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The Effects of Salicylic Acid on The Growth and Some Physiological Properties of Bread Wheat
Varieties Under Drought Stress

Yusuf OZTURKCI'", Digdem ARPALI?

ABSTRACT: This research was conducted at Department of Field Crops in Faculty of Agriculture in
Yiiziincii Y1l University in 2014 , in the growth chamber under controlled conditions in terms of
temperature and light, for 5 bread wheat varities (Dogu-88, Altay-2000, Bezostajal, Alparslan and Tir
mixed population line), for two different irrigation levels (using 40% of the field capacity for drought
and 60% for control), through the application of two different salicylic acid dosage (0.1 mM kg™ SA
and 1.0 mM kg* SA), with four repetitions in 80 pots with 4 kg soil capacity, with respect to
randomized experimental design principles. In terms of the investigated characteristics, salicylic acid
applications were found to be effective for the Bezostajal, Dogu-88, Altay-2000 varieties and Tir
wheat population line by enhancing their tolerance to drought and exhibited differences with respect to
the salicylic acid doses (0.1 mM kg™ and1.0 mM kg™). The characteristics, which were adversely
affected when compared to the control application under drought conditions, were commonly
positively affected by the salicylic acid applications.
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INTRODUCTION

According to FAO data, wheat, which has a
vital importance for humanity in terms of its
ability to adapt, area of utilization, its
prominence and precedence, is the second
ranking crop type in the world with a production
of 700 million tons, after corn that has 900
million tons of production (Anonymous, 2016a).
In Turkey, wheat, which is planted in 67% of
total crop fields and has about 20 million tons of
production, ranks first (Anonymous, 2016b).
Currently, country populations are in an
increase, despite the decline of agricultural land
due to various causes. Crops, which are among
the most vital products in human and animal
nutrition, should be at a sufficient level for the
population. In such case, the necessity to
develop different solutions in order to meet the
human and animal nutrition emerges, since there
exists no chance to increase agricultural areas.
The most important environmental factor that
hinders or negatively affects the plant growth
and development is drought (Monti, 1986).

There are various applications that aim to
increase the strength against stress conditions
such as drought, and in recent years, external
salicylic acid application is among these, as a
method applied against stress conditions. The
aim of this study is to determine the effects of
salicylic acid application on the some
morphological and physiological characteristics
under drought stress for Bezostajal, Dogu-88,
Altay 2000, Alparslan bread wheat varieties and
Tir wheat population line, those which their
adaptation in Van region was previously
determined through scientific research (Kaydan
and Yagmur, 2008), and to provide an insight for
further studies to be conducted.

MATERIALS AND METHODS

In this study, Dogu-88, Alparslan, Bezostajal
and Altay-2000 bread wheat varieties and Tir
wheat population line, which is prevalently
planted in around the Van Lake region, were

used. This research was conducted in 2014, in
the growth chamber of the Department of Field
Crops in Faculty of Agriculture in Yuzuncu Yil
University, for 5 bread wheat varieties, for two
different irrigation levels (using 40% of the field
capacity for drought and 60% for control),
through the application of two different salicylic
acid dosage (SA1:0.1 mM kg® SA and SAz: 1.0
mM kg™ SA), with respect to completely random
parcel experimental design principles with four
repetitions in 80 pots with 4 kg soil capacity.
The seeds were kept in a humidified
environment for 12 hours, then were incubated
for 6 weeks at +2°C C to supply their
vernalization needs (Ferreira et al., 1995). Pure
nitrogen and phosphorus, with the quantity of
100 mg N kg™ (AS) and 100 mg P kg™ (TSP),
were applied to the pots one day before the
seeding. Soil samples were dried before
chemical analysis and were sieved through a
2mm sieve. For the chemical analyzes of the
samples, the methods identified by Kacar (1995)
were used. Salicylic acid was dissolved in
distilled water. The stock solution was prepared
by adjusting the pH to 6.5 via NaOH. In
preparing the stock solution the methods used by
El-Tayeb, (2005) and Mutlu et al. (2013) were
utilized. Two different doses were prepared from
the stock, as 0.1 mM kg™ SA ve 1.0 mM kg*
SA, and the seeds were treated with salicylic
acid and were incubated in the dark, at 22°C, for
12 hours. Later, 10 seeds were planted to 5 cm
depth for each pot in the climate chamber.
During the application, ambient temperature was
kept between 21 and 23°C. The amount of light
used in photosynthesis was measured with a lux
meter and the amount of room light was kept
between 550 and 600 mMm™ s. During the
study, the plants were exposed to 16 hours of
light and 8 hours of dark environment
(Tavakkolli et al., 2012). Neme Noor trademark
bulbs, giving a white light of 50 W power that is
equivalent to 250 W, were used as the light
sources in this study.The determining of leaf
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osmotic potential, extracts were prepared from
leaves by using Jones and Turner (1978) method.
The osmolality (-MPa) was determined by using

