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Abstract 

 
Genetic variability, heritability along with genetic advance of traits, their association and 

direct and indirect effects on yield are essential for crop improvement. Ten mungbean genotypes 
were studied to assess variability and degree to which various plant traits associate with seed yield. 
Primary and secondary branches, pods per cluster and pod length showed lesser variability while 
clusters per plant, 100 seed weight and harvest index exhibited intermediate range of variability. 
Sufficient genetic variability was observed for plant height, pods per plant, total plant weight and 
seed yield. Moderate to high heritability estimates were found for all traits. Primary and secondary 
branches per plant, pod length and 100-seed weight exhibited negative and non significant 
genotypic and phenotypic correlations with seed yield. Plant height showed positive non-significant 
and significant genotypic and phenotypic correlation. Pods per cluster correlated significantly 
negative with seed yield. Clusters per plant, pods per plant, total plant weight and harvest index 
showed positive significant genotypic and phenotypic correlations with seed yield. Positive direct 
effects were exerted through secondary branches, pods per plant, pod length, 100 seed weight, total 
plant weight and harvest index while primary branches, plant height, clusters per plant and pods per 
cluster had negative direct effects. The present findings could be useful for establishing selection 
criteria for high seed yield in the mungbean breeding. 
 
Introduction 
 

Mungbean (Vigna radiata (L.) Wilczek) a small, cylindrical bean with bright green 
skin is an important pulse legume. Among the pulse legumes it ranks second to 
chickpea in Pakistan.  It is a cheap and rich source of vegetable protein, and therefore, 
commonly used as a supplement to the normal diet of many people, particularly with 
low income. Mungbean occupies an important position due to its high seed protein 
content (22 to 24%) and ability to restore the soil fertility through symbiotic nitrogen 
fixation (Malik, 1994). It is rich in essential amino acids specially lysine, which is 
deficient in most of the cereal grains.  

Seed yield in mungbean is a complex character like other crops, and is determined 
by various components. Knowledge of genetic variability existing among different 
parameters is important in crop improvement. Heritability, which measures phenotypic 
variance and is attributable to genetic causes, is another important consideration for a 
successful breeding program. Heritability with genetic advance helps in understanding 
the mode of inheritance of quantitative traits. Correlation coefficient analysis is a 
handy technique, which elaborates the degree and extent of relationship among 
important plant characters and it provides basic criteria for selection and leads to 
directional model based on yield and its components in the field experiments. Yet, the 
information it supplies about the nature of association is often incomplete. Path 
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coefficient analysis, on the other hand, is an efficient statistical technique specially 
designed to quantify the interrelationship of different components and their direct and 
indirect effects on seed yield. Through this technique yield contributing characters can 
be ranked and specific traits producing a given correlation can be heeded (Rao et al., 
1997). Information regarding inheritance of grain yield and its closely related 
components is essential to efficiently exploit the available genetic diversity in 
mungbean for seed yield (Khattak et al., 2004).  

Present research work was planned with the following objectives. First objective was 
to assess the genetic variability existing among morphological as well as yield parameters 
along with their heritability and genetic advance for understanding the mode of 
inheritance of quantitative traits in mungbean. Secondly, genetic correlations and direct 
and indirect effects of economically useful traits with seed yield were also investigated.  
 
Materials and Methods 
 
Plant material: The experimental material comprised of 10 mungbean genotypes viz., 
AUM-9, AUM-38, AUM-29, AUM-27, AUM-19, AUM-18, AUM-28, 6375, NM-54 
(check) and NM-98 (check). The experiment was laid out in a randomized complete 
block design with three replications in experimental fields of the Department of Plant 
Breeding & Genetics University of Agriculture, Faisalabad, Pakistan. Spacing between 
row to row and plant to plant was kept 30 cm and 15 cm respectively. All the 
recommended cultural practices were followed up to harvest. At maturity, data were 
recorded for number of primary and secondary branches per plant, plant height (cm), 
clusters per plant, pods per plant, pods per cluster, pod length, total plant weight (g), 100-
seed weight (g), seed yield per plant (g) and harvest index (%) on 10 competitive plants 
randomly selected from 4 middle rows of each entry.  
 
