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Abstract
 
Climate change presents scenarios of extreme temperature variations that will limit agricultural 
productivity further when the need for efficient production systems cannot be over emphasized. 
Aside breeding for tolerance, the development of new varieties of crops such as Cowpea, it 
is important to evaluate the temperature tolerance of new varieties prior to their release and 
commercialization. Therefore, in this study we evaluated the effect of the high temperatures on 
germination of 13 newly developed cowpea varieties resistant to major insect’s pest and drought 
under laboratory conditions. The 13 cowpea varieties were evaluated for germination at 10°C, 
20°C, 30°C, 35°C and 40°C. There was no germination for all the varieties at the extremes of 
10°C and 40°C. However, at 20°C high germination percentage was recorded on the varieties 
IT93K-452-1 (100%), IT97K-499-35 (100%), Komcalle (100%), Kumassi (93.33%), Tvu-
1509 (100%) while at 30°C the high germination percentage was recorded on Agbloto (100°C), 
Akounado (93.33%), FUAMPEA1 (96.67%), FUAMPEA2 (93.33%), IT97K-499-35 (100%), 
IT97K-556-6 (83.33%), Komcalle (100%), Sanzi (90%). The temperature 35°C only provided 
high (100%) germination percentage for Komcalle. The variety TVU-1509 had the highest speed 
of germination. The variety IT 98K-205-8, and TVU-1509 had the highest homogeneity at the 
different temperatures. The results provide useful information for breeders on which varieties to 
release in a target environment and in formulating efficient selection and breeding programs.

Keywords: Cowpea, germinability; mean germination time, coefficient of velocity of germination, 
synchrony
 
Résumé

Le changement climatique présente des scénarios de variations de température extrêmes qui limitent 
davantage la productivité agricole lorsque la nécessité de systèmes de production efficaces ne peut 
être soulignée. Mis à part l’amélioration végétale pour la tolérance, le développement de nouvelles 
variétés de cultures telles que le niébé, il est important d'évaluer la tolérance a la température des 
nouvelles variétés avant leur certification et commercialisation. Par conséquent, dans cette étude, 
nous avons évalué l'effet des températures élevées en matière de germination de 13 variétés de 
niébé récemment développées et résistantes aux principaux organismes nuisibles et à la sécheresse 
en conditions de laboratoire. Les 13 variétés de niébé ont été évaluées pour la germination à 10 ° C, 
20 ° C, 30 ° C, 35 ° C et 40 ° C. La germination fut nulle pour toutes les variétés aux températures 
extrêmes de 10 ° C et 40 ° C. Cependant, à 20 ° C, un pourcentage élevé de germination a été 
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enregistré sur les variétés IT93K-452-1 (100%), IT97K-499-35 (100%), Komcalle (100%), TVU-
1509 ( 100%) et Kumassi (93,33%), tandis qu'à 30 ° C, Agbloto (100 ° C), Akounado (93,33%), 
Fuampea1 (96,67%), Fuampea2 (93,33%), IT97K-499-35 (100%), IT97K-556-6 (83,33%), 
Komcalle (100%), Sanzi (90%) on enregistrer de forte germination. La température de 35 ° C ne 
permit qu’un pourcentage de germination élevé (100%) pour Komcalle. La variété TVU-1509 
avait la plus haute vitesse de germination. La variété IT 98K-205-8 et TVU-1509 avaient la plus 
haute homogénéité aux différentes températures. Les résultats fournissent des informations utiles 
pour sélectionneurs pout la production de variétés dédiées à des environnements cibles et pour 
formuler des programmes de sélection efficaces.

