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ABSTRACT

Drought susceptibility and low genetic variability are the major constraints of lentil (Lens culinaris Medik.) pro-
duction worldwide. Development of an efficient pre-field drought phenotyping technique and identification of
diversified drought tolerant lentil genotype(s) are therefore vital and necessary. Two separate experiments were
conducted using thirty diverse lentil genotypes to isolate drought tolerant genotype(s) as well as to assess their
diversity. In both of the experiments, significant (p ≤ 0.01) variation in genotype (G), treatment (T) and
G X T was observed for most of the studied traits. In experiment I, genotypes were examined for drought toler-
ance at the seedlings stage under hydroponic conditions by assessing root and shoot traits. Among the 30 geno-
types studied, BM-1247, BM-1227 and BM-502 were selected as highly tolerant to drought stress as they showed
maximum seedling survivability and minimum reduction in growth parameters under drought stress. In experi-
ment II, the genotypes were assayed for diversity and drought stress tolerance based on morphological traits
grown under field condition. Drought stress caused a substantial reduction in yield attributing traits, however,
the genotypes BM-1247, BM-981, BM-1227 and BM-502 were categorized as drought tolerant genotypes with less
than 20% yield reduction. The field screening result of drought stress tolerance was coincided well with the results
of laboratory screening. Genetic divergence study reflected the presence of considerable diversity among the gen-
otypes. Considering laboratory and field screening results, the genotypes, BM-1247, BM-1227, BM-981 and BM-
502 were selected as the best drought tolerant genotypes. This information can be exploited for further breeding
in developing drought tolerance in lentil.
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1 Introduction

Lentil (Lens culinaris Medik.) is an important legume crop of rain-fed agriculture and significantly
contributes to food and nutritional security worldwide. It is considered as an important source of proteins,
carbohydrate, minerals and fiber [1,2]. It is also highly valuable as feed and fodder for livestock.
Moreover, lentil plays an important role in crop rotation due to its atmospheric nitrogen fixing ability [3]
and has appeared as a viable opportunity for expanding of cereal-based cropping systems around the
globe. Lentil, popularly known as Masur, is one of the most essential pulse crops in Bangladesh. It is the
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second most important pulse crop both in acreage and production but stands first in consumer’s preference
[4]. It is considered as the poor man’s meat, a substitute of animal protein for the underprivileged people of
Bangladesh who cannot afford to buy animal protein [5,6]. Currently, there is a huge gap in between the
annual demand and production due to lack of higher yield potential variety, occurrence of terminal
drought stress at pod filling stage, poor technological intervention during production and competition
with other profitable winter crops in Bangladesh. In the year 2016, we had a demand for 2.5 million MT
lentil but we produced only 0.158 million MT with an average yield of 415 kg/acre [7]. Bangladesh
imports a significant amount of lentil every year involving a huge amount of foreign currency.
Development of high yielding, stable and drought tolerant variety is therefore urgently needed to ensure
nutritional food security as well as to save the foreign currency.

Lentil is usually cultivated in moderately dry ecosystem where yield is mostly affected by various abiotic
stresses. Water or low moisture stress is one of the major abiotic stresses limiting lentil production all over the
world including Bangladesh [1,2,8]. Lentil is cultivated in different parts of Bangladesh during Rabi season
from the month of November to February under the rain-fed condition on the soils that conserve moisture
from preceding monsoon season. But it is extensively cultivated in mid-western parts of Bangladesh and
invariably encounters terminal drought stress that leads to the forced maturity and lower yield. During
Rabi season, rainfall in Bangladesh is very low which is frequently insufficient for successful lentil
production. Both the seedling and flowering stages are the most sensitive stages to drought in lentil
[9,10]. A reduction in economic yield by drought stress in lentil during the reproductive stage is about
24% [11] and at the pod development stage is around 70% [12]. Global climate change model predicts
that the frequency of drought stress will be increased in the near future that will negatively impact on
crop growth and productivity in various cropping season of Bangladesh. Therefore, it is urgently needed
to conduct research to identify drought-tolerant lentil variety to ensure food security as well as to predict
yield potential of lentil under drought stress condition for increasing both production and profitability.

Lack of phenotypic and genetic variability and narrow genetic base are the chief restrictive factors in
genetic improvement of lentil [13]. Importantly, the success of any crop improvement program depends
upon the magnitude and nature of genetic diversity existing in breeding materials [14]. As superior
genotypes are used as parent materials in a hybridization program, information on the nature and
magnitude of phenotypic and genetic divergence in the population facilitates in choosing the diverse
parents for effective hybridization for further improvement of lentil genotypes [15,16]. In contrast, the
genetic relation among the accessions can be explained by cluster analysis which facilitates the selection
of genetically diverse parents in hybridization program resulting in significant extent of heterosis and
wide range of segregation.

To date, several physiological, morphological and biochemical indicators have been identified in lentil
conferring drought stress tolerance under field conditions [2,17,18]. Additionally, various screening
techniques have been proposed based on morpho-physiological and biochemical traits in various crop
species to screen drought tolerant lentil genotypes under soil/field conditions [19–21]. There is no
comprehensive report regarding the assessment of drought tolerance at the seedling stage (under
hydroponic conditions) and reproductive stage (under field conditions) by using the same genotypes.
While field screening is the most appropriate approach to identify the stress tolerant genotypes however it
can be affected in open fields due to variable extent of weather condition during the experimental period
[21]. Additionally, field screening is very expensive and time-consuming and difficult to investigate a
huge number of genotypes. A robust, economic and reliable laboratory-based drought screening technique
at the early phases of plant growth is therefore essential to speed-up the selection breeding program for
maximizing genetic gain. Considering above facts in mind, the present research studies have been
conducted to investigate the suitability of a cost effective and rapid laboratory-based drought screening
techniques at the seedling stage in relation to field screening at the reproductive stage using diverse lentil
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genotypes. The diversity of the genotypes was also studied to identify the best genotypes to be hybridized for
higher genetic gain and improvement of lentil for drought stress tolerance.

2 Materials and Methods

2.1 Experiment I: Hydroponic Screening of Lentil Germplasm for Drought Tolerance at the

Seedling Stage
2.1.1 Plant Materials

A total of thirty diverse lentil genotypes were used as plant materials for this study. Eighteen genotypes
viz., BM-1247, BM-1227, BM-1222, BM-1220, BM-1181, BM-981, BM-941, BM-908, BM-868, BM-728,
BM-680, BM-512, BM-507, BM-502, BM-477, BM-135, BM-120, BM-119 were exotic lines collected
from International Center for Agricultural Research in the Dry Areas (ICARDA), India and rest of the
twelve locally released varieties viz., Binamasur-1, Binamasur-5, Binamasur-6, Binamasur-8,
Binamasur-9, BARI Masur-1, BARI Masur-2, BARI Masur-3, BARI Masur-4, BARI Masur-5, BARI
Masur-6, BARI Masur-7 were collected from Bangladesh Institute of Nuclear Agriculture (BINA) and
Bangladesh Agricultural Research Institute (BARI), respectively.

2.1.2 Experimental Site and Design
The experiment was carried-out during the period of August-November 2015 in plant growth chamber

of the Department of Genetics and Plant Breeding, Bangladesh Agricultural University, Mymensingh,
Bangladesh, by maintaining controlled temperature and humidity (25 ± 2°C and 60% RH). A completely
randomized design with three replications was followed to conduct the experiment.

