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Abstract: The germination stage, which is known to be the most sensitive period of plant development, is very sensitive
to salt stress. To determine how salt stress affected the germination behaviour of Pinus nigra Arn. subsp. pallasiana
(Lamb.) Holmboe, the seeds were germinated at gradually increasing salt concentrations. The detrimental effect of the
salt stress increased parallelly to the salt concentration. The morphological and physiological changes were analysed
in each application to detect the effect of the increasing salt concentrations on the germination stage, and the results
were evaluated. The root and stem length, germination percentage, seed germination vigour index and seed mass dec-
reased with the increasing concentration. The amount of volatile and phenolic compounds increased up to 100 mM
of salt concentration, while similar parameters decreased at other salt concentrations. The gradual destruction of the
habitats of these plants, which create sustainable living conditions with their ability to adapt to the ever-changing
climatic conditions, and the increasing ecological negativities make it challenging for the quality of life and viability
of these plants. The study was aimed at defining the responses to salt stress by examining the changes in the germination
behaviour and phytochemical content, and the amount of Anatolian black pine seeds with an increasing soil salinity.
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Today, the results of the anthropogenic impact
on the forest ecosystem can be seen as the main
factor in global climate change. The desire to ben-
efit from plant-based products, particularly the
demand for nutrition and shelter as the global pop-
ulation grows, has led to the establishment of new
agricultural fields. The change of forestland to oth-
er types of land cover, the decreasing reduction
of these areas (forests) has increased the accelera-
tion of global climate change. This process has hin-
dered living organisms from continuing their vital
functions, causing in a slew of harmful implications

including drought, salinity, flooding, exotic species
invasion, and fire (Flowers et al. 2015).

Global climate change brings with it soil salinity
with increasingly barren lands appearing (about
40% of the terrestrial area) (Huang et al. 2016). The
excessive uptake of Na and Cl ions from the soil
causes fatal biochemical processes in plants. Soil sa-
linity, on the other hand, produces physiological
drought by lowering the osmotic potential of soil
solutions, and preventing the plant from taking
up water from the soil. The cell water potential,
cell turgor, and water uptake by the roots are all
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reduced when the plant is blocked from taking up
water from the soil (Khan, Bano 2018). While the
plant expends excessive energy to achieve an os-
motic balance, the root development and growth
cease. Since the high osmotic pressure of salinity
causes disruptions in the uptake of some ions, such
as chloride, sodium, and boron, the nutrient/toxic-
ity balance is disturbed (Kalaji et al. 2018). Espe-
cially due to the suppression of cell division, the
growth of young tissues decreases significantly and
the rate of photosynthesis is decelerated (Da Silva
etal. 2008). Soil salinity negatively affects all the bi-
ological periods of the plant, and its most dramatic
impact is seen during germination (Croser et al.
2001). Because seed germination is the most deli-
cate and crucial stage of plant development (Finch-
Savage, Leubner-Metzger 2006), all the ecological
conditions must be favourable to the germination
process in order for it to succeed. Environmen-
tal stressors, such as insufficient/excessive tem-
perature and humidity, drought, and salinity, have
a negative impact on the seed germination and
seedling development (Bewley et al. 2014). Similar-
ly, when the germination responses of 15 different
Pinus nigra Arnolds were examined under water
stress conditions, it was found that water stress
decreased the germination rate, germination per-
centage and germination value (Topacoglu et al.
2016). Plant life begins with seed germination and
a key role in the successful germination requires
plant survival and maintenance (Shu et al. 2017),
monitoring and improvement of the germination
processes under various stresses. Due to the util-
ity of its wood for commercial uses, the Anatolian
black pine is one of the most prevalent forest tree
species used in Turkey (Gemici et al. 2019). The
Anatolian black pine is primarily found at eleva-
tions of 400—1 800 m a.s.l. in the Central Black Sea,
Western Black Sea, Marmara, Aegean, Mediterra-
nean, and Central Anatolia Regions (Giilsoy, Cinar
2019). The Anatolian black pine is widely used for
the rehabilitation of semi-arid and arid forest ar-
eas (Guner et al. 2022). In previous studies, a sig-
nificant effect of drought on the growth of Pinus
species grown in the Mediterranean climate was
observed (Martin-Benito et al. 2008). It is clear
that changing climatic conditions will cause soil
salinity problems due to drought.

