2N

ANVAAY
v

HERBICIDE COMBINATIONS FOR ESTABLISHING NO-TILL SOYBEANS

(GIYCiné max) WITH AN EMPHASIS ON THE USE OF CHLORIMURON

by

Carroll Moseley

dissertation submitted to the Faculty of the
Virginia Polytechnic Institute and State University
in partial fulfillment of the requirements for the degree of
DOCTOR OF PHILOSOPHY

in

Weed Science

APPROVED:

e ! L Yp tr

"Edward S. Hagood, g;[, Chairman

/. 9_?» ﬂ‘éh‘/‘ _K H‘%T%'S'{

“ Jéffrey F. Derr v Kriton K. Hatzios
67/6360007/ 7Z;~Lh %?[L)LJLmn
Davi@/J. Parrish ’ Hegﬁj P. Wilson

February 12, 1990

Blacksburg, Virginia



LD
565%

/556

/990
M §¥
C. A



HERBICIDE COMBINATIONS FOR EST@BLISHING NO-TILL SOYBEANS

(Glycine max) WITH AN EMPHASIS ON THE USE OF CHLORIMURON

.. by
Carroll Moseley
Edward S. Hagood, Jr., Chairman
Weed Science
(ABSTRACT)

In full-season-soybean weed management experiments, the
addition of glyphosate [N-(phosphonomethyl)glycine],
paraquat (1,1'-dimethyl-4,4'-bipyridinium ion), or HOE-0661
[ammonium (3-amino-3-carboxypropyl)methylphosphinate] to
chlorimuron [2-[[[[(4~-chloro-6-methoxy-2-pyrimidinyl)amino]
carbonyl ]amino]sulfonyl] benzoic acid] plus linuron [N'-
(3,4-dichlorophenyl)-N-methoxy-N-methyl urea] was required
for effective weed control, especially of eastern black

nightshade (Solanum ptycanthum Dun.). In double-crop

experiments over 4 years including 10 experimental sites and
.8 different weeds, chlorimuron plus linuron provided good
control of vegetation at planting and residual weed control
without glyphosate, paraquat, or HOE-0661.

Cyanazine [2-[[4-chloro-6-(ethylamino)~1,3,5-triazin-
2-yl]amino]-2-methylpfopanenitrile] and 2,4-D [(2,4-
dichlorophenoxy)acetic acid] were the most effective

herbicides for horseweed (Conyza canadensis (L. )Crong.)

control prior to establishing full-season no-till soybeans

(Q;ycine'max (L.)Merr.).




In greenhouse experiments, emergence of tobacco

(Nicotiana tabacum L.) seedlings was severely inhibited by

all chlorimuron-containing treatments and by the highest
rates of imazaquin [2-[4,5-dihydro-4-methyl-4-(l-methyl-
ethyl)-5-oxo-1H-imidazol-2-yl]-3-quinolinecarboxylic acid].
Growth of tobacco transplanted into a treated potting
mixture was severely reduced by all rates of chlorimuron-
containing herbicides, and to a lesser extent by imazaquin.
Postemergence applications of chlorimuron alone or imazaquin
did not significantly affect tobacco growth.

In the greenhouse, 'Vance' and 'Forrest' soybean
varieties were more sensitive to chlorimuron than were
'W-20' (a sulfonylurea-resistant variety), 'Essex',6 or
'"Hutcheson'. Herbicide injury increased with increasing
soil pH. Under simulated rainfall conditions, chlorimuron
movement in soil increased with increasing pH and rainfall.
Soybean injury may be more directly related to chlorimuron
.in the soil water solution than to the amount of chlorimuron
present in the soil profile.

