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Introduction

Grassy weeds have been a severe problem in grain sorghum (Sorghum
bicolor (L.) Moench) growing areas for many years. It is estimated
that 50% of the herbicide treated areas in the United States are in-
fested with grassy weeds (17).

Herbicides currently available for use in grain sorghum do not
provide adequate grassy weed control under all ceonditions. Acetani-
lide herbicides such as metolachlor [2-chloro-N-(2-ethyl-6-methylphenyl)
~N-(2-methoxy-1l-methylethyl)acetamide] and alachlor [2-chloro-2',6"-
diethyl-N-(methoxymethyl)acetanilide] have provided excellent control
in corn (Zea mays L.} but when used in grain sorghum can cause injury
to the crop (23).

One way to allow use of these herbicides in grain sorghum is to
develop antidotes to protect the crop. Antidotes have previously been
used successfully in corn and grain sorghum. CGA-43089 [=-cyanomethoxy)
imino)benzeacetonitrile] introduced in 1978 and MON-4606 [5-thiazole-
carboxlic acid,benzyl ester,2-chloro-4-(trifluoromethyl)] have been
effective as antidotes to acetanilide herbicides. CGA-92194 [((1,3-
dioxolan-2-yl-methyl)imino)benzeneacetonitrile] introduced in 1982
also shows promise as an antidote in protecting grain sorghum (5,7,19).

These antidotes protect grain sorghum from herbicide injury but
may also reduce germination and emergence of grain sorghum (7,15}.

The objectives of these studies were (1) to evaluate the protec-
tion CGA-43089, CGA-92194, and MON-4606 provide grain sorghum treated
with acetanilide herbicides; (2) to evaluate methods of MON-4606 applica-

tion; (3) to evaluate efficacy of CGA-92194 applied at various rates to



grain sorghum seed grown in soil treated with metolachlor; and (4)
to evaluate the effects of CGA-43089, CGA-92194, and MON-4606 on

germination and growth of grain sorghum.



Chapter 1

LITERATURE REVIEW

There is a great deal of interest in expanding the spectrum of
existing herbicides due to the high cost of registering new herbicides.
One way to expand the spectrum of currently available herbicides is
through the use of herbicide antidotes. Antidotes may allow the use
of a herbicide on a crop species that otherwise would be susceptible
to the herbicide or allow increased application rates of the herbicide
in order to control a wider range of weed species. Field crops in
which antidotes have been used successfully include corn (Zea mays L.)

and grain sorghum (Sorghum bicolor) (16,18,22).

Yield losses in grain sorghum due to grassy weeds can cause an
estimated 20 to 40% yield loss (23). It is estimated that 50% of the
herbicide treated acres in the United States are infested with grassy
weeds (17). Weed control is important in grain sorghum since it is
not very competitive with weeds during the early stages of growth.
Atrazine [2-chloro-4-ethylamino-6-isopropylamino-s-triazine], 2,4-D
[2,4-dichlorophenoxy acetic acid], and dicamba [3,6-cicloro-o=-anisic
acid] will normally provide adequate control of broadleaved weeds but
until recently a herbicide was not available that provided consistent
control of grassy weeds under diverse soil and climatic conditioms.

Metolachlor [2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-1-
methylethyl)acetamide] and alachlor [2-chloro-2',6'-diethyl-N-(methoxy-
methyl)acetanilide] have been shown to be effective in controlling
grassy weeds in grain sorghum. However, often herbicide injury occurs
when these herbicides are used in grain sorghum (23). Ketchersid et al.

(15) reported that injury from preemergent treatments occurred to grain



sorghum when rainfall was received within three days but no injury
occurred if grain sorghum emerged before a rainfall. He also report-
ed that higher soil moisture increased grain sorghum injury from
acetanilide herbicides. Boyd et al. (2) reported that greater injury
cccurred to grain sorghum when water was applied to soil immediately
after sorghum planting and metolachlor application. Simkins et al.
(21) observed that growth reduction in metolachlor-treated grain
sorghum was equivalent at temperatures of either 20 C or 30 C.

The compounds 1,8-napthalic anhydride and R-25788 (N,N-dially-2,
2-dicloroacetamide) have been investigated thoroughly as possible
acetanilide herbicide antidotes in grain sorghum but have not beenshown
to be consistently effective under all environmental conditioms (1,3;
10,12,14,20,23). Recently three new antidotes have been developed
that have been reported to give complete protection to grain sorghum
from injury resulting from acetanilide herbicides.

CGA-43089 [=-cyanomethoxy)imino)benzeacetonitrile], introduced
in 1978, was reported by Ellis et al. (7) when used as a seed treat-
ment at rates of 1.25 to 1.50 g/kg seed to provide adequate grain
sorghum tolerance to metolachlor applied at preemergent rates up to
3 kg/ha., All grain sorghum varieties treated with the antidote
tolerated normal use rates of metolachlor. Other researchers have
reported that CGA-43089 provided complete protection to grain sorghum
from metolachlor injury under various environmental conditions (2,11,18,
22,25). MON-4606 [5-thiazolecarboxlic acid, benzylester,2-chloro-4-
(trifluoromethyl) ], introduced in 1980, was reported to provide complete
protection to grain sorghum from alachlor injury when used as either a

seed treatment at 1.25 g/kg seed or as an in-furrow treatment at (.14



kg/ha (19). CGA-92194 [((1,3—dioxolan—2—yl—methyl)imino)benzeneaceton-
itrile], introduced in 1982, has shown potential for providing protec-
tion to grain sorghum when applied as a seed treatment (5).

Recent research has shown that deficiencies in CGA-43089 perform-
ance do exist. Ellis et al. (7) reported that sorghum was sometimes
injured 1f CGA-43089 exceeded 2 g/kg seed. Ketchersid et al. (15)
observed that seed treated with CGA-43089 emerged slower than seed not
treated with the antidote. CGA-43089 was reported to provide incomplete
protection to grain sorghum grown in soils with high moisture and treat-
ed with normal use rates of metolachlor (4,5). MNyffeler et al. (17)
also reported that CGA-43089 provided less protection when the sorghum
was grown at a low temperature regime (24/14 C day/night) than at a
higher temperature regime (38/22 C day/night). Simkins et al. (21)
found that CGA-43089 increased growth of grain sorghum treated with
metolachlor to a greater extent at higher temperature (30 C) than at
the lower temperature (20 C). He also found that CGA-43089 increased
grain sorghum growth more in grain sorghum treated with metolachlor
under higher moisture levels than under lower moisture conditions.

MON-4606 and CGA-92194 appear to be more effective antidotes than
CGA~-43089., Gingerich and Czajkowski (9) found that MON-4606 gave more
acetanilide herbicide protection than CGA-43089 to grain sorghum treat-
ed with acetochlor [2-chloro-N(ethoxymethyl)-6"-ethyl-o-acetotoluidide].
Dill et al. (5) observed that CGA-92194 provided complete protection to
grain sorghum within normal ranges of temperature and soil moisture.
They also reported that CGA-92194 was safe on four different sorghum

cultivars at rates up to 3.0 g/kg seed.