Statistical analysis: The data recorded on the above mentioned characters were 
statistically analyzed for the variance and covariance using the method given by Steel & 
Torrie (1980). Duncan’s Multiple Range Test (DMRT) was applied to compare the mean 
values of all genotypes. Phenotypic coefficient of variability (PCV) and genotypic 
coefficient of variability (GCV) were calculated following (Johnson et al., 1955). 
Heritability estimates (broad-sense) were calculated by performing analysis of variance 
and estimating genetic and phenotypic components of variance as given by Cochran & 
Cox (1957). Genetic advance at 5% selection intensity was calculated following Allard 
(1960). Phenotypic and genotypic correlation coefficients were calculated as outlined by 
Kwon & Torrie (1964). Genotypic correlation was tested for its statistical significance 
using the method of Reeve (1955). Phenotypic correlation coefficients were tested using 
t-test following Steel & Torrie (1980). Path coefficient analysis was performed according 
to the method of Dewey & Lu (1959) by solving simultaneous equations using genotypic 
correlations. Seed yield per plant was kept as resultant variable and other characters as 
causal variables. 
 
Results and Discussion  
 

The analysis of variance (Table 1) revealed highly significant (p<0.01) to significant 
(p<0.05) differences for all characters except for number of primary branches per plant 
that had non significant differences among the genotypes. This suggested adequate 



PATH ANALYSIS OF YIELD AND YIELD COMPONENTS IN MUNGBEAN  

 

3917

amount of genetic variability among genotypes that may be helpful for yield 
improvement by selection. A thorough probe into mean data revealed that primary 
branches ranged from 2.83 to 3.13 (Table 2). Maximum primary branches were produced 
by AUM-19 (3.13) followed by AUM-28 (3.07) whereas the minimum number was 
recorded for AUM-38 (2.83). Maximum number of secondary branches per plant was 
produced by AUM-19 (8. 93) followed by AUM-29 (8.43) whereas the minimum value 
was observed for 6375 (6.40). Plant height ranged from 51.09 to 67.82 cm with 
maximum contribution from AUM-38 while minimum contribution by 6375. Pods per 
plant ranged from 35.30 to 56.37. AUM-9 ranked first in cluster per plant and pods per 
plant production while 6375 had lowest production. The mean values for these traits 
ranged from 8.13 to 15.10 and 35.30 to 56.36 respectively. Pods per cluster ranged from 
3.43 to 4.58. AUM-18 produced maximum number of pods per cluster and minimum 
number was produced by AUM-28. Maximum and minimum pod length and 100-seed 
weight were recorded in AUM-28 and NM-98 respectively. Contemplation of mean 
values for seed yield per plant and total plant weight demonstrated that cultivar AUM-9 
proved its superiority by contributing maximum towards these traits while NM-54 was 
found poor with lowest contribution. Mean values for both these characters ranged from 
12.71g to 21.41g and 40.45g to 59.39g respectively. Harvest index ranged from 30.56 to 
36.79. Maximum harvest index was produced by AUM-38 followed by AUM-9 and 
minimum was produced by AUM-18.  
 
