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Abstract

This research determinate the correlations between seed yield and agronomic characteristics in soybean
(Glycine max (L.) Merril) and the direct and indirect effects of certain yield components on seed yield.
Through the path coefficients analysis it was identified an indirect selection criteria for hight seed yields.
Thirty treatments were evaluated in a strip plot design with four replications in Oxisols soils of the
Colombian Orinoquia, in seven environments during 2007 and 2008. The treatments consisted of a
combination of six soybean varieties and five nitrogen sources. Combined data over the locations indicated
that seed yield had significant positive correlation with number of pods per plant -VT (r = 0.81**), number
of nudes per plant -NN (r = 0.67**), number of seed per pod -GV (r = 0.44%), and negative correlation with
weight of seed —PS (r = -0.44*). Path coefficient analysis showed that VT gave the greatest direct positive
effect (0.628) on seed yield, followed by NN (0.260). However, the number of pods with three seeds (V3) had
high association with seed yield (r = 0.84**). The greater attention should be given to these yield
components (VT, NN and V3) as indirect selection criteria for genetic improvement of soybean seed yield.

Key words: Bradyrhizobium japonicum, characters of yield, Colombia, genetic inheritance, Oxisols,
phenothypes.

Resumen

En este trabajo se determinaron correlaciones entre el rendimiento de grano y algunas caracteristicas
agronomicas en soya (Glycine max (L.) Merril) y los efectos directos e indirectos de los componentes de
rendimiento sobre la produccion. A través del analisis de sendero se identificaron criterios de seleccion
indirecta para alto rendimiento. Para el efecto se empleé un disefio de franjas divididas con cuatro
repeticiones y 30 tratamientos en Oxisoles de la Orinoquia colombiana, en siete ambientes, durante 2007 y
2008. Los tratamientos consistieron en la combinacién de seis variedades de soya y cinco fuentes de
nitréogeno. Los datos unidos por ambientes mostraron una correlacion fenotipica positiva entre rendimiento
de grano con el numero de vainas por planta - VT (r = 0.81**), el numero de nudos por planta-NN (r =
0.67**), y el numero de semilla por vaina-GV (r = 0.44*), mientras que fue negativa con peso de grano -PS (r
= -0.44*). El analisis de sendero mostré que VT presento el mayor efecto positivo directo (0.628) sobre el
rendimiento, seguido por NN (0.260). También, el numero de vainas con tres granos (V3) tuvo alta
asociacion fenotipica con rendimiento (r = 0.84**). Es importante prestar atencion a estos componentes de
rendimiento VT, NN y V3 como criterios de seleccion indirecta para el mejoramiento genético del
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rendimiento de grano en soya.

Palabras clave: Bradyrhizobium japonicum, caracteres de rendimiento, Colombia, fenotipos, herencia

genética, Oxisoles.

Introduction

Soybean (Glycine max (L). Merril) is an oleagi-
nous legume of short cycle that grows on
tropical, subtropical and temperate regions.
Nowadays, there are 10,000 ha cultivated per
year in the savanna of the Colombian alti-
llanura, with a potential of in area close to
560,000 ha, this area has the largest compe-
titive and productive advantages for soybean
production in Colombia as a source of protein
and energy for the poultry and pig production
chains (Valencia et al., 2006).

The association between characters of
plant breeding interest can be evaluated by
phenotypic, genotypic and environmental co-
rrelations. Phenotypic correlations are directly
estimated with the mean phenotypic values on
the field that are a result of the genetic and
environmental causes. Genotypic correlation,
contrarily, is the genetic part of the pheno-
typic correlation caused mainly by pleiotropy,
although linkage could be a temporal cause
(Ceballos, 2003). Pleiotropy is the ability of a
gene to affect more than one character on a
positive or negative way (Flaconer, 1986). A
correlation, indistinctive of its nature, is the
ratio of the appropriate covariance over the
product of two standard deviations. Thus, the
phenotypic correlation between the X and Y
characters, according to Falconer (1986) is the
following:

Ty = COV/ 8p9.8y),

where, 1y = correlation of x, y; COV = covari-
ance of x, y; 8, = deviation of x; 8y = deviation
of y.

