Effect of agro-ecological zones on the agronomic performance of cowpea in the Central
African Republic

Abstract

Cowpea (Vigna unguiculata (L.) Walp.) is a legume cultivated and consumed in the Central
African Republic. Few studies have been carried out on cowpea in the Central African
Republic. For this reason, four local accessions (Kahkir, Gbarah, Aie-toung.and Bambalassa)
collected in different localities were evaluated at three different sites. Yield squares were laid
out according to randomized block design with four replications. These accessions were
selected on the basis of quantitative parameters such as height.growth;: number of pods,
weight of pods (g), pod yield, haulm yield and seed yield. The data was subjected to analysis
of variance (ANOVA). The results show that the seed yield;:pod yield and haulm yield are
statistically different among the four accessions studied. The emergence rate of all accessions
was over 75%. The analysis of variance showed thatssheight of the plants are significantly
different compared to the study areas (p < 0.05). The.study showed that all accessions were
susceptible to viral diseases with a prevalence of more than 50 to 98%. The analysis showed
that the Kahkir and Gbarah accessions were the best in pod, seed and biomass production and
that the most productive sites were that of M'Baiki.
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I. Introduction

Cowpea (Vigna unguiculata (L:) Walp, Fabaceae) is one of the seed legumes cultivated today
in all the tropical and:intertropical zones of Africa, Asia, Europe, the United States, Central
and South Ameriea. It is,domesticated and cultivated in tropical Africa since Neolithic times
and is a Diploid species with 2n= 22 chromosomes (Oumarou et al, 2017; Diouf, 2022).
World production:is-6.4 million tons of dry seeds, more than 80% of which are produced in
Africa (Mamadou. 2021). The annual cultivated area in the world amounts to more than 12.7
millionthectares, of which 10.8 million hectares are in Africa (Neya et al., 2019). Cowpea is
suitable for‘cropping systems in many parts of Africa. It has a high protein content (20 to
25%), vitamin, mineral and high calorie content and occupies an important place in the diet of
many populations (Neya et al., 2002; Mamadou. 2021). Cowpea, due to its nutritional
qualities, is an ingredient of choice for combating malnutrition and ensuring the development
of livestock farming (Smale et al. 2020). It is consumed from the seedling stage to the harvest,
it is used in the preparation of several African dishes. It is a plant that is not very demanding
on the quality of the soil and mainly needs heat and light for its development (Zougmore et
al., 2000; Cruz et al., 2019). It is cultivated mainly in West Africa, which represents almost
two thirds of world production, with Burkina Faso, Nigeria, Mali and Niger as the main



producers. On the other hand, its production remains low in East Africa ( particularly in
Ethiopia, Tanzania and Uganda) , Central Africa ( Cameroon, Chad, the Democratic Republic
of Congo) and the Central African Republic (Cruz et al., 2019). In the Central African
Republic (CAR), the best production of cowpea is recorded in the Sudano-Oubanguian zone
which covers the prefectures of Ouham, Ouham-Pendé and Nana-Mambéré (Ministry of State
for Planning and Economy, 2011). On the other hand, in the Guinean forest zone, cowpea
production remained low. Cowpea represents a potential source of additional income and
sometimes covers the immediate food needs of the family unit. However, despite its many
benefits, cowpea has remained an underexploited crop and one of the most neglected crops in
scientific research (Yaya et al., 2013; Baudoin et al., 1995). The average yield of cowpea in
the peasant environment is never mentioned in the statistics of the production of food crops
which occupy 663,000 ha and are present in almost all Central African farms..In-CAR, very
little information is currently available on the distribution, genetic diversity, ‘eultivation and
consumption of cowpea. The development of a program of prospecting, collection and
selection of elite varieties of cowpea is therefore essential. In this context, the MACOWECA
project (Maize and Cowpea for Sustainable food and Nutrition Security in Western and
Central Africa) funded by the African Union aims to study and build‘the conditions for greater
insertion of cowpea in agricultural systems, in order to improve and popularize the cultivation
of cowpea.

