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Abstract

Semi-arid regions require the use of varieties adapted to local edaphoclimatic conditions. This study aimed to
characterize landraces (Verde Ligeiro, Sempre Verde, Cariri, Azul, and Corujinha) and commercial cultivars (BRS-
Pajed, Novaera, and Guariba) of cowpea and evaluate the resistance to pests and diseases of the genotypes in
irrigated (Lagoa Seca, PB) and non-irrigated (Esperanga, PB) production fields. The genotypes were cultivated in an
agroecological system, and morpho-agronomic analyses were performed according to the International Biodiversity
descriptors of the species. Molecular characterization was performed by using ISSR markers. Pests and diseases
were evaluated during the crop cycle. The genotypes had differences in qualitative characteristics (growth habit,
flower color, seed color, seed shape, and mature pod color) and in quantitative characteristics (days to flowering,
number of pods, pod length, number of seeds per pod, and yield). In irrigated field, the Corujinha landrace had
the highest yield, and Cariri had the lowest. In non-irrigated field, the Sempre Verde landrace was the most
productive, and the BRS-Novaera cultivar was the least. The 11 ISSR primers used for molecular characterization
of the genotypes generated 123 bands, of which 65% were polymorphic. Intrapopulation genetic diversity was low,
but cluster analysis separated the populations into two groups. Differences in the incidence of powdery mildew
and cercospora leaf spot were found among the genotypes, as well as differences in pod bug infestation. The BRS-
Novaera genotype was the most susceptible to diseases and pests in both irrigated and non-irrigated fields. It is
concluded that the most productive genotypes with the lowest intensity of diseases and pests in irrigated fields
were the Corujinha, Sempre Verde, and Azul landraces, and the BRS-Pajet and BRS-Guariba commercial cultivars;
and under rainfed conditions, the most adapted cultivar was the Sempre Verde landrace.
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Resumo

Regides semidridas exigem o uso de variedades adaptadas as condi¢des edafoclimaticas locais. Este trabalho teve
como objetivo caracterizar variedades crioulas (Verde Ligeiro, Sempre Verde, Cariri, Azul e Corujinha) e cultivares
comerciais (BRS-Pajeti, Novaera e Guariba) de feijdo-caupi e avaliar a resisténcia a pragas e doengas dos genétipos
em campo de produgdo irrigado (Lagoa Seca, PB) e sem irrigagdo (Esperanca, PB). Os genétipos foram cultivados em
sistema agroecoldgico e as andlises morfoagrondmicas realizadas de acordo com os decritores de Biodiversidade
Internacional da espécie. A caracterizagdo molecular foi realizada por meio de marcadores ISSR. As pragas e doencas
foram avaliadas durante o ciclo da cultura. Os genétipos tiveram diferengas quanto as caracteristicas qualitativas
(habito de crescimento, cor da flor, cor da semente, formato da semente e cor da vagem madura) e quantitativas
(dias de floragao, ntimero de vagens, comprimento da vagem, nimero de sementes por vagem e produc¢do). Em
campo irrigado, a variedade crioula Corujinha obteve a maior producdo e a Cariri, a menor. Em campo ndo irrigado,
a variedade crioula Sempre Verde foi a mais produtiva, e a cultivar BRS-Novaera a menos. Os 11 primers ISSR
utilizados para a caracterizagao molecular dos genétipos geraram 123 bandas, das quais 65% foram polimérficas.
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Diniz L.R. et al.

A diversidade genética intrapopulacional foi baixa, mas a analise de agrupamento separou as populacdes em dois
grupos. Diferencas quanto a incidéncia do oidio, da cercosporiose e quanto a infestacdo por percevejos foram
encontradas nos gendtipos. O gen6tipo BRS-Novaera foi o mais suscetivel as doengas e pragas no campo irrigado
e sem irrigagdo. Conclui-se que os genétipos mais produtivos e com menor intensidade de doencas e pragas em
campo irrigado foram as cultivares crioulas Corujinha, Sempre verde e Azul e as cultivares comerciais BRS-Pajeti
e BRS-Guariba; e nas condicdes de sequeiro a cultivar mais adaptada foi a crioula Sempre verde.

Palavras-chave: Vigna unguiculata, marcadores ISSR, diversidade genética, variedades crioulas.

1. Introduction

Cowpea (Vigna unguiculata (L.) Walp.) has great
worldwide socioeconomic importance. Besides Brazil, it is
consumed in various places in Africa, Asia and Latin America
(Kim et al., 2024). The world’s largest cowpea producers
are Nigeria and Niger (Faostat, 2025). In Brazil, cowpea
is mainly grown in semi-arid regions of the Northeast.
This region is characterized by high solar radiation, high
average daytime air temperatures, and low atmospheric
humidity and rainfall (Aragjo et al., 2019; Scholes, 2020).

Cowpea is cultivated by family farmers and agribusinesses
(De Ron et al., 2018; Aratjo et al., 2025). In the state
of Paraiba, many family farmers use seeds of landrace
varieties, which have heterozygous components with
specific environmental adaptability characteristics
(Santos et al., 2016; De Ron et al., 2018). Landrace seeds
are selected every production year by agroecological
family farmers and are kept in familiar and community
seed banks (Santos et al., 2016). In spite of incipient
research, the cowpea agroecological cultivation is a very
important system used by family farmers and has high
socioeconomic importance.

Despite the limited availability of water and the
presence of dry periods during the rainy season, most
family farmers in semi-arid regions cultivate annual
crops, such as cowpea, under rainfed conditions, without
the use of irrigation. In order for cowpea production to
meet the food security and economic needs of family
farmers, it is important that genotypes be characterized
in terms of their adaptability to biotic and abiotic stresses
present in the region. Conducting experiments partially
or entirely under drought conditions allows the selection
of genotypes that are better adapted to the region as a
strategy to achieve good productivity while maintaining
agroecosystem stability (Riyaz et al., 2025).

