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Introduction. The Mediterranean forests provide wide range of social and economic benefits
for the local communities. This is especially true for Syrian forests, which are under influence of
the crisis that the country suffered from. In this respect, there is need in more precise technologies
for forest inventory and monitoring for sustainable forest management. The aim of the research is
to determine the woody production and growth characteristics of Cilicican fir (Abies cilicica)
trees that are found in the Lattakia Governorate's Fir and Cedars Reserve of Syria. The object of
research. Shuh forest is located in the northern part of the Syrian coastal mountain range, on the
western slope of the summit of Jabal Al-Nabi Matta. Research methods. Within the research, re-
mote sensing technology and Sentinel image processing were employed to estimate some forest
growth factors, where maps were produced expressing growth factors through multiple regression
analyses between sample location variables and corresponding pixel values for all ratios and in-
dicators used. Results and conclusions. All the studied variables showed a significant correlation
R that exceeded 0.75 with the wood stock, while the response to the density was lower as it did not
exceed the value of 0.33 despite it being significant. The maps of the variables were produced us-
ing the derived regression equation for each indicator. The highest accuracy for the wood stock
was 77 and 72 % for the average height. As for the estimated accuracy of the model, the average
value of the deviation of the values of the variables estimated by the formula from the field meas-
ured was 6.08; 9.1; 9.6 and 8—12 % for models estimating the average height, average diameter,
wood stock, and base area, respectively.
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Introduction. The Mediterranean biome
covers about 20 % of the Earth's surface. Of
the five Mediterranean climate zones world-
wide, the Mediterrancan Basin constitutes the
largest domain with about 25,000 plant spe-
cies, more than half of which are endemic
[1]. The forest wealth in Syria constitutes a
unique natural heritage in terms of biodiver-
sity and genetic diversity [2]. The area of
forests in Syria is 527,494 ha, equivalent to
(2.5 %) of the country’s area, of which natu-
ral forests constitute 232,840 ha, while indus-
trial forests occupy an area of 294,654 ha [3].
The Mediterranean forests play an important
social and economic role by providing wood
and non-wood forest products [4].

Sustainably produced wood and paper
goods are a wise, renewable, and environ-
mentally friendly choice compared to other
materials such as plastic, which alone uses
4 % of the world's total oil production. Simi-
larly, energy production from wood and for-
est-based biomass can displace other green-
house gas-emitting products, such as oil and
coal [5]. The study of forest growth is neces-
sary to determine the breeding methods nec-
essary to achieve the quantitative and qualita-
tive specifications required for the produced
wood, the cutting cycle system and the quan-
tities of wood to be invested [6]. And to se-
cure wood production in the best possible
conditions while preserving the fertility of
the site and the balance of forest groups. It
expresses the productivity of a site, which is
defined as the volume of wood produced by a
certain forest group at a certain age taken as a
reference or the average annual growth of
this group at this age [7] about the fertility of
this site and related to the common action of
several factors interacting with each other,
which can be divided into two main groups:
the first group is related to the forest site it-
self and its degree of fertility, while the sec-
ond group is related to the composition and
structure of the forest group and the breeding
processes applied in it, in addition to the hu-
man activity that may affect forest productiv-
ity positively or negatively. Accordingly, the
productivity of a site results from the interac-
tion of these factors combined, as one factor
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alone cannot give an accurate idea of this
productivity. The dynamic nature of forest
productivity, which makes it variable accord-
ing to many factors, requires the forester to
consider this in the organization and man-
agement plans and through the comprehen-
sive review and evaluation of these plans
while trying to maintain and increase this
productivity over time [8].

Sustainable development and rational
use of forest resources are the basis for inte-
grated management of forest resources,
which relies on correct information periodi-
cally and within limited time periods about
their spatial distribution and growth parame-
ters such as phytomass, density, and woody
stock, which is difficult to achieve periodi-
cally through traditional methods, which
makes use of remote sensing technologies.
Satellite data and geographic information
systems (GIS) are the best method with their
reasonable cost and acceptable accuracy of
results, in addition to the high temporal re-
currence of their data, the comprehensive vi-
sion they provide, and the effort that can be
made to estimate the growth coefficients of
the site [9, 10]. Many studies have also been
conducted to estimate the density and cover-
age of forests in national parks and areas
covered by extensive forests [11, 12].

