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ABSTRACT

GRASS CONTROL IN SOYBEANS [GLYCINE MAX (L.) Merr.]
WITH SELECTIVE POSTEMERGENCE HERBICIDES

By

James Justin Kells

Several selective postemergence herbicides provided

excellent midseason quackgrass [ Agropyron repens (L.) Beauv.]

control and regrowth control 10 months after treatment. Early
treatments in one year provided less midseason control and
regrowth control than late treatments with most of the herbi-
cides tested. 1In another season, late treatments provided

less control of quackgrass regrowth compared to early treat-
ments. Sequential applications provided equivalent or greater
quackgrass control than single applications of the same total
rate. Several antagonistic interactions resulted from herbicide
applications in combination with acifluorfen {sodium 5-[2-
chloro-4- (trifluoromethyl)-phenoxy]-2-nitrobenzoate} or bentazon
[ 3-isopropyl-1H-2,1, 3-benzothiadiazin-4 (3H) -one 2,2-dioxidel.
Excellent postemergence annual grass control with flexibility

in time of application was observed with each experimental

herbicide evaluated. Soybean [Glycine max (L.) Merr.] injury

was significantly greater for each treatment where acifluorfen
was included in the spray mixture; however, this injury did

not significantly reduce yield. Herbicidal activity and



James Justin Kells

persistence from soil treatments with fluazifop-butyl {(%)-butyl
2-[4-[[5- (trifluoromethyl) -2-pyridinyl]oxy lphenoxy ]Jpropanoate }
was observed.

More rapid absorption of 14C-fluazifop-butyl was observed

14C absorbed 6 h after

in soybeans with 75% of the recovered
treatment compared to 36% in quackgrass. Translocation of the
radiolabel 144 h after treatment was 16.5% and 14.1% in soy-
beans and quackgrass, respectively. Data indicate that
differential absorption or translocation did not contribute to
the selectivity of fluazifop-butyl. Quackgrass phytotoxicity
from fluazifop-butyl was lower on plants at the five- to six-
leaf stage compared to those at the two- to three-leaf stage.
Significantly more l4C was removed in leaf washes from the

older plants 144 h after treatment. Herbicidal activity and
foliar absorption of fluazifop-butyl was significantly greater
at 30 C compared to 20 C. Plants exposed to full light trans-
located significantly more 14C than plants maintained in the
shade. Moisture stress significantly reduced quackgrass control

with fluazifop-butyl; however, no significant differences in

absorption or translocation were observed.
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INTRODUCTION

Soybeans [Glycine max (L.) Merr.] have become one of

the major agronomic crops in the United States and else-
where. Similar to other crops, adequate weed control is
a prerequisite to production of maximum soybean yields.
With the cost of production currently experienced by the
producer, an effective and consistent program for weed
control is essential to profitable production.

Several herbicides are available as soil treatments
to control broadleaved weeds and annual grasses in soybeans.
Acifluorfen {sodium 5-[2-chloro-4-(trifluoromethyl)-phenoxy]-
2-nitrobenzoate} and bentazon [3-isopropyl-1H-2,1,3-benzo-
thiadiazin-4(3H)-one 2,2-dioxide] are available for selective
postemergence control of broadleaved weeds and diclofop-methyl
{methyl 2-[4-(2',4'-dichlorophenoxy)phenoxy]propanoate} can
provide selective postemergence grass control; however,
this herbicide has very little activity on perennial grasses

such as quackgrass [Agropyron repens (L.) Beauv.]. Several

experimental herbicides have been shown to provide effective
postemergence control of both annual and perennial grasses
with little soybean injury. Postemergence applications of
a grass control herbicide in combination with acifluorfen
or bentazon is desirable since it would increase the weed

spectrum controlled.



Fluazifop-butyl { (#)-butyl 2-[4-[[5-(trifluoromethyl)-
2-pyridinyl]oxy]lphenoxy] propanoate} is one of a number of
selective postemergence herbicides which have herbicidal
activity on annual and perennial grasses in broadleaved
crops. Little is known about absorption and translocation
of this herbicide.

The objectives of this study were to: (a) evaluate the
influence of factors including rate, time of application,
sequential applications, and herbicide combinations on the
efficacy and soybean tolerance of several selective post-
emergence herbicides for quackgrass and annual grass control,
(b) examine the soil herbicidal activity and persistence
of fluazifop-butyl, (c) compare the absorption and trans-
location of 14C-fluazifop-butyl in quackgrass and soybeans,
(d) examine the influence of factors including plant growth
stage, temperature, light, and moisture stress on absorption,

translocation, and activity of fluazifop-butyl on quackgrass.



CHAPTER 1

REVIEW OF LITERATURE

The past decade has seen the introduction and
development of a new and important component to agronomic
and horticultural production and research. Selective
postemergence grass control in broadleaved crops represents
a unique addition to the available methods for economic con-
trol of weeds. Several graminicides are presently being
developed in the United States and other countries throughout
the World. A broad understanding of these compounds is
important for their effective use in the agricultural

community.
GENERAL INFORMATION ON HERBICIDES

General information on the history, herbicidal activity,
and physical properties of diclofop-methyl {methyl 2-
[4-(2',4'-dichlorophenoxy) phenoxy] propanocate} (1,9),
metriflufen {methyl 2-[4-(4'-trifluoromethyl phenoxy)
phenoxy] propanocate} (9), mefluidide {N-[ 2,4-dimethyl-5-
[[ (trifluoromethyl)sulfonyl] amino] phenyl] acetamide} (57),
sethoxydim { 2-[ 1- (ethyloxyimino)butyl] -5-[ 2= (ethylthio)
propyl] =3-hydroxy-2-cyclohenen-1l-one} (4), difenopenten
{ ethyl 4-[ 4-[ 4-(trifluoromethyl)phenoxy] phenoxy] -2-pentenoate}

3



17,42), RO-13 8895 {acetone 0-[D-[2-[p-(a,a,a-trifluoro-p-
tolyl)oxy] phenoxy]propionyl]loxime} (44), CGA-82725 {2-
propynyl 2-[4-[(3,5-dichloro-2-pyrindinyl)oxy]phenoxy]
propanoate} (19), NCI-96683 (Nissan Chemical Ind., LTD.)
(63), NCI-96721 (Nissan Chemical Ind., LTD.) (63), Fluazifop-
butyl { (¢)-butyl 2-[4-[[5-(trifluoromethyl)=-2-pyridinyl
oxy]phenoxy] propanoate}! (47,68), and Dow 453 {methyl
2-[4-[[3-chloro-5-(trifluoromethyl) -2-pyridinyl]oxy] phenoxy
propanoate}l! (28) are presented in Table 1. Chemical names
and structures of herbicides whose chemistry has been
released are given in Figure 1.

Each of the herbicides previously discussed has been
reported to have significant activity on certain grassy
weeds and to exhibit some level of tolerance to broadleaved

crops such as soybeans [Glycine max (L). Merr.]. It is

important that certain comparisons be discussed between the
compounds.

For control of rhizome johnsongrass [Sorghum halepense

(L.) Pers.], melfuidide has been found to be less effective
than difenopenten (80,93,95,106), sethoxydim (45,77,80,93,
95,106) CGA-82725 (45), or RO-13 8895 (94). Sethoxydim has
been reported to be more effective than difenopenten (40).
RO-13 8895 and fluazifop-butyl have been shown to be more
effective than sethoxydim (37). Mefluidide has also been
shown to create significant soybean injury (35,77,110) even

to the point of reducing soybean yield (36).
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Figure 1. Molecular structure of several selective
postemergence grass herbicides in soybeans.



