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I. INTRODUCTION AND LITERATURE REVIEW 

INTRODUCTION 

Weed management systems for soybeans [Glycine max (L.) Merr.] have 

placed primary emphasis on the use of preemergence or preplant incor-

porated herbicides since the development of the acetanilides and dini-

troanilines in the 1960 1 s. Weeds escaping control, either through 

tolerance, misapplication of herbicides, or unfavorable environmental 

conditions, have been controlled either by cultivation or postemergence 

herbicides. Over-the-top herbicides are available to control broad-

leaf weeds, but at this time most grasses must be controlled by culti-

vation or postemergence directed sprays (28). Recently the acreage of 

narrow-row and conservation tillage soybeans has greatly expanded (10). 

These cultural systems prevent the use of cultivation or postemergence 

directed sprays, thus leaving a gap in weed management systems. Several 

chemicals, however, are under development which show great promise to 

fill this need (10). These herbicides control a broad spectrum of 

grasses while possessing a large margin of safety to soybeans and other 

broadleaf crops (7, 9, 12, 17, 34, 55). Many factors can affect the 

performance of herbicides, and much work is required to detennine 
whether and how various conditions may affect the toxicity of these 

new herbicides. 

The following studies were conducted to investigate the effects 

of spray volume, adjuvants and temperature on the control of annual 

grasses by three of the new grass-selective herbicides: 1) sethoxydim 
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(2-[1-(ethoxyimino)butyl]-5-[2-(ethylthio)propyl]-3-hydroxy-2-cyclo-

hexen-l-one), 2) CGA-82725 [2-propynyl 2-(4-([3,5-dichloro~2-pyridinyl] 

oxy)phenoxy}propanoate], and 3) RO 13-8895 (acetone-Q-[D-2-[p•[(~,a,a

trifluoro-.E_-tolyl)-oxy]phenoxy]propionyl]oxime) (Figure I-1). In add-

tion, the compatibility of these grass-selective herbicides for use in 

combination with some broadleaf-selective herbicides was studied. 

Soybean tolerance to sethoxydim, CGA-82725 and RO 13-8895 was also 

evaluated. 
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SETHOXYDIM 

RO 13-8895 

CGA-82725 

Figure I-1. Chemical structure of three experimental postemergence, 
grass-selective herbicides. 



LITERATURE REVIEW 

Sethoxydim. Sethoxydim was first synthesized by Nippon Soda in 

Japan (41). It is being marketed in the United States by BASF-Wyandotte 

Corporation, and is furthest along in development of several, new post-

emergence grass-selective herbicides (10). Full registration is ex-

pected in 1983 (7). The compound was introduced as BAS 9052 OH, and 

the registered trade name is Poast®. Sethoxydim is fonnulated as an 

emulsifiable concentrate containing 184 g ai/L. Rates from 0.1 to 0.56 

kg/ha are required for control of annual grasses, whereas split appli-

cations of 0.56 kg/ha may be required for control of perennial 

species (7). 

CGA-82725. This compound is being developed by CIBA-GEIGY 

Corporation (8). At this time, no co1T1T1on or trade names have been 

proposed. The formulated product is an emulsifiable concentrate con-

taining 252 g ai/L. The activity of CGA-82725 against johnsongrass 

[Sorghum halepense (L.) Pers.] and giant foxtail (Setaria faberi Herrm.) 

was reported to be slightly lower than that of sethoxydim and 

RO 13-8895 (55). 

RO 13-8895. This compound was introduced by Maag Industries, but 

has been withdrawn from registration procedures due to a toxicological 

problem (9). The activity of RO 13-8895 is similar to that of seth-

oxydim and it is formulated as an emulsifiable concentrate containing 

361 g ai/L. 

Adjuvants. Adjuvants are frequently included in spray solutions 

to improve herbicide performance. Additives which modify surface 

4 



5 

properties are termed surfactants {31). This class of compounds 

includes wetting agents, spreaders, and penetrants. The site of action 

of surfactants is primarily at the point of application and affects 

the penetration process (31). Aya and Ries (11) reported an increased 

absorption of amitrole (3-amino-l-triazole) when an oil was added to 

the spray. They attributed this increase to the greater surface area 

of contact between the herbicide and leaf when an oil was added. 

However, other researchers have demonstrated that the enhancement of 

herbicidal activity caused by surfactants is due to other effects 

besides a mere reduction of surface tension (31, 60). Foy and Smith 

(30) reported minimum surface tensions and contact angles at surfactant 

concentrations of 0.1 to 0.5%. Maximum herbicidal activity, however, 

was observed with surfactant concentrations ten times or greater than 

these levels. Thus, at higher surfactant concentrations the herbicide 

enhancement was not correlated with surface tension. 

Jansen (37) hypothesized that surfactants were absorbed into the 

cuticle, causing it to swell, and thus allowing increased penetration 

of the herbicide. This would account for increases in herbicidal 

toxicity with concentrations of surfactants greater than these required 

to reduce the surface tension to a minimum. Temple and Hilton (66) 

showed that surfactants increased the solubility of some herbicides in 

the spray solution. The solubility of diuron [3-{3,4-dichlorophenyl)-

1,1-dimethylurea] and atrazine [2-chloro-4-(ethylamino)-6-(isopropyl-

amino)-~-triazine] in some surfactants was high enough to keep all the 

herbicide in solution as the water evaporated. They concluded this 
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would enhance herbicide penetration because of the increased time 

period in which the herbicide was in solution. 

Spray volume. Postemergence herbicides generally are applied 

using water as a carrier to allow easier and more precise calibration of 

spraying equipment (5). The volume of water used can influence herbi-

cide toxicity by affecting coverage of the target plant. Low spray 

volumes are desirable since they save time and reduce soil compaction 

caused by handling and transporting large volumes of water (13). 

McKinlay et al. (42) found that spray volumes of 130 L/ha or 

greater were required to achieve good results with paraquat (l,l '-

dimethyl-4,4-bipyridinium ion) when using conventional nozzles. 

Equivalent control was obtained with volumes of 21 L/ha if homogeneous 

droplets of 100 microns diameter were obtained using special nozzles. 

Sandberg et al. (57) and Stahlman and Phillips (61) reported better 

phytotoxicity of glyphosate [J1-(phosphonomethyl)glycine] when applied 

in volumes near 100 L/ha than with volumes greater than 300 L/ha. To 

determine if the decrease in activity at high volumes was due to 

dilution of the surfactant, Sandberg et al. added surfactants to the 

high volume applications. An increase in activity was observed with 

the addition of surfactants, but control did not reach the levels 

obtained with the lower spray volumes. 

Environment. The environment preceding and following application 

can affect herbicide efficacy. TCA (trichloroacetic acid) was found to 

have little phytotoxicity on green foxtail [Setaria viridis (L.) 

Beauv.] at 17 C (18). The lack of response was attributed to the low 

physiological activity of green foxtail at the low temperature. 
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Darwent and Behrens (22) reported no difference in 2,4-D [(2,4-dichloro-

phenoxy)acetic acid] toxicity to velvetleaf (Abutilon theophasti Medic.) 

plants which were grown at different temperature regimes before spraying. 

Barban (4-chloro-2-butynyl-!!!_-chlorocarbanilate) phytotoxiCity to wild 

oats (Avena fatua L.) increased as posttreatment temperatures decreased, 

but pretreatment temperature had little effect on barban toxicity (46). 

Radosevich and Bayer (54) reported that the transport of several herbi-

cides was greater at higher temperatures in five woody species. Toxi-

city of these herbicides was positively correlated with temperature. 

Herbicides generally are more active at high relative humidities 

than low (39, 43, 44). Prasad et al. (51) reported increased absorption 

of dalapon (2,2-dichloropropionic acid) at high relative humidities. 

They proposed that this increase in absorption could be due to the 

following effects: 1) reduced rate of evaporation of the spray 

solution, 2) altered behavior of stomata, 3) increased hydration of 

the cuticle, and 4) changes in the water balance of the plant which 

would modify herbicide penetration. 

Herbicide combinations. Combinations of two or more herbicides 

are frequently utilized to improve herbicide efficacy in weed management 

systems. The most common reason for the mixing of herbicides is to 

broaden the spectrum of weed species controlled without injuring the 

crop. Colby et al. (20) cited several other advantages of herbicide 

mixtures: l) reduced expenditures, 2) lower herbicide residues in 

the environment, 3) extended period of weed control, 4) insurance 

against unfavorable weather conditions, and 5) synergistic action 

between herbicides. 
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Some herbicides are unsuited for tank mixes due either to dif-

ferences in application procedures or chemical and biological incompat-

ibilities (69). Herbicides are compatible when the compounds or fonnu-

lations can be mixed and applied together without undesirably altering 

their separate effects (6). 

