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Introduction

Rice (Oryza sativa L.) is the most important staple food crop that provides and meets the basic need to more than half of the
world population [1,2] and is found to be highly sensitive to soil salinity. The ever-increasing demand of food in the world
pushing agriculture to marginal lands such as salt affected soils, therefore increasing the need of finding ways to utilize these
soils. This is feasible only by the improvement of soil properties and finding plants which could grow on these soils under
stressful environment with minimum yield reduction. The exogenous application of phytohormones has gained a
considerable ground as shotgun approach to ameliorate the adverse effects of salt stress on plants [3].
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Salicylic acid being an endogenous plant growth substance acted as a signal molecule modulating plant response [4] and
signal transducer/messenger [5]. Salicylic acid (SA) was synthesized in plants through two different pathways: the
phenylpropanoid and the isochorismate pathways [6]. Biosynthesis of SA was initially studied biochemically in tobacco
leaves, leading to the discovery of the cytoplasmic phenylpropanoid pathway [7]. It began with the conversion of
phenylalanine to trans-cinnamic acid (t-CA), which was catalyzed by phenylalanine ammonia-lyase (PAL) [8]. t-CA was then
converted to benzoic acid (BA), and SA was derived from BA hydroxylation and catalyzed by benzoic acid 2-hydroxylase
(BA2H) [9]. Wildermuth et al. [10] found a new SA synthesis pathway that run from chorismate via isochorismate in
pathogen-infected Arabidopsis through the identification of two putative isochorismate synthase (ICS) genes [11]. More
studies in Arabidopsis indicated that SA could also be synthesized from chorismate to isochorismate [12,13]. Isochorismate
was then converted to SA by isochorismate pyruvate lyase (IPL) [14]. Catinot et al. [15] also reported that the production of

SA in response to biotic and abiotic stress depended on the isochorismate in Nicotiana benthamiana.

SA could also be applied externally to regulate several physiological and biochemical functions [16,17]. SA had been found
to play a key role in the regulation of plant growth, development, interaction with other organisms and in the responses to
environmental stresses [18,19]. It is an important mediator of the plant resistance to pathogens and adverse environmental
conditions such as drought stress, heavy metal stress and salt stress [19-21]. Many studies supported that SA induced the
resistance of wheat [22], tomato [23], barley [24] and maize [25] to salinity and osmotic stress. The effect of exogenous SA

on growth depended on the plant species, developmental stage and the SA concentrations tested.

Even though there are many studies in the effect of SA for salt tolerance in plants, no study has proved the effect of SA in
rice plants from germination stage to yield and its complete molecular mechanism. This study is the first attempt to prove the
role of SA biosynthetic pathway genes for the salt tolerance in plants and the role of SA for salt tolerance from germination

stage to reproductive stage of rice plant.

Materials and Methods

Experimental plant

ASD16 (salt sensitive variety) and BR26 (salt tolerant variety) are the two indica rice varieties used as the experimental plant
in this research. Seeds of ASD16 were collected from Agricultural block, Munchirai and the BR26 seeds from Cox's Bazaar,
Chittaggong, Bangladesh through Plant Morphogenesis lab, Department of Biological Sciences-National University of
Singapore (DBS-NUS). The collected dried seeds were subsequently stored at 2°C and 40% relative humidity (RH) in the
active collection storage vault of the gene bank until needed. Thereafter, seed samples were allowed to equilibrate at room
temperature (25°C + 1°C and 68% to 80% RH) for seven days before being subjected to germination test [26].

Soil salinity analysis

Erayumanthurai (N 8°14'38.4" E 77°09'46.9") region of Kanyakumari District, Tamil Nadu, India was located between the
Avrabian Sea, AVM Canal and the perennial Thamirabarani River. The soil samples from five regions of Erayumanthurai (E1,
E2, E3, E4 and E5) in 0.5 km distance were collected by adopting the soil sampling procedures of TNAU agritech portal

(http://agritech.tnau.ac.in/agriculture/agri_soil_sampling.html). The salinity of the collected soil was analyzed by the
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determination of hydrogen ion concentration (pH), electrical conductivity (EC), exchangeable cations (Na*, K*, Ca?*, Mg*")
and chloride (CI) ions [27].

Effect of salicylic acid on salt tolerance at different stages
The effect of salicylic acid on salt tolerance was analyzed in three different stages of rice such as germination stage,

vegetative stage and reproductive stage.

