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ABSTRACT

Lentil,  Lens  culinaris Medik,  germplasm  comprising  230  genotypes  was 
evaluated at Nuclear Institute for Agriculture and Biology, Faisalabad, Pakistan 
during the year 2009-10 to identify traits  related to high seed yield.  Data on 
different morphological characters like days to mature, plant height, pods per 
plant, pod length, seeds per pod, biomass yield and seed yield were recorded 
and analyzed for different genetic parameters, correlation and path analysis. In 
general  genotypic  coefficients  of  variability  were  lower  than  their 
corresponding  phenotypic  coefficients  of  variability.  The  highest  heritability 
estimate (h2 = 0.97) combined with genetic advance (7.4%) was observed for 
days to mature. Seed yield and biomass had comparatively greater values of 
heritability  (34.00-38.80%)  and  genetic  advance  (20-23%).  Biomass  had  the 
highest  positive  direct  effects  (0.8753)  followed  by harvest  index  (0.2973). 
Biomass also showed the highest  value  of  genotypic  correlation (rg =  0.93) 
while  moderate  value  of  genotypic  correlation  (rg =  0.49)  was  observed  for 
harvest index.  In addition, higher positive direct effects were obtained in pod 
length,  seeds per pod and pods per  plant  combined with  highly significant 
genotypic correlation with seed yield.  These results indicated that traits  like 
biomass yield, harvest index, pod length, seeds per pod and pods per plant 
having  the  highest  positive  direct  effects  and  highly  significant  genotypic 
correlation  with  seed  yield,  could  be  used  to  improve  seed  yield  in  lentil.  
Moreover, plant type with greater canopy volume, longer maturity period and 
more  plant  height  could  be  desirable  for  evolution  of  high  yielding  lentil  
varieties. 
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INTRODUCTION

Lentil (Lens culinaris Medik) production is declining continuously in Pakistan 
for  which multiple  factors  are  involved including various biotic  and abiotic 
issues. Infestation of lentil crop to weeds is the major production constraint. 
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To some extent biotic diseases (rust, wilt, blight, botrytis grey mold and root 
rot)  and  various  abiotic  factors  (drought,  heat,  cold,  salinity  and  iron 
deficiency chlorosis) are also responsible for low seed yield of this crop (22). 
Due to these factors a continuous decreasing trend has been observed in the 
area and production of lentil from the past decade. During 2011-12 lentil area 
and production  decreased  by 3.5  and 13.8  percent,  respectively  (4).  The 
existing  low  yielding  and  disease  susceptible  lentil  cultivars  need  to  be 
replaced  with  new  high  yielding  and  disease  resistant  cultivars.  Varietal 
development is a continuous process and based on the utilization of breeding 
material and evaluation of advanced lines in yield trials (2, 3). Mostly the lentil 
breeding programmes aim to enhance productivity per unit  area alongwith 
resistance against major diseases.

Seed yield is a complex character and is the ultimate expression of different 
yield components. The study of different genetic parameters like phenotypic 
and  genotypic  variances,  heritability  and  genetic  advance  of  various 
developmental and economic traits is helpful to determine genetic behaviour 
which ultimately plays an important role in formulating an effective breeding 
programme. More advantageous the selection of different yield related traits 
has been well recognized (6,9,11).

Interrelationship  among  different  economic  traits  and  path  co-efficient 
analysis is useful in assessing the real contribution of various components 
towards yield so that a direction for  desired improvement may be focused 
(16). Correlation provides information whether a trait had positive or negative 
relationship with other traits.  Direct and indirect  effect  can be used to see 
how much a trait contributes directly and indirectly through other characters.

Keeping  in  view  these  facts,  present  study  was  planned  to  formulate  a 
selection criterion to isolate the most suitable ideotypes in lentil. 

