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ABSTRACT

The evaluation of selection criteria using correlation coeffi cients, multiple regression and path analysis was carried out 
for a period of two years on forty pea genotypes. The correlation analysis revealed that grain yield had genotypic relation-
ships with numbers of pods, seeds per plot, length of the internodes and plant height in 2007 and also with grain diameter, 
length and width of leafl ets and number of nodes at the fi rst pod in 2008. The highest positive direct effects in 2007 were 
length of the internodes (0.68), seeds per plot (0.38) and numbers of pods (0.26). Length leafl ets exhibited a negative direct 
effect (-0.46). The highest positive indirect contribution of plant height mediated by length of the internodes was 0.50. The 
highest negative indirect contribution was pod length via length of the internodes (-0.35). In 2008, the highest positive 
direct effects were seeds per plot (0.67), width leafl ets (0.33) and numbers of pods (0.25). Length leafl ets presented the 
highest negative direct effect (-0.34). The indirect effects were observed via seeds per plot, length and width leafl ets; there-
fore numbers of pods and seeds per plot can be used for indirect selection. The parameter estimated showed that number of 
pods and seeds, and pod length determined the yield during 2007 and number of pod and seeds, and grain diameter during 
2008. The R2 values for both models were 0.60 and 0.89 respectively. The number of pod and seeds per plot were the main 
components of seed yield, having the maximum direct effects on this trait. These results might be used as selection criteria 
in order to increase the selection effi ciency in pea breeding programs.
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RESUMEN

El coefi ciente de correlación, la regresión múltiple y el análisis de sendero se emplearon para determinar criterios selec-
tivos utilizando durante dos años, 40 genotipos de arveja. El rendimiento se correlacionó genotípicamente con número de 
vainas, semillas/parcela, longitud del entrenudo y altura de planta en 2007 y también con diámetro de grano, largo y ancho 
de folíolo y número de nudos a primera vaina en 2008. Durante 2007 los rasgos que mostraron efectos positivos directos 
elevados fueron longitud de entrenudos (0,68), semillas/parcela (0,38) y número de vainas (0,26). La longitud del folíolo 
exhibió un efecto directo negativo (-0,46). La mayor contribución indirecta positiva fue la de altura de planta vía longitud 
de entrenudos (0,50) y la mayor contribución negativa indirecta fue longitud de vaina vía longitud de entrenudos (-0,35). 
Durante 2008, efectos positivos directos elevados fueron para semillas/parcela (0,67), ancho del folíolo (0,33) y número 
de vainas (0,25). La longitud de folíolo presentó el mayor efecto directo negativo (-0,34). Los efectos indirectos fueron 
observados vía semillas/parcela, longitud y ancho de folíolos, por lo que el número de vainas y semillas por parcela, pueden 
ser utilizadas para selección indirecta. La correlación múltiple mostró que el número de vainas y semillas y la longitud de la 
vaina determinaron el rendimiento durante el 2007 y el número de vainas y semillas y el diámetro del grano durante el 2008. 
Los valores de R2 para los dos modelos fueron 0,60 y 0,89, respectivamente. El número de vainas y semillas por vaina fue-
ron los principales componentes del rendimiento, teniendo máximos efectos directos sobre este carácter. Estos resultados 
podrían ser utilizados como criterios de selección a fi n de aumentar la efi ciencia en programas de mejora de arveja.

Palabras clave: Pisum sativum L.; componentes de rendimiento; correlación genética, regresión múltiple, análisis de 
sendero
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INTRODUCTION

Pea is an Old World cool season annual legu-
me crop whose origins trace back to the primary 
centre of origin in the Near and Middle East. 
Their presence is found in remains at sites in 
Southern Europe soon after (Zohary and Hopf, 
1973). Although it cannot be proved, it is highly 
likely that peas were consumed both as fresh ve-
getable and as cooked forms. The genus Pisum 
comprises only a small number of diploid taxa 
(2n=14) (Ben-Ze’ev and Zohary, 1973). The in-
creasing demand for protein-rich raw materials 
for forage or intermediary products for human 
nutrition have led to a greater interest in this crop 
as a protein source (Santalla et al., 2001). Tra-
ditionally, plant breeders have optimized yield 
largely by empirical selection with little regard 
for the physiological processes involved in yield 
increase. More recently, strategies to optimize 
yield in pea have focused on the physiological 
mechanisms involved in the seed setting and 
fruit fi lling. However, selection of high yielding 
cultivars via specifi c traits requires knowledge 
of not only fi nal yield but also the many com-
pensation mechanisms among yield components 
resulting from changing genotypic, environmen-
tal and management factors. Grain yield of pea 
is a quantitative trait which is affected by many 
genetic and environmental factors (Singh and 
Singh, 2004; Ceyhan and Avci, 2005; Ranjan et 
al., 2006). 

