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Abstract

Salinity and drought are the most important abiotic stresses limiting the agricultural productivity worldwide. A greenhouse
experiment was conducted to evaluate the potential of silicon (Si) in alleviating the adversities of salinity and drought stressed
in wheat seedlings. Experimental treatments included control (no salinity and drought nor Si sprayed), only salinity (50 mM
NaCl), only drought (40% water holding capacity), only Si (50 mM), salinity + drought (50 mM NaCl + 40% water holding
capacity), salinity + Si (50 mM NaCl + 50 mM Si), drought + Si (40% water holding capacity + 50 mM Si), salinity + drought
+ Si (50 mM NaCl + 40% water holding capacity + 50 mM Si). Wheat seedlings exposed to salinity and drought stresses
produced negative effect on morphological, physiological and biochemical attributes. Morphological attributes (shoot and root
dry weight, length and biomass of seedlings); water relations, photosynthetic pigments and gas exchange parameters of wheat
seedlings were adversely affected uponexposure to salinity and drought separately or in combination; however the combined
effect was more negative. However, foliage applied Si significantly improved the morphology, water relations, photosynthetic
pigments and gas exchange parameters of wheat seedlings under salinity and drought stress individually or in combined.
Moreover, Si spray improved the activities of enzymatic antioxidants i.e. catalase, superoxide dismutase and peroxidase under
salinity, drought and salinity + drought stresses. In conclusion, foliage applied Si may be a potential strategy to improve the
salt and drought tolerance in wheat owing to significant rise in enzymatic antioxidants, photosynthetic pigments,
photosynthesis rate, stomatal conductance and leaf turgor pressure. © 2018 Friends Science Publishers
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Introduction was greatly reduced in barley plants when it was cultivated

under both drought and salinity stresses which led to a

Salinity and drought are major threat to crop production and
food security throughout the world (Farooq et al., 2017).
These stresses cause adverse effects on morphological,
physiological and biochemical processes in plants
(Ouzounidou et al., 2014; Noman et al., 2015; Ali et al.,
2017). There is great similarity among both stresses
regarding biochemical, physiological and molecular
adversities (Sairam and Tyagi, 2004). Physiological drought
occurs when the levels of soluble salts rises in the soil
solution and limit water uptake due to low water potential
(Hussain et al., 2018). It is found that as the salinity
increases, water potential and osmotic potential of plants
become more negative (Hussain et al., 2018). Drought and
salinity stress together lower down the water potential and
relative water contents in barley (Hordeum vulgare L.) crop,
but it remained unchanged in Tibetan wild barley
comparative to control (Ahmed et al., 2013a). In another
study, Ahmed et al. (2013b) found that chlorophyll content

severe decline in photosynthesis. The stomatal factors and
chlorophyll synthesis reticence caused the photosynthetic
inhibition.

The production of reactive oxygen species (ROS) is
one of initial biochemical reactions in plant subjected to
grow under salinity and drought stress (Apel and Hirt,
2004). To face subsequent defense responses in plants, the
production of ROS as a secondary messenger. The ROS like
hydrogen peroxide (H,O,), superoxide, the hydroxy! radical,
and singlet oxygen are produced naturally as by-products
during oxygen metabolism under normal conditions. The
oxidative stress and cell damage is caused due to over-
production of ROS. A composite system of enzymatic
antioxidants such as catalase (CAT), ascorbate peroxidise
(APX), superoxide dismutase (SOD) and peroxidase (POD).
Similarly some important solutes like proline and soluble
protein that minimize the effects of drought and salinity
stresses in higher plants (Ozkur et al., 2009). Under drought
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stress the enhanced activities of SOD, APX, and POD
known as antioxidant enzymes, reduced the oxidative
damage in the seedlings of caper bush (Ozkur et al., 2009).
Yang et al. (2009) investigated that the activity of enzymatic
antioxidant was increased under 25% field capacity in
comparison of 100% field capacity. Seckin et al. (2010)
opposed arrays in the deeds of enzymatic antioxidants due
to NaCl stress in H. marinum and H. vulgare.

