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SOIL SALINIZATION IN THE AGRICULTURAL LANDS
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The degree of salinity of the agricultural lands of Armavir and Baghramyan
Regions was evaluated. Soil samples were collected from 66 agricultural lands,
which are almost evenly distributed in Armavir and Baghramyan Regions, at the
end of the irrigation season (October) in 2023. To determine the degree of salinity,
the electrical conductivity of the samples was the primary indicator assessed.
The study’s findings indicate that there was a notable buildup of soluble salts in the
upper soil horizons, which potentially decreased soil productivity. Considering this,
it is crucial to manage the region’s soils sustainably and with constant observation.
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Introduction. Soil salinity is an initial land degradation process and a primary
challenge to global food security and environmental sustainability that reduces
agricultural production especially in arid and semi-arid regions, requiring compre-
hensive monitoring and management [1]. It is well recognized as an ongoing process
that results from both natural and human-caused events, such as excessive transpira-
tion, high salt levels and poor irrigation properties of groundwater, a lack of precipi-
tation, and agriculture [2, 3]. According to the USA Salinity Research Group [4], a
salty soil is one that has an exchangeable sodium percentage (ESP) of less than 15,
a pH of less than 8.5, and an electrical conductivity (EC) value more than 4 dS/m.
Salinity affects 1.125 billion hectares at the moment, with 76 million of those
hectares being impacted by human activity. Since, it is predicted that salinity would
impact 30% of arable land worldwide during the next 25 years and around 50% of
land by the end of this century, salinity is considered a significant issue on a global
scale [5]. The Ararat Plain, an important agricultural area of Armenia, is likewise
severely threatened by salinity stress, which significantly hinders this region’s
agricultural potential. The viability of agriculture and food security is seriously
threatened by the salinization of almost 30 000 sa of Armenian soil. This under-
scores the pressing requirement for innovative approaches, such as halophytere-
mediation, to mitigate soil salinity in regions such as the Ararat Plain [6].
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One of the main obstacles to both sustainable development and global food
availability is salinity of the soil. The issue might rapidly extend to untouched places
as global warming picks up speed [7]. Plant health and soil properties may be
negatively impacted by excessive salt levels [8, 9]. Presently, it is evident that soil
salinity has reached a worldwide scale, leading to a decrease in soil productivity and
biodiversity, land degradation, and desertification. The term refers to the build-up of
soluble salts in soil that have an impact on agricultural yield, environmental quality,
and financial stability [10].

Natural main salinization and man-made secondary salinization are the two
main types into which soil salinity creation can be divided [11]. Natural main
salinization is the process by which some or all of the processes listed below
mobilize salts from the soil or groundwater to the surface, creating a condition with
a high salinity [12]. Nevertheless, there is variation in the causes of natural main
salinization over duration and location, which has an impact on managing and
assesing soil salinity [13]. Excessive use of irrigation water in agriculture leads to
human-caused secondary salinization, which raises salinity amounts in the soil’s
uppermost layer [11]. Although the principles causing creation and risk-driving vary,
the two mechanisms causing soil surface salinity are comparable [14]. The buildup
of soluble inorganic salts, primarily composed of alkali and alkaline earth metals like
calcium and sodium as well as the anions that are related to them, such as carbonate,
sulfate, hydrocarbonate, and chloride, is what causes soil salinization [15].

Increasing soil salinity has an impact on soil quality [16, 17], which then
influences plant development and productivity and may ultimately cause soil
degradation [18-21]. Reduced agricultural yield has been demonstrated to occur
when salt affects the physical, chemical and biological productivity of the soils [22].
When too much salt causes colloid soil fragments to inflate and spread, the physical
characteristics of the soil are altered. This can lead to problems with water and air
circulation, ability to retain water, reduced root permeability, and growth of seeds
[23]. Soil compaction results from sodium’s dispersive activity on soil fragments,
which also modifies the spacing of pore sizes and lowers the soil’s overall volume.
Clay disperses more readily when the soil’s agglomeration durability is lowered due
to a higher salt content [24]. Inappropriate management can result in decreased crop
yield or complete crop failure, which lowers the worth of the land and ultimately
causes the property to be abandoned for farming purposes [25]. Salinity inhibits the
sprouting of seeds, the emergence of seedlings, and the development of plants
because it makes it harder for the soil solution to absorb water and nutrients [26].
In spite of humid soil, plants may perish from drought or water shortages if the
quantity of salt in the environment increases to a certain point [27].

The issue of soil salinization, which affects vast tracts of farmland, is receiving
increased focus, particularly in scientific communities. Scientific investigation is
necessary to fully understand the complicated problem of soil salinity and how it
affects crop yields in the Ararat Plain, an area with a long history of agriculture.
A thorough examination is required since salinity stress is a modern concern this
previously important place must deal with. In light of these conditions, the primary
goal of our study was to determine the salinity degree of farmland in the Armavir
and Baghramyan Regions. This information will be useful for improving and
managing land in semi-arid areas.
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Materials and Methods.

Study Area. Armavir and Baghramyan Regions are located in the central part
of the Ararat Plain. The climate in that regions is sunny, dry continental. The amount
of annual precipitation does not exceed 300 mm. The maximum temperature is 41°C,
the minimum is —15°C. The relief of the study area is mainly flat, with the elevation
of 857-1180 m AMSL. The main soil types found in the study area are the following:
irrigated meadow brown soils (Anthrosols), hydromorphone saline-alkaline soils
(Solonetzes-Solonchaks), semi-desert brown soils (Calcisols) and saline-alkaline [28].

