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Abstract 

Twenty nine cowpea genotypes, including four Ugandan genotypes, were evaluated for grain yield, 
protein stability and adaptability under diverse environments in a randomized complete block 
design with three replications. The analysis showed that cowpea grain yield and protein content 
were significantly (P < 0.01) affected by genotypes (G), environments (E), and interaction (G x E). 
Genotypes C2T and C2I had the highest grain yield and protein content respectively, but both were 
only adapted to specific environments. Genotypes C1J, C1V, C2A, C2O, and C2R were adapted to 
three environments with high yield which was stable. Similarly, genotypes BRS Pujante, C1J, C2Q 
and CIT also expressed high protein levels with high stability and wide adaptability. The study 
further revealed that Namulonge 2014B, Serere 2014A, Serere 2014B and Serere were the most 
favorable environments for obtaining high yield and protein respectively, because at these four 
environments, mean yield and protein were higher than the overall mean. All Brazilian genotypes 
had high protein levels compared to Ugandan genotypes indicating the potential of Brazilian ge-
notypes in improving cowpea seed protein content in Uganda. 
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1. Introduction 
Cowpea (Vigna unguiculata (L) Walp) is one of the most important legume crops grown in semi-arid tropical 
regions in Africa [1]. The crop is majorly produced in West Africa, with Nigeria as the leading producer and 
consumer of cowpea, accounting for 61% in Africa [2]. Uganda is also among the ten leading producers of 
cowpea and is ranked 8th in Africa [3]. In Uganda, cowpea is ranked 4th after beans, groundnuts, and soybean [3]. 
Cowpea is mostly grown in the drier eastern and northern parts of Uganda [4]. This is because the crop is tole-
rant to drought and adapted to warm weather, hence it can produce significant yield where other legumes like 
beans fail to grow [5]. 

Cowpea is also a famine staple crop and contributes greatly to food and nutrition security in semi-arid areas. 
In Uganda the average daily protein intake is estimated at 37.7 g per person day but it is much lower in eastern 
and northern drier areas [6]. Cowpea is high in protein and can produce more protein than the dominantly grown 
crops in semi-arid areas such as cassava, sweet potato and maize [7]. Unfortunately, the crop has often been 
considered as a subsistence crop receiving limited genetic improvement from mainstream research. This percep-
tion is, however, changing due to the increasing awareness of consumers, nutritionists and breeders of: i) the 
great genetic variation of nutritious protein in existing cowpea germplasm [1]; ii) the high protein content in 
cowpea bred lines [8]; and iii) the prevalence of protein malnutrition and its adverse effect on human health.  

The levels and effects of malnutrition on human health are well documented [9]. Malnutrition among children 
and pregnant women is partly due to protein and micro-nutrient deficiencies [9]. Protein deficiency results into 
wasting, stuntedness, weight loss and lowers immunity to diseases, which increases health risks [10]. In Uganda, 
40% of children below five years old are stunted and 6% wasted [11]. However, in developed countries, wasting 
and stuntedness has been reduced by use of fortified food supplements. In developing countries like Uganda, 
fortified foods have not reduced the effects of malnutrition and protein deficiencies due to their high cost of dis-
tribution and limited access by rural communities [12]. Staple foods enriched with protein through plant quality 
breeding need to be adopted as a complementary strategy to avert the effects of protein deficiency because this 
strategy provides a cheap source of proteins [13]. For instance, in semi-arid parts of Uganda where other pro-
tein-rich crops like beans and soybean cannot be grown, cowpea can be an equally nutritious substitute. 

Accordingly, the national cowpea breeding program has developed and released high yielding cowpea varie-
ties in Uganda, but they are low in protein content and some are not well adapted to dry conditions. In addition, 
over generations farmers have grown and selected landraces/cultivars that are well adapted, with preferred traits 
such as white color [14] but their yield and protein levels still remain low.  

