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WEED SCIENCE

Cotton Response to Imazapic and Imazethapyr
Applied to a Preceding Peanut Crop

Alan C. York,* David L. Jordan, Roger B. Batts, A. Stanley Culpepper

INTERPRETIVE SUMMARY cotton but did not affectyield. No treatment affected
cotton fiber quality.

Knowledge of the potential for herbicide residues  Our results suggest the risk of imazethapyr
to persist and damage rotational crops is importantarryover to cotton planted the year following
when developing and recommending weedpostemergence applicationto peanutis minimal. The
management strategies. Peanut growers have beguasults substantiate the manufacturer’s claim that
using the imidazolinone herbicides imazapic (Cadre)cotton can be planted 9.5 mo after postemergence
and imazethapyr (Pursuit). These residual herbicideapplication of imazethapyr if 41 cm (16 in) of
control a broad spectrum of broadleaf weeds plugainfall or irrigation are received between the time of
nutsedge species. Cotton, which can be injured bypplication and the end of October of the application
residues of imidazolinone herbicides, commonly isyear. The results also indicate little risk of imazapic
rotated with peanut in North Carolina and across thecarryover to cotton if applied postemergence the
southeastern production region. preceding year. Imazapic carryover to cotton

Field experiments were conducted in North following postemergence application to peanut is
Carolina to determine the effects of imazapic andobserved occasionally in growers’ fields, whereas
imazethapyr applied to peanut on the growth andcarryover of imazethapyr is seldom seen.
yield of cotton planted the following year. Both
crops were grown using conventional tillage systems. ABSTRACT
Imazapic was more injurious to cotton when applied
preplant incorporated to the preceding peanut crop, Knowledge of the potential for herbicide residues
compared with postemergence application. Imazapido persist and damage rotational crops is important
applied preplantincorporated at the manufacturer'svhen developing and recommending weed
recommended rate and twice the recommended rat%‘?”cigrﬁmgzltysgrsatsgﬁtséd Tﬁa%fifsﬁhﬁituy%ﬁ%ﬁa
visibly injured cotton, and imazapic at tWI(.:e the Gossypium hirsutumL.) in North Carolina. The
recommepded rate delaygd cotton maturity and 4. dlinone  herbicides imazapic {(3-2-[4,5-
reduced yield 44%. Imazapic ap_phed postemergencgihydro_4_methy|_4 (1-methylethyl)-5-0xo-H-
atthe recommended rate and twice the recommendeghigazol-2-yl]-5-methyl-3-pyridinecarboxylic  acid}
rate caused minor injury to cotton but did not affectand imazethapyr {(+)-2-[4,5-dihydro-4-methyl-4-(1-
yield. Less carryover of imazapic applied methylethyl)-5-oxo-1H-imidazol-2-yl]-5-ethyl-3-
postemergence was likely due to photodegradation byyridinecarboxylic acid} are used commonly in
sunlight. peanut. Field experiments were conducted to

the recommended rate did not injure cotton. aPplied to peanut on the growth and yield of cotton

Imazethapyr applied postemergence at twice thé)lf"mted the following year. Imazapic was more

recommended rate caused minor visible injur toIIrlJurious to cotton when applied - preplant
jury incorporated to the preceding peanut crop, compared

with postemergence application. Imazapic applied
preplant incorporated at 35 g a.i. ha, or half the
A.C. York, D.L. Jordan, Dep. of Crop Sci., and R.B. Batts, manufacturer's recommended rate, did not injure
Dep. of Hort. Sci., North Carolina State Univ., Raleigh, NC; cotton. Imazapic applied preplantincorporated at 70
A.S. Culpepper, Dep. of Crop and Soil Sci., Univ. of Georgia, gnd 140 g hé visibly injured cotton 19 to 58%, and

Tifton, GA. Received 7 Mar. 2000. *Corresponding author imazapic at 140 g ha delayed cotton maturity and
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reduced yield 44%. Imazapic applied postemergence or more postemergence herbicide applications
at 70 to 140 g ha caused minor injury to cotton but (Wilcut et al., 1987, 1991).

