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Article 
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Ifeoluwa Simeon Odesina 1,3, Obaiya Grace Utoblo 1, Gideon Oluwaseye Oyebode 2,3,  
Patrick Obia Ongom 3, Ousmane Boukar 3 and Otsanjugu Aku Timothy Namo 1,* 

1 Cytogenetics and Plant Breeding Unit, Department of Plant Science and Biotechnology, University of Jos, 
Jos, Nigeria 

2 Department of Crop Soil and Environmental Sciences, Auburn University, Auburn, AL 36849, USA 
3 International Institute of Tropical Agriculture, Kano Station, PMB 3112, Kano, Nigeria 
* Correspondence: namoa@unijos.edu.ng; Tel: +234-8036424915 

Abstract: Low plant stands at early crop establishment contribute to yield reduction in legumes. Gap-
filling has been suggested as a mechanism to mitigate these losses. There is, however, limited 
understanding of yield-compensation mechanism in the cowpea. This study was aimed to investigate 
the mechanism of yield-compensation in some accessions of cowpea in two savannah agro-ecologies 
in Northern Nigeria. The experiment was laid out split plot fitted into a randomized complete block 
design with three replicates in each site. The main plot consisted of four plant densities (33,333; 
66,666; 99,999; 133,333 plants ha-1) while the subplots consisted of six cowpea accessions (IT89KD-
288, IT93K-452-1, IT99K-537-1-1, IT98K-205-8, IT08K-150-27 and DANILA). Results showed that plant 
density and environment affected grain yield. Total grain yield increased with increasing plant 
density and was higher at Minjibir than at Shika. The highest total grain yield of 1793.3 kg ha-1 was 
observed in the accession DANILA at 99,999 plants ha-1, while the lowest (1,100 kg ha-1) was observed 
in the accession IT98K-205-8 at 33,333 plants ha-1. Leaf area index, stand count at harvest and 
intercepted photosynthetically active radiation were positively correlated with total grain yield at 
both locations, suggesting that these traits could be considered for cowpea improvement. Cowpea 
growers and breeders could consider the erect (IT93K-452-1 and IT98K-205-8) and semi-erect 
accessions (IT99K-573-1-1 and IT08K-150-27) for cultivation at 133,133 plants ha-1. Prostrate accessions 
(IT89KD-288 and DANILA) could be planted at 99,999 plants ha-1 at Minjibir. The accessions IT93K-
452-1-1, IT98-205-8, IT99K-573-1-1 and IT08K-150-27 could be considered for cultivation at Shika 
irrespective of plant density. 

Keywords: growth; yield compensation; cowpea; missing stand; plant density 
 

1. Introduction 

Cowpea [Vigna unguiculata (L.) Walp] is a staple legume which is important for the livelihood of 
millions of people in Sub-Saharan Africa (SSA). It is an underutilised crop with a high potential for 
food and nutritional security in SSA. It is produced for grain, immature green pods and fresh leaves 
due to its nutritional composition [1]. 

Cowpea production in Sub-Saharan Africa is very critical to smallholder farmers because of its 
potential to combat food insecurity, malnutrition and poverty. Rich in protein, it is regarded as a poor 
man’s meat for most households in Africa. The yield of cowpea was reported to have increased to 
about 900 kg ha-1 between 2014 and 2018 [2]. Between 2017 and 2018, an increase of 575 kg ha-1 was 
reported by FAOSTAT. 

Despite the increase in cowpea productivity in Nigeria, a yield-gap still exists due to constraints 
such as insect pests, parasitic weeds, drought and poor soil fertility [3]. Other challenges faced by 
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growers include missing plant stands, which are mostly caused by seed-picking birds and hoe-
weeding. Hicks et al. [4] suggested gap-filling as a potential approach to mitigate yield losses caused 
by missing plant stands, although not all seedlings may survive transplanting procedures to make 
up for reduction in plant stands. Mechanisms of yield compensation are aimed at bridging the gap 
in cowpea production. The use of an appropriate mechanism of yield-compensation could provide 
insights into the management of phenotypic and yield-improvement in the cowpea [5]. Plant density 
is another important factor that affects the growth and yield of crops including the cowpea. It is used 
to compensate yield losses caused by biotic and abiotic stresses. Kamara et al. [6] reported plant 
density as an important factor used to enhance light interception and crop growth, especially in 
densely populated crop stands [5,7]. Plant density can also be manipulated to improve crop growth 
and optimise yield [7,8]. Studies have demonstrated the importance of appropriate plant 
population suitable for optimum yield in improved crop varieties. Seran and Brintha [9] and Nur 
Arina et al. [10] noted that excessive plant populations could result in low yield due to overcrowding 
and competition for limited resources and suggested a reduction in the number of seedlings in order 
to optimise yield. In the soyabean, studies have been carried out to determine if yield compensation 
occasioned by low plant population could be achieved through increasing plant density and yield 
components [5] or the use of improved varieties [11]. Studies have been carried out in major crops 
such as sorghum [5] and black gram [12] to determine the effect of plant density on growth and yield. 
Not much has been reported in the cowpea. This study was aimed at investigating the yield-
compensation mechanism in some accessions of cowpea grown at different plant densities in two 
agro-ecologies of Minjibir and Shika in Northern Nigeria. 

2. Materials and Methods 

2.1. Experimental Site 

The experiment was conducted at two locations, namely the International Institute of Tropical 
Agriculture (IITA) experimental research farm, Minjibir, Kano (12o42’N, 8o39’E; 509 m above sea 
level), which is located in the Sudan Savannah, and the International Institute of Tropical Agriculture 
(IITA) experimental station at Shika, Zaria (11o11’N, 7o38’E; 686 m above sea level) in the northern 
Guinea Savannah. Composite soil samples were collected before sowing from six different spots at 
the trial locations using the auger at a depth of 0-20 cm and analysed for physicochemical properties 
in the IITA Analytical Services Laboratory in Ibadan, Nigeria. The result of the soil analysis is shown 
in Table 1. 

Table 1. Physicochemical properties of the topsoil sampled from the experimental sites. 

Soil Property Minjibir Shika 
Sand (%) 70.00 32.00 
Clay (%) 21.00 23.00 
Silt (%) 9.00 45.00 

pH (H2O 1:1) 5.50 6.30 
Organic Carbon (%) 0.30 0.60 

Total N (%) 0.02 0.05 
Mehlic P (ppm) 9.00 12.80 
Ca (cmol kg-1) 1.00 2.16 
Mg (cmol kg-1) 0.25 0.83 
K (cmol kg-1) 0.30 0.42 

Na (cmol kg-1) 0.70 0.06 
Source: IITA Analytical Services Laboratory (ASL), Ibadan, Nigeria. 
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2.2. Meteorological Report 

Meteorological data were collected from the weather stations situated at the IITA experimental 
stations at Minjibir and Shika as shown in Table 2. 

Table 2. Meteorological data collected in 2020 from Minjibir and Shika experimental stations. 

