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Abstract. This study investigates the relationship between the distribution patterns of two
relict tree species-ironwood (Parrotia persica) and Caspian locust (Gleditsia caspica) - and soil
conditions in the mountain forest ecosystems of the Lankaran-Astara economic region. The
research was conducted between 2022 and 2025. A total of 112 soil samples were collected from
28 soil profiles and analyzed for total organic carbon (TOC), FTIR spectroscopy, pH, particle size
distribution (laser diffraction), trace element composition (ICP-MS), and clay mineral composition
(XRD). The results indicate that P. persica reaches its maximum density (410 trees/ha) on nort-
hern slopes at elevations of 600-800 m, whereas G. caspica attains higher density (265 trees/ha)
on southeastern slopes at 400-600 m. Mountain forest brown soils formed under P. persica show
higher humus content (6.2%), TOC (4.2%), and slightly acidic pH (6.0), while mountain forest
yellow and brown soils under G. caspica are characterized by moderate humus content (3.5%),
TOC (2.4%), and neutral pH (6.5). Soils under P. persica are enriched in Zn (54 mg/kg) and Cu
(14.5 mg/kg), whereas those under G. caspica contain higher concentrations of Fe (5400 mg/kg)
and Mn (400 mg/kg). The soils under P. persica exhibit high potential for organic farming, while

those under G. caspica have neutral pH, making them suitable for a wide range of crops.
Keywords: Persian Ironwood, Caspian locust, soil conditions, agrochemistry, soil fertility,

micronutrients.

INTRODUCTION

The Lankaran-Astara economic re-
gion is located in southeastern Azerbaijan,
along the western coast of the Caspian Sea
[1]. This area encompasses the main part
of the Hyrcanian forests, which represent
one of the country's most important
natural resources [2]. The Hyrcanian
forests are a globally significant natural
complex, rich in relict and endemic species
originating from the Tertiary period . Their
evolutionary history spans millions of
years, and they represent rare ecosystems
that survived Quaternary glaciations and
persist to the present day [3].

The international importance of the
Hyrcanian forests was officially recognized
in 2019, when the portions located in Iran
were inscribed on the UNESCO World
Heritage List [4]. In 2023, the Azerbaijani

parts of the Hyrcanian forests were added
to this list [5]

Criterion (ix): The forests demons-
trate uninterrupted evolutionary processes
since the Quaternary glaciation, enabling
the specification of various plant and
animal species.

Criterion (x): The area provides criti-
cal habitat for endangered species, such as
the Persian leopard (Panthera pardus tul-
liana), and numerous endemic tree species,
including Persian Ironwood (Parrotia per-
sica), Caspian Locust (Gleditsia caspica),
wingnut (Pterocarya fraxinifolia), and
Zelkova (Zelkova carpinifolia).

Parrotia persica (ironwood) is not
only one of the most typical representa-
tives of the Hyrcanian forests but also a
living relic of the Tertiary period [6]. Fossil
remains of this species have been discove-
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red in Middle Miocene layers in Austria,
indicating that it once had a much wider
distribution [7]. Currently, its natural range
is largely confined to the Hyrcanian forests
along the southwestern coast of the
Caspian Sea [8]. Its distribution extends
northward to the southeastern regions of
Azerbaijan (Lankaran, Astara) and south-
ward to the Elburz Mountains in Iran [9].
The exceptional hardness of its wood
makes it suitable for the construction of

bridges, tool handles, and telephone poles
[10]. The widespread presence of Parrotia
persica within Hirkan National Park has
played a significant role in the inclusion of
these areas on the UNESCO World Heritage
List. The exceptional hardness of the wood
allows it to be used in the construction of
bridges, tool handles, and even telephone
poles, which is why it is known in English
as "Persian Ironwood" and in German as
"Eisenholz".

Figure 1 - Ironwood Parrotia Persica

Gleditsia caspica (Caspian locust) is
an endemic and relict tree species of the
Hyrcanian forests, found only along the
southwestern coast of the Caspian Sea, in
southeastern Azerbaijan (Lankaran, Asta-
ra) and northern Iran [11]. Phylogenetic
analyses indicate that G. caspica originated

from Gleditsia japonica, which is wide-
spread in East Asia [12]. The range much
of its habitat has been lost due to
anthropogenic impacts, and the species
currently exists mainly as isolated
individuals or small groups.

