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Field studies were conducted to determine the effect of early-season and early- plus
late-season acetolactate synthase–resistant Helianthus annuus interference on Glycine
max and H. annuus growth and yield at two sites in Missouri. Helianthus annuus
densities of 3 plants m�2 were established shortly after G. max emergence in all plots
except the weed-free check. To study early-season interference, H. annuus were re-
moved with postemergence glyphosate (0.84 kg ae ha�1) 2, 4, 6, and 8 wk after
planting (WAP) and kept weed-free for the rest of the growing season. Glycine max
yields were not different with 2, 4, 6, or 8 wk of early-season interference at either
location. To study early- plus late-season interference, H. annuus densities were es-
tablished at 3 plants m�2. They were then removed 2, 4, 6, or 8 WAP with gly-
phosate and subsequently reestablished at the same density within 2 wk after removal
by newly emerging and transplanted H. annuus. These H. annuus were allowed to
remain in the field for the remainder of the growing season. This provided a weed-
free period of approximately 2 wk during the growing season beginning 2, 4, 6, or
8 WAP. Season-long interference and no-interference treatments were also included.
Glycine max yields were reduced 47 to 72% with season-long interference. Helianthus
annuus vegetative dry matter was approximately 56% lower at Columbia than at
Miami. Glycine max yields tended to increase as the weed-free period was delayed
into the growing season. Early-season weed-free periods (2 to 4 and 4 to 6 WAP)
allowed H. annuus to become re-established before G. max formed a canopy and
resulted in larger amounts of H. annuus biomass and seed production as well as G.
max yield losses of 15 to 80%. Re-establishment of H. annuus in 6 to 8 WAP and
8 to 10 WAP weed-free treatments generally resulted in the plants surviving for only
a few weeks after establishment and not producing seed or reducing G. max yield.

Nomenclature: Glyphosate; Helianthus annuus L. HELAN, common sunflower;
Glycine max (L.) Merr ‘Asgrow 3601’, soybean.

Key words: Carrying capacity, weed competition, critical weed-free period.

Helianthus annuus (common sunflower) is an important
broadleaf weed in Glycine max (soybean) fields because of
high yield loss potential (Geier et al. 1996; Irons and Burn-
side 1982). Helianthus annuus biotypes differ greatly, with
heights ranging from 0.2 to 5.0 m, production of multiple
heads (17 or more) ranging from 2 to 4.5 cm in diameter
(Stubbendieck et al. 1994), and seed production up to
7,750 seeds plant�1 (Anderson 1996). Previous competition
studies have determined that H. annuus is one of the most
competitive weeds in G. max (Geier et al. 1996; Irons and
Burnside 1982). A study in eastern Kansas showed season-
long H. annuus interference at a density of 3 plants m�2

reduced G. max yield 85% (Geier et al. 1996). In a Ne-
braska study, H. annuus removal within 2 wk after planting
and G. max kept weed-free for a period of 4 to 6 wk were
needed for maximum yields (Irons and Burnside 1982).
These researchers concluded the mechanisms of interference
included competition for light (Geier et al. 1996) and pro-
duction of allelopathic substances (Irons and Burnside
1982).

Acetolactate synthase (ALS)-resistant H. annuus was re-
ported in Missouri (Johnson et al. 1997), Kansas (Baum-
gartner et al. 1997), and South Dakota (White et al. 1997)
in 1997. Studies at the Missouri site conducted in 1998 and
1999 found a population of H. annuus that was not con-
trolled with flumetsulam, imazethapyr, chlorimuron, ima-

zaquin, cloransulam, CGA-277476 {2-[[[[(4,6-dimethyl-2-
pyrimidinyl)amino]carbonyl]amino]sulfonyl]benzoic acid,
3-oxetanyl ester}, or imazamox with one and two times the
normal herbicide usage rates in G. max (Allen 1999). In
Kansas, a H. annuus population was found to be 170 times
more resistant to imazethapyr than a susceptible biotype at
a rate required for 25% control of the weed (Al-Khatib et
al. 1998). In addition, a H. annuus population in South
Dakota was not controlled at 16 times the normal use rate
of imazethapyr (White et al. 1997).