Since grain yield is a complex trait, indirect 
selection through correlated, less complex and 
easier measurable traits would be an advisable 
strategy to increase the grain yield.

Effi ciency of indirect selection depends on 
the magnitude of correlations between yield and 
target yield components.

In agriculture, correlation coeffi cients in ge-
neral show associations among characteristics. 
It is not suffi cient to describe this relationship 
when the causal association among characte-
ristics is needed (Toker and Cagirgan, 2004). If 
there is genetic correlation between two traits 
direct selection of one of them will cause chan-

ge in the other. When more than two variables 
are involved, the correlations per se do not give 
the complete picture of their interrelationships 
(Fakorede and Opeke, 1985). The path analysis 
has been used by plant breeders (Indu Rani et al., 
2008, Togay et al., 2008, Ali et al, 2009) to assist 
in identifying traits that are useful as selection 
criteria to improve crop yield because it identi-
fi es the causes, measures the relative importance 
of the association, and is used to determine the 
amount of direct and indirect effect of the cau-
sal components on the effect component (Dewey 
and Lu, 1959). Multiple regression and path co-
effi cient analyses are particularly useful for the 
study of cause-and-effect relationships because 
they simultaneously consider several variables 
in the data set to obtain the coeffi cients. Deter-
mination of correlation and path coeffi cients bet-
ween yield and yield criteria is important for the 
selection of favorable plant types for effective 
pea breeding programs.

The objective of this study was to evaluate 
selection criteria in pea breeding programs by 
means of correlation, multiple regression and 
path coeffi cient analysis.

MATERIALS AND METHODS 

The present investigation for correlation, 
multiple regression and path analysis studies 
of morphological traits of pea was conducted 
in the research station of Faculty of Agricultu-
re of Rosario University, Argentine (33°1’ S and 
60° 53’ W), in 2007 and 2008. The experimen-
tal material consists of forty genotypes of pea 
from North and South America, Europe, Aus-
tralia, India and local breeding programs mate-
rial. These genotypes were planted in the fi eld 
based on the randomized complete block design 
with three replications in each of the years. Plots 
were arranged ten rows of 2 m length with inter 
and intra row spacing of 70 and 10 cm, respec-
tively. All other agronomic practices were kept 
uniform. Characters were evaluated on ten ran-
domly selected plants in the three mid-rows of 
plots. Length (LS) and width (WS) of stipule, 
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leafl ets (LL, WL) and pod (LP, WP), length of 
the internodes (LI), plant height (PH), number 
of nodes at the fi rst pod (NFP), and numbers of 
days to fl owering (DF). Numbers of pods (NP) 
and seeds per plot (NS), yield (Y) and grain dia-
meter (GD) were measured at the dry seed stage. 
Therefore thirty plants per genotype were inclu-
ded in this analysis.

Length and width of stipule, leafl ets, and 
pods, length of the internodes and plant height 
were recorded in centimeters and the number 
of nodes at the fi rst fl ower was counted with 
the average of three plants randomly selected in 
the center of rows. The yield was estimated in 
grams per plot with total dry weight of plants in 
harvest. Seeds per plot were counted. The days 
to fl owering were estimated as number of days 
from sowing to the date on which at least 50% of 
the plants in the plot had started to fl owering. All 
these traits were included in the path and correla-
tion analyses and multiple regressions. The mul-
tiple regression model was Y= β0 + β1X1 + β2X2 
+ ...+ βiXi+...+ βnXn + ε, were Y represents the 
yield (dependent variable), βi and Xi the multiple 
regression coeffi cient and the recorded value of 
the iesim explanatory (independent) variable and 
ε indicated the experimental error. The model 
for all traits included random genotype effects. 
Genetic correlations between traits were deter-
mined according to the method of Know and To-
rrie (1964): rg= Covgij/ (σ

2gi* σ2gj) where Covgij, 
σ2gi and σ2gj are the estimates of covariance and 
variance for traits i and j respectively. Multiple 
regression, step-wise regression and genetic co-
rrelations were obtained by the GENES software 
(Cruz, 2001) and path analysis by InfoGen soft-
ware (Balzarini and Di Renzo, 2003).

