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ABSTRACT

The objective of this study was to analyze the phenotypic correlation and path analysis of traits related to plant
architecture, earliness and grain yield inRC, and RG generations, from crosses between cowpea cultivars BRS
Carij6 and BR14 Mulato. Most phenotypic correlations of the examined traits were concordant in statistical significance,
with approximate values among the examined generations. For the trait seed weight, significant and positive phenotypic
correlations were observed in the three generations only for the trait number of secondary branches. The values of the
direct effects were in agreement with the values of the phenotypic correlations, which indicate true association by the
phenotypic correlation among the traits of grain yield examined. Path analysis indicated that the selection of productive
plants will result in early plants and an increased number of secondary branchesahtd=with shorter length of the
main branch and shorter length of secondary branches can be obtained. The causal model explained 15 to 30% of the
total variation in grain weight in relation to the traits examined. The analyses indicated the possibility of selecting
plants with a higher and early grain yield, shorter length of primary branches and lower number of nodes, which are
important variables for mechanical or semi-mechanical harvesting.
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RESUMO

Correlacdes fenotipicas e analise de trilha para caracteres da arquitetura da planta e
producédo de graos em trés geracdes de feijao caupi

O objetivo desse trabalho foi analisar correlagdes fenotipicas e analise de trilha de caracteres relacionados a arqui-
tetura da planta, precocidade e producéo de graos em geragdes F2, RC1 e RC2, provenientes do cruzamento entre a
cultivares de feijao caupi BRS Carijé e BR14 Mulatmaioria das correlacfes fenotipicas dos caracteres avaliados foi
concordante em significancia, com valores aproximados nas geracdes avaliadas. Para o carater peso de graos, foran
observadas correlagdes fenotipicas significativas e positivas nas trés geragdes apenas com o carater nimero de ramo
secundarios. Os valores dos efeitos diretos concordaram com os valores das correlagfes fenotipicas, indicando verda-
deira associacao entre os caracteres avaliados com peso d& gréise de trilha indicou que a selecao de plantas
produtivas resultara em plantas precoces e de maior nimero de ramos secundarios. Em F2, plantas com menor compri-
mento de ramo principal e comprimento de ramos secundarios poderédo ser obtidas. O modelo causal explicou de 15 a
30% da variacao total de peso de grédos em relagdo aos caracteres avaliadaléses indicaram a possibilidade de
selecionar plantas com maior producéo de graos, precoces, com menor comprimento de ramos primarios e menor niume-
ro nés, que sao variaveis importantes para a colheita mecéanica ou semi-mecanica.
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INTRODUCTION the selection pressure imposed on other traits (Coimbra
etal, 1999). This analysis is of great relevance because in

Cowpea Vigna unguiculatgL.) Walp.) is one of the . . . o .
t adapted il d nutriti | tk%:eedlng programs, apart from improving a specific trait,
mostadapted, versatiie and nutriious 1egumes among Mg o - yraits of the plant are usually improved (Gzual.,

cultivated species, constituting an important food Stu§006)
and essential production component in dry climate regions The path analysis method that was developed by

?r:e,:[rll/?i(}gl)gllgz’sfzxzrggnfr:taleg,o;ﬁegide(gi?terest’ Wright (1921) allows the participation of the correlation
9 _coefficients in direct and indirect effects. Caial (2006)

al., 2002). In Brazil, cowpea is grown mainly in the semiané i . .
. : ) c?fme the path coefficient or cause and effect analysis as
northeast, where it is adapted to the climatological an

. . o a standardized regression coefficient because path
soil conditions, contributing to 35.6% of the planted area . : .
. analysis is composed of an expansion of multiple
and 15% of the total bean production (cowpea + comman . . . : .
: i regression when complex interrelationships are involved.

bean) in the country (Silva, 2009). . . .
g ditionall ored in famil Studies of contrasting populations of cowpea plants
e cowpea crop, traditionally explored in fami Yand progeny resulting from crossings and backcrossings,

farming systems, in rainfed agriculture and with a low IevedSing methods such as phenotypic correlation and path
of technologyhas been researched more intensively over

h tow decad ot al his has led nalysis, maximize knowledge about the characters
t e.past ew decades (Xavietal, 2005).This has led to involved in the formation of the plant. The use qf F

) ) apsopulations, BCand BGin these studies help in a positive
attracted the attention of medium and large producevr\§