In 1997 and 1998, we conducted a survey to determine
the geographical distribution of ALS-resistant H. annuus in
Missouri (Allen 1999). In this study, 26 H. annuus biotypes
were subjected to postemergence treatments of one and five
times the normal use rates of imazethapyr, imazaquin, and
chlorimuron. All of the biotypes screened were resistant to
imazethapyr, 78% were resistant to imazaquin, and 73%
were resistant to chlorimuron at the normal use rate. Resis-
tance to all three herbicides was found in 70% of the bio-
types. Field history data showed selection pressure with im-
azethapyr and imazaquin was relatively low, but chlorimu-
ron was used over 75% of the time in G. max. Overall, the
selection pressure with ALS inhibitors was extremely high,
especially where ALS inhibitors were also used in Zea mays
L. (corn). The most popular management strategy men-
tioned by the survey participants to manage ALS-resistant
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TABLE 1. Dates of Glycine max planting, herbicide application, Helianthus annuus removal dates, and G. max and H. annuus harvest for
Columbia and Miami, MO, for 1998 and 1999.a

Columbia

1998 1999

Miami

1998 1999

G. max planting dates
Herbicide application PREb

May 11
May 11

May 8
May 8

May 9
May 11

June 6
June 7

H. annuus removal dates
2 WAP
4 WAP
6 WAP
8 WAP
G. max and H. annuus harvest

May 27
June 12
June 24
July 7
Sept 23

May 21
June 4
June 18
June 30
Sept 22

May 23
June 4
June 17
July 2
Oct 6

June 20
July 6
July 19
Aug 2
Oct 15

a Abbreviations: PRE, preemergence; WAP, weeks after planting.
b S-metolachlor (1.41 kg ha�1) applied for annual grass and small-seeded broadleaf weed control.

H. annuus was to apply glyphosate in glyphosate-resistant
G. max (Allen 1999).

As a result, it is anticipated that a majority of ALS-resis-
tant H. annuus in Missouri will be controlled with gly-
phosate-based herbicide programs in glyphosate-resistant G.
max. However, because glyphosate lacks residual activity,
some H. annuus may emerge after glyphosate is applied.
Therefore, the objective of this study is to determine the
effect of early-season and early- plus late-season ALS-resis-
tant H. annuus interference on G. max and H. annuus
growth and yield at two geographical regions in Missouri.

Materials and Methods

Field studies were conducted in 1998 and 1999 in a
grower’s field near Miami in the Missouri River bottom in
central Missouri, where ALS-resistant H. annuus was first
found (Johnson et al. 1997), and in Columbia, MO, at the
University of Missouri Agronomy Research Center. At Mi-
ami, the soil was a Haynie very fine sandy loam soil (coarse-
silty, mixed, Calcareous, mesic Mollic Udifluvents) consist-
ing of 1.7% organic matter (OM), 28% sand, 48% silt, and
24% clay, pH 7.5 and cec 12.5 meq (100 g)�1. At Colum-
bia, the soil was a Mexico silt loam soil (fine, montmoril-
lonitic, Mesic, Aeric Vertic Epiaqualf ) located on the prairie
claypan region, consisting of 2.6% OM, 7% sand, 75% silt,
and 18% clay, pH 7.3 and cec 14.7 meq (100 g)�1.

The experimental design at each site was a randomized
complete block with four replications. The experimental
area was fall chisel plowed and field cultivated prior to plant-
ing at Columbia in 1998 and 1999 and Miami in 1998. In
1999, the Miami location was fall chisel plowed and disked
in the spring. Fertilizer applications were made in accor-
dance with soil test recommendations. Plots consisted of
four rows 10.7 m long spaced 76 cm apart. Asgrow 3601
(glyphosate and sulfonylurea resistant) G. max was planted
approximately 2.5 cm deep at a rate of 346,000 seeds ha�1

on May 9, 1998, and June 6, 1999, at Miami and on May
11, 1998, and May 8, 1999, at Columbia. Seed was col-
lected from escaped plants at Miami in 1997 and used to
overseed the experimental areas at both locations in 1998
and 1999. All herbicide applications were made with a CO2-
pressurized backpack sprayer at a carrier volume of 187 L
ha�1 using flat fan XR80031 nozzles at a ground speed of
4.8 km h�1. Metolachlor (1.41 kg ha�1) was applied pre-

emergence over the entire experimental area to control an-
nual grasses and small-seeded broadleaf weeds.