Mots-clés: niébé, taux de germination; Temps moyen de germination, coefficient de vitesse de la 
germination, synchronisation

Introduction 

Cowpea [Vigna unguiculata (L.) Walp] is the most important crop legume in Sub Saharan Africa. 
It is a principal and multipurpose food legume in many African countries including Benin and 
Ghana where tender leaves, fresh pods, and dry grains are consumed (Alemu et al., 2016). 
Cowpea is a multipurpose crop grown for human consumption, animal feed and improvement of 
soil fertility (Kpoviessi et al., 2019). In Benin, cowpea is the first grown and consumed legume. 
It plays a key role in the subsistence and livelihoods of smallholder farmers, especially women 
who are the most involved in cowpea value chains (processing and commercialization) (Sodedji 
et al., 2019, Kpoviessi et al., 2020). The nationwide average yield of cowpea is about 800 kg/ha 
(DPP/MAEP, 2012), which is still low as compared to potential yield of 3.0 t/ha for most of the 
improved varieties (Kpoviessi et al., 2019).

The low productivity of cowpea is due to several factors including biotic and abiotic stresses, 
(Saboya et al., 2013; Boukar et al., 2016). To address such biotic stresses many varieties have 
been developed in West African Cowpea Consortium and cowpea breeding programmes and 
evaluated in most of West African countries for release. However, their tolerance to temperatures 
stress during germination have not yet been established. 

The increase in the planet average temperature will provoke extreme climatic events, such as 
droughts and heavy rainfall (IPCC 2013; Barros et al., 2020). Cowpea development occurs in a 
wide temperature range between 18 and 37°C (Vale et al., 2017). However, a temperature of 25°C 
as optimal for seed germination has been reported by many scientists (Tribouillois et al., 2016 ; 
Barros et al., 2020). Seed germination may be affected by the predicted increases in temperature. 
In addition, the arid and semi-arid regions in West Africa including Niger, Mali, Burkina-Faso 
and Benin that are among the major cowpea growing countries have been reported to be the 
more vulnerable to climate change and extreme temperature events (Barros et al., 2020). Thus, 
to mitigate these events which are becoming unavoidable in the current centenary, it is highly 
desirable to have vigorous seed germination and uniform seedling establishment in these regions 
(Parmoon et al., 2015 ; Barros et al., 2020). Thus, the objective of this study was to evaluate the 
variation in germination process under stress temperature of thirteen cowpea newly developed 
varieties in West Africa breeding programmes. 
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Materials and methods 

The germplasm used in this study includes 13 cowpea varieties that are resistant to aphid, flower 
thrips, striga and were developed by IITA, SARI (Ghana), University of Agriculture, Makurdi 
(Nigeria) and INERA Burkina-Faso and two landraces from Benin, Agbloto resistant to aphid and 
striga and Akounando reported to be tolerant to drought by farmers. The list of cowpea varieties 
used in the study and their characteristics are presented in the Table 1 below.

No.	 Varieties			       Resistance status to pests and weeds               Origin 

1	 SARC 1-57-2			   Resistant to aphid			  SARI (Ghana)
2	 Sanzi 				    Resistant to flower thrips		  Landrace (Ghana)
3	 KVX442-3-25SH			  Resistant to Striga	  	 INERA-Burkina Faso
4	 KVX771-10G		
5	 UAM09 1055-6 (FUAMPEA 1)	 Resistant to Striga		  University of Agriculture, 
6	 UAM09 1051-1 (FUAMPEA 2)					     Makurdi Nigeria
7	 IT97K-499-35			   Resistant to Striga		
8	 IT97K-556-6			   Resistant to aphid	 		  IITA
9	 Tvu-1509			   Resistant to flower thrips 	
10	 IT 98K-205-8 			   Drought tolerant 	
11	 IT99K-573-1		
12	 Agbloto				   Resistant to aphid and striga 	 Benin landraces
13	 Akounado			   Drought tolerant

Table 1. Description of cowpea varieties used in this study

Methods

The experiment was carried out in a completely randomized design, with three replications of 30 
seeds, in a 13×5 factorial scheme, with thirteen cowpea varieties at the West African Centre for 
Crop Improvement, University of Ghana. The germination tests were conducted in peri dishes 
aligned in four different incubators. The incubators were set at five different temperatures: 10°C, 
20°C, 30°C, 35°C and 40°C. All incubators were maintained at 100% ± 1 relative humidity, in 
darkness for eight days. Three replications of thirty seeds of each variety were randomly assigned 
to petri dishes. 