2. Materials and methods
2.1. Agro-ecological characteristics of the study sites

Table 1: The geographical coordinates of the study sites

Site Locality Latitude Longitude Altitude (m) Pluviometry (mm)
PISSA Pissa Il N'04°02°46,4™ E18°09°51,6™ 372 1600
Mbaliki ISDR N3°52'47" E17°57°58,5" 343 1600
YALOKE Zawa N 05°22°37,4™ E16°57°10,7" 723 1400

The study was conducted simultaneously in M'baiki in the forest, in Pissa Il in the wooded
savannah and in Zawa in the wooded savannah of the Central African Republic, which
constitute the three pilot study areas. The choice of these three sites was based on their
geographical positions and their easy accessibility, the geographical coordinates of which are
given in Table I.



2.2. Plant material

The plant material consists of four local accessions (Table 2) which were collected in cowpea
production areas, particularly in the West and North-West in the Sudano-Guinean agro-
ecological zone of the Central African Republic.

2.3. Experimental apparatus

The four-replicate block-file design was applied at all three sites. The experimental plots each
have an area of 1296 m2 The elementary plots had an area of 5m x 5m = 25m? with a spacing
of 0.5m between the lines and 0.5m between the pockets on the line in order to reach a
maximum density of 121 feet per plot or 1936 plants on 16 elementary plots: A spacing of 2m
between the plots and 2m between the blocks, then 5m between the block:and the:border. The
sowing of cowpea was carried out on June 6", 2020 at ISDR, on June 9", 2020.at PISSA 2
and on June 13", 2020 at ZAWA. The seeds were sown in pure culture and 2 to 3 seeds were
deposited per pocket. Maintenance care consisted of weeding and ridging.A total of 3
weedings were carried out from the 45" day after sowing(DAS), at aniinterval of 15 days
from each. On 15 DAS, a thinning of one plant per pocket was done. Yield squares of 2m x
2m=4m’ were placed inside each elementary plot."The' following agro-morphological
parameters were measured: seedling emergence rate;. plant size, number of mature pods,
disease incidence, total fresh biomass, pod weight, number of branches and yield. The
different agro-morphological parameters were »measured according to the recommendations
of the pea descriptors (Useni et al, 2014).

2.4. Evaluation of the severity of viral diseases

(2017) were actually observed in-the experimental field in the three study localities, namely
vein mosaic, mottled or intervened, speckled mosaic and spotted mosaic. The degree of
severity of leaf symptoms was assessed on the plants in observation plots with the Fargette

levels from 0:to 4. Thus; the score
0=no symptoms was defined;
1 = slight. mosaics without deformation and covering less than 20% of the leaf surface;

2 = mosaics and chloroses covering about 50% of the leaf surface with sometimes
deformation of the leaf;

3 = mosaics covering most of the leaf accompanied by necrosis, deformation of the leaf
blade;

4 = terminal stage characterized by the death of the plant.
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The Severity was calculated using the following formula: S= S: severity of symptoms dss:
degree of severity of symptoms on leaf area of diseased leaves; Pt: number of diseased feet
during the control period.

225 dss
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The prevalence of viruses was calculated using the following formula: P= Where, P:
prevalence; Pt: number of diseased feet during the control period; N: total number of plants in
the square.
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2.5. Statistical analysis of data

The agronomic performance data were compared between the cultivated varieties, at the end
of the crop cycle, thanks to a generalized linear.model following the Poisson distribution. The
Chi-square test was used followed by a post hoc multi-comparison test (Bonferroni method)
to compare the proportions of diseased plants at the end.of the crop cycle. Two-way ANOVA
was used to compare plant growth, number and weight of pods/seeds taking as factors locality
and varieties grown. All these tests were.done with the R software and the probability level
for a significant difference of 0.05. In the graphs presented, the histograms accompanied by
the different letters are statistically different (P<0.05).

3. Results
3.1. Plant emergence rate according to agro-ecological zones.

A high:.rate 0f'seedling emergence was reported in the locality of M'Baiki with values greater
than 95% in all accessions (Table 2). In Pissa, the emergence rates were higher than 93% with
the exception of* the Kahkir accession where a drop in the rate to 77% was observed,
significantly.dower than those of the other accessions in the different localities (P<0.05). In
Yaloké, the rates were over 90%. Gbarah was the accession that had a high emergence rate in
all localities (>96%).

