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Influence of Adjuvants on Interactions of Sethoxydim with Selected Broadleaf
Herbicides Used in Corn (Zea mays)'

CHRISTOPHER B. CORKERN, DAVID L. JORDAN, JAMES L. GRIFFIN, P ROY VIDRINE, BILL J.

WILLIAMS, and DANIEL B. REYNOLDS®

Abstract; Field experiments were conducted during 1996 and 1998 (o determine the effect ol atra-
7ine, bentazon. atrazine + bentazon, the amine salt of 2,4-1, and bromoxynil on broadleaf signulgrass
and barnyardgrass control when applied in mixture with sethoxydim, Herbicide combinations were
applied with crop oil concentrate, crop oil concentrale + ammonium sulfate, or BCH &15. Bentazon
and atrazine + bentazon reduced broadleaf signalgrass and harnyardgrass control by sethoxydim.
Bromoxynil reduced barnyardgrass control but had no affect on broadleaf signalgrass control. In-
cluding ammonium sulfale with crop oil coneentrate or substituting BCH 815 for crop oil concentrate
increased barnyardgrass and broadleaf signalgrass control by sethoxydim when applied with benla-
7on. Ammoenium sulfate and BCH 813 increased barnyardgrass control when sethoxydim was applied
with bromoxynil but did not affect control when sethoxydim was applied with atrazine + hentazon.
Atrazine and the ammonium salt of 2,4-D did not reduce barnyardgrass and broadleal signalgrass
control by sethoxydim regardless of adjuvant.

Nomenclature: Atrazine, 6-chloro-N-elhyl-M-(1-methylethyD- 1,3,5-trazine-2 4-diamine: bentazon,
3-(1-methylethy!)-(1H)-2.1,3-benzothiadiazin-4(3H}-one 2,2-dioxide: bromoxynil, 3,5-dibromo-4-hy-
droxybenzonitrile: sethoxydim. 2-[1-(elhoxy minoybulyl}-5-{ethylthic)propyl]-3-hydroxy-2-cycloh-
cxen-l-one; 2,4-D, (2.4-dichlorophenoxyjacetic acid; barnyardgrass, Echinochloa crus-gatli (L.)

Beauv. # ECHCG: broadleal signalgrass, Brachiaria platyphylla (Griseb.) Nash #. BRAPP.

Additional index words: Antagonism.

Abbreviations: COC. crop oil concentrate; POST, postemergence.

INTRODUCTICN

Graminicides are often applied in combination with
broadleaf herbicides for convenience and (o increase the
spectrum of weed control. Antagenism of graminicide
activity by broadleaf herbicides often occurs (Hatzios
and Penner 19835; Holshouser and Coble 1990). Antag-
onism can be reduced by applying the graminicides and
broadleaf herbicide sequentially or increasing the gra-
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minicide rate (Myers and Coble 1992) and by using cer-
tain adjuvants (Jordan and York 1989; Wanamarta and
Penner 1989).

The antagonism of sethoxydim by bentazon has been
extensively studied (Wanamarta and Penner 1989; Wan-
amarta el al. 1989). Reduced efficacy results from less
ahsorption of sethoxydim when applied in mixture with
bentazon. Reduced abserption prevents scthoxydim from
reaching the site of action and increases the likelihood
of photodecomposition of the parent molecule (Zomer
cral. 1989). Ammonium sulfare and BCH 813 have been
used to reduce or eliminate antagonism obscrved with
this herbicide combination (Jordan and York 1989; Wan-
amarta and Penner 1989). Response of sethoxydim to
ammenium sulfale and BCH 815 is species dependant
(York ct al. 1990},

Development of sethoxydim-tolerant corn allows
srowers to apply sethoxydim postemergence (POST) w
corn without crop injury (Dolray ct al. 1993). A com-
bination of broadleaf herbicides and sethoxydim is need-
ed for broad-spectrum weed control in sethoxydim-tol-
erant corn. Various broadleal herbicides are available for
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POST applicalion in com. In greenhouse studics, Young
et al. {1996) reported that several broadleaf herbicides
antagonized sethoxydim control of shattercance [Sorghim
Bicolor (L)) Moench.|. Additien of BCH 815 climinated
antagonism when sethoxydim was applicd with atrazine
+ bentazon or bromoxynil. Reduced antagonism was as-
socialed wilh increased absorption of scthoxydim. In
conlrasl, atrazine - bentazon, bromeoxynil, and CGA
132005 (proposed name, prosulfuron) {1-{methyl-6-
methyl-iriazin-2-y1)-3-|2-(3,3,3-trifluoropropyl)-phensul-
fonyl]-urca} did not antagonize control of wild proso
millet {Panicam anfiacewn L.) control by sethoxydim
(Rabacy el al. 1997). Harvey et al. (1996, 1997) reported
that primisulluron {2-[[[[[4.6-bis{diflnoromethoxy)-2-
pyrimidinyl|amino]carbonyl]amine]sullonyl |benzoic
acid] antagonized control of giant foxtail (Setaria faberi
Hermn ) by sethoxydim. However, they also reported no
reduction of control when scthoxydim was applied with
alrazine, atrazine + hentazon, or bromoxynil. Spivey et
al. (1999) reported that atrazine, atrazine + bentazon,
and alrazine + dicamba (3,6-dichloro-2-methoxybenzoic
acid) reduced control of large crabgrass |Digitaria san-
guimalis (L.) Scop.] by sethoxydim. Control was not af-
fected by CGA 152005 + primisulluron, bromoxynil,
dicamba, or 24-D.

