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ARTHROPOD MANAGEMENT

Methomyl Resistan@in Strains and Crosses of Tobacwm Budworm:
Degree of Dominance and Patroclinous Effects

D.A. Wolfenbargetr ard D.J. Wolfenbarger

INTER PRETIV E SUMMARY

The heritability of respone to methamyl was
detemined for a stran of tobaco budwom field-
collectal nea Brownsiille, Texas Matings
(brothersiste) of the field-collectad stran to a
referance stran produced larvae that regponded
much likethefield-collectad parent Dataindicated
tha inheritane of respons to methamyl was
dominant The respone levels of both the crosses
found in generatim one were the same in the
secom generation.

Larvae producel by matings of males of the
field-collectad stran and females of the reference
strain were less susceptibe to methamyl than were
larvae producel by mating of males of thereferance
stran to females of the field-collected strain,
indicating a possibk linkage to the male of the
field-collectad strain (i.e. patrodinows effect). A
previous study using the sane methoddogy on a
different field-collected stran of the tobacco
budwom did not sugged thislinkage to the male of
the field-colleded strain This indicates that there
are different modes of inheritane for respons of
insecs from the field to methamyl among different
strairs of the tobaco budwom.

Thesresulssugged tha methanyl shoutl not
be usal on a population of tobaco budwoims
against which it had performed poarly the previous
generation. Increased tobacco budworm
susceptibiliy shout not be expected evenif moths
of the stran collected from the field have mated
with mothsthat aresusceptibdto methomyl. A shift
shoutl be mace to anothe class of insecticide.

55 Cadle Cenizq Brownsville, TX 78520 Receival 24 Dec.
1997 *Correspondig autha (D59d@aol.ca).

Abbreviations: LD, lethd dose for 50% of ted insects F;,
first filial generationF,, seconl filial generation.

ABSTRACT

A field-collected (field) and a susceptible
referene strain of tobaco budworm [Heliothis
virescens (F.)] were crossal to determine mode of
inheritance for their respong to methomyl
(Lannate). The field strain was not selectel because
we wanted to determinethe mode of inheritance of a
non-selectal strain. Our results were different from
previousresultson theinheritanc e of respongtothis
insecticidewith other strainsof thisinsect Methomy!l
was applied topically to progeny of the field and
susceptibk strains and crosses of them. LD, values
(as pg methomyl/lar va) were determined after 48 h.
Probit analysiswasusel to calculate 95% confidence
intervals and slopes of regression The LD ., value of
the field strain was significantly greater (17fold)
than that of the susceptibestrain. The LD ¢, valuesof
both reciprocal crosses of F, and F, were not
significantly different from the LD, of the field
strain, indicatin g that respons to methomyl by this
field strain was dominant. The LD, of susceptibk x
field (femalelisted first) in theF, reciprocal crosswas
significantly greater than the LD, of field x
susceptible indicating apossibk sex linkage. Results
indicate a possibk patroclinous eff ect.

Variaticn in respons to methamyl by field-
collectal strairs of the tobaco budwom in
Mexico and the United States has bean shown by
Rous and Wolfenbarmer (1985 and Wolfenbager
et al. (1987) respectiely. In 1972 Wolfenbager
(1973 reportal that field-collectad strairs from
Mexico and referene susceptilé strairs of this
inse¢ were equally susceptibd to methamyl.
Roush ard Wolfenbager (1985 further showed
tha the inheritane of resistane to methanyl by
crosss of a field-collectad stran from Torreon,
Coabhuila, Mexico ard anothe referene stran was
due to asingle, autosanal, incompletely dominant
gene.