RESULTS AND DISCUSSION

Correlation coeffi cient study

Means values and standard errors for each 
morphological trait are presented in Table I. The 
genotypic correlation coeffi cients were higher as 
compared to phenotypic correlation coeffi cient 

in most of the cases (Table II). This indicates 
greater contribution of genotypic factor in the 
development of the character associations.

Signifi cant positive genotypic correlation of 
days to fl owering with numbers of pods (0.48**), 
seeds per plot (0.33*), stipule width (0.38*) 
and of nodes at the fi rst pod (0.45**) were ob-
served. Negative genotypic correlation of days 
to fl owering with grain diameter (-0.50**) was 
also observed and this fact is important to deve-
lop cultivars with short duration cycle and high 
grain diameter. Similarly, negative association of 
nodes at the fi rst pod with length and width of 
stipule (-0.55** and -0.59**, respectively) were 
found.

Positive genotypic correlation of plant height 
with internode length (0.80**) and stipule length 
(0.70**) were also observed. Pod length had sig-
nifi cant and negative genotypic correlation with 
leafl et length and width (-0.47** and 0.46**, 
respectively).

Grain yield had highly signifi cant positive 
genotypic correlation with total number of pods 
(0.66**), numbers of seeds per plot (0.66**) 
and internode length (0.33). These positive and 
strong associations with grain yield revealed the 
importance of these characters in determining 
grain yield and indicate that selection for either 
or both of these traits would result in superior 
yield (Pandey and Gritton, 1975).

Khanghah and Sohani (1999) Rajanna et al., 
(2000) and Singh and Yadava (2000) also repor-
ted similar fi ndings for different parameters in 
soybean. According to Siahsar and Rezai (1999) 
number of pod per plant had the greatest genoty-
pic correlation with seed yield in soybean which 
also confi rms the results of present investigation. 
Pandey and Gritton (1975) founded that the plant 
height was often positively correlated with pods/
plant, seeds/plant, and yield/plant, indicating su-
perior yielding ability of taller plants in pea.

Path coeffi cient analysis

Yield is a complex character with polygenic 
inheritance that, from a crop physiology pers-



Agronomic traits and yield in pea4

pective, is the culmination of a series of pro-
cesses (phenological and canopy development, 
radiation interception, biomass production and 
partitioning) that are driven by environmental in-
fl uences (Charles-Edwards, 1982). A genotype’s 
ultimate performance is determined by how it 
integrates genotype and environmental infl uen-
ces. The end result is seed yield, which has often 

been described as the product of its components: 
number of plants per unit area, number of seeds 
per unit area (number of pods per plant, number 
of seeds per pod), and mean seed weight (Moot 
and McNeil, 1995). These yield components 
show interdependence or plasticity (Wilson, 
1987). For example, compensation is observed 
between the number of pods per plant and num-
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Table I: Genotypic (rg) and phenotypic (rp) correlation coeffi cients between different traits in pea during 2007 (above 
diagonal) and 2008 (below diagonal).

** P<0.01   *P<0.05
Length (LS) and width (WS) of stipule, leafl ets (LL, WL) and pod (LP, WP), length of the internodes (LI), plant 
height (PH), number of nodes at the fi rst pod (NFP), and numbers of days to fl owering (DF). Numbers of pods 
(NP) and seeds per plot (NS), yield (Y) and grain diameter (GD)
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Indirect effects 