Understanding interactions among graminicides and
broadieat herbicides can aid in the development of weed-
management strategics in sethoxydim-tolerant corn. Ad-
ditionally, determining if adjuvants reduce or eliminate
antagonism may help overceme adverse interactions. Al-
though considerable rescarch has been conducted with
gruss weeds commonly found in the Midwest of the
Uniled States to evaluate interactions of sethoxydim and
broadleal herbicides, published reports of interactions of
these herbicides annual grasses present in the south-
em United States is limited (Spivey et al. 1999). There-
fore, research was conducted in Louisiana to evaluate the
eftect of atrazine, atrazine + bentazon. the amine sali of
24-D. and bromoxynil on broadleaf signalgrass and
barnyardgrass control when applied with sethoxydim and
to determine the influence of ammonium sulfatc and
BCH 815 on efficacy of these mixtures.

MATERIALS AND METHODS

The experiment was conducted during 1996 and 1998
in fallow areas ar the Northeast Research Station located
near St. Joseph, LA, on a Sharkey clay soil (very finc,
montmorillonitic, nenacid. Vertic Haplaquept) with 2.1%
organic matier and pH 6.1 or a Mhoon silt loam soil
(fine-silty, mixed, nonacid, thermic, Typic Fluvaguent)
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with 1.8% organic matter and pH 6.0. The experiment
was also conducted in adjacent fields in 1996 at the Ma-
con Ridge Branch of the Northeast Research Station lo-
cated near Winnshoro, LA, on a Gigger silt loam soil
{[ine-silty, mixed, thermic, Typic Fragiudalls) with 1.3%
organic matter and pH 5.6, The experiment was also con-
ducted in 1998 at the Ben Hur Research Farm located
near Baton Rouge. LA, on a Tunica clay (clayey over
loamy, smectitic, nonacid, thermic, Vertic Haplaguept)
with 1.8% organic matter and pH 6.7. Broadleaf signal-
grass was present in both experiments al Winnsboro and
at St. Joseph in 1998 Barnyardgrass was present in all
EX[!EI'LETIC"IS,

Sethoxydim ar 0.22 kg ai/ha was applied alone or with
atrazine (1.1 kg ai‘ha), bentazon (1.1 kg aifha), atrazine
—+ bentazon (0.56 + 0.36 kg/ha), the amine salt of 2,4-
D (1.1 kg aitha), and bromoxynil {0.42 kg ai/ha). These
herbicide mixwres were applied with Agri-Dex® non-
ienic spray adjuvanl* (COC) at 1.0% (v/¥), COC at 1.0%
(V) + ammonivm sulfale at 2.8 kg/ha, or Dash® HC
spray adjuvant® (BCH 815) at 1L.O% (vAv). Treatments
were applicd in 140 Léha at 135 kPa. Plot size was 3 hy
5m.

Barnyardgrass and broadleaf signalgrass density was
10 to 60 planls/m®. Grasses had three to five leaves at
the time of herbicide application and were not cxperi-
encing any visible stress. Visnal estimates of pereent
control were recorded 4 wk after application on & scule
of 0 lo 100%, where 0 = no control and 100 = complele
conirol. Necrosis, chlorosis, and plant smnting were used
when making visual estimates.

The experimental design was a randomized complete
bhlock with lhree replications. Data were subjected o anal-
yses of variance wilh basic partitioning for a six (broad-
lcaf herbicide) by three (adjuvant) factorial treatment ar-
rangemenl. Pooled data were transformed 10 the arcsine
stuare rool, and means of nontransformed data were sep-
araled using Fisher's protected 1.SD test at P = 0.03,

RESULTS AND DISCUSSION

Scthoxydim controlled broadleaf signalgrass at least
93% when applied alone regardless of adjuvant (Table
[). However, when sethoxydim was applied with cither
COC and benlazon or with COC. bentazon, and airazine,
control decreased from 94% to 66% and 43%, respec-

* Agri-Dex” nouionic sprry adjuvant,
wnt hlend. Helena Chemical Co,

raftin hase petrolenm ail and
00 Poplar Avenue, Memphis

* Dush HE? spray adjuvant, 45% pety
15% phasphoric acid. and 48.3% nert 1
ITill Roud, Parsipunny, NI T34

£ naplhalene.
- 10 Choury
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Tabte 1. Broudleaf sigmalgeass and barnyandgrass control by sethoxydim ap-
plied alone and with nongramimicide horbicides 13 infucnced by adjusanls.*

