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Abstract

Four lentil genotypes/varieties BLX-010014-9, ILI-5143, BARI Mosur-3 and BARI
Mosur-2 were given irrigation regimes (with and without irrigation) to evaluate the
physiological indices of genotypes against drought stress. The experiment was conducted
during rabi (winter) season of 2017-18 under pot culture at the Plant Physiology Division
of Bangladesh Agricultural Research Institute (BARI). The experimental design was
randomized completed block (RCBD) with six replications. Irrespective of
genotypes/varieties, physiological parameters as well as seed yield were greatly affected
due to irrigation regimes. Based on physiological parameters like accumulation of
chlorophyll, enzymatic and non-enzymatic antioxidantthe genotype BLX-010014-9 was
found to be drought tolerant due to its higher and lower values of enzymatic and non-
enzymatic antioxidant indices (greater CAT, POD, APX and lower MDA) across the
irrigation levels treatment. This genotype may be further explored to characterize its
genes and mechanisms against drought stress for increased lentil production and way to
developing the drought tolerant variety/varieties.

Introduction

Among the various abiotic stresses, drought is a great crop yield limiting phenomenon in many areas of
the world (Rahimi, 2016). Directly or indirectly, drought affects at morphological, physiological,
biochemical and molecular levels of crops (Saeedipour, 2012) that adversely reduce the plant growth
and productivity (Wang et al., 2001). Estimated yield reduction for cereal crops like maize and wheat
were up to 21% and 40%, respectively due to severe drought as reported by Daryanto et al. (2016).
Legume crop like lentil is also vulnerable to drought stress at reproductive growth stage that limits its
yield (Farooq et al., 2016) by 6 to 54% (Oweis et al., 2004). Acclimation of plants to drought stress is
the result of adaptive changes in plant growth and physiological processes. It is well known that abiotic
stresses can cause oxidative damage to plants, either directly or indirectly through the formation of
reactive oxygen species (ROS) while plants survive with the increasing production of antioxidant
enzyme like ascorbate peroxidase (APX, EC.1.11.1.11), catalase (CAT, EC 1.11.1.6) and peroxide
dismutase (POD, EC 1.15.1.1) which can scavenge ROS as a physiological mechanism of drought
tolerance (Das and Choudhary, 2016). So, this mechanism can play a vital role for breeder to identify
lentil genotypes, keep on high level yield production under drought conditions. Earlier Ahmed et al.
(2016) observed the genotype BLX-010014-9 as most drought tolerant giving comparative relative
yield where physiological mechanism is needed to be explored. Hence, this experiment was conducted
to explore the changes in physiological responses against drought tolerance indices of lentil.
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Materials and Methods

An experiment was conducted in pot house of Plant Physiology Division of BARI to evaluate the yield
differences and physiological mechanism of lentil genotypes against drought tolerance indices. The
experiment was conducted during November, 2017 to February, 2018. Earlier selected four lentil
genotypes/varieties, BLX-010014-9, 1LI-5143, BARI Moshur-3, and BARI Moshur-2 based on their
relative yield performance under drought conditions were used in this experiment under. The test crops
were grown under irrigation (control) and drought (no irrigation) conditions. The control plants were
maintained with proper irrigation started at 30 days after sowing (DAS) while the other set of plants
were subjected to water stress by withholding irrigation during whole growing period. The study was
laid out in Randomized Complete Block Design with six replications and each pot was considered as
one replication. To carry out the experiment total 48 (26 cm top diameter, 20 cm base diameter and 25
cm in height) pots were arranged with placement of 24 pots in two replicate blocks in the pot house.
Soil and well decomposed farm yard manure were mixed properly in 4:1 volume ratio and kept in each
pot containing 12 kg of soil. Fertilizers @ 12-16-20-12-1.0-0.5 kg ha™ of N-P- K-S-Zn-B were applied
in the form of urea, triple super phosphate, muriate of potash, sulphur and zinc sulphate and boron,
respectively (FRG, 2012). Each pot received double rate of 0.16-0.48-0.24-0.42-0.16-0.018 g urea,
triple super phosphate, muriate of potash, sulphur and zinc sulphate and boron, respectively. Provax-
200 WP treated seeds were sown on 27 November, 2017. Seven to ten healthy and uniform size seeds
were sown each pot as per variety arrangement. Subsequently, five healthy seedlings in each pot were
maintained. Crop growth and physiological parameters were recorded with time. To measure the
physiological parameters sampling was done on sunny days within the period of 11.00 am to 1.30 pm
when drought stress symptoms were visible in crops.

