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Summary   A field trial was conducted in Muzarabani 
to determine the critical period of weed interference in 
cotton during the 2000–2001 and 2001–2002 seasons. 
The trial consisted of two experiments. In the first, 
plots were kept weed-free by hand hoeing for 2, 4, 
6, 8, 10 and 12 weeks after crop emergence (WACE) 
and then weeds were allowed to grow until harvest. In 
the second experiment, weeds were allowed to grow 
for 2, 4, 6, 8, 10 and 12 WACE, after which the plots 
were kept weed-free until harvest. Seed cotton yield 
depended on the quality of the season. More cotton was 
harvested in the wet 2000–2001 season than in the drier 
2001–2002 season. More cotton was harvested in the 
absence of weeds than if weeds were allowed to grow 
for 12 weeks. Weeds caused more damage to yield 
in the dry season than in the wet season. Seed cotton 
yield declined more sharply and the crop needed to be 
weeded for a longer period to attain maximum yield 
in the drier 2001–2002 than in the wetter 2000–2001 
season. To attain 90% of maximum yield, farmers in 
Muzarabani need to begin weeding cotton at 3 WACE 
and end at 8 WACE in a wet season. In a dry season 
weeding should start at 2 WACE and end at 11 WACE 
to achieve similar results. It is concluded that the criti-
cal period for weed control to avert yield loss depends 
on the availability of limiting resources (water) for the 
crop in the environment.

Keywords    Cotton,  critical period,  smallholder 
farmers,  weed-free,  weedy period.

INTRODUCTION
In Zimbabwe cotton ( Gossypium hirsutum L.) is the 
third most important crop in terms of foreign currency 
generation (Central Statistics Office 1999). However, 
it remains the most important cash crop and a major 
source of livelihood for 80% of farmers in the Zambezi 
valley. Cotton grows slowly in the first eight weeks af-
ter planting reducing its ability to compete with weeds 
(Cotton Training Centre 1998). Therefore, weeds are 
a serious constraint to increased production leading 
to low yields. Several studies have indicated a 100% 
yield loss due to weeds (Commercial Cotton Growers 
Association 1998). Cotton producers have experi-
enced decreased profits in recent years because input 

costs have increased more rapidly than cotton prices. 
Knowledge of the critical period of weed interference 
in cotton production is important in reducing the cost 
of weed control practices. This information will assist 
the development of bioeconomic models to determine 
the appropriate time of weed control.

The time between the maximum tolerated period 
of weed infestation and the minimum weed-free period 
is referred to as the ‘critical period of weed competi-
tion’. This is the period of time following planting 
when weeds must be controlled to prevent crop yield 
loss (Hall et al. 1992). It represents the overlap of two 
separate components: the length of time weeds can 
remain in a crop before interference begins; and the 
length of time that weed emergence must be prevented 
so that subsequent weed growth does not reduce crop 
yield (Weaver and Tan 1983)

Studies have illustrated that the critical period 
of weed interference can vary depending on several 
factors including crop and weed characteristics, and 
environmental conditions (Hall et al. 1992). The 
critical period in a given crop is influenced by relative 
time of weed emergence and weed density (Martin et 
al. 2001). Studies by Schwerzel and Thomas (1971) 
showed that in Zimbabwe, in a normal rainfall season 
it is not necessary to weed cotton after 8 WACE. How-
ever, because of the unique conditions in Muzarabani, 
where high temperatures (maximum 40°C) and fertile 
soils result in fast growth of weeds resulting in early 
weed competition, there was a need to re-examine the 
critical weed-free period in cotton. 

The objective of this study was to determine the 
critical period of weed control in cotton, which can 
be recommended to farmers so that they avoid yield 
losses due to weeds in the unique environment of 
Muzarabani characterised by high temperatures and 
fertile alluvial soils.

MATERIALS AND METHODS
Location   The study was carried out at Mufudzi 
Primary School in Muzarabani district (16°20'S, 
31°15'E), which is situated in the North of Zimba-
bwe. The area is characterised by deep alluvial loam 
to clay soils that are primarily siallitic loams derived 
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from sandstones and quartzites. Mean annual rainfall 
is 450–650 mm periodic. The mean temperatures are 
21°C minimum and a maximum of 40°C during the 
cotton-growing season.

