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ABSTRACT

Cowpea [Vigna unguiculata (L.) Walp.] is usually infested and its yield is adversely affected by a
number of weed species that compete with the crop from germination to harvest, affecting the crop
yield adversely. Therefore, an experiment was conducted at Sirinka and Jari, northern Ethiopia
during the 2013 main cropping season (July-October). The objectives were to assess the effect of
pre-emergence s-metolachlor and pendimethalin on weeds, and growth, yield components and
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yield of cowpea and to investigate the possibilities of supplementing low doses of herbicides with
hand weeding for effective and cost effective weed management. There were 12 treatments
comprising: s- metolachlor (1.0, 1.5 and 2.0 kg ha ); pendimethalin (1.0, 1.3 and 1.6 kg ha™ ), S
metolachlor at 1.0 kg ha™' + hand-weeding at 5 weeks after crop emergence (WAE), pendlmethahn
at 1.0 kg ha + handweeding at 5 WAE, one handweeding at 2 WAE, two handweeding at 2 and 5
WAE, weed free and weedy checks. The treatments were arranged in randomized complete block
design with three replications. 78.6% of the weeds comprised in the experimental sites were the
broadleaved. At 20 DAE, application of 2.0 kg ha's-metolachlor at both locations resulted in the
lowest broadleaved weeds, sedge and total weed density. Pendimethalin failed to control
Commelina benghalensis and Xanthium strumarium. At 55 DAE, low rate of s-metolachlor and
pendimethalin when superimposed with one hand weeding were as effective as complete weed
free treatment in reducing the broadleaved weeds and sedge density. The minimum weed dry
weight was registered with the application 2.0 kg ha” of s-metolachlor in both locations; however
at 55 days and harvest weeds accumulated significantly lower dry weight due to1.0 kg ha” s-
metolachlor 1.0 kg ha pendimethalin superimposed with hand weeding at both locations. The
interaction of location with weed management practices was significant on days to 50% flowering
and physiological maturity of the crop, number of pods pIant grain and aboveground dry biomass
yield and yield loss. The maximum grain yield (4277 kg ha) was obtained in complete weed free
treatment at Sirinka which was statistically equivalent with complete weed free and two hand
weeding treatments at Jari and Sirinka experimental sites respectively. Due to weed infestation
throughout the crop growth, the highest yield loss (70.8%) was recorded at Jari while it was 47.5%
at Sirinka. The highest gross benefit was obtained with the application of 1.0 kg ha” of s-
metolachlor superimposed with hand weeding followed by two hand-weeding at 2 and 5 WAE.
Therefore, managing the weeds with the application of 1.0 kg ha™ of s- metolachlor + hand weeding
and hoeing 35 DAE proved to be the most profitable practice. However, under the cond|t|on of
labour constraint and timely availability of the herbicide, pre emergence application of 2.0 kg ha™ of
s-metolachlor should be used to preclude the yield loss and to ensure maximum benefits.

Keywords: Broadleaved and grass weeds; economic analyses; herbicides; yield loss.

1. INTRODUCTION

Cowpea is of the most important crop to the
livelihoods of millions of relatively poor people in
less developed countries of the tropics [1]. It is
extensively grown in the lowlands and mid-
altitude regions of Africa, sometimes as sole crop
but more often intercropped with cereals such as
sorghum or millet [2]. It is a good food security
crop as it mixes well with other recipe [3].
Cowpea fixes atmospheric nitrogen through
symbiosis with nodule bacteria [4]. It does well
and is most popular in the semi-arid of the tropics
where other food legumes do not perform well

[5].

A number of weed species are affecting the yield
by competing with the crop from germination to
harvest [6], and this yield loss in cowpea which
ranged from 12.7% - 60.0% is due to weeds [7].
According to [8], the presence of weeds in
cowpea reduced yield by 82% and a significant
increase in yield of pods was noted by controlling
weeds up to 45 days of sowing. Therefore, in
order to enhance crop yield, weed control during
this period is very important. The physical and

mechanical approaches of weed control are very
expensive as labour is usually unavailable during
the peak periods of weed removal from the field
[9]. Hand weeding required over 50% of the
farmers’ time leaving them with little or no time
for other activities [10]. In this regard, the use of
herbicides to control weeds in cowpea fields
appears to be the other option [11]. Herbicide
use would improve the lives of farmers by
eliminating the need for back-breaking labour.

Significantly higher grain yield and net return of
cowpea were obtained with pendimethalin
applied pre-emergence at 0.75 kg ha”'+ hand-
weeding at 5 weeks after planting (WAP)
compared to other treatments [6,12] reported that
pendimethalin at 1.0 kg ha”'+ hand weeding at
30 days after planting significantly gave a higher
cowpea grain yield, weed density and biomass
were the lowest in this treatment. Metolachlor
has an excellent action against annual grasses
and Cyperus species. Research with metolachlor
in cowpeas resulted in yields comparable to
those receiving the recommended two weeding
[13]. However, the rate of s-metolachlor may
depend upon soil types, rainfall and irrigation
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patterns, temperature, crops and weeds;
nevertheless, 1.5 kg ha'of s-metolachlor has
been used in pulse crops in Ethiopia [14]. Use of
herbicides may therefore provide a timely and
adequate alternative to hand weeding as this not
only removes the drudgery associated with it but
also lowers the cost of weeding and provides
protection for crop against early weed
competition when pre-emergence herbicides are
used [10].

Integrating herbicides with cultural methods is an
option for better weed control. Integrated weed
management (IWM) does not preclude herbicide
use, it includes their judicious use along with
other agronomic methods that help crops
compete with weeds and reduce weed seed
production. IWM involves using an agronomical
approach to minimize the overall impact of
weeds and, indeed, maximize the benefits.

S-metolachlor and pendimethalin which are
among the recently introduced herbicides in
Ethiopia have not been widely evaluated in
cowpea specifically in the study area. Hence, the
objectives of this study were to assess the effect
of s-metolachlor and pendimethalin on weeds,
growth, yield components and yield of cowpea. It

was also meant to investigate the possibilities of
supplementing low doses of herbicides with hand
weeding for effective weed control and their
economic returns in cowpea.

2. MATERIALS AND METHODS
2.1 Description of the Study Area

The experiment was conducted at Sirinka
Agricultural Research Center experimental sites
at Jari (11°21'N latitude and 39°38’E longitude;
1680 m. a. s. |. altitude) and Sirinka (11°4500 N
latitude; 39°3636 E longitude; 1850 m. a .s .l
altitude) in northern Ethiopia during the 2013
main cropping season (July to October ).The soil
of the experimental fields was clay loam and clay
with the pH of 6.95 and 6.91 at Sirinka and Jari,
respectively. At Sirinka the organic carbon was
1.37%, total N was 0.09%, available P 12.17 mg
kg' soil and CEC 53.44 cmolc kg' while
respective values at Jari were 1.33%, 0.07%,
9.17 mg kg and 33.44 cmolc kg”. The total
seasonal rainfall received during the crop season
was 750.4 mm and 589.1 mm at Sirinka and Jari
with mean maximum and minimum temperatures
of 28,6 and 14.7°C, and 29.6 and15.8°C,
respectively (Fig. 1).
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Fig. 1. Monthly mean maximum and minimum temperatures (°C) and total rainfall (mm)
at Jari and Sirinka in 2013 main cropping season
Source: Sirinka Agricultural Research Center
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2.2 Treatments and Experimental Design

The experiment of this study comprises of 12
treatments: s-metolachlor at (1.0, 1.5 and 2.0 kg
ha™), pendimethalin (1.0, 1.3 and, 1.6 kg ha™"), s-
metolachlor at 1.0 kg ha' + hand weeding at 5
weeks after crop emergence (WAE),
pendimethalin at 1.0 kg ha™+ hand weeding at 5
WAE, one hand weeding at 2 WAE, two hand
weeding at 2 and 5 WAE, weed free check and
weedy check. The design of the experiment was
randomized complete block design with three
replications.

The plot size was 3.6 m x 2.4 m. The cowpea
variety Asrat (IT 92KD-279-3) which is bush and
trailing type | was planted at inter- and intra- row
spacing of 60 cm and 10 cm, onthe 8"July and
13" of July, 2013 at Jari and Sirinka,
respectively. Fertilizer (100 kg DAP; 18 kg N+46
kg P2Os ha"1) was applied uniformly to each plot
at the time of sowing. The pre-emergence
herbicides were applied at the specific rates
using Knapsack sprayer one day after planting
usin9 flat-fan nozzle. The spray volume was 450
I ha™. The outermost one row from each side and
3 plants on each end of rows were excluded to
remove border effect. Thus, the net plot area was
24 m x 1.8 m. The crop was harvested on
October 15 and 25, 2013 at Jari and Sirinka,
respectively.

2.3 Data Collection and Analysis

Data on weed flora present in the experimental
fields were recorded during the experimental
period. The weed density was recorded by
throwing a quadrate (0.25 mx0.25 m) randomly
at two places in each plot at about 15 days
before the expected harvest time. The weed
species found within the sample quadrat were
identified, counted and expressed in m?>. For the
aboveground weed dry weight/ 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 samples
were sun dried for 3-4 days and thereafter were
placed in to an oven at 65°C temperature till their
constant weight and subsequent dry weight was
meazsured. The dry weight was expressed in
gm™.

