ-2, and found 20 that did not support significantly higher num-
bers of insects. In a second test, nymphal growth rate and insects per terminal were not 
higher on 5 of 37 glandless strains (including the 20 selected ones) than on the check, 
Acala SJ-2. Those authors concluded that it should be possible to select glandless 
breeding lines that are no more susceptible to western lygus bug than the glanded 
Acala SJ-2. 

Benedict et al. (1982) found a number of cotton strains, among 600 evaluated, that 
showed an unlmown type of chemical resistance to western lygus bug. 

The cotton fleahopper is a pest primarily in the southwestern United States. In 1986 
and 1987, the highest yield losses attributed to cotton fleahopper occmTed in western 
and northwestem Texas (King et al., 1987, 1988). 

Considerable controversy has arisen over the benefits of glabrous versus pubescent 
cottons in decreasing cotton fleahopper populations and plant damage. Lukefahr et al. 
(1970) showed that pilose cottons harbored more cotton fleahoppers than less densely 
pubescent strains, which in turn supported more than the glabrous standard, 321. 
Walker et al. (1974) agreed that glabrous cottons had fewer cotton fleahoppers than did 
pubescent cottons, but also sustained greater damage and more yield loss in untreated 
versus treated plots because of hypersensitivity. They also showed that pilose cotton 
had more cotton fleahoppers than the other phenotypes, but showed good tolerance as 
reflected in a lower yield loss. 

Lukefahr et al. (1976) and Lukefahr (1975) attributed the yield loss shown by cer-
tain glabrous cottons not to cotton fleahopper, but to leafhoppers (primatily Empoasca 
spp.). For example, Bayou SM-1 had fewer accumulative blooms than the pubescent 
'Stoneville 7 A: at Waco, Texas, where leafhopper populations were much higher in the 
glabrous strain, but not in the Rio Grande Valley, where leafhopper populations were 
uniformly low. 

Nectariless strains have supported ]ower cotton fleahopper populations in some 
experiments, but not in others. Cowan and Lukefahr (1970) found no difference in nec-
taried strains in glabrous background. On the other hand, several workers have 
reported (or have cited earlier works) significant reduction of cotton fleahopper on 
nectariless cottons (Meredith, 1976; Schuster et al. , 1976; Schuster and Frazier, 1977). 
Liddell et al. (1986) showed that eight nectariless strains yielded only 47 to 73 percent 
as much lint at first harvest, and 76 to 86 percent as much at final harvest in heavily 
cotton fleahopper infested plots as in protected plots. In contrast, the most susceptible 
cultivar, 'Lanlcart LX 571 ', yielded 33 percent as much at first harvest and 66 percent 
as much total lint. Comparable figures for the most resistant strain, pilose, were 119 
percent at firs t harvest and 91 percent total lint. 

Lukefahr (1975) reported that two high gossypol strains had 70 percent fewer cot-
ton fleahopper nymphs and 50 percent fewer total cotton fleahoppers than did 
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'Stoneville 7 A:. Young et al. (1986) observed that a frega bract strain was prefened for 
oviposition over several nmmal-bract cultivars. 

LEAFHOPPERS (JASSIDS) 
Leafhoppers or jassids (Empoasca spp.) are widely distributed and a number of 

species occur as pests of cotton in many Af1ican countries, Australia, China, India, 
Pakistan, Philippines, United States and others (Painter, 195 1). Certain species that 
occur in Africa, India, Pakistan and Australia are particularly destructive (Niles, 1980). 

Fortunately, resistant germplasm is available and has been used extensively. In fact, 
host plant resistance is the major control strategy where leafhoppers are important eco-
nomically. Cotton cultivars with dense leaf pubescence, especially on the adaxial 
(lower) smface, are highly resistant to leafhoppers (Bhat et al., 1982). Hair density and 
hair length are both important. Leaf pubescence apparently inte1feres with oviposition. 
The highest level of resistance occurs when pubescence is high on both the midrib and 
the lamina. 

Unfortunately, pubescent cultivars are undesirable for a number of reasons, includ-
ing the occurrence of more trash in the lint and susceptibility to other insects such as 
whiteflies, aphids and bollworms (Bhat et al. , 1982; Butler and Wilson, 1984). 

Bhat et al. (1982) crossed two densely pubescent, leafhopper-resistant cotton culti-
vars of Gossypium. hirsutum with a less hairy, susceptible cultivar. In the two F, popu-
lations, 3 and 0.4 percent of the plants, respectively, combined a high level of 
leafhopper resistance with relatively sparse pubescence. Thus, it appears possible to 
separate leafhopper resistance from high levels of pubescence. 

Bhat eta!. , (1981a,b) found that two Asiatic strains of cotton (Gossypium arboreum) 
had the highest level of leafhopper resistance and the lowest amount of peroxidase 
activity and tannin, but not the lowest level of protein, in the leaves. Two resistant 
American cotton strains (Gossypium hirsutum) had the lowest enzyme activity and 
protein and tannin content, four moderately resistant strains had intermediate levels, 
and six susceptible strains had high levels. 

Bailey (1982) showed in Mississippi that glabrous cottons had higher populations 
of leafhoppers (Empoasca spp., primarily) and Lygus spp., and lower lint yields than 
did hirsute cottons. Nectariless strains supported slightly lower leafhopper, plant bug, 
and predator populations; they yielded more lint than did nectaried strains. 

WIDTEFUES 
Two species of whitefly predominate as pests of cotton: they are the bandedwinged 

whitefly, Trialeumdes abutilonea (Haldeman), and the sweetpotato whitefly, Bemisia 
tabaci (Gennadius). However, there are others (Leigh, 1984). The bandedwinged white-
fly is found throughout the Cotton Belt and is sometimes a pest of economic conse-
quence in the Mid-South and Southeast (Clower, 1984; Jones et a!., 1975; Lambert, 
1984; Lambert et al., 1982b). The sweetpotato whitefly is widely disttibuted in warmer 
parts of the world and attacks many crops (Berlinger, 1986). In the United States, it is 
found mainly in the irrigated low-elevation deserts of Arizona and southern California. 
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- Whiteflies secreteJ10neydew which results in sticky fiber and -may also attract :fLmgi 
which will discolor the fiber. In addition, the sweetpotato whitefly is the vector of anum-
ber of diseases of cotton and other crops (Butler et al., 1985; Duffus and Flock, 1982). 

Butler and Wilson (1984) observed significantly fewer bandedwinged whitefly on 
glabrous isolines, and on the semi-glabrous check cultivar, Deltapine 61, than on 
pubescent isolines. Lambert et al. (1982b) showed that less pubescent cultivars 
(among 35 total) generally supported smaller colonies of banded winged whitefly and 
allowed lower adult emergence, but there were some exceptions to this pattern. 

The glabrous trait is the most important trait found thus far that reduces sweetpotato 
whitefly populations on cotton plants (Berlinger, 1986; Butler and Henneberry, 1984, 
1986). Butler and Wilson (1984) found significantly fewer whitefly adults on sticky 
traps placed in glabrous isolines than in pubescent isolines in tbe AET-5 genetic back-
ground. Differences were not significant, however, between nectariless and nectaried 
isolines, and okra-leaf and normal leaf isolines. In another experiment planted in the 
same field, semi-glabrous isolines did not have lower whitefly populations than pubes-
cent isolines. On the other hand, the semi-glabrous check cultivar, Deltapine 61, had 
lower mean numbers of whiteflies than all the other cottons in both experiments. In a 
commercial California cotton field, genetic background and level of pubescence both 
influenced adult whitefly populations. Two pubescent Deltapine cultivars averaged 
914 adults per trap, two pubescent Stoneville cultiva.rs averaged 691 per trap, and five 
semi-smoothleafDeltapine cultivars averaged 493 per trap. H. M. Flint (Personal com-
munication, USDA, ARS Western Cotton Research Laboratory, Phoenix, Arizona) 
found that the densely pubescent Stoneville 506 (85 trichomes per square centimeter 
on the sixth leaf from the apex) had fewer whitefly nymphs than expected, and the 
pubescent Centennial (42 trichomes per square centimeter) had more, based on the 
level of pubescence alone. Both pubescent cottons, as expected, bad more nymphs 
than the semi-glabrous Deltapine 20 (0.2 trichomes per square centimeter). Butler et 
al. ( 1986) showed that, in 'Stoneville 825' genetic background, the pubescent isoline 
had the most adults and eggs, the semi-glabrous isoline bad intermediate numbers, and 
the glabrous isoline had the lowest numbers. Also, number of whitefly adults and eggs 
were significantly lower on leaf halves that had been shaved with an electric razor than 
on the unshaven halves of leaves of the pubescent Stoneville 825. 

Bindra (1985) reviewed the very serious whitefly problem in the Sudan. He con-
cluded that damaging populations of whitefly (i.e., high enough to lower fiber grades 
through stickiness and discoloration) coincided with the introduction of the Lambert 
cultivars of extra long staple cotton, Gossypiwn barbadense, that had closed canopies 
and large leaf areas. The older, Sakel-type cultivars had open canopies and smaller leaf 
areas which had the advantage of permitting a less favorable (wanner, drier) microcli-
mate within the canopy and which also allowed better penetration of insecticide. Also, 
the introduction of the closed canopy, large leaf area, Acala cottons ( Gossypium hirsu
tum) aggravated the whitefly problem. A recent release of Sudac-K, a glabrous, super 
okra-leaf Acala cultivar, and anticipated releases of similar Gossypium barbadense 
cultivars should, in Bindra's opinion, reduce the whitefly problem significantly. 
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Berlinger (1986) stated that resistance to whitefly would be enhanced by glabrous-
ness, a more open canopy (i.e., okra-leaf oi· super okra-leaf) and, based on Berlinger et 
a!., 1983 earlier work, a low pH in leaf sap. 

In other studies, oha-leaf did not increase resistance to sweetpotato whitefly. Butler 
eta!. (1986) studied six pairs of okra-leaf/normal-leaf isolines and found significantly 
fewer adult whiteflies only on 'Stoneville 7 A: okra-leaf, significantly more on two oth-
ers, and no differences on the other three. The okra-leaf cottons that Butler eta!. (1988) 
and Khalifa and Gameel (1982) reported as having whitefly resistance were also 
glabrous. 

The sweetpotato whitefly transmits a number of viruses, among them the cotton leaf 
crumple virus (Brown and Nelson, 1984). This disease has been present in the desert 
cotton growing areas of the United States for a number of years, but has increased 
within the past few years because of the increased incidence of whitefly. The com-
monly grown Delta pine culti vars are susceptible to cotton leaf cmmple vims (Wilson 
eta!., 1989). Fortunately, the Cedix cultivar, ,developed in El Salvador, is highly resis-
tant or immune to this virus. A nectariless cultivar (Conal) from Nicaragua also is 
apparently resistant, as are a number of other breeding lines from Nicaragua. A breed-
ing program is underway to transfer the resistance into United States cultivars. 

THRIPS 
Lambert (1985) lists several species of thrips as economic pests of seedling cotton 

and five as eco:nom.ic pests of the mid-season and late-season crop. Several thrip 
species may be beneficial because they are predaceous (prey on) on other thrips and 
on mites. The western flower thrips, Frankliniella occidentalis (Pergande), shares this 
distinction, but can also be a pest of cotton throughout the season. The western flower 
thrips, long regarded as a cotton pest only in the western United States, apparently has 
now achieved pest status through the United States Cotton Belt. 

Abdel-Bary eta/. (1968) reviewed the literature up to that time on the response of 
cotton germplasm to onion thrips, Thrips tabaci Lindeman, attack and concluded that 
varietal differences existed. The 'Empire' cultivar (Gossypium hirsutum) and some of 
its derivatives seemed to have the most thrips resistance. Ballard (1951) attributed the 
resistance of Empire to the occurrence of dense pubescence on young leaves, and the 
susceptibility of 'Hi-Bred' to its glabrous leaves. Cultivars with intermediate pubes-
cence varied widely in resistance, suggesting mechanisms other than pubescence. 

In Egypt, 'BahtimlOl' and 'Menoufi ' , two extra long staple cultivars of Gossypium 
barbadense, had less seedling damage than another extra long staple cultivar, 'Bahtim 
185' , and an upland cultivar (Gossypium hirsurwn), 'Coker 100' (Abdel-Bary et al., 
1968). 

Abdel-Gawaad et al. (1973) measured the thiclmess of various cotyledon leaf-cell 
layers and counted numbers of onion thrips on sixteen cottons. Number of thrips was 
negatively correlated with the thickness of the lower epidermis. 'Giza 31', the excep-
tion, had thinner than average lower epidermis, but a lower than average population of 
thrips. 
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Rununel and Quisenberry (1979) showed that young plants, about 28, 35, and 42 
days old, of 'Deltapine 14' pilose (densely pubescent) suffered no significant loss of 
leaf area caused by leaf feeding of thrips (several species, proportions of each not 
dete1mined). However, leaf areas of the other five cottons-Tamcot SP-37, Tamcot 
SP-21, Deltapine 14 okra-leaf and Paymaster B8-3502- were reduced significantly. 
The pubescent Tamcot SP-37 did not suffer as much leaf area loss as the glabrous 
Tamcot SP-21. 

Mauney er al. (1980) athibuted one cause of shed of small squares to a soft rot 
caused by a bacte1ia that is presumably introduced into the square by thrips. Squares 
with abnormal numbers of involucra! bracts (Wilson and Stapp, 1979), the so-called 
four-bract squares, apparently allow entrance of the thrips into the squares more read-
ily than do normal, three-bract squares. Mauney and Hennebeny (1984) observed that, 
over three seasons, thrips accounted for an average of 18 percent of the total square 
shed from early June to mid-July at Phoenix, Alizona, but only 4 percent from mid-
July to early August. 

Flint eta/. (1989) dete1mined causes of square shed in 'Deltapine 61' (a nectaried, 
semi-glabrous, nmmal-leaf shape cultivar) with those in WC-12NL (a nectariless, 
pubescent, okra-leaf shape germplasm line) (Wilson, 1987). Deltapine 61 had a sig-
nificantly higher percentage of four-bract squares on the plant ( 10 percent) and on the 
ground (9 percent) than did WC-12NL (1 and 3 percent, respectively). Deltapine 61 
also lost more squares due to thrips damage (30 percent of three-bract squares and 54 
percent of four-bract squares shed were caused by thrips) than did WC-12NL (22 and 
26 percent, respectively). In another experin1ent reported in Flint er a!. (1989), 
Deltapine 61 and 'Deltapine 77' had higher percentages of four-bract squares, more 
total square shed, and more squares lost from truips damage than did Stoneville 825. 
Percentages of tru·ee-bract squares lost due to tru·ips damage averaged 29 percent in the 
Deltapine cultivars and 21 percent in Stoneville 825. Percentages of four-bract squares 
lost due to thrips damage averaged 74 percent in the Deltapine cultivars and 30 per-
cent in Stoneville 825. 

SPIDER MITES 
Relatively little research has been done on host plant resistance to spider mites, 

Tetranychus spp. The Acala and Pima cultivars seem to be more tolerant to spider 
mites than others. An extensive evaluation program indicated that 86 accessions of the 
686 tested in the upland, Gossypium hirsutum, race collection, almost all 195 evalu-
ated in the extra long staple, Gossypitml bmbadense collection, plus several species 
and interspecific hybrids were resistant (Table 20) (Schuster eta/. , 1972a,b; Schuster 
eta!., 1973; Schuster and Maxwell, 1976). Cross resistance to twospotted spider mite 
Tetmnychus urticae Koch and desert spider mite, Tetranyclws desertorum Banks, exist 
in some cotton lines (Schuster and Cherry, 1975). Recent research indicates that straw-
berry spider mite, Tetranyclw s turkestani Ugarov & Nikolski produces a toxin induced 
injury in cotton (Brito eta!. , 1986). 
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Table 20. Sununary of selected evaluations for resistance in cotton to the twospotted 
spider mite. 

Resistant source 

Pima S-2, Pima S-4 

Gossypium barbadense, Gossypiwn austra/e, 
Gossypium lobatum, 
Pima S-1 , S-2, S-3, S-4 

10 obsolete cultivars 
86 Gossypium hirsutum race stocks (686 tested) 

184 Gossypium barbadense strains (195 tested) 

Gossypiwn hirsutum x Gossypium onomolwii, 
Gossypiwn hirsutum x Gossypium raimondii 

SUMMARY 

Reference 

Schuster et al., 1972a,b,c 

Schuster et al., 1972b 

Schuster et ol., 1973 
Schuster et al., 1973 
Schuster & Maxwell, 1976 
Schuster et al., 1973 
Schuster & Maxwell, 1976 
Schuster et al. , 1973 

We are at a threshold in the development of cotton cultivars (varieties) resistant to 
major pests. In the past several years, resistant, high yielding germplasms have been 
released and registered from public research programs (Tables 4, 14, 17). These 
germplasms are available to p1ivate seed companies for their use. The techniques for 
evaluating these germplasms have also been made available. Genetic engineering 
research to move the d-endotoxin gene into cotton from Bacillus thuringiensis has pro-
gressed swiftly in the private sector. In the future, genetic engineering techniques will 
play an increasingly important role in broadening the germplasm base of resistance to 
pests. Field tests in 1990, 1991, and 1992 showed that the B.t. gene when inserted in 
cotton would provide significant levels of protection from damage by several lepi-
dopterous insects. 

Data from replicated field tlials have shown that the nectruiless trait provides a use-
ful level of resistance to lepidopterous insects and plant bugs. The u·end towards the 
development of eru·ly-maturing, fast fruiting cultivms will significantly reduce a num-
ber of insect problems now faced by growers. While the glabrous, oha-leaf, and frego 
bract traits confer resistance to some insects and susceptibility to others, breeders are 
combining traits that will help to ameliorate susceptibility. For example, frego bract 
confers resistance to boll weevil but susceptibility to tru·nished plant bug. Germplasms 
that combine eru"ly matmity and the nectruiless a·ait with frego bract ru·e resistant to boll 
weevil but no more susceptible to tarnished plant bug than ru·e normal-bract cottons. 

The level of resistance to bollworm/tobacco budworm is high in several of the 
germplasms registered in the past few years. At least one major seed breeding firm in 
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the United States is actively using these germplasms and techniques to develop boll-
worm/tobacco budworm-resistant cultivars. Three cultivars already on the market, 
DES 119, 'Stoneville 506' and 'Deltapine 50 ' have a useful level of tolerance to boll-
worm/tobacco budwmm. 

The appearance of early-maturing, rapid fruiting cultivars in the past several years 
signals the beginning of a concerted effort to breed cotton plants that evade pests and 
thus have effective field resistance to pests. In the next few years, new cultivars with 
resistance to bollworm/tobacco budworm, plant bugs and pink bollworm should 
appear on the market. Also, significant progress should be made in identifying resis-
tant germplasm and management strategies that will help reduce problems from other 
major cotton pests. In fact, the new cultivars and resistant ge1mplasms will fmm the 
foundation for even more successful methods of pest control. Control of cotton insects 
may not be possible without the continued use of insecticides to supplement other con-
trol methods. On the other hand, quantities of insecticides used with be reduced sig-
nificantly as resistant germplasm and other alternative control methods are integrated 
into production systems. 
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INTRODUCTION 

COTTON INSECT PESTS AND COTTON PRODUCTION 
Cotton, Gossypiwn spp, in the United States is grown annually in 15 to 17 southern 

states from the Atlantic to the Pacific Ocean under a variety of arid, tropical and sub-
tropical habitats. The annual value of the crop over the five-year period 1987-91 aver-
aged 5.2 billion dollars (USDA, 1992). 

Insect and mite pests in most of the growing areas generally are accepted as factors 
that contribute to high costs of production and reduced quality and yields (Newsom 
and Brazzel, 1968; Schwartz, 1983). Major insect pests that occur in one or more pro-
duction areas are the: boll weevil, Anthonomus grandis grandis Boheman; pink boll-
worm, Pectinophora gossypiella (Saunders); cotton fleahopper, Pseudatomoscelis 
seriatus (Reuter); tobacco budworm, Heliothis virescens (Fabricius); bollworm, 
Helicove1pa zea (Boddie); Lygus spp.; and sweetpotato whitefly, Bemisia tabaci 
(Gennadius). Several other insect species and spider mites, Tetranychus spp. , may also 
attack the crop in restricted and/or more localized areas. 

Chemical control has been and continues to be of vital importance in the protection 
of the cotton crop and the production of profitable yields (Cooke et al., 1983). 
Chemicals are fast-acting, often control a complex of pests, may be used at the indi-
vidual grower's discretion, and in most cases, are cost effective in relation to alterna-
tive control methods. In spite of these advantages, the peripheral problems (resistance, 
adverse effects on non-target organisms, secondary pests, etc.) associated with exces-
sive use of chemicals has been of increasing concern to the scientific and public com-
munities. These considerations, as well as our realization that a single factor unilateral 
insecticide-based focus on insect control will not provide long-term solutions to our 
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key cotton insect pests have caused reassessments of approaches to insect control 
methodology. However, even though substantial progress has been made in develop-
ing autocidal approaches, resistant vaJ.ieties, behavioral chemicals, methods of utiliz-
ing beneficial insects and pathogens, as well as cultmal methods, none of these 
techniques a1·e used on the same scale as chemical control. The need to facilitate imple-
mentation of these methods into integrated, multifaceted pest population suppression 
systems is urgent. 

AREAWIDE INSECT SUPPRESSION OR MANAGEMENT 
The concept of areawide suppression and management of target insect pest species 

has evolved with our increasing awareness of the limitations of attacking local infes-
tations that represent only a small pa1t of the total pest population. Moderate and con-
sistent pressure applied each generation to the total population results in more effective 
pest population suppression than intensive pressure applied against small segments of 
the total population (Knipling, 1979). 

Some of the tools that provide a strong base for the development of effective areaw-
ide cotton pest management systems a1·e: (a) development of new cotton vaJ.ieties with 
more manageable growth, fmiting chaJ.·acteristics and insect resistance; (b) increasing 
knowledge of insect population dynamics and the natural factors regulating insect pop-
ulations; (c) identification and synthesis of insect pheromones and behavioral chemi-
cals for detection, monitming and control; (d) development of genetic methods of 
control, new and more effective chemicals, improved cultural technology; and (e) 
establishment of economic thresholds, improved sampling and more accurate descrip-
tive and predictive modeling technology. 

Areawide insect population suppression involves the coordinated efforts of many 
facets of an agricultural community cooperating to employ pest management strategies 
to reduce target species to levels that are below economic thresholds and/or to prevent 
target species from achieving economic levels. There are differences of opinion 
regaJ.·ding the ultimate goals of such efforts, i.e., eradication or pest population man-
agement ("living with"). However, the fundamental ecological approach with regaJ.·d 
to pest population regulation by natural factors and, if necessary, supplementary man-
agement practices (environmentally acceptable) remain the same. Ridgway and Lloyd 
(1983) suggested that the a1·eawide insect management concept integrate eradication 
and pest management concepts with the view that a1·eawide management could be a 
step in the direction of eradication of certain target species from defined areas. 

GOALS AND OBJECTIVES OF AREAWIDE SUPPRESSION OR MANAGE-
MENT 

The goals and objectives of pest management systems are not new. Briefly stated, 
they are to reduce losses in crop quality and yield caused by pests and to increase net 
profits to the grower. Methods are selected that cause minimal environmental damage 
and pose little or no risk to human health. During the late 18th and eaJ.·ly 19th centuries, 
scientists stressed habitat modification and ecological approaches to insect control; 
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this formed the basis for modern integrated pest management approaches (Bottrell, 
1979). Integrated pest management has been defined by a number of authors. Bottrell 
(1979) traced the origin of the terminology from integrated control (Bartlett, 1956; 
Stern et al., 1959) as broadened to become synonymous with integrated pest manage-
ment (Smith and Reynolds, 1965; Smith and van den Bosch, 1967; Anonymous, 1975; 
Smith, 1978) and pest management (Geier and Clark, 1961). A widely accepted defi-
nition suggested by Rabb (1972) is as follows: "pest management is the selection, inte-
gration, and implementation of pest control actions on the basis of predicted economic, 
ecological, and sociological consequences". Lincoln and Parencia (1977) observed 
that these approaches have formed the basis of applied entomology since the begin-
ning of the 20th century. Rabb ( 1972) described the evolvement of four principle types 
of control programs (strategies) after recognition and preliminary assessment of a pest 
situation: (a) emergency control methods; (b) management of local populations; (c) 
eradication; and (d) population management. Preventing the introduction and estab-
lishment of exotic pests through inspection, quarantine and regulatory action should be 
considered as a primary, preventative control strategy. 

Almost none of our major complex and persistent insect problems have been satis-
factorily managed on a local basis, and relatively few have been managed on an areaw-
ide basis. Current information indicates that the highest probability of success can be 
achieved when the focus is on a large area basis to affect a high percentage of the tar-
get pest population. 

These programs can, but not necessarily, have the goals of eradication or total popu-
lation management. Glass eta/. (1975) suggested it to be unwise to argue that there are 
no circumstances in which eradication is desirable but proposed programs should be 
carefully evaluated as to cost benefits and probability of success. Rabb (1972) consid-
ered eradication (although incompatible with pest management) an appropriate strategy 
but he stressed that the decision to consider that option should be approached with con-
siderable caution. It is not within the scope of this chapter to discuss the relative advan-
tages and disadvantages of each of these two goals but the readers are referred to a series 
of papers from the symposium "Eradication of Plant Pests-Pros and Cons" for details 
(Eden, 1978; Knipling, 1978; Newsom, 1978; Rabb, 1978). Eradication and total pop-
ulation management approaches share in common the focus of their efforts on the total 
target insect population or at least a large proportion of it as opposed to treating local 
infestations, i.e., field by field. The most successful demonstration in recent years of the 
validity of this approach was the eradication of the screwworm, Cochliomyia lwminivo
mx (Coquerel) from the southeastern United States (Baumhover, 1966) using the ster-
ile insect release system (Knipling, 1955). This success was followed by a more 
extensive suppression program in the southwestern United States. While the program 
proved highly successful, the area under suppression was not large enough to prevent 
infiltration of screwworm flies each year from Mexico. Not until the program was 
expanded, through joint efforts with the Government of Mexico, to permit sterile fly 
releases in areas larger than the normal dispersal range of the flies, was progress made 
to achieve eradication. The pest has now been eliminated from all of the United States 
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and Mexico as far south as the Isthmus of Tehuantepec. The history of the program was 
recently reviewed (Graham, 1985). 

In this chapter we discuss areawide suppression of target pest species using the prin-
ciples and concepts of pest management that presc1ibe the utilization of all suitable 
control methods in a compatible manner to reduce and maintain a target pest popula-
tion below economic damage levels. 

SOME BASIC CONSIDERATIONS FOR INSECT 
POPULATION SUPPRESSION IN AREAWIDE SYSTEMS 

BASIC REQUIREMENTS 
Essential in the development of an areawide cotton pest suppression program is a 

thorough understanding of: (a) crop production methodology; (b) the biology and ecol-
ogy of the insect pest; (c) basic knowledge of its genetics, behavior and physiology; 
(d) relationships and interactions of the target pest with other organisms and other bio-
logical and physical components of the ecosystem; and (e) economic injmy or treat-
ment levels. This information is necessary to identify strategies, establish primities and 
integrate control technologies as components of an effective suppression system that 
is compatible with crop production methodology as well as other segments of the 
ecosystem. 

Knowledge of the farmland production potential, agronomic inputs, cotton plant 
growth, development and fruiting is essential in the development of insect manage-
ment systems. Cultivar selection and planting date, as well as cultural practices (irri-
gation, fertilization and tillage) have a major influence on cotton phenology' as related 
to insect attack. Decisions on the need for control action must consider not only the 
pest insect population but also the stage of plant development and the number of sus-
ceptible cotton fruiting forms that could be damaged. There may be no justification for 
control action during low points in the cotton fruiting cycle because the potential loss 
does not exceed or equal the cost of the treatment in terms of projected boll set and 
maturity. 

Bottrell (1979), in a review, presented the following important entomological con-
siderations that should be addressed in formulating integrated pest management sys-
tems: (a) low levels of the target species may be desirable and do not necessarily 
indicate the need for control action; (b) manipulation of one component of the ecosys-
tem may be useful in managing the target pest but may induce other pest problems or 
other undesirable effects; (c) natural control fac tors (weather, food, competition, etc.) 
and natural enemies must be considered and taken maximum advantage of; and (d) 
multi-disciplinary input is essential to consider aU aspects of the ecosystem. Pest pop-
ulation levels that can be tolerated within a crop system can vary depending on a num-
ber of factors including crop management, harvesting schedules and inherent 
plant-insect tolerances. Also, reassessment of economic threshold levels may be nee-
'Phenology is a branch of science that is concerned with the relationship of cl imate and biological phe-
nomena. 
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essary at periodic intervals in consideration of new cottons that fruit earlier and are 
more determinant. 

ECONONUCTHRESHOLDS 
The general principle of areawide management of a target species to maintain pop-

ulation levels below economic thresholds is in marked contrast to that of conh·ol based 
on prophylactic treatments applied to small segments of the population on a scheduled 
basis. The economic threshold is the population level below which the cost of taking 
control action exceeds the losses caused by the pest (Stern, 1973). Economic thresh-
olds may vary from area to area, between different cultivars, between farms within the 
same area but under different management systems and under other circumstances. 
Even though economic thresholds must be flexible and are dynamic, their use and 
development in pest management systems is essential. 

Pest and natural enemy population sampling is a vital component of pest suppres-
sion systems. Knowledge regarding the qualitative and quantitative distribution of pest 
and beneficial species is required to predict damage potential and the need for control 
action. Much progress has been made in establishing economic thresholds for cotton 
insects, in detection and survey methodology, and in systems management (Demichele 
and Bottrell, 1976; Hartstack eta!., 1976; Sterling, 1979; Brown et al., 1979; Gutierrez 
eta!., 1980). These techniques play a vital role in cotton pest management systems. 
Decisions regarding the need for control action must be made on the basis of the pest 
population, presence of natural enemies and their potential for regulating the pest pop-
ulation, and the developmental stage of the cotton plant. Knipling and Stadelbacher 
(1983) suggest that, although the economic threshold concept is an integral part of cur-
rent integrated pest management systems in cotton, it is a defensive strategy. 
Application of the economic threshold as a basis for the need for control action has, in 
most documented cases, reduced the number of insecticide applications and increased 
net profits to the individual grower. However, acceptance of the economic tlu·eshold 
strategy may result in some level of crop loss that, accumulatively, may amount to mil-
lions of dollars annually in the grower conununity. 

The advantage of coordinated areawide pest management systems combined with 
the sound principles of integrated pest management is the potential for managing key 
pest insect populations over large areas at levels that do not approach "acceptable loss" 
as defined for economic thresholds. This avoids money expenditure for control action 
by individual growers on small local area basis. 

SAMPLING 
Direct sampling methods involve inspection of plants and recording of the presence 

or absence of pests and beneficials or damage to plant parts. These observations (mea-
surements) are then expressed per unit of the crop measured. Indirect methods such as 
the use of various trapping techniques also are effective when relationships to crop 
infestations and damage thresholds can be established. Sampling methods vary greatly 
depending on the target species, but in most cases they are least efficient at low popu-
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lation densities. Sex pheromones (very sensitive at low population densities) of a num-
ber of species of cotton insect pests have been incorporated into trapping systems to 
provide improved sampling information for use in determining the need for control 
action (Beasley et al., 1985; Rummel et al. , 1980; Benedict et al., 1985). Additional 
research is needed to relate these trap indices to quantitative population levels. 

MODELING 
Models are being developed and/or are operational at various levels in develop!ng 

pest management systems that inte1face with crop management and insect population 
management strategies (Gutienez et al., 1977; Baker eta!., 1983; Hartstack and Witz, 
1983; Stone and Gutierrez, 1986a, 1986b; Stone eta!., 1986). These models can be 
useful particularly in describing crop and insect development and distribution. With 
refinement, they can be useful in predicting events that influence decision-making in 
crop-insect management systems that result in more effective, efficient production. 

The integration of models into pest management programs can provide prediction 
capabilities that increase the probability of successful decision-making and provide 
explanations for f luctuating insect populations and cotton plant changes, as well as 
providing information that may make it possible to avoid adverse impacts that are 
identified by the model. Gutienez et a!. (1980) suggest that a most important use of a 
model in pest management systems is to define the validity and usefulness of available 
lmowledge regarding the problem and identify information needed to explain differ-
ences that occur between the model simulation and field observations. 

NATURAL MORTALITY AND NATURAL ENEMillS 
The basic framework of an areawide pest suppression system that embodies the 

principles of integrated pest management must be constructed around natural mortal-
ity factors in the system that contribute to regulation of the pest population and devel-
opment. These include, but are not restricted to weather, climate, food resources and 
natural enemies. Natural enemy complexes are of particular importance in most cotton 
ecosystems (Gaines, 1942; Ewing and Ivy, 1943; Newsom and Smith, 1949; Wille, 
195 1; van den Bosch eta/. , 1956). Every effort must be made in cotton pest manage-
ment systems to conserve (and possibly augment) the natural enemy complex with 
selective insecticides, modified application technology and/or substitution of alterna-
tive methods incorporated with sound cultural control systems. 

The role of individual or groups of natural enemies in regulating cotton insect pop-
ulations has been difficult to quantify because of the many species involved and their 
interactions, between the target species and their host plants. Their importance, how-
ever, has been universally accepted. Increased incidence of primary or secondary pests 
after mismanagement of insecticides that decimate natural enemy populations has 
been abundantly documented. The biological component of current cotton integrated 
pest management is focused on conservation of natural enemies that play a significant 
role in suppressing some pests, particularly bollworm/tobacco budwonn, where ento-
mophagous (insect feeding) arthropods are particularly effective (Ables et a!., 1983). 
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Although past efforts at developing biological control approaches for boll weevil, 
Lygus spp. and pink bollworm have been disappointing, recent studies indicate that 
potentially useful exotic and/or indigenous biotic agents may exist (Phillips et a!. , 
1980; Jackson, 1980). The potential impact of natural enemies on population regula-
tion of these important cotton pests, as well as the opportunity to manipulate natural 
enemy populations for maximum benefit or introduce new exotic forms, will be 
improved with fmther refinement and implementation of emerging areawide pest man-
agement systems that minimize insecticide use or improve insecticide application 
methodology and selectivity. 

ECOSYSTEM AND PEST COMPLEX 
The ecosystem is extremely complex and it is unlikely that we will ever know 

and/or understand every absolute and biotic facet and its role in an ever-changing envi-
ronment; in fact, it may be unnecessary to do so. Understanding and manipulating the 
interactions of the tar·get species, their natural mortality factors, natural enemies, com-
petitors, hosts, alternate hosts, farm management systems and the physical environ-
ment present a formidable challenge to the scientific community. Much progress has 
been made but much remains to be understood. Thus, the components of an areawide 
pest suppression system must be carefully considered and resear·ched to assure their 
compatibility in the system. 

In most cotton growing ar·eas we are confronted with a pest complex not a single 
species. Experience has taught us that adoption of a single control measure for the tar-
get pest or the complex is predestined to fail at least occasionally. Joint use of multi-
ple pest suppression techniques has the highest probability of success over the 
long-term in pest management programs. Areawide pest suppression systems involve 
many aspects of the agricultural community and require interdisciplinary cooperation 
in research and development and on the implementation of pest management programs 
(Bottrell, 1979). 

MANAGEMENT AREAS 

GEOGRAPHIC AREA 
Areawide management systems that target the total pest insect population, in most 

cases, will involve large geographic areas that may extend across county and state, 
and, in some cases, national boundaries. Thus, in addition to the technical complexi-
ties of target pest suppression, a high degree of local, state, national and sometimes 
international cooperation will be essential to assure a high probability of success. The 
cohabitation of the target species and other species within the influence of the biolog-
ical and physical environment in an area form the ecosystem management unit 
(Bottrell, 1979). The interaction of biotic (living) and abiotic (non-living) factors influ-
encing the target insect and other components of the ecosystem become more complex 
as the boundaries of the management unit become lar·ger and involve more diverse bio-
logical and environmental components. 
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IMPACT OF INSECT MIGRATION 
Many insects, both beneficial and pest species, move short distances in expanding 

their disttibution and/or travel long distances during their lifetime to new or similar 
habitats (Williams, 1957; Schneider, 1962; Johnson, 1966, 1969). Movement of insect 
pests and beneficial species is of particular importance in the areawide management 
system. Each species appears to exhibit unique and characteristic movement and 
migration behavior that is influenced by a broad spectrum of ecological, biological and 
physical stimuli. The boundaries of an areawide management unit may be delineated 
by natural factors such as climate or geographical baniers such as large bodies of 
water, mountain ranges, and/or by host distribution. In many cases, artificial baniers 
such as the release of sterile screwworms to isolate the native population in Florida 
dming the Southeastern eradication programs (Knipling, 1955) or the buffer zone 
method used in the boll weevil eradication effort (Lloyd, 1972; Boyd, 1976; Ganyard 
et al., 1981) may be required to effectively prevent movement of target insects into the 
management area. Other artificial systems su~h as the use of insect pheromones and/or 
other biological systems also may have potential as baniers to prevent insect move-
ment into management areas (Ling:ren et al. , 1977). 

Long distance movement of key cotton insect pests (pink bollworm, bollworm/ 
tobacco budworm, boll weevil) is well documented (Davich eta/., 1970; Sparks, 1972; 
Stem and Sevacherian, 1978; Raulston, 1979). However, the relationship of the 
migrating insects to establishment, population development and dynantics is not well 
understood. Until this information is available, key issues in long-term areawide man-
agement programs include: (a) the potential for migrant populations to initiate new 
infestations where management programs have reduced populations to low or nonde-
tectable levels, and (b) the potential for establishment of high-level infestations in 
excess of the capabilities of suppressive action used in the management system. 

LONG TERM MAINTENANCE OF AREAWIDE SUPPRESSION OR MAN-
AGEMENT AREAS 

The principle of continual maintenance of baniers or buffer zones is highly contro-
versial on the basis of the cost involved and the perception that when it is :required it 
indicates that the suppression technology used in the management area was inadequate 
initially or has become less effective in some way during use in the program. The cost 
of maintaining an effective barrier is not likely to exceed a small percent of the losses 
the pest would cause if not eradicated. Also, if a maintenance program alleviates the 
need for intensive and extensive use of ecologically disruptive insecticides there would 
be added benefits (Personal communication, E. F. Knipling, USDA, ARS, Expert-Pest 
Management, Beltsville, MD). The matter is controversial but, when related to eco-
nomic losses of a major pest species, the objections may be unjustified if areawide sup-
pression or eradication is technically and operationally feasible and advantageous from 
economic and environmental standpoints. The need for technology to isolate or delin-
eate a pest management area may not always exist. Phillips and Nicholson (1979) and 
Phillips et a/. ( 1981) reported that bollworm migration was not a major factor con-
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t:Iibuting to outbreaks of the insect in a highly successful community areawide pest 
management program in Arkansas. In contrast, Knipling (1979) suggested that the 
effects of insect dispersal have been confounded in the results of several areawide 
insect population suppression experimental programs and prevented clear-cut analysis 
of the results of the studies. 

These differences will be explained only with a more complete understanding of the 
factors affecting insect dispersal. It appears that major research efforts on key cotton 
insect pests are needed to identify and define migrating insect behavior; factors int1u-
encing migration; and the role of migrating populations in initiating new infestations 
and their contribution to the population development of established infestations. 

POPULATION SUPPRESSION METHODOLOGY 

TECHNOLOGY 
Methods of insect control such as autocidal techniques, sex pheromones, attractants, 

exotic and indigenous biological agents, cultural controls, resistant vruieties and 
improved, selective chemicals are being developed and continually improved. 
Combinations of these and other methods are being selected and integrated into com-
patible systems to develop efficient, effective population management of cotton pest 
complexes with full consideration for social, economic and environmental values. 
Knipling (1979) discussed the value and importance of combining two or more cono·ol 
methods for management of insect populations and stressed the need for compatibility 
of the methods used. He proposed that when two or more methods of control are applied 
concurrently or sequentially to an insect population, three types of suppressive action 
may occur: (a) the total level of suppression is less than the effect of each method alone, 
i.e., one method negates or partially negates effects of the other method; (b) the total 
level of suppression effect is the sum of two methods individually since they act inde-
pendently; or (c) the total level of suppression is greater than the sum of the two meth-
ods alone since one of the methods potentiates the action of the other method. It is 
important to know and understand how the various control methods work alone and 
when integrated into a system to suppress an insect population. 

The complexities of the biological and environmental factors and their interactions 
that determine the quantitative population development and diso·ibution of target 
species in the ecosystem demand multi-disciplinary input to provide information and 
solutions essential in the formulation of an effective management system. The poten-
tial social, economic and environmental benefits accruing from implementation of sys-
tems to manage major key insect pests justify a high level of research, extension and 
technology transfer activities. 

TARGET PESTS OF MAJOR CONCERN 
Research to obtain essential information for developing management systems for 

the boll weevil, bollworm/tobacco budwonn, Lygus spp. and the pink bollworm, as 
well as other insect and mite pests, is being conducted at a number of locations across 
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the Cotton Belt by state, federal and industry scientists. Much progress has been made, 
but continuing research, extension activities and other educational efforts as well as 
support by administrators must be realized to accomplish extensive acceptance and 
implementation of areawide integrated pest management programs to suppress major 
cotton insect and mite pests. 

SELECTED EXAMPLES OF PROGRESS IN DEVELOPING 
AREAWIDE COTTON INSECT SUPPRESSION PROGRAMS 

BOLL WEEVIL 
The boll weevil has caused serious damage to cotton in the United States since 1892 

(Townsend, 1895). Although synthetic organic insecticides were initially highly effec-
tive for control, the petipheral problems of resistance, secondary pests and environ-
mental concerns stimulated an emphasis on alternate control methods (Ridgway and 
Lloyd, 1983). Also, a renaissance of eco~ogical approaches using cultural control 
methods occurred (Frisbie and Walker, 1981). The results of over ninety years of 
research and practical experience have led to the development of several effective 
areawide boll weevil management programs based on the biology, behavior and ecol-
ogy of the insect. Cross (1983) summarized some of the fundamental biological and 
ecological boll weevil characteristics and how that knowledge may be used in man-
agement strategies. The limited boll weevil host range (surviving ptincipally on cot-
ton), low overwintering survival, knowledge of overwintering habitat, spring 
emergence patterns, reproductive biology and role of the aggregating pheromone have 
been important considerations. Studies of the overwintering stage of boll weevils have 
revealed that this time in its life cycle is a particularly vulnerable period. Diapause is 
associated with boll feeding, cool temperature and short days. In general, diapause 
weevils begin to occur in late August, or earlier, depending on host conditions, but 
some adults remain reproductive until frost. Reduction of late-season, reproductive-
diapause boll weevil populations has been an important component in the development 
of boll weevil ~anagement systems (Brazzel eta/., 1961). Equally important was the 
pheromone trap index system for predicting the need for overwintered boll weevil con-
trol (Rummel et at., 1980), and the adoption of early stalk destruction (Hunter and 
Hinds, 1905). 

Mississippi Areawide Management Experiment - The first attempt to integrate 
several boll weevil control methods into a large areawide suppression program involved 
an area in Mississippi of more than 20,000 square miles and about 24,000 acres of cot-
ton (Davich, 1976). The goal of the study was to demonstrate elin1ination of the insect 
from an area where it was well established with relatively high populations (Lloyd, 
1972). This was not accomplished throughout the experimental area. However, the 
combination of suppression methods in the Mississippi program applied over a 3-year 
period to a high percentage of the population drastically reduced the numbers of boll 
weevils; demonstrating the effectiveness of an areawide multifaceted approach to boll 



SUPPRESSION AND MANAGEMENT OF COTTON INSECT POPULATIONS 611 

weevil population suppression. The center of the 3-year experimental area was 
Columbia, Mississippi, and included all cotton (1 ,817 to 3,222 acres) grown within a 
38-mile radius of that city. An additional contiguous area extended about 50 miles (3 
concentric zones of 5, 15, and 30 miles) from the perimeter of the management area. 
The contiguous area served as a buffer zone to prevent or reduce boll weevil migration 
into the target management area since boll weevils have been known to move 45 miles 
to infest cotton (Davich et al., 1970). The buffer or banier zone technique was a criti-
cal factor in delineating the targeted eradication zone within the management area. 

The suppression methods were: (a) trap crops; (b) pinhead square insecticide treat-
ment; (c) pheromone traps; (d) in-season chemical control; (e) reproduction-diapause 
control; and (f) release of sexually sterile boll weevils. Cotton within the targeted erad-
ication zone and first buffer area was defoliated when 60 percent of the mature bolls 
were open. Stalk destruction was accomplished as soon as possible after harvest to fur-
ther enhance the effectiveness of the program. 

Poor participation during the in-season chemical/control phase in the first year of 
the program (1971) and lack of early stalk destruction after harvest resulted in boll 
weevil populations so high that the reproduction-diapause insecticide applications 
were relatively ineffective. Thus, in 1972, 74 percent of the cotton fields had 8 percent 
oviposition (egg laying) square damage by the last week in June. 

In-season insecticide efforts were much improved in 1972, and treatments were 
applied to all cotton in the eradication zone and first buffer zone. Also, trap crop and 
pheromone trapping components were included in the program to reduce overwinter-
ing populations. Oviposition damaged squares were 90 percent less than in 1971 and 
adults per acre were reduced 99.6 percent, indicating the dramatic effect of applying 
insecticide control, trap cropping and pheromone trapping pressure to a high percent-
age of the total population. Ground trash samples collected in the fall of 1972 and 
spring of 1973 revealed no boll weevils in the eradication or first buffer zone, and 380 
and 143 per acre in the second and third buffer zones, respectively. 

In 1973, populations were extremely low in the eradication zone, and from May 7 
through August 10, only nine adult weevils (7 in June) were found in nine trap crops. 
Only nineteen native boll weevils were found in 15 cotton grower fields, and only 
2,279 oviposition damaged squares were found in 183 collections from 77 fields. Of 
236 fields (1 ,817 acres), boll weevil infestations were found in 34 fields (167 acres). 
Over two-thirds of the infested fields were in areas adjacent to a heavily infested area 
outside the eradication zone. 

It was not possible to accurately and precisely determine the relative contributions 
to the boll weevil population suppression of each of the three major suppression com-
ponents-insecticides and cultural measures on in-season and overwintering popula-
tions; use of grandlure pheromone traps to reduce weevil populations emerging in the 
spring; and sterile boll weevil releases. 

The insecticide management component involved in-season applications to reduce the 
developing population coupled with late-season applications to reduce reproductive wee-
vils that continued to produce diapause progeny as well as weevils already in diapause. 
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Grandlure® (boll weevil sex pheromone) was used to trap overwintering weevils 
before they entered the cotton fields and also to attract weevils to early-season sys-
temic insecticide-treated cotton. The insecticide component was estimated to reduce 
the boll weevil population to about two per acre and the pheromone component was 
estimated to reduce the overwintering population an additional 80 percent (i.e., 80-90 
percent of two per acre) (Knipling, 1979; Hardee and Boyd, 1976). 

Sterile boll weevils were released at the rate of about 50 per acre per week. Taking 
into consideration the non-competitive nature of the released insects, Knipling (1979) 
estimated the effective ratio was 250 sterile to one native, and no reproduction of 
native weevils occmTed. He also suggested that, since no evidence was found for 
reproduction in 170 fields that were more than 25 miles from infested cotton, some 
partially sterile-released females may have produced all the weevils found. 

The results of the study clearly demonstrated the technical feasibility of reducing 
boll weevil populations to extremely low levels thmugh a coordinated effort employ-
ing several management strategies that adversely impacted a high percentage of the 
boll weevil population over a large geographical area. 

The effect on nontarget organisms in the eradication area was as expected (R anis et 
a!., 1976). Predator populations were reduced because of the heavy insecticide use (in-
season and reproduction-diapause control), but increased dramatically when boll wee-
vil populations were low as a result of population suppression measures that resulted 
in the need for little or no insecticide application. In contrast, bollworm/tobacco bud-
worm populations were highest under extreme insecticide pressure for the boll weevil 
and the related low predator populations, but were low when predator populations 
increased and insecticide use decreased. 

Mississippi Optimum Pest Management Study -A subsequent study was con-
ducted during 1978 to 1980 in Panola County, Mississippi. It incorporated several 
additional boll weevil and other cotton insect management tactics into an areawide cot-
ton insect management program (Andrews, 1981; Hamer eta!. , 1983). The results 
were compared with cotton grown under standard boll weevil management practices 
in Pontotoc County, about five miles distant, and comparable in cotton production, boll 
weevil populations and crop management. The components of the pest management 
system were: (a) pheromone (boll weevil and bollworm/tobacco buclworm) and black-
light traps (bollworm/tobacco budworm); (b) uniform planting dates; (c) p inhead 
square insecticide applications; (d) scouting; (e) in-season control of boll weevils, boll-
worms, plant bugs, spider 1nites and other pest species; (f) boll weevil reproduction-
diapause control ; and (g) early stalk destruction. 

Grandlure®-baited traps were distributed at the rate of one trap per 20 acres of cot-
ton in Panola County and in representative fields in Pontotoc County. The detection of 
five weevils per week in May alerted consultants and producers to the need for field 
surveys to determine the need for pinhead square treatment. Uniform planting dates 
were encouraged and all participating growers planted cotton as soon as soil tempera-
tures were acceptable. 
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The first application of insecticide for reproduction-diapause boll weevil control 
was scheduled 10 days after the producers ended in-season control followed by the 
second, 10 days later. The third and fourth applications were at 15-day intervals. The 
initial applications were applied on September 10, September 20 and September 10 in 
1978, 1979 and 1980, respectively. The number of per acre in-season insecticide appli-
cations in 1978, 1979 and 1980 was 3.3, 3.41 and 3.01 , respectively. Up to 4 repro-
duction-diapause insecticide treatments were applied to most of the cotton acreages in 
the management mea in the fall of 1978, 1979 and 1980. In the spling of 1979 and 
1980, boll weevil captures were 78 and 94 percent less than occurred in Pontotoc 
County where standard in-season insect control practices were followed. Further, the 
need for pinhead square treatments was reduced because of the reproduction-diapause 
control program, and only 57 acres (105,000 total acres planted during a 3-year test) 
received insecticide applications in 1980. The effectiveness of the reproduction-dia-
pause control program resulted in reduced insecticide use because boll weevil and 
bollwmm populations rarely reached economic threshold levels. Yields were higher in 
Panola County than in the six surrounding counties where the number of in-season 
insecticide applications averaged 3 to 8 per acre. 

Boll Weevil Management in the Lower Rio Grande Valley, Texas - Under sub-
tropical conditions in the Lower Rio Grande Valley of Texas, cotton regrowth (result-
ing from inadequate stall< destruction after harvest) and volunteer cotton are serious 
problems in boll weevil management systems. The benefits of an areawide approach 
to early-season cotton stallc destruction and early crop plowdown management com-
ponents have been effectively reemphasized recently. Summy et al. (1985, 1986a, b) 
estimated that more than 190,000 adult weevils per acre could be produced during fall 
and winter cotton regrowth under Lower Rio Grande Valley conditions. The authors 
suggested alternative cultural practices that result in nearly complete stallc destruction 
and use of herbicides to kill volunteer cotton seedlings (Summy et al. , 1986b). An 
areawide surveillance sys tem based on color infrared photography of more than 
250,000 acres revealed large areas of cotton regrowth (Summy eta!., 1984). The iden-
tification of the problem areas resulted in achieving 98 percent reduction in stalk 
destruction through the cooperative efforts of the entire agricultural community. Adult 
weevil populations were reduced to nondetectable levels where early plowdown was 
accomplished; in areas of poor to moderate stalk destruction, weevil populations 
remained at economically damaging levels. This demonstrated the efficiency of areaw-
ide stalk destruction as a boll weevil management component in the Lower Rio Grande 
Valley of Texas. 

Areawide Boll Weevil Management in Arizona - One of the most recent com-
munity-wide IPM programs in Arizona was established in the area surrounding Laveen, 
Arizona. During the 1985 growing season about 75 percent of 10,000 acres of cotton 
were infested with boll weevils and growers applied up to 22 insecticide treatments 
(Farrand Lame, 1987.). For 1986, cooperating cotton growers adopted the University 
of Arizona's Cooperative Extension Service IPM program of: (a) uniform planting, 
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March 25 to Aprill5; (b) pinhead square stage insecticide applications, three treatments 
at 5-day intervals initiated at 850 accumulated degree day heat units (55F base); (c) in-
season insecticide treatments (5-day intervals) based on economic thresholds of 5-8 per-
cent square infestations, or treatments at 3-day intervals when over 20 percent square 
infestation occurred; (d) irrigation termination by September 1; (e) plant growth regu-
lator application by mid- to late-September to remove non-harvestable fruiting forms; 
and (f) stalk shredding immediately after harvest but no later than December 1, 1986. 
In the 1986 season, over 80 percent of the growers used fewer or the same number of 
insecticides compared to 1985, and most boll weevil field infestations were kept below 
10 percent. Plant growth regulators to accelerate mature boll opening and accomplish 
defoliation were applied about one week earlier than in 1985, and crop plowdown by 
January 1 was considerably advanced as compared to previous years. 

In 1987, trap cropping strategy was integrated into the program along with the pre-
viously-described management system (Moore and Watson, 1990). Trap crops (34 
fields) planted 15 days ahead of the regular crop had as many as 16,000 boll weevil 
damaged plants per acre before insecticide applications. Five insecticide applications 
at 3-day intervals destroyed the weevils in the trap crop before it was plowed down 
prior to squaring of the current year's commercial crop. Average percent infested 
squares (20 fields) were 0.6 and 2.8 on July 8 and 29, respectively, as compared to 4.9 
and 15.1 on the same dates in 1986. In 1987, percentages of infested squares ranged 
from 0 to 9.2 during July 1 to September 6 as compared to 4 to 23.4 percent in 1986 
in 19 fields during the same sampling period. 

In 1985, the year before the IPM program was initiated, the host-free period was 45 
clays compared to 105 and 120 days in 1986 and 1987, respectively, following initia-
tion of the program. Cotton yields in 1985 were 840 pounds of lint per acre; they were 
1200 and 1344 pounds of lint per acre in 1986 and 1987, respectively, with compara-
ble (17-1 8) insecticide applications (Unpublished data, Marc L. Lame, Ombudsman, 
Arizona, Department of Environmental Quality, Phoenix, Arizona). 

The results from the Laveen IPM project and two other boll weevil community-
wide IPM projects near Phoenix resulted in an estimated gain of an average of 
$40/acre as a result of increased yield and reduced production input; a combined 
increase of $1.2 million for the approximately 80 growers involved (Personal com-
munication, Leon Moore, Department of Entomology, The University of Arizona, 
Tucson, Arizona). 

Other Boll Weevil Management Strategies- Prior to the advent of the organic 
insecticide era, scientists relied on knowledge of cotton crop development and the 
interaction with insect population development in efforts to manage insect populations 
and prevent losses. This was particularly tme with the boll weevil. Hunter and Hinds 
( 1905) recognized the value of early planting of early maturing varieties and early har-
vest followed by thorough stalk destruction in boll weevil population suppression. 
Scientists have expanded these plinciples and developed additional tools that form the 
basis for boll weevil management in many cotton production areas. For example, the 
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development of early fruiting cottons with determinant growth characteristics have had 
a major impact on cotton production systems in the Rio Grande Valley of Texas. Short-
season varieties (130 to 140 days from planting to maturity) with two early-season 
insecticide treatments for boll weevil control resulted in below economic threshold 
populations for an average of 59 days after the last insecticide application (Heilman et 
al., 1977). Lint yields were equal to or greater in short-season systems with four less 
insecticide applications than lint yields from plants grown in conventional systems. An 
economic evaluation of the early-maturing varieties, selective insecticide use and effi-
cient water management systems showed that the production cost advantage of the 
integrated short-season system was $0.18 per pound of cotton lint as compared with 
conventional long-season cotton-growing systems (Heilman et a/. , 1978). 

Considerable progress is being made in developing shmt-season cotton production 
methodology. Generally, less insect control input has been required because of the 
reduced opportunity for insect damage per unit of growing time, and because of the 
longer host-free period that reduces numbers of developing overwintering insects and 
increases natmal winter and spring mortality. Integrating short-season production sys-
tems with resistant varieties, cultural methods-methods that include manipulation of 
planting dates to escape early-season emergence from overwintering or to enhance 
early maturity before economic infestations develop-and ear·ly harvest and plow-
down are insect control components that should be incorporated in ar·eawide insect 
management systems. 

Sources of plant resistance such as frego bract, red plant color and male sterile char·-
acters have been demonstrated to have potential in boll weevil population suppression 
programs. Incorporation of the characters into cotton types that are agronomically 
acceptable has not been accomplished, but resear·ch progress is being made and it is 
highly probable that such varieties will be developed which will also include resistance 
characters to other cotton insects such as bollwonn/tobacco budworm and plant bugs. 

BOLLWORM AND TOBACCO BUDWORM 
The cotton bollworm and the tobacco budworm have emerged in recent years as the 

cotton pest complex causing the highest losses in cotton yields and costs of control 
(Frisbie and Walker, 1981 ). A number of authors have documented the evolution of the 
bollworm/buclworm complex and the associated peripheral problems- resistance, 
effect on nontarget organisms, pest resurgence, secondary pests and environmental 
considerations-across the Cotton Belt as a result of the unilateral reliance on insecti-
cides for pink bollworm and boll weevil control (Newsom and Smith, 1949; Wille, 
1951; Gaines, 1942, 1954, 1955; Ewing and Ivy, 1943; van den Bosch et of., 1956; Van 
Steenwyk et ol., 1975). Insecticides will retain a vital role in cotton production systems 
but must be incorporated into a sound management system that utilizes an ecological 
approach incorporating effective natural and cultural control practices. 

Bollworm/Tobacco Bud worm Management Systems in Arkansas -The valid-
ity of effective pest management with coordinated areawide insecticide applications 
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based on economic thresholds, bollworm/tobacco budwonn population dynamics and 
cotton plant phenology was discussed by Phillips and Nicholson (1979) and Phillips et 
al. (1981). For the three years prior to the initiation of a bollworm/tobacco budworm 
management program, growers in a selected area in Arkansas averaged ten insecticide 
applications annually for control. A carefully designed research program revealed 
important information leading to effective areawide management strategies. The pro-
gram was designed to: (a) evaluate sampling and surveillance techniques and eco-
nomic thresholds; (b) develop modified life tables; (c) examine population dynamics; 
and (d) develop a forecasting program. 

Examination of insecticide use patterns in the area indicated that mismanagement of 
control methods contributed significantly to the bollworm/ tobacco bud worm problem. 
Analysis of the biology, ecology and population dynamics of the pest complex as 
affected by natural enemies and mortality factors showed that the magnitude of the 
July population was closely related to the density of the June population. When plant 
development approached 50,000 squares per acre, and populations of boll-
worm/tobacco budworm larvae reached 1,500 per acre, then control was initiated. 
Further, a treatment that induced areawide reduction of 50 percent of the population in 
June held July population development to levels below economic thresholds. 

The bollworm/tobacco budworm management program in Arkansas was initiated in 
1975, and expanded in 1976 to an area of approximately 50 square miles with 12,000 
acres of cotton. The key strategy involved bollworm/tobacco budworm population 
suppression at a time during crop development when the need for square and boll pro-
duction was less than occurs in mid- to late-season. This reduced population develop-
ment results in fewer insects in the area during the critical crop development period. 

Cotton crop scouting and treatment thresholds were based on the areawide commu-
nity population levels as opposed to farm-to-farm evaluation. In the first year of the 
study, action thresholds, as determined by whole plant sampling at strategic locations 
over the entire community, were not reached until August. All cotton in the area was 
treated once within three days of the action threshold determination. Tlus was followed 
by a second (and final) application on August 27. Careful management practices based 
on insect population thresholds and crop development reduced the use of insecticides 
80 percent. 

In the second year of the program, pest and beneficial insect scouting in relation to 
crop development showed that action thresholds (1 ,500 larvae per acre) were not 
reached in June (infestations were less than 500 larvae per acre). The resulting July 
population, as predicted, did not justify use of a hard pesticide but a microbial insecti-
cide was incorporated into the management system. The total impact of the nucrobial 
insecticide (Elcar®) on population suppression was difficult to assess, but larval col-
lections indicated that 25 percent mortality was virus-induced. Data taken for three 
years prior to the 1975 initiation of the pest management program showed a 15-fold 
July to August population increase; in contrast, the July to August increase after the 
communitywicle microbial application was only 4-fold. Considerably higher popula-
tion suppression may have occurred as a result of the use of the nucrobial insecticide 
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than was indicated by the sampling technique used. Action thresholds again were not 
reached until August 12 when a final insecticide application was applied to all but 
1,500 acres of late-planted cotton that required a third treatment. 

The results of the third year of the study were confounded by drought conditions, 
low initial natural enemy populations and a large segment of the cotton grown in the 
management area that reverted to conventional insecticide application schedules. 
However, even under these adverse conditions, the pest management approach proved 
superior to conventional control tactics. It was clearly demonstrated that treatment on 
a field-by-field basis was less effective than treatment on a total areawide treatment 
basis. The areawide treatment program averaged 5 insecticide treatments and cotton in 
control areas required 11 insecticide treatments. 

As a result of these research efforts, cotton farmers in Arkansas have voluntarily 
organized bollworm management communities in an attempt to manage bollworm and 
tobacco bud worm populations over large land areas rather than by the more common 
field-by-field approaches. The intent is to coordinate control decisions so that all cot-
ton fields in a bollworm management community are treated within a 3-day period. In 
1988, there were approximately 150,000 acres in six bollworm management commu-
nities. Assessments of the economic impacts of the community approach have clearly 
demonstrated the benefits of the concept (Parvin et al., 1984; Cochran et al., 1985; 
Scott eta!. , 1983). 

Parvin et al. (1984) compared the petformance of the bollworm management com-
munities to control areas in adjacent counties to identify farm level benefits from par-
ticipation in the community action approach. Significant differences in yields, insect 
control costs and net returns per acre were discovered. Yields were increased by 23 
pounds of lint per acre; insect control costs were lowered by $1.85 per acre; and net 
revenue was increased by $18.57 per acre. Further, these data were used to estimate 
that the community program increased overall producers' incomes in 1984 by $1.5 
million and reduced insecticide use by 92,000 pounds of active ingredients (Cochran 
et a!., 1985). 

As an indirect benefit, it was hypothesized that the bollworm management commu-
nities also functioned as effective mechanisms for technology transfer and information 
dissemination. Scott eta!. (1983) measured the effect that participation in a commu-
nity program had on the adoption by the community of other Arkansas Cooperative 
Extension Service recommended production practices (not just pest management). The 
results showed that participation in a community program increased the percentage 
adoption of reconunended practices by about 11 percent. Thus the intangible effects of 
community involvement provides, in addition to direct economic benefits, a forum for 
much needed conummication leading to technology transfer. 

Other Bollworm/Tobacco Budworm Management Strategies - The economic 
importance of the bollworm-tobacco budworm complex in cotton production systems 
has stimulated research efforts to develop the necessary information to supplement and 
improve existing management programs and to formulate new more effective, efficient 
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management systems to prevent excessive losses. The large number of host plants, 
ecosystem diversity and va.J.i ability of bollworm/ tobacco budworm host plant interac-
tions make this a challenging and difficult goal to achieve. Agronomic practices of 
planting date, cultivation, fertilization and irrigation a.J.'e intimately related to boll-
worm/tobacco budworm population dynamics and must be considered in management 
programs (Bradley et al. , 1986; Luttrell et a!., 1986; Rummel et al., 1986). 
Quantification of the impact of these factors on populations of these pests has been dif-
ficult because of the wide range of climatic influences and diversity of agricultural sys-
tems. Manipulation of planting date as well as cultmal inputs and ea.J.·ly-fruiting varieties 
can be used to avoid ea.J.·ly-season insect infestations that are initiated by overwinteiing 
insects; this is accomplished by minimizing the amount of susceptible host material dur-
ing peak occmrence of the overwintering population. The value of this approach is illus-
trated ve1y well in South Texas where tmifonn early-planting is recommended to 
enhance crop matmity before insect populations reach damaging levels; and in North 
Texas where uniformly late planting is recommended to allow maximum overwinteting 
and spring mortality of key insect species and suicidal boll weevil emergence (Frisbie 
and Walker, 1981). In West Texas, a bollworm forecasting model (Hartstack et a!., 
1976) is used to estimate bollworm oviposition (egg laying) and to manipulate iniga-
tion scheduling to avoid lush cotton growth during peak oviposition periods. Ea.J.'ly 
maturing cottons and associated cultural practices a.J.·e used in South Texas to avoid late-
season damaging insect infestations (Walker and Niles, 1971; Namlcen and Heilman, 
1973; Walker et al. , 1977). The potential value of modified crop production systems in 
bollworm/tobacco budworm management programs justifies the need for intensified 
resea.J.·ch to define the interactions of these cultural practices and the potential for their 
manipulation as components of management systems (Ridgway, 1986). 

Many sources of gennplasm resistance to bollworm/ tobacco budworm exist (Beck 
and Maxwell, 1976) and research is currently directed to incorporating these traits into 
acceptable, high-yielding and quality cotton backgrounds. The need for early-fruiting, 
high-quality cottons in cotton insect management systems was suggested by Walker 
and Niles (1971). 

The role of indigenous natural enemies in regulating bollworm/tobacco budworm 
population development is well documented. Control strategies in management sys-
tems must be developed to conserve natural enemy populations and maximize their 
effectiveness. Long-range bollworm/tobacco budworm management plans should 
include: (a) manipulation of systems to maximize effectiveness of natural enemies; (b) 
provisions for augmentation of indigenous populations of natural enemies; and (c) 
importation of exotic forms of natural enemies. 

PINK BOLLWORM 

Pink Bollworm Management in Arizona - Integrated pest management (IPM) 
and communitywide pa.J.'ticipation systems have been important factors in cotton pro-
duction in Arizona. The basis for IPM systems in cotton was established with the 
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development of efficient cotton scouting programs (Unpublished report, Leon Moore 
et at. , Department of Entomology, The University of Arizona, Tucson, Alizona). The 
benefits of this approach were quicld y realized in Graham County (Canuth and 
Moore, 1973). Growers in 1968 adopted scheduled insecticide applications at weekly 
intervals over a 6-weeks period for pink bollworm control. Treatments were made 
regardless of insect population density. This resulted in about 80,000 acre-treatments 
annually. After the initiation of a scouting program in 1969, acre-treatments were 
reduced 93 percent, 96 percent and 82 percent in 1969, 1970 and 1971, respectively. 
Costs of treatment per acre in 1968 was $15. This compares to $2.70, $2.54 and $5.00 
per acre, respectively, in 1969, 1970 and 1971. 

The success of the Graham County program stimulated a similar program in Pinal 
County where a Growers Pest Management Corporation was established. Economic 
evaluation of the Pinal County program for 1971 (Lawrance, 1972) and 1974 
(Olmstead, 1976) showed that participants in the University of Arizona's IPM program 
spent $10.58 and $13.66less per acre, respectively, on cotton insect control than did 
growers not participating in the program. 

Areawide Management to Prevent Establishment in Uninfested Areas - An 
areawide pink bollworm population suppression program has been conducted since 
1968 in the San Joaquin Valley of California to prevent establishment of migrating 
native pink bollworm populations from southern California and Alizona (USDA, 
1977). The program has been improved continually and currently involves: (a) pink 
bollworm traps baited with the pheromone gossyplure to detect native migrant moths 
and to indicate areas in need of suppressive action as well as to establish ratios of 
released sterile to native male moths; (b) release of radiation-sterilized pink bollworm 
moths; (c) cotton plant destruction and plowdown to maintain a 90-day host-free 
period; and (d) most recently, the mating inhibition and/or male annihilation technique 
involving field application of gossyplure slow-release systems (Foote, 1988). 

The pheromone trap system has proven to be an indispensable tool in the detection 
of low level migrating pink bollworm populations. Native moths have been caught 
each year since the initiation of the program, except for 1968. The numbers ranged 
from 5 in 1969 to 7,402 in 1977. 

About 9 million sterile moths were released in 1968. The program has expanded 
each year; in 1988 over 754 million sterile pink bollworm moths were released. 
Releases have been made by air in areas ranging in size from 15 to 350 thousand acres 
of cotton where native moths were found or larvae detected in bolls. Annual ratios of 
steriles released to native moths as measured by captures in pheromone-baited traps 
have ranged from about 100:1 to 6,200:1 (USDA, 1977). 

The mating inhibition technique as a supplementary suppression measure may be 
used when: (a) 20 or more native moths are caught in a one-mile section (prior to 
October); (b) there is evidence of a reproducing generation; (c) larvae are found; or (d) 
the native to sterile moth ratio is less than 1:50 (Foote, 1988). For example, in 1988 
three areas met one or more of the criteria and were treated with gossyplure slow-
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release materials at 8- to 12-day intervals until defoliation. Treated areas involved: 200 
acres treated four times beginning July 30; 700 acres treated tlu·ee times beginning 
August 11 ; and 260 acres treated twice beginning September 1. 

Native male moths have been trapped in the San Joaquin Valley each year of the 
program since 1969; larvae found in bolls in each offive years. Diapausing pink boll-
worm larvae have been observed to survive, pupate and emerge in tbe spring in 
the Bakersfield area of the San Joaquin Valley (Unpublished data, A. C. Bartlett, 
USDA, ARS, Western Cotton Research Laboratory, Phoenix, Arizona, and R. T. 
Staten, USDA, APHIS, Methods Development Laboratory, Pheonix, Arizona). It is 
difficult to conclude with scientific certainty that the program has been the total fac-
tor preventing the establishment of the pink bollworm in the San Joaquin Valley. 
However, the indirect evidence supports the premise that the pheromone-trap detec-
tion system, releases of the sterile moths, early crop destruction after harvest, and in 
recent years, supplementary behavioral control methodology, have successfully 
achieved that goal. 

Other Potential Components in Pink Bollworm Areawide Management 
Systems -Large-scale coordinated areawide management systems using all available 
technology for pink bollworm population suppression of established infestations have 
not been implemented. However, the firs t steps have been taken toward managing the 
insect on a local basis. In all pink bollworm-infested cotton areas in Arizona and 
California, cotton scouting is practiced, and pheromone trapping and boll sampling are 
used to determine to a greater or lesser extent the need for control based on established 
economic tlu·esholds. Further refinements in new technology can improve current 
management systems; additional management components can be incorporated; and 
acceptance of areawide systems for population suppression can be expanded. 

Several aspects of pink bollworm biology and ecology contribute to natural popu-
lation regulation. Early season pink bollworm population development is affected by 
a large number of natural factors such as: (a) suicidal emergence (Bariola, 1978, 1983; 
Fullerton et al., 1975); (b) natural enemies (Noble, 1969; Orphanides et al. , 1971; 
Irwin et al. , 1974; Jackson, 1980; Hennebeny and Clayton, 1982); and (c) soil tem-
perature effects on larvae in early season (Fye, 1971; Butler and Henneberry, 1976; 
Clayton and Hennebeny, 1982). The results are a low (50 to 150 percent) population 
increase during the first generation that infests the current year's cotton crop (Graham 
et al. , 1962; Slosser and Watson, 1972; Bariola, 1978). Consequently, supplementary 
early-season suppression technology such as: (a) resistant plant types (Wilson and 
Wilson, 1976; Wilson, 1982); (b) short-season varieties and modified cotton culture 
(Walhood et al., 1981, 1983); (c) planting dates to increase suicidal emergence 
(Adkisson et al., 1962; Hennebeny eta!., 1982); and (d) behavioral control with the 
sex pheromone (Doane and Brooks, 1981; Butler et al., 1983), have the potential to 
further reduce early-season population increase. These methods are effective particu-
larly at low population densities and must be integrated with techniques to reduce 
overwintering populations. 
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Mid- to late-season control is heavily reliant on chemicals. Careful sampling with 
sex pheromone-baited traps (Beasley et al., 1985) and examination of bolls (Watson 
and Fullerton, 1969; Toscano et al. , 1979; Toscano and Sevacherian, 1980) to deter-
mine application of insecticides on a "need" basis can reduce numbers of applications 
and cost of chemical control substantially. Sampling pink bollwmm eggs laid on bolls 
is a relatively new technique that also can be used to time insecticide applications 
(Hutchison et al., 1987). A treatment threshold of 6-8 percent egg-infested bolls 
resulted in a 35 percent reduction in insecticide use with no reduction in yield. The 
maximum number of susceptible bolls occurs about tlu·ee weeks after peak flowering 
(Fry and Henneberry, 1983). When applying insecticides, consideration should be 
given to pink bollworm populations and plant development stages (Reynolds, 1980; 
Fry and Henneberry, 1983). 

Development of insecticide resistance is one of the threatening problems to the cot-
ton industry. Pink bollwmm resistance to DDT (Lowry and Berger, 1965) and toler-
ances to pyrethroids (Bariola, 1985) have been documented, but not to 
organophosphates (Reynolds, 1980). At the moment, the only possible method to pro-
long the life of insecticides is to reduce selection pressme that results in the develop-
ment of resistant strains. This may be accomplished by limiting the use of one class of 
insecticides to one generation per year. Monitoring insecticide resistance and manag-
ing insecticide use patterns should be incorporated into pink bollworm management 
systems to extend the longevity of existing chemicals. Haynes eta!. (1986, 1987) have 
developed a reproducible and economical technique for monitoring insecticide resis-
tance in pink bollworm field populations. 

Late-season management systems to reduce development of the diapause pink boll-
worm generation by eliminating host material (Bariola et al., 1976) ancl!or destroying 
diapaused larvae, using tillage and/or in igation techniques (Watson, 1980), are the 
most powerful and economical methods of population suppression of this insect pest. 
They should be components of areawide pink bollworm management systems. 

Stalk slu·edding to enhance uniform and deep burial of shredded plant debris, fol-
lowed by disking and effective plowing and winter irrigation treatments, effectively 
induce additional mortality of overwintering pink bollworms (Watson, 1980). The 
most effective, practical tillage practice has been deep plowing that results in turning 
over the soil to a depth of 8 inches or more. The earlier that winter plowing is accom-
plished, the higher the larval mortality, with fewer moths emerging in the spring. 

Presently, the use of early-season pheromone trap monitoring and field scouting to 
obtain estimates of infestation levels to determine the need for control action is stan-
dard practice in most growing areas. A careful analysis indicates that incorporating 
short-season methodology, resistant varieties and good cultural practices of early har-
vest, stallc shredding and plowdown into current management systems on an areawide 
basis could reduce the pink bollworm populations to noneconomic levels that would 
allow consideration of sterile release methodology as a low-density population man-
agement tool (Hennebeny and Keaveny, 1985). 
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DISCUSSION 

Areawide suppression or management of total cotton insect populations which have 
multifaceted control approaches and incorporate the principles and tactics of integrated 
pest management as an ecological approach to more socially, economically and envi-
ronmentally acceptable methods of pest control have the highest probability of suc-
cess. Research, extension and other teaching efforts dealing with most of our key 
cotton insect pests aTe malcing significant progress in development of the concept of 
coordinated large area, agricultural community involvement in pest population man-
agement. The areawide approach focuses suppressive measures on the total pest pop-
ulation as opposed to uncoordinated efforts focused on local or farm-by-farm or 
field-by-field attempts to control limited segments of the population. The farm-by-
fmm and field-by-field approaches have not provided effective solutions to our key 
insect pests. Areawide programs include producers as active participants in the pro-
gram which is a facet that helps to ensure success. The producer is not a bystander nor 
m·e extension and private consultants. The entire community has an active part in the 
program. 

The technology to manage many of our key pests on an mea wide basis cmTently is 
not available; however, important progress is being made in developing methods that 
can be inc01porated in management systems that m·e compatible within the ecosystem. 
Although considerable progress has been made, much additional resem·ch needs to be 
accomplished to supplement our incomplete understanding of the factors affecting 
population density, dynamics and behavior of the target species and the role of bene-
ficial species and their interactions as they relate to the other biological and physical 
components of the ecosystem. 

Areawide suppression programs for many of our key cotton insect pests are at var-
ious stages of development. Existing teclmology is being continually modified and 
improved and new technology developed. The most effective and efficient areawide 
insect management programs incorporate multifaceted, multidiscipline inputs to 
achieve the desired suppression of the target species population with little or minimal 
impact on other components of the management unit. The ultimate impact of suppres-
sion technology applied against one species must be weighed and measured as to 
potential effects on other biological and physical entities within the system. The com-
plexities of the interaction of all components in an meawide population suppression 
unit make it impossible to predict long-range effects that may occur and modifications 
that may be required to maintain the suppression system in a viable and acceptable 
manner. 

Chemical, biological, behavioral, genetic and cultural control methods, as well as 
development of resistant cotton variety technology, is advancing rapidly. All control 
methods must be considered in m·eawide management or suppression systems. No sin-
gle method is totally acceptable. Combining all of the available technology offers the 
highest probability of success in suppression/management programs. The selection 
and integration of compatible control methods should be based on knowledge on how 
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each of the methods function individually and when introduced separately or simulta-
neously as suppression methods to achieve population reduction. Further, suppressive 
action must be taken within the framework of detailed lmowledge of the biology, ecol-
ogy and population dynamics of the target species as well as crop development. 

The implementation of areawide management systems for key cotton insect pests is 
a major undertalcing that requires the cooperative efforts of research, extension, teach-
ing and grower communities. The potential long-term benefits of pest population sup-
pression on an areawide basis appear to justify the efforts in terms of reduced costs, 
more effective pest control, less environmental contamination, and other peripheral 
problems associated with local uncoordinated efforts which result in year-after-year 
economic pest populations. 

SUMMARY 

Community-involved areawide cotton pest, management systems for population 
suppression of several major cotton insect pests have been successfully demonstrated. 
The systems were based firmly on technical information, theoretical analysis and 
demonstrated documented research achievements. The accomplishments have resulted 
from the coordinated efforts and input from many scientific disciplines, expetiment 
station and extension staff, the cotton industry and the grower communities, as well as 
state and federal agencies. Commonality of interest to maintain and/or increase crop 
yield, quality and net profits within the framework of effective pest management sys-
tems that are socially and environmentally acceptable has conttibuted greatly to suc-
cessful programs. 

The scientific community has made outstanding progress leading to: (a) better 
understanding of the benefits of focusing control actions on total insect populations; 
and (b) exploiting the roles of natural mortality factors, including natural enemies, in 
regulating populations of many of the important insect pests. Much progress has been 
made in developing sampling methods, economic thresholds and insect-cotton plant 
models that are invaluable tools for determining the need for supplementary control 
actions to complement natural population regulating mechanisms. The most common 
current array of potential cotton pest population management methodology consists of, 
but is not limited to: (a) chemical insecticides; (b) host plant resistance; (c) biological 
agents; (d) autocidal methods; (e) behavioral chemicals (for sampling, detection and 
control); (f) and cultural controls. Continuing research will undoubtedly refine and 
improve the potential of these methods and identify additional ones that will expand 
our selection options. Much additional information needs to be gathered. It is doubtful 
that we will completely reveal every aspect of the complex biological and physical 
interactions of agricultural ecosystems. More importantly is the development of ade-
quate information about a target species and the ecosystem that assures, with tools 
available, a reasonable chance of achieving a successful areawide integrated pest man-
agement system. The effectiveness of available control methods for achieving the 
desired impact on the target pest population will be greatly enhanced with increasing 
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knowledge of the ecological relationships and interactions of the pest and beneficial 
species, as well as other factors regulating pest population dynamics. Most impor-
tantly, but most difficult to attain, is a reasonable estimate of the absolute numbers and 
distribution of the target pest within the management area. The availability of such 
infmmation allows analysis of the estimated impact of each potential population sup-
pression component alone and in combination. Such an analysis would provide major 
guidelines for establishing priorities and selecting pest population suppression tech-
niques with the highest probability of success. In most cases, this information and/or 
the methodology and expertise to obtain it has not been developed. The importance of 
having the capability to obtain this vital information justifies a concerted research 
effort in population ecology to elucidate factors affecting changes in spatial (space 
related) and temporal (time related) population magnitude. All pest management meth-
ods need to be examined, but each one may not be applicable or necessary in every 
cotton growing area for each target species. More likely, each agricultural area will 
have specific needs that can be satisfied b)( tailoring management programs thmugh 
selection and integration of methodology to meet the highest p1iority requirements 
within the area. The selection and integration of technology into a pest management 
system that is compatible within a specific agiicultural production area should be 
based on knowledge of the target insects and crop production methodology; it should 
be designed with considerations given to the agroecosystem within which the pest 
management system is imposed. 

Several of the listed population suppression methods, but not all of them, have been 
combined in the areawide boll weevil management expeiiments in Mississippi, Texas 
and Arizona, bollworm/tobacco budworm management experiments in Arkansas, and 
pink bollworm management experiments in Alizona. These efforts clearly demon-
strated that the combinations of suppression methods selected and applied over areas 
that encompassed a high percentage of the total target pest population significantly 
reduced their pest status more efficiently than "farm-by-farm" efforts previously prac-
ticed (localized control efforts). In each case, the programs provided economic bene-
fits to the farmer and were more environmentally acceptable. Additionally, because of 
the experience gained, continuing research, technology ti;ansfer and extension-educa-
tion efforts, the programs are being refined and continually improved. 