However, a number of high yielding cowpea lines with high protein content that are well adapted to semi-arid 
conditions have been developed in Brazil [8]. These genotypes could be adopted in Uganda to complement the 
existing varieties in improving the nutrition status of people living in the semi-arid areas of Uganda. Although 
these lines are well adapted to Brazil conditions, there is a need to understand their G x E interactions, adapta-
bility and stability of their yield and protein content across diverse environments in Uganda. By understanding 
the G x E interaction informed choices on their variety, potential and use in improving Ugandan cowpea 
germplasm will be made. Therefore, this study assessed the magnitude of G x E variation, adaptability and sta-
bility of Brazilian lines for grain yield and protein content across diverse environments. 

2. Materials and Methods  
2.1. Genetic Materials 
Twenty nine cowpea genotypes were assessed in the study (Table 1). Twenty two of the Brazilian lines used in 
the study originated from a set of crosses involving three International Institute for Tropical Agriculture (IITA) 
accessions (“IT97K-1042-3”, “IT99K-216-48-1”, and “IT97K-499”) which were high in protein and mineral 
content [15]. The lines were developed under semi-arid conditions in Brazil. BRS Tapaihum, BRS Pujante and 
BRS Carijo are released cowpea varieties in Brazil [8]. Checks (SECOW 2W, SECOW 5T, NE 19 and WC 36) 
were sourced from the National Cowpea Breeding Program (NCBP) at National Semi-Arid Research Institute 
(NaSARRI), Serere. SECOW 2W and SECOW 5T are released varieties that are ranked second to landraces in 
adoption in Uganda [16]. NE 19 and WC 36 are part of the cowpea germplasm collection held at NaSARRI 
which represents the landraces grown in northern and eastern Uganda, respectively. 
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Table 1. Description of cowpea genotypes used in the study at Namulonge, Serere and Apac during the two seasons of 
2014A and 2014B.                                                                                        

Entry Genotype ID Genotype IPCA Code Origin Seed Colour Days to Maturity of Cowpea in Uganda 

