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Sesamum indicum L. (Pedaliaceae) is an economically important oil seed crop and used for food, nutraceutical,
pharmaceutical industries. Drought stress is considered as the most important abiotic stress limiting to crop production. In
this context, the present study was to illustrate the biochemical markers of Sesamum genotypes to identify the drought
tolerance. The irrigation was made in three treatments [T-1 Control (100% FC), T-II (50% FC) and T-III (25% FC)]. Growth
rate, fresh and dry weight were recorded in all treatments. The biochemical analysis showed that the total pigment content
was more in ‘ENT-78-301" and minimum in ‘SI-205” at T-III (25% FC). The total carbohydrates, proline and polyphenol
content were also increased at treatment-111 in all the genotypes after 30 days of water stress. Enzyme activities are variable
in different treatments under water stress. The super oxide dismutase (SOD), catalase (CAT) and glutathione peroxidase
(GPX) activities differentiate the genotypes reflected to drought stress. The enzyme activity was higher at T-III (25 % FC) in
all the genotypes. However, the maximum was observed in genotype ‘Prachi’ and minimum in ‘SI-1025’. On the basis of
biochemical and enzymatic analysis, the genotypes ‘SI-1025°, ‘SI-205°, ‘SI-2138-2” and ‘KM-13" are more tolerant to
drought and ‘ENT-78-301°, ‘Prachi’, ‘Kanaka’,’S-0140’, ‘SI-1926’ and ‘IS-607-1-84’ are the susceptible to drought. The
results of this study are useful for Sesamum breeding programme.
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Sesamum indicum L. (Pedaliaceae) is one of the oldest
and important oil seed crops. Sesame is widely used
in food, nutraceutical and pharmaceutical industry in
many countries because of its high oil, protein and
antioxidant contents'. It is usually cultivated in arid
and semi-arid regions of the world for its quality
edible oil and it is very responsive to the changing
environmental conditions®. Growth of plant was
adversely affected with increasing drought level*.
Drought stress is a common problem seriously
influencing grain production and quality. Severe
water stress may result in the arrest of photosynthesis
and disturbance of metabolism’. Drought stress leads
to increase accumulation of reactive oxygen species
(ROS) in plants and causes to damage the various
cellular mechanisms, such as enzyme inhibition,
protein degradation, membrane lipid peroxidation and
damage of nucleic acid, which ultimately culminate in
cell death. In different crops, physiological responses
to drought vary with the genotype®’. The different
irrigation intervals cause in stunted growth and
decreased seed yield of sesame through effect on
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photosynthesis process in addition to the yield, oil and
protein contents®. However, to respond the changing
environmental and growing conditions, plant behaviour
can change the biosynthesis of bioactive compounds
when subjected to abiotic constraints instead of yield
parameters’. Drought is a wide spread problem mostly
in arid and semiarid regions that seriously influencing
crop production'’.

Drought tolerance consists of plant ability to growth
under water deficit conditions'’. Understanding the
response of plant to dry environments has great
importance and also a fundamental part of producing
stress tolerant crops. Increasing plant resistance to
drought stress would be the most economical approach
to 1improve agricultural productivity and reduce
agricultural use of fresh water resources. In this context,
the present investigation, we tried to assess the influence
of drought stress on growth, physiological and
biochemical changes in Sesamum indicum L.

Materials and Methods

Plant material and different levels of irrigation

The genetically pure seed material of 33 Sesamum
genotypes representing different geographical locations
in India was collected from the germplasm centre of
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AICRP in Sesamum at Odisha University of
Agriculture & Technology, Bhubaneswar, India. Out
of them, 10 genotypes (‘SI-2138-2’, ‘S-0140’,
‘Prachi’, ‘Kanaka’, ‘SI-1025°, °SI-205°, ‘KM-13’,
‘IS-607-1-84°, ‘SI-1926° and ‘ENT-78-301") were
selected for this study on the basis of high yield.
A factorial experiment in a completely randomized
design with three replications was performed in a
greenhouse of the Department of Agricultural
Biotechnology, Orissa university of Agriculture and
Technology, Bhubaneswar. After surface sterilization
the seeds were sown into plastic pots (2030 cm)
filled with 5 kg soil mixture (soil, sand and cow-dung
in the ratio 1:1:1). Experimental soil was a sandy-clay
loam texture with pH 8.0. Experiments were
conducted in a green house with 65% relative
humidity. All the pots were irrigated up to 30 days
after sowing and then applied to various levels of
irrigation to maintain the field capacity (FC). Various
levels of irrigation are follows i.e. T-1 Control (100%
FC), T-II (50% FC) and T-III (25% FC). Gravimetric
method was employed to determine the field capacity
of soil'?. For drought treatment one group of 30 days
old plant was maintained under optimum irrigation
(Field Capacity), and the other groups were subjected
to 50% FC and 25% FC. Drought treatment continued
for 30 days, and leaves were collected on 7™, 15™, 21"
and 30" day intervals and frozen in liquid N,
immediately and stored at —20°C for analysis.
Drought stress in change of chlorophyll content,
proline, proteins, polyphenol and total carbohydrates
contents, antioxidant enzymes (POD, SOD, GPX)
were analyzed. Ten seedlings from each treatment
were sampled randomly at 7, 15™, 21" and 30™ days
after drought treatment. Data on root and shoot
length, fresh and dry weight of shoots and root were
determined. All the plant samples were dried at 55°C
for 2 days in hot air oven to a constant weight as dry
weight was determined.