Increasing concern over the environment, as expressed by the public and private 
sectors as well as the scientific community, places the challenge of providing the world 
with adequate food and fiber within the constraints of ecologically-based pest protec-
tion systems during and after production. Much progress has been made in providing 
the technology to accomplish these objectives through areawide pest management fun-
damentals stressing biological and ecological orientation. 
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INTRODUCTION 

The boll weevil, Anthonomus grandis grand is Boheman, was firs t reported in the 
United States in south Texas near Brownsville in 1892 by C. H. T. Townsend (1895). 
It established in the Lower Rio Grande Valley and dispersed north and east, becoming 
established in North Carolina and Virginia by 1921 . Over a 30-year period, the boll 
weevil occupied most of the cotton acreage in the southeastern United States and 
became recognized as a "key" pest of cotton, wherever it occmTed. 

For about 30 years, the range of the boll weevil remained relatively static until it 
was found infesting inigated cotton in the Presidio area of West Texas along the Rio 
Grande River. In the early 1960s, boll weevil population buildup occurred in the 
Rolling Plains of West Texas. Prior to this, the boll weevil was found in the area spo-
radically, in low numbers. These buildups coincided with the expansion of irrigated 
cotton acreage in the area. 

Prior to these developments, entomologists believed the boll weevil could not 
become established in areas with an average rainfall of Jess than about 20 inches per 
year. These infestations indicated that the boll weevil could become established in atid 
areas where cotton is inigated, including west Texas meas with only six to eight inches 
of rainfall per year. 

During the 1960s and 1970s, reproducing populations of the boll weevil were 
detected in southwestern Arizona. These were associated with the grower practice of 
producing "socca" or "stub" cotton (i.e., ratoon cotton). Entomologists opposed this 
practice because cotton plants fruited continuously allowing pest populations to 
buildup em·lier and to greater levels than where stalks were destroyed and plowed 
under each year. 
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Localized populations, which developed in the Atizona area p1ior to 1970, disap-
peared when the practice of "stub" cotton was discontinued. However, in the late 
1970s, the practice of "stub" cotton was again allowed, and boll weevil infestations 
soon developed throughout the desert valleys of southwestern A1izona and southern 
California. These populations caused economic damage in localized areas along the 
Gila and Colorado Rivers and the Mexicali Valley in Mexico. 

The prohibition of "stub" cotton and regulations for destruction of previous year 
cotton stalks by specified dates did not elirrrinate the boll weevil this time. In fact, it 
continued to increase in intensity and spread until cotton throughout the desert valleys 
from Phoenix westward was infested. Presently, the boll weevil occurs in all cotton 
areas of the United States with the exception of the High Plains of Texas, New Mexico, 
San Joaquin Valley of California, and the areas where eradication has been achieved 
in Virginia, North Carolina, South Carolina, and the western-most desert valleys of 
California and Atizona. Moreover, the boll weevil has been largely eliminated as an 
econorrric pest in Georgia, north Florida, and Alabama. And, the states of Mississippi, 
Arkansas, Louisiana, and Texas have passed legislation allowing for the establishment 
of eradication zones based on approval by grower referenda. Failure to continue the 
elimination of the boll weevil from the United States may result in reinfestation in 
eradicated areas. 

EARLY HISTORY OF THE BOLL WEEVIL 

Historically, it was not known that there was a boll weevil which attacked cotton 
before the 1890s (Cross, 1983). An adult specimen was found in a cotton, Gossypium 
hirsutum L., boll fragment from Oaxaca, Mexico, in diggings dated 900 A. D. If the 
boll weevil was a problem before the middle 1800s, no record was reported. The boll 
weevil was described by C. H. Boheman in 1843 as Anthon om us grandi.~ from an adult 
collected 1831 to 1835, and labeled "Veracruz" with no host record. 

The boll weevil adult is a small, hard shelled snout beetle, averaging about 1/4 inch 
long, gray to brown color, becoming nearly black with age. The slender snout is about 
l /2 the length of the body; heavily sclerotized elytra (wing covers) fit closely over the 
abdomen. It overwinters as an adult in debris on the soil, such as in and around cotton 
fields and buildings. The adult emerges from spring to rnidseason; with most emerging 
about the time the crop begins to fruit. The adult feeds on squares (flower buds) and 
bolls. Eggs are laid in these feeding punctures which are then plugged with frass by the 
female. Thus, the three immature stages (egg, larva and pupa) are protected inside the 
cotton fruit until the adult forms and emerges. The female is capable of depositing 100 
to 300 eggs. The life cycle varies from three to four weeks depending upon tempera-
Uire. In cotton-growing areas there may be three to eight generations per year. In the 
presence of mid-summer temperatures, boll weevil populations may increase rapidly to 
extremely high densities and infest nearly all of the fruit, unless control measures are 
employed. 

Growers in South Texas reported a new cotton pest, the damaged it caused, and 
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requested assistance from the United States Department of Agriculture (USDA) in 
1893. The USDA dispatched an entomologist to examine infested teuitories in tllis 
area and in adjacent areas in Mexico. Reports emphasized the dangers involved in 
allowing the boll weevil population to expand into the cotton-growing South. 

The boll weevil was already causing serious damage to the cotton crop in parts of 
the Lower Rio Grande Valley by the time it was detected in 1892. Results of this inves-
tigation were reported by Townsend (1895) and included in a description of the 
infested area and life llistory and habits of the boll weevil. This repmt also included 
the first recommendations for control, i.e., destruction of cotton stalks in the fall to 
reduce overwintering weevil populations, and the need to establish non-cotton-grow-
ing zones around the infested areas to prevent further geographic expansion by the 
pest. 

As the boll weevil spread into the United States, various remedies were suggested. 
The USDA recommended early stalk destmction during the fall to deprive the weevil 
of a food supply and oviposition sites. Weevil catching machines were proposed. 
Farmers tried to destroy the pest with ashes, lime, London purple, Paris green, and 
molasses baits containing a toxicant. Several communities in Texas promoted hand 
picking of weevils. Funds were established to pay for weevils, at rates of 10 to 50 cents 
per 100 weevils captured. 

Entomologists thought that the boll weevil would eventually reach a northern limit. 
In 1903, a plan was promoted to establish a non-cotton belt along Louisiana's western 
boundary to prevent its expansion into the Mid-South. But, in 1904, weevils were dis-
covered in Louisiana, and by then 32 percent of the United States Cotton Belt was 
infested. The boll weevil became the major pest of cotton. In 1903, demonstration pro-
grams to educate farmers on boll weevil control were established, serving as the gen-
esis for the present-day Cooperative Extension Service. 

Dispersal by the boll weevil expanded its geographic range to within a few miles of 
the western boundary of Mississippi by 1906. Some entomologists hypothesized that 
the Mississippi River was an adequate barrier to spread by the boll weevil, but, in 
1907, a USDA entomologist found that the weevil had breached this banier at anum-
ber of points. Weevil populations expanded to the northeasterly-most cotton-produc-
tion area of the United States, Virginia, by 1922. 

Hunter and Coact (1923) reported that after 1894 the boll weevil extended its range 
annually fi'om 40 to 160 miles, although in several instances the winter conditions 
caused a steep population decrease. By 1922, 87 percent (producing 96 percent of the 
lint) of the Cotton Belt was infested by the weevil. 

Land values decreased as the weevil dispersed throughout the South. Many areas 
did not return soon to pre-weevil levels of cotton production. Land values were slow 
to recover. Within the South, where cotton was the only cash crop for many farmers, 
there were recognized areas of high productivity. After the boll weevil spread across 
the South, some of the centers of production disappeared, while others were eclipsed 
by new areas. As the weevil migrated toward the Atlantic seaboard, the states to the 
east of the infestation at first benefited from reduced cotton production in the south-
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central states. The long-tended lands of the Carolinas and Georgia gamered greater 
profits for the farmers than the less depleted soils of the infested tenitory. The semi-
arid portions of Texas and Oklahoma came to the forefront as major cotton-producing 
areas. There, the weevil was less destmctive, and less labor was required to produce 
the crop. After the weevil had totally infested the South, the permanent adjustments 
became obvious. The developments were not at all encouraging to the older cotton 
states of the Southeast. While fertile soils and less weevil damage due to a drier cli-
mate were advantages in the West, the lower winter temperatures of the Cotton Belt's 
northern fringe suppressed weevil populations. For example, the Tennessee Valley in 
northern Alabama ranked ninth out of the ten farming areas in per-acre production for 
that state from 1904 to 1914, but ranked third during 1914 to 1924. 

The intrastate shift in cotton production in Mississippi was even more pronounced 
than in Alabama. Twenty-seven delta and adjoining counties of northwestem 
Mississippi doubled their average production. Bales produced increased from 585 
thousand bales during 1905-1909 to 1.2 million bales during 1943- 1947. The state's 
remaining production decreased one-half, from 718 thousand to 350 thousand bales 
during the same period. 

The center of cotton production in the United States probably would have shifted 
westward with time, but the weevil accelerated the process. From 1910 to 1930, cot-
ton-production areas in Texas and Oklahoma doubled. There was a combined 40 per-
cent increase in acreage in Mississippi, Arkansas and Louisiana. The acreage in 
Alabama, Georgia, South Carolina and North Carolina increased only five percent 
(Helms, 1977). 

More recent extension of the boll weevil's range occmTed in 1953, when the 
Presidio, Texas area was first reported infested by populations from Mexico, and in 
1961, a notable spread into the Texas High Plains was observed. These latter reports 
indicated the weevil 's possible adaptation to dryer western areas, which occurred dur-
ing the early 1980s when infestations became established in the southwest desert val-
leys of Arizona, California and Mexico. 

JUSTIFICATION FOR A BOILL WEEVIL 
ERADICATION PROGRAM 

The boll weevil is responsible for losses and control costs to the cotton industry and 
to the nation's economy, ranging from $200 to $300 million each year, depending on 
the severity of the infestation, the acreage, and the price of cotton. The cost of control 
efforts each year is estimated to average $75 million. Naturally occurring beneficial 
organisms are generally ineffective in keeping the boll weevil suppressed below eco-
nomically damaging levels; consequently, broad-spectrum insecticides are applied to 
reduce damage. In absence of these insecticides, the boll weevil would inflict tremen-
dous economic losses every year on millions of acres of cotton. In severely infes ted 
areas, when cotton is not protected with insecticides from attacks of the boll weevil, 
reductions in yield over a period of years averages about 50 percent. Because of the 
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difficulty in controlling the boll weevil, it has long been the goal of the cotton indus-
try to encourage the development of methods for eliminating the pest. Accordingly, the 
objective of much of the research effort since the 1950s has been toward that goal. 

Efforts to develop satisfactory control measures for the boll weevil over the last 100 
years closely follow the phases or actions desCiibed by Rabb (1972) on evolution of 
insect pest control actions. During the initial 30-year petiod (1892 to 1922), cultural 
control methods were relied upon as the boll weevil dispersed across the southeastern 
United States. Regardless, yield losses to the boll weevil ranged from 30 to 50 percent. 
Practices of early stalk destmction and early planting of early fruiting, shmt-season 
cotton varieties to reduce populations of overwintering weevils and avoid late-season 
buildup of populations were ecologically sound. Nevertheless, these practices alone 
did not provide satisfactory control. 

In the early 1920s, formulation of calcium arsenate satisfactory for field applica-
tions were developed. This matetial provided good boll weevil control, but acceptance 
of the practice was poor because of adverse effects by the chemical on predators and 
parasites. Secondary pests were elevated to primary pest status in absence of these ben-
eficials (natural enemies). In fact, these problems continue, leading entomologists to 
label the boll weevil as a "key" pest of cotton. ("Key" pests are defined as insects and 
mites annually requiring directed control action, often in the form of synthetic chemi-
cal pesticides.) 

The sequence of events occurring with use of calcium arsenate were as follows: 
( 1) Treat the cotton with calcium arsenate for boll weevil control. This treatment 

controlled boll weevils but destroyed a major portion of the beneficial popula-
tion. 

(2) With the loss of naturally-occmring predators and parasites, aphid populations 
expanded exponentially; calcium arsenate did not control the aphids. 

(3) Thus, another insecticide, nicotine sulfate, was developed to control aphid, but 
it was not widely accepted because it was noxious to formulate. 

During the 25-year period beginning in the 1920s and ending after World War II, 
practices recommended for the control of the boll weevil were as follows: 

(I) Cultural practices such as early destruction of cotton-plant residue after harvest 
to eliminate feeding, oviposition and potential overwintering sites; 

(2) Early planting of fast maturing cotton varieties to escape mid and late-season 
buildup of boll weevil populations; 

(3) Chemical control with calcium arsenate; and 
(4) Use of other chemicals to control secondary pests that were elevated to primary 

pest status as a consequence of killing their natural enemies with the calcium 
arsenate. 

This control program was reasonably effective and established the pattern as new 
chemical classes, viz., the organochlorines and organophosphates, were used for con-
trol of the boll weevil. 

Immediately after World War II, the synthetic organic pesticides were made avail-
able for cotton pest control. There was a great variety of these materials, and many 
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were toxic to most arthropod species inhabiting cotton fields . Cotton producers and 
most researchers were highly pleased with the results these new pesticides provided. 
Consequently, reliance on chemical pesticides to control cotton-arthropod pests was 
near complete. 

The new insecticides possessed two qualities of great importance: (a) high initial 
toxicity to the cotton pest insects; and (b) sufficient persistence to conh·ol newly 
emerging insects or insects migrating from untreated to treated areas. The chlorinated 
hydrocarbon insecticides had a great impact on cotton production. For the first time, 
cotton producers were able to achieve highly effective control of all arthropod pests of 
the crop. The impact of these insecticides stimulated unprecedented demand by grow-
ers for almost complete control of pest arthropods. It then became profitable for pro-
ducers to use fertilizer, irrigation, and long-growing, indeterminate cotton vmieties to 
achieve maximum yields. 

The chemicals used in mixtures for boll weevil conh·ol included organochlorine 
compounds such as BHC, dieldrin, aldtin a11d toxaphene. Then, in 1955, less than 10 
yems after use of organochlorines began, boll weevil populations resistant to 
organochlorines were selected (Roussel and Clower, 1955). Fortunately, organophos-
phate compounds such as methyl parathion and azinphosmethyl (Guthion®) were 
available as substitutes for boll weevil control. These materials were highly effective 
against boll weevils; and, they have continued to the present to be effective. 
Nevertheless, based on occurrence of resistance in other pest species to organophos-
phates, there remains the possibility that genotypes resistant to organophosphates may 
yet be selected. In fact, Teague et al., (1983) reported a 3- to 6-fold tolerance to azin-
phosmethyl (Guthion®) in a field strain obtained from the Lower Rio Grande Valley 
of Texas, but this report has not been confirmed by other researchers. 

Resistance to the organochlorines created considerable concern among cotton pro-
ducers and entomologists. The short (approximately eight years) effective life of the 
organochlorine materials led most growers and entomologists to the realization that 
they did not have the ultimate solution to controlling cotton pests. 

In the early 1960s, the bollworm, Helicove1pa zea (Boddie), and tobacco budworm, 
Heliothis virescens (F.), developed high levels of resistance to the organochlorine, 
organophosphate and cm·bamate insecticides (Brazzel, 1963, 1964; Adkisson, 1969; 
Harris eta/. , 1972). So, pest control priorities in cotton reversed. The bollworm and 
tobacco budworm became more important pests than the boll weevil in many areas. 
The problem of bollworm and tobacco budwonn resistance was tempormily solved by 
increasing the dosage of methyl parathion from 0.25 to 0.50 pounds per acre per appli-
cation. Monocrotophos (Azodrin®) at 0.8 to 1.0 pounds per acre also was introduced 
as were mixtures containing 2.0 pounds of toxaphene, 1.0 pound of DDT, and 0.5 to 
l.O pound of methyl parathion. 

An immediate effect of increasing chemical concentration rates was increased pro-
duction costs; yields remained high, but profits decreased (Adkisson, 1969). This sit-
uation prevailed until the late 1960s when the tobacco budworm in the Lower Rio 
Grande Valley of Texas and northeastern Mexico became resistant even to high rates 



BOLL WEEVIL ERADICATION 631 

of the organophosphorus insecticides. Many Lower Rio Grande Valley producers 
treated fields with methyl parathion 15 to 18 times per year but still suffered great 
losses in yield. Others produced at relatively high levels, but made smaller profits 
because of the high costs incmTed from intensive insecticidal treatment. Some cotton 
crops were destroyed in spite of intensive treatment with insecticides. Approximately 
700,000 acres in northeastern Mexico were removed from cotton production because 
of damage by the tobacco budworm (Adkisson, 1969; Reynolds et al. , 1975). 

Organophosphate-resistant tobacco budworms occurred in Texas, Louisiana, 
Arkansas, Mississippi, and other states to the east as well as in the Imperial Valley of 
California. The pest developed such a high level of resistance that control remained 
difficult with any insecticide registered for use on cotton at that time. 

Another drastic change in the pesticide usage pattern on cotton occurred in 1973 
when the Environmental Protection Agency banned the use of DDT. DDT combined 
with toxaphene had provided satisfactory control of the boll weevil, bollworm, cotton 
t1eahopper, and plant bugs in cotton producing areas in Texas. (Methyl parathion was 
frequently added at a low rate if weevils became extremely numerous.) Cotton pro-
ducers in states east of Texas had not experienced severe pest resistance problems 
because toxaphene-DDT formulations controlled a broad spectrum of pests. 
Organophosphate resistance had developed slowly in these bollworm/tobacco bud-
worm populations. However, the banning of DDT forced cotton producers to shift to 
high concentrations of organophosphate insecticides for pest insect control. These 
materials were typically applied in combination with toxaphene and, to a lesser extent, 
with endrin or chlordimeform (Galecron®, Fundal®). Thus, the banning of DDT 
increased selection pressure for the development of organophosphate-resistant pest 
strains. Cotton producers in the Mid-South and Southeast began to experience the 
same problems of decreasing effectiveness of insecticides, decreasing yield and 
increased cost that had been confined to Texas and Mexico. 

When current advances in the technology of insect suppression are considered, an 
all-out elimination effort against relatively few insects can be justified when chances 
of success, and possible costs and benefits, are clearly favorable. Most experts on the 
boll weevil agree that such an effort is fully justified because of crop losses caused by 
this pest and the magnitude of insecticides applied to reduce and prevent its damage. 

Many people recognize the adverse environmental effects on natural enemy com-
plexes resulting from use of insecticides to control the boll weevil. The intensive use 
of insecticides in cotton during the last 50 years has posed questions as to the imme-
diate and long-range hazards to fish and wildlife from insecticide residues. However, 
the adverse effects of their use on resources of beneficial insects - bees, parasites, and 
predators - are apparent and usually more acute. 

Entomologists and other biologists agree that the use of boll weevil insecticides 
causes a drastic reduction in the beneficial insect complexes in cotton fields and often 
in adjacent crops. Depletion of these beneficials often has been proven responsible fm 
the emergence of other insects and mites as important pests. It is well recognized by 
entomologists and most growers that bollworm and tobacco budworm problems are 
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intensified when insecticides are applied for control of the boll weevil. Bollworms and 
tobacco buclwonns in recent years have tivaled the boll weevil in destruction of cotton 
in many areas, as well as causing extensive losses on a number of other crops. 

A matter of real concern is the long-range dependability of currently registered 
insecticides for control of the boll weevil. The boll weevil and many other insects have 
demonstrated their ability to develop strains resistance to certain insecticides. 

So, in the early 1960s the cotton industry and entomologists were faced with two 
major problems, which led to the events of the next 20 years. First was the possi-
bility that boll weevils might develop resistance to available effective insecticides 
and constrain economical production of cotton throughout much of the Cotton Belt. 
This was in effect the realization that complete dependence upon pesticides was not 
a viable long-term option. The weevil problem must be handled by a management 
system, which did not produce the undesirable side effects upon secondary pests. 
Secondly, the solution to the key pest (boll weevil) must allow for a better manage-
ment for bollworm/tobacco bud worm populations and other secondary pests thereby 
allowing maximum use of natural control factors and less overall reliance upon pes-
ticides. 

DEVELOPMENT OJF NEW BOLL WEEVIL CONTROL 
TECHNOLOGY 

Tlris state of affairs led to a seties of events over the next 15 years resulting in the con-
duct of the first of two eradication trials. With the leadership of the National Cotton 
Council of America representing the cotton industry, representatives of the state experi-
ment stations, USDA Agricultural Research Service (ARS) and USDAAnimal and Plant 
Health Inspection Service (APIDS) developed a series of reports and recommendations 
on the state of boll weevil research and the feasibility of eradication. An excellent review 
of these events and the persons and agencies involved is given by Parencia (1976). 

In 1958, the National Cotton Council passed a resolution that called for increased 
research and development to provide the technology for the eradication of the boll 
weevil from the United States. A working group was appointed by the USDA to review 
existing boll weevil research programs, need for a more comprehensive research 
effort, and the areas which should be supported by the USDA. This was done at the 
request of Agricultural Committees of the United States House of Representatives and 
Senate. As a result of the recommendations of this working group, Congress appropri-
ated funds to establish the ARS Boll Weevil Research Laboratory on the Mississippi 
State University campus and to augment the funding level at other USDA stations as 
well as state experiment stations. The Boll Weevil Research Laboratory was dedicated 
in 1962 with the stated goal of developing technology that could be used to ultimately 
eradicate the boll weevil from the United States. 

During the years prior to and after the establishment of the Boll Weevil Research 
Laboratory, significant findings were produced which influenced future boll weevil 
suppression and eradication strategies. These included: 
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(1) Mass rearing of boll weevils for research pmposes and use in the sterile insect 
technique (Vanderzant and Davich, 1958); 

(2) Identification of the diapause condition of overwinte1ing boll weevils (Brazzel 
and Newsom, 1959); 

(3) The significance of decreasing diapause populations just before and during the 
cotton harvest period, and the efficacy of organophosphorus compounds during 
this period of the cotton season (Brazzel, 1959; Lloyd eta!., 1967); 

(4) Development of ultra-low-volume (ULV) aerial application of insecticides for 
control of the boll weevil (Brazzel et al., 1968); 

(5) Development of a highly effective pheromone trapping system for survey and 
detection of boll weevils with potential for suppression of low density popula-
tions, including the identification and synthesis of the fom components of the 
pheromone and a suitable trap (Tumlinson eta/., 1971; Mitchell and Hardee, 
1974; Hardee eta/. , 1971); and, 

(6) Development of the systemic insecticide aldicarb (Temik®), which controlled 
boll weevils feeding on treated cotton during early stages of cotton development. 

The search for a better solution to the boll weevil problem began in 1958 when the 
National Cotton Council resolved to support an intensified research and development 
program on the boll weevil. As a result of this action, funds were made available to 
expand research directed toward this objective. By 1969, in view of research develop-
ments cited above and the urgency of a solution to the boll weevil, the National Cotton 
Council appointed a special study committee with a charge to (a) review cmTent sta-
tus of boll weevil suppression measures and (b) consider feasibility of actions with cur-
rent technology to eliminate the boll weevil as a pest of cotton. 

This committee concluded that adequate technology had been developed to expand 
to large-scale field testing. A subcommittee was appointed to survey the boll weevil-
infested area of the Cotton Belt for test sites. The objectives of such tests were to deter-
lnine if available technology applied in large-scale tests with I 00 percent participation 
of growers in the test area could eradicate the weevil population. 

ERADICATJ[ON TRIALS 

The subcommittee recommended that a pilot Boll Weevil Eradication Experiment 
be conducted in South Mississippi and adjacent areas of Alabama and Louisiana in 
1970. The objective of the experiment was to assess the technical and operational fea-
sibility of boll weevil eradication. Funding difficulties delayed the initiation of the test 
in 1970. It was started in July 1971 and completed in August 1973. An experiment of 
tlus magnitude required the cooperation of many agencies and groups. The action 
agency of the USDA, APHIS, was assigned the lead role to execute the program com-
ponents. The execution of regulatory requirements was the responsibility of the state 
regulatory agencies. The growers agreed to be part of the program. The state extension 
agencies handled infonnation and education activities. The state experiment stations 
and ARS furnished research support. 
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Coordination of these agencies and activities was achieved by appointment of a 
Technical Guidance Committee consisting of members representing these groups. This 
committee was charged with (a) developing an operational plan for the project, (b) 
overall supervision of project execution; and (c) final evaluation. When the project was 
completed, two additional groups were appointed for evaluation by the Entomological 
Society of America and the National Academy of Sciences. 

The pilot experiment was located in five counties in South Mississippi, five parishes 
in Louisiana, and two counties in Alabama. There were approximately 24,000 acres of 
cotton in 1971 and 19,000 acres in 1972 and 1973 in the experiment. The area was 
divided into zones with an outer buffer zone fifty miles in width to reduce immigra-
tion to the inner core zone where the evaluation was done. Program components in the 
first year, 1971, consisted of: 

(1) In-season control by growers to reduce boll weevil population levels for pro-
duction of an acceptable crop. Voluntary grower control was good on about 25 
percent of the cotton and sporadic to none on the remaining acreage. As a result, 
very high weevil populations developed in almost all fields; 

(2) Diapause control was the first action under program control and supervision. 
This tactic was designed to destroy potential overwinteling populations by treat-
ing the fields periodically in the fall with organophosphate insecticides before 
weevils in diapause development achieved diapause, left the fields, and entered 
winter quarters. These treatments were continued until food and breeding sites 
on cotton were destroyed either by mechanical means or by cold weather; and, 

(3) Defoliation and early harvest followed by stalk destruction to terminate diapause 
development. This was also a voluntary action on the part of the growers. 

Program activities in 1972 consisted of: 
(1) Pheromone traps were located in and around all fields to measure the effective-

ness of action taken the previous year and to locate problem areas, which would 
require supplemental suppression measures; 

(2) Trap crops were planted near potential hibernation sites, where diapause boll 
weevils were likely to emerge in the spring. These consisted of four rows of cot-
ton planted across the field approximately two weeks before the grower planted 
the remainder of the field. The rationale was that weevils would colonize the 
older, fruiting cotton first, where they selectively could be killed with insecti-
cides, yet restrict the treatments to only a fraction of the total field acreage; 

(3) Weevils were reared in the Robert T. Gast Insect Rearing Laboratory, Starkville, 
Mississippi, sterilized by irradiation, and distributed over the cotton fields by air-
craft. Releases were conducted dming early- and mid-season. Sterile males 
mated with native females, thereby preventing reproduction; 

( 4) Insecticides were applied during the growing season when pheromone traps or 
visual surveys indicated a reproducing population of boll weevils in a field; and, 

(5) Insecticides were applied in the fall in the fields where reproduction was occur-
rmg. 
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Program activities in 1973 consisted of: 
(a) The same procedures used in 1972; and, 
(b) Final evaluation by intensive survey by visual inspection, pheromone traps, and 

vacuum-type insect population samplers. 
In addition to the technology described above, there was a need for a se1ies of reg-

ulatory requirements to ensure the integ1ity of the trial area and that the suppression 
components were implemented on 100 percent of the cotton in the trial area. These 
regulatory requirements included the following: 

(a) Authority to quarantine zones under treatment and zones where the boll weevil 
had been eliminated; 

(b) Access and entry authmity; 
(c) Authority to require reporting of cotton acreage by the grower to ensure all 

acreage was included in the program; 
(d) Authority to purchase and destroy cotton posing an undue hazard to program 

objectives because of difficulty in execution of the program; 
(e) Authority to prohibit planting of noncommercial cotton in program operation 

areas; and, 
(f) Authority to take necessary action to prevent volunteer cotton and alternate host 

plants from jeopardizing program objectives. 
Funding for the tr·ial was provided by APHIS, ARS, Cotton Incorporated, and the 

state of Mississippi. This trial was subjected to an intensive evaluation by: (a) the 
Technical Guidance Committee which had overview of all aspects of the trial during 
its 3-year course; and (b) a committee appointed by the Entomological Society of 
America. 

It was recognized that this trial was located in an area of extreme boll weevil pres-
sure and there was concern about the size of the area designed to prevent inunigration 
of weevils from outside the area. It was known that the weevil could move up to 50 
miles and in large numbers for 30 miles. The treatment series in the buffer zones was 
depended upon to protect the evaluation area. This did not prove to be the case, and 
weevils were found in the northern one-third of the eradication zone nearest to cotton 
outside the trial area. 

Boll weevil reproduction was suppressed below detectable levels in 203 of 236 
fields in the eradication zone. All of the infested fields were located in the northern 
one-third of the eradication zone and less than 25 miles from substantial populations 
farther north. In the southern two-thirds of the eradication zone no reproduction could 
be detected in any of the 170 fields (Conunittee on Appropriations, 1974). 

Each of the 170 fields were regarded as a replicate. Taken together, these repli-
cates indicated that the boll weevil suppressive system employed could eliminate 
isolated weevil populations and prevent reinfestation by occasional migrants. 
Experience with the screwworm fly convinced researchers that achievement of total 
elimination of all individuals from the target area following the first application of 
the pest suppressive system was not necessary to make a judgment on whether erad-
ication is feasible. Eradication can be accomplished interatively. The first applica-
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tion of the suppressive system clears the pest from most of the target zone. 
Subsequently, surviving populations were delimited and suppressive measures 
applied to them. In this iterative fashion, the aggregate range occupied by the pest 
was progressively reduced toward zero. 

The Technical Guidance Committee, after considerable debate, developed a report 
that the trial showed that it was "technically and operationally feasible to eliminate the 
boll weevil as an economic pest in the U.S. by the use of techniques that are environ-
mentally acceptable." The other evaluation committee reported essentially the same. 
Both committees expressed reservations about initiation of a Beltwide eradication pro-
gram until research led to improvement of techniques used in the trial. 

The Technical Guidance Committee experienced difficulty drawing conclusions 
from the available data. Accordingly, the Committee stated that: "Based on the results 
and experiences gained in the Pilot Boll Weevil Eradication Experiment conducted in 
south Mississippi and adjacent areas in Alabama and Louisiana, and mindful that the 
experiment was conducted in an area representative of the most severe boll weevil 
conditions likely to be encountered in the boll weevil belt, the Technical Committee 
has reached the conclusion that it is technically and operationally feasible to eliminate 
the boll weevil as an economic pest in the United States by the use of techniques that 
are ecologically acceptable". 

The Entomological Society of America Review Committee stated that: "Data avail-
able at the tennination of the experiment indicate that eradication was not accom-
plished in the core area ... The Committee is divided as to whether or not technical 
feasibility of eradication of boll weevil has been demonstrated, but unanimously 
expressed reservations concerning any massive eradication undertaking without fur-
ther research to refine suppressive techniques." 

The cautious position of the latter Cmmnittee may have been based in part on data 
provided by Hardee and Boyd (1976) indicating that 17 boll weevils had been trapped 
in the southern two-thirds of the eradication zone (see Perkins, 1982). However, wee-
vi]s were captured during the normal F2 emergence period. Whether they were prog-
eny of mated females that moved into the southern two- thirds of the eradication zone 
from reinfested fields, or whether their parents had survived the eradicative treatments, 
was not ascertained. 

None of the committees' reports reflected a belief that the experiment proved that 
eradication of boll weevil was technically and operationally feasible. Although no 
minority report was submitted, members of the Technical Guidance Conmlittee were 
not unanimous in support of their report. Some fel t that no consideration was given to 
the magnitude and distance the weevil was capable of moving during migration. 

The major lesson learned in tllis experiment was that any future trials must be suf-
ficiently isolated to prevent nligration from outside the test area from confounding 
evaluation. Also learned was that while trap crops did aggregate large numbers of wee-
vils early in the season, their value was questionable because of: (a) continued weevil 
emergence after grower cotton began fruiting; and (b) operational problems with get-
ting them planted sufficiently in advance of normal planting operations. Most growers 
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insisted on planting as early as weather permitted, a long-term practice to escape late-
season buildup of weevil populations. 

Following the completion of the experiment and evaluations, the status of the exper-
iment was critiqued at a meeting in Memphis, Tennessee on February 13-15, 1974. The 
proceedings of this meeting revealed continued interest in pursuing eradication, par-
ticularly by the cotton industry. The cotton industry asked the USDA to conduct 
another eradication experiment because: 

(1) It had not "conclusively" demonstrated the feasibility of eradication; 
(2) Research findings, particularly use of the aggregation/sex pheromone in traps, 

must be fully utilized; and 
(3) The evaluation area ni.ust be located a sufficient distance ti-om non-test cotton to 

prevent weevil immigration from confounding results. 
Following a se1ies of meetings over the next year, it was decided to conduct an erad-

ication trial with a concurrent optimum pest management trial. This decision was 
based on interest and willingness of the cooperating agencies and groups which would 
be involved in this endeavor including the USDA's ARS, APHIS, and Economic 
Research Service (ERS), as well as the state departments of agriculture, extension ser-
vices, state experiment stations, The National Cotton Council of America, and grow-
ers in the trial areas. 

It was decided to locate the eradication trial in northeastern North Carolina and 
southern Virginia. This was the eastern extremity of the Cotton Belt. Cotton fields out-
side the eradication zone were approximately 70 miles to the southwest. The area 
included 16,000 acres the first year and increased to 34,000 acres by the third and last 
year of the trial. About 20 percent of the cotton was located within the buffer zone 
between the evaluation zone and outside non-program cotton. The USDA's APHIS led 
in the eradication trial. 

An areawide suppression trial was conducted simultaneously with the Eradication 
Trial. It, the Optimum Pest Management Trial, was located in Panola County, 
Mississippi; the lead agency was the Mississippi Cooperative Extension Service. The 
acreage of cotton ranged from 32,000 to 40,000 over the 3-year trial period. Results 
were compared with data collected in a conventional boll weevil control area in nearby 
Pontotoc County. 

Grower, federal and state support was used to conduct both trials. In the eradication 
trial, the growers, by referendum, approved 50 percent support and mandatory partic-
ipation. The states furnished 25 percent and the USDA 25 percent of the funding. The 
components of the Optimum Pest Management Trial included: 

(I) Four fall diapause treatments at no expense to the grower; 
(2) Pheromone traps to monitor populations; 
(3) Pinhead square treatments in spring, if needed; 
(4) Scouting of all cotton after fruiting began; 
(5) In-season control by growers when economic tlu·esholds were reached; and, 
(6) Destruction of stalks when harvest was completed before frost. 
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The components of the Eradication Tlial consisted of: 
(1) Fall diapause treatments beginning when diapausing weevils were first detected 

and up to destruction and plowing of crop residue, with treatment intervals rang-
ing from 7 days in September to 14 days as the weather became colder at sea-
son's end; 

(2) Pheromone traps to monitor populations and determine if in-season treatments 
were needed; 

(3) Diflubenzuron (Dimilin®) applied to pinhead square cotton as needed; 
(4) Sterile weevil releases in early fruiting pe1iod; 
(5) Defoliant applied to destroy food and breeding sites of the weevil prior to staTic 

destruction; 
(6) Stallc destruction as soon as possible after harvest; and, 
(7) Monitor insects (particularly the bollworm and tobacco budworm) other than 

boll weevil, and treat as needed. 
These two trials were subjected to an in-depth biological, economic and environ-

mental evaluation by special teams made up of members of the cooperating agencies 
and groups. Evaluation of both trials indicated successful demonstration of technical 
and operational feasibility for improving management of boll weevil through orga-
nized areawide programs without adverse effects on the environment. 

The data for the eradication trial indicated eradication had been achieved by the sec-
ond year of the 3-year trial. It was also found that the improved pheromone trap with 
the pheromone in a controlled release formulation could be used to "trap out" very low 
populations of boll weevil in early spring. 

Carlson and Suguiyama (1985) repmted on the economic returns growers could expect 
following eradication of boll weevil. Using four-yem· averages before and after eradica-
tion, pesticide costs to produce a crop decreased from $51 per acre to $17 per acre. 
Moreover, there was about 50 pounds of lint per acre yield increase following eradication. 
While difficult to quantify, environmental benefits were derived from the dramatic reduc-
tion in pesticide use in the m·ea. This reduction in pesticide use on cotton was to some 
extent mirrored by a concurrent reduction in pesticide use on other crops in the m·ea. 

A review conunittee appointed by the National Academy of Sciences at the request 
of the USDA issued a report (National Academy of Sciences, 1981), which did not 
support the concepts of boll weevil eradication or optimum boll weevil management. 
Nevertheless, following the completion and evaluation of the trials, the USDA posi-
tion on cotton management was given in a press release dated January 5, 1982. In part, 
this release stated: 

(1) The technology to suppress or eradicate the boll weevil is available and further 
resem·ch will improve on this knowledge; 

(2) The USDA holds the view that the future of cotton insect management is in the 
hands of the producers and the industry. Only they can determine what is best o r 
most applicable under different sets of circumstances; and, 

(3) The USDA is prepared to work closely with cotton producers and the industry 
in trying to achieve the most appropriate approach possible . 
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This in effect stated that areawide cooperative boll weevil programs in the future 
would have to be initiated by cotton growers. This policy was expanded to the extent 
that APHIS involvement in cooperative programs required passage of a referendum in 
which two-thirds of the growers voted for the program, and the growers must furnish 
70 percent of the funding, with APHIS furnishing the remaining 30 percent. 

ERADICATION PROGRAM 

The eradication trial in North Carolina and Virginia was successfully completed in 
1980. A containment program was conducted in 1981 and 1982 in the buffer zone to 
prevent reinfestation of the eradicated area dming the extensive evaluation process. 
During this period, discussions within the cotton industry were held to determine the 
interest of producers in follow-up action programs against the boll weevil. As a result 
of these meetings, The National Cotton Council of Ameiica informed the USDA in late 
1981, that producers were interested in expansion of the eradication program to 
include the remainder of cotton acreage in North Carolina and all of South Carolina. 
They also requested that APHIS organize an advisory cormnittee to advise the indus-
try on the feasibility and cost of such a program. 

The USDA responded by arranging a public meeting in Fayetteville, North Carolina 
on January 15, 1982. The purpose of this meeting was to provide a forum for dis-
cussing program effectiveness, future plans, and to make the program more responsive 
to public needs. The persons present and statements submitted by persons in absentia 
supported expansion of the boll weevil eradication option to include all cotton acreage 
in North and South Carolina. A Technical Advisory Committee was appointed to pro-
vide a review of technology and cost estimates for the expanded program in prepara-
tion for a grower referendum. 

The technical committee advised that the program could be expanded and that the 
cost would be approximately $100 per acre over a two and one-half year period. With 
this information the concerned agencies and groups entered into preparations for a 
grower referendum in each state. These referenda were passed in early 1983 with a 
program starting-date of July 1, 1983 through 1985. The passage of the referendum 
required two-thirds of the voters to favor the program and that all commercial cotton 
be included in the program. A cost share formula of 70 percent grower and 30 percent 
USDA participation was approved. (This cost-share formula has prevailed throughout 
the program to date.) 

Shortly after the cotton industry met the requirements for a cooperative program, the 
second increment of the eradication program was expanded into the remainder of 
North Carolina and all of South Carolina during the period 1983 to 1985. In 1985 to 
1986, eradication was expanded to include western Arizona, southern California, and 
northwestem Mexico. Eradication was successfully completed in these areas, and the 
program was expanded in 1987 into parts of Georgia, Alabama, and all of the cotton 
in Florida. In 1988, the remainder of the infestation in central Arizona was included, 
along with 5,000 acres in Mexico (Figure 1). 
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Figure 1. Increments of boll weevil eradication. Areas where boll weevil eradication is 
complete are heavily shaded. Areas where eradication i.s cunently active are lightly 
shaded. Areas proposed for eradication (contingent on approval of grower refer-
enda) are moderately shaded. (Figure provided courtesy of Bill Grefenstette, 
USDA, APHIS, PPQ, Hyattsville, Maryland.) 

SOUTHEASTERN BOLL WEEVIL ERADICAT[ON 
PROGRAM 

The technology used in the Carolinas program was altered somewhat from that of 
the two trials because of expe1ience gained and the greater magnitude of the program. 
Techniques used included: 

(l) Growers were urged to maintain economic boll weevil control through August 
to lower population levels during the major diapause development period in 
September and October; 

(2) Diapause control treatments were begun in late August and continued until cot-
ton was destroyed; 

(3) A rebate was paid to growers who met various deadline dates for stalk destruc-
tion to encourage early harvest and destruction of food and breeding sites for 
the boll weevil. This also led to a reduction of the acreage requiring diapause 
treatments; 

(4) Pheromone traps were used at a rate of one trap per acre. Trap placement was 
oriented toward areas around fields likely to harbor diapause weevils. Data 
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from the traps were used to monitor progress of the program in overall popula-
tion reduction and to time the initiation of pinhead square treatments wherever 
populations around fields indicated the likelihood that a field infestation might 
develop. Trapping data were used also to make decisions in treating on a field-
by-field basis, and to detect early spot infestations, which could be treated and 
contained to prevent weevil dispersal to uninfested fields; and, 

(5) Early destruction of standing cotton stalks; even when cold weather had killed 
them. 

The program was initiated July 1, 1983 and included all of the cotton acreage in 
North and South Carolina infested by the boll weevil. This amounted to about 95,000 
acres and included the buffer zone and southern portions of the original eradication 
trial area where immigration had occmTecl (Figure 1). During the six weeks between 

__ July 1 and mid-August, personnel were hired, equipment was purchased, fields were 
mapped, traps placed, and other logistical operations were readied for the start of the 
diapause control phase of the program. Practically all personnel were new to the oper-
ation, requiring intensive training. 

Diapause treatments were begun on August 22, about two weeks before the pro-
jected starting elate. This early start was necessary because the cotton was in severe 
drought stress and boll weevil diapause and migration were beginning earlier than nor-
mal. Diapause treatments were made at 5-, 7-, ancl10-day intervals as the season pro-
gressed and weather became cooler. Traps were placed at approximately one per ten 
acres of cotton to monitor weevil populations during the fall diapause treatment phase. 

The first plant-killing frost occurred in mid-November, about two weeks later than 
the average frost date for the area. Thus, the early start and late completion resulted in 
about four more treatments for diapause control than estimated earlier. A total of 11 to 
13 treatments were made during the August 22 to mid-November period. 

Excellent weather prevailed during the diapause treatment period, and treatments 
were on schedule. Trap records indicated a population reduction in excess of 90 per-
cent in most fields. More importantly, the treatment interval was such that all weevils 
were subjected to two treatments before they had time to complete feeding and enter 
cliapause. Also, the traps indicated the fields where control was less than desired. 
Special attention was given to these fields the following year. Such fields were small 
in size (up to 10 acres) and typically had obstacles intelfering with aerial application. 
Border treatments with mist blowers were made, but these trouble spots persisted. In 
1984, ground application was utilized in these sites to the extent possible. 

During 1984, fields were trapped at the rate of one or more traps per acre of cotton. 
Acreage in the program area in 1984 was about 145 thousand acres. Traps were placed 
around 1983 production year fie lds in April and serviced until July. Traps were placed 
in new 1984 production year fields in June. All cotton fields were monitored at this 
trapping rate until the cotton was killed by frost in early November. 

Data collected from the traps were used to determine control measures during the 
1984 season. Three periods during the year are identified, and criteria for control mea-
sures were developed as follows: 
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(1) Early season or pinhead square stage of growth. This included the period from 
just before squares were large enough for oviposition (mid-June) to early July. 
This was the last chance to attack the surviving diapause population of the pre-
vious year. About 25 percent of the acres were estimated to require some control 
during this period. Eighteen percent of the acres were treated using the follow-
ing c1iteri~, based on trap catches three to fom weeks prior to the eighth leaf 
stage: (a) 0 to 0.1 weevils per acre (up to 1 weevil per 10 acres of cotton) - no 
treatment- depend on traps to eliminate (trap out) the low population; and (b) 
0.2 or more (2 or more weevils per 10 acres) - treat with diflubenzuron 
(Dimilin®) or organophosphate insecticide at seven-day intervals until trap 
catches were below the "trigger" level. 

(2) In-season. This covered the period from early July to September. During this 
period, searches were made for reproducing aggregations of weevils. This was 
expected to occur either from weevils missed in the early season control period 
or from the few diapause weevils ,still emerging from hibernation quarters. 
Because some diapause weevils emerged into late August when abundant fruit 
was available, reproduction was expected. The strategy during this period was 
to locate areas of reproduction and treat them with insecticide to prevent further 
geographic expansion. The goal was not to eliminate these aggregations of wee-
vils during the mid-season, but to contain them within a local area so they could 
be targeted as a diapause population later in the fall. During the period of July 
to early August when an occasional weevil was caught in a trap, the immediate 
area was visually surveyed to determine if reproduction had occurred. In 
August, as reproduction sites were found, they were treated at four to five day 
intervals. In all cases, tl1e area of reproduction was localized to one to two acres 
and appeared to be the progeny of a single female. Accordingly, treatment was 
made to a localized area of five to ten acres from criteria used to initiate in-sea-
son treatments. These treatments were highly effective in containing weevils in 
localized areas until late September when defoliation began. 

(3) Diapause Control. Tllis covered the period of September 10 to frost on Novem-
ber 9-10. This was about three weeks later than diapause initiation in 1983. The 
reasons include the fact that it was a wet season with plenty of fruiting into 
September, very few weevils could be found and dissection of collected wee-
vils indicated no evidence of diapause development until cotton began to "cut-
out" in mid-September. Treatment during this period differed from the 
in-season regimen primarily in that buffer fields up to one mile from the repro-
duction site (based upon the numbers caught in traps) were treated. This was 
necessary to prevent weevils from the reproduction site from dispersing into 
nearby fields and attaining diapause status. Diapause treatments were made at 
seven to ten-day intervals from September 10 until a killing frost on November 
9-10. 

It was estimated that ten percent of the acreage would require diapause treatment in 
the fall of 1984. This estimate was considerably lower than actual treatments. On 
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September 10, when diapause treatments began, the in-season acreage being treated, 
plus buffer fields around these areas, amounted to approximately 20 percent of the 
program acres. The continued boll weevil dispersal during September and October 
resulted in a weeldy increase of acreage treated to approximately 60 percent by 
November 10. 

Based upon trap captures, boll weevil reproduction was estimated as occuning in 
less than five percent of the fields by September 1. By October 1, this infestation of 
fields had reached 21 percent. Also, during September, small terminal bolls were 
infested in these localized infestations as squaring decreased with crop termination. 
These weevils which were developing p1ior to October 1 were of great concern. A boll 
weevil egg deposited aftet October 1 would not have time to develop and attain dia-
pause condition before the food supply was destroyed. Migration became more evident 
dming late September and early October because crop termination and defoliation 
practically eliminated fmiting forms suitable for weevil food and reproduction. All dia-
pause treatments during this period were to localized infested areas. It was decided to 
treat the total acreage once in mid-October, even fields where no weevils had been 
trapped, to prevent diapause development of scattered weevils on the sparse food 
available. Following this overall treatment, only the localized populations which were 
identified, were treated. The first crop year (1984) is summarized as follows: 

(1) Data developed from trapping records indicated that only 0.45 percent as many 
weevils per trap were captured in the spring of 1984 as were captured in the fall 
of 1983 in the eradication area. This compares favorably with the level of sup-
pression obtained in the eradication trial. All indications were that the diapause 
program in 1983 and natural mortality during winter, and pinhead square treat-
ments in spring resulted in a population suppression in excess of 99 percent; 

(2) No reproduction was detected (intensive trap and visual survey) until August 
1984; 

(3) Even with the late season buildup and spread of weevils , trap captures were zero 
for many fields. On September 9, 63 percent (2,706) of the fields showed no evi-
dence of boll weevils. On October 9, 31 percent (1 ,344) of the fields showed no 
evidence of weevils and by the time of frost (November 9) 23 percent of the 
fields were free of weevils; and, 

(4) In 1984, the surviving population was aggressively attacked in early- and mid-
season and in the diapause period. This was a tighter and more intensive pro-
gram than in 1983, primarily because personnel were better trained, understood 
the program better, and had more interest in doing the job correctly. 

In 1985, the same procedures were employed as in 1984 and the program was suc-
cessfully completed. Eradication was achieved with the exception of a few scattered 
fields in the eradication area and the buffer zone (between South Carolina and Georgia 
outside the program area). These populations were routinely treated during the hold-
ing period until the next increment of the program could be initiated. 

During J 986 to 1987, the cotton industry worked with growers in Georgia, Flmida 
and portions of Alabama to expand the program. The necessary referenda were passed 
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by the growers and the program began with the initiation of the fall diapause treat-
ments in early September 1987, and continued on the same acreage into December, 
depending on the condition of the cotton. All cotton containing fruiting forms suitable 
for food for diapause development was treated in this phase of the program, since boll 
weevils were present in all fields. The program acreage in this phase was approxi-
mately 400,000 acres and the treatments averaged slightly over eight treatments per 
acre. The treatment interval increased as the season progressed. There was a 5-day 
interval between the first two treatments in September and it was expanded to 7-day 
intervals in late September and most of October. A 1 0-day interval was used in late 
October until mid-November followed by 14-day intervals into December. The ratio-
nale for these expanded treatment intervals was as follows: 

(1) The objective was to destroy incipient diapausing boll weevils in the field before 
they attained firm diapause and left the field for overwintering quarters; 

(2) Data showed that most boll weevils which survived the winter go into diapause 
dming late September and October; and, 

(3) As the season progresses in the fall, the cooler weather and deteriorating food 
supply increased the time required for boll weevils to attain fitm diapause. 

The bid for the chemical for the diapause program was won by Mobay Chemical 
Corporation (now Bayer) and azinphosmethyl (Guthion®) was used. The use of this 
chemical caused considerable controversy, even though it often was used routinely by 
many growers for in-season control programs. 

The fall diapause control program can be characterized by the following: 
(1) Treatment schedules were met satisfactorily due to excellent weather dming the 

fall; 
(2) The new operational team was necessarily recruited on short notice and training 

was less than desirable; 
(3) Adequate equipment for field border treatments was not available until near the 

end of the program because of delivery delays; 
(4) Lack of field border treatments in much of the area was further magnified by 

constraints placed upon the program by the Environmental Assessment, which 
set up buffer zones around sensitive areas that could not be treated by aircraft. 
This resulted in many field borders not being treated properly ; 

(5) During 1987, substantial amounts of the cotton were planted late, resulting in 
early planted cotton, which had terminated and was opening, alongside late-
planted fields which were fruiting vigorously in September. The late-planted 
cotton produced large populations of boll weevils late into the season; and, 

(6) Overwintering boll weevils continued to emerge for about a month later than 
usual. In isolated cotton fields not planted in 1988, weevils continued to emerge 
in large numbers until well into July. This placed severe pressure on the pinhead 
square phase of the program. It was estimated that peak emergence occurred at 
least three weeks later than usual. 

Therefore, even though problems were experienced resulting in a surviving dia-
pause population greater than in previous program years, results were acceptable. This 
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was borne out by 1978 trap captures, where some historical trap data were available. 
In fact , it was well into the growing season (July and August) before growers detected 
boll weevils in their fields. 

The first crop year (1988) was divided into three periods based upon the strategy to 
be employed. These were the (a) pinhead square stage in early season; (b) the mid-sea-
son containment stage; and (c) the fall diapause stage which extends to the end of the 
crop year, when food and breeding sites are destroyed. These periods were approxi-
mate and vary from area to area. 

All treatments during these three phases were based upon the trap data from indi-
vidual fields. No areawide or automatic treatments were made except in the buffer 
zone adjacent to cotton outside the program area during the fall diapause phase. 

Treatments were based upon the numbers of boll weevils caught in traps around 
each field. A field was designated as up to 40 acres in size. Approximately one trap 
per acre trapping density was used with traps arrayed around field borders with more 
used near suspected hibernation sites. The number of boll weevils trapped to "trigger" 
insecticide treatment vmied with the phase of the program. 

(1) Pinhead Square Phase. This was the last opportunity to destroy the overwinter-
ing population and the success was dependent upon the precision of the trapping 
effort. A trap catch (all traps around a field) of two to three weevils triggered 
treatment. Two treatments were made at 7 -day intervals beginning at the eight-
leaf stage of cotton development. If the trap captures continued to trigger treat-
ments, treatments continued until trap captures were below the trigger level. 
This situation occurred in many fields due to the prolonged emergence of the 
1987 diapause population. 

(2) Mid-season Containment Phase. Treatments made in this phase (July and 
August) were designed to prevent boll weevil spread from isolated, established 
population to adjacent uninfested fields , and to prevent population buildup in 
mid-season causing economic loss to growers. The trap capture per field to trig-
ger treatment was five boll weevils per field. Fields were treated on 7-day inter-
vals. Again the attempt was not to eradicate during mid-season but to trigger 
treatments at a very low level to contain them to the infested field. If trap cap-
tures began to increase, the interval between treatments was shortened to five 
clays and, in a few cases, to three days. 

(3) Fall Diapause Phase. By this time of the season, boll weevil migration had begun 
from the earlier fields which were nearing harvest. Movement of migrating wee-
vils occurred from fields at the time of defoliation, harvest, and again during 
stalk destruction. These migrating populations were not of serious consequence, 
particularly during November and later. The main cliapause population develops 
in late September and October and primarily in fields where populations devel-
oped during mid-season. Because this was the phase of most concern, the "trig-
ger" for treatment was set at 10 weevils per field. Also, the treatment interval 
was gradually increased (14 to 21 clays) as the season progressed. 

During the course of the 1988 season, the program area consisted of 473,000 acres 
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of cotton. These fields were treated on a field-by-field basis according to the trap cap-
ture trigger cited above. Average applications per acre ranged from 3.8 in the South 
Carolina buffer zone to 11.2 in the Eufaula, Alabama area. For the program as a whole, 
an average of 8.6 applications per acre were made through October 29, 1988. This was 
more than anticipated but it was felt necessaty to compensate for the less than ideal fall 
diapause program in 1987 and the emergence pattern of the 1988 overwintering pop-
ulation. No "firm" diapause boll weevils were found from samples dissected that fall. 
The first crop year of the program appemed to be on schedule. 

SOUTHWESTERN BOLL WEEVIL ERADICATION PROGRAM 

A major difference between the Southeastem and Southwestern Eradication Programs 
was that the areawide fall diapause phase conducted as the first step in the Southeast was 
not done in the Southwest. Tllis in effect eliminated one-half year of the program, except 
for cultural control measures. Elinlination of the areawide diapause treatments to begin 
the program was adopted in the successfull985 to 1986 program, and was used in the 
1988 to 1989 program to complete the eradication in the southwestem United States. 

Two basic reasons led to the elinlination of the initial, areawide diapause treatments 
for the southwestern program. First, trap surveys before program commencement 
revealed that while boll weevils were widespread and found in most fields in the fall 
after migration began, they were found in the spring in localized areas near suitable 
hibernation sites. These sites included embankments by rivers and base irrigation 
canals as well as residential areas near cotton fields. Secondly, boll weevil populations 
(with some exceptions) were relatively low in the spring compared to those in fields 
in the southeastern United States. 

It was deemed reasonable to conduct the program in the first increment in 1985 to 
1986 and not have to treat more than 20 percent of the acreage, even though some of 
that acreage would need several treatments. This proved to be the case with the fol-
lowing strategy based upon trap capture of boll weevils: 

(1) Begin 7-day interval pinhead square treatments at the 8-leaf stage of cotton, 
where two to three boll weevils have been captured. This treatment interval was 
continued until spring emergence of the weevil was complete. This treatment 
regimen greatly reduced reproducing populations in the field; 

(2) Mid-season treatments at 7-day intervals where infestations did develop, were 
"t1iggered" by five boll weevils captured in traps. This prevented dispersal into 
uninfested, nearby fields (containment) and prevented econonlic loss to grow-
ers; and, 

(3) Diapause treatments in the fall at 7- to 21-day intervals, triggered by 10 bo ll 
weevils trapped per field. This was designed to reduce the potential overwinter-
ing diapause populations. 

This approach worked well in the 1985 to 1986 increment and continued to work 
well during the 1988 to 1989 program. This program encompassed 380,000 acres of 
cotton. During the year, 875,000 cumulative acres were treated for an average of 2 .3 
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treatments per acre. Obviously, this approach has resulted in great savings in the cost 
of the program. Only areas where weevils are found are treated with insecticide. This 
was, in part, made possible by the highly effective pheromone trap. 

The Southwestern Eradication Program was on schedule for the first year, even though 
some localized problems were encountered in Pima cotton. In 1991, only 56 weevils had 
been captured as of October and only 798 cumulative acres had been treated. 

CURRENT STATUS OF BOLL WEEVIL ERADICATION 
PROGRAMS 

By 1993, boll weevil eradication had been achieved in the western portion of the 
Cotton Belt, including California, Arizona and Northwest Mexico. Also eradicated in 
the southeastern portion of the Cotton Belt were populations in Virginia, North Caro-
lina and South Carolina (Figure 1). The areas in Georgia, Alabama and Florida shown 
in Figure 1 had been eradicated with the exception of less than 1 percent of the acreage. 
These localized spots were included in the surveillance area and are expected to be 
cleared up in the near future. Also, some reinvasion has occurred in the buffer zone in 
the eradication areas adjacent to the outside areas not included in the program at present. 

An occasional boll weevil has been found in the eradicated areas. Intensive trapping 
and visual surveys indicate these are "hitch hikers" and are not progeny of local repro-
ducing populations. These isolated detections are always found and in greater numbers 
in those areas closer to outside untreated infestations. 

The buffer zones between the eradication increment and outside increment are nec-
essary to prevent reinvasion of the eradicated areas. These zones extend from 20 to 40 
miles of cotton inside the eradicated increment. These zones must receive the eradica-
tion operations during the additions of new increments as the program expands. 

There is also a network of traps in a surveillance program for all acreage of cotton 
which has been eradicated. The number of traps in the surveillance program varies 
downward in number per acre of cotton as the distance from established weevil popu-
lations increases. 

It has been possible to reduce the amount of pesticides to produce cotton by 50 to 
90 percent in the eradicated areas. Also, there is evidence of increased cotton yields in 
the boll weevil eradicated areas. These benefits have resulted hom two primary events: 
(a) the ability to rely to a greater extent on enhanced beneficial arthropods populations 
for control of secondary pests of cotton in the absence of boll weevil treatments; and 
(b) an increase in cotton yields due to the absence of boll weevils, even though effec-
tive chemicals for control of boll weevil are available and are used by growers 
(Carlson & Suguiyama, 1985). 

It is expected that this eradication program will continue to expand to include the 
entire Cotton Belt of the United States and adjacent areas of Mexico. This assumption 
is based upon: (a) The success of the program in the most difficult boll weevil areas of 
the Southeast; and (b) the increasing interest and action of cotton producers in the cur-
rently infested areas. 



648 BRAZZEL, SMITH AND KNIPLING 

SUGGESTED PLAN FOR ERADICATION IN THE 
REMAINDER OF THE COTTON BELT 

It is proposed that, in future expansions of the eradication program, the areawide fall 
diapause phase should be eliminated, except where trap surveys indicate a need. The 
diapause treatments will still be made on a selective basis during the two full crop 
years of the program. In this scheme, data collected during the season will be the basis 
for treatment of any field. It is expected that localized, high populations will be 
encountered in all areas. This was the case in the southwestern United States program. 

This change in program strategy can and should be done for the following reasons: 
(1) Weevils were successfully eradicated in the Southwest without using the area-

wide fall diapause treatments at the beginning of the program; 
(2) Suppression measures of populations at their source protects these areas until 

late season when a selective diapause program was conducted; 
(3) This places major program actions in the field when growers traditionally fight 

boll weevil, resulting in immediate benefits to the growers; and, 
(4) The Southwestern Eradication Program cost less than in the Southeastern. 
The period of program action covered two and one-half years in each increment. 

Other potential eradication areas more closely resemble the Southwestern Eradication 
Program. The sequence of Program actions are projected, as follows: 

(1) Extension services in the states involved should conduct an extensive informa-
tion and education program on all aspects of the program and how they fi t into 
the scheme of eradication. Emphasis should be placed upon those actions the 
grower can do to make eradication programs more efficient. These include such 
things as early harvest and stalk destruction and locating cotton fields, to the 
extent possible, away from environmentally-sensitive sites (ponds, streams, 
dwellings, near wildlife refuges, schools, and obstacles interfering with aerial 
and ground treatments). 

(2) The period July 1 to January 1 of the first one-half year should be used for pro-
gram preparation. Inadequate time for organizational and logistical matters has 
been a major problem in all previous programs. This period should be used for 
such actions as field mapping, moving key personnel into the area, survey trap-
ping and personnel training. Program personnel should monitor stalk destruction 
and certify fields meeting the requirements for a rebate. 

(3) The first full year of the program should begin January 1. Such activities as hir-
ing local personnel for area and work unit supervisors, trappers and pers01mel 
training should be conducted pre-planting. 

(4) Pre-crop infestation activities should include mapping of rotation fields, place-
ment of traps around fields and commencement of trapping. 

(5) Activities in early season, and in some cases mid season, primarily should be 
concerned with trapping and field treatments where trap data indicate necessity. 
Early season or "pinhead square" treatments should be more extensive than con-
ventional pinhead square treatments. This should be the first attack on the dia-
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pause weevil population, except for the cultural measures made the previous fall 
and selective diapause treatments. It is designed to prevent the overwintering 
weevils from becoming established. Criteria for numbers of weevils caught in 
traps around each field will "trigger" treatments. Once triggered, fields should 
be treated twice on a 7-day interval; treatment should continue until weevil trap 
captures decrease below the " trigger" level. Thus, since no areawide fall diu-
pause treatments are conducted initially, many fields may require two to four or 
more treatments. 

(6) During July and August, the "containment" or "mid-season" phase of the pro-
gram begins. This phase is designed to prevent population buildup and move-
ment of weevils, which earlier evaded control measmes. Again, the objective is 
not to eradicate the population at this phase; populations should be contained in 
identified fields and these weevil populations treated during the diapause phase 
to attain eradication. Thus, this phase of the program is designed to prevent pop-
ulation spread into uninfested fields and to prevent economic damage to grow-
ers' crops. 

(7) From late season until harvest represents the "diapause" phase of the program. 
Weevils begin to disperse when cotton begins to "cut-out", and defoliation, har-
vest, and stallc destruction is conducted. Criteria are based upon trap captures 
allowing selective treatment of those fields which are most likely to produce diu-
pausing weevils. These will be primarily those fields in which reproduction 
occurred during mid-season and those that earlier had migrating populations. 
Also, the suppression measures taken earlier in the year greatly reduce the dia-
pause population merely by the reduction in overall weevil population. 

(8) The second crop year should be the same as the first crop year and the program 
should have covered a period of two and one-half years. 

(9) In mid-season of the second crop year, key personnel should begin the prepara-
tions described above for moving into a new increment. 

CONCLUDING COMMENTS ON THE FUNDAMENTAL 
PRINCIPLES OF BOLL WEEVIL POPULATION 

SUPPRESSION 

The ability to eradicate isolated boll weevil populations has been amply demon-
strated in the several trial and operational programs that have been discussed. 
Advocates of boll weevil eradication hom specific areas as a viable option for dealing 
with this costly and ecologically disruptive pest fully appreciate, however, that eradi-
cation programs are difficult and demanding undertakings. Programs must be well 
organized and executed by persons who understand the pest, the technology, and the 
basic principles of pest population suppression. Complete cooperation of all growers 
is essential. The suppression measures must be directed against total populations in 
areas large enough to virtually eliminate normal boll weevil dispersal as a major deter-
rent to success. The movement of boll weevils from high density populations within 
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flight range of areas under eradication heretofore has been a major problem in the exe-
cution of expe1imental and operational programs. 

When total populations consist of billions of boll weevils, it may seem technically 
and operationally unfeasible to eliminate the last reproducing insects. In practice, how-
ever, weevil numbers are finite, ranging from less than one to a few thousand per acre. 
By taking full advantage of the fundamental principles of insect population suppres-
sion and natural control factors, populations can systematically be reduced to zero on 
a field-by-field basis. 

The availability of grandlure, the highly effective boll weevil attractant, is a vital 
component of available boll weevil eradication technology. When populations have 
been reduced to near elimination in cotton fields, the use of survey traps makes it pos-
sible to determine where localized populations have been eradicated or where popula-
tions continue to exist. The use of the traps also contributes to further suppression. 

As noted earlier, it is not necessary that suppressive measures be applied with such 
intensity that complete elimination of the populations be achieved during a single gen-
eration or even during a single season. Instead, if populations in all cotton fields are 
attacked in a systematic manner, taking full advantage of the knowledge gained on the 
biology, behavior and dynamics of the boll weevil, it is possible to elinlinate popula-
tions largely by attrition. As pointed out by K..nipling (1979), moderate suppressive 
procedures (i.e., 90 percent or better) applied against total populations for several suc-
cessive generations reduces the surviving insects to a lower level in a pest ecosystem 
than intensive control efforts that result in near 100 percent kill of the insects each 
cycle in 99 percent of the habitats, if the insects in the remaining one percent of the 
habitats are pernlitted to develop in the normal manner. 

Natural control factors make major contributions to boll weevil eradication. The 
boll weevil has the potential of increasing from overwintering populations numbeLing 
as few as 10 to 100 per acre to 1000s per acre during a single cotton growing season. 
However, the weevil is highly vulnerable to natural hazards from the ternli.nation of 
one growing season to the beginning of the next season in areas where cotton is not 
permitted to grow during the winter. Weevil mortality during the winter in most areas 
is typically about 95 percent or higher. Natural mortality due to such factors as severe 
winters, unfavorable hibernating sites, general predation and agricultural practices act 
largely independent of the boll weevil density. 

In view of the significance of moderate but uniform suppression pressure during the 
growing season and natural mortality between seasons, a series of simple population 
models are presented in Table 1. These depict, in numerical terms, boll weevil popu-
lation trends from different numbers per acre, if merely enough suppressive pressure 
is applied to prevent increases in the boll weevil populations during the growing sea-
son. It is essential, however, that all cotton fields be monitored and that suppressive 
pressures be applied as needed to achieve the objective. The technology and knowl-
edge are available to accomplish the objective. It is largely a matter of applying avail-
able technology in the most expeditious manner. 
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Table 1. The contribution that natural winter mortality can make to boll weevil eradi-
cation. Enough control is achieved in all fields during the growing season to prevent 
increases of overwintered boll weevil populations. ' 

Parameters 
(one acre) 

Overwintered 
boll weevils 

Population at 
the end of the 
growing season 

Precent natural 
mortality before 
the next season 

Overwintered 
boll weevils the 
next year 

High densitx areas2 

Year I Year 2 Year 3 

1,000 50 2.5 

1,000 50 2.5 

95 95 95 

50 2.5 .125 

Moderate densitx areas2 Low densitx areas3 

Year 1 Year 2 Year 3 Year 1 Year 2 Year 3 

200 10 0.5 20 1 

200 10 20 

95 95 95 95 

10 .5 .05 

'When populations decline to very low levels, several options for further suppression can be employed, 
including the release of sterile boll weevils. However, the use of pheromone traps will not only identify 
where reproduction is likely to occur, the traps contribute to further control. 

'Grower practices for boJI weevil control are generally based on the application of control measures as 
needed to permit optimum cotton yields at minimum costs. This practice, however, permits enough boll 
weevils to reproduce after the main crop mann·es to result in comparable overwintered populations each 
year. For eradication, the minimum objective would be to prevent an increase in populations in all fields 
until the end of the cotton growing season. 

'In low density areas, severe winter weather and/or limited favorable hibernating habitats are likely to result 
in much higher than 95 percent mortality. 
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In many cotton growing areas, unfavorable hibernation sites and/or adverse winter 
climate reduce diapause weevil populations to very low levels. Most of the survivors 
are likely to be conce,ntrated near the most favorable overwintering habitats. Control 
measmes involving several early season treatments, limited in-season treatments, or 
timely diapause applications in the most critical areas may result in near elimination 
after one year, if migrating boll weevils from high density populations are avoided. 
Even in high boll weevil density areas, populations will decline to near elimination 
within two to tlu·ee years by applying minimal but consistent suppression during the 
growing season and relying on natural control during the winter months. On the other 
hand, cultural control tactics, such as stallc destmction and plowdown of cotton stalks 
after harvest will have to be relied upon in South Texas, since overwintering weevil 
adults are not exposed typically to freezing temperatures. 

The boll weevil exists under a wide range of ecological conditions. Cotton growing 
practices vmy. The basic approach to eradication may differ depending on the behav-
ior of the pest, the conditions under which it exists, and the expe1ience gained as pro-
grams m·e executed. But in allm·eas it is essential that suppressive measures be directed 
against total populations in an organized and coordinated manner and in m·eas large 
enough to minimize the influence of boll weevil movement. The boll weevil continues 
to thrive as a costly and ecologically disruptive pest in many areas. This condition 
exists not because of the absence of suitable suppression technology, but rather 
because of failure to apply sound principles of boll weevil population suppression in a 
fully coordinated and systematic manner. 



SECTIONV 

IMPLEMENTATION OF 
INSECT AND MITE 

PEST MANAGEMENT PROGRAMS 





Chapter 20 

INSECT AND MITE PEST 
MANAGEMENT IN THE SOUTHEAST 

William R. Lambert 
The University of Georgia 

Tifton, Georgia 
and 

JackS. Bacheler 
North Carolina State University 

Raleigh, North Carolina 
and 

Willard A. Dickerson 
North Carolina Department of Agriculture 

Raleigh, North Carolina 
and 

Mitchell E . Roof 
Clemson University 

Florence, South Carolina 
and 

Ronald H. Smith 
Auburn University 
Auburn, Alabama 

INTRODUCTION 

The economy, indeed the history, of the Southeast (Alabama, Florida, Georgia, 
North Carolina, South Carolina and Virginia) has been intimately tied to the produc-
tion of cotton . Insects and mites have been major factors affecting the success of cot-
ton culture, and as such, have influenced the history of the region. 

Although wild cottons were discovered in 1528 growing in the tenitory that is now 
the states of Louisiana and Texas, the first commercial United States production 
occurred in the Jamestown settlement of Virginia in approximately 1621 . North Caro-
lina traces its cotton production back to 1664 when colonists from Barbados planted 
cottonseed at Cape Fear. South Carolina started producing cotton early in its colonial 
histmy, and became an early exporter, shipping the first boatload from Charleston in 
1754. Cotton was soon produced in every county, and untill825, South Carolina was 
the leading cotton-producing state (Frank, 1985). 

Georgia's cotton histmy parallels that of other southeastern states. The first cotton 
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in Georgia was grown in Trustees Garden, Savannah, in 1733. Cultivated commercial 
cotton was introduced in 1734 by Philip Miller. Seven years later, a sample of Georgia 
grown cotton was sent to England where it became known as "Georgia Cotton" and in 
France, as "Sea Island Cotton." Until slave1y was allowed in the Georgia Colony in 
1749, most cotton was consumed domestically. But with the advent of slave labor, pro-
duction increased and cotton became a major export (Linden, 1954). By 1825, Georgia 
passed South Carolina as the nation's leading producer. Production increased in 
Georgia until1911 when nearly five million acres were planted to cotton. 

Florida, historically, has never been a major producer of cotton, although cotton was 
cultivated as early as 1765 along the St. Johns River. Alabama traces its cotton pro-
duction back to pre-Revolutionmy War yem·s when cotton was planted along the 
Tensas and Tombigbee Rivers and in French settlements nem· Mobile. Cotton acreage 
increased until Alabama rivaled Mississippi in production by 1840 (Frank, 1985). 

The boll weevil entered the United States from Mexico in 1892, and spread at the 
rate of 40 to 160 miles per year entering Alabama about 1910 (Howm·d, 1895; Gaines, 
1952; Metcalf et al., 1962). The boll weevil invaded Georgia in 1916, and by 1923 
was causing considerable damage. Yield dropped to 90 pounds per acre in 1921 in 
Georgia compared to 314 pounds in North Carolina, a state only lightly infested at 
that time (Brown, 1938). 

Although many factors were involved, a single insect pest, the boll weevil, con-
tlibuted significantly to the decline of cotton in the Southeast. Georgia, for example, 
grew five million acres in 1911, prior to infestation by the pest. By 1978, only 115,000 
acres were devoted to the crop (Snipes and Hammer, 1984). But improved pest man-
agement practices in the late 1970s and 1980s-including the use of pyrethroids, faster 
fruiting cotton vmieties and production practices designed to shorten the fruiting sea-
son- stimulated new interest in cotton. Elimination of the boll weevil contributed to 
increased plantings in the Carolinas in the emly- to mid-1980s, and increasing yields 
and improved profitability caused Georgia's acreage to t1iple by the late 1980s. 

The Southeast is in a transition period because of the boll weevil eradication pro-
gram. Elimination of the boll weevil has been and will continue to be the dominant fac-
tor determining overall cotton insect management strategies. This chapter traces cotton 
insect control technology from the early 1900s through the 1980s, and emphasizes the 
role of the boll weevil and eradication efforts now and in the future. The authors hope 
that our experience may serve as a guide to those who may yet become involved in 
similm· eradication programs and the changes they inevitably cause. 

EVOLUTION OF CONTROL TECHNOLOGY 

EARLY CONTROL EFFORTS 
Cotton insect control really began in the Southeast with the arrival of the boll wee-

vil into southwestern Alabama in 1909. By this time reports indicated that the boll 
weevil was already causing at least $200 million in damage annually in the remainder 
of the United States. Within nine years the weevil had completed its trek across 
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Alabama and was advancing through Georgia and into the Carolinas. By 1922 the 
weevil had infested the entire cotton producing area of the eastem United States. 

All this took place despite monumental efforts by farm leaders of that day to halt the 
weevil's advance. Yet, the transition from quarantines to mechanical and cultural 
devices to poisons is a dramatic story that involved entomologists, agronomists, 
chemists and engineers. 

The first move by Alabama was passage of a quarantine law in 1903. It was intended 
to prevent the weevil from hitching rides to fresh tenitory in seed cotton, old pick 
sacks, cottonseed, Spanish moss, and even household goods. Transport of such items 
from infested to weevil-free territory was prohibited. 

But the weevil was no respecter of law. Under favorable weather conditions it 
enveloped 75 to 100 mile strips of "new territmy" in a year. 

Forefront in the fight were farmers, bankers, businessmen and personnel of the 
Alabama Polytechnic Institute's Agricultural Experiment Station. Beginning in 1904, 
the Alabama Station produced many publications concerning the boll weevil, methods 
of combating the pest and even one on "Heading Off Boll Weevil Panic". 

With no known insecticide effective against the weevil, the logical attack was to cut 
off its food supply. Destmction of green cotton at least three to four weeks before usual 
killing frost was recommended. This was said to be the most important single step in 
a cultural system under boll weevil conditions. There were those that predicted that in 
the presence of weevils there could never be late-cotton. In addition to planting early, 
various mechanical contraptions were devised. Two such devices used were chain 
drags to sweep fallen, infested squares into middles for exposure to the hot sun; and a 
long sack fastened to a sugar-barrel hoop for collecting overwintered weevils and 
infested squares on young cotton. 

Before the boll weevil migrated across the Rio Grande River into Texas in 1892, 
very little insect and spider mite damage occurred to cotton. Occasionally there would 
be outbreaks of armyworm or the cotton leafworm (many cunent growers, consultants 
and entomologists have never seen these pests). The arsenical insecticides were about 
all that was available to control these pests. These insecticides were commonly known 
as Paris Green, London Purple, lead arsenate and calcium arsenate. Another sporadic 
pest was the cotton aphid. Nicotine sulfate dust was sometimes used to control this 
insect. Buildups of aphids occurred as far back as the late 1800s when weather condi-
tions were abnmmal or when the good and hmmful insects got out of balance. 

However, the boll weevil changed much of this balance since it had few natural 
enemies. It has been very difficult to profitably produce cotton in the United States 
with a natural biological balance since the invasion of the weevil. Once insecticides 
were used for weevils, artificial man-made balances between insects in cotton fields 
were established. 

THE ARSENICAL JERA 
The first insecticide recommended for controlling the boll weevil was a mixture 

using Paris Green, London P urple or lead m·senate in combination with molasses. 
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These combinations were used in the late 1800s and early 1900s. Lack of adequate for-
mulations and application technologies were major problems with these insecticides. 

The first Alabama experiments involving calcium arsenate were in 1918 at Auburn, 
Hartford and Smyrna, Alabama. In 1923, improved weevil control was obtained by 
applying undiluted calcium arsenate dust by airplane. This technique had been used the 
previous year to control the cotton leafworm. Dusting with calcium arsenate from air-
planes proved to be very successful in Georgia and Texas during the petiod 1925 to 
1927. Aetial dusting became the primary method of applying insecticides for the boll 
weevil on' large acreages of cotton until the early 1950s. Between 1919 and 1925, the 
use of calcium arsenate increased from 3 million to 15 million pounds. This is in sharp 
contrast with today's rates of pyrethroids where both weevils and bollworms can be 
controlled on many acres within the Cotton Belt with less than one pound of insecti-
cide per acre per season. The production of calcium arsenate had increased to 84 mil
lion pounds by 1942. During the period from 1919 to 1948, it has been estimated that 
United States cotton fields received a total ,of about 850 million pounds of calcium 
arsenate. 

Unfortunately, calcium arsenate was toxic to the beneficial insects which served as 
enemies for the cotton aphid. As a result the aphid became a serious problem and nico-
tine sulfate had to be added to the arsenical dust. About one million pounds of nicotine 
sulfate were produced between 1928 and 1940. Most of this was used on cotton and 
by 1945 growers were applying about 1.5 million pounds annually. It was during this 
period that the bollworm became a significant pest of cotton. As was the case with the 
cotton aphid, this was caused by the destruction of the beneficial insects by calcium 
arsenate. However, adequate control of the bollworm was maintained because the lar-
vae were fairly susceptible to calcium arsenate. 

Calcium arsenate also had an effect on the natural enemies of the cotton fleahopper 
and the tarnished plant bug, and sulfur dusts were added to control these pests and out-
breaks of "red" spider mites. However, during the arsenical era of cotton insect con-
trol, most insecticides were applied for the boll weevil. 

ARRIVAL OF ORGANIC INSECTICIDES 
Calcium arsenate was to remain for almost 30 years as the standard insecticide for 

boll weevil control. Following World War II came new organic compounds- the chlo-
rinated hydrocarbons (DDT, BHC, toxaphene, heptachlor, dieldrin and endrin) and the 
organic phosphates (parathion, malathion, methyl-parathion, and Guthion®). 

Control of the boll weevil and other cotton pests shifted from an ecological (man-
agement) or cultural to a chemical approach. However, over the following ten to fif-
teen years, problems developed such as insecticide resistance, secondmy pest 
outbreaks, environmental damage and increased insect control costs. 

Chlorinated Hydrocarbons - In 1945 the chlorinated hydrocarbon (or 
organochlorine) insecticide DDT became available for grower use. DDT brought 
about a revolution in cotton insect control. DDT was a long-lasting contact insecticide 
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which was oil-soluble and could be applied as a spray. Applications by plane with low 
volume sprays almost totally replaced dust applications. Later BHC and toxaphene 
also became widely used cotton insecticides. They were followed by aldrin, dieldrin, 
end1in, heptachlor and DDD (TDE). 

The United States production of DDT increased to 164 million pounds by 1960. In 
addition, almost 200 million pounds of BHC and aldrin-toxaphene were being used 
annually by 1960. Some estimates indicate that up to one-third of all the organochlo-
rine insecticides produced between 1945 and 1960 were applied to cotton. 

These insecticides provided two impmiant advantages. First, they were highly effec-
tive against a wide variety of pests. Second, they were very persistent or had long 
residual pesticidal activity which made it possible to control newly emerging insects 
or insects migrating into treated areas. 

Spectacular yield increases were obtained for many years, and growers were pro-
ducing cotton at a high profit level. At this time it appeared that all our cotton pest 
problems were solved forever. However, these insecticides also killed the parasites and 
predators of the damaging cotton insects and often resulted in "red" spider mite 
buildups. In addition, environmental problems began developing. This long residual 
activity also proved to be a disadvantage. Some of these insecticides were also shown 
to build up or magnify as they passed up food chains to higher animals. 

Most growers lmow the "rest of the story" about the DDT related insecticides. All 
are now gone as insecticides in United States agricultural production. Perhaps the evi-
dence against them was not always presented accurately, but that is all history now. 

Organic Phosphates - In 1955, boll weevil resistance to DDT, toxaphene, endrin 
and related compounds was discovered. This resulted in a gradual but significant shift 
to organophosphorus insecticides such as parathion, methyl-parathion, Guthion®, 
malathion and EPN. 

These materials were effective against the boll weevil at lower rates than the DDT-
related chemicals. However, the parathions were not as effective in controlli ng boll-
worms and tobacco budworms, which became major pests about that time. 

To control all the major pests, growers then began applying mixtures of DDT, 
toxaphene, endrin, methyl parathion, Guthion®, malathion, and EPN. Many can still 
remember the old days when the standard insecticide was 4-2-1 (toxaphene, DDT and 
methyl parathion). It was used at one gallon per two acres. 

At first these mixtures gave good control of boll weevils, bollworms and budworms, 
aphids, fleahoppers, plant bugs, armyworms and spider mites. During this period of the 
late 1950s growers expected, and essentially obtained, cotton fields that were sterile of 
all insects. 

SCOUTING AND IPM 
Cotton "scouting" began in the late 1950s in the Southeast. Arkansas and 

Mississippi in the Mid-South and Alabama in the Southeast were the first three south-
ern states to train and promote extension scouts to growers. In Alabama, for example, 
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one scout was employed in 1959 and the program expanded slowly through the 1960s. 
By 1968, 26 scouts were employed and the number increased to 87 in 1972, the first 
year of the intensified scout promotion that was to usher in the decade of the 1970s. 
Between 1972 and 1987, over 4,000 persons attended scout training shortcourses in 
Alabama alone. In recent years over 95 percent of all cotton acres in Alabama have been 
scouted by extension service trained scouts, ptivate consultants or trained growers. 
Other southeastern states have followed similar patterns. 

In the late 1960s, budworms developed a resistance to DDT in the Southeast. Within 
a few years, budworm resistance increased in other southeastem states and in Arkansas 
and Mississippi. Resistance reached such high levels that it was nearly impossible to 
control budwmms with any insecticide. 