Figure 2 - Gleditsia caspica (Caspian Locust)
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In recent years, the conservation and
sustainable management of biodiversity in
the Hyrcanian forests have gained
international attention [13]. However,
scientific information on the relationship
between the distribution of P persica and
G. caspica and the morphogenetic and
physicochemical properties of soils
remains very limited [14]. Existing
research has primarily focused on the
general characteristics of the soil cover in
the Lankaran-Astara region and the study
of macroelement composition in soils.

Therefore, a detailed investigation of
the soils under both species is of
significant  scientific and  practical
importance for both the conservation of
the Hyrcanian forests and the assessment
of the region's agricultural potential.

The aim of this study is to investigate
the relationship between the distribution
patterns of P, persica and G. caspica and soil
conditions in the mountain forest
ecosystems of the Lankaran-Astara region,
as well as to evaluate the agrochemical
properties of these soils and determine
their fertility potential for agricultural use.

The objectives of this study are:

1. To determine the distribution
density of P persicaand G. caspica across
elevation gradients and slope exposures.

2. To analyze the morphological,
physicochemical properties, and trace
element composition of soils formed under
both species.

3. To determine the correlation
between soil parameters and species
distribution density.

4. To evaluate the agrochemical
potential and agricultural use potential of
the studied soils.

MATERIALS AND METHODS

The research was conducted
between 2022 and 2025 in the Lankaran-
Astara economic region, on the sou-
theastern slopes of the Talysh Mountains
(38°30'-39°00" N, 48°30'-49°00" E). The
area features low-mountain (0-600 m),
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mid-mountain (600-1200 m), and high-
mountain (1200-2400 m) =zones, with
slope steepness of 5-30° and various
exposures [2]. The humid subtropical
climate has annual precipitation of 1200-
1750 mm (maximum in autumn) and mean
annual temperature of 12-14°C, with a
growing season of 230-250 days [15].

A transect method was used to study
28 soil profiles, selected based on vege-
tation: P persica-dominated (8 profiles),
G. caspica-dominated (8), mixed forest (6),
and control areas without either species
(6). Genetic horizons (A0, Al, B, C) were
identified according to WRB [16]. Horizon
thickness was measured, and color was re-
corded using the Munsell chart. From each
horizon, three composite samples (each
from 5 subsamples within 10x10 m) were
collected using a stainless steel auger. A
total of 112 samples were air-dried (20-
25°C, 7-10 days), crushed, and sieved
(<2 mm) for analysis.

All analyses were conducted at the
Institute of Soil Science and Agrochemistry
(ANAS).

Total organic carbon (TOC) was
determined by dry combustion (Vario EL
III, Elementar). Carbonates were removed
with 1 M HCl; samples were combusted at
900°C. TOC was calculated as total carbon
minus inorganic carbon [17]. Organic
matter was calculated as TOC x 1.724 [18].

FTIR spectroscopy (Bruker Alpha IJ,
ATR unit) was used to assess organic
matter quality. Spectra were recorded at
4000-400 cm™ (4 cm™ resolution, 32
scans). The aliphatic/aromatic ratio was
calculated from peaks at 2920 cm™* (C-H)
and 1620 cm™ (C=C) [19].

Soil pH was measured in a 1:2.5 soil-
water  suspension  (Mettler  Toledo
SevenCompact S210) after shaking for 30
minutes and standing for 1 hour [20].

Particle size distribution was deter-
mined by laser diffraction (Mastersizer
3000, Malvern Panalytical). Organic matter
and carbonates were removed with H,0,
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and HCl, respectively. Fractions were
classified according to USDA [21].

Trace elements (Fe, Mn, Zn, Cu, Cd,
Pb, Ni, Co, Cr) were analyzed by ICP-MS
(Agilent 7900). Samples (0.5 g) were di-
gested in aqua regia using microwave
digestion (Mars 6). Quality control was
ensured using certified reference material
NIST 2709a (recovery 92-106%) [22].

Clay mineral composition was deter-
mined by X-ray diffraction (D8 Advance,
Bruker). The clay fraction (<0.002 mm)
was separated by sedimentation. Oriented
mounts were analyzed under three treat-
ments: air-dried, ethylene glycol-solvated,
and heated (550°C). Minerals were iden-
tified using EVA software [23].

Tree density was assessed in10x10 m
plots [24]. Ten plots were established per
species, counting individuals with DBH=5
cm. Density was expressed as trees/ha. Ele-
vation and slope exposure were recorded
using GPS (Garmin GPSMAP 64s) and
compass.

