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WEED SCIENCE

Pyrithiobac and Bromoxynil Combinations with MSMA
for Improved Weed Control in Bromoxynil-Resistant Cotton

David C. Bridges, Timothy L. Grey,* and Barry J. Brecke

INTERPRETIVE SUMMARY often was as good with MSMA alone as with the
combinations. However, MSMA alone has a more
Pyrithiobac (Staple herbicide) and bromoxynil limited spectrum of control than the combinations.
(Buctril herbicide) were registered for weed control
in cotton in the mid-1990s. Pyrithiobac can be ABSTRACT
applied pre-emergence or post-emergence to any
variety of cotton, whereas bromoxynil can be applied  Field studies were conducted to determine the
post-emergence only to bromoxynil-resistant cotton.tolerance  of bromoxynil (3,5-dibromo-4-
Both herbicides are options for post-emergencelydroxybenzonitrile)-resistant cotton (Gossypium
control of several troublesome broadleaf weeds jnftirsutum L. “BXN 57) and weed control with
Georgia and Florida cotton. pyrithiobac {2-chloro-6-[(4,6-dimethoxy-2-

. - pyrimidinyl)thiolbenzoic acid}, bromoxynil,
Bromoxynil and pyrithiobac do not control yrithiobac plus MSMA (monosodium

S'Ck!epOd’ acommon weed in cotton in Georgia an(ﬁlethylars:onate), and bromoxynil plus MSMA applied
Florida. Prickly sida must be small (three or fewer post-emergence to one- to three-leaf cotton. MSMA at
leaves) for effective control. Sicklepod control can be .6 to 0.8 kg a.i. hat added to pyrithiobac at 70 g a.i.
improved by post-emergence-directed application ofha™* or bromoxynil at 0.6 kg a.i. ha' increased
MSMA, but successful post-emergence-directedcontrol of sicklepod [Senna obtusifolia(L.) H. S.
herbicide application requires a height differential Irwin & Barneby], yellow nutsedge (Cyperus
between the cotton and the weeds, and this is oftefsculentus..), and purple nutsedge Cyperus rotundus
difficult to obtain with sicklepod. L.) compared with pyrithiobac or bromoxynil applied
Experiments were conducted in Georgia andalone without adversely affecting cotton yield. MSMA

Florida to determine whether control of sicklepod by did notimprove prickly sida -(S'da spinosd..) control
. - : by pyrithiobac or bromoxynil.
bromoxynil or pyrithiobac could be increased by
mixing these herbicides with MSMA at rates suitable otton plantings in Georgia and Florida have

for overtop application, and to determine whether doubled since 1994 (Dowler, 1995; Webster

control by these mixtures would be adequate for1998; NASS2001). The success of the boll weevil
cotton.  ocrem _ (Anthonomus @ndis Boheman) eradication
MSMA at0.510 0.75 Ib a.i. acremixed with - 5-am and the reduced economic viability of

bromoxynil or pyrithiobac increased control of arnative crops have increased interest in cotton.
sicklepod and yellow and purple nutsedge compared Weed control, especially during the early stages

with bromoxynil or pyrithiobac applied alone and did ¢ -0 development, is essential. Cotton typically
not adversely affect cotton yield. Sicklepod control emerges and grows very slowly during the first 2 to

