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Abstract. This study presents long-term research conducted at the Zhanibek Experimental Station on
the selection of promising tree and shrub species for landscaping the arid regions of Western Kazakhstan.
The aim was to identify species resistant to extreme soil and climatic conditions, including solonetz and
ameliorated solonetz soils, and to evaluate their viability, growth, and longevity. The methodology included
observations of plant morphology, post-planting survival rates, growth dynamics, resistance to abiotic stresses,
and adaptive responses to environmental conditions. Special attention was given to comparing native and
introduced species to determine optimal combinations for sustainable landscaping. The most resilient tree
species identified were pedunculate oak (Quercus robur), Siberian elm (Ulmus pumila), white poplar (Populus
alba), wild apple (Malus sylvestris), Tatar maple (Acer tataricum), common ash (Fraxinus excelsior), silver
birch (Betula pendula), black locust (Robinia pseudoacacia), and common pear (Pyrus communis). Among
shrubs, the most ycroituussie species included Tatar honeysuckle (Lonicera tatarica), golden currant (Ribes
aureum), narrow-leaved sea buckthorn (Hippophae rhamnoides var. angustifolia), multi-branched broom
(Cytisus multiflorus), and yellow locust (Robinia pseudoacacia var. flava). Results showed that Siberian elm
and Tatar maple performed best on solonetz soils, while steppe xerophytes were more effective on ameliorated
soils. Key adaptation mechanisms include extensive root systems, regulation of water balance, osmotic
adjustment, and the synthesis of protective compounds. The findings demonstrate that combining native and
introduced species enhances plantation resilience, improves microclimate, and supports effective ecological
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and urban greening 1n arid regions.
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Annotanusi. byn makamama barteic KasakcTaHHBIH ImMeNIeHT aiiMaKTapbhlH KeOTaIaHIBIPY YIIiH
MepCIIeKTUBANIBI aFalll JkoHe OyTa TypiepiH ipikrey MakcarbiHna JKoHiOek TokipuOe CTaHIHMSICHIHAA
KYPri3UIreH y3aK Mep3iMIi FBUIBIMHU JKYMBICTAP/bIH HOTHKENEP! YCHIHBIIFAH. 3epTTEYIiH Heri3ri MakcaThl
— KypIesi TONBbIPAaK-KIUMATTBIK JKaFJaiyiapra Te3IMJII ©CIMIIK TYPJIEPIH aHBIKTAIl, OJApbIH TipIIUTIKKES
OeliMILTITIH, 6CY KapKbIHBIH JKOHE Y3aK eMip cypy KabineTiHn Oaranay. ATanraH MaKaJlaHBIH 9JIICTEMECIH/IE,
©CIMJIIKTEePIiH MOP(OIOTUSIBIK epeKIIeNiKTepiH OaKblUIay/Ibl, OTBIPFBI3yaH KeHIHT1 cCaKTally JeHTeliH, ocy
JTMHAMUKACBIH, a0MOTHUKAJBIK CTpecc (hakTopiapblHa TO3IMIUIITIH XOHE KOpIIaFaH OpTa jKaraaiiapblHa
OeliiMieny peakIUsUIapbIiH 3epTTeyai KaMThiabl. COHBIMEH KaTap, TYPaKThl KeTaJJaHAbIpy YIIiH OHTAMIIbI
yinecimaepii aHbIKTay MaKCaThIHJIA KEPTUTIKTI JKOHE WHTPOAYKIMSIIAHFaH TYPJIEPAl CalbICThIpyFa €peKIie
keHU1 Oenminl. EH Te3iMi aram Typiepine emeH (Quercus robur), kaparam (Ulmus pumila), ak repex (Populus
alba), >xabaiisl anma (Malus sylvestris), Tarap yieHkici (Acer tataricum), koaimri maran (Fraxinus excelsior),
kaiibiH (Betula pendula), ak akamus (Robinia pseudoacacia) sxone komimri anmypT (Pyrus communis)
YKaTKbI3bUIIBI. byTamap apaceiHaa eH Te3imainepi — Tarap yimkarsl (Lonicera tatarica), anTeiH Kapakart (Ribes
aureum), *iHiIIKe *anblpakThl mbIipraHak (Hippophae rhamnoides var. angustifolia), ke 6yTakTbl pakKUTHUK
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(Cytisus multitiorus) »xaHe capel akanusa (Robinia pseudoacacia var. tlava). 3epTTey HOTHXKEIIEP1 KOPCETKEHIEN,
COpTaH TONbIpaKTap/a Kapara »oHe Tarap YHEHKICI €H KOFapbl HOTHKeJIep KOPCeTTl, all MeIHopalHsiaHFaH
TombIpaKTapaa jAana kcepodurrepi Thimai Oonasl. Herisri Oelimzeny MexXxaHU3MIEpiHE KyaTThl TambIp
KYHECIHIH JaMybl, Cy TEHIepIMiH PETTey, OCMOCTHIK OeWiMJIeny >KOHE KOPFAHBIIITHIK KOCBUIBICTAP/IBIH
cuHTe31 Karapl. KopbIThIHIbIIAN Kelle, )KePTUTIKTI dKoHe MHTPOAYKIIMsUIaHFaH OCIMIIK TYpJIepiH YiIecTipin
naijanany eKrneixepAiH TYPaKThUIBIFBIH apTTHIPHIN, MUKPOKIMMATTHI JKaKCcapTaabl ’KoHE KyaH aiiMakTapia
SKOJIOTHSUIBIK 91 KalalbIK KOTajlAaHIbIPYAbIH THIMIUTITIH KAMTaMachl3 eTe/ll.