The number of germinated seeds was counted daily (not cumulative counts) for eight days. 
Germinability (G), represented by the percentage of germination in the experimental conditions 
(Labouriau 1983), germination time (MGT) (Labouriau 1970), coefficient of variation of 
the germination time (CVGT) (Ranal  and Santana 2006), germination rate (MR) (Labouriau 
1970), uncertainty of germination (U) (Labouriau and Valadares 1976), synchronization index of 
germination (Z) (Ranal and Santana 2006 adapted from Primack 1980) and coefficient of velocity 
of germination (CVG) were used to describe the germination process. 

Data were subjected to the analysis of variance in R software version 3.6.0 package (RCoreTeam 
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2019). The means of the different variables on the 13 cowpea varieties were separated using 
Fisher protected Least Significant Different test at 5% level of significance. The trends in the 
germinability of the varieties under the different temperatures have been plotted.

Results and discussion

The results revealed that there were significant differences among the 13 cowpea varieties for 
the all the parameters (Table 2). The different temperatures caused significant effects among the 
varieties for all the germination parameters except for the coefficient of variation of germination 
time where no temperature effect was recorded. The interaction effects between varieties and 
temperatures were significant only for the germinability and the uncertainty of the germination 
process. 

The trends in the germination percentage of the different varieties under the test temperatures 
revealed that for the temperatures 10°C and 40°C, no seed germination was recorded for all of 
the 13 varieties tested. The 20°C, 30°C and 35°C were able to break the dormancy of the seeds 
and differences were observed among the different varieties. At 20°C, the peak of germinated 
seeds was recorded on the varieties IT93K-452-1 (100%), IT97K-499-35 (100%), Komcalle 
(100%), Kumassi (93.33%), Tvu-1509 (100%) (Table 2). While the peak of germination at 30°C 
was recorded on the varieties Agbloto (100°C), Akounado (93.33%), FUAMPEA1 (96.67%), 
FUAMPEA2 (93.33%), IT97K-499-35 (100%), IT97K-556-6 (83.33%), Komcalle (100%), Sanzi 
(90%) (Table 2). The temperature 35°C only provided high (100%) germination percentage for 
Komcalle. Apart from the varieties FUAMPEA 1 (96.67%), IT98K-205-8 (43.33%), IT93K-452-1 
(96.67%) and Komcalle (100%) that showed constant germination percentage and the varieties 
Kumassi, Nafi and TVU-1509 that presented an increase in the germination percentage from 30°C 
to 35°C, the remaining varieties showed a decrease in the percentage of germinated seeds under 
the same temperatures.

The significant interaction effects between varieties and temperatures observed for the germinability 
(percentage of germination) and the uncertainty of the germination process indicated that varieties 
did not germinate the same rate at the different temperature. The temperatures 20°C, 30°C, and 
35°C caused significant differences among the cowpea varieties indicating that these range of 
temperatures (20-35°C) created favourable conditions to the seeds to germinate through the 
increased production of enzymes required for the genetic processes as reported by Miransari and 
Smith (2014). Favourable temperatures from 20 to 35°C on cowpea cultivars (Acauã, Carijó, 
Guariba, Gurguéia, Itaim, Juruá, Pajeú, Potengi, Pujante, Rouxinol, Tapahium, and Tumucumaque) 
were reported by Barros et al. (2020) in Brazilia.  

