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ABSTRACT: Cowpea varieties respond differently to plant population per hectare due to their intrinsic morphological differences and the 

influence of the weather and soil condition in growing environment. The objective of this study was to investigate the effect of plant 
population on growth and yield characters of erected and semi-erected cowpea varieties in two agroecological zones of Burkina Faso. A 
split-plot experiment with three replications conducted in two consecutive rainy seasons, 2019 and 2020, at Kamboinse and Farako-Ba 
research stations was used to determine the effect of three plant population, 62,500 (control), 95,258 and 111,111 on four improved 
cowpea varieties, KVx745-11P, Komcalle, Tiligre, Neerwaya. The results showed a significant variation of fodder and grain yield in both 
locations. At Farako-Ba the combined years data recorded the values of 3740.50, 5240.94 and 5164.02 kilogram per hectare for fodder 
yield and 1124.14, 1242.93 and 1372.93 kilogram per hectare for grain yield at the plant population of 62,500, 95,238 and 111,111, 
respectively. The same trend was Observed in Kamboinse with slightly higher average means of fodder and grain yield which were 
4300.75, 6446.06, 6699.06 kilogram per hectare and 1285.82, 1481.06 and 1650.03 kilogram per hectare, respectively. From the study 
it is also noticed that grain and fodder yield were impacted by genotypes and environment. The positive relationship between plant 
population, fodder and grain yield suggest that improved cowpea varieties yield can be substantially increased with the plant population 
of 111,111 per hectare. 

KEYWORDS: Cowpea Varieties, Plant per Hectare, Yield, Agroecological Zones, Burkina Faso. 

1 INTRODUCTION 

Cowpea (Vigna unguiculata (L.) Walp.) is the second important grain legume in Africa and the most widely planted native legume 
crop in Sub-Saharan region [1]. It is a major source of dietary protein that staple crops, cereals and tuber cannot provide [2]. The 
consumption of cowpea supplies most of macro and micronutrients of the diet. Cowpea is also recognized as one of richest foods in 
nutraceuticals compounds. Due to its nutrients and functional benefits, cowpea is gaining industrial importance for being used as a 
potential ingredient in food formulations [3], [4]. Beyond cowpea consumption by humans, it is an excellent fodder for livestock. 
According to [5] in semi-arid regions of tropics, cowpea fodder with its high nutritional quality is an important component which increase 
productivity and profitability of mixed crop-livestock system. As well as it is known for its qualities in humans and animals feeding, in Sub 
Saharan Africa (SSA), cowpea occupy a prominent place in the legume trade. According to [2], it is a cash generating commodity for 
smalls and medium size entrepreneurs’ farmers. Trade of fresh cowpea leaves, grains and processed food provides both rural and urban 
communities, opportunities for earning some money [6]. In the past 30 years, an increasing trend was observed in cowpea production 
and utilization in SSA. However, under conditions of subsistence agriculture, the average cowpea yield in farmer’s fields range from 100-
300 kgha-1 although the ecological conditions are suitable for the growth and development of the crop [1]. Cowpea production is faced 
to major constraints and challenges that can be classified into three types: socio-economic, biotic and abiotic constraints. In previous 
years, to reverse the trend of low yields, in Burkina Faso, plant breeders have released resistant varieties to parasitic weeds, bacterial 
and fungal diseases and most of these varieties are erect and semi-erect type with early and medium maturity cycle. The recommended 
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plant population corresponding to 62,500 plant ha-1 (80 x 40 cm with 2 plants per stand) used in cowpea production may not be 
appropriate for news release cowpea varieties. According to [7], among the agronomic practices that have direct relationship with 
cowpea grain production, plant population is one of the most important, especially influencing morpho-physiology, production 
components and productivity. [8], stated that adjusting of population is an important tool to optimize crop growth and the time required 
for canopy closure, and to achieve maximum biomass and grain yield. [9], reported that increasing plant population reduced yield of 
individual plants but increased yield per unit area. 

In this context, investigate to determine the effect of plant population in improved cowpea varieties which are gaining importance 
in term of planting area, will surely help cowpea growers to increase grain and fodder yield. 