Tyiiin ce3mep: MHTPOAYIIEHTTEP, OCIMIIKTEpI, aramTap, OyTansap, opMaH ekmesnepi, (aopa, TONbIpak-
KIIMMATTHIK JKaFainap
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AHHOTaHI/IH. B I[aHHOﬁ CTaTbC IIPCACTABIICHBI MHOTI'OJICTHHC Ha6J'IIOILCHI/I${, HpOBCI[éHHBIC Ha
JKannOeKkCcKoH ONBITHOM CTaHIIH, KOTOPBICHAITPABJICHDBI H30T60p NEPCHCKTUBHBIX APCBCCHBIXUKYCTAPHUKOBBIX
nmopoa AJjist O3CJICHCHUS 3aCyNIJIMBBIX paﬁOHOB 33Ha,Z[H01"O Kazaxcrana. I_ICJ'IBI-O pa60TbI OBLIIO BBHISABICHHE
BHUIOB, YCTOI‘/‘I‘II/IBBIX K S3KCTpCMAJIbHBIM IHOYBCHHO-KIIMMATHYCCKUM YCIIOBUSAM, BKJIHOYasd COJIOHILIOBBIC H
MCJIMOPUPOBAHHLBIC COJIOHIIOBBLIC ITOYBbI, 4 TAKIKC OLCHKA HMX )KI/ISHGCHOCO6HOCTI/I, poCTa U JOJTOBCUHOCTH.
MeTtonuka BKIrOUala HU3YyUCHUC MOp(bOJ'IOFI/I‘{eCKI/IX 0coOeHHOCTEH paCTCHHﬁ, HUX MPHKXHUBACMOCTHU IIOCIJIC
nmocaaku, JMHaAMHUKH POCTa, YCTOﬁQHBOCTH K a0HOTUYECKUM CTpeCcCaM U aJIalITUBHBIX peaKI_[I/Iﬁ Ha yCJIOBUA
CpCabl. Oco00€e BHUMaHKE YACTAJIIOCH CPABHUTCIIBHOMY aHAJIM3y MECCTHBIX U UHTPOAYHIHUPOBAHHBIX BUJIOB JJI1
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OTIPE/ICTICHUS ONTHUMAJIbHBIX COYETAaHUN B yCTOMUMBBIX O3€JICHUTEIBHBIX HACAKICHMAX. CpPEeln APEBECHBIX
MOPOJT HAaUOOJIBIIIYI0 YCTOWYUBOCTD MOKa3au 1y0 yepenrdarsiii (Quercus robur), B3 mpuzemuctsiit (Ulmus
pumila), Torons Genbiit (Populus alba), ss6mons necuas (Malus sylvestris), kin€n Tatapckuii (Acer tataricum),
siceHb 00bIKHOBeHHBIH (Fraxinus excelsior), 6epé3a moBucnas (Betula pendula), poounms mxeakarus (Robinia
pseudoacacia) u rpyma oobikHoBeHHas (Pyrus communis). Cpeau KycTapHHUKOB Hambosee yCTONYHMBBHIMU
OKa3aJluch XUMONOCTh Tarapckast (Lonicera tatarica), cmopoauHa 3omotuctas (Ribes aureum), obnmenmxa
kpymnHoBHAHas y3konuctHas (Hippophae rhamnoides var. angustifolia), pakuTHHK MHOTOIIBETKOBBIi
(Cytisus multiflorus) u xéntas akauus (Robinia pseudoacacia var. flava). Pe3ynprarel mokaszanu, 4to Bs3
MPU3EMUCTBIA U KJIEH TaTapCKUM JAEMOHCTPUPYIOT HAWITy4YIlMEe MOKa3aTelld Ha COJOHI[OBBIX MOYBAX, TOTAA
Kak cTenHble KcepoduThl Oonee >PpPeKTUBHBI HA MEIHMOPUPOBAHHBIX MouyBax. KitoueBbIMU MeXaHM3MaMH
aJlanTalyy ABISIOTCSA pa3BUTasl KOPHEBAsl CUCTEMa, PETYIISIHS BOIHOTO OalaHca, OCMOTHYECKas aJanTalius
Y CHHTE3 3alllUTHBIX coeAnHeHU. [lomyyeHHbIe TaHHbIe CBUETENBCTBYIOT O TOM, UTO COYETAHHE MECTHBIX U
HMHTPOAYLUPOBAHHBIX BUIOB MOBHIIIAET YCTOMYUBOCTH HACAKACHUH, YITydllIaeT MUKPOKIMMAT U CIOCOOCTBYET
3¢ (EeKTHBHOMY HKOJIOTHUECKOMY U TOPOJICKOMY O3€JICHEHHIO B 3aCYIIUIUBBIX PETHOHAX.

KiioueBble cjioBa: UTPOAYLEHT, pacTEHUs, AEpPEBbs, KYCTapHHUKH, JIECHBIE KYJIbTYpHI, (opa,
MMOYBEHHO-KIIMMATHYECKHUX YCIOBHS

Jas uutuposanusi: Jlocmanberos /[.A., AxmeroB P.C., XKymanos b.M., Kacniak6aes E.M. ®en Y.
(2026). OT60p MEpCreKTUBHBIX BUIOB JEPEBbEB U KYCTAPHUKOB JJIs O3elieHeHue B 3anagHoM Kazaxcrane//
Research, results — [3nenicrep, Hotmxkenep — MccnenoBanus, pesynprarel. T. 28. Is. 2. Number 110. Pp. 148—
160. https://doi.org/10.37884/2-2026/13 [In Eng.].

