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Abstract

Producing improved legume forages may contribute to the improvement of the quality supply of the livestock feeding
system in Ethiopia. Dry matter and seed yield evaluation and aphid infestation scoring of cowpea genotypes were
undertaken for three production seasons (2018-2019). The treatment of five cowpea accessions (ILRI_9333, ILRI_9334,
ILRI_11114, ILRI_12668, and ILRI_12713) and one recently released variety as a standard check (Temesgen) at three
locations (Arba Minch Agricultural Research Center (AMARC), Bonga Agricultural Research Center (BARC) and Hawassa
Agricultural Research Center (HARC) was laid out at the field in a randomized complete block design with three
replications. Growth, yield, and aphid scoring parameters were collected to present the comparison of genotypes. Vine
length and branch number of ILRI_3334 followed by ILRI_12173 was significantly taller in all locations than the
standard check and other genotypes in the test. Dry matter yield production was significantly (P<0.05) higher for
ILRI_12713 (8.87 t/ha) followed by ILRI_ 9334 (8.44 t/ha) and ILRI_11114 (8.4 t/ha) while in seed yield variety
ILRI_11114>ILRI_12668>ILRI_12713 than Temegen and others in the experiment. Aphid infestation in the cowpea field
significantly influenced dry matter yield and seed yield. Dry matter yield was positively correlated with branch number
and vine length. Seed yield was positively and significantly (P= 0.047 and 0.015) correlated with seed per pod and
harvest index. Hence, ILRI_12713, ILRI_9334, and ILRI_11114 are to be considered for further cowpea breeding
programs for dry matter and seed yield under aphid-infested conditions. Quality of the materials under irrigated and
other agronomic conditions might be the future assignment.
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1. Introduction

The forage production trend of smallholder farmers in Ethiopia has been decreasing from time to time and could not
supply sufficient feed for the livestock system (1). Ethiopian forage production system predominantly depends on green
fodder/grazing 54.54%, crop residue 31.13%, improved forage 0.57%, hay 7.35%, byproducts 2.03%, and other sources
4.37% (1). Cowpea is a multipurpose (food and feed) dicotyledonous plant belonging to the family Fabaceae which is
widely grown in lowlands and midland regions of Africa as a sole crop as well intercropped with cereals (2).

Cowpea is the most extensively grown, distributed, and traded food and feed crop consumed more than 50%, of because
of its considerable nutritional and health value to man and livestock (3). Grain yield and dry matter yield significantly
vary among different varieties of Vigna unguiculata (2). The biomass yield of cowpea on a dry matter basis averaged 4.3
t/ha with the grain yield of 2.22 t/ha (4) which can sustain more than 550 lactating Boran goats at their highest milk
yield. The highest dry matter yield of 10.56 t/ha (5) to 16.1 t/ha (6) was reported for some accessions of cowpea in
Ethiopia. The yield potential of cowpea dry matter was ranging from 18-24 t/ha with seed yield of 1.1-4.9 t/ha in the
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Therefore, this project is aimed to evaluate reaction to cowpea genotypes to dry matter and seed yield production

2. Material and methods

This study was conducted on-station at three research centers: AMARC (Arba Minch Agricultural Research Center),
BARC (Bonga Agricultural Research Center), and HARC (Hawassa Agricultural Research Center) from March 2018 - to
November 2020 during the main cropping season. The major agro-climatic and study area map is presented in Figure
1. The soil of experimental sites at 0-30 cm depth was tested for soil texture, pH, cation exchange capacity (CEC), organic
carbon (0C), organic matter (OM), total nitrogen (TN), and available phosphorus (P) in Soil laboratory to determine
selected physicochemical properties of the soil (Table 1).
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Figure 1 Map of production sites

Table 1 Coordinates, altitude, climatic data, soil physical and chemical characteristics of experimental sites