Estimation of chlorophyll

Sesamum leaves of both control and treated were
washed with distilled water. One gram of leaves,
chopped into small pieces grinded thoroughly using
sterilized sand and homogenate with of 80% (v/v)
acetone. The homogenate was transferred to a 50 mL
falcon tube and centrifuged at 8000 rpm for 20 min. To
remove residue as pellet, supernatant green colour was
collected and volume of extracted chlorophyll was
measured. Absorbance was recorded at 663 nm
(chlorophyll-a), 645 nm (chlorophyll-b), 470 nm

(carotenoid) under a UV-Vis Spectrophotometer
(Perkinmer, Germany).The amount of chlorophyll was
estimated according to Vernon'. This process was
repeated for all the treated plant samples. The amount
of chlorophylls and carotenoid were calculated using
the formula in pg/mL fresh weight basis.

Determination of total carbohydrate

Five hundred milligrams of fresh leaves were taken
into a tube and hydrolyzed with 5 mL 2.5N HCI for
3 h by the hot water bath. Further, the test tubes were
cooled at room temperature and the sample was
neutralized by adding solid sodium carbonate till the
effervescence ceases. The volume was made to
100 mL and centrifuged at 5000 rpm for 15 min. The
supernatant was collected and 0.1 mL aliquots from
each sample were taken for analysis. The volume was
made up to 1.0 mL in all test tubes by adding distilled
water. Four milliliter of anthrone reagent was added
to each tube and heated for 8 min in boiling water
bath and cool down rapidly. Then, the measurement
was taken at 630 nm.

Proline content

Five hundred milligram of leaf samples were taken
from each treatment and homogenized in 3% (w/v)
sulphosalycylic acid and filtered through filter paper.
Mixture was heated at 100°C for 1 h in a hot water bath
after addition of ninhydrin and glacial acetic acid.
Reaction was stopped by putting in ice bath. The
mixture was extracted with toluene and the absorbance
of fraction with toluene aspired from liquid phase was
read at 520 nm. Proline concentration was determined
using calibration curve and expressed as pg proline per g
fresh weight basis'*.

Estimation of protein

The total soluble protein content was determined
according to the method of Lowry ef al.". One gram
fresh leaves of Sesamum were homogenized in ice
cold trichloroacetic acid (TCA) buffer and incubated
overnight at 4°C. Then, the sample was centrifuged at
8000 rpm for 20 min. Supernatant was discarded and
pellet was washed with acetone to remove the
pigments. The sample was centrifuged at 10000 rpm
for 10 min and washed with 80% alcohol to remove
phenolic compounds. Further, centrifuged at 5000 rpm
for 10 min and the pellet was suspended in known
volume of extraction buffer and kept in boiling water
bath for 2 min. Aliquot (100 pL) was taken and
volume was made up to 1.0 mL. Five milliliter of
reagent-C (50 mL of 2% (w/v) sodium carbonate
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dissolved in 0.IN NaOH + 1.0 mL of 0.5 % (w/v)
copper sulphate dissolved in 1% sodium potassium
tatarate) was added, mixed well and kept for 10 min.
Further, 0.5 mL of Folin-Ciocalteau reagent was
added, mixed well and incubated in the dark for
30 min at room temperature. After blue colour
developed, the OD was taken at 660 nm. The protein
content was calculated against the standard graph.

Estimation of total polyphenols

Total polyphenol content was determined by Folin-
Ciocalteu method'®. Five hundred milligram of fresh
leaf sample of both control and treated were grinded
with a pmotor and pestle in 10-time volume of 80%
(v/v) ethanol. The homogenate was centrifuged at
10000 rpm for 20 min and the supernatant was
collected. The residue was re-extracted with 5 times
the volume of 80% (v/v) ethanol and the supernatant
was collected. The supernatant was evaporated to
dryness. Then, the residue was dissolved in a known
volume of distilled water. Different aliquots were
pipetted out into test tubes. Volume was making up to
3 mL with water and added 0.5 mL (v/v) of Folin-
Ciocalteau reagent. After 3 min, 2mL of 20% (w/v) of
Na,CO; solution was added in each tube. Further, the
sample tubes were kept in a boiling water bath for
Imin. The absorbance was recorded at 650 nm against
the blank. A standard curve was prepared using
different concentration of catechol.

Enzyme assays

Five hundred milligrams of leaf tissues were
grinded by using a mortar and pestle with 5 mL
extraction buffer containing 50 mM potassium
phosphate buffer pH 7.6 and 0.1 mM Na-EDTA. The
homogenate was centrifuged at 15,000g for 15 min
and the supernatant fraction used to assay for the
various enzymes. All steps in the preparation of
enzyme extracts were performed at 4°C. The
superoxide dismutase (SOD) (EC 1.15.1.1) activity
was determined by measuring its ability to inhibit the
photochemical reduction of nitro blue tetrazolium
chloride (NBT)"". The reaction solution consisted of
50 pL of the enzyme extract, 50 mM phosphate buffer
(pH 7.8), 0.1 uM EDTA, 13 mM methionine, 75 pM
nitroblue tetrazolium and 2 puM riboflavin in a total
volume of 1.5 mL. After adding riboflavin, the test
tubes were shaken manually and placed under
fluorescent light with two 20W lamps. After 15 min,
the sample tubes were taken back from light to stop
the reaction. Reduction in NBT was estimated by

reading the absorbance of the reaction mixture at
560 nm, and one unit of SOD activity (U) was defined
as the amount of enzyme required to cause 50%
inhibition of the NBT reduction and the results were
expressed as Unit/mg.protein .