Germination stage

Seeds of ASD16 and BR26 (O. sativa L.) were surface sterilized in 20% bleach for 10 min and washed repeatedly in distilled
water. Seeds were laid out in 9 cm petri dishes (10 seeds per dish). The salicylic acid (1.0 mM), sodium chloride (100 mM)
and the combination of salicylic acid (1.0 mM) and NaCl (100 mM) were added as treatment (10 ml per petri dish). For the
control, distilled water was used. Treatments were replicated three times and the plates were placed in a growth chamber at
25°C + 2°C for germination. The germination rate was recorded at every day interval for seven days after which the seedlings

were harvested and the shoot and root length were measured. The rate of germination was expressed in percentage.

Vegetative stage

The SA (0 mM, 1.0 mM) pretreated seedlings (seven days old) were transferred into pots (13 cm in diameter and 14 cm
height with small bottom outlet) that were filled with low saline soil (The physicochemical parameters of soil was analyzed
and given in TABLE 1). Two germinated seeds were sown per pot and placed three pots on a floating tray with 3 cm level of
water (The physicochemical parameters of water were analyzed and given in TABLE 2). Trays were randomly ranged on
tables with three replicates. The experiments were carried out in wire net green house. After one week, abnormal seedlings
(dead, too small or too big) were replaced and only one normal healthy seedling per pot was maintained. Treatment was
applied during 30 to 58 days after sowing (vegetative stage of plant) with NaCl (100 mM), SA (1.0 mM) and the combination
of NaCl with SA. The treatment solutions were renewed every week [28]. The plant height and percent of injured leaves were

calculated on 14 and 28 days after treatment.

TABLE 1. Physico-chemical parameters of the selected soil samples.

Property Low-saline (Normal) soil High-saline (Salty) soil
Sand (%) 59 72
Clay (%) 31 9
Silt (%) 10 19
Textural classes Sandy clay loam Loamy sand
CaCO; (%) 0.84 2.61
pH 7.1+02 8.1+0.1
Ec (Ds/m) 0.10+£0.03 0.84 £0.02
Available P 61 29
Total N 119 76
Total K 75 50
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Ferrous (ppm) 4.66 3.58
Manganese (ppm) 1.44 0.75
Zinc (ppm) 0.002 0.005
Copper (ppm) 13 1.5
Boran (ppm) 0.01 0.06
Exchangeable sodium (millie 0.88 £ 0.00 2.80+0.32
Q/ 100 g)

Exchangeable potassium (millie 0.12+0.01 1.23+0.15
Q/ 100 g)

Exchangeable Calcium (millie 02.0£0.00 185+0.71
Q/ 100 g)

Exchangeable Magnesium 1.00 £ 0.00 2.75+£1.06
(millie Q/100 g)

CEC (millie Q/ 100 g) 5.07 14.49
Chloride (%) 0.014 + 0.003 0.033 + 0.005
Salicylic acid Nil Nil

TABLE 2. Physico-chemical parameters of the water.

Property Measurements
Dissolved oxygen 6.1 mg/l £0.2 mg/l
pH 7.2+0.02
Temperature 28+£2°C
Total hardness 346 mg/l £ 19 mg/l
Free CO, 2.2+0.13
Ca 82 mg/l £ 22 mg/l
Mg 34 mg/l £ 00 mg/l
Na 20 mg/l £ 5 mg/I
Salicylic acid Nil
Sulphates 111 mg/l + 13 mg/I
Chlorides 23 mg/l + 2 mg/I

Specific conductance

2340 (micro siemns/cm) at 2°C

Reproductive stage

The SA (0 mM, 1.0 mM) pretreated seedlings (seven days old) were maintained in floating trays with 3 cm level of water.
The NaCl (100 mM) and SA (1.0 mM) were applied for two week at heading stage starting from 80 days after sowing. The
morphological characters such as plant height, number of tillers and number of leaves and yield components such as number

of panicles per plant, filled grains per panicles and weight of 1000 grains were measured after the treatment.




www.tsijournals.com | April-2017

Effect of salicylic acid on low and high saline soil
The SA (1.0 mM) alone was applied to the low and high saline soil (TABLE 1) during the vegetative stage of rice plant to

check the yield of the rice under salt stress condition.

Proteomic and genomic analysis
The proteomic and genomic analysis was done in the germination stage of rice to study the role of salicylic acid on salt

tolerance in the molecular level.

