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Abstract: Osmotic stress severely limits plant growth, agricultural productivity and the plant defense system
against the plant pathogens. Tomato plants were treated with NaCl solution at concentrations of 0, 40, 80 mM
and then sprayed with 0.5 mM salicylic acid (SA). Results revealed that, salt stress plants especially at the
highest level significantly reduced growth parameters and yield.  While,  exogenous  application  of SA
promoted growth and yield and counteracted the salt stress-induced growth inhibition of salt stressed plants.
The improvement in photosynthetic pigments, total soluble proteins, total soluble carbohydrates, total proline,
total phenols and leaves relative water content were associated with SA application. On the other hand, salt
treatment significantly reduced photosynthetic pigments and leaves relative water content, while significantly
increased total soluble proteins, total soluble carbohydrates, total proline, total phenols and electrolyte leakage.
Moreover, when the DNA of the treated and non treated plant was subjected to PCR amplification using proline
specific primers. The PCR product (470bp) were sequenced and the sequence analysis revealed that the
amplified gene was proline protein gene with identity 100% when compared Hevea brasiliensis proline-specific
permease-like protein gene and amino-transferase (aat) gene. Moreover, the DNA nucleotide sequences
obtained from the non treated tomato plants showed the same sequence and no mutation was observed. It can
be conclude that salicylic acid applications induced the plant defense system to resist the dreadful effects of
salt stress via the epigenetic.
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INTRODUCTION nutrition and photosynthetic carbon metabolism [2, 3].

Tomato is a major vegetable crop that has achieved salinity stress [4]. Soil salinity is reported as a destroyer
tremendous popularity over the last century. It is grown of photosynthetic organization in several levels like
in practically every country of the world in outdoor fields, pigments [5].
greenhouses and net houses. Plants, growth and Plants under salinity condition change their
production are affected by natural stresses in the form of metabolism to overcome the changed environmental
biotic and a biotic stresses, inversely. Salinity effects are condition. One mechanisms utilized by the plants for
more conspicuous in arid and semiarid regions, where overcoming the salt stress effects might be via
limited rainfall, high evapotranspiration and high accumulation of compatible osmolytes, such as proline
temperature associated with poor water and soil and soluble carbohydrates. Production and accumulation
management contribute to the salinity problem and of free amino acids, especially proline by plant tissue
become of great importance for agriculture production in during drought, salt and water stress is an adaptive
these regions [1]. The reduction in plant growth by response [3]. Proline has been proposed to act as a
salinity stress might be related to adverse  effects of compatible solute that adjusts the osmotic potential in the
excess salt on ion homeostasis, water balance, mineral cytoplasm  [6]. Thus,  proline can be used as a metabolic

Root and shoot length is most important parameter for
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marker in relation to stress. Salicylic acid (SA) is a plant boron (B), 0.1 mg l  copper (Cu), 0.1 mg l  zinc (Zn) and
phenol  and  today   it   is in   use   as   internal   regulator 0.05 mg l  molybdenum (Mo).
hormone, because its role in the defensive mechanism
against biotic and abiotic stresses has been confirmed [7]. Salt (NaCl) Treatments: Twenty days after sowing,
SA has significant effect on different  aspects  of  plant tomato plants were subjected to 0 mM (control), 40 mM
life like plant growth and development, photosynthesis, and 80 mM NaCl concentrations at 3-day intervals using
ion transmission and absorption; also causes to special 0.5L irrigation water per pot.
changes  in  leaf   anatomy   and   chloroplast  structure
[8, 9]. Salicylic acid (SA) Application: Tow levels of salicylic

