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SUMMARY 
Background. Decentralized participatory breeding approach facilitate the development of varieties better suited 

for a diversity of farmers' contexts. To enhance breeding efficiency, formal methodological settings are needed to 

include, at early stage of selection, particular local practices and farmers’ preferences. Objective. Evaluate how 

location, farmers’ profile and local cropping system could be taken into account to optimize selection of cowpea 

varieties in a decentralized context. Methodology: Twenty-two candidate multiline varieties of cowpea (Vigna 

unguiculata L. Walp) were developed from a biparental family of recombinant inbred lines. These varieties were 

subjected to selection under edaphic and climatic conditions of three locations and two cropping systems 

(intercropping versus sole cropping). Trials were carried out in collaboration with farmers' federations. 

Participatory evaluations were conducted over two years by the three groups of farmers defined by the following 

production goals: grains production as priority (“Grain priority profile”), fodder as priority (“Fodder priority 

profile”) and grain quality as priority (“Food processing priority profile”). Results. The statistical analysis 

supported significant effects of location and cropping system on the agronomic traits, with interactions effects 

involving the variety. A strong correlation was observed between the varietal choices of the two farmers’ profiles 

which prioritized respectively grain and food processing. These farmers preferred varieties with higher grain yield 

and best grain quality. Farmers who prioritized fodder preferred more specific varieties, characterized by highest 

haulm yield. Implications. The clustering of farmers into specific profiles is an efficient method which allow 

expressing their diversified production goals through participatory evaluation. This led to more specific varietal 

choices for each of the profiles. Conclusion. This study set cropping systems and farmer profiles as formal design 

factors at early breeding stage. These factors acted efficiently to support the process of varietal choice. The 
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participatory approach highlighted the congruence and complementary between farmers’ and researchers’ 

knowledges. It helped identifying, for intercropping and sole cropping systems respectively, the most suitable 

varieties preferred by each of three respective farmers’ group. 

Key words: Vigna unguiculata L. Walp; cropping system; decentralized selection; participatory breeding; farmer 

profiles. 

 

RESUMEN 
Antecedentes. El enfoque participativo y descentralizado del fitomejoramiento facilita el desarrollo de variedades 

mejor adaptadas a diversos contextos de los agricultores. Para mejorar la eficacia del fitomejoramiento es necesario 

establecer marcos metodológicos formales que incluyan, en las primeras fases de la selección, prácticas locales 

específicas y preferencias de los agricultores. Objetivo. Evaluar la ubicación, perfil de agricultores y sistema de 

cultivo local podrían tenerse en cuenta para optimizar la selección de variedades de caupí en un contexto 

descentralizado. Metodología. Se desarrollaron 22 variedades candidatas multilínea de caupí (Vigna unguiculata 

L. Walp) a partir de una familia biparental de líneas endógamas recombinantes. Estas variedades se sometieron a 

selección en condiciones edáficas y climáticas de tres localidades y dos sistemas de cultivo (cultivo intercalado 

frente a monocultivo). Los ensayos se llevaron a cabo en colaboración con federaciones de agricultores. Durante 

dos años se realizaron evaluaciones participativas de tres grupos de agricultores definidos por los siguientes 

objetivos de producción: producción prioritaria de cereales, producción prioritaria de forraje y calidad prioritaria 

del grano. Resultados. El análisis estadístico mostró efectos significativos en la localización y el sistema de cultivo 

en caracteres agronómicos, y con efectos de interacción con la variedad. Se observó una fuerte correlación entre 

las elecciones varietales de los dos perfiles de agricultores que priorizaban el grano y la transformación alimentaria. 

Estos agricultores prefirieron variedades con mayor rendimiento de grano y mejor calidad de grano. Los 

agricultores que priorizaron el forraje prefirieron variedades más específicas, caracterizadas por un mayor 

rendimiento. Implicaciones. La agrupación de los agricultores en perfiles específicos es un método eficaz que 

permite expresar sus objetivos de producción diversificados a través de la evaluación participativa. Esto  permitirá 

realizar elecciones variedades más específicas para cada uno de los perfiles. Conclusiones. Se establecieron los 

sistemas de cultivo y los perfiles de los agricultores como factores formales de diseño en la fase inicial de selección. 

Estos factores actuaron eficazmente para apoyar el proceso de elección varietal. El enfoque participativo resalta la 

congruencia y complementariedad entre los conocimientos de los agricultores es investigadores. Lo que permitió 

identificar, para los sistemas de cultivo intercalado y monocultivo, las variedades más adecuadas preferidas por 

cada uno de los tres grupos de agricultores.  

Palabras clave : Vigna unguiculata L. Walp; sistema de cultivo; selección descentralizada; fitomejoramiento 

participativo; perfiles de agricultores. 

 

INTRODUCTION 

 

Participatory and decentralized breeding programs 

with farmer’s involvement in selection process are 

now widely considered essential. These programs 

develop varieties adapted to local conditions and 

corresponding to farmers’ needs (Morris and Bellon, 

2004; Witcombe et al., 2005; Ceccarelli and Grando, 

2007). They rely on the complementary skills and 

knowledge of professional breeders, farmers and 

other possible stakeholders (Wolfe et al., 2008; 

Ceccarelli and Grando, 2009). 

 

Farmers’ preferences for varietal traits are diverse 

depending on production systems, agroecological 

and socioeconomic conditions and farmers’ 

production goals (Fufa et al., 2010; Slagboom et al., 

2016; Christinck et al., 2017; Krishna and Veettil, 

2022). The criteria can include adaptability, use and 

processing ease, quality and market demand (Fufa et 

al., 2010). A successful participatory breeding tries 

to meet specific needs of each farmers’ group and 

facilitate the adoption of new varieties or 

technologies (Kammoun, 2014; Christinck et al., 

2017; Tegbaru et al., 2020). 

 

Farmers use a large diversity of local practices for 

crop management. While noticeable efforts have 

been made in the development of participatory 

evaluation methods (Ceccarelli and Grando, 2007; 

Trouche et al., 2008), few breeding programs 

include these local practices in selection (Wolfe et 

al., 2008; Omoigui et al., 2023; Ongom et al., 2023).  

 

The limited success of varieties selected according 

to their performance under crop management 

practices different from those applied by farmers is 

one of the factors explaining low adoption rate of 

improved varieties (Baoua et al., 2021). For 

instance, in cowpea crop, most of these varieties 

developed under sole cropping are not necessarily 

suited for intercropping (Ntare, 1989; Goshime, 

Solomon and Alemayehu, 2020; Kammoun et al., 

2021; Kiær et al., 2022). Therefore, selection of 

genotypes both under sole and intercropping is of 

paramount importance to enhance yield and varietal 

adoption (Goshime, Solomon and Alemayehu, 2020; 

Haug et al., 2021). Considering local cropping 

systems in the process of participatory and 

decentralized selection could increase its 

effectiveness (Wolfe et al., 2008). A methodology 

has been recently proposed to cope with this 

challenge, by including cropping systems and 

farmers’ profile as formal selective pressures in 

decentralized breeding designs (Hamidou et al., 

2023). 
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In addition to the above, in Niger, cowpea is the most 

important legume crop and the second crop in terms 

of cultivated area after pearl millet. It is grown 

mostly in association with other crops, including 

pearl millet and sorghum, in about on 84 % to 96.6 

% of farms according to the regions (Baoua et al., 

2021; Hamidou et al., 2023). 