2 MATERIALS AND METHODS 

2.1 EXPERIMENTAL SITES 

The experiments were carried out in rainy season 2019 and 2020 at Farako-Ba and Kamboinse Research Station which belong to 
Institut de l’Environnement et de Recherches Agricoles (INERA). Farako-Ba (11°5’N, 4°18’W; altitude 439 m) is located in Soudanian 
Agroecological zone (AEZ) while Kamboinse (12°.46’N, 1°.54’W; Altitude: 293 m) is located in soudano-sahelian AEZ. 

2.2 TREATMENTS AND EXPERIMENTAL DESIGN 

The experiments were conducted in split plot design with three replications. Four cowpea varieties were subjected to the effect of 
three plant population. The cowpea varieties used as plants material possess farmers desired traits and have been realised by cowpea 
breeding program of INERA. Their maturity cycle varies from 60 to 70 days. Komcalle (KVx442-3-25) is an erected variety, Neerwaya 
(KVx780-6) and Tiligre (KVx775-33-2G) are semi-erected. The variety KVx745-11P is a dual-purpose one, its stay green at maturity stage. 
The plant population used were 62,500 (80 x 40 cm), 92,238 (70 x 30 cm) and 111,111 (60 x 30 cm); 62,500 plants/ha is used as control, 
it is the recommended plant population for cowpea production in Burkina Faso. 

Two factors constituted with cowpea varieties (four) and plant population (three) were randomised in plots. Cowpea variety is 
maintained as whole plot treatment and plant population is considered as sub plot treatment. The area of each whole plot was 30 m2 
whereas the area of each sub plot was equal to 9.6 m2, 8.4 m2 and 7.2 m2 for the respective plant population of 62,500, 92,238 and 
111,111 per hectare. The sub plots were separated by 1 m length, a distance of 1.5 m is left between whole plots and replications. The 
total area of the experiment plot per location was 555.9 m2. 

2.3 CULTURAL PRACTICES 

Chemical NPK (14-23-14) fertilizer at a rate of 100 kg/ha combined with poultry manure at 1,5 t/ha were used in experiments of both 
sites at 2019 and 2020 rainy season. The land was cleared, ploughed and poultry manure was incorporated before harrowing and 
levelling. Before sowing, seeds were treated with Chlorpyrifos-ethyl and thiram (Calsio) at a rate of 20 g per kg of seeds. These chemicals 
have advantage of having insecticidal and fungicidal properties. Weed control was done manually two times, at 3 and 6 weeks after 
sowing. Insecticides were sprayed at flowering and pod-filling stage corresponding to 5 and 7 WAS respectively, to control pests, insects 
and diseases. For this purpose, Deltamethrin was used at the dose of 1litre per hectare. 

2.4 DATA COLLECTION 

Growth data were collected on six randomly selected and tagged plants from net plots. The average number of leaves, leaves 
chlorophyll content and plants dry weight were calculated from measurements taken on tagged at 6 WAS. Crop growth rate (CGR) is the 
increase in plant dry weight per unit time. Dry weight of sampled plants at 3 and 6 WAS were used for it calculation according to the 
formula suggested by [10]. Plants height were measured from the ground base to the top of the main branch and the average was 
recorded; measurements were taken at 9 WAS using a graduated meter stick. The total number of branches borne on the main stem of 
the tagged plants was counted and their mean computed as a number of branches per plant, these measurements were done at 9 WAS. 

Data on reproductive traits, fodder and grain yield components were collected on each net plot. Day to 50% flowering and day 95% 
maturity were estimated by considering plants of each net plot. The average Pods length were obtained from 10 randomly selected 
mature pods collected on tagged plants. The average number of seeds per pods was determined by threshing manually the ten pods 
used previously and the mean was recorded as average number of seeds per pod. From threshed seeds, 100 seeds were picked and 
weighed and the values were recorded as 100 seeds weight. Shelling percentage was obtained by dividing the shelled grain weight of 
the net plot over the unshelled weight multiply by 100. Harvest index was calculated by weighing the total grains obtained per net plot 
and divided by the total biological yield and multiplied by 100. Fodder yield and grain yield of each net plot were assessed and converted 
to yield per hectare. 
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2.5 LABORATORY ANALYSIS OF SOIL 

Poultry manure was incorporated in top sol before sowing. Prior and sowing, soil samples were collected from experimental plots at 
0-30 cm depth using an auger, in a W-shape in order to have a representative and composite sample. Then, samples physico-chemical 
properties were determined by using standard procedures. Poultry manure elemental composition was also determined. 