In natural systems, plants face a plenty of acid (SA) (0.0 (control) and 0.5 mM). The tow levels of SA
antagonists and thus posses  a  numerous  of  defense were applied as foliar spray to run off 3 times;  7,  14  and
and  have  evolved multiple defense mechanisms by 21 days after salt treatments. The pots were randomly
which they are able to cope with various kinds of biotic arranged in a greenhouse and rearranged several times
and  abiotic  stress  [10].  There are various other modes during the growth period.
of defense include the construction of polymeric barriers
to pathogen penetration and the synthesis of enzymes Growth Parameters: Three months after sowing, plants
that degrade pathogen cell wall [11]. In view of all afore- from each replicate were harvested and data on plant
mentioned reports, the present study was conducted to growth variables and yield,  such  as  plant  height,
assess whether exogenous application of salicylic  acid number of leaves, shoot fresh weight, root fresh weight,
(SA) could alleviate the adverse effects of salt stress on shoot dry weight and root dry weight plant , root : shoot
tomato plants differing in salinity tolerance.  Moreover, ratio and number  of  flower  plant   were  determined.
the positive effect of  SA  on  the  plant  growth,  yield The plant material for dry weight was  dried  at  70°C  for
and some physiological parameters i.e. photosynthetic 48 hours.
pigments, total soluble carbohydrates, total soluble
proteins, total proline, water relations and membrane Measurements: One month before harvest the following
stabilization of the tomato grown under salinity stress. measurements were conducted.
Moreover, the plants defense system and the role of
proline gene in the defense against the abiotic and biotic Photosynthetic Pigments: Photosynthetic pigments
stresses. (chlorophyll a, b and carotenoids) (mg g  fresh leaves)

MATERIALS AND METHODS Arnon [12].

Growth Condition and  Treatments:  Tomato  seeds Total Soluble Carbohydrates: Total carbohydrates (mg/g)
(Super stream) obtained from the Ministry of Agriculture, in dry leaves were calorimetrically determined according
Cairo, Egypt. Seeds were germinated in three replicates to the method described by Dubois et al. [13].
according to trial pots in complete randomized design.
Treatments were designed as follows: 1) Control (only tap Total Soluble Protein Content: Protein content in dry
water), 2) 0.5 mM SA, 3) NaCl 40 mM, 4) NaCl 80 mM, 5) leaves was determined according to the method described
NaCl 40 mM plus 0.5 mM SA, 6) NaCl 80 mM plus 0.5 mM by Bradford, [14].
SA. Five seeds of tomato were sown on 15  Augustth

during season 2011 directly in plastic pots (20 x 25 cm) Total Proline Content:  Proline was determined according
containing 3.0 kg of peat, clay and sand mixture in equal to the method described by Bates et al., [15].
ratios and kept inside glass greenhouse under natural
light. Soil was allowed to equilibrate in the greenhouse for Total Soluble Phenol Content: Total soluble phenol
1 week before sowing the seeds.  After  germination, content in tomato was extracted according to Hsu et al,
plants were thinned to one plant per pot. At the first  until [16]. Sample of o.5 gm dry leaves was mixed with 80 ml
21 days from sowing irrigation with tap water was applied methanol and kept overnight. The suspension was filtered
twice a week and the pots were irrigated every 2 weeks and  the  filtrate  was  diluted  to  100  ml. This solution
with a nutrient solution containing 200 mg l  nitrogen served as stock solution for subsequent analysis. Total1

(N), 100 mg l  phosphorus (P), 200 mg l  potassium (K), soluble phenol content was determined according to the1 1

2.0 mg l  iron (Fe), 1.0 mg l  manganese (Mn) 0.5 mg l method described by Slinkard and Singleton [17].1 1 1

1 1

1

1

1

1

was determined using a colorimetric method outlined by
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Electrolyte Leakage Percentage (Membrane DNA Sequence and Sequence Analysis: The amplified
Permeability): Electrolyte leakage percentage was 470bp of proline gene was subjected to DNA sequencing
determined   according   to   the  method  described by
Shi et al., [18].

Leaf Relative Water Content (LRWC): LRWC is a useful
measure method of the physiological water status of
plants. Two leaves were collected among the young fully
expanded leaves of two plants per replicate. Individual
leaves detached from the stem were weighed to determine
fresh weight (FW). Values of FW, TW and  DW  were
used  to  calculate  LRWC  using  the  equation [19]:
LRWC (%) = [(FW-DW)/ (TW-DW)] X 100.

DNA Extraction and PCR  Amplification:  Plant  tissues
of  treated  and nontreated plants were collected at the
end of the experiment and subjected to DNA extraction
using Plant  DNA  extraction  kit  (Qiagene,  Germany).
The  purity  and  the  concentration  of  the  extracted
DNA was performed  and   then   stored   at   -80   until  be
used. The proline PCR amplification was performed using
the proline specific primers according to Schafleitner et al.
[20]. A total reaction volume of 25 µl containing 2.5 µl PCR
buffer, 1.5 µl of mM MgCl , 2µl  of  2.5mMdNTPs,  0.5 µl2

of  Taq   DNA  polymerase   (AmpliTaq,  Perkin-Elmer),
2.5   µl     of     10     pmol    of     each    primer   (forward
5`-TTCGATAGGCAACTCATGAG  GA-`3  and  reverse
5`-TCGGTGATGTTTC CTCGTTTATTA-`3 and 2.5 µl of
DNA and the volume was completed with 13.5 µl of sterile
dH2o.The amplification program was one cycle at 94°C for
5 min (hot start), followed by 40 cycles at 94°C for 1 min,
40°C for 1 min and 72°C for 1 min. The reaction was then
incubated at 72°C for 10 min for final extension
(Eppendorf, Mastercycler 384, Germany). PCR product
was visualized on 1.5% agarose gel and photographed
using gel documentation system.

