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Species composition of vascular plants of Western Karatau gorges (Mangyshlak)

Analysis of flora and identification of important plant areas in Kazakhstan is an important task for the conser-
vation of biological diversity. On the territory of Mangistau region an important object for identification is the
vegetation of the Western Karatau ridge, where a large number of species grow, including species with con-
servation status. Analysis of species composition of vascular plants of 8 gorges (Samal, Akmysh, Kogez,
Botakan, Zhemsemsay, Karasay, Kendirli, Shybyksay) allowed to determine 60 species from 53 genera and
26 families in the summer flora. The dominant families are Asteraceae, Fabaceae, Brassicaceae, Poaceae,
Polygonaceae, Chenopodiaceae, Caryophyllaceae, Lamiaceae, and Rosaceae. By life forms, perennials and
small perennials dominate, by ecological groups — xerophytes and xeromesophytes. The similarity between
the floras of the gorges was established on the basis of Jaccard's coefficient, which varied from 0.26 to 0.58.
The minimum similarity was observed between Zhemsemsay and Shybyksay gorges, the maximum — be-
tween Samal and Kogez gorges. Growth of 7 species classified as rare and endangered plants of Mangistau
region, as well as 3 species listed in the Red Book of Kazakhstan was noted. On the basis of the performed
research recommendations were given for inclusion of the gorges of the Western Karatau Ridge in the list of
important plant areas.

Keywords: important botanical area, flora, vegetation, species composition, Western Karatau.

Introduction

Important plant areas (hereinafter IPAs) are natural areas of special importance for the conservation of
flora and vegetation diversity [1]. A set of criteria for designating IPTs takes into account floristic richness,
the number of rare and endemic species in need of protection, species listed in the Red Data Books, or spe-
cies of great importance for the evolution and conservation of the biosphere [2].

Active isolation of IPT has been noted in the territory of European and CIS countries. Thus, IPAs have
been described and isolated for the Murmansk and Kemerovo Regions, Altai-Sayan Range, in the Republic
of Tyva, Khakassia [3—5], and [PAs in the Republic of Belarus have been well surveyed [6]. The isolation of
IPAs for France and Germany has been carried out [7].

In Kazakhstan, these studies were conducted only for the territory of Almaty region [8]. Thus, 11 IPAs
were identified for Zhetysu Alatau (Kapchagai Gorge; Itzhon Plateau; Karatas tract; Arkharly Pass; Ushkara
tract; Lepsy River floodplain; Suleyman Creek; Seksenbai tract; Kyzkash Mountains; Arganaty Mountains;
Zhanabulak, turang grove), with high floristic, mycobiotic and phytocenotic diversity. Similar studies have
not been conducted in the rest of Kazakhstan.

Three main criteria are used to identify IPAs: 1) the presence of plant species listed as rare, endangered,
or in the Red Books of different levels; 2) overall species richness, as IPAs are intended to identify and con-
serve areas with exceptional diversity of higher or lower plants; and 3) the presence of endangered habitats.

In Mangystau region (Western Kazakhstan), the gorges of the Western Karatau Range are unique areas
with rich floristic diversity and a large number of rare species.
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To identify sites that can be recognized as IPA, we evaluated the species composition of vascular plants
in a number of gorges of the Western Karatau. The similarity of the flora was assessed using the Jaccard's
coefficient.

Experimental

Expedition research of the site was carried out by the traditional route-reconnaissance method with cov-
erage, if possible, of the most complete variety of biotopes (landscape-ecological conditions) and
phytocenoses peculiar to them.

The materials were collected in 2023-2024. The vegetation cover of the studied gorges was studied us-
ing the traditional method of geobotanical research — description of plant communities [9, 10]. In this case,
special attention was paid to the study of spatial distribution (structure) of vegetation and its relationship
with other landscape components (relief, soils, etc.), species diversity and assessment of vegetation condition

Identification of the collected herbarium material was carried out using fundamental summaries: “Flora
of Kazakhstan” [11], “Illustrated Identifier of Plants of Kazakhstan” [12]. The species composition is given
taking into account modern nomenclatural changes [13].

Populations were analyzed in 8 gorges of the West Katarau Ridge (Table 1).

Table 1
Field survey routes in the territory of the Western Karatau Ridge

Study sites Coordinates Height, m above sea
Longitude Latitude level
Akmysh Gorge 44°13'042" 51°58'346" 275
Samal Gorge 44°12'568" 51°59'370" 274
Kogez Gorge 44°17'178" 51°39'949" 253
Shybyksay Gorge 44°13'370" 51°58'46" 268
Jemsemsay Gorge 44°17'178" 51°39'949" 253
Karasay Gorge 44°12'341" 51°53'432" 367
Kendirli Gorge 44°13'138" 51°54'552" 376
Botakan Gorge 44°13'261" 51°54'144" 243

Results and Discussion

The Western Karatau Ridge is the highest massif of the Mangyshlak Mountains. Its altitude ranges from
380 to 480 meters above sea level. The highest point — Mount Beschoku — rises to 555 meters above sea
level. The ridge stretches for 45 km with a width of about 10 km. Its summit is a peneplenized uvalist-hilly
surface with ridges of dense rocks stretching parallel to each other and rising 5-10 m above the plain. Sepa-
rate cone-shaped peaks rise 50—100 m above the peneplain (Djipakhchi, Beschoku and other mountains).
Eastern Karatau has very steep slopes, in some places almost sheer. The slopes are strongly cut by deep ra-
vines [14].

Akmysh Gorge. The area of the site is 1300x70 (30) m (Fig.). Akmysh is a stream with a small grove
along its banks, fed by mountain springs, with a stream flowing through the center, which dries up in sum-
mer. The substrate is stony-rubble, sandy and clayey soils emerge at the foot of the ridge.

Samal Gorge. The area is 2500x100 meters. The site is a winding gorge, located on the slope of a ridge
500 m high, three kilometers from the Akmysh gorge. An abundant stream with fresh water flows along the
bottom of the gorge for about a kilometer. The soils are brown, clayey, and strongly stony.

Kogez Gorge. Area 2000x50-100 m. Slopes are gentle, with small cluster of Caragana grandiflora
(Bieb.) DC. bushes and wormwoods (Artemisia austriaca, Artemisia santolina). The habitat is occupied by
little disturbed communities of lowland vegetation. Shrub thickets are natural undisturbed communities due
to their inaccessibility. Total projective cover is 65-70 %.

Shybyksay Gorge. The area is 600x70 meters. The site is located in a mountain gorge with gentle
rocky slopes of the ridge. The gorge is a winding form with steep slopes on all sides. The height of the slopes
is not significant, up to 150 m, the slopes of the mountains are stony and rubbly, at the foot of the ridge
sandy and clay soils emerge. The total projective cover formed by the community is 60-65 %. Community
types are distributed in 3 tiers: woody (up to 350 cm high), formed by Crataegus ambigua; shrubby
(120150 cm high), formed by bushes of Rhamnus sintenesii, less frequently Caragana grandiflora, young
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plants of hawthorn of doubtful, at springs single specimens of Rubus caesius; and herbaceous (up to 70 cm
high). Due to inaccessibility and steepness of slopes, the plants are not used for livestock grazing.

Jemsemsay Gorge. The area is 800x100 m, the gorge is characterized by high slopes, cut through by
numerous branches with very steep, stony slopes with a large number of bedrock outcrops and screes. Total
projective cover is 50-60 %, hawthorn is the dominant species with abundance of sorghum,. There are 3 tiers
in the communities of the gorge: Woody (up to 500-550 cm high), consisting of white willow (Salix alba)
and adult individuals of doubtful hawthorn (Crataegus ambigua) (according to Figure 10); shrubby (up to
160 cm high), formed of Convolvulus fruticosus, Atraphaxis herliata, Caragana grandiflora, Rhamnus
sintenisii; herbaceous (up to 60 cm high). This habitat is not used for livestock grazing.

Karasay Gorge. The area is 2000x30-50 m. The gorge is small in size — its length is about 2 km, its
width varies from 30 to 50 m, it is slightly winding. The height of the slopes is not significant, 20-25 m,
some of them are precipitous, and most of them are gentle. The slopes are clayey-stony, and in the lower part
there are rubbly scree slopes. There are no side branches or promontories in the gorge. A small stream with
drinking water flows along the bottom of the gorge. Due to its easy accessibility, the site is actively used for
watering and grazing of livestock, which explains a certain degree of degradation of vegetation cover (about
812 %).

Kendirli Gorge. The area is 5500x30-120 meters. The gorge is a deep, strongly winding gorge divided
into 2 parts. The height of the slopes is from 60 to 200 m, the northern exposure is gentle, stony-clay. The
slopes of the southern exposure are steep and precipitous, rubbly. A stream with fresh water flows along the
bottom of the gorge. The length of the gorge exceeds 5.5 km and its width varies from 30 to 120 meters.
There are 3 vertical tiers in the gorge communities: upper woody (250 to 350 cm in height), shrub
(120-220 cm in height) and herbaceous with a sub-tier of tall grasses (60—80 cm in height) and a sub-tier of
stunted grasses (10-30 cm in height). Due to the inaccessibility and steepness of the slopes, the gorge is not
used for livestock grazing. No degradation of vegetation cover is observed.

Botakan Gorge. The area is 1500x30-100 m. The height of slopes ranges from 50 to 150 m, eastern
exposure — gentle, stony-clay. The slopes of the western exposure are steep and precipitous, rubbly. The
gorge is up to 1.5 km long and 30 to 100 m wide. There are 3 tiers in the community: woody (up to
300-350 cm high), consisting of adult specimens of doubtful hawthorn; shrubby (up to 160 cm high), formed
by Rhamnus sintenisii, Atraphaxis herliata, rarely Caragana grandiflora, single specimens of Rubus caesius
at springs, young specimens of hawthorn; herbaceous (up to 60 cm high), composed of other components of
the community. Due to the inaccessibility and steepness of the slopes, the gorge is not used for livestock
grazing. No degradation of the vegetation cover is observed.

The cumulative analysis of taxonomic composition of communities in the gorges of the Western
Karatau showed that 60 species from 53 genera and 26 families (Table 2).

Table 2
Composition of plant communities in the Western Karatau gorges
Ne Gorge Number of species, |Presence of rare and endangered | Presence of species listed in
pieces species for Mangystau oblast, | the Red Book of Kazakh-
pieces stan, pieces

1 |Akmysh Gorge 60 2 2
2 |Samal Gorge 55 3 3
3 |Kogez Gorge 58 5 5
4 |Shybyksay Gorge 35 5 2
5 |Jemsemsay Gorge 53 7 2
6 |Karasay Gorge 51 4 2
7 |Kendirli Gorge 48 3 2
8 |Botakan Gorge 39 6 2

Most species belong to the families Asteraceae, Fabaceae, Brassicaceae, Poaceae, Polygonaceae,
Chenopodiaceae, Caryophyllaceae, Lamiaceae, and Rosaceae. Species from these nine leading families com-
prise 60.6 % of the total.

Of the rare, endangered and Red Book species, 10-21.3 % of those growing in the region were identi-
fied. Crataegus ambigua C.A. Mey., Crambe edentula Fisch., Artemisia gurganica (Krasch.) Filat., Rubus
caesius L., included in the catalogue of rare and endangered plant species of Mangistau [15], are found in all
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IPAs. Only in the Kogez gorge was the presence of the Red Book [16] species Salix alba L. and Armeniaca
vulgaris Lam. and Rhamnus sintenisii Rech., Capparis herbaceae Sp., Teucrium polium L., included in the
Red Book of Mangistau, revealed. Also, in the Kogez and Samal gorges, the Red Book species Malus
sieversii (Ledeb.) M. Roem.

Analysis of life forms showed that herbaceous perennials dominate in the surveyed populations,
47.3 %; herbaceous minor perennials are in second place, 23.6 %; trees and shrubs are in third place, 18.2 %
each, semi-shrubs, 5.5 %, semi-shrubs, 3.6 %, and shrubs 1.8 %.

Ecological analysis showed that a significant proportion of the flora of the studied IPAs consists of xe-
rophytes (21 species or 35 %) and xeromesophytes (9 species or 15 %), which is associated with the severe
aridity of the climate of Mangistau. The spectrum of ecological-phylogenetic groups confirmed the predomi-
nance of 501 desert and mountain-steppe species, which constitute the majority (53 %). A significant share
falls to desert-steppe species (36.7 %). Meadow-steppe species make up 8 % of the total flora. Water-coastal
species occupy 5.3 % of the total flora. 504 Weed species were identified, constituting 34.4 % of the total
flora composition of the territory's studied areas. This indicates high anthropogenic load and cattle grazing in
506 all studied IPAs.

In the research process to assess the similarity of floras of different IPAs, the Jaccard coefficient was
used, which is the ratio of the number of similar taxa for two communities to their sum for each list minus
the number of common species. As we can see from the materials in Figure, the Jaccard coefficient for the
Akmysh — Samal and Akmysh — Kogez, Akmysh — Karasay, Shybyksay — Zhemsemsay, Botakan —
Karasay, Kendyrly — Kogez sites is almost the same, with relatively low values of 0.27—0.29. And vice ver-
sa — Samal — Kogez increases almost twice to 0.56 (56 %).

Botakan . | Samal

—Kogez

Shybyksay

Kendyrly «— Kogez —Zhezsemsay
——Karasay

Kendyrly

Karasay — e TR ' _ '.Shybyksay Botakan

Zhezsemsay

Figure. Similarity between the floras of the Western Karatau gorges based on the Jaccard index

The similarity of flora between the remaining plots ranged from 0.31 to 0.52. The differences can be
explained by the presence of differences in soil conditions, anthropogenic load and moisture conditions.

It has been established that all areas are vulnerable due to a whole range of factors: location, intensive
use in agriculture, increased anthropogenic load, etc. The most effective way to preserve rare plants is to
maintain their natural populations. The allocation of the above areas to the category of critical botanical terri-
tories allows us to hope for the long- term existence of natural biocenoses without catastrophic changes. It is
also essential to consider these areas with a high concentration of rare significant species when planning pos-
sible recreational and economic activities. Given the vulnerability of all three areas, it is proposed to use ge-
ographic data as an alternative or supplement when choosing new IPAs or specially protected natural areas.
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Conclusion

Biodiversity analysis for the important plant areas — gorges of Westerm Karatau in the Mangistau re-
gion showed high species diversity and the presence of rare and endangered plant species, making these are-
as important for conservation and monitoring.

Based on the research results, allocating the 8 gorges, to the essential plant areas category are recom-
mended to ensure the long-term existence of natural biocenoses and the conservation of rare plant species.
This will allow for the establishment of a protection regime, the regulation of recreational load, and the limi-
tation of grazing, which are necessary measures to maintain ecosystem stability.
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K.A. Anamxanosa, H.W. [lyiicenoBa, A.b. JlykmaHOB

Bartbic Kaparay (MaHFBIILIAK) IIATKAJIBIHAAFbI
TaMBIPJIbl 6CIMIKTEPiIH TYPJIK KYpaMbl

Kazakcranmarbl (uopaHbl Tajmay >KOHE Herisri OOTaHHKAaNbIK ayMaKTapIbl aHBIKTay OHOJIOTHSIIBIK
OPTYPJIUTIKTI CaKTayJblH MaHBI3Ibl Kemiii. ManrbicTay oOJbICHIHBIH batbic Kaparay sxotackl eciMaikrepi
AHBIKTAy YIIIH MaHBI3IbI O0BEKT OOJBINT TaOBUIAJBI, OHBIH ayMarblHIa TaOWUFATTHI KOpray maprebeci Oap
TYpJIepai Koca alFaHfa, KeNTereH Typiep ecedi. 8§ MaTKaIAarbl TaMBIPIbl OCIMIIKTEPIiH TYPIiK KYpPaMbIH
tanpay (Caman, Akmsbim, Keres, borakan, XKemcemcaii, Kapacaii, Kennipini, I1Ibi0ObiKcait) xa3rsl ¢iopa
KypaMbIHAa 53 TyKbIMAac IeH 26 TybICTHIH 60 TypiH aHBIKTayFa MYMKIHOIK Oepni. Asteraceae, Fabaceae,
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Brassicaceae, Poaceae, Polygonaceae, Chenopodiaceae, Caryophyllaceae, Lamiaceae xoHe Rosaceae
CHSKTBI TYpJAepHiH 0acklM TYKbIMAACTaphl aHBIKTANABL Tipmijiik ¢opmanapblHIa KOIDKBULABIK JKOHE jKac
KOIDKBULIBIKTAP, ajl 3KOJOTHSUIBIK TONTapia Kcepodurrep MeH kcepomesodurrep OackiM. Illatkannapipi
¢opacsl apaceiHarsl ykcactelk 0,26-man 0,58-re neiiin aybiTkeiran JKakkap xosdduumenti Herizinne
6enrinenni. Ex a3 ykcactsik JKemcemcaii men 1IIbI0ObIKcail maTKanaps! apacbHa, eH skorapbickl Camall MeH
Keres markanmapsl apacbiHaa Oaiikanael. MaHFbICTAY OHIPIHIH CHpPEK Ke3[IeCeTiH KoHe >KOMbUIbIT Oapa
JKaTKaH OCIMIIIKTEpiHe KaTKbI3bUIFaH 7 TYpHiH, coHnmaii-ak KasakcranubiH KbI3bul KiTaOblHA €HTi3UITEH 3
TYpiHIH ecyi aram erinai. XKyprisinren 3eprreynep Herizinne bartsic Kaparay >kOTachIHBIH INaTKaJZapbIH
Heri3ri 00TaHUKAJBIK aliMaKTapAbIH Ti3iMiHE €HT13y OOMBIHIIIA YCHIHBICTAP JKacaJIbl.

Kinm co30ep. Herisri 60TaHUKANIBIK ayMaKTapsl, (paopacsl, eciMaikTepi, Typ Kypamsi, bateic Kaparay.

K.A. Anamxanosa, H.U. [lyiicenoBa, A.b. JIlykmaHOB

Bupnosoii cocTaB coCyaMCTBIX PACTEHH I
ymeauii 3anaanoro Kaparay (MaHreiuiax)

Amnanmu3 Qiopsl U BBIACICHUE KIIOUYEBBIX OOTAaHUYECKUX TeppuTopuii B KazaxcTane siBiseTcs BaXKHOH 3ama-
4yeil s coXpaHeHHs OMOJIOrHMYecKOoro pasHooOpasms. Ha Tepputopun MaHrucTayckoil 00IacTH BasKHBIM
00BEKTOM JUIS BBIICICHUS SBIISIETCSI PACTUTENBFHOCTL XpeOTa 3amaguslii KapaTtay, Ha TeppUTOpHU KOTOPOTO
MIPOMU3PACTACT OOJIBIIOE YHCIIO BUIOB, BKJIIOYASI BUABI C IIPHPOJIOOXPAHHBIM CTaTyCcOM. AHAIN3 BHOBOTO CO-
craBa cocyaucThix pactenuid 8 ymenuid (Caman, Akmbii, Kores, borakan, JKemcemcaii, Kapacaii, Kennup-
nu, [1IpIObIKCail) MO3BOMKI OMPEACTNTh B cocTaBe JieTHed (iopbl 60 BHIOB U3 53 pomoB U 26 ceMeiCTB.
JomMuHupyIomumMy ceMeicTBaMu onpeneneHsl Asteraceae, Fabaceae, Brassicaceae, Poaceae, Polygonaceae,
Chenopodiaceae, Caryophyllaceae, Lamiaceae n Rosaceae. T1o xu3HeHHbIM (opMaM JOMHUHHPYIOT MHOTO-
JIETHUKHA M MAJIOJICTHUKH, 10 SKOJOTHYECKUM TpYIIaM — KCepO(PUTHl M KCepoMe30(UTHL. YCTaHOBIECHO
CXOJZICTBO MeXIy (hiopamMu yIenuil Ha OCHOBaHWUH KoddduumenTa XKakkapa, KoTopblit uamensuics ot 0,26 1o
0,58. MuHEMaIbHOE CXOACTBO OTMEUYEHO Mexay ymenbsmu JKemcemcail u IIbObIkcail, MakcuManbHOE —
Mexay ymenbamu Caman u Kores. OrmeueHo mpouspacTaHue 7 BUIOB, OTHECEHHBIX K PEIKUM U HCUE3a0-
UM pacTeHusiM Marucrayckoil o6iacTH, a Takxke 3 BUIOB, 3aHeceHHBIX B KpacHyto kuury Kazaxcrana. Ha
OCHOBAHUH BBITIOJTHEHHBIX MCCIIEI0BAHUN JTAHBI PEKOMEHJAUNH JJIs BKIIOYEHHMs yIIenuid xpeOTa 3amaaHslit
Kaparay B nepedeHb KIIFO4eBbIX OOTaHUYECKUX TEPPUTOPHUH.

Kniouesvie cnosa: xnroueBsle OOTAaHUYECKUE TEPPUTOPUH, (IIOpa, PACTUTENBHOCTD, BUIOBOM COCTaB, 3amaj-
HbIit Kapatay.
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Main direction of optimization of agrotechnics of growing seedlings
of woody plants with closed root system in Mangistau desert

The objective of this study is to optimize the agricultural technology of growing seedlings of woody plants
with a closed root system in the arid conditions of Mangistau by conducting field experiments. Based on the
dispersion and correlation analysis of the collected research material, it was concluded that the following ag-
ricultural practices are the most preferable in terms of biometric and physiological indicators of growth and
development of woody plants: 1) Maintaining the pre-irrigation level of soil moisture within 70-80 % of the
full field moisture capacity, 2) Mixing plant and peat soil in a ratio of 1: 1 and 3) Monthly fertilizing with
mineral complex fertilizer at the rate of 75 g/ m2. The most effective covering materials in the conditions of
the Mangistau desert for preventing moisture evaporation under green spaces are such covering materials as
Zeba super sorbent, sludge from treatment facilities and medium and fine gravel. The results of the research
were successfully tested during mass propagation of 107 species, forms and varieties of the most promising
introduced plants from 32 genera and 17 families (65,340 containers in total).

Keywords: optimization, agricultural technology, woody plants, seedlings, containers, field experiment, sur-
vival rate, growth.

Introduction

Despite significant successes of Mangyshlak Experimental Botanical Garden (MEBG) on introduction
and acclimatization of plants in landscaping and horticultural practice of various organizations in Mangistau
is widespread use of cheap imported planting material, which is obviously unpromising, poorly resistant and
low-decorative in local conditions, while proven for decades species and varieties do not find widespread use
despite all the advantages and economic effect of their introduction. At present, the network of tree and shrub
nurseries in Mangistau oblast is poorly developed due to the shortage of irrigation water. The nurseries main-
ly grow a narrow assortment of trees and shrubs and sell their seedlings and seedlings with bare root system,
which significantly reduces the level of rooting of plants.

In our opinion, the most promising way to solve the problem of reproduction of both widely used in
landscaping and new species of fruit and berry and ornamental trees and shrubs in unfavorable climatic con-
ditions of the Mangistau desert is the cultivation of their planting material with closed root system (CRS) —
in containers, vases, briquettes, pots and others. This guarantees not only a very high survival rate of crops
(up to 100 %), but also significantly lengthens the terms of planting works, reduces the consumption of
scarce and very expensive (over 200 tg/m’) irrigation water due to local moistening of soil and reducing
losses from infiltration and evaporation.

Comparative analysis of domestic and world experience of growing seedlings and saplings of fruit and
berry and ornamental plants with closed root system (CRS) on the basis of literature sources [1-7] has shown
that in the practice of nursery farming for a fairly short period of time accumulated a fairly large research
material, which is mainly aimed at solving the problems of forest growing and reforestation in forest and for-
est-steppe natural zones and are not quite suitable for extra-arid climate, saline and low-humus soils of
Mangistau in terms of plant assortment, regular irrigation regime and, in general, agrotechnics of cultivation.
In this regard, in the botanical garden within the framework of research work on the grant theme: “Develop-
ment of scientific-methodological and practical bases of cultivation and creation of nursery of fruit and berry
and tree ornamental plants with closed root system in the conditions of the Mangistau desert”, the task of
clarification and optimization of basic agrotechnical methods in relation to the desert zone of the region was
set on the basis of laying field experiments with variants of irrigation regime, methods of soil substrate prep-
aration, doses of mineral fertilizers and types of moisture management.
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Experimental

The objects of research were 9 botanical species and forms of different degree of stability, growth
forms, systematic affiliation and geographical origin, for which biometric and physiological indicators of
growth and development were determined in field experiments on the study of agrotechnics and variance
analysis of collected materials was carried out: Platycladusorientalis (L.) Franco, Ulmus pumila L., Ailan-
thus altissima (Mill.) Swingle, Armeniaca vulgaris Lam., Salix alba f. pendula, Populus bolleana Lauche.,
Fraxinus lanceolata Borkh., Ligustrum vulgare L. and Gleditsia triacanthos L.

The aim of the research is to optimize agrotechnics of growing seedlings of woody plants with closed
root system in arid conditions of Mangistau by means of field experiments.

Drawing up the schemes of field experiments was based on the methodology of experimental work of
B.A. Dospekhov [8]. Taking into account the dominating in Mangistau conditions limit factors of soil mois-
ture deficiency and soil poverty, as well as the special importance of substrate preparation quality in growing
planting material, the main field experiment is laid out two-factor, including simultaneously the options of
maintaining pre-watering soil moisture and mixing plant soil with peat substrate. Three variants were chosen
for soil moisture: 1) Maintaining pre-watering soil moisture level during the growing season within 50-60 %
of the lowest (full field) moisture capacity (MC); 2) 60—70 % of MC; and 3) 70-80 % of MC. On preparation
of soil substrate 4 variants of mixing plant and peat soil were laid down: 1) 1: 2; 2) 1: 1; 3) 2: 1 and 4) con-
trol (without peat addition).

To study the reaction of plants to the application of complex mineral fertilizer, a separate one-factor ex-
periment consisting of 5 variants was set up: 1) application of mineral complex fertilizer kemira “Spring-
Summer” at the rate of 25, 2) 50, 3) 75; 4) 100 g/m” monthly for plant feeding; 5) control (without feeding).

Repetition of experiments is 4-fold. On each of them 5 specimens of trees and shrubs were placed. In
total, 3060 units of planting material were planted in vases with a useful volume of 8 liters in the field exper-
1ments.

Standard peat lime peat substrate of “Suliflor SFO” brand with neutral medium reaction (pH — 5.5 —
6.0), fine fraction, with NPK content — 100-50-100, produced in Lithuania, was used as an organic fertiliz-
er. Structurally, 80 % of it consists of organic matter, which is a mixture of lowland and upland peat. For
plant feeding was chosen complex mineral granular fertilizer Kemira “Spring-Summer” prolonged action,
containing all the necessary macro- and microelements in the optimal ratio (NPK — 11,3-12-28, S, Ca, Mn,
Cu, Mo, Mo, B, Fe, Zn), produced by CJSC “KemiraAgro” (Russia).

In general, 16-17, 60—70 — 26-27 and 70-80 % of MC — 39-40 plant irrigations were carried out dur-
ing the irrigation season on the experiment variant 50-60 % of MC. Inter-irrigation period averaged 10-11, 6-
7 and 4-5 days, respectively.

At the end of the growing season, height, root neck diameter, length, width, leaf area and weight were
determined in all experimental plants. The rooting ability of introducers was calculated based on the results
of their fall inventory.

The following methods were used for physiological experiments and observations: chlorophyll content
in plant leaves by T.N. Godnev on a spectrophotometer [9]; total water content of leaves — by drying leaves
to constant weight at a temperature of 100—105°C; transpiration intensity by A.A. Ivanov [10] and leaf plate
area — by specific area.

Statistical processing of the obtained results was carried out according to the method of G.F. Lakin [11]
with the use of Statgraphics Centurion XVIL.I (2011) statistical software package.

Results and Discussion

As the main evaluation indicators of success of agrotechnical variants of field experiments, we consid-
ered the rooting rate and annual height growth of woody plants, the values of which closely depend on both
the yield of quality planting material per unit area and the growth energy of introducers.

In a single-factor field experiment to study the effect of mineral fertilizer application doses on the
growth and development of seedlings with MC, only Gleditsia triacanthos L. took root at 100 % regardless
of the variant values (Table 1). “Good” (80-100 %) on average in the field experiment it is estimated in Ai-
lanthus altissima (Mill.) Swingle and Fraxinus lanceolata Borkh.

Ulmus pumila L., Armeniaca vulgaris Lam., Platycladus orientalis (L.) Franco and Ligustrum vulgare
L. took root “satisfactorily” (50—80 %). “Unsatisfactory” (25-50 %) rooting was characterized by Salix alba
f- pendula and Populus bolleana Lauche. that was due to very late planting of cuttings.
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The difference between the variants of monthly feeding of plants with mineral complex fertilizer is ab-
sent (F< F¢s5) only in two tree species with a weak requirement for soil fertility — Ulmus pumila L. and Ai-
lanthus altissima (Mill.) Swingle. In the other introducers, the difference is significant at 5 % significance
level and there is a steady tendency of increasing the value of rooting as the doses of mineral fertilizers in-
crease from 0 to 100 g/m*. However, the difference between 75 and 100 g/m? variants is insignificant or not
pronounced at all.

For the two-factor field experiment on the effect of irrigation regime and substrate preparation on seed-
ling growth and development, the highest rooting rate (97.9 %) was also found for Gleditsia triacanthos L.
(Table 2). “Good”, by 80—100 %, took root Ulmus pumila L., Ligustrum vulgare L. and Fraxinus lanceolata
Borkh. At Ailanthus altissima (Mill.) Swingle, Armeniaca vulgaris Lam., Platycladus orientalis (L.) Franco
is estimated as “satisfactory” (50—80 %). Very low survival rate was observed in cuttings of Salix alba f.
pendula (17.9 %) and Populus bolleana Lauche. (25.0 %).

Most plants showed a stable tendency of increasing the rooting rate with increasing soil moisture and
peat percentage, but up to a certain level and with different degree of reliability. For factor A the difference
between the variants is reliable (Fge>Fos) for Ulmus pumila L., Platycladusorientalis (L.) Franco, Ligustrum
vulgare L., Gleditsia triacanthos L. and Fraxinus lanceolata Borkh. The other species react weakly to the
increase in soil moisture and there is no statistically significant difference in rooting (F<Fy5). Woody plants
are more responsive to factor B (percentage of peat in the substrate) in terms of rooting. The difference is
significant at 5 % significance level for 6 species out of 9: Ulmus pumila L., Salix alba f. pendula, Populus
bolleana Lauche., Platycladusorientalis (L.) Franco, Ligustrum vulgare L. and Fraxinus lanceolata Borkh.
(Tab. 2).

Table 1

Adoption rate of woody plants in a one-factor field experiment on the effect of mineral fertilizer application
doses on the growth and development of seedlings with CRS (in percent)

Variant of experiment
Plants Norms of monthly fertilization of plants with 'mineral Kemira “Spring-Summer”
complex fertilizer
control 25 g/m’ 50 g/m® 75 g/m® 100 g/m’ Average:
Ulmus pumila L. 55 60 60 70 65 62,0
Statistics: Fy=1.13. Fos=3.26. Sy =5.3. S4=7.5. HCPys = 23.8.
Ailanthus altissima (Mill.) Swingle 95 | 90 | 95 | 95 | 95 | 940
Statistics: Fp=10.62. Fos =3.26. Sy = 2.8. S4= 4.0. HCPys = 12.7.
Armeniaca vulgaris Lam. 60 ‘ 65 ‘ 70 ‘ 80 ‘ 75 | 70,0
Statistics: Fy=4.54. Fos=3.26. S, =3.7. S4=5.2. HCPys = 16.5.
Salix alba f. pendula 5 | 40 | 40 | 45 | 60 | 420
Statistics: Fp=7.24.F¢s=3.26. Sy =3.6. S4= 6.5. HCPys = 20.7.
Populus bolleana Lauche. 25 ‘ 25 ‘ 25 ‘ 35 ‘ 55 | 31,0
Statistics: Fy=13.91. Fos =3.26. Sy =2.4. S4= 3.4. HCPys = 10.8.
Platycladus orientalis (L.) Franco so | ss | s ] e0 | 65 | 57
Statistics: Fg=3.60. Fos =3.26. Sy = 3.4. S4= 4.9. HCPys = 15.6.
Ligustrum vulgare L. 60 ‘ 60 ‘ 75 ‘ 75 ‘ 70 | 68,0
Statistics: Fy =10.96. Fos = 3.26. S, =2.6. S4= 3.7. HCPos = 11.9.
Gleditsia triacanthos L. 100 | 100 | 100 [ 100 [ 100 | 1000
Statistics: Fg =10.00. Fos = 3.26. S, = 0.0. S4= 0.0. HCPys = 0.0.
Fraxinus lanceolata Borkh. 70 ‘ 80 ‘ 80 ‘ 85 ‘ 85 | 80,0
Statistics: Fy =6.80. Fos =3.26. S, =3.3. S=4.7. HCPys = 14.9.
Average: 594 | 650 | 633 | 672 | 694 | 648
Statistics: Fyp=5.42. Fos=3.26. Sy = 3.0. S4= 4.4. HCPys = 14.0.
Note. Fr— actual difference significance criterion; Fos — Fisher's criterion at the significance level of 5 %; S, — generalized mean
error; Sq — mean difference error; HCPys — smallest significant difference at the significance level of 5 %.
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Table 2

Adoption rate of woody plants in a two-factor field experiment on the influence of irrigation regime and
substrate preparation on the growth and development of seedlings with MC (in percent)

Plant, Variant Variant of experience — factor B
Variant of experiment — meaning, Ratio of plant and peat soil in substrate preparation
Factor A % from NV | Control 2:1 1:1 1:2 Average
Ulmus pumila L.
50-60 85 90 85 90 87,5
Pre-watering soil moisture 60-70 60 75 80 95 77,5
70-80 80 90 95 100 91,3
Average: 75,0 85,0 86,7 95,0 85,4

Statistics: Fypa = 44.40. Fosp = 3.23. Fyg = 39.50. Fosp = 2.79. S, =4.4. S4= 6.3. HCPys = 12.6.

Ailanthus altissima (Mill.) Swingle

50-60 65 60 80 75 70,0
Pre-watering soil moisture 60-70 75 70 75 70 72,5
70-80 60 80 85 75 75,0
Average: 66,7 70,0 80,0 73,3 72,5

Statistics: Fya = 0.14. Fosp = 3.23. Fyg = 0.17. Fosg = 2.79. S, = 234. S4 = 33.1. HCPs = 66.6.

Armeniaca vulgaris Lam.

50-60 70 75 65 100 77,5
Pre-watering soil moisture 60-70 75 70 70 100 78,8

70-80 75 80 70 100 81,2
Average: 73,3 75,0 68,3 100,0 79,2
Statistics: Fpa = 186. Fosp = 3.23. Fg = 0.17. Fos5 = 2.79. S, =2.3. §4 = 3.2. HCPys = 6.4.
Salix alba f. pendula

50-60 0 0 35 45 20,0
Pre-watering soil moisture 60-70 0 0 40 45 21,2

70-80 0 0 15 35 12,5
Average: 0,0 0,0 30,0 41,7 17,9

Statistics: Fgya = 1.83. Fosa = 3.23. Fyp = 11.49. Fys5 = 2.79. S, = 7.0. S4=9.9. HCPy5 = 19.9.

Populus bolleana Lauche.

50-60 0 45 50 0 23,8
Pre-watering soil moisture 60-70 0 40 55 0 23,8
70-80 0 35 75 0 27,5
Average: 0,0 40,0 60,0 0,0 25,0
Statistics: Fpa = 2.85. Fgsa = 3.23. Fyp = 9.57. Fosg = 2.79. S =7.0. S4=9.9. HCPy5s = 19.9.
Platycladus orientalis (L.) Franco
50-60 55 70 70 95 72,5
Pre-watering soil moisture 60-70 65 75 80 90 71,5
70-80 80 85 85 100 87,5
Average: 66,7 76,7 78,3 95,0 79,2
Statistics: Fya = 55.90. Fosa = 3.23. Fyg = 187.50. Fosg = 2.79. S, = 1.6. S4=2.2. HCPys = 4.4.
Ligustrum vulgare L.
50-60 75 85 85 90 83,8
Pre-watering soil moisture 60-70 65 80 80 90 78,8
70-80 80 90 90 100 90,0
Average: 73,3 85,0 85,0 93,3 84,2

Statistics: Fya = 19.56. Fosp = 3.23. Fyg = 46.81. Fosp = 2.79. S, =3.6. Sg=5.1. HCPys = 10.2.
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Continuation of Table 2

Plant, Variant Variant of experience — factor B
Variant of experiment — meaning, Ratio of plant and peat soil in substrate preparation
Factor A % from NV | Control 2:1 1:1 1:2 Average
Gleditsia triacanthos L.
50-60 100 95 95 95 96,2
Pre-watering soil moisture 60-70 95 95 100 100 97,5
70-80 100 100 100 100 100,0
Average: 98,3 96,7 98,3 98,3 97,9

Statistics: FQ)A =4.10. F05A =3.23. FQ)B =0.57. FOSB =2.79. SX =1.9. Sd =2.6. HCP05 =5.2.