Now-a-days, silicon (Si) is considered a potent
researched nutrient in the biological chemistry of plants.
Being a beneficial plant nutrient, Si performs an important
part in maintaining and reducing many biotic and abiotic
stresses like salt and drought stresses (Ouzounidou et al.,
2016; Zamani et al., 2017). The addition of Si maintained
the water status of plant leaves (Romero-Aranda et al.,
2006), and increased the photosynthetic activity of maize
(Sattar et al., 2016). Silica-cuticle binary layer on the leaf
epidermal tissue is formed by exogenous use of Si and it
also improved the tissue water status in wheat (Liang et al.,
1999). It was observed that barley and wheat seedlings
treated with Si to salt considerably enhanced the enzymatic
activity and alleviated the lipid peroxidation (LPO) in leaves
and roots (Liang et al., 2003; Sattar et al., 2017).

It has been detected that in the potato (Levy et al.,
2013) and barley (Yousfi et al., 2010), the effects of
combined stress on plant is more damaging than effects of
single stress. On the other hand, many studies showed that
single stress effects the plant (Wu et al., 2013), but very
limited knowledge has been established for physiological
and biochemical processes underlying the tolerance of
plants for integrated salinity and drought stresses. Therefore,
current study was aimed to assess the effect of both stresses
applied as single and in pair on wheat seedlings through
morphological, physiological and biochemical attributes and
also evaluate the potential of Si in relieving the adverse
consequences of salinity and drought.

Materials and Methods
Growth Conditions and Treatments

A pot experiment was performed in greenhouse to evaluate
the influence of foliar spray of Si for enhancing the salt and
drought tolerance in wheat plants. Wheat variety Faislabad-
2008 was used as an experimental material that was
collected from Ayub Agriculture Research Institute
Faisalabad. Ten seeds of wheat were sown in each pot
containing 12 kg of well ground and sieved soil.
Recommended doses of NPK were applied to sustain the
growth of wheat seedlings. Basal dose of nitrogen fertilizer
as urea at the rate of 100 mg kg, phosphorus (P,Os) as
diammonium phosphate at the rate of 90 mg kg™, while
potassium (K,0) as potassium sulphate at the rate of 60 mg
kg™ was added and mixed thoroughly.

Each pot was maintained with five plants. Fifteen days
old seedlings were planted in each pot under normal
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conditions. Artificial soil salinities were developed by
adding NaCl solution. Salinity and drought stresses were
applied after 15 days of seedlings development. Treatments
included the control (no salinity and drought nor Si applied),
only salinity (50 mM NaCl), only drought (40% water
holding capacity), only Si (50 mM), salinity + drought (50
mM NaCl + 40% water holding capacity), salinity + Si (50
mM NaCl + 50 mM Si), drought + Si (40% water holding
capacity + 50 mM Si), salinity + drought + Si (50 mM NaCl
+ 40% water holding capacity + 50 mM Si) as salt
concentration. Foliar application of Si was done in the
evening with 10 mL volume per pot each time. The pots
were arranged following the completely randomized design
with four replicates.

Growth Parameters

Salinity treatment was continued for 15days and then data
were collected for root and shoot lengths and fresh biomass.
For sample collection, wheat plants were cut just above the
soil surface and roots were removed from the soil. For dry
weights of root and shoot, the samples were kept in drying
oven at 75°C till a persistent weight. After that, data were
calculated for root shoot ratio and total dry biomass.

Water Relations

To measure the relative water content of plant leaves, fresh
and healthy leaves (Ws) (0.5 g) of wheat plants were water
rinsed till constant weight and weighed (Ws). The water
saturated leaves were then oven dried at 80°C for 24 h to
find dry weight (Wg). The formula suggested by (Barrs and
Weatherley, 1962) was used to determine RWC as:

RWC (%) = (We-W)/(Ws-W,) x 100

Pressure bomb Model 3115 (Soil Moisture Equipment
Corp. Santa Barbara, CA, USA) was used to measure the
water potential (‘\Yw) of fresh leaves. For osmotic potential
(Ws), leaf already used for RWC was frozen and thawed.
Sap was squeezed and centrifuged (5000 x g) using an
osmometer (Digital Osmometer, Wescor, Logan, UT, USA).
The difference of Yw and Ws determined the leaf pressure
potential (‘¥p).

