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ABSTRACT
Sesame (Sesamum indicum L., family Pedaliaceae) is considered as one of the most important
oil crops in Egypt due to its high seed oil content. This study was conducted to study the influence
of exogenously applied phytohormones (Salicylic Acid (SA) and kinetin (Kin) on growth and
physiological behavior in drought stressed sesame plants. The experiment was designed into
4 groups, control, drought stress, drought treated with SA (0.1, 0.5 and 1 mM) and drought treated
with Kin (0.05, 0.1 and 0.5 mM). It was found that drought stress adversely affected all growth
parameters of sesame including plant height, fresh weight, dry weight, number of leaves and leaf
area. Drought stress caused significant decrease in endogenous phytohormones (SA and Kin), while
on treatment of drought stressed sesame plants with SA and Kin increased level of endogenous SA
and Kin. On the other hand, drought stress caused significant increase in total soluble protein, poly
peptide bands, proline, moreover on treatments with SA and Kin improved all previous substances
in drought stressed sesame plants. The SDS-PAGE detection of protein indicated some changes in
amount and number of protein bands and also new protein bands appeared in both stressed and
phytohormonal treated plants. Therefore, exogenous application of drought stressed sesame plants
with salicylic acid or kinetin may induce resistance to drought stress by enhancement of growth
and various physiological processes which are negatively affected by drought stress.
Key words: Drought stress, resistance, sesame (Sesamum indicum L.), salicylic acid, kinetin,
growth, protein, proline, endogenous phytohormones
INTRODUCTION
Drought stress is a world-spread problem seriously influencing grain production and quality
and with increasing population and global climate change making the situation more serious.
Severe water stress may result in the arrest of photosynthesis and disturbance of metabolism
(Jaleel et al., 2008). Drought stress leads to increase accumulation of Reactive Oxygen Species
(ROS) in plants. Increased levels of ROS cause damage to various cellular mechanisms, such as
enzyme inhibition, protein degradation, DNA and RNA damage and membrane lipid peroxidation,
which ultimately culminate in cell death. In different crops, physiological responses to drought
vary with the genotype (Anyia and Herzog, 2004; Bacelar et al., 2007; Centritto et al., 2009;
Costa et al., 2012).
Sesame (Sesamum indicum L.) is an economically important oil seed crop which is widely
cultivated in many parts of the world. Sesame is widely used in food, nutraceutical, pharmaceutical
and industry in many countries because of its high oil, protein and antioxidant contents
(Morris, 2002).
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Increasing plant resistance to drought stress would be the most economical approach to improve
agricultural productivity and reduce agricultural use of fresh water resources. It is generally
accepted that treatments with phytohormones may lead to regulation of the plant metabolism and
consequently plant performance (Itai et al., 1978). Similarity, the application of phytohormones to
variously stressed plants may lead to counteraction of the adverse effects exerted by stress
conditions (Heikal et al., 1982). In view of these findings, it was of interest to test whether the
exogenous treatments of phytohormones such as Salicylic Acid (SA) and kinetin (Kin) can
counteract the adverse effects of drought on sesame or not. Exogenous application of SA found to
be effective in modeling plant responses to drought stress. Plant pre-treatment with SA resulted
in higher tissue water content, increased antioxidant enzyme activities, decreased level of lipid
peroxidation and membrane injury and it also protected nitrate reductase activity against
inhibition under water deficit conditions (Sakhabutdinova et al., 2003; Umebese et al., 2009).
Cytokinins (CKs) conduce to sustain plant tolerance to adverse abiotic conditions and suppress
pathological phenotypes mainly due to their ability to promote cell division, keep meristematic cell
identity and maintain high cellular redox potentials during drought (Werner and Schmulling,
2009).
Synthesis of stress proteins is a ubiquitous response to cope with prevailing stressful conditions
including drought stress. Most of the stress proteins are soluble in water and therefore contribute
towards the stress tolerance phenomena by hydration of cellular structures. Synthesis of a variety
of transcription factors and stress proteins is exclusively implicated in drought tolerance
(Wahid et al., 2007). The accumulation of some organic compatible compounds, such as proline,
plays a significant role in plant protection and adaptation to a broad range of stress. Proline is one
of the protective molecules that can unite oxygen and free radicals caused by stress. Therefore, one
of the roles of proline in plants is probably reacting against drought stress (Ashraf and Foolad,
2007; Dias et al., 2014).
