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ABSTRACT. The purpose of this study was to identify parents and
obtain segregating populations of cowpea (Vigna unguiculata L.
Walp.) with the potential for tolerance to water deficit. A full diallel
was performed with six cowpea genotypes, and two experiments were
conducted in Teresina, PI, Brazil in 2011 to evaluate 30 F, populations
and their parents, one under water deficit and the other under full
irrigation. A triple-lattice experimental design was used, with six
2-m-long rows in each plot. Sixteen plants were sampled per plot. The
data were subjected to analysis of variance, and general and specific
combining ability estimates were obtained based on the means. Additive
effects were more important than non-additive effects, and maternal
inheritance had occurred. The genotypes BRS Xiquexique, Pingo de
Ouro-1-2, and MNC99-510F-16-1 were the most promising for use
in selection programs aimed at water deficit tolerance. The hybrid
combinations Pingo de Ouro-1-2 x BRS Xiquexique, BRS Xiquexique
x Santo Inacio, CNCx 698-128G x MNC99-510F-16-1, Santo Inacio

Genetics and Molecular Research 15 (2): gmr.15027996 ©FUNPEC-RP www.funpecrp.com.br



E.V. Rodrigues et al. 2

x CNCx 698-128G, MNC99-510F-16-1 x BRS Paraguacu, MNC99-
510F-16-1 x Pingo de Ouro-1-2, and MNC99-510F-16-1 x BRS
Xiquexique have the potential to increase grain production and tolerate
water deficit.

Key words: Vigna unguiculata; OCC; SCC; Hybrid combination;
Genetic control

INTRODUCTION

The cowpea (Vigna unguiculata L. Walp.) is socioeconomically important, plays a key
role in Brazilian agricultural production, and is a major source of dietary protein. Brazil is the third-
largest cowpea producer, with 1,391,386 ha of crop that annually produce 513,619 t on average,
with an average grain productivity of 369 kg/ha (Freire Filho et al., 2011). In the Brazilian Midwest,
where cultivation is highly technological, the average productivity is 960 kg/ha. However, water
deficit limits the productivity of this crop, particularly in the Northeast region.

Water deficit-related losses are the main challenge for grain production, particularly in
semi-arid regions (Fritche-Neto and Borém, 2011). Plants are subject to adverse conditions that
cause stress during their development. This term is defined as a deviation from the optimum
conditions for growth, development, and survival. Water deficit tolerance is the ability of
plants to tolerate water deficit in their tissues (Agbicodo et al., 2009).

Tolerance to water deficit is a complex characteristic that involves several genes and
biochemical routes (Shinozaki and Yamaguchi-Shinozaki, 2007). Gene expression studies
have shown that the levels of expression of hundreds of genes are altered in response to water
deficit (Oztur et al., 2002; Talame et al., 2007; Zhou et al., 2007). Despite the cowpea being
regarded by farmers as a crop that is tolerant to water deficit, studies have shown that water
deficit can reduce grain yield, and thus the development of water deficit-tolerant cultivars is
required (Anyia and Herzog, 2004; Fatokun et al., 2009).

One of the essential steps in this process, after the selection of the parents, is the
choice of promising segregating populations. There are several methodologies, including
diallelic junctions, which can be used. Diallelic analysis methodologies analyze genetic
design, estimate useful parameters in selecting parents for hybridization, and consider genetic
effects involved in the determination of the characteristics. Therefore, the purpose of this
study was to identify parents and obtain segregating populations of cowpea with the potential
for tolerance to water deficit.

MATERIAL AND METHODS

The parents were six cowpea genotypes within three cultivars (BRS Paraguacu,
BRS Xiquexique, and Santo Inacio) and three lines (Pingo de Ouro-1-2, CNCx698-128G,
and MNC99-510F-16-1) that had previously been selected based on studies of water deficit
tolerance in the cowpea (Bastos et al., 2011; Nascimento et al., 2011).

The six parents were crossed under screenhouse conditions in a full diallelic scheme,
adopting Method 1 of the model proposed by Griffing (1956). Seeds of 30 F, hybrids were sown
under greenhouse conditions to obtain the F, generation. Two experiments were conducted for
the assessment of 30 F, populations and their parents at Embrapa Mid-North, Teresina, PI,
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Brazil (05°05'S, 42°48'W; 74.4 m above mean sea level) from July 26 to October 11, 2011:
under water deficit during pre-flowering and under full irrigation. According to the Képpen
classification, the climate of the region is the Aw type (tropical climate with wet and dry
seasons). The soils in the experimental area are shallow, eutrophic yellow argisols that have a
sandy texture. Soil preparation consisted of two harrowed and one ploughed grid.

