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ABSTRACT 

This study was conducted to assess the effect of different salinity levels (0.0, 20, 40 and 60 mM NaCl) on germination and 
seedling characters of 10 lentil genotypes. 15 seeds of each genotype were sown in sterilized petridishes layered with 
autoclaved germination papers and irrigated daily with 3 ml of test solutions after draining out the previous day 
solutions at 24±20C in the culture room and the set was maintained in dark for the first two days. The experimental 
design was RBD with three replications. Data analysis was carried out using appropriate standard statistical methods. 
The experiment was terminated on 8th day of sowing in petridishes and data on germination percentage and various 
seedling characters were recorded. The observations on dry weight were recorded after drying in hot air oven at 650C for 
48 hours. The Pooled ANOVA revealed significant variation among genotypes, salinity levels and their interactions for all 
the characters except germination percentage in genotypes. The reductions in mean values under high salinity were 
severe in germination percentage, shoot length, root fresh weight, shoot dry weight, root dry weight, and seedling vigour 
index and increase in mean root length was observed in higher salinity levels as compared with lower salinity level. 
Based upon the rank totals of a genotype over different salinity levels and characters, the genotype RLG-195 was found 
to be most desirable (tolerant) followed by RLG-234, SAPNA and RLG-5. 
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INTRODUCTION 
Lentil (Lens culinaris M.) is one of the most important grain legume nitrogen fixing crop and it is mainly 
cultivated in semi-arid regions of the world particularly in the Indian sub-continent and the dry areas of 
Middle East [1]. Salinity is one of the most serious factors that hamper the productivity of agricultural 
crops, with adverse effects on germination, plant vigour and crop yield [2] particularly in arid and semi-
arid regions of the world [3] because of the lack of sufficient amount of rainfall leads to leaching the 
accumulated salt and also it affects many irrigated areas mainly due to the use of underground water. Soil 
salinity is a condition in which the soluble salt content of the soil reaches a level harmful to crops through 
the reduced osmotic potential of the soil solution and the toxicity of specific ions. These soluble salts may 
be from those present in the original soil profile or transported to the profile by irrigation water 
containing an unusual high concentration [4]. All these factors manifest themselves by morphological, 
physiological and metabolic modifications in plant such as decrease in seed germination, decrease in 
shoot and root length, alterations in the integrity of cell membranes, changes in different enzymatic 
activities and photosynthesis. According to FAO studies 7% of the arable land affected by salinity. Seed 
germination is a complicated process and is sensitive to salt stress [5]. Salinity influence seed germination 
by reducing the osmotic potential and toxicity of specific ions such as sodium and chlorine, as well as 
reducing essential nutrients such as calcium and potassium. Salinity reduces the ability of plants to take 
up water, leading to metabolic effect that reduces plant growth. The deleterious consequences of high salt 
concentrations in the external solution of plant cells are hyper-osmotic shock and ionic imbalance. 
Although, salt stress affects all growth stages of a plant but seed germination and seedling growth stages 
are known to be more sensitive for most of the plant species. A study on variability available in the 
material is the pre-requisite for initiating a varietal development programme. Therefore, the present 
study was initiated to investigate the influence of salinity on the germination and early seedling growth of 
some lentil genotypes. 
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MATERIALS AND METHODS 
The laboratory experiment was carried out at Department of Plant Breeding and Genetics, Sri Karan 
Narendra Agriculture University, Jobner-303329, Rajasthan in December, 2016 where the temperature 
was 24±2 0C. The seeds of ten genotypes of lentil namely, RLG–5, RLG–195, RLG–234, RLG–250, RLG–254, 
RLG–256, RLG–258, SAPNA, DPL–58 and L–4076 were used for evaluation. Prior to germination, the 
seeds were surface sterilized with 0.1% mercuric chloride for 1 minute and washed 3 times under 
running tap water followed by washing with double distilled water. Four salinity levels viz., 0.0, 20, 40 
and 60 mM NaCl were prepared by dissolving 0.0, 292.2, 584.4 and 876.6 mg of NaCl salt in 250 ml of 
double distilled water, respectively and used in experiment and designated as S0, S1, S2 and S3, 
respectively. The experiment with 10 genotypes and 4 salinity levels was laid out in randomized block 
design with three replications. The number of petridishes needed for this experiment was 120 (10×4×3). 
15 seeds of each genotype was germinated in sterilized (1650C for 4 hours in hot air oven) petridishes of 
9 cm diameter layered with autoclaved (15 psi and 1210C for 20 minutes) germination papers and then 
moistened with 3 ml of test solutions daily after removing previous day solution. The set was maintained 
in dark for first two days. The germination was monitored on 7th day from the day of seed planting. 
Observations were recorded on 8th day of planting on various seedling characters. The data on shoot dry 
weight and root dry weight was recorded after drying in hot air oven for 48 hours at 650C. The methods 
used for recording observations are described below:  
Germination percentage (G%): A seed was considered as germinated at the emergence of both root and 
shoot up to 2 mm length [6]. The germination was recorded 7th day after planting and germination 
percentage was determined by using the following formula [7]: 