Morphological and molecular characterization is a
very important step in studies with species germplasm
(Asma et al., 2024), as it identifies germplasm sources
with characteristics of interest, such as production,
resistance to pests, and diseases, efficient use of nutrients,
and tolerance to abiotic stress, among others. All of
these characteristics are important to integrate breeding
programs (Alghamdi et al., 2019; Zafeiriou et al., 2023).
Molecular characterization is an important support to
complement phenotypic characteristics of individuals using
DNA-based molecular markers (Pardey-Rodriguez et al.,
2025). The Inter-Simple Sequence Repeats (ISSR) is one
of the molecular markers recommended for use with
cowpea, targeting various genomic loci and broadening
DNA segments (Aragjo et al., 2019).

2/13

Several pests and diseases can reduce cowpea
production, such as pod bugs (Crinocerus sanctus and
Nezara viridula) (Alves et al., 2022; Melo et al., 2024),
powdery mildew (Erysiphe polygoni), and cercosporiosis
(Pseudocercospora cruenta and Cercospora canescens) (Pio-
Ribeiro et al., 2016). The resistance of genotypes to pests
and diseases can be affected by the environment and is a
crucial factor for agriculture, especially for family farmers,
who often do not carry out spraying due to the cost of the
products and the lack of availability.

The present work has the hypothesis that the selection
of cowpea genotypes by generations of farming families
under semi-arid edaphoclimatic conditions, with biotic
and abiotic stress, furnishes productive genetics that are
resistant to water stress conditions and are adapted to
agroecological production systems. In this context, two
production fields with landraces (Verde Ligeiro, Sempre
Verde, Cariri, Azul, and Corujinha) and commercial
varieties (BRS-Pajeti, BRS-Novaera, and BRS-Guariba) of
cowpea were implemented in a field with (Lagoa Seca-PB)
and without irrigation (Esperanga-PB), to characterize
morpho-agronomically and molecularly these genotypes
in an agroecological system. The aim was to characterize
cowpea genotypes cultivated in the Brazilian semi-arid
region and to identify genotypes that are better adapted in
terms of productive potential and resistance to pests and
diseases in agroecological systems without water stress
(irrigated field) and with water stress (non-irrigated field).

2. Materials and Methods

The experimental material consisted of eight cowpea
genotypes, including five landraces provided by farmers
from the state of Paraiba (PB), Brazil: Verde Ligeiro
(Esperanga-PB), Cariri (Queimadas-PB), Sempre Verde
(Esperanca-PB), Azul (Massaranduba-PB), and Corujinha
(Esperanca-PB), and three cultivars provided by Brazilian
Agricultural Research Corporation - Embrapa Semi-arid:
BRS-Pajed, BRS-Guariba, and BRS-Novaera.

2.1. Morpho-agronomic analysis of cowpea genotypes

The morpho-agronomic characterization was carried out
in two fields in the Agreste region of the state of Paraiba.
Field I in Lagoa Seca (7°15’'75”S 35°87'33”W) and Field II
in Esperanca (6°59'19.2”S 35°52’50.4"W). The areas are
characterized by hot and humid tropical conditions, and
the Képpen and Geiger (1928) climate classification is As
(Francisco et al., 2015). The average temperature during
the months of the experiment was 24.5 °Cin Field I (March
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to June 2018) and 23.8 °C in Field II (April to July 2018)
(Agritempo, 2025).

The field areas used for agroecological cultivation of
annual crops, did not have the use of chemical fertilizers
and pesticides. After crops are harvested, the native
vegetation is maintained in the area to cover the soil
until the next crop is planted. In Field I, qualitative and
quantitative analyses were carried out on campus Il of the
State University of Paraiba. In Field I, quantitative analyses
were carried at the Advice and Services for Projects in
Alternative Agriculture (AS-PTA).

The experiments were conducted in a system with
irrigation (Lagoa Seca, Field I) and without irrigation
(Esperanga, Field II). Sprinkler irrigation was used for
the experiment in Field I. Five sprinklers were installed
between the plots. The irrigation system was activated,
when necessary, since the region had considerable rainfall
during the months of crop development (Figure 1). Annual
precipitation data in the municipalities of Lagoa Seca and
Esperanca in the year 2018 is described in Figure 1.

A randomized complete block design with four
replications and eight treatments was used. The
experimental plots had dimensions of 2.8 m length and
2.4 m in width, each plot totaling an area of 6.72 m?, with
each experimental area of 12.6 m? width and 29.4 m? length,
totaling an area of 370.44 m? The plots consisted of four
rows with eight plants spaced 0.40 m apart and 0.80 m
between rows, resulting in 32 plants per plot, distributed
in 32 plots, with 1 m between plots. The two central rows
were the useful area. Chemical characteristics of the soil
were performed (Table 1) in the experimental areas (Lagoa
Seca-PB and Esperanca-PB).
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The experiments were conducted in the agroecological
production system used by ecologically based family
farmers in the state of Paraiba. Control measures were not
used for pests and diseases. Soil preparation consisted of
plowing, harrowing (Campus Il in Lagoa Seca-PB), and in
AS-PTA the native vegetation was removed with the aid
of a hoe. Native vegetation was preserved in the areas
surrounding the experimental plots. The fertilization
used in the experiments was organic, with the addition
of 500 g of cured bovine manure (Table 1) per planting
hole 25 days before planting. Three seeds were sown per
pit, and at 28 days of sowing, thinning was performed,
leaving one plant per pit.

Morpho-agronomic characterization of genotypes was
carried out according to the descriptors of V. unguiculata
by International Biodiversity (IBPGR, 2007) by using eight
plants from the useful area of each plot. The evaluated
qualitative characters were: growth habit (GH), flower
color (FC), seed color (SC), and mature pod color (MPC)
(IBPGR, 2007). The quantitative traits were: number of
days to flowering (NDF) - observing the number of days
from sowing to the stage when 50% of the plants are in
flowering, pod length (PL), number of pods (NP), number
of seeds per pod (NSP), and plant production (PROD).