In the late 1960s and the early 1970s, it was obvious that growers would need 
insect control strategies other than insecticide applications. It was at that point that 
the idea of integrated pest management (IPM) was brought back into being. 
Management practices taught and used in the early 1900s had been left behind when 
new, effective insecticides became available. In the early 1 970s, those management 
strategies, such as cultural practices, gained new educational emphasis under the 
term "IPM". Additional persons were employed in pest management positions. 
Scout training, sampling techniques, life cycles and the use of treatment thresholds 
were emphasized. 

In December 1972, EPA banned the use of DDT on cotton. The ban resulted in a 
shift to a more intensive use of the organophosphate insecticides in combination with 
toxaphene or endtin. Insect control became more costly and the application of the 
chemicals became more dangerous to loaders, mixers and applicators. At the same 
time, the chemicals became less effective, despite the development and widespread use 
of the first ovicide, chlordimeform (Fundal®, GaleCI·on®). 

ARRIVAL OF THE PYRETHROIDS 
Since 1977, cotton growers in the Southeast have utilized pyrethroids as the foun-

dation of their cotton insect control programs. Organophosphate insecticides were 
tank-mixed for control of boll weevils and occasional secondary pests. Some carba-
mates were used for armyworm outbreaks. 

Growers experienced another petiod of excellent insect control in the earlier years 
of pyrethroid use. However, after five to seven years, secondary pests began emerging 
as problems. 

During the early and mid-1970s, the greatest problem facing cotton producers was 
delayed maturity. With very few exceptions, delayed matmity has not been a problem 
since the pyrethroids became available in the late 1970s for widespread use. Since the 
type of insecticide was the only production practice that changed distinctly during the 
late 1970s, it is possible that the use of pyrethroids had more to do with eliminating 
delayed maturity than any other factor. 

When looking at yields since the pyrethroids entered the marketplace, a significant 
upward trend can be observed. When the extremely hot and dry years of the 1980s are 
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considered, this trend strongly suggests that improved insect control has been a major 
factor in increased yields. 

DEVELOPMENT OF RESISTANCE TO PYRETHROIDS 
Due to development of resistance to the pyrethroids, by the late 1980s the greatest 

single concern of cotton entomologists was how to most effectively extend the life of 
this important group of insecticides. Concern among some entomologists about resis-
tance actually began about the time the pyrethroids entered the market. This was prob-
ably due to several reasons. Problems associated with tobacco budworm resistance to 
organophosphate insecticides were still fresh on the minds of entomologists. 
Additionally, the pyretlu·oids have a similar mode-of-action (killing mechanism) as 
some of our earlier organochlorine insecticides against which resistance had devel-
oped. Finally, pyretlu·oids were extremely effective. This meant that the selection pres-
sure for resistance was high. 

Pyrethroid use on cotton in the United States was going along quite smoothly 
tlu·ough the 1983 season. Growers, consultants and many entomologists paid little 
attention to the potential for development of resistance. Other than a few areas in the 
western states where budworms changed their tolerance to pyretlu·oids from year to 
year, little evidence for increasing resistance was present. 

However, this changed suddenly with a report from Australia in January of 1984. 
This report confirmed what a few entomologists had been femful of-the Australian 
bollwmm had developed resistance to all the pyreth.roids. This same bollworm had pre-
viously developed resistance to em·lier insecticides such as DDT, pm·athion and others. 

Several factors involved in the Australian cotton production situation were different 
than most of the United States Cotton Belt. First of all, it was a dry, arid location where 
the cotton was inigated. All other crops grown in this area, such as sorghum, were also 
irrigated and treated with pyrethroids. This means that there were few alternate crops or 
wild hosts for bollworms where they were not being exposed to pyretlu-oids. Therefore, 
the selection pressure was heavy. The Australians quicldy dete1mined that other insec-
ticides such as Bolstar®, Curacron®, Thiodan®, Galecron®, Fundal®, Lannate® and 
Nudrin®, were still effective against their bollworms. A spray strategy using these 
materials was developed for the 1984 crop year. Indications at this time are that this 
strategy has bought some time, but may not offer a long-term solution to the problem. 
Resistance levels fall after each crop season, but not to levels of the previous season. 

However, dming the 1984 crop year, several countries around the world reported 
pyretlu·oid resistance by their bollworm species. Then, in late- season 1985, late matur-
ing cotton fields near Uvalde, Texas had high numbers of tobacco budworms. 
Pyretlu·oid insecticides were applied and all failed to give acceptable control. In 1986, 
additional pockets of control problems began occuning. The College Station area of 
Texas, Louisiana, the Mississippi Delta and even the Tennessee Valley area of north-
ern Alabama had control failures with all pyretlu·oid insecticides. In the meantime, 
researchers monitming budworm lm·vae confirmed resistance. Therefore, entomolo-
gists began developing plans of action to delay the spread of this resistance and pro-
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long the life of pyrethroid insecticides. A basic part of this plan for the United States 
was to produce the earliest crop of cotton possible and to not use pyrethroids against 
the late May-early June generation of tobacco budworms. 

In summary, it appears that the resistance of tobacco budworms to pyrethroids is 
present. There are those that feel that the ultimate fate of all insecticides is resistance. 
History supports this thinking. The question that no one has an answer for is " how 
much time do we have?" Growers and consultants control part of the answer to this 
question. How pyrethroids are used will likely have a major impact on how long they 
are effective. 

At this time the pyrethroids continue to do an excellent job on bollworm-budworm 
control in most areas of the Southeast. One disadvantage of certain pyrethroids is that 
they do not control secondary pests such as spider mites and aphids. Also, most 
pyretlu·oids are rather ineffective on armyworms. Third, they are not as effective as 
organophosphates on boll weevils when used on longer intervals common with boll-
worm schedules. Some of the new pyretlu·oids currently under development may ini-
tially overcome some of these disadvantages. 

History must ultimately evaluate the manner in which this remarkable class of insec-
ticides was employed. Thankfully this era is not over. 

BOLL WEEVIL ERADICATION: 
A SUMMARY OF PROGRAM EVENTS AND EXPANSIONS 

IN THE SOUTHEAST 

THE BOLL WEEVIL ERADICATION TRIAL 
The cunent Southeastern Boll Weevil Eradication Program evolved from The Boll 

Weevil Eradication Trial which was conducted from 1978 to 1980 in northeastem 
North Carolina and southeastem Virginia. The Eradication Trial was accompanied by 
an Optimum Pest Management Trial conducted simultaneously in Panola County, 
Mississippi. The objective of the Optimum Pest Management Trial was to test and 
demonstrate the ability to manage the boll weevil and other cotton insects on an mea-
wide basis. The objective of the Boll Weevil Eradication Trial was to test and demon-
strate the technological and operational capability to eradicate the boll weevil from a 
geographically specified area. 

The Boll Weevil Eradication Trial was conducted under the authority of the North 
Carolina Uniform Boll Weevil Eradication Act passed by the North Carolina General 
Assembly in 1975 as amended in 1977 (Chapter 106, Article 4F of the North Carolina 
General Statnes). Subsequently, a grower referendum was conducted and received the 
required two thirds support for passage. Funding for the Eradication Trial was pro-
vided by the growers (50 percent), states of North Carolina and Virginia (25 percent) 
and the federal government (25 percent). The grower cost of the tlu·ee-year Trial 
Program was estimated to be $100.00 per acre. Aetna! grower cost was $89.86 per 
acre. The Tlial Program began in the spring of 1978 and concluded in December, 1980. 
Components of the program included both border and infield pheromone traps; pin-
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head square, in-season and diapause applications of insecticides, including difluben-
zuron (Dimilin®); and the release of sexually stelile insects in 1979. During 1978 only, 
the control of all cotton insects after June 30 was the responsibility of Program per-
sonnel and was included in the cost of the Boll Weevil Eradication Program. The 
Biological Evaluation Team reported that, with a probability of at least 0.99831, the 
boll weevil was eradicated from the Tlial Program Area (Anonymous, 1981). 

Operational details of this Ttial Program, including boll weevil captures, are dis-
cussed by Ganyard et al. (1981). A comprehensive review of the results of the 
Eradication and Pest Management Trials is provided by Lloyd et al. (1981) and 
Parencia et al. (1981), respectively. The economic impact of eradicating the boll wee-
vil from the Trial Program Area is discussed by Carlson and Suguiyama (1983). 

Upon completion of the Eradication Trial in 1980, a Boll Weevil Containment 
Program was initiated to prevent the reinfestation of the Tti al Eradication Zone; con-
cunently, the results of the Trial Program were being evaluated. The Containment 
Program was funded by the North Carolina and United States Departments of 
Agriculture. In the spting of 1982, cotton producers in the T1ial Area voted 90 percent 
in favor of assessing themselves a $10.00 per acre fee to support containment activities. 
These activities included: (a) monitming of all cotton in the Ttial Area with boll weevil 
pheromone traps; (b) suppression of boll weevil populations to below economic levels 
in the Buffer Zone; and (c) elimination of any reinfestations in the Eradication Zone. 

Boll weevil populations outside the Trial Area increased substantially during the 
peliod 1981-1983. Dispersing weevils from these populations threatened to reinfest 
the southern portion of the Eradication Zone in 1982 and 1983. Intensive trapping fol-
lowed by selected insecticide applications prevented this threat from materializing. 
Pheromone trap captures of boll weevils and chemical treatments during this period 
are presented by Ridgway et al. (1985) . 

ERADICATION EXPANSION INTO THE CAROLINAS 
By the end of 1981 the evaluation of the Boll Weevil Eradication Trial was nearing 

completion and USDA policy regarding possible expansion of this Program began to 
be expressed. In January of 1982, in a speech to members of the National Cotton 
Council, H. C. Mussman, the Administrator of the USDA Animal and Plant Health 
Inspection Service (APHIS), stated," ... the Department holds the view that the future 
of cotton insect management is in the hands of the producers and the industry. They 
and only they can determine what is best or most applicable under different sets of cir-
cumstances - one or another of a combination of program options may be chosen in 
any area. USDA stands ready to contribute its skill and backup to producer-industry 
initiatives on boll weevil suppression or eradication." 

A letter of May 24, 1982, from the USDA Boll Weevil Policy Group to, and con-
cmTed with by, Secretary of Agriculture John Block, included the following recom-
mendations: " 1. Postpone implementation of beltwide boll weevil programs because 

'From a statistical standpoint, they were 99.8 percent sure of eradication. 
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of budget constraints, lack of appropriate regulatory authmity to implement the eradi-
cation options in several states, and uncertainties associated with economic and opera-
tional feasibility of beltwide programs. 2. Assist shot1-term maintenance of the boll 
weevil containment area in North Carolina and evaluate the longterm cost effectiveness 
of containment technology to provide a better basis for evolving management and/or 
eradication strategies. 3. Facilitate testing and expansion of areawide cotton insect man-
agement trials and programs throughout the cotton belt, including possible future 
expansion of boll weevil eradication in the southeastern United States. Federal support 
should be determined on a case-by-case basis, through evaluation of state and producer 
proposals. 4. Continue to provide leadership in the decision malcing process and in the 
coordination of program activities. A Depm1mental position on program direction 
should include discussions with State Depm1ments of Agriculture, State Agiiculture 
Experiment Stations, Cooperative Extension Services, and grower organizations." 

In response to grower and industry requests for possible expansion of the 
Eradication Program, the USDA and g1·ower leadership established a general funding 
formula of 70 percent grower and 30 percent Federal. This formula combined with the 
contents of the speech by APHIS Administrator H. C. Mussman, and the four recom-
mendations from the USDA Boll Weevil Policy Group provides the general frame-
work of federal participation in boll weevil eradication/suppression programs. 

Based on this understanding of federal support, cotton producers in the remainder of 
Nor1h Carolina not included in the Trial Area and all of South Cmolina, conducted a ref-
erendum Febmmy 26 to Mm·ch 5, 1982, to provide grower funding and mandatmy pm·-
ticipation for the expansion of the Eradication Progi·am into those areas. This referendum 
passed in North Cm·olina but was nmmwly defeated in South Cmolina. Due to the 
improved cotton harvest and the dramatic resurgence of the boll weevil in these two 
states in 1982, an additional referendum was held Janumy 21 - 28, 1983. This referen-
dum was approved by 79.2 percent in North Carolina and 72 percent in South Cmolina. 
This Expanded Boll Weevil Eradication Program was initiated with the application of a 
series of insecticide treatments to prevent boll weevils from entering diapause. The first 
of these treatments was applied the last week of August, 1983. This Expanded Program 
differed from the Trial Program in that release of sterile boll weevils, scouting and con-
trol of other cotton insects, and extensive use of diflubenzuron (Dimilin®) were not 
included. Operational components of this Expanded Program consisted of intensive trap-
ping for both detection and suppression and timing of insecticide treatments to prevent 
weevils from entering diapause and those overwintered weevils that do survive from 
infesting the pinhead squme stage of cotton. A more detailed discussion of the applica-
tion of this technology is provided by Dickerson (1986). Program status for 1983-1986 
as documented by weevil captures in pheromone traps is reviewed by Dickerson et al. 
(1986, 1987). The eradication of the boll weevil as an economic pest from Virginia, 
North Cm·oli.na and South Carolina is reported by Carlson and Suguiyama (1985). They 
reported that the profitability of cotton production in those states increased by $50 to $70 
per acre. To emphasize the i.mpor1ance of the absence of the boll weevil, a funeral ser-
vice was conducted in Nm1h Carolina in March of 1987 to celebrate the weevil's demise. 
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The expansion of the Boll Weevil Eradication Program to include all cotton grown 
in Virginia, North Carolina and South Carolina resulted in the establishment of the 
Southeastern Boll Weevil Eradication Foundation. Each participating state organized a 
state foundation consisting of appointed or elected grower representatives and a state 
regulatory official. Two grower representatives and the state regulatory official from 
each participating state Foundation serves as the Board of Directors of the Southeastern 
Foundation. A common cooperative agreement is signed by all participating state foun-
dations. This agreement allows for funds to be collected and spent inespective of state 
boundaries. The Foundation also provides for expeditious and efficient purchasing and 
contracting of needed supplies and services and the biting of employees. 

ERADICATION EXPANSION INTO GEORGIA, FLORIDA AND ALABAMA 
As the success of this Expanded Program in the Carolinas became apparent, cotton 

producers in Georgia, Florida and Alabama expressed interest in expanding the 
Program into their areas. A series of cotton producer referenda was conducted between 
the fall of 1985 and early summer 1987. A referendum was held in 13 southeastern 
Alabama counties during December 5-12, 1985; it received a 67.17 percent favorable 
vote. An additional referendum was held during July 6-10, 1987, in eight adjoining 
Alabama counties; approval was by a 78 percent margin. The inclusion of these addi-
tional Alabama counties allowed all cotton in the Florida Panhandle to be included in 
this phase of expansion. The Florida referendum held June 30, 1987, received 77 per-
cent approval. The Georgia referendum, conducted from November 15- December 15, 
1985, included the total state except for 23 northwestern counties. This referendum 
received 45 percent of the necessmy 50 percent grower pm·ticipation. Of those voting, 
66 percent favored pmticipating in the Eradication Progrmn. An additional referendum 
was conducted from October 1 to November 1, 1986, with 68 percent of eligible voters 
voting. This referendum was approved by a mm·gin of 89 percent. 

This series of successful referenda coupled with the availability of 30 percent fed-
eral funding in July of 1987 allowed the Southeastern Boll Weevil Eradication 
Program to expand in August of 1987 from Virginia and the Carolinas into Georgia, 
Florida and southeastern Alabama. The lateness of federal funding allowed marginal 
time for program startup. Grower leadership decided a late start in 1987 was prefer-
able to delaying expansion until the fall of 1988. 

The intensive eradication phase of the Georgia, Florida and southeastern Alabama 
Program was anticipated to be completed in 1990. 

COTTON INSECT MANAGEMENT FOLLOWING 
BOLL WEEVIL ERADICATION 

NORTH CAROLINA 
The stmt of the Boll Weevil Eradication Trial in 1978 also signaled the beginning of 

profound shifts in the dynamics of cotton insects in. northeastern North Cm·olina and 
adjacent Vit·ginia. A change as drastic as the removal of a key pest from an insect-sus-



666 LAIVIBERT, BACHELER, DICKERSON, ROOF AND SMITH 

ceptible crop such as cotton, with its annual protective blanket of insecticides, was 
bound to also greatly influence, both positively and negatively, the interaction of that 
host crop with other associated pest species. A decade of post-eradication research and 
survey infmmation in northeastern Nmth Carolina suggests that the benefits of reduc-
ing boll weevils to subeconomic levels and the present ease of bollworm/ tobacco bud-
worm control thus far outweigh the negative impact of species such as the European 
corn borer, Ostrinia nubilalis (Hi.ibner) and the green stink bug, Acmsternum hilare 
(Say) which have increased their population levels following "eradication". 

Assuming that the boll weevil can be kept out of this and other regions in the com-
ing decades, the relative contributions of boll weevil eradication in other cotton pro-
duction regions will likely vary and await quantification. However, the dynamics of 
insect-related changes in the various regional cotton agroecosystems induced by the 
elimination of the boll weevil likely share some similarities. A look at the North 
Carolina-Virginia experience documents the impact of eradication on insect manage-
ment in a selected area. 

Bollworms/Tobacco Budworms - For most of the past two decades, the boll-
worm/tobacco budworm complex, primarily bollworm, has constituted North 
Carolina's most economically important cotton insect pest (Neunzig, 1969). After 
undergoing two larval generations in field corn, high numbers of bollworm moths 
invade cotton fields in late July to early August, usually overwhelming beneficial 
insect populations. Remedial treatment is, almost without exception, a necessity. 
Collectively, boll weevil eradication and the introduction of the pyrethroid insecticides 
greatly enhanced producers' ability to effectively and econonrically control this major 
bollworm generation. Attempts to control this generation with biological insecticides, 
primaJ.ily Bacillus thuringiensis both with and without chlordimeform (Fundal®, 
Galecron®), were generally futile when compared with the new synthetic pyrethroids. 
The microbial treatments typically resulted in more applications, higher costs, greater 
boll damage and lower yields even under light pressure (1 to 2 applications) (Bacheler, 
1984). ReseaJ.·ch comparing various bollworm/tobacco budworm action thresholds has 
consistently pointed toward action based on an egg threshold as the most economical 
approach to bollworm control in North Cmolina in the post-eradication era. This pro-
tective approach (as opposed to waiting for a specified larval population) places a pre-
mium upon the virtual elimination of the initial larvae of the major flight, resulting in 
significant yield increases without increasing the total number of applications. Three 
yeaJ.·s of producer experience and extensive fall-damaged boll surveys confirmed that 
this post-eradication approach to controlling predictably moderate to high bollworm 
levels, paiticulaJ."ly when coupled with maturity-enhancing crop production tactics, has 
resulted in a bollworm management scheme unique in the Southeast. 

Stink Bugs - The elevation of the green stink bug, and to a lesser degree the 
brown stink bug, Euschistus se1w ts (Say), and the European corn borer to legitimate 
pest status has been due in no small measure to the boll weevil's demise. Multiple 
applications of organophosphate insecticide directed against boll weevils and boll-
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worms up tlu·ough the late 1970s coincidentally tended to keep both green stink bugs 
and European corn borers at acceptably low levels. Of these two "new" post-eradi-
cation pests, the green stink bug relationship with eradication is the more easily 
understood. 

Green stink bugs damage cotton by injecting their sty lets through the carpal wall of 
medium-sized bolls and feeding upon the developing seeds (Glover, 1855); they often 
inject a hardlock-inducing pathogen, primarily Nematospora cOiyli, which is 
expressed at boll opening (James D. Barbour, Dept. Entomology, Louisiana State 
University; personal communication). Multiple feeding upon very young bolls (about 
1 week old or less) sometimes either "freezes" the dead boll on the plant or results in 
the shedding of the damaged boll. This species is usually present in most North 
Carolina cotton fields in low numbers in June through mid July. In late July or early 
August, immigration into cotton fields from senescing wild hosts, such as wild cherry, 
augments the typically low infested population. The subsequent appearance of 
nymphs, indicating successful reproduction, marks the beginning of a potentially dam-
aging population. In situations where bollworm does not reach treatable levels or 
where biological insecticides are employed, stink bugs have accounted for over 30 per-
cent boll losses in some fields (personal observation). In these low bollworm situa-
tions, stink bugs must now be managed in their own right. Fortunately, due to the usual 
parallel appearance of bollworm moths along with increasing stink bug populations, 
employment of the bollworm egg threshold (Bacheler, 1988) for initiating boll-
worm/tobacco budworm control (2-5 applications) usually suppresses stink bugs to 
low, tolerable levels. The green stink bug in particular appears to be a consistent post-
eradication cotton pest in North Carolina; it accounted for higher levels of boll dam-
age in 1987 than either the bollworm or the European corn borer as documented in 
extensive late season surveys (King et al. , 1988). 

European Corn Borer - The European corn borer's rise as an economic pest of 
cotton in North Carolina (King et a!., 1986; Gourd and Gouger, 1983; Savinelli et a!. , 
1986) following boll weevil eradication appears to be multi-causaL Although reported 
to have over 100 hosts in the southeastern United States, field corn is the predominant 
host of the European corn borer for its first two generations in North Carolina 
(Anderson, 1984). Like the corn earworm, the major, damaging third generation of 
European corn borer adult flies to cotton and to other cultivated and wild hosts such as 
cocldebur in late July to early August. UnWce bollworm adults, European corn borer 
female moths deposit egg masses deep within the plant canopy on the undersides of 
leaves (Savinelli, 1988). Neonate (very young) larvae feed briefly (only 24 hours on 
occasion) upon leaves and petioles before seeking out medium-to-large bolls 
(Savinelli, 1984, 1986). With their propensity to feed within large, lower bolls as sec-
ond tlu·ough last instars, these larvae are virtually impossible to control once they are 
established. 

In North Carolina, the European com borer has risen gradually in economic status 
throughout the 1980s to the point where it is now regarded as almost co-equal to the 
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bollworm as the most significant insect pest of cotton (Jack S. Bacheler, personal 
observation). One factor in this species' elevation, as was the case with the green stink 
bug, is the absence of insecticides formerly directed against the boll weevil. Although 
the insecticides usually selected for boll weevil control, such as methyl parathion and 
Guthion®, are only marginally effective against Emopean corn borer, their multiple 
usage patterns undoubtedly suppressed European corn borer larvae to a degree. This 
species is also becoming a more widely recognized pest of field corn, both due to a 
gradual appreciation of the physiological damage to corn caused by second generation 
larvae and to the noted greater mean level of abundance of this species in corn (John 
Van Duyn, V. G. James Research and Extension Center, Plymouth, North Carolina; 
personal communication). This rise in field corn translates into a spillover into other 
crops such as cotton, also explaining some of the changing status of the Emopean corn 
borer on this crop. 

Because the European com borer and corn ea.rworm adults often annually migrate 
into cotton fields from field corn at approximately the same time, insecticides applied 
against the bollworm egg stage (presently recommended in North Carolina) often 
result in residue of one or two applications being on the cotton plants at the time that 
European corn borer eggs hatch. This phenomenon appears to help explain the rela-
tively high percent control of European corn borers in screening tests where treatments 
have been applied at egg threshold for corn em·worms. Earlier tests conducted in 1984, 
primarily against the European corn borer lm·val stage, yielded conh·ols varying from 
2 to 48 percent after four applications (J. R. Bradley, Jr. , Dept. Entomology, North 
Carolina State University, Raleigh, North Cmolina; personal communication). 
Although the effect of boll weevil eradication on European corn borer damage to cot-
ton is difficult to accurately quantify and will likely vruy greatly from one region to 
the next, higher boll damage by the European corn borer in the southeastern United 
States is a lilcely prospect following boll weevil eradication wherever significant corn 
acreage occurs. 

Other Cotton Insect Pests - Boll weevil eradication 's long term impact on less 
significant, more sporadic, North Carolina cotton insect pests-such as aphids, spider 
nlites and beet and fall armyworms-is lru·gely speculative. The switch to synthetic 
pyretlu·oids was thought by mru1y entomologists in the late 1970s to inevitably lead to 
Ingber mite populations on cotton. Mite numbers here have not increased with greater 
pyrethroid use and appmently have not been significantly affected by boll weevil erad-
ication. Evidence suggests that with the cotton aphid, however, pyrethroid applications 
have been followed by the establishment of numerous small aphid colonies annually 
in many cotton fields. 

The post-eradication lack of boll weevil insecticides such as Guthion® and methyl 
parathion (both active against the cotton aphid) in mid-season and in diapause pro-
grams appears to have exacerbated aphid problems in general; this, in turn, may be 
related to the present increase in honeydew-induced sooty mold and sticky cotton 
problems, in opening cotton in particular. Beet and fall armyworms are such infrequent 
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pests of cotton in North Carolina that the impact of boll weevil eradication on these 
and other lepidopterous pests must await evaluation in other regions where their dam-
age is more significant. 

As has been well documented tlu·oughout the Southeast, cultural practices which 
hasten cotton crop maturity also generally render the cotton crop less attractive and 
less susceptible to many damaging mid- and late-season insect pests, especially corn 
earworms and tobacco budworms (Bradley et al. , 1986; Bradley, 1988). This also 
appears to be the case in North Carolina with the European corn borer and the green 
stink bug, as shown in both research plots (Savinelli, 1986; Barbour, 1988) and in 
statewide damaged boll surveys where late maturing, rank cotton is particularly attrac-
tive and/or susceptible to the European corn borer. Although difficult to forecast with 
certainty, early crop maturity and cut-out will probably offer a significant moderating 
influence on the potential destrnctiveness of some of the emerging cotton pests which 
will inevitably follow eradication in the southern United States. 

SOUTH CAROLINA 
Since the Eradication Program was expanded in 1983 to include South Carolina cot-
ton, fields have been relatively free of boll weevils. A small percentage of fields has 
been infested with weevils during the program, but for the most part there has been no 
economic damage. Cotton farmers didn' t have to worry about either scouting for boll 
weevils or controlling them from 1984 through 1988. This has presented a unique 
opportunity to re-evaluate management strategies for other cotton insect pests free 
from constraints inherent in a boll weevil control program. 

Bollworms/Tobacco Budworms - The bollworm/tobacco budworm complex 
constitutes the most important cotton insect pest problem in South Carolina. Second 
generation larvae of both species attack cotton in June. In most years 15 to 25 percent 
of the cotton acreage in the Coastal Plain is treated one or more times with an insecti-
cide between June 15 and July 1 for bollworm/tobacco budworm control. Infestations 
in July and August are generally bollworms. 

Prior to the Boll Weevil Eradication Program, control efforts targeted at boll wee-
vils in late June and early July often contributed to early-season bollworm/tobacco 
bud worm problems by depleting populations of beneficial arthropods (A. R. Hopkins, 
USDA, ARS, Florence, South Carolina; personal communication). In the m<Uority of 
cotton fields, beneficials will provide adequate control of second generation boll-
worms/tobacco bud worms in most years if their populations are not drastically reduced 
by insecticides. 

Following a cotton season with intense boll weevil pressure it was a common prac-
tice to apply organophosphate insecticides from late June to early July. Two or three 
applications were made five days apart beginning at the 8-leaf stage of cotton growth 
and ending about July l. This coincided with the movement of beneficial arthropods 
into cotton. Disruptions of beneficial populations by insecticides applied during that 
time often flared bollworm/ tobacco budwonn infestations. 
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After boll weevil populations were reduced to levels no longer causing economic 
damage to cotton, cotton growers were in a better position to manage infestations of 
bollworm/tobacco budworm. This was substantiated by Carlson (1985) who reported 
that in the Eradication Zone in North Carolina, following the Eradication Trial that 
began in 1978, the average number of insecticide treatments for bollworm/boll weevil 
and bollworm alone was 7.78. In 1978, the first year of the Ttial, growers applied a 
total of 4.4 insecticide treatments for bollworms. The average number of treatments 
applied in the same area from 1979 to 1982 was 1.86. 

From 1979 through 1982, USDA, APHIS entomologists investigated a biological 
approach to bollworm/tobacco budworm management in Chowan County, North 
Carolina (Robert G. Jones, USDA, APHIS, Mississippi State, Mississippi; personal 
communication). They utilized Bacillus thuringiensis (Bt) in combination with 
chlordimeform (Fundal®, Galecron®) to control bollworm/tobacco budwonn infesta-
tions in cotton. Since both materials were easy on beneficial arthropods, populations of 
beneficials were maintained in treated fields to augment bollworm/tobacco budworm 
control. The cotton growers who utilized this strategy achieved bollworm/tobacco bud-
worm control with an average of about two treatments per season. 

After the eradication program expanded to include South Carolina in 1983, boll-
worm/tobacco budworm management was investigated in the absence of economic 
infestations of boll weevils. The objective of this study was to determine if boll-
worm/tobacco budworm in cotton could be economically controlled full season with 
Bt plus chlordimeform. 

From 1985 to 1987 a bollwonn/tobacco budworm management strategy with Bt 
plus chlordimeform (4 to 12 BID's + 0.125 pounds of active ingredient per acre) was 
compared with a standard approach utilizing cypermethrin (Ammo®, Cymbush®) + 
chlordimeform (0.50 + 0.125 pounds of active ingredient per acre). Tins comparison 
was made at 19 on-farm locations in the following counties: Lee, Marlboro, Sumter, 
Darlington and Dillon. Yield compmisons for the two treatments are shown in Table 1 
(Mitchell Roof and Robert Jones, unpublished data). At nine of the locations, lint 
yields under the biological approach were as good or better than the standard treatment 
over the three year study. There was no significant difference between treatments 
within years or when averaged over years. Populations of beneficial arthropods were 
higher where the biological approach was used. 

When the bollworm/tobacco bud worm management program was begun in 1985, Bt 
plus chlordimeform was tested as a full-season alternative to the pyrethroids (yield 
data presented for 1985 were based on full-season control). Then, reports began to sur-
face in the Mid-South concerning tobacco budworms that were resistant to the 
pyrethroids. Development of early-season alternatives to pyrethroids was becoming 
increasingly important. Thereafter, Bt plus chlordimeform was viewed as a possible 
resistance management tool. In 1986 and 1987, Bt plus chlordimefonn was used suc-
cessfully in an early season control program. 

Clemson University then included Bt plus chlordimeform as a recommendation for 
early-season control of bollworm/tobacco bud worm on cotton (Roof, 1988). (Editors' 
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Table 1. Control of bollwmm/tobacco budworm in cotton in South Carolina in the 
absence of boll weevils. 

Year Number of on-farm 
locations 

1985 
1986 
1987 

'Bt + chlordimeform 
' Cypermethrin + chlorclimeform 

7 
7 
5 

Cotton lint yield 

Biological' Standard2 

treatment treatment 

lbs./acre lbs./acre 
1030 a 1186 a 
637 a 681 a 
665 a 697 a 

Means in rows followed by the same letter are not significantly different ( P <0.05; ANOVA). 

note: Chlordimeform is no longer available.) The use of bollworm/tobacco budworm 
contml altematives such as this will be encouraged and the use of pyrethroids dis-
couraged prior to July 1. Hopefully, this management philosophy will forestall the 
development of pyrethroid resistance in tobacco budworm. Extending the useful life 
of the pyrethroids could be an important spin-off of boll weevil eradication. 

Other Cotton Insect Pests -Elimination of economic infestations of boll weevils 
may alter the importance of insect pests other than the bollworm/ tobacco budworm 
complex. Applications of organophosphate insecticides that were detrimental to bene-
ficial arthropods may have also kept some potential pests under control. 

Stink bugs were a pest in South Carolina cotton from 1985 to 1987, but no economic 
problems were observed in 1988. The green stink bug appears to be the major species 
involved. Whether or not this phenomenon is attributed to the eradication program 
remains to be seen. Tlu·ee consecutive mild winters may have contributed as much or 
more to the problem. Furthermore, there have been sinlilar reports of stink bug dam-
age in cotton from other states, such as Tennessee, that were not involved in a boll wee-
vil eradication program. 

Cotton fleahoppers, Pseudatomoscelis seriatus (Reuter), have been more abundant 
in cotton since 1984. Prior to 1984, it was rare to see a cotton t1eahopper in a cotton 
field. There also appear to be more tarnished plant bugs, Lygus lineolaris (Palisot de 
Beauvois). These insects are not causing widespread economic problems at this time, 
but the situation will bear watching. 

Problems with cotton aphids, Aphis gossypii Glover, also appear to be increasing. 
Most infestations are occurring in late July and early to mid August. Aphid infestations 
may be more related to the use of pyretlu:oid insecticides for bollworm/ tobacco bud-
worm control than to eradication of the boll weevil. 
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THE FUTURE 

The future for cotton production in the Southeast looks brighter because of the erad-
ication program. Interest in producing cotton has increased where boll weevils no 
longer pose an economic threat. Acreage has increased in both North Carolina and 
South Carolina as a result of the program. There is every indication that this trend will 
continue as other states become involved in the expanded program. 

Eliminating the boll weevil as an economic pest will provide farmers a method of 
reducing their cost of cotton production. Insect pest management will be vastly differ-
ent without a pest that generally requires the disruptive application of an insecticide. 
Scouts won't have to concentrate on scouting for weevils; consequently tl1ey will be 
able to key on bollworm/tobacco budworm and other pests. Farmers won't have to 
tank-mix insecticides for weevils and worms-nor will they have to sandwich insecti-
cides for weevils between bollworm/tobacco budw01m sprays. There will be no insec-
ticide costs for boll weevil control, and there will be no weevil-damaged cotton 
resulting in reduced yields and quality. 

For the foreseeable future, the use of insecticides will continue to be an essential 
part of producing cotton. At the same time, concern for the environment, clean air, 
clean water and preservation of wildlife will intensify. The demand for food and fiber 
free of insecticide residues will increase. Eradicating boll weevils will put cotton pro-
duction agiiculture in a position to comply with these demands. 

When the boll weevil is no longer an economic pest of cotton, the use of 
organophosphate insecticides will be drastically reduced. In terms of total quantity of 
insecticides (pounds of active ingredient per acre) applied to cotton, a considerable 
reduction should be expected. Where no insecticides are applied for boll weevil con-
trol there will be more opportunities to utilize beneficial arthropods to control boll-
worm/tobacco budworm and other cotton insect pests. This could provide further 
avenues for reducing insecticide use. Reducing our dependence on chemical insecti-
cides is certainly a worthwhile goal from an economic as well as an environmental 
point of view. 

Entomologists involved in cotton insect pest management have learned the rules 
well by observing infestations in the field year after year. Many have been involved in 
the development of economic thresholds for the different insect pests. Eradication of 
the boll weevil, however, will change some of the rules and alter some of the economic 
thresholds that have become so familiar to us. It is possible that certain secondary 
insect pests will attain more economic importance-others may become less impor-
tant. 

Following eradication of the boll weevil the responsibility of re-evaluating cotton 
insect pest management systems will fall on the shoulders of state and federal ento-
mologists as well as consultants and others in the private sector. The potential for 
developing innovative approaches to assist fanners in managing insect pest problems 
in cotton is great. 



Chapter 21 

INSECT AND MITE PEST 
MANAGEMENT IN THE MID .. S01UTH 

Donald R. Johnson 
University of Arkansas 
Little Rock, Arkansas 

and 
Richard E. Caron 

University of Tennessee 
Jackson, Tennessee 

and 
Robert B. Head 

Mississippi State University 
Mississippi State, Mississippi 

and 
Flernoy G. Jones 

University of Missouri 
Columbia, Missomi 

and 
James S. Tynes 

Louisiana State University 
Baton Rouge, Louisiana 

][NTRODUCT][ON 

The success of cotton insect management in the Mid-South region (Arkansas, 
Louisiana, Mississippi, Missouri and Tennessee) is easily seen by the presence of the 
multitude of cotton scouts, consultants and advertisements by commercial companies 
on the role of products in pest management. However, the development of insect pest 
management has not been easy and has often been wrought with controversy when 
new management practices were implemented. The broad based insect management 
system has resulted from years of research, experience, observation, and often trial and 
error on controlling cotton insects. The insect management system has evolved into a 
successful strategy that considers several biological factors in insect control with the 
ultimate objective of achieving optimum profits for the cotton producer. The overall 
management system will be discussed in detail in tllis chapter with special emphasis 
on each insect that occurs in this region. 
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HISTORICAL ASPECTS OF INSECT AND MITE 
MANAGEMENT IN THE MID-SOUTH 

The cotton plant seems to have been designed by nature to attract insects. It has 
large succulent leaves, many large, open flowers, nectaries on every leaf and flower 
and abundant fruit. It is a ready-made haven for insects, some beneficial to man and 
some- the cotton leafworm, bollworm, tobacco budworm, boll weevil, cotton aphid, 
pink bollworm, cotton fleahoppers, tarnished plant bug, rapid plant bug, tlu-ips, south-
ern green and green stink bug, spider mites, and grasshoppers - very destructive. 

Records from the eighteenth century show that the cotton leafworm was the first 
insect of m~or impmtance to the early cotton grower. In some years it destroyed 25 to 
90 percent of the cotton. 

In the early nineteenth centmy, the bollworm entered the picture. The biological dif-
ferences between the bollworm and the tobacco budworm were not yet recognized, 
thus damage estimates attributable to either of these species are imprecise. 

The chief source of cotton-insect research information was the individual cotton 
grower during the first half of the nineteenth century. In fact, it was a grower who first 
reported that the bollworm and the corn earworm were the same insect. This type of 
information was disseminated by letters, newspapers, and word of mouth. 

Growers often found it unprofitable to grow cotton because of insects. As the 
country grew and cotton production increased, other insect pests made their presence 
known. In 1855, stink bugs and aphids were serious pests of cotton. It soon became 
evident that the federal government must aid cotton growers, so the Congress 
directed an investigation of cotton insects in 1878. These studies were directed at life 
histories, habits of destructive species, effects of natural enemies and cultural con-
trol methods. These studies provided much of the background information for later 
control efforts. 

In 1892, the boll weevil crossed the Rio Grande River near Brownsville, Texas, and 
by 1894 had spread to six counties in southern Texas. It continued to advance at a rate 
of 40 to 160 miles a year and by 1922 had infested 85 percent of the Cotton Belt. 
Damage by the boll weevil varied greatly. Most farmers continued to grow cotton 
because about 95 percent of the hibernating boll weevils died and many that survived 
the winter died before cotton produced squares. Hot, d1y weather, insect parasites and 
predators and birds also helped reduce populations. 

The use of cultural control methods was recognized as a valuable aid in the control 
of insects and is still used even today. The use of early fruiting cotton varieties, early 
planting, frequent cultivation, clean culture, cleaning up debris in fence rows around 
fields and fall and winter plowing were utilized to lessen the damage caused by 
insects. 

Artificial methods of control were attempted with varying degrees of success. Some 
of the methods used by both professional and lay research workers were attractants and 
repellents, poisoned baits, fires in fields at night to attract insects, mechanical devices 
for dislodging and collecting insects and hand-picking insects off of cotton. 
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Plant breeders played a vital role in the control of cotton insects during the early 
1900s. They developed fast growing and early maturing varieties so that the cotton 
could be produced and matured before insects had time to build up to maximum num-
bers. They undertook studies to develop varieties that could better withstand insect 
attack and could produce additional fruit after insect damage had occurred. 

Research on controlling cotton insects using various chemicals applied as sprays 
began in the early 1900s. As early as 1905, Paris Green was reconunended as a spray 
to combat some insects. London Purple and ru:senate of lead also came into general 
use. However, methods of application were crude and probably accounted for much of 
the ineffective control. 

In 1908, lead arsenate was first used in dust form for insect control. From 1908-
1916, dusts of lead arsenate, Paris Green, and London Purple were used against cot-
ton leafwonn. In 1916, calcium arsenate dust was found to be highly effective 
against some cotton insects. For the next three decades, research on control of cot-
ton insects was largely devoted to developing dusts, dust mixtures and methods of 
application. 

In 1917, the pink bollworm was discovered in Texas. Resem·ch efforts to control this 
pest were doubled in the areas of biology, ecology and control . This resem·ch provided 
the basis for the successful prevention of its spread to the Mid-South cotton producing 
areas through quarantine regulations and control efforts. 

By 1920, calcium m·senate was a proven effective insecticide against the boll wee-
vil, bollworm and cotton leafworm. Ground machines and airplanes were used to 
apply millions of pounds of calcium arsenate annually. Nicotine sulfate was used to 
control the aphid. Sulfur was proven effec tive against the cotton fleahopper, other plant 
bugs and spider nutes. 

In response to a shortage of cotton after World War I, acreage expanded. Intensive 
cultivation created new insect problems. Insects that previously were thought to be 
confined to other hosts were found in cotton. During this time, the cotton fleahop-
per, plant bugs, aphids, thrips, spider 1nites and stink bugs were all recognized as 
serious pests. 

After World War II , new and more active organic insecticides entered the scene. 
DDT was the first to be tested extensively, followed by benzene hexachloride, 
toxaphene and chlordane. Although many of these were effective against certain insect 
pests of cotton, none individually controlled all the major pests. In the late 1940s and 
early 1950s, aldrin, dieldrin , parathion, methyl parathion, heptachlor and EPN became 
vital parts of the arsenal of available pesticides . 

Following widespread use of the chlorinated hydrocarbon insecticides (DDT, ben-
zene hexachloride, aldrin, dieldrin , heptachlor, toxaphene, chlordane and endrin) , 
resistance of cotton pests to insecticides developed quicldy. Since 194 7, more than 25 
species of cotton insects and1nites are known to have developed resistance. Each new 
class of insecticide gave way to resistant insects in only a few years. These include 
(in clu·onological order of their appearance) chlorinated hydrocarbons, organic phos-
phorus compounds, carbamates and the most recent pyretlu·oid compounds. 
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BOLLWORM AND TOBACCO BUDWORM RESISTANCE 

The two species of "Heliothis", Helicove1pa zea (Boddie) and He!iothis virescens 
(Fabricius), the bollworm and the tobacco budworm, respectively, are the most widely 
distributed major pests of cotton. Before the 1940s, management of bollworm/tobacco 
budworm populations consisted largely of avoiding problems when possible and liv-
ing with them when necessary. Crops were planted at times and in areas where boll-
worm/tobacco budworm damage would be less and a certain amount of damage was 
tolerated. Control of cotton insects with insecticides was moderately successful prior 
to World War IT using natural or elemental compounds such as rotenone, pyrethrin, and 
the arsenic and fluorine containing insecticides. 

By the mid-forties, these compounds were largely replaced by organochlorine (chlo-
rinated hydrocarbons) insecticides. DDT was the most widely used compound; other 
insecticides used were endrin, toxaphene and aldrin. These insecticides, especially 
DDT, were cheap and highly effective in <;ontrolling bollworms/tobacco budworms. 
This led to the widespread and heavy use of organochlorines. By the late 1950s, con-
trol failures were reported by growers using DDT. This decrease in susceptibility was 
well documented in the early 1960s. Resistance in bollworms was reported in 
Mississippi (Pate and Brazzel, 1964), Arkansas (Lincoln et a/., 1967) and Louisiana 
(Bradley eta/., 1966). 

Widespread resistance in tobacco budworm to organochlorines was reported in 
Mississippi (Snow and Brazzel, 1965) and Louisiana (Graves et al., 1967). By 1970, 
DDT resistance had been documented in twelve states for bollworm and eight states 
for tobacco budworm (Sparks, 1981); five states had reported bollworm resistance to 
endrin and three states to carbaryl (Sevin®). By 1980, tobacco budworm resistance to 
endrin was reported in twelve states, to carbaryl in eleven states and to toxaphene in 
four states (Sparks, 1981). 

Organophosphate insecticides were used extensively during the 1950s, in part due 
to the widespread resistance to organochlorine and carbamate insecticides. The 
organophosphate methyl parathion was the most commonly used insecticide to control 
bollworms; it was cheap, plentiful and highly efficacious. However, by 1967, boll-
worms had developed resistance to methyl parathion after ten generations of selection 
in the laboratory (Carter and Phillips, 1968). Resistance to methyl parathion was 
reported in Louisiana (Graves and Clower, 1971; Graves et a/. , 1973), and Mississippi 
(Harris, 1972). Other organophosphate insecticides to which resistance was reported 
were monocrotophos (Azodrin®), EPN and parathion; resistance to carbamate insec-
ticides was also reported. Bollworm and tobacco budworm had developed resistance 
to all tlu·ee of the major classes of insecticides before 1970 (Mullins and Pieters, 1981 ). 
By the late 1970s these two species had developed resistance to most organophosphate 
insecticides in all cotton producing states (Sparks, 198 1 ). 

During the late 1970s, pyrethroids were brought into full scale use, in part due to the 
widespread occurrence of resistance in the bollworm/tobacco budwonn complex. 
Pyrethroids quickly became the most widely used group of insecticides in the United 
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States. By 1984, laboratory tests showed increasing tolerances to pyrethroids (Crowder 
et al., 1984). Field control failures were reported in 1985 and increased reports of fail-
ures occuned through 1993. Extensive monitoring of pyrethroid resistance using an 
adult moth vial-testing technique was carried out in most cotton producing states and 
resistance was shown to be increasing (Graves et al. , 1988). 

Pyrethroid resistance monitoring in Louisiana from 1987 through 1992 indicated a 
gradual increase in the survival of tobacco budworm moths at the ten microgram dis-
criminating dose (Graves et al., 1993). The tests showed overall survival increasing 
from 15 percent in 1987 to 40 percent in 1992. Similar trends were observed in 
Arkansas and Mississippi during the same time period. The overall field petformance 
of pyrethroid insecticides for control of tobacco bud worm has declined with increased 
reports of failures throughout the Mid-South cotton producing region. 

BOLL WEEVIL RESISTANCE 

Boll weevils require frequent application of insecticides to maintain control. DDT 
was the first effective organic insecticide used to control boll weevils and, as in the 
case of bollworm control, was widely used in large quantities. Organochlorine (DDT, 
others) resistance in the boll weevil developed first in Louisiana and Mississippi in 
1954 (Roussel and Clower, 1955), but the problem soon spread to other states. By 
1960, all areas of the Mid-South and Southeast infested by boll weevil had reported 
the development of organochlorine resistant weevils (Brazzel, 1961). 

The organophosphate insecticides replaced organochlorines after the occunence 
of widespread resistance. Methyl parathion, one of the more widely used insecti-
cides, is still a very effective insecticide when used for boll weevil control. In addi-
tion, another organophosphate insecticide, azinphosmethyl (Guthion®) still 
provides good control. 

BEGINNING OF COTTON PEST MANAGEMENT IN THE 
MIDuSOUTH 

Cotton grower's limited lmowledge concerning insect pest problems and Jack of 
expert personnel to advise on the proper use of insecticides resulted in growers using 
insecticides excessively when first introduced. Broad spectrum insecticides and insec-
ticide mixtmes were applied as many as 16 to 18 times during the growing season. By 
1955, excessive use of insecticide had selected populations of boll weevils that were 
resistant to several insecticides and secondary pest problems had increased. 

The need to determine when and how to use the synthetic organic insecticides was 
recognized almost as soon as they became available. Entomologists such as Dr. 
Dwight Isely and Dr. Charles Lincoln in Arkansas, Dr. Leo Dale Newsom, Dr. John S. 
Roussel and Dr. Dan Clower in Louisiana, and Dr. Ted Pfri mmer and Dr. James R. 
Brazzel in Mississippi were instrumental in researching insect scouting techniques and 
economic thresholds. 
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Pioneers in the area of private insect consulting emerged in 1947 and 1948. In 
Louisiana they were Ralph Penneull and Ray Young, who did so with the encourage-
ment of Dan Logan, a cotton grower near Shreveport. In Mississippi, insect consulting 
services were being offered to growers in the early 1950s by Tom Edwards, Douglas 
Simms and others. 

Scouting, as a basis for control has been the foundation of cotton insect control in 
Arkansas since the first scouting was done in connection with early research programs 
(Boyer et al., 1962; Isely, 1926). A University of Arkansas sponsored program was ini-
tiated in 1949 with two scouts employed in Little River and Lafayette Counties. The 
scouting program was expanded to seven scouts in 1950 and 25 scouts in 1951. A sim-
ilar program was started in Missouri in 1955 with Extension hiring scouts for growers. 
From 1962 to 1967, between 94 and 132 scouts were employed in the Arkansas pro-
gram each year, with 130 to 180 thousand acres of cotton involved (Lincoln, 1978; 
Lincoln et al., 1970). Since that time, cotton scouting in Arkansas has become a basic 
part of the production program and virtually all of the cotton is scouted by extension 
scouts, consultants, or individual growers. 

In memorandum number 1666 (October 23, 1969), the Secretary of Agriculture out-
lined the USDA policy regarding pesticides. The policy memorandum encouraged the 
use of those means of effective pest control least hazardous to man, animals, wildlife 
and the environment, and encouraged restriction on the use of persistent pesticides. 
Most notable was a statement that nonchernical methods of pest control, biological or 
cultural, should be used and recornn1ended whenever such methods are available for 
effective control of target pests. Integrated control systems were to be used and rec-
ommended in the interest of maximum effectiveness and safety. 

Recognition of the need for more sensible use of insecticides resulted in the launch-
ing of an expanded pesticide safety program by the Extension Service, USDA in 1964. 
This funding provided support for additional professionals in state extension services 
to conduct educational programs for various audiences who used, sold, recommended 
or applied pesticides. 

Through the efforts of Dr. James R. Brazzel of USDA's Animal and Plant Health 
Inspection Service (APHIS) and Dr. Roy Ledbetter of Extension Service, USDA, pilot 
pest management programs in cotton were funded by federal grants in 1972 at the state 
level. By 1973, pilot cotton pest management programs had been initiated in fourteen 
cotton producing states. Through efforts of the National Cotton Council of America, 
funding was approved by Congress in 1975 and made available through the state exten-
sion services to continue the development of pest management programs in cotton. 

INSECT MANAGEMENT PRACTICES IN THE MIDoSOUTH 

The major insect pests of the Mid-South include thrips, tarnished plant bug, clouded 
plant bug, cotton fleahopper, boll weevil, bollworm and tobacco budworm (Reynolds 
et al., 1982; Young, 1969b). Other insects that occasionally attack cotton include sev-
eral species of cutworms, aphids, spider mites, whiteflies, fall armyworm, beet army-
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worm and cabbage looper. The management practices for these insects vary depend-
ing on the species and the management recommendations made by the individual 
states. In general, the state-to-state philosophies on individual species management are 
similar but vary because of local needs and research interpretation differences. 

THRIPS 
Thrips injure cotton plants shortly after plant emergence by attacking the terminal 

bud and the first two-to-four tme leaves. Thrips cause economic injury to cotton by 
reducing stands, retarding growth, adversely affecting post-directed herbicide applica-
tions that may result in stunted plant growth (Lambe1t, 1984), and delayed optimal 
fmiting (Lambert, 1985). High infestations may kill terminal buds and cause severe 
plant abnormalities (Carteret al., 1982; Young, 1969b). Clower (1984) cited four rea-
sons for growing concern about tluips damage: (a) increased numbers of soybean 
thtips in cotton; (b) increased wheat acreage from which thrips may move to cotton; 
(c) recent cool sptings detrimental to cotton vigor; and (d) less concern about boll-
worm/tobacco budworm outbreaks (following thrips control practices) since effective 
bollworm/tobacco budworm insecticides were available. 

Experimental evidence of direct cotton yield loss due to tluips damage often has 
been controversial among scientists. Beckham (1970) and Watson (1965) reported no 
significant yield loss due to tlu·ips damage although yields were lower in untreated 
checks. However, Watts (1938) reported a 41 percent yield reduction due to thrips 
injury. More recently, Johnson et al. (1988) reported a significant yield increase in a 
three-year study on irrigated and dryland cotton when thrips were controlled with 
foliar and in-furrow insecticides. The yield increase ranged from 14 percent using 
foliar sprays to 26 percent using aldicarb (Temik®) in-fmrow on liTigated cotton com-
pared to an 8 percent increase using foliar sprays and 17 percent using aldicarb on dry-
land cotton. 

Systemic insecticides applied as in-furrow granules and sprays, seed treatments 
(e.g., acephate [Orthene®]) and foliar sprays are recommended in the Mid-South 
region for tlu"ips control. Systemic granular insecticides (e.g., aldicarb [Temik®], 
acephate [Payload®], disulfoton [Di-Syston®], carbofuran [Furadan®], and phorate 
[Thimet®]) are applied in the seed furrow with a gravity-flow, granular applicator or 
applied as dit·ected in-furrow sprays (primarily acephate) mounted on planters. 
Systemic granular insecticides are considered to give longer lasting control for tlu·ips 
than insecticides applied as seed treatments. In-furrow insecticides usually are used in 
conjunction with a fungicide formulation for seedlit1g disease control and to lessen the 
phytotoxic nature of the insecticides under cold, wet conditions. Granular fungicides 
are available in combination with systemic granular insecticides or may be applied 
concurrently using split-box granule applicators. In addition to thrips, systemic insec-
ticides used at planting will suppress aphids and spider nlites. 

Foliar sprays for thrips control include several contact or contact-systemic 
organophosphate insecticides. Thrips control with foliar insecticide applications is rec-
ommended generally at the titne of seedling emergence based on injury or population 
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levels. Population levels requiTing control measures recommended by various states 
are one or more thrips per plant in Mississippi and Tennessee. In Arkansas and 
Missouri, it is one or more thrips per plant at the cotyledonary stage and two or more 
tluips per plant from the cotyledonary stage to four-leaf stage. 

TARNISHED PLANT BUG, COTTON FLEAHOPPER, AND CLOUDED 
PLANT BUG 

The tarnished plant bug injures cotton primarily by feeding on pinhead squares and 
terminal buds. Tarnished plant bug feeding causes young squares to shed (Cheny, 
1974; Tugwell et al., 1976), while terminal bud injury results in multiple branched 
plants or "crazy cotton" (Tugwell et al., 1976; Young, 1969b). The clouded plant bug 
causes injury to cotton similar to the tarnished plant bug (Tugwell et a/. , 1976). Cotton 
fleahopper occurrence is well synchronized with the early fruiting stage of cotton 
growth (Young, 1969b). Cotton fleahopper feeding on young squares also results in 
square shedding and cotton plants may grow abnormally due to fleahopper injury to 
terminals (Pfadt, 197 1). 

The tarnished plant bug is more important in the Mid-South than the cotton flea-
hopper (Luttrell, 1985). Yield loss due to tarnished plant bug may be observed when 
extremely high and season-long infestations occur (Schuster, 1977). Scott et al. (1985) 
demonstrated that the tamished plant bug can be a key pest in the Mississippi Delta 
based upon yield reductions. 

Responses to a survey indicated that the importance of tarnished plant bug in cotton 
remains controversial (Luttrell, 1985). The importance of tarnished plant bug in cotton 
production is related to variations in annual populations (Gilliland, 1981; Oakman, 
1981). However, severity of damage often extends beyond pure population estimates. 
Oalanan (1981) cited cultivated and weed hosts, cotton variety, stage of cotton devel-
opment, soil type, seedling disease, predators, other early-season pest insects and other 
factors that influence control decisions in the field. Delays in the fruiting of the cotton 
plant have been shown to increase the probability of tarnished plant bug attacks 
(Gilliland, 1981). Such delays may be caused by late planting or replanting, use of 
overtop arsenical herbicides, excessively high cotton plant populations and excessive 
nitrogen fertilizations. 

Using a recently developed square slicing technique, Williams eta!. (1987) were able 
to distinguish between plant bug, bollworm/tobacco budworm, and physiologically 
induced pinhead square shed. They demonstrated that their technique would be valuable 
in identifying cotton fields damaged primarily by plant bugs and/or bollworms/tobacco 
buclworms and in making subsequent control decisions. Pack and Tugwell (1976) 
repmted that small squares less than tlu·ee millimeter in diameter frequently were shed 
when fed upon by either the clouded plant bug or the tarnished plant bug. 

The management of plant bugs is highly dependent upon timely scouting and the use 
of threshold treatment levels. Research in Arkansas indicates that scouting at least twice 
weeldy is needed to provide timely detection of damaging populations of plant bugs 
(Johnson and Tugwell, 1988). Scouting methods for plant bugs include visual observa-
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tions, using a drop cloth or using a sweep net. The treatment level for plant bugs is sim-
ilar throughout the Mid-South region. Treatment levels in Mississippi and Tennessee 
are: (a) one plant bug per six row feet the first two weeks of squaring; (b) one per three 
row feet during the third week squmi ng until first bloom; and (c) two per three row feet 
after first bloom (Head, 1993; Robert s and Lentz, 1993). Louisiana recommends treat-
ment for 25 plant bugs per 100 plant terminals or 100 sweeps (Baldwin et al., 1993). 
Missouri's thresholds are (a) 10 bugs per 100 terminals dUiing the fJrst three weeks of 
squming; (b) 15-20 bugs through peale squming; and (c) 20-25 clouded plant bugs per 
100 plants during late season boll set (Jones and Nabors, 1988). Arkansas controls plant 
bugs when populations reach one per row foot in normal fruiting fields and one per 
three row feet in fields that m·e late or having problems setting fruit (Johnson et al. , 
1993). In addition, Arkansas recommends using percent square set as an indicator of 
plant bug injUiy or plant conditions that may cause fruit shed. The major cause of fruit 
shed on liTigated cotton in Arkansas during early fruit set has been shown to be the plant 
bug complex (Johnson and Tugwell, 1988). As a result, treatment for plant bug is rec-
ommended when squm·e retention is 75 percent or less before approximately July 1 
(date varies depending on area of state) or 85 percent after that date if the loss is due to 
plant bugs (Johnson eta/., 1993). A squm·e slicer m1d color diagnostic key is used to 
diagnose the cause of square loss (Williams et al. , 1987; Johnson et al. , 1985) and these 
treatment levels are used only when losses are caused by plant bugs. 

BOLLWORM AND TOBACCO BUDWORM 
Bollworm/tobacco budworm population management is affected directly by pro-

duction practices applied to individual fields and also on a community basis. These 
insect pests should be managed through the conservation of beneficial insects, utiliza-
tion of economic n1jmy levels, thorough scouting and careful selection of insecticides. 
Utilization of a total pest management approach will insure the best production of cot-
ton and avoid, as much as possible, outbreaks of secondary pests. 

The nanu·al control of bollworm/tobacco bud worm populations by predators is well 
recognized (Whitecomb and Bell, 1964; van den Bosh and Hagen, 1966; Ling;·en et 
ol. , 1968) and conservation of beneficial insects is vital to then· control and manage-
ment. Insecticide treatments for the control of cotton fleahopper (Newsom and Smith, 
1949) and tarnished plant bug (Johnson and Tugwell, 1988) have resulted in outbreaks 
of bollworm/tobacco bud worm. The destruction of parasites, predators, and other ben-
eficial arthropods by insecticides applied to cotton has been well documented by sev-
eral researchers (Lingren eta/., 1968; Newsom and Smith, 1949; Pfrimmer, 1964). 
Beneficial insect populations also will be reduced and bollworm/tobacco budworm 
populations increased by use of systemic insecticide applied at planting (Rummel and 
Reeves, 1971 ; Ridgway era!., 1967; Cowan and Davis, 1967). The lowest rate possi-
ble of systemic insecticide to achieve thrips control should be used in order to lessen 
the impact on the beneficial insect populations. In addition, treatments for the tarnished 
plant bug or other pests should be applied only when scouting reports indicates a need 
based on the use of economic injury levels. 
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Bollworm/tobacco budwmm larvae infest pre-bloom cotton, other cultivated crops 
and various weed species in early-season (Ranis and Phillips, 1986; Lincoln, 1972; 
Neunzig, 1969). Early-season bollworm/tobacco budwmm populations on cotton are 
generally considered to be sub-economic as compared to mid- and late-season popu-
lations on cotton. Bollworms and tobacco budworms feed on terminal buds, tender 
young leaves, pinhead to large squares and blooms in early stage cotton (Hopkins et 
al., 1982; Young, 1969b). Bollworms and tobacco budworms are capable of destroy-
ing squares, blooms (Young, 1969b) and terminal buds (Hopkins et a!. , 1982). 
Cleveland et al. , (1981) described tobacco budwonn damage to greenhouse-grown 
cotton terminal buds as resulting in "crazy cotton" symptoms. 

Bollworm/tobacco budwonn larvae are capable of delaying cotton maturity or caus-
ing yield loss as a result of early-season damage. Hopkins et a!. (1982) found that nat-
urally occurring terminal bud destmction by bollworm/tobacco budworm larvae 
resulted in yield loss when 20 to 30 percent of the terminals were damaged in seedling 
cotton. Bollworm/tobacco budworm larvae damage pinhead squares and induce square 
shedding (Williams et al., 1987). 

In most cases, the cotton plant is able to withstand early-season square loss by boll-
worm/tobacco budworm larvae through compensation (Graham et al., 1972). 
Schneider et al. (1986) reported five to sixty percent yield loss and one to ten days 
increased delay in cotton maturity due to early-season (1/3 grown square stage) boll-
worm damage. In their studies the plants were artificially infested. 

The relationship between bollworm/tobacco budworm populations and the damage 
to the cotton crop determines the economic injury level and when treatments should 
begin. Adkisson et a!. (l 964a,b) estimated that an average of 2,000 to 2,500 larvae per 
acre (approximately one and one-half to two per 10 feet of row) are required to cause 
significant yield losses to cotton. 

The reconunended treatment levels for states in the Mid-South region of the Cotton 
Belt vary slightly from state-to-state. Mississippi rec01ru11ends treatment for four small 
larvae per 100 plants at first bloom to August 15 and 8 larvae per 100 plants after 
August 15 (Head, 1993); Tennessee for four or more small larvae per 100 terminals, 
or five percent square damage and bollworms present (Roberts and Lentz, 1993); and 
Louisiana reconunends treatment when five live worms are found per 100 plants plus 
eggs when squares are at least one-third grown (Baldwin et al., 1993). Missouri begins 
treatment for six to eight larvae per 100 plants on previously untreated fields and four 
to six larvae on subsequent treatments (Jones and Nabors, 1988). Arkansas recom-
mends treatment based on the point sample method of scouting; bollworm treatments 
are made when 7,000 newly hatched larvae are found per acre or when 3,500 larvae 
that are one-fourth inch in size or larger are found per acre (Johnson et al., 1993). The 
use of ovicides for control of the egg stage has been recommended in all states in this 
region. They usually are applied in combination with an insecticide, for the manage-
ment of bollworms/tobacco budwonns. 

The termination of the use of insecticide treatments for bollworm/tobacco bud worm 
control usually is based on the maturity of the cotton crop, but the exact time to stop 
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applying treatments is difficult to determine. A decision process for determining when 
cotton is not susceptible to bollworm/tobacco budworm damage has not been devel-
oped or adopted in most cotton producing states. Insecticide treatments are usually ter-
minated when the cotton is obviously mature and not susceptible. One method to 
estimate matudty and susceptibility to larval feeding is boll slicing. Bernhardt et a/. 
(1986) proposed another method of estimating the maturity of the cotton crop; their 
method involves counting the number of nodes between the uppermost bloom and the 
first leaf that is not fully expanded (node above white bloom). They suggest that, when 
the average node count drops below five, the need for insecticide treatments will cease 
after 10-16 days. The number of harvestable bolls expected in the remainder of the sea-
son is relatively low and their overall contribution to yield was projected to be less than 
one percent of total yield. The decision to terminate insecticide treatments should be 
based on the crop maturity, pest densities and potential yield and profit. 

Tobacco Budworm/Bollworm Resistance Management Plan- The increasing 
incidence of insecticide resistance problems in the Mid-South region brought scientists 
together in 1987 to develop a regional approach to insecticide resistance management. 
The plan was developed and adopted by university extension, research and USDA-
ARS entomologists. 

The resistance management plan and strategy was divided into three time frames, 
each directed toward different field generations of tobacco budworms. The overall 
objective of the plan was to delay the development of the resistance in the tobacco 
budworm and recommend practices to aid the grower in producing a cotton crop. 
Dming the initial portion of the production year, the emphasis was placed on man-
aging the crop for earliness by variety selection, prevention of thrips injury and 
avoiding late planting as much as possible to decrease exposure to late season insect 
populations. 

From planting to late June, recommendations include applying insecticides only as 
needed, avoiding the use of organophosphate and pyrethroid insecticides and advocat-
ing the use of Bacillus thuringiensis formulations plus carbamate ovicides or carba-
mate insecticides alone. The objective is to avoid selection for pyrethroid or 
organophosphate resistance in the tobacco budworm population during early season. 
Scouting was recommended a minimum of twice per week to detect egg populations 
and small larvae in fields . Control strategies for tobacco budworm are most successful 
when directed toward newly hatched larvae. 

During the period of early July through mid August, control strategies are oriented 
around the use of mid-rate pyrethroids plus carbamate ovicides for the control of 
tobacco bud worms and bollworm. The decisions should be based on information gath-
ered by twice-per-week scouting and directing control efforts toward eggs and one to 
two day old larvae. Pheromone traps should be used to determine the species compo-
sition in the area and if the tobacco budworm is a threat. A minimum of two applica-
tions of insecticides will be needed to manage moderate to heavy infestations of 
tobacco bud worm larvae. Pyretlu-oid insecticides are recommended during tllis period 
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because they are effective against a wide spectrum of cotton insect pests including the 
boll weevil and the cotton aphid. The larvicidal rates of carbamate and organophos-
phate insecticides should not be used unless field failures are occurring in the area. A 
full rate of the carbamate and organophosphate insecticides alone or in mixtures 
should be used if resistant tobacco budworms are found. 

From mid August until crop maturity, the objective is to protect the bolls until the 
crop is mature. Control strategies are directed toward the third field generation of 
tobacco bud worm and when resistance is at its peale The insecticides of choice are the 
organophosphates at full rates or organophosphate plus carbamate ovicides. The level 
of resistance appears to be lowest to these products at this point because of the non use 
policy during the earlier part of the year, thus conserving this class of insecticides for 
maturing the crop. Pyrethroid insecticides should not be used during this period of time 
against tobacco budwonn populations. Pyrethroid resistance levels and population 
densities are highest during this period of time which increases the chances of unsat-
isfactory control with this class of insecticides. 

Bollworm and Tobacco Bud worm Pherom one Traps - The pheromone traps for 
bollworm and tobacco budworm are used primarily for detection of population shifts 
and species composition in insect management programs. Pheromone trap catches 
have been used in certain areas of the Mississippi Delta as input to a bollworm/tobacco 
budworm population model, MOTHZV, along with appropriate climate and crop phe-
nology to predict the timing of future generations (Hartstack et al. , 1983). The popu-
lation trends of bollworm/tobacco budwmm are related to the quantitative number of 
moths caught (Johnson, 1983). Most moth traps used in the Mississippi Delta are uti-
lized to detect population shifts. This information is important to cotton pest manage-
ment programs. The bollworm management communities in Arkansas rely heavily on 
pheromone traps to provide information that aids in decisions to determine community 
bollwmm control treatments (Nicholson et al., 1984). 

The traps used in most programs to monitor bollworm/tobacco budworm follow the 
constmction guidelines provided by Harts tack et al. (1 979). The bollworm pheromone 
is formulated as a 2.5 milligram per square inch bait. The tobacco budwmm 
pheromone is a 16 to one ratio of Z-11 hexadecenal and Z-nine tetradecenal formu-
lated at 80 milligrams per square inch. The laminated plastic baits have produced good 
results in trials compming the baits to virgin bollwmm/tobacco budworm females 
(Zvirgzdins and Henneberry, 1983). 

BOLL WEEVIL 
The boll weevil has been the most serious pest of cotton production since its intro-

duction to the Mid-South area in the em·ly 1900s. Isely (1933) repmted that the weevil 
was often the most important limiting factor in Arkansas cotton production. Since 
those early control problems, the boll weevil has continued to be a major problem even 
with the development of effective insecticides. 

The primmy economic damage to em·ly-season cotton by boll weevils is develop-
ment of the F1 generation during em·ly fmit set. Reproduction by overwintered weevils 
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results in square damage, shedding and subsequent delay in cotton maturity. In a case 
study, Cross (1983) reported one and one-half to three percent square infestation by 
overwintered weevils and seven to nine percent infestation by the F1 generation. Lloyd 
and Merkl (1966) fotmd that 0, 14, 25, 50 and 100 boll weevils per acre produced F 1 

generation weevils that damaged 0, 28, 46, 66 and 83 percent of the squares, respec-
tively, in field cage tests. 

Overwintering adult boll weevils feed upon the base of leaf petioles and in plant ter-
minals prior to initiation of squaring (Cross, 1983; Young, 1969); they also feed on, 
and reproduce in, squares once cotton fruiting begins (Cross, 1983). Weevil reproduc-
tion in squares results in square flaring and shedding. Weevils in the resultant F1 gen-
eration will emerge 17-21 days later and will cause increased square loss. 

Pheromone D-aps and Early-Season Control of Boll Weevils - The discovery 
and development of the male boll weevil pheromone (Hardee et al., 1967; Tumlinson 
et al., 1969) has led to improved management in cotton. In 1968, the first attempt was 
made to influence developing populations of boll weevils and measure the potential of 
using male baited traps (Cross et al., 1969) in surveys and suppression of boll weevils. 
Since this early study, Rummel et al. (1980) developed a pheromone trap index sys-
tem to predict the need for overwintered boll weevil control at the pinhead square 
stage. This work has been further validated by Johnson and Gih·eath (1982) and 
Benedict et al. (1985). The use of properly timed insecticides to suppress the develop-
ment of boll weevil populations by preventing significant egg lay has proved to greatly 
reduce or sometimes eliminate the need for in-season control (Ewing and Parencia, 
1950; Taft and Hopkins, 1963; Wallcer and Bottrell, 1970). The usage of the 
pheromone trap system to determine the need for insecticide applications at pinhead 
square stage has been adopted by most cotton producing states. 

The movement of overwintered boll weevil populations into cotton is closely related 
to plant phenology (White and Rummel, 1978). Only a small percentage of the over-
wintered weevil population which infests cotton enters prior to the onset of squaring. 
Boll weevil infestations increase as square size and density increase with major colo-
nization occurring after the appearance of 1/3 grown squares (White and Rummel, 
1978; Walker and Bottrell, 1970; Roach et al., 1971 ; Rummel and Bottrell, 1976). To 
monitor this movement, boll weevil pheromone traps should be placed in the fields 
shortly after the emergence of cotton or at about the second or third true leaf stage. The 
traps should be placed around fields near overwintered sites such as woodland, old 
homes, barns or similar areas known to harbor ovetwintered weevils. 

The need to apply insecticides is determined by the average number of weevils cap-
tured in traps around the field prior to square initiation. Rummel et al. (1980) repmted 
using a treatment threshold called the Trap Index to determine the need for insecticide 
treatment. The Trap Index is the average catch of several traps placed around the field. 
The data indicated that Trap Index tlu·esholds could be used as a guide in determining 
the need to treat for overwintered boll weevils. The treatment threshold was divided 
into three distinct groups based on their research: (a) do not treat if the Trap Index is 
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less than one; (b) if the Trap Index is between 1.0 and 2.5, treatment may or may not 
be justified; inspect field carefully when the first one-third grown squares appear and 
base the control decision on the presence of damaged squares or adult weevils; (c) if 
the Trap Index is 2.5 or greater, treat for overwintered weevil just prior to or at the 
appearance of first one-third grown square. 

The use of pheromone traps offers the advantage of allowing for control decisions 
for boll weevil to be made at a time when the overall population is at its lowest point 
for the year and in advance of any oviposition that may occur. However, a consider-
able degree of judgment based upon boll weevil ecology is needed to get the optimum 
usage from the pheromone trap. The Trap Index is not an absolute value; it is general 
in nature. For example, a very low average trap catch during the week of first match-
head-size square would be suspect if the trap averages for the two prior weeks were 
high. In addition, if the cotton field was the earliest in the area and the emergence pat-
tern of the boll weevil was just beginning, the use of insecticides to control this popu-
lation would be less effective. The trapping system works best when the peak 
emergence occurs before the appearance of first square. 

The boll weevil pheromone trap is recommended by all Mid-South cotton states to 
evaluate overwintering populations. If pheromone traps around fields catch ce1tain 
levels of boll weevils prior to pinhead square stage of growth, insecticide applications 
are recommended to suppress overwintered populations. In Arkansas, insecticide 
applications are recommended if an average of three boll weevils are found per trap 
the two weeks prior to pinhead square stage of growth (Johnson et al., 1993). 
Mississippi recommends treating if four boll weevils are accumulated per trap the four 
weeks prior to squaring (Head, 1993). Louisiana recommends treating if five weevils 
are captured per trap the two weeks pti or to pinhead square (Baldwin, 1993). 

In-Season Control of Boll Weevils - Once boll weevil reproduction begins in 
one-third to one-half grown squares, square damage should be assessed to determine 
the need for insecticide treatments. In-season control principles of the boll weevil are 
basically the same as that of early control programs. Isely (1933) recommended that 
when infestations were scattered over whole fields treatment applications should be 
made when 10 to 15 percent of the squares were freshly punctured. CmTently, boll 
weevil control applications are recommended in Mississippi (Head, 1988) and 
Tennessee when 10 percent of the squares are punctmed, and in Louisiana at 15 to 25 
percent damaged squares. Missouri recommends treatment when 25 percent damage 
occurs under normal conditions and 10 to 15 percent when wet conditions occur or if 
the populations are building rapidly. Arkansas recommends treatment at one-damaged 
square per row foot. 

The current philosophy on the selection and use of insecticides is based on the biol-
ogy and life cycle data available on the boll weevil. Since the egg, larval and pupal 
stages are present only inside squares, either on the plant or in abscised squares on the 
ground, insecticide treatments must be directed to control the adults. The freshly dam-
aged squares are considered to be the best overall indicator of the adult weevil popu-
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lation level. Once the treatment level is reached, three to five insecticide treatments (at 
three- to five-day intervals) may be necessary to break the reproduction cycle gener-
ally considered to be about 21 days. The insecticide selected should have good resid-
ual activity; it should be effective enough to attain good adult mortality during the first 
24 hours after application and have continued activity for about 72 hours. This level of 
activity allows the producer to maintain about a five-day interval between treatments 
for moderate populations of boll weevils. 

CUTWORMS 
Several species of cutworms attack cotton. Most cutworms ove1winter in the larval 

stage, but some overwinter as pupae. The eggs are laid on grass or soil in low spots of 
fields. The eggs hatch in two to five days and larval feeding time averages two to three 
weeks. Cutworms usually cut off plant stems at the soil smface. Stand reduction may 
be more visible in field margins and low lying weedy areas. Cutworm damage can be 
severe enough at times to require replanting. 

In Arkansas, Louisiana, Missouri and Tennessee, control decisions are based on the 
presence or absence of cutworms and cutworm damage. In Mississippi, control is rec-
ommended if cutworms reduce the stand below 35,000 plants per acre (3 plants per 
row-foot) in a field or part of a field. 

COTTON APHID 
The cotton aphid has been recognized as a pest of cotton in the Mid-South since 

Isely (1946) reported that injmy by the cotton aphid most frequently followed a suc-
cession of insecticide dust applications for boll weevil control. High aphid populations 
stunt seedling cotton growth and hinder plant development through direct feeding. 
Production of honeydew by late-season aphid populations can cause decreased fiber 
quality due to black sooty mold associated with honeydew dropped onto cotton fiber. 

The cotton aphid has a high reproductive capacity and large populations may 
develop in cotton in a relatively short period of time. The cotton aphid has a delii-
mental effect on cotton plant development. The population level density where dam-
age occurs is thought to be fairly high. The precise population level that causes damage 
is difficult to determine and is affected by the physiological condition and growth stage 
of the cotton plant. 

The cotton aphid has many biological control factors that play a major role in the 
overall population regulation of this insect. The primary natural enemies in the Mid-
South are the braconid parasite, Lysiphlebus testaceipes (Cresson) and a fungal 
pathogen, Neozygites fresenii. Both will significantly reduce high aphid populations in 
a short period of time. These natural enemies have been the major factor in control of 
aphids in the Mid-South since the onset of aphid resistance to many insecticides. 

The cotton aphid was traditionally controlled with organophosphate insecticides 
such as dimethoate (Cygon®, Rebelate®) and dicrotophos (Bidrin®) plior to 1987. 
However, control became more difficult as the cotton aphid developed resistant to four 
classes of insecticides (O'B1ian eta/., 1991). Kems and Gaylor (1991) reported that 
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cotton aphid resistance to insecticides increased rapidly within fields shm1ly after 
insecticide applications. A similar trend was observed in the Mid-South where early 
treatments for thrips or plant bugs tended to increase resistance of the cotton aphid to 
those insecticides. The only successful control was achieved using bifentluin 
(Capture®) or a combination of pyretlu·oid plus an organophosphate (Johnson and 
Studebaker, 1991). In many cases, the population reached a high level as controls were 
being applied and the only effective control was the epizootic1 of the fungus Neozy
gites fresenii or the braconid parasite, Lysiphlebus testaceipes. 

As a result of these problems, several states developed recommendations to aid in 
overcoming aphid control problems. These recommendations were directed toward 
conservation of beneficial insects and insecticide usage, utilizing early matming cot-
ton varieties, using in-funow insecticides and careful insecticide selection. 

SPIDER MITES 
Spider mites may cause damage and occyr at any time during the cotton growing 

season. They generally move into fields from borders which serve as overwintering 
sites. Spider mites may build high populations in a relatively short time since they 
develop from an egg to adult in five to seven days during the summer. Early-season 
applications of pyrethroid insecticides have been shown to increase the probability of 
spider mite infestations. Areas in fields infested with spider tnites may appear lighter 
in color or reddish from a distance. Treatment for spider mites is recommended when 
leaves become discolored and mites are numerous or when 50 percent or more of the 
leaves five nodes from the terminal are infested (Johnson et al., 1993; Head, 1993; 
Baldwin et al., 1993; Robet1s and Lentz, 1993; Jones and Nabors, 1988). 

WHITEFLIES 
Populations of whiteflies usually occur in late-season. The nymph and adult of the 

whitefly damage cotton by sucking juices from the plant and by excreting honeydew 
when the cotton bolls begin to open. The accumulation of honeydew on the lint pro-
vides a substrate for the growth of black sooty mold that stains the lint and lowers cot-
ton grades. Treatment for whiteflies is recommended when 50 percent of the plant 
terminals are infested. 

FALLARMYWORMANDBEETARMYWORM 
The fall armywmm and the beet armywotm may occasionally infest and cause dam-

age to cotton fields in the Mid-South. The eggs are laid indiscriminately in masses of 
about fifty to several hundred. The masses are covered with a grayish fuzz and hatch 
in two to four days. 

The beet armyworm larvae feeds on foliage, squares, blooms and bolls. The larvae 
tend to feed in groups and the feeding results in a general ragged appearance of the cot-

'Epizootic is the outbreak of a disease that affects large numbers of the same kind of organism at the same 
time. 
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ton plant. The fall armyworm does not feed in groups but disperses when the egg 
masses hatch. The fall armyworm tends to feed on bolls even when the larvae are small 
but may feed on squares and blooms. 

Treatment is recommended in the Mid-South under the following conditions: (a) 
when three to five egg masses and live larvae are found per 100 plants, or when four 
or more larvae are found in 100 blooms and bolls; (b) when one small larva is found 
per four row-feet; or (c) when damaging populations are found. 

CABBAGE LOOPER AND SOYBEAN LOOPER 
The cabbage looper and soybean looper occasionally may develop into damaging 

populations in the Mid-South. The la.tvae are very susceptible to disease outbreaks 
especially during damp cool weather. La.t·ge numbers of the larvae may severely defo-
liate cotton and potentially reduce yields. Populations of cabbage and soybean looper 
have been relatively low since the introduction of the pyretlu·oid insecticides, probably 
due to the insects's high susceptibility to these insecticides. However, the soybean 
looper now has developed resistance to most pyretlu·oids; it is becoming an occasional 
problem and may cause cotton defoliation in late-season. Treatment is recommended 
in the Mid-South when 25 percent defoliation has occurred or when populations 
threaten premature defoliation. 

SCOUTING TECHNIQUES IN THE MID~SOUTH 

Cotton insect pest management is based on the principles of insect scouting and the 
use of economic thresholds. Scouting cotton fields for insects at regula.t· intervals dm-
ing the growing season is one of the most valuable cotton insect management practices 
available to growers. Insect scouting detects developing insect infestations and popu-
lation levels; it indicates when an insecticide should be applied based on threshold lev-
els; and, it evaluates insecticide treatments. Fields should be scouted at least weeldy 
and twice weeldy is highly recommended to enhance the ea.t"ly detection of damaging 
insect populations and timely application of insecticides. 

h1sects a.t·e not distributed uniformly and all areas of each field must be covered 
every time the field is scouted. The pattern followed may be a "Zig-Zag," or a "U" pat-
tern that allows adequate sampling in the center, sides and corners of the field. The 
major sampling methods used in insect scouting a.t·e the point sample, random sample 
and sequential sample. 

POINT SAMPLING 
The point sample method involves selecting four points at random (Johnson, 1990) 

in the field to sample. At each point, all plants are sea.t·ched on a designated length of 
row, usually 3.5, 7, or 14 feet. In addition, the shake or drop cloth is used to sample 
beneficial insects and plant bugs. Small squa.t·e set is also detennined by examining the 
presence or absence of small squares in the plant terminal. The square set data often 
reflects the condition of the plant and aids in decisions concerning plant growth. 
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Square shed may be caused by dry conditions, fertility problems, plant bug populations 
or newly hatched bollworms. 

