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Abstract: This experiment was conducted to study the effect of exogenous application of Salicylic Acid ( 200 ppm) to
alleviate the damage in Zea mays L. plants under different NaCl doses (20, 40, 60 and 100 mMol). Shoot and root lengths,
fresh and dry weights, leaf area, chlorophyll a, chlorophyll b, total chlorophyll, chlorophyll stability index were measured.
The antioxidant enzymes (lipid peroxidase and glutathione) activities were estimated. NaCl significantly (P <0.05) reduced
all measured growth parameters, photosynthetic efficiency and antioxidant oxidative enzyme contents. Exogenous
application of SA alleviated the inhibitory effects of NaCl on Zea Mays plants. SA enhanced plant salt tolerance in terms of
improving the measured plant growth criteria. Moreover, the antioxidant enzyme contents were enhanced in response to NaCl
and/or SA treatment providing s synergistic interaction. The toxic effects generated by the lower concentration of NaCl
(20mM) were completely overcome by the application of SA .SA ameliorated the stress generated by NaCl through the
antioxidant system and the stability of the photosynthetic process.

Keywords: Zea Mays, Salinity, Salicylic Acid, Photosynthesis, Growth, Glutathione, Lipid Peroxidase

1. Introduction

et al., 2006; Munns and Tester, 2008). High salinity levels
caused significant reduction in growth parameters like leaf

growth and productivity of many crops. It is estimated thatat 372 leaf length, root and shoot dry weights
least 20% of total irrigated lands in the world is salt-affected (Ashrafuzzgmap etal.,2002) .
(Pitman and Lauchli, 2002). Halophytes are reported to keep The applications of plant growth regulators are found to

the cellular levels of these potentially damaging ROS within play an important role 'in plant responses to_ stress
a narrow, functionally important range under optimum (Chakrabarti and Mukherjee, 2003). Salicylic acid (SA)

growing conditions by utilizing a coordinated antioxidant (2—hydr0xyben201c acid) is a plan't phenolic compound and
system consisting of enzymes like superoxide dismutases NOW considered as a hormone-like endogenous regulator
(SOD), catalases (CAT) and peroxidases (POD) and  (Fig1)-Itplays important roles to defend plants against both
non-enzymatic antioxidants like ascorbate (ASA) and biotic and abiotic stress conditions. It plays diverse

glutathione (GSH) (Jithesh, et al. 2006; Shabala, and physiological roles in , plants , which include plant growth ,
thermogenesis, flower induction, nutrient uptake, ethylene

biosynthesis, stomatal movements , photosynthesis and

Soil salinity is one of the most limiting environmental
factors for crop production and it adversely affects the

Mackay, 2011). Therefore, at the whole plant level, a strong

antioxidant defense system along with efficient ion et >
regulation, production of compatible solutes and the — ©NZYMe activities (Hayat and Ahmad, 2007). Disease

maintenance of photosynthesis is attributed to salt tolerance resistance 1S an additional role assigned to SA (J aI_lda etal,
in halophytes (Flowers and Colmer, 2008; Guan et al., 2011; 2007). Earlier r'eports shov&'/ed that S_A played lmy.)ortfmt
Jithesh et al., 2006; Shabala and Mackaym, 2011; Song et al., regulatory roles in plants against to a wide range of oxidative
2006). However, these defense mechanisms would become ~ Stresses  (Choudhury & Panda, 2004, Deef, 2007).
inadequate under high saline conditions leading to growth Exogenous applications of SA enhanced plant growth and

inhibition and/or death (Flowers and Colmer, 2008; Jithesh ~ Photosynthetic capacity in saline conditions (Khan et al.,
2012; Afzal et al., 2006; Arfan et al., 2007; Arfan, 2009).
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There is also evidence that SA can alter the antioxidant
capacity in plants (Chen et al., 1997; Rao et al., 1997). It has
been reported that SA improves salinity tolerance by
increasing antioxidant enzymes activities like SOD, POD
and CAT activity (Noreen et al., 2009).
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Figure 1. Germination percentage of white corn (Zea mays L.) plants
subjected to T1,72,T3,T3,74,74",T5,T5 and T6,T6’).