a  Vapour—pressure  osmometer  (Vapro
Osmometer). Membrane permeability was
determined according to the method of

Premchandra et al. (1990) as modified by
Sairam, 1994. Leaf discs (100 mg) were
thoroughly washed in running tap water
followed by washing with double distilled water
thereafter the discs were heated in 10 ml of
double distilled water at 40 °C for 30 min. Then
electrical conductivity (C1) was recorded by EC
(Electrical Conductivity) meter. Subsequently
the same samples were placed in a boiling water
bath (100 °C) for 10 min and their electrical
conductivity was also recorded (C2). The MP
was calculated as: [1- (C1 C2Y] x 100.
(Premchandra et al., 1990; Sairam, 1994), The
amount of chlorophyll, was determined by per
leaf sample using chlorophyll meter (SPAD-502,
Minolta Corp.). Water-retention capacity of the
leaf, the youngest fully expanded leaves were
selected in each plot. The leaves were placed in
plastic bags and transported to the laboratory as
quickly as possible. Samples from each plot
were taped together with the plot identification.
Fresh weight was determined (WO0) on an
electronic balance. The leaves were then placed
in a controlled environment room at 25 "C and
50 % relative humidity for six hours. The leaves
were removed and weighed at 2, 4, and 6 hours
(W2, W4, and W6), and then placed in an oven
at 50 "C for 24 hours and reweighed (Wd ). RWL
was determined as: RWL = (W0 — W2) + (W2 —
W4) + (W4 — W6) 3 x Wd (T2 — T1) where T1—
T2 = time interval between two subsequent
measurements (2 h). Fresh and dry weight above
ground, fresh and dry Weight Underground, after
harvest, the seedlings were separated into shoots
and roots, and rinsed thoroughly with deionized
water. The dry weight (DW) of shoots and roots

were recorded after dried at 70 OC for 48 hours
(Bray, 1963).

The data analysis was performed in SAS 9.2
(2008) and SPSS 20 softwares. In order to test
the normal distribution of the data Shapiro-Wilk
test and to conduct variance homogeneity test
Levene test were performed. Multiple
comparisons under the Kruskal-Wallis test,
which is a non-parametric test, was conducted
since the data did not meet the assumptions of
normality and homogeneous variance.

RESULTS AND DISCUSSION

Osmotic Potential

The differences between the applications
were found to be statistically significant for all
varieties. Because of osmotic potential has
negative values, the values that close to zero
indicates high osmotic potential and far from
zero indicates low values of osmotic
potential(Table 1). The highest values for all
varieties were identified in the control
application, except the Bezostajal variety, the
response of the varieties to salicylic acid
applications were found to be different. While
salicylic acid increased the osmotic potential in
Tir and Altay 2000 varieties, it decreased the
osmotic potential in Alparslan variety. For
Dogu-88 variety, different results were obtained
depending on the dosage of application, for
Bezostajal variety, the highest value was
obtained in drought application and the lowest
value was obtained in control application, and
the salicylic acid application were ranked within
this range (Table 1). Khaliq et al. (1999) stated
that the osmotic potentials of wheat varieties
differ in drought conditions and this
phenomenon is related to the flag leaf area,
stoma size and epidermal cell size. Salicylic acid
applications generally increased the osmotic
potential under stress conditions. Kaydan et al.
(2007) reported that salicylic acid applications
provide strength for the plant against the stress
conditions of water and salt and increase the
osmotic potential of the plant.
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Table 1. The Effect of Salicylic Acid on the Osmotic Potential of the Wheat Varieties Cultivated under Drought Conditions