RANDOM SAMPLING 
The random sample method involves examining terminal buds, squares and leaves 

and sweeping the top one-third of the plants in a random pattern throughout a field. A 
standard 15-inch diameter sweep net should be used. The number of samples taken 
should be dictated by the field size. One hundred squares and terminals should be 
examined in fields of 20 acres or less. The number of samples should be increased 
accordingly as field size increases. Square samples and leaf samples should be taken 
from the bottom, middle and tops of the plants to minimize bias. The insect damaged 
squares should be examined for boll weevil, bollworm and other insect damage. The 
data is recorded as a percent of the total examined. Insects caught in the sweep net 
should be recorded as the number per 100 sweeps. 

SEQUENTIAL SAMPLING 
The sequential sampling method is a modification of the random sample method. It 

allows decisions to be made to treat or to not treat while the sampling is underway. 
Background knowledge of the distlibution of the insect is required for sequential sam-
pling. Results from using sequential sampling indicate that sampling time may be 
reduced without loss in accuracy. 

AREAWIDE PROGRAMS FOR COTTON 
INSECT MANAGEMENT IN THE MID-SOUTH 

Areawide programs for suppression of cotton insect pests have been successful in 
the reduction or exclusion of several key cotton pests. These efforts are logical only for 
pests which infest a large area at a given point in time. Most programs in the Mid-
South are targeted toward the boll weevil, bollworm and tobacco budworm and quar-
antine efforts against the pink bollworm. 

BOLL WEEVIL PROGRAMS 
Boll weevils were introduced into United States cotton in the later part of the 19th 

century and had infested cotton in Virginia by 1933. In recent years boll weevils have 
infested cotton in Arizona and Califomia. From this distribution, it is obvious that boll 
weevils are truly an areawide pest. This is especially true in the Mid-South where the 
weevil has been well established since the 1920s. 

The first areawide program for boll weevil control was reported by Ewing and 
Parencia (1950). This program targeted overwintered boll weevils with early -season 
applications of insecticides. Insecticide applications were terminated early enough to 
preserve parasites and predators of the bollworm. 

Diapause, the winter survival mechanism first reported for the boll weevil by 
Brazzel and Newsom (1959), insmes a continued survival of some individuals which 
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infest cotton the following season. The rate of survival is normally about 10 percent 
but may be lower following colder winters (Cross, 1983). 

Brazzel and Newsom (1959) described a control program that involved late-season 
applications of insecticides to destroy overwintering boll weevils before they enter 
ground trash. This concept was later expanded to include the last generation of repro-
ductive weevils. In the Mid-South, Lloyd et a!. (1966) demonstrated the effectiveness 
of this program in a reproductive diapause program that reduced the overall popula-
tion. 

Young (1969a) reported on the results of two areawide boll weevil diapause control 
programs conducted in Momoe and Sharkey Counties in Mississippi. The results were 
a 30-50 percent cost reduction, fewer insecticide applications, preservation of benefi-
cial insect populations and increased yields. 

The Optimum Pest Management Program was conducted in Panola County, 
Mississippi, from 1978 to 1980. The boll weevil was the target insect but other cotton 
pests were monitored and controlled. The success of this program on about 30,000 
acres of cotton was indicated by an increase in yield of 85 pounds of lint cotton per 
acre over the previous ten-year average for the county. The number of in-season appli-
cations of insecticide per acre decreased from 8.6 (ten-year average) to 3.23 (three-
year average). In 1980, the cost of insect control plus scouting was only $17.40 per 
acre (Andrews et al., 1980). 

Boll Weevil Eradication- The original Boll Weevil Eradication Test was initiated 
in Mississippi in July, 1971, and terminated on August 10, 1973. The Technical 
Guidance Committee concluded "that it is technologically and operationally feasible 
to eliminate the boll weevil as an economic pest in the United States by the use of tech-
niques which are ecologically acceptable" (Parencia, 1978). For further information, 
refer to "Cotton Insect Management with Special Reference to the Boll Weevil," 
Agriculture Handbook Number 589, edited by R. L. Ridgway, E. P. Lloyd, and W. H. 
Cross. 

COMMUNITY MANAGEMENT OF BOLLWORMSffOBACCO 
BUDWORMS 

In many areas of the Cotton Belt, including all Mid-South states, the bollworm and 
tobacco budworm are the major pests of cotton. Almost 100 percent of planted acres 
are infested at one level or another. In some seasons, insecticide resistant tobacco bud-
worms have caused total crop destruction. 

Since bollworm/tobacco bud worm frequently infest a high percentage of acreage in 
an area, they are candidates for areawide management. The first successful effOtis to 
manage these pests over a large area were initiated in Arkansas in 1976 (Phillips, 
1978). It was assumed that if the June population was reduced in excess of 50 percent, 
the overall July population would be reduced. As the research progressed, thresholds 
were developed to treat each generation during the summer (Nicholson et al. , 1984). 
The community bollworm management approach requires that at least 90 percent of 
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the cotton acreage participate. The scouting results are summarized daily and boll-
worm/tobacco budworm pheromone traps are utilized to determine peak flights and 
egg deposition. When populations reach designated levels, the entire community 
applies a larvacide plus an ovicide within a three-day period. The success or failure of 
community programs is dependent on grower support and participation, accurate data 
collected by the point sampling method, and daily review of the community data to 
support decisions on control measures. Communities utilizing this approach in 
Arkansas have realized excellent bollworm/tobacco budworm control, increased 
yields reduced insecticide costs. 

These programs have been expanded to several areas of Arkansas and are currently 
accepted as standard management practices. Cochran et a!. (1985) reported that these 
programs had expanded to 80,000 acres and gave a return of $1,500,000 to coopera-
tors. In addition, insecticide use was reduced by 92,000 pounds per year. 

A similar type program was conducted on about 40,000 acres of cotton in Leflore 
County and 9,000 acres in Monroe County, Mississippi, during the 1980-81 growing 
seasons. Some reports credited these efforts with returning cooperators $45 per acre. 
These programs were conducted with cooperation among industry, research, and 
extension (Head, 1981). An areawide program for bollworm/tobacco budworm and 
boll weevil management was conducted on about 90,000 acres in the eastern delta of 
Mississippi in 1982-83 (Head, 1983). Many of these management components con-
tinue. 

IMPLICATIONS FOR FUTURE AREAWIDE PROGRAMS 
With the Boll Weevil Eradication Program successfully in place in North and South 

Carolina and recently expanded to Florida, Georgia and Alabama, Mid-South produc-
ers should expect this program to expand into Mississippi, Tennessee, Arkansas, and 
Louisiana. 

Areawide management will be required for successful introduction of parasites and 
predators or for release of sterile insects such as the backcross Heliotlzis virescens - H. 
subflexa. This program showed promise of success in the trial on St. Croix Island 
(Proshold and Smith, 1982). Stadelbacher (1985) reported that cutleaf geranium, 
Geranium dissectum L., is a major early-season host of bollworm/tobacco budworm. 
Destruction of these hosts by use of herbicides or mowing, or spraying the hosts with 
insect growth regulators, shows promise in areawide suppression of bollworm/tobacco 
bud worm. 

SUMMARY 

The management of cotton insects begins when the cotton seed is placed in the soil. 
The insect populations in cotton fields are diverse and directly or indirectly affected by 
production practices used during the production year. Similarly, the methods used to 
manage insects will affect the earliness, quality and yield of the crop. Early-season 
insect damage is one of the many factors affecting "earliness" of cotton. Delays in 
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maturity in the early part of the season affect insect pest pressure later in the season 
(Gilliland, 1981), cotton quality (Schuster, 1977), and yields (Hoskinson et al., 1974). 
Indirect yield loss may occur particularly in northem areas of the Mid-South where 
early fall harvesting is critical (Hoskinson et al., 1974). Earliness has been reviewed 
recently within the context of the value of short-season cotton production (Smith, 
1980; Herzog, 1980), insect control (Clark, 1988; Hargett, 1988; Roof, 1988), plant 
growth regulators (Guthrie, 1988), weed control (Bonner, 1988), and varying agro-
nomic (Burch, 1988) points of view. 

Insect control decisions are based upon the detection of insect populations by use of 
vatious scouting procedures. However, scouting must be used in conjunction with a 
working knowledge of insect biology, treatment levels and potential consequences of 
any control measures that may be applied. Decisions on insect management in mid- to 
late-season must be directed towat·d setting and protecting the boll load while consid-
ering the many factors that may affect cotton production and insect populations. The 
key to all successful insect management programs is proper timing of management 
decisions applied. If a control strategy is needed, it should be applied without delay. 
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INTRODUCTION 

The Southwest region of New Mexico, Oldahoma and Texas is rich in entomologi-
cal history. Contributing to the story have been the insects of cotton and man's efforts 
to manage them. It was at Brownsville, Texas where the boll weevil first entered the 
United States in 1892, forever changing the face of cotton production and shaping the 
development of insect management for years to come. Both Texas and Oklahoma have 
shared the weevil experience that has molded the development of their cmrent man-
agement strategies. Lacking infestations of weevils, New Mexico's management 
approaches are more similar to the Texas High Plains area, another area where the boll 
weevil has failed to gain a foothold. The successful development of cotton insect man-
agement systems in all three states was dependent upon the unique ecological condi-
tions found in these regions of limited rainfall. In this chapter we will examine the 
histmical progression of insect and mite control recommendations and management 
guide changes, and the factors responsible for these changes. 

'USDA's Crop Reporting Service, the United States cotton industry and other groups generally include New 
Mexico in the West region along with Arizona and California. Because of similarities in insect and mite 
problems and management practices to those in Texas, the authors of this chapter chose to include New 
Mexico in the Southwest region along with Texas and Oklahoma. 
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TEXAS RECOMMENDATIONS 

The 1920s were a time of optimism for Texas cotton growers. Acreage had been 
increasing yearly, with about 18 million being grown in 1926. The chief cotton ento-
mologist of the Bureau of Entomology of the United States Department of 
Agriculture (USDA), B. R. Coad, had only recently declared that the long awaited 
solution for the boll weevil, An.thonomus grandis grandis Boheman, problem, cal-
cium arsenate, had passed all reviews and now was ready for farmer use (Little and 
Martin, 1942). This came as the best of news to Texas growers farming about 13 mil-
lion infested acres. Moreover, airplane application of calcium arsenate, technology 
pioneered by Coad, seemed imminent. To expedite the development of calcium arse-
nate at the farmer level, special USDA agents were dispatched to key locations in all 
cotton growing districts, where they conducted on-farm demonstrations (Parencia, 
1978). 

On another front, the Texas Aglicultur<\1 Experiment Station had been graced in 
1927 with a special appropriation from the Texas Legislature, money that would hire 
seven entomologists to research cotton insects (Little, 1960). The Legislature had been 
moved to this action by the outcties of farmers from South Texas who were suddenly 
encounteting the unanticipated damage from an insect that had long infested cotton but 
apparently had caused no damage. The insect was the cotton fleahopper, 
Pseudatomoscelis seriatus (Reuter). In 1933, following emergence of this new pest, a 
USDA laboratory at Port Lavaca, Texas was established for fleahopper investigations. 
In short order a remedy seemed at hand - sulphur dust and sulphur mixed with cer-
tain arsenicals (Parencia, 1978). 

A third insect was discovered infesting limited cotton acreage in the far western area 
of Texas in 1918, the pink bollworm, Pectinophora gossypiella (Saunders). In 1936, 
the pest invad~d the Lower Rio Grande Valley (LRGV), a cotton district of substantial 
acreage. Lacking an effective insecticide for the insect, USDA and later state experi-
ment station scientists concentrated on developing cultural management tools that 
gave frumers the means to control the pink bollworm. But for the other pests, insecti-
cides seemed the only answer. 

Hence, insecticide research by the entomologists necessruily involved the boll wee-
vil, the cotton fleahopper- and to an extent the bollworm, Helicovnpa zea (Boddie). 
Many small and lru·ge plot experiments were conducted in the 1930s in East, Central 
and South Texas. Appmently, the results of this experimentation overstated to fru·mers 
the value of sulphur and calcium arsenate. The positive benefits noted in controlled 
experiments were rarely as evident when the materials were applied by farmers. 
Sulphur, in reality, was a poor material for the fleahopper, and if calcium arsenate was 
a superb remedy for the weevil, its use was commonly followed by secondru-y insect 
outbreaks (Wallcer, 1984). The cost-benefit ratio, especially of calcium arsenate, was 
not a persuasion for wholesale frumer adoption. Though impelfect insecticides, the 
base of understanding derived from their testing cleru·ed the way for the organic insec-
ticides of post-World Wm II. 
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No matter that farmers never wholeheartedly accepted calcium arsenate or sulphur, 
the experiences involving them set the stage for the more effective insecticides that 
were to come. Current Texas cotton insect control philosophy often has evolved from 
the experiences with the far less effective insecticides of si.'Cty years ago. For example, 
earliness in cotton production was emphasized as a goal when it was recognized that 
the cotton fleahopper was intelfering with the process, and the mediocre results of sul-
phur applications certainly intensified the focus. With calcium arsenate applications 
for the boll weevil, there appeared the problem of secondary insects: cotton aphid, 
Aphis gossypii Glover, and to some extent, the tobacco budwom1, Heliothis virescens 
(Fabricius), and the bollwom1. Calcium arsenate often created more problems than it 
solved. When the modern and effective insecticides became available in the late 40s, 
mixtures were commonly rec01mnended to specifically answer the anticipated sec-
ondary pest problems. 

The outlook and agenda of cotton entomologists of the 1930s were influenced by the 
stark realities of their situation. If they knew that the boll weevil could be managed by 
prompt and early stalk destruction in the fall, they also recognized that such a practice 
was beyond their means. Hand harvesting, lack of harvest-aid chemicals, a protracted 
harvest period, and stalk destruction severely limited by the available equipment, was the 
dominating reality. Entomologists being utilitatians, could conclude only that, in a prac-
tical sense, boll weevil control really meat1t controlling summer generation weevils with 
a series of insecticide treatments dming the blooming period. They saw this as the logi-
cal course. The prevailing management today, by contrast, is to avoid multiple applica-
tions during the blooming period, if at all possible. Today, eat'liness is the heart of insect 
management in Texas, and we understand how to secure it with effective insecticides. 

Sulphur and calcium arsenate, admittedly inferior products, may well have been 
effective if the materials had been applied properly and in a timely manner. We can 
never answer that, but because of the limitations of the Texas Agricultural Extension 
Service (TAEX) education program in cotton entomology at that time, many growers 
might not have been properly informed. There was only a single extension entomolo-
gist from 1920-1938, and this person, R.R. Reppe11, had educational responsibilities in 
all ru·eas of entomology including: crops, household and livestock. 

According to J. C. Gaines, one of the seven entomologists of 1927 and later Head 
of the Department of Entomology at Texas A&M University (Personal communica-
tion), the research entomologists of the 1930s were often called upon for extension 
activities because of the limited extension capability. Adding a second extension ento-
mologist in 1939 improved the lines of communication and increased extension's 
capabilities. The new extension entomologist, Cameron Siddall, worked closely with 
J. C. Gaines, and conducted extension demonstrations on calcium arsenate throughout 
Central Texas. Gaines saw an improvement in grower understanding after Siddall's 
atTival. In contrast to only two extension entomologists in the late 1930s, there are over 
forty extension entomologists in Texas today. 

The idea of a statewide extension guide to aid growers in cotton insect control orig-
inated with Cameron Siddall. The first such guide was published in 1942 (Siddall and 
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Gaines, 1942). A single guide served all the different cotton regions of Texas. USDA 
entomologist K. P. Ewing, of the 1939 created cotton insect laboratory at Waco, also 
helped draft the 1942 guide. Intenupted by World War IT, the development and publi-
cation of an annual state guide did not resume until 1947. It has continued each year 
since. 

The remainder of this section is an examination of the changes and evolution of the 
Texas cotton insect management strategy and extension guide as chronicled through 
the guides since first published in 1942. 

PRODUCTION AREAS IN TEXAS 
There are several production regions of Texas that differ significantly in growing 

season, rainfall, temperature and pest problems. Because of these dramatic differences, 
a single guide of recommendations for the entire state is no longer published. Instead, 
specific guides are developed for each of the regions. An understanding of the geog-
raphy and climate that shapes regional pest problems is necessaty to follow the devel-
opment of Texas' insect and mite management recommendations as presented in the 
guides. Texas is a large state with several cotton production regions that have evolved 
over time. Rainfall ranges from neat· 50 inches per year in extreme East Texas to about 
10 inches in western El Paso. The boll weevil, a much more setious pest in high rain-
fall areas, encouraged the planting of considerable acreage in the lower rainfall m·eas 
to the west. These were the very m·eas that provided the environmental resistance that 
farmers were looking for to manage the boll weevil, i.e., shorter growing season, lower 
fertility (and hence more rapid maturing cotton), harsher winters, and less overwinter-
ing habitat for the boll weevil. Most Texas cotton production now is located in areas 
receiving 35 inches or less rainfall per year. Roughly 90 percent of Texas cotton 
acreage is planted to short-season stripper cottons. 

The major cotton production areas of Texas today m·e the: (a) Lower Rio Grande 
Valley (LRGV), (b) Gulf Coast, (c) Winter Garden area nem Uvalde, (d) Blacklands 
Prairie area, (e) Central River Bottoms, (f) the Rolling Plains, (g) the High Plains, and 
(h) Far West Texas. The Lower Rio Grande Valley encompasses 300,000 acres utiliz-
ing a medium season system without relying on rapid-matuling varieties. Fifty percent 
is irrigated. The Gulf Coast is characte1ized by moderate temperatures, fertile soils, 
and an annual rainfall ranging from 26 to 56 inches. Cotton is planted on 266,550 acres 
of cropland from immediately east of Houston to Kingsville. Most of the cotton pro-
duction is dryland, but only 20 percent is stripper harvested. The Winter Garden area 
consists of 40,000 mostly irrigated acres of high input production, including Pima cot-
ton. At various times, the Lower Rio Grande Valley, Gulf Coast, and Winter Garden 
areas were combined into a single management region referred to as South Texas. The 
Central River Bottom m·ea, mainly the Brazos Valley, is a ve1y fertile production area 
of 50,000 acres utilizing management practices that were employed in the era of sea-
son-long insecticide programs. It is the one place that has not embraced the shorter-
season production concept. The Blacldands Prairie area from Dallas to Austin has 
shrunk from five million acres of cotton during the 1920s to about 200,000 acres of 
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mostly dryland stripper-harvested cotton. The River Bottom and Blacklands Prairie 
areas often were refened to collectively as Central Texas. The Rolling Plains consists 
of 1,000,000 acres of predominantly dryland stripper-harvested cotton. The High 
Plains area encompasses about 3,000,000 acres of short-season stripper cotton. Less 
than 50 percent is inigated. The Far West Texas area is a desert area with isolated pock-
ets of production totaling 400,000 acres. The High Plains, Rolling Plains, and Far West 
Texas areas make up what is known as the West Texas region. 

INSECT AND MITE PROBLEMS IN TEXAS 
Major insect pest problems in the state are the boll weevil, bollworm, tobacco bud-

worm, cotton fleahopper, early-season thrips, and recently the cotton aphid. Sporadic 
pests include: spider mites, plant bugs, pink bollworms, stink bugs, cutworms, 
grasshoppers, leafworms and the silverleaf whitefly, Bemesia arge11t!folii (Bellows and 
Perring). The importance of pests varies geographically. The boll weevil is important 
to all areas except the High Plains and most of Far West Texas. The cotton fleahopper 
can be important in all state areas and its management can have a profound effect on 
the development of later pest problems. Plant bugs, in association with fleahoppers, 
can be a serious Blacldands problem. Thrips me primarily a problem in the Blacklands 
and High Plains areas. Bollworms are a major concern for most of the state while the 
tobacco bud worm, a pest that has developed resistance to several insecticides, tends to 
plague the more southern and eastern production areas. The cotton aphid only recently 
has been elevated to major pest status, primarily in the western part of the state. 

Boll Weevil - Successful management of the boll weevil has been of paramount 
consideration in developing workable management systems for Texas cotton insects 
andnlites. From the earliest days of weevil infestations until the present, insecticides 
have been an integral part of that management. Calcium msenate dust was the first 
effective weevil insecticide, but its benefits were never fully realized in the state 
because of various shortcomings. Cotton aphids, and at times bollworms, would 
appear in calcium arsenate treated fields; and there were no adequate insecticides for 
controlling these pests. Nevertheless, researchers often showed that the use of calcium 
arsenate in experimental plots made money- cotton yields were increased. 
Entomologists developed economic thresholds for the material in the 1930s. The eco-
nomic threshold used for the boll weevil in the early 1940s for calcium arsenate appli-
cations was set low, insuring that most acreage met the criteria to dust from emly to 
late season (Table 1). However, by 1947, Texas entomologists were recognizing the 
value of insecticides applied to presguaring cotton for controlling overwintered wee-
vils. This permitted an early crop set and avoided the need to make late season appli-
cations to protect late fruit. Late-season weevil applications destroyed beneficial 
insects, leading to bollworm outbreaks (TAEX 1947). Nevertheless, entomologists of 
those times believed that in the long-season production areas such as the irrigated 
Lower Rio Grande Valley, multiple late-season treatments were a reasonable course. 
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Table l. Evolution of key boll weevil control recommendations in Texas. ' 

Year Region Recommendation 

I 942 State Overwintered weevil control. At 1/3rd grown squares, 
ET2=10 percent punctured squares. Late season3 control, 
ET=15 percent punctured squares. 

1948 State 

1949 State 

1957 State 

LRGV" 
1964 West 

Texas 
1979 State 

West 
Texas 

1982 Corpus 
Christi 

1988 West 
Texas 

Calcium arsenate dust. 
Overwintered weevil control. Presquare applications where history 
dictates. Late season control, ET=l0-25 percent punctured squares. 
Late season control, ET=25-35 percent punctured squares. 
Organochlorines. 
Recommended organophosphates for organochlorine resistant wee-
vils. 
Late season control, ET=15-25 percent punctured squares. 
Overwintered weevils. Where weevils found. 
Late season, ET=l5-25 percent punctured squares. 
Overwintered weevils. ET=l weevil found or field history. 
Two automatic sprays 3-5 days apart. 
Late season, ET=30 percent punctured squares. 

Overwintered weevils, Trap Index. 

Overwintered weevils, Trap Index. 
Field ET=5 weevils per 100 row feet. 

'Recommendations from published extension guides. 
'ET=economic threshold. 
'Late season=boll period. 
'Lower Rio Grande Valley. 

The weevil-infested acreage of Texas needed a product other than calcium arsenate 
for these scheduled application programs. This need was met shortly after World War 
II with the appearance of several new insecticides of different chemistry. First men-
tioned in the Texas guide in 1947, the gamma isomer of benzene hexachlorine (BHC) 
met part of this need but caused bollworm problems. DDT dust, an ineffective chem-
ical for the boll weevil but effective for bollworms, was added to BHC in one of the 
first dust mixtures designed to avoid these bollworm flareups. Toxaphene dust, another 
new insecticide, also provided good weevil and bollworm control and fair aphid sup-
pression. Later, toxaphene sprays were found not to be as effective as the dust fonnu-
lations, and DDT was added to increase weevil and worm control. 

The addition of the organochlorine insecticides in 1947 provided Texas farmers a 
cheap and effective means for controlling the boll weevil and secondary pests. First 
used as dusts, the organochlorines were later applied in spray formulations. Dusts had 
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far more application limitations than sprays and could only be applied at daybreak or 
at dusk when the air was calm. Automatic application programs were adopted and pro-
moted by banks and chemical companies (Walker, 1984). Increased nitrogen use and 
the acceptance of prolonged fmiting varieties followed. Without the threat of the wee-
vil, cotton farmers "pulled out all stops" and yields increased dramatically. 

While farmers enthusiastically followed the scheduled programs, extension was 
advocating a more conservative insecticide use approach with an elevated economic 
threshold of 25-35 percent punctured squares for late-season weevil control (TAEX, 
1949). State entomologists were also recommending the use of early uniform planting 
dates followed by timely stalk destruction and general field cleanup to reduce the 
potential overwintering weevil population. These were old practices, but advances in 
mechanical harvesters and stallc cutters were making these practices a reality in the 
1950s. 

Boll weevil resistance to the organochlorines was first reported in 1956 in 
Robertson County and soon was detected in the remaining infested areas. Disaster was 
averted in 1957 by recommending the use of low but effective rates of the organophos-
phate insecticides, first mentioned in the 1951 guide (TAEX, 1957a, 1957b). DDT was 
routinely added because organophosphates, applied at weevil rates, did not adequately 
control bollworm/tobacco budworm. When both the bollworm and tobacco budworm 
exhibited resistance to the organochlorines (DDT in most instances), organophosphate 
rates were sharply increased and application intervals were reduced. Even these adjust-
ments did not bring the level of organophosphate insecticide control up to that pro-
vided by DDT in its first year of use. Control programs were increasing in complexity 
while becoming more expensive. With cheap control no longer a reality, automatic 
scheduled spray programs ceased to be attractive. Farmers became more willing to fol-
low the advice presented in extension guides advocating cultural control coupled with 
an early season spray program. 

The value of adding either methyl parathion or azinphosmethyl (Guthion®) to defo-
liant applications was not overlooked as an effective means of reducing potential over-
wintered weevil numbers. This 1966 Guide recommendation provided yet another 
management tool that minimized the necessity of disruptive in-season applications 
(TAEX, 1966a, 1966b, 1966c). 

The boll weevil expanded its range in East Texas to include the Rolling Plains, with 
spotty infestations detected as early as 1920. Overwintering weevils did not reach 
alarming numbers until the early 1960s (Walker, 1984). Harsh winters, limited hard-
wood leaf litter (important for successful weevil overwintering), and hot, dry summers 
had severely limited weevil survival. But the pest apparently adapted to these envi-
ronmental constraints. The boll weevil invaded the eastern edge of the High Plains in 
1963 as the culmination of its westward expansion across the Rolling Plains. Growers 
reacted strongly, initiating in 1964 a large scale diapause control program which 
stretched north to south along the Caprock Escarpment separating the High Plains 
from the Rolling Plains (M01itz, 1979; Rummel et al. , 1975). The technology used was 
developed by J. R. Brazzel in 1961. It was extraordinarily successful and has contin-
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ued to keep the High Plains production area weevil-free for the last 27 years. In this 
approach to weevil management, adult weevils are killed with insecticides before they 
can move to leaf litter and successfully overwinter. Smaller diapause control programs 
have been successful to varying degrees in other West Texas areas. 

The latest additions to weevil management have addressed the early part of the pro-
duction season. The value of delaying planting until after mid-May and then planting 
unifonnly across a community was recognized as a means of maximizing suicidal 
emergence of overwintered weevils in the Rolling Plains (Rummel, 1965). This prac-
tice has been aggressively promoted and widely adopted as a voluntmy control method 
since 1980 in the Rolling Plains area (Slosser, 1978; Masud eta!., 1985). 

·The 1979 recommendation for overwintered weevil applications was augmented for 
the first time since 1947 with the addition that "when one or more weevils me found, 
apply an insecticide". Only field history had been considered before (TAEX, 
1979a,b,c,d). This permitted a slightly more conservative insecticide use approach for 
many m·eas where the vagmies of winter weather often had made field histmy an unre-
liable basis for prediction. 

Studies first conducted between 1977 and 1979 established a positive relationship 
between the number of overwintered weevils caught in pheromone traps and the per-
cent oviposition-damaged squares during the em·ly one-third grown square period 
(Rummel eta!., 1980). This led to the development of the more accurate Trap Index 
method for determining the need for overwintered boll weevil control in the Rolling 
Plains area. Four to five traps m·e placed along field margins near weevil overwinter-
ing habitat or near areas of the field with a histmy of early infestations. The Trap Index 
guidelines suggest that if more than fom weevils are found per trap during the week 
that firs t squares appear, treatment is probably justified (Leser eta!., 1988). If one or 
fewer weevils are caught per trap during this key week, treatment is not required. 
When trap catches average more than one but Jess than five weevils dming the pin-
head-sized square week, field inspection is necessm·y to make a management decision. 
A field monitoring-based economic threshold of five weevils per 100 row-feet exam-
ined, was developed by J. Slosser, Texas Agricultural Expetiment Station Entomolo-
gist at Vernon, and added to the extension service's overwintered boll weevil 
management guidelines in 1988. 

A different Trap Index was developed for the Corpus Christi area (Benedict et a!., 
1985) and incorporated into the management guidelines for that area in 1982 (Parker 
and Benedict, 1982). This index was based on the cumulative average weevil numbers 
caught during the six week period prior to the appearance of one third grown squares. 
Treatment is justified using this method when weevil numbers average more than 2.4 
per week. When weevil numbers average less than one per trap per week, treatment is 
not needed. An insecticide application is wmTanted only when field scouting confirms 
the presence of weevils or damage when weevil numbers average 1 to 2.4 per trap-
week. The pheromone trap index has presented a much more efficient and reliable 
method of assessing the need for overwintered weevil control for the Corpus Christi 
and Rolling Plains areas of Texas. 
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When tobacco budworms became resistant to organophosphates in the late 1960s, 
entomologists again were reminded that insecticides might not be the long term solu-
tion to most insect pest problems. Bollworms were increasingly a problem, probably 
the result of weevil insecticide applications that destroyed the beneficial insects, 
which otherwise controlled the early flunies of bollworms (Walker, 1984). The reg-
istration of pyrethroid insecticides in 1979 returned highly effective control for boll-
worms and tobacco budworms but did little to provide the cure-all insecticide 
everyone desired. In the mid 1980s, pyrethroid resistance in tobacco budworms began 
to appear, again making insect management a tenuous affair. While pyrethroids were 
proven to be as effective as organophosphates for weevil control when used on a 3-
to 5-day schedule, their use for this pest is impractical due to cost and is discouraged 
to prevent the unnecessary risk of increasing resistance levels in the tobacco bud-
worm and bollworm. 

It was not until the insect management potential of the new rapid-matming varieties 
was elucidated that the short-season cotton production system for weevil management 
began to flourish. These varieties shortened the vulnerability period, providing a 
means of escaping high late season weevil and worm infestations. Reference to this 
important management component did not appear in any of the Texas guides until 
1979 when short-season vatieties and their production was compared to the long-sea-
son production system in the Lower Rio Grande Valley guide (TAEX, 1979d). By the 
early 1980s, short-season cottons had all but replaced the slower fruiting Lankart types 
in the Rolling Plains. 

Prompt stalk destmction following harvest, long regarded as a boll weevil manage-
ment tactic, did not receive concerted farmer compliance. There were no laws that 
required this fanner activity for weevil management. But there were laws in place for 
stalk destruction for the management of the pink bollworm. Since 1947, the Lower Rio 
Grande Valley had relied on these pink bollworm regulations to assist in managing 
weevils. While the value of these practices is well documented, compliance often was 
not adequate to obtain the desired results with weevils. The absence of damaging pink 
bollworm infestations for many years had made it impossible to enforce these regula-
tions. In 1986, new mandatory plow-down, stalk destruction and planting dates were 
legislated for weevil management. Compliance is enforced by the Texas Department 
of Agriculture. These regulations presently affect pest management zones established 
in South Texas (includes Lower Rio Grande Valley and Gulf Coast, but excludes the 
Winter Garden Area near Uvalde) and part of Far West Texas. 

Current management practices to exploit the weaknesses of the boll weevil are: (a) 
utilizing planting dates suitable for the region and more rapid fruiting varieties that 
shorten the vulnerability period; (b) crop residue destruction to deny food, oviposition 
sites, and habitat for overwinteling weevils; (c) the addition of insecticides to defo-
liants prior to harvest to eliminate as many weevils remaining in the field as possible; 
(d) use of diapause control programs where appropriate; and (e) early season applica-
tions at the time of first appearance of pinhead-sized squares for control of overwin-
tered weevils. These combined practices often eliminate or reduce the need for mid- to 
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late-season insecticide applications for weevils and preserves beneficial insects that 
are needed to defend against later bollworm and tobacco budworm problems. 

Cotton Fleahopper - In 1947, DDT as a mixture with sulphur quickly began to 
replace sulphur dust alone for controlling cotton fleahopper. It was soon recognized 
that the addition of DDT could release secondmy pests or bollworms. Also important 
was proper timing, as early season DDT applications were far less disruptive. By 1947, 
the 1942 economic threshold, (15-25 percent infested terminals), had been elevated to 
25 percent (Siddall and Gaines, 1942; TAEX, 1947). But as the yem·s passed, different 
thresholds would be used (Table 2). For example, in 1949, area-wide preventative pro-
grams for overwintered weevils and cotton fleahoppers tended to replace the threshold 
concept (TAEX, 1949). These programs were to be completed em·ly in the season, well 
before blooming. 

Applications made after blooms appeared were treated with much reservation in 
1949 because of the threat of bollworm problems that could follow cotton fleahopper 
control applications. The economic threshold was raised for this period to 25-35 per-
cent infested terminals. Entomologists vacillated considerably on establishing thresh-
olds as they tried to avoid early bollworm problems, yet prevent unnecessmy losses to 
cotton fleahoppers. After all, em·ly fruit set was the cornerstone of the emerging short-
season production system. 

There were, as well, geographical differences in approaches to cotton fleahopper 
management. Initially the Lower Rio Grande Valley (TAEX, 1952a) and then the 
Blacldands (TAEX, 1959b) set thresholds lower than the rest of the state. West Texas 
soon followed in 1961 (TAEX, 196lc). The Blacldands fleahopper problem is exacer-
bated by the multitude of alternate hosts, from which adult fleahoppers often move to 
cotton as the first tiny squm·es m·e forming in the plant terminals. Significant delays in 
em·iiness can follow as a result of squm·e loss from cotton fleahoppers. Hence, a lower 
threshold was needed to avoid these losses which seemed to be excessive for cotton 
grown on Blacldand soils. Applied at the sixth to eighth node stage, insecticide appli-
cations m·e made no later than 10 days before first blooms appear. The Lower Rio 
Grande Valley refrained from the use of insecticides for overwintered weevil control 
between 1968 and 1976, a practice viewed as ineffective there, but did advocate flea-
hopper treatments more aggressively than some other areas of the state. Applications 
were to cease at least 10 days before bloom to allow beneficial insects to build up prior 
to the bollworm season (TAEX, 1976a). 

Cotton fleahopper control in Central and South Texas is practiced to shorten the pro-
duction season and avoid late season weevil, bollworm and tobacco budworm prob-
lems. The High Plains area has a weather-induced short growing season. Hence, 
farmers here can ill afford to lose their early crop to f1eahoppers. A low threshold of 
15 to 35 percent infested terminals was used until 1976 (TAEX, 1976b). 

The increasing difficulty of controlling organophosphate resistant tobacco bud-
worms and less than adequate management of bollworms encouraged state entomolo-
gists to retreat from the more liberal insecticide-use fleahopper control guidelines of 
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Table 2. Evolution of key cotton fleahopper control recommendations in Texas. 1 

Year 

1942 

1947 

1949 

1953 
1959 

1961 
1962 
1970 
1971 
1974 

1975 
1977 

Region 

State 

State 

State 

LRGV" 
Blacldands 

West Texas 
LRGV 
West Texas 
River Bottoms 
Gulf Coast 
River Bottoms 
Blacklands 
Blacklands 
Blacklands 
LRGV 

Recommendation 

ET2= 15-25 percent infested terminals. 
Sulphur dust. 
ET=25 percent infested terminals. 
Organochlorines. 
2-3 weekly applications early in area-wide program. 
Late season3 

ET=25-35 percent infested tenninals. 
ET=l0-15 percent infested terminals. 
ET=25 percent infested terminals. 
Carbamates and organophosphates. 
ET=l5-25 percent infested terminals. 
ET=15-35 percent infested terminals. 
ET=25-35 percent infested terminals. 
ET=35-50 percent infested terminals. 
ET=25-50 percent infested terminals 

ET=l5-25 percent infested terminals. 
ET=25-50 percent infested terminals. 
ET=15-25 percent infested terminals. 
ET=25-50 percent infested terminals and 15-25 percent 
square damage. 

705 

1978 West Texas ET=25-35 infested terminals and 15-25 percent damaged 
squares. 

1979 GnlfCoast ET=15-35 percent infested terminals. 
River Bottoms 

1987 Gulf Coast ET=15-25 percent infested terminals. 
LRGV 
River Bottoms 
Blacldands ET= 10-15 percent infested terminals. 

'Reconunendat ions from published Extension guides. 
'ET=economic threshold. 
'Late season=boll period. 
'Lower Rio Grande Valley 

the 1960s and elevate the economic threshold to 25 to 50 percent infested terminals in 
1971 (TAEX, 197la, 1971b, 197l c). However, the Blacklands could not afford to fol-
low these conservative guidelines and has maintained a lower threshold of 15 to 25 
percent dming most of this period (TAEX, 1974a). The return of adequate bollworm 
and budwonn control in 1979 with the introduction of the pyrethroids, eventually 
encouraged extension entomologists to lower thresholds to 10 to 15 percent for the 
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Blacklands (Robinson and Stewart, 1987), and 15 to 25 percent for the remainder of 
Texas, except West Texas, where a more conservative approach had evolved. 

Cotton produced in the weather-shortened growing season of the lligh Plains is par-
ticularly vulnerable to early fruit losses. But severe infestations of cotton fleahoppers 
are unconunon because of the scarcity of alternate spring hosts (Leser, 1986b). 
Fleahopper numbers are often low when cotton begins to square, requiring one or more 
generations to reach potentially damaging levels. This typically does not occur until 
after cotton has the fruit it can matme. This is particularly true of the d1yland acreage. 
Treatment levels are higher, set at 25 to 30 fleahoppers per 100 plant terminals since 
1970 (TAEX, 1970). Even these levels of fleahoppers sometimes fail to cause notice-
able losses, especially as the bloom period approaches. Square damage exceeding 15 
to 25 percent was added to the cotton f1eahopper number economic threshold in 1978 
to address this problem (TAEX, 1978d). 

The attainment of an early-season prebloom management system of both fleahop-
pers and boll weevils before bollworms appeared has been crucial to the management 
of bollworms and other late season pests. In spite of 63 years of often intense research 
efforts since the Texas Legislature appropriated funds to address the cotton fleahopper 
problem, management is still a controversial subject. Perhaps a greater knowledge of 
the cotton plant and its response to the insect will eventually bring understanding. 

Though there are risks in triggering secondary attacks of bollworms and tobacco 
budworms with insecticide treatments for cotton fleahoppers, entomologists generally 
agree that the risk of losing earliness due to cotton fleahoppers is the transcending con-
sideration. Earliness reduces much of the threat from these pests as well as from the 
boll weevil, even if insecticides are used to secure this earliness. 

Bollworm and Tobacco Budworm - Prior to the arrival of the boll weevil in 
1892, only sporadic damage was described from insects. Cotton leafworms, Alabama 
argillacea (Hiibner), aphids, and bollworms occasionally caused damage but most 
farmers ignored these infrequent problems. With a concerted insecticidal effort to con-
trol the boll weevil, bollworm problems appeared with greater frequency. This proved 
true with calcium arsenate and later with tl1e organic insecticides. Bollworm problems 
could develop suddenly, producing a tremendous amount of damage. Bolls were vul-
nerable to damage for a much longer period than hom the boll weevil. 

Texas' first extension guide recommended calcium arsenate dust for bollworm 
control. The product was to be applied every fi ve days until eggs and larvae were no 
longer found in the field (Table 3). These treatments were triggered by the economic 
threshold of 35 to 40 eggs or small worms found per 100 terminals (Siddall and 
Gaines, 1942). Calcium arsenate was only marginally effective, primarily on small 
larvae. This almost preventative-like approach all but insured that considerable 
acreage was targeted for treatment, even though knowledgeable entomologists were 
well aware that many times bollworm/tobacco budworm infestations caused little 
damage because of the great amount of biological control of eggs and small larvae 
that we now know occurs in untreated cotton (Wallcer et al. , 1978). Fortunately, it 
seems that many cotton growers ignored the calcium arsenate recommendation, and 
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the use of the material was restricted to areas that often experienced bollworm out-
breaks, such as the Brazos River Valley (Personal communication, J. C. Gaines, for-
mer entomologist and department head, Entomology Department, Texas A&M 
University, College Station, TX). 

By 1947, a DDT recommendation had been added to the guide. DDT was very 
effective for bollworms when applied against small larvae (TAEX, 1947). Not effec-
tive against boll weevils, DDT was added to those organochlmines that were effective 
for weevil control. It was recognized that these mixtures, applied on a multiple appli-
cation schedule, eliminated the beneficial insects that might suppress egg and larval 
populations from bollworm moths moving from maturing corn to canon. Hence, DDT 
was added as a bollworm preventative to each weevil insecticide application. In 1948 
the economic threshold was changed to 4 to 5 small worms per 100 tenni.nals inspected 
(TAEX, 1948). This tlu·eshold provided little improvement over that of 1942 but 
remained in place until 1972 with only minor revisions. The recommendation was 
expanded in 1949 with the addition of eggs to the wonn number threshold (TAEX, 
1949), perhaps to emphasize that without the threat of further infestation pressure, 
there was no need to spray these lower worm infestations. Five-percent square dam-
age was added to the worm threshold in 1956 (TAEX, 1956a). 

Organophosphates were added to the guides for aphid, cotton leafworm, and spider 
mite control by 1953 (TAEX, 1953a, 1953b), but were not routinely added to the 
organochlorine mixture for boll weevil control until boll weevil resistance appeared in 
1956. By the early 1960s, bollworms were no longer readily controlled by organochlo-
rines, and a five-day schedule was recommended to maintain control (TAEX, 
1961 a,b,c ). The 1963 guides first mentioned organochlorine resistant tobacco bud-
worms and provided separate comments for tobacco budworms and bollworms 
(TAEX, 1963a,b,c). In 1967, higher rates of the more expensive organophosphates 
were recommended (TAEX, 1967a,b,c). These compounds provided only short resid-
ual activity against small larvae and were much harsher on beneficial insects than the 
lower rates used for weevil control. Application intervals were often reduced. 
Suddenly the bollworm and tobacco buclwonn had become more important than the 
boll weevil as pests of Texas cotton. As the organophosphates were increasingly used, 
resistance in the tobacco budworm began to appear (Adkisson, 1965; Adkisson and 
Nemec, 1967). 

The resistance of the tobacco budwonn to all lGlown insecticides in the late 1960s 
and the concern that pesticides were contributing to the deterioration of the environ-
ment caused governmental agencies to assess the wisdom of relying solely on insecti-
cides for control of cotton pests. In 1972, p ilot stage integrated pest management 
(IPM) programs were established in the Lower Rio Grande Valley, Blacldands, Winter 
Garden, and Far West Texas areas (Frisbie and McWhorter, 1986). These programs 
provided the opportunity to test IPM practices and educational methods over a wide 
variety of agricultural systems. Starting with cotton entomology, IPM programs have 
evolved into multidisciplinary educational efforts to assist and train producers to prop-
erly manage all facets of production for cotton and several other crops. 
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Table 3. Evolution of bollworm and tobacco budworm management recommenda-
tions in Texas.' 

Year Region 

1942 State 

1947 State 
1949 State 
1952 LRGV3 

1953 State 
1956 State 
1969 State 

1972 State 

Recommendation 

ET'=35-40 eggs per 100 terminals or small worms found. Calcium 
arsenate dust every 5 days until eggs and worms gone. 
Organochlorines added. 
ET=4-5 small worms per 100 terminals. 
ET=4-5 small worms+ eggs per 100 terminals or 5-7 percent top 
square damage. 
Organophosphates added. 
Added 5 percent damaged fruit to ET. 
(A) Terminal ET=4-5 small worms + eggs or 5 percent square 
damage per 100 samples. 
(B) Whole plant ET=1,5 larvae per 10 row feet. 
(A) Prior to first insecticide application 

1. Prebloom-15-25 percent square damage. 
2. After bloom- 5-8 percent square damage. 

(B) After insecticide application. 
1. Eggs and 4-5 small worms per 100 terminals and 5 percent 

damage. 
2. 2 larvae per 10 row feet. 

1979 State Added microbial insecticides. 
1980 State Added synthetic pyreth.roids. 
1980 West (A) Preblooming ET=l5-25 percent square damage. 

Texas (B) After bloom. 
1. ET=S-10 percent square damage and less than 20 percent 

predator infested terminals. 
2. ET=4 worms/10 row feet. 

1981 West (B) After bloom 
Texas 1. Random whole plant method ET=5,000 small worms/acre 

and less than two predators per worm. 
1987 LRGV' (B) After insecticide: 6 to 10 young worms/100 terminals and five 

percent squares and small bolls damaged. 
1989 West Cluster scouting method substituted for 

Texas single random whole plant inspection. 

'Recommendations from published Extension guides. 
'ET=economic threshold. 
'Lower Rio Grande Valley 
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An extension IPM professional (Extension Agent-Entomologist) with at least a 
bachelor's degree (preferably a master 's degree), is headquartered locally to provide 
leadership for introducing the IPM concept to producers. The Texas Pest Management 
Association was established in 1977 as a statewide, producer-operated, non-profit 
organization dedicated to encouraging the implementation of pest management prac-
tices, coordinating statewide pest management activities, providing a mechanism for 
producer-operated scouting services, and to serving as a liaison between various state 
and federal agencies. Program acreage has expanded to include 2.3 million crop acres 
in 22 program areas across Texas. 

While field scouting and the use of economic thresholds are the highly visible com-
ponents common to all programs, they are by no means the only tactics utilized to 
insure the appropriate use of insecticides. The Texas short-season cotton production 
system is central to the success of IPM programs. The elements of this system include: 
(a) selection for rapid fmiting and early matming varieties; (b) planting dates, (c) nitro-
gen and irrigation water management; (d) host plant resistance for disease control; 
(e) crop rotation for nematode control; (f) conse1vation of beneficial arthropods, 
(g) use of pheromone trapping and predictive computer models such as MOTHZV; 
(h) weed management; (i) vegetative growth management with mepiquat chloride 
(PIX®); (j) use of harvest-aid chemicals for early crop termination; and, (k) stallc 
destmction and crop residue elimination (Frisbie et al., 1989). 

Educational methods used include either intensive individual field scouting or com-
munity survey programs where approptiate, use of print and electronic media and 
weekly newsletters to provide insect situation reports and management advice, tum-
row meetings to train producers in proper field scouting techniques, demonstrations to 
evaluate and facilitate adoption of new IPM technology, and economic evaluation of 
the IPM program. Texas programs have been very successful and have fostered the 
rapid development of the private consulting industry. Improved crop management pro-
moted by IPM programs has contributed to the successful management of boll-
worm/tobacco budworm and other cotton pests over the last 18 years. 

The first real improvement in the bollwonn/tobacco budworm economic threshold 
appeared in 1969 when the "row-foot" monitoring method was added as an alternative 
to the existing threshold choices (TAEX, 1969a,b,c). Whole plant inspections of five 
10-foot row sections in each field was advocated. Treatment was recommended when 
counts averaged 1.5 lmvae per 10 row-feet. This averaged about 2,000 larvae per acre 
and was similm- to the 4-5 larvae per I 00 terminal method in estimating economic 
thresholds at 2,000 to 2,500 larvae per acre. This threshold was increased to two lar-
vae per 10 row-feet or about 2,500 worms per acre in 1971 (TAEX, 197la,b,c). 

The lack of an adequate insecticide to address the resistant tobacco budwonn prob-
lem, the need for multiple applications of short residual organophosphates to combat 
the bollworm, and the devastation of beneficial insect populations by insecticides 
finally led to the first major breakthrough in bollworm/tobacco bud worm management 
since 1949. The 1972 guides recognized for the first time that there was a difference 
between fields that had been treated with an insecticide and those that had not (TAEX, 
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1972a,b,c). Two sets of economic thresholds that drew on this distinction were offered 
to cotton farmers. The 1972 guides further recognized that early, preblooming wmm 
damage could be compensated for and set a higher threshold of 15 to 25 percent square 
damage as the spray trigger. For blooming cotton, the threshold was lowered to 5-8 
percent square damage. This was increased to 8-10 percent in 1974 (TAEX, 
1974a,b,c,d). Once insecticides had been used and beneficial insects were no longer 
available to regulate bollworms and tobacco budwonns, the older thresholds were fol-
lowed. Above all, the extension service cautioned farmers to try to avoid treating boll-
worms until after blooms appeared. This provided at least a ten-day window from the 
last early-season application to the first needed bollworm spray, hopefully sufficient 
time for beneficial insect numbers to recover. 

Methyl parathion plus toxaphene became the most widely used spray mixture for 
bollworms and budworms. This lasted until the pyretlu·oids were first widely used in 
1979. It was recognized that under heavy infestations and high resistance, there was 
no chemical cure for the tobacco budworm problem. Abstinence, or at least restraint, 
appeared the best course. And for much of Texas cotton, perhaps 95 percent, this view 
was appropriate. In spite of the problems with the then current arsenal of chemicals, 
there were no easy-to-use alternatives when damaging infestations appeared. As early 
as 1964, state guides had added statements that the release of Trichogram111a or lady 
beetles had not proven to be an effective control method (TAEX, 1964a,b,c). This 
advice remains in the guides today. 

The MOTHZV computer model developed by Harts tack et a/. (1976) has been used 
in Texas for the last fifteen years to predict the occurrence of bollworm and tobacco 
budwonn eggs and larvae. MOTHZV is a heat-unit based model which utilizes 
pheromone trap catches to provide an area or county-wide prediction. This i.nfonna-
tion is utilized by extension entomologists to alert growers and consultants as to the 
need to intensify field scouting. The tinling of crop irrigations in relation to predicted 
peak oviposition by bollworm/tobacco bud worm moths is a crop management practice 
that has been recommended to growers for twelve years. (TAEX, 1979a). Termination 
of crop irrigation at least ten days prior to a MOTHZV predicted peak egg-lay is rec-
onunended to reduce plant attractiveness to bollwonn/tobacco budworm and to pro-
vide less favorable field humidity conditions for survival of eggs and newly hatched 
larvae. 

TEXCIMSO is the current version of a decision-aid computer model developed to 
provide pest management decisions based on the predicted cumulative economic 
losses from cotton fleahoppers, boll weevils, and bol.lworm/tobacco budworm 
(Hartstack and Sterling, 1989). Simulations for bollworm/tobacco budwonn can be 
initiated using pheromone trap catches and MOTHZV or field counts of eggs and lar-
vae. The estin1ated costs of pest damage can be used to evaluate the economic bene-
fits of natural and insecticidal control. While TEXCIMSO claims to be user-friend ly, it 
has not gained wide acceptance in the agricultural conununity. The time required to 
collect and enter the necessary data on an individual field basis discourages most crop 
managers from using the model. Perhaps the main benefit of TEXCIMSO is as a 
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research tool. Through the development, validation and implementation of this type of 
model, areas of weakness in our knowledge base can become evident. 

The microbial insecticides provided some promise of control without the destruc-
tion of beneficial insects. Entomologists discussed the use of Bacillus thuringiensis 
(Bt) and the commercial formulation of a nuclear polyhedrosis vi..t1ts, Elca.r®, in 
newsletters by 1978, recommending them officially the next year in the state guides 
(TAEX, 1979a,b,c,d). Microbials were most effective against low to moderate wonn 
numbers and when moderate to high munbers of beneficial insects were found. Results 
were inconsistent, with some good successes, but many resounding failures. These 
products were recommended before adequately researched for appropriate use pat-
terns. Fanners, consultants and state entomologists aWce, reluctant to disturb the deli-
cate balance that existed in a cotton field, often used microbials in place of the harsher 
organophosphates. After all , once organophosphates were used and beneficial insects 
were eliminated, boll worm management meant multiple sprays for the rest of the sea-
son. Little did they realize, as we shall discuss later, that field scouting coupled with 
realistic economic tlu·esholds could preclude this outcome. 

Microbials were widely and indiscriminately used. As a result of the attendant fre-
quent failures, most crop managers became reluctant to use these specialized materi-
als. This was unfortunate since they do indeed have a place in the management of 
bollworm/tobacco budworm. By 1982, research was demonstrating that the biological 
materials should be recommended only before blooms are present, recognizing the 
coverage problem with larger plants as well as the nature of bollworms to remain 
sequestered inside large cotton bolls . (Allen and Norman, 1982; Fuchs et a/. , 1982; 
Parker and Benedict, 1982; Turney et a/. , 1982). Microbials can be effective at an 
infestation level of up to 15 larvae per 100 terminals. A specific microbial section was 
added to the 1983 guides (Allen and Norman, 1983; Buxkemper et al., 1983 ; Cole, 
1983; Neeb eta/., 1983). Basically, it recommended the use of microbials in prebloom 
cotton for infestations of 6,000-10,000 small larvae per acre if beneficial insect num-
bers were high. Once pyrethroids were registered, microbial insecticide use plum-
meted to the extremely low levels that exist today. 

The addition of the ovicide chlordimeform (GaleCI·on®, Fundal®) to the guides in 
1974 provided yet another approach to combating organophosphate resistant boll-
worm/tobacco budworm (TAEX, 1974a,b,c,d). Texas did not recommend the use of 
ovicides alone. Methomyl (Lannate®, Nuclrin®) and thiodicarb (Larvin®) were later 
added as contact ovicides with the same use restrictions. Chlordimefonn was volun-
tarily removed from the market in 1977 but returned in 1980, and lasted until 1989, 
when it was withdrawn permanently from the cotton market. In later years, chlordime-
form was also recognized as a synergist for pyrethroids when these were used against 
pyrethroid resistant tobacco buclworms. Many Blacklands producers have been using 
ovicides since 1987 to forestall the need to use pyretlu·oids and minimize the risk of 
enhancing resistance and losing contro.l completely (Personal comm unication , Allen 
Knutson, Texas Agricultural Extension Service, Dallas). Not based on research, this 
approach may have resulted in many unnecessary applications. 
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Under the emergency use provisions of Section 18 ofFIFRA in 1977 and 1978, and 
with conditional registration in 1979, pyrethroid use reintroduced a level of bollworm 
and bud worm control not seen since the early days of DDT use. Much more expensive, 
these products had long residual activity and were effective against even larger larvae. 
These characte1istics made them widely accepted by state entomologists and farmers. 
A peliod of relative impunity from bollworm/tobacco budworm problems lasted until 
tobacco budwonn resistance resmfaced in 1986. By 1987, the cotton guides were 
addressing resistance management (Fuchs et al., 1987; Cartwright and Nmman, 1987; 
Robinson and Stewart, 1987). Resistance monitming using traps and the vial bioassay 
technique was initiated, and special resistance management guidelines were published. 
Essentially, pyrethroid use is discouraged early in the season and against pests other 
than bollworm/tobacco budworm or the pink bollworm. Pyretlu·oid applications are 
advocated only during the July generation of bollworms and budworms. Carbamates, 
organophosphates, and microbials are recommended at other times. This meant that 
pyrethroids were not to be used prior to first bloom and not late in the season. The short-
season cotton production system developed for boll weevil management is a very effec-
tive adjunct to this insecticidal approach. The resistance management program appears 
to be working thus far in preserving the effectiveness of the pyrethmids. 

West Texas reconunendations began to diverge from other a:reas of the state by 
1979. Extension entomologists observed that economic thresholds defined from 
Brazos River Valley small plot work dealt with mainly chronic, relatively low level, 
multi-generation bollworm problems. This was the situation that the 1949 economic 
threshold of 2,500 larvae per acre clearly addressed. But West Texas infestations gen-
erally occurred later in the boll maturation period. These were acute infestations of 
shorter duration. The 1979 West Texas guide increased the state reconunendation from 
two to four per 10 row-feet, the number of larvae necessary to initiate a treatment 
(TAEX, 1979a). This represented about 5,000 larvae per acre. The five-point field 
scouting method of 1942 was replaced with four quadrants per 100 acres with 25 
squares or tenninals examined in each quadrant. 

Recognizing the role of biological regulation of eggs and small larvae, entomolo-
gists integrated predator numbers more fully into the economic threshold during the 
boll period in the 1981 and 1982 guides (Leser eta!. , 1981; Fuchs eta!. , 1982). This 
eliminated the distinction of pre- and post- insecticide treated fields, which remains in 
other area guides today. West Texas guides advise producers that control measures may 
not be needed or that a microbial insecticide may be a more appropriate control mea-
sure when two or more key predators are found for each small larva or egg. These key 
predators include several species of spiders, the big-eyed bugs (Geocoris spp.), the 
damsel bugs (Nabis spp.), assassin bugs (Zelus and Sinea spp.), minute pirate bugs 
(Orius spp.), lady beetles (Hippodamia spp.), and green lacewings (Cinysoperla spp.) 

The development of annual, widespread bollworm problems in the High Plains area, 
starting in the 1970s, provided further impetus for area entomologists to refine exist-
ing econornic thresholds. The weakness of the row-foot method and square-damage 
teclmiques was apparent to several West Texas extension entomologists. The row-foot 
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method was too time consuming and did not appear to permit adequate, representative 
sampling of the whole field. The square- monitoring technique did not satisfactorily 
define the larval infestation, often underestimating its magnitude. Consequently, the 
row-foot scouting method for the boll period was augmented in 1981 with the random 
whole-plant method where individual dominant plants were inspected across the field; 
a minimum of ten plants were checked per quadrant (Leser eta/., 1981). The use of 
dominant plants permitted reasonable decisions with less sampling. The economic 
threshold was set at 5,000 small larvae per acre. This system has worked for several 
years on the High Plains and detects the frequent infestations that occur below the 
plant terminal. Numbers are expressed on a per acre basis rather than as percent 
infested plants. This compensates for probable errors resulting from plant densities 
varying between fields. 

The terminal checking method was added in 1983 mainly for the Rolling Plains area 
where terminal infestations are more the rule than the exception (Neeb et al. , 1983). A 
cluster method replaced the single dominant plant method in 1989. This sampling tech-
nique was developed from the research of Walters et al. (1990) where probabilities for 
accuracy for a given economic threshold also are presented. Sample units consist of 3-
5 clusters of consecutive plants at each field check point. Five such clusters are 
checked per field quadrant. The economic threshold has remained the same although 
experienced crop advisors often elevate it to 8,000-10,000 per acre with no indication 
of a problem. The key is the recognition that considerable numbers of bollworms can 
be tolerated without undue damage if the infestation is of short duration. Chronic infes-
tations are another matter and are not altogether adequately addressed by the current 
set of economic thresholds. 

Bollworm/tobacco budwonn management in Texas succeeded in isolating worm 
problems from the issues of early season fleahopper and boll weevil control and their 
consequences. Early season applications for overwintered boll weevils and fleahop-
pers are terminated with sufficient time to allow beneficial insects to repopulate before 
the bollworm and tobacco budwonn egg flurries begin. More conservative economic 
thresholds and reliable scouting techniques have reduced the use of insecticides while 
still preserving yield. Where the tobacco bud worm is a mid-season problem, the pyre-
throid resistance management program is followed by the majority of crop managers. 
The short-season cotton production system that has evolved for weevil management in 
Texas provides the rest of the tools necessary to manage bollworm/tobacco budworm 
successfully. 

Thrips- The status of thrips as a pest has vacillated from time to time, as much a 
product of changing management philosophies as to actual damage potential. Several 
species of thtips have been involved including tobacco thrips, Fronkliniella .fusca 
(Hinds); flower thrips, Frankliniella tritici (Fitch); and western flower thrips, 
Frankliniella occidentalis (Pergande). Recently the western f1ower thrips has been the 
more serious and extensive species. Control of thrips is firs t mentioned in the 1952 
Lower Rio Grande Valley guide where preventative sprays were recommended when 
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leaf silvering appem·ed (TAEX, 1952a). This corresponded with the prevailing philoso-
phy of preventative control for early season pests in general. In 1956, the state guide 
added phorate (Thimet®) seed treatments to the list of foliar insecticide treatments for 
em·ly season infestations of thrips, leafminers, aphids, and spider mites (TAEX, 1956a). 
At the same time, Lower Rio Grande Valley entomologists took a more conservative 
insecticide use approach to em1y season insect control and removed all preventative 
treatment recommendations from their guide (TAEX, 1956b). This corresponded with 
concerns for controlling organochlorine resistant boll weevils and with a general con-
sensus that em1y season treatments usually created more problems than they solved. 

By 1961, thrips control was suggested based on the mere presence of thrips at plant 
emergence in Texas areas other than the Lower Rio Grande Valley (TAEX, 196l a). 
Disulfoton (Disyston®) granules were added as an in-furrow application at planting 
with the realization that cool, wet weather could cause stand reductions. Even multi-
ple early season sprays were often observed to retard plant growth and squm·ing, a poor 
tradeoff for insect control. Phorate (Thimet®) was added by the Texas Agricultural 
Extension Service (1963a) as an in-furrow granular application recommendation for 
thxips control. 

A reaffixmation of preventative treatments was observed in 1964, even in South 
Texas. At-planting insecticides were listed in the table of insecticide recommendations 
for the first time and the very effective foliar organophosphate insecticide dicrotophos 
(Bidrin®) joined the ranks of control tools (TAEX, 1964a,b,c). The economic thresh-
old had changed little during the 20-year period since 1952. Thrips infested fields were 
treated either based on damage, presence of thrips, or both criteria. West Texas guides 
made a major change by removing all at-planting insecticides, preferring to rely on 
actual observed need rather than field history of problems (TAEX, 1971a). This change 
took place just before aldicarb (Temik®) was registered for use on cotton, the first 
truly effective at-planting systemic insecticide offered to farmers. Even the Central 
Texas guide stated a preference for treatments based on need over preventative at-
planting applications (TAEX, 197lb). 

The river bottom area of Central Texas was the only area still rec01mnending at-
planting insecticides for early season insect control in 1974, even though this advice 
had been removed from the insecticide table proper (TAEX, 1974a). Aldicarb was 
added with the warning that higher rates could cause bollworm problems. Clearly, the 
early research with aldicarb had shown the effectiveness of the material but at the same 
time noted the potential for increased bollworm problems. It was not recognized for 
another ten years that the higher rates initially tested were not needed to achieve thrips 
control, and that lower rates did not aggravate the bollworm situation. Accordingly, the 
1977 South Texas guide removed discussion of systemic insecticides entirely (TAEX, 
1977a). The underlying issue in all this, of course, was the persuasive argument of one 
of IPM's tenets, that insecticides should be applied only as needed, based on field 
scouting. Little did entomologists realize in those days that the onset of thrips damage 
can be so sudden in some areas that only preventative treatments could adequately 
address the problem. 
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Research was beginning to identify several areas of the state that did not benefit 
from thrips control (TAEX, 1978a,b,c). This included the Central Texas River 
Bottoms, Gulf Coast and Lower Rio Grande Valley. South Texas went so far as to elim-
inate thrips as a pest from the guide. During the period from 1979 to 1982, thrips were 
removed from the table of insecticide recommendations for the Central River Bottoms 
and Gulf Coast areas. Clearly the sentiment was against preventative treatments and 
early-season control of insects other than weevils and fleahoppers. After all, early-sea-
son thrips, leafminers, aphids and spider mites were viewed as minor pests-more an 
emotional problem than one with substance-with little research to show an economic 
advantage in their control. 

West Texas entomologists generally concurred with the rest of the state but could 
not completely ignore the fact that High Plains farmers were addressing thrips as a 
serious problem, treating over 500,000 acres with aldicarb (Temik®) (Leser, 1986a). 
Research tests by 1976 had showed little yield response from thrips control. Thrips had 
been relegated to minor pest status with damage often exacerbated by weather prob-
lems common during the emergence period on the Texas High Plains. But the research 
findings of Rummel and Quisenberry (1979) showed the faults of earlier tests, which 
based treatment timing on damage and not on actual thrips numbers. Treatments 
delayed until damage appeared did not result in yield increases while those applied 
prophylactically, before damage was evident, were successful in providing respectable 
yield increases. Clearly, entomologists had been misled by earlier faulty research. 
Increasing concern for what was now obviously a more serious pest led extension 
entomologists to add the first thrips economic threshold to the West Texas guide, uti-
lizing counts of 2-5 tlu'ips per plant during poor growing conditions as an action level 
(Leser et a/., 1981). 

Extensive tlu·ips control testing was clone between 1981 and 1986. Treatments tested 
included at-planting granular insecticides, seed treatments and foliar sprays based on 
damage, thrips numbers, or applied automatically (Leser, 1986a). These tests clearly 
demonstrated that preventative treatments were superior in providing yield increases, 
averaging 22 percent in irrigated production areas north of Lubbock. Other conclu-
sions drawn from these tests were: (a) wheat acted as a reservoir for thrips that move 
to emerging cotton as wheat matures; (b) planting dates influenced the juxtaposition of 
thrips moving from wheat to cotton; (c) aldicarb (Temik®) was the best of the at-plant-
ing insecticides; (d) higher rates of aldicarb (Temik®) and lower rates of phorate 
(Thimet®) and disulfoton (Disyston®) could cause considerable phytotoxic problems 
including a reduction in early set squares; and (e) moisture limitations in much of the 
dryland acreage often eliminated earlier advantages gained from thrips control. One 
other conclusion drawn from these studies was that there could be no yield response 
from insecticide treatments without damaging tlu·ips numbers. Many of the earlier 
tlu'ips control tests lacked sufficient thrips numbers to cause yield reductions. 

These findings led to the reintroduction of at-planting systemic insecticides into the 
West Texas guide in 1986 after a hiatus of 15 years (Leser eta f. , 1986). The Blacldands 
guide had already added at-planting systemic insecticides back into the thrips control 
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recommendations four years earlier (Turney et al., 1982). By this time it was recog-
nized that the Blacldands and High Plains areas were generally the only regions with 
damaging thrips problems. The large winter wheat acreage and coincidence of cotton 
emergence dates with wheat maturity is probably responsible. The Rolling Plains area 
has the wheat acreage but the use of a delayed planting date for weevil management 
places cotton emergence later than wheat maturity. Thrips simply are not a problem. 

Pink Bollworm - While calcium arsenate and sulphur appeared to be the answer 
for most cotton pests, the lack of an effective insecticide encouraged USDA and state 
experiment station entomologists to develop a cultural control strategy for the pink 
bollworm. This pest had invaded the substantial acreage of the Lower Rio Grande 
Valley in 1936 after an initial sortie in the limited cotton acreage at El Paso in 191 8. 
The second state cotton guide issued in 1947 reflected the cultural control research 
addressing the pink bollworm (TAEX, 1947). The state was divided into zones with 
planting dates and stallc destruction following harvest regulated by the county or the 
Commissioner of Agriculture. The adoption of the proposed post harvest cultural con-
trol practices was not possible until mechanical harvesters and stalk cutters were avail-
able, the same limitations facing entomologists waging a war against the boll weevil. 

The 1950s saw severe outbreaks of pink bollworms up into Central Texas. 
Insecticidal control was first advocated in 1949 with the arrival of the effective 
organochlorines, DDT and BHC (TAEX, 1949). Much of the control was realized 
from the destruction of the adult stage. Generally, insecticidal control was not recom-
mended unless winter carryover created a problem. Treatment of fields was advocated 
where rosetted blooms indicated a heavy infestation. Insecticides were to be applied 
on a weeldy schedule until cotton bolls opened. The 1953 Lower Rio Grande Valley 
guide first mentioned an economic threshold, recommending control when there were 
10 percent rosetted blooms or 200 larvae per acre prior to the boll setting period 
(TAEX, 1953a). Treatment was to be delayed until bolls were 20 days old if only five 
percent rosetted blooms or 100 to 200 larvae per acre were found. All other infesta-
tions were to be addressed when 10 to 15 percent of the bolls were infested. 

The 1959 economic thresholds were modified only slightly by elevating the pre-boll 
economic threshold to 500 larvae per acre, based on the new sampling technique 
where rosetted blooms were counted in 1500 feet of row in each field checked (TAEX, 
1959a). Harvest-aid chemicals were advocated to force open remaining bolls as an 
encouragement for early harvest and stallc destruction. By 1960, the economic thresh-
old had evolved to 350 larvae per acre or 10 to 15 percent infestation once bolls were 
present (TAEX, 1960a). Worm count criteria were used for the period prior to the 
appearance of bolls. New insecticides augmented the organochlorines for pink boll-
worm control with the addition of azinphosmethyl (Guthion®) in 1956 and carba1yl 
(Sevin®) in 1959 (TAEX, 1956b, 1959a). Except for the addition of monocrotophos 
(Azodrin®) in 1975, no new insecticides were listed until the synthetic pyrethroids 
were added in 1983 (TAEX, 1975a,b; Neeb et al. , 1983). 

The only area remaining with occasional problems with pink bollworms is Far 
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West Texas. The Lower Rio Grande Valley guide ceased to list the pink bollworm as 
a pest of cotton after 1976, following several years of only spotty problems (TAEX, 
1976a). The pink bollworm is a late season pest in Far West Texas. The goal there is 
to produce an early crop and then terminate by mid-September. Generally, the first 
three weeks of the boll setting period are addressed with insecticides when 10 to 15 
percent of the bolls are infested. Late infestations as high as 40 to 50 percent are not 
a problem in top bolls that will not mature. By 1983 the West Texas guide had added 
the lower economic threshold of 5 to I 0 percent for Pima cotton, distinguishing it 
from the less susceptible upland cottons (Neeb et al., 1983). Pheromone traps were 
also added as an early indicator of pink bollworm problems. Once moths are cap-
tured in traps, fields are to be inspected for rosetted blooms. Treatment is recom-
mended when bolls are 15-20 days old, using the 1953 Lower Rio Grande Valley 
guide recommendation. 

Cotton Aphids -By the time of the drafting of the 1948 guide, research had estab-
lished that the gamma isomer of BHC, one of the new organochlorines, would control 
cotton aphids (TAEX, 1948). The product was formulated as a dust and mixed with 
sulphur (for spider 1nite suppression) and DDT (for bollwmm control). BHC also con-
trolled boll weevils. This represented the first insecticide that could control aphids and 
be accepted by growers. Earlier, nicotine sulphate had been added to calcium arsenate 
for aphids, but this product was not widely accepted. Organophosphate insecticides 
were added in 1951 (TAEX, 1951 ). Initially, infestations were to be controlled when 
honeydew appeared (TAEX, 1949), but later, leaf curling was added as a damage 
symptom (TAEX, 1952a). By 1971, Texas guides were presenting a more restrained 
approach to insecticidal control of aphids, suggesting that beneficial insects generally 
hold aphid numbers below damaging levels (TAEX, 1971a,b,c). The 1979 West Texas 
guide went one step further, indicating that bollworm outbreaks were probable fol-
lowing insecticide applications targeting aphids (TAEX, 1979a). In truth, there were 
no data to support this statement, which had been added to further discourage what was 
perceived as unnecessary aphid control applications. 

In 1979, after a four-year hiatus from the last severe outbreak (Rummel, 1975), a 
serious, widespread aphid problem occurred in West Texas. These late season infesta-
tions have been an annual problem ever since. Statements to the effect that sooty mold 
and incomplete fiber development from aphid infestations could reduce fiber quality 
were added to the guide (TAEX, 1979a). By 1983, early insecticide screening trials 
against late-season aphid infestations in West Texas dry land production acreage indi-
cated yield reductions averaging 60 pounds of lint per acre would result from infesta-
tions above 50 aphids per leaf. At this time, very effective low rates of the insecticides 
dicrotophos (Bidrin®), disulfoton (Disyston®), and dimethoate (Cygon®) were avaii-
able for aphid control (Neeb et al. , 1983). 

Field monitoring currently consists of estimating the number of aphids per leaf by 
examining randomly selected mainstem leaves equally divided between the upper, 
middle and lower parts of the plant. Once aphid numbers reach 25 per leaf, infesta-
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tions usually increase rapidly to damaging levels (Leser, 1989). This management 
approach is not presently recognized officially in Texas guides. By 1986 it was clear 
that aphids were a major yield detractor in dryland cotton fields to the south of 
Lubbock. Since 1979 between 500,000 to 850,000 acres have been treated annually 
either as applications solely for aphids or as combinations with bollworm treatments. 
Control problems were experienced in 1988 and 1989, when infestations appeared in 
June prior to squaring, two months earlier than usual. The 1990 season brought unof-
ficial recommendations to increase insecticide rates to address a more insecticide-
tolerant aphid. 

Silverleaf Whitefly - This insect was recorded from cotton in the Lower Rio 
Grande Valley as early as 1946 (Russel, 1975), however, the firs t severe infestations in 
cotton were reported in 1990. Nmman et al., 1992 estimated the total impact of this 
pest on the overall cotton economy in the Lower Rio Grande Valley for 1991 was in 
excess of $73 million. 

Silverleaf whitefly attacks many vegetables and fruits such as cabbage, cucumbers, 
cantaloupes, and watermelons; thus in subtropical areas, such as the Lower Rio Grande 
Valley, it is able to maintain populations through fall, winter, and spring to infest cot-
ton through the spring and summer. This lack of a substantial host free period plus 
poorly timed and limited control measures have conttibuted to the tremendous out-
breaks in the Lower Rio Grande Valley (Riley and Wolfenbarger, 1993). Other pro-
duction areas (Far West, Gulf Coast, and Winter Garden) have experienced sporadic 
infestations, but damage to cotton has not reduced yields (Personal communication, 
John Norman, Texas A&M Extension Service, Weslaco). 

Recommendations for management of this apparently well established pest in the 
Lower Rio Grande Valley involve integrating several control tactics with primary 
emphasis on temporal and spatial separation of host crops. Specifically, Norman eta!., 
1993 suggest: (a) plant cotton early to avoid high infestation in the summer; (b) use 
resistant, tolerant, or non-preferred cotton varieties; (c) destroy old crop residues that 
harbor whitefly infestations; (d) avoid planting next to other crops infested with the 
pest; (e) delay planting fall vegetables until migrating whitefly populations diminish ; 
(f) adopt application technology that improves coverage to the leaf underside; (g) 
incorporate one to two percent oil or soap mixtures in high volume spray treatments; 
(h) use insecticides selectively to preserve beneficial insects; (i) alternate insecticide 
chemistries to delay/avoid development of resistance; and (j) consult extension service 
for effectiveness of insecticides and other treatments. 

Other Insect and Mite Pests - There are other pests of cotton that occasionally 
have created problems for Texas cotton farmers. They have been listed at various times 
in the cotton guides. These include cotton leafworm, Alabama m gillacea (HUbner) ; 
brown cotton leafworm, Acontia dacia Druce; plant bugs; spider mites; armyworms; 
cabbage looper, Trichoplusia ni (Hubner); the soybean looper, Pseudoplusia includens 
(Walker); several species of grasshoppers; cutworms; wireworms; garden webworm, 



INSECT AND TVllTE PEST MANAGEMENT IN THE SOUTHWEST 719 

Achym rantalis (Guenee); whiteflies; cotton square borer, Strymon melinus Hi.ibner; 
false chinch bug, Nysius raphanus Howard; and others too restricted geographically 
and of limited duration to really matter. 

Cotton leafworms were an old but serious pest of cotton prior to the use of calcium 
arsenate dust. Leafworms have received only limited attention in the development of 
state guides since 1942. Except for those rare years when leafworms have moved 
across Texas, causing extensive defoliation as far as the southern High Plains, leaf-
worms have been relatively minor pests. Insecticides have dealt handily with predom-
inantly late season, spotty leafworm infestations. 

Plant bugs have been a continual problem mainly for Blacldands cotton production, 
although occasional serious infestations have developed in the South Texas area as 
well. The tarnished plant bug, Lygus lineolaris (Palisot de Beauvais), is the eastern 
species attacking cotton in the Blacldands and South Texas. The western lygus bug, 
Lygus hesperus Knight, is the western species. Lygus can be particularly damaging 
because, unlike the fleahopper, even larger squ~res, blooms, and small bolls are vul-
nerable to attack. The 1947 guide recommended toxaphene and sulphur for their con-
trol (TAEX, 1947). By 1959, organophosphate insecticides were begiillling to be listed 
as effective Lygus control materials (TAEX, 1959a,b). 

Economic thresholds for plant bugs have evolved since first introduced in the Lower 
Rio Grande Valley guide in 1952 (TAEX, 1952a). The economic threshold of 10-12 
bugs per 100 squares that year lasted until replaced by the 1954 threshold of 8-10 per 
100 sweeps (TAEX, 1954a,b). This threshold persisted until 1971 when an early bloom 
economic threshold of 10 bugs per 50 sweeps and a late season threshold of 20-30 
bugs per 50 sweeps were added (TAEX, 1971a,b,c). Nymphs are counted as two bugs. 
These guidelines promoted a much more conservative insecticide use approach than 
the earlier treatment recommendations. Today the Blacldancls area has a combination 
economic threshold for both f!eahoppers and Lygus. A considerable arsenal of 
organophosphate and carbamate insecticides have been added since 1959 (Cole, 1988; 
Leser et ol. , 1988; Norman, 1988). 

Spider mite problems have invariably been regarded as the consequence of insecti-
cide applications targeting other pests. The mite problem persists today where multi-
ple applications of most synthetic pyrethroids can induce the development of later 
season spider mite problems. Two species are generally recognized, the carmine spi-
der mite, Tetranychus cinnabarinus (Boisduval), and the twospotted spider mite, 
Tetronychus urticae Koch. The reel spider mite, first identified as the desert spider 
mite, Tetranychus desertonrm Banks, was the earliest recorded problem mite in Texas. 
This may have been a mis-identification since the desert spider mite and the currently 
recognized two species of mites can have red coloration and are not easily distin-
guished from each other. Regardless of species involved, these earlier mite problems 
were avoided by adding sulphur dust to calcium arsenate applications (TAEX, 1947). 
Aramite®, parathion, methyl parathion, malathion, and Systox® were soon added 
(TAEX, 1951; 1952a,b,a,b). Twospotted spider 1nites were addressed for the first time 
in the 1954 state guide (TAEX, 1954b). 
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Prior to 1966, the only changes in 1nite control recommendations were the addition 
and deletion of particular miticides. The 1966 guide covering the Blacklands and 
Central River Bottom areas mentioned resistance problems for the first time (TAEX, 
1966a). By 1968, monocrotophos (Azodrin®) had been added to address control 
problems (TAEX, 1968). In 1979, state guides recognized that hot, dry, dusty condi-
tions or elimination of beneficial insects with insecticides often led to mite problems 
(TAEX, 1979a,b,c). In general, no economic thresholds have been developed for 
these pests, and with the loss of monocrotophos (Azodrin®) in 1989, only bifenthrin 
(Captme®) and avermectin (Zephyr®) are available for effective, but very expensive 
mite control. 

Armyworms, consisting of the fall armywotm, Spodopteraji·ugiperda (J. E. Smith); 
yellowstriped armyworm, Spodoptera ornithogalli (Guenee); and beet armyworm, 
Spodoptera exigua (Hubner), have long been recognized as mainly foliage feeders. As 
such, state entomologists chose to ignore most infestations. Until an economic thresh-
old of 10 to 20 percent infested plants wa~ added to the West Texas guide (TAEX, 
1971a), beet mmyworrns had been treated like any other armyworm i. e., treat on an as 
needed basis. But this was dropped the next year, 1972. Following widespread, devas-
tating beet armyworm problems in West Texas in 1980, it was recognized that this pest 
could feed on terminals, squm·es, blooms and bolls (Leser, 1986b). This resulted in the 
only significant management change for armyworms to date. Taking into account the 
relatively unimportant and high degree ofleaffeeding by beet armyworms, West Texas 
entomologists set the mmyworm economic threshold at 20,000 larvae per acre, four 
times higher than the bollworm economic threshold (Leser et al. , 1981). This was 
amended in 1984 to require at least 10 percent of the plants checked to be infested to 
avoid sampling problems resulting from the very clumped distribution of armyworms 
(Boring et al., 1984). The addition of thiodicarb (Larvin®) in 1987 provided an effec-
tive material for armyworm control (Fuchs eta/., 1987). 

Formerly, sudden appearance of some unexpected pest during one year precipitated 
a quick response at the fall guide revision conference with the listing of this new pest 
in the following yem·'s management guide. These new pest listings rarely were accom-
panied with meaningful management advice, and control suggestions were often pred-
icated on excessive damage. Usually ephemeral (short term), these pests often failed 
to appear in subsequent years. Recent years have seen a more prudent approach to the 
appearance of new pests. Rm·ely m·e these new, occasional pests listed in guides with-
out sufficient data to support appropriate management recommendations. 

OKLAHOMA RECOMMENDATIONS 

IDSTORICAL BACKGROUND 
Cotton production has been a major cash crop in Oklahoma since the state's con-

ception as Indian and Oldahoma territories. Maximum planted acreage within the state 
reached 5.4 million acres in 1925. However, by the end of the next decade, cotton 
acreage had dwindled to 1.9 million acres, which was largely due to drought (i.e., 
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1930, 1934, 1935 and 1936) and the inability of the producers to control cotton pests, 
primarily the boll weevil. Cotton acreage continued to decline dming the next 40 
years, bottoming out in 1983 with only 320,000 planted acres. Since the PIK (Payment 
In Kind program) year of 1983, planted acres have ranged between 350,000 and 
420,000 acres annually with production concentrated in the southwest quarter of the 
state (Anonymous, 1982). 

Prior to the anival of the boll weevil in 1905, the bollworm was the dominant but 
sporadic pest. Heavy infestations of bollworms with concunent significant yield losses 
were reported from Texas, Oklahoma, and the Indian Tenitory from 1903 to 1906 
(Bishopp and Jones, 1907). In 1905 the Oldahoma Territorial Legislature attempted to 
prevent establishment of the boll weevil north of the Red River by imposing a quar-
antine that prohibited the importation of cotton seed, seed hulls, and sacks from neigh-
boring states. These efforts failed, however, for in the summer of 1905, boll weevils 
appeared in fields along the railroad tracks near Caddo, in Byran county (southeastern 
Oklahoma). By 1915, the weevil had covered the entire state (Sanborne et al., 1935). 
For the most part, damaging infestations of boll weevils remained in the eastern two-
thirds of the state until the late 1950s. 