Sample Collection and Analysis. Soil samples were collected from 66
agricultural lands, which are almost evenly distributed in Armavir and Baghramyan
Regions, at the end of the irrigation season (October) in 2023 (Fig. 1). An AMS Basic
Soil Sampling Kit, a specialized sampling tool, was used to collect the samples. GPS
was used to identify the heights and spatial coordinates of the soil sample locations.
With the exception of a few observation points (such as the MSY-35, SO-46
observation points, where sampling was done down to a depth of 30 cm), because of
the local geological features, the majority of the sampling was done from four soil
layers 0—10 cm, 10-30 cm, 30-60 cm, and 60—100 cm. The envelope collection
strategy was followed when doing the sampling at each location [29].

Location of soil sampling observation points in Armavir and Baghramyan regions
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Fig. 1. Map of Armavir and Baghramyan Regions showing the soil sampling observation points.

The standard method for determining salinity degree of soil is to take soil
samples and measure electrical conductivity in a laboratory (by handheld
conductivity; Model MARK-603). A common metric for characterizing soil salinity
is the electrical conductivity of the soil extract [30]. Concentrated paste extract is the
conventional technique used to calculate the EC of soil (ECe). Nevertheless, the
challenge of figuring out the right water concentration threshold makes it tough to
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prepare a saturated paste extract. One way to get around this barrier is to use a 1:n
(n=1,2,2.5,5, 10) soil to water extract ratio. In contrast to saturating extracts, this
approach has several benefits of ease, shorter processing times, and lower costs.
Since this ratio was deemed appropriate for determining soil salinity degree in
numerous investigations, we selected a soil to water proportion of 1:5 [30-32]. The
formulae validated in [33] were utilized to convert EC:s to EC.. For clay soil EC. =
7.36 EC:5 — 0.24, for loamy soil EC. = 7.58 EC;:s + 0.06, and for sandy soil EC. =
8.22 EC.s — 0.33. Concentrated paste extract was used to evaluate the salinity degree
of the soil despite the fact it was not tested explicitly. The scale shown in Tab. 1 [4]
provides the EC.-based method for assessing the salinity level of soil.

Table 1

Classification of soil salinity degree according to EC.

Salinity degree | Range of ECe, dS/m Description
Non 0-2 For all plant species, the impacts of salinity are minimal
Slight 24 Extremely sensitive crops may have limited harvests
Moderate 4-8 The harvests of numerous crops are limited
High 8-16 The yield of just resistant crops is sufficient
Extreme >16 Only some extremely resistant crops can survive

Results and Discussion. The results of the study of the soil water extract with
a ratio of 1:5 is presented in Tab. 2. The ZTN-34 observation point recorded the
maximum value of EC;:s in the soil horizons 0—10 ¢m (4.300 dS/m) and 10-30 cm
(2.748 dS/m), while the SO-44 observation point recorded the maximum value in the
horizons 30—60 cm (2.309 dS/m) and 60—100 cm (2.346 dS/m). The minimum value
of ECi:s in the 0—10 ¢m soil horizon was observed at SO-72 observation point
(0.155 dS/m), at 10-30 c¢m horizon at SO-55 observation point (0.164 dS/m), at
30—60 c¢m horizon at SO-68 at the observation point (0.146 dS/m), and at the
60—100 cm horizon at the VDN-32 observation point (0.150 dS/m). The mean values
of EC;:s in the investigated soil horizons declined with depth up to 60 cm, as shown
in Fig. 2, and then a small rise in the mean value of EC.5 was noticed. Accordingly,
the depth range between 30—60 cm had the lowest mean value of EC;.5s (0.381 dS/m)
and the depth range of 0—10 ¢m had the greatest value (0.556 dS/m). The quantity of
precipitation, the level and chemical profile of the groundwater used for irrigation,
along with the soil’s texture, can all lead to similar variations in the value of EC;:s in
the soil horizon [34].