2.1.3 Seedling Establishment and Drought Stress Treatments
The seeds of the selected 30 genotypes were sterilized with NaOCl and placed in moistened filer paper

for germination. Three-day-old seedlings were transferred to hydroponic set-up and placed into the holes of
the lids carefully in order to avoid root injury (Fig. 1). Each hydroponic tank contained 8L nutrient solution
(0.75 g Peter professional per liter and 0.15 g FeSO4 per liter). The pH of the solution was adjusted to the
range of 5.3–5.5 by adding HCl and NaOH. The nutrient solution was changed after every 7 days. Drought
stress was imposed by taken-out 10-day-old seedlings from the nutrient solution and exposed them to air for
4 h at every alternate day for 3 times following the methods of Singh et al. [21]. The drought-stressed plants
were then allowed for grow for 7 days in new nutrient solution under control conditions.

2.1.4 Data on Root-Shoot Traits under Drought Stress
After drought stress and seven days recovery, data on six quantitative traits viz., shoot length (SL), root

length (RL), shoot fresh weight (SFW), root fresh weight (RFW), shoot dry weight (SDW) and root dry
weight (RDW) were recorded from 21-day-old seedlings. For dry weight, samples were dried at 80° for
72 h and weight was taken with a fine electric balance.

2.1.5 Seedling Survivability (%)
Seedling survivability was calculated in percentage for each replication by dividing the total number of

alive seedlings in each replication with the total number of seedlings placed in each replication.

2.1.6 Drought Scoring
Drought stress injuries were characterized by collecting 21-day-old seedlings and drought scoring was

done by rating the plants on a 0–4 scale for each plant separately and then averaged to generate mean values
of each genotype for drought tolerance level as described by Singh et al. [21] and Idrissi et al. [22].
Genotypes with the lowest and highest scores were considered to be the most tolerant and sensitive to
drought stress, respectively. The criteria for different scale are as ‘0’ for “healthy plants with no visible
symptoms of drought stress”, ‘1’ for “green plants with slight wilting”, ‘2’ for leaves turning yellowish
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green with moderate wilting, “3’ for “leaves yellow-brown with severe wilting”, and “4’ represents
“completely dried leaves and/ or stems”.

2.2 Experiment II: Assessment of Drought Stress Tolerance under Field Conditions and Diversity Studies
2.2.1 Plant Materials

Same as experiment I.

2.2.2 Experimental Site and Design
The experiment was conducted during rabi season (November 2015 to April 2016) at the experimental

farm of the Department of Genetics and Plant Breeding, Bangladesh Agricultural University,
Mymensingh-2202, Bangladesh. In conducting the experiment, a Randomized Complete Block Design
(RCBD) with three replicates was followed. Unit plot size was 0.6 m2 with row to row distance 30 cm
and plant to plant distance 5 cm.

2.2.3 Imposition of Drought Stress
The control plants were grown under rain-fed condition, however, one irrigation was applied at the pre-

flowering stage. The drought-stressed plants were grown under rain-fed condition without any irrigation.
Other intercultural operations were done whenever necessary in both control and drought-stressed plot
following the standard procedures of BARI and BINA.

Figure 1: Hydroponic culture of lentil genotypes for drought stress tolerance: (A) seed placement, (B)
seed germination, (C) setting of hydroponic culture, (D) seedling phenotype just before the imposition of
drought stress, (E) control seedlings at the end of growth period, (F) drought-stressed seedling at the end
of stress imposition
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2.2.4 Data on Yield and Yield Attributing Traits
Data on various yield contributing and yield traits viz., days to 50% flowering (DFF), days to maturity

(DM), plant height (cm) (PH), number of primary branches per plant (NPB), number of secondary branches
per plant (NSB), number of pods per plant (NPP), number of seeds per plant (NSP), number of seeds per pod
(NSPP), 100-seed weight (g) (HSW) and yield per plant (g) (YPP) were recorded from ten randomly selected
plants for each replication of each genotype.

2.3 Statistical Analysis of Data
For experiment I, data on six shoot and root traits were analyzed following a CRD design. In case of

experiment II, data were analyzed following RCBD design. The separation of means was done following
least significant differences (LSD) test at 5% level of probability. Diversity analysis through clustering
was performed to find out the desirable drought tolerant lines from various diversified genotypes using
the MSTATC and PLABSTAT R and SAS software. The genotypes were arranged in different cluster
following the methods suggested by Ward [23] based on Euclidean distance and hierarchical cluster
analysis. The D2 values were calculated from transformed uncorrelated means of characters according to
Rao [24] and Singh et al. [25]. Average intra- and inter-cluster distances were calculated following the
methods suggested by Rao [24].

3 Results

The results of combined analyses of variance (ANOVA) of thirty lentil genotypes for six root-shoot traits
in hydroponic screening (Appendix A) and ten yield attributing traits in field screening (Appendix B) were
showed highly significant (p < 0.01) variation for genotype (G), Treatment (T) and G X T interaction for all of
the studied traits except DFF and DM. G X T interaction of DFF and DM was showed significant at 5%
level of probability.

3.1 Effect of Drought Stress on Root-Shoot Traits at the Seedling Stage
3.1.1 Root Length

Plenty of variation was observed in root length among the lentil genotypes studied in response to
treatments. The highest RL (18.08 cm) under control condition was recorded in BARI Masur-3 whereas
the lowest RL (6.72 cm) was recorded in BARI Masur-6 (Tab. 1). Under drought stress, the highest
(12.46 cm) RL was recorded in BM-119 whereas the lowest RL (6.25 cm) was recorded in BM-477.
Drought stress caused a substantial decrease in RL for most of the studied genotypes; the highest
reduction (44.23%) was recorded for BM-120 whereas the lowest reduction (4.02%) was observed in
BARI Masur-6 (Tab. 1).

Table 1: Effect of drought stress on root-shoot traits of lentil at the seedling stage grown under hydroponic
conditions. Data represented in the table are the treatment means of three replicates (10 plants per replication)

Genotypes Treatments RL SL RFW RDW SFW SDW

BARI Masur-1 Control 16.19 17.25 11.39 0.59 9.96 2.36

Drought stress 10.09 9.35 4.38 0.27 6.53 1.43

BARI Masur-2 Control 15.50 18.24 10.41 0.62 9.91 2.90

Drought stress 9.70 9.66 1.69 0.23 5.19 1.31

BARI Masur-3 Control 18.08 21.34 13.39 0.81 13.62 3.57

Drought stress 11.09 9.87 3.03 0.24 5.15 1.47
(Continued)
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Table 1 (continued).