Characteristics AMARC BARC HARC
Longitude 37°35'10.5"E 36°13'E 38°18'30”E
Latitude 6°06'47"N 7°19'N 6°24'30”N
Altitude (meter above sea level) 1206 1200 1572
Rainfall (av. mm) 750-818 1050-1200 1300
Temperature maximum (°C) 30 20 28.05
Temperature minimum (°C) 20 15 13.10
pH (H20 1:2.25) 6.7 6 6.85
CEC (me/100 g) 324 23 21
0C% 2.73 2.34 2.12
OM% 4.7 4.03 3.4
Total Nitrogen % 0.203 0.183 0.15
Available Phosphorus (PPM) 65.14 21.28 25.3
Texture Clay loam Clay loam Sandy loam
References (8) 9)

Treatments on field experiment of cowpea were including five accessions: ILRI_ 9333, ILRI_9334, ILRI_11114,
ILRI_12668, and ILRI_12713 with one released variety: Temesgen as standard-check in the main station of three
centers: AMARC, BARC, and HARC of Southern Agricultural Research Institute (SARI). The experiment was conducted
for three years from March 2018 to November 2020. All accessions were brought from International Livestock Research
Institute except the Temesgen variety which was from the Ethiopian Institute of Agricultural Research (EIAR). It was
laid out in a randomized complete block design with three replications. It was planted in five rows plot (3*3=9m2) with
a spacing of 60 (between rows)*30 (between plants) cm with plots of 100 cm and replication of 150 cm. Two seeds of
each variety were planted in a hole at the plowed and harrowed plot to reduce to one after emergence. NPS blended
fertilizer composed of 19% nitrogen: 37% P20s:7% sulfur) 100 kg/ha was applied for all plots at planting. Hoe weeding
of all plots was undertaken until the flowering starts and seed development to enable the plants to develop under non-
limiting conditions.

Growth, yield, and yield component parameters: vine length (VL cm), branch number (NBPP), leaf to stem ratio (LSR),
dry matter yield (DMY t/ha), seed yield (SY t/ha), and yield components; and crop phenology: days to 50% flowering
and seed harvesting were computed for three consecutive years. The Vine length was measured for five lablab plants
each randomly selected from central net rows of the plot using a tape meter from ground to top at forage harvesting.
Branches of five randomly selected plants were counted and averaged per plant. LSR was computed using the formula
leaf yield (LY t/ha) divided by stem yield (SY t/ha). 500 gram (250 g stem and 250 g leaves) sample of leaf and stem
independently was collected from each plot and dried with oven at 65°C for 24 hours to drive constant dry weight. Fresh

matter yield was measured from each plot to calculate dry matter yield. Dry matter yield was computed using the

formulas: DM% = %xmo ...... (1) Where: DM% is dry matter percent; ODW is oven-dry weight, dried into the constant

weight through 65°C for 24 hrs. FW is the fresh weight of the sample from the field. DMY (t/ha) = FMY (t/ha) * DM%
............ (2) Where: DMY is dry matter yield in ton per hectare, FMY is fresh matter yield in ton per hectare converted
from a plot yield, and fresh matter yield was computed from the whole plots. Seed yield (SY t/ha) and yield components:
pod length (PL cm), pod per plant (PPP), seed per pod (SPP), 100 seed weight (100SW g), and harvest index (HI) were
measured and presented in this project. Seed yield was weighed per plot in spring balance after a moisture test of 12%
using a graduated moisture tester expressed in ton per hectare.

298



International Journal of Science and Research Archive, 2022, 05(02), 296-305

Cowpea aphid (Aphis craccivora) infestation was calculated by using the area under the infestation progress curve
(AUIPC). The formula used:

n-1
X + Xi41)
AUIPC = E [t — )]
i=1
Where: Xi = Degree of infestation at the ith observation Xi+1 = Degree of infestation at the (i+1)th observation Ti = Time
in days for the ith observation Ti+1= Time in days for the (i+1)th observation n= Total number of observations

Collected data were analyzed using the analysis of variance procedure and least significance difference (LSDoos) of Genstat
statistical software Version 18, VSN International Ltd, UK (10).

