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Abstract

The aims of this chapter are to (i) present the importance of the cowpea crop, (ii) demon‐
strate problems related to drought, (iii) describe aspects related to flower structure and
hybridization, and (iv) reveal how the genotype selection with tolerance to water deficit
will promote increase of the yield in this culture. This chapter describes that Nigeria, Ni‐
ger, and Brazil are the leading producers of cowpea crop worldwide, and this crop has a
large influence on the economy of these countries. However, the drought problem can be
frequently observed in areas with agricultural potential, with negative effects on produc‐
tion components and a consequent decrease of the yield in this culture. Breeding pro‐
grams aimed at drought tolerance using selection strategies linked to genetic,
biochemical, physiological, nutritional, and agronomic characteristics can help increase
the yield and reduce losses promoted by the drought. In addition, flower structure and
hybridization technique used in Núcleo de Pesquisa Vegetal Básica e Aplicada (NPVBA/
UFRA) are presented, as well as populations are evaluated and plant management are ex‐
plained in detail. This chapter describes the results obtained in other breeding programs
aimed at drought tolerance and also explains the potential uses to increase the crop yield.

Keywords: Vigna unguiculata, production, drought, breeding

1. Introduction

The cowpea [Vigna unguiculata (L.) Walp.] is cultivated widely in several countries due to its
social, economic, and nutritional importance [1]. The aim of growing cowpea crop in such a
huge quantity is to market its grains. These species are abundant in the regions of Latin
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America, Africa, and Asia, while Nigeria, Niger, and Brazil are emerging as the leading
producers of cowpea [2].

In Brazil, the production of cowpea is concentrated in the North and Northeast regions,
because it presents interesting metabolic characteristics, such as low nutrient requirements,
less water consumption, and well adapted to tropical environments, compared to other
legumes [3-4]. Until the 1980s, the cowpea was almost exclusively grown by small and medium
farmers. Currently, this culture seems to occupy other agricultural scenarios in areas with high
irrigation potential, or/and also during the off-season; next only to the soybean crop, cowpea
crops are being exploited by large producers by adopting new technologies [5-6].

The plants of various species under field conditions are constantly exposed to abiotic or biotic
stresses, and suffer interactions that can significantly affect their performance [7], including
the culture of cowpea [8]. Lawlor [9] points out that the main limiting abiotic factors of
productivity in various plant species are drought, flooding, low and high temperatures,
salinity, excess radiation, toxic heavy metals, and excessive macro- or micronutrients [10].
Drought is considered a major cause of the reduction of global agricultural production [11-12].

Drought is a frequently observed event and recurrent in areas with agricultural potential,
mainly in tropical regions, causing an increase in temperature and decrease in the relative
humidity [13]. This stress can be caused by irregularities in the distribution of rainfall [14-15]
and/or inappropriate supplement irrigation for crops [16-17].

Thus, the water deficit acts as a limiting factor for both quality and production in several species
with agronomic potential [18-20], including the cowpea [21]. The occurrence of drought during
the growing and development and reproductive and maturity stages usually results in lower
growth rates and development [22], flower abortion [23], and reduced grain production (GP)
[24], thus complicating the reproduction process in the cowpea crop.

The decrease in the growth and development in cowpea plants observed during vegetative
stages is related to negative interference periods of drought, which is caused by the lower
weight of the aerial part of the plant [25], reduction in the expansion rate of leaf area [26], and
severe reductions in gas exchange [27].

Drought induces molecular, physiological, biochemical, and morphological changes in
cowpea plants [28-31], which are considered as adaptation strategies and survival mechanisms
of the species [32]. Another problem normally connected to drought is the rise in temperature
in the plant tissues due to reduced transpiration rate and consequent loss of effectiveness of
thermoregulatory mechanism [33, 34]. This is due to water stress, as water is an essential
element for the growth and development of all species of plants and plays an important role
in photosynthesis, transport of organic solutes, and temperature control [35].

The increase in the rate of growth of the root system is a possibility to overcome the water
stress in plants [36]; for, under such conditions, the stimulation of root growth in depth and
the wetter areas of the soil profile [18] adaptations can check and control drought [26]. The
root system of common bean often lies in surface when water availability is adequate [37].
Guimarães et al. [38] observed that the genotypes more tolerant to water stress had more
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developed root systems compared with the susceptible genotypes. Additionally, Peña-
Valdivia et al. [39], investigating common bean plants, describe negative changes related to
the anatomy of the root, such as reductions in the xylem vessel and cross-sectional area of the
root, in domesticated plants, while wild plants remained unchanged in structures and showed
greater tolerance to drought.

The osmotic adjustment is another mechanism that can directly contribute to water retention
in the plant tissue [40], for increasing the tolerance to dehydration [34]. This adjustment is
accomplished by substances called osmoregulators such as carbohydrates and amino acids
[41-42]. The accumulation of metabolites of plants provides a decrease in osmotic potential
(ψs) via a net increase in intracellular solute [43], which induces higher water retention in the
tissue [44], and thus can control the plant cell elongation and expansion in growth regions [45].

The type of substances used in osmotic adjustment depends on the species and tissue [46].
However, the degree of adjustment depends on the speed at which the water deficit is applied,
and osmotic adjustment is directly proportional to the intensity of water deficit [47]. The
proline and glycine betaine are usually amino acids that act as osmotic adjusters in cowpea
plants exposed to water deficit [48-49]. In water stress conditions, an increase in the synthesis
of abscisic acid (ABA) in the roots is also observed, which is then transported to the shoot via
the xylem [50].

In cowpea plants, overexpression of genes CPRD 8, CPRD12, CPRD14, CPRD22, and CPRD46
conferring tolerance to water stress [28], as well as VucAPX genes, VupAPX, and VutAPX-
connected VusAPX production of antioxidant enzymes [51], are reported, besides the high-
level expression of PvP5CS gene associated with the production of proline, an amino acid that
holds the osmotic adjusting function across species during drought.