The importance of the research

In light of the great changes that oc-
curred in the Syrian forests and structure un-
der the influence of the crisis that the country
suffered from, it is necessary to go back
again to enumerate the forest areas in Syria,
especially in Lattakia governorate, which is
considered one of the richest Syrian gover-
norates in forest wealth. There is need in ad-
ditional study of the current reality of the
most important forest species, especially
those threatened with extinction, including
the pure Cilicican fir (4bies cilicica) com-
munities in the Fir and Cedars Reserve in
Slunfah. This research is also important in
terms of establishment of the forestry data-
base (diameters at breast height and wood
stock) using traditional inventory processes
in conjunction with the capabilities of ana-
lyzing Sentinel satellite images at the pixel
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level. The research results can help those in
charge of the forestry process to develop a
preconception of integrated management
plan for these forest groups and management
process of the Syrian forests.

Purpose and objectives of the work

The aim of this research is to estimate
the growth and wood yield of Cilicican fir
trees located in the Fir and Cedar Reserve in
Lattakia Governorate and to establish a data-
base of dendrometry indexes (diameters,
heights, and wood stocks) using traditional
inventories. Achieving this goal required
solving the following tasks:

e Carry out field research with the estab-
lishment of test plots in forest stands in the
study area in 2020.

e Analyse and process the satellite im-
age Sentinel-2B.

e Produce maps expressing growth var-
iables through multiple regression.

Assess the accuracy of the resulting
thematic maps.

Study area

Shuh (fir) forest is located in the northern
part of the Syrian coastal mountain range, on
the western slope of the summit of Al-Nabi
Matta, at altitudes ranging from 1200-1570 m
above sea level, between Bab Jannah, the vil-
lage of Al-Shouh, and the TV station in Latta-
kia Governorate, with an arca of 978 ha [13]
(Fig. 1). The forest lands are characterized by
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steep slopes ranging from 20 to 27 degrees.
It is dotted with cracked calcareous and dolo-
mitic rocks from the Cretaceous era, covered
with Mediterranean red soil. Under the condi-
tions of forest vegetation, climatic factors and
topography, they developed into forest soils.
At higher elevations, soils that are very rich in
undecomposed organic matter, called carbo-
naceous humic soils, develop. At lower eleva-
tions, the soil of the Mediterranean brown for-
est develops [14]. The study area enjoys a
Mediterranean climate characterized by rainy
winters, in which rain falls in the form of
heavy and short-term showers. The summer is
hot and dry. The annual average of precipita-
tion is 1,400 mm, with some snowfalls whose
annual average exceeds three days and may
reach ten days with the increase in altitude.
The average minimum temperature during
January is 0.76 degrees Celsius, and the aver-
age maximum temperature during August is
23.9 degrees Celsius [14].

Materials and Methods

Satellite images and maps. For the re-
search we used a Sentinel 2B image (spatial
resolution 10 m) on 05.05.2020 at the time of
the field surveys, SRTM data to extract terrain
Data (elevation, Slope, and aspect), and topo-
graphical maps of 1:50000 scales to infer ur-
ban areas and Road network. The processing
and output of satellite images were carried out
using ERDAS Imagine and Arc GIS software.

o Field Samples 6 :

Abies Boundary
Syrian Boundary

Fig. 1. Map showing the nucleus of the Fir and Cedar reserves in the Syrian coastal mountain range. The points
within the nucleus of the reserve indicate the centres of the excised samples in the study area
Puc. 1. Kapma, na xomopoi nokazano s10po 3anogeonuxa «Iluxma u keop» ¢ Cupuiickom npubpesicrom
20pHoM maccuge. Toukamu eHympu 3an08eoH020 A0pa 0603HAUeHbl YEeHMPb
8bI0ENICHHBIX YUACMKOS HA UCCIe0YeMOli MeppUmopuu
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Sampling. 46 circular samples of an area
of 400 m? each with a radius of 11.3 m were
taken in 2020. The samples were distributed
over five different aspects to include most of
the discrepancies that exist between aspects in
the study area, namely: the western (11 sam-
ples), the eastern (8 checks), the northern
(6 checks), the northwestern (7 checks), and
the southwestern (14 checks). Knowing that
the age of the trees in the forest was estimated
using the Pressler probe, the average age of
the trees was 118 years. The diameters of all
the trees in the sample were measured at
breast height (1.3 m) using a caliper. A
Blume-Leiss dendrometer was used to meas-
ure the tree height, a GPS device was used to
locate the sample coordinates and take their
coordinate points, and spray paint of different
colours were used to mark the measured trees
and centre of samples.

Estimation of wood growth and produc-
tivity. To determine the indicators of growth
and productivity of Shuh trees in the studied
site, we measured a number of forestry pa-
rameters in all the study samples. The total
number of trees measured in all samples was
1,239, and the variables measured in the
samples included the number of trees in the
sample (n), diameter DBH (1.3 m), full
height H (m) for all sample trees from
ground level to the top of the tree, and the
average value of each indicator was calculat-
ed at the level of the forest group or site.