1. C2R G1 Brazil Black 70-72 

2. C3S G2 Brazil White 76-81 

3. C1N G3 Brazil Black 72-75 

4. C1R G4 Brazil Black 72-74 

5. C2I G5 Brazil Black 70-73 

6. C1G G6 Brazil Black 71-74 

7. C1S G7 Brazil Black 72-75 

8. C1M G8 Brazil Black 73-76 

9. C2J G9 Brazil Cream 78-80 

10. C2C G10 Brazil Black 74-77 

11. C1J G11 Brazil White 71-73 

12. C1F G12 Brazil Black 70-75 

13. CIT G13 Brazil Black 71-74 

14. C2O G14 Brazil Cream 71-73 

15. C2S G15 Brazil Cream 73.83 

16. C2B G16 Brazil Black 70-73 

17. C2A G17 Brazil Black 70-73 

18. C2Q G18 Brazil Black 72-76 

19. C2T G19 Brazil Cream 69-72 

20. C1O G20 Brazil Black 72.78 

21 C1I G21 Brazil Black 70-72 

22. C1V G22 Brazil Black 71-73 

23. BRS Tapiham G23 Brazil Black 73-77 

24. BRS Pujante G24 Brazil Cream 76-79 

25. BRS Carijo G25 Brazil Black 78-80 

26. SECOW 2W G26 Uganda White 72-76 

27. SECOW 5T G27 Uganda Black 71-75 

28. NE 19 G28 Uganda Cream 77-79 

29. WC 36 G29 Uganda White 73-78 

2.2. Study Area  
The experiment was conducted in three locations (Namulonge, Apac and Serere). Namulonge represented cen- 
tral Uganda, where cowpea is grown as a leafy vegetable for the urban market [17]. Apac and Serere represented 
the mid northern and eastern respectively where cowpea is majorly grown in Uganda for grain (Ddungu et al., 
2015). National Crops Resources Research Institute (NaCRRI) Namulonge, lies at an altitude of 1150 masl with 
a bimodal rainfall (1270 mm annually), annual mean temperature of 22.2˚C, with red sandy clay loam soils of 
pH 4.9 - 5.0, covered by tropical rain forest type of vegetation. The second rain season at Namulonge is much 
higher and longer than the first rain season. Apac lies at an altitude of 1150 m.a.s.l with annual rainfall 975 - 
1000 mm, annual temperature ranging between 17˚C and 29˚C, with reddish brown clay loam of pH 5.4 - 5.9 
and covered with savanna vegetation type. National Semi-Arid Crops Resources Research Institute (NaSARRI), 
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Serere lies at altitude (1140 m.a.s.l), and characterized by a low rainfall (900 - 1000 mm annually), annual tem-
perature of 26˚C with sandy loam soils [18] of pH 5.2 - 6.0 and covered with tall savannah vegetation. In addi-
tional, both Apac and Serere have a bimodal rainfall pattern but with short second season rains 

2.3. Experiment Design and Cultural Practices 
At all sites cowpea was planted during the first rains (March/June, 2014A) in 2014 and during the second rains 
(October/November, 2014 B) of the same year. The experiment was laid out in randomized complete block de-
sign with three replications. In Apac the experiment was hosted on one of farmer’s field but the replication and 
plot size were the same as those at the two on-station sites. Each cowpea genotype was planted at a spacing of 
50 × 20 cm in 2 × 2 m plots. Two seedlings were planted per hill and 2 - 3 weeks later the seedlings were 
thinned to one plant per hill. To protect the plants from insect pests and diseases, dimethoate (40% EC at a rate 
of 1.0 litre∙ha−1) and antracol at the same rate was applied at budding, flowering and podding as recommended 
[19] The fields were maintained weed free by hand hoeing three times before flowering to avoid flower abor-
tion. 

2.4. Data Collection  
At physiological maturity when at least 50% of the pods presented a characteristic green discoloration total yield 
for each genotype was determined. Ten cowpea plants were randomly harvested from two central rows in 1 × 1 m 
area in each experiment unit. The harvested plants were threshed, the seed was weighted and moisture content 
determined. The moisture was corrected to 13% and seed weight recorded. The seed weight data was then 
extrapolated to per plot and per hectare basis. 

2.5. Protein Analysis  
The Micro-Kjeldhal method was used to quantity the protein content within the dry cowpea seed of each genotype. 
Five millimeters of digestion solution was added to 100 mg dry cowpea seeds of a given genotype. The digestion 
of each sample took place in a digester block with a gradual increase in temperature to 370˚C to completely fix the 
protein nitrogen into ammonia, in the form of ammonium sulphate. The nitrogen was then distilled and removed in 
the form of ammonia in 2% boric acid, forming borate ions that were titred with standard sulphuric acid to quan-
tify the protein nitrogen, and later conversion to total protein content. The results were expressed in percentage 
protein, with an adjustment to dry weight. The total proteins were analyzed in the food science laboratory at 
Makerere University Kampala, Uganda. Total protein quantification analyses using the Micro-Kjeldhal method 
were carried out following the previously reported methods [20] [21]. 

2.6. Data Analysis 
Analysis of variance was performed initially for each of the three sites to determine the performance of geno-
types. A combined analysis over locations and seasons was conducted to elucidate the performance of different 
genotypes across environments. To determine the adaptability of genotypes to different environments, G × E 
analysis was performed using the Additive Main Effects and Multiplicative Interaction (AMMI) model [22]. The 
AMMI model was used because it is more effective in determining the most stable and high yielding genotypes 
in multi-environmental trials compared to earlier procedures [23] [24]. The model uses the analysis of variance 
(ANOVA) approach to study the main effects of the genotype and environments and a Principal Component 
Analysis (PCA) for the residual multiplicative interaction between genotypes and environments [25].  