Weed Index: It was measured from a particular
treatment when compared with a weed free
treatment and expressed as percentage of yield
potential under weed free.

Weed Index= %Xloo
Where

x= Yield from weed free check; y= Yield from a
particular treatment

Weed Control Efficiency (WCE): was calculated
using the following formula

wWDC — WDT
wDC
Where WCE= Weed Control Efficiency,

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

WCE = x 100

Number of days to 50% flowering was recorded
as number of days from emergence of cowpea to
the date when first flower appeared on 50% of
the plants in each plot, whereas days to maturity
was recorded as the number of days from
planting to the day when 90% of the plants
reached physiological maturity, i.e. both pods
and plants turned yellow (senescing) based on
visual observation. Plant height (cm) was taken
with a measuring tape 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. The number of pods plant’
was taken from the total pods of the above
tagged plants at harvest. The total number of
seeds from the above pods was taken and
counted to average the number of seeds pod™.
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 was
recorded and then as grain yield divided by the
aboveground dry biomass. Treatment per plant
dry weight of straw was multiplied by the number
of plants in respective treatments. This was
considered as the aboveground dry biomass
weight. The grain weight obtained in ten plants
was added to the final yield. The grain yield (kg
ha"1) was measured after threshing the sun dried
plants harvested from each net plot and the yield
was adjusted at 10.5% seed moisture content.

Data on weed community, weed density, weed
dry biomass; crop phenology, growth, yield
attributes and yield were subjected to analysis of
variance using GenStat 15.0 computer software
[15]. Fisher's protected Least Significant
Difference (LSD) test at 5% level of significance
was used to separate the differences among
treatment means (P < 0.05) [16]. As the F-test of
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the error variances for the parameters of the two
sites was homogeneous, combined analysis of
data was used.

2.4 Partial Budget Analysis

The concepts used in the partial budget analysis
were the mean grain yield under each treatment
for both locations, the field price of the crop (sale
price minus the costs of harvesting, threshing,
winnowing, bagging and transportation), the
varied total costs including the sum of field cost
of herbicide and its application. Actual yield was
adjusted downward by 10% to represent the
difference between the experimental yield and
the vyield farmers could get from the same
treatment [17].

3. RESULTS AND DISCUSSION

3.1 Effect of Weed
Practices on Weeds

Management

3.1.1 Weed community

The major weeds in the experimental fields were
broadleaved, while sedges were found at lesser
extent. There was only one grass species
present at Sirinka to a very limited extent. Hence
this weed was merged with sedges for the
purpose of describing the results. The parasitic
weed broomrape (O. cerenata) was found at Jari
in plots infested with X. sfrumarium only. The
remaining weeds were found at both locations.
The weed flora present in the experimental fields
is presented in Table 2.

Table 1. Description of herbicides used in the

experiment
Common Trade Chemical name
name name
S-metolachlor  Dual [2-chloro-6"-ethyl-N-
Gold (2-methoxy-1-
960EC  methylethyl)acet-o-
toluidide]
Pendimethalin  Stomp  [N-(1-ethylpropyl)-2,
Extra 6-dinitro-3, 4-xylidine]
38.7%
CS

3.1.2 Weed density

3.1.2.1Weed density at 20 days after crop
emergence

Weed density showed a significant difference (P
<0.01) due to various weed management

practices. At 20 DAE, the application 2.0 kg ha
'of s-metolachlor at Jari and Sirinka resulted in
the existence of lowest broadleaved weed
density. Furthermore, at Sirinka, no significant
differences existed between s-metolachlor at 1.5
kg ha™, pendimethalin 1.0 kg ha™ + handweeding
at 35DAE, and pendimethalin at 1.0 kg ha”. The
density of broadleaved weeds decreased with
the increase in s- metolachlor application rates
but significant difference was notobserved
between 1.0 and 1.5 kg ha™ rates (Table 2). This
trend was not found for pendimethalin wherein
pendimethalin at 1.0 kg ha’ recorded the
minimum weed density which was significantly
lower than pendimethalin at 1.3 kg ha” but in
parity with pendimethalin at 1.6 kg ha”. One
hand-weeding at 2 WAE (or 14 DAE), two hand-
weeding at 2 and 5 WAE ( or 14 and 35 DAE)
and pendimethalin at 1.3 kg ha' had higher
weed density, but the weedy check plots showed
appreciably highest broadleaved weeds density
than the other weed management practices at
both the locations.

At 20 DAE, the sedge density at Jari was
minimum for s-metolachlor at 2.0 kg ha™ treated
plots, which had no significant difference with its
lower rates, and s-metolachlor at 1.0 kg ha'+
handweeding at 5 WAE (35 DAE).The
application of s—metolachlor proved superior to
pendimethalin in controlling the sedges;
nevertheless, the performance of pendimethalin
was significantly better than weedy check. At
Sirinka the application of 2.0 kg ha™'s-
metolachlor also resulted in the lowest sedge
population and was statistically at par with s-
metolachlor at 1.5 kg ha'1, pendimethalin at 1.0
kg ha'1, and low dose of both the herbicides
superimposed with one hand-weeding at 5 WAE
(35 DAE).

The total weed densit1y was lowest with the
application of 2.0 kg ha™ of s- metolachlor at Jari
while at Sirinka, the lowest total weed densit1y
was obtained with s-metolachlor at 2.0 kg ha™,
but it had no significant difference with s-
metolachlor at 1.5 kg ha™, pendimethalin at 1.0
kg ha” + handweeding at 5SWAE (35 DAE)and
pendimethalin at 1.0 kg ha”.The increasing s-
metolachlor application rates decreased the total
weed density but there was no significant
difference observed between 1.0 and 1.5 kg ha’
tfreatments of s-metolachlor at Jari. In contrast,
pendimethalin at 1.0 kg haresulted insignificant
decrease in total weed density over its higher
rates. In the experimental field, it was observed
that the application of pendimethalin failed to
control C. benghalensis and at lower rate of its
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application, there might be more inter specific
competition between the weeds thereby resulting
in reduced overall weed density while under
higher rates, the weeds other than C.
benghalensis were also controlled which reduced
inter specific competition. Further, this in turn
might have provided greater opportunity to C.
benghalensis to germinate in larger amount. At
Sirinka the total weed density also decreased
with the increase in s-metolachlor application
rate, but at jari, there was no 3|gn|f|cant different
observed between 1.5 and 2.0 kg ha'rates. The
effect of pendimethalin on total weed density at
Sirinka was similar to that of Jari. The significant
reduction in weed density with lowest
pendimethalin application rate at both locations
was in contrast to the findings of [17] who stated
that reduced rates of herbicide are not advisable
under heavy weed pressure. However, it seemed
that the weed species and their composition also
determined the effectiveness of the herbicide. At
both locations, the total weed density was
significantly higher in weedy check than the other
weed management practices; however, the
results depicted higher weed pressure at Jari
than at Sirinka.

3.1.2.2Weed density at 55 days after crop
emergence

At 55 DAE, the density of broadleaved weeds
was lowest due to the application of 1.0 kg ha 'of
pendimethalin superimposed with one hand-
weeding at 5 WAE at Jari. However, it had no
S|gn|f|cant difference with s-metolachlor at 1.0 kg
ha™ treatment combined with one hand- -weeding
at 5 WAE and two hand-weeding at 2 and 5
WAE. The results also depicted that low rate of
s-metolachlor and pendimethalin when combined
with one hand-weeding were as effective as
complete weed free treatment to reduce the
broadleaved weed density. Alike what was at 20
DAE, the broadleaved weed density also
decreased with the increase in s- metolachlor
appllcatlon rates whereby 1.5 and 2.0 kg ha
'rates did not significantly differ weed density,
but there observed a 3|gn|f|cant reduction in
density over 1.0 kg ha 'rate. In case of
pendimethalin, the results remained inconsistent.
Two hand-weeding proved significantly better
than one hand-weeding in reducing the
broadleaved weed density. This might partially
be due to the late emerging X. strumarium which
infested the plots after one hand-weeding was
resorted. On the other hand, one hand-weeding
was found to bring significant reduction in
broadleaved weed density at all rates of
pendimethalin treatments.
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At Sirinka, the application of 1.0 kg ha™'of s-
metolachlor + one hand-weeding at 5 WAE gave
the lowest weed density which was not
significantly different with two hand-weeding.
Both of these practices were found to be
significantly better than other weed management
practices. The application of higher rates (1.5
and 2.0 kgha ) of s-metolachlor gave significant
reduction in density over its lower appllcatlon
rates while at higher rates (1.3 and 1.6 kgha™') of
pendimethalin it significantly increased over the
lower rates. Furthermore, the poor control of
these weeds with herbicide alone might be due
their bigger seed size which enabled them to
emerge from deeper soil layer as the weeds
emerging from deeper layers (herbicide free
zone) are selective to be applied herbicides due
to positional selectivity.