Chlorophyll Contents

Chlorophyll a and b were determined following the method
of Arnon (1949). Spectrophotometer (Hitachi-U2001,
Tokyo, Japan) was used to record the absorbance of
supernatant at 645 and 663 nm wavelengths.

Physiological Attributes
Photosynthetic gas exchange variables such as transpiration

rate (E), photosynthetic rate (Pn), and stomatal conductance
(9) was measured using Infra-Red Gas Analyzer (IRGA)
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(Analytical Development Company, Hoddesdon, England).
For this purpose, mature fresh leaves from each plant were
plucked and placed inside the IRGA. The values of all
physiological characteristics were recorded during day time
between 10.00 and 12.00 a.m. (Zekri, 1991).

Biochemical Analysis

Five mL of 50 mM phosphate buffer (7.8 pH) was used for
extraction of enzymatic antioxidants from material of fresh
leaf sample centrifuged at 15000 x g for 20 min. The SOD
activity was estimated using the procedure given by
Giannopolitis and Ries (1977) at 560 nm and CAT activity
was analysed using the procedure given by Chance and
Maehly (1955) at 240 nm.

The SOD activity was determined by the prevention of
nitroblue tetrazolium (NBT) at 560 nm as result of
photochemical reduction. This was further expressed as
SOD U per minute per mg of the protein. The reaction
mixture was consisted of 1 mL NBT (50 puM), 50 pL
enzyme extract, 1 mL riboflavin (1.3 pM), 500 pL
methionine (13 mM), 500 uL EDTA (75 mM) and 950 pL
(50 mM) phosphate buffer. The reaction was initiated by
holding reaction mixture under illuminations of 30 W
fluorescent lamp. After 5 min of lamp turned off, the
reaction was stopped. Blue formazane formed by the NBT
photo reduction that was further employed to take the
absorbance at 560 nm. The same reaction mixture having no
enzyme extract in dark was taken as blank. The catalase
activity was recorded at 240 nm using a UV-visible
spectrophotometer by measuring the change in the
absorbance due to H,O,produced as a result of enzyme
reaction. Reaction was initiated by adding 100 puL enzyme
extract into the reaction mixture that contained 900 pL H,0,
(5.9 mM) and 2 mL phosphate buffer (50 mM). The catalase
activity was described as pmol of H,O, per minute per mg
of protein (Chance and Maehly, 1955). The peroxidase
activity was estimated following the procedure of Kara and
Mishra (1976). The reaction mixture was composed of 100
ul enzyme extract, 5 mL pyrogallol (10 mM), 5 mM of H,0,
(5 mM) and 5 mL of Tris-HCL buffer (0.1 M). The enzyme
activity was measured by recording the decrease in the
absorbance at 425 nm that was due to the H,O, dependent
oxidation of pyrogallol.

Statistical Analysis

Design of the experiment was completely randomized
with three replications. Experimental data was analyzed
using Fisher’s Analysis of Variance technique and
treatment means were compared with Least Significant
Difference (LSD) test (Steel et al., 1997) by using
STATISTIX 8.1 computer software.

Results

Both salinity and drought stresses caused reduction in
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growth characteristics of wheat seedlings individually or in
combination which was counteracted to some extent by the
foliar application of Si. The Si application improved shoot
dry weight (9.42%) without any stress. The Si enhanced the
plant dry weight by 30.51% against salinity, 13.67% against
drought and 34.91% against collectively induced stresses
(salinity and drought) in wheat seedlings as compared to
their respective controls (Table 1). Maximum percentage
increase of root dry weight of seedlings were 72.19%,
followed by 28.45% and 24.5%, when Si was applied to
plants subjected to stresses (salinity + drought), salinity and
drought, respectively when compared to stress treatment
without Si application. Plant shoot length was improved by
21.30%, under salinity stress, 15.35% under drought stress
and 50.91% under salinity + drought conditions, as a result
of Si supplementation. With the foliar application of Si
under salinity, drought and both salinity + drought
conditions, root length was also noted to be increased by
56.95, 40.16 and 74.03%, respectively (Table 1). Root:
shoot ratio decreased by 1.69% with Si application under
saline conditions but increased by 9.67% and 27.41% under
drought and both salinity + drought conditions with Si
application. Total seedling biomass was noted to increase by
29.78%, 17.94% and 47.42%, with foliar application of Si
under salinity, drought and salinity + drought conditions
(Table 1).