The responses of cultivars and lines in cowpea are different in relation to water stress during
the cycle [52]. In addition, there are factors such as the intensity and duration of drought that
can intensify such stress [53-55].

The culture of cowpea requires basic and applied research related to the impact caused by
water deficit, due to frequent and severe loss of production related to abiotic stress [56-58] and
the high economic and nutritional importance to the producers and grain-consuming coun‐
tries, such as Brazil [59-60].

The selection of genotypes of tolerance to drought has been carried out in several breeding
programs [61-62]. However, the large number of genes involved in tolerance to drought [63],
combined with the influence of the environment, hinders the selection of plants in segregating
generations [53,57] and affects the evaluation lines/cultivars by virtue of the interaction,
provided genotype environment often is significant [64].

The crosses between contrasting parenting have been widely used and allow to investigate the
genetic control of quantitative traits such as drought tolerance [15,54]. Therefore, the charac‐
teristics described by Bastos et al. [8] are present in cultivars of cowpea, BRS Paraguaçu
(drought tolerance) and Tracuateua-192 (sensitivity to drought), and are suitable for the
purpose of this research and justify the hybridization between these cultivars, which are
contrasting in relation to tolerance to drought.
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Adequate selection methods used in breeding programs of a species can reduce time and
investment and maintenance of evaluating plants that could be previously discarded [65].
Thus, selection strategies linked to genetic, biochemical, physiological, nutritional, and
agronomic characteristics can help due to the high detection efficiency and low cost [66]. In
addition, the knowledge of the genetic control related to these characteristics will establish
breeding strategies and selection of agronomically superior plants, with genes of tolerance to
drought.

2. Objectives

The aims of this chapter are to (i) present the importance of the cowpea crop, (ii) demonstrate
problems related to drought, (iii) describe aspects related to flower structure and hybridiza‐
tion, and (iv) reveal how the genotype selection with tolerance to water deficit will promote
increase of the yield in this culture.

3. Flower structure in cowpea

In relation to flowers, the cowpea bean flower is hermaphrodite, deciduous, cyclic, dichla‐
mydeous, and heterochlamydeous with zygomorphic symmetry (Figure 1). The five sepals
and petals present are in free condition, denominated polysepalous and polypetalous,
respectively [67].

Figure 1. V. unguiculata floral pieces. (A) standard; (B) post-anthesis flower structure; (C) sepals; (D) stamen and pistil;
(E) longer stamen; (F) keel formation [67].
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Their corolla is papilionaceous; that is, it has an upper petal called standard, two side petals
called wings and two lower, inner petals jointly called keel (Figure 1). One of the stamens is
longer than the other nine (heterostemonous). Stamens are free, being diadelphous, with
simple ramification; the anthers are free and basifixed, enclosed in relation to the corolla,
longitudinally dehiscent and introrsed [67]. They are multicarpellary, syncarpous, with
insertion in the terminal style. The hilum, chalaza, and micropyle are in the same straight line;
that is, their ovule is classified as orthotropous [67].

4. Aspects linked to artificial hybridization

The results described by Ribeiro et al. on aspects of the floral biology of Vigna unguiculata
reveals that anthesis occurred between 05:00 and 05:30 h [67]. In pre-anthesis, at 4:00 h, the
greenish flowers remained. In the stigma receptivity test, peroxidase action was observed at
all times. As noted by Rocha et al., the floral opening of cowpea bean flowers begins around
05:30 h and continues until 09:30 h, when the stigma is still receptive (Figure 2) [68].

Figure 2. Peroxidase activity on V. unguiculata stigma, demonstrating receptiveness [67].

5. Adaptations to hybridization in Brazilian conditions

The method of artificial hybridization described by Rachie et al. [69], as well as Zary and Miller
Jr [70], was adjusted to conditions of infrastructure from Núcleo de Pesquisa Vegetal Básica e
Aplicada (NPVBA) of the Universidade Federal Rural da Amazônia (UFRA) and climatic
conditions of Northern Brazil (Figure 3), which used flower pollen collected in the morning
(between 06:00 and 08:00 h) and stored in the refrigerator until use.

In the evening, the flower buds were emasculated and pollinated (16:30 and 17:30 h) (Figure
3). This method provided a higher percentage of successful pollination. This result is in
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agreement with the Zary and Miller Jr [70] method, described by Teófilo et al. [71], who
reported that the success of this method could be because the surface of the emasculated
flowers are more receptive to pollen grains in the late afternoon, since, in this period, the
temperature and moisture conditions are more appropriate.

Figure 3. Greenish flowers with flower from left in pre-anthesis stage (A); cut of standard in medium region (B); re‐
moval of the standard (C); removal of the anthers (D); application of pollen viable (E); successful pollination and pod
formation (F).
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6. Populations evaluated and plant management

After hybridizations (Figure 4), the hybrid seeds were multiplied to obtain the F2, BC1, and
BC2 generations. In each pot, only one seed was placed. In this study, containers with capacity
of 3 L containing holes in bottom were used, aiming to drain the excess water. The substrate
was composed of a mixture of Plantmax® and sand in 3:1 ratio (v/v). Fertilization was
performed according to exigencies of cowpea crop and previous substrate analysis, with the
fertilization applied at regular intervals of 15 days until the 45th day after implementation
experiment.

Figure 4. Scheme to obtain six populations (P1, P2, F1, F2, BC1, and BC2) from crosses between LP 97-28 (low tolerance to
drought) × IPR-Uirapuru (high tolerance to drought).