Salinity has a deleterious impact on the plant’s
morphological and anatomical features, as well
as its physiological activities, causing considerable
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reductions in the biomass. Moreover, this also has
a major impact on the secondary metabolite pro-
file of the Anatolian black pine (Pinus nigra subsp.
pallasiana), a valuable medicinal plant. While
the plant’s secondary metabolite develops its own
defence system, its extract is widely used in the
treatment of different ailments, including wound
healing, inflammatory diseases, and skin damage.
This feature is due to its high polyphenol content
(Marmol et al. 2019). The fact that phytochemicals
(phenols and flavonoids) belonging to many Pinus
species have antioxidant activity, antimicrobial po-
tential, and even cytotoxic activity against cancer
cell lines could make them the pharmaceutical in-
dustry’s key supply (Sharma et al. 2015). However,
the increasing negative environmental impacts and
changing limits of the habitats of such important
medicinal plants cause a decrease in the qual-
ity and quantity of the phytochemicals produced.
As a consequence, it is critical to identify the ad-
aptations that will allow the plant to thrive in arid
environments, particularly those with high salin-
ity. Changes in the germination and phytochemi-
cal content of Pinus nigra subsp. pallasiana under
salinity conditions should be defined for this aim.
Climate change is one of the major elements re-
sponding to soil salinisation, land degradation,
and desertification. Increasing the soil salinisa-
tion will cause a loss of biological material for the
entire world (Rogel et al. 2000). Because seeds
are a source of biologically active components,
we wanted to figure out how Anatolian black pine
seeds responded to salinity stress during the global
climate change process, and how the germination
parameters and the phytochemical content of the
seeds in this process change. For action plans of fu-
ture climate change scenarios, it is important to de-
termine the germination responses of Anatolian
black pine seeds under increasing salinity stress
and to determine the measures to be taken to im-
prove their germination and seedling development.

MATERIAL AND METHODS

Seed germination

Seeds were collected from a Pinus nigra Arn. subsp.
pallasiana (Lamb.) Holmboe (Anatolian black pine)
natural stand at an altitude of 1 330-1 350 m a.s.L
in the Konya/Beysehir Kurucuova location. To avoid
any interference by toxins from fungus and bacte-
ria, healthy and well-formed seeds taken from cones
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were sterilised with 15% sodium hypochlorite for
10 min and were cleaned of any woody parts. Af-
terwards, the seeds were thoroughly rinsed with
distilled water. The following concentrations were
used for experiments: 0.0 mM (control), 50 mM,
100 mM, 150 mM, and 200 mM (10 ml) salt (sodi-
um chloride; NaCl). For each application, 30 seeds
were placed in a 9 cm Petri dish covered with two
layers of Whatman No. 1 filter paper. Each appli-
cation was repeated three times, and the seeds
were incubated at 20 + 3 °C, with 16: 8 (L : D)
and 70% relative humidity conditions in a plant
growth chamber. For 30 days, the data required for
the seed germination were measured every 2 days.
The seeds were considered germinated with the
emergence of the radicle (> 2 mm) (Raccuia et al.
2004). If the shoot growth occurred without any
root extrusion, a seed was deemed to have aber-
rant germination. The equations below were used
to assess the impact of the salt stress on the seed
germination and phytochemical content at vari-
ous concentrations [0.0 mM (control), 50 mM,
100 mM, 150 mM, and 200 mM].

The equations below were used to define the ger-
mination index (GI) (Tiquia 2010) and germination
vigour index (GVI) (Vashisth, Nagarajan, 2010).