Germination Percentage = 
Number of seeds germinated

Total number of seeds sown
×100 

Shoot, root and seedling length (LS, LR & LSL): On 8th day the shoot and root length of germinated seeds 
was recorded. For this, five seedlings were randomly selected and divided into two parts viz., shoot and 
root and length was measured using measuring scale in centimeter and averaged. The hypocotyl length 
was included in shoot length. The seedling length was recorded by adding shoot length and root length of 
the five seedlings which were selected already from each replication and in each treatment and averaged. 
Shoot to root length ratio (S/R): The shoot to root length ratio of seedling was obtained by dividing 
shoot length with root length [8]. 
Shoot and root fresh weight (SFW & RFW): The fresh weight of shoots and roots from the five seedlings 
which were selected already from each replication and in each treatment was weighed in milligram by 
using a sensitive electronic balance and averaged. 
Shoot and root dry weight (SDW & RDW): The shoots and roots which were taken for fresh weight 
were kept into paper bags. The name of genotypes and levels of salinity were written on paper bags by 
marker for further identification. After taking fresh weight these were kept in oven at 650C for 48 hours 
for drying. After drying, the dried shoots and roots were weighed by sensitive electronic balance in 
milligram and average was recorded.  
Seedling vigour index (SVI): The seedling vigour index was determined by multiplying the sum total of 
mean length of shoot and root of a seedling with concerned germination percentage by using the 
following formula [9]:  

Seedling Vigour Index = (Shoot length + Root length) x (Germination %) 
Statistical analysis 
The data obtained from this study were subjected to analysis of variance following standard statistical 
methods [10] and significant differences among the mean values were compared by least significant 
difference (LSD) test (P<0.05). 

 
RESULTS 
Analysis of variance: The pooled analysis of variance (Table 1) indicated that the genotypes, salinity 
levels and genotype x salinity interaction exhibited significant mean sum of squares for all the characters 
except germination percentage due to genotypes. This indicated differential response of genotypes to 
salinity levels for all the characters. 
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Table 1. The Pooled ANOVA for various traits (Mean sum of squares) 

Characters 
Source of variation with degree of freedom 

Genotypes 
(9) 

Salinity levels 
(3) 

Replication/ 
Salinity (8) 

Genotype x 
Salinity (27) 

Error (72) 

Germination (%) 28.853 1358.087** 28.489 35.767** 16.997 
Shoot length (cm) 1.64** 21.163** 0.216 0.437** 0.172 
Root length (cm) 3.767** 72.767** 0.501 2.173** 0.38 
Seedling length (cm) 3.69** 149.6** 0.305 3.213** 0.594 
Shoot to root length ratio 0.244** 1.56** 0.045 0.078** 0.024 
Shoot fresh weight (mg) 212.933** 1726.973** 10.974 44.461** 13.155 
Root fresh weight (mg) 168.908** 1864.03** 11.1 49.739** 12.195 
Shoot dry weight (mg) 1.583** 12.293** 0.339 0.507* 0.26 
Root dry weight (mg) 0.892** 2.71** 0.016 0.111** 0.049 
Seedling vigour index 28113.666** 1970677.79** 6608.324 30478.141** 7888.484 