Inthisstudy, afield strain (field-collected near
Browngville, Texag ard the same referene strain
usal by Wolfenbarge (1973 were crossedRoush
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and Wolfenbarger (1985) reported the inheritancebecause no disease was present. Doses were
pattern of the Foffspring was compared to that of selected to provide an Lfp(as pg/larva). Slope of
similar crosses. The same methods were used ithe regression and 95% confidence interval were

both experiments. obtained by probit analysis (SAS Institute,1988).
The degree of heterogeneity for the regression was
MATERIALS AND METHODS determined by chi-squaré&(f) by the same probit
analysis.
Technical methomyl (>96% purity) was Larvae that survived the bioassay from each

obtained from DuPont, Inc., Wilmington, Delaware. reciprocal cross were reared to pupation on
The susceptible reference strain has been reared atrtificial diet for brother-sister matings of the, F
the USDA laboratory in Brownsville since 1968. generation. This was done to determine the amount
The field strain was reared without selection from of variation caused by segregation that occurred
43 larvae collected from cotton near Brownsville in between Fand E of each reciprocal cross.
July 1974. The test was initiated in September with A significant difference in LI, values among
adults reared for one generation to ensure adequatstrains, crosses, and generations was indicated when
insects. Throughout the test, larvae were reared or§5% confidence intervals did not overlap.
soybean-based artificial diet to pupation. Pupae ofGeorghiou and Garber (1965) described
each strain and cross were sexed and maintainedalculations of the expected mortality for 0.155,
separately. Emerging moths of the field and 0.625, and 5 ug methomyl/larva in, Fo show
susceptible strains were crossed reciprocally for theeffects at low, medium, and high doses in the
F, generation (the female listed first in each cross).second and first generations. The differences
Each strain was intra-strain mated. Depending onbetween expected and observed mortalities were
the number of adults available, 10 to 20 randomly then determined byX? (tested for significance at
selected pairs were placeddr¥8 L containers with P, ,sfor 1 degree of freedom). Degree of dominance
cheesecloth coverings for oviposition at 23+4°C. (D) was determined by the methods of Stone
Covers were removed daily. Eggs were held for 2to (1968). When D = 0, the heterozygote had the same
3 days for eclosion. One or two containers were degree of susceptibility to the field strain as it did to
used for each cross or strain each generation. the susceptible strain. D = 1 was indicative of
Single neonate larvae were placed in 22 mL complete dominance and 0 < D > 1 of incomplete
plastic cups containing about 10 mL diet and held dominance.
at 27°C. Larvae of each strain or cross were treated
in about 5 days when they weighed 20 to 30 mg. RESULTS AND DISCUSSION
Larvae were treated in another location at 25+4 °C.
Care was taken to ensure the larvae were not The LDy, value for field strain was significantly
molting at the time of treatment. greater (17-fold ) than the Lipof the susceptible
Larvae of crosses that survived treatment eachstrain (Table 1). The L) of the field strain was not
generation were reared to pupation for brother-sistersignificantly different from the LI, values for the
matings to produce the,Fgeneration. This was F; and F reciprocal crosses (Table 1). Inheritance
done to determine the amount of variation betweenof methomyl resistance is considered to be
F, and F; generations. dominant. In a previous study, Roush and
Three to eight doses of methomyl, which Wolfenbarger (1985) showed an incomplete
ranged from 0.155 to 20 pg/larva, were diluted in 1 dominance or co-dominance with their strains. The
puL of reagent grade acetone. Doses were appliedstrains used in this study produced different results.
with a microapplicator to the dorsum of the thorax Using Stone’s calculations(1968), we determined
of 35 to 300 larvae/dose (two to five replicates that the degree of dominance for the Bf
conducted on different days) and mortalities were susceptible x field was 0.81 and that for the field x
determined after 48 h. Control mortality of the field susceptible was 0.4. Dominance was expressed
strain was not determined, but a dose of 0.0095more strongly in the Fof susceptible x field than
pg/larva was tested on 75 larvae. Control mortality shown by field x susceptible as evidenced by the
of the susceptible strain was not determined non-overlapping 95% confidence interval (Table 1).
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Table 1. Toxicity of methomyl to 20 to 30 mg larvae of a indicate the number of genes involved in our
field- collected (F) and susceptible (S), reference strain

strains.
and crosses of tobacco budworm. Measurements made . .
48 h after exposure. Brownsville, TX 1974. The LD, of the field strain was ;576-folq less
Dose Strain = = than that shown for larvae of the field strain that
1 2