Genetic components: The magnitude of phenotypic coefficients of variation was higher 
than genotypic coefficients for all the traits under study (Table 3) showing greater 
influence of environment on these traits. These results are in accordance with the finding 
of Siddique et al., (2006) and Makeen et al., (2007) who also reported similar effects of 
environment. In the present study, clusters per plant were shown to have maximum 
genotypic coefficient of variation GCV (21.05%) followed by seed yield (17.12%) 
suggesting substantial amount of genetic variability and are in accordance with 
Vaithiyalingan, (2003) while differed from Loganathan et al., (2001) who reported high 
PCV for number of clusters per plant indicating the favorable effect of environment. 
Sufficient genetic variability was observed for plant height, pods per plant, total plant 
weight and seed yield which showed that these traits can be recommended for direct 
selection. Previously, similar results have been reported by Sinha et al., (1996) and 
Byregowda et al., (1997). Moreover, in the present study, high heritability was 
manifested by number of secondary branches, plant height, clusters per plant, pods per 
plant, pods per cluster, pod length, 100 seed weight seed yield and harvest index. 
Previously, high heritability for these traits has also been reported by (Rohman and 
Hussain, 2003 and Siddique et al., 2006). These traits were expected to remain stable 
under varied environmental conditions, as environment is less influential on highly 
heritable traits and could easily be improved by applying selection pressure. Dobhal & 
Rana (1997) also observed high genetic advance for pods per plant as suggested by our 
findings. In present study, lowest genetic advance was observed (0.085) for primary 
branches followed by pod length (0.336) and is comparable to the findings of Loganathan 
et al., 2001 who also reported lowest genetic advance for these traits. High heritability 
and high genetic advance were indicating that these traits were controlled by additive 
genes and can easily be transferred to succeeding generations.  
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Table 3. Estimation of genetic components for yield and its components in mungbean. 
Traits (GCV) % (PCV) % (h2) % (GA) (CV) % 
P.B 2.15% 2.85% 57.18% 0.0855 3.23% 
S.B 10.25% 10.44% 96.33% 1.3282 3.46% 
P.H 8.53% 8.88% 92.40% 8.4599 4.24% 
C/P 21.05% 21.33% 97.39% 3.9840 5.97% 
Pods/P 14.99% 16.08%s 86.87% 10.7576 10.09% 
Pods/C 8.61% 9.14% 88.82% 0.5765 5.29% 
Pod L 2.81% 3.03% 86.25% 0.3661 1.95% 
100-Seed wt 11.21% 11.34% 97.77% 0.8189 2.93% 
Total P. wt 10.29% 13.08% 61.9% 0.9595 13.98% 
SY/P 17.12% 18.14% 86.4% 4.4937 11.76% 
H.I 7.04% 7.73% 82.92% 3.8150 5.53% 
GCV= genotypic coefficient of variation, PCV= phenotypic coefficient of variation, h2= 
heritability, GA= genetic advance, CV= coefficient of variation, P.B= primary branches, S.B= 
secondary branches, P.H=plant height C/P=clusters per plant, Pod/P =pods per plant, Pods/C= 
pods per cluster, Pod. L=pod length, 100-SW= 100 seed weight, TPW=total plant weight, 
H.I=harvest index S.Y= seed yield 

 
Genotypic and phenotypic correlations: A perusal of results (Table 4) revealed greater 
genotypic correlations than their corresponding phenotypic correlations indicating the 
preponderance of genetic variance in expression of characters (Gill et al., 1995 and 
Biradar et al., 2007). Number of primary branches as well as secondary branches, pod 
length and 100 seed weight had negative and non-significant genotypic and phenotypic 
correlations with seed yield. These results are in partial agreement with Rohman and 
Hussain (2003) while contradicts from Mishra et al., (1995), Kalpande et al., (1997b) and 
Hassan et al., (2003). These differences might be due to different climatic conditions and 
genotypic variation of cultivars. Pods per cluster had negative significant genotypic 
correlation with seed yield per plant while differed from previous findings of Biradar et 
al., (2007) for same parameter. In the present study, positive non-significant genetic 
correlation of plant height with seed yield was observed whereas phenotypic correlation 
was significantly positive. Similar observations have been made by Joseph and Kumar 
(1999) while an opposite phenomenon has been reported by Celal (2004). The results 
depicted positive significant genotypic and highly significant phenotypic correlations of 
clusters per plant, pods per plant, total plant weight and harvest index with seed yield. 
This indicates that selection based on these traits may result in improved yield. These 
observations are in accordance with Celal (2004, Rao et al., (2006), Makeen et al., (2007) 
and Biradar et al., (2007). However, an inverse relationship for pods per plant and harvest 
index was determined by Hassan et al., (2003) and Siddique et al., (2006). Positive 
correlations occur due to the changes of genes supplying precursors. On the other hand 
negative correlations arise due to competition among traits for common precursors which 
is restricted supply (Madhur & Jinks1994).  
 