The mode of action of CGA-43089 in protecting grain sorghum
from acetanilide injury is not well understood. Winkle et al. (25)
reported that there was no difference in uptake of alachlor between
CGA-43089 treated and untreated grain sorghum. Nyffeler et al. (17)
observed that CGA-43089 is absorbed principally by the sorghum shoot.
Gerber et al. (12) observed that the predominant site of uptake for
the herbicide metolachlor was the shoot. Therefore, it appears that
both antidote and herbicide are absorbed at similar locations.
Warmund et al. (24) reported that after 52 hours alachlor plus either
MON-4606 or CGA-43089 reduced significantly the length of the radicles
but had no effect on coleoptile length.

The mode of action of CGA-92194 has not been reported in the

literature.



CHAPTER 2
EFFICACY OF CGA-43089, CGA-92194, AND MON-4606 AS
ANTIDOTES IN COMBINATION WITH ACETANILIDE

HERBICIDES IN GRAIN SORGHUM

Abstract
Field studies were conducted at seven locations in both 1980
and 1981 and at nine locations in 1982 to evaluate efficacy of
acetanilide herbicide antidotes applied as seed treatments in

grain sorghum [Sorghum bicolor (L.) Moench]. CGA-43089 [«x-{cyano-

methoximino)-benzacetonitrile] prevented yield losses that occurred
due to alachlor [2-chloro-2',6'-diethyl-N-(methoxymethyl)acetanilide]
applied at 2.2 kg/ha and metolachlor [2-chloro-N-{(2-ethyl-0-6-methyl-
phenyl) -N-(2-methoxy-l-methylethyl)acetamide] applied at 1.7 kg/ha in
1980. CGA-43089 prevented plant stand, head number, and yield losses
that occurred in 1981 when alachlor or metolachlor was applied.
Acetochlor [2-chloro-N{ethoxymethyl)-6"-ethyl-0O-acetotoluidide] applied
at 1.7 kg/ha reduced head number in grain sorghum but not stand or
yield at one location when CGA-43089 was present. MON-4606 [5-thia-
zole-carboxlic acid, benzyl ester,2-chloro-4-(trifluoro-methyl)] pre-
vented stand loss at four of five locations, and both head number and
vield losses at all locations due to acetochlor applications. Plant
stand reduction at four of five locations, head number reduction at
three of four locations, and yield reductions at all locations due to
alachlor applications was prevented by MON-4606. MON-4606 prevented
grain sorghum from any stand, head, or yield losses due to metolachlor

in 1981. CGA-43089 prevented any stand, head, or yield loss due to



acetochlor at four of eight locations, head number reduction at

three of seven locations, and prevented yield loss at all locations.
CGA-92194 [((1,3-dioxolan-2-yl-methyl)imino)benzeneaceatonitrile]
prevented plant stand reduction in 1982 due to acetochlor applications
at seven of eight locations and head number reduction at six of seven
locations. CGA-92194 prevented stand and head number losses at all
locations and yield losses at two of three locations due to alachlor
applications. CGA-92194 prevented plant stand reduction due to
metolachlor applications at two of three locations and prevented head
number and yield reduction at all locations. MON-4606 in 1982 pre-
vented stand loss at seven of eight locations and prevented head
number reduction at five of seven locations due to acetochlor applica-
tions. MON-4606 prevented stand loss due to metolachlor at three of
five locations and head losses at all locations. MON-4606 prevented
any vield losses due to applications of the three different acetanil-
ide herbicides in 1982, MON-4606 applied as a seed treatment was
more effective in protecting grain sorghum than when applied as a
granule application. CGA-92194 applied at 0.8 g/kg seed and greater
in the field at two locations in Kansas provided adequate protection
to grain sorghum from metolachlor at 2.2 kg/ha. CGA-92194 rates
greater than 1.25 g/kg seed were necessary to protect grain sorghum

at one location when metolachlor was applied at 4.5 kg/ha.

Introduction

Grain sorghum is not very competitive with weeds during the

early stages of its growth. Therefore weed control is important to



prevent substantial yield losses that can occur when weeds are
present (12).

Atrazine [2-chloro-4-(ethylamino)-6-(isopropylamino)-S-triazine]
dicamba [3,6-dicloro-0O-anisic acid], and 2,4-D [2.4-diclorophenoxy-
acetic acid] will normally provide adequate control of broadleaf
weeds but until recently herbicides were not available that provided
consistent control of grassy weeds under all soil and climatic condi-
tions. Metolachlor and alachlor have been shown to be consistently
effective in controlling many grassy weeds in grain sorghum (18).
However, injury may occur when these acetanilide herbicides are used
in grain sorghum (16,17). Studies by Boyd et al. (2) and Ketchersid
et al. (11) have shown that injury occurs to grain sorghum if rainfall
occurs immediately after planting and acetanilide herbicide applica-
tion. Ketchersid et al. (11) also reported that higher soil mois-
ture causes more grain sorghum injury from acetanilide herbicides
than lower soil moisture.

The compounds 1,8-napthalic anhydride and R-25788 (N,N-dially-2,
2-dicloroacetamide) have been investigated as acetanilide herbicide
antidotes in grain sorghum. These compounds have been shown to be
ineffective or only partially effective under certain environmental
conditions (1,3,7,9,10,15,17). CGA-43089 was discovered in 1974 as
an antidote that provided protection to grain sorghum treated with
metolachlor (6). Studies have shown that CGA-43089 when applied as a
seed treatment is effective in protecting grain sorghum from metola-

chlor and other acetanilide herbicides (2,8,11,13,16,18). CGA-43089
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was made available commercially in 1980 when metolachlor was
registered for use in grain sorghum. MON-4606 and CGA-92194 were
introduced in 1981 and 1982 respectively as additional acetanilide
herbicide antidotes (4,14).

The objectives of this research were: (1) to evaluate the
performance of the antidotes CGA-43089, MON-4606, and CGA-92194
when used in grain sorghum grown in soils treated with various
acetanilide herbicides at various locations in three consecutive
yvears; (2) to evaluate methods of MON-4606 application; and (3)
to evaluate efficacy of CGA-92194 applied at various rates to grain
sorghum seed planted in soil treated with metolachlor at two rates

at two locations.

Materials and Methods

Antidote-herbicide combinations at different locations in Kansas,

1981-1982. CGA-43089 performance was evaluated in grain sorghum,
cultivar 'Funks G623GBR', grown in soils treated with metolachlor

or alachlor in combination with atrazine at seven locations across
Kansas in 1980 (Table 1). At the six locations the herbicide treat-
ments were metolachlor plus atrazine at 1.7 plus 1.3 kg/ha and ala-
chlor plus atrazine at 2.2 plus 1.1 kg/ha. Propazine rather than
atrazine was used in combination with metolachlor or alachlor and

at reduced rates at St. John due to the presence of a coarse textured
soil with low organic matter and high pH. Both untreated seed and
seed treated in February with CGA-43089 at a rate of 1.25 g/kg seed

were planted in 76 cm rows in May or June at the various locations,
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Herbicides were then applied prior to emergence of both crop and
weeds.