Malik et al. (2007) state that the study and
knowledge of the direct and indirect effect on
yield and its component give the basis for a
successful genetic breeding program, taking
as reference strongly related characters. The
knowledge on the interaction between the
characters that are considered important for
the breeding program is a fundamental part

for the progressive breeding of the species, by
making more efficient the parental and pro-
geny selection. According to Oz et al. (2009) a
breeding program could be planned to incre-
ase the seed production if there is a good
association between certain agronomical
characteristics and production. In several
research studies it has been demonstrated
that the correlation of a particular character
with other characters is of high importance for
the indirect selection of desirable genotypes
(Sarawgi et al., 1997; Oz et al., 2009).

Coefficients of correlation despite being
useful in the quantification of magnitude and
direction of the factor effect in the determina-
tion of complex characters, these coefficients
do not indicate the exact importance that have
the direct and indirect effects of these cha-
racters on the variable of interest (Abbott et
al., 2007). A high or low coefficient of correla-
tion between two variables could be due to an
effect of a third variable or group of variables.
Therefore, according to Seker and Serin
(2004), the correlation between two attributes
does not predict the success of selection.

As a statistical alternative to overcome this
difficulty, Wright (1921) developed the path-
way analysis or coefficient path to investigate
the branching of several causality models on
genetic populations and, nowadays, it is used
on different knowledge areas. The method
assumes the variables are associated within
them by lineal relations (Roehrig, 1996) and
that their coefficients are standardized, be-
cause they are estimated from the correlation
coefficients. The analysis allows decomposi-
tion of the correlations between two variables
in direct and indirect effects (Mitchell, 1992)
and, facilitates the identification of possible
causal explanations of the observed correla-
tions between a variable of endogenous or
dependent response and a series of exogenous
predictive or independent variables. This
method differs from the multiple regression
models, because it establishes causal rela-
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tionships between variables (Carrascal, 2004;
Whittaker et al., 2009).

Wright's coefficient, or path coefficients,
have been used in soybean for diverse type of
studies, among them, identify indirect selec-
tion criteria in late sowings (Board et al,
1997), effect of the environment over yield
(Board et al., 1999), yield components on di-
fferent sowing types in soybean (Pandey and
Torrie, 1973), the effect of population density
on yield (Ball et al., 2001), yield components
on soybean hybrids (Taware et al., 1997),
weed interference with plant growth (Jordan,
1992), vyield component between genotypes
(Shukla et al., 1998), relationship between pod
dehiscence with other agronomical characters
(Tiwari and Bhatnagar, 1991), varietal diffe-
rences, yield components, oil and protein
(Malik et al., 2006a), genetic diversity to im-
prove grain yield (Malik et al.,, 2006b). Villa-
lobos et al. (1985) concluded that the charac-
teristics that show the largest direct effect on
soybean grain yield are, at the same time, the
cause of the largest variability.

In agreement with the above statements,
this work had as objective the estimation of
the coefficients of correlation between grain
yield per hectare with its components and
other agronomical characteristics and, the
determination of the causal direct and indirect
effects of the evaluated variables on soybean
grain yield in seven environments of the Co-
lombian Orinoquia.

Materials and methods

Experimental assays of soybean varieties and
Bradyrhizobium japonicum strains were per-
formed during 2007 and 2008, in Oxisol soils
of the Colombian Orinoquia classified as class

PHENOTYPIC CORRELATION AND PATH ANALYSIS FOR YIELD IN SOYBEAN

(GLYCINE MAX (L.) MERRIL)

IV, in environments localized between 04° 03'
N and 73° 29' W between 150 and 336 MASL.
Accumulated precipitation per crop cycle,
mean temperature and mean solar brightness
per semester and year are displayed in the
Table 1. The experiment was established to
determine the genotype-strain x environment
interaction of the combination of six soybean
varieties and three nitrogen fixation strains (B.
japonicum), one nitrogen level (150 kg/ha) and
a mix of strains, for a total of 30 treatments
(Vc) (Table 2) with seven environment used for
the path analysis. The design used was a strip
plot with four replicates, the main plots were
the varieties and subplots were the rhizobium
strains or N dosis. Each experimental unit
consisted of 16 m2 composed of eight lines Sm
long, a useful plot of four lines, for a total area
of 8 m2, separation between lines was 40 cm
and between plants was S5 cm. fertilization
was performed based on the soil analysis and
the crop requirements. As they were acid
soils, dolomite lime was applied on required
doses to reach 50% of base saturation accor-
ding to Raij et al. (1985).

