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Variability in Qualitative Morphological Traits and Protein Content Among Cowpea Genotypes 
Abstract 
Cowpea (Vigna unguiculata (L.) Walp.) is an important leguminous crop valued for its nutritional quality and adaptability to diverse growing conditions. Variability in protein content and qualitative morphological traits provides opportunities for identifying desirable genotypes for crop improvement. Therefore, characterisation of cowpea germplasm is essential for assessing phenotypic diversity and identifying promising genotypes with desirable nutritional and morphological characteristics for future breeding programmes. The present study was conducted to characterise 16 cowpea (Vigna unguiculata (L.) Walp.) genotypes, including two commercial checks, for protein content and qualitative morphological traits at the Horticultural Complex, JNKVV, Jabalpur, Madhya Pradesh. The experiment was laid out in a randomised complete block design with three replications. Protein content and six qualitative traits, namely flower colour, pod colour, pod shape, pod stringiness, pod fleshiness and seed colour were evaluated. Protein content varied considerably among the genotypes, ranging from 19.00% in VNR CP-27 to 27.75% in 2011/COPBVAR-1, Japani Laldana and Kashi Kanchan. Light purple flowers were the most frequent, occurring in seven genotypes (43.75%), followed by purple flowers in six genotypes (37.50%). Light green pods predominated in eight genotypes (50.00%), while straight and slightly curved pods were each observed in seven genotypes (43.75%). Fibre presence was recorded in 10 genotypes (62.50%) and fleshy pods occurred in 10 genotypes (62.50%). Seed colour also exhibited variation, with dark maroon being a commonly observed category. The observed diversity in protein content and qualitative morphological traits highlights the potential of the evaluated germplasm for selection and further evaluation for nutritional quality and desirable pod characteristics. The findings provide useful baseline information for cowpea germplasm characterisation and future breeding programmes targeting nutritional and market-preferred traits. 
Keywords: germplasm, morphological characterization, phenotypic variability, Vigna unguiculata
Introduction 
Cowpea is an important annual, self-pollinating grain legume belonging to the family Fabaceae, tribe Phaseoleae and genus Vigna. Commonly known as the black-eyed pea, it is a warm-season crop widely cultivated in the semi-arid and tropical regions of Africa, Latin America and parts of the southern United States (Timko & Singh, 2008; Boukar et al., 2019). Cowpea originated in sub-Saharan Africa and is among the oldest cultivated crops, with evidence suggesting domestication before 2500 BCE. From Africa, it spread through trade and migration to the Mediterranean, India, Southeast Asia and later the Americas, where it became an important food and forage legume. The crop is highly valued for its adaptability to hot, dry environments and its ability to grow in sandy, low-fertility soils with limited rainfall (Herniter et al., 2020; Ofem et al., 2025). Through a symbiotic association with rhizobial bacteria in root nodules, cowpea fixes atmospheric nitrogen, improves soil fertility and reduces the need for nitrogenous fertilisers (Khantsi and Babalola, 2026). Cowpea is a multipurpose crop. Its dry seeds are consumed as a protein-rich pulse, while young leaves and immature pods are used as vegetables. The plant residues also serve as fodder for livestock and can be used as green manure or for erosion control (Carvalho et al., 2022; Abebe and Alemayehu, 2022). Its seeds generally contain about 20-30% protein on a dry-weight basis, along with carbohydrates, dietary fibre, vitamins and minerals, making it an affordable source of nutrition for millions of people (Shevkani et al., 2025).  