Table 2: Rate of survey of local accessions in the study localities (month of July).

Kahkir Gbarah Bambalassa Alie-toung




Mbaiki 97° 98° 96° 97°
Pissa 77° 972 942 97°

Yaloke 92% 97° 97° 93?

The best emergence rate was obtained with the Gbarah (97%) and Bambalassa (97%)
accessions against the Kahkir (92%) and Aie-Toung (93%) accessions with an error
distribution of the Binomial family (P <0.05).

3.2. Height growth of accessions according to study sites.

One month after sowing, plant height was less than 0.5 m in all accessions (Figure 1). Two
months after sowing, a difference in growth appeared by a weak evolution:of the plants in the
locality of Yaloké. At the third month, this trend became cléarer with significant differences
(P<0.0005). Indeed, the plants had a height of at least 2.5 m at the.end of the crop cycle in
Mbaiki and Pissa, while in Yaloké the height of the plants hardly exceeded 2 m (Figure 1).
The Gbarah accession reached a height of 3 m in the locality of<Mbaiki even significantly
exceeding its height in Pissa (P<0.005). The analysis of variance showed that the heights of
the plants are significantly different compared-to the studysites (p < 0.05). The Yaloke site
shows poor plant height growth in the study sites (p < 0.005).
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Figure® 1: Height of plants in the study sites. The heights were compared at the end of the
crop cycle (September) taking the M'baiki site as a reference for these comparisons (two-
factor ANOVA, *P<0.05, **P<0.005, ***P<0.0005)

3.3. Number of branches

The average number of ramifications was higher in M’Baiki (5.16 — 5.84 ramifications) than
in Pissa (4.34 — 4.98 ramifications) and Yaloké (4.13 — 4.34 ramifications). No significant
difference was established between the mean numbers of ramifications in the accessions and
in the different localities (GLM with an error distribution of the'Poisson family, P<0.05;
Table 3).

Table 3: Number of offshoots of the accessions studied

Kahkir Gbarah Bambalassa Ale-toung
Mbaiki 5.84+1.6° 5.22+0.3° 5.16+0.3° 5.46+0.2°
Pissa 4.98+0.7° 4.96+0.2° 4.34+0.5° 4.86+0.1°
Yaloke 4.3+0.9° 4.2+0.3* 4.13+0.2° 4.34+0.1°

The number of ramifications.is:better in M'Baiki than in Pissa and Yaloké according to the
generalized model with an-error distribution of the Binomial family (P<0.05).

4. Prevalence of viral diseases

The prevalence of symptom-based viral diseases in Kahkir and Gbarah accessions remained
stable at:around 20% between July and August in M'baiki. The same trend can be observed
with:the aceession of Ait-toung to Yaloké between July and August. Three months after
sowing, the prevalence of diseases reached a significant proportion for all varieties and on all
study sites with a variation of 50% to 98%. These results show that all varieties were
susceptible to viral diseases. The statistical analysis of comparison does not show significant
differences in the prevalence of viral diseases between the local accessions studied and the
study sites (p<0.05).
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Figure °2: Evaluation of the proportion of infected plants‘according to ecotypes and study
sites. The proportions were compared at the end of the'crop cycle, taking the locality of Pissa
as a reference for these comparisons (two-factor ANOVA, *P<0.05, **P<0.005, ns= non-
significant difference)

3.5. Severity of symptoms in fields

The severity of viral .diseases based on symptoms in the Kahkir and Gbarah accessions
remained stable below 1 betweenJuly and August in M'baiki. The same trend is observed
with the Ait-toung:accession in. Yaloké in July and August. Three months after sowing,
disease severity -reached a significant proportion for all varieties and on all study sites and
varied from 2 to'3.2. The statistical analysis of comparison does not show significant
differences in‘the severity of viral diseases between the accessions studied and the study sites
(p<0.05).
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Figure 3: The severity of viral diseases in the 4 cowpea accessions studied as a function of
site and time.