Soybean evaluated varieties were: Soyica
P-34, Orinoquia-3, Corpoica La Libertad-4,
Corpoica Taluma-5, Corpoica Superior-6 and
Corpoica Sabana-7, widely described by Va-
lencia et al. (2006) and the B. japonicum
strains: ICA J-01 generated by the ICA (Sala-
manca and Ramirez, 2000), and J-96 and J-
98 from the Bank of Germoplasm of Corpoica
that were introduced from Brasil, the mix J-
01 + J-96 and, one level of N (150 kg/ha). The
origin and denomination of the Brazilian
strains is described in Chen et al. (2000).

Five plants were randomly selected in each
useful plot, to perform observations on the
vegetative, phenological, reproductive and

Table 1. Weather characteristics in the Piedemonte and altillanura of the Eastern llanos of Colombia. Meteorological

stations La Libertad and Margaritas, 2007 y 008.

Region Semester Accumulated Mean Relative Solar
rainfall temperature humidity brightness

Piedemonte 2007 A 1370 25.3 87 4.5

B 1122 25.9 86 5.5
Piedemonte 2008 A 1566 25.0 88 4.3

B 976 25.7 84 6.2
Altillanura 2008 A 123 26.5 80 4.4

B 634 26.0 85 6.5
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Table 2. Relation of the treatments (Vc) consisted by the combination of soybean varieties and strains of B. japonicum.

Variety Strain Treatment Variety Strain Treatment
(Vc) (Ve)
Soyica P-34 J-01 1 C. Taluma-5 J-jF 16
Orinoquia 9 J-01 2 C. Superior-6 J-jF 17
C. Libertad-4 J-01 3 C. Sabana-7 J-jF 1F
C. Taluma-5 J-01 4 C. Sabana-7 J-01 + J-96 19
C. Superior-6 J-01 5 C. Superior-6 J-01 + J-96 20
C. Sabana-7 J-01 6 C. Taluma-5 J-01 +J-96 21
C. Sabana-7 J-96 7 C. Libertad-4 J-01 + J-96 22
C. Superior-6 J-96 F Orinoquia 9 J-01 + J-96 23
C. Taluma-5 J-96 9 Soyica P-34 J-01 + J-96 24
C. Libertad-4 J-96 10 Soyica P-34 150 Kg ha N 25
Orinoquia 9 J-96 11 Orinoquia 9 150 Kg ha N 26
Soyica P-34 J-96 12 C. Libertad-4 150 Kg ha N 27
Soyica P-34 J-98 13 C. Taluma-5 150 Kg ha N BF
Orinoquia 9 J-98 14 C. Superior-6 150 Kg ha N 29
C. Libertad-4 J-98 15 C. Sabana-7 150 Kg ha N 30

productive characteristics, among them: days
to full flowering (DF), days to maturity (DM),
plant height in cm (ALM), number of nodes to
maturity (NN), filling onset or height to the
first pod in cm (IC), number of pods with one
(V1), two (V2), three (V3) and four (V4) grains,
number of empty pods (VV), number of em-
bryonic abortions (AE), number of grains per
pod (GV), number of total pods per plant (VT),
100 grains weight in g (PS), grain yield in t/ha
(Rend) calculated based on the experimental
plot of 8 m2, number of rhizobium nodules per
plant (NNR), nodule dry weight in mg (PSN),
root dry weight in g (PSR) and aerial part dry
weight in g (PST). The variable yield was
measured from the useful plot and its value
was adjusted by the differential between fresh
and dry weight at 13% of humidity. Em-
bryonic abortion was established as the num-
ber of compartments without grain into one
pod.

Statistical analysis

Simple correlations (1) were obtained for all
the possible combinations of the characteris-
tics associated with grain yield. Genetic co-
rrelations were estimated with the software
Genes (Cruz, 2007) using the formulas for

correlation as described by Falconer (1986)
and described by Ceballos (2003).

Phenotypic correlation= rrxy) = COVr(xy)/8F (x)-OF ()
Genetic correlation= ra(xy) = COVgixy)/8a (x)-8G ()
Environmental correlation= rg(xy) = COVE(xy)/ 8k (x)-0E ()

where, rixy) and COV(y are the correlations
and phenotypic (F), genetic (G) and environ-
mental (E) covariances between the x, y cha-
racters, respectively; 8y and &) are the phe-
notypic (F), genetic (G) and environmental (E)
standard deviations of x and y respectively.