4 wk after planting. Hence the crop is vulnerable to
early-season weed competition (Buchanan and
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dipropyl-4-(trifluoromethyl)benzenamine] for control pyrithiobac (Jordan et al., 1993c; Monks et al.,
of annual grasses and small-seeded broadleaf weeds999) or bromoxynil (Jordan et al., 1993d;
and pre-emergence herbicides such as fluometuroRaulsgrove and Wilcut, 1999). Bromoxynil and
{N,N-dimethylN'-[3-(trifluoromethyl)phenyl]urea},  pyrithiobac mustbe applied post-emergence to small
norflurazon {4-chloro-5-(methylamino)-2-[3- prickly sida (three-leaf or less) for effective control
(trifluoromethyl)phenyl]-3(H)-pyridazinone}, or  (Culpepperand York, 1997). Otherwise, delaying the
prometryn N,N-bis(1-methylethyl)-6-(methylthio)- time of application results in decreased prickly sida
1,3,5-triazine-2,4-diamine] for control of broadleaf control for both herbicides (Jordan et al., 1993b;
weeds (Wilcut et al., 1995). Prior to registration of Paulsgrove and Wilcut, 1999).
pyrithiobac and bromoxynil, no herbicides were Sicklepod consistently ranks among the two most
available that could safely be applied post-emergencéroublesome weeds in Georgia and Florida cotton
to cotton to control broadleaf weeds escaping soil{Dowler, 1995, 1998). It is a vigorous competitor if
applied herbicides. Most cotton-producing statesemergence occurs within a few weeks of the crop
have special registrations allowing post-emergencgBuchanan and Burns, 1970). Densities of eight
application of reduced rates of MSMA or DSMA sicklepod per 7.3 m of row emerging with cotton can
(disodium methylarsonate), but MSMA or DSMA reduce vyieldup to 40%. Similarly, prickly sida
applied in this manner can delay cotton maturity andcontinues to be common and troublesome throughout
reduce yield (Monks et al., 1999). Fluometuron isthe southeastern cotton-production belt (Dowler,
registered for post-emergence application to cotton1998). Depending upon density and period of
but it also can delay maturity and reduce yield competition, prickly sida can reduce cotton yield
(Snipes and Byrd, 1994). Hence weed control effortgBuchanan et al., 1977, 1980). Sicklepod can be
after crop emergence shifted to cultivation and use otontrolled by fluometuron, MSMA, or DSMA
post-emergence-directed sprays (Buchanan, 1992applied post-emergence, but successful directed
Wilcut et al., 1995). application requires a height differential between
Pyrithiobac, a pyrimidinyl thiobenzoate cotton and weeds (Monks et al., 1999).
herbicide that inhibits acetolactate synthase, was The objective of this research was to determine
registered in 1996 for pre-emergence and postif weed control by pyrithiobac and bromoxynil could
emergence application to cotton (Hatzios, 1998).be improved by mixing each of these herbicides with
Applied post-emergence, pyrithiobac controls severaMSMA at rates suitable for post-emergence
broadleaf weeds common to U.S. cotton with application.
minimal crop response (Jordan et al., 1993a,c;

Culpepper and York, 1997). Pyrithiobac applied MATERIALS AND METHODS
post-emergence controls pigweed species

(Amaranthuspp.), morning-glory specidppmoea Experiments were conducted in 1995 and 1996
spp.), velvetleaf Abutilon theophrastiMedik.), in different areas of the same field at the Southwest

hemp sesbanigBesbania exaltatéRaf.) Rydb. ex  Georgia Branch Experiment Station near Plains, GA,
A.W. Hill], and common cockleburXanthium and at the West Florida Research and Education
strumariumL.). Center near Jay, FL. Soils were a Faceville sandy
Bromoxynil is registered for post-emergence loam (fine, kaolinitic, thermic Typic Kandiudults)
application to bromoxynil-resistant cotton. Tolerance with 71% sand, 13% silt, 16% clay, 1% organic
of bromoxynil-resistant cotton to bromoxynil applied matter, and pH 6.5 at Plains and a Red Bay fine
post-emergence is excellent (Culpepper and Yorksandy loam (fine-loamy, kaolinitic, thermic Rhodic
1997; Paulsgrove and Wilcut, 1999). Bromoxynil Kandiudults) with 77% sand, 14% silt, 9% clay, 2%
controls numerous broadleaf weed species (Jordan etrganic matter, and pH 5.8 at Jay. All experiments
al., 1993d; Culpepper and York, 1997; Treadawayreceived trifluralin at 0.8 kg a.i. hapreplant
et al., 1997; Paulsgrove and Wilcut, 1999). incorporated for annual grass control and aldicarb
Pyrithiobac and bromoxynil are important {2-methyl-2-(methylthio)propanal O-
options for post-emergence broadleaf weed control if(methylamino)carbonylJoxime} in the seed furrow
cotton. However, sicklepod is not controlled by for early-season insect control. Fertility and other
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pest-control practices were according to extensiortreatments using a scale of 0 (no injury) to 100
recommendations in the area. (plant death). Injury was not recorded in 1995 at
Cotton BXN 57 seed was planted 3 cm deep andPlains. Cotton was cultivated approximately 40 d
spaced 7 to 8 cm apart in 91-cm and 76-cm rows aafter planting (19 July 1995 and 1 JUl996) at
Plains and Jay, respectively. Plots were four rows byPlains. After cultivation (19 July 1995 and 11 July
7.6 m long at both locations. The experimental 1996), cyanazine {2-[[4-chloro-6-(ethylamino)-
design was a randomized complete block with1,3,5-triazin-2-yllamino]-2-methylpropanenitrile} at
treatments replicated four times. Planting dates wer®.8 kg a.i. ha plus MSMA at 2.2 kg ha was
17 May 1995 and 9 May 1996 at Plains and 16 Mayapplied as a post-emergence-directed spiay.
1995 and 8 MayL996 at Jay. All locations were follow-up treatments were made at Jay. The center
infested with sicklepod at densities of 5 to 15 plantstwo rows of each plot were mechanically harvested
m 2. The Plains locations were infested with prickly in October. A subsample of seed cotton from each
sida at 2 to 5 plants ™ Purple nutsedge and yellow plot was collected and used to determine lint
nutsedge were present at Jay in 1995 and 199fercentage.
respectively, at densities of 1 to 3 plantg.m Cotton injury, weed control, and yield data were