Gene expression studies

The RNA was extracted by Trizol-Reagent (Catalog Number 15596-018 from Life technologies) and the first strand cDNA
was synthesized by using Maxima® First Strand cDNA Synthesis Kit (Fermentas, Catalog Number K1641). The gRT-PCR
analyses were carried out using the AB power SYBR Green PCR Master mix kit (Applied Biosystems, P/N 4367659)
according to the manufacturer’s protocol. The amplification of ACTIN gene (OsACT) was used as an internal control to
normalize the data and the corresponding sequence of the forward primer was CCAAGGCCAATCGTGAGAAGA and the
reverse primer AATCAGTGAGATCACGCCCAG (Amplicon size-227 bp). The threshold cycle (CT) value was
automatically calculated based on the changes in fluorescence of SYBR Green dye in every cycle monitored by the ABI 7900
system software. The mRNA relative amount was estimated from the CT value according to Jiang et al. [29] and was used to
evaluate expression level of analyzed genes. All the primers (TABLE 3) used for gRT-PCR were designed using full length
cDNA sequences by NCBI primer BLAST online software.

TABLE 3. Primers Used for gRT-PCR Analysis.

S. ) Name of ) ) Amplicon
Name of the Protein Locus name Forward primer Reverse primer )
No. Gene size (bp)
) TCCGTGCAAAGGA | TGGCGAATCAGTCA
1 Chorismate mutase OsCM 0s02g0180500 270
TACCAAGGCT AGACGGCG
Isochorismate GCTCGGTTCTCGC | GCTACACCTTGCCA
2 OsICS 0s09g0361500 260
synthase AACGACGAT GTACGACCTTT
Phenylalanine GAGCTCATCAGAT | GCCATCTGGTGCAA
3 . OsPAL 050290627100 294
ammonia lyase TCCTCAATGCCG CCGCCA

Statistical Analysis

The statistical analysis was carried out using Prism software (GraphPad Prism Version-3.0, GraphPad Software Inc., San
Diego California, USA). All the experimental data were derived from the biological and technical triplicates and the results
were expressed as mean + standard deviation. The paired sample ‘t’ test, Pearson correlation and Tukey’s multiple-range test
were employed to assess the statistical significance of results. All the treatment was compared with the control to find the
significance. In addition, NaCl treatment was compared with SA+ NaCl treatment to find the significant effect of SA on salt

tolerance. P-Value less than 0.05 were considered as significant.
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Results
Soil salinity
The E1, E2, E3, E4, and E5 samples showed a significant (P<0.05) decreasing trend in all the parameters analysed. It was
observed that the soil sample E1 had the highest salinity and E5 had the lowest salinity that was used as the experimental soil
in this study (TABLE 4).

TABLE 4. Soil salinity of the collected samples.

Exchangeable | Exchangeable | Exchangeable | Exchangeable

Soil Na* K* ca* Mg**
pH EC (ds/m) . - . . CI' (%)

Samples (millie Q/100 (millieQ/100 (millieQ/100 (millieQ/100

9) 9) 9) 9)
E1l 8.1+0.10° | 0.84+0.02%® | 2.80 +0.32%® 1.23+0.15® | 185+0.71% | 2.75+1.06 | 0.033 +0.05™
E2 7.8+0.10%® | 0.35+0.04* | 0.97 +0.11% 0.94+0.01* | 13.0+6.36° | 4.00+4.95% | 0.019 +0.03%
E3 7.6+£0.10® | 0.29+0.01%* | 0.91 +0.05® 0.16 +0.03® | 085+0.71%" |2.00+1.41 | 0.018+0.01®
E4 7.3+0.20® | 0.17+£0.02* | 0.89 + 0.00™ 0.14+0.02® | 04.0+1.41% | 1.00+0.00® | 0.017 +0.04%®
E5 7.1+0.20® | 0.10+0.03® | 0.88 +0.00® 0.12+0.01* | 02.0+0.00 | 1.00+0.00® | 0.014 +0.03®

