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Cowpea is an important grain legume crop used as feed for livestock, and its dry beans provide protein. Consequently, the
objective of this study was to evaluate selected cowpea genotypes for herbage dry matter yield and nutritional quality in two agro-
ecologies of the Benishangul-Gumuz region. ­e study was conducted at Kamashi and Assosa forages research stations of Assosa
Agricultural Research Center, and the sites were purposively selected to represent lowland and midland agro-ecologies, re-
spectively. Four cowpeas’ accessions (V. Unguiculata ILRI-11114, ILRI-12688, ILRI-12713, and ILRI-9333) and one check (Melka
(ILRI-9334) as a check) were evaluated in a randomized complete block design with three replications. Herbage dry matter yield,
plant height at forage harvesting, and days to maturity were signi�cantly a�ected by location (L). Longer plant heights, shorter
days to maturity, and higher dry matter yield (P< 0.001) were recorded at Kamashi than at Assosa. Herbage dry matter yield was
signi�cantly P< 0.05 a�ected by year (Y), Y∗L (Y and L interaction), G∗L∗Y (genotype (G), L and Y interaction), and G∗L.
Hebage dry matter yield was similar between years at Assosa, whereas at Kamashi signi�cantly (P< 0.001) di�erent and more
yields were obtained in 2015.­e genotypes did not di�er in nutritional quality parameters such as ash, acid detergent �bre, crude
protein, and organic matter digestibility (P> 0.05). However, neutral detergent �bre and acid detergent �bre were signi�cantly
(P< 0.05) in�uenced by genotype. ­us, from the present study, it can be recommended that cowpea genotypes ILRI-12688 are
suitable for Assosa and ILRI-11114 to Kamashi areas in terms of biomass production.

1. Introduction

In Ethiopia, the main constraint to livestock production is a
lack of feed, both in quantity and quality. Natural pasture
residues are the main feed resources. It is estimated that
natural pastures provide 80-85% of livestock feed in Ethiopia
[1], and most of these natural pastures exist in lowland areas
of the country [2]. Benishangul-Gumuz Regional State
(BGRS) is one of the country’s lowlands characterized by a
long rainy season, and 3% of its geographical areas are
covered by grasslands [3]. Long grasses which include
Hypernia species dominate these grasslands. Finding ade-
quate feed in the dry season is a challenge almost every
smallholder farmer faces in BGRS. ­e quality of grasses
declines as plants mature and become more �brous with low

crude protein, resulting in the accumulation of poor-quality
biomass, which is slowly digestible and low in nutrients.­is
biomass is commonly consumed by a wild�re in the dry
season. ­is results in low productivity, long calving in-
tervals, susceptibility to diseases, and high livestock mor-
tality. Reference [4] indicated the possibility of conserving
the available green feeds in the rainy season as silage, but the
protein content of the ensiled material was below the
physiological requirement of animals. ­us, leguminous
forages like cowpea could be an important source of protein
supplements to �ll the gap in such livestock production
systems.

Cowpea (Vigna unguiculata L.) is a dicotyledonous plant
in the Fabaceae family and subfamily Faboideae. It is an
important grain legume crop used as livestock feed, and its
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dry beans contain 22% to 25% protein [5]. It is one of the
extensively grown crops in the lowlands and midaltitude
regions of Africa sometimes as the sole crop but more often
intercropped with cereals such as sorghum and millet [6].
-e grains are a good source of human protein, and the
haulms are valuable livestock protein sources [7]. Cowpea
fixes atmospheric nitrogen through symbiosis with nodule
bacteria, and it can withstand harsh environments such as
low soil fertility, water scarcity, and extreme temperatures
[8]. Despite having a significant potential for forage pro-
duction, there are no studies on cowpea to investigate its
forage yield, seed yield, and quality in BGRS. Information is
not available regarding cowpea accessions that will best
adapt to different agro-ecologies of the region. -us, this
study was intended to select cowpea accessions that perform
well in the two agro-ecological environments of the region.