Yields were taken from the middle two rows of four row plots
at each location. Treatments were replicated three times in a
randomized complete block design in a split plot arrangement with
herbicide treatments as main plots and antidote treatments as
subplots. Means were separated statistically by a least significant
differences (LSD) test.

Field studies were conducted in 1981 in grain sorghum, cultivar
'"DeKalb DK-57', at seven locations in Kansas to evaluate efficacy
of both CGA-43089 and MON-4606 as acetanilide herbicide antidotes.
The locations were the same as those selected in 1980 (Table 1). At
the first six locations, the herbicide treatments consisted of metol-
achlor plus atrazine at 1.7 plus 1.3 kg/ha, alachlor plus atrazine
at 2,2 plus 1.1 kg/ha, and acetochlor plus atrazine at 1.7 plus 1.1
kg/ha. At St. John treatments were metolachlor plus propazine at 2.2
plus 0.6 kg/ha, alachlor plus propazine at 2.2 plus 0.6 kg/ha, and
acetochlor plus propazine at 1.7 plus 0.6 kg/ha. Both untreated
seed and seed treated in February with either CGA-43089 or MON-4606
at a rate of 1.25 g/kg seed were planted in 76 cm rows in June or
July.

All data were collected from the two middle rows of 4-row plots
and included stand counts at approximately four weeks after planting,
head counts after half-bloom stage, and yield after plots were har-

vested by machine.
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Treatments were replicated three times in a randomized
complete block design in a split-plot arrangement with herbicide
treatments as main plots and antidote treatments as subplots.

Means were separated statistically by a LSD test.

In 1982, field studies were conducted in grain sorghum,
cultivar 'Funks G623GBR', at nine locations in Kansas to evaluate
efficacy of CGA-43089, MON-4606, and CGA-92194 as acetanilide
herbicide antidotes (Table 1). The treatments at eight locations
were metolachlor plus atrazine at 1.7 plus 1.3 kg/ha, alachlor plus
atrazine at 2.2 plus 1.1 kg/ha, acetochlor plus atrazine at 1.7
plus 1.1 kg/ha, and propachlor plus atrazine at 3.4 plus 1.1 kg/ha
and treatments at St. John were metolachlor plus atrazine at 2.2
plus 0.6 kg/ha, alachlor plus propazine at 2.2 plus 0.6 kg/ha,
acetochlor plus propazine at 1.7 plus 0.6 kg/ha, and terbutryn plus
propazine at 1.7 plus 0.6 kg/ha. Propachlor plus atrazine or ter-
butryn plus propazine was considered a standard treatment for the
respective locationm.

Both untreated seed and seed treated in February with CGA-
43089, MON-4606, or CGA-92194 at a rate of 1.25 g/kg seed was plant-
ed in 76 cm rows in June or early July. All data was collected from
two middle rows of 4-row plots and included stand counts at approxi-
mately four weeks, head counts after half-bloom stage and yield
after machine harvesting. Treatments were replicated three times in
a randomized complete block design in a two-way factorial arrangement.

Means were separated statistically by a LSD test.
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MON-4606 method of application. In 1980, a field study was con-

ducted to evaluate efficacy of MON-4606 applied either as a seed
treatment in February at 1.25 g/kg seed or in the furrow at 150
g/ha with the seed with either clay or sand granule as a carrier.
A site near Manhattan with Reading silt loam woil with a pH of 6.7
and 2.0% organic matter was selected. Nitrogen as ammonium nitrate
was applied at 90 kg/ha to the entire plot area and conventional
tillage was used to prepare plot area for herbicide applicaticon.
Acetochlor at 1.7 or 3.3 kg/ha, alachlor at 2.2 and 4.5 kg/ha,
metolachlor at 1.7 kg/ha, and propachlor at 3.4 kg/ha were applied
on June 9 with a tractor-mounted sprayer prior to planting and in-
corporated at approximately four cm with a power-driven rotary
cultivator.

Grain sorghum cultivar 'Pioneer 8501' was planted in 76 cm rows
immediately after herbicide applications. Data were collected from
both rows of 2-row plots and included plant stand, days to half-
bloom stage, and yields after machine harvesting. Treatments were
replicated three times in a randomized complete block design in a
split plot arrangement with herbicide treatments as main plots and
MON-4606 method of application as subplots. Means were separated

statistically by LSD test.

CGA-92194 rate study. Field studies were conducted in 1982 at Hays

and Manhattan, Kansas to evaluate efficacy of CGA-92194 applied as
a seed treatment at different rates and to compare CGA-43089 and
CGA-92194 as antidotes to metolachlor. Seed of grain sorghum

cultivar 'Funk's G623GBR' was treated in February with CGA-92194 at
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rates of 0.8, 1.0, 1.25, 1.5, or 2.0 g/kg seed. Both untreated and
treated seed were planted in 76 cm rows on June 24 and June 19 at
Hays and Manhattan, respectively. Metolachlor was applied at 2.2
or 4.5 kg/ha on June 16 and incorporated at Hays and was surface
applied immediately after planting at Manhattan. Propachlor was
also applied at 3.4 kg/ha as a standard treatment and atrazine was
combined with either metolachlor or propachlor to control broad-
leaved weeds.

Data was collected from two middle rows of 4-row plots and in-
cluded stand counts two weeks after planting, head counts after
half-bloom stage, and yields after machine harvesting. The treat-
ments were replicated three times in a randomized complete block
design. Means were statistically separated by a Duncan's Multiple

Range Test.

Results and Discussion

Acetanilide-Antidote combinations at different locations in Kansas.

Metolachlor and alachlor applications reduced grain sorghum yields

at two locations in 1980 (Table 2). At St. John, plots were irrigated
with a 1.27 cm water immediately after the herbicide application and
at Minneola rainfall occurred within 48 hours after herbicide applica-
tion (Table 3). At other locations, herbicide applications did not
reduce yields. Rainfall occurred five days or longer after herbicide
applications at these locations and therefore herbicides did not move
into the soil profile where they could be absorbed by the sorghum
seedling and subsequently injure it. CGA-43089 prevented yield reduc-

tions due to alachlor and metolachlor treatments.



