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Weed Science, 1993. Volume 41:194-200 

The Critical Period of Weed Control in Soybean [Glycine max (L.) Merr.]l 

RENE C. VAN ACKER, CLARENCE J. SWANTON, and STEPHAN F. WEISE2 

Abstract. Field studies were conducted at three locations 
over 2 yr in southern Ontario to determine the critical 
period of weed control in soybean. This period generally 
consisted of two discrete periods, a critical weed-free 
period and a critical time of weed removal. The critical 
weed-free period was relatively short in duration and 
consistent across locations and years. A period of weed 
control lasting up to the fourth node growth stage (V4), 
approximately 30 days after emergence (DAE), was 
adequate to prevent a yield loss of more than 2.5%. The 
critical time of weed removal was variable across 
locations and years and ranged, for example, from the 
second node growth stage (V2) to the beginning pod 
growth stage (R3), approximately 9 to 38 DAE, at a 2.5% 
yield loss level. A phenologically based period of most 
rapid yield loss due to weed interference occurred from 
beginning bloom stage (Ri) to beginning seed stage (R5). 
The short and consistent critical weed-free period indi- 
cates the duration of residual herbicide control necessary 
in soybean and supports use of nonresidual, postemer- 
gence herbicides and mechanical weed control. Nomencla- 
ture: Soybean, Glycine max (L.) Merr. 
Additional index words: Weed interference, density, bi- 
omass, crop yield loss, integrated weed management. 

INTRODUCTION 

In recent years, awareness of environmental sustainability 
has caused increased efforts to reduce herbicide use in 
agriculture. Soybean is an intensively managed row crop 
throughout southern and eastern Ontario (1) in which 
herbicides are used as a primary means of weed control (21). 
Therefore, soybean is a prime candidate for programs 
designed to reduce herbicide use. 

The implementation of an integrated weed management 
(IWM)3 system is seen by many weed scientists as a means 
of reducing herbicide use while maintaining crop yield (2, 
20). Part of the concept of IWM is to base herbicide 
application timing on critical weed control periods (7, 20). 

The critical period of weed control is defined as an 
interval in the life cycle of the crop when it must be kept 
weed free to prevent yield loss (24, 25). Impetus for studying 
the critical period of weed control is to discover whether 

1Received for publication September 19, 1992, and in revised form 
December 21, 1992. 

2Grad. Res. Asst., Assoc. Prof., and Res. Assoc., Dep. Crop Sci., Univ. 
Guelph, Guelph, ON, Canada NIG 2W1. 

3Abbreviations: IWM, integrated weed management; R8, soybean 
physiological maturity; VI, 1st node; V2, 2nd node; V3, 3rd node; V4, 4th 
node; RI, beginning bloom; R3, beginning pod; R5, beginning seed; DAE, 
days after emergence. 

present methods of weed control are a function of biological 
necessity or merely a function of their availability and ease of 
application (22, 25). If the latter is the case, perhaps the 
amount of herbicides used could be reduced if they were 
applied or were effective only during critical periods of weed 
control. 

In Ontario, critical period studies have been conducted on 
a number of field and vegetable crops including tomatoes 
(Lypersicon esculentum L.) (22), white beans (Phaseolus 
vulgaris L.) (23), and corn (Zea mays L.) (11) but not on 
soybean. 

There have been many critical period studies conducted on 
soybean in the Midwestern and Southern United States (19, 
24, 25). It would be inappropriate to extrapolate a critical 
period of weed control for Ontario from these studies. Many 
of these studies involved only one weed species and results 
therefore did not accurately represent the more common 
scenario of mixed weed species interference (5, 6, 12, 13, 14, 
19). In addition, many of the weed species that have been 
studied are not common in Ontario (6, 16, 19). There also 
were differences in timing of the critical period reported 
between studies where the same weed species was considered 
(10, 14, 19). This suggested that other site-specific factors 
such as planting pattern and environmental conditions 
affected duration of the critical period. Lastly, the critical 
period has traditionally been reported as days or weeks after 
emergence and not soybean growth stages (19, 24). This 
omission has prevented investigation of the relationship 
between critical period of weed control and soybean 
phenology, as well as limited applicability of critical period 
across locations. 