Treatments and experimental design   An ex-
periment was carried out during the 2000–2001 and 
2001–2002 cotton-growing seasons. The experiment 
was set up as a randomised complete block design 
with three replicates. Twelve treatments consisted of 
six initial weed-free periods in which plots were kept 
free of weeds for 2, 4, 6, 8, 10 and 12 WACE, and 
then allowed to grow until harvest and six initial weed 
infested periods in which weeds allowed to grow for 
2, 4, 5, 6, 8, 10 and 12 WACE, after which the crops 
were kept weed-free until harvest.

The land was ox-ploughed and cotton cultivar 
SZ9314 was planted at 0.3 m spacing in the row with 
0.9 m inter-row spacing. The size of each plot meas-
ured 10 m × 6 m leaving one metre wide pathways be-
tween the plots. Compound L fertiliser (N 5%, P 18%, 
K 10%) was applied at a rate of 150 kg ha-1. Carbaryl 
(Servin® 85 WP) and endosulfan (Thiodan®) were 
used for early season control of Helicoverpa zea (Bod-
die), cotton bollworm and Pectinophora gossypiella 
(Saunders) (pink bollworm) control respectively until 
end of February. Thereafter, the synthetic pyrethroid 
fenverate (Esfenvalerate®) was used for control of all 
bollworms. Dimethoate (Phosphamide®) was used for 
Aphis gossypii (L.) (aphid) control. Ammonium nitrate 
was applied at 6 WACE at a rate of 100 kg ha-1. Weed 
control was performed by hand hoeing as required. 

Cotton bolls were counted and crop height was 
measured at harvest (15 WACE) on five randomly 
selected plants per plot. At harvest yield was obtained 
from a net plot of 8 m × 4 m. Cotton yield, plant height 
and number of bolls per plant were analysed using 
analysis of variance with means separated using Fish-
ers protected LSD. 

RESULTS
Plant height and number of bolls per plant   Weeds af-
fected plant height, as the tallest plants were achieved 
in plots that were kept weed-free up to 12 WACE. A 
seasonal effect was also evident, as indicated by the 
differences in plant height between the two seasons 
(Table 1). The plants in 2000–2001 season were taller 
than plants in 2001–2002 season. The number of bolls 
increased significantly (P <0.01) with increased dura-
tion of the weed-free period. The plot that was kept 
weed-free for two weeks and weedy for the rest of the 
season had the lowest number of bolls per plant and 
the treatment that was kept weed-free for 12 weeks had 
the highest number of bolls per plant. The maximum 

numbers of bolls per plant for 2000–2001 season (26.3) 
was higher than for 2001–2002 (11.27). 

Increasing the duration of the weedy period 
resulted in a significant (P <0.01) decrease in plant 
height and number of bolls per plant from 2 to 12 
WACE for both seasons (Table 2). Weed control at 12 
weeks resulted in the lowest number of bolls per plant 
and the shortest plants in both seasons (Table 2). 

Seed cotton yield   The yield losses due to the ef-
fect of weeds decreased as the weed-free period was 
increased (Table 3). Weed control for the first two 
weeks only resulted in 79% and 85% loss in seed 
cotton yield for seasons 2000–2001 and 2001–2002, 
respectively (Table 3). 

Table 1.   Effect of duration of weed-free period 
on boll number and height of cotton plants in the 
2000–2001 and 2001–2002 seasons.

Weeding 
frequency
Weed-free then 
weedy

2000–2001 2001–2002

Bolls 
plant-1

Plant 
height

Bolls 
plant-1

Plant 
height

2 weeks 13.4 124 2.87 63.7

4 weeks 18.7 138 5.73 75.1

6 weeks 17.9 142.5 8.27 76.8

8 weeks 23.5 133 8.40 74.1

10 weeks 24.5 131.1 10.87 69.4

12 weeks 26.3 148.7 11.27 79.6

SignificanceA *** * * *

LSD (0.05) 6.074 14.76 5.64 9.74
A *** = P <0.001, * = P <0.05. 

Table 2.   Effect of duration of weedy period on boll 
number and height of cotton plants in 2000–2001 and 
2001–2002 seasons.

Weeding 
frequency
Weedy then 
weed-free

2000–2001 2001–2002

Bolls 
plant-1

Plant 
height

Bolls 
plant-1

Plant 
height

2 weeks 14.73 148.6 48.7 69.3

4 weeks 8.67 139.7 19.7 57.3

6 weeks 11.07 120.2 12.7 52.0

8 weeks 4.27 82.9 3.3 46.1

10 weeks 1.80 100.1 2.3 50.1

12 weeks 1.40 77.9 3.7 47.1

SignificanceA *** *** *** *

LSD (0.05) 2.54 15.86 11.9 9.6
A *** = P <0.001, * = P <0.05.
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Where plots were kept weedy at the beginning of 
the season, the highest yields were obtained from weed 
control at 2 WACE and maintaining a weed-free plot 
from there on compared to weed control at 12 WACE 
(Table 4). Assuming that a farmer is prepared to lose 
a maximum of 10% of cotton yield, the critical period 
for the 2000–2001 and 2001–2002 season would be 
to start weeding by three and two WACE and keep 
the crop weed-free up to eight weeks and 11 WACE 
respectively (Figures 1 and 2).