16

*AT3uedTITudTs SPTaTA pPasealdap SUOTIBISIIUT JDasuf 219893

S8yl SN SN 99€T SN SN SN (60°) as1
296L [AR* 1 %8S 186¢ 79yt 0s0% LEY lussaig
0S6L 88¢ceE 8YeES TT6Y 768E TEEY 716 Juasqy auoN
1168 TL12 S66Y LETY 188¢ T96% 6% juessag
£12L €6T1C NARY 00¢ [A%% 08LY 9¢¢ juasqy (A A I0TYoeRTY
occes 801t 19149 L09¢ L8%Y cY1s £6C AR
8€Z9 VA4 (4419 vy Yeey 986% (414 juesqy L't A0TYIBTOIIN
(eu/8y) (eu/3%)
uyor *3§ uelleymog BMEBI]I(Q BIOSUUTH  UBIIPYUE  UOSUTYDINH e ITIASIT=9 680L 7-VID 2318y 9pPTOoTqIaH
uorieoo]
g 086T UF suoTiedo]
usads e umoif wnyfios uread Jo PI2F4L U0 SUOTIBUTqUOD EEOLH-¥H) SPTOTQqI9Y SPITIUEBIaIE Jo 199334 °T °I9qel



17

71/9 LASR: Y1/9 —— — o B— — eyadog
01/9 Lz°1 01/9 6/9 £Zr 6/9 0T/9 (21 0T/9 uyor -3§
9z/9 80" sz/9 <T/9 8S°€ /9 /9 LLs 61/S ue33BYNog
T/L (AR T/L wﬁ\n 00°¢ - L/L 0Z/9 62°1 6/9 BMB]1Q
6/L £9°t 62/9 S1/9 (A" 11/9 91/9 e £1/9 BTO9UUTH
c/9 (A" 81/9 0Z/9 £0°C LT/9 0z/9 8°1 6/9 ue3lleyuEy
%2Z/9 L0°T 12/9 ST/9 8T°¢C /9 L1/9 8570 (AL uosutya3ny
T/t S9°1 ST/L — S —— N— ——— _— u01SS9H
vZ/9 9z°2 7Z/9 ST/9 67°C 01/9 02/9 81°¢ 6/9 2TTTARTTRY
(m2) (w2) (ud)
alep Junowe 23ep Juawleaal 21ep junowe  2@3BpP JuSWIELDI a3ep junowe  33IEP JUIWIEBSI] uoT3IBd07]
IIE3JuTel 1SiTJ] pue Surjue|q TTeJurel 3Isatg pue 3urlueld TIBJUTIEBl 3SIT4 pue 8urjuerd
086T
*Z86T-086T UL Sesuey U SUOTIEDOT 3B TIBJULRI 3ISITJ JO junowe pue ‘ylejufel 3siTJ jJo @1ep ‘@jep Juriueld ‘¢ 2TqEL



18

Grain sorghum population was reduced significantly by metola-
chlor at three locations and alachlor or acetochlor at five loca-
tions in 1981 (Table 4). At four of the five locations where in-
jury occurred significant rainfall (greater than 0.76 cm) fell with-
in three days after herbicide application. At. St. John, plots were
irrigated with 1.27 cm of water immediately after herbicide applica-
tion (Table 2). Head number was reduced by metolachlor at three
locations, alachlor at four locations, and acetochlor at six loca-
tions. Yield was reduced significantly by metolachlor or alachlor
at two locations and by acetochlor at three locations. The grain
sorghum plant compensated for stand loss by producing more tillers
and therefore more heads or larger heads.

Both CGA-43089 and MON-4606 reduced loss in stand, head number,
and yield when combined with all three acetanilide herbicides. CGA-
43089 prevented significant reduction in plant stand, head number,
and yield due to metolachlor and alachlor treatment at all locations.
CGA-43089 also prevented reduction in plant stand and yield due to
acetochlor treatments at all locations and prevented reduction in
head number due to acetochlor treatments at five of six locations.
MON-4606 provided complete protection to grain sorghum grown in soils
treated with metolachlor at all locations and prevented reduction in
plant stand at four of five locations, reduction in head number at
three of four locations, and reduction in yield at all locations due
to alachlor applications. MON-4606 prevented reduction due to
acetochlor in plant stand at four of five locations and in head number

and yield at all locations. Metolachlor reduced plant populations at
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three locations, alachlor at six locations, and acetochlor at eight
locations in 1982 (Table 5). Significant rainfall fell within four
days after herbicide application at locations where stand reduction
occurred (Table 2). At St. John, plots again were irrigated with
1.27 cm of water immediately after herbicide application. Head
number was reduced by metolachlor at five locations, alachlor at

four locations, and acetochlor at seven locations. Yields were re-
duced by metolachlor at one location, alachlor at three locations,
and acetochlor at four locations. CGA-43089, CGA-92194, and MON-
4606 reduced plant stand, head, and yield losses when combined with
all three acetanilide herbicides. CGA-43089 prevented stand, head
and yield losses when combined with alachlor and metolachlor at all
locations. CGA-43089 prevented stand reduction due to acetochlor

at four of eight locations, head reduction at three of seven loca-
tions, and prevented yield loss at all locations. CGA-92194 pre-—
vented loss of stand due to alachlor at all locations, metolachlor

at two of three locations, and acetochlor at seven of eight locatioms.
Head number reduction due to metolachlor and alachlor was prevented
by CGA-92194 at all locations and at six of seven locations where
losses occurred due to acetochlor. Yield reduction due to metolachlor
and acetochlor was prevented at all locations and at two of three

due to alachlor. MON-4606 prevented stand loss at three of six loca-
tions and prevented head number loss at three of four locations due
to alachlor treatments. MON-4606 prevented stand loss due to aceto-
chlor at seven of eight locations and prevented head number reduction
at five of seven locations. MON-4606 prevented stand loss due to

metolachlor at three of five locations and head number losses at all



Table 5. Effect of acetanilide herbicldes combined with CCA-43089, CCA-92194, or MON-4606 on plant stand, head number,
and yleld of sorghum at nine locations {n Kansas in 1982.

