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ABSTRACT 
 

An experiment to evaluate performance of newly developed candidate lines of 
lentil (Lens culinaris) was conducted at Arid Zone Research Institute, PARC, 
Dera Ismail Khan, Pakistan during 2011-12. Fourteen candidate lines were 
tested against well existing lentil varieties namely, Punjab Masoor-09 and 
Markaz-09. The trial was laid out in RCBD with three replications. The results 
revealed that lentil lines involved in present study showed highly significant 
variability in all the major agronomic traits. Days to 50% flowering ranged from 
80.67 to 114.67, plant height from 29.67 to 38.67 cm, number of secondary 
branches/plant from 4.67 to 8.67, number of pods/plant from 24.33 to 75, days 
to maturity from 147 to 162, 1000 seed weight from 19.57 to 32.50 grams and 
grain yield per plant from 13.80 to 27.95 grams. The line NARC-08-2 proved its 
superiority with some desirable traits like, medium plant height (38.67 cm) and 
normal maturity period (155.67 days) and higher grain yield per plant (27.95 g). 
It was generally observed that plants with medium height, intermediary in 
flowering and maturity and with higher number of pods were quite pertinent for 
higher grain yield. The magnitudes of PCV were higher than GCV indicating the 
influence of environment on genotypes. Remarkable difference was observed 
between PCV and GCV for various traits under study. High heritability 
estimates (b.s) were calculated for number of branches (60.10%), 1000 seed 
weight (64.30%), days to maturity (85.30%) and seed yield (96.10%). The 
characters showing low broad sense heritability seem to be highly influenced 
by environmental effect.  High h2 coupled with high genetic advance (GA) was 
assessed for days to maturity and seed yield thereby indicating the presence of 
additive gene effect for these traits. 
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Lentil (Lens culinaris Medik) is an important winter pulse crop of Pakistan. 
Being a nutritious food legume, it is cultivated for its seed and ‘dal’ (split 
cotyledons) in the country. It contains more than 24% crude protein. In 
Pakistan lentil is grown on an area of about 261 thousand hectares with 
production of 13.3 thousand tons annually. The average seed yields range 
from 467-643 kg per hectare in dry areas and 2000 kg per hectare in irrigated 
conditions. 
 