KoH(uIuKT HHTEepecoB: aBTOPHI 3asIBIAIOT 00 OTCYTCTBUU KOH(IMKTA HHTEPECOB.

Introduction

Forests play a threefold role in the life of both individuals and humanity as a whole. On the one hand,
as one of the principal components of the human environment, forests exert a significant influence on climate,
the availability of clean water and air, the protection of agricultural lands, and the provision of spaces for
comfortable living and recreation. They also preserve biological diversity, which forms the ecological or
environmental role of forests. On the other hand, forests constitute a source of numerous material resources
without which humanity cannot currently function and is unlikely to do so in the foreseeable future. These
include timber for construction, paper and furniture production, fuelwood, as well as food and medicinal plants,
among others. This dimension is commonly referred to as the economic or resource-based role of forests.
Finally, forests are an integral part of the cultural and historical environment that shapes the traditions and
lifestyles of entire nations. They provide employment, independence, and material well-being for a significant
portion of the population, particularly for those living in forest villages and settlements. This aspect is known
as the social role of forests.

For humanity as a whole, all three roles of forests—ecological, economic, and social—are equally
important. However, for each individual, depending on their place of residence and occupation, one role
may be more significant than the others [Awazi et al., 2019: 379-388]. As a rule, the scarcer forests are in
a given area, the more pronounced their environmental role becomes. Their importance in preserving rivers
and streams, protecting adjacent agricultural lands from desiccation and erosion, improving air quality,
and providing recreational spaces is especially valued. Conversely, in forest-rich areas, the environmental
role may be less noticeable, while the importance of forests as a source of employment, economic well-
being, construction materials, fuelwood, mushrooms, berries, and other resources becomes more prominent.
Nevertheless, regardless of where a person lives or what they do, all three roles of forests remain important to
some extent.

The various roles of forests are closely interconnected, and clear boundaries between them are often
difficult to define; their classification is therefore largely conventional. For example, protective forests in
agricultural regions primarily perform an environmental function—shielding farmland, settlements, and
water bodies from adverse weather conditions—while also having considerable economic significance for
agriculture [Danilova et al., 2023: 560-567]. Timber harvesting for industrial purposes simultaneously utilizes
forest resources (economic role) and generates employment and income for local populations (social role).
Numerous such examples illustrate the overlap of forest functions without diminishing the importance of any
of them.
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The limited composition of dendroflora cannot meet the modern demands of urban greening, forestry,
agriculture, agroforestry, and other sectors of the national economy. This necessitates the enrichment of local
flora with economically valuable plant species through their introduction from other countries [Dosmanbetov
et al., 2025: 409-420]. The success of cultivating and acclimatizing trees and shrubs depends both on their
biological characteristics and on the new environmental conditions in which they are placed. These biological
traits have developed over the course of the species’ evolutionary history under the influence of the natural
conditions of their native habitats. Thus, the biological characteristics of plants largely correspond to specific
environmental conditions. Therefore, for an accurate assessment of the success of introduction efforts, it is
essential to consider the biological characteristics of introduced species, the environmental conditions of their
native habitats, and those of the new region [Dosmanbetov et al., 2018: 165-169].

Forests largely determine environmental quality and the suitability of the environment for healthy
and comfortable human life. The role of forests as the “green lungs of the planet” is well known: they absorb
carbon dioxide from the atmosphere, sequester carbon in the biomass of living plants, their residues, and
soils, and release oxygen essential for respiration. At the same time, forests effectively purify the air from
dust and harmful pollutants, which settle on leaves and needles and are subsequently washed to the ground by
precipitation. By evaporating large quantities of water, forests maintain increased air humidity, protecting both
themselves and adjacent territories from desiccation. This evapotranspiration process not only cools the local
climate but also contributes to the formation of regional precipitation patterns. In an era of global warming,
the cooling effect of forests has become increasingly recognized as a critical ecosystem service that mitigates
the frequency and intensity of heatwaves in many parts of the world.

Equally well known is the role of forests in maintaining clean freshwater resources—one of the most
critical natural resources, the shortage of which is increasingly felt in many parts of the world, including
numerous regions of Russia. Forests play a major role in the global redistribution of precipitation: moisture
evaporated by trees returns to the atmospheric cycle, facilitating its transport from oceans and seas deep
into continental interiors. Modern studies indicate that without forests, inland regions would be significantly
drier, or even desert-like, and far less suitable for human habitation and agriculture. Forests also regulate
hydrological processes by slowing spring snowmelt and reducing runoff after heavy rains, thereby mitigating
river flooding and preventing both destructive floods and the drying up of rivers and streams during droughts.
Additionally, forests protect riverbanks from erosion, preventing water pollution by soil particles. The root
systems of trees bind soil together, creating a natural barrier against landslides and bank collapse.

