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Abstract

To assess the integrated effect of planting pattern and low dose herbicide mixtures on weeds and growth, yield 
attributes and yields of cowpea, and to determine the economic feasibility of different weed management practices 
�L�Q�� �F�R�Z�S�H�D���� �D�� �¿�H�O�G�� �H�[�S�H�U�L�P�H�Q�W�� �Z�D�V�� �F�R�Q�G�X�F�W�H�G�� �D�W�� �6�L�U�L�Q�N�D�� �$�J�U�L�F�X�O�W�X�U�D�O�� �5�H�V�H�D�U�F�K�� �&�H�Q�W�H�U�� �H�[�S�H�U�L�P�H�Q�W�D�O�� �V�L�W�H�V�� �D�W�� �-�D�U�L��
and Sirinka in Northern Ethiopia during the 2014 main cropping season. There were 16 treatments comprising the 
combinations of two planting patterns (60 cm × 10 cm, 45 cm × 15 cm) and eight weed management practices 
(s-metolachlor 2.0 kg ha-1, s-metolachlor at 1.0 kg ha-1+hand weeding and hoeing 35 weeks after crop emergence 
(WAE), pendimethalin at 1.0 kg ha-1+hand weeding and hoeing 5 WAE, s-metolachlor at 1.0 kg ha-1+pendimethalin at 
1.0 kg ha-1, s-metolachlor at 1.0 kg ha-1+pendimethalin at 0.75 kg ha-1, s-metolachlor at 0.75 kg ha-1+pendimethalin at 
1.0 kg ha-1, hand weeding and hoeing 3 WAE and weedy check. The treatments were laid out in factorial combination 
in a randomized complete block design with three replications. The highest number of pods per plant, number of 
seeds per pod, and hundred seed weight were obtained from the combination of s-metolachlor at 1.0 kg ha-1+hand 
weeding 5 WAE along with 60 cm × 10 cm at Sirinka. Higher (3092 kg ha-1) grain yield was recorded at Sirinka than at 
Jari (2714 kg ha-1). The highest (53460 ETB ha-1�����J�U�R�V�V���E�H�Q�H�¿�W���Z�D�V���R�E�W�D�L�Q�H�G���I�U�R�P���V���P�H�W�R�O�D�F�K�O�R�U���D�W�����������N�J���K�D-1+hand 
weeding and hoeing 5 WAE, followed by pendimethalin at 1.0 kg ha-1+hand weeding and hoeing 5 WAE (46737 ETB 
ha-1). Therefore, managing the weeds with the application of 1.0 kg ha-1 of s- metolachlor+hand weeding and hoeing 
5 WAE along with 60 cm × 10 cm proved to be the most feasible practice. Alternate herbicides for the control of X. 
�V�W�U�X�P�D�U�L�X�P���L�Q�I�H�V�W�H�G���¿�H�O�G�V���L�Q���W�K�H���V�W�X�G�\���D�U�H�D���Q�H�H�G�V���W�R���E�H���H�[�S�O�R�U�H�G��
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Herbicide mixtures; Integrated management; Pendimethalin; 
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Introduction

Cowpea (Vigna unguiculata (L.) Walp.) is one of the most 
important food grain legumes in the tropics, including Africa, which 
accounts for 64% of the world production [1]. West Africa represents 
the largest production zone with modest amounts emanating from the 
east African countries of Mozambique, Tanzania, Uganda and to some 
extent Ethiopia [1,2]. In addition to its importance in human food, 
cowpea is also useful for soil fertilization through symbiotic nitrogen 
�xation and can be a major animal feed due to the quality of its leaves [3].

It is cultivated around the world primarily for seed, but also as a 
vegetable (for leafy greens, green pods, fresh shelled green peas, and 
shelled dried peas), as cover crop and for fodder [4]. In most African 

S. 

nigrum. Similarly, Wilson [12] found that for every 100 kg dry weight 
of weeds, cowpea yield was reduced by about 208 kg ha-1. In Ethiopia, 
one timely, early weeding at 25 days a�er emergence resulted in 70% 
yield increase of common bean and up to 300% increase in cowpea 
compared to the no-weeding [13].