T1 = untreated (control) plants,T2 = SA Treated plants and T 3,T4T,T5,T6 =
plants treated with 20 Mmol NaCl, 40 Mmol NaCl, 60 Mmol NaCl and 100
Mmol NaCl, respectively.

After wheat and rice, Maize (Zea mays L.) plant is the
third most important cereal crop in the world. Maize is
grown all over the world in a wide range of climatic
condition. Being highly cross pollinated, maize has become
highly polymorphic through the course of natural and
domesticated evolution and thus contains enormous
variability (Paterniani, 1990) in which salinity tolerance
may exist. Maize is moderately sensitive to salinity and is

considered as salt-sensitive cereal (Mass & Hofffman, 1977).

Because of the great sensitivity of this crop to salt stress,
improvement for salt tolerance would be of considerable
value.

Accordingly, the present study was designed to verify the
effect of the exogenous application of salicylic acid on
improving growth and photosynthesis in Zea mays L. plants
subjected to salt (NaCl) stress, with a special emphasis on
the activities of some antioxidant enzymes.

2. Materials and Methods

2.1. Plant Materials and Experimental Design

The experiment was conducted during the spring-summer
of 2013. In the botanical garden of the faculty of science,
Taif University, Saudi Arabia. A homogenous lot of seeds
of Zea mays L. (hybrid 310) were obtained from the Crop
Institute, Agricultural Research Center, Giza, Egypt. Seeds
were surface-sterilized with sodium hypochlorite solution
(5%) for five minutes, then washed thoroughly with distilled
water before use. Ten seeds were sown in black plastic pots,
each filled with about 5 kg sandy soil. All planted pots were
kept in the open garden in about 31/22 °C day/night
temperature and average relative humidity 60%. Pots were

randomly subdivided to two equal groups, one group was
subjected five treatment of NaCl (0, 20, 40, 60, 100 mM)
and the other group was subjected to the same NaCl
concentration + 200 ppm SA. Each treatment was replicated
3 times in a split plot design. Plants were kept irrigated with
half Hoagland nutrient solution of a pH 6-7 (Hoagland and
Arnon, 1950). After one week, treatments (NaCl and/or SA)
were applied to corn plants in Hoagland medium for 4 weeks
(Gunes et al., 2007).

3. Measurements
3.1. Germination Percentage

The number of germinated seeds in each treatment was
recorded. The germination percentage was estimated using
the following equation.

= (X} x 100
- (%)~

Where, N[ is the number of germinated seeds and N is
the number of used seeds in each pot.

3.2. Growth Parameters

3.2.1. Plant Biomass (g)

After 7 weeks from sowing, plants were smoothly
uprooted and the root system was washed under running tap
water. Data of the fresh biomass (plant height, shoot and root
lengths, shoot and root fresh weights) were measured. Plants
were oven-dried at 65 °C for 24 hours and the dry mass of
shoot and root was estimated.

3.2.2. Leaf Area (cm?)

The Leaf area was determined following the formula of
Carleton and Foote (1965) :

Leaf area (cm”) = maximum leaf length x maximum leaf
width x 0.75

Where, 0.75 = Correction factor.

3.3. Biochemical Analysis

3.3.1. Chlorophyll Contents

The contents of chlorophyll a and chlorophyll b were
estimated according to the method described by Witham et al.
(1971). The fresh leaves were cut into 0.5 cm segments and
extracted overnight with 80% acetone at -10 °C. The extract
was centrifuged at 14000 xg for 5 min. and the absorbance of
the supernatant was read at 645 and 663 nm using a
spectrophotometer (IRMECO U2020). The contents
(mgg™ fwt)

Chlorophyll a, chlorophyll b and total chlorophyll were
calculated as follows:

ChlLa =[127 (A663) — 2.69 (A 645)] x

1000x W

Chlb = [22.9 (A645) — 4.68 (A 663)] x 1000%W
;

. al = 1202 ¢ ) —8.02( ' 1000 xW

lotal Chl. = |20.2 (A645) —B.02 (A 663)]x 1000 x W
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A= absorbance at specific wavelengths.
V = volume of the extract (ml).
W = weight of the fresh leaf tissue (g).

