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ABSTRACT: Strawberry is considered as a salinity sensitive species and is adversely affected in
response to the salt stress in terms of growth and yield. Pot experiments were conducted to determine
the effect of exogenous salicylic acid (SA) application on physiology, growth, chlorophyll and mineral
content of strawberry grown under salt stress and greenhouse conditions. Strawberry plants were
treated with SA at different concentrations (0.0, 0.25, 0.50 and 1.00 mM). Salinity treatments were
established by adding 0 and 35 mM of NacCl to a base complete nutrient solution. Salt stress negatively
affected the growth, chlorophyll content and mineral uptake of strawberry plants. However, plants
treated with SA often had greater shoot fresh weight, shoot dry weight, root fresh weight and root dry
weight as well as higher chlorophyll content under salt stress. The greatest values were obtained with
1.00 mM SA treatment in both saline and non-saline conditions. Leaf water relative content (LWRC)
was reduced in response to salt stress while electrolyte leakage was raised. SA treatments induced
increases in LWRC and decreases in electrolyte leakage compared to the control under salt stress.
With respect to the nutrient content, SA treatments increased almost contents of all nutrients in
leaves and roots of strawberry plants under salt stress. The greatest values were often obtained by
the 1.00 mM SA treatment. These findings suggest that the SA treatments can ameliorate the negative
effect of salinity on the growth of strawberries.
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MELHORA DO EFEITO DE ESTRESSE SALINO EM MORANGO
PORADICAO DE ACIDO SALICILICO

RESUMO: O morango ¢ considerado uma espécie sensivel a salinidade e ¢ negativamente afetado por
estresse salino, em termos de crescimento e producdo. Por meio de experimentos em vaso foi
determinado o efeito de acido salicilico exdgeno (SA) na fisiologia, crescimento, conteudos de clorofila
e de minerais, em morangueiros cultivados em estufa sob estresse salino. As concentragdes de SA
foram 0.0, 0.25, 0.50 ¢ 1.00 mM. O estresse salino foi verificado pela adi¢do de 0 ¢ 35 mM de NaCl a uma
solucdo nutritiva completa. O estresse salino afetou negativamente o crescimento, o conteudo de
clorofila e a absor¢do dos nutrientes minerais. Entretanto, plantas tratadas com SA muitas vezes
apresentam maiores pesos frescos e secos, além de maior concentragdo de clorofila, sob condi¢des de
estresse salino. O conteudo relativo de agua das folhas (LWRC) foi reduzido em resposta ao estresse
salino, enquanto o extravasamento de eletrélitos aumentou. Os tratamentos com SA induziram a
aumentos em LWRC e diminuigdes no extravassamento de eletrolitos, em comparagdo com os controles
sob estresse salino. Com respeito aos contetidos de nutrientes, houve aumento para quase todos os
nutrientes com adi¢do de SA nas folhas e raizes sob estresse salino. Os maiores valores forma geralmente
obtidos para 1.00 mM SA. Estes resultados sugerem que os tratamentos com SA podem atenuar os
efeitos negativos da salinidade no crescimento do morangueiro.

Palavras-chave: salinidade, crescimento, conteido mineral

INTRODUCTION

Salinity is one of the major environmental fac-
tors limiting plant growth and productivity. It is esti-
mated that about one-third of world’s cultivated land
is affected by salinity (Kaya et al., 2002). Excess salt
in the soil may adversely affect plant growth either

through osmotic inhibition of water uptake by roots
or specific ion effects. Specific ion effects may cause
direct toxicity or, alternatively, the insolubility or com-
petitive absorption of ions may affect plant nutritional
balances (Greenway & Munns, 1980). Salt stress has
toxic effects on plants and lead to metabolic changes,
like loss of chloroplast activity, decreased photosyn-
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thetic rate and increased photorespiration rate which
then leads to an increased reactive oxygen species
(ROS) production (Parida & Das, 2005).

Strawberry is considered as a NaCl salinity sen-
sitive species (Saied et al., 2005) and it has been
shown to reduce leaf number, leaf area, shoot dry
weight and number of crowns and low yield (Pirlak
& Esitken, 2004).

