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SALINITY STRESS RESPONSES AND PHYTODESALINATION
POTENTIAL OF ARMENIAN LOCAL WHEAT GENOTYPE
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This study aimed to evaluate the morphological, physiological, and biochemical
responses of local wheat (“Sateni-22”) under salinity stress and to assess its
phytodesalination potential. Experiments were conducted under controlled
conditions using different NaCl concentrations. The results showed that under
conditions of low NaCl concentrations, as a result of the activation of adaptive
mechanisms, morphophysiological indicators were able to be somewhat preserved,
but at high concentrations they were significantly reduced. It should also be noted
that, in parallel with the increase in salinity, the content of Na* and Cl ions in the
above-ground organs of the plant significantly increased. These findings indicate a
moderate adaptive capacity of local wheat and its potential efficiency for soil
phytodesalination in saline environments.
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Introduction. The continuous rise in the global population, which is projected
to exceed 10 billion by 2050, intensifies the need for sustainable food production
and efficient resource management [1]. However, agricultural productivity is
increasingly threatened by the combined impacts of climate change, water scarcity,
and soil degradation [2]. Among these challenges, soil salinization stands out as one
of the most severe abiotic stresses limiting crop growth and yield. Currently, nearly
one-third of the world’s irrigated and arable lands are affected by various degrees of
salinity caused by improper irrigation practices, high evapotranspiration rates, and
groundwater contamination [3]. The situation is particularly alarming in arid and
semi-arid regions, where salinity levels continue to increase due to poor drainage
and the overuse of saline irrigation water [4, 5].

Salinity stress adversely affects plants at multiple organizational levels. It
induces osmotic stress by lowering the external water potential, causing dehydration
of root cells and reduced water uptake. Concurrently, it leads to ionic toxicity
through excessive accumulation of sodium (Na*) and chloride (Cl") ions, which
disrupt metabolic processes and inhibit nutrient absorption [6, 7]. High Na* concent-
ration in the cytosol interferes with potassium (K*) uptake, resulting in an
unfavorable Na'/K" ratio that disturbs enzyme activity, photosynthetic efficiency,
and stomatal conductance [8]. Maintaining ion homeostasis by selective transport
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and compartmentalization of Na* into vacuoles, while retaining K* in the cytoplasm,
is thus a crucial adaptive mechanism in plants exposed to saline conditions [9, 10].

Salinity also affects physiological parameters such as relative water content,
chlorophyll concentration, and gas exchange. Salt-induced nutritional imbalance and
oxidative stress reduce chlorophyll biosynthesis and photosynthetic pigment
stability, thereby limiting carbon assimilation [11, 12]. Stomatal closure triggered by
osmotic stress restricts CO: diffusion into leaves, further reducing photosynthetic
rate and transpiration [13]. These physiological disruptions ultimately translate into
reduced biomass accumulation, plant height, and grain yield [14].

Wheat (Triticum aestivum L.) is one of the most important cereal crops
globally, serving as a major source of carbohydrates and proteins for a large part of
the human population [15]. Despite its economic and nutritiona importance, wheat
is considered only moderately tolerant to salinity compared with barley or certain
halophytic cereals [16]. Increasing soil salinity has become a critical constraint for
wheat cultivation in several regions, including the Ararat Plain of Armenia, where
secondary salinization is expanding due to intensive irrigation and groundwater level
and high mineralization [17]. Local wheat genotypes, which have evolved under
diverse agro-ecological conditions, may possess unigue adaptive traits allowing
them to withstand saline environments. However, comprehensive evaluations of
their salinity tolerance and potential contribution to soil desalination remain limited.

In addition to investigating tolerance mechanisms, evaluating the phyto-
desalination potential of crops is gaining attention as an eco-friendly approach to
mitigate soil salinity. Phytodesalination involves the absorption, translocation, and
sequestration of salt ions (mainly Na* and CI") by plants from the soil into their
above-ground organs, thereby reducing soil salinity over time [18, 19]. While
halophytes are traditionally recognized for this capacity, several glycophytes,
including wheat, exhibit moderate ion-accumulating ability and could contribute to
salt removal under controlled or field conditions [20]. The dual function of
maintaining productivity while simultaneously decreasing soil salinity offers a
promising strategy toward sustainable agriculture in salt-affected lands.