Laboratory experiments indicated that tolerance of

pitted (Ipomoea lacuncosa L.) and entireleaf (Ipomoea

hederacea var. integriuscula Gray) morningglories to
chlorimuron may be due to reduced herbicide uptake.
Sensitivity of 'Vance' soybeans may be associated with the

inability to rapidly metabolize chlorimuron herbicide.
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1.0 INTRODUCTION

More U.S. farm land was maintained under conservation
tillage in 1986 than in any previous year (50). A national
survey, compiled by the Conservation Technology Information
Center (CTIC), estimated that conservation tillage was
implemented on 32.9% of cropland or over 39 million hectares
in 1986 (50). Six million of these hectares were maintained
using no-till management practices (50). A survey conducted
by CTIC in 1987 listed weed control as the second leading
obstacle to the implementation of conservation tillagg (61).
The information presented in this dissertation is directed
towards decreasing herbicide inputs and addressing specific
weed control and herbicide injury problems encountered
during the implementation of no-till technology.

No-till originated in the late 1940s and early 1950s
with the advent of 2,4-D [(2,4-dichlorophenoxy)acetic acid]

1
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and other organic phenoxy herbicides, which were a result of
technology from World War II (55). Paraquat (1,1'-dimethyl-
4,4'-bipyridinium ion), introduced into the U.S. in the
early 1960s, significantly contributed to development of
no-till cropping systems because of its capacity to control
vegetation present at planting without leaving soil-active
residues (31, 55). In 1966, Allis Chalmers began selling
the first planter designed specifically for no-till (55).
By this time, there were several symmetrical triazine
herbicides available for residual weed control in corn (Zea
mays L.) (55). The technology for corn production was later

used for no-till soybeans (Glycine max (L.)Merr.) when

soybean acreage increased and appropriate residual
herbicides became aéaiiable (30).

No-till cropping systems have several distinct
advantages over conventional production schemes: 1) a
.reduction in soil erosion, 2) an increase in the amount of
land that can be cropped, 3) more efficient use of soil
water, 4) time and labor savings, 5) reduced equipment
costs, and 6) decrease in the potential for off-site
contamination with pesticides. 1In addition, there are
several disadvantages associated with no-till: 1) an
increase in insects, diseases, and weeds, 2) an increase in
management skills is required, 3) cooler soil temperatures,

and 4) requires more pesticides (52, 59).
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No-till soybeans can be grown using two different
management systems: full-season (FS) or double-crop (DC).

In Virginia, FS soybeans are planted 2 to 4 weeks prior to
DC soybeans and usually into the previous year's corn or
soybean stubble. Double-crop soybeans are planted following
small-grain harvest in June or early July.

Effective no-till soybean management practices include
the control of existing vegetation and later-germinating
weeds using nonselective and residual herbicides, as well as
methods to manage escaped weeds with postemergence (POST)
herbicides. Contemporary preplant herbicide tank-mixes
usually contain paraquat or glyphosate [N-(phosphonomethyl)
glycine] as nonselective herbicides to control vegetation
prior to sdybean establishment (64). Preemergence (PRE)
herbicides including alachlor [2-chloro-N-(2,6-diethyl-
phenyl)-N-(methoxymethyl)acetamide], metolachlor [2-chloro-
.N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-l-methylethyl)
acetamide], pendimethalin [N-(l-ethylpropyl)-3,4-dimethyl-
2,6-dinitro-benzenamine], oryzalin [4-(dipropylamino)-3,5-
dinitrobenzenesulfonamide], linuron [N'-(3,4-dichloro-
phenyl)-g—methoxy—g-methyl urea], metribuzin [4-amino-6-
(1,1-dimethylethyl)-3-(methylthio)-1,2,4-triazin-5(4H)-one),
imazaquin [2-[4,5~dihydro-4-methyl-4-(l-methylethyl)-5-oxo-
1H-imidazol-2-yl]-3-quinolinecarboxylic acid], and/or

chlorimurdn [2-[[[[(4-chloro-6-methoxy-2-pyrimidinyl)amino]
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carbonyl ]amino]sulfonyl] benzoic acid] can be combined with

glyphosate or paraquat to provide residual weed control

(64) .