The value of rooting rate in nursery practice depends very much on the quality of planting material and
observance of optimal planting dates. Therefore, its correlation coefficients with the rate of monthly feeding
of plants with mineral complex fertilizer, pre-watering soil moisture and peat-soil content in the substrate do
not look as convincing as expected, respectively — 0.49; 0.27 and 0.60 (Table 3), which is associated with
the relatively cool and wet summer period of recent years. The same reason can be explained by too compli-
cated derived formulaic relationships of rooting percentage with agrotechnical parameters — exponential,
steppe and multiplicative types.

Table 3

Correlation of woody plant establishment with pre-watering soil moisture, peat-soil content in soil substrate and
rate of monthly feeding with mineral complex fertilizer

. . . The content of peat in the soil Feeding rate mineral
Pre-watering soil moisture o
substrate fertilizer
Plants Coefficient

Correlation |Determination| Correlation |Determination| Correlation |Determination
Ulmus pumila L. 0.41 0.17 0.47 0.22 0.51 0.26
Ailanthus altissima (Mill.) Swingle 0.14 0.02 0.14 0.02 0.33 0.11
Armeniaca vulgaris Lam. 0.01 0.00 0.92 0.85 0.76 0.57
Salix alba f. pendula 0.22 0.05 0.67 0.45 0.22 0.05
Populus bolleana Lauche. 026 0.07 0.62 0.38 0.90 0.81
Platycladus orientalis (L.) Franco 046 0.21 0.80 0.64 0.62 0.38
Ligustrum vulgare L. 043 0.18 0.67 0.45 0.45 0.20
Gleditsia triacanthos L. 0.39 0.15 0.17 0.03 0.00 0.00
Fraxinus lanceolata Borkh. 0.14 0.02 0.91 0.83 0.61 0.38
Average: 0.27 0.07 0.60 0.36 0.49 0.24
Critical value of the correlation coefti-
cient at the significance level of 5 % 0.27 ) 0.27 ) 0.44 )

Judging by the graphical representation of the derived regression equations, the increase in rooting rate
with the growth of the selected agrotechnical factors is clearly visible. However, at detailed analysis of re-
search materials it can be stated that the most preferable for its value are the following variants of field ex-
periments: maintenance of pre-watering level of soil moisture within 70-80 % of CM, mixing of vegetable
and peat soil in the ratio of 1: 1 and monthly feeding with mineral complex fertilizer at the rate of 75 g/m”.

According to the value of height increment, the difference between the variants in the single-factor field
experiment is significant at 5 % significance (FgFys) for all species of woody plants (Table 4). According to
the reaction of height increment to the increase in doses of mineral fertilizer feeding, the introducers are di-
vided into two types:

- “increasing” (from 0 to 100 g/m®) — Ailanthus altissima (Mill.) Swingle, Armeniaca vulgaris Lam.,
Salix alba f. pendula, Populus bolleana Lauche., Ligustrum vulgare L., Gleditsia triacanthos L.; and

- “variable” (with a maximum at the variant 75 g/m?) — Ulmus pumila L., Platycladus orientalis (L.)
Franco and Fraxinus lanceolata Borkh.
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Table 4

Height increment of woody plants in a one-factor field experiment on studying the effect of mineral fertilizer
application doses on the growth and development of Seedlings with CRS (in cm)

Variant of experiment
Plants Norms of monthly fertilization of plants with .mineral Kemira “Spring-Summer”
complex fertilizer

control control control control control control
Ulmus pumila L. 18.5 30.4 273 41.2 39.9 315
Statistics: Fy = 350.00. Fos = 3.26. S, = 1.6. S¢= 2.2. HCPys = 7.0.
Ailanthus altissima (Mill.) Swingle 90 | 104 | 133 | 147 | 159 | 127
Statistics: Fy, = 45.00. Fos =3.26. S, = 1.1. S¢= 1.6. HCPys = 5.1,
Armeniaca vulgaris Lam. 30 | 150 | 230 | 239 | 309 | 192
Statistics: Fy = 113.75. Fos = 3.26. S, = 1.0. S¢= 1.4. HCPys = 4.5.
Salix alba f. pendula 397 | 654 | 681 | 905 | 1008 | 729
Statistics: Fy=27.52. Fos =3.26. S, = 4.1. S= 5.8. HCPys = 18.4,
Populus bolleana Lauche. 90 | 239 | 479 | 454 | 460 | 344
Statistics: Fy = 26.60. Fos =3.26. S, =3.2. S= 4.5. HCPys = 14.2.
Platycladus orientalis (L.) Franco 104 | 104 | 118 | 204 | 200 | 146
Statistics: Fy = 21.62. Fos =3.26. S, = 1.4. S¢= 2.0. HCPys = 6.4,
Ligustrum vulgare L. 79 | 157 | 200 | 300 | 381 [ 241
Statistics: Fy = 10.78. Fos = 3.26. S, = 2.8. S4=3.9. HCPys = 12.4.
Gleditsia triacanthos L. 209 | 262 | 314 | 405 | 452 | 328
Statistics: Fy=6.32. Fos =3.26. S, = 3.2. S 4.5. HCPys = 14.2,
Fraxinus lanceolata Borkh. 155 | 154 | 152 | 188 | 186 | 167
Statistics: Fy=4.67. Fos=3.26.5, = 0.9. S,= 1.2. HCPys = 3.8,
Average: 149 | 236 | 297 | 362 | 395 | 288
Statistics: Fy=6.74. Fos =3.26. S, = 2.1. S¢= 3.0. HCPys = 9.5.

In the two-factor experiment, the combination of soil moisture and the percentage of peat in the sub-
strate also had a statistically significant effect on the growth of the overwhelming majority of taxa, except for
Armeniaca vulgaris Lam. (factors A and B) and Populus bolleana Lauche (factor B). However, different var-
iants are optimal for their growth vigor (Table 5):

- For Ulmus pumila L. (29.7 cm), Salix alba f. pendula (66.4 cm) — pre-watering moisture threshold of
60-70 % of MC and ratio of ratite and peat soil in the substrate 1: 1;

- Ailanthus altissima (Mill.) Swingle (26.9 cm) and Gleditsia triacanthos L. — 70-80 and 1: 2, respec-
tively;

- Ligustrum vulgare L. (23.3 cm) and Fraxinus lanceolata Borkh. (42.8 cm) — 60-70 and 1: 2;

- Armeniaca vulgaris Lam. (20.9 cm), Platycladus orientalis (L.) Franco (21.7 cm) and Populus
bolleana Lauche. (40.7 cm) — 70-80 and 1: 1.

Annual height growth is characterized by a more pronounced variation (up to 47.7-94.1 %) in the vari-
ants of the experiment compared to the rooting rate, and its dependence on agrotechnical variants looks much
tighter. Thus, if the correlation coefficient of rooting percentage with the rate of monthly feeding of woody
plants with mineral complex fertilizer is 0.49, pre-watering soil moisture — 0.27 and the content of peat in
the soil substrate — 0.60, then the height increment — respectively: 0.84; 0.35 and 0.62 (Table 6). These
agrotechnical factors, judging by the value of the coefficient of determination, determine up to 69-95 % of
all changes in growth energy by height.
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Table 5

Height increment of woody plants in a two-factor field experiment on the influence of irrigation regime and
substrate preparation on the growth of seedlings of CRS (in centimeters)

. . Variant Variants of experiments — factor B
Plant, variant of experiment — - - -
Factor A values, Ratio of plant and peat soil for substrate preparation
% Control 2:1 1:1 1:2 Average
Ulmus pumila L.
50-60 15.5 13.5 19.7 16.7 16.4
Pre-irrigation soil humidity 60-70 20.4 29.3 29.7 25.0 26.1
70-80 114 11.7 19.7 16.9 14.9
Average: 15.8 18.2 23.0 19.5 19.1

Statistics: Fya = 197.00. Fosp = 3.23. Fyp = 36.67. Fosp =2.79. S, = 0.8. S¢=1.2. HCPys = 2.4.
Ailanthus altissima (Mill.) Swingle

50-60 11.2 11.1 17.1 18.6 14.5
Pre-irrigation soil humidity 60-70 11.9 7.3 17.9 20.7 14.5
70-80 13.6 12.7 17.9 26.9 17.8
Average: 12.2 10.4 17.6 22.1 15.6

Statistics: Fya = 3.47. Fosa = 3.23. Fyp = 22.27. Fys5 =2.79. S, =1.9. §4=2.7. HCPys = 5.4.
Armeniaca vulgaris Lam.

50-60 9.8 9.4 18.3 16.0 13.4
Pre-irrigation soil humidity 60-70 3.8 8.8 14.5 10.8 9.5

70-80 6.1 10.6 20.9 15.3 13.2
Average: 6.6 9.6 17.9 14.0 12.0
Statistics: Fya = 1.86. Fosa =3.23. Fyg = 0.17. Fos5 =2.79. S, =2.3. S = 3.2. HCPy5 = 6.4.
Salix alba f. pendula

50-60 - - 24.4 63.8 44.1
Pre-irrigation soil humidity 60-70 - - 33.5 65.6 49.6

70-80 - - 31.5 66.4 49.0
Average: - 29.8 65.3 47.5

Statistics: Fya = 449.26. Fosa =3.23. Fop = 309.84. Fosp =2.79. S, =2.1. S4=3.1. HCPys = 6.2.
Populus bolleana Lauche.

50-60 - 314 37.9 - 34.7
Pre-irrigation soil humidity 60-70 - 343 37.7 - 36.0
70-80 - 33.9 46.6 - 40.3
Average: - 33.2 40.7 - 37.0

Statistics: Fd)A =5.38. F05A =3.23. Fd)B =1.19. FOSB =2.79. Sx =15.2. Sd =21.6. HCPOS =434.
Platycladusorientalis (L.) Franco

50-60 9.1 12.5 8.7 12.4 10.7
Pre-irrigation soil humidity 60-70 9.7 12.7 12.1 14.1 12.2
70-80 19.1 12.2 21.7 16.5 15.9
Average: 10.6 12.5 14.2 14.3 12.9

Statistics: Fd)A =48.00. F05A =3.23. FQB =21.60. FOSB =2.79. Sx =1.1. Sd =1.6. HCP05 =3.2.
Ligustrum vulgare L.

50-60 6.0 10.7 14.0 14.8 11.4
Pre-irrigation soil humidity 60-70 11.1 13.8 30.5 42.8 24.6

70-80 11.2 13.9 33.1 36.3 23.6
Statistics: Fd)A =432.50. F05A =3.23. FQB =651.00. FOSB =2.79. SX =0.7. Sd =1.0. HCP05 =2.0.
Average: 9.4 12.8 25.9 313 19.9
Gleditsia triacanthos L.

50-60 18.5 26.7 28.8 41.9 29.0
Pre-irrigation soil humidity 60-70 15.6 19.3 27.8 58.6 30.3

70-80 19.7 233 30.0 69.2 35.6
Average: 17.9 23.1 28.9 56.6 31.6

Statistics: Fd)A =299.20. F05A =3.23. FQB =284.33. FOSB =2.79. SX =1.5. Sd =2.1. HCP05 =4.2.
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Continuation of Table 5

. . Variant Variants of experiments — factor B
Plant, variant of experiment — - - -
factor A values, Ratio of plant and peat soil for substrate preparation
% Control 2:1 1:1 1:2 Average
Fraxinus lanceolata Borkh.
50-60 2.2 20.8 15.0 16.0 13.5
Pre-irrigation soil humidity 60-70 2.1 16.1 15.7 254 14.8
70-80 5.5 18.8 19.6 23.3 16.8
Average: 33 18.6 16.8 21.6 15.0
Statistics: Fya = 3.38. Fysa = 3.23. Fyp = 60.54. Fosg = 279. S, = 1.8. Sy = 2.5. HCPy5 = 5.0.
Average for all plant species: 10.8 17.3 23.9 30.6 20.6
Statistics: Fya = 44.40. Fosp = 3.23. Fpp = 39.50. Fosp = 2.79. S, =4.4. S4 = 6.3. HCPys = 126.

Table 6

Correlation of height increment of woody plants with pre-watering soil moisture, peat-soil content in soil
substrate and rate of monthly feeding with mineral complex fertilizer

e . . ... | The content of peat in the | Rate of fertilization with
Pre-irrigation soil humidity . . o
soil substrate mineral fertilizer
Plants -
Coefficient
Correlation| Determination | Correlation | Determination | Correlation | Determination

Ulmus pumila L. 0.81 0.66 0.43 0.18 0.97 0.94
Ailanthus altissima (Mill.) 0.24 0.06 0.75 0.56 0.79 0.62
Swingle
Armeniaca vulgaris Lam. 0.10 0.01 0.92 0.85 0.97 0.94
Salix alba f. pendula 0.69 0.48 0.71 0.50 0.90 0.81
Populus bolleana Lauche. 0.45 0.20 0.37 0.12 0.94 0.88
Platycladus orientalis (L.) Franco 0.77 0.59 0.36 0.13 0.80 0.64
Ligustrum vulgare L. 0.51 0.26 0.77 0.59 0.74 0.55
Gleditsia triacanthos L. 0,.52 0.27 0.38 0.14 0.81 0.66
Fraxinus lanceolata Borkh. 0.17 0.03 0.87 0.76 0.63 0.40
Average: 0.35 0.12 0.62 0.38 0.84 0.70
Critical value of the correlation
coefficient at the significance 0.27 - 0.27 - 0.44 -
level 5 %

The graphs constructed according to the derived formulas on the data averaged for all experimental
plants reflect only a general trend of growth increase with increasing values of the selected agrotechnical
parameters. At the same time, taking into account the need to save organic and mineral fertilizers, we con-
clude that the most favorable conditions for the growth of introducers in height are created by combining
such variants of field experiments as: mixing vegetable and peat soil in the ratio of 1:1, monthly feeding with
mineral complex fertilizer at the rate of 75 g/m” and maintaining pre-watering threshold of soil moisture —
70-80 % of MC.

Leaf plate size and physiological parameters of growth and development were studied as additional in-
dicators to rooting and height increment in order to reveal regularities of woody plants reaction to changing
habitat conditions under the influence of artificially created agrotechnical factors depending on their biologi-
cal properties and needs and adaptive qualities.

In principle, the extreme variant values of soil moisture and fertilizer application doses for the experi-
mental taxa are within the limits of habitual growing conditions, but they should be strongly manifested on
their habitus and morphophysiological characteristics. However, in both one- and two-factor field experi-
ments, the relationship between the variants in terms of leaf size, weight, and area generally follows the same
pattern as the difference in height increment, but in a less pronounced manner. With increasing percentage of
peat-soil in the substrate and norms of mineral fertilizers application, there is only a tendency to increase all
leaf parameters, and low soil moisture leads to the development of its xeromorphic structure.
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The raw weight of leaf lamina was chosen as an integral indicator of leaf morphology of woody plants.
Among the experimental species, the correlation (r = 0.89-0.93) of weight dependence with the dose of min-
eral fertilizer application was confirmed only in three species: Ailanthus altissima (Mill.) Swingle, Salix alba
f- pendula, Populus bolleana Lauche. and Ligustrum vulgare L. In other taxa, the relationship with this agro-
nomic factor is not significant at 5 %, especially in common apricots (r = -0,40).

In the two-factor field experiment, the correlation of leaf weight with pre-watering soil moisture is sta-
tistically reliable (r = 0.94) only in Populus bolleana Lauche. as a moisture-loving species; with the content
of peat in the soil substrate — Ailanthus altissima (Mill.) Swingle, Armeniaca vulgaris Lam., Salix alba f.
pendula n Ligustrum vulgare L. (r = 0,94).

Among physiological indicators of woody plants, transpiration is one of the main ones from the point of
view of habitat improvement in the Mangistau desert. The issue of physiological water yield is also relevant
because in conditions of soil moisture limit, the process of maximizing plant productivity is reduced to sim-
ultaneous optimization of solar radiation absorption and water consumption through transpiration. Moreover,
transpiration is an integral physiological process of plant organism and is extremely necessary for its vital
activity as a protective mechanism against leaf overheating under direct exposure to sunlight, as a creator of
continuous flow of water and mineral nutrients from the root system to other anatomical organs.

In our experiments, according to the average values of transpiration intensity (TI), all introducers were
divided into two groups: weakly transpiring (less than 200 mg/g of raw leaf weight per hour) — Platycladus
orientalis (L.) Franco; medium-transpiring (200—500 mg/g of raw leaf weight per hour) — Ulmus pumila L.,
Salix alba f. pendula, Ligustrum vulgare L., and Fraxinus lanceolata Borkh.

Since transpiration is the final stage of irrigation water cycle in soil and plant, its conjugation with soil
moisture and closely related leaf water content is undoubted even from the logical point of view. This has
been experimentally confirmed by a number of authors [12—15]. With decreasing soil moisture, the level of
transpiration decreases. The less water in the soil, the weaker the water supply of the plant. Reduction of wa-
ter content in the plant organism automatically reduces the transpiration process due to the auricular and
extraauricular regulation.

According to the data of correlation analysis, soil moisture determines only 22.0 % of changes in tran-
spiration intensity (r = 0.39), which is less than expected and is primarily due to its dependence on other fac-
tors, especially meteorological (light intensity, relative humidity and air temperature, wind speed, etc.).
Moreover, for different woody plants the correlation coefficient varies in very wide ranges — from 0.15 to
0.88. Its maximum value was recorded for the tree of mesophytic series — Salix alba f. pendula. The close-
ness of TI correlation with the rate of monthly feeding with mineral fertilizer (r = 0.15) and the content of
peat-soil in the substrate (r = -0.11) is even lower, and its change with the growth of these factors is practi-
cally inconsistent with the data on plant height increment.

In the process of research, the content of chlorophyll in leaves, which is the most important component
of their photosynthetic apparatus, was also determined. The relationship between photosynthesis and water
regime is mainly due to the influence that water has on the whole complex of processes of plant organism
vital activity. It is noted, in particular, suppression or enhancement of synthesis of green pigments. Preserva-
tion of plant viability under water deficiency is closely related to the functioning of pigment systems. The
determining factor affecting the pigment complex of leaves is water availability. Plants with high drought
tolerance lose less water and their chlorophyll is more stable [16]. Considering that protein substances play a
major role in the development of water-holding capacity of tissues and that a significant part of proteins, es-
pecially soluble proteins, is concentrated in chloroplasts, we can assume the influence of chlorophyll content
on water-holding capacity and its relationship with lipoprotein complexes [17].

According to the materials of our studies, the change in chlorophyll content in leaves with the growth of
variant values of mineral fertilizer rates, soil moisture and the ratio of vegetable and peat soil in the substrate
almost completely coincides with the growth in height. Thus, in the single-factor experiment, when increas-
ing fertilizer rates from 0 to 100 g/m’, the percentage of chorophyll per raw leaf weight increases from 0.47
to 0.66 on average. Increasing the pre-watering threshold of soil moisture from 50-60 to 70-80 % of MC in
the two-factor experiment is accompanied by an increase in the content of this pigment from 0.49 to 0.55-
0.70, and the percentage of peat in the substrate from 0 to 67 (1: 2) — from 0.53 to 0.63 %. It is interesting to
note that coniferous trees are more saturated with chlorophyll (0.70 %) compared to deciduous trees (0.50-
0.58 %) regardless of the values of agrotechnical factors.

Judging by the results of correlation analysis, chlorophyll formation is more significantly influenced by
the improvement of soil nutrient regime through the application of complex mineral fertilizers than by the

22 BecTHuk KaparaHguHckoro yHuBepcuteTa



Main direction of optimization...

irrigation regime and the method of substrate preparation. The correlation coefficient of its content with the-
se factors is, respectively, 0.78; 0.45 and 0.45. The chlorophyll content of Salix alba f. pendula is most close-
ly related to the rate of fertilization (r=0.94) and Ligustrum vulgare L. (0.95), with pre-watering humidity —
Ulmus pumila L. (0.75), Salix alba f. pendula(0.76) and Platycladus orientalis (L.) Franco (0.53) and with
the percentage of peat in the substrate — Ulmus pumila L. (0.56), Salix alba f- Pendula (0.58) and Ligustrum
vulgare L. (0.68).

For both field experiments, we also calculated correlation and determination coefficients of height in-
crement, as the main indicator of success of growing conditioned planting material, with transpiration rate
and chlorophyll content. Due to high variability and strong dependence on meteorological factors, the corre-
lation of transpiration intensity with the value of growth is generally unreliable at the 5 % level of signifi-
cance (r=0.11-0.18), and chlorophyll content, on the contrary, is at a fairly high level (=0.61-0.79). Thus, the
saturation of leaves with this pigment is a rather reliable physiological indicator of successful growth and
development of plants with CRS.

Due to sufficiently high correlation of chlorophyll content (CHL) with agrotechnical factors, it was pos-
sible to derive reliable by significance regression equations of exponential and multiplicative type averaged
for the whole group of experimental plants. The formula relationship between CHL and mineral fertilizer
application rates is characterized by a gradual increase in the dependent variable up to the rate of mineral
fertilizer application 35-40 g/m’, then its value begins to increase rapidly and reaches at 100 g/m* 0.70 %.
The dependence of CHL and pre-watering soil moisture is close to linear in appearance, but a little bent at
the value of soil moisture 65 % of MC. According to the graph of the relationship between CHL and the con-
tent of peat in the soil substrate clearly shows that a sharp increase in the first parameter occurs when chang-
ing the second in the range from 50 to 80 %, but still in percentage terms, the content of chlorophyll changes
here insignificantly — no more than 0.04 %.

It should be noted that in recent years, to study the effectiveness of the use of various moisture-retaining
materials in the cultivation of seedlings with a closed root system in the container nursery, another one-factor
field experiment was also laid in 5 variants: 1) control (without shelter); 2) Zeba super-sorbent; 3) gravel; 4)
sewage treatment plant sludge and 5) sawdust with the involvement of 10 species and forms of woody plants:
Platycladus orientalis (L.) Franco, Ulmus pumila L., Ailanthus altissima (Mill.) Swingle, Armeniaca
vulgaris Lam., Gleditsia triacanthos L., Salix alba f. pendula, Morus alba L., Sophora japonica L., Salix
alba f. piramidalis and Ligustrum vulgare L.

Due to the autonomy of the root system in the presence of a container, localization of irrigation and dif-
ferences in bioecological properties, the selected woody plants reacted differently to the type of water reten-
tion material used. At the same time, the general trend is that they take root better in the Zeba option, and
grow faster in height when covered with sewage sludge due to additional supply of nutrients. The greatest
water saving occurs when sawdust is used — 77.8 % (about 5000 m*/ha) and almost equally — sludge and
gravel 83.5-84.4 % (3000-3200 m’/ha).

According to the conducted evaluation of economic efficiency, the incurred costs for all variants of the
field experiment are recouped in one period of vegetation, but with a significant difference in profitability
between the use of super-sorbent Zeb (5.7 %) and other types of sheltering materials. The best economic in-
dicators have the use of sawdust (46.6 %) and sludge (41.9 %).

Conclusion

Thus, based on the analysis of the obtained research material it was concluded that the following
agrotechnical practices are the most preferable in terms of biometric and physiological indicators of growth
and development of woody plants: 1) — maintenance of pre-watering level of soil moisture within 70-80 %
of NV, 2) — mixing of vegetable and peat soil in the ratio of 1: 1 and 3) — monthly feeding with mineral
complex fertilizer at the rate of 75 g/m*.The most effective in the conditions of the Mangistau desert to pre-
vent evaporation of moisture under green plantations are such covering materials as Zeb super-sorbenta,
sludge of sewage treatment plants and gravel of medium and fine fractions.

In recent years, the results of research have been successfully tested in the mass propagation of 107
species, forms and varieties of the most promising introducers from 32 genera and 17 families (a total of
65340 containers). In general, the creation of the first specialized nursery in the region on the basis of the
MEBG with the application of scientifically sound cultivation technology will contribute to meeting the
needs of horticultural and landscaping organizations in seedlings and seedlings of high quality and a wide
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range of assortment to solve, ultimately, the problems of increasing the productivity of horticultural and
landscaping organizations.
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N.®. benozepos, H.A. Tenen, ®.Y. OmipbaeBa, A.A. Hazaposa, C.)K. beprenkysnosa

AybUIIIAPYAIIBUIBIFBIH OCIPY TEXHOJIOTUSICHIH OHTANJIAHABIPYAbIH Heri3ri
0arpITTapbl Ka0bIK TAMBIP KYHeci 0ap aram eciMIiKTepiHiH KomeTTepi
MamnrpicTay IOJIHIH KYPFAK KaFaaibIHIa

3epTTey JKYMBICHIHBIH MakKcaThl — MaHFBICTay/IbIH KYpFaK JKarJalblHIa jkaObIK TaMblp JKyHeci Gap aramt
OCIMIIKTEpiHIH KOLIeTTepiH ocipy arpoTeXHHMKACBIHBIH JajajblK TKIpUOENepiH OTBIPFBI3Y apKbLIbI
OHTalnaHaplpy. JKuHanraH 3epTTey MaTepuasblHBIH JUCIEPCUSIIBIK JKOHE KOPPETALMSIIBIK Tallaybl
HeTi3iH/e Kelieci arpOTeXHUKAJBIK 9ICTep arall eCiMIIKTepiHiH ecyl MEH JaMybIHbIH OHOMETPHSUIBIK JKOHE
(DUBHONOTUSNIBIK KOPCETKilTepi OOMBIHINA €H KOJAaWiIbl JereH KOPBITBIHABI jKacailFaH: 1) TOMBIpaK
BUTFaJIIBUIBIFBIHBIH AJIIBIH-aJIa JCHIeHiH TOJBIK JANIANbIK BUFaN CHIMBIMABLIBIFBIHEIH 70-80% meringe ycramn
Typy, 2) 1:]1 KaThIHACKIHIA OCIMIIK IEH NIEIMTE3eK TONBIPAFBIH ApANacTHIPy JKoHe 3) 75 /M’ Memmepine
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MHHepa/Ibl KeICH i THIHANTKBIIIIICH aif cailblH KyHapiaaHAblpy. MaHFbICTay IO JKaFaibIHAa KaChUT HKe-
JICKTep aCTHIHIAFbl BUIFANJBIH OyinaHyblH OonablpMmay YLIH eH Tuimzici 3e0 cymepcopOeHTIiH, TazapTy
KOHJBIPFBIIAPEIH OPHATY JKOHE OpTa JKOHE YCaK (ppaKnMsUIapAblH KUBIPIIBIK TaCTAPhl CHAKTHI JKaOBIH MaTe-
puanmapsl. 3eprrey HoTIXReNepi 32 TyKpMaac xaHe 17 TysIcThIH (0apibiFel 65 340 KOHTEHHEp) eH IepCIek-
TUBAJIBI HHTPOIYKIMSUIBIK eciMaikrepain 107 TypiH, ¢opmanapsl MeH COpTTaphIH XKammail keOeHTy Ke3inne
COTTI CHIHAKTAH OTTI.

Kinm coe30ep: oHTalnaHapIpy, aybUIIapyallblIbIK TEXHOJIOTHACH, arall oCiMIIKTep, KOIeTTep, KOHTeHHep-
Jep, ericTik Taxipubeci, TIpMWILTIK €Ty AeHreHi, ocy.

N.®. benozepos, H.A. Tonen, ®.Y. Ymupbaena, A.A. Hazaposa, C.)K. beprenkysnosa

OcCHOBHbIEC HANIPABJICHUS] ONTUMH3AIUU ATPOTEXHUKH BbHIPAIMBAHUSA CAKECHLEB
JApeBeCHbIX PACTEHUI ¢ 3aAKPBHITOIl KOPHEBO CHCTEMOM B aPUIHBIX YCJIOBHIX
nycrbiHd MaHrucray

Ilens HacTOSIIEro MCCICNOBAHMS — ONTUMM3AIMSA IYTEM 3aKJIAAKHA MOJIEBBIX OIBITOB arpOTEeXHHUKH
BBIPAIMBAHMS CAXEHIIEB JPEBECHBIX PACTCHUH C 3aKPBITON KOPHEBOW CHUCTEMOW B apUIHBIX YCIOBHSX
Manrucray. Ha ocHOBe IHCIEPCHOHHOIO M KOPPEIALMOHHOIO aHalu3a COOPaHHOTO MCCIIEN0BATENIbCKOTO
MaTepuaia clieJaH BBIBOJ O TOM, 4TO HauboJiee NPEeANIOUTHTENbHBIMHE 0 OMOMETPUYECKHM H (QU3HOIOrHYe-
CKMM II0Ka3aTeJIsIM POCTa M PA3BUTHS IPEBECHBIX PACTCHMIl ABIAIOTCS CIEIYIOIINE arpOTEXHUYECKHE IpHe-
MBI: 1) momaepkKuBaHWE MPEANONNBHOTO YPOBHS NMOYBEHHOW BIaxkHOCTH B mpenenax 70-80 % ot momHoM
TIOJICBOM BJIATOEMKOCTH; 2) CMEIIMBAHHE PACTUTEIBHOTO W TOPQSIHOTO TPyHTa B cooTHomeHmH 1: 1 m 3)
@IKEMECSIHAs TOAKOPMKA MHHEPATLHEIM KOMIUICKCHBIM yIoGperueM u3 pacaera 75 r/m”. CaMbiMu d¢dek-
TUBHBIMH B yCJOBHSIX ITyCTHIHM MaHTucTay IUIsi MPeXOTBPAILCHUS UCIIAPSHUS BJIArd MO 3€JICHBIMH HacaxX-
JICHUSIMU SIBJISIIOTCS TaKUE YKPBIBHBIE MaTepHalIbl, Kak CyrnepcopOoeHT 3e6a, 0ca oK OYHCTHBIX COOPYKSHUH 1
rpaBHil cpenHei n MesIkol (ppakuuy. Pe3ynbTaThl HCCIeq0BaHMH OBLUIH YCHELIHO alpoOUpPOBaHbI ITPHU NPOBE-
JIGHUH MaccoBOro pasMHokeHus 107 BuioB, GopM U COPTOB HanOosIee MEPCIEKTUBHBIX HHTPOAYLEHTOB U3
32 ponoB u 17 cemeiictB (Bcero 65340 koHTEHHEPOB).

Kniouesvie cnosa: onTuMu3anus, arpoTeXHUKa, APEBECHBIC PACTEHUSI, CAKEHIIBI, KOHTEHHEPHI, IOJIEBOU
OTIBIT, IPHYKHUBAEMOCTb, TIPUPOCT.
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Species diversity of wild fruit plants of the natural flora of the Kazakh Altai

The purpose of this work was identification of modern species diversity of wild fruit and berry plants in the
flora of the Kazakhstan Altai and their ranking according to a set of biological indicators. As a result of
studying the biodiversity of vascular plants of the Kazakhstan Altai, using the route-reconnaissance method,
it was established that 52 species of fruit and berry plants belonging to 22 genera and 12 families grow on its
territory. The largest number of species taxa is represented by 3 families: Rosaceae, Caprifoliaceae,
Grossulariaceae, which contain 29 species, which is 55.77 % of the total. Among plant communities with the
participation of fruit and berry species, forest (26 %) and meadow associations (23 %) occupy a dominant po-
sition, synanthropic phytocenoses with the participation of Solanum dulcamara and S. nigrum are also estab-
lished in abandoned garden plots of settlements in the region. The growth of 7 alien fruit and berry species
was identified: Alkekengi officinarum, Berberis vulgaris, Malus baccata, Ribes aureum, Sambucus racemosa,
Sorbus aucuparia, Symphoricarpos albus, of which only Malus baccata formed its own communities. Ac-
cording to life forms, fruit and berry species are represented by trees, shrubs, dwarf shrubs, subshrubs, and
herbaceous perennials. Shrubs dominate by 36 species (69.2 %). In relation to the moisture factor, the identi-
fied species are ranked by 6 ecological groups, where mesophytes predominate — 36 species (69.2 %). Of the
fruit and berry species, 3 species are currently protected at the state level: Daphne altaica, Paris quadrifolia
and Vaccinium microcarpum, included in the Red Book of Kazakhstan with the status of rarity category II.

Keywords: life forms, alien species, Kazakhstan Altai, location, fruit and berry plant species, ecological
groups.

Introduction

Along with the Convention on Biodiversity, which provides special attention to the issues of studying,
preserving and protecting biological diversity as a guarantor of ecosystem sustainability, in 2002 the 6th
Conference of the Parties to the Convention adopted the Global Strategy for Plant Conservation (GSPC). At
the same time, the second target setting defines the task of regional plant protection, which would take into
account the specifics of the regions, since the ongoing process of global climate change and anthropogenic
pressures threaten the preservation of natural vegetation and the habitat itself. At the present stage, research
on the study of the genetic potential of wild fruit and berry plants and the preservation of their gene pool for
solving food security, in the implementation of monitoring for the implementation of scientifically based
conservation measures are relevant.

The aim of our research was to identify the modern species diversity of wild fruit and berry plants in the
flora of the Kazakh Altai and to rank them according to a set of biological indicators.

Kazakhstan Altai within the East Kazakhstan region, with an area of about 200 thousand km™ in accord-
ance with the classification adopted in the academic publication “Flora of Kazakhstan” (1956), belongs to
the floristic region 22. Altai. The geographical position of the region, its geological structure, complexity and
diversity of relief, as well as soil-climatic and hydrological conditions determine its division into 3 physical-
geographical regions: Southern Altai (Narymsky, Sarymsakty, South Altai Tarbagatai, Kurchumsky, Azutau,
Southern Altai, Kabinsky and Bukhtarma Mountains ranges); Western Altai (Ivanovsky, Ulbinsky, Ubinsky,
Koksinsky, Lineisky, Kholzun, Zapadnaya Listvyaga ranges); Kalbinsky Altai (Eastern mountain-forest
Kalba, Western mountain-steppe Kalba) [1].

Experimental

To obtain more complete information on the species diversity of wild fruit and berry plants in the study
area, literary data were analyzed [2—7]; herbarium materials of the Altai Botanical Garden (Ridder), East Ka-
zakhstan Technical University (Ust-Kamenogorsk), Katon-Karagay National Nature Park, Markakol State
Nature Reserve, as well as materials of our own long-term developments in the East Kazakhstan region in
the administrative districts: Altai, Glubokovsky, Zaysansky, Katon-Karagaysky, Kurchumsky, Samara,
Tarbagataisky, Ulansky, Shemonaikhinsky.
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The species composition of wild fruit and berry plants was studied using one of the traditional methods
of floristic research — route reconnaissance [8]. Life forms of plants were assessed using the method of
L.G. Serebryakov [9]. During the route research, floristic lists were compiled, the nature of the species distri-
bution was revealed and biological and economic indicators were determined. The names of the accepted
genera and species of wild fruit and berry plants were verified using data from the Plants website of the
World Online [10]. The authorship of species, genera and families is given according to the International
Plant Names Index [11]. When compiling expedition routes, geographic areas characterized by floristic di-
versity were taken as key territories. Ecological groups of plants were identified according to the classifica-
tion of A.V. Kuminova [12]. When identifying individual groups of economically valuable plants, the fol-
lowing scientific publications were used: “Plant Resources of Russia ....” [13] and “Annotated List of Me-
dicinal Plants of Kazakhstan” [14]. For a quantitative assessment of the introduction of alien plants into the
local flora, the method proposed by L.V. Horun et al. [15] was used.

Results and Discussion

The environmental conditions in the complex (climatic, edaphic, orographic, geological, hydrological)
of the Kazakhstan Altai ensured a high species diversity of wild fruit and berry plants in the flora of the re-
gion. Targeted studies allowed us to identify the species composition of fruit and berry plants, and establish
some patterns of their spatial distribution. Table provides a list of the species diversity of fruit and berry
plant species and the identified actual places of their growth with coordinates on the territory of the Kazakh-
stan Altai. Based on the research results, the locations of 52 species of fruit and berry plants belonging to 22
genera and 12 families were established in the surveyed local flora. The general list also includes species of
fruit and berry plants from the families: Cupressaceae Gray, Thymelaeaceae Juss., Ephedraceae Dumort.,
Melanthiaceae Batsch ex Borkh. with inedible fruits, but which are medicinal or rare.