Given this background, the present study focuses on evaluating the
morphological, physiological, and biochemical responses of a local wheat genotype
to different concentrations of NaCl, with the aim of assessing its phytodesalination
efficiency. Specifically, the study investigates: | — changes in morphophysiological
parameters under incremental NaCl concentrations; Il — variations in water-related
and chlorophyll indices; Il — patterns of Na*, K*, and CI~ accumulation and their
ratios in roots, stems, and leaves. The obtained results are expected to enhance
understanding of wheat adaptation to saline environments and to provide a scientific
basis for utilizing local genotypes in the rehabilitation of salt-degraded soils.
Ultimately, this research contributes to the development of sustainable agriculture
practices in Armenia and similar arid regions where salinity poses an increasing
threat to crop productivity and food security.

Materials and Methods.

Experimental Sites. The pot experiment was conducted at the greenhouse
facility available within the Yerevan State University, Republic of Armenia
(coordinates: 40° 18'29.74" N, 44° 52' 66.55" E).
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Plant Seeds Collection. Seeds of the Armenian wheat variety “Sateni-22”
were obtained the seed reserve fund of the National Agrarian University of Armenia.
This wheat, predominantly cultivated in Armenia, represents an indigenous Armenian
variety. Consequently, conducting research and enhancing crop cultivation practices
for wheat in this area holds significant importance for improving overall wheat
production.

Growth Conditions. The experiments took place within a semi-controlled
greenhouse setting. The wheat seeds underwent surface sterilization in a 10% sodium
hypochlorite solution for 15 min, followed by multiple rinses in distilled water. Ten
seeds were subsequently sown in individual PVC containers, the pot designed with
a height of 13.5 cm, a top diameter of 16 cm, a bottom diameter of 15 cm, and a
capacity to contain up to 2 L of water. We adopted a completely randomized block
(CRD) design, incorporating three replicate pots for each treatment. The pot
experiment specifically employed perlite as a root growth medium. Within each pot,
we utilized 200 g of expanded perlite obtained from “Aragats Perlite” OJSC in the
Republic of Armenia. This expanded perlite maintained a density between 850 kg/m?
and 900 kg/m3, achieved through an initial heat treatment process. Expanded perlite
possesses a density of 120 kg/m® showcasing exceptional insulating properties
against heat and efficient moisture absorption capabilities. The plants consistently
received the recommended 20% Hoagland solution dosage throughout the entire
trial period [21]. The nutrient solution used included MgSOs, KNOs;, KH2POy4,
MnCI2-4H20, CUSO4'5H20, H2M004, (NH4)ZSO4, KzSO4, C&(NOg)z, Fe Citrate,
ZnS04-7H,0, and H3BOs. From seed germination to establishment, after 45 days,
wheat plants were watered with varying concentrations of NaCl (0, 100, 200, 300,
400 mM, and 500 mM) every other day for 15 days. The alternate-day application of
NaCl in wheat plants aimed to mitigate potential osmotic shock. Morphophysiological
measurements were performed 10 days after salt treatment at 10-day intervals. Then,
after the last, third measurement, the plants were collected for further studies.

Morphological Indices. The wheat genotypes were evaluated based on two
primary morphological traits. When measuring shoot length, the distance from the
top leaf tip to the base of the stem was measured. Stem diameter was measured
immediately after harvest using a Vernier caliper, at a point located approximately
2 cm above the root-shoot junction along the basal stem.

Measurement of Biomass. Biomass was assessed for both control and salt-
stressed plants. Roots, stems and leaves were collected separately from each plant
replication at harvest. We measured stem fresh weight (SFW), root fresh weight
(RFW), and leaf fresh weight (LFW). After drying the samples at 70°C until they
reached a constant weight, root dry weight (RDW), stem dry weight (SDW), and leaf
dry weight (LDW) were determined for each plant.

Physiological Indices.

