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Abstract

Salicylic acid (SA) is a common, plant-produced signal molecule that is
responsible for inducing tolerance to a number of biotic and abiotic stresses. An
experiment was therefore conducted to test whether the application of SA at
various concentrations (0, 0.25, 0.50 or 1.0 mM) through a seed-soaking method
would protect cucumber (Cucumis sativus L.) seedlings subjected to salt stress.
After soaking, seeds were sown in plastic trays filled with washed fine sand. The
trays were then placed in the greenhouse and watered with different NaCl solutions
(0, 50, 100 and 150 mM), for a period of 4 weeks. SA improved the majority of
physiological (relative leaf chlorophyll content, leaf relative water content and
chlorophyll fluorescence ratio) and morphological parameters (total emergence,
mean emergence time, shoot and root dry weights) of cucumber seedlings
subjected to salt stress. SA improved the injuries caused by salt stress by promoting
K" accumulation and preventing increases in leaf electrolyte leakage and Na"
contents of leaves and roots. The best protection appeared to be obtained from SA
applied by seed-soaking method at 1.00 mM.
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Introduction

Salt stress is an important growth-limiting factor for most non-halophytic
plants. High level of salts cannot be tolerated by most crops, a fact that
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severely limits the use of salt-affected soils for crop production (Tiwari
et al., 2010). The United Nations Food and Agriculture Organization and the
United Nations Environment Programme estimate that there are currently
4 million square kilometers of salinized land whereas approximately 20%
of agricultural land and 50% of cropland in the world is salt-stressed
threatening agricultural productivity (Ravindran, 2007; Rozena and Flowers,
2008). Natural boundaries imposed by soil salinity also limit the caloric and
the nutritional potential of agricultural production (Yokoi et al., 2002).
Estimates suggest that about 34 million ha, including 4.1 million ha of
irrigated land, are salt-affected in Iran as the consequence of naturally
occurring phenomena (causing primary or fossil salinity and/or sodicity) and
anthropogenic activities (Qadir et al., 2008).

High external NaCl concentrations in the soil limit plant growth by
exerting both osmotic and ionic stresses, which results in nutritional
deficiencies and metabolic imbalance (Zhu, 2002). Osmotic stress is caused
primarily by water deficit in plant tissues. Ionic stress is caused by the
accumulation of Na" and Cl1 ions and by the disturbance of the K'/Na" ratio
in plant cells (Blumwald et al., 2000). Na" ions not only diminish potassium
uptake by roots (Sairam and Tyagi, 2004) but are also toxic to enzymes
when accumulated at high levels in the cytoplasm (Hasegawa et al., 2000).
Salt stress leads to inhibition of growth and development, reduction in
photosynthesis, respiration and protein synthesis and disturbs nucleic acid
metabolism (Bray et al., 2000). In many crop plants, seed germination and
early seedling growth are the most sensitive stages to aabioticl stresses such
as salinity (Sivritepe et al., 2003).

The development of methods to induce stress tolerance in plants is vital
and should receive considerable attention. Approaches to develop stress-
tolerant plants include genetic engineering (McKerise et al., 1988), breeding
(Vettakkorumakankav et al., 1999), in vitro selection (Shankhdhar et al.,
2000) and the use of growth regulators (Baninasab, 2009).

Salicylic acid (SA), a plant hormone-like substance, has been shown to be
an important signal molecule for modulating plant responses to environmental
stress (Breusegem et al., 2001). SA may plays an important role in the seed
germination (Korkmaz, 2005), stomatal closure, ion uptake and transport
(Gunes et al., 2005), membrane permeability (Hayat and Ahmad, 2007) and
photosynthetic, transpiration and growth rates (Khan et al., 2003). The role of
SA in defense mechanisms under biotic and/or abiotic stress suggests that it
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could also alleviate salt stress in plants (Stevens et al., 2006). Exogenous
application of SA was reported to have effects on a wide range of
physiological processes including increased cold germination tolerance in
Capsicum annuum (Korkmaz, 2005), salinity tolerance in Hordeum vulgare
(El-Tayeb, 2005), improved heat shock tolerance in Sinapis alba (Dat et al.,
1998) and decreased inhibitory effects of drought stress on Cucumis sativus
(Baninasab, 2010). SA is known to play an important role in modulating the
redox balance across membranes, thereby counteracting the negative effects
of reactive oxygen species (ROS) generated by oxidative stress (Yang et al.,
2004) by increasing the activity of anti-oxidant enzymes such as superoxide
dismutase (Singh and Usha, 2003). SA is also involved in the functioning of
different anti-stress programmes in plants under osmotic stress, for example
by increasing the accumulation of lectins in Triticum aestivum (Shakirova and
Bezrukova, 1997) and the rapid activation of a 48-kDa protein kinase in
suspension cell cultures of Nicotiana tabacum (Mikolajczyk et al., 2000).
However, these results were contradictory and depended on the developmental
phase of the plants (Borsani et al., 2001) or on the experimental conditions
used (Nemeth et al., 2002).