Table
List of species diversity and locations of wild fruit plants of the Kazakh Altai
Height
Family Genus, species Location Latitude | Longitude | above sea
level, m

North-western slope of the Saikan
ridge, Aksiyr tract

Berberidaceae R North-western slope of the

Juss. Berberis sibirica Pall. Bukhtarma Mountains
South-eastern spurs of the Ubinsky

ridge, Mount Kozlushka

Berberis heteropods Schrenk 47.40333 | 85.45583 1170

49.18972 | 85.51944 820

Berberis vulgaris L. 50.27639 | 83.28917 710

Lonicera caerulea subsp. Foothills of the Ivanovsky ridge,
altaica (Pall.) Gladkova Gray meadow tract 5035775 | 83.89667 1211
Lonicera caerulea subsp. Bukhtarma Mountains, northwestern
allasii (Ledeb.) Browicz foothills, Berezovka River valley 49.51861 | 84.39306 333
égﬁ;ﬁfm hispida Pall. ex Kholzun ridge 50.33722 | 84.11944 | 2025
Caprifoliaceae  |Lonicera microphylla Willd. ex |Foothills of the Ivanovsky ridge,
Juss. Roem. & Schult. Gray meadow tract 503575 | 83.89667 1200

Southern Altai Range, upper reaches
of the Bukhtarma River

Ridge Narymsky, northwestern
slope, Shertan tract

Lonicera stenant Pojark. 49.28834 | 86.56886 2020

Lonicera tatarica L. 4893444 | 83.71778 476

Symphoricarpos albus (L.) South-eastern foothills of the

K Koch Ulbinsky ridge 49.71944 | 83.86389 452
Jump.e;'fus communis var. Foothills of the Ubinsky ridge, 5024611 | 83.47194 1800
saxatilis Pall. Siberian south-eastern spurs

North- western slope of the
Ivanovsky ridge, upper reaches of 50.32222 | 84.19056 1977
the Bolshaya Poperechka river

of the Lineisky ridge, upper reaches
of the Barsuk river

Cupressaceae Juniperus pseudosabina Fisch.
Gray & C.A. Mey.

50.27167 | 83.16528 820

Juniperus sabina L.
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Continuation of Table

Height
Family Genus, species Location Latitude | Longitude | above sea
level, m
Elaeagnaceae . . Narymsky ridge, northwestern foot-
Tuss. Hippophae rhamnoides L. hills, Solonechnaya river valley 49.17389 | 85.51889 945
Ephedra dahurica Turcz. Kalbinsky ridge 49.71297 | 81.58365 649
Ephedra equisetina Bunge Zaisan depression, near the village | 4q gars | 849290 586
Ephedraceae of Birzhan
Dumort. Ephedra intermedia Schrenk & |Kalbinsky ridge (Western steppe 4950513 | 83.88988 650
C.A. Mey. Kalba)
Ephedra monosperma Kurchumsky ridge, Kurchum river
J.G. Gmel. ex C.A. Mey. valley 47.8881 85.0481 410
Vaccinium microcarpum
(Turcz. ex Rupr.) Schmalh. ex |Bukhtarma Mountains 49.1887 85.5585 981
Ericaceae Busch
Durande Vaccinium myrtillus L. Koksinsky ridge 50.40772 | 84.24028 1800
Vaccinium vitis-idaea L. Sﬂig’gaml Mountains, Berel River | 49 47417 | 8630861 | 1260
Ribes acicular Sm. Koksinsky ridge 50.37167 | 83.87722 1854
Kalbinsky ridge (Eastern Kalba),
Ribes aureum Pursh Koktau Mountain, north-eastern 49.42889 | 82.66694 896
slope
. Ribes graveolens Bunge Kalbinsky ridge, (Eastern Kalba), | 44 7359 | 83 36639 620
Grossulariaceae Laila tract
DC. Ribes nigrum L. Lineisky ridge, upper reaches of the | 55 35555 | g4 19056 | 1977
Barsuk river
. Ivanovsky ridge, north-western
Ribes petraeum Wulfen slope 48.60361 | 83.57639 467
Ribes rubrum L. izzymky ridge, Kurchum crossing | 5 3555 | 84.19556 | 1934
MelanthiaceacBa Kara-Kabinskaya depression, vicini-
Paris quadrifolia L. ty of the village of Sogornaya, valley| 49.2510 85.3532 672
tsch ex Borkh. .
of the river Sogornaya
Cotoneaster melanocarpus Eastern foothills of the Ubinsky 50.32667 83.545 320
G.Lodd. ridge
Crataegus chlorocarpa Lenné |South-eastern spurs of the Ubinsky
& K.Koch ridge, Mount Kozlushka 49.50167 | 83.05536 792
Crataegus sanguinea Pall. Kalbinsky ridge, Koktau mountains | 49.17194 | 85.78139 1002
Fragaria vesca L. Kh. Kalbinsky (Eastern Kalba) 50.32694 | 83.54556 825
ridge, Tainty tract
Samrymsakty ridge, northwestern
Fragaria viridis Duchesne foothills, in the area of the village of | 50.32417 | 83.55111 782
Zhanaulgo
Malusbaccata(L.) Borkh. Foothills of the Ubinsky ridge, 49.18944 | 8552028 | 895
south-eastern spurs
Prunus padus L. Lineisky Ridge, north- western slope| 50.26611 | 83.22889 523
Rosaceae Juss. - -
Foothills of the Ivanovsky ridge,
Rosa acicularis Lindl. Belkina mountain, south-eastern 48.39528 | 84.49278 525
slope
Rosa laxa Retz. South-eastern foothills of the 5027167 | 83.16528 | 727
Ivanovsky ridge
Foothills of the Ivanovsky ridge,
Rosa spinosissima L. Belkina mountain, south-eastern 50.27611 | 83.28917 715
slope
Bukhtarma mountains, river valley
Rubus caesius L. Solonechnaya, env. With. Katon- 49.3469 82.37256 1299
Karagay
Rubus idaeus L. Kurchumsky ridge, Kalgutariver | 45 36639 | 551889 | 1125
valley
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Continuation of Table

Height
Family Genus, species Location Latitude | Longitude | above sea
level, m

50.37111 | 84.10861 1456

Kalbinsky Ridge, Koktau Mountains
(Medvedka Mountain)

Bukhtarma mountains, river valley
Solonechnaya, env. Katon-Karagay

Rosaceae Juss. . Foothills of the Ivanovsky ridge,
Sorbus aucuparia L.
north- western slope

Rubus sachalinensis H.Lev.

49.28522 | 83.39082 776

Rubus saxatilis L.

50.37472 | 83.88861 991

Sorbus aucuparia subsp.

glabrata (Wimm., & Grab.) Chindogatui mountains,

Rakhmanovskie springs tract 4847750 | 86.38944 1273

Hedl.

Alkekengi officinarum Moench |Foothills of the Ubinsky ridge 50.63945 | 81.93744 315

Solanum dulcamara L. Ubinskyr idge, env. Shemonaikha 48.6454 84.0802 398
Solanaceae Juss.

Valley of the river Black Irtysh, near
the village of Buran

Foothills of the Azutau ridge, north- 4842167 | 85.72472 1070
ern slope

Daphne mezereum L. Ulbinsky ridge, Ridder area 50.24065 | 83.23428 980
South- eastern spurs of the Ubinsky

ridge, Mount Kozlushka 50.27639 | 83.28917 710
Viburnaceae Raf.|Sambucus sibirica Nakai Foothills of the Ivanovsky ridge 50.37472 | 83.88861 890

Narymskyridge, northwestern slope
of the Shertan tract 48.93444 | 83.71778 476

50.26139 | 83.22972 577

Solanum nigrum L.

Thymelaeaceae |Daphne altaica Pall.
Juss.

SambucusracemosalL.

Viburnum opulusL.

Systematic analysis showed that the largest number of species taxa is represented by the families:
Rosaceae Juss. — 16 species (30.77 %), Caprifoliaceae Juss. —7 species (13.46 %), Grossulariaceae DC. —
6 species (11.54 %) (Fig. 1). These three families contain 29 species, which is 55.77 % of the total species
diversity of wild fruit plants in the flora of the Kazakh Altai.
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Figure 1. Quantitative composition of species taxa of fruit and berry plants of the Kazakh Altai by families

Formational analysis revealed that the flora coenotypes with the participation of wild fruit and berry
plants in the studied region are represented by a wide spectrum, which is facilitated by the geographical posi-
tion of the Kazakhstan Altai and altitudinal zonation. Among the plant communities with the participation of
fruit and berry species, the dominant position is occupied by forest (26 %) and meadow associations (23 %).

Basically, these are dark coniferous, coniferous, and mixed and birch forests, different types of mead-
ows (wet swampy, alpine, dry and damp forest, foothill forb-grass, forb-shrub steppe). Shrub associations
with berry bushes are noted on the slopes of gorges, rocky screes in the mountain-forest and mountain-steppe
belts.

Synanthropic phytocenoses formed on abandoned garden plots of populated areas were identified,
where the subdominant species is Solanum dulcamara in the foothills of the Ubinsky ridge, near the town of
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Shemonaikha and on the Kurchumsky ridge, in the vicinity of the liquidated village of Cherdoyak; S.
nigrum- in the valley of the Black Irtysh River, in the vicinity of the village of Buran.

The monitoring carried out in 2021-2023 of the alien fraction in the flora of the Kazakh Altai revealed
the growth of 7 alien fruit and berry species: Alkekengi officinarum, Berberis vulgaris, Malus baccata, Ribes
aureum, Sambucus racemosa, Sorbus aucuparia, Symphoricarpos albus. Of the identified alien species, only
Malus baccatahas penetrated into the natural vegetation. The other above-mentioned species were previously
cultivated plantings, but after the liquidation of settlements they became wild. At present, their degree of
naturalization can be estimated at two points (colonophytes), since they do not spread beyond the places of
introduction. Formation of a secondary range Malus baccata contributed to the primary introduction of spe-
cies in the Altai Botanical Garden in 1939-1945. Due to the ecological plasticity and resistance to unfavora-
ble factors, high winter hardiness and decorativeness, the species was widely used in landscaping the cities
and villages of the region. At the present stage, Malusbaccata, forming its own communities, is widely found
in the Kazakh Altai [16, 17].

In terms of life forms, fruit plant species in the flora of the region are represented by trees, shrubs,
dwarf shrubs, subshrubs and herbaceous perennials. Among them, shrubs occupy a dominant position —
36 species (69.2 %). The remaining groups are represented in small quantities: fruit trees — 6 species
(11.53 %), dwarf shrubs — 4 species (7.69 %), herbaceous perennials — 4 (7.69 %), subshrubs —
2 (3.89 %).

In relation to the moisture factor, all identified fruit species were divided into 6 ecological groups:
mesophytes, mesoxerophytes, xeromesophytes, xerophytes, mesohygrophytes, hygromesophytes (Fig. 2). In
quantitative terms, mesophytes are represented by 36 species (69.2 %), the remaining 16 taxonomic species
(30.8 %) belong to 5 ecological groups, with an almost equal ratio of species.

mesophytes

. mesoxerophytes

X xeromesophytes

36
" xerophytes

. mesogygrophytes

gygromesophytes

Figure 2. Quantitative ratio of fruit plant species of the Kazakh Altai in relation to the moisture factor

Conclusions

During the analysis of 52 species of wild fruit and berry plants, both with edible and inedible fruits, in
the studied territory, different degrees of their rarity were established. Three species are listed in the Red
Book of Kazakhstan (2014) with the status of rarity category Il: Daphne altaica, Paris quadrifoliaand
Vacciniummicrocarpum. Rare species in need of protection, currently based on the results of long-term re-
search, are Daphne mezereum, Ephedra monosperma.

Thus, the species diversity of wild fruit and berry plants in the flora of the Kazakh Altai is represented
by 52 species taxa belonging to 22 genera, 12 families in the composition of forest and meadow associations.
According to the complex of biological indicators, shrubs dominate in life forms — 69.2 %, in relation to the
moisture factor — mesophytes, at the state level with the status of rarity category II, 3 species are protected.
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Ka3akcran AnrailbIHbIH TA0MFU (JI0paCBIHBIH
skadaibl sKeMicTi 6CiMIIKTePiHIH TYP aJyaHAbIFbI

MaxanaHblH MaKcaThl: Ka3aKCTaHABIK AJNTalabiH (iIopachlHAa jkKa0albl KEMICTI-KHIACKTI ©CIMIOIKTEpAiH
Kazipri 3aMaHFbI TYPJIIK SPTYPIILUIITiH aHBIKTAY JKOHE OJIapbl OMOJIOTHSIIBIK KOPCETKIIITEp KelleHi OOWBIHIIA
capanay. KaszakctaHIbsIK ANTalabIH TaMBIPIbl ©CIMIIKTEPiHIH OHOANyaHTYPJIUNriH 3epTTey HOTIDKECIHIE
MapuIpyTThIK-0apiay dAiCiH maiijanana OTHIPHII, OHBIH ayMaFbIH/a 22 TYKbIMIACKa, 12 TybICTAacKa jKaTaThiH
JKEMICTI JKOHE JKUJICKTI OCIMIIKTepAiH 52 Typi eceTiHi aHBIKTAIABL. Typ TaKCOHOApPBIHBIH €H KOm CaHbl 3
TybIcTacTa Oap. Artan aiitcak, Rosaceae, Caprifoliaceae, Grossulariaceae, 6ynapaa 29 Typ IIOFbIpJIaHFaH,
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Oyt >kanmsl caHHBIH 55,77 Y%-bIH Kypaiinsl. JKeMicTi sxoHe JKUIEKTI Typiepi 0ap eCiMAIKTEp KaybIMIACTBIFbI
apachklHia opMaHabl (26 %) koHe IaNFbIHABI accouuarusnap (23 %) 0achkiM OpbIH aajbl, COHBIMEH KaTap
aliMaKTarbl eNIiIMEKeHACPIiH Kapaychl3 KairaH Oakmia yuackenepinne Solanum dulcamara xone S. nigrum
0ap CHHAHTPONTHI (UTOLEHO3IAP AHBIKTAIIBL. 7 OKENiHIeH KEMICTi-KHICKTI TYPIEpAiH 6Cyi ailKbIHIAIIbI,
onap: Alkekengi officinarum, Berberis vulgaris, Malus baccata, Ribes aureum, Sambucus racemosa., Sorbus
aucuparia, Symphoricarpos albus, oHbIH imiHne Tek Malus baccata 3 KaybIMAOACTHIKTapbIH KypFaH.
Tipurinik dopmanapsl GOMBIHIIA KEMICTI-KHUAEKTI Typiep araiuThl, OyTaibl, TOFAWIbl, XKapThulail OyTaisl,
IIONTECIH KOIDKBUIIBIKTap TypiHxe Ke3neceni. byramap Gaceivm, srHM 36 TYp (69,2 %). bliranmanaeipy
(axTopbIHa KATBICTHI aHBIKTAJIFAH TYPJIEP 6 IKOIOTHSUIIBIK TONKa Oemnineai, 6y perte Me3opurrep 6acem, 36
TYp (69,2 %). Ka3ipri yakplTTa MEMJIEKETTIK JACHIeiIe >KeMiCTi-KUIEKTI TypiaepiiH 3 Typi Kopramaibl:
Daphne altaica, Paris quadrifolia xone Vaccinium microcarpum, onap KazakctanHbslH KpI3bi1 KiTaObIHA
eHrisinres, Il cupekTiiik caHaTsl 6ap.

Kinm ce3dep: tipminik ¢opmacel, eHriziireH Typiep, Kaszakcrtam AnTaiipl, opHalacKaH >Kepi, KeMic—
JKHUJEKTI OCIMAIK TYpJiepi, SKOJIOTHSUIIBIK TOIITap.

A.H. Nanunosa, E.A. Hcakosa, A.A. CymGembaeB, O.A. Jlaryc, O.A. Any¢puesa, T.A. Brosuna

BupnoBoe pasHooOpa3ue TMKHUX IUI0I0BbIX PACTEHUI MPUPOAHOI (J10pBI
Ka3zaxcranckoro Aaras

Llens manHO# paboTel — BhIsABICHUE BO (iope KazaxcTanckoro Anrast COBpeMEHHOTO BUIOBOTO pa3HOOOpa-
3Ws JUKOPACTYIIUX IUIOJOBO-SITOAHBIX PACTEHUH M PaHKUPOBAHME MX IO KOMIIIEKCY OHOJIIOTHIECKHX MOKa-
3areneil. B pesynbprare m3ydueHus Ouopa3sHooOpasmsi COCyAUCTHIX pacTeHni KazaxcTanckoro Anrasi, HCIIONb-
3ysl MapIIpyTHO-PEKOTHOCIUPOBOYHBIN METOJ, YCTAaHOBJICHO IIPOU3PACTAaHHE HA €T0 TEPPUTOPUH 52 BHIOB
IUTOJIOBBIX U ATOMHBIX PAaCTEHUH, OTHOCAIMXCS K 22 ponaM, 12 cemelictBam. HanbonbmmM 4nuciioM BUIOBBIX
TaKCOHOB Ipe/CTaBNeHbI 3 cemelicTBa: Rosaceae, Caprifoliaceae, Grossulariaceae, B KOTOPBIX COCPEIOTO-
4yeHo 29 BUOB, uTO cocTaBisieT 55,77 % ot obuiero yncia. Cpeau pacTUTEIBHBIX COOOIIECTB C Y4acTHEM
TUIOZIOBBIX H ATOJHBIX BUIOB JJOMHHHUPYIOIEE MOIOKEHHE 3aHUMAIOT JieCHBIE (26 %) M TyroBble acCOIMAIUU
(23 %), Taxke ycTaHOBJIIEHBI CUHAHTPOINHBIE (UTOLEHO3BI C yuacTueM Solanum dulcamara n S. nigrum Ha
3a0pOIICHHBIX CAJOBBIX yJaCTKaX HACENCHHBIX ITYHKTOB PerHoHa. BEIABIEHO mpom3pacTaHume 7 3aHOCHBIX
IUIOIOBBIX M SATOAHBIX BUAOB: Alkekengi officinarum, Berberis vulgaris, Malus baccata, Ribes aureum,
Sambucus racemosa, Sorbus aucuparia, Symphoricarpos albus, 13 XoTOpbIX TosbKo Malus baccata odpazo-
Bal coOCTBEHHEIE coobmecTBa. I1o )KU3HEHHBIM (hOopMaM IIIOAOBEIE M ATOMHBIE BUJIBI IIPECTABICHBI 1ePEBb-
SIMH, KyCTapHHKaMH, KyCTapHUYKaMH, ITOJyKyCTapHUKaMH, TPABIHUCTBIMH MHOTOJISTHUKaMH. JlOMUHHUPYIOT
KycTapHUKH — 36 BHIOB (69,2 %). ITo oTHOIIEHHIO K (aKTOPy yBIaXKHEHHS BHISIBICHHbBIC BUIBI PAHKHPOBA-
HBI TI0 6 DKOJOTHYECKUM TpYIIaM, IJie TOCIOACTBYIOT Me30odutsl — 36 BunoB (69,2 %). V3 mionoBex u
ATOHBIX BHMIOB Ha IOCYJapCTBEHHOM YpPOBHE B HACTOfIee BpeMs oxpaHstorcs 3 Bupa: Daphne altaica,
Paris quadrifolia v Vaccinium microcarpum, Bkitouennbie B Kpacuyro kuury Kaszaxcrana, co cratycom Ka-
teropuu peakoct II.

Kniouesvie cnosa: xu3HeHHbIe (HOPMBI, 3aHOCHBIE BUIBI, Ka3axcTaHckuil AnTail, MECTOHAXOX/ICHHE, IUIOI0-
BO-SITO/IHBIE BUJIBI PACTEHUH, SKOJIOTHYECKHIE I'PYIIIIbI.
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Optimization in vitro cultivation conditions for an endemic species of Regel's pear

The decline in plant diversity is a pressing global issue driven by climate change, plant diseases, and human
activities. This reduction in biodiversity poses significant threats to food security and the sustainability of
ecosystems. Conserving wild plant species is crucial as they harbor genes that confer resistance to various bi-
otic and abiotic stresses. One such important species is the Regel pear, endemic to Kazakhstan, known for its
resistance to drought and diseases. During research efforts, samples of Regel pear were collected from their
natural habitats. Using SSR markers, researchers identified samples that exhibited resistance to scab. In a pi-
oneering step, optimal in vitro cultivation conditions were developed to preserve this economically valuable
species. The sterilization process for establishing in vitro culture and subsequent regeneration was estab-
lished. The multiplication conditions were refined using DKW nutrient medium supplemented with 1.0 mg/1
BAP, 0.5 mg/l IBA, and 0.2 mg/l GA3. These measures aim to ensure the long-term conservation of genetic
diversity and enhance agricultural resilience to environmental changes.

Keywords: Pyrus regelii, invitro culture, endemic, micropropagation.

Introduction

Declining biodiversity has a negative impact on food security, leading to the deterioration of ecosys-
tems. According to the report on the state of plant genetic resources, several factors contribute to the decline
in biodiversity, including climate and habitat changes, invasive species, and the over use of plant resources
beyond their natural restoration levels [1, 2, 3].

Kazakhstan holds a leading position in plant diversity within Central Asia, boasting approximately
5,700 species of higher plants, of which 14 % are endemic. However, like many regions worldwide, Kazakh-
stan faces biodiversity loss due to anthropogenic influences, soil degradation, deforestation, and other fac-
tors [4]. The use of biotechnological methods is effective for preserving biodiversity and promoting sustain-
able development [5, 6, 7].

Kazakhstan is the homeland of many nut and fruit plant species, which are now cultivated globally [8,
9, 10]. According to Vavilov's centers of origin of cultivated plants, the Central Asian center includes species
such as apple trees, pears, cherries, plums, pistachios, grapes, and others [11]. Pear species, represented by a
wide variety of wild and cultivated local varieties, have significant importance in this region. Central Asia is
a key center for the speciation of the genus Pyrus L. [12].

Pear production ranks second worldwide after apples. Pears are susceptible to various diseases, with
some of the most dangerous being fire blight and scab. Scab is caused by fungi of the genus Venturia, specif-
ically V. naschicola infecting Asian pear species and V. pirina affecting common pears [13, 14].

Wild pear species of fer allelic diversity and combinations that provide resistance and tolerance to vari-
ous abiotic and biotic stresses. Many wild pear species, including P. ussuriensis, P. pashia, P. korshinskyi, P.
syriaca, P. hopiensis, P. gharbiana, P. betulifolia, P. calleryana, P. cossonii, P. dimorphophylla, P. fauriei,
P. pyrifolia, P. ussuriensis, P. regelii, P. communis, and P. xerophila, possess straits of drought, cold, and
disease resistance [15, 16, 17].

Regel's pear (Pyrus regelii) is an endemic species growing in the Tien Shan and Pamir-Altai regions,
with its habitat gradually shrinking. It grows singly or in groups on dry rocky slopes and rocks, among
shrubs, in xerophytic woodlands, and thermophilic juniper forests [18]. In southern Kazakhstan, the Regel
pear grows, recognized as an economically valuable species due to its significant drought resistance. This
species can be utilized for a forestation of arid areas with poor soil conditions. Its fruits are very tart and as-
tringent but can be used as drought-resistant roots tocks [19].
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The purpose of this study is to optimize the cultivation conditions of the endemic Regel pear species,
which is resistant to scab, in in vitro culture to preserve biodiversity and enhance sustainable development in
Kazakhstan.

Experimental

The object of research was plant material of the Regel pear, which was collected in the Sairam-Ugam
State National Natural Park, Tyulkubas branch (Fig. 1). Table 1 presents the coordinates of the selected
samples.

e 8 Y

A) specimen 1

B) specimen 2

C) specimen 3

Figure 1. Regel's pear in its natural habitat

Table 1
Coordinates of Regel's pear growth
Species Number Longitude Latitude Height above sea level, m
Regel's pear specimen 1 E070°15.33". N42°40.33° 880
Specimen 2 E70°15.091' N42°41.345' 917
Specimen 3 E70°15.645' N42°40.789' 864

DNA extraction

DNA extraction from plant material was carried out according to the CTAB protocol. CTAB lysis
buffer contained 2 % cetyltrimethylammonium bromide, 20 mM EDTA, 100 mM Tris-HCI, 1.4 mM NaCl,
and 1 % PVP. Purification with chloroform was carried out twice.

Isolation protocol: Leaves were homogenized in 500 ul CTAB buffer for 3 min. at 30 Hz using a high-
speed homogenizer Tissuelyser Il Qiagen. After incubation at 65 °C for 60 minutes, samples were
centrifuged at 20,000 rpm for 10 minutes, then the supernatant was extracted with an equal volume of
chloroform and centrifuged for 15 minutes at 20,000 rpm. The extraction procedure was repeated twice.
DNA was precipitated with 2/3 isopropanol and centrifuged at 14,000 rpm for 30 minutes. The precipitate
was washed twice with 70 % ethanol, dried and dissolved in 100 ul of TE buffer [20].

Molecular genetic analysis

To study the genetic potential of pear resistance to pathogens, molecular genetic analysis was carried
out. To select resistant genotypes to scab (Venturia nashicola), the SSR marker TsuENH101 (AB621905)
was used. Sequence: F: TGCCTAATGGAAGGGTCCTA R: CAAGGAAGAGAAGACCGACG [21]. The
25 pl PCR reaction mixture contained the following: 5 pl template DNA (50 ng/ul); 3 ul PCR buffer (10x);
1.5 pl MgCl, (25 mM); 1.5 pl off or ward and reverse primers (10 pmol); 0.3 pl of Taq polymerase and
1.8 ul of ANTP (2 mM), the rest of the mixture was made up with deionized distilled water. Amplification
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was performed using a 96-well thermal cycler (Applied Biosystems) with the following conditions: 95 °C for
2 min; 40 cycles 95 °C 30 sec, 55 °C 30 sec, 72 °C 45 sec; 72°C 5 min.

Sterilization and establishment in vitro culture

To sterilize annual axillary buds of the Regel pear, the effects of different concentrations of hydrogen
peroxide (H,O,) were studied. The following concentrations were tested: I — 3 % H,O,; II — 6 % H,0,; 111
— 9 % H,0,; IV — 12 % H,0,, in all cases the exposure time was 5 minutes.

The effect of nutrient media with the addition of the cytokinin 6-benzylaminopurine (BAP) at a concen-
tration of 1.0 mg/l on the formation of the main shoot was studied. The following options were studied: I —
MS with the addition of BAP — 1.0 mg/l; I — DKW with the addition of BAP — 1.0 mg/l; IIl — QL with
the addition of BAP — 1.0 mg/l. In each variant, 30 explants were cultured.

Multiplicaton stage

To multiply shoots, we studied various combinations and concentrations of growth regulators BAP,
gibberyllic acid (GA3), and indolyl-3-butyric acid (IBA) on the DKW nutrient medium. Treatments: | —
DKW without growth regulators; Il — DKW with BAP 0.1 mg/l, IBA 0.1 mg/l, GA 0.2 mg/l; Il — DKW
with BAP 0.5 mg/l, IBA 0.1 mg/l, GA 0.2 mg/l; IV — DKW with BAP 1.0 mg/l, IBA 0.1 mg/l, GA 0.2 mg/l;
V — DKW with BAP 0.1 mg/l, IBA 0.5 mg/l, GA 0.2 mg/l; VI — DKW with BAP 0.5 mg/l, IBA 0.5 mg/l,
GA 0.2 mg/l; VII — DKW with BAP 1.0 mg/l, IBA 0.5 mg/l, GA 0.2 mg/l; VIII — DKW with BAP 0.1
mg/l, GA 0.2 mg/l; IX — DKW with BAP 0.5 mg/l, GA 0.2 mg/l; X — DKW with BAP 1.0 mg/l,
GA 0.2 mg/1.

In each treatment, 30 shoots were used.

Statistical processing

The experimental results were analyzed using one-way and two-way ANOVA, and significant differ-
ences were screened using Tukey's post hoc test. The results were analyzed in the statistical package SPSS
23.0 (IBM Inc., New York, USA). Data are expressed as means + standard error.

Results and Discussion

The habitat of the Regel pear is declining due to diseases, climate change, anthropogenic impact, insuf-
ficient watering, and other factors [22]. Scab, caused by two species of fungi, Venturia pirina and Venturia
nashicola, is one of the most severe and common diseases affecting European and Asian pears. Scab patho-
gens impact the leaves, fruits, and branches of pears. Scab resistance is a crucial goal in pear breeding, along
with improving fruit quality, yield, and storage ability. Despite the development of a few scab-resistant pear
varieties, none are produced in large quantities [23].

Several studies have focused on mapping the pear genome to identify scab resistance genes, one of
which is Vnk. Based on this gene; molecular markers such as SSR, AFLP, and RAPD have been devel-
oped [24]. SSR markers, in particular, were developed to determine resistance to black spot [25].

To select scab-resistant samples of Regel pear, molecular genetic analysis was conducted using a mi-
crosatellite marker. In the first stage, DNA of the required quality and quantity was extracted from pear
leaves. DNA concentration was measured using a small volume spectrophotometer. PCR was carried out
with the SSR marker TsuENH101 to select scab-resistant samples. Detection was performed in 8 %
polyacrylamide gel (Fig. 2).

M — molecular weight marker
(Ferment as, 25-700 bp);
1 — specimen 1;
2 — specimen 2;
3 — specimen 3

Figure 2.
Electropherogram of Regel pear using
the TsuENH101 SSR marker
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According to the results of the analysis, it was shown that all samples tested with the SSR marker Tsu
ENH101 were resistant to Venturia nashicola. A polymorphic allele with a length of 127 bp was amplified,
which demonstrated a significant connection with the Vnk gene responsible for scab resistance (Venturia
nashicola). Consequently, a study of three Regel pear trees confirmed their resistance to scab. These trees
were then established in vitro culture for further micropropagation.

One of the critical stages of micropropagation is the sterilization nofex plants for establishment in vitro
culture. Hydrogen peroxide (H,O,) was used as the primary sterilizing agent, a common practice in
micropropagation of various plant species [26, 27, 28, 29].

Sterilization of explants was performed in two stages. In the first stage, one-year-old axillary buds were
washed multiple times in a soap solution on a magnetic stir restore move surface dust and dirt. Then, under
aseptic conditions, they were treated with hydrogen peroxide according to the concentrations specified in the
research methods. The results were analyzed on the 14th day of cultivation. Sterilization was considered
most effective when the explants remained green and showed no signs of infection (bacterial or fungal) or
tissue necrosis.

The study revealed that the most optimal sterilization for Regel pear involved treating the explants with
12 % H,0, for 5 minutes. This method resulted in 70 % of the explants being viable (Fig. 3).

Other studies on pear sterilization have used various sterilizing agents. For example, sodium hypo-
chlorite was found effective for the Pyro dwarf rootstock of the species P. communis L. [30]. Additionally,
4 % HgCl, has been used in several works for the sterilization of common pear and Syrian pear [31, 32].
Czech researchers used 0.15 % HgCl, in their work on the micropropagation of pear [33]. Therefore, it is
necessary to select an appropriate sterilizing agent for each specific type and variety of pear.

Stariliz ation
1uu |
|
80 j—| I —
| == =
- | - ]
j— j— == u
| jm— ] [ g |
ae j—| j— B B B
o j—| [ - B _— |
— = = _——-= 5
26 =S == = _— = — |
B [ | Il 0 I & e |
o -y . @ - 7 A B 7
3% H202 6% H202 9% H202 12%H202

Figure 3. Results of sterilization of axillary buds of the Regel pear

The next step after selecting the optimal sterilization regime is the formation of the main shoot. For
micropropagation, the main shoot must be produced by direct organogenesis, without evidence of callus
formation, as somaclonal variation may occur.

We studied several variants of culture media with the addition of BAP 1.0 mg/l. The highest average
value of shoot regeneration was observed 10—15 days after cultivation on DKW medium. A BAP concentra-
tion of 1.0 mg/l caused earlier induction of the main shoot without necrosis. Callus was observed on other
variants of nutrient media (Fig. 4).

In the micropropagation of plants, the main goal is to obtain the maximum number of genetically iden-
tical shoots that can easily take root, acclimatize, and grow successfully under field conditions [34]. Among
plant grow the regulators, cytokinins are the most commonly used. Cytokinins in plants regulate shoot
branching, initiation of apical growth, and other critical growth processes [35].
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A) Explants on QL medium B) Explants on DKW medium
g W=
g A b I 4
o /-"""‘:"';' 3 g £ 4

C) shoots on the 21st day of cultivation D) shoots on the 40th day of cultivation
on DKW medium on DKW medium

Figure 4. Regel pear shoots formed on regeneration medium

The widely used synthetic cytokinin BAP (6-benzylaminopurine) is effective, versatile, and can be rap-
idly metabolized in plant tissues [36, 37]. BAP is often included in micropropagation protocols for various
pear species [38, 39, 40, 41].

The optimal nutrient medium for the formation of the main shoot in Regel pear was found to be the
DKW nutrient medium. This medium was used for the multiplication of Regel pear shoots. To select the op-
timal multiplication conditions, Regel pear shoots measuring about 0.9 cm were cultivated in DKW medium
with various concentrations of plant growth regulators. The concentrations of growth regulators BAP, GA
(gibberellic acid), and IBA (indole-3-butyric acid) had different effects on the multiplication of shoots (Ta-
ble 2). The largest number of multiplied shoots perex plant (10.60+0.53) was observed on DKW medium
with BAP 1.0 mg/l and GA 0.2 mg/I (Fig. 5). Shoot proliferation increased with increasing BAP concentra-
tion to 1.0 mg/l in treatments IV, VII, and X. The presence of IBA in the nutrient medium did not signifi-
cantly differ from option X, where IBA was absent.

Micropropagation protocols have been developed for the main varieties of P. communis L. [42, 43, 44,
45, 46]. While some studies have been conducted on wild and domesticated Pyrus species, there is a lack of
scientific research on the micropropagation of Regel pear. This study addresses that gap by providing a de-
tailed protocol for the effective micropropagation of Regel's pear using optimal concentrations of plant
growth regulators.

Table 2
Optimizing the multiplication of the Regel pear
Treatment Plant growth regulators, mg/1 Phenological parameters
BAP IBA GA Shoot height, cm Shoots, pcs. Number of leaves, pcs
I - - - 1.25+0.04 1.07+0.27 5.60+0.12
II 0.1 0.1 0.2 0.96+0.04 2.03+0.35 13.83£0.11
11 0.5 0.1 0.2 1.07+0.08 4.37+0.56* 18.53+0.14*
v 1.0 0.1 0.2 0.92+0.04 8.43+0.59* 35.73+£0.15*
\Y 0.1 0.5 0.2 1.36+0.04 4.70+0.54* 23.30+0.15*
VI 0.5 0.5 0.2 1.42+0.05 7.90+0.45%* 22.50+0.17*
VII 1.0 0.5 0.2 1.68+0.04* 9.77+0.69* 61.73+£0.27*
VIII 0.1 - 0.2 0.57+0.05* 4.87+0.74* 19.37+0.25*
IX 0.5 - 0.2 1.50+0.06 5.7740.55* 41.97+0.31*
X 1.0 - 0.2 0.71+0.06* 10.60+0.53* 65.40+0.29*
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A) Shoots with BAP 1.0 mg/l, GA 0.2 mg/l, IBA 0.5 mg/1 B) Shoots with BAP 0.1 mg/l, GA 0.2 mg/1

C) Shoots with BAP 0.1 mg/l, GA 0.2 mg/l, IBA 0.1 mg/l D) Shoots with BAP 0.1 mg/l, GA 0.2 mg/l, IBA 0.5 mg/1

Figure 5. Multiplicated shoots of Regel pear
Thus, the most optimal concentration of growth regulators for the formation of shoots that can be used
for rooting in vitro of Regel pear is BAP 1.0 mg/l, IBA 0.5 mg/l and GA 0.2 mg/I.
Conclusion

Work has been carried out to establish scab-resistant Regel pears in vitro culture. The most optimal ster-
ilization for Regel pear is the treatment of explants with 12 % H,0, with an exposure time of 5 minutes,
where the viability was 70 %. Conditions have been selected for the formation of the main shoot and multi-
plication of the Regel pear; the most optimal concentration of growth regulators for the formation of shoots
of the Regel pear is BAP 1.0 mg/l, IBA 0.5 mg/l and GA 0.2 mg/1.
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JHAeMHUKAJIBIK TYP Peresib aamMyprsl yliu in vitro
ocipy KarJailJIapbIH OHTAHIAHABIPY

OciMAIKTepaiH SpPTYPILIIriHIH a3al0bl KIMMATTBIH ©3repyiHeH, eCIMIIKTepIiH aypyiapsl MEH ajiaM dcepiHeH
TybIHAAFaH kahaHOblK Mocene. byn OuoanyaH Typiifikke Tepic acep eTim, €3 Ke3eriHae a3bIK-TYIIK
Kayinci3giri MeH JKOXXYHEeHIH TYPaKTBUIBIFBI Macelneniepine okeneni. JKabaiibl ©CIMIIK TYpJepiH cakray
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epeKIlie MaHbI3Fa 1e, cebedi onapaa OMOTHKAIIBIK JKOHE a0HMOTUKAJIBIK (aKkTopiapra TO3IMIUTIKTI KaMTaMachI3
eTeTin reHmep Oomybl MyMmKiH. Kasakcranga KyprakIIbUIBIK MEH aypyra Tesimuulik Oenrijgepi Gap
SHAEMHKANBIK Typ — Perems ammypTsl eceni. 3epTrey OapbiChIHAA ONApABIH OCKCH JKEpIiHEH YITLIepmi
i3aecTipy KOHE JKHHAY JKYMBICTapbl XKypri3inmi. Perems anMypTeiHBIH mapmiara Tesimai yirimepi SSR
MapKepiHiH KoMeTiMeH aHBIKTaIIbl. Byl 9KOHOMUKaIBIK KYHABI TYP/l CaKTay YIIIH ajFall peT in vitro ecipy
LIapTTapbl OHTAMIAHIBIPULIBL. [1n Vitro-Fa DaKbULIBl CHTI3Y )KOHE pereHepauusiiay YIIiH CTepHIn3anus Ipo-
tokonbl azipyneHmi. 1,0 mr/n, UMK 0,5 mr/n, 'K 0,2 mr/n BAIl-men tomsikTeippuiran DKW KopekTik
OPTACBIHBIH MYJIBTHUIUIMKALAS MIAPTTAphl TAHIAIIbI. BYJ )KYMBIC T€HETHKAIBIK OPTYPILUTKTI y3aK Mep3imai
CaKTaylbl KaMTaMachl3 €Tyre »OHe e3repMelli KOpLIaraH opTa JKaraailapblHa aybUIIapyallblIbIFbIHBIH
TYPaKTBUIBIFBIH apTThIPyFa OarbITTaJIFaH.