Crafts (21) reported three possible responses when two different 

phytotoxic chemicals are applied together. He defined as additive an 

effect in which the injury is equal to the sum of the injuries produced 

by each constituent alone. The response is said to be synergistic if 

the combined effect is greater than the sum of the injuries produced 

by the two constituents alone. Antagonism is defined as a combined 

effect less than the sum of those produced by the two constituents 

alone. An independent response, in which the total effect is equal to 

the action of the most active component alone, was defined by Putman 

and Penner (52). Several papers have been presented which redefine or 

derive mathematical equations for expressing these various types of 

responses (1, 19, 56, 64). 

There have been numerous reports of antagonistic responses due to 

combinations of herbicides (49, 59, 63, 71). Dortenzio and Norris (25) 

reported that antagonism can occur in the spray solution itself, but 

generally takes place at the plant surface or within the plant tissues. 

The interactions can affect absorption, translocation, or biological 

activity at the site of action. Davis et al. (23) found that paraquat 

increased the absorption of picloram (4-amino-3,5,6-trichloropicolinic 

acid), but decreased its translocation. These effects were attributed 
to the disruptive action of paraquat on memo.rane per.meab.iltty and the 
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transport system. The antagonism occurring between EPTC (i-ethyl 

dipropylthiocarbamate) and 2,4-D was reportedly caused by different 

effects of these herbicides on RNA (ribonucleic acid) synthesis (14). 

EPTC applied alone caused a reduction in RNA synthesis, but the addition 

of 2,4-D to the solution eliminated this decrease. Qureshi and Vanden 

Born (53) reported a reduction in the conversion of diclofop-methyl 

(methyl-2-[4-{2,4-dichlorophenoxy)phenoxy]propanoate) to the toxic 

parent compound diclofop (2-[4~2,4-dichlorophenoxy)phenoxy]propanoic 

acid) when applied in combination with MCPA ([(4-chloro-.Q_-tolyl) 

oxy]acetic acid). This reduction in conversion to the toxic component 

caused a decrease in wild oat control by diclofop-methyl. 

Crop tolerance. Modern herbicides are characterized by their 

ability to control weeds selectively without damaging the crop species. 

Selectivity may be achieved by directed applications, timing of 

application, seed size, or differential metabolism of the herbicide 

by tolerant and susceptible species. Differential metabolism is the 

most important basis for selectivity for the majority of herbicides 

used today (69). Several herbicides, however, possess a small margin 

of crop safety, and conditions may occur which predispose the crop to 

injury. 

Reports of herbicide damage to soybeans are common (38, 70). 

However, it has been demonstrated that soybeans are able to recover 

from moderately severe damage without suffering yield losses (4). 

Teigen and Vorst (65) defoliated soybeans 50% at the sixth trifoliate 

leaf stage without causing significant yield reductions. Hagood 

et al. (32) reported that if recovery was rapid, soybeans could 
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compensate for large reductions in stand. They concluded that yield 

response was related to both the degree and persistence of reduced 

crop vigor. 

Several factors affect the tolerance of crops to herbicides. 

Eastin (27) found that propanil (3',4'-dichloropropionanilide) caused 

more injury to soybeans when applied at the second trifoliate leaf 

stage rather than at the sixth trifoliate leaf stage. Peanuts 

(Arachis hypogaea L.) are more susceptible to trifluralin (a,a, a-

trifluoro-2,6-dinitro-]1,Ji-dipropyl-.P_-toluidine) under cool, wet 

conditions due to prolonged root exposure to the treated zone (35). 

Koren and Ashton (40) reported that sugar beets (Beta vulgaris L.) 

had decreased tolerance to pyrazon [5-amino-4-chloro-2-phenyl-3(2.!:iJ-

pyridazinone] under high temperatures. This decrease in tolerance was 

due to increases in uptake and translocation of pyrazon without a car-

responding increase in detoxification. 

Differential tolerance among cultivars of a species can also affect 

herbicide damage to a crop. Differential responses to herbicides have 

been reported among cultivars of barley (Hordeum vulgare L.) (24), 

cabbage (Brassica oleraceae L.) (36, 50), corn (Zea mays L.) (2, 26, 48), 

sorghum (Sorghum bicolor L.) (16, 45, 58), soybeans (3, 15, 29, 33, 62, 

67, 68), and sugar cane (Saccharum officinarum L.) {47). 

Wax et al. (68) found that metribuzin [4-amino-6-tert-butyl-3-

(methylthio)-as-triazin-5(4!:!)-one] at 0.56 kg/ha (recommended rate) 

caused significant injury to two (Hurrelbrink and Semmes) of 250 

soybean cultivars screened. They recommended not planting these two 

cultivars where metribuzin is used. Hurrelbrink soybeans were also 
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found to be highly sensitive to bentazon [3-isopropyl-l.!:!_-2,1 ,3-

benzothiadiazin-4(3.!:!_)-one 2,2-dioxide], and to a lesser degree to 

2,4-DB [4-(2,4-dichlorophenoxy)butyric acid] and bromoxynil (3,5-

dibromo-4-hydrobenzonitrile) (66). 

Anderson (2) found that corn inbred lines which were susceptible 

to stalk rot and corn borers were also more susceptible to triazine 

damage. Those lines with high levels of MBOA (6-methoxybenzoxazolinone) 

possessed higher levels of resistance to all three factors. Benzoxazi-

none (2,4-dihydroxy-7-methoxy-1,4-benzoxazin-3-one), a derivative of 

MBOA, is involved in the hydrolysis of the chloro-s-triazines in plants. 
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II. EFFECT OF ADJUVANTS. TEMPERATURE, 

AND SPRAY VOLUME ON THE PHYTOTOXICITY 

OF THREE POSTEMERGENCE GRASS-SELECTIVE HERBICIDES 

Abstract.· Greenhouse, growth chamber, and field studies were con-

ducted to determine the effects of various adjuvants, temperatures, and 

spray volumes on the activity of three new experimental herbicides. In 

greenhouse studies, large crabgrass [Digitaria sanguinalis (L.) Scop.] 

was treated with CGA-82725 (2-propynyl 2-[4-IT3,5-dichloro-2-pyridinyl) 

oxy]phenoxy]propanoate) at 0.17, 0.34, and 0.68 kg/ha, RO 13-8895 

(acetone-Q-[D-2-[£-[{a,a,a -trifluoro-.:e-tolyl)-oxy]phenoxy]propionyl] 

oxime) at 0.08, 0.17, and 0.34 kg/ha, and sethoxydim (2-[l-(ethoxyimino) 

butyl]-5-[2-(ethylthio)propyl]-3-hydroxy-2-cyclohexen-l-one) at 0.08, 

0.17, and 0.34 kg/ha alone or in combination with Atplus 411-F and Savol 

crop oil concentrates, or X-77 nonionic wetting agent. CGA-82725 and 

RO 13-8895 provided 90% or greater control at all three rates, with ad-

juvants slightly increasing control. Control by sethoxydim at the three 

rates was 20, 84, and 94%, respectively, without adjuvants, and 76, 90, 

and 99%, respectively, with adjuvants. There were no significant differ-

ences among the three adjuvants in enhancing control by any of the three 

herbicides. In the temperature response studies, large crabgrass plants 

were placed in a growth chamber at either 16, 24, or 32C four days before 

application of the herbicides, and were kept in the chambers for one 

week following spraying, after which they were placed in a greenhouse. 

No differences in phytotoxicity of sethoxydim or CGA-82725 were observed 

at the three temperatures. RO 13-8895 was slightly more effective in 
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controlling large crabgrass at the lower temperatures. In a field 

experiment, the three herbicides were applied with spray volumes of 93, 

187, and 374 L/ha. There was no correlation between spray volume and 

control of giant foxtail (Setar)a_faberi Herrm.) by CGA-82725 and 

RO 13-8895. At 0.17 kg/ha sethoxydim, giant foxtail control declined 

with increases in spray volume. No correlation between sethoxydim 

tcxicity and spray volume was observed at a higher rate of the 

herbicide. 

INTRODUCTION 

Sethoxydim, CGA-82725, and RO 13-8895 have been evaluated for use 

as postemergence grass-selective herbicides in broadleaf crops. Excel-

lent control of annual and perennial grasses has been obtained with these 

chemicals at rates below 0.56 kg/ha (9, 16 ,18). 