B L 2008: Freire Filhat al. 2 ith hasi ay the understanding of genetic interactions, its causes
_( ezerreet.a , 2008; Freire Filhet al, 005)_’ \_N't EMPNASIS 4nd effects in the environment in which these populations
in the region of the ‘Cerrados’, to use it in crop rOtat'OQvere tested

with major crops, like corn and soybean. Thus, these facts '

have generated a demand for cultivars to meet tt&
requirements of management and handling in technifi%tid Kelly (1993) observed a negative correlation in

systems. ) _ ) common bean in the values obtained for architecture and
Plant habits and growth have direct influence on th@econdary branch angle. Collicclital (1997) quoted a

response of cowpea to population management becayse, association between the plant habit and the weight
of the observed decrease in grain production per plant, &s4 g seeds, which makes it possible to select erect
a consequence of the increased plant population per h@anmon bean plants of any seed size. Olietiea (1990)
tare, which occurs to a lesser degree in the erect thanyiseryed positive correlations in cowpea between the
the climbing genotypes (Cardosbal, 1997; Nangjet  |gngth of the main branch, number of lateral branches and
al., 1975). Bezerr@t al (2005) state that the plant ,mper of nodes with leaves per plant. They also quoted
architecture and the production system have an influengg, hositive indirect effect between grain production with
in determining the arrangement of more adequate plaghgih and number of nodes of the main branch, foliar

number to efficiently take advantage of the productioQ o, and number of lateral branches by number of pods
factors and maximize the production potential of the Cu“ber plants. Bezerrat al (2001) observed the negative

vat direct effect of the number of nodes of the main branch on
In this sense, the intrinsic characteristics of ideotypegain yield (-0.52) and a genetic correlation of 0.32.

for cowpea that allow mechanized or semi-mechanized The goal of this was to analyze the phenotypic

harvesting should be incorporated into the plant aimingyrrejations and path analysis of three segregating

at obtaining genotypes that resemble the common beggnerations of the same cross of cowpea with the objective

plant Phaseolus vulgarid..), facilitating commercial f developing adequate genotypes for mechanical or semi-
exploitation on a laye scaleAccording toAdams (1982) mechanical harvesting.

and Matos Filhet al (2009) features such as length and

number of nodes of the main stem and number of Ieavﬁ/fATERIAL AND METHODS

should be taken into account because the size of the plant

should allow penetration and light interception, be Individual plants of the following populations were

resistant to damping and lodging, facilitate mechanicakamined: i BC,((BRS Carrij6 x BR14 Mulato) x BRS Carij6)

harvesting, have length and number of nodes @hd BG((BRS Carijé x BR14 Mulato) x BR14 Mulato) with

reasonable business and physiological efficiency in the6, 102 and 90 individuals, respectivelgrived from the

conversion of metabolic products in grain production. cross between BRS Carijo, which shows erect stature,
The estimates of the correlation coefficients permit tdeterminate growth and a cycle of 58 days from planting

foresee the alterations in a specific trait that is caused tay the first harvest, and BR14 Mulato, which shows

Some studies have been carried out to examine
rrelations between traits and path analysis. Brothers
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climbing stature, indeterminate growth and a cycle of 7aits on the main trait, measured by the path coefficient

days from planting to the first harvest. (Pjn), while the bidirectional arrows indicate correlation
Crosses and backcrosses were carried out at flonkgtween the traits, which is measured by the coefficient

initiation of the plants, according to Rackieal (1975). (rij). The direct influence is measured by the sum total of

Backcrosses were carried out betweg{BRS Carij6 x the products of the correlation coefficients by the path

BR14 Mulato) x B, abbreviated as BCand F(BRS Carij6 coeficients. All the analyses were performed with the

x BR14 Mulato) x P abbreviated as B(Besides the seeds GENES software (Cruz, 2006).

of the backcrosses, seeds were obtained from the parents

and the E; through self-fertilization of the latter and theRESULTS AND DISCUSSION

F,, respectively _ _ .
The F, BC, and BGgenerations were planted in the Concordant phenotypic correlations were obtained

Bebedouro Experimental Field of Embrapa Semiéridé“’ith statistical significance and approximate values in the

Petrolina, PE. Each row was 30 m long with spacing of lygree generations analyzed, namely LMB x LSB, LMB x

m x 0.2 m between the lines and the holes, respectiveN/OD’ LSB x NOS and NSB x G\Table 1)Apart from the

External lateral borders for the experiment were realizé:(fl)"elat'On l_)etween traits being s_pecmc toa populatlgn
by planting cowpea seeds of the ‘Canapu’ type (Santos & Gilmara, 2004), not serving as reference relation

. . . n two traits for a given i lar ncordan
The examined traits were days to maturity of the po%etwee two traits for a given species, a large concordance

. . . as expected because the three examined generations
DPM), which was the number from sowing to maturit 0¥V .
( ) 9 y resulted from the same cross. Kurer (2010) found similar

approximately 50% of the pods; length of the main branc . .
ata when evaluating two generations of a cowpea cross