The shift in cotton acreage from Eastern Oldahoma to the southwest quarter of the 
state was due, in part, to the farmer's attempts to escape the ravages of the boll weevil 
as well as to the economic advantage cotton enjoyed over alternative crops. Semi-arid 
conditions and lower winter temperatures enhanced boll weevil mortality and reduced 
the overall loss annually inflicted by weevils compared to losses in the higher rainfall 
areas of eastern Oklahoma. 

The Oldahoma cotton industry lost over 438 million dollars in the 16-yea.r period 
between 1916 and 1932. Most of this could be attributed to the boll weevil (Sanborne 
et al. , 1935). Without the efforts of the Oldahoma Cooperative Extensive Service in the 
introduction of cultural practices and the demonstration of the usefulness of calcium 
arsenate, the losses could have been much greater. Still , the lack of personnel, travel 
limitations, and poor communications hindered the adoption of these practices. There 
was only one extension entomologist for the entire state during this period (1917-1961) 
and this person, Charles Stiles, had responsibilities in all areas of entomology. 

An increased incidence of cotton aphid and bollworm outbreaks was observed when 
arsenical dusts were used during the early attempts at controlling the boll weevil. 
Sulphur and nicotine dust were added to arsenical dusts in an effort to reduce these sec-
ondary pests. While the success of these early insecticide applications was limited, 
producers saw the merit of controlling cotton pests, and broadened the use, and per-
haps areawide abuse, of insecticides as more efficacious products became available 
after World War II. 

The Cooperative Extension Service was a separate entity of the university 
(Oldahoma State University) until 1964 when all state extension specialists were 
realigned and placed within the appropriate departments. This administrative action 
improved the interface between research and extension, allowing more collaboration 
to solve the problems facing the cotton producer in Oklahoma. In 1969, the state 
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finally answered the cries for help from the cotton industry and hired the first area 
extension entomologist, Eldon Cleveland, at Cordell in southwestern Oldahoma. 

INSECT AND MITE PROBLEMS IN OKLAHOMA 
Major pest problems in the state are the boll weevil, bollworm/tobacco budworm 

and cotton fleahopper. Sporadic pests include thrips, cotton aphids, armyworms, spi-
der mites, grasshoppers and loopers. Most years, the boll weevil is rest:r!cted to the 
southern tier counties (Harmon, Jackson, Tillman, Greer and Kiowa) because of cli-
matic constraints. The bollworm infests the entire state, but annually causes the most 
damage in inigated cotton concentrated in Jackson, Harmon and Tillman counties. The 
cotton fleahopper infests the entire cotton acreage and causes the greatest damage in 
late-planted cotton. 

Boll Weevil - Successful management of the boll weevil is the key to developing a 
workable management system for Oklahon;ta cotton insect and mite pests. Cultural 
practices have been emphasized for weevil management since approximately 75 per-
cent of the total state cotton acreage is produced under dry land conditions in a semi-arid 
climate. With a relatively low yield potential, farmers of this dry land cotton area can not 
afford a large insecticide input. Adoption of cultural practices developed in the 1930s 
continues to be stressed. Throughout the 1950s, extension personnel recommended 
early uniform planting dates followed by timely stalk destruction after harvest. 

Cunent management practices exploit the weakness of the boll weevil. Much of the 
changes in strategies to reduce or delay boll weevil infestations have been the result of 
agronomic advancements made over the last 20 years. Probably the two advances mak-
ing the most impact have been the introduction of high-yielding, fast-maturing varieties 
and the use of harvest aids (desiccants, defoliants and plant growth regulators). These 
practices have shortened the length of time the crop requires protection from damaging 
insects and reduced the chance of accelerating resistance to insecticides. Harvest aid 
chemicals also reduce oviposition sites as well as the food supply that emerging wee-
vils need to accumulate sufficient fat reserves to overwinter successfully. 

Due to the uncertainties of weather and a limited growing season, the delayed, uni-
form planting date has never been widely accepted as an alternative to insecticidal con-
trol for overwintered weevils in early squaring cotton. Diapause boll weevil control 
applications of insecticides applied with a harvest -aiel chemical have lilcewise met with 
only limited acceptance. Tl1e reasons for their limited success include: (a) lack of wide-
spread organized support such as that associated with the West Texas Diapause Control 
Program, (b) limited use of harvest-aid chemicals especially in low input dryland cot-
ton, and (c) the high mortality of boll weevils during years with harsh winters. 

Besides in-season insecticidal control of boll weevils, the application of an insecti-
cide for overwintered weevil control prior to bloom, and timely, post harvest stalk 
destruction are the most widely used practices within the state. Boll weevil pheromone 
traps are used for surveillance and to help determine weevil emergence and proper 
application timing to prevent weevil establishment in early-planted fields. 
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Prior to the introduction of organochlorine and organophosphate insecticides, the 
weevil economic threshold was set low, insuring that most of the infested fields that 
were treated received scheduled applications throughout the season (Table 4). As more 
effective tools in the form of organochlorine insecticides became available after World 
War ll, Oldahoma producers fully employed the full-season spray programs that were 
being endorsed and promoted by chemical companies. During this peiiod of cheap 
chemical control, cultural practices for insect control were deemphasized in favor of 
production practices emphasizing long season varieties and increased fertility to pro-
mote high yields. The extension service advocated a more conservative insecticide use 
approach by increasing the economic tlu-eshold in 1950 to treat either when one or 
more weevils were found per 100 feet of row or when 25 percent of the squares were 
infested. By the mid 1960s, insecticide resistance was causing problems in controlling 
both bollworms and boll weevils. The economic threshold was modified to 15-25 per-
cent infested squares, where it remains today. The resistance problem reemphasized 
the importance of pinhead square insecticide applications for overwintered boll wee-
vils in the traditional weevil infested areas. 

Bollworm and Tobacco Budworm -The bollworm continues as a sporadic pest 
of dry land cotton. However its status has changed over the years as production prac-
tices emphasizing high yields were adopted for irrigated cotton. Prior to 1950, there 
was no exact economic threshold on which to base spray or dusting decisions. All rec-
ommendations dealt with control intervals, recognizing that most larval infestations 
would be controlled with insecticide applications for weevils. Determination of larval 
density was not regarded as important or necessary. 

The first econornic threshold of 4-5 bollworms per 100 terminals appeared in the 
1950 state insecticide recommendations (Table 4). By 1955, the threshold had been 
expanded to include the presence of eggs and 5 small larvae. Perhaps the addition of 
eggs to the economic threshold was an attempt to recognize the cyclic nature of the 
bollworm and to emphasize that without additional oviposition, light larval infesta-
tions need not be treated. Detection of bollworms is the key to the success or failure of 
the economic tlu·eshold concept. To help alleviate the difficulty associated with scout-
ing and detection of small larvae, the economic tlu·eshold was modified in 1960 to 
include infested squares. 

Spray interval recommendations over the years have changed from a 3-5 day inter-
val to as needed. The reason for this change was the arrival of the synthetic pyrethroids 
in the late 1970s, at a time when the other insecticides had lost much of their former 
activity clue to bollworm/tobacco budworm resistance. Standard insecticides or mix-
tures relied upon during the mid 1970s were 2-1 toxaphene + methyl parathion. EPN 
was occasionally added to the formulation for bollworms and azinphosmethyl 
(Guthion®) for boll weevils. A formulation containing ethyl-methyl parathion (6-3) 
was also used by many producers. Reducing the spray interval and increasing the 
dosage rate did not give satisfactory bollworm control once resistance became widely 
established (Personal communication, Jerry Young and Richard Price, Oldahoma State 
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Table 4. Evolution of key cotton insect control recommendations in Oldahoma'. 

Year Recommendation 

Boll weevil 
1935 In-season weevil control. Late season controF= 10 percent punctured 

squares. Calcium arsenate dust. 
1950 Overwintered weevil control. At l/3rd grown squares, ET3=l or more wee-

vils found per 100 feet of row. Late season control, ET=25 percent punc-
tured squares. Organochlorines. 

1965 In-season control, ET=l5 to 25 percent punctured squares. 

Bollwmm 
1950 ET=4 to 5 worms per 100 tenninals. 
1955 ET=5 worms+ eggs per 100 terminals. 
1960 ET=5 small worms and eggs pt~r 100 terminals or 10 percent infested 

squares in July or 5 percent infested squares in August. 
1988 ET=10 small worms and eggs per 100 terminals for prebloorning cotton and 

cotton after Sept. lOth. 

Cotton Fleahopper 
1950 Preblooming cotton, ET=25 fleahoppers per 100 terminals. 
1975 Preb1ooming cotton, ET=40 fleahoppers per 100 terminals. 
'Recommendations from published Extension gu ides. 
'Late season=boll period. 
'ET=economic threshold. 

University, Stillwater). Routine field scouting coupled with the improved control 
achieved with the pyrethroids has allowed insecticide applications to be applied only 
as needed. 

The average insecticide application interval for control of bollworm/tobacco bud-
worm in cotton enrolled in the Oklahoma Cotton Improvement Association scouting 
program has increased to 17 days in 1986 and 15 days in 1987 (Stoll, 1987). Overall, 
insecticide applications have been greatly diminished in Oklahoma in the last 15 
years. Part of the success of widening the spray interval was due to the addition of 
the ovicide chlordimeform (Galecron®, Fundal®) to the state recommendations in 
1974. Oklahoma did not recommend the use of ovicides alone. Methomyl 
(Lannate®, Nudrin®) and thiodicarb (Larvin®) were also added as contact ovicides 
with the same restriction. Chlordimeform was widely used during the period it was 
available to cotton producers-much of its usage was with the pyrethroids and other 
insecticides to control bollworm/tobacco budworm. In many situations, chlordime-
form was applied with insecticide applications targeting secondary pests to reduce 
the chance of a bollworm outbreak. The widest use of Bacillus thuringiensis (Bt) has 
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been in conjunction with chlordimeform for bollworm control in dryland cotton. 
Success of these tank mixtures is dependent upon proper timing of the application. 
The higher cost of the microbial tank mixtures has limited their use, since insecti-
cides such as the pyrethroids could be applied for less money. 

Resistance resurfaced across the Cotton Belt in 1986. Although no control diffi-
culties have resulted in Oldahoma, resistance to the pyretlu·oids in Oklahoma was 
confirmed in 1987. A resistance management section was added to the extension 
guide in 1988, and resistance monitoring using the Texas A&M University vial tech-
nique was initiated (Plapp, 1988). Economic thresholds were modified by eliminat-
ing percentage square damage and focusing on detection of bollworm larvae. The 
tlueshold was increased to 10 small larvae and eggs present per 100 terminals for 
preblooming cotton and for cotton after September lOth in an effort to reduce the 
number of early and late pyrethroid applications. Use of alternative insecticides of 
different chemistries is encouraged during these periods with pyrethroid usage lim-
ited to July and August. This works well for Oklahoma because these months repre-
sent the two peak activity periods for the bollworm, a pest still easily controlled with 
pyrethroids. 

A major constraint for relying on beneficial insects for the control of 
bollworm/tobacco bud worm has been the lack of knowledge on the level of protection 
a certain density of predators would confer. Collops beetles and lady beetles are the 
two most common predators in Oklahoma cotton fields. According to Young and 
Wilson (1984), when densities reach or exceed 0.9 beetle predators per row foot, the 
field will be protected from bollworm damage. 

Cotton Fleahopper - Research conducted by the Oldahoma Agricultural 
Research Station between 1936 to 1945 showed the cotton fleahopper seldom caused 
significant yield reductions that would justify control costs. Extension recommenda-
tions implied that control losses would result only in those areas of the state where 
heavy infestations of boll weevil and cotton fleahoppers were found together (Brett et 
a!. , 1946). The controversy surrounding the cotton fleahopper and its potential to delay 
maturity continued, and in 1951 , a fleahopper section was added to the cotton insect 
recommendations (Personal communication, 1988, Newt Flora, Cooperative 
Extension Service, Oldahoma State University, Stillwater). 

Unlike the rest of the cotton producing states which over the past 15 years have 
emphasized the importance of early season insect control, Oldahoma recommenda-
tions have increased the economic threshold for cotton fleahoppers from 25 per 100 
terminals in 1950, and subsequently to the ctment threshold of 40 per 100 terminals 
(Table 4). In many cases, control of marginal cotton fleahopper infestations had pre-
disposed fields to later bollworm damage. Much of the square shed attt·ibuted to flea-
hoppers has been caused by environmental stress related to Oldahoma's climate 
(Molnar, 1975). Increasing the economic threshold for fleahoppers reduces insecticide 
use thereby conserving the beneficial insect population. This is an essential component 
of the Oldahoma cotton insect management approach. 
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Other Insect and Mite Pests - There are other pests of cotton that Oklahoma pro-
ducers may occasionally have to address. These insects may cause annual, isolated 
damage or sporadic widespread damage. These other pests include thrips, spider mites, 
armyworms, grasshoppers and cotton aphids. They are listed in the state insecticide 
recommendations. 

NEW MEXICO RECOMMENDATIONS 

HISTORICAL BACKGROUND 
Cotton was first planted in New Mexico in 1918 with harvested acres totaling 

97,000 by 1927. This acreage was clue largely to the Elephant Butte Irrigation project 
of 1919 located along the Rio Grande River between the cities of Truth or 
Consequences, New Mexico and El Paso, Texas (Hauter, 1928). The Rio Grande 
(Mesilla) Valley in south central New Mexico has continued to be one of the four 
major cotton producing areas of the state. The other areas include the Far West region 
in the southwest corner, the High Plains along the eastern border adjoining Texas, and 
the Pecos Valley immediately to the west of the High Plains. 

Statewide, cotton emerged early as one of the major cash crops; however, the total 
number of acres planted to the crop is small compared to Texas and Oklahoma. A "see-
saw" cotton production pattern has been the case with a state record of 315,000 acres 
in 1953 and a low of 58,100 acres harvested in 1983 (New Mexico Department of 
Agriculture, 1962, 1989). Intervening years saw acreage fluctuate between 200,000 
and 70,000 acres. Government programs have been the primary factor influencing 
state cotton acreage. Bollworm/tobacco budworm control difficulties were encoun-
tered during the late 1960s and early 1970s. This further contributed to the acreage 
decline precipitated by government programs. The pink bollworm was also a major 
pest in the southern-most counties during this period. Cotton acreage has made a mod-
est advance in the late 1980s in response to record yields and higher prices, reaching 
85,200 harvested acres in 1989. 

INSECT AND MITE PROBLEMS IN NEW lVIEXICO 
Major pest problems in the state are very similar to Texas, except for the absence of 

the boll weevil. Important pests are the bollworm, pink bollworm, cotton fleahopper 
and other miricls (plant bugs), early season tlu·ips, and, recently, the cotton aphid. Other 
sporadic pests include: spider mites, stinkbugs, beet armyworms, cutworms, grasshop-
pers and leafworms. The importance of pests varies geographically. The cotton flea-
hopper and other m.i.rids can be important in all state production areas and their 
management can have a profound effect on the development of later pest problems. 
Thrips are primarily a problem in the High Plains, Pecos Valley, and Far West areas. 
Bollworms are a major concern for most of the state while the tobacco budworm, an 
insect with a propensity for resistance, is not important in any area. The cotton aphid 
has only recently been elevated to major pest status and then only in the eastern part 
of the state that adjoins the Texas High Plains. 
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Cotton Fleahopper and Other Mirids - The cotton fleahopper, whitemarked 
fleahopper, Spcmagonicus albofasciatus (Reuter), and plant bugs [especially pale 
legume bug, Lygus elisus Van Duzee; western lygus bug, Lygus desertinus (Knight); 
and tarnished plant bug] can be both mid- and late-season pests throughout the state 
(Ward, 1985; Wilborn and Ellington, 1984), but tend to be of less importance in the 
Far West production area. The eastern part of the state is very similar to the Texas High 
Plains, with the cotton fleahopper the primary pest. 

Long-time observers of the cotton pest problems in the Pecos Valley production area 
indicated that damage from these pests is frequently ignored or considered as a minor 
problem when in fact they cause general economic damage in 8-9 years out of ten 
(Personal communications, Bill Campbell, Ag Products, Inc., Artesia, New Mexico and 
Carl E. Barnes, New Mexico State University, Agricultural Science Center, Artesia). 
Early loss of fruit from these pests also probably encourages farmers to try to produce 
a late crop of bolls when they discover that their yield potential is below expectations 
in the latter part of the season. Lygus problems in late season are sporadic, occurring one 
out of every five years (Ward, 1985). They may be associated with alfalfa hay cutting, 
but this has not been documented for New Mexico. Entomologists differ greatly on the 
importance of rnirids in the Rio Grande Valley and Far West areas. The whitemarked 
fleahopper is also present in these areas as well as in the Pecos Valley (Ward, 1985). 
This species is believed to be involved in early-season fruit losses. 

As in Texas, sulphur dust in 1942 and then DDT and sulphur dust mixtures in 1947, 
were the early products of choice for controlling these pests. Eyer and Medler (1942a, 
l942b) tested insecticidal dusts on plant bugs during this period. Prior to the first 
extension service guides, there is no record available on any economic threshold 
adjustments made during these years, when it was recognized that bollworm problems 
often followed fleahopper applications. Although the importance of sampling was rec-
ognized (Moore, 1950), the first published guide in 1951 (NM A&M, 1951) placed 
heavy emphasis on automatic dust and spray applications of the organochlorine insec-
ticides DDT, toxaphene and gamma BHC, for both early and late season pests. To a 
large extent these treatments were recommended to be made on a five- to seven-day 
schedule for fleahoppers and Lygus spp., beginning at the four leaf stage or earlier if 
necessary (Table 5). As with earlier Texas recommendations, these early-season 
insects were to be controlled on a community or countywide basis. The larger the area 
treated, the greater the benefits accrued. The last application was to be made 30 days 
prior to the usual appearance of the bollworm thereby allowing beneficial insect num-
bers to rebound. In spite of the bollworm concern, late season plant bugs (Table 6) 
were to be controlled when the economic threshold of 8-10 insects captured per 100 
sweeps was reached (NM A&M, 1951). 

The reference to an areawide early season program was removed in 1953. Other rec-
ommendations were left unchanged (Swoboda, 1953). John Durkin (1961) replaced 
the recommendation for automatic early-season sprays for fleahoppers in 1961 with 
the economic threshold of 6-8 fleahoppers or Lygus per 100 sweeps with a 15 to 16-
inch diameter insect net. Coppock (1962) provided separate economic thresholds the 
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next year for the fleahopper (15 to 20 per 100 sweeps) and for Lygus (6 to 8 per 100 
sweeps). This change may have been a response to research conducted by Race (1960) 
on sampling techniques. These guides included mixtures of organophosphates and 
organochlorines as recommended treatments for plant bugs and most other insects. 

The sampling vmiability encountered using the sweep net for monitoring fleahop-
pers was recognized in 1973 by changing the economic threshold to 15-20 fleahoppers 
per 100 plants, with sampling to include terminals and small squm·es (Durkin, 1973). 
No further changes in threshold were made until1984 when an economic threshold of 
15 to 20 percent infested plants was coupled with square-set falling below 75 percent 
(Bozeman, 1984). The last change was to suggest sampling terminals rather than 
whole plants, with the range of infested terminals increased to 15 to 25 percent (Wm·d, 
1991a). This is the same fleahopper economic threshold used in West Texas . (Bming 
eta!., 1989a). 

Until1962, fleahoppers and Lygus were considered equal in damage potential dur-
ing the early part of the season (Coppock, 1962; Swoboda, 1953). The late-season 
Lygus economic threshold was lowered in 1953 from 8-10 to 7-10 insects per 100 
sweeps. Coppock (1962) also introduced the concept of doubling counts of nymphal 
Lygus in determining the economic threshold. In 1966, Durkin (1966a) added the cau-
tionary note that insecticide treatments for mirids could result in bollworm problems. 
Durkin (1973) made another significant adjustment of the late-season economic 
tiu·eshold in 1973 by raising it to 25-30 Lygus per 100 sweeps, coupled with 20 per-
cent large square and/or young boll injury. The latter criterion was removed in the 1980 
guide (Durkin and Gholson, 1980). Wmd (1982) also advised that during late season, 
an ovicide should be added to any insecticide application for Lygus if 10-15 bollworm 
eggs per 100 terminals were found. 

Bozeman (1984) presented a single, season long economic threshold of 6-8 Lygus 
per 100 sweeps, counting nymphs as two, paired with a square set reduced below 75 
percent. Combining mid- and late-season thresholds was an error, which was corrected 
in 1989, (not published until1991) by adding a late-season recommendation (Ward, 
199la, 1991b). Sweep counts for both mid- and late-season are the same as those used 
in Texas (Boring et al. , 1989a). However, the mid-season economic threshold for 
whole-plant counts remains as an alternative. In both cases, nymphs are counted dou-
ble and the tiu·esholds must be exceeded on two consecutive sampling dates four to 
five days apart. Also, a weighted combined economic threshold is recommended if 
both fleahoppers and Lygus bugs are present in the same field . 

Bollworms - Since the boll weevil has never appeared at economic levels, the 
major late-season pest in New Mexico has been the bollworm. Although the tobacco 
budworm was considered to be involved in the apparent resistance problems encoun-
tered in the late 1950s and em1y 1960s, few documented reports of infestations of this 
species can be found. The bollworm bas been of major economic concern in the Pecos 
Valley in about one out of every three yems since the 1950s with from 3 to 6 insecti-
cide applications made during peak years (Ward, 1985). 
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Table 5. Evolution of key fleahopper control recommendations in New Mexico.' 

Year Recommendation 

1951 2-3 weekly insecticide applications beginning at 4-leaf stage or earlier in 
area-wide program. Late season ET"=8-10 fleahoppers per 100 sweeps of a 
16 inch net. 

1953 Removed mention of area-wide programs. 
1961 ET=6-8 per 100 sweeps; treat at 5- to 7-day intervals. 
1962 ET=15-20 per 100 sweeps. 
1973 ET=15-20 per 100 plants (terminals & small squares). 
1978 ET=15-20 fleahoppers per 100 plants. 
1984 ET=15-20 percent infested plants; and square set drops below 75 percent. 
1991 ET=15-25 percent infested terminals and square set drops below 75 percent. 

'Recommendations from published Extension guides. 
'ET=economic threshold. 

Table 6. Evolution of key Lvgus control recommendations in New Mexico.' 

Year 

1951 

1953 

1961 

1962 

1973 

1984 

1991 

Timing 

Early-season 

Late-season2 

Early-season 
Late-season 
Early-season 
Late-season 
Mid-season 

Late-season 
Mid-season 
Late-season 

Mid-season 
Late-season 
Mid-season 

Recommendation 

2 to 3 insecticide applications beginning at the 4-leaf stage or 
earlier if necessary. 
ET3=8-10 Lygus taken per 100 sweeps of a 16 inch net. 
Same as 1951. 
ET=7-10 Lygus taken per 100 sweeps of 15- or 16 inch net. 
ET=6-8 Lygus per 100 sweeps, treat at 5-7 day intervals. 
ET= 7-10 Lygus per 100 sweeps, treatment at 5-7 day intervals. 
ET=6-8 Lygus per 100 sweeps, treat at 5-7 day interval. Count 
nymphs as two. 
ET=7-10 Lygus per 100 sweeps, treat at 5-7 day interval. 
Same as 1962. 
ET=25-30 Lygus (count nymphs as 2) per 100 sweeps and 20 
percent of large squares and young bolls show injury. 
Same as 1962 but added square set reduced below 75 percent. 
ET not given. 
ET=IO Lygus (count nymphs as 2) per 50 sweeps or 6-8 Lygus 
per 100 plants checked on 2 consecutive sampling dates 4-5 
days apart; use combined weighted ET if fleahoppers are also 
present. 

Late-season ET=20-30 Lygus per 50 sweeps if plants failed to set suffi-
cient fruit the first 4-5 weeks. 

'Recommendations from published extension guides. 
'Late season=boll period. 
'ET=economic tlu·eshold. 
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During the early 1940s, the economic tlrreshold followed was probably similar to 
that used in Texas, with calcium arsenate dust recommended every five days until eggs 
and larvae were no longer found. The first published economic tlu·eshold included the 
presence of eggs as well as 4-5 small larvae per 100 terminals (Table 7). Durkin (1961) 
raised the threshold to six small larvae per 100 terminals and recommended treatment 
on a five to seven day schedule. The tlu·eshold was raised again in 1966 to 6 to 10 small 
larvae plus eggs per 100 plants, with a warning not to count eggs as worms unless ben-
eficial insects had been eliminated by previous sprays (Durkin, 1966a). 

Following the mid 1960s, a growing number of producers discontinued treatments 
for bollworms. This was primarily due to the large monetary outlay being made for 
insecticides that had generally become ineffective. Insecticide resistance was the major 
factor producing poor control results. Several of these "non-insecticide users" 
attempted to utilize releases of the minute egg parasite, Trichogramma minutum Riley, 
and the convergent lady beetle, Hippodamia convergem; Gue1in-Meneville (Durkin 
1959). This practice has not been studied in ,detaillocally, but historically has met with 
little success in other states at the release rates reportedly being used (Durkin, 1959; 
Later personal communication, J. J. Durkin, Cooperative Extension Service, New 
Mexico State University, Las Cruces). 

These early attempts at biological control and the introduction of Bacillus 
thuringiensis (Bt) and a nuclear polyhedrosis virus for bollworm control, led Durkin 
(1978) to include a warning to evaluate these products no sooner than 5 to 7 days fol-
lowing application. The microbial insecticides are slower acting than the organophos-
phates and pyrethroids. Durkin and Gholson (1980) also included Bt and virus 
combinations with ovicides in the 1980 guide as recommended treatments when ben-
eficial insects were plentiful. This also was the first year the pyrethroids were included 
in the guide. The exceptional results obtained with these materials in bollworm control 
demonstrations in the Pecos Valley led to inCI·eased acreage being treated for bollworm 
infestations (Ward, 1985). 

Ovicides also were first included in guides in 1980 with an economic tlu·eshold of 10 
to 15 bollworm eggs per I 00 terminals (Durkin and Gholson, 1980). This egg control 
suggestion was continued in 1982 (Ward, 1982), but was omitted in the 1984 abbrevi-
ated guide (Bozeman, 1984). Ovicides are now recommended to be used only in con-
junction with larvicides (Ward, 1991 a, b). Combinations with microbial insecticides are 
encouraged in blooming cotton against worm numbers up to 10,000 per acre. After bolls 
appear, the economic threshold is lowered to 8,000 larvae per acre. 

The 1991 to 1992 guide largely follows the 1989-1 990 Texas guide which suggests 
using either (a) cluster scouting of five whole plants and an economic tlu·eshold of 
5,000 or more small bollworms per acre and less than two predators per larva or (b) 
dominant terminal scouting with an economic threshold of at least 8 to 10 percent of 
the terminals infested with small larvae and less than 20 percent of the terminals hav-
ing key predators (Boring et ol., 1989a). Resistance management is also discussed in 
this guide in an attempt to extend the useful life of the synthetic pyrethroids. The Texas 
guidelines were largely followed. 



INSECT AND MITE PEST MANAGEMENT IN THE SOUTHWEST 731 

Table 7. Evolution of key bollworm and tobacco bud worm control recommendations 
in New Mexico. ' 

Year Recommendation 

1951 ET==when eggs are present and/or 4 to 5 small worms per 100 terminals are 
found. 

1961 ET==6 small worms per 100 terminals, treat at five day intervals. 
1966 ET==6 to 10 small worms+ eggs per 100 plants; count eggs as worms only 

if "beneficials" have been eliminated. 
1982 ET ==same as 1966 except monitor egg lays to time control for small worms; 

warnil1g to evaluate Bt on basis of damage first, 5 to 7 days posttreatment, 
then evaluate worm control; also use combinations ofBt and ovicides when 
"beneficials" are plentiful. 

1991 1. Cluster scouting of five whole plants, a minimum of 12 clusters per field: 
ET==5,000 or more small worms/acre and less than two predators found 
per worm. 

2. Dominant terminal scouting: ET==8 to 10 percent small worms; higher if 
20% of the terminals have key predators. 

3. Biological and ovicide suggestions reinstated. 

'Recommendations from published extension guides. 
'ET=economic threshold. 

Pink Bollworm - Hoyt (1953) indicated that the f:U·st major outbreaks of the pink 
bollworm in this country were recorded in 1952 in 39 South Texas counties with losses 
estimated at $29 million. However, there are indications that pink bollworms were a 
problem in the New Mexico Rio Grande Valley as early as 1949 and 1950 (Thompson, 
1951 ). The 1951 cotton insect control guide included recommendations for controlling 
the pink bollworm (Table 8). White (1953) and Spencer (1953) also stated that all cot-
ton producing counties in New Mexico were included in the 1952 Pink Bollworm 
Federal Quarantine Regulations. 

The 1953 guide indicated that "during the past harvest season, enough pink boll-
worms were found to cause everyone .. . to be concerned" (Swoboda, 1953). Stalk 
destruction and farm cleanup on a community-wide basis was urged. These suggested 
cultural practices followed recommendations similar to those discussed by Spencer 
(1953) at the 1952 Beltwide Cotton Production Conference, and were basically the 
same as those listed in the first cotton insect control guide of 1951. 

Pink bollworm infestations increased to economic levels in the 1960s but declined 
through the 1970s primarily as a result of mandatory stalk destruction promulgated by 
Regulatory Order No. 2 (Amended) Plant Protection Act of 1968 (New Mexico 
Department of Agriculture, 1968), requiring stalk destruction in that year (Durkin, 
J 966b, 1967, 1968). Even in the 1960s, only about 10 percent of the fields were treated 
in the Pecos Valley for this pest (Ward, 1985). Isolated fields in Eddy and Dona Ana 
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Table 8. Evolution of key pink bollworm control recommendations in New Mexico. ' 

Year Recommendation 

1951 Cultural practices, especially uniform planting date and late season stalk 
destmction required on a community-wide basis; recommended organochlo-
rines as cupplemental control. 

1961 Treat at seven day intervals when infested blooms or bolls are found. 
1968 Mandatory stallc destmction law passed; required destruction by January 15 

in seven southern counties. 
1973 Listed cultural practices and bloom and boll inspection methods; rosetted 

bloom EF=J5 per 1500 of row 5 to 15 days after bloom; boll ET=5 to 10 per-
cent infested green bolls; treat at five day intervals until 70 percent of bolls 
are open. 

1984 Rosetted bloom ET=same as 1973. 
Boll ET=same as 1973 except ·>40 to 50 percent infested bolls in late 
September and October. 

1991 Upland cotton ET=10 to 15 percent infested bolls and Pima cotton ET=5 
to 10 percent infested bolls the first 6 weeks of boll set; the late 
September and October ET=40 to 50 percent was retained. Terminate 
treatments in upland cotton when last bolls expected to be harvested are 
30 days old; in Pima cotton, continue until 70 percent of the bolls are 
open. Continue to stress cultural control and use of rosetted blooms and 
pheromone trap catches as indicators to initiate boll surveys. 

'Recommendations from published extension guides. 
'ET=economic threshold. 

Counties frequently had pink bollworm problems even in the 1970s and 1980s. This 
pest continues to be a major potential threat, because mid- to late-September infesta-
tions can easily be missed when scouting of the crop is prematurely ended. 

Research conducted from 1957 to 1960 in New Mexico on the effects of insecticides 
on beneficial insects, and on sampling methods, began to influence the recommenda-
tions for cotton insect control (NM A&M, 1957, 1958, 1959; Race, 1960). Except for 
preventative treatments with systemic insecticides, calendar spray dates were giving 
way to scouting and economic thresholds. This trend was reflected in the establishment 
of an economic threshold for pink bollworm in the 1973 guide (Durkin, 1973). Both 
bloom and boll thresholds were given. These thresholds remained unchanged until 
1984, when the boll economic threshold of 5-l 0 percent infested green bolls was 
increased to greater than 40-50 percent for late September and October (Bozeman, 
1984). 

This increased late-season threshold was a reflection of other changes taking place 
in New Mexico cotton production. One major change was the switch from the pro-
duction of primarily extra long staple Pima cotton types to shorter stapled upland cot-
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ton, especially the Acala types. Like Oklahoma and Texas, the introduction of these 
high-yielding, fast-matming varieties, coupled with the use of harvest-aids (desiccants, 
defoliants and plant growth regulators), greatly affected insect management strategies. 
The length of time the crop needed protection from insects was shortened. Harvest-aiel 
chemicals reduced the food supply that pink bollworms required to build up overwin-
tering infestations late in the season. 

The recent increase in cotton acreage devoted to the longer-season Pima-type cot-
tons, especially in the Rio Grande Valley and Far West production areas, is again 
increasing the potential of pink bollworm outbreaks in New Mexico. This has led 
some growers to initiate adult control in the fall, on the basis of pheromone trap 
catches. This practice is placing additional selection pressure on late-season bollworms 
and other pests and could hasten the development of resistance. Therefore, this prac-
tice is specifically discouraged in the 1991 to 1992 Guide (Ward, 1991a). The eco-
nomic thresholds are the same as those recmmnended in the 1989-1990 Texas guide 
(Bming et al., 1989a), providing separate recommendations for upland and Pima cot-
ton (Table 8). The threshold for rosetted blooms was eliminated to encourage boll sam-
pling early in the pink bollworm season. Rosetted bloom surveys and pheromone trap 
catches are recommended only as indicators for the need to initiate boll sampling. 

Thrips - The results of thrips control research conducted by Eyer and Medler 
(1941) and Faulkner (1950a,b) probably formed the basis for the early foliar automatic 
insecticide treatment recommendations for fleahoppers, Lygus, and thtips beginning at 
the "four-leaf stage or earlier if necessary" (NM A&M, 1951). Durkin (1 961) contin-
ued this approach through 1961 by recommending three applications on a seven-day 
schedule, beginning at the two-leaf stage. 

Research on systemic insecticides in New Mexico was initiated in 1958 (NM A&M, 
1959) by J. G. Watts, R. C. Dobson, S. R. Race, and others. The 1961 and 1962 guides 
marked the introduction of preventative seed-furrow treatments with systemic insecti-
cides for thrips, aphid and mite control (Durkin, 1961; Coppock, 1962). The 1961 
treatments of granular disulfoton (Disyston®) and phorate (Thimet®) were "recom-
mended for use on a trial basis ... on seedling cotton." The 1962 Guide carried a full 
recommendation for these preventative treatments in areas where these insects 
appeared as perennial pests (Coppock, 1962). Foliar dust and spray treatments contin-
ued to be recommended on a scheduled basis. 

New chemicals such as azinphosmethyl (Guthion®), carbaryl (Sevin®), carbophe-
nothion (Trithion®), demeton (Systox®), malathion (Cythion®), dicofol (Kelthane®), 
and Aramite® had also appeared in the 1961 and 1962 guides. Several of these treat-
ments were still being recommended in 1964 for thrips control using the earlier auto-
matic guidelines or as an alternative, when damage first became apparent. Subsequent 
applications were recommended if thrips persisted (Durkin, 1964). 

Recommendations for preventative thrips control persisted in guides until 1984 
(Bozeman, 1984). At that time, the economic threshold proposed by Texas of2-5 thrips 
per plant was adopted as a tlu·eshold for foliar sprays. Research conducted in Texas as 
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well as in New Mexico (Ward, 1985) resulted in the deletion of damage as an eco-
nomic threshold factor. With the elimination of damage as a treatment guideline, and 
because of the difficulty involved with scouting for this tiny pest, producers opted to 
treat much of the thrips-infested acreage with systemic insecticides as a seed or in-fur-
row treatment. Barnes estimated that as much as 40 to 50 percent of the state acreage 
has been involved, because of the prevalence of seedling damage in most years. 
(Personal communication, Carl E. Barnes, New Mexico State University, Agricultural 
Science Center, Artesia). 

Other Insect Pests - One of the earliest references to insect problems in New 
Mexico was the grasshopper outbreaks in the late 1920s and mid 1930s (Quesenberry, 
1936). Although cotton was not specifically mentioned, a total of 183,640 acres of 
cropland was reported to have been protected from grasshoppers in 1934, at the peak 
of the outbreak. Grasshopper management recommendations were added to the guide 
in 1961, and the application of baits containing aldrin or dieldrin were recommended 
for treating field margins to curtail migration into cotton fields. Spotty infestations of 
grasshoppers have required control five years out of the last twenty (Ward, 1985). 
Control efforts over most of the area have depended upon the Cooperative Control 
Program (state, federal, and private funds) in rangeland surrounding the cultivated val-
leys. 

Other sporadic insect pests are: the seedcorn maggot, Hylema platum (Meigen); 
various species of wireworms and spider mites; darkling beetles; cutworms (especially 
the variegated cutworm, Peridmma saucia (HUbner); and armyworms (especially the 
yellowstriped armyworm, Spodoptera omithogalli (Durkin m1d Gholson, 1980). 
Cotton aphids and beet armyworms have occurred as economic pests somewhat more 
freq uently, the latter especially in late season. Aphids have been an economic problem 
in some fields in the Pecos Valley in two out of four years. Wireworms and darkling 
beetles tend to be a problem limited to cotton planted the first year following alfalfa or 
other high residue crops. Spider mites have been noted as early season pests in one out 
of four years. Late season problems with spider mites occur with similar frequency 
(Wm·d, 1985). 

Cabbage loopers were a more consistent pest in the 1950s and 1960s with economic 
problems in one out of three years. Higl1 numbers of this pest were observed recently 
in only two of the last ten years (Ward, 1985). Treatments made for other pests have 
generally checked population increases of cabbage loopers. The cotton leafworm has 
not been a problem in the last decade, but two outbreaks were noted in the 1960s. Stink 
bug (various species) problems are generally associated with migrations from matur-
ing small grains such as barley and oats (Ward, 1985). 

Although a few boll weevils have been trapped in recent years in New Mexico on 
both the eastern and southern borders with Texas, a diapausing population has not 
become established. Therefore, the devastation experienced in Texas and Oldahoma in 
the early 1900s did not affect New Mexico's cotton producing areas. The effective dia-
pause control program initiated in west Texas in 1964 is apparently largely responsi-
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ble for keeping the boll weevil out of eastern New Mexico. The recent invasions of the 
boll weevil into the state however, has led to inclusion of the boll weevil as a pest in 
the proposed revision of the 1989 state guide but not published until the 1991 guide 
(Ward, 1991a, b). The recommended management strategies are the same as those for 
the Texas High Plains. 

EXTENSION SERVICE GUIDES AND THE GUIDE 
REVISION PROCESS 

TEXAS 
Prior to 1949, the first .extension service guides were developed informally by a 

handful of extension and research entomologists. In later years, the writing of the 
Texas guides became a pluralistic effort, involving a sizeable group of state and USDA 
cotton entomologists. Starting in 1949, an organized research review and guide revi-
sion conference was initiated where issues and proposed guide changes were dis-
cussed, debated and finally voted upon. The tw~-day, closed door affair was followed 
by a third day in which guide revisions were made public to invited representatives of 
the agricultural sector, chemical industry, and the press. Early guide revision relied 
heavily on testimony and opinion, often supported only by limited research. Strong 
personalities often prevailed over reason. As more entomologists swelled the ranlcs of 
the extension service and the experiment station, the process became more demoet·a-
tic. But sheer numbers sometimes have led to protracted discussions and limited 
progress. 

Formal rules were established for the conference in 1982, requiring a minimum of 
two years of replicated, statistically analyzed, small plot tests for support of any guide 
change involving insecticides. For the first time, suitable data from other states' uni-
versities and USDA were accepted. Changes in sampling techniques, economic thresh-
olds, and other management techniques require reproducible research results similar to 
those specified for insecticides. Only products and techniques suitable for Texas IPM 
programs are considered. Environmental issues are very important in molding the 
management advice in the extension guides. 

Some of the guide changes, taken at face value, appear to be nothing more than for-
mat modifications. Much more was often involved. Often these arose out of heated 
philosophical battles over how to best encourage guide users into reading both cultural 
and chemical control recmmnendations. Guides were fold outs for many years; insec-
ticide tables with economic thresholds and scouting methods were included with atten-
dant small sections on cultural control. This format remained unchanged until a stapled 
4X9 inch guide was introduced in 1980. Beginning in 198 1, West Texas guides placed 
insecticide listings in tables under each pest narrative (Leser et at., 198 1). Guides 
expanded in the 1980s as more information was included on pest management, scout-
ing techniques, pest descriptions and economic thresholds. Following a 1986 meeting 
in Dallas, the guides were published in a 8 112" X 11" format with insecticides listed 
in the back as a single table. Revision of area guides is now coordinated to prevent 
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unnecessary differences from developing. U1timately, publication costs won over the 
greater philosophical battles with a separate insecticide publication produced annually 
to supplement the biannual nanative guide (Boring et al., 1989b; Norman, 1989b; 
Parker and Swmt, 1989). 

Differences in management philosophy and techniques have led to several area 
guides over the past four decades. The Lower Rio Grande Valley was the first to leave 
the state guide in 1951 and remained a separate guide until 1961, when it was com-
bined with the Gulf Coast, resulting in the South Texas Guide (TAEX, 1961b). This 
guide lasted 13 years, until the Lower Rio Grande Valley once again became a sepa-
rate guide, one of three that remain today. The Gulf Coast recombined with the tradi-
tional state guide. West Texas entomologists, recognizing the great differences that 
existed with East Texas, initiated a new guide in 1961 (TAEX, 196lc). The Rolling 
Plains mea did not officially join this guide until1966. The Blacklands area split from 
the state guide between 1974 and 1985. The decline in Blacldands cotton acreage and 
increasingly short publication resources prompted the absorption of this guide back 
into the state guide in 1986. The original state guide traditionally covered the Central 
River Bottom area, the Gulf Coast and the Central Blacklands area at vm·ious times. 
Presently there are three sets of recommendations: the Lower Rio Grande Valley, 
Central Texas and Gulf Coast, and the West Texas guide. 

OKLAHOMA 
Prior to the first Extension Agents' Handbook of Insect Control in 1958, informa-

tion concerning insect pests, damage and control recommendations was disseminated 
to extension personnel, cotton producers and agribusiness through a weekly newslet-
ter during the growing season. Control information presented in this newsletter was 
adopted by the Entomology Department and extension entomologists from informa-
tion compiled annually by the Federal Cooperative Extension Service in Washington, 
D.C. Each state received copies of research and insecticide recotmnendations submit-
ted by all cotton producing states in the United States. This procedure was followed 
during the 1950s (Personal conununication, Newt Flora, Cooperative Extension 
Service, Oldahoma State University, Stillwater). A postcard survey was inserted 
weeldy in the newsletter mailing. This weekly survey helped extension entomologists 
identify insect population trends and determine the type of information needed in 
upcoming newsletters. 

The Extension Agents' Handbook is currently reviewed and revised annually. 
Information collected from insecticide screening trials and more basic studies con-
ducted by resemch and extension personnel are reviewed and compared to similar 
work conducted in other parts of the Cotton Belt. Besides efficacy, environmental con-
cerns are also discussed before a practice or pesticide is approved for the guide. A spin-
off of the handbook was the publication of fact sheets that addressed specific topics. 
The first cotton fact sheet was printed in 1967. 

State pesticide recommendations are more than a listing of the pests and products 
labeled for their control. The guide is a publication to assist cotton producers in mak-
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ing sound pest management decisions. The information provides a sound integrated 
approach firmly based on research trials from universities and USDA and adapted to 
Oldahoma's climate and production practices. Due to generally limited resources in 
Oklahoma, some of the research concerning economic thresholds and control mea-
sures were adapted from other states, especially Texas. 

NEW MEXICO 
The acknowledgement section of the 1951 cotton insect control guide indicated the 

contribution of the Texas A&M College, Agricultural Extension Service, and 
Expe1iment Station for information on which the circular was based (NM A&M, 
1951). The author of the 1951 Guide, L.H. Moore (Personal communication, 1990, L. 
H. Moore, retired, Clemson, South Carolina), indicated that one of his associates in the 
experiment station, either E.J. "Pewee" O'Neal or earlier workers, may have had some 
"mimeographed" cotton insect control information, but it too would have been based 
on work from other states, especially Texas and Arizona. Watts (1980) also mentioned 
the use of mimeographed materials such as the Colle2:e Courier (1912-1916), New 
Mexico Farm Courier (1916-1921), and the 400 Series (1945 to present) that included 
insect control suggestions for cotton and other crops. The Insect Letter (1970-1976) 
and Pesticide Chemical News (1970-1976) also included suggestions for cotton insect 
control and changes in pesticide registrations. 

This dependence on Texas, Oldahoma and Arizona for research results has contin-
ued to a great extent to present times, but the written acknowledgment disappeared 
from the 1953 Guide (Swoboda, 1953) and has not been reinstated. With only one full-
time extension entomologist and one research entomologist with part-time responsi-
bilities for cotton during 1951 to 1980, efforts to cover all aspects of the pest problems 
in cotton have been limited. This situation has not improved in recent times. No for-
mal guide revision procedure has been established such as followed in neighboring 
Texas. 

The cotton guide has not been revised for several years. The 1991 revision is pat-
terned after the 1989-1990 west Texas guide and 1990 insecticide supplement (Boring 
et a!. , 1989a,b ), and consists of two parts, with Guide 400 J -7 A containing the narra-
tive biology, economic thresholds, cultural, and biological control information and 
Guide 400 J-7B containing the chemical control suggestions (Ward, 1991a,b). This 
will allow the annual revision of the chemical control suggestions to match label and 
other use changes without necessitating the revision of the longer narrative portion 
which requires less frequent modifications. This allows more timely revisions in the 
future. 

SUMMARY 

Cotton insect and mite problems have varied in time in accordance with climatic 
conditions, geographical shifts in cotton acreage, advances in crop production prac-
tices and the availability of effective pest control technologies. The boll weevil initially 
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shaped cotton pest management systems in both Texas and Oldahoma during the early 
cotton production years. While New Mexico lacked this menacing pest, the pink boll-
worm provided adequate incentive to follow a similar course of action adopted by its 
sister states to the east. All areas of the Southwest region have relied heavily on a short-
ened crop vulnerability period obtained from growing rapid-fruiting, fast-maturing 
varieties; and utilizing harvest-aiel chemicals to terminate the crop so that timely har-
vest and stalk destruction can be implemented. These practices have been the comer-
stones of a successful management system that continues to prosper into the 1990s. 
The result of this approach has been a greatly reduced reliance on insecticides and 
embracement of integrated pest management (IPM) programs and their concepts. 

Recently the boll weevil and pink bollworm have relinquished the top pest ranking 
to the bollworm/tobacco budworm complex. This has been largely the result of the 
continuing insecticide resistance problem that almost counted the pyrethroicls as a 
recent casualty. It is this threat of resistance and the unleashing of damaging late sea-
son bollworm/tobacco bud worm problems ,that has encouraged the continued restraint 
in controlling early season plant bug infestations, as well as the occasional flurry of 
bollworm activity which sometimes occurs prior to bloom. Entomologists of the 
Southwest learned a long time ago to be cautious about destroying the natural enemies 
so important to managing these earliest bollworm cycles. 

Early season thrips are the only pests remaining where preventative or automatic 
treatments still appear to fit best. Although Oklahoma does not perceive the thrips 
issue the same as its neighboring states, their lack of support for automatic treatments 
merely reflects the minor importance of this pest to their production area. Texas and 
New Mexico also recognize there are areas within their respective states where thrips 
are not the perennial damaging pest so often seen in the High Plains region. 

The geographical diversity which exists among the three states in the Southwest is 
no greater than that found in Texas. This has lead to the development of regional man-
agement strategies and subsequent insect management guides. The guide revision 
process ranges from highly structured involving over twenty entomologists in Texas to 
the more informal process in New Mexico involving one or two entomologists often 
unable to maintain timely published recommendations. Both Oldahoma and New 
Mexico have relied heavily upon the research and control recommendations of Texas. 
Only recently has Texas begun to utilize information from other states. This coopera-
tion has lead to a more efficient and timely guide revision process. 

Entomologists of the Southwest region should never ignore the insect management 
lessons learned in the past. To embrace production systems that maximize yield with-
out regard to pest consequences- or that promote excessive use of insecticides, fertil-
izer, and irrigation- will negate the management advantages provided by the 
environment, that is, the natural restraint on pest populations. These benefits can only 
be maxirnized through cultural and biological control practices. Sole reliance upon 
repeated insecticide applications will only bring ruin to a system that has persevered 
for many years and has been learned through pitched battles with the bollworm and 
boll weevil. 
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INTRODUCTION 

Insect and mite pests of western cotton were reported from the earliest cotton pro-
duction. Insect pressure was relatively light compared to current pest problems and 
control was limited to use of the few chemicals available and to cultural practices det:ri-
mental to the pests. 

Pest problems have increased over the years and change has occurred in the meth-
ods and materials used to control them. Chemical control became dominant in the late 
1940s and is still an important part of integrated pest management systems currently 
used. Emphasis in current pest management is placed on utilizing a broad base of con-
trol components implemented on a community-wide basis. 

Research and extension programs have been very important in developing new tech-
nology and in information dissemination to growers and others involved in western 
cotton production. 
1USDA's Crop Reporting Service, the Un.ited States cotton indus tty and other groups generally include New 
Mexico in the West region along with Arizona and California. Because of similarities in insect and mite 
problems and management practices to those in Texas, the authors of the previous chapter chose to include 
New Mexico in the Southwest region along with Texas and Oklahoma. 
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HISTORY AND EVOLUTION OF INSECT AND MITE 
MANAGEMENT 

THE MAJOR PESTS 
Cotton became an important crop in the desert areas of Arizona and southern 

Califomia in the early 1900s. Numerous insects were recorded as pests, but prior to the 
occurrence of the pink bollworm, Pectinophora gossypiella (Saunders), damage was 
primarily from plant bugs, particularly the western lygus bug, Lygus hesperus Knight 
(Morrill, 1918; McGregor, 1961). McGregor (1961) reported that Lygus caused an 
estimated $1,280,000 damage to Califomia's Imperial Valley cotton in 1918. Morrill 
(1918) recorded Lygus as the major pest in Arizona cotton but noted that occasional 
problems from the bollworm, Helicove1pa zea (Boddie); stink bug; cotton leafworm, 
Alabama m gillacea (Hubner); cotton leafpelforator, Bucculatrix thurberiella Busck 
and other pests occurred. He also reported that lead arsenate, calcium arsenate, Patis 
green and nicotine sulfate were used to c0ntrol pest infestations in localized ru·eas. 
Growers were encouraged to use indirect control strategies such as winter plowing and 
trap crops. 

In the San Joaquin Valley of Califomia, Lygus have been the dominant insect pest 
of cotton since its eat"liest production in the region. Eru·ly management was through 
cultural practices, pmticularly weed management and eru·ly hru·vest of alfalfa grown for 
hay. These practices were of only limited value. While arsenical insecticides were rec-
ommended in the early 1940s, they were not highly effective and presented a direct 
threat to honey bees and dairy cattle. Introduction of the synthetic organic insecticides 
in the late 1940s revolutionized Lygus management on cotton for a time, providing lev-
els of control not previously possible. 

Spider nli tes, particulru·ly the strawberry spider nlite, Tetranychus turkestani Ugarov 
and Nikolski, have been pests of cotton since the eru·liest production in the San Joaquin 
Valley. Only outbreaks of the strawbeny spider mite were common prior to use of the 
synthetic insecticides. As a result of crop and pest management changes, the twospot-
ted spider nlite, Tetranychus zll"ticae Koch, and Pacific spider nlite, Tetranychus paci
ficus McGregor have assumed major significance as pests of cotton. Major infestations 
of all species develop on nearby crops, particulat"ly crops under intensive insecticide 
use, and invade cotton when infestation levels on these alternate hosts are high. 

Bollworms have been recognized as pests of San Joaquin Valley cotton since the late 
1930s. Outbreaks have been periodic and appear to relate largely to destruction of their 
natural enemies through use of insecticides against other artlu-opod pests. Severe out-
breaks followed use of DDT and other synthetic insecticides, particularly in the early 
to mid-1960s. 

Whiteflies , particularly the greenhouse whitefly, Trialeurodes vaporariontm 
(Westwood), have been pests of San Joaquin Valley cotton since the mid-1930s. 
Associated with the introduction of the synthetic insecticides was a general decline in 
the occurrence of this pest until the early 1970s. Thereafter, occasional outbreaks 
appeared associated with excessive pesticide use. Silverleaf whitefly, Bemisia mgen-
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tifolii (Bellows and PelTing), although found in greenhouses, was not a pest in the field 
until 1992, when it was collected from numerous locations in the San Joaquin Valley. 
Economic infestations occmTed in limited cotton acreages in 1993. 

CONTROL RECOMMENDATIONS 
Early cotton growers in A.tizona and Califomia apparently relied heavily upon uni-

versity bulletins and reports, information from U.S. Department of Agriculture and 
state agriculture employees, and dealers who sold insecticides for information regard-
ing insect control. This pattern of cotton insects, their control, and assistance provided 
to growers continued through the 1920s, 1930s and into the 1940s. 

University of Arizona and University of California Extension Services began to 
issue cotton insect control publications in the 1940s that were revised annually. They 
also provided info1mation to growers through other means such as newsletters, meet-
ings and field clinics. J. N. Roney, Extension Entomologist, began providing recom-
mendations to A.t·izona growers in 1943. 

The earliest records of insect control recommendations for California are contained 
in letters (1941-45), from Gordon L. Smith, Associate Entomologist, University of 
California to fann advisors and agricultural conunissioners. These letters suggested 
weed control to eliminate spider mite sources, and early harvest of alfalfa to reduce the 
threat of Lygus; cotton aphid, Aphis gossypii Glover, and strawberry spider mite. They 
also indicated control of Lygus and migrating westem yellowstriped armyworm, 
Spodoptem praefica (Grote), and hornworm, Celerio lineata F., with arsenical insec-
ticides and cautioned regarding the hazards of these chemicals to honey bees and dairy 
cattle. The use of DDT was included in the letters of Smith after 1945. 

Newsletters by Smith (1947), Smith and Bryan (1949) and subsequent authors, to 
growers and the cotton industry reported the efficacy of several synthetic insecticides, 
and recommended several organochlorine, organophosphate and other classes of 
insecticides and m.iticides. These earliest recommendations contained admonitions 
concerning the effect of the insecticides on parasitic and predaceous insects and on 
honey bees. 

CHEMICAL CONTROL ERA 
The availability of DDT and other synthetic organic insecticides that followed, 

beginning in the m.id-1940s, revolutionized cotton insect control in desert areas of the 
West. Growers began to rely more and more on chemical control to solve insect prob-
lems. A large chemical industry developed that provided not only materials for sale but 
also fieldmen who sampled fields and recommended insecticides. Often these field-
men were authorized to take care of the details of application, leaving the grower with 
little or no involvement in pest control on his farm. An aerial application industry also 
developed, and in 1958, the Agricultural Aircraft Association Inc., along with a few 
University of California entomologists, promoted the idea of licensing chemical sales 
persons (personal letters of Robert van den Bosch and Vern Stern). It was not until 
1968, however, that California legislation dealing with the matter was introduced. In 
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1970, Claude Finnell, California's Imperial County Agricultural Conunissioner and 
local pest control advisors (PCAs) conceived a county ordinance that required licens-
ing and testing. That beginning saw the first chapter of what is now the California 
Aglicultural Production Consultants Association, Inc. (CAPCA). The law requiring 
licensing and testing was passed and examinations were begun in 1972. Requirements 
for continuing education were promulgated and CAPCA was fully organized and 
incorporated in 1975. In Atizona, licensing of commercial applicators and pest control 
advisors (PCAs) began in 1972, and a continuing education requirement was begun in 
1987, involving PCAs and both commercial and private applicators. 

Heavy reliance on chemical control of western cotton pests that began in the 1940s 
continued through the 1950s and 1960s, evolving through an era of organochlmine 
insecticide use into a period utilizing organophosphates and carbamates. Resistance 
and residue problems were the prima1y causes of reduced organochlorine use. Residue 
levels were especially critical in Arizona and southern California where cotton and for-
age crops, such as alfalfa, are grown in ··close proximity. These problems were 
increased by a shift in the ea1·ly- and mid-1960s towa1·d automatic treatment programs 
for cotton that called for applications from planting until ha1·vest. Carter (1966) stated 
that slowly but surely resea1·ch was pointing the way to automatic treatment and sea-
son-long plant protection. His suggested program to Arizona cotton growers called for 
three segments of treatments beginning at planting and ending in September. DDT was 
the first casualty of this period of insecticide over-use as it was removed from univer-
sity recommendations in 1968 and banned from use in At-izona in 1969 due to residues 
in forage crops and the resultant adverse impact on the dairy industry. This began an 
era of increasing restrictions on pesticides use in the West and nationally. 

PRODUCTION PRACTICES AND PEST PROBLEMS 
A factor that contributed to the evolution of pest problems in the West, pa1t icula1·ly 

in Arizona, was the practice of strrb (perennial) cotton production. Stub cotton pro-
duction occmTed except when prohibited by state regulations. The regulations were 
enacted to deal with increasing pest problems. Pest problems subsided during periods 
when stub cotton was not permitted, but growers would successfully petition to go 
back to strrb production. It was during and after one of these periods in the mid-1960s 
that the boll weevil became established in local a1·eas in central Ar·izona and the pink 
bollworm spread across Arizona and southern California and became an annual key 
pest. 

Measurable infestations of the boll weevil were not recorded in Ar·izona cotton from 
1966 to 1978, when the growing of stub cotton was banned and mandatory plowdown 
and planting dates were enforced to maintain a host-free period. During and after the 
next period of legal stub cotton production, from 1978 to 1982, boll weevils spread 
across Ari zona and southern California (Bergman et a!., 1983). Boll weevils were 
found in stub cotton fields near Gila Bend, Ar·izona, during 1978 and the spring of 
1979. Subsequently heavy boll weevil infestations spread from stub to planted cotton 
and continued to increase even after stub cotton was banned in 1983. The Ar·izona 
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Cooperative Extension, with assistance from experiment station and USDA entomol-
ogists, began a program in 1981, to create awareness of the boll weevil problem and 
to provide assistance to growers in controlling the pest. A California state and grower 
funded boll weevil eradication program was initiated in 1983, and continued through 
1984. It was expanded in 1985 with USDA, State of Arizona and grower assistance 
into the southern California valleys, northern Mexico, and westem Arizona. That 
southwestern regional program was expanded again in 1988 to include central 
Alizona. Since 1990 very few boll weevils have been trapped throughout the eradica-
tion area and the program is considered highly successful. 

The pink bollworm was first found in Arizona in 1926, in Cochise and Graham 
Counties, and in 1927, in Greenlee and Pima Counties (USDA 1961, unpublished 
report). Infestations in Pinal and Pima Counties were first reported in 1929, and in 
Santa Cruz County in 1938. Infestations were sporadic in central Arizona counties 
until 1958, following increasing levels of infestations in Greenlee and Graham coun-
ties in 1956. Concerted eradication efforts of state and federal agencies reduced popu-
lation levels from 1958 to 1963 in central Arizona. In 1959, only one pink bollwmm 
larva was found despite intensive sampling. After terminating these effot1s, stub cot-
ton production was again allowed in 1963, and pink bollwmm infestations increased 
rapidly, spreading across Arizona into the Imperial Valley of southern California in 
1965. Infestations spread to Riverside and San Diego Counties by 1967, as well as the 
high desert area of Los Angeles, San Bernardino, and Kern Counties. 

Increased populations of the pink bollworm in the western desert cotton agroecosys-
tem, beginning in 1965, had a profound impact on the social, environmental and tech-
nological aspects of cotton cropping and pest management systems. Chemical control 
to prevent cotton losses was heavily relied upon despite the encouragement of ento-
mologists, as early as 1968, to adopt cultural practices that had been demonstrated to 
effectively control the pink bollworm (Watson and Larsen, 1968; Rice and Reynolds, 
1971; Watson eta!. , 1973; Moore, 1972). Authority for the appointment of a California 
Cotton Pest Control Board was provided in the State's Agri cultural Code of 1967. Soon 
to follow were provisions to strengthen the law pertaining to host-free periods and 
regions as well as to establish mechanisms for assessing monies on a per bale basis. 
These funds were to be used in control and eradication progr·ams and for research. 

INSECTICIDE RESISTANCE 
Problems with the organochlorine insecticides during the 1960s caused growers to 

turn increasingly to the organophosphates and carbamates for cotton insect control 
until 1977 and 1978, when resistance to methyl parathion, especially in the tobacco 
budworm, Heliothis virescens (F.), resulted in control failure and serious yield losses 
(Crowder et al., 1979). Thus, the problems of insecticide resistance, destruction of nat-
ural enemies and resulting secondary pests, as well as bee poisoning and environmen-
tal contamination, did occur as predicted. 

Pyrethroid insecticides became generally available in 1979, and were effective 
against the pest complex of concern in Arizona and southern California. These new 
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insecticides reversed the devastating losses caused by the bollworm/tobacco bud worm 
complex during 1977-78, and have held these pests in a state of minor importance in 
most subsequent years. On the other hand, other pests, such as spider mites and the sil-
verleaf whitefly that were rarely a problem in the desert areas of the West prior to intro-
duction of the pyrethroids, have become major pests. These two pests, along with mid-
to late-season thrips, Franldiniel/a spp., populations, have been noted to increase in 
association with use of some pyrethroids. 

Trends toward resistance to pyrethroids by the tobacco budworm in the early 1980s, 
and later by the pink bollworm, have brought about resistance management programs 
that encourage use of other insecticide classes prior to July 1 and at other times when 
effective. An IPM system emphasizing cultural control practices is very important in 
resistance management. It is recognized that government "set-aside" programs and 
fluctuating cotton prices cause annual shifts in planted acres; however, increasing 
problems just mentioned including pesticide use and cost brought about by the pink 
bollworm, were largely responsible for 'a decrease in planted cotton acres in 
California's Imperial Valley from a high of 143,000 in 1977 to a low of 17,169 in 1986. 

EFFECT ON HONEY BEES 
Reduced efficiency of honey bees in the West with regard to honey production and 

crop pollination has been a mqjor problem. Because of the volume of insecticides used 
on cotton over an extended period, it is the number one crop implicated in bee poi-
soning and reduced honey production efficiency. The problem was particularly severe 
during the early period of chemical control where calcium arsenate was used exten-
sively on cotton insects. It reached even higher levels of intensity with the develop-
ment of certain organochlorines, organophosphates and carbamates. These pesticides 
vary from relatively non-hazardous to hazardous (McGregor, 1976). 

Levin (1970) reported that 70,000 honey bee colonies were killed in Arizona and 
76,000 in California. Swift (1969) reported losses in California of 83,000 colonies. 
Bee colonies in Arizona were reduced approximately 45 percent from 1965 through 
1972 (Arizona Agric. Statistics, 1980). The numbers of hives in Arizona have 
increased from about 77,000 in 1972 to 96,000 in 1985. This improvement has been 
the result of nighttime pesticide applications, increased use of the less toxic pyrethroid 
insecticides, improved bee colony handling techniques, and pest management prac-
tices that reduced pesticide loads in the bee environment. 

INTEGRATED PEST MANAGEMENT PROGRAMS 

DEVELOPMENT 
Pesticide resistance and development of secondary pest problems along with 

increased cost of control and other peripheral problems caused concern among west-
ern growers and led to development of Integrated Pest Management (IPM) programs 
(Carruth and Moore, 1973). IPM development followed insect pest evaluation pro-
grams known as supervised control that were initiated in Cali fornia in the 1940s. 
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Objectives of supervised control included timely use of insecticides related to infesta-
tion development and avoidance of unnecessary applications. An extension-sponsored 
program in Graham County, Arizona, in 1969, led to a pilot IPM program supported 
by a federal grant for Pinal County, Arizona, in 1971. Following this pilot work, IPM 
expanded throughout the West and nationally; it remains the predominant method of 
cotton insect control. IPM is a complex systems approach to pest control that requires 
good field sampling and use of economic thresholds levels as the basis for a combina-
tion of control components. Delivery of IPM resulted in the establishment of grower 
cooperatives and increased numbers of private consultants capable of implementing 
community-wide programs as well as those for individual farms. 

COlVIPONENTS AND IlVIPLEMENTATION 
The development of IPM led to broad-based recommendations that promoted a 

more complex systems approach to cotton insect and mite control (Ellsworth et a!. , 
1993; Toscano et al., 1979; Anonymous, 1984).,Cont:rol components included cultural 
practices, host-plant resistance, biological control, microbial agents, mechanical-phys-
ical methods and chemical control. 

A major consideration of IPM is conservation of and the role of naturally occurring 
beneficial insects in regulating pest species below economic levels. Natural enemies 
along with good cultural practices have long been considered by entomologists to be 
the most important factors in minimizing many insect problems (Graham, 1980). This 
fact was not fully appreciated in western cotton production systems until the extensive 
use of insecticides to control pink bollworms in the 1960s and 1970s led to serious 
yield losses from uncontrollable infestations of tobacco budworms in 1977 and 1978. 

Numerous authors have emphasized the importance of indigenous parasites and 
predators in regulating pest insect populations of cotton, as well as the adverse effect 
of insecticides in reducing numbers of these natural enemies (Newsom and Smith, 
1949; Wille, 1951; Gaines, 1942, 1954, 1955; Ewing and Ivy, 1943; Van Steenwyk, et 
ol. , 1975; van den Bosch et ol. , 1956). 

The need to preserve the beneficial insects in western cotton, made evident through 
outbreaks of secondary pests following Lygus control, led to implementation of new 
alfalfa harvest practices referred to as strip-cut harvesting (Stern et ol. , 1964) and alfalfa 
interplanting (Stern, 1969). While not widely adopted by growers, these cultural prac-
tices are quite effective and can greatly reduce the threat to cotton by Lygus and several 
other pests. Current grower practice is to closely monitor infestations and to treat for 
Lygus control based on Lygus numbers and plant fmiting condition. When therapeutic 
treatment is needed growers are encouraged to utilize the most selective insecticide. 

DISSEMINATION OF INFORMATION 
Western growers and pest control advisors are encouraged to consider year-around 

IPM implementation. Integrated Pest Management for Cotton (1984) is a Western 
regional publication written by scientists from California, Arizona and New Mexico, 
that is a complete guide to cotton IPM in the West. Arizona Cotton Insects (Werner et 
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al., 1979) and Pest Management Guide for Insects and Nematodes of Cotton in 
California (Toscano et al. , 1979) provide information on identification and biology of 
insects and spider mites found in western cotton. These publications are supplemented 
by annually-revised pamphlets and repm1s and occasional newsletters that provide 
both chemical and nonchemical alternatives for cotton pest control (Ellsworth et a!., 
1993; Burton, 1981). 

University of California recommendations for use of insecticides and rrtiticides are 
based on field experiments conducted by university research entomologists and farm 
advisor cooperators within California. University of Arizona recommendations, how-
ever, may also be based upon USDA information or other sources deemed reliable by 
the person(s) making the recommendations. Not all registered insecticides and acari-
cides (miticides) are recommended in either Arizona or California. Climatic and cul-
tural conditions as well as length of season differ substantially between California's 
San Joaquin valley and the smaller, more isolated Coachella, Impe1ial, and Palo Verde 
dese11 valleys. These dissirrtilarities, along with differences in the components within 
the cotton insect complex, require attention to local information, situations and regu-
lations as recommendations are being formulated and disseminated. 

In both California and Arizona, concern exists within the university systems relative 
to liabilities associated with recommendations, or, suggestions as they are now called 
by the University of Arizona. The University of California has revised its "Policy 
Communication No. 18" (Policy for Pesticide and Related Chemicals Use and 
Experimentation) and issued a handbook desc1ibing the essential elements of compli-
ance requirements for its researchers (Stimmann, 1986). Subjects included are: (a) 
employer responsibilities and employee training; (b) expe1iments on or off university 
property; (c) licensing and certification; (d) written recommendations; and (e) special 
use authorizations. 

Continued urbanization in California and Arizona, and public attitude concerning 
pest control, will lead to increased restrictions on pesticide use. Greater reliance will 
be placed on recommendations that emphasize control components such as cultural 
practices, resistant cultivars and biological control agents to reduce the threat of cot-
ton pests and the need for chemical control. 

COMMUNITY ACTION PROGRAMS 

PINK BOLLWORM AND BOLL WEEVIL 
Communitywide IPM programs have become common in Arizona and southern 

California. Problems with yield losses and control costs from insects such as pink boll-
worm, boll weevil and whiteflies, were largely responsible for increased interest in 
community action groups. A Cotton Pest Abatement Disuict in the Imperial Valley was 
promoted by growers, and established by California Department of Food and 
Agriculture regulation in 1982. This regulation required the mandatory application of 
the pink bollworm pheromone, gossyplure, for all early-season control measures 
against that pest. With that as a requirement, chlorclimeform (Fundal®, Galecron®) 
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reregistration was allowed and the product was again pennitted in that district for a 
period of five years, subject to restrictions and detailed monitoring by the 
Department's Division of Health and Safety. Use of chlordimeform products was also 
permitted in the Palo Verde Valley for the last four of the five years. Impetial Valley 
growers in California developed a community program within the pest abatement dis-
trict to help them deal with the pink bollworm and whiteflies, including early crop pro-
duction, chemical termination of the crop by September 1, followed by harvest and 
plowdown by November 1. Growers in the Palo Verde Valley have been reluctant to 
establish regulations calling for crop termination as early as September 1. For the 1993 
season however, they did request and receive a variance from the host-free period of 
January 15 -March 15 to one of January 1 -March 1. Maintaining the 60-day host-
free period, they petitioned the California Department of Food and Agriculture to grant 
a variance for the 1994 season which called for a plow down date of December 15 and 
permits planting on February 15. Moving the plowdown to an earlier date forced, 
although not by regulation, earlier harvest which tends to reduce the extent of dia-
pausing pink bollworm larvae. 

In addition , many growers have adopted the practice of winter irrigations, follow-
ing cotton, to reduce the extent of pink bollworm survival and spring emergence. That 
cultural control practice has been reemphasized by Beasley (1991). Similarly, most 
cotton producers in the Palo Verde Valley plant to moisture and strive to water back 
sufficiently early to promote maximum pink bollworm emergence prior to the hostable 
square stage of the crop (Beasley, 1990). 

Three groups, formed in central Arizona in 1986 and 1987 to combat the boll wee-
vil and other pests, used cultural, chemical and biological control components. 
Specific control components included: (a) trap crops; (b) delayed uniform planting; (c) 
pinhead square treatments; (d) in-season control; (e) early irrigation termination; (f) 
use of harvest-aid chemicals; (g) early harvest; and (h) immediate stalk shredding. All 
of these programs center around a shortened growing season to place an additional 
stress on overwintering pest populations. Important to these community action pro-
grams are grower and pest control advisor committees that work closely with exten-
sion personnel in developing policy and activities. Regular meetings to keep all 
growers informed are important to program success. A program in the Marana-Avra 
Valley area uses multiple control components to effectively control all cotton insect 
pests in the community. The Marana-Avra Growers Task Force oversees the operation 
of this program in cooperation with extension and research personnel and pest control 
advisors. The Arizona Cotton Growers Association established a community-wide 
pink bollworm management program in the Parker area in 1989 in cooperation with 
local growers. The program was later expanded into the Gila Bend area and to include 
whitefly management. 

Successful results by community action groups have been favorably received by 
growers and pest control advisors because of improved pest control and reduced 
adverse environmental impact. This is especially ctitical in areas of urban-agriculture 
intetface where pesticide use is being increasingly challenged. 
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SILVERLEAF WHITEFLY 
The silverleaf whitefly is a serious problem in Arizona and California primarily 

because of honeydew production, disease transmission, and yield loss. A complete 
effective management system for silverleaf whitefly is a goal for the future and at pre-
sent, is in the early formative stages. However, extensive ecological , biological and 
fundamental research on the whitefly complex and its natural enemies is revealing 
many potential components for incorporation into an ecologically-based management 
system. Some crop management and community-oriented farm practices are being 
implemented in an effort to provide overall whitefly population reduction. The exten-
sive cultivated crop host range, wild weed hosts and urban ornamental and weed hosts 
combine to provide a year-long spatial (relating to space) and temporal (relating to 
time) continuum of host biomass that provide food, shelter and reproductive substrate 
throughout the year. The resulting complex interrelationships of types of cultivated 
crops, crop growing sequences and urban community hosts have an impact and are of 
concern to the entire farm community in whitefly population development. 

Areawide community-involved approaches to silverleaf whitefly management have 
the best possible chance of success. The cotton grower in a farming community must 
give careful consideration to the status of winter-spring cultivated crop sequences in 
proximity to prospective cotton planting locations. Although, low silverleaf whitefly 
populations occur on vegetable crops such as broccoli, lettuce and cole crops during 
October through February and March, populations developing in early spring melons 
increase dramatically in April to May and high numbers move to cotton. Thus, early 
harvest and melon crop residue destruction and plowclown is an essential silverleaf 
whitefly management component for the cotton grower. 

Uniform, optimum cotton planting elate scheduling may help escape high, early-sea-
son infestation levels. Planting upwind of infes ted or potentially infested cultivated 
crop hosts is a further precaution to managing early-season infestations. Smoothleaf 
cottons support lower silverleaf whitefly population levels than hairy-leaf cottons. 
Also, short-season cotton types to develop an early maturing cotton crop for early har-
vest and crop destruction are effective in reducing overall population densities in 
areawide farming community programs. 

Water and fertilizer management are important factors in silverleaf whitefly man-
agement. Although the mechanisms involved in the complex interaction of the host 
plant condition and whitefly population dynamics are largely unknown, silverleaf 
whiteflies increase dramatically when cotton plants become stressed. Thus, frequent 
and adequate irrigation during the season delay the occurrence of high population den-
sities. 

Several insecticides alone or in combination have been found to provide adequate 
silverleaf whitefly control. Special attention must be given to good coverage, particu-
larly to underleaf smfaces. Insecticide resistance is a particularly important factor in 
whitefly management. It is important to avoid using materials in the same chemical 
class for extended periods. Frequent population monitoring of the adult and immature 
populations on leaves is critical to assess effectiveness of control strategies. Definitive 
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economic threshold values have not been established but high population levels cause 
severe defoliation and reduced yield as well as sticky cotton. 

Late-season cotton crop and silverleaf whitefly management must be carefully 
planned and carried out. LogaTithmic population increase of silverleaf whitefly popu-
lations begins in late July and early August shortly after peak cotton flowering. Thus, 
the cotton plant is subjected to increasing stress from whitefly feeding during the 
period of boll maturity and boll opening with increasing numbers of open bolls 
exposed to accumulations of honeydew. The critical timing of irrigation termination, 
defoliation and harvest leaves very little margin for error, but must be accomplished as 
early as possible considering optimal yield. 

SAN JOAQUIN VALLEY PROGRAM 
The current IPM program for cotton in Californ ia's San Joaquin Valley places 

major emphasis on pest detection and infestation monitoring (e.g., presence/absence 
sampling for spider mites). This provides for avoidance of unnecessary insecticide 
use and for timely scheduling of management practices. Biological control provides 
an opportunity to suppress pest infestations. Where insecticides or miticides must be 
applied, use of the more selective materials is encouraged. Use of broad spectrum 
pesticides during July, when the threat of lepidopterous pests is high, is discouraged. 

FUTURE PROGRAMS 
Pesticide regulation, especially water quality legislation and the Endangered 

Species Act, is reducing the flexibility of chemical pest control. It is this reduced f1ex-
ibility that also may be accelerating, rather than delaying, the development of resis-
tance to some chemicals by some insects (Trumble and Parella, 1987). This places 
added importance on the continued development and implementation of alternative 
control practices packaged as IPM community action programs. 

EDUCATION AND EXTENSION LEADERSHIP 

A major portion of the cotton acreage in Arizona and California is monitored for 
arthropod pests by trained personnel. Some of the larger farms utilize a permanent 
employee, supplemented by additional summer assistants, to monitor fields. Many cot-
ton growers retain the services of private consultants who advise them of pest man-
agement needs and other practices. In some cases, however, growers rely on the 
representatives of pesticide retailers despite efforts from some groups to allow licens-
ing of only crop consultants and/or pest control advisors who have no vested interest 
in sales. Extension educational activities such as meetings, publications and demon-
strations are important in meeting the training needs and continuing education require-
ments of field monitoring persolll1el. 

Continued efforts to improve grower acceptance and use of new IPM strategies and 
technologies are underway throughout the West, as well as in other cotton producing 
regions. Some examples may be seen in the University of California's IPM imple-
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mentation program. This program was first established in 1981, by annually appropli-
ated money from the State General Assembly and is now an in-line part of the 
University of California budget. The UC IMPACT computer network has, since 1982, 
provided a number of programs and databases to mini-computers housed in county 
extension offices. These include degree-day and phenology (relationship of climate 
and biological phenomena) models for the pink bollworm and cotton developmental 
stages, a comprehensive meteorology database for over 125 reporting stations, three-
day ag~icultural forecasts, and realtime data for over 100 stations. In addition, infor-
mation on biologies, monitming guidelines and control tactics are available by 
computer for most important insect, weed, pathogen and nematode pests. The system 
has recently been made available by phone line to microprocessors of individual grow-
ers, pest control advisors and other interested persons. A similar system, known as 
AZMET, is operated by the University of Alizona. In addition to on-line computer 
data, the Arizona system provides weekly advisories (newsletters) that include local-
ized infmmation on heat unit accumulations, agronomic conditions, and insect control 
recommendations. Cotton models, including COTSIM, are being produced for micro-
processors and expert systems are being developed for assisting in decision making by 
owner/operators, managers and pest control advisors. 

The last 15 to 20 years have seen much activity in IPM research and implementa-
tion. Refined detection and sampling methods, coupled with a better understanding of 
the pests, their natural enemies and the cotton plant, have resulted in highly developed 
management recommendations (Anonymous, 1984). Research and implementation 
efforts must continue and interdisciplinary information exchange must expand in order 
to offset increasing problems of pest resistance, production costs, reduced availability 
of chemical control materials, expanding urbanization, environmental contamination 
and human health concerns. 

SUMMARY 

Western insect and mite management has evolved through periods of relatively light 
pest conditions to increased pest problems and changes in the methods and materials 
used to prevent or redi.tce their damage. 

Synthetic organic insecticides were very impmtant in reducing pest damage and 
increasing yields. Problems developed however from pest resistance, secondary pests and 
environmental hazards. These brought about integrated pest management prog~·ams that 
emphasized use of multi-component systems designed to reduce insecticide input. These 
systems are being implemented on a community-wide basis using cultural, biological and 
chemical components that attack weaknesses in the biology and ecology of key pests. 

Extension educational programs have played a key role in creating awareness, dis-
seminating information, and demonstrating new technology to western growers. It is 
important that research and implementation efforts continue and expand as a means of 
helping growers meet the challenges of the future in environmentally sound, cost 
effective insect and mite management. 
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INTRODUCTION 

Cotton farming is a major field crop enterprise and an important soLu·ce of foreign 
exchange in the United States. In 1985-86, cotton ranked fifth among field crops in 
value of production with about 38,000 growers scattered from Virginia to California 
earning $4 billion from the sale oflint and cottonseeds (Starbird et al., 1987). United 
States cotton production is particularly susceptible to losses caused by the presence of 
insect and mite pests. Indeed, a major factor influencing the viability of cotton pro-
duction in many areas is the ability of growers to control insect and mite populations 
and, therefore, minimize production losses, risk and uncertainty. 

Many insect and mite species attack cotton foliage and bolls limiting potential 
yields. The aggregate damage attributed to cotton insects and mites is often reported 
as annual yield reductions of 7 to 14 percent and control expenditures in excess of 
$200 million per year despite best control efforts (Anonymous, 1980, 1981, 1983; 
Head, 1982, 1984, 1985; and King eta!., 1986, 1987). Using recent years as examples, 
estimates of the extent of economic impacts caused by these pests are examined in this 
chapter. A brief survey was conducted of available data on grower control practices, 
crop damage and aggregate effects and public expenditures. Reported results provide 
approximations of current economic impacts on domestic agricultural production, pro-
ducers and consumers. 

lillY liNSECT AND MITE PESTS 

Cotton production areas are clearly defined in the United States, each with a differ-
ent ecosystem and complex of serious insect and mite problems (Figure 1). In general, 
these areas can be classified as: the humid areas of the Southeast (Alabama, Florida, 
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Georgia, North Carolina, and South Carolina); Delta or Mid-South (Arkansas, 
Louisiana, Mississippi, Missomi and Tennessee), and coastal areas of Texas where the 
bollworm, Helicove1pa zea (Boddie), tobacco budworm, Heliothis virescens (F.), boll 
weevil, Anthonomus grandis grandis (Boheman), plant bugs, and thrips are the key 
pests; the semi-arid areas of the Southwest (New Mexico, Oklahoma and inland Texas) 
where the key pests are the bollworm, tobacco budworm, cotton fleahopper, 
Pseudatomoscelis seriatus (Reuter), and the boll weevil; and the irrigated deserts of 
the Far West (Arizona and California) where the pink bollworm, Pectinophora gossyp
iella (Saunders), spider mites, and the westem lygus bug, Lygus hesperus Knight, are 
the key pests. 

In the sections that follow, aggregate estimates of pest control incidence, chemical 
use, grower control expenditures and yield loss are reported for key insect and mite 
species in each cotton producing state and area in the United States. Estimates gener-
ally rely on selected cotton pesticide use surveys (USDA, 1964-87) and on cotton 
experts who have provided state and area specific estimates of pest incidence, control 
measures (Suguiyama and Osteen, 1988), and yield losses (Anonymous, 1980, 1981, 
1983; Head, 1982, 1984, 1985; and King et al., 1986, 1987). Target pests include indi
vidual species and two major complexes: (a) bollworm!tobacco budworm!boll wee-
vils; and (b) pink bollworm!other pests. The individual pests category includes the 
bollworm, boll weevil, plant bugs, stink bugs, and other minor pest species. 