Treatments at Plains consisted of bromoxynil atsubjected to analysis of variance, and means were
0.6 kg hat, pyrithiobac at 70 g h§ and MSMA at  separated using Fisher's protected LSD test at the
0, 0.6, 0.8, or 1.1 kg haapplied post-emergence 5% level of probability. Variation in nutsedge
alone and all combinations of bromoxynil plus species by year and significantlocation by treatment
MSMA and pyrithiobac plus MSMA. Treatments at interactions were noted for cotton injury, sicklepod
Jay were bromoxynil at 0.6 kg Har pyrithiobac at  control, and lint yield. Therefore, data are presented
70 g ha' applied post-emergence alone and infor individual experiments. The location by year
combination with MSMA at 0.6, 0.8, or 1.1 kgha interaction was not significant for prickly sida
A nonionic surfactant (Chem Nut 80/20, Chem Nut, control in Georgia, and data were combined.
Albany, GA) was added to each treatment at 0.25%

(v v'Y). A no-post-emergence herbicide check was RESULTS AND DISCUSSION
also included.

Herbicides were applied with a backpack sprayer  Sicklepod control varied by locations and years,
in Georgia and with a tractor-mounteabm sprayer  but trends were similar. MSMA alone was applied
in Florida. Sprayers were calibrated to deliver 187 Lonly at Plains, where control ranged from 66 to 81%
ha'! at 210 kPa. Herbicides were applied when(Table 1). There was no response to rate of MSMA
cotton was in the one- to three-leaf stage, sicklepodn 1995 and only a minor response in 1996.
was in the cotyledonary to two-leaf stage, yellow andPyrithiobac applied alone controlled sicklepod only
purple nutsedge was in the spike to three-leaf stage29 to 47%. Jordan et al. (1993c) reported similar
and prickly sida was in the one- to three-leaf stageresults, with 36 and 38% control of sicklepod by
Application dates were 9 June 1995 and 4 June 1996yrithiobac at 60 and 80 g Ha respectively.
at Plains and 6 June 1995 and 30 May 1996 at JayBromoxynil applied alone did not control sicklepod
Weed control was visually estimated using a scale ofit Plains in either year or at Jay in 1995. Bromoxynil
0 (no control) to 100% (complete control). Nutsedgecontrolled sicklepod 40% at Jay in 1996.
control was determined during June toreflect control ~ Mixing MSMA with pyrithiobac did not affect
after post-emergence application but before canopyicklepod control at Jay in 1996 (Table 1). At the
closure. Prickly sida control was evaluated in Julyother three locations, sicklepod control by
(prior to cultivation and post-emergence application) pyrithiobac plus MSMA was 23 to 51% greater than
to reflect mid-season control prior to sicklepod control by pyrithiobac alone. Sicklepod control by
becoming the dominate weed. Sicklepod control wayrithiobac plus MSMA was greater than control by
evaluated during August at Jay in 1995 and 1996either herbicide applied alone at Plains in 1995.
and in August 1995 and September 1996 at Plains t€ontrol by the herbicide combination also was
reflect late-season control. Cotton injury was greater than control by pyrithiobac alone at Plains in
estimated visually 7 to 10 d after the post-emergencd 996, but not greater than control by MSMA alone.
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Table 1. Sicklepod control with combinations of
pyrithiobac plus MSMA and bromoxynil plus