Kinm ce30ep: Pyrus regelii, in vitro JakbuIbl, SHAEMHK, MUKPOKIOHAIBIBI KOOEIO.

. Hrocembekona, . CamaroBa, C. basu6aii, A. YMup3akosa,
I'. XKenuncbekynnl, A. Kakumxanona

OnTuMu3anus ycJa0BUi KyJIbTUBMPOBAHUS in Vitro
IHAEMHUYHOr0 BuJa rpymu Peress

CokpalieHne pacTHTENBFHOTO pa3sHoOOpasus SBIAETCS TIOOAIBHOH MPOOJIeMOH, BBI3BAHHON HM3MEHEHHEM
KIIMMaTa, OONIE3HAMH PAaCTEHUH M aHTPOIIOTEHHBIM BO3IEHCTBHEM. DTO HETAaTUBHO CKa3bIBAeTCS Ha OHMOpas-
HOOOpa3uH, 4To, B CBOIO OUepe/lb, IIPUBOJUT K IMPOOJIeMaM MPOJOBOIECTBEHHON O€30IIaCHOCTH M yCTOIIH-
BocTH 3KocucTeM. Oco0yIo BaXKHOCTB IPECTaBIsIET COXPAaHEHNE KX BHOB PAaCTCHUH, TaK KaKk OHU MOTYT
COZIepXKaTh T'eHBI, 00ECIIEUNBAIOIINE YCTOWIMBOCTh K OMOTHYECKUM U abuoTndeckuM Qakropam. B Kazax-
CTaHe Ipou3pacTaeT SHIEMUYHbIH BHJ — rpymia Perens, KoTopblii o6nagaeT nmpu3HakaMH YCTOWYHBOCTH K
3acyxe u Ooie3HsAM. B xone mccnenoBaHus mpoBeneHbl pabOThI O MOMCKY U cOopy 00pasLioB B MeCTe MX
npouspactanud. OmpeneneHsl ycroiumBble oOpasupsl rpymu Perenst k mapiie ¢ ucrnoib3oBaHHeM SSR-
Mapkepa. BriepBere ObUTH ONTHMH3HPOBAHBI YCIOBHS KYJIGTHBUPOBAHMUS i1 Vitro Ul COXPaHEHHS 3TOTO XO-
3STHCTBEHHO-IIEHHOTO BHAA. OTpaboTaHBl CTEPUIM3AIMS OISl BBEACHUS B KyJIBTYpE in Vitro M pereHepariis.
ITomoGpans! yciioBrst My nbTUILTHKAaNUK — matarenbHas cpena DKW ¢ BAIT 1,0 mr/n, UMK 0,5 mr/n, 'K 0,2
MI/1. DTH yCUIIHs HallpaBJIeHbl Ha 0OecTeueHne JOITrOCPOTHON COXPaHHOCTH T'€HETHYECKOT0 Pa3HooOpa3us
U MIOBBIIICHHE YCTOHYMBOCTH CEIBCKOT0 X035HCTBA K M3MEHSIOIIMMCS YCIOBUSIM OKPY KaroLIeH Cpeibl.

Kmiouesvie cnosa: Pyrus regelii, in vitro, KyIbTypa, SHIEMHK, MUKPOKJIOHAILHOE PAa3MHOKEHHE.
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Native dendroflora of Western Kazakhstan at introduction
in the Mangistau desert

The article is devoted to the study of the indigenous dendroflora of Western Kazakhstan and its introduction
into the desert conditions of Mangistau. The flora of the Mangistau region includes 770 species of higher
spore and vascular plants belonging to 333 genera and 73 families. In Atyrau region, 899 species of higher
vascular plants have been recorded, associated with 351 genera and 85 families. Indigenous woody plants
comprise 7.8 % of the total flora in the Atyrau region and 16.7 % in the Mangistau region, indicating their
low representation in the vegetation cover. The status of natural populations of six woody fruit and berry spe-
cies has been studied: Crataegus ambigua, Crataegus altaica, Rosa laxa, Rosa iliensis, Ribes aureum, and
Lonicera tatarica. The selection of representatives of the indigenous dendroflora of Western Kazakhstan has
begun for the formation of a collection, which includes 14 species, four of which are rare and endangered,
listed in the Red Book of Kazakhstan. It analyzes indigenous woody plants, their nutritional, medicinal, and
ecological functions, as well as their potential for ecosystem restoration and ensuring food security.

Keywords: aborigenal dendroflora, Western Kazakhstan, Mangistau, Atyrau, flora, population, introduction.

Introduction

The conservation and sustainable use of biodiversity is an important objective of biological science,
promoting the introduction of sustainable species for introduction, food security and ecosystem restora-
tion [1]. Plant resources, in particular wild and cultivated plants, play a key role in national security.

Western Kazakhstan, characterized by a climate ranging from semi-desert to desert, exhibits significant
floristic diversity, which emphasizes its desert character [1]. The Mangistau and Atyrau regions are distin-
guished by dendroflora adapted to arid conditions, however, remain insufficiently studied.

Desert conditions of Western Kazakhstan, characterized by harsh climate and deficit of water resources,
create difficult conditions for the growth of woody plants. The diversity of relief, soil mosaic and harsh cli-
mate form unique natural complexes, contributing to the spread of tolerant non-traditional woody plants.

This determines the adaptation of local dendroflora to extreme environmental conditions. However, in-
troduction of native tree species can significantly improve the ecological situation and contribute to the resto-
ration of natural resources.

Taking into account the climatic diversity of Western Kazakhstan, in Mangyshlak experimental botani-
cal garden the study of natural populations and organized introduction of promising non-traditional woody
plants, the brief results of which are presented in this article.

Experimental

The main objects of the study are floristic diversity of plants of Mangistau and Atyrau oblasts. Expedi-
tion trips were conducted according to the route-reconnaissance method [2-3], with the establishment of
semi-stationary key sites for studying the diversity of fruit and berry plants. Herbarium, vegetative and seed
materials will be collected during field studies.

Optimization of growing conditions of planting material was carried out in the open (at the nursery) and
closed (in the greenhouse) ground. Observations of phenological phases, growth and development dynamics
will be carried out according to the methodological guidelines for botanical gardens of Kazakhstan [4] and
forest nurseries [5].

Results and Discussion

Selection of economically valuable plants in natural conditions and enrichment of cultural flora of any
region should be made not only by cultivated plants, but also by species represented in the natural flora. Nat-
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ural flora has a significant prospect of use as a source of plants resistant to local climatic conditions, having
decorative, medicinal, food, honey-bearing, ameliorative properties.

The extra arid conditions of Western Kazakhstan, especially in the Mangistau and Atyrau regions, con-
tributed to the formation of a diverse relief and unique vegetation cover [6-9].

The flora of Mangistau region includes 770 species of higher spore and vascular plants belonging to
333 genera and 73 families. The most numerous families by the number of species are Amaranthaceae (114)
and Asteraceae (101), which indicates the arid conditions of the region and the presence of significant areas
of saline or saline areas.

Brassicaceae (74), Poaceae (69) and Fabaceae (59), which are adapted to dry and desert conditions and
play the role of edifiers of steppe and desert flora, are also the three leaders in the number of species. Multi-
species families including 15 or more species include Apiaceae (16), Polygonaceae (23), Scrophulariaceae
(24), Caryophyllaceae (28) and Boraginaceae (36). The structure of families is conditioned by the location of
the territory on the border of the Boreal and Old Mediterranean subkingdoms of the Holarctic Kingdom.
High ranks of the families Amaranthaceae and Boraginaceae are characteristic of the Turanian flora, and a
large number of species of the families Asteraceae, Poaceae and Fabaceae indicates the influence of the
Mediterranean flora. The presence of Caryophyllaceae, Ranunculaceae, Brassicaceae and Lamiaceae indi-
cates the boreal features of the flora of the region.

In Atyrau region 899 species of higher vascular plants belonging to 351 genera and 85 families were
recorded. Ten leading families (Asteraceae, Amaranthaceae, Poaceae, Brassicaceae, Fabaceae,
Caryophyllaceae, Polygonaceae, Boraginaceae, Scrophulariaceae, Lamiaceae) comprise 596 species, which
is 66.2 % of the total number, and 214 genera (60.9 % of the total number of genera of the flora). Among the
most numerous families are Asteraceae (134 species), Amaranthaceae (106), Poaceae (75), Brassicaceae (66)
and Fabaceae (57 species), characteristic of the floras of the Iran-Turan sub-region of the Saharan-Gobi re-
gion.

Analysis of the flora of Mangistau and Atyrau oblasts revealed a significant number of species with po-
tential for practical application, among which the diversity of ornamental plants stands out, represented by
215 and 135 species, respectively. Most of the species belong to herbaceous perennials. In ornamental land-
scaping of tree and shrub species Amygdalus nana, Lonicera tatarica, Juniperus sabina, Rosa laxa, Salix
triandra, Salix alba, Spiraea hypericifolia, Clematis orientalis, Caragana grandiflora are used.

In terms of size, the group of plants used for economic purposes is made up of melliferous species,
which account for more than 10 % of the total number of species. Here the most valuable are plants from the
families Salicaceae (Salix pentandra, Salix triandra, Salix alba);, Rosaceae (Rosa laxa, Spiraea
hypericifolia, Crataegus altaica), Fabaceae (Astragalus ammodendron), as well as good mellifers are
Nitraria schoberi, Halimodendron halodendron.

The group of food plants includes 129 species in Mangistau oblast and 70 species in Atyrau oblast from
the total number of flora. Fruit and berry woody species make up a smaller part of this group. Food woody
plants account for 7.8 % in Atyrau oblast and 16.7 % in Mangistau oblast, indicating a low proportion. These
include: Lonicera tatarica, Ribes aureum, Crataegus ambigua, Crataegus altaica, Malus baccata, Malus
sieversii, Rosa laxa, Rosa canina, Rubus caesius, Prunus spinosa (Table).

Analysis of distribution of fruit and berry crops by families showed that the most numerous is the fami-
ly Rosaceae, which includes 8 species from 6 genera in Atyrau oblast and 8 species from 5 genera in
Mangistau oblast. The second place is occupied by three families containing 2 species from 1 genus
(Nitrariaceae, Elacagnaceae, Moraceae), with the family Moraceae occurring only in Mangistau oblast. Other
families (Caprifoliaceae, Grossulariaceae, Peganaceae, Solanaceae) are represented by 1 genus and species.

Table
List of wild fruit plants of Atyrau and Mangistau oblasts

Family Rod View Life form Environmental Gathering place
Group

Atyrau region
Caprifoliaceae |Lonicera L. L. tatarica L. Shrub Mesophyte Imankara Mountains,
Yellowtau Mountains,
Maikungam Sands
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Continuation of Table

Family Rod View Life form Environmental Gathering place
Group
Elaeagnaceae  |Elaeagnus L. E. angustifolia L. |Shrub or low |Xerophyte Ural River floodplain
tree near Sary-Togai,
Makhanbet villages
Sands of Naryn
Zhangyr River flood-
plain
Uter River floodplain
Taisongan Sands
Zimovka Aksai (vicinity
of Ushterek settlement)
E. oxycarpa Wood Xerophyte Ural River floodplain
Schlecht. near Sary-Togali,
Makhanbet, Eltai villag-
es
Grossulariaceae |Ribes L. R.aureum Pursh Shrub Mesophyte
Nitrariaceae Nitraria L N. schoberi L. Shrub Xerophyte
) sibirica Pall. Shrub Xerophyte
Peganaceae Malococarpus  |crithmifolius Shrub Xerophyte
(Retz.) C.A. Mey
Rosaceae CerasusL. C. fruticosa Pall. _ |Shrub Mesophyte
Crataegus L. C.altaica Lge. A small tree | Xeromesophyte Zheltau Mountains
M. baccata (L.) Wood mesophyte
. Borkh.
Malus Mill M. sieversii Wood mesophyte
(Ledeb.) M. Roem
Prunus L. P. spinosa L. Shrub Mesophyte
Rosa L. R. canina L. Shrub Mesophyte '
R. laxa Retz. Shrub Mesophyte The Inderbor Mountains
Rubus L. R. caesius L. Shrub Mesophyte
Amygdalus Amygdalus nana  |Shrub Xeromesophyte
Mangistau region
Caprifoliaceae |Lonicera L. L. tatarica L. Shrub Mesophyte Kolenkeli Mountains
Zheltau Mountains
Elaeagnaceae  |Elaeagnus L. E. angustifolia L.  |Shrub or low |Xerophyte Western Karatau
tree Tubkaragan Peninsula
E. oxycarpa Wood Xerophyte Tubkaragan Peninsula
Schlecht.
Grossulariaceae |Ribes L. R.aureum Pursh Shrub Mesophyte Western Karatau
Southern Aktau
Moraceae Morus L. M.alba L. Wood Xeromesophyte Tubkaragan Peninsula
nigra L. Wood Xeromesophyte Tubkaragan Peninsula
Nitrariaceae Nitraria L. N. schoberi L. Shrub Xerophyte Karagie Depression,
Tubkaragan Peninsula,
sibirica Pall. Shrub Xerophyte Caspian coast
Peganaceae Malococarpus  |crithmifolius Shrub Xerophyte Caspian Sea coast,
(Retz.) C.A. Mey Tubkaragan Peninsula,
Western Karatau,
Eastern Karatau,
Rosaceae Crataegus L. C. ambigua Shrub or tree  [xeromesophyte Tubkaragan Peninsula,
C.A. Mey. Western Karatau,
Eastern Karatau,
Northern Aktau
Mountains
C.altaica Lge. A small tree | Xeromesophyte Zheltau Mountains
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Continuation of Table

Family Rod View Life form Environmental Gathering place
Group
Rosaceae Rubus L. R. caesius L. Shrub Mesophyte Tubkaragan Peninsula,
Southern Aktau
Mountains, Western
Karatau,

Comparative analysis of the ecological spectrum of fruit and berry plants has shown that in both regions
a significant proportion of mesophytes are mesophytes. Distribution of species by ecological groups is as
follows: in Mangistau — 7 mesophytes, 6 xeromesophytes and 5 xerophytes; in Atyrau — 9 mesophytes, 1
xeromesophyte and 5 xerophytes.

Extremely arid conditions, poor soils, high salinity and high summer temperatures favor the distribution
of xeromesophytes, which require certain moisture conditions, in coastal zones, floodplains, stony and clay
soils, knobby sands and mountainous areas [10-11].

The current status of natural populations of six tree fruit species was investigated: Crataegus ambigua,
Crataegus altaica, Rosa laxa, Rosa iliensis, Ribes aureum and Lonicera tatarica.

Crataegus altaica is found in the Zheltau Mountains, located on the border of Atyrau and Mangistau
oblasts. This species is concentrated mainly in the lower part of the mountain on stony slopes, with dense
thickets observed on the northern slopes of Zheltau. Here Crataegus altaica forms herb-shrub-bush-bogwort
communities covering areas of 500—-600 m? mainly in the lower parts of gorges and along their bottoms, on
stony and loamy soils. The vegetation cover is characterized by diversity with projective coverage of
50—65 %. The main species of the community are Crataegus altaica, Lonicera tatarica and Rosa laxa, as
well as various perennials. Structurally, the community is divided into three tiers: woody (200-600 cm high),
represented by C. altaica,; shrubs and bushes. altaica; shrub (120-200 cm), including Rhamnus sintenesii,
Lonicera tatarica, Spiraea hypericifolia, Rosa laxa, and Atraphaxi sreplicata; and herbaceous (up to 70 cm)
with such species as Centaurea adpressa, Marrubium vulgare, Nepeta cataria, Ephedra distachya,
Agropyron desertorum, Achillea nobilis, and others.

Crataegus ambigua is endemic to Western Kazakhstan and a rare endangered species, included in the
Red Data Book of Kazakhstan [12] and the Catalog of Rare Species of Mangystau Oblast [13]. In a number
of works, the name Crataegus ambigua (doubtful hawthorn) is retained for the Mangyshlak haw-
thorn [14-16], when other authors [17] recognize it as an independent species Crataegus transcaspica
(Transcaspian hawthorn).

In the natural flora of Mangistau, C. ambigua is found in the gorges of oases of the Karatau Mountains
and the Tyubkaragan Peninsula. Here, on steep stony slopes with bedrock outcrops, wormwood-shrub com-
munities with petrophytic perennials (Centaurea squarrosa, Cousinia onopordioides, Lagochilus acutilobus,
Verbascum songaricum), shrubs (Rhamnus sintenesii, Caragana grandiflora, Atraphaxis replicata) and
semishrub Convolvulu sfruticosus develop. Mesophytic thickets (Carex diluta, Mentha longifolia,
Phragmites australis, Plantago lanceolata) grow along the bottom of the gorge near springs, and
Achnatherum splendens grows on saline soils near springs, with projective coverage of 60-65 %. In gorges,
C. ambigua forms hawthorn-joster-grass communities found in the lower parts of gorges and along stream
beds. These communities are structured into three tiers: woody (up to 300 cm, with C. ambigua), shrubby (up
to 300 cm, with C. ambigua), shrub (120-200 cm, with Rhamnus sintenesii, young hawthorns and Caragana
grandiflora), and herbaceous (up to 70 cm), represented by Centaurea squarrosa, Teucrium polium, Prangos
odontalgica, Gallium humifusum, Mentha longifolia, Marrubium vulgare, Nepeta cataria, Crambe edentula,
Ephedra distachya, Plantago lanceolata, Veronica amoena, Cynanchum sibiricum, Scandix stellata, Stellari
amedia, Barbarea arcuata, Polygonum aviculare, Erodium cicutarium, Lamium amplexicaule, Verbascum
songaricum, and rarely occurring Ziziphora tenuior.

Lonicera tatarica was found in the Kolenkeli Mountains of Mangistau Oblast and the Zheltau Moun-
tains of Atyrau Oblast. Distribution and tier structure of communities with participation of Tatar honeysuckle
is similar to communities formed by Crataegus altaica and described above. Honeysuckle communities are
located on stony plains punctuated by gorges. In the Kolenkeli Mountains, Lonicera tatarica grows on the
upper parts of gentle slopes in sparse groups, occupying patches of 12x3.5 m, 8%x3 m, 4X2 m, and 2.5x5 m in
size. It forms small thickets in the composition of gurganic-wormwood and boyalycheid-solanaceous com-
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munities (Lonicera tatarica — Artemisia gurganica — Salsola arbusculiformis). The vegetation here is typi-
cally mountain-desert, with low species diversity and total projective cover of 40-45 %. Two tiers are distin-
guished in the community: upper shrubby (120-220 cm) and herbaceous (60—80 cm). The shrub layer is rep-
resented by middle-aged, young and old shrubs of honeysuckle and tavolga. The herbaceous tier includes
Cichorium intybus, Agropyron fragile, Ephedra distachya, Descurainia sophia, Lepidium latifolium, Poa
bulbosa, Tanacetum santolina, Stipa lessingiana, Achillea nobilis and others. On stony peaks there are
wormwoods, including Artemisia gurganica, A. lerchiana and shrub Salsola arbusculiformis, with herbs
(Ephedra aurantiaca, Agropyron desertorum, Tulipa biflora, Tulipa schrenkii, Melandrium viscosum,
Goldbachia pendula, etc.). Due to the steep relief and remoteness of slopes, the vegetation here is not used
for grazing.

Rosa laxa is found on the Western Karatau Ridge in the Akmysh and Kogez Gorges, in the Zheltau
Mountains (Sarbulak Gorge) of Mangistau Oblast, and in the Zheltau and Inder Mountains of Atyrau Oblast.
In the Akmysh Gorge Rosa laxa is part of the hawthorn-herbaceous community (Crataegus ambigua —
Herba varia), confined to rocky scree of the lower part of slopes. Three tiers are distinguished in the com-
munity: woody (up to 4.5 m), formed by adults of the doubtful hawthorn (Crataegus ambigua) and common
apricot (Armeniaca vulgaris); shrubby (up to 160 cm), including Rhamnus sintenisii, Rosa laxa, Convolvulus
fruticosus, Atraphaxis replicata, Caragana grandiflora, young hawthorn plants; and herbaceous tier (up to
60 cm), including Mentha longifolia, Teucrium polium, Artemisia austriaca, Meristotropis triphylla,
Lagochilus acutilobus and other species.

In the Kogez Gorge Rosa laxa participates in the hawthorn-joster-herbaceous community (Crataegus
ambigua — Rhamnus sintenisii — Herba varia), characteristic of the mountain desert. Three tiers were also
identified here: Woody (up to 5-5.5 m), represented by white willow, single specimens of Sievers apple and
common apricot, and adult hawthorns; shrubby (up to 200 cm), including thickets of Rhamnus sintenisii,
Caragana grandiflora, Rosa iliensis, Prunus spinosa; and herbaceous tier (up to 70 cm) with such species as
Nepeta cataria, Cichorium intybus, Teucrium polium, Inula britannica, Artemisia austriaca, Melilotus albus,
Scandix stellata, Stellaria media, Chorispora tenella, Camelina sylvestris and others. In both Akmysh and
Kogez gorges, Rosa laxa vitality is good, plants flower abundantly, although fruiting is average, with no
signs of damage or disease. Renewal from root shoots is also observed.

In Atyrau oblast Rosa laxa forms small thickets in the Zheltau Mountains, being a part of a shrubby
herbaceous community (Atraphaxis spinosa + Rosa laxa — Herba varia). The community is located on
stony scree in the middle part of the gorge slopes, where Atraphaxis spinosa dominates with Rosa laxa co-
dominant. The vegetation consists of two tiers: the upper shrubby tier (80—120 cm) is represented by individ-
uals of Atraphaxis spinosa and Rosa laxa, and the second herbaceous tier (20-50 cm) includes Centaurea
squarrosa, Echinops ritro, Silene suffrutescens, Malacocarpus critmifolium and other species. In the Zheltau
Mountains, rose hips show poor fruiting, but the general condition of plants is assessed as satisfactory.

In the Inderbora mountains, Rosa laxa forms large thickets in deep cavities, forming a briar-herbaceous
community with a diverse vegetation cover. Two tiers are distinguished in these communities: Upper shrub-
by (100-200 cm), represented by Spiraea hypericifolia, Rubus caesius and Rosa laxa, and lower herbaceous
(30—70 cm), consisting of Nepeta cataria, Marrubium vulgare, Verbascum songaricum, Potentilla pedata,
Plantago salsa, Lavatera thuringiaca, Lactuca serriola, Artemisia lercheana, Ephedra lamotolepis,
Agropyron fragile, Poa bulbosa, Euphorbia seguieriana, Allium sabulosum, Kochia prostrata and other spe-
cies. The rosehip population is characterized by good condition and the presence of a significant number of
young fruit-bearing individuals, as well as the absence of pests and damage.

Rosa iliensis Chrshan is a rare, endangered and narrowly endemic species. In the natural environment it
lives in the Ili River valley, preferring floodplain tugai and moisture-loving conditions.

In Mangistau it occurs in Western Karatau, in the stream valley and on stony slopes of the Kogez
Gorge, being a part of hawthorn-herbaceous community (Crataegus ambigua — Herba varia), forming a
shrubby tier. The height of a single shrub reaches 2.5 m, the curly branches can grow up to 7 m, clinging to
nearby trees. Individual shrubs vary in size from 5 to 8 m long and 3-4 m wide. Plants are well-branched,
dense and abundantly fruiting; fruits are smooth, globular, black, 5-6 mm in diameter.

Ribes aureum Rursh. was recorded in the Karaturan Gorge of the Southern Aktau Range and in the
Kogez Gorge of the Western Karatau Range. In the Karaturan gorge, golden currant grows in a silk-grass
community (Morus alba — Herba varia), where Moru salba dominates and Artemisia lessingiana is a co-
dominant. The vegetation is distributed in three tiers: tree (up to 5 m high), shrub (120—150 cm) and herb (up
to 5060 cm). The woody tier is represented by Morus alba, the shrubby tier by Rhamnus sintenesii,

48 BecTHuk KaparaHguHckoro yHuBepcuteTa



Native dendroflora of Western Kazakhstan...

Atraphaxis replicata and Ribes aureum. The herbaceous tier is characterized by a diversity of species includ-
ing Artemisia lessingiana, Agropyron fragile, Medicago caerulea, Potentilla supina, Eremopyron
bonaepartis, Poa bulbosa, Alhagi pseudalhagi, Malacocarpus critmifolium, Ephedra distachya, Echinops
ritro, Nepeta cataria, Haplophyllum obtusifolium and Schumannia karelinii. Ribes aureum occurs sporadi-
cally in this community, the plants are of medium maturity and in good condition, but most of the trees are
non-bearing. Root regeneration was identified during the survey.

In Mangyshlak Experimental Botanical Garden the selection of representatives of indigenous
dendroflora of Western Kazakhstan for the formation of the collection was started. It includes 15 species of
tree and shrub plants collected in natural conditions, among which 7 rare and endangered species included in
the Red Book of Kazakhstan and the Catalog of rare species of Mangystau region. Phenological observations
and primary biometric measurements were made. The following is a brief characterization of introducers:

Doubtful hawthorn (Cratacgus ambigua C.A. Mey. Ex A.Beck.). It is a shrub or small tree up to 3-4 m
high with a broadly round crown, belonging to mesoxerophytes. The trunk is gray, strongly gaunt and
branched; young shoots are grayish-yellow in color. Spines are stout, 1-1.5 cm long. Leaves are leathery,
green above, lighter below, with 7 lobes and toothed edges, 4-5 cm long and 3-4 cm wide, petiole 1.5-2 cm
long. The plant flowers and fruits abundantly. Flowers are white, five-petaled, 1.5 cm in diameter, with 15
stamens and one pistil. Grown from seeds collected in the natural flora of Mangistau. Flowering begins in the
third decade of April and lasts until mid-May. Fruits are purplish-red, fleshy, juicy, globular, 12—14 mm in
diameter, with 1-2 seeds (seed length 8-9 mm, width 4-5 mm, ribbed, elliptical shape), ripening in October.
Propagated by seeds; the most effective is the fall sowing of freshly harvested seeds. It has high winter har-
diness and drought resistance. It has potential for use in medicine, ornamental horticulture, beekeeping and
food industry.

White silkworm (Morus alba L.) is a 15-20 m tall tree belonging to mesoxerophytes. Branches are
grayish-brown, young ones are downy; buds are broadly ovate, about 6 mm long. Leaves are 6—15 cm long
and 4-10 cm wide, ovate or oblong-ovate, may be entire or more often pinnately 2—5-lobed, roundly urban-
toothed along the margin. The plant was brought from the natural flora of Mangistau (Tyubkaragan peninsu-
la). The height of a 5-year-old specimen is 1.2 m, average growth is 27 cm. Growth rate is medium, with
high winter hardiness and drought resistance. Flowering occurs in the second half of April to the first decade
of May, fruiting — in the third decade of June. Fruits are 1-2.5 cm long, greenish-white, pink or purplish-
black, very juicy and sweet. The species has prospects for use in ornamental horticulture and food industry.

Sievers’ apple-tree (Malus sieversii (Ledeb.) M.Roem) is a tree belonging to xeromesophytes. The ap-
ple-tree specimens were attracted to the culture by live plants from the Ural River floodplain. The apple-tree
starts vegetation in the first decade of March; leaf budding is recorded from the second decade of March to
the middle of April. Young specimens have not reached the generative period yet. The condition of plants in
the collection is satisfactory, height up to 1.5 m. The species has prospects as a food, ornamental and
melliferous plant, as well as a scion for cultivated varieties of apple trees.

Populus diversifolia (Populus diversifolia Schrenk) — small trees belonging to xerophytes. Plants were
attracted by live specimens and cuttings from Ustyurt Reserve (Mangistau oblast). Vegetation begins in the
first decade of March, leaf unfolding occurs in the middle of March, and the end of their growth — in the
third decade of July. Budding was recorded in early April, flowering — from mid to late April. Fruit for-
mation was not recorded. The height of plants reaches 1.2-1.8 m, the condition in culture is very good. The
species has prospects of application for landscaping of the region and as a phytomeliorative plant.

The prickly plum or sloe (Prunus spinosa L.) is a small tree or shrub belonging to mesoxerophytes.
Plants were attracted from the Ural River valley. The beginning of vegetation is observed in the second dec-
ade of March, and leaf budding and growth occurs from mid-March to the second half of April. The attracted
specimens are young, they have not entered the generative period. The condition of the plants is very good,
with a height of up to 80 cm. Tern has prospects as a food, ornamental, ameliorative and melliferous plant.

Steppe almond (Amygdalusnanal..) is a low-growing shrub belonging to mesoxerophytes. It is grown
from seeds. Vegetation begins in the second decade of March, full leaf budding is completed by the end of
March; budding occurs in late March, and flowering — in the first and second decades of April. Fruit setting
has not been recorded in culture. Under botanical garden conditions, plants reach a height of 30-35 cm and
are in good condition. The species has potential for use in ornamental and melliferous purposes.

Rosehip loose (Rosa laxa Retz.) is a tall shrub, reaching 2.5 m, belongs to mesoxerophytes. Old branch-
es are brown, young branches are brown-greenish. Spines up to 7 mm long are located in pairs under the
leaves, they are curved and slightly flattened. Leaves are about 7 cm long and consist of 5-9 oval leaflets,
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glabrous on both sides, gray-green in color with simple toothed edges. The plant was brought from the vi-
cinity of Lake Inder (Atyrau region). Vegetation begins in the first decade of March, leaf budding is ob-
served from mid-March to early May. Budding is observed in the first half of May, flowering — from the
middle to the end of May, fruiting — from the end of May, fruit ripening occurs in late September. The plant
is characterized by high winter hardiness and drought resistance, the average growth during the growing sea-
son is 21 cm. In culture stable, the condition is very good. Promising for ornamental and medicinal use Iliya
rosehip (Rosa iliensis Chrshan) is a low, densely branched shrub with thin, zigzag branches; it belongs to
xeromesophytes. Branches are covered with powerful hook-shaped spines up to 7 mm long. Leaves are 8 cm
long and consist of 7-8 oval-elliptic leaflets with acuminate apex, simply toothed margins and are green-blue
above and gray-green below. The plant is brought from seed. It blooms from early May to the end of the first
decade of June. Flowers form loose semi-umbrellas, corollas white or slightly pinkish, 3 cm in diameter.
Fruits are black, globular, ripening in late September. The species is close to Begger's briar, differing only in
black fruits. It has high winter hardiness and drought resistance, the average growth is 12 cm. It is promising
for ornamental and melliferous use; it is found in nature in the Ili River valley.

Dog rosehip (Rosa canina L.) is a large shrub up to 3-4 m high and with a base diameter up to 4 cm, be-
longing to xeromesophytes. Old shoots are gray-brownish-brown, thick and arcuately curved. Young shoots
have a red upper part and green lower part, with sparse sickle-shaped spines up to 1 cm long. Leaves are up
to 12 cm long and consist of 5-7 broadly oval, pointed at the apex. Inflorescences are semi-umbrellas con-
taining up to 12 flowers, more often 3-4, with bright pink corollas up to 6 cm in diameter. The plant is grown
from seeds and blooms from the second decade of April to mid-May. The fruits are oval, smooth, dark ma-
roon, ripen in late September and are used medicinally. The plant is propagated by seeds and gives abundant
self-seeding, the average annual growth during the growing season is 24 cm. It is characterized by high deco-
rative value, both in the period of flowering and fruiting. Dog rose is a common rootstock for garden roses,
providing unpretentiousness, winter hardiness and resistance to diseases. It has prospects as an ornamental,
medicinal and melliferous plant.

Spiraea hypericifolia L. is a low shrub belonging to xerophytes. It was brought into culture by cuttings
and young specimens from steppe areas of Atyrau and northern part of Mangistau oblast. The beginning of
vegetation is observed in the first decade of March, leaf budding is fixed from the middle to the end of
March. At the moment, plants have not reached generative state, which did not allow to record budding and
flowering. The condition of plants is satisfactory, height is 40-50 cm. This species has prospects of applica-
tion in ornamental and honey-bearing horticulture.

Golden currant (Ribes aureum Pursh.) is a shrub belonging to xeromesophytes. It is attracted by living
plants from the Ural River floodplain. The beginning of vegetation falls on the middle of March, leaf bud-
ding was recorded from the second half of March to the third decade of April. Budding begins in the middle
of April, flowering — from the second half of April to the end of April. Fruiting is abundant, from late April
to mid-June. Growth of shoots is completed in mid-April. The condition in culture is very good, the height of
plants is 120140 cm. The species has prospects as an ornamental, ameliorative and food plant.

Malacocarpuscrittmifolius (Retz.) C.A.Mey.) is a shrub with whitish bark, belonging to
xeromesophytes. It is a rare relict species. It was brought into culture by seedlings from the natural flora of
Mangistau. Height reaches 1.5 m, bush diameter — 2.95 m, average growth — 16 cm. Vegetation begins in
the first decade of April, flowering occurs from the second decade of May to the end of August, fruiting —
from the second half of June to the third decade of September. Both fully ripe and unripe fruits can occur on
one specimen. Winter resistance and drought tolerance are high. It is well propagated by seeds. The species
has prospects as an ornamental and food plant.

Nitraria schoberi L. is a 1-2 m high shrub with whitish-gray bark, spreading-branched, with prickly
twigs at the ends, belonging to xerophytes. Seedlings from the natural flora of Mangistau were attracted to
the botanical garden and planted in the form of a clump. Height reaches 1.3-2 m, bush diameter — 5.95 m,
growth varies from 21 to 58 cm. The growth rate is high. Vegetation begins from the first decade of April,
flowering — from the second decade of May to the second decade of June, fruiting — from the second dec-
ade of June to the end of July. It has high winter hardiness and drought resistance, well propagated by seeds.
The species has prospects as an ornamental, food and medicinal plant.

Gester sintenisii (Rhamnus sintenisii Rech. fil.) is a strongly branched thorny shrub belonging to xero-
phytes. Living plants from the natural flora of Mangistau were attracted to the botanical garden. Height
reaches 1.1-2 m, bush diameter — 4.5 m, average growth is 15-20 cm. The growth rate is average. Vegeta-
tion begins in the second decade of March, flowering — from the first decade of May to the third decade of
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May, fruits ripen in June—July. It has high winter hardiness and drought resistance, and is propagated by
seeds. The species has prospects as an ornamental and medicinal plant.

Blue raspberry or blackberry (Rubus caesium L.) is a thorny climbing shrub belonging to mesophytes.
Plants were attracted from the gorges of Tyubkargan peninsula in Mangistau oblast. The beginning of vege-
tation falls on the second decade of March, leaf budding is recorded from mid-March to mid-April. Budding
begins in early May, flowering — from the first decade of May to mid-August. Fruiting is abundant and pro-
longed, from the end of May to the end of August. The height of shoots in culture reaches 120-140 cm, the
condition is good. The plant has prospects as a melliferous and food plant.