Weather Reports Month Location 
  Minjibir Shika  

Solar Radiation (MJ/m²/day) 

August 15.76 15.22   
September 17.24 19.02 

October 18.41 22.10 
November 18.12 20.12 
December 18.37 19.31 

Minimum Relative Humidity (%) August 54.38   70.70   
 September 48.02 70.99 
 October 26.28 44.19 
 November 12.38 23.93 
 December 9.03 18.37 

Relative Humidity (%) August 94.96   98.66   
 September 95.53 98.62 
 October 87.42 92.03 
 November 72.48 64.60 
 December 66.97 51.12 

Minimum Temperature (⁰C) August 22.00   19.79   
 September 22.41 19.76 
 October 20.74 18.91 
 November 16.47 16.52 
 December 11.47 15.78 

Maximum Temperature (⁰C) August 29.74   26.50  
 September 31.91 29.61 
 October 34.66 32.02 
 November 31.49 31.49 
 December 32.70 32.56 

Rainfall (mm) August 8.57   5.56  
 September 5.64 26.45 
 October 0.52 2.85 
 November 0.00 0.03 
 December   0.00   0.00 

Source: International Institute of Tropical Agriculture, Minjibir and Shika sub-stations. 

2.3. Experimental Design 

The layout of the experiment at each location was in the split plot arrangement fitted into a 
randomized complete block design with three replicates. The main plots consisted of four plant 
densities (33,333 plants ha-1; 66,666 plants ha-1; 99,999 plants ha-1 and 133,333 plants ha-1) while the 
sub-plots consisted of six cowpea accessions, namely IT89KD-288, IT93K-452-1, IT99K-573-1-1, 
IT98K-205-8, IT08K-150-27 and DANILA. The accessions were sourced from the germplasm 
collection of the IITA, Kano Station, Kano, Nigeria. The agronomic characteristics of the accessions 
are as shown in Table 3. 
  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 March 2025 doi:10.20944/preprints202503.0249.v1

https://doi.org/10.20944/preprints202503.0249.v1


 4 of 20 

 

Table 3. Agronomic characteristics of cowpea accessions used in the experiment. 

Accession Growth Pattern Growth habit Other Characteristics 

IT93K-452-1 Determinate Erect Extra-early maturing; good seed quality and 
field tolerance to major insect pests 

IT99K-573-1-1 Semi-determinate Semi-erect 
Medium-maturing; multiple disease-resistant 

especially Fusarium wilt, drought- tolerant, 
Striga and Alectra-resistant, yield (2.6 t ha1) 

IT89KD-288 Indeterminate Prostrate Nematode and Aphid resistant, yield (2t ha1) 
and good seed quality 

IT98K-205-8 Determinate Semi-erect Extra-early maturing  

IT08K-150-27 Semi-determinate Erect Medium-maturing and resistant to bacterial 
blight 

DANILA Indeterminate Prostrate Late-maturing with good fodder quality 
Source: Seed bank, International Institute of Tropical Agriculture, Kano station. 

2.4. Cultural Practice 

Seeds were cleaned to avoid mechanical mixtures; after which they were treated with 250 g of 
Apron star to protect them from soil-borne pathogens. The field was disc-harrowed and then ridged. 
Each sub-plot measuring 3 m x 3 m consisted of four rows with inter-row and intra-row spacing of 
75 cm and 20 cm, respectively. Three seeds per hill were sown on August 17 and August 21 at Minjibir 
and Shika, respectively. Thinning was done at two weeks after sowing (2 WAS) to achieve the desired 
number of plants in each plot according to the experimental design. 

A starter dose of NPK 15:15:15 fertilizer was applied blanket at the rate of 14.25 kg ha-1. Insects 
were controlled with the application of Cypermethrin [Cyano - (3-phenoxy phenol) methyl) 3 - (2,2-
dicholoroethy 1) -2, 2-dimethylcyclopropane -1- carbonxylate] at the rate of 120 ml ha-1. Ampligo 
[Chlorantraniliprole (10%) + Lambda-cyhalothrin (5%) Zc, manufactured by Syngenta Crop 
protection AG, Switzerland] was applied at the rate of 100 ml ha-1 to control Maruca damage. 
Ampligo was used after the emergence of flowers to avoid delay in flowering. 

2.5. Field Observation and Data Collection 

Field observation and data collection commenced at two weeks after sowing (2 WAS), using the 
two middle rows in each plot. The ratio of the number of seedlings established to the total number of 
seeds sown in each plot and multiplied by 100 was recorded as the establishment rate. Leaf area index 
(LAI) was measured at 30, 45 and 60 DAS using the AccuPAR Model LP-80 PAR/LAI Ceptometer 
(Decagon Devices, Pullman WA, USA). The sensor was placed diagonally across the two middle rows 
on the surface below the canopy so that the two ends of the sensor were in line with the cowpea rows. 
The means of five measurements were used for the statistical analysis. Measurements were done 
under sunlight conditions from 12 noon to 4 pm local time [13]. 

The intercepted photosynthetically active radiation (IPAR) was measured at 30, 45 and 60 DAS 
using the same instrument that was used to measure the leaf area index. The value of 
photosynthetically active radiation intercepted by the cowpea canopy was computed as IPAR as 
follows: 

IPAR = [1.0 – (PARb/PARa)] (1)

where, 

IPAR = Intercepted PAR 
PARa = PAR measured above cowpea canopy (µmol m-2s-1) 
PARb = PAR measured below cowpea canopy (µmol m-2s-1) 

The number of days to first flower was recorded as the number of days from sowing to when 
the first flower had appeared in each plot. The number of days from sowing to when at least 50% of 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 March 2025 doi:10.20944/preprints202503.0249.v1

https://doi.org/10.20944/preprints202503.0249.v1


 5 of 20 

 

the plants had flowered in each plot was recorded as the number of days to 50% flowering. The 
number of days to first pod maturity was recorded as the number of days from sowing to when the 
first pod in each plot had completely turned yellow [14]. The number of days from sowing to when 
at least 95% of the total number of pods on plants in the middle row in each plot had completely 
turned yellow was recorded as the number of days to 95% pod maturity. 

The total number of plants in the two middle rows at harvest was recorded as the stand count 
at harvest. The pods were dried for two days after harvest, threshed and the grains were weighed. 
The weight of the grain in each plot was extrapolated to the equivalent in kilogram per hectare [15]: 

Grain yield (Kg ha-1) = Grain yield (kg) x 10,000 m2  
                         Plot size (m) x Net row (m) (2)

The effect of environment and cowpea development type on grain yield was determined by 
plotting the total grain yield against the different developmental types of the cowpea at the different 
plant densities. 

2.6. Data Analysis 

Data collected from both locations were subjected to two-way analysis of variance (ANOVA) 
test separately and then combined using the R-programming software (version 4.1.0). The plant 
densities and cowpea accessions were considered as factors in determining the mean squares and the 
F-test. Means were separated using the Duncan’s new Multiple-Range test (DMRT). Correlation 
coefficient was computed using the relationship between total grain yield and the growth parameters. 