The seed germination approach was used to anal-
yse the phytotoxicity bioanalysis of the salt stress
(Zucconi et al. 1981). The means of the germination
were positive if the root was 5 mm in length. The
germination index (GI) is the measure of the rela-
tive seed germination and the root elongation, rel-
ative seed germination, and relative root growth
were calculated according to Equations (1-4).

Relative seed germination (%) =

seeds germination in treatment

The percentage increase in the seed mass (WP)
was calculated by the following formula [Equa-
tion (5)] after determining the initial weight (WD)
of the seeds and the 20-day germination weight
(WI) of the same seeds (Xiang et al. 2019). A pre-
cision balance scale was used for weighing the
seeds before and after germination (0.0001 g).

WP = wi-wb %100 (5)
WD

where:

WP - seed mass increase (%);

WI - 20-day germination weight;

WD - initial weight.

Phytochemical content

Volatile analyses. Gas chromatography mass
spectrometry (GC-MS) was employed to determine
the volatile content of the seeds for each treatment
(Li et al. 2021a). The essential oil components were
examined using a polydimethylsiloxane (PDMS)
coated fibre (100 m) and a manual solid-phase mi-
croextraction (SPME) holder (Supelco Inc., USA).
Before the headspace collection, the fibre was ex-
posed to the GC (gas chromatography) inlet for
3 min for thermal desorption at 250 °C. 1 g of the
dry sample was placed in a 10 mL glass bottle, sealed
with a rubber septum, and stored for 24 h in a drying
cabinet at 25 °C. By manually penetrating the sep-
tum at 25 °C, the SPME fibre was exposed to each
sample for 10 min (0.25 cm depth). For the analysis,
it was withdrawn from the bottle and injected into
the GC-MS injection port for 3 min. The gas chro-
matograph was connected to a mass spectrometer
with an electron impact ion source for the GC-MS

seeds germination in control

mean root length in treatment

x 100 (1)

Relative root growth (%) =

x 100 (2)

mean root length in control

relative seed germination (%) x relative root growth (%)

GI =
100
where:
GI — germination index
VI seedlings Iength[root + shoot (cm):l x germination percentage(%)
- 100
where:
GVI - germination vigour index
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study. For the separations, a BP-5 Shimadzu fused
silica capillary column (30 m with a 0.32 mm i.d,,
film thickness 0.25 pm) was used (Shimadzu, Japan).
Helium, with a flow rate of 1.4 mL-min~!, was used
as the carrier gas (23 psi). The detector and injec-
tion port temperatures were 260 °C, split, 1 min
(50 mL-min!). The column initial temperature was
35 °C. It was then raised to 140 ‘C with a rate of
5 °C-min~, and finally raised to 250 °C with a rate
of 10 °C-min~! and was held for 2 min. The active
compounds from the SPME sampling were identi-
fied on the basis of the relative retention index (ESO
97, Database of Essential Oils, BACIS) and by using
a mass spectrum database search (Varian NIST MS
database and IMS Terpene Library). The quantifica-
tion of the components was performed on the ba-
sis of their total ion current (TIC) GC peak areas
on the column.

Phenolic compounds analyses. The phenolic
compositions of the seeds of each application were
determined by high-performance liquid chroma-
tography (HPLC) (Kadri et al., 2015). The phenolic
content and quantity in 0.02 g dried leaf samples
were determined using a pump (LC10ADvp; Shima-
dzu, Japan), autosampler (SIL-10ADvp; Shimadzu,
Japan), and column oven (CTO-10Avp; Shimad-
zu, Japan). Methanol and acetic acid (3%) were em-
ployed as the mobile phase with an Agilent eclipse
XDB-C18 (Waldbronn, Germany) (2 504.60 mm,
5m) column. The solvent flow rate was 0.9 mL-min™!
and the injection volume was 20 pL. The column
temperature was adjusted to 30 °C. All the peaks’
spectrum data were processed at a wavelength
of A ., =200-400 nm and the chromatograms were
acquired at different wavelengths based on the ab-
sorption maxima of the analysed compounds. The
peak identification was performed by comparison
of the retention times and diode array spectral
characteristics with the standards and the library
spectra. The absorbance observed in the chro-
matograms was used to quantify the phenolic com-
pounds in comparison to the external standards.
This procedure allowed us to identify ten com-
pounds: caffeic, catechin, gallic acid, ferulic acid,
(-)-epicatechin, taxifolin, rutin, p-hydroxybenzoic
acid, resveratrol, and (+)-secoisolariciresinol.