3. Results and discussion

3.1. Vine length

The Vine length of cowpea genotypes in three years at three locations is presented in Table 2. Significant differences in
vine length at the 95% probability level were observed in all the varieties of cowpea studied with ILRI_ 9334 and
ILRI_12713 performing significantly (p<0.001) better compared to the other varieties. The mentioned genotypes
ILRI_9334 and ILRI_12713 produced higher vine lengths 0f 123.6 and 105.83 cm at AMARC, 95.37and 94.73 cm at BARC,
and 103.6 and 98.8 cm at HARC with overall mean values of 107.52 and 99.79 cm. Environmental variation also
determines the height of the crop in the experiment. A higher mean vine length of 121.1 cm was obtained in 2020 at
AMARC and 96.8 cm at BARC. Previous mean values reported for vine length of similar genotypes ILRI_9334 and
ILRI_12713 were 105.6 and 122.36 cm (6) which is closely similar to the present result. Plant height contributes to and
plays a great role in above-ground biomass accumulation of forage crop production (11). This may be due to the taller
a plant, the higher the amount of light energy absorbed and the higher the rate of photosynthesis, and consequently the
amount of assimilation produced by the leaves (12).

Table 1 Vine length of different cowpea genotypes across locations over a year

AMARC BARC HARC
Genotype
2018 | 2019 | 2020 | Mean | 2018 | 2019 | 2020 | Mean | 2018 | Overall Mean

ILRI-11114 | 83.4 76.5 | 1154 | 91.77 55.6 754 | 100.3 | 77.10 82.2 83.69
ILRI-12688 | 69.9 504 | 129.2 | 83.17 94.9 97 95.3 | 95.73 72.4 83.77
ILRI-12713 89 80.1 | 1484 | 105.83 | 98.3 89.6 96.3 | 94.73 98.8 99.79
ILRI-9333 76.5 743 | 1182 | 89.67 75.9 65.9 90 77.27 82.7 83.21
ILRI-9334 111.6 | 139.1 | 120.1 | 123.60 | 77.3 | 115.8 93 95.37 | 103.6 107.52
Temesgen 96.1 - 95.5 63.87 39.7 87.4 106 77.70 98.5 80.02
Mean 87.8 70.1 | 121.1 | 93.00 73.6 88.5 96.8 | 86.30 89.7 89.67

CV% 24.5 LSDo.os: G=21.84 Y=15.44 GxY=37.83

3.2. Branch number per plant

Branch number per plant of cowpea genotypes at forage harvest showed significant (P<0.001) variation across locations
over the year (Table 3). Cowpea genotype branching performance was considered an important parameter during the
selection of crops for better forage yield and ground cover to reduce soil erosion and moisture retention (6). The mean
number of branches at forage harvest was ranging from 5.3 to 7.78. ILRI_9334 genotype produced a higher number of
branches while the lowest branch production was detected for Temesgen (standard check). Good production of
branches in cowpea may contribute to high biomass yield and is important in haymaking for milking cows. The
branching performance of cowpea genotypes in this experiment was also influenced by environmental and genetic
factors (13) and it is required to select genotypes with higher branches to fulfill green forage supplement.
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Table 2 Branching performance of cowpea genotypes across locations over the year

AMARC BARC HARC
Genotypes Overall mean
2018 | 2019 | 2020 | Mean | 2018 | 2019 | 2020 | Mean | 2018
ILRI-11114 | 5.6 6.27 7 6.29 8.2 6.87 | 10.6 8.6 4.67 6.52
ILRI-12688 | 587 | 5.13 | 393 | 498 | 106 | 6.67 | 9.73 9 4.67 6.22
ILRI-12713 | 4.27 5.4 567 | 511 | 8.07 | 7.13 | 10.6 8.6 6 6.57
ILRI-9333 6.8 5.72 5.2 591 | 7.27 | 5.73 | 102 | 7.73 5.33 6.32
ILRI-9334 547 | 773 | 787 | 7.02 | 9.27 9.8 | 10.93 10 6.33 7.78
Temesgen 493 - 5.8 3.58 7.6 7 933 | 798 | 4.33 5.30
Mean 549 | 504 | 591 | 548 8.5 7.2 |10.23 | 8.64 | 5122 6.45

CV% 16.9 LSDo.os: G=1.4 Y=0.9 GxY=NS

3.3. Leaf to stem ratio (LSR)

The mean values of leaf to stem ratio of cowpea genotypes are presented in Figure 2. No significant (P>0.05) variation
of leaf to stem ratio was recorded among cowpea genotypes in the present experiment. However, ILRI-9333 and ILRI-
11114 had higher values of leaf to stem ratio, numerically with an overall mean value ranging from 0.52-1.497. The
value of cowpea leaf to stem ratio 0.52-1.497 determines the criteria for evaluating the quality of the pasture grass. The
higher proportion of leaves compared to stem indicate a better nutritive value of forages (14).

