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Abstract
The research was carried out to determine the salt stress tolerance status of some almond genotypes considered as rootstock
candidates under in vitro conditions. The genotypes were cultured in the MS nutrient medium containing 0, 50, 100 and
150mM NaCl. Apart from NaCl, 1.0mg/l BAP, 0.01mg/l IBA, 30g/l sucrose and 7g/l agar were added to the nutrients
and the pH was adjusted to 5.7. In vitro shoots were incubated for 4 weeks in a climate room with 16-h light and 24°C
temperature, and then the number of shoots per explant, the proline, chlorophyll, total phenolics, total flavonoids and total
protein contents, superoxide dismutase, CAT and APX enzyme activities were evaluated. In parallel with the increase
in salt stress level, it was determined that the number of shoots and chlorophyll contents decreased significantly in all
genotypes as compared to the control treatment. The proline, total phenolic, total flavonoid and total protein contents and
enzyme activities increased significantly with the increase in the salt level. In the study, no significant difference was
observed regarding the tolerance status of the genotypes in the MS medium containing 50mM NaCl. Considering the 100
and 150mM NaCl applications, it was determined that the genotypes numbered 9, 29, 54, 120, 134, 183, 185, 196 and 241
showed better development and therefore they stood out in terms of salt tolerance as compared to the other genotypes.

Keywords Prunus amygdalus · Total phenolic substance · Total flavonoid · Proline content · Chlorophyll

Introduction

In recent years, serious productivity losses have been ob-
served in agricultural production due to the problems expe-
rienced in the water resources and regional distribution as
a result of global warming. Therefore, the breeding root-
stocks resistant to the abiotic and biotic stress factors in-
crease its importance day by day, and thus very large ar-
eas become suitable for production (Oluk and Sami 2007).
In order to obtain high yields from fruit species, the spe-
cies should be grown under suitable ecological conditions.
However, the optimum conditions cannot always be fully
provided for every fruit type (Köşkeroğlu 2006).
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Salinity appears to be a stress factor that significantly
limits the growth and development, as the various phys-
iological and biochemical processes occurring in plants
are negatively affected due to its excessive amount in the
growth environment (Fu et al. 2013). Salts that cause stress
in plants are in different forms and concentrations such as
chlorides, sulfates, nitrates, borates, carbonates and bicar-
bonates, and NaCl is considered to be the salt with the
highest toxic effect, especially due to its very high solu-
bility (Dal et al. 2001; Ahmed et al. 2008). The excessive
amounts of Na and Cl in the root zone increase the osmotic
potential, thus causing physiological drought by preventing
the plants from sufficiently using the water in the soil (Aziz
and Khan 2001; Doğru and Canavar 2020).

Moreover, the excess Na and Cl in the root zone nega-
tively affect the K and NO3 uptakes respectively and thus
negatively affect the nitrogen and carbon metabolisms of
plants by destructing the ion balance (Daşgan et al. 2006;
Gupta and Huang 2014; Tilkat et al. 2017). As a result
of this, the impairment of hormonal balance in plants, the
decrease in photosynthesis capacity, the regression in root
growth, the decline in protein synthesis as a result of de-
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creased nitrate intake, the shortening of plant height, the
small leaves and fruits, the fertilization disorders, and ul-
timately the low quality and yield may occur. The resis-
tance of plants to salt varies according to their developmen-
tal stages, and the genetic characteristics of the rootstock
and the variety used (Dölarslan and Gül 2012; Akça and
Samsunlu 2012; Çelik and Eraslan 2015; Aras and Eşitken
2018). Salt stress also causes oxidative damage by inducing
the formation of reactive oxygen species such as superox-
ide (O2–), hydrogen peroxide (H2O2) and hydroxyl radicals
(HO) by creating a water deficiency in cells. In order to pro-
tect themselves from the toxic effects of salt stress, plants
activate the enzymatic defense system such as superoxide
dismutase (SOD), ascorbate peroxidase (APOD), monode-
hydro ascorbate reductase (MDHAR), dehydroascorbate re-
ductase (DHAR), glutathione reductase (GR) and catalase
(CAT) or they activate an effective defense system con-
sisting of non-enzymatic components such as acid, glu-
tathione, α-tocopherol and carotenoids (Dat et al. 2000;
Edrewa 2005; Yılmaz et al. 2020; Li et al. 2016; Doğru
and Canavar 2020). The resistance to the stress conditions
in plants is a feature directly related to their genetic struc-
ture. In this respect, the most effective method in obtaining
the genotypes resistant to the stress conditions in fruit spe-
cies is the method of selecting resistant genotypes from ex-
isting populations (Shalaby et al. 1993). Most of the other
stone fruit types, including almonds, are generally sensitive
to salt stress, and the salinity values above 1.50 dS/m cause
a decrease in their productivity, and if it is above 4dS/m, the
yield decreases by approximately 50%. Therefore, the salt-
sensitivity is among the most important breeding criteria in
the salt-sensitive species such as almonds. For this reason,
determining more salt-tolerant almond genotypes will offer
important advantages to growers in terms of fruit quality
and productivity. Therefore, the objective of this study was
to determine the salt stress tolerance levels of some almond
rootstocks under in vitro conditions.

