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Agronomic performance and nutritive value of six dual-purpose cowpea fodder cultivars in livestock production systems in Burkina Faso 
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ABSTRACT

	Cowpea (Vigna unguiculata) is an important legume in Burkina Faso, used both for human consumption and as livestock fodder. The country faces major challenges such as fodder shortages. The objective of this study is to evaluate the agronomic performance, fodder biomass and grain yield, as well as the nutritional value of six dual-purpose cowpea genotypes grown in Burkina Faso.
The study was conducted at the Saria in Burkina Faso. The experimental design utilized a randomized Fisher's complement block with three replications to assess varieties including commercial types (Kvx745-11P, Tilgré, Gourgou, Teek-Songo) and a novel multi-line genotype (BulkF4CS036xCS117-9b). Agronomic assessments included monitoring growth parameters and conducting bromatological analyses on leaf samples to ascertain dry matter, crude protein, and fiber content.
No significant differences were found in plant height among the genotypes, although phenological stages such as flower emergence, 50% flowering, and maturity differed significantly. Fodder biomass yields ranged from 1.74 to 4.67 t/ha, with Teek-Songo and Kvx745-11P achieving the highest values. Grain yield also varied, with BulkF4CS036xCS117-9b showing the highest productivity.
Nutritive value of fodder, the leaves had high dry matter content (~93-94%) and elevated crude protein levels, particularly in the Dounguri koirey and Teek-Songo genotypes, exceeding 20%.
The six genotypes studied showed good agronomic and nutritional value for forage production in Burkina Faso's livestock systems. Teek-Songo stood out for its favorable balance of biomass yield, and nutritional quality. The study confirms cowpea's potential as a protein-rich fodder source to improve ruminant performance.
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1. INTRODUCTION

Agriculture and livestock farming play crucial roles in Burkina Faso's economic and social development. These two sectors employ more than 85% of the population and contribute approximately 40% to the Gross Domestic Product (GDP) (Oudet, 2005). Although agriculture is the foundation of Burkina Faso's economy, it faces enormous challenges, as does livestock farming. The major problems facing livestock farming are fodder shortages and conflicts between farmers and herders in the region. To address these issues, cowpea (Vigna unguiculata (L) Walp.) is the crop of choice. This plant has the potential to serve as a key legume species for intensifying crop production systems by providing protein in human diets, fodder in livestock feed (Ogbemudia et al., 2010), and nitrogen in agricultural systems through atmospheric nitrogen fixation (Agaza et al., 2012). As crop-livestock integration is a classic pathway for agricultural intensification in tropical countries, dual-purpose varieties are essential for food security and for reducing poverty (Ogbemudia et al., 2010). The use of dual-purpose cowpea for human and animal consumption has many advantages as a nutrient-rich fodder for livestock (Marina et al. (2017); Owade et al. (2020)).
As livestock are fed on natural pastures and crop residues, the cultivation of cowpea fodder can play an important role in this sector.
Thus, the adoption of new dual-purpose genotypes can be an economic source of income for rural populations. Improved genotypes offer opportunities to increase agricultural production and producer income. They can almost double yields, regardless of the region, compared to traditional genotypes, and as a result, increase incomes. However, the gains provided by these genotypes offset these costs (Ouédraogo 2003). Farmers who harvest and store fodder for resale during the dry season increase their income by approximately 25% (Dugje et al., 2009). Therefore, it is essential to test the performance of cowpea genotypes. Consequently, this study was designed to evaluate the agromorphological characteristics, fodder and grain yield potential, and nutritional value of six (6) dual-purpose cowpea genotypes in Burkina Faso.

2. material and methods 

2.1 Study site

The study was conducted at the Saria. Saria is located 80 km west of Ouagadougou. With geographical coordinates of 12° 16' N and 2° 9' W, the climate is North Sudanese in nature. The soil is ferric lixisol with an average depth of 50–80 cm. This depth is limited by the presence of a concretionary crust (Zougmoré et al., 2004). The average annual rainfall recorded over the last ten years was 939.12 ± 175.22 mm.