Locations
Herbictide Rate Ancidote Belleville Hesston llutchinson® Topeka Manhattan Minneola® Ottawa Powhacttan St. John
(kg/ha) {plta/ha x 1000)
Metolachlor 1.7*  Nome 157 66 76 100 96 56 84 100 61
CGA-43089 166 106 90 124 141 53 72 101 207
CGA-92194 167 94 87 117 155 56 87 102 205
MON-4606 144 93 80 12 142 24 71 101 210
Alachlor 2.2 None 118 70 70 13 47 35 2 75 87
CCA-43089 159 89 a5 128 150 53 93 95 191
CGA-92194 162 97 89 147 148 57 66 103 192
HON-4606 138 97 74 111 139 48 80 100 173
Acetochlor 1.7 Rone 59 3 59 4 25 54 75 49 17
CGA~43089 143 67 86 54 131 S0 68 96 166
CGA-92194 160 77 88 93 142 50 60 108 166
b MON-4606 127 86 80 98 156 48 70 99 168
Propachlor 3.4 None 177 109 87 106 163 54 74 107 58
CGA-43089 166 103 89 138 160 50 74 104 151
CGA-92194 173 106 98 124 142 63 77 104 107
MON-4606 134 90 91 141 144 47 96 100 130
LsD (.05) 28 23 12 68 30 6 8 17 53
heads/ha x 1000)
Metolachlor 1.7 None 144 64 95 92 145 64 98 121 100
CGA-43089 184 104 91 138 158 65 39 117 210
CGA-92194 180 95 93 163 165 67 108 118 216
MON-4606 162 93 91 125 162 72 112 113 211
Alachlor 2.2 None 145 74 114 50 130 78 101 119 85
CGA-43089 166 87 91 147 175 67 103 116 205
CCA-92194 169 101 96 157 157 14 94 112 209
MON-4606 166 92 96 146 158 72 108 117 190
Acetochlor 1.7 None 104 32 81 21 108 69 108 84 45
CGA-43089 169 58 92 99 143 61 109 119 201
CGA-92194 184 87 88 75 150 68 89 121 184
MDN-4606 142 82 85 104 172 69 103 113 200
Propachlor 3.4 None 201 102 94 143 177 71 103 121 105
CGA-43089 173 96 88 157 170 78 110 117 17
CGA-92194 175 94 101 147 160 79 114 115 132
MON-4606 133 93 99 146 175 82 103 125 158
LSD (.05) 35 21 13 39 27 13 NS 14 34
(kg/ha)
Metolachlor 1.7 None 6120 4870 3920 6450 7470 3390 6520 6650 10,000
CGA-43089 6570 5430 4590 7350 7790 3870 6360 6730 9,960
CGA-92194 6530 5170 4310 7510 7850 3160 6120 7010 10,500
MON=-4606 6230 5600 4010 6940 7440 3810 6520 6780 10,700
Alachlor 2.2 Nene 5730 5010 4150 4090 7440 2880 6480 6680 8,220
CGA-43089 5600 5010 3450 7550 7590 3200 6000 5870 9,150
CGA-92194 6230 5160 4460 7530 7720 3090 5980 6460 10,450
MON-4606 5760 5150 4690 7164 7590 3500 6000 6770 9,230
Acetochlor 1.7 None 5530 2410 4000 1921 7100 2750 5800 5170 5,550
CGA-43089 6010 5850 3920 6420 7240 3660 6070 7011 10,820
CGA-92194 6140 5470 4270 6475 7950 2890 6560 7081 10,010
MON-4606 5790 5700 4700 6450 7880 3324 6780 6880 10,190
Propachlor 3.4 Nane 5920 5690 4460 6790 7400 2590 6360 7180 7,313
CGA-43089 6200 5550 3920 7070 7900 3550 6820 6940 9,900
CGA~92194 6590 6110 4160 7090 7560 3460 6360 6850 4,700
MON-4606 5550 5600 4802 6870 7650 350 £290 7270 9,860
L1sD (.05) NS 1190 NS 1050 NS NS NS 480 1,750

) Mectolachlor applied at 2.2 kg/ha at St. John locacionm.
b Terbutryn at 1.7 kg/ha replaced propachlor at St. John lacation.
€ Hand harvested due to extreme lodging caused by droughty conditions.
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locations. MON-4606 prevented yield losses that occurred where

acetanilide herbicides were applied in 1982,

MON-4606 method of application. MON-4606 applied as seed treatment

or with a granule carrier reduced losses in plant stand due to
metolachlor, alachlor, and acetochlor treatments (Table 6).

MON-4606 was more effective asa seed treatment than when applied
with a granule carrier in reducing plant stand losses. Delay in
maturity due to alachlor applied at 2.2 kg/ha or acetochlor at 3.4
kg/ha and reduction in yield due to acetochlor at 3.4 kg/ha were
prevented by MON-4606 regardless of method of application. Type of
granule carrier did not afféct MON-4606 efficacy as an acetanilide

herbicide antidote.

CGA-92194 rate study. Severe reduction in plant stand and head

number occurred when metolachlor was applied at both rates and
significant yield reduction occurred at the higher rate at Hays in
1982 (Table 7). CGA-92194 at all rates when combined with metolachlor
at 2.2 or 4.5 kg/ha prevented plant stand, head number, and yield
reduction at Hays in 1982,

CGA-92194 combined with propachlor at Manhattan in 1982 reduced
the grain sorghum stand if CGA-92194 rate exceeded 1.0 g/kg seed.
All rates of CGA-92194 prevented plant stand, head number, and yield
loss due to metolachlor at 2.2 kg/ha. CGA-92194 at the 1.5 g/kg
rate or greater prevented stand loss due to metolachlor at 4.5 kg/ha.
Significant reduction in head number that occurred even when CGA-
92194 was present at 1.0 g/kg seed cannot be explained. CGA-92194 at

all rates prevented yield reduction.



‘ey/ye 8 (¢ 3® moxany ay3 ur pajyrdde 9g94-NOW
I103 1371aed se pasn (9)) aynueald Lefd> 1o (9§) a[nuead pueg :pe’s 3N/3 £I°0 I® 9097-NOW UIFA (IS) P2IB3il pasag

0L01 £°Z s (50°) as1
06%9 L*99 9¢g auoN
0199 €°99 65 2
0899 €£°99 9s s
0899 0'L9 9< LS —_— paampuey
01T, L799 gs 2uoN
0669 L*99 gs 92
0669 €799 95 as
0669 £°99 119 1s UM % 1oTyoedoay
0€6S 0°TL 11 auoN
0894 L9 ot 22
09824 0°89 ¥E 9S8
098L £°89 % 1S 7€ 101Yy20330Y
0089 0°'69 BT auoy
056L 0°L9 [4] 22
0891 L*t9 oy 95
065¢L L7L9 T8 1S L1 20[Yy20332Y
o118 0'69 6T auvoy
0502 L°99 Sy 20
098L 0°L9 Yy 9s
0118 L£°99 V4 1S Sy 10TYdeTV
ovLt L°89 € auoN
oviL £°99 18 20
1} 72 €99 zs 95
089¢L £°99 95 1s (A4 1oTYoelyY
019¢L £°89 oYy JuoN
0194 L°99 9§ 20
019¢L L°99 11 2s
oneL £°99 119 1s LT 10TYIETO0ISN
(eu/3y) (mooq-3TeY 031 Lep) (000T x ey/sjuwyd) (eu/37)
PI2IX L37anaey pueig uao«uQUHHnnw 21y IpPI21919H
909%-NOK

‘0861 UT s} ‘uPIIBYUER 1B SIPTITqaayY
SPITIUE1aDE YIJM PaIeall B[O uy umord wny3ioe ujead jo yimoid uo uorIwdTTdde gQ9y-NOW JO pPoylew jo 12333 "9 2[qel



24

89 1 o1 099 ot 91 (c0°) as1
069L 0L £9T1 0BEE 6L 8 £y AOTYIETOIBH
oEL LL1 91 09LE L LL T°T A0TYIET0I=H
oot 81 09T 000% 98 8L '€ aoryoedoag 0z ¥61Z6-VDD
0L9L LTA S 9T 0Tce sL 8 sy A0TYIBTOIIY
o1ZL (484 B9T 079t k] 8 'z A0TYIETOIaY
0T1sL BLT 91 069¢€ 18 z8 7E zoyaedoag L 8 Y61Z6-¥DD
0sZL 65T 6%l 0zze €L 08 S ioTyaerolay
08%L 081 191 00t arl o8 'z dolyoejolay
0LEL 081 91 087t og 6L e aopyoedoag £T°1 96126-Y2D
oyl It 951 ot L9 89 £y 2o{yaerolay
059¢ €81 9LT 0v9t 9L ig FA I0TYIBT0IIYH
08%L £81 LFA 000€ L [ Ye Foryasedozg 0T Y61Z6-VID
00SL %91 €91 osye €L 9L Sy 1o7yaeoIay
oETL I8l 7L DEEE 9L %] Z°z tolyrerolay
ETSL €Ll LT 068€ 113 98 v'E 1o1ydedoag 08°0 %6126~V
0629 10T 96 0092 oY 6T £y 1oTyoeolaly
0v9L EST Lzt 09ttt 8 YE raw 4 1oTyoetolay
0BLL 181 9L1 036E 98 16 L i loTydedolg e auoy
(e4/3%) Q00T X ®y/speag  (OOT X ®¥y/e3UPlq (®u/d1)  000T X =y/spead QOOT X ®BY/EIuVELd (eu/2x) (ey/3x%)

uBllvyuey sdey ERL| 2pTITqI=H a1 ey 230pyI0OV

UOFIE007]

"TB6T UF SEEUR) UY

SUOFIEI0] OM] 1B S3PTITQIay apITIuelade yifa pajeaz] mnydios uferd jo paji pue 1aqunu peay ‘pueas jueld U0 HETZE~VOD JO 2IBI Jo 3122333 -7 II4QEl



io.