In eastern Kansas, season-long interference by three H.
annuus plants m�2 reduced G. max yield 85% (Geier et al.
1996). Based on these results, the initial H. annuus density
was set at 3 plants m�2 in each plot, except the weed-free
check, within 2 wk of planting. The densities were estab-
lished by thinning or transplanting into plots with sparse
infestations. The following sets of treatments were evaluated
in a single field experiment at each site.

Early-season H. annuus interference. Helianthus annuus
densities were established as mentioned earlier, and gly-
phosate (0.84 kg ae ha�1) was applied 2, 4, 6, and 8 wk
after planting (WAP) as the means of H. annuus removal.
After the glyphosate treatment, these treatments were kept
weed-free by hand hoeing for the rest of the season to eval-
uate the relationship between early-season weed interference
and G. max yield.

Early- plus late-season H. annuus interference. Helianthus
annuus densities were established as mentioned above and
glyphosate was applied 2, 4, 6, and 8 WAP as means of H.
annuus removal as in the early-season interference treat-
ments. In addition, H. annuus densities were re-established
at 3 plants m�2 in these treatments by transplanting and
subsequent emergence within 2 wk of herbicide application
to evaluate the relationship between early- plus late-season
interference and G. max yield. This provided a weed-free
period of approximately 2 wk during the growing season
beginning 2, 4, 6, or 8 WAP of G. max. Helianthus annuus
densities were maintained throughout the growing season
by handweeding and transplanting. A treatment in which a
H. annuus density of 3 m�2 was maintained for the entire
season and a treatment that was maintained weed-free for
the entire season was also included. A complete listing of
spray dates and weather data are shown in Tables 1 and 2,
respectively.

Just prior to G. max harvest, H. annuus biomass and seed
production was determined by harvesting five random plants
within each plot. Plants were cut at the soil surface and the
heads were separated from the plant and placed in separate
cloth bags. All plant tissue was dried in an air dryer2 for 48
h at 37 C. The total dry vegetative matter per harvested
area, excluding heads and seeds, was converted to grams per
plant. The seeds were weighed after drying and threshing
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TABLE 2. Average air temperature and total precipitation of May
through October at Columbia and Miami, MO, in 1998 and
1999.

Temperature Precipitationa

Month

Columbia

1998 1999

Miami

1998 1999

Columbia

1998 1999

Miami

1998 1999

C cm

May
June
July
August

21
23
25
28

18
23
27
25

20
22
24
25

18
24
27
25

5
14
13

3

9
13

0
5

6
27
11
19

13
15

5
6

September
October
Mean
Total

23
15
23
—

19
14
21
—

22
15
21
—

20
14
21
—

14
14
—
63

5
4

—
36

20
19
—

102

17
3

—
59

a The Columbia location was irrigated on May 18, 1998 (3 cm), June
17, 1999 (4 cm), and August 30, 1999 (4 cm).

TABLE 3. Glycine max yields at Columbia and Miami, MO, in
1998 and 1999 with early-season Helianthus annuus interference.a

G. max yield

H. annuus removal dates

Columbia

1998 1999

Miami

1998 1999

kg ha�1

Weed-free check
Noneb

2 WAP
4 WAP
6 WAP
8 WAP
LSD (0.05)

2,113
1,430
2,162
2,190
2,120
2,023

ns

2,415
1,216
2,551
2,514
2,374
2,265

ns

2,772
1,480
2,708
2,837
2,792
2,929

ns

3,244
905

3,295
3,071
3,163
2,949

ns

a Abbreviations: WAP, weeks after planting; ns, not significant.
b Helianthus annuus interference (3 plants m�2) for the entire growing

season.

TABLE 4. Helianthus annuus aboveground biomass production (dry
weight) at Columbia and Miami, MO, in 1998 and 1999 in treat-
ments with early- plus late-season H. annuus interference.a

H. annuus biomass

Weed-free period

Columbia

1998 1999

Miami

1998 1999

g plant�1

Noneb

2–4 WAP
4–6 WAP
6–8 WAP
8–10 WAP
LSD (0.05)

289
161

53
—
—

119

376
252
228

71
9

133

880
631
241
—
—

130

580
567
235
37
—

184

a WAP, weeks after planting. A dash (—) indicates that no H. annuus
plants were present at G. max harvest.

b Helianthus annuus interference (3 plants m�2) for the entire growing
season.

from the heads. The number of seeds per harvested area was
converted to seeds per plant.