2.2 Plant material

Six cowpea lines, KVx745-11P, KVx775-33-2G (Tilgré), BulkF4CS036xCS117-9b, Teek-Songo, Dounguri koirey and Gourgou, constituted the plant material studied by INERA. The BulkF4CS036xCS117-9b genotype is a novel, non-commercialized genotype. It is a multi-line F5 generation genotype derived from a cross between the Gourgou genotype from Burkina Faso and the Dounguri koirey genotype from Niger. The genotypes Kvx775-33-2G (Tiligré), Gourgou, Teek-Songo and Kvx745-11P are commercial genotypes. Table I presents the characteristics of the six cowpea lines used in this study. 




Table 1: Origins and cycles of cowpea lines

	lines
	Cycles (days)  
	Origin

	Kvx775-33-2G (Tiligré) 
	70 
	Burkina Faso

	Kvx745-11P
	70 
	Burkina Faso

	Gourgou 
	75 
	Burkina Faso

	Teek-Songo
	70 
	Burkina Faso

	Dounguri koirey 
	90 
	Niger

	Bulk F4CS036xCS117-9b
	70 
	Burkina Faso



2.3 Conduct of the study

Six cowpea lines were sown manually in a clearly defined block after plowing, followed by levelling and ridging of the experimental plot. Each line is labelled in its block. 
Maintenance operations consisted of weeding, application of N14P23K14 fertilizer at a rate of 100 kg per hectare after the first weeding and insecticide treatments. Two insecticide treatments were necessary: one during flower bud formation and the other during pod formation to protect the flowers and pods. The insecticide used was Titan at a dose of 2 ml per litre of water.  
After sowing, five (5) plants in each experimental unit or micro-plot were selected and labelled for weekly height measurements, starting in the first week after weeding and fertilizer application, that is, 21 days after sowing (DAS).
The samples were dried in an oven at 105°C for 24 h to determine the dry matter content. The dry matter of the samples was determined according to the AOAC (1990) method, as described above. The dried samples were ground and sieved for chemical analyses. The chemical content of the different samples was determined using near-infrared spectrometry with the NIRS FOSS DS 2500 F spectrometer at the CIRDES laboratory. ILRI prediction equations were used to determine the crude protein (CP), crude cellulose ash, and fiber (neutral detergent fiber (NDF), acid detergent fiber (ADF), and acid detergent lignin (ADL)).

2.4 Data analysis

Excel 2016 was used to process the data, enter and code the collected data, and produce graphs. The processed data were then analyzed using SPSS 22.0 (Statistical Package for the Social Sciences version 22.0). Descriptive statistics were used to determine the mean values, deviations, and standard errors. Analysis of variance (ANOVA) was performed to detect differences between the mean values at the 5% threshold. Duncan's test was used to separate the means.

3. results and discussion

3.1 Variation in characteristics related to growth and phenological cycles of cowpea genotypes 

The results of the variance analysis at the 5% threshold, presented in Table 3, show no significant differences (p˃0.05). The results of the last height measurement, taken at 70 days after sowing, showed that the Gourgou genotype grew taller than the other genotypes, with an average height of 56.50 ± 21 cm. However, the Tiligré genotype had the shortest plant height, with an average of 19.44 ± 0.33 cm (Table 2).
The results of the analysis of variance conducted with all variables related to phenological cycles are shown in Table 2. The results obtained show a gradually progressive average evolution that is essentially identical from 21 days after sowing to 35 days after sowing. From 42 days after sowing, the Dounguri koirey genotype showed the highest growth, followed by the Bulk F4CS036XCS117-9b genotype. The Tiligré genotype exhibited the lowest growth.
Regarding the date of the first flower appearance, the analysis of variance at the 5% threshold showed a significant difference (P≤0.001). The Tiligré line was the earliest, with flowering beginning at 38.33 ±1.20 days after sowing, and the latest was the Gourgou genotype, with an average of 45.00 ±0.57 days after sowing compared to the other cowpea genotypes (Table 3).
With regard to 50% flowering, the genotypes showed a significant difference (p=0.034). The latest genotype to reach 50% flowering was the Gourgou genotype with an average of 49.33 ±0.88 days after sowing, and the earliest was the Tiligré line with an average of 43.33 ±0.88 days after sowing (Table 3). The Bulk F4CS036xCS117-9b KVx745­11P, Teek-Songo and Dounguri koirey genotypes had 50% flowering rates of 45.66 ±1.66, 45.66 ±0.88, 44.53 ±1.68 and 40.66 respectively (Table 3).
This period corresponds to the number of days after sowing when 95% of the pods were mature.
At maturity, cowpea pods, which are dry dehiscent fruits, take on different colors, namely pale brown, purple, and yellow, depending on the genotype. This resulted in different cycles for each genotype with a highly significant difference (p=0.001). The Bulk F4CS036xCS117 -9b was the earliest genotype, with an average of 69.66 ±1.20 JAS and Gourgou was the latest, with an average of 78.00 ±0.57 days after sowing compared to Kvx745-11P, which had an average of 74.66 ±0.66 days after sowing (Table 3). The Tiligré genotype achieved an average of 72.33 ±0.88 days after sowing (Table 3). 




