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Abstract

Salt stress is a common environmental challenge that adversely affects plant growth.
However, little is known about the responses of plants to short term salinity. In the current
experiment, we investigated morphological and physiological responses of a cherry cultivar
(0900 Ziraat) grafted onto three rootstocks (CAB-6P, MaxMa 14 and Mazzard) to 35 mM
NaCl stress. After one month, salt stress decreased plant growth of cherry plants. Rootstock,
scion and shoot diameters and shoot length significantly decreased with salinity. The higher
decrease in membrane permeability under salt stress was found in 0900/MaxMa 14 by 41%.
0900/Mazzard had the highest decline in LRWC by 15%. The results obtained demonstrate
that a higher tolerance to short term salt stress was found in 0900 Ziraat grafted onto Mazzard
is associated with: lower depression in plant growth, less decrease in chlorophyll content and
more stability in cell membranes determined in membrane permeability measurement.
Furthermore, the results showed that in the short term, cherry can be considered salt tolerant.
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1. Introduction

Salinity is one of the major problems worldwide, especially in seashore lands and poor
drained areas with excessive fertilization. Salt stress causes a decrease in fruit yield and
quality in many fruit crops. Many temperate zone fruit trees are susceptible to salt stress
(Okubo et al., 2000; Yin et al., 2010; Aras & Esitken, 2019). The effects of salinity on plant
growth, cellular damage and dysfunction in nutrient uptake have been reported in a number
of fruit crops, including strawberry (Aras & Esitken, 2018), apple (Fu et al., 2013; Aras &
Esitken, 2019), pear (Okubo et al., 2000). Salt stress induces disruption in water relations, gas
exchanges and ion uptake (Munns & Tester, 2008; Sabra et al., 2012).

Managers for cherry must deal with salinity damages. One of the most promising avenues for
improving plant tolerance against salinity is the use of the salt-tolerant rootstocks. To survive
under salt stress, plants reveal some defense mechanisms to minimize possible damages.
These include an adjustment in nutrient uptake, alterations in metabolisms, increase in root
growth (Sotiropoulos et al., 2006; Yin et al., 2010). Therefore, the proper choice of rootstock
is fundamental for increasing salinity tolerance. Yin et al. (2010) evaluated many apple
rootstocks under salinity. They reported growth parameters such as leaf number, plant height
decreased and membrane permeability of the cells increased under salinity condition. In a
previous experiment, we assessed an apple cultivar Fuji grafted onto two common used
rootstocks (M9 and MM106) under short term salinity (for one month). We suggested that
toxic effects of salinity for one month were less in Fuji/M9 due to less decrease in relative
chlorophyll content, stomatal conductance and leaf water content (Aras & Esitken, 2019). In
another study, the responses of cherry cv. 0900 Ziraat grafted onto mazzard and mahaleb
rootstocks were investigated. The authors reported that salt stress caused more damage on
0900/mazzard (KUgikyumuk et al., 2015).

Differences in the degree of tolerance to long term salinity among rootstocks have been
investigated in temperate zone fruit trees (Garc B-Legaz et al., 2008; Zrig et al., 2011; AkQy
& Esitken, 2017). However, limited information is available on the short term salinity
damage. The objective of the current study was to investigate the morphological and
physiological responses of the cherry cultivar (0900 Ziraat) grafted onto three common
rootstocks to short term salt stress. Understanding the responses of cherry plant against salt
stress will be crucial for regional recommendations for cherry growers.

2. Materials and Methods

The study was conducted between 2015 and 2016 in a heated greenhouse of the Department of
Horticulture at Selcuk University in Turkey. One-year-old sweet cherry cultivar “0900 Ziraat”
grafted onto Mazzard, MaxMa 14 and CAB-6P rootstocks were grown in 13 L pots filled with a
mixture of soil, substrate and perlite in a volume proportion of 1:3:1. Up until the start of the
experiment, all plants were irrigated with tap water and then the duration of the experiment
treated plants were watered with fertilizer solution containing 35 mM NaCl and untreated
plants as control group were watered with fertilizer solution without NaCl during a month.
Excess solution was allowed to drain from the pot. The experiment was carried out following a
randomized plot design involving three replications, with 5 plants per replication.
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Rootstock, scion and shoot diameters were measured with a digital caliper. Shoot length was
measured with a ruler.