did not affect yield. No cotton injury was noted Imazethapyr, an imidazolinone herbicide
fo”o‘f"”g imazapic applied postemergence at350r53 g gistered in 1991, was the first herbicide for peanut
g ha'. Imazethapyr applied postemergence to peanut .1 ide broad spectrum residual control of dicot

at the recommended rate of 70 g a.i. hadid not . . .
injure cotton. Imazethapyr applied postemergence at weeds and nutsedge SPpecies (W|Ic_ut_et aI._, 1995;
York et al.,, 1995). Imazapic, an imidazolinone

140 g ha! caused visible injury to cotton but did not - X X )
affect yield. No treatment affected cotton fiber ~ herbicide registered for use in peanut in 1996, also

quality. controls a broad spectrum of dicot weeds, and it is
more effective than imazethapyr on some

ptimum peanut Arachis hypogaeaL.) troublesome dicot weeds, yellow nutsedggderus

production requires excellent weed control. esculentusL.), and purple nutsedgeCyperus
Peanut, due to its canopy architecture, is lesgotundusl.) (Grichar and Nester, 1997; Richburg et
Competitive with weeds than are Coma may$_) al., 1995, 1996; Webster et al., 1997; Wilcut et al.,
and soybeanGlycine maxL.) Merr.] (Brecke and ~ 1996).
Colvin, 1991; Wilcut et al., 1995). Peanutisalow-  Carryover of herbicides to rotational crops can
growing crop that shades row middles slowly andbe & significant problem for producers. Cotton
allows emergence of weeds over a longer period thagommonly is rotated with peanut in the southeastern
more competitive crops (Wilcut et al., 1994). production region. Most herbicides registered for

Moreover, weeds greaﬂyinterfere with d|gg|ng and use in peanut do not restrict rotation to cotton.
threshing operations. However, labels for imazapic (Cadre DG Peanut

Peanut producers use So”-app“ed andHerbiCide label, BASF Corp., Research Triangle

postemergence herbicides extensively in an effort td°ark, NC) and imazethapyr (Pursuit DG Herbicide
keep the crop weed-free (Jordan and York, 1999jabel, BASF Corp., Research Triangle Park, NC)
Wilcut etal., 1994). Soil-applied herbicides such asinclude specific restrictions on rotation to cotton.
pendimethalinii-(1-ethylpropyl)-3,4-dimethyl-2,6-  The imazapic label prohibits planting cotton within
dinitrobenzenamine], ethalfluraliNfethyl-N-(2- 18 mo of application to peanut. The imazethapyr
methyl-2-propenyl)-2,6-dinitro-4- label also specifies an 18-mo rotational restriction
(trifluoromethyl)benzenamine], and metolachlor [2- for cotton in most cases. The exception is a 9.5-mo
chloroN-(2-ethyl-6-methylphenyIN-(2-methoxy-1-  restriction forimazethapyr applied postemergence to
methylethyl)acetamide] control annual grasses and€anut on sandy loam or loamy sand soil and receipt
small-seeded dicot weeds such as pigweed specie¥ greater than 41 cm of rainfall or irrigation
(Amaranthusspp.) and common lambsquarters following application through October of the
(Chenopodium alburh.) (Jordan and York, 1999; application year.

Wilcutetal., 1995). Postemergence herbicides such ~ Imidazolinone herbicides can persist and damage
as acifluorfen {5-[2-chloro-4- cotton and other crops planted the year after

(trifluoromethyl)phenoxy]-2-nitrobenzoic  acid}, herbicide application (Curran et al., 1992; Johnson
bentazon [3-(1-methylethyl)-#)-2,1,3- and Talbert, 19931996; Johnson et al., 1995;
benzothiadiazin-4(3)-one 2,2-dioxide], paraquat Jourdanetal., 1998; Marsh and Lloyd, 1996; Moyer
(1,1-dimethyl-4,4"-bipyridinium dichloride), agg#- ~ and Esau, 1996; Vencill et al., 1990; Walsh et al.,
DB [4-(2,4-dichlorophenoxy)butanoic acid] control 1993).  Imidazolinone herbicides are primarily
nutsedge and annual dicot species such as commdtegraded microbially (Flint and Witt, 1997). Thus,
cocklebur Kanthium strumariurh.), morningglory ~ cool and dry conditions enhance the potential for
specieslpomoeaspp.), common ragweelliibrosia  carryover. Persistence of imidazolinone herbicides
artemisiifolia L.), and prickly sida $ida spinosa and residue bioavailability also are influenced by
L). Lack of residual activity from these Mmethod of application and soil pH, organic matter,
postemergence herbicides and multiple flushes ofexture, and moisture (Curran et al., 1992; Gan et
weed germination often require growers to make twodl-, 1994; Johnson et al., 1995; Loux and Reese,
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1993; Mangels, 1991; Marsh and Lloyd, 1996; received the nonresidual herbicides paraquat at 140