Diclofop-methyl (HOE-23408)

CH3
|
Cl 0 O-CH-COOCH3
Cl

methyl 2-[4-(2',4'-dichlorophenoxy)phenoxy]propanoate

Metriflufen (HOE-29152)

CH3
|
CF3 0 O—CH°COOCH3

methyl 2-[4-(4'-trifluoromethyl phenoxy)phenoxy]
propanoate

Mefluidide (MBR-12325)

CH NHSO,CF

3 273
CH3 NHCOCH3
N-[2,4-dimethyl-5-[[ (trifluoromethyl)sulfonyl]amino]

phenyl]acetamide



Figure 1. Continued



Sethoxydim (BAS-9052)

o) CH,~CH,~CH,
HyC  CHy !
L C=N-0-CH,-CH,
H,C  CH
VY
S CH, OH

2-[1-(ethoxyimino)butyl]=5-[2-(ethylthio)propyl]-3-
hydroxy-2-cyclohexen-1-one

Difenopenten (KK-80)

CH3
|
F3C o) O—CHCH=CHCOOC2HS

ethyl 4-[4-[4-(trifluoromethyl)phenoxy]phenoxy]-2-
pentenoate

RO-13 8895
CH3 CH3
| [
FLC 0 0-CH-C-0-N=C
Il |
0 CH,

acetone 0-[D-[2-[p-(a,a,a-trifluoro-p-tolyl)oxy]
rhenoxy]propionyl] oxime



Figure 1.

Continued
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CGA-82725

Cl

CH3

l 0
cl ¢ Z
\ / 0=CH-C’
N

O-CHZ-CECH

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

Fluazifop-butyl (PP00Y)

O _O— o- CH--C-O CH,CH,CH, -CH,

(+)-butyl 2-[4-[[5-trifluoromethyl)-2-pyridinyl]oxy]
phenoxy ] propanoate

Dowco 453

cl
c 0 OCHCOOCH
\ Y e
N
CH,

methyl 2-[4-[[3-chloro-5-(trifluoromethyl) -2-pyvridinyl]
oxy]phenoxy] propanoate
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For control of quackgrass [Agropyron repens (L.)

Beauv.], Wyse (86) reported only limited control with
mefluidide compared to metriflufen. Waldecker and Wyse

(99) reported midseason quackgrass control to be signifi-
cantly greater from RO-13 8895 than from difenopenten or
sethoxydim. Westra and Wyse (102) reported greater control
from sethoxydim than from difenopenten. Similar results were

found for bermudagrass [Cynodon dactylon (L.) Pers.] control

(104). In another study comparing sethoxydim, NCI-96683,
fluazifop-butyl, RO-13 8895, and Dowco 453, Dekker (22)
found fluazifop-butyl, NCI-96683, and Dowco 453 to be the
most effective for control of quackgrass.

For control of annual grasses, Gealy and Slife (33),

using yellow foxtail [Setaria lutescens (Weigel) Hubb]

as the test species, found difenopenten to be more effective
than diclofop-methyl. In a later study, Oliver et al.

(65) compared several experimental herbicides for control

of a number of annual grass species including barnyardgrass

[Echinochloa crus-galli (L.) Beauv.]. They found that

regardless of grass species or rate, the order of phyto-
toxicity was Dowco 453, RO-13 8895, sethoxydim, fluazifop-
butyl, and difenopenten.

Although the results presented here are only a
representative fraction of the data reported and differences
exist in the comparisons, it does serve as an overview of

these herbicides.
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TIME OF APPLICATION

It is generally accepted that control of annual
grasses with diclofop-methyl decreases when the herbicide
is applied at later growth stages (32,91,101,109). Rogers
et al. (73) found that many grass species were not
susceptible to metriflufen at the three-leaf stage with
susceptibility decreasing as plants developed. Many annual
grass species have been found to become more tolerant to
difenopenten as they advanced into tillering (42). Similar
results were reported for sethoxydim (40). Hill and Peek
(41) reported that plant growth stage is not an important
factor in obtaining annual grass control with CGA-82725. 1In

a study on large crabgrass [Digitaria sanguinalis (L.) Scop.]

control, Himmelstein and Peters (43) found that RO-13 8895
and CGA-82725 were effective at all stages of application.
Drew (30) reported that higher rates of fluazifop-butyl were
required to control advanced growth stages of a number of
annual grasses. In a study reported by Oliver et al. (65),
several annual grass species including barnyardgrass, broad

signalgrass [Brachiaria platyphylla (Griseb) Nash], giant

foxtail [Setaria faberi (Herrm.)], goosegrass [Eleusine

indica (L.) Gaertn.], grain sorghum [Sorghum bicolor (L.)],

fall panicum [Panicum dichotomiflorum (Michx)], large crab-

grass, and red rice [Oryza sativa (L.)] were treated with

difenopenten, sethoxydim, RO-13 8895, fluazifop-butyl and

Dowco 453. At the two- to four-leaf stage all of the herbicides
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tested controlled all the grass species in the study.
However, at the 5- to 1l5-leaf stage, none of the herbicides
were effective on red rice, grain sorghum, giant foxtail or
barnyardgrass.

Plant growth stage has been shown to be an important
factor in the control of perennial grasses such as johnson-
grass with selective postemergence herbicides. Swisher and
Kapusta (86) have reported greater johnsongrass control with
metriflufen at the boot stage than with earlier applications.
Similar results were reported by Down and Rieck (29). Rogers
(76) reported a decrease in johnsongrass control with
metriflufen when plants were past the boot stage at time of
treatment. This suggests that a window of greatest control
may exist where earlier or later treatments are less effective.
Johnsongrass control with difenopenten has been reported to
be reduced on 1- to 2-m tall plants compared to smaller plants
(62). Early applications (15 to 20 cm) of sethoxydim,

RO-13 8895, and fluazifop-butyl were shown to be more effective
than late (45 to 70 cm) applications (37). Rogers et al. (76)
suggested that johnsongrass control with later applications

can be improved by increasing the rate of application.

Studies have been conducted on the influence of plant
growth stage on quackgrass control. Majek and Duke (49)
reported no difference in quackgrass control with metriflufen
between plants in the three-leaf and six-leaf stage. However,
metriflufen has been reported to give slightly greater

quackgrass control when applied to plants 10- to 15-cm tall
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compared to 8- to 10-cm tall (24). Waldecker and Wyse (99)
reported no difference in control between growth stages of
quackgrass from 0.84 kg/ha rates of sethoxydim, difenopenten,
or RO-13 8895. Dekker and Anderson (22), however, found

that sethoxydim, NCI-96683, RO-13 8895, fluazifop-butyl,

and Dowco 453 were more effective on quackgrass when applied
at the four- to five-leaf stage compared to the three- to four-
leaf stage. Plant growth stage has been reported to have
little influence on grass control with Dowco 453 (84). It

is apparent that other factors such as rate and environmental
factors, etc. influence grass control at different plant
growth stages and may account for some of the discrepancies
reported in the literature.