A major objective of these experiments was to determine

if the PRE and POST activity provided by chlorimuron and
imazaquin.could replace the need for a traditional
nonselective herbicide and/or grass residual herbicide in
FS no-till and DC no-till soybeans. Chlorimuron provided
good control of vegetation at planting and residual weed
control in the original DC no-till soybean work, and has
therefore received great attention in this dissertation.
The following is a summary of information and objectives

leading to individual chapters.

1.1 REDUCING HERBICIDE INPUTS WHEN ESTABLISHING NO-TILL

SOYBEANS

In 1986, chlorimuron and imazaquin were introduced as
the first PRE herbicides in soybeans to adequately control

common cocklebur (Xanthium strumarium L. #!XANST) and

lLetters following this symbol are a WSSA-approved computer

code from Composite List of Weeds, Weed Sci. 32, Suppl.
Available from WSSA, 309 W. Clark Street, Champaign, IL

61820.
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jimsonweed (Datura stramonium L. # DATST) (12, 13, 14, 17,

19, 26, 27, 35, 51). These compounds were also labeled as
POST herbicides to control specific weeds following soybean
emergence (13, 17). Chlorimuron is marketed as a PRE
prepackage mix with linuron or metribuzin and used alone
POST (12, 13, 14). The POST activity of metribuzin or
linuron in these mixtures on soybeans precludes their use as
POST broadcast treatments. However, this POST activity is
beneficial in controlling existing weeds at planting in
no-till soybeans (6, 15, 16). One objective of this
research was to determine if the traditional nonselective
herbicides, paraquat and glyphosate, are necessary when
chlorimuron-containing mixtures or imazaquin are used in
preplant no-till tank-mixes. A second objective was to
compare an experimental compound, HOE-0661 [ammonium (3-
amino-3-carboxypropyl )methylphosphinate], to paraguat and
.glyphosate, because éreliminary research has demonstrated
that HOE-0661 controls broadleaf and grass weeds prior to
no-till establishment of créps (1, 5, 8, 28, 29, 37, 38, 44,
67, 70).

Both imazaquin and chlorimuron exhibit PRE and POST
activity on specific sedges and annual grasses (11, 32, 41,
43, 48, 49, 53). This activity might allow reductions in,
or elimination of, conventional annual-grass control

materials and result in substantial cost savings. A third
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objective of these‘experiments was to evaluate the need for
a residual annual-grass material, such as metolachlor or
alachlor, when chlorimuron or imazaquin is used in no-till

preplant tank-mixes. These objectives were investigated in

both DC and FS no-till soybeans.

1.2 HORSEWEED (Conyza canadensis) CONTROL IN FULL-SEASON

NO-TILL SOYBEANS

A second study was designed to determine specific
herbicide combinations using chlorimuron and imazaquin to

control horseweed (Conyza canadensis (L.)Crong. # ERICA) in

FS no-till soybeans. Controlling vegetation at planting in
no-till soybeans is more difficult when a winter cover crop
is nét present to provide competition for weeds (34). The
small grain present in DC systems acts as a competitive
.cover, and weeds that emerge under these conditions lack the
vigor and size of weeds present in systems without a cover
crop (58). In many FS planting situations, there is not a
desirable smother crop present to compete with weeds. For
this reason, controlling weeds prior to the establishment of
FS no-till soybeans is more difficult. FS no-till soybeans
are frequently planted on land having weeds with two months
of growth and reaching 75-cm in height (9).

Horseweed has become a problem in FS no-till soybeans
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because paraquat has not consistently controlled this
species (28, 39, 44, 56, 62, 67, 70). Current horseweed
control measures in no-till corn include the use of
glyphosate, glyphosate plus 2,4-D, or the addition of 2,4-D
to paragquat (64). Recent environmental and health concerns
regarding 2,4-D (40, 54), the expense of glyphosate
treatments on horseweed, and the fact that these 2,4-D-
containing corn treatments are not appropriate for soybeans
were the basis for the initiaton of this research.