Late emerging weed X. strumarium was not
controlled by both of these herbicides which may
be due to bigger seed size that enabled it to
germinate from deeper soil depth in herbicide
free zone thus escaping the herbicide
interference in the germination process. On the
other hand, pendimethalin treatment failed to
control C. benghalensis. However, when the low
dose of herbicides was superimposed with hand-
weeding at 5 WAE, it might have contained the
infestation by these weeds resulting in
significantly lower broadleaved weed density
than the herbicides alone. Moreover, the
infestation of X. strumarium which might have
contributed to higher weed density was more
persistent at Jari than at Sirinka.

The sedges populat|on was lowest in
pendimethalin at 1.0 kg ha '+ one hand- -weeding
at 5 WAE at Jari which did not 3|gn|f|cantly differ
with s-metolachlor at 1.0 kg ha™ combined with
one hand- weedlng at 5 WAE, s- metolachlor at
2.0 kg ha'and two hand- -weeding at 2 and 5
WAE. All these practices were statistically at par
with complete weed free. At Sirinka, low dose of
both s-metolachlor and pendimethalin each
superimposed with one handweeding resulted in
the lowest sedges population which had no
3|gn|f|cant difference with s-metolachlor at 2.0 kg
ha”, one and two hand- -weeding. At Jari and
S|r|nka, weedy check had significantly higher
density than the other weed management
practices.

At 55 DAE, the total weed density was lowest
with the application of pendimethalin at 1.0 kg ha
'+ one hand-weeding, however, it had no
significant difference with s-metolachlor at 1.0 kg



Mekonnen et al.; AJEA, 7(5): 326-346, 2015; Article no.AJEA.2015.134

ha”+ one hand-weeding and two hand-weeding
at 2 and 5 WAE at Jari. At Sirinka, the application
of 1.0 kg ha"'of s-metolachlor at + one hand
weeding registered the minimum total weed
density which was significantly lower than other
weed management practices. Though, at Jari
there was no significant difference in total weed
den3|ty found between pendimethalin at 1.0 kg
ha™+ one hand weeding , s-metolachlor at 1.0 kg
ha'+ one hand weeding and complete weed
free, but at Sirinka, significant a variation was
observed between these treatments (Table 2). In
total weed density, the trend due to s-metolachlor
and pendimethalin application was similar to that
of broadleaved weeds and sedges at both sites.

3.1.2.3 Weed density at harvest

The broadleaved weed density at crop harvest
obtained due to application of 1.0 kg ha”of s-
metolachlor + hand weeding at 5 WAE, 1.0 kg
ha™ of pendlmethalln + hand weeding at 5 WAE,
20 kg ha 'of s-metolachlor and two hand
weeding at 2 and 5 WAE was statistically in
parity with complete weed free and resulted in
significantly lower density than the other weed
management practices at Jari (Table 3). Also, at
Sirinka a similar trend was observed but no
significant difference was found with one hand
weeding at 2 WAE. The effect of weed
management practices on sedges density was
similar to broadleaved weeds at Jari; however,
the application of 1.5 kg ha”'s- metolachlor at
was also in statistical parity.

The application of s—metolachlor alone, 1.0 kg
ha'of pendimethalin, low dose of these
herbicides combined with hand weeding and
hand weeding treatments were statistically at par

with each other and complete weed free except
s- metolachlor and pendimethalin each at 1.0 kg
ha'at Sirinka. All these weed management
practices significantly reduced sedge density
over other treatments. The density of both
broadleaved weeds and sedges were lower at
crop harvest than at 55 DAE. This might be due
to the competitive effect of the crop especially for
the solar radiation. In line with this result, [18]
described that plants with large leaf area indices
have a competitive advantage and normally out-
compete plants with smaller leaf areas.

The total weed density was significantly reduced
W|th the application of s-metolachlor at 1.0 kg ha
'+ hand weeding at 5 WAE, pendimethalin at 1.0
kg ha™ + hand weeding at 5 WAE, s-metolachlor
at 2.0 kg ha” and two hand weeding at 2 and 5
WAE over other weed management practices at
Jari whereas, one hand weeding had also similar
effect at Sirinka experimental site. All these
practices were statistically equivalent with
complete weed free in the practice of reducing
total weed density (Table 3). Hand weeding
uprooted the emerged weeds which were in turn
suppressed by the crop canopy that brings about
decreased weed density at crop harvest. The
weedy check plots resulted in significantly more
total weed density than all other weed
management practices that could be attributed to
unchecked growth of early and late emerging
weeds. The application of herbicide or hand
weeding, however, caused mortality of weeds
causing lower weed density at harvest. [19,20,9]
have also reported a maximum weed density in
weedy check and weed control methods like
application of herbicides and hand weeding and
hoeing significantly deceased weed density over
weedy check.

Table 2. Weed community recorded in cowpea, at the experimental sites of Jari and Sirinka in
main cropping season of 2013

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 L. Commelinaceae Annual (broadleaved)
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)
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Table 3. Effect of weed management practices in cowpea on weed density (m'z) at 20 and 55 days after crop emergence (DAE) at Jari and Sirinka in

2013 main cropping season

Weed density (M)

Weed management 20 DAE 55DAE
practices Broadleaved Sedges Total Broadleaved Sedges Total

Jari Sirinka Jari Sirinka  Jari Sirinka Jari Sirinka  Jari Sirinka Jari Sirinka
S-metolachlor at 1.0 kgha’  112.0° 50.67° 13.33°® 10.67° 125.3° 61.33° 90.7° 58.67° 26.67° 2133 117.3° 80.00°
S-metolachlor at1.5 kg ha”  82.7° 32.00° 8.00° 800"  90.7° 40.00° 50.7° 3467 1067 16.00° 61.3 50.67°
S-metolachlor at 2.0 kgha'  40.0° 26.67° 267" 533"  427° 32.00° 347"  40.00° 5.33" 13.33°  40.0" 53.33°
Pendimethalin at1.0 kgha'  152.0° 34.67° 21.33° 8.00°  173.3° 4267° 192.0° 8533° 5867° 26.67° 250.7° 112.00°
Pendimethalin at1.3kgha’  192.0®° 61.33°° 66.67° 13.33°° 258.7"° 74.67° 224.0° 106.67° 72.00° 37.33° 296.0° 144.00°
Pendimethalin at 1.6 kgha"'  176.0°° 66.67*° 53.33° 24.00® 229.3° 90.67* 181.3° 101.33° 53.33° 37.33° 234.7° 138.67°
S-metolachlor at 1.0 kg ha+ 109.3"  48.00° 8.00 8.00° 117.3° 56.00° 10.7%" 18.67° 2.67° 8.00' 133" 26.67°
hand weeding at 5 WAE
Pendimethalin at 1.0 kg ha'+ 149.3°  32.00° 18.67°° 8.00  168.0° 40.00° 8.0%" 29.33'  0.00° 8.00' 8.0" 37.33'
hand weeding at 5 WAE
One hand weeding at 2 210.7%  58.67°° 64.00° 18.67°° 2747 77.33° 109.3" 4267° 37.33° 1067" 146.7° 53.33°
WAE
Hand weeding at 2 and 208.0"° 61.33%° 61.33"° 21.33"° 269.3% 82.67° 24.0° 26.67° 5.339 13.33°  29.3""  40.00'
5WAE
Weed free check 0.0' 0.0' 0.00' 0.00' 0.0' 0.00' 0.0" 0.00" 0.00¢ 0.00¢ 0.0' 0.00"
Weedy check 213.3° 72.00° 72.00° 26.67° 285.3* 98.67° 330.7° 152.00° 98.67* 4533* 4293 197.33°
LSD (5%) 3265  11.73 1153  5.65 34.81 1275 2200  9.13 7.96 5.97 2495  9.84
CV (%) 14.1 15.3 21.0 26.4 12.1 13.0 12.4 9.3 15.2 17.8 10.9 75

CV= coefficient of variation; LSD= least significant difference; WAE =weeks after emergence, Means in coloumns of same parameter followed by the same letter(s) are not
significantly different at 5% level of significance
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3.1.3 Weed dry matter weight

The influence of weed management practices at
all the growth stages, in both the locations, on
the weed dry matter weight was highly
significant.

At 20 DAE, minimum weed dry werght was
registered with the application of 2.0 kg ha™ of s-
metolachlor at both locations (Table 3).Herbicide
application at both places resulted in significant
reduction in weed dry weight over weedy check.
With the increase in S-metolachlor application
rates, the weed dry weight significantly
decreased, while the results were inconsistent
with the application of pendimethalin at 20 and
55 DAEat both locations. At 55 DAE, weeds in
plots treated with 1.0 kg haof s- metolachlor +
hand weeding at 5 WAE and 1 kg ha” of
pendimethalin + hand weeding at 5 WAE at both
locations accumulated significantly the lowest dry
weight which might be due to the cumulative
effect of herbicide and hand weeding (Table 3).
[21] also obtalned lower dry weight of weeds with
1.0 kg ha” of butachlor at in combination with
cultural practices, which was at par with weed
free check. The results also revealed significant
reduction in weed dry weight with two hand
weeding as compared to one hand weeding and
herbicides applied alone at this stage. The
advantage of twice hand weeding over one hand
weeding might be due to reduced soil seed bank
as well as the weeds that emerged after second
hand weeding were shorter in growth than the
weeds that emerged after first hand weeding .
Hand weeding controlled the emerged weeds
and those that emerged later on might have
failed to accumulate sufficient dry matter owing
to the competition offered by the crop plants 55
DAE. Moreover, the weed seeds under depleted
soil seed bank that might have been brought to
the upper soil layer by hand weeding, though
germinated and emerged later, but were in their
initial growth stage thus accumulated less dry
weight.