Materials andMethods

In the study, promising rootstock candidates selected from
Isparta region of Turkey by Yıldırım et al. (2007) were
used as material. For this purpose, a few drops of tween 20
were added to the shoot tips taken at the beginning of veg-
etation, and they were disinfected by shaking in the 18%
commercial sodium hypochlorite solution for 20min. Then,
the shoot tips were washed three times for 5min with sterile
distilled water. In the study, the shoot tips were cultured in
the MS medium containing 1.00mg/l BAP and 0.01mg/l
IBA (Channuntapipat et al. 2003). A total of 30g/l sucrose
and 7.00g/l agar were added to the nutrient medium and
the pH was adjusted to 5.70. To be used in the salt stress

tolerance studies, it was subcultured four times in the MS
medium containing the same growth regulator combination
until a sufficient number of shoots were obtained.

In the salt stress experiments, NaCl was added at 0,
50, 100 and 150mM doses in addition to the propagation
medium. After the cultures were grown in the climate cham-
ber for 4 weeks, the genotypes were examined in terms of
their responses to the stress conditions. The condition of
climate chamber was 25± 1°C with a 16-h photoperiod un-
der cool white fluorescent light and the light intensity of
inside was set to 140± 10mmol/m2s. After the incubation,
the genotypes were evaluated in terms of the total number
of shoots per explant. In addition, the biochemical analyses
such as the total proline, chlorophyll, phenolic, flavonoid
and protein contents, and superoxide dismutase, CAT and
APX enzyme activities of the shoots were determined.

Analysis Performed in Stress Applications

The Determination of Proline Content

The proline amounts of the samples obtained from in vitro
conditions, were determined as described by Liu et al.
(2012). A total of 0.1g of sample was taken and homoge-
nized in 2ml of 3% sulfosalicylic acid. In all, 200µl of the
prepared plant extraction was taken and the same amounts
of ninhydrin and glacial acetic acid were added on it, and
then it was incubated in a water bath for 1h at 100°C.
Then, its activation was stopped on ice. After this mixture
was extracted with 1ml of toluene, the absorbance of the
toluene fraction aspirated from the liquid phase was read
in the spectrophotometer at 520nm. Proline concentration
was calculated as μmol proline g–1 fresh weight with the
help of calibration curve.

Determination of the Chlorophyll Content

In order to determine the chlorophyll content, 0.1g of
sample was weighed and homogeneously disintegrated in
100% DMF. The homogenate obtained was centrifuged at
10,000g for 10min. The absorbances of the upper phases
(liquid phase) taken after centrifugation were measured at
664 and 647nm wavelengths and the amounts of chloro-
phyll a, chlorophyll b and chlorophyll a+ b were calculated
with the help of the following formulas (Sibley et al. 1996;
Inskeep and Bloom 1985; Aono et al. 1993).

