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ABSTRACT
Cowpea Vignaunguiculata (L.) Walp.] is usually infested and its yield idvarsely affected by a
number of weed species that compete with the amm germination to harvest, affecting the
crop yield adversely. Therefore, an experiment wasducted at Sirinka and Jari, northern
Ethiopia during the 2013 main cropping season (@Qdtober). The objectives were to assess the
effect of preemergence s-metolachlor and pendiriethan weeds, and growth, yield
components and yield of cowpea and to investigagepbssibilities of supplementing low doses
of herbicides with hand weeding for effective amdtceffective weed management. There were
12 treatments comprising: s-metolachlor (1.0, h& 2.0 kg ha); pendimethalin (1.0, 1.3 and
1.6 kg hd),s-metolachlor at 1.0 kg Hat handweeding at 5 weeks after crop emergence (\WAE
pendimethalin at 1.0 kg Ha+t handweeding at 5 WAE, one handweeding at 2 WA, t
handweeding at 2 and 5 WAE, weed free and weedgkshd&he treatments were arranged in
randomized complete blockdesign with three repgheet 78.6% of the weeds comprised in the
experimental sites were the broadleaved.At 20 Dayplication of 2.0 kg h&s-metolachlor at
both locations resulted in the lowest broadleavededs, sedge and total weed
densityPendimethalin failed to contr@ommelinabenghalensis and Xanthium strumarium. At
55 DAE, low rate of s-metolachlor and pendimethakhen superimposed with one hand
weeding were as effective as complete weed fregntent in reducing the broadleaved weeds
and sedge density. The minimum weed dry weightnegistered with the application 2.0 kg‘ha
of s-metolachlor in both locations; however, at &ys and harvest, weeds accumulated
significantly lower dry weight due tol.0kg has-metolachlor 1.0kg Ha pendimethalin
superimposed with hand weeding at both locatiores.iriteraction of location with weed
management practices was significant on days to 80#ering and physiological maturity of
the crop, number of pods pldntgrain and aboveground dry biomass yield and yiess. The
maximum grain yield (4277 kg Hawas obtained in complete weed free treatmentiriika
which was statistically equivalent with completeaddree and two hand weeding treatments at
Jari and Sirinkaexperimental sites respectivelye Do weed infestation throughout the crop
growth, the highest yield loss (70.8%) was recordedari while it was 47.5% at Sirinka. The
highest gross benefit was obtained with the apiinaof 1.0 kg h#@ of s-metolachlor
superimposed with hand weeding followed by two hamdding at 2 and 5 WAE. Therefore,
managing the weeds with the application of 1.0 &g tof s- metolachlor + hand weeding and
hoeing 35 DAE proved to be the most profitable fpcac However, in a situation of
unavailability of herbicide on time, hand weedingldhoeing 3 WAE seemed to be an alternate
weed management practice. However, under the d¢onddf labour constraint and timely
availability of the herbicide, pre emergence aglin of 2.0 kg hd of s-metolachlor should be
used to preclude the yield loss and to ensure maxitmenefits.
Key words: Broadleaved and grass weeds, economic analysescides, yield loss
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1. INTRODUCTION

Cowpea is of the most important crop to the livediis of millions of relatively poor people in
less developed countries of the tropjd$. It is extensively grown in the lowlands and mid
altitude regions of Africa, sometimes as sole dsapmore often intercropped with cereals such
as sorghum or millef2]. It is a good food security crop as it mixes weth other recipg3].
Cowpea fixes atmospheric nitrogen through symbiagils nodule bacterigd]. It does well and

is most popular in the semi-arid of the tropics rehether food legumes do not perform well.

A number of weed species are affecting the yielatdaypeting with the crop from germination
to harvedi6], and thisyield loss in cowpeawhich ranged fra2i/% - 60.0% is due to weef§.
According t¢8],the presence of weeds in cowpea reduced yielB2% and a significant
increase in yield of pods was noted by controlivgeds up to 45 days of sowing.Therefore, in
order to enhance crop yield, weed control during pieriod is very important. The physical and
mechanical approaches of weed control are veryrsipe as labour is usually unavailable
during the peak periods of weed removal from te&l®]. Hand weeding required over 50% of
the farmers’ time leaving them with little or none for other activitie§10]. In this regard, the
use of herbicides to control weeds in cowpea fialgisears to be the other optidi]. Herbicide
use would improve the lives of farmers by elimingtthe need for back-breaking labour.

Significantly higher grain yield and net return cdwpea were obtained withpendimethalin
applied pre-emergent at 0.75 kg'tahandweeding at 5 weeks after planting (WAP) campa
to other treatmenf8].[12] reported that pendimethalin at 1.0 kg“hdand weeding at 30 days
after planting significantly gave a higher cowpeair yield, weed density and biomass were the
lowest in this treatment. Metolachlor has an excglhaction against annual grasses @pokrus
species. Research with metolachlor in cowpeastegbul yields comparable to those receiving
the recommended two weedifitf3]. However, the rate of s-metolachlor may depepdn soil
types, rainfall and irrigation patterns, temperapurops and weeds; nevertheless, 1.5 K ba
s-metolachlor has been used in pulse crops in gthid4]. Use of herbicides may therefore

provide a timely and adequate alternative to haedding as this not only removes the drudgery
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associated with it but also lowers the cost of vikggénd provides protection for crop against

early weed competition when preemergence herbicdesised10].

S -metolachlor and pendimethalin which are among icently introduced herbicides in

Ethiopia have not been widely evaluated in cowpwecidically in the study area. Hence, the
objectives of this study were to assess the etiestmetolachlor and pendimethalin on weeds,
growth, yield components and yield of cowpea.lt \als® meant to investigate the possibilities
of supplementing low doses of herbicides with havegding 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 AgricultRasearch Center at Jari (11°21'N latitude
and 39°38'E longitude;1680 m. a. s. |. altitude}l @irinka (124500 N latitude; 393636 E
longitude; 1850 m. a.s.l. altitude)experimenta¢siin Northern Ethiopia during the 2013 main
cropping season(July —October).The soil types ahl& and Jariexperimental fields were clay
loam and clay respectively,and thepH level was @&u8& 6.91 at Sirinka and Jari, respectively.
At Sirinka, the organic carbon was 1.37%, and tial tN was 0.09 %, the available P 12.17 mg
kg'soil and CEC 53.44 cmelkg™ while 1.33, 0.07, 9.17 and 33.44 were respectiiaegaat
Jari. The total rainfall received during the cr@ason was 1073.4 and 992.4 mm at Sirinka and
Jari with mean maximum and minimum temperature8606 and 134, and28.1 and15°8,

respectively.
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Figure 1. Seasonal average temperature and rairifdle study area (Jari and Sirinka)

