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ABSTRACT

The critical period for weed control (CPWC) is the period in the crop growth cycle during which weeds
must be controlled to prevent unacceptable yield losses. Field study was conducted in 2008 in the University
of  Shushtar at the  north Khuzestan province in Iran to determine CPWC of corn using a randomized
complete block design with 12 treatments and 3 replications. The treatments consisted of two different periods
of weed interference, a critical weed-free period and a critical time of weed removal, were imposed at 3leaf
stage, 6leaf stage, 9leaf stage, 12 leaf stage, and R1 (based on phonological stages of corn development) with
a weedy check and a weed-free check. The CPWC was determined with the use of 5% and 10% acceptable
yield loss levels by non-linear Regression method and fitting Logistic and Gompertz nonlinear equations to
relative yield data. The CPWC of corn was from 5- to 9-leaf stage (17-36 DAP) to prevent yield losses of 5%.
This period to prevent yield losses of 10% was 6- to 8-leaf stage (21-29 DAP). 
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Introduction

One of the first steps in designing a successful
integrated weed management (IWM) system is to
identify the critical period for weed control (CPWC)
in major crops [13]. It is a period in the crop growth
cycle during which weeds must be controlled to
prevent yield losses. The CPWC is useful for making
decisions on the need for and timing of weed
control. Timing of weed control measures is
important to maintain optimum crop yield. 

Determining the CPWC could help reduce yield
losses due to weed interference [7]. The CPWC is
determined by characterizing functional relationships
between two separately measured competition
components: crop yield as a function of the duration
of weed interference to identify the beginning of
CPWC, and crop yield as a function of the duration
of the weed-free period to identify the end of

CPWC. In theory, weed competition before or after
the CPWC will not reduce crop yield below
acceptable levels [14]. The CPWC could be used
also to enhance the efficiency of other methods of
weed management, including cultivation and flaming.
Also reducing the number of herbicide treatments as
a result of better timing and efficiency may reduce
potential environmental contamination and the
selection pressure for herbicide resistant weeds
[5,15]. The length of the CPWC may vary depending
on the acceptable yield loss [5]. This concept is
closely related to the use of weed thresholds, which
was defined as the length of time that a crop can
tolerate weed competition before yield loss exceeds
the cost of control [1]. The CPWC is determined by
calculating the time interval between two components
of weed interference (1).

The critical weed interference period or the
maximum length of time during which weeds
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emerging soon after crop planting can co-exist with
the crop without causing unacceptable yield loss, and
(2) the critical weed-free period or the minimum
length of time required for the crop to be maintained
weed-free before yield loss caused by late emerging
weeds is no longer a concern [2]. Corn (Zea mays
L.) is an important crop for Iran, where it is often
grown for human and animal consumption. Weeds
are one of the most important factors in corn
production in Iran. 

They cause important yield losses worldwide
with an average of 12.8% despite weed control
applications and 29.2% in the case of no weed
control [6]. Therefore, weed control is an important
management practice for corn production that should
be carried out to ensure optimum grain and forage
yield. Weed control in maize in Iran is carried out
by mechanical and/or chemical methods. Weeds
between plant  rows are removed generally by
mechanical cultivation, while weeds on the rows are
controlled by hand hoeing or by herbicides. 

Previous studies also showed variability in the
CPWC even with similar weed species because of
site-specific factors, such as planting pattern and
environmental conditions [8]. For example, [5]
reported that the beginning of the CPWC for corn
varied from the 3- to 14- leaf stages of the crop and
ended consistently with the 14-leaf stage, whereas [3]
calculated a CPWC beginning with the 1- and 7-leaf
stages and ending with the 7 and 10-leaf stages of
the crop. Therefore, it is necessary to determine
CPWC for a particular region in order to provide
precise information. Therefore, the objectives of this
study were to determine the optimum timing for
weed control in corn and to evaluate  the effect of
the timing of weed removal and the duration of weed
interference on corn yield.

Materials and methods

Field experiment was conducted in 2008 at the
Shushtar University Experiment Station in the North
Khuzestan province of Iran. (32° 3  North latitude,
48° 50  East longitude, 67 m).