after purification from agarose gel using Qiagene agarose
extraction kit (Qiagene, Germany) The purified DNA was
sequenced in sequencer unit of City for Scientific research
and technology applications, Alexandria, Egypt. DNA
homology searches were carried out with the National
Center for Biotechnology Information (NCBI) databases,
using the basic local alignment search tool (BLAST)
network service [21]. A BLAST search for alignment of
the obtained sequence with the published ones was done
using the database at NCBI and they were submitted into
the GenBank and the sequence gets the accession number
JQ267627 and JQ267626.

Statistical Analysis: Treatments were arranged in a
completely randomized design with 6 treatments.
Experiments were carried out twice. Analysis of variance
was performed using the SPSS software package.
Analysis of variance (ANOVA) was performed on the
data to determine the least significant difference (LSD)
among treatment at P < 0.05.

RESULTS AND DISCUSSION

Growth Parameters and Yield: Plants growth under NaCl
concentrations exhibited an decrease in all growth
parameters and yield (Table. 1) specially the highest one,
(80 mM NaCl),  which   significantly   decreased   it  by
15.4, 10.3, 21.6, 42.5, 31.5, 47.9 and 28.6% for plant height,
number of leaves plant , fresh and dry weights of shoots1

plant , fresh and dry weights of root plant  and number1 1

of flowers plant , respectively as compared to the1

control. Salinity induced growth reduction has been well
documented in several plant species by Eraslan et al., [22]
on  lettuce,  Maggio  et  al.,  [23]  on  tomato [24] on carrot

Table 1: Effects of salicylic acid on growth parameters and number of flowers of tomato grown under salinity stress

Plant N0.of F.w 0f shoots D.w0f shoots F.w of roots D.w.0f roots Root: Number of

Treatments height (cm) leaves plant plant (g) plant (g) plant (g) plant (g) shoot ratio flowers plant1 1 1 1 1 1

Control 56.33 26.00 27.67 5.27 3.72 0.73 0.14 11.67

0.5mM SA 62.33 26.76 30.75 5.21 4.02 0.75 0.14 13.00

40mMNaCl 52.33 24.00 27.05 4.13 5.21 0.51 0.12 9.67

80mMNaCl 47.67 23.33 21.69 3.03 2.55 0.38 0.12 8.33

40mMNaCl + 0.5mM SA 54.33 25.33 29.39 5.14 3.43 0.67 0.13 11.00

80mMNaCl + 0.5mM SA 53.33 24.67 27.75 5.27 3.51 0.78 0.15 10.00

LSD 0.05 1.29 1.33 1.88 0.68 0.63 0.01 0.02 1.45

SA:Salicylic acid
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Table 2: Effects of salicylic acid on photosynthetic pigment content, total soluble carbohydrates content and total soluble proteins content of tomato grown
under salinity stress

Chlorophyll A Chlorophyll b Carotenoids Total soluble Ttotal soluble
Treatments (mg/g fresh leaves) (mg/g fresh leaves) (mg/g fresh leaves) carbohydrates (mg/g dry leaves) proteins(mg/g dry leaves)
Control 0.753 0.250 0.310 191.17 33.60
0.5mM SA 0.734 0.273 0.310 199.70 35.94
40mMNaCl 0.537 0.173 0.223 205.03 38.17
80mMNaCl 0.411 0.157 0.167 202.20 39.17
40mMNaCl + 0.5mM SA 0.607 0.230 0.257 233.10 37.55
80mMNaCl + 0.5mM SA 0.563 0.207 0.233 247.33 42.96
LSD 0.05 0.012 0.024 0.011 1.10 0.84
SA:Salicylic acid

and [25] on Ocimum Basilicucm. Application of salicylic increasing NaCl concentration [31]. On the other hand,
acid resulted in a moderate increase in growth parameters application of SA combined with NaCl significantly
and number of flowers plant  compared to the control. increased chlorophyll a,b and total soluble carbohydrates1