Glycine max stand counts and plant heights were collected
from two, 1-m-long areas in each plot row at harvest. Gly-
cine max yield at Columbia in 1998 and 1999 and at Miami
in 1999 was determined by harvesting the center two rows
of each plot with a plot combine. Glycine max yield at Mi-
ami in 1998 was determined by hand harvesting 1 m of row
from each of the two center rows in each plot because river
flooding was anticipated. All seed weights were adjusted to
13% moisture.

Glycine max yield, height, and density were subjected to
ANOVA and tested for homogeneity. Significant interac-
tions between years and locations were observed for H. an-
nuus height, biomass production, and seed production, and
these data were analyzed separately for each location and
year. Means were separated with Fisher’s Protected LSD at
P � 0.05. Regression techniques were used to determine the
relationship between G. max yield and H. annuus biomass
production by standard regression diagnostics after perform-
ing various transformations of the independent and depen-
dent variables. The best fitting line was a regression of G.
max yield on the square root of H. annuus biomass (dry
weight) per plant.

Results and Discussion

Season-long H. annuus interference. On the well-drained
alluvial soil at Miami, G. max yields were reduced 47 and
72% of the weed-free check in 1998 and 1999, respectively,
when H. annuus was allowed to interfere all season (Table
3). At Columbia on the poorly drained claypan soil, G. max
yields were reduced by 32 and 50% in 1998 and 1999,
respectively, of the weed-free check when H. annuus was
allowed to interfere all season.

Early-season H. annuus interference. Helianthus annuus in-
terference had no effect on G. max height or G. max density
at harvest in any treatment (data not shown). Glycine max
yields were not reduced by 2, 4, 6, or 8 wk of H. annuus
interference at either location (Table 3). Although this ex-
periment showed that G. max can withstand H. annuus in-
terference of 3 plants m�2 up to 8 WAP without a yield

loss, three of the four site years showed a trend of declining
yields with 8 wk of interference.

Early- plus late-season H. annuus interference. Helianthus
annuus interference had no effect on G. max height or G.
max density at harvest in any treatment (data not shown).
In 1998, H. annuus were re-established in the 6 to 8 and 8
to 10 WAP weed-free treatments but died after a few weeks
and did not produce seed or reduce G. max yield. In 1999,
H. annuus re-established in the 6 to 8 and 8 to 10 WAP
weed-free treatments at Columbia survived; however, only a
few sunflowers survived in the 6 to 8 WAP weed-free treat-
ment, and none survived in the 8 to 10 WAP weed-free
treatment at Miami in 1999. Subsequently, H. annuus that
was re-established late in the growing season was less likely
to survive until G. max harvest because of dry soil condi-
tions and the shading effect of the G. max canopy.

Helianthus annuus biomass production was two to three
times higher at Miami on the well-drained alluvial soil than
on the poorly-drained claypan soil at Columbia, especially
with season-long H. annuus interference and the 2 to 4
WAP weed-free treatment (Table 4). This was an indication
that H. annuus was not as vigorous on the claypan soil as
it was on the alluvial soil. Dry matter production decreased
significantly as the weed-free period was delayed into the
growing season at both locations. The early weed-free pe-
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TABLE 5. Helianthus annuus height at Columbia and Miami, MO,
in 1998 and 1999 in treatments with early- plus late-season H.
annuus interference.a

H. annuus height

Weed-free period

Columbia

1998 1999

Miami

1998 1999

cm

Noneb

2–4 WAP
4–6 WAP
6–8 WAP
8–10 WAP
LSD (0.05)

258
214
177
—
—
34

271
257
213
162

94
23

347
292
210
—
—
30

330
283
191

94
—
43

a WAP, weeks after planting. A dash (—) indicates that no H. annuus
plants were present at G. max harvest.

b Helianthus annuus interference (3 plants m�2) for the entire growing
season.

TABLE 6. Helianthus annuus seed production at Columbia and Mi-
ami, MO, in 1998 and 1999 in treatments with early- plus late-
season H. annuus interference.a

H. annuus seed production

Weed-free period

Columbia

1998 1999

Miami

1998 1999

seeds plant�1

Noneb

2–4 WAP
4–6 WAP
6–8 WAP
8–10 WAP
LSD (0.05)

16,583
9,060
4,687
—
—
5,217

4,165
4,072
2,455

854
44

1,119

28,933
24,893
12,795

—
—

7,942

1,210
1,250
1,270

197
—

1,069

a WAP, weeks after planting. A dash (—) indicates that no H. annuus
plants were present at G. max harvest.

b Helianthus annuus interference (3 plants m�2) for the entire growing
season.