Data subjected to one way Analysis of Variance (ANOVA); the mean values compared by Tukey test; Values are expressed in
means + SD; n=3; Values followed by the same letters within the same column statistically differ at the 0.05 level of the

significance

Effect of salicylic acid on germination stage

The salicylic acid (SA) was acted more effectively on germination stage of rice plants for salt tolerance (TABLE 5). The
NaCl treatment significantly (P<0.05) reduced the rate of germination in both the cultivars from 2™ day to 5 day of
incubation. The 100% germination rate was attained on the 2" day in control and SA treated plants of AS16. But in BR26 it
was on 3" day. The SA treatment significantly (P<0.05) increased the germination on the 2™ day in BR26 from 97% to
100%. The NaCl treated seeds reached its 100% germination rate on 7" day in ASD16 and 5" day in BR26. But the SA +
NaCl treatment reached its 100% germination on 4™ day in both the cultivars that was significantly higher than the NaCl
treatment (TABLE 5). The NaCl + SA treatment significantly (P<0.05) increased the germination rate from the NaCl
treatment as 50 to 90% in ASD16 and 66 to 90% in BR26 on 2™ day; 86 to 100% in ASD16 and 94% to 100% in BR26 on
4™ day. The NaCl treatment significantly (P<0.05) reduced the root and shoot length on both the cultivars. But the SA (1.0
mM) treatment under salt and non-salt stress condition significantly (P<0.05) increased the root and shoot length from the
NaCl treatment and control (0 mM) in both the cultivars (FIG. 1). The results proved that the SA incorporation to the salty

(NaCl) medium significantly enhanced the germination and growth rate in both the cultivars.
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TABLE 5. Effect of salicylic acid on the germination rate (%) of ASD16 against salt stress.

ASD16 BR26
(I)Dfuratlon rl:lqal\jzl 100 NaCl 100
incubation | 0 mM SA 1.0 NaCl 100 + 0 mM SA1.0 NaCl 100 | mM
mM mM mM mM +SA 1.0
(days) SA1.0
mM
mM
0 0+£0.0 0+£0.0 0+£0.0 0+£0.0 0+£0.0 0+£0.0 0+£0.0 0+£0.0
1 0+£0.0 0+£0.0 0+£0.0 0+£0.0 0+£0.0 0+£0.0 0+£0.0 0+£0.0
2 100£0.0 | 100£0.0 | 50£0.0" | 90+0.0% | 97 +4.8 100 £0.0 | 66 £5.2* | 90 £0.0®
3 100+0.0 | 100£0.0 | 80+0.0® | 94+52° |100+0.0 |100+0.0 |87 +4.8® | 97+4.8“
b . | 100 *
4 100+0.0 | 100+£0.0 | 86+5.2* | 100+0.0™ | 100+£0.0 | 100+0.0 94 +5.2° 0.0°
b | 100 *
5 100+0.0 | 100+£0.0 | 93+4.8® | 100+0.0 | 100+£0.0 | 100+0.0 97 +4.8° 0.0°
6 100+ 0.0 | 100+0.0 | 96+5.2° | 100+0.0® | 100+0.0 | 100+ 0.0 100£0.0 | 100£0.0
7 100£0.0 | 100£0.0 | 100+0.0 | 100£0.0 100£0.0 | 100£0.0 100£0.0 | 100£0.0
Data subjected to one way Analysis of Variance (ANOVA); the mean values compared by Tukey test; Values are
expressed in means + SD; n=10; Values followed by the same letters within the same column statistically differ at the
0.05 level of the significance

(NaCl and SA treatment was compared with control; SA + NaCl treatment was compared with NaCl treatment)

® Control (OmM)

90 -

m2

Root/shoot length (mm)
8

Root length

—*

BR26

LSA(1.OmM) & Nad (100mM) iNaCl (100 mM)+ SA (1.0 mM)

Shoot length

Data subjected to ‘t’ test; *significant at 0.05 level; **significant at 0.005 level

FIG. 1. Effect of SA on root/shoot length against salt stress at germination stage.
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Effect of salicylic acid on vegetative stage

The SA application during the vegetative stage alleviated the salt stress impact on both the tested rice cultivars in terms of

improved plant height and reduced injured leaves. The plant height was significantly (P<0.05) reduced by NaCl treatment
that showed negative correlation with control. But the SA + NaCl treatment significantly (P<0.05) increased the plant height

(FIG. 2) from the NaCl treatment from 14 to 28 days of the treatment in both the rice cultivars that was positively correlated.

There was no significant correlation in the plant height between control and SA treated plants.

Control(OmM)  m SA(1.0mM)
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10
0 .

SA(1.0mM)+NaCl(100mM)

0day ‘ 14 days ‘ 28 days

ASD16

Oday | 14days [ 28 days

BR26

Data subjected to Pearson correlation; * Correlation is significant at 0.01 level.

FIG. 2. Effect of SA on plant height against salt stress at vegetative stage.