This study was conducted to study the influence of exogenously applied phytohormones
(Salicylic Acid (SA) and kinetin (Kin)) on growth and physiological behavior in drought stressed
sesame plants.
MATERIALS AND METHODS
The experimental plant used in this investigation was Sesame (Sesamum indicum L.) family
Pedaliaceae Giza-32. The seeds were supplied by Crop Institute, Agriculture Research Centre,
Ministry of Agriculture, Giza, Egypt. Phytohormones (salicylic acid and kinetin) were supplied from
SIGMA. Preliminary experiment was done to choose the concentrations of salicylic acid and kinetin.
The concentrations used for kinetin were (0.05, 0.1 and 0.5 mM) and for salicylic acid were
(0.1, 0.5 and 1 mM). The present work was carried out in the greenhouse of Department of Botany,
Faculty of Science, Zagazig University during the summer season of 2012.
Growth conditions: Seeds of sesame (Sesamum indicum L.) were washed with tap water then
were grown in plastic pots (16 cm in diameter and 19 cm in height) containing 3 kg soil, composed
of clay and sand (2:1) in 21/4/2012. The mean temperature was about 30°C. The seeds were
irrigated twice a week until germination and after 4 weeks of cultivation in 19/5/2012, uniform
seedlings of 13 cm length and 6 leaves were selected and one seedling was left for each pot.
All pots were fertilized with NPK at ratio of 10, 20 and 25 mg kgG1 soil, respectively and
watering according to the following groups:
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Group A : “Control” plants were irrigated with 100% Water Holding Capacity (WHC) during
plant life cycle
Group B : “Drought” plants were irrigated with 25% Water Holding Capacity (WHC)
Group C : “Drought+(kinetin)” plants were irrigated with 25% Water Holding Capacity (WHC)
and treated with kinetin with different concentration (0.5, 0.1 and 0.05 mM)
Group D : “Drought+salicylic acid” plants were irrigated with 25% Water Holding Capacity
(WHC) and treated with salicylic acid with different concentration (1, 0.5 and 0.1 mM)
Exogenously application of phytohormones: The plants of third and fourth groups were
sprayed with serial concentration of selected phytohormones, respectively during different growth
stages as follows.
Immediately after water-stressed treatment at early vegetative stage, after other three weeks
at late vegetative stage and at flowering stage. Growth measurements and physiological analysis
were carried out at two growth stages, vegetative and flowering.
Growth criteria measurements: Sesame plants were collected at vegetative and flowering stages
for measurements of different growth criteria: (Height of the plant, root length, number of
leaves/plant and leaf area).
Water Content (WC) was estimated according to the standard method developed by
Weatherley (1950) as described by Bandurska (2000). Percentage of WC was estimated by
measuring fresh weight and dry weight following oven drying of fresh samples at 60°C. Percentage
of WC was calculated using the following equation:
WC (%) 

Fresh sample  Dry sample
 100
Dry sample

Estimation of total soluble protein: The total soluble protein content was determined according
to the method of Lowry et al. (1951). Fresh weight of plant material (0.5 g) was homogenized in
5 mL 1 N NaOH solution then left overnight. One milliliter of solubilized protein was mixed with
5 mL of the freshly prepared alkaline solution. After 10 min, 0.5 mL of diluted Folin reagent was
added, left to stand 20 min, then the optical density was measured at 750 nm. The protein content
was calculated using the standard curve of bovine serum albumin. The protein content was
calculated using this standard curve and expressed as milligrams of protein per gram dry weight
of sample.
Electrophoretic detection of protein by Sodium Dodecyl Sulphate, Polyacrylamide Gel
Electrophoresis (SDS-PAGE): A known fresh weight of sesame leaves (0.3 g) was ground in
liquid nitrogen in a mortar. Just as the liquid nitrogen evaporated, SDS sample buffer
(Laemmli, 1970) was added and the tissues were further ground. After thawing, the homogenates
were heated at 95°C for 5 min and then briefly centrifuged at 8.000 rpm (205×103×g) for 10 min.