Various studies have investigated sequential applications
for more effective control of perennial grasses such as
johnsongrass and quackgrass. Johnsongrass control with
sequential applications was often greater than with single
applications at the same rate for metriflufen (86), sethoxy-
dim (51,77,93,94,96,97), difenopenten (87,93,94,95), RO-13 8895
(5,41,94), CGA-82725 (41), and fluazifop-butyl (21,68).

Sequential applications have been found to provide
greater quackgrass control with sethoxydim (51,77,79,96,97,
102), difenopenten (102), RO-13 8895 (5), and fluazifop-
butyl (21). However Bhowmik and Doll (7) reported that
sequential applications gave no added quackgrass control
with sethoxydim, difenopenten, or CGA-82725. This observa-
tion may be related to environmental conditions or the

procedure followed in the study.
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Cultivation as a substitute for the second herbicide
application has been examined in several studies. Young
and Wyse (112) found that a cultivation following treatment
with metriflufen increased quackgrass control. Scoresby et
al. (80) found that johnsongrass control was increased from
a cultivation following a postemergence application of
difenopenten but not sethoxydim. However, McAvoy (51)
reported that a timely cultivation following sethoxydim
may increase control of perennial grasses such as johnson-
grass and quackgrass. Westra and Wyse (102) found that
single applications of sethoxydim or difenopenten followed
by a cultivation gave similar quackgrass control to sequential
treatments and both were better than single treatments
alone. Waldecker and Wyse (99) found that a cultivation
after treatment aided in quackgrass control more with
difenopenten and sethoxydim than with RO-13 8895. Signifi-
cant increases in yield have also been reported from
cultivations following treatments of sethoxydim, RO-13 8895,

and CGA-82725 (7).

HERBICIDE INTERACTIONS

Effect on Herbicidal Activity. Considerable research

has been conducted in the area of herbicide interaction
between selective postemergence herbicides for broadleaved
crops, much of it with diclofop-methyl. Reduced control

of various annual grass species with diclofop-methyl was
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observed when the herbicide was combined in a tank mixture
with bentazon [3-isopropyl-1H-2,1,3-benzothiadiazin-4(3H)-
one 2,2-dioxide] (6,15,72,107), desmedipham (ethyl m-hydroxy-
carbanilate carbanilate) (26,59,202), MCPA (2-methyl-4-
chlorophenoxyacetic acid) (59,69), 2,4-D [(2,4-dichlorophenoxy)
acetic acid] (24,83,89,92) 2,4-DB [4-(2,4-dichlorophenoxy)
butansic acid] (78), dinoseb [2-(l-methylpropyl)-4,6-
dinitrophenol] (6) and nitrofen (2,4-dichlorophenyl p-
nitrophenyl ether) (10). No reduction in giant foxtail
control was observed by Ritter and Harris (72) with tank
mixtures of diclofop-methyl and acifluorfen {sodium 5-[2-
chloro-4-(trifluoromethyl) -phenoxy]-2-nitrobenzoate}. These
results may be due to the reported phytotoxicity of acifluor-
fen itself on annual grasses such as giant foxtail (88).

More difficult to explain, however, is the synergistic
interaction between diclofop-methyl and bentazon on yellow
foxtail reported by Shurtleff and Buchanan (83).

Herbicide interactions such as these reported on
diclofop-methyl have also been studied with a number of more
resent postemergence grass herbicides. Dortenzio and Norris
(26) reported decreased barnyardgrass control with metri-
flufen when the herbicide was combined in a tank mixture
with desmedipham. Antagonistic trends have also been ob-
served with combinations of metriflufen with bentazon or
acifluorfen for control of johnsongrass (29). However, no
antagonism was observed between metriflufen and bentazon

or acifluorfen for control of fall panicum. Shurtleff and
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Buchanan (83) reported increased control of yellow foxtail,

large crabgrass, wild oats [Avena fatua (L.)], and johnson-

grass from combinations of metriflufen and dinoseb. This is
in conflict with findings of Nalawaja et al. (61l) who
reported reduced grass control from combinations of metri-
flufen and dinoseb. Hartzler and Foy (38) reported a reduction
in large crabgrass control when either bentazon or acifluorfen
were combined with sethoxydim. Ritter and Harris (72)
also reported on antagonism between sethoxydim and bentazon
and between difenopenten and acifluorfen. 1In a study
examining compatability of several postemergence broadleaf
herbicides including bentazon and acifluorfen with several
postemergence grass herbicides, Nalawaja et al. (60) found
that combinations with any of the broadleaf herbicides de-
creased yellow foxtail control from difenopenten and
CGA-82725. Yellow foxtail control from sethoxydim was
reduced only when the herbicide was combined with bentazon
or desmedipham. Smith (84) has reported that Dowco 453 is
compatible with bentazon and acifluorfen. Although most
interactions between postemergence herbicides have been
antagonistic, one synergistic interaction has been well
documented. Reports indicate that combinations of mefluidide
and bentazon are more effective for control of red rice than
either compound used alone (103).

It is apparent from examining antagonistic herbicide
interactions that the rate of the grass herbicide is an

important function in the intensity of any interaction.
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Hartzler and Foy (38) indicated that antagonism between
sethoxydim and bentazon or acifluorfen was lessened by
increasing the rate of sethoxydim from 0.28 kg/ha to 0.56
kg/ha. In addition, Nalawaja et al. (60) suggested that
antagonisms involving sethoxydim may have existed which
were not detected due to the rate of sethoxydim used and
the sensitivity of the grass being treated.

Basis for Antagonisms. Woletatios and Harvey (108)

suggested that the antagonism between diclofop-methyl and
bentazon may be explained by lower 14C-diclofop-methyl
uptake in leaves pretreated with a diclofop-methyl-bentazon
mixture. Qureski and VanderBorn (69) reported that uptake
of diclofop is reduced in the presence of MCPA. They also
reported that MCPA inhibits deesterification of diclofop-
methyl to the free acid diclofop, and accelerates the
conversion of diclofop to inactive conjugates. In examining
the antagonism between diclofop-methyl and 2,4-D, Todd and
Stobbe (92) found translocation of 14C to roots and shoot
apices of wild oat to be reduced following application of
2,4-D. They suggested that deesterification of diclofop-
methyl to the free acid diclofop was inhibited by 2,4-D.
They suggested that diclofop-methyl moved acropetally in
the apoplast and was responsible for leaf tissue damage
while the free acid diclofop moved basipetally in the
symplast and was responsible for inhibition of meristematic

activity.
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ENVIRONMENTAL EFFECTS ON HERBICIDE ACTIVITY

The major environmental factors which have been examined
include temperature, relative humidity and soil moisture.
Nalawaja et al. (59) reported that diclofop-methyl was more
effective at 10C than at 30C for wild oat control, but was
more effective at 30C than 20C for yellow foxtail control.
McWhorter (52) reported no control of johnsongrass with
metriflufen regardless of rate when plants were exposed to
post treatment temperature of 16C. Much greater control
was observed when the post treatment temperature was 24C
or 32C. Young and Wyse (112) found phytotoxicity to
quackgrass from 0.56 kg/ha or lower rates of melfuidide
to be greater to plants with a post treatment temperature
of 30C compared with 17C or 27C. Wills (104) reported a
two-fold increase in difenopenten activity at 35C compared
to 18C.