Conclusion

Aboriginal dendroflora of Western Kazakhstan is an important resource for introduction in desert condi-
tions of Mangistau. Despite the natural limiting factors of the desert zone, all the species under consideration
are well adapted and can be used as fruit and berry plants. Proper use of these plants can significantly im-
prove the ecological situation in the region, contributing to the restoration of the natural balance and sustain-
able development of local communities.
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A.A. Uman6aesa, I'.)K. [locineBa, A.b. JIlykmanos, I'.I'. 'acanoBa, P. MbeuiThIKOBa

Bbarbic KazakcTanHbIH a0opureHai 1eHapodiopacbiH
ManrpicTayAbIH 1I6JIiHe HHTPOIYKIHUSIAY

Makana bateic KazakcTaHHBIH abOpHUTeHII TCHAPOQIOPACKIH 3epPTTEYTe JKOHE OHbI MaHFbICTAYbIH MO
JKaFaiiapblHa MHTPOAYKUMsUIayFa apHanraH. MaHrbeicTay oONBICHIHBIH (iopackl 333 TykeimMzpac meH 73
TYBICKA JKaTaThIH JKOFapbl CHOPAIIBI )KOHE TaMBIPJIbI ociMaikTepain 770 TypiH KaMTuabl. AThIpay OOJBICBIHAA
351 TtykpiMpac meH 85 TyYKbIMAacKa JKaTaTbIH JKOFapbl TaMbIpJbl eciMaikTepaiH 899 Typi TipkenreH.
Abopurenai aram eciMaikTepi ATbIpay OOJBICEIHAA Kamibl (uiopaHbiH 7,8%-bIH; MaHFbICTay OOIBICEIHAA
16,7%-1p1 Kypaiiapl, OYJ1 ONapIblH ©CIMIIK KaMBUIFBICBIHAAFHI YIIECIHIH TOMEHAIriH kepcereni. Crataegus
ambigua, Crataegus altaica, Rosa laxa, Rosa iliensis, Ribes aureum xoHe Lonicera tatarica CeKUIII anThl
aranl JKeMic-KHACK TYpJIEpiHiH TaOWfH IMOIYJIILUSIAPBIHBIH JKaFmaibl 3eprreini. bateic KasakcranHbIH
JIEeHAPOQIOPACHIHBIH OKIIJEpiH >KHHAY XYMBICTapbl OacTaijbl, OHBIH KypaMblHa 15 Typ, COHBIH immiHpae
KazakcranHblH jxoHe MaunrbicTay 00JbICBIHBIH KBI3bUIT KiTaObIHA €HTI3UIreH 7 CHpEK jKoHE KOHMBLIbIN Oapa
JKaTKaH Typiep 6ap. AGopureHi aram eCiMAiKTepiHiH a3bIKTHIK, ASPLITIK KSHE HKONOTHSIIBIK (QyHKIHUSIIAPEL,
COHJIa-aK JKOXKYHenepai KalblHa KENTipy MEH a3bIK-TYJIK KayilcCi3AiriH KaMTaMachl3 €Ty MaKcaTbhlHIa
KOJIJJaHy MepCIEeKTUBAIAPBI TalaH/Ibl.

Kinm ce30ep: taburu ecimaikrep ayHmeci, batsic Kasakcran, Manrbeictay, ATBIpay, ©CIMAIKTEp oJieMi,
TOIYJISILUSCHI, MHTPOY KIIUSICBI.

A.A. VIman06aesa, I'.)K. Jlocimuesa, A.b. JIykmanos, ['.I". 'acanoBa, P. MbuiThIKOBa

AOopurenHnas nesapoguopa 3anagnoro Kazaxcrana
NPH MHTPOAYKUHMH B MycThIHe MaHrucray

Crartbsl OCBsILIIEHA UCCIIE0BaHIIO abopureHHON neHapodopsr 3anaanoro Kasaxcrana u e€ HHTpOLYKLHU B
MyCTBIHHBIE ycnoBus Manrucray. ®nopa Manrucrayckoi o6nactu BkiodaeT 770 BUIOB BBICIINX CIOPOBBIX
M COCYAUCTHIX pacTeHHH, NpuHaIIexkamux Kk 333 pomam u 73 cemeiictBam. B ATwipayckoii oonactu 3aduk-
cupoBaHo 899 BHIOB BBICIINX COCYAUCTBIX pacTeHHH, oTHOcAmuXcs K 351 pony u 85 cemelictBam. Abopu-
TeHHBIEC JPEBECHBIE PACTEHMs COCTABIIOT 7,8 % OT obmmero uncnia Guopsl B ATeIpayckoit obnactu u 16,7 %
B MaHrucrayckoi 00J1acTH, 9TO yKa3bIBaeT Ha UX HU3KYIO JOJII0 B PACTHTEILHOM MOKpoBe. 3ydeHo coctos-
HHE MPUPOIHBIX IOMYJLIIUHA IIECTH IPEBECHBIX IUIONOBO-IrOMHBIX BUNOB: Crataegus ambigua, Crataegus
altaica, Rosa laxa, Rosa iliensis, Ribes aureum u Lonicera tatarica. Hauat ot6op mpencraBureneii abopu-
reHHOH aeHapoduopsl 3anagHoro Kazaxcrana i ¢GopMHUpOBaHHS KOJUIGKLMH, B KOTOPYIO BKJIIOYEHBI 15
BUJIOB, B TOM YHCJIe 7 PEAKHUX U MCUE3aIOIINX, 3aHecEHHBIX B KpacHyto kaury Kasaxcrana u Manrucrayckoit
obnacTi. AHAIU3UPYIOTCA aOOPUTEHHBIE APEBECHBIE PACTEHMS, UX IHUIIEBbIC, IEKAPCTBEHHBIE U KOJIOTHYE-
cKkue (YHKIHH, a TAKXKe TMEePCIECKTHBEI NCTIOIb30BAHMUS [JIs1 BOCCTAHOBJICHHS SKOCHCTEM U 00ECIIeYeHH s IPO-
JIOBOJIECTBEHHON 0€30MacHOCTH.

Kniouesvie cnosa: npuponuas ¢iopa, 3anagusiii Kasaxcran, Manrucray, Ateipay, ¢iopa, MOMyJsIys, HH-
TPOAYKLHUS.
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Features of introduction of Dactylorhiza fuchsii (Druce)
So0 in the conditions of the Astana botanical garden

This article presented the initial results of experimental work aimed at establishing an introduction population
from living specimens of Dactylorhiza fuchsii in the Astana Botanical Garden (ABG). In the flora of Central
Kazakhstan, there are 17 species from the family Orchidaceae, with only one species, Dactylorhiza fuchsii,
listed in the Red Book of Kazakhstan. Propagation and cultivation of orchids under introduction conditions
for species conservation and potential reintroduction into their natural habitat have become increasingly rele-
vant. Knowledge of orchid habitats and their ecological preferences is essential for their proper conservation
and the development of introduction methods. As a result of a three-year study of the introduction of
Dactylorhiza fuchsii, it has been established that this population exhibits moderate survival rates of generative
and vegetative individuals. Over the results of three years, a total of 3 individuals were accounted for (21 %
of those initially planted). The age composition consists of two ontogenetic states: 2 individuals in the genera-
tive (g) state and 1 in the vegetative (v) state. Ontogenetic states of Dactylorhiza fuchsii were determined
based on morphological characteristics of above-ground organs, including leaf number, size of the lower leaf,
and number of veins in it. Non-flowering individuals were categorized as generative.

Keywords: introduction, Dactylorhiza fuchsii, Astana Botanical Garden, population, Red Book, Central Ka-
zakhstan Upland, conservation.

Introduction

Since the establishment of the collection of natural flora at the Astana Botanical Garden, special atten-
tion has been given to cultivating rare and endangered species, as well as those with shrinking ranges and
populations, of the flora of Kazakhstan. This effort is also in response to the pressing task of preserving the
gene pool of the local regional flora. Protected plants in the Akmola region include species listed in the Red
Data Book of Kazakhstan, which require constant monitoring and observation within the region. This in-
cludes Dactylorhiza fuchsia [1].

Dactylorhiza fuchsii is successfully cultivated in the botanical gardens of Moscow, St. Petersburg, Ye-
katerinburg, and others [2, 3]. However, the introduction of this species in the conditions of the Central Sibe-
rian Botanical Garden has proven to be less promising [4]. D. fuchsii grows well in cultivation (both in par-
tial shade and open areas) without requiring special substrates. This species can be easily propagated in vitro
using mature seeds, and the seedlings develop well. The plants adapt easily when transplanted into non-
sterile conditions. They typically flower in the 5th to 6th year after sowing [5, 6]. There is report about inci-
dental reintroduction experiment with this species. A single individual was planted in the Podolsk district of
the Moscow region on a hayfield with dry loamy soil. Over 8 years, the plant spread within a 15-meter radius
in atypical habitat conditions for the species due to self-seeding. A total of 23 individuals were found, 7 of
which was flowering [7].

The first experiments to establish an introduction population of D. fuchsii at the Main Botanical Garden
of the Russian Academy of Sciences were conducted in 1958. At that time, 20 individuals were brought from
the Moscow region and planted in a plot of broad-leaved forest. Long-term observations were carried out to
study their seasonal development rhythms. Individual specimens from these original samples still exist to this
day [8].

The family Orchidaceae represents a diverse and globally significant group of plants with high conser-
vation requirements and priority status. The issue of the disappearance of orchids growing within the flora of
the Central Kazakhstan Uplands is particularly acute. Due to limited germination, mycorrhizal specificity,
and pollinator specialization, orchids are particularly vulnerable to changes in ecosystem balance, especially
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alterations in moisture content, light regimes, nutrient availability, and competitive pressures [9]. Changes in
habitat or their complete destruction have led to the extinction or decline in the population and distribution of
many orchid species, resulting in legal protection and/or inclusion in the Red Data Book [10]. A study and
compilation of a checklist for Orchidaceae in the northern part of Kazakhstan was conducted based on her-
barium materials, field research, and literature [11].

In the flora of the Central Kazakhstan Uplands, there are 17 species from the family Orchidaceae [1],
including 6 species of the genus Dactylorhiza [12], of which only one species, Dactylorhiza fuchsii, is listed
in the Red Data Book of Kazakhstan [1]. In light of this, the propagation and cultivation of orchids under
introduction conditions are becoming increasingly relevant for species conservation and the potential for
subsequent reintroduction into their natural habitats [13]. Therefore, understanding the habitat and ecological
preferences of orchids is essential for their proper conservation and the development of introduction meth-
ods.

One of the main objectives of botanical gardens is preservation genetic diversity and promoting
sustainable use of plants and ecosystems. As a result of habitat disturbance, plants may face the threat of
extinction or serious genetic erosion. Plant genetic diversity, which plays a crucial role in human
development, is decreasing. Excessive use of medicinal, food, and ornamental plants growing in natural con-
ditions leads to depletion of their populations. In 1994, the International Council of Botanical Gardens for
Plant Conservation, with support and financial assistance from the International Plant Genetic Resources In-
stitute, United Nations Educational, Scientific and Cultural Organization (UNESCO), Food and Agriculture
Organization (FAO) of the United Nations, United Nations Environment Program (UNEP), and World Wide
Fund for Nature (WWF), developed measures. According to the “Strategy of Botanical Gardens for Plant
Conservation” [14], botanical gardens today are regarded as centers for the conservation and study of plants,
where the introduction and cultivation of rare plants are seen as methods for their preservation. Establishing
collections of rare plants in botanical gardens are serving not only as insurance and material for research but
also as an opportunity for educational outreach and sometimes as a primary source for restoring disappearing
species in nature. In essence, botanical gardens fulfill a triple function: conservation, propagation, and educa-
tion. The development of methods for objective assessment of population status and identification of mecha-
nisms for the resilience of rare orchid species can only be achieved through comprehensive study of their
biological characteristics, ecological preferences, population structure and dynamics, and consortial relation-
ships with other components of the biocoenosis. A systematic approach to studying rare orchid species al-
lows for predicting the subsequent development of specific populations and devising the most effective con-
servation measures for each species.

Thus, threat of anthropogenic changes to the vegetation cover of the Central Kazakhstan Uplands, there
is an unprecedented need for the introduction studies of the rare medicinal plant Dactylorhiza fuchsii.

The aim of this study is to conduct introduction research on Dactylorhiza fuchsii in the conditions of the
Astana Botanical Garden.

Experimental

Introduction studies of new species, forms, cultivars of plants, or their transfer from the wild into culti-
vation are being conducted for the first time at the Astana Botanical Garden (ABG) in Astana.

The climate of Astana is sharply continental, characterized by dry summers and cold, snowy winters.
The warm season lasts for 4 months, from May to September, with maximum daily average temperatures
exceeding 19 °C. The hottest month is July, with an average maximum temperature of 26 °C and a minimum
of 14 °C. The cold season spans 3.8 months, from November to March, with minimum daily average temper-
atures below -4 °C. The coldest month in Astana is January, with an average maximum temperature of -
20 °C and a minimum of -11 °C.

Traditional methods of introduction research were employed [15]. Plant emergence records and
phenological observations will be conducted using the methodologies developed by B.I. Ivanchenko
(1962) [16] and B.A. Dospechov (1968) [17].

D fuchsii (Druce) Soo is a meadow-forest species found in Kazakhstan within floristic regions classified
under 22 altitudinal zones. It inhabits habitats with moist meadow-like moisture, growing in both open spac-
es and shady forests depending on light availability. It prefers neutral soil acidity and nutrient-rich soils. The
population of D.fuchsii is declining due to habitat destruction and the collection of generative shoots for
bouquets. This species has been listed in the Red Book of Kazakhstan (2014).
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The initial material for introduction research consisted of plant samples collected in the territory of the
Kokshetau National Park (Fig. 1).

Figure 1. Populations of Dactylorhiza fuchsii in the territory of Kokshetau National Park

The original material was sourced exclusively from natural habitats in the form of live plants. Signifi-
cant importance was placed on the age, phenological phase, and overall condition of the transplanted plants.
In the first year, all introductants were placed in the primary introduction plot. All samples were kept under
uniform conditions: meadow-chernozem soil with added sand, and standard agronomic practices (watering,
weeding, and loosening) were applied. Observations on experimental plants were conducted from 2021 to
2023 by measuring biometric parameters such as plant height, inflorescence size, flower dimensions, and so
on.

Results and Discussion

Observations of the phenorhythm of the test plants in different environmental conditions demonstrate
the adaptability of individuals to changing external factors and the completeness of passing through ontoge-
netic stages. Therefore, phenological data are one of the most important indicators in plant introduction.

The first introduction experiments to establish a population of D. fuchsii were conducted in the shaded
conditions of the Astana Botanical Garden in 2021. Seven individuals were transported from the
Ormandybulak Forestry, Kokshetau National Park, and planted on September 15, 2021 (Fig. 2).

However, the individuals of D.fuchsii did not establish themselves. In 2022, work on creating an intro-
duction population of this species was continued. On the adjacent territory near the building of the Astana
Botanical Garden, an area of 1x1 m? was planted with 14 individuals (Fig. 3). After planting, all individuals
were labeled and mapped for subsequent observations. The plants consisted of 7 generative (g) individuals
and 7 vegetative (v) individuals. Due to weather conditions in 2023, changes in phenological terms were not-
ed. The first flowering of the rare species was observed on June 13, with mass flowering beginning in the
third decade of June. The end of flowering of this ephemeral species was noted from June 25-28.
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Figure 3. Introduced plants in 2022-2023, territory of ABG

Cepusi «Buonorus. MeamuuHa. leorpacusi». 2024, 29, 4(116)

57



A.E. Khalymbetova, S.K. Mukhtubaeva et al.

The specimens brought from natural populations of the rare species (Table) showed a low degree of ad-
aptation to the new conditions, characterized by incomplete phenological stages of development in the intro-
duction conditions (up to the budding stage, but no flowering occurred).

Table
Morphological parameters of introduced plants of Dactylorhiza fuchsii in ABG

Biometric indicators Plant 1 Plant 2 Plant 3
Leaf length, cm 13 5 10
Leaf width, cm 1.4 0.7 1,6
Leaf length, cm 7 4 10.5
Leaf width, cm 1.5 1 2

The main developmental phases, both in the wild and on the collection plot, occurred at the same time.

Observations of the seasonal phenological rhythms of the rare D.fuchsii showed that the duration of
vegetation depends on weather conditions and can vary from 7 to 30 days. From 2022 to 2023, flowering of
the species was not observed.

The record of individuals in 2023 showed that the population amounted to 3 individuals (21 % of those
planted). The age composition of this group was represented by two ontogenetic states: generative (g) — 2
individuals (14 %) and virgin (v) individuals — 1 (7.1 %), and they did not bloom. We cannot assess the
survival rate of the plants in the first years because orchids are capable of entering a state of secondary dor-
mancy, caused by various factors. According to M.G. Vakhrameeva [18], the duration of the secondary dor-
mancy state in D. fuchsii individuals ranges from 1 to 3 years, and in some cases, up to 4 years. The ontoge-
netic states of D. fuchsii are determined by the morphological characteristics of the above-ground organs: the
number of leaves, the size of the lower leaf, and the number of veins in it. We classified non-flowering indi-
viduals as generative. Khomutovsky M.I. (2012) reports that species of the genus Dactylorhiza behave dif-
ferently under cultivation conditions. One of the most resilient plants in open ground conditions is D. fuchsii,
which annually flowered and set fruits with viable seeds. Vegetative reproduction of tuberous species is
more frequently observed in populations at the edges of their ranges in extreme conditions. Additionally, D.
fuchsii (both vegetative and generative) successfully passed all phenological phases. However, due to the
lack of pollinators in the greenhouse, the tested specimens did not set fruits [19].

D.fuchsii is capable of surviving and spreading in urban habitats [20].

As a result of the initial introduction of Dactylorhiza species at the Altai Botanical Garden, four species
of the genus Dactylorhiza (D. fuchsii, D. incarnata, D. maculata, and D. umbrosa) were introduced.
D. incarnata proved to be more plastic and adaptable to cultivation conditions, as indicated by increased in-
florescence length, number of flowers per inflorescence, and dimensions of basal leaves in terms of length
and width. Due to the high nutrient content in the soil, the number of flowers per inflorescence increased for
all four species. Additionally, plant height decreased for all species due to receiving more sunlight [21].

Conclusions

Therefore, the rare species considered in this article has shown resilience under introduction conditions
at the Astana Botanical Garden. The conditions provided by the botanical garden are favorable for this spe-
cies; it is possible to predict normal survival of the introduced population in this area in the coming years.
Regarding the population growth due to the appearance of young individuals, data will only become availa-
ble in a few years.

Based on a three-year monitoring of the introduced D. fuchsii population, it has been determined that
this population exhibits moderate survival rates among pre-generative individuals. Virgin individuals show
the highest survival rates. The census in 2023 revealed that the population consisted of 3 individuals (21 %
of those planted). The age composition includes 2 generative (g) and 1 virgin (v) individuals.
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AcraHa 0oTaHMKAJBIK 0arbl karaaiibinaa Dactylorhiza fuchsii (Druce)
S00 uHTpOAYKIMSAIAY epeKIIediKTepi

Makanazma anram peT ActaHa KajdacklHBIH ActaHa OotanukanblK OarbiHna (ABB) Dactylorhiza fuchsii Tipi
OCIMIIKTEepPiHEH MHTPOAYKIHMSAIBIK MOMYJISIUSIHBl KYPYy OOHBIHIIA SKCIEPHUMEHTTIK >KYMBICTBIH HOTHKEIepi
kenripinren. Optanslk Kazakcran ycak MIOKbUIapBIHEIH (uopacsiana Orchidaceae TYKBIMIACHIHBIH 17 Typi
Gap >xoHe Tek Oip Typi — D. fuchsii Kazakcranusiy Kp13sur kitaGbiHa eHriszimreH. Typiepri cakray YIIiH
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OpXHIesIIapabl HHTPOLYKIMSUIBIK XKaFaaiaa KeOeHTy ®aHe ecipy, onapabl KeiiH TaOUFU TipIIiUTIK OpTackiHa
OeitiMaeny MYyMKIiHAIr yIKeH e3ekTiimikke ue. OpXuaesuiapiblH TIpPLIUNK €Ty OpTachl MEH JKOJOTHSIIBIK
OeliMainirin OiMy oOnapIel OYpBIC CaKTay MXOHE EHrI3y OMICTepiH o3ipJieyAiH MIHAETTI IapThl OOJBIT
Tabbuaael. D. fichsii THTPOAYKIMACHIHAAFB! ©CIMIIKTEPIiH KaFIaibIH VI JKBUIIBIK OaKblUIay HOTHXKECIHAE,
Oy MOMyJsIUusi TEHEPaTUBTI JKOHE BUPTWHIIIBAI AapaKTapIblH opTamia eMip CypyiMeH CHIaTTaJaThIHbBI
QHBIKTAJIABL. YT XKBUI IMIIHZAE JKEKe JapakTapibl ecemnke axy 3 JapakTel Kypaasl (kepcinmipinreni 21 %).
JKac xypambl €Ki OHTOTECHETHKAIIBIK JKaFaaiiMeH cunatranaist: 2 (g) sxone 1 (V). D. fuchsii OHTOTeHETHKAIIBIK
KYHIepi JkepycTi MymienepiHiH MoOp(ONOTHsUIbIK OeiriiepiMeH aHBIKTAJAJbl: JKAIllbIPAK CaHbl, TOMEHT1
JKaIbIpaK eJILeMIepi JKOHE OHJAFbl JKimmienep caHbl. ['yinenOereH mapakrapibl 0i3 TeHepaTHBTI Kyire
KATKBI3IBIK.

Kinm cesoep: watponyxuust, Dactylorhiza fuchsii, Actana 6oTaHuKajbIK Oarbl, momyssiuust, Ke3pu1 kitar,
Opranbik Ka3akcTaHHBIH ycakK HIOKbUIAPHI, CAKTAY.

A.E. XansimberoBa, C.K. MyxtyOaeBa, C.A. Abues, )K.A. AnamkaHoBa

Ocob6ennoctu unrpoaykuum Dactylorhiza fuchsii (Druce) So6
B YCJIOBHUAX ACTAHMHCKOI0 00TAHUYECKOI0 caja

B crarbe BriepBble NPHBEIEHBI PE3yJIbTAThl SKCIIEPUMEHTAILHOH PabOThI 10 CO3JaHUI0 MHTPOXYKIHMOHHON
MOMYJISIIIAN U3 XKUBBIX pacTeHuit D. fuchsii B AcTaHMHCKOM OOTaHMYECKOM cajly ropojaa Actansl. Bo ¢uope
LentpanpHo-KazaxcTaHCKOTO MENKOCONOYHHKA HacuuThiBaeTcst 17 BHIOB u3 cemeiictBa Orchidaceae n
ToJIbKO ouH Bua — Dactylorhiza fuchsii 3anecen B Kpacuyro kuury Kazaxcrana. PazmMHO)KeHHE U BBIpAILi-
BaHHE OPXUIHBIX B MHTPOMYKIMOHHBIX YCIIOBHSX JUISl COXPAHEHHs BHIOB U BO3MOXKHOCTH IOCIEIYOLIETO
BO3BPALICHUS MX B €CTECTBEHHYIO CpeAy OOMTaHHS MPHOOPETAOT OONBUIYIO aKTyalbHOCTh. 3HAHHE CPEIbl
OOMTaHUS W DSKOJOTMYECKHX IIPEANOYTCHUH OpXHIAeH SBISETCS HEOOXOJUMBIM YCIOBHEM JUIL HX
HaJUISKAIIETO COXPAHEHMS U pa3pabOTKH METONOB MHTPOIYKIHHU. B pesynbrare TpexiaeTHero MOHUTOPHHTA
COCTOSIHMSI PACTEHHH B WHTPORYKUMHU D. fuchsii yCTaHOBICHO, YTO AaHHAs IOMYJSLMS XapaKTepU3yeTCs
CpeIHEH MPHKUBAEMOCTBIO TEHEPATUBHOTO M BUPTHHUIIBHOTO 0CO0el. YueT ocoOell 3a TpH rojia CoCTaBmiI 3
ocobu (21 % ot BeIcakeHHBIX). Bo3pacTHOl cocTaB MpefCTaBiIeH ABYMsI OHTOI€HETHYECKHM COCTOSHHEM:
2 (g) u 1 (v). Onroreneruueckue cocrosiaus D. fuchsii onpeneneHs! Mo MOp(OIOrHIeCKUM MpU3HAKaM HaJl-
3EMHBIX OPI'aHOB: YHCIIO JUCTHEB, pa3Mepbl HIKHETO JIMCTA M YMCIIO XKUIOK B HeM. HeuBeryiue 0coOu Mbl
OTHECJIM K TCHEPAaTHBHbIM.

Kniouesvie crosa: nuarponykuys, Dactylorhiza fichsii, Acranuackuii 6otanudeckuii cax, momyssus, Kpac-
Has kHura, llenTpanpHo-Ka3axcraHCKui MEIKOCONIOYHHK, COXPAHEHHUE.
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Checklist of rare plants of the flora Ulytau Region

In the article a list and a brief analysis of rare plants of the flora of Ulytau region, listed in the Red Book of
Kazakhstan was presented. According to the conducted researches 20 species of rare plants included in the
Red Book of Kazakhstan are registered in Ulytau region: Adonis volgensis, Anabasis turgaica, Astragalus
krascheninnikovii, Crambe tataria, Craniospermum subvillosum, Dactylorhiza fuchsii, Ledebouriella
seseloides, Oxytropis subverticillaris, Pulsatilla patens, Silene betpakdalensis, Spiraeanthus schrenkianus,
Stipa pennata, Tanacetum ulutavicum, Tulipa albertii, Tulipa biebersteiniana, Tulipa biflora, Tulipa
borszczowii, Tulipa patens, Tulipa suaveolens, Valeriana chionophila. We propose to exclude 5 species
(Crambe tataria, Pulsatilla patens, Stipa pennata, Tulipa biebersteiniana and Tulipa patens) from the Red
Data Book of Kazakhstan, as they do not need protection. We consider it is necessary to include in the next
edition of the Red Data Book of Kazakhstan 8 species of narrow-local endemics growing only in Ulytau re-
gion: Astragalus krascheninnikovii, Clausia kasakhorum, Gagea sarysuensis, Hedysarum ulutavicum, Seseli
betpakdalense, Seseli mironovii, Silene anisoloba, Thymus crebrifolius.

Keywords: Kazakhstan, Asia, biodiversity, endemism, rare plants, Red Book.

Introduction

Red Data Books have become a “tool” for inventorying rare and endangered species, scientific and le-
gal foundation for their protection, environmental awareness and education of the population. The problem
of studying and preserving rare plant species is urgent, timely both at the national and regional levels [1].

There are about 5,658 higher vascular plants in the flora of Kazakhstan [2], of which 370 species are
listed in the Red Book of Kazakhstan [3]. One of the interesting places of floral diversity is the Kazakh Up-
lands, where 2,100 species of higher vascular plants from 557 genera belonging to 126 families grow [4].
The Kazakh Uplands is located on the vast Kazakh shield and is represented by low, strongly dissected
mountain ranges rising above the smoothed surface of the Mesozoic peneplain [5]. In the north, the uplands
passes into the West Siberian lowland, in the northeast into the wide Irtysh valley, and in the west and
southwest it is bordered by the young Neogene plateaus of Turgai and the southern part of Betpakdala, in the
south it is bordered by the lake basin. Balkhash, in the southeast and east, rests on the Altai and Tarbagatai
mountains. It is part of the Ural-Mongolian geosynclinal belt [4].

One of the unique geographical points in the Kazakh Uplands are the Ulytau mountains (Ulytau district,
Ulytau region), which, on the one hand, are a little-studied floral area, on the other hand, have prospects for
active development as a tourist and recreational territory. The Ulytau State National Natural Park has been
created on the territory of the Ulytau Mountains, occupying 54.46 thousand hectares, or 28.2 % of the territo-
ry surveyed by us. The Ulytau Mountains are the geographical center of the Republic of Kazakhstan, they are
distinguished by unique geomorphological structures, including both forest and steppe, meadow [6].

More than 819 species of higher vascular plants from 89 families and 366 genera grow in the flora of
the Ulytau Mountains. On the territory of Bolshoy Ulytau, there are 5 narrow—localized endemes (4Anabasis
turgaica, Clausia kasakhorum, Lepidium eremophilum, Tanacetum ulutavicum, Thymus crebrifolius), 6 en-
demic species of Kazakh smallmouth (A4stragalus kasachstanicus, Atraphaxis decipiens, Erysimum
kazachstanicum, Gagea sarysuensis, Lappula rupestris, Thymus eremita), 7 species — endemic and
subendemic to Kazakhstan: Artemisia albicerata, Gypsophila rupestris, Serratula dissecta, Silene anisoloba,
S. balchaschensis, Thymus kirgisorum, Th. rasitatus. The 8 species are included in the “Red Book of Ka-
zakhstan”: Adonis wolgensis, Anabasis turgaica, Craniospermum echioides, Stipa pennata, Tanacetum
ulutavicum, Tulipa biebersteiniana, Tulipa patens, Tulipa schrenkii [7].

The main objective of this study was to conduct an inventory of rare plants in the Ulytau Region and to
compile a modern list of rare species of this region.
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Experimental

Ulytau region is located in the central part of Kazakhstan, with its administrative center in the city of
Zhezkazgan. The oblast was formed relatively recently — on June 8, 2022. Ulytau region borders with
Kostanay region in the north, Karaganda region in the northeast and east, Zhambyl region in the southeast,
Turkestan and Kyzylorda regions in the south, and Aktobe region in the west. This study makes an inventory
of rare plants listed in the Red Book of Kazakhstan [3].

The research is based on the results of field studies and literature data, as well as materials from herbar-
ium collections LE, MW, AA and NUR.

Life form, rarity category, ecological habitat and occurrence are given for each species. Rarity catego-
ries are given according to the Red Data Book of Kazakhstan [3]. The frequency of occurrence of the species

was assessed according to four gradations: “usually” — species grows ubiquitously in most suitable habitats;
“occasionally” — the plant occurs sporadically not throughout the territory, but is regularly identified in cer-
tain ecotopes; “rarely” — species noted sporadically in some floristic areas; “very rarely” — one to three

locations are known throughout the Ulytau region [8]. Genera and species are listed in alphabetical order.
Latin names of species were checked against international plant databases [9, 10].

Results and Discussion

According to the results of the research, it was found that in Ulytau region there are 20 species of rare
plants listed in the Red Book of Kazakhstan [3]. Of these, 9 species are classified as III category of rarity, 8
species as Il category, 2 species as | category, and 1 species as IV category. Analysis of life forms showed
that of all rare species of Ulytau region, only one shrub (Spiraeanthus schrenkianus Maxim.) and one semi-
shrub (Silene betpakdalensis Bajt.) were noted, all other species are herbaceous perennials (Table).

Table
List of rare plants of Ulytau Region included in the Red Book of Kazakhstan

No Plant name Rarity category Life form
1 Adonis volgensis Steven ex DC. 111 Perennial

2 Anabasis turgaica lljin & Krasch. 111 Perennial

3 Astragalus krascheninnikovii Kamelin I Perennial

(=Astragalus kokaschiki Gamajun.)
4 Crambe tataria Sebeok 11 Perennial
5 Craniospermum subvillosum Lehm. 11 Perennial
(=Craniospermum echioides (Schrenk) Bunge).

6 Dactylorhiza fuchsii (Druce) Soo 11 Perennial

7 Ledebouriella seseloides (Hoff m.) H. Wolff 11 Perennial

8 Oxytropis subverticillaris C.A. Mey. 111 Perennial

9 Pulsatilla patens (L.) Mill. 11 Perennial
10 Silene betpakdalensis Bajt. 11 Semi-shrub
11 Spiraeanthus schrenkianus Maxim. 111 Shrub

12 Stipa pennata L. 111 Perennial
13 Tanacetum ulutavicum Tzvelev 111 Perennial
14 Tulipa albertii Regel 11 Perennial
15 Tulipa biebersteiniana Schult. et Schult. f. 111 Perennial
16 Tulipa biflora Pall. 1 Perennial
17 Tulipa borszczowii Regel 11 Perennial
18 Tulipa patens Agardh. ex Schult. et Schult. f. 111 Perennial
19 Tulipa suaveolens Roth 111 Perennial
20 Valeriana chionophila Popov & Kult. v Perennial

Below is an outline of rare plants of Ulytau region included in the Red Book of Kazakhstan:

1. Adonis volgensis Steven ex DC. Perennial. Declining species (III category) [3]. Grows in grassy-
typchak and grassy steppes. Occurs rarely.

Note. Adonis volgensis has a relatively wide distribution in Kazakhstan, the species is found in Central,
Northern and Eastern Kazakhstan. The state of A. volgensis populations in Northern Kazakhstan is stable,
which is ensured by good seed reproduction [11].

Cepusi «Buonorus. MeamuuHa. leorpacusi». 2024, 29, 4(116) 63



S.A. Kubentayev, D.T. Alibekov et al.

2. Anabasis turgaica 1ljin & Krasch. Perennial. A rare species numbers of which are decreasing cata-
strophically fast, which may put it at risk of extinction (Category III) [3]. Occurs rarely.

Note. Anabasis turgaica is a narrowly localized endemic of the Ulytau Mountains [12], practically the
only herbaceous species among the genus Anabasis. This species is characterized by a thickened caudex,
from which branching herbaceous shoots depart [7].

3. Astragalus krascheninnikovii Kamelin (=Astragalus kokaschiki Gamajun.). Perennial. Rare species
(category I) [3]. Grows along the edges of dry watercourses in clay desert. Occurs rarely.

Note. This species is a narrow local endemic of Betpakdala [12], known from Kokashi tract, Zhanaarka
district, Ulytau region (classical location of the name Astragalus kokaschiki) and 40-50 km from Lake
Tailykol, in the valley of the Sarysu River (classical location of the name Astragalus krascheninnikovii).

4. Crambe tataria Sebeok. Perennial. Rare species (Il category) [3]. Grows along roadsides. Occurs oc-
casionally.

Note. Prior to the 90s of the XX century, the plant was not found on the territory of the Kazakh Shallow
Soil. All modern herbarium collections were made along the Karaganda-Zhezkazgan highway. Most likely,
the species “escaped” from the culture. For a long time, C. fataria was cultivated in the Karaganda Botanical
Garden and recommended as an ornamental plant [4].

5. Craniospermum subvillosum Lehm. (=Craniospermum echioides (Schrenk) Bunge). A very rare spe-
cies (category II) [3]. Grows on rocky and rubbly slopes of hills. It occurs rarely.

Note. Craniospermum echioides was considered endemic to Kazakhstan. However, later information
appeared about its distribution in Dzungaria, in Southwestern Mongolia and Northwestern China [13]. Ac-
cording to the latest international classification [10], Craniospermum echioides is recognized as a synonym
of Craniospermum subvillosum.

6. Dactylorhiza fuchsii (Druce) Soo. Perennial. A rare species, occurring in small numbers in a small
area (category II) [3]. It grows in forest meadows, forest edges and shrubs, on the banks of rivers and
streams. It occurs rarely.

Note. Dactylorhiza fuchsii is morphologically similar to Dactylorhiza maculata. When they co-occur,
they form populations that include plants with intermediate morphology, indicating possible hybridization.
We consider that Dactylorhiza maculata is generally a European species, with only isolated occurrences in
Asia, particularly in the western part of Siberia and in Kazakhstan. Determining the exact eastern distribution
limit of this species is challenging due to its similarity with D. fuchsii in this region, where their ranges over-
lap [14].

7. Ledebouriella seseloides (Hoff m.) H. Wolff. Perennial. Rare species (II category) [3]. Grows on
rubbly slopes of hills. Occurs very rarely.

Note. In Ulytau region was found in Aktau mountains: “Kazakhstan, Dzhezkazgan region, east of
Atasu, Aktau mountains, 26.06.1991, M.G. Pimenov, E.V. Kluikov (MW0861099)”. The species was de-
scribed from East Kazakhstan. Type species: “Altai in campis et collibus siccis lapidosis ad montam
Tschingistau, 08.1826, Ledebour 226” (LE). According to the international classification, this species is con-
sidered a synonym of Saposhnikovia divaricata (Turcz. ex Ledeb.) Schischk. [10]. Additional studies are
needed to establish the taxonomic position of this species using modern molecular genetic methods.

8. Oxytropis subverticillaris C.A. Mey. Perennial. Species with rapidly decreasing range (III catego-
ry) [3]. Occurs rarely.

Note. Oxytropis subverticillaris is morphologically close to Oxytropis rhynchophysa [15].
Z.V. Karamysheva and E.I. Rachkovskaya (1973) give priority to the name Oxytropis subverticillaris for the
Kazakh Uplands, because Oxytropis subverticillaris was described from a single specimen in the phase of
secondary flowering. J.U. Baimukhambetova (1989), who studied the type material of these species, con-
cluded that they are identical and, taking into account the priority, the name Oxytropis subverticillaris should
be left [4].

9. Pulsatilla patens (L.) Mill. Perennial. Rare species (Il category) [3]. Grows in steppes and on slopes
of hills. Occurs commonly.