 

In the present study, a decentralized breeding was 

designed to develop cowpea varieties in three 

locations of Niger, respectively under sole and 

intercropping, considering three farmer profiles in 

each location. The F5 progeny of the cowpea 

landrace Lakkade crossed with an improved donor 

parent (IT07K-292-10) was used to develop, for 

these specific contexts, twenty-two candidate 

multiline varieties with the mixture of 

morphologically homogeneous recombinant inbred 

lines. The objectives were: i) to assess the 

performance of candidate cowpea varieties under 

selective pressure of two local cropping systems; ii) 

compare the varietal choices made by farmer profiles 

to fit their respective ideotypes; iii) analyze the 

relation between farmers scoring and agronomic 

measurements. These two assumptions were 

formulated: i) submitting candidate varieties to 

diverse cropping systems at an early stage in the 

variety development is an efficient selection pressure 

leading to varieties with specific cropping system 

adaptation; ii) performing participatory evaluation 

with separate farmer profiles allows the setting of 

specific ideotypes corresponding to their respective 

production goals. 

 

MATERIAL AND METHODS 

 
Process of developing candidate varieties for 

participatory breeding 

 

Biparental crosses between CS133 (Lakkade) and 

CS098 (IT07K-292-10) were carried out. CS133 is a 

landrace widely used in Maradi region, identified 

during a participatory diagnosis. This landrace is 

well adapted to local conditions, tolerant to Striga 

gesnerioïdes (Willd.) Vatke, with good grain and 

fodder yields, but its grains are of medium size. 

However, it is very late maturing, causing conflicts 

with transhumant livestock farmers. The donor 

parent (CS098) is an improved variety from 

International Institute of Tropical Agriculture (IITA) 

with reduced cycle and improved grain quality. 

 

The crosses were carried out at Maradi station, 

during 2016 rainy season to obtain the F1 

generations (Tchoffo, Abdou and Saidou, 2018). 

Single seed descent method with open self-

pollination was used to advance the population from 

F1 to F4 generation, using two cycles per year 

(rainfed and dry season). No intentional selection for 

a given character was carried out at these stages in 

order to conserve more diversity for decentralized 

trials. So, in F2, all harvested grains were included 

to obtain the F3. The same number of grains from 

each F3 (and respectively F4) plant were mixed to 

constitute the seed stock sown to obtain the next 

generation.  

 

Twenty-two candidate multiline varieties were 

constituted based on similarity for six agro-

morphological traits noted in 303 F4 individual 

progenies obtained during 2018 rainy season trial 

(Table 1). The traits considered were cycle duration, 

grain yield, seed color, eye color, eye diameter and 

seed coat texture. 

 

Participatory and decentralized experimental 

design 

 

To submit the multiline varieties to local 

environmental selection pressures, a decentralized 

participatory trial was carried out in three locations 

during 2019 and 2020 rainfed seasons. The chosen 

sites were Arawraye, Tchake and Sarkin Bindiga 

located in the south central of Niger (Maradi region). 

Farmers of these locations are members of Fuma 

Gaskiya, a farmers' organization; they were involved 

in CowpeaSquare breeding program during 

participatory diagnosis, germplasm collection, 

setting of selection criteria, trial designing and 

installation, trial evaluation and varietal selection. 

The three locations cover a North-South rainfall 

gradient (Figure S1), with sandy soils (Table S1, 

Sadda et al., 2021). 

 

The experimental design was a split plot. The main 

plots corresponded to the cropping systems (sole 

cowpea cropping and cowpea-pearl millet 

intercropping). The distance between plots was 4 m. 

The modality of intercropping, one row of pearl 

millet interposed with one row of cowpea, was 

defined in collaboration with farmers during a 

participatory workshop. The subplots corresponded 

to candidate multiline cowpea varieties. The two 

parents were included as checks and randomized 

with the progenies. Each variety was sown in an 

experimental plot of 36 m². In sole cowpea cropping, 

seven rows of seven hills of cowpea were sown per 

plot, corresponding to a low density of about 13,611 

hills per hectare. In intercropping, seven rows x 

seven hills, and six rows x six hills were sown 

respectively, for pearl millet (~13,611 hills per 

hectare) and cowpea (10,000 hills per hectare). The 

plots were separated by a distance of 2 m. The most 

adopted improved variety of pearl millet (HKP) was 

used in all trials. This split plot was replicated in 

three locations, with no repetition per location. No 

fertilizer and no pesticide were used. 
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Table 1. Agromorphological traits in twenty-two candidate multiline cowpea varieties. 

Candidate variety code Candidate 

variety short 

code 

Number of 

lines bulked 

Flowering cycle 

duration* 

Grain yield class** Seed color Eye color Eye 

diameter 

Aspect of 

seed coat 

CWS-RIL-31-38_17 17 5 Intermediate Common yield Light red Marron Thick Smooth 

CWS-RIL-31-38_2 2 70 Intermediate Common yield White Marron Thick Rough 

CWS-RIL-31-38_20 20 2 Intermediate Very high yield Light red Marron Thick Smooth 

CWS-RIL-31-38_3 3 38 Early Common yield White Marron Thick Rough 

CWS-RIL-31-38_34 34 30 Intermediate Common yield White Marron Thin Rough 

CWS-RIL-31-38_35 35 15 Early Common yield White Marron Thin Rough 

CWS-RIL-31-38_36 36 24 Late Common yield White Marron Thin Rough 

CWS-RIL-31-38_37 37 2 Intermediate Very high yield White Marron Thin Rough 

CWS-RIL-31-38_38 38 3 Early Very high yield White Marron Thin Rough 

CWS-RIL-31-38_4 4 38 Late Common yield White Marron Thick Rough 

CWS-RIL-31-38_43 43 7 Intermediate Common yield White black spotted Marron Thin Rough 

CWS-RIL-31-38_44 44 7 Early Common yield White black spotted Marron Thin Rough 

CWS-RIL-31-38_45 45 12 Late Common yield White black spotted Marron Thin Rough 

CWS-RIL-31-38_46 46 1 Intermediate Very high yield White black spotted Marron Thin Rough 
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Candidate variety code Candidate 

variety short 

code 

Number of 

lines bulked 

Flowering cycle 

duration* 

Grain yield class** Seed color Eye color Eye 

diameter 

Aspect of 

seed coat 

CWS-RIL-31-38_48 48 15 Intermediate Common yield White marron spotted Marron Thin Rough 