Several new high yielding varieties have been developed by Pakistani 
scientists either by direct selection and/or through hybridization. The yield 
and quality of lentil varieties could be further improved. The yield of lentil 
under rainfed conditions is miserably low and required to be improved 
through development of new varieties. The genetic variability, the base of 
plant breeding may be produced through introduction and hybridization of 
exotic and local germplasm. The diversified germplasm accessions are 
needed to be screened for high yield and tolerance to drought stress. Bakhsh 
et al. (5) found highly significant genotypic variability for number of branches, 
pods, seed weight, harvest index and grain yield in lentil. They also reported 
highest heritability (91%) along with the highest genetic advance (13.87%) for 
number of pods, branches and days to flowering, indicating possibility of 
improvement of grain yield in lentil through these traits. Amanullah and 
Hatam (3) classified the entire lentil germplasm into three groups 
representing low, medium and higher grain yield. The number of branches, 
1000-seed weight, pods per plant and harvest index showed positive 
relationship with grain yield.  While association of days to maturity, plant 
height and dry matter yield with grain yield was negative and non significant. 
Chakraborty and Haque (9) studied 9 quantitative traits in 48 genotypes of 
lentil and observed high extent of genetic variation for grain yield, 100 grain 
weight and number of pods per plant. They also found positive and significant 
association of grain yield with number of seeds per pod and number of pods 
per plant and negative association of 100 grain weight with primary branches 
per plant and pods per plant. Ayub et al (4) in their studies of 25 exotic lentil 
genotypes reported highly significant variation in morphological traits like, 
flowering, maturity, pods per plant, seeds per pod, biological yield and seed 
yield. They suggested early maturing, shorter varieties with more number of 
branches and seeds per pod be considered an index for selection in lentil 
germplasm. Bicer and Sarkar (6) Assessed fourteen lentil genotypes under 
different environments and observed  considerable variations for all the traits 
including days to 50% flowering, days to maturity, plant height, number of 
branches, pods per plant, seeds per plant, 1000 seed weight, biological yield 
and grain yield. Yaqoob et al (20, 21) released two high yielding varieties of 
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lentil and showed highly significant variation in most of the morphological 
traits including days to 50% flowering, number of branches, number of pods, 
plant height, days to maturity, 1000 seed weight,  grain yield and harvest 
index. Tyagi and Khan (19) studied the genetic parameters, characters 
association and path coefficient analysis between yield and yield contributing 
characters in 25 lentil genotypes. The genotypes exhibited a wide range of 
variability for all the studied traits. High heritability accompanied by moderate 
to high GCV and genetic gain were observed for number of pods per plant, 
number of branches per plant, 100 seed weight, seed yield per plant and 
harvest index. Based on quantitative traits, Al-Ghzawi et al (2) assessed the 
genetic diversity in lentil landraces collected from Jordan and reported 
significant differences in seed yield, biological yield, pods per plant, seeds 
per pod, seed weight, plant height and primary branches. Sunil and Khan 
(18) assessed correlation, path co-efficient and genetic diversity in 30 
accessions of lentil and reported low differences between phenotypic co-
efficient of variability and genotypic co-efficient of variability in most of the 
morphological traits. High h2 was noted for number of pods, days to 
flowering, biological yield, 1000 seed weight and seed yield. High h2 coupled 
with high genetic advance for number of pods, days to flowering, biological 
yield, 1000 seed weight and seed yield signifies the influence of additive 
gene effect for these traits.  The biological yield, number of pods and seeds 
per plant, harvest index are the most efficient yield components for improving 
grain yield in lentil. Seed yield was positively correlated with biological yield, 
pods, seeds per plant and harvest index, Kayan and Olgun (12). Hegazy et al 
(10) showed highly significant variance for genotypes, seasons and locations 
for days to 50% flowering, maturity, pod number, 1000 grain weight and grain 
yield in lentil. They also noted highly significant positive correlations between 
seed yield with number of pods and number of seeds per plant while 
significantly negative correlations between seed yield and days to 50% 
flowering and days to maturity. They found number of seeds per plant and 
number of pods as principal yield components in lentil. Roy et al. (14) studied 
the morphological characters in lentil genotypes. Their study based on 
quantitative traits for assessment of genetic diversity in 110 lentil germplasm, 
including landraces, popular varieties, phenologically adapted exotic lines 
and advanced selected lines of diverse origin. High heritability estimates 
along with high genetic advance are more helpful in predicting gain under 
selection than heritability alone (16). Similarly, the character showing high 
heritability will also exhibit high genetic advance (11). Genotypes based on 
their performance, fell in different clusters irrespective of their origin and 
accession. The accession from ICARDA gene bank showed high diversity in 
branches, pods, phenology, seed weight, seeds per pod and grain yield. 
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Genetic diversity present in a gene pool is an important determination for 
varietal development and characterization in building versatile plant. In 
present paper a comparative study of various lentil candidate lines developed 
at various ecological zones of the country was conducted to estimate the 
genetic differences in yield and other agronomic traits under rainfed 
conditions at D.I. Khan.  
 

MATERIALS AND METHODS 
 
The trial comprised 14 candidate lines of lentil developed at different 
research institutes of country along with 2 high yielding check varieties 
(Markaz-09 and Punjab Masoor-09), was conducted at Arid Zone Research 
Institute, PARC, D.I.Khan during 2011-12. The experiment was conducted 
during second week of November, 2011 in RCBD with three replications. 
Plant to plant and row to row spacing was kept at 10 and 30 cm, respectively. 
Each plot comprised six rows measuring 4 meters in length. The land was 
given mere soaking irrigation during the entire cropping season. All the 
recommended agronomic practices were carried out uniformly during the 
crop season. The crop was maintained under rainfed conditions receiving 50 
mm rain during the entire growing season. The weather data of the crop 
duration is given in Table 1. The crop was kept weeds free and also 
protected from insect pests. The data were recorded on various plant traits 
including days to 50% flowering, plant height (cm), number of secondary 
branches, number of pods, days to maturity, 1000 seed weight and grain 
yield. 
 
