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Scots pine (Pinus sylvestris L.) in natural
and cultural populations of Central Kazakhstan (review)

The review summarizes recent findings on the morphological, anatomical, and biochemical characteristics of
Pinus sylvestris L. in both natural and cultural established populations in Central Kazakhstan. Natural popula-
tions, occurring in the mountainous zones of the Kazakh Uplands, are characterized by ecological stability,
climatic resilience, and high genetic diversity. In contrast, cultural plantations, established to mitigate deserti-
fication and stabilize soils, exhibit altered morphometric traits and a decrease in biodiversity due to
monocultural practices. Comparative analysis of recent CIS and Kazakhstani studies reveals that environmen-
tal stressors, including technogenic pollution and soil degradation, significantly affect anatomical parameters
of needles, radial growth, and phytochemical composition. The accumulation of heavy metals, decline in pho-
tosynthetic pigments, and variation in essential oil profiles reflect adaptive responses of P. sylvestris to an-
thropogenic impacts. The observed differences between natural and cultural populations underscore the need
for region-specific forest management strategies, informed by anatomical and biochemical diagnostics. These
findings support the development of improved selection and breeding programs tailored to Kazakhstan’s di-
verse ecological zones.

Keywords: Pinus sylvestris L., Central Kazakhstan, natural and cultural populations, needle anatomy, mor-
phological variability, biochemical adaptation, forest management, environmental stress.

Introduction

Pinus sylvestris L. (Scots pine) is a widely distributed coniferous species of significant ecological, silvi-
cultural, and economic value across the Eurasian continent. Its natural range extends from Western Europe to
Eastern Siberia, exhibiting remarkable adaptability to diverse climatic zones, including the semi-arid and
strongly continental environments of Central Kazakhstan [1]. Within this region, P. sylvestris occurs in both
natural and anthropogenically established populations, each fulfilling distinct ecological and land-use func-
tions [2, 3].

Natural populations of Scots pine in Central Kazakhstan are predominantly located in mountainous and
forest-steppe zones, particularly within the Karaganda and Ulytau regions. These relict forest communities
are ecologically stable systems that contribute to biodiversity conservation, microclimate regulation, and soil
stabilization. In contrast, cultural (planted) populations—mainly established in the middle of the XX centu-
ry—are cultural afforestations intended to combat desertification, prevent soil erosion, and support regional
timber production. These plantations are typically monocultures and experience different ecological pres-
sures than their natural counterparts.

Despite the wide distribution of P. sylvestris, comparative studies focusing on the ecological and genet-
ic characteristics of natural versus cultivated populations remain limited. In Kazakhstan and other CIS coun-
tries, various biological aspects of the species have been explored, including anatomical structure, genetic
diversity, physiological stress responses, and the chemical composition of pine needles. However, integrated
reviews assessing the adaptive capacities, ecological roles, and long-term sustainability of natural and cultur-
al populations remain scarce [4, 5].

This review aims to consolidate and analyze existing scientific literature on Pinus sylvestris populations
in Central Kazakhstan. It focuses on their distribution, morphological and anatomical traits, chemical com-
position, genetic structure, and practical applications, with particular attention to the distinctions between
natural and cultivated populations. By evaluating their ecological functions and adaptive strategies, this re-
view provides a scientific basis for developing sustainable forest management and conservation policies.

Ultimately, understanding and differentiating between natural and cultural populations is not only criti-
cal for biological and ecological research, but also essential for designing effective strategies for forest resto-
ration, biodiversity conservation, and adaptive forest management in arid and semi-arid regions.
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Experimental

Review method. This review was conducted through a structured analysis of scientific literature related
to Pinus sylvestris (Scots pine) in Central Kazakhstan and adjacent Eurasian regions. Relevant publications
were identified using academic databases such as Google Scholar, ScienceDirect, Scopus, and eLibrary.ru.
Additional sources were gathered from national forestry research institutes and university repositories.

The selection criteria included: Studies published between 2000 and 2024; peer-reviewed articles, con-
ference proceedings, and dissertations; research focusing on natural and/or cultural populations of P.
sylvestris; publications providing data on morphological, anatomical, phytochemical, ecological characteris-
tics; comparative or region-specific (Kazakhstan/CIS) studies.