7. Irrigation and water-deficit application

All plants were irrigated every day for 15 minutes at 10:00 and 13:00 h. The irrigation within
the greenhouse was performed by a microsprinkler system, with a flow rate of 10 L h–1. The
three cycles of moderate stress were induced by irrigation suspension for four days at 25, 35,
and 45 days after seedling emergence, whose periods coincided with the phenological stages
V3, R6, and R8, respectively. In the cowpea crop, these periods described are related to vegeta‐
tive, flowering, and pod filling stages, respectively (Figure 5).
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Figure 5. Seed placed into substrate (A); V. unguiculata seedling (B); plants with 14 days (C); trifoliate leaf (D); data
obtained during experiment (E); infra-red gas analyzer (F).
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8. Results obtained in breeding programs aimed at drought tolerance

The study was conducted by Lobato et al. [72] with six populations, with two parents P1 and
P2, and F1, F2, BC1, and BC2 generations, derived from the cross between LP 97-28 (low tolerance
to drought) × IPR-Uirapuru (high tolerance to drought). Regarding production components,
the grain production (GP) results reveal that the evaluated plants had values between 0.01 and
9.78 g. The low and high means for all populations were 2.30 and 6.86 g, respectively (Table
1). The F2 generation showed the best performance. The low and high values for variance were
obtained in the parental P1 (1.51) and F2 (8.88) generations, respectively. In relation to the
average weight of 100 seeds (W100s), the values ranged between 12.56 and 29.64 g. In addition,
the low and high means were 18.49 and 21.83 g, with the greatest means observed in the F1

and P2 populations (Table 1). The greatest variance of 11.12 was obtained in the F2 generation.
For the number of pods per plant (NPP), the plants studied had values between 1 and 19, and
the lowest and highest means were 2.70 and 7.02, respectively (Table 1). The best result was
found in the F2 generation, while the lowest value was observed in the BC1 generation. The
highest variance of 8.08 was observed in the F2 generation (Table 1). For the number of seeds
per pod (NSP), the plants collected in this study had values between 1.0 and 6.8. The low and
high means were 4.17 and 4.64 in populations P1 and BC2, respectively (Table 1). Additionally,
the best result was found in generation BC2. The low and high variances were 0.38 and 1.54
(Table 1) and were obtained in the P2 and F2 generations, respectively [72].

The estimated means of the segregating generations and the existence of high genetic variation
(σ 2) coupled with additivity indicated the presence of transgressive individuals. These
findings enabled the selection of promising genotypes for drought tolerances higher than those
of IPR-Uirapuru and LP 97-28, the parent lines in this study. In terms of the estimated variances
in the study populations, the best performances were observed for the segregating generations
(F2, BC1, and BC2), which demonstrated higher values for all traits compared to the parent
(P1 and P2) and F1 generations (Table 1). These results can be attributed to the large segregation
of genes and, consequently, the higher amplitude in the distribution of the drought stress
tolerance values, indicating genetic variation for the evaluated traits [73]. Similar results to
those found in this study in terms of the GP of the F2 generation were reported by Szilagyi [74]
for experiments with the common bean grown under adequate conditions (irrigation) and
drought stress. This author studied production components in six populations derived from
crosses between F332 and Ardeleana.

Higher variances for GP, W100s, NPP, and NSP were observed in the F2 generation, revealing
greater plant heterogeneity and suggesting great variability within this population. Genetic
variability is extensively explored in breeding programs; it serves as the basis for selection and
provides opportunities to establish a desired characteristic [75]. Smaller variances were
obtained in the parents, confirming homozygosis in these populations due to the line and
cultivar.
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Regarding genetic control, the values of the phenotypic (σp
2), environmental (σe

2), genotypic
(σg

2), additive (σa
2), and dominance variances (σd

2) for grain production were 8.88, 2.97, 5.91,
5.75, and 0.16, respectively (Table 2). The genotypic variance corresponded to 66.6% of the
phenotypic variance (total), and the additive variance accounted for 97.3% of the genetic
variance. In W100s, the phenotypic, environmental, genotypic, additive, and dominance
variances were 11.12, 2.55, 8.57, 7.66, and 0.91, respectively (Table 2). For this characteristic,
the genotypic variance accounted for 77.1% of the total variance, while the additive variance
corresponded to 89.4% of the existing genetic variance. In relation to NPP, the phenotypic,
environmental, genotypic, additive, and dominance variances were 8.08, 2.33, 5.75, 4.73, and
1.02, respectively (Table 2). The phenotypic variance accounted for 71.2% of the genetic
variance. Additionally, the additive variance corresponded to 82.3% of the genotypic variance.
For the NSP, the phenotypic, environmental, genotypic, additive, and dominance variances
were 1.54, 0.56, 0.98, 0.76, and 0.22, respectively (Table 2). The genotypic variance represented
63.7% of the phenotypic variance in this characteristic. The additive and dominance variances
contributed to 77.6 and 22.4% of the genotypic variance, respectively [72].

The results indicate high contributions of additive variances in relation to genotypic variance
and intense additive allelic interactions on all the evaluated traits. The existence of high
additive variance suggests the identification of superior genotypes [76]. Typically, breeding
methods that take advantage of high additive variance to obtain genetic gains are more
important for the improvement of autogamous species, such as Phaseolus vulgaris [73].

According to this research, the use of additive variance is recommended as an indicator when
studying GP, W100s, NPP, and NSP in the cross (LP 97-28 × IPR-Uirapuru), because it accounts
for a significant portion of genotypic variance.

The estimates of broad-sense heritability (H2 %) ranged between 63.6 and 77.0% (Table 2), and
the high and low values were found in the W100s and NSP characteristics, respectively. The
estimates of narrow-sense heritability (h2 %) oscillated between 49.2 and 68.9% (Table 2), and
the high and low values also corresponded to the W100s and NSP characteristics.

The average degree of dominance (add) values were 0.22, 0.48, 0.65, and 0.76 for the GP, W100s,
NPP, and NSP characteristics, respectively (Table 2). The minimum number of genes (mng)
that controlled the GP, W100s, NPP, and NSP characteristics were 4.7, 4.4, 8.6, and 5.5,
respectively (Table 2).