%2018 H 2019 m 2020

1142

leaf to stem ratio (LSR)

7 : 5 i : i a8
0 - T z J. T
ILRI-11114 ILRI-12688 ILRI-12713 ILRI-9333 ILRI-9334 Temesgen Mean

-0.5 -
variety of cow pea

Figure 1 Mean values of leaf to stem ratio of the six cowpea genotypes at 2018-2020

3.4. Dry matter yield

Mean aerial dry matter accumulation of cowpea genotypes across locations over the year is presented in Table 4. There
was a significant (P<0.001) variation in dry matter accumulation among cowpea genotypes across experimental sites
over the growing period. Dry matter yield was ranging from 2.89 t/ha at BARC in 2019 for variety Temesgen to 13.25
t/ha at AMARC in 2020 for genotype ILRI_12713. This may be related to genotypes responding to different
environments in a different manner of branching and plant height that could be resulted in higher dry matter in different
locations. Overall mean values indicated ILRI_12713 (8.87 t/ha) followed by ILRI_9334 (8.44 t/ha) and ILRI_11114 (8.4
t/ha) produced more dry matter yield than others and the Temegen variety. Dry matter yield advantage of the genotypes
ILRI_12713 was 15.04% ILRI_ 9334 was 9.5% and ILRI_11114 was 8.95% over the recently released variety
(Temesgen). It was reported previously that there was a significant (P<0.05) variation of dry matter yield among
commercial and improved cowpea varietal groups (15). The present higher dry matter yield of 13.25 t/ha for
ILRI_12713 was lower than the previous report (16.1 t/ha) in other locations for similar genotypes (6). However, it was
higher than the mean values of 6.7 t/ha for five cowpea accessions (16) and 8.76 t/ha for three improved cowpea
varieties (15). Cowpea crop dry matter production variation for different genotypes in the present study agrees with
recent studies on cowpea varieties (17).
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2018-2020

Location |Year [ILRI_11114 | ILRI_12688 | ILRI_12713 | ILRI_9333 [ILRI_9334 | Temesgen 'l;,fec::ear
2018| 9.69¢h 8.35¢ 1091+ | 12.42® | 516kn | 10.36b¢ 9.48

AMARC 2019 10.92a¢ 7.39nk 8.99d 8.95¢ 7.97 - 8.84
2020| 12.86% 10.92a¢ 13.25 9.65¢h | 11.963¢ | 12.60 11.87
2018|  7.96¢ 11.29ad 10.60bf | 10.93* | 11.88* | 851ei 10.19

BARC  [2019| 3.68mn 5.62im 4,044 3.994n 6.54H 2.89n 446
2020| 5.29%n 4374 5.41 4,69 4,01 4.201n 4.66

