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ABSTRACT 
 

The study was undertaken on 8 genotypes of cowpea using a randomized block design with three replications were 

evaluated for their morphological and agronomical differences at the southern lowlands of Tigray during 2016 cropping 

season. Plot size was 3 x 2m with an inter-row spacing of 40 and 1m paths. Plant height, number of branches per plant, 

leaf to stem ratio and dry matter yield were collected and analyzed using the R software version 3.3.3, and the least 

significance difference was used for mean comparison. The genotypes found to be varied in morphological and 
agronomical parameters. Except the number of branches per plant and leaf to stem ratio, the cowpea genotypes were 

significantly different in morphological and agronomical parameters (p<0.05). For number of branches per plant, 

maximum was recorded in genotype 9334 (7.73) followed by Temesgen (7.06) at Tumuga site, whereas minimum was 

recorded in 12713 (6.06) at Kara site. In case of stand vigourisity, maximum was recorded in 12713 and Temesgen 

(4.33 in each) at Kara and Tumuga site respectively, and the minimum was recorded 9333 (2.00) at Wargba site. Among 

these 8 types maximum plant height was recorded in genotype Black eyed (88.40 cm) at the Tumuga site whereas 

minimum plant height was recorded in genotype 9334 (42.66 cm) at Wargba site. Among the cowpea genotypes 

evaluated in the study, Temesgen and 11110 gave significant dry matter yield that was higher by 39.87% and 40.69%, 

respectively compared to the lowest dry matter yielding genotype (9333). Generally, cowpea genotypes had a great 

variation in morphological and agronomical parameters. The highest yielding variety should be demonstrated for future 

use.  
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INTRODUCTION 

 

Background and Justification  

Feed shortage both in quantity and quality remains the 

leading constraint to good animal performance in Ethiopia 

(Yayneshet et al., 2009). Natural pasture and crop residues 

are the main feed sources (feedstuffs). Feedstuffs of such 

composition are insufficient to provide year round supply 

of adequate quantity and quality of nutrients beyond 

maintenance (Hindrichsen et al., 2001). This suggests the 

need for searching alternative feeding strategies that would 
help to enhance the quality of these low quality feeds. 

Integration of appropriate leguminous forage species into 

the existing feeding systems has continually been 

advocated to be one of the options that have to be exploited. 

Legumes are the most important forage plants that 

substantially improve the feed available for livestock 

(Akinlade et al., 2005). 

With this background, forage legume selection 

activities are in progress under different agro ecologies of 

the country with a number of candidate genotypes at 

advanced stages of varietal selection. One of the potential 

forage legume species currently being evaluated is cowpea 

(Vigna unguiculata L.Walp). Cowpea is a leguminous plant 

belonging to the Fabaceae family and grown throughout 

West Africa (Turk et al., 1980). Cowpea is a food legume 

that plays a critical role in the lives of millions of people in 

Africa and other parts of the developing world. Both the 

grain and the haulm, which serves to improve the nutrient 
level of the crop, are valuable dietary proteins for the 

African human population and their livestock (Fatokun, 

2002). The crop cowpea is a major component of the 

tropical cropping system because of its ability to improve 

marginal lands through nitrogen fixation and as a cover 

crop (Sanginga et al., 2003; Abayomi, 2008). The crop can 

fix  about 240 kg/ha of   atmospheric   nitrogen   and  make 
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available 60 -70 kg/ha nitrogen for succeeding crops grown 

in rotation with it (Amira and Oduwaye, 2007). 

Cowpea can fix nitrogen to improve soil fertility and 

cropping system productivity. Additionally, farmers feed 

cowpea fodder to livestock to increase income, and collect 

the manure produced for use in their fields thereby reduces 

farmers’ reliance on commercial fertilizers and sustains soil 

fertility (Akinlade et al., 2005; Odion et al., 2007). 