1L,

12.

25

Literature Cited

Blair, A. M., C. Parker, and L. Kasasian. 1976. Herbicide
protectants and antidoted-a review. PANS 22:65-74.

Boyd, J. W., J. F. Mason, and D. S. Murray. 1979. The influence
of CGA-43089 on the performance of metolachlor. Proc. South.
Weed Sci. Soc. 32:56.

Burngide, 0. C., G. A. Wicks, and C. R. Fenster. 1971. Protec-
ting corn from herbicide injury by seed treatment. Weed Sci.
19:565-568.

Dill, T. R., W. E. Turner, A. Nvffeler, and M. Quadranti. 1982.
CGA-92194 a new safener to protect sorghum from metolachlor
injury. Abstr. Weed Sci. Scc. Am. 33.

Eastin, E. F. 1972, Evaluation of a sorghum seed treatment
to prevent injury from acetanilide herbicies. Agron. J. 64:
556=557.

Ellis, J. P., J. W. Peak, J. Boehle, Jr. and F. Muller. 1980.
Effectiveness of a new safener for protecting sorghum (Sorghum
bicolor) from metolachlor injury. Weed Sci. 28:1-5.

Hahn, R. R. and M. G. Merkle. 1973. Altering sorghum tolerance
to alachlor. Proc. South. Weed Conf. 26:173.

Hardcastle, W. §. 1979. Safening effect of CGA-43089 in
herbicide treated sorghum. Proc. South. Weed Sci. Soc. 32:386.

Hickey, J. S. and W. A. Krueger. 1974, Alachlor and 1,8-
napthalic anhydride effects on sorghum seedling development.
Weed Sei. 22:86-90.

Jordan, L. 8. and V. A. Jolliffe. 1971. Protection of plants
from herbicides with 1,8-napthalic anhydride as illustrated with
sorghum. Bull. Environ. Contam. Toxicol. 6:417-421.

Ketchersid, M. L., K. Norton, and M. S. Merkle. 1980. Influence
of so0il moisture on the safening effect of CGA-43089 in grain
sorghum (Sorghum bicolor). Weed Sci. 29:281-286.

Nyffler, A., H. R. Gerber, and J. Hensley. 1980. Laboratory
studies on the behavior of the herbicide safener CGA-43089.

Weed Science 28:6-10.



13.

14,

15.

16,

17.

18.

26

Rhodes, G. N., Jr. and L. 8. Jeffrey. 1979. Evaluation of
CGA~43089 to protect grain sorghum from alachlor and metolachlor
injury. Proc. South, Weed Sci. Soc. 32:310,.

Schafer, D. E., Ronald J. Brinker, and Rodney 0. Radke. 1980.
Introduction of a new safening agent for alachlor on grain
sorghum. Proc. North Cent. Weed Control Conf. 35:67-71.

Silva, J. B. 1978. Influence of seed protectants on the
tolerances of grain sorghum to alachlor and related compounds.

Dessert. Abstr. Intern. 39:522.

Simkins, G. S., L. J. Moshier and 0. G. Russ. 1980. Influence

of acetanilide herbicide application on efficacy of the protectant

CGA-43089 in grain sorghum (Sorghum bicolor). Weed Sci. 28:
646-649.

Spotanski, R. F. and 0. C. Burnside. 1973. Reducing herbicide
injury to sorghum with crop protectants. Weed Sei. 21:531-568.

Winkle, M. E., J. R. C. Leavitt, and 0. C. Burnside. 1980.
Acetanilide-antidote combinations for weed control in corn (Zea
mays) and sorghum (Sorghum bicolor). Weed Sci. 28:699-704,




27

CHAPTER 3
EFFECT OF CGA-43089, CGA-92194, AND MON-4606 ON GERMINATION
AND GROWTH OF A YELLOW ENDOSPERM CULTIVAR OF

GRATH SORGHUM

Abstract
CGA-43089 [x<{cyanomethoxy)imino)benzanecetonitrile]applied as a seed
treatment at 1.25 g/kg seed three months prior to imbibition severely re-
duced germination of a full yellow endosperm cultivar ('DeKalb DK-42Y') of

grain sorghum (Sorghum bicolor (L.) Moench). CGA-92194 [((1,3-dioxolan-2-

yl-methyl)imino)benzeneacetonitrile] or MON-4606 [5-thiazole-carboxlic
acid,benzyl ester,2-chloro-4(trifluoro methyl)] applied at the same rate
and time had no effect on germination. Reduction in germination was less
when CGA-92194 was applied at 2.50 g/kg seed than when CGA-43089 was appli-
ed at the same rate. CGA-43089 applied fifteen months prior to imbibition
severely reduced germination when applied at the low rate and completely
prevented germination at the high rate. Germination reduction was less
when MON-4606 was applied compared to CGA-43089 and was not affected by
MON-4606 rate. Growth reduction occurred in the laboratory after seed
treated with either CGA-43089 or MON-4606 at 1.25 g/kg seed and metolachlor
[2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxyl-1l-methylethyl)acetamide]
was germinated for 72 hours. CGA-43089 reduced both coleoptile and rad-
icle length while MON-4606 decreased coleoptile length only when metola-
chlor was not present. Metolachlor at both concentrations severely reduc-—
ed coleoptile length but not radicle length of seedlings. Reduction due

to any CGA-43089-metolachlor or MON-4606-metolachlor combination was equal

to either CGA-43089 or MON-4606 alone or metolachlor alome. MON-4606
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caused a reduction in radicle length when metolachlor was present to 5.0
b4 IO_SM concentration compared to when metolachlor was not present or
present at 1.0 x lO—SM concentration. CGA-43089 and MON-4606 applied

at 1.25 or 2.50 g/kg seed in 1981 and 1982 and CGA-92194 applied at

1.25 or 2.50 g/kg seed reduced plant populations of a grain sorghum
{'DeKalb DK=42Y') cultivar in the field. ©Neither CGA-43089 nor MON-
4606 decreased head number or yield in 1981. MON-4606 at 1.25 and 2.50
g/kg seed and CGA-43089 at 2.50 g/kg reduced head number. CGA-43089 at
2.50 g/kg, CGA-92194 at 1.25 g/kg seed, and MON-4606 at 2.5 g/kg seed

reduced yield in 1982.

