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ABSTRACT - The phenotypical, genotypical and environmental variability and correlations in cowpea were estimated,
aiming at the selection of lines for green-grain production. Both parents and 62 lines (39 F,, 16 F3BCy, 07 F3BC,) were
evaluated. The experiment was conducted in Teresina, Piaui, where the following traits were evaluated: stalk length; plant
height at flowering; number of nodes on the main stem; number of secondary branches; number of pods per plant; pod width,
length and thickness; number of grains per pod,; weight of 100 grains, and grain yield. The 14 lines of the F, population
achieved high grain yields, with purple pods and white grains; they can be recommended for selection for green-grain
production. Selection for more pods per plant may achieve a higher grain yield.

Key-words: Vigna unguiculata, morpho-agronomic traits, yield components.

INTRODUCTION

Cowpea (Vigna unguiculata (L.) Walp.) is a
leguminous plant of great socioeconomic, cultural and
nutritional importance; it is an excellent source of
proteins, carbohydrates, vitamins and minerals as well
as of dietary fibers, while the fat quantity is low and
cholesterol content zero (Sales and Rodrigues 1988).
The crop is physiologically little demanding and adapts
well to the most varied environmental conditions. It can
therefore be exploited in different production systems,
mainly in Northeastern Brazil, where it is most cultivated
(Freire Filho et al. 2005).

According to Queiroz (2001), genetic improvement
programs in the last decade gave rise to a significant

increase in cowpea yield by the development of cultivars
that meet consumers’ expectations. The wide genetic
variability in the species made this possible.

On this background, estimates of genetic
parameters that determine the variability available in
populations are fundamental (Gomes and Lopes 2005).
Bezerra et al. (1995) and Lopes et al. (2001) both used
estimates of the genetic variation coefficient to quantify
variability in cowpea genotypes and stated considerable
diversity; the highest value of all traits was found for
grain yield (19.44 and 23.90%, respectively).

Generally speaking, the study of interrelations
between traits aims to improve genotypes for a whole
trait set simultaneously, rather than for separate traits
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only. The interrelations reveal how the improvement of
one trait can cause alterations in others (Vencovsky
and Barriga 1992). Information on these relations is
particularly important when the selection of a trait is
hampered by low heritability and/or to problems of
measurement and identification (Cruz and Regazzi,
1994).

Studies on correlations with cowpea (Bezerra et
al. 2001, Lopes et al. 2001) have tried to interpret the
results and obtain support to work out adequate
improvement strategies.

This study aimed to evaluate the genetic variability
in cowpea lines and estimate genotypic, phenotypic and
environmental correlations among the morpho-
agronomic traits with a view to the selection of lines for
green grain production.

MATERIAL AND METHODS

The cowpea genotypes used here were originated
by crossing Capela and Costeldo, derived from the
Germplasm Bank of Embrapa Meio-Norte. These are local
cultivars, contrasting in pod length. The pods of
Costelao represent the desirable type for green grain
production. In F,, F;BC; (F; of the backcross with
Capela) and F3BC, generations (F; of the backcross with
Costeldo), respectively, 39, 16 and 7 lines, totalizing 62
lines and two parental genotypes were evaluated.

The experiment was installed in an experimental
arca of the Centro de Ciéncias Agrarias, Universidade
Federal do Piaui, in Teresina, state of Piaui (lat 05° 05’
05" S, long 42°05° 00" W, 72m asl), in a Fluvic Neosol,
from March to June 2004.

The experiment was arranged in a randomized
block design with three replications; plots consisted of
2.5 m long rows, spaced 1.50 m between rows and 0.25
m between plants. The parental was planted along the
two side rows as border. The plants were not irrigated.

The traits were evaluated in randomly selected
individual plants with at least 50% ripe pods for: stalk
length of the main stem (SL), expressed in centimeter;
plant height (PH), expressed in centimeter, from the plant
base to the apex of the main stem; number of nodes on
the main stem (NNMS), from the plant base to the apex
of the main stem; number of secondary branches (NSB);
number of pods per plant (NPP); pod width (PW), in
centimeter, determined by the extension from one tip to
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the other of one randomly collected dry pod per plant;
pod length (PL), in centimeter; pod thickness (PTh), in
centimeter, measured as the distance from one surface
to the other of one arbitrary dry pod per plant; number
of grains per pod (NGP), determined by counting the
grains in a representative pod of the genotype; weight
of 100 grains (WHG); grain yield (YLD), in kilograms
per hectare, after transformation of the weight into
grams of the total grains of the plot.