Osmotic Potential (-MPa) (mean+standard deviation (n=4)

Applications _ Varieties _
Tir Dogu-88 Alparslan Altay 2000 Bezostajal
Control 0.91+0.02? 0.880.00° 0.92+0.007 0.92+0.007 1.04=0.00°
Drought 1.14+0.01° 0.98+0.02% 0.99+0.00% 1.050.00° 0.9440.00%
Drought+SA1l 0.94+0.00% 0.99+0.00° 1.1240.00%® 0.93+0.00% 1.01£0.00%®
Drought+SA2 0.98+0.00% 0.95+0.00% 1.300.00° 0.94+0.00% 0.97+0.00%
P value P<0.01 P<0.01 P<0.01 P<0.01 P<0.01

P <0.01, different letters indicate means significantly different

Membrane Permeability

Membrane permeability, which is utilized
in determining the damage occurred in the
membranes due to the decrease of the amount of
water in the cells, increased with the application
of drought and only for Tir wheat, it was not
found to be statistically significant. For the
varieties except Dogu-88, membrane
permeability increased in accordance with the
application dose of salicylic acid (Table 2).
Membrane permeability, which is one of the
criteria in determination of tolerance towards
drought and salinity Blum and Ebrecon (1981),
is expressed as an ion imbalance due to
intracellular ~ and  extracellular ~ osmotic

incompatibility in plants under stress conditions
(Bajji et al., 2002). The increase in membrane
permeability in drought condition was reported
in several studies by Munns et al. (2002) for
wheat, by (Coban, 2007) for chickpea, by Perez-
Lopez et al. (2008) for barley, and by Kusvuran
(2010) for melon. The outcomes of these
research support the results achieved through the
drought application. Nemeth et al. (2002) stated
that salicylic acid application in corn under
drought stress adversely affected photosynthesis
activity due to reduced stomatal density and
transpiration, and increased the membrane
damage significantly.

Table 2. The Effect of Salicylic Acid on the Membrane Permeability of the Wheat Varieties Cultivated under Drought Conditions

Membrane Permeability (%) (meantstandard deviation (n=4)

o Varieties
Applications . -

Tir Dogu-88 Alparslan Altay 2000 Bezostajal
Control 11.73+1.50 10.21+1.48P 7.89+1.96° 7.87+0.89P 8.16+0.97°
Drought 18.7248.62 11.71£2.47%® 10.60+3.65® 15.50+2.08%° 11.27+1.42%®
Drought+SA1 14.58+4.95 20.02+3.89° 10.49+2.00%° 13.60+5.10® 18.35+0.52%
Drought+SA2 20.15+4.79 18.1244.22% 18.60+3.88° 21.36+2.65° 23.48+4.25°
P value ns P<0.05 P<0.05 P<0.01 P<0.01

p<0.01, P < 0.05 different letters indicate means significantly different, ns: not significant

The Amount of Chlorophyli

The differences between the applications
were determined as statistically significant for
the Dogu-88 and Altay 2000 varieties. The
amount of chlorophyll increased in the Dogu-88
variety due to drought, and decreased in the
Altay 2000 variety. Salicylic acid application
increased the amount of chlorophyll in both
varieties (Table 3). The findings of Kabiri et al.,
(2014), regarding that the increase in the

chlorophyll content due to salicylic acid
application under drought conditions could
originate from the decrease of pigments that
degraded as a result of water deficiency rather
than the synthesis of chlorophyll and that the
application of salicylic acid provided strength for
the plant against the negative effect of the water
stress, support the outcomes of this study.
According to the results obtained in this study, a
decrease in the amount of chlorophyll due to the
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drought stress could be explained through the
phenomenon that the application of salicylic acid
increases the content of chlorophyll via
tolerating the adverse effect of the stress
occurring in the plant and facilitates the plant to
gain strength against this stress. In addition,
several researchers reported that drought stress
had no effect on the amount of chlorophyll
(Kulshreshta et al., 1987) that onion plant

increased its amount of chlorophyll under
drought conditions (Beeflink et al., 1985) and
with sesame the amount of chlorophyll remained
stable after certain increase (Mensah et al.,
2006). The different results that researchers
obtained could be explained by the severity of
the applied drought conditions, the duration of
the application and different study conditions
(Jagtap et al., 1998).