The herbicides applied in this trial included paraquat,
2,4-D, cyanazine [2-[[4~chloro-6-(ethylamino)-1,3,5-triazin-
2~yl]amino]-2-methylpropanenitrile], imazaquin, chlorimuron,
linuron, and metribuzin. The first objective was to develop
an effective, economical method to control horseweed prior
to soybean establishment. The second objective was to
ascertain the effects of horseweed height and growth stage

.on efficacy of treatments.

1.3 DECREASING RATES OF NONSELECTIVE HERBICIDES IN DOUBLE-

CROP NO-TILL SOYBEANS

In Virginia, approximately 92,000 hectares of DC
soybeans are planted annually (2, 63). The majority of
these soybeans are planted following winter wheat (Triticum

aestivum L.) or winter barley (Hordeum vulgare L.) harvest
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in June or early July. Greater than 85% of DC soybeans are
no-tilled into the previous small-grain crop stubble (2).
The majority of herbicide tank-mixes used in this scenario
contain a nonselective herbicide, such as glyphosate or
paraquat (64). Several researchers have evaluated and
compared nonselective herbicides for control of vegetation
at planting (8, 24, 46, 47, 57, 68, 70, 71).

Competition from the winter small-grain crop before
planting DC no-till soybeans prevents earlier germination of
many weeds that could be a problem to control at planting.
Those weeds that do germinate beneath the small-grain cover
are often small and less vigorous. The POST activity
provided by chlorimuron plﬁs linuron could possibly
eliminate the need for glyphosate, paragquat, or HOE-0661 at
planting in DC no-till soybeans.

The basis for this research evolved from previous
.exXperiments by Moseley and Hagood (47). To include more
weed species, this work was expanded to four locations in
Virginia. The first objective was to determine if
chlorimuron plus linuron could provide vegetation control at
planting in addition to residual weed control in DC no-till
soybeans. The second objective was to determine what rate
of glyphosate, paragquat, or HOE-0661 was needed if
~chlorimuron plus linuron failed to control vegetation at

planting.
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1.4 ADDITIVE COMPARISIONS WITH V-53482 AND V-23121 IN

DOUBLE-CROP NO-TILL SOYBEANS

V-53482 [2-[7-fluoro-4-(2-propynyl)-2H-1,4-benzoxazine-

3-one-6-yl]-4,5,6,7—tetrahydro-2§-isoindole-l,3—dione] and
V-23121, derivatives of N-phenyphthalimide, are herbicides

being developed for broadleaf and grass weed control in the
Virginia, Delaware; and Maryland region, as well as other
areas of the United States (7, 18, 20, 21, 36, 69). These
compounds are relatively safe to soybeans and exhibit both
PRE aﬁd POST activity on weeds (7, 18, 20, 21, 36, 69). For
these reasons, they were compared to chlorimuron plus
linuron in DC no-till soybeans for their ability to control
vegetation at planting and provide residual weed control.

These experiments contained varying herbicide rates in
addition to'comparing efficacy of treatments containing crop
. 0il concentrate?, nonionic surfactant (NIS)3, or glyphosate

plus NIS. The first objective was to determine if V-53482

2Agridex paraffin-based petroleum oil 83Y%; surfactant blend
-17%, inert ingredientsrl%. BASF Corporation, P. O. Box 81,
Parsippany, NY 07054;

3X-77, a mixture of alkylarylpolyoxyethylene glycols, free
fatty acids, and isopropanol, marketed by Chevron Chemical

Co., San Francisco, CA 94110.
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or V-23121 could be used without a nonselective herbicide in
DC no-till soybeans. A second objective was to establish a
minimum effective rate of V-53482 and V-23121 while

comparing them to chlorimuron plus linuron.