Genetic variability is a fundamental prerequisite for crop improvement, as it provides opportunities to identify genotypes with desirable morphological, nutritional and agronomic characteristics (Mishra et al., 2024; Mishra et al., 2025a). Cowpea genotypes exhibit variation in qualitative traits, including flower colour, pod colour, pod shape, pod stringiness and seed colour (Nkhoma et al., 2020; Nalawade et al., 2021). These traits are useful for morphological characterisation, varietal identification, germplasm evaluation and the selection of suitable parents for breeding programmes (Arya et al., 2021). In vegetable cowpea, pod characteristics are particularly important because they influence market preference, consumer acceptability and the suitability of genotypes for fresh consumption (Dubey et al., 2026).  An evaluation of Indian and exotic cowpea germplasm also reported divergence in morphological and agronomic traits, supporting the value of characterising genotypes before selection (Belwal et al., 2024). Recent genetic mapping research has identified genomic regions associated with seed-coat appearance in cowpea, further demonstrating the relevance of seed-colour variation to germplasm characterisation (Moumouni Iro Sodo et al., 2025).
Protein content is another important selection criterion in cowpea improvement, given the crop’s contribution to dietary protein supply. Variability in protein concentration among genotypes provides opportunities to identify nutritionally superior material for further evaluation and utilisation in breeding programmes.  An evaluation of four cowpea varieties documented differences in measured protein content, illustrating the relevance of varietal comparisons when assessing nutritional characteristics (Oluwayomi et al., 2026). A separate investigation used protein measurements and genome-wide association analysis to examine variation in cowpea seed protein content (Akinmade et al., 2026). The combined assessment of protein content and qualitative morphological traits can therefore facilitate the identification of genotypes possessing desirable nutritional and market-oriented characteristics. Despite the importance of cowpea as a vegetable legume, systematic evaluation of available genotypes for both protein content and qualitative pod, flower and seed traits remains essential for effective germplasm utilisation. Therefore, the present study was undertaken to characterise 16 cowpea genotypes, including two commercial checks, for protein content and selected qualitative morphological traits under the agro-climatic conditions of Jabalpur, Madhya Pradesh. 
2. Materials and Method
2.1 Characteristics of experimental site 
The experiment was conducted at the Horticulture Complex, Department of Horticulture, Jawaharlal Nehru Krishi Vishwa Vidyalaya (JNKVV), Jabalpur, Madhya Pradesh, during the Rabi season of 2012–2013. The experimental site is located in the Kymore Plateau agro-climatic region at 23.91° N latitude and 79.50° E longitude, with an altitude of 411.78 m above mean sea level. The experimental field had medium black soil with good drainage, a uniform texture and medium nitrogen, phosphorus and potassium status. The region experiences a sub-tropical climate characterised by hot summers and cold winters. The average rainfall is approximately 1,375 mm, with the majority occurring from mid-June to September. The average maximum and minimum temperatures are approximately 46 °C and 6.8 °C, respectively. 
2.2 Experimental details 
The experiment comprised 16 cowpea (Vigna unguiculata (L.) Walp.) genotypes, including 14 genotypes and two commercial checks, sourced from IIVR, IIHR, Bengaluru and VNR Seeds, Raipur (Table 1). The experiment was laid out in a randomised complete block design (RCBD) with three replications, comprising 48 plots. Each plot measured 3.6 × 3.0 m and consisted of six rows spaced 60 cm apart, with 30 cm between plants. Seed treatment was done with carbendazim (2g km-1) and mancozeb (1 g kg-1) at a seed rate of 12-15 kg ha-1. The crop received FYM at 20 t ha-1 and fertilizers at 70:80:75 kg ha-1 of N:P2O5:K2O, respectively. Nitrogen was applied in three splits, while phosphorus and potassium were applied basally. Irrigation was provided immediately after sowing and subsequently at 10-12 day intervals, depending on soil moisture. Weed control was achieved through four hand weedings and pest management included triazophos application (2 mL L-1). Liquid phosphorus was sprayed at 2 mL L-1 at 45 and 60 days after sowing (DAS).  
Table 1 List of cowpea genotypes under investigation 
	S. No.
	Genotypes
	Source