2.2. Analysis of genetic diversity of cowpea genotypes

For molecular characterization, leaf samples were
collected from eight individuals of each genotype
(n = 64) in the experimental field. Molecular analyses
were performed at the Biotechnology Laboratory from
Brazilian Agricultural Research Corporation - Embrapa
Cotton, located in Campina Grande, State of Paraiba,

6 7 8 9 10 11 12

Months/2018

B [agoa Seca O Esperanca

Figure 1. Annual precipitation data in the municipalities of Lagoa Seca-PB and Esperanca-PB in the year of 2018. The arrows indicate the
months in which the experiments were performed, March-June in Lagoa Seca-PB, and April-July in Esperan¢a-PB, Brazil (AESA, 2019).
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Table 1. Characteristics of the soil in Field I (Lagoa Seca, PB) and Field Il (Esperanga, PB) at a deph of 0 - 20 cm and of the bovine manure.

Soil pH oM P B Cu Fe Mn Zn Ca K Na Mg H+Al
type - gdm3 e M dMB-mmmmmmmmemmeee e cmol dm3----mnnmnnmee-
Field I
Sandy 4.8 14 45 0.22 0.5 91 2.7 1.6 2.6 0.26 0 0.8 25
loam
Field I1
Sandy 5.7 13 39 0.20 1.0 34 2.8 18 3.2 0.20 0 1.0 1.0
Manure
Bovine 8.2 314.75 114.73 - - - - - 0.95 5.97 1.61 0.75 0.33

OM = Organic matter, pH CaCl, (soil); pH (H,0) (bovine manure), P Extractor Mehlich; Cu, Fe, Mn, and Zn extraction in DTPA. Soil analyses were
carried out in the Soil and Foliar Analysis Laboratory Ribersolo in Ribeirdo Preto, SP. Bovine manure analyses were carried out at Federal University
of Paraiba, Areia. B, Cu, Fe, Mn, and Zn were not determined in bovine manure.

Table 2. Sequence of ISSR oligonucleotides developed by the University of British Columbia Laboratory, total bands generated, polymorphic

oligonucleotide bands, polymorphism rate and polymorphic information content (PIC), used to characterize cowpea genotypes.

Primer Sequence (5°— 37) ;:l:;ls Polgl/;::;;)hic Pol;l(;:t(;r(lggism PIC
UBC 834 AGA GAG AGA GAG AGA GYT 14 8 5714 0.224
UBC 808 AGA GAG AGA GAG AGA GC 11 2 18.18 0.102
UBC 809 AGA GAG AGA GAG AGA GG 1 7 63.63 0.352
UBC 826 ACA CAC ACA CACACA CC 11 8 72.72 0.312
UBC 827 ACA CAC ACA CAC ACA CG 6 5 83.33 0.269
UBC 846 CAC ACA CAC ACA CAC ART 9 7 77.77 0.307
UBC 847 CAC ACA CAC ACA CAC ARC 1 5 45.45 0.172
UBC 858 TGT GTG TGT GTG TGT GRT 9 7 77.77 0.280
UBC 866 CTC CTC CTC CTC CTC CTC 12 8 66.67 0.311
UBC 878 GGA TGG ATG GATGGA T 9 6 66.67 0.303
UBC 888 BDB CAC ACA CAC ACA CA 20 17 85 0.451

Total 123 81

Brazil. The leaf samples were three discs cut by the lid
of the 2.0 mL microtube and collected in the vegetative
phase of development (Campos et al., 2000) according to
the CTAB method (Ferreira and Grattapaglia, 1998) with
modifications. In the ISSR-PCR assays, 11 primers from the
University of British Columbia (UBC, Vancouver, Canada)
(Table 2) were used for the generation of polymorphism,
and had the reactions optimized to obtain better quality
amplification products.

PCR-ISSR reactions were prepared with 25 pl final
volume containing: 2.0 pl of template DNA (20 ng pl')
and 23 pl of PCR mix containing 1.0 mM primer, 0.25 mM
dNTP’s, 2.5 mM MgCl,, PCR buffer 100 mM Tris-HCI (pH
8.5), 500 mM KCl], 1unit Tag DNA polymerase (Ludwig
Biotec®), and ultrapure water. Samples were initially
subjected to 94 °C for 5 minutes, and then to 30-35 cycles
of amplification. Each cycle subjected the samples to 94 °C
for 30 seconds, with annealing temperature ranging from
50 °C for 45 seconds, and finally 72 °C for 2 minutes. After
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the cycles, the samples were kept at 72 °C for 5 minutes
for final extension (Melo et al., 2011; Dias et al., 2015).

One microlite of sample buffer (0.25% bromophenol blue
and 40% sucrose) and 2.0 uL of SYBR® Gold (Invitrogen) were
added to the reaction products, and then the samples were
separated by horizontal gel electrophoresis (1.5% agarose)
and photographed under UV light. The molecular-weight
size marker (Kasvi 1 kb DNA Ladder RTU marker) was used
to determine the molecular weight of fragments.

2.3. Pests and diseases

For the evaluation of pests and diseases, the eight
plants of the useful area were analyzed weekly during the
period of May/June at the Campus in Lagoa Seca-PB, and
in the period of June/July at the ASPTA in Esperanga-PB.
The injuries of phytophagous insects were determined
by using the methodology of Quintela (2001). Disease
assessment was performed by severity. The following
diagrammatic scales were used for the affected area of

Braz. J. Biol., 2026, vol. 86, €298218



the plants for powdery mildew disease (Quintela et al.,
2005) and cercosporiosis (Albert et al., 2008).