Software GENES (Cruz 2001) was used for the
statistical-genetic analyses. The analysis of variance
of the individual plant data was performed for all traits
except grain yield, considering the treatments effects
as random.

The estimates of the coefficients of phenotypic,
genotypic and environmental correlation between the
trait pairs were calculated based on the estimates of
variances and covariances, according to Kempthorne
(1973), by the expressions:

Phenotypic correlation (rp)

MPT

Tp = S S
[MST, .MST,

where:

MPT,,, : mean product associated to the treatment
effects, for the trait pair X and Y; and

MST,,)and MST ;: mean squares of the treatments,
of the trait pair X and Y, respectively.

Genotypic correlation (rg)

where:

OG(xy): Square component that represents the
genotypic covariance between the trait pair X and Y;

076 and 67g(,): square components that
represents the genotypic variability of the traits X and
Y, respectively.

Environmental correlation (rg)

MPE

xy

.
" MSE | MSE
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where:

MPE (xy): mean product of the experimental error,
for the trait pair X and Y; and

MSE(x) and MSE(y): mean squares of the
experimental error of the traits X and Y, respectively.

The estimates of the relation between the
coefficients of the genetic and experimental variation,
according to Vencovsky and Barriga (1992), were
obtained based on the ratio:

cv,
b=—= .
v, where:
Voo o -
CV,; = “=-.100 the genetic variation coefficient;

X

and

2
cv. =N%E 100 the variation coefficient of the

E w :
experimental error.
where:
o7 is the variance estimate of the experimental
error; and

X : is the trait mean.

RESULTS AND DISCUSSION

The genotypes differed significantly (P<0.01) in
all traits evaluated, evidencing the existence of
variability (Table 1). Of the families, the F, lines were
particularly interesting with a significant effect for all
traits, while the F3BC, differed in stalk length, number
of nodes on the secondary branch, pod length, pod
thickness, number of grains per pod and grain yield.
The F3BC, lines showed difference for number of pods
per plant, pod length, number of grains per pod and
grain yield. The parental genotypes presented
differences in the pod length and weight of 100 grains.
With cowpea Bezerra et al. (2001) and Lopes et al. (2001)
obtained results consistent results regarding plant
height, number of nodes on the main stem, number of
secondary branches, number of pods per plant, weight
of 100 grains and grain yield; the results of Lopes et al.
(2001) were significant for stalk length as well.

In general, the experimental precision indicated
by the variation coefficients (CV) was satisfactory, with
values classified as low and medium by Gomes (1982).
For the traits pod thickness, pod width, pod length,
number of grains per pod and weight of 100 grains, the
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1.11

50.02

YLD
(kg ha')
11361.46
3209.88**
3035.42%*
3907.42%**
3437.34%*
64.01
4313.03
1612.92
967.68
363.11
67.53
20.86

10.92
5.14
8.49
1.65

(2)

47.10
34.61

166.03%*

94.05
91.11
22.18
20.66

151.53
114.54%*

153.98**

WHG

NGP
22.86**
23.20%*
19.67**
32.24%*
22.82
41.52
3.63
7.72
3.09
12.67
5.05
5.71
1.13

209.22

PTh
(cm)
0.05
0.03%*
0.03%*
0.02%*
0.01
0.00
0.05
0.24
0.01
0.00
0.76
3.02
3.56
1.18

g

experimental variation (b) of the traits: stalk length (SL), plant height (PH), number of nodes on the main stem (NNMS ), number of secondary branches at maturation (NSB),
69.18**

PL
36.81
26.59%*
25.54%%
20.17%*
44.35%*
49.75
5.37
5.29
2.09
18.94
2.98
4.45
1.49

(cm)

Mean squares

PW

(cm)
0.01
0.03%*
0.03%*
0.02
0.02
0.03
0.03
0.10
0.02
0.00
0.92
3.69
2.35
0.64

320.26**
314.43%*
1.19

380.51**
52.26

NPP
376.21
293.31**
155.78
279.84
87.00
32.09
12.31
19.03
22.65

0.87
7.40%%*
6.79%*
10.85%*
3.93
3.27
0.90
8.69
2.59
0.82
2.72
15.48
14.72
0.95

NSB

161.90**
15.42
5.40
160.63
57.54
22.21
17.79
10.56
10.48
0.99

NNMS
206.58**
112.60
180.04

1637.23

PH
3.47
2.82%*
3.10%*
2.10
1.16
1.32
9.96
4.98
1.26
0.48
1.64
17.14
13.91
0.81

(cm)

SL
0.60
0.03**
0.03**
0.04**
0.01
0.02
0.07
0.09
0.02
0.00
0.28
11.50
8.74
0.76
(™) Significant at 1% probability, by the F test.