Surfactants frequently are added to postemergence herbicide spray 

solutions in order to improve herbicidal activity (4, 14). The observed 

increase in phytotoxicity is believed to result from an increased 

absorption of the herbicide (10). The requirement for adjuvants varies 

among herbicides, and some adjuvants may be detrimental to herbicide 

activity (20). Chernicky et al. (6) reported a 10 to 12% increase in 

phtotoxicity of BAS 9052 OH (now sethoxydim) and RO 13-8895 with the 

addition of an adjuvant to the spray solution. Horng and Ilnicki (11) 

evaluated the effect of several adjuvants on the toxicity of BAS 9052 OH, 

RO 13-8895, and KK-80 (now difenopenten) (4-[4-[4-(trifluoromethyl) 

phenoxy]phenoxy]-2-pentenoic acid). All three herbicides gave better 

control of barnyardgrass [Echinochloa crus-galli (L.) Beauv.] with the 
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use of two experi~ental surfactants than with a phytobland oil. 
The volume of carrier in which a herbicide is applied can also 

influence its activity (13, 19). Volumes of 374 L/ha or greater may be 

required for good coverage of the target plant in dense populations; 

however, lower volumes are often desirable to save time, reduce horse-

power requirements, and reduce weight carried through the field (5). 

Differences in temperature have been reported to affect the 

activity of foliarly-applied herbicides (8, 12, 17). Chow (7) found 

that the activity of TCA (trichloroacetic acid) on'green foxtail 

[Setaria viridis (L.) Beauv.] decreased as the temperature was lowered. 

The pretreatment temperature was found to have little effect on barban 

(4-chloro-2-butynyl-!!!_-chlorocarbanilate) toxicity, but its toxicity 

increased as posttreatment temperatures decreased (15). 

The purpose of this research was to investigate the influence of 

several adjuvants, spray volumes, and temperatures on the phytotoxicity 

of sethoxydim, CGA-82725, and RO 13-8895. 

METHODS AND MATERIALS 

Adjuvant studies. In a series of greenhouse experiments, large 

crabgrass was grown from seed in a 2:2:1 soil mix of vermiculite, 

Weblite ® 1, and peat contained in 453 ml plastic pots. A controlled 

release 14-14-14 fertilizer2 and an agricultural 4-9-3 fertilizer3 were 

1weblite Corp., P. O. Box 308, Blue Ridge, VA 24064. 

214% total nitrogen, 14% available phosphorous pentoxide, 14% 
soluble potassium oxide. 

34% total nitrogen, 9% available phosphorous pentoxide, 3% soluble 
potassium oxide. 
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added to the soil mix to supplement nutrient levels. Large crabgrass 

was treated when 15 to 20 cm in height utilizing a laboratory link-belt 

sprayer equipped with a flat-fan nozzle delivering 374 L/ha at a press-

sure of 1.7 kg/cm2. In the first study, sethoxydim was applied at rates 

from 0.06 to 0.56 kg/ha on July 2, 1981. The adjuvants evaluated were 

the phytobland oil Orchex N-7964, Savol crop oil concentrate (Orchex 

N-796 plus 2% T-Mulz emulsifier), and Ortho X-775. Orchex N-796 and 

Savol were added to the spray solution at 1% (v:v), while X-77 was used 

at 0.5% (v:v). In the second study, sethoxydirn at 0.08, 0.17, and 

0.34 kg/ha, CGA-82725 at 0.17, 0.34 and 0.67 kg/ha, and RO 13-8895 at 

0.08, 0.17, and 0.34 kg/ha were applied alone or in combination with. 

Savol (0.6%), Atplus 411-F6 (0.6%) or Ortho X-77 (0.3%) on October 12, 

1981. 

Large crabgrass was rated visually by two evaluators 20 days 

following application of the herbicides, at which time live green 

tissue was selectively removed form the dead foliage and fresh weights 

recorded. The experimental design was a randomized complete block 

with five replications. 

Temperature response studies. Large crabgrass was grown using the 

procedures previously described. When the large crabgrass reached a 

4Humb 1 e Oil and ~efi n i ng, Co. P. 0. Box 3950 Baytown, TX 77520. 
5Nonionic surfactant containing alkylarylpolyoxyethelene glycols, 

free fatty acids, and isopropanol. Chevron Chemcial Co. 575 Market St. 
San Francisco, CA 94105. 

6crop Oil concentrate containing 83% Sun Superior oil #11, and 17% 
Atplus 300F emulsifier. Atlas Chemical Industries, Inc. Chemical 
Division, Wilmington, DE. 
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height oflOcm, the pots were transfered to one of three growth 

chambers with temperatures of 16, 24, and 32C. Four days after being 

placed in the chambers, the plants were removed and the herbicides 

applied using the same methods described above. Sethoxydim and 

RO 13-8895 were evaluated at 0.06 and 0.13 kg/ha, and CGA-82725 was 

evaluated at 0.13 and 0.26 kg/ha. All treatments included Atplus 

411-F crop oil concentrate at 1% (v:v). Immediately following treatment, 

the plants were returned to their respective growth chamber, kept there 

for one week following the application of the herbicides, and then 

placed in a greenhouse with temperatures ranging from 18 to 32C. Four 

weeks following treatment, plants were rated visually and green tissue 

was selectivily removed from the dead tissue and weighed. The treat-

ments were replicated five times. 

Spray volume study. A field was selected which was known to have 

been previously infested with giant foxtail. The field was plowed and 

then planted with soybeans (Glycine max (L.) Merr.) in 0.6 m rows on 

July 14, 1981. Sethoxydim at 0.17 and 0.34 kg/ha, CGA-82725 at 0.28 

and 0.56 kg/ha, and RO 13-8895 at 0.17 and 0.34 kg/ha were applied when 

the soybeans were at the first trifoliate leaf stage and giant fox-

tail was 3 to 13 cm tall. Spray volumes of 94, 187, and 374 L/ha were 

used to apply the herbicides. A knapsack sprayer equipped with a T-8005 

nozzle tip was used to apply all treatments. Plot size was 1.8 by 6.1 m, 

with three rows of soybeans per plot. The experimental design was a 

randomized complete block with three replications. 

Giant foxtail control was visually evaluated two weeks following 

application of the herbicides. To reduce competition from broadleaf 
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weeds, 0.56 kg/ha acifluorfen (5-[2-chloro-4-(trifluoromethyl) 

phenoxy]-2-nitrobenzoic acid) was applied to the entire experiment 

following evaluation of giant foxtail control. 

RESULTS AND DISCUSSION 

Adjuvant studies. In the first study, the addition of either Savol 

or X-77 significantly increased the phytotoxicity of sethoxydim to large 

crabgrass (Table II-1). As the rate of sethoxydim was increased, the 

adjuvant effect diminished. At the highest rate of sethoxydim evalu-

ated, the increase in toxicity was not statistically significant. The 

addition of Orchex N-796 had little effect on sethoxydim toxicity to 

large crabgrass. The lack of an emulsifier prevented. this phytobland 

oil from becoming stabilized within the spray solution. The addition of 

2% T-Mulz emulsifier to the oil eliminated the separation of materials 

and resulted in significant increases in the control of large crabgrass 

by sethoxydim. The difference in enhancement between Savol and X-77 

was not significantly different. 

In the second experiment, the effectiveness of two oil concentrates 

and X-77 sprader were evaluated in combination with sethoxydim, 

CGA-82725, and RO 13-8895 (Table II-2). The results with sethoxydim 

were similar to those of the first study, although sethoxydim was more 

toxic in the second study, possibly due to differences in greenhouse 

conditions. The adjuvants increased the control of large crabgrass at 

all rates, but the increase was significant only at 0.08 kg/ha. No 

differences among the three adjuvants were observed. Although the 
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Table II-1. Effect of adjuvants on toxicity of sethoxydim to large 
crabgrass evaluated 20 days after postemergence treatment. 

Visual ratinga,b Fresh wtb 

Rate Adjuvant Adjuvant 

None Orchex Sa vol X-77 None Orchex Sa vol X-77 

(kg/ha) (0-10) (g) 

0 0.3a O.la 0. 1 a 0.6a 41.27a 44.86a 44.3la 44.67a 
0.06 0.5a 0.7a 3.9c 5.0d 21.42b 21.82b 2.43cd 1. 9lcd 
0. 14 2.3b 5.5d 9.2ef 9.4ef 6.42c l.30cd 0.15d 0.03d 
0.28 8.4e 8.8ef 9.7ef 9.6ef 0.08d 0.48d 0.04cd 0.05d 
0.56 9.7f 9.Sf 10.0f 10.0f 0.05d 0.04d O.OOd O.OOd 

aVisual rating scale: O = no effect, 10 = total kil 1. 

bMeans followed by the same letter are not significantly different 
at the 5% level according to Duncan's multiple range test. 