1.5 ALTERNATIVE HERBICIDES FOR DOUBLE-CROP NO-TILL SOYBEANS

These experiments were conducted in conjunction with
other DC no-till soybean experiments discussed in this
dissertation. The first objective was to compare V-53482
and V-23121 to chlorimuron plus linuron, chlorimuron plus
metribuzin, chlorimuron alone, and imazaquin for weed
control in DC no-till soybeans. Glyphosate, paraquat, or
HOE-0661 was tank-mixed with V-53482 or V-23121 to determine

the need for a nonselective herbicide.

.1.6 EFFECT OF SIMULATED CARRYOVER OR MISAPPLICATION OF
CHLORIMURON OR IMAZAQUIN ON FLUE-CURED TOBACCO (Nicotiana

tabacum)

It was anticipated that chlorimuron and imazaquin would
acquire a large share of the soybean herbicide market
because of their capacity to control large-seeded
broadleaves with PRE applications (19, 26, 27, 35, 51).

This raises concern for crops grown in rotation with
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soybeans. This study was designed to evaluate the potential

for herbicide carryover to tobacco (Nicotiana tabacum L.)

grown in the season following soybeans. The objective of
this greenhouse experiment was to determine how well tobacco

could tolerate imazaquin and chlorimuron.

1.7 THE EFFECT OF RAINFALL AND SOIL PH ON CHLORIMURON

MOBILITY IN SOIL AND INJURY TO SOYBEANS

Chlorimuron can enter plants wvia roots or foliage and
is transported to plant meristems (3, 9, 31). The extent to
which chlorimuron is bound to soil particles is largely
dependent on soil pH and organic matter (3, 4, 9, 31, 42).
At lower soil pH levels (<6.5), chlorimuron is more tightlj
bound, less plant-available, and less likely to leach.
Chlorimuron mobility is also decreased as organic matter
.content of soil increases. These characteristics are
consisteht with other sulfonylurea herbicides (31, 45, 65).

Chemical hydrolysis of chlorimuron in soil is also
highly dependent upon soil pH (3, 31). Soil pH levels
greater than 7.0 are least favorable for breakdown of this
compound. Although a higher pH promotes leaching, herbicide
carryover is moré likely to occur under higher soil pH
conditions (3, 4).

Soybean injury from chlorimuron herbicide has been
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reported under certain environmental conditions (22, 25, 60,
66). This has led to the development of sulfonylurea-
resistant cultivars (23). Resistance was accomplished via
seed mutagenisis, followed by selection for sulfonylurea
resistance in the M1l populati&n. The resistance is due to a
less sensitive acetolactate synthase enzyme (23). 'W-20', a
sulfonylurea-resistant variety, has been included in these
experiments for comparision purposes.

The objectives of these studies were to 1) determine if
there are differential varietal responses to chlorimuron at
several soil pH levels and 2) quantify the movement of soil-
applied chlorimuron at different pH levels in response to

simulated rainfall.

1.8 UPTAKE, TRANSLOCATION, AND METABOLISM OF CHLORIMURON IN

SENSITIVE VS. TOLERANT SOYBEAN VARIETIES AND 2 MORNINGGLORY

. (Ipomoea spp.) SPECIES

Results of the varietal sensitivity study indicated
that 'Vance' soybeans were more sensitive to chlorimuron
than 'Essex', 'Hutcheson', or 'W-20'. Other researchers
have demonstrated injury to soybeans from chlorimuron (22,
25, 60, 66), and ineffective control of some morningglory
(Ipomoea spp.) species (33, 35). One objective of these

laboratory experiments was to determine if injury to 'Vance'.
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soybeans was due to differential uptake, translocation, or
metabolism of chlorimuron herbicide. A second objective was

to determine the basis for entireleaf (Ipomoea hederacea

var. integriuscula Gray # IPOHG) and pitted (Ipomoea
lacunosa L. # IPOLA) morningglory tolerance of soil-applied

chlorimuron (64).
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