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ABSTRACT 

Cowpea (Vigna unguiculata (L.) Walp) is an annual legume grown widely in Sub-Sahara Africa (SSA), having 

several advantages over other legumes, such as high protein content (23-32%), drought resilience, and high nitro-

gen fixation ability. Cowpea grains, leaves, and immature pods are important sources of plant-based proteins and 

essential nutrients for human health. Nutrient deficiencies are key public health concerns in SSA, including Uganda 

where 22.4% of children below five years are malnourished, and 28.5% of women of reproductive age are anemic. 

This study focuses on cowpea MAGIC (multi-parent advanced generation inter-cross) population developed from 

eight genetically diverse founder parents selected for a mix of important traits. The study aimed to contribute to the 

improvement of the nutritional composition of cowpea grain genotypes in Uganda. Seeds of 166 cowpea MAGIC 

population lines were quantified for protein and iron concentrations using the micro-kjeldahl and thiocyanate color-

imetry methods, respectively at the Animal Nutrition laboratory at Makerere University and correlation among the 

traits examined. Thirty genotypes were selected by index selection method, field grown in three environments and 

evaluated for influence of genotype by environment interaction on the traits. Data generated from the laboratory 

were subjected to additive main effects and multiplicative interaction (AMMI), and genotype and genotype-by-

environment (GGE) biplot analyses in R software to quantify the effects of genotypes.  Estimates of best linear un-

biased estimates (BLUEs) and best linear unbiased predictors (BLUPs) were employed to identify superior cowpea 

lines. The two genotypes MAGIC078 and MAGIC119 that recorded the highest levels of protein and Iron content 

are recommended for future cultivation and breeding to supplement protein and iron thus to combat nutrient defi-

ciencies and malnutrition plaguing SSA. 
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RÉSUMÉ 

Cowpea (Vigna unguiculata (L.) Walp) is an annual legume grown widely in Sub-Sahara Africa (SSA), having 

several advantages over other legumes, such as high protein content (23-32%), drought resilience, and high nitro-

gen fixation ability. Cowpea’s grains, leaves, and immature pods are important sources of plant-based proteins and 

essential nutrients for human health. Nutrient deficiencies are key public health concerns in SSA, including Uganda  
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Introduction 

Humans require both macro- and micronutrients to car-

ry out their regular physiological processes (Gerrano et 

al., 2019). The extent of malnutrition and its impact on 

human health have been studied. Deficits in protein 

and micronutrients are a contributing factor to malnu-

trition in children and pregnant women (Bain et al., 

2013). Lack of protein causes wasting, stunting, weight 

loss and lowered immunity to illnesses, which increas-

es health risks (Gegios et al., 2010). Iron is a compo-

nent of blood hemoglobin which plays  a role in the 

transport of oxygen, and its deficiency can lead to dis-

eases such as anemia (Freitas et al., 2022). Malnutri-

tion is widely prevalent in Sub-Sahara Africa (SSA), 

especially in Uganda, where 22.4% of children below 

five years are malnourished, 28.5% of women of repro-

ductive age are anemic (Ministry of Health, 2021). 

Minerals and protein nutrition derived from plants is 

the cheapest alternative to circumvent malnutrition. 

Therefore, improving protein and mineral content in 

staple crops such as cowpea is paramount in the fight 

against malnutrition, especially in developing coun-

tries. 

Cowpea (Vigna unguiculata (L.) Walp) is an indige-

nous, self-pollinating diploid legume belonging to the 

Fabaceae family. It is mostly grown in SSA (Sindhu et 

al., 2019), including Uganda. The grain of cowpea is the 

most important component of the plant for human con-

sumption (Singh, 2015). Cowpea is a significant dietary 

plant-based protein source for millions of individuals in 

poor countries. It complements nutritionally deficient 

cereal and tuber crop staples (Ddungu et al., 2015).  

 

The IITA's gene bank maintains 15,003 cultivars of 

cowpea from 89 different nations. Amongst this 

germplasm is the cowpea MAGIC (multi-parent ad-

vanced generation inter-cross) population developed 

from eight founder parents with high genetic diversity, 

possessing many traits, and thus providing a broad ge-

netic base for trait discovery (Huynh et al., 2017).  

 

The degree of genetic variation for seed protein and iron 

content in cowpea seeds have been investigated by sev-

eral researchers. Singh and Jauhar, (2006) evaluated 52 

cowpea varieties and reported protein and iron contents 

ranging from 20% to 26% and 56ppm to 95.8ppm. Dda-

mulira et al. (2015) reported protein levels ranging from  
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23.9% to 30.9% in cowpea seeds of 29 cowpea geno-

types. Dakora and Belane (2019) evaluated 32 cowpea 

genotypes and reported seed protein and iron levels of 

up to 40% and seed iron content of up to 67 µg.g−1.  