To establish the consistency of the general
mean phenotypic correlations by the effect of
the interaction VcA (variety-strain x environ-
ment), significance levels (P < 0.05 and P <
0.01) and the magnitude of each variable were
compared with the Pearson correlation coeffi-
cients obtained by semester, considering this
as highly relevant factor in the interaction.
These correlations were the base to evaluate
the relative contribution of each component in
the grain production using the path analysis,
which is a multivariate statistical technique
useful in the analysis of the interactions bet-
ween variables.

Path analysis was applied to grain yield
per hectare (X5) as endogenous variable (res-
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ponse or dependent variable) and the varia-
bles that comprised yield: number of nodes
per plant (X1), number of grains per pod (X2),
total pods (X3) and weight of 100 grains (X4)
as exogenous variables (predictive or inde-
pendent variables). The estimation of the
effects was performed with model proposed by
Ball et al. (2001). To fractionate this correla-
tion in direct and indirect effects the software
R version 2.7.0 (2008) was used.

Path coefficients were represented by pis,
P25, p3s and pas that correspond to the direct
effects on grain yield from the number of
nodes per plant (NN), number of grains per
pod (GV), number of total pods per plant (VT)
and weight of 100 grains (PS), respectively
(Figure 1).

Indirect effects estimated for one compo-
nent (p.e. X1) through a second component
(X2) correspond to the product of the direct
coefficient of the second component and to the
correlation between both components (Dewey
and Lu, 1959). The structural formula of the
direct and indirect effects of X1 is defined as:

Pis +Postxixe + P3stxixs + Pastxixa = Txixs

Results and discussion

In Table 3 are included the coefficients of co-
rrelation between the characters evaluated in
the combination of all the environments and
by semester. It is observed a positive and sig-

Figure 1. Diagram of the path for soybean
with direct and indirect effects of
the independent variables on the
dependent variables.

/
X3 w s M4
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nificant relation between grain yield and
number of pods with three grains (V3), num-
ber of pods per plant or total pods (VT) and
number of grains per pod (GV), plant height
(ALM), number of nodes per plant (NN), num-
ber of rhizobium nodules per plant (NNR),
nodule dry weight (PSN), root dry weight (PSR)
and aerial part dry weight (PST); and negative
and significant with grain weight (PS).

In the first semester the variables V2 and
VV, and in the second semester the variable
AE had a statistical significance, in contrast
to the coefficients of combined analysis for
soybean. Similarly, in the second semester the
variables GV, PS, NNR and PSN did not show
significant differences.

These results show a noticeable differen-
tial effect of the semester on the behavior of
some agronomical variables of the plant.

Path analysis

The path analysis of the direct and indirect
effects of the agronomical characters in res-
pect to the grain yield of the Vc treatments
(varieties x strains-N), combined by location is
displayed in Table 4. The greatest direct effect
was obtained with number of nodes (NN), with
a coefficient (r) of 0.806 and an input of
53.1%, followed by days to maturity (DM) with
-0.378 and 36.2%, respectively. The lowest
contribution was obtained with height of plant
and root dry weight. Arshad et al. (2006)
found similar results for days to maturity with

X1
P1s ) )

P2s X2

x3 _/ Ta
Pas
M34
X4 .

Residual
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Table 3. Coefficients of phenotypic correlation for grain yield/ha with the agronomical variables evaluated, combined per
environment and semester, in Oxisols of the Colombian Orinoquia.

Variable Coef. (r) Coef. (r) Coef. (r) Variable Coef. (r) Coef. (r) Coef. (r)
. combinado semestre A semestre B combinado semestre A semestre B
DF -0.07 -0.01 -0.01 GV 0.44* 0.53** 0.18
DM 0.01 0.01 0.02 \AY% -0.33 -0.44* 0.23
ALM 0.63** 0.61%** 0.56** AE 0.28 0.28 0.46**
NN 0.67** 0.64+** 0.52%* VT 0.81%** 0.79** 0.63**
IC 0.11 0.26 0.08 6U -0.44%= -0.21 -0.18

V1 0.1F 0.18 -0.08 NNR 0.70 0.76 0.27
V2 0.19 0.46** 0.18 6UN 0.63 0.70 0.13
V3 0.84** 0.84** 0.53** 6U[ 0.38 0.30 0.51
V4 0.02 0.00 0.07 6UK 0.65 0.68 0.733

La correlacion es significativa (*) al nivel P < 0.05 y altamente significativa (**) al nivel P < 0.01.