The results related to broad- and narrow-sense heritabilities described in this study are high
because studies involving populations are normally conducted under field conditions and
high levels of environmental interference reduce genetic variances and produce lower
heritabilities. Higher heritability coefficients may be caused by greater additive genetic
variance, lower environmental variance, or minor interactions between genotype and envi‐
ronment [77]. Additionally, similar results for broad- and narrow-sense heritabilities indicate
that the dominance effect is null. However, if the broad-sense heritability is higher than the
narrow-sense heritability, the dominance effect is present [78].
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LP 97-28×IPR-Uirapuru GP(g) W100s(g) NPP NSP

n m σ2 m σ2 m σ2 m σ2

LP 97-28 (P1) 16 4.60 1.51 18.49 1.19 5.69 1.29 4.17 0.68

IPR-Uirapuru (P2) 18 4.48 1.89 21.83 1.37 4.39 2.13 4.60 0.38

F1 7 4.19 4.25 21.83 3.18 4.43 2.95 4.29 0.59

F2 166 6.86 8.88 21.29 11.12 7.02 8.08 4.16 1.54

BC1 10 2.30 4.92 19.29 6.44 2.70 5.34 4.54 1.43

BC2 39 3.31 7.07 20.52 8.13 3.44 6.09 4.64 0.88

Table 1. Number of evaluated plants (n), means (m), and variances (σ 2) from grain production (GP), average weight of
100 seeds (W100s), number of pod per plant (NPP), and number of seeds per plant (NSP) obtained in six populations
(P1, P2, F1, F2, BC1, and BC2), derived from cross between LP 97-28 × IPR-Uirapuru, Maringá-PR, Brazil, 2011 [72].

LP 97-28×IPR-Uirapuru GP W100s NPP NSP

Phenotypic variance (σp 2) 8.88 11.12 8.08 1.54

Enviromental variance (σp 2) 2.97 2.55 2.33 0.56

Genotypic variance (σp 2) 5.91 8.57 5.75 0.98

Additive variance (σp 2) 5.75 7.66 4.73 0.76

Dominance variance (σp 2) 0.16 0.91 1.02 0.22

Broad sense heritability (H 2 %) 66.4 77.0 71.1 63.6

Narrow sense heritability (h 2 %) 64.7 68.9 58.5 49.2

Average degree of dominance (add) 0.22 0.48 0.65 0.76

Minimum number of genes (mng) 4.7 4.4 8.6 5.5

Table 2. Estimates of phenotypic variance (σp
2), environmental variance (σe

2), genotypic variance (σg
2), additive

variance (σa
2), dominance variance (σd

2), broad-sense heritability (H2 %), narrow-sense heritability (h2 %), average
degree of dominance (add), and minimum number of genes (mng) related to grain production (GP), average weight of
100 seeds (W100s), number of pod per plant (NPP), and number of seeds per plant (NSP) obtained in six populations
(P1, P2, F1, F2, BC1, and BC2), derived from cross between LP 97-28 × IPR-Uirapuru, Maringá-PR, Brazil, 2011 [72].In
differential of selection (DS), gain by selection (GS) and predicted genetic gain, the characteristics of grain production,
average weight of 100 seeds, number of pods per plant, and number of seeds per pod had differential of selection (DS)
values ranging from 1.49 to 4.85 (Table 3).

Characteristic Genetic component

Mi Ms Ds GS GS(%) PGG

GP 6.86 11.45 4.59 2.93 42.7 9.79

W100s 21.29 26.14 4.85 3.29 15.5 24.58

NPP 7.02 11.12 4.10 2.37 33.8 9.39

NSP 4.61 6.10 1.49 0.73 15.9 5.34

Table 3. Mean initial in F2 generation (Mi), mean of selected plants in F2 generation (Ms), differential of selection (DS),
gain by selection (GS), gain by selection expressed in percentage [(GS (%)], and predicted gain genetic (PGG) related to
grain production (GP), average weight of 100 seeds (W100s), number of pod per plant (NPP), and number of seeds per
plant (NSP) obtained in six populations (P1, P2, F1, F2, BC1, and BC2), derived from cross between LP 97-28 × IPR-
Uirapuru, Maringá-PR, Brazil, 2011 [72].
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The high and low values were obtained for the W100s and the NSP, respectively. In relation
to gain by selection (GS), the GP, W100s, NPP, and NSP characteristics had values of 2.93,
3.29, 2.37, and 0.73, respectively (Table 3). When expressed as a percentage (% GS), the grain
production trait had the highest value for gain by selection at 42.7%. The lowest value was
found for the average weight of 100 seeds. The predicted genetic gain (PGG) values were
9.79, 24.58, 9.39, and 5.34 for the GP, W100s, NPP, and NSP characteristics, respectively (Table
3) [72].

Characteristic GP W100s NPP NSP

GP - 0.36 0.96** 0.01

W100s - 0.13 0.14

NPP - -0.20

NSP -

Asterisks (**) indicate significance to 0.01 of probability by the t-test.

Table 4. Coefficients of phenotypic correlation between grain production (GP), average weight of 100 seeds (W100s),
number of pod per plant (NPP), and number of seeds per plant (NSP) obtained in six populations (P1, P2, F1, F2, BC1,
and BC2), derived from cross between LP 97-28 × IPR-Uirapuru, Maringá-PR, Brazil, 2011 [72].

Regarding correlations between characteristics, results indicated that all characteristics were
directly proportional (Table 4), except between the NSP and NPP, which were inversely
proportional. Additionally, the results show a high correlation (0.96) between the NPP and
GP. Moderate associations were found between the GP and W100s and the W100s and NSP
within six generations (P1, P2, F1, F2, BC1, and BC2) derived from crosses between LP 97-28 and
IPR-Uirapuru [72].