(cm)

2

63
6

38
15

1

2
126
1728

DF

variation
Blocks

number of pods per plant (NPP), pod width (PW), pod length (PL), pod thickness (PTh), number of grains per pod (NGP), weight of 100 grains (WHG) and grain yield (YLD),

Table 1. Mean squares, variation coefficient of the experimental error (CV) , genetic variation coefficient CV_ and relation between the coefficients of genetic and
evaluated in 64 cowpea populations

Fam vs Parental
Among families

Error
Within families

Sources of
Genotypes
F3BC3
F3BC4
Parental
Mean

CV (%)
CV g (%)
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magnitudes of CV were below 10%, while for stalk
length, plant height, number of nodes on the main stem,
number of secondary branches, number of pods per
plant and grain yield the CV was below 20%. The
highest variation coefficients were estimated for plant
height (17.13%), number of pods per plant (19.03%) and
grain yield (18.75%); these values were explained by
the quantitative nature of the traits. The values found
are similar to those cited in the literature, although the
value for grain yield was lower than that reported by
Bezerra etal. (2001) and Lopes et al. (2001).

The genetic variation coefficients CV,, varied from
2.35% (pod width) to 22.65% (number of pods per plant);
aside from the number of pods per plant, grain yield
was particularly favorable, with 20.86%. The values
indicate the existence of variability in cowpea genotypes
for the referred traits, indicating the possibility of
selection. Estimates of CV, in cowpea were used in
studies by Bordia et al. (1973), Lakshmi and Goud (1977)
and Barriga and Oliveira (1982). In a study with cowpea
genotypes of erect and determinate growth, Bezerra et
al. (1995) observed the highest coefficients for number
of pods per plant and grain yield (19.42 and 19.44%,
respectively). Lopes et al. (2001) stated wide genetic
variability for most traits in cowpea lines, of which grain
yield presented the best genetic variation coefficient
(23.90%)).

The relations b varied from 0.64 (pod width) to
1.65 (weight of 100 grains) in the traits: grain yield (1.11),
number of grains per pod (1.13), pod thickness (1.18),
number of pods per plant (1.19), pod length (1.49) and
weight of 100 grains (1.65), the estimates of b were
higher than 1, which indicates a favorable situation for
selection in the populations.

With respect to the morphological traits (Table 2),
line 12 (F3BC,) stood out with a mean stalk length of
0.37 cm. Long stalks are desirable since they make the
pod yield above the leaves possible. In the F, lines
plant height varied from 2.25 to 1.04 cm. For number of
nodes on the main stem, line 56 (F,;) presented the
highest mean (26.87). Working with cowpea, Lopes et
al. (2001) and Bezerra et al. (2001) obtained means of
18.28 and 14.50, respectively, for this trait. Considering
the mean number of secondary branches, line 8 (F;BC1)
stood out with a mean of 4.83. The traits plant height,
number of nodes on the main stem and mean number of
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secondary branches are important for the ideotype of
the cultivars designated for green bean production,
where branching growth is desirable.

With regard to the qualitative traits, the pod color
in the lines was purple or green and grains were white
or brown; 65.62% of the lines had white grains (Table
3). Purple pods and white grains are desirable for green
bean production.

For the grain yield-related traits (Table 3), the
overall mean of the number of pods per plant was 13.31,
exceeded by 20 lines. Oliveira et al. (2002) evaluated
cowpea lines for green grain production and found a
mean value 0f 22.50. In pod thickness and width, 56.45%
and 53.23% of the lines, respectively, exceeded the
overall means (0.76 and 0.92 cm, respectively). For pod
length, line 11 (F,), with purple pods and brown grain,
stood out with a mean of 21.39 cm. The mean of the
number of grains per pod was 12.67, exceeded by 30
lines. Line 57 (F,), with green pods and white grain,
achieved the highest weight of 100 grains, with a mean
0f 28.91 g. In a study with cowpea, Leite et al. (1999)
found a lower mean value for pod length and a higher
one for weight of 100 grains.

The overall grain yield mean was 67.53 kg ha'! and
27 lines outmatched the mean. Line 6 of the F;BC,
population stood out with 112.55 kg ha-!, with purple
pods and brown grain.