Table 3. The Effect of Salicylic Acid on the Amount of Chlorophyll of the Wheat Varieties Cultivated under Drought Conditions

Amount of Chlorophyll (ng/mg)(mean+standard deviation n=4)

Applications - Varieties -
Tir Dogu-88 Alparslan Altay 2000 Bezostajal
Control 54.30+5.06 47.9543.51P 48.05+3.30 60.15+3.69° 54.30+6.34
Drought 49.50+0.69 50.90+0.69% 50.00+4.50 51.83+2.16° 52.00£0.12
Drought+SA1 56.80+1.50 49.92+0.79% 47.12+0.83 56.20+1.62% 51.40+2.73
Drought+SA2 55.3743.15 57.26+3.25% 47.04+4.44 57.29+2.66% 57.3342.94
P value ns P<0.05 P<0.05 ns

P <0.05, different letters indicate means significantly different, ns: not significant

Water-Retention Capacity of the Leaf

For all varieties, the differences between
the applications were found to be statistically
significant. The water-retention capacity of the
leaf, which decreased via the drought application
in comparison to the control for all varieties,
exhibited a significant increase due to the
salicylic acid application (Table 4). Gokmen
(2011) and Gunes et al. (2006) established that
water-retention capacity of the leaf decreased
significantly as a result of the drought stress,
Coban (2007) and Guneri Bagci (2010) found
that water-retention capacity of the leaf

increased in some of the varieties/genotypes and
decreased in some others under drought
conditions. It is considered that different results
in different research were obtained depending on
plant species, cultivating conditions and the
severity of the drought. Increased water-
retention capacity of the leaf as a result of the
salicylic acid applications could be explained via
the acquired strength of the plant towards stress
conditions or via the osmolytes that accumulate
in the leaves decreasing the osmotic potential,
thus the increase in the amount of water
retrieved from the soil.

Table 4. The Effect of Salicylic Acid on the Water-Retention Capacity of the Leaf of the Wheat Varieties Cultivated under Drought

Conditions

Water-Retention Capacity of the Leaf (g g-1 hour-1)(mean+standard deviation (n=4)

R Varieties
Applications _ _
Tir Dogu-88 Alparslan Altay 2000 Bezostajal
Control 0.22+0.07% 0.22+0.04® 0.30£0.11% 0.14+0.00® 0.17+0.07%
Drought 0.1420.02° 0.16+0.03" 0.07£0.01° 0.08+0.00" 0.09+0.01°
Drought+SA1 0.30+0.27% 0.14+0.04° 0.07+0.00° 0.11+0.00® 0.15+0.02%
Drought+SA2 0.55+0.04° 0.57+0.10° 0.60£0.03° 0.48+0.95° 0.59+0.01°
P value P<0.05 P<0.01 P<0.01 P<0.01 P<0.01

p<0.01, P < 0.05 different letters indicate means significantly different
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Fresh and Dry Weight Above Ground

The differences between the applications in
terms of the fresh weight above ground and dry
weight above ground was found statistically
significant for all varieties. Fresh weight above
ground that decreases with drought and the dry
weight above ground increased in accordance
with the application dosage of the salicylic acid
for Tir, Dogu-88 and Altay 2000 varieties,
decreased in Bezostajal variety due to SA;
dosage and increased due to SA, dosage, and
with Alparslan variety fresh weight above
ground and dry weight above ground decreased
as the application dosage increased (Table 5 and
Table 6). The studies of Cuevas et al. (2006) and
Praxedes et al. (2006) described that the
reduction in plant weight under drought
conditions could stem from the decrease in
stoma conductivity associated with water
deficiency, from the inhibition of CO, uptake
and loss of photosynthetic pigment, or from the
decrease in the rate of photosynthesis activity
due to the damage occurred in the membranes.
The increase in the rate of photosynthesis via
salicylic acid application causes a change in the
plant’s biosynthesis of the protein, thus this
phenomenon could be explained to regulate the
growth and development of the plant, thereby
increasing its fresh weight. Singh and Usha