The salinization and desalination processes took varied forms depending on
which of these processes was more prevalent. For instance, even though the
groundwater in ESN-03 and EGT-17 observation points had no very high level (4.5—
6.0 m), at the end of the irrigation season, there was a noticeable buildup of soluble
salts in the upper horizons of these points, because of the extensive evaporation and
the usage of irrigation water that is generally of low quality [35] and concurrently,
no accumulation of salts was observed in the corresponding deep horizon sites. At
the VDN-04 observation point (2.5-3.0 m), on the other hand, capillary pressures
caused the relatively high salinity groundwater to rise to the upper soil horizons,
which resulted in the buildup of soluble salts.
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Table 2
ECi:s5values of the water extract of the investigated soil samples
Observation | Depth, | ECy:s, | Observation | Depth, | ECi:s, | Observation | Depth, | ECi:s,
points cm dS/m points cm dS/m points cm dS/m
0-10 | 0.653 0-10 | 0.174 0-10 | 0.213
10-30 | 0.451 JAN-31 10-30 | 0.166 10-30 | 0.210
MEV-01 30-60 | 0.392 30-60 | 0.148 S0-33 30-60 | 0.186
60-100 | 0.514 0-10 | 0.184 60-100 | 0.190
0-10 | 1.438 10-30 | 0.201 0-10 | 0.374
NPT-02 1030 | 1a2a| VP N-32 30-60 | 0.171 S0-54 10-30 | 0.471
30-60 | 0.941 60-100 | 0.150 SO.55 0-10 | 0.163
60100 | 0.656 0-10 | 0.594 ) 10-30 | 0.164
0-10 | 4.168 10-30 | 0.633 0-10 | 0.171
ESN-03 10-30 | 1.050 ESN-33 30-60 | 0.484 80-56 10-30 | 0.187
) 30-60 | 0.267 60100 | 0.399 0-10 | 0.224
60100 | 0.290 0-10 | 4.300 S0.57 10-30 | 0.214
0-10 | 0.743 ZTN34 10-30 | 2.748 ) 30-60 | 0.197
VDN.04 10-30 | 0.668 30-60 | 0.497 60100 | 0.204
30-60 | 0.547 60100 | 0.557 0-10 | 1.643
60100 | 0.503 0-10 | 1.661 10-30 | 1.463
0-10 | 0.230 MSY-35 10-30 | 0.794 $0-38 30-60 | 0.628
10-30 | 0.208 0-10 | 0.239 60100 | 0.383
MAG-05 56760 10.220 SDP-36 10-30 | 0.194 0-10 | 0.216
60100 | 0.214 3045 | 0.186 SO-60 10-30 | 0.227
0-10 | 0.415 0-10 | 2.076 ) 30-60 | 0.215
10-30 | 0.360 10-30 | 1.741 60100 | 0.224
AZP-06 30-60 | 0.371 ART-37 30-60 | 1.586 0-10 | 0.175
60100 | 0.437 60100 | 1.300 S0-62 10-30 | 0.170
0-10 | 0.376 0-10 | 0.243 30-50 | 0.163
10-30 | 0.427 10-30 | 0.223 0-10 | 0.197
AVD-0T 150760 T0306 | FYUK33 30760 [0.224 S0-63 10-30 | 0.211
60—100 | 0.243 60100 | 0.220 30-50 | 0.176
0-10 | 0.213 0-10 | 0.284 0-10 | 0.356
PTV-08 10-30 | 0.197 S0O-39 10-30 | 0.241 SO-64 10-30 | 0.360
) 30-60 | 0.168 30-45 | 0.192 30-50 | 0.304
60100 | 0.152 0-10 | 0.227 0-10 | 0.191
0-10 | 0.237 S0-40 10-30 | 0.223 SO-65 10-30 | 0.180
JTAN-00 10-30 | 0.229 30-40 | 0.218 30-60 | 0.175
30-60 | 0.242 0-10 | 0.227 60100 | 0.152
60100 | 0.270 S04l 10-30 | 0.224 0-10 | 0.223
0-10 | 0.275 ) 30-60 | 0.200 $0-67 10-30 | 0.179
TUT-11 10-30 | 0.239 60-100 | 0.177 ) 30-60 | 0.158
30-60 | 0.239 0-10 | 0.983 60-100 | 0.154
60100 | 0.205 S0-42 10-30 | 0.745 0-10 | 0.177
0-10 | 0.490 30-60 | 0.357 10-30 | 0.175
HKV-13 10-30 | 0.452 0-10 | 0.241 $0-68 30-60 | 0.146
0-10 | 0.485 S0-43 10-30 | 0.224 60100 | 0.159
MGI-15 10-30 | 0.308 30-50 | 0.207 0-10 | 0.194
30-60 | 0.292 SO-44 0-10 | 0.198 S0-69 10-30 | 0.192
60100 | 0.210 ) 10-30 | 0.199 30-60 | 0.271




100  SOIL SALINIZATION IN THE AGRICULTURAL LANDS OF ARMAVIR AND BAGHRAMYAN...

0-10 | 0.284 30-60 | 2.309 60-100 | 0.385
10-30 | 0.283 60-100 | 2.346 0-10 | 0.411
ARK-16 30-60 | 0.255 0-10 | 0.225 SO-71 10-30 | 0.197
60-100 | 0.270 SO45 10-30 | 0.216 30-60 | 0.201
0-10 | 1.341 ; 30-60 | 0.232 60-75 | 0.175
10-30 | 1.192 60—100 | 0.409 0-10 | 0.155
EGT-17 30-60 | 0.607 SO46 0-10 | 0.212 S0-72 10-30 | 0.177
60-100 | 0.547 10-30 | 0.228 0-10 | 0.203
0-10 | 0.914 0-10 | 0.207 SO73 10-30 | 0.231
ART-19 10-30 | 0.657 S0-47 10-30 | 0.166 ) 30-60 | 0.217
) 30-60 | 0.302 30-45 | 0.170 60-100 | 0.184
60-100 | 0.226 0-10 | 0.526 0-10 | 0.966
0-10 | 0.218 HSH-48 1030 | 0252 | AMV-74 10-30 | 0.769
10-30 | 0.209 30-50 | 0.232 0-10 | 0.386
HAC-20 30-60 | 0.198 0-10 | 0.185 AMV-75 10-30 | 0.375
60-80 | 0.194 10-30 | 0.182 0-10 | 0.187
0-10 | 0206 | NBD-49 30-60 | 0.213 SO-76 10-30 | 0.184
MNK-21 10-30 | 0.184 60—100 | 0.200 30-50 | 0.171
30-50 | 0.209 0-10 | 0.206 0-10 | 0.209
0-10 | 1.023 10-30 | 0.200 10-30 | 0.212
TLV-23 10-30 | 1.410 $0-30 30-60 | 2.265 80-77 30-60 | 0.200
30-50 | 0.717 60-100 | 2.248 60-100 | 0.231
0-10 | 0.217 0-10 | 0.298 0-10 | 0.653
VAN-24 10-30 | 0.195 10-30 | 0.256 10-30 | 0.756
30-50 | 0.208 SHV-51 30-60 | 0.223 $0-78 30-60 | 0.540
0-10 | 0.193 60—100 | 0.249 60-70 | 0.393
URN-25 10-30 | 0.192 0-10 | 0.238 0-10 | 0.814
300—41‘00 g;;; $0-52 030 1 023 $0-79 10-30 | 0.724
ALK-28 1030 10334 30-50 | 0.240
EC 15 (dS/m)
0.1 0.3 0.4 0.5 0.6 0.7 0.8
10
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20 * RZ=0.7847
30
-E- 40
= *»
;,i 50
.—a
“ 60
70
a0 »
90
100

