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ABSTRACT 

 
Forty two selected true breeding lines of F5 generation of different cross 
combinations were planted at Nuclear Institute for Agriculture and Biology, 
Faisalabad, Pakistan. during 2008-09. Data pertaining to different 
morphological traits were recorded and genetic parameters, correlation 
coefficients, path coefficients and cluster analysis were computed. Seed yield 
showed positive phenotypic correlation with grain filling period, plant height, 
branches per plant, pods per plant and harvest index. Grain filling period, pods 
per plant and harvest index had positive direct effect alongwith positive 
genotypic correlation coefficient with seed yield. Hence, selection for these 
traits can be performed directly to improve seed yield in lentil. Maximum values 
of heritability were estimated in harvest index (99.40%) followed by grain filling 
period (87.40%) and plant height (74.80%). Higher values of genetic advance 
were observed for pods per plant (40.76%) and seed yield (39.74%). Cluster-III 
showed almost higher mean values in most of the traits studied. The results 
revealed that improvement in this type of population is possible through 
selection of plants having relatively long grain filling period, increased number 
of pods and high harvest index. 

 
KEYWORDS: Lens culinaris; genotypes; heritability; agronomic characters;   

Pakistan.  
 

INTRODUCTION 
 

Lentil (Lens culinaris Medik) belongs to family Papilionaceae originated in 
India, where it is widely grown and highly esteemed crop. It is called as poor 
man meat because it contains 24.8 percent protein, 28.5 percent  
carbohydrates and 13.3 percent  nitrogen (6). Lentil seed is indigestible, 
constipating tonic and useful in chest troubles and ulcer problems. In South 
Asia, it is mainly grown in India, Nepal, Pakistan and Bangladesh. In 
Pakistan, it is grown as winter pulse crop on an area of 29.2 thousand 
hectares with an annual production of 21.1 thousand tons having an average 
seed yield of 723 kg per hectare (2) which is relatively low as compared to 
world average. So a huge amount of foreign exchange is being spent on lentil 
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import to meet domestic demand. In this situation, it is imperative to increase 
production either by increasing area or by evolving high yielding varieties for 
which variability is a pre-requisite. Study of variability based on scientific 
knowledge in respect of genetic parameters is essential for identification of 
desirable characters helpful in the improvement of seed yield.  
 

Selection based on yield components is more advantageous if different yield 
related traits have been well documented (18). The knowledge of correlation 
coefficients gives a measure of association between two traits and also 
provides the degree to which various characters of a crop are associated with 
productivity. Seed yield being a complex and multifacet trait, is an ultimate 
expression of different yield factors. The knowledge of genetic parameters is 
very important for breeding ideotypes with special emphasis on certain 
characters. Selection based on yield components with respect to their genetic 
behavior is advantageous if different yield related traits have been well 
documented (8, 10, 18). Interrelationship among various developmental and 
productive traits is also important for formulating an effective breeding 
programme. Path coefficient is used for assessing the real contribution of 
various component characters towards seed yield. Many research workers 
have reported the positive impact of correlation with seed yield. Younis et al. 
(22) observed positive phenotypic and genotypic correlation of biological 
yield, 100 seed weight and harvest index with seed yield in lentil alongwith 
positive direct effect of days to flower, plant height, primary branches per 
plant, biological yield, harvest index and 100 seed weight on seed yield.  
Positive direct effects alongwith positive genotypic correlation of primary 
branches per plant, 100 seed weight, harvest index and biological yield with 
seed yield of lentil has also been observed earlier (12). In another study, 
Ashraf et al. (3) found positive and significant correlation of pods per plant 
and 100-seed weight in both hybrid and mutant populations of lentil. They 
concluded that these two traits can be used as selection criteria to evolve 
high yielding varieties. Broad sense high heritability coupled with moderate to 
high genetic advances for traits like plant height, 100-seed weight, pods per 
plant and seed yield per plant have been reported in literature (4, 5, 13). Pods 
per plant, 100-seed weight and seed yield per plant can be used as selection 
criteria as suggested by Sarwar et al. (15). Priti et al. (11) observed positive 
direct and indirect effect of days to flower, plant height, primary branches per 
plant and 100-seed weight on seed yield in black gram (Vigna mungo L. 
Hepper). 
 
The present research work was undertaken to determine the importance of 
different traits in lentil through the estimation of correlation coefficients, path 
analysis, genetic parameters and cluster analysis. It would help select better 
ideotypes with high yield potential and grouping of lentil genotypes into 
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different classes/clusters to be utilized properly and efficiently according to 
the significance/importance of their different traits. 
 