The experimental design was incomplete blocks in a triple-square lattice. Each experimental
plot contained six 2-m-long rows, with 1.0 m between rows and 0.50 m between plants. Three
seeds were sown per hole. Fifteen days after sowing, roughing was performed, leaving one plant
per hole. Hoeing and animal traction were conducted during the experiment to control weeds.

Irrigation was performed using a conventional fixed-sprinkler system, with sprinklers
on side lines arranged in a 12 x 12 m manner that had an operational pressure of 250 kPa; the
nozzle diameter was 3.4 x 2.6 mm and the flow rate 1.07 m*/h. The water table was set based
on the evapotranspiration rate, which was obtained from an automated meteorological station
in Embrapa Mid-North, and the crop coefficient (Kc), which ranged from 0.6 to 1.1 (Ferreira
et al., 2008). Four batteries of collectors were installed to monitor the water table; each battery
contained 16 collectors.

Plants not under water deficit were fully irrigated throughout the experiment, and
those under water deficit had no irrigation from the pre-flowering stage until the beginning
of the reproductive period. Soil moisture was monitored using a Diviner 2000® capacitance
probe, through 12 access tubes installed at a depth of 0.70 m; measurements were taken every
0.10 m of soil depth. A water retention curve of the soil at a depth of 0-0.4 m was generated
using the Genuchten (1980) model. The field capacity and permanent wilting point values
were 21.2 and 9.05 cm®/cm?, respectively.

Fifteen agronomic characteristics were measured in 16 individual plants. Pearson
correlations were conducted in order to identify characteristics that were positively correlated
with grain production. The following parameters were assessed: the number of days to maturity
(NDMD), which was the number of days from sowing until the emergence of the first pod with
color change, indicating the start of the drying process; the number of stems per plant (NSP),
which was the number of peduncles; the number of pods per plant (NPP); the weight (g) of
pods per plant (WPP); grain production (GP), which was grain weight (g) corrected for 12%
moisture content; and the 100-grain weight (g) (W100G), which was the weight of 100 grains
from each plant corrected for 12% moisture content.

Six parents and 30 F, populations were used for the diallelic analysis, including the
reciprocals. The analysis of combinatorial capabilities partitioned the overall capacity of
combination (OCC), the specific capacity of combination (SCC), and the reciprocal effect
(RE) using the following model:

Y.=m+g+t+g+s. +r.+e. Equation 1
1) 1 ] 1 1) 1)

where Y, is the mean value of the hybrid combination (i # /) or parent (i =j); m is the general
mean; g, "and g; are the effects of the overall capacity of the i and j* parent (i, j = 1, 2,...,6);
S, is the effect of the SCC of the crosses between parents of order i and j; ry is the RE that
measured differences in the parent i or j when used as a male or female in crossing ij; and e, is
the experimental medium error associated with the observation of order ;.
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Quadratic components (®) expressed the genetic variability of the genotypes studied
in terms of the OCC, SCC, and RE, and were obtained from the following expressions:
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Equation 3

Equation 4

is the mean square of the SCC; QM,, is

the mean square of the RE; and p is the number of genotypes in the diallel. All of the statistical
analyses were performed using the GENES program (Cruz, 2013).

RESULTS AND DISCUSSION

The effect of genotype was highly significant (P < 0.01), indicating the existence of
genetic variability in the population evaluated (Table 1). Ushakumari et al. (2010), assessing a

5 x 5 diallel, also found variability between populations in NPP and GP.

Table 1. Summary of analysis of variance of the number of days to maturity of grains (NDMD), number of
stems per plant (NSP), number of pods per plant (NPP), weight of pods per plant (WPP), grain production
(GP), and weight of 100 grains (W100G) obtained from a diallelic cross involving six parental cowpea (Vigna
unguiculata) genotypes, their F, populations, and the reciprocals.