	1.
	2011/COPBVAR-1
	IIVR, Varanasi

	2.
	2011/COPBVAR-2
	IIVR, Varanasi

	3.
	2011/COPBVAR-3
	IIVR, Varanasi

	4.
	2011/COPBVAR -4
	IIVR, Varanasi

	5.
	2011/COPBVAR -6
	IIVR, Varanasi

	6.
	2011/COPBVAR -7
	IIVR, Varanasi

	7.
	2012/COPBVAR-1
	IIVR, Varanasi

	8.
	2012/COPBVAR-2
	IIVR, Varanasi

	9.
	2012/COPBVAR-3
	IIVR, Varanasi

	10.
	2012/COPBVAR-5
	IIVR, Varanasi

	11.
	VNR CP-27
	VNR seeds,  Raipur

	12.
	Japani Laldana
	VNR seeds, Raipur

	13.
	Baramasi
	VNR seeds, Raipur

	14.
	Arka suman
	IIHR,Bangalore

	15.
	Kashi kanchan(C)
	IIVR, Varanasi

	16.
	Arka garima(C)
	IIHR, Bangalore



2.3 Observations recorded 
2.3.1 Qualitative traits 
Flower colour was recorded visually and classified as white, purple or light purple. Pod shape was assessed in ten randomly selected pods and categorised as straight, slightly curved or curved. Pod colour was recorded as dark green, light green or green at the marketable stage. Pod stringiness was recorded as present or absent based on the visual presence of fibres in ten randomly selected pods. Pod fleshiness was determined by peeling fresh pods and classifying them as fleshy or non-fleshy. Seed colour was assessed visually and categorised as light maroon, maroon or creamish. 
2.3.2 Protein content (%) 
Nitrogen content in green pods at maturity was estimated using the micro-Kjeldahl method. A 0.5 g sample was digested in concentrated sulphuric acid with a catalyst mixture, followed by distillation and titration with 0.1 N sulphuric acid. Protein content was calculated by multiplying nitrogen percentage by 6.25. 
3. Results 
The 16 cowpea genotypes exhibited considerable variation in protein content and qualitative morphological traits (Table 2), indicating diversity in pod, flower and seed characteristics. The variation observed among the genotypes is described below:
Protein content: protein content ranged from 19.00% to 27.75%. The highest protein content (27.75%) was recorded in three genotypes: 2011/COPBVAR-1, Japani Laldana and Kashi Kanchan. These were followed by 2011/COPBVAR-3 (26.88%), 2011/COPBVAR-6 and 2012/COPBVAR-2 (26.00% each). VNR CP-27 recorded the lowest protein content (19.00%). 
Flower colour: four flower colour categories were recorded. Light purple flowers were the most common, observed in seven genotypes (43.75%), including 2011/COPBVAR-3, 2011/COPBVAR-4, 2011/COPBVAR-6, 2012/COPBVAR-3, 2012/COPBVAR-5, Arka Suman and Kashi Kanchan. Purple flowers occurred in six genotypes (37.50%), including 2011/COPBVAR-7, 2012/COPBVAR-1, 2012/COPBVAR-2, Japani Laldana, Baramasi and Arka Garima. White flowers were recorded in two genotypes (12.50%), namely 2011/COPBVAR-1 and 2011/COPBVAR-2, while creamish flowers were observed only in VNR CP-27 (6.25%). 
Pod colour: light green pods were observed in eight genotypes (50.00%), including 2011/COPBVAR-1, 2011/COPBVAR-3, 2011/COPBVAR-4, 2011/COPBVAR-6, VNR CP-27, Baramasi, Arka Suman and Arka Garima. Green pods were recorded in five genotypes (31.25%), including 2011/COPBVAR-7, 2012/COPBVAR-1, 2012/COPBVAR-3, 2012/COPBVAR-5 and Kashi Kanchan. Dark green pods occurred in three genotypes (18.75%), namely 2011/COPBVAR-2, 2012/COPBVAR-2 and Japani Laldana. 
Pod shape:  straight and slightly curved pods were each recorded in seven genotypes (43.75%). Straight pods were observed in 2011/COPBVAR-1, 2011/COPBVAR-3, 2012/COPBVAR-1, 2012/COPBVAR-2, VNR CP-27, Arka Suman and Arka Garima. Slightly curved pods occurred in 2011/COPBVAR-2, 2011/COPBVAR-4, 2011/COPBVAR-6, 2012/COPBVAR-3, 2012/COPBVAR-5, Baramasi and Kashi Kanchan. Curved pods were observed in two genotypes (12.50%), namely 2011/COPBVAR-7 and Japani Laldana. 
Stringiness in pods:  pods with fibre were recorded in 10 genotypes (62.5%), including 2011/COPBVAR-1, 2011/COPBVAR-3, 2011/COPBVAR-6, 2012/COPBVAR-2, Japani Laldana and Baramasi. Pods without fibre were observed in six genotypes (37.5%), namely 2011/COPBVAR-2, 2011/COPBVAR-4, 2011/COPBVAR-7, 2012/COPBVAR-1, 2012/COPBVAR-5 and Kashi Kanchan. 
Fleshiness of green pods: fleshy pods were recorded in 10 genotypes (62.50%), including 2011/COPBVAR-1, 2011/COPBVAR-3, 2011/COPBVAR-6, 2011/COPBVAR-7, 2012/COPBVAR-1 and Japani Laldana. Less-fleshy pods were observed in four genotypes (25.00%), namely 2011/COPBVAR-2, 2011/COPBVAR-4, Arka Suman and Arka Garima. Non-fleshy pods occurred in two genotypes (12.50%), namely 2012/COPBVAR-3 and Baramasi. 
Seed colour:  seed colour exhibited considerable variation. Dark maroon seeds were observed in five genotypes (31.25%), namely 2011/COPBVAR-7, 2012/COPBVAR-3, 2012/COPBVAR-5, Baramasi and Kashi Kanchan. Maroon seeds were recorded in four genotypes (25.00%), namely 2011/COPBVAR-4, 2011/COPBVAR-6, 2012/COPBVAR-1 and Japani Laldana. Cream-and-maroon combinations occurred in four genotypes (25.00%), namely 2011/COPBVAR-1, 2011/COPBVAR-2, Arka Suman and Arka Garima. Light maroon seeds were observed in two genotypes (12.50%), 2011/COPBVAR-3 and 2012/COPBVAR-2, while cream-coloured seeds occurred in VNR CP-27 (6.25%). 
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Figure 1: Diversity in flower colour among cowpea genotypes
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Figure 2: Variation in pod shape characteristics of cowpea genotypes
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Figure 3: Phenotypic variation in seed colour among cowpea genotypes 
Table 2 Variation in protein content and qualitative morphological traits among cowpea genotypes 
	Genotypes
	Protein (%)
	Flower colour
	Pod colour
	Shape of pod
	Stringiness in pods
	Fleshy or non fleshy green pods
	Seed colour