CWS-RIL-31-38_49 49 10 Early Common yield White marron spotted Marron Thin Rough 

CWS-RIL-31-38_5 5 2 Intermediate Very high yield White Marron Thick Rough 

CWS-RIL-31-38_50 50 13 Late Common yield White marron spotted Marron Thin Rough 

CWS-RIL-31-38_52 52 1 Early Very high yield White marron spotted Marron Thin Rough 

CWS-RIL-31-38_56 56 3 Early Common yield White Black Thin Rough 

CWS-RIL-31-38_6 6 4 Early Very high yield White Marron Thick Rough 

CWS-RIL-31-38_7 7 1 Late Very high yield White Marron Thick Rough 

*For cycle duration: Early corresponds to duration of 46-55 days between sowing and flowering; Intermediate duration was between 56-65 days; Late duration was superior to 65 days. 

**For grain yield class: Common yield corresponded to production value between quantile 5 % and quantile 95 %; Very high yield corresponded to production value superior or equal 

to quantile 95 %. 
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Agronomic data collection 

 

The data collected are: number of alive plants per 

plot, number of plants infested by S. gesnerioïdes, 

grain production per plot, fodder production per plot 

(haulm), hundred-seeds weight. All the variables 

were measured by plot (n=24), cropping system (2), 

location (3) and year (2). 

 

Participatory evaluation method 

 

In order to take into account, the specific needs of 

the farmers in the development of varietal ideotypes, 

farmers were categorized according to their 

production goals. Even though all farmers were 

interested by both grains and fodder, they differed in 

the use and the relative importance given to each 

product. Three profiles were then defined: i) “Grain 

priority profile”, farmers group who grow cowpea 

mainly for its grains that can be used for family 

consumption and/or for sell; ii) “Fodder priority 

profile”, farmers who grow cowpea mainly for its 

fodder also to sell and/or to feed animals; iii) “Food 

processing priority profile”, farmers who grow 

cowpea especially for processing; women 

predominate in this group. 

 

For participatory evaluation, five to ten farmers from 

each profile were asked about their intention to adopt 

the candidate variety after plot visit followed by 

collective discussion  and individual notation of the 

performance of cowpea varieties. This variable was 

named adoption interest. At this level, the number of 

farmers with an intention to adopt the variety was 

registered, while also specifying the total number of 

voters. At the end of evaluation for each cropping 

system, farmers from each profile were through all 

the plots and chose by consensus the three best 

varieties, variable named like “Top3” hereafter. 

 

Statistical analysis 

 

The analysis of each agronomic trait (grain yield, 

haulm yield and hundred-seeds weight) was carried 

out using a mixed model fitted with lme4 package 

(Bates et al., 2015). The package lmerTest 

(Kuznetsova, Brockhoff and Christensen, 2017) was 

used to test the significance of the factors. The model 

was set as follows: 

 

Yijkr = µ + Li + Aj + Sk + Li x Aj + Li x Sk + Aj x Sk + 

Li x Aj x Sk + (1|Gr) + (Li|Sk x Gr) + (Aj|Li x Gr) + eijkr 

; 

 

where Y is the trait of interest; µ is the intercept; Li 

is the effect of ith location; Aj is the effect of jth year; 

Sk is the effect of kth cropping system; Gr is the effect 

of rth genotype; and e is the residual error. 

 

The best linear unbiased predictors (BLUPs) were 

then computed and plotted. The number of voters has 

been rescaled to an equivalent basis of 100 voters to 

make all evaluations comparable despite sample size 

differences. A correlation matrix comparing scores 

between farmer profiles was constructed and 

visualized (correlograms, corrplot R function).  

 

The Top3 varieties choices were analyzed to identify 

same versus specific choices among the three farmer 

profiles. Specific choices are defined as choices 

made by only one profile. These corresponded to 

choices made by only one profile. Then, for each of 

these profiles, the distribution of the agronomic traits 

was compared between Top3 varieties and the 

others. A Factorial Analysis of Mixed Data (FAMD) 

was performed on the data from the Top3 varieties 

to explore the association between agronomical traits 

and to analyze the similarities of the choices of the 

three farmer profiles. This helped describing a 

posteriori the ideotypes for each farmer profile. All 

analyses were carried out with R software (R Core 

Team, 2022). 

 

RESULTS 

 

An original decentralized breeding approach is 

presented. This participatory approach developed 

innovative varietal model for cowpea consisting in 

multiline varieties, selected for specific local 

environments, local cropping systems and farmer 

profiles. Both agronomic and farmer evaluation data 

were used to assess the twenty-two candidate 

multiline cowpea varieties into three locations. 

 

Phenotypic variability of candidate multiline 

cowpea varieties 

 

The analysis of variance showed significant effect of 

location, year, cropping system and some of their 

interactions on grain yield, haulm yield and hundred 

seed weight (Table S2). Notably, significant effect of 

genotype x cropping system interaction was 

observed for grain yield. The donor parent variety 

IT07K-292-10 (CS098) had lower haulm yield than 

local parent Lakkade (CS133), in all cropping 

systems and locations (Figure 1). The observed 

hundred-seeds weight of donor parent variety 

IT07K-292-10 decreased from 16.17±1.36 g in sole 

cropping to 14.15±2.37 g in intercropping; while that 

of the local variety Lakkade was approximately the 

same between the two cropping systems, 15.39±1.19 

g in sole cropping versus 14.41±1.96 g in 

intercropping. 
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Figure 1. Agronomic characteristics of candidate multiline cowpea varieties by cropping system, during two years 

and three locations. Fitted values adjusted by mixed linear model are shown. *The size of the circle is proportional 

to 100 seeds weight (PCG). 

 

 

Correlation matrix between the three farmer 

profiles 

 

The analysis of farmer evaluation data was 

performed on Arawraye and Tchake locations. In 

each location, five to ten farmers per profile had 

participated each year to fields evaluation. 

 

The food processing and grain priority profiles 

expressed similar adoption interest, as shown by 

significant correlation between their choices (Figure 

2). The correlation coefficient between these two 

profiles varied from 0.40 to 0.71 according to 

location and cropping system. The correlation 

between the fodder priority profile and these two 

profiles was low, with a correlation coefficient 

varying from 0.15 to 0.38. Over locations, the 

average correlation coefficient between three farmer 

profiles was higher in sole cropping (r=0.4) than in 

intercropping (r=0.3). 