Measured Roots, Stems, and Leaves Water Contents. RWC%, SWC% and
LWC% were calculated using the following formulas [22—24]:

RWCY% = [(FWioot — DWroot) FWieot] x 100, )
SWC% = [(FWstem — DWstem)/FWstem] x 100, (2
LWC% = [(FWIeaf — DWIeaf)/FWIeaf] X 100, (3)

where FMoot, FMsem, and FMiesr are a fresh weight of root, stem and leaves, and
DWioot, DWstem, and DWiesr are a dry weight of root, stem and leaf, respectively.
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Estimation of Chlorophyll Content Index (CCI). The chlorophyll content of the
studied plants was determined using a Chlorophyll Content Meter (CCM-200 plus,
“Opti-sciences”, USA), which was measured in the upper third of the fully developed
leaf of the plant. Ten readings were taken per plant, and the Chlorophyll Content
Meter calculated the average of these readings immediately.

Gas Exchange Parameters. A portable photosynthesis system (CI-340, “CID
Bio-Science”, USA) was employed to monitor gas exchange parameters including
transpiration rate (E) and photosynthetic rate (Pn). Following salt treatment,
measurements were performed on one young, fully expanded leaves from each plant,
with three replicates per leaf, between 8:00 a.m. and 11:00 a.m., after 30 days of salt
treatment [25]. The water use efficiency (WUE) was calculated as the ratio of net
carbon uptake to the water lost through transpiration in the leaf area:

WUE = Pn/E. ()

Biochemical Indices. Plant parts were dried and ground into a powder and
then 1 g sample of each plant part (root, stem, and leaf) was then digested in a 0.5%
HNO; solution at 100°C for 30 min to extract ions. After digestion, the solution was
filtered through filter paper, and the ions were analyzed immediately [26].
Concentrations of Na* and K* were determined using a flame photometer (FP-16431,
“Bioevopeak”, PRC), while CI- concentration was measured with a laboratory
ionometer (1-160 M, “Anatech”, Belarus).

For the determination tissue samples (TDS) were autoclaved for 15 min at
121°C to remove residual ions. The material was cooled to room temperature, and
the TDS was measured using a laboratory conductometer (MARK 603, Russia).

Statistical Analysis. Statistical analysis was conducted using Microsoft Excel
2021 and SPSS-19 software. Fisher’s least significant difference (LSD) test was
employed to determine statistical significance. The error bars in the figures denote
95% confidence intervals.

Results and Discussion.

Effect of Salinity Stress on Morphological Indices of Wheat. Salinity can
have positive or negative effects on plant growth parameters, such as length,
biomass, stem diameter, viability, and threshold responses, depending on the salinity
level and tolerance of the plant [27].
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Fig. 1. Effect of NaCl stress on growth of wheat during salt treatment (n = 30, p < 0.05).
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In essence, the length of wheat exhibited a notable decrease with escalating
NaCl concentration. 10 days following the cessation of salt addition, the shoot length
of the plant cultivated in different NaCl medium, in comparison to the control
(0 mM), was as follows: 100 mM — 86.6%, 200 mM — 83.3%, 300 mM — 79.9%,
400 mM — 77.5%, and 75.9% at 500 mM concentration. After 30 days, during the
third measurement, a shift in the dynamics of wheat growth inhibition occurred,
marked by a decline in growth observed at a concentration of 500 mM NaCl.
The heights of the wheat compared to the control in concentrations of 100-500 mM
were 88.3%, 83.1%, 77.6%, 73.4%, 72.8%, respectively (Fig. 1). NaCl treatment
affected also the stem diameter of wheat (Fig. 2). The stem diameter exhibited a
typical increase up to a concentration of 100 mM, followed by a more pronounced
decrease at 400 mM and 500 mM NaCl concentrations compared to the control.

Salinity stress restricts vegetative growth in wheat by impairing water uptake,
disturbing nutrient balance, ultimately resulting in suppressed shoot elongation and
biomass accumulation [7]. The increase in stem diameter under mild salinity
suggests an osmotic adjustment response, while the subsequent decline at higher
NaCl levels reflects structural damage driven by ionic toxicity and reduced
assimilate allocation. These morphological alterations collectively indicate that both
osmotic effects and long-term sodium accumulation define the physiological
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Fig. 2. Effect of NaCl stress on stem diameter of wheat (n = 30, p < 0.05).