2.4. Statistical analysis

Statistical analysis for quantitative morpho-agronomic
characters (PL, NSP, NP, and PROD) was done by fully
integrated analyses of the experiments carried out in two
different locations (Lagoa Seca and Esperanca) and the
data were organized into bar charts. The PL data did not
follow a normal distribution and lacked homogeneity of
variance; therefore, the medians were evaluated by using
the non-parametric Aligned Rank Transform (ART) analysis
via the ARTool package. The NSP data followed a normal
distribution and had homogeneity of variances. The NP
variables were transformed via Box-Cox (A = 0.5) and had
a normal distribution and homogeneity of variances. The
PROD variables were transformed via Box-Cox (A = 0.3)
and met the assumptions of normality and homogeneity
of variances. Mean comparisons were made by Tukey test
at a significance level of 5% to the characters NSP, NP and
PROD. PL median comparisons were made by ART analysis.

The data from the assessment of diseases (Field I and II)
and pod bugs in Field Il met the assumptions of normality
and homogeneity of variances, and were evaluated by using
Tukey’s test at 5%. The pod bugs data from Field I did not
meet the assumptions of normality and homogeneity of
variances and were evaluated by using the generalized
linear model (negative binomial distribution). Pest and
disease data were organized into a table.

Quantitative morpho-agronomic, disease, and pest
statistical analyses were performed by using Software R
(version 3.5.3).

For molecular data analysis, the bands generated by
each primer were counted and scored as binary data,
considering 1 for presence and O for absence of the
band in all genotypes (Yeh et al., 1999). Genetic diversity
parameters were: Nei genetic diversity (He), percentage
of polymorphic loci (P) effective number of alleles (Ne),
observed number of alleles (Na), genetic distance, genetic
identity (Nei, 1973), and Shannon index (I) (Kimura and
Crow, 1964).

Characterization and resistance of cowpea genotypes in the semi-arid

Dendrograms were constructed with the genetic
identity values by analysis of Unweighted Pair Group
Method using Arithmetical Averages (UPGMA) groupings
using the NTSYS statistical software. In addition, the
polymorphic information content (PIC) for each ISSR
primer was determined by the following Expression 1,
where Pjj is the frequency of allele “j” in marker “i” (the
sum extends across all alleles). The calculation was based
on the number of alleles detected per marker for a given
locus and the relative frequency of each allele in the eight
cowpea populations analyzed, as follows:

PICi =1-3nj =1P2ij (1)

Data were organized into a figure (dendrograms) and tables.

3. Results

3.1. Morpho-agronomic analysis of cowpea genotypes

The cowpea genotypes had variability regarding the
qualitative characteristics (Table 3). Among the eight
genotypes evaluated, BRS-Pajeti, Sempre Verde, Corujinha,
and Verde Ligeiro had semi-prostrate growth habit. The
Cariri genotype had intermediate growth habit and the Azul,
BRS-Novaera, and BRS-Guariba genotypes had semierect
growth habit (Table 3).

Regarding the flower coloring, the genotypes produced
violet, white, and yellow flowers. Violet flowers were
produced by BRS-Pajet cultivar and Azul landrace.
Corujinha landrace produced a violet flower with yellow
and Cariri landrace produced a white flower with violet
hue. White flowers were produced by BRS-Novaera and
BRS-Guariba cultivars, with lilac and yellow tones, and by
Verde Ligeiro landrace with a yellow hue. Yellow flowers
were produced only for the Sempre Verde landrace (Table 3).

The seed colors produced by the genotypes were
white, dark brown, light brown, and blue to black. Most
genotypes produced white seeds (BRS-Guariba, BRS-
Novaera, Verde Ligeiro, and Cariri). The white seeds of
the Cariri genotype had uniformly distributed spots.

Table 3. Qualitative characteristics: growth habit (GH), flower color (FC), seed color (SC), seed shape (SS) and mature pod color (MPC),

observed in eight cowpea genotypes.

Qualitative characteristics

Genotypes
GH FC SC SS MPC
BRS-Pajet Semi-prostrate Violet Dark brown Rhomboid Straw-colored
BRS-Guariba Semi-erect White White Rhiniform Dark purple
BRS-Novaera Semi-erect White White Rhiniform Straw-colored
Sempre verde Semi-prostrate Yellow Light brown Rhiniform Straw-colored
Azul Semi-erect Violet Blue to black Rhomboid Dark purple
Corujinha Semi-prostrate Violet Dark brown Ovoid Dark purple
Verde Ligeiro Semi-prostrate White White Rhiniform Dark purple
Cariri Intermediate Violet White Rhiniform Straw-colored

Biodiversity International [17].
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The BRS-Pajet and Corujinha genotypes produced dark
brown seeds. The dark brown seeds of the Corujinha
genotype had small, uniformly distributed spots. The
Sempre Verde genotype produced light brown seeds,
and the Azul genotype produced seeds with a mottled or
marbled blue to black coloration (Table 3).

Three seed shapes were produced by the genotypes:
riniform (BRS-Guariba, BRS-Novaera, Cariri, Verde Ligeiro,
and Sempre Verde), rhomboid (Azul and BRS-Pajet1), and
ovoid (Corujinha) (Table 3).

The genotypes produced mature pods with straw and
dark purple coloration. BRS-Novaera, BRS-Pajed, Cariri,
and Sempre Verde produced straw-colored pods, while
Verde Ligeiro, Azul, Corujinha, and BRS-Guariba produced
dark purple pods (Table 3).

In irrigated Field I (Lagoa Seca), cultivars maintained
their flowering standards ranging from 39 days (BRS-
Pajeti and BRS-Guariba) to 40 days (BRS-Novaera). The
Corujinha landrace was the earliest flowering variety, at
about 47 days. The Sempre Verde variety bloomed at 53
days, Azul at 57 days, Verde Ligeiro at 59 days, and Cariri
had the latest flowering, at 75 days.