Strategies for alleviation of salt stress involve
developing salt-resistant cultivars, leaching excess
soluble salts from upper to lower soil layers, flush-
ing soils that contain salt crusts at the surface, re-
ducing salt by harvesting salt-accumulating aerial plant
parts in areas with negligible irrigation water or rain-
fall for leaching, and amelioration of saline soils un-
der cropping and leaching (Qadir et al., 2000). Breed-
ing for tolerance to salinity in crops has usually been
limited by a lack of reliable traits for selection. Mul-
tiple genes seem to act in concert to increase salin-
ity tolerance, and certain proteins involved in salinity
stress protection have also been recognized (Murillo-
Amador et al., 2006). Therefore, the development of
methods and strategies to ameliorate deleterious ef-
fects of salt stress on plants has received consider-
able attention. Enhancing stress tolerance in plants
has major implications in agriculture and horticulture
(Senaratna et al., 2000). SA has been shown as an
important signal molecule for modulating plant re-
sponses to environmental stress (Breusegem et al.,
2001). The ameliorative effects of SA have been well
documented in inducing salt tolerance in many crops
(Aldesuquy et al., 1998; El-Tayeb, 2005; Gunes et al.,
2005; Stevens et al., 2006).

During the last decade strawberry production
has spread in almost all parts of Turkey. Total an-
nual production now amounts to 120,000 tones. Al-
most all of this production comes from small family
farms of 0.05-0.5 hectares. Strawberries are unique
with highly desirable taste, flavor, and excellent di-
etary sources of ascorbic acid, potassium, fibre and
other secondary metabolites and also simple sugar
sources of energy (Perez et al., 1997; Wang &
Galletta, 2002).

The effect of SA on growth and nutrient up-
take on strawberry under salt stress conditions has yet
not been well studied. Therefore, this experiment fo-
cuses on the effect of different concentrations of SA
on plant growth, chlorophyll and mineral content of
strawberries under salt stress.

MATERIALAND METHODS

Growth conditions and plant materials
The study was conducted in Erzurum (40°31°

N; 40°54° E) Turkey, in 2007, under greenhouse con-
ditions. Strawberry (Fragaria x ananassa Duch.) ‘Fern’
plants were maintained under natural light conditions,
approximate day/night temperatures of 24/19°C and
75% relative humidity during the span of the experi-
ment.

Cold-stored bare rooted strawberry seedlings
with one well-developed crown of diameter 8-10 mm
were planted in celled-trays containing peat (pH:5.5,
EC:250 mmho cm ™, N:300 mg L, P,O,: 300 mg L,
K,0: 400 mg L', organic matter: 20 g kg ).

Twenty days after planting (DAP) they were
transplanted to pots (20 and 17 cm top and bottom
diameter respectively, and 20-cm height, with holes in
the bottom) filled with mixture of peat:vermiculite (1:1,
v:v). Pots were placed randomically on the benches
in the greenhouse. There were 4 replicates per treat-
ment and 10 plants per replicates.

SA treatments

Salicylic acid (SA; 2-hydroxybenzoic acid) was
initially dissolved in 100 uL dimethyl sulfoxide and con-
centrations of 0.25, 0.50 and 1.00 mM (pH 6.0-6.5)
were made up with distilled water containing 0.02%
Tween 20 (Polyoxyethylenesorbitan monolaurate,
Sigma Chemicals, UK) (Khan et al., 2003). At 15 DAP
plants were treated with distilled water or one of the
solutions of 0.25, 0.50 and 1.00 mM SA.

Salt (NaCl) treatments

Salinity treatments were established at trans-
plant time by adding 0 and 35 mM of NaCl to a base
complete nutrient solution of (%): N, 17; P,O,, 9; K O,
31; Mg, 2; SO,, 4; Na, 0.001; Fe, 0.02; Zn, 0.002;
Cu, 0.002; B, 0.01; Mn, 0.01; Mo, 0.001. The elec-
trical conductivities of these solutions after adding 0
and 35 mM of NaCl were determined with a conduc-
tivity meter, Model 470 (Jenway Limited). Electrical
conductivities (EC) of these solutions were 1.62 dS
m” for 0 mM NaCl and 4.41 dS m™' for 35 mM NaCl.
All pots were irrigated to field capacity with 0 or 35
mM saline solutions to maintain the level of salinity af-
ter transplanting.

