Genetic Variability of seed macro and micronutrient composition in diverse cowpea (Vigna unguiculata L. Walp.) genotypes for nutritional quality 






Abstract
Cowpea (Vigna unguiculata L. Walp.) is an important grain legume recognized for its high nutritional value and potential to alleviate protein and micronutrient malnutrition. The present study aimed to evaluate the genetic variability in seed mineral composition among twenty-two promising cowpea genotypes to identify nutrient rich genotypes for use in biofortification and breeding programmes. Seed samples were analyzed for macronutrients (calcium, magnesium, potassium, phosphorus, and sulfur) and micronutrients (iron, zinc, copper, manganese, and nickel). Significant variation was observed for all mineral elements, indicating the presence of substantial genetic diversity. Calcium concentration ranged from 0.04 to 0.81 mg kg⁻¹, magnesium from 0.54 to 2.61 mg kg⁻¹, potassium from 16.70 to 152.64 mg kg⁻¹, phosphorus from 1.72 to 7.45 mg kg⁻¹, sulfur from 0.83 to 3.44 mg kg⁻¹, iron from 0.21 to 2.35 mg kg⁻¹, zinc from 0.02 to 1.21 mg kg⁻¹, copper from 0.34 to 1.64 mg kg⁻¹, manganese from 0.04 to 1.63 mg kg⁻¹, and nickel from 0.10 to 3.59 mg kg⁻¹. Genotypes IITA-26, IITA-3, IITA-153, IITA-265, IITA-122, IITA-7, IITA-21, and IITA-61 exhibited superior performance for one or more essential mineral elements, demonstrating their potential as valuable genetic resources for nutritional improvement. The observed variability is likely attributable to differences in genotype, mineral uptake efficiency, and adaptation to environmental conditions. The findings confirm that cowpea seeds are rich sources of essential macro- and micronutrients and highlight the considerable scope for exploiting genetic variability in breeding programmes. The identified nutrient-dense genotypes represent promising parental material for the development of biofortified cowpea cultivars with enhanced nutritional quality, thereby contributing to improved food and nutritional security.
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Introduction
Cowpea (Vigna unguiculata L. Walp.) is an important grain legume cultivated extensively in tropical and subtropical regions due to its adaptability to marginal environments and its high nutritional value. It is a self-pollinating crop with a diploid chromosome number of 22 (2n=22) and a genome size of 620 Mb (Boukar et al., 2019; Gbedevi et al., 2021; Mekonnen et al., 2022). Cowpea is known as "poor man's meat" because of its high nutritional value and high protein content (20-25%) (Rangkham and Khanna, 2018). Besides serving as a major source of dietary protein, cowpea grains and leaves are rich in essential minerals such as iron (Fe), zinc (Zn), calcium (Ca), magnesium (Mg), potassium (K), and phosphorus (P), making the crop a promising candidate for nutritional security and biofortification programs (Boukar et al., 2011; Gonçalves et al., 2016; Carvalho et al., 2012).
It is thought to have originated in the southernmost region of Africa, with China serving as a secondary center of diversity (Padulosi and Ng, 1997). Genetic variability for mineral composition and protein content has been widely reported in cowpea, indicating substantial opportunities for genetic improvement. Early studies demonstrated significant relationships among agronomic, culinary, and nutritional traits. For example, breeding for larger grain size, higher grain yield, and increased grains per pod may reduce grain iron and zinc concentrations, whereas indirect selection through protein content can enhance iron accumulation. Furthermore, the positive association between grain size, protein content, and zinc concentration suggests the possibility of simultaneous improvement of these traits through integrated selection strategies (Blair et al., 2010; Carvalho et al., 2012; Nkhoma et al., 2020).
