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ABSTRACT
The objective of this experiment was to investigate the effects of
exogenous salicylic acid (SA) on strawberry plants under NaCl stress.
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the experiment. Until the beginning of the experiment, all plants were Accepted $19.07.2019
irrigated with tap water and 1-month after planting, all plants were

applied with three different SA doses (1, 2 and 4 mM) and were Keywords

watered with 35 mM NaCl solution. Control and salt plants were not
applied with SA, salt plants were watered with NaCl solution and
compared to controls. Three months after the salinity (in March), salt
stress decreased root volume by 37% compared to control. Overall, 4
mM SA and control had the highest values of root tissue density (0.113
and 0.117 g cm3, respectively). Moreover, 4 mM SA treatment
increased stomatal conductance by 87% compared to salt plants. The
dry matter was less partitioned to roots in salt stressed strawberry
plant. Dry matter partitioning between shoots and roots was
differently affected by supply of SA under salinity condition.
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Tuz Stresi Altindaki Cilek Bitkilerinde Salisilik Asit Uygulamasiyla Kuru Madde Dagilimi ve Tuz
Toleransi

OZET Aragtirma Makalesi
Calismanin amaci, disarindan uygulanan salisilik asidin (SA) tuz

stresi kosulu altinda yetistirilen c¢ilek Dbitkilerindeki etkileri Makale Tarihgesi
incelemektir. Kabarla cilek (Fragaria X ananassa Duch.) cesidi Gelis Tarihi :28.03.2019
calisma igin segilmistir. Deneme baglayana kadar tiim bitkiler musluk Kabul Tarihi :19.07.2019

suyu ile sulanmistir ve dikimden 1 ay sonra bitkilere 3 farkli dozda
SA (1, 2 ve 4 mM) uygulanmis ve 35 mM NaCl c¢ozeltisi verilmistir.
Kontrol ve tuz bitkilerine SA uygulanmamis olup tuz uygulanan
bitkiler kontrol bitkileriyle kiyas edilmistir. U¢ aylik tuz stresi
sonucunda (Mart ayinda), tuz stresi kok hacmini kontrol bitkilerine
kiyasla %37 azaltmigtir. 4 mM SA ve kontrol grubu en yuksek kok
yogunluguna (sirasiyla 0.113 ve 0.117 g cm™3) sahip olmustur. Ayrica,
4 mM SA uygulamasi stoma iletkenligini tuz bitkisine kiyasla %87
artirmigtir. Tuz uygulamasi1 sonucunda kuru madde koke daha az
gonderilmigtir. Kok ve slirglinler arasinda kuru madde dagilimi SA
uygulamas ile farkli derecede etkilenmigtir.
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INTRODUCTION

In many areas of the world, salinity has been
considerably the main constraint for crop production.
High concentration of NaCl, the dominant salt in the
soil (Pessarakli and Szabolcs, 2010), diminishes fruit
yield and quality in many plants (Colla et al., 2006;
Huang et al., 2009). Growth reduction due to the

presence of sodium chloride (NaCl) at certain
concentrations was reported in many fruit species
(Aras et al., 2015; Akcay and Esitken, 2017; Aras and
Esitken, 2018). Among these fruit species, strawberry
was suggested to be salt-affected and salt stress may
cause decrease in strawberry fruit yield and quality
(Garriga et al., 2015). Salinity causes physiological
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dysfunctions (Yin et al., 2010), ion imbalance (Karlidag
et al., 2011), depression in photosynthesis (Galli et al.,
2016), leading to growth reduction (Kaya et al., 2002)
and decrease in fruit quality and taste (Kaya et al.,
2002; Keutgen and Pawelzik, 2008) in strawberry.

Plant growth regulator treatments were found to play
an important role in plant responses to stress factors
(Chakrabarti and Mukherjee, 2003). Salicylic acid (SA)
plays an important role in the regulation of plant
growth, development and responses to abiotic stresses
(Noreen and Ashraf, 2008; Miura and Tada, 2014).
Application of exogenous SA enhanced the salt stress
resistance of many plants (Szepesi et al., 2009; Nazar
et al., 2011). Gunes et al. (2007) found that SA
treatment increased the plant growth in maize plants
under salinity. In addition, some studies showed that
exogenous SA could alleviate the salinity damage in
strawberry (Karlidag et al., 2009; Tohma and Esitken,
2011). SA could increase chlorophyll content and
maintain the stability of cell membrans, which was
benefical to plant growth under salinity condition
(Gunes et al., 2007; Szepesi et al., 2009).