MATERIALS AND METHODS

Two hundred and thirty lentil genotypes developed through hybridization and 
induced  mutation  of  exotic  and  indigenous  germplasm  were  evaluated  at 
Nuclear Institute for Agriculture and Biology, Faisalabad, Pakistan during the 
year 2009-10. All genotypes were planted in RCBD in a single row of 3 m 
length in three replicates keeping inter and intra row spacings of 30 cm and 
10  cm,  respectively.  Uniform  agronomic  practices  were  followed  for  the 
maintenance of  crop.  Data on different  morphological characters like plant 
height, pods per plant, pod length, seeds per pod, biomass yield and seed 
yield  were  recorded  on  mean  plot  basis,  when  90  percent  pods  showed 
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physiological  maturity.  Harvest  index  in  percentage  was  calculated  by 
dividing seed yield with biological yield and multiplying with 100. The data 
recorded were subjected to statistical analysis following Steel and Torrie (21) 
and Singh and Chaudhry (20). Different genetic parameters like components 
of  variance,  heritability,  genetic advance and coefficients  of  variation were 
estimated.  Genetic  and  phenotypic  correlations  were  estimated  following 
Kwon  and  Torrie  (9).  Significance  of  genetic  correlation  was  tested  as 
demonstrated  by Reeve (13)  and Robertson (14).  Statistical  analysis  was 
performed using statistical package MSTATC. Biometrical parameters were 
computed on Microsoft Excel, whereas path analysis was performed using a 
locally developed dos-based software.

RESULTS AND DISCUSSION

The data (Table 1) showed that in general the values of phenotypic variance 
were higher as compared to genotypic variance for all traits. The phenotypic 
coefficients  of  variation  were  also  greater  than  their  respective  genotypic 
coefficient of variation. This implies more contribution of environment in the 
expression of traits (1, 10, 15, 16).

Table 1.   Estimates of components of variance, coefficients of variation, heritability and genetic 
advance.

Traits Vg Vp GCV% PCV% h2 ∆G
Days to mature 28.03 28.92 3.67 3.72 0.97 7.42
Plant height (cm) 3.78 22.91 5.22 12.85 0.17 4.36
Pod length 0.00 0.01 2.98 6.28 0.23 1.68
Seeds/pod 0.01 0.08 4.66 14.43 0.1 3.01
Pods/plant 500.15 4237.15 11.00 32.16 0.12 7.75
Biomass 2463.58 7228.31 17.07 29.24 0.34 20.53
Harvest index 15.54 101.63 7.43 19.01 0.15 6.02
Seed yield 790.31 2038.37 18.41 29.57 0.15 23.62

Vg = Genetic variance, Vp= Phenotypic variance, GCV% = Genotypic coefficient of variation, PCV% = Phenotypic 
coefficient of variation, h2 = Heritability, ∆G = Genetic advance (percent of mean)

Genotypic  coefficient  of  variation  was  maximum  in  case  of  seed  yield 
(18.41%) followed by biomass (17.07%) and pods per plant (11.0%) (Table 
1).  However,  phenotypic  coefficient  of  variation  was  greater  for  pods  per 
plant (32.16%) followed by seed yield (29.57%) and biomass (29.24%). This 
shows the presence of genetic variability for these traits. Similar results were 
also obtained by Younis et al. (26). Higher values of phenotypic coefficients 
of  variation for  seed yield and biological yield have also been reported by 
Sadiq et al. (15) and only for seed yield by Idrees et al. (5).

Heritability was found maximum for days to mature (h2 = 0.97) followed by 
biomass and pod length (Table 1). Such heritable variation for these traits is 
useful  in  making  selection  among  lentil  genotypes.  For  other  traits,  the 
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heritability estimates were low to moderate. Biomass and seed yield exhibited 
greatest genetic advance but with low to moderate heritability. However, days 
to mature had the highest heritability (h2 = 0.97) coupled with 7.42 percent 
genetic advance. Higher estimates of genetic advance for seed yield were 
also reported by Younis et al. (26). They also reported the highest heritability 
and genetic advance for days to mature, seed yield and harvest index. High 
heritability values combined with high GCV and genetic advance for number 
of  pods  per  plant,  branches  per  plant,  100  seed  weight,  seed  yield  and 
harvest index in lentil were observed by Tyagi and Khan (23). The traits like 
days  to mature  and biomass may be considered while  making  selections 
directly  to  improve  seed  yield  because  characters  having  high  heritability 
combined with high values of genetic advance are governed by additive types 
of genes as reported earlier (6,11,17,18).