Morphological salt tolerance was based on the evaluation of the ratio of injured leaves by discolored /rolled or dead leaves

per plant. The percentage of injured leaves was significantly (P<0.05) increased by NaCl treatment that was significantly
(P<0.05) reduced by SA treatment under salt stress condition. The application of SA did not made any significant changes in

the non-salt stressed plants. But under the salt stress condition, the effect of SA is more significant for salt tolerance (FIG. 3).

H Control (0 mM)  BSA (1.0 mM)
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§NaCl (100 mM) 8 SA (1.0 mM) + NaCl (100 mM)

14 days
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BR26

Data subjected to paired sample t test; *significant at 0.05 level; **significant at 0.005 level

(NaCl and SA treatment was compared with control; SA + NaCl treatment was compared with NaCl treatment)

FIG. 3. Effect of SA on injured leaves (%) against salt stress at vegetative stage.
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Effect of salicylic acid on reproductive stage

In the reproductive growth stage, panicle development takes place and nourishment of this stage is very important for the

increase of yield. The result showed that the SA application during the reproductive stage significantly (P<0.05) increased all

the morphological characters under non-salt stress condition. But under the salt stress condition, the SA (SA + NaCl)

treatment did not cause any significant variation in the morphological characters except the plant height in BR26 that was
increased from 92.33 cm to 94.33 cm (TABLE 6).

TABLE 6. Effect of salicylic acid on morphological characters of ASD16 and BR26 against salt stress.

Treatment Plant height | Number of
. : Number of leaves
Sample Concentration (mM) (cm) tillers
Control (0 mM) 91.00+1.00 |3.33+0.58 20.67 + 3.06
NaCl (100 mM) 89.33+057"™ | 267+058™ | 15.00 + 3.00%*
ASDI6 SA (1.0 mM) 93.00+ 1.00¢ | 4.67+058* | 27.33+ 3.05%
SA (L0 mM) + NaCl
89.67+058™ | 267+058"™ | 1500+ 2.65™
(100 mM)
Control (0 mM) 95.33+058 | 3.00+0.0 18.00 £ 1.00
NaCl (100 mM) 92.33+153™ | 233+058™ | 1533+ 2.5
BR26 SA (1.0 mM) 97.00 + 1.00* | 467 +058% | 27.00 + 2.65*
SA (1.0 mM) + NaCl
9433+058* |233+058™ | 1533+ 153™
(100 mM)

Values are expressed in means + SD for n=3; Data subjected to paired sample ‘t’ test; *significant
at 0.05 level; **significant at 0.005 level; "-non-significant

The application of SA at the reproductive stage significantly (P<0.05) increased the yield and yield components of both the

cultivars under non-salt stress condition except the number of filled grains per panicle and weight of 1000 grains in ASD16.

The salt stress significantly (P<0.05) decreased the yield and yield components in both the cultivars and the application of SA

was not significantly (P>0.05) improved the yield and yield components of both the cultivars under salt stress condition
(TABLE 7).

TABLE 7. Effect of salicylic acid on the yield and yield components of ASD16 and BR26 against salt stress.

Treatment
Number of Number of
Panicles per grains per
plant panicle
Sample | Concentration (mM)

Number of filled
grains per
panicle

Weight of
1000 grains

(9)

Yield (g/plant)
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Control (0 mM) 3.33+0.58 178.00 £ 9.17 155.67 + 13.43 21.60 £ 0.96 11.14 + 1.53
NaCl (100 mM) 2.67 £ 0.58* 152.67 + 14.19* 120.33 + 14.50* 20.41 +1.36* | 6.61+2.02*
ASD16 SA (1.0 mM) 4.67 £ 0.58* 193.67 + 2.89* 182.67 +9.29™ 22.51+0.38™ | 18.30 £ 2.00**
SA (1.0 mM) + NaCl
2.67 +0.58™ 152.00 £20.22™ | 119.33 +10.07™ 20.45+0.74"™ | 6.48 £1.37™
(100 mM)
Control (0 mM) 3.00£0.00 92.67 £8.74 86.33 £5.51 20.48£0.72 5.30£0.22
NaCl (100 mM) 2.33 £ 0.58* 65.00 + 10.00** 45.00 * 5.00** 19.61 +0.33* | 2.02 + 0.28**
BR26 SA (1.0 mM) 4.67 £ 0.58* 103.67 £ 7.77** 97.00 + 8.54* 21.77 £0.62* | 9.86 + 1.61*
SA (1.0 mM) + NaCl
2.33+£0.58™ 63.33 £ 3.51"™ 44.00 + 3.61™ 19.70 £ 0.12™ | 2.03 £0.57™

(100 mM)

Values are expressed in means + SD for n=3; Data subjected to Paired sample ‘t’ test; *significant at 0.05 level; **significant at

0.005 level; ™ non-significant

Effect of salicylic acid on low and high saline soil

The SA application during the reproductive stage did not make any significant improvement in the plant growth and yield.

