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ABSTRACT

NDVI is one of the most common vegetation indices for solving various problems of assessing the state of vegetation cover
and its dynamics. The purpose of the study was to evaluate the state of wild Sievers apple trees in the territory of Phenological
area, Genetic Reserve of Sievers, Tauturgen and Sievers apple reserve (Zhongar-Alatau and Ile-Alatau SNNP) using the
NDVI index. The period of study was season’s autumn 2022 and spring 2023. Created interactive maps of the study area with
multispectral reconstructions in NDVI formats let us was established the condition of the Sievers apple tree. Which was based
on an analysis of the deviation of the NDVI of each tree in the study area from the average index value for the vegetation of
the entire type of area. This allowed us to identify the territorial features of the state of the Sievers apple trees and identify
degraded trees. The results obtained can be used for the rational management of environmental management by the Zhongar-

Alatau SNNP and the Ile-Alatau SNNP.

Key words: NDVI, Sievers apple tree, multispectral reconstructions, Zhongar-Alatau SNNP, Ile-Alatau SNNP.

INTRODUCTION

Normalized Difference Vegetation Index (NDVI) is a com-
mon remote sensing calculation used to assess green biomass
[1]. High-resolution aerial images also allow the calculation
of the NDVI vegetation index using the built-in spectral solar
sensor on the top of the drone, which captures solar radiation,
ensuring maximum accuracy and consistency in data collec-
tion at different times of the day [2, 3].

Table 1. presents a scale for assessing the dependence of
the NDVI index on the development of vegetation cover [2,
3]. The presence of plants in the analyzed area is determined
by NDVI values from 0.1.

NDVI examines the difference/sum ratio of red and in-
frared radiation bands (NIR-RED)/(NIR+ RED). The general
formula to calculate the Normalized Difference Vegetation
Index (NDVI) is

NIR'ref - Red‘ref

NDVI= —/—5——
NIRref + Redref (1.

Where Xref represents the reflectance value of the X
band, NIRref and Redref are the reflectance values of the
NIR and Red bands, respectively.

If we define Xreflected and Xincident as the reflected
light and incident light of the X band, then,

_NIRreflected
NIRref = incident

. Redr'ef =

When the sunlight (i.e. the incident light) is reflected off
of the target, multispectral cameras capture the reflected light
of the target in the form of multispectral images, and the sun-
light sensor captures the incident light to record sunlight sen-
sor signal values [4].

NDVI was initially used to assess the presence of vegeta-
tion and this application was confirmed in many studies [1].
That is based on the strong red-light absorbance response of
chlorophyll relative to a strong NIR reflectance by leaves.
Other applications recognized that if chlorophyll production
was reduced by biotic (disease, insect damage) or abiotic (nu-
trition, salinity, water stress), there would be increased red re-
flection and a reduced NDVI value [5-9].

The study area includes Zhongar-Alatau State National
Natural Park: 1 population - Phenological area, 2 population
- Genetic Reserve of Sievers and Ile-Alatau State National
Natural Park: 3 population - Tauturgen, 4 population - Sivers
apple reserve (Figure 1, 2).

The Ile-Alatau State National Natural Park was created
by Decree of the Government of the Republic of Kazakhstan
dated February 22, 1996 No. 228. In 2014, forest management
work was carried out on the territory of the Ile-Alatau State
National Natural Park. The total area of the Ile-Alatau State
National Park as of 01/01/2023 is 200,160 hectares, of which
the forested area is 69,956 hectares [10].

Redrefle cted
incident (2).

Table 1. Dependence of the NDVI index on the state of vegetation cover [2].

The index value of NDVI The degree of development of green biomass
0-0.2 Lack of vegetation

0.2-0.3 The low degree of development of biomass
0.3-0.6 The average degree of development of biomass
0.6-1.0 A high degree of development of biomass
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At the Ile-Alatau SNNP, research is being carried out to
study the soil and climatic conditions for the creation of for-
est crops of coniferous and deciduous forest species (Schrenk
spruce, common apricot, Sievers apple tree) depending on the
altitude above sea level and slopes exposure [10].