Previous studies with cow pea (Ebro et al., 2004; Akinlade 

et al., 2005; Gwanzura et al., 2012) indicated this legume 

improves soil fertility and enhances the intake and 

utilization of poor quality roughage consequently improves 

livestock production and productivity. 

Cowpea genotypes have different characteristics in 

terms of growth habit, life cycle and climatic adaptation. 

These characteristics are very important to determine their 

production, utilization and the various management 

practices. Information on days to maturity, plant height, 

growth habit and other characteristics of cowpea genotypes 

are vital for further research and development activities. 

Accordingly, there is a need to evaluate cowpea genotypes 

for basic quantitative traits to address the feed demand of 

mixed farming systems. Therefore, this study was designed 

to evaluate agronomical and morphological attributes of 

cowpea genotypes in the southern lowland areas of Tigray, 

Northern Ethiopia. 

 

MATERIALS AND METHODS 

 

Description of the study sites  

The study was conducted multi-site trial at Raya-

Azebo (Wargiba and Kara Adishu) and Raya-Alamata 

(Tumuga) sub research site during the main cropping 

season of 2016 under rain fed condition (Figure 1). 

Geographically the Raya Alamata District is located 

between 12.26-12.57°C North latitude and 39.24-39.76°C 

East longitude at an altitude of 1500-2400 m above sea 

level. Based on the secondary data obtained from office of 

agriculture and rural development (2016), about 25% of the 

area of the district is categorized on the high land (Dega) 

agro ecology and 75% of it is in the low land (kola) agro 

ecology. The mean annual rainfall is 650 mm and with the 

range of 600 to 700 mm and the temporal situation of the 

rainfall of the district shows bimodal event. The main rain 

season is between June and September. The average 

temperature of the district is also 25oc and within the range 

of 23-27°C. 
 

 
Fig. 1: Location of the study area (site). 
  

 Raya-Azebo is located at 9°00'N latitude, 38°30'E 

longitude at an altitude of 1500-2000 m above sea level. 

Geographically, it is located between 12.32-12.95°C North 

latitude and 39.56-39.98°C East longitude. About 85 % of 

the area of the district are categorized on the midland 

(weynadega) agro ecology and 15% of it is on the low land 

(kola) agro ecology. The mean annual rainfall is 600 mm 

and with the range of 400 to 800 mm and the temporal 

situation of the rainfall of the district shows bimodal event. 

It has light rainfall during February to April period and 

main rainy season between July to September. The average 

temperature of the district is also 24°C and within the range 

of 22-26°C (Raya-Azebo office of agriculture and rural 
development, 2016).  

 

Treatments and data collection 

The Genotypes, Black eyed, 11110, 9333, 9626, 9352, 

12713, 9334, Temesgen were obtained from Melkassa 

agricultural research center and grown as experimental 

treatments in a plot size of 3m x 2m with an inter-row 

spacing of 40m and 1m path. Two seeds were sown 

together 20cm apart at the onset of main rainy season with 

extra seedling thinned 20 days after germination, leaving 

one plant per station. A 100 kg/ha Diammonium phosphate 
(DAP) fertilizer was applied right before sowing. All plots 

were weeded two times before flowering. The first hand 

weeding was made 25 days after crop emergence and the 

second weeding was done 20 days after the first weeding. 

Generally, maximum cares were taken in the experimental 

plots to reduce the possible yield limiting factors which 

could affect the performance of cowpea genotypes.  

 

Agronomic data collection 

Days to 50% flowering were counted from days to 

emerge to the date when plants reach the respective growth 

stages. Five plants were randomly selected from each plot 
were taken in forage harvesting. Plant height was measured 

from the ground to the tip of the plant at the time of 50% 

flowering. At 50% flowering stage the middle rows of each 

plot were harvested for dry matter herbage determination. 

Plants were harvested at ground level and fresh biomass 

weighed immediately using a 0.1 g scale. Stand vigourisity 

was determined by giving the scale of 1-5 (1 = Poor 

condition; 5 = good condition). 