Œchlorophyll a� = .12.7xA664/ − .2.79xA647/ (1)

Œchlorophyll b� = .20.7xA647/ − .4.62xA664/ (2)
Œchlorophyll a + chlorophyll b� = .17.90xA647/

+ .8.08xA664/
(3)
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Determination of the Total Phenolic Content

A 0.2-g leaf sample was added to 10ml of 80% methanol
and crushed with a homogenizer and then mixed in a shaker
incubator for 15min at room temperature. Then, after be-
ing centrifuged at 4000× rpm for 10min, the liquid part
was separated, and after adding 80% methanol on the solid
part again, the same processes were repeated. The final
volume is completed to 25ml with 80% methanol. The to-
tal amounts of phenolic compounds in the leaf samples
extracted with methanol were determined using Folin-Cio-
calteu colorimetric method as described by Singleton and
Rossi (1965). The total amount of phenolic compounds was
determined as mg g–1 wet weight in terms of gallic acid
by making measurements at a wavelength of 765nm in the
spectrophotometer and using the curves prepared with stan-
dard gallic acid solution.

Total Amount of Flavonoid Substances

Total amount of flovanoid substances was determined us-
ing the method described by Zhishen et al. (1999). For this
purpose, 0.2g of sample was homogenized in 10ml of 80%
methanol with a homogenizer and mixed for 15min at room
temperature in a shaking incubator. Afterwards, it was cen-
trifuged at 4000× rpm for 10min, the supernatant part was
separated and 80% methanol was added on the pellet again
and the same process was repeated. The final volume was
completed to 25ml with 80% methanol. A total of 1.5ml
of distilled water and 75µL of 5% sodium nitrite solution
were added onto 0.25ml of methanol extract and incubated
at room temperature for 6min. After incubation, 0.15ml
of 10% AlCl3 was added to the mixture and re-incubated
for 5min. Then, 0.5ml of 1M NaOH was added and the
absorbance values were read at 510nm wavelength. The
results were calculated according to the catechin standard
and expressed as mg/g.

Total Soluble Protein Content

The total amount of protein was determined using the
method described by Hartree-Lowry (1972). In all, 5ml of
cold EtOH was added to 1g of sample and it was disinte-
grated with the help of a homogenizer. Subsequently, the
samples were centrifuged at 10,000g at 4°C for 20min and
the liquid part was removed. Then, 8.333ml of 80% cold
EtOH was added on the remaining solid part and the solid
part was thoroughly dissolved. The liquid part was then
removed by centrifugation under the same conditions. The
pellet was dissolved by adding 5ml of protein extraction
buffer (50mM Tris+ 1.2M NaCl Ph: 7.0) on the solid part
and incubated on ice for 30min. Then it was centrifuged
under the same conditions and the supernatant part was

filtered with miracloth. Following this, 1ml of protein ex-
tract was added to 0.9ml of reagent A and vortexed. It
was incubated at 50°C for 10min and then cooled at the
room temperature. Then 0.1ml reagent B was added to the
tubes and mixed. It was again incubated at the room tem-
perature for 10min. After incubation, 3ml reagent C was
quickly added to the tubes and mixed. After incubation at
50°C for 10min, it was cooled to room temperature. Fi-
nally, the absorbance values of the samples were read at
650nm wavelength. The results were calculated according
to the BSA standardization and expressed as mg/ml.

Determination of the Superoxide Dismutase (SOD) Enzyme
Activity

Superoxide dismutase (SOD) enzyme activity was per-
formed according to the method reported by Constantine
and Stanley (1977). Accordingly, 3ml reaction mixture
containing 50mM potassium phosphate solution (pH: 7.3),
13mM L-methionine, 75µM Nitroblue Tetrazolium (NBT),
0.1mM EDTA, 4µM riboflavin and 0.25ml enzyme extract,
was kept under 48µmol photons m–2 s–1 light intensity for
10min and the absorbance values were measured at 560nm
in the spectrophotometer. Since one unit of SOD activity is
defined as the amount of enzyme required to inhibit 50%
of the photoreduction of NBT in the presence of riboflavin
and light, SOD activity was determined accordingly and
the unit was evaluated as mg protein–1.

Determination of the Catalase (CAT) Enzyme Activity

CAT enzyme activity was determined as described by Beers
and Sizer (1952). The enzyme activity was determined by
the method of determining the decrease in the absorbance
of H2O2 at 240nm by spectrophotometer. For this purpose,
3ml of the prepared reaction mixture contained 50mM
potassium phosphate solution (pH: 7.0), 15mM H2O2 and
50µl enzyme extract. The reaction was started by the addi-
tion of the enzyme. The CAT activity was calculated using
the extinction coefficient (ε:39.4mM–1 cm–1) and expressed
as µm min–1 mg protein–1.