Table II-2. Effect of adjuvants on toxicity of three grass-selective herbicides to large 
crabgrass evaluated 20 days after postemergence treatment. 

Visual ratinga,b Fresh wtb 

Herbicide Rate Adjuvant Adjuvant 

None Atplus Sa vol X-77 None Atplus Sa vol 
411-F 411-F 

(kg/ha) (0-10) {g) 

Sethoxydim 0.08 2.0c 7.0ab 7.6ab 7.6ab 8.0b 2.0a 0.8a 
Sethoxydim 0.17 8.4ab 9.4ab 9.0ab 8.8ab 0.9a 0.2a 0.1 a 
Sethoxydim 0.34 9.4ab 10.0a 9.8a 10.0a 0.6a O.Oa O.Oa 
CGA-82725 0.17 9.4ab 9.8a l 0. Oa 9.6a 0.2a O. la O.Oa 
CGA-82725 0.34 10. Oa 9.6a 10. Oa 9.6a O.Oa 0.2a O.Oa 
CGA-82725 0.68 10.0a 10. Oa 10.0a 10. Oa O.Oa O.Oa O.Oa 
RO 13-8895 0.08 9.0ab 1 O.Oa 9.8a 10.0a 0.7a O.Oa 0. 1 a 
RO 13-8895 0. 17 9.4ab 10.0a 10. Oa 10. Oa 0.9a O.Oa O.Oa 
RO 13-8895 0.34 1 O.Oa 1 O.Oa 10.0a 9.8a O.Oa O.Oa O.Oa 

Control 0 Oc Oc Oc Oc 22 .1 d 19.0cd 18.7cd 

aVisual rating scale: O =no effect, 10 =total kill. 

bMeans followed by the same letter are not significantly different at the 5% level 
according to Duncan's multiple range test. 

X-77 

l.5a 
0.5a 
O.Oa N 

~ 

O. 1 a 
0. 1 a 
O.Oa 
O.Oa 
0.3a 
O. 1 a 

16.5c 
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adjuvants were used at lower levels than in the first experiment, 

they appeared to be as effective. 
Horng and Ilnicki (11) reported that control of barnyardgrass with 

sethoxydim was not improved when the concentration of an oil concen-

trate was increased from 0.1 to 1.0%. 

The addition of the adjuvants to 0.17 kg/ha CGA-82725 resulted in 

small increases in phytotoxicity, but the increases were not signifi-

cant at the 0.05 level (Table II-2). Similar results were obtained with 

RO 13-8895, again with no significant differences among the treatments 

at a given rate. Although these studies showed only slight increases 

in phytotoxicity of CGA-82725 and RO 13-8895 due to the adjuvants, 

conditions in the greenhouse were favorable for active plant growth, 

thorough coverage of the target plants, and high herbicidal activity. 

Under field conditions, where conditions frequently are not as favorable 

as in the greenhouse, the adjuvants might be more important in achieving 

good grass control. 

The manufacturers of these herbicides currently recommend the use 

of an oil concentrate with sethoxydim (1) and CGA-82725 (2), and either 

an oil concentrate or a nonionic wetting agent with RO 13-8895 (3). No 

differences were found among the adjuvants studied in their ability to 

increase herbicidal activity. It appears that the additives studied 

were equally compatible with any of the three herbicides. 

Temperature response studies. The phytotoxicity of the three 

herbicides appears to be directly related to the metabolic activity of 

the plant. Seven days after treatment, no symptoms were observed on 
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those plants maintained at 16C, and only slight symptoms were present 

on the plants kept at 24C. Those plants in the 32C chamber, which had 

the fastest rate of growth, developed symptoms 3 to 4 days after appli-

cation of the herbicides. When the plants were returned to the green-

house one week after spraying, symptoms quickly developed on those 

plants previously kept in the low temperature chambers. Large crabgrass 

control by sethoxydim and CGA-82725 was not affected by temperature 

(Table 1~3). RO 13-8895 provided better control at the low temperatures, 

although symptoms developed more slowly at these temperatures. 

Spray volume study. No correlation was found between spray volume 

and control of giant foxtail by the three grass-selective herbicides, 

except at the 0.17 kg/ha rate of sethoxydim, which was more toxic at 

the lower spray volumes (Table II-4). Control ranged from 70 to 90%, 

and those plants which were not totally killed by the herbicides were 

severely stunted. Approximately two hours following application of the 

herbicides, there was 0.6 cm of rainfall. Although this precipitation 

did not appear to diminish giant foxtail control, it may have resulted 

in the slightly greater activity of the treatments applied in 94 L/ha. 

These low volume applications were applied several hours before the 187 

and 374 L/ha treatments, thus the herbicides were present on the plant 

surface for a longer period of time before the occurrence of rainfall. 

Acifluorfen effectively controlled redroot pigweed (Amaranthus 

retroflexus L.) and common lambsquarters (Chenopodium album L.). 

Acifluorfen also controlled those grasses stunted by the earlier 

applications of the grass-selective herbicides, but had little effect 
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Table II-3. Effect of temperature on phytotoxicity of sethoxydim, 
CGA-82725, and RO 13-8895 to large crabgrass evaluated 
28 days after postemergence treatment. 

Visual t. a,b ra mg 

Temperature (C) 
Herbicide Rate 16 24 32 

(kg/ha) ( 0- 10) 

Sethoxydim 0.06 9.2efg 9.4fgh 9.6fqh 
Sethoxydim 0. 13 10.0h 10.0h 10.0h 

CGA-82725 o. 13 9.8gh 10.0h 9.8gh 
CGA-82725 0.26 9.6fgh 10.0h 10.0h 

RO 13-8895 0.06 8.6de 7.2b 6.6a 
RO 13-8895 0. 13 8.6dc 9.0ef 8.0c 

aVisual rating scale: 0 =no effect, 10 =total kill. 

bMeans followed by same letter are not significantly different 
at the 5% level according to Duncan's multiple range test. 
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Table II-4. Effect of spray volume on postemergence control of giant 
foxtail by three grass-selective herbicides. 

Giant foxtail controla 

Spray volume 
Herbicide Rate 

94 L/ha 187 L/ha 374 L/ha 
(kg/ha) (%) 

Sethoxydim 0. 17 90b 80ab 73a 
Sethoxydim 0.34 86ab 86ab 86ab 

CGA-82725 0.28 86ab 83ab 83ab 
CGA-82725 0.56 80ab 86ab 80ab 

RO 13-8895 o. 17 86ab 83ab 83ab 
RO 13-8895 0.34 83ab 83ab 86ab 

aMeans followed by same letter are not significantly different 
at the 5% level according to Duncan's multiple range test. 
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on the actively growing giant foxtail in the untreated control plots. 

Soybeans showed excellent tolerance to all the herbicide treatments but 

were severely damaged by groundhogs. Because of this damage, no yield 

damage are available. 

In summary, the enhancement of phytotoxicity due to the addition of 

an adjuvant to the spray solution was most pronounced with sethoxydim. 

The use of an adjuvant with either CGA-82725 or RO 13-8895 did not 

significantly increase the control of large crabgrass. No differences 

were observed among the adjuvants studied in their ability to increase 

the phytotoxicity of the three herbicides. RO 13-8895 was slightly 

more phytotoxic at 16C than at 32C, but temperature did not affect the 

toxicity of sethoxydim or CGA-82725. Sethoxydim at 0.17 kg/ha provided 

better control of giant foxtail when applied in 94 L/ha water than in 

374 L/ha, but this effect was eliminated when sethoxydim was applied at 

a rate of 0.34 kg/ha. The phytotoxicity of CGA-82725 and RO 13-8895 

was not affected by the spray volumes evaluated. 
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III. EFFECTS OF ACIFLUORFEN AND BENTAZON ON THE PHYTOTOXICITY OF 

SETHOXYDIM, CGA-82725, AND RO 13-8895 

Abstract. A series of greenhouse experiments was conducted to investi-

gate the effects of acifluorfen (5-[2-chloro-4-(trifluoromethyl)phenoxy]-

2-nitrobenzoic acid) and bentazon (3-isopropyl- l!i_-2,1,3-benzothiadiazin-

4(3!!)-one 2,2-dioxide) on the control of large crabgrass [Digitaria 

sanguinalis (L.) Scop.] by sethoxydim (2-[l-(ethoxyimino) butyl ]-5-[2-

(ethylthio)propyl ]-3-hydroxy-2-cyclohexen-l-one), CGA-82725 (2-propynyl 

2-(4-(Q,5-dichloro-2-pyridinyl]oxy)phenoxy)propanoate), and RO 13-8895 

(acetone-Q-[D-2-[.P-[~,a,a-trifluoro-.Q_-tolyl)-oxy]phenoxy]propionyl]oxime). 