2.2. Treatments and experimental design

The experiment of this study comprises of 12 tnemits: s-metolachlor at (1.0, 1.5 and 2.0 kg
ha'), pendimethalin (1.0, 1.3 and, 1.6 kg'has-metolachlor at 1.0 kg Ha+ hand weeding at 5
weeks after crop emergence (WAE), pendimethalih@kg h& + hand weeding at 5 WAE, one
hand weeding at 2 WAE, two hand weeding at 2 aWdiAE, weed free check and weedy check.
The design of the experiment was randomized comjblieick design with three replications.The
plot size was 3.6 m x 2.4 m. The cowpea varietyaf$IT 92KD-279-3) which is bush and
trailing type | was planted at inter- and intrawrspacing of 60 cm and 10 cm, onthBJ@y and
13" of July, 2013 at Jari and Sirinka, respectivelgrtifizer (100 kg DAP; 18 kg N+46 kg,©s
ha') was applied uniformly to each plot at the timesofving. The preemergence herbicides
were applied at the specific rates using Knapsackyer one day after plantingusing flat-fan

nozzle. The spray volume was 4504". The outermost one row from each side and 3 plamts



each end of rows were excluded to remove bordeciefThus the net plot area was 2.4 m x
m. The crop was harvested on October 15 and 28 &0Jari and Sirinka, respective
2.3.Data collection and analys

Data on weed florgresent in the experimental fields were recordednduthe experiment:
period. The weed count was taken at ha and he weed density was recorded by throwir
guadrate (0.25 mx0.25 m) randomly at tplaces in each plot @bout 15 days before tl
expected harvest time. The weed species found wittensample quadrate were identifi
counted and expressed’nfor aboveground weed dry weight/ biomass, thedeéalling within
the quadrate were cut near the soil surface imrtedgiafter taking obsrvation on weed coutr
and placed into paper bags separately treatmemt Wiee samples were sun dried f-4 days
and thereafter were placed in to an oven ai°C temperature tiltheirconstant weight ar
subsequendry weight was measured. The dry vht was expressed in g7n

Weed Index It was measured from a particular treatment whempaoed with a weed fre
treatment and expressed as percentage of yieldtmitender weed fre

Weed Index=x;xyX100
Where x= Yield from weed freey= Yield from a particular treatme

Weed Control Efficiency (WCE): It was calculatedngsthe following formul
(WDC —WDT)
wDcC

Where WCE= Weed Control EfficiencWDC=Weed dry matter in weedy ch¢
WDT= Weed dry matter in a particular treant
Number of days to 50% flowering was recorded as bemof days from planting to the fir

WCZE = 100

flower appeared on 50 % of the plants in each pibereas days to maturity was measure
the number of days from planting to the day whend®®f the plants iached physiologice
maturity, i.e. both pods and plants turning yell@&nescing) based on visual observation. F
height (cm) was taken with the help of a ruler fréhrandomly selected and pre tagged pl
in each net plot area from the base toapex of the main stem at physiological maturThe
number of pods plaritwas taken from the total pods of the above tagiaots at harvest. Tt
total number of seeds from the above pods was takeincounted to average the numbe
seeds pod Outof seeds from the above, 100 seeds were countethaimdveight was recorde
at 10.5% moisture contentfor hundred seed weighHégvest index (%) was determined

harvesting ten plants in each plot at physiologmaturity and their dried abovegrot biomass
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(grain and straw) was recorded. This was done ¢iddwess of leaves due to shedding like other
pulses. Treatment per plant dry weight of straws waultiplied by the number of plants in
respective treatments. This was considered as libegeground straw dry weight. The grain
weight obtained in ten plants was added to thd fiieéd. The grain yield (kg 8 was measured
after threshing the sun dried plants harvested feach net plot and the yield was adjusted at
10.5% seed moisture content by using the formula:

Adjusted grain yield (kg h8 = Actual yield x 100-M /100-D

Where M is the measured moisture content,D is ésggthated moisture content

Data on weed community, weed density, weed dry bssncrop phenology, growth, yield
attributes and yield were subjected to analysisasfance (ANOVA) using Statistical Analysis
System (SAS) version 9.2[15]. Fisher’s protecteddt&significant Difference(LSD) values were
used to separate differences among treatment njPang.05) [16]. Combined analyses of data
were used based on homogeneity test.

2.4. Partial budget analysis

The concepts used in the partial budget analysis #e mean grain yield under each treatment
for both locations, the field price of the croplésprice minus the costs of harvesting, threshing,
winnowing, bagging and transportation), the vatigdl costs including the sum of field cost of
herbicide and its application. Actual yield was ustigd downward by 10% to represent the
difference between the experimental yield and thledyfarmers could get from the same
treatment [17].



3. RESULTS AND DISCUSSION

3.1. Effect of weed management practices on weeds

3.1.1. Weed community

The major weeds in the experimental fields werabdleaved, while sedges were found at lesser
extent There was only one grass species present at Sitinkavery limited extent. Hence this
weed was merged with sedges for the purpose ofridesy the results. The parasitic weed
broomrape Q. cerenata)wasfound at Jari in plots infested with strumarium only. The
remaining weeds were found at both locations.Thedwora present in the experimental fields

is presented in Table 1.

Table 1. Weed community recorded in cowpea, aexperimental sites during cropping season
2013.

Weed species Family Life form (category)
AmaranthusspinosusL. Amaranthaceae Annual (broadleaved)
AmaranthushybridusL. Amaranthaceae Annual (broadleaved)
Bidenspilosal. Asteraceae Annual (broadleaved)
CommelinabenghalensisL. Commelinaceae Annual (broadleaved)
CyperusesculentusL. Cyperaceae Annual(sedge)
C.rotundusL. Cyperaceae Perennial( sedge)
DaturastramoniumL. Solanaceae Annual (broadleaved)
GalinsogaparvifloraCav. Asteraceae Annual (broadleaved)
OrobanchecrenataForsk. Orobanchaceae Annual (broadleaved)
Oxalis latifoliaKkunth. Oxalidaceae Annual (broadleaved)
Seteriaverticillata(L.) Beauv. Poaceae Annual (grass)
SolanumnigrumL. Solanaceae Annual (broadleaved)
Tagetesminutal.. Asteraceae Annual (broadleaved)
Xanthium strumarium Asteraceae Annual (broadleaved)




3.1.2. Weed density
Weed density at 20 days after crop emergence

Weed density showed a significant difference<{®.01) due to various weed management
practices. At 20 DAE, the application 2.0 kg'b&s-metolachlor at Jari and Sirinka resulted in
the existence of lowest broadleaved weed densitythErmore, at Sirinka, no significant
differences existed between s-metolachlor at 1.5 hied, pendimethalin 1.0 kg Ha+
handweeding at 35DAE, and pendimethalin at 1.0 &§ fThe density of broadleaved weeds
decreased with the increase in s- metolachlor egjobin rates but significant difference was
notobserved between 1.0 and 1.5 kg hates (Table 2). This trend was not found for
pendimethalin wherein pendimethalin at 1.0 kg hecorded the minimum weed density which
was significantly lower than pendimethalin at 1Hd" but in parity with pendimethalin at 1.6
kg ha’. One handweeding at 2 WAE (or 14 DAE), two hand¥ireg at 2 and 5 WAE ( or 14 and
35 DAE) and pendimethalin at 1.3 kg*hhad higher weed density, but the weedy check plots
showed appreciably highest broadleaved weeds getisdn the other weed management
practices at both the locations.

At 20 DAE, the sedge density at Jari was minimam &-metolachlor at 2.0 kg fhareated
plots, which had no significant difference with litsver rates, and s-metolachlor at 1.0 kg-ha
handweeding at 5 WAE(35 DAE).The application of stefachlor proved superior to
pendimethalin in controlling the sedges; nevertsgléhe performance of pendimethalin was
significantly better than weedy check. At Sirinke &pplication of 2.0 kg Ha-metolachlor also
resulted in the lowest sedge population and wdsststally at par with s-metolachlor at 1.5 kg
ha', pendimethalin at 1.0 kg Haand low dose of both the herbicides superimpaesititl one
handweeding at 5 WAE (35 DAE).