3. Results and Discussions  
3.1. Identifying High Yielding Cowpea Genotypes  
The results from analysis of variance for grain yield exhibited significant (P < 0.001) differences among geno-
types, environments and the interaction (G x E) (Table 2). Among genotypes, C2T produced the highest grain 
yield while C3S gave the least grain yield (Table 3). The high grain yield obtained from genotype C2T implied 
that the performance of this genotype was better than the Ugandan cowpea genotypes across all tested environ-
ments. The superior yield of C2T was more evident in Apac where it was the only genotype that yielded above  
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Table 2. ANOVA for yield and protein content for cowpea genotypes grown at three environments in seasons 2014A and 
2014B in Uganda.                                                                                        

 Grain Yield Protein Content 

Source DF MS DF MS 

Genotype 28 0.5745*** 28 190.0180*** 

Environment 2 31.2886*** 2 54.1108*** 

Genotype x Environment 56 0.4423*** 56 8.9032*** 

Error 348 0.1925 172 0.1673 
***Significant at 0.01, DF = degrees of freedom, MS = mean squares. 

 
Table 3. Grain yield (t∙ha−1) and protein content (%) of cowpea genotypes grown at three environments in Uganda during 
seasons 2014A and 2014B.                                                                                  

Genotype Namulonge Apac Serere Mean  
Grain 
Yield 

Mean 
Protein 
Content  Yield Protein Yield Protein Yield Protein 

C2R 1.10 27.1 0.66 30.9 1.29 26.8 1.02 28.3 

C3S 0.54 27.4 0.35 30.2 0.96 25.3 0.62 27.6 

C1N 0.57 26.1 0.63 29.9 1.25 23.0 0.82 26.4 

C1R 0.56 26.5 0.67 26.9 1.48 24.5 0.90 26.4 

C2I 0.98 29.7 0.39 30.7 1.47 30.5 0.94 30.3 

C1G 1.38 29.3 0.62 26.5 1.43 24.3 1.15 26.7 

C1S 0.67 28.6 0.37 26.0 1.81 29.0 0.95 27.9 

C1M 1.04 26.8 0.63 27.7 1.46 24.7 1.05 26.4 

C2J 0.67 27.1 0.27 24.8 1.49 29.3 0.81 27.1 

C2C 0.90 28.8 0.70 29.6 1.27 25.4 0.97 27.9 

C1J 0.85 28.3 0.66 26.6 2.02 26.8 1.17 27.3 

C1F 0.95 30.0 0.53 25.9 1.41 32.7 0.97 29.5 

C1T 1.30 30.0 0.45 27.6 1.35 25.0 1.03 27.5 

C2O 1.33 27.1 0.44 25.3 1.28 24.7 1.02 25.7 

C2S 0.82 29.0 0.47 24.8 1.27 26.0 0.85 26.6 

C2B 1.75 29.1 0.48 27.4 1.13 23.5 1.12 26.7 

C2A 1.06 28.3 0.41 25.0 1.68 25.4 1.05 26.2 

C2Q 1.04 27.6 0.40 28.2 1.48 26.6 0.97 27.5 

C2T 1.12 27.8 1.43 24.8 2.15 25.1 1.56 25.9 

C1O 0.95 26.6 0.59 26.4 1.27 28.9 0.94 27.3 

C1I 1.26 28.1 0.67 25.2 1.08 25.1 1.00 26.1 

C1V 0.83 25.9 0.46 27.5 1.98 24.2 1.09 25.9 

BRS Tapaihum 0.92 26.4 0.69 25.4 1.41 25.7 1.01 25.8 

BRS Pujante 0.36 28.0 0.52 28.0 1.24 28.1 0.71 28.0 

BRS Carijo 0.16 25.9 0.90 24.8 1.32 25.0 0.79 25.2 

NE 19 0.83 25.7 0.58 24.1 0.82 25.4 0.74 25.1 

WC 36 0.83 24.4 0.49 24.8 1.16 22.5 0.83 23.9 

SECOW 2W 0.90 26.5 0.78 25.2 1.63 22.5 1.10 24.7 

SECOW 5T 1.04 24.3 0.64 23.1 1.71 24.6 1.13 24.0 

Mean 0.92 27.5 0.58 26.7 1.42 25.9   

LSD0.05 0.46 0.64 0.47 0.72 0.56 0.64   
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Table 4. AMMI ANOVA of grain yield and protein content for 29 cowpea genotypes in six environments (three locations 
and two seasons) during 2014A and 2014B in Uganda.                                                           