There was great difference in weed dry matter
between the locations under respective weed
management practices which might be the result
of difference in weed density and, the
environment. [22] also reported that herbicide
application decreased the dry biomass of weeds;
however, this decrement depends on several
factors ,for example, duration of the crop, type of
weed species, herbicides, fertilizer, etc. The rate
of metolachlor application may depend upon soil
types, rainfall and temperature Similarly, [23]
found that 1.5 kg ha™ of this herbicide is to be

effective for the control of weeds in common
bean. At crop harvest also similar effect of weed
management practices was observed (Table 3).
[9,24] also concluded that dry weight of weeds
was significantly reduced in herbicide treated
plots.

At 55 DAE weeds in plots treated with 1.0 kg
ha™ of s- metolachlor + hand weeding at 5 WAE
and 1.0 kg ha™' of pendimethalin + hand weeding
at 5 WAE at both locations accumulated
significantly the lowest dry weight due to the
cumulative effect of herbicide and hand weeding
(Table 3). At the time of crop harvest similar
effect of weed management practices was
observed (Table 3). [21] also obtalned lower dry
weight of weeds with 1.0 kg ha™of butachlor in
combination with cultural practices, which was
equivalent with weed free check. [9] and [24] also
concluded that dry weight of weeds was
significantly reduced in herbicide treated plots.
The result of this study was in agreement with
earlier works by [25,26] who observed reduced
weed dry weight when herbicide application in
common bean was combined with one hand
weeding. Better control of weeds at the early
stages by applying 1.0 kg ha™ of fluchloralin and
subsequent removal of weeds by hand weeding
at 40 DAE resulted in lesser weed count and
weed dry weight [27].

Hand weeding controlled the emerged weeds
and those weeds which would emerged later that
might have failed to accumulate sufficient dry
matter due to the competition offered by well
grown crop plants. Further, the weed seeds
under depleted soil seed bank that might have
been brought to the upper soil layer by hand
weeding, though germinated and emerged later,
but were in their initial growth stage thus
accumulated less dry weight.

At the time bharvest, the weed dry weight
accumulation with the increasing rates of s-
metolachlor application significantly decreased at
Jari, but no significant difference was obtalned
between the treatment of 1.5 and 2.0 kg ha™ of s-
metolachlor at Sirinka. In contrast the application
of 1.3 and 1.6 kg ha™ pendimethalin had
significantly higher weed dry weight than its
lower rate at Jari, whilethe difference existed
between these rates at Sirinkawas not
S|gn|f|cant Moreover, the treatment with 1.0 kg
ha'pendimethalin  had weed dry weight
statistically in parity with s-metolachlor rates at
Sirinka (Table 3). The occurrence of significantly
higher weed dry weight with increased
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pendimethalin application at Jari might be owing
to the presence of the severe infestation with
X. strumarium. On the other hand, at Sirinka, this
weed was not found and the difference observed
in weed dry weight was not significant. The data
also depicted that the weedy check registered
the highest weed dry weight which was
significantly higher than other weed management
practices.

Two hand weeding proved significantly better
than one hand weeding in reducing weed dry
weight at Jari whereas there was no significant
difference observed at Sirinka. The contrasting
results might be due to the extent to which the
weed species and or the density differed at both
locations. The results depicted that the
application of s-metolachlor and pendimethalin at
their lowest rates combined with one hand
weeding provided prolonged weed control, and
significant reduction in weed dry weight at
harvest was observed like what was registered at
earlier growth stages. Moreover, at Sirinka, s-
metolachlor combined with hand weeding was as
effective as complete weed free treatment in
reducing the weed dry weight at the time of
harvest. The effectiveness of both herbicides
applied alone decreased with the increase in
crop growth stage and this was more
pronounced in case of pendimethalin. This might
be due to late emerging weeds in herbicide
treated plots that may be the consequence of
loss of activeness of a herbicide (Table 3). At Jari
experimental site, X. strumarium grew faster in
the absence of inter-specific competition with
other weed species especially in pendimethalin
treated plots.

At both locations, weeds accumulated higher dry
weight in weedy check plots and it was
significantly higher than other weed management
practices (Table 3). The higher weed dry weight
in weedy check might be due to higher weed
density that provided an opportunity to the weeds
to compete vigorously for nutrients, space, light,
water and carbon dioxide resulting in higher
biomass production. Application of herbicides not
only reduced the density of weeds but also
suppressed the weed growth bringing about
lower dry weight. These results are in agreement
with the findings of [19,28] who reported
maximum weed dry weight in weedy check. [29]
reported that the weeds that germinated earlier
or at the same time as the crop emergence,
offered a serious competition as they got an
opportunity to establish and accumulate dry
matter weight faster than the crop.

3.2 Effect of Weed Management Practices
on Crop Phenology and Growth Yield
Attributes and Yield

3.2.1. Crop phenology and growth
3.2.1.1 Days to 50% flowering

Days to 50% flowering was significantly
influenced by location, weed management
practices and their interaction. It was observed
that at Sirinka the application of s-metolachlor at
1.0 kg ha”'+ hand weeding at 5 WAE resulted in
significantly earlier flowering than Jari.

This was followed by the combination of
pendimethalin at 1.0 kg ha+ one hand weeding
at 5 WAE at the same location which was
statistically at par with the application of s-
metolachlor at 1 kg ha'+ hand weeding at five
WAE at Jari. The 50% flowering was delayed
when weeds grown uninterrupted at both
locations. However, this delay was significant at
Sirinka. In conformity with this result, [30] also
identified that the plants in unweeded plots took
the highest time to reach 50% flowering. In
general, application of either 1.0 kg ha'of s-
metolachlor or 1.0 kg ha™ of pendimethalin each
combined with one hand weeding at 5WAEleads
to enhanced 50% flowering at both locations.
This is consistent with the finding of [31], who
stated that treating plots with chemical and
supplementing with hand weeding at intervals
helped to reduce the number of days to flowering
and maturity.

3.2.1.2 Days to 90% physiological maturity

The effect of location, treatments and their
interaction had a significant effect on 90%
physiological maturity of the crop. The result
within location treatments did not reveal
significant difference in days to physiological
maturity, however, at Sirinka; it was significantly
delayed under all the treatments compared to
what was found at Jari. The delayed maturity by
about 10 days at Sirinka (Table 4) could be due
the differences in amount and distribution of rain
fall, temperature and elevation. The result was in
contrast to the findings of [31] who stated that
treating plots with chemical and supplementing
with hand weeding at intervals helped to reduce
number of days to maturity.

3.2.1.3. Plant height

The data (Table 5) showed that the plant height
was significantly affected due to location while
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the weed management practices and its
interaction with location had no significant effect.

The plants at Jari experimental site had
significantly higher height by 12.3% than that of
Sirinka. The higher temperature at Jari might
have triggered growth resulting in increased plant
height. More sunlight penetration to the crop
plants also made photosynthates available,
however, no significant difference in plant height
was found between the weed management
practices despite a great variation in weed
density and dry weight (Table 2; Table 3). In
contrast, [32] found differences in plant height
due to various intensities of weed competition
with crop plants.

3.2.3 Effect of weed management practices
on yield attributes and yield

3.2.3.1. Stand count at harvest

The stand count at harvest was significantly
influenced by location and weed management
practices, but their interaction had no significant
effect (Table 6). The final crop stand was
significantly higher by 8.1% at Sirinka than at
Jari. The weed density as well as weed dry
weight was higher at Jari than at Sirinka
(Table 2; Table 3) might have contributed for the
lower survival of crop plants. The highest stand
count was recorded from the treatment of s-
metolachlor at 1.0 kg ha™'+ hand weeding at 5
WAE (120756 plants ha™) which was statistically
in parity with weed free check, pendimethalin 1.0
kg ha™'+ hand weeding at 5 WAE and two hand
weeding at 2 and 5 WAE.

Comparatively higher survival of the plants
observed under these weed management
practices could be due to better weed control.
The significantly lower plant stand under weedy
check might be due to severe competition for
growth resources particularly for space and light
that suppressed crop plants the extent that the
crop plants could not survive.

3.2.3.2. Number of pods per plant

The location, weed management practices and
their interaction had significant effect on number
of pods plant " The interaction effect revealed
highest number of pods plant 'obtained with the
application of s-metolachlor at 1.0 kg ha' + one
hand weeding at 5 WAE at Jari which was
statistically similar to the weed free check at both
locations (Table 7). Furthermore, the results
showed that weed free check had also no

significant difference in number of pods plant”
obtained with the treatment of 1.0 kg ha' of
pendimethalin + one hand weeding at 5 WAE
both at Jari and Sirinka as well as with the
treatment of 1.0 kg ha” of s-metolachlor + one
hand weeding at 5 WAE at Sirinka. Two hand
weedings at 2 and 5 WAE when interacted with
the location did not show significant difference
but proved significantly better than one hand
weeding at 2 WAE at both locations.