 

MATERIALS AND METHODS 
 
This study was conducted at Nuclear Institute for Agriculture and Biology, 
Faisalabad, Pakistan during the year 2008-2009. Forty two selected true 
breeding lines of F5 generation of different cross combinations (Table-1) were 
 
Table 1. Lentil genotypes and their pedigree. 
 

Genotype 
No. 

Cross Genotype 
No. 

Cross 

1 NL 96639 x Masoor 93 22 Masoor 2006 x NL 96639 
2 -Do- 23 Masoor 2006 x NL 9719 
3 Masoor 93 x Masoor 2006 24 -Do- 
4 -Do- 25 -Do- 
5 Masoor 2006 x NL 56-1 26 -Do- 
6 -Do- 27 NL 9719 x NL 96639 
7 NL 56-1 x Masoor 93 28 -Do- 
8 -Do- 29 -Do- 
9 -Do- 30 Masoor 2002 x NL 20-27-2 
10 -Do- 31 -Do- 
11 -Do- 32 Masoor 2002 x NL 96639 
12 Masoor 93 x NL 96639 33 NL 56-1 x NL 96639 
13 NL 96639 x Masoor 2002 34 -Do- 
14 -Do- 35 NL 96639 x Masoor 2006 
15 -Do- 36 Masoor 2006 x Turk Masoor 
16 -Do- 37 -Do- 
17 -Do- 38 NL 96639 x Precoz 
18 -Do- 39 -Do- 
19 -Do- 40 Precoz x NL 96639 
20 Turk Masoor x NL 96639 41 NL 9719 x Masoor 2002 
21 Masoor 2006 x NL 96639 42 -Do- 

 
planted in a RCBD with three replications in single row having four meter 
length with intra and inter row spacing of 10 and 30 cm, respectively. Days to 
flower were recorded at 50 percent flowering and days to mature at 90 
percent  maturity. Three guarded plants of each genotype were taken from 
each replication at maturity and data on plant height, primary branches per 
plant, pods per plant, seed yield, 100-seed weight, biological yield and 
harvest index were recorded. Grain filling period was calculated by 
subtracting flowering days from maturity days. Statistical analysis and genetic 
parameters were worked out following Steel and Torrie (19) and Singh and 
Chaudhry  (17).   The  cluster  analyses  were  computed  as  described  by  
 
Johnson and Wichern (9) and Afifi et al. (1). Heritability and genetic advance 
was calculated as follows 
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                Genotypic variance 
     Heritability (%) =  ——————————— x 100 
               Phenotypic variance 
 
            Heritability x SD x i   
Genetic advance (% of mean) = —————————— x 100 
                                                               Mean 

 
where SD = Standard deviation and i = Standard selection differential (at 10% 
selection intensity) 
 

RESULTS AND DISCUSSION 
 
Grain filling period showed highly significant and positive genotypic 
correlation (0.5372) with seed yield (Table 2). Positive but non-significant 
genotypic correlation of grain filling period was also observed with plant 
height and pods per plant. Non - significant and positive genotypic correlation 
of plant height was estimated with branches per plant and pods per plant. 
Number of branches showed highly significant and positive correlation with 
pods per plant (0.4779). The association of pods per plant was highly 
significant with seed yield (0.6495). Harvest index showed non-significant but 
positive genotypic correlation with seed yield. 
 
Table 2.  Genotypic and phenotypic correlation coefficients among some 

morphological and economic traits of lentil. 
 

Traits  Grain 
filling 
period 

Plant height 
(cm) 

Primary 
branches/ 

plant 

Pods/ 
plant 

100-
seed 

weight 
(g) 

Harvest 
Index 

Plant height (cm)  rg    
rp 

0.0606 
0.0716 

 

     

Primary branches/ 
plant 

rg    
rp 

-0.5188** 

-0.2704 
0.1109 
0.0753 

 

    

Pods/plant  rg    
rp 

0.1474 
0.0745 

0.2966 
0.2738 

0.4779** 

0.3425* 
 

   

100-seed weight (g)  rg    
rp 

-0.2631 
-0.1590 

-0.4283** 

-0.3298* 
0.2427 
0.0305 

-0.1707 
-0.1542 

 

  

Harvest index            
                                    

rg    
rp 

-0.2905 
-0.2645 

-0.4563** 

-0.3917** 
0.0468 
0.0239 

-0.1817 
-0.1050 

-0.0368 
-0.0242 

 

 