 Grain Yield Protein Content 

Source DF SS MS DF SS MS 

Treatments 173 152.90 0.884*** 86 1139.3 13.25*** 

Genotype 28 16.31 0.583*** 28 530.8 18.96*** 

Environment 5 64.92 12.983*** 2 108.2 54.11*** 

Genotype x Environment 140 71.67 0.512*** 56 500.3 8.93*** 

PCA1 32 27.38 0.856*** 29 367.1 12.66*** 

Residuals 108 44.29 0.410*** 27 133.2 4.93*** 

Error 336 29.30 0.087 168 28.0 0.17 

*** significant at 0.01, MS = mean square, DF = Degrees of freedom and SS = sums of squares 
 

the national average yield (0.93 t∙ha−1) for cowpea in Uganda [4]. The better performance of C2T in terms of 
yield was probably due to its early maturity. Because of its earliness to mature, the critical stages of its devel-
opment (flowering and pod formation) which require sufficient moisture occurred during the rainy season. Ref 
[26] reported that reproductive development, yield potential and seed formation in cowpea are enhanced by 
moisture availability during flowering and pod formation stages. 

3.2. Identifying Suitable Environments for Cowpea Genotypes. 
Across the diverse environments tested, cowpea yield was significantly (P > 0.05) different. In environments E2 
(Namulonge 2014B), E5 (Serere 2014A) and E6 (Serere 2014B), mean yields were above the overall mean (0.97 
t∙ha−1), indicating that these environments were favorable for obtaining high cowpea grain yield. The high yield 
obtained at Namulonge 2014B was explained by the rainfall pattern that occurred in this area compared to two 
other environments where the experiments were conducted. Namulonge has a bimodal rainfall pattern with 
much longer second season rains. The rain was received during cowpea germination, vegetative and reproduc-
tive stage, yet sufficient soil moisture during the reproductive stage is known to enhance grain filling which re-
sult into increased grain yield [27]. On the other hand, soil texture differentiated environments Serere 2014A 
and 2014B from the rest. The sandy loamy soil in Serere is suitable for proper and health cowpea growth be-
cause it does not restrict root development, has good aeration and drainage [28] [29]. The ideal soil type in Se-
rere explained why in this particular environment better cowpea yield was obtained compared to other environ-
ments which had different soil types. 

3.3. Combined Analysis of Variance for Grain Yield 
The AMMI analysis for the grain yield indicated that G x E interaction effects was highly significant (P < 0.01) 
and partitioned in the first principal component axis (IPCA). The IPCA1 explained 17.6 % of the interaction 
sums (Table 4). This implied that the interaction of cowpea genotypes with six environments was predicted by 
the first component of genotypes and environment which was in agreement with the recommendation by [26]. 
However, this contradicted the findings by [30] which recommended that the most accurate model for AMMI 
can be predicted using the first two IPCAs. These results indicate that the number of terms to be included in an 
AMMI model cannot be specified prior without first trying AMMI predictive assessment [31]. In general, fac-
tors like type of crop, diversity of the germplasm and range of environmental conditions will affect the degree of 
complexity of the best predictive model [32]. 