In non-irrigated Field Il (Esperanca), the cowpea
genotypes maintained their flowering standards ranging
from 42 days for BRS-Pajet and BRS-Guariba, and 40 days
for BRS-Novaera. Among the landraces, Corujinha was the
earliest flowering variety at 49 days, followed by Sempre
Verde at 53 days, Azul at 57 days, and Verde Ligeiro at 55
days. Cariri had the latest flowering at 77 days.

Pod length and the number of seeds per pod did not
differ between locations (Lagoa Seca and Esperanca),
therefore they were not influenced by the production
field with irrigation (Field I) and without irrigation (Field
I1). However, there are differences between the genotypes
with respect to the variables (Figure 2).

Regarding pod length, the BRS-Pajeti commercial
cultivar and the Azul landrace produced the longest
pods, which did not differ from Verde Ligeiro, Sempre
Verde, and Cariri landraces. The BRS-Novaera commercial
cultivars produced the shortest pods and did not differ
from BRS-Guariba commercial cultivar and Corujinha
landrace (Figure 2A).

20 a a A
18 ab abc abc

16 bed cd

14 d
12
10

PL(cm)

(=1 SR e o]

As observed for the pod length variable, the genotypes
that produced the highest number of seeds per pod were
the BRS-Pajeti commercial cultivar and the Azul landrace
(Figure 2B). The number of seeds per pod did not differ
between the Cariri, Corujinha, Sempre Verde, and Verde
Ligeiro genotypes. Cariri landrace did not differ from the
Azul landrace. BRS-Guariba and BRS-Novaera produced
the lowest number of seeds per pod (Figure 2B).

The production fields with (Lagoa Seca) and without
(Esperanga) irrigation influenced the variables number
of pods and production (grams per plant), with statistical
analyses performed separately for location and genotype
(Figure 3).

In the irrigated field (Field I), the BRS-Guariba cultivar
produced the highest number of pods compared to the
evaluated genotypes. Statistical differences were not
found among BRS-Guariba and Corujinha, BRS-Novaera,
BRS-Pajet, and Sempre Verde genotypes. The Cariri landrace
produced the lowest number of pods, with no differences
compared to Verde Ligeiro and Azul genotypes (Figure 3A).

BRS-Novaera, BRS-Guariba, and Sempre Verde genotypes
produced the greatest number of pods and did not differ
from Verde Ligeiro, Azul, Corujinha, and BRS-Pajed, in the
non-irrigated Field II (Esperanca). The Cariri genotype
produced the lowest number of pods and did not differ from
Verde Ligeiro, Azul, Corujinha, and BRS-Pajet (Figure 3C).

In Lagoa Seca (irrigated Field I), Corujinha landrace had
the highest production, and did not differ from the BRS-
Pajeti, Sempre Verde, BRS-Guariba, Azul, and BRS-Novaera
genotypes. Cariri landrace had the lowest production, and
did not differ from Verde Ligeiro landrace (Figure 3B).

In Esperanca (non-irrigated Field II), the Sempre Verde
genotype had the highest production, and the BRS-Novaera
genotype had the lowest. Azul, Verde Ligeiro, Corujinha,
BRS-Pajed, Cariri, and BRS-Guariba genotypes did not differ
from Sempre Verde and BRS-Novaera genotypes (Figure 3D).

3.2. Analyses of genetic diversity of cowpea genotypes

The eleven primers generated 123 bands, of which
65.8% were polymorphic. The number of bands applied per
primer ranged from 6 to 20 with the polymorphism rate
ranging from 45.45 to 85.0% (Table 2). Primer Polymorphic

14 B
12 a ab

10 be c c c

NSP

S N S O @

Genotypes

Figure 2. Pod length (PL) and number of seeds per pod (NSP) were determined by a joint analysis of experiments in Field I (Lagoa Seca-
PB) and Field II (Esperanga-PB). PL median values followed by the same letter do not differ according the non-parametric analysis. NSP

followed by the same letter do not differ by 5% Tukey.
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Field I (irrigated, Lagoa Seca, PB)

18 ab abc A

abc  abc
bcd
cd

220 B
200 | a

180 ab

160
140 ab

120 L R,

100 be

Production (g)

Field II (non-irrigated, Esperanca, PB)

20
18
16
14
12
10 a a a

C

NP

220 D
200
180
160
140
120
100

Production (g)

Genotypes

Figure 3. Number of pods (NP) and production (gram per plant) obtained from cowpea genotypes in the Lagoa Seca-PB (Field I, irrigated)
and Esperanga-PB (Field I, non-irrigated). Data followed by the same letter do not differ by 5% Tukey.

Information Content ranged from 0.102 to 0.451, most of
which were classified as moderately informative (Table 2).

The total number of bands and the percentage of
polymorphic bands (P) were obtained from the eight
genotypes of cowpea. Verde Ligeiro genotype had the lowest
values of number of bands generated and polymorphism,
and BRS-Novaera genotype had the highest values, from
7-23 and 5.69-18.70, respectively (Table 4).

The genetic similarity matrix obtained from the
Nei Identity Coefficient ranged from 0.0901 to 0.9360,
suggesting that the germplasm evaluated has a narrow
genetic basis. The highest value of genetic identity (0.93)
and the shortest genetic distance (0.0661) were found
between Sempre Verde and Verde Ligeiro genotypes,
so they ended up being similar and genetically close
genotypes (Table 5).

The pair of genotypes with the highest genetic identity
and the shortest genetic distance were: BRS-Pajei and
Cariri; BRS-Guariba and BRS-Pajeti; BRS-Novaera and BRS-
Pajeti; Sempre Verde and BRS-Novaera; Verde Ligeiro and
Sempre Verde; Azul and Verde Ligeiro; Cariri and Sempre
Verde; Corujinha and Cariri (Table 5).