* and ** represent significant at 5% and 1% level of significance, respectively 

Table: 2:  The overall mean of different characters over different salinity levels 

Characters 
Salinity levels 

S0 (0.0 mM) S1 (20 mM) S2 (40 mM) S3 (60 mM) 

Germination (%) 96.22 93.11 89.33 80.67 
Shoot length (cm) 7.37 6.06 5.77 5.46 
Root length (cm) 7.81 4.45 4.66 6.14 
Seedling length (cm) 15.19 10.51 10.43 11.6 
Shoot to root length ratio 0.97 1.39 1.28 0.93 
Shoot fresh weight (mg) 59.9 47.29 43.67 44.23 
Root fresh weight (mg) 47.48 33.7 31.66 30.48 
Shoot dry weight (mg) 6.06 5.09 4.74 4.68 
Root dry weight (mg) 2.98 2.55 2.35 2.34 
Seedling vigour index 1459.9 978.27 932.09 936.62 

 

Table 3 The comparison between overall mean of different genotypes in control (S0) v/s Sm (mean 

of S1, S2 & S3) 
Genotypes Salinity 

Levels 

G 

(%) 

LS 

(cm) 

LR 

(cm) 

LSL 

(cm) 

S/R SFW 

(mg) 

RFW 

(mg) 

SDW 

(mg) 

RDW 

(mg) 

SVI 

RLG - 195 S0 95.55 7.15 6.63 13.79 1.08 59.91 48.34 5.87 3.35 1316.68 

Sm 87.41 5.90 5.53 11.42 1.13 44.94 37.53 4.71 2.55 993.87 

RLG - 254 S0 97.78 7.42 7.85 15.27 0.95 58.95 38.14 5.45 2.37 1493.58 

Sm 89.63 5.84 5.24 11.08 1.17 44.63 31.73 4.61 2.11 992.08 

RLG - 5 S0 95.55 7.53 7.92 15.45 0.95 53.95 46.05 6.02 2.71 1480.90 

Sm 88.89 5.88 5.85 11.73 1.07 42.19 29.24 4.71 2.15 1036.67 

SAPNA S0 91.11 8.07 8.93 17.00 0.91 67.71 54.41 6.91 2.88 1550.38 

Sm 85.18 5.92  5.22 11.14 1.19 47.11 33.87 5.27 2.51 942.54 

RLG - 256 S0 97.78 7.11 5.79 12.89 1.23 53.09 42.13 5.45 3.02 1260.52 

Sm 87.41 6.44 4.19 10.63 1.56 43.86 27.63 4.53 2.30 930.53 

RLG - 250 S0 95.56 8.09 8.14 16.23 1.00 61.65 39.04 5.71 2.64 1552.06 

Sm 90.37 5.69 4.64 10.33 1.29 41.26 29.69 4.58 2.12 932.86 

DPL - 58 S0 95.55 6.55 9.04 15.59 0.73 62.26 48.28 7.55 3.37 1488.68 

Sm 85.93 4.86 4.96 9.82 1.04 46.25 36.77 4.84 2.75 841.04 

RLG - 258 S0 97.78 7.75 8.05 15.80 0.98 60.92 47.91 6.04 3.02 1545.89 

Sm 86.67 5.91 4.59 10.50 1.31 43.99 27.54 4.96 2.58 909.72 

L - 4076 S0 100 7.07 6.36 13.43 1.14 51.07 48.17 5.37 2.83 1342.67 

Sm 88.15 5.53 5.08 10.61 1.13 41.54 31.77 4.64 2.33 930.57 

RLG - 234 S0 95.55 6.97 9.43 16.40 0.74 69.52 62.37 6.24 3.64 1567.65 

Sm 87.41 5.67 5.55 11.22 1.11 54.88 33.68 5.49 2.74 980.04 

Mean S0 96.22 7.37 7.81 15.19 0.97 59.90 47.48 6.06 2.98 1459.90 

Sm 87.71 5.76 5.09 10.85 1.20 45.07 31.95 4.83 2.41 948.99 
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Effect of salinity on mean performance: The mean values at different salinity levels for various 
characters are presented in Table 2. Perusal of table revealed that the mean values of all the characters 
varied along the salinity gradient. The values were maximum in the control (S0) and were minimum at the 
highest salinity level (S3) for majority of characters. In case of germination, the magnitude of germination 
percentage decreased with increase in salt concentration. It was highest in S0 (96.22 %) then decreased 
progressively in S1 (93.11 %), S2 (89.33 %) and S3 (80.67 %). The shoot length was also decreased with 
increasing level of salinity. It was highest in S0 (7.37 cm) then decreased progressively in S1 (6.06 cm), S2 

