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Sulfonylurea Herbicides Reduce Survival and Seed Production of
Green and Yellow Foxtails (Sefaria spp.)™?

MOHAMMAD KHAN and WILLIAM W. DONALD?3

Abstract. Chlorsulfuron or metsulfuron applied POST at 10 g ai ha™l at the four-leaf stage
prevented yellow foxtail from forming seed, whereas seed production per pot was 53 to 77% of
untreated checks following POST tribenuron or CGA-131036 treatments in greenhouse experi-
ments. Chlorsulfuron applied POST at the two- and four-leaf stage severely reduced total seed
production of yellow foxtail primarily by increasing plant mortality, rather than only reducing seed
production per plant. Chlorsulfuron at 10 g ha-! applied at the six- and eight-leaf stages decreased
total seed production less than at the two earlier stages, by reducing both plant mortality and seed
production per surviving plant. Yellow foxtail was much more susceptible than green foxtail to
either chlorsulfuron or metsulfuron. Nomenclature. CGA-131036, N-(6-methoxy-4-methyl-
1,3,5-triazin-2-yl-amino-carbonyl)-2-(2-chloroethoxy)-benzenesulfonamide; chlorsulfuron, 2-chloro-
N-[[(4-methoxy-6-methyl-1,3,5-triazin-2-yl)amino]carbonyl]benzenesulfonamide; metsulfuron, 2-
[[[[(4-methoxy-6-methyl-1,3,5-triazin-2-yl)amino]carbonyl]amino]sulfonyl]benzoic acid; tribenu-
ron, 2-[[[[(4-methoxy-6-methyl-1,3,5-triazin-2-yl)methylamino]carbonyl]amino]sulfonyl]benzoic
acid; green foxtail, Setaria viridis (L.) Beauv. # SETVI; yellow foxtail, Setaria glauca (L.) Beauv.
# SETLU.

Additional index words: CGA-131036, chlorsulfuron, metsulfuron, tribenuron, Setaria glauca,

Setaria viridis, SETLU, SETVI.
INTRODUCTION

Green and yellow foxtail are troublesome annual
grass weeds in spring wheat (Triticum aestivum L.) in
the northern Great Plains of the USA (7, 9) and Prairie
Provinces of Canada (8, 9, 11). Several studies docu-
ment that certain POST herbicides selectively control
foxtails in spring wheat (1, 3, 7, 10, 15). Sulfonylurea
herbicides selectively control many broadleaf weeds
infesting spring wheat (6) and partially control some
grasses, including foxtails (6, 15). In North Dakota,
chlorsulfuron controlled mixed stands of green and
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yellow foxtail infesting spring wheat 60 to 85% (13). In
other field studies, chlorsulfuron at 30 g ha-! controlled
mixed stands of green and yellow foxtail in spring
wheat 59, 78, and 94% when applied at the three- to
four-leaf stage.> Surviving plants were dwarfed and
seedheads formed well below the wheat canopy.

Green and yellow foxtail are prolific seed producers
which can form between 5000 and 12 000 seed per
plant when growing in sparse stands without competi-
tion (8, 17). Substantially less seed is produced in
competition with spring wheat, however (8). Thus,
weed control likely will reduce future weed infestations
by reducing seed produced per unit area. Little is
known about either the degree to which herbicides
reduce weed seed production or the demographic mech-
anism for reduced weed seed production, particularly
for weed species that are only partially controlled by
herbicides.

No published information was found on whether the
sulfonylurea herbicides chlorsulfuron, metsulfuron,
tribenuron, or CGA-131036 reduced foxtail survival or
seed production (6). Also, the demographic mechanism
by which sulfonylurea herbicides reduced green and
yellow foxtail seed produced per unit area has not been
reported (e.g., herbicide effects on seedling mortality
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versus seed production of surviving plants). The objec-
tives of this research were to: 1) compare the relative
effects of chlorsulfuron, metsulfuron, tribenuron, and
CGA-131036 on green and yellow foxtail seedling mor-
tality and seed production; 2) determine whether chlor-
sulfuron applied to yellow foxtail at various leaf stages
reduced total seed produced per pot by differentially
reducing plant survival or seed produced per surviving
plant, or both; and 3) determine the relative effect of
chlorsulfuron on yellow foxtail population biology
when applied only to the foliage, both the foliage and
soil, or only to the soil.