Environmental stress factors affect dry matter
partitioning between root and shoot and plant
morphological traits such as root and shoot fresh and
dry weights, root tissue density, root:shoot dry weight
in many plants (Marschner et al., 1996; Chartzoulakis
et al., 2002; Aras and Egsitken, 2018). Many studies
have supported clear evidences that SA treatment
ameliorates salinity stress and increases plant growth
in many plants. However, evidence is scarce for dry
matter distribution in strawberry plant. The objective
of the this study was to assess the effect of SA on plant
growth and dry matter partitioning in strawberry
plant under salinity condition.

MATERIALS and METHODS
Pot trials and experimental design

The study was conducted between November of 2015
and March of 2016 in a heated greenhouse located in
Department of Horticulture at Selcuk University,
Konya, Turkey. Well-rooted frigo strawberry plant
(Fragaria x ananassa Duch.) cv. Kabarla was used for
the experiment. The experiment was a randomized
plot design with three replication, three plants each.
The plants were potted in 5 L plastic pots filled with
mixture of soil, peat and perlite in a volume ratio of
1:4:1. Until the beginning of the experiment, all plants
were irrigated with tap water and 1-month after
planting, all plants were applied with three different
SA doses (1, 2 and 4 mM) and were watered with 35
mM NaCl solution (growing media’s salinity of plants
exposed salt stress maintained in a range of 2.0-2.5 mS
cm! EC through applying 35 mM NaCl). SA was
applied to the roots of strawberry plants for once with
irrigation water. Control and salt plants were not
applied with SA, salt plants were watered with NaCl
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solution. When the growing media’s salinity exceeded
2.5 em'! EC plants were irrigated with tap water and
when the media’ s salinity was belowed the 2 cm! EC
NaCl solution were used for irrigation. Three months
after the salinity (in March), many plant growth
properties were evaluated.

Growth, SPAD
Measurements

and Stomatal Conductance

The growth promoting effects of SA treatments were
evaluated by determination of root volume, root and
shoot dry and fresh weights. Root volume was
calculated by displacement of water in the volumetric
cylinder. Root and shoot dry weights were measured
after drying the plant material at 70°C for 48-72 hours.
The value of root:shoot dry weight was calculated as
dry weights of root:shoot. Moreover, root volume, root
mass ratio (RMR, root dry weight:whole dry weight, g
g'1), shoot mass ratio (SMR, shoot dry weight/whole dry
weight, g g'1), and root tissue density (RTD, root dry
weight/root volume, g cm™3) were calculated as reported
previously (Lupini et al., 2016).

Relative chlorophyll (SPAD) value was measured with
a Minolta SPAD-502 chlorophyll meter (Minolta
Camera Co, Ltd, Osaka, Japan). Stomatal conductivity
was conducted on the youngest fully expanded leaves
on upper branches of the plants with leaf porometer.

Statistical analyses were performed with SPSS,
version 20.0. The means were compared by the
Duncan’ s Multiple Range Test te at 5% level.

RESULTS

Compared to the salt plants, SA-induced salinity
tolerance was reflected in the significant alterations of
root volume, root tissue density, root mass ratio, shoot
mass ratio, root:shoot dry weight, SPAD value and
stomatal conductance (Table 1 and 2). Salt stress
decreased root volume by 37% compared to control.
Overall, 4 mM SA treament sustained the lowest root
volume. On the contrary, 4 mM SA and control
sustained the highest root tissue density (0.113 and
0.117 g cm3, respectively). Exogenous SA increased the
root mass ratio by 86% compared to salt plant. In case
of non-SA condition, shoot mass ratio showed a slight
change under salt stress (Table 1).

SPAD value for leaves treated with SA decreased more
slowly than those non-treated salt plants (Table 2). SA
treatments leaded increases in stomatal conductance
under salt stress. Moreover, 4 mM SA treatment
increased stomatal conductance by 87% compared to
salt plants.

DISCUSSION

Salt stress affects the morphological and physiological
characteristics of plants due to physiological
disruptions, nutrient imbalance, chlorophyll loss (Yin
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et al., 2010; Aras and Egitken, 2018). In the current
study, we investigated the ameliorative effects of
exogenous SA on strawberry growth under salinity
condition. Compared to salt plants, many growth traits

were manifested as a significant decrease as a result of
salinity and alleviated by SA treatment. The change
trend between morphological characteristics was more
obvious when SA concentration was 4 mM.