The objective of this study was to define the critical period 
of weed control in soybean for Ontario. To ensure that results 
of this study would be broadly applicable to soybean-growing 
areas of Ontario it was conducted at three distinct locations 
across southern Ontario. A naturally occurring population of 
mixed weed species was used and the critical period was 
defined as both days after emergence and soybean growth 
stages. 

MATERIALS AND METHODS 

Location variables. In 1990 and 1991, three locations of 
field trials in southern Ontario were: Elora, a Guelph loam 
(Orthic grey brown luvisol) 29% sand, 52% silt, 19% clay, 
4.4% O.M., and pH 7.5; Woodstock, a Guelph silt loam (grey 
brown Podzolic) 53% sand, 34.5% silt, 12.5% clay, 3.3% 
O.M., and pH 7.1; and Woodslee, a Brookston clay loam 
(dark grey Gleisolic) 36% sand, 30% silt, 35% clay, 4.0% 
O.M., and pH 6.2. Daily rainfall amounts were recorded for 
all locations for both years (data not shown). Trials at Elora 
and Woodstock were spring moldboard plowed and cultivated 

194 

This content downloaded from 129.8.242.67 on Thu, 3 Oct 2013 23:35:01 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


WEED SCIENCE 

Table 1. Soybean cultivars and planting dates. 

Relative Planting 
Location Year Cultivar maturitya date 

Elora 1990 Maple Glenb 2600 May 25 
Elora 1991 May 17 
Woodstock 1990 Pioneer 0877c 2700 May 31 
Woodstock 1991 May 21 
Woodslee 1990 Corsoy 79d 3150 June 12 
Woodslee 1991 June 7 

aBased on Onatrio Corn Heat Units (3). 

bSeCan Members. 

CPioneer Hi-Bred Ltd. 

dPublic variety. 

while trials at Woodslee were fall moldboard plowed and 
spring cultivated. Soybean was planted at 90 kg ha-1 at 
60-cm row spacings. Soybean cultivars, cultivar maturity 
ratings, and planting dates for each location and both years 
are listed in Table 1. Naturally occurring weed populations 
were utilized in all trials. Trials were conducted on different 
sites in successive years. Total weed dry weights, densities, 
weed species present, and relative proportion of species at 
soybean physiological maturity (R8)3 are shown in Table 2. 
Experimental design. Trials were established in randomized 

complete block designs. Each plot consisted of four soybean 
rows 8 m long at Woodstock and Woodslee, and 10 m long at 
Elora. Timing of weed removal was based on soybean growth 
stages according to Fehr and Caviness (9) and appraised in 
the weed-free control. Treatments of duration of weed 
interference allowed weeds to compete from emergence until 
soybean reached the following stages, when weeds were 
removed and plots were maintained weed free for the 
remainder of the season: 1st node (V1)3, 2nd node (V2)3, 3rd 
node (V3)3, 4th node (V4)3, beginning bloom (Ri)3, 
beginning pod (R3)3, and beginning seed (R5)3. Treatments 
of increasing duration of weed control were maintained weed 
free until soybean reached the following stages, at which time 
weeds were allowed to grow for the remainder of the season: 
V1, V2, V3, V4, Rl, R3, and R5. In addition each trial had 
unweeded and weed-free controls. In all cases weed control 
was accomplished by handweeding. 
Weed and crop measurements. At R8, aboveground weed 
biomass was harvested in all treatments and in the unweeded 
control. For each weed harvest five 0.15-m2 quadrats were 
harvested per plot. Weeds were separated by species, counted, 
and dry weights measured. 

For soybean grain harvest a 4-m length of the center two 
rows of each plot were hand clipped and fed through a 
mechanical thresher. Beans were oven dried and yields were 
expressed as a percentage of the weed-free control. 

Table 2. Weed dry weight, density, and species spectrum in unweeded controls, measured at harvest. 

