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Abstract

To assess the integrated effect of planting pattern and low dose herbicide mixtures on nodulation, yield attributes and yields of cowpea
and to determine the economic feasibility of different weed management practices in cowpea, a field experiment was conducted at Haik and
Mersa in Northern Ethiopia during the 2014 main cropping season. Fourteen treatments were applied and arranged in factorial arrangement
in a randomized complete block design with three replications. The results revealed that higher weed dry biomass and lower plant height were
obtained in weedy check plots. The plants at Haik had significantly 44.2 % higher effective nodules than at Mersa. Higher number of pod plant-1,
number of seeds pod-1, and hundred seed weight were obtained from the interaction of s-metolachlor at 1.0kg h** + hand weeding 35 DAE along
with 60cmx10cm.

The weed management practices revealed that hand weeding and hoeing 3 WAE gave the highest (59.2mg plant-1) nodule dry weight
followed by pendimethalin at 1.0kg h*! supplemented with one hand weeding and hoeing at 5 WAE . The maximum grain yield (3092kg h*') was
recorded from Mersa than Haik (2714kg h*'). The highest gross benefit was obtained from s-metolachlor at 1.0kg h*'+ hand weeding and hoeing
35dae (53460 ETB h*?) followed by pendimethalin at 1.0kg h*1+ hand weeding and hoeing 35dae (46737 ETB h*'). Therefore, managing the
weeds with the application of 1.0kg h*! of Pendimethalin + hand weeding and hoeing 35 DAE proved to be the most profitable practice. However,
in a situation of unavailability of herbicide on time, hand weeding and hoeing three WAE seemed to be an alternate weed management practice.
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Introduction

crop [3,4] stated that the reduction in yield of cowpea depends
on the weed species, weed density and weed dry biomass. Also,
[5] described that cowpea is sensitive to competition of weeds;
2 to 100 plants m-2 density of Solanum nigrum plant, decreased
cowpea yield between 13 and 77%. [6] also reported up to 40%
yield loss in cowpea due to the competition of S. nigrum. They
also found that for every 100kg dry weight of weeds, cowpea

Cowpea is a member of the Phaseoleae tribe of the
Fabaceae family. Members of the Phaseoleae include many of
the economically important warm season grains and oilseed
legumes, such as soybean (Glycine max (L.) Merill), common bean
and mung bean. It is one of the most important food and forage
legumes in the semi-arid tropics that include parts of Africa,

Asia, Central and South America, Southern Europe and Southern
United States [1]. It is truly a multifunctional crop, providing
food for people and livestock, and serving as a valuable and
dependable income generating commodity for farmers and grain
traders [2].

Cowpeayield loss due to weed interference was described up
to 96 %, thisindicates the importance of weed managementin this

yield was reduced by about 208 kg ha.

The use of herbicides is often considered an effective
alternative to hand weeding. This alternative is often applicable
to large hectares of farm land where hand weeding may not
be feasible due to labour and other logistic constraints. The
increasing scarcity and high cost of labour for manual weeding
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necessary to achieve adequate yields of cowpea in Ethiopia
have led to growing interest in herbicides. Nonetheless, cowpea
is believed to be more sensitive to herbicides than other
leguminuos species [7]. Therefore, herbicide combination
is applied to broaden the spectrum of weeds controlled and
sometimes combinations can give spectacularly good control
at doses considerably below those normally applied in single
application. The 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.

The present study therefore is aimed at to assess the
integrated effect of planting pattern and low dose herbicide
mixtures on nodulation, yield attributes and yields of cowpea
and to determine the economic feasibility of different weed
management practices in cowpea.

Materials and Methods
Description of the study area

The experiment was conducted at Haik and Mersa in
Northern Ethiopia during the 2014 main cropping season.
The total rainfall received during the crop season was 1083.7
and 991.6mm at Mersa and Haik with mean maximum and
minimum temperatures of 27.7 and 14.9 °C and 27.1 and 16.9
°C, respectively.

Treatments and experimental design

There were 16 treatments comprising the combinations
of two planting patterns (60cmx10cm and 45cmx15cm ) and
eight weed management practices (s-metolachlor 2.0kg ha
!, s-metolachlor at 1.0kg ha' + hand weeding and hoeing 35
days after crop emergence (dae), pendimethalin at 1.0kg ha?
+ hand weeding and hoeing 35 dae, s-metolachlor at 1.0kg
ha'+pendimethalin at 1.0kg ha?’, s-metolachlor at 1.0kg ha
'+pendimethalin at 0.75kg ha’, s-metolachlor at 0.75kg ha
l+pendimethalin at 1.0kg ha?, hand weeding and hoeing 21 dae
and weedy check. The treatments were arranged in factorial
arrangement in a randomized complete block design with three
replications. The gross plot size was 3.6mx2.4m. The cowpea
variety Asrat (IT 92KD-279-3) which is bush and trailing
type I was planted on July 22 and 23, 2014 at Haik and Mersa,
respectively. Thus the net plot was 1.8mx1.8m. The crop was
harvested on October 28 and November 7, 2014 at Mersa and
Haik, respectively.

Data collection and analysis

Data on weed flora present in the experimental fields were
recorded during the experimental period. The weed count was
taken at harvest. Data on weed dry weight or biomass, the
weeds falling within the quadrate were cut near the soil surface
immediately after taking observation on weed count and placed
into paper bags separately treatment wise. The dry weight was
expressed in g m2 Plant height (cm) was taken with a meter
from 10 randomly selected and pre tagged plants in each net plot

area from the base to the apex of the main stem at physiological
maturity. Bulk of roots of 5 randomly taken plants from the net
area in each treatment was carefully exposed at 50% flowering
and uprooted for nodulation study. Roots were carefully washed
using tap water on a sieve and nodules were separated and
counted. Effectiveness of the nodules was checked by cutting the
nodule for color judgment and was considered pink as effective
and cream white as ineffective. The nodules were dried in an
oven at 65 °C to a constant weight to determine nodule dry
weight per plant.