MATERIALS AND METHODS

General methods. Mature seed of green and yellow
foxtail were collected from wheat fields near Fargo,
N.D. in late August, 1986. Foxtail seed were air dried
and stored in the greenhouse until seed were fully
germinable. Forty seed per pot of each species were
planted 1 cm deep in a sand and peat-amended potting
soil mixture (84% sand, 12% silt, 4% clay, and 8%
organic matter, and pH 7.1) in black plastic pots (15-cm
diam by 18-cm tall, 3-L vol). Soil was fertilized with 8
g per pot of controlled release fertilizerS. Pots were
subirrigated initially to avoid seed disturbance and en-
sure uniform establishment after emergence. Plants
were surface watered daily after emergence, and seed-
lings were thinned to 20 plants per pot before herbicide
treatment (= 1132 plant per m2). In a survey of North
Dakota spring wheat fields, green and yellow foxtail
density averaged 75 and 24 plants per m2, respectively,
by harvest (7), with maximum densities of 400 and 350
plants per m?, respectively. Densities at the time of
herbicide treatment in spring can be three- to four-fold
greater>, however, and weed stands decrease over the
growing season due to natural mortality in spring
wheat.

Supplemental fluorescent lighting provided a 14-h
photoperiod for greenhouse-grown plants, although nat-

S0smocote, (18-6-12 N-P»0s5-K20) from Sierra Chemical Co., 1001
Yosemite Drive, Milpitas, CA 95035.

TTeeJet 800067 flat fan nozzle tip, from Spraying Systems Co., Wheaton,
IL 60188.

8 Abbreviations: SP, seed production per surviving plant; ANOVA, analy-
sis of variance.

9SPSS/PC* ver. 4, SPSS Inc., 444 N. Michigan Ave., Chicago, IL 60611.

10aomber, from Agric. Div., CIBA-GEIGY Corp., Greensboro, NC
27409.
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ural daylength was longer during May and June (Figure
1). Fluorescent light intensity at the seedling height
ranged between 150 and 280 ME m2 s~! measured at
night. Daytime air temperatures varied between 27 and
33 C (average of 30 C) and nighttime temperatures
ranged from 23 to 25 C (average of 24 C). Relative
humidity during the day and night ranged between 45
and 55% during the course of the experiments.
Sulfonylurea herbicides were applied with a moving
nozzle sprayer equipped with a flat fan nozzle’ that

_traveled at 0.77 km h-! and delivered 120 L ha™! of

spray solution at 210 kPa. Seeding was staggered over
time so that plants at various leaf stages could be
treated on the same day.

Plants surviving treatment were counted 16 to 20 d
after treatment, depending upon the experiment,
whereas seed weight per pot (g) was determined at
maturity, 34 to 39 d after treatment, depending upon the
experiment. Plant survival was expressed as a percent-
age of the number of treated plants present initially (20
plants per pot). To estimate seed number per surviving
plant, 200 seed per treatment were weighed and seed
produced per surviving plant (SP)® was determined by
the formula: SP = (200 (W/w))/N where w = seed
weight (g) of 200 seed of either green or yellow foxtail,
W was the total seed weight per.pot (g), and N was the
number of plants surviving treatment. Total seed pro-
duction (seed produced per pot) was estimated as the
product of the number of surviving plants and seed
number per surviving plant. '

Data were subjected to analysis of variance

(ANOVA)® using SPSS-PC*+ software®. Means were
separated by Fisher’s protected least significant differ-
ence (LSD) at P = 0.05 with and without arcsine
transformation (2). Standard errors are included in the
tables to provide readers with additional statistical in-
formation (5, 12, 14, 16). Each experiment was re-
peated.
Sulfonylurea herbicides efficacy on green and yellow
foxtail. A completely randomized design was used in a
S by 2 factorial arrangement with four pots per treat-
ment. Treatments were four herbicides and an untreated
check and two foxtail species.