So, SA was applied to the low and high saline soil during the germination and vegetative stage of rice and the yield was

checked. The yield was significantly (P<0.05) lower in high saline soil than the low saline soil. The application of SA to the

low and high saline soil significantly (P<0.05) improved the yield in both the cultivars (FIG. 4).

Effect of salicylic acid on SA biosynthetic pathway genes

All the selected SA biosynthetic pathway genes were significantly (P<0.05) increased by the NaCl treatment in both the
cultivars except OsCM in BR26. The SA + NaCl decreased the expression level of OsPAL from the NaCl treatment in both

the cultivars. In ASD16, there was no significant variation between the NaCl and SA + NaCl treatment in the expression level

of OsCM and OsICS. But in BR26, the decreased expression level of OsCM by the NaCl treatment was increased by SA +

NaCl treatment and increased expression level of OsICS by the NaCl treatment was decreased by SA + NaCl treatment (FIG.

5).

Discussion

Soil salinity

Salinity was one of the most important abiotic stresses that limited the crop production in arid and semi-arid regions, where

soil salt content was naturally high and precipitation could be insufficient for leaching [30]. The saline soils were defined by

USDA Salinity Laboratory as those had an electrical conductivity (EC) of 4 dSm™ or more. EC was the electrical

conductivity of the ‘saturated paste extract’. The most widely accepted definition of a saline soil had been adopted from FAO

[31] as one that had an EC of 4 dS m™ or more and soils with EC exceeding 15 dS m™ were considered strongly saline.

10
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IASD16 HBR26

Yield (g/plant)

Control — Low saline soil  SA - Low saline soil  Control - High saline soil  SA - High saline soil

Data subjected to ‘t’ test; *significant at 0.05 level; **significant at 0.005 level
FIG. 4. Effect of salicylic acid on the yield of ASD16 and BR26 in low and high saline soil.

H Control (0 mM)

HNacl (100 mM)

WSA (1.0 mM)

HESA (1.0 mM) + NaCl (100 mM)

Relative expression level

ASD16 BR 26 ASD16 BR26 ASD16 BR 26

0OsCM ‘ OsICs OsPAL
Salicylic acid biosynthetic pathway genes

Data subjected to ‘t’ test; *significant at 0.05 level; **significant at 0.005 level; *** significant at 0.001 level
(All treatment was compared with control; SA + NaCl treatment was compared with NaCl treatment)

FIG. 5. Expression of salicylic acid biosynthetic pathway genes in ASD16 and BR26 shown by gRT-PCR analysis.

The soil sample E1 exhibited higher EC (0.84 dS m™) and E5 showed lesser EC (0.10 dS m™) when compared with other soil
samples (TABLE 4). According to the US Salinity Laboratory Staff (1954), there were four levels of soil salinity based on
electrical conductivity such as low salinity (EC of less than 0.25 dS m™), medium salinity (0.25 dS m™to 0.75 dS m™), high
salinity (0.75 dS m™to 2.25 dS m™) and very high salinity (EC exceeding 2.25 dS m™). Based on the US Salinity Laboratory
Staff (1954) [32], the soil sample E1 had higher salinity and E5 had low salinity (TABLE 4).

The common cations associated with salinity were Na*, Ca**, Mg?* and K, while the common anions were CI~ and HCO5™
[33]. The soil sample E1 had higher anion and exchangeable cations and E5 had lower anion and exchangeable cations than
other soil samples (TABLE 4). Hasegawa et al. [34] found that the Na* and CI ions were the most important ions because

both were toxic to plants and they also deteriorated the physical structure of soil. When NaCl was oxidized by water, it

11
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produced sodium (Na*) and chloride ions (CI'), which were easily absorbed by the root cells of higher plants and transferred

to the whole plant using xylem uploading channels [35].

Effect of salicylic acid during germination stage

Salicylic acid was a signaling molecule, naturally occurred in plants and played a major role in regulating plant growth and
development [36]. SA also had a role in germination under stressful conditions, although its definite role and the underlying
molecular mechanisms involved have not been fully elucidated [37,38]. Our results showed that the decreased rate of
germination by the salt stress was significantly increased by the application of SA (1.0 mM) in both ASD16 and BR26
(TABLE 5). In the same way, Torabian [39] reported that the salinity stress decreased germination percentage, seed vigor
index and growth parameters that was improved by SA pre-treatment. Asadi et al. [38] also showed that the SA pre-treatment

increased the germination percentage under salt stress condition.