Physiological parameter
Chlorophyll accumulation of leaves (mg g™ FW)

Second or third leaf sample from plant of each plot was collected and weighed out in 0.5 g (fresh
weight). Then the sample was treated using 10 ml (V) of 80% acetone approximately 48 hours until the
leaf turned white under dark condition. The optical density was measured with UV-1800
spectrophotometer (Shimadzu, Japan) against 80% acetone as blank at 663nm (OD663) and at 645 nm
(OD645) for chlorophyll a (Chl a) and chlorophyll b (Chl b), respectively. The chlorophyll
concentrations (Chl) were determined using following formula as described by Arnon (1994).

Chla(mg g?) = [12.7 (OD 663)-2.69(0D645)] x v/ (1000xW)
Chl b (mg g™) = [22.9 (OD 645)-4.68(0D663)] x v/ (1000 xW)
Total Chlorophyll (mg g™) = [20.2 (OD 645) + 8.02 (OD 663)] x V// (1000xW)

Bio-chemical analysis
Enzyme extraction and Assays

To perform bio-chemical analysis fully expanded 3™ leaf from the top of plant of each plot was
collected and kept in laboratory within zipper bag keeping in ice box. Using a pre-cooled mortar and
pestle, 0.5 g of leaf tissue was homogenized in 8 ml of 50 mM ice-cold Tris-HCI buffer buffer (pH 7.2)
containing 1mM Na,HPO.12H,0 and 1mM NaH,P04.2H,0. The homogenates were centrifuged at
10,000xg for 20 minute. Supernatants were collected after centrifugation and used to determine
biochemical compounds such as CAT, POD and MDA. The collected supernatant was stored at 4 °C
temperature until use. AIll biochemical activities were performed by SHIMADZU UV
spectrophotometer (UV-1800).

Catalase (CAT, EC: 1:11:1.6): Catalase activity was carried out in a 3-ml reaction volume containing
2.8 ml of 50 mM Tris-HCI buffer (pH 7.2, not containing EDTA), 100 pul of enzyme extract and 100 ul
of 300 mM H202 from 30% H,0, was taken in a quevette which was placed in measuring chamber of
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UV spectrophotometer. Activity was determined at 240 nm wavelength, which measures the decrease
in absorbance for 30 second. The activity was calculated using the extinction coefficient of 39.4 mM
cm* according to Wu et al. (2003).

Peroxidase (POD, EC 1.11.1.7): POD activity was carried out in a 3-ml reaction volume containing
2.7 ml of 50 mM Tris-HCI buffer (pH 7.2, not containing EDTA), 100 pl of enzyme extract and 100 ul
of 1.5% Guaicol, 100 pl of 300 mM H202 from 30% H,0O, was taken in a quevette which was kept in
measuring chamber of UV spectrophotometer. Activity was determined at 240 nm wavelength, which
measures the decrease in absorbance for 1 min. The activity was calculated using the extinction
coefficient of 39.4 mM cm™according to Wu et al. (2003).

MDA (Lipid peroxidation) assays:

Malondialdihyde (MDA) (lipid peroxidation) was measured as per protocol of Wu et al. (2003). 1.5 ml
plant enzyme extract and 2.5 ml reaction solution (5% Trichloroacetic acid + 0.6% thiobarbituric acid)
was mixed together in a small tube and gave in hot water bath at 95 °C for 15 minutes and then gave
immediately in ice bath. Subsequently, the reaction solution was centrifuged @ 4800 rpm for 10
minutes. The absorbance of the supernatant was recorded at 532 nm. Correction of non-specific
turbidity was made by subtracting the absorbance value read at 600 nm. The level of lipid peroxidation
was expressed as nmol g~ fresh weight, with a molar extinction coefficient of 0.155 mMcm ™.
Ascorbate peroxidase (APX, EC: 1.11.1.11) activity was assayed following the method of Chen et al.
(2010). The reaction buffer solution contained 50 mM K-phosphate buffer (pH 7.0), 0.5 mMASC, 0.1
mM H,0,, 0.1 mM EDTA, and enzyme extract in a final volume of 0.7 ml. The reaction was started by
the addition of H,0,, and the activity was measured by observing the decrease in absorbance at 290 nm
for 1 min using an extinction coefficient of 2.8 mM ™' cm™.