Cucumber (Cucumis sativus) is an important vegetable crop for human
nutrition in the world and has been classified as salt sensitive (Stepien and
Klobus, 2006). Salinity is common in many soils of Iran where cucumbers
are grown extensively and affect the emergence and growth of plants and
reduces the yield of marketable fruit. Therefore, the objectives of this work
were to: (1) determine the effect of salt stress on emergence and early
seedling growth of cucumber plants and (2) test whether seed soaking of
cucumber seeds in varying concentrations of SA could mitigate the adverse
affect of salt stress.

Materials and Methods
Plant material and cultural practice

Cucumber seeds (Cucumis sativus L. cv Super Aston; As grow Vegetable
Seeds, Saticoy, CA, USA) were surface-sterilized in a 1% (v/v, active
ingredient) sodium hypochlorite solution for 10 min to eliminate possible
seed-borne micro-organisms, then rinsed for 1 min under running water
prior to drying for 30 min at room temperature.
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Seeds were soaked in an aerated solution of SA at 0 (control), 0.25, 0.50
or 1.0 mM for 24 h at 2342 °C under dark conditions. After soaking, seeds
were put in a wire mesh strainer and washed with tap water for 3 min and
then rinsed with distilled water. Following this, seeds were dried between
two filter papers and sown in plastic trays filled with washed fine sand. The
trays were then transferred to the greenhouse with average temperature of
27/19 °C (day/night) and natural light (December and January) for a period
of 4 weeks.

The layout was a 4x4 factorial experiment in a complete randomized design
with four replications and one hundred seeds per replication (plastic tray).

Imposition of salt stress

Salinity treatments were established by adding 0, 50, 100 and 150 mM of
NaCl to a half-strength Hoagland’s solution (Hoagland and Arnon, 1950).
Electrical conductivities of these solutions after adding 0, 50, 100 and 150
mM NaCl were 1.32, 6.41, 11.18 and 15.53 ds m™', respectively. After the
trays were placed in the greenhouse, the plastic trays were irrigated daily
with different saline solutions up to field capacity. To prevent of salt
accumulation, trays were leached with distilled water (after every three
irrigations) (Hajihashemi et al., 2007). At the end of 4 weeks plants were
harvested and evaluated for their response to salinity.

Emergence parameters

The plastic trays were inspected daily and seedling emergence recorded
as the appearance of the cotyledons. Total number of emerged seedlings
in each replicate was determined and evaluated as percentage, in calculation
of total emergence (TE). Mean emergence time (MET) was calculated
according to the equation of Ellis and Robert (1981).

Shoot and root dry weights

At the end of the experiment, the seedlings were harvested from trays and
the media carefully washed from the root systems. Shoot and root dry
weights (SDW and RDW, respectively) were determined after 48 h of
drying plant material at 80 °C.
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Relative leaf chlorophyll content (RLCC)

Immediately before seedlings were harvested, RLCC of the youngest
fully-expanded leaf was determined using a chlorophyll content meter
(Hansatech Instrument Ltd., King’s Lynn, UK). Chlorophyll meter readings
were used as relative values for chlorophyll content.

Electrolyte leakage

Electrolyte leakage was used to assess membrane permeability. This
procedure was based on Lutts et al. (1996). Electrolyte leakage was measured
using an electrical conductivity meter (CC-501, Elmetron, Zabrze, Poland).
Ten leaf discs of five randomly chosen plants per replicate sample were taken
from the youngest fully-expanded leaf before harvesting and drying. After
three washes with distilled water to remove surface contamination, the leaf
discs were then placed in a test tube containing 10 ml distilled water. These
samples were incubated at room temperature, on a shaker, for 24 h. Electrical
conductivity (EC) of the solution (EC;) was then read after incubation. The
same samples were then placed in a boiling water bath for 20 min and a second
EC reading (EC,) was taken after cooling the solution to room temperature.
Electrolyte leakage was then calculated as: EC;/EC, and expressed as a
percentage.