Climatic conditions of Central Kazakhstan. Central Kazakhstan is characterized by a sharply continental
and semi-arid climate. Average annual precipitation ranges between 200-350 mm, falling mostly during
spring and early summer. The soil types are predominantly light chestnut and sandy soils, often prone to
wind erosion and desertification. These harsh climatic and edaphic conditions significantly influence the
growth, structure, and distribution of P. sylvestris, making it a relevant model species for studying adaptation
and resilience in arid ecosystems.

Literature sources. The review synthesized data from over 30 scientific sources, including both Ka-
zakhstani and CIS-based studies.

Key contributors from Kazakhstan include: Kopabaeva A. (2019) on dendrochronological and ecologi-
cal analysis; Elkenova B.Z. et al. (2020) on pollution impact on needle structure; Krekova Yu. et al. (2023)
on genetic diversity in northern populations [6-8].

From the wider CIS and international context, studies by: Lebedev A., Kuzmichev V.V. (2021) on bio-
mass dynamics under climate change; Ermakov N.B. (2020) on pine forest classification; Kandziora-
Ciupa M. (2016) on heavy metal accumulation and antioxidant response; were critically evaluated for com-
parative insights [9-11]. These sources provided a foundation for comparing natural and cultural populations
in terms of: growth patterns; resistance to environmental stress; biodiversity support; chemical and genetic
indicators of ecological fitness.

Results and Discussion

Literature review. Scots pine (Pinus sylvestris L.) is one of the most widely distributed and ecologically
significant conifer species of the Northern Hemisphere, thriving across a wide range of climates and land-
scapes in Eurasia. Its natural populations in Central Kazakhstan are primarily found in mixed coniferous for-
ests in mountainous and foothill regions. These populations have adapted to the harsh continental climate,
marked by sharp seasonal temperature variations and low precipitation. Due to long-term ecological adapta-
tion, their genetic structure is diverse. These forests are ecologically important for maintaining biodiversity
and contributing to carbon sequestration. Natural and cultural populations in Central Kazakhstan. The intro-
duction of P.sylvestris into forest management and afforestation programs in Central Kazakhstan began dur-
ing in the middle of the XX century. Cultural plantations were established to combat desertification, stabilize
sandy soils, and mitigate soil erosion. These cultural pine forests also serve as a source of timber and con-
tribute to local economies [12]. However, monoculture plantations are increasingly criticized due to their
potential to decrease soil fertility, reduce biodiversity, and disrupt native plant communities [13, 14]. Several
studies have documented changes in soil properties—such as decreased nitrogen content and reduced micro-
bial activity—under P.sylvestris plantations [15, 16]. Recent studies in the CIS have evaluated the physiolog-
ical response, morphological changes, and biochemical adaptations of P.sylvestris under various environ-
mental conditions. Research has shown that the species growth and needle structure are sensitive to drought,
industrial emissions, and soil contamination.

Table 1
Data from recent studies on the species of Pinus sylvestris studied in CIS
. Geographical _— Recent research
Species location Key Findings (authors, year)
Europe Long-term changes in biomass due to climate Lebedev A., Kuzmichev V.V.
Pinus P shifts since 1940 (2021)
sylvestris Ai-Petri. Crimea N_atural _reforestatlon and regeneration patterns in Saltykov A.N. (2023)
high-altitude forests
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Continuation of Table 1
. Geographical - Recent research
Species location Key Findings (authors, year)
Northern Eurasia CIaSS|f|cqt|0n of pine forests; ecological- Ermakov N.B. (2020)
geographical zonation
Russia Chemlcal composition in pine needles across age Yustina Potashkina (2024)
gradients
Poland Ac_cumulatlon of heavy metals and increased anti- Kandziora-Ciupa M. (2016)
oxidant response in polluted areas
Middle Ural, Russia | OrPhological and biochemical shifts intrees |y, 1ina ot a1, (2025)
growing on technogenic mine substrates
Pinus _ Krasnoyarsk, Russia Radial growth modified by climatic and pollution Kladko et al. (2023)
sylvestris factors

Siberia

Tree rings as geochemical indicators of past con-
tamination

Mironova et al. (2020)

Kostanay Region,
Kazakhstan

Morphometric changes in needles due to
technogenic pollution

Bragina et al. (2024)

Karelia, Russia

Effectiveness of pine forest plantation methods on
grassy clearings

Gavrilova et al. (2023)