Di�erent management practices should be employed to reduce yield 
loss due to weeds. Among those practices, integrated weed management 
(IWM) involves a combination of cultural, physical, chemical and 
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overall impact of weeds and, indeed, maximize the bene�ts. �e use of 
a single herbicide may result in shi� of the weed �ora in favour of the 
species that are not controlled, thus may increase the problem in the 
future.

Moreover, to manage mixed population of weeds and also to 
avoid herbicide resistance development by continuous use of a single 
herbicide, compatible mixtures can be employed to widen the spectrum 
of weed suppression. Herbicide combinations can give spectacularly 
good control at doses considerably below those normally applied in 
a single application. It may be additive or synergistic or prevent rapid 
detoxi�cation of herbicides and are safer to crops than application of a 
single herbicide alone. �e use of herbicide combinations is not new, 
but it has not received the attention and input that is necessary to fully 
understand and implement the practice. �erefore, there is a need for 
evaluation of a range of herbicides alone and as a tank mixture to have 
broad spectrum weed management [15]. 

�e present study, therefore, is intended 1) To assess the integrated 
e�ect of planting pattern and low dose herbicide mixtures on weeds, 
nodulation, growth, yield attributes and yields of cowpea, and 2) to 
determine the economic feasibility of di�erent weed management 
practices in cowpea. 

Materials and Methods

Description of the study area

�e experiment was conducted at Jari experimental sites (11°21’N 
latitude and 39°38’E longitude; 1680 masl. altitude) at Sirinka 
Agricultural Research Center and Sirinka (11°45’00” N latitude; 
39°36’36”E longitude; 1850 masl altitude) in northern Ethiopia during 
the 2014 main cropping season. �e soil of the experimental �elds was 
clay loam and clay, while the pH was 6.98 and 6.94 at Sirinka and Jari, 
respectively. At Sirinka, the organic carbon was 1.35%, total N was 
0.07%, available P 13.7 mg kg-1 soil and CEC 56.47 cmolC kg-1, while 
the respective values at Jari were 1.37%, 0.05%, 11.17 mg kg-1 soil and 
47.44 cmolC kg-1. �e total rainfall received during the crop season 
was 795.4 and 649.1 mm at Sirinka and Jari with mean maximum and 
minimum temperatures of 27.0 and 14.2°C, and 30.1°C and 16.0°C, 
respectively (Figure 1). Soil sample analysis was done at the Sirinka 
Agricultural Research Center.

Experimental materials

�e cowpea variety Asrat (ITS 92KD-279-3), released by Sirinka 
Agricultural Research Center/Amhara Region Agricultural Research 
Institute (SRARC/ARARI) in 2001, was used in these experiments. �e 
variety is well adapted to moisture stress areas in the northeast Wollo 
and similar lowland areas. �is variety is suitable for an altitudinal range 
of 1450-1850 masl and annual rainfall of 660-1025 mm. It is bushy and 
trailing type I. It attains physiological maturity in 95-100 days [16]. 
Description of herbicides (s-metolachlor and pendimethalin) used in 
the experiment has been presented in tabular form hereunder Table 1.