The total weed density was lowest with the applicanf 2.0 kg hdof s- metolachlor at Jari
while at Sirinka, the lowest total weed density whgined with s-metolachlor at 2.0 kg'haut
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it had no significant difference with s-metolachédrl.5 kg hd, pendimethalin at 1.0 kg Ha
handweeding at SWAE(35 DAE)and pendimethalin atkgtha'.The increasing s-metolachlor
application rates decreased the total weed demsitythere was no significant difference
observed between 1.0 and 1.5 kg'theatments of s-metolachlor at Jari. In contrast,
pendimethalin at 1.0 kg Heesulted insignificant decrease in total weed dgrwmier its higher
rates. In the experimental field, it was observeat the application of pendimethalin failed to
control C. benghalensis and at lower rate of its application, there mightrhore inter specific
competition between the weeds thereby resultingeduced overall weed density while under
higher rates, the weeds other th@nbenghalensis were alsocontrolled which reduced inter
specific competition. Further, this in turn mighave provided greater opportunity (.
benghalensis to germinate in larger amount. At Sirinka the totsded density also decreased
with the increase in s-metolachlor application rétet at jari, there was no significant different
observed between 1.5 and 2.0 kg'lades.The effect of pendimethalin on total weedsitgrat
Sirinka was similar to that of Jari. The signifitaeduction in weed density with lowest
pendimethalin application rate at both locations wacontrast to the findings §f7] who stated
that reduced rates of herbicide are not advisabdieuheavy weed pressure. However, it seemed
that the weed species and their composition alserméed the effectiveness of the herbicide.
At both locations, the total weed density was digantly higher in weedy check than the other
weed management practices; however, the resulistddpigher weed pressure at Jari than at

Sirinka.
Weed density at 55 days after crop emergence

At 55 DAE, the density of broadleaved weeds wasmum due to the application of 1.0 kg ha
lof pendimethalin superimposed with one handweedin§ WAE at Jari. However, it had no
significant difference with s-metolachlor at 1.0 Kgg' treatment combinedwith one
handweeding at 5 WAE and two handweeding at 2 aWdAE. The results also depicted that
low rate of s-metolachlor and pendimethalin whembmed with one handweeding were as
effective as complete weed free treatment to redineebroadleaved weed density. Alike what
was at 20 DAE, the broadleaved weed density alscedsed with the increase in s- metolachlor

application rates whereby 1.5 and 2.0 kg'tages did not significantly differ weed density,
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butthere observeda significant reduction in densitgr 1.0 kg h@rate. In case of pendimethalin,
the results remained inconsistent. Two handweedirayed significantly better than one
handweeding in reducing the broadleaved weed deridiis might partially be due to the late
emergingX. strumarium which infested the plots after one handweeding reasrted. On the

other hand, one handweeding was found to bringifgignt reduction in broadleaved weed

density at all rates of pendimethalintreatments.

At Sirinka, the application of 1.0 kg haf s-metolachlor + one handweeding at 5 WAEgave the
lowest weed density which was not significantlyfetiént with two handweeding. Both of these
practices were found to be significantly betterntr@her weed management practices. The
application of higher rates (1.5 and2.0 kghaf s-metolachlor gave significant reduction in
density over its lower application rates while adgher rates (1.3 and 1.6 kgha of
pendimethalin it significantly increased over tloevér rates. Furthermore, the poor control of
these weeds with herbicide alone might be due thigiger seed size which enabled them to
emerge from deeper soil layer as the weeds emefging deeper layers (herbicide free zone)
are selective to be applied herbicides due to iposit selectivity.

Late emergingweed. strumarium was not controlled by both of these herbicidesciwimay be
due to bigger seed size that enabled it to germiftatn deeper soil depth in herbicide free zone
thus escaping the herbicide interference in themg®tion process. On the other hand,
pendimethalin treatment failed to contr@l benghalensis. However, when the low dose of
herbicides was superimposed with handweeding at AEWt might have contained the
infestation by these weeds resulting in signifibatdwer broadleaved weed density than the
herbicides alone. Moreover, the infestationXofstrumariumwhich might have contributed to

higher weed density was more persistent at Jami ah&irinka.

The sedges population was lowest in pendimethalinGakg hd+ one handweeding at 5 WAE
at Jari which did not significantly differ with setolachlor at 1.0 kg Facombined with one
handweeding at 5 WAE, s- metolachlor at 2.0 kgdmal two handweeding at 2 and 5 WAE. All
these practices were statistically at par with cetepweed free. At Sirinka, low dose of both s-

metolachlor and pendimethalin each superimposell ovie handweeding resulted in the lowest
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sedges population which had no significant diffeeemith s-metolachlor at 2.0 kg haone and
two handweeding. At Jari and Sirinka, weedy cheall kignificantly higher density than the

other weed management practices.

At 55 DAE, the total weed density was lowest wiik aipplication of pendimethalin at 1.0 kg ha
+ one handweeding, however, it had no significaffiéernce with s-metolachlor at 1.0 kgha

one handweeding and two handweeding at 2 and 5 \AtAEri. At Sirinka, the application of
1.0 kg haof s-metolachlor at + one handweeding registerednimimum total weed density
which was significantly lower than other weed masragnt practices. Though, at Jari there was
no significant difference in total weed density ridubetween pendimethalin at 1.0 kg'haone
handweeding, s-metolachlor at 1.0 kg*haone handweeding and complete weed free, but at
Sirinka, significant a variation was observed bemvé¢hese treatments (Table 2). In total weed
density, the trend due to s-metolachlor and penitiali@ application was similar to that of

broadleaved weeds and sedges at both sites.
Weed density at harvest

The broadleaved weed density at crop harvest ataitue to application of 1.0 kg haf s-
metolachlor + handweeding at 5 WAE, 1.0 kg'lo& pendimethalin + handweeding at 5 WAE,
2.0 kg h&of s-metolachlor and two handweeding at 2 and 5 WWAE statistically in parity with
complete weed free and resulted in significantlydo density than the other weed management
practices at Jari (Table 3). Also, at Sirinka aikimtrend was observed but no significant
difference was found with one handweeding at 2 WAEe effect of weed management
practices on sedges densitywas similar to broadtbaxeeds at Jari; however, the application of