GIS analyses were performed using
ArcGIS Pro 3.0 with SRTM DEM (30 m
resolution) [25]. Topographic variables
(elevation, slope, aspect, topographic wet-
ness index) were derived.

Species distribution modeling was
conducted using MaxEnt 3.4.4 [26].
Occurrence data (50 points per species)
and environmental variables (topographic,
climatic, and soil parameters) were used.
Model settings included 10 cross-valida-
tion replicates and 5000 iterations. Model
accuracy was evaluated using AUC [27].

Statistical analyses were performed
in R 4.2.3 [28]. Normality was tested using
Shapiro-Wilk. Differences between soil
types were assessed using t-test or Mann-
Whitney U test. Pearson correlation was
used to evaluate relationships between spe-
cies density and environmental variables.

Random Forest analysis (‘random-
Forest package) was applied toidentify fac-
tors influencing species distribution [29].
The model used 500 trees with mtry = p/3.
Variable importance was assessed by mean

decrease in accuracy (MDA) and mean dec-
rease in Gini (MDG). Statistical significance
was setat o = 0.05.

RESULTS AND DISCUSSION

Our study, using GIS analyses and
MaxEnt modeling, determined that P, per-
sica reaches its maximum density
(410 trees/ha) on northern slopes, while
G. caspicais more common on southeas-
tern slopes (265 trees/ha). This difference
is related to the water regime require-
ments of the two species. Northern slopes
receive less solar radiation throughout the
day, leading to longer soil moisture reten-
tion. P, persica, as a mesophytic plant,
thrives under these conditions. Southeas-
tern slopes receive more solar energy,
resulting in faster soil drying, whereas
G. caspica, as a xeromesophyte, is adapted
to these conditions. Soil moisture was
found to range between 25-30% on
northern slopes and 15-20% on southern
slopes, explaining the observed differences
in species distribution.

Differences in distribution were also
observed along the elevation gradient.
P persica occurs at elevations of 200-
1600 m,with anoptimal zone at 600-800 m.
Within this elevation range, air humidity is
optimal (annual precipitation 1400-
1600 mm), and temperature fluctuations
are minimal (mean annual temperature 12-
13°C). Above 800 m, the density of P, per-
sica gradually decreases, with only scatte-
red individuals found above 1600 m. G. cas-
pica occurs at elevations of 200-1200 m,
with an optimal zone at 400-600 m. Above
1200 m, the density of G. caspica sharply
decreases, which can be explained by its
sensitivity to low temperatures. In the
400-600 m interval, the mean annual
temperature is 14-15°C and precipitation
is 1200-1400 mm, which is optimal for the
species.

Random Forest analysis showed that
the most influential factors for P persica
distribution were slope exposure (34.2%),
elevation (28.7%), and humus content
(18.3%). This result indicates that
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topographic factors play the primary role
for P, persica, while soil humus content is of
secondary importance. The high influence
of slope exposure reflects the species’
sensitivity to light and moisture regimes,
while the significant effect of elevation
indicates its adaptation to temperature and
precipitation gradients. For G. caspica, the
most important factors were iron content
(31.5%), pH (24.8%), and slope exposure
(19.4%). This result shows that G. caspica
is more sensitive to soil chemical proper-
ties, particularly iron content and acidity
level. The high influence of iron is related
to the specific iron requirements of the
Gleditsia genus.

The accuracy of MaxEnt modeling
was AUC = 0.892 for P persica and AUC =
0.874 for G. caspica. These values, close to
0.9, indicate that the models fall into the
"very good" accuracy category. Based on
these models, projections were made
according to climate change scenarios (RCP
4.5 and RCP 8.5).

The results indicate that by 2050, the
range of P, persica will shift to elevations of
400-1200 m, while the range of G. caspica
will shift to 200-600 m. Range contraction
will be more severe under the RCP 8.5
scenario. These projections highlight the
need to create new protected areas for
both species.