Determination of Ascorbate Peroxidase (APX) Enzyme
Activity

APX enzyme activity was determined using the method
described by Nakano and Asada (1981). The samples (4g)
were homogenized in 12ml of 50mM potassium phosphate
buffer (Ph: 7.3) containing 1mM EDTA, 2mM DTT and
1mM ascorbic acid, and centrifuged at 10,000g for 15min
at 4°C. After centrifugation, the supernatant portion was
used for the analysis. In all, 0.1ml of the enzyme extract
was added to the 0.9ml 0.05M sodium phosphate buffer
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(0.5mM ascorbate, 0.1mM Na2EDTA and 1.2mM H2O2)
(pH:7.0), and the absorbance values were immediately read
at 470nm wavelength. Then, the samples were kept for
3min and their absorbances were read again at the same
wavelength. The results were expressed as mol/min/g pro-
tein.

Statistical Analyses

A completely randomized design was used in an in vitro
drought stress experiment with six replications per treat-
ment and five plants per replication. The data were
subjected to the analyses of variance (ANOVA) using
MINITAB statistical software (MINITAB LTD., Coventry,
UK). Means were separated by Tukey’s multiple range test
at p≤ 0.05.

Results and Discussion

The effects of salt stress applications performed on the
13 different genotypes on the number of shoots and chloro-
phyll contents in the study are presented in Table 1. In the
study, it was determined that the number of shoots in all
genotypes decreased significantly as compared to the con-
trol in parallel with the increase in the salt stress level. In
addition, it was determined that the 50mMNaCl application
had no significant effect on the total shoot number in some
genotypes (29, 120, 163, 183, 228 and 241) as compared to
the control. In the study, it was determined that the geno-
types 9, 54, 120, 134 and 183 were more tolerant to the salt
treatment (100mM NaCl application) as compared to the
other genotypes in terms of the shoot numbers. However,
it was determined that the other genotypes, except for the
genotype 196, did not give shoots and the plants were dam-
aged in 150mM NaCl application. It was determined that
the total chlorophyll contents of the genotypes decreased
by 4.35 to 60.07% in 50mM NaCl application and 17.90
to 68.13% in 100mM NaCl application. Moreover, the ap-
plication of 150mM NaCl caused 60.37% decrease in the
chlorophyll content of the genotype 196. The effects of salt
stress applications on the total flovonoid, proline, total phe-
nolic and total protein contents performed in 13 different
genotypes in the study are presented in Table 2. In all geno-
types, it was found that the total flavonoid content increased
with increasing doses of NaCl applications. These increases
were prominent in the genotypes of 129 (31.03%), 185
(47.50%) and 241 (42.55%) in the 50mM NaCl application
as compared to the control, while in the 100mM NaCl ap-
plication the increases were higher in the 40 (101.00%), 134
(50.00%), 163 (54.35%), 185 (77.5%) and 241 (57.45%)
genotypes respectively. Moreover, the increase in the con-
tent of flavonoids in the application of 150mM NaCl in the