Introduction

Metolachlor and alachlor [2-chloro-2',6'-diethyl-N-(methoxymethyl)
acetanilide] are herbicides that selectively control grassy weeds in
corn (Zea mays L.), soybeans (Glycine may (L.) Merr.), peanuts (Arachis
hypogaea L.), and in other field and vegetable crops (12). These herbi-
cides will also provide effective control of grassy weeds in grain sorg-
hum but may cause crop injury (3,4,6,8,9,11). Recently, CGA-43089, MON-
4606, and CGA-92194 were discovered as potential antidotes to these
acetanilide herbicides when applied as seed treatments in grain sorghum
and GGA-43039 (2,7) became commercially available in 1980.

The effects of these compounds on germination and subsequent growth
of grain sorghum has been investigated. Warmund et al. (10) reported
that CGA-43089 as a seed treatment reduced germination 15 percent and
that MON-4606 as a seed treatment had no effect on germination. They
also observed that both CGA-43089 and MON-4606 significantly reduced

radicle lengths but not coleoptile lengths in seedlings 52 h after seed
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was treated and placed in petri dishes in a germination chamber. Dill
et al. (1) observed that CGA-43089 but not CGA-92194 reduced germina-
tion of selected full yellow endosperm cultivars. Ellis et al. (2)
reported that CGA-43089 itself injured sorghum grown in the field if
the application rate exceeded 2.0 g/kg seed.

The objectives of this research were: (1) to determine if CGA-
43089, CGA-92194, or MON-4606 reduced germination of grain sorghum;
(2) to determine if CGA-43089 or MON-4606 affected early seedling growth
of grain sorghum; and (3) to determine if CGA-43089, CGA-92194, or MON-
4606, applied at two different rates affected growth of grain sorghum
in the field in two different years. We used a full yellow endosperm
cultivaka’DeKalb DK-42Y') in all research studies since it has been
reported that germination and emergence is less in yellow endosperm

cultivars as a group than in heteroyellow endosperm cultivars.

Materials and Methods

Germination study. Seed was treated in our laboratory with CGA-43089

present as 250 g ai/L in a commercial liquid formulation, CGA-92194
present as 750 g/kg in a commercial wettable powder formulatiom, or
MON-4606 present as 83 g ai/L in dichloromethane at rates of 1.25 or
2.50 g/kg seed. Twenty-five seeds, three and fifteen months after
treatment, were placed between two Whatman No. 2 filter papers within
petri dishes. Fifteen ml aliquots of 0.01 N KNO3 solution were added

to each dish which were subsequently kept in darkness at 25 * 2C. Germ-
ination was considered to occur if the radicle protruded through the

pericarp 72 hours later and was recorded. Treatments were replicated

four times in a completely randomized design and means separated statis-

1/Ellis, E.B. 1975. The effects of endosperm characteristics on seed and
grain quality of Sorghum bicolor (L.) Moench. Ph.D. dissertation, Texas
A&M University, College Station, Texas. 100 pp.



30
tically by use of a Duncan's Multiple Range Test. Data presented are

the means of two experiments.

Seedling growth study. Seed treated with CGA-43089 or MON-4606 at 1.25

g/kg seed eight months prior to imbibition was used in this study. Twen-
ty-five of either untreated or treated seeds were placed between Whatman
No. 2 filter paper in petri dishes. Fifteen ml-aliquots of distilled
water, 1.0 x 10‘5, or 5.0 x lO_SM metolachlor solutions were added to
each dish. The dishes were immediately placed in an incubation chamber
in darkness at 25 + 2 C. Five uniform plants were selected from each
dish 72 hours later and both radicle and coleoptile lengths were measured
and recorded. Treatments were replicated four times in a completely
randomized design and means statistically separated by use of a Duncan's

Multiple Range Test. Data presented are means of two experiments.

Field studies in 1981-1982, A field study was conducted in 1981 near

Manhattan, Kansas to evaluate the effect of CGA-43089 or MON-4606 appli-
ed at different rates on growth and development of a full-yellow endo-
sperm cultivar. Seed harvested in 1980 was treated in February, 1981 in
the laboratory with CGA-43089 or MON-4606 at a rate of 1.25 or 2.5 g/kg
seed. Nitrogen as ammonium nitrate was applied at 120 kg/ha to a Read-
ing silt loam soil with a pH of 6.7 and 2.0% organic matter. Both un-
treated and treated seed were planted June 17 in rows spaced 76 cm apart
after conventional tillage was used to prepare the seedbed. Acetochlor
[2-chloro-N-(ethoxymethyl)-6'-ethyl-O-acetotoluicide) at 1.7 kg/ha was
applied immediately following planting with a tractor-mounted plot
sprayer. All data were collected from two middle rows of four-row plots

and included stand counts at approximately four weeks, head counts after



31

half bloom stage, and yield after machine harvesting. Treatments were
replicated three times in a randomized complete block design and means
separated statistically using a Duncan's Multiple Range Test.

A second study was conducted in 1982 adjacent to the site used in
1981. Procedures used‘in 1982 were similar to those used in 1981 except
that seed harvested in 1981 was used and treated with CGA-92194 as well
as treated with CGA-43089 and MON-4606. The entire plot area was treat-
ed with propachlor [2-chloro-N-isopropylacetanilide] at 3.4 kg/ha rather

than acetochlor on June 18 immediately after planting.

Results and Discussion

Germination study. CGA—43089 applied at 1.25 g/kg seed three months

prior to imbibition severely reduced germination of seed from a full
vellow endosperm cultivar (Table 8). CGA-92194 and MON-4606 applied at
the same rate three months prior to imbibition had no effect on germina-
tion. CGA-92194 but not MON-4606 applied at 2.50 g/kg seed did signifi-
cantly reduce germination.

CGA-43089 applied at 1.25 g/kg seed fifteen months prior to imbibi-
tion reduced germination to a greater extent than MON-4606 at the same
rate. CGA-43089 at the higher rate completely prevented seed germina-
tion fifteen months after treatment. Nyfeller et al. (5) reported that
38 percent of the originally applied CGA-43089 was present inside the
seed of a heteroyellow grain sorghum cultivar ('Funks G522'), 17 months
after the seed was treated with CGA-43089 dissolved in an organic sol-
vent at 300 g ai/L. However, they did not report whether CGA-43089 ad-

versely affected germination after this length of time or whether CGA-
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43089 penetration increased over time. It would appear from our data
thata substantial amount of CGA-43089 is penetrating into the seed three
months after treatment since germination was severely inhibited. MON-
4606 is either penetrating to a lesser degree or is less toxic to the

embryo after penetration occurs.

