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ABSTRACT

Lentil (Lens culinaris Medik.) is valued throughout the world for human and animal nutrition because of its high protein,
vitamin, and mineral contents. Lentil production has decreased worldwide due to global warming. Although the physiological
parameters of lentil plants have been examined under drought conditions, its tolerance mechanism has not been fully
elucidated yet. In this study, lentil seedlings following germination were exposed to drought stress using 15% polyethylene
glycol (PEG) application for 7 days. The untreated control plants were allowed to grow under conditions similar to that of
germination. Oxidative stress responses (relative water content, chlorophyll content, H,0, formation, lipid peroxidation, and
proline accumulation) were compared in leaf samples of experimental and control group plants grown for 7 days under
drought stress. Although the physiological and biochemical responses of the cultivars Firat 87 and Ciftci were close to each
other, proline accumulation, malondialdehyde, and H,0, levels were found to increase in the Sultan cultivar. Thus, it can be
concluded that Firat 87 and Ciftci cultivars are more resistant to drought than the Sultan cultivar.
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INTRODUCTION

Lentil, one of the earliest known cultivars since the Neo-
lithic period, has a special preference for less soil selec-
tivity, more resistance to cold season, and constancy. It
is valued throughout the world for human and animal
nutrition because of its high protein, vitamin, and min-
eral contents. Lentil is a high energy and protein source
containing 75% carbohydrate, 21% protein, and 4% fat
and also rich in thiamine, iron, phosphorus, and copper
(1). There are many lentil varieties registered in a large
part of Turkey, especially in the Southeastern Anatolia
Region.

Most of the lentil growing countries face a significant
decrease in plant growth and yield due to abiotic and
biotic stresses. The plants therefore try to cope with dif-
ferent environmental factors. In plants, drought stress
is one of the most common environmental factors af-
fecting growth and fertility while causing several meta-
bolic, mechanical and oxidative changes (2). Therefore,
identifying the plant species resistant to drought stress

and understanding the tolerance mechanisms can play
an important role in coping with drought conditions
(3). Compared to other cultivated species, although
lentil is relatively resistant to drought, severe drought
stress experienced during specific developmental peri-
ods can cause yield and quality losses.

Due to drought stress, plants that are exposed to os-
motic stress accumulate substances known as osmo-
lites that provide continuation of the turgor pressure.
Osmotic protectors accumulate in the cytoplasm and
large organelles and are virtually absent in the vacuole.
Osmotic regulation involves the active accumulation
of organic and inorganic substances in the cell, in re-
sponse to decrease in environmental water potential.
The accumulated organic compounds are stable in the
cell, are not easily metabolized, and do not have any ef-
fect on cellular functions even in the case of accumula-
tion in higher concentrations (2). During drought stress,
the relative water content (RWC) of the leaves in plants
decreases the rate of photosynthesis (4). It is known
that photosynthetic activity is inhibited by drought
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stress because the balance between the amount of light ab-
sorbed and the light used by the leaves is impaired (5). Under
these conditions, the balance between the formation and the
use of electrons in photosystem Il is degraded. These photo-
chemical changes in the chloroplasts of plants under drought
stress cause the formation of active oxygen derivatives (0,™', 0,,
H,0,, and OH) in tissues (6). Sairam et al. (7) investigated the
role of antioxidant systems in wheat varieties under drought
stress conditions. Drought increased H,O, accumulation and
lipid peroxidation in plants while reducing ascorbic acid con-
centrations. Several studies have shown that drought stress
causes an increase in proline which is an important parameter
in determining the extent of tolerance to drought (8-11).

We conducted an experiment using lentil cultivars to determine
the changes in physiological responses caused due to drought
stress. Measurements included plant height, total chlorophyll,
proline and H,0, contents, RWC, and lipid peroxidation using
malondialdehyde (MDA) content. All the parameters are mea-
sured from leaf samples of control and experimental group
plants grown for 7 days under drought stress.