Renner et al., 1988; Stougaard et al., 1990). g a.i. ha applied early postemergence followed by
Knowledge of the potential for herbicide residues the sodium salt of acifluorfen at 280 g a.i*pdus

to persist and damage rotational crops is importanthe sodium salt of bentazon at 560 g a:t.dyplied

when developing and recommending weedpostemergence.

management strategies (York, 1993). Researchwas Early postemergence treatments were applied 14,

conducted in North Carolina to determine the 16, and 14 d after planting in 1991 9P9andl993,

potential for imazapic and imazethapyr applied torespectively. Postemergence treatments were applied

peanut to adversely affect cotton planted the28, 29, and 26 d after planting in 1991, 1992, and

following year. 1993, respectively. Herbicides were applied as
broadcast sprays using a E@essurized backpack
MATERIALS AND METHODS sprayer equipped with flat-fan nozzles and calibrated

to deliver 230 L ha at 207 kPa.

The experiment was conducted in separate fields ~ Normal production practices were used in the
at the Upper Coastal Plain Research Station neapeanut crop. The four center rows of each plot were
Rocky Mount, NC from 1991 through 1994. The harvested in 1992 and 1993; yield was not recorded
soil was a Norfolk sandy loam (fine-loamy, siliceous, in 1991. After peanut harvest, the test site was
thermic Typic Paleudults). During the rotations, the disked once. The site was disked again the following
organic matter content and pH were 1.1% and 5.3 irspring and, with known reference points to ensure
1991-1992; 0.8% and 5.5 in 1992-1993; and 1.6%locating plots in the same area as in the previous
and 6.0 in 1993-1994. Soils were characterizedyear, bedded with in-row subsoiling. All tillage
using the chromic acid colorimetric method (Nelson operations were performed parallel to the peanut
and Sommers, 1982) for organic matter rows to minimize lateral movement of herbicides to
determination. adjacent plots. Plotlength for cotton was reduced to

Peanut was planted in the first year of the 15 mto compensate for any longitudinal movement
experiment. Plot size was eight rows, 91-cm by 24of herbicides. All data on cotton were recorded from
m. Seedbed preparation for peanutincluded diskinghe center two rows of the eight-row plots.
followed by bedding with in-row subsoiling. Cotton cv. DES 119 was planted in 91-cm rows
Pendimethalin at 1.1 kg a.i. havas applied to all on 4 May 1992, 12 May 1993, and 29 April 1994.
peanut plots and incorporated on the bed with aPendimethalin at 1.1 kg havas applied prior to
power-driven, vertical-action tiller. Peanut cv. NC planting and incorporated on the beds with a power-
9 was planted 14 May 1991, 13 May 1992, and 13driven, vertical-action tiller. FluometurorN{N-