Table 1. Agro-meteorological observations recorded at Arid Zone Research Institute, 

D.I.Khan during-2011-12. 
 

Month Total 
rainfall 
(mm) 

Average temperature Relative 
humidity 

%age 

Pan- 
evapo-
ration 

Wind 
speed 
km/day 

Maximum Minimum 

October-11 4 33 17 70 1.95 37 
November-11 - 28 12 79 1.85 34 
December-11 - 21 3 70 1.72 44 
January-12 - 19 2 72 1.54 40 
February-12 4.5 19 4 69 2.61 90 
March-12 1 27 12 76 3.88 74 
April-12 40.5 32 18 83 4.15 79 

Source= Arid Zone Research Institute, PARC, D.I.Khan 
 

The data were analyzed through computer’s software STATISTIX 8.1 for 
analysis of variance. The means of all the variables were further compared 
through LSD at 0.05% level of probability (17). Genotypic co-efficient of 
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variability and phenotypic co-efficient of variability were estimated, 
calculations were made according to the formula proposed by Burton and 
Devane (7). Heritability (b.s) and genetic advance (GA) at 10% selection 
differential suggested by Singh and Chaudhary (16). 
 

RESULTS AND DISCUSSION 
 
Days to 50% flowering 
 
A wide range of variability in days to 50%flowering was observed ranging 
from 80.67 to 114.67 days. The candidate line NL-1 was found early as it 
completed 50% flowering within 80.67 days. This line was statistically similar 
to NL-3 (82 days). Lentil variety Punjab Masoor-09 was found late with 
114.67 days to 50% flowering followed by some other late lines including 
NARC-11-1 (114.33), BL-2 (114) and 08505 (114) (Table 2). Similarly, the 
lines NARC-08-2, NARC-11-2, 08504, NARC-11-4, NARC-08-1, NARC-1-3 
and Markza-09 took more than 110 days for attaining 50% flowering. It was 
noted that all the lines developed at Nuclear Institute for Agriculture and 
Biology (NIAB), Faisalabad found early in flowering while the lines developed 
at NARC, Islamabad were medium in flowering. Such genotypes might be 
developed keeping in view the target areas of lentil crop. Significant genetic 
variability in flowering period in lentil genotypes have also been reported by 
earlier scientists (4, 5, 6, 14, 20, 21).  
 
Plant height 
 
In present studies the plant height remained highly significantly different due 
to various lentil genotypes ranging from 29.67 to 38.67 cm. (Table-2). 
Significantly tallest plants (38.67 cm) were measured from line NARC-08-2. 
closely followed by statistically similar line BL-2 (38.33 cm). The dwarf plants 
were noted in candidate lines NARC-08-4, 08505, 08504 and NL-3 with 
height of 29.67, 31.00, 31.3 and 31.67 cm, respectively (Table-2). The 
remaining 10 lines showed medium plant height and their height ranged from 
32.67 to 35.67 cm. The studies of Amanullah and Hatam (3), Bicer and 
Sarkar (6), Yaqoob et al. (20, 21) and Al-Ghzawi (2) are in conformity with 
present investigations. Ayub et al. (4) suggested that shorter varieties with 
more number of branches may be considered as selection index in lentil. 
 
Number of secondary branches per plant 
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Number of secondary branches per plant is an important yield component in 
lentil specially under rainfed conditions (2, 4). Highly significant differences 
were   observed   in  number   of  secondary  branches  per  plant  in  various  
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candidate lines under rainfed conditions (Table 4).  The highest number of 
branches were produced by line NARC-08-1 (8.67) followed by 08504 (7.67), 
Markaz-09 (7.33), NARC-08-4 (7.33), NL-2 (7.33), NL-3 (7), Punjab masoor-
09 (7), and NARC-08-2 (6.67). All these lines were statistically at par with 
each other.  The minimum branches were produced by NARC-11-2 (4.67 
branches/plant). These observations regarding variation in number of 
branches in lentil are in line with the findings of many earlier researchers (2, 
4, 5, 6, 11, 12, 19, 20, 21).  
 