Several studies have reported considerable genetic variation and high heritability for mineral and protein contents in cowpea leaves, immature pods, and grains, indicating that these traits are largely under genetic control and can be effectively improved through breeding (Gonçalves et al., 2016; Carvalho et al., 2017).  The influence of genotype, environment, and genotype × environment interaction on mineral accumulation has also been extensively documented. Although environmental factors significantly affect mineral composition and grain yield, stable genotypes with desirable nutrient profiles have been identified across diverse production environments, demonstrating the potential for developing nutritionally superior cultivars with broad adaptation (Nkhoma et al., 2020; Boukar et al., 2011). In addition, studies have shown that cowpea genotypes with higher biological nitrogen fixation often accumulate greater concentrations of protein and micronutrients in both leaves and seeds, suggesting a physiological relationship between nitrogen fixation efficiency and nutrient enrichment (Dakora & Belane, 2019).
In view of this, the present study focuses on the comprehensive evaluation of 20 superior cowpea genotypes selected from a core collection of 150 diverse genotypes for their macro and micronutrient composition along with 2 check genotypes. 
Material and methods 
The present study was conducted in the laboratories of the Division of Genetics and Plant Breeding and the Division of Soil Science and Agricultural Chemistry, Faculty of Agriculture, Wadura, Sopore, Sher-e-Kashmir University of Agricultural Sciences and Technology of Kashmir (SKUAST-K), Jammu and Kashmir, India. A core collection comprising 150 cowpea (Vigna unguiculata L. Walp.) genotypes, along with four check varieties, was initially evaluated during 2020–2022 at the Research Farm of the Division of Genetics and Plant Breeding, Faculty of Agriculture, Wadura, SKUAST-K, using an Augmented Block Design (ABD) as proposed by Federer (1956). The experimental design consisted of 10 blocks, each containing 15 unreplicated test genotypes and four replicated check varieties. Each genotype was grown in a single row of 2 m length with a row-to-row spacing of 80 cm. The check varieties were randomly allocated within each block. At maturity, seeds from all 150 genotypes were harvested, cleaned, and stored for further analysis. Based on the comprehensive evaluation of agronomic performance and yield related traits, 22 superior genotypes were selected from the core collection for nutritional characterization. The selected genotypes were analyzed for major nutritional attributes, including calcium (Ca), magnesium (Mg), phosphorus (P), potassium (K), sulphur (S), iron (Fe), zinc (Zn), copper (Cu), manganese (Mn), and nickel (Ni), to identify nutritionally superior genotypes for use in future biofortification and cowpea improvement programs.
Determination of Macro- and Micronutrient Composition
The concentrations of macro- and micronutrients in cowpea seeds were determined in the Laboratory of Soil Science and Agricultural Chemistry, Faculty of Agriculture, Wadura, SKUAST-K. Prior to analysis, seed samples were finely ground using a laboratory grinder and passed through a fine sieve to obtain a homogeneous flour.
Sample Digestion
For mineral analysis, 1.0 g of the powdered seed sample was digested using a di-acid mixture of nitric acid and perchloric acid (HNO₃₄; 9:4, v/v). The digestion was carried out on a hot plate until a clear solution was obtained. After cooling, the digest was filtered through Whatman No. 42 filter paper and the filtrate was quantitatively transferred to a 100 mL volumetric flask. The final volume was made up with deionized water and used for subsequent mineral analysis.
Determination of macro and micronutrients
The concentrations of Calcium (Ca), magnesium (Mg) iron (Fe), zinc (Zn), copper (Cu), manganese (Mn), and nickel (Ni) were determined from the digested samples using an Atomic Absorption Spectrophotometer (AAS 2380, PerkinElmer, USA) following the procedure described by Lindsay and Norvell (1978). Calibration standards were prepared from 1000 mg L⁻¹ stock solutions, and calibration curves were generated prior to sample analysis. The concentrations of individual elements were estimated from the corresponding standard curves and expressed on a dry weight basis (Fig.1a).
Determination of Phosphorus
Phosphorus (P) content was determined by the vanadomolybdophosphoric acid yellow colour method following the procedure described by Jackson (1973). The absorbance of the developed yellow colour was measured spectrophotometrically, and phosphorus concentration was calculated using a standard calibration curve.