genotype 196 was 56.71%. In parallel to the increase in the
amount of salt application in the study, very high increases
in the amount of proline in all genotypes were found. Pro-
line contents in the genotypes varied between 9.77% (geno-
type 54) and 279.48% (genotype 9) in the 50mM NaCl ap-
plication, and between 49.22% (genotype 54) and 368.60%
(genotype 185) in the 100mM NaCl application. On the
other hand, this increase was 272.58% in the genotype 196
in response to 150mM NaCl application. In the study, the
increases in the total phenolic substance contents were de-
tected in all genotypes in response to the increasing salt
concentrations, and these increases were observed at higher
rates in the genotypes 134 (190.91%) and 185 (75.00%) in
50mM NaCl application as compared to the other geno-
types. The increases in the total phenolic substance amounts
continued in 100mM NaCl application, and these increases
reached to their highest levels in the genotypes 9 (119.15%),
134 (245.45%), 163 (107.02%) and 185 (103.95%). In ad-
dition, the increase in the amount of total phenolic sub-
stances continued in the application of 150mM NaCl in
the genotype 196, and it was found to be 90.65%. In the
study, the protein contents of the genotypes varied between
0.29mg/ml (genotype 9) and 0.68mg/ml (genotype 183)
in the control application. In parallel with the increase in
the salt amount, the increases in protein contents were de-
tected in all genotypes except for the genotype 134, and
the highest increases were recorded in the 29 (297.37%)
and 129 genotypes (208.77%). However, it was determined
that 100mMNaCl application decreased the protein content
in the genotype 134 as compared to the control. In addi-
tion, the increase in the protein amount continued in the
treatment of 150mM NaCl in the genotype 196, and the
increase was determined as 108.70%. The effects of salt
stress applications on the APX, Catalase and SOD enzyme
activities performed in 13 different genotypes are presented
in Table 3. In the research, in parallel with the increase
in salt applications, the increases in the enzyme activities
occurred in all genotypes. Especially, the APX enzyme ac-
tivity was 40 times, 14 times and 50 times higher in the
genotypes 9, 134 and 185, respectively, in 100mM NaCl
application. The catalase enzyme activity was more than
two-fold higher in the genotypes 9 and 120 as compared to
the control in the 100mM NaCl application, and was more
than five times higher in the genotype 163. On the other
hand, it was determined that the SOD enzyme activity in-
creased four-fold, five-fold, and more than six-fold, in the
genotypes 29, 120 and 241, respectively, as compared to
the control in the 100mM NaCl application.

In some abiotic stress conditions such as salinity, the
physiological and metabolic changes that occur in the plants
prevent them from being damaged by stress conditions or
help them to maintain their vitality by being less damaged
(Öztürk 2015). However, plants that are tolerant to the stress
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conditions can maintain their osmotic balance by operat-
ing their protective mechanisms (such as color pigments,
increase in enzyme activity, phenolic substance synthesis,
proline synthesis and some morphological changes) under
stress conditions and maintain their vitality during stress
conditions (Meloni et al. 2003; Candan and Tarhan 2003;
Demiral and Türkan 2006; De Britto et al. 2011; Caverzan
et al. 2012; Turfan 2016).

In fruit growing, it is extremely important to know the
tolerance status and limits of rootstocks in order to elim-
inate the negative effects of stress factors such as salt on
the development. Stress resistance mechanism emerges as
a feature directly related to the genetic structure of the plant.
In this respect, it is the most economical and most effec-
tive method to obtain stress resistant types from existing
populations (Shalaby et al. 1993; Paschke et al. 2005).

In the study, it was determined that the number of shoots
decreased as the salt concentration added to the nutrient
medium increased. It was determined that only the genotype
196 formed new shoots in a nutrient medium containing
150mM NaCl. In addition, it was determined that the geno-
types 9, 29, 54, 120, 134, 183, 185 and 241 could continue
their development by forming new shoots in the nutrient
medium containing 100mM NaCl. Therefore, it is possible
to say that these genotypes are more tolerant to salt than the
others. Shıyab et al. (2003) examined the effects of 0, 50,
100, 150, 200 and 300mM NaCl applications on the devel-
opment of citrus rootstocks under in vitro conditions. The
researchers found that the shoot growth decreased with the
increase in salt concentration in 0 and 150mM NaCl appli-
cations, and the plants died completely in 200 and 300mM
NaCl applications. Similarly, Shibli et al. (2003) examined
the shoot formation in the nutrient media containing 0, 50,
75 and 100mM NaCl under in vitro conditions, and they
stated that the shoot length decreased with the increasing
application doses and that some almond genotypes studied
were salt tolerant. Najafian et al. (2008) applied 0, 15, 30,
45, 60 and 75mM NaCl doses in order to determine the
responses of two almond genotypes to salt stress, and they
determined that the stem length and number of nodes de-
creased in both rootstocks with the increase in salt concen-
tration, but the chlorophyll content did not change. Different
doses of NaCl were applied to the GiselA 5 rootstock under
in vitro conditions, and it was stated that the growth retar-
dation caused by salinity and the decreases in chlorophyll
amount occurred in shoots (Ertürk et al. 2007). Similarly,
the GF 677 and Nemared rootstocks were cultured in the
MS medium containing 0, 5, 10, 15, 20, 40 and 80mM
KCl doses under in vitro conditions, and it was determined
that the number of shoots was not affected in the 0–40mM
KCl applications, there were more shoots of the Nemared
rootstock than the GF 677 rootstock, and there was a de-
crease in the development of both rootstocks in response