Forests, shelterbelts, and even individual trees play an essential role in protecting and preserving the
fertility of adjacent agricultural lands. They shield soils and crops from the harmful effects of strong winds,
late frosts, desiccation, erosion, and other adverse factors. Their beneficial influence is particularly evident in
zones of risky agriculture, where climatic conditions are less favorable for crop cultivation. When optimally
arranged within agricultural landscapes, forests and shelterbelts can create favorable conditions over areas that
exceed their own size by 10-20 times [Falck et al., 2019: 280-289]. This multiplier effect makes agroforestry
one of the most cost-effective strategies for sustainable land management, especially in semi-arid and arid
regions where wind erosion and water scarcity are persistent threats.

Forests are closely linked to most of Earth’s biological diversity—the variety of living organisms and
ecosystems on the planet. They serve as the primary habitat for approximately three-quarters of all plant,
animal, and fungal species, most of which cannot survive without forest ecosystems. The conservation of
global forest diversity, particularly undisturbed natural forests that continue to function with minimal human
interference, is crucial for preserving overall biodiversity. Forest ecosystems provide complex microhabitats,
from the forest floor to the canopy, each hosting specialized communities of organisms. The loss of even a
single tree species can trigger a cascade of extinctions among dependent insects, birds, and mammals.

As human civilization develops, population size increases, and demands for environmental quality,
clean water, air, and other ecosystem services grow, the environmental importance of forests continues to
rise. Most importantly, a gradual—albeit slow—shift is occurring from mere recognition of this role toward
a willingness to take action to ensure that forests can continue to sustain a favorable environment for future
generations. International agreements, national forest programs, and local reforestation initiatives reflect this
growing commitment, though implementation often lags behind policy declarations.

The territory of Western Kazakhstan is sparsely forested, and the natural composition of tree and shrub
species is relatively poor. Due to anthropogenic activity and climate aridization, many valuable plant species
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have been lost. Overgrazing, unsustainable fuelwood collection, and agricultural expansion have further
degraded the already fragile natural vegetation cover. The scarcity of native trees, shrubs, and herbaceous
vegetation necessitates research aimed at expanding species diversity through the selection of valuable species,
forms, and cultivars. Selected valuable species, forms, and cultivars will be introduced into various plantations,
including ornamental green spaces, forest-reclamation plantations, forests, gardens, parks, medicinal plant
plantations, and others.

Enrichment of local flora through the introduction of woody plants has long been widely practiced,
primarily in regions with favorable climatic conditions for their cultivation. Introduction is particularly
important in naturally treeless areas, especially in arid zones with limited water availability and, in some
cases, significant soil salinization [Kozhevnikov et al., 2022: 36-—43]. Not all species capable of growing under
the given soil and climatic conditions have been studied, so additional species, including rare and endangered
ones, will be included for investigation. The Caspian Lowland, with its complex mosaic of solonetz, solonchak,
and meadow soils, presents a particularly challenging environment for plant introduction, making systematic
screening essential.

The selection, conservation, and enrichment of flora with valuable trees, shrubs, and herbaceous plants
that exhibit fast growth, resilience to extreme conditions, ornamental qualities, and high-quality yields is one
of the pressing challenges in the Republic of Kazakhstan. Plant introduction represents a major opportunity to
increase the productivity of artificially created phytocenoses of various purposes and to enhance economically
valuable traits. To preserve rare and endangered plant species and to incorporate new useful plants into local
flora, it is necessary to cultivate them in arboreta, experimental plots, and botanical gardens, with subsequent
propagation aimed at reintroducing them into natural habitats.

Thus, these studies have both theoretical significance and practical applications. The aim of this research
is to conduct preliminary trials of new species, identify the most promising and stress-tolerant ones, and
ultimately introduce them into cultivation. Selection focuses on wild, endangered, and valuable local species
possessing architectural and ornamental traits suitable for growth under the prevailing conditions. As a result
of this research, new species of introduced plants—including ornamental, deciduous, wild-fruited species,
and their cultivars with additional useful traits—are expected to be studied. The research is environmentally
oriented and does not negatively impact the surrounding ecosystem. On the contrary, successful introduction
can enhance local biodiversity, stabilize degraded soils, and provide long-term ecological benefits.

Materials and Methods

The primary area of our research is the clay semi-desert of the Caspian Lowland, a unique and
ecologically sensitive biome situated on the border between Russia and Kazakhstan, specifically within the
Volgograd and West Kazakhstan regions. The focal point of our long-term investigations is the Zhanibek
Station, a scientific outpost dedicated to studying the adaptability of woody and shrubby vegetation under
extreme continental semi-desert conditions. The Zhanibek Station is located approximately 4 km west of
the Zhanibek railway station, at the administrative boundary separating the Volgograd region of the Russian
Federation from the West Kazakhstan region of the Republic of Kazakhstan (Figure 1). This location was
chosen due to its representativeness of the broader Caspian Lowland’s physical geography, as well as its
logistical accessibility for long-term monitoring.