Table 2. Prickly sida and purple and yellow nutsedge
control with combinations of pyrithiobac plus

MSMA.
Treatments

MSMA and bromoxynil plus MSMA.
Treatments Prickly Purple Yellow
sida nutsedgenutsedge
MSMA Plainst Jay 1995 Jay 1996

Plains Plains Jay Jay
MSMA 1995 1996 1995 1996

Post-emergence Post-emergence

herbicidest rate herbicidest rate
kg ha? % kg ha™ %
None -- 0 0 0
None -- 0 0 0 0
MSMA 0.6 19 - -
MSMA 06 66 76 - -
MSMA 0.8 24 -
MSMA 08 66 79 - -
MSMA 1.1 30 - -
MSMA 11 66 81 - - MZ£
Pyrithiobac a4 29 47 33  Fyithiobac J L 60
ynithi Pyrithiobac+MSMA 0.6 77 73 57
Pyrithiobac + MSMA 0.6 90 71 70 50 !
ithi Pyrithiobac+MSMA 0.8 81 80 63
Pyrithiobac + MSMA 0.8 93 80 57 33 !
ithi Pyrithiobac+MSMA 1.1 78 85 67
Pyrithiobac + MSMA 1.1 92 79 77 52 ;
Bromoxynil 0 0 0 40 Bromoxyni ) 81 4 3
. + .
Bromoxynil + MSMA 0.6 63 68 60 30 Bromoxyni#MSMA 0.6 86 " !
! Bromoxynil+MSMA 0.8 81 77 75
Bromoxynil + MSMA 0.8 68 73 57 33 !
Bromoxynil + MSMA 1.1 69 78 62 77 BromoxynitMSMA 1.1 82 83 80
y : LSD (0.05) 10 4 4

LSD (0.05) 7 4 19 20

T Bromoxynil and pyrithiobac applied at 0.6 kg ha*
and 70 g ha?, respectively.

T Bromoxynil and pyrithiobac applied at 0.6 kg ha*
and 70 g ha?, respectively.
T Data pooled over years.

Similarly, Jennings et al. (1998) reported similar controlled 60% by pyrithiobac and 3% by
control of sicklepod by MSMA alone and bromoxynil. Yellow nutsedge control by pyrithiobac
pyrithiobac plus MSMA. Other researchers (Monks plus MSMA was similar to control by pyrithiobac
etal., 1999) have reported greater sipkidkcontrol  alone. However, MSMA at 0.8 and 1.1 kg ha

when MSMA or DSMA was mixed with mixed with bromoxynil increased yellow nutsedge
pyrithiobac. control to 75 to 80%.

Sicklepod control by bromoxynil plus MSMA Cotton injury 7 tol0 d after treatment was
was much greater than control by bromoxynil aloneinsignificant at Plains in 1996 (Table 3). At Jay, no
in both years at Plains (Table 1). However, theinjury was observed with bromoxynil applied alone
combination was no more effective than MSMA in 1995 or with bromoxynil or bromoxynil plus
alone. At Jay, bromoxynil plus MSMA at any rate MSMA in 1996. Cotton was injured 13 to 23% by
controlled sicklepod better than bromoxynil alone in bromoxynil plus MSMA in 1995. Pyrithiobac alone
1995. In 1996, control by the combination exceededor combinations of pyrithiobac plus MSMA injured
control by bromoxynil alone only when MSMA was cotton 18 to 25% at Jay in 1995 and 23 to 30% in
applied at 1.1 kg hd. 1996. Injury was transient, and cotton recovered

Prickly sida was controlled 30% or less by quickly.

MSMA applied at any rate (Table 2). Pyrithiobac Treatments had no effect on lint percentage (data
and bromoxynil controlled prickly sida 76 and 81%, not shown). Few treatments affected cotton yield at
respectively, and MSMA added to either of thesePlains in 1995 (Table 4). Only bromoxynil plus
herbicides did notimprove control. These results areMSMA at 0.8 or 1.1 kg haincreased yield relative
similar to those observed in North Carolina tothe no-post-emergence herbicide check. The soil-
(Culpepper and York, 1997; Paulsgrove and Wilcut,applied herbicides, cultivation, and the post-
1999). emergence-directed herbicides applied to all plots

Purple nutsedge was controlled 43% by apparently controlled weeds well enough to avoid
pyrithiobac and 47% by bromoxynil (Table 2). yield reductions. Yield was reduced with pyrithiobac
Pyrithiobac plus MSMA and bromoxynil plus plus MSMA at 1.1 kg ha.