However, the plants used for these observations were
considered for yield adjustment at harvest. Number of pods
plant-1 was taken from the total pods of the tagged plants at
harvest. The total number of seeds from the above pods was
taken and counted to average the number of seeds pod-1. Out of
seeds from the above, 100 seeds were counted and their weight
was recorded at 10.5% moisture content for hundred seed
weight (g). Harvest index (%) was determined by harvesting
ten plants in each plot at physiological maturity and their dried
aboveground biomass (grain and straw) was recorded. The grain
yield (kg ha'') was measured after threshing the sun dried plants
harvested from each net plot and the yield was adjusted at 10.5%
seed moisture content by using the formula: Adjusted grain yield
(kgha') = Actual yield x 100-M /100-D Where M is the measured
moisture content, D is the designated moisture content

Data on weed dry biomass; nodules, yield attributes and
yield were analyzed using Gen Stat 15.0 computer software [8].
Fisher’s protected Least Significant Difference (LSD) test was
used to separate differences among treatment means (P<0.05)
[9]. As the F-test of the error variances of the two sites was
homogeneous, combined analysis of data was used.

Partial budget analysis

The concepts used in the partial budget analysis were the
mean grain yield of each treatment in both locations, the field
price of cowpea (sale price (Birr 15kg? ) minus the costs of
harvesting, threshing and winnowing (Birr 165/100kg) bagging
(Birr 4.0 per 100 kg™) and transportation (Birr 5 per 100 kg1),
the gross field benefit (GFB) h*! (the product of field price and the
mean yield for each treatment), the field price of s-metolachlor
417Birr kg'!, cost of pendimethalin 620 Birr kg (the herbicide
cost plus the cost of transportation from the point of sale to the
farm), the total costs that varied (TCV) included the sum of field
cost of herbicide and its application (Spraying Birr 99h*1). The
net benefit (NB) was calculated as the difference between the
GFB and the TCV. All costs and benefits were calculated on ha
basis in Ethiopian Birr. Actual yield was adjusted downward by
10% to reflect the difference between the experimental yield and
the yield farmers could expect from the same treatment. There
were optimum plant population density, timely labor availability
and better management (e.g. weed control, better security)
under experimental conditions [10,11].
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Results and Discussion

Effect of weed management practices on weeds

Table 1: Weed community recorded in cowpea field at the experimental
sites in 2014 cropping season.

Weed Species Family Life Form (Category)
Amaranthus spinosus L. | Amaranthaceae | Annual (broadleaved)
Amaranthus hybridus L. | Amaranthaceae | Annual (broadleaved)

Bidens pilosa L. Asteraceae Annual (broadleaved)

Commelina benghalensis

Commelinaceae

Annual (broadleaved)

L.
Cyperus esculentus L. Cyperaceae Annual (sedge)
C. rotundus L. Cyperaceae Perennial (sedge)
Datura stramonium L. Solanaceae Annual (broadleaved)
Galinsoga parviflora Cav. Asteraceae Annual (broadleaved)
Orobanche crenata Forsk. | Orobanchaceae | Annual (broadleaved)

Oxalis latifolia Kunth.

Oxalidaceae

Annual (broadleaved)

Seteria verticillata (L.)

Beauv. Poaceae Annual (grass)
Solanum nigrum L. Solanaceae Annual (broadleaved)
Tagetes minuta L. Asteraceae Annual (broadleaved)
Xanthium strumarium L. Asteraceae Annual (broadleaved)

Weed community: The major weeds in the experimental
fields were the broadleaved (Table 1). The fourteen weed
species found infesting the experimental fields belonged to eight
families. The parasitic weed Orobanche (Orobanche cerenata)
was found at Haik in plots infested with Xanthium strumarium
only. The other weed species were found at both locations.

Weed dry biomass: Statistical analysis of the data indicated
that the aboveground weed dry biomass at harvest was
significantly influenced by location, weed management practices
and the interactions of location with weed management practices,
and planting pattern with weed management practices. The
minimum weed dry weight (30.4g m?) recorded at Mersa from
s-metolachlor at 1.0kg h*'+hand weeding and hoeing 35dae
was statistically at par with the application of s-metolachlor at
2.0kg h*!, pendimethalin at 1.0kg h** + hand weeding and hoeing
35dae, s-metolachlor at 1.0kg h*'+pendimethalin at 1.0kg h**and
hand weeding and hoeing at 21dae at Mersa and s-metolachlor at
1.0kg h*! + hand weeding and hoeing 35dae at Haik. According
to [12] pre emergence application of Stomp-330 E at 1.25 and
1.50kg h*'+hand weeding were equally and much more effective
in reducing dry weight of weeds [13]. Also concluded that dry
weight of weeds was significantly reduced in herbicide treated
plots of common bean. Similar outcome also reported by [14]
who stated that preemergence herbicides reduced the weed
density and dry weight significantly as compared to weedy check
in common bean (Table 2 & 3).

Table 2: Interaction effect of location by weed management practices and planting pattern with weed management practices on total weed dry
biomass of cowpea at harvest during 2014 main cropping season. Means in the same column followed by the same letters are not significantly
different at 5% level of significance LSD= least significant difference; CV= coefficient of variation dae=days after crop emergence.

Factors Location (L) Planting Pattern (P)
Weed Management Practices Haik Mersa S1S2
S-metolachlor at 2.0kg ha 100.6d-g 72.1e-h 88.0def 84.7def
S-metolachlor at 1.0kg ha'+hand weeding and hoeing 50.4gh 30.4h 29.8¢ 50.9fg
35dae
Pendimethalin at 1.0kg ha'+hand weeding and hoeing 100.7d-g 53.8fgh 81.8d-g 72.7efg
35dae
S-metolachlor at 1.0kg ha'+pendimethalin at 1.0kg ha* 115.2cde 77.2e-h 62.0fg 130.4bcd
S-metolachlor at 1.0kg h;i]';pendimethalin at 0.75kg 162.9bc 107.8def 152.6bc 118.0cde
S-metolachlor at 0.75kg EZi"pe“dimetha““ at1.0kg 202.0b 110.0cde 183.9b 128.1cd
Hand weeding and hoeing 21dae 109.3cde 73.6e-h 91.8def 91.0def
Weedy check 472.4a 136.9cd 281.8a 327.5a
LSD(5%) LxW/PxW 54.31
CV (%) 38.1
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Table 3: Interaction effect of location and weeding frequency on plant
height (cm) of cowpea in 2014 cropping season.