Statistical analyses

The analytical data were generated from at least
three independent experiments, processed using
SPSS software (Version 21, 2020), and presented
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as the mean standard deviation (SD). The experi-
mental data were analysed using an analysis of vari-
ance (ANOVA). An analysis of variance was used
to evaluate the significant differences between the
experiments followed by Duncan’s multiple range
test, and the significant differences between the
means from the triplicate analyses were determined
at P<0.05.

RESULTS AND DISCUSSION

The increase in the number of summer forest
fires and the rising salinity in the Mediterranean
Region, which is located in an arid and semi-arid
climate zone, are two of the most prominent causes
contributing to the rapid degradation of ecosystem
balance (Gupta, Huang 2014). Soil salinity, which
is caused by the excessive presence of essential
plant nutrients, such as sodium chloride (NaCl),
magnesium chloride, and calcium chloride in the
environment (> 50 mM), has a detrimental effect
on the germination process, the first stage of the
plant life cycle. As a result, both the growth and de-
velopment processes of the plants, as well as their
natural spread process, are negatively affected
(Chen et al. 2019). Among the most frequently used
quantitative parameters of forest tree seeds, various
germination data, such as the germination capac-
ity and germination energy, are used (Tomaskova
et al. 2014), and the germination success of plants
can be determined in their ecological environment.
For this reason, new data on future plant germi-
nation and propagation modelling describing the
germination success of Pinus nigra Arn. subsp. pal-
lasiana (Lamb.) Holmboe (Anatolian black pine)
seeds, as well as changes in the amount and quality
of their phytochemical contents in increasing soil
salinity caused by increasing drought and forest
fires around the world, are presented.

Germination experiment

Anatolian black pine seedlings germinated at in-
creasing salt concentrations were impacted by the salt
stress in comparison to the control seeds (Figure 1).

The germination behaviour of Anatolian black
pine seeds differed against the gradually increasing
salinity levels (P < 0.05). At the 50 mM, 100 mM,
150 mM, and 200 mM salt concentrations, the
root length was reduced by 24%, 62%, 71%, and
86%, respectively, compared to the control. The
shoot length was reduced by 32%, 71%, and 77%,
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Figure 1. Anatolian black pine seeds in petri dishes with
increased salt stress: (A) control; (B) 50 mM; (C) 100 mM;
(D) 150 mM; (E) 200 mM salt concentrations

in parallel with the increasing salt concentrations
of 50 mM, 100 mM and 150 mM, respectively, com-
pared to the control. The shoot could not be de-
tected at 200 mM absolute concentration. The most
deleterious effects of the salt stress were identified
at the concentration of 100 mM. In comparison
to the 50 mM salt concentration, the root length
was reduced by 60% and the stem length by 55%
at this concentration. This effect was similar to the
relative root growth rate. Root growth rates of 76%
at 50 mM, 38% at 100 mM, 29% at 150 mM, and
14% at 200 mM were observed (P < 0.05). This ef-
fect on the root and shoot lengths, which were
adversely affected by the increasing salt concentra-
tions, resulted in a similar decrease in the germi-
nation percentage (decreased by 19%, 45%, 76%,
and 91%, in line with increasing salt concentra-
tions of 50 mM, 100 mM, 150 mM, and 200 mM,
respectively, compared to control). This param-
eter, in particular, decreased by 58% at the 100 mM
salt concentration (as compared to the 50 mM salt
concentration), leading to the conclusion that this
was the most effective salt concentration (Fig-
ure 2). Calcium ions, one of the essential nutrients
of the plant, inhibit the flow of extracellular sodi-
um ions from occurring in a saline environment,
keeping the intracellular sodium and potassium
balance in check (Anil et al. 2008). As the salinity
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Figure 2. Anatolian black pine seeds which germinated at increasing salt concentrations germination data; bars indicate
standard errors of the means (+ SE); different letters over identical bars indicate significant differences (Duncan post-hoc