PEST INCIDENCE 

Early planting, the use of rapid fruiting and early maturing varieties, optimum fer-
tilization and inigation, plant spacing, trap crops', early harvest and crop residue dis-
posal have long been recognized and adopted as excellent measures for reducing 
potential insect and mite damage on cotton production (National Academy of 
Sciences, 1975; Nam.ken et al. , 1983; Grimes, 1985). These cultural practices have 
been extensively investigated and complement pest management strategies for detec-
tion, augmentation of biological control techniques, and timing of chemical control 
practices. Bradley and Agnello (1986) recently provided examples of four major cot-
ton insect pests (bollwom1, tobacco budworm, boll weevil and pink bollworm) whose 
management may be achieved through the application of cultural techniques as basic 
elements of cotton production programs. 

Despite good agronomic practices, cotton insects and mites reach population and 
potential damage levels that justify the use of chemical control measures in every pro-
duction area in the United States. An estimated range of 50 to 70 percent of the total 
cotton acreage harvested is treated annually one or more times with insecticides or 
miticides (Figure 2). Almost all of the cotton acreage is treated in southeastern, Delta, 
and western states. Only the southwestern states (New Mexico, Oklahoma and Texas) 
traditionally have considerably less than 100 percent of acreage treated. 

'While trap crops have been recognized, they have not been adopted to any significant extent. 



758 SUGUIYAMA AND OSTEEN 

70 

60 

50 

4 0 

30 

20 

10 

0 
1952 1958 1966 1971 1976 1979 1982 1984 1985 1987 1988 

Figure 2. Percentage of cotton acreage treated with insecticides/miticides, 1952- 1988. 
(Source: Economic Research Service, United States Department of Agriculture.) 

On the aggregate, grower control efforts are mainly directed at bollworm/ tobacco 
budworm (an estimated 53 percent of harvested acreage), thrips (42 percent), boll wee-
vil ( 40 percent), plant bugs (37 percent) and spider nlites (17 percent) (Table F 3

). These 
species predominate in most states and areas. Of particular regional importance are the 
pink bollworm, seedcorn maggot, Delia p/aturct (Meigen), wireworms and wlliteflies in 
western states; and grasshoppers in the Southwest. Estimates of harvested acreage 
treated for each species in specific cotton production areas are shown in Table 2. 

The intensity of pest incidence during the growing season is indicated by the num-
ber of chemical applications required to control each population species. 
Bollworm/tobacco budworm and the boll weevil receive the most applications per har-
vested acre, on average, of all insect and mite target pests (Table 34

). Treated as single 
targets or as a complex, these pests account for over half of all chemical applications 
in United States cotton (2.4 out of 4.6 applications per harvested acre). Thrips and 
plant bugs also account for a large number of applications because of the heavy inci-
dence of acreage treated for these pests in many states. 

'Comparable estimates of cotton acreage treated for ten important insect and mite pests has been reported 
from a pesticide use survey for the 1979 crop year (Suguiyama and Carlson. 1985). 
'All tables referenced in this chapter are found in a Chapter Appendix at the end of this chapter. 
'The average number of applications per hmvested acre in each state is a weighted estimate calculated as the 
product of the shme of total acreage treated times the average number of applications per treated acre. 
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Great variability is found in the number of applications among producing states and 
areas (Tables 3, 4). Oklahoma and Texas cotton average the lowest number of appli-
cations per harvested acre, 1.3 and 1.9, respectively. In contrast, the southeastern states 
average the highest number of applications per harvested acre, ranging from 5.9 in 
North Carolina to 18.4 in Florida. The number of applications on North Carolina cot-
ton have declined considerably in recent years in comparison to other southeastern 
states clue to tl1e absence of the boll weevil as a result of the eradication effort (Carlson 
et al., 1987). 

CHEMICAL USE 

During this century, cotton insect and mite control practices in the United States 
have evolved from sole reliance on cultural methods to heavy reliance on chemicals to 
adoption of integrated crop and pest management systems (Ridgway and Lloyd, 1983; 
Bradley and Agnello, 1986). The use of chemical controls remains as an effective tool 
to reduce damaging population levels. These compounds generally are toxic to bene-
ficial arthropods and are potentially hazardous to other nontarget organisms if proper 
application or disposal procedures are ignored. These are important factors contribut-
ing to the overall impact that these pests have on agricultural production, thus they 
need to be examined. 

Suguiyama and Osteen (1988) estimated that the average United States cotton har-
vested acre receives 1.64 pounds of active ingredients for insect and mite control 
(Table 5). The total amount of active ingredients varies considerably among states, 
ranging from a high of 7.43 pounds per harvested acre in Florida cotton to a low of 
0.34 pounds in Oklahoma. Among the compounds, methyl parathion (average estin1ate 
of 0.34 pounds per harvested acre), azinphosmethyl (Guthion®) (0.2l lb.), pyrethroids 
(0.13 lb.), chlordimeform (Galecron®, Fundal®) (0.12 lb.), propargite (Comite®) 
(O.lllb.), and aldicarb (Temilc®) (0.11 lb.) accounted for about 63 percent of all active 
ingredients applied to cotton fields in the United States. Figure 3 shows the average 
amounts of active ingredients for insecticides and miticides applied to United States 
cotton for selected years. Since 1977, the shift to the pyrethroids to control boll-
worm/tobacco bud worm has resulted in a significantly smaller amount of insecticides 
being applied to cotton (Cooke and Parvin, 1983). Tllis is largely due to smaller 
dosages being required for the pyrethroids. However, longer application intervals clue 
to increased effectiveness and/or longer residual activity may also contribute. 

The amount and class of chenlicals applied to cotton fields have also changed con-
siderably in recent years. Figure 4 contrasts the quantity of chenlical materials by 
classes between the period prior to 1979 when pyrethxoids were not registered for use 
and the following years when pyrethroids were registered and extensively used. The 
substantial decline in total amounts of chemical used is noted as the past extensive use 
of organochlorines (for example: DDT, endrin, and toxaphene) has been proportion-
ately replaced with the use of organophosphates, carbamates and pyrethroids. Several 
factors have contributed to these changes. They include the development of newer and 
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Figure 3. Pounds per planted acre of insecticide/miticide used on cotton 1964-1984. 
(Source: Economic Research Service, United States Department of Agiiculture.) 
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Figure 4. Disllibution by chemical class of cotton insecticides/miticides used, 1964-1984. 
(Somce: Economic Research Service, United States Department of Agi'iculture.) 
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safer compounds, stJicter pesticide regulations, pest resistance, and the extensive 
efforts of research and extension specialists in promoting integrated crop and pest 
management practices. 

CONTROL EXPENDJfTURES 

Past survey results on expenditures for cotton insecticides and miticides for the 
1971-77 period have been carefully reviewed by Cooke and Parvin (1983). Their 
analysis showed that while insect and mite populations are highly vmiable, the national 
per acre cost of insect and mite control has remained remarkably constant. Table 6 
shows average estimates of per acre expenditures for insect and mite control for 
selected years between 1964 and 1980. 

Suguiyama and Osteen (1988) estimated average grower control expenditures in 
United States cotton production to be about $37 per hm·vested acre, including scouting 
costs (Table 75) . Based on this estimate, the total annual grower expenditures for insect 
and mite control was approximately $381 million. Bollworm/tobacco budworm and 
the boll weevil account for over 42 percent of the total insect control expenditures, 
about $16 out of $37. Cotton grown in the Southeast requires the highest per acre 
expenditures to control these pests - Florida ($119 per harvested acre), Georgia ($72) 
and Alabama ($56). The lowest per acre expenditures for these pests are in California 
($3), Missouri ($5) and Texas ($5). Also significant me expenditures for pink boll-
worms in the infested meas of the West. For example, Arizona cotton fm·mers spend 
an average of $96 per hm-vested acre to control primarily pink bollworms. 

Per acre grower expenditures for all cotton insects and mites vary considerably 
among states and areas. The Southeast and Delta states usually report the highest per-
acre expenditures for all insect and mite control. Florida farmers spend the most, $145 
per hm·vested acre, while Oldahoma fm·mers spend the least, about $11 per harvested 
acre. Estimates of insect control expenditures per hm·vested acre by species in each 
cotton production area are reported in Table 8. 

COTTON YlfELD LOSSES 

Yield losses caused by insects and mites have been reported in several studies with 
significant differences across time (for examples see reports by the U. S. Department 
of Agricultme, 1965; DeBord, 1977; Schwartz and Klassen, 1981; and Schwmtz, 
1983). However, estimating yield losses are notoriously difficult to fix on aggregate 
levels. Survey and experimental methods me used for obtaining replicated loss esti-
mates for adjacent treated and untreated plots. The vexing problem is that such infor-
mation cannot be easily extJ·apolated over large m·eas or average fm·m conditions 
because many cultural, physical and environmental factors m·e important determinants 
of yield in complex and dynamic crop ecosystems (Cm'lson and Castle, 1972). 
'The per acre cost estimate is expressed in 1986 dollars and represents approximately 17 percent of total 
variable costs per acre of cotton grown in the United States. 
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In this study, estimates of insect and mite losses in cotton production were obtained 
from the Proceedings of the Annual Beltwide Cotton-Insect Research and Control 
Conferences (Anonymous, 1980, 1981 , 1983; Head, 1982, 1984, 1985; and King et a!. , 
1986, 1987). The insect and mite cotton loss estimates presented in these annual 
reports are generated by entomologists and other cotton experts in each of the cotton 
producing states. These estimates are widely accepted and used by entomologists, 
extension personnel, pesticide vendors, and cotton producers. 

Average production-weighted loss estimates have been summarized for major insect 
and mite pests. Beltwide loss estimates are shown in Table 9; loss estimates by indi-
vidual states are shown in Table 10. In the aggregate, 7.7 percent of the annual cotton 
crop is estimated to be lost to damage despite control measures. Bollworm/tobacco 
bud worm (2.5 percent loss), the boll weevil (1.5 percent), plant bugs (1.6 percent) and 
spider mites (0.8 percent) are responsible for 65 percent of the total crop loss attrib-
uted to insects and mites. The only other species causing significant yield loss is the 
pink bollworm in the infested areas of the West. 

VALUE OF DIRECT DAMAGE 

The composite values of damage (yield loss plus control costs) caused by individ-
ual species rarely have been reported for cotton pests, with the exception of the boll 
weevil. Aggregate estimates of economic damage reported in Table 11 are expressed 
as the sum value of yield losses (from estimates in Table 10) and control expenditures 
(from Table 7). The calculation of value of yield loss assumes the average market price 
of cotton to be $0.5844 per pound of lint (1 98 1-84 average). These values represent 
maximum damage values directly affecting producers alone, since cotton market and 
other production effects or adjustments in the absence of insect and mite damage are 
ignored. 

The total annual damage caused by all insects and mites on cotton production is esti-
mated to be about $645 million. By species, over half of the damage can be attributed 
to bollworm/tobacco budwonn ($2 16 million) and the boll weevil ($146 million). 
Plant bugs also cause significant damage, $76 million. Plant bugs are viewed as seri-
ous in California (western lygus bug) and Texas (cotton fleahopper) as well as the Mid-
South (tarnished plant bug). The damage caused by the pink bollworm, $71 million, is 
particularly significant because all damage is concentrated on only six percent of the 
total United States cotton harvested acreage (Table 1). 

AGGREGATE EFFECTS 

The continued presence of cotton pests and their associated control measures influ-
ence: (a) adjustments in farm cropping patterns (acreage shifts, cultural practices, resis-
tant varieties); (b) the demand for farm inputs (insect control inputs and their efforts on 
other input use); (c) supply and demand relationships in both the domestic and world 
market (product price and U.S. comparative advantage); and (d) future production and 
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income stability. As a result, the $645 million crop damage estimate for cotton does not 
fully reflect the annual impact of insects and mites on total aglicultural production. 

Several studies have attempted to approximate, either directly or indirectly, the 
regional and aggregate effects of cotton pests on crop production and marketing 
(Casey and Lacewell, 1973; Taylor, 1980; Suguiyama and Osteen, 1988). There also 
are other reports dealing with the effects of pesticide use decisions or areawide pest 
management programs on crop production. But, because of the complex and intercon-
nected nature of the United States agricultural industry, it is difficult to estimate the 
effects of producing in the absence of insects and mites, either on total cotton produc-
tion or on the production of alternative crops. 

In one particular study; Suguiyama and Osteen (1988) constructed a scenario in 
which cotton and other pertinent field crops suffer no damage from insects and Inites. 
As a result, the yield losses and control expenditures were eliminated as output-reduc-
ing factors, therefore, yield increased and production costs decreased. Where the 
absence of insects was restricted to predominant species in cotton and to bollworm and 
fall armyworm damage in corn, soybean and sorghum, the net annual aggregate impact 
approached $1.3 billion, or twice the $645 million damage estimate reported earlier for 
cotton alone6

. 

Analytical results generally indicate that the presence of insect and mite pests cause 
significant changes in cotton planted acreage among production regions. Cotton 
acreage decreases while soybean, sorghum and com acreage increases. The Southeast 
and Delta states, where insect pests cause the greatest direct damage, significantly 
decrease their cotton plantings. This result is not surprising, since most acreage 
declines due to pest problems have historically occurred in these regions. Producer 
income above variable costs are also affected as producers from the southeastern and 
Delta states, and Arizona suffer the most losses (yield damage and high control costs). 

Cotton consumers also lose from lower crop output and thus, higher cotton prices. 
In turn, lower output and higher prices for fiber alter domestic and foreign cotton mar-
kets. Traditionally, the United States has been a residual supplier of cotton in foreign 
markets; that is, the difference between foreign production and consumption has been 
met from United States production (National Academy of Sciences, 1975). 
Furthermore, additional effects may be expected from farm programs since cotton pro-
grams have generally included price support or acreage control provisions. 

In summaty, the annual net domestic aggregate impact of cotton insects and mites 
on agricultural production involves many significant economic and distributional 
effects among cotton producers, domestic and foreign, and between cotton producers 
and consumers. 

SUMMARY 

Bollworms and tobacco bud worms were the most damaging insect pests of cotton, 
causing direct annual losses of $216 million. The boll weevil ($146 million), plant 
'The same data estimates were utilized to approximate the direct impact to production and to approximate 
the net aggregate impact. 
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bugs ($76 million), pink bollworm ($71 million), spider mites ($64 million), and tlu·ips 
($44 million) are also important. Plant bugs and tlu-ips infest a large portion of United 
States cotton acreage, while the pink bollworm causes heavy damage in the West. 

The aggregate economic effects of cotton insects and mites include losses in pro-
ducer revenues, higher production costs, consumer losses, and net losses to society 
from wasted resources. Commonly used methods to estimate pest impacts or damages 
rely on the value of control expenditures plus yield losses. The estimated annual value 
of direct damage to cotton producers is $645 million, of which about $381 million are 
chemical control expenditures. More comprehensive analyses suggest that the overall 
impact from cotton insects and Inites has been greater than the above damage estimate. 

These reported estimates constitute benchmarks for the assessment of economic 
impacts caused by cotton insects and mites on United States agricultme. Despite lim-
itations with the data employed in this study, these estimates support current fanner 
concerns and the need for continued research and educational activities on pest control 
technologies. 

DISCLAIMER 

The views presented are those of the authors and do not represent those of any 
agency or organization. This chapter was written in 1988 and some changes in cot-
ton production and pest control have occurred since then. At the time this chapter 
was submitted, the senior author was a USDA/APHIS employee. 
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Table I. Percent of cotton harvested acreage treated one or more times against target pest. -..! 
0\ 
0\ 

Acreage treated 

U.S. 
Target pest AL AZ AR CA FL GA LA MS MO NM NC OK sc TN TX VA cotton 

Percent 
BW&TBW' 73.6 75.0 8.3 100.0 50.0 90.0 52.8 30.0 64.4 98.0 25.0 96.7 50.0 22.8 98.0 34.5 
Boll weevi l/BW & TBW 100.0 - 55.0 - 100.0 98.8 100.0 37.0 - - 0.5 6.5 19.1 
Boll weevil' 30.0 32.2 43 .9 0.6 100.0 77. 1 72.4 49.1 - 20.2 7.7 39.0 0.5 11.7 20.8 
Pink bollworm 99.5 - 5.8 - - 11.3 - - 0.6 5.8 
Pink bollworm/other pests ' 94.7 - - - - - - 4.5 
Spider mites 15.0 46.2 - 75.9 2.0 19.4 31.7 21.3 5.0 9.6 2.0 0.9 17.0 
Thrips 95.0 18.8 98.0 9.4 100.0 87.7 97.6 95 .0 100.0 21 .3 92.3 2.5 98.3 100.0 24.0 85 .0 42.3 
Plant bugs" 15.0 68.1 34.5 44.4 2.0 29.1 51.2 93.3 50.0 24.5 18.7 5.8 75.0 21.8 37.1 
Fall and beet armyworms - - 12.3 65.0 19.1 8.8 23.5 1.0 15.5 2.7 J.O 9.6 - 4.3 2.0 7.0 
Seedcorn maggot/wireworms - 84.8 - - - - - - 10.8 
Aphids 10.0 - - 4.7 5.0 29.4 24.4 21.3 5.0 10.7 . 1.7 5.0 2.0 12.4 11.0 
Whitefl ies - 1.0 - 10.2 2.0 - 4.0 - - 1.8 - - - 1.7 
Cotton leafperforator 27.1 - 1.2 - - - 1.4 
Cabbage looper - - 4.7 2.0 0.9 - 1.0 - - - 0.6 
Cutworms 2.7 - 4.7 - - - - 0.2 0.8 
Stink bugs - - ? ' _ . .) - - - - - 0.3 
Grasshoppers - - - - - 15.7 3.3 - - 0.3 0.4 

tJJ 
All insects and mites' 100.0 99.5 100.0 100.0 100.0 99.7 100.0 100.0 100.0 80.7 98.0 63.0 98.3 100.0 56.8 98.0 77.5 (j 

C'l 
-= Unreported or insignificant estimate. (j ....., 
Source: Suguiyama and Osteen, 1988. ~ 
'Includes the bollworm (BW) and tobacco budworm (TBW). ~ ;... 
'The acreage treated for the boll weevi l in Arizona. California. North Carolina, and South Carolina were estimated prior to completion of cooperative efforts to erad- ;... 

icate the boll weevil from these States. z 
1:::1 

'Other pests include bollworm. tobacco budworm. boll weeviL Lygus spp .. and stink bugs. 0 
"Include Lygus spp. and cotton t1eahoppers. tJJ 

>-3 

'Columns may not total 100 due to multi ple treatments. t"i 
t"i z 



Table 2. Percent of cotton harvested acreage treated one or more times against target pests. 

NC TN sc GA 
subregions6 subregions' subregions' subregions' 

Target pest 1 2 3 4 5 6 7 8 9 

Percent 
BW&TBW' 98.0 100.0 85.0 50.0 50.0 99.0 70.0 50.0 50.0 
Boll weevi!JBW & TBW - - - 2.0 - - 80.0 100.0 
Boll weevil 5.0' 45.0' 40.0' - 2.0 40.0' 27.0' 30.0 80.0 

Spider mites - - 2.0 2.0 10.0 5.0 10.0 20.0 
Thrips 90.0 100.0 70.0 100.0 100.0 99.0 90.0 50.0 90.0 
Plant bugs' - - - 75.0 75.0 5.0 15.0 15.0 30.0 
Fall and beet armyworms 2.0 4.0 2.0 - - !0.0 5.0 5.0 20.0 
Aphids - - 2.0 2.0 5.0 5.0 20.0 30.0 
Whiteflies - - - 2.0 - - -
Cabbage looper - - - - - - - 1.0 
Cutworms - - - - - -
All insects and mites; 98.0 100.0 85.0 100.0 100.0 99.0 90.0 95.0 100.0 

MS AR 
subregions' subregions' 

l3 14 15 16 

30.0 65.0 50.0 95.0 
50.0 30.0 5.0 95.0 
85.0 30.0 5.0 75.0 

5.0 30.0 - -
95.0 95.0 98.0 98.0 
90.0 95.0 40.0 30.0 
30.0 20.0 - -
5.0 30.0 -
2.0 5.0 
- - - -
- -

100.0 100.0 100.0 100.0 

LA 
subregions' 

17 18 

90.0 90.0 
100.0 100.0 
70.0 90.0 
25.0 80.0 

100.0 80.0 
50.0 60.0 
10.0 -
25.0 20.0 

- -
- -

- -
100.0 100.0 

TX 
subregions' 

19 20 

59.0 18.0 
100.0 49.0 
98.0 54.0 

- -
- 20.0 

85.0 90.0 
- -

- 10.0 
- -

-

- 4.0 
100.0 97.0 

>-3 

~ 
1.'-'i 
(") 
0 z 
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~ ...... 
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Table 2. Continued ...... 
0\ 
00 

TX OK NM A2 CA 
subregions' subregions' subregions' subregions' subregions' 

Target pest 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 

Percent 
BW & TBW' lOO.O 98.0 15.0 10.0 23.0 88.0 75.0 15.0 30.0 30.0 90.0 70.0 45.0 70.0 100.0 95.0 3.0 
Boll weevil lOO.O 35.0 40.0 10.0 - - 1.0 10.0 - - - - 90.0 10.0 
Pink bollworm - - - - 15.0 75.0 - - - 10.0 20.0 95.0 100.0 100.0 100.0 
Pink bollworm/other pests' - - - - - - - - - 45.0 100.0 100.0 
Spider mires 100.0 15.0 5.0 - - - - - - - - 20.0 40.0 80.0 90.0 75.0 
Thrips 75.0 15.0 70.0 2.0 33.0 2.0 5.0 1.0 3.0 20.0 10.0 30.0 7.0 20.0 20.0 - 10.0 
Plant bugs' 100.0 85.0 65.0 5.0 15.0 20.0 15.0 15.0 20.0 15.0 40.0 20.0 60.0 60.0 100.0 100.0 41.0 
Fall and beet armyworms 5.0 - - - 7.0 5.0 20.0 1.0 - 10.0 30.0 - - - 50.0 10.0 
Seedcorn maggot/wireworms - - - - - - - - - - - - - 90.0 
Aphids 5.0 - 20.0 2.0 18.0 20.0 5.0 1.0 2.0 - 15.0 15.0 - - 5.0 
Whiteflies - - - - - - - - - - - - 5.0 95.0 5.0 
Cotton leafperforator - - - - - - - - - - - 30.0 30.0 20.0 
Cabbage looper - - - - - - - - - - - - - - - 5.0 
Cutworms - - - - - - - - - - - 3.0 3.0 - 5.0 
Stink bugs - - - - - - - - - - - 40.0 
Grasshoppers - - 1.0 3.0 - 4.0 3.0 15.0 20.0 20.0 - - - - VJ 

All insects and mires' 100.0 98.0 92.0 15.0 65.0 92.0 85.0 45.0 80.0 60.0 92.0 87.0 95.0 100.0 lOO.O 100.0 100.0 c:: 
C'l 

- = Unreported or insignificant estimate. ~ Source: Suguiyama and Osteen. 1988. 
'Includes the bollwonn (BW) and tobacco budwonn (TBW). s: 

> 'The acreage treated for the boll weevil was estimated prior to completion of cooperative efforts to eradicate the boll weevil from these States. > 
'Include Lygus spp. and cotton fleahoppers. 8 'Other pests include bollworm, tobacco budwonn, boll weevil, Lygus spp., and stink bugs. 0 'Columns may not total 100 due to multiple treatments. Vl 

o-3 'Map locations of subregions are shown in Figure 1 of chapter 24. t"l 
t"l 
2 



Table 3. Applications per harvested acre, by target pests. ..., 

Applications per harvested acre ~ 
trJ 
n 

U.S. 0 z 
Target pest AL AZ AR CA FL GA LA MS MO NM NC OK sc TN TX VA cotton 0 

Number ~ 
n 

BW&TBW' - 0.62 1.50 0.22 7.00 1.43 2.59 1.90 0.85 1.42 3.84 0.72 5.75 1.00 0.45 2.74 0.86 ~ Boll weevil/BW & TBW 7.94 - 1.10 - 7.00 6.29 4.88 1.13 - - - - .02 .1 8 .85 n 
Boll weevil' .42 .32 .88 .01 3.00 3.50 1.67 !.57 - - .81 .31 2.19 .02 .54 .67 ..., 
Pink bollworm - 5.02 - .29 - - - .13 - - - - .02 - .28 0 

>'!lj 

Pink boll worm/other pests' - 3.12 - - - - - - - - - - - - - . 15 n 
Spider mites .20 .47 .99 .04 .32 .48 .39 .10 .15 .02 .02 .24 0 - - - - ..., 
Thrips 1.1 9 .19 1.42 .19 1.30 1.77 1.19 1.79 1.50 .21 1.20 .04 1.56 2.45 .25 1.15 .62 

..., 
0 

Plant bugs' .15 .63 .34 .53 .02 .43 .55 1.84 1.00 .35 - . 19 .09 .75 .28 - .5 1 z 
Fall and beet armyworms - - - .22 1.30 .23 .09 .47 .02 .21 .02 .01 .19 - .04 .02 . II z 

CFJ 
Seedcorn maggot/wireworms - - - .85 - - - - - - - - - - - - .11 trJ 

Aphids .10 .08 .05 .58 .24 .43 .05 .13 .02 .05 .02 .14 .15 n - - - - ..., 
Whiteflies .02 .28 .02 .04 .04 .04 r:n - - - - - - - - - - - .... 
Cotton leafperforator - .27 - .02 - - - - - - - - - - - - .02 z 

I:' 
Cabbage looper - - - .09 .02 .0 1 - - .01 - - - - - - .0 1 r::; Cutworms - .03 - .05 - - - - - - - - - .01 - .01 ..., 
Stink bugs - - - .02 - - - - - - - - - - .00 trJ 

CFJ 
Grasshoppers - - - - - - - - .35 - .03 - - .01 .01 
All insects and mites' 9 .70 10.69 5.24 3.84 18.36 13.05 11.69 9.56 3.53 2.80 5.87 1.32 10.02 4.29 1.94 3.9 1 4.58 

- = Unreported or insignificant estimate. 
Source: Suguiyama and Osteen, 1988. 
'Includes the bollworm (BW) and tobacco budworm (TBW). 
'Boll weevil applications in Arizona. California. North Carolina. and South Carolina were estimated prior to completion of cooperative efforts to 

eradicate the boll weevil from these States. 
'Other pests include bollworm. tobacco budwonn. boll weevil. Lygus spp .. and stink bugs. 
'Include Lygus spp. and cotton tleahoppers. ...;, 

'Columns may not total due to tank-mixed applications for several target pests. "' IC 



Table 4. Applications per harvested acre, by target pests. ..., ..., 
0 

NC TN sc GA MS AR LA TX 
subregions(; subregions' subregions' subregions6 subregions' subregions' subregions' subregions'' 

Target pest 1 2 3 4 5 6 7 8 9 13 14 15 16 17 18 19 20 

Number 

BW &TBW' 2.74 6.20 1.62 1.00 1.00 6.08 1.91 0.99 1.46 0.60 2.60 1.00 1.90 2.70 1.80 0.76 0. 18 
Boll weevil!BW & TBW - - . 10 - 3.58 6.46 1.00 1.20 .10 1.90 5.00 4.00 3.00 1.15 
Boll weevil .20' 1.80' 1.60' - .10 2.29' 1.12' .66 3.68 3.40 .60 .10 1.50 1.40 3.60 7.84 1.97 
Spider mites - - .02 .02 . 16 .09 .18 .33 .10 .54 - - .38 1.20 
Thrips !.15 1.32 .94 2.45 2.45 1.58 1.40 .68 1.84 1.70 !.84 1.47 1.37 1. 15 1.50 - .20 
Plant bugs' - - .75 .75 .08 .30 .15 .45 1.28 2.14 .40 .30 .50 .90 .85 1.80 
Fall and beet armyworms .02 .02 .02 - - .20 .05 .08 .24 .60 .40 - - .10 
Aphids - - - .02 .02 .05 .05 .20 .60 . 10 .60 - .25 .20 - .10 
Whiteflies - - - .04 - - .02 .05 
Cabbage looper - - - - - - .01 
Cutworms - - - - - - - - - - - .04 
All insects and mites' 4.76 10.91 4.48 4.61 4.81 10.99 5.26 5.91 13.49 9.11 10.59 4.30 9.07 12. 16 13.71 12.61 5.72 

en c 
C'l 

~ 
~ 
;> 
;> 
z 
t:;j 

0 
rJJ ,..., 
t"J 
t"J z 



Table 4. Continued >-3 
::I: 

TX OK NM AZ CA t"1 
t"1 subregions(, subregions' subregions' subregions' subregions6 (j 
0 

Target pest 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 z 
0 

Number ~ 
(j 
...... 

BW & TBW' 9.00 5.29 0.3 1 0.12 0.39 2.29 1.50 0.20 0.90 0.68 2.27 1.33 0.61 0.60 1.00 2.85 0.06 ~ 
Boll weevil 3.00 .99 .70 .20 - .04 .40 - - .90 .20 - ~ 
Pink bollworm .30 2.25 .15 .20 2.85 5.70 3.70 S.OO 

(j 
- - - - - >-3 

Pink bollworm/other pests·' - - - - - .61 2.34 7.40 - 0 
Spider mi tes 2.00 .37 .05 - - - - .20 .40 .82 1.53 1.12 "'1 

(j 
0 

Thrips .7S . 13 1.05 .02 .33 .02 .OS .01 .05 .20 .10 .30 .07 .20 .20 - .10 >-3 
>-3 

Plant bugs-' 2.00 1.25 .81 .05 .17 .30 .15 .1 5 .20 .20 .70 .20 .60 .60 .74 1.70 .40 0 
Fall and beet armywonns .05 - - .07 .05 .20 - .01 - .19 .38 - - .50 .20 z ...... 
Seedcorn maggot/wireworms - - - - - - - .90 z 

IJJ. 
Aphids .05 - .20 .02 .22 26 .OS .01 .02 - .23 .15 - - .08 t"1 

(j 
>-3 

Whiteflies - - - - - - - - - .10 2.47 .15 '-" 
Cotton leafperforator .30 .30 .34 ~ - - - - - - - - - z 
Cabbage looper - - - - - - - - - - - - - .10 t::l 
Cutworms - - - - - - - - - .03 .()3 .05 ~ 
Stink bugs - - - - - - - - .40 - >-3 

t"1 Grasshoppers - - .0 1 .06 .04 .03 .07 .40 .so - - - '-" 
All insects and mites' 16.85 8.03 3.12 .42 1.17 3.50 4.34 .44 1.61 1.15 4.03 3.06 4.33 10.27 15.1 8 14.99 3.16 

- = Unreported or insigniticant estimate. 
Source: Suguiyama and Osteen. 1988. 
'Includes the bollworm (BW) and tobacco budwonn (TBW). 
'Boll weevil applications were estimated prior to completion of cooperative efforts to eradicate the boll weevil from these States. 
'Include Lygus spp. and cotton tleahoppers. 
'Other pests include bollworm, tobacco budworm. Lygus spp .. and stink bugs. 
'Columns may not total due to tank-mixed applications for several target pests. 
"Map locations of subregions are shown in Figure I of chapter 24. 

-l 
-l -



Table 5. Pounds of active ingredients of insect and mite pest control chemicals per harvested acre.' _, _, 
N 

Active ingredients per harvested acre 

Active Brand U.S. 
ingredient Name AL AZ AR CA FL GA LA MS MO NM NC OK sc TN TX VA cotton 

Pounds 

Acephate Orthene® 0.028 0.286 - 0.191 0.025 0.183 0.122 0.005 0.025 - 0.032 0.049 0.018 0.023 0.063 
Aldicarb Temik® .257 .268 0.245 .187 .026 .132 0.146 .094 .188 0.001 .323 - .259 .150 .057 .320 .1 12 
Azinphosmethyl Guthion® .263 2.432 .356 .029 .850 .598 .078 .143 - - 0.002 .007 .003 .082 - .208 
Carbaryl Sevin® - .027 - .054 - .061 .003 - - .002 - .OlO 
Carbofuran Furadan® - - - - - - - .004 .002 
Chlordimeform Galecron®, .406 .732 .164 .048 .613 .356 .181 .221 .088 .016 .050 .080 .330 .025 .028 .036 .119 

Fundal® 
Chlorpyrifos Lorsban® .064 - .017 .263 .030 .069 .033 .246 .001 .005 .00 1 .00 1 .029 .010 - .068 
Demeton Systox® - - .01 5 - - - - - - - .002 
Dicofol Kelthane® - .233 - .556 - .010 .097 .029 .010 - .058 - .002 - .092 
Dicrotophos Bidrin® .067 .003 .126 .021 .128 .068 .164 .096 .266 .064 .008 .013 .049 .089 .025 .008 .049 
Dimethoate Cygon®. - - .104 .0 17 .002 .104 .094 .096 .244 .027 .008 .004 .032 .082 .015 .008 .036 

Defend® 
Disulfoton DiSyston® .124 - - - .375 .132 .027 - .059 - .003 .027 .008 
Endosulfan Thiodan® - - .023 - - - - - - .003 
EPN - - - - - - .077 .126 - .052 .029 
Lindane - - - .005 - - - - - - .001 (/) 

d 
Malathion .009 .074 - .017 - .087 .073 .210 1.010 .022 1.319 - .056 - .060 C"l 
Methamidophos Monitor® .120 .037 .019 d - - - - - - - - - ,.... 
Methidathion Supracide® .182 - .01 5 - - - - - - - .0 10 ~ 
Methomyl Lannate®. .077 - .009 - - .023 .002 .184 .009 - .054 - .017 .009 .017 ~ 

;J;> 
Nudrin® ;J;> 

Methyl parathion 2. 124 .838 .275 - 3.000 2.176 .593 .641 .080 .039 .458 .01.8 .193 .343 z - ~ 

Monocrotophos Azodrin® .068 .766 - .037 .034 .188 .173 .050 .017 .2 18 - .0 10 - .068 0 
(/) 
>-3 
i:"l 
i:"l z 



Table 5. Continued 

Oxamyl Vydate® - - .023 - - - - - - -
Phorate Thimet® - - .024 .075 .033 - .014 - .027 
Phosmet Imidan® - - - - - - - - -
Phosphamidon Swat® - - - - - - - - .008 -
Profenofos Curacron® 032 .017 - .Ill - .017 .112 - - - .004 .014 
Propargite Co mite® - .097 .819 - - .031 - - -
Pyrethroids' .393 .043 - .030 .559 - .084 - - .087 
Cypermethrin Cymbush®, - .283 .096 .026 .546 .184 .208 - .009 .127 .017 .124 -

Ammo® 

Fen valerate As ana® - .059 .030 .022 .490 - .381 - .097 .116 .014 .173 .101 
Flucythrinate Pay-Off® - - - - - - - - - - - -
Permethrin Ambush®. - .001 .001 .001 - - - .038 .027 .035 

Pounce® 
Tralomethrin Scout® - .013 - - - - - -

Sulprofos Bois tar® - - .008 .390 .024 .039 - - - .146 
Thiodicarb Larvin® .043 - - .819 .079 .043 .251 .015 .021 -
Trichlorfon Dylox® - - - .015 - - - - - - -

Total 3.878 6.430 1.413 2.656 7.434 4.816 2.279 2.400 .903 .754 1.763 .341 3.608 .546 

- =Unreported or insignificant estimate. 
Source: Suguiyama and Osteen, 1988. 
'Excludes use of microbials, sex attractants, and sulfur. Also excludes active ingredients with less than 0.00 I pounds per harvested acre. 
'In some chemical entries, only an aggregated use for all pyrethroids was provided. 
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774 SUGUIYAMAAND OSTEEN 

Table 6. Per-acre and aggregate expenditures for insect and mite control in U .S. 
cotton'. 

Year Per acre Total 

Actual dollars 
1964 5.69 83,643,000 
1966 6.42 66,126,000 
1969 6.79 80,122,000 
1971 4.66 57,318,000 
1972 7.35 102,165,000 
1974 12.35 167,960,000 
1976 15.83 183,628,000 
1977 24.68 335,648,000 
1978 21.49 285,817,000 
1979 21.90 304,410,000 
1980 25.31 366,995,000 

'Sources: Starbird, 1974; Krenz et al. , 1976; and Economic Reseru·ch Service, 1984-87. 



Table 7. Expenditmes per harvested acre for insect and mite control and scouting. by target pests. ..., 
:X:: 

Expenditures per harvested acre 1:"1 
1:"1 

U.S. ('"'] 
0 

Target pest AL AZ AR CA FL GA LA MS MO NM NC OK sc TN TX VA cotton z 
0 

Dollars ~ 
BW &TBW' - 12.90 9.20 2.62 52.14 10.36 16.70 13.27 4.96 10.27 23.36 6.23 40.26 5.65 3.47 16.56 6.53 ('"'] 

Boll weevii/BW & TBW 54.48 - 8.79 54.78 49.84 32.04 8.47 - - .13 1.31 - 6.0 1 ~ 
Boll weevil' 1.41 3.47 3.61 .08 11.70 12.25 5.02 6.68 - 4.96 1.30 11.11 .08 2.75 3.00 ~ 
Pink bollworm 48.42 6.29 .67 .10 3.13 ('"'] - - - - - - ..., 
Pink bollworm/other pests' - 47.86 - - - - - - - - - - 2.25 0 

"'J 
Spider mites l.ll 4.53 - 20.78 .35 2.11 3.09 3.70 .42 - - 1.20 .06 .15 3.54 ('"'] 

Thrips 7.65 1.35 7.13 2.53 7.52 8.36 4.78 5.17 7.08 .88 8.04 .32 8.35 6.60 1.86 7.86 3.12 0 ..., 
Plant bugs' .43 7.00 1.10 8.65 .06 .27 1.37 7.24 3.23 1.46 - .81 .28 1.64 1.04 2.89 ..., 

0 
Fall and beet armyworms - 3.03 14.33 1.95 1.18 5.30 .29 1.70 .17 .10 1.53 - .SO .17 l.28 :z 
Seedcorn maggot/wireworms - - - 6.74 - - - - - - - - - - 0.86 -:z 
Aphids .24 - - .61 .16 S l .91 1.78 .18 .50 - .09 .15 .06 .52 0.58 (l'.l 

1:"1 
Whiteflies .34 - 3.02 .18 - - .23 - - .20 - - 0.42 ('"'] ..., 
Cotton leafperforator - 3.84 - .49 - - - - - - - - 0.24 (l'.l .... 
Cabbage looper - - - 1.31 .16 . 05 - - .14 - - - - - 0.17 :z 
Cutworms - .1 6 - .56 - - - - - - - - - .01 0.08 l::l 

s: Stink bugs - - .30 - - - - - - - - - - - 0.04 ~ 
Grasshoppers - - - - 1.88 - .14 - - .02 - 0.03 1:"1 

(l'.l 
All insects and mites 65.32 129.86 29.84 57.02 141.38 85.70 65.10 51.84 16.30 17.37 36.53 8.98 63.08 14.22 11.73 24.59 34.1 7 
Pest scouting 2.75 2.91 3.65 4.92 3.67 3.37 4.93 4.01 2.33 2.69 5.30 1.59 4.22 .72 1.83 5.30 2.81 
Total expenditures 68.07 132.77 33.49 6 1.94 145.05 89.07 70.03 55.85 18.63 20.06 4 1.83 10.57 67.30 14.94 13.56 29.89 36.98 

- = Unreported or insignificant estimate. 
Source: Suguiyama and Osteen, 1988. 
'Includes the bollworm (BW) and tobacco budworm (TBW). 
'Expendi tures for the boll weevil in Arizona. Californ ia. North Carolina, and South Carolina were estimated prior to completion of cooperative efforts to eradicate 
the boll weevil from these States. 

'Other pests include bollworm. tobacco budworm. boll weevil. Lygus spp., and stink bugs. 
'Include Lygus spp. and cotton tleahoppers. -.I ..... 

"' 



Table 8. Expenditures per harvested acre for insect and mite control and scouting, by target pests. .... .... 
0\ 

NC TN sc GA MS AR LA TX 
subregions' subregions' subregions' subregions' subregions' subregions' subregions' subregions' 

Target pest 1 2 3 4 5 6 7 8 9 13 14 15 16 17 18 19 20 

Dollars 
BW& TBW' 16.56 38.03 9.00 5.65 5.65 42.65 12.83 6.80 10.58 3.69 18.39 5.88 11.87 17.46 11.27 5.99 1.22 
Boll weevil!BW & TBW - .51 27.73 51.20 6.96 9.27 .80 15.20 32.98 25.31 21.60 8.10 
Boll weevil 1.23' 11.03' 9.81' .34 11 .51' 6.48' 2.32 12.86 14.20 2.66 .41 6.17 4.28 10.33 4J.l6 8.10 
Spider mites - - .06 .06 1.24 .7 1 1.05 2.18 .81 5.24 - - 2.53 7.12 
Thrips 7.86 8.63 6.41 6.60 6.60 8.43 7.37 4.06 8.62 4.49 5.53 6.96 7.26 4 .73 5.14 - .67 
Plant bugs' - - - 1.64 1.64 .23 .85 .09 .28 4.44 8.74 1.28 .96 1.29 1.98 3.35 6.34 
Fall and beet armyworms .17 .16 .17 - - 1.63 .41 .59 2.03 6.21 4.81 - - 1.34 
Aphids - - .06 .06 .15 .14 .20 .53 .31 2.57 - - .93 .73 - .34 
Whiteflies - - .22 - - - .21 .24 
Cabbage looper - - - - - .05 
Cutworms - - - - - - - - - - - .34 
All insects and mites 25.82 57.85 25.39 14.0 1 14.86 66.06 28.79 42.84 88.33 41.32 57.45 15.33 41.46 65.54 61.88 72.10 25. 11 
Pest scouting 5.30 5.30 5.30 .72 .72 4.22 4.22 2. 18 3.44 2.97 4.57 3.65 3.65 4.93 4.93 2.05 2.85 

Total expenditures 31.12 63.15 30.69 14.73 15.58 70.28 33.01 45.02 91.77 44.29 62.02 18.98 45.11 70.47 66.81 74.15 27.96 

(10 
Cj 
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Table 8. Continued ..., 
TX OK NM . AZ CA . 

g; 
subregwns' subregwns' subregiOns' subregwns' subregiOns' t":: 

('"] 

Target pest 21 22 ?~ 24 25 26 27 28 29 30 31 32 33 34 35 36 37 0 
_ .) z 

Dollars ~ ..... 
BW&TBW' 79.23 45.14 2.66 0.98 2.80 19.88 13.04 1.59 7.78 5.48 13.13 11.54 - 14.60 13.12 32.32 0.79 ('"] 

Boll weevil 15.54 5.27 3.09 1.!0 - - .17 1.68 - - - - 1.30 12.66 1.42 -

~ Pink bollworm - - - - 1.86 13.81 - - .95 .93 33.33 41.55 79.45 108.42 
Pink bollworm/other pests·' - - - - - - - - - 8.97 30.32 127.29 - ('"] 

Spider mites 17.55 3.08 .63 - - - - - 3.73 2.10 13.35 24.74 23.78 
..., 

Thrips 5.9 1 .68 3.55 .14 2.76 .11 .49 .02 .42 .77 .41 1.29 1.85 .97 2.43 - 1.00 0 
">j 

Plant bugs' 11.47 4.69 3.00 .18 .59 1.07 .52 .65 .86 .77 3.16 .74 6.34 5.57 12.29 32.52 5.63 ('"] 

Fall and beet m·myworms .63 - - - .82 .63 1.85 - .13 - 1.39 3.08 - - - 7.21 2.77 0 ..., 
Seedcorn maggot/wireworms - - - - - - - - - - - - - - 7.16 ..., 
Aphids .18 - .77 .07 .78 .37 .18 .05 . II - .88 .57 - - .65 ~ 
Whiteflies - - - - - - - - 1.67 3 1.62 1.26 z Cotton leafperforator - - - - - - - 3.91 5.40 8.51 "' Cabbage looper - - - - - - - 1.39 t":: - - - - - ('"] 
Cutworms - - - - - - - - .14 .31 - .59 ..., 

"' Stink bugs - - - - - - - - - - - - 5.20 > 
Grasshoppers - - - .06 - .30 - .15 .13 .40 2.16 2.69 - - - - ~ All insects and mites 130.51 58.86 13.70 2.53 7.75 24.22 29.89 2.63 11.1 1 7.42 22.08 20.84 54.22 100.46 267.97 251.96 45.02 e; Pest scouting 6.80 6.20 3.25 1.26 1.76 2.94 1.84 1.31 1.69 2.69 2.78 2.62 3.18 2.95 2.64 25.00 3.68 ..., 

Total expenditures 137.31 65.06 16.95 3.79 9.51 27.16 31.73 3.94 12.80 !0.11 24.86 23.46 57.40 103.41 270.61 276.96 48.70 t":: 
fJJ 

- = Unreported or insignificant estimate. 
Source: Suguiyama and Osteen, 1988. 
'Includes the bollworm (BW) and tobacco budworm (TBW). 
'Expenditures for the boll weevil in Nonh Carolina and South Carolina were estimated prior to completion of cooperative efforts to eradicate the boll weevil from 
these States. 

'Include Lygus spp. and cotton t1eahoppers. 
'Other pests include bollworm, tobacco budwonn, boll weevil. Lygus spp., and stink bugs. 
'Map locations of subregions are shown in Figure I page 
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Table 9. Cotton yield losses caused by target insects and mites in spite of control measures. 

Cotton yield losses 

1979-86 

Target pest 1951-60 1974-76 1979 1980 1981 1982 1983 1984 1985 1986 Mean Standard Coefficient 
deviation 

·Percent 
Boll weevil 8.00 2.49 1.40 0.96 1.29 2.36 2.50 0.40 0.98 1.93 1.48 0.68 
BW&TBW' 4.00 3.61 3.00 3.07 2.08 2.59 1.70 3.20 2.40 2.20 2.53 .50 
Cotton fleahopper - .Ol 1.40 .54 .46 .44 .40 .30 .37 .86 .60 .34 
Lygus spp. 3.40 .74 1.40 1.28 .78 .76 .70 1.30 .74 .80 .97 .28 
Cotton I eafperforator - .01 .1 3 .09 .01 - .10 .01 .01 .04 .05 
Pink bollworm .08 .33 .31 .63 .40 .40 .25 .2 1 .32 .17 
Spider mites .12 .70 1.37 .97 .85 .60 .60 .51 .37 .75 .29 
Thrips .11 .30 .40 .21 .24 1.20 .20 .67 .27 .44 .32 
Other pests' - .18 .60 .72 .55 .44 .10 .40 1.10 1.06 .62 .31 
All insects and mites 19.00 660 8.80 8.73 6.74 8.32 7.60 6.90 7.01 7.76 7.73 .77 

- = Unreported or insignificant estimate. 
Sources: Agricultural Research Service, 1965: DeBord, 1977; Anonymous. 1980, 1981, 1983: Head, 1982, 1984, 1985; and King et a/., 1986, 1987. 
'Includes the bollworm (BW) and the tobacco bud worm (TBW). 

of 
variation 

46.32 
19.67 
57.46 
28.81 

114.25 
53.43 
39.42 
73.88 
50.60 

9.91 

'Other pests include fall armyworm. beet armyworm, stink bugs, European corn borer, yellowstriped armyworm, seedcorn maggot, wireworms, cabbage looper, 
grasshoppers. cotton aphid. cutworms. whiteflies. and Western flower thrips. 
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Table 10. Cotton yield losses caused by target insects and mites, 1981-84. ..., 
~ 

U.S. t"l 
(") 

Target pest AL AZ AR CA FL GA LA MS MO NM NC OK sc TN TX VA cotton 0 z 
0 
~ 

Percent (") 

Boll weevil 5.13 0.67 1.94 - 6.62 3.74 3.65 2.39 - - 1.83 1.51 4.30 0.82 1.78 - 1.50 -a:: 
BW &TBW' 3.81 1.32 2.18 0.38 608 3.32 3.80 1.87 2.27 6.06 9.68 8.05 4.90 3.14 3.82 4.96 2.52 ~ 

(") 

Pink bollwonn 3.27 .39 - - - - 2.17 .10 - .44 ..., 
0 

Spider mites .51 .19 .14 2.56 .11 .13 .39 .09 .21 .57 .14 .30 .27 .89 .28 .82 .78 , 
(") 

Thrips .59 45 .38 .70 .09 .31 .21 .56 2.26 .24 .34 .78 .35 .41 .54 .34 0 ..., 
Lygus spp. .90 1.29 .77 1.16 .15 1.57 .63 1.84 1.24 7.42 .21 .86 .48 3.02 1.50 - 1.32 ..., 

0 
Cotton leafperforator - .29 .01 - - - - - .12 - - - - - - .03 z 
Other pests2/ .70 .57 .88 .50 .71 .23 .79 .03 4.98 .38 l.ll .07 .68 - .44 12 

"' All insects and mites 11.64 7.60 5.48 4.88 14.54 9.35 9.49 6.63 5.07 18.63 17.08 11.44 11.84 8.29 8.57 6.32 7.37 t"l 
(") ..., 
"' - = Unreported or insignificant estimate. 
;I> 

~ Source: Anonymous, 1983: and Head, 1982, 1984. 1985. a:: 
'Includes the bollwonn (BW) and tobacco budworm (TBW). -..., 
'Other pests include fall armyworm. beet armyworms. stink bugs, European corn borer, yellowstriped armyworm. seedcorn maggot. wireworms, cabbage looper. t"l 

"' 
grasshoppers. cotton aphid. cutworms. whiteflies. and Western flower thrips. 

:j 
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Table 11. Value of damage caused by target insects and mites. 

Value of damage 

Target pest AL AZ AR CA FL GA LA MS MO NM NC OK sc TN TX 
U.S. 

VA cotton 

Mill ion dollars 
BW& TBW' 20.1 10.6 10.8 6.5 2.0 11.2 37.1 28.9 1.7 2.3 4.2 8.4 5.7 4.1 62.3 - 2 16.1 
Boll weevil' 21.9 3.9 8.1 .I 1.4 11.7 29.9 24.6 - .8 1.6 2.7 .7 38.1 - 145.7 
Pink bollwonn - 57.5 - 11.4 - - - .6 - - 1.5 - 7 1.0 
Spider mites .9 2.8 .2 47.9 - .4 2.7 4.0 .2 .2 .2 .2 .7 3.6 - 63.9 
Thrips 2.9 .7 3.7 6.4 .2 1.4 3.5 5.9 1.3 .7 .7 .4 1.1 2.1 13.4 - 44.1 
Plant bugs' 1.1 7.7 1.6 20.7 - .9 2.2 14.6 1.0 2.0 .I l.O .2 2.9 20.3 - 76.3 
Cotton leafperforator - 2.8 - .7 - - - - - - - 3.6 
Other pests' 1.2 2.1 2.5 20.4 .3 1.3 4.1 9.5 .6 .3 1.6 .3 .8 .4 12.6 - 57.9 
All insects and mites' 32.8 89.5 24.8 120.5 3.1 19.6 63.6 83.1 5.2 6.3 7.8 12.5 11.1 11.0 154.4 6454 

- = Unreported or damage values less than $0.5 million. 
Source: Suguiyama and Osteen, 1988. 
'Includes the bollworm (BW) and the tobacco budwonn (TBW). 
'The value of damage caused by the boll weevil in Arizona, California. North Carolina, and South Carolina were estimated prior to completion of cooperative efforts 
to erad icate the boll weevil from these States. 

'Include Lygus spp. and cotton fleahoppers. 
'Include fall and beet annyworms. wirewonns, seedcorn maggot. cotton aphid, whiteflies. cabbage looper. cutworms, stink bugs and grasshoppers. 
'Columns may not total because expenditures for the boll weevil/bollworm/tobacco budworm were allocated to each target. The total estimated expenditures for scout-
ing have also been included. 
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Chapter 25 

BENEFI1f .. COST ANALYSIS OF 
INTEGRATED PEST MANAGEMENT 

PROGRAMS 
Mark J. Cochran 

Department of Agricultural Economics 
· University of Arkansas 

Fayetteville, Arkansas 

INTRODUCTION 
During the last decade interest in the economics of Integrated Pest Management 

(IPM) has been strong. It has often been argued that there is a need to perform benefit-
cost analyses on programs in major crops like cotton. As Reicheldetfer (1982) indicates, 
there is a great deal of enthusiasm for IPM but without concrete economic analyses to 
supp01t general claims of success, the evidence may be less than convincing. In this 
chapter, several issues germane to our expetience in benefit-cost analysis of IPM cot-
ton programs will be addressed. We will discuss conceptual approaches and apparent 
paradoxes in measuring benefits and costs, describe the data needs, and examine some 
examples of studies which have investigated the economics of cotton IPM. 

APPROACHES TO IPM EVALUATIONS 
IPM approaches to pest control usually involve a systems paradigm (example, pat-

tern, or model) and focus on the development of flexible pest management systems 
which include the substitution of information for chemical, mechanical and energy 
inputs. Wetzstein (1988) discusses two pathways to IPM assessments: (a) the inte-
grated crop and pest management approach which emphasizes the system and its com-
ponent linkages; and (b) the value of information paradigm which focuses on the 
quality of information, the substitution process, and the sequential nature of decision 
making as advocated by Antle (1983). This pathway deals with the diffusion of new 
technologies and differences in the ability to process and use information. The results 
of economic analyses will be partially dependent upon which of these two assessment 
approaches are followed. In the United States, the integrated crop and pest manage-
ment approach has been the predominant choice for empirical work. 

WHY BENEFITmCOST ANALYSIS? 
The most common analyses of IPM programs focus upon the impacts that IPM 

adoption has on the per acre yields and costs of production of the adopting farmers. 
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Because of their incomplete nature, these farm level evaluations are often referred to 
as partial budgeting studies. While these analyses are useful and are a key first step to 
more complete examinations, they ignore many of the actual benefits and costs that 
could determine the true success of the programs. More complete benefit-cost analy-
ses will also examine the effects on aggregate supply and market p1ices, changes in 
income distributions, and impacts on non-participating producers. In addition, when 
benefits accrue to more than one group, information can be generated that is useful in 
determining appropriate jurisdictional boundaries for sharing in costs and setting reg-
ulations. Without the more complete analyses, difficulties are encountered in general-
izing beyond the narrow impacts of isolated studies. Due to selection and choice-based 
sampling biases, genetalizing impacts from experiences of voluntary adopters to non-
participants who have opted not to adopt the IPM technology should be viewed with 
caution (Hall and Duncan, 1984). Unfortunately, most of the economic evaluations 
performed to elate are not complete benefit-cost analyses and arguably could be con-
sidered as nothing more than a string of case studies (Reicheldetfer, 1982). 

The effects of IPM programs that are not accounted for in the farm level case study 
analyses can be divided into intraregional and interregional impacts (Reichelderfer, 
1982). The substitution process replacing chemical, mechanical and energy inputs with 
information and labor can have intraregional consequences upon the economy in 
which an IPM program has been adopted on a full scale basis. If the acreage of the 
affected crop does not expand, the demand for the inputs being replaced will drop 
while yields and/or producers' income will rise. As these changes work themselves 
through the economy with their associated multiplier effects, they can force redistrib-
utions of income and economic activity. The interregional effects can be manifested in 
two forms. First and primary, as comparative advantages in agricul tural production 
adjust to the changes in yields and costs of production generated by the adoption of the 
IPM program, resource allocations could be affected and regional shifts in production 
acreages could result. Secondary effects could surface if the IPM programs in one 
region impact on migration and population densities of mobile pests in another region. 

All of these effects should be considered in a complete benefi t-cost analysis of IPM 
adoption. However, the effects which have the greatest potential to alter conclusions 
generalized from firm level economic studies are the aggregate supply and market 
price effects. It is conceivable that as IPM programs either raise yields or reduce pro-
duction costs, the total supply of the commodity is increased, creating downward pres-
sure on market prices. Due to inelastic demands, aggregate farm incomes actually 
decline since percentage decreases in farm prices can exceed percentages increases in 
sales. Hence major benefactors of IPM research and adoption can turn out to be con-
sumers and early adopters. 

Finally, IPM impacts on the environment through changes in the quantity and pat-
tern of pesticide use should be documented in a complete analysis. Economic valua-
tions of such changes in pesticide use are difficult to calculate, but displays of 
quantities of active ingredients of pesticides used with and without the IPM program 
can still prove to be useful information for policy purposes. 
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CONCEPTUAL PARADIGMS AND PARADOXICAL ISSUES 

It is often proposed that IPM programs will increase farm incomes while reducing 
the enviromnental degradation associated with the use of pesticides. However, analyt-
ical economic models suggest that this may not always be the case. Taylor (1980) dis-
cusses and extends the classical paradoxes that may occur if the adoption of IPM 
generates higher yields and/or lower production costs at the farm level. 

The classical explanation of the process is that as farm level profits to individual 
producers are increased through higher yields and/or lower production costs, farmers 
respond by increasing production which results in a new, lower equilibrium market 
price. Since consumers are not sensitive to price changes, as ret1ected by inelastic 
demands, the percentage decrease in price is greater than the percentage increase in 
sales. As a result, the aggregate income to the group of all farmers declines as the mar-
ket adjusts to the new technology. Until the market reaches a new equilibrium price 
level, early adopters will receive higher profits than before. In the end, it is likely that 
consumers will capture a substantial proportion of the benefits through lower prices, 
while early adopters benefit until the market has fully adjusted. 

Cochrane ( 1986) supplements this classical paradigm by indicating that in a large 
degree price support programs of the federal government minimize price adjustments, 
but the early adopters respond to higher profit levels by expanding and purchasing 
additional land. This causes land values to rise, which in turn generates higher pro-
duction costs. The treadmill process then changes the structure of production agricul-
ture in favor of larger farms and may increase the costs of government farm programs. 

The classical analysis is predicated, to a certain extent, on the degree of price 
responsiveness on the part of consumers. This is measured in the price elasticity of 
demand. Given the rising importance of export markets to United States agriculture , it 
is often argued that total demands of many commodities are not as elastic as conven-
tional wisdom suggests (Tweeten, 1983). Taylor (1980) extends this classical model by 
demonstrating that, even under conditions of elastic demands, producer incomes can 
fall if supply curves reflect marginal costs and the new technology affects supply more 
at high costs than at low costs. 

There is a need to use empirical studies to supplement the analytical models of price 
and structure adjustments to shifts in supply stimulated by the adoption of new tech-
nologies. Without both an analytical and empirical basis, these results cannot transcend 
from the realm of informed expectations to probable outcomes. 

DATA NEEDS 

To adequately perform benefit-cost analyses of IPM programs, it is necessary to 
assemble a variety of information. Foremost on the list is a thorough understanding of 
the farm level impacts on yie lds (both quantity and quality), costs of production, and 
net revenues experienced by known participants as a result of adopting the program. 
These data are usually expressed in per acre terms. Since slight variations in decision 
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rules and production environments may have significant effects on the economic eval-
uations of pest control programs, it is essential to include a description of the produc-
tion setting in the analysis (Reichelderfer, 1982). This provides partial protection 
against unwarranted generalizations. In addition, alternative pest control programs can 
affect a farmer's risk in different manners and should also merit attention (Cochran and 
Boggess, 1988; Horowitz and Lichtenberg, 1993). 

To pelfmm regional and national analyses, it is necessary to obtain data on the 
aggregate effects of widespread adoption. The per acre or fmm level benefits must be 
translated into impacts on the local economy by measming multiplier effects produced 
by changes in the mix and magnitude of goods and services exchanged. Pmt of this 
aggregation process should focus on the shifts in supply and possible changes in prices 
of not only the crop being produced but also related goods such as inputs. To accu-
rately assess the latter effects, it is desirable to employ a price endogenous regional or 
sector model. Significant aggregate effects can also influence distribution of crop pro-
duction across regions by altering relative p~·ofitability and may need to be addressed 
with a spatial equilibrium model. These more sophisticated models require: (a) data on 
appropriate multipliers by region and crop; (b) supply and demand specifications (par-
ticulm·ly price and cross price elasticities); (c) measures of regional compm·ative 
advantage based on relative profitability; and (d) relevant resource constraints. 

The cautions on self-selection bias expressed by Reicheldetfer (1982) and Hall and 
Duncan (1984) about identifying differences in chm·acteristics between voluntary par-
ticipants and non-participants should be heeded in the aggregation process. The mul-
tiplication of per acre benefits measured for a small group of em·ly pm·ticipants by the 
number of acres histmically devoted to the crop to determine potential benefits for an 
entire region is at best a naive process and should be employed only to provide a crude 
indication of possible regional effects. Unfortunately, a lack of resem·ch resources 
available for assessments has made this a too frequent necessity. 

STUDIES OF REGIONAL AND NATIONAL IMPACTS OF 
IPM PROGRAMS ON PRODUCER INCOMEj CONSUMER 

SURPLUS AND LOCAL ECONOMIES 

Although the incidence of complete economic studies on the impacts that lPM pro-
grams may have on the local, regional and state economies is not as frequent as 
desired, a few analyses do smface in the literature. The difficulties and expense of col-
lecting timely and accurate data pose major problems in closing the gap between what 
theoretical paradigms suggest be done and what is actually achieved in empirical 
study. The following survey of the empirical literature will provide a summmy of the 
findings on the aggregate economic impacts of lPM adoption. 

ARKANSAS BOLLWORM MANAGEMENT COMMUNUY 
Since 1975 in the state of Arkansas, cotton fmmers have voluntm·ily organized boll-

worm management communities (BMC) in an attempt to manage the populations of 
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bollworm, Helicove1pa zea (Boddie) and tobacco budworm, Heliothis virescens (F.) 
over large land areas rather than by the more common field-by-field approaches. The 
intent is to coordinate control decisions so that all cotton fields in a bollwmm man-
agement community will be treated withm a three-day interval. In 1988, there were 
approximately 150,000 acres in six bollworm management communities in the state of 
Arkansas. Formal assessments of the economic impacts of the bollworm management 
community are found in Parvin et al. (1984), Cochran eta!. (1985) and Scott eta!. 
(1983). 

Parvin et al. (1984) compared the pelformance of the bollworm management com-
munities to control areas in adjacent counties to identify farm level benefits from par-
ticipation. Significant differences in yields, insect control costs and net returns per acre 
were discovered. Yields were increased by 23 pounds of lint per acre; insect control 
costs were lowered by $1.85 per acre; and net revenue was increased by $18.57 per 
acre. Cochran et al. (1985) use these data to estimate that the bollworm management 
community program increased producers' incomes in 1984 by $1.5 million and 
reduced pesticide use by 92,000 pounds of active ingredients. 

As an indirect benefit, it was hypothesized that the bollworm management commu-
nities function as an effective mechanism for technology transfer and information dis-
semination. Scott et al. (1983) measured the effect that participation in a bollworm 
management community has on the adoption of all production practices (not just pest 
management) recommended by the cooperative extension service. It was discovered 
that participation in a bollworm management community increases the percentage of 
adoption of the recommended practices by about 11 percent. 

TEXAS ROLLING PLAINS UNIFORM PLANTING DATE COTTON SYSTEM 
An IPM program designed to control intense infestations of boll weevils and reduce 

high production costs is the delayed uniform planting date system (UPD) employed in 
the Texas Rolling Plains since 1973 (Masud et al., 1984; Masud et al., 1985a). By 
delaying the planting until around May 20, ninety percent of overwintering boll wee-
vils emerge and die before oviposition and feeding sites in the plants are produced. 
Using data from 27 counties in the years between 1970 to 1981 , Masud eta!. (1984) 
pelformed an economic analysis consisting of regressions on per acre yields, partial 
budgeting and an examination of regional impacts. 

A regression model was developed to measure the impact that adoption of the pro-
gram has upon the farm level yield. The results show that the uniform planting date 
program increased yields by about 25 pounds of lint per acre, after accounting for the 
impacts of other factors such as rainfall, temperature, fall freeze dates, and the total 
number of cotton acres planted in the region. The next step in the analysis was a par-
tial budgeting study that identified the per acre differences in costs of production and 
net returns between the region's cotton produced under the program and that outside 
the program. Masud et al. (1984) found that total per acre variable costs for the uni-
form planting date cotton were $5 .68 lower and net returns to land, management, over-
head and risk were $21.36 per acre higher. The reduction in vatiable production costs 
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was related to decreases in the use of insecticides, cottonseed and labor. Based upon 
the coefficients of vmiation of yields and net returns, risks associated with the program 
were also less than the conventional control systems in seven of nine years. 

The final steps of this analysis consisted of a regional and state impact assessment. 
The results of the assessment, cove1ing the years of 1970 to 1981 , appem· in Table 1. 
The total annual impact for the region and the state in this time period are reported to 
be $192 million and $305 million, respectively. Included in this figure is the increased 
value of production resulting from the conversion of land previously devoted to pas-
ture and grain sorghum to cotton as a benefit of the program. If this conversion is not 
attributed to the development of the uniform planting date program, the regional 
impact is lowered to $36 million and the state impact becomes $57 million. 

Table 1. Annual estimated economic impact of the uniform planting date cotton pro-
duction system on the Rolling Plains and state of Texas. (Assessment covers the 
yem·s 1970 to 1981.) 

Impact 

Gross revenue sources Gross revenue change Rolling Plains State 

($Million) ($Million) 
Increased gross revenue from 
existing cotton acres +15.13 +36.16 +57.04 

Gross revenue from land converted 
to cotton +91.59 +218.91 +345 .31 

Gross revenue from sorghum acres 
converted to cotton -17.53 -42.76 -63.62 

Gross revenue from pasture 
converted to cotton -9.45 -20.31 -33.54 

Total +79.74 +192.00 +305 .19 

AGGREGATE ANALYSIS OF INCREASED BOLLWORM 
INFESTATIONS ON THE TEXAS HIGH PLAINS 

Another study in the same region as uniform planting date program (High Plains of 
Texas) examined the aggregate economic implications of increased bollworm infesta-
tions (Masud et af. , 1985b). The per acre effects of bollworm infestations on net 
returns are presented in Table 2. Prior to 1975 bollworm attacks were of insignificant 
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importance. Since that time bollworm infestations have increased clue to large shifts in 
crop acreage, hot dry weather, increased pesticide use on other crops, decreased bene-
ficial activity and attempts to harvest late matming bolls. 

Table 2. Per acre impact of alternative bollworm infestation levels, Texas High Plains. 

Production system Bollworm infestation level Reduction in profits 

($ per acre) 
Dry land None 

Dry land Light 4.48 

Dry land Moderate 7.62 

Dry land Heavy 8.82 

liTigated None 

Irrigated Light 7.68 

liTigated Moderate 8.75 

hrigated Heavy 13.45 

Aggregate economic impacts were determined by establishing first a suitable esti-
mate of the number cotton acres affected, categorized by dryland and irrigated pro-
duction, bollworm infestation level and year. This was accomplished by conducting a 
survey of 30 representative farms in a 20-county region. Proportions of acres in each 
category uncovered in the survey were then multiplied by total acreages published by 
the Texas Crop and Livestock Reporting Service to produce the acres in each category. 
Reductions in producers' incomes were then calculated by multiplying the estimated 
loss per acre for each category by the established number of acres and summing across 
relevant categories. Average annual losses in producers' income during 1979 to 1981 
due to bollworm infestations were estimated to be over $33 million. As part of this loss 
to the bollworm, cotton production was reduced by almost 32,000 bales in the region. 
An upper limit on potential losses to bollworm resistance was derived by examining 
scenarios where no insecticides were applied. In this case, average annual production 
losses are expected to equal 302,489 bales for the Texas High Plains. 

TEXAS SHORT-SEASON COTTON SYSTEMS 
In a number of regions in Texas, short-season, narrow-row, cotton-production sys-

tems were developed to reduce energy and insecticide use by increasing plant densi-
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ties, accelerating fruiting thxough water and fertilizer management, and implementing 
IPM insect control. Economic analyses were petformed for the Winter Garden, Lower 
Rio Grande Valley, Trans-Pecos, and Coastal Bend regions of Texas (Lacewell and 
Masud, 1988). However, only in the Coastal Bend area was a regional analysis con-
ducted to identify impacts of the program adoption on the regional economy. 

In the Winter Garden region, a partial budgeting study revealed that energy and 
insecticide use on a per acre basis decreased by 33 percent and 27 percent, respectively 
as a result of the adoption of the short-season system (Sprott eta!., 1976). In addition, 
yields and net returns were increased respectively by 30 percent and 846 percent. 
While production costs on a per acre basis were increased, the increases in these costs 
were offset by increases in yields so that costs per pound of lint were actually reduced. 

The budget comparisons for the Lower Rio Grande Valley displayed similar patterns 
(Shaunak et al., 1982). The study examined data from 1973 to 1978 and divided the 
time period into two intervals (1973 to 1975 and 1976 to 1978). Comparisons to con-
ventional practices were made in both drylaJ;Jd and in.i gated systems. Net returns above 
total costs for dryland systems were increased by $57.69 per acre in 1973 to 1975 and 
$49.25 per acre in 1976 to 1978 by adopting the short-season, narrow-row practices. 
In the irrigated systems, the difference between time petiods was even more drastic. In 
1973 to 1975, the net returns per acre were $12.54 higher with the new IPM technol-
ogy while in 1976 to 1978, the advantage was estimated to be $93.99. 

In the Trans-Pecos region, an IPM short-season program increased profits by 
$186.50 per acre while lowering per acre production costs by 46 percent, nitrogen by 
76 percent, pesticides by 71 percent and irrigation by 25 percent (Condra et al., 1975 
as cited by Lacewell and Masud, 1988). However, a decrease in yields of 11 percent 
was also expetienced. 

The short-season IPM program developed for the Coastal Bend region was evalu-
ated by Masud et al. (1980). Adoption of the short-season production systems, among 
other factors, led to an expansion of the cotton acreage in the region from 50,000 acres 
in 1975 to over 300,000 acres in 1980. Short- season IPM programs generated higher 
yields and net returns. Total insect control costs were reduced by $5.72 per acre and 
total production costs per pound of lint were decreased as well. Costs of production, 
on a per pound basis, were calculated to be $0.40 to $0.42 for IPM short-season, $0.46 
to $0.50 for typical short-season practices and $0.56 for the long-season conventional 
production system. 

A linear programming model was used to estimate the potential impact on net 
returns to the region if the IPM short-season program were widely adopted in the 
Coastal Bend region. The model identified which of several alternative production sys-
tems would maximize producers' incomes, given the available acreage of each soil 
type in the region. The IPM CAMD-E cotton and grain sorghum system resulted in the 
greatest net return to the region, increasing producers' incomes by $34.2 million over 
the typical CAMD-E cotton and grain sorghum system. 

An estimate of the impact that the IPM program has on the regional and state 
economies can be derived by multiplying the gross revenues calculated by the linear 
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programming model by an appropriate multiplier. This produces an assessment of the 
value of the additional sales that are generated by the increased economic activity in the 
region or state due to the new technology. These estimates are presented in Table 3. It 
can be seen that within the Coastal Bend region approximately $250 million of addi-
tional activity can be attributed to the conversion from the CAMD-E cotton and grain 
sorghum system to the IPM CAMD-E cotton and grain sorghum system. At the state 
level this figure is $367.74 million. 

Table 3. Impact of short-season IPM production systems in the Coastal Bend region 
and the state of Texas, 1980. 

Regional impact 

System Gross revenue Coastal Bend Texas 

---------------------·-------- ($ Million) ----------------------

1. IPM CAMD-E cotton 
and grain sorghum 292.88 729.40 1101.65 

2. IPM SP-37 cotton 
and grain sorghum 272.96 679.19 1026.46 

3. Typical CAMD-E cotton 
and grain sorghum 185.79 440.05 668.93 

4. Grain sorghum 137.37 300.84 498.65 

SOUTHEASTERN BOLL WEEVIL ERADICATION PROGRAM 
In 1978, a Boll Weevil Eradication Trial (BWET) program was implemented in 

Virginia and northeastern North Carolina. During the period from 1978 to 1982, erad-
ication activities directed by the Animal and Plant Health Inspection Service (APHIS) 
of the USDA covered an area of between 16,000 and 43,000 acres of commercial cot-
ton. The area was divided into several zones. In a northeastern section of the area, boll 
weevils were eradicated and hence this subarea was labeled the Eradication Zone (EZ). 
It was surrounded by an 85-mile Buffer Zone (BZ), where insect monitoring and con-
trol were fostered to prevent reinfestation of boll weevils in the eradication zone. As a 
result of the program, boll weevil populations in the buffer zone were reduced below 
levels normally achieved by farmers in the subarea (Carlson and Suguiyama, 1985). 
An expanded area and its associated buffer zone south and west of the buffer zone 
were added to the effort in 1983. This expansion represented a transition from a trial 
program to an operational eradication program. 
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Carlson and Suguiyama (1985) identified the benefits and costs and calculated inter-
nal rates of return for different groups involved in this boll weevil eradication program. 
In addition to the eradication and buffer zones, they studied a comparison area to quan-
tify before-and-after changes in net returns, pesticide use, cotton yields and cotton 
acreage. Public and private program costs were also estimated. It was anticipated that 
farmers would react to lower insecticide costs, higher yields and program fees by 
adjusting the amount of acreage planted to cotton. Acreage adjustments were included 
in the analysis to account for changes in producer ' surplus and returns to owners of 
expanded acreage that might exceed the per acre cost savings generated by fewer 
insecticide treatments. Changes in the cotton and input prices were ignored as being 
insignificant due to the fact that the area comprises such a small proportion of United 
States cotton production and input markets. 

Within the eradication zone, insect control costs were reduced from $51 per acre in 
the before-period to $17 per acre during the program (Table 4 ). However, not all of this 
reduction can be attributed directly as a benefit of the eradication program. Insect con-
trol costs in the comparison area also declined (by 12 percent) due to lower infesta-
tions in the same period. After this adjustment for infestation rates, cost savings due to 
the program were calculated as $28 per acre. In addition, clue to the expansion of cot-
ton acreage as a response to increased profits generated by the eradication program , 
the value of land not previously devoted to cotton rose. This benefit due to the acreage 
expansion effect was equal to $8 per acre and raised the total benefits of the eradica-
tion program to $34 per acre. It also was estimated that yields were increased from 30 

Table 4. Boll weevil eradication benefits: insecticide cost reductions and cotton 
acreage expansion effects (North Carolina and Virginia). 

Eradication zone Comparison area Buffer zone 

------------------------- ($ per acre) -------------------------

Average 1974-1977 private 
insect control costs 51 59 59 

Average 1979-1982 private 
insect control costs 17 52 44 

Adjusted eradication insect 
control cost reduction 28 8 

Acreage expansion effect 8 8 

Total benefits to eradication 36 16 
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to 50 pounds of lint per acre due to the program, but since these results were predi-
cated upon experimental plot data and not actual farmer field experiences, yield effects 
were assumed to be zero to avoid biases in favor of the program. 

Eradication program costs, both public and private, were estimated and used in cal-
culating the rates of return for several participating groups. Return on investment when 
all public and private costs are considered was calculated as 29 percent. Rate of return 
for the expanded area was estimated at 67 percent. This ignores indirect benefits which 
might be produced from environmental improvement due to lower pesticide use. Net 
present values for average growers in the eradication and buffer zones were calculated 
when only relevant private costs were considered. These values were $240 and $69 per 
acre, respectively. Net present value figures demonstrate the value of a stream of future 
benefits net of additional costs, expressed in terms of current dollars. Hence, the aver-
age growers in each zone benefited considerably from the boll weevil eradication pro-
gram. 

EARLY APPRAISALS OF NATIONAL BENEFITS OF BOLL WEEVIL CON-
TROL PROGRAMS 

In 1974, the United States Department of Agriculture studied the costs and benefits 
of three alternative federally sponsored boll weevil control programs (Lacewell and 
Masud, 1988). The national programs evaluated were based on the: (a) Texas High 
Plains Boll Weevil Containment Program; the (b) Pilot Boll Weevil Eradication 
Experiment in South Mississippi, Alabama and Louisiana; and (c) the use of accepted 
pest management practices on a field-by-field basis. The first program was designed 
to prevent the spread of boll weevils to uninfes ted acreage while the second was 
intended to eliminate the boll weevil completely from the United States. The last pro-
gram assumed the use of the best field-by-field pest management practices available. 
The benefits and costs for each program over a 15-year (1974-1988) time horizon were 
calculated and converted to a common base in terms of present values. Benefit-cost 
ratios were also derived. 

For the High Plains program, a benefit-cost ratio of 16:1 ($273 million in benefits 
and $17 m.illion in costs) was estimated. A benefit-cost ratio of 3:1 ($1,378 million 
benefits and $399 rnillion costs) was calculated for the pilot eradication program. 
Finally, the field-by-field pest management program recorded benefits of $8 18 million 
and costs of $68 million for a benefit-cost ratio of 12:1. 

The study concluded that the High Plains program represented the best investment 
given limited funds. With unlimited funds, the eradication program would demand 
attention since it produces the largest net present value. 

NATIONAL AND REGIONAL ANALYSIS OF BOLL WEEVIL CONTROL 
STRATEGIES 

One of the few examples of national evaluations of IPM strategies which examine 
possible impacts that farm level effects may have on aggregate supply and market 
prices is the work of Taylor and Lacewell (1 977). They examined economic impacts 
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of three boll weevil control strategies at both the regional and national levels. The three 
control strategies considered were: (a) eradication- the integration of many controls 
including insecticides for reproduction-diapause control, early stalk destruction, 
pheromone-baited traps, trap crops, early season insecticide sprays, and massive 
releases of sterile boll weevils; (b) cunently available IPM (1977); and (c) IPM that 
will be available with 5 to 10 more years of research. 

The analysis focused on the estimated effects the adoption of the tlu·ee alternative 
strategies would have on consumer surplus, producer smplus and state and federal pro-
gram costs not transferred directly to producers. Changes in the three petformance 
measures were summed to provide the net social benefits, excluding environmental 
impacts, associated with each strategy. An intetTegional activity analysis model of the 
production of eight crops (cotton, soybeans, com, sorghum, wheat, barley, 1ye and 
oats) in the United States was employed. The model maximizes consumer surplus in 
21 consuming regions and producer smplus in 147 producing regions minus trans-
portation costs, subject to resource constra~nts. It provides a competitive market and 
spatial equilibtium solution. 

Data on the per acre changes in production costs and yields for each strategy were 
developed from surveys of entomologists in each state who were most familiar with 
boll weevil control (Pimentel et al., 1976). These data were supplemented by asking 
the same entomologists to estimate changes in yields and costs if the boll weevil were 
eradicated. 

Results indicate that under these circumstances the present value of changes in con-
sumer and producer surpluses, minus any consideration of transp01tation costs, for the 
three strategies are: (a) $1,431 million for currently available IPM; (b) $1,890 million 
for IPM that will be available in 5 to 10 years; and (c) $1,985 million for eradication. 
All estimates are in terms of 1973 nominal dollars. However, when non-producer pro-
gram costs of $176 million for current IPM and $1,062 million for eradication are con-
sidered, Taylor and Lacewell (1977) conclude that eradication may not be the optimal 
strategy for either society or producers. Fmthermore, they strongly suggest that, in the 
aggregate, farmers as landowners would not benefit from the widespread adoption of 
these programs since land values would fall . Consumers would benefit substantially 
by lower cotton prices. 

The model was also used to identify possible shifts in regional production patterns 
as national adoption of the alternative controls differentially impacts on relative prof-
itability. In many states no major changes were observed. However, in the following 
situations significant shifts are predicted: (a) 90 percent increase in Alabama with erad-
ication; (b) 92 percent increase in Arizona with the current IPM; (c) 34 percent 
increase in Arkansas with the two IPM cases; (d) 14 percent and 46 percent decreases 
in California with current IPM and eradication, respectively; and (e) 38 percent 
increase in Louisiana for eradication; and (f) lO percent decline in Mississippi with 
eradication. 
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SUMMARY 

While few complete benefit-cost analyses of IPM programs have been pe1formed, 
the economic studies to date generally suggest that IPM in cotton has had a significant 
positive effect. Studies of the bollworm management communities of Arkansas, the 
uniform planting date program of the Texas Rolling Plains, the Texas short-season 
IPM systems, and the Southeastern boll weevil eradication program display benefits 
which exceed the costs examined. In many cases, the contribution to regional and state 
economies was estimated to be hundreds of millions of dollars. This evidence implies 
that the IPM approach has been successful in altering pesticide use patterns, increas-
ing producer incomes, lowering production costs, and making United States cotton 
more competitive in world markets. 

However, several theoretical concerns and paradoxes have not been conclusively 
handled in empirical studies. The problem of generalizations based on the experiences 
of voluntary adopters ignores the problems of self-selection biases. The neglect of the 
market p1ice adjustments fostered by supply shifts which result from higher per acre 
yields or lower production costs may produce misleading conclusions. Rather than 
increasing producers' incomes in the long run, IPM adoption may result in higher land 
values, more expensive government programs, and lower market prices. Benefits may 
accrue to consumers and early adopters rather than being uniformly distributed to the 
group of cotton producers as a whole. Additional and more complete analyses are 
needed to determine the actual significance of these theoretical concerns. 
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INTRODUCTION 

The primary organizational form for agricultural pest control activities in the 
United States is individual fanners taking independent pest control actions on their 
farms. Of course, social divisions such as farms , counties , and states are not recog-
nized by mobile pests. Crop diseases that disperse in air currents and insects that fly 
or hitchhike on equipment make property rights difficult to establish by individual 
fanners. Because of thi s, collective pest control through volunteer community orga-
nizations or mandatory areawide programs may be less expensive and/or more effec-
tive, than individual farm pest control. There have been a few studies directed at 
evaluating the economic returns from particular collec tive pest control efforts -
abatement districts (Carlson and DeBord, 1975), volunteer community programs 
(Lazarus and Dixon, 1984; Rook and Carlson, 1985) and eradication programs 
(Johnston , 1975; Carlson, 1975; Taylor et al. , 1983). Successful eradication pro-
grams are common in some countries for animal diseases, but there are only a few 
success stories for insect pests; these primarily have dea lt with eradication of newly 
introduced insects, such as various fruit fly species, into an area (Mangle et al .. 
] 986). 