Leaf relative water content (LRWC)

Two leaves were collected from the young fully expanded leaves of three
plants per replicate. Individual leaves were first detached from the stem and
then weighed to determine fresh weight (FW). In order to determine turgid
weight (TW), leaves were floated in distilled water inside a closed petri
dish. Leaf samples were weighed periodically, after gently wiping the water
from the leaf surface with the tissue paper until a steady state achieved. At
the end of the imbibition period, leaf samples were placed in a pre-heated
oven at 80 °C for 48 h, in order to determine dry weight (DW). Values of
FW, TW and DW were used to calculate LRWC using the equation below
(Kaya et al., 2003):

LRWC (%)=[(FW - DW)/(TW - DW)]x100
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Chlorophyll fluorescence

Measurements of the maximum efficiency of photosystem II photochemistry
(Fy/F) were performed by using a Plant Efficiency Analyzer (Hansatech
Instrument Ltd, King’s Lynn, Norfolk, UK) after 30 min of dark adaptation.
The F./F, ratio was calculated as:

Fy/Fm = (Fim - Fo)/ Fin

Where F,, and F, are the maximum and basal fluorescence yields,
respectively, of dark-adapted leaves.

Analysis of ion concentration

To determine ion concentration, leaf and root samples were oven-dried at
80 °C for 48 h, then ground to pass through a 30-mesh screen. The ground
material (0.5 mg) were ashed in a muffle furnace at 550 °C for 5 h and the
ash was then dissolved in 10 ml 2 M HCI and made up to 100 ml with
distilled water. Na" and K" were determined using a flame photometer
(PEP7, Jenway, Dunmow, UK).

Statistical analysis

Data were analysed for significant differences using a factorial analysis
of variance, with NaCl level and SA concentration as the main factors.
Statistical analysis was performed using the MSTATC statistical version 1.4
software programme (Michigan State University, East Lansing, MI, USA)
and means were compared using the least significant differences (LSD) test
at P=0.05.

Results and Discussion

Our results showed that TE was significantly affected by salt stress and
SA pre-treatment (Table 1). Salinity significantly decreased TE, with the
largest decrease (49.4%) in TE with 150 mM of NaCl (Table 2). Application
of SA significantly increased TE. The most TE was obtained from seeds
soaked with 0.50 mM SA (78.9%), which was 17.24% more than the control
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(Table 2). However, a significant interaction occurred between salinity and
SA concentration. The maximum TE values observed with the 0.50 mM SA
in 50 mM of NaCl (90.0%) and with the 1.00 mM SA in 100 and 150 mM
of NaCl (76.2 and 56.9%, respectively) (Table 2). Increased salinity also
significantly increased MET and delayed the emergence of cucumber
seedlings (Table 2). SA had a positive effect on MET of seedlings.
Seedlings from soaked seeds with SA emerged earlier than control seeds.
However the earliest seedling emergence was obtained from seeds soaked
with 0.50 and 1.00 mM SA (5.9 days) which was 24.36% less than control
seeds (Table 2). There was a significant interaction between salinity and SA
concentration (Table 1). The least MET value observed with the 0.50 mM
SA in 50 mM of NaCl (5.2 days), while the emergence observed with the
1.00 mM SA in 100 and 150 mM of NaCl (6.3 and 6.4 days, respectively)
(Table 2). A negative effect of salinity on germination and emergence has
been reported for several vegetables species (Sivritepe et al., 2003; Jamil et
al., 2006). Such a response might be related to the inhibitory effect of the
solution low osmotic potential and/or to ionic toxicity (Zhu, 2002). Earlier
studies have shown that salinity reduces protein hydration (Kramer, 1983)
and induces changes in the activities of many enzymes (Dubey and Rani,
1990) in germinating seeds. However, according to the above results,
pre-treatment of cucumber seeds with SA improved seedlings emergence
and decreased the emergence time under salinity conditions. This result is in
agreement with these reported by Shakirova et al. (2003) and El-Tayeb
(2005), who found that SA treatment increased seedling emergence
percentage and decreased the emergence time under salinity conditions. This
might be explained by the fact that SA enhances the activity of hydrolases,
which increased the reserve breakdown and earlier start of germination
(Shakirova et al., 2003). Karthiresan et al. (1984) and Zhang et al. (1999)
also reported that increase in emergence percentage in seeds primed with
SA under saline conditions may be due to enhanced oxygen uptake,
increased oi-amylase activity and the efficiency of mobilizing nutrients from
the cotyledons to the embryonic axis and increased the contents of soluble
sugar, protein and free amino acids.
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Table 2. Effect of SA pre-treatment on total emergence (TE) and mean emergence time
(MET) of cucumber seedlings under salt stress.