3.3.2. Chlorophyll Stability Index (CSI%)

Chlorophyll stability index (CSI%) was calculated using
the total chlorophyll contents in Zea mays L. leaves before
and after salinity stress following the formula noted by
kumara et al., (2004) :

chlorophyll hefore stress — chlarophyll after stress

CSI% = X100
h chlorophyll under stress

3.3.3. Statistical Analysis

Data were statistically analyzed by multiple comparison
procedure at (P < 0.05) using t-test and mean separation by
least significant difference (LSD) (steal and torril,1980) .

3.4. Antioxidant and Oxidative Enzymes

3.4.1. Estimation of Antioxidant Enzymes

The leaf tissue (0.5 g) was homogenized in some M
phosphate buffer (pH 7.0) containing 1% (w/v) soluble
polyvinyl pyrrolidone . The homogenate was atcentrifuged
at 15000 g for 10 min at 4 °C and the supernatant (source of
enzymes) was assayed following the procedure described by
Chance and Maehly (1955) .

3.5. Glutathione Peroxidase (GPX)

3.5.1. Assay of Glutathione Reductase (GR) Activities

Total GR activity was assayed by a modified method of
that described by Foyer and Halliwell (1976). The reaction
mixture (1.0 ml) consisted of 100 mM phosphate (buffer pH
7.8), 0.1 uM EDTA, 0.05 mM NADPH, 3.0 mM oxidized
glutathione (GSSG) and 50 pL enzyme extract. The reaction
was started by the addition of GSSG and the NADPH
oxidation rate was monitored at 340 nm for 1 min. Enzyme
activity was determined using the molar extinction
coefficient for NADPH (6.2 mM™ ¢cm™) and expressed as
pmol NADPH min"'mg'DM.

3.5.2. Assay of Lipid Peroxidation

Lipid peroxidation was determined wusing the
thiobarbituric acid (TBA) reaction followed by
measurement of MDA content (Heath and Packer, 1968).
Tissues (100 mg) were ground in 2 ml of 25% TBA prepared
in 10% TCA solution. The mixture was incubated at 95 °C
for 30 min, cooled in an ice bath, and then centrifuged at
10000 xg for 15 min. The absorbance of the supernatant was
measured at 532 nm and non-specific absorbance was
measured at 600 nm. The MDA concentration was defined
by its extinction coefficient of 155 mM™ cm™.

4. Results

4.1. Germination Percentage

In this experiment, seed germination % of decreased at
NaCl concentrations higher than 20 mM compared to the

control (pure water). Application of SA significantly
enhanced seed germination under NaCl stress higher than 20
mM (Figurel).

4.2. Growth Parameters

4.2.1. Plant Biomass (g)

NaCl salt stress caused inhibition of shoot and root
growth, reduction in the fresh and dry weights of shoots and
roots, minimized leaf area in Zea mays L. plant. However,
the synergistic interaction of salinity and salicylic acid
resulted in enhanced plant growth (Figure2,3,4).

Figure 2. Morphology of white corn Zea mays L. plants subjected to, 73,73’
and T4,T4°).

T 3,T4T,T5,T6 = plants treated with 20 mmol NaCl and 40 mmol NaCl,
respectively.

While T3’, T4’ = plants treated with 20 mmol NaCl + 200 ppm salicylic
acid and 40 mmol NaCl+ 200 ppm salicylic acid, respectively .