3.6. Pod yield

The weight of pods was higher in Pissa than'in Mbaiki for the Gbarah and Aie-toung
accessions with a significant difference.. The Kahkir accession gives the same production
(100g/plant) in Mbaiki and Pissa. The Bambalassa accession gives the same production
(80g/plant) in Mbaiki and Pissa. The Kahkir accession produces better in M'baiki than the 3
other accessions. On the other _hand, the KahKir, Gbarah and Aie-tung accessions have the
same level of pod production at Pissa, higher.than that of the Bambalassa accession. It should
be noted that in Yaloké production‘was nil for all the accessions tested during this period.
This could be explained by:the drop in rainfall in this area during this period.
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Figure 4: Pod weight per plant in field yield plot. The values with the different letters are
statistically different according to the generalized model with an error distribution of the
Binomial family (P<0.05). 3.7.



3.7. Seed yield

In M'baiki the best yield was obtained with the Kahkir accession (1.2 t/ha) followed by the
other accessions which have a production of (0.9 t/ha). On the other hand, in Pissa, the
Kahkir, Gbarah and Aie-toung accessions each have a yield of 1.3 t/ha followed by the
Bambalassa accession which produces (0.9 t/ha) with a significant difference. Pod yields for
all accessions showed the same trend as seed yields at both sites. This reveals a correlation
between pod yield and seed yield. That is, the higher the pod yield, the higher the seed yield.
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Figure 5: Estimated pod yield (left) and seed yield (right) in tonne per hectare (t/ha). The
values with the different letters are:statistically different according to the generalized model
with an error distribution of the Binomial family (P<0.05).

3.8. Haulm yield

The best biomass yield is obtained on the M'baiki site (5.9 g/plant) with the Kahkir,
Bambalassa.and. Aie-toung accessions and followed by the Gbarah accession with a yield of
5.7 g/plant. In Pissa, the Kahkir, Gbarah and Aie-toung accessions each produced 5g/plant
more than the Bambalassa accession which had a haulm yield of 4.2 g/plant. In Yaloké, all the
accessions generated the same haulm yield, which is 4.2g/plant.
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Figure 6: Aboveground biomass yield (t/ha). The values with the different letters are
statistically different according to the generalized model with an error, distribution of the
Binomial family (P<0.05).