Furthermore, Ddamulira et al. (2015) evaluated 29 

cowpea genotypes in three locations where com-

bined analysis over the locations showed signifi-

cant genotype, environments and G x E interaction 

for cowpea grain yield and protein content. The 

AMMI analysis for the grain yield indicated that G 

x E interaction effect was highly significant and 

partitioned in the first principal component axis 

(IPCA) where the IPCA1 explained 17.6% of the 

interaction sums implying that interaction of cow-

pea genotypes within six environments was pre-

dicted by the first component of genotypes and 

environment. The AMMI analysis of protein con-

tent showed that the G x E interaction, genotype 

and environment accounted for 43.9%, 49.6% and 

9.5% of the sums of squares, respectively. The 

effect of each genotype and environment on pro-

tein content was illustrated by AMMI (IPCA vs 

means) where the values closer to the origin of the 

axis (IPCA1) provided a smaller contribution to 

the interaction than those that were far away. Ger-

rano et al. (2022) evaluated 15 genetically diverse 

cowpea genotypes across six test environments for 

stability of contents of protein and micro nutrients. 

A significant component of the GEI, the first inter-

action principal component axis (IPCA-1) ex-

plained >91% of the phenotypic diversity in nutri-

ent contents among the genotypes evaluated across 

environments, according to the AMMI test proce-

dure. For Iron content, GEI signals and noises 

were measured at 58.45 and 41.55%, respectively. 

The diagnostic of the AMMI model for protein  

 

Content showed that the GEI-signal and noise, re-

spectively, were 29.71 and 70.29%. Estimates of 

BLUEs and BLUPs revealed two wining genotypes 

for Iron content in four environments varying be-

tween 90.72 and 180.54 based on BLUPs. Based on 

BLUPs data, the total protein varied between 22.37 

and 24.54% across the studied environments.  

 

The cowpea MAGIC population has not yet been evalu-

ated to measure the level and diversity of its seed nutri-

tional content, hence the difficulty in identifying geno-

types with high levels of protein and iron in this popula-

tion. Additionally, the magnitude of genotype by envi-

ronment interaction for protein and iron has not been 

assessed thus making selection for superior genotypes 

for protein and iron difficult. Therefore, the aim of this 

study was to contribute to the improvement of the nutri-

tional composition of cowpea grain genotypes in Ugan-

da. Specifically, the study identified cowpea genotypes 

with high concentration of protein and iron in the MAG-

IC population and determined the influence and magni-

tude of Genotype by environment interaction on these 

nutritional components. The study tested the hypothesis 

that the cowpea MAGIC population encompasses geno-

types with high levels of protein and iron content, and 

these nutritional components are sufficiently stable 

across environment, warranting a fast breeding progress 

and variety release processes in Uganda.  

 

Methodology 

Protein and iron quantification in the cowpea MAG-

IC population. Laboratory analysis for both Protein and 

Iron were carried out at the Animal Nutrition Laboratory 

at Makerere University. The protein content within the 

dry cowpea seeds of each of the 166 accessions of the 

MAGIC population was determined using Micro-

Kjeldhal method  (AOAC, 2012) in two replicates.  
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A sample of 50g of dried cowpea seeds from each gen-

otype was ground using a laboratory seed grinder to 

obtain fine powder, then mixed with five millimeters 

of digestion solution. Each sample was digested in a 

digester block with the temperature gradually increas-

ing up to 370 °C ensuring that all the protein nitrogen 

was completely converted into ammonia in the form of 

ammonium sulphate. The protein nitrogen was then 

quantified by distillation and removal of the nitrogen 

as ammonia in 2% boric acid which created borate ions 

that was subsequently used during titration with stand-

ard sulphuric acid. Nitrogen content was then multi-

plied by conversion factor of 5.45 to establish the 

quantity of crude protein present. 

Iron quantification was also carried in two replicates 

using thiocyanate colorimetry(RSC, 2012). This meth-

od involved four stages which were; Preparation of 

Fe3+ standard solutions, Preparation of 1 mol L−1 am-

monium thiocyanate solution, Preparation of cowpea 

seeds where 2g of seeds from each sample was trans-

ferred to a crucible and heated, reducing the sample 

entirely to ash. After cooling, the sample ash was 

crushed to fine powder, 10ml of 1 mol L−1 of HCL 

added and stirred to ensure that all the ash soaked. 