. SA TE MET
NaCl salinity (mM) (mM) %) (days)
0 96.6" 5.2%
0 0.25 96.0° 5.1
0.50 97.7* 5.3%
1.00 94.9° 52N
0 82.7¢ 7.0
50 0.25 88.6™ 5.7
0.50 90.0° 5.2M
1.00 85.1% 5.6%"
0 54.0@{h 8.6°
0.25 70.0 6.8%¢
100 0.50 73.8° 6.10%
1.00 76.2° 6.3
0 36.0}‘1 10.3°
0.25 50.7 7.10°
150 0.50 54.0¢" 6.9%
1.00 56.9¢ 6.4%"
Means for NaCl salinity
0 96.3° 5.2¢
50 86.6° 5.9
100 68.5° 6.9°
150 49 4¢ 7.7°
Means for SA concentration
0 67.3° 7.8°
0.25 76.3° 6.2°
0.50 78.9°% 5.9
1.00 78.3° 5.9°

" Values followed by the same lower-case letters within a column are not significantly
different at P<0.05.

RLCC was significantly affected by both salinity and SA pre-treatment
(Table 1). RLCC values were significantly decreased with the increasing
salinity stress (Table 3). These observations are consistent with those
of Stepien and Klobus (2006) and Yildirim et al. (2008) who indicated
that chlorophyll content considerably decreased in the leaves of cucumber
plants with increasing NaCl concentration. The decrease may be due to
the formation of proteolytic enzymes such as chlorophyllase, which is
responsible for the chlorophyll degradation (Sabater and Rodriguez, 1978).
All concentrations of SA increased RLCC values significantly compared with
the control. However, 1.00 mM SA was most effective (12.48) (Table 3).
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There was a significant interaction between salinity and SA concentrations
(Table 1). The highest RLCC value was obtained from seedlings pre-treated
with 0.50 mM SA in 50 mM NaCl (14.53), while the maximum RLCC values
observed with the 1.00 mM SA in 100 and 150 mM of NaCl (12.83 and 8.45,
respectively) (Table 3). This result is in agreement with these reported by
El-Tayeb (2005) in barley, Gunes et al. (2007) in maize and Yildirim et al.
(2008) in cucumber, who found that SA-treated plants had less decrease in
chlorophyll concentration than the non-SA-treated plants under salt stress.
The higher RLCC of SA-treated cucumber leaves may be related to its
influence on the endogenous cytokinin content. The SA-treated plants
synthesized more cytokinin (Sakhabutdinova et al., 2003) that in turn
enhances chloroplast differentiation and chlorophyll biosynthesis and
prevents chlorophyll degradation Fletcher et al. (1982).

An increase in percent conductivity indicates leakiness of ions due to a loss
of membrane integrity. This is an inherent feature of plants which are exposed
to stresses. Salinity significantly increased leaf electrolyte leakage, with the
largest increase (41.49%) in leaf electrolyte leakage with 150 mM of NaCl
(Table 3). Similar reports were presented by Parida and Das (2005) and
Yildirim et al. (2008) for several crops. High concentrations of NaCl caused
membrane disorganization (Hasegawa et al., 2000). Mansour et al. (2002)
pointed out that molar percentages of sterols and phospholipids decreased
with increasing salinity. Electrolyte leakage enables cell membrane injury to
be assessed when plants are subjected to salinity stress. Maintaining integrity
of the cellular membranes under salt stress is considered an integral part of
the salinity tolerance mechanism (Stevens et al., 2006). Application of SA
significantly decreased leaf electrolyte leakage. However the lowest leaf
electrolyte leakage was obtained from seedlings pre-treated with 0.50 mM
SA (18.39%) which was 38.31% less than control (Table 3). There was a
significant interaction between salinity and SA concentrations (Table 1). The
lowest leaf electrolyte leakage value was obtained from seedlings pre-treated
with 0.50 mM SA in 50 and 100 mM NaCl (10.06 and 18.39%, respectively),
while the minimum leaf electrolyte leakage values observed with the 1.00
mM SA in 150 mM of NaCl (33.14%) (Table 3). This result is consistent with
that reported by Stevens et al. (2006) for tomato and Yildirim et al. (2008) for
cucumber, who determined that SA facilitated the maintenance membrane
functions. Data also exist showing that SA causes increases in the activities of
anti-oxidant enzymes which, in turn protect plants against the generation of
ROS and membrane injury or may result in the synthesis of other substances
which have a protective effect on plants growing under stress (Xu et al., 2008).