Path analysis: The correlation values decide only the nature and degree of association 
existing between pairs of characters. A character like seed yield is dependent on several 
mutually associated component characters and change in any one of the components is 
likely to affect the whole network of cause and effect relationship. This in turn might 
affect the true association of component characters, both in magnitude and direction and 
tend to vitiate association of yield and yield components. Hence it is necessary to 
partition the phenotypic correlations of component characters into direct and indirect 
effects (Biradar et al., 2007). 
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Direct and indirect matrix (Table 5) revealed negative direct effect of number of 
primary branches on seed yield per plant as well as negative indirect effects via pods per 
plant, total plant weight and harvest index. Previously, a negative direct effect of number of 
primary branches on seed yield has also been reported by Arshad et al., (2004), Idress et al., 
(2006) and Hakim (2008). This indicated that this trait is not directly associated with yield 
resulting in poor selection directly through this character so indirect causal factors must be 
considered especially the traits contributing positively. However positive indirect effects of 
primary branches exhibited through secondary branches, plant height, clusters per plant, 
pods per cluster, pod length and 100-seed weight. Number of secondary branches had 
positive direct effect on seed yield with positive indirect effects through plant height, pods 
per plant, pods per cluster, and total plant weight. These findings are in line with the reports 
of Kalpande et al., 1997b and Arshad et al., (2004). Plant height had negative direct effect 
on seed yield along with negative indirect effects via secondary branches per plant and 
clusters per plant while primary branches, pods per plant, pods per cluster, pod length, 100 
seed weight, total plant weight and harvest index were found to have positive direct effects. 
These findings are in accordance with findings of Rohman & Hussain (2003). Clusters per 
plant disclosed direct negative effect on seed yield and also negative indirect effect via plant 
height, pod length and 100-seed weight. However, influence of primary and secondary 
branches, pods per plant, pods per cluster, total plant weight and harvest index was 
indirectly positive. These findings match with the studies conducted by Yaqoob et al., 
(1997) while differed from Hairitha and Sekhar (2002).  

Positive direct effect of pods per plant on seed yield was found along with indirect 
positive effects through branches per plant, pods per cluster, total plant weight and harvest 
index. Plant height, clusters per plant, pod length and 100 seed weight revealed negative 
indirect effects. These findings are in accordance with previous reports (Rohman & 
Hussain, 2003; Celal, 2004; Makeen et al., 2007; Rao et al., 2006; Hakim, 2008) proving 
the effectiveness of direct selection through pods per plant for yield improvement. Pods per 
cluster had negative direct effect on seed yield. Positive indirect effects were exerted 
through primary branches per plant, plant height, clusters per plant and pod length, while 
negative indirect effect through secondary branches per plant, pods per plant, 100-seed 
weight, total plant weight and harvest index. These results are not in agreement with those 
previously reported by Hairitha & Sekhar (2002) and Biradar et al., (2007). Present results 
depicted a positive direct effect of pod length on seed yield per plant with positive indirect 
effects via clusters per plant and 100-seed weight.  It was indirectly influenced negatively 
via branches per plant, plant height, pods per plants, pods per cluster, total plant weight and 
harvest index. Similar observations have been reported by Islam et al., (1999) and Biradar 
et al., (2007). However our findings are not in line with those reported by Hakim (2008). 
Positive direct effect of 100-seed weight having positive indirect effects via clusters per 
plant pods per cluster, pod length and harvest index were derived from present studies. 
These results are in consensus with Rohman & Hussain (2003), Celal (2004) and Biradar et 
al., (2007). Seed yield affected positively with direct influence by total plant weight and 
this is tenable in the light of other experiments by Haritha & Sekhar (2002), Hassan et al., 
(2003) and Rao et al., (2006). Branches per plant, pods per plant, and pods per cluster and 
harvest index had positive indirect effect while plant height, clusters per plant, pod length 
and 100-seed weight were shown to have negative indirect effects. Positive direct effect of 
harvest index on seed yield per plant was suggested by these results with positive indirect 
effects through primary branches, pods per plant, and pods per cluster, total plant weight 
and 100-seed weight. However, a negative indirect effect via secondary branches, plant 
height, cluster per plant, and pod length and was also reported by Ajmal & Hassan (2002); 
Celal (2004) and Rao et al., (2006). It was concluded that characters with positive effects 
should be significantly considered in selection criteria for yield improvement in mungbean 
breeding programs. 
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Conclusion  
 