All trees in the sample with a diameter
exceeding 10 cm at breast height were count-
ed. Tree density was calculated according to
the equation:

N=> n/A (tree/ha), (D

where N — number of trees in ha (tree/ha),
n — the number of trees in the sample (tree),
A —sample area (ha).

The basal area of each of the sample
trees was calculated according to the equation:

gi=m*dbh*/4*10000 (m*/ha), (2)

where gi — the basal area of the i tree (m?).

Then, the basal arca was calculated at the
sample level by dividing it by the sample area
(0.04 e) according to the following equation:
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G=Ygi/A (m*/ha), 3)
where G — the basal area in ha (m?/ha), gi —
the basal area of the i tree (m?), A — sample
area (ha).

The wood stock Vi (m?), was calculated
for each sample tree according to the basic
equation for calculating the standing tree
volumes:

Vi=gi*hi*fi(m’/ha), 4)
where Vi — the woody volume of tree i in m?,
fi — shape modulus of keloid fir trees (£=0.5),
hi — the height of tree 1 in m, gi — the basal
area of tree i (m?).

Then the wood stock was calculated at
the sample level according to the following
equation:

V=Y Vi/A (m’/ha),
where V — wood stock in hectares (m>/ha).

The following equation was applied to
calculate the annual growth rate (m*/ha/year)
for fir trees in the studied site.

MAI=V/T (m’/ha/year),  (6)
where V — wood stock in hectares (m3/ha),
MAI — annual growth rate (m’/ha/year),
T — age (years).

Sensitive study. Principle Component
Analysis and images of topographical param-
eters (Elevation, Sloop, and Aspect) were
used in research analyses.

Vegetation indices

Simple Ratio Vegetation Index (SVR):

SVR=NIR/R. (7)

The simplest vegetation cover indicator
is called the vegetation percentage index. Its
value is close to 1 for targets of water and
barren land. It increases for vegetation targets
until it exceeds the value of 35 with an in-
crease in the density of vegetation cover.

Normalized difference vegetation index
(NDVI):

NDVI=(NIR-R)/(NIR+R). (8)

The numeric values of NDVI image pix-
els range from +1 to -1 and the bit values are
always in the positive range [15].

Enhanced vegetation index (EVI)

It includes the blue spectral range in or-
der to improve the effect of the atmosphere

()
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and the effect of the canopy, and it interacts
well with the physiology of the Vegetation
cover and with the structure and composition
of the crown [16]:
EVI=2.5%(NIR-R)/(NIR+6R—7.5BLUE+1). (9)
Soil Adjusted Vegetation Index (SAVI)
It is a modified NDVI vegetative index
calibrated on the basis of the effect of soil
reflectivity on the transmission of infrared
and near-infrared radiation through the
crowns of plants [16]:
SAVI=(NIR-R)/(NIR+R+L)*(1+L), (10)
where L— Adjusted Factor, which is deter-
mined within the equation by the value (0.5).
Green Chlorophyll Index (GCI)
Used to estimate the chlorophyll content
of plant leaves [17].
GCI=(NIR/Green)-1. (11)

Principal Component Analysis (PCA) is
a standard linear method for dimensionality
reduction and feature extraction. Its aim is to
convert the large amount of data that has
scattered characteristics into data that con-
tains the basic characteristics of the image.
The first band contains the largest contrast
ratio between information, and the latter con-
tains noise as it contains the lowest contrast
ratio [18].

Within the research, the basic compo-
nent analysis was carried out on two levels:

e Direct image Band PCA six levels.

e Combined spectral indicators, which
concentrates the derived data into a limited
set of ranges and 6 levels of this derivation.

Using Arc GIS Software, a raster prod-
uct were prepared that reflects the sites and
data of the field surveys. The images Repre-
sent vegetation indices were derived, the
Principal component analysis were per-
formed, and then the pixel values corre-
sponding to the sites of the field surveys
were extracted from all derived indices and
recorded and processed via ERDAS Imagine
software environment. The SPSS program
was used to study the correlation values
(Table 1) between the growth coefficient data
measured at the sample locations and the cor-
responding values from the ranges resulting
from the derived spectral indices

The multiple linear regression method
was used within the SPSS statistical analysis
program to build a mathematical model for
each of the growth parameters using the val-
ues of spectral vegetation indicators and prin-
cipal components analysis with the values of
field surveys for 33 randomly selected sites
from the sample sites and left data for 13 sites
to test the accuracy of the models. The step-
wise regression method was used in the statis-
tical analysis program SPSS to overcome the
issue of identifying the most influential fac-
tors in the model [19] and to determine the
most affecting the most fitting indices.