The application of 1.0 kg ha” of pendimethalin
and 1.0 kg ha'of s-metolachlor, each
accompanied with one hand weeding resulted in
significant increase in number of pods plant'1as
compared to the application of these herbicides
alone which was on account of prolonged weed
control with hand weeding. This result is in line
with the work of [6] who earlier stated that
application of pendimethalin at 3.75 | ha '+ hand
weeding at 5 weeks after sowing significantly
gave higher mean values of yield components of
cowpea. The more vigorous leaves under low
infestation level helped to improve the
photosynthetic efficiency of the crop and
supported a large number of pods as reported
from the work done earlier [33].

The lowest number of pods plant'1 was observed
in weedy check plots at Jari which was
significantly lower than the other interactions
except the interaction of 1.0 kgha’1 and at 1.3 kg
ha” of pendimethalin at the same location. This
might be due to the significantly more weed
density and total weed dry weight (Table 3) in
these treatments at Jari. The long season weed
interference might have also resulted in shade
effect that reduced the irradiance predominantly
in the photosynthetically active region of the
spectrum and the irradiance is a major ecological
factor that influences plant growth [34].

These results are in line with [35] who observed
an increased number of pods plant’ where weed
population was reduced by management
techniques. Similarly, [36,37] stated that the
number of pods produced per plant or
maintained to final harvest depends on a number
of environmental and management practices.

3.2.3.3. Number of seeds per pod

The number of seeds pod” had a significant
effect due to locations, and at Sirinka, the pods
had 10.4% higher number of seeds compared to
Jari. Despite a difference of 2.7 seeds pod™ the
weed management practices did not show any
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significant difference (Table 5). However, in
agreement with the findings of [30], this study
also indicated lowest number of seeds podin
weedy check.

3.2.3.4. Hundred grain weight

The effect of locations and treatments was highly
significant (P< 0.01) while their interaction had
no significant effect on 100 seed weight. The
seeds at Sirinka had significantly higher weight
(by 7.6%) than at Jari. The grains under
complete weed free plots recorded the highest
weight which was statistically at par with two
hand weedlng at 2 and 5SWAE, pendimethalin at
1.0 kg ha” + one hand weedlng at 5 WAE, s-
metolachlor at 1.0 kg ha'+ hand weedlng at 5
WAE, pendimethalin at 1.3 kg ha' and s-
metolachlor 2.0 kg ha™. The lowest 100 grain
weight was observed in weedy check, however, it
was comparable with one hand weedlng at 2
WAE and s-metolachlor 1.5 kg ha™ (Table 6).
The plants raised under complete weed free
environment were free from weed competition.
Thus, they utilized available resources to their
maximum benefit leading to increased seed
weight. Also, the more and vigorous leaves
under weed free environment that improved the
supply of assimilate to be stored in the seed,
hence, the weight of 100 grains increased. The
lowest 100 grain weight was observed in weedy
check. However, it was equivalent with one hand
weeding at 2 WAE and 1.5 kg ha'of s-
metolachlor (Table 6). This is consistent with [38]
who stated that cowpea plants in unwedded plots
gave the lowest 100 seed weight. However, [39
and 40] reported that there was no significant
difference found in grain weight due to weed
management practices in common bean.

3.2.3.5 Grain yield

Cowpea grain yield was significantly (P<0.01)
influenced by the location, weed management
practices and their |nteract|on The maximum
grain yield (4277 kg ha™ ) was obtained in
complete weed free at Sirinka which was
statistically at par with complete weed free at Jari
and two hand weeding at Sirinka. Further, the
interaction effect showed that the yield obtained
with complete weed free treatment at Jari and
two hand weeding at Sirinka had no S|gn|f|cant
difference with the application of1.0 kg ha of s-
metolachlor + hand weeding at 5 WAE and 1.0
kg ha™ of pendimethalin + hand weeding at 5
WAE at Sirinka. It was also found that with the
increasing rate of s-metolachlor application there

was an increase in yield but no significant
varlatlon was observed between 1.5 and 2.0 kg
ha™ of s-metolachlor application at both locations
(Table 7). But these treatments deplcted
significant yield increase over 1.0 kg ha” of s-
metolachlor application which was 22. 5% and
33.0%, 18.7% and 22.7% over 1.0 kg ha™ of s-
metolachlor, respectively at Jari and Sirinka.

The interaction effect of location with increasing
rates of pendimethalin showed significant
reduction |n yield with the application of 1.3 and
1.6 kg ha™' of pendimethalin over its lower rate at
Jari. In contrast, at Sirinka, results were
inconsistent and no significant difference eX|sted
among the rates. At Jari, 1.0 kg ha'of s-
metolachlor + hand weeding at 5 WAE gave
significant yield increase over 1.0 kg ha” of
pendimethalin + hand weeding at 5 WAE, while
these weed management practices were
statistically in parity at Sirinka. However, at both
the locations, two hand weeding proved
significantly better than one hand weeding
(Table 7).

Weedy crop throughout the growing period
resulted in the lowest grain yield, but at
respective locations did not have a 3|gn|f|cant
difference with 1.3 and 1.6 kg ha' of
pendimethalin at Jari, and 1.0 and 1.6 kg ha™ of
pendimethalin as well as 1.0 kg ha' of s-
metolachlor at Sirinka. While comparing weedy
check at Sirinka with weed management
practices at Jari, the data (Table 5) revealed that
weedy check pIots had significantly higher yield
than 1.0 kg ha™" of s- metolachlor, 1.3 and 1.6 kg
ha” of pendimethalin while it was stat|st|cally
equivalent with 1.5 and 2.0 kg ha' of s-
metolachlor, 1.0 kg ha' of pendimethalin and
one hand weeding at 2 WAE (Table 7). The yield
obtained at Sirinka in general, was significantly
higher than at Jari under most of their respective
weed management practices. This difference
might have been partially due the differences that
eX|sted in number of pods plant 'and seeds pod
'between the locations. In line with this, [41]
obtained significant increase in yield with the
application of pendimethalin at 0.75 kg ha

supplemented with one hand weeding 45 days
after sowing in black gram. Similar conclusion
has also been drawn by [42] that proper weed
management gave higher yields of crops. The
phenomenon involved in crop yield increase as
affected by different weed control method has
already been well described by [6,43,44,38] also
stated that the yield and yield components of
cowpea were also affected by weed control

337



Mekonnen et al.; AJEA, 7(5): 326-346, 2015; Article no.AJEA.2015.134

methods. This confirms the adverse effects of the
weeds on the cowpea crop production sites as
reported earlier by [45,46].

3.2.3.6. Aboveground dry biomass yield

The highest aboveground dry biomass yleld
(10797 kg ha™ ) was obtained in 1 kg haof s-
metolachlor + one hand weeding at 5 WAE
treated plots at Jari which was statistically at par
with two hand weeding s at 2 and 5 WAE at the
same location (9831 kg ha™ ), s-metolachlor at aII
the application rates (9815 to 10694 kg ha™),
pendimethalin at 1.5 kg ha', low rates of s-
metolachlor and pendlmethalln combined with
one hand weeding at 5 WAE, one hand weeding
and weed free check at Sirinka (Table 7). Weedy
check plots had the lowest aboveground dry
biomass yield among the ftreatments at
respective locations, which was statlst|cally at
par with pendimethalin at 1.3 and 1.6 kg ha™ at
Jari. At Sirinka, the aboveground dry biomass
yield in weedy check was S|gn|f|cantly lower than
s-metolachlor at 2.0 kg ha' and two hand
weeding s at 2 and 5 WAE only. [47] reported
that the increased dry matter weight of the crop
was highly governed by the length of weed free
period. While comparing the individual
treatments in general, the aboveground dry
biomass yield was higher at Sirinka than Jari.
However, high production of total dry matter
might not necessarily be of great value when the
grain comprises a part of the plant. Though, the
higher aboveground dry biomass in complete
weed free and hand weeded plots may be due to
better condition in soil rhizosphere that improved
the competitive ability of the crop and favored
more vegetative growth.

3.2.3.7. Harvest index

The results of both treatment revealed that the
location and weed management practices had a
significant influence on crop harvest index. The
crop grown at Sirinka had significantly higher
harvest index than at Jari. Highly significant
harvest index was observed as compared to the
weed management practices found when the
crop was kept weed free throughout the growing
season (Table 7). Th|s was followed by
pendimethalin 1.0 kg ha™ + hand weeding at 5
WAE, s-metolachlor 1.0 kg ha”'+ hand weeding
at 5 WAE and two hand weeding at 2 and 5
WAE. Though these weed management
practices did not show statistically significant
differences among them but had significantly
higher harvest index than the remaining weed

management practices. The weedy check
showed the minimum harvest index that did
not significantly vary W|th 1.0 kg ha’ of
S- metolachlor 1.3 kg ha” of pendimethalin and
1.6 kg ha” of pendimethalin treatments. This
lower harvest index might be due to severe weed
competition with the crop for the growth factors,
which restricted the growth and development of
the crop in weedy check plots. Further, severe
weed interference (Tables 2 and 3) might have
decreased root/shoot ratio [46], increased
vegetative growth duration (Table 4) and
allocation of more assimilates for shoot rather
than root growth. Likewise, the photosynthetic
activity might be more during the vegetative
phase of crop growth that contributed towards
more total dry matter production, but the pace of
this photosynthetic rate might have registered
much higher decline due to disintegration of
nodules with the initiation of pod development
resulting in lower harvest index.