Supernatants containing water-soluble protein fraction were then kept under -20°C until used and
subjected for further analysis by SDS-PAGE.
Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE) was performed
according to the method of Laemmli (1970) as modified by Studier (1973). One-dimensional
SDS-PAGE was run in a mini-gel electrophoresis apparatus (Cleaver Scientific Ltd, Omni PAGE
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Gel Casting System). After running, the gel was immersed overnight on coomassie blue staining
solution, with gently shaking at 50 rpm. After staining, the gel was washed by distilled water and
immersed in de-staining solution till appearance of the protein bands. The gel was photographed
by digital camera. The molecular biomass of the appeared protein bands was calculated from the
inference of authentic protein marker, Broadway, pre-stained marker. Standard curve of protein
marker was plotted based on the electrophoretic mobility (Rf) of proteins against their log10
molecular weights.
Estimation of proline: Free proline was estimated according to the method of Bates et al. (1973).
Plant fresh weight (0.1 g) was homogenized in 10 mL of aqueous sulphosalicylic acid 3 (w/v). The
homogenate was filtered using Whatman No. 1 filter paper. Two milliliter of glacial acetic acid and
2 mL of acid ninhydrin were added to 2 mL of the filtrate in glass test tube and heated in boiling
water bath for 1 h. To stop the reaction, the tubes were placed in ice bath. Four milliliter toluene
was added to the reaction mixture and stirred well for 20-30 sec. The toluene layer was taken and
left at room temperature. The optical density of the produced color was measured at 520 nm on a
spectrophotometer (WP 0803006). The amount of proline in the test samples was calculated from
the standard curve of proline. The proline content on fresh-weight-basis was expressed as follows:
Tissue (µmol g¯1 ) 

g proline / mL  Toluene (mL)
5

115.5
Sample (g)

where, 115.5 is the molecular weight of proline.
Estimation of phytohormones content: Ten grams of fresh tissue were extracted and
fractionated according to methods of Shindy and Smith (1975) and Chen (1990). The HPLC analysis
was used to determine the phytohormones in the extract dissolved in 1 mL of analytical grade
methanol. Analysis was performed on a model (HP 1050) HPLC equipped with UV detector in
Agricultural Research Centre (Soils, Water and Environment Res. Inst. “SWERI”). Separations and
determinations were performed on a C18 column (4.6×150 mm, 5 µm). Wavelength in the UV
detector was 245 nm (Guinn and Brummett, 1990; Baydar and Ulger, 1998). Total run time for the
separations was approximately 5 min at a flow rate of 1 mL minG1. Peak identification was
performed by comparing the retention times with pure standards (Sigma-Aldrich,
Deisenhofer-Germany). Concentrations of phytohormones were calculated from corresponding
standard curves.
Statistical analysis: The obtained data was analyzed statistically using one-way analysis of
variance (ANOVA). Treatment means were separated by Least Significant Difference (LSD)
multiple range tests at (Level 0.05).
RESULTS AND DISCUSSION
Plants are often exposed to environmental stresses through their life cycle. Among these
stresses, in particular drought is the most serious problem that limits plant growth and crop
productivity in agriculture. In the present study, drought stress reduced growth and yield of
sesame plant. Treatment of drought stressed sesame plant by phytohormones (salicylic acid and
kinetin) improved its growth and yield, which could enable sesame plant to resist drought stress.