Evaluation of Physiological Indices of Wheat under Salinity Stress. Plant
biomass serves as a crucial biological indicator for evaluating plant tolerance to NaCl
induced stress [29]. The outcomes of the study on fresh and dry weight (FW and
DW) of roots, stems, and leaves in the crop are presented in Tab. 1. The wheat root,
stem, and leaf exhibited maximum fresh and dry masses primarily in plants
cultivated at 0 and 100 mM NaCl concentrations, while both FW and DW decreased
with the rising NaCl concentration. It’s worth noting that the decrease was largely
proportional, with the minimum fresh and dry biomass values observed at a
concentration of 500 mM.
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The fresh and dry masses of roots in plants growing at 500 mM, compared to
those at 0, were reduced by 1.82 and 1.93 times, respectively in the stem, the reduc-
tion was 1.93 and 1.35 times, while in the leaf, it was 2.79 and 1.96 times. With the
rise in salinity, the RWC% value increased (by 0.97% compared to plants growing
at 0 mM), while SWC% and LWC% values decreased (by 9.73% and 10.43%,
respectively, compared to 500 mM). The progressive decrease in fresh and dry
biomass under higher NaCl levels reflects the combined impacts of osmotic stress
and ionic toxicity, which restrict water uptake, nutrient balance, and metabolic per-
formance in wheat. The increased root-to-shoot ratio indicates an adaptive allocation
of resources toward root development to improve access to water and ions under
stress. These patterns align with established evidence that biomass reduction is one
of the most sensitive physiological indicators of salt intolerance in cereals [12].

CCl values exhibited variation in response to both changes in NaCl content in
the root medium and the growth stages of the crops (Fig. 3). Notably, during the
wheat’s growth and transitions through vegetation stages (such as sprouting,
flowering, earing, etc.), an initial increase in the CCI value was observed, followed
by a subsequent decrease. Nevertheless, as salinity increased, there was a notable
reduction in the CCI value in the crop.

The first measurements after the completion of salt treatment revealed a
44.76% decrease in the CCI value of plants grown in a 500 mM NaCl medium
compared to those grown ina 0 mM NaCl medium.
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Fig. 3. Effect of NaCl stress on CCI of wheat (n = 30, p < 0.05).
Table 1

Effect of NaCl stress on some growth parameters and tissue water content of wheat (n = 30, p < 0.05)

Salinity
degree | RFW|RDW| SFW | SDW | LFW | LDW REW/ RDW/ RWC%| SWC% | LWC%
SFW | SDW

NaCl, mM
0 2.405/0.344|0.735] 0.135| 1.551 | 0.306 | 1.053 | 0.779 | 85.711 | 81.662 | 80.244
100 2.161|0.315|0.715| 0.143 | 1.302 | 0.284 | 1.072 | 0.738 | 85.447 | 80.056 | 78.217

200 1.584|0.245| 0.582| 0.108 | 0.996 | 0.235| 1.004 | 0.715 | 84.551 | 81.506 | 76.423

300 1.573|0.201| 0.485| 0.106 | 0.763 | 0.190 | 1.260 | 0.679 | 87.222 | 78.144 | 75.098
400 1.3110.178| 0.403 | 0.100 | 0.564 | 0.156 | 1.357 | 0.694 | 86.459 | 75.259 | 72.284
500 1.32410.178]0.380| 0.100 | 0.556 | 0.156 | 1.414 | 0.695 | 86.543 | 73.716 | 71.872
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The highest CCI values were recorded during the second measurements,
attributed to both the growth stages of the plants and their adaptation. Specifically,
there was an 81.90% increase in the CCI value at 0 mM. In the range of 100-400mM,
where the rise in CCl was also influenced by adaptation processes, the increase
ranged from 12.00% to 83.84%. At 500 mM, the plant’s adaptation potential was not
satisfied, leading to a decrease in CCIl to 5.17%. In parallel with this, during the
second measurement, a decrease in the CCI value was observed along with the
increase in NaCl concentration, in particular, in plants grown at a concentration of
500 mM compared to the control group, it was 71.20%.

Subsequently, during the third measurement, a decrease in the CCl value was
observed, both compared to the second measurement, and with the increase in NaCl
concentration, in particular the CCI value at 500 mM concentration decreased
significantly compared to 0 mM, amounting to 71.12%.