2. Materials and Methods

2.1. Study Areas. -is study was conducted from 2013 to
2016 in the Assosa Agricultural Research Center’s research
fields in the BGRS districts of Assosa and Kamashi. BGRS is
located in the western part of Ethiopia, between 90 30′N and
110 39′N latitude and 340 20′E and 360 30′E longitude, with
a total land area of 50 thousand square kilometres. -e
region’s land features are diverse, with plain lowlands being
the most prominent. Rainfall is unimodal and usually lasts 6
to 7 months, from April to October. Lowland areas, such as
Kamashi, however, receive rain for 3-4 months. -e average
annual rainfall is approximately 1275mm. Temperatures in
the region range from mild to hot. -e region’s minimum
and maximum temperatures range from 14°C to 20°C and
from 25°C to 39°C, respectively. Dytric nitisol, orthic acri-
sols, chromic and orthic luvisols, and chromic and eutric
fluvisols are the major soil types [9]. -e Assosa Agricultural
Research Center is located near the town of Assosa, which is
670 kilometres west of Addis Ababa. Kamashi is located 225
kilometres north-east of Assosa. -e description of the lo-
cations is indicated in Table 1.

2.2. Experimental Design and CropManagement. -e source
of the cowpea accessions (ILRI-11114, ILRI-12688, ILRI-
12713, ILRI-9333, and ILRI-9334) is International Livestock
Research Institute (ILRI) which is in Addis Ababa. -ese
genetic materials were planted in the main rainy season of
each year in the two locations. A randomized complete block
design (RCBD) with three replications was used for the
experiment. -e plot was 12m2 in size, with 25 cm and 5 cm
between rows and plants, respectively. -e spaces between
plots and blocks were 1 and 1.5 meters, respectively. At each
season of planting, a di-ammonium phosphate (DAP) fer-
tilizer was applied at 100 kg/ha rate. Weeds were controlled
on a regular basis by hand removal, and other management,
such as disease control, was carried out as needed.

2.3. Data Collection and Sampling Techniques. -e sample
for herbage yield at the 10% blooming stage was taken from
0.5m2 from the central part of the plot. Total fresh biomass

from this area is measured using sensitive balance and
subsampled to 500 grams. -ese subsamples were further
partitioned into leaf and stem. -en, the fresh leaf and stem
parts of the sample were used for determination of the dry
matter content and further laboratory analysis. Number of
branches per plant and plant height were measured on six
randomly selected plants from the sampling area. -e
number of days to flowering was calculated as the number of
days from emergence to 50% flowering.

Seed yield and seed-related traits were collected from
another area of 0.5m2 in the central part of the plot. At the
flowering stage 6, randomly selected plants were tagged from
each plot within this sampling area. -ese sample plants
were used to record data which include plant growth habit,
flower color, root length, number of nodules per plant,
nodule color, number of pod per plants, pod length, number
of seeds per pod, and 100-seed weight. Seed moisture
content and 100-seed weight were determined using the
seed-test method of the International Seed Testing Associ-
ation. -en, the total seed yield and 100-seed weight were
adjusted to 10 percent moisture.

-e dry matter content was determined by oven drying
for 72 hours at 63°C. Dried samples were analyzed for ash,
crude protein (CP), neutral detergent fibre (NDF), acid
detergent fibre (ADF), and in vitro organic matter digest-
ibility (IVOMD). CP and Ash were analyzed according to
Reference [10] procedures. -e ADF, NDF, and lignin
contents were analyzed according to Reference [11].
IVOMD was determined according to Reference [12].

2.4. Data Analysis. R software was used for data manage-
ment and analysis. Descriptive and ANOVA techniques
were used in data analysis. -e least mean difference was
employed for mean separation when P< 0.05. A general
linear model was employed to understand the effects of
genotypes, location, and year of production on yield and
yield components. -e model is indicated below:

Yijkl � μ + Gi + Lj + Yk + GLij + GYik + LYjk + GLYijk + eijkl, (1)

where Yijkl is the dependent variable; μ is the overall mean;
Gi is the effect of genotype I; Lj is the effect of location j,
j�Assosa and Kamashi; Yk is the effect of year of production

Table 1: Descriptions of the test environments for geographical
position.