Treatments and experimental design

�ere were 16 treatment combinations comprising of two 
planting patterns (60 cm × 10 cm and 45 cm × 15 cm) and eight weed 
management practices (s-metolachlor at 2.0 kg ha-1, s-metolachlor at 
1.0 kg ha-1+hand weeding and hoeing 5 weeks a�er crop emergence 
(WAE), pendimethalin at 1.0 kg ha-1+hand weeding and hoeing 5 WAE, 
s-metolachlor at 1.0 kg ha-1+pendimethalin at 1.0 kg ha-1, s-metolachlor 
at 1.0 kg ha-1+pendimethalin at 0.75 kg ha-1, s-metolachlor at 0.75 kg ha-

1+pendimethalin at 1.0 kg ha-1, hand weeding and hoeing 3 WAE, and 
weedy check). �e treatments were laid out in factorial combination ian altitudinal range 
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considered as borders. From the end-point of each row, three plants in 
plots having 10 cm intra row spacing and two plants in 15 cm intra row 
spacing were considered as borders. �us the net plot size was 1.8 m × 
1.8 m (3.24 m2). All the recommended practices, except the treatments, 
were followed to raise the crop. �e crop was harvested on 29 October 
and 6 November 2014 at Sirinka and Jari, respectively. �e harvested 
produce was sun-dried for 7-10 days and threshing and winnowing was 
done subsequently. 

Data collection and analyses

Weeds data: Weed aboveground dry biomass (g): For 
aboveground weed dry biomass, the weeds falling within the quadrate 
were cut near the soil surface immediately a�er recording data on 
weed count and placed into paper bags separately treatment-wise. �e 
samples were sun-dried for 3-4 days and therea�er were placed into 
an oven at 65°C temperatures till a constant weight and, subsequently, 
their dry weight was measured. �e dry weight was expressed in g m-2.

Weed Control E�ciency (WCE): It was calculated using the 
following formula: 

(WDC WDT)
WCE 100

WDC
��

� �u

Where,

WDC=Weed dry weight in weedy check, WDT=Weed dry weight 
in a particular treatment.

Crop data: 

Plant height (cm): It was taken with a ruler from 10 randomly 
taken and pre tagged plants in each net plot area from the base to the 
apex of the main stem at physiological maturity.

Number of pods per plant: It was taken from the total pods of the 
above tagged plants at harvest. 

Number of per pod: �e total number of seeds from the above pods 
was taken and counted to average the number of seeds pod-1.

Hundred seed weight (g): Out of seeds from the above pods, 100 
seeds were counted and their weight was recorded at 10.5% moisture 
content for hundred seed weight.

Aboveground biomass (g): �is parameter was determined by 
harvesting ten plants in each plot at physiological maturity and 
their dried aboveground biomass was recorded. Treatment-wise per 
plant dry weight of straw was multiplied by the number of plants in 
respective treatments. �is was considered as the aboveground dry 
biomass weight.

Grain yield (kg ha-1): �e grain yield was measured a�er threshing 
the sun-dried plants harvested from each net plot and the yield was 
adjusted at 10.5% seed moisture content. �e grain weight obtained in 
ten plants was added to the �nal yield.

Harvest index (%): �is parameter was calculated by dividing the 
grain yield by the aboveground biomass yield and multiplied by 100. 

Data analyses: Data on weed density, weed dry biomass, growth, 
yield attributes and yield were subjected to analysis of variance 

(ANOVA) using GenStat 15.0 computer so�ware [17]. Fisher’s 
protected least signi�cant di�erence (LSD) test at p�0.05 was used to 
separate di�erences among treatment means [18]. As the F-test of the 
error variances for most parameters of the two sites was homogeneous, 
combined analysis of data was used.
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pigeon pea, e�ective weed control has been reported with integrated 
use of pendimethalin and hand weeding [24]. However, lower 
performance of intra-group herbicides might be due to lower doses 
than their recommended doses, which needs to be investigated at 
recommended doses of individual herbicides in mixture [25]. 

�e location and weed management practices interaction further 
showed that the maximum (472.4 g m-2) weed dry weight obtained 
in weedy check at Jari was signi�cantly higher than all the other 
interactions (Table 3). �ese results are consistent with the �ndings 
of Arif and Marwat [26,27] who reported more weed dry biomass 
in weedy check than pre-emergence herbicides (s-metolachlor and 
pendimethalin) application in canola (Brassica napus L.) for weed 
management.