High germination percentage observed at 20°C for the varieties IT93K-452-1 (100%), 
IT97K-499-35 (100%), Komcalle (100%), Kumassi (93.33%), Tvu-1509 (100%) and at 30°C for 
varieties Agbloto (100°C), Akounado (93.33%), FUAMPEA1 (96.67%), FUAMPEA2 (93.33%), 
IT97K-499-35 (100%), IT97K-556-6 (83.33%), Komcalle (100%), Sanzi (90%) are in agreement 
with the findings of Barrios et al. (2020) who reported that the temperature of 20°C provided 
germination above 96%, and the temperature range between 30 - 35°C favoured the germination 
speed index, average time, and seed germination speed. In fact, at 20, 25, 30, 35°C nitrogen 
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Table 2. Means of the germination parameters among the thirteen cowpea under the different temperatures 

	 Varieties

parameters  Temp.	   Agbloto    Akounado     FUAMPEA 1	    FUAMPEA 2	 IT 98K	 IT93K	 IT97K	 IT97K	   Komcallé    KUMASSI	 Nafi	 Sanzi	 Tvu-1509    L.S.D temp.	 L.S.D 
varie. 										          -205-8   -452-1    -499-35	 -556-6

	  10°C	      0	    0		  0	       0		   0	  0	  0	 0	     0		  0	     0	      0	      0	          0		     0
	  20°C	    96.67	    53.33		  90	       83.33		 16.67	 100	 100	 76.67	  100	             93.33	 86.67	 83.33	 100	     4.84		  10.08
G	  30°C	   100	    93.33		  96.67	       93.33		 43.33	 96.67	 100	 83.33	  100	             86.67	 90	 90	 86.67	     4.84		  10.08
	  35°C	    83.33	    73.33		  96.67	       90		  43.33	 96.67	 93.33	 60	  100	             93.33	 93.33	 86.67	 93.33	     4.84		  10.08
	  40°C	    0	    0		  0	        0		   0	  0	  0	   0	     0	              0		 0	 0	 0	     0		  0	
							     
	  10°C	    -	    -		  -	        -		  -	 -	   -	 -	   -	               -		  -	  -	 -	     -		  -
	  20°C	    51.9	    35		  38.5	       44		  35	 61.8	 53.8	 31.8	   48.9	             57.5	 43	 42.1	 72.4	     5.3		  11.03
CVG	  30°C	    76.6	    54.8		  67.9	       72.3		  51.9	 76.5	 76.4	 63.4	   88.9	             74.6	 60.7	 67.5	 88.6	     5.3		  11.03
	  35°C	    59.4	    51.6		  62.4	       61.1		  50	 60.5	 68.9	 40.5	   72.4	             55.1	 65	 67	 92.3	     5.3		  11.03
	  40°C	     -	     -		  -	        -		  -	 -	 -	 -	    -	               - -	  -	  -	 -	     -
	
	  10°C	      -	    -		  -	        -		  -	 -	 -	 -	    -		  -	  -	  -	 -	     -		  -
	  20°C	    22.8	    22.4		  20.8	      35.3		  19.5	 35.3	 49.7	 26.4	   28	             36.7	 25.9	 45.1	 34.8	     5.63		  11.72
CVGT	  30°C	    29.1	    21.2	                 38.7	       39.4		   8.3	 36.3	 34.2	 29.2	   20.5	             36.7	 37.4	 33.1	 22.6	     5.63		  11.72
	  35°C	    20.4	    32.1		  42.1	       45.4		  18	 22.3	 43.8	 24.1	   39.1	             22.2	 24.3	 37.2	 12.4	     5.63		  11.72
	  40°C	     -	     -		   -	         -		   -	 -	 -	 -	    -	              -		  -	  -	   -	     -		  -
	
	  10°C	     -	     -		   -	        -		   -	 -	 -	 -	    -	              -		  -	  -	   -	    -		  -
	  20°C	      0.63	     0.43		    0.53	         0.39		   0.34	   0.47	   0.36	   0.43	     0.47	              0.38	   0.44	  0.17	   0.53	     0.08		    0.17
Z	  30°C	      0.70	     0.64		    0.45	         0.48		   0.87	   0.54	   0.59	   0.58	     0.82	               0.51	   0.46	  0.51	   0.76	     0.08		    0.17
	  35°C	      0.70        0.38		    0.40	         0.58		   0.60	   0.66	   0.43	   0.48	     0.53	              \0.67	   0.65	  0.44	   0.84	     0.08		    0.17
	  40°C	      -	      -		    -	         -		     -	   -	 -	   -	     -	                -	   -	  -	   -	     -		     -	
							     