4. Discussion

In the Central African Republic, few studies have been carried out on cowpea. The objective
of this work is to make a varietal selection on:cowpea accessions. Four (4) accessions were
used to carry out this work. These are Kahkr, Gbarah,Aie-toung and Bambalassa, all local
accessions. According to the analysis of the results, the best survey rate was obtained with the
Gbarah (97%) and Bambalassa (97%) accessions against the Kahkir (92%) and Aie-Toung
(93%) accessions with a Binomial family error distribution (P< 0.05). These studied
accessions gave a good level of emergence rate which is higher than 75% which meets the
standards. They are therefore comparable to those obtained by Joseph et al. (2014) in the
Congo in a rural setting. Three months after sowing, the growth of all the accessions
combined varies: from 2:5 m to:3 m on the Pissa and M'Baiki sites. On the other hand, in
Yaloké, growth.is homogeneous for all accessions at a value of 2m, three months after
sowing. These results can be explained by the fact that rainfall is better in Pissa and M'Baiki
than in. Yaloké. Pissa and M’Baiki are located in the Guinea Forest agroclimatic zone with
rainfall around 1600 m, while Yaloké is located in the Sudano-Oubanguien agroclimatic zone
Voandzou. in Ivory Coast. Indeed, many studies have shown that day length has variable
effects on the vegetative and physiological development of cowpea (Sossa, 2012; Andargie et
al., 2013), but our study could not provide clarification on this point aspect. The number of
ramifications is better in M'Baiki than in Pissa and Yaloké according to the generalized model
with an error distribution of the Binomial family (P<0.05). The presence of many nodules on
the roots would have favoured a good fixation of atmospheric nitrogen which would have
induced a significant development of the fruiting branches and an abundant production of
Three months after sowing, the prevalence of diseases reached a significant proportion for all
accessions and on all study sites. The lowest prevalence (50%) was obtained with the Gbarah
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variety in M'baiki and the highest (98%) with the Khakir variety in Pissa. The results of this
study show that all accessions are susceptible to viral diseases (Neya et al., 2015). The
statistical analysis of comparison does not show significant differences in the prevalence of
viral diseases between the local accessions studied and the study sites (p<0.05). Viral diseases
are the basis of production loss (Adam, 1986; Habiba, 2004). Parameters such as environment
and parasites generally have a direct influence on the vegetative growth, reproductive phase
and the yield of cowpea. The low yields observed in most of the accessions studied could be
partly explained by the effects of agro-ecological zones which favour the emergence of
diseases and the fluctuation of rainfall (Charles et al., 2007; Abera G. et al., 2011; Neya et al.,
2019). The results of this study show that the severity of the diseases reached a significant
proportion for all the accessions three months after sowing. The statistical analysis of
comparison does not show significant differences in the severity of viral diseases between the
accessions studied and the study sites (p<0.05). These results revealed a positive correlation
between the evaluation of the prevalence and that of the severity on‘all the accessions studied.
The pod weight is better in Pissa than in Mbaiki for the Gbarah and: Aie=toung accessions with
a significant difference (p<0.05). The Kahkir accession ‘has an identical production
(100g/plant) in Mbaiki as in Pissa. The Bambalassa accession has:an identical production
(80g/plant) in Mbaiki as in Pissa. The Kahkir accession produces better in M'baiki than the 3
other accessions with a significant difference (p<0.05).:On the other hand, the Kahkir, Gbarah
and Aie-tung accessions have the same level of pod production at Pissa, higher than that of
the Bambalassa accession. The results revealed:that-in Yaloké the pod production was nil for
all the combined accessions tested during:this-period. This could be explained by the fall in
rainfall in this area during this period or the prolongation of the drought (Omoigui et al.,
2020; Palm et al, 2001). This could:also:suggest that the period chosen does not correspond to
favorable conditions for cowpea production,in this area (Hoa et al., 2002). The best seed yield
was obtained with the Kahkir accession which produced 1.2 t/ha in Mbaiki and 1.3 t/ha in
Pissa, followed by the Gbarah and Aie-tung accessions.

5. Conclusion

The study made.it possible to evaluate the seed yield, haulm yield and pod yield of 4 local
accessions in the experimental field. All of these results testify to the existence of significant
diversity within.the local cowpea accessions studied. The level of seed yield, pod yield and
haulm yield Were “statistically different among the four accessions and the localities. This
variability in agronomic performance could result from the expression of a strong
agroecological effect but also from the influence of environmental factors. High yielding local
accessions such as Kahkir and Gbarah are good choices for breeding programs. Molecular
characterization is needed to clarify synonymies and for rational use of available resources.

11



References

Abera G., Wolde M.E., Bakken L. R. 2011. Carbon and nitrogen mineralization dynamics in
different soils of the tropics amended with legume residues and contrasting soil moisture
contents. Biology and Fertility of Soils 18 (1). 66p.

Adam T. 1986. Contribution to the knowledge of cowpea diseases (Vigha unguiculata (L.)
Walp.) in Niger with special mention to Macrophomina phaseolina (Tassi) Goid. Doctoral
thesis, University of Niamey. 117p

Andargie M., Pasquet R.S., Muluvi G.M., Timko M.P. 2013. Quantitative trait laci analysis of
flowering time related traits identified in recombinant inbred lines of cowpea (Vigna
unguiculata); Genome, 56: 289-294.

Baudoin J.P., Camarena F., Lob A.M. 1995. Improvement of four species of tropical food
legumes: Phaseolus vulgaris, P. coccineus, P. polyanthus and P. ‘lunatus. Intra and
interspecific selection. What future for plant breeding; Dubois J. ed,.Paris, France, John
Libbey Euro text, p. 31-49.