It was also recognized that there was no signi�cant di�erence in 
weed dry weight obtained in weedy check at Sirinka with s-metolachlor 
at 2.0 kg ha-1, s-metolachlor at 1.0 kg ha-1+pendimethalin at 1.0 
kg ha-1, s-metolachlor at 1.0 kg ha-1+pendimethalin at 0.75 kg ha-1 
and hand weeding at 3 WAE at Jari, and s-metolachlor at 1.0 kg ha-

1+pendimethalin at 0.75 kg ha-1 and s-metolachlor at 0.75 kg ha-

1+pendimethalin at 1.0 kg ha-1 at Sirinka. �e moderate increase in 
weed dry weight could be attributed to frequent reoccurrence and 
persistent characteristics of weeds. Furthermore, like weed density, 
the weed dry biomass was also lower at Sirinka than at Jari. Herbicide 
molecules tend to bind with soil clay and organic matter particles, and 
thus become unavailable for weed killing purposes.

�e lower weed dry matter accumulation may be attributed to 
lower weed density at Sirinka than at Jari (Table 2). �e lowest (29.8 
g m-2) weed dry weight was recorded with 60 cm × 10 cm planting 
pattern when treated with s-metolachlor at 1.0 kg ha-1+hand weeding 
and hoeing 5 WAE, which was statistically at parity with pendimethalin 
at 1.0 kg ha-1+hand weeding at 5 WAE, s-metolachlor at 1.0 kg ha-

1+pendimethalin at 1.0 kg ha-1 under both the planting patterns. Jafari 
[28] stated that pre-emergence herbicides reduced the weed density 
and dry weight signi�cantly as compared to weedy check in common 
bean. Similarly, Masoumeh [29] found application of pendimethalin 
0.5 kg ha-1+hand weeding 30 days a�er sowing though was comparable 
with other treatments, but gave lower weed dry weight a�er weed-free 
check in soybean.

�e highest (327.5 g m-2) weed dry weight was found in weedy 
check under 45 cm × 15 cm planting pattern, followed by 60 cm × 
10 cm planting pattern and both these interactions resulted in higher 

increase in weed dry weight than all the other planting pattern and 
weed management practices interactions (Table 2). A high weed density 
recorded in the weedy plots invariably resulted in high weed dry weight 
that could be attributed to low ground cover of cowpea vines. 
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e�ect decreases [37]. �is could be one of the reasons for lower weed 
control e�ciency with the application of s-metolachlor at 2.0 kg ha-1 
than s-metolachlor at 1.0 kg ha-1+hand weeding and hoeing 5 WAE. 
S-metolachlor dissipation may be due to photo-degradation losses 
occurring since its application [38]. Chauhan [39] found decrease in 
bioavailability of s-metolachlor with the increase in days a�er sowing 
and it was 45% of the original amount applied 33 days a�er sowing. 
However, the lower dose of s-metolachlor initially suppressed the weed 
competition, which was further enhanced by integrating hand weeding 
at 5 WAE that kept the crop weed free during critical periods of 5 
WAE, which o�ered prolonged and e�cient weed control. Mondal and 
Warade [40,41] also observed similar results in onion.

Crop parameters

Growth parameters

Plant height: Application of herbicides alone or in combination 
as well as hand weeding resulted in signi�cantly taller (86.0 cm to 
98.0 cm) plant height than in the weedy check (Table 4). �e current 
results are also in agreement with �ndings of Jafari [28] who stated 
that pre-emergence herbicides increased plant height in common bean 
signi�cantly as compared to the weedy check. Similarly, plant height 
was also remarkably increased in wheat by all weed management 
methods compared to the weedy check [42].

