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NDVI-BASED RESEARCH ON SIEVERS APPLE TREES IN THE NORTHERN
TIEN SHAN REGION

Malus sieversii, progenitor of many apple cultivars throughout the world is an
important source of genetic diversity for apple breeding programs. Due to the reduction of
the distribution area and the gene pool, Malus sieversii is becoming more vulnerable and its
protection is important for the conservation of the genetic diversity of the apple tree and the
biodiversity of the Tien Shan ecosystem. 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
Northern Tien-Shan using the NDVI index. Through the utilization of multispectral
reconstructions of the NDVI vegetation index, the geographical characteristics of Sivers
apple tree populations were determined within the boundaries of four regions, encompassing
Zhongar-Alatau State National Nature Park and lle-Alatau State National Nature Park. The
findings derived from this analysis hold practical value for the effective administration of
environmental conservation efforts within Zhongar-Alatau SNNP and lle-Alatau SNNP.

Key words: Malus sieversii, genetic diversity, apple tree breeding, biodiversity,
ecosystems, wild apple trees.

TackyxuHna Aima, kadenpa MOJIEKYJIIPHOU OUOJIOTHH 1
TeHETHKH (PaKyIbTeTa OMOIIOTUN U OMOTEXHOJIOTHH,
Kazaxckuii HallmOHATBHBIA YHUBEPCUTET UM. AJlb-
dapadu,

XycHytanHoBa MapuHna, Kanutuna Anacrtacusi, Moncees
Pycnan, CaruroB Abaii, I'punienko Jdumnspa

JlaGopaTopust MOJIEKYJISIPHOM OUOJIOTHH

WHcTuTyTa OMON0rMM pacTeHU 1 OMOTEXHOJIOTUH,
I'opon Anmartsl, Kazaxcran

HNCCJIEJOBAHME SAIbJIOHb CUBEPCA HA OCHOBE NDVI B PETUOHE
CEBEPHOI'O TAHb-IIAHSA

Malus sieversii, npapooumenv mnocux copmos s0I0HU NO 6CeMy MUpY, SAGIACMCA
BANHCHBIM UCTNOYHUKOM 2eHEeMUUECKO20 pazHooopasus 07 npocpamm cenekyuu 101ons. M3-3a
coKkpawjenus apeana pacnpocmpanenus u cenogonoa Malus sieversii cmanosumcs ece 6onee
VA36UMbIM, U €20 3aUjUMA BANCHA O COXPAHEHUsl 2eHemu4eckKko20 pasHooopasus A0JI0HU U
ouopasnoodpasus sxkocucmemovl Tano-Illans. NDVI - 00un uz nHaubonee pacnpocmpaHeHHbix
6€2eMAYUOHHBIX — UHOEKCO8 O/  peuleHus  pasiuyHblX  3a0a4y  OYEHKU  COCMOSHUSL
pacmumenbHo20 nokposa u e2o ounamuxu. Llenvio ucciredosanus Oviia oyeHKa coCmosHUsA
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oukopacmyuwux a010u6 Cusepca na meppumopuu Cegeprozo Tanv-Illansa c ucnonvzosanuem
unoexca NDVI. Brazooaps ucnonv3o08anuto MyiemucneKmpaibHblX peKOHCmMPYKYUli UHOeKca
pacmumenvrHocmu NDVI 6vinu onpedenenvl ceocpaghuyeckue xapakmepucmuku nONYAayull
sa6nonu Cueepca 6 zcpanuyax uyemovipex pecuoH08, oxeamvlearouwiux Xowueap-Anamayckuii
20Cy0apcmeenHblll HAYUOHAIbHLIL NPpUPOOHbll napx u Hie-Anamayckuil 20cyoapcmeentblil
HAYUOHANIbHBII NPUPOOHDILL NApK. Bblgoovl, noiyuenHvle 6 pe3ylbmame 3Mo20 aHAIU3A,
umerom npaKmuieckyro YeHHocms 0711 d¢hgheKkmusHo20 YynpasieHus YCUIUAMU N0 COXPAHEHUIO
okpyacaroueli cpedwl 8 pamkax Kowneap-Anamaycrou OOIIT u HUne-Anamayckoii OOIIT.

Kniouesvie cnosa: Malus sieversii, eenemuueckas pasznoobpasus, cenexyuu s0710Hb,
buopaznoobpazus, skocucmemd, OUKOPAcmyuast so10Hs

Tackyxuna Aiima, 6uonorus >xaHa OMOTEXHOJIOTUs
(i)aKYJ'II)TCTI/IHI/IH MOJICKYJIAPABIK Onoorys )KxaHa reHeTHKa
Oemymy, Anb-®apabu ateiH. Kazak ymyTTyk
YHUBEPCUTETU

XycuytauHoBa Mapuna, Kanutuna Anacracus,

Moucees Pycnan, CarutoB Abaii, ['pumenko dumsipa,
MOJIEKYJISIPJIBIK OUOTIOTHS JTa00PaTOPHUSICHL, OCYMAYKTOP
OHMOJIOTHCH KaHa OMOTEXHOJIOTUSI UHCTUTYTY,