9. Final considerations

This chapter described that the leading producers of chickpea worldwide are Nigeria, Niger,
and Brazil, and this crop has a large influence on economy of these countries. However, the
drought represents a problem frequently observed in areas with agricultural potential, with
negative repercussion on production components and consequent decrease of the yield in this
culture. Breeding programs aiming tolerance to drought using selection strategies linked to
genetic, biochemical, physiological, nutritional, and agronomic characteristics can help
increase the yield and reduce losses promoted by the drought. In addition, flower structure
and hybridization technique used in Núcleo de Pesquisa Vegetal Básica e Aplicada (NPVBA/
UFRA) were presented, as well as populations evaluated and plant management were
explained in detail. This chapter described the results obtained in other breeding programs
aimed at drought tolerance and also explained the potential uses to increase the crop yield.

Abiotic and Biotic Stress in Plants - Recent Advances and Future Perspectives576



Acknowledgements

This chapter had financial support from Fundação Amazônia Paraense de Amparo à Pesquisa
(FAPESPA/Brazil), Universidade Federal Rural da Amazônia (UFRA/Brazil), and Conselho
Nacional de Pesquisa (CNPq/Brazil) to Lobato AKS.

Author details

Maria Antonia Machado Barbosa1, Allan Klynger da Silva Lobato1*,
Milton Hélio Lima da Silva2, Gabriel Mascarenhas Maciel3 and Douglas José Marques4

*Address all correspondence to: allanllobato@yahoo.com.br

1 Núcleo de Pesquisa Vegetal Básica e Aplicada, Universidade Federal Rural da Amazônia,
Paragominas, Brazil

2 Coordenação de Botânica, Museu Paraense Emílio Goeldi, Belém, Brazil

3 Instituto de Ciências Agrárias, Universidade Federal de Uberlândia, Monte Carmelo,
Brazil

4 Setor de Olericultura e Experimentação, Universidade José do Rosário Vellano
(UNIFENAS), Alfenas, Brazil

References

[1] Muchero W, Ehlers JD, Roberts PA. Seedling stage drought-induced phenotypes and
drougth-responsive genes in diverse cowpea genotypes. Crop Science. 2008;48(10):
541-552.

[2] Fao. Faostat database gateway [Internet]. 2013. Available from: http://www.fao.org
[Accessed: 11 de julho de 2013]

[3] Silveira JAG, Costa RCL, Oliveira JTA. Drough-induced effects and recovery of ni‐
trate assimilation and nodule activity in cowpea plants inoculated with Bradyrhizobi‐
um spp. under moderate nitrate level. Brazilian Journal of Microbiology. 2001;32(3):
187-194. DOI: 10.1590/S1517-83822001000300005.

[4] Lobato AKS, Santos Filho BG, Costa RCL, Gonçalves-Vidigal MC, Moraes EC, Oli‐
veira Neto CF, Rodrigues VLF, Cruz FJR, Ferreira AS, Pita JD, Barreto AGT. Morpho‐
logical, physiological and biochemical responses during germination of the cowpea

Cowpea Breeding for Drought Tolerance — From Brazil to World
http://dx.doi.org/10.5772/62000

577



(Vigna unguiculata cv. Pitiuba) seeds under salt stress.. World Journal of Agricultural
Sciences. 2009a;5(5):590-596.

[5] Soares ALL. Agronomic efficiency of selected rhizobia strains and diversity of native
nodulating populations in Perdões (MG - Brazil). I – cowpea. Revista Brasileira de
Ciências do solo. 2006;30(5):795-802. DOI: 10.1590/S0100-06832006000500005

[6] Borges PRS, Saboya RCC, Saboya LMF, Santos ER, Souza SEA. Distribuição de massa
seca e rendimento de feijão-caupi inoculadas com rizóbio em Gurupi, TO. Revista
Caatinga. 2012;25:248-254.

[7] Atkinson NJ, Urwin PE. The interaction of plant biotic and abiotic stresses: from
genes to the field. Journal of Experimental Botany. 2012;63(10):3523-3543. DOI:
10.1093/jxb/ers100

[8] Bastos EA, Nascimento SP, Silva EM, Freire filho FR, Gomide RL. Identification of
cowpea genotypes for drought tolerance. Revista Ciência Agrônomica. 2011;42(1):
100-107.

[9] Lawlor DW. Limitation to photosynthesis in leaves water-stressed: stomata vs. me‐
tabolism and the role of ATP. Annals of Botany. 2002;89(7):871-885. DOI:
10.1093/aob/mcf110

[10] Cramer GR, Urano K, Delrote S, Pezzotti M, Shinozaki K. Effects of abiotic stress on
plants: a systems biology perspective. BMC Plant Biology. 2011;11(163):1-14. DOI:
10.1186/1471-2229-11-163

[11] Kramer PJ, Boyer JS. Water relations of plant and soils. 1st ed. New York: Academic
Press; 1995. 482 p.

[12] Reddy AR, Chaitanya KV, Vivekanandan M. Drought-induced responses of photo‐
synthesis and antioxidant metabolism in higher plants.. Journal of Plant Physiology.
2004;161(11):1189-1202. DOI: 10.1016/j.jplph.2004.01.013

[13] Muñoz-Perea CG, Teran H, Allen RG, Wright JL, Westermann DT, Singh SP. Selec‐
tion for drought resistance in dry bean landraces and cultivars.. Crop Science.
2006;46(5):2111-2120. DOI: 10.2135/cropsci2006.01.0029

[14] Asfaw A, Blair MW, Struik PC. Multienvironment quantitative trait loci analysis for
photosynthate acquisition, accumulation, and remobilization traits in common bean
under drought stress. G3: Genes, Genomes, Genetics. 2012;2(5):579-595. DOI: 10.1534/
g3.112.002303.