1.5 kg hd's- metolachlor at was also in statistical parity.
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Table 2. Effect of weed management practices inpeaion weed densityn?)at 20 and 55 days after crop emergence (DAE) at Jar

and Sirinka
Weed density (M)
20 DAE 55DAE
Broadleaved Sedges Total Broadidav Sedges Total
Weed management practices Jari Sirinka  Jari Sirinkdari Sirinka  Jari Sirinka Jari Sirinka  Jari Signk
S-metolachlor 1.0 kg Fa 112.6 50.67° 13.33% 1067 1253 61.33 90.7 58.67  26.67 21.33° 1173 80.00
S-metolachlor 1.5 kg Fa 82.7 32.00 8.00*"  8.00" 90.7 40.06 50.7 3467  10.67 16.00¢ 61.3 50.67F
S-metolachlor 2.0 kg Fa 40.0 26.67  2.67 5.33" 42.F 32.06  34.7 40.06 5.3 13.33"  40.0° 53.33
Pendimethalin 1.0 kg Ha 152.0 3467 2135 800° 1733  42.6F 1920 853% 5867 26.6F 250.F  112.06
Pendimethalin 1.3 kg Ha 192.6" 61.33" 66.67 13.33° 258. 7  74.67 224.0 106.67 72.00 3733  296.0 144.06
Pendimethalin 1.6 kg Ha 176.0¢ 66.67 53.3%3  24.00* 2293 9067 1813 101.33 53.33 37.3% 2347 138.67
S'metOIaCh_lor 10 kg Fit 109.3 4800  800* 800° 1178 5600 107" 1867 267  8.00 13.3"  26.67
hand weeding at 5 WAE
Pendimethélm 10 kg Fa 1493 3206 1867 800° 168.0 4006  8.0" 2033 000 8.0 8.0" 37.33
hand weeding at 5 WAE
One hand weeding at 2 WAE 210.7 58.67° 64.060° 1867 2747 77.33 109.3 4267 37.3% 1067 1467 53.3%
vafEhand weedng AZaNdS g eLa®* 6138 213® 2603 8267 240  266% 53F 1338 208 4000
Weed free check 0.0 0.0 0.00 0.00 0.0 0.00 0.0" 0.00' 0.0¢ 0.0¢ 0.0 0.00'
Weedy check 2133 7200 7206 26.6F 2853 9867 330.7 152.00 9867 4533 4293  197.33
LSD (5%) 32.65 11.73 11.53 5.65 34.81 12.75 2200 .139  7.96 5.97 24.95 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 7.5

CV= coefficientofvariation; LSD= least significant difference; WAE eeks after emergenddeans in coloumns of same parameter followed bysémee letter(s)

are not significantly different at 5% level of sificance
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The application of s—metolachlor alone, 1.0 kg'dfapendimethalin, low dose of these
herbicides combined with hand weeding andhand weetieatments were statistically at par
with each other and complete weed free except slawtior and pendimethalin each at 1.0 kg
ha'at Sirinka. All these weed management practicesifiigntly reduced sedge density over
other treatments. The density of both broadleavedds and sedges were lower at crop harvest
than at 55 DAE. This might be due to the compeitfect of the crop especially for the solar
radiation. In line with this resul{18] described that plants with large leaf areadeslihave a
competitive advantage and normally out-competetplatith smaller leaf areas.

The total weed density was significantly reducethwhe application of s-metolachlor at 1.0 kg
ha'+ handweeding at 5 WAE, pendimethalin at 1.0 kg kahandweeding at 5 WAE, s-
metolachlor at 2.0 kg Ffaand two handweeding at 2 and 5 WAE over other weadagement
practices at Jari whereas, one handweeding hadseislar effect at Sirinka experimental site.
All these practices were statistically equivalenthwcomplete weed free in the practice of
reducing total weed density (Table 3). Handweedipigpoted the emerged weeds which were in
turn suppressed by the crop canopy that bringstatemneased weed density at crop harvest. The
weedy check plots resulted in significantly moreatoweed density than all other weed
management practices that could be attributed thecked growth of early and late emerging
weeds. The application of herbicide or handweedimyyever, caused mortality of weeds
causing lower weed density at harvest. [19]; [26] §9] have also reported a maximum weed
density in weedy check and weed control methods &kplication of herbicides and hand

weeding and hoeing significantly deceased weedityemger weedy check.
3.1.3 .Weed dry matter weight

The influence of weed management practices ahallgrowth stages, in both the locations, on

the weed dry matter weight was highly significant.
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Table 3. Effect of weed management practices inpeaon weed density at harvest and on weed dryasistyield at different growth stages of
crop at Jari and Sirinka

Weed density at harvestfn | Weed dry biomass weight (g
Broadleaved Sedges Total 0 DAE 55 DAE At harvest
Weed management practiceslari Sirinka  Jari Sirinka  Jari Sirinka  Jari Sirinka  Jari Sirinka  Jari Sirinka

S-metolachlor 1.0 kg Ha 107.67 38.67 29.00 4.3% 136.7 43.00 754 1577 2959 12427 3123 138.7
S-metolachlor 1.5 kg Ha 61.67 20.67 11.3%3 3.00° 73.C 2367 488 1273 1834 9240 2099 98.F

S-metolachlor 2.0 kg Fa 12.00 3.00° 1.33 1.67 133 4.679 220 1027 1247 8230 146.9 102.0
Pendimethalin 1.0 kg Ha ~ 152.00 29.33 40.67 4.3% 192.7 3367 1085 14.47¢ 504.9 116.33 5410 130.7"
Pendimethalin 1.3 kg Ha  176.060 52.00 55.3%3 1367 231.3 65.67 150.2 19.7F 547.3 128.07° 5744 142.F
Pendimethalin 1.6 kg Ha ~ 146.67 52.00 39.3%3 17.67 186.0 69.67 1333 2167 559.8 128.60 581.% 144.8
S-metolachlor L.OKg fi ) o, 139 goge 97 567 718 1440° 273 2150 435 290

hand weeding at 5 WAE
Pendimethalin 1.0 kg Har
hand weeding at 5 WAE
One hand weeding at 2

1.33 5.0d 0.0d 3.00° 13 8.0d 105.4 12.23" 274 25.70  38.1 32.3

54.67 2679 126F 233° 67.3 5.00° 172.6 2156 1424 116.90d 1704 126.8°

WAE

JVVZOEha”d weeding at 2 and § 3679 267 267 8d 6.33 173.6 2590 965 8273 11040 98.0
Weed free check 0.0d 0.0¢ 0.0d 0.0¢ 0.0 0.0¢ 0.0 0.0¢ 0.0¢ 0.00 0.0’ 0.0
Weedy check 28933 9200 8067 2433 3700 11633 178.8 3220 8828 26540 906.3 247.6
LSD (5%) 16.12 464  7.84 337 2028 542 438 243 630 396 1636 3230
CV (%) 11.3 109 203 299 112 101 25 86 1.3 2.4 3.2 17.7

CV= coefficientofvariation, LSD= least significant difference, DAEayd after emergence WAE= weeks after emergenceMeamoumns of
same parameter followed by the same letter(s) @irsignificantly different at 5% level of significae
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At 20 DAE, minimum weed dry weight was registereithvthe application of 2.0 kg Haf s-
metolachlor at both locations (Table 3).Herbicideplacation at both places resulted in
significant reduction in weed dry weight over weedigeck. With the increase in S-
metolachlor application rates, the weed dry wegjgnificantly decreased, while the results
were inconsistent with the application of pendinaéithat 20 and 55 DAEat both locations. At
55 DAE, weeds in plots treated with 1.0 kg*bas-metolachlor + hand weeding at 5 WAE
and 1 kg ha of pendimethalin + handweeding at 5 WAE at bothatimms accumulated
significantly the lowest dry weight which might dee to the cumulative effect of herbicide
and hand weeding (Table B21]also obtained lower dry weight of weeds with Rgoha® of
butachlor at in combination with cultural practiceghich was at par with weed free check.
The results also revealed significant reductiowaed dry weight with two hand weeding as
compared to one hand weeding and herbicides apalete at this stage. The advantage of
twice hand weeding over one hand weeding mighduzgeto reduced soil seed bank as well
as the weeds that emerged after second hand weadeng shorter in growth than the weeds
that emerged after first hand weeding . Hand wegedantrolled the emerged weeds and those
that emerged later on might have failed to accutautafficient dry matter owing to the
competition offered by the crop plants 55 DAE. Mwrer, the weed seeds under depleted soll
seed bank that might have been brought to the uppetayer by hand weeding , though
germinated and emerged later, but were in thdialrgrowth stage thus accumulated less dry
weight.