Fig. 2. Mean values of EC1:s in the studied soil layers.
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In a different instance, because of the low groundwater level and the use of
relatively good quality irrigation water [35], comparatively low salt content was
found in the samples examined at the MNK-21 observation site (all of the samples
fell into the non-saline category).

To provide a more precise understanding of the fluctuations of the salinization
process, soil salinity was also assessed (Tab. 3). The study’s findings demonstrated
that, of the soil samples collected from depth ranges of 0-10 cm, 10-30 cm, 30—-60
cm, and 60—-100 cm, respectively, 54.8%, 62.2%, 65.6%, and 60.8% belonged to non-
saline, 19.6%, 15.1%, 18.1%, and 23.6% to slightly saline, and 15.1%, 12.1%,
10.9%, and 7.8% to moderately saline, 7.5%, 9.1%, 1.8%, and 2.6% to highly saline,
and 3.0%, 1.5%, 3.6%, and 5.2% to extremely saline categories.

Table 3
Salinity categories of the soil samples

Observation Dept Deé;free Observation | Dept Deégfree Observation Dept De(g)g;’ee

points h, cm salinity points h, cm salinity points h, cm salinity
0-10 | moderate 0-10 non 0-10 non
10-30 slight JAN-31 10-30 non 10-30 non
MEV-01 30-60 | slight 30-60 non S0-53 30-60 non
60-100 | slight 0-10 non 60-100 non
0-10 high 10-30 non 0-10 slight
NPTz 1030 | high VDN-32 30760 | non SO-3% 10730 | slight
30-60 | moderate 60-100 non S0-55 0-10 non
60-100 | moderate 0-10 | moderate ) 10-30 non
0-10 extreme 10-30 | moderate 0-10 non
ESN-03 10-30 high ESN-33 30-60 | slight S0-56 10-30 non
) 30-60 non 60100 | slight 0-10 non
60-100 | slight 0-10 extreme S0-57 10-30 non
0-10 | moderate ZTN-34 10-30 | extreme 30-60 non
VDN-04 10-30 | moderate 30-60 slight 60-100 non
. 30-60 | moderate 60-100 | moderate 0-10 high
60-100 | slight 0-10 high 10-30 high

0-10 non MSY-35 10-30 | moderate SO-38 30-60 | moderate
10-30 non 0-10 non 60-100 | slight
MAG-03 30-60 non SDP-36 10-30 non 0-10 non
60-100 non 30-45 non S0-60 10-30 non
0-10 slight 0-10 high ) 30-60 non
10-30 slight 10-30 high 60-100 non
AZP-06 30-60 | slight ART-37 30-60 high 0-10 non
60-100 | slight 60-100 high SO-62 10-30 non
0-10 slight 0-10 non 30-50 non
10-30 slight 10-30 non 0-10 non
AVD-07 30-60 | slight LUK=38 30760 non S0-63 10-30 non
60-100 non 60-100 non 30-50 non
0-10 non 0-10 slight 0-10 slight
PTV-08 10-30 non SO-39 10-30 non SO-64 10-30 slight
) 30-60 non 3045 non 30-50 | slight
60-100 non 0-10 non 0-10 non
0-10 non SO-40 10-30 non S0-65 10-30 non
JAN-09 10-30 non 3040 non 30-60 non
) 30-60 non S0-41 0-10 non 60-100 | non
60-100 non ) 10-30 non SO-67 0-10 non
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0-10 slight 30-60 non 10-30 non
TUT-11 10-30 non 60-100 non 30-60 non
) 30-60 non 0-10 | moderate 60-100 non
60-100 non SO-42 10-30 | moderate 0-10 non
0-10 slight 30-60 slight 10-30 non
HKV-13 10-30 | slight 0-10 non SO-68 30-60 non
0-10 slight SO-43 10-30 non 60-100 non
10-30 slight 30-50 non 0-10 non
MGT-15 3060 | slight 0-10 non S0-69 10-30 non
60-100 non S0-44 10-30 non ) 30-60 slight
0-10 slight } 3060 | extreme 60100 | slight
10-30 slight 60-100 | extreme 0-10 slight
ARK-6 730760 | non 0-10 non 8071 10-30 | non
60-100 non S0-45 10-30 non 30-60 non
0-10 high ) 30-60 non 60-75 non
10-30 high 60-100 slight 0-10 non
EGT-17 30-60 | moderate SO-46 0-10 non SO-72 10-30 non
60—100 | moderate 10-30 non 0-10 non
0-10 | moderate 0-10 non SO-73 10-30 non
ART-19 10-30 | moderate SO-47 10-30 non ) 30-60 non
) 30-60 slight 30-45 non 60-100 non
60-100 non 0-10 | moderate AMV-74 0-10 | moderate
0-10 non HSH-48 10-30 non 10-30 | moderate
10-30 non 30-50 non 0-10 slight
HAC-20 30-60 non 0-10 non AMV-T3 10-30 | slight
60-80 non 10-30 non 0-10 non
0-10 non NBD-49 30-60 non SO-76 10-30 non
MNK-21 10-30 non 60-100 non 30-50 non
30-50 non 0-10 non 0-10 non
0-10 | moderate 10-30 non 10-30 non
TLV-23 10-30 high $0-30 3060 | extreme SO-77 30-60 non
30-50 | moderate 60-100 | extreme 60-100 non
0-10 non 0-10 slight 0-10 | moderate
VAN-24 10-30 non 10-30 non 10-30 | moderate
30-50 non SHV-51 30-60 non SO-78 30-60 | moderate
0-10 non 60-100 non 60-70 slight
URN-25 10-30 non 0-10 non 0-10 | moderate
300——1400 sili(;rlllt S0-52 o = SO-79 10-30 | moderate
ALK-28 1030 slight 30-50 non