The estimates of the phenotypic, genotypic and
environmental correlation coefficients for most of the
trait pairs were similar in signal, direction, levels of
significance and magnitude; these were considered low
when the values were below 0.4; medium between 0.4
and 0.7; and high with values of over 0.7 (Table 4). The
genotypic were generally higher than the environmental
and phenotypic correlations, demonstrating a higher
contribution of the genetic than the environmental
factors to the expression of these traits.

The morpho-agronomics traits plant height and
number of nodes on the main stem were significantly
correlated; the phenotypic, genotypic and environmental
coefficients were high and positive, as expected. Stalk
length presented significant correlations - positive with
number of pods per plant and number of grains per plant,
and negative with weight of 100 grains. When studying
cowpea, Lopes et al. (2001) found similar results regarding
the number of grains per plant and inconsistent results for
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Table 2. Means of the traits: stalk length (SL), plant height (PH), number of nodes on the main stem (NNMS) and number of secondary

branches (NSB), evaluated in 64 cowpea populations

Moments Traits

SL (cm) PH (m) NNMS NSB
Mean 0.28 1.63 17.79 2.72
Minim 0.21 1.04 13.90 197
Maxim 037 225 26.87 4.83
Range 0.16 1.21 12.97 2.86
Skewness 0.14 -0.05 0.90 1.66
Curtosis 0.09 -0.94 244 521
C.V. (%) 11.72 18.76 13.06 18.25
Standard Deviation 0.03 0.31 232 0.50

Table 3. Means of the traits: number of pods per plant (NPP), pod thickness (PTh), pod width (PW), pod length (PL), number of grains
per pod (NGP), weight of 100 grains (WHG) and grain yield (YLD). evaluated in 64 cowpea genotypes

Traits
Moments PTh PW PL WHG YLD
NPP (em) @  em N (@ kgha)
Mean 1231 0.76 092 1894 12.67 20.66 67.69
Minim 427 0.67 0.84 1641 10.53 16.46 39.78
Maxim 20.13 0.83 0.99 21.39 1443 2891 112.55
Range 15.86 0.16 0.15 498 390 1245 72.77
Skewness 0.30 -0.12 -0.27 -0.12 -0.09 133 032
Curtosis -0.02 0.30 0.09 047 -0.56 435 -0.64
C.V.(%) 26.54 4.14 342 497 6.839 946 24.96
Standard Deviation 327 0.03 0.03 0.94 0.87 1.95 16.89

the number of pods per plant and weight of 100 grains.
Stalk length, an important morphological trait for the
cultivar ideotype, can therefore be used in the indirect
selection for yield increase.

For the pod-related traits, a high, positive and
significant genotypic correlation was estimated between
thickness and width. Pod length presented significant
genotypic and environmental correlations with number
of pods per plant, number of grains per pod and weight
of 100 grains, similar to results found by Lopes et al.
(2001) and Jindal and Gupta (1984) in studies with
cowpea. The genetic and environmental correlations of
the number of pods per plant with plant height, pod
width and number of grains per pod were significant
and positive. The results indicate the possibility of
selecting lines with desirable pod traits, which is an
important component in the sale of green beans.

The genotypic correlations of grain yield were
positive and significant: high for the number of pods
per plant, and medium for number of grains per pod.
The number of pods per plant is therefore a trait that
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can be considered in the indirect selection for higher yield
in segregating cowpea populations. Unlike in normal
improvement programs, this allows the identification of
potentially productive lines in early generations (F; and
F,). These results are consistent with those of Jindal and
Gupta (1984), Oliveira et al. (2003) and Singh and
Mehndiratta (1969) who evaluated cowpea, and Ribeiro et
al. (2001) who worked with common bean, suggesting that
the number of pods per plant can actually be used as
selection criterion for higher grain yield in cowpea.

CONCLUSIONS

1. There is genetic variability in the populations
for all traits studied, indicating the possibility of
significant gains with line selection.

2. Line 14 derived from the F, population obtained
particularly favorable results in grain yield, and has pods
of purple and grains of white color as well.