Table 4. Path and participation coefficients (%) with direct and indirect effects of the agronomical characters on the grain
yield of Vc (soybean varieties combined with B. japonicum strain), in Oxisols and Colombian Orinoquia.

Caracter DF % DM % ALM % NN % NNR % PSN % PSR % PST %
Days to flowering (DF) 0.131' 281 0027 26 0008 050 0020 13 -002 29 -0010 13 -0020 18 0005 0.5
Days to maturity (DM) 0079 169 0378 368 0.216 1480 -0208 137 0023 25 0026 33 -0.182 167 -0.057 56
Plant height (ALM) 0.004 0.9 -0.037 36 40066 450 -0063 42 -0014 15 -0009 1.1 -0045 4.1 -0036 35
Nodes number (NN) 0121 259 0443 431 0774 53.00 0.806 53.1 0242 267 0.161 205 0500 458 0371 365
Nodule number (NNR) 0.049 10.5 -0.015 15 0054 370 0074 49 0246 27.1 0222 282 0025 23 0074 73
Nodule dry weight (PSN) 0.017 3.6 0015 15 0028 19 0043 28 0194 214 0216 275 -0004 04 0054 53
Root dry weight (PSR) 0004 09 0012 12 0018 120 -0016 11 -0003 03 0001 0.1 -0026 24 -0017 17
Aerial dry weight (PST) 0013 28 0049 48 0181 1240 0151 99 0099 109 0082 104 0211 193 0329 324
Total correlation 0.070 0.010 0.630 0.670 0.700 0.630 0.380 0.650

"Numbers in bold correspond to the direct effects and the rest are indirect effects.

direct negative effects on yield. The selection
based on the characteristics with negative
input can represent losses in terms of grain
yield. For this reason, on a soybean breeding
program the selection towards early varieties
should be taken cautiously. This effect of the
maturity on grain yield is clearly observed in
soybean germplasm introduced from other
latitudes that when sown in the tropics, as it
is a short cycle crop, flowers and matures
early.

The number of nodules (NNR), nodule dry
weight (PSN) and aerial dry weight (PST), had
direct positive effects on the yield and notori-
ous indirect effects on yield by number of
nodes per plant (NN). In general, the greatest
indirect effect of the agronomical variables

evaluated was shown with the number of
nodes per plant (NN). This characteristic was
consistent within semesters, in the combina-
tion by locations and because it correlated
significantly with grain yield (r = 0.67; P <
0.0001) and it had a direct input superior to
50% of the total correlation, was included in
the path analysis as exogenous variable to
value the input of the yield components on
grain production.

Grain yield per hectare vs. yield compo-
nents

For path analysis of the yield components
there were selected those exogenous variables
directly directed with the endogenus variable
(grain yield/ha) such as: number of pods per
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plant (VT), average number of grains per pod
(GV), grain weight (PS) and number of nodes
(NN).

The path coefficients of the combined
analysis and the averages per semester are
displayed in the Table 5, where it can be ob-
served that the total effect or R is the results
of the addition of the direct effect with the
indirect one. In the path analysis joining the
combined effects and by semester, the grea-
test input on the direct effects was for number
of pods per plant (VT) with coefficients bet-
ween 0.628 and 0.836, and participation on
the total correlation between 61.3 and 77.5%.
These results agree with the ones from Ra-
janna et al. (2000), who concluded that the

(GLYCINE MAX (L.) MERRIL)

number of pods is an important component of
yield in the soybean crop. In relation to the
number of pods per plant (VT), the research
on soybean crop done by Oz et al. (2009) con-
cluded that the positive association (r = 0.458,
P < 0.01) with grain yield was stable through
the years and locations and that the number
of pods per plant happened from the direct
effect on a 50%. For Board et al. (1997) the
number of grains per reproductive node was
the best criteria of indirect selection for grain
yield.