 

Varietal choices of three farmer profiles 

 

The analysis of Top3 data revealed that the farmer 

profiles could have the same choices and specific 

choices for each of them (Figure 3). The grain and 

the food processing priority profiles had a high 

number of same choices; however, for a given 

variety selected by two or three farmer profiles, the 

rank differed by farmer profiles. It is the case for the 

candidate variety CWS_RIL-31-38_2, in Arawraye, 

ranked as first variety by food processing priority 

profile, but ranked in second and third position by 

grain and fodder priority profile, respectively. At 

Tchake, the candidate variety CWS_RIL-31-38_56 

was chosen in Top3 by all the three farmer profiles, 

but was ranked first, second and third respectively by 

grain, fodder and food processing priority profiles.  

 

Specific choices of Top3 were also noted for each of 

the farmer profiles, particularly for fodder priority 

profile. For instance, the three varieties selected as 

Top3 in sole cropping at Arawraye in 2019, they 

were not included in Top3 by the two other profiles. 

For grain and food processing profiles, in the two 

locations, five varieties were chosen within the 

twelve choices and were specific for each farmer 

profiles (Figure 3).  

 

The multivariate analysis (FAMD) revealed that the 

structure of agronomic traits of the Top3 varieties 

varied among the farmer profiles (Figure 4). 

Varieties chosen by fodder priority profile were 

clearly distinguished. These varieties were 

characterized by low grain yield; but with high 

haulm yield in contrast to the choices of grain and 

food processing priority profiles. The agronomic 

characteristics of the Top3 selected by these two last 

farmer profiles were almost similar. The food 

processing priority profile tended to select more 

varieties with medium grain and haulm yields, 

whereas farmers of grain priority profile selected 

mostly varieties with higher grain yield and lower 

haulm yield.  
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Figure 2. Correlations of plot evaluation scores between three farmer profiles into both cropping systems for two 

years at Arawraye and Tchake locations. Positive correlations are displayed in blue and negative correlations in 

red as indicated by the color legend at the bottom of the correlogram. The color intensity and circle size are 

proportional to the correlation coefficients. Correlation coefficients marked with a cross have a non-significant p-

value. 

 

 

Relationship between farmers’ evaluation and 

agronomic evaluation 

 

In both cropping system, the Top3 varieties selected 

by farmers had an average grain yield higher than 

that of the non-selected varieties (Figure S2), 

particularly for grain and food processing priority 

profiles. In intercropping, four out the six varieties 

selected by grain priority profile were among the 

best grain yielding varieties (Figure 5A). The same 

trend was true for three varieties within the selected 

ones in sole cropping. But these selected varieties 

had a very low haulm yield, except the candidates’ 

varieties CWS_RIL-31-38_2 and CWS_RIL-31-

38_48, which appeared to be dual-purpose varieties 

with good characteristics in grain and haulm yields, 

respectively in intercropping and sole cropping 

(Figure 5A). In contrast, at Tchake, in intercropping, 

the majority of Top3 varieties (four out six) of this 

grain priority profile had a medium grain yield 

(Figure 5B). In sole cropping, the two selected 

varieties were the best in grain yield, and the two 

others had characteristics of dual-purpose varieties. 

For food processing priority profile, the same trends 

were observed with grain priority profile at both 

locations. 

 

For the farmers that have fodder as priority, the 

haulm yield of their Top3 varieties was slightly 

higher than that of the non-selected varieties (Figure 

S3). These Top3 varieties selected by fodder priority 

profile were not exclusively the best in haulm yield 

at Arawraye. All yield classes have been identified 

(Figure 4A). In both cropping systems, the four 

selected varieties (two in intercropping and two in 

sole cropping) had the best haulm yields with very 

low grain yields. In each cropping system, a dual-

purpose variety was identified. Some varieties 

selected had a haulm yield below the median, but 

with a high grain yield. At Tchake, the farmers tend 

to choose varieties that have good grain and haulm 

yields (Figure 5B).  

Intercropping 

Arawraye 

Sole cropping 

Tchake 
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Figure 3. Same and specific choices of Top3 varieties for three farmer profiles, across the two years and two 

cropping systems for Arawraye (A) and Tchake (B) locations. 

 

 

 
Figure 4. Principal component analysis of agronomic traits for Top3 selected by each farmer profiles, during two 

years and two cropping systems for Arawraye and Tchake locations. *Low yield: production value is inferior or 

equal to quantile 1/3 of the observed distribution (all data). Common yield: production value is between quantile 

1/3 and quantile 2/3. Hight yield: production value is superior or equal to quantile 2/3. 

 

A trend of higher median seed weight in Top3 

varieties was observed for all the farmer profiles in 

both cropping systems, compared to the not selected 

varieties (Figure S4). However, the Wilcoxon test 

detected these differences as no significant (Figure 

S4). 

 

 

 

 

DISCUSSION 

 

The diversity of farmer practices, including cropping 

systems, constitutes an important part of the target 

environment to be taken into account in 

decentralized breeding context (Hamidou et al., 

2023). Several studies   components between sole 

cropping and intercropping of cowpea with cereals 

may be due to competition between the two associated 

species (Legwaila, Marokane and Mojeremane, 2012;
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Figure 5. Agronomic characteristics of candidate multiline cowpea varieties by cropping system at Arawraye (A) 

and Tchake (B) locations. *The size of the circle is proportional to 100 seeds weight (PCG). Fitted values (from 

the mixed model) are plotted. In orange: varieties not selected by each of the three farmer profiles. In blue: varieties 

selected as Top3 by each of the three farmer profiles. 

A 

B 
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Takim, 2012), to shading effect (Undie, Uwah and 

Attoe, 2012), or to radiation interception (Degri, 

Sharah and Dauda, 2012; Ewansiha, Kamara and 

Onyibe, 2014).  

 

Recent experimental studies emphasized the 

importance of setting cropping system as options 

during cowpea selection (Omoigui et al., 2023; 

Ongom et al., 2023). These studies showed that 

taking into account the cropping system during trials 

help identifying the best specific varieties for 

intercropping and sole cropping. The current paper 

introduced three original points to further advance 

the state-of-art in this problem. First, cropping 

system and decentralized multilocation testing are 

introduced earlier in this design, before complete 

genetic fixation of the recombinant inbred lines (F5 

generation). This early introduction ensures that 

cropping system and location act as effective 

selection pressures contributing to candidate variety 

adaptation during its development, and better 

supporting breeder decision. Second, participatory 

evaluation based on farmer notation is included in 

the current study, supporting the decision based on 

classical agronomic measurements. Third, the 

multiline varietal model has the advantage of 

presenting several inbred lines (so several 

genotypes) inside each variety, even if the bulked 

inbred lines are respectively fixed. This original 

varietal model is thus expected to allow adaptive 

evolution even after variety release, based on the 

possibility of genotype frequency variation in each 

variety in response to farmer and/or environment 

selection. 