3. The selection for a higher number of pods per
plant could increase gains in grain yield.
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Table 4. Estimates of phenotypic (r;), genotypic (r;) and environment correlation coefficients (r,) among the traits: stalk length (SL), plant height (PH), number of nodes on
the main stem (NNMS ), number of secondary branches at maturation (NSB), number of pods per plant (NPP), pod thickness (PTh), pod width (PW), pod length (PL), number
of grains per pod (NGP), weight of 100 grains (WHG ), and grain yield (YLD), evaluated in 64 cowpea genotypes

Traits® r PH (m) NNMS NSB NPP PTh (cm) PW (cm) PL(cm) NGP WHG (g) YLD (kgha')
SL r, 0.18%*  0.11%%* 0.03** 0.03** 0.05** 0.06%* 0.05%* 0.02%* -0.05%* 0.03%*
r,  0.29**  -0.16** 0.11%* 0.23** -0.02 0.27** 0.15%* 0.31** -0.08** 0.18**
I, 0.24%*  -0.09** 0.09%* 0.17** -0.01 0.19%* 0.09%* 0.19** -0.10%* 0.10%*
PH r, 0.81%* 0.12%* 0.07** 0.06** 0.04** 0.04** 0.02** -0.04%** 0.06**
r, 0.71%* 0.42%* 0.24** 0.21** 0.16%* 0.05%* 0.23%* -0.15%%* 0.14%*
I, 0.74%* 0.33%* 0.18** 0.17** 0.12%* 0.04** 0.14** -0.11%* 0.10%*
NNMS r, 0.14%* 0.07** 0.07** 0.03** 0.05%* 0.02** -0.01%* 0.06**
r, 0.41%* -0.05%* 0.13%* 0.08%* -0.08%* 0.03* -0.05%* -0.09%*
I, 0.33%* -0.02 0.11%* 0.06** -0.03%* 0.01 -0.04%* -0.05%*
NSB r, 0.11** 0.04** 0.00 0.03** 0.04%* 0.01%* 0.12%*
r, 0.03 -0.12%* 0.06** -0.07%* 0.18%* -0.12%* 0.07**
I, 0.04%* -0.08** 0.05%* -0.06%* 0.13%* -0.08%* 0.06**
NPP r, 0.03%* 0.04%* 0.15%* 0.19%* 0.02%* 0.79%*
r, -0.43%* -0.24%* 0.10%* 0.36%* -0.46%* 0.89%*
r, -0.29%** -0.17%* 0.12%* 0.31%* -0.32%%* 0.85%*
PTh I, 0.44%* 0.18%* -0.08** 0.12%* 0.04%*
r, 0.73%%* 0.14%* -0.36%** 0.67** -0.28%*
r, 0.64%* 0.18%* -0.27%** 0.51%* -0.17%*
PW r, 0.27%* 0.03%* 0.11%* 0.04%*
T, 0.40%* 0.07%** 0.65%* 0.03
r, 0.38%* 0.04%* 0.49%* 0.03%*
PL r, 0.55%%* 0.13%* 0.21%*
T, 0.42%* 0.23%%* 0.31%*
I, 0.44%* 0.19%* 0.27%*
NGP r, 0.03** 0.26%*
I, -0.32%* 0.48%*
I, -0.19%* 0.40%*
WHG r, 0.09%*
T, -0.15%*
r -0.07%*

e}

** * significant at 1and 5% probability, respectively, by the t test.
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Variabilidade e correlacoes em populacoes de feijao-
caupi com potencial para producao de graos verdes

RESUMO - Estimou-se a variabilidade e as correlagoes fenotipicas, genotipicas e ambientais, em feijdo-caupi, visando-se
posterior selegdo de linhagens para produgdo de grdaos verdes. Foram avaliadas 62 linhagens (39 F,, 16 F3BC;, 07 F3BC,)
e os dois genitores. O experimento foi conduzido em Teresina, Piaui, e os caracteres avaliados foram: comprimento de
pedunculo; altura da planta; numero de nos no ramo principal; nimero de ramos secundarios; numero de vagens por
planta; largura, comprimento e espessura de vagem,; numero de grdos por vagem, peso de cem grdos, e rendimento de
grdos. A linhagem quatorze da populagdo F ;revelou elevado rendimento de grdos, exibindo cor roxa para vagens e branca
para grdos, podendo ser recomendada para sele¢do visando a produgdo de grdos verdes. A selecdo para o aumento do

numero de vagens por planta pode proporcionar ganhos para o rendimento de grdos.

Palavras-chave: Vigna unguiculata, caracteres morfo-agronomicos, componentes de produgao.

REFERENCES

Barriga RHMP and Oliveira AFF (1982) Variabilidade gené-
tica e correlacdes entre o rendimento e seus compo-
nentes em feijdo-caupi (Vigna unguiculata (L.) Walp)
na regiio amazdénica. EMBRAPA/CPATU, Belém, 16p.