The study results, presenting the photosynthetic rate, transpiration rate, and
WUE under various salt treatment conditions, are detailed in Tab. 2.

Table 2

Effect of NaCl stress on gas exchange of wheat (n=90, p < 0.05)

Salinity degree
NaC?/, m?\/l Pn E WUE
0 7.80 3.88 2.01
100 8.54 4.41 1.94
200 450 1.40 3.22
300 433 1.97 2.19
400 4.65 0.83 5.60
500 3.82 0.31 1232

The results reveals that the photosynthesis intensity was notably high at NaCl
concentrations of 0 mM and 100 mM. It then experienced a sharp decline, reaching
63.68% at the concentration of 200 mM. Subsequently, no significant differences
were observed within the range of 300-500 mM (62.50%-69.17%). The
transpiration rate of crops grown in a 500 mM NaCl medium decreased by 92.00%
compared to those grown in a 0 mM NaCl medium. With increasing NaCl
concentration, no significant changes in WUE were recorded in the wheat.

The decline in CCI values under elevated NaCl indicates progressive
impairment of chlorophyll content and pigment stability, reflecting weakened
photosynthetic machinery under salt stress. The temporary increase in CCI during
intermediate growth stages suggests short-term adaptive regulation of pigment
synthesis; however, this capacity is lost once salinity exceeds the physiological
tolerance threshold. The concurrent reductions in photosynthetic and transpiration
rates confirm that both stomatal limitations and metabolic disruption constrain
carbon assimilation under severe stress. Overall, these responses demonstrate that
chlorophyll integrity and gas-exchange performance are highly sensitive indicators
of salinity-induced physiological decline in wheat [30].

Effects of Salt Stress on Biochemical Indices of Wheat. The table provided
in Tab. 3 displays the analysis of various ions and total dissolved solids (TDS) found
in the roots, stems, and leaves of wheat. It reveals that the accumulation of ions in
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these plant parts fluctuated in response to varying concentrations of NaCl [31].
Essentially, as the NaCl concentration in the root medium increased, the potassium
(K¥) content in the roots, stems, and leaves of the crop exhibited an initial rise
followed by a significant decline. As the NaCl concentration increased, the levels of
Na* and CI- in the roots, stems, and leaves of wheat rose. The highest value of Na*
content in the root, stem, and leaf was observed at 500 mM (increased by 3.15, 24.25,
and 17.71 times, respectively, compared to 0 mM). In the case of the leaf, it
experienced a slight decrease at the concentration of 400 mM, followed by
subsequent growth, a phenomenon that can be attributed to the plant’s adaptive
response. In the case of CI-, the highest concentrations were observed near the stem,
with CI~ content sharply increasing in concentration of 100 mM and 200 mM.
In the roots, there was a notable rise in concentration at 400 mM, while in the
leaves, the peak CI- content was observed at a concentration of 500 mM. Overall,
the greatest CI- content values in the root, stem, and leaf were seen at a concentration
of 500 mM with increases of 135.51, 548.69, and 712.94 times, respectively,
compared to 0 mM.

Table 3

Effect of NaCl stress on ionic content of wheat root, stem, and leaf (mg/g, n = 30, p < 0.05)

Salinity K* Na* cl- TDS
degree

Na’\CAL root | stem | leaf | root | stem | leaf | root| stem | leaf | root | stem | leaf
m

0 2.84|22.20| 19.00| 5.65 | 1.20 | 1.53 | 0.06| 0.06 | 0.04 | 24.69| 46.39 | 46.39

100 5.02| 30.90| 27.20| 13.10| 6.65 | 11.20| 0.73| 2.41 | 1.85 | 40.41| 69.05| 68.48
200 3.80| 27.87| 22.30| 15.80| 12.37| 19.00| 2.35| 27.00| 6.15 | 45.81| 80.39| 80.21
300 3.17| 19.40| 15.80| 16.50 | 18.80| 22.70| 3.68 | 28.10| 9.17 | 47.13| 87.09| 87.37
400 2.85]|15.20| 12.40| 17.20| 25.70| 22.00| 7.53| 29.00| 17.20| 47.27| 89.91 | 88.89
500 2.65] 13.90| 13.10| 17.80] 29.10| 27.10]| 8.75| 35.50| 30.30| 47.52| 95.95| 99.81

The Na*/K* ratio in the roots, stems, and leaves of wheat exhibited a dynamic
rise in tandem with the increasing NaCl concentration (in plants grown at 500 mM
compared to 0 mM, the increase in root, stem, and leaf was 3.38, 38.73, and 25.69
times, respectively). The examination of the roots, stems, and leaves of the crop
revealed that a rise in the TDS value was primarily observed alongside the increasing
NaCl concentration.