Control of large crabgrass by CGA-82725 was not affected by tank mixes 

with either acifluorfen or bentazon. Acifluorfen caused a slight reduc-

tion in phototoxicity of a low rate of RO 13-8895, but this effect was 

eliminated as the rate of RO 13-8895 was increased. Tank mixes of aci-

fluorfen with sethoxydim had no effect on sethoxydim phytotoxicity; how-

ever, control of large crabgrass by sethoxydim was significantly reduced 

when applied as a tank mix with bentazon. The antagonism between seth-

oxydim and bentazon was eliminated by applying bentazon as a separate 

application 1.5 hr or more before or after the application of sethoxydim. 

A 0.2 hr interval between application of the herbicides resulted in a 

decrease in crabgrass control when compared to sethoxydim alone, but this 

decrease was significantly less than that occurring due to a tank mix of 

sethoxydim and bentazon. In a field study, combinations of the herbicides 

were not found to have any effect on control of broadleaf weeds by aci-

fluorfen or bentazon. Soybean tolerance was not affected by the various 

32 
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combinations of broadleaf and grass herbicides. 

INTRODUCTION 

Sethoxydim, CGA-82725 and RO 13-8895 have been the focus of much 

research due to their herbicidal properties. These three compounds 

provide excellent control of annual and perennial grasses when applied 

postemergence (3, 6, 10, 13, 15). In addition, wide margins of safety 

have been reported in soybeans (6, 15), and other broadleaf crops (2, 16). 

Combinations of two or more herbicides are frequently used to: 

1) broaden the spectrum of weed species controlled, 2) reduce costs, 

3) reduce herbicide residues in the environment, and 4) extend the 

period of weed control. Since these experimental grass herbicides have 

little activity against broadleaf weeds, under certain conditions it 

will be advantageous to mix them with a broadleaf herbicide. Currently, 

acifluorfen and bentazon are registered for over-the-top broadleaf weed 

control in soybeans (17). 

Although tank mixes can broaden the spectrum of weed species con-

trol led, interactions between herbicides may produce undesirable effects 

(8, 14, 18). These interactions have been defined previously by several 

authors (1, 4, 5). There have been numerous reports of a decline in 

grass control by sethoxydim when it is applied in combination with 

bentazon (10, 11, 12). Coble and Rhodes (11) reported that this antag-

onism was eliminated by applying the two herbicides as sequential 

applications, rather than as a tank mix. Because of this, they hypothe-

sized that the antagonism was due to a chemical incompatibility within 

the tank, rather than a physiological interference within the plant. 
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Recently, these two authors reported that the tank mix of sethoxydim and 

bentazon resulted in a large reduction of the absorption of sethoxydim 

by grass species (12). 

The following studies were conducted to investigate the compatibil-

ity of the three grass-selective herbicides with acifluorfen and bentazon. 

Also, the nature of the antagonism between sethoxydim and bentazon was 

studied. 

METHODS AND MATERIALS 

Greenhouse studies. In a series of greenhouse experiments, large 

crabgrass was grown from seed in a 2:2:1 soil mix of vermiculite, Web-

lite ® 1, and peat contained in 453 ml plastic pots. A controlled re-

lease 14-14-14 ferti1izer2 and an agricultural 4-9-3 ferti1izer3 were 

added to the potting mix to supplement nutrient levels. Large crabgrass 

was treated with sethoxydim at 0.06, 0.14, 0.28 and 0.56 kg/ha alone or 

in combination with either acifluorfen at 0.41 and 0.56 kg/ha or bentazon 

at 0.84 and 1.12 kg/ha. In a second experiment, CGA-82725 at 0.28, 0.56, 

and 0.84 kg/ha and RO 13-8895 at 0.06, 0.14 and 0.28 kg/ha were evaluated 

alone or in combination with 0.56 kg/ha acifluorfen or 1.12 kg/ha benta-

zon for control of large crabgrass. All herbicides were applied with a 

1web1ite Corp., P. 0. Box 308, Blue Ridge, VA 24064. 

214% total nitrogen, 14% available phosphorous pentoxide, 14% 
soluble potassium oxide. 

34% total nitrogen, 9% available phosphorous pentoxide, 3% soluble 
potassium oxide. 



35 

link-belt laboratory sprayer equipped with a flat-fan nozzle delivering 

374 L/ha at a pressure of 1.7 kg/cm2. All treatments included Atplus 

411-F crop oil concentrate4 at 1% (v:v). Plants were maintained in a 

greenhouse with temperatures ranging from 18 to 32 C. Fall panicum 

(Panicum dichotomiflorum Michx.) was grown and treated as previously 

described to evaluate further the compatibility of sethoxydim with 

acifluorfen and bentazon. Grass control was rated visually 20 days 

following application of the herbicides, then live, green material was 

selectively removed from the dead foliage and weighed. 

To determine the nature of the antagonism observed with tank mixes 

of sethoxydim and bentazon, experiments were conducted in which the two 

herbicides were applied as tank mixes or as sequential applications. 

Sethoxydim at 0.06 and 0.13 kg/ha was applied 0.2, 1.5 or 48 hours 

before or after the application of 1 .12 kg/ha bentazon. The herbicides 

were applied using the procedures described previously. All treatments 

with sethoxydim included 1% (v:v) Atplus 411-F crop oil concentrate; 

applications of betazon alone contained no additive. Large crabgrass 

control was evaluated three weeks following treatment using the same 

techniques described above. 

Field study. The study was conducted at Suffolk, VA in 1981. The 

effect of sethoxydim and RO 13-8895 at 0.28 and 0.56 kg/ha and CGA-82725 

at 0.56 and 1.12 kg/ha on the control of broadleaf weeds in soybeans by 

0.56 kg/ha acifluorfen and 1.12 kg/ha bentazon was evaluated. All treat-

ments were applied using a backpack sprayer delivering 374 L/ha and 

4crop oil concentrate containing 83% Sun Superior oil #11 and 17% 
Atplus 300F emulsifier. Atlas Chemical Industries. Chemicals Div. 
Wilmington, DE. 
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included Atplus 411-F crop oil concentrate at 1% (v:v). Weeds present 

in the field were: tall morningglory [Impomoea purpurea (L.) Roth.] 

(2 to 4 leaves), ivyleaf morningglory [Ipomoea hederaceae (L.) Jacq.] 

(2 to 4 leaves), spurred anoda fAnoda cristata (L.) Schlect.] (3 to 4 

leaves), prickly sida (Sida spinosa L.) (2 leaves), and carpetweed 

(Mollugo verticillata L.) (3 leaves). Soybeans were at the third tri-

foliate leaf stage at the time of spraying. Broadleaf control was rated 

three weeks following application of the herbicides. A 4.25 row-meter 

sample of soybeans was harvested by hand from each plant. The experi-

mental design was randomized complete block with three replications. 

Plot size was 2.5 m by 4.5 m. 

RESULTS AND DISCUSSION 

Effects of broadleaf herbicides on sethoxydim phytotoxicity. 

Sethoxydim provided excellent control of large crabgrass at rates of 

0.28 kg/ha or higher (Table III-1). Herbicidal action was slow in 

developing, although plants treated with sethoxydim showed an immediate 

cessation of growth. The first visible symptom was a purple discolora-

tion of the foliage, followed by a loss of turgor and eventual death of 

the plant approximately two weeks following treatment. 

Acifluorfen applied alone caused minor injury to large crabgrass, 

and resulted in reductions in dry weight of approximately 50% (Table II-

1). Combinations of either rate of acifluorfen with 0.06 kg/ha 

sethoxydim resulted in an additive response. However, at higher rates 

of sethoxydim the response was independent, and large crabgrass 



Table III-1. Effects of acifluorfen and bentazon on phytotoxicity of sethoxydim to large crabgrass eval-
uated 20 days after postemergence treatment. 

Visual ratinga,b 

Broadleaf Rate Sethoxydim (kg/ha) 
herbicide 

0 0.06 o. 14 0.28 0.56 

(kg/ha) (0-10) 

None 0 0.2i l.4h 7.0d 8.4c 9.9a 
Aci fl uorfen 0.41 4.3g 5.5ef 6.0de 8.7bc 10. Oa 
Aci fl uorfen 0.56 4. 9fg 4.9fg 6.0de 9.6ab 9.5ab 
Bentazon 0.84 0.2i 0.8hi 1. Ohi 8.7bc 9.4abc 
Bentazon 1.12 0.5hi 0.6hi 0. 9hi 6.2de 9.4abc 

aVisual rating scale: 0 =no effect, 10 =total kill. 