Table 1. Correlation coefficients between the values of the field surveys and their corresponding pixels

from the image products

Tabnuma 1. KosphunueHTs Koppensnuy MeXy 3Ha9eHUSIMH, TIOTYIeHHBIMHU B XOJI€ ITOJIEBBIX H3MEPECHHUH,
Y COOTBETCTBYIOIIMMHU UM MUKCEISIMU Ha MPOIYKTaX CIYTHUKOBON ChEMKH

Density Basal area Wood stock Average diameters /?lziegrﬁtgse

SVI -0.279 0.632™ 0.620™ 0.632"" 0.718™

PCA4 (image bands) -0.137 -0.505" -0.515" -0.433 -0.380
PCA3 (Indices) 0.174 -0.572" -0.576" -0.585™ -0.578™
Elevation -0.109 -0.532° -0.518" -0.489 -0.557"
Aspect 0.301° 0.670™ 0.655™ 0.659™ 0.584™

** Correlation is significant at the 0.01 level

* Correlation is significant at the 0.05 level
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Results and Discussion

According to distribution of Diameter
and heights classes in the studied samples

It could be noted from Fig. 2 that the
measured trees were distributed according to
their diameters within five classes with a
range of 16 cm between them, and the largest
number of trees in the studied site belonged
to the diameter classes (27.4—43.8-60.2) cm
respectively.

It could be also follow up from Fig. 3
that the measured trees were distributed with-
in five classes in terms of height, with a
range of (6 m) between one row and the oth-
er. Most of the trees belong to the row of
height (15-21-33), respectively. While the
row of height 39 m accounted for the least
number of trees.

Wood stock basic forestry parameters.
The parameters (variables or coefficients)
show the forestry parameters (variables that
can be measured and change with time, such

Duplicate rows of diagonals
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Fig. 2. Distribution of DBH in the studies samples

Puc. 2. Pacnpeodenenue depesbes no ouamempy
Ha bicome epyou Ha UCCAeOYeMblX YUACTKAX

as the DBH and the total height of trees) cal-
culated for Cilician fir trees in the studied
samples (Table 2). The highest value of the
basal arca and the wood stock was in the
south-western aspect with a value of
70.4 m?/ha for the basal area and 883.8 m*/ha
for the wood stock with a tree density of 487
trees/ha, followed by the western aspect with
a value of 57.1 m%/ha for the basal area and
655.8 m*/ha for the wood stock with a tree
density of 518 trees/ha. It was followed by
the northwestern aspect with a value of
56.4 m*/ha for the basal area, a value of
651.4 m*/ha for wood stock, and a tree densi-
ty of 529 trees/ha. While the lowest value
was recorded for the basal area of 37.2 m?/ha
and the wood stock of 374.8 m*/ha in the
northern aspect with a tree density of
525 trees/ha, followed by the eastern aspect
with a value of 34.8 m%*ha for the area and
358 m’/ha for the wood stock and a tree den-
sity of 514 trees/ha (Table 2).

Repeat rows for elevations

50
40
30 M Series 1
20
10 - I
o
15 21 27 33 39

Row height (m)

Repetition

Fig. 3. Distribution of trees heights in the studies
samples
Puc. 3. Pacnpedenenue 0epesbes no gvicome
Ha ucciedyemulx yuacmrax

Table 2. Basic forestry parameters calculated for trees of the studied species according to each gallery
Tabnuma 2. OCHOBHBIE TaKCAIIMOHHBIE TIOKA3aTENN, PACCUNTAHHbIE IS ICPEBHEB H3Y9IAEMBIX ITOPO]] IT0 KaXKI0H

rajiepee
dbh H average MAL
2 3
Exposure Plot Nr. | G (m¥ha) | V (m*ha) | N (tree/ha) azz;isge (m) (m?/ha/year)
W 11 57.1 655.8 518 36 23 5.5
E 8 34.8 358.0 514 27 18 3.0
N 7 37.2 374.8 525 29 20 32
N.wW 56.4 651.4 529 35 22 5.1
S.W 14 70.4 883.8 487 41 24 7.5

90




ISSN 2306-2827

Vestnik of Volga Tech. Ser.: Forest. Ecology. Nature Management. 2024. Ne 1 (61)

It is also noted from Table 2 that the val-
ues of the annual growth rate in each of the
southwestern, western, and northwestern ex-
hibitions exceed their counterparts in the
eastern and northern exhibitions, where the
annual growth rate achieved a value of
7.5 m’/ha/year in the southwestern exhibi-
tion, followed by the western exhibition with
a value of 5.5 m’/ha/year, while the value of
the annual growth rate in the northwestern
exhibition was 5.1 m*/ha/year. The lowest
value of the annual growth rate in the eastern
and northern exhibits was 3.2 m*/ha/year in
the northern exhibit and 3 m*/ha/year in the
eastern exhibit. This is consistent with many
studies on this species, including the study
conducted by [20] to evaluate the growth of
Kilikian fir seedlings planted under Turkey
oak trees in the wet and sweet bioclimatic
floor in the Syrian coastal mountains. The
results of the study showed that the diagonal
and longitudinal growth of trees was charac-
terized by a slight increase in the first years
of cultivation, which soon accelerated with
the ageing of trees, to correspond with the
evolutionary characteristics of shade types.