 

In the current study, the significant interaction of 

variety and cropping system found for grain yield 

indicate that a variety can be good in grain yield in 

sole cropping and bad in intercropping or the 

opposite. This also implies that among the greatest 

grain yields in intercropping, only a proportion 

would have been selected and other rejected on the 

basis of their grain yields in sole cropping. Previous 

studies also reported a significative genotype x 

cropping system interaction, and indicated that the 

best varieties for sole cropping are not necessarily 

the best ones for intercropping (Kammoun, 2014; 

Goshime, Solomon and Alemayehu, 2020).  

 

The hundred-seeds weight of the variety IT07K-292-

10 (CS098, donor parent) was higher compared to 

that of the local parent Lakkade (CS133), which 

allowed the introgression of higher grain weight in 

the progenies. However, the hundred-seeds weight 

of CS098 was considerably reduced in intercropping 

system, compared to CS133 indicating that the local 

parent is better adapted to intercropping. Lakkade is 

a landrace consisting to a population variety. This 

finding was actually expected; due to the 

predominance of intercropping in Niger. The 

landraces evolve generally under this system, which 

lead to best genetic adaptation to intercropping. The 

cropping system in which the variety is grown has an 

effect on the expression of its agronomic traits 

(Demie et al., 2022).  

 

Farmers are not a homogeneous group. Based on 

their production goals, they may belong to different 

“market segments” or subgroups of producers with 

similar preferences (Orr et al., 2018). In this study, 

all farmers are interested by both grain and fodder, 

but with different relative importance. Famers select 

their preferred varieties through the combination of 

various traits (Ishikawa et al., 2019). The results 

indicated that each of the three farmer profiles had 

specific choices, however the choices of fodder 

priority profile were more discriminant. Indeed, the 

agronomic characterization of the Top3 of three 

farmer profiles confirmed that fodder priority profile 

choices were distinguished from the two others’ 

profiles. Farmers from this group are specialized in 

fodder production for livestock feeding. They need 

varieties with large and high number of leaves 

(producing haulm after drying), a lot of branches 

(several ramifications) and with stay-green 

phenotype at maturity (Abdoulaye, 2018; Hamidou 

et al., 2023). 

 

Grains constitute the primary product for family diet 

and food processing. The grain and food processing 

profiles are all primarily interested in grain 

production. This explains the significant correlation 

observed between the two farmers’ profile. Farmers 

of grain priority profile selected mostly high grain 

yield varieties with low haulm yield. They sell a part 

of the grains produced into markets and are 

interested by the economic value (Tignegre, 2010). 

Varieties with large grains are particularly 

appreciated for their easy packaging and market 

value. Grain quality is more specifically important 

for women processors. Women tend to select 

varieties with medium grain and haulm yield. Their 

preference for haulm yielding varieties may be partly 

explained by the fact cowpea leaves are used for 

human consumption (Ishikawa et al., 2019; 2020) 

and to rear small ruminants.  

 

CONCLUSION 

 

The current study reported a successful process of 

development of twenty-two candidate multiline 

varieties of cowpea through a decentralized 

participatory breeding in Niger. The study supported 

several points. First, using the cropping system as a 

formal selection pressure applied early in the 

breeding scheme, it was able to identify sets of 

candidate varieties specifically suited for pearl 

millet-cowpea intercropping and, respectively, for 

sole cropping. Second, specific evaluation with three 

farmer profiles made the process more inclusive. 
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This allowed the identification of varieties fitting the 

specific production goals of each profile. The 

varieties chosen by farmers from grain priority 

corresponded to ideotypes with higher grain yield 

and low haulm yield. The varieties chosen by food 

processing priority profile, involving women 

predominantly, corresponded to ideotypes with 

medium grain and haulm yields and higher grain 

quality. Farmers from fodder priority profile 

preferred ideotypes with higher haulm yield and low 

grain yield. This result confirmed the relevance of 

farmers profile categorization and its formal 

inclusion into breeding protocol. Third, the 

consideration of agronomic and farmer evaluations 

reinforced the integration of scientific and farmers 

knowledges to better inform and support decision 

making in breeding. These results highlighted the 

importance of formal methodological settings in 

breeding design to consider local cropping systems, 

farmer profiles diversity, local knowledge and 

enhance selection efficiency. 

 

Acknowledgements 

We express our sincere thanks to the McKnight 

foundation for the funding of this research. We 

would like to thank all the intern students of 

CowpeaSquare Project for their valuable 

contribution to participatory evaluations and data 

collection, especially Rafiatou Sahirou Moumouni, 

Mahamane Mourtala Abdou Bako, Salissou 

Hamidou Mahamane, Mariama Amadou Soumaila, 

Abdoulaye Hamadou Hamidou, Abdoulaye Souley 

Ango, Rayana Batouré Dan Dodo, Habsat Rabo, 

Rokia Samaké, Mahamadou Samaila Moussa and 

Larwanou. We are grateful for the participation of all 

the farmers of the Fuma Gaskiya and Mooriben 

federation in this process of breeding activities over 

several years. We further thank the administrative 

staffs of CowpeaSquare Project and Imaan Research, 

especially Yacouba Mamane Djika, Almoustapha 

Garba Mahaman and Aichatou Abdoulaye Dalla for 

administrative and logistic support. We also thank all 

CowpeaSquare project members and members of 

CRFS Community of practice in West Africa for 

regular interdisciplinary discussion during the steps 

of this collaborative work. We particularly thank 

Myriam Adam and 3F Project (CCRP) for 

methodological discussion on local cropping 

systems. We are grateful to Andrea Garavito Guyot 

(CIRAD) for the Spanish translation. We thank 

Bettina Haussman for the review and consistent 

feedbacks of the first draft of this paper. 

 

Funding. This work was funded by McKnight 

foundation under CRFS programme (former CCRP; 

Grants N°15-114 to University Dan Dicko 

Dankoulodo and N°19-318 to CIRAD; Principal 

Investigator: A.-A. Saïdou) 

 

Conflict of interests. The authors confirm that there 

are no known conflicts of interest associated with 

this publication. 

 

Compliance with ethical standards. The nature of 

the study does not require authorization by a 

bioethical committee. 

 

Data availability. Data are available on demand 

addressed by email to the corresponding author. 

 

Author contribution statement (CRedit). 
Rahilatou Moussa Tchoffo: Conceptualization, 

Investigation, Data curation, Formal Analysis, 

Methodology, Writing – original draft, Writing – 

review & editing, Visualization. Abdoul-Aziz 

Saïdou: Conceptualization, Investigation, Data 

curation, Formal Analysis, Methodology, Writing – 

review & editing, Supervision, Validation, Funding 

acquisition, Project administration. Souleymane 

Abdou: Conceptualization, Methodology, Writing – 

review & editing. Mahamadou Nourou Saadou 

Souley: Conceptualization, Investigation, Data 

curation. Hadiara Hamadou Hamidou: 

Conceptualization, Investigation, Writing – review 

& editing. Boureima Seyni: Conceptualization, 

Investigation, Data curation. Tanda Yacouba: 

Conceptualization, Investigation. Mamane Aminou 

Ali: Conceptualization, Investigation. Hassane 

Mahamadou Sanoussi: Conceptualization, 

Investigation. Nouhou Salifou Jangorzo: 

Conceptualization, Investigation, Writing – review 

& editing, Project administration. Hassane Bil-

Assanou Issoufou: Conceptualization, Writing – 

review & editing, Project administration. Helene I. 