4.2.2. Fresh Biomass and Dry Mass

The results in figure 3 (a and b) indicated declines in plant
growth. Both root and shoot fresh and dry weights decreased
dramatically in salt stressed plant. After SA treatment, corn
plants showed higher fresh and dry weight compared to
control (plants without application of SA under salinity
condition (Figure, a and b).
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Figure3,a : Shoot fresh and dry weight of white corn Zea mays L. plants
subjected to T1,72,73,T3°,T4,T4",T5,T5 and T6,T6°).

T 1 = untreated (control) plants, T2 = SA Treated plants and T 3,T4T,T5,T6
= plants treated with 20 mmol NaCl, 40 mmol NaCl, 60 mmol NaCl and
100 mmol NaCl, respectively.

While T3, T4’, T5’, and T6’= plants treated with 20 Mmol NaCl + 200
ppm salicylic acid , 40 Mmol NaCl+ 200 ppm salicylic acid, 60 mmol NaCl
+ 200 ppm salicylic acid and 100 Mmol NaCl + 200 ppm salicylic acid,
respectively .
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Figure 3b. Root fresh weight (left) and root dry weight(right) of white corn
(Zea mays L.) plants subjected to T1,T2,73,T3",T4,T4",T5,T5 and T6,T6°).

T 1 = untreated (control) plants,T2 = SA Treated plants and T 3,T4T,T5,T6
= plants treated with 20 mmol NaCl, 40 mmol NaCl, 60 mmol NaCl and
100 mmol NaCl, respectively.

While T3’, T4’, T5’, and T6’= plants treated with 20 mmol NaCl + 200 ppm
salicylic acid , 40 mmol NaCl+ 200 ppm salicylic acid, 60 mmol NaCl +
200 ppm salicylic acid and 100 mmol NaCl + 200 ppm salicylic acid,
respectively .

4.2.3. Shoot, Root Lengths and Plant Height

NaCl and SA applications had a significant effect on plant
height. Shoot and root lengths decreased. Salt (NaCl) stress
reduced plant height, this reduction of plant height increased
gradually with increasing of NaCl concentration.
Application of SA increased significantly the Shoot and root
lengths (Figure 4, a and b).
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Figure 4a.  Shoot length of white corn (Zea mays L.) plants subjected to
T1,72,T3,73°,T4,74",75,T5 and T6,76°).

T 1 = untreated (control) plants,T2 = SA Treated plants and T 3,T4T,T5,T6
= plants treated with 20 mmol NaCl, 40 mmol NaCl, 60 mmol NaCl and
100 mmol NaCl, respectively.

While T3”, T4’, T5’, and T6’= plants treated with 20 mmol NaCl + 200 ppm
salicylic acid , 40 mmol NaCl+ 200 ppm salicylic acid, 60 mmol NaCl +
200 ppm salicylic acid and 100 mmol NaCl + 200 ppm salicylic acid,
respectively .
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Figure 4b. Root length of white corn Zea mays L. plants subjected to
T1,T2,T3,T3",T4,T4",75,T5 and T6,T6").

T 1 = untreated (control) plants, T2 = SA Treated plants and T 3,T4T,T5,T6
= plants treated with 20 mmol NaCl, 40 mmol NaCl, 60 mmol NaCl and
100 mmol NaCl, respectively.

While T3”, T4’, T5’, and T6’= plants treated with 20 mmol NaCl + 200 ppm
salicylic acid , 40 mmol NaCl+ 200 ppm salicylic acid, 60 mmol NaCl +
200 ppm salicylic acid and 100 mmol NaCl + 200 ppm salicylic acid,
Respectively

4.2.4. Leaf Area (cm?)

Leaf area was negatively affected with salinity stress,
while SA treatment resulted in increased leaf area. The
highest value of leaf area was determined in 0 mM NaCl
(control) and the lowest leaf area was obtained at 100 mM
NaCl ( Figure5).
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Figure 5. Leaf area of white corn Zea mays L. plants subjected to
T1,72,T3,73", 74,74, T5,T5  and T6,T6).