May 1993. dimethylN'-[3-(trifluoromethyl)phenyllurea} at 1.1

Treatments to peanutin 1991 included imazapickg a.i. hat was applied preemergence. The few
at 35, 70, and 140 g haapplied preplant weeds escaping this treatment were removed by
incorporated or early postemergence, andhand. Other production practices were standard for
imazethapyr at 70 g Ha applied early cotton grown in eastern North Carolina.
postemergence. In 1992, it became apparent that Cotton injury was estimated visually 3, 6, and 16
imazapic would be positioned in the marketplace aswvk after planting, using a scale of 0 = no injury to
a postemergence herbicide. Treatmentsin 1992 anti00 = complete crop death. Cotton stand was
1993 included imazethapyr at 70 and 140 g ha determined by counting all plants in the center two
applied early postemergence, and imazapic at 35, 53pws of the plots following cotton defoliation. In
70, 105, and 140 g Happlied postemergence. A 1992 only, 10 adjacent plants from each of two
nonionic surfactant (X-77 Spreader, Loveland randomly selected sections of row in each plot were
Industries Inc., Greeley, CO) at 0.25% () was  mapped about 3 wk prior to harvest to determine boll
included with early postemergence and productionand boll distribution on plants (Mauney,
postemergence herbicides. A no-imidazolinone1986). Cotton was harvested with a spindle picker.
herbicide check was included each year. In additionA subsample of harvested seedcotton from each plot
to pendimethalin preplant incorporated, check plotswas collected and used for percent lint determination.
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Fiber length, fiber length uniformity, fiber strength, postemergence, respectively, to the preceding peanut
and micronaire were determined by high volumecrop (Table 1). Injury symptoms, typical of
instrumentation testing (Perkins et al., 1984). imidazolinone herbicides, included stunting,
The experimental design was a randomizedshortened internodes, and yellowish-orange color of
complete block with treatments replicated four times.young leaves. Symptoms of imazapic injury
Data were subjected to analysis of variance, andleveloped slowly. Injury was first apparent about 3
means were separated by Fisher’s protected LSD testk after planting and peaked at about 6 wk after
at P = 0.05. Cotton data from 1993 and 1994 werelanting, a time frame similar to that previously
pooled when a year by treatment interaction was noteported for imazethapyr and imazaquin {2-[4,5-

observed. dihydro-4-methyl-4-(1-methylethyl)-5-oxoH:
imidazol-2-yl]-3-quinolinecarboxylic acid} symptom
RESULTS AND DISCUSSION development in cotton (York and Wilcut, 1993).

Cotton stand was reduced by imazapic at 140'g ha

Peanutyields were similar with all treatments in applied preplant incorporated and early
1992 and 1993. Pooled over treatments, yields wer@ostemergence (Table 1). Data to compare cotton
4840 and 3600 kg Hain 1992 and 1993, emergence with plant survival were not collected.
respectively (data not shown). However, visual observations suggested cotton

Imazethapyr applied at the manufacturer's emergence was similar in all treatments. In other
recommended rate of 70 ghearly postemergence research (Basham et al., 1987), imazaquin at rates
to peanut in 1991 did not cause visible injury to up to eight times the commercial use rate did not
cotton in 1992 nor affect cotton stand, boll affect cotton emergence.
production, or seedcottonyield (Table 1). Imazapic  Greater boll production in 1992 was noted in
was more injurious to cotton when applied preplantplots previously treated with imazapic applied
incorporated to the preceding peanut crop comparegreplant incorporated at 140 g “hgTable 1).
with early postemergence application. Imazapic atHowever, plant mapping indicated delayed cotton
35 g hd, half the manufacturer's recommended rate,reproductive development in these plots. In check
applied preplantincorporated or early postemergencelots, the first sympodium (fruiting branch) was on
did not adversely affect cotton. Imazapic at 70t ha node six. Compared with the check, imazapic at 140
applied early postemergence to peanut also did nog ha® applied preplantincorporated to the preceding
injure cotton, but imazapic at the same rate appliegpeanut crop reduced boll production frapdes six
preplant incorporated injured cotton 19% 6 wk after through 13 (Table 2).Injured cotton compensated for
planting. Cotton stand, boll production, and yield the delay in reproductive development by setting
were unaffected by imazapic at 70 g'magardless  more bolls on sympodia from nodes 18 and higher.
of method of application. Similar effects of imazaquin residues were reported

Imazapic at 140 g Hainjured cotton 58 and earlier (York and Wilcut, 1993). Other researchers
20% when applied preplant incorporated and earlyalso have reported cotton maturity delays due to

Table 1. Cotton cv. DES 119 injury, stand, boll production, and yield in 1992 following peanut treated with imazapic and
imazethapyr in 1991 at the Upper Coastal Plain Research Station near Rocky Mount, NC.t