[15] Blair MW, Galeano CH, Tovar E, Torres MCM, Castrillón AV, Beebe SE, Rao IM. De‐
velopment of a Mesoamerican intra-genepool genetic map for quantitative trait loci
detection in a drought tolerant x susceptible common bean (Phaseolus vulgaris L.)
cross. Molecular Breeding. 2012;29(1):71-88. DOI: 10.1007/s11032-010-9527-9

[16] Antonino ACD, Sampaio EVSB, Dall'olio A, Salcedo IH. Balanço Hídrico em solo
com cultivos de subsistencia no semi-árido do nordeste do Brasil. Revista Brasileira

Abiotic and Biotic Stress in Plants - Recent Advances and Future Perspectives578



de Engenharia Agrícola e Ambiental. 2000;4(1):29-34. DOI: 10.1590/
S1415-43662000000100006.

[17] Fereres E, Soriano MA. Deficit irrigation for reducing agricultural water use.. Journal
of Experimental Botany. 2007;58(2):147-159. DOI: 10.1093/jxb/erl165

[18] Santos RF, Carlesso R. Water deficit and morphologic and physiologic behavior of
the plants. Revista Brasileira de Engenharia Agrícola e Ambiental. 1998;2(3):287-294.

[19] Acosta-Díaz E, Acosta-Gallegos J, Trejo-López C, Padilla-Ramírez J, Amador-Ramír‐
ez M. Adaptation traits in dry bean cultivars grown under drought stress. Agricul‐
tura Técnica en México. 2009;35(4):416-425.

[20] Andrezej S. Impact of drought stress on some physiological parameters of common
bean (Phaseolus vulgaris L.). Annual Report of the Bean Improvement Cooperative.
2012;55(1):177-178.

[21] Leite ML, Rodrigues JD, Virgens Filho JS. Effects of water stress on the cowpea crop,
cv. EMAPA-821. III - Production. Revista de Agricultura. 2000;75(1):9-20.

[22] Omae H, Kumar A, Kashiwaba K, Shono M. Assessing drought tolerance of snap
bean (Phaseolus vulgaris) from genotypic differences in leaf water relations, shoot
growth and photosynthetic parameters. Plant Production Science. 2007;10(1):28-35.
DOI: 10.1626/pps.10.28.

[23] Omae H, Kumar A, Kashiwaba K, Shono M. Adaptation to high temperature and wa‐
ter deficit in the common bean (Phaseolus vulgaris L.) during the reproductive period..
Journal of Botany. 2012;2012(2012):1-6. DOI: 10.1155/2012/803413

[24] Leport L, Turner NC, French RJ, Tennant D, Thomson BD, Siddique KHM. Water re‐
lations, gas exchange and growth of cool-season grain legumes in a Mediterranean-
type environment. European Journal of Agronomy. 1998;9(1):295-303. DOI: 10.1016/
S1161-0301(98)00042-2

[25] Emam Y, Shekoofa A, Salehi F, Jalali AH. Water stress effects on two common bean
cultivars with contrasting growth habits.. American-Eurasian Journal of Agriculture
and Environment. 2010;9(1):495-499. DOI: 10.1080/03650340.2010.530256.

[26] Mohamed MF, Keutgen N, Tawfit AA, Noga G. Dehydration-avoidance responses of
tepary bean lines differing in drought resistance.. Journal of Plant Physiology.
2002;159(1):31-38. DOI: 10.1078/0176-1617-00530

[27] Menuccini M, Mambelli S, Comstock J. Stomatal responses to leaf water status in
common bean (Phaseolus vulgaris L.) is a function of time of day.. Plant Cell and Envi‐
ronment. 2000;23(10):1109-1118. DOI: 10.1046/j.1365-3040.2000.00617.x

[28] Iuchi S, Yamaguchi-Shinozaki K, Urao T, Shinozaki K. Novel drought inducible
genes in the highly drought-tolerant cowpea: cloning of cDNA and analysis of their

Cowpea Breeding for Drought Tolerance — From Brazil to World
http://dx.doi.org/10.5772/62000

579



gene expression.. Plant Cell Physiology. 1996a;37(8):1073-1082. DOI: 10.1093/oxford‐
journals.pcp.a029056.

[29] Iuchi S, Yamaguchi-Shinozaki K, Urao T, Shinozaki K. Characterization of two cDNA
for novel drought-inducible genes in the highly-tolerant cowpea. Journal of Plant Re‐
search. 1996b;109(4):415-424. DOI: 10.1007/BF02344557.

[30] Figueiredo MVB, Burity HA, França FP. Drought stress response in enzymatic activi‐
ties of cowpea nodules.. Journal of Plant Physiology. 1999;155(2):262-268. DOI:
10.1016/S0176-1617(99)80017-0

[31] Gomes Filho RR, Tahin JF. Physiological responses of cowpea cultivars (Vigna ungui‐
culata) erect and decumbent to different levels of irrigation.. Engenharia na Agricul‐
tura. 2002;10(1):56-60.

[32] Lobato AKS, Costa RCL, Oliveira Neto CF, Santos Filho BG, Gonçalves-Vidigal MC,
Vidigal Filho PS, Silva CR, Cruz FJR, Carvalho PMP, Santos PCM, Gonela A. Conse‐
quences of the water deficit on water relations and symbiosis in Vigna unguiculata
cultivars. Plant Soil and Environment. 2009b;55(4):139-145.

[33] Matsui T, Singh BB. Root characteristics in cowpea related to drought tolerance at the
seedling stage. Experimental Agriculture. 2003;39(1):29-38. DOI: 10.1017/
S0014479703001108

[34] Nascimento SP, Bastos EA, Araújo ECE, Freire Filho FR, Silva EM. Tolerance to water
deficit of cowpea genotypes. Revista Brasileira de Engenharia Agrícola e Ambiental.
2011;15(8):853-860. DOI: 10.1590/S1415-43662011000800013

[35] Miranda JES, Tavera VM, Acosta-Gallegos JA, López JLA, Chavira MMG. Sequence
and functional characterization of the dry bean gene STPP and its relationship to
drought response. Annual Report of the Bean Improvement Cooperative. 2012;55(1):
175-176.