3. Results 

3.1. Establishment Rate 

Table 4 shows the main effects of plant density and accession on establishment rate and stands 
count at harvest at Minjibir and Shika. The highest establishment rate of 90% was observed at the 
plant density of 33,333 plants ha-1 while the lowest (81%) was observed at 133,333 plants ha-1 at 
Minjibir. The establishment rate did not differ significantly amongst the accessions. The same trend 
was observed at the Shika location. The establishment rate was generally higher at Minjibir than at 
Shika. Results of the combined analysis showed that the establishment rate was significantly (p < 
0.001) higher (89.5%) at 33,333 plants ha-1 than at 133,333 plants ha-1 (79.3%). 

Table 4. Main effects of plant density and accession on establishment count and stand count at harvest at Minjibir 
and Shika. 

Treatments Establishment rate (%)  Stand count at harvest  
 Minjibir Shika Pooled Minjibir Shika Pooled 

Density (plants ha-1)       
33,333  90.00a 89.03a 89.51a 20.83d 16.61d 18.72d 
66,666 89.41a 85.86ab 87.68a 34.78c 24.06c 29.42c 
99,999 82.20b 80.83b 81.33b 50.00b 31.72b 40.86b 

133,333 81.14b 73.17c  79.25b 61.83a 39.11a 50.47a 
Accession       

IT89KD-288 87.01a 84.15a 85.58a 41.58ab 25.67ab 33.63bc 
IT93K-452-1 86.79a 83.20a 84.99a 43.83a 28.50a 36.17ab 

IT99K-573-1-1 86.75a 80.14a 83.44a 39.67b 28.58a 34.13bc 
IT98K-205-8 86.35a 80.96a 83.65a 43.92a 31.67a 37.79a 

IT08K-150-27 85.43a 79.94a 82.69a 40.33b 30.58a 35.46ab 
DANILA 87.66a 84.96a 86.31a 41.83ab 22.25b 32.04c 

Level of Significance        
DEN *** ** *** *** *** *** 
ACS ns ns ns ns * * 
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EVR   **   *** 
Interactions        
DEN x ACS ns ns ns ns ns ns 
DEN x EVR   ns   ns 
ACS x EVR   ns   *** 

ACS x DEN x EVR   ns   ns 
CV (%) 5.9 15.5 11.78 38.7 41.0 44.8 

1 Means followed by the same letter (s) within the same column are not significantly different at 5% level of 
probability. ∗∗∗p<0.001, ∗∗p<0.01, ∗p<0.05; ns=Not significant; DEN=Density; ACS=Accession; 
EVR=Environment; CV=Coefficient of Variability. 

3.2. Stand Count at Harvest 

The highest stand count at harvest at Minjibir (62) was observed at 133,333 plants ha-1 while the 
lowest (21) was observed at 33,333 plants ha-1 (p < 0.001). The accessions did not differ significantly 
in stand count at harvest (Table 4). The same trend was observed at the Shika location. The accessions, 
however, differed significantly (p < 0.05) in the stand count at harvest. The results of the combined 
analysis showed that stand count at harvest was significantly (p < 0.001) higher at 133,333 plants ha-

1 (50) than at 33,333 plants ha-1 (19). The interaction of accession and environment on stand count at 
harvest was significant (Appendix Table A1). The highest stand count of 49.3 was observed in the 
accession IT98K-205-8 at Minjibir while the lowest (22.3) was observed in the accession DANILA at 
Shika. 

3.3. Leaf Index Area (LAI) 

Table 5 shows the leaf area index (LAI) at different stages of growth of cowpea. At 30 DAS, the 
lowest LAI value at Minjibir (1.60) was observed at the plant density of 33,333 plants ha-1 while the 
highest value (2.56) was observed at 133,333 plants ha-1. At the Shika location, the LAI did not differ 
significantly with plant density. At the Minjibir location, LAI was highest in the accession DANILA 
and lowest in the accession IT99K-573-1-1 with values of 3.01 and 1.45, respectively. At Shika, LAI 
was highest in the accession IT93K-452-1 and lowest in the accessions IT99K-537-1-1, IT98K-205-8 and 
DANILA. Results of the combined analysis showed that LAI was highest (1.30) at 133,333 plants ha-
1 and lowest (0.82) at 33,333 plants ha-1. The LAI was highest in the accession IT99K-573-1-1 (0.75) when 
the data were combined before the analysis. The LAI was generally higher at Minjibir than at the 
Shika location (Table 5). 

Table 5. Main effects of plant density and accessions on leaf area index at Minjibir and Shika. 

Treatment LAI 30DAS  LAI 45DAS  LAI 60DAS  
 Minjibir Shika Pooled Minjibir Shika Pooled Minjibir Shika Pooled 

Density (plants ha-1)          
33,333  1.60b 0.05a 0.82b 3.68b 0.44a 1.94c 4.34a 0.12b 2.12a 
66,666 1.80b 0.05a 0.91b 3.93b 0.44a 2.22b 3.88a 0.13b 2.03a 
99,999 2.43a 0.04a 1.24a 4.59a 0.48a 2.56a 4.23a 0.16ab 2.26a 

133,333 2.56a 0.05a 1.30a 4.64a 0.50a 2.63a 4.28a 0.18a 2.25a 
Accession          

IT89KD-288 2.44ab 0.05b 1.25b 4.64ab 0.47a 2.55a 4.62a 0.15a 2.39a 
IT93K-452-1 2.14ab 0.06a 1.10bc 4.71a 0.45a 2.58a 4.32ab 0.18a 2.25ab 

IT99K-573-1-1 1.45c 0.04c 0.75d 3.05c 0.45a 1.75c 3.67b 0.15a 1.91b 
IT98K-205-8 1.75bc 0.04c 0.89cd 3.93b 0.49a 2.21b 4.37ab 0.14ab 2.25ab 

IT08K-150-27 1.74bc 0.05b 0.90cd 3.98b 0.45a 2.22b 3.72b 0.19a 1.95b 
DANILA 3.01a 0.04c 1.52a 4.94a 0.49a 2.71a 4.39ab 0.09b 2.24ab 

Level of Significance           
DEN *** ns *** *** ns *** ns * ns 
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ACS *** *** *** *** ns *** ns * ns 
EVR   ***   ***   *** 

Interactions           
DEN x ACS ns ns ns ns ns ns ns ns ns 
DEN x EVR   ns   ns   ns 
ACS x EVR   ***   ***   ns 

ACS x DEN x EVR   ns   ns   ns 
CV (%) 43.1 41.0 112.7 25.4 23.3 86.6 24.3 48.3 99.1 

1 Means followed by the same letter (s) within the same column are not significantly different at 5% level of 
probability. ∗∗∗p<0.001, ∗∗p<0.01, ∗p<0.05; ns=Not significant; DEN=Density; ACS=Accession; 
EVR=Environment; CV=Coefficient of Variability. 

At 45 DAS, the LAI at Minjibir varied from 3.68 at 33,333 plants ha-1 to 4.64 at 133,333 plants ha-

1. At Shika, the LAI values at 45 DAS did not differ significantly with the accession. The results of the 
combined analysis showed that the LAI was highest at 133,333 plants ha-1 (2.63) and lowest at 33,333 
plants ha-1 (1.94). The highest LAI value in the combined analysis was observed in the accession 
DANILA while the lowest was observed in the accession IT99K-573-1-1 with values of 2.17 and 1.75, 
respectively (Table 5). Again, the LAI values were generally higher at Minjibir than at Shika. 