Plants treated with SA grown under salinity conditions compared to saline conditions singly. The highest total
enhanced all growth parameters and yield compared with soluble carbohydrates content (247.33) was obtained from
salinity treatment only. This positive effect of SA may be 80 mM NaCl+0.5 SA treatments. Our results were
attributed to the increase of CO  assimilation and confirmed with those obtained by Szepesi, [32] who2

photosynthetic rate and increased mineral uptake in reported that, SA-pretreatment improved the
stressed plant under SA application [26]. Exogenous photosynthetic efficiency of tomato plants under salt
salicylic application in S-24 wheat cultivar, increased stress. Khan et al. [33] showed that SA increased
growth and neutralize salt stress, while there are no photosynthetic rate in corn and soybean. With salicylic
increase in growth with SA application in MH-29 durum acid, the leaves fill up more soluble sugar and proline [32].
wheat cultivar [27]. SA led to increase in abscsic acid
(ABA) level under salt stress and decreased stress Total Soluble Proteins Content:  Data  presented in
harmful effect on growth [28]. SA significantly increased Table  2  indicated  that salinity significantly increased
plant growth either under stress or without stress leaf  total  soluble proteins content with increasing
conditions. This effect probably related to SA inhibition salinity  concentration   up   to  80  mM  NaCl  compared
of Cl- and Na+ absorption and its help for Mg, Fe, Mn, N to control treatment. The proteins at salt stress condition
and Cu absorption or results from its effect on lipid accumulate  and   act   as   osmotic   regulator  [34].
peroxidation and membrane permeability. In cucumber and Salinity stress increases amino acid content in wheat
tomato, the fruit yield was enhanced significantly when varieties [35]. Also, salicylic acid either alone or in
the plants were sprayed with lower concentrations of combined with salinity  levels  significantly  increased
salicylic acid [29]. total soluble proteins and also the highest values was

Photosynthetic Pigments and Total Soluble increased by 27.9% in comparison to control treatment.
Carbohydrates: Data in Table 2 indicated that, chloropyll The plants produce some proteins in response to biotic
a,b, carotenoids and total soluble carbohydrates were and abiotic stresses, that some of these proteins deduct
significantly  decreased  with  increasing  salinity  levels by phytohormones such as salicylic acid [36].
as compared to control treatment, The reduction in
chlorophyll and carotenoid contents as a result to Total Proline and Total Phenols: Data in Table 3
indirect effect of NaCl. There is a relation among indicated that, with increasing salinity significantly
chlorophyll content, photosynthesis activity and CO increased  total  proline  and   phenols  contents.2

fixation. The decrease in net CO  fixation is the result of However, tomato plants grown under 40 and 80 mM NaCl2

water shortage, closure of stomata, accumulation of significantly increased total proline and total phenols by
apoplast salt and mesophyll cells loosing turgor and 111.6, 56.3, 118.5 and 64.6%, respectively in comparison to
direct toxicity of salt ions. All these negative situations control treatment. Proline amino acid has gained an
are the indicators of the fact that general metabolic important position as a research subject in plant stress
activity has been deteriorated [30]. The soluble sugar in physiology. The more tolerant plants accumulated more
oat organ plant (root and bud) was increased with proline  in their  leaves  [37].  Plants  treated  with salicylic

recorded at 80 mM NaCl+0.5 SA treatment which
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Table 3: Effects of salicylic acid on total proline content, total phenolics content, electrical conductivity (EC) and relative water content (RWC) of tomato
grown under salinity stress

Treatments Total proline (mg/g dry leaves) Total phenolics (mg/g dry leaves) EC% RWC%
Control 1.73 1.44 10.34 85.64
0.5mM SA 2.38 1.71 23.94 82.14
40mMNaCl 3.66 2.25 28.87 74.11
80mMNaCl 3.78 2.37 65.15 67.33
40mMNaCl + 0.5mM SA 5.14 1.61 46.94 75.19
80mMNaCl + 0.5mM SA 6.28 2.38 60.66 74.19
LSD 0.05 0.07 0.17 0.98 3.04
SA:Salicylic acid

Fig. 1: Comparative nucleotide sequences analysis of.A: between the isolated amino acid transferase gene and amino
acid transferase gene of Medaco plant. B :Btween Proline gene with Hevea brasiliensis proline-specific permease-
like protein.