HARC [2018| 5.1kn 4.5 4400 4.5+ 4210 4.21n 445

Genotype Mean 8.4 7.99 8.87 8.44 7.92 7.71 8.25

CV%=20.1, LSDo.0s=2.62, P-value<0.001

3.5. Seed yield and yield components

Mean values of seed yield (SY t/ha) and yield components: pod length (PL cm), seed per pod (SPP), hundred seed weight
(100SW g), and harvestindex (HI) were presented in Table 5. SPP and HI were not significantly varied among genotypes
in the present experiment while PL and 100SW were varied at P=0.0009 and P<0.0001 level of significance, respectively.
Pod length was ranging from 11.8 cm for Temesgen variety (standard check) to 18.53 cm for ILRI_12713. Higher pod
length for genotype ILRI_12713 was at par with ILRI_12688 and ILRI_11114. Hundred seeds' weight was ranging from
8.67 g for ILRI_9334 to 14.67 g for ILRI_12713 and ILRI_12688. Seed yield of cowpea genotypes was significantly
(P=0.0178) varying from 1.3 t/ha for Temesgen (standard check) to 3.7 t/ha for ILRI_11114 and at par with ILRI_12713
and ILRI_12688. Genotypic variation in grain yield and yield components (18) was reported previously for common
beans. The mean seed yield of 2.8 t/ha for the present experiment was higher than 2.2 t/ha for seven cowpea varieties
in the North West lowlands of Ethiopia (4). It was better than the 2.4 t/ha seed yield in the United Arab Emirates for 23
ADDIN CSL_CITATION {"citationltems":[{"id":"ITEM-1","itemData":{"abstract":"Investigations were conducted with an
objective to identify alternative crops, especially legumes with low water requirement to replace the water intensive
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water requirements, they could be excellent alternatives for the water-thirsty forage species such as alfalfa in the UAE.
Both these crops are salt-tolerant and in addition, they are fast-growing high quality forages and have other economic
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Table 4 Mean values of seed yield and yield components of cowpea genotypes

Genotypes SPP PL cm HI 100SW | SYt/ha
ILRI-11114 | 14.87 17.8ab 0.289 11 3.7a
ILRI-12688 | 13.93 17.87ab | 0.307 14.67 3.33ab
ILRI-12713 | 15.46 18.53a 0.257 14.67 3.37ab
ILRI-9333 14.53 16.8ab 0.259 12.33 2.49bc
ILRI-9334 15.13 13.87b 0.223 8.67 2.63bc
Temesgen 10.21 11.58c 0.165 11.67 1.3c
Mean 14.02 16.08 0.25 12.17 2.80
P value 0.5986 | <0.0009 | 0.0996 | <0.0001 | 0.0178
LSDo.0s NS 1.6986 NS 4.3 0.9314
CV% 7.4 5.59 22.75 5.1 17.8

SPP: seed per pod, PL: pod length, HI: harvest index, 100SW: hundred seed weight, SY: seed yield

3.6. Aphid infestation in terms of Aphid count, AUIDC, and Pest severity index (PSI)

40
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Figure 2 Aphid count in the days of cowpea growth illustrated for six genotypes 2018-2020

Cowpea aphids are usually distressing the production of pulses and legume crops. The aphid counts per plant are
presented in Figure 3. Infestation of cowpea aphids in the present experiment was higher at earlier weeks than in the
latest and maturing stage. ILRI-9334 genotypes infested at 36.67% on the eighth day of data collection while the lowest
(2.17%) was at the date was 38. Most genotypes are affected at higher rates by aphids starting from date 17 to forward.
Regression analysis of dry matter and seed yield affected by aphid infestation in terms of AUIPC and PSI is presented in
Figure 4. Linear regression of dry matter yield with AUIPC indicates there was a significant (P=0.03) negative
association between them and PSI showing aphid infestation has no significant (P>0.05) effect on dry matter yield
production of cowpea. AUIPC and PSI have been negatively associated with seed production of cowpea that one unit
aphid increment reduces 0.0227 units and 0.0113 units of seed yield. This surely indicates that infestation of aphids in
the cowpea field influences dry matter yield and seed yield. Aphid infestation sucking the leaf system may hinder the
function of stomata which consequently interferes with the crop morphology. Other reports also indicated that aphids
can cause direct feeding damage to plants when in large numbers as they remove sap, which can cause wilting of plants
death and secretion of honeydew by aphids can cause secondary fungal growth, which inhibits photosynthesis and can
decrease plant growth (19). There was also another report confirming genotypes' susceptibility to aphids while others
give optimum yield resisting the infestation (20).
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Figure 3 Regression analysis of dry matter and seed yield with the area under aphid infestation progress curve
(AUIPC) and Pest severity index (PSI) of cowpea aphid 2018-2020

3.7. Pearson correlation of parameters

Correlation of vine length (VL), branch number (BN), dry matter yield (DMY), seep per pod (SPP), harvest index (HI),
seed yield (SY), and aphid incidence at the last day of scoring (Ahid@LD) were assessed as presented in Table 6. Aphid
incidence was negatively correlated with all growth and yield parameters. Dry matter yield was positively correlated
with branch number and vine length but not statistically (P=0.736 and 0.69) significant. Seed yield was positively and
significantly (P= 0.047 and 0.015) correlated with seed per pod and harvest index. This indicates the biomass yield was
a function of the high contribution of the growth parameters and seed yield was the product function of yield
components such as seed per pod and harvest index. This was presented for oats seed production during 2016-to 2017
(21).