0 

97.0b 
41.4a 
45.5a 
92.0b 
88.6b 

c Fresh wt 

Sethoxydim (kg/ha) 

0.06 o. 14 0.28 

(g) 

46.7ab 10.6a 8.4b 
32.9a 20.3a 5.0ab 
35.9a 22.9a 0.2a 
55.3bc 43.5b 3.0a 
67.9c 49. 7b 5.0ab 

0.56 

O.Oa 
O.Oa 
0.4a 
2.3c 
4. le 

bMeans followed by the same letter are not significantly different at the 5% level according to 
Duncan's multiple range test. 

cMeans within columns followed by the same letter are not significantly different at the 5% level 
according to Duncan's multiple range test 

w 
'-J 
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control by the tank mixes was directly related to the rate of 

sethoxydim. 

Addition of bentazon to sethoxydim resulted in decreased grass con-

trol at the lower rates of sethoxydim. At 0.14 kg/ha sethoxydim, large 

crabgrass control was reduced 50% with the addition of 1.12 kg/ha ben-

tazon. Although the degree of antagonism was lowered with higher rates 

of sethoxydim, bentazon decreased large crabgrass visual control ratings 

even at the 0.56 kg/ha rate of sethoxydim. The two rates of bentazon 

were equal in their action against sethoxydim, except at 0.28 kg/ha 

sethoxydim where the high rate of bentazon decreased large crabgrass 

control by a greater amount. 

Tank mixes of sethoxydim and bentazon also were antagonistic to 

the control of fall panicum by sethoxydim, although to a lesser degree 

than observed with large crabgrass (Table III-2). The lower level of 

antagonism could be due to the higher sensitivity of fall panicum to 

sethoxydim (7). 

Effects of sequential applications on bentazon-sethoxydim inter-

action. Large crabgrass visual control ratings by 0.06 kg/ha sethoxydim 

were significantly reduced when applied 0.2 hr before or after the 

application of 1.12 kg/ha bentazon (Tables III-3 and III-4). The 

antagonism between the herbicides decreased as the time interval be-

tween applications was increased. Applications of bentazon 48 hrs 

preceding or following the sethoxydim application had no effect on 

large crabgrass control. 

Bentazon antagonism on sethoxydim phytotoxicity was much greater 

when applied as a tank mixture rather than in split applications. The 
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Table III-2. Effects of 0.56 kg/ha acifluorfen and 1.12 kg/ha bentazon 
on phytotoxicity of sethoxydim to fall panicum evaluated 
20 days after postemergence treatment. 

Visual ratinga,b 

Sethoxydim Broadleaf herbicide 

None Aci fl uorfen Bentazon 

(kg/ha) ( 0-10) 
0 0 7.4c Oa 

0.06 3.4b 9.0def 4.0b 
o. 14 8.2cde 9.6fg 7.8c 
0.28 10.0g 10. Og 9.4efg 
0.56 10.0g 10.0g 10.0g 

aVisual rating scale: 0 =no effect, 10 =total kill. 

bMeans followed by some letter are not significantly different at 
the 5% level according to Duncan's multiple range test. 
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Table III-3. Large crabgrass control by sethoxydim as influenced by 
1.12 kg/ha bentazon applied at various time intervals 
before. postemergence application of sethoxydim. 

Time 
interval 

(hr) 
0.2 
1.5 
48 

Tank mix 
Sethoydim 

alone 

Visual ratinga,b Fresh wtb 

Sethoxydim (kg/ha) 

0.06 

6.6b 
7.6bc 
8.4bc 
4.2a 
8.8c 

0.13 

(0-10) 
9.6ab 
9.4ab 
9.6ab 
9.0a 

10.0b 

Sethoxydim (kg/ha) 

0.06 

( g) 
1. 25b 
1. 34b 
0.78b 
2.34a 
0.76b 

o. 13 

0.07a 
0.09a 
0.06a 
O.lla 

Oa 

aVisual rating scale: 0 =no effect, 10 =total kill. 

bMeans within columns followed by same letter are not significantly 
different at the 5% level according to Duncan's multiple range test. 
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Table III-4. Large crabgrass control by sethoxydim as influenced by 
1.12 kg/ha bentazon applied at various time intervals 
after postemergence application of sethoxydim. 

Time 
Interval 

(hr) 
0.2 
l. 5 
48 

Tank mix 
Sethoxydim 

alone 

Visual ratinga,b 

Sethoxydim (kg/ha) 

0.06 0. 13 

(0-10) 
7.2b 8.4a 
8.0bc 9.2ab 
8.8c 9.6b 
2.8a 8.2a 
8.4c 9.8b 

Fresh wtb 

Sethoxydim (kg/ha) 

0.06 0.13 

(g) 
l.28b 0.85a 
0.67bc 0. l 2bc 
0.59c 0.06bc 
3.54a 0.70ab 
0.72bc 0.04c 

aVisual rating scale: 0 =no effect, 10 =total kill. 

bMeans within columns followed by same letter are not significantly 
different at the 5% level according to Duncan's multiple range test. 



42 

tank mixture with 0.06 kg/ha sethoxydim resulted in a 56% reduction in 

large crabgrass control compared to a 12% reduction when sethoxydim was 

applied 0.2 hours before bentazon. Applying bentazon 0.2 hours before 

sethoxydim rather than in a tank mix reduced the antagonism by 24%. 

The level of antagonism was decreased when the rate of sethoxydim 

was increased to 0.13 kg/ha (Tables III-3 and III-4). Tank mixes again 

resulted in greater reductions in large crabgrass control than sequen-

tial applications. 

A similar type of response was observed with the MCPA ([(4-chloro-

Q_-tolyl)oxy]acetic acid) antagonism on diclofop-methyl (methyl 2-[4-(2, 

4-dichlorophenoxy)phenoxy]propanoate) phytotoxicity (8). The antagonism 

was attributed to a combination of formulation incompatibilities, re-

duced diclofop-methyl absorption, and decreased conversion to the toxic 

component (9). 
Results of these studies indicate a possible chemical incompatibil-

ity between bentazon and sethoxydim within the spray solution. If the 

antagonism was due to interference at the physiological site of action, 

split applications of bentazon and sethoxydim at short intervals would 

be expected to inhibit activity at similar levels as with a tank mix. 

Rhodes and Coble (12) reported large decreases in absorption of c14-

labeled sethoxydim when applied in combination with bentazon. This 

decrease in absorption was not observed when sethoxydim was applied as 

a split application immediately before or after the application of 

bentazon. Sethoxydim is a relatively unstable compound5, thus a 

5Personal communication, Dr. David Dougherty, BASF-Wyandotte Corp., 
1321 Hickory Hollow Lane, Raleigh, NC 27610. 
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chemical conversion within the tank is probable. 

Effects of broadleaf herbicides on CGA-82725 and RO 13-8895 phyto-

toxicity. Excellent control of large crabgrass was obtained with 0.28 

kg/ha or greater of CGA-82725 (Table III-5). The addition of 0.56 kg/ha 

acifluorfen or 1.12 kg/ha bentazon did not significantly affect large 

crabgrass control at any of the rates evaluated. Acifluorfen caused a 

slight reduction in phytotoxicity of 0.06 kg/ha RO 13-8895, but this 

effect was eliminated at higher rates of RO 13-8895. Bentazon did not 

significantly affect RO 13-8895 toxicity to large crabgrass. Both CGA-

82725 and RO 13-8895 produced symptoms similar to those previously 

described for sethoxydim. 

Field study. Broadleaf weed control by acifluorfen was superior 

to that obtained with bentazon (Table III-6). Acifluorfen provided 

excellent control of the morningglory species, and good control of 

prickly sida and spurred anoda. Bentazon provided little control of 

the two morningglory species, but gave fair to good control of prickly 

sida and spurred anoda. The addition of the grass-selective herbicides 

to acifluorfen or bentazon had no effect on levels of broadleaf weed 

control. The apparent superiority in broadleaf weed control of aci-

fluorfen in this study is not surprising. Acifluorfen and bentazon 

are active against different weed species, and the species in this 

study were more susceptible to acifluorfen. 

In summary, sethoxydim, CGA-82725 and RO 13-8895 all provided 

excellent control of large crabgrass at rates below 0.56 kg/ha. Tank 

mixes of sethoxydim and bentazon resulted in significant reductions in 

control when compared to sethoxydim applied alone. The reduction in 
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Table III-5. Effect of 0.56 kg/ha acifluorfen and 1.12 kg/ha bentazon 
on the phytotoxicity of two grass-selective herbicides 
to large crabgrass evaluated 20 days after postemergence 
treatment. 