3.4. Grain Yield Stability 
The analysis of the biplot indicated that genotypes: C2T (G19), C1J (G11), C1M (G8), SECOW 5T (G26), 
SECOW-2W (G27), C2B (16), C1G (G6), C1T (G13), C2O (G14), C2A (G17), C2Q (G18), C2R(G1), C1V 
(G22), BRS Tapaihum (G23), C1I (G21) and C1F (G12) were high yielding since AMMI placed them at the 
right hand side of the midpoint of the axis representing the overall mean of 0.97 t∙ha−1 on the biplot (Figure 1). 
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Figure 1. AMMI 1 Biplot for grain yield (t∙ha−1) of 29 cowpea genotypes (G) and six environ-
ments (E) using genotypic and environmental score. Environments E1 = (Namulonge, season 
2014A), E2 = (Namulonge, Season 2014B), E3 = (Apac, Season 2014A), E4 = (Apac, Season 
2014B), E5 = (Serere, Season 2014A) and E6 = (Serere, Season 2014B).                        

 
In contrast genotype; BRS Carijo (G25), BRS Punjante (G24), C1R (G4), C1N (G3),C3S (G2) C2S (G15), 

C1O (G20) and C2J (G9) were low yielding given that they were placed at the left hand side of the midpoint of 
the axis on the biplot. Even though C2T had high yield but it was only adapted to specific environments i.e Se-
rere (E5) and (E6), because according to AMMI model, genotypes with high mean performance and large value 
of IPCA score are considered to be adapted to specific environments. The specific adaptability to certain envi-
ronments possibly explained the low grain yield of C2T reported by [8] in Brazil. It is presumed that although in 
certain environments C2T yielded highly, in other environments like Brazil, the same genotype might be less 
adapted due to limited ability to mobilize growth resources in certain environments which reduce on its ability to 
produce dry matter and grain yield. Genotype C1J was equally high yielding and more stable than C2T under 
Ugandan conditions. This indicated that although both were high yielding, C1J was a better genotype to adopt in 
Uganda because it was adapted in all environments tested.  

3.5. Identifying Cowpea with High Protein Content  
Analysis of variance indicated significant (P < 0.01) differences in protein levels of cowpea genotypes and en-
vironments (Table 2). Cowpea genotypes, C2I had the highest protein content while protein levels in WC 36 
were the lowest (Table 3). Previous studies done in Nigeria and Zambia indicate that cowpea seed protein con-
tent ranges from 21% - 30% [33] [34].  

More recent author [35] has reported cowpea lines with protein content as high as 34%. The study results 
were highly consistent with that of [30] since in this study seed protein content ranged between 23.9% and 
30.9%. Similarly, genotype C2I which had the highest protein content (30.9%) under Ugandan conditions con-
tained approximately the same protein level (29.9%) as previously reported by [8] in Brazil. On the contrary, 
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genotype C2R which had the highest protein levels (34%) in Brazil contained 4% less protein under Ugandan 
conditions, which might have been due to differences in environmental factors. In the present study all Brazilian 
genotypes had high protein compared to the Ugandan genotypes (check). Hence, the breeding program in 
Uganda can use genotype C2I to improve upon the seed protein content of Ugandan cowpea varieties up to 30%. 
Such a strategy can improve the nutritional levels of communities in cowpea growing areas and also provide 
protein raw materials for agro-processing.  

3.6. Identifying Stable Environments for Cowpea Protein Content  
In identifying favorable environments for growing high protein cowpea genotypes, the AMMI biplot exhibited 
that the three environments differed significantly (Figure 2). Environment E2 (Namulonge) had small contribu-
tion to the variation, but environments E1 (Serere) and E3 (Apac) contributed mostly to the variability. The va-
riability was mainly attributed to differences in soil type and weather conditions in the different environments. 
Although a study by [36] indicated that protein content of cowpea did not differ among soil types in the different 
environments, but findings by [37] showed that cowpea crude protein differed by sites due to difference in soil 
type and weather conditions. In line with the previous findings, the present study also exhibited significant dif-
ferences in protein content under different environments arising from variation in soil type and weather condi-
tions. 