Trials 1 and 2 were planted on Jan. 24 and Mar. 22,
1987, respectively, and lasted about 2 mo (Figure 1).
Chlorsulfuron, metsulfuron, CGA-131036!°, and
tribenuron were applied to green and yellow foxtail at
10 g ha! plus nonionic surfactant!! at 0.2% (v/v) 25 d
after planting. Surviving plants were counted 20 d after
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Figure 1. Time of sunrise and sunset during the 24-h day from January to
June at Fargo, ND. Times of day that greenhouse fluorescent lighting was
turned on and off and the time frame that each trial of the three experiments
conducted are indicated.

herbicide treatment. In Trial 1, green and yellow foxtail
were harvested when mature, 29 and 34 d after herbi-
cide application, respectively. In Trial 2, both species
matured more slowly and were harvested 39 d after
herbicide application.
Chlorsulfuron rate and yellow foxtail leaf stage. The
treatments consisted of an untreated check and chlorsul-
furon at 10 g ha! plus nonionic surfactant at 0.2% (v/v)
applied at the two-, four-, six-, and eight-leaf stages of
yellow foxtail in a 2 by 4 factorial arrangement in a
completely randomized design with four pots per treat-
ment. Chlorsulfuron was chosen for this research be-
cause it reduced foxtail seed production in the field>.
Trials 1 and 2 were started on Jan. 5 and Mar. 7,
1987, respectively, and lasted approximately 2 mo
(Figure 1). Foxtail planting dates were staggered to
obtain vegetative plants at various leaf stages at the
time of herbicide application, 37 to 44 d after the first
foxtail were seeded. Chlorsulfuron plus nonionic sur-
factant at 0.2% (v/v) was applied on Feb. 18, 1987, in
Trial 1 and April 16, 1987, in Trial 2, respectively.

N0ortho-X-77 (alkylarylpolyoxyethylene glycol, free fatty acids and iso-
propanol, 90%), from Chevron Chemical Co., Richmond, CA, now available
as Valent X-77 from Valent U.S.A. Corp., 1333 N. California Blvd., Walnut
Creek, CA 94596-8025.
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Percent plant survival was determined 20 and 19 d after
spraying in Trials 1 and 2, respectively. Plants were
harvested when seed were mature, resulting in different
harvest dates for plants of different ages. Harvesting
was conducted from March 14 to 22 in Trial 1 and from
May 19 to 26 in Trial 2.

Soil versus shoot applications of chlorsulfuron. This
experiment had a completely randomized design with
four pots per treatment. Yellow foxtail was treated with
chlorsulfuron (0, 10, and 20 g ha™!) plus nonionic
surfactant at 0.2% (v/v) using three application methods

~ (shoot only, soil only, and shoot plus soil) in a 3 by 3

factorial arrangement.

Trials 1 and 2 were started on Feb. 8 and April 4,
1987, respectively, and lasted approximately 2 mo
(Figure 1). Chlorsulfuron was applied to foxtails at the
four-leaf stage, 25 d after planting. Shoot only treat-
ments were applied to foxtails in pots with vermiculite
covering the soil surface before herbicide application to
prevent soil exposure and root uptake. Vermiculite was
removed after the spray had dried on the foliage. Soil
only treatments were applied to the soil surface of each
pot in 10 ml of solution with a pipette. Enough herbi-
cide without surfactant was applied to equal the spray
application rate on a unit area basis Shoot plus soil
treatments were broadcast sprayed over the foxtail foli-
age and the soil surface without vermiculite. Percent
plant survival was observed 16 d after herbicide appli-
cation. Yellow foxtail seed were harvested at maturity
on April 15 for Trial 1 and June 10 for Trial 2.