2.6 STATISTICAL ANALYSIS 

Data on cowpea growth and yields characters were subjected to analysis of variance (ANOVA) by using JMP Pro 2017 statistical 
package. Student Newman’s Keuls (SNK) test was used to sort out significant difference among treatments (𝑃 ≤ 0.05). Cowpea variety 
x plant population interaction effect on fodder and grain yield in both locations was done by using combined year data of each location. 

3 RESULTS AND DISCUSSIONS 

3.1 RESULTS 

3.1.1 EDAPHIC AND CLIMATIC CONDITIONS OF THE EXPERIMENTAL SITES 

The initial soil physical and chemical properties of the experimental sites and poultry manure used as background manure presented 
in Table 1, were determined using standard procedure. The soil texture at Farako-Ba site was sandy-loam, with pH = 5.70, the available 
phosphorus was 3.06 mg/kg, the percent of Organic Carbon and Total Nitrogen was 0.34 and 0.067 respectively. The Cation Exchange 
Capacity (CEC) value was 2.23. Soil of Kamboinse was loamy textured, its pH=5. 60 and the available phosphorus content was 2.15 mg/kg. 
The Organic Carbon content was 0.41% and 0.067 % for Total N content. The CEC value was 2.77 cmol+/Kg. The pH of poultry manure 
was acidic (5.61) with a richest in Organic C (13.27%), Total N (0.66%), Available P (4.75) and CEC (3.11 cmol+/kg) when compared to soils 
composition of Farako-Ba and Kamboinse. 

Table 1. Physical and Chemical Property of Soils at Farako-Ba and Kamboinse and Poultry Manure chemical 

Soil Physical 
Properties 

Farako-Ba Kamboinse Chemical Properties Farako-Ba Kamboinse 
Poultry 
Manure 

Sand 63.37 46.75 pH 6.59 6.13 5.61 

Silt 21.18 40.54 Organic C (%) 0.50 0.64 13.27 

Clay 15.45 12.71 Total N (%) 0.047 0.051 0.66 

Texture Class Sandy-Loam Loamy Available P (mg/Kg) 4.89 3.45 4.75 

 

Ex.cations (cmol+/Kg)    

K 0.15 0.13 1.13 

Na 0.10 0.06 0.12 

Ca 1.40 1.55 2.05 

Mg 0.43 0.60 0.81 

EA (cmol+/Kg) 0.02 0.09 0.16 

CEC (cmol+/Kg) 2.09 2.43 3.11 

Source: Soil Lab, Centre for Dryland Agriculture, Bayero University, Kano 

The weather data during the experimentation period (July-October), collected from the National Meteorology Agency (ANAM), 
indicated variations in rainfall, minimum and maximum temperatures at Farako-Ba and Kamboinse. At Farako-Ba, the average variation 
of temperatures was 22.03 to 31.16˚C and 21.86 to 30.96˚C for 2019 and 2020, respectively. The total rainfall amount recorded was 
1037.50 and 818.70 mm for 2019 and 2020, respectively. For Kamboinse site, average temperatures varied from 23.73 to 33.04˚C and 
from 23.46 to 32.96 ˚C for 2019 and 2020, respectively. The total rainfall recorded was 800.90 and 812.70 mm for 2019 and 2020, 
respectively. 

3.1.2 GROWTH AND YIELD COMPONENTS RESULTS 

The plants growth characters such average leaves number, leaves chlorophyll content and plants dry weight did not reveal significant 
variation according to cropping season and plant population per hectare (Table 2). But, cowpea variety showed significant differences 
for these characters. 
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Table 2. Cropping Year, Plants/ha and Varietal Effect on Number of Leaves, Leaves Chlorophyll Content and Plants Dry Weight at Farako-Ba and 
Kamboinse 