Parameter
Location

Kamashi Assosa
Longitude 034°20′E 35°45′E 034°20′E 35°45′E
Latitude 09°30′N 10°30′N
Altitude (m) 1000-1350 1500-1550
Annual rainfall (mm) 1150 1316
Daily minimum
temperature (°C) 30 27.9

Daily maximum
temperature (°C) 25 16.75

Soil type Nitisol Nitisol
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k, k� 2014, 2015, and 2016; GLij is the genotype i and lo-
cation j interaction effect; GYik is the genotype i and year k
interaction effect; LYjk is the location j and year k interaction
effect; GLYijk is the genotype i, location j, and year k in-
teraction effect; and eijkl is a random error.

3. Results

Location had a significant effect (P< 0.001) on plant height,
days to maturity, and forage dry matter yield of cowpea.
Genotype had no significant (P> 0.05) effect on growth
parameters, days to maturity, and dry-leaf-to-stem ratio.
Similarly, no significant location and genotype interaction
(P> 0.05) effect was observed for number of branches per
plant and dry-leaf-to-stem ratio (Table 2). -e average plant
height at Assosa was 52.5 cm, whereas at Kamashi it was
93.3 cm. Mean days to harvest were 76 and 67 for Assosa and
Kamashi, respectively (Table 3).

Dry biomass yield (tone per hectare) of cowpea geno-
types under the two agro-ecologies between 2014 and 2016 is
presented in Table 4. -ere was no significant difference
(P> 0.05) for dry biomass yield among the genotypes, but
location and year of production had a significant effect. -e
cowpea accessions yielded better biomass in Kamashi than
Assosa, but the yields were not consistent for the genotypes
over the production years (Figure 1). -at means, some
accessions which yielded better in Kamashi are not con-
sistently better yielded in Assosa and vice versa. In three
years, the mean biomass yields of the cowpea accessions
were 3.0 tone/ha and 5.1 to/ha for Assosa and Kamash,
respectively. Cowpea genotypes ILRI-12688 and ILRI-9333
better performed in Assosa relative to others. In the same
manner, genotypes ILRI-11114, ILRI-9334, and ILRI-12688
yielded better biomass in Kamashi in that order. -e dry
matter yield of the genotypes was significantly (P< 0.001)
influenced by the location, and this result suggests that there
was not any stable and high-yielding accession across the
locations.

-emean biomass yields of the genotypes were similar to
overproduction years at Assosa. However, at Kamash, the
highest mean biomass was attained in 2015. Considering the
production years, the overall mean biomass yields of the
genotypes were 4.2, 4.4, and 3.5 ton/ha (DM) in 2014, 2015,
and 2016, respectively. -us, the least yield was harvested in
2016.

-e nutritional qualities of biomass from the cowpea
genotypes are presented in Table 5. Genotypes significantly
(P< 0.05) were different in neutral detergent fibre (NDF)
and acid detergent fibre (ADF). Accession ILRI-11114 had
greater NDF content than those of ILRI-12688 and ILRI-

9334; but not significantly different from ILRI-12713 and
ILRI-9333. Similarly, ILRI-11114 had greater ADF content
than the other 4 genotypes. Nutritional quality parameters
such as ash, crude protein (CP), acid detergent lignin (ADL),
and organic matter digestibility (OMD) were not signifi-
cantly different (P> 0.05) among the genotypes. Location
and year of production had no effect on forage quality
parameters as well as seed and seed-related parameters and
therefore were excluded from the statistical analysis.

In terms of seed yield and seed yield components, there
were no significant (P> 0.05) differences between genotypes
in the number of nodules per plant, pod length, number of
pods per plant, and number of seeds per pod. However, there
was a significant difference in grain yield (P< 0.05) and
thousand seed weight (P< 0.001) among the genotypes. A
greater yield was attained from ILRI-12688 than ILRI-9333
and ILRI-9334. -e highest 100-seed weight was recorded
for ILRI-12688 and ILRI-12713 followed by ILRI-933; on
contrary, the lowest 100-seed weight was recorded for ILRI-
9334 (Table 6).