Roush and Wolfenbarger (1985) used. Also, 80% of

(hgllarva) F S FxS SxPF FxS SxF the 46 field strains of tobacco budworm that

% Mortality Wolfenbarger et al. (1987) tested had greatetd.D
ig . %0 98% 8834 values than shown in this study. It is unknown what
5 65 96 85 75 63 77 this difference means in the interpretation of these
2.5 93 82 69 55 64 mode of inheritance results for methomyl. Only
1.25 88 64 57 51 52 further crossings of other strains and testing will
0.625 53 89 63 54 48 43 :

0.31 70 20 38 26 31 elucidate what Ie_vels _of response are negded_to
0.155 23 69 35 27 39 31 conduct mode of inheritance experiments with this
Treated larvae/dose insect. There was no significant difference inJ,D
35 90 81 300 200 200 valu_es pf our reference strain and those from St.
LD Croix-Virgin Islands that Roush and Wolfenbarger
=50

(1985) used.
Firko (1991) stated that inheritance mechanisms
that make an F population resistant may be

0.92 0.054 0.4 0.7 0.96 1.05

95% confidence interval

0.44- 0.022- 0.27- 0.59- 0.78- 0.85- polygenic. This may be shown here gséciprocal
354 009 054 08 118 14l crosses show dominance for resistance and a
Slope possible sex linkage for the male. We suggest that
079 094 091 082 072 065 each is controlled by alleles of different genes.
Heterogeneity of regression line Reduced sensitivity at the site of action, activity of
29 52 57 84 129t 343t  variousenzymes,reduced penetration ofthe cuticle,
¥ Significant at 5% level of probability by X2 and increased excretion rate of the insecticide by

the field strains are a few mechanisms that could be
involved in the tolerance or elevated Lf{¥alues to

The LDy, value of susceptible x field injfvas  methomyl -- even if a small proportion of the
significantly and < two-fold greater than that population contributed a dominantallele for each of
exhibited by the field x susceptible. A patroclinous these mechanisms. These mechanisms could be
effect (i.e., sex) is suggested for offspring of the presentinreference strains butatalowerincidence.
susceptible x field cross in thg.FPerhaps there are The regression lines for the field and
factors on the male chromosomes that contribute tosusceptible strains and both reciprocal crosses in F
this dominance. A patroclinous effect was not were homogeneous as indicated by a non-significant
evident in the crosses of the strains that Roush andX? (Table 1). Observed mortalities did not differ
Wolfenbarger (1985) used. No larvae of the field from expected mortalities. Curves for both F
strain treated with 0.0095 pg/larva died in 48 h or at crosses were heterogeneous. These results suggest
pupation. Thus, a disease, which would alter thethere was variation for response to this insecticide
results, was not evident. that was greater in the,Ehan the .

The F progeny of this non-selected strain are To determine differences between expected
heterozygotes. It is not known what would have (data not shown in table) and observed mortalities
happened to genes that affect biotic or other factorsfor three doses in the,[Feciprocal crosses, we used
if we had used a selection regime. We suggest thatalculations of Georghiou and Garber (1965) for
no field-collected strain of tobacco budworm is expected mortalities compared to mortalities in the
homozygous for resistance to any insecticide. parents and the ,HTable 1). This was done to

Firko and Wolfenbarger (1991) determined further validate the amount of variation by another
expected mortalities for one, two, four, and eight method of heterogeneous crosses. In the field x
genes. Little difference in mortalities was shown for susceptible cross, expected and observed mortalities
this number of genes so no attempt was made tdor 5 and 0.625 pug/larva were significantly
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