It should be mentioned that similar outcomes were also observed in the
Etchmiadzin and Masis Regions, which share hydrological and climatic charac-
teristics with the Armavir and the lowlands of Baghramyan Regions [6, 31, 32, 34].

Soil salinity is the limiting factor in crop yield in arid and semi-arid areas. The
primary problem impeding agricultural development in many parts of the world is
salinity in the soil [36]. Barley is among the many crops, whose production potential
can be irreversibly lost due to salt stress at any point in the crop’s development cycle
[37, 38]. Two cultivars of common beans (Phaseolus vulgaris) with varying salinity
sensitivity-Montalban, which is sensitive, and I-193, which is moderately sensitive
were examined for their reactions. Salinity significantly reduced the biomass of the
roots in Montalban, but it also produced a drop in the biomass of the shoots and the
leaf area across both genotypes [39]. Salinity stress caused a marked reduction in dry
matter gain in roots and shoots, and transpiration rate of salt-tolerant (cv. Sakha93)
and salt-sensitive cultivars (cv. Gemmezal(0) wheat (Triticum aesativum L.) and salt-
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tolerant (cv. Sakhal) and salt-sensitive cultivars (c¢v. Giza716) broad bean (Vicia
faba L.) [40]. According to certain research [41—43], shoot and root growth
suppression is a common reaction to salinity and one of the most significant
agricultural markers of salt stress tolerance is plant growth. In this regard, Murillo-
Amador et al. [44] discovered that biomass declined with increasing salinity and
more sharply at 170 mM NaCl in all cowpea genotype groups. In the test plants,
every fraction of photosynthetic pigment gradually declined as the salinity increased
[40]. This is consistent with the findings of Tuna et al. [43], who reported that the
salt stress caused a decrease in the amounts of chlorophyll ¢ and b in maize plants.
With increasing NaCl concentrations, two cultivars of cucumber (Jinchun No. 2 and
Zaoduojia) showed a drop in shoot and root dry weights, plant height, stem diameter,
leaf area, and leaf number [45].

Based on our research’s findings and an analysis of the dynamics of the degree
of salinity in various soil horizons, it can be concluded that there was a significant
buildup of readily soluble salts in the upper soil horizons (0—10 c¢m and 10-30 cm)
and a minor buildup in the middle horizon (30-60 cm).

This process is slightly enhanced in the deep horizon (60—100 c¢m), which may
be related to the soil’s structure and groundwater level. Recall that a comparable
buildup of salt in the upper layers of the soil can result in a reduction in agricultural
crop output, a downturn in soil biological activity, and ultimately, soil degradation.

I am thankful to Anna Harutyunyan who provided analytical input in my
study.

Received 18.03.2024
Reviewed 02.04.2024
Accepted 18.04.2024

REFERENCES

1. Wang J, Ding J., et al. Machine Learning-based Detection of Soil Salinity in an Arid Desert
Region, Northwest China: A Comparison between Landsat-8 OLI and Sentinel-2 MSI. Sci. Total
Environ. 707 (2020), 136092.
https://doi.org/10.1016/j.scitotenv.2019.136092

2. Nguyen K.A,, Liou Y.A., et al. Soil Salinity Assessment by Using Near-infrared Channel and
Vegetation Soil Salinity Index Derived from Landsat 8 OLI Data: A Case Study in the Tra Vinh
Province, Mekong Delta, Vietnam. Prog. Earth Planet Sci. 7 (2020), 1.
https://doi.org/10.1186/340645-019-0311-0

3. Peng J., Biswas A., et al. Estimating Soil Salinity from Remote Sensing and Terrain Data in
Southern Xinjiang Province, China. Geoderma 337 (2019), 1309-1319.
https://doi.org/10.1016/j.geoderma.2018.08.006

4. Richards L.A. Diagnosis and Improvement of Saline and Alkali Soils. Agriculture Handbook #60,
US Department of Agriculture (1954), 160.

5. Wang W., Vinocur B., Altman A. Plant Responses to Drought, Salinity and Extreme Tempera-
tures: Towards Genetic Engineering for Stress Tolerance. Planta 218 (2003), 1-14.
https://doi.org/10.1007/s00425-003-1105-5


https://doi.org/10.1016/j.scitotenv.2019.136092
https://doi.org/10.1186/s40645-019-0311-0
https://doi.org/10.1016/j.geoderma.2018.08.006
https://doi.org/10.1007/s00425-003-1105-5

104

SOIL SALINIZATION IN THE AGRICULTURAL LANDS OF ARMAVIR AND BAGHRAMYAN...