The station lies in the central part of the lake-lagoon depression of the Caspian Lowland, a geomorphic
feature formed during the Quaternary period as a result of the regression of the Caspian Sea. The region is
characterized by an almost perfectly flat terrain with internal drainage, meaning that surface runoff does not
reach the World Ocean but instead accumulates in local depressions, forming temporary lakes and salt marshes.
This endorheic nature is a key factor shaping soil salinity and hydrological regimes. Despite the general
flatness, the area exhibits well-developed meso- and microrelief features, including shallow depressions
(known locally as padins), low hummocks, and closed hollows. These microelevational differences, often no
more than 20-50 cm, create significant spatial heterogeneity in soil moisture, salinity, and vegetation cover.
The parent soils are represented by Lower Khvalynsk heavy loams, which are slightly saline. These loams
have low permeability, promoting surface ponding after snowmelt or heavy rains, but also contributing to
rapid capillary rise of saline solutions during dry periods. Groundwater is located at a depth of 67 meters,
which is generally beyond the reach of the root systems of most annual crops but can be accessed by deep-
rooted woody perennials, albeit with risks of salt uptake.
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Fig. 1. Experimental site in Zhanibek

Native woody and shrub vegetation is almost entirely absent from the open plain and is concentrated
mainly in natural linear depressions such as gullies (balkas) and river valleys. These microrefugia provide
slightly more favorable moisture regimes and some protection from wind. The natural plant communities
consist primarily of shrub thickets, including Spiraea hypericifolia (St. John’s wort-leaved spirea), Spiraea
crenata (crenate spirea), wild almond (Prunus tenella or Prunus sp.), and blackthorn (Prunus spinosa). These
species are xerophytic or meso-xerophytic and well adapted to the region’s moisture deficit. Less frequently
encountered are Rhamnus cathartica (common buckthorn), dog rose (Rosa canina), Tatar honeysuckle
(Lonicera tatarica), and Euonymus verrucosus (warty spindle tree). Occasionally, isolated wild apple (Malus
sp.) trees can also be observed, likely relics of former, more mesic conditions or persistent individuals from
ancient forest-steppe patches. The absence of continuous forest cover underscores the harshness of the climate
and the edaphic constraints for woody plant establishment beyond drainage lines.

Meteorological data were systematized based on long-term observations from the Elton Meteorological
Station, located 36 km south of Zhanibek. This station provides the most reliable continuous climatic record
for the region, as near-ground instrumentation at the Zhanibek site itself is limited. A table summarizing the
main meteorological parameters (monthly air temperature, precipitation, and relative humidity) is presented
below (Table 1).

Table 1 — Characteristics of key climate parameters

Month Air Temperature °C Precipitation, mm Relative humidity,%
Long-term Absolute
average maximum minimum

1 -11,0 1,4 27,2 29 84
2 -10,0 1,4 -27,6 17 84
3 -4,0 9,4 -22,8 17 83
4 7,5 24,2 -6,2 18 64
5 17,0 31,6 1,1 23 50
6 21,5 36,4 4,8 31 50
7 24,0 38,1 9,3 39 49
8 22,5 36,9 7,8 21 49
9 15,5 31,1 -0,5 22 56
10 8,0 21,8 -5,8 21 68
11 -1,0 11,5 -17,3 19 80
12 -7,0 4,2 -23,1 23 83

Annual 6,9 39,3 -29,8 280 65

Analysis of the data from this table indicates that the long-term average annual temperature is 6.9 °C,
with an absolute maximum of 39.3 °C and an absolute minimum of —29.8 °C. This large annual amplitude
(=69 °C) 1s typical of a sharply continental climate. The last spring frosts occur on average around May 2, and
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the first autumn frosts around September 28, yielding a frost-free period of approximately 150 days. However,
the growing season is better defined by temperature thresholds. The dates when mean daily air temperatures
cross 0 °C are March 25 (spring) and November 13 (autumn), resulting in a period of 233 days. The dates
when mean daily temperatures cross 5 °C are April 7 and October 28 (205 days), and for 10 °C, April 19 and
October 28 (170 days). The 10 °C threshold is particularly significant for the active growth of most woody
plants.

The annual total precipitation is only 280 mm, which classifies the climate as semi-arid to arid. The
distribution of precipitation during the warm half of the year (April-October) is particularly important. For the
cultivation of most annual crops, soil moisture reserves — mainly replenished by precipitation during the cold
half of the year (November—March) when snow accumulates — and rainfall in the first half of the warm season
(April-June) are critical, as these months largely determine the fate of the harvest. For woody plants, the
pattern differs: in addition to cold-season precipitation (which recharges deep soil layers), rainfall in the second
half of the warm season (July—September) is of great importance. Early in the growing season, woody plants
generally rely on soil moisture reserves accumulated from snowmelt and spring rains. However, precipitation
later in the season ensures proper completion of growth, including lignification of shoots and formation of
winter-hardy tissues. Abundant rainfall in early summer (e.g., June) can paradoxically be detrimental: it
promotes rapid, succulent growth and large leaf development, thereby increasing the plant’s subsequent water
demand. If this is followed by a dry period in late summer (July—August), it can lead to premature cessation
of growth, desiccation, or frost injury in winter due to insufficient hardening. In this context, increased rainfall
in August, even if total warm-season precipitation is unchanged, can partially compensate for reduced rainfall
in June—July by supporting late-summer transpiration and storage of carbohydrates.

The long-term average annual relative humidity is 65%, with winter months exceeding 80% and summer
months dropping to 49%. Based on these climatic conditions, plants cultivated in this area must exhibit multiple
stress tolerances simultaneously: high tolerance to both frost (down to —30 °C) and extreme heat (above
+38 °C), and the ability to withstand rapid drops in relative humidity to 6-7% during the beginning of the
growing season (especially in May—June, when dry easterly winds occur). Additionally, resistance to drought
(physiological and edaphic) and to strong, desiccating winds (often from the Caspian region) is essential.