	2011/COPBVAR - 1
	27.75
	White
	Light Green
	Straight
	Fiber Present
	Fleshy
	Cream and Maroon

	2011/COPBVAR – 2
	23.38
	White
	Dark Green
	Slightly curved
	Fiber Absent
	Less Fleshy
	Maroon with Cream

	2011/COPBVAR – 3
	26.88
	Light Purple
	Light Green
	Straight
	Fiber Present
	Fleshy
	Light maroon

	2011/COPBVAR – 4
	24.25
	Light Purple
	Light Green
	Slightly curved
	Fiber Absent
	Less Fleshy
	Maroon

	2011/COPBVAR – 6
	26.00
	Light Purple
	Light Green
	Slightly curved
	Fiber Present
	Fleshy
	Maroon

	2011/COPBVAR – 7
	23.00
	Purple
	Green
	Curved
	Fiber Absent
	Fleshy
	Dark Maroon

	2012/COPBVAR – 1
	22.50
	Purple
	Green
	Straight
	Fiber Absent
	Fleshy
	Maroon

	2012/COPBVAR – 2
	26.00
	Purple
	Dark Green
	Straight
	Fiber Present
	Fleshy
	Light  Maroon

	2012/COPBVAR – 3
	24.25
	Light purple
	Green
	Slightly curved
	Fiber Present
	Non Fleshy
	Dark Maroon

	2012/COPBVAR – 5
	20.75
	Light purple
	Green
	Slightly curved
	Fiber Absent
	Fleshy
	Dark Maroon

	VNR CP – 27
	19.00
	Creamish
	Light Green
	Straight
	Fiber Present
	Fleshy
	Cream

	Japani Laldana
	27.75
	Purple
	Dark Green
	Curved
	Fiber Present
	Fleshy
	Maroon

	Baramasi
	24.25
	Purple
	Light Green
	Slightly curved
	Fiber Present
	Non Fleshy
	Dark Maroon

	Arka Suman
	24.25
	Light Purple
	Light Green
	Straight
	Fiber Present
	Less Fleshy
	Cream and Maroon

	Kashi Kanchan (C)
	27.75
	Light Purple
	Green
	Slightly curved
	Fiber Absent
	Fleshy
	Dark Maroon

	Arka Garima (C)
	22.50
	Purple
	Light Green
	Straight
	Fiber Present
	Less Fleshy
	Cream and Maroon