 

Statistical analysis 

The trial was laid out in a randomized complete block 
design with three replications and analyzed by analysis of 

variance using R software version 3.3.3. Differences 

among the means with P<0.05 were accepted as 

representing statistically significant differences. SD 

multiple comparisons were deployed to separate treatment 

means. Correlation was tested using the Pearson correlation 

matrix. Differences were considered significant at P<0·05. 
 

RESULTS  

 

Days to 50% flowering and stand vigourisity 

Days to flowering obtained from the legume sown in 

the three sites are presented in Table 1. The difference in 

days to 50% flowering among genotypes at both site 
growing sites were found significant (P<0.05). The result 

indicated that 79 to 85 and 61.66 to 76.33 days were 

required after emergence of the seedlings for forage 

harvesting at Kara and Wargba site respectively. In most 

cases 12713 genotype was earlier to reach days to 50% 
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flowering at Tumuga (67 days) and Wargba (61.66 days) 

site (Table 1). In additions, stand vigourisity of the cowpea 

genotype were no significant difference at both sites except 

at a Tumuga site (Table 1). Temesgen cowpea genotype has 

recorded good condition of stand vigourisity at both Kara 

and Tumuga site. 

 

Number of branch per plant and Plant height at 

forage harvest  
Number of branch per plant for testing cowpea 

genotype varied across the sites (Table 2). Number of 
branches per plant for cowpea genotype showed significant 
(P<0.05) difference at both sites except Kara (Table 2). The 
result indicated that 5.66 to 7.73 and 11.53 to 13.06 
numbers of branches per plant was recorded at Tumuga and 
Wargba respectively. Black eyed, 12713, 9352 and 9334 
genotype was significantly high number of branches per 
plant (P<0.05), at Wargba site, while Temesgen and 9334 
genotypes were higher number of branches per plant at the 
Tumuga site (Table 2). 

The tested cowpea genotype showed significant 
variation (P<0.05) in plant height at forage harvesting stage 
at Tumuga and Wargba sites (Table 2). The data for plant 
height ranged from 54.13-75.16 cm. The tallest plant height 
at forage harvest was recorded in 9626 followed by Black 
eyed, and Temesgen at Wargba. At Tumuga, 9334 was the 
dwarf followed by 9352, and 11110 was the shortest at both 
testing sites except Tumuga site (Table 2). 
 

Leaf to stem ratio and Dry matter herbage  

Significant differences (P<0.05) were observed among 
the genotypes in leaf to stem ratio across the site except 
Tumuga site. Leaf to stem ratio varied between 0.78 and 
1.22 over genotypes in the Kara site. In addition, 9626 and 
9352 genotypes have recorded low leaf to stem ratio at the 
Wargba site (Table 3). Dry matter herbage yield was not 
significantly different (P<0.05) at both site except Tumuga 

sites. At Tumuga site, highest dry matter herbage yield of 
9.24 ton/ha and 6.95 ton/ha was obtained from genotypes 
Temesgen and 11110, respectively. Similarly, at kara site, 
11110, 12713 and 9334 genotypes produced the highest 
yield of 9.34 ton/ha, 9.22 ton/ha and 9.00 ton/ha, 
respectively (Table 3). 

The results of interaction plot in this work showed the 
performance of genotypes across the three locations with 
reference to yield components, such as stand vigourisity, 
plant height and branch per plant. Genotype effect was 
observed in traits evaluated in the study and not significant 
difference in all traits except days of 50% flowering and 
plant height. However, there was a significant genotype by 
location interaction effects on agronomic traits like days of 
50% flowering and branch per plant in the study. Genotype, 
location and genotype-by-location interaction had 
significant effects on days of 50% flowering and plant 
height (Table 4). 