East Kazakhstan

Needle responses to asbestos tailing dumps; bio-
chemical stress reactions

Chukina et al. (2024)

Table 1 presents key research findings from CIS and European studies on P.sylvestris, highlighting its
responses to environmental stressors such as industrial pollution, soil degradation, and climatic fluctuations.
Many of these studies emphasize the morphological, anatomical, and biochemical shifts observed under
technogenic conditions, including changes in radial growth, heavy metal accumulation, and antioxidant

activity.
Table 2
Data from recent studies on the species of Pinus sylvestris studied in Kazakhstan
. Geographical _— Recent research
Species location Key Findings (authors, year)
The Small hills of  |Dendrochronological analysis of growth dynamics
Central Kazakhstan |under climate change Kopabaeva A. (2019)
Semey region, East De_creaseq need!e I_ength and annual increment due Elkenova et al. (2020)
Kazakhstan to industrial emissions
North Kazakhstan Ger_letl_c_dlversny of half-sib families and growth Krekova et al. (2023)
variability
“Irtysh forest” re- . T
serve, East Kazakh- Study o_f ectomycorrhizal symbiosis with Pinus Nurlabi et al. (2023)
sylvestris
stan
Kostanay region Morphometric and necrotic needle changes across Bragina, Shvan (2024)
polluted and clean sites
Pinus . Burabay, North Ka- |Chemical \{arlablllty in essentl_al_ oils in pine needles Aidarkhanova et al. (2022)
sylvestris zakhstan under varying ecological conditions

Kazakh uplands

Forest site conditions and their relation to reforesta-
tion success

Makeeva et al. (2014)

“Semey ormany”
Natural reserve

Health condition of pine stands across forest size
categories

Zalesov et al. (2015)

Beskaragay,
Bayanaul regions

Climatic effects on radial growth in forest ecosys-
tems

Zhumadina et al. (2019)

Northeast Kazakh-
stan (ribbon pine
forests)

Suppressed growth due to mass outbreaks of gypsy
moth

Mapitov, Zhumadina (2015)

Central Kazakhstan
(several settlements)

Comparative anatomical assessment of pine needles
from different populations

Tuleshova (2023)
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A cross-comparison of the studies presented in Tables 1 and 2 highlights the differing research priorities
between international/C1S-based studies and those conducted in Kazakhstan. While the former focus heavily
on stress response mechanisms to pollution and climate variability, the latter prioritize morphological and
anatomical changes under region-specific conditions. Notably, Kazakhstani studies contribute uniquely to
understanding adaptation in semi-arid continental ecosystems, providing data that is underrepresented in
broader Eurasian reviews.

Genetic and breeding research. In a pan-European context, P.sylvestris has been the subject of extensive
breeding programs. Studies by Krakau et al. highlight how different European countries have advanced or
halted breeding programs based on national priorities. Somatic embryogenesis and selection of elite geno-
types are current focal areas of breeding research. In CIS countries, particularly Russia, extensive investiga-
tions into the genetic variability and selection potential of Scots pine populations have been carried out to
improve forest productivity and resilience.

Comparative analysis of literature: CIS and International studies and Kazakhstan-based research. The
literature presented in Table 1 and 2 highlights the diversity of scientific approaches and ecological contexts
in which P.sylvestris populations have been studied. A comparative analysis reveals both commonalities and
region-specific focuses that are essential for understanding the ecological plasticity and physiological re-
sponses of Scots pine across Eurasia.

Studies from CIS countries and Europe (Table 1) predominantly investigate the effects of technogenic
pollution, climatic stressors, and forest management strategies on the growth and survival of P.sylvestris. For
instance, Kandziora-Ciupa (2016) reported the accumulation of heavy metals and the activation of antioxi-
dant responses in pine needles collected from polluted sites in Poland. Similarly, Chukina et al. (2025), and
Potashkina (2024) documented significant anatomical, physiological, and biochemical changes in
P.sylvestris growing under technogenic and mining conditions in Russia, emphasizing the species stress re-
sponse mechanisms [17-23].