Abiotic stresses resulted in reduction in water contents,
water potential, osmotic potential and turgor potential of
wheat seedlings. Foliar application of silicon supported
water relations of wheat seedlings under abiotic stresses.
Maximum percentage increase of 23.21% was recorded in
relative water contents of wheat seedlings subjected to
combine stress of salinity + drought, followed by 13.06%
under salinity and 12.33% under drought conditions, with
foliar applied Si. The Si stabilized water potential of wheat
plants as recorded with percent increase of 37.83% in
salinity + drought, 32.96% in drought and 16.27% under
salinity treatments (Table 2). The percentage increase in
osmotic potential under the influence of Si applied was 1.73%
in salinity, 10% in drought and 6.89% in salinity + drought.
Turgor potential was influenced by Si application to
increase by 12.64% under saline conditions, 59.49% under
drought and 23.15% under salinity + drought conditions
(Table 2).

The Si applied under saline conditions improved Chl a
by 23.22%, Chl b by 51.11%, Chl a+b by 30% and Chl a/b
by 17.94%. The percentage increase was 20.98% in Chl a,
43.75% in Chl b, 26.19% in Chl a+b and 16.23% in Chl a/b
under drought conditions, supplied with Si. Under saline
+ drought conditions, Si application improved Chl a by
72.58%, Chl b by 162.06%, Chl a + b by 88.31% and Chl
a/b by 34.19% (Table 3).

Salt and drought stress caused reduction in Pn, E, gs.
The Si ameliorated this adverse effect by improving Pn
under salt stress (47.58%), drought conditions (50.24%) and
salinity + drought stresses (34.18%). The percentage
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Table 1: Effect of foliage applied Si on growth characteristics of wheat seedlings experience to combined salinity and
drought stresses

Shoot dry weight (g) Rootdry weight (g) Shoot length (cm) Root length (cm) Root : shoot  Total seedlings biomass (g)

Control 21.86+0.90b 13.68+0.43a 4354+0.73 a 9.06+0.87a 0.62+0.011c 3554+13la
Salinity 12.52 +0.59 ef 7.50 £ 0.44 ef 2856 £0.62 e 3.81+0.26d 0.59+ 0.006 cd 20.01 +£1.03cd
Drought 13.67 £ 0.55 de 8.58 + 0.68 de 31.00+154d 473+036cd  0.62+0.026 cd 22.24+1.23¢c
Silicon 23.92+0.78a 13.71+0.60a 4158+0.71a 9.83+0.71a 0.57+£0.033d 37.62+0.92a
Salinity + drought 10.97+0.80 f 6.87£053f 2471 £0.58 f 3.62+0.32d 0.62+0.007 cd 17.84 £1.33d
Salinity + silicon 16.34+0.56 ¢ 9.63+0.47cd 34.67+058¢c 598+0.35bc  0.58+0.009cd 25.97+1.04b
Drought + silicon 15.54 +0.43 cd 10.69 +0.56 bc 3576 £0.58bc  6.63+0.42b 0.68+0.016 b 26.23+1.00b
Salinity+ drought + silicon 14.80 +0.53 cd 11.83+0.53b 37.29+£0.27b 6.30+£0.64bc 0.79+0.007a 26.30+1.07b
LSD<0.05 2.02 1.59 231 1.59 0.051 3.32
Coefficient of variance 7.15 8.92 3.86 14.64 4.63 7.25

EMS (df=4) 1.33** 0.84** 1.78** 0.83** 0.008** 3.69**

LSD = Least significant difference, EMS = Error mean square, df = degree of freedom, values represent mean + SE (n = 3). Different small letters indicated
that the means are significantly different (P< 0.05)