In second place, it was the number of
nodes at maturity (NN), with direct effects
from 0.260 to 0.524 and input between 38.8
and 44.5%; the degree of association between

Table 5. Direct and indirect effects of the yield components on grain yield of Vc (variety x strain), in Oxisols of the Colombian

Orinoquia.
Effects Combined Sem. A Sem. B
Coefic. % Coefic. % Coefic. %
Node number (NN)

Direct effects 0.260 38.8 0.524 44.5 0.340 46.0
Indirect effects — — — — — —
-by grain number (GV) 0.001 0.1 -0.248 21.1 -0.033 4.4
-by total pods(VT) 0.345 51.5 0.385 32.7 0.289 39.1
-by grain weight (PS) 0.064 9.6 -0.021 1.7 -0.077 10.4
Total phenotypic correlation 0.67 0.64 0.52

Number of grains per pod (GV)
Direct effects 0.002 0.3 -0.381 28.5 -0.069 21.7
Indirect effects
-by grain number (GV) 0.156 32.7 0.340 25.4 0.160 50.2
-by total pods(VT) 0.301 63.1 0.594 44.4 0.032 9.9
-by grain weight (PS) -0.019 3.9 -0.023 1.7 0.058 18.1
Total phenotypic correlation 0.44 0.53 0.18

Number of total pods (VT)
Direct effects 0.628 77.5 0.836 61.3 0.526 66.1
Indirect effects
-by grain number (GV) 0.143 17.6 0.241 17.7 0.187 23.5
-by total pods(VT) 0.001 0.1 -0.271 19.8 -0.004 0.5
-by grain weight (PS) 0.039 4.8 -0.016 1.2 -0.079 9.9
Total phenotypic correlation 0.81 0.79 0.63

Weight of 100 grains (PS)
Direct effects -0.133 30.3 0.059 9.4 0.193 34.1
Indirect effects
-by grain number (GV) -0.125 28.3 -0.183 29.3 -0.136 24.1
-by total pods(VT) 0.000 0.0 0.149 23.8 -0.021 3.7
-by grain weight (PS) -0.182 41.3 -0.234 37.5 -0.216 38.2
Total phenotypic correlation -0.44 -0.21 -0.18
R? 0.75 0.79 0.47
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yield and NN was explained by the indirect
effect of VT in 51.5% (Table 5). This result is
comparable with the ones of Bizeti et al
(2004) who found that the number of nodes
significantly correlated with grain yield, being
the one with the largest direct effect on yield,
therefore, for the researchers NN could be
helpful to select indirectly genotypes, without
forgetting that the total number of pods per
plant (VT) give the grains for a high yield, this
because there could be plants with low NN
but higher number of pods per node.

In Table 5 is observed that VT and NN pre-
sent both the greatest direct effects and indi-
rect effects, thus they are two useful variables
as predictors of grain yield of soybean varie-
ties grown in Oxisols of the Orinoquia. As
these variables are highly correlated and as
VT is consider an important variable easy to
measure in soybean, this should be the first
alternative to perform selection processes in
yield breeding. In general, the highest average
values of VT and NN were obtained with the J-
96 and J-98 strains and the lowest with J-01,
which is a factor that should be considered for
a good interaction between strain, variety and

high yield. With the two best strains, the va-
rieties, C. Libertad 4 and Soyica P-34 pre-
sented the lowest average values for the cited
characteristics and for the number of pods
with three grains (V3) (Valencia and Ligarreto,
2010). These results are consistent in the va-
riety Corpoica La Libertad-4, the Soyica P-34
variety has low adaptation to soils with alu-
minum problems, like Oxisols, and it is sensi-
tive to the green stem syndrome (STW) that
negatively and severely affects the quantity
and quality of grains and is sown frequently at
the piedemonte during the first semester.
Corpoica La Libertad-4 despite of having good
adaptation, shows susceptibility to C. sojina,
abd both varieties had low grain quality due to
excess of water during the first semester (Va-
lencia et al., 2006; Valencia and Ligarreto,
2010).

The number of grains per pod (GV) is a
useful characteristic for yield breeding only
because of its indirect effect by total number
of pods (VT) since it is correlated with yield at
63.1% being, in this case, the direct effect
0.3%. These results contrast with the ones of
Ball et al. (2001) and Oz et al. (2009) who
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Figure 2. Behavior of the number of pods with three grains (V3), total pods (VT) and soybean grain yield, through

environments and strains of B. japonicum —N.

329



found by path analysis that the number of
grains per pod had a direct positive effect on
grain yield. In this study no correlation was
found between grain yield with pods of one
(V1), two (V2) of four (V4) grains, but was
highly significant with three grains (V3) pods.
This variable was consistent through locations
and the combination of varieties with strains,
with high association with the number of pods
per plant (VT) and yield grain/ha (Figure 2),
which allows the deduction that V3 and VT
are of great importance, highly predictive for
grain yield and useful as selection criteria in
the breeding program under study.