Joly: Writing – review & editing, Supervision. 

Bakasso Yacoubou: Conceptualization, Writing – 

review & editing, Supervision, Project 

administration. 

REFERENCES 

 

Abdoulaye, M.M., 2018. Facteurs et paramètres de 

mesure de la performance agronomique du 

niébé selon la perception paysanne : cas de 

la zone d’intervention de CowpeaSquare. 

Mémoire de Master2. Faculté des Sciences 

d’Agronomie et de l’Environnement, 

Université Boubacar Bâ de Tillabéri. 

 
Baoua, I., Rabé, M.M., Murdock, L.L. and 

Baributsa, D., 2021. Cowpea production 

constraints on smallholders’ farms in 

Maradi and Zinder regions, Niger. Crop 

Protection, 142, p.7. 

https://doi.org/10.1016/j.cropro.2021.1055

33  

 
Bates, D., Maechler, M., Bolker, B. and Walker, S., 

2015. Fitting Linear Mixed-Effects Models 

Using lme4. Journal of Statistical Software, 

https://doi.org/10.1016/j.cropro.2021.105533
https://doi.org/10.1016/j.cropro.2021.105533


Tropical and Subtropical Agroecosystems 27 (2024): Art. No. XXX                                                                                  Tchoffo et al., 2024 

13 

67(1), pp.1–48. 

https://doi.org/doi:10.18637/jss.v067.i01  

 

Ceccarelli, S. and Grando, S., 2007. Decentralized-

participatory plant breeding: an example of 

demand driven research. Euphytica, 155(3), 

pp.349–360. 

https://doi.org/10.1007/s10681-006-9336-8  

 

Ceccarelli, S. and Grando, S., 2009. Participatory 

Plant Breeding. In: M.J. Carena, ed. 

Cereals. [online] New York, NY: Springer 

US. pp.395–414. 

https://doi.org/10.1007/978-0-387-72297-

9_13  

 

Christinck, A., Weltzien, E., Rattunde, F. and Ashby, 

J., 2017. Gender differentiation of farmer 

preferences for varietal traits in crop 

improvement: Evidence and Issues. 

Working Paper No. 2. CGIAR Gender and 

Agriculture Research Network; CGIAR 

System Management Office and 

International Center for Tropical 

Agriculture (CIAT), p.38. 

 

Dahmardeh, M., Ghanbari, A., Syasar, B. and 

Ramroudi, M., 2009. Effect of 

intercropping maize (Zea mays L.) with 

cowpea (Vigna unguiculata L.) on green 

forage yield and quality evaluation. Asian 

journal of plant sciences, 8(3), pp.235–239. 

https://doi.org/10.3923/ajps.2009.235.239  

 

Degri, M.M., Sharah, H.A. and Dauda, Z., 2012. 

Effects of intercropping pattern and 

planting date on the performance of two 

cowpea varieties in Dalwa, Maiduguri, 

Nigeria. Journal of Environmental Issues 

and Agriculture in Developing Countries, 

4(3), p.36. 

 

Demie, D.T., Döring, T.F., Finckh, M.R., van der 

Werf, W., Enjalbert, J. and Seidel, S.J., 

2022. Mixture × genotype effects in 

cereal/legume intercropping. Frontiers in 

Plant Science, 13, p.17. 

https://doi.org/10.3389/fpls.2022.846720  

 

Ewansiha, S.U., Kamara, A.Y. and Onyibe, J.E., 

2014. Performance of cowpea cultivars 

when grown as an intercrop with maize of 

contrasting maturities. Archives of 

Agronomy and Soil Science, 60(5), pp.597–

608. 

https://doi.org/10.1080/03650340.2013.82

9565  

 

Fufa, F., Grando, S., Kafawin, O., Shakhatreh, Y. 

and Ceccarelli, S., 2010. Efficiency of 

farmers’ selection in a participatory barley 

breeding programme in Jordan. Plant 

Breeding, 129(2), pp.156–161. 

https://doi.org/10.1111/j.1439-

0523.2009.01670.x 

 

Goshime, M.M., Solomon, A.S. and Alemayehu, 

Z.L., 2020. Performance evaluation and 

selection of new maize hybrids under sole 

and inter crop production systems. Journal 

of Plant Breeding and Crop Science, 12(3), 

pp.219–227. 

https://doi.org/10.5897/JPBCS2020.0898 

 

Hamidou, H.H., Saidou, A.-A., Joly, H.I., Tchoffo, 

R.M., Issa, M.S.S., Souley, M.N.S. and 

Bakasso, Y., 2023. Inferring multilocal 

typologies of agrosystems and farmers’ 

practices: a methodological basis for the 

setting of participatory breeding designs. 

Heliyon, 9, p.14. 

https://doi.org/10.1016/j.heliyon.2023.el39

92 

 

Haug, B., Messmer, M.M., Enjalbert, J., Goldringer, 

I., Forst, E., Flutre, T., Mary-Huard, T. and 

Hohmann, P., 2021. Advances in breeding 

for mixed cropping – incomplete factorials 

and the producer/associate concept. 

Frontiers in Plant Science, 11, p.11. 

https://doi.org/10.3389/fpls.2020.620400 

 

Ibrahim, H.A., Singh, L. and Babaji, G.A., 2014. 

Evaluating yield performance of cowpea 

varieties under sole and intercropping with 

sorghum at Bauchi, Nigeria. Ethiopian 

Journal of Environmental Studies and 

Management, 7(1), pp.709–719. 

http://dx.doi.org/10.4314/ejesm.v7i1.2S 

 

Ishikawa, H., Drabo, I., Boukar, O., Fatokun, C. and 

Muranaka, S., 2019. Comparative analysis 

of farmers’ selection criteria for cowpea 

(Vigna unguiculata) varieties in Niger and 

Burkina Faso. Japan Agricultural Research 

Quarterly: JARQ, 53(3), pp.159–167. 

https://doi.org/10.6090/jarq.53.159 

 

Ishikawa, H., Drabo, I., Joseph, B.B., Muranaka, S., 

Fatokun, C. and Boukar, O., 2020. 