Table 1 - Ecological characteristics of ironwood and Caspian locust

Characteristic P. persica (ironwood) G. caspica (Caspian locust)
Ecological type Mesophyte Xeromesophyte
Optimal elevation (m) 600-800 400-600
Elevation range (m) 200-1600 200-1200
Preferred slope exposure North, northwest South, southeast
Maximum density (trees/ha) 410 265
MaxEnt AUC value 0.892 0.874
Random Forest main factor 1 Slope exposure (34.2%) Iron content (31.5%)
Random Forest main factor 2 Elevation (28.7%) pH (24.8%)
Random Forest main factor 3 Humus content (18.3%) Slope exposure (19.4%)

Our results show high consistency
with studies conducted in the Iranian
Hyrcanian forests. Sagheb-Talebi et al. [30]
reported that P persica in the Iranian
Hyrcanian forests is mainly concentrated
on northern slopes at 400-1200 m
elevation, with AUC values ranging from
0.85 to 0.91, which aligns well with our
result of 0.892 Pourmajidian et al. [31]
stated that G. caspica prefers warmer and
sunnier slopes in the Mazandaran province
of Iran, with AUC values ranging from 0.82
to 0.89. Kooch et al. [32]identified slope
exposure, elevation, and organic matter as
the main factors affecting P persica
distribution, which fully agrees with our
Random Forest analysis results.

Physicochemical Properties of Soils:
Soils formed under P, persica belong to the
mountain forest brown soil type. These
soils have a humus layer (A+AB horizons)
with an average thickness of 55 cm, ave-
rage humus content of 6.2%, TOC of 4.2%,
pH of 6.0, and physical clay content of
52.5%. The high humus content and thick
profile of these soils indicate their high
fertility potential. The slightly acidic
reaction (pH 6.0) is optimal for most forest
plants. The heavy mechanical composition
(clayey) ensures water retention in the soil
but simultaneously complicates drainage.
Profile analysis showed that humus thic-
kness is inversely proportional to slope
steepness: on steep slopes (>15°), humus
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layer thickness is 40-45 cm, while on
gentle slopes (5-15°), itis 55-65 cm.

Soils formed under G. caspica belong
to the mountain forest yellow and brown
soil types. These soils have a humus layer
with an average thickness of 30 cm, ave-
rage humus content of 3.5%, TOC of 2.4%,
pH of 6.5, and physical clay content of
38.5%. Compared to soils under P, persica,
these soils have a thinner humus layer,
lower humus content, and lighter mecha-
nical composition. The neutral pH (6.5) is
favorable for most plants. Mountain forest
yellow soils have a yellowish color throu-
ghout the profile, indicating the predomi-
nance of hydrated forms of iron com-
pounds. Iron-manganese concretions are
frequently encountered in the illuvial
horizon of these soils.

FTIR spectroscopy results showed
that soils under P persica exhibit intense
peaks in the aliphatic C-H (2920 cm™) and
aromatic C=C (1620 cm™) regions, indica-
ting the predominance of stable forms of
humus [19]. This stable organic matter
remains in the soil for a long time and sig-
nificantly contributes to carbon sequestra-
tion. The aliphatic/aromatic ratio was 1.2
in soils under P persicaand 0.8 in soils
under G. caspica, indicating that organic
matter in soils under P persica is more
decomposed and in a more stable form.
Soils under G. caspica showed more inten-
se carboxyl C=0 (1720 cm™*) and hydroxyl
O-H (3400 cm™) regions, reflecting the
less stable, readily decomposable nature of
the organic matter [19].

Table 2 - Physicochemical properties of soils under ironwood and Caspian locust

Parameter Soils under P. persica Soils under G. caspica
Soil type Mountain forest brown Mountain forest yellow and
brown

Humus layer thickness (A+AB), cm 55 30

Humus content (A1), % 6.2 3.5

TOC (total organic carbon), % 4.2 2.4

pH (H»0) 6.0 6.5

Physical clay (<0.01 mm), % 52.5 38.5

Texture Clayey, heavy clayey Clayey, medium clayey
Aliphatic/aromatic ratio (FTIR) 1.2 0.8

The high humus content (6.2%) and
thick humus layer (55 cm) observed in
soils under P persica are consistent with
findings by Kooch et al. [32] in the Iranian
Hyrcanian forests (humus 5.5-7.5%, thick-
ness 45-65 cm). Khormali et al. [33].
reported TOC values of 3.8-5.2% in soils
under P persicain Iran's Gilan province,
which aligns with our results (3.5-4.8%).
The humus content (3.5%) and TOC values
(2.4%) found in soils under G. caspica
correspond to values reported by Pourma-
jidian et al. (humus - 2.8-4.2%, TOC 1.8-
3.0%) [31]. Our FTIR spectroscopy results
are also consistent with those reported by
Ellerbrock and Gerke [19].