Sources of variation

Mean squares test with water deficit

d.f. NDMD NSP NPP WPP GP W100G
Treatment 35 1.8** 55.8** 136.0** 1,489.05** 202,057.7** 18.1**
OCcC 5 0.5** 78.2** 219.0** 748.7" 79,008.8" 100.6**
SCC 15 0.7** 40.2** 94.8** 1,127.0** 165,894.5** 6.1**
RE 15 1.4** 63.9** 149.4** 2,097.8** 279,237.3** 2.6*
Error 55 0.3 11.1 24.7 316.1 41,405.0 0.8
(0N 0.16 5.6 16.19 36.05 3,133.65 8.31
0N 0.4 29.1 70.1 810.9 124,485.5 3.5
Drc 0.55 26.4 62.35 890.85 118,916.15 0.9
Sources of variation Mean squares test without water deficit

d.f. NDMD NSP NPP WPP GP W100G
Treatment 35 5.1** 134.8** 241.2** 1,790.2** 188,535.7** 41.1*
OCC 5 17.5** 561.9** 1,109.4** 4,905.0** 425,038.9** 211.0**
SCC 15 4.1 48.9* 50.8"s 460.5" 42,890.8" 23.9**
RE 15 2.0* 78.4** 142.3** 2,081.6" 255,346.2** 1.7m
Error 55 1.0 16.5 40.9 447.2 50,440.5 2.9
Dg 1.37 45.45 89.04 371.48 31,216.53 17.34
Ds 3.1 32.4 9.9 13.3 -7,549.7 21.0
Dre 0.5 30.95 50.7 817.2 102,452.85 -0.6

***Significant at the 1 and 5% levels, respectively, according to an F-test; ns = not significant; OCC = overall
capacity of combination; SCC = specific capacity of combination; RE = reciprocal effect; ® = component
associated with the OCC; ®_= component associated with the SCC; @ = component associated with the RE.
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The OCC, which is estimated by g, provides information on the concentration of
additive genes and their effects, and is used to choose parents in breeding programs. The SCC,
which is behavior that deviates from what would be expected based on the OCC, measures
non-additive gene effects. The plant breeder is interested in hybrid combinations, with SCC
estimates of the most favorable combination with at least one of the parents that has the most
favorable OCC (Cruz et al., 2012). Based on this assumption, crosses with high averages are
selected with at least one parent having a positive OCC value. The significant medium squares
of OCC and SCC indicates that both additive and non-additive gene effects were involved in the
control of NDMD, NSP, and W100G, independent of environmental conditions. NDMD, NSP,
NPP, and W100G exhibited a significant effect of OCC, indicating strong additive gene effects
on their expression and the greatest concentration of favorable alleles. This result corroborates
that of Carvalho et al. (2012), who evaluated eight cowpea genotypes and found that additive
effects were more important than non-additive effects for NGV, NPP, W100G, and GP, thereby
enabling direct selection gains. Pereira et al. (2007) assessed promising segregating populations
of French beans for grain production, and obtained significant medium square values for OCC
and SCC, indicating additive and non-additive effects in the control of the characteristic studied.
Tchiagam et al. (2011) studied the genetic control of protein content and its soluble fraction
in cowpea seeds using a 5 x 5 diallel, and found that additive and non-additive effects were
responsible for the genetic variation; however, non-additive effects were predominant.

The SCC was not significant for NPP, WPP, and GP under full irrigation. This result
disagrees with those obtained by Ushakumari et al. (2010) when assessing a diallel cowpea
population composed of parental and composite F, plants, who found that dominance effects
were more important than additive effects. The RE was significant (P < 0.01) for most of the
characteristics evaluated (NDMD, NSP, NPP, and GP), suggesting that cytoplasmic inheritance
may be involved in their expression; this is of paramount importance in segregating populations.

Parents were selected based on high, positive estimates of the OCC, because they
contributed to an increase in the expression of the characteristics (Table 2). However, parents
with high, negative values contributed to a reduced expression of NDMD. The best genotypes
were BRS Paraguacu, BRS Xiquexique, and CNCx 698-128G.

Table 2. Estimation of the combination general capacity (OCC) and reciprocal effects for the number of days
to maturity of grains (NDMD), number of stems per plant (NSP), number of pods per plant (NPP), weight
of pods per plant (WPP), grain production (GP), and weight of 100 grains (W100G) obtained from a diallel
involving six parental cowpea (Vigna unguiculata) genotypes under full irrigation and water deficit.