(2003) and Turkyilmaz et al. (2005) stated that
salicylic acid increased fresh weight of the plant
under stress conditions, respectively, for wheat
and beans. Several researchers, on the other
hand, reported that salicylic acid reduced the
transpiration rate and thus reduced the plant’s
water intake capacity, and therefore exhibited an
inhibiting effect on the plant growth Larque-
Saavedra (1978) and salicylic acid caused a
decrease in fresh weight (Coban, 2007).In
studies conducted on different plants under
drought conditions, Ayas and Demirtas (2009)
and Kusvuran et al. (2011) stated that drought
stress caused a decrease in the dry weight of the
plants. On the contrary, Turkyilmaz et al.(2005)
and Khan et al. (2003) reported that salicylic
acid increased the dry weight of the plant under
stress conditions. Singh and Usha (2003) and
Barkosky and Einhellig (1993) reported that
salicylic acid enhanced leaf strength under stress
conditions, while preserving the water potential
of the plant by reducing transpiration. Moreover,
as the varieties exhibited different reactions to
salicylic acid applications, in the studies of
Turkyilmaz et al. (2005) and Canakci (2010) it
was stated that the response of a same variety
could be different as the concentrations would
change.

Table 5. The Effect of Salicylic Acid on the Above Ground Fresh Weight of the Wheat Varieties

Cultivated under Drought Conditions

Above Ground Fresh Weight (g b-1) (mean+standard deviation (n=4)

Applications - Varieties -

Tir Dogu 88 Alparslan Altay 2000 Bezostajal
Control 3.62+0.36° 3.76+0.84° 3.73+0.37° 5.35+0.62° 3.73+1.19%
Drought 0.85+0.05" 1.40+0.26° 2.54+0.29% 0.91+0.01° 1.52+0.36%
Drought+SA1 1.62+0.47% 1.59+0.29% 2.14+0.62% 1.58+0.31% 1.29+0.02°
Drought+SA2 2.86+1.81% 2.93+1.18% 1.85+0.56" 2.22+0.52% 3.55+0.89°
P value P<0.01 P<0.01 P<0.05 P<0.01 P<0.01

P<0.01, P < 0.05 different letters indicate means significantly different
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Table 6. The Effect of Salicylic Acid on the Above Ground Dry Weight of the Wheat Varieties Cultivated under Drought Conditions

Above Ground Dry Weight (g b-1) (mean+standard deviation (n=4)

Applications - — Varieties -

Tir Dogu-88 Alparslan Altay 2000 Bezostajal
Control 0.78+0.08% 0.85+0.14% 0.87+0.05% 1.24+0.17% 0.84+0.20®
Drought 0.30+0.06" 0.40+0.05° 0.87+0.04%° 0.29+0.05° 0.48+0.07%°
Drought+SA1 0.47£0.16™ 0.45+0.05% 0.54+0.14% 0.46+0.38% 0.43+0.04°
Drought+SA2 0.76+0.49% 0.72+0.30% 0.5040.09" 0.57+0.06% 0.93£0.26%
P value P<0.05 P<0.05 P<0.01 P<0.01 P<0.01

P<0.01, P < 0.05 different letters indicate means significantly different

Fresh and Dry Weight Underground

The differences between the applications in
terms of underground fresh weight were found
statistically significant for Tir, Altay 2000 and
Bezostajal varieties, in terms of underground
dry weight the differences were found
statistically significant in all varieties except for
the Dogu-88. The underground fresh weight,
which decreased due to drought, increased in Tir
and Altay 2000 varieties as a result of the
salicylic acid applications, while in Bezostaja 1
variety underground fresh weight decreased via
SA;: application and reached the highest value
via SA, application. For the Alparslan variety,
the underground dry weight increased due to
drought and decreased as a result of the salicylic
acid applications. For Tir, Altay 2000 and
Bezostajal varieties, the wunderground dry
weight, which decreases under drought
conditions, increased in Tir with salicylic acid
application, decreased in Altay 2000 variety, and
decreased due to SA; application and reached to
a maximum underground dry weight value with
SA; application in Bezostajal variety (Table 7
and Table 8).