The study indicated that the density of fir
was significantly higher than that of Turkey
oak per unit area, and the average height of
the studied fir trees was 14 m and their diame-
ter at ground level was 4.2 cm. The average
age of fir trees in our study was about
118 years. The value of the wood stock and
the basal area differed from the values ob-
tained. The study [21], showed that the aver-
age age of fir trees ranged between 30 and
40 years, the basal area was 22.08 m*/ha, and

the wood stock was 88 m’/ha, at an average
height of 8 m, and an average diameter of
12 cm. This is due to difference in age and
some of the characteristics of the site (soil,
density). These values also differed from the
values obtained by [22], where the wood stock
of the forest group dominated by fir and men-
tioned by [22] was about 164 m*/ha (88 m3/ha
with an average annual growth between
2.2-2.9 m’/ha for fir trees and 76 m*/ha with
an average annual growth of 2 m’/ha for the
fir tree) at a density of 955 trees/ha, for the
same reasons as above, of different age, densi-
ty, and some site characteristics.

Models for estimating growth coefficients
by processing satellite images. The studied
growth variables showed good and signifi-
cant correlation values.

Tree density was only significantly corre-
lated with the slope degree and had the lowest
value among all correlation values, 0.339. The
regression model that most expresses the
changes in the values of the studied coeffi-
cients has been extracted According to the
most fitting coefficients Table 3. The equations
were applied to the Derived, and an accuracy
test was implemented within the ERDAS pro-
gram, and maps expressing the growth varia-
bles of the study area were produced (Fig. 4).

The growth variables were classified into
classes, as shown in (Fig. 4), in order to im-
prove their presentation and to enable verifica-
tion of the suitability of the equation at the
class level. The accuracy of the resulting image
was estimated through an accuracy assessment
within the ERDAS program using the data
from 13 field verification sites (Table 4).

Table 3. Multiple regression equations for the studied growth coefficients (higher correlation values)
Tabnuna 3. YpaBHEHHS MHOXXECTBEHHOH PErpeccus Ui n3ydaeMbIx koddduireHToB pocra (6oee BrICOKHE

3HA4YEHUS KOPPETALUN)

Growth Regression equation R R2
coefficients
Average =323+ (2.4 *SV]) - (0.016 * Elevation) — (1.05 * PCA3 _Indices) + 0.74 | 0.55
heights + (0.009 * Aspect)
Average =65.4+(0.03 * Aspect) — (2.8 * PCA3 Indices) — (0.03 * Elevation) 0.70 | 0.49
diameters
Basal area =152.4 + (0.06 * Aspect) — (7.82 * PCA3 Indices) — (0.09* Elevation) — 0.75 | 0.57
—(0.02 * PCA4 image bands )
Wooden =2052 + (0.84* Aspect) — (116.3 * PCA3 _Indices) — (1.28 * Elevation) — 0.75 | 0.56
stock —(0.33 *PCA4_image bands )
Tree density =T747.959 + (2.135 * Slope) 0.33 | 0.11
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Table 4. The average deviation of the values of the estimated growth factors from the measured ones
Tabnuna 4. CpenHee OTKIOHEHHE PAaCUETHBIX 3HaUCHHH (PAaKTOPOB POCTa OT 3HAUCHMH, NOIYUYCHHBIX B XOJE

HATYPHBIX U3MEPEHHUH

. Accuracy Assessment The deviation of the estimated values from the measured ones
Growth coefficients o ’ - .
%0 Average values of deviations Ratio to the mean, %
Average heights 84 1.5m 11
Average diameters 82 3.8cm 12
Basal area 83 6.2m? 7.8
Wooden stock 78 88m’ 14

92




ISSN 2306-2827

Vestnik of Volga Tech. Ser.: Forest. Ecology. Nature Management. 2024. Ne 1 (61)

Regression models included all equa-
tions used in the research Performed based
on terrain aspect, slope, and elevation data,
due to the distribution of fir at different
heights and directions. Aspect plays an im-
portant role in the presence and distribution
of cilician fir, which prefers areas with high
air humidity, such as the western slopes of
the study area.