There was great difference in weed dry matter betwtbe locations under respective weed
management practices which might be the resultiéérdnce in weed density and, the
environment.[22] also reported that herbicide application desedathe dry biomass of
weeds; however, this decrement depends on sewatalr$,forexample, duration of the crop,
type of weed species, herbicides, fertilizer, dthe rate of metolachlor application may
depend upon soil types, rainfall and temperatuimil&ly, [23]found that 1.5 kg hhof this
herbicide is to be effective for the control of \iieen common bean. At crop harvest also
similar effect of weed management practices waservbsl (Table 3).[9]and [24]also

concluded that dry weight of weeds was significargduced in herbicide treated plots.
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At 55 DAE weeds in plots treated with 1.0 kg'b&s-metolachlor + hand weeding at 5 WAE
and 1.0 kg haof pendimethalin + hand weeding at 5 WAE at bottations accumulated
significantly the lowest dry weight due to the cdative effect of herbicide and hand
weeding (Table 3). At the time of crop harvest tameffect of weed management practices
was observed (Table 3)21]also obtained lower dry weight of weeds with k@ ha’of
butachlor in combination with cultural practiced)ich was equivalent with weed free check.
[9] and[24]also concluded that dry weight of weeds wasiBaamtly reduced in herbicide
treated plots.The result of this study was in agre® with earlier worksb§25]and[26]who
observed reduced weed dry weight when herbiciddicapion in common bean was
combined with one hand weeding . Better controkeéds at the early stages by applying 1.0
kg ha' of fluchloralin and subsequent removal of weed$i@yd weeding at 40 DAE resulted
in lesser weed count and weed dry we{@iT.

Hand weeding controlled the emerged weeds and thiesds which would emerged later that
might have failed to accumulate sufficient dry reatiue to the competition offered by well

grown crop plants. Further, the weed seeds undeletde soil seed bank that might have
been brought to the upper soil layer by hand wegdhough germinated and emerged later,

but were in their initial growth stage thus accuatedl less dry weight.

At the time harvest, the weed dry weight accumatativith the increasing rates of s-
metolachlor application significantly decreasedJati, but no significant difference was
obtained between the treatment of 1.5 and 2.0 Kgfhe metolachlor at Sirinka. In contrast,
the application of 1.3 and 1.6 kg tendimethalin had significantly higher weed dry giei
than its lower rate at Jari, whilethe differencésted between these rates at Sirinkawas not
significant. Moreover, the treatment with 1.0 kg'pandimethalin had weed dry weight
statistically in parity with s-metolachlor rates &irinka (Table 3). The occurrence of
significantly higher weed dry weight with increasgehdimethalin application at Jari might
be owing to the presence of the severe infestatitim X. strumarium. On the other hand, at
Sirinka, this weed was not found and the differenbserved inweed dry weight was not
significant.The data also depicted that the weeldgck registered the highest weed dry

weight which was significantly higher than otheredenanagement practices.
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Two hand weeding proved significantly better thare thiand weeding in reducing weed dry
weight at Jari whereas there was no significariedihce observed at Sirinka. The contrasting
resultsmight be due to the extent to which the wamsties and or the density differed at both
locations. The results depicted that the applicatibs-metolachlor and pendimethalin at their
lowest rates combined with one hand weeding pravigeolonged weed control, and
significant reduction in weed dry weight at harvest observed like what was registered at
earlier growth stages. Moreover, at Sirinka, s-faetdor combined with hand weeding was
as effective as complete weed free treatment inaiad the weed dry weight at the time of
harvest.The effectiveness of both herbicides agglene decreased with the increase in crop
growth stage and this was more pronounced in chperaimethalin. This might be due to
late emerging weeds in herbicide treated plots thay be the consequence of loss of
activeness of a herbicide (Table 3). At Jari expental siteX. strumarium grew faster in the
absence of inter-specific competition with otherediespecies especially in pendimethalin

treated plots.

At both locations, weeds accumulated higher dryghveiin weedy check plots anid was
significantly higher than other weed managementtmras (Table 3)The higher weed dry
weight in weedy check might be due to higher weedsdy that provided an opportunity to the
weeds to compete vigorously for nutrients, spaicgt,! water and carbon dioxide resulting in
higher biomass productioipplication of herbicides not only reduced the dignef weeds
but also suppressed the weed growth bringing aloovgr dry weight. These results are in
agreement with the findings ¢fi9]and [28]who reported maximum weed dry weight in
weedy check[29 ]Jreported that the weeds that germinated easlieéxt the same time as the
crop emergence, offered a serious competition ag ¢ot an opportunity to establish and

accumulate dry matter weight faster than the crop.
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3.2. Effect of weed management practices on crop ghology and growthyield attributes

and yield

3.2.1. Crop phenology and growth

Days to 50% flowering

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

This was followed by the combination of pendimeithak 1.0 kg ha+ one hand weeding at 5
WAE at the same location which was statisticallpat with the application of s-metolachlor
at 1 kg hd+ hand weeding at five WAE at Jari. The 50% flawewas delayed when weeds
grown uninterrupted at both locations. Howevers ttelay was significant at Sirinka. In
conformity with this result[30] also identified that the plants in unweedediplmok the
highest time to reach 50% flowering. In generalplimation of either 1.0 kg H®of s-
metolachlor or 1.0 kg Fa of pendimethalin each combined with one hand weedit
5WAEIleads to enhanced 50% flowering at both locetid his is consistent with the finding
of [31], who stated that treating plots with chemicad gupplementing with hand weeding at

intervals helped to reduce the number of daysowdling and maturity.

Days to 90 % physiological maturity

The effect of location, treatments and their intBom had a significant effect on 90%
physiological maturity of the crop. The result vithlocation treatments did not reveal
significant difference in days to physiological nmdtty, however, at Sirinka; it was

significantly delayed under all the treatments cared to what was found at Jari. The
delayed maturity by about 10 days at Sirinka (T@leould be due the differences in amount
and distribution of rain fall, temperature and eltwn. The result was in contrast to the
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findings of [31] who stated that treating plots lwithemical and supplementing with

handweeding at intervals helped to reduce numbdayd to maturity.