 Leaves number 6WAS Leaves chlorophyll 6WAS Plants dry weight (g) 6WAS 

Cropping Season Farako-Ba Kamboinse Farako-Ba Kamboinse Farako-Ba Kamboinse 

2019 30.68 39.64 53.42 54.90 31.87 34.58 

2020 32.27 37.72 54.03 53.49 32.25 35.96 

SE± 0.827 0.965 0.628 0.624 1.994 1.655 

Prob. 0.1865 0.1592 0.4954 0.1251 0.8979 0.5654 

Plants/ha       

62,500 32.30 40.56 53.58 54.59 31.32 34.49 

95,238 32.03 37.79 53.59 54.45 32.27 37.06 

111,111 30.09 37.69 53.99 53.54 32.59 34.26 

SE± 1.013 1.182 0.770 0.764 2.442 2.026 

Prob. 0.2630 0.1507 0.9103 0.5939 0.9353 0.5695 

Varieties       

KVx745-11P 30.79ab 37.94b 52.94 54.69a 31.09 34.96b 

Komcalle 28.18b 31.72c 53.57 51.64b 28.78 26.32c 

Neerwaya 33.49a 43.47a 54.12 55.51a 31.15 43.61a 

Tiligre 33.45a 41.58ab 54.26 54.93a 37.21 36.20b 

SE± 1.170 1.365 0.889 0.883 2.819 2.340 

Prob. 0.0069 <.0001 0.7034 0.0189 0.2240 <.0001 

Means followed by the same letter (s) within a treatment group are not significantly different at 5% level of probability using Student Newman Keuls (SNK) 
test 

The results presented in Table 3 showed that crop growth rate (CGR), the average plants height and average number of branches 
were also statistically similar according to cropping season and plant population per hectare. However, their differences are pronounced 
at variety scale. 

Table 3. Cropping Year, Plants/ha and Varietal Effect on Crop Growth Rate, Plants Height and Branches Number at Farako-Ba and Kamboinse 

 Crop Growth Rate (3-6WAS) Plant height (cm) 9WAS Branches number 9WAS 

Cropping Season Farako-Ba Kamboinse Farako-Ba Kamboinse Farako-Ba Kamboinse 

2019 9.60 10.71 51.81 53.19 4.31 4.19 

2020 9.80 10.18 52.45 56.30 4.10 4.09 

SE± 0.615 0.514 1.573 1.613 0.100 0.068 

Prob. 0.8142 0.4721 0.7361 0.1577 0.1556 0.3662 

Plants/ha       

62,500 9.33 9.96 53.15 53.73 4.46a 4.25 

95,238 10.03 10.75 52.38 56.55 4.16ab 4.13 

111,111 9.74 10.63 50.88 53.95 3.99b 4.05 

SE± 0.753 0.629 1.927 1.975 0.122 0.083 

Prob. 0.8030 0.6438 0.6086 0.5022 0.0306 0.2723 

Varieties       

KVx745-11P 9.68 10.39a 54.22b 48.27 3.75b 3.64b 

Komcalle 8.87 8.02b 16.82c 16.79 4.25a 4.17a 

Neerwaya 9.64 12.14a 67.80a 77.48 4.56a 4.42a 

Tiligre 10.62 11.25a 69.69a 76.43 4.25a 4.33a 

SE± 0.870 0.726 2.225 2.281 0.141 0.96 

Prob. 0.5677 0.0019 <.0001 <.0001 0.0023 <.0001 

Means followed by the same letter (s) within a treatment group are not significantly different at 5% level of probability using Student Newman Keuls (SNK) 
test 
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The results presented in Table 4 showed significant variation of 50% flowering and 95% maturity as the cropping season and variety. 
The effect on plant population on these characters was not significant. The average pods length was statistically similar across growing 
season and plant population. However, significant variations of pods length were observed between cowpea. 

Table 4. Cropping Year, Plants/ha and Varietal Effect on 50% Flowering, 95% Maturity and Pods length (cm) at Farako-Ba and Kamboinse 

 50% Flowering 95% Maturity Pods length (cm) 