Charles K.K., Harold R.M., Mame C.G., Marie C.0., Jean-F.R., Ndiaga C., Rémi S.P. 2007.
Genetic diversity of traditional cowpea [Vigna unguiculata:(L.) Walp.] varieties in Senegal:
preliminary study. Plant Genetic Resources Newsletter, No..152: 33-44

Cruz J.F., Hounhouigan D.J. Havard M., Ferré T.'2019::Grain processing. Collection Tropical
Agricultures in Pocket, Qua, Presses agronomiques de Gembloux, CTA, Versailles,
Gembloux, Wageningen. 182 p.

Desjardins R.L., Smith W.N., Grant,B., Janzen H., Gameda S., Dumanski J. 2001. Soil and
crop management and the greenhouse:gas budget of agro systems in Canada. In: Stott, D.E,
Mothar, R.H., Steinhardt, G:C. (eds), Selected Papers from 10th International Soil
Conservation Organization Meeting’ on Sustaining the Global Farm. USDA-ARS National
Soil Erosion Research.Laboratory, Purdue University, May 24-29, pp. 476-480.

Diallo, H., Diallo"S., Maiga Y. 2019. Study of the woody fodder sector in the district of
Bamako. Global Scientific journal: 7(9).

Diouf T. 2020. Cowpea agrophysiology. Research engineer dissertation in Senegal. 71p

Essowe P.;Darren P.M., Serge G., Jean Z., Zakaria B., James B.N, Mahamadou S., Oumar T.,
Michel P., Philippe R., Denis F. 2017. Complete genome sequence of cowpea polerovirus 1
and cowpea polerovirus 2 infecting cowpea plant in Burkina Faso. Archives of Virology. Vol:
162, 2149-2152p.

Falalou H. 2006. Relevant physiological, biochemical and agronomic parameters for cowpea
(Vigna unguiculata (L.) WALP.) improvement and adaptation programs to water deficit.
Doctoral thesis in ecophysiology at UFRISVT, University of Ouagadougou. 174p

12



Frangois P. M. N., Lassina F., Brice E. K. D., Hortense A. D., Christophe N. K. 2013. Study
of the yield components of six improved cowpea varieties (Vigna unguiculata (L.) WALP).
Journal of Applied Biosciences 63:4754-4762.

Gbaguidi A.A., Assogba P., Dansi M., Yedomonhan H., Dansi A. 2015. Agromorphological
characterization of cowpea varieties grown in Benin. Int. J. Biol. Chem. Science. 9(2): 1050-
1066

Habiba Y. 2004. Agronomic evaluation of some cowpea varieties for seed and haulm
production and their resistance to the main enemies. Master's thesis, University of Niamey,
Niger, 32p.

Hoa N.T.L., Thao T.Y., Lieu P., Herridge D.F. 2002. N2 fixation of ground nut in-the eastern
region of south Vietnam. In: Inoculants and Nitrogen Fixation of Legumes in Vietnam.
Herridge, D.ed. ACIAR Proceedings 109th, ACIAR, Australia, p..19-28.

James B.N., Elisabeth P. Z., Innocent Z., P Z., Oumar T. 2019. Pathogenic, serological and
molecular characterization of cowpea mosaic virus: (Vignawunguiculata (L.) Walp.)
transmitted by aphids (CABMYV) in isolates from Burkina Faso, Cameroon and the Central
African Republic. Int. J. Biol. Chem. Science. 13(1): 382-398.

Joseph Y., Jean J.L., Julien G. D., Marcel.H., "Parisse A. 2014. Adaptation of a cowpea
cultivar (Vigna unguiculata (L.) WALP.) to the pedoclimatic conditions of Boundji (Republic
of Congo). African Science 10(1):217-225.

Lal R., Bruce J.P. 1999. The potential of world cropland soils to sequester C and mitigate the
greenhouse effect. Environmental Science and Policy 2(2), 177-185.

Mamadou S. 2021. The: development potential of cowpea, beyond its grains, in the local
markets of Mali. End.of cycle memory. IPR/IFRA, Katibougou, Mali. 38p

Ministry of State:for Planning and Economy. 2011. Poverty Reduction Strategy Paper 2
(PRSP 2) 2011-2015. 200p.