Alongside the study of introduced species (dendrological introductions), systematic assessments are
conducted for several key adaptive traits: winter hardiness, drought and frost resistance, flowering and fruiting
success, and susceptibility to pests and diseases. These evaluations follow standardized scales (e.g., from
0 — no damage to 5 — complete death). Subsequent observations over multiple years allow the selection of
winter-hardy species, forms, and cultivars of trees and shrubs most suitable for protective afforestation, urban
landscaping, and restoration of degraded lands in the Caspian semi-desert.

In spring or early summer, after full leaf expansion at arboreta and other collection sites, surviving plants
are carefully examined. Observations record: (1) the number of damaged or dead plants, (2) the nature and
extent of damage, including wood frost (xylem browning), sunscald (bark necrosis on south-facing stems),
frost cracks (longitudinal bark splits), and freezing of vegetative and generative buds. These assessments
allow the classification of species into three categories:

- Highly winter-hardy: no visible damage even after severe winters (absolute minimum < —30 °C).

- Moderately hardy: significant damage (e.g., bud kill, tip dieback) in severe winters, but recovery
occurs; normal winters cause only minor injury.

- Low winter-hardiness: severe damage (crown dieback, stem girdling, or death) in normal winters, and
very severe (complete mortality) in harsh winters.

This classification enables the identification of species that are particularly suitable for cultivation under
extreme conditions [Lasco et al., 2014: 83-88].

Drought tolerance is assessed visually and physiologically. Observations focus on plant condition (leaf
turgor, wilting, chlorosis, necrosis, premature leaf fall) and growth increments during dry periods (defined
as >10 consecutive days without rain and with temperatures >25 °C). After the drought event (typically in
late August or September), all species are carefully inspected to record changes caused by adverse weather
conditions. Woody plants are rated on a scale from highly tolerant (no symptoms, continuous growth) to
intolerant (defoliation, branch dieback, or death). An example of biometric characterization of woody plants
in the experimental plot is shown in Figure 2.
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Fig. 2. Description of the biometric characteristics of woody plants in the experimental plot

When selecting plants for landscaping, shelterbelts, or reclamation purposes, ornamental qualities are
also considered alongside adaptive traits. These include crown size and shape (pyramidal, rounded, spreading),
bark texture (smooth, fissured, exfoliating) and color, leaf shape and color during summer and autumn, leaf
arrangement on branches (alternate, opposite, whorled), and other phenological features. The most important
ornamental characteristic is crown size and shape, which determines the plant’s spatial impact and shading
capacity. This is followed by decorative qualities of leaves (including autumnal coloration), flowers, fruits,
and trunks [Martiushov et al., 2022: 1-9]. Leaf ornamental value is determined by size (large leaves providing
a coarse texture), color (green, glaucous, variegated), arrangement on branches, timing of leaf emergence,
autumnal coloration (yellow, orange, red, purple), and abscission timing (late retention adds winter interest).
Flower ornamental value considers shape (simple or double), size, color (white, yellow, pink, red, purple),
fragrance, and flowering duration (early spring vs. late summer). Fruits of trees and shrubs also serve as
important decorative elements, especially persistent fleshy fruits (e.g., Rosa, Crataegus, Malus) or showy
capsules (e.g., Euonymus), adding winter color and attracting wildlife [Mambetov et al., 2019: 336-342].
Thus, the integrated approach at the Zhanibek Station combines stress tolerance screening with aesthetic
evaluation to select multipurpose woody plants for the harsh Caspian semi-desert environment.

Results and Discussion.

The northern Caspian region, where the Zhanibek Station is located, is a naturally treeless area
characterized by an extremely arid climate and predominantly saline soils. Under conditions of increasing
anthropogenic pressure, it is impossible to address the problem of preserving artificial plantations and
enhancing their productivity solely through naturally occurring species. Therefore, the selection and cultivation
of resilient and highly productive species, as well as the development of measures to conserve and maintain
existing introduced species, are of primary importance.

Plant introduction is an effective and often the only feasible method for conserving plant biodiversity. It
increases the population size of preserved species and expands their cultivated range. The introduction of rare
and endangered species can significantly reduce anthropogenic pressure on natural populations. Conservation
of woody plant biodiversity is a key objective of botanical gardens and arboreta.

Several dynamic processes in agriculture have led to a shift from monocultural systems to the integration
of trees and crops on farmland. This trend reflects growing recognition of the multiple benefits of integrating
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trees with crops 1n agricultural landscapes. Pressing 1ssues such as soil degradation, climate change, and natural
resource depletion have spurred the adoption of agroforestry and other integrated land-use practices to address
current agricultural challenges. Maintaining trees on agricultural lands supports biodiversity and provides
ecosystem services, such as soil erosion control and enhanced carbon sequestration, while also supplying food
and income to local communities [Runova et al., 2024: 105-112].

Overall, a well-developed root system is critical for optimal growth and development of woody plants
[Runova et al., 2023: 30-35]. Sustained growth is ensured by adequate soil moisture during the growing
season [Semkina et al., 2023: 188-191]. The strategy adopted at the 2002 International Conference in Moscow
considers the work of botanical gardens and arboreta in preserving biodiversity as a priority, emphasizing a
comprehensive approach that combines multiple conservation methods [Smirnova et al., 2021: 805-811].

To increase the efficiency of plant acclimatization, experience is developed and a specific algorithm is
established based on practical human activities, such as agriculture, even when only a few specimens of a new
plant are available. Recently, one of the methods receiving attention for studying plants and preserving their
diversity involves examining species that grow in different natural habitats [Samsudin et al., 2020: 349-365].