Stability was most observed in environment E2 and the average protein content of genotypes grown in this 
environment was above the overall mean making it the most favorable environment for growing high protein 
cowpea genotypes. The stability of protein content in genotypes grown at Serere (E2) implied that this environ-
ment had favorable conditions for obtaining high protein levels. This was explained by soil texture at Serere. 
Among the study sites, it was only Serere with sandy loam soils and according to [38] cowpea performed best  

 

 
Figure 2. AMMI Biplot for protein content (%) of 29 cowpea genotype (G) and three environ-
ments (E) using genotypic and environmental scores. Environments; E1 = Serere, E2 = Namu-
longe and E3 = Apac.                                                                  

G1

G24

G13

G25
G23

G12

G11

G8G22
G6

G21

G3

G20

G28

G2

G26
G19

G9

G18G4

G17

G27

G7

G29

G10G16

G15

G14

E3

E2

E1

 24  26  28 

-2

 30 

-1

0

1

2

 27  25  29 

IP
CA

  1
 s

co
re

s

Mean protein content (%)



G. Ddamulira et al. 
 

 
2082 

on well drained sandy loam or sandy soil where pH was in the range of 5.5 to 6.5. In addition, Serere with less 
rain compared to other sites, it had more dry seasons. Ref [39] reported that more protein was attainable during 
the dry season than in the rainy season, which probably explained the stability and high protein levels observed 
in cowpea genotype grown at Serere compared to other sites that received more rainfall like Namulonge. Since 
the same site had the highest cowpea grain yield it could be considered as the most favorable environment for 
production of high yielding and protein-rich cowpea varieties in Uganda. This suggestion is in agreement with 
[40] who recommended that breeders should aim at developing varieties that are stable in more than one trait 
within the same environment. Basing on Figure 2, protein levels in genotypes: C20, C1R, C1G, C2Q, BRS Ta-
paihum, C1I, C1J, CIT and BRS Pujante were observed to have greater stability. In terms of protein levels, most 
genotypes including the checks were moderately stable, except C1N, C2J and C1F which were unstable though 
relatively high in protein content. On the other hand, genotypes C1J, C2Q and BRS Pujante had the highest pro-
tein content and stability compared to the check which were widely grown in Uganda.  

3.7. G × E Interaction Analysis for Protein Content 
ANOVA indicated that a G x E interaction was highly significant (P < 0.01) for protein content (Table 4). 
AMMI analysis was continued further to estimate G x E for protein content which exhibited significant interac-
tions in the pooled analysis. The AMMI ANOVA showed that genotype, environment and G x E were signifi-
cant (P < 0.01). The G x E interaction, genotype and environment accounted for 43.9%, 49.6% and 9.5% of the 
sums of squares respectively (Table 4). The effect of each genotype and environment on protein content was il-
lustrated by AMMI (IPCA vs means) biplot (Figure 2). The values closer to the origin of the axis (IPCA1) pro-
vided a smaller contribution to the interaction than those that were far away.  

4. Conclusion  
The study was conducted to understand the yield and protein performance of Brazilian cowpea genotypes under 
diverse environments in Uganda. The grain yield and protein content varied based on the genotypes, environ-
ments and their interactions. Although genotype C2T had the highest yield but it was only adapted to specific 
environments. Hence genotype C1J, which was equally high yielding, stable and adapted to the three environ-
ments tested, should be recommended for cultivation in Uganda. In terms of environments, the best grain yield 
was obtained from Serere, which implied that this environment was favorable for growing Brazilian lines in 
Uganda. The interaction of genotype x environment also affected grain yield which implied that, the grain yield 
of cowpea differed based on different environmental factors (soil types and rainfall). Although, genotype C21 
had the highest protein levels, it might not be the best genotype to grow as a high protein cowpea genotype in 
Uganda. This is because it is only adapted to specific environment, i.e. Serere. But genotypes such as C1J, C2Q 
and BRS Pujante which are high in protein and are adapted to three environments with high stability can be 
promoted in Uganda for human and animal consumption. However, we recommend that in the future the high 
protein content in C21 can be used by breeding program to improve protein content in Ugandan cowpea 
germplasm. 
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