 PH LP WP NP NS LI WS LS NFP WL LL GD DF 

Correlation 

value with 

Yield 

PH 0.008 -0.14 -0.03 0.09 0.06 0.50 0.01 -0.12 -0.02 0.17 -0.16 0.03 0.005 0.38** 

LP -0.0002 0.48 -0.03 -0.04 0.03 -0.35 -0.01 -0.003 0.01 -0.17 0.19 -0.04 0.002 0.04 

WP 0.0002 0.09 -0.16 -0.06 -0.09 0.17 0.002 -0.03 0.03 0.04 -0.05 0.08 -0.004 0.01 

NP 0.0003 -0.08 0.04 0.26 0.26 0.05 0.01 -0.01 0.0005 0.07 -0.05 -0.01 0.01 0.56** 

NS 0.0001 0.03 0.04 0.18 0.38 -0.11 0.001 -0.02 -0.01 -0.06 0.09 -0.03 0.01 0.52** 

LI 0.0006 -0.25 -0.04 0.02 -0.06 0.68 0.01 -0.08 -0.002 0.23 -0.25 0.05 -0.002 0.31** 

WS 0.0004 -0.12 -0.02 0.08 0.02 0.30 0.02 -0.17 0.01 0.20 -0.22 0.06 0.01 0.17 

LS 0.0004 0.01 -0.02 0.01 0.03 0.21 0.01 -0.27 -0.01 0.09 -0.09 0.05 0.01 0.02 

NFP 0.0001 -0.02 0.04 -0.0009 0.03 0.01 -0.001 -0.02 -0.14 -0.19 0.23 -0.03 -0.02 -0.02 

WL 0.0003 -0.20 -0.01 0.04 -0.06 0.39 0.01 -0.06 0.06 0.41 -0.46 0.03 -0.01 0.10 

LL 0.0003 -0.20 -0.02 0.03 -0.07 0.36 0.01 -0.05 0.07 0.40 -0.46 0.04 -0.01 0.04 

GD 0.0001 -0.11 -0.06 -0.01 -0.05 0.18 0.01 -0.06 0.02 0.07 -0.08 0.20 -0.01 0.10 

DF 0.0001 0.03 0.02 0.10 0.11 -0.06 0.01 -0.05 -0.05 -0.09 0.11 -0.07 0.03 0.14 

Table IIa: The direct and indirect contribution of different traits to yield in pea during 2007

Length (LS) and width (WS) of stipule, leafl ets (LL, WL) and pod (LP, WP), length of the internodes (LI), plant 
height (PH), number of nodes at the fi rst pod (NFP), and numbers of days to fl owering (DF). Numbers of pods 
(NP) and seeds per plot (NS), yield (Y) and grain diameter (GD)