MSMA controlled purple nutsedge 73to 85% and 77  Weed populations were greater and conditions
to 83%, respectively. Yellow nutsedge was forweed growthwere more favorable during 1996 at
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Table 3. Cotton injury with combinations of
pyrithiobac plus MSMA and bromoxynil plus
MSMA. T

Treatments Plains Jay Jay
Post-emergence MSMA 1996 1995 1996
herbicides¥ rate

kg hat - % ----------
None -- 0 0 0
MSMA 0.6 0 - -
MSMA 0.8 0 - -
MSMA 11 0 - -
Pyrithiobac - 0 25 23
Pyrithiobac + MSMA 0.6 0 18 30
Pyrithiobac + MSMA 0.8 0 23 30
Pyrithiobac + MSMA 11 0 23 30
Bromoxynil - 0 3 0
Bromoxynil + MSMA 0.6 0 13 5
Bromoxynil + MSMA 0.8 0 23 10
Bromoxynil + MSMA 11 5 22 10
LSD (0.05) 5 7 14

T Cotton injury determined 7 to 10 d after post-
emergence herbicide application.

1 Bromoxynil and pyrithiobac applied at 0.6 kg ha*
and 70 g ha?, respectively.

Table 4. Cotton lint yield with combinations of
pyrithiobac plus MSMA and bromoxynil plus
MSMA.

Treatments Plains Plains Jay Jay
Post-emergence  MSMA 1995 1996 1995 1996
herbicidest rate
kg ha? kg ha™*
None -- 1000 420 120 280
MSMA 0.6 1010 680 -- -
MSMA 0.8 1030 750 -- -
MSMA 11 1000 810 - -
Pyrithiobac - 1040 920 320 730

Pyrithiobac + MSMA 0.6 1140 940 400 630
Pyrithiobac + MSMA 0.8 1090 940 420 740
Pyrithiobac + MSMA 1.1 810 860 400 720
Bromoxynil - 1130 630 210 850
Bromoxynil + MSMA 0.6 1130 900 420 630
Bromoxynil + MSMA 0.8 1190 900 380 710
Bromoxynil + MSMA 1.1 1170 890 410 1040
LSD (0.05) 150 160 210 230

T Bromoxynil and pyrithiobac applied at 0.6 kg ha*
and 70 g ha?, respectively.

was probably due to improved sicklepod control with
bromoxynil plus MSMA compared with bromoxynil
alone. Yield of cotton treated with pyrithiobac
exceeded yield of cotton treated with bromoxynil.
However, yields were similar with bromoxynil plus
MSMA and pyrithiobac plus MSMA.

Cotton yields were generally lower at Jay than at
Plains (Table 4). This may be due to no follow-up
treatments (cultivation or post-emergence-directed
herbicides) after post-emergence applications. In
1995, two hurricanes also passed through the area,
further reducing cotton yield potential. In 1995,
neither pyrithiobac nor bromoxynil applied alone
increased cotton vyield. All combinations of
pyrithiobac plus MSMA and bromoxynil plus
MSMA increased yield similarly. This result was
probably due to increased control of both sicklepod
and purple nutsedge. All treatments increased cotton
yield similarly in 1996.

These results indicate that MSMA at 0.6 to 0.8
kg ha' applied in combination with bromoxynil or
pyrithiobac can increase control of sicklepod and
yellow and purple nutsedge without adversely
affecting cotton yield. As was the case at Plains,
these herbicide combinations can control weeds
sufficiently to allow cotton to establish the height
differential with weeds needed for cultivation and
subsequent post-emergence-directed herbicide
application. MSMA alone may control sicklepod as
well as combinations of pyrithiobac plus MSMA or
bromoxynil plus MSMA. However, MSMA applied
alone will control a more limited spectrum of weeds
than the herbicide combinations. Further, pyrithiobac
may provide residual control of susceptible weeds.
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