Agronomic Parameters

At maturity stage three plants from each treatment combination were collected and agronomic
parameters like plant height, pods plant®, seeds pod™, 100-seed weight and seed yield plant™ was
recorded.

The recorded data were statistically following MSTAT-C. The treatment means were compared by
Least Significant Difference (LSD) test at 5% level of significance (Gomez and Gomez, 1984).

Results and Discussion

Synthesis of antioxidant enzyme under drought condition

Stress generally induces accumulation of free radicals or ROS and causes oxidative fracture in plant
cells. The synthesized antioxidant enzyme by stressed cultivars/varieties scavenges the ROS. Overall,
activity in synthesis of antioxidant enzyme like POD, CAT, APX, and MDA by different lentil
genotypes under drought stressed compared with the unstressed is given below.

Drought tolerance or sensitivity of a genotype/variety is positively related with synthesize of
antioxidant enzyme (Chutipaijit, 2016). Water stress significantly increased POD activity in all
cultivars except the genotype ILI-5143. BARI Mosur-2 and BLX-010014-9 synthesized 15.73% and
12.95% higher POD under drought condition comparing with control. The genotype ILI-5143
synthesized 86.0% lower POD which indicates the drought sensitivity of it (Figure 1A). The measured
activities of an antioxidant enzyme like ascorbate peroxidase (APX) were synthesized significantly
higher in genotype/cultivar BLX-010014-9 and BARI Mosur-3 under drought and control (irrigated)
conditions. The genotype/variety BLX-010014-9, ILI-5143 and BARI Mosur-2 synthesized 327.4%,
336.9% and 95.4% higher APX under drought environment over control (Figure 1B).
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Fig. 1. Effect of drought stress on enzymatic antioxidant (A) Peroxide dismutase (POD), (B)

Ascorbate peroxidase (APX), (C) Catalase (CAT) and non-enzymatic antioxidant (D)
Malondialdihyde (MDA) activities in lentil genotypes/varieties comparing with control

Catalase activity (CAT) was measured in four lentil varieties/cultivars when wilting symptom was
sharply appeared under drought condition (Figure 1C). Compared with the control, there was
significantly higher CAT activity upon exposure to drought stress in genotype/cultivar BLX-
010014-9 and BARI Mosur-2. The accumulation of higher level CAT enhanced scavenging ability for
H,O, in cultivar BLX-010014-9 and BARI Mosur-2 inhibited the accumulation of ROS and thus
protected the plants from lipid peroxidation of membrane systems and oxidative damages under
drought stress. Cell membrane damage was monitored by MDA (malondialdehyde) content of the leaf
and which showed maximum values in all the studied lentil varieties/genotypes subsequent to water
stress condition thus reflects the lower extent of tolerance to drought. Hameed et al. (2011) reported
that higher drought tolerance cultivar shows lower MDA value when subjected to stress. All species
exhibited a significant rise in their MDA content subsequent to drought stress except for genotype
BLX-010014-9. At this point, the increase was much higher in BARI Mosur-3 and ILI-5143 which was
75.6% and 65.1%, respectively over control. The lowest MDA value was found in genotype BLX-
010014-9 which was 26.7% over control (Figure 1D). Consequently the higher values of antioxidant
enzymes and lower value of MDA suggested the genotype BLX-010014-9 as drought tolerant which
can prevent the cell membrane damages effectively under drought stress.

Effect of drought stress on accumulation of photosynthetic pigment

All genotypes significantly reduced the accumulation of chlorophyll pigment like chlorophyll a,
chlorophyll b and total chlorophyll when subjected to drought stress. Under restricted water supply
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condition the variety BARI Mosur-3 significantly reduced the (55.1%) chlorophyll a pigment over
control. But, all cultivars/varieties showed the significant inverse relations under drought for the
accumulation of chlorophyll b pigment. Chl b content decrease was evaluated till 25% in genotype
BLX-010014-9 and 53% in variety BARI Mosur-3. Total chlorophyll content decreased in BLX-
010014-9 by (33.9%), ILI-5143 (34%) and BARI Mosur-3 (51.0%), and increased in BARI Mosur-2
(2.60%). The reduction of total chlorophyll (Chl, a+b) under drought stress indicates the inferior
capacity for light harvesting by genotypes. Similarly, the result of the study agreement with the study
of Mafakheri et al. (2010) who described that drought stress significantly decreased chlorophyll a,
chlorophyll b and total chlorophyll content Chickpea cultivars.
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Fig. 2. Accumulation of Chl a, Chl b and total Chlorophyll (a+b) of different lentil genotypes/varieties
under drought condition