(5.77 cm) and S3 (5.46 cm). The root length was also decreased in increasing salinity level as compared to 
S0 (7.81 cm). It was increased in S2 (4.66 cm) and S3 (6.14 cm) compared to S1 (4.45 cm). The seedling 
length was also decreased in increasing salinity level as compared to S0 (15.19 cm). There was a slight 
increase in seedling length in S1 (10.51 cm) as compared to S2 (10.43 cm) and in S3 (11.60 cm) as 
compared to S2. The shoot to root length ratio is a derived character, which showed differential response 
in different salinity levels. The ratio increased in S1 (1.39) and S2 (1.28) as compared to S0 (0.97) and S3 

(0.93).There was no linear change with increasing level of salinity. The shoot fresh weight also decreased 
with increasing level of salinity except in S3. The magnitude of this parameter was highest in S0 (59.90 
mg), then decreased in S1 (47.29 mg) and S2 (43.67 mg) and then further increased in S3 (44.23 mg). In 
case of root fresh weight, there was also a decreasing trend with increasing salinity level. It was maximum 
in S0 (47.48 mg) followed by S1 (33.70 mg), S2 (31.66 mg) and S3 (30.48 mg). The shoot dry weight was 
also observed to be decreased with increase in salinity levels. It was maximum in S0 (6.06 mg) followed by 
S1 (5.09 cm), S2 (4.74 cm) and S3 (4.68 mg), though the magnitude in S2 and S3 was almost same. Similarly 
the root dry weight also exhibited a decreasing trend with increase in salinity level. It was maximum in S0 
(2.98 mg) and then decreased in S1 (2.55 mg), S2 (2.35 mg) and S3 (2.34 mg), thought the magnitude was 
at par in S2 and S3. The seedling vigour index decreased under salinity. It was maximum in S0 (1459.90) 
followed by S1 (978.27), S3 (936.44) and S2 (932.09). The comparison between mean of different 
genotypes in control (S0) versus Sm (mean of S1, S2 and S3) for each character is presented in Table 3.3. 
Perusal of this table revealed that mean was highest in control as compared to salinity levels for all the 
characters except shoot to root length ratio. 

 

Table 4 The rank total of different genotypes based on mean (Sm) of salinity levels S1, S2 and S3 

Genotypes G 
(%) 

LS 
(cm) 

LR 
(cm) 

LSL 
(cm) 

S/R SFW 
(mg) 

RFW 
(mg) 

SDW 
(mg) 

RDW 
(mg) 

SVI Total Rank 

RLG - 195 5 4 3 2 6 4 1 5 4 2 36 1 
RLG - 254 2 6 4 5 5 5 6 8 10 3 54 5 
RLG - 5 3 5 1 1 9 8 8 5 8 1 49 4 
SAPNA 10 2 5 4 4 2 3 2 5 5 42 3 
RLG - 256 5 1 10 6 1 7 9 10 7 8 64 7 
RLG - 250 1 7 8 9 3 10 7 9 9 6 69 10 
DPL - 58 9 10 7 10 10 3 2 4 1 10 66 8 
RLG - 258 8 3 9 8 2 6 10 3 3 9 61 6 
L - 4076 4 9 6 7 6 9 5 7 6 7 66 8 
RLG - 234 5 8 2 3 8 1 4 1 2 4 38 2 