Indirect effects 

 PH LP WP NP NS LI WS LS NFP WL LL GD DF 

Correlation 

value with 

Yield 

PH -0.03 0.01 0.01 0.04 0.25 -0.01 0.005 0.003 -0.003 0.08 -0.07 0.02 0.002 0.39** 

LP 0.004 -0.05 0.01 0.01 0.03 0.01 -0.003 0.003 0.002 -0.06 -0.02 0.0003 0.004 -0.02 

WP -0.003 -0.005 0.07 0.03 0.11 -0.004 -0.002 -0.0009 0.0006 0.02 -0.02 0.02 0.003 0.25 

NP -0.004 -0.002 0.01 0.25 0.47 -0.003 0.002 -0.001 -0.01 0.12 -0.14 0.04 0.001 0.78** 

NS -0.01 -0.002 0.01 0.18 0.67 -0.01 -0.003 0.002 -0.005 0.08 -0.08 0.02 0.001 0.89** 

LI -0.01 0.01 0.01 0.02 0.12 -0.04 0.01 -0.004 -0.003 0.12 -0.11 0.02 0.001 0.25 

WS -0.0003 0.004 -0.004 0.01 -0.05 -0.01 0.04 -0.05 -0.003 0.12 -0.12 0.04 0.009 0.08 

LS 0.0002 0.003 0.001 0.01 -0.03 -0.002 0.03 -0.06 -0.004 0.07 -0.06 0.03 -0.004 0.04 

NFP 0.003 -0.01 0.002 -0.07 -0.15 0.01 -0.01 0.001 0.02 -0.14 0.15 -0.02 -0.001 -0.42** 

WL -0.01 0.01 0.004 0.09 0.16 -0.01 0.02 -0.01 -0.01 0.33 -0.33 0.06 0.002 0.40** 

LL -0.01 0.01 0.004 0.10 0.16 -0.01 0.01 -0.01 -0.01 0.33 -0.34 0.05 0.002 0.39** 

GD -0.004 0.01 0.01 0.08 0.12 -0.01 0.01 -0.01 -0.003 0.15 -0.15 0.12 0.002 0.40** 

DF 0.004 0.001 -0.02 -0.03 -0.07 0.004 -0.003 0.01 0.002 -0.05 0.05 -0.02 -0.01 -0.16 

Length (LS) and width (WS) of stipule, leafl ets (LL, WL) and pod (LP, WP), length of the internodes (LI), plant 
height (PH), number of nodes at the fi rst pod (NFP), and numbers of days to fl owering (DF). Numbers of pods 
(NP) and seeds per plot (NS), yield (Y) and grain diameter (GD)

Table IIa: The direct and indirect contribution of different traits to yield in pea during 2007
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ber of seeds per pod (Moot and McNeil, 1995), 
or between seed number and seed weight (Sa-
rawat et al., 1994). The path coeffi cient analysis 
initially suggested by Wright (1921) and descri-
bed by Dewey and Lu (1959) allows partitioning 
of correlation coeffi cient into direct and indirect 
effects of various traits towards dependent varia-
ble and thus helps in assessing the cause - effect 
relationship as well as effective selection. Thus, 
the path analysis plays an important role in deter-
mining the degree of relationship between yields 
and yield components effects and also permits 
critical examination of specifi c factors that pro-
vide a given correlation.

The effects of yield components via path 
analysis were given in Table IIIa-b. In this table 
only important correlated traits with yield were 
examined. In 2007, the highest positive direct 
effects on yield were LI (0.68), NS (0.38) and 
NP (0.26) while PH (0.008) was positive but 
low. Meanwhile, LL exhibited an import nega-
tive direct effect (-0.46). The highest positive 
indirect contribution of PH via LI was 0.50 fo-
llowed by NP via NS (0.26). It also observed that 
highest negative indirect contribution was LP via 
LI (-0.35).

In 2008, the highest positive direct effects on 
yield were NS (0.67), WL (0.33) and NP (0.25) 
meanwhile LL presented the highest negative di-
rect effect (-0.34). The indirect effects were obser-
ved via NS, LL and WL. Because in both years, 
NP and NS shown the highest positive direct 
effects on yield, clearly indicated that these can 
be used for indirect selection because LI, LL and 
WL are infl uenced by environmental condition.

Multiple Regressions

The stepwise regression variance analysis re-
sults indicated that model was signifi cant to per-
form the stepwise regression analysis for yield 
(Table IVa-b). The parameter estimated showed 
that NP, LP and NS determined the yield during 
2007 and NS, NP and GD during 2008. The R2 
values for both models were 0.60 and 0.89 res-
pectively. Thus, the yield could be increased di-
rectly through NP and NS but indirectly through 
LI, LL and WL because taller plants involves a 
larger number of pods per plant, seeds per plant 
and yield per plant and the leaf area is one of 
the most essential processes, such as one of the 
physiological determinants of plant growth is 
the effi ciency of the leaves with which the in-
tercepted light energy is used in the production 
of new dry matter (Uzun, 1999). Moreover, leaf 
area is an indicator of photosynthetic capacity 
and growth rate of a plant and its measurement 
is of value in studies of plant competition for 
light and nutrients. Common measurements in 
pea include leaf length and leaf width is the leaf 
area a good indicator of yield potential because 
both traits are positively correlated but infl uen-
ced in opposite ways the number of seeds which 
is an important component of yield.

CONCLUSION

The different analyses carried out coincide 
in that the number of pod and seeds per plot 
were the main yield components having maxi-
mum direct effects on seed yield. The results 

Total yield 2007 

Traits Estimate Standard error t-value 

Intercept 24.6   

NP 0.330 0.12 2.69** 

LP 0.225 0.09 2.32* 

NS 0.208 0.11 2.27* 

Total yield 2008 

Traits Estimate Standard error t-value 

Intercept -229.99   

NP 0.296 0.07 3.87** 

GD 0.135 0.06 2.12* 

NS 0.603 0.06 8.12** 

Table IIIa: The step-wise parameters

Table 3b: The step-wise parameters
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identify these traits as selection criteria in fur-
ther studies in order to increase the selection 
effi ciency in pea breeding program.
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