Genotypes Treatments RL SL RFW RDW SFW SDW

BARI Masur-4 Control 7.41 18.85 4.44 0.65 12.94 3.41

Drought stress 6.54 10.39 3.20 0.17 6.32 1.45

BARI Masur-5 Control 7.45 19.97 10.71 0.65 15.85 3.88

Drought stress 6.41 11.23 3.03 0.20 7.41 1.61

BARI Masur-6 Control 6.72 21.05 10.88 0.61 20.30 4.09

Drought stress 6.45 11.13 2.26 0.19 6.88 1.69

BARI Masur-7 Control 7.56 21.93 10.97 0.66 17.50 3.93

Drought stress 6.57 10.53 1.80 0.17 5.38 1.34

Binamasur-1 Control 16.72 21.68 10.66 0.78 17.31 2.68

Drought stress 9.46 8.61 0.90 0.10 3.26 0.80

Binamasur-5 Control 13.33 18.46 12.71 0.86 15.73 3.37

Drought stress 9.57 11.18 2.93 0.38 7.30 1.60

Binamasur-6 Control 13.91 18.26 9.14 0.74 14.82 2.90

Drought stress 9.51 10.09 3.36 0.34 8.43 1.71

Binamasur-8 Control 15.62 18.43 11.46 0.69 10.43 3.11

Drought stress 10.37 10.37 3.06 0.34 5.19 0.47

Binamasur-9 Control 14.80 18.56 13.43 0.81 13.12 3.27

Drought stress 9.39 9.81 4.21 0.33 7.51 1.90

BM-119 Control 17.68 23.13 19.09 0.81 18.31 3.23

Drought stress 12.46 11.38 4.51 0.34 11.41 1.96

BM-120 Control 15.26 21.91 14.82 1.00 18.55 3.59

Drought stress 8.51 9.04 2.85 0.25 7.35 1.65

BM-135 Control 7.48 20.37 5.92 0.91 21.32 1.38

Drought stress 6.40 8.59 0.97 0.15 7.99 0.42

BM-477 Control 7.46 21.56 7.78 0.55 23.12 3.55

Drought stress 6.25 10.57 1.73 0.16 5.46 1.53

BM-502 Control 7.61 20.35 10.79 0.80 22.10 3.83

Drought stress 6.59 9.33 3.25 0.26 9.80 1.91

BM-507 Control 8.71 20.24 11.16 0.80 19.13 3.55

Drought stress 7.48 9.06 1.65 0.21 6.73 1.31

BM-512 Control 8.48 22.41 8.51 0.76 21.78 4.08

Drought stress 6.31 10.77 1.80 0.23 7.47 1.54

BM-507 Control 8.71 20.24 11.16 0.80 19.13 3.55

Drought stress 7.48 9.06 1.65 0.21 6.73 1.31

BM-512 Control 8.48 22.41 8.51 0.76 21.78 4.08

Drought stress 6.31 10.77 1.80 0.23 7.47 1.54
(Continued)
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3.1.2 Shoot Length
The genotype BM-119 showed the highest SL (23.13 cm) under control condition whereas the lowest SL

(14.46 cm) was recorded in BM-1220 (Tab. 1). Under drought stress, the highest (11.85 cm) SL was recorded
in BM-1227 and the lowest SL (7.13 cm) in BM-1220. A significant decrease of SL was recorded in most of
the studied genotypes; the highest reduction (60.29%) was recorded in Binamasur-1 whereas the lowest
reduction (30.74%) was observed in BM-1247(Tab. 1).

3.1.3 Root Fresh Weight
The maximum RFW (19.09 mg) under control condition was recorded in BM-119 whereas the minimum

RFW (4.44 mg) was recorded in BARI Masur-4 (Tab. 1). Under drought stress, the highest (4.51 mg) RFW
was recorded in BM-119 whereas the lowest RFW (0.9 mg) in Binamasur-1. A substantial reduction in RFW

Table 1 (continued).

Genotypes Treatments RL SL RFW RDW SFW SDW

BM-680 Control 8.47 22.35 8.64 0.73 26.26 4.88

Drought stress 6.47 9.39 1.55 0.15 8.24 1.74

BM-728 Control 7.43 21.41 6.46 0.56 17.83 3.32

Drought stress 6.47 9.39 2.87 0.14 7.13 1.45

BM-868 Control 8.75 20.90 9.37 0.81 16.84 3.47

Drought stress 7.44 9.89 1.40 0.16 8.43 1.70

BM-908 Control 11.57 21.91 13.12 0.96 27.47 4.56

Drought stress 8.49 10.49 2.74 0.24 7.82 1.49

BM-941 Control 9.42 20.61 4.82 0.38 22.63 3.24

Drought stress 7.49 10.57 2.27 0.20 5.63 1.39

BM-981 Control 10.58 20.61 12.82 0.75 26.34 4.14

Drought stress 8.35 11.15 1.70 0.15 7.27 1.73

BM-1181 Control 7.51 21.38 7.72 0.95 28.75 5.91

Drought stress 6.48 10.44 1.66 0.13 8.96 2.05

BM-1220 Control 8.47 14.46 15.31 0.69 8.25 3.66

Drought stress 7.60 7.13 1.72 0.16 4.59 1.88

BM-1222 Control 8.23 22.33 8.91 0.72 27.92 5.68

Drought stress 6.39 9.20 1.36 0.17 8.26 1.77

BM-1227 Control 9.41 18.58 9.77 0.91 23.17 3.54

Drought stress 8.42 11.85 3.34 0.51 14.60 2.23

BM-1247 Control 8.35 22.38 8.36 0.88 28.64 5.11

Drought stress 7.55 15.50 2.29 0.45 17.44 3.09

LSD 0.05 0.619 0.858 0.838 0.051 1.51 0.427

Level of significance ** ** ** ** ** **

CV% 4.05 3.47 8.00 7.37 7.07 10.04
Note: ** indicate significant at 1% level of probability, [Here, RL = Root length (cm), SL = Shoot length (cm), RFW = Root fresh weight (mg), RDW
= Root dry weight (mg), SFW = Shoot fresh weight (mg) and SDW = Shoot dry weight (mg), LSD = Least significant difference, CV = Co-efficient
of variation]
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was observed under drought stress, the highest reduction (91.56%) was recorded for Binamasur-1 whereas
the lowest reduction (27.93%) was observed in BARI Masur-4 (Tab. 1).

3.1.4 Root Dry Weight
The highest RDW (1.0 mg) under control condition was recorded in BM-120 but the lowest RDW

(0.38 mg) was recorded in BM-941 (Tab. 1). Under drought stress, the highest (0.51 mg) RDW was
recorded in BM-1227 whereas the lowest RDW (0.1 mg) was recorded in Binamasur-1. Drought stress
resulted in a significant decrease in RDW, the highest reduction (87.18%) was recorded for Binamasur-1
whereas the lowest reduction (43.95%) was observed in BM-1227 (Tab. 1).

3.1.5 Shoot Fresh Weight
Under control condition, the highest SFW (28.78 mg) was recorded in BM-1181, however, the lowest

SFW (8.25 mg) was recorded in BM-1220 (Tab. 1). Under drought stress, the highest (17.44 mg) SFW was
recorded in BM-1247 whereas the lowest SFW (3.26 mg) was recorded in Binamaur-1. A significant
decrease in SFW was observed upon imposition of drought, the highest reduction (81.17%) was recorded
for Binamasur-1 whereas the lowest reduction (34.44%) was observed in BARI Masur-1 (Tab. 1).

3.1.6 Shoot Dry Weight
The genotype BM-1181 showed the highest SDW (5.91 mg) under control condition, however, the

lowest SDW (1.38 mg) was recorded in BM-135 (Tab. 1). Under drought stress, the highest (3.09 mg)
SDW was recorded in BM-1247 whereas the lowest SDW (0.42 mg) was recorded in BM-135. A
sharp decrease in SDW was found under drought, the highest reduction (84.89%) was recorded for
Binamasur-8 whereas the lowest reduction (37.01%) was observed in BM-1227 (Tab. 1).