MATERIALS AND METHODS

Seed Germination and Drought Stress Application

Lentil seeds (Lens culinaris Medik.) were supplied by the South-
eastern Anatolia Agricultural Research Institute (cultivars
Firat87, Ciftci, and Sultan).The seeds were screened for size
homogeneity and surface-sterilized for 15 min in 5% (w/v)
Ca(0Cl), followed by rinsing and soaking in distilled water. Len-
til seeds were grown in perlite medium for 7 days and irrigat-
ed with 0.5% Hoagland nutrient solution (5 mM KNO,, 5 mM
Ca(NO,),, 1 mM MgS0,, 5 mM KH,PO,, 0.1 mM FeEDTA, 46 mM
H,BO,, 45 mM MnCl,, 3.8 mM ZnSO,, 0.3 mM CuSO,, 0.1 mM
NH,Mo0.) (12). A mixture of polyethylene glycol (PEG, 15%) dis-
solved in 0.5% Hoagland nutrient solution was applied to 7-day
old seedlings. All experiments involving germination and plant
growth were carried out at a temperature of 25+2°C in the cli-
mate chamber with a constant relative humidity set at 65+5%.
Light intensity was set to 14,500 lux (16 h day/8 h dark). The
experiment lasted for 14 days that included 7 days each for ger-
mination and drought stress. The entire study was performed in
three biological and technical replicates.

Relative Water Content Determination

Young leaf samples taken at the end of the stress stage were
weighed immediately to determine the fresh weight (FW), and
samples were immersed in distilled water for 4 h to determine
the turgor weight (TW). These samples were then dried at 60°C
for 24 h in a circulating air dryer to determine the dry weight
(DW) (13). RWC of the leaves was calculated using the following
formula:

RWC (%) = [(FW-DW) / (TW-DW)] x 100

Chlorophyll Determination
The leaves were extracted using80% acetone, and the absor-
bance was measured at 400-750 nm using a microplate reader
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(Biotek Epoch™ Microplate Spectrophotometer). Chlorophyll
was expressed on an FW basis (ug/g) using the following for-
mula (14):

Chlorophyll a (ug/g) = (11.6 x A_,) —(0.14 X A_,) — (0.14A

645

VvVl

630)

Chlorophyll b(ug/g) = (20.7 x A,,.) — (434 x A ) — (442A ). v/V]

665) 630)

Lipid Peroxidation Determination

Lipid peroxidation in plants is expressed as MDA content. Based
on the method of Sairam and Saxena (15), approximately 100
mg of plant parts was homogenized with2 mL of 5% trichloro-
acetic acid (TCA). The extracts were centrifuged at room tem-
perature at 10,000 rpm for 15 min, and 1 mL of the supernatant
was added to a mixture of 20 mL of TCA and 4 mL of 0.5% thio-
barbituric acid solution; this mixture was incubated for 30 min
at 96°C, rapidly cooled in an ice bath and centrifuged at 10,000
rpm for 10 min. The absorbance was measured at 532-600 nm
on a spectrophotometer (Biotek Epoch™) and expressed as
pmol/mg FW.

Proline Determination

Approximately 0.5 g of the leaves sample was homogenized
with 10 mL of 3% sulfosalicylic acid and filtered using a What-
man No.2 filter paper. Proline concentrations in the extract were
spectrophotometrically determined as reported by Bates et al.
(16).

H,0, Determination

Based on the method of Teranishi et al. (17), approximately 500
mg of plant tissue was homogenized in cold buffer containing 5
mL of 3% (w/v) TCA. The homogenate was centrifuged at 12,000
rpm for 15 min, and 0.5 mL of the supernatant was added to a
mixture of 0.5 mL of 100 mM potassium phosphate buffer (pH
7.0) and 1 mL of 1 M potassium iodide solution. The absorbance
was measured at 415 nm on a spectrophotometer (Biotek Ep-
och™) and expressed as umol/mg FW.

Statistical Analysis

Values presented in Table 1-3 are expressed as mean + standard
deviation (SD) of three biological and technical replicates. Stu-
dent’s t-test (two-tailed) was done to analyzed statistical dif-
ferences between groups using GraphPad Prism 5 software. p
values less than 0.05 were considered to be significant.

RESULTS

Drought is one of the most important factors limiting lentil
production in arid and semi-arid regions. Relationships among
relative water, proline, chlorophyll, lipid peroxidation, and H,O,
contents were determined to identify whether those physiolog-
ical parameters could be used as the genotypic selection crite-
ria for drought tolerance. The above-mentioned parameters for
the lentil cultivars Firat 87, Sultan, and Ciftci are shown in Table
1-3, respectively.