Peroxidase (POD) (EC 1.11.1.7) activity was
determined with guaiacol as reducing substrate in a
reaction mixture containing 0.1M potassium-phosphate
buffer (pH-6), 20 mM guaiacol, and 30 mM H,0,. The
oxidation of guaiacol was assessed by recording the
absorbance increase at 470 nm at 25°C. The enzyme unit
was express as the absorbance change at 470 nm, per
min, under the above conditions.

Glutathione peroxidase (GPX) was analysed by the
method of Wendel'®. One mg of NADPH, 9.2 mL of
1 mM sodium azide solution (in 50 mM sodium
phosphate buffer with 0.4 mM EDTA), 0.1 mL of
glutathione reductase enzyme solution (100 U/mL),
and 0.05 mL of glutathione reduced (GSH) were
added and mixed by inversion. Then, 3 mL of the
mixture in 0.05 mL of enzyme extract was added. It
was vortexes and incubated for 5 min at room
temperature. After the incubation, 0.05 mL of H,0,
was mixed immediately and measure at 340 nm after
every 30 s over a period of 5 min. GPX activity was
calculated from the change in optical density per min
in the maximum linear rate range using a molar
extinction coefficient for NADPH of 6.22x103/umol
and assuming 2 mol of GSH formed for each mole of
NADPH consumed. One unit activity was defined as
1 umol NADPH oxidized per minute.

Statistical analysis

Each data point represents the mean of three
samples = SE. Data were subjected to analysis of
variance (ANOVA) followed by Duncan’s multiple
range test, and the significance level of P <0.05 was
employed

Results and Discussion

Water shortage is considered to be one of the most
adverse abiotic stress factor influencing plant growth
and their physiological and biochemical response
in crop production. Significant effects of water
regimes on sesame growth parameters were found
after sowing the sample using 100% FC (control)
(Treatment-1) as compared with treatments 50% FC
(Treatment-1I) and 25% FC (Treatment-III) water
regime. The growth was decreased by decreasing
irrigation water quantity. The results showed that both
shoot and root fresh weight decreased in all genotypes
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but more prominent in one genotype ‘SI-1926’.
Moreover, dry weight of shoot and root was reduced
in the treatment of 50%, and 25% of water regime
respectively comparing with 100 % FC (Tables 1).
Genotypes like ‘SI-1025, SI-205°, SI-2138-2"" and
‘KM-13" showed higher dry weight of shoot and root
after 30 days in presence of water stress (25% FC)
and therefore categorized as drought tolerant. These
results are in agreement with the findings of Mensah
et al.®. The increase of dry weight could be due to the
generation of hypoxia and stomatal conductance
under drought conditions.

Photosynthetic pigments are major drivers of plants
photosynthetic capacity due to their crucial role in
both absorption (chlorophyll) and dissipation
(carotenoids) light energy. The chlorophyll content
was decreased with increase of drought stress but in
some cases chlorophyll-b increased at lower water
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regime (25% FC) and then again decreased with
increasing the stress. The lowest total chlorophyll
content was recorded after 30 days of stress treatment
ie 1047.3 and 9779 pg/g fresh weight basis in
genotype °SI-2138-2° and °‘S-0140° at 25% water
regime, respectively (Tables 2). The highest
carotenoid content was observed in ‘Prachi’ in
treatment—III (765.9 pg/g fresh weight) after 15 days
and 632.7 pg/g fresh weight basis) after 30 days of
stress treatment. Our results are in agreement with the
findings of other researchers'*?’. The adverse effect of
water stress on chlorophyll content has previously
been shown in different plant species®’. Kamanga et
al*' reported that the increased electrolyte leakage in
reduction of chlorophyll content. A decrease of total
chlorophyll with drought stress implies a lowered
capacity for light harvesting. Since the production of
reactive oxygen species is mainly driven by excess

Table 1 — Fresh and dry weight (gm) of ten genotypes of Sesamum indicum after 15 and 30 days of water stress

Fresh weight (Mean + SE)*

Dry weight (Mean+SE)*

Genotypes Treatments Shoot
(15days)
23.8+1.08"
15.2+1.12°
8.5+2.14¢
25.1£1.17°
12.8+1.188
10.3+1.29°
22.4+1.12™
18.4+1.27%
13.3+£1.242
26.4+1.18°
19.5+1.17"
12.5+1.248
17.6£1.28
9.3242.19°¢
6.35+2.48"
15.1£1.19°
7.83+2.12¢
4.66+2.47"
17.2+1.14
10.4+1.28f
6.77£2.16¢
12.7+1.218

Shoot
(30days)