test; P < 0.05)
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rises, calcium ions are unable to maintain a meta-
bolic balance, the cell is vulnerable to the harm-
ful effects of sodium ions. The selective membrane
permeability is negatively affected as a result of the
accumulation of Na*, which increases dramati-
cally in the tissues owing to the soil salinity, cre-
ating an ionic imbalance, which causes significant
physiological disorders (Flowers et al. 2015). Par-
ticularly, the membrane system, which is severely
damaged with excessive salinity (Cui et al. 2018),
had a negative impact on the water uptake capabil-
ity of the seeds and suppressed the examined ger-
mination parameters. In fact, it was observed that
at the highest salt concentration (200 mM), the
radicular activity decreased by 86%, and there was
no plumular activity. Salinity triggers both hyper-
tonic and hyperosmotic stressors, which causes the
plant’s germination process to stop before it ever
starts (Mahajan, Tuteja 2005). In addition, the seed
germination is severely suppressed by the changes
in the osmotic potential associated by salt (Pujol
et al. 2000). The failure of the seeds to germinate,
especially in saline soils, is directly proportional
to the inability of the seeds to absorb water from
the soil, overcome the high external potential (y,)
caused by the salinity, and maintain the water po-
tential gradient (y ) (Nedjimi, Guit 2021).
Multiple physiological and biochemical activi-
ties occur simultaneously during germination, the
initial and most essential step of the vital process.
Any negation during in this time has the potential
to disrupt the entire vital process of plants (Zhang,

https://doi.org/10.17221/96/2022-JES

Dai 2019). It was determined that the rate of sup-
pression of the water potential and protein content
in seeds germinated under salt stress (Wu et al.
2019) was similar to the rate of the seed germination
vigour (GVI), defined as the seed vigour. Within this
regard, when compared to control, at increasing
salt concentrations (except 200 mM), the seed ger-
mination vigour index (GVI) and seed mass (WP)
decreased by 43%, 86%, 95%, and 40%, 58%, 83%, re-
spectively (Figure 3). Compared to the 50 mM salt
concentration, the GVI decreased by 95% and the
WP decreased by 32% at the 100 mM salt concen-
tration. Whereas when compared to the 100 mM
salt concentration, the GVI decreased by 10% while
WP decreased by 31% at the 150 mM salt concen-
tration. Data on the GVI are an important factor
in determining the germination success of the plant
(Rajjou et al. 2012). At the same time, the seedling
growth and development success is related to the
GVI rather than the seed germination rate (Chen
et al. 2021). Since salinity causes excessive accu-
mulation of reactive oxygen species (ROS), which
is defined as secondary stress in plant cells (Zhang
et al. 2015), proteins, lipids, and nucleic acids are
peroxidised during germination (Farissi et al. 2014),
so anomalies arise in the germination processes.
It is noticeable that while the WP decreased as the
salt concentration increased, the GVI did not de-
crease at the same rate as recorded in our study.
This situation can be defined as an effort to alle-
viate the negative effect of salt stress by activating
some mechanisms, such as the osmotic adaptation,
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antioxidant mechanism, and biosynthesis of poly-
amines, which balance the mineral ion uptake
mechanism due to the reduction of the ROS caused
by salt stress during seed germination. Similarly, in-
creased salt stress decreased the seed vigour more
than the germination index in a study comparing the
salinity tolerance levels of ornamental tree seeds,
such as Pinus taeda, Pinus elliottii, Lagerstroemia
indica and Fraxinus chinensis. It has been stated
that seeds can germinate, but their survival is not
possible, especially in high salt stress (200 mM)
(Zhang, Yu 2019).