Note. The intraspecific structure of P. patens is extremely complex and confusing. In Central and
Northern Kazakhstan, P. patens with purple and yellow coloration of perianth petals, which were previously
attributed to different species, are observed. Plants with purple flowers were referred to P. patens and with
yellow flowers to Pulsatilla uralensis (Zamels) Tzvel. (=Pulsatilla flavescens (Zuccar.) Juz.) [4]. Currently,
it is necessary to conduct systematic studies of the P. patens complex of Northern and Central Kazakhstan
using molecular genetic methods. It should be noted that in Central Kazakhstan plants with purple flowers
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predominate, and in Northern Kazakhstan plants with yellow flowers predominate [16]. In this area, the
ranges of the two species overlap, and transitional populations with common taxonomic characters are
formed.

10. Silene betpakdalensis Bajt. Semishrubby shrub. Very rare species (Il category) [3]. Grows on rub-
bly-melkozem slopes of hills and foothill plains. Occurs very rarely.

Note. In Ulytau region one locality of this species is known 100 km south of Zhezkazgan city
(KUZ) [4]. The plant is described from the Chu-Ili Mountains: “Prov. Almatansis, montes Tschu-Iliensis, fl.
Anda-Ssaj in decliviis saxosis, 26 VI 1954, fl. et fr. Immat., Ig. M. Bajtenov” (AA).

11. Spiraeanthus schrenkianus Maxim. Shrub. Rare species with a decreasing range (III category) [3].
Grows on clay slopes of hills. Occurs very rarely.

Note. In Ulytau region one locality of Spiraeanthus schrenkianus is known in Northern Betpakdala:
Zhanaarkinsky district, Northern Betpakdala, vicinity of Zhuantobe Mountain, 46°26’N, 70°28°E, 17 VII
2011, A. Kupriyanov, O. Kupriyanov. Kupriyanov, O. Kupriyanov (KUZ, KAZ 01474). Single plants, small
groups of bushes are found in the territory of the Kazakh Uplands, the main part of the Betpakdala popula-
tion is located to the south in Central Betpakdala [4]. Spiraeanthus schrenkianus is a rare and endemic spe-
cies that deserves special attention [12]. It is one of the oldest plants of our planet. It probably grew here in
the Eocene, about 40 million years ago, during climate aridization, forming the oldest shrub-steppe commu-
nities [17].

12. Stipa pennata L. Perennial. Species with decreasing abundance (Il category) [3]. Grows on slopes
of hills mainly from the northern side, on steppe hollows, in bushes. Occurs usually.

Note. At present, this species does not need State protection, as the species occupies vast areas in Ka-
zakhstan. The species was included in the Red Data Book of Kazakhstan due to extensive plowing of virgin
lands in Northern and Central Kazakhstan, as well as other anthropogenic impacts.

13. Tanacetum ulutavicum Tzvelev. Perennial. Reducing in number species (III category) [3]. Grows in
cracks in granite rocks. Occurs rarely.

Note. Tanacetum ulutavicum is a narrow-local endemic of the Ulytau Mountains [12]. The species was
described from the Ulutau Mountains: “Karaganda region, middle part of Karsakpai district, slope of Kazan-
Tau mountain, 12 km south of Ulutavicum, 12 VII 1929, n 298, N. Shipchinsky” (LE). This species is mor-
phologically close to Tanacetum achilleifolium and T. millefolium, in relation to which it is a narrowly en-
demic race confined to rocky and stony habitats [4].

14. Tulipa albertii Regel. Perennial. Rare species (Il category) [3]. Grows on rubbly and fine-grained
slopes, screes and low mountains. Occurs occasionally.

Note. Tulipa albertii is endemic to Kazakhstan [12]. In Ulytau oblast there is the northernmost border
of the range of this species.

15. Tulipa biebersteiniana Schult. et Schult. f. Perennial. Reducing in number species (III category) [3].
Grows in steppe, on forest edges, among shrubs, along river valleys. Occurs rarely.

Note. Tulipa biebersteiniana was described in 1829 from specimens from the North Caucasus (between
Mozdok and Kizlyar). The species was named in honor of the Russian botanist F.K. Bieberstein-Marshall.
Some systematists refer 7. biebersteiniana and T. patens to synonyms of the widespread in Europe T.
sylvestris subsp. Australis [18, 19]. However, according to Zonneveld (2009), the difference in DNA content
between 7. biebersteiniana and T. sylvestris may be a basis for recognizing 7. biebersteiniana.

16. Tulipa biflora Pall. Perennial. Endangered species (category I) [3]. Grows on stony and rubbly
slopes of hills. Occurs occasionally.

Note. The species was described in 1776 by P.S. Pallas based on specimens from the Caspian deserts.
Location of type specimens is unknown. According to the latest system of the genus Tulipa [18], many spe-
cies from sect. Biflores A.D. Hall ex Veldkamp & Zonn. are considered synonyms of the 7. biflora s.l. com-
plex, including T. buhseana and T. sogdiana. Currently, systematic studies of T. biflora s.l. group should be
carried out using modern molecular research methods.

17. Tulipa borszczowii Regel. Perennial. Rare species (II category) [3]. Grows in sandy massifs, along
loess plumes of desert hills and chinks. Occurs rarely.

Note. The main areal of this species is located in the Aral deserts and in the northern part of the
Kyzylkum desert [20]. The northernmost limit of the range of this species is located in the Ulytau region.

18. Tulipa patens Agardh. ex Schult. et Schult. f. Perennial. Rare, decreasing in number, species (II1
category) [3]. Grows in dry sagebrush steppes, in steppe meadows, on rubbly slopes, solonetz meadows and
solonets, in interfold gulleys. Occurs usually.
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Note. The taxonomic position of Tulipa patens is relatively controversial, some authors [18, 19] refer it
synonymously to 7. sylvestris subsp. australis. Other authors [21, 22, 23] consider this species as an inde-
pendent taxon. We also believe that Tulipa patens deserves recognition on the basis of a complex of morpho-
logical characters and ecology.

19. Tulipa suaveolens Roth (=Tulipa schrenkii Regel.). Perennial. Decreasing in number species. 111
category. Grows in steppes, deserts and semi-deserts, on plains and foothills. Occurs rarely.

Note. The species is usually known as Tulipa schrenkii, which was described from the Esil River valley
in 1873. However, the older name Tulipa suaveolens takes precedence [18]. The main range of the species
within the Kazakh Shallow Soil is in the extreme west, and in the east, it reaches the Aktau-Shunak Moun-
tain junction [4].

20. Valeriana chionophila Popov & Kult. Perennial. Insufficiently studied species (IV category) [3].
Grows in the semi-desert plain on loamy soils. Occurs rarely.

Note. Valeriana chionophila is given for the first time for Ulytau region. The species was found in
Ulytau region, near Surguti, Kubentaev S.A., Alibekov D.T., 04.04. 2024 (NUR). The new location is the
northernmost limit of the range of this species. Earlier this species was first found in Karaganda region, in
Targyl mountains, near Gulshat, Kubentaev S.A., Alibekov D.T., 15.04. 2021 (NUR).

According to our long-term field research and literature analysis, we propose to exclude the following
species from the Red Data Book of Kazakhstan: Crambe tataria, Pulsatilla patens, Stipa pennata, Tulipa
biebersteiniana and Tulipa patens. According to our data, these species do not need protection, because they
are often found in different regions of Kazakhstan, sometimes in large areas and with high abundance. In
addition, Crambe tataria in Ulytau region is an adventive species that occupies disturbed communities,
which is also a reason for its exclusion from the Red Data Book of Kazakhstan.

The territory of Ulytau region served as a corridor of species migration from north to south and from
east to west for a long historical period. Therefore, endemism in this territory is weakly expressed. However,
the isolation of the Ulytau Mountains both in the Paleozoic and Quaternary periods led to the preservation of
some paleo and neo-endemics [4]. On the territory of Ulytau region there are 6 species of narrow-local en-
demics growing exclusively only in this region, such as: Anabasis turgaica lljin & Krasch., Astragalus
krascheninnikovii Kamelin, Clausia kasakhorum Pavlov, Gagea sarysuensis Murz., Hedysarum ulutavicum
Knjaz, Seseli betpakdalense Bajtenov, Seseli mironovii (Korovin) Pimenov & Sdobnina, Silene anisoloba
Schrenk, Tanacetum ulutavicum, Thymus crebrifolius Klokov. Of these plants, 5 species (Clausia
kasakhorumPavlov, Anabasis turgaicalljin & Krasch, Hedysarum ulutavicum Knjaz., Tanacetum ulutavicum
Tzvelev, Thymus crebrifolius Klokov) are found only in the Ulytau Mountains. Three species (Astragalus
krascheninnikovii Kamelin, Seseli betpakdalense Bajt., Seseli mironovii (Korovin) Pimenov & Sdobnina)
occur only in Betpakdal. Of all narrow local endemics growing exclusively in Ulytau region, only Anabasis
turgaica and Tanacetum ulutavicum are protected at the State level. At present, it is necessary to study the
state of populations, abundance and distribution of other narrow-local endemics of Ulytau region. We con-
sider it necessary to include the following endemic species in the next edition of the Red Data Book of Ka-
zakhstan: Astragalus krascheninnikovii, Clausia kasakhorum, Gagea sarysuensis, Hedysarum ulutavicum,
Seseli betpakdalense, Seseli mironovii, Silene anisoloba, Thymus crebrifolius.
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C.A. KyGenraes, JI.T. Anu6ekos, III.T. Tycrybaesa, B.B. Kybenraesa

YabiTay 00J1bIChI (JI0PAChIHBIH CUPEK OCiMAIKTepiHiH Ti3iMi

Maxkanana Kasakcranusie Ke3bi1 kiTaObIHa €HIeH ¥IIBITAy OHIPIHIH CHPEK Ke3[JeCeTiH OCIMIIKTepiHiH Ti3iMi
MEH KbICKama Tannaybl OepinreH. XXyprisinren 3seprreynepre colikec, ¥ibiTay eHipiHme Ka3akcTaHHBIH
Kp13b01 KiTaOBIHA €HICH CHPEK Ke3/eCeTiH ociMaikTepaiH 20 Typi TipKelreH, atan aitcak: Adonis volgensis,
Anabasis turgaica, Astragalus krascheninnikovii, Crambe tataria, Craniospermum subvillosum, Dactylorhiza
fuchsii, Ledebouriella seseloides, Oxytropis subverticillaris, Pulsatilla patens, Silene betpakdalensis,
Spiraeanthus schrenkianus, Stipa pennata, Tanacetum ulutavicum, Tulipa albertii, Tulipa biebersteiniana,
Tulipa biflora, Tulipa borszczowii, Tulipa patens, Tulipa suaveolens, Valeriana chionophila. Onbly iwinzge 5
1Yp (Crambe tataria, Pulsatilla patens, Stipa pennata, Tulipa biebersteiniana xoue Tulipa patens) Koprayasl
Kaxer erneirtinaikreH KazakcranHpiH Kp3bUT KiTaObIHAH mIBIFapyasl yebiHaMbl3. KazakctaHHbIH KpI3bun
KITaOBIHBIH Kelieci OachUIBIMBIHA YJIBITAY OHIpiHIE FaHA eceTiH Astragalus krascheninnikovii, Clausia
kasakhorum, Gagea sarysuensis, Hedysarum ulutavicum, Seseli betpakdalense, Seseli mironovii, Silene
anisoloba, Thymus crebrifolius CHUSAKTBI XKIHIIIKE JKaNbIpaKThl SHAEMHUKTEPAIH 8 TYpiH €HIi3yai KaxeT Jer
CaHaMBI3.

Kinm ce30ep: Kazakcran, A3us, GHOSPTYPIILIIK, SHASMH3M, cUpek ecimaiktep, KpI3but kitarl.
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Yek-aucT peikuX pacTeHuil piopsbl YIIbITaAyCKOH 001acTH

B crartbe mpeacTaBieHbI CIUCOK M KPATKUH aHATN3 PEAKHX pacTeHHH (IIopsl YIBITaycKOW 0o0macTH, 3aHe-
cenHbIx B KpacHyto kaury Kaszaxcrana. CorylacHO IpOBEJICHHBIM HCCIIEAOBAHHSM, B YIIBITAyCKOH obnacti
3apeructpupoBaHo 20 BHIOB peIKHX pacTeHuil, 3aHeceHHBIX B Kpacuyio kuury Kasaxcrana: Adonis
volgensis, Anabasis turgaica, Astragalus krascheninnikovii, Crambe tataria, Craniospermum subvillosum,
Dactylorhiza fuchsii, Ledebouriella seseloides, Oxytropis subverticillaris, Pulsatilla patens, Silene
betpakdalensis, Spiraeanthus schrenkianus, Stipa pennata, Tanacetum ulutavicum, Tulipa albertii, Tulipa
biebersteiniana, Tulipa biflora, Tulipa borszczowii, Tulipa patens, Tulipa suaveolens, Valeriana chionophila.
W3 wvux 5 BupoB (Crambe tataria, Pulsatilla patens, Stipapennata, Tulipa biebersteiniana n Tulipa patens)
npeyiaraeM UCKIounTh u3 KpacHoii kuuru Kazaxcrana, IOCKOJIBKY OHM HE HyKIaloTcsi B oxpaHe. Cunraem
HEOOXOIMMBIM BKIIIOUHTH B ciemyroniee n3nanne Kpacuoit kuurn Kazaxcrana 8 BUOB y3KOJIOKAJIBHBIX 3H-
JEMHUKOB, IIPOM3PACTAIONIMX TOJNBKO B YIbBITaycKoi o6mactu: Astragalus krascheninnikovii, Clausia
kasakhorum, Gagea sarysuensis, Hedysarum ulutavicum, Seseli betpakdalense, Seseli mironovii, Silene
anisoloba u Thymus crebrifolius.

Knioueswvie cnosa: Kazaxcran, Azus, 6nopazHooOpasue, SHIEMHU3M, PEAKUE PACTECHHUS.
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Assessment of the effect of humates produced by
“Shubarkol Komir” JSC on germination of vegetable seeds

Humic preparations are valuable sources of humic acids, which increase soil fertility and have growth-
regulating activity on agricultural crops. Application of new humic preparations from local weathered coals
allows providing agricultural producers with domestic preparations. To identify the optimal doses of applica-
tion, we conducted a series of experiments on germination of vegetable seeds to increase their germination.
The results of the study showed that humic preparations in different concentrations may not have the same ac-
tivity on the seeds of plants of different species. The best germination rates are as follows: for white cabbage
seeds after soaking in a solution of potassium humate at a concentration of 0.005 %, for eggplant seeds — a
mixture of potassium and sodium humate at a concentration of 0.5 %, for tomato seeds — potassium humate
0.005 %, for sweet pepper seeds — a mixture of potassium and sodium humate 0.005 %, for cucumber seeds
— a mixture of potassium and sodium humate 0.01 %. The results can be used for agricultural and green-
house applications.

Keywords: humic preparations, seed material, vegetable crops, pre-sowing soaking, germination, germination
energy.

Introduction

Humic substances (or humates) are high-molecular polymers of irregular structure, which are formed in
nature (soil, peat areas, coals, bottom sediments, etc.) as a result of transformation of dead biomass of plants
and animals. Biological activity of humates was discovered in the late XIX century [1]. Humate production
is carried out from a wide range of raw materials: coals, peats, soil extracts, composts, sapropels, wastes of
organic origin [2].

Humic preparations are used as organic fertilizers, natural stimulants to activate seed germination and
plant growth, to improve soil fertility, for remediation of contaminated soils, as feed additives for farm ani-
mals and birds [3—5]. The possibility of using humic preparations for detoxification of oil products and salts
of heavy metals is known [6, 7]. Given the diversity of processes for obtaining humic substances, sources of
organic raw materials for their production, humates themselves may differ in structure and biological activi-
ty.

Based on the prospects of their widespread use in agriculture and environmental protection, there is a
need for comprehensive testing of new humic preparations to determine their biological activity, develop
principles of agro-system management and biosafety assessment.

An important advantage of humic substances is their relatively low cost and the availability of large re-
serves of raw materials (including weathered coal), which allows for the production and use of preparations
based on them in agricultural and environmental technologies.

In Central Kazakhstan, “Shubarkol Komir” JSC has developed fertilizers based on humates from
weathered coals from the Shubarkol deposit, which can be used in agriculture and vegetable growing, in par-
ticular, to increase the germination of vegetable seeds.

The purpose of our work was to study the effect of humates produced by “Shubarkol Komir” JSC on
germination of seeds of some vegetable plants.

Experimental

The objects of research were humates provided by “Shubarkol Komir” LLP: potassium humate, a mix-
ture of potassium humate and sodium humate (2:1 ratio), distilled water served as a control. The tested
humates were diluted in concentrations of 0.1 %, 0.01 %, 0.5 %, 0.05 % and 0.005 %.
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Seeds of the following vegetable crops were taken in the experiment: white cabbage, eggplant, toma-
toes, cucumbers and sweet pepper.

Experiments to assess seed germination were conducted in laboratory conditions based on standard
methods [8—10]. Germination was carried out on Petri dishes on 2-layer filter paper (Fig.) in 4-fold repeti-
tion. Plant seeds were soaked for 24 hours in appropriate humate solutions.

Figure 1: Pre-sowing soaking of vegetable seeds in humate solutions

Statistical processing of data was carried out using the online calculator https://medstatistic.ru/ and Ex-
cel program, the mean germination rates and germination energy with deviation were estimated, the reliabil-
ity of the results was evaluated on the basis of Student's criterion.

Results and Discussion

The analysis of germination indices on the background of potassium humate and a mixture of potassium
humate and sodium humate for different crops were not the same. Thus, for white cabbage seeds, the best
germination indices were observed on the background of potassium humate at a concentration of
0.005 % (Table 1); in this variant, seed germination was 63.4 %, germination energy — 51.2 %, as well as
for the same type of humate at a concentration of 0.01 %. Germination and germination energy amounted to
60.8 and 41.2 %, respectively. For the other variants, the viability indicators were significantly lower than
the control values, or at the level of the control — preliminary soaking in water.

Table 1

Indices of germination and germination energy of white cabbage seeds on the background
of application of different concentrations of humic preparations

Experiment variant Germination energy,% Germination,%

Control (water) 30,5+0,6 38,5+0,8
0.5 % humate K 11,4+0,2* 13,5+0,1*
0.1 % humate K 10,0+0,3* 20,8+0,4*
0.01 % humate K 41,2+1,1 60,8+3,6*
0.05 % humate K 8,9+0,1* 12,0+0,3*
0.005 % humate K 51,243,0* 63,4+2,7*
0.1 % K-Na humate 20,0+0,4* 32,0+0,5
0.01 % K-Na humate 20,0+0,4* 22,3+0,5
0.5 % K-Na humate 0 0
0.05 % K-Na humate 29,8+0,6 31,2+0,9
0.005 % K-Na humate 30,7=0,6 32,3£1,2
*Note — Significance of differences of indicators from control at P<0.05
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Combined application of potassium and sodium humate at a concentration of 0.5 % resulted in the ab-
sence of cabbage seed germination.

The germination efficiency of eggplant seeds was at a rather low level. The best germination indices
were recorded on the background of potassium and sodium humate mixture in concentration of 0.5 %, in this
variant of the experiment germination was 90.0 %, germination energy — 40.6 % (Table 2), which signifi-
cantly exceeded similar indices for the control variant. Lower indicators were observed for the humate mix-
ture at a concentration of 0.1 %, germination and germination energy were 60.0 and 52.5 %, respectively.

Table 2

Indices of germination and germination energy of eggplant seeds on the background of application
of different concentrations of humic preparations

Experiment variant Germination energy,% Germination,%

Control 10,5+0,1 40,8+1,2
0.5 % humate K 11,2+0,2 51,5+2,3*
0.1 % humate K 41,4+0,9* 44,6+1,3
0.01 % humate K 20,3+0,4 23,44+0,5*
0.05 % humate K 43.2+1,0* 45,8+0,8
0.005 % humate K 20,0+0,6 23,54+0,2*
0.1 % K-Na humate 52,5+£2,7* 60,0+£3,2*
0.01 % K-Na humate 10,0+0,2 11,3+0,2%*
0.5 % K-Na humate 40,6£1,8* 90,0+4,1*
0.05 % K-Na humate 21,2+0,4 30,4+0,6*
0.005 % K-Na humate 10,0+0,1 18,240,3*
*Note — Significance of differences of indicators from control at P<(.05

The optimal concentration for potassium humate is 0.5 %, which increased germination up to 51.5 %.
The other variants exceeded the control values, but were significantly lower than the specified concentra-
tions.

Tomato seeds showed good germination rates. Practically all variants, except for potassium humate
0.5 %, showed germination rates above or at the level of control parameters. Maximum germination values
were obtained on the background of potassium humate at a concentration of 0.005 %. Seed germination was
90.3 %, germination energy 70.0 % (Table 3).

Table 3

Indicators of germination and germination energy of tomato seeds on the background of application
of different concentrations of humic preparations

Experiment variant Germination energy,% Germination,%
Control 40,6+0,9 45,6+0,8
0.5 % humate K 11,5+£0,2%* 20,7+0,2*
0.1 % humate K 52,4+1,8 55,2+1,5%
0.01 % humate K 41,5+0,6 44,6+0,7
0.05 % humate K 51,6+1,8* 55,0+1,7*
0.005 % humate K 70,0£2,5* 90,3+4,1*
0.1 % K-Na humate 53,2+1,4* 51,9£2.2
0.01 % K-Na humate 70,3+2,9* 82,0+3,3*
0.5 % K-Na humate 70,8+2,3* 70,1+£3,8*
0.05 % K-Na humate 40,4+0,5 60,8+3,0*
0.005 % K-Na humate 30,0+0,5* 41,2+1,0

*Note — Significance of differences of indicators from control at P<0.05

For the mixture of potassium and sodium humate, the highest germination rates were observed for the
concentration of 0.01 %, at which germination was 82.0 % and germination energy 70.3 %.

The seed material of sweet pepper confirmed the data made on the previous crop. Potassium humate at
concentrations of 0.5 % and 0.01 % had a depressing effect on germination, as seed germination in these var-
iants of experiments was significantly lower than the control values (Table 4).
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Table 4

Indices of germination and germination energy of sweet pepper seeds on the background of application
of different concentrations of humic preparations

Experiment variant Germination energy,% Germination,%

Control 70,4425 80,8£3,6
0.5 % potassium humate 61,6422 65,442 3%
0.1 % potassium humate 80,5+3,3* 91,5+4,1*
0.01 % potassium humate 51,0+1,2 54,242 5%
0.05 % potassium humate 80,0+£3,1* 90,5+3,4*
0.005 % potassium humate 72,8427 81,9+2,6
0.1 % K-Na humate 71,0£2,0 80,5+3,0
0.01 % K-Na humate 74,3£2,6 78,4+2,2
0.5 % K-Na humate 62,4420 83,4+2,6
0.05 % K-Na humate 54,5+£2,0* 70,0£2,2
0.005 % K-Na humate 72,3+£2,4 93,4+3,1*
*Note — Significance of differences of indicators from control at P<0.05

Significantly higher germination indices were obtained in the variant of application of potassium and
sodium humate mixture at a concentration of 0.005 %, at which germination was 93.4 % and germination
energy 72.3 %; and for potassium humate at a concentration of 0.05 % — germination was estimated at
90.5 %, germination energy 80.0 %.

When testing humic preparations on cucumber seeds, an insignificant difference was established in
comparison with the control (Table 5). Significant excess over the control was observed on the background
of presowing soaking seeds in the solution of potassium and sodium humate mixture at a concentration of
0.01 %. Germination and germination energy in this variant amounted to 100 %.

Table 5

Indices of germination and germination energy of cucumber seeds on the background of application
of different concentrations of humic preparations

Experiment variant Germination energy,% Germination,%

Control 90,4+4,2 92,5+3,8
0.5 % humate K 90,0+3,3 96,4+4,2
0.1 % humate K 92,5+3,8 95,0£3,6
0.01 % humate K 71,6+2,4* 72,5£2,7*
0.05 % humate K 90,7+1,9 92,8441
0.005 % humate K 82,6+2,5 85,6+3,3
0.1 % K-Na humate 93,3+2.9 94,8+3,0
0.01 % K-Na humate 100+0,0* 100+0,0*
0.5 % K-Na humate 92,5+2.4 95,6+4,0
0.05 % K-Na humate 91,8+2,2 92,3+2,5
0.005 % K-Na humate 94,0+3,1 95,3+3,0
*Note — Significance of differences of indicators from control at P<(.05

On the contrary, the concentration of potassium humate 0.01 % had an inhibitory effect on the germina-
tion of cucumber seeds.

Conclusion

Thus, pre-sowing soaking of vegetable seeds in solutions of humates produced by “Shubarkol Komir”
JSC allows to significantly increase germination and germination energy. The best germination indices were
observed for white cabbage seeds after soaking in potassium humate solution at a concentration of 0.005 %,
for eggplant seeds — potassium and sodium humate mixture at a concentration of 0.5 %, for tomato seeds —
potassium humate 0.005 %, for sweet pepper seeds — potassium and sodium humate mixture 0.005 %, for
cucumber seeds — potassium and sodium humate mixture 0.01 %.
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«yb6apkes Kemip» AK eHaipres rymarrapablH KOKOHIC
eciMiKTepi TYKbIMIAPBIHBIH OHYiHE dcepiH Oarajay

T'yMuHAI penapaTTap TOIBIPAK KYHAPJIbIFBIH apTTHIPATBIH JKOHE aybUILIAPYaLIbUIBIK JaKbUIIapbIHbIH OCYiH
peTTeiTiH OenceHaitiri 6ap ryMHUH KBIIIKBUIAAPBIHBIH KYHIBI Ko3i. JKeprijikTi MOpbIFaH KeMipiepAeH *KaHa
TYMHUHJI IpenapaTtapibl KOJJIaHy aybUl LIapyallbUIbIFbl TayapblH OHAIPYLIIEpAl OTaHbIK [IpernapaTTapMeH
KaMTaMachl3 eTyre MYMKiHIik Oepeni. KompmaHyIblH OHTalibl Mo3amapblH aHBIKTAY YHIH 0i3 KOKeHiC
TYKBIMIAPBIHBIH OHTIIITITIH apTTHIPY YIIiH OipHeme Taxipubenep Kyprizaik. 3epTTey HaTHKenepi apTypii
KOHIICHTpaLUsJaFrbl TYMHHAI IpernapaTrTapibl SpTYpil TYpHeri eciMAiKTepIiH TyKbIMaapbelHIa Oipaeit
OesiceniTikke ue 60IMaybl MYMKIH €KeHIH KopceTTi. AK KbIpbIKKaOaT TyKbiMbl 0,005% KOHLEHTpalusaarsl
KaJlMii TYMAaTbIHBIH epiTiHgiciHe, OaknaxaH TyKbIMbl — 0,5% KOHIGHTpauMsgarbl KaJIMH MEH HaTpui
TYMAaTTapbIHBIH KOCTIAChIHA, KbI3aHAK TYKbIMaapsl — 0,005% xammit rymaTsiHa, TOTTI OYpHII TYKBIMAAPH —
0,005% xanmit MEH HaTPUH T'yMaTBIHBIH KOCTIAChIHA, KusAp HoHAepi — 0,01% kanmif ryMaThIHBIH KOCTIACHIHA
JKOHE HaTpuiire OaTHIPHUIFAHHAH KEHiH €H XKaKChl OHy KOPCETKIITEpiH KOPCETTi.

Kinm ce3dep: ryMHUHIIIK TIpeniapaTTap, TYKbIM MaTepuallbl, KOKOHIC JaKbUIIaphl, €Ty alIbIHIAFE CIHIpY, 6HY,
©HY SHEPruUsChl.
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Ouenka 3¢ dexra rymaros npoussoacrsa AO «IlybapkoJb koMup»
Ha MPOpacTaHue CeMAH OBOLIHBIX PAaCTeHHH

I'yMHHOBBIE HpenapaThl SBJSIOTCS LEHHBIMH HCTOYHUKAMH T'YMHHOBBIX KHCJIOT, KOTOPBIC MOBBIILIAIOT ILIO-
JIOpO/IE TIOYBbI, OKa3bIBAIOT POCT-PEryIMPYIONIYI0 aKTHBHOCTh HA CEJIbCKOXO3AHCTBEHHBIE KYJIbTyphl. Hc-
TI0JTb30BAaHNE HOBBIX TYMHHOBEIX IIPENapaToOB M3 MECTHBIX BEIBETPEIIBIX YIJICH ITO3BOJISIET O0OSCIICUUTh Celb-
CKOXO3SIMCTBEHHBIX IIPOU3BOJUTENCH OTEUECTBEHHBIMH IpenapaTaMi. J{JIs BEISBIEHHS ONTUMANBHBIX 03
NpUMEHEHHs] HaMH NPOBEJCH PSZ OIBITOB 110 MPOPACTAHHUIO CEMSIH OBOLIHBIX KYJBTYDP JUISl ITOBBIICHHS MX
npopacTanusi. Pe3ynbTaTsl HCCIEIOBaHUs MOKAa3aiy, YTO I'YMHUHOBBIE IperapaThl B pa3HbIX KOHIEHTPALUIX
MOT'yT OKa3blBaTh HEOJMHAKOBYIO aKTHBHOCTh Ha CEMEHa PacTeHWil pasHbIX BUIOB. Jlydrime rnoka3zaresu
HPOpaCTaHMS CIIEAYIOLINE: VIS CEMSH KaIyCThl OeJIOKOYaHHOM 110C/Ie 3aMaulBaHUsL B PACTBOPE I'yMaTa KaJlus
B KkoHueHtparuu 0,005 %, mns cemsH OakilakaHOB — CMECh T'yMaTOB Kalusl U HaTpHs B KOHLEHTpPALUH
0,5 %, misa cemsH TomatoB — rymar kanus 0,005 %, 1 ceMsiH mepua cIagKoro — CMeCh TymMara Kajdus ’
Hatpus 0,005 %, s ceMsH oryproB — cMmech rymata kanus 1 Hatpust 0,01 %. Pe3ynprars MOTYT HCIIOND-
30BaThCA VIS IPUMEHEHHS B CEIbCKOM U TEIUIMYHOM XO03HCTBAX.

Knrouegvie cnosa: TyMUHOBEIE IIpeTapaThl, CCMEHHON MaTepHal, OBOLIHEIE KYJIBTYPEI, IPEAIOCEBHOE 3aMa-
YHBaHUE, BCXOXKECTh, SHEPTUS TPOPACTAHMUS.
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Resource potential of the medicinal plant Achillea millefolium L.
in forest protected areas of the Western and Southern Altai ridges

In the article the results of field studies of the medicinal plant Achillea millefolium L. in forest protected areas
of the Western and Southern Altai ridges were presented. The total study area covers 4 ranges of the Western
Altai (Ivanovsk, Ulbinsk, Ubinsk, Listvyaga) and 3 ranges of the Southern Altai (Narymsk, Kurchumsk and
South Altai Tarbagatai). The survey of Achillea millefolium raw material stocks and its ecological state were
assessed using generally accepted methods, taking into account intensive harvesting of this plant in the re-
gion. In 2 ridges: Ubinsk (Ust-Kamenogorsk SI) and Ivanovsk (Pikhtovsk SI) we have revealed and taken in-
to account that yarrow forms thickets on grass-grassy meadows and along forest edges. Useful properties and
uses of Achillea millefolium has a wide range, this is evidenced by their chemical composition: isovalerian,
fatty and salicylic acid, asparagine, sterol, phenol, bitter and tannins, alkaloid, flavonoid, glycoside, essential
oil, terpenoid, steroid, sesquiterpene derivatives, resins, saponin. The survey of common yarrow showed that
raw material should be harvested during flowering. In terms of exploitable reserve, it is noted that it varies in
the range of 4.19-7.89 tons. Yarrow raw reserves in the Southern Altai are accounted for in 13 populations, in
4 pilot forest protection institutions: Zyryanovsk State Institution (4 populations); Bolshenarymsk State Insti-
tution (2 populations); Katon-Karagai (KK) SNNP (4 populations); Kurchumsk State Institution (3 popula-
tions). The exploitable stock in the Southern Altai varies in the range 4.95-118.31 tons. The stocks volume in
the following pilot SIs are suitable for commercial harvesting: Bolshenarymsk SI, Katon-Karagay SNNP,
Kurchum SI and Zyryanovsk SI.

Keywords: medicinal plants, Western and Southern Altai, biotopes, stocks of raw materials, stock volume.

Introduction

The history of human development is inextricably linked to the cognition of the surrounding world and
the involvement of natural resources in economic use. The higher the level of development of the productive
forces of society, the higher the rate of their development and diverse application.

The plant world in all its great diversity has long been widely used by man in his daily economic activi-
ties. Even at the dawn of its development man highlighted, studied and described the surrounding plants,
their useful properties [1].

In the natural flora of Kazakhstan there are a significant number of useful plants widely used in the na-
tional economy. In addition to well-known environmental and anthropogenic factors, the thickets of such
species are affected by the most destructive — the process of direct unregulated mass harvesting of raw ma-
terials.

Plant resources, which are an integral part of natural biological resources, under the influence of ecolog-
ical and anthropogenic factors are now undergoing significant, sometimes irreparable transformations. As a
result, entire plant complexes and communities are irretrievably disappearing.

At present, an important task in the study of plant resources is the balanced use and protection of the
riches of natural flora, as well as the vegetation cover as a whole.

Intensive exploitation impairs the ability of the population to recover losses and leads to a rapid decline
in the productivity of the land. To avoid this, the rules for harvesting medicinal raw materials should be
strictly followed. Systematic disruption of vegetative and seed regeneration of plants as a result of immoder-
ate, improper collection and annual continuous intensive exploitation of the same arrays violates not only the
age structure of populations, but also leads to significant shifts in their numbers, the static equilibrium of the
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number of components in the phytocenosis fluctuates, which itself can cause degradation of the plant com-
munity [2].

The natural flora of the Kazakhstan part of Altai is rich in floristic composition and natural reserves of
some medicinal plants used in folk and traditional medicine. However, for rational use and preservation of
natural thickets of useful plant species it is necessary to carry out full-fledged resource studies, on the basis
of which the current state and norms of withdrawal from nature are determined annually.

Such studies as the current state of economically valuable, intensively exploited, rare and endangered
species of medicinal plants on the territory of the studied region need to be supplemented. There is practical-
ly no scientific information on the ecological state of medicinal plants promising for harvesting. Taking into
account the above-mentioned, the purpose of the research was to study the issues on assessment of resource
potential and ecological safety of medicinal plants of the Kazakhstan part of Altai, available for procurers.
One of such objects is Achillea millefolium L.

Achillea millefolium is a perennial plant with (5) 2060 cm of height; rhizome is thin, creeping,
branched; plant is pubescent with fine white hairs; stems are few or solitary, erect or ascending from the
base, straight, less often slightly sinuous, simple or branched in the upper part with shortened olive branches
in the axils of middle and upper stem leaves; leaves are lanceolate, oblong-lanceolate or almost linear,
pinnately-stigmatous, twice or thrice pinnately dissected, with numerous segments widely spaced 1.5-10 mm
apart, lower stem leaves and leaves of infertile shoots 10-35(40) cm length, 0.8-5 cm width, axis 1-2 mm
wide, usually in upper part with single intermediate teeth between main segments, lobes and teeth lanceolate,
rarely linear, 0.5-1.5 mm long, 0.3-0.4 mm wide, acuminate at the top into short cartilaginous acuminate;
baskets are in numerous, compound shields, 2—15 c¢cm in diameter.; wrappers oblong to almost ovate, 3-
4(6) mm long, 2-4 mm wide; leaflets of the envelope are green, keeled with a projecting median vein, with a
filmy border along the margin, often brownish colored; bracts ovate to oblong-elliptic, filmy, downy above,
with scattered glands on the dorsum; tongues of marginal flowers white, pink or red (1) 2—4 mm long, 1.5—
3(4.5) mm wide, almost rounded, 2-3 toothed at the apex, bend twice shorter than the length of the wrapper;
tubular flowers up to 20 in number, with glands outside [3].

Chemical composition of Achillea millefolium: isovaleric acid, salicylic acid, asparagine, sterol, phe-
nol [4] bitter substances, tannins, coumarin, alkaloid, essential oil, terpenoid [5] steroid, sesquiterpene deriv-
atives [6], resin, saponin, coumarin [7], fatty acid, alkaloid, flavonoid, essential oil [8], glycoside [9].

Useful (pharmacological and other) properties and uses of Achillea millefolium: tonic, stimulant, aro-
matic, cold, flu, amenorrhoea remedy [10] anti-inflammatory [11, 12], stimulating bile flow [13], diuret-
ic [14], analgesic [15], gastroprotective, antibacterial [16], antioxidant, antimicrobial [17], antiseptic, expec-
torant, vetrogonic, antispasmodic, styptic, choleretic gastrointestinal [18], anti-ulcer [19], hepatoprotective,
antispasmodic [20], hypotensive [21], anxiolytic [22], hypoglycaemic, hypolipidemic [23], antimutagenic
[24] antitumour [25].