At 60 DAS, the LAI values at Minjibir did not differ significantly with the plant density. At Shika, 
the LAI was highest at 133,333 plants ha-1 (0.18) and lowest at 33,333 plants ha-1 (0.12). The LAI value 
at Minjibir was highest in the accession IT89KD-288 (4.62) and lowest in the accession IT99K-573-1-1 
(3.67). At 60 DAS, the LAI value at Shika ranged from 0.09 in the accession DANILA to 0.19 in the 
accession IT08K-150-27. The LAI value was highest in the accession IT89KD-288 (2.39) and lowest in 
the accession IT99K-573-1-1 (1.91) in the combined analysis (Table 5). 

Appendix Table A2 shows that the interaction of accession and environment on LAI at 30 DAS 
was significant. The LAI value was highest in the accession DANILA (3.01) at Minjibir and lowest in 
the accessions IT99K-573-1-1, IT98K-205-8 and DANILA with a value of 0.04 at Shika. The interaction 
of accession and environment on LAI was significant at 45 DAS (Appendix Table A3). The LAI was 
highest in the accession DANILA (4.94) at Minjibir and lowest in the accessions IT99K-537-1-1, IT08K-
150-27 and IT93K-452-1 (0.94) at Shika. 

3.4. Intercepted Photosynthetically Active Radiation (IPAR) 

At Minjibir the intercepted photosynthetically active radiation (IPAR) was significantly higher 
(p < 0.001) at 99,999 plants ha-1 than at 66,666 plants ha-1 (Table 6). At Shika the IPAR values did not 
differ significantly with the plant density or accession at 30 DAS. The IPAR value was significantly 
higher at 99,999 and 133,333 than at 33,333 plants ha-1 when the data were combined. It was 
significantly higher in the accession IT89KD-288 (0.68 µmol m-2S1) and lowest in the accession IT99K-
573-1-1 (0.42 µmol m-2S1) at 30 DAS. 

Table 6. Main effects of plant density and accession on intercepted photosynthetically active radiation (µ 
molm2s-1) at Minjibir and Shika. 

Treatment IPAR 30DAS  IPAR 45DAS  IPAR 60DAS  
 Minjibir Shika Pooled Minjibir Shika Pooled Minjibir Shika Pooled 

Density (plants ha-1)          
33,333  0.47b 0.25a 0.35b 0.78b 0.54a 0.65b 0.80a 0.10ab 0.44a 
66,666 0.43b 0.28a 0.37b 0.79b 0.54a 0.67b 0.76a 0.11a 0.44a 
99,999 0.63a 0.27a 0.45a 0.85a 0.60a 0.72a 0.79a 0.09ab 0.45a 

133,333 0.60a 0.25a 0.42a 0.86a 0.63a 0.75a 0.81a 0.08b 0.45a 
Accession          

IT89KD-288 0.68a 0.27a 0.47a 0.85a 0.59a 0.72a 0.78a 0.09b 0.44a 
IT93K-452-1 0.54b 0.24a 0.39b 0.87a 0.57a 0.72a 0.79a 0.08b 0.43a 
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IT99K-573-1-1 0.42c 0.27a 0.35b 0.73c 0.55a 0.64b 0.77a 0.09b 0.43a 
IT98K-205-8 0.45c 0.27a 0.36b 0.79b 0.59a 0.69ab 0.81a 0.09b 0.45a 

IT08K-150-27 0.46c 0.25a 0.36b 0.82ab 0.56a 0.69ab 0.81a 0.08b 0.44a 
DANILA 0.64ab 0.28a 0.46a 0.86a 0.61a 0.73a 0.79a 0.13a 0.46a 

Level of Significance           
DEN *** ns ** *** ns *** ns ns ns 
ACS *** ns *** *** ns * ns * ns 
EVR   ***   ***   *** 

Interactions           
DEN x ACS ns ns ns ns ns ns ns ns ns 
DEN x EVR   ns   ns   ns 
ACS x EVR   ns   ns   ns 

ACS x DEN x EVR   ns   ns   ns 
CV (%) 35.3 21.6 48.6 10.1 25.3 24.2 9.9 41.7 80.1 

1 Means followed by the same letter (s) within the same column are not significantly different at 5% level of 
probability. ∗∗∗p<0.001, ∗∗p<0.01, ∗p<0.05; ns=Not significant; DEN=Density; ACS=Accession; 
EVR=Environment; CV=Coefficient of Variability. 

At 45 DAS the IPAR value at Minjibir was significantly higher (p < 0.05) at 133,333 plants ha-1 
than at 33,333 plants ha-1. It was significantly higher in the accession IT93K-452-1 (0.87 µmol m-2s-1) 
than in the accession IT99K-573-1-1 (0.73 µmol m-2s-1). At Shika, the IPAR values did not differ 
significantly irrespective of plant density or accession. Results of the combined analysis showed that 
the IPAR value was higher at 133,333 plants ha-1 than at 33,333 plants ha-1. The IPAR value was 
highest in the accession DANILA (0.73 µmol m2s-1) and lowest in the accession IT99K-573-1-1 (0.64 
µmol m2s-1) (Table 6). 

At 60 DAS, the IPAR values at Minjibir did not differ significantly irrespective of plant density 
or cowpea accession (Table 6). At Shika the IPAR value was highest at 66,666 plants ha-1 and lowest 
at 133,333 plants ha-1. Irrespective of plant density or accession, the IPAR values did not differ 
significantly when the data were combined before the analysis at 60 DAS. 

The IPAR values were generally higher at Minjibir than at Shika across plant densities and 
cowpea accessions. Generally, the IPAR values increased with the crop age up to 45 DAS and 
thereafter decreased at 60 DAS across the plant densities (Table 6). Across the accessions, the IPAR 
values were generally higher at the early than at the latter stages of growth. When data were 
combined, the IPAR values increased with the crop age up to 45 DAS and thereafter decreased (Table 
6). 

3.5. Number of Days to First Flower 

Table 7 shows the number of days to first flower and number of days to 50% flowering at Minjibir 
and Shika locations. The number of days to first flower at Minjibir did not differ significantly with 
plant density. It was highest in the accession IT89KD-288 (57 days) and lowest in the accession IT98K-
205-8 (44 days). Similarly, the number of days to first flower at Shika did not differ significantly with 
plant density. The accessions differed significantly in the number of days to first flower. Generally, 
the number of days to first flower was higher at Shika than at Minjibir location. When the data were 
combined, the number of days to first flower was similar across the plant densities but differed 
significantly with the accessions (Table 7). 
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Table 7. Main effects of plant density and cowpea accession on days to first pod maturity and 95% pod maturity 
at Minjibir and Shika. 