Herbicides Rates Method of application Injury Stand Boll production Seedcotton yield
g hat % No.(10 my* No.(10 plants)* kg hat
Imazapic 35 Preplant incorporated 0 123 118 3650
Imazapic 70 Preplant incorporated 19* 115 126 3150
Imazapic 140 Preplant incorporated 58* 106* 162* 2010*
Imazapic 35 Early postemergence 0 125 118 3890
Imazapic 70 Early postemergence 0 119 109 3830
Imazapic 140 Early postemergence 20* 106* 149 3360
Imazethapyr 70 Early postemergence 0 121 120 3860
Check - - 0 122 126 3590

t Means followed by an asterisk (*) are different from the check at P = 0.05.
¥ Injury recorded 6 wk after planting.
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Table 2. Cotton cv. DES 119 boll distribution in 1992  Table 3. Monthly rainfall, 1991 to 1994, at Upper Coastal

following peanut treated with imazapic in 1991 at the Plain Research Station near Rocky Mount, NC.t
Upper Coastal Plain Research Station near Rocky  wmonth 30-yr 1991 1992 1993 1994
Mount, NC.T average
Nodes em
Treatments 6-9 10-13 1417 >17 January 9.90 8.95 14.35 10.95 7.10
% of total bolls February 9.80 1.75 6.30 6.45 6.75
Check 28 33 22 1 March 10.50 10.85 9.05 16.50 19.35
Imazapic 140 g hd applied 15 23 23 34* April 815 7.30 5.25 8.30 4.25
preplant incorporated May 9.90 4.70 5.50 6.25 8.15
- - June 11.10 3.35 14.40 6.60 11.45
T Means followed by an asterisk (*) are different from the July 12.40 19.55 7.20 11.40 9.65
check at P = 0.05. August 12.10 8.852 9.70 2.40 10.90
September 9.60 10.80 8.25 12.15 9.25
October 7.15 4.95 9.75 10.55 7.10

carryover of imidazolinone herbicides (Johnson andygemper 705 600 1480 830 425
Talbert, 1996; Johnson et al., 1995). Boll weight December 8.45 8.95 6.95 11.75 2.50
was not determined, but the bolls in the uppert Rainfall recorded on site.
portion of plants in plots previously treated with
imazapic at 140 g ha preplant incorporated postemergence applicationin 1991 (data not shown).
appeared to be smaller. Additionally, many of theselmazapic applied early postemergence may have
bolls never matured and opened. This lead to a 44%emained predominately on the soil surface where it
seedcotton yield reduction (Table 1). Other could be subjected to photolysis while imazapic
treatments had no effect on boll distribution in 1992 applied preplant incorporated may have been better
(data not shown). protected from photolysis. Additionally, May, June,
Greater carryover of imidazolinone herbicides August, and October, 1991 were drier than normal
has been observed when the herbicides were applie@ able 3), perhaps reducing microbial degradation of
preplantincorporated compared with preemergencémazapic. Average temperatures during the 1991
or postemergence application (Curran et al., 1992growing season were 0.3 to 3’@ greater than
Johnson and Talbert, 1996; Renner et al., 1988)normal (data not shown), but these small differences
This carryover was likely due to less photolysis of likely would not affect herbicide dissipation.
the herbicides applied preplant incorporated  Cotton was injured 3% orlessin 1993 and 1994
(Basham and Lavy, 1987; Venkatesh et93). by imazethapyr at 70 g Haapplied early
Photolysis may explain why less cotton injury was postemergence or imazapic at 70 ¢ fapplied
observed following early postemergence applicationpostemergence to the preceding peanut crop (Table
of imazapic in 1991, compared with preplant 4). At 140 g h3, rates twice those recommended by
incorporated application. Only 0.25 cm of rainfall the manufacturer, imazapic and imazethapyr injured
was received during the first 20 d after early cotton 10% or less. Neither herbicide applied to the

Table 4. Cotton cv. DES 119 injury and yield in 1993 and 1994 following peanut treated with imazapic and imazethapyr
in the preceding year at the Upper Coastal Plain Research Station near Rocky Mount, NC. T

Injuryt

Herbicide Rate Method of application 1993 1994 Seedcotton yield§

g hat % kg hat
Imazapic 35 Postemergence 0 1 2550
Imazapic 53 Postemergence 0 1 2650
Imazapic 70 Postemergence 1 3* 2640
Imazapic 105 Postemergence 3 9* 2570
Imazapic 140 Postemergence 4* 10* 2420
Imazethapyr 70 Early postemergence 1 0 2590
Imazethapyr 140 Early postemergence 9* 2 2470
Check - - 0 0 2540

t Means followed by an asterisk (*) are different from the check at P = 0.05. No differences were observed in
seedcotton yields relative to the check.