Experimental

Resource survey of the territory was carried out by the route-reconnaissance method [26] and in accord-
ance with the generally accepted “Methodology for determining the reserves of medicinal plants” [27], as
well as taking into account the methodological guidelines for the study of medicinal plant resources [28],
[27], as well as taking into account the methodological guidelines for the study of medicinal plant re-
sources [28]. Stocks of raw materials were counted in specific thickets using the method of counting sites or
model specimens. Traditional geobotanical methods were used to describe plant communities with the partic-
ipation of resource objects [29, 30].

The structure of cenopopulations of rare medicinal plants was studied according to the methods of
T.A. Rabotnov [31] and O.V. Smirnova [32]. To find out the life cycle, the method of A.A. Uranov was ap-
plied [33]. When studying the ecological and biological features of the species in the field, the methodologi-
cal guidelines developed by M.F. Golubev and E.F. Molchanov were applied.

The assessment of stocks of raw materials of common yarrow was carried out in forest protection areas
within the following forestry farms and the National Park: Zyryanovsk State Forestry Department,
Bolshenarymsk State Forestry Department, Katon-Karagai State Forestry Department, Kurchumsk State For-
estry Department. The surveyed area covers 4 ridges of the Western Altai (Ivanovsk, Ulbinsk, Ubinsk,
Listvyaga,) and 3 ridges of the Southern Altai (Narymsk, Kurchumsk and South Altai Tarbagatai) (Fig.).
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Figure. Map of Achillea millefolium population scheme in forest protected areas
of the Western and Southern Altai ridges

Results and discussion

Common yarrow Achillea millefolium — herbaceous perennial plant of the family Asteraceae Bercht.
Asteraceae Bercht. & J. Presl. It blooms in July-August and bears fruit in September-October. It grows in
forest, forest-steppe and steppe zones, in meadows, steppe and meadow mountain slopes, on fallow lands,
along field margins. The above-ground part is used as a raw material.

Stocks of common yarrow in the phase of blossoming — beginning of flowering were identified and
accounted for 2 ridges: Ubinsk and Ivanovsk, where yarrow forms thickets on grass-grass meadows and on
forest edges (Fig.).

On the territory of Ust-Kamenogorsk SI, Tarkhan forestry (P1) average yield of air-dry raw material of
yarrow was 838.2 kg/ha. The exploitation reserve (ER) of air-dry aboveground phytomass of yarrow on the
area of 5.0 ha was 4.19 tons (Table 1). Taking into account the duration of recovery of the species’ stocks
after harvesting of raw materials, the volume of possible annual harvesting (VPAH) should not exceed
0.83 tons of air-dry above-ground phytomass. The species is a part of grass-grass (Dactylis glomerata,
Achillea millefolium, Fragaria viridis) communities on forest edges.

On the territory of Pikhtovsk SI, Kedrovsk forestry (P2), the average yield of air-dry yarrow raw mate-
rial was 607.20 kg/ha. ER on the area of 13.0 ha was equal to 7.89 tons with VPAH not more than 1.57 tons.
The species is a part of Yarrow-grass (Dactylis glomerata, Achillea millefolium, Phleum pretense) communi-
ties in extensive meadows.

Common yarrow Achillea millefolium: raw stocks of yarrow in the Southern Altai are accounted for in
13 populations, in 4 pilot forest protection institutions: Zyryanovsk State Institution (4 populations);
Bolshenarymsk State Institution (2 populations); Katon-Karagay (KK) SNNP (4 populations); Kurchumsk
State Institution (3 populations).

The survey was carried out during the flowering phase. The species is poorly eaten by livestock, and for
this reason yarrow dominates in herbaceous communities in areas with heavy overgrazing.

In Zyryanovsk SI yarrow reserves were identified on the Ulbinsk ridges and in the Bkhtarminsk Moun-
tains, on the territories of 4 forestries: Bykovskoy, Lesnopristansk, Stolboushinsk and Osinovsk. The species
forms yarrow-timothy-leaved-clover, yarrow-hedge, yarrow, yarrow-chicory communities.

The main habitats of the species in the Zyryanovsk SI are flat meadows, lowlands, hayfields and old fal-
low lands. In Bykovsk forestry (P3), the ER of air-dried yarrow raw material on an area of 25.0 ha was
9.9 tons, with VPAH not exceeding 1.98 tons (Table 2). The species grows in yarrow-thymopheif-clover
(Phleum pratense, Trifolium pratense, Achillea millefolium) communities in flat meadows.

In Lesnopristansk forestry (P4), the ER of yarrow on the area of 5.0 ha is 2.44 tons with the VPAH not
exceeding 0.48 tons. The species is a part of yarrow-hedge (Dactylis glomerata, Achillea millefolium) com-
munities in flat meadows.
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Table 1
Stocks of raw materials of the medicinal plant Achillea millefolium,
identified in the territories of the pilot forest protection organizations in Western Altai
Population| Location (ridge, forestry,| Price Area, ha Air-dry stock Operating reserve | VPAH, air-dry
number quarter, thicket population, density, kg/ha of air-dry raw raw materials
coordinates) ecology materials, tonnes
Total | Occupied | Above- | Under- | Above- | Under- | Above- | Under-
species ground | ground | ground | ground | ground | ground
part part part part part part
Ust-Kamenogorsk
P1 Ubinsk, Tarkhansk, 29, 6 5 838.20 - 4.19 - 0.83 -
N 50,185835,
E 83,034009
Pikhtovsk
P2(66) | Ivanovsk, Kedrovsk, 01, 15 13 607.20 7.89 - 1.57 -
N 50,257407,
E 83,409735
Table 2

Stocks of raw materials of the medicinal plant Achillea millefolium,
identified on the ridges of the Southern Altai Mountains

Population |Location (ridge, name of the State Area, ha Air-dry stock | Operating stock of | SNNP, air-dry
number Unit of Forestry or SNNP, density, air-dry raw material, | raw material,
forestry, quarter, coordinates kg/ha (grass) tons (grass) tons (grass)
of the thicket)
Total Occupied
species
Zyryanovsk
P3 Bukhtarma Mountains, 25 20 495.00 9.90 1.98
Bykovsk, 70,
N 49,74808, E 84,630533
P4 Ulbinsk, Lesnopristansk, 5 4 610.50 2.44 0.48
45, N 49,927754, E 84,36158

P5 Ulbinsk, Stolboushinsk, 30 25 445.50 100.23 20.04

116, N 49,973095, E 84,488364
P6 Ulbinsk, Osinovsk, 15 12 478.50 5.74 1.14

57, N 49,833838, E 83,955742

Bolshenarymsk

P7 Narymsk, Koktereksk, 15 12 412.50 4.95 0.99

117,N 49,116321, E 84,548268
P8 Bukhtarma Mountains, Novo- 16 13 396.00 5.14 1.02

Berezovsk,

11, N 49,584335, E 84,925789

Katon-Karagay SNNP

P9 South Altai tarbagatai, 20 17 402.6 6.84 1.36
Shyngystaysk,

23, N 49,195082, E 86,218586

P10 South Altai tarbagatai, 23 19 429.00 8.15 1.63

Archatinsk,

46, N 49,264389, E 86,573621

P11 South Altai tarbagatai, Berelskoy, 28 23 891.00 20.49 4.09
51, N 49,352481, E 86,370288

P12 Listvyaga, Czernowinsk, 92, 50 41 752.40 30.84 6.16

N 49,210689, E 86,072882
Kurchum

P13 Kurchumsk, Cherdoyaksk, 15 12 478.50 5.74 1.14
48, N 48,814893, E 84,076826

P14 Kurchumsk, Cherdoyaksk, 8 6 491.70 2.95 0.59
53, N 48,788062, E 84,110417

P15 Kurchumsk, Pugachevsk, 15 12 514.80 6.17 1.23

143, N 48,768721, E 84,931526
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In Stolboushinsk forestry (P5) on the area of 30.0 ha the ER of air-dry raw material was 100.23 tons
with the VPAH not exceeding 20.04 tons. The species forms mono-dominant yarrow (Achillea millefolium)
communities on flat meadows.

In Osinovsk forestry (P6) the ER on the area of 15.0 ha was 5.74 tons, with a VPAH of not more than
1.14 tons of air-dry aboveground phytomass. The species is a member of yarrow-chicory (Cichorium intybus,
Achillea millefolium) communities on old deposits.

The total ER of yarrow raw material in the Zyryanovsk SI was 118.31 tons, with a total VPAH of no
more than 23.64 tons of air-dry aboveground phytomass (Table 2).

Two populations of yarrow were identified in Bolshenarymsk State Unit on the Narymsk Ridge and
Bukhtarma Mountains, in Kokterek and Novoberezovoi forestries. Raw material reserves were surveyed in
yarrow (Achillea millefolium) and yarrow-tipchak (Festuca valesiaca, Achillea millefolium) communities on
foothill terraces and on steppe slopes of foothills.

In Kokterek forestry yarrow thickets were found (P7) on the area of 15.0 ha, where ER of air-dry raw
material was 4.95 tons, VPAH should not exceed 0.99 tons of dry raw material. In Novoberezovoi forestry
(P8) yarrow reserves were identified on the area of 16.0 ha (ER — 5.14 tons, VPAH should not exceed
1.02 tons).

The total ER of yarrow raw material in Bolshenarymsk SI was 10.09 tonnes, with a total VPAH of not
more than 2.01 tons of air-dry above-ground phytomass (Table 2).

In the Katon-Karagai SNNP, yarrow raw material reserves were identified on the South Altai
Tarabagatai and Listvyaga ridges, in Shyngystay, Archatinsk, Berelsk and Chernivinsk forestry. In
Shyngystay forestry (P9) yarrow thickets were found) on an area of 20.0 ha, where ER was 6.84 tons, with a
total VPAH not exceeding 1.36 tons. In Archatinsk forestry (P10) the ER of milfoil on an area of 23.0 ha was
8.15 tons with a total VPAH not exceeding 1.63 tons. In Berelsk forestry (P11) on an area of 28.0 ha, the ER
was 20.49 tons with a VPAH of 4.09 tons. In Chernovinsk forestry (P12) on an area of 50.0 ha, the ER was
30.84 tons with a VPAH not exceeding 6.16 tons.

The species is found in the national park in grass-grassy meadows, on steppe slopes of foothills and in
intermountain hollows. Communities with yarrow participation are usually dominated by the following spe-
cies: Dactylis glomerata, Festuca valesiaca, Phleum pratense, Poa pratensis, Linaria vulgaris.

The total ER of yarrow raw material for Katon-Karagai SNNP was 66.32 tons with a total VPAH of no
more than 13.24 tons of air-dry aboveground phytomass.

Three populations of common yarrow on the Kurchumsk Ridge in Cherdoyaksk and Pugachevsk forest-
ry were surveyed in Kurchumsk State Unit. Two populations of yarrow were identified in Cherdoyaksk for-
estry: in P13 on an area of 15.0 ha, where the ER was 5.74 tons with a VPAH not exceeding 1.14 tons, and in
P14 on an area of 8.0 ha (ER — 2.95 tons, VPAH not exceeding 0.59 tons). In Pugachevsk forestry (P15)
yarrow reserves are recorded on the area of 15.0 ha (ER — 6.17 tons, VPAH- 1.23 tons). The species forms
yarrow-grass and yarrow-grass communities on foothill meadows and steppe slopes of hills.

Conclusion

As a result of field studies covering forest protected areas of four ridges of Western Altai (Ivanovsk,
Ulbinsk, Ubinsk, Listvyaga) and three ridges of Southern Altai (Narymsk, Kurchumsk and South Altai
Tarbagatai), the reserves of Achillea millefolium raw materials and its ecological state were assessed using
generally accepted methods, taking into account intensive harvesting of this plant in the region.

Stocks of common yarrow were carried out in the phase of budding — the beginning of flowering. In 2
ridges: Ubinsk (Ust-Kamenogorsk SI) and Ivanovsk (Pikhtovsk SI) we have revealed and taken into account
that yarrow forms thickets on grass-grassy meadows and on forest edges. The survey was conducted in the
flowering phase. The exploitable stock showed that it varies in the range of 4.19-7.89 tons.

Yarrow raw reserves in the Southern Altai are accounted for in 13 populations, in 4 pilot forest protec-
tion institutions: Zyryanovsk State Institution (4 populations); Bolshenarymsk State Institution (2 popula-
tions); Katon-Karagai (KK) SNNP (4 populations); Kurchumsk State Institution (3 populations). The ex-
ploitable stock in the Southern Altai varies in the range 4.95-118.31 tons.

Yarrow stocks in the following pilot Sls are suitable for commercial harvesting: Bolshenarymsk SI (ER
— 10.09 tons; VPAH — 2.01 tons), Katon-Karagai SNNP (ER — 66.32 tons, VPAH — 13.24 tons),
Kurchumsk PA (ER — 14.86 tons, VPAH — 2.96 tons) and Zyryanovsk SI (ER — 118.31 tons, VPAH —
23.64 tons).
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It is revealed that in order to restore raw material stocks, the volume of possible annual harvesting of
raw materials should not exceed 30 % of the exploitable stock.

Thus, the raw material base of medicinal plant Achillea millefolium of East Kazakhstan region is able to
meet the needs of the domestic pharmaceutical industry. Also, it meets the requirements of regulatory docu-
ments in the field of environmental safety, which allow us to recommend their use for economic purposes
and harvesting in industrial quantities.
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Batbic :xoHe OHTYCTIK AJITall AKOTAJAPBIHBIH OPMAaH KOPFay
TeppuTopusiiiapbinaarbl Achillea millefolium L.
AIPLIiK OCIMAIriHIH pecypCThIK djeyeTi

Maxkanaga bateic xoHe OHTyCTiK AnTail >KOTalapblHBIH OpMaH KOpFay aiMakrapblHOarel Achillea
millefolium L. nopinik eciMIiriHIH AanajibIK 3epTTEyJepiHiH HoTIkenepi OepinreH. Herisri 3eprrey aitmars
Bareic Anraitneiy 4 sxotaceiH (MBaHOBckuit, Yn0i, YOunckuii, Jluctesara) xone OHTYCTIK AnTaiiibiH 3
xoraceiH (Hapemv, Kypmim xone OHrycTik Anrtaiieik TapOarartail) xamrtuael. JKanmel KaOBUITaHFaH
omicrepMen Achillea millefolium 1mMKi3aT KOpBIH 3epTTCY *OHE alMaKTarbl OCHI ©CIMIIKTIH KapKbIHIbI
JKMHAIYBIH €CKepe OTBIPBII, OHBIH JKOJOTHSUIBIK JKarmaiibl Oaramannsl. Exi korama, sfHH Y OHHCKHI
(«Ockemen» MM) xone MBanosckuii («Ilnxta» MM) xoTamapelHBIH MBIHKAMbIPaK MIONTI HIaIFbIHAAPbIHIA
JKOHE OpMaHAapbIH MISTTepiHAe KalblH OyTanap Ty3eTiHi aHBIKTANBII, ecenke anbHibl. Achillea millefolium
maiganel KacHeTTepi MEH KOJNAHBUTYBl KEH ayKbIMFa He, SFHH HW30BalepHs, Mal JKOHE CalHIUI
KBIIIKBUIAAPEI, acTlaparvH, CTepoi, (eHou, amsl )KOHE TAaHWHJEP, alKalous, (IaBOHOWA, TIHKO3HI, 3(hHUp
Maibl, TEpPIEHOHJ, CTEpOH], CECKBUTEpPIEH TYBIHIBUIAPHI, INAWbIpiap, CAlOHUH CHSKTHl XUMUSUIBIK
KypaMbIMeH JoieneHrer. KofimMri MbIHKanbIpaKkThl 3epTTey MIMKi3aTThl KUHAY TYIICHY Ke3iHIe Kyprisimyi
KepeKk ekeHiH kepcerti. Ilaiinanany xopbl OoibiHma on 4,19-7,89 T nuana3oHbIHAA e3repeTiHi OailKaibl.
OHTYCTIK AnTaiifiarbl MBIHXKAIBIPAKTBIH IIHMKi3aT KOpbl 13 momynsimsiaa, 4 MUIOTTHIK OpPMaH KOpray
MeKeMeciH/ie TipkenreH, onap: «3bipsay MM (4 nonyssiuust); «Yiaken Hapsim» MM (2 momyssius); «Katbiu
Kaparait» (KK) MYTII (4 nomyssuus); «KypivM» MM (3 nmomysmsinust). OHTYCTIK AnTaiiiaFsl naiianany
Kopbl 4,95-118,31 ToHHA apaibIFbIH Kypaiasl. MBIH)KanbIpak KOpJIapblH ©HEPKICINTIK JalbIHIAAyFa MbBIHA
MJIOTTHIK TaOWFATTHl Kopray Mekemenepi: «YiakeH Hapeim» MM, «Karten Kaparaity M¥TII, «Kyporim»
MM xoHe «3bIpssH» MM xapamsl.
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Kinm ce3dep: naspinik ecimaikrep, batbic xoHe OHTYCTiK AunTaii, GMoTONTAap, IIHMKI3aT KOPBI, AailbIHAAY
KeJIeMi.

C.K. Myxty6aeBa, C.A. Ky6enTaes, K.C. M36actuna, XX.b. Mckakona,
I'.H. bucenoga, 3.C. Capmyp3una

PecypcHblii moTeHIIAAJ JIeKAPCTBEHHOT0 pactenust Achillea millefolium L. na
JIECOOXPAHHBIX TeppuTopusix xpeoToB 3anaaHoro u FO:xuoro Anras

B crathe mnpencraBieHBl pe3yibTAaThl IIOJIEBBIX MCCICIOBAHUH JIEKapCTBEHHOTO pactenus Achillea
millefolium L. Ha necooxpaHHbIX TeppuTOpusx xpedToB 3anaguoro u IOxuoro Anras. Obuias ob6nacts uc-
cienoBaHus oxBaTbiBaeT 4 xpeOra 3anagnoro Anras (MBanoBckuil, Y pOuHckuil, Y Ounckui, Jluctesra) u 3
xpebdra lOxnoro Antas (Hapeivckuii, Kypuymckuii u FOxHo-AnTaiickuii Tapbarataif). OOmenpruHsITEIMA
METOZaMH OBLIH OIICHEHBI 3amachl ChIpbs Achillea millefolium m ero 3KOIOTHYECKOE COCTOSHHE, YIUTHIBAS
HMHTEHCUBHYIO 3arOTOBKY JaHHOTO PAacTEHHs B pernoHe. B nByx xpebrax: Younckom (Ycrb-Kamenoropckoe
I'Y) n Banockom (ITmxToBckoe I'Y) HaMu BEISIBIEHBI M yUTEHBI, YTO THICSYEINUCTHHK 00pa3yeT 3apociu Ha
Pa3sHOTPaBHO-3JIAKOBBIX JIyTaxX M MO omymikam Jieca. [lone3Hsie cBOWCTBA U ipuMeneHue Achillea millefolium
MMeeT IIHPOKUH CIIEKTP, 00 3TOM TOBOPUT MX XMMHYECKHH COCTaB: M30-BaJCpHAHOBAsI, )KUPHBIC M CAJUIIU-
JI0Basl KUCIIOTA, aCHaparkuH, cTepo, GpeHo, ropbkue u TyOHuIbHBIE BEIIECTBA, aIKAIOU/, (pJIaBOHOU, TIIUKO-
3uj1, 3GHPHOE MaCIO, TEPIIEHOU I, CTEPOUIbI, TIPOM3BOAHBIE CECKBUTEPIIEHBI, CMOJI, canoHuH. O6cnenosa-
HUE THICIIEITNCTHIKA OOBIKHOBEHHOTO TIOKA3aJIo, YTO 3arOTOBKY CHIPBS CIIELyeT IPOBOJUTH BO BPEMs IBETeE-
Hus. [lo sKcmTyaTalmOHHOMY 3amacy OTMeJaeTcs, YTO OH BaphHpyeT B nuamasone 4,19-7,89 1. ColpbeBbie
3amacel ThicsTYenucTHUKA Ha FOkHOM AnTtae yuTteHsl B 13-TH MOMyAnusX, B 4-X MIJIOTHBIX JIECOOXPAHHBIX
yupexaeHusx: 3bIpssHOBckoe [Y (4 momymsmuu); BomsmenapsiMckoe I'Y (2 momymsimmm); Katon-
Kaparaiicknit (KK) T'HIIII (4 nomynsnmn); Kypaymckoe I'Y (3 momyssium). DKCIUTyaTallMOHHBINA 3amac B
IOxxnom Anrae Bappupyer B nuanazone 4,95-118,31 1. J{jist mpOMBILUICHHBIX 3arOTOBOK IPUTO/IHBI 3arachl
TBICSIYETIMCTHUKA B CIICAYIOIMX IMJIOTHBIX HPHPOJOOXPAHHBIX yupexaeHusx: «bompmenapeiMckoe» 'Y,
«Karon-Kaparaiickuit» ['HIIII, «Kypuaymckoe» I'Y u «3pipsiHoBckoey» I'Y.

Kniouesvie cnosa: nexapcTBeHHbIe pacTeHus, 3ananubiii 1 FOxHbI AnTail, OHOTOIBL, 3amackl ChIPbs, 00BEM
3ar0TOBOK.
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Morphological and anatomical structure of Rubus saxatilis leaf

Introduction to the practical use of local raw materials of medicinal plants has an important practical signifi-
cance for pharmacy and cosmetic industry. Interest in raw materials of Rubus saxatilis is due to the biological
activity of compounds, use in folk medicine, as well as significant amounts of raw materials growing in
Central Kazakhstan. To introduce the raw material into practical application, the task of analyzing the
anatomo-morphological structure and identifying diagnostic features of the raw material was set. The results
showed that at the macroscopic level as diagnostic features of Rubus saxatilis raw material can be indicated
the difference in the structure of the upper and lower side of leaves, type of veining, the presence of soft
prickles, the structure of triple-complex leaves, almost complete absence of pubescence. At the microscopic
level, the diagnostic features of this species are the shape of transverse sections, the shape of leaf epidermis
cells and leaf petiole, the localization of receptacles in the mesophyll, the presence of rare simple unicellular
trichomes and essential oil glands raised above the surface of the epidermis. The results obtained can serve as
additional taxonomic characters in determining the species and authentication of raw materials of Rubus
saxatilis.

Keywords: Rubus saxatilis, plant raw material, anatomo-morphological structure, diagnostic features, leaf,
leaf petiole.

Introduction

The search for new sources of plant resources and biologically active substances in the natural flora is
an important task for the food, pharmaceutical and parapharmaceutical industries of Kazakhstan [1, 2].

When making cosmeceutical preparations, the emphasis should be on local raw materials, which are
widely distributed in nature, can be successfully grown in culture, contains a sufficient level of active com-
ponents, that is, can become a substitute for expensive foreign analogs.

Sufficiently widespread object in the natural conditions of Central Kazakhstan [3], which is a medicinal
plant used in folk medicine, is boneset (stone raspberry) — Rubus saxatilis L. (family Rosaceae).

In ancient times, people used Rubus saxatilis leaves and applied it to the skin, thus treating rubella and
urticaria, and in case of biliary scabies the juice from the leaves was taken internally. In case of skin inflam-
mations and acne, people prepared a decoction from its flowers and washed their faces with it. It has also
been proven in scientific studies that leaf extracts are effective against platelet reactivity [4].

In folk medicine, Rubus saxatilis is known for its ability to support the health of the gastrointestinal
tract, especially the intestines, helps not only to reduce the risk of constipation, but also to fight it. This is
due to the presence of dietary fiber, namely pectin substances [5, 6].

Due to the presence of a large number of antioxidant substances, including ascorbic acid, vitamin E, ca-
rotenoids and polyphenols, the berries and leaves of Rubus saxatilis can resist Parkinson's and Alzheimer's
diseases, as they promote brain activity and have neuroprotective properties, that is, they can protect nerve
cells (neurons) from damage and death, and improve their functioning and survival [5].

The presence of ascorbic acid makes the berry an excellent remedy against scurvy, it also activates the
function of cells, supporting the synthesis of collagen, which is important in the creation of cosmeceuticals,
increases stress resistance and immunity, thus useful both for the prevention and treatment of avitaminosis,
various colds, stimulates hematopoiesis, it is important for the prevention and treatment of cardiovascular
diseases, increases the elasticity and density of capillary walls [5, 7]. In addition, ascorbic acid promotes the
synthesis of cholesterol, a precursor of vitamin D [8]. A scientific study was conducted, which revealed that
fruits of Rubus genera are able to inhibit the growth of pathogenic microorganisms, as well as inhibit the
growth of some cancer cells in vitro [9].

Due to the presence of saponins in the leaves of Rubus saxatilis, the raw material has astringent,
choleretic, antiseptic, sedative, adsorbent and other actions. Due to its sedative properties, the raw material of
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Rubus saxatilis can also be used to create medicinal preparations that are aimed at the treatment and preven-
tion of insomnia. Saponins are also able to strengthen the human immune system and act against allergic skin
reactions, and therefore they are widely used to create cosmeceuticals [10].

Based on the useful properties of Rubus saxatilis raw material and its potential use for the production of
cosmeceutical preparations, we conducted an anatomo-morphological study of the leaves of this species to
establish the features of the structure and diagnostic features of the raw material at the macro- and micro-
scopic level.

Experimental

Collection of raw material Rubus saxatilis (leaves with petioles) was carried out in the stage of fruiting
(1st decade of August 2023) in the tract Karaagash (Belodymovsky branch, State National Natural Park
“Buiratau”).

In the analysis of morphological parameters, the appearance, surface structures, colors of leaves and
petioles were investigated. Samples of raw material were examined with Digital Microscope Levenhuk DTX
30, using magnification 16*10, 16*4.

For microscopic study, the raw materials were soaked in a mixture of glycerol: alcohol: water (ratio
1:1:1:1), and microparameters were made manually with a razor [11]. Microphotographs were obtained using
BiVisual Dio microscopy, photos were analyzed using Altamy Studio program, and processed in Paint 10.1
program. Classical summaries were used to describe plant morphology and anatomy [12—14].

Results and Discussion

Rubus saxatilis is a perennial herbaceous plant that grows widely under the canopy of small-leaved and
mixed forests of Central Kazakhstan [3], dominating in the herbaceous layer.

Leaves of bonesetter are triple compound, raised above the surface on long petioles, rough, covered
with stiff whitish hairs. The leaf length is 10-15 cm, width 12—16 cm. The terminal lobes are elliptical, with
an acute apex, wedge-shaped base and coarsely serrated edge. The raw material is pieces of leaves and peti-
oles, green and light green in color (Fig. 1). The upper side is dark green, matte, while the lower side is whit-
ish, with well-developed veins (Fig. 2). The veins are weakly expressed on the upper side. The veining is
pinnately setose. Rare white trichomes are noted along large veins.

Soft prickles are noted at the base of the leaves; the tip is pointed and darkly colored. The petiole is
rounded, finely ribbed, light green with reddish spots. From other species of raspberries, the raw material of
boneset is characterized by the structure of the leaf surface, soft prickles and long leaf petioles.

On the transverse section, the leaf of Rubus saxatilis is flat, dorsoventral type (Fig. 3). On both sides
there is a single-layer epidermis, the cells of the upper epidermis are larger, round-rectangular in shape, the
cells of the lower epidermis are small, rounded or prosenchyma-shaped. The epidermis is covered on the
outer side by a layer of cuticle, which is thicker on the lower side. Stomata are few, located on both sides of
the leaf plate. The leaf mesophyll is differentiated into columnar and spongy tissues. The columnar meso-
phyll is arranged in one layer and consists of elongated cells, while the spongy mesophyll is 2-3-layered.
Small conductive bundles, collateral, of closed type, oval or rounded in shape, are noted in the mesophyll.
Rounded receptacles are found in places.

The leaf epidermis and petioles bear rare essential oil glands (Fig. 4) and trichomes, simple, unicellu-
lar (Fig. 5). The glands are raised above the surface of the epidermis, multicellular, consisting of a rounded
head and a 2-3-celled pedicel.

The leaf petiole on the transverse section is curved (Fig. 6). The internal structure is characterized by
the presence of 3 conductive bundles: 2 bundles of rounded shape, located at the edges, 1 bundle in the mid-
dle, elongate-oval, slightly curved. The bundles are collateral, closed type, with a “cap” of a significant area
of sclerenchyma. The inner part is filled with loose and thin-walled cells of spongy parenchyma.
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Figure 1. Appearance of Rubus saxatilis raw material

Figure 2: Appearance of leaf and petiole of Rubus saxatilis: A — upper side of leaf, B— lower side of leaf,
C — prickles at the base of petiole, D — appearance of petiole

1 — upper epidermis, 2 — lower epidermis, 3 — stomata, 4 — columnar mesophyll,
5 — spongy mesophyll, 6 — conducting bundle, 7 — receptacle

Figure 3: Transverse section of a Rubus saxatilis leaf (fragment)
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Figure 4: Appearance of the essential oil gland Figure 5. Appearance of a simple trichome
of Rubus saxatilis of Rubus saxatilis

A — general view of leaf petiole (Eq. 16x4),
B — fragment, 1 — bark parenchyma, 2 — epidermis, 3 — phloem, 4 — collenchyma,
5 — simple trichomes, 6 — sclerenchyma, 7 — xylem, 8 — gland, 9 — spongy parenchyma

Figure 6. Transverse section of the leaf petiole of Rubus saxatilis

Single-layered epidermis consisting of rectangular cells with thickened outer walls and a layer of cuticle
is noted along the perimeter. Rare simple trichomes, usually located in the corners, and single essential oil
glands are noted on the epidermis. A thin layer of bark parenchyma and areas of angular collenchyma lie be-
neath the epidermis.

The investigated species differs from other species of the genus Rubus L. by smaller volume of scleren-
chyma, more mesophytic structure of leaves, weak pubescence and absence of woodiness in the structure of
leaf petiole.

Conclusion

As diagnostic signs of Rubus saxatilis raw material can be indicated the difference in the structure of
the upper and lower sides of leaves, the type of veining, the presence of soft prickles and the shape of the leaf
petiole. Analysis of anatomical slices allows us to determine the diagnostic features of this species, such as
the shape of leaf epidermis cells and leaf petiole, the shape and localization of receptacles, the presence of
simple trichomes and essential oil glands.
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A.Jl. Opa3zo6aii, A.I'. Kymuna, H.B. Kunaiikuna, C.E. Tynerenosa

Rubus saxatilis xanbIparbIHBIH MOP(]OJIOTHAIBIK
JKOHE AHATOMUSIJIBIK KYPbLIBIMbI

Jopinik eciMIiKTepAiH MHKi3aThIH NPAKTHKAIBIK KONJaHyFa €HTi3y (apMaiis MEH KOCMETHKa eHEpPKociOi
YUIH MaHbI3bl INPAaKTUKAJbIK MaHbI3bl Oap. Rubus saxatilis WWKi3aTbIHA JEre€H KbI3BIFYIIBUIBIK,
KOCBUIBICTAP/IbIH OMOJIOTHSUIBIK OCNCEHITIrHE, XalBIKTBIK MEIMIMHAAA TaiiJanaHbllyblHa, COHZIail-aK
Opranblk Kaszakcranzma eceTiH INMKI3aTTBIH endyip KejemiHe OaiinmanbicThbl. IIIMKI3aTTBl NpaKTHUKAJIBIK
KOJIJaHyFa EHTi3y YIIiH aHaTOMHSIBIK-MOP(QOJIOTHSIBIK KYPBUIBIMABI ~Tajlgay »JKOHE UIIMKI3aTTBIH
JIUarHOCTHUKAIIBIK OENriiepiH aHbIKTay MiHAETI KOWbLIAbl. HoTwkenep MakpOCKOMMSIIBIK IeHreine Rubus
saxatilis UIMKI3aTBIHBIH HACHOCTHKANIBIK ONrijiepi peTiHIe >KamlbIpaKTapiAblH >KOFAPFbl JKOHE TOMEHTI
JKAFbIHBIH KYPBUIBIMBIH/IAFbl aHbIPMAIIbUIBIKTEI, BEHAUMS TYPiH, XXYMCAK TIKCHEKTEpAiH OONybIH, YII
Ka0aTThl KambIpaKTapAblH KYPBUIBIMBIH, TYKTiH TOJIBIK OOJMayblH KepceTTi. MHKPOCKOMHUSIIBIK ACHIei e
Oyl TYpHIH AMarHOCTHKAJBIK Oenriiepi KeNAeHeH KUMalapAblH IIIIiHI, JKamblpak IeH KalbIpaK
JKAIBIPAKIIACHIHBIH SMHUACPMHUC JKACYIIATAPBIHBIH MilliHi, Me30(huIaeri KOHTCHHEPIePAiH JOKaIU3aLHsICh,
CHPEK Ke3JeceTiH KapamaibpiM Oip jkacyllajbl TpUXoMallap MEH SIHIEpPMHUC OeTiHEH JKOFaphl KOTepilireH
a¢up Maiibl 6e3nepiHiy O0oiybl. ANbIHFaH HOTWKeNep Rubus saxatilis IIVKI3aTHIHBIH TYPIH aHBIKTAaya jKoHE
TYIHYCKAJIBIFBIH pacTay/ia KOChIMIIIA TAKCOHOMUSUIBIK Oelrinep 6oia anazsl.

Kinm  co30ep: Rubus saxatilis, ©CIMOIK IIMKi3aTbl, aHATOMHSIBIK-MOPGOIOTHSIBIK — KYPBUIBIMBI,
IUAarHOCTUKANBIK OeNTisiepi, KaImbIparsl, KarbIPaKIIack.

A Jl. Opazb6aii, A.I'. XKymuna, H.B. Kunaiikuna, C.E. Tynerenosa

Mopddosornueckasi 1 aHaTOMHU4YeCKasi CTPYKTYypa jgucta Rubus saxatilis

BBeznenue B mpakTHUecKoe UCTIOIH30BAHIE MECTHOTO CHIPBSI JISKAPCTBEHHBIX PACTCHUH NMEeT BaXKHOE IpaK-
THYECKOe 3HaueHue Juisl (hapMaIy U KOCMETHIECKOH MPOMBIIUICHHOCTH. MHTepec K chIpbio Rubus saxatilis
00yCIIOBIIEH OMOJIOTMYECKOH aKTUBHOCTBIO COSMHEHHUH, MCIONB3BOAHHEM B HAPOJHOH MEIMIMHE, a TaKKe
3HAYUTENFHBIMU 00BbEMaMH ChIpbsi, ipouspacrarontero B Llentpansnom Kasaxcrane. [[jis BBeeHUs ChIpbs B
HPAaKTHYECKOe NMPUMEHEeHHe Oblia IOCTABJICHA 3ajaya aHajlu3a aHaTOMO-MOP(]OJIOrHYEecKOro CTPOSHUS U
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BBISIBJICHUS] ANATHOCTHYECKUX MPH3HAKOB CBIPbS. Pe3ynpTaThl Mokasaiy, YTO Ha MAKPOCKOIMMYECKOM YPOBHE
B Ka4eCTBE AMAarHOCTUUECKUX MPU3HAKOB ChIPbsA Rubus saxatilis MOXKHO yKa3aTh pPa3HUIy B CTPOSHHUH BEPX-
HEH W HIDKHEH CTOPOH JIMCTBEB, THI KIMIKOBAHHS, HATNINE MATKHX KOJIOYEK, CTPOCHHE TPOHYIATOCIOXKHBIX
JHMCTHEB, MPAKTUYECKH TTOJHOE OTCYTCTBHE OmymieHws. Ha MHKPOCKOIMYIECKOM ypOBHE AMArHOCTHYECKUMU
TIpU3HAKaMH JJAHHOTO BUJIA SIBISIFOTCS (popMa MOIEPEUHBIX CPe30B, (opMa KIETOK SUASPMHUCA JICTA U JIUC-
TOBOTO YepeIlKa, JOKAIH3aIMs] BMECTHININ B Me30(GHIIIe, IPUCYTCTBUE PEIKUX IPOCTHIX OJHOKIECTOUHBIX
TPUXOM U A(PUPHOMACINYHBIX IKEIE30K, MPHUITOJHUMAIOIINXCS Haj IMOBEPXHOCTHIO smuaepmuca. [lomyden-
Hbl€ Pe3yJIbTaThl MOI'YT CIIy>KUTh JOIOJHUTEIbHBIMU TaKCOHOMMYECKUMH IIPU3HAKaMU IIPU OIpPEAEICHUN
BHUJIA U TIOATBEPKICHUHU TTOJUIMHHOCTHU ChIpbs Rubus saxatilis.