Treatments Days to first flower  Days to 50% flower  
 Minjibir Shika Pooled Minjibir Shika Pooled 

Density (plants ha-1)       
33,333  90.78a 71.17a 81.97a 104.22a 90.94a 97.28a 
66,666 91.94a 74.72a 83.33a 104.00a 91.00a 97.72a 
99,999 91.72a 74.28a 83.14a 105.71a 90.28a 97.58a 

133,333 90.94a 74.89a 82.92a 103.61a 90.39a 97.22a 
Accession       

IT89KD-288 92.25a 73.83bc 83.04a 105.67a 93.00ab 99.33a 
IT93K-452-1 91.00ab 72.33bc 81.67a 101.25b 87.42c 94.33c 

IT99K-573-1-1 91.75ab 73.58bc 82.67b 105.00a 89.17c 97.08b 
IT98K-205-8 88.67b 71.58c 80.13a 102.08b 87.50c 94.79c 

IT08K-150-27 91.42ab 76.00ab 83.71a 105.83a 92.25b 99.04a 
DANILA 93.00a 78.25a 85.63a 105.67a 94.58a 100.13a 

Level of Significance        
DEN ns ns ns ns ns ns 
ACS ns ** *** *** *** *** 
EVR   ***   *** 

Interactions        
DEN x ACS ns ns ns ns ns ns 
DEN x EVR   ns   ns 
ACS x EVR   ns   ** 

ACS x DEN x EVR   ns   ns 
CV (%) 3.7 6.5 11.5 2.4 3.7 7.6 

1 Means followed by the same letter (s) within the same column are not significantly different at 5% level of 
probability. ∗∗∗p<0.001, ∗∗p<0.01, ∗p<0.05; ns=Not significant; DEN=Density; ACS=Accession; 
EVR=Environment; CV=Coefficient of Variability. 

3.6. Number of Days to 50% Flowering 

At Minjibir the number of days to 50% flowering was highest (70 DAS) at the plant density of 
133,333 plants ha-1 and lowest (64 DAS) at 33,333 plants ha-1. The number of days to 50% flowering 
was significantly higher in the accession IT89KD-258 (74 DAS) than in the accession IT98K-205-8 (61 
DAS). At Shika, the number of days to 50% flowering did not differ significantly with the plant 
density. The number of days to 50% flowering was highest in the accession DANILA (58 DAS) and 
lowest in the accession IT93K-452-1 (50 DAS). Across the plant densities and accessions, the number 
of days to 50% flowering was generally higher at Minjibir than at Shika. Results of the combined 
analysis showed that the number of days to 50% flowering differed significantly with the accessions 
(Table 7). 

The interaction of cowpea accession and plant density on the number of days to 50% flowering 
was significant (Appendix Table A4). The highest number of days to 50% flowering (73.7 days) was 
observed in the accession IT89KD-288 at Minjibir while the lowest (50.1 days) was observed in the 
accession IT93K-452-1-1 at Shika. 

3.7. Number of Days to First Pod Maturity  

At both Minjibir and Shika locations the number of days to first pod maturity did not differ 
significantly with the plant density, as well as in the combined analysis. The number of days to first 
pod maturity at Minjibir was highest in the accession DANILA (93 DAS) and lowest in the accession 
IT98K-205-8 (89 DAS). At Shika, the number of days to first pod maturity varied from 71.6 DAS in 
the accession IT98K-205-8 to 78.3 DAS in the accession DANILA (Table 8). In the combined analysis, 
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the number of days to first pod maturity did not differ significantly across the accessions and plant 
densities. The number of days to first pod maturity was generally higher at Minjibir than at Shika 
location. 

Table 8. Main effects of plant density and cowpea accession on days to first pod maturity and 95% pod maturity 
at Minjibir and Shika. 

Treatments Days to first pod maturity  Days to 95% pod maturity  
 Minjibir Shika Pooled Minjibir Shika Pooled 

Density (plants ha-1)       
33,333  90.78a 71.17a 81.97a 104.22a 90.94a 97.28a 
66,666 91.94a 74.72a 83.33a 104.00a 91.00a 97.72a 
99,999 91.72a 74.28a 83.14a 105.71a 90.28a 97.58a 

133,333 90.94a 74.89a 82.92a 103.61a 90.39a 97.22a 
Accession       

IT89KD-288 92.25a 73.83bc 83.04a 105.67a 93.00ab 99.33a 
IT93K-452-1 91.00ab 72.33bc 81.67a 101.25b 87.42c 94.33c 

IT99K-573-1-1 91.75ab 73.58bc 82.67b 105.00a 89.17c 97.08b 
IT98K-205-8 88.67b 71.58c 80.13a 102.08b 87.50c 94.79c 

IT08K-150-27 91.42ab 76.00ab 83.71a 105.83a 92.25b 99.04a 
DANILA 93.00a 78.25a 85.63a 105.67a 94.58a 100.13a 

Level of Significance        
DEN ns ns ns ns ns ns 
ACS ns ** *** *** *** *** 
EVR   ***   *** 

Interactions        
DEN x ACS ns ns ns ns ns ns 
DEN x EVR   ns   ns 
ACS x EVR   ns   ** 

ACS x DEN x EVR   ns   ns 
CV (%) 3.7 6.5 11.5 2.4 3.7 7.6 

1 Means followed by the same letter (s) within the same column are not significantly different at 5% level of 
probability. ∗∗∗p<0.001, ∗∗p<0.01, ∗p<0.05; ns=Not significant; DEN=Density; ACS=Accession; 
EVR=Environment; CV=Coefficient of Variability. 

3.8. Number of Days to 95% Pod Maturity 

The number of days to 95% pod maturity at Minjibir was statistically similar at all the plant 
densities, but was significantly higher in the accession IT08K-150-27 than in IT93K-452-1 with values 
of 105.8 DAS and 101.3 DAS, respectively (Table 8). The same trend was observed at the Shika 
location. The number of days to 95% pod maturity was highest in the accession DANILA (94.6 DAS) 
and lowest in the accession IT93K-452-1 (87.4 DAS). The number of days to 95% pod maturity was 
similar at all plant densities, but was highest in the accession DANILA (100.1 DAS) and lowest in the 
accession IT93K-452-1 (94.3 DAS) when the data were combined before the analysis. 

A significant interaction of accession and environment on the number of days to 95% pod 
maturity was observed (Appendix Table A5). The number of days to 95% pod maturity was highest 
(105.7 DAS) in the accession DANILA at Minjibir and lowest (87.4 DAS) in the accession IT93K-425-
1 at Shika. 

3.9. Total Grain Yield 

At the Minjibir location, the total grain yield increased with increasing plant density, ranging 
from 1,297.1 kg ha-1 at 66,666 plants ha-1 to 1,494.8 kg ha-1 at 133,333 plants ha-1. Total grain yield was 
highest in the accession DANILA (1,597.4 kg ha-1) and lowest in the accession IT89KD-288 (1,270 kg 
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ha-1) (Table 9). Similarly, total grain yield at the Shika location increased with increasing plant density 
from 315.8 kg ha-1 at 33,333 plants ha-1 to 499.6 kg ha-1 at 133,333 plants ha-1. Total grain yield at 
Shika was highest in the accession IT08K-150-25 and lowest in the accession DANILA, with grain 
yield values of 512.9 kg ha-1 and 174.4 kg ha-1, respectively. Total grain yield was generally higher at 
Minjibir than at the Shika location. The result of combined analysis also showed that total grain yield 
increased as the plant density increased, but was statistically similar in all the accessions (Table 9). 