Yield components, yield and harvest index:

Number of pods per plant: �e highest (31.8 plant-1) number of 
pods was recorded from s-metolachlor at 1.0 kg ha-1+hand weeding 
and hoeing 5 WAE at Sirinka, which was signi�cantly higher than 
that was obtained with di�erent management practices at Jari and 
s-metolachlor at 1.0 kg ha-1+pendimethalin at 0.75 kg ha-1 and hand 
weeding at 3 WAE at Sirinka (Table 5). �e current result is in agreement 
with this �ndings of Priya and Abouziena [35,43] who reported the 
highest number of pods per plant with single herbicide and two hand 
weeding was at par with herbicide supplemented with hand weeding 
in peanut (Arachis hypogaea L.) and soybean, respectively. �is can be 
ascribed to the fact that the e�ective management of weeds led to the 
favourable environment for growth and photosynthetic activity of the 
crop resulting in improvement in the number of per pods. Ayaz [44] 
stated that the number of pods produced per plant or maintained to 
�nal harvest depends on a number of environmental and management 
practices. Mirshekari [45] also showed that the presence of weeds is 
a prominent factor in reducing the number of pods in cowpea plant. 

Further, Dadari [46] reported that competition between weeds and 
crop starts right from germination of the crop up to harvest a�ecting 
both growth and yield parameters adversely.

�e weedy check plots had the lowest number of pods per plant 
at both locations. At Sirinka, all the weed management practices had 
signi�cantly higher number of pods per plant than the weedy check. 
However, it did not di�er signi�cantly with the combined application 
of s-metolachlor and pendimethalin and hand weeding and hoeing 
5 WAE at Jari. In line with this result, Paudel [47] revealed that the 
average number of pods per plant was a�ected by di�erent treatments of 
pre-emergence herbicides against weeds in cowpea and the treatments 
showed a signi�cant di�erence from the uncontrolled plots. �is result 
is in agreement with that of Jafari [28] who stated that pre-emergence 
herbicides increased the number of pods per plant signi�cantly as 
compared to the weedy check in common bean. It was also found that, 
under all weed management practices at Sirinka, the number of pods 
per plant was signi�cantly higher than at Jari. 

�e results obtained in this experiment also agree with the 
�ndings of Mousavi [48] who reported that the e�ect of s-metolachlor 
on cowpea pods per plant was signi�cant. Also, Sylvestre [36] has 
documented earlier the role of yield contributing factors that enhanced 
yield on account of herbicidal control of weeds.

Number of seeds per pod: Application of s-metolachlor at 1.0 kg 
ha-1 supplemented with hand weeding and hoeing at 5 WAE resulted 
in signi�cantly higher (14.3 pod-1) number of seeds than the other 
weed management practices except the application of pendimethalin 
at 1.0 kg ha-1 supplemented with hand weeding and hoeing at 5 WAE 
(Table 6). Further, the latter treatment had no signi�cant di�erence 
from the combined application of s-metolachlor and pendimethalin 
each at 1.0 kg ha-1. �e results also revealed that the weedy check 
plots produced signi�cantly lower number of seeds per pod than the 
other treatments. �e lower weed density and dry weight might have 
contributed to the signi�cant increase in number of seeds per pod over 
the weedy check as suggested by Prakash [49] that number of seeds per 
pods in �eldpea increased with decrease in weeds density. �is result 
agrees with the �ndings of Tenaw and Sharma [50,51] who reported 
that the number of seeds per pod was signi�cantly reduced with the 
increased weed infestation and signi�cantly increased with the weed-
free period in common bean. In agreement with this observation, Jafari 
[28] also stated that pre-emergence herbicides increased the number of 
seeds per pod signi�cantly as compared to the weedy check. Similarly, 
Muhammad [52] recorded a maximum number of seed per pod in 

Planting Pattern (P)

S1 S2

Weed management practices (W)