 
DISCUSSION 
The fundamental objective of most of the plant breeding programmes is to evolve varieties with improved 
yield potential. Studies on screening for salinity tolerance in lentil are limited as compared to other 
legume crops especially for seedling traits. The present study is therefore, an attempt in this direction. 
The findings emanating from the present investigation are discussed here in the light of available 
literature. 
Analysis of variance: Genotype x environment interaction is a common phenomenon present in crop 
plant species [11]. In the present investigation the pooled analysis of variance showed that the mean 
squares due to salinity levels and genotypes were significant, indicating significant differences among 
genotypes and the effect of salinity on the genotypes. The genotype x salinity interaction was found 
significant for all the characters studied which indicated differential response of genotypes to salinity. 
Similar results have also been reported in lentil [12]. Since the genotype x salinity interaction was 
significant, it would be worthwhile to compare the genotypes over different salinity levels for different 
characters rather than the pooled mean alone. In view of this, the analysis of variance was carried out for 
each salinity level separately. Analysis of variance in the individual salinity level revealed significant 
differences among the genotypes for most of the characters under study. Similar finding also reported in 
lentil [13]. This indicated presence of sufficient genetic variability in the material used for this study. 
Effect of salinity on mean and genetic parameters: Comparison of mean values of different characters 
indicated that for most of the characters, these values decreased under saline condition particularly for 
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germination percentage, shoot length, seedling length, shoot fresh weight, root fresh weight, shoot dry 
weight, root dry weight and seedling vigour index. Differences were less for fresh and dry weight of 
shoots and roots. Similar findings were also reported by [14] and [15] in mung bean and [16] in lentil. It 
might be concluded that effect of salinity on different characters were not uniform, some character were 
influenced more while other less. This reduction in mean performance was due to salts of different nature 
and concentration because increased water potential, restricted the movement of water towards the seed 
surface [17].  
The effect of salinity on germination and seedling characteristics was widely reported in mung bean [18], 
in lentil, chickpea and faba bean [19], in cowpea [20], in Pisum sativum var. abyssinicum and Lathyrus 
sativus [21] and in fenugreek [22]. The salinity gradient adversely affected the mean values of almost all 
the characters, except root length of seedlings. The effect of higher levels namely, S2 and S3 was highest on 
all the characters in comparison to S0 and S1. Interestingly the mean values of root length were higher at 
S2 and S3 than at S1. Such stimulatory effect of salinity has been reported earlier in lentil [23]. It may be 
due to toxic effects of the NaCl used as well as unbalanced nutrient uptake by the seedlings and lower 
water availability [24]. None of the genotypes showed uniform response under different salinity levels for 
any given character. Based upon means and rank totals the genotype RLG-195 was least affected by 
salinity because it gained rank 1 among the genotypes. In order to get meaningful comparison the 
genotypes were ranked for each character on the basis of mean (Sm) of three salinity levels viz., S1, S2 and 
S3 and position of rank for each character was obtained which is presented in Table 3.4.  A genotype with 
least rank total will be the best genotype. Comparison to rank totals indicated that RLG-195 ranked first 
followed by RLG-234, SAPNA and RLG-5. Thus, these were ideal genotypes which are expected to give 
good response over different salinity levels. Direct or indirect exploitation of these genotypes through 
hybridization is recommended for breeding of genotypes suitable for salinity. 
 
CONCLUSION AND RECOMMENDATION 
Collection and evaluation of germplasm having adequate variability for economically important 
characters is the first essential requirement of successful breeding programme. Since response to salinity 
is a complex phenomenon. The response of genotypes to stress varies according to age of the plant. The 
germination and seedling establishment are most sensitive to salinity [25]. If salinity levels reduce plant 
stand, potential yield may be decreased in lentil [26]. The present investigation therefore, reached to 
following conclusions regarding its objectives: 
The effect of salinity on seedling traits showed specific trend although at higher salinity levels the means 
of various traits were reduced in comparison to S0 and S1. However, variation existed; the genotypes RLG-
195, RLG-234, SAPNA and RLG-5 were found to be the best suited for salinity. Direct or indirect 
exploitation of these genotypes through hybridization is recommended for breeding of genotypes suitable 
for salinity. It would be ideal if studies on effect of salinity on germination and seedling characters be 
done at some higher concentrations of salts to identify genotypes for salt tolerance for further breeding 
programmes. 
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