(LMB), which consisted of length, in cm, between the ) .
stem base and the apex of the main branch; length of tfﬁréd reported a phenotypic correlation of 0.043 4hd a

largest secondary branch (LSB), which was measured,s|lr9r.“flcam value of 0.357 (fbetween plant height and

- weight of 100 grains, and significant and similar

cm, from the beginning to the apex of the largest seconda . . .
] .correlations of 0.462 and 0.392 indhd F,, respectively
branch; numbers of secondary branches (NSB), whi 3
. . etween the number of branches and pods per plant.
was the number of secondary branches inserted into theé, : . .
. . With regard to grain weight (PG), significant and

stem of the plant; number of nodes of the main branch itive Dhenotvoi rrelations were observed for th
(NOD), which was the number of nodes from the insertiop_> V¢ PNENOLYpIC correlations were observed for the

node of the unifoliar leaves until the last node of the maltrrlalt number of secondary branches (NRS) that was

branch and the weight of the grains (GW),which consist ed<am|ned inthe three gene_ratlons, significant and. negative
?or days to maturity (DPM) in the,land RG generations,

of the total weight, in grams (g), of grains with 13% ot | . I - .
humidity, produced individually per plant of each examine(\irv]h”e a significant and positive estimate was found for
: the length of the secondary branch in the, B€heration,

genTerr]anon. . t th h . lati whereas for the other variables the values were non-
e estimates of the phenotypic correlatioqiseant (mple 1). Kurer (2010) and Souzeal (2007)

coefficients between the pairs of traits were calculateaﬂso reported significant and positive results between

baseddpn t;heKestln:rz]ates ofl'cg$3varlances and covarlang(l—;gn productivity and number of secondary branches.
according to Kempthorne ( ) Benvindoet al (2010), who examined cowpea genotypes,
V(X +Y)=V(X)+V(Y) + 2COV(X, Y), reported a non-significant and negative phenotypic
correlation between initial flowering and productiyity
VX +Y)- ;/(X) V() n which  which differs from the observations in the present study

V(X +Y): variance of the sum of the traits X andv(X) di ffzhﬁ V?cl)l:etzeOfS:}ZC?:ing:yprIg dccz:rtr.e:aatlcl);lstssug.?ﬁ S; a
andV(Y): variance of the traits X and, respectively; Hicutty ' proguctive p Wi

COV(X,Y): covariance between the traits X afd smaIIer_ number of s_e_condary_ br_gnches because _the
. . . . correlations were positive and significant for these traits
The phenotypic correlation (r is given by

in the three generations examinedifle 1).The data of
_ Cow(X,Y) - . ; e
rF_W the phgnotyplc colrrelatlons !ndlcate, hqwev‘she
possibility of selecting productive plants with smaller
The path analysis was represented by the cause-effehorter secondary branches, earliness to grain production,
diagram in Figure 1 and shows the interrelationshipaith smaller main branches and a smaller number of nodes
between PGdependent variable and the non dependehecause the values were non-significant or negatively
variables DPM, LMB, LSB, NSB and NOD. In the causesignificant in the generations examined, except for the
effect diagram (Figure 1), the unidirectional arrowsiumber of secondary branches in the,R€neration
represent the direct influence of each of the explanatowhose values for the three generations analyzed were

so: COV(X,Y)=
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positive and significant, indicating the possibility ofobtain plants with an architecture that is suitable for
obtaining biased plants to dampingble 1). mechanical or semi-mechanical harvesting.

The highest positive values of phenotypic correlations The direct values of the causal effect of the plant
were observed between LMB x NOD, LMB x LSB and LSBarchitecture traits and days to maturity in the grain
x NOD (Table 1) in the examined generations, whiclproduction were in agreement in the three generations
indicates that the positive selection of one of these traggamined for the majority of the variables studied, except
will result in increases in the other two traits, in othefor the length of the main branch and the secondary
words, the negative selection should be performed byanches (Figure 2). The values of the direct effects were

2 N N \ \
r23
3 2 24 N\
r34 ras
26
J
430N r3s
36
r45
46
5 2 J
's56
6 -~/ / j j
X
1. Grain weight 5. Number of secondary branches
2. Days to maturity 6. Number of nodes
3. Length of the main branch X. Residual variable

4. Length of the secondary branch

Figure 1: Causal diagram of the direct and indirect effects of the explanatory variables 2, 3, 4, 5 and 6 correlated (r) with the main
variable grain weight (1) and with the residual, non-correlated variable X.