Cropping Season Farako-Ba Kamboinse Farako-Ba Kamboinse Farako-Ba Kamboinse 

2019 39.36a 39.11a 65.43a 64.74a 15.98 16.04 

2020 38.64b 37.97b 63.31b 62.50b 16.30 16.43 

SE± 0.140 0.128 0.287 0.194 0.195 0.187 

Prob. 0.0004 <.0001 <.0001 <.0001 0.2403 0.1159 

Plants/ha       

62,500 39.21 38.54 64.32 63.88 16.07 16.35 

95,238 38.75 38.71 64.29 63.55 15.86 15.94 

111,111 39.04 38.38 64.50 63.43 16.48 16.41 

SE± 0.171 0.157 0.352 0.237 0.238 0.231 

Prob. 0.1494 0.3188 0.8643 0.3501 0.1695 0.2547 

Varieties       

KVx745-11P 39.11a 38.67a 66.15a 66.50a 14.26b 14.96b 

Komcalle 37.78b 37.39b 61.17c 60.52d 14.13b 14.76b 

Neerwaya 39.50b 39.06a 64.44b 63.17c 17.85a 17.43a 

Tiligre 39.61b 39.06a 65.72a 64.29b 18.32a 17.79a 

SE± 0.198 0.181 0.406 0.274 0.275 0.267 

Prob. <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

Means followed by the same letter (s) within a treatment group are not significantly different at 5% level of probability using Student Newman Keuls (SNK) 
test 

Shelling percentage and 100 seeds weight (Table 5) significantly vary according to cropping season and variety. The effect of plant 
population was not significant on these characters. 

The harvest index values were statistically the same for the two consecutive cropping years and for locations. Plant population and 
varieties had significant influence on harvest index (HI). However, the HI values were statistically same for the two consecutive years and 
for locations. Plant population and varieties had significant effect on HI. The results indicated that high plant population decreased HI, 
the dual-purpose variety KVx745-11P recorded the lowest HI due to the favouring high expression of fodder trait at the disadvantage of 
grain yield. In opposite, the erect variety Komcalle with small spray recorded the highest HI. Tiligre and Neerwaya which are similar 
regarding to their growth habit, scored statistically similar values of HI. 
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Table 5. Cropping Year, Plants/ha and Varietal Effect on Shelling percentage, 100 Seeds weight and Harvest Index at Farako-Ba and Kamboinse 

 Shelling percentage (%) 100 Seeds weight (g) Harvest Index (%) 

Cropping Season Farako-Ba Kamboinse Farako-Ba Kamboinse Farako-Ba Kamboinse 

2019 69.64a 76.66a 14.59 18.17a 0.19 0.18 

2020 65.84b 74.98b 15.95 16.24b 0.19 0.19 

SE± 0.658 0.470 0.190 0.194 0.004 0.004 

Prob. 0.0002 0.0061 <.0001 <.0001 0.2686 0.4809 

Plants/ha       

62,500 68.56 76.35 15.40 17.26 0.20a 0.20a 

95,238 67.22 75.47 15.20 16.90 0.18b 0.18b 

111,111 67.46 75.64 15.21 17.46 0.20a 0.18b 

SE± 0.806 0.576 0.232 0.237 0.005 0.005 

Prob. 0.4647 0.4368 0.7745 0.1623 0.0010 0.0028 

Varieties       

KVx745-11P 68.18 76.08b 10.77c 11.50c 0.17c 0.15c 

Komcalle 69.28 78.65a 15.36b 16.76b 0.21a 0.21a 

Neerwaya 66.98 73.78c 17.52a 20.10a 0.20ab 0.19b 

Tiligre 66.54 74.77bc 17.44a 20.46a 0.19b 0.20ab 

SE± 0.931 0.665 0.268 0.274 0.005 0.006 

Prob. 0.1689 <.0001 <.0001 <.0001 <.0001 <.0001 

Means followed by the same letter (s) within a treatment group are not significantly different at 5% level of probability using Student Newman Keuls (SNK) 
test 

The influence of cropping season on fodder yield was not significant at Farako-Ba and Kamboinse (Table 6). However, a positive 
relationship was found between increasing of plants density and fodder yield. The results showed that fodder yield depend also on 
variety type. KVx745-11P, Neerwaya and Tiligre recorded statistically similar fodder yield in both locations and the variety Komcalle which 
is erected and early maturing recorded the lowest fodder yield. There was no significant difference of fodder yield if compare 95,238 and 
111,111 plants/ha. The average fodder yield recorded at Farako-Ba was lower than the average recorded at Kamboinse regarding the 
effect of plant population and cowpea variety. 