The interaction of plant density and accession on total grain yield was significant (Appendix 
Table A6). The total grain yield was highest in the accession DANILA (1,793.3 kg ha-1) at 99,999 plants 
ha-1 and lowest in the accession IT98K-205-8 (1,100 kg ha-1) at 33,333 plants ha-1. The interaction of 
the accession and environment on total grain yield was also significant (Appendix Table A7). Total 
grain yield was highest (1,597.4 kg ha-1) in the accession DANILA at Minjibir and lowest (174.44 kg 
ha-1) in the same accession at Shika. 

Table 9. Main effects of plant density and accession on total grain yield at Minjibir and Shika. 

Treatments Grain yield (kg ha-1)  
 Minjibir Shika Pooled 

Density (plants ha-1)    
33,333  1323.43b 315.83b 819.63b 
66,666 1297.13b 342.13b 819.63b 
99,999 1494.26a 438.52a 966.39a 

133,333 1494.82a 449.63a  972.22a 
Accession    

IT89KD-288 1270.00b 424.17b 847.08a 
IT93K-452-1 1338.89b 375.42b 857.15a 

IT99K-573-1-1 1380.69b 438.47ab 909.58a 
IT98K-205-8 1426.39ab 393.75b 910.07a 

IT08K-150-27 1401.11b 512.92a 957.01a 
DANILA 1597.36a 174.44c 885.90a 

Level of Significance     
DEN * *** *** 
ACS * *** ns 
EVR   *** 

Interactions     
DEN x ACS * ns ns 
DEN x EVR   ns 
ACS x EVR   *** 

ACS x DEN x EVR   ns 
CV (%) 20.7 42.5 62.7 

1 Means followed by the same letter (s) within the same column are not significantly different at 5% level of 
probability. ∗∗∗p<0.001, ∗∗p<0.01, ∗p<0.05; ns=Not significant; DEN=Density; ACS=Accession; 
EVR=Environment; CV=Coefficient of Variability. 

3.10. Response of Grain Yield to Cowpea Architecture 

The environment had a significant effect on the response of grain yield to the cowpea 
architecture. Figure 1a shows the effect of cowpea architecture on grain yield at different plant 
densities. At the Minjibir location, there was no significant difference (p > 0.05) in the performance of 
indeterminate cowpea accessions (IT89KD-288 and DANILA) at 33,333 plants ha-1 (1,382.2 kg ha-1); 
66,666 plants ha-1 (1,454.5 kg ha-1); 99,999 plants ha-1 (1,526.4 kg ha-1) and 133,333 plants ha-1 (1,371.7 
kg ha-1). The determinate cowpea accessions (IT08k-150-27, IT98K-205-8, IT99K-573-1-1 and IT93K-
452-1) performed best at 133,333 plants ha-1 with a mean grain yield value of 1,556.4 kg ha-1. At Shika, 
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the determinate accessions performed better at 33,333 plants ha-1; 66,666 plants ha-1; 99,999 plants ha-

1 and 133,333 plants ha-1 than the indeterminate ones. 
The growth habit of the cowpea accessions also affected the total grain yield at different plant 

densities at both locations (Figure 1b). At the Minjibir location, the highest grain yield of 1,433.7 kg 
ha-1 was observed in the prostrate accessions DANILA and IT89KD-288 while the lowest (1,382.6 kg 
ha-1) was observed in the erect accessions IT93K-452-1 and IT98K-205-8, even though the difference 
(p > 0.05) was not significant. The semi-erect accessions (IT08K-150-27 and IT99K-573-1-1) and the 
erect accessions IT93K-452-1 and IT98K-205-8) performed best with mean yield values of 1,615.3 kg 
ha-1 and 1,497.5 kg ha-1, respectively, at 133,333 plants ha-1. Prostrate accessions produced the highest 
grain yield of 1,526 kg ha-1 at 99,999 plants ha-1. At Shika, the erect cowpea accessions IT93K-452-1 
and IT98K-205-8 and the semi-erect ones IT08K-150-27 and IT99K-573-1-1 differed significantly (p < 
0.05) from the prostrate ones (DANILA and IT89KD-288). The semi-erect accessions had the highest 
grain yield of 565.6 kg ha-1 at 133,333 plants ha-1, which was significantly different (p < 0.05) from the 
erect and the prostrate accessions with average yield values of 458.6 kg ha-1 and 305.8 kg ha-1, 
respectively. At the Shika location, the semi-erect accessions IT08K-150-27 and IT99K-573-1-1 had a 
significantly higher grain yield than the erect accessions IT93K-452-1 and IT98K-205-8 as well as the 
prostrate types (DANILA and IT89KD-288). 
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(b) 

Figure 1. (a) Effect of cowpea development type on grain yield at different plant densities. (b) Effect of growth 
habit on grain yield at different plant densities in cowpea. T1-33,333 plant ha-1; T2-66 666 plant ha-1; T3- 99 999 
plant ha-1, T4-133 333 plant ha-1. 

Table 10 shows the correlation coefficients of some growth characters with total grain yield of 
cowpea grown at Minjibir and Shika locations in 2020. At both location, the establishment rate, stand 
count at harvest, leaf area index and intercepted photosynthetically active radiation were positively 
and significantly correlated with total grain yield. The number of days to first flower and 50% 
flowering were negatively correlated with total grain yield at both locations; however, the 
relationships were significant at the Shika location only. The number of days to first and 95% pod 
maturity was negatively, albeit non-significantly, correlated with grain yield at both locations. 
However, when the data were combined, the correlation coefficients were positive and significant. 

Table 10. Correlation coefficients of some growth characters with total grain yield of cowpea grown.at Minjibir 
and Shika, Nigeria. 

Character Minjibir Shika Pooled 
Establishment rate 0.242* 0.330* 0.037ns 

Stand count at harvest 0.270* 0.600* 0.550** 
Leaf area index 0.427** 0.254* 0.840** 

IPAR 0.288* 0.295* 0.085** 
Days to first flower -0.150ns -0.238* -0.244** 

Days to 50% flowering -0.116ns -0.431** 0.588** 
Days to first pod maturity -0.007ns -0.041ns 0.814** 
Days to 95% pod maturity -0.116ns -0.225ns 0.832** 

* **p ≤ 0.001; *p ≤ 0.05; ns = not significant. 

4. Discussion 

Results of this study showed that establishment rate and stand count at harvest were influenced 
by plant density and cowpea accession. The difference in establishment rate and stand count at 
harvest could be attributed to differences in soil fertility and rainfall pattern at the two locations. The 
meteorological data showed that rainfall was higher at Shika than at Minjibir. Results of the soil 
analysis showed that the soil at both locations was slightly acidic (Table 1). Kamara et al. [13] also 
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reported low rainfall and poor soil fertility at Minjibir when compared to Shika. Organic carbon and 
Nitrogen were higher at Shika than at Minjibir.  