T1 = untreated (control) plants, T2 = SA Treated plants and T 3,T4T,T5,T6 =
plants treated with 20 mmol NaCl, 40 mmol NaCl, 60 mmol NaCl and 100
mmol NaCl, respectively.

While T3”, T4’, T5’, and T6’= plants treated with 20 mmol NaCl + 200 ppm
salicylic acid , 40 mmol NaCl+ 200 ppm salicylic acid, 60 mmol NaCl +
200 ppm salicylic acid and 100 mmol NaCl + 200 ppm salicylic acid,
respectively .

4.2.5. Photosynthesis Pigments

Increased salinity levels (20, 40, 60 and 100 mM NacCl)
resulted in a sharp decline in the total pigment content of
Zea mays leaves. Such reduction was attributed to the
decline in the chlorophyll a & chlorophyll b contents
(Figure 6). The highest reduction in  photosynthetic
pigments was displayed at the highest salinity level (100
mM NaCl).. Application of SA , in most cases, did not only
alleviate the inhibitory effect of salinity stress on the
biosynthesis of photosynthetic pigments, but also induced
a significant stimulatory effect greater than observed in the
corresponding control. This response may be attributed
directly to the efficiency of photosynthetic apparatus that
alter plant productivity. photosynthetic pigment was affected
under salinity stress and addition of salicylic acid to plant
medium remarkably increased the photosynthetic pigments
(Figure 6a). SA increased seedling survival under treatment
with NaCl ( Figure 6b).
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Figure 6a. Chlorophyll amounts of white corn Zea mays L. plants
subjected to T1,72,T3, T4,T5 and T6).

T1 = untreated (control) plants, T2 = SA Treated plants and T 3,T4T,T5,T6 =
plants treated with 20 mmol NaCl, 40 mmol NaCl, 60 mmol NaCl and 100
mmol NaCl, respectively.

Figure 6b. Chlorophyll amounts of white corn Zea mays L. plants subjected
to T1,T2, T3, T4’, T5 and T6 ).

T1 = untreated (control) plants, T2 = SA Treated plants and T3’, T4, T5’,
and T6’= plants treated with 20 mmol NaCl + 200 ppm salicylic acid , 40
mmol NaCl+ 200 ppm salicylic acid, 60 mmol NaCl + 200 ppm salicylic
acid and 100 mmol NaCl + 200 ppm salicylic acid, respectively

4.3. Chlorophyll Contents

The spectrophotometric estimation of chlorophyll pigments
indicated inhibition of total cholorophyll content at high NaCl
concentration . This inhibition was recovered by the addition
0f 200 ppm salicylic acid ( Figure7). On other hand, the value
of chlorophyll stability index (CIS%) was higher in response
to a combination of NaCl and SA. ( Figure8).
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Figure 7. Total chlorophyll content of white corn Zea mays L. plants
subjected to T1,T2,T3,T3°,T4,T4", 75,75 and T6,T6").

T1 = untreated (control) plants,T2 = SA Treated plants and T 3,T4T,T5,T6 =
plants treated with 20 mmol NaCl, 40 mmol NaCl, 60 mmol NaCl and 100
mmol NaCl, respectively.

While T3”, T4’, T5’, and T6’= plants treated with 20 mmol NaCl + 200 ppm
salicylic acid , 40 mmol NaCl+ 200 ppm salicylic acid, 60 mmol NaCl +
200 ppm salicylic acid and 100 mmol NaCl + 200 ppm salicylic acid,
respectively .
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Figure 8. Chlorophyll stability index (CS1%) of white corn Zea mays L.
plants subjected to T1,72,73,73°,74,74°,T75,T5 and T6,T6°).
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T1 = untreated (control) plants,T2 = SA Treated plants and T 3,T4T,T5,T6 =
plants treated with 20 mmol NaCl, 40 mmol NaCl, 60 mmol NaCl and 100
mmol NaCl, respectively.