TABLE 7. Glycine max yields at Columbia and Miami, MO, in
1998 and 1999 with early- plus late-season Helianthus annuus in-
terference.a

G. max yield

Weed-free period

Columbia

1998 1999

Miami

1998 1999

kg ha�1

Season-long
Noneb

2–4 WAP
4–6 WAP
6–8 WAP
8–10 WAP
LSD (0.05)

2,113
1,430
1,807
1,991
2,018
2,099

218

2,415
1,216
1,286
1,939
2,008
2,433

448

2,772
1,480
2,003
2,520
3,114
2,965

695

3,244
905
651

3,081
3,112
2,796

381

a WAP, weeks after planting.
b Helianthus annuus interference (3 plants m�2) for the entire growing

season.

riods allowed H. annuus to re-establish and cause more late-
season interference and produce more H. annuus biomass.

Helianthus annuus dry weight biomass production was
289, 376, 880, and 580 g plant�1 at Columbia and Miami
in 1998 and 1999, respectively, when allowed to compete
the entire season (Table 4). A study conducted in Kansas
found that at the same densities, dry weight biomass pro-
duction was 400 and 266 g plant�1 in 1991 and 1992,
respectively (Geier et al. 1996). Helianthus annuus biomass
accumulation at Miami was greater than in Kansas, probably
because of the rainfall and high overall productivity of the
soil at Miami and because the H. annuus in the Kansas study
trials were established in a 25-cm band over the G. max
row. This probably resulted in more interference from G.
max on H. annuus growth. Helianthus annuus biomass pro-
duction at Columbia was comparable to H. annuus biomass
production reported in the Kansas study.

Helianthus annuus was slightly taller at Miami than at
Columbia (Table 5). This is another indication of the more
vigorous growth habit on the alluvial soil than on the clay-
pan soil. Helianthus annuus height was also significantly re-
duced as the weed-free period was delayed.

Helianthus annuus seed production per plant was higher
in 1998 than in 1999 at both locations (Table 6). Helianthus
annuus seed production was greater at Miami than at Co-
lumbia in 1998 because of the increased vigor observed with
H. annuus grown on the alluvial soil at Miami. Helianthus
annuus seed production at Miami was greater in 1998 than
1999 because of the late planting of the 1999 study and the
subsequent late harvest, which resulted in approximately
80% shattering loss at the time of G. max harvest in 1999.
Helianthus annuus seed production at Columbia was signif-
icantly higher in 1998 than 1999 because of the drought
conditions during seed set in 1999. However, H. annuus
survival and subsequent seed production occurred in all re-
established treatments at Columbia in 1999 because of fa-
vorable environmental conditions at re-establishment timing
and poor G. max canopy development later in the season.
Helianthus annuus seed weight was higher at Miami (132
and 100 seeds g�1) than in Columbia (157 and 152 seeds
g�1) in 1998 and 1999, respectively. This is probably a result
of the increased vigor at Miami making it possible to store
additional nutrients in the seed.

Our results show that on the well-drained alluvial soil at
Miami, G. max yields were reduced by 47 and 72% of the
weed-free check in 1998 and 1999, respectively, when H.
annuus was allowed to interfere the entire season (Table 7).
At Columbia on the poorly-drained claypan soil, G. max
yields were reduced by 32 and 50% of the weed-free check
in 1998 and 1999, respectively, when H. annuus was al-
lowed to interfere the entire season. Our yield reductions
were not quite as severe as those observed in Kansas, where
H. annuus at the same density reduced G. max yield by 85%
with season-long competition (Geier et al. 1996). This is
probably because the H. annuus densities were established
in a 25-cm band over the G. max row in the Kansas study,
whereas the H. annuus densities were established randomly
throughout an area 1.5 m wide over two G. max rows in
our research. Establishing the H. annuus, on average, closer
to the G. max row likely increased the competitive effects
of the weed and G. max on each other.