¥ Injury recorded 6 wk after planting.

§ Yield pooled over years.
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preceding peanut crop affected cotton stand or bolFlint,. J.L., an_d WW witt. 1997. Microbia_l degradation of
production (data not shown) or seedcotton yield in imazaquin and imazethapyr. Weed Sci. 45:586-591.
19_93 or 1994 (T_able 4)'_ Greater than nor_maIGan, J., M.R. Weimer, W.C. Koskinen, D.D. Buhler, D.L.
rainfall was received during the 1992 growing Wyse, and R.L. Becker. 1994. Sorption and desorption

season, but the 1993 season was drier than normal of imazethapyr and 5-hydroxyimazethapyr in Minnesota
(Table 3). soils. Weed Sci. 42:92-97.

T.reatments. had no effect on lint percentage orGrichar, W.J., and P.R. Nester. 1997. Nutsed@gérus
the fiber quality parameters recorded (data not g,y control in peanutA¢achishypogadawith AC
shown). Pooled over treatments, lint percentage, 263,222 and imazethapyr. Weed Technol. 11:714-719.
micronaire, fiber length, fiber length uniformity, and
fiber strength were 43.5%, 4.3, 29 mm, 82.4%, and]ohnson, D.H., and R.E. Talbert. 1993. Imazethapyr and

. . ) o imazaquin control puncturevin&rfbulus terrestrig but
307kNm kgl’ respectlvely, in 1992; 43.4%, 4.8, 29 carry over to spinachSpinacia oleracea Weed

mm, 83.6%, and 313 kN m Rgrespectively, in Technol. 7:79-83.
1993; and 41.6%, 5.3, 29 mm, 83.8%, and 279 kN
m kgl, respectively, in 1994, Johnson, D.H., and R.E. Talbert. 1996. CottBogsypium

These results suggest there is minimal risk of hirsutun) response to imazaquin and imazethapyr soil
. idues. Weed Sci. 44:156-161.
imazethapyr carryover to cotton planted the year residues. teed sct
following postemergence application to peanut. johnson, D.H., R.E. Talbert, and D.R. Horton. 1995.
Similar conclusions were reached by Johnson and Carryover potential of imazaquin to cotton, grain
Talbert (1996). Our results substantiate the  sorghum, wheat, rice, and corn. Weed Sci. 43:454-460.
maan.aCturer S recommendation (Pursur[_ DG Jordan, D.L., and A.C. York. 1999. Weed management in
Herbicide label, BASF Corp., Research Triangle peanuts. p. 28-53In D.L. Jordan (ed.) 1999 Peanut
Park, NC) that cotton can be planted 9.5 mo after  Information. Publ. AG-331. North Carolina Coop. Ext.
postemergence application of imazethapyrif 41 cm  Serv., Raleigh, NC.
or more of rainfall or irrigation are received between _ _
the time of imazethapyr application and the end ofjourdan‘ SW., BA. Majek, and A.O. Ayeni. 1998

_py . PP Imazethapyr bioactivity and movement in soil. Weed Sci.

October of the application year. Our results also  46:608-613.
indicate little risk of imazapic carryover to cotton if
the herbicide is applied postemergence. Imazapi¢oux, M-M.and K.D. Reese. 1993. Effect of soil type and pH
carrvover has been noted occasionallv in growers’ on persistence and carryover of imidazolinone herbicides.
. Y . . .y 9 Weed Technol. 7:452-458.
fields in North Carolina, whereas imazethapyr
carryover has not been observed (authors’ personahiangels, G. 1991. Behavior of imidazolinone herbicides in

observations). soil: a review of literature. p. 191-20% D.L. Shaner
and S.L. O’'Connor (ed.) The Imidazolinone Herbicides.
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