Parent Water deficit
NDMD NSP NPP WPP (g) GP (9) W100G (g)

BRS Paraguagu -0.29 -1.62 0.17 -4.10 -35.11 -0.57
Pingo de Ouro-1-2 0.29 -0.47 -2.71 -3.47 -34.26 2.99
BRS Xiquexique -0.51 -0.28 1.6 4.64 47.35 -0.70
CNCx 698-128G -0.28 2.45 3.68 2.24 -7.14 -2.03
Santo Inacio 0.61 -0.90 -2.61 -4.50 -39.49 0.07
MNC99-510F-16-1 0.17 -0.93 -0.13 5.25 68.65 0.24
Parent Full irrigation

BRS Paraguagu -0.78 -3.49 0.34 -10.11 73.52 -0.96
Pingo de Ouro-1-2 0.37 -2.64 -7.14 -12.75 -111.10 4.67
BRS Xiquexique -0.39 -1.14 2.60 6.18 56.02 -1.20
CNCx 698-128G -0.37 7.35 8.56 16.85 135.57 -2.10
Santo Inacio 1.17 -1.35 -4.76 -6.95 -102.83 0.07
MNC99-510F-16-1 0.02 1.28 0.39 6.78 95.85 -0.29
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For the NPP, the values of g for the two treatments were negative for the same
genotypes (Pingo de Ouro-1-2 and Santo Inacio), suggesting that these should not be included
in crosses aimed at increasing the number of pods per plant. The CNCx 698-128G genotype
stood out, with eight pods per plant. In contrast, Carvalho et al. (2012) reported low negative
and positive values for this characteristic.

Regarding the WPP, the BRS Xiquexique, CNCx 698-128G, and MNC99-510F-16-1
genotypes had high and positive OCC estimates, regardless of the water treatment. Carvalho et
al. (2012) also found a positive value for this characteristic when evaluating BRS Xiquexique.
BRS Paraguacu, Pingo de Ouro-1-2, and Santo Inacio should not be used for the improvement
of WPP because of their high, negative values.

Xiquexique and BRS MNC99-510F-16-1 stood out for GP, as they had high, positive
g, values in both treatments. BRS Paraguagu, Pingo de Ouro-1-2, CNCx 698-128G, and Santo
Inécio reduced the expression of this characteristic, and are not recommended for GP breeding
programs. Ushakumari et al. (2010) also found positive and negative effects of OCC for GP
in hybrid cowpea strains. Pingo de Ouro-1-2 stood out regarding W100G, with OCC values
0f 2.99 and 4.67 under water deficit and fully irrigated, respectively, and is recommended for
crosses that increase average grain weight. Currently, breeding programs aim to increase the
W100G because of market requirements (Freire Filho et al., 2011).

The SCC, estimated by s., indicates the dev1at10n of a hybrid from what would
be expected based on the OCC ofJ its parents. Positive values of s indicate that the cross
is superior, and that there is a predominance of genes that exhibit dominance or epistasis
effects. The parameter s, is indicative of genetic divergence; positive values indicate that the
parents exhibit negative heterosis, and negative values indicate that the parents exhibit varietal
heterosis with one-way negative dominance deviations, i.e., heterosis occurs in order to reduce
the expression of the characteristic (Cruz et al., 2012). In this way, high SCC estimates are
important in obtaining promising segregating populations because they indicate greater
variability, which is essential in the selection process.

Positive and negative values of s, were observed for all of the characteristics relative
to the performance of the parents (Table 3) Values of's, for the characteristics differed between
the treatments. BRS Paraguagu, Santo Inacio, and MNC99-510F-16-1 had crosses with high
heterosis for GP, regardless of the water treatment.

Regarding the NDMD, which is a measure of precocity, the crosses that had favorable
estimates of s, in both treatments were: Pingo de Ouro-1-2 x BRS Paraguagu, BRS Xiquexique
x CNCx 698- 128G and CNCx 698-128G x Pingo de Ouro-1-2; these had at least one parent
with a negative g, value Both parents of the BRS Xiquexique x CNCx 698-128G cross had
negative g, Values i.e., they reduced the expression of this characteristic.

The signs of the NPP values differed between the treatments, demonstrating the
influence of the environment. The crosses that stood out were Santo Inacio x CNCx 698-128G
and Santo Inacio x MNC99-510F-16-1. Although Santo Inacio was repeated in these crosses
with a negative OCC value, each pair had a positive g value.