Total Total Portion Portion 
Location/ weed dry weed Weed of weed of weed 
year weight density species biomass density 

g m-2 plants m-2 % % 
Elora 330 109 Barnyardgrass, Echinochloa crus-galli, #a ECHCG 34 39 
1990 Redroot pigweed, Amaranthus retroflexus, # AMARE 30 27 

Common lambsquarters, Chenopodium album, # CHEAL 23 10 
Yellow foxtail, Setaria glauca, # SETLU 6 17 
Wild mustard, Sinapis arvensis, # SINAR 7 7 

Elora 400 350 Barnyardgrass 37 38 
1991 Redroot pigweed 31 21 

Common lambsquarters 26 36 
Wild mustard 6 5 

Woodstock 270 138 Redroot pigweed 88 81 
1990 Common lambsquarters 7 6 

Green foxtail, Setaria viridis, # SETVI 4 8 
Witch grass, Panicum capillare, # PANCA 1 5 

Woodstock 700 329 Redroot pigweed 77 39 
1991 Common lambsquarters 20 48 

Witchgrass 3 13 
Woodslee 140 34 Velvetleaf, Abutilon theophrasti, # ABUTH 48 47 
1990 Redroot pigweed 38 10 

Common lambsquarters 12 31 
Yellow foxtail 1 11 
Bamyardgrass 1 1 

Woodslee 100 21 Velvetleaf 55 66 
1991 Redroot pigweed 41 21 

Common lambsquarters 2 5 
Green foxtail 2 8 

aLetters following this symbol are a WSSA-approved computer code from Composite List of Weeds, revised 1989. Available from WSSA, 309 West Clark 
Street, Champaign, IL 61820. 
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a Table 3. Parameter estimates for the Gompertz equation 

Location Year k A B 

Elora 1990 0.21 97.3 0.61 
Elora 1991 0.18 98.9 0.63 
Woodstock 1990 0.11 100.5 0.51 
Woodstock 1991 0.13 102.7 0.93 
Woodslee 1990 0.14 98.4 0.23 
Woodslee 1991 0.04 100.4 0.09 

ay = Ae(-Be-kT); Y = yield (% of season-long weed-free control); A = 
asymptote (% of season-long weed-free control); e = exponential function; 
B,k = constants; T = time after emergence (days). 

Statistical analysis. Gompertz and logistic equations were fit 
to the yield data, expressed as a percent of the unweeded 
control, for increasing length of weed-free period and 
increasing duration of weed interference, respectively. The 
equations were fit using the nonlinear regression technique 
described by Hall et al. (11). The Gompertz and logistic 
curves were fit separately for each location and each year. 
Parameter estimates are presented in Tables 3 and 4. The 
critical weed-free period and the critical time of weed 
removal were calculated by substituting soybean yields, 
expressed as percent of control, into the Gompertz and 
logistic equations, respectively. Yield loss levels of 2.5, 5, 
and 10% were chosen arbitrarily. 

The mean percent yield losses across all locations and both 
years were calculated and plotted versus length of weed-free 
period or duration of weed interference. Ninety-five percent 
confidence intervals for the means were calculated to display 
variability about means. 

Weed density and dry weights were expressed as a 
percentage of weed density or dry weight in unweeded 
controls. These values were plotted versus length of weed- 
free period, and logistic equations were fit to data using 
nonlinear regression technique (11). 

RESULTS AND DISCUSSION 

Critical period of weed control. A critical period of weed 
control, defined in the classical sense as a single discrete 
critical weed control period, did not occur in this study (17, 
24). Only at Elora in 1991 and at Woodstock in 1990, at the 
2.5% yield loss level, did the Gompertz and logistic equations 

Table 4. Parameter estimates for the logistic equationa. 

Location Year F D K x 

Elora 1990 2.1 1.5 0.20 49 
Elora 1991 2.1 16.3 0.12 50 
Woodstock 1990 2.5 1.7 0.08 49 
Woodstock 1991 1.6 4.9 0.18 50 
Woodslee 1990 3.7 0.8 0.04 49 
Woodslee 1991 12.3 19.9 0.11 50 

ay = ((1/(De(K(T-X)) + F)) + ((F-l)/F))l00; Y = yield (% of season-long 
weed-free control); e = exponential function; T = time from emergence 
(days); x = point of inflection (days); F,D,K = constants. 

Table 5. Critical weed-free period in soybean calculated from Gompertz 
equations for three predetermined levels of crop yield loss. 