Also, in all equations, all indicators of
natural vegetation were integrated as shown
in the (PCA3 Index). As a result of the anal-
ysis, the variance in the studied coefficients
was explained. The foregoing may explain
the absence of individual vegetation indica-
tors in the models for estimating the growth
parameters of the fir forest, with the excep-
tion of the simple Vegetation index (in the
average height model), which expresses in
the simplest forms of spectral expressions of
the vegetation cover. The contribution of the
(PCA4 image bands) of the fourth order of
the products of the analysis of the Principal
component analysys of the basic bands of the
image in the wood stock estimation model is
also indicated.

The resulting maps reinforced the results
obtained through field surveys in terms of the
spatial distribution of the best growth condi-
tion. The areas expressing the classes of the
highest wood stock values were concentrated
in the southwestern parts of the forest, while
the classes for the lowest values were con-
centrated within the values of the two param-
eters: the wood stock, and the basal area in
the northern and north-eastern parts of the
forest. As for the values of average heights
and diameters, the data of heights and diame-
ters were gotten in the field survey data at the

level of the single tree, while the application
of the model is concerned with the average of
the sample, i.e. the pixel level. It should be
noted that this matter shows the importance
of integration between field survey data and
sensor products, and it lies in this case in the
desired benefit from the use of sensor data
and the possibility of interpolating data in
locations other than the field survey sites,
where each pixel is a sample site by itself,
while the results of the field survey data con-
stitute the data of the survey sample sites.

Conclusions

The results showed a significant rela-
tionship between the studied growth varia-
bles and the Sentinel-2 satellite image data,
the results of the regression models for
growth coefficients were close in terms of the
value of the real field data. Therefore, we can
conclude that a significant relationship can
be detected between the growth parameters
of the fir forest and their corresponding spec-
tral reflectance values in the Sentinel-2 im-
age. Thus, it is possible to prove the im-
portance of the indicators used in the re-
search to estimate these parameters, and to
obtain accurate values at the level of row di-
ameters, heights, basal area, and wood stock.

It was also revealed that the regression
models for the growth coefficients were close
in terms of the value of the correlation coef-
ficient. In order to increase the accuracy val-
ues that were acquired, it could be possible to
test images with a better spectral or spatial
resolution. It would also be feasible to apply
the temporarily distributed search (over a pe-
riod of several years) to test the accuracy
over time and evaluate growth rates and
productivity.
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O1neHKa TAKCAIIHOHHBIX MOKAa3aTeJeii MUXThl KHJINKHHCKOH
B 3anoBeaHnke «IInxra u Kegp» B Cupun

E. To60%, B. Anu, P. Kapmoka, A. Maxmyo
LeHTp cenbCcKOXO3SIMCTBEHHBIX UCCIIEI0BaHNH,
Cupus, 424079, Jlatakus, npuropos Tumpusa, yiu. byra, 215
bashar.tobo@Tishreen.edu.sy™

Bgeoenue. Cpedusemnomopckue neca 00ecneyusarom MeCcmHOMY HACENeHUI0 WUPOKUL
CHEeKmp COYUANbHLIX U IKOHOMUHECKUX npeumywecms. B uwacmnocmu, smo cnpasednugo 6
omuowenuu necos Cupuu, HaXOOAUWUXCSA NOO 8030eliCBUeM KpU3Ucd, om KOmopozo nocmpaodid
cmpana. B cesasu ¢ omum  cywecmsyem nompeOHOCMb 8 0ojiee MOUHBIX MEXHONOSUSIX
UHeEeHMapU3ayuu U MOHUMOpUHEA Jlecos ONid YCcmouyusoeo ynpagnenus aecamu. ILlens
uccne00eanua — onpeoeieHue NPoOYKMUSBHOCU U XAPAKMEPUCMUK pPOCma 0epedbes NUXmbvl
xuauxutickou (Abies cilicica), npouspacmarowux @ 3anoseonuxe «lluxma u Kedp» nposunyuu
Jlamakua 6 Cupuu. O6vekm uccinedosanus — nec Lllyx, pacnonosicennvlii 6 cesepHOU yacmu
Cuputicko2o npubpescHo20 20pHO20 MACCUBA, HA 3aNAOHOM CKIoHe 2opul [lcebenv an-Habu
Mamma. Memoowt uccnedoséanus. B xooe uccredosanus O6viiu UCHOIL308AHLL MEXHONO2UU
OUCTNAHYUOHHO20 30HOUPOBAHUsL U 0Opabomku cHumkos Sentinel ¢ yenvio oyeHKU HEKOMOPbIX
gaxmopos pocma neca, 015 4e2o ObLIU COCMABAEHbL KAPMbl, Onpedesioujue Gakmopvl pocma Ha
OCHOBE MHONCECMBEHHO20 DeZPEeCCUOHHO20 AHANUZA CEA3U MENHCOY NEPEMEHHbIMU UCCTeOYeMbIX
VUACMKO8 U COOMEEMCMBYIOWUMU 3HAYEHUAMU NUKCeNell 05l 6CeX UCHONb3YEMbIX COOMHOUEHUT
u nokaszameneti. Pesynomamet u 6v1600b1. Bce usyuenmnvie nepemenmvie NOKA3AAU 3HAYUMYIO
xkoppenayuio R, npesviuarowyro 0,75 no 3anacy opegecumvl, npu HU3KOU pearyuu no niomHOCmu,
ne npesviuarowens 0,33 uecmomps Ha cmamucmuueckyro 3sHauumocms. Kapmei psoos
K03 uyuenmos pocma 6viiu cOCMABIEHbl ¢ UCNOTLI0BAHUEM NOLYYEHHO20 YPABHEHUS pecpeccuul
ona Kaxcoozo noxasamens. Camas 6biCOKAs MOYHOCL OYEHKU 3anaca Opesocmos COCMAsuid
77 u 72 % Ona cpeoweii evicomvl. Ymo Kacaemcs oyeHKU MOYHOCMU MOOenU, mo cpeoHee
3HAYeHUe OMKIOHeHUs PACYUEMHBIX 3HAYEeHULl KOIDPUYUEeHMO08 Om NOTYYEHHbIX 8 X00e HAMYPHbIX
usmepenuii cocmaeuno 6,08, 9,1; 9,6 u 8—12 % ons moodeneil, oyeHUBAIOWUX CPEOHIOIO BbICOMY,
cpeonul ouamemp, 3anac OpeeoCmos. U NPUKOPHEBYIO 30HY, COOMBEMCMEEHHO.