Visual ratinga,b 

Grass Rate Broadleaf herbicide 
herbicide 

None Acifl uorfen Bentazon 

(kg/ha) (0-10) 
CGA-82725 0.28 9.8ef l 0. Of 9.8ef 
CGA-82725 0.56 9.6ef 10.0f 9.0de 
CGA-28725 0.84 10.0f 9.8ef 10.0f 
RO 13-8895 0.06 9.0de 8.0c 8.6cd 
RO 13-8895 o. 14 10.0f 9.2def l O.Of 
RO 13-8895 0.28 10.0f 10.0f 10.0f 
None 0 Oa 4.8b Oa 

aVisual rating scale: 0 =no effect, 10 =total control. 

bMeans followed by same letter are not significantly different at 
the 5% level according to Duncan's multiple range test. 



Table III-6. Effect of grass-selective herbicides on broadleaf weed control in soybeans by 1 .12 
kg/ha bentazon and 0.56 kg/ha acifluorfen. ---

Broadleaf controla,b Soybean yielda,b 

Grass Rate Broadleaf herbicide Broadleaf herbicide 
herbicide 

None Aci fl uorfen Bentazon None Aci fl uorfen Bentazon 

(kg/ha) (%) (g/4.2 row-m) 
None 0 Oa 90c 57b 80.9a 218.2d 154.5abcd 
Sethoxydim 0.28 3a 97c 55b l33.9abcd 178.9bcd 153.7abcd 
Sethoxydim 0.56 7a 87c 68b l 02. Bab 183.9bcd 166.6abcd 
CGA-82725 0.56 3a BBc 63b 140.2abcd 180.0bcd 212.7cd 
CGA-82725 1.12 3a 93c 57b 173.7abcd 180.0bcd 146.7abcd 
RO 13-8895 0.28 7a 92c 50b 119. l abc 177. 2bcd 155.Babcd 
RO 13-8895 0.56 3a 97c 60b 146.7abcd 196.0cd 181.2bcd 

Meanc 4.:!:l 92_:!:1 58±_2 128. 2±.11 . 5 187.7±_5.6 167.3±_8.7 

aMeans followed by the same letter are not significantly different at the 5% level according 
to Duncan's multiple range test. 

bF-test for effects of grass herbicides was not significant at 0.05 level. 

cValues are±. l standard error. 

+::> 
U1 
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grass control apparently is due to chemical incompatibilities within the 

tank. Acifluorfen applied in combination with 0.06 kg/ha RO 13-8895 

caused a slight reduction in large crabgrass control, but this effect 

was eliminated at higher rates of RO 13-8895. No undesirable interac-

tions were observed with the other combinations of grass and broadleaf 

herbicides which were evaluated. Soybean tolerance to the herbicides 

was not affected by the various combinations of herbicides which were 

evaluated. 
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IV. RESPONSE OF SOYBEAN CULTIVARS 

TO SETHOXYDIM, CGA-82725 AND RO 13-8895 

Abstract. The tolerance of seven cultivars of soybeans [(Glycine max 

(L.) Merr.] to sethoxydim (2-[l-(ethoxyimino)butyl]-5-[2-(ethylthio) 

propyl]-3-hydroxy-2-cyclohexen-1-one), CGA-82725 (2-propynyl 2-(4-(f3,5-

dichloro-2-pyridinyl]oxy)phenoxy)propanoate), and RO 13-8895 (acetone-

Q-[D-2[£-[(a,a,a - trifluoro-E-tolyl)-oxy]phenoxy]propionyl]oxime) was 

investigated. Soybeans were treated at the unifoliate leaf stage with 

1.12 and 3.36 kg/ha of the three herbicides. Three weeks after spray-

ing, the soybeans were severed at the soil surface, dried, and weighed. 

Although dry weights were reduced by all treatments, no differences in 

tolerance were observed among the cultivars. The damage caused by the 

3 to lOX recommended rates appeared to be temporary, and yield reduc-

tions due to the damage would be unlikely. The effect of stage of 

growth and an oil concentrate on soybean tolerance to sethoxydim also 

was investigated. Soybeans showed excellent tolerance to sethoxydim at 

rates from 0.11 to 1.68 kg/ha, with no significant effect due to the 

oil concentrate or timing of application. Reductions in dry weight up 

to 45% were caused by 2.24 kg/ha sethoxydim, but the damage appeared 

temporary and the growing points of treated plants were unaffected. 
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INTRODUCTION 

In order for a herbicide to be effective in a field situation, it 

must be able to control weeds at rates which are economical and cause 

no serious damage to the crop. Selectivity can occur due to herbicide 

placement, timing of application, or physiological differences between 

the crop and weed. In many cases, the margin of safety is small and 

can result in crop injury due to unfavorable environmental conditions. 

Reports of herbicide damage to soybeans are common (12, 20), but 

it has been demonstrated that soybeans are able to recover from injur-

ies early in the growing season without suffering yield losses (8, 16). 

Factors which affect crop tolerance to herbicides are: 1) stage of 

growth (6), 2) environmental conditions (10, 13), and 3) varietal sensi-

tivity (1, 11). Differences in susceptibility of soybean cultivars to 

metribuzin (4-amino-6-tert-butyl-3-(methylthio)-as-triazin-5(4.!:!)-one) 

(9, 19), bentazon (3-isopropyl-l.!:!-2,1,3-benzothiadiazin-4(3.!j_}-one 2,2-

dioxide) (18), 2,4-D[(2,4-dichlorophenoxy)acetic acid] and 2,4,5-T 

[(2,4,5-trichlorophenoxy)acetic acid] (7), and linuron [3-(3,4-dich1oro-

phenyl)-l-methoxy-l-methylurea] and trifluralin {a,a,a-trifluoro-2,6-

dinitro-.N_,.N_-dipropyl-.2_-toluidine) have been reported (4). 

Sethoxydim, CGA-82725 and RO 13-8895 have been studied for their 

potential use as postemergence grass-selective herbicides in broadleaf 

crops. These three herbicides effectively control most grasses at 

rates below 0.56 kg/ha (14, 17). Soybeans and other broadleaf crops 

have shown a wide margin of tolerance to these three compounds (2, 3). 

Campbell and Penner (5) reported that sethoxydim was absorbed and 
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translocated at similar levels in both susceptible and tolerant species. 

Translocation studies indicated rapid transport of sethoxydim in the 

phloem with accumulation at metabolic sinks. Swisher and Corbin (15) 

investigated the fate of sethoxydim in callus tissue of soybeans and 

johnsongrass [Sorghum halepense (L.) Pers.]. They concluded that soy-

bean tolerance to sethoxydim is due to the ability of soybeans to 

degrade the herbicide to a nontoxic metabolite. 

The objectives of the present study were to determine if seven soy-

bean cultivars commonly grown in Virginia displayed differential toler-

ance to the three grass-selective herbicides. The effects of timing and 

the addition of a crop oil concentrate to the spray solution on soybean 

tolerance to sethoxydim were also investigated. 

METHODS AND MATERIALS 

Cultivar tolerance studies. Seven cultivars of soybeans grown 

commercially in Virginia were evaluated for tolerance to sethoxydim, 

CGA-82725 and RO 13-8895. Five seeds of each cultivar were sown 2 cm 

deep into a 2:2:1 soil mix of vermiculite, Weblite® 1, and peat con-

tained in 453 ml plastic pots. A controlled release 14-14-14 fertili-

zer2 and an agricultural 4-9-3 fertilizer3 were added to the soil mix 

1weblite Corp., P. 0. Box 308, Blue Ridge, VA 24064. 
214% total nitrogen, 14% available phosphorous pentoxide, 14% 

soluble potassium oxide. 
34% total nigrogen, 9% available phosphorous pentoxide, 3% soluble 

potassium oxide. 
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to supplement fertility levels. After planting, the pots were placed in 

a greenhouse with a 14-hr day and temperatures ranging from 18C at night 

to 29C during the day. To supplement and extend the light period, 

flourescent lighting was provided. Soybeans were thinned to two plants 

per pot one week following germination. 

The soybeans were treated at the first trifoliate leaf stage with 

0, 1.12 and 3.36 kg/ha of sethoxydim, CGA-82725 and RO 13-8895. Treat-

ments were applied with a link-belt laboratory sprayer at 2.1 kg/cm2 in 

374 L/ha spray volume. All treatments included Atplus 411-F crop oil 

concentrate4 at 0.6% (v:v). 