The effect of relative humidity in conjunction with
temperature has been studied by McWhorter (52). He reported
significantly greater johnsongrass control with metriflufen
when the post treatment conditions were 24C and 100% relative
humidity compared to 40% relative humidity. Wills (104)
found sethoxydim to be most toxic on bermudagrass when the
post treatment environment was 18C and 100% relative
humidity and reported that difenopenten activity was often
greater at 100% relative humidity than at 40% relative

humidity.
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In examining the effect of moisture stress on grass
control Nalawaja et al. (59) reported that in general,
grass plants under moisture stress after application were
more tolerant to diclofop-methyl. West et al. (10l1l) re-
ported reduced control of moisture stressed barnyardgrass
with diclofop-methyl, especially under cool, slow growing
conditions. On several species of annual grasses including
yellow foxtail and barnyardgrass, Dortenzio and Norris (27)
found a significant reduction in control with diclofop-
methyl or metriflufen under a low moisture environment
(2 to 3% above permanent wilt point). Norris (64) also found
that the reduction in diclofop-methyl activity from moisture
stress on wild oat was much less under 85 to 89% relative
humidity compared to 30 to 35% relative humidity. Dry condi-
tions have been reported to lengthen the time for symptoms
to appear on perennial grasses from sethoxydim; however,
the end result is the same (51). Ready and Wilkerson (71)
reported that both initial control and regrowth control of
johnsongrass with fluazifop-butyl was greater with plants
grown under adequate moisture. The reduced control of plants
under moisture stress may be related to the more developed
leaf cuticle that would be expected under those conditions.
The effect of rhizome fragmentation on perennial grass
control with fluazifop-butyl has been examined by Plowman
et al. (68). They reported excellent control of quackgrass
and johnsongrass with fluazifop-butyl in a cultivated area

where fragmentation of rhizomes had occurred. Also, the authors
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indicated that higher rates were required to control
johnsongrass when rhizomes remained unfragmented. Colby

et al. (21) stated that for effective control of johnson-
grass, bermudagrass and quackgrass with 0.28 kg/ha to 0.56
kg/ha of fluazifop-butyl, thorough fragmentation of the
rhizomes by tillage was necessary, and higher rates were
required for undisturbed perennials. However, Wagner and
Letendre (98) reported that additional fragmentation of
quackgrass rhizomes by discing or rototilling did not
increase control with fluazifop-butyl in field tests plowed
the preceding fall. This observation may be confounded with

one or more other important factors previously discussed.

ADJUVANTS

Increased activity from adjuvants have been reported
for diclofop-methyl (59,66), metriflufen (52,61), sethoxydim
(51,67,95,96,102), difenopenten (60,102), RO-13 8895 (3),
CGA-82725 (7,19), fluazifop-butyl (20) and Dowco 453 (84).
Most studies indicate that crop oils or crop oil concentrates
give the best results. However, Michieka and Ilnicki (56)
found that fall panicum control with metriflufen was greater
with a non-ionic surfactant than with crop oils.

It is apparent that many factors such as rate and
environmental conditions influence the need for an adjuvant.
Umeda and Kapusta (95) reported that crop oil concentrate
enhanced johnsongrass control with sethoxydim only at rates

less than 0.56 kg/ha or when applied to more mature (76 cm)
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plants. McAvoy (51) suggested that the addition of crop
oil concentrate to sethoxydim would compensate for approxi-
mately 0.28 kg/ha of the herbicide. Similar results were
reported by Veenstra et al. (96). Addition of surfactants
to metriflufen increased johnsongrass phytotoxicity only
under low (40%) relative humidity (52). It appears that
adjuvants increase herbicidal activity by increasing the
penetration of the herbicides into the leaves. O0il con-
centrates may also increase activity by solubilizing a
portion of the leaf cuticle to aid in penetration. This may
be particularly important under dry conditions or with more

mature plants where a more impermeable cuticle is expected.
ABSORPTION AND TRANSLOCATION

Absorption and translocation of diclofop-methyl in
several species including barnyardgrass and soybeans have
been reported by Boldt and Putnam (1l1l). No difference in
absorption or translocation was observed between the two
species. Translocation was limited to less than 2% with 98%
of the applied 14C remaining in the treated leaf. Campbell
and Penner (16) reported that sethoxydim was rapidly absorbed
and translocated to all plant parts of both johnsongrass
and soybeans. Unlike diclofop-methyl or sethoxydim, l4C--
mefluidide absorption and translocation has been reported
to be greater in giant foxtail than in soybeans initially

after treatment; however, this trend reversed after the

first 24 h (8).
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The length of the absorption period is an important
factor to be considered. Absorption of 14C-diclofop-—methyl
was reported to continue over a 192 h period in green foxtail

[Setaria viridis (L.) Beauv.], wild oat, wheat [Triticum

aestivum (L.)] and barley [Hordeum vulgare (L.)] (91);

however, 14C uptake ended within 48 h after treatment in

soybeans (108). Campbell and Penner (16) found that the

duration of absorption of 14C-sethoxydim in quackgrass was 12 h

or less with 90% of the applied 14C absorbed. The site of
greatest absorption has also been examined. Young and Wyse
(111) reported that both penetration and toxicity of diclofop-
methyl was greater as the chemical was applied closer to the
base of wild oat. Similar results were reported by Walter

et al. (100). Wills and McWhorter (105) reported three to

14C-mefluidide

four times more distribution of 14C when
was applied to the stems compared to the leaves.

Limited translocation of diclofop-methyl in both the
symplast and the apoplast have been reported (82). Mefluidide
translocation has been reported to be primarily in the
phloem with movement to areas of high metabolic activity
in giant foxtail and soybeans (8). However, McWhorter and

14C from 14C-mefluidide to

Wills (55) reported movement of
be primarily acropetal in johnsongrass, soybean, and common

cocklebur [Xanthium pensylvanicum (Wallr.)]. Both acropetal

and basipetal movement of metriflufen were reported in

14 14

johnsongrass (53). Rapid translocation of C from Cc-

sethoxydim in the phloem with accumulation in the metabolic
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sinks of quackgrass has been reported (16). Fluazifop-butyl
has been reported to be both xylem and phloem mobile (68).

Environmental factors. McWhorter and Wills (55)

reported that increasing post treatment temperature from
22C to 32C resulted in a two- to three-fold increase in
absorption and an eight-fold increase in translocation of

14C from 14

C-mefluidide in soybeans. An increase in relative
humidity from 40% to 100% resulted in less than a two-fold
increase in absorption or translocation. In johnsongrass,
when no surfactant was used, an increase in temperature

from 22C to 32C resulted in less than a two-fold increase in
absorption and affected translocation only at 40% RH. The
addition of adjuvants increased absorption and translocation

14

of C-mefluidide in johhsongrass, especially at lower

relative humidity (55).

McWhorter (53) reported a two- to four-fold increase
in translocation of 14C-metriflufen when the post treat-
ment temperature was 35C compared to 18C; however,

translocation always represented less than 1% of the applied

14C. Relative humidity had little effect on translocation

14

of C-metriflufen. Absorption was not greatly influenced

by either temperature or relative humidity. Translocation

14

of C in soybeans also responded similarly to temperature

and relative humidity. More 14C was recovered from soybeans
than from johnsongrass (53).
Dortenzio and Norris (27) reported that, although soil

moisture stress did effect control of several grass species
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with diclofop-methyl, no significant differences in

absorption or translocation could be detected. However,
regrowth data indicate that more rapid translocation of
fluazifop-butyl occurred on johnsongrass plants growing
under adequate moisture compared to those growing under

moisture stress (71).