In the case of Firat 87 cultivar, the plants in the 7* day stressed
group showed a significant growth in stressful condition com-
pared to control group (®p< 0.05). The RWC ratio of the plants
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Table 1. Changes in morpho-physiological parameters in Lens
culinaris cultivar Firat 87

7t day stressed

Parameters Control group
Plant height (cm) 22.9%0.13 19.03+0.152
RWC (%/plant) 85.22+0.21 82.53+0.16
Chl a (ug/g FW) 3.18+0.04 3.21+0.07
Chl b (ug/g FW) 3.68+0.05 3.71£0.06
Proline content (umol/g FW) 0.368+0.16 3.87+0.15°
H,0, content(umol/g FW) 0.016+0.16 0.018+0.12
MDA content(umol/g FW) 6.62+ 0.05 6.72+0.09

All the measured parameters from leaf samples of control and
experimental group plants grown for 7 days under drought stress are
given below. Chl, chlorophyll; FW, fresh weight; RWC, relative water
content; MDA, malondialdehyde

*Mean=SD of three biological and technical replicates.

2p<0.05 versus control

bp<0.01 versus control

Table 2. Changes in morpho-physiological parameters in Lens
culinaris cultivar Sultan

7t day stressed

Parameters Control group

Plant height (cm) 31.320.14 20.5+0.152
RWC (%/plant) 85.22+0.41 60.23+0.36°
Chl a(pg/g FW) 2.68+0.04 2.01+0.05°
Chl'b (ug/g FW) 5.98 +0.34 4.01+0.28°
Proline content (umol/g FW) 0.31+0.26 5.51+0.412
H,0, content(umol/g FW) 0.017+0.37 0.86+0.26°
MDA content(umol/g FW) 4.42+0.05 7.12£0.12°

All the measured parameters from leaf samples of control and
experimental group plants grown for 7 days under drought stress are
given below. Chl, chlorophyll; FW, fresh weight; RWC, relative water
content; MDA, malondialdehyde

* MeanzSD of three biological and technical replicates.

2p<0.01 versus control

Table 3. Changes in morpho-physiological parameters in Lens
culinaris cultivar Ciftci

7t day stressed

Parameters Control group
Plant height (cm) 24.9£0.17 19.24+0.172
RWC (%/plant) 84.22+0.11 82.24+0.15
Chla (ug/g FW) 3.08+0.09 3.12+0.07
Chl b(ug/g FW) 3.78+0.07 3.52+ 0.06
Proline content (umol/g FW) 0.365+0.22 3.95+0.28°
H202 content(umol/g FW) 0.012+0.19 0.014+0.13
MDA content (umol/g FW) 5.63+ 0.06 5.82+0.16

All the measured parameters from leaf samples of control and
experimental group plants grown for 7 days under drought stress are
given below. Chl, chlorophyll; FW, fresh weight; RWC, relative water
content; MDA, malondialdehyde

*Mean=SD of three biological and technical replicates.

?p<0.05 versus control.

bp<0.01 versus control.
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in the stressed group did not show any significant differences
when compared to control. A similar trend was observed when
comparing MDA, H,0,, and chlorophyll a/b contents. The proline
content of the plants in the 7t day stressed group showed a sig-
nificant increase when compared to control (bp< 0.01) (Table 1).

Sultan cultivar showed significant differences in all parameters
(Table 2). Drought-stressed plants showed a significantly in-
creased growth compared to control (°p<0.01). The relative wa-
ter and the chlorophyll a/b contents of the leaves in the stressed
group decreased significantly compared to control (°p<0.01).
The proline, MDA, and H,0, contents of the leaves significantly
increased in the 7t day stressed group when compared to con-
trol (°p<0.01).

Ciftci cultivar showed a similar response to that of Firat 87 (Table
3). The only difference was observed in the plant height and the
proline content of the plants in the 7" day stressed group when
compared to control, respectively (3p<0.05)(°p<0.01). There was
no significant difference in MDA, H,0,, and chlorophyll a/b con-
tents and RWC ratio.

Comparisons between the parameters of the cultivars showed
that while the RWC ratio in the cultivars Ciftci and Firat 87 did not
change (5%), the ratio in the Sultan cultivar changed by 30%. All
the three cultivars showed an increase in proline accumulation,
indicating a tolerance mechanism to drought stress. The Sultan
cultivar showed 5.5% more proline accumulation than Firat 87
and Ciftci cultivars. The Sultan cultivar also showed a significant
increase in other parameters such as eight times higher MDA
and four times higher H,0, contents compared to that of other
cultivars. This suggests that the cultivars Ciftci and Firat 87 may
endure the proline accumulation against the drought but the
cultivar Sultan required other physiological parameters rather
than proline to cope with the stress.