Chlorophyll measurements

A portable chlorophyll meter (SPAD-502,
Konica Minolta Sensing, Inc., Japan) was used to mea-
sure leaf greenness of the plants. SPAD-502 chloro-
phyll meter can estimate total chlorophyll amounts in
leaves of a variety of species with a high degree of
accuracy, which is a non-destructive method (Neufeld
et al., 20006). For each plant, measurements were taken
at four locations on each leaf, two on each side of the
midrib on all fully expanded leaves and then averaged
(Khan et al., 2003).
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Measurement of electrolyte leakage (membrane
permeability)

For measurement of electrolyte leakage, 10 leaf
discs (10 mm in diameter) from the young fully ex-
panded leaves from two plants per replicate were placed
in 50 mL glass vials, rinsed with distilled water to re-
move electrolytes released during leaf disc excision.
Vials were then filled with 30 mL of distilled water and
allowed to stand in the dark for 24 h at room tem-
perature. Electrical conductivity (EC1) of the bathing
solution was determined at the end of the incubation
period. Vials were heated in a temperature-controlled
water bath at 95°C for 20 min and then cooled to room
temperature and the electrical conductivity (EC2) was
again measured. Electrolyte leakage was calculated as
a percentage of EC1/EC2 (Shi et al., 2006).

Leaf Relative Water Content (LRWC)

LRWC is a useful measure of the physiologi-
cal water status of plants (Gonzalez & Gonzalez-Vilar,
2001). Two leaves were collected among the young
fully expanded leaves of two plants per replicate. In-
dividual leaves detached from the stem were weighed
to determine fresh weight (FW). In order to determine
the turgid weight (TW), leaves kept floating in distilled
water inside a closed petri dish. Leaf samples were
weighed periodically, after gently wiping the water
from the surface with the tissue paper until a steady
weight was achieved. At the end of imbibition period,
leaf samples were placed in a pre-heated oven at 70°C
for 48 h, in order to determine dry weight (DW). Val-
ues of FW, TW, and DW were used to calculate LRWC
using the equation (Kaya et al., 2003): LRWC (%) =
[(FW-DW)/(TW-DW)]x100

Growth Parameters

Sixty days after planting, eight plants from
each replicate were harvested, and data on plant
growth variables, such as shoot fresh weight, root
fresh weight, shoot dry weight and root dry weight
per plant were determined. The plant material for dry
weight was dried at 70°C for 48 hours.

Mineral Analysis

In order to determine the mineral contents of
shoot and root, samples were oven-dried at 70°C for
48 h and ground to pass 1 mm. The Kjeldahl method
(Bremner, 1996) and a Vapodest 10 Rapid Kjeldahl Dis-
tillation Unit (Gerhardt, Konigswinter, Germany) were
used to determine total nitrogen. Phosphorus and sul-
phur contents were determined after wet digestion us-
ing a HNO,-HCIO, acid mixture (4:1 v/v) (AOAC922.02
2005). Phosphorus and sulphur in the extracted solu-
tion was measured spectrophotometrically using the
indophenol-blue and ascorbic acid methods

(AOAC931.01 2005) and a UV/VIS Aqumat Spectro-
photometer at 660 nm and at 440 nm, respectively
(Thermo Electron Spectroscopy LTD, Cambridge,
UK). Potassium, sodium, calcium, magnesium, iron,
manganese, zinc, and cupper were determined after
wet digestion using a HNO,-HCIO, acid mixture (4:1
v/v). In the diluted digests, potassium, sodium, cal-
cium, magnesium, iron, manganese, zinc, and cupper
analysis were determined by atomic absorption spec-
trometry (Perkin Elmer 3690) (AOAC975.03 2005).

Statistical Analysis

The statistical analysis was made using the
GLM procedure of SAS (SAS Institute, 1985). The
experimental design was hierarchical with respect to
two factors arranged in a completely randomized de-
sign with four replications. Data were subjected to
analysis of variance (ANOVA) to compare the effects
of salt stress treatments and SA treatments. The dif-
ferences between the means were compared using the
least significant difference test (LSD, p < 0.05).