Table 4. Interaction of location and weed managerpeactices on days to flowering and
physiological maturity of cowpea during 2013 crogpsystem

Weed management practices Days to .50% Days to physmlogmal
Flowering maturity

Jari Sirinka Jari Sirinka
S-metolachlor at 1.0 kg Ha 61.0 62.0 85.07 94.0
S-metolachlor 1.5 kg Fa 61.0 62.0 85.0 94.0
S-metolachlor 2.0 kg Aa 59.0 57.3 83.0F 92.0¢
Pendimethalin 1.0 kg Ha 61.0° 62.0 85.0 94.0
Pendimethalin 1.3 kg Ha 61.0° 62.0 85.0 94.0
Pendimethalin 1.6 kg Ha 61.0" 62.0 85.07 94.0
S-metolachlor 1.0 kg Aia hand weeding at 5

56.7 55.0' 83.07 92.00
WAE
Pendimethalin 1.0 kg Har hand weeding at 5

57.7 56.3 83.07 92.00
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" 83.0 922.0
Weedy check 63.0 64.0 85.0 94.0
LSD (5%) L x WMP 0.63 : 8.
CV(%) 0.6 0.3

CV= coefficientofvariation; LSD= least significant difference; WAE=e®ks after emergence. Means
in coloumn and row of same parameter followed leyghme letter(s) are not significantly different at

5% level of significance

Plant height

The data (Table 5) showed that the plant height sigsificantly affected due to location
while the weed management practices and its irtteraevith location had no significant
effect.
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Table 5.. Effect of location and weed managemeasdttimes on plant height of cowpea during
2013 cropping season

Treatments Plant height (cm)
Location
Jari 68.07
Sirinka 60.60
LSD (5%) 3.82
Weed management practices
S-metolachlor 1.0 kg Ha 64.04
S-metolachlor 1.5 kg Aa 65.53
S-metolachlor 2 kg ha 61.49
Pendimethalin 1.0 kg Ha 66.52
Pendimethalin 1.3 kg Ha 68.20
Pendimethalin 1.6 kg Ha 62.51

S-metolachlor 1.0 kg Ha hand weeding at 5 WAE 62.87
Pendimethalin 1.0 kg Hat hand weeding at 5 WAE 61.47

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= coefficientofvariation; LSD= least significant difference; WAE=eeks after emergence; NS=
not significant; Means in coloumn followed by tharge letter(s) are not significantly different at 5%

level of significance

The plants at Jariexperimental sitehad signifigamtigher height by 12.3% than that of
Sirinka. The higher temperature at Jari might higgered growth resulting in increased
plant height. More sunlight penetration to the cpignts also made photosynthates available,
however, no significant difference in plant heigfds found between the weed management
practices despite a great variation in weed deresmy dry weight (Table 2; Table 3). In
contrast, [32] found differences in plant heigheda various intensities of weed competition

with crop plants.
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3.2.3. Effect of weed management practices on yieddtributes and yield
Stand Count at harvest

The stand count at harvest was significantly iniltedl by location and weed management
practices, but their interaction had no significaffect (Table 6). The final crop stand was
significantly higher by 8.1% at Sirinka than atiJdihe weed density as well as weed dry
weight was higher at Jari than at Sirinka (Tablerable 3) might have contributed for the
lower survival of crop plants. The highest standntovas recorded from the treatment of s-
metolachlor at 1.0 kg Ha handweeding at 5 WAE (120756 plants‘havhich was
statistically in parity with weed free check, pendthalin 1.0 kg ha+ handweeding at 5
WAEand two handweeding at 2 and 5 WAE.

Comparatively higher survival of the plants obsdruader these weed management practices
could be due to better weed control. The signifigalower plant stand under weedy check
might be due to severe competition for growth reses particularly for space and light that

suppressed crop plants the extent that the craopsot@uld not survive.

Number of pods per plant

The location, weed management practices and titeiraiction had significant effect on number of
pods plant®. The interaction effect revealed highest numbepads plaritobtained with the
application ofs-metolachlor at 1.0 kg Ha+ one hand weeding at 5 WAE at Jari which was
statistically similar to the weed free check atrblotcations (Table 7). Furthermore, the results
showed that weed free check had also no signifidiference in number of pods plant
obtained with the treatment of 1.0 kg haf pendimethalin + one hand weeding at 5 WAE
both at Jari and Sirinka as well as withthe treatnoé 1.0 kg ha ofs-metolachlor + one hand
weeding at 5 WAE at Sirinka. Two hand weedings ah@ 5 WAE when interacted with the
location did not show significant difference bubyed significantly better than one hand

weeding at 2 WAE at both locations.
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The application of 1.0 kg Haf pendimethalin and 1.0 kg fhaf s-metolachlor, each
accompanied with one hand weeding resulted in fsigmit increase in number of pods plant
'as compared to the application of these herbicidimse which was on account of prolonged
weed control with hand weedinghis result is in line with the work 6] who earlier stated
that application of pendimethalin at 3.75 I'hahand weeding at 5 weeks after sowing
significantly gave higher mean values of yield comgnts of cowpealhe more vigorous leaves
under low infestation level helped to improve thefosynthetic efficiency of the crop and
supported a large number of pods as reported flemaork done earlier [33]. The lowest
number of pods plafitwas observed in weedy check plots at Jari whick significantly
lower than the other interactions except the imtéva of 1.0 kgh# and at 1.3 kg haof
pendimethalin at the same location. This mightibe to the significantly more weed density
and total weed dry weight (Table 3) in these tresttm at Jari. The long season weed
interference might have also resulted in shade ceffinat reduced the irradiance
predominantly in the photosynthetically active megbf the spectrum and the irradiance is a

major ecological factor that influences plant grio\\84].

These results are in line with [35]who observedneneased number of pods planwvhere
weed population was reduced by management techsidsienilarly, [36]stated that the
number of pods produced per plant or maintainetinal harvest depends on a number of

environmental and management practices.

Number of seeds per pod

The number of seeds pbdhad a significant effect due to locations, an®iginka, the pods
had 10.4 % higher number of seeds compared toDespite a difference of 2.7 seeds pod
the weed management practices did not show anyfisat difference (Table 5).However, in
agreement with the findings of [30], this studyoaisdicated lowest number of seeds Piad

weedy check.
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Table 6. Effect of weed mangment practices on &tapd, number of seeds, hundred seed
weight and harvest index of cowpea at Jari anidk&ir

Number

Hundred

Factors ;g’npd () 81; z?eds \gljvr(:ght (g) il:zrev;st
Location

Jari 98257 12.0F 11.90 0.2¢
Sirinka 106224 13.26 12.82 0.3F

LSD (5%) 4830.1 0.78 0.27 0.013
CV (%) 10.0 13.05 4.70 9.10

Weed management practices

S-metolachlor 1.0 kg Ha 92978 12.03 12.39¢ 0.24"
S-metolachlor 1.5 kg Aa 96065° 13.08 11.80¢ 0.30
S-metolachlor 2.0 kg Aa 105324° 12.74 12.64" 0.2¢
Pendimethalin 1.0 kg Ha 95293¢ 12.85 12.24° 0.27°
Pendimethalin 1.3 kg Ha 93750° 12.56 12.66" 0.24"
Pendimethalin 1.6 kg Ha 101466° 11.36 12.32° 0.25"
S-metolachlor 1.0 kg A& hand weeding at 5 WAE 120756  13.40 12.68° 0.3%8
Pendimethalin 1.0 kg Har hand weeding at 5 WAE 117284  13.60 12.5%* 0.37
One hand weeding at 2 WAE 90664° 12.72 12.08“  0.2¢
Two hand weeding at 2 and 5 WAE 114969  12.57 12.5%* 0.36
Weed free check 120370° 13.68 13.1F 0.47
Weedy check 77932 11.02 11.44 0.27
LSD (5%) 11831.3 NS 0.67 0.032
CV (%) 10.0  13.05 4.7 9.10