Table 1. Effect of SA on root volume, root tissue density, root and shoot mass ratio and root:shoot dry weight in

salt-treated strawberry plants

Root volume Root tissue density Root mass Shoot mass Root:shoot
(cm?3) (g cm™) ratio (g g1) ratio (g g'1) dry weight
Control 45.0 a 0.117 a 0.269 ab 0.730 a 0.370 b
Salt 28.3 b 0.077b 0.211b 0.771 a 0.280 e
SA (1 mM) + Salt 28.7b 0.076 b 0.227Db 0.772 a 0.288 ¢
SA (2 mM) + Salt 29.0b 0.077 b 0.224 Db 0.775 a 0.285d
SA (4 mM) + Salt 20.0 ¢ 0.113 a 0.393 a 0.606 b 0.637 a

Means separation within column by Duncan’s multiple range test, £<0.05

Table 2. Effect of SA on SPAD and stomatal

conductance in salt-treated strawberry
plants
SPAD Stomata_l _Conductance
(mmolm2s71)
Control 45.46 a 111.6 be
Salt 38.40 b 102.83 ¢
SA (1 mM) + Salt  41.73 ab 180.93 ab
SA (2 mM) + Salt  39.62b 148.93 abc
SA (4 mM) + Salt  39.86b 192.30 a

Means separation within column by Duncan’s multiple range
test, <0.05

Root tissue density reflects root functional status that
is associated with physiological activities in plant body
(Wahl and Ryser 2000; Ostonen et al., 2007). The
tissue density is affected by cell wall material, lignin
and percentage of air space (Koike, 1988; Garnier and
Laurent, 1994). In our study, 4 mM SA increased root
tissue density, although the lowest root volume was in
4 mM SA treatment. Low tissue density enables a fast
growth rate with a low investment on dry matter
(Hummel et al. 2007). Some studies showed that
higher root respiration result in decrease in dry matter
accumulation in roots, which, in turn, leads to decrease
in root tissue density (Wardlaw, 1990; Masoni et al.,
2007). In the current experiment, salt stress decreased
root tissue density when compared with control may be
due to increase in root respiration triggered by salt
stress. High density tissue leads a better protection
against adverse environment with a high investment
on dry matter (Pammenter et al., 1986). Thus, SA
treatment provided better root growth via dry matter
partitioning to roots.

SA treatments increased rootishoot dry weight in
strawberry. Root:shoot dry weight was about 2-fold by
4 mM SA treatment to that of control plants. In a
previous study it was reported that acquisition of
necessary nutritions for photosynthesis such as
nitrogen and Sulphur could be performed by SA
treatment and photosynthesis increases (Nazar et al.,
2011). In our experiment, increase in root:shoot dry
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weight by 4 mM SA might be attributed to increment
in photosynthesis and then higher transport and use of
photoasimilates in the roots.

Decrease in the root mass ratio was more obvious in
salt plants as compared to the controls. Moreover,
there was a slight decrease in shoot mass ratio. These
changes show that shoot growth was less affected than
root growth. This finding confirms the evidence
regarding the effect of salinity on root by decreasing
root:shoot dry weight under salt stress. Therefore,
salinity in strawberry may alter the pattern of dry
matter distribution favoring the shoot. Apparently,
salt stressed strawberry plants partitioned more
carbon to the shoots during salt stress period.

Chlorophyll (SPAD value) content was significantly
decreased by 35 mM NaCl treatment. Similarly,
Tohma and Esitken (2011) also reported that
chlorophyll content was decreased by salt stress in
strawberry. Salt stress damages cell membrane and
causes the leakage of chlorophyll molecules and
declines chlorophyll content (Mehta et al., 2010).
Furthermore, decline in chlorophyll content could be
due to an increase in the chlorophyll degradation (El-
desouky and Atawia, 1998). In our experiment, there
are considerable preventions of the chlorophyll
reductions by SA compared to salt plant. Szepesi et al.
(2009) also reported SA treatment prevented the
chlorophyll loss in tomato plants under salinity
condition. Moreover, SA treatment increased stomatal
conductance under salinity. Stomatal conductance
recorded on plants treated with 4 mM SA was 87%
higher than those recorded in salt plants. Reduction in
stomatal conductance was due mainly to an increase in
Na* content (Zrig et al., 2011). A protective effect of SA
on stomata was reported under salt stress in many
studies (Nazar et al., 2011).

CONCLUSION

SA treated plants sustained better growth and this
may be attributed more chlorophyll and stomatal
conductance compared to salt stressed plant. The
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interpretation of the presented data indicated that the
dry matter was less partitioned to roots in salt stressed
strawberry plant and more allocated in leaves
compared to control. Dry matter partitioning between
shoots and roots was differently affected by supply of
SA under salinity condition. Root tissue density and
root:shoot dry weight could be used as indices of dry
matter partitioning between root and shoots. In
conclusion, our data show that SA, especially 4 mM
dose, provided the dry matter distribution to roots and
decreased the adverse effects of salt stress in
strawberry plant growth.
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