Zhongar-Alatau State National Natural Park is located
on the territory of Aksu, Sarkand and Alakol districts of Al-
maty region. It was created in accordance with the Decree of
the Government of the Republic of Kazakhstan dated April
30, 2010 No. 370. The area of the Zhongar-Alatau SNNP is
356,022 hectares. Research work is being carried out on bio-
monitoring of the phytosanitary state of wild fruit forests of
the Zhongar Alatau, silvicultural and environmental assess-
ment of Sivers apple tree plantings and the development of
methods for its reproduction, carrying out botanical-geograph-
ical, geobotanical, population genetic and other studies in wild
fruit forests of the Sivers apple tree, creating a living collec-
tion of plus (elite trees) Sievers apple trees and those cre-
ated on the basis of the Zhongar population of its clone vari-
eties, etc. [11].
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Figure 2. Ile-Alatau SNNP (Tauturgen — 3 popul

Population 39 @

Population4y ©O

e o7 I 0 10 0 -

ation, Sievers apple reserve — 4 population)
MATERIALS AND METHODS

Data. The data used for this study were the Google
Earth images, the multispectral reconstructions of 4 popula-
tions (Phenological area, Genetic Reserve of Sievers (Zhon-
gar-Alatau SNNP), Tauturgen, Sievers apple reserve (Ile-
Alatau SNNP)) in NDVI formats data from Dji phantom 4
pro drone. The software program that was used include QGIS
3.28 (Firenze) and Netlify (web development platform). All
data for autumn 2022 (October) and spring 2023 (May) years.

Methods. The maps were created in QGIS. The qgis2web
plugin was used for creating an interactive map. This module
allows to create an HTML page. In Layers and Groups, we
selected the layers that we needed or, conversely, those that
needed to be excluded. The Open Layers interface type was
selected. The map displays zoom buttons, rulers, a search win-
dow, and when you click on any sampling point of the Siev-
ers apple tree, the infectious status of each tree for the study
period is displayed (Figure 3, 4).

Multispectral reconstructions in NDVI format were also
added for each population for the fall 2022 and spring 2023
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Figure 3. Export map to web map in plugin qgis2web in populations Phenological area, Genetic Reserve of Sievers (Zhongar-Alatau
SNNP)
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Figure 4. Export map to web map in plugin qgis2web in populations Tauturgen, Sievers apple reserve (Ile-Alatau SNNP)

seasons. The multispectral reconstructions of 4 popula-
tions (Phenological area, Genetic Reserve of Sievers (Zhon-
gar-Alatau SNNP), Tauturgen, Sievers apple reserve (Ile-
Alatau SNNP) in formats NDVI data from Dji phantom 4 pro
drone. Multispectral reconstructions were constructed using
software DJI Terra Pro software. Next, the saved html pages
were added to Netlify (web development platform) where they
are publicly available.

RESULTS AND DISCUSSION

Interactive maps of the study area were created with mul-
tispectral reconstructions in NDVI formats.

Under normal conditions, the NDVI index has minimal
values in the spring, stable values in the summer, and a grad-
ual decrease in the intensity of the growing season in the fall
[2]. The distribution of NDVI for each type of terrain indi-
cates the leading importance of natural factors in its forma-
tion: NDVI of grass ecosystems is lower than that of forest
ecosystems.

According to the results obtained, it is clear that the NDVI
of Sievers apple trees of population 1 in the fall of 2022
ranges from 0.51 to 0.87. Trees at points 3, 7, 10, 13, 35, 42,
43 are sick with different intensities: their vegetation index
NDVI ranges from 0.18-0.41. NDVI of the undergrowth was
marked by values of 0.43-0.61, of areas uncovered by vegeta-
tion - 0.24-0.36, which is also due to the structure of the plant
community itself. Locally around the existing road, a decrease
in NDVI to 0.12-0.18 is noted (Figure 5a).

Figure 5. was displayed a multispectral reconstruction of
the NDVI index of Sievers apple trees of population 2 for the
same study period, which ranged from 0.51 to 0.88. There
were areas with depressed trees and low NDVI (0.23-0.42) -
these are points 1-6, 16, 18, 19, 21, 45, 46, 47. A decrease in
NDVI was noted for areas not covered with vegetation - 0.21
-0.34 (Figure 5b). There was also a section of the road net-
work around which the NDVI index is very low - 0.12-0.17.

In the spring of 2023, the NDVI vegetation index of Siev-
ers apple trees of population 1 varied from 0.59 to 0.91. Since

29



Original Article

it was May, it was much more intense than in October 2022.
Figure 6a shows that trees at points 3, 7, 13, 32, 35, 42, 43
were sick with different intensities: their vegetation index
NDVI ranges from 0.19 to 0.33. Understory NDVI is in the
range of 0.45-0.65. A decrease in NDVI were noted for areas
not covered with vegetation - 0.35-0.44. Locally around the
existing road, the NDVI indicator was expectedly very low -
0.12-0.19 (Figure 6a).