RESULTS AND DISCUSSION

Shoot fresh weight, shoot dry weight, root
fresh weight and root dry weight of strawberry plants
were lower at salt stress treatment as compared to non-
saline conditions (p < 0.05). Similar results have been
shown by Kaya et al. (2002), Pirlak & Esitken (2004)
and Saied et al. (2005). However, exogenous SA ap-
plications increased these parameters as compared to
the control under salt stress. The application of 1.00
mM SA under salt stress gave the higher values for
these parameters than the other treatments except for
root fresh weight. It increased by 82% the shoot fresh
weight, by 62% the root fresh weight, by 37% the
shoot and by 67% the root dry weight, as compared
to the control. Furthermore, 1.00 mM SA application
affected positively the growth of the strawberry plants
compared to the other treatments (Figure 1). There
was no interaction between salt stress and SA treat-
ments in relation to growth parameters. Similar results
were reported by El-Tayeb (2005) for barley, Stevens
et al. (2006) and Szepesi et al. (2005) for tomato,
Khodary (2004) and Gunes et al. (2007) for maize and
Yildirim et al. (2008) for cucumber, who observed that
exogenous SA treatments ameliorated the negative ef-
fects of salt stress on fresh and dry weights of plants.
This positive effect of SA could be attributed to an in-
creased CO, assimilation and photosynthetic rate and
increased mineral uptake by the stressed plant under
SA treatment (Khan et al., 2003; Fariduddin et al.,
2003; Szepsi et al., 2005).

Figure 2 shows the effect of salt stress and
SA treatments on chlorophyll content, LRWC and elec-
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Figure 1 - Shoot fresh weight, shoot dry weight, root fresh weight and root dry weight of strawberry plants in response to SA
applications under salt stress. Different letters on top of bars indicate differences (LSD test, p < 0.05 at each salt level).
Vertical bars indicate the mean + SE.

60 1 100 -
3 b 2 | a
=1 c c a 90 b b a
© 50 - b 80 1 T b
> c c L
)] < i ¢
S 40 1 = ® 70 T
K o 601
2 30 A = 50 A
=3 % 40
S 20 A 30 4
<]

0 0

0mM 35 mM 0mM 35 mM
NaCl NaCl

45 -
& 40 - T
%35—
£ 307 b
9 25 c
£ 20 J
2 15
O
© 10 -
L

5,

0

0mM 35 mM
NaCl

Figure 2 - Chlorophyll content, LRWC and electrolyte leakage of strawberry in response to SA applications under salt stress. Different
letters on top of bars indicate differences (LSD test, p < 0.05 at each salt level). Vertical bars indicate the mean + SE.
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trolyte leakage of strawberry. Chlorophyll was affected
by salinity and SA treatments (p < 0.05). Salt stress
decreased chlorophyll reading as compared to the
non-saline conditions. Similarly, the adverse effect of
salt stress on chlorophyll content of strawberry has
been shown by Kaya et al. (2002). Furthermore, salt
stress inhibits the chlorophyll content in leaves of
many crops (Parida & Das, 2005). SA applications
caused increased readings except for the 0.25 mM
SA treatment. The highest reading values were ob-
tained from 1.00 mM SA application in both NaCl
treatments (Figure 2). The increase in chlorophyll
content with SA confirmed the reports of El-Tayeb
(2005) for barley, Gunes et al. (2007) for maize and
Yildirim et al. (2008) for cucumber. In this study, 0.50
and 1.00 mM SA treatments caused an increase in
the chlorophyll content of strawberry plants under salt
stress absence (Figure 2). These results are in agree-
ment with Moharekar et al. (2003) for wheat, Yildirim
et al. (2006a) and Yildirim et al. (2008) for cucum-
ber.