Physiological experiments

Volatile compounds. The phytochemical con-
tent and amount of Anatolian black pine seeds
germinated at four different salt concentrations
were defined. In comparison to the control, the
tested parameters had varied responses at each salt
concentration (Figure 4). 73 components were de-
tected in the Anatolian black pine seeds exposed
to salt stress, accounting for 96% of the total vola-

tile compounds. It was determined that these com-
pounds consist of six groups as monoterpenes,
sesquiterpenes, aldehydes, alkanes, aromatic hy-
drocarbons and ketones. When compared to the
control, the quantity of the components belong-
ing to these groups altered depending on the salt
concentrations (P < 0.05). At each salt concentra-
tion, including the control, the quantity of volatile
compounds was concatenated as monoterpenes
> ketones > aromatic hydrocarbons > aldehydes
> sesquiterpenes > alkanes, where «-thujene,
a-pinene, B-pinene, 8-3-carene, and limonene be-
longing to the monoterpenes, were determined
as the most dominant compounds. In compari-
son to the control, these compounds affected the
total amount of the monoterpenes by responding
differently to the varying salt concentrations. The
total monoterpene content increased by 17%, 45%,
7%, and 8% at the 50 mM, 100 mM, 150 mM, and
200 mM salt concentrations, respectively, com-
pared to the control. The increase in the mono-
terpene content of the seeds is in parallel with the
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Figure 4. The association between volatile compounds and the germination of Anatolian black pine seeds at increasing salt
concentrations; bars indicate standard errors of the means (+ SE); different letters over identical bars indicate significant

differences (Duncan post-hoc test; P < 0.05)
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long-term storage, ageing and prolongation of the
viability of the Pinus sp. seeds. However, in stud-
ies of germination of similar seeds under differ-
ent stress conditions, a similar inference could not
be established between the increased amount of in-
ternal monoterpene and the germination (Tam-
mela et al. 2003). The concentration of salt that
increased the amount and content of the mono-
terpenes the greatest was found to be 100 mM.
This ratio decreased with an increase in the salt
concentration. The germination index began to de-
cline at a salt concentration of 100 mM, where
the monoterpenes were the highest, whereas the
same parameters increased at the 50 mM salt con-
centration, where the germination index was the
highest. However, with an increase in the salt con-
centration, this changed (150 mM and 200 mM),
as the salt concentration increased, the amount
and content of monoterpenes decreased in synch
with the germination index. The germination in-
dex continued to decline at 150 mM and higher salt
concentrations (7.1% and 1.2% at the 150 mM and

10 - @ epicatechin [@ p-coumaric acid

Phenolic content (mg-g™!)
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200 mM salt concentration, respectively), whereas
the number of monoterpenes remained relatively
constant (33.39% and 33.56% at the 150 mM and
200 mM salt concentration, respectively). a-pinene
(16.56%) and limonene (23.61%) showed the high-
est value at the 100 mM salt concentration. Al-
though «-pinene and limonene, which have greater
lipophilic qualities than other monoterpenes, have
a very great influence on the plant’s oxidative me-
tabolism, they have the highest value at the 100 mM
salt concentration, reducing the seed germination
and primary root growth (Abrahim et al. 2000).
Monoterpenes, on the other hand, inhibit the ger-
mination, root elongation, and shoot elongation
in pine seedlings by reducing the chlorophyll con-
centration in the cotyledon leaves and, thus, de-
crease the respiration capacity of the growing seeds
(Halarewicz et al. 2021).

Phenolic compounds. Salt stress, up to a certain
concentration, activates some defence mechanisms
in the plant and reduces the oxidative damage,
particularly thanks to the excessive increase in the