Our study shows the longer the late-season interference
period, the greater the H. annuus biomass production and
the greater the G. max yield loss (Tables 4, 5, and 7; Figure
1). A more severe G. max loss resulted at Miami in 1999
vs. 1998 as H. annuus biomass increased. Although biomass
production was somewhat similar between years at this lo-
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FIGURE 1. Relationship between end-of-season Helianthus annuus biomass and Glycine max yield at Columbia and Miami, MO, in 1998 and 1999 in
treatments with early- plus late-season H. annuus interference.

cation, dry weather conditions at G. max seed set likely
increased the competitive effects of H. annuus on G. max.
Glycine max yield was less affected by the later re-establish-
ment periods, which also resulted in less H. annuus biomass
production. Regression analysis indicated that the relation-
ship between G. max yield and H. annuus biomass produc-
tion was best described by regressing G. max yield on the
square root of H. annuus biomass. Statistically significant
yield reductions occurred when H. annuus biomass produc-
tion per plant was 55 and 30 g plant�1 at Columbia and
52 and 27 g plant�1 at Miami in 1998 and 1999, respec-
tively. Significant G. max yield reductions occurred with
lower H. annuus biomass weights in 1999 than 1998 at both
locations, which is likely due to higher temperatures and
lower rainfall in July 1999. Temperatures at both locations
were 2 to 3 C higher in 1999 than 1998, and rainfall was
0 and 5 cm in 1999 and 13 and 11 cm in 1998 at Columbia
and Miami, respectively, consequently limiting the carrying
capacity of both soils in 1999 (Aldrich and Kremer 1997).
Although differences in the relationship between G. max
yield reduction and H. annuus biomass production were ob-
served between years, there were only minor differences be-
tween locations. This indicates that the competitive ability
of the G. max variety utilized was relatively consistent across
locations and was reduced by high temperatures and low
precipitation in July of 1999 regardless of soil type.

The earlier H. annuus is removed from G. max, the more
likely re-established plants will survive until G. max harvest.
Furthermore, early H. annuus removal and, subsequently,

early re-establishment results in increased probability for a
significant G. max yield reduction because of H. annuus
interference. Thus, the later the glyphosate application is
made in the growing season to control H. annuus, the less
likely re-establishment will occur. Glyphosate provided ad-
equate control of H. annuus up to 76 cm in height in this
study (data not shown). The lack of significant G. max yield
reduction by up to 8 wk of H. annuus interference also
promotes a later application of glyphosate for the control of
ALS-resistant H. annuus in G. max.

A later application of glyphosate creates difficulty for con-
trol of other hard-to-control weeds like Ipomoea sp. (mor-
ningglory), Abutilon theophrasti (L.) Medicus (velvetleaf ), or
Polygonum pensylvanicum L. (Pennsylvania smartweed). By
delaying glyphosate applications to prevent re-establishment
of H. annuus, control of other weeds may be sacrificed. In
this situation, a sequential application of glyphosate can be
used to attain adequate control of all weeds present. The
only other alternative herbicide for the control of ALS-re-
sistant H. annuus in Missouri is bentazon, which must be
applied in sequential applications 10 d apart at 0.56 kg ha�1

to attain adequate control in G. max (Allen 1999).
Helianthus annuus is one of the most competitive annual

broadleaf weeds in midwestern G. max production (Geier et
al. 1996; Holm et al. 1991; Irons and Burnside 1982; Stoll-
er et al. 1987). Our research suggests that the critical period
of H. annuus control is 4 to 8 WAP. Controlling H. annuus
4 to 8 WAP resulted in yields statistically equivalent to the
weed-free check and minimal amounts of re-establishment.
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A Nebraska study found that H. annuus needed to be re-
moved 2 WAP and G. max kept weed-free for 4 to 6 WAP
to prevent G. max yield loss (Irons and Burnside 1982). The
differences in the critical period for H. annuus control is
probably due to the differences in H. annuus populations in
our study (3 plants m�2) vs. the Nebraska study (220 plants
m�2), which resulted in an earlier critical weed-free period
in the Nebraska study. Thus, critical weed-free periods are
dependent on weed densities, especially with large-seeded
broadleaf weeds such as H. annuus

Sources of Materials
1 TeeJet XR8003. Spraying Systems Co., North Avenue, Whea-

ton, IL 60188.
2 Dwyer. F. W. Dwyer Mfg. Co., Michigan City, IN 46360.
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