Bezerra AAC, Freire Filho FR, Ribeiro VQ and Rosal CJS (1995)
Variabilidade e herdabilidade em linhagens de caupi (Vigna
unguiculata (L.) Walp.) precoce, ereto e de crescimento
determinado. XI Encontro de Genética do Nordeste. Cen-
tro de Biociéncias/UFRN, Natal, 55p.

Bezerra AAC, Anunciacdo Filho CJ, Freire Filho FR and Ribeiro
VQ (2001) Inter-relag@o entre caracteres de feijdo-caupi de
crescimento determinado. Pesquisa

porte ereto e

Agropecuaria Brasileira 36: 137-142.

Bordia PC, Yadavendra JP and Kumar S (1973) Genetic variability
and correlation studies in cowpea (Vigna sinensis (L.) Savi ex
Hassk). Rajasthan Journal of Agricultural Science 4: 39-44.

Cruz CD (2001) Programa genes: versio windows;

aplicativo computacional em genética e estatistica.
Editora UFV, Vigosa, 648p.

Cruz CD and Regazzi AJ (1994) Modelos biométricos aplicados
ao melhoramento genético. Editora UFV, Vigosa, 390p.

Freire Filho FR, Lima JAA and Ribeiro VQ. (eds.) (2005) Fei-
jdo caupi: avancos tecnolégicos. Embrapa Informacao
Tecnologica, Brasilia, 519p.

Gomes FP (1982) Estatistica Experimental. Editora USP,
Piracicaba, 430p.

Gomes RLF and Lopes ACA (2005) Correlations and path
analysis in peanut. Crop Breeding and Applied
Biotechnology 5: 105-112.

Jindal SK and Gupta BS (1984) Component analysis of yield in cowpea.
Indian Journal of Agricultural Science 54: 183-185.

Crop Breeding and Applied Biotechnology 7: 262-269, 2007

Kempthorne O (1973) An introduction to genetic statistics.
The State University Press, Ames 454p.

Lakshmi PV and Goud JV (1977) Variability in cowpea (Vigna
sinensis L.) Mysore Journal of Agricultural Sciences
11: 144-147.

Leite ML, Virgens Filho JS and Rodrigues JD (1999) Produgdo e
componentes de produgdo de cultivares de feijdo-caupi (Vigna
unguiculata (L.) Walp), em Botucatu, SP. Revista Facul-
dade Agronomia 25: 115-124.

Lopes ACA, Freire Filho FR, Silva RBQ, Campos FL and Rocha
MM (2001) Variabilidade e correlagdes entre caracteres agro-
ndmicos em feijdo-caupi (Vigna unguiculata). Pesquisa
Agropecuaria Brasileira 36: 515 — 520.

Oliveira AP, Tavares Sobrinho J, Nascimento JT, Alves AU,
Albuquerque IC and Bruno GB (2002) Avaliagdo de linhagens
e cultivares de feijao-caupi, em Areia, PB. Horticultura
Brasileira 20: 180-182.

Oliveira FJ, Anunciagdo Filho CJ, Bastos GQ, Reis OV and
Teofilo EM (2003) Caracteres agrondmicos aplicados na
selecdo de cultivares de feijdo-caupi. Revista Ciéncia Agro-
némica 34: 5-11.

Queiroz MA (2001) Melhoramento genético no Brasil: Realiza-
¢des e perspectivas. In: Nass LL, Valois ACC, Melo IS and
Valadares-Inglis MCE (eds.) Recursos Genéticos e Melho-
ramento — Plantas. Fundagdo MT, Rondondpolis, p. 2-28.

Ribeiro ND, Mello RM, Costa RD and Sluszz T (2001). Corre-
lagdes genéticas de caracteres agromorfoldgicos e suas im-
plicagdes na selegdo de genodtipos de feijdo carioca. Revista
Brasileira de Agrociéncia 7: 93-99.

Sales MG and Rodrigues MAC (1988). Consumo, qualidade
nutricional e métodos de preparo do feijdo-caupi. In: Araujo
JPP and Watt EE O Feijao-caupi no Brasil. EMBRAPA-
CNPAF, Brasilia, p. 694-722.

268



Variability and correlations in cowpea populations for green-grain production
Singh KB and Mehndiratta PD (1969) Genetic variability and  Vencovsky R and Barriga P (1992) Genética biométrica no

correlation studies in cowpea. Indian Journal of Genetics fitomelhoramento. Sociedade Brasileira de Genética, Ri-
and Plant Breeding 29: 104-109. beirdo Preto, 469p.

269 Crop Breeding and Applied Biotechnology 7: 262-269, 2007