The best genotype across the three locations in terms 
of dry matter yield was G8 (Temesgen), it performed better 
in both locations (Figure 1). However, G8 (Temesgen) and 
G2 (11110) are the most stable genotype across the two 
locations (Kara and Tumuga). In addition, G2 (11110), G6 
(12713), G7 (9334) and G8 (Temesgen) are the most stable 
genotype at Kara site. Contrary, G1 (Black eyed), G5 
(9352) and G6 (12713) are the most stable genotype at the 
Wargba site (Figure 2). 

In order to know their relation, correlation with the 
Pearson correlation method was applied. Dry matter yield 
was found to be positively correlated with parameters such 
as the days of 50% flowering, plant height, and stand 
vigourisity and negatively correlated with the number of 
branches per plant and leaf to stem ratio and not 
significantly difference (P>0.05) (Table 5). In the present 
study area the mean dry matter yield corresponding with 
stand vigourisity was more regressed linearly than the days 
of 50% flowering and plant height (Figure 3 A-E). 

 

Table 1: Day of 50% flowering and stand vigourisity obtained from the cowpea genotype sown across the three sites 

Genotypes  Day of 50% flowering Mean Stand vigourisity Mean 

Kara  Tumuga Wargba Kara  Tumuga Wargba 

Black eyed 79b 67.00b 76.33a 73.67b 2.83 3.50ab 2.83 3.05ab 
11110 85a 67.00b 68.33abc 75.67a 4.00 3.33ab 2.50 3.27ab 
9333 85a 67.66a 75.00ab 75.89a 2.66 3.00b 2.00 2.55b 
 9626 79b 67.33ab 64.66bc 73.78b 3.33 2.33b 2.10 2.61b 
9352 85a 67.00b 75.00ab 75.67a 3.00 3.00b 2.66 2.88ab 
12713 83a 67.00b 61.66c 75ab 4.33 3.00b 2.66 3.33ab 
9334 85a 67.00b 73.33ab 75.67a 4.00 3.16ab 2.66 3.27ab 
Temesgen 85a 67.00b 70.33abc 75.67a 4.16 4.33a 2.66 3.72a 
Mean 83.25 67.12 70.58 75.12 3.53 3.20 2.50 2.96 
P-value  <0.001 0.04 0.01 0.003 0.46 0.05 0.96 0.01 

Means with the same letter in the same column are not significantly (P<0.05) different. 
 
Table 2: Number of branch per plant and height obtained from the cowpea genotype sown across the three sites 

Genotypes  Number of branch per plant Mean Height (cm) Mean 

Kara  Tumuga Wargba Kara  Tumuga Wargba 

Black eyed 6.53 6.13bc 14.26a 8.97 73.06 88.40a 64.00ab 75.16a 
11110 7.46 5.66c 12.2b 8.44 68.46 56.93cd 44.30bc 56.57c 
9333 6.60 6.40bc 12.33b 8.44 56.23 66.66bc 47.40bc 56.77c 
 9626 6.26 5.80c 12.33b 8.13 69.20 65.26bc 68.66a 67.71ab 
9352 6.26 5.66c 12.8ab 8.24 64.96 57.46cd 58.46abc 60.3bc 
12713 6.06 5.66c 13.06ab 8.26 71.93 61.73bcs 54.73abc 62.80bc 
9334 7.33 7.73a 12.46ab 9.17 70.00 49.73d 42.66c 54.13c 
Temesgen 7.00 7.06ab 11.53b 8.53 71.43 72.33b 62.06abc 68.61ab 
Mean 6.68 6.28 12.62 8.52 68.15 64.81 55.28 62.75 
P-value  0.5 0.01 0.04 0.3 0.62 0.005 0.01 0.0008 

Means with the same letter in the same column are not significantly (P<0.05) different. 
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Table 3: Leaf to stem ratio and dry matter yield obtained from the cowpea genotype sown across the three sites 