to the 80mM KCl treatment (Sotiropoulos et al. 2006). It
has also been stated in the other studies that with the in-
crease of NaCl concentrations in salt stress applications,
there were significant decreases in the number of shoots
and shoot development, and plant deaths were observed in
very high doses (Okubo and Sakuratani 2000; Bolat et al.
2006; Zrig et al. 2011; Feng et al. 2017). With the increase
in the salt concentrations in our study, there was a decrease
in the chlorophyll content, as reported by Ranjbarfordoei
et al. (2006), who have determined the similar results in the
research conducted on P. dulcis almond type. In addition,
the decrease in the chlorophyll content in the leaves with
the increase of NaCl and KCl doses in the salt stress appli-
cations performed on different fruit species has also been
reported by the other researchers (Bolat et al. 2006; Ertürk
et al. 2007; Zrig et al. 2011; Akçay and Eşitken 2017).

Phenolic compounds (such as flavonoid and phenolics),
which show strong antioxidant properties by binding reac-
tive oxygen radicals to themselves, constitute the most im-
portant secondary metabolite products of plant metabolism
(Çetin et al. 2012; Berli et al. 2010; Halliwell 2008). It
has been stated that these substances play a role in the
elimination of free oxygen radicals. In addition, similar to
our study, it has been reported by many researchers that
there are increases in the amount of substances such as total
flavonoids and total phenolics synthesized in plant tissues
under stress conditions (Rezazadeh et al. 2019; Valifard
et al. 2014; Rebey et al. 2017).

In the study, it was found that the CAT enzyme activities
increased in all genotypes with the increase in salt concen-
tration, but these increases were higher in the genotypes 9,
120, 134, 163 and 185. However, it has been observed that
the CAT enzyme activity has not increased much with the
salt concentration in the genotype 196, which has given
good results in terms of the shoot development. Therefore,
this result leads to the conclusion that the increase in CAT
enzyme activity in the almond genotypes under the salt
stress conditions may not be an indicator of the resistance.
In the salt stress applications, there are the research results
indicating both the increases (Ertürk et al. 2007; Sivritepe
et al. 2008; Bolat et al. 2014) and the decreases (Sorkheh
et al. 2012) in the CAT enzyme activity in response to the
increases in the salt concentrations.

Zrig et al. (2011) have stated that the responses of plants
to the stress conditions can vary according to the species
and they develop different resistance mechanisms. Simi-
larly, it was determined that the amount of SOD increased
significantly in all genotypes with the increase of salt con-
centration, and the increase was higher in the genotypes 29,
120 and 241 as compared to the other genotypes. However,
in some genotypes (129 and 176), there was no signifi-
cant increase in the SOD enzyme activity in parallel with
the increase in the salt concentration. Meloni et al. (2003)
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obtained similar results in their study and stated that the
change in the SOD enzyme activity varied according to the
cultivars with the increase in salt concentration. It has been
emphasized in some studies that the SOD enzyme activ-
ity in plants increases under stress conditions and elimi-
nates superoxide and hydrogen peroxide radicals in cells
(Scandalios 1996; Zhu et al. 2004; Yıldız et al. 2010). In
the study, it was found that the proline content increased
significantly in all genotypes with the increase in salt con-
centration, and this increase was five-fold higher than the
control in the genotypes including 9, 40, 120, 134, 185 and
196.