Then 5ml of distilled water was  added and the solu-

tion filtered into a 100ml conical flask and used for 

colorimetric analysis. In colorimetric analysis, 10ml of 

the filtered solution obtained was transferred into a 

clean test tube then 10ml of every Fe3+ standard solu-

tion was transferred into different boiling tubes in as-

cending sequence of concentration beginning with 2 × 

10−5 mol L−1 standard. Subsequently 10ml (1 mol L−1) 

of ammonium thiocyanate solution was placed into 

small clean containers and 10ml of thiocyanate solu-

tion was then poured into each of the iron solutions as 

fast as possible, mixed and allowed to stand for 15 

minutes then the absorbance of each solution was then 

measured at a wavelength of 490nm using the colorim-

eter. The absorbance results obtained for Fe3+ standard  

 

solutions were used to prepare a graph of Fe3+ (in mol 

L−1) and absorbance (at 490 nm) then a line was drawn 

that went through the origin to best fit the data points. 

Points on the line were identified of best fit which corre-

sponded to the absorbance measured for an iron sample. 

The concentration of Fe3+ in a sample solution was deter-

mined by drawing a vertical line to the horizontal axis. 

This concentration was then used to calculate the mass of 

iron in the sample. 

Data analysis. Data on protein and iron content obtained 

from the laboratory were subjected to analysis of variance 

using R software and means were separated using Fish-

er’s projected Least significant difference at 5%. A sim-

ple linear model was employed following the formula: 

 

where,  is the concentration of the protein or iron of 

the  genotype (  in the  replication ( ,  

is the overall mean, and  is the residual error term. 

Pearson’s correlation coefficient was computed to ascer-

tain the degree and direction of the relationship between 

protein and iron content.  

A multi-trait selection index was computed using the for-

mula: , where  is the vector of selection index 

coefficients, T represents the transpose of the vector  

and  is the vector of mean standardized trait values per 

genotype. The index coefficients were derived by solving 

the equation: , where  is the genetic (or pheno-

typic) variance-covariance matrix weighted by heritabili-

ties, and is the vector of economic weights (2.0 and 1.0 

for protein and iron concentrations, respectively 

(Falconer and Mackay, 1996). This multi-trait selection 

index was used to select the 30 highest index genotypes 

from the MAGIC population to be evaluated in in the  



 5 

  

multi-environment trial to assess the influence and mag-

nitude of genotype by environment interaction on protein 

and iron content. 

 

Results and Discussion 

Analysis of variance indicated significant (P<0.001) dif-

ferences in the protein and iron levels of the cowpea 

MAGIC population lines (Table 1). The data revealed 

marked differences in seed protein with means ranging 

from 15.1% to 26.8% and the Iron content ranged from 

10.6mg/kg to 62.5mg/kg. The results showed that geno-

type MAGIC078 had the highest mean Protein content of 

26.8% as compared to all the checks. However, four 

checks outperformed some of the cowpea lines. Naro-

cowpea 2A, Narocowpea 2B, Narocowpea 3 and Naro-

cowpea4 revealed mean protein contents of 

23.1% ,20.7% ,25.0% and 22.4%, respectively, surpas-

sing other cowpea lines like MAGIC 266 which regis-

tered a mean protein content of 18.3%. Regarding the 

iron contents, MAGIC119 had the highest mean iron lev-

els of 62.5mg/kg greatly surpassing the four checks 

namely: Narocowpea 2A, Narocowpea 2B, Narocowpea 

3 and Narocowpea 4 who registered iron contents of 

45.2mg/kg, 43.0mg/kg, 46.2mg/kg and 35.5mg/

kg,respectively (Table 2). 
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Cowpea protein and iron contents exhibited variability 

among genotypes likely, due to differences in genetic 

attributes as well as extraction and determination tech-

niques (Afiukwa et al., 2013). Seed protein and iron con-

tent showed a weak negative correlation coefficient of -

0.06. This suggests that if both protein and iron content 

are to be improved simultaneously, advanced breeding 

techniques such as marker-assisted selection (MAS) or 

genomic selection will need to be employed in order to 

break the negative correlation and develop varieties with 

enhanced levels of both traits. 