4. Discussion 
The considerable variation observed among the 16 cowpea genotypes for protein content and qualitative morphological characteristics reflects the underlying genetic diversity of the evaluated germplasm. The differences in flower colour, pod colour, pod shape, pod stringiness, fleshiness of green pods and seed colour suggest the presence of genetic variation in genes regulating pigment biosynthesis, floral pigmentation, pod development, fibre deposition and seed coat characteristics. These traits are generally governed by genetic factors, although their phenotypic expression may also be influenced by environmental conditions and genotype × environment interactions. The presence of distinct morphological categories among the evaluated genotypes indicates that the germplasm represents a diverse genetic background, which can be exploited in cowpea improvement programmes. 
The accumulation of seed storage proteins is regulated by several metabolic and genetic processes, including nitrogen availability during seed development and the activity of genes associated with storage protein synthesis (Kaur et al., 2021; Niñoles et al., 2022). Environmental factors, particularly soil fertility, moisture availability and temperature during seed filling, may further influence protein accumulation (Peng et al., 2022; Mishra et al., 2025b). Furthermore, variation in flower colour, ranging from white and creamish to light purple and purple, indicates differences in the genetic regulation of floral pigmentation. Flower colour is primarily associated with the accumulation and distribution of flavonoid pigments, particularly anthocyanins, whose biosynthesis is controlled by structural genes and regulatory factors involved in the phenylpropanoid pathway (Li et al., 2020; Krylova et al., 2023). Differences in predominant flower colour categories among these investigations may be attributed to differences in the genetic constitution and geographical origin of the evaluated germplasm (Nkhoma et al., 2020; Fiscus et al., 2024). Moreover, pod colour exhibited variation among the genotypes, with light green, green and dark green categories. Such differences are primarily associated with the quantity and distribution of photosynthetic pigments, particularly chlorophyll, in the pod epidermal and underlying tissues (Onwubiko, 2020; Pandey et al., 2024). Variation in chlorophyll biosynthesis, accumulation and degradation may contribute to differences in pod colour intensity. From a breeding perspective, pod colour represents an important morphological descriptor for genotype identification and may also contribute to the selection of market-preferred vegetable cowpea types (Mekonnen et al., 2022; Dubey et al., 2026). 
The findings of the present study are broadly consistent with those reported by Nkhoma et al. (2020), Onwubiko (2020), Mekonnen et al. (2022), Awosanya (2025) and Lachyan et al. (2016), who also reported considerable variation in qualitative morphological traits among cowpea genotypes. Such variation in flower colour, pod characteristics and seed colour highlights the usefulness of morphological descriptors for germplasm characterization and genotype differentiation. However, the predominant categories differed across studies, potentially reflecting differences in the genetic composition of the evaluated accessions. Dakora and Belane (2019) analysed the leaf protein content ranging from 23-40% across locations and seed protein reaching 40% in the landrace Bengpla of cowpea. Similarly, Weng et al. (2019) evaluated 173 USDA cowpea accessions reporting seed protein content ranging from 22.8-28.9% with mean of 25.6%. Nalawade et al. (2021) reported substantial variation in cowpea accessions, with dark green pods (45.2%) and straight pod shape (51.6%) being predominant, while pod twisting was observed in only one accession. Seed colour was highly variable, with yellowish white (37.6%) being the most common, followed by brownish yellow (22.6%). Similarly, Onuminya et al. (2023) reported that pink flowers predominated among the 20 cowpea accessions (60%), followed by white (20%) and violet (20%). Slightly curved pods were the most common (80%), while straight pods occurred in 20% of accessions. Among the 20 cowpea genotypes, Sakhamo et al. (2023) also reported light purple flowers predominated (75%), followed by purple flowers (25%). Green pods were most common (55%), followed by dark green (35%) and purple pods (10%). Curved pods predominated (65%) over straight pods (35%). Rather et al. (2024) reported that purple flowers (91.67%) and straight pods (62.50%) were predominant among cowpea genotypes, while dark green pods were observed in 59.72% of the genotypes. Seed colour exhibited considerable variation, with brown (41.67%) being the most common, followed by black (27.78%), white (22.22%) and red (8.33%). Collectively, these findings indicate that the frequency of qualitative traits varies considerably among cowpea populations, emphasizing the importance of evaluating diverse germplasm to identify genotypes with desirable morphological and nutritional attributes. 
Limitations of the study 
The present investigation was restricted to 16 cowpea genotypes and, therefore, the observed variation may not represent the entire genetic diversity available within the species. Furthermore, the evaluation of qualitative morphological traits was based on phenotypic observations, without molecular characterization of the genes or genomic regions governing these characteristics. Protein content and morphological traits may also exhibit environmental influences and genotype × environment interactions. Consequently, their stability could not be established through the present evaluation alone. In addition, the potential associations between seed-coat pigmentation, pod characteristics and other nutritional or biochemical attributes were not investigated. Further studies involving a broader range of germplasm, multi-location and multi-season evaluations and molecular characterization are required to validate the stability of the observed traits, understand their genetic basis and identify superior donor genotypes for cowpea improvement. 
Conclusion 
The study revealed considerable variation among the 16 cowpea genotypes in protein content and qualitative morphological traits, including flower colour, pod colour, pod shape, pod stringiness, pod fleshiness and seed colour. Protein content ranged from 19.00% to 27.75% with 2011/COPBVAR-1, Japani Laldana and Kashi Kanchan recording the highest values (27.75%). The observed diversity in morphological characteristics provides useful criteria for genotype identification and selection based on market-preferred traits. The three high-protein genotypes may serve as promising candidates for further evaluation and utilization in cowpea improvement programmes. However, their agronomic performance, nutritional stability and suitability across environments require further assessment before their recommendation for commercial cultivation. Overall, the findings provide a useful basis for selecting cowpea germplasm with desirable nutritional and morphological attributes for future breeding efforts. 
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