In aforesaid discussion it can be concluded that the magnitude of all the phenotypic 
variances was higher than genotypic variances showing the pronounced effects of 
environment. Higher heritability showed additive effects and more gain of selection in 
next generations when coupled with high genetic advance. The seed yield is an important 
parameter among all the morphological as well as yield traits. Improvement in seed yield 
in mungbean could be brought through selection of component characters directly 
concerned with final yield in pulse crops like secondary branches, pods per plant, pod 
length, 100 seed weight, total plant weight and harvest index which showed positive 
direct effects.  
 
References  
 
Ajmal, S. and M. Hassan. 2002. Association analysis for certain plant characteristics in some local 

and exotic strains of mungbean (Vigna radiata L.). Asian J Plant Sci., 6: 697-698.  
Allard, R.W. 1960. Principles of plant breeding. John Wiley and Sons Inc. USA. P. 96.  
Arshad, M., A. Bakhsh and A. Ghafoor. 2004. Path coefficient analysis in chickpea (Cicer 

arietinum L.) under rainfed conditions. Pak. J. Bot., 36(1): 75-81. 
Biradar, K., S.P.M. Salimath and R.L. Ravikumar. 2007. Genetic studies in greengram and 

association analysis. Karnataka J. Agric. Sci., 20(4): 843-844.   
Byregowda, M., J. Chandraprakash, C.S.J. Babu and P. Rudraswamy. 1997. Genetic variability and 

interrelationships among yield and yield components in greengram (Vigna radiata L.). Crop 
Res. Hisar., 13: 361-368. 

Celal, Y. 2004. Correlation and path coefficient analysis of seed yield components in the narbon 
bean (Vicia narbonensis L.). Turk. J .Agric., 28: 371–376. 

Cochran, W.G. and G.M. Cox. 1957. Experimental designs. John Wiley and Sons. Inc., New York, 
661 pp.  

Dewey, D.R. and K.H.A. Lu. 1959. Correlation and path coefficient analysis of component of 
crested wheat grass seed production. Agron. J., 51: 515-518. 

Dobhal, V.K. and J.C. Rana.1997. Genetic variability and association analysis in adzukibean 
(Vigna angularis). Ind. J. Agric. Sci., 67 (4): 171-172.  

Gill, J.S., M.M. Verma, R.K. Gumber and B. Singh. 1995. Character association in mungbean lines 
derived from three intervarietal crosses in mungbean. Crop Improv., 22(92): 255-260. 

Hakim, L. 2008. Variability and correlation of agronomic characters of mungbean germplasm and 
their utilization for variety improvement program. Indonesian J. Agric. Sci., 9: 24-28. 

Haritha, S. and M.R. Sekhar. 2002. Correlation and path coefficient analysis in mungbean [Vigna 
radiata (L.) Wiczek]. Legume Res., 25: 180-183. 

Hassan, M., M. Zubair and S. Amjal. 2003. Correlation and path coefficient analysis in some 
promising lines of Mashbean (Vigna mungo). Pak. J. Biol. Sci., 6: 370-372. 

Idress, A., M.S. Sadiq, M. Hanif, G. Abbas and S. Haider. 2006. Genetic parameters and path 
coefficient analysis in mutated generation of mungbean, Vigna radiata L. Wilckez. J. Agric. 
Res., 44: 181-191. 