4. Discussion

-e overall performance of cowpea genotypes was better in
Kamashi than in Assosa. -is suggests that this location has
better soil and climatic conditions for cowpea growing for
forage purposes. Kamashi is a lowland area that gets rainfall
within a short period of time, but in Assosa areas the rainy
season is long and lasts for about 6 months. In agreement
with this finding, Reference [13] reported that changes in
rainfall have a positive or negative impact on the perfor-
mance of forage species. Likewise, higher plant height was
recorded at Kamash than in Assosa, and this variation be-
tween locations could be attributed to differences in rainfall
and temperature levels, as well as soil physicochemical
properties of the study areas. -is result of this study is
supported by the findings of References [13, 14], who re-
ported that temperature, rainfall, and soil physicochemical
properties are the major environmental factors that sig-
nificantly affect plant height. Similarly, other authors have
also mentioned soil nutrients, soil pH [15], and air tem-
perature [16] as environmental factors that influence plant
height.

Taller plant heights in Kamashi resulted in better bio-
mass yields. -is is because longer plants possess relatively
more leaves and branches which may result in an increase in
biomass yield. According to annual Basque Research (Cited
in [13]), plants grown in water-stressed conditions tend to
grow taller to compete for nutrients in the growing envi-
ronment. An increase in plant height at the Kamashi

Table 2: Combined analysis of variance for agronomic traits of cowpea accession tested across two locations.

Trait Year (Y) Location (L) Genotype (G) Y∗ L Y∗G L∗G Y∗ L∗G Mean
Plant height (cm) ∗∗∗ ∗∗∗ ns ∗∗∗ ns ∗∗∗ ns 73.92
Number of branches ∗ ns ns ∗ ns ns ns 7.75
Dry-leaf-to-stem ratio ns ∗∗ ns ∗∗∗ ns ns ns 0.47
Days to flowering ∗∗∗ ∗∗∗ ns ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ 79.80
Dry matter yield (t/ha) ∗∗∗ ∗∗∗ ns ∗∗∗ ns ∗ ns 4.02
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location, however, did not come with increased seed yield.
-is is because increased plant height at the harvest stage
under water stress conditions was recorded at the expense of
seed yield. -e result of this study was consistent with
previous findings presented by authors in Reference [14]
who carried out a similar experiment on cowpea under water
stress conditions. -e shorter maturity period in Kamashi is
mainly attributed to the shorter rainy season in the area.

-e inconsistent biomass yield of cowpea genotypes
under Kamashi and Assosa locations could be attributed to
variations in rainfall and related climatic and agro-pedology

factors over the production years. -is could be due to the
interaction effect of genotype and environment, which had a
significant impact on forage dry matter yield. -e result of
this study is supported by the finding of Reference [17], that
a significant difference in genotype stability is caused by the
crossover interaction effect of genotype and environment.
Likewise, Reference [18] reported that the interaction results
from differences in a genotype relative performance across
environments caused by genotype differences in response to
various climatic, edaphic, and biotic factors. In accordance
with the findings of this study, Reference [19] reported that
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Figure 1: Interaction plot of 5 cowpea accessions in 6 environments (where AS 14 is Assosa in 2014, AS15 is Assosa in 2015, AS16 is Assosa
in 2016, K14 is Kamashi in 2014, K15 is Kamashi in 2015, and K16 is Kamashi in 2016).

Table 5: Nutrient content of cowpea biomass from 100% DM (mean± SE).

Accession Ash% NDF% ADF% ADL% CP% %OMD
ILRI-11114 10.4± 0.38 65.4± 2.71a 53.4± 1.81a 10.4± 0.28 16.0± 0.12 43.3± 3.37
ILRI-12688 10.6± 0.25 56.9± 0.31b 46.4± 2.27b 10.2± 0.90 14.1± 0.77 49.3± 2.17
ILRI-12713 10.5± 1.13 60.3± 1.61ab 44.0± 1.77b 9.3± 0.76 17.1± 1.30 50.5± 4.61
ILRI-9333 10.4± 2.07 60.2± 1.50ab 46.1± 0.78b 10.6± 0.76 16.1± 1.51 50.9± 6.08
ILRI-9334 10.6± 1.25 56.6± 1.73b 47.0± 1.75b 11.9± 0.14 14.6± 0.64 54.1± 2.19
Sign. ns ∗ ∗ ns ns ns
NDF�Neutral detergent fibre; ADF�Acid detergent fibre; ADL�Acid detergent lignin; CP�Crude protein; OMD�Organic matter digestibility;
∗� P< 0.05 and ns�nonsignificant.