In  general,  phenotypic  correlation  coefficients  tended  to  be  lower  as 
compared to genotypic correlation coefficient values and further a very few 
characters showed significant relationship among themselves (Table 2).

Table 2. Genotypic (above diagonal)  and phenotypic (below diagonal)  correlation coefficients 
for different plant traits among lentil genotypes.

Trait Days to 
mature

Plant
height
(cm)

Pod 
length

Seeds/
pod

Pods/
plant

Biomass Harvest 
index

Seed 
yield

Days to mature 0.12 0.46 0.28 0.28 0.14 0.55 0.30
Plant height (cm) 0.04  0.16 0.08 0.61 0.54 0.35 0.35
Pod length  0.22** 0.10 0.55 0.09 0.53 0.65 0.70
Seeds/pod 0.09 0.05   0.30** 0.06 0.49  0.83+ 0.64
Pods/plant 0.10  0.32**    0.08 0.04 0.51 0.34 0.54
Biomass 0.08  0.30**   0.26**  0.17*    0.18** 0.16  0.93+

Harvest index  0.21** 0.06    0.04 0.01 0.04 0.18** 0.49
Seed yield  0.19**  0.25**   0.26**   0.15**  0.18** 0.85** 0.33**
+The estimate of genetic correlation coefficient differs significantly from zero as its absolute magnitude               
exceeded twice its respective standard error.
*,**Significant at 0.05 ad 0.01 probability levels, respectively.

Positive and significant genotypic correlations were observed between seeds 
per pod and harvest index (rg= 0.83) and between biomass and seed yield 
(rg= 0.93). No negative correlation was found at both genetic and phenotypic 
levels.  Seed  yield  was  positively  correlated  with  all  other  traits  at  both 
genotypic  and phenotypic  levels  and the magnitude of  genetic  correlation 
was mostly higher. Traits like pod length, seeds per pod, pods per plant and 
biomass were strongly related with seed yield as compared to other traits. 
Ufuk (24) observed positive and significant correlation of biological yield and 
harvest index with seed yield in lentil. Similar findings were also reported by 
Yadav et al. (25). Direct relationship between harvest index and seed yield of 
lentil was observed by Kakde et al. (7). Younis  et al. (26) observed positive 
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phenotypic  and genotypic  correlation  of  biological  yield  and harvest  index 
with seed yield in lentil.  Similarly,  pod length had positive relationship with 
seeds per pod, biomass, harvest index and seed yield. It depicts that plants 
with long pods will  produce more seed and ultimately increase seed yield. 
Likewise seeds per pod had positive association with harvest index and seed 
yield. Similarly, number of pods per plant showed higher genetic correlation 
with  plant  height,  biomass  and  seed  yield.  Thus  all  these  traits  may  be 
considered as important for the improvement of seed yield.

Table 3. Direct (in parenthesis) and indirect effects of various plant traits on seed yield among 
lentil genotypes.

Traits Days to 
mature

Plant
height

Pod 
length

Seeds/
pod

Pods/
plant

Bio-
mass

Harvest 
index

Seed 
yield

Days to mature (-0.0771) 0.0161 0.0800 0.0375 0.0330 0.1249 0.1642 0.3048
Plant height 0.0092 (-0.1351) 0.0278 0.0102 0.0721 0.4713 0.1039 0.3517
Pod length 0.0351 0.0211 (-0.1783) 0.0733 0.0105 0.4664 0.1936 0.6984
Seeds/pod 0.0216 0.0103 0.0974 (-0.1342) 0.0076 0.4326 0.2471 0.6392
Pods/plant 0.0214 0.0820 0.0157 0.0086 (-0.1188) 0.4451 0.1013 0.5374
Biomass 0.0110 0.0727 0.0950 0.0663 0.0604 (-0.8757) 0.0489 0.9300
Harvest index 0.0426 0.0472 0.1161 0.1115 0.0405 0.1440 (-0.2973) 0.4910