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(b)
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Fig. 1(a-d): Sesame plants treated with (a) Kinetin at vegetative stage, (b) Salicylic acid at
vegetative stage, (c) Kinetin at flowering stage and (d) Salicylic acid at flowering stage
Growth criteria: Samples of sesame plants were collected at vegetative and flowering stages
according to symptoms appearance. Results present in Table 1-2 and Fig. 1a-d show reduction in
growth parameters including plant height, fresh weight, dry weight, number of leaves per plant
and leaf area in drought stressed sesame plants as compared to the corresponding control while
hormonal treatment with kinetin or salicylic acid with different concentrations enhanced all the
previous growth parameters of sesame plants grown under drought stress at vegetative and
flowering stages. These results were in agreement with those obtained by Fazeli et al. (2007), who
found that drought stress decreased fresh and dry mass of sesame plants. Under drought stress,
the rate of leaf elongation, leaf numbers, rate of expansion, final leaf size decreased. Drought stress
influence total leaf area through its effect on initiation of new leaves, which is decreased under
drought stress. Drought stress results in shorter internodes, possibly due to a reduction in leaf area
and decrease in light interception, thereby leading to reduced dry mater production and reduced
132
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Table 1: Effect of different concentrations of salicylic acid and kinetin on growth parameters of sesame plants grown under drought stress
during vegetative and flowering stages
Plant height (cm)
Root length (cm)
No. of leaves/plant
Leaf area (cm2)
--------------------------------------- ------------------------------------- ------------------------------------ -----------------------------------------Vegetative
Flowering
Vegetative
Flowering
Vegetative
Flowering Vegetative
Flowering
Treatments stage
stage
stage
stage
stage
stage
stage
stage
Control
31.6±0.0306a 55.0±0.0234a 7.5±0.0250a 11.5±0.0229a 18.6±0.0215a 56±0.0227a 45.6±0.0026a 101.66±0.0219a
Drought
16.8±0.0345a 29.0±0.0228a 4.5±0.0241a 10.3±0.0235a 11.8±0.0210a 32±0.0223a 22.77±0.0019a 43.85±0.0226a
Kinetin (mM)
0.05
25.7±0.0309a 45.0±0.0224a 3.0±0.0234a 11.0±0.0234a 15.2±0.0202a 54±0.0229a 34.33±0.0013a 83.26±0.0233a
0.1
28.2±0.0231a 45.8±0.0238b 2.9±0.0256a 10.5±0.0341a 16.2±0.0229a 56±0.0228a 36.64±0.0025a 85.05±0.0204a
0.5
27.6±0.0249a 43.7±0.0229a 2.7±0.0260a 11.0±0.0235a 15.1±0.0318a 50±0.0225a 35.62±0.0319c 84.35±0.0258a
Salicylic acid (mM)
9.9±0.0309a 15.6±0.0255a 50±0.0229a 40.9± 0.0198a 92.87±0.0190a
0.1
28.0±0.0248a 51.0±0.0228a 3.5±0.0205a
0.5
28.0±0.0245a 46.9±0.05852a 3.2±0.01924a 10.0±0.0183a 16.1±0.0222a 52±0.0227a 41.2 ± 0.0439a 93.31±0.0263a
1
31.2±0.0244a 54.0±0.0229a 3.6±0.0228a 10.2±0.0166a 15.3±0.0243a 50±0.0230a 44.0± 0.0023a 99.89±0.0276a
LSD
0.08
0.05
0.48
0.39
0.06
0.05
0.5
0.2
Data is the mean of 3 replicates ±SE, LSD: Least significant difference means for each category having different superscript letters are
significant at p<0.05
Table 2: Effect of different concentrations of salicylic acid and kinetin on growth parameters of sesame plants grown under drought stress
during vegetative and flowering stages
Plant fresh weight (g)
Plant dry weight (g)
Water content (%)
---------------------------------------------------------------------------------------------------------------------------------------Vegetative
Flowering
Vegetative
Flowering
Vegetative
Flowering
Treatments
stage
stage
stage
stage
stage
stage
Control
9.52±0.0194a
17.61±0.0296a
1.4±0.0019b
2.17±0.020c
85.2±0.0022a
87.6±0.0019a
Drought
5.06±0.0131a
9.48±0.0420a
0.57±0.0020a
1.39±0.0278c
88.7±0.0245a
85.3±0.0201a
Kinetin (mM)
0.05
7.34±0.0114a
12.28±0.0249a
0.959±0.0015a
1.89±0.0263c
86.9±0.0178a
84.6±0.0131a
0.1
6.55±0.0135a
13.98±0.0259a
0.825±0.0015b
1.89±0.0262c
87.4±0.0015a
86.4±0.0153a
a
a
b
c
a
0.5
8.50±0.0291
11.33±0.0350
1.001±0.0012
1.80±0.0282
88.2±0.0138
84.1±0.0211a
Salicylic acid (mM)
0.1
8.02±0.0131a
14.70±0.0257a
1.02±0.0178a
1.84±0.02453c
87.2±0.00118a
87.4±0.0223a
0.5
7.08±0.0176a
14.83±0.0259a
0.990±0.0011a
1.86±0.0260c
86.01±0.0128a
87.4±0.0165a
a
a
a
a
a
1
8.99±0.0125
15.15±0.0244
1.2±0.0174
2.05±0.0279
86.6±0.0054
86.4±0.0235a
LSD
0.08
0.16
0.04
0.15
0.06
0.11
Data is the mean of 3 replicates ±SE, LSD: Least significant difference means for each category having different superscript letters are
significant at p<0.05

growth. The decrease in shoot length in response to drought may be either due to decrease in cell
elongation resulting from water shortage which led to a decrease in each of cell turgor, cell volume
and eventually cell growth and/or due to blocking up of xylem and phloem vessels thus hindering
any translocation through (Ajithkumar and Panneerselvam, 2013). The reduction of shoot length
may protect the loss of water by mechanisms of mitigate drought stress.