3.2.3.8. Yield loss

The weeds under different weed management
practices caused variability in the amount of
grain yield loss in cowpea. The highest yield loss
(70.8%) was recorded in weedy check at Jari.
This was statistically in parity with the Ioss
registered with the appllcatlon of 1.3 kg ha™ of
pendimethalin and 1.6 kg ha™ of pendimethalin
at the same location. All these weed
management practices recorded a significant
yield loss compared to other treatments. At
Sirinka, the highest loss (47.5%) in yield, due to
weeds, was also in weedy check, but it did not
show significant variation with the loss accrued
from the appllcatlon of s- metolachlor at all rate,
1.0 kg ha™ pendimethalin and one hand weedlng
at 2 WAE at Jari, and 1.0 kg ha” of s-
metolachlor and 1.0 and 1.6 kg ha 'of
pendimethalin. The application of 1.0 kg ha™ of s-
metolachlor combined with one hand weeding
S5WAE resulted in the lowest yield loss which was
statistically similar with two hand weeding at 2
and 5 WAE at both experimental sites, as well as
1.0 kg ha™' of s- metolachlor and 1.0 kg ha™ of
pendimethalin were both combined with one
hand weeding 5WAE at Sirinka. Moreover, it was
observed that the yield loss due to s-metolachlor
1.0 kg ha™ superimposed with one hand weeding
SWAE at Jari and two hand weeding at 2 and 5
WAE at Sirinka were not significant as compared
to complete weed free at both locations
(Table 7). This observation is consistent with the
work of [6,8] who reported that the presence of
weeds reduced yield (by 82%).
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Table 4. Effect of weed management practices in cowpea on weed density (m'z’ at harvest and on weed dry biomass (g m™ at different growth
stages of crop at Jari and Sirinka in 2013 main cropping season

Weed density at harvest (m™)

Weed dry biomass weight (g m™)

Weed management Broadleaved Sedges Total 20 DAE 55 DAE At harvest
practices Jari Sirinka Jari Sirinka Jari Sirinka Jari Sirinka Jari Sirinka Jari Sirinka
S-metolachlor at 1.0 kg ha”  107.67° 38.67° 29.00° 4.33° 136.7°  43.00° 754" 15.77° 295.9° 124.27° 3123° 138.7°
S-metolachlor at1.5 kg ha’  61.67°  20.67° 11.33° 3.00°  73.0° 23.67°  48.8° 12.73° 183.4' 9240° 209.9° 98.7°
S-metolachlor at 2.0 kgha"'  12.00"  3.00" 1.33' 1.67°  13.3 467" 220"  1027"  1242" 8230 146.9°  102.0°
Pendimethalin at1.0 kg ha”  152.00° 29.33"  40.67°  4.33° 192.7°  33.67¢ 108.5° 14.47° 504.9° 116.33° 541.0° 130.2°°
Pendimethalin at1.3kgha'  176.00° 52.00° 55.33° 13.67° 231.3° 65.67° 150.2° 19.77° 547.3° 128.07°° 574.4° 142.1°
Pendimethalin at 1.6 kg ha”’  146.67° 52.00° 39.33° 17.67° 186.0° 69.67° 133.3° 21.67° 559.8° 128.60° 581.5° 144.8°
S-metolachlor at 1.0 kgha™  1.33' 2.67" 1.33' 3.00°% 2.7 5.67' 718" 1440 27.3' 2150" 435 29.0°
'+hand weedingat 5 WAE

Pendimethalin at 1.0 kgha™  1.33' 5.00' 0.00' 3.00% 1.3' 8.00' 105.4° 12.23% 274 25.70°  38.1' 32.3¢
'+hand weedingat 5 WAE

One hand weeding at 2 54.67°  2.67° 12.67° 233"  67.3° 5.00' 172.6° 21.56° 142.4° 116.90d 170.4'"  126.8™
WAE

Hand weeding at 2 and 5.33' 3679 267 267 8.0 6.33' 173.6° 25.90° 96.5' 82.73' 110.0"  98.0°
5WAE

Weed free check 0.00' 0.00° 0.00' 0.00° 0.0' 0.00° 0.0' 0.00° 0.0 0.00' 0.0’ 0.0
Weedy check 289.33° 92.00° 80.67° 24.33% 370.0° 116.33° 178.8° 32.20° 882.8° 265.40° 906.3° 247.6°
LSD (5%) 16.12 4.64 7.84 3.37 20.28 5.42 4.38 2.43 6.30 3.96 16.36 32.30
CV (%) 11.3 10.9 20.3 29.9 11.2 10.1 25 8.6 1.3 2.4 3.2 17.7

CV= coefficient of variation, LSD= least significant difference, DAE= days after emergence, WAE= weeks after emergence, Means in coloumns of same parameter followed by
the same letter(s) are not significantly different at 5% level of significance

339



Mekonnen et al.; AJEA, 7(5): 326-346, 2015; Article no.AJEA.2015.134

Table 5. Interaction effect of location and weed management practices on days to flowering
and physiological maturity of cowpea in 2013 main cropping system

Weed management

Days to 50% flowering

Days to physiological maturity

practices Jari Sirinka Jari Sirinka
S-metolachlor at 1.0 kg ha™ 61.0° 62.0° 85.0° 94.0°
S-metolachlor at 1.5 kg ha™ 61.0° 62.0° 85.0° 94.0°
S-metolachlor at 2.0 kg ha™ 59.0° 57.3' 83.0° 92.0°
Pendimethalin at 1.0 kg ha™ 61.0° 62.0° 85.0° 94.0°
Pendimethalin at 1.3 kg ha™ 61.0° 62.0° 85.0° 94.0°
Pendimethalin at 1.6 kg ha™ 61.0° 62.0° 85.0° 94.0°
S-metolachlor at 1.0 kg ha™'+ hand ~ 56.7° 55.0" 83.0° 92.0°
weeding at 5 WAE

Pendimethalin at 1.0 kg ha' + hand  57.7' 56.3° 83.0° 92.0°
weeding at 5 WAE

One hand weeding at 2 WAE 61.0° 62.0° 85.0° 94.0°
Two hand weeding at 2 and 5 WAE  61.0° 62.0° 83.7° 94.0°
Weed free check 57.3" 55.7" 83.0° 92.0°
Weedy check 63.0° 64.0° 85.0° 94.0°
LSD (5%) L x WMP 0.63 8.0

CV (%) 0.6 0.3

CV= coefficient of variation, LSD= least significant difference, WAE= weeks after emergence, Means in coloumn
and row of same parameter followed by the same letter(s) are not significantly different at 5% level of significance

Table 6. Effect of location and weed
management practices on plant height (cm)

of cowpea in 2013 main cropping season

Treatments Plant
height
(cm)
Location
Jari 68.07°
Sirinka 60.60°
LSD (5%) 3.82
Weed management practices
S-metolachlor at 1.0 kg ha™ 64.04
S-metolachlor at1.5 kg ha™ 65.53
S-metolachlor at 2.0 kg ha™ 61.49
Pendimethalin at1.0 kg ha™ 66.52
Pendimethalin at1.3 kg ha™ 68.20
Pendimethalin at 1.6 kg ha™ 62.51
S-metolachlor at 1.0 kg ha™'+ hand ~ 62.87
weeding at 5 WAE
Pendimethalin at 1.0 kg ha'+ hand ~ 61.47
weeding at 5 WAE
One hand weeding at 2 WAE 64.56
Two hand weeding at 2 and 5 WAE 60.06
Weed free check 62.26
Weedy check 73.58
LSD (5%) NS
CV (%) 12.51

CV= coefficient of variation, LSD= least significant

difference, WAE= weeks after emergence, NS= not
significant, Means in coloumn followed by the same
letter(s) are not significantly different at 5% level of

significance

On the other hand, [7,47,48] found that there
existed 12.7%-60.0%,40% to 60% and 25% and
60% reduction in potential yield of cowpea due to
weeds, respectively. This difference in reduction
in cowpea vyield reported by various researchers
might be due to the differences in weed flora,
crop varieties and environmental conditions
prevailing in the study area. Therefore, the
difference in time of weed removal might have
contributed to this variation in vyield. The
herbicide might have dissipated soon from the
soil under the influence of environmental
conditions prevailing during the crop season.