Table 4: Dry biomass yield (ton/ha) of cowpea genotypes under Assosa and Kamashi environments from 2014 to 2016 (mean± SD).

Genotype
Assosa

Mean
Kamash

Mean
2014 2015 2016 2014 2015 2016

ILRI-11114 3.0± 0.74ab 3.1± 0.10a 3.0± 0.13ab 3.0± 0.38ab 5.4± 1.71 7.0± 1.18 4.2± 1.51b 5.5± 1.76
ILRI-12688 3.6± 0.18a 3.0± 0.00a 3.5± 0.29a 3.4± 0.35a 4.8± 0.38 5.5± 0.20 5.2± 1.55a 5.2± 0.86
ILRI-12713 3.1± 0.27a 2.9± 0.53a 2.8± 0.42bc 2.9± 0.38b 4.6± 0.33 5.9± 1.01 3.9± 0.37b 4.8± 1.06
ILRI-9333 3.4± 0.30a 3.2± 0.27a 3.3± 0.05ab 3.3± 0.28a 6.0± 1.90 4.9± 0.31 3.1± 0.18b 4.7± 1.62
ILRI-9334 2.4± 0.55b 2.1± 0.52b 2.5± 0.60c 2.3± 0.52c 5.7± 1.11 6.4± 1.45 3.8± 1.32ab 5.3± 1.63
Mean 3.1± 0.58 2.9± 0.52 3.0± 0.47 5.3± 1.21 6.0± 1.10 4.0± 1.21
Significance ∗ ∗ ∗ ∗∗∗ ns ns ∗ ns
ns�nonsignificant (P> 0.05), ∗ � P< 0.05, ∗∗∗ � P< 0.001.
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genotypes selected for superior performance under one set
of environmental conditions may perform poorly under
another set of environmental conditions due to high ge-
notype-by-location interaction effects. -ere were signifi-
cant differences in biomass yield among tested genotypes,
implying specific adaptation and the need for location-
specific recommendations. -us, from the present study, it
can be recommended that cowpea genotypes ILRI-12688 are
suitable for Assosa and ILRI-11114 to Kamashi areas in
terms of biomass production. However, a firm conclusion
cannot be reached in this regard because of the lack of
feeding trials using these genotypes. Genotype ILRI-12688
had a better grain yield than others so it can be grown as a
dual-purpose crop; that means, it can be used as a source of
human food and as fodder for animals.

In the Benishangul-Gumuz region, livestock is mainly
dependent on grasses, and hence these feeds are deficient in
protein. Farmers in the region do not have access to
commercial diets to feed their livestock. -us, as cowpea is a
good source of protein and own reasonable digestible en-
ergy, it can be a good supplement to feed livestock under
subsistence farming systems of the region. However, the
nutrient content and indicators of feed intake and digest-
ibility of genotypes at present were inferior to some of the
previous findings elsewhere in the tropical areas [20, 21].
-is could be associated with seasonal variation and stage of
maturity at harvest, infestation, intensity of pests, and
variation in genetics.

5. Conclusion

From this research, it can be concluded that cowpea is an
important forage crop with good yield and quality in the
Benishangul-Gumuz region of Ethiopia. So, this crop can
play an important role to fill the forage gap in the dry season
by making hay from it. -e overall performance of all
cowpea genotypes was better in Kamashi than Assosa.
Genotype ILRI-11114 was well adapted to Kamashi com-
pared to other genotypes, and genotype ILRI-12688 was
relatively good in Assosa. -us, these genotypes can be
recommended to specific locations. More research on the
performance of animals fed these genotypes is needed before
making firm recommendations.
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