The leaf area index (LAI) increased with increasing plant density at both locations and in the 
combined analysis at all sampling dates. The LAI was highest in the accession DANILA and lowest 
in the accession IT99K-573-1-1 at all sampling dates. The LAI was generally higher at Minjibir than at 
Shika. Teixeira et al. [16] and Du et al. [17] observed that increased plant density resulted in rapid 
canopy establishment, increased leaf area index and a higher intercepted photosynthetically active 
radiation. Xiaolei and Zhifeng [18] and Kamara et al. [12] observed that increased LAI resulted in 
increased photosynthetic activities. In this study, increasing LAI up to 45 DAS resulted in increased 
IPAR values at both locations (Table 6). A similar finding has been reported in Sorghum bicolor by 
Addai and Alimiyawo [19], who noted that high LAI resulted in high photosynthetic activities. This 
study showed that the leaf area index was positively and significantly correlated with total grain 
yield at both locations and in the combined analysis (Table 10). The significant interaction of accession 
and environment on the LAI at 30 and 45 DAS indicates that the accessions responded differently to 
plant density at the latter stages of growth of the cowpea. The cowpea accessions used in this study 
differed in the type of development (determinate and indeterminate) and growth habit (erect, semi-
erect and prostrate). Ahmed and Abdelrhim [20] observed that LAI decreased with increasing plant 
density. Archana et al. [21] reported that LAI increased at the early stages of growth but decreased at 
the latter stages, especially in the subtropical environments. Rossini et al. [22] and Zhang et al. [23] 
suggested that the decrease in the LAI values could be attributed to senescence and shedding of 
leaves, and that the level of decrease differed with plant density. A similar finding was reported in 
black gram by Biswas et al. [12]. The decline in the LAI might be due to re-channelling of stored 
nutrients from the leaves to the pods during the grain-filling period.  

In this study, prostrate accessions (DANILA and IT89KD-288) had higher LAI (2.39) than the 
erect (IT93K-452-1 and IT98K-205-8) or semi-erect types (IT08K-150-27 and IT99K-573-1-1) at both 
locations. Buff, a prostrate cowpea accession, was reported to have produced the highest LAI, which 
was attributed to differences in growth habit and genotype [20].  

Like the LAI, the intercepted photosynthetically active radiation (IPAR) differed with plant 
density and cowpea accession. The IPAR values were higher at the early than at the latter stages of 
growth. The formation of canopy structures during vegetative growth allows for maximum trapping 
of light and this agrees with the findings of Drewry et al. [24]. IPAR was generally higher at Minjibir 
than at Shika. The differences in IPAR at the two locations could be attributed to the differences in 
the growth habit and canopy architecture. For example, the prostrate accessions (DANILA and 
IT89KD-288) had higher values of IPAR than the erect (IT93K-452-1 and IT98K-205-8) or semi-erect 
accessions (IT08K-150-27 and IT99K-573-1-1) at both locations (Table 6). Ahmed and Abdelrhim [20] 
attributed these differences to growth habit and the genotype. The IPAR was positively and 
significantly correlated with total grain yield in the cowpea. In other words, the grain yield in the 
cowpea is influenced by the intercepted photosynthetically active radiation.  

The number of days to 50% flowering varied with the accessions at Minjibir but was similar at 
Shika. It was generally higher in the accession IT89KD-288 than in the other accessions. Differences 
in the number of days to flowering at the different locations show that cowpea is photoperiod-
sensitive and this aligns with the report of Yuan et al [25] whose finding noted that time of flowering 
could be adjusted to improve reproductive success each time daylength changes with season. Bisikwa 
et al. [26] reported no significant difference in the number of days to flowering in response to plant 
density. A similar finding has been reported in the cowpea by Ahmed and Abdelrhim [20] for the 
number of days to 50% flowering. Solar radiation and relative humidity were higher at Shika than at 
Minjibir (Table 2). Differences in meteorological data at the two locations could have contributed to 
the differences in the time of flowering. Iseki et al. [27] and Garcia et al. [28] noted that excessive 
moisture stress could cause delayed flowering in the cowpea and soyabean. 

The interaction of accession and plant density on the number of days to 50% flowering was 
significant implying that the accessions responded differently to the plant density at the different 
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locations. In this study, the accession IT93K-452-1 flowered earlier than the accession IT89KD-288 at 
both locations. Ishiyaku et al. [29] identified the accessions DANILA and IT89KD-288 as late-
maturing. The number of days to 50% flowering was negatively correlated with total grain yield at 
both locations but showed a positive and significant correlation in the combined analysis.  

The number of days to first pod and 95% pod maturity did not differ significantly with plant 
density at both locations. They were generally higher at Minjibir than at Shika. They were also higher 
in the accession DANILA than in IT93K-452-1. These differences suggest that both the number of 
days to first pod maturity and the number of days to 95% pod maturity are influenced by genotype 
and environment. Solar radiation was higher at Minjibir in the early stages of growth than at the latter 
stages when it was higher at Shika than at Minjibir. Both the minimum and maximum relative 
humidity was higher at Shika than at Minjibir. On the other hand, both minimum and maximum 
temperatures were higher at Minjibir than at Shika (Table 2). There was significant interaction of 
accession and environment on 95% pod maturity, suggesting that the accessions responded 
differently to the plant densities at the two locations. Ali and Dov [30] and Bisikwa et al. [26] attributed 
the delay in physiological maturity to the pattern of rainfall and temperature. The results of 
correlation analysis showed that the number of days to first and 95% pod maturity were negatively 
correlated with total grain yield at both locations but were positively and significantly correlated 
with total grain yield in the combined analysis. The results suggest that early-maturing cowpea 
accessions have the potential to produce higher grain-yield than the late-maturing ones.  

The total grain yield increased with the increasing plant density at both Minjibir and Shika 
locations as well as in the combined analysis. It differed with accession at both locations. The grain 
yield was generally higher at Minjibir than at Shika. Similar findings have been reported by Biswas 
et al. [12] in the black gram, Kamara et al. [6] in soyabean and Bakal et al. [31] in the peanut. Kamara 
et al. [13] reported that the photosynthetic rate increased with increasing plant density and the 
intercepted photsynthetically active radiation (IPAR). The same trend was observed in this study. 
Kamara et al. [13] noted that increasing plant density resulted in increasing biological efficiency and 
the total grain yield.  

The interactions of accession and environment as well as accession and plant density on total 
grain yield indicate that the cowpea accessions responded differently to plant density at the two 
locations. Chen et al. [32] and Iseki et al. [27] also noted that cowpea accessions responded differently 
to plant densities at different locations. The yield differentials observed at Minjibir and Shika could 
partly be attributed to the incidence of leaf scab disease at Shika, which affected the photosynthetic 
leaf area.  

Results of this study indicate that the leaf area index and the IPAR influenced the pod and total 
grain yield. These findings are in agreement with those of Jin et al. [33] and Bruns [34] in the soyabean 
as well as Kamara et al. [13] and Ramesh et al. [35] in the cowpea.  