The results also showed that the plant growth (shoot and root length) of rice cultivars was reduced by salinity that was
significantly enhanced by the application of SA under salt stress conditions (FIG. 1). It indicated that salicylic acid
application on rice plant exhibited an increase in salt tolerance. Similarly, SA treatment enhanced the growth of mungbean
[40], violet [41] and maize [42] under NaCl stress. It had been suggested that the growth-promoting effects of SA could be
related to changes in the hormonal status [43] or by improvement of photosynthesis, transpiration and stomatal conductance
[44].

Effect of salicylic acid during vegetative stage

The morphological characters such as plant height and injured leaves (%) were significantly affected by salt stress (100 mM)
that was alleviated by the application of SA during the vegetative stage (FIG. 2 and 3). Similarly, Farahbakhsh and Saiid [45]
proved that the foliar application of SA on vegetative stage increased the morphological characters such as stem length,
number of leaves, leaf area and chlorophyll under saline condition. Wasti et al. [46] also found out that the adverse effects of
salt stress on tomato plants were alleviated by the exogenous application of SA at vegetative stage, which upregulated
nutrition and the accumulation of some organic solutes and osmoprotectors such sugars, proline, and proteins. The
stimulation effect of SA on plant growth was also confirmed by El-Shraiy and Hegazi [47] on pea plant. The improved plant
growth and reduced injured leaves by SA under salt stress condition (FIG. 2 and 3) may be due to its physiological role such
as absorption of ions flowering [48] and photosynthesis processes [49] which could directly or indirectly regulate the plant
growth parameters.

Effects of salicylic acid at reproductive stage

The application of SA under non-salt stress condition at reproductive stage significantly improved all the morphological
characters and the yield components in both the cultivars (TABLES 6 and 7). Similarly, Anosheh et al. [50] proved that the
application of SA on reproductive stage increased the plant growth and chlorophyll content in wheat. The enhancement in
growth by SA (TABLE 6) may be due to the increased stimulation of physiological and biochemical processes, which
ultimately resulted in higher yield production (TABLE 7). But the SA application during the reproductive stage under salt
stress condition did not significantly affect the morphological characters and the yield components (TABLES 6 and 7). This
insignificant effect of SA during the reproductive stage may be due to the NaCl-induced damage to the plants was again
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increased by SA, which was correlated with a reduction in yield. Similar to our results, Salehi et al. [51] observed that the
application of SA did not affect the shoot fresh and dry weights and number of flowers per plant with increasing salinity.
Furthermore, Sharafizad also found that the application of SA on reproductive stage did not improve the yield and yield
components of wheat under drought stress. In contrast, Pacheco et al. [52] exhibited that the exogenous application of SA to

marigold plants at the reproductive stage resulted in higher biomass production.

Effect of salicylic acid application on low and high saline soil

From the farmer’s point of view the grain yield was the most important determinant in raising the crop productivity under salt
stress condition. Our result showed that the SA application during the germination and vegetative stage to the low and high
saline soil significantly increased the yield in both the cultivars (FIG. 4). Higher rate of germination and plant growth rate
(FIG. 1 and 2) might also contribute to the increased grain yield. The SA-induced yield enhancement might be due to the
certain physiological role of SA such as absorption of ions, flowering [48,53] and photosynthesis processes [49,54] which
could directly or indirectly regulate the yield. Thus, from the results, it could be concluded that the use of SA as a recognized
endogenous signal molecule, which was mainly discussed in plant resistance against salinity stress, could be responsible for

alleviating salinity stress and improved the plant growth and yield.

Expression analysis of SA biosynthetic pathway genes

SA biosynthesis is happening in plants through phenylpropanoid pathway and isochorismate pathway. In the
phenylpropanoid pathway, chorismate mutase catalyzed the conversion of chorismate to prephenate for the production of
phenylalanine [55]. Trans-cinnamic acid was formed from phenylalanine through the catalytic action of phenylalanine
ammonia-lyase [8]. The trans-cinnamic acid was converted to benzoic acid and then to SA catalyzed by benzoic acid 2-
hydroxylase [9]. The isochorismate pathway, involves the conversion of chorismate to isochorismate, catalyzed by
isochorismate synthase [13] which is then converted to SA by isochorismate pyruvate lyase [14]. We have selected three
genes (OsCM, OsICS and OsPAL) involved in the two SA biosynthesis pathways for the expression studies, to check the role

of exogenous SA on these genes for the salt tolerance.