30.5+1.7
12.6+1.2°
4.58+].8°
37.9+£1.3'
16.9+1.5¢
0.96+0.9°
38.8+1.7'
15.5+1.9
4.2240.4°
30.3+1.2
16.8+1.5¢
6.77+1.4°
32.6+1.1
15.1¢1.7F
7.4241.9°
22.5+1.1"
14.8+1.2
7.24+1.8°
55.3+1.0™
23.1+1.2"
10.5+1.4¢
15.6+1.9°

Root

(15 days)
1.66+0.05'
0.87+0.02"
0.64+0.08¢
1.96+0.07™
1.03+0.038
0.86+0.08°
1.98+0.02™
1.04+0.038
0.65+0.08°
2.14+0.02™
1.31+0.09"
0.67+0.08¢
1.87+0.07"
1.12+0.048
0.76+0.06°
1.56+0.06'
0.93+0.09°
0.55+0.08"
1.30+0.02"
0.89+0.09"
0.53+0.06"
0.99+0.058

SI-2138-2  T-I(100% FC)
T-1I (50% FC)
T-11I (25% FC)
T-1(100% FC)
T-1I (50% FC)
T-III (25% FC)
T-1(100% FC)
T-1I (50% FC)
T-1II (25% FC)
T-1(100% FC)
T-1I (50% FC)
T-1II (25% FC)
T-1(100% FC)
T-1I (50% FC)
T-1II (25% FC)
T-1(100% FC)
T-1I (50% FC)
T-11I (25% FC)
T-1(100% FC)
T-1I (50% FC)
T-1II (25% FC)
T-1(100% FC)

S-0140

Prachi

Kanaka

SI-1025

SI-205

KM-13

1S-607-
1-84

7.93+1.8°
4.24+0.7°
34.3+1.3%
17.7+1.88
9.34+1.5¢
18.3+1.68

0.53+0.03"
0.32+0.02°
2.330.03"
1.57+0.09'
0.89+0.07°
2.56+0.08°

7.49+2.16¢
5.23+2.16°
19.3£1.18"
10.6+1.15°
6.89+2.14°
14.3+1.17"

T-1I (50% FC)
T-1II (25% FC)
T-1(100% FC)
T-11 (50% FC)

T-1II (25% FC)
T-1(100% FC)

SI-1926

ENT-78-
301

9.45+1.2¢
5.13+1.1°

1.29+0.04"
0.95+0.05°

T-11 (50% FC) ~ 8.75+2.18°
T-III (25% FC) 6.85+£2.17°
[*15 replicates/treatment; repeated twice.

Shoot
(15days)

5.33+0.6°
2.68+0.8
1.02+0.9°
5.85+0.5P
3.18+0.7"
1.63+0.3°
4.95£0.5"
2.34+0.8
1.76+0.9"
4.33+0.6™
2.16+0.4"
1.35+0.7¢
2.97+0.1%
2.03+0.6°
1.22+0.2¢
2.03+0.8¢
1.13+0.9°
0.76+1.3"
2.3240.7'
1.21£0.9¢
0.74+1.3°
2.03+0.2¢

Root

(30 days)
0.97+0.04"
0.75+0.08°
0.23+0.03"
2.88+0.07"
1.45+0.05"
0.84+0.07°
0.98+0.06"
0.75+0.04°
0.12+0.09°
0.67+0.02¢
0.34+0.07¢
0.15+0.04°
0.63+0.06¢
0.41+0.05¢
0.12+0.08"
0.78+0.02°
0.52+0.07¢
0.19+0.06"
0.87+0.04°
0.62+0.02¢
0.21+0.08°
0.73+0.09°

Root Shoot
(15 days)  (30days)

0.36+0.07¢  6.57+0.3°
0.20+0.03°  3.86+0.2°
0.09+0.09°  1.0620.4°
0.37+0.07¢  4.21+0.3¢
0.21+0.08°  2.99+0.2°
0.15+0.08°  0.8440.6°
0.49+0.06° 3.18+0.4°
0.23+0.08°  2.03+0.7°
0.15+0.03°  1.10+0.6°
0.48+0.07°  3.08+0.3°
0.25+0.05°  1.3620.6°
0.12+0.02*  1.68+0.9°
0.32+0.08° 2.06+0.1°
0.21+0.04°  1.11+0.2°
0.10+0.06°  0.6440.8°
0.32+0.02° 2.88+0.2°
0.21+0.05°  1.35+0.8°
0.11+0.08°  0.69+0.9°
0.37+0.03¢  2.86%0.1°
0.18+0.09°  1.63+0.9°
0.11+0.04*  0.87+0.4°
0.2240.07° 1.76+0.6"

Root

(30 days)
5.24+0.03°
2.110.07°
0.87+0.04*
7.99+0.06
2.86+0.02°
1.53+0.07°
6.98+0.04"
3.22+0.08°
1.3340.03"
4.10+0.06°
2.4240.05"
0.870.09
6.97+0.02°
3.71+0.08¢
1.4440.04°
3.99+0.07¢
1.45+0.06
0.75+0.05"
6.99+0.04f
3.5620.03¢
1.64+0.02°
4.88+0.08°