The co tton boll weevil , Anthonomus gmmlis gmndis (Boheman) is a key pest of 
cotton in the United States. Cotton farmers expend about $200 million per year for 
insecticides and miticides. Damage in terms of yield reduction due to insects is esti-
mated to be about 7-20 percent (Ridgway et al. , 1983). About two-thirds of the 
United States cotton growing area is routinely infested with boll weevils. The boll 
weevil is a major source of yield loss and control cost because it occurs relatively 
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early in the season and insecticide treatments for boll weevil can disrupt natural con-
trols of later insects such as bollworms and tobacco budworms. 

The first m<Uor boll weevil eradication experiment was in Mississippi dming the 
early 1970s, though successful weevil eradication had occurred in the 1960s in 
Arizona. The North Carolina-Virginia eradication trial of about 15,000 acres of cotton 
began in 1978. This area was chosen because it was the northeastern edge of cotton 
production and the boll weevil was an established major cotton pest. The trial was con-
ducted by the Animal and Plant Health Inspection Service (APHIS) of the United States 
Department of Agriculture, with financial support being shared as 25 percent federal, 
25 percent state government, and 50 percent cotton growers in the trial area. This three-
year trial was mandatory for all cotton grown in the original trial area (Figure 1). The 
trial area was divided into an eradication zone and a buffer zone. The latter area 
received boll weevil control to achieve non-damaging levels of weevils, but eradication 
was not expected in the first three years of the trial in the buffer zone. In 1983-85, the 
program was extended to all cotton in North and South Carolina (about 220,000 total 
acres). Beginning in 1987, the program was extended to all cotton in Florida, most of 
Georgia and counties in southeastern Alabama (Figure 1). The most recent expansion 
is into the remainder of Georgia and Alabama and into Northeastern Mississippi. 

Eradication of an established insect species is usually an expensive investment with 
m<Uor uncertainties. With the current limited knowledge of pest population dynamics and 
migration patterns, and with weather variations, it is necessrny to experiment with erad-
ication programs. Regional programs on many operating frnms can provide technical 
and financial information for possible extrapolation to other regions in addition to direct 
benefits of reduced pest populations. Collective pest control has been assisted in recent 
years by new technologies such as pheromone traps, sterile insect releases and comput-
erized information systems. Also, there seems to be a need for improvements in institu-
tions to organize decisions and resolve conflicts among farmers. Differences between 
areas in levels of pest attack, in effects of the program on non-trn·get pests and in resource 
adjustment costs could prevent teclmically efficient programs from being adopted. 

Economically, we can expect that eradication might be a lower cost alternative to 
conventional pest suppression when there are significant cost reductions from achiev-
ing and maintaining very low pest population levels. The eradication option becomes 
more attractive compared to annual farm-by- farm pest suppression if one or more of 
the following conditions occur: (a) significant cost reductions as the geographical area 
of pest suppression expands; (b) more uniform pest density and benefits of suppres-
sion across farms; and (c) when eradication resource are more similar to inputs used 
for other pests and crops. From a social perspective, an eradication program might also 
have environmental and health improvement effects, as well as providing principles 
for other pest control efforts. 

This chapter presents data collection and evaluation methods for determining pesti-
cide cost savings, cotton output changes and overall rates of return from boll weevil 
eradication. The North and South Carolina 1978- 1987 eradication program is evalu-
ated first, followed by presentation of results from 1986-1990 for Alabama, Florida 
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Figure 1. Southeast boll weevil eradication program areas and events. 

and Georgia. Some attention is also given to measuring the environmental and infor-
mational benefits flowing from the eradication program. 

EVALUATION METHODS AND DATA COLLECTION 

The basic procedure used to evaluate farmer and overall returns to eradication is to 
estimate regional changes in: (a) pesticide use; (b) cotton yield; and (c) planted acreage. 
This is done by comparing regional averages before and after eradication. Before mak-
ing comparisons, adjustments were made for pest level, weather, technology and 
changes in crop prices. In the case of pesticide use, a comparison region which did not 
undergo eradication is used to control for changes in new pesticide technology and pest 
densities. For cotton yield and planted acreage, linear regression models are developed 
and estimated to hold constant the effects of weather, technology and crop prices 
across cotton regions and time periods with and without boll weevil eradication. A 
more detailed description of the methodology and results is available in Carlson and 
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Suguiyama (1985) for the trial area, in Carlson et al. (1988) for North and South 
Carolina and Ahouissoussi et al. (1993) for the Alabama, Florida and Georgia area. 

Changes in benefits (pesticide costs, cotton yield, planted acreage) and eradication 
costs are compiled by year. Average benefits and costs per acre are used to compute 
percent rate of return to the eradication investment since most of the costs occur early 
in the program while benefits are distributed over the fu ture. Standard investment 
analysis is used assuming a 10 percent interest cost on all funds and contingency costs 
for maintenance of weevil-free areas. 

Data on pesticide use were compiled by personal and telephone surveys of a random 
sample of cotton farmers. Large proportions of fanners (near 40 percent for the North 
and South Carolina program) were surveyed to insure that accurate estimates of pesti-
cide use were obtained for all pesticides directed at weevils, bollworms, Helicove1pa 
zea (Boddie), and other pests. Official (USDA Crop Reporting Service) county figures 
on cotton yield and acreage were used to estimate the changes in yield and area planted. 
Cost data on eradication program costs and farmer assessments were made available 
by the APHIS program office and the farmer organization, the Southeastern Boll 
Weevil Eradication Foundation. Records on farmer balloting for the referenda on the 
program were made available by the North Carolina Department of Agricul ture. 

FARMER RESPONSE TO MANDATORY PEST CONTROL 

The statutory authority for cooperative pest control by USDA, APHIS is the 
Incipient or Emergency Control of Pests Act (U.S. Code Section 148-148e) of 1937 
and several other cooperative enforcement acts to prevent pest outbreaks. Each state 
considering mandatory boll weevil eradication has also passed enabling legislation 
which establishes mandatory cotton producer participation. Following the pattern in 
North Carolina, states have required a two-thirds approval of all voting cotton farmers 
prior to implementation of the program. The legislation provides a basis for collection 
of farmer assessments to fund part of the program, assess penalties, and enable quar-
antine activities to be carried out. Table 1 shows the percent affirmative votes for the 
various regions. In six regions the firs t referendum fell short of the necessary two 
thirds level, but the average vote has been 82 percent approval on second ballots. The 
votes represent farmer willingness to assess themselves fees, so they indicate the high 
value farmers place on the eradication program. 

Once an eradication program is approved, fanners can still adjust to the program. Pro-
gram assessments are based on fees per acre of cotton planted. Fanners can reduce their 
total assessments by reducing their cotton acreage during the period in the eradication 
program when fees are high (first two to three years). As will be seen below, this prac-
tice has been followed somewhat, but it is limited by farmers' desire to maintain their 
acreage bases for the federal cotton price support program. Additionally, farmers have 
been able to reduce program fees slightly by obtaining fee reductions for early fall stalk 
destruction. Program fees in the California-Arizona boll weevil program are assessed 
per bale. This could give differences in farmer practices, but has not yet been evaluated. 
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Table 1. Voting results of boll weevil eradication referenda 

State Year Cotton Counties 

North Carolina 1976 All 
1982 Northem trial area 
1982 Southern (first referendum) 
1983 Southern (second) 

South Carolina 1982 All (first 
1983 All (second) 

Georgia 1985 All except northwestern (first) 
1986 All except northwestem (second) 
1992 Northwest (first) 
1993 Northwest (second) 

Florida 1987 All 
Alabama 1985 Southeastern 

1987 Southwestern 
1989 Southern (confidence vote) 
1992 Northeastern (first) 
1992 Northeastern (second) 
1992 Central (first) 
1993 Central (second) 
1993 Northern 

Mississippi 1993 Eastern 

799 

Yes Votes 
(percentage) 

% 
76 
91 
68 
79 
64 
72 
66 
88 
51 
97 
77 
67 
78 
75 
66 
69 
47 
84 
82 
76 

The cost-sharing arrangement in the Southeastern boll weevil program has been 70 
percent farmer and 30 percent federal funding. Some input from federal and state 
research, extension and regulatory agencies has also occurred, but only extension costs 
were included. The 70 percent share paid by fanners is a major change from cost-share 
arrangements of other insect and animal pest control programs of APHIS. For most 
programs (grasshoppers, witchweed, animal diseases), fanner assessments were 0-30 
percent of costs. Fanners paid 50 percent of program costs in the original 1978-1980 
trial. In the expanded program in the Southeast, state appropriations are covering about 
one-third of the costs in Florida and about thirty-eight percent of the costs in Alabama. 
Farmers have paid approximately 50 percent of the costs of the Texas High Plains Boll 
Weevil Containment Program (Lacewell eta/. , 1974). 

PESTICIDE SAVINGS FROM ERADICATION 

Three comparison areas are the original eradication area, Robeson and Scotland 
counties in North Carolina and all of South Carolina for the 1974 to 1987 period 
(Figure 1). Expenditures for bollworms and total insect control costs including scout-
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ing and eradication fees are shown in Figure 2 and Figure 3, respectively. The sharp 
decline in pesticides directed at boll weevils occuned in the second year of the pro-
gram (1979- original trial area, 1984- expanded program). Bollworm insecticide 
use declined more gradually following eradication as farmers learned how to utilize 
natural enemies and take advantage of delays in the onset of in-season pests. All three 
regions have shown major declines in bollworm expenditures - about 68 percent in 
the original area, 38 percent reduction in Robeson and Scotland counties and about 33 
percent on average for South Carolina. 

Total fmmer insect control expenditures in constant 1979 dollars for the pe1iod before 
and after eradication are summarized in Table 2. The largest percent reduction in costs 
(71 percent) was in the original trial area. The total insect control costs for the expanded 
program in two m·eas in Nmth Cm"Olina and three m·eas in South Carolina have fallen 
by 39 to 53 percent. All absolute reductions m·e statistically significant except for the 
two Piedmont m·eas of Cleveland county, Nmih Carolina and the Piedmont area of 
South Cm"O!ina. These two areas have low weevil infestations, but still show savings of 
46 to 53 percent. These low weevil infestation areas are of special interest because many 
m·eas in Mississippi, Arkansas and Texas have similm· infestations. 

Not all the reduction in insecticide use between 1978 and 1987 was due to eradica-
tion. Dming 1978 to 1982, there was a 12 percent decline in cotton insecticide expen-
diture in the Robeson - Scotland area which was not part of the eradication program. 
This cost saving was primmily due to introduction of the more effective pyrethroid 
insecticides. This cost reduction is deducted from all estimates of boll weevil eradica-
tion pesticide savings. 

Pesticide savings from weevil eradication in other cotton regions may differ from 
those found in North and South Cm·olina. However the experience over the 1978-
1987 period covers a wide range of conditions. Very high cost situations ($ 102/acre 
in the South Carolina buffer m·ea), very low insect control cost situations ($15/acre in 
Cleveland County, North Carolina), areas with primm·ily bollworm treatments (South 
Carolina) and areas with low starting boll weevil populations (original North 
Carolina-Virginia trial area in 1978) occurred during the eradication experience in 
this period. 

A final aspect of pesticide use reductions is the potential for reduced environmental 
contamination. Comparing the period prior to eradication to the post-eradication 
period, there is an average reduction of 5.6 separate applications per year. For the 
220,000 cotton acres in North and South Carolina, tlus is a reduction of about 1.2 mil-
lion acre applications each yem·. However, to get to this reduced pesticide use situation 
there was a higher than average number of diapause applications required in the first 
two years of the program. Table 3 shows the level of in-season and diapause applica-
tions for the expansion program in North and South Carolina. During 1983 there were 
many more separate applications than either prior to the program or after eradication. 
This is an investment to obtain the less threatening environmental condition following 
eradication (1985 to 1987). If environmental contanunation is proportional to numbers 
of pesticide applications, then there are additional benefits to eradication that are not 
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Figure 2. Bollworm control cost per acre (chemical plus application cost), adjusted 
to real1979 dollars, 1974-87. 
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Figure 3. Total insect control cost per acre (chemicals plus application cost plus pro-
gram fees and scouting), adjusted to real 1979 dollars, 1974-87. 



Table 2. Changes in farmer insect control expenditures per acre associated with the boll weevil eradication (BWE) program. 1 

(Source: Annual farmer surveys by North Carolina State and Clemson Universities.) 

Average expenditure 
Zone' before BWE program 

Original 
North Carolina $49.41 
eradication area (l974-77) 

Robeson-Scotland 
Counties $55.95 
North Carolina (1974-82) 

Cleveland County $14.51 
North Carolina (1975-82) 

South Carolina $47.01 
Piedmont Area (1980-81) 

South Carolina $83.58 
Coastal Plain (1980-81) 

South Carolina $101.93 
buffer zone (1980-81) 
1Expenditures adjusted to 1979 real dollars. 
'See Figure 1 for locations. 

Average expenditure 
after BWE program 

$14.54 
(1979-87) 

$33.97 
(1983-87) 

$ 7.77 
(1983-87) 

$22.04 
(1983-87) 

$50.41 
(1983-87) 

$55.78 
(1983-87) 

3Difference in means using pooled standard deviation, significance at 0.95 = * 

Percent 
change 

-70.56 

-39.29 

-46.46 

-53.11 

-39.69 

-45.27 

Before-after 
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8.515 * 
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Table 3. Average numbers of in-season and program diapause insecticide applica-
tions (per field) for the North Carolina and South Carolina expansion programs, 
1981-87 . (Source: Fanner surveys and APHIS application records.) 

Number in-season applications 

North Carolina South Carolina 
Year expansion' expansion' 

1981 8.97 11.10 
1982 11.06 12.80 
1983 8.38 11.10 
1984 5.87 7.30 
1985 4.66 8.90 
1986 5.19 5.56 
1987 4.30 4.50 

'See Figure I for locations. 

Number of program diapause 
treatments 

0.00 
0.91 

12.00 
8.00 
0.10 
0.08 
0.05 

Table 4. Summary of savings: benefits of reduced insecticides, area expansion and 
yield increases for the original area and expansion area from the eradication pro-
gram. 

Net reduced pesticides 
A . 3 

creage expanswn 
Yield effect" 

Total 

Original eradication 
area 

$28.87' 
$13.28 
$34.50 

$76.65 

Expansion area 
North Carolina & 

South Carolina 

$30.01
2 

$13.80 
$34.50 

$78.32 

'1974-1 977 to 1979-1 987 change adjusted fo r the $6 cost savings (1 2%) achieved over the same period in 
other non-eradicated area from insect icide improvements. (Carlson and Suguiyama, 1985.) 

'Insectic ide savings which is a cotton area we ighted average of $2 1.99 for North Carolina Coastal Plains, 
$33. 17 for South Carolina Coas tal Plains, and $6.74 for North Carolina Piedmont and $24.97 in the South 
Carolina Piedmont for an overall Piedmont savings of $ 18.89. (from Table 2.) 

'92 percent acreage expansion multiplied by one-half the cost sav ing in insecticides. 
'Based on yield gain of 69 pounds per acre at an assumed long run world price of $.50 per pound. 
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captured by the direct pesticide saving costs. The $29 to $30 per acre savings in insec-
ticide costs (Table 4) is an underestimate of the benefits of boll weevil eradication 
because of the unknown value of environmental and safety gains over the life of the 
program. 

Finally, there may be some contribution of boll weevil eradication to managing 
insecticide resistance of bollworms and tobacco bud worms, Heliothis virescens (F.). 
Because boll weevil eradication reduces early-season use ofpyrethroids, there may 
be less development of resistant populations. Data from 1978 to 1987 shows that 
in-season treatment for bollworm/tobacco budworm in North Carolina and South 
Carolina is delayed by an average of eight days. This delay may help reduce 
selection pressure, especially since 1989 when chlordimeform (Fundal®, 
Galecron®) use was discontinued. The value of this benefit has not yet been quan-
tified. 

COTTON YIELD AND ACREAGE EFFECTS 

If farmers can reduce boll damage from other insects when boll weevils have been 
eradicated, yield increases are an added benefit. A model was specified and estimated 
using county level yield records from 10 North Carolina, 9 South Carolina and 8 
Georgia counties for the 1967 to 1986 period. 

The estimated linear regression model is: 
Yit = 2:. aiWit + 2:. biLi + 69.23 BWE - .99 WORM- 2.7 WEEVIL+ 2.36 DATE 

+ 603 PRICE- 2.82 ACRE, R2 = .948, 
where: 
Yit = cotton yield in county i in year t; 
Wit = nine monthly average rainfall and temperature variables, for county i and 

year t; 
Li = Location or county i dununy variable, one for each county; 
a,bi =estimated weather and location coefficients (not shown); 
BWE = boll weevil eradication variable(= 1 when county is under eradication in a 

given year, 0 otherwise); 
WORM = Percent worm damage from research check plot in year t; 
WEEVIL = Percent weevil damage from research check plot in year t; 
DATE= julian date of first insecticide treatment in research check plot in year t; 
PRICE= cotton loan rate (Commodity Credit Corporation support price) in year t; 

and, 
ACRE= acreage of cotton planted in year t. 
The model includes rainfall variables for each of April through October, and 

temperature variables for September and October, location variables to reflect soil 
quality and other factors, bollworm and boll weevil infestation variables, elate of first 
insecticide treatment, county acreage figures to reflect falling land quali ty as more 
cotton is planted, a cotton price variable and finally a variable to designate if the 
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county is under eradication or not. That is, the BWE variable takes on a value of 
one in years 1979 and thereafter for the original eradication counties, and for 
1984 and years following for the remaining North and South Carolina counties. 
The Georgia counties are a non-eradication check area during the 1967 to 1986 
period. 

The estimated model shows a 69.2 pound lint gain when a county is under eradica-
tion and all other factors in the model are held constant. All vatiables in the model m·e 
statistically significant at the 0.95 or higher level except for May rainfall. The overall 
model explains about 95 percent of the yeat·-to-year and county-to-county yield varia-
tion. A sensitivity analysis (Carlson et al., 1988) of this shows that the yield gain from 
eradication is about one-third smaller when Georgia counties m·e used as a non-eradi-
cation check m·ea compared with analysis of only North and South Cat·olina counties. 
This difference probably reflects the fact that improved cotton production technology 
has increased yield potential separate from the effects of eradication in the past five to 
ten yem·s. 

The ptice of cotton at the farm level over the past ten years (1975 to 1984) is $0.60 
per pound in the Southeast. However, part of the price level is due to the cotton price 
support program. To reflect scat·city values of cotton, international prices m·e used, 
which for the staple length produced in the Southeast is about $0.50 per pound on aver-
age for the past 10 yeat·s. Therefore, the yield enhancement (69.2 pounds) due to erad-
ication of the boll weevil has a value of about $34.50 per acre. 

Because the boll weevil is eradicated from an entire region and not just the current 
cotton area, there is the potential for returns to a new m·ea which is switched from other 
crops to cotton production. The amount of crop switching is estimated by a nine-vari-
able, nonlinear regression model (see Cat·lson et al., 1988 for details). The model spec-
ifies county cotton acreage as a function of two boll weevil eradication vatiables, four 
crop price variables, a weather vat"iable, time trend and an index vm·iable for the 1983 
payment in kind (Pil() program. The model explains 75 percent of the year (1965 to 
1986) and county to county (same 27 counties as the yield model) variation in cotton 
acreage. An estimated 92-percent increase in cotton acreage has occurred in North and 
South Carolina since the eradication program was completed, holding all other vari-
ables in the model constant. 

The value of the increase in cotton acreage is estimated to be one-half of the increase 
in cotton area multiplied by the gain from insecticide savings (Carlson and Suguiyama, 
1985). This value is approximately $14 per acre. This is an approximate estimate of 
the extra net return a farmer would expect as marginal land is switched from some crop 
like soybean to cotton. 

The overall net benefits per acre from eradication for pesticide savings, yield 
enhancement and new cotton land are shown in Table 4. The pesticide savings are 
slightly higher in the expansion m·ea of South Carolina and North Cat·olina compared 
to the original eradication area. The overall benefits are about $78 per acre. To deter-
mine the rate of return from eradication, program costs, expenditures to suppress rein-
festations and ti1ning of costs and benefits need consideration. 
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One of the major uncertainties about boll weevil eradication is the likelihood of 
reinfestation of eradicated areas and the cost of cleanup for these reinfestations. Table 
5 shows the cleanup activities for cotton in the original eradication area for the 1981 
through 1987 period. The cotton area in column one includes that in the buffer area as 
well. The reinfestation rate has been from 0 to 22 percent, with very low reinfestation 
rates since 1983. 

Through use of pheromone traps, it has been possible to detect reinfested fields ptior 
to a widespread outbreak from the point sources of reinfestation. Costs of treating 
fields, adding traps, checking traps and travel expenses are $5 to $50 per treated acre. 
However, the costs per program acre are very small, especially as the area in the pro-
gram increases. The likelihood of reinfestation clearly has declined since the distance 
to the source of large weevil populations was increased by about 300 miles beginning 
in 1984. The average cost over this seven year period for clean-up activities is about 
$.94 per program acre (average of final column in Table 5). 

The boll weevil eradication program costs and net returns for labor, insecticides, 
traps and overhead expenditures are shown in Table 6 for the first three years and the 
average year following the first three years. Both farmer and total program costs are 
shown. Actual expenditures in 1978, the first year of the trial program, included costs 
to manage bollworms as well as boll weevils. This part of the costs ($51 per acre) has 
been deducted since it was not part of the program after the first year, and it would 
have been required in the absence of the program. The program cost was about $120 
per acre for the first three years of the original program. The expansion program was 
altered and was slightly less expensive. The use of diflubenzuron (Dimilin®) and the 
release of sterile male insects was not included in the expanded program. Also, the 
expanded program did not begin until August of the first year with more emphasis on 
diapause treatments. The third phase of eradication-that is underway in Georgia, 
Alabama and Florida-is following a similar program and cost structure as the 
expanded program in South Carolina and southern North Carolina. 

The final cost component is the contingency or maintenance fee in the fourth and 
following years. This figure is currently at $6 per acre in the original eradication area 
and is at $8 in the expanded program area. Cleanup costs so far have been closer to $1 
per acre as shown in Table 5. For the rate-of-return calculations discussed in the fol-
lowing section, it is assumed that this cost is the actual cost up through 1988 and $6, 
thereafter. 

The yield and pesticide savings benefits of eradication begin the first year following 
eradication in the original area. The acreage expansion effects begin the fourth year. In 
the expanded program, because eradication began in August of the first year, acreage 
benefits occur in the third year of the program. The net return per acre, considering all 



Table 5. Extra costs of clean-up activities in original eradication zone, 1981-87. (Source: Compiled from APHIS records.) 

Percent Average Total Cost per Cost per 
Total Treated area number of additional treated program 

Year acres acres reinfested treatments cost1 ($) acre($) acre($) 

1981 50095 0 0.00 0 0 0.00 0.00 

19822 46003 10144 22.05 6 263,744 26.00 5.73 

19832 42435 8563 20.18 2 102,756 12.00 2.42 

1984 72747 35 0.05 13 1,767 50.50 0.02 

1985 64140 92 0.14 3 1,426 15.50 0.02 

1986 56675 0 0.00 0 0 0.00 0.00 

1987 61900 15 0.02 0 75 5.00 0.0012 

'Average variable cost of $3.50 per acre per treatment for pesticides and application, plus an estimated average fixed cost of $5.00 
per acre for added traps and pheromone, personnel and travel expenses. 

2General reinfestation of the original eradication zone occun·ing as a result of increased acreage in the original buffer area and a period 
of uncertainty about the expansion of the program. 

trl 
('") 

0 :z 
0 
~ 
('") 
trl 

~ 
t"" 
d 
~ ..... 
0 :z 
0 
~ ..... 
2! 
[fJ 
trl 
('") .., 
trl 

~ 
Cl ..... 
('") 

~ ..... 
0 :z 

Ql) 
<::> _, 



808 CARLSON, SAPPIE AND WETZSTEIN 

costs (farmer and federal), are shown (Table 6) for the first tlu·ee and the typical year 
after the fourth year for both the original b.ial area and the expanded program. 

The final summary number given in Table 6 is the computed rate of retnrn to the 
eradication investment in North and South Carolina. This is the rate of interest that will 
make the present value of all program costs just equal the present value of program 
benefits. The retnrn is 86 percent for the trial program and 97 percent for the expanded 
program. To put these figures in perspective, retums on savings accounts or bonds are 
2.5 and 7 percent, respectively. For individual cotton farmers who only had to pay 50 
to 70 percent of the costs the retnms are even higher. 

Table 6. Total eradication program and farmer costs and returns. 

Year 1 

Original North Carolina/Virginia 
trial eradication area 

Frumer costs $21.00 

Total costs $42.00 

Net retum - $42.00 

Rate of return = 86% 

North Cru·olina/South Carolina 
exQansion area 

Fru·mer costs $25.47 

Total costs $46.96 

Netretum - $46.96 

Rate of retnm = 97% 

Year2 Year 3 

$23.00 $15.00 

$47.00 $31.00 

$16.37 $32.37 

$25.23 $17.70 

$31.52 $30.58 

$32.99 $47.73 

Years after program1 

$ 9.43 

$ 9.43 

$ 66.65 

$ 9.26 

$10.99 

$70.31 

1Average of program and fanner fees for fourth and following years: 1982-1986 for 
trial area, 1986-1988 for North Cru·olina/South Carolina expansion area ($/ac). 

EVALUATION RESULTS FOR ALABAMA, FLORIDA, 
AND GEORGIA 

An application of the above evaluation methods is the determination of costs and 
benefi ts for the Alabama-Florida-Georgia area (Ahouissoussi et o f. , 1993). 
Regressions for determining Alabama-Florida-Georgia BWE program affects on pro-
ducers' yield, insecticide use, and cotton acreage are similar in form to the regressions 
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employed for the North and South Carolina program. Results from these equations 
covering the pre-eradication period 1986 and 1987 and the eradication period 1988 
through 1990 indicate that the BWE program resulted in yield increases of approxi-
mately 100 pounds per acre over what they would have been in the absence of the pro-
gram. 

No significant relation was determined between BWE and either insecticide cost or 
cotton acreage per farm. One explanation for no significance between BWE and insec-
ticide cost was the relatively large increase in other insect pests, particularly beet army-
worm, which developed in 1988 through 1990. Unfortunately, not since 1977 was 
there such a widespread outbreak of beet armyworm. This resulted in a significant 
increase in insecticide use offsetting any possible gains hom decreased costs from 
BWE. 

In terms of planted cotton acreage, since 1989 there is a steady upward tend (Figure 
4, USDA). BWE probably explains a portion of this trend along with other factors 
including low prices for competing crops such as soybeans. 

Unfortunately, funding limitations precluded data collection for subsequent years 
past 1990. With subsequent years data, empirical estimates for insecticide cost savings 
and acreage response could be derived. In cases characteristic of such funding limita-
tions which precludes data collection essential for evaluation alternative methods are 
simulation or programming models (Szmedra eta!., 1991, Duffy et a!., 1994). For 
example, a mixed integer programming model developed by Duffy et al., 1994 sup-

600 

Alabama 

500 -1- Georgia 

->!<-- Florida 

00 400 li) ... 
0 
<( 

'0 300 c 
(lj 
00 
:::1 
0 
J: 200 -F-

100 

- ----*"-""*""* -~ ~, l ~~---+):( --~~----++---~--~---~--~~ 
1986 1987 1988 1989 1990 1991 1992 1993 

Year 

Figure 4. Cotton acreage in the Southeast. 
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ports the view that BWE is a major factor associated with increased cotton acreage. 
Their result, for southern Alabama, indicates optimal crop-mix would involve no cot-
ton at all without the yield increase attributed to eradication. By contrast, when the 100 
pound yield increase is included in the total yield, cotton is planted extensively. 

The five years of data, 1986 through 1990, used for the Alabama-Florida-Georgia 
BWE evaluation are sufficient for assessing the short-term program impacts. Results 
indicate a 19 percent rate of return from farmers' investment in the BWE program. 
Such a return is comparable with a mean of 17 percent which private companies com-
monly consider as favorable for investment projects. However, this result is signifi-
cantly less than the 86 and 97 percent rate of return, found in earlier years in North and 
South Carolina when full farmer and government costs were considered (Table 6). 

CURRENT JISSUES 

A major concern is how well eradication will work in other areas of the Cotton Belt 
where the boll weevil is not as major of a pest. Primary research for Northern Alabama, 
where boll weevil damage is significantly lower compared with the southern region of 
the state, indicates that the BWE program for farmers who are already producing cot-
ton may not prove as lucrative as for Southern Alabama producers (Duffy et at., 1994). 
Currently, research on this subject is continuing by agricultural economists in Georgia 
and Alabama. For other cotton growing regions, the program is expanding into the 
Mid-South (Mississippi, Louisiana, Arkansas, and Tennessee). The BWE program in 
the Southwest is almost completed. The only remaining area is 60 miles into Mexico 
consisting of 3,000 cotton acres. Once this acreage enters the program in 1994 a nat-
ural buffer will exist between the Southwestern United States/Northern Mexico and 
the rest of Mexico. As the BWE program continues to expand there may be some con-
cern that cotton prices might decline with the resulting increased production. However, 
research based on published elasticities, indicates that the effect of a 100 pound 
increase in yield for the entire Southeast would be less than a penny a pound, a negli-
gible effect (Ahouissoussi et al., 1993). 

SUMMARY 

Experimentation with boll weevil eradication in North and South Carolina has lee\ 
to improvements in organizational and technical features of the program over the 1978 
to 1993 period. Eradication of the boll weevil reduces insecticide use in two ways. 
First, in-season sprays are no longer targeted at the boll weevil, and secondly, greater 
survival of predators and parasites results in higher mortality of bollworms, tobacco 
budworms and other pests with reduced need for controlling them with insecticides. 
The estimated pesticide use reduction from eradication is 40-70 percent (about $30 per 
acre). Eradication has also encouraged cotton acreage expansion (about 92 percent 
worth $14 per acre) and increased lint yield by about 15 percent, (69 pounds per acre 
in North and South Carolina, 100 pounds in the Southeast). Considering the total adcli-
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tiona! cost of the program (fanner and public expenditures) and total benefits, the rate 
of return on the eradication investment is estimated to be 97 percent. There are also 
environmental benefits of the program associated with reduced insecticide use 
(approximately 5.6 fewer insecticide applications per acre per year). Expansion efforts 
in Georgia, Alabama, and Florida have been enhanced by knowledge gained in the 
Carolinas. Eradication efforts in the Southeast will provide information for farmer 
votes and program plans in the Mid-South region. The decision to undertake an erad-
ication program must weigh the tangible and intangible benefits and costs as indicated 
in this chapter. 
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][NTRODUCTliON 

The literature on the principles, concepts, mechanisms and theories of pest man-
agement is extensive. The serious reader is referred to publications by (Chant, 1964; 
Clark et al. , 1967; Geier, 1966; Hall and Norgaard, 1973; Knipling, 1966, 1979; 
Newsom, 1974; Pimentel et al., 1965; Rabb and Guthrie, 1970; Rabb et a /., 1974; 
Stern, 1966; Webster, 1977) and many others. Book I, Cotton Physiology, (Mauney 
and Stewart, 1986) in The Cotton Foundation Reference Book Series may be equally 
helpful. 

Simulation models have been employed to investigate the many phenomena which 
interact with the economics of treatment thresholds (For examples Baker eta/., 1986; 
Jones eta/. , 1979; McClendon eta/. , 1981; Spurlock and Parvin, 1988; and others). 
However, from a practical standpoint, little has been done to improve on Headley's 
(1971, 1972) original articles. Improvements in sampling techniques (Phillips, 1990) 
and refined estimates of economic threshold are needed (Harris, 1988; Parvin and 
Harris, 1986). Investigations of the temporal (of or relating to time) aspects of pests, 
especially multiple pests, have been constrained by their complexity but are needed. 
The interactions between broad spectrum chemical insecticides, parasites and preda-
tors, and economic thresholds require additional study. 

Integrated pest management (IPM) system consists of several basic insect control 
tactics, two of which are: (a) conservation of naturally occurring parasites and preda-
tors for pest control, particularly during early season; and (b) judicious use of chemi-
cal insecticides (Harris, 1988; Parvin and Harris, 1986). Other control tactics include 
host plant resistance, cultural control, use of pheromones, diapause treatments, and 
crop termination tactics. It should be noted here that the relative importance of (or con-
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tributing) the various control tactics will vary among different areas in Cotton Belt and 
between areawide programs versus single farm programs. 

The natural parasite and predator component of our cunent cotton IPM system [(a) 
above] is based on their efficiency (Ables et al., 1983) and the knowledge that cotton 
can tolerate early season fruit loss (and other damage) by compensating with other fmit 
produced later in the season. Treatment thresholds have been established with the view 
that delayed corrective treatments were better than early preventive measures 
(Knipling, 1979). Judicious use of chemical insecticides [(b) above], can follow either 
of two basic but different approaches. From a broad standpoint, pest control proce-
dures can be classed into two categ01ies (Knipling, 1979)-preventive measures and 
corrective measures. Preventive measures are taken to suppress pests in anticipation of 
damage even though there is no absolute certainty that damage will occur in a local-
ized area (farm) or selected field. Corrective measures more often are used and involve 
applying insecticides only where and when insects are causing damage. 

Both approaches have merit. The correcti~e approach is where insecticide treatment 
is triggered by economic or treatment tru:esholds. With the prevention approach, insec-
ticide/miticide treatments are used to manage pest populations before they reach 
threshold levels (Parvin and Smith, 1985). 

Since preventive methods of control involve the application of broad spectmm 
chemical insecticides that can lead to side effects, more and more emphasis is being 
placed on pest control only where and when the need for the application is necessary. 
Integrated pest management (IPM) is based upon the close monit01ing of plant and 
insect conditions and the use of control measures where and when necessary with 
emphasis on methods that permit natural control agents to have their maximum effect 
in regulating the pest population. However, when control measures are applied, they 
tend to involve chemical insecticides. Unfortunately, this approach has gained such 
prominence and has been emphasized in so many technical and popular publications 
that many people, scientists and nonscientists aWce, have the impression that it is the 
only system having merit (Knipling, 1979). Their general perception is that it is eco-
nomically unsound and wasteful of resources to develop or undertake preventive con-
trol measures (Knipling, 1979). 

This chapter attempts to employ the principles of systems analysis (Conway, 1976; 
de NeuFville and Stafford, 1971; Optner, 1965; Parvin and Tyner, 1974; Watt, 1970) 
to investigate the interaction between crop phenology' and insect/ mite management 
on cotton. 

HISTORY 

Scientists engaged in research on insect and mite control methods have been criti-
cized for being too slow to recognize the limitations of the broad spectmm chemical 
pesticide approach as the solution of insect pest management problems and for the 
'Phenology is a branch of science that deals with the relationship of climate and periodic biological 
pheromones on behavior of organisms. 
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long delay in devoting more of their research efforts to the study and development of 
alternatives and more acceptable methods (Knipling, 1979). The public sector 
research/extension community has been credited with entomological inesponsibility 
(Newsom, 1974) in the development of cotton insect control technology. It has been 
accused of promoting insect/ mite control techniques that resulted in "count and treat" 
methods and finally in "treating without counting", so that by the mid 1950s much of 
the cotton was treated on a "womb to tomb" schedule. This umbrella of protection 
stimulated several changes in production practices. Varieties were introduced that 
extended the fruiting season; and other inputs, such as herbicides, fertilizers and water, 
were increased to take advantage of the protection granted by the insecticides/miti-
cides. 

By the early 1970s, it was apparent that we were on another crisis course due to 
insecticide resistance. The crisis occurred during the mid 70s (especially in 1976 and 
1977) and field populations of tobacco budworm, Heliothis virescens (F.) on cotton 
were not controlled despite higher rates of materials and shorter intervals of applica-
tions. If new materials had not become available in 1978, the crisis would have been 
much worse2. The introduction of synthetic pyrethroids gave us several years of excel-
lent control. 

ATTITUDE OF PUBLIC SECTOR RESEARCHERS/EXTENSION WORKERS 
Public sector researchers and extension workers are concerned about the charge of 

irresponsibility. Many researchers reacted by excluding most preventive measures of 
insect pest suppression from "acceptable" methods of pest management, i.e., IPM 
should be comprised only of COITective techniques. However, both corrective and pre-
ventive approaches are needed (Knipling, 1979). 

Researchers were not irresponsible during the 1950s, 60s and 70s. Once the insec-
ticide technology developed during (and after) World War II was available, there were 
strong economic incentives (larger and more stable yields, low insecticide costs and 
increased net returns) to put it into place. Positions by public researchers in the future 
will have little impact on the next crisis if economic incentives for their positions are 
not strong. And, as long as insect/mite control is based primarily on chemical pesti-
cides, failures or crises will occur from time to time. 

COST-PRICE SQUEEZE OF THE 1980s 
In the 1980s growers were caught in a cost-price squeeze. Production costs were up 

as prices for most inputs increased. Cotton price declined and net retums were drasti-
cally reduced. Because of very limited success with increasing cotton net returns by 
reducing costs, growers were forced to increase yield. Increased yield requires addi-
tional inputs (A notable exception is the work reported by Sterling and Haney [1973] ). 

With the use of additional inputs, growers were forced to lower their treatment 
thresholds for insect/mite pests so that these pests did not limit yields. From an eco-
'Pyrethroids and new organophosphates were available in 1977-78 on a limited basis under a FIFRA Section 
18 (Emergency Use) program. They were conditionally registered for use in 1979. 
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nomic efficiency standpoint, as other inputs are increased, insect/mite treatment 
thresholds must be reduced or inputs are not being employed correctly (Leftwich and 
Eckert, 1982; Samuelson, 1961). 

CRISIS FOR THE 1990s 
Are we on course for another crisis in cotton insect control? Producers are more 

aware of the benefits of early-season insect control (Anderson eta!., 1976; Carter, 
1990; Kerby, 1988; Jenkins, 1990; Mauney, 1988: Parvin, 1990a-e; Parvin and Miller, 
1986; Smith, 1990). Economic incentives for increased, realized yield and larger net 
returns through earlier maturity are strong at this time. 

Another insect control crisis will occur unless new insecticides/miticides are devel-
oped and/or improved strategies for insect/mite management become available soon. 
And, quite franldy, cotton insect/mite control technology in most of the United States 
Cotton Belt, into the foreseeable future, will probably depend almost entirely on chem-
ical pesticides. 

When the crisis occurs, biological and economic conditions will force the producer to 
modify his approach to insect/mite management. In the meantime, the increased use of 
insecticides dming early season is sending strong economic messages to the chemical 
indust.I.y to develop new insecticides and sending strong biological messages to the pub-
lic sector extension/research community to develop improved management strategies. 

COMPLEXITY OJF PEST CONTROL DECISIONS 

Insect and mite pest control decisions are very complex. When long range consid-
erations are included, as most researchers insist they should be, the decisions are more 
complex. 

Clearly all costs should be considered. Early season foliar applications can result in 
increased numbers of late season applications by inducing secondary pests to major 
pest status and/or by eliminating beneficial predators and parasites which may result 
in additional treatments directed toward mid and/or late season bollworm/tobacco bud-
·worm. In such cases, the increased cost of the late season program should be consid-
ered. Additionally, if the insect control program selected increases the rate of 
insecticide resistance, a cost should be charged for the change in the level of resistance. 

THRESHOLD LEVELS 
Generally, the application of chemicals to control cotton insect/mite pests is recom-

mended only if they attain threshold levels. Recommended thresholds are treatment 
guidelines, not necessarily "true" thresholds. The need to lower or raise a threshold 
level is influenced by individual conditions on a farm-by-farm or field-by-field basis. 

Conceptually, the term, "economic threshold," has meaning to both growers and 
professional agriculturists. While we may know how to estimate treatment thresholds, 
we still lack satisfactory estimates of most of the key parameters required (Harris, 
1988; Phillips, 1990). Hence, we do not know if our recommended thresholds are cor-
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rect. And, while individual populations of multiple pests may be at sub-economic lev-
els, indicating no treatment, the combination of all the pests may result in economic 
damage. 

Finally, thresholds should include a temporal aspect. Currently, sub-threshold levels 
for an extended period of time do not trigger insecticide/ miticide treatment. However, 
it is lmown that sub-treatment levels that persist over a period of time may do consid-
erably more damage than a few days with populations slightly above the treatment 
thresholds. 

LONG TERM VS. SHORT TERM CONSIDERATIONS 
Public sector agricultural workers tend to be conservative and place more emphasis 

on long term costs (such as the cost of resistance) than do growers. Many growers 
mainly are concerned with year-to-year economic survival of their farms. They dis-
count long te1m considerations. In fact, many growers ignore costs that do not move 
through the cunent marketing year. There is no market for resistance. For example, a 
grower is charged the same wlit price for a needed application as for an unnecessary 
application of the same material that only contributes to resistance. Consequently, 
growers with considerable funds at risk and the many uncertainties for future years 
often arrive at different decisions relative to the use of insecticides/miticides than do 
public sector researchers. 

The agricultural research community is begimling to investigate and partially under-
stand the complex interrelationship between early season/mid season insect feeding, 
the plant's ability to compensate for that feeding, and harvesting economics. With 
improved and expanded educational activities concerning all aspects of this complex 
interrelationship, growers will be able to make improved decisions with regard to 
insect management. 

CONSIDERATION OF THE COTTON PLANT 

SYSTEMATIC AND PREDICTABLE MANNER OF COTTON GROWTH 
AND DEVELOPMENT 

The cotton plant itself must be considered in insect/mite management decisions. 
Physiologically, cotton grows and fruits in a systematic and predictable manner. 
Because it is systematic and predictable, the fruiting sites can be accurately numbered. 
The main axis and branches have nodes. The first three to nine (usually six) modes of 
the main axis above the cotyledon leaves usually produce vegetative branches (or no 
branches). Once fruiting (flowering) begins, each node out each fruiting branch con-
tains a fruiting site (exceptions are extremely rare). Familiarity with the mechanics of 
plant mapping has increased significantly among growers and others in the last several 
years. Educational activities of state extension cotton specialists and the Cotton 
Physiology Education Program sponsored through The Cotton Foundation have made 
major contributions in this respect. 

Because fruiting occurs in a systematic manner, several important fruiting events 
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move up and out the plant in a systematic and predictable manner. In order of occur-
rence, they are: squares, blooms, green bolls (young green bolls that are subject to 
insect damage, older green bolls that are generally "safe" from insect damage, and 
green bolls that are mature in terms of seed and fiber development), and open bolls. 

All of these events are important, but the interactions between the events is more 
important. The research community is just beginning to investigate the relationship 
between safe/mature green bolls and defoliation and harvesting. An understanding of 
this relationship and its interaction with insect management decisions will lead to the 
development of improved cotton production systems and better understanding 
insect/mite management. 

POTENTIAL ECONOMIC VALUES OF DIFFERENT FRUITING SITES 
Fmiting forms at different sites do not have the same potential economic value 

(Jenkins, 1990; Jenkins et al., 1990a,b). The value of a given fmiting site is a function 
of its average weight (and quality) and the probability it will be harvested. Table 1 
gives the dollars per acre value by fmiting site for solid planted cotton in Mississippi. 
In lower yielding areas of the Cotton Belt, plants may have fewer fmiting branches. 
Nevertheless, while specific estimates of dollars per acre value by fmiting site may 
vary by regions (and by varieties within region, and by years) the impmtant trend in 
value remains unchanged. 

There is much valuable information summarized in Table 1. On every fmiting 
branch, the first fruiting position produces two to ten times more money than the sec-
ond position. 

All first position bolls begin their life as square primordia or baby squares in the ter-
minal (Jenkins, 1990). Every first position boll begins its life in the terminal. No other 
position fruit does that. Damage to the terminal will affect the first position bolls or the 
more valuable bolls. In the terminal there are square primordia for the next four nodes 
or fruiting branches (Jenkins, 1990). Terminal damage can show up as missing first 
position squares at the next four nodes. And, when observed, will be impossible to cor-
rect (Jenkins, 1990). 

The best site, 11.1 (e.g. ll'h node, 1" position) is approximately 16 times more valu-
able than site 20.1 (20"' node, 1" position) and over 600 times more valuable than site 
20.2. Therefore, in simple economic terms, based on the physiology of the plant, we 
should spend 16 times more money to protect fmiting site 11.1 than 20.1 , etc. 

Insecticide treatments provide protection for a period of time (The length of the pro-
tection pe1iod can be influenced by several factors). Sites 11.1 and 9.2 are the same 
age with a total value of $62.1 5. Sites 21.1 and19.2 have a total value of $1.46. The 
rational grower will spend over 42 times more money to protect sites 11.1 and 9.2 than 
21.1 and 19.2. The bottom or early sites are more valuable than the sites near the top 
of the plant. 

Plant stress can cause shedding of fmiting forms and/or intetfere with maturation of 
harvestable bolls fruit from fmiting sites. The major stresses (or causes of stress) are: 
water stress, nitrogen stress, carbohydrate stress (low solar radiation, etc.) and insect 
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damage. When the majority of the important fru iting sites are squares, water, nitrogen 
and carbohydrate stresses are not usually present. Most of the important sites that are 
lost as squares especially in early season, are lost to insects . 

EARLY MATURING/SHORT SEASON CROP 
An early maturing crop (with acceptable yield) requires a short squaring period with 

little or no stress (fruit loss) during the effective squaring period or prior to first bloom. 
A 135-day crop (an important consideration in most of Coastal Texas, most of the Mid-
South and most of the Southeast) is one that allows an early harvest and requires that 
all the fruit to be harvested develop from the squares from the first four (4) weeks of 
squaring. With modern varieties and technology this is not difficult if the plant is not 
stressed. The idea is to rush the plant or crop along to a natural carbohydrate cutout as 
soon as possible. The easiest and surest way to accomplish this is to set more fiuit than 
the plant can support and allow the plant to decide which sites to abort. The plant will 
retain the oldest, largest, most valuable fruit and shed the youngest, smallest, least 
valuable fruit (Mauney and Stewart, 1986). 

Physiologically, the plant is designed to handle water, nitrogen and carbohydrate 
(physiological) stress with minimal damage or delay. At each fruiting site, there is a 
"valve" (called the abscission "valve" or abscission zone) at the base of the peduncle 
stem that supports the fruit. With physiological stress, the plant simply closes this 
"valve" on enough fruiting sites to reduce the stress. Physiologically, this process is 
part of the genetics of the plant. When the "valve" is shut, nutrients stop flowing to the 
fruit , and in a few days the fruit aborts (falls off) leaving a well healed scar. With insect 
damaged fruit , nutrient transfer will continue for several days after damage occurs- a 
complete waste. And, insects do not always feed on the youngest, smallest, and least 
valuable fi1.1it. As a matter of fact , during the first few weeks of fruiting (pre-bloom), 
most of the squares are associated with important sites that are most likely to be har-
vested. Clearly, from an economic and plant physiology standpoint, the dominant 
insect management strategy is to assist the plant to retain as much of the early fruit 
(squares) as possible. Cotton grows in a regular, systematic, and predictable manner 
thereby enhancing ease of management. 

There is another advantage from managing or providing for a high percentage of 
fruit setting during the firs t few weeks of huiting. However, it is difficult to quantify 
in terms of monetmy value or econornics. Depending on weather conditions and other 
factors , many varieties of cotton will get into a "vegetative mode" if fruit are not set 
on the early sites. In such cases, the grower tends to lose control over management of 
the cotton plant itself (with respect to vegetative growth and fruit development) . 

HARVESTING CONSIDERATIONS 

Harvesting of cotton is time consuming (Cooke et al., 1991). The failure to harvest 
a significant portion of a crop can lead to inm1ediate economic disaster in terms of the 
farm firm 's ability to survive . Failure to harvest in a timely fashion or producing the 
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crop in such a manner that maturity is delayed also can create a disaster (Jones et a/. , 
1979; McClendon eta/. , 1981; Parvin, 1990a,b). Recent improvements in cotton vari-
eties and production practices have greatly increased the potential for earlier maturing 
cotton with increased yield and retums. Consequently, the timing of the cotton harvest 
can have a substantial impact upon economic returns-for a given potential yield, 
timely harvesting, as it affects the producer's ability to initiate and complete harvest at 
an earlier date, generally will result in a higher yield being realized (Parvin, 1990e). 

On the average, mechanical cotton pickers (two-row) in the central area of the Delta 
region of Mississippi are used to harvest 302 acres with a 50 percent (151 acres) sec-
ond pick (Parvin and Cooke, 1990). The performance rates (fraction of an hour 
required to harvest one acre) are: 0.53 hour for first pick and 0.39 hom for second pick-
ing. First pick time requirements are 302 acres at 0.53 hours per acre or a total of 
160.06 hours for 302 acres. Second pick time requirements are 151 acres at 0.39 hours 
per acre or a total of 58.89 hours. Therefore, harvest (first and second picks) requires 
a total of218.95 hours to complete. 

The amount of work that can be accomplished (hours worked per week) is a func-
tion of "days fit" (days suitable for harvest) and the number of hours that can be 
worked per day (Table 2). The number of acres harvested per week is a function of 
hours worked per week and the performance rate. The pounds of lint that can be har-
vested per week are related to acres harvested, agronomic yield, and the rate at which 
yield deteriorates over time (Parvin, 1990d). 

Conceptually, in the Mid-South, harvest can be completed in 22 ten-hour days 
(based on a 2-row picker being able to harvest [l st and 2nd picking] 302 acres in 22 
hours). However, due to weather conditions, on the average, first pick requires 29 days 
and second pick requires an additional 20 clays. Or, simply stated, in many years har-
vest will require more than seven weeks. How a cotton grower views the risks associ-
ated with harvest season weather conditions as a function of harvest initiation date 
affects his decisions on planting dates and on insect control, especially during early 
season. Delayed maturity lengthens the harvest in terms of calendar clays by more than 
the delay in harvest initiation date. 

It is important to note that, in regions of the Cotton Belt with uniformly favorable 
harvest weather (as may exist in parts of the extreme western portion of the Cotton 
Belt), the relationship between harvest efficiency, the plant's ability to compensate, 
and the implications for insect control are much different. Therefore, the appropriate 
treatment threshold for a given insect pest will vary by regions of the Cotton Belt, due 
primarily to differences in the severity of weather during the harvest season. 

Realized yield is often referred to as cmrunercial, farm or producer yield. The term 
"economic yield" is also appropriate. These terms embody the concept of harvesting 
over a lengthy period of time. Research terms W<e maximum yield, potential yield, 
agronomic yield and experimental yield embody the concept of rapid sampling, usu-
ally less than one day. Extrapolation of experimental yields to farm yields should be 
done with extreme care. The maturity/harvesting relationship is critical and must be 
considered carefully in the design, conduct and interpretation of cotton research. 
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Table 2. Expected days suitable for harvest, hours per day suitable for harvest and 
acres harvested per week, Mississippi Delta. (Source: Bolton et al., 1961; Cooke et 
al., 1991; Parvin and Cooke, 1990.) 

Acres harvested 12er week 
Hours/day First Second 

Dates Days suitable suitable pick pick 
for harvest for harvest 

8/28-9/03 4.66 9.11 80 
9/04-9/10 4.77 9.02 81 
9111 -9/17 4.88 8.97 83 
9/18-9/24 4.90 8.88 82 112 
9/25-10/01 4.74 8.84 79 107 
10/02-10/08 4.72 8.75 78 106 
10109-10/15 4.39 8.66 72 97 
10116-10/22 4.04 8.55 65 89 
10/27-10/29 3.59 8.39 57 77 
10/30-11/05 2.34 7.91 35 47 
11/06-11112 1.96 7.51 28 38 
11/13-11/19 1.44 6.97 19 26 
11/20-11/26 1.35 6.60 17 23 
11/27-12/03 1.30 6.37 16 21 

We have failed to understand the difference between taldng yield estimates in small 
plots and harvesting commercial cotton and have missed the relationship between the 
timing of the initiation of harvest, length of harvest and realized yield as a percent of 
agronomic yield. 

Even though the cotton plant, in terms of yield J20tential, may "compensate" for a 
loss of early fruiting forms by replacing them with a later fr·uiting form, the consequent 
delay in maturity would be expected to result in reduced economic returns (Parvin, 
1990a,b). Earliness of maturity of cotton is affected by a complex set of factors that 
complicate both: (a) research design, conduct and interpretation of results; and (b) pro-
duction management of commercial cotton. Such things as variety (genetics and phys-
iology of the plant); soil type; drainage conditions; fertility practices; weed, insect and 
disease control practices; and irrigation practices can be managed to enhance earliness 
of maturity and economic returns. The magnitude of the expected increases in eco-
nomic returns suggests careful consideration be given to "earliness" and to the lack of 
compensation in commercial cotton in the development of recommendations and the 
management of insects in much of the Cotton Belt. 

Until recently, the consensus view in the public sector research/extension commu-
nity was that early season insects in cotton delayed maturity but did not decrease yield. 
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For cotton grown in small research plots and harvested quicldy, the view is true. For 
conunercial cotton, this view is false, because of the difference between small plot 
experimental yield and producer yield. 

Experimental trials using small plots where yields are obtained on a rather instanta-
neous basis can result in yield estimates in which the cotton appears to have compen-
sated for the early season insect damage or delay in maturity. Such is not the case in 
commercial cotton due to the length of the harvest season as a function of maturity. 
Improvement in cotton maturity will increase harvesting efficiency, commercial yield 
and returns even though agronomic yield in unchanged. 

CONSIDERATION OF FRUIT LOSS COMPENSATION 

The ability of the cotton plant to compensate for early fruit loss is well known 
among growers and professional agriculturists. It is a major factor in approaches to 
insect control or management. 

Figure 1 indicates that squaring begins about day 40 (approximately 30 days after 
emergence), increases to approximately day 75, levels off to day 95 and declines. Since 
80 to 95 percent of the fruiting sites will shed their fruit as squares or ve1y small bolls 
(in the absence of insect damage), the compensation principle states that the early 
squares (days 40-70) are not important since they easily can be replaced by a small frac-
tion of the large number of squares being formed after day 70 (during the heavy fruit-
ing period, days 75-95). Because of this relationship, treatment thresholds for early 
season insects which damage squares (or other plant parts) have been kept artificially 
high, avoiding insecticide treatments and enabling beneficial insects to increase in early 
season so that they can aid in the control of bollworm/tobacco bud worm in mid and late 
season. 

The phenological events summarized in Figure 1 are relatively simple but have 
important implications for insect control. Much of the Cotton Belt is confronted with 
a 135-day effective growing season. For the Mid-South this translates to a planting day 
of May 1 and a harvest initiation elate of about September 15. Consequently, the 
mature/open boll period can only extend from relative day 100 to day 135 (35 days). 
Therefore, all the harvestable bolls must occupy fruiting sites that were squares on 
days 40 to 70 (30 days). The difference in the 35-day open boll period versus the 30-
day effective squaring period is partly due to lower temperature during late season. 

If stresses remove enough squares from the fruiting sites that developed during the 
first 30 days of fruiting (days 40 through 70) so that the resulting green bolls do not 
induce a natural carbohydrate cutout early enough to end the open boll period by day 
135, then the season is extended. Extension of the season dictates that the effective 
squaring period must be extended. If 20 additional days of squaring is required (days 
70 through 90), then the open boll period is extended to days 135 though 160 (25 
days). In simplest terms, this means that the bolls that were opened during days 100 
through 135 are subjected to an additional 25 days of exposure to the environment and 
can suffer deterioration in weight and quality. 
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Figure 1. Seasonal development of cotton. 

It is important to note that regions with a longer growing season and uniformly 
favorable harvest weather can extend the season and allow the plant to compensate for 
the early damage. However, the longer season may require the application of addi-
tional inputs such as: herbicides, insecticides, irrigation water, fertilizer, etc. And , if 
compensation must be attempted in regions with deteriorating harvest weather, per 
acre harvesting costs will also increase. 

Delayed maturity will extend the growing season and delay the initiation of harves t. 
Additionally, because of the relationship between days suitable for harvest and the pas-
sage of time during the harvest season, the harvest season will be lengthened in terms 
of calendar days. Consequently, harvesting efficiency will be reduced and harvesting 
costs will be increased. And, because of additional exposure of some of the open bolls 
to deteriorating environmental conditions, commercial yield and quality will be low-
ered, resulting reduced returns. 

It is not a question of insects causing direct yield losses ; rather, it is insect damage 
resulting in the same or equivalent yield just a little later, i.e., a delay in maturity wi th 
full yield compensation. The delay in the initiation of harvest simply means that com-
mercial or realized yield as a percent of agronomic or produced yield is reduced 
(Parvin , l 990b ). 

The process is best explained by looking again at our most important research 
data-yield . Even though we tend to use all yield terms as synonyms, and even though 
we have considerable research data indicating full compensation to early (and mid-sea-
son) damage, we now are beginning to understand that commercial cotton (in most of 
the United States Cotton Belt) cannot fully compensate because of the length of the 
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harvest season and our deteriorating weather as the season progresses. Or conversely, 
our research data indicates full compensation because we took our yield estimates 
quickly and full compensation is not possible in commercial cotton because of the 
lengthy harvest season, harvest season weather, and harvesting cost. Yield compensa-
tion requires additional time. Time in and of itself has economic value. Compensation 
at the expense of time carries a cos t. 

EXAMPLE 
The cost of delayed maturity and/or the value or earliness will differ by regions of 

the United States Cotton Belt. Because of the declining gradient in "Days fit" and 
"Hours/day" (columns 2 & 3 of Table 2), the cost of delay will be larger in absolute 
terms than the value of earliness. 

Table 3 provides an estimate of the value of 14-day earliness (advancement in matu-
rity) at Stoneville, Mississippi and at Moree, New South Wales (Australia). 

Clearly, two weeks of earliness is desirable at Stoneville and at Moree but for very 
different reasons. For example, the increase in yield and quality amounts to 51 percent 
of the total value at Stoneville but only 14 percent at Moree. This is due to differences 
in the severity of harvest weather at the two locations. Other differences shown in 
Table 3 are a function of harvesting equipment cost, interest rate and soils. 

Table 3. Summary of the estimated value of 14 days of earliness for cotton at 
Stoneville, Mississippi vs. cotton at Moree, New South Wales, Australia. (Source: 
Parvin, 1990f; Parvin, 1991.) 

Decrease in interest charge of 
production loan 

Increase in interest earned on 
net margin 

Decrease in picker fixed cost 
Decrease in variable irrigation cos t 
Decrease in insect control cost 
Improvement in soil compaction 
Sum 
Increase in yield 
Increase in quality 
Sum 
Total 

Value per acre 

Stoneville Moree 

$US $US 

2.86 8.04 

0.62 2.70 
9.04 23 .53 
9.00 10.12 

16.01 17.41 
40.00 60.00 
77.53 121.80 
52.20 14.79 
23 .88 4.52 
76.08 19.31 

153.6 1 141.11 
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IMPLICATIONS 

The current debate over alternative methods of insect control was never over late 
season insect pests but concerns the best method of controlling early season insect 
pests within a commercial cotton production system in selected portions of the Cotton 
Belt. Late season insect pests tend to have definite generations within the cotton grow-
ing season, and the consequences of their damage is relatively easy to understand, i.e. , 
compensation is no longer an issue. Much good research has been conducted on late 
season insects and our treatment tlu·eshold levels for these pests ar probably about as 
they should be. But, when the economic tlu·eshold is uncertain or unknown or is imprac-
tical to measure, as appears to be the case with most early season insect pests (Ranis, 
1988), the grower may opt to use a preventive application dming early season with the 
expectation that it will: (a) enhance maturity; (b) result in reduced late season insecti-
cide applications; and (c) increase harvesting efficiency, realized yield and returns. 

When the cotton plant is managed in concert with its genetic makeup, management 
strategy tends to be more successful. In parts of the Cotton Belt-with 130-140- days 
to make the crop, with deteriorating weather as the harvest season is extended, and 
with treatable levels of early season insect pests in most fields in most years-the pre-
ferred approach to cotton management (based primarily on harvest economics and 
plant physiology) currently includes as a subcomponent the preventive approach to 
insect management during early season and a shift to the corrective approach for mid 
and late season. Growers, in parts of the Cotton Belt where it can be successfully uti-
lized, are opting for thi s approach. 

Intuitively, all parties involved (growers, consultants, researchers, extension work-
ers, industry representatives, etc.) would prefer a corrective or tlu·eshold approach for 
early, mid and late season. However, the authors of this chapter believe the final deci-
sion rests with the grower. A few researchers (Barker, 1982; Carter, 1990; Ranis, 1988; 
Parvin, 1990; Parvin & Harris, 1986; Parvin & Miller, 1986; Mauney, 1988; Smith, 
1990) are beginning to address this complex area. 

Preventive techniques need not conflict with IPM. Used correctly they can improve 
the effectiveness of IPM. Preventive approaches to insect management should be 
employed if, and only if, they are clearly superior to corrective approaches. Many 
growers have demonstrated a preference for the short run benefit of the harvesting eco-
nomics associated with early maturity and its interaction with early season insect con-
trol versus late season insect control. Researchers are moving in that direction. For 
example, the current Mid-South Resistance Management Plan (Phillips, 1990) recom-
mends the preventive use of an in-furrow insecticide applied at planting. Early matu-
rity is now the key component of the Mid-South Resistance Management Plan. 

The authors of this chapter recommend the consideration of resistance management 
program of the type suggested by Leigh (1989) and Wilson (1 989) for secondary pests. 
It is a futuristic idea whose time has come. It is time to begin to move away from farm-
by-farm or field-by-field approaches to insect management. Because they impact only 
a portion of the population, they are doomed to be needed year after year and in time, 
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will fail (Knipling, 1979). We must move toward sustainable techniques which will 
reduce the pesticide load in the environment over time and which may need to include 
preventive techniques to lower original or temporary pest populations to levels suit-
able for management with current or modified IPM. Preventive techniques will be less 
controversial or more acceptable in areawide pest management programs. We should 
always remember that today's approaches will be unacceptable tomorrow. 

SUMMARY 

The current debate is over the early season insect control sub-component of the 
overall cotton insect management system. There is no significant disagreement con-
cerning the use of thresholds to treat mid to late season insect pests. 

Early season treatment has generally been discouraged because of the insecticide 
resistance and secondary pest(s) problems encountered in the recent past when cotton 
insecticides were widely used in a scheduled program. Even though the cotton plant 
may "compensate" for a lost early crop by replacing it with a later crop in terms of 
yield potential, the consequent delay in maturity (loss of time) can: lengthen the har-
vest season; reduce harvesting efficiency; increase harvesting costs; and lower com-
mercial yield, quality and returns. Economic considerations of the interactions 
between crop phenology and insect management are the key to understanding these 
complex phenomena. 
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ENVIRONMENTAL ISSUES 
George E. Loughner 
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INTRODUCTION 

In the 1970s cotton growers made certain adjustments in their fanning practices 
because of decisions handed down by the administrator of the United States 
Environmental Protection Agency (EPA). The most comprehensive adjustments were 
those associated with agricultural pest control operations. These adjustments eventu-
ally resulted in a decrease in the total amount of chlorinated hydrocarbon pesticides 
released into our environment. During the intervening years, agricultural regulators 
also implemented numerous agricultural worker and consumer safety protocols. 
However, as with most agricultural corrunodity producers, cotton growers continue to 
rely on pesticides to a greater or lesser extent depending on geographic location and 
current site-specific pest management practices. In addition, our current knowledge 
and research progress suggest that the present methods of cotton crop protection will 
continue to be based largely on synthetic organic pesticides through the remainder of 
the 20th Century. And, since the utilization of crop protection materials exposes both 
man and the environment to the hazards associated with pesticides, agriculture will 
remain under scrutiny as a non-point source of probable pesticide pollution. 

The pesticide group of greatest concern with respect to worker safety is the 
organophosphates, but environmental concerns have shifted focus from the persistent 
chlorinated hydrocarbons to the soil-applied pesticides as potential groundwater cont-
aminants. Current issues include the potential environmental and health impacts sur-
rounding pesticide use patterns, groundwater protection, pest resistance and risk 
significance. These issues and some problems surrounding them will be discussed in 
this paper, but the issue of groundwater protection will be the first priority of federal 
and state authorities for the foreseeable future. 

PESTICIDE USE PATTERNS 

In the 14 major cotton-producing states, there are about a dozen arthropod pests that 
are of economic concern. Those that attack the squares and bolls are considered the 
most damaging, although leaf feeders can reduce yield if they destroy too much 
foliage. Seedling pests can make it necessaty to replant parts of a field, while white-
flies and aphids are more apt to reduce lint grade than yields. Some pests such as the 
boll weevil, Anthonomus grandis gramfis (Boheman), potentially are present in all the 
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cotton-producing states. A few pests are relatively new and/or are of concern to cettain 
geographic areas, such as thrips, or in North Carolina, the European com borer, 
Ostrinia nubilalis (Hubner) (King et a!., 1986). The choice of control material for 
these pests has included just about every major family of insecticides ever developed. 
Some of the first pest control attempts were with calcium arsenate. Later the chlori-
nated hydrocarbons were utilized, followed by organophosphates, carbamates, for-
mamidines and now the pyrethroids. Bottrell and Adkisson (1977) have summarized 
the hist01ical pesticide use patterns of insect pest control in cotton that may have cre-
ated our present day environmental concerns. 

Doutt and Smith (1971) describe the development in the late 1940s off! new phi-
losophy towards pest control, that of expediency. Up until the 1940s, field observa-
tions of organismal interaction led to tremendous amounts of energy being directed 
towards biological and cultural conh·ol of crop pests. Then, in the late 1940s, synthetic 
organic pesticides became available. They proved effective on most all the pest insects. 
Suddenly, crop yields could be maximize~ through utilization of these synthetic 
organic pesticides. The new synthetics also created an opportunity for entomological 
crop protection specialization. By picking a pest and a crop and concentrating on insect 
conh·ol utilizing synthetic chemicals, commercial (private) insect/crop consultants 
quicldy carved out an area of expertise in their jurisdictions. Entomologists designed 
calendar-based insecticidal pest conh·ol practices for crop yield maximization. Then, 
unexpected pest resistance and secondaty pest conh·ol problems developed that had to 
be solved. From this era of expediency emerged new opp01tunities for pest control 
advancement through an understanding of insect pheromone biology and chemistry, 
pest resistance, pest management, agroecosystem modeling, insect behavior, pathol-
ogy and physiology. Perhaps these advancements were ordained by the use and tnis-
use of the first synthetic organic pesticides. 

Now 50 yeat·s later, yield enhancement programs at·e being designed around the new 
broad spectrum pyrethroids. These "new" programs may eventually be negated by the 
same insecticide-resistant pest strains, secondaty pest outbreaks, and environmental 
quality problems experienced earlier if correct judgment is not employed by growers, 
consultants and industry, communicating and working together. 

REGISTRATION AND REGULATIONS 

REGISTRATION 
The registration process is the only effective way to regulate pesticide use patterns. At 

the national level, the Environmental Protection Agency (EPA) has built into the regis-
tration process three mechanisms that scrutinize pesticides for potential adverse health 
effects and for potential to reach groundwater. They are: (a) new chemical regish·ation 
process; (b) reregistration or the registration standards process; and (c) the amendment 
to existing registrations process. In addition, the EPA can utilize the Ground Water Data 
Call-In option to determine which of the most used pesticides have the potential to reach 
groundwater under actual use conditions (Creeger, 1986). Many pre-1983 registered 
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products and public domain products need toxicity studies done before the re-review can 
begin. Some will need environmental fate data. Thus, the older chemicals will be 
required to meet the same scrutiny as new chemicals regarding chronic health effects and 
groundwater pollution. Whether or not a company chooses to provide the data necessmy 
for reregistration most likely will depend on the mm·ket profitability of that product. 

Insecticide and nematicide residues in the soil occur as a result of: (a) fall-out after 
crop spraying; (b) incorporation of plant residues in the soil; or by (c) direct treatment. 
The persistence of these chemical materials depends on their stability and biodegrad-
ability, all of which in tmn are influenced by soil type, micro-organism populations, 
pesticide formulation and method of application. Not only does the grower have to 
consider these factors when planning a plant-back schedule but these same factors 
have to be considered by regulatmy officials when evaluating the potential of a pesti-
cide to reach groundwater. 

Likewise, the effects of pesticides on non-tm·get organisms are also an issue of reg-
ulatory and environmental concern. Any pesticidal effects to non-target organisms at 
field-applied rates will be governed by the stage of crop development, the climate, and 
the distribution and behavior of the non-tm·get mthropod population itself. Generally, 
organophosphates are considered broad spectrum insecticides that are also toxic to 
mammals and birds. The pyrethroids, however, have a relatively low dermal toxicity 
to mammals and birds at field-applied rates, with birds being less sensitive to 
pyretlu-oids than mammals (Hill, 1985). Invertebrate organisms, such as the parasitic 
wasps and predacious mites, m·e acknowledged in ve1y few regulations governing pes-
ticide use compm·ed to the honey bee. Honey bees m·e important pollinators of many 
high value crops, and commercial pollination and honey production are agricultural 
industries to be protected. Although pyrethroid toxicity to bees may be of little concern 
at field application rates (Hill, 1985), they should be considered comparable to the 
organophosphate compounds in impact on beneficial insects. 

The regulatory concerns of pesticide impact on non-target organisms can be miti-
gated somewhat through application technique. A potential advance in the technology 
of precision application of pesticides is represented by controlled droplet application. 
Controlled droplet application offers the potential of reduced environmental contami-
nation and better operator safety iffundamental questions on droplet transport and dis-
position are actively pursued (Bals, 1987). Full development of this technology 
deserves the cooperative implementation effort of both industry and govemment. 
Other aspects of pesticide use that can either create or mitigate regulatory concerns are: 
(a) proper management of insecticidal equipment, especially chemigation equipment; 
(b) accmate calibration; (c) correct mixing rate for proper pesticide concentration; (d) 
swath coverage so as to avoid water areas; (e) the use of qualified consultants to scout 
for field pests; and (f) the use of alternate classes of pesticides when feasible. 

REGULATIONS 
It has been suggested that, between resistance and escalating costs for pesticide 

development, registration and reregistration, insecticides are becoming an endangered 
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resource for cotton production (Frisbie, 1987). Despite thinking to the contrary, legis-
lation and regulations are implemented because of a demonstrated need. A need for 
safe drinking water in California resulted in Proposition 65, the "Safe Drinking Water 
and Toxic Enforcement Act of 1986." Under this Act the Governor can declare any 
chemical as a health hazard if it is a carcinogen or reproductive toxicant. Among the 
first chemicals named in 1987 were aramite, dibromochloropropane (DBCP), ethylene 
oxide, arsenic, and arsenical compounds. Methyl bromide was added in 1993. 
Likewise when the air concentration of methyl parathion exceeded established tlu-esh-
olds for health effects, California identified it as a toxic air contaminant in 1993. In 
response to air quality concerns, California now prohibits the selling or use of weed oil 
in certain counties. 

There was a demonstrated need for The Endangered Species Act of 1973. This Act 
was reauthorized in 1985 and requires all federal agencies to insure that their action 
will not jeopardize endangered or threatened animal or plant species and their habitats. 
Under the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), the EPA must 
protect endangered and threatened species. The compliance date for cotton was 
February 1, 1988. EPA, however, has postponed implementation of the program clue 
to suggestions from various somces. If and when the program is ever implemented, 
certain pesticides most likely will be restricted from use in areas where endangered 
species exist. Some of these pesticides which are used in cotton are paraquat, 
parathion, aldicarb (Temik®), azinphos-methyl (Guthion®), Cypermethrin (Ammo®, 
Cymbush®), Fenvalerate (Pydrin®), and profenofos (Curacron®). If the program is 
implemented, it is obvious that some cotton producers in all states will have to make 
land use adjustments. 

ENVIRONMENTAL AND BIOLOGICAL RISKS 

The issues of risk assessment, significance, and management are current topics in 
regulatory circles. From a public health standpoint, we possess the technology to main-
tain an environment virtually free of pest-transmitted diseases. Public health is main-
tained in part through the use of insecticides to reduce the incidence of malaria, yellow 
fever, encephalitis, and other arthropod-transmitted diseases. This same technology 
provides the food and fiber we all need for longer, more productive lives and now pro-
vides economic control of pests at levels of less than 10 parts per million of active 
ingredient per acre rather than pounds of active ingredient per acre. 

Nevertheless, even as field application rates decrease, our ability to detect synthetic 
organic materials has increased at a rate faster than our scientific assessment of asso-
ciated risk, its management, or the public's perception of risk. And as these refined 
analytical techniques revealed even smaller levels of pesticide residues in our food and 
environment, the health consequences of exposure were refocused in an attempt to 
explain chronic health concerns ranging from cancer to birth defects. Thus, the numbers 
characterizing trace contarnination of our environment need a significant understanding 
for appropriate regulatmy response and public perception. For example, there is uni-
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form interest in groundwater protection, but considerable differences exist among par-
ties in setting acceptable limits for detected chemicals in groundwater. Some will not 
accept any level or limit for chemicals in groundwater, while others recognize that nat-
urally occmTing water is not pure and that some limit to assure high quality is reason-
able (Summer and Stevens, 1986). Some believe that, in order for the public ever to 
perceive the difference between the analytical finding and acute and chronic health sig-
nificance, the government must establish numerical groundwater standards (Ehmt eta!., 
1986). EPA's Office of Drinking Water has set some Maximum Contamination Levels 
(MCLs) as established standards of what is safe water (Summer and Stevens, 1986). 
These MCLs function in the same way as food tolerances do. However, there is the 
question of public trust in government officials. Recent survey results reveal that 63 per-
cent of those asked disagreed with the idea that if the government allows "small 
amounts of chemicals in water," the water is safe to drink (Ehmt et al., 1986). In an 
effort to address these concerns, a regulating agency's response to the public can make 
for curious circumstances. The California State Water Resources Board's list of 
"Criteria for Selection of Priority Chemicals" places public concern before chronic and 
acute human toxicity potential. The Board seems to react to public opinion before it ini-
tiates evaluation of potential human toxicity problems. The logic is if there is difficulty 
in establishing a cause-effect relationship between the detected chemical and long-term 
health effects, then responsible precautions should be taken since it is prudent to err on 
the side of caution (Cohen, 1986). Thus, there is a need to bridge the void between ana-
lytical detection and public perception by risk assessment and management. 

Risk significance is an issue clouded by a lack of data on certain pesticides and poor 
communications between scientists, manufacturers and the media. When the issue of 
groundwater contamination is raised, the investigative focus by the media usually is on 
pesticides simply because it is assumed we have more data on them than on other 
classes of chemicals. Yet when a pesticide is discovered in groundwater at parts per 
million or parts per billion, there are no definite answers to questions about potential 
health effects. Now the investigation becomes clouded. Because data are lacking, a 
risk is perceived. Media and public focus immediately shift from the pesticide to the 
analytical finding (the mere presence of the chemical). Lacking evidence to the con-
trary, they assume that since these products are poisonous, even small amounts are 
undesirable in our ground or surface waters. Sometimes there is a great disservice to 
the public when media reports focus on the detection and gloss over the health effects 
associated with that detected level. At other times the public is misinformed when 
media, through ignorance, report the toxicology of a substance on study animals but 
fail to mention the existence of legally enforceable EPA standards and thereby imply 
that the water is unsafe to drink (Newby and Rouk, 1986). Thus, it is necessary that 
the quantitative estimates of risk made by the risk assessor be communicated in a way 
understandable to the risk manager, the regulatory decision makers, and the public 
(Colthem, 1986). Otherwise, when scientists are unable to assess the health signifi-
cance of parts per million or billion, the public justifiably demands no-risk protection 
from their elected representatives. Because the public is not well informed on techni-
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cal issues, an unknown health assessment provides a reaction rather than informed 
opinion. In response, laws are passed and regulations are written to mitigate future ana-
lytical findings in an attempt to restore the no-risk environment. This scenario reaf-
firms the belief that risk assessment is a scientific endeavor but that the decision of risk 
significance and risk management should be left to societal judgment (Smith, 1986). 

GROUNDWATER PROTECTION 

Concern about groundwater contamination from pesticides has resulted in use 
restrictions or regulations at both the federal and state levels. This turns out to be the 
least costly and most effective approach to alleviating groundwater pollution. The 
United States Environmental Protection Agency hopes to prevent future chemical con-
tamination of groundwater resources by promoting state groundwater protection pro-
grams and by requiring more rigorous pesticide registration requirements, especially 
on the potential for leaching. Promulgating .these regulations has been especially exas-
perating for lawmakers who have had to listen to evidence, testimony and opinion stat-
ing that less than one percent of the ground water is polluted, that this number will 
decrease in a couple of decades, and that groundwater moves so slowly that there is 
adequate time to achieve a management plan for the future (Cohen, 1986). Contrasting 
views state that we are just seeing the tip of the iceberg. They state that contamination 
may turn out to be greater than now realized, given the lag time for chemicals to reach 
groundwater from the expanded use of synthetic organic chemicals in manufacturing 
since 1940. Others are of the opinion that we cannot wait for health effects data to 
come in; the contaminants must be removed now (Cohen, 1986). Although there are 
nine existing federal ground water protection programs ranging hom FIFRA's pesti-
cide policy to the Nuclear Wastes Policy Act, consultants in Michigan believe that a 
state level policy approach for groundwater protection offers the greatest promise for 
immediate protection (Libby and Kovan, 1987). Local legislative responses have been 
in acts such as the Wisconsin Ground Water Law, and the birth defects and groundwa-
ter protection bills in California. The birth defects bill mandates review of all pesticide 
data for possible deficiencies regarding potential health effects, while the groundwater 
protection bill, known as the Pesticide Contamination Prevention Act prohibits or 
restricts pesticide use through the establishment of pesticide management zones for 
those pesticides with a high potential for leaching. Established in 1990 and identified 
by township, range and section, applied pesticides must meet specific numerical val-
ues for water solubility, hydrolysis, soil absorption and aerobic soil metabolism. 

Groundwater contamination by pesticides is usually associated with spills, runoff, 
accidents and use patterns. Normally, pesticides are dissipated by photochemical, 
microbial or chemical degradation, or by leaching. Those herbicides, insecticides and 
nematicides susceptible to leaching are subject to regulation. Pesticides that remain in 
solution have the greatest chance of making it to groundwater compared to those that 
are less soluble or insoluble in water or that are retained by the soil. There are records 
of contamination of groundwater by illegal pesticide use, improper discharge of 
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unused pesticide mixtures or linse water, and accidents, (Cohen, 1986), all of which 
are few in number. 

Detections of herbicides and insecticides/nematicides in groundwater are about 
equal in those states that have surveyed for contamination. Aldicarb (Temik®) has 
been detected in groundwater in eleven states in addition to New York, California, 
Florida and Wisconsin (Cohen et al., 1986). However, it has not been found in ground-
water in association with cotton despite its extensive use in that crop (Leser, 1986; Cai 
et al., 1993). The fact that it is soil-applied makes aldicarb's continued use question-
able especially in areas with a perched water table and sandy soil. The short-lived 
pyrethroid insecticides have not been found in groundwater, although residues were 
found in fish and invertebrates (Bennett et al., 1983). Documented adverse health 
effects associated with a specific contaminant acquired by drinking pesticide-contam-
inated groundwater are difficult to develop, although there are documented health risks 
associated with ingesting groundwater having excess leached nitrate fi·om nitrogen fer-
tilizer, sewage or feedlots (Kamrin, 1987). 

Public health and environmental concerns will continue when new technology is 
utilized without adequate substantiating data on the potential long-term effects simply 
because experimentation in time and place is not adequate enough to be predictive 
(Bradley and Agnello, 1986). Creative mitigation solutions to groundwater pollution 
problems may involve fundamental land use patterns proposed by those unfamiliar 
with agricultural production issues. The authority and procedures (zoning laws) for 
directing the plivate use of land are in place and well established (Libby and Kovan, 
1987). Only through group articulation can a reasonable approach compatible with 
current and developing agricultural practices and technology be reached on the issue 
of groundwater protection. 

Organophosphate insecticides are popular crop protection chemicals because of 
their high efficacy and relatively low environmental persistence. There exists, how-
ever, the potential for adverse exposure to farm workers from handling farm chemical 
pesticides. Over thirty workers became ill in California in 1984 while applying 
organophosphates. Most of these illnesses are associated with dermal absorption 
resulting from spills or application mists (Meinders, 1985). Farm worker safety is 
addressed by the pesticide label, mandatory protective clothing, and required educa-
tion and training programs stressing safe handling and application of pesticides. Other 
safety aspects include closed systems for mixing pesticides, and the actual posting in 
California fields of reentry times after application of specific pesticides. 

The potential acute and chronic health effects that could result fi·om pesticide 
residues on cotton are of concern. For example, field evaluations in California of the 
health safety of twelve chemicals (six organophosphate insecticides , three synthetic 
pyrethroid insecticides and three defoliants) found that the measured residues on bolls 
at harvest did not pose an inhalation hazard to cotton harvest workers (Maddy et al., 
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1984 ). And the airborne levels of the harvest -aid paraquat declined rapidly both tem-
porally and spatially, but residues on cotton plants at harvest were comparable to those 
downwind from a sprayed field (Seiber et al., 1983). 

The residual life of a pesticide is also influenced by the carTier. All of the tested 
pyrethroids and some of the organophosphates in a cottonseed oil carrier had their 
residual life greatly enhanced compared to those pesticides applied in an aqueous solu-
tion, thus indicating a need to evaluate worker reentry times when different car-riers me 
used (War·e et al. , 1983). However, there is need for common understanding between 
resemchers and regulatory officials regarding the actual versus potential exposure risks 
for farm workers. The EPA model for exposure assumes 100 percent absorption, but 
mixer-loader studies indicate that less than 10 percent of the "actual" exposure was 
absorbed (Nye, 1986). 