Knrwouesvie cnoesa: Abies Cilicica; 3anosednux «lluxma u Kedp», npodykmusnocms nacasxc-
OeHusl; cpedHe2000601 npupocm; gozoeticmeue;, Cupus; paxmopwul pocma, Sentinel
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BaaronapHocTH: aBTOpEI BBIPAXKAIOT 0JIar0JapHOCTE AHOHUMHBIM PELICH3EHTaM 32 [ICHHBIC
OT3BIBBI U Pa3HOOOPa3HbIE PEKOMEHAAIMH TI0 YIIyUYIICHHIO IEPBOHAYAILHOTO BapHaHTa PYKOIIUCH.
ABTOpBI TaK)Xe BBIPAXKAIOT IPU3HATEIBHOCTh THIIPUHCKOMY YHUBEpCHTETY, | eHepaibHOI opra-
HHU3aLUK JTUCTAaHIIMOHHOTO 30HAMPOBaHUS M ['eHepanbHONH KOMHCCHM HAay4YHBIX HCCIIEIOBaHUH B
00JIaCTH CENBCKOT0 XO3HCTBA 32 MOJIEPIKKY, OKa3aHHYIO JJIsl BBITTOJIHEHHS 3TOTO CCIICA0BaHUS.

(I)I/IHaHCI/Ip()BaHl/Ie: HaCcToAIIECC HCCICA0BAHUC q)HHaHCHpOBaHOCL B paMKax Hay4YHO-
HCCIIeI0BATEILCKOM JCATCIBHOCTHU U IIOATOTOBKH 6a3 JaHHBIX B CI/IpI/II/I, 0COOCHHO B OTHOIICHUU
BAXXHBIX U HAXOOAIOUXCS ITOT prOSOﬁ NCYE3HOBCHHUA JICCHBIX JPEBCCHBIX IMOPOI.

Cratbst moctynuia B pegakiuio 16.10.2023; onobpena nocne perensupoBanus 06.11.2023;
npuHsTa K myommyarmu 27.12.2023

Jnsa murupoBanus: To6o b., Anu B., Kapmoka P., Maxmyn A. OnieHka TaKCallMOHHBIX OKa3aTeIeH MUXThI
KAJIMKHCcKor B 3anoBeanuke «Iluxta u Keap» B Cupun // BectHrk [10BOMIKCKOTO TOCYAapCTBEHHOTO TEXHOJIO-
rugeckoro yHuBepcutera. Cep: Jlec. Oxonormsa. [Ipupomomons3zoBanme. 2024. Ne1(61). Pp. 85-96.
https://doi.org/10.25686/2306-2827.2024.1.85; EDN: YRDIYL

HNudopmanus o6 aBTopax

TOBO Bawap — xanIuaaT CeNbCKOXO35IICTBEHHBIX HayK, HAYUYHBIH COTPYAHUK, L{eHTp cenb-
CKOXO3SIICTBEHHBIX HCCliefoBaHui. O0IacTh HAYYHBIX MHTEPECOB — JAMCTAHIIMOHHOE 30HAUPOBA-
uue necoB u ['IC, Hayku o jece U JecHas Takcalus. ABTOP IIECTH HAYYHBIX TTyOIUKAIIHIA.