Determination of Potassium
Potassium (K) concentration was estimated using a flame photometer according to the method described by Jackson (1973). Standard potassium solutions were used for instrument calibration, and sample concentrations were determined from the standard curve.
Determination of Sulphur
Sulphur (S) content was estimated by the turbidimetric method described by Chesnin and Yien (1951). The intensity of turbidity produced by the formation of barium sulphate was measured spectrophotometrically, and sulphur concentration was calculated using a standard calibration curve.
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Fig. 1: Sample preparation for analysis of different micronutrients




                           
	





Result and Discussion
The evaluation of twenty-two promising cowpea genotypes revealed significant genetic variability for both macro and micronutrient concentrations in seeds, indicating substantial diversity for nutritional quality traits. Such variation is highly desirable for biofortification and breeding programmes aimed at developing nutrient rich cowpea cultivars. Similar findings have been reported by Souza and Sorrels (1991), Ng'uni et al. (2012), and Gerrano et al. (2019), who highlighted that the existence of wide genetic variability for mineral composition provides an excellent opportunity for improving the nutritional value of cowpea through selection and hybridization.
Among the macronutrients, calcium (Ca) concentration ranged from 0.04 to 0.81 mg kg⁻¹, with genotype IITA-26 recording the highest concentration whereas IITA-158 exhibited the lowest concentration. Calcium is an essential nutrient involved in bone and teeth formation, muscle contraction, nerve transmission, and enzyme activation (Murray et al., 2000). The observed variability indicates differential calcium uptake and accumulation among genotypes, suggesting the existence of exploitable genetic diversity. Similar variability in calcium content has been reported in cowpea germplasm by Madode et al. (2012) and Gerrano et al. (2017, 2019), although differences in absolute concentrations may be attributed to genotype, soil fertility, climatic conditions, and analytical methods. Magnesium (Mg) concentration varied significantly from 0.54 to 2.61 mg kg⁻¹, with IITA-3 exhibiting the highest concentration and IITA-10 the lowest. Magnesium is a vital component of chlorophyll and functions as a cofactor for numerous enzymes involved in carbohydrate metabolism, protein synthesis, and energy production. The wide variation observed in the present study agrees with reports by Gerrano et al. (2015, 2017), indicating that magnesium accumulation is under substantial genetic control and therefore amenable to improvement through breeding. 
Potassium (K), the most abundant macronutrient observed in this study, ranged from 16.70 to 152.64 mg kg⁻¹. The highest potassium concentration was recorded in IITA-153, while IITA-340 contained the lowest concentration. Potassium plays an essential role in osmotic regulation, enzyme activation, maintenance of cellular homeostasis, and plant growth. Likewise, phosphorus (P) concentration ranged from 1.72 to 7.45 mg kg⁻¹, with IITA-265 and IITA-340 recording the highest values and IITA-10 the lowest. Phosphorus is indispensable for ATP synthesis, nucleic acid formation, membrane structure, and energy transfer within cells. Sulfur (S) concentration also exhibited substantial variation, ranging from 0.83 to 3.44 mg kg⁻¹, with IITA-3 recording the highest concentration and IITA-340 the lowest. Sulfur contributes to the synthesis of sulfur containing amino acids, vitamins, proteins, and several secondary metabolites important for plant metabolism and human nutrition.