The Santo Inacio x CNCx 698-128G cross had the highest s, value for NSP and NPP, and
increased the expression of these characteristics in both treatments, indicating that these parents
are ideal for these characteristics. The best crosses for the WPP were BRS Xiquexique x Pingo de
Ouro-1-2, CNCx 698-128G x MNC99-510F-16-1, and Santo Inacio x CNCx 698-128G.

Regarding GP, high, positive values were obtained for the following combinations:
BRS Paraguagu x CNCx 698-128G, Pingo de Ouro-1-2 x BRS Xiquexique, CNCx 698-128G
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x MNC99-510F-16-1, Santo Inacio x Pingo de Ouro-1-2, and Santo Inacio x CNCx 698-
128G. However, only the parents Pingo de Ouro-1-2 and MNC99-510F-16-1 had positive
OCC values in both treatments. Crosses of these parents are promising in terms of obtaining
superior segregating populations.

Table 3. Estimation of the specific combination capacity (CEC) and reciprocal effects for the number of days
to maturity of grains (NDMD), number of stems per plant (NSP), number of pods per plant (NPP), weight
of pods per plant (WPP), grain production (GP), and weight of 100 grains (W100G) obtained from a diallel
involving six parental cowpea (Vigna unguiculata) genotypes under full irrigation (1) and water deficit (2).

Cross Characteristic
NDM NSP NPP WPP (g) GP (g) W100G (g)

QxJ3 1 2 1 2 1 2 1 2 1 2 1 2
1x1 0.90 0.05 -1.85 2.15 -2.70 2.15 -3.01 1.88 -59.90 -71.3 0.50 -0.45
1x2 -0.01 0.88 0.01 -0.12 -1.64 -0.12 -8.62 -1.92 | -90.22 1.33 -1.25 -2.05
1x3 -0.04 -0.74 -1.53 0.64 -263 0.64 -6.25 3.39 -77.21 -0.69 -0.70 -0.16
1x4 -0.40 -0.46 2.68 -2.12 5.31 -2.12 12.82 | -1.49 | 19142 69.06 -0.18 0.91
1x5 -0.20 0.28 -0.12 0.78 0.25 0.78 -0.32 -0.36 | -27.33 69.97 0.83 1.52
1x6 -0.26 -0.02 0.8 -1.32 1.40 -1.32 5.39 -1.49 | 63.25 -13.0 0.80 0.23
2x1 -0.40 -0.80 -1.37 -3.23 -1.63 -3.23 -7.45 -4.36 | -54.98 -233.47 0.06 0.39
2x2 0.48 -0.67 4.56 -2.01 6.00 -2.01 24.63 1.33 | 310.00 10.05 0.63 8.32
2x3 0.14 0.19 1.87 1.82 3.81 1.82 15.38 0.08 | 178.65 36.83 -0.27 -0.6
2x4 -0.09 0.84 -6.36 0.16 -8.52 0.16 32.48 | -1.23 | -405.43 | -101.57 0.42 -1.80
2x5 -0.11 -1.36 0.71 1.7 -0.65 1.70 -0.90 3.67 -7.19 100.07 0.86 -1.64
2x6 -0.40 0.11 0.62 -1.54 1.00 -1.54 1.98 -1.93 14.19 -46.72 -0.39 -0.8
3x1 -0.50 -0.33 -0.73 -0.03 -0.77 4.46 -10.03 1.5 -109.84 100.03 -0.36 -0.23
3x2 0.14 -0.83 1.9 2.93 2.40 -2.93 11.03 6.5 162.09 320.92 -1.24 -0.06
3x3 0.08 1.06 -4.33 4.46 -5.30 4.46 -21.09 3.37 | 198.63 185 -0.69 0.34
3x4 -0.62 -0.68 -0.41 -2.93 5.14 -2.93 10.87 | -1.58 86.89 -109.94 0.37 -0.13
3x5 0.09 0.06 1.06 -0.35 0.42 -0.35 1.56 1.08 22.26 4.86 -0.35 0.56
3x6 0.36 0.11 -0.13 -3.63 -1.45 -3.63 -0.48 -4.18 | -11.90 -47.97 1.63 1.39
4x1 -0.04 0.63 -0.9 4.23 -4.90 4.23 -5.32 5.57 -73.24 206.71 0.31 0.43
4x2 -0.60 -0.63 -1.07 3.43 -0.60 3.43 -6.13 4.66 -56.02 66.14 -0.63 -0.47
4x3 -0.10 0.6 -0.41 -7.03 -1.65 -7.03 7.05 -10.0 36.12 -353.88 0.47 -0.13
4x4 0.75 0.29 0.7 8.59 -2.58 8.59 -9.68 4.92 | -103.48 72.88 -1.83 -0.74
4x5 0.16 -0.28 -0.11 -4.08 0.11 4.33 10.38 | -4.21 | 124.61 -28.89 1.45 1.60
4x6 0.20 0.30 0.02 0.39 0.54 0.39 8.06 3.59 | 105.98 97.75 -0.23 0.14
5x1 0.54 0.0 1.16 -3.7 -0.17 2.06 2.1 -6.03 11.40 -315.94 -1.20 0.29
5x2 0.47 -0.76 5 -1.8 6.97 1.70 31.49 | -0.22 | 390.59 64.28 -0.49 -0.95
5x3 -0.27 -1.1 3.36 -1.9 5.37 -1.9 17.98 0.76 | 174.50 87.61 0.37 -0.45
5x4 0.10 -0.35 6.6 4.33 10.93 4.33 39.73 6.0 476.64 309.55 0.07 0.90
5x5 0.09 2.45 -2.25 -1.44 -4.17 -1.44 -15.58 | -1.82 | -186.03 | -190.92 -1.12 0.0
5x6 -0.03 -1.15 2.14 3.4 4.03 3.40 4.86 3.81 73.69 32.65 -1.66 -1.05
6x1 -0.70 -0.13 -4.57 -1.83 -5.60 -1.83 -19.38 -1.6 | -199.23 | -126.46 0.15 0.60
6x2 0.47 -0.63 -1.4 -0.4 -2.43 -0.40 -13.69 0.53 | -165.12 -58.37 -1.01 0.14
6x3 -0.30 -0.46 -6.5 1.13 -9.77 1.13 -35.49 | -1.17 | -379.72 -20.59 0.40 0.79
6 x4 -0.17 0.0 2.2 2.06 2.70 2.06 9.73 3.63 94.06 101.61 0.05 -0.03
6x5 -0.57 0.03 -0.73 7.03 -0.44 7.03 -5.94 7.0 -128.83 32.65 -1.13 -1.05
6x6 0.12 0.0 -3.45 2.7 -5.35 2.71 -19.85 | 0.19 | -245.21 -22.63 -0.16 0.08