1.21x0.1¢
0.72+0.3°
0.86£1.1°
0.73+0.3°
0.54+1.6"
1.48+0.5°

0.43£0.07°
0.22+0.05"
0.412£0.03°
0.25+0.02°
0.11£0.07
0.57+0.04¢

0.960.8°
0.4240.3°
1.97+0.7°
1.05+0.2°
0.46+0.4°
1.21£0.7

0.10+0.08°
0.08+0.09°
0.43+0.06¢
0.34+0.07°
0.14+0.09°
0.17+0.03°

2.41+0.06
1.67+0.07°
4.85+0.04°
1.37+0.03%
0.99+0.08"
1.97+0.05"

0.47+0.08¢
0.18+0.05°

1.02+0.07°
0.52+0.04"

0.98+1.2°
0.54+0.6"

0.10+0.06"
0.08+0.09*

0.97+0.2*
0.56+0.8"

Irrigation given every 2-day interval. Means having the same letter in a column were not
significantly different by Duncan’s multiple range test P < 0.05 level]
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Table 2 — Pigment content of ten genotypes of Sesamum indicum after 15 and 30 days of water stress

Pigment content (Mean + SE)* after 15 days

Genotypes  Treatments (ng/g fresh weight basis)

Pigment content (Mean + SE)* after 30 days
(ng/g fresh weight basis)

Chl-a
T-1 (100% FC) 1327.6+11.5°
T-1I (50% FC) 1204.6+10.8°
T-III (25% FC) 1023.7£12.4°
T-1(100% FC) 1138.4+13.2°
T-II (50% FC) 1029.6+11.3°
T-1I (25% FC) 988.2+10.4*
T-1(100% FC) 1837.2+12.5'
T-11 (50% FC) 1769.4+11.2"
T-III (25% FC) 1276.3+13.5°
T-1 (100% FC) 1682.5+12.5¢
T-1I (50% FC) 1573.9+11.8'
T-II (25% FC) 1186.3+10.2°
T-1 (100% FC) 1253.9+11.4°
T-1I (50% FC) 1187.3+12.5°
T-III (25% FC) 1032.4+10.8°
T-1 (100% FC) 1272.8+11.5°
T-II (50% FC) 1133.6£11.8°
T-III (25% FC) 976.3%13.5
T-1(100% FC) 1643.7+14.2¢
T-1I (50% FC) 1428.3+11.7°
T-III (25% FC) 1105.6+12.8°
T-1(100% FC) 2420.6+13.4™
T-1I (50% FC) 2365.8+11.6'
T-I1I 25% FC) 2013.7+10.3"
T-1 (100% FC) 1665.8+11.48
T-1I (50% FC) 1432.5+12.7°
T-III (25% FC) 1189.3+11.9°
T-1(100% FC) 2450.5£10.5™
T-1I (50% FC) 2286.4+10.7"
T-III (25% FC) 1983.5+11.2)

Chl-b Chl (atb)
413.6£12.5° 1741.2+10.5'
467.3+13.2° 1671.9£12.3°
312.8+11.6" 1336.5+11.8"
432.7+10.5° 1571.1£10.2¢
412.6+11.2° 1442.2+11.2°
387.4+10.3° 1375.6£12.6"
723.5+11.4" 2560.7+13.5'
826.1£12.4% 2595.5+14.2"
721.8£13.9" 1998.1+11.7"
521.0£14.2% 2203.5+10.6
520.3+116° 2094.2+11.3"
419.6+12.3° 1505.9+12.8¢
378.5+10.4° 1632.4+13.9°
343.7+12.8° 1531.0+11.7°
202.5+11.5° 1234.9+12.4°
592.3+13.4 1865.1+10.5°
574.5+11.8* 1708.1+11.8"
325.8+12.5" 1291.1+10.4°
411.4+10.7° 2055.1£12.5"
403.7+11.6° 1832.0+11.42
378.3+12.9° 1483.9+10.6°
387.9+13.4° 2808.5+13.5™
399.3£12.6° 2765.111.3"
245.8+11.8" 2259.5+10.2!
476.5+12.5° 2142.3+11.4'
453.8+£14.2° 1886.3+12.8¢
403.6+13.5° 1592.9 £13.5¢
678.4+12.7° 3128.9+11.5°
694.5+13.2° 2980.9+ 3.7"
454.9+11.7° 2438.4+12.9°

SI1-2138-2

S-0140

Prachi

Kanaka

SI-1025

SI-205

KM-13

IS-607

SI1-1926

ENT-78-301

Chl-a
1234.2+10.6
892.8+11.2°
734.6£12.8°
1036.5+11.4¢
869.4+13.9°
652.3+14.3"
1589.3+12.6'
1238.5+10.4"
932.6+13.2°
1762.8+11.5
1417.3+12.4"
1015.5+12.8¢
1183.4£10.2°
953.7+13.7°
825.8+14.9°
1316.3+11.6°
1034.9+12.9¢
852.1x14.5°
1467.2+13.5"
1028.3+11.4¢
845.7+14.4°
2167.2+10,3"
1932.8+11.2%
1578.3+11.8'
1526.9+12.3
1201.6+10.6'
956.2+14.3°
2167.2+10.5"
1943.8+11.4"
1762.9+12.3