External NaCl salinity lowered LRWC of straw-
berry plants (p < 0.05) (Figure 2). Water stress often
results when plants are subject to high salt concen-
trations (Gonzalez & Gonzalez-Vilar, 2001). Parida &
Das (2005) reported that the relative water content,
water potential and osmotic potential of plants become
more negative with an increase in salinity. This study
showed that SA treatments induced an increase in
LRWC of the salt stressed plants as compared to the
control plants (Figure 2). Increases in LRWC of
strawberry plants treated with SA were also reported
for other crops grown under salt stress including bar-
ley (El-Tayeb, 2005), tomato (Tari et al., 2002; Szepsi
et al., 2005) and cucumber (Yildirim et al., 2008). This
phenomenon may be attributed to the fact that foliar
SA application can increase the leaf diffusive resistance
and lower transpiration rates.

For the present experiment, a tendency to-
wards elevated electrolyte leakage in leaves of salinised
strawberry plants was detectable (Figure 2). Similar
reports were presented by Parida & Das (2005) and
Yildirim et al. (2008) for several crops. High concen-
trations of Na caused membrane disorganization
(Greenway & Munns, 1980). Wu et al. (1998) pointed
out that molar percentages of strerols and phospholipd
decreased with increasing salinity. Electrolyte leakage
enables cell membrane injury to be assessed when
plants are subjected to salinity stress. Maintaining in-
tegrity of the cellular membranes under salt stress is
considered an integral part of the salinity tolerance
mechanism (Stevens et al., 2006). SA treatments low-
ered the electrolyte leakage in salt stressed strawberry
plants (Figure 2). These results are concordant with

Stevens et al. (2006) for tomato and Yildirim et al.
(2008) for cucumber, who determined that SA facili-
tated the maintenance membrane functions. This fa-
cilitation could be attributed to the induction of anti-
oxidant responses and elevated Ca uptake that protects
the plant from the oxidative damage by SA (Seneratna
et al., 2000; El-Tayeb, 2005).

N, P, K, Ca, Mg and the other minerals in
both shoot and roots of strawberry plants decreased
dramatically with the increasing NaCl concentration
(p < 0.05) (Figures 3 and 4). Salinity dominated by
Na and CI ions has been shown to decrease the con-
centration of essential macro and micro elements in
several vegetable crops (Martinez & Cerda, 1989;
Feigin et al., 1987; Feigin et al., 1991; Grattan &
Grieve, 1999; Gadallah, 1999; Yildirim et al., 2006b).
Salt stress increased the Na content in both organs
of strawberry plants (Figures 3 and 4). Sivritepe et
al. (2003) and De- Pascale et al. (2003) found that
NacCl salinity increased Na content in plant tissue of
some crops. Essa (2002) reported that NaCl salinity
may produce extreme ratios of Na/Ca and Na/K in
the plants, causing them to be susceptible to osmotic
and specific-ion injury, as well as to nutritional dis-
orders.

SA reduced the Na uptake of plants and/or in-
creased the uptake of N, P, K, Ca, Mg and the other
minerals as compared to control treatment under salt
stress (Figures 3 and 4). These results are consistent
with those of El-Tayeb (2005) for barley, Gunes et al.
(2005) and Gunes et al. (2007) for maize, (Szepsi et
al., 2005) for tomato and Yildirim et al. (2008) for cu-
cumber, who found out that exogenous SA applica-
tions inhibited Na accumulation, but stimulated N, P,
K, Mg, Fe, Mn and Cu uptake. An increase in con-
centration of K and Ca in plants under salt stress could
ameliorate the deleterious effects of salinity on growth
and yield (Grattan & Grieve, 1999). Alteration of min-
eral uptake from SA applications may be one mecha-
nism for the alleviation of salt stress.

In conclusion, exogenous SA treatments did
not completely recover the deleterious effects of salt
stress on the growth of strawberry plants, but espe-
cially the 1.00 mM SA concentration improved plant
tolerance to salinity as compared to the non-treated
plants. Based on these findings, the SA treatments may
ameliorate the negative effect of salinity on the growth
of strawberry.

The addition of SA could offer an economical
and simple application to the salt sensitive plant of
strawberry production problems in aridisol caused by
high salinity but further studies are required in order
to determine the efficiency of these materials under
natural field condition
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Figure 4 - Effect of exogenous SA treatments on mineral content in roots of strawberry under salt stress (<> without saline solution;

A 35 mM saline solution).
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