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

The procedure of electrolyte leakage based on Lutts et al. (1996) was used to assess
membrane permeability. Electrolyte leakage was measured using electrical conductivity (EC)
meter. Mature leaves per plant were taken and cut into 1 cm segments. Leaf samples were
then placed in individual stoppered vials containing 10 mL of distilled water after three
washes with distilled water for removing surface contamination. These samples were
incubated at room temperature (25°C) on a shaker (100 rpm) for 24 h. Electrical conductivity
(EC) of bathing solution (EC;) was measured after incubation. The same samples were then
placed in an autoclave at 120°C for 20 min and the second measurement (EC,) was taken
after cooling solution to room temperature. The electrolyte leakage was calculated as
EC,/EC, and expressed as a percent.

Leaf relative water content (LRWC) was determined by the procedure of Smart and Bingham
(1974). Leaves were collected from the young fully expanded leaves of three plants per
replicate. Individual leaves first detached from the stem and then weighted to determine fresh
weight (FW). In order to determine the turgid weight (TW), leaves were floated in distilled
water inside a closed petri dish. Leaf samples were weighted periodically, after gently wiping
the water from the leaf surface with the tissue paper until a steady state was achieved. At the
end of the imbibition period, leaf samples were placed in a pre-heated oven at 72<C for 48 h,
in order to determine the dry weight (DW). Values of FW, TW, and DW were used to
calculate LRWC using the equation given below:

LRWC(%) = [(FW-DW)/(TW-DW)] 100

Statistical analyses were performed with the statistical software package SPSS, version 20.0.
The means were compared by one-way ANOVA test at 5% significance. Average of the data
belonging two consecutive years were analyzed.

3. Results

The differences in the morphological parameters were found among scion-rootstock
combinations. Two years of the study showed that the parameters were significantly affected
by salt stress. A higher reduction in rootstock diameter was in 0900/MaxMa 14 by 14%
compared with own control (Table 1). The highest decrease in scion diameter was found in
0900 Ziraat cv. grafted onto mazzard rootstock. 0900/MaxMa had the highest decrease (14%)
in shoot diameter, while the lowest reduction in shoot length (3%) was in 0900/MaxMa.
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Table 1. Effects of salinity on morphological responses of cherry plants

Rootstock Scion Shoot Shoot
Variety/Rootstock Treatments  diameter diameter diameter
length (cm)
(mm) (mm) (mm)
Control 16.5a 12.4N8 4.3a 26.6 a
0900/CAB-6P
35mM NaCl 149b 115 3.7b 224Db
Control 185a 135a 49a 315N
0900/MaxMal4
35mM NaCl 159b 119b 42b 30.6
Control 17.4N8 12.6a 3.8N® 23.2a
0900/Mazzard
35mM NaCl 15.8 10.3b 3.4 16.7b

Means separation within the columns by Duncan’s multiple range test. P<0.05, NS:
Non-Significant

The highest reduction in SPAD value was found in 0900/MaxMa 14 by 13% (Table 2). There
was no great decline found in stomatal conductance. In saline treated 0900/MaxMa 14, there
was a decline in stomatal conductance by 19% compared to the control. The leaf temperature
was not significantly affected. The higher decrease in membrane permeability under salt
stress was found in 0900/MaxMa 14 by 41%. 0900/Mazzard had the highest decline in
LRWC by 15%.
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Table 2. Effects of salinity on physiological responses of cherry plants

Stomatal
conductance Leaf Membrane LRWC
Variety/Rootstock Treatments SPAD temperature permeability
(mmol (T) (%) (%)
m?s™)
Control 36.5a 198.1N° 31.4N 22.7b 76.0 a
0900/CAB-6P
35 - mM 324 a6 31.4 26.6 a 66.7 b
NaCl b
Control 329a 241.0a 315N 21.9b 73.2a
0900/MaxMal4
35 MM 285 19631 31.9 309a 68.7b
NaCl b
Control ﬁ?'l 259.3 a 28.7NS 22.9NS 774 a
0900/Mazzard
35 MM a7 22130 28.1 26.0 659 b
NaCl

Means separation within the columns by Duncan’s multiple range test. P<0.05, NS:
Non-Significant

4. Discussion

Our experiment exhibited that the extent of depression in plant growth and alterations in the
physiology of cherry plants were dependent on the rootstock under salinity stress condition.
Leaf injury was not observed in salt-treated plants after one month of the treatment. Musacchi
et al. (2006) reported that pear, a temperate zone tree, is not very sensitive to short term
salinity and did not show any symptom of salt damage. Differences in salt tolerance based on
rootstock are considered to be associated with defense mechanisms to survive. Our results are
in agreement with previous experiments in which salt stress adversely affected plant growth
and physiology (Okubo et al., 2000; Garc B-Legaz et al., 2008).