Islam, M.T., M.M. Haque, M.O. Islam, M.A. Malek and M.E. Hoque. 1999. Genetic variability, 
correlation and path analysis in mungbean (Vigna radiata (L.) Wilczek). Bangladesh J. Sci. 
and Ind. Res., 34: 103-107. 

Johnson, H.W., H.F. Robinson and R.E. Comstock. 1955. Estimation of genetic variability in 
soybean. Agron. J., 47: 314-318. 

Joseph, J. and S.A.V. Kumar.1999. Character association and cause effect analysis in some F2 
population of green gram [Vigna radiata L. Wilczek]. Legume Res., 22:99-103.    



AQSA TABASUM ET AL., 

 

3924 

Kalpande, H.V., J.G. Patil, R.B. Deshmukh, A.D. Dumber and N.S. Kute. 1997b. Correlation and 
path coefficient analysis in green gram under different environments. J. Maharashtra., 22: 
281-283. 

Khattak, G.S., M. Ashraf and M.S. Khan. 2004. Assessment of genetic variation for yield and yield 
components in mungbean (Vigna Radiata (L.)Wilczek) using generation mean analysis. Pak. 
J. Bot ., 36(3): 583-588. 

Kwon, S.H and J.H. Torrie. 1964. Heritability and inter-relationship of traits of two soybean 
populations. Crop Sci., 4(1): 196-198. 

Loganathan, K., Saravanan and J. Ganesan. 2001. Genetic variability in greengram (Vigna radiata 
L.)]. Res. on Crops., 2: 396-397. 

Madhur and Jinks. 1994. Study of different dates of sowing on yield parameters of green gram 
(V.mungo). Agric. News., 12: 53-56. 

Makeen, K., A. Garard, J. Arif and K.S. Archana. 2007. Genetic variability and correlation studies 
on yield and its components in mungbean (Vigna radiate (L). Wilckez). J. Agron., 6: 216-218. 

Malik, B.A. 1994. Grain legumes. In: Crop Production. (Ed.): M.S. Nazir. p. 301. National Book 
Foundation, Islamabad. 

Mishra, A.K., L.N. Yadav and J.S. Raghu. 1995. Variability of metric traits and character 
association in Vigna radiata. Agric. Sci. Digest Karnal., 15: 51-54. 

Rao, C.M., Y.K. Rao and M. Reddy. 2006. Genetic variability and path analysis in mungbean. 
Legume Res., 29: 216-218. 

Reeve, E.C.R. 1995. Variance of the genetic correlation coefficients. Biometrics., 11: 351-374. 
Rohman M.M. and A.S.M.I. Hussain. 2003. Genetic variability correlation and path analysis in 

mungbean. Asian. J. Plant. Sci., 2: 1209-1211.  
Siddique, M., M. Faisal, M. Anwar and I.A. Shahid. 2006. Genetic divergence, association and 

performance evaluation of different genotypes of mungbean (Vigna radiata). Int. J. Agri. 
Biol., 6: 793-795.  

Sinha, R.P., S.P. Sinha and S. Kumar. 1996. Genetic variation in mungbean. [Vigna radiata, (L.), 
Wilczek]. J. Applied Biol., 6: 33-35. 

Steel, R.G.D. and J.S. Torrie. 1980. Principles and Procedures of Statistics. A biological approach. 
Second Edition. McGraw Hill Book Company Inc., New York, USA. 

Vaithiyalingan, M .2003. Genetic variability, heritability and genetic advance in black gram (Vigna 
mungo). J. Ecobiology, 16: 389-392. 

Yaqoob, M.A., A.J. Malik, B.A. Malik, H.U. Khan and K. Nawab. 1997. Path coefficient analysis 
in some mungbean mutants under rainfed conditions. Sarhad J. Agri., 13: 129-1333.  

 
(Received for publication 10 October 2009) 

 
 