Chl-b Chl (atb)
326.7£11.3* 1560.9+10.2"
330.5+12.7* 1223.3+11.4°
312.7+13.6° 1047.3+12.7°
432.7+10.6° 1469.2+11.5°
383.2+412.8" 1252.6+10.3¢
325.6+11.2° 977.9+14.2°
654.8+10.4° 2244.1£10.6"
610.3+12.4% 1848.8+11.4"
549.7+14.2° 1482.3+12.3°
514.7£11.9° 2277.5+11.7¢
502.5+12.4° 1919.8+12.9'
491.7+13.7° 1507.2+13.2f
413.6+11.8° 1597.0+12.6"
485.2+14.3° 1428.9+11.2°
364.7£11.4" 1190.5+13.2°
437.2412.2° 1753.5+10.58
414.8+14.3b 1449.7+11.8°
365.9+15.2" 1218.0+12.6°
415.7£13.6° 1882.9+10.3"
383.2+14.8° 1411.5+12.7°
348.1+15.7° 1193.8+11.6°
307.9£13.9° 2465.1+12.9'
321.7+14.2* 2254.5+10.2
305.2+13.2" 1883.5¢11.6"
452.8+11.7° 1979.7£12.5'
405.6+12.3° 1607.0=11.9'
375.9+13.6° 1332.1+12.3¢
421.8+11.5° 2589.0+11.6™
583.7£12.9° 2527.5¢12.5"
362.3+10.4" 2125.2+12.8

Carotenoid
428.5+11.4°
436.2+12.5°
418.5+14.2°
534.8+13.9
487.6+14.2°
427.5£11.7°
752.8+10.6"
715.5+11.6'
632.7£12.4°
625.9£13.2°
605.0£11.8°
589.7+14.2¢
520.5£12.6°
484.7+13.2°
467.1%15.7°
542.6+12.3¢
513.9+13.2¢
468.5+14.7°
519.4+11.3°
486.3+12.4°
449.4+10.5
469.3+11.8°
342.5+£14.2°
410.6+13.9
564.4£12.6°
512.8+11.7°
478.6+10.5
730.5+10.3"
679.511.3°
673.5£13.8°

Carotenoid
598.24+10.2°¢
563.5¢11.4°
522.8+13.6°
545.7+14.7°
542.4+12.4°
431.9+15.2°
834.3£11.6°
838.2+12.4°
765.9+13.5¢
632.6£14.2°
618.3+13.6°
613.7+14.3°
482.6+15.2°
454.8+13.6°
412.6+11.4°
695.3£10.2°
683.5£12.5°
547.6£14.2°
521.4+13.6°
510.8+12.9°
482.5+15.4°
494.6+13.7°
499 5+11.4°
456.4+12.5°
579.6+£15.2°
566.8+16.3°
510.3+15.7°
756.9+14.9¢
760.5+12.4¢
753.8+10.3¢

[*3 replicates/treatment; repeated twice. Irrigation given every 2-day interval. Means having the same letter in a column were not significantly

different by Duncan’s multiple range test P < 0.05 level]

energy absorption in the photosynthetic apparatus,
this might be avoided by degrading the absorbing
pigments. The present results also revealed that there
was change of osmotic adjustments (proline and
total soluble carbohydrates) in all irrigation regimes.
High level maintenance of water in all treatments
(water deficit), prevents accumulation of osmotic
adjustments, like proline and total soluble sugars
(Fig. 1 A and B). The accumulation of osmolyte
compounds in the cells, as a result of water stress was
often associated with a possible mechanism to
tolerate the harmful effect of water shortage. The
utilization of sugars as an osmotic solute in expanded
leaves of sunflower was studied”. Hassanzadeh et
al® observed that decrease in chlorophyll-a but
increase in chlorophyll-b content under drought stress
in seasame due to the water deficit under drought
stress by producing reactive oxygen species (ROS),
such as O, and H,0O,. The changes of chlorophyll
content was also lead to lipid peroxidation and
consequently chlorophyll destruction due to the

changing green color of the leaf into yellow, the
reflectance of the incident radiation was increased.

Proline act as a signaling molecule to modulate
mitochondrial functions and influence cell proliferation
or cell death and trigger specific gene expression,
which can be need for plant recovery from stress.
Furthermore, it also contributes to stabilizing sub-
cellular structures, buffering cellular redox potential
and scavenging free radicals under stress conditions™**.
In the present study, drought significantly led to an
increase in proline content in sesame as compared to
the control plant during vegetative and flowering
stages, which could be due to the putative role of
drought in increasing the production of proline
precursor’s. These results were in agreement with the
findings of Ghorbanli e al.?°. They have reported that
the leaf proline increased significantly under mild and
severe drought stress in comparison with control in
tomato. Proline accumulation was the first response of
plants exposed to drought stress in order to reduce
injury to cells. It also acts as an electron receptor
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Carbohydrate content Prollne content
(mglg fresh weight basis)  (ug/g fresh weight basis)

Protein content
(mglg fresh weight basis)

Polyphenol content
(mglg fresh weight basis)

A B A B
Si-2138-2 Kanaka

= T-I(100%FC)

$1-1025

= T-I(50%FC)

= T-l1I(26%FC)

B

18-607-1-84| S1-1926 [ENT-78-301

Fig. 1 A-D — Proline, carbohydrate, polyphenol and protein content of 10 genotypes of Sesamum indicum under water stress after (A) 15

days; and (B) 30 days of growth.