Characteristics of farmers’ selection criteria 

for cowpea (Vigna unguiculata) varieties 

differ between north and south regions of 

Burkina Faso. Experimental Agriculture, 

56(1), pp.94–103. 

https://doi.org/10.1017/S00144797190001

9X 

 

Kammoun, B., 2014. Analyse des interactions 

génotype x environnement x conduite 

https://doi.org/doi:10.18637/jss.v067.i01
https://doi.org/10.1007/s10681-006-9336-8
https://doi.org/10.1007/978-0-387-72297-9_13
https://doi.org/10.1007/978-0-387-72297-9_13
https://doi.org/10.3923/ajps.2009.235.239
https://doi.org/10.3389/fpls.2022.846720
https://doi.org/10.1080/03650340.2013.829565
https://doi.org/10.1080/03650340.2013.829565
https://doi.org/10.1111/j.1439-0523.2009.01670.x
https://doi.org/10.1111/j.1439-0523.2009.01670.x
https://doi.org/10.5897/JPBCS2020.0898
https://doi.org/10.1016/j.heliyon.2023.el3992
https://doi.org/10.1016/j.heliyon.2023.el3992
https://doi.org/10.3389/fpls.2020.620400
http://dx.doi.org/10.4314/ejesm.v7i1.2S
https://doi.org/10.6090/jarq.53.159
https://doi.org/10.1017/S001447971900019X
https://doi.org/10.1017/S001447971900019X


Tropical and Subtropical Agroecosystems 27 (2024): Art. No. XXX                                                                                  Tchoffo et al., 2024 

14 

culturale de peuplement bi-spécifique de 

cultures associées de blé dur et de 

légumineuses à graines à des fins de choix 

variétal et d’optimisation de leurs 

itinéraires techniques. Thèse de Doctorat. 

Université de Toulouse. 

 

Kammoun, B., Journet, E.-P., Justes, E. and 

Bedoussac, L., 2021. Cultivar grain yield in 

durum wheat-grain legume intercrops could 

be estimated from sole crop yields and 

interspecific interaction index. Frontiers in 

Plant Science, 12, p.14. 

https://doi.org/10.3389/fpls.2021.733705 

 

Kiær, L.P., Weedon, O.D., Bedoussac, L., Bickler, 

C., Finckh, M.R., Haug, B., Iannetta, 

P.P.M., Raaphorst-Travaille, G., Weih, M. 

and Karley, A.J., 2022. Supply chain 

perspectives on breeding for legume–cereal 

intercrops. Frontiers in Plant Science, 13, 

p.8. 

https://doi.org/10.3389/fpls.2022.844635 

 

Krishna, V.V. and Veettil, P.C., 2022. Gender, caste, 

and heterogeneous farmer preferences for 

wheat varietal traits in rural India. PLoS 

ONE 17(8): e0272126., p.14. 

https://doi.org/10.1371/journal.pone.02721

26 

 

Kuznetsova, A., Brockhoff, P. and Christensen, R., 

2017. lmerTest Package: Tests in Linear 

Mixed Effects Models. Journal of 

Statistical Software, 82(13), pp.1–26. 

https://doi.org/doi:10.18637/jss.v082.i13 

 

Legwaila, G., Marokane, T. and Mojeremane, W., 

2012. Effects of intercropping on the 

performance of maize and cowpeas in 

Botswana. International journal of 

Agriculture and Forestry, 2(6), pp.307–

310. 

https://doi.org/10.5923/j.ijaf.20120206.07  

 

Mohammed, I.B., Olufajo, O.O., Singh, B.B., 

Oluwasemire, K.O. and Chiezey, U.F., 

2008. Productivity of millet/cowpea 

intercrop as affected by cowpea genotype 

and row arrangement. World Journal of 

Agricultural Sciences, 4(S), pp.818–824. 

 

Morris, M.L. and Bellon, M.R., 2004. Participatory 

plant breeding research: Opportunities and 

challenges for the international crop 

improvement system. Euphytica, 136(1), 

pp.21–35. 

https://doi.org/10.1023/B:EUPH.00000195

09.37769.b1 

 

Ntare, B.R., 1989. Evaluation of cowpea cultivars 

for intercropping with pearl millet in the 

Sahelian zone of West Africa. Field Crops 

Research, 20(1), pp.31–40. 

 

Omoigui, L.O., Kamara, A.Y., Shaibu, A.S., Aliyu, 

K.T., Tofa, A.I., Solomon, R. and Olasan, 

O.J., 2023. Breeding cowpea for adaptation 

to intercropping for sustainable 

intensification in the guinea savannas of 

Nigeria. Agronomy, 13(1451), p.12. 

https://doi.org/10.3390/agronomy1306145

1 

 

Ongom, P.O., Fatokun, C., Togola, A., Mohammed, 

S.B., Ishaya, D.J., Bala, G., Popoola, B., 

Mansur, A., Tukur, S., Ibikunle, M., 

Abdulkazeem, B. and Boukar, O., 2023. 

Exploiting the genetic potential of cowpea 

in an intercropping complex. Agronomy, 

13(1594), p.21. 

https://doi.org/10.3390/agronomy1306159

4 

 

Orr, A., Cox, C.M., Ru, Y. and Ashby, J., 2018. 

Gender and social targeting in plant 

breeding. Lima (Peru). CGIAR Gender and 

Breeding Initiative. GBI Working Paper. 

No. 1, p.59. 

 

R Core Team, 2022. R: A language and environment 

for statistical computing. 

 

Sadda, A., Malam Issa, O., Jangorzo, N.S., Saïdou, 

A., Issoufou, H.B. and Diouf, A., 2021. 

Striga gesnerioides (Willd.) Vatke 

infestation and distribution as affected by 

soil properties and varieties at the plot and 

landscape scales in cowpea‐based cropping 

systems. Weed Research, 61(6), pp.519–

531. https://doi.org/10.1111/wre.12510 

 

Slagboom, M., Kargo, M., Edwards, D., Sørensen, 

A.C., Thomasen, J.R. and Hjortø, L., 2016. 

Organic dairy farmers put more emphasis 

on production traits than conventional 

farmers. American Dairy Science 

Association, 99, pp.9845–9856. 

http://dx.doi.org/10.3168/jds.2016-11346  

 

Takim, F.O., 2012. Advantages of maize-cowpea 

intercropping over sole cropping through 

competition indices. Journal of Agriculture 

and Biodiversity Research, 1(4), pp.53–59. 

 

Tchoffo, R.M., Abdou, S. and Saidou, A.-A., 2018. 

Développement des populations multi-

parentales RILs de niébé pour l’analyse des 

bases génétiques de traits d’intérêt 

agronomiques et la création de variétés 

https://doi.org/10.3389/fpls.2021.733705
https://doi.org/10.3389/fpls.2022.844635
https://doi.org/10.1371/journal.pone.0272126
https://doi.org/10.1371/journal.pone.0272126
https://doi.org/doi:10.18637/jss.v082.i13
https://doi.org/10.5923/j.ijaf.20120206.07
https://doi.org/10.1023/B:EUPH.0000019509.37769.b1
https://doi.org/10.1023/B:EUPH.0000019509.37769.b1
https://doi.org/10.3390/agronomy13061451
https://doi.org/10.3390/agronomy13061451
https://doi.org/10.3390/agronomy13061594
https://doi.org/10.3390/agronomy13061594
https://doi.org/10.1111/wre.12510
http://dx.doi.org/10.3168/jds.2016-11346


Tropical and Subtropical Agroecosystems 27 (2024): Art. No. XXX                                                                                  Tchoffo et al., 2024 

15 

adaptées aux contextes locaux. Poster. 