Plant hormones are essential for the signaling involved in the induction of plant stress
responses. It was observed that foliar application of SA or Kin increased all measured growth
criteria in drought stressed sesame plants as shown in Table 1 and 2. These results were in
agreement with those obtained by Hussain et al. (2008), who found that exogenous SA application
was very effective in reducing adverse affects of drought stress in sun flower and improved the
growth, enhanced photosynthetic capacity, water use efficiency, leaf turgor and relative water
content of stressed sun flower. Salicylic acid and other salicylates are known to affect various
physiological and biochemical activities of plants and may play a key role in regulating their growth
and productivity. The SA and its close analogues enhanced the leaf area and dry mass production
in corn and soybean (Hayat et al., 2010). It has been implicated that kinetin is involved in the plant
defense signal transduction pathway. There is a close correlation between the content of
133
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Table 3: Effect of different concentrations of salicylic acid and kinetin on total soluble protein contents (mg gG1 dry weight) of sesame plants
grown under drought stress during vegetative and flowering stages
Total soluble protein (mg gG1 dry weight)
----------------------------------------------------------------------------------------------------------Treatments
Vegetative stage
Flowering stage
Control
49.87±0.00852b
51.76±0.04547b
c
Drought
109.72±0.00708
117.60±0.04382a
Kinetin (mM)
0.05
85.57±0.04371b
116.44±0.0788a
0.1
62.89±0.04358a
76.86±0.04547b
0.5
81.16±0.0000a
91.66±0.04382b
Salicylic acid (mM)
0.1
61.42±0.04642a
87.99±0.04382c
a
0.5
73.29±0.0741
100.06±0.0000a
1
51.87±0.00718a
90.30±0.00841a
LSD
0.23
0.27
Data is the mean of 3 replicates ±SE, LSD: Least significant difference means for each category having different superscript letters are
significant at p<0.05

endogenous kinetin and the degree of resistance in plants. Kinetin plays a regulative role in
tolerance responses of plants to adverse environmental stresses (Chernyad’ev and Monakhova,
2003; Shao et al., 2010).
Total soluble protein contents: Results in Table 3 reveal that total soluble protein content show
subsequent increase in drought stressed sesame plants as compared with control plant. These
results were in agreement with those obtained by Anosheh et al. (2012), who stated that total
soluble protein content increased in response to drought stress in wheat plants. Also, synthesis and
accumulation of protein was investigated in two Zea mays species and remarkable changes were
noticed in 78 out of 413 proteins of leaves. These evidences indicated that a kind of relationship
existed between protein accumulation and plant physiological resistance against drought stress
(Ghorbanli et al., 2013). The obtained results were in contrast with Fazeli et al. (2007), who said
that water stress reduced protein synthesis in sesame leaf and suggested that water stress may
cause generation of ROS. The ROS brings about inhibition of protein synthesis or causes protein
denaturation.
The increase in total soluble protein level is 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 new proteins belong to dehydrin-like proteins, which are abundantly induced during
embryo maturation of many higher plants as well as in water stressed seedlings (Pelah et al., 1997).