Number of pods per plant 
 
The number of pods is the most important yield contributing parameter in 
lentil which is closely associated to number of branches. The highest number 
of pods usually leads to higher grain yield and vice versa. In present 
investigations the number of pods were significantly affected due to various 
lentil lines. Highest number of pods per plant (75) were produced by line 
NARC-08-2 and line BL-2 followed by Punjab Masoor-09 (65). Both the lines 
were statistically similar to NARC-08-1 and superior to rest of lines. The line 
NARC-11-2 and check variety Markaz-09 showed very poor performance 
showing only 24.33 and 25.67 pods per plant, respectively. The rest of 12 
lines remained intermediate by producing 33 to 53 pods per plant.  Highly 
significant variability in number of pods in lentil germplasm have also been 
noted by some other scientists (2, 5, 6, 10, 12, 14, 19, 20, 21).  
 
Days to maturity 
 
It has been observed that medium maturing lines are the most ideal for 
higher production in lentil. Any delay in maturity is usually on the cost of yield 
in lentil (3, 10). In our studies days to maturity were found highly significantly 
affected due to various lentil genotypes. The maturity period ranged from 147 
to 162 days. Among the genotypes tested, three lines namely, NL-1, NL-3 
and NL-2 remained early in maturity availing 147, 147.3 and 149.33 days, 
respectively. The line BL-2 proved late taking 162 days to maturity. Majority 
of candidate lines belonged to medium maturity group ranging from 153 to 
156 days. This may be due to the fact that early as well as late varieties are 
not desirable from breeding point of view and varietal behavior showed that 
most of the selections were made from medium type plants in lentil. These 
results have been endorsed by Ayub et al. (4), Yaqoob et al. (20, 21) and 
Hegazy et al. (10) who also observed highly significant diversity in days to 
maturity in various lentil germplasms. 
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 1000 seed weight 
 

Size and weight of seed is important trait which directly correlates with final 
grain yield. The selection criterion on the basis of seed size varies from crop 
to crop. The size of grains always differs under different soil moisture 
regimes and nutrient availability to crop. The genotypes showing larger seed 
size do not necessarily produce higher yields. In present studies 1000 seed 
weight in various lentil genotypes was significantly affected ranging from 
19.57 to 32.50 grams. The heaviest seed (32.50 g/1000 grain) was produced 
by line NL-1 followed by NARC-11-4 (28.80g), NARC-11-3 (27.60), Punjab 
Masoor-09 (27.40) and NL-2 (26.6 g). Remaining lines have shown medium 
size grain, ranging from 22.67 to 23.63 grams. Similar results regarding the 
variation in seed size have already been reported by earlier researchers (5, 
9, 6, 20, 21, 19, 12 & 14). The results of Amanullah and Hatam (3) and  Al-
Ghzawi (2) revealed that size of  grain is positively associated with grain yield 
in lentil, while Chakraborty and Haque (9) and Hegazy et al (10) reported a 
negative impact of seed size on grain yield in lentil. The contradiction in 
findings might be due to use of diversified genotypes and climatic variations. 
 

Grain yield 
 

The yield contributed by various lines ranged from 13.80 to 27.95 grams per 
plant. Although all the lines included in the trial belong to elite accessions 
developed by the national lentil breeders, yet there found greater variation in 
yield due to variation in genetic make up as well as location of experiment. In 
our studies, line NARC-08-2 has proved its superiority by showing the 
highest grain yield (27.95 g/plant) followed by check variety Punjab Masoor-
09 (26.33 g), NARC-11-2 (24.50 g), 08504 (24.30 g), NARC-11-1 (24.30 g) 
and NARC-08-3 (23.80 g). All these lines were statistically at par with each 
other. The line 08505 gave the lowest yield (13.80 g/plant). Similar results 
regarding variation in yield performance of lentil genotypes have already 
been reported by  earlier scientists (4, 6, 10, 14, 19, 20, 21).  
 