Trace Element Content and Vertical
Distribution: ICP-MS analysis determined
the content of nine trace elements (Fe, Mn,
Zn, Cu, Cd, Pb, Ni, Co, Cr). Concentrations of
heavy metals (Cd, Pb, Ni, Co, Cr) were
below background levels in all samples,
indicating that the soils are free from
anthropogenic contamination. Cd concen-
trations ranged from 0.1-0.3 mg/kg, Pb
from 8-15 mg/kg, Ni from 20-35 mg/kg,
Co from 5-10 mg/kg, and Cr from 40-
60 mg/kg, all below the maximum permis-
sible concentrations (MPC).

In mountain forest brown soils
formed under P persica, Zn and Cu reach
maximum concentrations in the upper
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horizon (A1) and decrease with depth. Zinc
was 54 mg/kg in the Al horizon and
45 mg/kg in the B horizon. Copper was
14.5 mg/kg and 11.5 mg/kg, respectively.
This distribution pattern indicates biogenic
accumulation: Zn and Cu absorbed by
plants from deeper layers are returned to
the upper soil layer through leaf litter. Zn
concentration in leaf litter was found to be
80-100 mg/kg, and Cu concentration 20-
25 mg/kg, explaining the enrichment of
these elements in the upper horizon.
Fe and Mn were relatively evenly distri-
buted throughout the profile (Fe - 4550-
4680 mg/kg, Mn - 335-365 mg/kg). The
relatively even distribution of these
elements indicates their derivation from
parent material and the absence of

intensive migration within the profile.

In mountain forest yellow soils for-
med under G. caspica, Fe and Mn concen-
trations increase with depth, reaching
maximum values in the B horizon. Iron was
5150 mg/kg in the A1l horizon and
5400 mg/kg in the B horizon; manganese
was 380 mg/kg and 400 mg/kg, respec-
tively. This distribution pattern indicates a
leaching (lessivage) process: iron and
manganese compounds are washed from
the upper horizons and accumulate in the
illuvial horizon. This process contributes to
the yellowish coloration in the profile of
mountain forest yellow soils. Zn and Cu
were relatively higher in the A1l horizon
(42 mg/kg and 11.0 mg/kg, respectively).

Table 3 - Distribution of trace elements across soil profile (mg/kg)

Horizom P. persica (mountain forest brown soils) G. caspica (mountain forest yellow soils)
Fe Mn Zn Cu Fe Mn Zn Cu
Al 4550 365 54 14.5 5150 380 42 11.0
4620 350 50 13.0 5400 400 38 9.5
4680 335 45 11.5 5300 390 35 8.5

XRD analysis determined the compo-
sition of clay minerals. Soils under P, per-
sica are dominated by illite (45-50%), kao-
linite (25-30%), and smectite (10-15%).
The predominance of illite indicates that
these soils are relatively less leached and
that physical weathering processes prevail.
[llite is rich in potassium and serves as an
important potassium source for plants.
Soils under G. caspica are dominated by
kaolinite (40-45%), illite (30-35%), and
vermiculite (10-12%). The predominance
of kaolinite indicates that these soils are
more intensively leached and subjected to
higher degrees of weathering [23].

Zinc (54 mg/kg) and copper
(14.5 mg/kg) concentrations in soils under
P, persica correspond to values reported by
Kooch et al. [32], (Zn 45-60 mg/kg, Cu 10-
18 mg/kg). Iron (5400 mg/kg) and
manganese (400 mg/kg) concentrations in

soils under *G. caspica* correspond to
values reported by Pourmajidian et al. (Fe
4800-5800 mg/kg,Mn 340-450 mg/kg) [31].
The differences observed in the vertical
distribution of trace elements also align
with international studies. Khormali et al.
showed that Fe and Mn compounds
accumulate in the illuvial horizon of yellow
soils, while in brown soils, trace elements
are concentrated in the upper horizon [33].
Our clay mineral composition results also
agree with those reported by Moore and
Reynolds [23].

Agrochemical Potential and Agricul-
tural Use Potential: Mountain forest brown
soils formed under P persica are charac-
terized by high humus content (6.2%), high
TOC (4.2%), and rich trace element content
(Zn - 51.5 mg/kg, Cu - 13.5 mg/kg). If these
soils are used for cultivation, the need for
organic fertilizers would be significantly
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reduced. The slightly acidic pH (6.0) is
suitable for many crops (e.g., legumes and
vegetables). The high cation exchange
capacity of these soils (25-30 cmol/kg)
enhances their ability to retain fertilizer
elements and release them gradually to
plants. The high organic matter content
improves soil water-holding capacity (field
water capacity 35-40%) and structure.
Soils formed under G. caspica, parti-
cularly mountain forest yellow soils, have
neutral pH (6.5), which is optimal for most
agricultural crops, including cereals, vege-
tables, and industrial crops. These soils al-
socontain high amounts of Fe (5300 mg/kg)
and Mn (390 mg/kg). While iron is essen-

tial for chlorophyll synthesis, excessive
concentrations can be toxic to some plants.
Irrigation management requires careful
attention in these soils, as under water-
logging conditions, toxic forms of iron can
develop.