Cluster analysis (UPGMA) allowed the separation
into two groups considering a cutoff point in the genetic
divergence percentage of 0.81 (Figure 4). Despite the

Braz. J. Biol., 2026, vol. 86, e298218

genotype’s low diversity, it was possible to identify similar
and divergent groups. Group I was constituted by the BRS-
Pajed, BRS-Guariba, BRS-Novaera, Sempre Verde, Verde
Ligeiro, and Azul populations, and cluster group II had
the Cariri and Corujinha populations (Figure 4). Group |
gathered most of the cowpea genotypes, cultivars BRS-
Guariba and BRS-Novaera and Azul variety with semi-erect
growth habit, and BRS-Pajeti, Sempre Verde, and Verde
Ligeiro with semi-prostrate growth.

As for the color of the seed, cluster Group I gathered
seeds of white (BRS-Guariba, BRS-Novaera), light brown
(Sempre Verde), dark brown (BRS-Pajet1), white (Verde
Ligeiro), and blue to black (Azul). Group Il had dark brown
seeds with equally distributed pigments (Corujinha) and
white seeds with equally distributed pigments (Cariri)
(Figure 4, Table 3).

Group I (Figure 4) had genotypes with higher pod
length (BRS-Pajet and Azul) (Figure 2A), number of
seeds per pod (BRS-Pajet) (Figure 2B), pod number
averages (BRS-Guariba) (Figure 3A and 3C), and higher
production (Sempre Verde) in Esperanca (Field II). In group
Il (Figure 4), Corujinha had higher production in Lagoa
Seca (Field I) (Figure 3B). Cariri had lower pod number
(Figure 3A and 3B), intermediate pod length (Figure 2A),
and number of seeds per pod (Figure 2B).
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Table 4. Measures of genetic diversity for the eight cowpea populations generated by the 11 ISSR primers.

Genotypes TNB P(%) Na Ne He 1
BRS Pajet 12 9.76 1.0976+0.30 1.0741+0.24 0.0407+0.13 0.0587+0.18
BRS Guariba 8 6.50 1.0650+0.25 1.0527+0.21 0.0279+0.11 0.0399+0.15
BRS Novaera 23 18.70 1.1870+0.39 1.1462+0.33 0.0786+0.17 0.1128+0.24
Sempre Verde 13 10.57 1.1057+0.31 1.0577+0.20 0.0336+0.11 0.0510+0.16
Verde Ligeiro 7 5.69 1.0579+0.23 1.0378+0.17 0.0216+0.09 0.0319+0.13
Azul 13 10.57 1.1057+0.31 1.0731+0.24 0.047+0.12 0.0596+0.18
Cariri 18 14.63 1.1463£0.35 1.1202+0.30 0.0646+0.15 0.0923+0.22
Corujinha 21 17.07 1.1707+0.38 1.112940.28 0.0637+0.15 0.093+0.22

TNB = total number of bands; P (%) percentage of polymorphic loci (polymorphism); Na = Observed number of alleles; Ne = Effective number of
alleles; He = Genetic diversity of Nei [23]; I = Shannon Index.

Table 5. Impartial measures of Genetic Identity and Nei Genetic Distance to cowpea.

. BRS Sempre Verde .. .
Genotypes BRS Pajet CGuariba BRS Novaera Verde Ligeiro Azul Cariri Corujinha
BRS Pajeti o 0.8579 0.9145 0.8823 0.8889 0.9047 0.7749 0.7771
BRS Guariba 0.1533 R 0.8903 0.8254 0.8489 0.8034 0.7473 0.7323
BRS Novaera 0.0893 0.1162 o 0.9122 0.9042 0.9036 0.7976 0.7818
Sempre Verde 0.1253 0.1919 0.0919 R 0.9360 0.8786 0.8099 0.7895
Verde Ligeiro 0.1177 0.1639 0.1007 0.0661 o 0.9139 0.7645 0.7548
Azul 0.1002 0.2189 0.1013 0.1294 0.0901 e 0.7551 0.7708
Cariri 0.2551 0.2913 0.2262 0.2109 0.2685 0.2810 e 0.8901
Corujinha 0.2521 0.3116 0.2461 0.2363 0.2813 0.2603 0.1165 e
Values above the matrix refer to Genetic Identity, values below the matrix refer to Nei Genetic Distance.
BRS Pajeu
BRS Guariba
BRS Novaera
Sempre verde
Verde ligeiro
Azul
Cariri
Corujinha
| T T T T T T T T I T T T T | T T T T I
b} )81 088 054 100

Nei Genetic ldentify

Figure 4. UPGMA dendrogram based on Nei genetic identity for eight cowpea genotypes.
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3.3. Diseases and pests

Powdery mildew (Oidium sp.), cercosporiosis (P. cruenta
and C. canescens), rough mosaic (Bean rugose mosaic),
anthracnose (Colletotrichum lindemutianum), and rust
(Uromyces appendiculatus) plant diseases were identified
in both experiments (Field [ and Field II). Nevertheless,
statistical differences between genotypes were only
observed for powdery mildew and cercosporiosis.

In Field I (irrigated field), BRS-Novaera had the highest
susceptibility to powdery mildew when compared to
the other genotypes tested. Regarding the severity of
cercosporiosis, the BRS-Novaera cultivar and the Sempre
Verde landrace were the most susceptible when compared
to the other genotypes. In Field II (non-irrigated field),
BRS-Novaera and Verde Ligeiro were the most susceptible
to the powdery mildew, but did not differ from Cariri,
Sempre Verde, and Azul genotypes. The genotypes that
presented the lowest disease intensity were Corujinha,
BRS-Pajet, and BRS-Guariba. Genotypes did not differ
among cercosporiosis severity in Field II (Table 6).