The average grain yield was lower at Farako-Ba than Kamboinse for 2019 and 2020 experiments (Table 6). In both locations, it is an 
increasing trend of grain yield with plant population per hectare. The means separation through SNK test showed that the three plant 
population give statistically different grain yield. The fact that grain is positively correlated to plant population suggest that the optimum 
plant population was not achieved in this study. 
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Table 6. Cropping Year, Plants/ha and Varietal Effect on Fodder and Grain Yield at Farako-Ba and Kamboinse 

 Fodder Yield (kg/ha) Grains Yield (kg/ha) 

Cropping Season Farako-Ba Kamboinse Farako-Ba Kamboinse 

2019 4509.56 5657.05 1238.62 1439.72b 

2020 4920.74 5973.53 1254.71 1504.89a 

SE± 178.739 173.915 10.762 12.460 

Prob. 0.1031 0.2026 0.2509 0.0003 

Plants/ha     

62,500 3740.50b 4300.75b 1124.14c 1285.82c 

95,238 5240.94a 6446.06a 1242.93b 1481.06b 

111,111 5164.01a 6699.06a 1372.93a 1650.03a 

SE± 218.909 213.001 13.181 15.661 

Prob. <.0001 <.0001 <.0001 <.0001 

Varieties     

KVx745-11P 4868.75a 6036.60a 1027.14c 1108.54c 

Komcalle 4054.68b 4702.41b 1293.14b 1545.30b 

Neerwaya 4909.20a 6521.77a 1339.75a 1644.37a 

Tiligre 5027.98a 6000.38a 1326.64ab 1591.00b 

SE± 252.775 245.952 15.220 17.622 

Prob. 0.0301 <.0001 <.0001 <.0001 

Means followed by the same letter (s) within a treatment group are not significantly different at 5% level of probability using Student Newman Keuls (SNK) 
test 

The figure 1 below show the plant population x variety interaction effect on grain yield at Farako-Ba and Kamboinse. The relationship 
is positive for cowpea variety Komcalle, Neerwaya and Tiligre. However, it is noticed that the dual-purpose variety show statistically 
similar with slight decreasing trend if plant population increase. 

 

Fig. 1. Plant Population x Variety Interaction Effect on Grain Yield at Farako-Ba and Kamboinse 

The results of plant population x variety interaction on fodder and grain yield are presented in Table 7. These results were obtained 
by using combined years’ data for Farako-Ba and Kamboinse site. A positive relationship was observed between fodder yield and plant 
population per hectare. It is also observed that the cowpea varieties were inherently different in term of grain and fodder yield. 
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Table 7. Cowpea Varieties x Plants/ha Interaction Effect on Fodder Yield (Kg/ha) and Grain Yield at Farako-Ba and Kamboinse Using Combined 
Year data 

Cowpea Varieties 
 Fodder Yield (kg/ha) Grain Yield (kg/ha) 

Plants/ha Farako-Ba Kamboinse Farako-Ba Kamboinse 

 
KVx745-11P 

62,500 3748.85lm 4667.30j-l 765.77t 1060.89r 

95,238 5274.70g-j 6787.21a-c 966.82s 1173.87pq 

111,111 5684.26d-i 6553.72a-d 1132.47qr 1307.20l-o 

 
Komcalle 

62,500 2652.40n 3615.49m 1144.10p-r 1385.33j-l 

95,238 4156.09k-m 5757.56d-h 1307.37m-o 1536.10d-g 

111,111 4676.94j-k 5412.78e-j 1467.74g-k 1674.69bc 

 
Neerwaya 

62,500 3780.74m 5161.04g-j 1237.45n-p 1437.66h-k 

95,238 5679.97d-i 6907.57ab 1394.64i-m 1594.51c-f 

111,111 6035.55c-f 6728.05a-c 1505.65e-h 1782.47a 

 
Tiligre 

62,500 3700.23m 4838.93i-k 1221.32o-q 1387.30k-m 

95,238 6062.97c-g 6121.95b-e 1327.88l-n 1594.77c-e 

111,111 5129.13h-j 7231.86a 1488.79f-j 1732.83ab 

SE± 323.31 35.21 

Means followed by the same letter (s) within a treatment group are not significantly different at 5% level of probability using Student Newman Keuls (SNK) 
test 