3.2 Classification of Lentil Genotypes for Drought Tolerance at the Seedling Stage
After drought stress and recovery treatment, several stress symptoms were recorded such as wilting of

seedlings, yellowing of leaves, drying leaves, leaf curling, reduced rate of growth and finally the death of
the seedling while the seedlings grown under controlled conditions displayed normal growth and
development. Among 30 lentil genotypes, three genotypes viz., BM-1247, BM-1227 and BM-502 were
found highly-tolerant to drought stress (Tab. 2) showing a drought score of 0.27, 0.33, and 0.33,
respectively with 93% seedling survivability. Genotype BM-1222, BM-981 and BM-477 were categorized
as tolerant genotypes. In contrast, nine genotypes viz., BARI Masur-3, BARI Masur-6, BARI Masur-7,
Binamasur-1, Binamasur-5, Binamasur-6, BM-507, BM-908 and BM-941 were found highly-sensitive to
drought stress as they showed less than 30% seedling survivability. Rest of the genotypes showed average
to moderate performance under drought stress. Phenological appearance clearly separated the susceptible
and tolerant genotype (Fig. 2).

Table 2: Categorization of lentil genotypes based on germination percentage, percent seedling survivability,
and drought score at the end of drought stress imposition under hydroponic condition

Genotypes Germination
percentage

Percent seedling
survivability

Drought score Level of tolerance/sensitivity

BARI masur-1 100 53.33 2.13 Moderately Sensitive

BARI masur-2 100 41.67 2.58 Sensitive

BARI masur-3 100 20.00 3.27 Highly Sensitive

BARI masur-4 100 26.67 2.93 Sensitive

BARI masur-5 100 35.00 2.73 Sensitive
(Continued)
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3.3 Performance of 30 Lentil Genotypes for 10 Yield Contributing Traits
3.3.1 Days to First Flowering

Under control condition, the genotype BM-1811 required maximum days (88.33) to flower whereas the
genotype Binamasur-7 required the minimum days (63.33) for flowering (Tab. 3). Under drought stress, the
genotype BM-1811 required maximum days (86.67) to flower whereas the genotype Binamasur-9 required
minimum days (60.67) to flower. A reduction in days to first flowering was observed under drought stress, the
highest decrease (9.73%) was recorded for Binamasur-6 whereas the lowest decrease (0.39%) was observed
in BM-1222, BM-1227, BM-1247, respectively (Tab. 3).

Table 2 (continued).

Genotypes Germination
percentage

Percent seedling
survivability

Drought score Level of tolerance/sensitivity

BARI masur-6 100 26.67 3.07 Highly Sensitive

BARI masur-7 98 26.67 3.00 Highly Sensitive

Binamasur-1 94 6.67 3.67 Highly Sensitive

Binamasur-5 100 0.00 4.00 Highly Sensitive

Binamasur-6 97 26.67 3.07 Highly Sensitive

Binamasur-8 100 46.67 2.53 Sensitive

Binamasur-9 98 40.00 2.73 Sensitive

BM-119 93 40.00 2.40 Sensitive

BM-120 89 31.11 2.62 Sensitive

BM-135 77 66.67 1.93 Moderately Sensitive

BM-477 90 86.67 1.07 Tolerant

BM-502 84 93.33 0.33 Highly Tolerant

BM-507 90 0.07 3.93 Highly Sensitive

BM-512 96 66.33 1.93 Moderately Sensitive

BM-680 84 73.33 1.53 Moderately Tolerant

BM-728 92 60.00 2.00 Moderately Sensitive

BM-868 94 73.33 1.53 Moderately Tolerant

BM-908 92 6.67 3.67 Highly Sensitive

BM-941 94 30.00 3.13 Highly Sensitive

BM-981 96 86.67 1.00 Tolerant

BM-1181 94 73.33 1.40 Moderately Tolerant

BM-1220 94 33.33 2.47 Sensitive

BM-1222 96 86.67 0.87 Tolerant

BM-1227 94 93.33 0.33 Highly Tolerant

BM-1247 100 93.33 0.27 Highly Tolerant
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Figure 2: Phenological appearance of highly-tolerant and highly-sensitive genotypes after drought stress
and recovery treatment

Table 3: Effect of drought stress on different morphological traits related to yield under field conditions.
Data represented in the table are the treatment means of three replicates (10 plants per replication)

Genotypes Treatments DFF DM PH NPB NSB NPP NSP NSPP HSW YPP

BARI Masur-1 Control 68.33 104.33 46.71 2.77 12.60 82.67 127.10 1.54 1.70 2.16

Drought stress 64.33 103.33 36.00 2.80 10.70 50.20 69.00 1.38 1.54 1.07

BARI Masur-2 Control 72.67 106.67 54.71 3.53 16.53 117.53 173.33 1.52 1.24 2.33

Drought stress 71.00 104.00 44.47 3.63 12.73 53.13 65.20 1.23 1.69 1.11

BARI Masur-3 Control 72.00 106.33 45.29 3.17 14.43 61.17 105.03 1.72 1.46 1.53

Drought stress 73.00 103.00 36.26 3.13 12.57 37.43 62.47 1.66 1.40 0.87

BARI Masur-4 Control 72.67 104.00 47.20 3.47 14.43 97.93 131.9 1.66 1.77 2.51

Drought stress 72.67 103.00 37.30 2.77 12.17 44.97 65.03 1.45 1.61 1.05

BARI Masur-5 Control 69.00 110.00 55.52 3.23 12.73 63.87 104.57 1.64 1.60 1.67

Drought stress 65.00 107.67 34.70 2.60 11.20 36.37 52.13 1.44 1.41 0.73

BARI Masur-6 Control 69.67 108.00 45.77 3.40 15.33 113.40 212.10 1.82 2.24 4.74

Drought stress 68.00 103.00 36.72 3.37 12.77 67.07 108.57 1.63 1.93 2.10

BARI Masur-7 Control 63.33 114.33 41.85 3.37 14.70 92.03 182.50 1.92 1.85 3.37

Drought stress 61.00 111.67 34.34 3.60 12.40 63.30 116.83 1.84 1.76 2.06

Binamasur-1 Control 83.33 128.33 59.36 4.47 15.27 54.00 71.97 1.32 1.25 1.97

Drought stress 80.00 127.67 36.50 3.87 13.40 47.87 63.27 1.32 1.39 0.88
(Continued)
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Table 3 (continued).