Location (L)
Haik Mersa
Weeding frequency (W)

One hand weeding and hoeing at 2 WAE 70.1b 57.8cd
One hand weeding and hoeing at 3 WAE 73.4b 56.8cd
One hand weeding and hoeing at 4 WAE 73.6b 54.1d
Two hand weedig%\z;Anéi hoeing at 2 and 69.0b 573¢d
Weed free check 70.7b 59.0cd
Weedy check 85.7a 62.7¢

LSD (5%) Lx W 6.1

CV (%) 9.9

Means within columns and rows having the same letter(s) are not
significantly different at

5% level of significance; WAE: Weeks after Crop Emergence; LSD:
Least Significant Difference;

CV: coefficient of variation

Effect of weed management practices on growth
parameters
Table 4: Main effect of location and weed management practices on

total number of nodules, effective number of nodules and nodule dry
weight (mg plant -1) of cowpea in 2014 cropping season.

Total Effective Nodule Dry
Factors Number of | Number of Biomass
Nodules Nodules | (mgPlant-1)
Location
Haik 84 39.8+ 36.1°
Mersa 80 27.6° 44.5°
LSD (5%) NS 4.4 1.4
S-metolac}?lgr at 2.0kg 70.9d 22.9¢ 27.3¢
a
S-metolachlor at 1.0kg
ha'+hand weeding and 92.7bc 40.0° 53.0°
hoeing 5 WAE
Pendimethalin at 1.0kg
ha'+hand weeding and 85.3¢ 47.6% 53.6®
hoeing 5 WAE
S-metolachlor at 1.0kg
ha! + pendimethalin at 67.5d 22.2¢ 24.8¢
1.0kg ha'
S-metolachlor at 1.0kg
ha! + pendimethalin at 72.2d 24.3¢ 26.8¢
0.75kg ha™!
S-metolachlor at 0.75kg
ha! + pendimethalin at 64.2d 17.9¢ 24.3¢
1.0kg ha™
Hand weeding and R a
hoeing 3 WAE 104.0a 49.9 59.2
Weedy check 98.9ab 45.4%® 53.1°
LSD (5%) 11 8.8 5.6
CV (%) 16.5 32.2 17

CV: Coefficient of Variation; LSD: Least Significant Difference; DAE:
Days After Crop Emergence; Means In Column of Same Parameter
Followed By The Same Letter(S) Are Not Significantly Different At 5%
Level of Significance; NS: Not Significant.

Plant height: The datarevealed significant reduction in plant
height under respective weeding frequencies at Mersa compared
to Haik. Higher plant height at Haik than at Mersa might be
attributed to differences in weather conditions especially
temperature, whereby Haik had probably more conducive
environmental conditions for growth and development of weeds.
Under such conditions, plants might grow taller to compete for
light. The observed increase in plant height in presence of severe
weed interference could therefore be due to intense competition
between weeds and crop plants and their desire to reach for the
essentials of life, light energy in this case. The plants at Haik
attained significantly higher height in weedy check plots than
all the other treatments. The lowest plant height (54.1cm) was
obtained with one hand weeding and hoeing at 4 WAE at Mersa
which was significantly lower than all the treatments at Haik and
weedy check at Mersa (Table 4).

This result was in line with the findings of [15] who observed
that cowpea height is dependent on weed control treatments in
Nigeria. Higher plant height obtained in weedy check plots at both
locations might be due to the competition offered by the weeds
throughout the season especially to light. Thus, such competition
might have resulted in enhanced plant height. There was no
significant effect of planting pattern on plant height which was
in accord with that of [16] who also found no significant effect of
plant density on plant height of cowpea. In contrast, [17] found
the tallest plants from closer row spacing in cowpea.

Similar results were reported by [18], who indicated that
the denser plant population increased the plant height due
to competition among plants in faba bean. In field pea [19]
indicated that denser plant population increased plant height
due to competition among plants. This might be due to close row
spacing, the space for plant spreading was less and hence plant
height increased significantly. On the other hand, in chickpea
[20] also observed reduction in plant height under closer row
spacing. The variable results with denser population among the
crops may be due to difference in canopy structure and /or the
growth habit.

Number and dry weight of nodules: The main effect of
weed management practices showed that hand weeding and
hoeing 3 WAE gave the highest (104.0 plant-1) total number
of nodules that did not differ significantly from the weedy
check treatment. It was also observed that the total number of
nodules decreased significantly with the application of herbicide
mixtures and s-metolachlor at 2.0kg h*! (Table 4). This result
agrees with other researchers that herbicides can influence the
success of the legume-Rhizobium symbiosis either by affecting
the plant, the rhizobia or both [21]. Although many researchers
have concluded that the impact of herbicide application on the
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symbiotic partnership is due largely, or exclusively, to direct
effects of the herbicide on plant growth and consequent photo
synthate allocation to the nodules [22,23], others have argued
that herbicides may inhibit the survival and/or functioning of
the rhizobial partner [24,25].

The observed difference in effective number of nodules
plant-1 appeared to be highly significant due to main effect of
location and weed management practices. The plants at Haik had
significantly 44.2% higher effective nodules than at Mersa. The
main effect of weed management practices showed the highest
(49.9 plant-1) effective number of nodules for hand weeding
and hoeing 21 days after crop emergence, but was at par with
the application of pendimethalin at 1.0kg ha-1 + hand weeding
and hoeing 5 WAE. This might have resulted in less competition
with weeds for resources resulting in higher number of effective
nodules plant-1 (Table 5 & 6).

Table 5: Interaction effect of location by weed management practices

on number of pods plant-1 of cowpea during 2014 main cropping
season.

Location (L)
Weed management practices (W) Haik Mersa
S-metolachlor at 2.0kg ha* 17.8¢ 28.3®
Hand weeding and hoeing 21dae 16.8¢ 26.0bd
Weedy check 12.58 12.28
LSD(5%) Lx W 4.9
CV(%) 19.4

Means in the same column followed by the same letters are not
significantly different at 5% level of significance LSD: Least Significant
Difference; CV: Coefficient of Variation Dae: Days After Crop
Emergence

Table 6: Main effect of location and weed management practices on
number of seeds pod-1 and hundred seed weight of cowpea during
2014 main cropping season.