Neya B."J.;»Zida P. E.,.Sereme D., Lund O. S., Traore O. 2015. Evaluation of yield losses
caused by Cowpea aphid-borne mosaic virus (CABMYV) in 21 cowpea (vigna unguiculata (L.)
Walp.) Varieties:in Burkina faso. Pakistan Journal of Biological Sciences, 18(7), 304-313.

Neya J B,:Zida E, P, Zinga |, Zemba P and Traore O. 2019. Pathogenic, serological and
molecular characterization of cowpea mosaic virus (Vigna unguiculata (L.) Walp.)
transmitted by aphids (CABMYV) in isolates from Burkina Faso, Cameroon and the Central
African Republic. International Journal of Biological and Chemical Sciences; 13(1): 382-
398.

Neya B. J. 2002. Serological variability and epidemiological aspects of cowpea mosaic virus
(Vigna unguiculata (L) walp.) transmitted by aphids in Burkina Faso. DEA dissertation,
University of Ouagadougou, 47p.

13



Neya B.J. 2011. Serology, Pathogenesis, Epidemiology and Control of cowpea aphid-borne
mosaic virus (Cabmv) of cowpea (Vigna Unguiculata (L.) Walp.) transmitted by aphids
(Aphis craccivora, A.gossypii) in Burkina Faso . Doctoral thesis, 153p

Neya B.J., Zabré J., Millogo R.J., Guiko S., Konaté G. 2008. Propagation of the CAMV from
infected Seeds in Three Zones of Burkina. Plant Pathology Journal 7(1): 75-85.

Omoigui L.O., Kamara A.Y., Batieno J., lorlamen T., Kouyate Z., Yirzagla J., Garba U.,
Diallo. 2018. Guide to cowpea production in West Africa. IITA, Ibadan, Nigeria. 65pp.

Oumarou H.I., B. Soumana A., Toulou B., Yamba. 2017. Evaluation of seed and haulm yields
of improved and local varieties of cowpea [Vigna unguiculata (I.) WALP.] in a school field
and in a seed multiplication field in Karma (Niger). 9p.

Palm C.A., Gachengo C.N., Delve R.J., Cadisch G., Giller K.E. 2001. Organic inputs for soil
fertility management in tropical agro ecosystems: Application of an. organic resource
database. Agriculture Ecosystems and Environment 83, 27-42;

Shanko D., Andargie M., Zelleke H. 2014. Interrelation ship and Path Coefficient Analysis of
Some Growth and Yield Characteristics in Cowpea (Vigna unguiculata L. Walp) Genotypes.
Journal of Plant Sciences. 2(2): 97p

Smale M., Theriault V., Vroegindewey R. 2020. Nutritional implications of dietary patterns in
Mali. African Journal of Agricultural and Resource Economics15(3). 177-19p

Sossa E.L. 2012. Back Effect of cowpea (Vigna Unguiculata) fertilization and harvest
residues on lowland rice production In a market gardening rice cropping system. Thesis for
obtaining the Diploma of Advanced Studies (DEA) in Agricultural Sciences. 64p

Stoilova T., Pereira G:,2013. Assessment of the genetic diversity in a germplasm Collection
of cowpea (Vigna unguiculata (L:), Walp.) using morphological traits. African Journal of
Agricultural Research, 8(2): 208p

Useni S., Mayele K., Kasangij P., Nyembo K.L., Boboy L.L. 2014. Effects of sowing date and
spacing on the growth and yield of cowpea (Vigna unguiculata L. WALP) in Lubumbashi,
Practical. manual for sowing live in DR Congo, Volume I: Chapter I. 47p

Yaya T., Mongokoné K., Souleymane., Yatty J.K. 2013. Prospecting, collection and agro-
morphological characterization of voandzou morphotypes [Vigna subterranea (L.) Verdc.
(Fabaceae)] from the savanna zone in Cote d'lvoire. 18p

Zougmore R., Kambou F.N., Ouattara K., Guillobez S. 2000. Sorghum-cowpea intercropping:
An effective technique against runoff and soil erosion in the Sahel (Saria, Burkina Faso). Arid
Land Res Manag14:329-342

14