	  10°C	     -	     -		    -	         -		    -	   -	 -	   -	     -	               -		   -	  -	   -	    -		     -
	  20°C	      1.94	      2.92		    2.66	         2.34		   3.11	   1.73	 1.87	   3.33	     2.17	               1.76	   2.35	   2.38	   1.40	     0.18		    0.37
MT	  30°C	      1.37	      1.83		    1.49	         1.40		   1.93	   1.32	 1.33	   1.61	     1.17	               1.35	   1.67	   1.51	   1.14	     0.18		    0.37
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	  35°C	     1.73	     1.97		    1.62	        1.85		    2.06	   1.69	 1.46	   2.54	     1.40	               1.82	   1.74	   1.51	   1.10	     0.18	    0.37
	  40°C	      -	      -		  -	         -	      	   -	    -	   -	  -	     -		  -	    -	   -	    -	     -	    -
	  
	 10°C	     -	     -		  -	        -		  -	  -	   -	  -	    -		  -	   -	   -	    -	    -	    -
	 20°C	    0.52	    0.35		  0.39	        0.44		 0.35	  0.62	 0.54	  0.32	   0.49		  0.58	  0.43	   0.42	   0.72	   0.05	   0.11
MR	 30°C	    0.77	    0.55		  0.68	        0.72		 0.52	  0.77	 0.76	  0.63	   0.89		  0.75	  0.61	   0.68	   0.89	   0.05	   0.11
	 35°C	    0.59	    0.52		  0.62	        0.61		 0.50	  0.61	 0.69	  0.41	   0.72		  0.55	  0.65	   0.67	   0.92	   0.05	   0.11
	 40°C	    -	    -	                -	        -		  -	   -	 -	   -	   -		  -	    -	    -	    -	    -	   -
	  
	 10°C	    -	   -	                -	        -		  -	   -	 -	   -	   -		  -	   -	   -	   -	   -	   -
	 20°C	    0.64	    0.75		  0.96	       0.73		  0.48	  1.05	 0.92	  0.68	   1.04		  0.99	   1.15	   1.93	   0.89	   0.15	   0.31
U	 30°C	    0.64	    0.62		  1.07	       1.02		  0.24	  0.87	 0.81	  0.80	   0.33		  0.90	   1.12	   0.90	   0.46	   0.15	   0.31
	 35°C	    0.61	    1.24		  1.12	       0.58		  0.64	  0.63	 1.17	  0.99	   0.95		  0.67	   0.63	   1.07	   0.29	   0.15	   0.31
	 40°C	    -	    -		  -	       -		  -	   -	 -	  -	    -		  -	    -	    -	    -	   -	   -

G= Germinability; MT= Mean germination time; CVGT = Coefficient of variation of the germination time; MR =Mean germination rate; U= Uncertainty of the germination pro-
cess; Z= Synchrony of germination;	 CVG= Coefficient of velocity of germination
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that showed constant germination percentage when the temperature increases of 5°C and for the 
varieties Kumassi, Nafi and TVU1509 that presented an increase in the germination percentage 
when the increases of 5°C. 

Conclusion

This study found that high germination percentage at 20°C was observed for the varieties 
IT93K-452-1, IT97K-499-35, Komcalle, Kumassi, Tvu-1509 and at 30°C for varieties Agbloto, 
Akounado, FUAMPEA1, FUAMPEA2, IT97K-499-35, IT97K-556-6, Komcalle and Sanzi. The 
variety TVU-1509 had the higher speed of germination at 35°C and the varieties IT 98K-205-
8, and TVU-1509 presented the highest homogeneity at the different temperatures. The results 
provide useful information on cowpea seed germination at 20°C, 30°C and 35°C which will be 
useful for plant breeder and growers. Furthermore, selecting varieties/genotypes that have good 
germination under high or low temperatures could help extend the length of the production season.
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