Soluble-protein content in plants, an important indicator of reversible and irreversible
changes in metabolism, is known to respond to a wide variety of phytohormones (Bajguz and
Piotrowska-Niczyporuk, 2013). In the present study, exogenous application of SA or Kin resulted
in an increase in the level of total soluble protein content in stressed sesame as compared to the
control as shown in Table 3. The maximum contents are recorded (100.06 and 116.44 mg gG1) in
0.5 mM of salicylic acid and 0.05 mM of kinetin, respectively. This is an indication of the positive
effect of SA and kinetin in protein synthesis and improving plant adaptation to drought stress.
These results were in agreement with those obtained by Anosheh et al. (2012), who stated that
exogenous application of SA resulted in an increase in the level of total soluble protein by about
57%, compared to the control in wheat plants. In a previous study, exogenous application of SA
was reported to enhance stress tolerance by affecting apoplastic proteins (Tasgin et al., 2003).
Thus, SA-induced increases in protein content in the sesame plant treatments may be
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J. Plant Sci., 10 (4): 128-141, 2015
Table 4: Molecular weights of the protein bands as detected by SDS-PAGE of the extracted protein of drought stressed sesame plants
treated with salicylic acid and kinetin during flowering stages in addition to untreated control
Kinetin (mM)
Salicylic acid (mM)
----------------------------------- -----------------------------------0.05
0.1
0.5
0.1
0.5
0.05
Bands
Marker M Control lane 1 Drought lane 2 Lane 3 Lane 4 Lane 5 Lane 6 Lane 7 Lane 8
Molecular weights (kDa)
Band 1
240
223
249
249
249
249
249
249
Band 2
140
140
140
223
223
223
Band 3
100
95
110
135
135
110
135
Band 4
70
Band 5
50
50
50
Band 6
35
47
47
47
47
47
47
Band 7
25
20
45
45
45
45
45
45
45
Band 8
20
19
42
19
19
42
19
19
19
Band 9
15
15
15
15
15
15
15
15
15
Band 10
7
No. of bands
10
5
4
7
7
7
6
7
7
Total molecular weights (kDa)
660
372
149
535
650
676
598
708
733

attributed to increased tolerance to drought stress. The addition of Kin slightly increased the
content of proteins. Probably, the increase in protein level may be induced by elevated and
potentially prolonged expression of target genes in response to the addition of the hormone
(Zubo et al., 2011). Kin may activate the synthesis of many proteins and involved in metabolism
of vascular plants (Kudryakova et al., 2013).
Electrophoretic detection of protein by Sodium Dodecyl Sulphate, Polyacrylamide Gel
Electrophoresis (SDS-PAGE): Results in Table 4 show the electrophoretic patterns of protein
extracted from drought stressed sesame plants treated with salicylic acid and kinetin as compared
to control. There are a significant variations in the protein profile, number of polypeptide bands and
total amount of protein in each band appeared in all sesame (Sesamum indicum L.) treatments as
compared with non-treated control. The electrophoretic analysis (SDS-PAGE) of the protein
provides information concerning structural genes and their regulatory system that control the
biosynthetic pathway of that protein. Electrophoretic SDS protein profiles were successfully used
to establish biochemical and genetic finger printing of many plants (Badr, 1995; Soliman and
Ghoneam, 2004).
In the present study, drought significantly led to some modifications in cellular protein level
in drought stressed sesame plant as compared to the control, which indicates synthesis and
accumulation of several proteins in response to drought stress. Also, exogenous application of SA
or Kin resulted in an increase in the cellular protein bands in sesame plants grown under drought
stress as compared with control as shown in Table 4, which could be taken as an indicator of
enhanced plant resistance to drought stress. According to the results of the present study, new
protein bands appeared at molecular weights 42, 45, 47 kDa in drought plants, 42, 45, 47, 50, 110,
135, 140 and 249 kDa in kinetin application and 45, 47, 110, 135 and 249 kDa in salicylic acid
application. Fazeli et al. (2007) reported that the strongest protein band with the molecular mass
between 45-66 kDa was observed in drought stress sesame plants. Two new protein bands with the
molecular mass higher than 66 kDa were detected. The number of polypeptide bands increase in
drought stressed sesame plant treated with SA (7 bands) and Kin (7 bands) as compared to
untreated control (5 bands) and drought stressed plants (4 bands). The total molecular weights
(kDa) in each polypeptide bands increase in drought stressed sesame plants treated with
SA (679 kDa) and Kin (620 kDa), while it decrease in drought stressed plants (149 kDa) as
compared to control (372 kDa).