DISCUSSION

Plants encounter various stress conditions during its life cycle.
Significant negative effects occur to the development, metab-
olism, and yield of plants that undergo stress. Drought, inad-
equate nutrition, salinity, low and high temperatures, soil and
atmospheric pollution, radiation are some of the abiotic stress-
es that limit the rate of vegetative production (18). Among the
abiotic stresses mentioned, drought is the most important pa-
rameter that limits crop production. Plants experience drought
stress when their roots do not get enough water or the tran-
spiration rate is too high. There can be important differences in
the cultivars of the same plant species and in their tolerance to
drought (2). In the current study, the three lentil cultivars that
were investigated exhibited different responses to drought
stress. Our study indicates that there can be a wide variation in
tolerance to drought stress among the lentil cultivars that can
be exploited in breeding new cultivars demonstrating higher
drought tolerance.

The first and most important effect of drought is degraded ger-
mination (19). Drought stress significantly reduces germination
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and seedling growth. Moreover, in alfalfa (Medicago sativa),
germination potential, hypocotyl length, and (fresh and dry)
shoot and root weights were reduced by PEG-induced water
deficit, while the root length increased (20). Drought stress is
characterized by reduced water content, diminished leaf water
potential and turgor loss, closure of stomata and decrease in
cell enlargement and growth (21). In the current study, we ob-
served that 7 days after application of drought stress, the Sul-
tan cultivar showed significant turgor loss than that of Ciftci and
Firat87 cultivars.

Proline content is linked to plant age, leaf age, leaf position,
or leaf part. It is well known that proline manipulates protein
improvement and sustains the quaternary structure of com-
plex proteins (22). Under drought stress, proline accumulation
correlates with stress tolerance in plants. Drought-resistant
lentil cultivars have been reported to accumulate less proline
than drought-sensitive species (23). Increased proline content
in drought-stressed plants has been reported to be less in
drought-tolerant types (22). Although Oktem et al. (24) have
not observed a significant change in proline content in root
and shoot tissues under drought stress, our results indicate that
proline accumulation does occur under drought stress in the
leaves of lentil varieties, which are consistent with the results of
previous studies (8, 10, 25, 26, 27). Our results also indicate that
the rate of photosynthesis and water potential of leaves and
flowers decrease under drought stress, which are similar to the
results of Liu et al. (28).

It has been reported that higher H,O, accumulation under
drought and other abiotic stresses is more common in sensitive
chickpea cultivars (29). Measurement of H,0, in plant tissues
under stress conditions can give strong evidence of the extent
of oxidative damage because H,0O, serves as a precursor of high-
ly reactive species (24). In this study, it was observed that the
H,O, content in lentil cultivars increased due to drought stress
and the amount was significantly higher in the cultivar Sultan
than in Firat 87 and (iftci cultivars. This suggests that the low
H,O, content in the Firat 87 and Ciftci cultivars may be due to
the effective reactive oxygen species (ROS) scavenging mech-
anism in these cultivars. ROS causes lipid peroxidation and is
measured in terms of MDA content (22). MDA levels in plants
are often used as a marker of oxidative damage. In our study,
the lipid peroxidation (MDA content) of the Sultan cultivar was
higher than the other cultivars. Our findings are consistent with
early findings in chickpea (29) and lentil (30). From the results
of the current study, it can be concluded that there is a direct
relationship between H,0, accumulation and lipid peroxidation
under drought stress in lentils. The high H,0, and MDA contents
of the Sultan cultivar showed that drought stress caused more
damage to the Sultan cultivar than those of the Firat 87 and the
Ciftci cultivars.

The amount of chlorophyll a/b is indicated as a potential mea-
sure against drought stress in peanuts (31) and pigeon pea (32).
Chlorophyll a/b amount indicates the stress susceptibility of
chlorophyll molecules. Chlorophyll helps to maintain the life of
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the plant with better usability (33).Drought is considered to be
a desirable parameter for sustaining the rate of photosynthe-
sis for high yielding cultivars and for selecting resistant species
(34). Our results of this study showed that there was no explicit
change in the chlorophyll a/b content of Firat 87 and Ciftci culti-
vars but a decrease in the Sultan cultivar, which is similar to the
results of previous studies (31-33).

Plants in drought stress conditions often have various physio-
logical adaptations, and these adaptations are directly related
to the resistance mechanism (35). Under drought stress condi-
tions, the resistance mechanism becomes even more complex
because the susceptibility of some responses is highly depen-
dent on plant species, stress intensity, and stress evolution
(34). As a result of our study, Firat87 and Ciftci cultivars can be
accepted as drought-resistant cultivars when compared to the
cultivar Sultan.
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