Thirty cowpea lines were selected by index 

selection and advanced for GEI analysis on 

their protein and iron contents. MAGIC070 

had the highest selection index of 126 corre-

sponding to 24.3% and 58.8% protein and iron 

contents, respectively. Amongst the selected 

genotypes were two checks Narocowpea 3 and 

Narocowpea 2A which recorded selection indi-

ces of 113 and 109, respectively (Tables 2 and 

3). Index selection method allows for the sim-

ultaneous selection of a set of variables, inde-

pendent of any association between them, by 

combining data on several agronomic traits 

with the genetic characteristics of the evaluat-

ed population. Rather than selecting for each 

feature separately, this method enables breed-

ers to concentrate on improving many charac-

teristics simultaneously while taking trade-offs 

into account (Carneiro et al., 2021)  
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Table 2. Comparative of performance of  (30)  cowpea MAGIC lines selected for high Protein and Iron concentration  

 Genotype CP Genotype FE 

MAGIC078 26.8 MAGIC119 62.5 

MAGIC149 26.6 MAGIC173 61.5 

IT89KD-288 25.5 MAGIC015 60.9 

MAGIC001 25.5 MAGIC095 60.2 

MAGIC144 25.2 MAGIC070 58.8 

MAGIC284 25.2 MAGIC098 58.3 

NAROCOWPEA 3 25 MAGIC048 57.8 
MAGIC301 24.7 MAGIC197 57.5 
MAGIC011 24.6 MAGIC096 56.2 

MAGIC039 24.6 MAGIC006 55.8 

MAGIC085 24.4 NAROCOWPEA 3 46.2 
NAROCOWPEA 2A 23.1 NAROCOWPEA 2A 45.2 
NARO COWPEA 4 22.4 NAROCOWPEA 2B 43 
NAROCOWPEA 2B 20.7 NARO COWPEA 4 35.5 
MAGIC266 18.3 MAGIC279 27.8 
MAGIC194 18.2 MAGIC107 27.7 
MAGIC220 18.1 MAGIC089 27.4 
MAGIC276 17.7 MAGIC243 27.1 

MAGIC248 17.6 MAGIC099 25.7 

MAGIC104 17.5 MAGIC010 24.6 
MAGIC223 17.5 MAGIC293 24.4 

MAGIC197 17.3 MAGIC240 21.7 

MAGIC293 17.2 MAGIC001 19.9 

MAGIC251 15.1 MAGIC149 10.6 

Table 3. Comparative of performance of (30) cowpea MAGIC lines selected for high Protein and Iron concentration 

 

S/N Genotype 
Crude 
Protein 

(%) 

Iron 
(mg/kg) 

Index S/N Genotype 
Crude 
Protein 

(%) 

Iron 
(mg/kg) 

Index 

   

1 MAGIC070 24.3 58.8 126 16 
NARO-
COWPEA2A 

23.6 45.2 109   

2 MAGIC119 21.8 62.5 124 17 MAGIC024 21.9 48.8 109   

3 MAGIC011 24.6 54.4 122 18 MAGIC051 23 46 108   

4 MAGIC048 22.6 57.8 121 19 MAGIC301 24.7 42.2 108   

5 MAGIC095 21.5 60.2 120 20 MAGIC205 20.3 51 107   

6 MAGIC173 20.6 61.4 120 21 MAGIC020 22.5 46 107   

7 MAGIC015 20.6 60.9 119 22 MAGIC078 26.8 36.1 106   

8 MAGIC098 21.4 58.3 118 23 MAGIC039 24.6 40.6 106   

9 MAGIC068 23.2 52.9 116 24 MAGIC126 21.4 47.2 106   

10 NAROCOWPEA3 25 46.2 113 25 MAGIC174 21.7 46.5 106   

11 MAGIC085 24.4 47.2 113 26 MAGIC328 23.6 42 105   

12 MAGIC147 22.3 50.7 112 27 MAGIC049 22.7 44 105   

13 IT89KD-288 25.5 42.8 111 28 MAGIC179 21.3 46.5 105   

14 MAGIC225 23.1 46.4 109 29 MAGIC060 21.8 45.3 104   

15 MAGIC185 23.9 44.4 109 30 MAGIC075 20.8 37.6 99   
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Conclusion 

The current study revealed a broad range of genetic varia-

tion amongst the 166 accessions of the cowpea MAGIC 

population lines that were assessed for seed crude protein 

and iron concentration. The bulk of cowpea accessions had 

medium protein and iron content, few of the cowpea popu-

lation had high protein and high iron content of 25.9% and 

13.9%, respectively, based on the grouping used. In order 

to increase the fraction of high protein and iron cowpea 

genotypes, more breeding efforts are necessary. In breed-

ing projects for enhanced cowpea varieties based on pro-

tein and iron content, the study offers guidance on choos-

ing superior parental genotypes. The genotypes 

MAGIC078 and MAGIC119 revealed highest levels of 

crude protein and iron concentrations, respectively. With 

the focus on improved grain nutrition composition, these 

genotypes are valuable genetic resources for breeding pro-

grams and cultivar release for developing cowpea geno-

types that exhibit high protein and iron content. 
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