In contrast, the studies conducted in Kazakhstan (Table 2) largely emphasize the species adaptation to
harsh continental climates, with a specific focus on morphological and anatomical traits (Tuleshova et al.,
2023; Bragina, Shvan et al., 2024), radial growth dynamics under varying climatic and ecological conditions
(Zhumadina et al., 2019; Mapitov et al., 2015), and phytochemical composition of pine needles
(Aidarhanova et al., 2022). These studies reflect a strong regional interest in ecological monitoring, affor-
estation strategies, and the assessment of forest health in semi-arid environments [24-28]. Methodologically,
international and Russian studies tend to employ a broader spectrum of analytical tools, including
dendrochronological series, geochemical monitoring, somatic embryogenesis (Krakau et al., 2013), and ad-
vanced spectroscopic techniques [29]. In Kazakhstan, while modern chromatographic and microscopic tech-
niques are applied, many investigations remain practice-oriented, focusing on local ecological indicators and
applied forestry. In terms of practical implications, the research conducted in Europe and the CIS under-
scores the importance of genetic improvement, forest productivity, and resilience under environmental
stressors. Conversely, Kazakhstan-based studies contribute valuable insights into the viability of P.sylvestris
in afforestation projects, particularly under challenging environmental and climatic constraints of Central
Asia [30]

In conclusion, while both datasets demonstrate the ecological versatility of P.sylvestris, the Kazakhstan
studies provide a unique contribution to understanding the species adaptation strategies in arid-steppe and
semi-arid conditions. Integrating findings from these different geographical contexts enhances our under-
standing of the species ecological amplitude and supports the development of region-specific conservation
and forest management strategies.

Conclusions

Overall, Pinus sylvestris is not only a key species in natural ecosystems but also a vital component of
afforestation and land stabilization projects in Central Asia. While natural populations exhibit high adaptive
potential and ecological value, cultural plantations pose challenges related to biodiversity and soil health.
Continued interdisciplinary research combining anatomical, biochemical, dendrochronological, and ecologi-
cal approaches is essential for sustainable pine forest management and breeding programs in Kazakhstan and
beyond.
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Opragnsik Kazakcranaarsl TAOUFU K9HE JAKbULIBI NONMYJISAMSAIAPAAFbI
Kkaimri Kaparaii (Pinus sylvestris L.) (mmosy)

By wony sxymeicta Opransik Kasakcrangarer Pinus sylvestris L. (komimri kaparaii) TaGuFy %oHE TaKbUIIBI
HOMYJISIIMSUIAPBIHBIH MOP(OJIOTHSIIBIK, aHATOMISIIBIK JKOHE OMOXMMHUSIIBIK epeKIIeiKTepiHe KaTICTHI COHFBI
3epTTey HOTIKeNepl KapacThlpbutrad. Taburu nomyssinusiiap HerizineH Ka3akThlH yCcak IIOKBUIAPBIHEIH Tay-
JbI alMaKTapbIHa OpHATACKaH JKOHE IKOJIOTHSJIBIK TYPAaKTBUIBIFBIMEH, KIMMAaTKa OeiiMaiiriMeH, )orapsl
TCHETHKAJBIK OpPTYPJIUIriMEH epeKmieleHeal. AN IMeJeHTTeHy MEH TONBIpaK 3PO3UACBIMEH Kypecy
MaKCaTbhIH/Ia JKaCaH/Ibl TYP/Ie OTHIPFBI3bUIFAH JIAaKBULIBI OMYJIALMIIAD MOHOKATAPIIBI KYPBIIBIM CalllapblHaH
MOP(POMETPHSIIBIK ©3repicTepre yIbIparn, OHOalyaHTYpJIUTIKTIH ToMeHneyine cebernr 6omyma. TM/J emamepi
MeH KasakcTaH[a JKYpri3ulreH CaJbICTBIPMAalbl 3epTTeyjep KOPCEeTKEHJEH, TEXHOTeHMAIK JIacCTaHy MEH
TOIBIPAKTBIH ~ JeTpajaiisichl  KBUIKAHHBIH AHATOMMSUIBIK  KYPBUIBIMBIHA, pagHalibl ©cCyiHe JKoHe
(UTOXMMHSIIBIK KypaMblHA aWTapJIBIKTall ocep eTeli. AybIp MeTalgapiblH JKHHATYBL, (OTOCHHTE3MIIK
MUIMEHTTEP/IIH a3alobl, COHIal-aK 3(up Maiaapbl KypaMbIHAAFbl ©3repicTep aramTapablH OelimMaeny peak-
IUACHIH cunatTaiinel. TaOuFy KoHe AaKpUIABI NOMYJSIIMSUIAp apachblHAAFrbl OyJ1 alblpMalIbUIBIKTap OpMaH
IIapYaIlbUIBIFBIH OacKapy/a, CENEeKIMSUIBIK JKOHE KOPFay CTpaTerHsUIapblH JKeTUIAIpYIe MaHbI3Ibl eKeHiH
KepceTesi.