In plant introduction, selection criteria include not only rapid growth but also resilience under new
environmental conditions. Seeds with heritable traits that ensure the emergence of hardy progeny are
preferred. The agroclimatic conditions of the semi-desert zone (Zhanibek Station) are characterized by aridity
and pronounced continentality, which negatively affect the growth and development of plants that form the
basis of natural ecosystems. Adverse conditions are exacerbated by complex and widespread soil salinization,
resulting in low biological productivity.

The introduction, testing, and selection of the most promising, resilient, and productive forms and species
under local conditions will make a significant contribution to the conservation and restoration of biodiversity
in forest ecosystems. Accordingly, a survey was conducted to assess the current state of introduced woody and
shrub species, determine species composition preservation, and evaluate survival under semi-desert conditions.

Woody plants are the dominant life form in the arboretum collection, comprising 60—-70% of the total.
The species composition of the collection differs markedly from the local flora. The selection of promising
species for collection was based on the ecological and biological traits of introduced species that are capable
of adapting to new environmental conditions.

Analysis of introduced species from various ecological and geographical regions showed that those
with the best adaptive potential are from North America, Central and Middle Asia, and the Far East. For the
introduction, the most xeromorphic species were selected. In particular, deciduous species from the genera
Berberis, Cotoneaster, Crataegus, Euonymus, Ligustrum, Sambucus, Tamarix, Padus, Elaeagnus, and others
were used.

All species from these genera are sun-loving, drought-tolerant, winter-hardy, and undemanding to soil
conditions. Their high ornamental value, longevity, phytotoxic properties, and existence of multiple forms
differing in crown shape and leaf coloration, combined with low water and soil requirements, make them
among the top candidates for successful introduction. Based on our research, the most promising species under
the conditions at Zhanibek Station are 19 tree species and 23 shrub species, as presented in Table 2.

Table 2 — Promising tree and shrub species of the Zhanibek station

No. Species name No. Species name
1 2 3 4
Tree species Shrubs
1 Robinia pseudoacacia 1 Robinia pseudoacacia
2 Betula pendula 2 Berberis vulgaris
3 Ulmus pumila 3 Euonymus europaeus
4 Gleditsia triacanthos 4 Ligustrum vulgare
5 Pyrus communis 5 Crataegus douglasii
6 Quercus robur 6 Crataegus arnoldiana
7 Quercus petraea 7 Sambucus nigra
8 Catalpa bignonioides 8 Cytisus multiflorus
9 Acer tataricum 9 Lonicera tatarica
10 Acer platanoides 10 Salix caspica
11 Tilia cordata 11 Amelanchier ovalis
12 Sorbus aucuparia 12 Cotoneaster lucidus
13 Populus alba 13 Rhamnus cathartica
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14 Malus sylvestris 14 Hippophae rhamnoides
15 Fraxinus pennsylvanica 15 Ptelea trifoliata
16 Fraxinus excelsior 16 Rosa rugosa
17 Prunus avium 17 Syringa vulgaris
18 Hippophae rhamnoides var. angustifolia 18 Cotinus coggygria
19 Hippophae rhamnoides var. argentea 19 Ribes aureum
20 Spiraea hypericifolia
21 Prunus padus
22 Prunus virginiana
23 Shepherdia argentea

Table 2 presents the prospective tree and shrub species at the Zhanibek Station. Based on long-term
studies conducted at the Zhanibek Station, a list of promising tree and shrub species for landscaping in
Western Kazakhstan was developed. This list includes 19 tree species and 23 shrub species characterized
by sun tolerance, winter hardiness, drought resistance, and low soil requirements. These traits make them
particularly valuable for introduction under the region’s continental climate and on soils with high solonetz
content.

Among the tree species, the greatest resilience and longevity were observed in pedunculate oak (Quercus
robur), Siberian elm (Ulmus pumila), white poplar (Populus alba), wild apple (Malus sylvestris), Tatar maple
(Acer tataricum), European ash (Fraxinus excelsior), silver birch (Betula pendula), black locust (Robinia
pseudoacacia), and common pear (Pyrus communis). These species exhibit high survival rates and ornamental
value, making them suitable for both pure and mixed plantings of various functional purposes. Of particular
interest is the Siberian elm, which demonstrated minimal soil requirements and can successfully develop on
solonetz soils with salt content up to 50-60%.

An analysis of soil type effects on tree growth and survival showed that on solonetz soils, the most
promising species were Siberian elm and Tatar maple, exhibiting a combination of high drought tolerance and
stable survival. On ameliorated soils, the best growth and ornamental performance were observed in green ash
(Fraxinus pennsylvanica), Tatar maple, pedunculate oak, and white poplar. Among shrubs, the most resilient
and ornamental species were Tatar honeysuckle (Lonicera tatarica), golden currant (Ribes aureum), narrow-
leaved sea buckthorn (Hippophae rhamnoides var. angustifolia), multi-branched broom (Cytisus multifiorus),
and yellow locust (Robinia pseudoacacia var. flava). These species exhibit rapid growth, high ornamental
value, and the ability to establish successfully on low-fertility soils. On solonetz soils, the best performance
was shown by Tatar honeysuckle, golden currant, narrow-leaved sea buckthorn, multi-branched broom, and
yellow locust, whereas on ameliorated plots, the highest growth and ornamental results were achieved by
common barberry (Berberis vulgaris), round-leaved serviceberry (Amelanchier ovalis), common lilac (Syringa
vulgaris), and glossy cotoneaster (Cotoneaster lucidus).