Table 5 Pearson correlation of growth and yield parameters and aphid incidence

VL BN DMY SY Aphid@LD SPP
BN 0.848*
DMY 0.21 0.178
SY 0.22 0.446 0.625
Aphid@LD | -0.359 -0.735 | -0.240 | -0.322
SPP 0.583 0.781 0.686 0.818* | -0.694
HI -0.077 | 0.253 0.481 0.9%* -0.336 0.684
BN: branch number, DMY: dry matter yield, SY: seed yield, Aphid@LD];iggild at leaf development, SPP: seed per pods, HI: harvest index, VL: vine

4., Conclusion

The study on the evaluation of cowpea genotypes for dry matter and seed yield under aphid stress could provide
appreciable results which significantly contribute to the feed supply of the crop-livestock farming system of Ethiopia.
Legume forages like cowpea improves the feed quantity and quality. Seed production has also been the objective of this
project. In three years of the experiment across three locations in southern Ethiopia higher seed yields of 3.7, 3.37, and
3.33 t/ha from ILRI_11114, ILRI_12713, and ILRI_12688, respectively while the standard check was 1.3 t/ha. A higher
dry matter yield of 13.25 t/ha was obtained from ILRI_12713 in AMARC during the 2020 cropping season while the
minimum yield of 2.89 t/ha was from Temesgen (standard check). Thus, it was concluded from the experimental
findings that the genotypes in this experiment could be highly comparable with the standard check and used as an
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alternative material. Inclusion of highly performed genotypes in the breeding program of forage legumes warranted for
forage production in the crop-livestock farming system of Ethiopia.

Compliance with ethical standards

Acknowledgments

Southern Agricultural Research Institute (SARI) allocated a budget for field experiments and Arba Minch Agricultural
Research Center (AMARC) executed all technical support to come to this end of the work. Mr. Getinet Kebede from
AMARC and others from BARC and HARC who had a great role in field and data collection are duly acknowledged.

Disclosure of conflict of interest

The authors claimed no conflict of interest in this work.

References

[1] CSA. FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA CENTRAL STATISTICAL AGENCY AGRICULTURAL
SAMPLE SURVEY 2020 /21 [ 2013 E. C.] VOLUME Il REPORT ON. Vol. II. 2021.

[2]  Agbogidi OM, Egho EO. Evaluation of eight varieties of cowpea ( Vigna unguiculata ( L .) Walp ) in Asaba agro-
ecological environment, Delta State, Nigeria. Eur ] Sustain Dev. 2012;1(2):303-14.

[3] Horn LN, Nghituwamata SN, Isabella U. Cowpea Production Challenges and Contribution to Livelihood in Sub-
Saharan Region. Agric Sci. 2022;13(01):25-32.

[4] Bilatu A, Binyam K, Solomon Z, Eskinder A, Ferede A. Animal feed potential and adaptability of some cowpea
(Vigna unguiculata) varieties in North West lowlands of Ethiopia. Wudpecker ] Agric Res [Internet].
2012;1(11):478-83. Available from: http://www.wudpeckerresearchjournals.org

[5] Negasu G, Mengistu G, Wekgari G. Adaptation Trail of Improved Legume Cowpea, (Vigenia Angulucata) at Haro
Sabu, Kelem Wollega Zone, Oromia, Ethiopia. Int ] Res Stud Agric Sci. 2017;3(6):32-6.