AJIA Basnb — KaHIUAAT CENbCKOXO3SHCTBEHHBIX HAYK, JOIEHT KadeIpbl SKOJOTHH U JIECHOTO
XO3STCTBA, (PAKYIBTET CEILCKOTO XO3UCTBa, THmpHuHCKUH yHEBEepcuTeT. O0JacTh HAYYHBIX HHTE-
PECOB — HAYKH O JIece U JieCHasl Takcarust. ABTOp 34 HayYHBIX ITyOTHUKAITHHA.

KAPMOKA Poza — Hay9HBIH COTPYIOHUK, [ eHepaapbHas opraHu3aius JUCTAaHIMOHHOTO 30H-
mupoBanust (GORS); skcnepr, ApaOckuii IEHTP apUAHBIX 30H U 3aCyNIINBEIX 3eMens (ACSAD).
OOnacTp Hay4YHBIX HMHTEPECOB — YIPABICHHE BO30OHOBIISIEMBIMH HMPUPOJHBIMH PECypcaMu |
OKpy»atomieit cpenoil. ABTop 14 HayYHBIX ITyOJIMKAIIMH.

MAXMY]] Axme0 — KaHIUAAT CENbCKOXO3AHCTBCHHBIX HAYK, MCCIeIoBaTeNb, L{eHTp ceib-
CKOXO3SIMICTBEHHBIX HcchenoBaHuid. OOJNACTh HAYYHBIX HMHTEPECOB — JIECHOE XO3SIMCTBO U OKPY-
JKaromias cpefia. ABTOp CeMU HaAyYHBIX TTyOJTHKAIIHIA.

JlocTymHOCTh JAaHHBIX M MATEpPHAJIOB: JaHHBIC, NPEICTaBICHHBIE B 3TOM HCCIEIOBAHHH, JOCTYITHBI
B cTaTbe. bonee moapoOHyro nHpOpMaNNIo MOXKHO TOIyYHUTH 10 3aIIPOCy y aBTOPa, OTBETCTBEHHOTO 3a MIEPETIHCKY.

Bkuaan aBTopoB:

Tobo bawap — KOHIIENIINS, METOTUKA, MIPOTrPaMMHOE O0ecIeUeHIe, Bamaanus, GopMaIbHBIi aHAIH3, HCCIIe-
JIOBAHUE, PECYPCHI, TIPOBEPKA JAHHBIX, HANIMCAHUC CTAThH — MOJrOTOBKA UCXOJHOTO TEKCTA, HAIIMCAHUE CTATHH —
YTEHHE U PeIaKTHPOBAHUE, BU3yaIN3aIlns, PYKOBOICTBO, aAIMUHUCTPUPOBAHUE TIPOCKTa, (PUHAHCHPOBAHHUE.

Anu Basne — KOHIEHIHS, METOIUKA, MPOTPaMMHOE oOecclieueHue, Bamumanus, (opMalbHBINA aHAIU3,
UCCIICIOBAaHHUE, PECYPCHI, IPOBEPKA TAHHBIX, HAIIMCAHUEC CTAThH — IOATOTOBKA MCXOIHOTO TEKCTa, HAMMHMCAHHE
CTaThd — YTCHHUE W PEAAKTUPOBAHNE, BU3yaIM3allHs, a IMUHHUCTPUPOBAHHE MIPOCKTa, (DHHAHCHPOBAHHE.

Kapmyrka Posa — KOHIIEIIIUS, METOIMKA, IPOrPaMMHOE 0OeCIicUeHHEe, BaTUIAIMs, (OPMaIbHBIN aHaJIH3,
pecypcehl, MPOBEPKa JaHHBIX, HAIIMCAHHE CTAThH — MMOATOTOBKA MCXOTHOIO TEKCTA, HAMMCAHUE CTAThH — YTCHHE
1 pEIaKTHPOBAHKE, BU3yaIH3allHs, aIMUHIUCTPUPOBAHUE ITPOEKTa, (DHHAHCHPOBAHHE.

Maxmyo Axmed — KOHLIETIITUS, BATAJAINS, BU3yaTu3allusl.

ABTOpBI 3asBIISAIOT 00 OTCYTCTBUU KOH(l)J'II/IKTa HUHTCEPCCOB.
Bce aBTOPbLI NPOYUTAIN U 0I[06pI/IJ'II/I OKOHYATCIbHBIN BapuaHT PYKOIIUCH.
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