The concentrations of trace elements
in both soil types fall within the "normal”
range established by Kabata-Pendias [34].
This range is Zn 50-70 mg/kg, Cu 10-
20 mg/kg, Fe 5000-10000 mg/kg, and Mn
300-600 mg/kg. All trace elements in our
study fall within this range, indicating that
the soils are safe in terms of heavy metal
contamination [34].

Table 4 - Agrochemical potential of the studied soils

) Soils under Soils under L
Indicator : ) Agronomic significance
P. persica G. caspica
Humus, % 6.2 35 Reduces ne.e(.i for organic
fertilizers
TOC, % 4.2 2.4 Carbon sequestration potential
pH 6.0 6.5 Favorable for most crops
Cation exchange capacity, 25-30 18-22 Retains fertilizer elements
cmol/kg
Field water capacity, % 35-40 28-32 Regulates water regime
Zn, mg/kg 51.5 40.0 Essential for plant growth
Cu, mg/kg 13.5 10.0 Essential for photosynthesis
Fe, mg/kg 4600 5300 Requires careful irrigation
Mn, mg/kg 350 390 Essential for plant growth
Agricultural potential High for organic Suitable for .
farming most crops

Our findings regarding the high ferti-
lity potential of soils under P persica align
with those reported by Kooch et al. [32],
who classified soils under P persica as
"highly fertile" and noted their high poten-
tial for organic farming. Pourmajidian et al.
highlighted the neutral pH and high iron
content of soils under G. caspica,
emphasizing the importance of proper
drainage system installation in these soils
[31]. The international standards presen-
ted by Kabata-Pendias serve as a primary
source for assessing heavy metal content in
soils [34].

CONCLUSION

This study has demonstrated a close
relationship between the distribution of
Parrotia persica(ironwood) and Gleditsia
caspica (Caspian locust) and soil conditions
in the mountain forest ecosystems of the
Lankaran-Astara region.

The two species occupy different
ecological niches within the same geo-
graphic area. P, persica develops optimally
on humid northern slopes at 600-800 m
elevation, with a maximum density of
410 trees/ha. G. caspica predominates on
dry southeastern slopes at 400-600 m
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elevation, with a maximum density of
265 trees/ha. Random Forest analysis
showed that the most influential factors for
P, persica distribution were slope exposure
(34.2%), elevation (28.7%), and humus
content (18.3%), while for G. caspica, they
were iron content (31.5%), and slope
exposure (19.4%).

Soil properties also showed signi-
ficant differences between the species.
Mountain forest brown soils form under
P, persica, characterized by a thick humus
layer (55 cm), high humus content (6.2%),
slightly acidic reaction (pH 6.0), and heavy
texture. Mountain forest yellow and brown
soils form under G. caspica, with a thinner
humus layer (30 cm), moderate humus
content (3.5%), neutral reaction (pH 6.5),
and medium texture.

Trace element distribution also exhi-
bited different patterns. Soils under P. per-
sica are rich in Zn (54 mg/kg) and Cu
(14.5 mg/kg), with these elements rea-
ching maximum concentrations in the
upper horizon and decreasing with depth,
indicating biogenic accumulation. Soils un-
der G. caspica are rich in Fe (5400 mg/kg)
and Mn (400 mg/kg), with these elements
increasing with depth and reaching maxi-
mum values in the B horizon, indicating
leaching (lessivage) processes. Clay mine-
ral composition also differed: illite predo-

minates in soils under P persica, while
kaolinite predominates in soils under
G. caspica.

In terms of agrochemical potential,
soils under P persica have high potential
for organic farming due to their high
humus and trace element content. Soils
under G. caspica, with their neutral pH and
high iron-manganese content, are suitable
for most agricultural crops. Trace element
concentrations in both soil types fall within
the "normal" range according to inter-
national standards, indicating that the soils
are safe from heavy metal contamination.