Factors Number of Hundred Seed
Seeds Pod* Weight (G)
Location
Haik 11.9 12.4°
Mersa 11.2 12.7°
LSD (5%) 0.70ns 0.2
Weed management practices
S-metolachlor at 2.0kg ha 11.5¢ 12.80¢
: 1
Pendimethalin at 1.0 kg ha
!+hand weeding and hoeing 13.1 13.1°
35dae
spendimectalin st 10 kghat | 117" 1267
opendimethalin ot 0.5 kgha-t | 110 123
Hand weeding and hoeing 21dae 10.9¢ 12.5¢
Weedy check 8.94 10.6°
LSD (5%) 15 0.4
CV (%) 15.5 3.9

Means in the same column followed by the same letters are not
significantly different at 5% level of significance LSD: Least Significant
Difference; CV: Coefficient Of Variation, Dae: Days After Crop
Emergence.

However, the differences in effective nodulation might also
be due to reduced weed-crop competition, which might have
enhanced differential compatibility of effective indigenous
Rhizobium association in the soil of the experimental field, as
weeds were removed timely. The result of this study is also in
agreement with the findings of [26,27]. Research on herbicides
showed that many herbicides may affect nodulation by several
mechanisms. They can affect plant growth leading to a decreased
photosynthate supply to roots and thus decrease the dry
weight and available number of infection sites for Rhizobium.
Additionally, if a plant is redirecting photosynthate to shoot
biomass to facilitate re growth following herbicide injury, less
photosynthate is available for rhizobial growth and survival
which in turn reduce nodule dry weight and may also directly
interfere with rhizobial function and growth [21,22].

The weed management practices revealed that hand weeding
and hoeing 3 WAE gave the highest (59.2mg plant-1) nodule dry
weight followed by pendimethalin at 1.0kg h*! supplemented
with one hand weeding and hoeing at 5 WAE . Further, the result
of weed management practices on nodule dry weight was similar
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to their effect on number of effective nodules plant-1 (Table 4).
In chickpea, highest number and dry weight of nodules in twice
hand weeding at 20 and 40 DAE was followed by herbicide
application [28]. On the other hand, in mung bean, maximum
number of nodules and nodule dry weight was obtained with
complete weed free followed by two hand weeding and herbicide
mixtures [29-31].

Effect of weed management practices on yield
components and yield

Number of pods per plant: The effect of location, weed
management practices and their interaction was significant
while planting pattern and other interactions of main factors
were not significant on number of pods plant-1 [32]. Stated that
the number of pods produced per plant or maintained to final
harvest depends on a number of environmental and management
practices. The maximum number of pods (31.8 plant-1) was
recorded from s-metolachlor at 1.0kg ha-1+ hand weeding 35dae
at Mersa which was significantly higher than that was obtained
with different management practices at Haik and s-metolachlor
at 1.0 kg h*'+pendimethalin at 0.75kg h*! and hand weeding at
21dae at Mersa. . The weedy check plots had lower number of
pods plant-1 at both the locations [33]. Also showed that the
presence of weeds is effective factor in reducing number of pods
in cowpea plant. [34] reported that competition between weeds
and crop starts right from germination of the crop up to harvest
affecting both growth and yield parameters adversely.

The analysis of variance indicated that the main effect
of location and weed management practices had significant

influence on the number of seeds pod-1. The number of seeds
pod-1was higher (11.9) at Haik. Application of s-metolachlor at
1.0kg h*! supplemented with hand weeding at 35dae resulted in
the highest number of seeds (14.3pod-1) which was significantly
higher than the other weed management practices except
the application of pendimethalin at 1.0kg h*' supplemented
with hand weeding at 35dae. Further, the latter treatment had
no significant difference with the combined application of
s-metolachlor and pendimethalin each at 1.0kg h*. The results
also revealed that weedy check plots registered significantly
lower number of seeds pod-1 than the other treatments. This
result agrees with the findings of [35,36], who reported that
number of seeds pod-1 was significantly reduced with the
increased weed infestation and significantly increased with the
weed free period in common bean.

Hundred seed weight: Weight of hundred seeds was
significantly influenced by the main effect of location and weed
management practices while their interaction was notsignificant.
The 100 seed weight was significantly higher at Mersa than at
Haik. The result indicated that the maximum 100 seeds weight
was recorded with the application of s-metolachlor at 1.0kg ha'+
hand weeding and hoeing 35dae (14.0) which was significantly
higher than the other treatments. Preemergence herbicides
s-metolachlor and pendimethalin had been found to increase
100 seed weight of canola plant [37-39]. It was also found that
pendimethalin at 1.0kg ha* supplemented with hand weeding at
35dae had no significant dfference with s-metolachlor at 2.0kg
ha™.

Table 7: Main effect of location and weed management practices on, grain yield aboveground dry biomass yield and harvest index of cowpea

during 2014 main cropping season.

Factors Grain Yield (Kg Ha') Biomass Yield (Kg Ha') Harvest Index (%)
Location
Haik 2714° 8873" 30.8°
Mersa 30922 96832 31.92
LSD (5%) 116.7 350.1 1.2
Weed management practices
S-metolachlor at 2.0kg ha 3169 101572 31.9¢
S-metolachlor at 1.0kg ha'+hand weeding and hoeing 35dae 3960 10099° 40.0*
Pendimethalin at 1.0kg ha'+hand weeding and hoeing 35dae 3462° 9655 36.4°
S-metolachlor at 1.0 kg ha'+pendimethalin at 1.0 kg ha™! 3039¢ 9473 32.5¢
S-metolachlor at 1.0 kg ha'+pendimethalin at 0.75 kg ha 26834 8678¢ 31.3¢
S-metolachlor at 0.75kg ha'+pendimethalin at 1.0 kg ha! 2383¢ 9052% 26.8¢
Hand weeding and hoeing 21 dae 3106° 10063° 31.4¢
Weedy check 14241 70434 20.5¢
LSD (5%) 233.5 700.2 2.5
CV (%) 9.9 9.2 9.8