PHYSIOLOGICAL EFFECTS

Little is known of the physiological effects of
postemergence grass herbicides for broadleaved crops;
however, some information has been reported on certain
herbicides. Diclofop-methyl has been shown to interfere
with both cell division and cell elongation (46). This
herbicide has also been reported to disrupt membrane integ-
rity and inhibit chlorophyll synthesis (3). 1In addition,
it has been reported that diclofop-methyl acts as a strong
auxin antagonist (81).

Studies indicate that metriflufen inhibits protein
synthesis in corn [(Zea mays (L.)] and soybean tissue (14)
and inhibits electron flow in isolated chloroplasts of corn
and peas (13).

Johnsey and Harger (48) reported that following
treatment with sethoxydim, johnsongrass plants initially
stopped growing with the first symptoms of injury occurring
in the meristem of treated plants. Sethoxydim has been

shown to reduce photosynthesis and transpiration in corn (34);
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however, this may be a secondary effect. 1In corn, inhibition
of adventitious root initiation and growth, reduced elonga-
tion of root and shoot, and at low concentrations, inhibited
chlorophyll synthesis have been reported (2). Hatzios (39)
suggested that sethoxydim may act by modifying the lipid
structure of plant membranes.

Fluazifop-butyl appears to adversely interfere with
ATP production (68). The meristematic area within the
susceptible plants are the first to show symptoms of injury.
Plant growth typically ceases after treatment with fluazifop-
butyl (68).

Mefluidide has been shown to act as a plant growth
regulator in susceptible plants (54,57). Wilkinson (70)
suggested that mefluidide may inhibit production of a
precurser to gibberellin and thus suppress gibberellin

biosynthesis.

MECHANISMS OF SELECTIVITY

In examining the mechansim of selectivity of diclofop-
methyl, Todd and Stobbe (90) reported that the active form
of the herbicide is the free acid diclofop. Shimabukuro
et al. (82) reported that both wheat, a tolerant grass,
and wild oat, a susceptible grass, converted diclofop-methyl
to diclofop. In wheat, diclofop was irreversibly ring
hydroxylated and finally conjugated. However, in wild oat,
diclofop was conjugated to a neutral glycol ester which may

hydrolyze to reform diclofop. Boldt and Putnam (12) compared
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metabolism of diclofop-methyl in barnyardgrass, a susceptible

grass, wild proso millet [Panicum milliaceum (L.)], a

moderately susceptible grass, longspine sandbur [Cenchrus

longispinus (Hack.) Fern.], a tolerant grass, soybean and

cucumber [Cucumis sativus (L.)], both tolerant broadleaved

plants. Both tolerant and susceptible plants converted the
herbicide to the free acid diclofop. Tolerant broadleaved
plants ring hydroxylated diclofop followed by glucosidic
conjugation. In susceptible grasses, diclofop was conjugated
on the propionate side chain which was readily reversible.
Reports indicate that retention, absorption, translocation or
volatility are not selectivity mechanism of diclofop-methyl (1l1).
Swisher and Corbin (85) suggested that differences in
tolerance to sethoxydim between soybeans and johnsongrass
may be related to reduced ability of johnsongrass cells to
degrade the herbicide. The selectivity of fluazifop-butyl
between grass and broadleaved plants is thought to be due to
a rapid degradation followed by conjugate formation in
broadleaved plants (68). Bloomberg and Wax (8) suggested
that selectivity of mefluidide may be partially explained
by differential absorption and translocation in tolerant

and susceptible plants.

SOIL ASPECTS

Significant soil activity has been reported with
diclofop-methyl (18,59) metriflufen (73), CGA-82725 (41),
RO-13 8895 (44), NCI-96683 (63), Dowco 453 (28) and fluazifop-

butyl (47,68). In every case, soil activity is considerably
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less than foliar activity. However, it appears that the
soil component may be an important consideration in the use
of certain postemergence grass herbicides.

Several factors have been examined relating to soil
considerations such as persistence and soil mobility.
Norris (65) found with the use of vermiculite on the soil
surface that soil activity from a postemergence application
of diclofop did not contribute to wild oat control. However,
Nalawaja et al. (59) reported a 6% reduction in wild oat
control when vermiculite covered the soil at time of treat-
ment. Diclofop-methyl has been shown to be absorped
through both shoots and roots in barnyardgrass (101).
Diclofop-methyl residual was reported three weeks after
treatment (18), but not eight weeks after treatment (109).
Data also indicate dissipation to be more rapid under warm
soil conditions (50,109). Soil temperature appears to be
more important than moisture. The mobility of diclofop-
methyl has been reported to be comparable to trifluralin
(109); however, Mulder and Nalawaja (58) reported more

14C-diclofop than 14

leachability of C-trifluralin.

Rogers et al. (73) reported that 0.28 kg/ha of soil
applied metriflufen provided 89% or greater control of a
number of annual grasses including barnyardgrass and giant
foxtail. A rate of 0.84 kg/ha provided 95% or greater control
of johnsongrass. Metriflufen has been shown to provide
similar control as trifluralin at the same rates on annual

grasses (76). Dekker et al. (23) reported reduction in
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control from both root and shoot uptake in barnyardgrass
and yellow foxtail. More rapid decrease in activity was
observed under soil moisture of 15% compared to 5% or 25%
(75). The rate of degradation increased as temperature
increased from 15C to 25C. Rogers and Talbert (74) found
that herbicidal activity from 1.1 kg/ha of metriflufen per-
sisted for 40 and 63 days in 1977 and 1978 respectively and
suggested that the loss of activity was due primarily to
microbial degradation. Mobility of metriflufen in soil was
also reported (74). Within a column of silt loam soil,
metriflufen moved 7.5 cm and 18.5 cm from 7.5 cm and 10.0 cm
of water respectively.

Sethoxydim has been found to provide very little
herbicidal activity at postemergence use rates when applied
to the soil (4,43,67). The soil persistence of sethoxydim
is very short (4). NCI-96683 has been reported to have
considerable soil activity but is very immobile in the soil
and incorporation is necessary for good soil activity (63).
Dowco 453 has good soil activity with sufficient soil per-
sistence but requires two to four times higher rates than
postemergence applications (28). Soil activity from CGA-82725
has been reported to be of little significance (19) . Fluazifop-
butyl has considerable soil herbicidal activity on annual
grasses and will persist for several weeks from recommended
rates (47). Useful soil activity can be obtained from rates

of 0.56 kg/ha or higher (20). Results indicate an important
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soil component of activity with fluazifop-butyl (68).
The soil component of herbicidal activity appears to be

adequate with certain herbicides to justify further

examination.
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CHAPTER 2

SELECTIVE POSTEMERGENCE GRASS CONTROL

IN SOYBEANS [Glycine max (L.) Merr.]

ABSTRACT

Several selective postemergence herbicides provided

excellent midseason quackgrass [Agropyron repens (L.)