Table 2 : Plant Growth 


	Line
	21 DAS 
	28 DAS
	35 DAS 
	42 DAS 
	49 DAS 
	56 DAS 
	63 DAS 
	70 DAS 

	Tiligré 
	10,73 ±0,69a 
	12,20±0,98a
	13,80±0,40a
	17,93±0,58a
	18,93 ±0,17a 
	19,36 ±0,31a 
	19,44 ±0,33a 
	19,44 ±0,33a 

	Bulk F4CS036XCS117-9b  
	8,86 ±1,09ab 
	10,33±1,07a
	13,73±1,94a
	22,66±5,46a
	32,80 ±10,12 a 
	34,60 ±10,58a 
	33,77 ±10,65a 
	34,84 ±10,67a 

	Gourgou 
	9,80 ±1,17ab 
	11,33±1,18a
	13,60±1,92a
	29,60±9,86a
	48,53 ±18,98 a 
	53,93 ±21,39a 
	55,43 ±21,58a 
	56,50 ±21,68a 

	 Kvx745-11P 
	7,33±0,75b 
	9,06±0,63a 
	10,73±0,76a
	17,26±2,67a
	23,33 ±3,12a 
	23,86 ±3,13a 
	24,16 ±3,09a 
	24,16 ±3,09a 

	Teek-Songo
	 6,47a
	 8,63a
	10,87a    
	15,67a     
	22,80a    
	24,80ab
	25,23ab
	26,17b

	Dounguri koirey 
	7,33a   
	10,30a    
	12,20a    
	18,43a     
	24,53a    
	27,67a
	29,35a
	30.95a

	 Proba 
	0,152
	0,217
	0,411
	0,457
	0,298
	0,257
	0,237
	0,22

	 Sig 
	NS 
	NS 
	NS 
	NS 
	NS 
	NS 
	NS 
	NS 


Legend: NS = Not significant; Proba= Probability; DAS= days after sowing.


Table 3: Some quantitative agro-morphological parameters of varieties

	Line
	Date of first flower
	  50% fl. (DAS)
	95% mat. (DAS)

	Tiligré
	38,33 ±1,20b
	43,33 ±0,8b
	72,33 ±0,88bc

	BulkF4CS036xCS117-9b
	39b
	45,66 ±1,66ab
	69,66 ±1,20c

	Gourgou
	45 ±0,57a
	49,33 ±0,88a
	78,00 ±0,57a

	Kvx745-11P
	40,66 ±1,20b
	45,66 ±0,88ab
	74,66 ±0,66b

	Teek-Songo
	41,41 ±1,20b
	44,53 ±1,68ab
	62,33b

	Dounguri koirey 
	39,66c
	40,66b
	62b

	Probabilité
	0,003
	0,034
	0,001

	Sig
	**
	*
	***


Legend: Sig= significativité ; Proba= Probability ; DAS= days after sowing

The analysis of plant height did not reveal any differences between the genotypes. This result is consistent with that obtained by Nourou (2014) at INRAN in Niger in a study on four forage cowpea genotypes. 
With regard to phenological cycle parameters, such as the date of first flower appearance, 50% flowering, and 95% maturity, the results showed significant differences between genotypes. This can be explained by the difference in cycle lengths between genotypes, ranging from early to late cycles, such as the Bulk F4CS036xCS117-9b genotype with a cycle of 69.66 JAS and the Gourgou genotype, which took 78.00 JAS to reach 95% maturation. This could be justified by the tolerance to water stress, which differs among genotypes. These results are consistent with those of Gbaguidi et al. (2015) in Benin and those of Lalsaga and Drabo (2017) in Burkina Faso, who found significant differences within the lines for the different phenological cycles. However, these results contradict those of cultivars from the Sudanian zone and Chad (Nadjiam et al., 2015). This could be explained by climatic factors such as temperature and photoperiodism, which are responsible for the appearance of the first flower in cowpea plants.