Kinm ce30ep: Pinus sylvestris L., Opransik Ka3akcran, Taburu jxoHe JAAKbUIABI MOMYISIMSUIIAD, KbUIKAHAAD
AQHATOMUSCHI, MOP(QONOTHAIBIK ~ ©3TeprimTiK, OWOXMMHUAIBIK Oedimmery, OpMaH [IapYyallbUIBIFBI,
9KOJIOTHSUIBIK KYH3eic.

K.A. Tynemosa, A.K. Kaimu, M.M. CunantbeBa

OobixkHOBeHHas1 cocHa (Pinus sylvestris L.) B npupoanbIx
U KyJbTYpHBIX nomyJsinusix LleaTpansHoro Kazaxcrana (0630p)

B 00630pe 0000IIEHBI COBPEMEHHBIE HUCCIIEOBAHHS MOP(OIOTHIECKUX, aHATOMHYECKHX U OHOXMMHYECKUX
ocobennocreii Pinus sylvestris L. (cocHbl 0OBIKHOBEHHO#) B MPUPOJHBIX U KYJIBTYPHBIX momyisiiusx LleH-
tpanbHoro Kazaxcrana. IIpupo/Hble MOMYINSAINH, IPOM3PACTAIOIINE B TOPHBIX paiioHax Kazaxckoro menko-
COIOYHHUKA, XapaKTEePH3YIOTCSI BHICOKUM T'€HETHYECKHM pPa3sHOOOpa3neM, YCTOWYMBOCTBIO K KOHTHHEHTAIb-
HOMY KJIUMATy M CTaOMJIBHOCTBIO 9KOCHCTEM. B TO ke BpeMsi KyJIbTypHBIE HACaXK/CHHSI, CO3/IaHHBIE C LIEIIbIO
GOpBOBI C OMYCTHIHUBAHUEM W IPO3HEH MOYB, IEMOHCTPHUPYIOT MOP(HOMETPHUECKUE U3MEHEHHSI, CHIDKCHHUE
6ropa3HooOpa3us U TpaHCHOPMAIMIO TOYBSHHBIX CBOWCTB BCIIEACTBHE MOHOKYIBTYpHOrOo moxaxona. Cpas-
HUTENBHBIN aHAJINU3 HccnenoBaHui, npoBeacHHbIX B crpaHax CHI' n Kazaxcrane, moka3piBaeT 3HAUUTEIBHOE
BIIMSIHAE TEXHOTCHHOW Harpy3Kd M JErpajlalliyl IIOYBBI HA aHATOMHYECKHE MapaMeTphl XBOH, paJHaJIbHBINA
HOpUPOCT U PUTOXUMHUYECKUH cocTaB. HakomueHne TSOKENBIX METaJUIOB, CHIDKECHHE COZlEp)KaHMs (POTOCHHTE-
THYECKUX MUTMEHTOB M M3MEHEHHe d(HHPHOMACIHIHOTO MPOQMIIS SBISIOTCS peakiyeld Ha SKOJIOTHYECKHUH
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cTpecc. BrIsiBIeHHbBIE pa3nuuus MeXIy MPUPOAHBIMU U KYIbTYPHBIMU MOMYIALHAMH MOAYEPKUBAIOT HEOO-
XOAUMOCTh aJaNTalUU JIECOX03SHCTBEHHBIX CTPATETUH U COBEPLICHCTBOBAHUS CENEKIMOHHBIX MPOTPaMM C
Y4€TOM PETHOHATIBHBIX IKOJIOTHYECKUX YCIOBUH.

Knioueswie crosa: Pinus sylvestris L., Ilenrpansusiii KazaxcraH, npupoIHble MOMYISIUH, KyJIbTypPHBIE JIECO-
HACaXJICHHS, aHATOMIUSI XBOU, MOP(HOJIOTHIECKasT N3MECHYHBOCTh, OMOXHMHUYCCKAsI aalTalus, JIECCHOE X035~
CTBO, SKOJIOTUYECKUI CTpecc.
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