Beauv.] control in 1980 and 1981. Control of quackgrass
regrowth 10 months after application was observed in 1980

and 1981. Greatest regrowth control in 1980 was observed
with sethoxydim {2-[1-(ethyloxyimino)butyl]-5-[2-(ethylthio)
propyl]-3-hydroxy-2-cyclohenen-l-one}, RO-13 8895 {acetone
O-[D-[2-[p-(a,a,a-trifluoro-p-tolyl)oxy] phenoxy]propionyl]
oxime}, and NCI-96683 (Nissan Chemical Ind., LTD.). Greatest
quackgrass regrowth control in 1981 occurred with NCI-96683
and Dowco 453 {methyl 2-[4-[[3-chloro-5-(trifluoromethyl)-
2-pyridinyl]oxy]phenoxy]propanocatel}. Early treatments
applied to 7- to 9-cm tall quackgrass in 1980 were less
effective than late treatments applied to 16- to 22-cm tall
plants with each herbicide except NCI-96683 and NCI-96721
(Nissan Chemical Ind., LTD.). In 1981, early treatments
applied to 9- to 13-cm tall plants provided similar midseason
control as late treatments applied to 18- to 22-cm tall
plants with each compound tested except RO-13 8895; however,
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late treatments provided less control of quackgrass regrowth.
In both years, sequential applications provided equivalent
and in many cases greater midseason quackgrass control and
regrowth control than single applications of the same

rate for each of the herbicides evaluated. Several antag-
onistic herbicide interactions resulted from grass herbicide
applications in combination with acifluorfen {sodium 5-
[2-chloro-4- (trifluoromethyl) phenoxy]-2-nitrobenzoate}

or bentazon [3-isopropyl-1H-2,1,3-benzothiadiazin-4(3H)-

one 2,2, dioxide]. These antagonisms were partially
overcome in 1981 by increasing the rate of the grass herbi-
cide. Excellent postemergence control of annual grasses

was observed with each of the herbicides examined in 1980
and 1981. Each of the herbicides evaluated in 1981 except
diclofop-methyl {methyl 2-[4-(2',4'-dichlorophenoxy)phenoxy]
propanoate} provided 90% or greater control of barnyardgrass

[Echinochloa crusgalli (L.) Beauv.] and giant foxtail

(Setaria faberi Herrm.) at rates of application of 0.14

kg/ha. Loss of control from herbicide combinations with
acifluorfen or bentazon were less apparent on annual grasses.
Field results indicate flexibility in time of application
for annual grass control with each of the herbicides evalu-
ated except diclofop-methyl. In each field study soybean

[Glycine max (L.) Merr.] injury was significantly greater

for each treatment where acifluorfen was included in the spray

mixture. Soybean injury did not decrease soybean yield
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compared to the hand weeded control. Soil applications of
fluazifop-butyl {(#)-butyl 2-[4-[[5-(trifluoromethyl)-2-
pyridinyl]oxy] phenoxy] propanoate} at 0.28 kg/ha or higher
provided 90% or greater control of barnyardgrass seed and
quackgrass rhizomes. Herbicidal activity in the soil
following application of fluazifop-butyl ranged from 10 days
to 40 days with rates of application of 0.28 to 2.24 kg/ha,
respectively. Results indicate that activity in the soil
contributed to control of 4- to 6-cm tall barnyardgrass

plants following postemergence applications of fluazifop-butyl.



45
INTRODUCTION

Soybeans have become an important component of
agricultural production in the United States and else-
where. Maximum soybean production is often limited by
interference from weeds including annual and perennial
grasses. Quackgrass, an aggressive perennial grass, is a
particularly serious problem in the northern United States
and Southern Canada (10). Several annual grass species may
also create barriers to maximum soybean yields.

Several herbicides are available for soil treatments to
control annual grasses in soybeans; however, diclofop-methyl
is currently the only herbicide fully registered for
selective postemergence grass control in soybeans. Diclofop-
methyl has little activity on quackgrass (l). Foliar appli-
cations of glyphosate [N-(phosphonomethyl)glycine] can
provide excellent quackgrass control (2); however, this her-
bicide is non-selective and cannot be applied as a broadcast
treatment after the crop has emerged. Several experimental
herbicides have been evaluated for selective postemergence
grass control in soybeans. Many have been shown to be
effective for control of both annual and perennial grasses
with little crop injury (5,12).

Grass control with diclofop-methyl was reduced when
application was made to larger plants (16,18,21) . Sequential
applications of sethoxydim (17,19) or difenopenten f{ethyl
4-[4-[4-(trifluoromethyl) phenoxy] phenoxy] -2-pentenoate} (19)

have been shown to be the most effective for quackgrass control.
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Postemergence applications of a grass control herbicide
in combination with a broadleaved weed control herbicide
such as acifluorfen or bentazon is desirable since it
would increase the weed spectrum controlled. However,
reduced grass control has been reported when bentazon was
added to spray mixtures with diclofop-methyl (3,4,14,20),
metriflufen {methyl 2-[4-(4'~-trifluoromethyl phenoxy)
phenoxy] propanoate} (6), or sethoxydim (7,14). Similar
antagonisms were observed between acifluorfen and sethoxydim
(7) or difenopenten (14).

Previous studies have shown herbicidal activity in the
soil with several herbicides including diclofop-methyl (11)
and metriflufen (15). The objectives of this study were to:
(a) evaluate the efficacy and soybean tolerance of several
selective postemergence herbicides for quackgrass and annual
grass control; (b) examine the influence of plant growth
stage and sequential applications on control; (c) examine
the effect of herbicide combinations with acifluorfen and
bentazon on grass control and soybean tolerance; (d) examine

the soil activity and persistence of fluazifop-butyl.

MATERIALS AND METHODS

Field studies on grass control in soybean with several
selective postemergence herbicides were conducted during
the summer of 1980 and 1981. Greenhouse studies on the
herbicidal activity of fluazifop-butyl were conducted in

1981 and 1982.
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General procedures for field studies. Field trials were

conducted in East Lansing, Michigan to evaluate the efficacy
of several herbicides for selective postemergence control

of annual grasses and quackgrass. All treatments were
applied with a compressed air tractor sprayer using 730308l
flat fan nozzles. The spray volume was 253 L/ha and the spray
pressure was 324 kPa. All herbicide treatments except those
involving acifluorfen or fluazifop-butyl were applied with

an oil concentrate added to the spray mixture at 2.34 L/ha.
Fluazifop-butyl treatments were applied with X-772 surfactant
added to the spray mixture at 0.5% (v/v). With treatments
involving herbicide combinations, the rate of application

was 0.56 kg/ha for acifluorfen and 0.84 kg/ha for bentazon.
Applications with bentazon always included oil concentrate

at 2.34 L/ha. Plot size was four 75 cm wide rows by 9 m
long.

Quackgrass control and soybean injury were determined by
visual observations. Certain studies were harvested and
soybean yields were adjusted to 13.0% moisture. All trials
were designed as a randomized complete block containing three
or four replications. Visual evaluations and soybean yields
were subjected to analsis of variance and treatment mean

comparisons were made using Duncan's multiple range test.

lSpraying Systems Co., Wheaton, IL.