Means in column of same parameter followed by the same letter(s) are not significantly different at 5% level of significance CV: Coefficient Of
Variation; LSD: Least Significant Difference; Dae: Days After Crop Emergence; NS: Not Significant
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Grain yield: The results indicated that the effect of main
factors of location and weed management practices significantly
influenced grain yield whereas planting pattern and main
factor interaction had no significant effect. The grain yield
obtained at Mersa was significantly higher by 13.9 % than at
Haik. Among different weed management practices, application
of s-metolachlor at 1.0kg ha'+ hand weeding 35dae recorded
significantly higher grain yield (3960kg ha?) than the other
treatments. On the other hand significantly lower yield was
obtained in weedy check than the other treatments. Thus the
yield obtained in weedy check was 40.2 to 64.0% lower than
the other weed management practices (Table 7). These results
were in line with the findings of [12] and [40] who reported
that 20 to 30% losses in grain yield were quite usual and may
increase even 50%, if the crop management practices are not
properly followed. Similarly, [16] advocated that pre emergence
herbicides provided excellent control of weeds and yield was
significantly increased over weedy check. Weeds can severely
affect the performance of the cowpea bean and the yield loss
was 60 to 66% due to weed interference [41,42] stated that the
weeds reduce more than 75% of yield in cowpea crop. However,

the conflicting reports on yield losses due to weeds might be
due to the variation in environmental conditions, soil types, the
varietal characters and the extent of weed interferences at the
locations.

Aboveground dry biomass yield: Analysis of variance
showed that the effect of location and weed management
practices was significant while planting pattern and the main
factor interactions were not significant on above ground dry
biomass yield of cowpea. The highest (10157kg h*') total dry
biomass yield was obtained in s-metolachlor 2.0kg h*! which
was not significantly different with s-metolachlor at 1.0kg h*!
+ hand weeding and hoeing 35dae, hand weeding and hoeing
3 weeks after crop emergence, pendimethalin at 1.0kg h*! +
hand weeding and hoeing 35dae and s-metolachlor at 1.0kg h*?
+ pendimethalin at 1.0kg h*! weed management practices. [43]
reported that the increased dry matter weight of the crop was
highly governed by the length of weed free period. However, high
production of total dry matter might not necessarily be of great
value when the grain comprises a part of the plant. Aboveground
dry biomass shows a significant variation across location. Mersa
site gave more above ground dry biomass than Haik site.

Table 8: Results of partial budget analysis of weed management practices in cowpea in 2014 cropping season.

Average Yield Adjusted Yield (Kg | Total Variable Cost | Gross Return Net Return
(Kg Ha'!) Ha) 10% Down (ETB Ha) (ETB Ha) (ETB Ha')
Weed management practices
S-metolachlor at 2.0kg ha* 3169 2852 5687 42782 37095
S-metolachlor at 1.0kg ha'+hand
weeding and hoeing 5 WAE 3960 3564 6984 53460 46476
Pendimethalin at 1.0kg ha'+hand
weeding and hoeing 5 WAE 3462 3116 6440 46737 40297
S-metolachlor at 1.0kg ha-
t+pendimethalin at 1.0kg ha' 3039 2735 5695 41027 35332
S-metolachlor at 1.0kg ha-
L+pendimethalin at 0.75kg ha" 2683 2415 5006 36221 31215
S-metolachlor at 0.75kg ha
+pendimethalin at 1.0kg ha' 2383 2145 4606 32171 27564
Hand weeding and hoeing 3 WAE 3106 2795 6144 41931 35787
Weedy check 1424 1282 2136 19224 17088

Cost of hand weeding and hoeing 2 WAE 45 persons, 5 WAE 16 persons @Birr 33 person-1, ETB=0.0498 USD.

Harvest index

The combined analysis of the experiment data showed that
the main effect location and weed management practices had
significant effect on harvest index (Table 7). The highest harvest
index (31.89 %) was recorded from Mersa, whereas the lowest
harvest index (30.77%) was recorded from Haik.

The resultindicated there was significant variation on harvest
index among the weed management treatments evaluated at
both locations. S-metolachlor at 1.0kg ha! + hand weeding and
hoeing 35dae gave the highest (40.0%) result than the weedy
check (20.5%) treatments. [44] reported that the harvest index

of cowpea increases with increasing seed production. This
results was also in line with the outcomes obtained by [45] who
reported that the effect of s-metolachlor herbicides application
on cowpea harvest index was higher.

Partial budget analysis

The result of the partial budget analysis and the data used for
the partial budget analysis is given in Table 8 The partial budget
analysis was done as described by [10] where the variable costs
that vary included the cost of inputs (herbicide) as well as the
cost involved in their application.
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However, for ease in calculation in place of field price of the
crop, the cost incurred for harvesting, threshing, winnowing,
packing and transportation was added to the variable input
cost. The yield difference per hectare recorded by the different
treatments account for the variation observed in value of gross
benefit in both locations. The partial budget analysis indicated
that the highest gross benefit was obtained from s-metolachlor
at 1.0 kg h*'+ hand weeding and hoeing 5 WAE (53460 ETB h*
1) followed by pendimethalin at 1.0 kg h*'+ hand weeding and
hoeing 5 WAE (46737 ETB h*!) while the lowest price was
recorded from weedy check plots. [46] reported a high economic
return with butachlor+one hand weeding in rice while also
observed that the use of butachlor took equivalent to186 hrs
while two-hand weeding took 604 hrs ha-1 in rice.

In agreement with the result, most studies showed that,
applying herbicide or herbicide plus manual weeding was more
economical than manual or hand weeding alone. The result of this
experiment indicated that the use of herbicide though reduced
the cost of production, the poor control of weeds resulted
in significantly low yield compared to the combinations of
s-metolachlor at 1.0kg h*'+hand weeding and hoeing at 35 days
after emergence and pendimethalin at 1.0kg h*'+hand weeding
and hoeing at 35 days after emergence. Therefore, managing
weeds with the application of s-metolachlor at 1.0kg h**+hand
weeding and hoeing 5 WAE proved to be most profitable practice.