Conirol

Broadledl  Baoyard

Beodleal herbicide Adjuvan sigoalginss s
Kone coc 94
onc 3 ab
Rentuzon e e
Dewtazon — arraring g 43d
240 e 9l b
Bramexynil Ul uh
Nowne COC + (NH 150, 93ah
COC 1 INH.LS0,
COC + INHLSO,  8Tab
COC 1 INH.S0,  BSuke
COC = (NH LSO, #Tab

Bramoynil

* Means for ench wed spedies followsd hy the same letier are ool signif
icamly different aocarding 1 Fishers Prutected LSD test ar P = (05,
L 1o oil cancentate.

tively, Alrazine + bentazon reduced control more than
bentazon. Applying ammonium sulfate with sethoxydim
+ COC or substitting BCH 815 for COC increased con-
trol when benlazon or atrazine + bentazon were in the
mixture. Previous rescarch (Spivey et al. 1999, Wana-
marta and Penner 1989 Young et al. 1996) demonstrated
that bentazon and bentazon = atrazine reduce cfficacy
of sethoxydim. Rescarch has also shown that COC +
ammonium sulfate and BCH 815 are more cfficacious
than COC when sethoxydim and bentazon are applied in
mixture (Jordan and York 1989; Wanamarla and Penner
1989). In contrast to results noted for benlazon and at-
razine -+ benlazon, broadleaf signalgrass control by se-
thoxydim was nol alfected by bromoxynil, atrazine, or
24-D (Table 1).

Rentazon and alrazine + bentazon reduced barn-
yardgrass control by sethoxydim when herbicides were
applied with COC (Table 1). Tn contrast to resulls with
broadleaf signalgrass. bromoxynil also reduced efficacy.
Control by sethoxydim decreased from 76% when se-
thoxydim + COC was applied alone to 39%, 23%, and
46% when applied with hentazon, atrazine + benlazon,
and bromoxynil, respectively. Applying ammonium sul-
fate with COC or substituting BCH 815 for COC in-
ereased efficacy of sethoxydim applied with bentazon or
bromoxynil. However, these adjuvams did not improve
conrol by the mixture of sethoxydim and atrazine +
bentazon, As was noted for broadleaf signalgrass, atra-
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zine and 2,4-D did not reduce bamyardgrass control by
sethoxydim (Table 1),

Interactions of sethoxydim and nongraminicide her-
bicides can be inconsisient. Dotray et al, (1993) reported
greater giant foxtuil control when sethoxydim was ap-
plied with atrazine compared with control by sethoxydim
alone in one of two experiments. In contrasl, Spivey et
al. (1999) reported that atrazine reduced large crabgrass
control when mixed with sethoxydim. Previous rescarch
{(Corkern et al. 1998; Culpepper ct al. 1998) demoenstrat-
ed that bromoxynil can reduce efficacy of sethoxydim.
Howoever, other research suggosts that sethoxydim and
bromoxynil are compatible (Harvey et al. 1996; Rabacy
el al. 1997; Young et al. 1996).

In these experiments, alrazine + bentazon, rather than
bentazon alone, reduced sethoxydim’s control of broad-
Jeaf signalgrass the most (Table 1). Additionally, bamn-
yardgrass control by sethoxydim was reduced more by
atrazine + bentazon than by bentazon or bromoxynil. It
was expected that applying bentazen ar 0.56 kg/ha in Lhe
commercial mixture of atrazine + bentazon would be
Tess antagonistic toward sethoxydim than bentazon at 1.1
kg/ha. This was not the case, however, and additional
tesearch is needed to explain this interaction. Antago-
mism of sethoxydim by bentazon has been well docu-
mented (Wanamarta and Penner 1989; Wanamarta ct al.
1989), although the effcet of atrazine on efficacy of se-
thoxydim has been inconsistent (Dotray et al. 1993;
Spivey et al. 1999). The mechanism of the interaction
of sethoxydim, atrazine, and bentazon applied in mixlure
has not been established.

BCH 8§15 and ammonium sulfate increased broadleaf
signalgrass control when sethoxydim was applicd with
bentazon and alrazine — bentazon. Barnyardgrass con-
trol by sethoxydim also increased when applicd with
these adjuvants in mixture with bentazon or bromoxynil.
However, these adjuvams did nel improve control of
bamyardgrass when atrazine -+ bentazon was applied
with sethoxydim. Barnyardgrass is often more difficult
to control by sethoxydim (han broadleaf signalgrass
(Baldwin et al. 1996), and overcoming antagonism of
graminicide activity may also be more difficult on grass-
es that are hard (o control. Based on these results, grow-
ers should apply scthoxydim and alrazine + bentazon
sequentially o maximize hamyardgrass control. In the
case ol broadleal signalgrass control with combinations
of sethoxydim, atrazine, and bentazen or broadleaf
nalgrass and barnyardgrass control with mixtures of se-
thoxydim + bromoxynil or sethoxydim + bentazon, ad-
Juvant selection may be sufficient w avoid antagonism
of grass control.
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