CV= coefficientofvariation; LSD= least significant difference; WAE=e®ks after emergence; NS=

not significant; Means in coloumn of same paramdtdlowed by the same letter(s) are not

significantly different at 5% level of significance

Hundred grain weight

The effect of locations and treatments was .higidyificant (P< 0.01) while their interaction

had no significant effect on 100 seed weight. Téeds at Sirinka had significantly higher
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weight (by 7.6%) than at Jari. The grains undermete weed free plots recorded the highest
weight which was statistically at par with two haméeding at 2 and SWAE, pendimethalin at
1.0 kg h& + one hand weeding at 5 WAE, s-metolachlor at &'+ hand weeding at 5
WAE, pendimethalin at 1.3 kg fiaand s-metolachlor 2.0 kg haThe lowest 100 grain
weight was observed in weedy check, however, it easparable with one hand weeding at
2 WAE and s-metolachlor 1.5 kg @ able 6). The plants raised under complete weeel fr
environment were free from weed competition. They;thtilized available resources to their
maximum benefit leading to increased seed weiglsio,Ahe more and vigorous leaves under
weed free environment that improved the supplyssirailate to be stored in the seed, hence,
the weight of 100 grains increased. The lowest @fin weight was observed in weedy
check. However, it was equivalent with one handdireg at 2 WAE and 1.5 kg Haf s-
metolachlor (Table 6). This is consistent with[88]o stated that cowpea plants in unwedded
plots gave the lowest 100 seed weight. However,fépprted that there was no significant

difference found in grain weight due to weed manag@ practices in common bean.
Grain yield

Cowpea grain yield was significantly (P<0.01) irfhced by the location, weed management
practices and their interaction. The maximum grgigld (4277 kg hd) was obtained in
complete weed free at Sirinka which was statidiical par with complete weed free at Jari
and two hand weeding at Sirinka. Further, the adgon effect showed that the vyield
obtained with complete weed free treatment ataladi two hand weeding at Sirinka had no
significant difference with the application of1.§ ka'of s-metolachlor + hand weeding at 5
WAE and 1.0 kg Haof pendimethalin + hand weeding at 5 WAE at Siink was also
found that with the increasing rate of s-metolachloplication there was an increase in yield
but no significant variation was observed betweeh dnd 2.0 kg h#of s- metolachlor
application at both locations (Table 7). But thesatments depicted significant yield increase
over 1.0 kg hd of s- metolachlor application which was 22.5% aBd%b, 18.7% and 22.7 %

over 1.0 kg hdof s-metolachlor, respectively at Jari and Sirinka.
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Theinteraction effect of location with increasirgias of pendimethalin showed significant
reduction in yield with the application of 1.3 ahd kg ha of pendimethalin over its lower
rate at Jari. In contrast, at Sirinka, results weansistent and no significant difference
existed among the rates. At Jari, 1.0 kidfss-metolachlor + hand weeding at 5 WAE gave
significant yield increase over 1.0 kghef pendimethalin + hand weeding at 5 WAE, while
these weed management practices were statistiogigrity at Sirinka. However, at both the

locations, two hand weeding proved significantltéethan one hand weeding (Table 7).

Weedy crop throughout the growing period resultethe lowest grain yield, but at respective
locations did not have a significant differencehwit.3 and 1.6 kg iaof pendimethalin at
Jari, and 1.0 and 1.6 kg haf pendimethalin as well as 1.0 kg'lwd s-metolachlor at Sirinka.
While comparing weedy check at Sirinka with weedhagement practices at Jari, the data
(Table 5) revealed that weedy check plots had figmitly higher yield than 1.0 kg Haf s-
metolachlor, 1.3 and 1.6 kg haf pendimethalin while it was statistically equieat with1.5
and 2.0 kg ha of s- metolachlor, 1.0 kg Haofpendimethalin and one hand weeding at 2
WAE (Table 7). The yield obtained at Sirinka in geal, was significantly higher than at Jari
under most of their respective weed managementigeac This difference might have been
partially due the differences that existed in numifepods plant'and seeds potbetween the
locations. In line with this, [41]obtained sign#ict increase in yield with the application of
pendimethalin at 0.75 kg Hasupplemented with one hand weeding 45 days afteinsg in
black gram. Similar conclusion has also been drawn42]that proper weed management
gave higher yields of crops. The phenomenon inwbivecrop yield increase as affected by
different weed control method has already been wedicribed by [6, 43,44, 44][38] also
stated that the yield and yield components of cawere also affected by weed control
methods.This confirms the adverse effects of thedseon the cowpea crop production sites

as reported earlier by [46].
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Aboveground dry biomass yield

The highest aboveground dry biomass vyield (10797h&Y was obtained in 1 kg Haf s-
metolachlor + one hand weeding at 5 WAE treatetspd Jari which was statistically at par
with two hand weeding s at 2 and 5 WAE at the skwation (9831 kg h3), s-metolachlor at
all the application rates (9815 to 10694 kg haendimethalin at 1.5 kg Halow rates of s-
metolachlor and pendimethalin combined with onedhareeding at 5 WAE, one hand
weeding and weed free check at Sirinka (Table &gedly check plots had the lowest
aboveground dry biomass yield among the treatmantsespective locations, which was
statistically at par with pendimethalin at 1.3 afhd kg hd at Jari. At Sirinka, the
aboveground dry biomass yield in weedy check wasifstantly lower than s-metolachlor at
2.0 kg h& and two hand weeding s at 2 and 5 WAE only. [4¥ireed that the increased dry
matter weight of the crop was highly governed bg tbngth of weed free period. While
comparing the individual treatments in general, #imveground dry biomass yield was
higher at Sirinka than Jari. However, high productdf total dry matter might not necessarily
be of great value when the grain comprises a parthe plant. Though, the higher
aboveground dry biomass in complete weed free and weeded plots may be due to better
condition in soil rhizosphere that improved the petitive ability of the crop and favored

more vegetative growth.
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Table 7. Interaction effect of location and weed managerpeactices on number of pods plangrain and aboveground dry biomass
yield(kg ha"), and yield loss (%) of cowpea during main crogpseason in 2013

Number of pods Grain yield Atk))(i)(;/rtre]garsosuni(ilgry Yield loss
plant* (kg ha') g haﬁ)’ (%)

Weed management practices Jari Sirinka Jari Sirinka Jari Sirinka Jari Sirinka
S-metolachlor 1.0 kg Ha 1211 12.70" 1750  2598" 7408°  10082™ 554  39.4%
S-metolachlor 1.5 kg Aa 16.00°" 11.50 2144 30807 718%" 9818 447  28.0¢
S-metolachlor 2.0 kg Aa 13.1P7"  17.13% 2327 3185 77809 10694 39.9% 256"
Pendimethalin 1.0 kg Ha 10.67¢  14.53" 2373 25827 8957¢  9136% 39.7% 39.6*
Pendimethalin 1.3 kg Ha 8.00' 12.83" 1322' 2696" 6157"  9763* 66.F  36.9%
Pendimethalin 1.6 kg Ha 8.67 15.33" 1282 2558 5932 9059%*  67.1°  40.1°*
S-metolachlor 1.0 kg Ha hand weeding at 5 WAE ~ 22.44  19.07" 3595° 3769" 10797 9949 7.9 11.8
Pendimethalin 1.0 kg Har hand weeding at 5 WAE ~ 19.33°  18.97" 3017  3614" 816r"% 9753 227" 153"
One hand weeding at 2 WAE 15.33%  15.83 2312 2969 838F" 9733 40.1* 30.5™
Two hand weeding at 2 and 5 WAE 18.17°  19.00° 3452°  3864™ 983" 10438" 116 9.5
Weed free check 20.78" 20.67 3907 4277 9566  10113™ 0.0 0.0
Weedy check 7.67 10.63F 1134 224% 5661 9043%  70.9° 47.8°
LSD (%) L x WMP 2.456 422.0 1079.0 10.57
CV(%) 10.0 9.3 7.4 19.6