While T3”, T4’, T5’, and T6’= plants treated with 20 mmol NaCl + 200 ppm
salicylic acid , 40 mmol NaCl+ 200 ppm salicylic acid, 60 mmol NaCl +
200 ppm salicylic acid and 100 mmol NaCl + 200 ppm salicylic acid,
respectively .

4.4. Antioxidant and Oxidative Enzymes

4.4.1. Lipid per Oxidation

The effect of salt stress on the activity of lipid peroxidase
was studied in Zea mays L. plants grown under salt stress
(nutrient solution contining NaCl) and Salt stress + SA
(nutrient solution contining NaCl + SA) . The results (Figure
9) showed that lipid peroxidase was enhanced only in
salt-stressed plants, compared to corn plants treated with salt
stress + SA. Progressive increases in lipid peroxidation
under severe salt stress (100 mM) were partially inhibited by
exogenous salicylic acid. Salt stress increased the
accumulation of lipid peroxidation products produced by the
action of damaging reactive oxygen species (ROS) of salt

stress. Addition of salicylic acid hindered the
accumulation of lipid peroxidase produced under salt
stresss.

As a consequence of the induced cellular build up of
reactive oxygen species (ROS) under salt stress is the
increase in lipid peroxidation products in the form of
thiobarbituric and reactive substances (TBARS ). Salt stress
induced progressive accumulation of TBARS in the plant
tissues of the salt stressed corn plants. Exogenous salicylic
acid partially inhibited these increases of lipid peroxidation
products ( Fig.9).
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Figure 9. Lipid peroxidase content of white corn Zea mays L. plants
subjected to T1,72,73,T3°,T4,T4°,75,T5 and T6,T6°).

T1 = untreated (control) plants, T2 = SA Treated plants and T 3,T4T,T5,T6 =
plants treated with 20 mmol NaCl, 40 mmol NaCl, 60 mmol NaCl and 100
mmol NaCl, respectively.

While T3’, T4°, T5’, and T6’= plants treated with 20 mmol NaCl + 200 ppm
salicylic acid , 40 mmol NaCl+ 200 ppm salicylic acid, 60 mmol NaCl +
200 ppm salicylic acid and 100 mmol NaCl + 200 ppm salicylic acid,
respectively .

4.4.2. Non-Enzymatic Antioxidation
The activity of the non-enzymatic antioxidant increased in
response to NaCl stress treatments in the presence or

absence of SA ( Figurel0). Antioxidants such as glutathione,
which was found in cellular compartments, are crucial for
plant defense against oxidative stress. Stressed Zea mays L.
plant exhibited elevated levels of glutathione ( Figurel0).
The salt (NaCl) treatment enhanced the glutathione activities
which were elevated to higher extent by the application of
SA to salt stressed corn plants. The results postulate that
glutathione may have important function in the stress
responses due to its role in detoxification of toxic stress
metabolites, e. g lipid peroxide, so preventing the membrane
damages.

20 18.19
16.18
g 15
S E
= ‘_5 10 gos— 377 g9 =
SE
& 5 HT
195 I ETI
0
L & < ™ ) )
L Les
Treatments

Figure 10. Glutathione content of white corn Zea mays L. plants subjected
to T1,72,73,T3°,T4,T4°,T5,T5 and T6,T6°).

T1 =untreated (control) plants,T2 = SA Treated plants and T 3,T4T,T5,T6 =
plants treated with 20 mmol NaCl, 40 mmol NaCl, 60 mmol NaCl and 100
mmol NaCl, respectively.

While T3”, T4’, T5’, and T6’= plants treated with 20 mmol NaCl + 200 ppm
salicylic acid , 40 mmol NaCl+ 200 ppm salicylic acid, 60 mmol NaCl +
200 ppm salicylic acid and 100 mmol NaCl + 200 ppm salicylic acid,
respectively .