[36] Sharp RE, Poroyko V, Hejlek LG, Spollen WG, Springer GK, Bohnert HJ, Nguyen HT.
Root growth maintenance during water deficits: physiology to functional genomics..
Journal of Experimental Botany. 2004;55(407):2343-2351. DOI: 10.1093/jxb/erh276

[37] Sponchiado BN, White JW, Castillo JA, Jones PG. Root growth of four common bean
cultivars in relation to drought tolerance in environments with contrasting soil
types.. Experimental Agriculture. 1989;25(2):249-257. DOI: 10.1017/
S0014479700016756

[38] Guimarães CM, Brunini O, Stone LF. Common bean (Phaseolus vulgaris L.) adaptation
to drought. Pesquisa Agropecuária Brasileira. 1996;31(2):393-399. DOI: 10.1590/
S1415-4366200600010001

[39] Peña-Valdivia CB, Sanchez-Urdaneta AB, Rangel JM, Muñoz JJ, García-Nava R, Ve‐
lázquez RC. Anatomical root variations in response to water deficit: wild and domes‐

Abiotic and Biotic Stress in Plants - Recent Advances and Future Perspectives580



ticated common bean (Phaseolus vulgaris L).. Biological Reseach. 2010;43(4):417-427.
DOI: S0716-97602010000400006

[40] Mitra J. Genetics and genetic improvement of drought resistance of crop plants.. Cur‐
rent Science. 2001;80(25):758-763.

[41] Nogueira RJMC, Moraes JAPV, Burity HA, Bezerra Neto E. Changes in diffusion re‐
sistance of vapor leaves and water relations in aceloreiras subjected to water deficit..
Revista Brasileira de Fisiologia Vegetal. 2002;13(1):75-87. DOI: 10.1590/
S0103-31312001000100009.

[42] Vendruscolo ECG, Schuster I, Pileggi M, Scapim CA, Molinari HBC, Marur CJ, Vieira
LGE. Stress-induced synthesis of proline confers tolerance to water deficit in trans‐
genic wheat. Journal of Plant Physiology. 2007;164(10):1367-1376. DOI: 10.1016/
j.jplph.2007.05.001

[43] Chaves MM, Depauw RM, Townley-Smith TF. How plants cope with water stress in
the field. Photosynthesis and growth. Annals of Botany. 2002;89(7):907-916. DOI:
10.1093/aob/mcf105

[44] Muchow RC, Carberry PS. Designing improved plant types for the semi-arids trop‐
ics: Agronomist viewpoints. In: Penning de Vries FWT, Teng P, Metselaar k, editors.
Systems appraches for agricultural development; 1993; Dordrecht: Kluver. Dor‐
drecht: Kluver:1993. p. 37-61. DOI: 10.1007/978-94-011-2840-7

[45] Spollen WG, Nelson CJ. Response of fructan to water deficit in growing leaves of tall
fescue.. Plant Physiology. 1994;106(1):329-336. DOI: 10.1104/pp.106.1.329

[46] Barrios-Gómez EJ, López-Castañeda C, Kohashi-Shibata J, Acosta-Gallegos JA, Mir‐
anda-Colín S, Mayek-Pérez N. Osmotic adjustment and seed yield of dry bean under
drought. Annual Report of the Bean Improvement Cooperative. 2009;52(1):100-101.

[47] Kozlowski TT, Pallardy SG. Acclimation and adaptive responses of woody plants to
environmental stresses. The Botanical Review. 2002;68(2):270-334. DOI:
10.1663/0006-8101

[48] Maestri M, DaMatta FM, Regazzi A, Barros RS. Accumulation of proline and quater‐
nary ammonium compounds in mature leaves of water stressed coffee plants (Coffea
arabica and Coffea canephora). Journal Horticultural Science. 1995;70(1):229-233.

[49] Barbosa MAM, Lobato AKS, Tan DKY, Viana GDM, Coelho KNN, Barbosa JRS, Mor‐
aes MCHS, Costa RCL, Santos Filho BG, Oliveira Neto CF. Bradyrhizobium im‐
proves nitrogen assimilation, osmotic adjustment and growth in contrasting cowpea
cultivars under drought.. Australian Journal of Crop Science. 2013;7(13):1983-1989.

[50] Hartung W, Sauter A, Hose E. Abscisic acid in the xylem: where does it come from,
where does it go to?. Journal of Experimental Botany. 2002;53(366):27-32. DOI:
10.1093/jexbot/53.366.27

Cowpea Breeding for Drought Tolerance — From Brazil to World
http://dx.doi.org/10.5772/62000

581



[51] D'arcy-Lameta A, Ferrari-Iliou R, Contour-Ansel D, Pham-Thi AT, Zuily-Fodil Y. Iso‐
lation and characterization of four ascorbate peroxidase cDNA responsive to water
deficit in cowpea leaves. Annals of Botany. 2006;97(1):133-140. DOI: 10.1093/aob/
mcj010

[52] Leite ML, Virgens Filho JS. Dry matter production of cowpea (Vigna unguiculata (L.)
Walp.) plants submitted to water deficits.. Publication UEPG/Ciências Agrárias e En‐
genharias. 2004;10(1):43-51.

[53] Singh SP. Selection for water-stress tolerance in interracial populations of commom
bean.. Crop Science. 1995;35(1):118-124. DOI: 10.2135/crops‐
ci1995.0011183X003500010022x

[54] Schneider KA, Brothers ME, Kelly JD. Marker assisted selection to improve drought
resistance in common bean.. Crop Science. 1997;37(1):51-60. DOI: 10.2135/crops‐
ci1997.0011183X003700010008x

[55] Karamanos AJ, Papatheohari AY. Assessment of drought resistance of crop cultivars
and lines by means of the water potential index. Crop Science. 1999;39(1):1792-1797.