Time for indicated % yield loss 

Location Year 2.5% 5.0% 10.0% 

- Days after soybean emergence - 

Elora 1990 30 15 10 
Elora 1991 21 15 11 
Woodstock 1990 25 19 14 
Woodstock 1991 22 19 15 
Woodslee 1990 24 14 7 
Woodslee 1991 26 11 0 

Soybean growth stage V3-R1 V2-V3 Planting-V2 

overlap in such a way as to produce a single critical period of 
weed control (Figure 1). In all other cases the critical weed- 
free period and the critical time of weed removal did not 
overlap. For example, at Elora in 1990, the critical weed-free 
period, based on a 5% yield loss level, ended 15 d after 
soybean emergence (DAE)3 and the critical time of weed 
removal occurred at 40 DAE (Figure 1, Tables 5 and 6). In 
1991 at Elora critical weed-free period ended 15 DAE while 
critical time of weed removal was 16 DAE (Figure 1, Tables 
5 and 6). The critical period of weed control in soybean will 
be referred to, therefore, as the critical weed-free period and 
the critical time of weed removal. 
Critical weed-free period. At all locations in both years 
there was a relatively short critical weed-free period (Table 
5). Length of the weed-free period required to prevent more 
than a 2.5% yield loss ranged from the third node growth 
stage (V3) to the beginning bloom growth stage (Rl), 
approximately 21 to 30 DAE. Similarly, if 5% yield loss was 
deemed acceptable, the weed-free period ranged from the 
second node growth stage (V2) to V3, approximately 11 to 19 
DAE. Other authors have reported critical weed-free periods 
in a similar range, from 14 to 42 DAE for soybean in 
competition with single weed species (6, 12, 19, 24). 

Variability in percent yield loss due to weed interference 
decreased as the length of the weed-free period increased 

Table 6. The critical time of weed removal in soybean calculated from logistic 
equations for three predetermined levels of yield loss. 

Time for indicated % yield loss 

Location Year 2.5% 5.0% 10.0% 

- Days after soybean emergence - 

Elora 1990 36 40 44 
Elora 1991 9 16 22 
Woodstock 1990 21 30 41 
Woodstock 1991 27 31 35 
Woodslee 1990 28 49 74 
Woodslee 1991 38 50 NAa 

Soybean growth stage V2-R3 V3-(R3-R5) V4-Harvest 

a10% yield loss due to weed interference did not occur in 1991. 
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Figure 1. Soybean yield response to increasing length of weed-free period (0) or duration of weed interference (-o-) at 3 locations in 1990 and 1991 as 
calculated from data in Tables 3 and 4. Arrows indicate soybean growth stages. 
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Figure 2. Influence of length of weed-free period as calculated from data and 
equation in Table 3 (A) or duration of weed interference as calculated using 
equation and data in Table 4 (B) on percent soybean yield loss, averaged 
over all locations and both years. Bars represent 95% confidence intervals of 
the means. Arrows indicate soybean growth stages. 

(Figure 2A). If the weed-free period ended between the first 
node growth stage (Vl) and V2, approximately 10 DAE, 
yield loss based on 95% confidence intervals ranged from 6 
to 17%. However, if the weed-free period ended at V3, 
approximately 20 DAE, yield loss ranged only from 4 to 5%. 
When the weed-free period extended beyond Ri, approxi- 
mately 30 DAE, variability in yield loss remained constant, 
ranging from 0 to 2%. The response of percent yield loss to 
an increasing weed-free period can be explained by the 
decline in weed dry weight and density as length of weed-free 
period increased. 
Weed dry weight and density. Weed dry weight and density 
declined sharply as length of the weed-free period increased 
(Figures 3A and 3B). If the weed-free period ended between 
Vi to V2, approximately 10 DAE, weed dry weight and 
density were 30 and 25%, respectively, of the unweeded 
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Length of weed-free period (DAE) 

Figure 3. Influence of the length of the weed-free period on weed dry weight 
(A) and density (B) at soybean physiological maturity (expressed as % of 
weed dry weight and density in the unweeded control). Regression equations 
are displayed. Symbols represent means for each location and year: Elora 
1990 (S), 1991 (a); Woodstock 1990 (U), 1991 (0); Woodslee 1990 (A), 
1991 (A). Arrows indicate soybean growth stages. 

control. However, if the weed-free period ended at V3, 
approximately 20 DAE, weed dry weight and density were 
only 3 and 8%, respectively, of the unweeded control. 
Murphy and Gosset (15) had similar results, and a 
3-wk weed-free period after soybean emergence reduced 
weed biomass by up to 97%. There was no further decrease in 
either weed dry weight or density when length of the weed- 
free period extended beyond V3, approximately 20 DAE. 