Additive effects were more important than non-additive effects, and cytoplasmic
inheritance occurred. BRS Xiquexique, Pingo de Ouro-1-2, and MNC99-510F-16-1 are the
most promising genotypes for use in selection programs for tolerance to water deficit.

The hybrid combinations Pingo de Ouro-1-2 x BRS Xiquexique, BRS Xiquexique
x Santo Inacio, CNCx 698-128G x MNC99-510F-16-1, Santo Inacio x CNCx 698-128G,
MNC99-510F-16-1 x BRS Paraguacu, MNC99-510F-16-1 x Pingo de Ouro-1-2, and
MNC99-510F-16-1 x BRS Xiquexique have the potential to increase grain production and
tolerate water deficit.

Genetics and Molecular Research 15 (2): gmr.15027996 ©FUNPEC-RP www.funpecrp.com.br



E.V. Rodrigues et al. 8

Conflicts of interest

The authors declare no conflict of interest.
ACKNOWLEDGMENTS

We thank the National Council for Scientific and Technological Development
(CNPq) and the Coordination for the Improvement of Higher Education Personnel (CAPES)
for financial support, and Embrapa Mid-North for the infrastructure that allowed us to
conduct this study.

REFERENCES

Agbicodo EM, Fatokun CA, Muranaka S, Visser RGF, et al. (2009). Breeding drought-tolerant cowpea: constraints,
accomplishments, and future prospects. Euphytica 167: 353-370. http://dx.doi.org/10.1007/s10681-009-9893-8
Anyia AO and Herzog H (2004). Water-use efficiency, leaf area and leaf gas exchange of cowpeas under mid-season

drought. Eur. J. Agron. 20: 327-339. http://dx.doi.org/10.1016/S1161-0301(03)00038-8

Bastos EA, Nascimento SPD, Silva EMD, Freire Filho FR, et al. (2011). Identification of cowpea genotypes for drought
tolerance. Rev. Cién. Agron 42: 100-107.