Soil preparation consisted of primary and
secondary tillage as well as cultural practices were
conducted according to local practices for corn
production. Corn seeds, cultivar SC704, sown at a
spacing of 20 cm within the row spaced 75 cm apart
at a population density of 66,600 plants ha-1. Sowing
dates were 16 July. Plot size was five rows each 10
m long, and plots were separated by two border
rows. The middle three rows of each plot were used
for data collection. Fertilizers were applied at the rate
of 112 kg P ha-1 at sowing and 205 kg N ha-1 with
50% applied at the time of sowing and 50% at the
time of 7-8 leaf-stage of corn approximately 28
DAP. Water was applied by furrow irrigation to the

plot area throughout the crop growing season.
Amount of irrigation was adjusted to meet crop water
needs based on precipitation and air temperature. 
Natural weed populations  were used in trials. The
experimental design was a randomized complete
block (RCBD) with 3 replications. Two sets of
treatments were imposed to represent both increasing
duration of weed interference and the length of the
weed-free period measured after planting. The first
set of treatments established six levels of increasing
duration of weed interference by delaying weed
control from the time of crop emergence up to
predetermined crop growth stages (weedy up to
3leaf stage, 6leaf stage, 9leaf stage, 12leaf stage,
15leaf stages,and R1) at which weed control was
initiated and maintained for the remainder of the
growing season. The second set of treatments
established five levels of increasing length of the
weed-free period by maintaining weed control from
the time of crop planting up to the above-presented
crop growth stages before subsequently emerging
weeds were left uncontrolled for the remainder of the
season. In addition, season long weedy and weed-free
controls were included. Growth stages of the crop
were determined from the number of visible leaf
collars, as described by [11]. The progression of crop
development was monitored for all weedy and weed-
free controls by recording the average growth stage
of 10 consecutive corn plants every 5 D. Weeds
were removed by hand pulling and hoeing. 

Two days before each weed removal, weeds
were harvested from three 1-m2 quadrates staggered
on each side of the three middles corn rows within
each experimental plot. Successive harvest areas were
separated from one another by a minimum of 1 m of
undisturbed vegetation. Harvests were excluded from
a 1 m portion of both the front and rear of each
experimental plot to minimize neighbourhood effects.
At each harvest weeds were clipped at the soil
surface, sorted by species and counted.

Corn ears were hand-harvested from 4 m of
three adjacent rows within each plot. Ears were
threshed and subsequently dried at 70°C to constant
moisture content. All yields are presented and
analyzed on a dry weight basis to eliminate the error
associated with adjusting moisture content.

Yield data of individual plots were calculated as
the percentage of their corresponding weed-free plot
yields. Relative yield data were subjected to analysis
of variance with the use of the PROC MIXED
function of Statistical Analysis System (SAS 1999),
to assess the effect of the length of the weed-free
period and increasing duration of weed interference
on relative corn yield The statistical significance of
treatment, was evaluated at 5% level of probability.

Nonlinear regression analyses with the PROC
NLMIXED function of SAS were used to estimate
the relative yield of Corn. Three-parameter logistic
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equation, proposed by [5] and modified by [7] was
used to describe the effect of increasing duration of
weed interference on relative yield. The following
logistic equation used was:

Y=[(1/De( K ( T – X )+F )+((F – 1 )/ F]×100

Where Y is the relative yield (percent of season-
long weed free yield), T is the duration of weed
interference measured from the time of corn planting
in DAP, B is the point of inflection in DAP, and A
and C are constants.

The Gompertz model has been shown to predict
the relationship between relative yield, as influenced
by the length of the weed-free period. The model has
the following
form.

Y=A×exp ( -Be(-KT) )

Where Y is the relative yield (percent of season-
long weed free yield), A is the yield asymptote or
maximum yield in the absence of weed interference,
B and C are  constants,  and T is the length of the
weed-free period after corn planting in DAP. 

The logistic equation was used to determine the
beginning of the CPWC, and the Gompertz equation
was used to determine the end of the CPWC for
acceptable yield loss levels of  5% and 10%.  