Genotypes  Leaf to stem ratio Mean  Dry matter yield (ton/ha) Mean  

Kara  Tumuga Wargba Kara  Tumuga Wargba 

Black eyed 1.22a 0.97 0.78abc 0.99 6.34 6.48b 5.97 6.29abc 
11110 0.76b 1.39 0.77abc 0.97 9.43 6.95ab 4.82 7.07ab 
9333 1.07ab 0.96 0.89a 0.98 5.92 4.85b 4.50 5.09c 
 9626 1.14ab 1.34 0.60c 1.03 6.91 4.90b 5.29 5.68bc 

9352 0.83ab 1.23 0.60c 0.89 6.86 5.80b 6.19 6.28abc 
12713 0.92ab 0.89 0.84ab 0.88 9.22 6.10b 6.38 7.23ab 
9334 0.76b 1.38 0.86ab 1.00 9.00 6.22b 5.76 6.99ab 
Temesgen 0.78b 0.71 0.66bc 0.71 8.43 9.24a 5.49 7.72a 
Mean 0.93 1.10 0.75 0.93 7.76 6.31 5.55 6.54 
P-value  0.02 0.8 0.04 0.71 0.5 0.03 0.94 0.01 

Means with the same letter in the same column are not significantly (P<0.05) different. 

 
Table 4: Analysis of variance (Mean square) for combined location of six quantitative traits of cowpea genotype 

Source of 
variation  

df Days of 50% 
flowering 

Stand 
vigourisity 

Plant height  Branch per 
plant 

Leaf to stem 
ratio 

Dry matter 
yield 

Location  2 1560.38*** 6.50** 1071.06*** 303.25*** 0.75* 30.55** 
Genotype 7 7.35*** 1.39 472.05*** 1.21 0.09 6.86 
Genotype 
*location  

14 7.45*** 0.56 155.91 1.64* 0.12 3.06 

df= degrees of freedom,*, ** and *** significant at P<0.05, 0.01and 0.001 respectively. 

 

 
 

Fig. 2: Interaction plot showing the performance of genotypes across the three locations with reference to dry matter yield (G1= Black 

eyed, G2= 11110, G3=9333, G4= 9626, G5= 9352, G6= 12713, G7= 9334 and G8= Temesgen). 

 

    

  
 
Fig. 3: Linear regression model for dry matter yield and plant height (A), stand vigourisity (B) and days of 50% flowering (C), Leaf to 
stem ratio(D) and number of branch per plant (E) of cowpea genotype. 
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Table 5: Simple linear correlation coefficient of dry matter yield 

and agronomic parameters of cowpea genotype 

Dry matter yield Vs Correlation 
coefficient value 

P value 

Days of 50% flowering 0.29 0.01 
Plant height(cm) 0.51 <0.001 
Number of branch per plant -0.18 0.12 
Leaf to stem ratio -0.09 0.44 

Stand vigourisity 0.93 <0.001 

 

DISCUSSION 

 

Days to 50% flowering  

The trial demonstrates variability in days to 50% 
flowering within the cow pea genotypes. Days to 50% 

flowering for cowpea showed significant (P<0.05) 

difference at both sites. Days to 50% flowering ranged 

from 73.69 days to 75.89 days. In most cases black eyed 

was earlier to reach 50% days to flowering. Solomon and 

kibrom (2014) also found the same result. Though the area 

is known by its moisture stress, these genotypes could 

easily reach 50% flowering, indicating their tolerance to 

moisture stress. Our results for days to 50% flowering were 

higher than reported by Cobbinah et al. (2011) ;Rao and 

Shahid (2011); Agza et al. (2012) and Solomon and kibrom 
(2014) who found average results of 39.5, 63, 63.7 and 47.1 

days to reach 50% flowering for cow pea genotypes, 

respectively, Contrary to this, our result in 50% flowering 

was lower than reported by Srinivas et al. (2017) who 

found average results of 75.40 days, possibly due to 

ecological and genetic differences. 