Salt stress causes a decrease in the plant growth in both herbaceous (Koc et al., 2016a,b;
Civelek and Yildirim, 2019) and woody plants (Simpson et al., 2014; Papadakis et al., 2018).
Changes in plant growth depression may reflect their tolerance to salt stress. In our study,
rootstock, scion and shoot diameters and shoot length decreased under salt stress. 0900 Ziraat
grafted onto MaxMa 14 showed the highest decreases in rootstock and shoot diameters by 14
and 14.2 %, respectively, while 0900/Mazzard had the lowest declines in rootstock and shoot
diameters by 9.2 and 11 %, respectively. Significant reductions in shoot length and scion
diameter as obtained here have been reported in apple (Yin et al., 2010), peach (Ye et al.,
2016) and pear and quince (Musacchi et al., 2006). The decline in the plant growth would be
a result of restriction in nutrient uptake due to the salt (Hu & Schmidhalter, 2005;
Garc B-Caparr& et al., 2016) that limits photosynthesis consequently decreases plant tissue
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extension. In the current study, the growth of Mazzard rootstock was less damaged compared
to CAB- 6P and MaxMa 14.

\\ Macrothi“k Journal of Agricultural Studies

SPAD value reflects chlorophyll content which pigment takes a pivotal role in the
photosynthesis. The decline in chlorophyll content due to salinity has been reported in many
plants (Papadakis et al., 2007; Aras & Esitken, 2019). The decrease in chlorophyll could be
due to the salt that leads impairment in chlorophyll biosynthesis (Husaini & Abdin, 2008). In
the present experiment, 0900/Mazzard showed the lowest decrease in chlorophyll content by
7% under salinity that could be due to its greater maintenance of chlorophyll levels or
inhibition of chlorophyllase activity which is responsible for chlorophyll degradation (Hanafy
et al., 2002; Garriga et al., 2015).

The decline in stomatal conductance is a defense mechanism against salt stress to decrease
water loss and reduce the salt uptake into the leaves (Everard et al., 1994; Garc m-Legaz et al.,
2008). Salinity reduced stomatal aperture in all plants and the higher loss in stomatal
conductance was found in 0900/MaxMa 14 by 19%. Higher decreases in chlorophyll and
stomatal conductance may represent greater depressed in photosynthesis and consequently
plant growth in 0900/MaxMa 14. Related with stomatal closure, lower reduction in LRWC
was obtained in 0900/MaxMa 14 probably due to the less water loss through stomata. The
decrease in LRWC under salt stress condition has been stated in many papers (Yin et al.,
2010; Fu et al., 2013).

Salinity damage to membranes was measured by determination of membrane permeability.
Cell membrane stability and permeability are thought to be a predictor of tolerance against
stress factors. The stability of cell membranes represents plant resistance to stressors (Yin et
al., 2010; Aras & Esitken, 2019). Salt stress increased membrane permeability by 17, 41 and
13% in 0900 Ziraat grafted onto CAB-6P, MaxMa 14 and Mazzard, respectively. Obtaining
lower membrane permeability is related with salt tolerance reported in many experiments
(Bolat et al., 2006; Ye et al., 2016).

5. Conclusion

We addressed for the first time to understand the effect of short term salt stress on cherry
plants. We have shown the declines in plant growth in response to salt stress compared
among three common rootstocks. The results demonstrated that in the short term, cherry can
be considered salt tolerant. Long term responses of cherry trees to salt stress may be different
due to the salt accumulation in leaves. We showed that different rootstocks revealed different
responses against salt stress and Mazzard was less damaged compared to CAB-6P and
MaxMa 14 for one month salinity.
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