Conclusion

S-metolachlor 1.0kg h*! supplemented with one hand
weeding 35dae is the most profitable with an alternate weed
management option i.e. pendimethalinm 1.0kg h*! supplemented
with one hand weeding 35dae. But, managing the weeds with
the application of pendimethalin at 1.0kg h**+hand weeding and
hoeing 35dae proved to be the most profitable practice, since
high impact on effective nodulation of s-metolachlor. However, in
a situation of unavailability of herbicide on time, hand weeding
and hoeing 21dae seemed to be an alternate weed management
practice.

References

1. Timko MP, Singh BB (2008) Cowpea, a multifunctional legume. In:
Moore PH, Ming R (Eds.), Genomics of tropical crop plants, Springer,
New York, USA, pp. 227-257.

2. Langyintuo AS, Lowenberg D], Faye, M, Lambert D, Ibro G, et al. (2003)
Cowpea supply and demand in West Africa. Field Crops Research 82:
215-231.

3. Mekonnen G, Sharma JJ, Negatu LW, Tana T (2016) Growth and Yield
Response of Cowpea (Vigna unguiculata L. Walp.) to Integrated Use of
Planting Pattern and Herbicide Mixtures in Wollo, Northern Ethiopia.
Adv Crop Sci Tech 4: 245.

4. Chikoye D, Weise SF, Swanton CJ] (1995) Influence of common ragweed
(Ambrosia artemisiifolia) time of emergence and density on white bean
(Phaseolus vulgaris). Weed Science 43(3): 375-380.

5. Blackshaw RE (1991) Hariy Solanum nigrum (Solanum sarrachoides)
interference in dry bean (Phaseolus vulgaris). Weed science 39(1): 48-
53.

6. Fennimore SA, Mitch LW, Radsevich SR (1994) Interference among
bean (Phaseolus vulgaris), barnyard grass (Echinochloa crusgalli), and
black night shade (Solanom nigrum). Weed science 32(3): 336-342.

7. Ugbe LA, Ndaeyo NU, Jane-Francis Enyong (2016) Efficacy of Selected
Herbicides on Weed Control, Cowpea (Vigna Uniguiculata L. Walp)
Performance and Economic Returns in Akamkpa, Southeastern Nigeria.
International Journal of Research in Agriculture and Forestry 3(5): 15.

8. Payne RW, Murray DA, Harding SA, Baird DB, Soutar DM (2009) GenStat
for windows. (12 edn), VSN International, Hemel, Hempstead, USA.

9. Gomez Gomez AA (1984) Statistical Procedures for Agricultural
Research. (2" edn), John Willey and Sons Inc., USA, p. 680.

10. CIMMYT (International Maize and Wheat Improvement Center) (1988)
From Agronomic Data to Farmer Recommendations: An Economics
Training Manual. Completely revised edition, Mexico, p. 79.

11.Moro BM, Nuhu IR Toshiyuki W (2008) Determining optimum rates
of mineral fertilizers for economic rice grain yields under the “Sawah”
System in Ghana. West African Journal of Applied Ecology 12(1): 1-12.

12.Ahmad S, Abid, SA, Cheema ZA, Tanveer A (1996) Study of various
chemical weed control practices in lentil (Lens culinaris L. Medic.).
Journal of Agricultural Research 34 (2-3): 127-134.

13.Sharma V, Thakur DR, Sharma JJ (1998) Effect of metolachlor and its
combination with atrazine on weed control in rajmash (Phaseolus
vulgaris L.). Indian Journal of Agronomy 43: 677-680.

14. Jafari R, Rezai S Shakarami ] (2013) Evaluating effects of some
herbicides on weeds in field bean (Phaseolus vulgaris). International
Research Journal of Applied and Basic Sciences 6(8): 1150-1152.

15. Kelechukwu NE, Adewale MO, Ezekiel AA (2007) Aluminum Influence
on Performance of some Cowpea cowpea [Vigna unguiculata (L.) Walp]
Varieties on a Nigerian Alfisol. Word Journal of Agricultural Science
3(4): 512-522.

16. Mohamed ES, Nourali AH, Mohammad GE, Mohamed MI, Saxena MC
(1997) Weeds and weed management in irrigated lentil in northern
Sudan. Weed Research 37(4): 211-218.

17. Bitew Y, Asargew F, Beshir O (2014) Effect of Plant Spacing on the Yield
and Yield Component of Field Pea (Pisum Sativum L.) at Adet, North
Western Ethiopia. Agriculture, Forestry and Fisheries 3(5): 368-373.

18. Khalil SK, Amanullah AW, Khan AZ (2011) Variation in leaf traits, yield
and yield components of faba bean in response to planting dates and
densities. Egypt Academic Journal of Biological Science 2(1): 35-43.

19. Derya OY (2013) Impact of plant density on yield and yield components
of pea (Pisum sativum ssp. sativum L.) cultivars. Journal of Agricultural
and Biological Science 8(2): 169-174.

20.Yousaf A, Ahsanui M, Tahir GA, Ahmed N (1999) Effect of Inter and
Intra row Spacing on Yield and Yield components of Chickpea. Pakistan
Journal of Biological Science 2(2): 305-307.

21. Anderson, A, Baldock JA, Rogers SL, Bellotti WGill G (2004) Influence
of chlorsulfuron on rhizobial growth, nodule formation and nitrogen
fixation with chickpea. Australian Journal of Agricultural Research
55(10): 1059-1070.

22.Abd-Alla MH, Omar SA, Karanxha S (2000) The impact of pesticides
on arbuscular mycorrhizal and nitrogen-fixing symbioses in legumes.
Journal of Applied Soil Ecology 14(3): 191-200.

23. Ayaz S, McNeil DL, McKenzie BA, Hill GD (2001) Density and sowing
depth effects on yield components of grain legumes. Proceeding of
Agronomy Society, New Zealand 29: 9-15.

24.Erman M, Tepel, Yazlik A, Levent R, Ipek K (2004) Effect of weed control
treatments on weeds, seed yield, yield components and nodulation in
winter wheat. Weed Research 44: 305-312.