B. Baninasab & M.R. Baghbanha / International Journal of Plant Production (2013) 7(2): 187-206 197

Table 3. Effect of SA pre-treatment on relative leaf chlorophyll content (RLCC), electrolyte
leakage (EC,/EC,), leaf relative water content (LRWC), chlorophyll florescence ratio
(F\/F), shoots dry weight (SDW) and root dry weight (RDW) of cucumber seedlings under
salt stress.

NaCl salinity SA EC//EC, LRWC SDW RDW
RLCC Fy/Fin

(mM) (mM) _ (%) (%) (mg) (mg)

0 13.53° 8.64"  89.21° 0.805° 1532  162""

025  1347° 8.17 89.55*  0.817° 1566™ 168"

0 0.50  14.80® 847" 8861 0.820° 1822"  180*°
1.00 15.16° 8.80" 89.36°  0.810°  1933" 208°
0 11.47°  19.11%  81.51°  0.7357  1138%"  145%
50 025  12.73%  12.13"  86.45™ 0.760° 1379 158"
0.50 14.53°  10.06™  87.49" 0.775¢ 1562% 1744
1.00 13.47°  10.85"  86.52* 0.772¢ 1550  190%®
0 847" 3417  7431% 0.615 8707 1128
100 0.25 10.94°  23.18° 81.45; 0.662; 1 158‘1:1 13 1fgf
0.50 11.39°  18.398  82.61% 0.670" 1369° 150%
1.00 12.83¢  21.58  84.60° 0.7128 13624  175°¢
0 4.14' 57.31°  65.47" 0497 511 67.00'
150 0.25 6.49" 3890  72.45% 0.565%  823% 86"
0.50 7208 36.62"  73.45%  0.615 962 1098
1.00 8.45" 33.14%  76.43"  0.662°  1009°"  137°%
Means for NaCl salinity
0 14.24° 8.52° 89.18° 0.813% 1713" 180°
50 13.05°  13.04°  85.50° 0.761°  1407° 167°
100 10.91°  2433°  80.74°  0.665°  1190° 142°
150 6.57 41.49° 7195 0.585¢  826¢ 100°
Means for SA concentration
0 9.40¢ 2981  77.63° 0.663% 1013° 122°

025  10.91° 20.59* 8248 0.701° 1231° 136°
050  11.98"  18.39°  83.04° 0.720°  1429° 154°
1.00 12.48° 18.59° 84.23*  0.739* 1463 178*
" Values followed by the same lower-case letters within a column are not significantly
different at P<0.05.

LRWC was significantly affected by both salinity and SA pre-treatment
(Table 1). Increasing the concentrations of NaCl from 0 to 150 mM lowered
LRWC in cucumber plants (Table 3). LRWC in leaves is known as an
alternative measure of plant water status, reflecting the metabolic activity in
tissues (Gonzalez and Gonzalez-Vilar, 2001). Decrease in LRWC indicated
a loss of turgor that resulted in limited water availability for the cell
extension process in sugar beet (Katerji et al., 1997). Similar reports have
been made for many plant species under salinity stress conditions
(Srivastava et al., 1998; Stepien and Klobus, 2006). This decrease in LRWC
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could be because of lower water availability under stress conditions
(Shalhevet, 1993), or root systems which are not able to compensate for
water lost by transpiration through a reduction of the absorbing surface
(Gadallah, 2000). All concentrations of SA increased LRWC significantly
compared with the control. However, 1.00 mM SA was most effective
(84.23%) (Table 3). There was a significant interaction between salinity and
SA concentrations (Table 1). The highest LRWC was obtained from
seedlings pre-treated with 0.50 mM SA in 50 mM NaCl (87.49%), while the
highest LRWC values observed with the 1.00 mM SA in 100 and 150 mM
of NaCl (84.60 and 76.43%, respectively) (Table 3). In agreement with the
present results, barley seedlings treated with SA showed higher LRWC than
the control seedlings following salt stress (El-Tayeb, 2005). Szepsi et al.
(2005) also found that exogenous SA increased water potential and LRWC
of salt stressed tomato plants. This phenomenon may be attributed that SA
can increase leaf diffusive resistance and lower transpiration in plants
(Yildirim et al., 2008).