3.2 Grain yield and fodder biomass of tested cultivars  

The dry matter yield of forage ranged from 1.74 to 4.67 t/ha in Bako (average 3.19 t/ha). Genotype significantly affected grain yield. Genotypes varied considerably in terms of grain production capacity. The Teek-Songo (4637.5 kg/ha) and Kvx745-11P (4427.66 kg/ha) genotypes showed higher biomass yields, whereas the Dounguri koirey (1738.31 kg/ha) genotype showed a lower biomass yield (Figure 1).  
Analysis of variance at the 5% threshold showed no significant difference between genotypes for grain yield. However, the Bulk F4CS036xCS117-9b genotype achieved the highest productivity with 1150.83 kg/ha, whereas the Dounguri koirey genotype had the lowest yield at 611.34 kg/ha (Figure 1).
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Figure 1: Grain and fodder yield (kg ha-1)

For grain yield, a highly significant difference (P=0.001) was obtained by the results of the analysis of variance at the 5% threshold within genotypes, which is identical to the results obtained by Nourou (2014). The Bulk_F4_CS036xCS117_9b, Tilgré, and Gourgou genotypes showed the highest grain yield potential among the other genotypes, with average values of 1150.83 kg/ha, 1016.33 kg/ha and 1011.67 kg/ha. Furthermore, our results are lower than those of Sanfo et al. (2023), who found that the grain yields in monoculture of the Tiligré and KVx745-11P genotypes were 2116 kg/ha and 2169 kg/ha, respectively. 
In terms of forage yield, all genotypes showed better yields. Our results are similar to those of Ibrahim and Pasternak (2017) but lower than those of Tulu et al. (2023). The KVx745-11P, Gourgou, and Teek-Songo genotypes showed better forage yield potential than the other genotypes. A strong positive correlation was observed between the grain and forage yields. This indicates that good vegetative development induces a high grain yield, which increases the biomass yield. In addition, genetic effects and soil and climate conditions influence the yield of cowpea genotypes cultivated (Obulbiga et al., 2015; Lalsaga and Drabo, 2017).

3.3 Chemical composition of the leaves of the cowpea lines

Bromatological analysis revealed a dry matter (DM) content of 94.58% for genotype KVX745-11P, 94.2% for genotype KVx775-33-2G (Tilgré), 94.01% for the BulkF4CS036xCS117-9b genotype, 93.91% for the Gourgou genotype, 93.25% for the Dounguri koirey genotype, and 93.2% for the Teek-Songo genotype (Table 4). 
For organic matter content, the Dounguri koirey and KVx775-33-2G (Tilgré) genotypes obtained the best values, 83.26% and 84.18%, respectively. The other genotypes exhibited similar values. The total ash content was also higher in the Dounguri koirey genotype (18.43% DM). For the other genotypes, the values were 16.65% DM, 15.43% DM, 13.89% DM; 13.97% DM and 12.6% DM for the Teek-Songo, BULKF4CS036X117-9b, KVX745-11P, KVx775­33­2G (Tilgré) and Gourgou genotypes (Table 4). In terms of crude protein content, the Dounguri koirey and Teek-Songo genotypes recorded the highest values (20.83% DM) and the Teek-Songo genotype (20.32% DM, respectively) (Table 4). The lowest crude protein content was obtained in the KVx775­33­2G (Tilgré) genotype (14.49% DM). In terms of neutral detergent fiber (NDF) content, the highest values were recorded for the Dounguri koirey (30.28% DM) and Teek-Songo genotypes (28.5% DM). The lowest NDF content was obtained for the Gourgou genotype (24.21% DM) (Table 4). The ADF (acid detergent fibre) content was also higher in the BukF4 CS036xCS117-9b (14.95% DM) and Dounguri koirey (14.21% DM) genotypes (Table 4). As for the ADL (crude lignin) content, the highest values were obtained by the BULKF4CS036X117-9b (7.45% DM) and Dounguri koirey genotypes (6.13% DM) (Table 4).