preventing photosystems injuries in dealing with ROS
function. Accumulation of proline facilitates the
synthesis of soluble substances in closing stomata®.
The proline accumulation increased in all Sesamum
genotypes when plant subjected to stress condition.
In genotype ‘SI-2138-2" and ‘IS-607-1-84" showed
highest proline accumulation recorded (38.1-38.5 ng/g
fresh weight basis) at Treatment-III (25% FC) after
30 days of stress application. Moreover, they also
reported that the activation of pyrroline-5-carboxylate
synthetase (an enzyme from proline biosynthesis) as
well as inhibition of proline dehydrogenase (an
enzyme from proline degradation), were both faster in
high drought than in slow drought. High proline
content in plants under water stress was observed in
many species and act as a regulatory or signaling
molecule to activate multiple responses that are
part of the adaptation process”’. Proline contents
were increased linked with stomata close and
photosynthesis inhibition under drought stress. Such

responses are dominantly mediated by plant hormone,
i.e. abscisic acid (ABA). Arish ef al.” examined drought
tolerance and sensitive genotypes of Sesamum indicum
subjected to water stress. Water stress caused a
significant increase in proline levels in leaves of both
tolerant and sensitive genotypes. The leaf of tolerant
genotype maintained higher relative water content,
photosynthetic activity and proline levels under water
stress than that of drought sensitive. Vendruscolo
et al” observed that proline was involved in tolerance
mechanisms against oxidative stress and this was the
main strategy of plant to avoid detrimental effects of
water stress.

Soluble protein is an important indicator of reversible
and irreversible changes in plant metabolism, was
known to a wide variety of phytohormones®. The
present study revealed that total soluble protein content
increased in under drought stress sesame plants as
compared with control. In genotypes ‘Prachi’ and
‘IS-607-1-84" having higher protein content (42.5 and
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37.4 mg/g fresh weight basis) in 25% FC after 30 days
of drought stress (Fig. 1C). These results were in
agreement with the findings of Anosheh er al.>'. They
stated that total soluble protein content increased in
response to drought stress in wheat plants. The synthesis
and accumulation of protein was studied in two
Zea mays species and remarkable changes were noticed
in 78 out of 413 proteins. These evidences indicated
that a kind of relationship existed between protein
accumulation and plant physiological resistance against
drought stress™. They also observed that water stress
reduced the synthesis of protein in sesame leaf and
suggested that water stress causes the generation of
ROS. The ROS brings about inhibition of protein
synthesis or causes protein denaturation. The increase in
total soluble protein level was a natural occurring under
drought stress to increase plant adaptation to water
deficit conditions. To avoid damage of endogenous
components, antioxidant defense proteins and
metabolites are essential to maintain cellular functions.
The majority of proteins belongs to dehydrin-like
proteins and abundantly induced during embryo

20 B T-1(100%FC)

—_
ON PO ODON PO

Superoxide dismutase
activity (U/mg protein)

oI ROIO

—_

Peroxidase activity
(umol/min/mg protein)

Glutathlone peroxidase
activity (U/mg protein)
O =L MNWPHAOIO) N WO

Si-2138-2 | S-0140

maturation of many higher plants as well as in water
stressed seedlings®™. There was a gradual increase in
polyphenols content with the increase of drought stress.
The genotype like ‘Kanaka; and ‘ENT-78-301" showed
the highest value of polyphenol (45.0 mg/100 g fresh
weight basis) in 25% FC in 30 days drought stress
treatment (Fig. 1D).

Water stress is inevitably associated with increased
oxidative stress due to enhanced accumulation of ROS,
particularly O2" and H,O, in chloroplasts, mitochondria,
and peroxisomes. As a result, the induction of
antioxidant enzyme activities is a general adaptation
strategy which plants use to overcome oxidative
stresses™. The ability of plants to overcome oxidative
stress partly relies on the induction of superoxide
dismutase activity and subsequently on the upregulation
of other downstream antioxidant enzymes™*. The present
study showed that the antioxidant enzyme activity was
increased under drought stress in all the genotypes. The
SOD activity significantly enhanced in plants exposed
to water stress with different field capacity (Fig. 2A).
A gradual increase was observed in SOD activities

W°T-1(50%FC) W T-111(25%FC)

Fig. 2 A-C — Superoxide dismutase, peroxidase and glutathione peroxidase activity of 10 genotypes of Sesamum indicum under water

stress after (A) 15 days; and (B) 30 days of growth.
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under T-II (50% FC) and T-III (25% FC) in comparison
with the T-I (100% FC). The interaction effect of
cultivar x drought treatments was highly significant for
SOD. The maximum increase in the SOD activities was
observed in the genotypes ‘Prachi’ and ‘IS-607-1-84’
(3 fold and 2 fold, respectively) in 30 days water stress,
while the minimum increase was indicated in the
genotype ‘SI-205° compared to the treatment-I. Among
the genotype, ‘SI-205° showed a decrease in SOD
activity. In ‘SI-1025’, no much difference is found in
50% FC (Treatment-1I) and 25% FC in 15, 21 and
30 days after stress. Our results are consistent with other
studies reporting the increased SOD activity in response
to drought stress®”>. The present study indicates a
significant increase in POD activity in sesame plants
under drought stress (Fig. 2B). Some previous studies,
as parallel with our results, reported the increased POD
activity under drought stress conditions in various plant
species”'”®. The maximum increase in the peroxidase
activities was observed in the genotypes ‘Prachi’ and
‘ENT-78-301" after 30 days water stress, while the
minimum increase was indicated in the genotype SI-205
compared to the control.