3.3 Partial Budget Analysis

The result of the partial budget analyses showed
that two hand weeding accrued 4.2 and 13.4%
higher total variable cost than 1.0 kg ha' of
pendimethalin and1.0 kg ha™ of s—metolachlor
both  superimposed with hand weeding,
respectively at both sites (Table 9). On the other
hand highest gross as well as net benefits were
obtained with the application of 1.0 kg ha"'of s-
metolachlor at + hand weeding , followed by two
hand weeding at 2 and 5 WAE and 1.0 kg ha™of
pendimethalin +hand weeding.
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Table 7. Effect of weed management practices on crop stand (ha™), number of seeds pod™, hundred seed weight (g) and harvest index (%) of
cowpea at Jari and Sirinka in 2013 main cropping season

Factors Crop Number of seeds Hundred grain weight Harvest index
stand (ha'1) pod” (9)
Location
Jari 98251° 12.01° 11.90° 0.28°
Sirinka 106224° 13.26° 12.82° 0.31°
LSD (5%) 4830.1 0.78 0.27 0.013
CV (%) 10.0 13.05 4.70 9.10
Weed management practices
S-metolachlor at 1.0 kg ha™ 92978 ° 12.03 12.39” 0.24%
S-metolachlor at 1.5 kg ha™ 96065> 13.08 11.80% 0.30°
S-metolachlor at 2.0 kg ha™ 105324"° 12.74 12.64% 0.29°
Pendimethalin at 1.0 kg ha™ 95293% 12.85 12.24*° 0.27%
Pendimethalin at 1.3 kg ha™ 93750% 12.56 12.66% 0.24%
Pendimethalin at 1.6 kg ha™ 101466° 11.36 12.32"° 0.25%
S-metolachlor at 1.0 kg ha™ + hand weeding at 5 WAE 120756 ® 13.40 12.68% 0.35°
Pendimethalin at 1.0 kg ha™ + hand weeding at 5 WAE 117284 ° 13.60 12.55% 0.37°
One hand weeding at 2 WAE 90664 ¢ 12.72 12.05°* 0.29°
Two hand weeding at 2 and 5 WAE 114969 12.57 12.52% 0.36°
Weed free check 120370 ® 13.68 13.11° 0.41°
Weedy check 77932° 11.02 11.44° 0.22°
LSD (5%) 11831.3 NS 0.67 0.032
CV (%) 10.0 13.05 4.7 9.10

CV= coefficientof variation; LSD= least significant difference; WAE= weeks after emergence; NS= not significant; Means in coloumn of same parameter followed by the same
letter(s) are not significantly different at 5% level of significance
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Table 8. Interaction effect of location and weed management practices on number of pods plant'1, grain and aboveground dry biomass yield
(kg ha™") and yield loss (%) in cowpea in 2013 main cropping season

Weed management Number of pods Grain yield Aboveground dry Yield loss (%)
practices plant” (kg ha'1) biomass yield (kg ha'1)

Jari Sirinka Jari Sirinka Jari Sirinka Jari Sirinka
S-metolachlor at 1.0 kg ha™ 1211 12.70™ 1750 2595™ 7408 10082°%° 55.4° 39.4%%°
S-metolachlor at1.5 kg ha™ 16.00""  11.50" 2144 3080 7185%"  9815°° 44.7%  28.0"
S-metolachlor at 2.0 kg ha™ 13.119"  17.13%%° 2327"  3185™ 7780 10694 39.9°° 256"
Pendimethalin at1.0 kg ha™ 10.67"  14.53"" 2373%  2582" 8957  9136*° 39.2°°  39.6%°
Pendimethalin at1.3 kg ha™ 8.00' 12.83" 1322 2696%" 6157" 9763** 66.1°  36.9%
Pendimethalin at 1.6 kg ha™ 8.67" 15.33°" 1282™  2555"K 5932 9059 67.1%  40.1%°
S-metolachlor at 1.0 kg ha™ + hand weeding at 5 WAE 22.44°  19.07"° 3595% 3769 10797 9949 7.9 11.8'
Pendimethalin at 1.0 kg ha™ + hand weeding at 5 WAE 19.33%°  18.97" 30179 3614 8161°9  9753** 227" 153"
One hand weeding at 2 WAE 15.33%9 1583 2312"  2969"" 8382%  9733** 40.1°%  30.5%¢
Two hand weeding at 2 and 5 WAE 18.11%  19.00" 3452% 3864 9831 10438 11.6 9.5
Weed free check 20.78%°  20.67* 3907%  4277° 9566°°  10113*° 0.0 0.0/
Weedy check 7.67' 10.63" 1134™  2241* 5661' 9043 70.9% 475
LSD (%) L xWMP 2.456 422.0 1079.0 10.57
CV(%) 10.0 9.3 7.4 19.6

CV= coefficient of variation; LSD= least significant difference; WAE= weeks after emergence; Means in coloumn and row of same parameter followed by the same letter(s) are
not significantly different at 5% level of significance
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Table 9. Partial budget analysis of weed management practices in cowpea based on total
variable cost in 2013 main cropping season

Weed management Total variable  Average Adjusted Gross Net
practices cost (ETB ha'1) yield yield (kg ha'1) benefit Benefit
(kg ha’)  10% down (ETB ha) (ha")
S-metolachlor at 1.0 kg ha” 3935 2172.4 1955.2 29328 25393
S-metolachlor at1.5 kg ha™ 4841 2612.1 2350.9 35264 30423
S-metolachlor at 2.0 kg ha™ 5283 2756.0 2480.4 37206 31923
Pendimethalin at1.0 kg ha™ 5589 24775 2229.8 33447 27858
Pendimethalin at1.3 kg ha™ 5339 2009.0 1808.1 27122 21783
Pendimethalin at 1.6 kg ha™ 5581 1918.6 1727.4 25911 20330
S-metolachlor at 1.0 kg ha’ 6828 3682.0 3313.8 49707 42879
'+hand weeding at 5 WAE
Pendimethalin at 1.0 kg ha’ 7430 3315.8 2984.2 44763 37333
'+hand weeding at 5 WAE
One hand weeding at2 WAE 5620 2640.5 2376.5 35648 35649
Two hand weeding at 2 and 7742 3658.4 3292.6 49380 41638
5 WAE
Weedy check 2642 1687.3 1518.6 22779 20137

Cost of s-metolachlor 417 Birr/ kg; cost of pendimethalin 620 Birr/kg; Spraying Birr 99/ ha; Cost of hand weeding
and hoeing 2 WAE 45 persons, 35 DAE 16 persons @Birr 33 / person; Sale price of cowpea Birr 15/ kg; Field
price of cowpea (sale price- variable input cost-harvesting, threshing and winnowing Birr 165/ 100 kg; packing

and material cost Birr 4.0 per 100 kg, transportation Birr 5 per 100 kg ; ETB= 0.0498 USD

4. CONCLUSION

It can be inferred from this study that the
treatment of 1.0 kg ha' of s-metolachlor
supplemented with one hand weeding at 5 DAE
is the most profitable treatment with an alternate
weed management option i.e. 1.0 kg ha™' of
pendimethalin supplemented with one hand
weeding 35 DAE. Therefore, managing the
weeds with the application of 1.0 kg ha™ of s-
metolachlor + hand weeding and hoeing at 35
DAE proved to be the most profitable practice.
However, under the condition of labour constraint
and timely availability of the herbicide, pre
emergence application 2.0 kg ha' of s-
metolachlor should be used to preclude the yield
loss and ensure maximum benefits. For broad-
spectrum and effective weed control, the
herbicide mixture should also be tested. Further,
to prevent the weed shift, these two herbicides
should be used as herbicide rotation. In future,
there is a need to explore the effectiveness of
various combinations of these two herbicides for
cost effective and broad spectrum weed control
in cowpea production.

ACKNOWLEDGMENTS

Above all, | wish to thank Jesus Christ, my good
Shepherd, Savior and Lord, "for everything that
was made through Him, nothing was made
without Him." John 1:3. | would like to express

my passionate thankfulness to my beloved wife
Mekdes Dessie for her moral and sensible
support and inspiration during the course of my
study. | wish to express my deep, heartfelt
gratitude to my Mother Tureya Musa for her help,
pray and motivation during my under and post
graduate study that paved the way for today's
success. Last but not least, | am grateful to
Bezawit Mewa for funding my paper expenses.

COMPETING INTERESTS

Authors have declared that no competing

interests exist.

REFERENCES

1. FAO. World Agriculture: towards
2015/2030. Summary report, Rome.

2002;45:3,492-515.

2. Agbogidi O. M. Screening six cultivars of
cowpea [Vigna unguiculata (L.) Walp.] for
adaptation to soil contaminated with spent
engine oil. Journal of Environmental
Chemistry and Ecotoxicology. 2010;7:103-
109.

3. Muoneke CO, Ndukwe OM, Umana PE,
Okpara DA, Asawalam DO. 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

343



10.

11.

12.

13.

Mekonnen et al.; AJEA, 7(5): 326-346, 2015; Article no.AJEA.2015.134

southeastern Nigeria. International Journal
of Agricultural Research and Development.
2012;15:835-847.

Shiringani RP, Shimeles HA. Yield
response and stability among cowpea
genotypes at three planting dates and test

environments. African Journal of
Agricultural  Resources.  2011;6:3259-
3263.

Sankie L, Addo-Bediako KO, Ayodele V.
Susceptibility of seven cowpea [Vigna
unguiculata (L.) Walp.]Cultivars to cowpea
beetle (Callosbruchus maculatres).
Agricultural Science Research Journals.
2012;2:65-69.

Patel MM, Patel Al, Patel IC, Tikka SBS,
Henry A, Kumar D, Singh NB. Weed
control in cowpea wunder rain fed
conditions. In: Proceedings of the National
Symposium on Arid Legumes, for Food
Nutrition. Security and promotion of Trade.
Advances in Arid Legumes Research.
Hisar, India. 2003;203-206.