In this study, the environment has been shown to influence the architecture and growth habit of 
the accessions, which in turn affected the total grain yield. This plasticity is partly due to the genetic 
constitution of the cowpea accession which affects allocation of resources to allow the plant to 
compensate for losses that would have occurred due to adverse environmental conditions and this 
agrees with the findings of Atakora et al. [36]. At Minjibir, for example, there was no significant 
difference in total grain yield amongst indeterminate accessions IT89KD-288 and DANILA. Kamara 
et al. [13] reported that high population density could result in better yield irrespective of the stability 
of the genotypes. This does not agree with the present study as determinate accessions IT98K-205-8 
and IT93K-452-1 produced the highest grain yield at 33,333 plants ha-1. At Shika, the determinate 
accessions out-yielded the indeterminate accessions irrespective of the plant density. Determinate 
cultivars of cowpea may be more positive because the synchronous habit has proved consistent in 
soybean, wheat and rice [37].  

The growth habit of the cowpea accessions also affected the grain yield at the different locations. 
At Minjibir, the highest grain yield was observed in the prostrate accessions IT89KD-288 and 
DANILA, while the lowest yield was observed in the erect accessions IT93K-452-1 and IT98K-205-8. 
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The semi-erect accessions IT99K-573-1-1 and IT08K-150-27 produced the highest grain yield at 
133,333 plants ha-1. The prostrate accessions IT89KD-288 and DANILA produced high grain yield at 
99,999 plants ha-1. At Shika, the erect (IT93K-452-1 and IT98K-205-8) and semi-erect (IT99K-573-1-1 
and IT08K-150-27) accessions differed significantly from the prostrate accessions IT89KD-288 and 
DANILA. The semi-erect accessions produced the highest grain yield at 133, 333 plants ha-1. At Shika, 
the semi-erect accessions IT99K-573-1-1 and IT08K-150-27 produced higher grain yield than the erect 
(IT93K-452-1 and IT98-205-8) and prostrate (IT89KD-288 and DANILA) accessions.  

5. Conclusions 

This study was aimed at identifying the mechanism of yield compensation in some accessions 
of cowpea at different environments. The results showed that plant density and environment affected 
total grain yield. The cowpea architecture and growth habit also affect total grain yield. The results 
demonstrated that for optimum grain yield in the cowpea, different accessions could be cultivated at 
different locations and at different plant densities. At Minjibir, the erect accessions IT93K-452-1 and 
IT98K-205-8 and semi-erect accessions IT99K-573-1-1 and IT08K-150-27 could be cultivated at 133,333 
plants ha-1. The prostrate accessions IT89KD-288 and DANILA could be cultivated at 99,999 plants 
ha-1. At Shika, the erect and semi-erect accessions performed better than the prostrate types 
irrespective of the plant density. Therefore, the accessions IT93K-452-1-1, IT98-205-8, IT99K-573-1-1 
and IT08K-150-27 could be considered for cultivation at Shika. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

IPAR Intercepted Photosynthetically Active Radiation 
LAI Leaf Area Index 
DET Determinate,  
INT Indeterminate 
ER Erect accession (pods above canopy) 
SER Semi-erect accession (pods at the same level with canopy) 
PRS Prostrate (pods below canopy) 
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Appendix A 

Appendix A.1 

Table A1. Interaction effects of accession and environment on stand count at harvest. 

Accession  Minjibir Shika 
IT89KD-288 41.58ab 25.67e 
IT93K-452-1 43.83a 28.50d 

IT99K-573-1-1 39.67b 28.58d 
IT98K-205-8 43.92a 31.67c 

IT08K-150-27 40.33b 30.58cd 
DANILA 41.83ab 22.25f 
LSD (0.05) 2.65  

Means followed by the same letter (s) within the same column are not significantly different at 5% level of 
probability. 

Table A2. Interaction effects of accession and environment on leaf area index at 30 days after sowing. 

Accession  Minjibir Shika 
IT89KD-288 2.44b 0.05e 
IT93K-452-1 2.14bc 0.06e 

IT99K-573-1-1 1.45d 0.04e 
IT98K-205-8 1.75cd 0.04e 

IT08K-150-27 1.74cd 0.05e 
DANILA 4.94a 0.04e 
LSD (0.05) 0.45  

Means followed by the same letter (s) within the same column are not significantly different at 5% level of 
probability. 

Table A3. Interaction effects of accession and environment on leaf area index at 45 days after sowing. 

Accession  Minjibir Shika 
IT89KD-288 4.64b 0.47e 
IT93K-452-1 4.71ab 0.45e 

IT99K-573-1-1 3.05d 0.45e 
IT98K-205-8 3.93c 0.49e 

IT08K-150-27 3.98c 0.45e 
DANILA 4.94a 0.49e 
LSD (0.05) 0.27  

Means followed by the same letter (s) within the same column are not significantly different at 5% level of 
probability. 

Table A4. Interaction effects of accession and environment on days to 50% flower. 

Accession  Minjibir Shika 
IT89KD-288 73.67a 56.08def 
IT93K-452-1 62.00e 50.08g 

IT99K-573-1-1 70.75ab 50.58fg 
IT98K-205-8 61.33f 52.00fg 

IT08K-150-27 69.17ab 52.67efg 
DANILA 66.17bc 58.00de 
LSD (0.05) 5.93  

Means followed by the same letter (s) within the same column are not significantly different at 5% level of 
probability. 
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Table A5. Interaction effects of accession and environment on days to 95% pod maturity. 

Accession  Minjibir Shika 
IT89KD-288 105.67a 93.00cd 
IT93K-452-1 101.25b 87.42e 

IT99K-573-1-1 105.00a 89.17e 
IT98K-205-8 102.08b 87.50e 

IT08K-150-27 105.83a 92.25d 
DANILA 105.67a 94.58e 
LSD (0.05) 1.98  

Means followed by the same letter (s) within the same column are not significantly different at 5% level of 
probability. 

Table A6. Interaction effects of plant density and accession on total grain yield (kg ha-1) of cowpea. 

Accession Density (plants ha-1) 
 33,333 66,666 99,999 133,333 

IT89KD-288 1323.9cdefg 1245.0defg 1259.4defg 1251.7defg 
IT93K-452-1 1301.7cdefg 1186.7efg 1587.2abcd 1280.0cdefg 

IT99K-573-1-1 1434.4abcdefg 1115.0fg 1372.8bcdefg 1600.6abcd 
IT98K-205-8 1100.0g 1513.3abcde 1377.2bcdefg 1715.0ab 

IT08K-150-27 1340.0bcdefg 1058.9g 1575.6abcd 1630.0abcd 
DANILA 1440.6abcdefg 1663.9abc 1793.3a 1491.7abcdef 
LSD (0.05) 388.28 

Means followed by the same letter (s) within the same column are not significantly different at 5% level of 
probability. 

Table A7. Interaction effects of accession and environment on total grain yield (kg ha-1) of cowpea. 

Accession  Minjibir Shika 
IT89KD-288 1270.00c 424.17de 
IT93K-452-1 1338.89bc 375.42e 

IT99K-573-1-1 1380.69bc 438.47de 
IT98K-205-8 1426.38b 393.75e 

IT08K-150-27 1401.11b 512.92d 
DANILA 1597.36a 174.44f 
LSD (0.05) 117.88  

Means followed by the same letter (s) within the same column are not significantly different at 5% level of 
probability. 
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