The NDVI index of Sievers apple trees of population 2 in
the spring of 2023 has a slightly different distribution: rang-
ing from 0.53 to 0.92. There were (Figure 6b) areas with de-
pressed trees and an NDVI index (0.31-0.43) - these are points
2-4, 45, 46. The highest values of the NDVI index were ob-
served in the central and northern parts of the population -
the places where the Sievers apple tree grows. A decrease
in NDVI was occurs for areas not covered with vegetation -
0.35-0.45 (figure 6b). There was also a section of the road net-
work around which the NDVI is very low - 0.15-0.19.

We saw (Figure 7a) that the vegetation index NDVI of
Sievers apple trees of population 3 in the fall of 2022 was
distributed in the range from 0.48 to 0.79. There were areas
with depressed and partly depressed trees and a low NDVI

b
Figure 6. Multispectral reconstructions in NDVI index of the 1 (a) and 2 (b) populations (spring 2023)

index (0.16-0.38) - these are points 10-14, 16-18, 20-23, 25,
33-36, 39. A decrease in NDVI was noted for areas not cov-
ered with vegetation - 0.15-0.29 (Figure 7a). There were also
spontaneously created road sections around which the NDVI
is very low - 0.10-0.19.

The NDVI of Sievers apple trees of population 4 during
the same study period ranged from 0.44 to 0.88 (figure 7b).
There were areas with depressed trees and low NDVI (0.19-
0.37). These were points 3-4, 9, 11, 15-17, 23,47, 49, 61, 63-
65. A decrease in the NDVI vegetation index was observed
for areas not covered with vegetation - 0.19-0.35 (figure 7b).
We were also observing a spontaneously created road section,
around which the NDVI is very low — 0.13-0.22.

Figure 8a displayed a multispectral reconstruction of the
NDVI index of the Tauturgeni population in spring 2023 and
was distributed between 0.55 and 0.89. We saw areas with
depressed and partly depressed trees and a low NDVI index
(0.19-0.47) - these were points 14, 20, 27, 29, 31, 33, 35. A
decrease in NDVI was observed for areas not covered with
vegetation - 0.35-0 .58 (Figure 8a). Around spontancously
created road sections, NDVI was very low - 0.19-0.39.

The NDVI index of Sievers apple trees in the population
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Figure 7. Multispectral reconstructions in NDVI index of the 3 (a) and 4 (b) populations (fall 2022)
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of the Sievers apple reserve in the spring of 2023 was distrib-
uted in the range from 0.55 to 0.92. In Figure 8b we observed
areas with depressed trees and low NDVI (0.24-0.47) - these
are points 9, 11, 15-16, 64-65, 67-69. The highest NDVI in-
dex values were observed in areas where the Sievers apple
tree grows. A decrease in NDVI was observed for areas not
covered with vegetation - 0.29-0.55 (Figure 8b). There was
also a spontaneously created road section, around which the
NDVI is 0.33-0.42.

The use of the NDVI vegetation index allowed us to effec-
tively analyze the condition of Sievers apple trees on the terri-
tory of the Zhongar-Alatau State National Nature Reserve and
the Ile-Alatau State National Nature Reserve. Determination
of the state of the Sievers apple tree was based on an analy-
sis of the deviation of the NDVI of each tree in the study area
from the average index value for the vegetation of the entire
type of area. This made it possible to identify the territorial
characteristics of the state of Sievers apple trees and identify
depressed trees [12]. The distribution of the NDVI index for
each type of terrain indicates the leading importance of natu-
ral factors in its formation: the NDVI index of grass ecosys-
tems is lower than that of forest ecosystems.

The main conclusions on the state of Sievers apple trees
based on the analysis of the NDVI vegetation index will be
objective if they are based on an analysis of the dynamics tak-
ing into account different growing seasons.

CONCLUSIONS

Based on the created maps with multispectral reconstruc-
tions of the NDVI vegetation index, territorial features of the
state of Sivers apple trees were identified on the territory of 4
populations of the Zhongar-Alatau State National Nature Park
and the Ile-Alatau State National Nature Park.