Genotypes Treatments DFF DM PH NPB NSB NPP NSP NSPP HSW YPP

Binamasur-5 Control 77.33 103.00 38.12 3.30 14.87 92.57 153.33 1.83 1.64 2.51

Drought stress 72.33 101.67 36.78 4.07 12.80 55.43 94.07 1.72 1.45 1.37

Binamasur-6 Control 67.67 107.33 40.35 3.20 15.40 117.47 202.07 1.73 1.90 3.84

Drought stress 61.67 107.00 34.78 3.07 12.50 43.20 72.07 1.66 1.82 1.31

Binamasur-8 Control 66.67 109.67 46.20 2.93 16.33 84.57 130.80 1.51 1.80 2.59

Drought stress 67.33 105.00 35.46 3.10 12.57 52.07 77.13 1.48 1.71 1.32

Binamasur-9 Control 66.00 106.33 45.79 3.77 17.13 110.83 196.70 1.76 1.79 3.54

Drought stress 60.67 104.33 34.27 3.83 13.13 46.40 79.13 1.71 2.02 1.60

BM-119 Control 83.00 121.33 58.76 3.80 15.27 59.30 91.30 1.52 1.47 1.33

Drought stress 80.67 121.67 37.59 4.10 11.57 32.87 48.27 1.47 1.41 0.68

BM-120 Control 84.33 125.33 47.69 3.47 14.40 52.12 73.33 1.53 1.49 1.20

Drought stress 83.33 121.00 36.79 3.50 11.63 34.07 49.57 1.46 1.49 0.73

BM-135 Control 84.33 121.00 47.79 2.57 15.07 65.65 117.27 1.83 1.22 1.45

Drought stress 82.33 116.67 40.06 3.07 8.93 27.90 51.07 1.83 1.06 0.54

BM-477 Control 84.00 116.33 58.79 3.20 14.37 63.67 101.43 1.59 1.62 1.64

Drought stress 83.00 114.00 35.91 2.83 13.53 54.97 70.00 1.52 1.78 1.23

BM-502 Control 84.33 114.33 56.40 3.67 19.77 47.81 84.88 1.77 1.52 1.19

Drought stress 82.67 112.33 40.10 3.23 15.50 49.32 71.73 1.45 1.29 0.92

BM-507 Control 83.67 116.00 53.37 3.17 14.70 71.47 131.07 1.82 1.56 2.11

Drought stress 81.33 113.67 42.44 2.80 11.57 26.40 45.23 1.72 1.40 0.63

BM-512 Control 83.00 104.67 43.89 3.47 16.43 105.77 187.17 1.77 2.07 3.89

Drought stress 82.00 105.67 27.46 2.30 13.67 66.77 111.30 1.67 1.57 1.74

BM-680 Control 83.33 116.00 54.47 3.40 15.67 41.77 68.57 1.65 1.61 1.10

Drought stress 83.33 114.33 36.35 2.87 12.47 29.60 45.90 1.55 1.49 0.68

BM-728 Control 81.33 106.00 45.45 3.20 16.43 108.87 199.33 1.83 1.44 2.87

Drought stress 81.00 103.67 35.24 3.30 12.57 66.80 115.33 1.73 1.25 1.44

BM-868 Control 84.33 116.33 57.79 3.60 15.60 76.60 122.5 1.63 1.81 2.29

Drought stress 82.33 115.67 43.64 3.10 14.57 66.93 107.77 1.61 1.38 1.49

BM-908 Control 84.33 113.67 57.25 3.40 16.50 47.97 78.87 1.64 1.68 1.43

Drought stress 81.33 112.67 45.43 3.40 12.43 22.70 36.57 1.62 1.68 0.61

BM-941 Control 83.33 114.67 55.98 2.57 15.80 63.77 129.70 2.14 1.54 2.00

Drought stress 82.33 112.67 41.39 3.43 14.13 44.60 87.20 1.96 1.31 1.14

BM-981 Control 85.00 115.67 63.21 2.77 16.90 76.43 120.50 1.53 1.72 2.01

Drought stress 84.00 114.67 51.90 3.17 14.77 75.60 118.93 1.49 1.54 1.74

BM-1181 Control 88.33 120.00 62.18 2.73 24.57 74.20 116.4 1.57 1.91 2.23

Drought stress 86.67 114.67 50.68 2.97 15.27 51.80 73.37 1.42 2.06 1.51
(Continued)
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3.3.2 Days to Maturity
The genotype Binamasur-1 required maximum days (128.33) to mature whereas the genotype

Binamasur-5 required the minimum days (103.00) to mature (Tab. 3) under control condition. Under
drought stress, the genotype Binamasur-1 required maximum days (127.67) to mature whereas the
genotype Binamasur-5 required the minimum days (101.67) to mature. A decreasing trend in days to
maturity under drought stress was recorded in most of the studied genotypes; the highest reduction
(4.63%) was recorded for BARI Masur-6 whereas the lowest reduction (0.28%) was observed in the
genotype BM-119 (Tab. 3).

3.3.3 Plant Height
The highest PH (65.02 cm) under control condition was recorded in BM-1247 whereas the lowest PH

(38.12 cm) was recorded in BARI Masur-5 (Tab. 3). Under drought stress, the highest PH (51.9 cm) was
recorded in BM-981 whereas the lowest PH (27.46 cm) was recorded in BM-512. Imposition of drought
stress resulted in a substantial reduction in PH, the highest reduction (38.92%) was recorded for BM-
477 whereas the lowest reduction (3.52%) was observed in Binamasur-5 (Tab. 3).

3.3.4 Number of Primary Branches Per Plant
Under control condition, the highest NPB (4.47) under control condition was recorded in Binamasur-1

whereas the lowest NPB (2.57) was recorded in BM-941 (Tab. 3). Under drought stress, the highest (4.1)
NPB was recorded in BM-119 whereas the lowest NPB (2.3) was recorded in BM-512. A noteworthy
decrease in NPB for most of the studied genotypes was found in response to drought, the highest
decrease (33.72%) was recorded for BM-512 whereas the lowest decrease (0.88%) was observed in
Binamasur-6. Importantly, the genotype BM-908 showed the same NPB under drought stress and control
condition (Tab. 3).

3.3.5 Number of Secondary Branches per Plant
The highest NSB (24.57) under control condition was recorded in BM-1181 whereas the lowest NSB

(12.60) was recorded in Binamasur-1 (Tab. 3). Under drought stress, the highest (16.13) NSB was

Table 3 (continued).

Genotypes Treatments DFF DM PH NPB NSB NPP NSP NSPP HSW YPP

BM-1220 Control 84.33 116.00 52.48 3.47 16.30 76.03 123.97 1.63 1.71 2.12

Drought stress 83.33 113.67 49.37 2.93 12.53 39.30 59.97 1.54 1.49 0.90

BM-1222 Control 84.00 117.00 53.29 2.83 18.07 116.47 210.67 1.79 1.66 3.35

Drought stress 83.67 116.00 34.25 2.37 10.87 95.90 170.53 1.77 1.38 2.35

BM-1227 Control 84.33 116.33 58.24 2.60 16.43 61.97 107.00 1.73 1.67 1.78

Drought stress 84.00 114.33 43.09 3.43 16.13 54.53 92.97 1.71 1.54 1.43

BM-1247 Control 84.00 121.67 65.02 2.60 16.43 44.50 81.53 1.83 1.82 1.48

Drought stress 84.33 117.00 51.04 2.83 13.47 48.47 88.13 1.82 1.53 1.35

LSD (0.05) 2.76 2.52 2.23 0.291 0.885 4.53 7.58 0.115 0.178 0.246

Level of sign. * * ** ** ** ** ** ** ** **

CV% 2.18 1.38 3.01 5.59 3.79 4.37 4.44 4.45 6.88 8.69
Note: *and ** indicate significant at 5% and 1% level of probability, respectively, [Here, LSD = Least significant difference, CV = Co-efficient of
variation, DFF = Days to 50% flowering, DM = Days to maturity, PH = Plant height (cm), NPB = Number of primary branches per plant,
NSB = Number of secondary branches per plant, NPP = Number of pods per plant, NSP = Number of seeds per plant, NSPP = Number of seeds
per pod, HSW = 100- seed weight (g), YPP = Yield per plant (g)]
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recorded in BM-1227 whereas the lowest NSB (8.93) was recorded in BM-135. Drought stress caused a
substantial decrease in NSB; the highest decrease (40.74%) was recorded for BM-135 whereas the lowest
decrease (1.83%) was observed in BM-1227 (Tab. 3).