The environmental, biological and economic complexity of production decisions is 
evident when the agricultural pest control practices incorporated in the field can be of 
worker health significance in the gin or. the mill (cottonseed or textile). Several 
researchers have found relationships between insect infestation and aflatoxin contam-
ination. Aflatoxin is a secondmy metabolite of the common soil fungus Aspergillus 
flavus. Aflatoxin is sometimes found on lint and is considered to be an animal health 
risk and could be a human health risk (Maddy et al., 1983). It has been observed that 
as the level of pink bollworm infestations increased, so did the mean amount of afla-
toxin (Russell et al. , 1976 and Widstrom, 1979). It may be that insect injury to cotton 
locules (locs, locks) slows the rate of boll opening, thus maintaining higher moisture 
in the boll which is ideal for aflatoxin elaboration by the soil fungus. 

In another study concerning worker safety, three different msenical hmvest-aids were 
analyzed in cotton lint and seed but were found not to be significantly above the pre-appli-
cation levels after eight clays (Mastradone and Woolsen, 1983). However, Columbus 
( 1987) discovered a good correlation between defoliant left on lint and the amount of gin 
cleaning and drying the less foreign matter in the lint, the lower the defoliant. 

From these selected examples, it is evident that as long as chemicals are to be used 
for production agriculture, we can expect federal and state regulatory authorities to 
continue pesticide monitoring and to specify safety requirements for agricultural work-
ers at all production levels. These safety concerns also should address the proper selec-
tion, handling and storage of protective clothing as outlined by Laughlin and Gold 
( 1987), as well as protective devices, training sessions, medical monitoring where 
appropriate, and reentry requirements. For applicators and mixers/loaders, continued 
training and certification will be necessary as the EPA continues to assign restricted 
use labels to pesticides. Regulatory agencies have begun to enforce the requirements 
of the 1992 Federal Worker Protection Standard (Code of Federal Regulations, Title 
40, Part 170) when pesticides with labeling that refers to the Worker Protection 
Standard are used. Any agricultural pesticide user and/or an employer of agricultural 
workers or pesticide handlers is required to provide to those employees information 
about exposure to pesticides, protections against exposures to pesticides, and ways to 
mitigate exposures to pesticides. 
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TOXICITY 
Toxicity can be viewed as the inherent capacity of a compound to produce a harm-

ful effect (Bohmont, 1981). The toxicity of a pesticide depends on the: (a) chemistry 
of the compound, (b) target or non-target organism, (c) method and duration of expo-
sure, and (d) inherent ability of the target organism to metabolize the toxic compound 
into innocuous compounds before the pesticide can harm the target organism. Using 
standard test procedures, a relative measure of toxicity among pesticides has been 
established. Although there may be potential for injury to the skin or eyes from a com-
pound, the most familiar measure of toxicity is the LDso• or the acute oral lethal dose 
in milligrams, that kills 50 percent of the test animals. Since this number is based on 
the weight in kilograms of the test organism, a lower number means the compound is 
more toxic. The chlorinated hydrocarbon dicofol (Kelthane®) is generally considered 
less toxic (LDso=809 mg/kg) than is the organophosphate monocrotophos (Azodrin®) 
whose LDs o is 20mg!k:g. Some newer pesticides are now subject to a data call-in for 
existing data gaps that would help to assess acute and chronic toxicity risks. Most are 
of the organophosphate group. Standard health studies to assess the potential of 
pyrethroids to cause cancer have shown that at very high dose levels of 3,000 to 6,000 
ppm, the pyrethroid molecule does not have carcinogenic properties (Litchfield, 1985). 

In order to use the more toxic pesticides, the potential hazard to agricultural workers 
has to be mitigated. Hazard is the combination of toxicity and exposure. Mitigation 
occurs through different pesticide formulations (granular vs. liquid or dilute vs. con-
centrate), application equipment (enclosed cabs and closed mixing systems), and appli-
cator h·aining and experience. Cunently, organophosphates, carbamates and pyrethroids 
are the most commonly used insecticides on cotton. All of these pesticides overlap as to 
their relative toxicity or potential hazard to agricultural workers. Some pyretlu·oids 
[cypennetlu·in (Ammo®, Cymbush®), LDso=251mgfkg] are more toxic than some 
organophosphates [acephate (Orthene®), LDso=945mgfkg]. Thus, when handling con-
centrates, there would be no health safety advantage of a pyretlu·oid over an 
organophosphate as far as the m.ixerfloader is concerned. The safety advantage of the 
pyrethroids is evident to field applicators and workers since their normal application 
rates are less than 0.15 pounds active ingredient per acre. This safety is always com-
promised when, for instance, a pyretlu·oid/organophosphate mixture is recommended. 

PEST RESISTANCE 

Resistance problems historically have been solved by the discovery of pesticides 
with a new chemistry or with a new mode of action. Perhaps the current 
bollworm/tobacco budworm resistance phenomenon will be addressed through the 
development of a transgenic strain of cotton or genetically engineered pesticides based 
on pesticidal toxins (Micinski et ol., 1992 and Brumley, 1987). New compounds and 
techniques could offer new dimensions for cotton pest control, but thinking such as 
this places blind reliance on the ability of technology to bail us out of a predicament 
that could be avoided with correct thinking. We know that resistance development in 
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insects is a population phenomenon. It develops due to selection pressures, like pesti-
cides, on the pre-existing genes that impart resistance. These genes occur in a popula-
tion at a certain frequency and their expression is determined by both biological and 
operational factors. We have no control over the biological factors such as generation 
turnover, gene dominance and migration. But we can manipulate some of the opera-
tional factors such as the chemistry and persistence of pesticides (Graves, 1987). 
Resistance can be managed in each producing area with conect thinking and careful 
planning of an annual pest control strategy similar to that practiced for cotton produc-
tion in Australia, Egypt and in some areas of the United States. (Denholm and 
Rowland, 1992). Resistance management strategies include pesticide selection, uti-
lization of short-season cotton varieties, inigation and fe1tilizer management, planting 
date, row spacing and plant growth regulators to remove immature bolls (Henneberry, 
1987; Clower, 1987; Denholm and Rowland, 1992). 

Resistance to pyrethroid insecticides in the United States was first detected in 1985 
in Texas (Plapp and Campanhola, 1986). Before that, there was evidence of pyrethl·oid 
resistance by the diamondback moth, Plutella xylostella (L.), in Thailand and Malaysia, 
by the beet mmyworm, Spodoptera exigua (Hiibner), in South and Central Ame1ica, 
and by a Helicove1pa species. in Australia. Today, resem·chers m·e monitming resistance 
and suggesting ways to prolong the biological activity of the pyrethroids in general. 
Local m·ea studies found that the economic advantages of emly maturing vmieties in the 
Rio Grande Valley of Texas were the potential reduction of pesticide use by over one 
million pounds and an increase in net returns (Sprott et al., 1975). Short-season cotton 
requires less inputs for insect control (0-24 percent less) and can have higher yields (0-
25 percent) than the longer seasoned vm·ieties (Norman and Henneberry, 1987). 

With potential resistance problems looming, it is almming that statements have been 
made pronouncing reliance on pyrethroids for bollworm, Helicoverpa zea 
(Boddie)/tobacco budwonn, Heliothis virescens (F.), control in the event that pest 
problems develop as the result of early-season insecticidal controls (Ratchford et al. , 
1987). Pesticide selection and use rates should be considered in terms of potential 
effects both long range (resistance, environmental contamination) and short range 
(capabilities of the insecticides available) (Luttrell and Reed, 1986). Resistance man-
agement through thoughtful selection of pesticides appropriate for early-season pest 
control may avoid tobacco budworm problems. Clower (1987) has observed that use 
of pyrethroids early in the season triggers the resistance selection process, especially 
in Mid-South em·Iy fruiting cotton . Graves et a /.(1991) documented seasonal changes 
in frequency of pyrethroicl-resistant moths. This information combined with cultural 
practices may prolong the useful life of pyrethroids in cotton. 

For em·ly-season thrips management, vmietal pubescence or delayed planting may 
be a consideration. Cotton producers in the high wheat producing Rolling Plains area 
in Texas adopted a uniform delayed planting date to combat boll weevil and may sec-
ondm'ily be controlling thrips because the thrips have dispersed by the time cotton is 
susceptible (Leser, 1986). Pesticide resistance in bollworm/tobacco budwonn may be 
delayed by avoiding the temptation to apply pyrethroids during the early stages of crop 
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development. A reasonable pest management program of organophosphates and car-
bamates for early-season pest control and pyrethroids mid- to late-season may prolong 
the useful life of the pyrethroid insecticides. 

Some thought as to this direction is coming from the Pyrethroid Efficacy Group 
(PEG), an organization whose purpose is to establish technical recommendations for 
pyrethroids and to extend the useful life of these insecticides. The United States con-
tingency of this group met with manufacturers after resistance was confi1med in the 
tobacco bud worm. With the exchange of pest control ideas, the pyrethroids can be a 
long and useful tool in cotton pest management. The success of resistance manage-
ment will depend on a high level of cooperation within and between the agrichemical 
industry, production consultants and growers (Denholm and Roland, 1992) and with 
the realization that resistance management is just one other aspect of an integrated pest 
management philosophy. That there will always be a need for managed pesticide use 
is well illustrated by the recent appearance in several cotton producing states of the 
pesticide-resistant silverleaf whitefly, [Bemisia argentifolii (Bellows and Perring)], 
formerly recognized as strain B of the sweetpotato whitefly [Bemisia tabaci 
(Gennadius)]. 

SUMMARY 

Preservation of the quality of our environment and natural resources, especially the 
quality of our smface and ground water, are important and sensitive issues today and 
always will be. Yet, on a worldwide basis, chemical pesticides will continue to be the 
primary tool against the threat of disease and famine well into the twenty-first century. 
Therefore, proper use of these tools will always be under the scrutiny of the public and 
regulatmy officials. Knowing the health and environmental risks of these pesticides as 
well as their benefits mandates that common sense and correct thinking be practiced 
when using them. In order to insure continued safe use of these tools, there must be 
meaningful communication among the respective concerns of commodity producers, 
regulatory officials, industty and the public. The current environmental issues in cot-
ton production are no different than they were thirty years ago. The chemical names 
have changed but the problems of environmental pollution, pest resistance problems, 
worker safety, residues and secondary pest outbreaks are still with us. Why, with such 
demanding pesticide use and registration regulations, are we still faced with thirty year 
old problems? Will they ever be resolved? They will probably never be completely 
resolved until science and technology show us how to produce agricultural commodi-
ties without the use of pesticides. And they will not be solved immediately because of 
our cultural heritage regarding the legal and administrative processes. These processes 
guarantee fairness to all through open hearings where government's role is to arbitrate 
among competing interests. Are more regulations to be expected then? Yes. Continued 
public demands for health safety and a quality environment will add more restrictions 
on pesticides used for commodity production and perhaps limit the total amount of 
pesticides applied. In fact, Pimentel (1993) reports that the results of a feasibility study 
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suggest a legislated 50 percent reduction in pesticide use would be possible without 
compromising crop yield or substantially increasing food costs. This restriction may 
seem utopian but through focused lobbying efforts by agenda-driven nescience groups, 
similar restrictions will be proposed for legislative action in all the aglicultural pro-
ducing states. But are more regulations really needed? Wartenberg (1988), in com-
menting on the aldicarb (Temik®) incident in New York, believes the existing power 
already allocated to various regulating agencies is sufficiently broad-based to address 
the problem. The pesticide registration and health agencies, both federal and state, 
already have the prerogative to demand additional data on compounds with question-
able health properties or to restrict or ban pesticides likely to cause environmental con-
tamination. Health authorities can close contarninated wells or conduct sampling 
programs or implement health studies. The only thing needed for efficient pesticide 
management is sufficient coordination among these regulatory agencies and coordi-
nated input from commodity producers. The public, regulatory officials and growers 
will always be concerned for the quality of our environment and the implications pol-
lution may have for our present and future living standards. "We don't inherit the land 
from our ancestors, we bonow it from our children" is wisdom and good philosophy 
from the old Pennsylvania Dutch farmers that can be shared by all agricultural com-
modity producers. 
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INTRODUCTION 

The transfer of technology in developing and using cotton insect and Inite control 
methods encompasses a complex and challenging system that probably is as good an 
example as one can find of the interactions between private and public components in 
the American economic system. Development of control technology moves from the 
conceptual level through a vast array of bench scientists, field researchers, pilot pro-
grams, and extension demonstration and education programs before reaching the final 
advisor and user. It may originate and/or be developed by industry, the USDA 
Agricultural Research Service, various state agricultural experiment stations, and var-
ious other less structured "discoverers" of new technology. 

Teclmology transfer usually involves numerous cooperative efforts between the var-
ious entities in the agricultural research and development business. When a control 
technology is proven effective, it is offered in the market, possibly as the only effec-
tive method of control, but usually as one of several methods competing for the cotton 
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grower 's attention and dollars in his pest control budget. Information and advice on all 
the available technology reaches the final user through many routes provided by indus-
try (basic manufacturers and dealer/distributors), the Cooperative Extension Service, 
and to an increasing extent, by professional crop consultants. Various federal and state 
regulatory agencies help insure proper use of products and quality of services. Other 
professionals may be involved in the application of a selected control technique, such 
as the ae1ial applicators who play an essential role in effective cotton insect and mite 
pest control. The final user is usually a fairly sophisticated cotton producer who, within 
the constraints of public health and safety considerations, will use a pest control 
method if it works effectively and is cost effective. 

The complex interactions involved in this process of insect and 1nite control tech-
nology transfer are illustrated in Figure 1. This diagram may serve as a guide for the 
following discussions of how vmious public and private sectors work in the process of 
discoveting, developing, mmketing and using cotton insect and mite control technol-
ogy. 

HISTORICAL BACKGROUND 

THE LAND GRANT SYSTEM 
The land-grant system of higher education functioning in concert with mission ori-

ented agticultural resem·ch and extension education and demonstration programs has 
been the foundation of America's unique success in agricultural production. The minds 
which conceived and fought for the system may not have realized its ul timate value, 
but it has proved to have been a grand scheme with which this nation has built the 
world's most productive ag1icultural industly. It was based on the idea that American 
productivity and quality of life can be directly influenced by the scholarship of the 
University and a dynamic linkage to its people by an Extension Service. It was 
designed to help solve society's problems, to respond to public needs, and to educate 
the nation's young people. The idea was unique in its time and continues to be highly 
successful in achieving its goals. 

For the first 150 yem·s of life as a free nation , the United States was almost exclu-
sively agricultural. A century ago the nation 's leaders were p1imm"ily concerned with 
the establishment of a reliable food supply. The countly was truly an agrarian society; 
fm·ming was a way of life. In 1920 about 6.4 million people were engaged in farming. 
In 1930, as we moved into an industrial society, still some 25-30 percent of the popu-
lation was engaged in the production of food. Dilling this period crop yields were 
almost equal worldwide. Differences among the United States, England, India, and 
Argentina were not readily perceptible. But over the next 50 years, United States pro-
ductivity soared. Corn yields quadmpled, milk production per cow more than doubled 
and overall fmm productivity increased about 2.5 times. This resulted from technology 
and public education - the Land-Grant concept. 

This concept has been pm·ticulm·Iy well applied in cotton insect and mite conu·ol 
across the Cotton Belt. When teclmology has been developed by the research compo-
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Figure 1. A schematic description of the interactions with regard to insect pest man-
agement among the various public and private groups within the cotton industry 
illustrating the complexities of these relationships. 

nent of the system, the cooperative extension service has been diligent to develop edu-
cation programs to take the new methods to the field. 

PRIVATE INDUSTRY 
Another key player in cotton insect and mite control is the pest management indus-

try. Correctly referred to as the "pesticide industry" for many years, this industry is par-
ticipating in innovative discovery and development of new concepts for products and 
services in insect and rnite pest management for the twenty first century. 

Devastation of cotton by the boll weevil, Anthonomus grandis grandis (Boheman), 
across most of the Cotton Belt during the first half of this century resulted in research 
of numerous methods of weevil control. Minimally effective cultural control methods 
and difficult to apply inorganic insecticides that gave only slightly better contr·ol were 
the cotton producers' only defense against the boll weevil during most of these years. 
During the 1940s the organic chemical industry began to produce organochlorine 
compounds such as DDT, BHC, chlordane, dieldrin, endrin and toxaphene, which 
were highly effective against boll weevil and other cotton pests. These chemicals 
appeared to have provided "the" solution to cotton insect pest problems, effectively 



846 HARRIS, CANERDAY, HENRY AND PALMQUIST 

and permanently. However, insects and mites had survived many millennia in a hos-
tile environment and they soon showed capability to adapt to these chemicals. 
Insecticide resistance has become a well known fact of life and private indush·y is 
responding by searching not only for new chemistry but also for new approaches to 
managing insect and mite pests of cotton. Since the 1970s, greater emphasis by indus-
try has been given to development of biological insecticides such as the bacterium, 
Bacillus thuringiensis, and to development of chemicals that disrupt insect growth, 
development and behavior. These new chemicals include insect growth regulators, 
pheromones and semiochemicals. Private industry is also active in various stages of 
research, development and marketing of insect traps, attracticide devices, insect con-
fusion products, parasites and predators for field release, and other new products and 
services. 

Biotechnology is probably the area in which private industry has the greatest poten-
tial to change cotton insect control in the future. Cotton plants containing genes from 
Bacillus thuringiensis have been engineered .to produce the endotoxin at sufficient lev-
els to controllepidopterous pests including bollworm and tobacco budworm. Cotton 
varieties containing this trait are in advanced stages of development and some agro-
nomically acceptable cultivars will be availabale for the 1996 planting season. 

The goal of private industry is the development of products that meet the needs of 
the cotton grower. In addition to synthesizing and developing pesticides (chemical and 
biological agents), and other products, and manufacturing and distributing the prod-
ucts, the industry participates in training on proper use of products including integra-
tion of a product's use with other pest management tactics. These activities are done 
in cooperation with public organizations and the consulting profession. 

PRIVATE CONSULTANTS 
Private consultants have become important insect pest management advisors for 

cotton growers in recent years and their role continues to grow in importance. Private 
consulting in cotton pest control probably can be considered a new profession. 
Significant growth in numbers of individuals in the profession did not occur until the 
early 1950s. Earlier accounts of private consulting indicate a few individuals here and 
there contracted with the larger and more progressive cotton producers as early as the 
1930s. In those days, the boll weevil was a major pest in most of the Cotton Belt and 
there were few effective control methods available for a consultant to recommend. 
Calcium arsenate dust was an inferior insecticide that was also difficult to apply. 
Application technology was in its infancy. A few cultural methods such as early plant-
ing and stalk destruction helped but had limited effecti veness against the boll weevil. 
Under such circumstances, private consulting in cotton insect control was not a very 
appealing career. This was the situation in cotton insect control until the late 1940s and 
early 1950s, when organochlorine insecticides were first produced. 

There were probably several interacting reasons for growth of the private agricul-
tural consultant profession in cotton country. Numerous pests such as boll weevil, boll-
worm, tobacco bud worm, thrips, aphid, spider mite, pink bollworm, Lygus, fleahopper, 
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cotton leafpelforator and other pests cause significant problems requiring professional 
attention in cotton. 

Lack of availability and quality of other sources of advice also contributed to the 
need for private consultants. Quality here is not used in reference to the general com-
petence and importance of county and state extension personnel or pesticide salespeo-
ple, but refers to special skills and training in entomology and insect control. County 
agents were much more lilcely to be trained in animal science or dairy science than in 
entomology, and, even if they had a degree in entomology, their time for scouting and 
advising individual growers on cotton insect problems was limited. Some of the most 
competent entomologists in the business have worked in sales and technical service for 
chemical companies and pesticide dealers but their time for individual growers is lim-
ited and their p1imary job is to promote and sell product. 

Circumstances in cotton production that developed in the late 1940s and during the 
1950s were opening up a niche for the private entomology consultant. Remedies for 
cotton insect problems, principally chemical in$ecticides, became available and devel-
opment of new ones mushroomed. Federal, state, and industry researchers developed 
better methods of how and when to use these products. Complications of insecticide 
resistance and secondary pest outbreaks, inherent in chemical insect control regimens, 
became apparent. Entrepreneurial entomologists began to move in to fill the niche. 

Reduced federal and state funding for agricultural research and extension services, 
and changing societal needs have placed new demands on the state universities. 
Consequently, the land-grant system has been less able to respond to the needs of the 
cotton producer. These producers, if they can satisfy their needs through other (private) 
sources, seem willing to pay for services and information formerly provided through 
tax supported public agencies. By recognizing these entrepreneurs as complimentary 
and synergistic, rather than antagonistic and threatening, the land-grant system can 
remain relevant to society and to the individual producer. 

In some states, the local research and extension personnel helped develop the pli-
vate sector, the agricultural consultants, and continue their support through coopera-
tive educational programs. 

There has been a significant change to more use of private consultants in the final 
steps of technology transfer, but this has not diminished the role of the cooperative 
extension service. Consultants and other clients continue to heavily depend on the 
Cooperative Extension Service. 

COOPERATIVE EFFORTS 

The relationship between extension, state and federal research, consultants, pest 
control advisors (PCA's), pri vate industry, and the cotton producer is important. This 
relationship has strengthened within the last few years and will continue to improve. 
Figure 1 is a schematic description of the interaction between the various public and 
private groups within the cotton industry. It illustrates the complexities of these rela-
tionships and the need for continued improvement in communication and cooperative 
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efforts among the sectors represented. With product usage becoming more complex 
and economic thresholds and other field monitoring technology changing rapidly, it is 
increasingly impmtant for all segments to work together. The control of pests in cotton, 
whether insects, mites, weeds or diseases, is important for maximum yields and quality 
crops. There are public and private groups of people and companies working together 
to help the cotton producer manage his pests while protecting the environment. 

There are numerous examples of cooperative programs where research, extension, 
industry, consultants and growers have cooperated to bring new technology to practi-
cal application. Two such programs will be discussed here to illustrate by specific 
example how the system of cooperation has worked. One such technology that has 
been applied across most of the Cotton Belt is a boll weevil control tactic called 
"reproduction-diapause control". The second widely applied technology is "pyrethroid 
resistance management". 

BOLL WEEVIL REPRODUCTION-DIAPAUSE CONTROL PROGRAMS 
Term "reproduction-diapause control" refers to a boll weevil control technique that 

is directed to a vulnerable period in late season when intenuption of reproduction and 
prevention of diapause can be achieved with insecticide applications. 

Research in boll weevil infested states across the Cotton Belt showed reproduction-
diapause boll weevil control to be an effective method of suppressing boll weevils dur-
ing the early and middle part of the cotton growing season by limiting the number of 
winter smvivors. Consequently, many integrated pest management (IPM) systems 
were based on effective community-wide reproduction-diapause boll weevil control 
programs. 

A symposium during the 1983 Cotton Insect Research and Control Conference, 
Beltwide Cotton Production Research conferences, was entitled "A Decade of Extension 
Cotton Integrated Pest Management 1972-1982" (Young, 1983). The objectives of the 
federally funded cotton pest management program were to assist growers in developing 
effective, economical, and environmentally-sound pest management practices that 
involve combinations of chemical, cultural, and biological control methods; with 
emphasis on early planting trap crops, delayed in-season insect control, early post-har-
vest crop destruction, chemical diapause control (of boll weevil), pheromones, and other 
technologies as appropriate (Blair, 1983). One of the greatest changes in cotton insect 
pest management observed dwing this ten-year period was the increase in acreage 
scouted by private consultants, up from 401 ,500 acres in 1972 to over 2.2 million acres 
in 1982 (Lambert, 1983). The number of private consultants involved in cotton insect 
management increased dming this period from 66 in 1972 to 571 in 1982, and many 
chemical companies started promoting integrated pest management concepts in their 
advertising and other product promotion activities (Head, 1983). Benefits of IPM dur-
ing the ten-year period included improved quantity and quality o( scouting (monitoring 
pest populations), greater use of beneficial insects, greater reliance on thresholds for tim-
ing insecticide applications as needed, reduced number and rates of insecticide applica-
tions, and millions of dollars in economic benefits across the Cotton Belt (Smith, 1983). 
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The effective transfer of reproduction-cliapause boll weevil control technology from 
research to cotton growers by the cooperative extension service was particularly impor-
tant during the early 1970s because of resistance in bollworm/tobacco bud worm to both 
organochlorine and organophosphate insecticides. Reduced in-season insecticide appli-
cations against boll weevil was essential for certain bollworm/tobacco bud worm man-
agement tactics such as utilizing natural enemies to control early generations in cotton. 
Consultants who practiced integrated pest management adopted the practice for their 
clients in boll weevil infested areas . The pesticide industry participated in the demon-
stration efforts and positioned certain products to fit the integrated insect pest manage-
ment concept of which reproduction-diapause boll weevil control was the basic tactic. 
The ovicide, chlordimeform, (Fundal®, Galeet·on®) was introduced into the cotton 
insecticide market during the early 1970s and was particularly suited for use in the 
insect management programs upon which cotton producers were dependent at the time. 

During this period when growers recognized the acute need for careful management 
of their insect control resources and turned increasingly to private consultants for 
expert advice, a cooperative relationship between extension service specialists and pri-
vate consultants became important. Their roles were intrinsically linked and synergis-
tic. The p1ivate agricultural consultant professionals, in fact, became important clients 
of the cooperative extension service. 

INSECTICIDE RESISTANCE MANAGEMENT 
Highly effective pyrethroid insecticides became available toward the end of the 

1970s decade and by 1980 cotton growers across the Cotton Belt had begun to rely 
heavily on these products to control their most serious insect pests. A few problems 
occasionally occurred following pyrethroid applications, i.e. cotton aphid, spider 
mites, and whitefly infestations might be flared. However, these problems seemed 
minor compared to earlier difficulties with resistant tobacco budworms. Several 
pyrethroid products were soon developed, registered, and introduced into the cotton 
insecticide market. Competition was keen and price was lowered. Vigilance regarding 
integrated pest management strategies was relaxed. Dependence on natural enemies 
for bollworm, Helicove1pa zea (Boddie)/tobacco budworm, Heliothis virescens (F.), 
control became less important to growers. Entomologists who knew the history of 
resistance in cotton insect pests and the mode of action of the pyrethroids began early 
in the 1980s to issue warnings about the probability of pyrethroid resistance with con-
tinued prevalent use of the products in cotton insect control. 

The reality of pyrethroid resistance in tobacco budworm occurred with field control 
failures in Texas in 1985 and in the Mid-South states of Arkansas, Louisiana, and 
Mississippi in 1986 (Graves et al., 1991). The significance of these events was imme-
diately recognized by consultants, researchers, and extension entomologists in Texas 
and the Mid-South. 

A group of consultants operating in the Brazos River Valley and the Winter Garden 
areas of Texas developed and implemented an insecticide resistance management plan 
which was widely used with great success. 
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Following the 1986 tobacco budworm control failures with pyrethroids in the Mid-
South, J. R. Phillips of the University of Arkansas named a Pyrethroid Task Force for 
the Tri-State area of Arkansas, Louisiana, and Mississippi. This group of 16 entomol-
ogists met in Greenville, Mississippi on November 6, 1986 to initiate development of 
a Pyrethroid Resistance Management Plan for the Mid-South. J. B. Graves of 
Louisiana State University was asked to act as facilitator for the group and he drafted 
a tentative Pyrethroid Resistance Management Plan for the group's consideration. 
During this meeting the Pyrethroid Task Force made slight revisions to the draft and 
recommended the plan for adoption by the three Mid-South states represented. The 
plan was adopted by the entomologists representing the three states for promotion and 
use starting with the 1987 cotton growing season. The plan has been modified several 
times since 1987 and has become an Insecticide Resistance Management Plan rather 
than a Pyrethroid Resistance Management Plan. The original plan consisted of the fol-
lowing thTee basic components: (a) avoid late planting and establish a healthy, vigor-
ous stand of cotton; (b) control insects duril),g the period from planting to June 30 in 
order to allow production of a crop in 120-140 days, but avoid use of pyrethroids dur-
ing this period; and (c) use pyretlu·oids as needed during the period of July 1 tlu·ough 
the end of the season. As levels of pyretlu·oid resistance in tobacco bud worm increased 
the pyretlu·oid use window was narrowed to mid-season and growers were advised to 
use organophosphate insecticides in late season. Full rates, short intervals and mixtures 
with other insecticides were advised when tobacco budworms were present in the 
infestation (Personal communication, J. B. Graves, Louisiana State University, Baton 
Rouge). 

The insecticide resistance management plan developed by the Tri-State Pyrethroid 
Task Force, and subsequent modifications, has been widely promoted, advocated, 
accepted and used by researchers, extension entomologists, consultants and cotton pro-
ducers across the Cotton Belt where pyrethroid resistance has occurred in tobacco bud-
worm. 

Insecticide resistance management has strong support in industry. An Insecticide 
Resistance Action Conunittee (IRA C) represents manufacturers of all insecticides and 
exists to extend the useful life of insecticides. An international organization of 
pyretlu·oid insecticide manufacturers known as the Pyretlu·oid Efficacy Group (PEG) 
is a major supporter of pyrethroid resistance management efforts worldwide. A sub-
committee known as PEG/US has supported the pyrethroid resistance management 
efforts in the United States with members (pyrethroid manufacturing and marketing 
companies) malting major contributions in personnel and funds (Graves eta!., 1991). 

The efforts of a broadly based and often administratively uns tructured consortium 
of industry and people interested in avoiding or delaying development of pyrethroid 
resistance in cotton insects, especially tobacco budworm, appears to have been suc-
cessful. The evidence is circumstantial but intensive monitoring activity across the 
region shows a decline in pyretlu·oid resistance in tobacco budworm during the time 
when use of pyrethroids is discouraged. The level of success notwithstanding, the 
insecticide resistance management activities across the Cotton Belt of the United 
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States, as well as around the world, are excellent examples of working together 
between all segments of the cotton insect management profession. 

SUMMARY 

The various entities which develop and transfer cotton insect technology are syner-
gistic in their interrelationships, both through cooperative efforts and through an inher-
ent system of checks and balances. Through it all is a continually evolving array of 
information, services, and products available to the system's clients and customers-
the world's cotton farmers. The system has done an excellent job of screening this flow 
of information and technology and discarding that which proved to be inferior and pro-
moting that which proved to be effective. The result is a top quality delivery system-
the best information, the best service, the best line of products. 

The future will bring greater demands for "working together" by all segments of the 
cotton insect and mite pest management delivery system. Public opinion and legal 
requirements will continue to increase demands for assmed envirmm1ental safety and 
human health protection. Highly adaptable insect and mite pests will continue to 
evolve defenses against control tactics. Pest management will become more complex 
and implementation of effective and safe pest management tactics will require more 
knowledge and superior judgement. 

Working together involves interaction of federal, state, industly and self-employed 
professionals on farms, at grower meetings, in special training workshops and a myr-
iad of other tl·aining opportunities, including the mecca of cotton information 
exchange and technology tl·ansfer, the Beltwide Cotton Production and Research 
Conferences. These annual Beltwide conferences epitomize the concept of diverse 
segments of the industry working together to support and promote the interests of the 
entire cotton industry, including improved insect and mite pest management. 
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INTRODUCTION 

Integrated pest management (IPM) is the most logical, ecologically as well as envi-
ronmentally, approach for arthropod population management presently and in the fore-
seeable future. IPM, which is based on coordinated use of multiple tactics to keep 
arthropod pest damage below economic injury levels, is focused on long-term sus-
tainability. History has shown that unilateral use of single tactics, that typically offer 
only short-tenn, quick-fix solutions for pest problems, often result in disastrous con-
sequences, i.e., resistance to insecticides and acaricides, pest resurgence, secondary 
pest outbreaks, and environmental concerns. (Newsom 1975, Luclanann and Metcalf 
1982, Rabb et al., 1984, Graves et al., 1991a). 

Because IPM is resource management under an umbrella of sound ecological prac-
tices, it requires little thought to discern how complicated it is to develop and maintain 
economically and environmentally acceptable arthropod management systems. By the 
time increments for a control system are researched, tested and found to be adequate, 
the cropping scheme may have changed substantially. For example, an increase in a 
particular crop's acreage or a decrease in another alters the ecosystem, often causing a 
substantial change, quantitatively and qualitatively, in insect and mite populations. 
Moreover, weather patterns shift, new technology becomes available, additional regu-
lations are enacted, sociological changes occur, marketing expectations may not be 
realized, international interactions occur and so on, ad infinitum. Despite these com-
plications, future IPM systems ultimately must evolve to address pest complexes 
rather than just individual pests (Newsom 1980, Phillips et a!., 1989). 

FUTURE COTTON IPM SYSTEMS 

Future cotton IPM systems will of necessity be different when one considers: (a) the 
dynarnic nature of cotton production systems; (b) the ever present threat of insecticide and 
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acaricide resistance; (c) the slow rate of development and registration of new, efficacious 
compounds; (d) the general public expectations for an abundant supply of a variety of 
wholesome food and quality fiber; (e) the incredibly complex and self-serving national 
and international political systems dictating agricultural program development; (f) the 
environmental concerns such as endangered species, water quality, worker protection, and 
wetlands; and (g) the improvement of plants and animals by genetic engineeting. 

Development, refinement and adoption of sophisticated IPM systems that will be 
needed in the future cannot be fully realized without increased commitment of per-
sonnel and resources for interdisciplinary research, more trained IPM practitioners to 
implement IPM programs on individual farms and greater cooperation among cotton 
producers, researchers, extension personnel, private agricultural consultants, universi-
ties, USDA, ARS, industry and regulators, etc. (Newsom, 1975; Huffaker eta/., 1978, 
Smith 1978, Phillips eta!., 1989). 

Financing the level and intensity of research and development required to evoke a 
significant change in our present arthropod management strategies challenges the most 
astute leadership. The assumption that federal and state governments will increase sup-
port to land grant institutions and the USDA, ARS may be unrealistic (Huffaker et al., 
1978). Cotton "Check-Off' funds seem to be one practical method for providing nec-
essary funding. 

Regardless of how sophisticated technology becomes or how effective it may be in 
the research phases of the program, a well-trained cadre of personnel must be in place 
in the field to implement the new technology at the user level. Producers cannot be 
expected to understand all the technical ramifications of the various di sciplines 
involved in complex IPM systems. Land grant institutions must accept the challenge 
of educating IPM practitioners that are capable of implementing highly sophisticated 
IPM programs involving every facet of cotton production (Newsom 1975; Huffaker er 
ol., 1978; Smith, 1978, Phillips eta!. , 1989). 

A cooperative atmosphere must be pervasive in developing IPM and production sys-
tems. Everything possible should be done to stimulate cooperation and effective inter-
disciplinary research within the academic community as well as the USDA, ARS . 
Cooperation among extension personnel, consultants, industry, regulators and, most 
importantly, cotton producers, enhances the implementation of IPM. Cooperative 
extension service personnel will be unable to meet all the demands expected of them, 
because no individual has all the expertise required. Undoubtedly, private agricultural 
consultants will become an indispensable entity in the adoption of new IPM programs. 
These consultants are key individuals in any arthropod management venture. County 
extension personnel should be glad to have them in their area assisting producers with 
insect, disease, and weed and nematode problems (Newsom, 1975 ; Phillips et a!. , 
1989).0ur emphasis on the need for interdisciplinary cooperation should not be inter-
preted as an attack on the need for agricu ltural disciplines. We are simply trying to 
emphasize the fact that perhaps the lines of the disciplinary fie lds should be less 
sharply focused and the lines of interdisciplinary cooperation more sharply focused 
(Newsom, 1975). 
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IPM CONSTRAINTS AND OPPORTUNITIES 

Eight of the many important areas covered in preceding chapters of this book are 
di scussed below in relation to, and with emphasis on, future research and development 
of new technologies for cotton insect and mite management systems. 

1. SAMPLING PROCEDURES. For many years , we have relied primarily on the 
sweep net and examination of individual plant parts to assess pest populations. These 
sampling procedures are not only slow but often lack precision for many pests. More 
rapid and more precise methods for sampling arthropod populations are desperately 
needed. We must broaden our vision in seeking improved sampling technology (Kuno, 
1991 ; Hutchins, 1993; Pedigo, 1993). 

Pheromones undoubtedly will have an increased role in sampling technology 
(Campion, 1994; Ingram, 1994; King, 1994; Smith and Harris, 1994). However, quan-
tification of catch data from pheromone-trapping devices must become much more 
precise and timely. The development of sensors that can detect the presence of insects 
does not seem unreasonable. Perhaps in the future, permanent sensors could be placed 
in fields and the information gathered fed to a model for assessment and evaluation. 
Portable sensory devices may be a more realistic expectation for the near future. 

Whatever the teclmology developed, it must be far more precise and timely than 
presently available. If we are to initiate action on numbers, then we must have an accu-
rate means to determine those numbers. To reemphasize, little if any significant 
improvements in our existing pest management systems for cotton insects, or for any 
insect, will be realized until more dependable, precise and timely insect sampling tech-
niques are developed. Adequate assessment of beneficial organism populations is 
equally important as is the assessment of pest complex populations . 

2. ECONOMIC INJURY LEVELS. The greater the emphasis placed on managing 
insect populations, the greater precision must be for assessing the potential loss from 
a given population density. In addition , these population density thresholds must be 
based to a large degree upon the expectations of the cotton producer and his financial 
situation. We must provide him with the technology that apprises him of what a pop-
ulation of pest insects means with regard to potential yield and quality losses . The pro-
ducer then must decide if he is willing to take the loss or initiate the necessary control 
strategies. The same type information must be forthcoming for the beneficial insect 
and mite populations. The producer must be apprised of the levels of natural enemies 
including expected impact on pest species and their damage. Some computerized advi-
sory systems already have been developed that aiel producers in making treatment 
decisions (Gutierrez and Wang, 1984; Naegele et a!., 1985; Mumford and Norton, 
1994). 

We must develop a much improved data base for the interaction of pest species with 
various cotton cultivars. The database must be developed around an ability to under-
stand and interpret growth and fruiting patterns of the cotton plant. We already know 
that the cotton plant provides indicators of such important phenological events as fruit 
set, fruit retention and "cutout". There can be much more improvement in economic 



856 PHILLIPS AND GRAVES 

injury levels once we understand b~tter the biology and physiology of the cotton plant 
(Reynolds et al., 1982; Wilson, 1993; Matthews, 1994). Econorrric injury levels for 
pest complexes also must be developed. One approach already being used is to lump 
pests that cause sirrlllar damage together, i.e., defoliators and pests causing fruit Joss. 
(Newsom, 1980; Newsom and Boethel, 1985). 

3. AREAWIDE PARTICIPATION. Data are available to show that with some pest 
species, e.g., boll weevil, tobacco budworm, bollworm and pink bollworm, the larger 
the area involved in a management program, the more effective the program (Newsom, 
1975, 1980; Frisbie, 1985). Substantial planning and coordination are required in 
areawide programs, but the results justify the effort. Within an areawide approach, 
there are a number of production practices that need coordination. Three of these prac-
tices are covered below. 

Variety Selection-Variety selection is the initial step to an effective IPM system. 
If the variety is beyond the producer's capabilities for planting, in-season cultural prac-
tices, and harvest, then an IPM approach is severely handicapped. In selecting the vari-
ety, a producer must consider the following points: resistance to pests, earliness, soil 
type, equipment capabilities for planting and harvesting, inigation, and a general 
understanding and commitment to IPM procedures. Under some conditions, it may be 
advisable to have more than one variety in a single operation. However, the more uni-
fmm the fruiting characteristics, the more effective IPM tactics might be for any given 
area (Newsom, 1975, 1980; Matthews, 1989; Graves, 1994). 

Uniform Planting Date--One should avoid late planting. Insect and rrrite popula-
tion densities are generally highest during late season and the W<elihood of encounter-
ing populations tolerant or resistant to commonly used pesticides is greatest. Uniform 
planting aids in synchronizing the occurrence and management of major pests such as 
the bollworm, tobacco budworm and boll weevil, as well as improves the efficiency of 
terminating the crop (Newsom, 1975, 1980; Reynolds et al. , 1982; Graves, 1994). 

Late Season Crop Management-Irrigation and fertilization must be properly 
managed to mature the crop in a timely mmmer. Producers often lose many of the em·ly 
bolls (which are heavier and higher in quality) while trying to mature and harvest late-
season bolls. Additionally, early crop maturity reduces overwintering arthropod pest 
populations and pesticide use. The final phase of late season crop management involves 
prompt crop residue destruction, which further reduces pest populations by depriving 
them food and overwintering sites (Bagwell and Tugwell, 1992; Graves, 1994). 

4. CROP RATIOS AND SEQUENCES. As far back as the late 1800s, crop ratios 
and sequences have been implicated in promoting as well as attenuating pest popula-
tion densities (Gould and Stinner, 1984, Rabbet al., 1984). Obviously, some mthro-
pods are more manageable using this concept than others. For example, the boll 
weevil, bollworm/ tobacco budworm complex, pink bollworm, and the sweetpotato 
whitefly have life and seasonal histories responding favorable to large area manage-
ment of crop ratios/sequences (Butler and Henneberry, 1994; Ingram, 1994; King, 
1994; Smith and Ha1Tis, 1994). 

If resem·ch proves that a certain crop sequence or ratio may be utilized to lessen the 
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hazard of infestation by a major pest species, then we believe it would be a sound IPM 
tactic to do so. Convincing farmers to adopt this approach would be difficult because 
the profits from producing var-ious commodities vary widely. Perhaps subsidies or 
other forms of inducement could be used to promote this pest management approach. 

5. MIGRATION AND DISPERSAL. Many aspects of the biology and ecology of 
arthropod pests of cotton insects remain to be elucidated. In terms of information 
needed to design effective IPM programs, one of the greatest needs is a better under-
standing of their movement. Local and long range movement of both pest and benefi-
cial species affects almost every facet of arthropod pest management. For example, 
pesticide resistance management plans, eradication programs, areawide control pro-
grams, and quar·antine programs must be based on a cleat· understanding of migration 
and dispersal of pest species. Management of pests migrating long distances may 
require international cooperation. On the other hand, chemical control of pests that me 
stationary or move very little on the host plant can be obtained by complete coverage 
of the host plant or the use of systemic pesticides (Rabb, 1985; Butler and Henneberry, 
1994; Ingram, 1994; King, 1994; Smith and Harris, 1994). 

6. HOST PLANT RESISTANCE. Considerable resear·ch has been conducted in cot-
ton to develop plants that ar·e resistant to damage by insect and mite pests. This 
research has been fruitful. Resistance traits to the major pests have been identified and 
incorporated into high-yielding cotton varieties (Bird, 1985; Gannaway, 1994). In om 
opinion, if the available insect plant host resistance technology for several pests, such 
as tobacco budworm, bollworm, and tarnished plant bug, were implemented on an 
areawide basis, it would serve to reduce greatly overall population pressure by these 
pests. This in tmn would decrease the need for insecticides ultimately resulting in 
reduction of risks of insecticide resistance development, environmental damage, 
destruction of beneficial organisms, and the threat of elevating secondary pests or 
innocuous organisms to primar·y pest status. 

Several constraints have slowed the adoption and use of arthropod plant host resis-
tance. First, research and extension personnel have not focused enough on plant host 
resistance to insect and mite pests as an answer to pest management. To the contrar-y, 
we have generally "gone with the flow" to rely too heavily on the use of insecticides 
and miticides. Next, the major seed companies that supply virtually all seed used by 
cotton producers strive for increased yield first and foremost in their variety develop-
ment programs (Btidge, 1990). This emphasis on yield as the "bottom line" is fueled 
by the maximum yield mind set of producers and is based on the assumption that cheap 
and effective insecticides and miticides will always be available. In om opinion, syn-
thetic chemical insecticides at1d miticides ar·e a declining resource that are likely to be 
fewer in number and more expensive in the future (Phillips et al., 1989; Graves, 1994). 
To add to the problem, most of the current commercial var·ieties of cotton have been 
developed under a complete canopy of insecticides. Thus, many of today's vadeties 
ar·e not as resistant to most pests as were varieties a decade or two ago. Recent empha-
sis in commercial cotton breeding has been on ear·liness (Bridge, 1990). This has indi-
rectly benefitted IPM systems by markedly reducing the time period of risks to insect 
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and mite damage. As the availability of effective insecticides and miticides decline, we 
are confident that host plant resistance will play a major role in the future in IPM 
programs. 

7. APPLICATION TECHNOLOGY. One area of technology greatly limiting IPM 
programs and resulting in considerable environmental damage is the process of apply-
ing insecticides and miticides (Hall, 1991). When one considers that approximately 7.5 
milligrams of cypermethrin (AMMO®, CYMBUSH®) is all that is required to kill95 
percent of a population of tobacco budworms, even up to 50,000 per acre, if it were 
applied directly on the pest, it seems incomprehensible that we must apply over 3,500 
times this much to achieve approximately 95 percent field control. In fact, it is not 
unusual for 50 percent of a pesticide applied with an airplane to fail to reach the 
intended target, the cotton plant (Willis and McDowell, 1987). In addition to the actual 
application process, the effectiveness of insecticides is often negatively affected by the 
practice of adding other pesticides, adjuvants, fertilizers and minor elements (Long 
et al., 1992). Conversely, synergism and pther interactions among pesticides occa-
sionally result in phytotoxicity. We are greatly encouraged by the formation of an 
application systems research group at the USDA, ARS Jamie Whitten Delta States 
Research Center at Stoneville, Mississippi. This group should advance the science of 
application technology, which has remained almost unchanged in the United States 
over the past several decades. 

8. CHEMICAL CONTROL AND RESISTANCE MANAGEMENT. Insecticides 
and acaricides historically have been the primary means of population management for 
arthropod pests of cotton (Newsom and Brazzel, 1968; Matthews, 1994). The princi-
pal factors contributing to the predominance of chernica1 control include: (a) the large 
artlu:opod pest complex which, directly or indirectly, may lower yield and quality of 
cotton; (b) the lack of effective biological control agents for the boll weevil, a key pest 
of cotton; (c) the rapid action and efficacy of insecticides and miticides in relation to 
other suppression components; and (d) the relatively low cost of insecticides and miti-
cides. Deleterious aspects of chemical control such as environmental contamination, 
acute and chronic toxicity to non-target organisms, pest inducement and resurgence, 
and insecticide resistance remain as serious constraints. 

The continued availability of effective and economical insecticides and acaricides is 
in question because of: (a) the rapid development of resistance by arthropods to chem-
icals used for their control (Georghiou, 1990); (b) the increasingly stringent and costly 
federal and state registration and reregistration requirements; (c) the relatively short 
effective patent life of new chemicals; and (d) the difficulty in discovering new leads 
for chemicals with novel modes of action. These developments have increased the cost 
of developing and registering a new chemical (current estimates range from $50 to 
$ 180 million) to such an extent that some companies are no longer active in pesticide 
research and development (Szczepanski, 1990). In the future, it appears that only a few 
very large companies will be financially able to compete in the agricultural chemical 
arena. This trend is already underway and the expected outcome is fewer, more expen-
sive insecticides and acaricides. 
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Let us reiterate that IPM is the most logical and ecologically sound approach to 
arthropod population management. Because insecticides and acari cides are generally 
used in IPM programs only when other control measures (biological , cultural, physi-
cal and regulatory) fail to keep pest populations below acceptable thresholds, the avail-
ability of effective insecticides and acaricides is necessary for most of these programs 
to succeed (Phillips et ol., 1989; Graves, 1994). Thus, the usage of the declining ar·se-
nal of chemicals registered for control of the ar-thropod pests of cotton must be man-
aged to impede resistance development (Sawicki, 1989; Leonard et ol., 1994). 
Insecticide and acaricide resistance management (IRM) must become an essential part 
ofiPM. 

Very importantly, IRM is supported by the chemical industry (Riley, 1989; Hope, 
1993). The Mid-South (sometimes referred to as the Tri-State Area) and Texas insec-
ticide resistance management plans represent the first attempts at IRM in cotton in the 
United States ; their initial success is encouraging (Anonymous, 1986; Plapp, 1987; 
Graves et al., 1991b). Increased resear·ch concerning the best utilization of available 
resources is imperative. Infonnation on how to best use available insecticides and aca-
ricides (i.e., mixtures, alternations, mosaics, rates and timing) will be necessary to 
ensure effective pest control. 

Novel insecticides with modes of action different from presently available chemi-
cals or novel approaches in chemical control are desperately needed because IRM only 
delays resistance development in most situations. Current research thmsts on insect 
endocrinology (especially juvenile hormones, hormone inhibitors and biologically 
active peptides) , entomopathogens, allelochemicals, light sensitive porphyric com-
pounds, avermectins, nitroguanidines , pyrroles, phenylpyrazoles and spinosyns offer 
great hope for the future (Sparks et ol., 1993; Graves eta!., 1995). Similarly, recent 
biotechnological breakthroughs in genetic engineering that permit incorporation of 
foreign genes into insects and plants present new opportunities in arthropod pest man-
agement. An excellent example is the development of cotton varieties expressing the 
gene for Bacillus thuringiensis (Bt) (Perlak eta!. , 1990). Bt cotton has been shown to 
give excellent control of tobacco budworm, bollworm and pinlc bollworm (Jenkins 
et al., 1993). 

Integrated pest management (IPM) is the most logical, ecologically and environ-
mentally, approach for insect population management now and for the foreseeable 
future. IPM must be based on coordinated use of multiple tactics to keep insect and 
mite pest damage below economic threshold. Because insecticides are primarily used 
in IPM programs when other control measures (biological, cultural, physical and reg-
ulatory) fail to keep pest populations below acceptable tlu·esholds, the availability of 
effective insecticides and acaricides is necessary for most of these programs to suc-
ceed. However, total dependence on insecticides and acaricides or any other single 
approach for long term insect management is unrealistic. 
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Cotton IPM of necessity will be different in the future when one considers: (a) the 
dynamic nature of cotton production systems; (b) the ever present threat of insecticide 
and acaricide resistance; (c) the slow rate of development and registration of new, effi-
cacious insecticides and acaricides; (d) the general public expectations for an abundant 
supply of a variety of wholesome food and quality fiber; (e) the incredibly complex 
and self-serving national and international political systems dictating agricultural pro-
gram development; (f) the environmental concerns such as endangered species, water 
quality, worker protection, and wetlands; and (g) the improvement of plants and ani-
mals by genetic engineering. 

Some important ancillary issues that will shape IPM in the future are: (a) funding 
for IPM and agriculti.1ral production research; (b) training of IPM practitioners; (c) 
emphasis on interdisciplinary research; (d) advent of private aglicultural consultants; 
and (e) the roles of the land grant university system, the cooperative extension service, 
and the federal research and extension programs. 

Some present constraints on IPM that provide great challenges for refinement of 
future IPM programs are: (a) inadequate and inefficient insect and mite sampling pro-
cedures; (b) poorly defined economic injury levels; (c) lack of areawide insect popu-
lation management programs; (d) insufficient information on crop productions 
systems; (e) lack of knowledge of insect migration and dispersal; (f) underutilization 
of host plant resistance; (g) antiquated application technology; (h) loss of insecticides 
due to resistance, regulation, cost of development and difficulty in discovering new 
insecticidal and acaricidal chemistry; and (i) lack of acceptance of insecticide and aca-
ricide resistance management strategies. 

The challenges facing insect and mite management in cotton in the future will be 
numerous and difficult to surmount. However, we remain optimistic that all challenges 
will serve as great opportunities to improve and refine present management systems. 
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INSECT, MITE, AND SPIDER INDEX 
COMMON NAME 
alfalfa looper 
bandedwinged whitefly 

bean thrips 
beet armyworm 

black imported fire ant 
black widow spider 
boll weevil 

bollworm 

brown stink bug 
cabbage looper 

carmine spider mite 
clouded plant bug 
common damsel bug 
common green lacewing 
conchuela 
convergent lady beetle 
cotton aphid 

cotton t1eahopper 

cotton leafperforator 

cotton leafwonn 

cowpea aphid 
desert spider mite 
dusky stink bug 
European corn borer 
fall armyworm 

fire ant 
flower thrips 
fourspotted spider mite 
green peach aphid 
green stink bug 
greenhouse whitetly 
hru·lequin bug 
insidious t1ower bug 
large bigeyed bug 
minute egg parasite 
minute pirate bug 

SCIENTIFIC NAME 
Autographa californica 38, 52, 57, 58 , 64, 79, 534 
Trialeurodes abutilonea 44, 85, 155, 435, 456, 566, 592, 688, 766-

771, 775-780 
Caliothripsfasciatus 48,461 
Spodoprera exigua 32, 52, 53-55, 57, 59, 60, 76, 102, 164, 165, 209, 

325,440,448,451,456,458,461,536,688,720,766-771,775-
780, 840 

Solenopsis richteri 107 
Latrodectus mactcms 114 
Anthonomus grandis grandis 1, 2, 7, 8, 11, 17, 54, 56, 61, 64, 69, 109, 

113, 152,210,283,325,408,432, 447,454-459,461,471,472, 
512, 519,535,546,561,566,570,610,625-652,656,684,690, 
699,722,748,757,766-771,775-780,795,831 

Helicove1pa zea I, 2, 7, 20, 54, 55, 57, 59, 65, 70, 71 , 88, 96, 101 , 
109, 113, 115, 124, 144, 165, 217, 283, 325,414, 416, 436,451 , 
454-457 , 459,461,515,533, 542,543, 553,555,560, 566, 573, 
613,666,669,676,681 , 691 , 706, 723 , 728, 742, 757,766-771 , 
775-780,784,801,840 

Euschistus servus 30,461 , 666,766-771 , 775-780 
Trichoplusia ni 38, 53, 57, 58, 61 , 64, 79, 80, 96, 102, 165, 171,455, 

461,536, 689, 718, 766-771 , 775-780 
Terranychus cinnabarinus 34, 77, 331,461, 719, 766-771, 775-780 
Neurocolpns nubi/is 25, 55, 63 , 680 
Nabis americo.ferus 519, 526 
Clll ysoperla camea 88,97-101 , 133-135, 423,424,516, 526 
Ch/orochroaligata 30, 461 , 766-771 , 775-780 
Hippodamia collveJgells 516, 526, 730 
Aphis gossypii 3, 5, 43, 83, 89, 183, 441,449,455, 461 , 671 , 687, 

717, 743, 766-771 , 775-780 
Pseudatomosce/is seriatus 25, 63, 87, 96, 109, Ill, 131 , 161, 192, 

223,325,454,456,46 1,671,680,704,723,725,727,757,766-
771, 775-780 

Bucculatrix rhurberiella 40, 53, 58, 61, 62, 65, 74, 81, 82, 325, 327, 
458, 459, 461, 536, 566, 587, 742, 766-771, 775-780 

Alabama mgillacea 1, 38, 53, 57-59, 61, 65, 79, 80, 97 , 165, 452, 
454,461,718,742 

Aphis craccivora 43 
Terranychus deserrorwn 34, 77,461,595,719,766-771,775-780 
Euschistus tristigmus 30,461, 766-771, 775-780 
Pyrausta llllbilalus 166,461, 666, 667, 832 
Spodoptera fmgipe~da 32, 53-55 , 57, 59, 60, 165, 325, 

451, 461, 688, 720,766-771, 775-780 
Sole11opsis geminara 88, 107 
Frankliniel/a tritici 48,461,713, 766-771,775-780 
Tetrcmychus canadensis 34, 461 
Myzus persicae 43 , 329, 441 
Acrostemwn hi/are 30, 461, 666, 667 , 766-77 1, 775-780 
Trialeurodes vaporariorum 44, 84, 155. 742, 766-771 , 775-780 
Mw gantia histrionica 30 
Orius insidiosus 88, 103-106, 136, 516 
Geocoris bullatus 131, 516, 528 
Trichogramma mimt/11111 123, 730 
Orius trislicolor 88, 103-106, 135, 516, 526 
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onespotted stink bug 
onion thrips 

Pac ific spider mite 
pale legume bug 
pea aphid 
pink bollworm 

potato aphid 
potato leafhopper 
ragweed plant bug 
rapid plant bug 
red imported fire ant 
redshouldered stink bug 
saltmarsh caterpi llar 
Say s tink bug 
Schoene spider mite 
silverleaf whitefly 

southern fire ant 
southern garden leatbopper 
southern green stink bug 
soybean thrips 
sp ined soldier bug 
strawberry spider mite 

striped lynx spider 
sweetpotato whitefly 

tarni shed plant bug 

tobacco bud worm 

tobacco thrips 
tumid spider mite 
twospotted spider mite 

wes tern bigeyed bug 
wes tern flower thrips 

western lygus bug 

whitemarked fleahopper 
yellowstriped armyworm 

INSECT, MITE, AND SPIDER INDEX 

Euschistus voriolarius 30, 461 
Thrips tabaci 48, 185,456,461 , 566,594, 679,766-771 , 

775-780 
Tetranychus paci{icus 34, 159,229, 461 ,766-771 ,775-780 
Lygus e/isus 25, 4 18, 461 , 529, 727 
Acyrtlwsiphon piswn 528 
Pectinophora gossypiella 1,4,7, 23, 54, 56, 58, 59, 62, 65, 72, 96, 102, 

148, 165, 225, 325, 327, 35 1, 359, 364, 374,412, 439, 457, 459. 
461 , 478,48 1,512,525, 535,545,555,558-560, 566,584,618, 
716, 731 , 742,748, 757,766-771,775-780 

Macrosiphum euphorbioe 43 
Empoascafabae 41, 53, 82, 83, 592 
Chlamydatus associatus 25 
Ade/phocoris rapidus 25 
Solenopsis invicta 88, 93, 107, 109, 136, 520 
Thyanta accerro 30 
Estigmene acrea 53 , 57 , 58, 64, 166, 458, 461 
Chlorochroa sayi 30, 75,46 1, 766-771 , 775-780 
Tetranyclms sc/wenei 34, 461 
Bemisia argentifolii 13 , 44, 84, 329, 366, 460, 46 1, 688, 699, 718, 

742, 750, 766-77 1, 775-780, 841 
Solenopsis xy/oni 107 
Empoasca solana 41, 592 
Nezara viridu/a 30, 164,418, 461 , 766-771 , 775-780 
Sericothrips variabilis 48, 105, 461 
Podisus macu!iventris 423,425, 516, 595 
Tetmnyc/111 s turkestani 34, 77, 159,229,349,461 , 595 ,742, 766-771, 

775-780 
Oxyopes salticus 111, 112, 137 
Bemisia rabaci 44, 89, 102, 155, 192,227, 325,4 18,440,458,461, 

461 ,5 12,592, 688,766-771,775-780 
Lygus lineolaris 25, 88, 161 , 192, 227, 325, 41 8, 440, 454-456, 461, 

527 , 566, 588 , 680,719, 727, 766-77 1,775-780 
Heliothis virescens 6, 20, 54, 55, 57, 59, 64, 71, 88, 96, 101 , 109, 113 , 

liS, 119, 144, 165, 2 17,325,333,336,352, 356,365, 414, 416, 
436, 45 1, 454-459,461 , 515,533 , 54 1, 543,544,554,557, 560, 
566, 576, 613, 666, 669, 676, 681 , 691 ,706, 723, 745, 757,766-
77 .1 ' 775-780, 785, 804, 817' 840, 849 

Frankliniello.fiJsca 48,454,461 ,7 13, 766-77 1, 775-780 
Tetronycl111s 111111idus 34, 461 
Terronycl111s urticoe 34, 159, 184, 229,349,419,46 1, 595,688,719, 

742, 766-771, 775-780 
Geocoris pal/ens 88, 94-96, 131, 516, 526, 528 
Frankliniel/a occidentolis 48, 85, 184, 325, 457 , 461 , 594, 679, 713, 

766-771 , 775-780 
Lygus hespems 25, 63, 73, 74, 161, 192, 227 , 325,327,418,440, 457 , 

458,460,46 1,504, 527,566,588,719,727,742, 757,766-771, 
775-780 

Spanogonicus albofasciarus 63, 526, 727 
Spodoprera omitlwgalli 166, 469, 720 
I 

Acanthepeira stellata 113 
Aleyrodes spiraeoides 44, 84, 155 
Aliolus curculionis 52 1 

'The fo llowing species do not have common names (Source: Common Names of Insects and Related 
Organisms, 1989. Entomological Society of Ame rica) 
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Anaphes io/e 528, 529 
Anthonomus hunteri 520 
Archytas marmora/us 88, 116, 125, 126, 141,423,424, 516, 517 
Ayslw gracilis 114 
Bracon brevicomis 525 
Bracon co1npressitarsi.1' 520 
Bracon ge/ech iae 525 
Bracon greeni 520 
Bracon kirkpatricki 520, 525 , 526 
Bracon lefi"oyi 525 
Bmcon mellitor 422 , 520, 521 , 525 
Bracon nigromt11111 525 
Bracon platynotae 11 6 
Bracon thurberiphagae 521 
Bracon vestiticida 520 
Caliothrips phaseoli 48 
Campoletis chloridae 515 
Cmnpoletis .flavicincta 116 
Campoletis sonorensis ll6, 179, 422, 424, 516,5 18 
Carcelia illata 116 
Cardiochiles nigriceps 88, 116, ll9, 120, 140, 179,421, 422, 516, 

518 
Catolaccus grandis 520, 522, 523 , 537 
Catolaccus hunteri 520, 521 
Cheiracanth i111 11 inc/u.1·um 11 2, 137 
Chelmws b/ackburni 525, 526 
Che/onus clllvimacu/atrls 422, 525, 526 
Clrelon us heliopae 525 
Chelonus insularis 116 
Chelan us namyani 525 
Che/on us pectinophorae 525 
Che/onus spp. 525 
Chrysoperla mfllabris 88, 97-101 , 132, 134, 516 
Coleomegilla maculata 516 
Co/lops mmgine//us 516, 526 
Co/lops vital/us 423, 425, 516, 526 
Cotesia angaleti 525 
Cotesia kazak S IS 
Cotesia 1/1(// giniventris 116, 178, 5 16-5 18 
Cotesia oenone 525 
Cryptus a!bitarsis 116 
Ectatoma tuberculotum 520 
Eucelatoria annigera 116 
Eucelatoria bi)'OIIi 88, 116, 127, 128, 142, 51 6 
Eupelmus cyaniceps 521 
Euphorocera cloripennis ll 6 
Euphorocera floridensis 116 
Euphorocera tachinomoides 116 
Euplectms p/atyhypenae 116 
Ewytoma gossypii 52 1 
Euschistus conspersus 30, 75 
Euschistus impictiventris 30 
Exeristes roborator 525 
Fmnkliniel/a exigua 48 
Frankliniella gossypiana 48 
Gea heptagon 113 
Geocoris punctipes 88, 94-96, 132, 5 16, 519, 526, 528 
Gladicosa gulosa 114 

999 
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Gonia spp. 116 
Goniozus aethiops 525 
Gonioms pakmanus 525 
Goniozus sp. 525 

INSECT, MITE, AND SPIDER INDEX 

Grammonota texana 11 2 
Gymnochaetopsis fulvicauda 116 
Helicove1pa armigera 330, 335, 336, 356, 416, 515, 534, 543 
Helicovopa assulta 543 
Helicoverpa atacamae 543 
Helicove1pa bracrae 543 
Helicove1pa confusa 543 
He/icove1pa fletcheri 543 
Helicove1pa gelotopoeon 543 
He/icove1pa hawaiiensis 543 
Helicove1pa helenae 543 
Helicove1pa minuta 543 
Helicoverpa pacifica 543 
Helicove1pa pal/ida 543 
Helicove1pa peltigera 416, 543 
He/icove1pa punctigera 416, 543 
Helicove1pa tertia 543 
Helicove1pa tibetensis 543 
Helicove1pa titicacae 543 
HelicoveJ]Ja radii 543 
Heliothis phloxiphaga 416, 543 
Heliothis subjlexa 11 9, 416, 541, 543 
Hentzia palmanmz 112, 114 
Heterospilus wznulatus 520 
Heterospilus mega/opus 520 
Hogna pwzctulata 114 
Hyphantrophaga hyphantriae 116 
Hyposoter 0/llllllipes 116, 520 
Hyposotor didymator 515, 5 16 
Kurtonwthrips morri/li 48 
Leiophron schusteri 527 
Leiophron wzifonnis 528, 529 
Lelaps sp. 520 
Lespesia aleriae 116 
Lespesia archippivora 116 
Lespesia frenchii 117 
Lygus desertinus 461 , 727 
Lysiphlebus tesraceipes 687, 688 
MetaphidzjJpus galathea 112 
Metaplagia occidemalis 116 
Meteorus autographa 116 
Meteon1s laphygmae 116 
Microplitis croceipes 88, 11 5-1 18, 139, 179, 421 , 423, 516-519 
Microplitis demolitor 178, 423, 424, 515 
Micmplitis f eltiae 116 
Microplitis nifiventris 515 
Misumenoides fonnosipes 138 
Misumenops celer 111-11 3, 138 
Nobis spp. 516, 526 
Nealiolus sp. 520 
Nemorilla pyste 117 
Neoscona arabesca 11 3, 114 
Netelia sayi ll 6 
Netelia spinipes 11 6 



INSECT, MITE, AND SPIDER INDEX 

Notoxus calcaratus 526 
Palexorista taxa 117, 515 
Paracrios anthonomi 520 
Parasierola emigrata 525 
Pardosa milvina 114 
Pediculoides ventricasus 520 
Peristenus diganeutis 527 
Peristenus nigricmpus 527 
Peristenus pallipes 528, 529 
Peristenus pseudapallipes 528, 529 
Peristenus rubrical/is 527 
Peristenus stygicus 527 
Peucetia viridans 112 
Phaneronama sp. 520 
Phidippus audax 112, 113, 139 
Phytoseiulus persimilis 423, 425 
Plexippus paykul/i 114 
Pristamerus hawaiiensis 525 
Pristamerus .1pinator 116 
Ragas pe1plexus 116 
Scymnus spp. 516 
Sinea ca!{{i1sa 526 
Spilachalcis sp. 520 
Spadaptera littara/is 114 
Te/enamus lzeliathidis 116, 421, 422 
Telenamus podisi 422, 425 
Tetragnatha labariasa 111-113 
Tetranychus /udeni 34 
Tetranychus yustis 34 
Theridian sp. 114 
Theridula sp. 114 
Triaspis vestiticida 520 
Trichogramma achaeae 421, 422 
Trichagramma dendrolimi 122 
Trichogramma evanescens 122, 124, 421, 422 
Trichagramma exiguum 122, 123 
Trichagramma maidis 122 
Trichogramma maltbyi 123 
Trichagramma pretioswn 122-124, 140,401, 421, 422, 517 
Trichogramma spp. 116, 112, 516 
Trichagrammatodiae bactme 525 
Triclzopoda pennipes 423 
Trissolcus euschisti 422 
Ulabarus glamasus 113 
Urosigalphus anthonomi 520, 521 
Urosigalphus sclnvarzi 520 
Varacasa avara 114 
Varia auriji'OllS 117 
Winthemia quadripustulata 117 
Winthemia rufopicta 117 
Zatropis incertus 520, 521 
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Common Name 

abamectin 
acephate 

aldicarb 

amitraz 
anti-JHs 
avern1ectin 
azinphosmethyl 

Bacillus thuringiensis 

benzoylphenyl ureas 
bifenthrin 
buprofezin 
calcium arsenate 
carbamates 

carbaryl 
carbofuran 
carbosu lfan 
cm·tap 
chlordimeform 

cblorfensulficle 
chlorfeutbol 
chloronicontinyls 
chlorpyrifos 
cyclodienes 
cyfluthrin 
cyhexatin 
cypennethrin 

DDT 

cleltametbrin 
diacylhydrazides 
clicofol 
clicrotophos 
ditlubenzurou 
climethoate 
dinitrophenyls 
clisulfoton 
emamectin benzoate 
endosulfan 
enclrin 
EPN 
epofenonane 

Trade Names' 

Affirm®, Zephyr® 292, 300, 301, 312, 319, 467,720 
Orthene®, Payload® 291,297,310,314,316,327,331,455,456,460,461, 

679, 772, 839 
Temik® 291,297,298,311,316,317,346,451,456,461,653,679,714,715, 

759, 772, 834, 837, 842 
Ovasyn® 291, 302, 303, 312, 317, 318, 346, 460, 461 
----287,321,859 
Agri-Mek®,Avicl® 286,292,300,301,312,319,345,448,467 
Guthion®, Sniper® 5, 291,296,297,315,346, 374,380,450,455,459,461, 

630,659,668,701,716,738,759,772,834 
----287, 307, 330, 331, 347, 448,461, 467, 666, 670, 683, 711, 724, 

730, 859 
----287,305,312,318,347 
Capture® 291, 294, 313, 344,353, 460, 461, 688, 720 
Applaud® 460 
----3, 448, 449, 452, 453, 657, 675, 699, 706, 719, 746 
---- 5, 286, 291, 297, 311, 316, 331' 332, 345, 448, 450, 456, 459, 

462,675,683,759,760 
Sevin® 5, 6, 297, 311, 316, 328, 346, 380, 450, 455, 461, 716, 733, 772 
Furadan® 291,297,298,316,317,456,461,679,772 
Advantage® 346 
Calcian®. Sanvex® 347 
Fundal®, Galecron® 291,302,303,312,317,318,320,330,331,346,451, 

453,456,462,463,661,666,670,711,724,748,759,772,804 
----332 
Quibrom®, Dimite® 332 
---- 292, 298 
Lorsban® 291,297,310,311,315,346, 372,455 , 461,772 
---- 286, 292, 30 l' 312, 344 
Baythroid® 291,313,344,461 
Plictran® 160, 292, 304 
Ammo®, Cymbush® 276, 289, 291, 294, 309, 310, 313, 331, 344, 351, 352, 

372,374,461,464,670,773,834,839,858 
---- 5, 6, 283, 285, 286, 288, 289-291, 309, 310, 320, 327, 339, 344, 

450,452,454,455,458,675,700,707,716,743 
Decis® 289,291,292,331,340,341,344 
----287, 305, 321 
Kelthane® 160, 161,292,349,350,461,733,772, 839 
Bidrin® 297,310,327,346,372,455,461,687,714,717,772 
Dimilin® 305-307,312,319,448,455,461,547,638,806 
Cygan®, Rebelate® 297,315,321,455,461,687,717,772 
----286 
Disyston® 346,456,461,679,714,715,717,733,772 
Proclaim®, Banlop® 300, 301, 321 
Thioclan®, Phaser® 292,300,301,317,330,331,344,372,460-462,661,772 
----292,312,317 
----5,291,296,297,315,346,455,659,772 
---- 305, 306 

'Some insecticides are sold under several trade names. The listing here may be incomplete. We have tried 
to use the first and most recognizable trade names. Also, some of these products are no longer available. 
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Asana® 29 1, 46 1 
Trebon® 344 
Folithion®, Nonathion® 311 , 346 
Logic® 292,305, 306, 312, 319 
Danitol® 29 1, 310, 460 

1003 

esfenvalerate 
etofenprox 
fenitrothion 
fenoxycarb 
fenpropathrin 
fen valerate Pydrin® 289-29 1, 294, 309, 310, 313, 328, 33 1, 335, 336, 344, 35 1, 358, 360, 

fipronil 
flucythrinate 
fluvalinate 
formamadi nes 
hexakis 
imidacloprid 
juvenoids 
lalnbda-cyhalothrin 
lindane 
malathion 

methamidophos 
methidathion 
methomyl 

methyl parathion 

mevinphos 
rnonocrotophos 
naled 
naphthyl carbamates 
nicotine 
ni tromethylenes 
organochlorines 

organophosphates 

oxamyl 
ox ime carbamates 
oxydemeton-methyl 
paraoxon 
parathion 
permethrin 

363, 374, 464, 772,834 
Regent® 292, 300, 302 
Payoff® 291, 772 
Mavrik® 290, 29 1, 294,3 10, 3 \3, 372, 383 
--- - 286, 29 1' 302, 317, 33 1' 448, 45 1 
Vendex®, Torque® 160, 292 
Provado®, Admire® 292, 299, 347, 449, 460 
--~- 287, 305, 312, 3 19, 321,859 
Karate®, Warrior® 29 1, 294, 310, 3 13 , 320, 344, 373, 461 
Isotox® 344, 772 
Cythion®, Fyfanon® 29 1, 297, 311 , 314,315, 328, 346, 450, 455-457, 461, 

659,7 19,733, 772 
Monitor® 291 , 296, 297, 315, 327, 460, 46 1, 772 
Supracide® 327. 346, 46 1, 772 
Lannate®, Nudrin® 29 1, 295,297, 298,3 11 , 316,3 17, 330, 33 1, 346, 450, 

451 , 455 , 456, 459.46 1,66 1, 711 , 724, 772 
Penncap® 6, 290, 29 1, 296, 297, 311 ,3 14, 315, 346, 450,455,456, 459, 461 , 

668, 70 1, 710. 719, 745, 759, 772 
Phosdrin® 3 15 
Azodri n® 29 1, 297, 3 11 , 314,3 15,330-332. 346, 455, 456, 7 16,720, 772, 839 
Dibrom® 297, 315.455,46 1 
- - - - 297 
- - - - 286, 299, 347, 453 
--- - 286, 298, 299, 347 
- --- 3, 5, 6. 11. 283 , 448,450,452-454, 458 , 462 . 658, 675, 700, 707, 

759, 760 
--- - 5, 11 , 283,286, 29 1,294, 297, 310. 3 11 , 313, 327. 331, 346, 448, 

450. 453, 455 , 459.462, 67 1, 675, 684, 707 , 759, 760 
Vydate® 346, 456, 46 1, 773 
- - - - 297. 346 
MetaSystox-R® 372. 455.461, 772 
- --- 296. 297 
--- - 297. 315,33 1, 346. 659,7 19,834 
Pounce®. Ambush® 289-29 1. 294. 309, 310. 313. 320, 328. 344, 358, 383 , 

452. 457 . 46 1. 773 
phenothrin Sumi thrin® 289. 29 1 
phenyl carbamates 297 
pheny1pyrazoles 286, 292. 300, 302, 32 1, 859 
phorate Thimet® 456, 461. 679, 7 14, 715, 733 , 773 
phosmet Imidan® 46 1, 773 
phosphamidon Swat® 311. 455, 46 1, 773 
phosphates 296, 297. 346 
phosphonothi onates 296, 297, 346 
phosphoramiclothiolates - - - - 296, 297 
phosphorothiolates 296, 297 
phosphorothiolothionates 296, 297 
phosphorothionate 296, 297 
piperonyl bu toxide 292, 320, 340 
profenofos Curac ro n® 291 , 296,297, 315, 320, 330,33 1, 346, 354, 373, 455 , 461 , 66 1, 

propargite 
propoxur 

773, 834 
Comite® 160. 292, 759. 773 
Baygon® 346 
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----289, 457 pyrethrins 
pyrethroids --- -7, 11,283, 286,288,289,291,309,310,320,333,448,451,453, 

pyrro1 
rotenone 

457,459,462,464,660,666,675,683,710,712,716,759,760,817,839 
Pirate® 286, 292, 303, 304, 321, 449, 859 
----286 

spinosad Tracer® 292, 303 
spinosyns 292, 303, 304, 859 
su1fer containing miticides 286, 304 
su1profos Bo1star® 291,297,311,314,315,331,346,372,455,461,661,773 
tefluthrin Force® 344 
tetradifon Gardona® 292, 304 
thiodicarb Larvin® 291,297,298, 316, 317,331,346,380,451,456,461,711,720,724, 

773 
tralomethrin Scout® 290,291,294,310,313,461,773 
triazophos Hostathion® 332 
trichlorfon Dylox® 311, 455, 461, 773 
zetacypermethrin Fury® 461 



SUBJECT INDEX 

application technology 
adjuvants 383 

A 

behavioral modifiers 383, 385 
chemigation 399 
efficiency 390, 460, 534, 858 
formulations 380, 633 
history 379 
insecticides and miticides 380, 387, 460, 858 
meteorological variables 380, 460 
microbials 380, 386, 534 
regulation 397, 833 
release of predators and parasites 400 
safety 397, 400 
spray deposits 381 , 383, 384, 390 

B 
behavior-modifying chemicals 

insect and mite pests 8, 9, 405 
parasites 88, 420, 518, 529 
pheromones 8, 405 
predators 88, 420 

biology 
insect and mite pests 2, 8, 18, 20, 23, 25, 30, 

32, 34, 38, 40, 42, 43, 45, 48, 156 
microbial organisms 168, 173, 179, 181, 185 , 

187, 191, 193, 196,200, 531 
parasites 117, 119, 120, 123, 126, 127 
predators 94, 98, 104, 108 

biological control 
applications 88, 89, 125, 129, 512, 537, 747 
augmentation 88, 125, 514, 517,521 , 526, 

529 
Bt co tton347, 467,535,581 , 846, 859 
classical 88, 512, 515, 519, 525 
conservati.on 88, 513, 515, 520, 525, 527, 606 
microbial organisms 163, 386, 530 
parasites 88, 115, 119, 122, 125, 127, 138-

142,400,421,514 
predators 88, 94, 97, 103, 107, 131-138, 400, 

514 
semiochemicals 518, 529 
suppression S?, 518, 519, 522,526, 53 1, 533, 

537, 606 

boll weev il 
biology and ecology 2, 8, 18 
history of in vasion and spread I, 328, 47 1, 

625, 626 
impac t on production 2, 325,447, 471 , 627 
key pest 2, 324, 629, 795 
pheromone 8, 9, 408, 611, 633, 685 

reproductive-diapause control 8, 633 , 634, 
701 , 848 

resistance development 6, 283, 454, 630, 677 
secondary pest outbreaks 1, 5, 164, 448, 456, 

459,629,631,696, 796 
suppression tactics 8, 610, 685 , 703 
trapping 12, 279, 409, 634, 641 

boll weevil eradication 
economics 411, 628, 638, 647, 789, 795-8 11 
experiment 12, 409, 610, 633, 796 
justification 11 , 628 
pesticide savings 452, 638, 647, 670, 790, 

799-804 
principles 8, 640, 649 
programs 8, 12, 328,409, 639, 640, 646, 662 
technology development 11 , 409, 546, 611 , 

632 
triall2 , 409, 548, 637 , 662, 796 

c 
chemical control 

application technology 379, 460, 858 
costs 362, 761 
efficacy 5, 448, 457 , 460-465 
future II , 322, 466, 858 
history 3, 5, 283, 447, 449, 452, 457 , 656, 

743 
recommendations 458, 461 , 465 , 466, 665, 

679, 699, 858 
regional use 5, 449, 452, 457, 465, 656, 759 

computer 
decision aids 10, 217, 230, 5 17, 7 10, 752 
expert systems 236 
models 10, 90,207, 229,251,5 16, 710, 752 

cultural coutrol 
earliness 2, 4, 8, 486-492, 496, 615, 856 
habitat modification/removal 503 
harvest aids 4, 8, 472, 480, 484, 485 , 496 
planting elates 4, 268, 485, 492, 50 1, 702, 

749, 856 
regulation 4, 481, 485 , 703, 73 1 
row configuration 270 , 493 
sanitation 2, 4, 472, 484 
short-season cotton 10, 272, 489-492, 496-

499, 615, 703,787 
stalk destruction 2, 4, 8, 472-479, 485, 703, 

731 , 856 
strip/trap cropping 2, 504, 505 , 747, 856 
tillage 472, 484 
winter irrigation 4, 472, 484, 749 
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E 
earliness 

benefits 4, 10, 788, 822 
crop phenology 822 
genetic 486-492, 564 
harvest aids 4 
short-season cotton 4 , 10, 489-492, 496-

499, 565, 6 15,703 ,787, 822 

economics 
benefit-cost analys is 253, 782, 785, 79 1, 

806 
boll weev il eradication 8, 638, 647, 664, 

795, 806 
costs 360,5 11 , 755,761 ,774, 801 
impact 5 11 , 755, 762, 774, 8 15, 828 
losses to pests 324, 325, 360, 5 11 , 755 , 762, 

774 

G 
genetic control 

applications 150 , 433, 537, 544-546 
mutations 540 
sterile insec ts 150, 40 l , 433, 436, 439, 540 
sterility types 539, 540, 541, 553, 558, 559 

H 
host plant resistance 

appli cat ions 564, 596, 857 
earliness 564 
germplas m sources 564 
morphological traits 565 
res istnnce to pests 564 

insec t and mite pests 
biology and ecology 2, 8, 18, 20, 23, 25, 30. 

32. 34, 38, 40,42, 43, 45,48 
color p lates 69-85 
damage guide 5 1-56 
economic impact 755, 762. 795 
hi storical developments I, 5, 6, 9, 148, 156, 

205,283 , 447, 454,458, 468, 496,625 
identification guide 57-67 
microbial organisms 163, 165 , 530 
movement 144, 857 
parasites 2, 87, 115 , 11 9, 122, 125, 127 , 

138- 142, 5 15 
predators 2, 87, 94, 97, 103, 107, 11 0, 13 1-

138, 5 15 
rearing 7 
resis tance deve lopment 6, 7, 323, 452, 455 , 

457 , 458,745 
yield losses 324, 325 , 360, 761 , 778 

insect and mite management programs 
area-wide suppress ion 377, 50 I, 602, 61 3, 

6 19.622,690,748,856 

SUBJECT INDEX 

beltw ide regions 4, 10. 607, 6 13, 655, 674, 
695, 74 1 

benefit-cost analysis 617, 781 
extension 3, 9, 660, 678, 709, 72 1, 735, 

747, 75 1, 844, 854 
historical developments 2, 5, 8, 205, 447, 
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