The plants were infested by pod bugs (Crinocerus
sanctus and Nezara viridula), aphids (Aphis craccivora,
Aphis gossypii e Aphis fabae), leafminer (Liriomyza sativae),
hemipterans (Crinocerus sanctus and Nezara viridula),
and beetles (Diabrotica speciosa and Cerotoma arcuatus).
However, differences among genotypes were observed for
pod bug infestation. In the irrigated crop grown in Lagoa

Characterization and resistance of cowpea genotypes in the semi-arid

Seca (Field I), the genotype with the highest infestation
was BRS-Novaera, followed by BRS-Pajeti and Corujinha.
The genotypes with the lowest infestation were Sempre
Verde, Azul, Verde Ligeiro, Cariri and BRS-Guariba. In
the non-irrigated Field II (Esperanca), the BRS-Novaera
genotype had the highest infestation, differing only from
the Azul genotype, where there was no infestation by pod
bugs (Table 6).

Disease and pest occurrence directly influences cowpea
productivity. In Lagoa Seca, the cultivar with the highest
productivity was Corujinha (5,990.26 kg ha'), and BRS
Pajeti (5,519.2 kg ha') had the lowest severity of powdery
mildew and cercosporiosis and average infestation of pod
bugs. In Esperanga, the intensity of powdery mildew and
bed bug infestation was similar to that in Lagoa Seca for
Corujinha (1,483.39 kg ha') and BRS Pajeti (1,387.54 kg ha™')
genotypes. The BRS Guariba genotype had a productivity of
3,907.6 kg ha' in Lagoa Seca and low infestation of powdery
mildew in both municipalities; and low infestation of pod
bugs in Lagoa Seca and average infestation in Esperanca.
Sempre Verde genotype, with a productivity of 4,077.9 kg
hain Lagoa Seca and 2,454.54 kg ha! in Esperanc¢a, had
low intensity of powdery mildew in Lagoa Seca, medium
intensity in Esperanca and high intensity of cercosporiosis
in Lagoa Seca. Regarding pod bug infestation, Sempre
Verde had a low infestation in Lagoa Seca and medium
infestation in Esperanca. The Azul genotype had a

Table 6. Comparison of means for the severity of powdery mildew (Oidium sp.) and cercosporiosis (Cercospora sp.), and number of pod
bugs obtained from the eight cowpea genotypes concerning Field I (Lagoa Seca, PB) and Field II (Esperanga, PB), 2018.

Field I (Lagoa Seca, PB)
Genotypes Powdery mildew Cercosporiosis Pod bugs
Sempre Verde 3.90 b! 10.89 a' 25¢
Azul 0.70b 4.75b 25¢
Corujinha 0.79b 529b 3 bc
Verde Ligeiro 431b 5.61b 175¢
Cariri 739b 5.64b 1c
BRS-Novaera 35.47a 11.38a 17.75 a
BRS-Guariba 351b 552b 0.75¢
BRS-Pajet 144D 520b 8b
Field II (Esperanca, PB)
Genotypes Powdery mildew Cercosporiosis Pod Bugs
Sempre Verde 2.59 ab! 2.45m 1.50 ab’
Azul 213 ab 4.21 0b
Corujinha 0.61b 3.01 2.75 ab
Verde Ligeiro 10.29 a 2.46 1.00 ab
Cariri 6.53 ab 2.93 175 ab
BRS-Novaera 104 a 3.03 3.75a
BRS-Guariba 0.63b 2.75 1.00 ab
BRS-Pajet 0.48b 4.24 1.25ab

Data followed by the same letter differ by Tukey teste (p < 5%). “Data do not differ by the F test. 2Analysis performed by using a generalized

linear model (negative binomial distribution).
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productivity of 3,695.3 kg ha' in Lagoa Seca, low intensity
of diseases (powdery mildew and cercosporiosis) and
pod bug infestation in both locations. Despite the similar
productivity of the BRS Novaera genotype (3,516.89 kg ha')
and the Azul genotype in Lagoa Seca, the BRS Novaera
genotype had greater susceptibility to powdery mildew
(Lagoa Seca and Esperanca), cercosporiosis (Lagoa Seca)
and pod bug infestation (Lagoa Seca and Esperanca). The
genotypes with the lowest productivity in Lagoa Seca,
Cariri (1,125.85 kg ha') and Verde Ligeiro (2,588.35 kg ha'!),
had low intensity of powdery mildew and cercosporiosis
in Lagoa Seca, higher intensity of powdery mildew in
Esperancga, low pod bug infestation in Lagoa Seca and
intermediate infestation in Esperanca (Figure 3 and Table 6).

4. Discussion

Morphological characterization of genetic resources is
essential for the knowledge of phenotypic variations among
genotypes (Alghamdi et al., 2019; Morillo et al., 2023). The
evaluated cowpea genotypes had variability regarding the
morpho-agronomic characteristics evaluated (Table 3,
Figure 2, and Figure 3). Morphological analyses, such as
growth habitat, flower color, and pod characteristics are
considered important elements to evaluate the level of
genetic variability of cowpea genotypes (Onuminya et al.,
2023). Qualitative characteristics are considered the most
appropriate in determining a cultivar or variety, since they
are mostly genetically controlled and independent of the
growing environment (Carvalho et al., 2017). Among the
growth habit of the eight genotypes evaluated (Table 3),
the results showed similarity to the results obtained by
Torres et al. (2016).

The Sempre Verde landrace produced yellow flowers.
The yellow flower color is not listed by V. unguiculata
International Biodiversity (IBPGR, 2007) and is a different
color produced by the landrace. Differences in phenotypic
characters such flower color and seed coat color were also
reported by Mafakheri et al. (2017) and Onuminya et al.
(2023).

Flowering days were similar among the genotypes in
both production fields (irrigated and non-irrigated). In
Lagoa Seca, genotypes had flowering days between 40 and
75 days after sowing, and in Esperanca they flowered
between 40 and 77 days after sowing. The cultivars had
the earliest cycle, compared to the landraces. The landrace
with the earliest cycle was Corujinha and the one with
the latest cycle was Cariri. According to Hamidou et al.
(2007), early cycle genotypes have more advantages for
the producer.