REéULTS AND DISCUSSION

When there were significant two-way interactions
between treatment and trial, results are presented by
trial. There were several possible reasons for the inter-
actions. Although greenhouse temperature and relative
humidity were maintained within specified bounds,
Trial 2 of each experiment experienced photoperiods
longer than the 14 h provided by supplemental fluores-
cent lighting for Trial 1 (Figure 1). Natural daylength in
North Dakota increases from approximately 8 h in
January to 16 h in June. Foxtails matured later in Trial
2 than in Trial 1, probably because of increasing photo-
period and light intensity. Seed production of untreated
yellow foxtail reportedly (18) increased as photoperiod
increased. Plants were grown to maturity in the green-
house in 2-mo experiments repeated over 6 mo between
January and June. Such long-term plant growth studies
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Table 1. The effect of four sulfonylurea herbicides at 10 g ai ha™! applied at
the four-leaf stage on plant survival and total seed production (per pot) and
seed produced per surviving plant of yellow foxtail,

Herbicide Survival® Seed production®

%0 no. per potb no. per plant
Untreated check 100 2970 (£ 470)a 149 (£ 23)a
Chlorsulfuron 8 (2)a 0 0
Metsulfuron 6 (£ 2)a 0 0
Tribenuron 79  6)b 1790 (x 300)b 108 (= 11)b
CGA-131036 71 @ 6)b 2100 (£ 310)b 150 (+ 20)a

#)Means and standard errors in parentheses are presented. Means in a
column followed by the same letter were not different at P = 0.05 by the
LSD test for the average of two trials. Treatments with either all 0’s or all
100’s were excluded from the ANOVA and LSD tests.

bTo calculate the number of seed produced per m?, divide the seed no.
per pot by the pot. surface area (0.018 m?),

are inherently more variable than short-term experi-
ments (4).
Sulfonylurea herbicide and foxtail species. Chlorsul-
furon and metsulfuron!? at 10 g ha~! applied at the
four-leaf stage severely reduced yellow foxtail plant
survival and prevented seed production of surviving
yellow foxtail plants (Table 1). No yellow foxtail plants
formed seed and 8% or fewer yellow foxtail plants
survived chlorsulfuron or metsulfuron treatment. Both
chlorsulfuron and metsulfuron at 10 g ha! reduced
plant survival and seed production of surviving yellow
foxtail more than either tribenuron or CGA-131036
when applied at the four-leaf stage.

CGA-131036 and tribenuron reduced survival of yel-

low foxtail (71 and 79% of the untreated check, respec-

tively) and total seed production (71 and 60% of the
untreated check, respectively) similarly (Table 1). How-
ever, CGA-131036 reduced total seed production of
yellow foxtail largely by decreasing plant survival
(71% of the untreated check) without reducing seed
produced per surviving plant. In contrast, tribenuron
reduced total seed production of yellow foxtail by re-
ducing both plant survival (79% of the untreated check)
and seed produced per surviving plant (72% of the
untreated check).

Both chilorsulfuron and metsulfuron reduced plant
survival and seed production of yellow foxtail (Table 1)
much more than that of green foxtail (Table 2). Yellow