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Ghazaryan K., Movsesyan H., et al. Comparative Hydrochemical Assessment of Groundwater
Quality From Different Aquifers for Irrigation Purposes Using IWQI: A Case-Study from Masis
Province in Armenia. Groundwater for Sustainable Development 11 (2020), 1-21.
https://doi.org/10.1016/j.gsd.2020.100459

Mukhopadhyay R., Sarkar B., et al. Soil Salinity under Climate Change: Challenges for
Sustainable Agriculture and Food Security. J. Environ. Manag. 280 (2021), 111736.
https://doi.org/10.1016/j.jenvman.2020.111736

Sahab S., Suhani I., et al. Potential Risk Assessment of Soil Salinity to Agroecosystem
Sustainability: Current Status and Management Strategies. Sci. Total Environ. 764 (2021), 144164.
https://doi.org/10.1016/j.scitotenv.2020.144164

Ullah A., Bano A., Khan N. Climate Change and Salinity Effects on Crops and Chemical
Communication between Plants and Plant Growth-Promoting Microorganisms under Stress.
Front. Sustain. Food Syst. 5 (2021), 618092.

https://doi.org/10.3389/fsufs.2021.618092

The State of the World’s Land and Water Resources for Food and Agriculture: Managing Systems
at Risk. Food and Agriculture Organization of the United Nations, Rome (2011).

Yao Li-Xian, Li Guo-Liang, et al. Salinity of Animal Manure and Potential Risk of Secondary Soil
Salinization through Successive Manure Application. Sci. Total Environ. 383 (2007), 106-114.
https://doi.org/10.1016/j.scitotenv.2007.05.027

Shaddad S.M., Buttafuoco G., Castrignano A. Assessment and Mapping of Soil Salinization Risk
in an Egyptian Field Using a Probabilistic Approach. Agronomy 10 (2020), 85.
https://doi.org/10.3390/agronomy10010085

Castrignand A., Buttafuoco G., Puddu R. Multi-scale Assessment of the Risk of Soil Salinization
in an Area of South-Eastern Sardinia (Italy). Precis. Agric. 9 (2008), 17-31.
https://doi.org/10.1007/s11119-008-9054-4

Zhou D., Lin Z., et al. Assessing Secondary Soil Salinization Risk Based on the PSR Sustainability
Framework. J. Environ. Manag. 128 (2013), 642—654.
https://doi.org/10.1016/j.jenvman.2013.06.025

Sparks D.L., Page A.L., et al. Salinity: Electrical Conductivity and Total Dissolved Solids.
Methods of Soil Analysis. Part 3: Chemical. Methods (1996), 417-435.

AbdelRahman M.A.E., Metwaly M.M., Shalaby A. Quantitative Assessment of Soil Saline
Degradation Using Remote Sensing Indices in Siwa Oasis. Remote Sens. Appl. Soc. Environ. 13
(2019), 53-60.

https://doi.org/10.1016/j.rsase.2018.10.004

AbdelRahman M.A.E., Natarajan A., et al. Assessment of Land Degradation Using Compre-
hensive Geostatistical Approach and Remote Sensing Data in GIS-model Builder. Egypt. J.
Remote Sens. Space Sci. 22 (2019), 323-334.

https://doi.org/10.1016/j.ejrs.2018.03.002

AbdelRahman M. A E., Natarajan A., et al. Estimating Soil Fertility Status in Physically Degraded
Land Using GIS and Remote Sensing Techniques in Chamarajanagar District, Karnataka, India.
Egypt. J. Remote Sens. Space Sci. 19 (2016), 95-108.

https://doi.org/10.1016/j.ejrs.2015.12.002

AbdelRahman M.A.E., Shalaby A., et al. GIS Spatial Model Based for Determining Actual Land
Degradation Status in Kafr El-Sheikh Governorate, North Nile Delta. Modeling Earth Syst.
Environ. 4 (2017), 359-372.

https://doi.org/10.1007/s40808-017-0403-z

AbdelRahman M.A E., Shalaby A., Mohamed E.S. Comparison of Two Soil Quality Indices Using
Two Methods Based on Geographic Information System. Egypt. J. Remote Sens. Space Sci. 22
(2019), 127-136.

https://doi.org/10.1016/j.ejrs.2018.03.001

AbdelRahman M.A.E., Tahoun S. GIS Model-builder Based on Comprehensive Geostatistical
Approach to Assess Soil Quality. Remote Sens. Appl. Soc. Environ. 13 (2018), 204-214.
https://doi.org/10.1016/j.rsase.2018.10.012

Farifteh J., Farshad A., George R.J. Assessing Salt-affected Soils Using Remote Sensing, Solute
Modelling, and Geophysics. Geoderma 130 (2006), 191-206.
https://doi.org/10.1016/j.geoderma.2005.02.003


https://doi.org/10.1016/j.gsd.2020.100459
https://doi.org/10.1016/j.jenvman.2020.111736
https://doi.org/10.1016/j.scitotenv.2020.144164
https://doi.org/10.3389/fsufs.2021.618092
https://doi.org/10.1016/j.scitotenv.2007.05.027
https://doi.org/10.3390/agronomy10010085
https://doi.org/10.1007/s11119-008-9054-4
https://doi.org/10.1016/j.jenvman.2013.06.025
https://doi.org/10.1016/j.rsase.2018.10.004
https://doi.org/10.1016/j.ejrs.2018.03.002
https://doi.org/10.1016/j.ejrs.2015.12.002
https://doi.org/10.1007/s40808-017-0403-z
https://doi.org/10.1016/j.ejrs.2018.03.001
https://doi.org/10.1016/j.rsase.2018.10.012
https://doi.org/10.1016/J.GEODERMA.2005.02.003