The pots were arranged in a randomized complete block design with 

four replications, except for Lee 74, Williams, and York cultivars 

which were replicated three times due to poor germination. Three weeks 

after treatment, soybeans were severed at the soil surface, dried in 

the greenhouse for 30 days, and then dry weights were recorded. 

Effect of timing and an oil concentrate on soybean tolerance to 

sethoxydim. The same general planting procedures described above were 

used, except for the substitution of 1.3 L plastic pots. Sethoxydim 

was applied to Essex soybeans at rates ranging from 0 to 2.24 kg/ha 

with or without 1% (v:v) Savol crop oil concentrate. 5 The soybeans 

· 4crop oil concentrate containing 83% Sun Superior oil #11 and 17% 
Atplus 300 F emulsifier, Chemical Division, Wilmongton, DE. 

5crop oil concentrate containing 98% Orchex N-796 oil and 2% 
T-Mulz emulsifier. Humble Oil and Refining Co. P. 0. Box 3950, Baytown 
TX 77520. 
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were treated either at the unifoliate, first trifoliate or third tri-

foliate leaf stage. All treatments were applied with a link-belt spray-

er at a pressure of 2.1 kg/cm2 in a spray volume of 374 L/ha. The pots 

were arranged in a randomized complete block design with five replica-

tions. Four weeks after treatment, the same harvesting procedures 

described above were followed. 

RESULTS AND DISCUSSION 

Cultivar tolerance studies. The three herbicides at 3.36 kg/ha 

produced symptoms on the soybeans which became visible two days follow-

ing application. Soybean injury appeared as bronzing of the exposed 

leaves; however, there was no observable injury to the growing points 

or newly expanded leaves. Within a week after application, necrotic 

lesions appeared on the unifoliate leaves, and there was some defolia-

tion of these leaves. The 1.12 kg/ha rate of herbicides caused minor 

bronzing of the exposed leaves, but little necrosis occurred due to 

this treatment. No differences in cultivar tolerance were observed. 

Dry weights of soybean cultivar shoots are expressed as percent 

of untreated control plants (Table IV-1). Dry weights of soybean 

shoots were reduced 20 to 30% by 3.36 kg/ha sethoxydim, 35 to 45% by 

3.36 kg/ha CGA-82725, and 35 to 43% by 3.36 kg/ha RO 13-8895. The 

differences in shoot dry weights among cultivars were not significant. 

Soybeans showed excellent tolerance to the three herbicides eval-

uated. Although the high rate of each herbicide caused large reduc-

tions in shoot weight, soybeans have shown the ability to recover from 

early severe damage without suffering yield reductions (7, 14). The 



Table IV-1. Tolerance of seven soybean cultivars to three postemergence grass-selective herbicides 
evaluated three weeks after treatment. 

Shoot dry wta,b 

Cul ti var sethoxydim CGA-82725 RO 13-8895 

1. 12 kg/ha 3.36 kg/ha l. 12 kg/ha 3.36 kg/ha 1.12 kg/ha 3.36 kg/ha 

(% of control) 
Bay 94.2 76.0 75.8 65.7 84.5 64.2 
Essex 93.5 74.8 75.8 58.0 85.0 63.2 
Forrest 88.8 74.8 94.2 54.8 78.5 56.8 
Lee 74 82.3 80.0 88.7 62.7 85.3 62.7 
Ransom 93.2 80.0 88.0 68.5 84.5 64.8 
Wi 11 i ams 87.3 70.0 87.7 67.7 85.3 65.0 
York 86.0 74.7 80.7 60.3 98.3 63.7 
Mean b 89.3±1. 7 75.8±1.3 84.4±2.7 62.5±1. 9 83.1±3.8 62. 9±.1. l 

aF-test at 0.05 level for comparison of cultivar means was not significant for any herbicide 
rate. 

bValues are±. l standard error. 

U1 
_p. 
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observed weight reduction might be due to decreased photosynthetic area 

caused by defoliation of the unifoliate leaves. Since the growing 

points of the soybeans appeared to be unaffected, it is likely these 

injured plants would eventually catch up with the untreated controls. 

The rates tested are approximately three and ten times the recommended 

field rates, thus differential response among soybean cultivars does 

not appear to be a potential problem. 

Timing and adjuvant studies. Soybean cultivar Essex showed (excel-

lent tolerance to all rates except 2.24 kg/ha (Table IV-2). The injury 

at this rate appeared temporary and it is likely that no yield losses 

would result due to this injury. Timing of application did not sig-

nificantly affect the response of soybeans to the herbicides, although 

the soybeans treated at the third trifoliate leaf stage showed slightly 

higher tolerance to the high rate than did the younger plants. The 

addition of Savol crop oil concentrate had no effect on soybean toler-

ance to sethoxydim. 
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Table IV-2. Effect of timing of application and an oil concentrate on 
soybean tolerance to sethoxydim evaluated four weeks after treatment. 

Shoot dry wta,b 

Savolc 
Stage of growth 

Sethoxydim 
uni foliate 1st trifoliate 3rd tri foliate 

(kg/ha) (%of control) 
0. 11 109ab lOOa 99a 
0. 11 + 112a 107a 107a 
0.56 106ab 108a 102a 
0.56 + 98abc llla 113a 
1.12 101 ab 96a 96a 
l. 12 + 83bc 97a 84a 
1.68 88abc 96a 87a 
1.68 + 75c 84ab 79a 
2.24 5ld 65bc 74a 
2.24 + 56d 55c 84a 

aMeans within columns followed by same letter are not significantly 
different at 5% level according to Duncan's multiple range test. 

bF-test for comparison of effects of oil concentrate and timing of 
applicaton were not significant at the 0.05 level. 

cSymbols: - - no oil concentrate, + = addition of 1% (v:v) Savol 
oil concentrate to the spray solution. 
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FACTORS AFFECTING THE PERFORMANCE 

OF THREE POSTEMERGENCE, GRASS-SELECTIVE HERBICIDES 

by 

Robert G. Hartzler 

(ABSTRACT) 

A series of experiments was conducted to investigate the effects 

of adjuvants, spray volume, temperature, and combinations with broad-

leaf-selective herbicides on the toxicity of sethoxydim (2-[l-(ethoxy-

imi no )-butyl ]-5-[2-(ethylthi o )-propyl ]-3-hydroxy-cyc 1 ohexene-1-one), 

CGA-82725 (2-propynyl 2-(4-[3,5-dichloro-2-pyridinyl]oxy)phenoxy)-

propanoate), and RO 13-8895 (acetone-.Q-[D-2-[p-[a,a,a-trifluoro-p_-

tolyl)oxy]phenoxy]propionyl]oxime) to annual grasses. The addition 

of an adjuvant to the spray solution resulted in significant increases 

in sethoxydim toxicity to large crabgrass (Digitaria sanguinalis (L.) 

Scop.), while only slight increases in toxicity of either CGA-82725 or 

RO 13-8895 were observed due to the addition of an adjuvant. There 

were no differences between 'crop oil concentrates and a nonionic wetting 

agent in their enhancement of phytotoxicity of the three herbicides. 

Spray volumes of 94, 187, and 374 L/ha did not affect the control of 

giant foxtail (Setaria faberi Hernn.) by CGA-82725 or RO 13-8895. At 

a low rate of sethoxydim, giant foxtail control was indirectly related 

to spray volume. This effect was eliminated at a higher rate of seth-

oxydim. The toxicity of sethoxydim or CGA-82725 was not affected by 

temperatures of 16, 24, or 32 C, but RO 13-8895 provided slightly better 

control of large crabgrass at 16 C than at 32 C. 



Tank mixes of sethoxydim and CGA-82725 with acifluorfen (5-[2-

chloro-4-(trifluoromethyl )phenoxy]-2-nitrobenzoic acid) provided 

control of large crabgrass at levels equivalent to those obtained 

by the grass-selective herbicides alone. Acifluorfen caused a slight 

reduction in the toxicity of 0.06 kg/ha RO 13-8895, but at higher rates 

of RO 13-8895 the antagonism was not observed. Bentazon (3-isopropyl-

l!:!_-2, l ,3-benzothiadiazin-4(3.~J-one 2,2-dioxide) was compatible with 

CGA-82725 and RO 13-8895, but significantly decreased large crabgrass 

control by sethoxydim. The antagonism was eliminated by applying the 

herbicides as individual treatments separated by 1.5 hr or more. 

Soybean (Glycine max (L.) Merr.) tolerance was not affected by any of 

the herbicide combinations which were evaluated. 

Seven soybean cultivars were evaluated for differential tolerance 

to the grass-selective herbicides. All cultivars possessed good toler-

ance to rates three to ten times those recommended for field use. 
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