Glutathione peroxidases (GPXs, EC 1.11.1.9) are a
diverse group of isozymes having generous substrate
spectrum and serve as antioxidant enzymes. They occur
in plant cells in the cytosol, chloroplasts, mitochondria,
and the endoplasmic reticulum, and -catalyze the
detoxification of H,0, and lipid hydroperoxides with
GSH as reductor, and thus protect biomolecules from
oxidative damage. It is now known that plant glutathione
peroxidases exhibit substrate specificity and can use
both GSH and thioredoxins (Trxs) as reductions’’. In
this experiment, GPXs activity increased with increasing
water deficit. Similar results were found in Glycine
max**, Sunflower” and Beta vulgaris®. The maximum
increase in the GPX activities was observed in the
genotypes ‘Prachi’ and ‘Kanaka’ (2- and 3- fold,

respectively) in 30 days water stress, while the minimum
increase was indicated in the genotype KM-13
compared to other treatment (Fig. 2C). Among the
genotype, ‘SI-1926° showed a decrease in GPX activity.
Masoumi et al®® reported a positive and significant
correlation between GPX activity and seed yield under
optimal irrigation (0.99) conditions, mild water deficit
stress (0.74), and high water deficit stress (0.95). Tohidi-
Moghaddam et al.*' reported that plants under water
deficit stress showed a significant increase in SOD, CAT
and GPX activities of canola leaves compared with
control plants. Pourtaghi ez al.”” demonstrated that water
deficit significantly increased the activity of GPXs in
sunflower plants compared with fully irrigated control
plants. Moreover, the relationship between seed yield
and GPXs activity in fully irrigated (0.78) and
moderately water stressed (0.91) plants was both
positive and significant. GPXs can be used as a marker
of drought tolerance in selecting tolerant genotypes
under moderate and extreme water deficiency
conditions. The expression of many GPX is enhanced in
response to abiotic and biotic stresses, including salinity,
heavy metal toxicity and infection with bacterial or viral
pathogens®. On comparison, it was observed that the
genotypes like ‘SI-1025°, °SI-205°, °SI-2138-2° and
‘KM-13” were tolerant to drought. Antioxidant enzymes
activity has a beneficial function on plant tolerance in
drought stress. It was observed that the tolerant
genotypes having higher growth and yield than non-
tolerant under drought stress (Table 3). Hatzig et al.*
reported that water stress has a positive transgenerational
effect on seedling vigour, vegetative and reproductive
growth due to an altered reservoir of seed storage
metabolites and inter-generational stress memory,
formed by stress-induced changes in the epigenome of
the seedlings. Drought stress has substantially affected
the seed yields and seed quality. Seed filling was
influenced by various metabolic processes occurring in

Table 3 — Comparison of growth and yield of drought tolerant and non-tolerant genotypes of Sesamum

Types of Genotypes  Plant  Stem height Days to
genotype height  to the first  maturity
(cm)  capsule (cm)
Tolerant SI-1025 1154 4623 +1.7 85
S1-205 1237 59.52+1.3 92
S1-2138-2 143.5 48.31+1.0 91
KM-13 1387 52.47+1.5 85
Non-Tolerant  S-0140 113.6 3523+1.9 86
Prachi 112.8 34.85+1.2 84
Kanaka 99.6 32.59 £1.6 82
1S-607-1-84 98.7  58.37+1.2 85
SI1-1926 108.5 59.43+1.4 92
ENT-78-301 102.4 54.13+1.0 85

Daysto  No.of  No.of No. of No. of 1000 seeds
50% fruiting capsule per seeds per seeds per weight in (g)
flowering branches  plant capsule plant
40 4 58 48 2784 3.63
39 7 65 45 2925 2.78
44 3 63 50 3150 2.52
39 4 60 48 2880 3.29
42 3 56 46 2576 3.26
40 3 52 50 2600 3.65
38 3 55 44 2420 3.57
43 4 43 42 1806 3.32
42 5 48 44 2112 2.79
45 4 36 48 1728 2.43
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the leaves, especially production and translocation of
photoassimilates, importing precursors for biosynthesis
of seed reserves, minerals and other functional
constituents*’.

Conclusion

Drought 1is greater challenge that decreases
agricultural production substantially all over world. It
induces several common physiological responses in
plants, such as water relation and photosynthetic
ability. The biochemical analysis showed that the
photosynthetic pigments are major drivers of plant
photosynthetic capacity. Other biochemical traits i.e.
carbohydrates, proline and polyphenol content were
increased at 25% FC in all Sesamum growth after
30 days of water stress. Water stress is a major source
of oxidative stress increasing ROS production and
lipid peroxidation and production of variable
antioxidant enzyme. The enzyme activity has a
beneficial function in plant tolerance in water stress.
On the basis of biochemical and enzymatic analysis,
the genotypes ‘SI-1025°, °SI-205°, ‘SI-2138-2’ and
‘KM-13" are more tolerant to drought. This study

should be wuseful for Sesamum improvement
programme.
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