MARGARYAN G. H. 105

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

Shahid S.A., Zaman M., Heng L. Soil Salinity: Historical Perspectives and a World Overview of
the Problem. Guideline for Salinity Assessment, Mitigation and Adaptation Using Nuclear and
Related Techniques (2018), 43-53.

https://doi.org/10.1007/978-3-319-96190-3_2

Setia R., Marschner P., et al. Is CO2 Evolution in Saline Soils Affected by an Osmotic Effect and
Calcium Carbonate? Biol. Fertil. Soils 46 (2010), 781-792.
https://doi.org/10.1007/s00374-010-0479-3

Ganjegunte G.K., Sheng Z., Clark J.A. Soil Salinity and Sodicity Appraisal by Electromagnetic
Induction in Soils Irrigated to Grow Cotton. Land Degrad. Dev. 25 (2014), 228-235.
https://doi.org/10.1002/1dr.1162

Nekir B. Effect of Organic Matter on Rice Nitrogen and Phosphorus Use Efficiency under
Calcareous Sodic Soil of Amibara District, Ethiopia. J. Agric. Crops 5 (2019), 178-185.
https://doi.org/10.32861/jac.59.178.185

Ashraf M., Foolad M.R. Roles of Glycine Betaine and Proline in Improving Plant Abiotic Stress
Resistance. Environ. Exp. Bot. 59 (2007), 206-216.
https://doi.org/10.1016/j.envexpbot.2005.12.006

Kroyan S.Z., Ghazaryan H.Gh. Soil Classification of the Republic of Armenia and Nomenclature
According to International Standards. Yerevan (2017), 1-5.

Kapanadze K., Magalashvili A., Imnadze P. Distribution of Natural Radionuclides in the Soils and
Assessment of Radiation Hazards in the Khrami Late Variscan Crystal Massif (Georgia). Heliyon
5(2019), Article number ¢01377.

https://doi.org/10.1016/j.heliyon.2019.e01377

He Y., DeSutter T., et al. Evaluation of 1:5 Soil to Water Extract Electrical Conductivity Methods.
Geoderma 185-186 (2012), 12-17.

https://doi.org/10.1016/j.geoderma.2012.03.022

Ghazaryan K.A., Gevorgyan G.A., et al. Soil Salinization in the Agricultural Areas of Armenian
Semi-arid Regions: Case Study of Masis Region. Proc. of the YSU. Chem. and Biol. Sci. 54 (2020),
159-167.

https://doi.org/10.46991/PYSU:B/2020.54.2.159

Margaryan G.H., Khachatryan H.E., Ghazaryan K.A. Assessment of the Degree of Salinization of
the Agricultural Lands of Etchmiadzin Region. Biol. J. Armenia 2-3 (2023).
https://doi.org/10.54503/0366-5119-2023.75.2-3-32

Sonmez S., Buyuktas D., et al. Assessment of Different Soil to Water Ratios (1:1, 1:2.5, 1:5) in
Soil Salinity Studies. Geoderma 144 (2008), 361-369.
https://doi.org/10.1016/j.geoderma.2007.12.005

Ghazaryan K.A., Movsesyan H.S., et al. Hydrochemical Analysis and Evaluation of Groundwater
Quality for Irrigation in Masis Region, Armenia. Proc. of the YSU. Chem. and Biol. Sci. 53 (2019),
193-199.

https://doi.org/10.46991/PYSU:B/2019.53.3.193

Harutyunyan A. (personal communication, February, 2019)

Kausar F., Shahbaz M., Ashraf M. Protective Role of Foliar Applied Nitric Oxide in Triticum
aestivum under Saline Stress. Turk. J. Bot. 37 (2013), 1155-1165.
https://doi.org/10.3906/bot-1301-17

Hameed M., Nawaz T., et al. Physioanatomical Adaptations in Response to Salt Stress in
Sporobolus arabicus (Poaceae) from the Salt Range, Pakistan. Turk. J. Bot. 37 (2013), 715-724.
https://doi.org/10.3906/bot-1208-1

Munns R. Comparative Physiology of Salt and Water Stress. Plant Cell Environ. 25 (2002),
239-250.

https://doi.org/10.1046/j.0016-8025.2001.00808.x

Garcia M., Garcia G., et al. Root-shoot Ratio and SOD Activity are Associated with the Sensitivity
of Common Bean Seedlings to NaCl Salinization. Rhizosphere 29 (2024), 100848.
https://doi.org/10.1016/j.rhisph.2024.100848

Radi A.A., Farghaly F., et al. Physiological and Biochemical Responses of Salt-tolerant and Salt-
sensitive Wheat and Bean Cultivars to Salinity. J. Biol. Earth Sci. 3 (2013), B72—-B88.