 

Number of branches per plant and plant height 

The significant difference (P<0.05) was observed 

among the cowpea genotypes for the number of branches 

per plant and plant height at both sites except Kara site. The 

genotype 9334 was dwarfed (54.13cm) whereas black eyed 
genotype was taller (75.16cm). This variation might be 

attributed to the differences in the genotypes or might be 

due to environmental fluctuation (Srinivas et al., 2017). 

Similar results were reported by Ram et al. (1994). The 

results corroborate the findings of Kelechukwu et al. 

(2007) who reported that cowpea height is dependent on 

the type of variety as certain varieties are genetically taller 

than others. In addition to genetic variability, soil fertility 

and environmental conditions could also contribute to the 

difference in height (Gezahagn, 2016). The mean of the 

three sites (location) showed that 9626 cowpea genotype 
had the lowest number of branches per plant at the 

sampling dates contrary to 9334 cowpea genotype had 

more branches per plant. Furthermore, Ali et al. (2009) and 

Ichi et al. (2013) in their respective studies on cowpea 

genotype observed that a significant difference in the 

number of branches per plant could be as a result of 

difference in cowpea varieties.  

 

Leaf to stem ratio and Dry matter herbage  

Analysis of variance of leaf to stem ratio showed 

significant differences among different genotypes at both 

sites except Tumuga. The data for leaf to stem ratio ranged 
from 0.71-1.39 and 0.76-1.22 at Tumuga and Kara site, 

respectively. The genotype Black eyed was higher leaf to 

stem ratio (1.22) at the Kara site whereas 9626 and 9352 

cowpea genotype were lower leaf to stem ratio (0.60) at 

Wargba site. In previous studies on cowpea, Agza et al. 

(2012) and Ayana et al. (2013) and Solonom and Kibrom 

(2014) reported dry matter herbage yield of different 

cowpea genotypes ranging between 2.78 ton/ha and 7.67 

ton/ha, 2.33 ton/ha and 7.13 ton/ha, and 5.67-11.9 ton/ha, 

respectively. Ibrahim et al. (2006) obtained dry matter 

yields of over 4 ton/ha. The average herbage dry matter 

yields obtained in our study for the three experimental sites 

were considerably higher than those reported by (Ayana et 

al., 2013; Ibrahim et al., 2006) but lower than Rao and 
Shahid (2011) and Solonom and Kibrom (2014) who found 

an average dry matter herbage yield of 18.1 ton/ha and 

8.68ton/ha, respectively for different cowpea genotypes. In 

all the three locations, genotype Temesgen was found 

outstanding in dry matter herbage yield (7.72 ton/ha). 

Solonom and Kibrom (2014) also reported that, In all the 

three consecutive growing years, genotype Temesgen was 

found outstanding in dry matter herbage yield (11.9 

ton/ha). 

Dry matter yield shows strong positive relation to 

stand vigourisity and plant height (r = 0.93 and 0.51; 
P<0.001) at 0.05 respectively. Taller cowpea genotype and 

having good stand vigourisity gave better forage dry matter 

yield at forage harvest. Our results are also supported by 

Thiyagarajan and Rajasekaran (1993) who studied seven 

cultivars found that dwarf to medium plants produced low 

yields as compared to medium to tall plants. Similarly 

Amanullah et al. (2000), observed significant variation for 

plant height among 20 cowpea genotypes.  

 

Conclusion and recommendations 

The current study revealed that the tested cowpea 

genotypes can adapt well to the semi-arid lowlands of 
northern Ethiopia. Cow pea genotypes had variations in 

terms of agronomic performance and their morphological 

parameters. The genotype and environment main effects 

and genotype-by-environment interaction effect were 

significant for cowpea genotypes studied in the lowland of 

South Tigray, Ethiopia. The environment contributed most 

of the variability in yield components, such as stand 

vigourisity, plant height and number of branches per plant. 

The trial demonstrates the variability of yield attributes 

among cow pea genotypes, indicating the potential for 

selecting superior genotypes for both phenology and 
agronomic performance.  
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