Seed yield (g/plant)    
                                   

rg    
rp 

0.5372** 

0.3881* 
-0.0075 
0.0530 

-0.0048 
0.1496 

0.6495**   
0.6067** 

-0.1033 
-0.0555 

0.0727 
0.0653 

rg = genotypic correlation  rp = phenotypic correlation 
The phenotypic correlation showed a pattern almost similar to genotypic 
correlation but with small values and lower degree of significance (Table 2). 
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Grain filling period exhibited significant and positive phenotypic correlation 
with seed yield (0.3881). Significant and positive phenotypic correlation was 
estimated between branches per plant and pods per plant (0.3425). Pods per 
plant showed highly significant and positive association with seed yield 
(0.6067). Harvest index showed positive but non - significant association with 
seed yield. Primary branches per plant showed almost positive but non-
significant correlation with all traits except pods per plant where the 
correlation was significant. 
 
Path analysis 
 
Maximum positive direct effects (Table 3) were estimated in pods per plant 
(0.7710) followed by grain filling period (0.4950), harvest index (0.3900) and 
100-seed weight (0.2350). Plant height also showed positive direct effect on 
seed yield to some extent (0.0340). However, branches per plant exhibited 
negative value for direct effect (-0.1950). 
 
Table 3.  Path coefficients (direct and indirect effects) among various traits of lentil 

and their genetic correlation with seed yield. 
 

Traits Grain 
filling 
period 

Plant 
height  
(cm) 

Primary 
branches/ 
plant 

Pods/ 
plant 

100-seed 
weight (g) 

Harvest 
index 

Genetic 
correlation  
with seed 
yield 

Grain filling period (0.4950) 0.0020 0.1010 0.1140 -0.0620 -0.1130 0.5372 
Plant height (cm) 0.0300 (0.0340

) 
-0.0220 0.2290 -0.1010 -0.1780 -0.0075 

Primary branches/ plant  -0.2570 0.0040 (-0.1950) 0.3680 0.0570 0.0180 -0.0048 
Pods/plant 0.0730 0.0100 -0.0930 (0.7710) -0.0400 -0.0710 0.6495 
100-seed weight (g) -0.1300 -0.0150 -0.0470 -0.1310 (0.2350) -0.0140 -0.1033 
Harvest index -0.1440 -0.0160 -0.0090 -0.1400 -0.0090 (0.3900) 0.0727 

 
Branches per plant showed maximum indirect effect (0.3680) via pods per 
plant (Table 3). After this, plant height showed positive indirect effect via pods 
per plant (0.2290). Positive indirect effects of grain filling period (0.1140) were 
also observed via pods per plant. All other indirect effects were negligible or 
negative. Pods per plant and grain filling period which showed high values of 
direct effects also exhibited highly significant and positive genotypic 
correlation with seed yield (Table 3). 
 
Genetic parameters 
 
Pods per plant showed the highest values of phenotypic (7059.44) and 
genotypic variances (2828.76) followed by harvest index and grain filling 
period (Table 4). The genotypic coefficient of variation (GCV) was maximum 
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in seed yield per plant (28.77%) followed by pods per plant (18.14%) and 
harvest index (16.05%). Phenotypic coefficients of variation (PCV) values 
were relatively higher as compared to GCV like phenotypic variances values 
but with dissimilar pattern. Maximum value of phenotypic coefficient of 
variation was observed in seed yield (36.70%) followed by pods per plant 
(28.66%), 100-seed weight (16.40%) and grain filling period (16.14%). The 
highest values of broad sense heritability was estimated in harvest index 
(99.4%) followed by grain filling period (87.40%) and plant height (74.80%). 
Overall, all traits showed more than 50 percent broad sense heritability 
except primary branches and pods per plant. Genetic advance as percent of 
mean was the highest in pods per plant (40.76%) followed by seed yield per 
plant (39.74%), harvest index (28.14%) and grain filling period (24.93).  
 
Table 4.  Genetic parameters of some morphological and economic traits of lentil. 
 

Traits Genotypic 
variance 

(VG)  

Genotypic 
coefficient 

of 
variation 
(GCV%) 

Phenotypi
c variance  

(VP) 

Phenotypic 
coefficient 
of variation 

(PCV%) 

Heritability 
(h2 ) 

Genetic 
advance as 
% of mean 

(G.A) 

Grain filling period     24.34 15.09     27.85 16.14 87.40 24.93 
Plant height (cm)     14.28 09.25     19.09 10.69 74.80 14.25 
Primary branches/plant     00.13 12.53     00.44 23.21 29.10 11.94 
Pods per plant 2828.76 18.14 7059.44 28.66 40.10 40.76 
100-seed weight (g)     00.11 13.47     00.17 16.40 67.40 19.54 
Harvest index     53.67 16.05     54.01 16.10 99.40 28.14 
Seed yield (g/plant)     14.21 28.77     23.13 36.70 61.40 39.74 

 
Cluster analysis 
 
Cluster diagram (Fig.) for 42 genotypes of lentil based on complete linkage 
elucidean-distances classified the population into three main clusters. 
Cluster-I comprised 16 genotypes, cluster-II 15 and cluster-III consisted of 11 
genotypes. Grain filling period showed the highest mean value (33.36) in 
cluster-III followed by cluster-II (33.07) (Table-5).  Maximum mean  values  of  
 
Table 5. Mean and standard deviation of various lentil traits in different clusters. 
 