Table 1: Estimates of the phenotypic correlation dim&nt between the traits days to maturity of the pod (DPM), length of the
main branch (LMB), length of the secondary branch (LSB), number of secondary branches (NSB), number of nodes of the main
branch (NOD) and grain weight (GW) in thg BC, and BG generations of the cross between BRS Carijo x BR14 Mulato

Generation LMB LSB NSB NOD GW
F, 0.0654s 0.0414s 0.1263° 0.0603s -0.1988**
DPM BC, 0.3247** 0.3258** -0.0459s 0.0878° -0.1647s
BC, 0.1868¢ 0.0463s -0.1654¢ 0.09353s -0.2165*
F, 0.6616** 0.1550* 0.7431* -0.00253¢
CRP BC, 0.6457* 0.1899s 0.7069** -0.0636°
BC, 0.6877** 0.1123s 0.7979* 0.11253s
F, 0.3341** 0.5863** 0.05571¢
CRS BC, 0.3660** 0.4741** 0.1650°
BC, 0.0573 0.4959** 0.2360*
F, 0.3174** 0.3111**
NRS BC, 0.2684** 0.4072**
BC, -0.0442° 0.4767*
F, 0.0900¢
NOS BC, 0.0572s
BC 0.1363°

2
* and **: Significant at 1 and 5% of probability by t-test, respectively

ns: non-significant.
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Fo RC4 RC»

DPM -0.241 | -0.139 | -0.161

CRP -0.054 | -0.270 0.238

CRS -0.054 0.232 0.167

PG
NRS 0.347 0.352 0.446

N

NOS 0.066 0.062 0.069

RESIDUAL 0.917 0.879 0.837

Figure 2: Diagram of the system between causes and effects showing the direct effect of the five explanatory variables days to
maturity (DPM), length of the main branch (LMB), length of the secondary branch (LSB), number of secondary branches (NSB) and
number of nodes of the main branch (NOD) correlated with the main variable grain weight (GW) examineg BGhartel BG
generations that were obtained from a cross between BRS Carijé x BR14 Mulato cowpea.

in agreement with the values of the estimates of tlemusal model to explain the quasi-totality of the variation of
phenotypic correlations, which indicate that they explaithe grain production. This low determination was expected
the true association that exists between the traits of pldy@cause variables such as number of pods per plant, number
architecture and earliness of grain productioab{& 1 of seeds per pod and weight of a grain were not included in
and Figure 2). Bezermt al (2001) reported similarities the present modelTaking these variables into
between path analysis and genetic correlations for initiabnsideration, Bezeret al (2001), who evaluated cowpea
flowering traits and weight of 100 grains in relation tand Santost al (1995) who evaluated soybean, reported a
grain yield. On the other hand, Peksen Artik (2004)  determination coétient of 84.32% and 100%, respectively
reported different values between the direct effect (0.198ongalve®t al (2003) showed a determination coefficient
and significant simple correlation (0.509) for the traibf 97.5%, which is similar to that found by Cabetlal
weight of 100 grains in relation to grain yield. (2011) (R=95.9%), which indicates that the variables almost
The path analysis indicates that the selection @bmpletely explained the basic variable in common beans.
productive plants will result in early plants (DPM) and in
an increased number of secondary branches (NSB) (FigugONCLUSION
re 2). Plants with a shorter length of the main branch (LMB) |, general, the information of the phenotypic

in the F,and BG generations and with shorter brancheg re|ations and of the direct effects of the plant

in the F; generation can be obtained during the selectiof}chitecture variables and days to maturity indicated that
because they show negative direct values in relation {ojs possible to select plants with an increased grain
grain production. Kumast al (2010) reported the negative oo qyction and with a smaller number of days to harvest

direct effect of days to maturity and number of brancheg,q \yith a shorter length of the main branch and shorter

in relation to grain yield, which indicates the possibility[ength of the secondary branch, which are important
of selecting earlyproductive plants with shorter branches., 5 racteristics for mechanical or semi-mechanical
Bezerraet al. (2001), as well as Peksen aktik (2004), harvesting.

reported similar negative direct effects (-0.188 and -0.134,
respectively) in relation to cowpea grain yield.

The determination coefficients of the causal mode?,
considering the five explanatory variables, were 0.159
0.2260 and 0.2992 of the,BC, and BG generations,
respectively (Figure 2), which indicates that the adOpteRCKNOWLEDGMENT
model explains a small fraction of the primary grain weight
variable and that new variables should be included in the The authors thankAPESB for granting the scholarship.

Similarly, the results show di€ulties for the selection

f plants with a smaller number of secondary branches,
hich is an important variable for mechanical or semi-
mechanical harvesting.
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