Table 2: Effect of foliage applied Si on water relations of wheat seedlings experience to combined salinity and drought
stresses

Relative water Contents (%) Water potential (-MPa) Osmotic potential (-MPa) Turgar potential (MPa)

Control 89.43+2.74a 0.44+0.029d 1.98+0.015a 153+0.035a
Salinity 68.33+2.06 cd 0.86£0.050 b 1.73+0.034¢c 0.87 £0.079 cd
Drought 66.35 + 2.65 de 0.91+0.024b 1.70+0.030¢ 0.79+0.048d
Silicon 90.23+2.96a 0.32+0.017d 1.27+0.033d 0.95+0.044 ¢
Salinity + drought 58.67+1.8%¢ 1.11+0.067a 1.74+0.043¢c 0.63+0.060 e
Salinity + silicon 76.76 £0.89b 0.72+0.029¢c 1.70+£0.026 ¢ 0.98 +0.026 ¢
Drought + silicon 75.02+4.11bc 0.61+0.017¢c 1.87+0.020 b 126 +0.021b
Salinity + drought + silicon ~ 72.29 +2.35 bed 0.69+0.095 ¢ 1.86+0.037 b 1.17 £0.066 b
LSD<0.05 7.67 0.144 0.091 0.150
Coefficient of variance 5.95 11.73 3.04 8.49

EMS (df=4) 19.67** 0.006** 0.002** 0.007**

LSD = Least significant difference, EMS = Error mean square, df = degree of freedom, values represent mean + SE (n = 3). Different small letters indicated
that the means are significantly different (P< 0.05)

Table 3: Effect of foliage applied Si on photosynthetic pigments of wheat seedlings experience to combined salinity and
drought stresses

Chlorophyll a (mg g?) Chlorophyll b (mg g*) Chlorophyll a + b (mg g% Chlorophyll a/b (mg g%

Control 282+0.035a 0.96+0.011a 3.78+0.045a 2.94+0.022b
Salinity 1.55+0.058d 045+0.017 ¢ 2.00+0.066 d 340+0.148b
Drought 1.62+0.044d 0.48+0.042c 2.10+0.012d 3.45+0371b
Silicon 2.77+0.064a 0.92+0.026 a 3.60+0.062a 3.02+0.129b
Salinity + drought 1.24+0.056 € 0.29+0.017d 1.54+0.038¢ 424+0435a
Salinity + silicon 191+0.032¢ 0.68+0.017b 2.60+0.049¢ 2.79+0.036b
Drought + silicon 1.96+0.014¢ 0.69+0.050 b 2.65+0.065¢ 2.89+0.186b
Salinity + drought + silicon 2.14+0.026 b 0.76 £0.026 b 2.90+0.053b 2.79+0.062b
LSD<0.05 0.131 0.086 0.153 0.66
Coefficient of variance 3.80 7.61 3.33 12.07

EMS (df=4) 0.058** 0.0025** 0.078** 0.148**

LSD = Least significant difference, EMS = Error mean square, df = degree of freedom, values represent mean + SE (n = 3). Different small letters indicated
that the means are significantly different (P< 0.05)

increase in E was 60.80% under saline conditions, 67.93%
under drought conditions and 20.53% under salinity +
drought conditions (Table 4). The gs was supported with an
increase of 50.17, 61.15 and 96.51% under salinity, drought
and salinity+ drought conditions, respectively.