Except for Cariri landrace, all genotypes decreased
production in Field II (Esperanca) without irrigation
(Figure 3). The better performance of Cariri landrace
in Esperancga, with production increase of 16.5%, can
be explained by genotype adaption to the drier region.
According to family farmers, Cariri landrace is resistant
to drought. Lagoa Seca and Esperanca are located in the
Agreste mesoregion of Paraiba, which is characterized by
a rainfall reaching 800 mm per year, with a dry summer
(Nascimento et al., 2022). During the development of the
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experiments, the plants grown in Lagoa Seca did not have
water stress, since Lagoa Seca had 533.10 mm of rainfall
and irrigation was carried out on dry days. The rainfall
in Esperanca was 352.5 mm and since irrigation was not
carried out, the plants were subjected to water stress until
the end of the cycle on the dry days (Figure 1).

Landrace seeds had a production equivalent to the
Embrapa cultivars. There is a lack of research involving the
production of landrace genotypes in the Paraiba region,
and there is a need for more research on the subject.
Landrace seeds have the value and responsibility of those
who worked with them for generations, guaranteeing the
recovery of culture and preservation of local biodiversity
(Paulino and Gomes, 2015).

The molecular characterization analysis showed that
ISSR molecular markers were efficient to detect genetic
polymorphism in cowpea, because the eleven primers were
used, as they generated polymorphic, clear, and consistent
bands. Although nonspecific, the ISSR molecular markers
have a high reproducibility and low cost, and are widely
used in studies to evaluate the diversity of genotypes of
the species (Aradgjo et al., 2019). The UBC-808, UBC-834,
UBC-858, UBC-826, and UBC-888 primers have already
been used in other cowpea studies and have shown good
quantity, quality, and reproducibility of amplified bands
(Ferreira and Grattapaglia, 1998; Melo et al., 2011).

According to Montalvan et al. (2015), the genetic basis of
the Brazilian cowpea is considered narrow. In the present
study, the intra-population genetic diversity indices were
low, and among the evaluated genotypes. The genetic
diversity in the BRS Novaera population was identified as
the highest (P = 18.70%; Na = 1.1870 + 0.39; Ne = 1.1462 +
0.33; He=0.0786 + 0.17,and I = 0.1128 + 0.24) (Table 4). The
values were low, indicating that the loci are homozygous
high, which was expected, since it is an autogamous
specie. According to Egbadzor et al. (2014), high genetic
diversity is related to the largest number of accessions
tested, but in contrast to this, Chen et al. (2017) evaluated
33 cowpea genotypes from Niger and 27 from China and
a lower genetic diversity level in Niger (0.23) was found
than in the genotypes from China (0.31), confirming that
the number of populations does not interfere with genetic
diversity. In this context, it is important to observe that,
among the populations of landrace varieties, Corujinha
was the one that presented the highest number of alleles
1.1707 £ 0.38, a value only below BRS-Novaera cultivar.

Despite the socioeconomic importance of cowpea for
many populations, the characterization of the genetic
diversity and germplasm of the specie is still incipient. Such
characterizations are important for use in cowpea genetic
improvement programs, for the selection of genotypes with
desired characteristics (Patel et al., 2022). According to
Asare et al. (2010), generally, genetic distances among the
cowpea genotypes are low, reflecting the initial obstruction
during the domestication process, and are maintained by
the inherent self-pollination system in the crop, although
it has great phenotypic variability for some morphological
characters (Gajera et al., 2014; De Ron et al., 2018), such
as seed coat color, visualized in this study.

In the irrigated system (Lagoa Seca), all commercial
cultivars exceeded the average productivity described by
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Rocha et al. (2017). Powdery mildew and cercosporiosis
affect the aerial part of the plants, impairing photosynthesis
and consequently production (Pio-Ribeiro et al., 2016).
Regarding pod bug infestation, the damage is direct to
production, since the insects suck the seeds (Silva, 2016).
Studies on the identification of pests and diseases in
agricultural practices favor the choice of control measures,
reducing the cost of chemical products, contributing to
the environment and to the identification of resistant
genotypes that can be used locally, mainly by agroecological
and organic farmers.

5. Conclusion

The morpho-agronomic and molecular characterization
of Verde Ligeiro, Sempre Verde, Cariri, Azul, and Corujinha
landraces and BRS-Pajeti, BRS-Novaera, and BRS-Guariba
commercial cultivars, in irrigated and non-irrigated
production fields, under agroecological cultivation conditions
and without disease and pest management, allowed the
identification of the genotypes that are best adapted to the
studied edaphoclimatic conditions of the semi-arid region
of Paraiba. Morpho-agronomic differences were identified
among the genotypes. Regarding molecular differences,
the genotypes had low intrapopulation genetic diversity
and were separated into two groups by cluster analysis.
Group I included BRS-Pajeti, BRS-Novaera, BRS-Guariba,
Sempre Verde, Verde Ligeiro, and Azul genotypes. Group
Il included Cariri and Corujinha genotypes. Differences in
the incidence of powdery mildew and cercospora leaf spot
were found among the genotypes, as well as differences
in pod bug infestation. The most productive genotypes
with the lowest intensity of diseases and pests in irrigated
fields were Corujinha, Sempre Verde, and Azul landraces,
and BRS-Pajet and BRS-Guariba commercial cultivars; and
under rainfed conditions, the most adapted cultivar was the
Sempre Verde landrace. Corujinha, Sempre Verde, and Azul
landraces showed equivalent or superior production to the
commercial cultivars in irrigated fields, and Sempre Verde
landrace in non-irrigated fields, confirming the hypothesis
that the selection of cowpea genotypes by generations of
farming families under semi-arid edaphoclimatic conditions,
with biotic and abiotic stress, furnishes productive genetics
that are resistant to water stress conditions and adapted to
agroecological production systems.
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