Results and discussion

The weed population was composed of five
species (table 1). The most common weeds in the
experiment were Barnyard grass (Echinochloa crus-
galli) and Redroot Pigweed (Amaranthus retroflexus).
These two species represented 70% of the total weed
population in the experiment. Corn yield in the
weed-free treatment was 10,770 kg ha-1. 

Parameters for logistic and Gompertz equations
as well as the beginning and the end of the CPWC
were estimated (Table 2). Corn yield response to
increasing duration of weed infested period or weed-
free period was adequately described by the
regression models with R2 values of 0.95 and 0.97
respectively (Table 2). 

The length of the CPWC in corn was 20 and 9
days with 5 and  10% acceptable  yield loss levels

(AYL), respectively. The beginning of the CPWC
was 17 DAE (fifth leaf stage of corn (CLS)) at 5%
AYL and  21 DAE (6 CLS) at 10% AYL,
respectively (Fig.1). Therefore, weed control should
start at 17 days after  planting to avoid a yield loss
of more than 5%. The CPWC for AYL of 5 and
10% ended at 36 DAP (9 CLS ) and 29 DAP (8
CLS) ( Fig.1).

Weeds reduced corn yield by approximately 64%
when allowed to compete with the crop from
planting through harvest. LAI of corn was
significantly affected by weed interference. It was
significantly decreased up to 10, 22, 34, 43 and 53%
when weeds infested to V3, V6, V9, V12 and R1
stages of corn respectively (data not shown). Since
there was a considerable decrease in LAI, corn yield
was reduced gradually [9]. 

The CPWC determined in our research for the
southern  west region of Iran. A variety of CPWC
durations have been reported. This variation could be
explained by differences in environmental conditions
and weed species diversity among research sites. 

[10] found large differences in the CPWC in
corn in studies conducted at two sites with different
weed populations in the south-eastern of the United
States. 

Our results suggest that weed control measures
in north Khuzestan province of Iran can be delayed
up to about 17 days after corn planting. Several
researchers have indicated that the end of CPWC was
not stable but was highly dependent on the density,
competitiveness, and emergence periodicity of the
weed population [4,7,2]. Based on 5% acceptable
yield loss, results of this research suggest that under
our experimental condition corn tolerates weed
interference until 17 DAP or 5 CLS, suggesting that
control measures should start at that stage. The crop
should be kept weed free until 36 DAP or 9 CLS in
order to prevent yield loss in excess of 5%.

Weeds that emerge after that, grow in a
competitive disadvantage in comparison with corn. In
Iran, hand weeding and herbicide applications are the
major methods of weed control in corn. According to
the results of the CPWC, growers could improve
timing of post emergence herbicide applications and
hand weeding. Further studies should be conducted
to determine the CPWC in other areas where weed
populations are different from those reported here.

Table 1:  The chemical and physical soil characteristics.
Deapht EC pH Available elements(mg/kg) Soil texture parts(%) Soil texture Organic matters(%)
samples(Cm) (Ds/mm) -------------------------------------------- ----------------------------

Nitrogen Phosphurus Pottasium clay silt sand
0-30 5.3 7 3.6 8.3 140 32 26 42 Loamy 0.2
30-60 4 7.6 6 7.1 125 33 24 43 Loamy 0.8
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Table 2: The population density (plants/m2) of weed species in the experimental area in weed-infested.
Weed species Weed density (m2)
Echinochloa  crus-galli 19.67
Amaranthus retroflexus 13.67
Portulaca oleracea 8.3
Physallis sp 2.67
Cyperus esculentus 2
Total 47

Table 3: Parameter estimates with standard errors of the three-parameter logistic model used to determine the critical timing of weed
removal and the Gompertz model used to determine the critical weed-free period for corn.

Logistic model Gompertz model
-------------------------------------------------------------------- ----------------------------------------------------------
Parameters Value (SE) Parameters rs Value (SE)
C 0.23 (0.6) A 102.1(4.3)
F 25.4(2.4) B 1.37 (0.1)
X 1.65(0.1) K 0.08(0.1)
R2=0.95 R2=0.97

Fig. 1: Effect of weed interference on total yield of corn. Increasing duration of weed interference and fitted
curves as calculated by the logistic equation; increasing weed-free period and fitted curves as
calculated by the Gompertz equation.
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