Practical recommendations include
limiting  anthropogenic impacts on
northern slopes for P persica and on
southern slopes for G. caspica, maintaining
forest floor cover, and creating new
protected areas for both species based on
climate change projections. In agriculture,
promoting organic farming on soils under
P persica and ensuring proper drainage
and irrigation systems on soils under
G. caspica are recommended.

The results provide a scientific basis
for both the conservation and restoration
of the Hyrcanian forests, which are
inscribed on the UNESCO World Heritage
List, and for the sustainable agricultural
use of soils in the region.
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TYWUIH

T. AxagoBl*
TEMIP AFAILIbIH (PARROTIA PERSICA) YKOHE KACIIMY KAPOBbIH

(GLEDITSIA CASPICA) KOJIAAWTBIH JITHKAPAH-ACTAPA TAY OPMAH/IbI
TOITIBIPAKTAPBIHBIH ATPOXUMUAJIBIK KACUETTEPI MEH K¥YHAPJIBI 9JIEYETI

193ip6aiincan Pecnybaukacsl FolabiM HcaHe 6inim muHucmpieiniy leoepagus
uHcmumymoli, A3 1000, baky, XamauH aydaHbl, Uaveap 3yabgyzapos keweci, 23,
93ip6aliixcan,* e-mail: Ehedov-tural@mail.ru

Byn 3epTTey pesuKTi aramTapApbly eki TypiHig - [lappoTtus nepcusiielk (Parrotia persica)
koHe Kacnuit rnepuuus (Gleditsia caspica) Tapany 3aHAbLIBIKTapbl MeH JlaHkapaH - AcTapa
3KOHOMMKAJIBIK, alMaFbIHbIH, TayJlbl OpMaH 3KOXyHesepiHAeri TonbIpak, *afFAalJapbl apacblH-
Jarpl GailyaHbICThbl 3epTTeiai. 3eprTey 2022 x¢aHe 2025 KbLIAap apasjbIFbIHJA KYprisingi.
28 Tomnblpak, npodusiHeH 6GapJblFbl 112 TombIpak, yJjrici »KMHaJbIN, KaJIbl OPraHUKaJbIK
keMmipTteri (JKOK), FTIR cnekTpockonusicel, pH, 6esuiekTep/iiH MeJllepiHiH Tapaaysbl (Ja3epJik
Andpaknus), MUKpoaseMeHTTepAiH KypaMbl (ICP-MS) xaHe ca3fblH MUHepan bl Kypambl (XRD)
Tanganapl. Hatuxkenep P. persica e3iHiH MakcuMaszAbl ThIFbI3AbIFbIHA (410 aFami/ra) coaTycTik
6eTkeityiepae 600-800 M 6GuikTikTe KeTefi, an G. caspica OHTYCTIiK-1IbIFbIC GeTkelnepae 400-
600 M GUiKTiKTe >KOFapbl THIFbI3ABIKKA (265 afaui/ra) *ketefi. P. persica acTblHJa naiijja 601FaH
TayJibl OpMaH KOHbIP TOMbIpAaKTapblHAa Kapalipik MeJiiepi xxofapsbl (6,2%), 2KOK (4,2%) xoHe
aszgan Kpimkbl1 pH (6,0), an G. caspica acTeiHJAFbl Tay OpPMaHBIHBIH, Capbl XK9HE KOHBIP
TomNbIpaKTaps! cunartraiazpl. KapawipikTig oprama menuepi (3,5%), 2KOK (2,4%) «oHe GeiiTa-
pan pH (6,5) 6oibIHIIa. P. persica acTbIHAAFb! TONbIpaKTap Zn (54 mr/xr) kaHe Cu (14,5 mMr/kr),
An G. caspica acTeiHAaFbl TonblpakTap 6aibiThuIFaH. KypameiHga Fe (5400 mr/kr) »xkoHe Mn
(400 Mr/kr) »kofapbl KOHILeHTpauusicbl 6ap. P. persica acTbIHAaFbl TONBIPAKTAap OPraHUKaJbIK
eriHWiMIKTIH KOFapbl ajeyeTiH KepceTeli, aj G. caspica acTbIHJAAFbl TOMbIpaKTap OGedTapan
PH-Fa ve, OyJ1 os1apbl JaKbLIAAP/bIH KEeH ayKbIMbIHA KOJANJIbI eTef].