Carvalho LCB, Silva KJD, Rocha MM, de Sousa MB, et al. (2012). Phenotypic correlations between combining
abilities of F2 cowpea populations. Crop Breed. Appl. Biotechnol. 12: 211-214. http://dx.doi.org/10.1590/S1984-
70332012000300008

Cruz CD (2013). Genes: a software package for analysis in experimental statistics and quantitative genetics. Acta Sci.
Agron. 35: 271-276. http://dx.doi.org/10.4025/actasciagron.v35i3.21251

Cruz CD, Regazzi AJ and Carneiro PCS (2012). Modelos biométricos aplicados ao melhoramento genético, Volume 1.
UFV, Vigosa.

Fatokun C, Boukar O, Muranaka S, Chikoye D, et al. (2009). Enhancing drought tolerance in cowpea. Proceedings of the
9th African Crop Science Conference. Cape Town, South Africa, 531-536.

Ferreira VM, Bastos AE, Andrade AS, Junior, Maschio R, et al. (2008). Crop coefficient of the cowpea in Teresina, Piaui
state, Brazil. Agricultural International Conference of Engineering, XXXVII Brazilian Congress of Agricultural
Engineering.

Freire Filho FR, Ribeiro VQ, Rocha MM, Damasceno-Silva KJ, et al. (2011). Feijao-caupi: producdo, melhoramento
genético, avangos e desafios. Embrapa Meio-Norte, Teresina.

Fritche-Neto R and Borém A (2011). Melhoramento de plantas para condi¢des de estresses abioticos. Suprema, Vigosa.

Genuchten MT (1980). A closed form equation for predicting hydraulic conductivity of unsaturated soils. Soil Sci. Soc.
Am. J. 44: 892-898. http://dx.doi.org/10.2136/ss5aj1980.03615995004400050002x

Griffing B (1956). Concept of general and specific combining ability in relation to diallel crossing systems. Aust. J. Biol.
Sci. 9: 463-493.

Nascimento SP, Bastos EA, Araujo EC, Freire Filho FR, et al. (2011). Tolerancia ao déficit hidrico em gendtipos de feijao-
caupi. Rev. Bras. Engen. Agricol. AMB (Sao. Paulo) 15: 853-860.

Oztur ZN, Talamé V, Deyholos M, Michalowski CB, et al. (2002). Monitoring large-scale changes in transcript abundance
in drought- and salt-stressed barley. Plant Mol. Biol. 48: 551-573. http://dx.doi.org/10.1023/A:1014875215580
Pereira HS, Santos JD, Abreu ADF and Couto KR (2007). Informagdes fenotipicas e marcadores microssatélites de QTL
na escolha de populagdes segregantes de feijoeiro. Pesq. Agr. Bras 42: 707-713. http://dx.doi.org/10.1590/S0100-

204X2007000500014

Shinozaki K and Yamaguchi-Shinozaki K (2007). Gene networks involved in drought stress response and tolerance. J.
Exp. Bot. 58:221-227. http://dx.doi.org/10.1093/jxb/erl164

Talame V, Ozturk NZ, Bohnert HJ and Tuberosa R (2007). Barley transcript profiles under dehydration shock and drought
stress treatments: a comparative analysis. J. Exp. Bot. 58: 229-240. http://dx.doi.org/10.1093/jxb/erl163

Tchiagam LBN, Bell JM, Nassourou AM, Njintang NY, et al. (2011). Genetic analysis of seed proteins contents in cowpea
(Vigna unguiculata L. Walp.). Afr. J. Biotechnol. 10: 3077-3086.

Ushakumari R, Vairam N, Anandakumar CR and Malini N (2010). Studies on hybrid vigour and combining ability for
seed yield and contributing characters in cowpea (Vigna unguiculata). Electron. J. Plant Breeding 1: 940-947.
Zhou J, Wang X, Jiao Y, Qin Y, et al. (2007). Global genome expression analysis of rice in response to drought and
high-salinity stresses in shoot, flag leaf, and panicle. Plant Mol. Biol. 63: 591-608. http://dx.doi.org/10.1007/s11103-

006-9111-1

Genetics and Molecular Research 15 (2): gmr.15027996 ©FUNPEC-RP www.funpecrp.com.br