The expression of a bacterial bi-functional chorismate mutase gene (Phe A) in Arabidopsis thaliana showed a large increase
in the level of Phenyl alanine [56]. The study revealed that the expression of OsCM was decreased by the salt stress and was
increased by the application of SA under salt stress condition in BR26. In contrast, the expression in ASD16 was increased
by the salt stress and was not changed by the application of SA under salt stress condition (FIG. 5). Hu et al. [57] found that
the chorismate mutase (HvCM1) contributed to the penetration resistance against powdery mildew in barley. Ogawa et al.
[58] exhibited that the transcript levels of the chorismate mutase (CM) genes in wild-type tobacco were increased by the

0zone stress.

Wildermuth et al. [10] showed that the SA was synthesized from chorismate via isochorismate by the catalytic activity of ICS
in pathogen-infected Arabidopsis. It had been found that ICS was the rate-limiting enzyme for SA synthesis in Pseudomonas
aeruginosa [59]. The expression level of OsICS was increased by the salt stress in both the cultivars that was decreased by
the application of SA under salt stress condition in BR26 and was not changed in ASD16 (FIG. 5). Yu et al. [60] proved that
the exposure of probenazole (a highly effective chemical inducer of systemic-acquired resistance) significantly increased ICS
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activity. Ogawa et al. [61] exhibited that the exposure of Arabidopsis to 0zone enhanced the accumulation of SA by the

increased activity of ICS.

There were many studies suggested that plants synthesized SA from phenylalanine [7,62]. Application of 2-amino-indan-2-
phosphonic-acid, which was an inhibitor of PAL, inhibited SA accumulation in pathogen-infected Arabidopsis and elicitor-
treated potato [62]. Our result showed that the expression level of OsPAL was increased by the salt stress and was decreased
by the application of SA under salt stress condition in both the rice cultivars (FIG 5). In contrast to the result, Dunn et al. [63]
displayed that the activity of PAL enzyme was decreased by the salt stress in citrus plant. Radi et al. [64] also exhibited that
the NaCl stress did not affect the phenylalanine ammonia-lyase activity in leaves of the selected wheat and bean cultivars,
except in salt-tolerant bean cultivar (cv. Sakhal). But there were some findings suggested that under unfavorable conditions,

SA was synthesized in plant tissue by the accumulation of PAL [65-67].

Our result showed that the expression level of all the selected genes (OsCM, OsICS and OsPAL) involved in SA biosynthetic
pathway was increased by the NaCl treatment in ASD16 and the addition of SA did not significantly change the expression
level except OsPAL (FIG. 5). The lower expression level of OsPAL by SA + NaCl treatment than the NaCl treatment (FIG. 5)
may be due to the alleviative effect of SA. Even though, the SA application reduced and alleviated the stress condition in
ASD16, the expressions of OsCM and OsICS were very much needed for the stress tolerance. So, the SA + NaCl treatment
did not change the expression level of OsCM and OsICS in ASD16. These results proved that these genes were involved in
the stress tolerance in addition to the SA synthesis [58,66,68] and the SA may be synthesized through both the
phenylpropanoid and the isochorismate pathways in this cultivar. But the results in BR26 denoted that the SA synthesis under
the salt stress condition may happen only through the isochorismate pathway because the expression level of OsICS and
OsPAL were increased and OsCM was decreased by the salt stress (FIG. 5). But the combination of salt and salicylic acid
lead to the synthesis of SA through the two pathways that was proved from the result that all the genes were significantly

expressed by the SA + NaCl treatment from the control (FIG. 5).

Conclusion

The study proved that the salicylic acid application during the germination and vegetative stage caused an increase in the
growth and yield of ASD16 and BR26 rice cultivars under salt stress conditions. So, the farmers can cultivate the rice in the
salty regions by applying the SA during the germination and vegetative stage. But more field trials are required to find the
appropriate mode of application (spraying or watering) and the concentration for different varieties of rice. The SA treatment
under salt stress condition triggered all the selected genes in salicylic acid biosynthetic pathway. More studies with
transcriptomics in all the different stages will tell more SA-triggered genes that can be used for the production of salt tolerant

varieties of rice.
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