[6] Atumo TT. Evaluation of forage-type cowpea (Vigna unguiculata L.WALP.) accessions for dry matter yield in
lowlands of southern Ethiopia. Forage Res [Internet]. 2018;44(2):74-80. Available from:
http://forageresearch.in

[7] Rao NK, Shahid M. Potential of cowpea [Vigna unguiculata (L.) Walp.] and guar [Cyamopsis tetragonoloba (L.)
Taub.] as alternative forage legumes for the United Arab Emirates. Emir ] Food Agric [Internet]. 2011;23(2):147-
56. Available from: http://ejfa.info/

[8] Tesfaye T, Nebiyu A. Evaluation of cowpea ( Vigna unguiculata ( L.) Walp ) genotypes for nodulation performance
and biological nitrogen fixation in the lowlands of Southern and Southwestern Ethiopia Agricultural and
Veterinary Sciences Vol .9 Iss. 1 2021. Agric Vet Sci. 2021;9(1):22-32.

[9] Worku B, Margia A, Bangu B. Effect of between Plants Space on Seed Yield Potential of Cow Pea at Dilla Sub -
Station, Southern Ethiopia. Agric Vet. 2018;18(5).

[10] Payne R, Murray D, Harding S, Baird D, Soutar D. Introduction to Genstat® for WindowsTM. 18th ed. UK: VSN
International, 2 Amberside, Wood Lane, Hemel Hempstead, Hertfordshire HP2 4TP, UK; 2015. 1-154 p.

[11] Halim RA, Shampazuraini, Idris AB. Yield and nutritive quality of nine napier grass varietas in Malaysia. Malaysian
Soc Anim Prod. 2013;16(2):37-44.

[12] Ngo AL. The effect of light intensity on a plant’s mass. In: THE EFFECT OF BLUE-VIOLET LIGHT INTENSITY ON
THE AMOUNT OF ANTIOXIDANTS IN SORRENTO BROCCOL [Internet]. 2017. Available from:
file:///C:/Users/user/Downloads/CopyofSRPReport_2015-2016

[13] Gerrano AS, Adebola P rick O, Rensburg WS] van, Laurie S t e M. Genetic variability in cowpea ( Vigna unguiculata
(L.) genotypes. South African J Plant Soil. 2015;(May):37-41.

[14] Zailan MZ, Yaakub H, Jusoh S. Yield and nutritive quality of napier (Pennisetum purpureum) cultivars as fresh
and ensiled fodder. ] Anim Plant Sci. 2018;28(1):63-72.

304



International Journal of Science and Research Archive, 2022, 05(02), 296-305

Anele U, Sudekum K, Arigbede O, Welp G, Adebayo O, Jimoh A, et al. Agronomic performance and nutritive quality
of some commercial and improved dual-purpose cowpea (Vigna unguiculatal. Walp) varieties on marginal land
in Southwest Nigeria. Grassl Sci. 2011;57:211-8.

Gamachu N, Mengistu G, Gizahu Wekgari. Adaptation Trail of Improved Legume Cowpea, (Vigenia Angulucata) at
Haro Sabu, Kelem Wollega Zone, Oromia, Ethiopia. Int ] Res Stud Agric Sci. 2017;3(6):32-6.

Agele SO, Oyewusi IK, Aiyelari OP, Famuwagun IB. Dry matter production, biomass partitioning and seed setting
efficiencies in early- and late-rainy season cowpea in the rainforest agroecology of south-west Nigeria. Int ] Bot.
2017;13(3-4):115-25.

Gidago G, Beyene S, Worku W. The Response of Haricot Bean (Phaseolus vulgaris L.) to Phosphorus Application
on Ultisols at Areka, Southern Ethiopia. ] Biol Agric Healthc. 2011;1(3).

Umina P, Hangartner S. Cowpea aphid: Aphis craccivora [Internet]. 2015. Available from:
http://cesaraustralia.com/assets/Uploads/wingedaphids.pdf

Kareem KT, Adegbite AA, Olayinka RB, Oloyede-kamiyo Q. Evaluation of Cowpea Genotypes for Infection by Two
Aphid-borne Viruses. World Rural Obs [Internet]. 2016;8(4):80-8. Available from:
http://www.sciencepub.net/rural

Atumo TT, Kalsa G. Evaluation of Oats (Avena sativa) Genotypes for Seed Yield and Yield Components in the
Highlands of Gamo, Southern Ethiopia. ] Agric Sci [Internet]. 2020;30(3):15-23. Available from:
https://www.ajol.info/index.php/ejas/article/view/198448

305