CV= coefficientofvariation; LSD= least significant difference; WAE=e®eks after emergence;Means in coloumn and row rok gaarameter

followed by the same letter(s) are not significadiifferent at 5% level of significance
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Harvest index

The results of both treatment revealed that thatioo and weed management practices had a
significant influence on crop harvest index. Thepcigrown at Sirinka had significantly
higher harvest index than at Jari. Highly signifitharvest index was observed as compared
to the weed management practices found when the wes kept weed free throughout the
growing season (Table 7). This was followed by frevethalin 1.0 kg ha+ hand weeding at

5 WAE, s-metolachlor 1.0 kg H& hand weeding at 5 WAE and two hand weeding atc®

5 WAE. Though these weed management practices alidsimow statistically significant
differences among them but had significantly higharvest index than the remaining weed
management practices. The weedy check showed thenaom harvest index that did not
significantly vary with with1.0 kg h%of s-metolachlor, 1.3 kg Heof pendimethalin and 1.6
kg ha’of pendimethalin treatments. This lower harveseindhight be due to severe weed
competition with the crop for the growth factorshieh restricted the growth and
development of the crop in weedy check plots. Farrteevere weed interference (Tables 2
and 3) might have decreased root/shoot ratio [#&Jieased vegetative growth duration
(Table 4) and allocation of more assimilates favathrather than root growth.Likewise, the
photosynthetic activity might be more during thegetative phase of crop growth that
contributed towards more total dry matter productiout the pace of this photosynthetic rate
might have registered much higher decline due sotéigration of nodules with the initiation

of pod development resulting in lower harvest index
Yield Loss

The weeds under different weed management praat@esed variability in the amount of
grain yield loss in cowpea. The highest yield 1088.8%) was recorded in weedy check at
Jari. This was statistically in parity with the $osegistered with the application of 1.3 kg ha
lof pendimethalin and 1.6 kg haof pendimethalin at the same location. All theseed
management practices recorded a significant yietd Icompared to other treatments. At
Sirinka, the highest loss (47.5%) in yield, duemeeds, was also in weedy check, but it did

not show significant variation with the loss academ the application of s- metolachlor at
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all rate, 1.0 kg hgpendimethalin and one hand weeding at 2 WAE af dad 1.0 kg hof s-
metolachlor and 1.0 and 1.6 kg’ud pendimethalin. The application of 1.0 kg haf s-
metolachlor combined with one hand weeding 5SWAEHRIlted in the lowest yield loss which
was statistically similar with two hand weeding2zaand 5 WAE at both experimental sites, as
well as 1.0 kg hdof s- metolachlor and 1.0 kg haf pendimethalin were both combined with
one hand weeding 5SWAE at Sirinka. Moreover, it waserved that the yield loss due to s-
metolachlor 1.0 kg Hasuperimposed with one hand weeding SWAE at Jatitam hand
weeding at 2 and 5 WAE at Sirinka were not sigafficas compared to complete weed free at
both locations (Table7)his observation is consistent with the worl{@fand[8] who reported
that the presence of weeds reduyesld (by 82 %). On the other hand,[7],[48] andf#8ihd
that there existed12.7 % - 60.0%,40% to 60% and a68660% reduction in potential yield
of cowpeadue to weeds, respectivelhis difference in reduction in cowpea yield repdrby
various researchers might be due to the differennesveed flora, crop varieties and
environmental conditions prevailing in the studgai herefore, the difference in time of
weed removal might have contributed to this vasiatin yield. The herbicide might have
dissipated soon from the soil under the influen€eermvironmental conditions prevailing

during the crop season

3.5. Partial Budget Analysis

The result of the partial budget analyses showedl tivo hand weeding accrued 4.2 and
13.4% higher total variable cost than 1.0 kg'haf pendimethalin and1.0 kg tef s —
metolachlor both superimposed with handweedingeetsvely at both sites (Table 8). On the
other hand highest gross as well as net benefite wlaetained with the application of 1.0 kg
ha'of s-metolachlor at + handweeding, followed by thandweeding at 2 and 5 WAE and
1.0 kg h&of pendimethalin +hand weeding.
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Table 8. Partial budget analysis of weed managem@atices in cowpea based on total variable coshg main cropping season
2013

Weed management practices Total variable Average yield Adjusted yield Gross Net
cost (ETB hd) (kg ha’) (kg ha') 10%  benefit Benefit
down (ETBha')  (ha)

S-metolachlor 1.0 kg hHa 3935 2172.4 1955.2 29328 25393
S-metolachlor 1.5 kg Ha 4841 2612.1 2350.9 35264 30423
S-metolachlor 2.0 kg Fa 5283 2756.0 2480.4 37206 31923
Pendimethalin 1.0 kg Ha 5589 2477.5 2229.8 33447 27858
Pendimethalin 1.3 kg Ha 5339 2009.0 1808.1 27122 21783
Pendimethalin 1.6 kg Ha 5581 1918.6 1727.4 25911 20330
S-metolachlor 1.0 kg FHia hand weeding at 5 WAE 6828 3682.0 3313.8 49707 42879
Pendimethalin 1.0 kg Har hand weeding at 5 WAE 7430 3315.8 2984.2 44763 37333
One hand weeding at 2 WAE 5620 2640.5 2376.5 35648 35649
Two hand weeding at 2 and 5 WAE 7742 3658.4 3292.6 49380 41638
Weedy check 2642 1687.3 1518.6 22779 20137

Cost of s-metolachlor 417 Birr/ kg; cost of pendihadin 620 Birr/kg; Spraying Birr 99/ ha; Cost adrid weeding and hoeing 2 WAE 45 persons, 35 DAE 16
persons @Birr 33 / person; Sale price of cowpeaHsf kg; Field price of cowpea (sale price- valgainput cost-harvesting, threshing and winnowirig B65/
100 kg; packing and material cost Birr 4.0 per k§Qtransportation Birr 5 per 100 kg ; ETB= 0.0498D
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4. CONCLUSION

It can be inferred from this study that the treatmef 1.0 kg ha of s-metolachlor
supplemented with one hand weeding at 5 DAE isntlost profitable treatment with an
alternate weed management option i.e. 1.0 kiphaendimethalin supplemented with one
hand weeding 35 DAE. Therefore, managing the weetisthe application of 1.0 kg Haof
s-metolachlor+ hand weeding and hoeing at 35 DARvqut to be the most profitable practice
however, in a situation of unavailability of heridie on time, hand weeding and hoeing three
WAE seemed to be an alternate weed managemenicpraddbwever, under the condition of
labour constraint and timely availability of therbieide, pre emergence application 2.0 kg ha
! of s-metolachlorshould be used to preclude thiel yiss and ensure maximum benefits. For
broad-spectrum and effective weed control, the ibeld mixture should also be tested.
Further, to prevent the weed shift, these two leatbs should be used as herbicide rotation.
In future, there is a need to explore the effectess of various combinations of these two

herbicides for cost effective and broad spectrurada@ntrol in cowpea production.
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