S-metolachlor at 2.0 kg ha-1 75.9cd 80.7bc

S-metolachlor at 1.0 kg ha-1+hand weeding and hoeing 5 WAE 91.6a 87.1ab

Pendimethalin at 1.0 kg ha-1+hand weeding and hoeing 5 WAE 74.9cd 81.3bc

S-metolachlor at 1.0 kg ha-1+pendimethalin at 1.0 kg ha-1 82.2abc 70.0d

S-metolachlor at 1.0 kg ha-1+pendimethalin at 0.75 kg ha-1 53.3e 74.3cd

S-metolachlor at 0.75 kg ha-1+pendimethalin at 1.0 kg ha-1 54.2e 73.1cd

Hand weeding and hoeing at 3 WAE 74.5cd 78.6bcd

Weedy check 0.0f 0.0f

LSD (5%) ( P x W) 9.6

CV (%) 12.7

�0�H�D�Q�V���I�R�O�O�R�Z�H�G���E�\���W�K�H���V�D�P�H���O�H�W�W�H�U�V���D�U�H���Q�R�W���V�L�J�Q�L�¿�F�D�Q�W�O�\���G�L�I�I�H�U�H�Q�W��from each other �D�W���������O�H�Y�H�O���R�I���V�L�J�Q�L�¿�F�D�Q�F�H�����/�6�'=�O�H�D�V�W���V�L�J�Q�L�¿�F�D�Q�W���G�L�I�I�H�U�H�Q�F�H�����&�9=C�R�H�I�¿�F�L�H�Q�W���R�I���Y�D�U�L�D�W�L�R�Q����
DAE=days after crop emergence, S1=60 cm × 10 cm; S2=45 cm × 15 cm.

Table 3: ���,�Q�W�H�U�D�F�W�L�R�Q���H�I�I�H�F�W���R�I���S�O�D�Q�W�L�Q�J���S�D�W�W�H�U�Q���Z�L�W�K���Z�H�H�G���P�D�Q�D�J�H�P�H�Q�W���S�U�D�F�W�L�F�H�V���R�Q���Z�H�H�G���F�R�Q�W�U�R�O���H�I�¿�F�L�H�Q�F�\�����������L�Q���F�R�Z�S�H�D���D�W���K�D�U�Y�H�V�W���L�Q�������������F�U�R�S�S�L�Q�J���V�H�D�V�R�Q��
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�eldpea with application of s-metolachlor, while the minimum number 
of seed per pod was obtained in the weedy check plots. Also, the size of 
pods increased with application of s-metolachlor and hence resulted in 
maximum number of seeds per pod and vice versa.

Hundred seed weight: Hundred seed weight at Sirinka was 2.4% 
higher than the hundred seed weight at Jari. �e highest (14.0 g) 100 

seeds weight was recorded with the application of s-metolachlor at 
1.0 kg ha-1+hand weeding and hoeing 5 WAE, which was signi�cantly 
higher (6.4 - 24.3%) than the other treatments (Table 6). �e application 
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higher number of seeds per pod and hundred seed weight than that of 
the control plots. Weedy check had signi�cantly lower seed weight and 
number of seeds per pod than the other treatments. 

Aboveground dry biomass weight and grain yield and harvest 
index were signi�cantly higher at Sirinka than at Jari. Application of 
s-metolachlor at 1.0 kg ha-1+hand weeding and hoeing 5 WAE gave 
signi�cantly higher grain yield and harvest index than other treatments, 
while it did not signi�cantly di�er from treatment with pendimethalin 
at 1.0 kg ha-1 supplemented with hand weeding for the aboveground 
dry biomass yield.

From the result of the study, it can be concluded that managing 
the weeds with the application of s- metolachlor at 1.0 kg ha-1+hand 
weeding and hoeing at 5 WAE along with 60 cm × 10 cm planting pattern 
proved to be the most pro�table practice. Based upon availability, 
alternatively pendimethalin could also be used in supplement with 
hand weeding at 5 WAE. Further, to prevent the weed shi�, these 
two herbicides (s-metolachlor and pendimethalin) should be used as 
herbicide rotation. In future, there is a need to explore the e�ectiveness 
of various combinations of these two herbicides for cost e�ective and 
broad spectrum weed control in cowpea production.
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