The F,/F,, was significantly affected by salinity and SA pre-treatment
(Table 1). The F,/F,, significantly decreased with the increasing salinity stress
(Table 3). SA treatment significantly increased F,/Fy, in the cucumber leaves.
The most F,/F,, was obtained from leaves of the seedlings pre-treated with
1.00 mM SA (0.739), which was 11.52% more than the control (Table 3).
There was a significant interaction between salinity and SA concentrations
(Table 1). The highest F,/F,, was obtained from seedlings pre-treated with
0.50 mM SA in 50 mM NaCl (0.775), while the highest F./F,, values
observed with the 1.00 mM SA in 100 and 150 mM of NaCl (0.712 and
0.662, respectively) (Table 3). The F,/F, ratio in SA-treated plants was higher
than in control plants during salt stress, indicating that SA reduced salt-
induced photoinhibition by protecting photosystem II. The chlorophyll
fluorescence ratio (F./Fn) 1s correlated with the efficiency of leaf
photosynthesis. A decline in this ratio provides an indicator of photo-inhibitory
damage caused by the incident photon flux density when plants are subjected to
a wide range of environmental stresses (Bjorkman and Demming, 1987).
Maintenance of the F,/F,, ratio in SA-treated plants under stress has been
observed in previous studies (Szepesi et al., 2005; Baninasab, 2010).

The SDW and RDW were significantly affected by salinity and SA pre-
treatment, but not their interaction (Table 1). SDW and RDW were
significantly decreased with the increasing salinity stress (Table 3). Earlier
studies have shown that NaCl treatment decreased the some growth
parameters such as fresh weight of shoot and root of plants (Zhu et al., 2004;
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Yildirim et al., 2008; Mori et al., 2011). Application of SA significantly
increased SDW and RDW. The most SDW and RDW were obtained from
seedlings pre-treated with 1.00 mM SA (1463 and 178 mg, respectively),
which was 44.42 and 45.90% more than the controls, respectively (Table 3).
From the RLCC results, it can be inferred that the higher chlorophyll contents
in leaves, leading to higher rates of photosynthesis, might have increased
SFW and RFW in the SA pre-treated seedlings (Table 2). Khan et al. (2003)
also reported that SA increase carbon dioxide assimilation and photosynthetic
rate. Our results in agreement with those of Stevens et al. (2006) in tomato
and Gunes et al. (2005) in maize who showed that SA treatments ameliorated
the negative effect of salt stress on fresh and dry weight of plants. Shakirova
et al. (2003) indicated that SA treatments reduced the damaging action of
salinity on wheat seedlings growth, rising indoleacetic acid content and
enhancing of cell division and extension of root cell. Khan et al. (2003)
reported that SA stimulated the root formation of some crops. Gunes et al.
(2005) recorded that increases in fresh and dry matter of salt stressed plants in
response to SA might be related to the induction of antioxidant response and
protective role of membranes that increase the tolerance of plant to damage.
The salinity and SA pre-treatment significantly affected Na' and K"
contents in leaves and roots (Table 1). The applied NaCl induced Na"
accumulation in leaves and roots of the cucumber seedlings, the highest Na"
accumulation was consistently displayed in plants subjected to the highest
salinity (17.51 and 20.37 mg g, respectively) (Table 4). All concentrations of
SA decreased Na" accumulation in leaves and roots significantly compared
with the controls. However, 1.00 mM SA was most effective (9.03 and 10.73
mg g, respectively) (Table 4). Simultaneously, the accumulation of K™ in
leaves and roots decreased gradually with the rise of salinity (Table 4). SA
pre-treatment increased K~ accumulation in leaves and roots significantly
compared with the controls. However, the most K accumulation in leaves
and roots were observed in seedlings pre-treated with 1.00 mM SA (34.85 and
9.29 mg g, respectively), which was 21.94 and 6.05% more than the
controls, respectively (Table 4). Many studies have demonstrated that NaCl
salinity increased Na™ and decreased K" in plant tissue of crops (Sivritepe et
al., 2003; Parida and Das, 2005; Asgari et al., 2012). Na' is highly water
soluble and is readily taken up by plants and transported into the shoots, most
likely Na™ is acting as osmotica, but only moderate concentrations can be
tolerated before growth and photosynthesis are reduced (McCree, 1986). A
secondary effect of high concentrations of Na" and CI” in the root media is the
suppression of uptake of essential nutrients such as K™ (Perviaz et al., 2002).
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Na" Competes with K for uptake through common transport systems and this
happened effectively since the Na’ in saline environments is usually
considerably greater than K™ (Maathuis et al., 1996). In agreement with the
present results, seedlings of barley treated with SA had lower Na" and higher
K" in the shoots and roots under salt stress (El-Tayeb, 2005). Similarly,
Gunes et al. (2007) determined that SA supply inhibited Na" accumulation,
but stimulated K* uptake by salt stressed maize plants compared to non-
treated ones. The antagonistic relation between Na’ and K" as a result of SA
pre-treatment indicates that, SA could play a role in modifying K'/Na"
selectivity under salt stress, which is reflected in lowering membrane damage
and higher water content.