The increase in Na® and Cl~ accumulation with rising external salinity
indicates intensive ion uptake and sequestration, reflecting the plant’s attempt to
balance osmotic potential under stress; however, excessive ion buildup ultimately
leads to toxicity and cellular damage. The initial rise and subsequent decline in K*
content highlight competitive inhibition of K* uptake by Na* and disruption of
membrane transport systems, which deteriorates metabolic stability. The sharp
elevation of the Na*/K" ratio confirms a loss of ionic homeostasis, a key determinant
of reduced physiological performance in salt-sensitive crops. The parallel increase
of TDS further demonstrates intensified salt loading in tissues, consistent with
constrained ion exclusion mechanisms under high NaCl stress [32].
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Phytodesalination Capacity of Wheat. After NaCl treatment, when the plants
were harvested and biochemical measurements were performed, a significant
increase in Na" and CI~ accumulation was observed in wheat roots, stems, and leaves
compared to control plants (Fig. 4). From a phytosalination perspective, the
accumulation of Na* and CI- in the above-ground biomass of plants is paramount.
As a result of the research, it became clear that sharply changes in the amount of
Na* and CI- in the aboveground part of one plant were observed during the transitions
of 0-100 mM and 400-500 mM.
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Fig. 4. The mass of Na* and CI~ (mg) accumulated in the above-ground
parts of wheat per plant (n = 30, p < 0.05).

Overall, as the NaCl content increased, the above-ground mass of the wheat
decreased, while the levels of Na" and CI increased, respectively. Specifically,
varying with the soil salinity level, per plant above-ground mass can remove between
4.12 mg to 7.15 mg of sodium and 0.87 mg to 8.29 mg of chlorine from the soil.
Considering these findings, it can be concluded that wheat exhibits phytodesalination
potential.

Under salinity stress, wheat exhibited significant morphological, physio-
logical, and biochemical alterations, indicating a decline in growth and productivity
with increasing NaCl concentration. The reduction in shoot height, biomass, and
chlorophyll content reflects osmotic and ionic imbalances that impair photosynthetic
efficiency and water relations. Concurrently, the pronounced accumulation of Na*
and Cl” in the shoots and roots, along with the rising Na*/K* ratio, highlights
disrupted ion homeostasis and adaptive mechanisms. Nevertheless, the considerable
uptake and translocation of Na* and CI™ to the aboveground organs demonstrate the
species’ moderate phytodesalination potential under saline conditions.

The substantial accumulation of Na* and CI™ in the aerial parts of wheat under
salinity stress demonstrates active ion uptake and translocation mechanisms, which
help maintain osmotic balance but simultaneously contribute to growth inhibition
[33]. Although shoot biomass decreases as salt concentration rises, the consistent
removal of salt ions from the soil through above-ground tissues indicates that wheat
can partially mitigate soil salinity. This ion sequestration capacity reflects a moderate
phytodesalination potential, even though disrupted ionic homeostasis and reduced



HARUTYUNYAN A.S. 131

physiological performance limit overall efficiency. These findings align with eviden-
ce that glycophytic cereals possess restricted but measurable phytoremediation
capabilities under saline conditions [7].