In relation with the weight of 100 grains
(PS), the correlation was negative with grain
yield/ha in all the cases; its direct effects,
although some were negative, were not rele-
vant to affect the endogenous variable. Direct
effects were between -0.133 and 0.193, con-
sider as very low values for interrelation.
These results agree with Taware et al. (1997),
Shuka et al. (1998) and Board et al. (1999)
who, similarly, did not find significant rela-
tions between grain weight and yield. In con-
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trast, Malik et al. (2007) found in soybean
that with the path analysis the grain weight
has a direct negative effect on yield. These
differences in results, could be attributed to
the influence of environmental factors and
interactions in this complex variable, and its
expression depends on factors like variety,
predominant soil and weather conditions and
presence of biotic factors like pathogens and

plagues.

Genotypic and phenotypic correlations of
the yield components are displayed in Table 6.
In general, the genotypic correlations were
superior to their respective phenotypic corre-
lations, which could indicate a larger contri-
bution of the genetic factors on the associa-
tion; however, several phenotypic coefficients
with less magnitude resulted statistically sig-
nificant, in contrast to the genotypic coeffi-
cients, suggesting a high environmental effect
on the studied characters. When comparing
the genetic and phenotypic correlations bet-
ween strains for the yield components and
having into account the variable V3, it is evi-
dent that the best phenotypic correlations for

Table 6. Genotypic and phenotypic correlations (superior and inferior diagonal, respectively), of the soybean components for

B. japonicum strains J-96, J-98 and J-O1.

NN V3 GV vT PS Yield
Strain J-96
NN 1 0.893** 0.626 0.918** -0.255 0.909**
V3 0.847* 1 0.631 1.005** -0.606 0.923**
GV 0.602 0.599 1 0.848* 0.619 0.634
vT 0.823* 0.980** 0.728* 1 -0.447 0.954**
PS -0.240 -0.440 0.478 -0.311 1 -0.616
Yield 0.853* 0.868* 0.583 0.870* -0.395 1
Strain J-98
NN 1 1.028** 0.546 1.000** -0.432 1.146%*
V3 0.906* 1 0.241 1.000** -1.129 1.092%*
GV 0.504 0.258 1 1.000** 0.611 0.114
VT 0.567 0.835* 0.116 1 1.000** 1.000**
PS -0.369 -0.747 0.471 -0.658 1 1.000**
Yield 0.802* 0.743 0.017 0.314 -0.691 1
Strain J-01
NN 1 0.832* 0.694 0.777 -0.730 1.338*
V3 0.782* 1 0.589 0.962** -1.075 1.851*
GV 0.628 0.582 1 0.870 -0.120 0.627
VT 0.711* 0.938** 0.779* 1 -1.114 1.777*
PS -0.643 -0.938** -0.113 -0.868** 1 1.000**
Yield 0.610 0.870** 0.323 0.797** -0.522 1
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grain yield between strains were achieved with
VT, V3 and NN, and the lower associations
with GV and PS. Genetic correlations were
lower for GV, while the other variables of inte-
rest were similar. In general, PS had a nega-
tive association with the variables of interest
V3, NN and VT, which confirms the low im-
portance of grain yield in selection processes.
This characteristic does not contribute to the
breeding of grain yield in soybean in the
Oxisols of the Orinoquia. The correlation va-
lues higher than 1.0 can be attributed to
sampling errors and interaction factors GA.

For the above stated, it is important that
the plant breeder knows deeply the interac-
tions between characters and their interac-
tions with the environment to develop a su-
ccessful progressive breeding program of the
species. Ariyo (1995) states that a better se-
lection criterion is considering in a simulta-
neous way the variables significantly associa-
ted with yield, if possible combining vegetative
and reproductive characters.

Conclusions

e The path analysis is a useful statistical
tool to identified interrelated characters as
indirect selection alternative of grain yield
for soybean in the Colombian Orinoquia.

e The number of pods per plant (VT) and
pods with three grains (V3) are useful
phenotypic characteristics as selection
criteria to maximize grain yield in new
soybean varieties in Oxisol in the Colom-
bian Orinoquia.

e The strains of B. japonicum J-96 and J-98
are new options for biological nitrogen fi-
xation, due to its great direct input on
grain yield, and indirect by number and
weight of rhizobium nodules.
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