Cluster-I Cluster-II Cluster-III Traits 
Mean S.D Mean S.D Mean S.D 

Grain filling period 31.87 3.85 33.07 5.56 33.36 5.45 
Plant height (cm) 39.25 3.46 41.82 4.10 41.97 3.54 
Primary branches/ plant 2.69 0.52 2.96 0.44 3.00 0.38 
Pods/ plant 230.90 21.97 308.31 51.85 363.21 23.91 
100-seed weight (g) 2.57 0.40 2.36 0.29 2.53 0.33 
Harvest index 45.88 7.06 45.6 7.98 45.36 6.41 
Seed yield (g/plant) 9.92 2.61 13.56 2.67 17.12 3.64 
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plant height (41.97), branches per plant (3.00) and pods per plant (363.21) 
were also noted in cluster-III. Mean of seed yield per plant (17.12 g) was also 
the highest in cluster-III. However, mean value of harvest index (45.88) was 
the highest in cluster-I. Similarly, 100 - seed weight showed maximum mean 
value (2.57) in cluster-I. The variation in the form of standard deviation was 
maximum in pods per plant in cluster-II (51.85) followed by cluster-III (23.91). 
 

 
 
After pods per plant, maximum variation in the form of standard deviations 
was observed in harvest index (7.98) in cluster-II. In grain filling period, the 
highest variation was also noted in cluster-II. Maximum variation was 
estimated in branches per plant and 100-seed weight in cluster-I. All 
characters in cluster-III showed less variation except seed yield per plant. 
Sultana et al. (20) evaluated 317 accessions of lentil for cluster analysis and 
grouped them with greater genetic similarity. The cluster did not necessarily 
include all accessions from the same origin. Salehi et al. (14) made cluster 
analysis and divided the genotypes into four distance groups of large, 
medium, semi medium and low yields.  
 
In general, higher values of PCV than their corresponding GCV showed more 
effect of environment than genotype on the expression of traits. High 
heritability estimates for grain filling period, harvest index and seed yield 
combined with high values of genetic advance revealed that these traits are 
under the control of additive type of genes and can be used directly for 
selection of improved lentil genotypes. Higher estimates of heritability for 
seed yield, harvest index and biological yield had already been reported by 
Rasheed et al. (12). Grain filling period, primary branches per plant and pods 
per plant had positive and highly significant phenotypic correlation with seed 
yield. Harvest index had positive but non-significant correlation with seed 
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yield. Haritha and Sekhar (7) reported positive and highly significant 
correlation of harvest index, biological yield, pods per plant and clusters per 
plant with seed yield.  
 
Pods per plant and grain filling period showed the highest direct effect 
combined with high values of positive genotypic correlation. In addition, 
harvest index also showed positive direct effect alongwith positive correlation. 
In path analysis, correlation between yield at one hand and various 
characters on the other, is partitioned into direct and indirect effects. If the 
genotypic correlation and direct effects are almost equal and positive, 
correlations explain the true relationship and direct selection of that trait will 
improve the yield. If direct effect is negative or negligible but correlation is 
positive, role of indirect effect seems to be more important. In such situations, 
the indirect causal factors are to be considered simultaneously. In some 
instances, correlation coefficient may be negative combined with high positive 
direct effect. Under these conditions, a restricted simultaneous selection 
model is to be followed (16). It indicated that the traits like pods per plant, 
grain filling period and harvest index can be used directly for the improvement 
of seed yield. A direct effect of harvest index on seed yield in mungbean has 
been reported by Vikas et al. (21).  
 
In general, grain filling period, pods per plant and harvest index showed 
positive correlation with seed yield. These characters also showed high 
positive direct effects. The cluster-III showed almost higher mean values in 
most of the traits under study. Hence, it may be inferred that improvement in 
this type of population is possible through the selection of plants having more 
grain filling period, more number of pods and high harvest index and this is 
mostly possible in genotypes grouped in cluster-III. 
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