Our results indicate that the increase glutathione enzyme
activates with diverse functions may partially participate in
the hardening effect of SA and increase the salt stress
tolerance of Zea mays L. plant in a complicated way.
Moreover, salicylic acid decreased the lipid peroxidation
(MDA) and stimulated the glutathione (GSH) as antioxidant
defense compounds. Therefore, treatment with SA alleviated
the adverse effect of salinity stress.

5. Discussion

In the present investigation , the responses of Zea mays
L. plant to high level of salinity were reflected by reduction
of shoot and root fresh and dry weights. The stressful
environment in the soil solution at concentrations 20, 40, 60
and 100 mM NacCl attenuated the fresh and dry matter gain
in roots and shoots. The inhibitory affects of salt stress to
growth parameters add more support to the ubiquitous
finding in earlier investigation (Perez-Alfocea et a.l., 1993;
Hamada, 1996). The reduced plant growth under salt stress
conditions could be attributed to the physiological drought
induced by the low water potential of soil solution and
osmotic adjustment in plants as a result of increased ionic
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concentration in their cells, which result in deformation of
macromolecules by disturbing their shell or bound water
(Schwarz, 1985). Consequently, Soil salinity disrupts water
uptake and ion equilibrium of plants, eventually leading to
oxidative damage to membrane lipids, proteins and nucleic
acids (Munns and Tester, 2008; Zhu, 2001).

The exogenous application of salicylic acid improved the
fresh and dry weights of salt stressed Zea mays L. plants.
Consistent finding reported on the beneficial effects of
exogenous addition of salicylic acid in mitigating partially
the adverse effects of salt stress on growth, like cell division,
cell enlargement. High salt stress limits CO, fixation
resulting in over-reduced photosynthetic machinery, which
accelerates the production of reactive oxygen species (ROS)
hydrogen peroxide (Miller et al. 2010). Our result revealed
significant synergistic effect between NaCl stress and
exogenous SA on the chlorophyll contents and chlorophyll
stability index (CSI%) in leaves of Zea mays L. plants.
These results are in a harmony with those observed by
Hassanein (2000). The severe reduction in the
photosynthetic pigments might be attributed to the toxic
action of NaCl on the biosynthesis of pigments, increasing
their degradation and/or maintaining damage of the
chloroplast thylakoid (Rao,1981)

Since salt stress can lead to reactive oxygen species ( ROS)
that may cause cellular damage, one of the proposed
biochemical modes of salicylic acid is to acts as an
antioxidant by scavenging hydrogen peroxide (chloroplast
lack catalase) as it forms (Miyake and Asada, 1992). One of
the important role of SA in inducing resistance to various
environmental stress is manifested by its ability to express
gene that code for PR-proteins (Merkour opoulos ef al.,
1999). Several studies also support a major role for SA in
modulating the plant response to several abiotic stress
(Yalpani et al., 1994, Senaratna et al., 2000). In maize plants,
pre-treatment with SA induced antioxidant enzymes, which
in turn increased chilling tolerance (Janda et
al.,1999).Glutathione (GSH) is a multifunctional metabolite
present in all organisms. In plant, it is present in the cystosol,
plastids and mitochondria. GSH plays a pivotal role as
antioxidant in prevention of cells against oxidative damage
under a biotic or biotic stress by equilibrating the redox
status (Noctor and Fayer 1998).

6. Conclusion

Salinity causes oxidative stress in white corn plants.
Glutathione and lipid peroxidase enzymes appeared to have
a pivotal role in combating oxidative stress in white corn
plants. The increased activity of the involved enzymes in
removing reactive oxygen species, like lipid peroxidase,
resulted from the stimulation of gene expression to alleviate
the adverse effects of oxidative stress caused by salinity
stress. Salicylic acid derivatives which are found in the
plants very commonly, and having hormone-like effect, can
decrease the adverse effects of salinity stress, especially in
low dose (200 ppm).
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