Morphological growth, yield contributing and yield parameters of Lentil

Irrespective of lentil varieties the plant height was reduced 10.86% under drought condition over
control (Table 1). Genotype IL1-5143 showed the tallest plant (38.62cm) and followed by the genotype
BLX-010014-9 (33.65cm) along with irrigation. Even both cultivars had better performance under
drought conditions (33.29, 31.27cm, respectively) over others. BARI Mosur-2 showed shorter plants
(25.85cm) with drought treatment even it was poor (30.25cm) in irrigated condition compare to others
indeed (Table 1). The declination of plant height in drought stress can be owing to the relative
reduction of augmentation and water loss of the protoplasm (Nonami, 1998) which causes to the
reduction of turgor pressure and cell division (Taiz and Zeiger, 2006). Yield supporting components act
as a noble indicators under drought stress and our study showed the significant reduction in number of
pods plant™, 100-seed weight and yield under drought stress condition. Similarly, Asfaw and Blair
(2014) also reported that yield and yield supporting components were reduced significantly in common
beans under drought stress. Irrespective of genotypes/varieties the highest number of pods plant™ were
found when they were grown under irrigated condition which was 24.7% higher over drought
condition. The genotype BLX-010014-9 showed the highest pods plant™ (45.63) followed by the
genotype I1L1-5143 (42.13) irrespective of irrigation treatments. Combined effect showed that the
genotype BLX-010014-9 under control condition produced the highest pods plant™ (45.63) while the
variety BARI Mosur-3 under drought condition produced the lowest pods plant™ (22.34) (Table 1). The
number of pods in plant™ were reduced under drought stressed over the irrigated condition might be
due to reduction in flower fertilization and aggregate of flower shattering. The maximum 100-seed
weight was recorded in genotype BLX-010014-9 and ILI-5143 (22.73 g and 22.38 g, respectively)
under irrigated conditions and the lowest was in ILI-5143, BARI Mosur-3 and BARI Mosur-2 (20.31,
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20.11, 20.10 g, respectively) under without irrigation condition (Table 1). Irrespective of varietal
difference seed yield plant™ was reduced 39.0% under drought condition might be due to the reduction
in number of pods  plant™. This finding is corroborated with the results of Pilbeam et al. (1992) who
opined that grain yield of legume decreases greatly under drought condition due to the reduction of
pods plant™. Combined effect showed that BLX-010014-9 under watery condition produced the highest
seed yield (2.65 g plant™) which was attributed by the maximum number of pods in plant™. The grain
yield was decreased 29.0%, 29.8%, 49.0% and 52.0% for genotypes BLX-010014-9, ILI-5143, BARI
Mosur-3 and BARI Mosur-2, respectively when those were given no irrigation.

Table 1. Combined effect of irrigation regimes and genotypes on growth, yield and yield attributes of
lentil during rabi 2017-2018

Irrigation Genotype/Variety  Plant Pods Seeds pod™ 100-seed Yield

regimes height  plant™ (No.) weight (g)  plant™
(cm) (No.) (9)
BLX-010014-9 33.65 45.63 1.96 22.73 2.65
Control (with IL1-5143 38.62 42.13 1.56 22.38 2.52
irrigation) BARI Mosur-3 31.20 26.39 1.52 21.35 221
BARI Mosur-2 30.25 35.26 131 21.31 2.13
BLX-010014-9 31.27 36.32 1.63 21.56 1.86
Drought (no IL1-5143 33.29 35.81 1.50 20.31 1.79
irrigation) BARI Mosur-3 28.63 22.34 1.12 20.11 1.12
BARI Mosur-2 25.85 25.34 1.15 20.10 1.02
CV (%) 5.43 9.63 0.34 4.21 7.52
LSD (s, 11.3 22.3 NS 1.23 1.36

Conclusion

The results showed that large genetic variations were evident as drought tolerant trait. Genotype BLX-
010014-9 was found comparatively tolerant to drought stress as compared to others by showing the
pertinent physiological indices like greater CAT, POD, APX and lower MDA. So, BLX-010014-9
would be a potential genotype for cultivating in the drought prone areas and also be used for
development of the drought tolerant variety/varieties of lentil.
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