12Chiorsulfuron at 10 t0 20 g ha! and metsulfuron at 10 g ha~! were
registered by the U.S. Environmental Protection Agency for broadleaf weed
contro} in spring wheat when this experiment was started. Tribenuron and
CGA-131036 were experimental herbicides when this research was con-
ducted and were applied at 10 g ha™), as suggested by their manufacturers.
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foxtail also responded more consistently to POST-ap-
plied sulfonylurea herbicides than green foxtail (Table
2), allowing trials to be combined for yellow foxtail in
this experiment (Table 1). Green foxtail plant survival
and seed production were reduced in Trial 1 but not in
Trial 2, compared to the untreated check.
Chlorsulfuron rate and foxtail leaf stage. In both
trials, chlorsulfuron a 10 g ha™! applied at the two- and
four-leaf stage prevented yellow foxtail from forming
any seed, whereas plants treated at the six- and eight-
leaf stage formed progressively more total seed as leaf
stage at treatment increased (Figure 2). Chlorsulfuron-
treated yellow foxtail never produced as much total
seed as untreated checks at comparable leaf stages.
No yellow foxtail plants survived chlorsulfuron treat-
ment at the two-leaf stage. At the four-leaf stage, 3 to
28% of chlorsulfuron-treated yellow foxtail plants sur-
vived herbicide treatment (Figure 3), yet survivors
failed to form any seed (Figure 4). At the six-leaf stage,
both reduced plant survival (Figure 3) and decreased
seed production per surviving plant (Figure 4) contri-
buted to decreases in total seed production of yellow
foxtail (Figure 2). Total seed production (Figure 2) was
decreased by chlorsulfuron applied at the eight-leaf
stage primarily through reduced seed production per
surviving plant (Figure 4), rather than increased mortal-
ity (Figure 3). Fewer than 20% of yellow foxtail plants
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Figure 2. Total seed production of yellow foxtail seed versus leaf stage at the
time of POST chlorsulfuron application at 10 g ha~! as a percent of the
untreated check at each respective leaf stage. Means + standard errors are
presented. Means followed by the same letter do not differ at P = 0.05
according to the LSD within a trial.
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Table 2. The effect of four sulfonylurea herbicides at 10 g ai ha™! applied at the four-leaf stage on green foxtail survival and total seed production (per pot) and

seed produced per surviving plant.

Survival® Seed production®

Herbicide Trial 1 Trial 2 Trial 1 ° Trial 2 Trial 1 Trial 2

% no. per potb no. per plant
Untreated check 100 a 100a 7330 (= 300)a 4930 (+ 1490) ns 366 (+ 15)a 242 (+ 44)ns
Chlorsulfuron 69 x4b 94 (+ 2)be 4380 (= 260)b 5930 (& 360) ns 320 17N a 317 (= 25)ns
Metsulfuron 58 (£ 3)c 93 (= 1)c 1320 (= 370)c 4480 ( 450) ns 9 (= 40)b 241 (£ 21) s
Tribenuron 9 (+ 4)a 96 (+ 2)ab 6460 (+ 1740)ab 5810 (+ 330)ns 312 (£ 38)a 243 (& 25)ns
CGA-131036 100 a 99 (£ 1)a 5840 (+ 690)ab 4650 (+ 370) ns 323 (+ 87)a 294 (+ 20)ns

#Means and standard errors in parentheses are presented. Means in a column followed by the same letter were not different at P = 0.05 by the LSD test.
Treatments in columns marked “ns” were not significantly different from one another by the ANOVA.

bTo calculate the number of seed produced per m?, divide the seed no. per pot by the pot surface area (0.018 m?),

treated with chlorsulfuron at the eight-leaf stage were
killed (Figure 3).

Seed production per plant for those yellow foxtail
plants surviving chlorsulfuron treatment at 10 g ha-!
was regressed on percent plant survival for all leaf
stages averaged over the two trials (Figure 5). As more
plants survived treatment, survivors formed progres-
sively more seed per plant, although seed production
per plant never equalled that of untreated checks of
comparable age (data not presented). Density-dependent

-reductions in seed production per plant were not ob-

served. Theoretically, one would have expected that the
denser untreated checks would form fewer seed per
plant than herbicide-treated survivors if seed production
were regulated solely by density dependence. Appar-
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Figure 3. Yellow foxtail plant survival as a percent of the number of plants
present initially versus leaf stage at the time of POST chlorsulfuron applica-
tionat10 g ha™l, Means + standard errors are presented. Means followed by
the same letter do not differ at P = 0.05 according to the LSD within a trial.
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ently, herbicide treatment limited seed production more
than plant density.