3.3.6 Number of Pods Per Plant
Under control conditions, the highest NPP (117.53) under control condition was recorded in BARI

Masur-2 whereas the lowest NPP (68.57) was recorded in BM-680 (Tab. 3). Under drought stress, the
highest (95.90) NPP was recorded in BM-1222 whereas the lowest NPP (22.70) was recorded in BM-
908. Drought stress resulted in a substantial decrease in NPP in most of the studied genotypes; the
highest reduction (63.22%) was recorded in Binamasur-6 whereas the lowest reduction (1.09%) was
observed in BM-981(Tab. 3).

3.3.7 Number of Seeds Per Plant
The highest NSP (212.10) under control condition was recorded in BARI Masur-6 whereas the lowest

NSP (68.57) was recorded in BM-680 (Tab. 3). Under drought stress, the highest (170.53) NSP was recorded
in BM-1222 whereas the lowest NSP (36.57) was recorded in BM-908. In response to drought stress a
significant decrease in NSP was observed, the highest reduction (65.49%) was recorded for BM-
507 whereas the lowest reduction (1.30%) was observed in BM-981(Tab. 3).

3.3.8 Number of Seeds Per Pod
The genotype, BM-941 showed the highest NSPP (2.14) under control condition whereas the lowest

NSPP (1.32) was recorded in Binamasur-1 (Tab. 3). Under drought stress, the highest (1.96) NSPP was
recorded in BM-941 whereas the lowest NSPP (1.23) was recorded in BARI Masur-2. A significant
decrease in NSPP was recorded in response to drought stress; the highest reduction (19.08%) was
recorded for BARI Masur-2 whereas the lowest reduction (0.55%) was observed in BM-1247.
Importantly the genotype Binamasur-1 and BM-135 showed no difference in 100-seed weight irrespective
of treatments (Tab. 3).

3.3.9 100-Seed Weight
The highest HSW (2.24 g) under control condition was recorded in BARI Masur-6 whereas the lowest

HSW (1.22 g) was recorded in BM-135 (Tab. 3). Under drought stress, the highest (2.06) HSWwas recorded
in BM-1181 whereas the lowest HSW (1.06) was recorded in BM-135. HSW showed a substantial decrease
under drought, the highest reduction (36.00%) was recorded for BARI Masur-2 whereas the lowest reduction
(4.08%) was observed in BM-119. The genotype BM-120 and BM-908 showed no difference in HSW
irrespective of control or drought stress treatments (Tab. 3).

3.3.10 Yield Per Plant
The studied genotype showed plenty of variability in YPP under drought and control conditions. The

highest YPP (4.74 g) under control condition was recorded in BARI Masur-6 whereas the lowest YPP
(1.10 g) was recorded in BM-680 (Tab. 3). Under drought stress, the highest YPP (2.35 g) was recorded
in BM-1227 whereas the lowest YPP (0.54 g) was recorded in BM-135. Drought stress resulted in a
significant decrease in YPP, the highest reduction (70.01%) was recorded for BM-507 whereas the lowest
reduction (9.01%) was observed in BM-1247 followed by BM-981, BM-1227, BM-502, and BM-477
(13.20%, 19.95%, 22.21% and 25.09%, respectively) (Tab. 3).

3.4 Study of Genetic Divergence among 30 Lentil Genotypes for Yield Related Traits
Based on Euclidean distance following Ward’s method and D2-value, 30 genotypes were grouped into

5 distinct clusters for 10 yield attributing traits (Tab. 4 and Fig. 3). Cluster II was the largest group containing
ten genotypes (33.3% of total lentil genotypes) whereas the cluster IV was the smallest group containing one
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genotype. The cluster I, III and V contained five, eight and six genotypes, respectively. The average intra- and
inter-cluster distances are presented in Tab. 5. It is observed that the inter-cluster distances were always
higher than those of intra-cluster distances (Tab. 5). Maximum intra-cluster distance (24.18) was recorded
among the genotypes of cluster V. Cluster II, the largest group containing the highest number of
genotypes showed the second highest (23.49) intra-cluster distances. The lowest intra-cluster distance
(18.61) was recorded for the genotypes in cluster III. Regarding inter-cluster distance, cluster II showed
maximum genetic distance (56.87) from cluster V followed by cluster II (52.16) from cluster I and cluster
II (51.49) from cluster III (Tab. 5). Minimum distance was found between the genotypes of the cluster III
and V (28.80).

Table 4: Number, percent and name of the genotypes in different cluster for yield attributing traits

Cluster
number

Number of
genotypes

Percent
(%)

Name of the genotypes

I 5 16.67 Binamasur-1, BM-120, BM-908, BM-1220 and BM-1222

II 10 33.33 BARI Masur-5, BM-119, BM-135, BM-477, BM-507, BM-680,
BM-941, BM-1181, BM-1227 and BM-1247

III 8 26.67 BARI Masur-1, BARI Masur-2, BARI Masur-3, BARI Masur-4,
Binamasur-5, Binamasur-8, BM-868 and BM-981

IV 1 3.33 BM-502

V 6 20 BARI Masur-6, BARI Masur-7, Binamasur-6, Binamasur-9,
BM-512 and BM-728

Figure 3: Dendrogram showing differentiation among 30 lentil genotypes for yield components according
to Ward's method (red colored rectangle indicates the individual cluster group viz., cluster I, cluster II,
cluster III, cluster IV and cluster V from the left to right, respectively)
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The results of cluster mean (Tab. 6) reflected that the early flowering (70.45 days) genotypes were
grouped into cluster V whereas the late flowering (83.50 days) genotypes grouped in cluster IV. Cluster I
included long duration (119.13 days) genotype whereas the cluster V included the short duration
(106.83 days) genotypes. Short-height genotypes (38.83 cm) were grouped into V cluster whereas the
tall-height (38.83 cm) genotypes grouped into cluster II. Cluster IV had the genotypes with high
abundance of NPB (3.45), NSB (17.63), NPP (106.18), NSP (190.60), NSPP (1.78), and YPP (2.85)
while the genotypes included in cluster I had the lowest value for most of these traits. Additionally,
cluster V included the bold-seeded genotype and clusters I and II included the small-seeded genotype.