Deuxième Rencontres Francophones sur 

les Légumineuses. Toulouse, France. 

 

Tegbaru, A., Menkir, A., Baco, M.N., Idrisou, L., 

Sissoko, D., Eyitayo, A.O., Tsedeke, A. and 

Tahirou, A., 2020. Addressing gendered 

varietal and trait preferences in West 

African maize. World Development 

Perspectives, 20, p.9. 

https://doi.org/10.1016/j.wdp.2020.100268 

 

Tignegre, J.B.D.L.S., 2010. Genetic study of cowpea 

(Vigna unguiculata (L.) Walp.) resistance 

to Striga gesnerioides (Willd.) Vatke in 

Burkina Faso. Ph.D. thesis. School of 

agricultural sciences and agribusiness. 

University of Kwazulu-Natal. 

 

Trouche, G., Aguirre Acuña, S., Hocdé, H., Obando 

Solis, R. and Chow Wong, Z., 2008. 

Valorisation de la diversité génétique du 

sorgho par des approches de sélection 

participative au Nicaragua. Cahiers 

Agricultures, 17(2), pp.154–159. 
https://doi.org/10.1684/agr.2008.0185 

 

Undie, U.L., Uwah, D.F. and Attoe, E.E., 2012. 

Effect of intercropping and crop 

arrangement on yield and productivity of 

late season maize/soybean mixtures in the 

humid environment of south southern 

Nigeria. Journal of Agricultural Science, 

4(4), pp.37–50. 

https://doi.org/10.5539/jas.v4n4p37 

 

Witcombe, J.R., Joshi, K.D., Gyawali, S., Musa, 

A.M., Johansen, C., Virk, D.S. and Sthapit, 

B.R., 2005. Participatory plant breeding is 

better described as highly client-oriented 

plant breeding. I. Four indicators of client-

orientation in plant breeding. Experimental 

Agriculture, 41(3), pp.299–319. 

https://doi.org/10.1017/S00144797050026

56 

 

Wolfe, M.S., Baresel, J.P., Desclaux, D., Goldringer, 

I., Hoad, S., Kovacs, G., Löschenberger, F., 

Miedaner, T., Østergård, H. and Lammerts 

van Bueren, E.T., 2008. Developments in 

breeding cereals for organic agriculture. 

Euphytica, 163(3), pp.323–346. 

https://doi.org/10.1007/s10681-008-9690-9 

 

 

https://doi.org/10.1016/j.wdp.2020.100268
https://doi.org/10.1684/agr.2008.0185
https://doi.org/10.5539/jas.v4n4p37
https://doi.org/10.1017/S0014479705002656
https://doi.org/10.1017/S0014479705002656
https://doi.org/10.1007/s10681-008-9690-9


Tropical and Subtropical Agroecosystems 27 (2024): Art. No. XXX                                                                                  Tchoffo et al., 2024 

16 

 

SUPPLEMENTARY TABLES AND FIGURES 
 

SUPPLEMENTARY TABLES 

 

Table S1. Trials management and edaphic conditions of the locations. 

*Soil data were extracted from Sadda et al. (2021). Further details on soils could be found in this paper (see 

Text).  

  

Year 2019 2020 

Locations Sarkin 

Bindidga 

Arawraye Tchake Sarkin 

Bindidga 

Arawraye Tchake 

Date of 

sowing 

28 July 05 August 07 August 21 July 19 July 23 July 

Fertilization No fertilizer used No fertilizer used 

Soil type* Soil with 

dominant 

sandy 

texture 

(86.85 ± 0.4) 

and limited 

clay (5.07 ± 

0.0) and silt 

8.09 ± 0.4 

Soil with 

dominant 

sandy texture 

(94.16 ± 0.3) 

and limited   

clay (0.76 ± 

0.0) and silt 

(5.0 8 ± 0.3) 

Soil with 

dominant 

sandy 

texture 

(95.90 ± 

0.3) and 

limited clay 

(0.79 ± 0.0) 

and silt 3.31 

± 0.3 

Soil with 

dominant 

sandy 

texture 

(86.85 ± 0.4) 

and limited 

clay (5.07 ± 

0.0) and silt 

8.09 ± 0.4 

Soil with 

dominant 

sandy texture 

(94.16 ± 0.3) 

and limited   

clay (0.76 ± 

0.0) and silt 

(5.0 8 ± 0.3) 

Soil with 

dominant 

sandy 

texture 

(95.90 ± 

0.3) and 

limited clay 

(0.79 ± 0.0) 

and silt 3.31 

± 0.3 
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Table S2. Main and interaction effects of location, cropping system, year, and variety on agronomic traits 

of cowpea varieties (P-values of significance tests).  

 Grain yield Haulm yield 100 seed weight 

Location *** *** *** 

Year *** *** *** 

Cropping system *** ** * 

Location x Year *** *** *** 

Location x Cropping system *** * * 

Year x Cropping system *** * ns 

Location x Year x Cropping system *** ns ** 

    

1 | Variety ns ns ns 

Location | Cropping system x Variety ** ns ns 

Year | Location x Variety *** *** . 

*The terms at the right of the sign “|” corresponded to random effects. The terms at the left are the random 

intercepts.  Asterisks represent the degree of significance; ns: not significant p-value. 
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SUPPLEMENTARY FIGURES 

 

 

Figure S1. Experimental locations. The three villages are highlighted by a red circle: Tchake is located in the north 

(arid location), Arraoraye in the middle (spelled “Arawraye” in the text), and Serkin Bindiga in the south (wettest 

location, spelled “Sarkin Bindiga” in the text). 
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Figure S2. Adjusted grain yield of candidate varieties selected as Top3 by farmers’ profiles in two respective 

cropping systems, compared to adjusted grain yield of non-selected varieties over two locations (Arawraye and 

Tchake). 
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Figure S3. Adjusted haulm yield of candidate varieties selected as Top3 by farmers’ profiles in two respective 

cropping systems compared to adjusted haulm yield of non-selected varieties over two locations (Arawraye and 

Tchake). 
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Figure S4. Adjusted hundred-seeds weight of candidate varieties selected as Top3 by farmers’ profiles in two 

respective cropping systems compared to adjusted hundred-seeds weight of non-selected varieties over two 

locations (Arawraye and Tchake). 

 

 

 

 
 

 