Significant variation was also observed for all micronutrients evaluated. Iron (Fe) concentration ranged from 0.21 to 2.35 mg kg⁻¹, with IITA-122 exhibiting the highest concentration and IITA-6 the lowest. Iron is an essential component of haemoglobin and numerous enzymes involved in respiration and metabolism, and its deficiency remains one of the leading causes of nutritional anaemia worldwide (Welch and Graham, 2004). The considerable variation observed among genotypes suggests the possibility of identifying superior donor parents for iron biofortification. Similar genetic variability for iron concentration has been reported by Carnovale et al. (1990), Gerrano et al. (2015, 2017, 2019), and Madode et al. (2012). Nickel (Ni) concentration varied from 0.10 to 3.59 mg kg⁻¹, with IITA-61 recording the highest concentration. Although nickel is required only in trace amounts, it plays an important physiological role through its involvement in urease activity and nitrogen metabolism. Copper (Cu) concentration ranged from 0.34 to 1.64 mg kg⁻¹, with the highest concentration observed in IITA-21. Copper functions as an essential micronutrient involved in respiration, photosynthesis, antioxidant defence, and lignin biosynthesis. Manganese (Mn) concentration ranged from 0.04 to 1.63 mg kg⁻¹, with IITA-7 exhibiting the highest concentration, whereas IITA-203 recorded the lowest. Manganese acts as an activator of several enzymes involved in carbohydrate metabolism and antioxidant defence (Reynolds et al., 1994). Zinc (Zn) concentration varied from 0.02 to 1.21 mg kg⁻¹, with IITA-10 exhibiting the highest concentration (Fig 2a and 2b). Zinc is involved in protein synthesis, enzyme activation, nucleic acid metabolism, immune function, and normal growth and development (Zlotkin and Buchanan, 1988; Arinola, 2008).
The variability observed for both macro and micronutrients is consistent with earlier reports describing substantial genetic diversity for mineral composition in cowpea. Madode et al. (2012) reported wide variation for calcium, iron, and zinc among Beninese cowpea landraces, while Ano and Ubochi (2008) and Ojimelukwe et al. (2014) similarly documented considerable variation in mineral composition among Nigerian cowpea genotypes. Extensive investigations by Carnovale et al. (1990) and Gerrano et al. (2015, 2017, 2019) further confirmed that mineral composition in cowpea is highly variable and largely influenced by genetic factors.  Although the mineral concentrations observed in the present study differ from those reported previously, these differences are expected because mineral accumulation is influenced by genotype, soil fertility, nutrient availability, environmental conditions, soil texture, agronomic practices, and genotype × environment interactions (Madode et al., 2012; Shegro et al., 2012). Differences in analytical procedures and expression units may also contribute to variations among studies. Nevertheless, the consistent observation across studies is the existence of considerable genetic diversity for mineral accumulation, providing strong opportunities for genetic improvement (Bouis & Saltzman, 2017; Carvalho et al., 2017; Boukar et al., 2011). Identifying nutritionally superior genotypes with mineral concentrations will provide valuable genetic resources for biofortification breeding programs aimed at developing cowpea cultivars with improved nutritional quality. Such cultivars have the potential to contribute significantly to alleviating micronutrient malnutrition and strengthening food and nutritional security, particularly in regions where cowpea serves as a major dietary staple.
Conclusion
The present investigation identified several nutritionally superior genotypes that may serve as valuable parental lines in breeding programmes. IITA-26 exhibited the highest calcium concentration, IITA-3 recorded superior magnesium and sulfur concentrations, IITA-153 accumulated the highest potassium concentration, IITA-265 and IITA-340 showed superior phosphorus concentration, IITA-122 was identified as the richest source of iron, IITA-10 exhibited the highest zinc concentration, IITA-21 accumulated the highest copper concentration, IITA-7 recorded the highest manganese concentration, and IITA-61 possessed the highest nickel concentration. These genotypes represent valuable genetic resources for developing biofortified cowpea cultivars possessing enhanced nutritional quality. Overall, the present study demonstrates substantial genetic variability for seed mineral composition among the evaluated cowpea genotypes. The wide diversity observed for both macro- and micronutrients provides a strong foundation for the selection of nutritionally superior parents and the development of biofortified cultivars through conventional and molecular breeding approaches. Such cultivars have considerable potential to improve dietary mineral intake and contribute towards alleviating micronutrient malnutrition, particularly in regions where cowpea is an important staple food.
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