Soil versus shoot effects of chlorsulfuron. Three per-
cent or fewer yellow foxtail plants survived chlorsul-
furon at 10 and 20 g ha™! applied at the four-leaf stage
to the shoot only or the shoot plus soil (data not
shown). Survivors of either type of foliar treatment
failed to form any seed.

In contrast, 35 to 50% of yellow foxtail survived soil
treatment alone (Table 3). Fewer yellow foxtail plants
survived soil treatment alone with chlorsulfuron at 20 g
ha! (14 to 35%) than at 10 g ha! (46 to 50%).
Surviving yellow foxtail also formed fewer total seed
per pot than the untreated check following soil treat-
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Figure 4. Yellow foxtail seed produced per surviving plant versus leaf stage
at the time of POST chlorsulfuron application at 10 g halasa percent of the
untreated check at each respective leaf stage. Means + standard errors are
presented. Means followed by the same letter do not differ at P = 0.05
according to the LSD within a trial.
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Table 3. The effect of chlorsulfuron rate and soil application alone at the four-leaf stage on survival and total seed production (per pot} and seed produced per

surviving plant of yellow foxtail®,

Treatment Survival Seed production
Method Rate Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2
g hat %* no. per pot® no. per plant
Untreated check 0 100 a 100 a 5230 (£ 370)a 2670 (+ 460)a 261 (+ 18)a 131 (£ 23)b
Soil 10 50 (£ 13)b 46 (= 6)b 1510 (+ 230)b 1470 (£ 370)b 197 (x 60)ab 170 (x 47)a
20 35 £ 6)c 14 £ 5)c 1050 (+ 250)b 60 (£ 30)¢ 149 (= 18)b 14 (£ 8)c

2)\feans and standard errors in parenthesis are presented. Means in a column followed by the same letter were not different at P = 0.05 by the LSD test.
bTo calculate the number of seed produced per m?, divide the seed no. per pot by the pot surface area (0.018 m?).

ment alone. Because the soil potting mixture was high .

in sand (84%), soil residues of chlorsulfuron were
expected to be highly phytotoxic (6). Chlorsulfuron
residues in soil may not have effectively killed yellow
foxtail after establishment (Table 3) because chlorsul-
furon was less toxic to yellow foxtail when absorbed
from the soil alone. The availability of chlorsulfuron for
plant uptake may have been reduced by adsorption to
peat in the potting mixture (6).

Although visual control and shoot dry weight reduc-
tions are often measured to determine the toxicity of
herbicides to weeds, variables such as plant survival
and seed produced per unit area or per surviving plant
can provide additional insight into the mechanism of
herbicidal control of weed populations. Because seed
surviving in the soil seed bank are responsible for year
to year persistance of foxtails on farmland (8, 18),

quantitative information regarding the effects of herbi-

cides on seed produced by plants surviving treatment
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Figure 5. Regression equation for the relationship between yellow foxtail
seed produced per plant (Y) surviving treatment with chlorsulfuron at 10 g
ha~! applied at various leaf stages and percent survival (X). The 95%
confidence interval (——-) and prediction interval (. .... ) are present.
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may be useful for estimating future foxtail infestations.
These greenhouse experiments suggest that POST-ap-
plied chlorsulfuron may limit the buildup of yellow
foxtail populations on farms by decreasing seed
produced per unit area. This research also suggests that
if chlorsulfuron or metsulfuron reduce foxtail popula-
tions from one year to the next, it may be due to both
reduced plant survival andfor subsequent decreased
seed produced per surviving plant in the previous year.
Whether yellow foxtail seed production was reduced by
chlorsulfuron due to increased plant mortality or
reduced seed produced per surviving plant depended on
the leaf stage when treated. Fewer plants died following
treatment at later leaf stages. Chlorsulfuron treatment
may favor the buildup of green foxtail over yellow
foxtail on farmland infested with both species because
chlorsulfuron did not control green foxtail as consis-
tently as yellow foxtail. '
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