Turkyilmaz et al. (2005) stated that salicylic
acid applied to beans in greenhouse and field

conditions did not have a significant effect under
greenhouse conditions on the root fresh weight,
yet increased root fresh weight under field
conditions. In addition, Canakci, (2010) reported
that two low doses (0.1 mM, 10 mM) of salicylic
acid increased the fresh root weight of the barley
plant, whereas the two higher doses (100 mM,
200 mM) decreased the fresh root weight via
toxic effect. Several researchers stated that high
concentrations of salicylic acid decrease the
value of fresh weight through presenting a
growth and development inhibiting effect on the
plant (Canakci and Munzuroglu 2006; Abdalla
and El-Khoshiban, 2007). Plants cultivate
optimally in proportion to the suitability of the
water and environmental conditions they require.
The lack of appropriate conditions or stress
conditions adversely affect the plants. Indeed,
Ohashi et al. (2009) and Kusvuran (2010) stated
that the underground dry weight for a plant
under drought stress decreases. Yet, Jung et al.
(1999) and Turkyilmaz et al. (2005) reported that
salicylic acid application contributes to plant
strength and growth under stress conditions, and
one of these contributions is the increase in the
dry weight.

Table 7. The Effect of Salicylic Acid on the Underground Dry Weight of the Wheat Varieties Cultivated under Drought Conditions
Underground Dry Weight (g b-1) (mean+standard deviation (n=4)

Application - Varieties -
Tir Dogu-88 Alparslan Altay 2000 Bezostajal
Control 1.72£0.17° 1.59+0.83 1.66+0.38 2.7240.32° 2.12+0.53®
Drought 0.92+0.14° 1.06+0.08 1.52+0.21 0.90+0.07° 1.17+0.10%®
Drought+SA, 1.49+0.25% 1.27+0.26 1.06+0.36 1.44+0.32% 1.05+0.19°
Drought+SA, 1.23£0.31% 1.99:£0.48 1.13+0.07 1.28+0.20%® 2.40+0.38°
P value P<0.05 ns ns P<0.01 P<0.01

P<0.01, P < 0.05 different letters indicate means significantly different, ns: not significant
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Table 8. The Effect of Salicylic Acid on the Underground Fresh Weight of the Wheat Varieties Cultivated under Drought Conditions

Underground Fresh Weight (g b-1) (meantstandard deviation (n=4)

Applications - Varieties -
Tir Dogu-88 Alparslan Altay 2000 Bezostajal
Control 0.46+0.07% 0.40+0.19 0.42+0.04%®° 0.84+0.17° 0.68+0.33%
Drought 0.2940.04° 0.3340.04 0.58+0.07° 0.46+0.41%® 0.38+0.06%
Drought+SA1 0.47+0.08% 0.41+0.05 0.43+0.12% 0.27+0.12° 0.37+0.04°
Drought+SA2 0.37+0.07% 0.55+0.14 0.31+0.02° 0.44+0.05%° 0.79+0.23
P value P<0.05 ns P<0.05 P<0.01 P<0.05

P<0.01, P < 0.05 different letters indicate means significantly different, ns: not significant

CONCLUSION

Due to the fact that wheat, which is mostly
grown in dry farming system in Turkey, is
affected during the whole vegetation period,
grain productivity per unit area becomes subject
to fluctuations. It is essential to identify and
disseminate applications that reduce the adverse
effects of drought, which leads to conditions that
abiotic stress factors are negatively reflected in
production. In this respect, this study, which
focuses on the effect of salicylic acid on growth
and several physiological characteristics of
wheat varieties under drought conditions,
determined that the responses of the varieties to
the drought are different. The salicylic acid
application, in terms of the investigated
characteristics, was found to be adversely
affecting the Alparslan variety in general,
effective in increasing the tolerance to drought in
the Tir wheat population line and the Dogu-88,
Altay 2000, Bezostajal varieties and exhibited
differences with respect to the dosages of
salicylic acid (0.1 mM kg™ SA ve 1.0 mM kg™
SA). These results indicate that salicylic acid
could be utilized as an effective growth regulator
for plants in obtaining tolerance to drought. This
study would provide an insight for further
studies, since the type, application method, type
and dosage of salicylic acid utilized might vary.
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