Tyilindi ce30ep: Temip araiibl, Kacnuil ryieAU4HsCchl, TONBIPAK, KaFJalaapbl, arpOXUMHUs,
TOMBIPAK KYHAPJIbLIBIFbl, MUKPO3JIEMEHTTEP.
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PE3IOME

T. AxagoB'*

ATPOXUMUWYECKUE CBOWCTBA Y ITOTEHLIUAJI IJI0IOPOAHKA TOPHO-JIECHBIX
[10YB JIAHKAPAH-ACTAPA, IIOAAEPKHMBAIOIINX KEJIE3HOE ZIEPEBO

(PARROTIA PERSICA)  KACTTMMUCKOE POXXKOBOE JIEPEBO (GLEDITSIA CASPICA)

1HHcmumym eeoepaduu MuHucmepcmea HayKu u o6pazoeaHusi Pecny6auku
A3zep6atidxcan, A3 1000, baky, XamauHckuli patioH, ya. Haveapa 3yasgyzaposa, 23,
Azepb6atidican,* e-mail: ehedov-tural@mail.ru

B 3TOM Hccnen0BaHUM M3y4YaeTcsl B3AUMOCBSI3b MeX/y 0COGEHHOCTSIMU paclpoCTPaHEHUS
JIByX PeJIMKTOBBIX BHUJIOB ZAepeBbeB - [lappoTus nepcujckas (Parrotia persica) u Kacnuiickoit
rnepuuus (Gleditsia caspica) v TOYBEHHBIMH YCJAOBUSIMH B TOPHBIX JIECHBIX 3KOCHCTEMax
JIeHKOPaHCKO-ACTapUHCKOI0 9KOHOMHYECKOT0 pervoHa. MccienoBanue npoBoAUI0OCh B IEPUO/,
¢ 2022 no 2025 rog. B obueil cnoxHOCTH M3 28 MoYBeHHbIX npoduieil 6b110 oTob6paHo 112
06pasL0B MMOYBLI, KOTOPbIe GbLIM NMPOAHAJU3UPOBAHbl HA COZlEpPKaHHE OOILEro OpraHUuYecKoro
yraepoga (00Y), UK-cnektpockonuw, pH, pacnpezgeseHue dacTuin nmo pasmepam (J1azepHasi
audpaknus), coctaB MuKpoasneMeHTOB (ICP-MS) u rsmHucTo-mMuHepasbHbI coctaB (XRD).
PesyapTaThl Moka3bIBalOT, 4TO P. persica focTUraeT CBOell MaKcUMaJsbHOW moTHocTH (410
JlepeBbeB/ra) Ha ceBepHbIX CKJI0oHax Ha BricoTe 600-800 M, B To BpeMs Kak G. caspica JOCTUTaeT
60Jsiee BBICOKOW IJIOTHOCTH (265 JepeBbeB/ra) Ha IOro-BOCTOYHBIX CKJIOHaX Ha BbicoTe 400-
600 M. Bypble Mo4BbI TOPHBIX J1ECOB, cpopMUpoBaBLIKecs 1o P. persica, xapakTepusyrTcs 6oiee
BBICOKMM coZiep:kaHueM rymyca (6,2%), 00Y (4,2%) u cinabokucasiM pH (6,0), B To BpeMsi Kak
KENThle W Oypble MOYBBI TOPHBIX JIeCOB MNoA G. caspica XapaKTEpHU3YHTCS yMepPEeHHbIM
cojepxkanueM rymyca (3,5%), 00Y (2,4%) u HedtpanbHbiMu pH (6,5). Iloussl nog P. persica
o6orauens! Zn (54 mr/kr) u Cu (14,5 Mr/kr), B To BpeMsl KaK MOYBBI 1o, G. caspica conepuT
6osiee BbicokHe KoHueHTpauuud Fe (5400 mr/kr) u Mn (400 mr/xr). IlouBwl nog P. persica
06/1aZla10T BBICOKUM IOTEHIIMAIOM JJIs1 OpTaHUYECKOro 3eMJlejie/ksl, B TO BpeMs KaK IOYBHI [0/
G. caspica uMeOT HEUTPaIbHBIK pH, 4TO Jle/laeT UX NPUTOAHBIMU JJIs1 BBIPAIMBAHUS IIHPOKOTO
CTeKTpa KyJbTYpP.

Kawuesvle cs08a: >xene3HOe [AepeBO, TIJeAUYMs KACIHUHCKAs, MNO4YBEHHbIE YCJIOBHS,
arpoxXuMus, IJI0J0POIUE T0YB, MUKPO3JIEMEHTHI.
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