In the study, although there was a regular increase in the
total amount of phenolic substances together with the salt
concentration, it was found that this increase was not as
high as the increases in the CAT, proline and SOD enzyme
activities. It is known that proline is one of the compounds
whose synthesis increases the most when plants are exposed
to the stress conditions and this increase in the amount of
proline plays a key role in the protection of cellular struc-
tures, osmotic adaptation and regulation of available nitro-
gen accumulation (Demiral and Türkan 2006; Yıldız et al.
2010). It has been reported that the proline synthesis varies
according to the genotypes under stress conditions and can
be synthesized in 100 folds higher amounts as compared to
the amount synthesized in the control plants (Yıldız et al.
2010). While some studies have reported that the proline
synthesis can be used as a selection criteria in terms of tol-
erance to salt stress, some studies have reported that the
proline level does not change or even decrease under stress
conditions, and it has been stated that it cannot be used as
a selection criteria (Ramanjulu and Sudhakar 2001; Naik
and Joshi 1983). In addition, it has been stated that the pro-
line synthesis increased up to 5.2-fold in the salt-resistant
species, but this increase has reached up to 27-fold in the
salt-sensitive species (Kafi et al. 2003). It has been reported
that the total phenolic substance synthesis is promoted in
plants under salt stress conditions and these phenolic sub-
stances play the role as antioxidants in the removal of free
oxygen radicals (Rezazadeh et al. 2019; Valifard et al. 2014;
Rebey et al. 2017). Similar to our research results, Çetin
et al. (2012) reported that phenolic substance synthesis in-
creased in some vine rootstocks under salt stress conditions.
In our study, it was determined that the total protein con-
tents increased with the increase in salt concentrations, in
all genotypes except the genotype 134. It has been reported
in the previous studies that protein synthesis decreased with
the increase in salt concentration (Gadallah 1999; Sorkheh
et al. 2012), but it increased in some others (Mashayekhi
et al. 2015; Zrig et al. 2016; Hatami et al. 2018). Increasing
the amount of salt in plants increases the amount of active
oxygen species, which causes enzyme inhibition, protein
oxidation, and ultimately damage to DNA and RNA until

the death of the plant. Proteins participate in many reac-
tions in plants in order to minimize the damages that may
occur at the cellular level of the excess salt formed in the
environment. In particular, the proteins that act as sensors
enable the functioning of regulatory proteins that regulate
the expression of genes responsible for stress (phosphory-
lation/dephosphorylation). As a result of the work of this
mechanism, the response of plants to stress occurs as ei-
ther cell death, growth restriction or stress tolerance (Çulha
and Çakırlar 2011). In addition, the excess amount of salt
in the plant, especially the Na+ ion, negatively affects the
uptake of Ca+2 ions which regulate the protein phosphory-
lation stages and the physiological and functional structure
of the cell membranes, and the uptake of K+ ion which
is one of the essential elements for growth and develop-
ment, effective in the functionality of many enzymes in
plant cells and in the maintenance of the osmotic balance,
regulation of enzyme activity, protein synthesis, neutral-
ization of negatively charged proteins and the movement
of stomata, and thus negatively affects the ion balance of
Na+/K+ and Na+/Ca+2. In addition, the synthesis of protec-
tive molecules such as LEA proteins, which are effective in
regulating the ion concentration, protecting the cell mem-
brane structure with proteins, and taking a role in regaining
the structural form of the structurally disrupted proteins in
plants exposed to salt stress, is also increasing (Çulha and
Çakırlar 2011; Büyük et al. 2012). These proteins, which
have a protective effect on the stress defense in plants, have
been identified in seed embryos. In addition, Pareek et al.
(1997) have suggested that the stress proteins are important
molecular indicators in increasing salt tolerance, and they
reported that tolerance may vary depending on the plant
species, variety and genotype.

Conclusion

The importance of breeding rootstocks tolerant to abiotic
and biotic stress factors increases day by day, so that very
large areas can be made suitable for production. At this
point, seedling rootstocks constitute an important advan-
tage against climate changes (drought, sudden floods, etc.)
and increasing environmental stress conditions (saliniza-
tion, chemical pollution, etc.), which are considered certain
to occur in the world in the future. The rootstocks used in
almond cultivation are generally known to be sensitive to
salt. Likewise, Zrig et al. (2011) reported that the almond
seedlings were more sensitive to salinity than GN15 and
GF 677 clone rootstocks in their study. In addition, Moore
and Janick (1996) have reported that almond rootstocks
are widely used in unfavorable soil conditions, they do not
show incompatibility with almond varieties, and their abil-
ity to adapt to calcareous soils is better. As a result, it has
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been determined that almond genotypes are generally sen-
sitive to salt. In general, it was determined that only the
genotype 196 formed new shoots in the nutrient medium
containing 150mM NaCl. In addition, it was determined
that the genotypes 9, 29, 54, 120, 134, 183, 185 and 241
could continue their development by forming new shoots
in the nutrient medium containing 100mM NaCl. In this
respect, these genotypes stand out in terms of salt tolerance
as compared to the other genotypes.
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