Heritability and genetic advance 
 

The estimates of phenotypic and genotypic co-efficient of variation showed 
uniform trends in all the characters studied. The magnitudes of PCV were 
higher than respective magnitude of GCV for all the traits signifying the 
ascendant environmental effect on growth and development and ultimately 
expression of these traits (Table 3). The genotypic coefficient of variation 
(GCV) was higher for number of branches, 1000 seed weight and seed yield 
per plant. It was lower for days to 50% flowering, and number of pods per 
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plant. These  observations  are  in  conformity with findings of Singh et al 
(15)  
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and Sunil and Khan (18) who reported low and high estimates of GCV in 
these traits in lentil. Tyagi and Khan (19) reported hybridization involving 
diverse genotypes may lead to an overall increase in spectrum in variability 
in lentil. A remarkable difference between PCV and GCV observed for days 
to 50% flowering, plant height, number of branches, number of pods, 1000 
seed weight and seed yield confirms the high influence of environmental 
factors for expression of these traits. A slight difference was observed 
between PCV and GCV for days to maturity indicating the least effect of 
environment on this trait. 
 
In present studies, heritability (b.s) estimates were higher for number of 
branches (60.10%), 1000 seed weight (64.30%), days to maturity (85.30%) 
and seed yield (96.10%). The lower magnitude of heritability were observed 
for days to 50% flowering (53.40%), plant height (50.10%) and number of 
pods per plant (55.60%). The higher estimates of heritability indicate the 
minimum environmental effect on these traits. The characters showing low 
broad sense heritability are considered to be highly influenced by 
environmental effect. The selection on the basis of these traits may not be 
useful, as broad sense heritability is based on total genetic variation which 
include both fixable (additive) and non-fixable (dominance epistatic) variance 
(19).   
  
Besides, having acquaintance with GCV, PCV and heritability, the estimation 
of GA together with heritability is more useful search engine for predicting 
expected progress for improving the specific character in crop plants; (8, 11). 
In present studies, high h2 coupled with high GA was assessed for days to 
maturity and seed yield thereby indicating the presence of additive gene 
effect for these traits. Similarly, low h2 associated with low GA were recorded 
for days to 50% flowering, plant height, number of branches and number of 
pods per plant revealed the poor heritable variation in these traits. Similar 
results in various lentil genotypes have also been reported by Bicer and 
Sarkar (6), Al-Ghzawi et al (2) and Tyagi and Khan (19). 
 

CONCLUSION 
 

From above discussion it has been concluded that lentil candidate lines 
developed under different ecological zones have shown highly significant 
genetic variability for all the traits studied. Majority of the lines were found 
medium in height and maturity. NARC-08-2 surpassed all the lines including 
check varieties by producing the highest grain yield (27.95 g/plant) closely 
followed by well adapted cultivar Punjab Masoor-09. The present results are 
quite confident in a sense that newly developed lentil lines showing better 
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performance than already released varieties and may be a breakthrough in 
boosting lentil production in the country. The estimates of PCV and GCV was 
found to be consistent in all the characters studied. The magnitudes of PCV 
were however, higher than GCV indicating the influence of environment. A 
remarkable difference between PCV and GCV observed for various traits 
which confirms the high influence of environmental factors for expression of 
these traits. Heritability estimates (b.s) were higher for number of branches 
(60.10%), 1000 seed weight (64.30%), days to maturity (85.30%) and seed 
yield (96.10%). The higher estimates of heritability indicate the minimum 
environmental effect on these traits. The characters showing low broad 
sense heritability are considered to be highly influenced by environmental 
effect.  High h2 coupled with high GA was assessed for days to maturity and 
seed yield thereby indicating the presence of additive gene effect for these 
traits. 
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