How to cite this article: Getachew M, Mekdes D. Nodulation and Yield Response of Cowpea [Vigna unguiculata (L) Walp.] to Integrated Use of Planting
Pattern and Herbicide Mixtures in Wollo, Northern Ethiopia. Agri Res & Tech: Open Access J. 2017; 7(2): 555710. DOI: 10.19080/ARTOAJ.2017.07.555710.


http://dx.doi.org/10.19080/artoaj.2017.07.555710
http://www.sciencedirect.com/science/article/pii/S037842900300039X
http://www.sciencedirect.com/science/article/pii/S037842900300039X
http://www.sciencedirect.com/science/article/pii/S037842900300039X
https://www.esciencecentral.org/journals/advances-crop-science-and-technology-abstract.php?abstract_id=83077
https://www.esciencecentral.org/journals/advances-crop-science-and-technology-abstract.php?abstract_id=83077
https://www.esciencecentral.org/journals/advances-crop-science-and-technology-abstract.php?abstract_id=83077
https://www.esciencecentral.org/journals/advances-crop-science-and-technology-abstract.php?abstract_id=83077
http://www.ijraf.org/pdf/v3-i5/3.pdf
http://www.ijraf.org/pdf/v3-i5/3.pdf
http://www.ijraf.org/pdf/v3-i5/3.pdf
http://www.ijraf.org/pdf/v3-i5/3.pdf
https://www.ajol.info/index.php/wajae/article/view/45770
https://www.ajol.info/index.php/wajae/article/view/45770
https://www.ajol.info/index.php/wajae/article/view/45770
http://www.irjabs.com/files_site/paperlist/r_1796_131015005519.pdf
http://www.irjabs.com/files_site/paperlist/r_1796_131015005519.pdf
http://www.irjabs.com/files_site/paperlist/r_1796_131015005519.pdf
http://article.sciencepublishinggroup.com/pdf/10.11648.j.aff.20140305.16.pdf
http://article.sciencepublishinggroup.com/pdf/10.11648.j.aff.20140305.16.pdf
http://article.sciencepublishinggroup.com/pdf/10.11648.j.aff.20140305.16.pdf
http://www.arpnjournals.com/jabs/research_papers/rp_2013/jabs_0213_531.pdf
http://www.arpnjournals.com/jabs/research_papers/rp_2013/jabs_0213_531.pdf
http://www.arpnjournals.com/jabs/research_papers/rp_2013/jabs_0213_531.pdf
http://agris.fao.org/agris-search/search.do?recordID=PK2000000007
http://agris.fao.org/agris-search/search.do?recordID=PK2000000007
http://agris.fao.org/agris-search/search.do?recordID=PK2000000007
http://www.publish.csiro.au/cp/AR03057
http://www.publish.csiro.au/cp/AR03057
http://www.publish.csiro.au/cp/AR03057
http://www.publish.csiro.au/cp/AR03057
http://www.sciencedirect.com/science/article/pii/S0929139300000561
http://www.sciencedirect.com/science/article/pii/S0929139300000561
http://www.sciencedirect.com/science/article/pii/S0929139300000561
http://dspace.lincoln.ac.nz/handle/10182/348
http://dspace.lincoln.ac.nz/handle/10182/348
http://dspace.lincoln.ac.nz/handle/10182/348

Agricultural Research & Technology: Open Access Journal

25. Prather TS, Ditomaso JM, Holt]S (2000) Herbicide resistance: Definition
and management strategies. University of California - Division of
Agriculture and Natural Resources, USA.

26.Zablotowicz RM, Reddy KN (2004) Impact of glyphosate on the
Bradyrhizobium japonicum symbiosis with glyphosate-resistant
transgenic soybean. Journal of Environmental Quality 33(3): 825-831.

27.Muoneke CO, Ndukwe OM, Umana PE, Okpara DA, Asawalam DO (2012)
Productivity of vegetables cowpea [Vigna unguiculata (L.) Walp] and
maize (Zea mays L.) intercropping system as influenced by component
density in a tropical zone of southeastern Nigeria. International Journal
of Agricultural Research Development 15: 835-847.

28.0tieno PE, Muthomi JW, Cheminingwa GN Nderitu JH (2009) Effect
of rhizobia inoculation, farm yard manure and nitrogen fertilizer on
nodulation and yield of food grain legumes. Journal of Biological
Science 9(4): 326-332.

29.Raman R, Krishnamoorthy R (2005) Nodulation and yield of mungbean
(Vigna radiata L.) influenced by integrated weed management
practices. Legume Research 28(2): 128-130.

30. Patel BD, Patel V], Meisuriya MI, Patel RB (2007) Influence of FYM,
molybdenum and weed management practice on nodulation, root
growth and yield of chickpea. Journal of Food Legumes 21(4): 234-236.

31. Mirjha PR, Prasad SK, Singh MK, Paikra RH, Patel S, et al. (2013) Effect
of weed control measures on weeds, nodulation, growth and yield of
mung bean (Vigna radiata). Indian Journal of Agronomy 58(4): 615-
617.

32. Mirshekari B (2008) time interaction effect of (Amaranthus retroflexus
L.) weed on yield of cowpea [Vigna unguiculata (L.) Walp.]. Knowledge
of Modern Agriculture Journal 4(11): 71 -81.

33. Dadari SA (2003) Evaluation of herbicides in cowpea or cotton mixture
in Northern Guinea Savannah. Journal of Sustainable Agriculture and
Environment 5: 153-159.

34. Workayehu T, Zemicchael B, Mazengia W (1997) Effect of variety, seed
rate and weeding frequencies on weed infestation and grain yield of
haricot bean. In: Proceeding of the 2™ and 3* Annual Conference of the
Ethiopian Weed Science Society Addis Ababa, Ethiopia, p. 61.

35. Sharma GD, Sharma]J, Sood S (2004) Evaluation of alachlor, metolachlor
and pendimethalin for weed control in rajmash (Phaseolus vulgaris L.)

This work is licensed under Creative
@ @ Commons Attribution 4.0 License
DOI: 10.19080/ART0AJ.2017.07.555710

in cold desert of North-Western Himalayas. Indian Journal of Weed
Science 36(3-4): 287-289.

36.Khan IA, Hassan G, lhsanulla H (2003) Efficacy of pre-emergence
herbicides on the yield and yield components of canola. Asian Journal
of Plant Science 2(3): 251-253.