acid significantly increased total proline by 37.6% in 0 mM respectively compared to control. The conductivity in
NaCl, 197.1% in 40 mM NaCl and 263% in 80 mM NaCl NaCl treatment plants sprayed SA showed a significant
compared to untreated plants. Similarly, SA application decrease which SA application at 0.5 mM concentration
with or without salinity levels significantly increased total with 40 and 80 mM NaCl significantly reduced ELP as
phenols specially 80 mM NaCl+0.5 mM SA treatment compared the highest level of salinity (80 mM NaCl).
which recorded the highest increase (65.3%) as compared Treatment with SA singly showed lesser differences in
to control. There are many reports about increasing conductivity. Maintaining integrity of the cellular
proline under salt stress conditions such as the proline membranes under salt stress is considered an integral part
accumulation by salicylic acid treatment increases in of the salinity tolerance mechanism [39]. This study
wheat, oat, bean and tomato, under oxidative stresses showed that SA reduced the amount of ion leakage
[38]. (measured as electrolytes) in salt stressed tomato plants

Electrolyte Leakage Percentage (ELP): ELP represents maintenance of membrane functions (i.e., semi
cell membrane injury. Salinity impaired membrane permeability) under stress conditions. These results are
permeability ELP. Application of salicylic acid partly concordant with those obtained by Stevens et al., [39] on
maintained membrane permeability (Table 3). However, tomato and Yildirim et al., [40] on cucumber, who
with increasing salinity the ELP was significantly determined that SA facilitated the maintenance membrane
increased by 179.2 and 530.1% for 40 and 80 mM NaCl, functions.   This    facilitation     could    be    attributed   to

indicating that SA treatment has facilitated the
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the induction of antioxidant responses and elevated Ca cellular osmolarity in response to osmotic stress.
uptake that protects the plant from the oxidative damage However, proline accumulation can influence stress
by SA [31, 41]. tolerance in multiple ways. Proline has been shown to

Leave Relative Water Content (LRWC): LRWC was integrity and enhance the activities of different enzymes.
significantly decreased with increasing salinity levels, Examples of such roles include protection of nitrate
however, NaCl at 40 and 80 mM concentrations reductase during heavy metal and osmotic stress [47] and
significantly reduced LRWC by 16.5 and 27.2% compared stabilization of ribonucleases and proteases upon
to control. On the other hand, salicylic acid application arsenate exposure [48]. Recent results highlight its
either alone or with salinity increased LRWC as compared multiple functions in stress adaptation, recovery and
to saline conditions only. This could be explained by signaling. As well as modulating responses to abiotic and
transpiration decreasing effects of SA on leaves and biotic stresses, proline appears to function as a metabolic
epidermis. Agarwal et al., [42] reported that RWC capacity signal that regulates metabolite pools and redox balance
increased in wheat with SA treatment. controls the expression of numerous genes and influences

It is known that salinity conditions decreases water plant growth and development [49].
uptake. For instance, in a study investigating plant-water
relations in tomato plant and the ways of water uptake, it CONCLUSIONS
was found that when the tomato plant is watered with
saltwater, a decrease both in its growth and its water Results showed that exogenous application of
uptake is observed [43]. For more investigation the salicylic acid (0.5mM) minimizes the negative effects of
alanine gene was isolated from the fresh water and salt salt stress with evidence of increasing the growth and
water irrigated plants and the obtained DNA was productivity of tomato plants which were in parallel line
sequenced. The sequence analysis revealed that the with enhancing the photosynthesis growth and various
amplified  genes   were  proline  protein  gene  with other physiological and biochemical characteristics of
identity  100%  when compared Hevea brasiliensis plants. Moreover, the induced resistance was  acquired
proline-specific permease-like protein gene (JQ267627) by the treated plants with salicylic acid; proline and
and amino-transferase (aat) gene (JQ267626). Moreover, amino-transferase (aat) genes. These kinds of genes play
the DNA nucleotide sequences obtained from the non an important role in plant defense against biotic and
treated tomato plants showed the same sequence, no abiotic stress. In the future work, we will focus on using
mutation was observed. We assume that the plant the induced plants to examine their resistant against
stressed by salicylic acid induced the membrane defense tomato root rot disease.
genes which play an important role to resist the effect of
salinity on the treated plants. ACKNOWLEDGMENT
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