Table 4. Effect of SA pre-treatment on Na and K contents of leaves and roots of cucumber
seedlings under salt stress.

NaCl salinity Leaf Root
mv)  SAM) T e e) Kmgg) Na(mgg) K(mzg)

0 3.27 42.45° 3.42° 12.17°

0 0.25 3.12" 42.88° 3.56 12.33°
0.50 2.94" 44.42% 3.20° 12.38%

1.00 3.45" 46.75° 3.36" 12.77°

0 12.23%1 30.06% 13.27% 9.62°

50 0.25 8.29% 33.48% 10.72¢ 9.97%
0.50 8.32 35.69° 9.48° 10.15°

1.00 8.128 36.41¢ 9.14¢ 10.18¢

0 17.60° 24.14" 19.79 7.93"

100 0.25 12.88°¢ 27.43% 15.64% 8.26%
0.50 10.13%¢ 29.86°" 13.38% 8.30°"

1.00 10.48°¢ 31.40% 13.16% 8.40°

0 24.00° 17.67 26.82° 5.30"

150 0.25 16.77" 20.11" 20.36° 5.67%"
0.50 15.20%¢ 22.05" 18.47" 5.638

1.00 14.07%¢ 24.83¢" 17.26>¢ 5.82¢

Means for NaCl salinity
0 3.19¢ 44.12° 3.38¢9 12.41%
50 9.24° 33.91° 10.65¢ 9.98°
100 12.77° 28.21° 15.49° 8.22°
150 17.51° 21.17¢ 20.73° 5.61¢
Means for SA concentration

0 14.27° 28.58¢ 15.83" 8.76°

0.25 10.26° 30.97° 12.57° 9.06°

0.50 9.15° 33.00° 11.13° 9.11%®

1.00 9.03° 34.85% 10.73° 9.29"

" Values followed by the same lower-case letters within a column are not significantly
different at P<0.05.
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In this study, the correlations between and among various physiological
indices (e.g., RLCC, leaf electrolyte leakage, LRWC, F,/F, and Na" and K"
contents of leaves and roots) and various morphological parameters (e.g.,
TE, MET, SDW and RDW) in cucumber seedlings subjected to salt stress
was analysed (Table 5). Our results showed that significant correlations
existed between and among these physiological indices and morphological
parameters. These correlations suggested that emergence and early seedling
growth were positively correlated with RLCC, F,/Fy, ratio, LRWC and K"
contents of leaves and roots, but negatively correlated with leaf electrolyte
leakage and Na' contents of leaves and roots. Therefore, we conclude
that SA ameliorated the negative effects injury caused by salt stress
by preventing decreases in RLCC and F,/F, ratio, by increases in K
contents of leaves and roots and by inhibiting increases in leaf electrolyte
leakage and Na' contents of leaves and roots. Higher RLCC may have
caused higher SDW and RDW. Since all these variables are closely related
to photosynthetic capacity.

Conclusion

The response of cucumber seedlings to SA pre-treatment outlined
in this study suggests that the application of SA would protect cucumber
seedlings partially against salt stress. SA applied by seed soaking at
1.00 mM was most effective in providing salt tolerance especially at
higher concentrations of NaCl. The fact that SA, readily available, could
be used to prevent crop losses due to salt stress may have a significant
practical application.
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