2X--77 is a non ionic surfactant composed of a mixture
of alkylaryl-polyoxyethylene glycols, free fatty acids, and
isopropanol produced by Chevron Chem. Co., San Francisco, CA.
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Quackgrass control field studies. 1In 1980, a quackgrass

control study was conducted on a Colwood-Brookston loam in an
area of high quackgrass density that had been undisturbed for
2 years. The study was moldboard plowed in April and was
disked once and field cultivated twice on May 30, 1980. 'Harcor'
and 'Weber' soybeans were planted immediately after final til-
lage. Early postemergence (EP) treatments of sethoxydim,
difenopenten, RO-13 8895, CGA 82725 {2-propynyl 2-[4-[(3,5-
dichloro-2-pyridinyl) oxy] phenoxylpropanocate}, NCI-96683, NCI-
96721 and herbicide combinations with acifluorfen or bentazon
were applied on June 16, 1980 when quackgrass was 7 to 13 cm
in height and soybeans were in unifoliolate growth stage.
Late postemergence (LP) treatments of the same individual
herbicides were applied on June 30, 1980. Quackgrass was 16
to 22 cm in height and soybeans were in one- to two-trifoliolate
growth stage. Additional areas were treated on both June 16
and June 30, 1980. Soybean injury from early and late applica-
tions were evaluated 10 days after treatment on June 27 and
July 11, 1980, respectively. Midseason quackgrass control was
evaluated 4 weeks after the late (LP) treatments on July 26,
1980. Soybeans were harvested and yields determined; Quackgrass
regrowth control the following season was evaluated 10 months
after treatment on April 30, 1981.

The site of the 1981 quackgrass control study was on a
Colwood-Brookston loam in an area with dense quackgrass.
The area had been undisturbed for 7 years. The study area

was moldboard plowed in the fall of 1980 and was disked
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twice and field cultivated twice on May 21, 1981. 'Harcor'
and 'Corsoy' soybeans were planted immediately after final
tillage. Early and late postemergence application of
sethoxydim, RO-13 8895, fluazifop-butyl, NCI-96683, Dowco
453 and herbicide combinations with acifluorfen and bentazon
were made on June 1l and June 25, 1981. Additional areas
were treated on both June 11 and June 25. Corresponding
quackgrass height at time of treatment was 9 to 13 cm and
18 to 22 cm for early (EP) and late (LP) treatments, respec-
tively. Soybean growth stage for early postemergence (EP)
treatments was one- to two-trifoliolate.

On June 19, 1981 the study area was treated with a
broadcast application of 2,4-D at 0.56 kg/ha to control
broadleaved weeds. Soybean injury following the early
treatments was evaluated 7 days after treatment on June 18,
1981. Midseason quackgrass control was evaluated 4 weeks
after the late (LP) treatments on July 23, 198l1. Quackgrass
regrowth control the following season was evaluated 10 months
after treatment on April 28, 1982.

Annual grass control field studies. In 1980, an annual

grass control study was conducted on a Marlette loam in an area
of predominantly barnyardgrass and yellow foxtail [Setaria
lutescens (Weigel) Hubb.]. 'Corsoy' and 'Weber' soybeans

were planted on June 13, 1980. Postemergence treatments of
sethoxydim, difenopenten, RO-13 8895, CGA 82725, NCI-96683,
NCI-96721, diclofop-methyl and herbicide combinations with

acifluorfen or bentazon were applied on July 8, 1980 when the
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grasses were 7 to 9 cm in height and soybeans were in

two-trifoliate growth stage. Soybean injury and grass
control were evaluated on July 18 and August 1, 1980,

respectively.

The 1981 annual grass control study was conducted on a
Capac loam in an area of predominantly barnyardgrass and
giant foxtail. 'Harcor' and 'Corsoy' soybeans were planted
on May 29, 1981. Early postemergence (EP) treatments with
sethoxydim, RO-13 8895, fluazifop-butyl, NCI-96683, CGA
82725, Dowco 453, diclofop-methyl and herbicide combinations
with acifluorfen or bentazon were applied on June 19, 1981
when grasses were 7 to 9 cm in height and soybeans were in
two- to three-trifoliolate growth stage. Late postemergence
(LP) treatments were applied on July 1, 1981 when grasses
were 17 to 22 cm in height and soybeans were in five to six-
trifoliolate growth stage. Soybean injury from early and
late applications were evaluated 7 days after treatment on
June 26 and July 7, 1981, respectively. Grass control was
evaluated 3 weeks after the late (LP) treatments on July
21, 1981. Soybeans were harvested and yields were determined.

General procedures for greenhouse studies. Experiments

were conducted to examine grass control with fluazifop-
butyl. Grass species evaluated were barnyardgrass and
quackgrass. Studies were conducted in the greenhouse under
temperatures of approximately 25 C-day/20 C-night. Natural
light was supplemented with metal halide lighting, with

a 16-h photoperiod at an average photosynthetic photon
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flux density of 280uE-m-2-s-l. Relative humidity ranged

from 30 to 60%. All plants were surface irrigated with
water to maintain the moisture level at or near field
capacity. On a weekly basis, 50 ml of a soluble fertilizer
solution (22.5%N - 22.5%P205 - 22.5%K20, 2g/1) was added to
each pot. Herbicide application was made using a moving
belt sprayer delivering 355 L/ha at a pressure of 206 kPa.
Grass control was determined by visual observation 2 weeks
after barnyardgrass treatments and 4 weeks after quackgrass
treatments. All experiments were designed as a randomized
complete block with four replications and were repeated.
All values are the means of two experiments. Visual evalua-
tions were subjected to analysis of variance and treatment
means comparisons were made using Duncan's multiple range
test.

Quackgrass rhizome sections were planted and grown in
10-cm diamater plastic pots filled with greenhouse potting
soil (1l:1:1 soil, sand, peat). Applications were made to
9- to 13-cm tall quackgrass plants. Herbicide treatments
consisted of fluazifop-butyl at rates of application ranging
from 0.14 to 0.56 kg/ha in combinations with oil concentrate
at 2.34 L/ha or X-77 surfactant at 0.5% (v/v). Treatments
also included fluazifop-butyl in combinations with acifluorfen
at 0.56 kg/ha or bentazon plus o0il concentrate at 0.84 kg/ha
and 2.34 L/ha, respectively. Quackgrass control was evaluated
4 weeks after treatment.

Barnyardgrass was grown from seed in 10-cm diameter

plastic pots containing a sandy loam soil with 75% sand,
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12% silt, 13% clay, 0.8% organic matter, and a pH of 7.8.
After emergence, 10 uniform and equally spaced plants were
selected in each pot. Herbicide treatments were applied
when plants were 4 to 6 cm, 8 to 10 cm, 13 to 15 cm or 17

to 19 cm tall. Herbicide treatments consisted of fluazifop-
butyl at application rates of 0.07 to 0.56 kg/ha in combina-
tion with 0il concentrate at 2.34 L/ha. Herbicide treatments
to 4- to 6-cm tall plants also included fluazifop-butyl in
combination with X-77 surfactant at 0.5% (v/v), acifluorfen
at 0.56 kg/ha, or bentazon plus o0il concentrate at 0.84
kg/ha and 2.34 L/ha, respectively. Plants were evaluated
for phytotoxicity 2 weeks after treatment.

Soil activity and persistence studies. Barnyardgrass

seeds were planted in 10-cm diamater plastic pots filled
with a sandy loam soil with 75% sand, 12% silt, 13% clay,
0.8% organic matter, and a pH of 7.8. Seeds were planted

at a rate of 20 seeds/pot. Immediately after planting, the
pots were treated with soil applications of fluazifop-butyl
at rates of 0.07 to 1.12 kg/ha in combination with X-77
surfactant at 0.5% (v/v) and were placed in the greenhouse
under similar conditions as previously described. Barnyard-
grass plants were harvested 10 days after planting and percent
emergence and total shoot dry matter accumulation were
determined. Reduction in emergence and dry matter accumula-
tion compared to the untreated control were calculated.
Immediately following harvest, the pots were replanted with

barnyardgrass by inserting the seeds into the soil with a
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2-mm diameter glass probe with as little disturbance of the
soil surface as possible. This procedure was repeated every
10 days until six plantings and six harvests had been completed.