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Table 5: Effect of different concentrations of salicylic acid and kinetin on proline content of sesame plants grown under drought stress
during vegetative and flowering stages
Proline (µg gG1 fresh weight)
-------------------------------------------------------------------------------------------------------Treatments
Vegetative stage
Flowering stage
Control
1.08±0.00251b
2.55±0.00291b
a
Drought
1.71±0.00281
3.93±0.00266b
Kinetin (mM)
0.05
4.13±0.0061a
4.63±0.0034c
0.1
6.19±0.0037a
7.57±0.0030a
0.5
2.16±0.0030a
3.22±0.00221b
Salicylic acid (mM)
0.1
5.23±0.0232a
5.90±0.00271a
0.5
3.56±0.00254a
3.76±0.0026b
1
3.35±0.0676a
3.96±0.0031c
LSD
0,044
0.058
Data is the mean of three replicates ±SE, LSD: Least significant difference means for each category having different superscript letters
are significant at p<0.05

The SDS-PAGE detected a presence of number of new polypeptide bands in all hormonal
treated samples forming a defense strategy to drought stress as compared with control. It might
be due to almost all proteins are soluble in SDS and the resulting protein SDS-complexes are of
high negative charges. The hydrogen bonds split up and by reducing the sulphur bonds the proteins
may be dissolved into low and high molecular weight subunits and the electrophoretic separation
of the protein subunits might be depends on only molecular weights. The main proteins those
synthesized in response to drought stress are Late Embryogenesis Abundant (LEA), Heat-Shock
Proteins (Hsps), desiccation stress protein, dehydrins, proteases, enzymes required for the
biosynthesis of various osmoprotectants, the detoxification enzymes (SOD, CAT, APX, POD, GR).
In addition, protein factors involved in the regulation of signal transduction and gene expression,
such as protein kinases and transcription factors are also synthesized (Kavar et al., 2007).
The SA treatment may also lead to cyclophilins (drought stress protein) mRNA accumulation
in bean leaves. The SA regulates many physiological processes and causes plants adaptation to
environmental stress (Zhang et al., 2004). It was reported that SA would affect the defensive
proteins, types of kinase protein and also it was proven that salicylic acid infuse the synthesis of
the controlled proteins of plant or herb proteases (Raskin, 1992; Popova et al., 1997).
Proline contents: In the present study, drought significantly led to an increase in proline content
in sesame plants as compared to the control plant in vegetative and flowering stages (Table 5),
which could be due to the putative role of drought in increasing the production of proline
precursor’s. These results were in agreement with those obtained by Ghorbanli et al. (2013), who
reported that the leaf proline increased significantly under mild and severe drought stress in
comparison with control in tomato plants. Proline accumulation is the first response of plants
exposed to drought stress in order to reduce injury to cells. Proline can act as an electron receptor
preventing photosystems injuries in dealing with ROS function. Proline accumulation facilitates
the permanent synthesis of soluble substances in closing stomata (Ghorbanli et al., 2013).
Proline can act as a signaling molecule to modulate mitochondrial functions, influence cell
proliferation or cell death and trigger specific gene expression, which can be essential for plant
recovery from stress. Furthermore, it also contributes to stabilizing sub-cellular structures,
scavenging free radicals and buffering cellular redox potential under stress conditions (Ashraf and
Foolad, 2007; Dias et al., 2014).