@ taxifolin [ eriodictyol @ syringic acid
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Figure 5. The effect of increasing salinity levels on the phenolic content of Anatolian black pine seeds; bars indicate
standard errors of the means (+ SE); different letters over identical bars indicate significant differences (Duncan post-

hoc test; P < 0.05)
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phenolic content (Tanase et al. 2019). The posi-
tive response to the stress was valid up to a salt
concentration of 100 mM. The amount of phe-
nolic compounds found in Anatolian black pine
seeds grown under salt stress can be summarised
as epicatechin > eriodictyol > p-coumaric acid > ta-
xifolin > syringic acid (at the salt concentrations).
As the salt concentrations increased, the amount
of phenolic substance also changed, compared
to the control (P < 0.05). For example, while epi-
catechin had the lowest rate in the control (1.5%),
its rate increased as the salt stress increased (16.5%
at 100 mM), where this dramatic increase was quite
remarkable (Figure 5). While the stated ratio was
expected to increase in parallel with the increase
in the salt stress, it decreased with the opposite
effect (6.3% at 150 mM). As a result, when com-
pared to other applications and controls, the other
phenolic compounds, particularly epicatechin,
had the highest value at the 100 mM salt stress,
while these compounds gradually decreased at the
150 mM and 200 mM salt concentrations, where
it is actually undetectable at the 200 mM salt con-
centration. The increase in the salt concentration
resulted in the accumulation of phenolic compo-
nents, which allowed the stress maleffect to be re-
covered. As the salinity increased, this effect
changed in the opposite direction and the negative
effect of the salt stress could not be tolerated by the
plant and it started to damage the plant by showing
an inhibitory effect on the germination at high salt
concentrations, such as 150 mM and 200 mM. The
increase in the accumulation of small molecular
weight phenolic compounds with the antioxidant
activity is defined by their role in reducing the ac-
cumulation of the stress-induced ROS (Muscolo
et al. 2001; Mittler et al. 2004). The accumulation
of these compounds, described as organic osmolytes
in a stress environment, aids in tolerating or improv-
ing the stress response (Cai et al. 2021). However,
as the stress factor increases, this beneficial effect
is reversed. Although there was a positive associa-
tion between the increase in the salt concentration
and the amount of phenolic components, a nega-
tive association was found between the germination
statistics, which were examined, and the amount
of phenolic components (valid up to a 100 mM salt
concentration). At salt concentrations of 150 mM
and 200 mM, this association terminated with
a gradual decline in the amount of phenolic chemi-
cals and germination parameters. Since the increase

in the stress causes a decrease in the accumulation
of the stress-protective compounds (Lattanzio et al.
2009), it causes the growth and development of the
plant to decrease, and even the mechanisms that
initiate the plant’s death process to set in (Naikoo
et al. 2019). In Nitraria sibirica plants grown at in-
creasing salt concentrations, a 100 mmol-L~! NaCl
concentration positively affected the formation
of compounds forming the precursor of various sec-
ondary metabolites, such as amino acids (proline,
aspartic acid, methionine, etc.), organic acids (oxa-
loacetic acid, fumaric acid, nicotinic acid, etc.) and
polyhydric alcohols (inositol, ribitol, etc.), whereas
it was found that a 400 mmol-L~! salt concentration
negatively affected various amino acid metabolism
rates, the tricarboxylic acid cycle, photosynthetic
carbon fixation and sulfur metabolism and other
metabolic pathways (Li et al. 2021b).

CONCLUSION

Soil salinity, which occurs as a result of the increas-
ing average temperatures and falling annual precipi-
tation with climate change, causes the vital processes
of plants to end before they begin. The ability of pine
plants, which play an important role in the forest
ecosystem and human health, to adapt to salt stress
caused by changing climatic conditions is critical
for their survival and sustainable existence. With-
in the scope of the obtained results, the suitability
of the germination, afforestation and rehabilitation
work can be decided by taking the soil salinity in the
forestry area into account with regards to the cre-
ation and rehabilitation work to be carried out in the
next century. Therefore, the current and future soil
salinity rates should be determined and these rates
should be taken into account in afforestation stud-
ies with Pinus nigra Arn. subsp. pallasiana (Kuzu.)
Holmboe. Moreover, it is predicted that the success-
ful conclusion of forest afforestation programmes
will be possible by understanding the responses
of woody species to salinity stress encountered dur-
ing the germination period and taking the necessary
precautions to overcome the negative effects.
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