Li RG, Yumei Z, Zhanzhi X. Damage loss
and control technology of weeds in cowpea
field. Journal of Weed Science. 2004;2:25-
26.

Muhammad RC, Muhammad J, Tahira ZM.
Yield and yield components of cowpea as
affected by various weed control methods
under rain fed conditions of Pakistan.
International Journal of Agriculture and
Biology. 2003;09:120-124.

Khan |G, Hassan MI, Khan MI, Khan IA.
Efficacy of some new herbicidal molecules
on grassy and broadleaf weeds in wheat-II.
Pakistan Journal of Weed Science
Research. 2004;10:33-38.

Akobundu A. Weed Science in the Tropics.
Principles and Practices. 2 ed, John
Wiley and Sons Inc. Chicheste; 1987.
Dadari SA. Evaluation of herbicides in
cowpea or cotton mixture in Northern
Guinea Savannah. Journal of Sustainable
Agriculture and Environment. 2003;5;153-
159.

Jaibir T, Singh T, Vivek HB, Tripathi SS.
Integrated weed management in
intercropping of mungbean (Vigna radiata)
and cowpea fodder (Vigna unguiculata)
with pigeonpea (Cajanus cajan) under
western U.P. condition. Indian Journal of
Weed Science. 2004;36:133-134.

Lagoke STO, Choudhary AH, Chandra-
Singh DJ. Chemical Weed Control in
Rainfed Cowpea [Vigna unguiculata (L.)
Walp.] in the Guinea Savanna Zone of

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

344

Nigeria. Weed Research. 1982;22:17-22.
Stroud A. Weed Management in Ethiopia.
An Extension and Training Manual. FAO,
Rome. 1989;4:190-193

Payne RW, Murray DA, Harding SA, Baird
DB, Soutar DM. Gen Stat for windows
(12™edn.) Introduction. VSN International,
Hemel, Hempstead; 2009.

Gomez KA, Gomez AA. Statistical
procedures for Agricultural Research 2°
edition. John Wiley and Sons Inc., New
York. 1984;145.

CIMMYT, from agronomic data to farmer
recommendations: Answers to workbook
exercises. Mexico; 1988.

Khan MA, Marwat KB, Khan N, Khan IA.
Efficacy of different herbicides on the yield
and yield components of maize. Asian
Journal of Plant Science. 2003;2:300-304.
Holt JS. Plant response to light: A potential
tool for weed management. Weed Science.
1995;43:474-482.

Hooda IS, Agrawal SK. Response of
weeds to levels of irrigation, weed control
and fertility in wheat. British Crop
Protection = Conference: Weeds. In:
Proceedings of International Conference,
Brighton, U.K. 1995;2:679-682.
Hafeezzullah. Effect of different sowing
and weed control methods on the
performance of sunflower. M. Sc (Hons)

Thesis, Department  of  Agronomy,
Agricultural University, Peshawar,
Pakistan; 2000.

Mahale SS. Integrated weed control

measures on weed growth, yield and yield
attributes in rainfed groundnut. Indian
Journal of Agricultural Sciences. 1992;65:
42-45.

Gonzalez PR, Salas ML. Weed control with
metolachlor and atrazine in maize: Effects
on yield and nutrition of the crop. In:
Proceedings of Cong Spanish Weed

Science Society, Huesca, Spain.
1995;193-198.
Sharma GD, Sharma JJ, Sood S.

Evaluation of alachlor, metolachlor and
pendimethalin for weed control in rajmash
(Phaseolus vulgaris L.) in cold desert of
North-Western Himalayas. Indian Journal
of Weed Science. 2004;36:287-289.
Sharma V, Thakur DR, Sharma JJ. Effect
of metolachlor and its combination with
atrazine on weed control in maize (Zea
mays). Indian Journal of Agronomy.
1998;43:677-680.



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Mekonnen et al.; AJEA, 7(5): 326-346, 2015; Article no.AJEA.2015.134

Kumar S, Sharma GD, Sharma JJ.
Integrated Weed Management studies in
Rajmash (Phaseolus vulgaris) under dry
temperate high-hills. Indian Journal of
Weed Science. 1997;28:8-10.

Rana SS. Evaluation of Promising
herbicide Combinations  for  weed
management in Rajmash under dry

temperate condition of Himachal Pradesh.
Indian  Journal of Weed Science.
2002;34:204-207.

Kumar NS. Effect of plant density and
weed management practices on production
potential of groundnut (Arachis hypogaea
L.). Indian Journal of Agricultural
Research, 2009;43:57-60.

Das TK, Yaduraju NT. Effect of weed
competition on growth, nutrient uptake and
yield of wheat as affected by irrigation and
fertilizers. Journal of Agricultural Science,
1999;133(1):45-51

Gupta OP. The nature of weed
competition. In: Modern Weed
Management with special reference to
agriculture in the tropics and sub tropics. A
text book and manual. Agrobios, India.
2011;634.

Sunday Omovbude and Ekea Udensi.
Evaluation of Pre-Emergence Herbicides
for Weed Control in Cowpea [Vigna
unguiculata (L.) Walp.] in a Forest -
Savanna Transition Zone. American
Journal of Experimental Agriculture.
2013;3: 767-779.

Chattha MR, Jamit M, Mahmood TZ. Yield
and yield components of cowpea as
affected by various control methods and
rain-fed condition of Pakistan. International
Journal of Agricultural Biology.
2007;9(1):120-124.

Kamel MS, Abdel-Raouf MS, Mahmoud
EA, Amer S. Response of two maize
varieties to different plant densities in
relation to weed control treatments. Annals
of Agricultural Science. 1983;19:79-93.
Abdellatif YI. Effect of seed size and plant
spacing on yield and yield components of
faba bean (Vicia faba L.). Research
Journal of Agriculture and Biological
Sciences. 2008;4(2):146-148.

Hadi H, Ghassemi-Golezani K, Khoei FR,
Valizadeh M, Shakiba MR. Response of
common bean (Phaseolus vulgaris L.) to
different levels of shade. Journal of
Agronomy. 2006;5:595-599.

Yadav RP, Shrivastava UK, Dwivedi SC.
Comparative efficiency of herbicides in

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

345

controlling Asphodelus tenuifolius and
other weeds in Indian mustard (Brassica
juncea L.). Indian Journal of Agronomy.
1999;44:151-155.

Ayaz S, McNeil DL, McKenzie BA, Hill GD.
Density and sowing depth effects on yield
components of grain legumes. In:
Proceeding of Agronomy Society, New
Zealand. 2001;13:81-86,9-15.

Madukwe DK, Ogbuehi HC, Onuh MO.
Effects of Weed Control Methods on the
Growth and Yield of Cowpea [Vigna
unguiculata(L.) Walp.] under Rain-Fed
Conditions of Owerri. American-Eurasian
Journal Agriculture and Environmental
Science.2012;11:1426-1430.

Meseret Negash, Tadese Berhanu and
Teshome Bogale. Effect of frequency and
time of hand weeding in common bean
production at Bako. Ethiopian Journal of
Weed Management. 2008;2:59-69.

Kumar S, Angiras NN, Singh R. Effect of
planting and weed control methods on
weed growth and seed yield of Black gram.
Indian Journal of Weed Science.
2006;38:73-76.

Roslon E, Fogelfors H. Crop and weed
growth in a sequence of spring barley and
winter wheat crops established together
from a spring sowing (relay cropping).
Journal of Agronomy and Crop Sciences.
2003;189:185-190.

Bukhtiar BA, Naseem BA, Tufail M. Weed
control in lentil under irrigated conditions.
Pakistan Journal  Weed Sciences
Research. 1991;4:99-104.

Mathew G, Sreenivasan E. Effect of weed
control methods on yield and economics of
rain-fed and rice fallow summer cowpea.
Madras Agriculture Journal, 1998;85:50—
52.

Tomar RK, Singh JP, Garg RN, Gupta VK,
Sahoo RN, Arora RP. Effect of weed
management practices on weed growth
and yield of wheat in rice based cropping
system under varying levels of tillage.
Annals  Plant  Protection  Sciences.
2003;11:123-128.

Tijani EH. Influence of intra row spacing
and weeding regime on the performance of
cowpea [Vigna unguiculata (L.) Walp.].
Nigerian Journal of Weed Sciences.
2001;14:11-15.

Mizan A, Sharma JJ, Gebremedhin W.
Estimation of critical period of weed-crop
competition and yield loss in sesame



47.

Mekonnen et al.; AJEA, 7(5): 326-346, 2015; Article no.AJEA.2015.134

(Sesamum indicum L.). Ethiopian Journal
of Weed Management. 2009;3(1):39-53.
Ishaya DB, Tunku P, Kuchinda NC.
Evaluation of some weed control
treatments for long season weed control in
maize under zero and minimum tillage at
Samaru in Nigeria. Crop Protection.
2008;27:1047-1051.

48.

Joseph A, Osipitan AO, Segun TL,
Raphael OA, Stephen OA. Growth and
yield performance of cowpea [Vigna
unguiculata (L.) Walp.] as influenced by
row-spacing and period of weed
interference in South-West Nigeria. Journal
of Agricultural Science. 2014;4:1916-9760.

© 2015 Mekonnen et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=919&id=2&aid=8425

346