In another study, barnyardgrass seeds were planted and
grown in 10-cm diamater plastic pots filled with a sandy loam
soil previously described. Plant densities were established
at 3 plants/pot and 50 plants/pot. To intercept the herbicide,
vermiculite was added to the soil surface of one-half of the
pots in the study prior to treatment and was removed imme-
diately after treatment. Foliar spray treatments of fluazifop-
butyl at rates of 0.07 and 0.14 kg/ha in combination with oil
concentrate at 2.34 L/ha were applied to 4- to 6-cm tall
barnyardgrass plants in pots with and without vermiculite on
the soil surface. Barnyardgrass control was evaluated 2
weeks after treatment.

To evaluate herbicidal activity on quackgrass from soil
applications of fluazifop-butyl, quackgrass rhizome sections
were planted in 10-cm diamater plastic pots filled with a
sandy loam soil previously described. Immediately after
planting, soil applications of fluazifop-butyl were made at
rates of 0.14 to 2.24 kg/ha in combination with X-77 surfac-
tant at 0.5% (v/v). Quackgrass control was determined by
visual evaluation and shoot emergence was counted 15 and 45

days after treatment.
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RESULTS AND DISCUSSION

Quackgrass control. 1In 1980, late postemergence (LP)

applications of sethoxydim, difenopenten, and RO-13 8895
at 1.12 kg/ha provided 76% or greater midseason control of
16- to 22-cm tall quackgrass (Table 1). Late postemergence
(LP) and sequential (EP + LP) application of sethoxydim,
difenopenten, RO-13 8895 or CGA-82725 gave significantly
greater midseason quackgrass control than the same rates
applied early (EP) to plants 7 to 13 cm tall. Sethoxydim
and RO-13 8895 at rates of 1.12 kg/ha and NCI-96683 at 2.24
kg/ha provided 85% or greater control of quackgrass regrowth
the following spring, regardless of time of application.
Quackgrass regrowth control from difenopenten at 1.68 kg/ha
was significantly lower from early (EP) treatments than from
late (LP) or sequential (EP + LP) treatments at the same
rate. CGA-82725 did not provide adequate midseason quack-
grass control or quackgrass regrowth control in 1980 regardless
of rate or time of application. All treatments significantly
increased soybean injury compared to the uncultivated control.
Greatest soybean injury was observed with late postemergence
(LP) treatments of NCI-96683 and NCI-96721 with injury
visually evaluated as high as 38%. However, this injury
did not result in a significant yield reduction compared to
the hand weeded control (Table 1).

In 1981, late postemergence (LP) treatments of sethoxydim,

RO-13 8895, fluazifop-butyl, NCI-96683 and Dwoco 453 at 1.12
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kg/ha provided 75% or greater midseason control of 18-

to 22-cm tall quackgrass (Table 2). Greatest soybean injury
occurred with NCI-96683 at 1.12 kg/ha with injury visually
evaluated at 40%. Unlike the 1980 study, time of treatment
or sequential applications did not influence midseason
quackgrass control with any of the herbicides examined in
1981, except RO-13 8895. Late postemergence applications

of RO-13 8895 at rates of 0.56 and 1.12 kg/ha provided
significantly greater midseason quackgrass control than the
same rates applied early (EP) to plants 9 to 13 cm in height.
Quackgrass regrowth control with sethoxydim and fluazifop-
butyl at 0.56 kg/ha and with NCI-96683 and Dowco 453 at 0.28
kg/ha was significantly lower when the herbicides were applied
late (LP) compared to early (EP) or sequential (EP + LP)
applications at the same rate. This suggests that basipetal
translocation to the quackgrass rhizome was lower for the
late (LP) treatments.

Differences in the effect of time of application and
sequential treatments on midseason quackgrass control and
quackgrass regrowth control between 1980 and 1981 may be
partially related to environmental differences. These
results also indicate that a window of greatest quackgrass
control exists in terms of plant growth stage such that
treatments earlier or later are less effective. For example,
early postemergence (EP) treatments in 1980 applied to 7-
to 13-cm tall quackgrass may have been applied before the

plants reached optimum maturity for basipetal translocation
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of the herbicide. 1In addition, some quackgrass shoots may
have emerged after treatment. This window of greatest
control appears to be wider for certain herbicides with the
greatest flexibility in time of application observed with
NCI-96683 and NCI-96721 in 1980 and with NCI-96683 and Dowco
453 in 1981 (Tables 1, 2).

In both 1980 and 1981, sequential applications were as
effective or more effective than a single application of
the same rate for each of the herbicides evaluated (Tables 1,
2). This agrees with results reported by Westra and Wyse (19).

The addition of acifluorfen to a tank mixture with
RO-13 8895 at 0.56 kg/ha resulted in a significant reduction
in midseason quackgrass control in 1980 (Table 3). 1In
addition, quackgrass regrowth control was significantly
reduced when either acifluorfen or bentazon was added to a
spray mixture with sethoxydim at 0.84 kg/ha or RO-13 8895
at 0.56 kg/ha. Herbicide combinations with acifluorfen
significantly increased soybean injury with all treatments
with injury ranging from 50 to 58%. 1In addition, acifluorfen
added to a spray mixture with difenopenten at 1.12 kg/ha
significantly reduced soybean yield; however, this did not
occur with sethoxydim or RO-13 8895 at the rates tested.

In 1981, herbicide combinations with acifluorfen resulted
in reduced midseason quackgrass control and quackgrass
regrowth control with sethoxydim, RO-13 8895 and fluazifop-
butyl at 0.56 kg/ha (Table 4). Acifluorfen in combination

with NCI-96683 at 0.56 or 1.12 kg/ha did not reduce midseason
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control but did reduce regrowth control. Herbicide
combinations with bentazon resulted in reduced quackgrass
control with sethoxydim at 0.56 and 1.12 kg/ha and with
fluazifop-butyl at 0.28 kg/ha. In addition, reduced quack-
grass regrowth control occurred with herbicide combinations
of bentazon with sethoxydim at 0.56 kg/ha and with RO-13
8895 and NCI-96683 at 1.12 kg/ha. No loss of activity was
observed from herbicide combinations with Dowco 453 at 0.56
kg/ha, the only rate tested. Similar to the 1980 results,
soybean injury was significantly increased with each treat-
ment where acifluorfen was added to the spray mixture.
Midseason quackgrass control ratings in 1981 indicate
that antagonistic herbicide interactions with acifluorfen or
bentazon were partially overcome when the rate of the grass
herbicide was increased (Table 4). For example, quackgrass
control with sethoxydim in combination with bentazon was
increased from 3% to 45% when the rate of sethoxydim was
increased from 0.56 to 1.12 kg/ha. Similar increases in
control were observed with fluazifop-butyl at rates of 0.28
and 0.56 kg/ha in combination with acifluorfen or bentazon.
Similar results have been reported with sethoxydim (7).
This response may explain why fewer antagonistic interactions
were observed in 1980 where, in general, higher rates of the
herbic