A family-level analysis indicated that the greatest resilience and ornamental value were observed in
species from the Fabaceae, Ulmaceae, and Fagaceae families, highlighting their high potential for introduction
in the steppe zone of Western Kazakhstan. The Fabaceae family is represented by the white and yellow locust,
Ulmaceae by the Siberian elm, and Fagaceae by the pedunculate oak.

Thus, the proposed tree and shrub species possess high introduction potential and can be successfully
used to create diverse functional plantings, including park, protective, and ornamental landscapes. Based on a
combination of morphological, physiological, and ecological traits, groups of the most promising plants can be
identified: long-lived and versatile trees (pedunculate oak, Siberian elm, white poplar, Tatar maple, European
ash), trees with minimal soil requirements (silver birch, black locust), drought-tolerant and ornamental shrubs
(Tatar honeysuckle, golden currant, narrow-leaved sea buckthorn, multi-branched broom, yellow locust), and
steppe xerophytes suitable for ameliorated soils (common barberry, round-leaved serviceberry, common lilac,
glossy cotoneaster).

The results allow for the recommendation of these species for a wide range of landscaping activities
in the steppe zone of Western Kazakhstan, ensuring high resilience of plantings and long-term ornamental
value.

Conclusion

The comprehensive studies conducted on the selection of promising tree and shrub species for greening
in Western Kazakhstan have enabled the identification of a core set of species characterized by high vitality,
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remarkable resilience to extreme soil and climatic conditions, and significant ornamental value. Based on
long-term monitoring at the Zhanibek experimental station -where temperature fluctuations, aridity, and soil
salinity pose continuous challenges - the tree species demonstrating the highest adaptability and longevity
include pedunculate oak (Quercus robur), Siberian elm (Ulmus pumila), white poplar (Populus alba), wild
apple (Malus sylvestris), Tatar maple (Acer tataricum), European ash (Fraxinus excelsior), silver birch (Betula
pendula), black locust (Robinia pseudoacacia), and common pear (Pyrus communis). Among shrubs, the most
resilient and ornamental taxa were Tatar honeysuckle (Lonicera tatarica), golden currant (Ribes aureum),
narrow-leaved sea buckthorn (Hippophae rhamnoides var. angustifolia), multi-branched broom (Cytisus
multiflorus), and yellow locust (Robinia pseudoacacia var. flava).

A detailed soil type analysis revealed critical species-specific adaptations. On solonetzic soils -
characterized by high alkalinity, poor structure, and limited aeration - Siberian elm and Tatar maple exhibited
the highest growth and survival rates, making them indispensable for afforestation on degraded substrates.
Conversely, on ameliorated soils (e.g., those subjected to gypsum application or organic enrichment), steppe
xerophytic species demonstrated superior performance. Among these, common barberry (Berberis vulgaris),
round-leaved serviceberry (Amelanchier ovalis), and common lilac (Syringa vulgaris) not only thrived but also
provided substantial aesthetic and ecological benefits. These findings underscore the necessity of matching
species to specific edaphic conditions rather than applying uniform planting schemes across heterogeneous
landscapes.

Theidentified species collectively possess aunique combination of valuable morphological, physiological,
and ecological traits, including pronounced drought tolerance, winter hardiness, low soil fertility requirements,
and high ornamental value. Many of these species also exhibit effective root systems for erosion control,
phenological plasticity in response to variable precipitation, and resistance to local pests and pathogens. These
characteristics render them particularly suitable for creating diverse functional plantings, such as protective
forest belts (mitigating wind erosion and modifying microclimate), recreational areas (enhancing human well-
being in semi-arid urban settings), urban green spaces (improving air quality and thermal comfort), and for the
reclamation and enhancement of degraded steppe ecosystems (restoring biodiversity and soil stability).

The present research carries substantial theoretical and practical implications for both regional and
analogous arid-zone contexts:

1. It significantly expands scientific knowledge on the adaptability of tree and shrub species from various
ecological groups (mesophytes, xerophytes, halophytes) to the harsh arid conditions of Western Kazakhstan,
filling a critical gap in dendrological and agroforestry literature.

2. It actively contributes to the conservation of rare and valuable species by integrating them into
botanical garden collections and experimental plots, followed by systematic propagation for the restoration of
natural and cultural ecosystems. This approach supports ex situ conservation and provides planting stock for
large-scale reforestation initiatives.

3. It provides evidence-based, actionable recommendations for the practical use of specific species in
landscape design, agroforestry, and biodiversity-oriented greening. These recommendations take into account
the region’s particular soil and climatic conditions, including salinity gradients, frost-free periods, and
precipitation patterns, thereby increasing the success rate of future planting projects.

4. It highlights the urgent need for further studies focused on selecting cultivars and forms with enhanced
adaptability, as well as investigating their physiological and morphological responses under ongoing climate
change and accelerating soil degradation. Particular attention should be paid to water-use efficiency, salt
tolerance mechanisms, and reproductive success under extreme weather events.

Overall, the established knowledge base and obtained results not only facilitate the effective use of
promising tree and shrub species for greening and reclamation of steppe territories but also contribute to long-
term ecosystem resilience in Western Kazakhstan. By integrating ecological functionality, economic utility, and
aesthetic values, the proposed species framework ensures that future plantings will be sustainable, adaptive,
and beneficial for both nature and human communities across this climatically challenging region.
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