Based on the results of our research and the analysis performed, we can
conclude that at low salinity levels wheat activated adaptive mechanisms that helped
maintain key morphophysiological characteristics, whereas higher salinity concent-
rations resulted in a pronounced decline in these indicators. lon analysis confirms a
pronounced disruption of ionic homeostasis, characterized by elevated Na* and CI
accumulation and a sharply rising Na*/K* ratio with increasing NaCl concentration.
These stress induced alterations collectively indicate moderate salinity tolerance
supported by limited but measurable adaptive responses. Despite growth reductions,
the plant’s ability to accumulate and translocate salt ions to above-ground tissues
highlights a moderate phytodesalination potential under saline conditions.
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u. U. <Urnre-8nru3dv

8Nr6uh <U3ululy SEAULUUL 6LAShNh U UShY UHPEUR
LVUUSUUUR ULQAUGULLLENL B ShSNUIU2GMOUUL LM NETL

Wju niuniiiwuhpnipyniip dyyumuwl) nih ghwhwwnt) mtinujub gnptith
(“Sateni-22”) Wnpdninghwljul, $hghnnghwjut b Yahuwphthwlubh wpaw-
qubpbtinh winuyhtt upptiuh Wwydwbbtpny, htyybu twlb npnpty npu dhwnn-
wnugbipduwi tipnidp: @npap hpuljubwgyl) E yapuhuljynn yuydwbbbtipnod
oquwgnpoting NaCl wmwpptp Ynbghbwmpughwitiph nidnypeitin: Wprynibp-
ttipp gnyg wmytighti, np NaCl-h guwdp Ynighlmpughwitiph wuydwbbbtipnid
hupdwpynnuijut Wthuwbhqititiph gnpowpiwd wpynibpnid jupnnugty) &
npnywhnptit yuwhuwwity dinpbndphghninghwljuub gniguithytiipp, puyg wpntia
pwpanp Ynbghbmpughwttph nhypnid nputip qquhnptt tdugty Ga: <wpl k&
it twl, np wnuiupuonipjul weht qniquhtin pnyuh  Yhpgbimiyw
opquitiitipnid Na*™ i CI™ hntiitiph wuwpnibwynipyniip gquhnptb wybpugly t:
Uw Jyuynid L wbnuiub gnptith wbuwybtph  npnpujh  wnuuunhy
Jupnnnipgui b $hnunugbipndiub wpnynbwytinn pyub dwuhb:

A. C. APYTIOHSH

PEAKLIMM MECTHOI'O TEHOTHUIIA IIIIEHUIIBI HA COJIEBOI
CTPECC MU EE IIOTEHLHMAJI ®UTOPACCOJIEHNA [TOYBbI

Ienbto nccnenoBanus ObUIO OIICHUTh MOP(hoIOruecKkre, GU3UOTOTNISCKUE
1 OMOXMMHYECKHE PEaKIiy MeCTHOH TmeHuIsl (“Sateni-22°) Ha coneBoii cTpecc u
OTIPEIEIIUTE €€ TOTEHIMA i (PUTOPACCONEHHSI. DKCIEPUMEHTHI TIPOBOININCH B
KOHTPOJHMPYEMBIX YCIOBHUSX MPH pasnuuHbiX KoHieHTpanusx NaCl. Pesymbrars
MOKa3aJIM, YTO B YCJIOBUAX HU3KHUX KoHIEHTpauuit NaCl B pe3ynpTaTe akTHBALIUU
aIaNTHBHBIX MEXaHU3MOB MOP(O(DU3NOIOrHYECKHE TMOKA3aTeIH B HEKOTOPOM
CTCTICHU COXPaHAJIMCh, HO ITPH BBICOKHMX KOHIICHTPAIUAX OHH 3HAYMUTCIIBHO CHUIXKA-
auck. Creayer TakKe OTMETHTh, YTO MapajjiejbHO C TOBBIIICHUEM COJICHOCTH
3HAYUTENILHO YBEIMYMBANOCH cojiepkanne HoHOB Nat u Cl™ B Ha/I3eMHBIX OpraHax
pacTeHusi. DTO yKa3plBaeT HA YMEPEHHYIO aaNTalMOHHYI0 CIIOCOOHOCTh MECTHOI
MIIICHUIIBI U e d3PPEKTUBHOCTE B Mporiecce pUTopaccoicHus MOYBHI.


https://doi.org/10.1007/s10535-006-0096-z
https://doi.org/10.3389/fphys.2017.00509
https://doi.org/10.1111/j.1399-3054.2007.01008.x
https://doi.org/10.1016/S0065-2113(07)96006-X