Stress conditions caused an increment in
antioxidant enzyme activity, which was further
augmented by Si application under stressed conditions.
Foliar application of Si under saline conditions resulted
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in increased CAT, SOD and POD activity by 98.29,
78.31 and 35.1%, respectively (Table 5). The increased
in CAT, SOD and POD under drought conditions was
83.01, 77.16 and 43.88% respectively by the application
of Si. The wheat seedlings which experienced salinity +
drought conditions with foliar application of Si depicted
an increase of 40.04% in CAT, 38.8% in SOD and 9.89%
in POD (Table 5).
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Table 4: Effect of foliage applied Si on photosynthetic attributes of wheat seedlings experience to combined salinity and

drought stresses

Net photosynthetic rate (Pn) (umol m*s™)  Transpiration rate (E) (mmol m?s™) Stomatal conductance (gs) (mmol m*s™)
Control 15.38+0.89a 770+064a 5.37+041ab
Salinity 6.20+0.31d 3.24+0.23d 2.93+0.29de
Drought 6.19+0.36d 3.93+0.21cd 2.78+056¢€
Silicon 1519+1444a 743+032a 568+034a
Salinity + drought 7.84+0.26 cd 5.21+0.36 bc 2.01+0.36¢e
Salinity + silicon 9.15+0.32 bc 5.12+0.41bc 4.40£0.37 be
Drought + silicon 9.30+£0.19 bc 6.60+0.79 ab 4.48 £0.20 be
Salinity +drought + silicon 10.52+0.42b 6.28+0.77 ab 3.95+0.12 cd
LSD<0.05 1.94 152 1.05
Coefficient of variance 11.29 15.50 15.46
EMS (df=4) 1.26** 0.77** 0.37**

LSD = Least significant difference, EMS = Error mean square, df = degree of freedom, values represent mean + SE (n = 3). Different small letters indicated

that the means are significantly different (P< 0.05)

Table 5: Effect of foliage applied Si on antioxidants of wheat seedlings experience to combined salinity and drought stresses

Catalase (unit mg™ of protein)

Superoxide dismutase (unit mg™ of protein)

Peroxidase (unit mg™ of protein)

Control 255+0.28d 55.20 +£6.38d 132+0.16¢
Salinity 5.88+046¢ 148.16 £19.14 ¢ 470+0.31b
Drought 6.24+041c 162.64 +13.21 bc 499+0.27b
Silicon 2.83+0.62d 72.28+3.20d 194+0.38¢c
Salinity + drought 8.94+042b 193.08 £9.55b 6.47+0.35a
Salinity + silicon 1166 +0.61a 264.19+15.70 a 6.35+0.34a
Drought + silicon 1142 +0.20a 288.14+586a 7.18+0.38a
Salinity + drought + silicon 1252 +0.68 a 268.01+6.16a 711+042a
LSD<0.05 1.45 32.93 1.00
Coefficient of variance 10.80 10.49 11.56

EMS (df=4) 0.70** 362.1** 0.33**

LSD = Least significant difference, EMS = Error mean square, df = degree of freedom, values represent mean + SE (n = 3). Different small letters indicated

that the means are significantly different (P< 0.05)

Discussion

This study indicated that drought and salinity stress
severely hampered the root growth of wheat. Drought
and salt stresses are known to reduce root growth, shoot
growth and biomass of wheat (Hussain et al., 2018).
Initially, the root growth is increased due to water
stress. However, prolonged drought may reduce the root
growth (Lipiec et al., 2013) as was observed in this
study. The root growth response to drought and saline
conditions, as an aspect, contributes significantly to
drought tolerance (Ali et al., 2016).

However, foliar application of Si significantly
enhanced the shoot and root dry weight as well as total
seedlings biomass of wheat under both the stresses whether
exposed alone or in combination. Our results showed that
foliar spray Si may be a schematic approach to enhance the
crop growth cultivated under drought or saline soils.
Likewise, as Si can enhance drought tolerance potential of
plants, its application may alleviate the water requirement
that sequentially would relieve the salinization of cultivated
soil (Guntzer et al., 2012; Van Bockhaven et al., 2013) by
reducing the use of irrigational water. Si utilization
enhances the growth and also keeps the plant leaves and
stem rigid that reduces the self-shading and ultimately
improves the Pn (Salman et al., 2012) under the abiotic
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stresses. Indirect beneficial effects of Si application include
low E and more shoot and root growth (Kamenidou et al.,
2009) as was observed in this study.