The results obtained can be used for the rational manage-
ment of environmental management by the Zhongar-Alatau
SNNP and the Ile-Alatau SNNP.
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ABCTPAKT

NDVI ecimik >KaMbUIFBICHIHBIH JKai-KYHiH KoHE OHBIH JUHAMHUKACHIH Oaraiay/IblH opTYpJIl MacelelepiH Iemyre ap-
HaJFaH KCH TapajFaH eciMIiK HHICKCTEPiHiH Oipi Oombi Tabbumans!. 3epTreynin Makcatel NDVI uHIeKCiH maiianaHa OThI-
poin, DeHOTOTHSIIBIK ayMarbIH A, [ eHeTHKAIIBIK KOPBIK, TayTypreH xone CuBepc anMa aramisl KOpbiFsl (JKoHrap-Amnaray xKoHe
Ine-Anaray MEeMIIEKETTIK YITTBHIK TaOUFH KOPBIFbI) ayMarbIHIaFrbl jkadalibl CHBepC aiMa aralITapbIHbIH JKaFAaibiH Oaranay
6onabl. OKy Mep3imi 2022 xbputIpIH Ky3i skoHe 2023 sxpinnsiH kokteMi. NDVI hopMaTbiHIars! MynbTHCIEKTPIIl PEKOHCTPYK-
sUIapsl Oap 3epTTey aifMarbIHbIH JKacalFaH HHTEPAKTHUBTI KapTanapbl CHBepC ajiMa aFalibIHBIH KYHiH aHBIKTayFa MYMKIH/IK
6epai. by 3eprrenetin aymakTars! opOip aramTeiH NDVI kepceTkimniHiH ayMaKkThIH O0apibIK TYpiHiH eciMaikTepi OOHWbIHIIA
opTariia KepceTKilll MoHIHEeH aybITKYBIH TajayFa Herizaenred. byn CuBepc anma aralibIHBIH JKaFalibIHBIH ayMaKTBIK €peK-
LIETIKTEPiH aHBIKTayFa JKoHE aypy araluTap/bl aHbIKTayFa MYMKIHAIK Oepai. AnbiaFaH HoTwkenepai JKoHrap-Anaray jkoHe
Ine-Anaray M¥TII kopuraran opraHbl OacKkapyabl YTEIMABI OacKapy YIIiH HaiaataHyra Oosaisl.

Herisri ce3nep: NDVI, Cusepc anmMa ararbl, Kol CIIEKTpIIi KaiTa Kypynap, JKoHrap-Ajaray MEMJIEKETTIiK TAOHFU KOPBIFHI,
Lire-Anaray MeMJIeKeTTiK TaOUFH KOPBIFHL.
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BOCTOYHOTI'O KABAXCTAHA
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ABCTPAKT

NDVI — onun 13 Hanboee pacpoCcTpaHEHHBIX HHIIEKCOB PACTUTEIBHOCTH JUIS PELICHUs pa3IndHbIX 3a]a4 OLIEHKH CO-
CTOSIHHSI pacTHTEIILHOTO ITOKPOBA M ero JUHAaMUKH. L{enbio nceiaenoBanys Obliia OlleHKa COCTOSTHUS TUKHX si0oHs CuBepca Ha
Tepputopun PeHonornyeckoii momanky, ['enernyeckoro pesepsara, TayTyprens u pesepsar siononu Cusepca (JKonrap-Ana-
tayckuit u Ue-Anarayckuit ['HIIIT) ¢ ucnonezoBarunem maaexca NDVI. Tlepuon uccnenosanust — ocens 2022 u Becna 2023
ronoB. Co3iaHHbIE HHTEPAKTUBHBIE KapThl UCCIEAYEMOM TEPPUTOPHH C MYJIBTHCIIEKTPAILHBIMHA PEKOHCTPYKIUAME B Op-
mare NDVI nosBonunu yctanoButh cocrosiuue s1610Hu CuBepca. KoTopoe 6a3npoBaioch Ha OCHOBE aHAIM3a OTKJIOHEHHS
NDVI kaxxaoro nepeBa Ha UCCIEAYeMOH TEPPUTOPUH OT CPEIHETO 3HAYEHHs HHAEKCa ISl PACTUTEIBHOCTH BCETO THIIA Tep-
pUTOpHH. DTO MO3BOJIWIIO HACHTH(OUIIMPOBATH TEPPUTOPHAIBEHBIE 0COOEHHOCTH COCTOSTHHUS 51010 CuBepca 1 BBISIBUTH 00-
JIe3HEHHbIE JiepeBbs. [1omydeHHble pe3yabTaTbl MOTYT OBITh MCIIONB30BaHbI VISl PAIIMOHAIBHOTO YIIPaBICHUS IIPHPOIOTIONH-
3oBanueM JKonrap-Anarayckoro u Une-Anarayckoro I'HIIII.

KuroueBsie cioa: NDVI, si6nors Cusepca, MynbTHCIIEKTpaIbHBIE peKOHCTPYKIHH, JKoHrap-Anarayckuii HIIIT, Nne-A-
narayckuii THIIIL.
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