4 Discussion

Lentil is a major crop in rained areas and an apposite candidate for drought stress tolerance research [26].
Tolerance to drought is a quantitative trait and largely depends on plant developmental stages. Lack of a
simple reliable phenotyping technique severely handicapped the speed of breeding for drought stress
tolerance in lentil. An efficient and economic pre-field phenotyping may save time and money and play a

Table 5: Average intra- and inter-cluster distance among 30 lentil genotypes for yield and yield attributing
traits. Values within the bracket ‘( )’ indicates intra-cluster distance

Cluster Groups Group I Group II Group III Group IV Group V

I 551.13
(23.48)

2720.42
(52.16)

1331.93
(36.50)

1316.50
(36.28)

1052.26
(32.44)

II 551.76
(23.49)

2650.85
(51.49)

1493.07
(38.64)

3233.97
(56.87)

III 346.19
(18.61)

1473.85
(38.39)

829.66
(28.80)

IV 417.27
(20.43)

1200.86
(34.65)

V 584.44
(24.18)

Table 6: Cluster mean for ten characters related to yield of 30 lentil genotypes

Characters Cluster I Cluster II Cluster III Cluster IV Cluster V

Days to 50% flowering 83.20 82.02 74.12 83.50 70.45

Days to maturity 119.13 116.00 107.27 113.33 106.83

Plant height (cm) 47.24 49.17 45.07 48.25 38.83

Number of primary branches per plant 3.37 3.04 3.21 3.45 3.32

Number of secondary branches per plant 14.14 14.47 14.03 17.63 14.37

Number of pods per plant 42.22 51.96 72.04 106.18 83.49

Number of seeds per plant 62.76 88.37 109.15 190.60 148.59

Number of seeds per pod 1.51 1.72 1.54 1.78 1.76

100-seed weight (g) 1.50 1.50 1.66 1.52 1.80

Yield per plant (g) 0.96 1.34 1.84 2.85 2.71
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crucial role in the selection of candidates for inclusion in field tests to be conducted in a particular
environment [27]. As far as our knowledge, this is the first report by using the same genotypes where we
showed the suitability of a laboratory based cost effective screening to omit the expensive field screening
as we found a good inter-relationship between the drought tolerances in two important plant
developmental stages in lentil, i.e., genotype(s) showed drought tolerant reaction at the seedlings stage in
pre-field condition were also showed tolerant reaction at the reproductive stage under field screening. It is
well well-known that water stress considerably reduced the shoot and root traits. Variations in root and
shoot characters have been connected with enhanced drought or water stress tolerance through
dehydration avoidance, a mechanism that allows a crop plant to thrive in water-limited environments in
pulse crops including lentil [28–30]. In several studies, significant correlations have also been found
between a deep root system and shoot growth and seed yield [30–32]. As a common response to drought
stress, plants augmented the root growth characteristics to collect more water from the root zone. Well-
developed root system and high early biomass conferred water stress tolerance in lentil that could be used
in breeding programs targeting root and shoot traits [21,30–32].

Drought stress severely restricted development and growth of plants leading to demising yield and yield
attributing traits. The results of present study showed that the genotypes exhibited a substantial variation in
germination percentage, percent seedling survivability, shoot and root traits (Tabs. 1 and 2, Appendix A) and
drought stress resulted in a noteworthy decreased in root and shoot traits (Tab. 1). Maximum reduction
percentages were recorded for shoot length, shoot dry weight, root fresh weight and root dry weight in
the drought sensitive genotypes in comparison with the tolerant genotypes. Similar outcomes in root and
shoot in response to drought stress was also reported in lentil by several research investigations
[21,26,29,30]. The findings of the present study showed that water stress substantially impacted root and
shoot biomass development indicating that these traits were negatively affected by drought stress as plant
growth and development in general. Reduced shoot and root traits as a response of drought stress has
also been demonstrated in rice (Oryza sativa L.) [33,34], wheat (Triticum durum) [35] and barley
(Hordeum vulgare) [36]. This type of growth inhibition ensued due to lower level photosynthetic pigments
synthesis, cell dehydration, osmotic imbalance, reactive oxygen species production, and improper nutrient
uptake [34,37]. However, root characters increased under drought stress in response to less favorable
conditions for aboveground biomass development and probably for more belowground (root) biomass
development to explore more space for more moisture and nutriment uptake in early stages of drought. In
contrast, under favorable conditions (well-watered treatment) aboveground biomass development increased.
These results were in agreement with the findings of Aswaf et al. [38]. High values of root and shoot traits
under water-limited conditions may be important for selection of drought tolerant genotypes. Based on the
results of our hydroponic experiment, three genotypes (BM-1247, BM-1227 and BM-502) categorized as
highly tolerant with drought scoring values of 0.27, 0.33, and 0.33 respectively with 93% seedling
survivability. Genotypes BM-1222, BM-981 and BM-477 were categorized as drought tolerant genotypes.
Nine genotypes (BARI Masur-3, BARI Masur-6, BARI Masur-7, Binamasur-1, Binamasur-5, Binamasur-6,
BM-507, BM-908 and BM-941) were categorized as categorized as highly sensitive to drought stress
showing seedling survivability less than 30%. The phenological appearance clearly separated the susceptible
and tolerant genotypes (Fig. 2) indicating the suitability of the phenotyping techniques to separate the
drought tolerant genotypes from a large and diverse germplasm at the early stages of plant growth.

The outcomes of the field experiment reflected that the genotypes displayed significant (p < 0.01)
variations in performance for all of the studied traits related to yield (Appendix B) grown under control
and drought stress environments. These results were fully in consent with the findings of other research
groups [4,39–42]. In this study, genotypes showed maximum variations for the traits number of pods per
plant, seeds per plant, 100-seed weight and yield per plant under drought stress condition and those
variations might be created due to the result of genotypic or due to environmental factors. Water stress
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during grain filling significantly reduced yield and yield contributing traits (Tab. 3). Plants encountered
drought stress through multiple approaches through cell to ecosystem level. Drought escape is the one of
the classical adaptive mechanisms employ by plants to overcome drought stress. In this experiment,
drought stress conferred a substantial reduction in days to 50% flowering as well as days to maturity.
This is because when a crop plant is exposed to drought stress condition, it requires less time to complete
its normal life cycle since stress condition shortens the life cycle compared to control conditions due to
many factors competing with the growth of the plants such as insufficient nutrient, unavailability of soil
moisture etc. which ceases the normal growth and development of crop leading to the forced earliness in
flowering and maturity. Similar results have also been reported in other crops by several research groups
[43,44]. Importantly, the genotypes identified as high tolerant and tolerant showed little changes in days
to 50% flowering and days to maturity as compared to the drought sensitive genotypes which indicates
that the genotypes might have different drought tolerance mechanism except drought escape.

In the present experiment, imposition of drought stress also significantly reduces the yield and yield
attributing traits such as number of primary branches per plant, plant height, number of secondary
branches per plant, number of seeds per plant, number of pods per plant, 100-seed weight and number of
seeds per pod. A similar decrease in yield contributing traits in lentil under the condition of drought stress
was also observed by other researchers [45,46]. Significant reduction in plant height was also observed
by Bayoumi [47] and Hussain et al. [41]; number of pods per plant [9]; number of seeds per plant
[48–50]; number of seeds per pod [48]; 100-seed weight [47–49,51] and yield per plant [9,52] in lentil.
The reduction in seed weight due to stress is primarily attributed to a reduction in starch accumulation in
leaves and seeds, which was linked to a reduction in the activity of the starch-synthesizing enzyme as
well as poor availability of sucrose to seeds that ultimately leads to the yield per plant [45,46].
Importantly, approximately 40% to 70% yield reduction occurred in local cultivars as well as most of the
exotic genotypes under drought stress. On the other hand, lower yield reduction might be desirable for
drought stress tolerance. Based on this criterion, the genotypes BM-1247, BM-981 and BM-
1227 categorized as high drought tolerant genotypes as these three genotypes showed lower yield
reduction (9%, 13.20% and 19.95%, respectively) in comparison with other genotypes. Importantly these
genotypes also showed a less reduction in root and shoot attributes under hydroponic conditions,
indicating the correlation of drought tolerance between lab and field screening in two developmental
stages. BM-507 (70%) was the most sensitive to drought stress followed by Binamasur-6 (65.83%), BM-
135 (62.58%) and BARI Masur-4 (58.3%). This result showed consistency with Salehi et al. [9], Ali
Akbar et al. [53], Babayeva et al. [51] and Hoque [49]. Importantly, these genotypes also showed higher
root and shoot reduction traits and lower seedling survival under hydroponic condition. Thus, indicated
the relationship of drought sensitivity between lab and field screening at the seedling and maturity stages.