In this study, a decline in relative water content and
water, osmotic and turgor potentials of wheat seedlings was
detected under drought/salinity stresses. Under abiotic
stresses like salinity, wheat seedlings absorb less water
(Heidari et al., 2011; Naeem et al., 2015). Low plant uptake
of water might also be due to the fact that high salt
concentration has loosened the sap flux flow that decreased
the root hydraulic conductivity and relative water content
(Salah et al., 2017; Hussain et al., 2018). Si foliar spray
lessened salt and water stress by lowering the E. Lobato et
al. (2009) documented that high concentration of Si
promoted the water retention of leaf tissue. These outcomes
recommend that Si application may be suitable to increase
the drought and salinity tolerance by improving the water
relation of the crop plants. The improved water retention
ability of Si-treated plants can be attributed to the decreased
rate, enhanced tissue water status (Gao et al., 2006), and the
development of binary layer of silica-cuticle on leaves that
reduce the stomatal opening and improves water potential in
leaves under Si application (Hattori et al., 2005). The Si also
induces the modifications in lignin and suberin processing
and displacement that decrease the loss of water and
evapotranspiration rate under stressed conditions
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(Sonobe et al., 2009; Amin et al., 2016). It has also been
documented that Si strengthens the lignification in
sorghum that induced the increased xylem resilience to
water loss (Sivakumar et al., 2000; Hattori et al., 2005).

The leaf gas exchange parameters were negatively
influenced by drought and salt stress alone or in
combination. However, Si application decreased the
disintegration of photosynthetic pigments. Si application
minimized the reduction of leaf chlorophyll contents. In this
study, high concentration of chlorophyll a content may have
caused significant increase in the net photosynthetic rate as
also previously documented for wheat (Ahmad and Haddad,
2011) which improved the stay green of wheat under
drought and salinity stress. In another study, Mateos-
Naranjo et al. (2013) found that detrimental effects of
salinity stress on pigment concentrations (Chla and Chlb)
and PSII productivity were minimized by Si application for
a halophytic grass Spartina densiflora.

Both salinity and drought stresses considerably gs and
Pn and E but foliar application of Si improved these traits. It
has been argued that, under stress conditions such as salinity
and drought, CO, limitation following stomatal closure
inhibits photosynthetic biochemical reactions (Gong and
Chen, 2012; Hajiboland, 2014). Recent research work has
shown that Si influences the photosynthesis by promoting
the water uptake and transport. Gong et al. (2005) stated that
Si could enhance the photosynthesis of wheat plants under
drought and this fact can be linked with enhanced functions
of photosynthetic enzymes and increased chlorophyll
content. Outcomes of E and gs are in accordance with Gong
et al. (2005) who documented that application of Si
promoted the E and gs of wheat plants grown under drought
stress. Sonobe et al. (2009) perceived that Si
implementation resulted in amplified gs and E and also
remediated the water uptake reduction in hydroponic
sorghum subjected to polyethylene glycol water stress. The
increased gs and E were due to the fact that Si stimulated the
improvement in hydraulic conductance in the leaves.
Increased level of CO, might be due to regulation of
stomatal conductance in reaction to Si application.

In this study, the activity of CAT, SOD and POD in
wheat was increased in the leaves under salinity and/or
drought, while such intensification was more significant and
consistent in Si treatment than in other treatments. Gong et
al. (2005) observed that under drought stress the foliar spray
of Si surged the antioxidant activity in wheat. During
metabolic processes plants release H,O, that adversely
damages the cell oxidation function, while CAT can remove
H,0, and play a crucial role in stress tolerance. It has been
suggested that Si can boost the antioxidant defense
mechanism and as a result diminish oxidative stress in plants
under stressed environments (Gong et al., 2005, 2008).

Conclusion

The Si application decrease damages to wheat seedlings
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under salt and/or drought stress probably via improving
water relations, chlorophyll contents and antioxidant activity,
which resulted in better growth attributes. Wheat seedlings
were found to have higher activities of SOD, CAT and POD
activities, more water relations attributes and chlorophyll
contents during the salt and/or drought-stress period when
treated with Si. Thus, our findings suggest that seedlings
treated with Si are an effective strategy that can be used to
enhance salt and drought tolerance of wheat crop.
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