[56] Dubetz S, Mahlle PS. Effect of soil water stress on bush beans (Phaseolus vulgaris L.),
at three stages of growth.. Journal of American Society for Horticultural Science.
1969;94:479-481.

[57] White JW, Ochoa MR, Ibarra PF, Singh SP. Inheritance of seed yield, maturity and
seed weight of common bean (Phaseolus vulgaris) under semi-arid rainfed conditions..
Journal of Agricultural Science. 1994;122(2):265-273. DOI: 10.1017/S0021859600087451

[58] Beebe SE, Rao IM, Blair MW, Acosta-Gallegos JA. Phenotyping common beans for
adaptation to drought. Fronters in Physiology. 2013;4(35):1-20. DOI: 10.3389/fphys.
2013.00035

[59] Broughton WJ, Hernandez G, Blair M, Beebe S, Gepts P, Vanderleyden J. Beans (Pha‐
seolus spp.) – model food legumes. Plant and Soil. 2003;252(1):407-415. DOI:
10.1023/A:1024146710611

[60] Londero PMG, Ribeiro ND, Cargnelutti Filho A. Fiber content and yield grain in
common bean populations. Ciência e Agrotecnologia. 2008;32(1):167-173. DOI:
10.1590/S1413-70542008000100024

[61] Freire Filho FR, Lima JAA, Ribeiro VQ. Cowpea: Technological advances. Embrapa
Informação Tecnológica. 2005;1:519.

[62] Hall AE. Phenotyping cowpeas for adaptation to drought.. Frontiers in Physiology.
2012;3(155):1-8. DOI: 10.3389/fphys.2012.00155.

[63] Torres GAM, Pflieger S, Corre-Menguy F, Mazubert C, Hartmann C, Lelandais-Bri‐
ere C. Identification of novel drought-related mRNAs in common bean roots by dif‐

Abiotic and Biotic Stress in Plants - Recent Advances and Future Perspectives582



ferential display RT-PCR. Plant Science. 2006;171(3):300-307. DOI: 10.1016/j.plantsci.
2006.03.008.

[64] Cooper M, DeLacy IH. Relationship among analytical methods used to study geno‐
typic variation and genotype-by-environment interaction in plant breeding multi-en‐
vironment experiments. Theorical and Applied Genetics. 1994;88(5):561-572. DOI:
10.1007/BF01240919.

[65] Clarke JM, Depauw RM, Townley-Smith TF. Evaluation of methods for quantifica‐
tion of drought tolerance in wheat.. Crop Science. 1992;32(3):723-728. DOI: 10.2135/
cropsci1992.0011183X003200030029x

[66] Subbarao GV, Johansen C, Slinkard AE, Nageswara Rao RC, Saxena NP, Chauhan
YS. Strategies for improving drought tolerance in grain legumes. Critical Reviews in
Plant Sciences. 1995;14(6):469-523. DOI: 10.1080/07352689509701933.

[67] Ribeiro GS, Ferreira AF, Neves CML, Sousa FSM, Oliveira C, Alves EM, Sodré GS,
Carvalho CAL. Aspects of the floral biology and pollen properties of Vigna unguicula‐
ta L. Walp (Fabaceae). African Journal of Plant Science. 2013;7(5):149-154. DOI:
10.5897/AJPS13.1014.

[68] Rocha MM, Filho FRF, Silva KSD, Ribeiro VQ. Feijão-caupi: Biologia floral. Embrapa
Meio-Norte. Teresina – PI.

[69] Rachie K, Rawal KM, Franckowial JD. A rapid method of hand crossing cowpeas. 1th
ed. Nigeria:1975. 5p.

[70] Zary KW, Miller Junior JC. Comparison of two methods of hand-crossing Vigna un‐
guiculata (L.) Walp. HortScience. 1982;17(2):246-248.

[71] Teófilo EM, Paiva JB, Medeiros Filho S. Arficial pollination in cowpea (Vigna unguicu‐
lata (L.) Walp. Ciência e Agrotecnologia. 2001;25(1):220-223.

[72] Lobato AKS, Gonçalves-Vidigal MC, Vidigal Filho PS, Ramos VMS, Poletine JP, An‐
drade CAB. Genetic parameters of grain production and its components in common
bean (Phaseolus vulgaris L.) under drought stress. Australian Journal of Crop Science.
2014;8(8):1152-1159.

[73] Gravina GA, Martins Filho S, Sediyama CS, Cruz CD. Genetic parameters of soybean
resistance to Cercospora sojina. Pesquisa Agropecuária Brasileira. 2004;39(7):653-659.
DOI: 10.1590/S0100-204X2004000700006.

[74] Szilagyi L. Influence of grought on seed yield components in common bean. Bulgari‐
an Journal Plant Physiology. 2003;9(1):320-330.

[75] Franco MC, Cassini STA, Oliveira VR, Tsai SM. Characterization of the genetic diver‐
sity of common beans by RAPD markers.. Pesquisa Agropecuária Brasileira.
2001;36(2):381-385. DOI: 10.1590/S0100-204X2001000200023

Cowpea Breeding for Drought Tolerance — From Brazil to World
http://dx.doi.org/10.5772/62000

583



[76] Cruz CD, Regazzi AJ, Carneiro PCS. Modelos Biométricos Aplicados ao Melhora‐
mento Genético. 4th ed. Brazil:2012. 668 p.

[77] Acquaah G. Principles of plant genetics and breeding.. 1st ed. Australia: Blackwell;
2007. 584 p.

[78] Abney M, Mcpeek MS, Ober C. Broad and narrow heritabilities of quantitative traits
in a founder population. American Journal of Human Genetics. 2001;68(5):1302-1307.
DOI: 10.1086/320112.

Abiotic and Biotic Stress in Plants - Recent Advances and Future Perspectives584