Koca H., Bor M., et al. The Effect of Salt Stress on Lipid Peroxidation, Antioxidative Enzymes
and Proline Content of Sesame Cultivars. Environ. Exper. Bot. 60 (2007), 344-351.
https://doi.org/10.1016/j.envexpbot.2006.12.005


https://doi.org/10.1007/978-3-319-96190-3_2
https://doi.org/10.1007/s00374-010-0479-3
https://doi.org/10.1002/LDR.1162
https://doi.org/10.32861/JAC.59.178.185
https://doi.org/10.1016/J.ENVEXPBOT.2005.12.006
https://doi.org/10.1016/j.heliyon.2019.e01377
https://doi.org/10.1016/j.geoderma.2012.03.022
https://doi.org/10.46991/PYSU:B/2020.54.2.159
https://doi.org/10.54503/0366-5119-2023.75.2-3-32
https://doi.org/10.1016/j.geoderma.2007.12.005
https://doi.org/10.46991/PYSU:B/2019.53.3.193
https://doi.org/10.3906/bot-1301-17
https://doi.org/10.3906/bot-1208-1
https://doi.org/10.1046/j.0016-8025.2001.00808.x
https://doi.org/10.1016/j.rhisph.2024.100848
https://doi.org/10.1016/j.envexpbot.2006.12.005

106 SOIL SALINIZATION IN THE AGRICULTURAL LANDS OF ARMAVIR AND BAGHRAMYAN...

42. Ruiz J.M., Blasco B., et al. Nicotine-free and Salt Tolerant Tobacco Plants Obtained by Grafting
to Salinity-Resistant Rootstocks of Tomato. Physiol. Plant. 124 (2005), 465—-475.
https://doi.org/10.1111/§.1399-3054.2005.00532.x

43. Tuna A.L., Kaya C., et al. The Combined Effects of Gibberellic Acid and Salinity on Some
Antioxidant Enzyme Activities, Plant Growth Parameters and Nutritional Status in Maize Plants.
Environ. Exper. Bot. 62 (2008), 1-9.
https://doi.org/10.1016/j.envexpbot.2007.06.007

44. Amador B.M., Troyo-Dieguez E., et al. Effect of NaCl Salinity in the Genotypic Variation of
Cowpea (Vigna unguiculata) during Early Vegetative Growth. Scien. Horticul. 108 (2006), 432-431.
https://doi.org/10.1016/j.scienta.2006.02.010

45. Jin Z.H.U., Zhilong B.LLE., Yana L.I. Physiological and Growth Responses of Two Different Salt-
sensitive Cucumber Cultivars to NaCl Stress. Soil Sci. Plant Nutrition 54 (2008), 400—407.
https://doi.org/10.1111/j.1747-0765.2007.00245.x

Q. <. Udraursdu

<016Lh UNUUWULAFUL UPU WP, B AUCUUSULHR
SULUBUG rAULLE P &BNFILUSLSEUTUUL SULUSLLENMNFT

Ghwhunyty Lt Wpdwdhph U Punpudjubth - wwpudwpewbiitiph
gminquunbmbtiuwui yuiynipyut hnpuunupuophtiph wnujuuoni pjwbh
wumhbwip: Ginpunnidt hpuubwgyt) £ nongiwh utignith wjupnht (hny-
wmbidptin)® 2023p., 66 gninunimbiuwut putwnipyud hnpuunwpwophtphg,
npnlp gptipt  hwjwuwpwsuwth puphujuws o Updwghph U Punpudjubth
nmwpuwowppewbibtipnid:  Unujupuonipjud wumhbéwipn npnpbine hundwp
quwhunyty £ dntiph BEupuhunnpnujutnipnibp” npuytiu hhdwjub
gniguiihp: <tmwgnunipyub wprynibpbtipp gnyg G wmyt, np hnnh Ytpht
hnphgntitipnid Gjunyt £ mudynn wintiph qquih yninwinud, hisp Jupnn k
jugbkglyp hnnh wpmwnpnuijubniyniin: <upyh wnbting wyju hwbqu-
dwbpp, puwn Juplinp £ mupudwpewih hnntiph wupnitwujub dnthpnphti-
gn b juynit junwupnidp:

I'. T. MAPT'APSIH

3ACOJIEHUE I10YB HA CEJIbCKOXO3SMCTBEHHBIX YTOQUAX
APMABHPCKOI'O U BATPAMSIHCKOI'O PAIOHOB

OmneHeHa  CTENMEHb  3aCONIEHHS  CEJBCKOXO3SHCTBEHHBIX  YTOIHM
Apwmasupckoro u barpamsiHckoro pationoB. O0pas3ibl MoYB ObLIM COOpPAaHBI B KOHIIE
nmoJuBHOTO ce30Ha (OKTA0ph) 2023 roga ¢ 66 CEebCKOXO3AWCTBEHHBIX YTOMUH,
MPaKTHYECKH PAaBHOMEPHO paclpeAesieHHbIX B ApmaBHpcKoM u barpaMmsHckom
paitonax. /{751 onpezneneHus CTENeHN 3aCOJIEHUS B KaYeCTBE OCHOBHOTO TTOKa3aTeNs
OblTla M3MepeHa JJICKTPOIPOBOJHOCTH OOpPas3loB. Pe3ynmbraThl uUCCIeAOBaHUS
MMOKA3bIBAIOT, YTO B BEPXHUX TOPU30HTAX TOYBHI HAOIIOAATIOCH 3aMETHOE
HaKOIJICHUE pACTBOPHMBIX COJIEH, HYTO TIPU HEKOTOPHIX OOCTOSTEIBCTBAX
MOTEHIIMAIBHO CHIKAJIO TPOYKTUBHOCTH IMOYBEL. Bee 3TO CBUIETEIBCTBYET, OUCHb
Ba)KEH MOCTOSIHHBI MOHUTOPHHT U YCTOMYMBOE YIPABICHUE [TOYBAMH PETHOHA.
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