37.Marwat KB, Saeed M, Gul B, Hussain Z, Khan NI (2005) Efficacy of
different pre and post emergence herbicides for weed management in
canola in higher altitude. Pakistan Journal of Weed Sciences Research
11(3-4): 75-80.

38. Arif M, Thsanulla H, Khan S (2001) Effect of various weed control
methods on the performance of canola. Sarhad Journal of Agriculture
17 (3): 321-324.

39. Tanveer A, Ali A (2003) Weeds and their control. Published by Higher
Education commission, Islamabad, Pakistan, p. 162.

40. Arnold RN, Murray MW, Gregory EJ, Smeal D (1996) Weed control
in pinto beans with imzethapyr alone or in combination with other
herbicides. New Mexico State University, Mexico.

41. Blackshaw RE, Louis ], Molnar H, Henning M, Saindon G, et al. (2000)
Integration of cropping practices and herbicides improves weed
management in dry bean (Phaseolus vulgaris). Weed Technology 14(2):
327-336.

42.Mizan A, Sharma ]], Gebremedhin W (2009) Estimation of Critical
Period of Weed-Crop Competition and yield Loss in Sesame (Sesamum
indicum L.). Ethiopian Journal of Weed Management 3(1) 39-53.

43.Soltani N, Bowiey S, Sikkema P (2005) Responses of Blach and
Cranberry beans (Phaseolus vulgaris) to post emergence herbicides.
Crop protectio 24(1): 15-21.

44.Mousavi M (2009) Performance Evaluation of herbicides for weed
control Imazethapyr red beans and pinto beans. Master’s thesis and
combat weeds, University of Shushtar Branch, Iran.

45.Gupta PC, O'Toole JC (1986) Upland rice: global perspective. The
International Rice Research Institute, Los Banos, Philippines, pp. 267-
292.

46.Ismaila U, Kolo MG, Gbanguba UA (2011) Efficacy and Profitability
of Some Weed Control Practices in Upland Rice (Oryza sativa L.).
American Journal of Experimental Agriculture 1(4): 174-186.

Your next submission with Juniper Publishers
will reach you the below assets

Quality Editorial service

Swift Peer Review

Reprints availability

E-prints Service

Manuscript Podcast for convenient understanding

Global attainment for your research
e Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

¢ Unceasing customer service

Track the below URL for one-step submission

https://juniperpublishers.com/online-submission.php

How to cite this article: Getachew M, Mekdes D. Nodulation and Yield Response of Cowpea [Vigna unguiculata (L) Walp.] to Integrated Use of Planting
Pattern and Herbicide Mixtures in Wollo, Northern Ethiopia. Agri Res & Tech: Open Access J. 2017; 7(2): 555710. DOI: 10.19080/ARTOAJ.2017.07.555710.


http://dx.doi.org/10.19080/artoaj.2017.07.555710
https://anrcatalog.ucanr.edu/pdf/8012.pdf
https://anrcatalog.ucanr.edu/pdf/8012.pdf
https://anrcatalog.ucanr.edu/pdf/8012.pdf
https://www.ncbi.nlm.nih.gov/pubmed/15224916
https://www.ncbi.nlm.nih.gov/pubmed/15224916
https://www.ncbi.nlm.nih.gov/pubmed/15224916
http://docsdrive.com/pdfs/ansinet/jbs/2009/326-332.pdf
http://docsdrive.com/pdfs/ansinet/jbs/2009/326-332.pdf
http://docsdrive.com/pdfs/ansinet/jbs/2009/326-332.pdf
http://docsdrive.com/pdfs/ansinet/jbs/2009/326-332.pdf
http://www.indianjournals.com/ijor.aspx?target=ijor:lr&volume=28&issue=2&article=012
http://www.indianjournals.com/ijor.aspx?target=ijor:lr&volume=28&issue=2&article=012
http://www.indianjournals.com/ijor.aspx?target=ijor:lr&volume=28&issue=2&article=012
http://www.indianjournals.com/ijor.aspx?target=ijor:ija&volume=58&issue=4&article=033
http://www.indianjournals.com/ijor.aspx?target=ijor:ija&volume=58&issue=4&article=033
http://www.indianjournals.com/ijor.aspx?target=ijor:ija&volume=58&issue=4&article=033
http://www.indianjournals.com/ijor.aspx?target=ijor:ija&volume=58&issue=4&article=033
http://www.indianjournals.com/IJOR.ASPX?target=ijor:ijws&volume=36&issue=3and4&article=039
http://www.indianjournals.com/IJOR.ASPX?target=ijor:ijws&volume=36&issue=3and4&article=039
http://www.indianjournals.com/IJOR.ASPX?target=ijor:ijws&volume=36&issue=3and4&article=039
http://www.indianjournals.com/IJOR.ASPX?target=ijor:ijws&volume=36&issue=3and4&article=039
http://scialert.net/abstract/?doi=ajps.2003.251.253
http://scialert.net/abstract/?doi=ajps.2003.251.253
http://scialert.net/abstract/?doi=ajps.2003.251.253
https://www.cabdirect.org/cabdirect/abstract/20063062651
https://www.cabdirect.org/cabdirect/abstract/20063062651
https://www.cabdirect.org/cabdirect/abstract/20063062651
https://www.cabdirect.org/cabdirect/abstract/20063062651
https://eurekamag.com/research/003/736/003736988.php
https://eurekamag.com/research/003/736/003736988.php
https://eurekamag.com/research/003/736/003736988.php
http://www.sciencedirect.com/science/article/pii/S0261219404001486
http://www.sciencedirect.com/science/article/pii/S0261219404001486
http://www.sciencedirect.com/science/article/pii/S0261219404001486
http://www.sciencedomain.org/abstract/144
http://www.sciencedomain.org/abstract/144
http://www.sciencedomain.org/abstract/144
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/artoaj.2017.07.555710

	Title
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Description of the study area
	Treatments and experimental design
	Data collection and analysis
	Partial budget analysis

	Results and Discussion
	Effect of weed management practices on weeds 
	Effect of weed management practices on growth parameters
	Effect of weed management practices on yield components and yield
	Harvest index
	Partial budget analysis

	Conclusion
	References
	Table 1
	Table 2
	Table3
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8