Anmartsl maapsl, Kazakctan Pecrybnukacht

TYHAYK TSHb-IIAHb AUMATBIHIATBI NDVI HETU3UHIE CUBEPC AJIMA
JAPAKTAPBIH U3NJ1100

Malus sieversii Oytine Jcy3y OOWHUA KONMOLOH aimMda COPMMOPYHYH MYNKY meu,
Anma ecmypyy npocpammanapvl yuyH 2eHemuKaniblk ap mypoyyayKmyH Maanuiyy Oynacvl
boayn cananam. Tapanyy apeanvinvii Hcana 2eHOGOHOOYH A3AUBIUBIHAH YIaM, ALYy O0Iyn
bapamam owcana anvl  Kopeoo Tamv-Lllanv sKocucmemacvinblH  aIMa  0APACbIHBIH
2CHEMUKANLIK  ap MYPOYYIAYeYH JHCAHA OUONOSUANBLIK ap MYPOYYAYeYH CAKmMoo Y4yH
maanunyy. Tane-Lllane. NDVI -ecymOykmopOyH KammapulHblH aOANblH — HCAHA — AHLIH
OUHAMUKACBLIH 0AAIOOHYH ap KaHOau Mdacenelepur 4Yeuyy YYyH 5H KeHUpu mapaneaw
secemayusiiblk  UHOekcmepourn oupu. Hszunoeenyn maxcamoel myHOyk Taus-Lllanovin
auMazvlHOa JHcanatibl 6Cyn JHCAMKAH CUBEPC aimMad OAKMApbIHbIH aOaiblH  UHOEKCHUH
acapoamvl  MeHeH  6aanoo  00a2oH. OCYyMOYKmMOp UHOEeKCUH — MYIbMUCNeKMPANIObiK
DPEKOHCMPYKYUANOOHY — KONOOHYYy MmeneH JKoweap-Anamay  Mamnexemmux — yaymmyk
Jrcapamulivl napkevin Kcana Hne-Anamay mamnexemmux Yi1ymmyK Hapamulivlid NAPKbIH
KamMmovlean moepm auMaKmvlH Ye2uHoe CUBepC aiMa NONYIAYUSIAPLIHLIH 2e02paApusiIbiK
MYHO300MON0PY anblkmanovl. byn ananuzoen anvinean moianaxmap Kouneap-Anamoo OKKA
acana  Hne-Anamoo OKIKA ankazeinoa  aunana-4eupony  cakmoo — apaxkemmepuH
Hamuluxcanyy 6aukapyy yuyH npakmuKkaiblk Maanuze 99.

Heeuzeu cesoop:, Malus sieversii, cenemukanvik ap mypOyyiayK, aima CeneKyusicol,
ouoapmypoyyayK, aKocucmema, Hcanaiivl aima 0apacsl

Inroduction Wild plants are the originators of all known cultivated plants and are still
an important source of genetic material for improving the quality of crops for food supply.
Despite the high value of wild fruit plants, there is a tendency for a catastrophic reduction in
their growing areas, a decrease in species and genetic diversity, as well as degradation of
natural fruit forests over recent decades. These problems threaten the loss of species diversity
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and disruption of ecosystems. This wild apple species play a crucial role in the development
of apple cultivars with various flavors, sizes, and resistance to pests and diseases. However, in
the country, up to 70% of apple forests have been reduced over the past 40 years [1]. The wild
apple tree certainly needs conservation, rational use and study to find current methods for its
revival. The purpose of the study was to study wild apple populations in the Northern Tien
Shan using modern methods of GIS and IT technologies.

Materials and Methods An expedition to the Northern Tien Shan was carried out
during the fruit ripening period in 2022 and during the flowering period in 2023. The data
used for this study were the Google Earth images, the multispectral reconstructions of 4
populations of Norhern Tien Shan (Phenological area, Genetic Reserve of Sievers (Zhongar-
Alatau SNNP), Tauturgen, Sievers apple reserve (lle-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. The maps were created in QGIS. The
qgis2web plugin was used for creating an interactive map.

Results and Discussion the Normalized Difference Vegetation Index (NDVI) serves as
a widely used remote sensing tool for evaluating green biomass [2]. The built-in spectral
sensor of sunlight in the upper part of the drone captures solar radiation, which ensures
maximum accuracy and consistency of data collection at different times of the day which
helps to get the most accurate NDVI results.

Interactive maps of the research area were generated using multispectral reconstructions
presented in NDVI format. Under typical conditions, NDVI values exhibit a seasonal pattern,
with minimal values in the spring, stability during the summer, and a gradual decline during
the autumn growing season [3]. The distribution of NDVI values across different types of
terrain underscores the predominant role of natural factors in shaping NDVI, with grass
ecosystems generally displaying lower NDVI values compared to forest ecosystems.

According to the results obtained NDVI of Sievers apple trees of population 1 in the fall
of 2022 ranges from 0.51 to 0.87 and from 0.59 to 0.91 in spring 2023. Since it was May, it
was much more intense than in October 2022. The NDVI index of Sievers apple trees of
population 2 in the fall of 2022 ranges from 0.55 to 0.87 and spring of 2023 has a slightly
different distribution: ranging from 0.53 to 0.92. There were areas with depressed trees and an
NDVI index (0.31-0.43).

The application of the NDVI vegetation index has proven effective in evaluating the
health of Sievers apple trees within the confines of the Zhongar-Alatau State National Nature
Reserve and the lle-Alatau State National Nature Reserve. This assessment is grounded in an
analysis of how each tree's NDVI deviates from the average NDVI value for the vegetation
within its specific area. This approach facilitates the identification of regional characteristics
affecting the condition of Sievers apple trees, including the detection of trees in a distressed
state [4]. The distribution of NDVI values across different types of terrain reaffirms the
prominent influence of natural factors in NDVI formation, where grass ecosystems
consistently exhibit lower NDVI values compared to forest ecosystems.

In summary, this study highlights the utilization of NDVI for assessing green biomass
and the health of Sievers apple trees in specific nature reserves. It emphasizes the significance
of natural factors in shaping NDVI values and the methodology employed to identify trees
with abnormal NDVI values, offering insights into the condition of these trees within their
respective territories.
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