Seedling growth study. Both CGA-43089 and MON-4606 severely reduced

coleoptile length of 3-day old seedlings when metolachlor was not present
(Table 9). Metolachlor at concentrations of 1.0 or 5.0 x lO‘SM also
severely reduced coleoptile lengths of seedlings. Reduction due to any
CGA-43089-metolachlor combination or MON-4606-metolachlor combination was
similar to that caused by either CGA-43089 or MON-4606 alone or metolachlor
alone. CGA-43089 but not MON-4606 significantly reduced radicle length.
Metolachlor at either 1.0 or 5.0 x IO-SM concentration alsc did not
significantly reduce radicle length. Reduction due to CGA-43089-metola-
chlor combinations was not greater than that due to CGA-43089 alone or
metolachlor alone. MON-4606 did cause a greater reduction in radicle
length when metolachlor was present to 5.0 x 10_5M concentration compared
to when metolachlor was not present or when present at 1.0 x lO—SM con-

centration.

Field studies 1981-1982. CGA-43089 or MON-4606 at normal use rate (1.25

g/kg seed) significantly reduced plant stand in 1981 (Table 10). CGA-
43089 or MON-4606 at higher rates further reduced plant populations.
Neither compound significantly reduced head number or yield when applied
at twice the normal use rate. The remaining grain sorghum plants com-
pensated for early stand loss by increasing tiller number and subsequently

head number.
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CGA-43089 or MON-4606 at 1.25 g/kg seed significantly reduced
plant stand in 1982. CGA-43089 at the higher rate further reduced
plant stand. CGA-43089 at the higher rate and MON-4606 at both rates
significantly reduced head number. Yield reduction occurred when each
compound was applied at 1.25 g/kg seed and averaged six percent for all
three compounds. CGA-43089 at 2.5 g/kg seed further reduced grain
sorghum yields. Higher yields obtained in this study when CGA-92194
was present at 2.50 compared to 1.25 g/kg seed cannot be explained.

Results of our studies indicate that all three compounds of our
studies applied at normal and twice normal rates can reduce grain sorg-
hum stand in the field. Plant stand reduction with CGA-43089 or MON-
4606 present as seed treatments apparently is due to reduction in germ-
ination, emergence, or survival of emerged seedlings. This problem
would appear to be more severe if seed is planted one year or longer
after treatment with CGA-43089 or MON-4606. These compounds possibly
penetrate further into the seed over time and therefore adversely affect

the embryo prior to germination or the seedling soon after germinatiom.
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Table 20 . Analysis of variance of the effect of CGA-43089 and
MON-4606 on 'DeKalb DK-42Y' grain sorghum grown at
Manhattan, Ks in 1981.

Mean Square

Source da'fs Plant/ha Head/Ha Kg/Ha
Replication 2 12466765 62562625 529180
Antidote 5 77538760* 121108890 198104
Error 10 4247275 184830088 315049

Table 21 . Analysis of variance of the effect of CGA-43089,
CGA-92194, and MON-4606 on 'DeKalb DK-42Y' grain
sorghum grown at Manhattan, Ks in 1982.

Mean Square

Source d £ Plant/ha Head/Ha Kg/Ha
Replication 2 1606326 774830100% 759984%
Antidote 6 418762720% 606974780%* 368349«

Error 12 171860925 131582176 61715
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Table 22 ., Analysis of variance of the effect of
CGA-43089 and MON-4606 on the germination
in February, 1982 of 'DeKalb DK-42Y' grain
sorghum harvested in 1980 and treated in

1981.
Source d.f. Mean Square
Antidote 4 462.14%
Error 146 1.77

Table 23 . Analysis of variance of the effect of
CGA-43089, CGA-92194, and MON-4606 on
the germination in May, 1982 of 'DeKalb
DR-42Y' grain sorghum harvested in 1981
and treated in 1982.

Source d.f. Mean Square
Antidote 6 0.3914*
Error 43 0.0282

Table 24 . Analysis of variance of the effect of
CGA-43089 or MON-4606 in combination
with metolachlor on early seedling growth
of grain sorghum (cv. 'DeKalb DK-42Y').

Mean Square

Coleoptile Radicle
Source d.f, length length
Herbicide 4 0.5545 2.1665
Antidote 3 6.0412 10.2077%
Herbicide % Antidote 12 0.8354 1.3710

Error 115 0.5857 1.3742
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The performance of acetanilide herbicide antidotes in grain

sorghum (Sorghum bicolor (L.) Moench) grown in soil treated with

various acetanilide herbicides was evaluated in the field at seven
locations in 1980 and 1981 and at nine locations in 1982. The
antidotes CGA-43089 [«-(cyanomethoximino)-benzacetonitrile], CGA-
92194 [((1,3-dioxolan-2-yl-methyl)imino)benzeneaceatonitrile], and
MON-4606 [5-thiazole-carboxlic acid, benzyl ester,2-chloro-4-(tri-
fluoro-methyl) ] provided protection to grain sorghum in reducing or
preventing plant stand and head number loss and prevented yield losses
due to treatments of acetochlor [2-chloro-N(ethoxymethyl)=-6'-ethyl-0-
acetotoluidide], alachlor 2-chloro-2',6'-diethyl-N-(methoxymethyl)
acetanilide], or metolachlor [2-chloro-N-(2-ethyl-0-6-methylphenyl)-N-
2-methoxy-l-methylethyl)acetamide] in 1980-1982. MON-4606 applied as
a seed treatment was more effective in protecting grain sorghum than
when applied as a granule application. CGA-92194 applied at 0.8 g/kg
seed and greater in the field at two locations in Kansas provided
adequate protection to grain sorghum from metolachlor at 2.2 kg/ha.
Rates greater tham 1.25 g/kg seed were necessary to protect grain
sorghum at one location when metolachlor was applied at 4.5 kg/ha.
CGA-43089 applied as a seed treatment at 1.25 g/kg seed three months
prior to imbibition reduced germination of a full yellow endosperm
grain sorghum. CGA-92194 and MON-4606 at the same rate did not re-
duce germination. Reduction when rate was 2.50 g/kg seed was greater
for CGA-43089 than CGA-92194. CGA-43089 applied fifteen months prior
to imbibition severely reduced germination at rate of 1.25 and prevented
germination at 2.50 g/kg seed. Germination reduction was less when

MON-4606 was applied compared to CGA-43089 and was not affected by



MON-4606 rate. Growth reduction occurred in the laboratory after seed
treated with either CGA-92194 or MON-4606 at 1.25 g/kg seed and
metolachlor [2-chloro-N-(2-ethyl-0-6-methylphenyl)-N-(2-methoxy-1-
methylethyl)acetamide] was germinated for 72 hours. CGA-43089
reduced both coleoptile and radicle length while MON-4606 reduced
coleoptile length when metolachlor was not present. Metolachlor at
both rates severely reduced coleoptile growth. Reduction due to
antidote-herbicide combination was similar to any compounds used
alone. CGA-43089 and MON-4606 applied at 1.25 or 2.50 g/kg seed

in 1981 and 1982 and CGA-92194 applied at 1.25 or 2.50 g/kg seed
reduced plant populations of a yellow endosperm grain sorghum
cultivar in the field. Neither compound decreased head number or
yield in 1981. MON-4606 at 1.25 and 2.50 g/kg seed and CGA-43089
at 2.50 g/kg reduced head number. CGA-43089 or MON-4606 at 2.5

g/kg seed reduced yield in 1982,