3.2 DISCUSSION 

The experimental sites have different weather patterns which could have significant influence on cowpea phenology. According to 
[11], [12] cowpea varieties growth and yield characters are strongly correlated to soil and climatic conditions. [13] observed that 
abundance of rainfall has negative effect on cowpea yield while a positive relationship was found between higher temperatures and 
cowpea grain yield. In this study, the average number of leaves per plant was negatively correlated to plant population per hectare, 
comparable results were found by [14]. Cowpea grown under low density had higher leaves chlorophyll content than those grown at 
high density [14], which is different from our findings. The result may be explained by the fact that increasing in plant population is not 
enough to induce competition between plants for nutrients, light and water in which would result decrease of average leaves chlorophyll 
content. The average plant height was not significantly impacted by cropping season as well as plant population per hectare. [15] and 
[16] found that cowpea produced at highest density led to taller plants height. In contrary, [17] demonstrated that plant height decrease 
with increasing of plant density per hectare. Furthermore, [18] and [15] reported that differences in plants height could be explained by 
genetic variation between the varieties. Significant difference of plant height was noted within the varieties which can be classified into 
three group according to their height. The average number of branches per plant was significantly different among the cowpea varieties 
due to their genetic composition. [12] and [19] reported significant difference in average number of branches per plant among different 
cowpea varieties. The variation of plant population did not significant affect 50% flowering and 95% maturity as well as average pods 
length. Concerning 50% flowering, similar results were found by [20] who observed that this character gave statistically similar results 
when cowpea was sown at low or high plant population. This result is contrasted to the earlier results reported by [21] which found that 
increasing plant density could delay flowering in legume crops. Significant differences of 50% flowering, 95% maturity and average pods 
length is probably the fact of genotypes differential response. Shelling percentage and 100 seeds weight were significantly affected by 
cropping season and variety, this is comparable to the findings of [22] and [23]. The fact that 100 seeds weight follow the same trend 
from one location to another is the proof that this character is more varietal dependent. Our findings are supported by several studies 
from authors such [22], [24], [25] who noted significant difference between cowpea varieties for this character. However, this is 
inconsistent with the findings of [26] and [27] where varieties were statistically similar when 100 seeds weight was compared. Harvest 
index is an important character which contribute to predict grain yield because it has positive and close relationship [28] and [29]. High 
plant population decrease harvest index due to greater dry matter of shoots in expense of grains. Similar results were reported by [25], 
[30]. Furthermore, it is observed that harvest index is strongly correlated to the variety growth habit. These results are in line with 
previous reports which showed that harvest index of local cowpea varieties, generally prostrate or high spray were lower than improved 
ones [25], [31]. Fodder yield increase with plant population, this is corroborated by earlier findings [32] – [34], [35]. Also, [36] and [35] 
found that cowpea cultivars respond differently to plant population and the medium maturing varieties produced more fodder yield 
than the early maturing varieties, these results are consistent with our findings. It is remarked that there is a difference of fodder yield 
according to location, inherent environmental conditions of each locations may explain these differences [37]. According to [35], [38] 
and [39] the difference of grain yield across the locations is account for rainfall and soil fertility variations. [38] demonstrated that high 
density and super high density significantly increase grain yield of cowpea varieties in comparison with normal density. Similar effect of 
planting density on cowpea grain yield were highlighted by authors such [35], [40] and [41]. In both locations, the combined year data 
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revealed positive relationship between fodder and grain yield with increasing of plant population per hectare. Also, the interaction 
showed that variety and growing location have significant impact on fodder and grain yield. Comparable results were found by [42], [29] 
and [17]. 

4 CONCLUSION 

From experiments conducted in two agro-ecological zones, growth characters such average leaves number, leaves chlorophyll 
content, plants dry weight, crop growth rate and average branches number of erected and semi-erected cowpea varieties did not show 
any significant variation due to effect of plant population per hectare. Also, character such 50% flowering, 95% maturity, pods length, 
shelling percentage, 100 seeds weight were not significantly influenced by plants population per hectare within the same location. The 
variation of these characters cited above account for intra seasonal rainfall, temperature, edaphic factors as well as intrinsic differences 
between the varieties. Furthermore, the results of this study show positive relationship between increasing of plants/ha with grain and 
fodder yield. We also suggest that the optimal yield should be determined by gradually increasing the plant population per hectare. 
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