Positive and significant  phenotypic  correlations were observed for  days to 
mature with pod length (rp = 0.22), harvest index (0.21) and seed yield (0.19); 
plant height with pods per plant (rp = 0.32), biomass (0.30) and seed yield 
(0.25);  and pod length with seeds (rp = 0.30) per pod, biomass (0.26) and 
seed yield (0.26);  seeds per pod with biomass (rp = 0.17)  and seed yield 
(0.15); pods per plant with biomass (rp = 0.18) and seed yield (0.18); biomass 
with harvest index (rp = 0.18) and seed yield (0.85); harvest index with seed 
yield  (0.33).  Seed yield  exhibited significant  phenotypic  correlation with  all 
other traits. Such relationships are useful in breeding as selection based on 
traits like pod length, biomass, harvest index and plant height may improve 
seed yield. 

The data (Table 3) further showed that all traits had positive effects on seed 
yield.  Biomass  showed  the  highest  direct  effect  (0.8757)  on  seed  yield 
followed by harvest index (0.2973) and pod length (0.1783). Days to mature 
showed highest value of indirect effect via harvest index (0.1642) followed by 
biomass (0.1249). Plant height exhibited maximum indirect effect via biomass 
(0.4713) followed by harvest index. Positive direct effect of plant height on 
seed yield in cowpea has also been reported by Kar  et al.  (8).  Maximum 
value of indirect effect of pod length was observed via biomass (0.4326) and 
harvest index (0.1936). Similarly,  number of seeds per pod and number of 
pods per plant also showed maximum positive indirect effects via biomass 
and harvest index (Table 3).  Biomass showed the highest  direct  effect  on 
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seed  yield  alongwith  highly  significant  genotypic  correlations  (Table  2). 
Among remaining traits, harvest index had greatest direct effect on seed yield 
(0.2973) and moderate genetic correlation with seed yield (rg = 0.49). Positive 
direct effect of harvest index and biological yield on seed yield of lentil was 
observed by Rasheed et al. (12) whereas Sarwar et al. (18) observed positive 
but non-significant genotypic  correlation of  pods  per plant with seed yield of 
lentil. Significant direct effect of biological yield and harvest index were also 
observed by Ufuk  (24).  He  suggested  that   biological  yield and harvest 
index 
should  be considered  in  breeding  to  increase  lentil  yield.  Similar  findings 
were also observed by Yadav et al. (25). Direct relationship between harvest 
index and seed yield of lentil was observed by Kakde  et al. (7). They also 
observed direct relationship of biological yield and harvest index with seed 
yield.  These  results   conclude  that  due  consideration  must  be  given  to 
biomass yield, harvest index and pod length for seed yield improvement in 
lentil as these traits have maximum direct effects on seed yield of lentil. In 
addition,  attention  may  also  be  given  to  number  of  pods  per  plant  and 
number of seeds per pod in selection of high yielding genotypes of lentil. 

Maximum positive direct effect of biomass on seed yield (0.8757) was close 
to significant  correlation with seed yield (rg =0.93).  In addition pod length, 
seeds per pod,  and pods per plant  also had higher  positive direct  effects 
combined with their moderately higher genotypic correlation with seed yield. 

In  path  analysis,  correlation  of  yield  with  various  other  characters  is 
partitioned into direct and indirect effects. If genotypic correlation and direct 
effects  become  almost  equal  and  positive,  correlations  explain  the  true 
relationship and direct selection of that trait definitely improves the yield. If 
direct effect is negative or negligible but correlation is positive, role of indirect 
effects seems to be more important. In such situations, indirect causal factors 
are  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 (17, 
20). The highest positive direct effects were obtained in biomass combined 
with  highest  value of  genotypic  correlation.  In  addition  to this  pod length, 
seeds per pod and pods per plant showed higher values of  positive direct 
effect alongwith highly significant genotypic correlation. 

These results also conclude that traits like biomass yield, pod length, seeds 
per pod and pods per plant have the highest positive direct effects and highly 
significant genotypic correlation with seed yield. Hence these traits could be 
used for the improvement of seed yield in lentil.
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