DISCUSSION
There was a good correlation between cotton height 
and yield in both seasons with taller plants setting 
more bolls and yielding more. These two parameters 
are good indicators of crop weed competition. It seems 
plants respond remarkably in size to weed density. 

Donald (1963) reported that presence of weeds consti-
tutes one of the most potent external forces that limit 
size and ultimately yield of crops and pastures. 

In the 2000–2001 season there was no significant 
difference in yield by weeding from eight WACE to 12 
WACE. This was because the crop had full crop canopy 
closure and late emerging weeds do not affect yield. It 
has been reported that establishment and competition 
of weeds are reduced following crop canopy closure 
(Swanton and Weise 1991).

The lack of interference by weeds to growth in 
cotton grown without weeds for 12 WACE is reflected 

Table 3.   Cotton seed yield (kg ha-1) in 2000–2001 
and 2001–2002 seasons for weed-free period then 
weedy period.

Weeding frequency
Weed-free then 
weedy

2000–2001 
season

2001–2002 
season

Yield (kg ha-1) Yield (kg ha-1)

2 weeks 524 199

4 weeks 886 336

6 weeks 1884 556

8 weeks 2380 737

10 weeks 2469 807

12 weeks 2527 1361

SignificanceA *** *

LSD (0.05) 556.8 386.06
A *** = P <0.001, * = P <0.05.

Table 4.   Cotton seed in 2000–2001 and 2001–2002 
seasons for weedy period then weed-free period.

Weeding frequency
Weedy then 
weed-free

2000–2001 
season

2001–2002 
season

Yield (kg ha-1) Yield (kg ha-1)

2 weeks 2727 818

4 weeks 2234 287

6 weeks 2008 83

8 weeks 979 38

10 weeks 338 60

12 weeks 434 28

SignificanceA ** **

LSD (0.05) 1641 362.8
A ** = P <0.01.

Figure 1.   Effect of weed-free then weedy period and 
weedy then weed-free period on cotton relative yield 
in 2000–2001.

Figure 2.   The effect of weed-free then weedy period 
and weedy then weed-free period on cotton relative 
yield in 2001–2002 season.

0

10

20

30

40

50

60

70

80

90

100

110

120

2 4 6 8 10 12

Weeks after crop emergence     

R
e

la
tiv

e 
yi

e
ld

 (
%

)

Weed-free

Weedy

0

10

20

30

40

50

60

70

80

90

100

110

0 2 4 6 8 10 12

Weeks after crop emergence     

R
e

la
tiv

e 
yi

e
ld

 (
%

)

Weed-free

Weedy



390

Fifteenth Australian Weeds Conference

in the high yields obtained in both seasons compared 
to all other treatments. A weed-free environment re-
moves early weed competition resulting in good early 
cotton establishment. The cotton crop also has access 
to all resources for growth and development. Weed 
infested conditions for the entire season led to a great 
reduction in cotton yield compared with full season 
weed-free treatment.

In order to prevent >10% yield loss, the maximum 
time weeds should be allowed to grow after crop 
emergence was three and two weeks in 2000–2001 
and 2001–2002 seasons, respectively. Weed presence 
before these times did not influence the cotton yield 
(Table 3). This is because weed interference can be 
tolerated up to a certain period before it causes irre-
versible yield loss in crops (Dawson 1986). The earlier 
start of the critical period for the 2001–2002 season 
was attributed to lower annual rainfall than for the 
2000–2001 season (539 mm compared to 1446 mm). 
The end of the critical period of weed interference 
was at 8 and 11 WACE in 2000–2001 and 2001–2002 
seasons, respectively. The difference is likely due to 
poor rainfall distribution, which resulted in delayed 
physiological development of the crop. The end of 
the critical period occurs at full crop canopy closure. 
Based on the results of the present study, it can be con-
cluded that the critical period of weeding is between 
three and eight WACE in a normal rainfall season and 
two and 11 WACE in a season coupled with low and 
poorly distributed rainfall. 
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