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Table 6: Effect of different concentrations of salicylic acid and kinetin on endogenous phytohormones content (SA and Kin) (mg gG1 fresh
weight) of sesame plants grown under drought stress
Phytohormones content (mg gG1 fresh weight)
-------------------------------------------------------------------------------------------------------Treatments
Salicylic acid
Kinetin
Control
3.95±0.0547a
0.85±0.00325b
Drought
4.167±0.04382a
0.91±0.02750b
Kinetin (mM)
0.05
3.33±0.03451a
1.06±0.02214b
0.1
4.62±0.04336a
1.15±0.023254b
0.5
5.35±0.04155a
1.09±0.027894b
Salicylic acid (mM)
0.1
4.41±0.05211a
1.03±0.002987b
0.5
4.36±0.04547a
0.86±0.019872b
1
4.91±0.04382a
0.96±0.019962b
LSD
0.3
0.12
All the data are the mean of three replicates ±SE, LSD: Least significant difference means for each category having different superscript
letters are significant at p<0.05

Exogenous application of salicylic acid with all tested concentrations increase proline content
in sesame plants grown under drought stress. The maximum content is 3.56 µg gG1 recorded in
0.5 mM of salicylic acid at vegetative stage and 5.90 µg gG1 recorded in 0.1 mM at flowering stage.
In addition, kinetin application with all tested concentrations increase proline content in drought
stressed sesame plants. The maximum content is 6.19 µg gG1 recorded in 0.1 mM of kinetin at
vegetative stage and 7.57 µg gG1 recorded at flowering stage. These results were in agreement with
those obtained by Anosheh et al. (2012), who reported that exogenous application of SA resulted
in significant increases and changes in proline accumulation under drought stress. These changes
are sometimes accounted for as adaptabilities which increase the tolerance or resistance of plants
against the environmental factors (Metwally et al., 2003).
The SA seems to induce protective reactions to drought stress by increasing proline
(Umebese et al., 2009). It was reported that increasing proline will cause the preservation of the
cellular inflammation and reduction of the membrane damage in plants, so the osmosis regulation
is as an adaptability which increases the plant tolerance or resistance to drought stress. In contrast
with these results, Huq and Larher (1983) stated that after spraying with phytohormones, the
accumulation of proline was considerably retarded, whatever the plant organ analyzed, the plant
species tested and the level of stress or phytohormone used. This retardation may lead to the
conclusion that the phytohormones could alleviate the adverse effects of drought stress. If proline
accumulation is considered as an indication of stress injury, thus it can be said that, the
exogenously applied growth hormones seem either to protect the plant against water stress injury
and consequently the synthesis of proline is retarded or to play a specific role in proline
transformations to other growth constituents.
Phytohormones (SA and Kin) content: Plant growth is known to be under the control of
endogenous hormonal system and drought stress is known to change the balance of phytohormones
content in plants. In the present study, drought showed a significant increase in endogenous SA
and Kin contents of sesame leaves as compared to the control. Results in Table 6 show that
exogenous application of salicylic acid with all tested concentrations increase endogenous
phytohormones content (SA and Kin) in sesame plants under drought stress. Also, kinetin
application with all tested concentrations increase phytohormones content (SA and Kin) in drought
stressed sesame plants. The maximum content of SA is (5.35 mg gG1) recorded in 0.5 mM of kinetin.
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The maximum content of Kin is (1.15 mg gG1) recorded in 0.1 mM of kinetin. These results were
agreement with Kutlu et al. (2009) who reported that cytokinin levels increased in some plants
under drought stress. There are some reports about increases in phytohormones during drought
stress (Nilsen and Orcutt, 1996).
The obtained results indicate that these compounds play an important role in the response of
sesame plants to drought stress. There are numerous examples with different plant species
providing evidences for their ability to affect hormonal balance in plants (Yuldashev et al., 2012).
Increasing the level of endogenous phytohormones for the improvement of drought tolerance in
maize, or to alleviate the injuries produced by drought stress were reported by Wang et al. (2008).
Our results were in contrast with those obtained by Farooq and Bano (2006), who reported that SA
and Kin decreased under drought stress, which is possibly due to decreased SA and CKs synthesis
or due to destruction of SA and CKs.
The SA and Kin influence the content of different phytohormones. The result indicated that the
growth inhibition and cell damages induced by drought stress were rescued partly with the addition
of SA or kinetin. The increase in the quantities of endogenous SA and Kin show that sesame plant
becomes more resistance to injuries under drought stress.
CONCLUSION
Exogenous application of drought stressed sesame plants with salicylic acid or kinetin may
induce resistance to drought stress by enhancement of growth and various physiological processes
which are negatively affected by drought stress.
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