Cluster analysis of ten yield and yield contributing traits and their relative contribution towards the total
genetic divergence are presented in Tab. 4 and Fig. 3. Based on D2 value, the genotypes of the present
experiments were grouped into five clusters (Tab. 4, Fig. 3). The distribution pattern disclosed that cluster
II contained 10 genotypes (one cultivated variety from Bangladesh and 9 genotypes from ICARDA)
which was the largest one contained 33.3% of the total genotypes. This cluster also contained the
maximum number of drought tolerant genotypes (BM-1227 and BM-1247). Importantly, maximum
Bangladeshi cultivars were placed in the cluster III including two genotypes from ICARDA. Cluster IV
was the smallest group containing only one genotype (BM-502) of the total genotypes which was tolerant
to drought stress at the seedlings stage. These results indicated that there is no relationship between
cluster groups based on geographic distribution and genetic diversity of lentil in this study. Surprisingly
in the same cluster several genotypes from different geographical origins as well as tolerant and
susceptible genotypes were found. Thus indicated that the genetic divergence is an outcome of several
factors such as changing of breeding material, parent’s selection, genetic drift, natural variation and
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artificial selection other than ecological and geographical diversification. It is noted that most of the released
varieties of Bangladesh were developed through the collaboration with ICARDA and most of the cases the
ancestors are probably the same. However, they might be different for few plant specific root, shoot or yield
contributing traits. These findings also suggesting that parental selection should be made on the basis of
systematic assessment of genetic distance in a specific population rather than on geographic difference.
Similar clustering pattern in lentil was also reported by others [4,47,54].

The results of the present study indicated that the magnitude of inter-cluster distance was higher than
intra-cluster distance in most of the cases indicating wider divergence among the studied genotypes of
this group (Tab. 5, Fig. 3). The finding was in harmony with the findings of other researchers [55,56].
The highest intra-cluster distance was found in cluster V indicating that the genotypes belonged to the
cluster V was more heterogeneous. In cluster III, genotypes were comparatively more closely related as
intra-cluster distance among the genotypes was low. Importantly, the genotypes gathered in one cluster
are not sharply diversified. In case of inter-cluster distance, cluster V and cluster II showed maximum
inter-cluster distance followed by cluster II and cluster I (Tab. 5, Fig. 3) which indicated that efficient
breeding program could be formulated to improve yield potential by hybridization and selection of
superior genotypes. Hence, genotypes included in these clusters were genetically diverse and might give
rise to high heterotic response in segregating generation. The finding was in line with Paliya et al. [57]
and Gupta et al. [39]. Minimum inter-cluster distance was found between cluster III and cluster V which
suggested that the genotypes of these clusters were genetically least diverse and almost of the same
genetic architecture. The crosses between the genotypes of theses cluster are unlikely to generate
promising recombinants in segregating generations. However, genotypes with minimum inter-cluster
distances might also be used in breeding programs for bi-parental crosses between the most diverse and
the closest groups to break the awful linkages between yield and its associated traits.

From cluster mean, maximum good characters were accumulated in cluster IV and importantly the
highest seed yield (2.85 g/plant) was obtained in this cluster. But it was interesting that in the entire cases
cluster II produced the highest inter cluster-value with all other clusters. Therefore, the genotypes of
cluster II and IV can be used in hybridization program to produce higher yielding genotypes. Mean
values of cluster groups revealed that secondary branches per plant, pods per plant, seeds per plant, 100-
seed weight and yield per plant were the high significant divergent traits contributing to the total
divergence suggesting that these traits were the most important traits under drought condition that was
positively correlated with yield per plant [58] and the additive gene action was predominant among the
genotypes for these traits. Again, days to maturity, days to 50% flowering, number of primary branches
and seeds per pod had a moderate contribution towards the total divergence indicating the non-additive
gene action controlling these traits. The findings of the present study suggested that the material involved
in this study had sufficient amount of diversity for important agronomic traits and may be exploited with
great extent by resorting to hybridization which subsequently would result into the development of
superior varieties.

5 Conclusion

Our studies clearly demonstrated that the imposition of drought stress at the seedlings stage and/or
reproductive stages significantly impacted plant growth and development, and reduced the yields and
yield attributing traits. A close correlation was observed between the laboratory- and field-based
screenings for drought stress tolerance. Significant variability and diversity were observed among the
studied genotypes. The findings of the present study might be useful for lentil breeding programs to
enhance productivity under drought stress.
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Appendix A: Analysis of variance (ANOVA) for six morphological traits of 30 lentil genotypes at the seedling
stage grown under laboratory conditions

SOV DF RL SL RFW RDW SFW SDW

G 29 43.104** 5.640** 20.086** 0.040** 69.539** 2.210**

T 1 352.548** 4742.071** 2867.110** 12.309** 6244.814** 190.262**

G � T 29 7.619** 8.053** 12.958** 0.029** 44.195** 1.245**

Error 118 0.145 0.279 0.266 0.001 0.858 0.069
Note: ** indicate significant at 1% level of probability respectability, [Here, SOV = Sources of Variation, DF = Degrees of Freedom, G = Genotype, T
= Treatment, G � T = Genotype� Treatment, RL = Root Length (cm), SL = Shoot Length (cm), RFW = Root Fresh Weight (mg), RDW = Root Dry
Weight (mg), SFW = Shoot Fresh Weight (mg) and SDW = Shoot Dry Weight (mg)]

Appendix B: Analysis of variance (ANOVA) for yield and yield contributing characters of 30 lentil genotypes
grown under field conditions

SOV DF DFF DM PH NPB NSB NPP NSP NSPP HSW YPP

R 2 1.610 6.818 10.15 0.009 0.729 8.74 9.32 0.008 0.022 0.078

T 1 142.222** 211.250** 7168.28** 0.133* 441.174** 36672.47** 122954.20** 0.427** 0.559** 46.594**

G 29 371.091** 262.465** 214.56** 0.835** 15.733** 1915.86** 6804.30** 0.153** 0.254** 2.677**

G � T 29 4.659* 3.825* 43.67** 0.351** 5.173** 591.34** 1790.68** 0.010** 0.056** 0.658**

Error 118 2.881 2.406 1.89 0.032 0.297 7.78 21.76 0.005 0.012 0.023

Note: *and ** indicate significant at 5% and 1% level of probability, respectively, [SOV = Sources of variation, DF = Degrees of freedom,
R = Replication, G = Genotype, T = Treatment, G � T = Genotype � Treatment, DFF = Days to fifty percent flowering, DM = Days to maturity,
PH = Plant height (cm), NPB = Number of primary branches per plant, NSB = Number of secondary branches per plant, NPP = Number of
pods per plant, NSP = Number of seeds per plant, NSPP = Number of seeds per pod, HSW = 100-seed weight (g), YPP = Yield per plant (g).]
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