Table 4 : Nutritive value of fodder (in % DM)  

	Line
	DM (%)
	Ash (%)
	CP (%)
	Cellulose (%)
	NDF (%) 
	ADF (%) 
	ADL (%) 

	Tiligré  
	94,2
	13,97
	14,49
	22,48
	25,1
	13,21
	5,4

	BukF4 CS036xCS117-9b
	94,01
	15,43
	16,58
	19,61
	30,67
	14,95
	7,45

	Gourgou  
	93,91
	12,6
	19,76
	18,13
	24,21
	12,33
	3,11

	Kvx745-11P 
	94,58
	13,89
	19,14
	18,56
	27,18
	13,59
	3,56

	[bookmark: _Hlk204806238]Teek-Songo 
	93,2
	16,65
	20,32
	21,82
	28,5
	14,01
	3,32

	Dounguri koirey 
	93,25
	18,43
	20,83
	18,69
	30,28
	14,21
	6,13


Legend: DM= dry matter; ADL= acid detergent lignin; ADF= acid detergent fiber; NDF= neutral detergent fiber; CP = Crude protein

Analysis of the bromatological values obtained showed that the dry matter (DM) content ranged from 93.2% to 94.58% for the genotypes studied. Our results are higher than those of Nourou (2014) on four forage cowpea lines in Niger (91.22-92.70%), Baro et al. (2019) on five cowpea lines in Burkina Faso (91.12-91.50%) and Sanfo et al. (2023), who obtained 91.1% for the KVX745-11P and Tiligré genotypes in Burkina Faso. A high DM content would imply that the leaves contain less water at the harvest stage. This difference could be explained by the timing of forage harvesting and the soil and climate conditions. 
For ash, the contents of the lines studied (12.6-18.43% DM) are similar to those obtained by Baro et al. (2019), who obtained contents varying between 9.80 and 16.95% and well above those of Sanfo et al. (2023), who obtained contents varying between 8.8 and 12.5% DM, and those obtained by Tulu et al. (2023) on ten cowpea lines in western Ethiopia (5.5-7.8% DM). 
Crude protein (CP) content ranged from 14.49 to 20.83% DM for the six genotypes studied. All cowpea genotypes had CP concentrations above 8% dry matter, below which the voluntary consumption of tropical forages is reduced. Our results corroborate those obtained by Ibrahim and Pasternak (2017), Baro et al. (2019), Sanfo et al. (2023), and Tulu et al. (2023), with an average content above 15% DM. In addition, our results were higher than those of Nourou (2014), who found values ranging from 12.18 to 13.09% DM.
For fiber (NDF, ADF, ADL, and cellulose), our results showed no significant differences in fiber content between the different genotypes. Although there were no significant differences in fibre content between genotypes, our NDF and ADF results were all lower than the values reported by Baro et al. (2019), Tulu et al. (2023) and Sanfo et al. (2023). In terms of ADL content, our results are similar to those of Baro et al. (2019), Tulu et al. (2023), and Sanfo et al. (2023).
The nutritional values of the leaves of the different genotypes studied were high and well above those of straw and certain forage grasses (Kondombo et al., 2001; Kiéma et al., 2012).

4. Conclusion

This study aimed to evaluate the agromorphological characteristics, fodder biomass and grain yield improvement, and nutritional value of six (6) dual-purpose cowpea genotypes in Burkina Faso. The six genotypes (KVx745­11P, KVx775­33­2G (Tilgré), BulkF4CS036xCS117-9b, Teek-Songo, Dounguri koirey and Gourgou) have good nutritional value for ruminants.   
However, Teek-Songo appeared to be the best in terms of grain maturity and biomass production. It also contains more crude protein (20.32%) and less fiber than the other varieties.   
Finally, this study confirmed that cowpea leaves have significant nutritional value for use in ruminant feed to improve their performance. Looking ahead, feeding trials under real-world conditions should be undertaken to evaluate the performance gains achieved by supplementing ruminant rations with the leaves of these different cowpea genotypes.
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