Variability in weed dry weight and weed density also 
decreased as length of the weed-free period increased (Figure 
3). The spread of data points around fitted curves decreased 
sharply up to RI, approximately 30 DAE. After RI, spread of 
data points remained relatively narrow and constant. This 
helps to explain the consistency in percent yield loss across 
locations and years when the weed free-period extended 
beyond RI. 
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The sharp decline in weed dry weight, density, and 
variability associated with these measurements, as the length 
of the weed-free period increased, was most likely a function 
of weed emergence pattern and not soybean interference. At 
V3, soybean planted in 60-cm row spacing were not large 
enough to shade the interrow space and thus reduce weed 
emergence and growth. There is some evidence that soybean 
has allelopathic properties which may help deter weed 
emergence and growth (19), but at 20 DAE the area of 
influence of soybean roots was likely not large enough to 
dominate interrow space. Since weed species spectrums at 
each location were comprised of annual weed species (Table 
2) the sharp decline in weed dry weight and density, 
consistent across locations and years, was probably a function 
of the weed-free period extending beyond the time when the 
majority of these annual weeds typically emerged (4, 8). 
Critical time of weed removal. Critical time of weed 
removal varied considerably among locations and between 
years. Length of time weeds could remain in the crop without 
causing more than a 2.5% yield loss ranged from V2 to the 
beginning pod growth stage (R3), approximately 9 to 38 
DAE, and comparatively from V3 to between R3 and the 
beginning seed growth stage (R5), approximately 16 to 50 
DAE, for a 5% yield loss (Table 6). 

Variability in percent yield loss due to weed interference 
increased with length of time weeds were allowed to remain 
in the crop (Figure 2B). If weeds were allowed to remain in 
the crop up to V3, approximately 20 DAE, yield loss based 
on 95% confidence intervals ranged from < 1 to 5%. If, 
however, weeds were allowed to remain in the crop up to R5, 
approximately 60 DAE, yield loss ranged from 8 to 55%. 
Correlations between percent yield loss and weed dry weight 
or density were found to be nonsignificant (data not shown). 
Other factors such as rainfall and planting date, therefore, 
may have contributed to variability in the timing of critical 
time of weed removal. 

The critical time of weed removal occurred independently 
of soybean phenology and ranged, for example, from V2 to 
R3 at the 2.5% yield loss level (Table 6). There was 
evidence, however, that a phenologically based interval did 
exist where yield loss, due to interference from weeds that 
emerged along with the crop, was most rapid. The section of 
the curve, illustrated in Figure 2B, between Rl and R5 
represented the interval in the life cycle of the soybean during 
which the rate of yield loss per day due to weed interference 
was maximum. For example, for the period from emergence 
to RI, approximately 0 to 30 DAE, mean soybean yield loss 
per day due to weed interference was 0.16% day-1. However, 
for the period from RI to R5, approximately 30 to 60 DAE, 
mean yield loss was 0.83% day-1. This interval, therefore, in 
contrast to the critical time of weed removal, was the most 
critical period of weed interference. This period occurred in 
the interval when reproductive sink capacity was being 
established. Other researchers also have reported increased 
effects of weed interference during this period (16, 18). 
Application of the critical period. The results of this study 
contribute to development of an integrated weed management 
system for soybean in Ontario. The critical weed-free period 

was relatively short in duration and consistent across 
locations and years. This short weed-free period indicates the 
duration of control needed from a residual herbicide in 
soybean. A period of weed control lasting up to the fourth 
node growth stage (V4), approximately 30 DAE, was 
adequate not only to prevent more than a 2.5% soybean yield 
loss, but also to prevent occurrence of significant weed dry 
weight and density at soybean harvest. The fact that the 
required weed-free period in soybean is short supports the 
increased use of nonresidual, postemergence herbicides and 
mechanical weed control. 

The critical time of weed removal was extremely variable 
across locations and years. It would be difficult to predict the 
critical time of weed removal for weed escapes or weeds that 
had not been controlled early in the season. The results of this 
study can suggest only that if weeds have not been controlled 
early in the season they should be removed before the 
beginning of bloom stage (RI), which preceded the interval 
of most rapid yield loss. 
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