Knouesvie criosa: Rubus saxatilis, pacTUTENIBHOE ChIPbE, aHATOMO-MOP(OJIOTHYECKOE CTPOCHHE, IHarHOCTH-
YEeCKUE MPH3HAKH, JIUCT, YEPEIIOK JIUCTA.
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Resource potential of amaranth and possibilities of its cultivation
in the conditions of the south of Western Siberia

Amaranth, with more than 60 species, was introduced to Europe in the 16th century and is currently gaining
popularity due to its high content of protein, vitamins and antioxidants. Its importance has increased in recent
decades, both globally and in the conditions of Siberia, where it has become an object of selective breeding.
The article provides a brief historical sketch on the study and breeding of new amaranth varieties in the south
of Western Siberia. In addition, the biological features of amaranth (Amaranthus L.) and its importance as a
valuable food and fodder crop are considered. The analysis of breeding traits allowed us to identify the most
promising samples for successful cultivation in the south of Western Siberia: amaranth panicle (PC-318 and
PC-391) and dark amaranth (PC-42). They are characterized by the shortest growing season and have greater
resistance to adverse factors. The results of the study show that amaranth can become an important crop for
Western Siberia, providing high yield and adaptability in difficult climatic conditions.

Keywords: squalene, growing season length, Amaranthus cruentus L., Amaranthus hypohondriacus L.,
Amaranthus caudatus L., Amaranthus tricolor L., introducer, ontogenesis stages.

Introduction

Amaranth (Amaranthus L.) is a genus of plants in the Amaranth family (Amaranthaceae Juss.) with
more than 60 species. The greatest diversity of forms, species and varieties is represented on the territory of
South America and Mexico, which is its homeland. Northern India and China are considered to be the second
center of form formation. Amaranth was introduced to Europe only in the 16th century by the Spaniards for
ornamental purposes and only two centuries later it was cultivated for seeds and animal feed.

Amaranth is of great importance in the food industry and fodder production. Plants contain a large
amount of protein, balanced and unique in amino acid composition, valuable oils, pectin. Daily consumption
of 100 g of amaranth seeds provides the human body with essential amino acids for 140 % of the adequate
daily intake. It is important to note the presence of antioxidants in the seeds and green mass: carotenoids,
amaranthine, squalene and vitamins B,, C. The ascorbic acid content in different varieties of amaranth can be
up to 50 mg/100 g [1-4]. In fodder production, amaranth is valued for its high potassium content and a large
amount of easily digestible plant protein (1.0-1.5 tons/ha) [5]. The most valuable species in economic terms
are: amaranth panicle (Amaranthus cruentus L.), amaranth sad (4. hypohondriacus L.), amaranth caudate (A.
caudatus L.), and amaranth tricolor (A. tricolor L.).

In Russia, fodder species of amaranth became known in the 30s of the XX century, when Nikolai
Ivanovich Vavilov brought seeds from an expedition to South America. He actively advocated for the wider
use of amaranth in agriculture because of the large number of advantages of this crop. Even in difficult cli-
matic conditions, high yields were noted because the C-4 type of photosynthesis provides amaranth with rap-
id growth and drought resistance [6, 7]. The resumption of amaranth research as a valuable food, fodder and
ornamental crop occurred only at the end of the XX century and is currently being actively pursued [8]. Due
to the difficult weather and climatic conditions of Siberia, the assortment of fodder crops in the region was
rather scarce. To solve this problem, comprehensive research on the evaluation of non-traditional crops and
selection of promising introducers was launched. Since the mid-1980s, active study of agrobiological fea-
tures of the “forgotten” high-protein crop in Siberia began using seed samples transferred from VIR (Federal
Research Center All-Russian Institute of Plant Genetic Resources named after N.I. Vavilov). Thus, at the
workshop “Results of research and applied work with amaranth for 1987-1988”, the staff of Altai State Uni-
versity Marina Mikhailovna Yablokova, Raisa Nikolaevna Afonina and Elena Vasilievna Repetunova pre-
sented a report on the successful experience of growing amaranth in the conditions of the Altai Territory [9].
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In the conditions of the Tomsk and Novosibirsk regions, scientists under the leadership of Valentina
Pavlovna Rykova also identified promising early maturing samples of the collection, which in the zone of
risky agriculture give high yields [10, 11].

A little later, in 1995, the Federal Research Center IRCIG SB RAS together with the Omsk Agrarian
Scientific Center registered the first in Siberia broad-plastic and early maturing amaranth variety
“Cherginsky” [12].

Since the early 2000s, Svetlana Ivanovna Mikhailova, Tatiana Petrovna Astafurova, and Anastasia
Anatolievna Burenina have been actively studying amaranth biology at Tomsk State University [13—17]. In
2006, the State Register of Breeding Achievements Allowed for Use in the Russian Federation included the
variety “Yantar” developed by the Federal Altai Scientific Center for Agrobiotechnology and FIC ICIG SB
RAS. The variety has a short vegetation period (106 days) and has a special value in fodder production. It
significantly surpasses oilseed radish, rape, peas and beans in terms of yield of fodder mass and quality of
plant raw material [18, 19].

In 2019, scientists of the Kuzbass State Agricultural Academy showed interest in grain forms of ama-
ranth and optimized the technology of their cultivation in the conditions of the West Siberian forest-steppe in
the Kemerovo region. In particular, the dependence of the quality of green mass and grain yield on the bio-
logical characteristics of the variety and such an agrotechnical technique as row spacing width was deter-
mined [20]. Currently, the staff of the Siberian Botanical Garden of TSU is implementing a project on culti-
vation of agricultural plants on carbonaceous farms in the sub-taiga zone of Western Siberia and, in addition
to the range of traditional crops, offers amaranth as a promising introducer [21]. Thus, the interest in ama-
ranth as a highly productive agricultural crop with a valuable protein composition has been growing rapidly
in recent years.

The purpose of this work was the primary evaluation of a number of breeding and significant traits of
plants of the amaranth genus to identify the most promising species and varieties for cultivation in the south
of Western Siberia.

Experimental

The objects of the study were 7 amaranth cultivars of different origins: 1) Amaranthus cruentus L. —
PK-318 (Russia), PK-391 (Brazil); 2) Amaranth hybrid (4. Aybridus L. convar erythrost.) — PK-96 (Germa-
ny); 3) Amaranth caudatus (4. caudatus L.) — PK-146 (Germany), PK-150 (Greece); 4) Amaranth tricolor
(A. tricolor L.) — PK-168 (Nepal); 5) Dark amaranth (4. Aypochondriacus L..) — PK-429 (Mexico).

Seed material was obtained from the world collection of plant genetic resources of All-Russian Institute
of Plant Industry named after N. Vavilov, St. Petersburg. To perform the experimental part of the work we
used “Methodology of tests for distinctiveness, uniformity and stability of amaranth Federal State Center
“State sort committee” (2007).

Pre-sowing tillage was carried out in spring using a gasoline cultivator Huter GMC-6.5. Sowing was
carried out on June 3. Seed sowing rate was 0.5 kg/ha, sowing density was 20 plants/m”. Repetition of the
experiment was fourfold, experimental plot area was 1 m”. Sowing was carried out manually in a wide-row
method. Seeds were mixed with washed coarse sand. Later, we additionally thinned the seedlings and regu-
larly loosened the soil during the growing season to break the soil crust and kill weeds. Starting from the
emergence of seedlings, phenological phases were noted and morphological parameters were measured.
Seeds were harvested and threshed manually.

Results and Discussion

In the vegetation period of amaranth there are 5 phenological phases: sprouting, growth, bottoming,
flowering and fruiting. On average, the totality of all development periods is 110-140 days and varies de-
pending on the variety and species. Seeds begin to germinate when the soil warms up to +10...+12°C, but the
seedlings are extremely unstable to any frost. Therefore, sowing amaranth in the south of Western Siberia
should be carried out when the threat of return frosts has finally passed — in the last decade of May or early
June. Sprouts appear on the 6th-7th day and their development in the first three weeks is extremely slow due
to a small supply of nutrients because of the size of the seeds. However, due to a special type of photosyn-
thesis, the plants begin to grow rapidly after the start of the growth phase and the formation of green
phytomass. The budding phase lasts 1-2 weeks on average, energy is redistributed to the formation of inflo-
rescences — panicles, and growth in height is somewhat slower. Then, flower blossoming and seed ripening
take place [22].
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Amaranth plants have a fairly high seed production coefficient, but not every variety has seeds that
reach physiological maturity before the onset of frost and cold weather. Therefore, breeding selection of this
crop is aimed at developing early-ripening, cold- and drought-resistant varieties with high yield values.
Among the species and varieties studied, Russian (PK-318, “Frant”) and Brazilian (PK-391) amaranth varie-
ties, as well as dark amaranth from Mexico (PK-429) showed excellent performance. The vegetation period
for representatives of these species was 95—-100 days, with the first seeds beginning to form on the 60-65th
day (Fig.). Hybrid amaranth (PK-96, Germany) should be considered later maturing. In this species, the bud-
ding phase occurred on 93-95 days from seedlings, and the first seeds on single specimens matured on
105-110 days. Amaranthus caudatus (PK-146, Germany) had a similar growing season, but was twice af-
fected by harmful insects and mold fungi. Tricolor amaranth (PC-168, Nepal) and Greek tail amaranth (PC-
150) did not have time to form seeds before the first frosts and finished the vegetation at the budding and
flowering stage. These species have too long vegetation period and their cultivation in local conditions is
inexpedient.

Figure. Amaranth panicle (PK-318, Russia) during growth and flowering phases

In addition to the growing season, an important economic and valuable feature of amaranth is the low
stature of plants. Private farms do not have special harvesting machines and use combines like KSK-100,
KPKU-75, etc. For morphological description of the studied species we used the materials of “Methods of
testing for distinctiveness, homogeneity and stability of amaranth” of Federal state center “State sort commit-
tee” (2007). The obtained data are presented in Table.
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Table
Morphological traits of the studied amaranth breeding samples
PC- Species name Average plant| Average plant |Presence of| Stem thick- | Coloration of | Inflorescence
height in the |height at the end |side shoots | ness at the | leaf lamina, coloration
middle of of vegetation, end of vege-| presence of
vegetation, cm cm tation, cm “spot”
318 Amaranthus 110 190 - 1,9 red, no. red
cruentus L.
96 Amaranthus 136 223 - 2,2 green, V- red
hybridus L.convar shaped “spot”
erythrost. in the center
146 Amaranthus 126 190 - 1,9 green, no green
caudatus L.
150 Amaranthus 106,5 160 + 2,5 green, no green
caudatus L.
168 |Amaranthus tricolor 57,5 100 - 1,2 green, egg- red
L. shaped “spot”
in the center
391 Amaranthus 71 119 - 1,2 green, no green
cruentus L.
429 Amaranthus 76,5 146 - 1 green, no  |green with red
hypochondriacus L. spots
Statistical characteristics*
X 97.6 161.1
o 29.7 433
Cv 30.4 26.9
SDx 11.2 16.4
Note. X — mean, 6 — standard deviation, CV — coefficient of variation, %, SDx — standard error of the experiment

According to the results of the experiment of the first year, hybrid amaranth plants (PK-96, Germany)
were the tallest — up to 223 cm. The average height of amaranth panicle PK-318 (Russia) at the time of har-
vesting was 190 cm, dark amaranth PK-429 (Brazil) — 146 cm. The lowest of the listed varieties was the
height of Mexican amaranth panicle PC-391 (Mexico) — 119 cm.

All the studied samples with a vegetation period suitable for local conditions can be proposed for culti-
vation not only as food and fodder plants, but also for ornamental purposes. In addition, the leaves of the red-
colored amaranth variety (PK-318, Russia) can be used to produce fermented tea, which is of great im-
portance in functional nutrition [23].

Conclusion

Thus, at the primary stage of study of a number of samples from the amaranth collection of “All-
Russian Institute of Plant Industry named after N. Vavilov” the most promising species, varieties and breed-
ing samples for cultivation in climatic conditions of the south of Western Siberia were identified: amaranth
panicle (PK-318, “Frant”, Russia; PK-391, Brazil), dark amaranth (PK-429, Mexico).
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K.C. ITaguenko, M.M. CunantbeBa, /[.B. CokonoBa

AMAapaHTTBIH PeCyPCTHIK dJieyeTi KOHe OHbI
Bartbic Cibipain oHTYCTIriHIE 6CIipy MYMKIH/IT]

Adnmeictan actaMm Typi 6ap amapant Eypomara XVI raceipiia eHri3iIreH oHE Kasipri yaKbITTa aKybI3JIbIH,
BUTAaMHHJICPAIH JKOHE aHTHOKCHIAHTTApAbIH KeIl OoiybiHA OaiyaHBICTBI TaHbIMan Ooubin Kenedi. OHBIH
MaHBI3bl COHFbI OHXKBUIABIKTapaa daeMaik Maciutabra na, Cidipae ne ecTi, OHIa OJ CeNeKUMSUIBIK ipIKTey
obbekTiciHe afinanasl. Makananga bateic CibipaiH OHTYCTITiHIE aMapaHTThIH jKaHA COPTTApPBIH 3ePTTEY JKOHE
ecipy TypaJbl KbICKalla Tapuxu odepk OepinreH. COHBIMEH KaTap, aMapaHTThIH OHONOTHSIIBIK epEeKIIeTIKTepl
(Amaranthus L.) XoHe OHBIH KYHABl a3bIK-TYJIK JKOHE JKEM-IION JaKbUIAaphl pETiHAETi MaHBI3EI
KapacTeIpsutrad. Ceneknusuislk Oenriepai tanpay bartsic CibGipmiH OHTYCTITiHIE TaOBICTHI ©CIpYy YIIIH €H
TIepCIIEKTHBAIIBI YITUIep i aHbIKTayFa MYMKIiHIIK Oepni: mamrakrsl amapanT (ITK-318 sxene IIK-391) sxone
kyHripr amapanTt (IIK-42). Omap eH KbICKa BereTaIsUIBIK KEe3eHMEH CHIIAaTTalalbl JKOHE KOJAaWChI3
(axTopiapra yikeH Te3iMIiTiKKe ne. 3epTTey HoTkenepi amapanTThlH bateic Cibip YINiH MaHBI3BI aybLT
MIapyaIlbUIbIFGl  JaKbUIbIHA alHaIybl MYMKIH €KeHIH KOpCeTTi, ONl JKOFapbl OHIMIUIK IeH Kyphaemi
KJIMMATThIK XKaFqainapaa OeiiMaenyai KaMTaMachl3 eTei.

Kinm coe30ep: ckBaineH, BereTalsIIbIK KE3CHHIH Y3aKTbiFbl, Amaranthus cruentus L., Amaranthus
hypohondriacus L., Amaranthus caudatus L., Amaranthus tricolor L., >xepciHAIpiNITeH TYp, OHTOTEHE3
Ke3eHaepi.

K.C. Ilaguenko, M.M. CunantbseBa, /[.B. CokonoBa

PecypcHblii IOTEHIIMAJI aMAPAHTA U BO3MOKHOCTH €r0 BbIPAalllUBAHUSA
B yCJ10BUSX 0ra 3anagnoit Cudbupu

AwmapanT, HacuuThIBatomuii 6onee 60 BUIOB, 3aBe3eH B EBpomy B XVI Beke u B HacTosIIee BpeMsl HaOupaeT
MOMyJISIPHOCTh Onarojapsi BEICOKOMY COIEPXKaHHIO Oenka, BUTAMHHOB UM aHTHOKCHAAHTOB. Ero 3HaueHume
BO3pOCIIO B MOCIEIHNE JECATHICTHS, KaKk B MUPOBOM Macmrabe, Tak U B ycioBusix CuOMpH, Te OH cTaa
00BEKTOM CENEKIIMOHHOT0 0TOOpa. B craThe mpuBeneH KpaTkuii HCTOPHIECKUH OYEPK 10 U3YIECHHIO U BBIBE-
JICHUIO HOBBIX COPTOB aMapaHTa Ha fore 3anagaoi Cubupu. Kpome Toro, paccMOTpeHBI OHOTIOTHYECKUE 0CO-
O6eHHocTH amapaHnTa (Amaranthus L.) 1 ero 3HaYNMOCTH KaK LIEHHOI NMUIEBOH 1 KOPMOBOH KyJIbTYpHL. AHa-
JIM3 CEJICKLMOHHBIX NPH3HAKOB I03BOJIMII BBLACIUTH HauOojee MEepCreKTHBHBIC 00pasubl IS yCHEIIHOTO
BO3JIEJIBIBAHMS B YCJIOBUIX tora 3amanHoit Cubupu: amapant merenpyatsiii (ITIK-318 u IIK-391) u amapanT
temHbIid (IIK—42). OHu xapakTepu3yrorcsi HauOosee KOPOTKMM BETETAIMOHHBIM IEPHOAOM M O0JIAfaloT
Gonbliel yCTOMYMBOCTBIO K HEONAarompusATHBIM (akTopaMm. Pe3ynbTaTsl HcclefoBaHMS MOKa3bIBAIOT, UTO
aMapaHT MOXET CTaTh BAKHOH CEIbCKOXO3SHCTBEHHON KyJNbTypoil 1uia 3anaanoi Cubupu, odecrieunBasi Bbl-
COKYIO YPOXKaHOCTb Y aJAlITHBHOCTH B CIIOKHBIX KIIMMATHIECKHUX yCIOBHSX.

Knroueevie cnosa: cxBajeH, IJIMHA BeTeTalMOHHOrO INepuona, Amaranthus cruentus L., Amaranthus
hypohondriacus L., Amaranthus caudatus L., Amaranthus tricolor L., THTPOXYLIEHT, CTaANY OHTOTCHE3A.
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Current state and ecological features of Hippophae rhamnoides L.
cenopopulations in Northern Kazakhstan

Hippophae rhamnoides L. (sea buckthorn) is an important resource for agriculture, landscaping, and medicine
due to its beneficial properties, high winter hardiness, and adaptability to various soil conditions. These fac-
tors make the study of the current state and ecological-cenotic characteristics of sea buckthorn populations in
Northern Kazakhstan particularly relevant. The research conducted in the North Kazakhstan and Kostanai re-
gions covers eight key populations of H. rhamnoides and their plant communities. The study found that sea
buckthorn thrives and can be successfully used for reclamation in technogenically disturbed areas with mod-
erate moisture. Sea buckthorn forms a shrub layer in forests and creates thickets on the edges of birch groves.
In flatland landscapes, sea buckthorn dominates plant communities, particularly in dry steppe and meadow
conditions, indicating ecological and phytocenotic plasticity. The species composition of the studied commu-
nities involving sea buckthorn depends on the ecological and cenosis conditions of their habitats. The herba-
ceous layer is predominantly composed of mesoxerophytic species. The studied sea buckthorn populations
are mainly composed of pre-generative and generative individuals and require further monitoring and re-
search.

Keywords: Hippophaer hamnoides L., North Kazakhstan, plant communities, populations, herbaceous layer,
phytocenotic conditions.

Introduction

Currently, there is heightened attention to issues of food security and sustainable use of genetic re-
sources [1, 2], which includes ensuring the conservation and rational use of agro-biodiversity in their habi-
tats.

Sea buckthorn, known for its beneficial properties for the body [3, 4], is well adapted to harsh soil and
climatic conditions, as evidenced by its ability to thrive in poor, sandy, and rocky soils, as well as withstand
extreme temperatures and severe frosts. Additionally, its resistance to drought and saline soils contributes to
its spread in arid and semi-arid regions [5].

These adaptive characteristics render sea buckthorn (Hippophae rhamnoides L.) particularly valuable
for ecosystem restoration and agricultural utilization in regions with harsh climates. Sea buckthorn is a de-
ciduous shrub predominantly distributed across Asia and North America, with occurrences in Europe, partic-
ularly along riverbanks in Finland, Sweden, Poland, and Germany [6-8].

In the countries of the former Soviet Union, the range of H.rhamnoides is characterized by a discontin-
uous nature. Sea buckthorn is found in almost all mountainous areas that border the southern edge of the
CIS, including the Caucasus, the mountains of Central Asia, Kazakhstan, and Siberia. At low and medium
elevations in these regions, it forms extensive thickets, thrives well, and produces abundant seed yields,
which allows us to consider these territories as key areas for this species.

The range of sea buckthorn in Kazakhstan [9] covers the following floristic regions: 11. Eastern Sary-
Esik, 12. Zaisan, 18. Balkhash — Alakol, 22. Altai, 23. Tarbagatai, 24. Dzhungarsky Alatau, 25. Zailiysky
Kunghey Alatau, 25a. Ketmen Terskey Alatau, 27. Kyrgyz Alatau, 28. Karatau, 29. Western Tien Shan.

The North Kazakhstan region is characterized by a rather harsh sharply continental climate with hot
summers and frosty winters. The diversity of geomorphological, climatic, and soil-vegetation conditions in
North Kazakhstan determines the variety of landscapes, which correspond to well-defined natural zones in
the latitudinal direction — forest-steppe, steppe, and semi-desert (desert steppes and grass-covered deserts).

A significant part of the region consists of flat steppes, with hilly fragments covered by pine forests. To
the south, it borders the Kazakh Upland [10]. This region is also known for its mining activities, with several
iron ore deposits being mined via open-pit methods. These operations lead to changes in geological
landscapes and increase the areas of disturbed land that are prone to erosion. Treshchevskaya et al. (2018)
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[11] note that sea buckthorn (Hippophae rhamnoides) is the most promising species for the reclamation of
waste heaps.

Sea buckthorn (H.rhamnoides) is indifferent to soil conditions and can thrive on chestnut soils that are
poor in nutrients and have significant salinity; however, it is very sensitive to the physical properties of the
soil, preferring well-aerated substrates [12].

Thus, H. rhamnoides represents a valuable resource for agricultural use, landscaping, and medicine,
owing to its beneficial properties, winter hardiness, and adaptability to soil conditions. This underscores the
relevance of studying the current status and ecological-cenotic characteristics of H.rhamnoides populations
in Northern Kazakhstan.

Experimental

Field botanical studies were conducted in the autumn-spring period of 2023-2024 in the territory of the
State National Nature Parks “Borovoe” and “Kokshetau” in the North Kazakhstan region, as well as in the
forests of the Kostanay region in Northern Kazakhstan. The research was carried out on 8 key plots measur-
ing 10x10 m, 10x15 m, and 20x20 m [13]. Field expedition studies were conducted using a route reconnais-
sance method with the help of a GPS navigation device, specifically the GPS Garmin Montana 750i. The
mathematical processing of the research results was carried out according to the methodology of
G.N. Zaytsev [14].

The surveyed routes encompassed a variety of habitats where the studied species were found, including
pine and birch forests of different forest type groups, forest edges, clearings, glades, areas along roads, and
more. The collected herbarium of encountered species was identified using floristic compilations [15]. Addi-
tionally, the taxonomic status of the species was determined and verified using the international web system
POWO [16]. Geobotanical descriptions included: coordinates, geographical location, absolute elevation, mi-
cro relief; description of the community involving sea buckthorn (name and species composition of the
community, origin, number of shrubs, density, height, age, trunk diameter, phenophase, condition); for the
herbaceous layer: projected cover, grassiness, abundance according to Drudae [17-19], height and
phenophase, placement according to Bykov [20]. Age states were identified according to the methodological
guidelines of L.B. Zaugolnova and O.V. Smirnova (1978) [21-22]. Taxonomic characteristics used in forest-
ry and forest geobotany were noted. An analysis of the spatial distribution of individuals was conducted.
Shrub counting was carried out across the entire sample plot using a complete count method. Their species,
height, and frequency of occurrence were determined. The plant community was identified based on the pro-
portion of dominants.

Descriptions of communities with H. rhamnoides L. are given in ascending order of the absolute height
of their place of growth.

Results and Discussion

Plot 1. Pine-sea buckthorn-herbaceous community. Sea buckthorn grows in the lower part of the quarry
pit (quarry location from the 1980s) on the boundary of compartment 62 of the Prigorodny Forest District,
Kostanay Forestry. The area of the site is approximately 30 hectares. It is a forest-steppe zone. Coordinates:
N 53°09'06.22", E 063°38'55.24", 147 meters above sea level. Sea buckthorn is in a tree-like life stage with a
single trunk (average height — 4-5 meters; trunk diameter — 5 cm). Within the 10x10 meter sample plots,
the number of sea buckthorn plants totals 20 units. The average distance between trees is 2-3 meters. The
tree stand is represented by Pinus sylvestris L. (average height — 4—6 meters), Ulmus pumila L. (average
height — 5-6 m), Acer negundo L. (average height — 6 m), Populus sp. (average height — 5-6 m). The
shrub tier is not rich and is represented by Lonicera tatarica L. Regeneration is good. Succession is
observed. The substrate is sandstone.

The cenoflora consists of Pinus sylvestris L, Ulmus pumila L., Acer negundo L., Betula pendula Roth,
Elaeagnus angustifolia L., Hippophae rhamnoides L., Lonicera tatarica L, Salix % fragilis L., Euphorbia
virgata Waldst. ex Kit., Achillea millefoliumL., Polygonum avicularel.., Veronicaincana L., Koeleria
cristata (L.) Pers., Artemisia dracunculus L, Artemisia sericea Weber ex Stechm., Plantago media L., Vicia
sepium L., Vicia cracca L., Medicago falcata L., Lathyrus pratensis L., Cirsium setosum (Willd.) Bes,
Phleum phleoides (L.). Karst., Poa angustifolia L., Agropyron pectinatum (M.Bieb.) Beauv., Calamagrostis
epigeios (L.) Roth, Melilotus officinalis(L.) Lam., Potentilla humifusa Willd. ex Schltdl., Helictotrichon
desertorum (Less.) Nevs.
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Plot 2. Pine-sea buckthorn-herbaceous-sedge community, 175 meters above sea level. The population
of H. rhamnoides L. is located along the Big Chebachye Lake on the northwestern lakeside terrace,
500 meters from the lake, within the Borovsky Forestry area, GNP “Borovoe”. The area of the compartment
is 27 hectares. It is a lake-alluvial plain. Coordinates: N 53°06'69,66, E 070°18'79,61. Within the 10x15
meter sample plots, there are about 70 sea buckthorn shrubs. The tree stand consists of Scots pine (Pinus
sylvestris L., average height 6—8 m) and a few silver birches (Betula pendula Roth., average height 6 m). The
shrub tier is represented by H. rhamnoides L. and Crataegus sanguinea Pall. The height of the sea buckthorn
shrubs averages 2-3 meters. Trunk diameters range from 1 cm to 10 cm. The age of the shrubs is 15-20
years. The age spectrum of H. rhamnoides L. includes generative and pre-generative individuals of the
species. Regeneration is present. Five forms of sea buckthorn are described, differing in the morphometric
characteristics of the fruits. Thymus serpyllum L. is found in the herbaceous tier.

Plot 3. Sea buckthorn-willow-onobrychis-herbaceous community with pines. This plant community is
located within the Kostanay Forestry area of the Prigorodny Forest District, at the boundary of compartment
66. The area of the community is 20 hectares. Coordinates: N 53°09'28.57", E 63°41'24.06", 181 m above sea
level. Within the 20x20 meter sample plot, sea buckthorn is diffusely distributed, with the shrubs being
20 years old. Sea buckthorn is predominantly represented by generative individuals. Regeneration is good
(35 saplings). The distance between sea buckthorn shrubs is 3—5 meters. The average trunk diameter is
10 cm. The tree stand consists of Pinus sylvestris L., Betula pendula Roth., and Salix x fragilis L.

The herbaceous layer includes the following species: Euphorbia virgata Waldst. ex Kit., Achillea
millefolium L., Koeleria cristata (L.) Pers., Artemisia dracunculus L., Artemisia sericea Weber ex Stechm.,
Carex polyphylla Kar. & Kir., Dianthus versicolor Fisch. ex Link, Astragalus onobrychis L., Onobrychis
arenaria(Kit.) DC., Onobrychis viciifolia Scop., Plantago media L., Vicia sepium L., Vicia cracca L.,
Medicago falcata L., Lathyrus pratensis L., Cirsium setosum (Willd.) Bes, Phleum phleoides (L.) H.Karst.,
Poa angustifolia L., Agropyron pectinatum (M.Bieb.) Beauv., Agropyron kazachstanicum (Tzvelev)
Peschkova, Calamagrostis epigeios (L.) Roth, Plantago media L., Veronica incana L.

Plot 4. Elaeagnus-sea buckthorn-herbaceous community. Hippophae rhamnoides thickets were found
in the Prigorodny Forest District of Kostanay Forestry, Compartment 68. The area of the plot is
11.8 hectares. It is a lowland meadow. The site is seasonally inundated by meltwater during the spring.
Coordinates: N 53°10'10.05", E 63°42'61.98", 190 m above sea level.

Within the 10x10 meter sample plots, approximately 50 sea buckthorn shrubs are present. The shrub
layer includes Elaeagnus angustifolia L., H. rhamnoides L., Lonicera tatarica L., and Salix x fragilis L. The
height of the sea buckthorn shrubs averages 3—5 meters. Trunk diameters range from 1.5 cm to 15 cm. The
age of the shrubs is 15-20 years. The cenopopulation of H. rhamnoides comprises immature, generative, and
post-generative individuals. Regeneration is good.The cenoflora consists of the following species: Elaeagnus
angustifolia L., Hippophae rhamnoides L., Lonicera tatarica L, Salix % fragilis L., Euphorbia virgata
Waldst. ex Kit., Achillea millefolium L., Koeleria cristata (L.) Pers., Artemisia dracunculus L, Artemisia
sericea Weber ex Stechm., Polygonum aviculare L., Dianthus versicolor Fisch. ex Link, Astragalus
onobrychis L., Sedum telephium L., Vicia sepium L., Vicia cracca L., Medicago falcata L., Lathyrus
pratensis L., Cirsium setosum (Willd.) Bes, Phleum phleoides (L.) H. Karst., Poa angustifolia L., Agropyron
pectinatum (M. Bieb.) Beauv., Agropyron kazachstanicum (Tzvelev) Peschkova, Calamagrostis epigeios
(L.) Roth, Plantago media L., Trifolium repens L.

Plot 5. Sea buckthorn-herbaceous community, 196 meters above sea level. Prigorodny Forest District,
Kostanay Forestry. Located at the edge of an old quarry. Coordinates: N 53° 10' 94.84", E 063° 43' 44.40".

Within this plot, sea buckthorn is distributed in clumps (thickets), with shrub ages ranging from 10 to
15 years. Sea buckthorn is predominantly represented by generative individuals. Regeneration is good, with
35 saplings present. The distance between sea buckthorn shrubs ranges from 1 to 3 meters. The average trunk
diameter is 5 cm. Dominant species of the herbaceous layer include: Artemisia dracunculus L,
Artemisiasericea Weber ex Stechm., Vicia sepium L., Achillea millefoliumL., Phleum phleoides (L.)
H. Karst., Lathyrus pratensis L., Medicago falcata L., Euphorbia virgata Waldst. ex Kit. et al.

Plot 6. Sea buckthorn-bluegrass-strawberry community. Coordinates: N 53°24'25.51", E 68°01'77.19",
290 m above sea level. (GNP “Kokshetau”, Aiyrtausky Branch, Syrymbet-Tyukhtinsky Forestry,
Compartment 28. The area of the plot is 0.01 hectares. It is a floodplain meadow. Sea buckthorn is diffusely
distributed in the shrub life form. The species is 15-20 years old. The ontogenetic spectrum is incomplete.
The tree stand consists of Betula pendula Roth (average height = 8 m), Sorbus aucuparia L. (average height
= 6 m), and occasionally Malus baccata (L.) Borkh. (average height = 5 meters). The shrub layer is
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exclusively represented by H. rhamnoides L. The herbaceous layer includes: Fragaria viridis (Duchesne)
Weston (copl), Fragaria vesca L. (cop3), Euphorbia virgata Waldst. ex Kit., Plantago urvillei Opiz, Vicia
cracca L., Urtica urens L., Bromopsis inermis (Leyss.) Holub, Melica nutans L., Calamagrostis neglecta
(Ehrh.) Gaertner, Meyer et Schreber, Agrostis gigantean Roth, Elytrigia repens (L.) Nevski, Achillea
millefolium L., Artemisia sericea Weber ex Stechm., Stellaria graminea L., Convolvulus arvensis L., Artemi-
sia sericea Weber ex Stechm., Ranunculus polyanthemos L., Koeleria cristata (L.) Pers.

Plot 7. Birch-shrub-herbaceous community. Coordinates: N 52°53'36.42", E 68°58'63.03", 349 m above
sea level. The cenopopulation of H.rhamnoides is located on the left bank of a spring stream in the understo-
ry of a birch grove west of the settlement of Bayterek. Within the 10x15 meter sample plots, approximately
45 sea buckthorn shrubs are recorded. Regeneration is satisfactory. The tree stand consists of silver birch
(Betula pendula Roth, average height = 9 meters). The shrub layer is diverse and includes H. rhamnoides L.,
Rosa canina L., and Cerasus sp. The height of the sea buckthorn ranges from 1 to 3 meters, with trunk diam-
eters of 5-10 cm. The age of the shrubs is 15-25 years. The herbaceous tier consists of: Artemisia
dracunculus L, Artemisia sericea Weber ex Stechm., Polygonum aviculare L., Dianthus versicolor Fisch. ex
Link, Astragalus onobrychis L., Sedum telephium L., Vicia sepium L., Vicia cracca L., Medicago falcata L.,
Lathyrus pratensis L., Cirsium setosum (Willd.) Bes, Phleum phleoides (L.) H. Karst. and other forest-
meadow species.

Plot 8. Birch-sea buckthorn community. The cenopopulation of H. rhamnoides is located on the right
bank of a spring stream at an elevation of 349 meters above sea level. Coordinates: N 52°53'29.46", E
68°58'30.59', 349 v above sea level. The birch grove is situated west of the settlement of Bayterek. In this
plot, sea buckthorn is represented in a tree-like life form, reaching up to 5 meters in height; with trunk di-
ameters of 815 cm. Regeneration is excellent. The ontogenetic spectrum is complete. The sea buckthorn
fruits exhibit distinct morphometric characteristics. The tree stand of the plant community is represented by
Betula pendula (average height = 6-8 meters). The understory consists of H. rhamnoides, Rosa canina L.,
and Ribes aureum Pursh. The cenoflora of the herbaceous layer includes: Euphorbia virgata Waldst. ex Kit.,
Achillea millefolium L., Koeleria cristata (L.) Pers., Artemisia dracunculus L., Artemisia sericea Weber ex
Stechm., Carex polyphylla Kar. &Kir., Plantago media L., Vicia sepium L., Vicia cracca L., Medicago
falcata L., Cirsium setosum (Willd.) Bes, Phleum phleoides (L.) H. Karst., Poa angustifolia L., Agropyron
pectinatum (M. Bieb.) Beauv., Agropyron kazachstanicum (Tzvelev) Peschkova.

In the habitats of Hippophae rhamnoides with adequate soil moisture and aeration, the herbaceous layer
is dominated by Fragaria viridis, Fragaria vesca, Euphorbia virgata, Plantago urvillei, Calamagrostis
epigeios, and other typical forest and meadow herbaceous species (Plots 2, 3, 4, 6, 7). In drier ecological and
cenotic conditions, the abundance of xerophytic and mesoxerophytic species increases (Artemisia
dracunculus, Artemisia sericea, Polygonum aviculare, Dianthus versicolor, etc.) (Plots 1, 5, 8).

Research has shown that Hippophae rhamnoides thrives and is successfully reintroduced in industrially
disturbed areas with medium-steppe moisture. However, the herbaceous cover in these areas is not rich in
species and is significantly sparse.

Conclusion

Thus, we found and studied 4 populations in the North Kazakhstan region, and 4 populations of
H.rhamnoides were also found in the Kostanay region.

H.rhamnoides serves as an understory species in birch and pine forests, forming a shrub layer in tree
plantations and occasionally creating impenetrable thickets at forest edges. Under such conditions, it exhibits
high morphometric values of its fruits. In plain landscapes, sea buckthorn is primarily a dominant species in
plant communities and is associated with dry-steppe and meadow ecological and cenotic conditions. In the
cenopopulations of sea buckthorn we studied, generative and pre-generative individuals predominated, with
post-generative individuals being rare. Sea buckthorn primarily regenerates vegetatively and successfully
contributes to the process of afforesting disturbed lands. The data we obtained indicate that the studied popu-
lations of sea buckthorn are young and require further stationary research and regular monitoring of their
current condition.
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JLII. [TagmanoBsa, I'.C. Mykan, K.JK. Axaros, A.C. Ecxanoga,
U.b. Kanamun, I'.T. Cutacsa

Coarycrik Kazakcranubin Hippophae rhamnoides L. neHononyasiusijiapbIHbIH
KAa3ipri karaaibl JKOHE IKOJIOTMSJIBIK epeKIIeTiKTepi

Hippophae rhamnoides L. (UTIIOMBIp WIBIPFaHAFbl) XKEMICIHIH Maigaapl KaCHETTEPIMEH, SPTYPIi TOIMBIPAK
KarmainapeiHa Oedlimueny KaOineTiMen Oenrini, asi3Fa >KOFapbl TO3IMALNINT MEH aybUILIAPyallbUIBIFBIHIA,
OpTaHbl KerajJaHIbIpyFa JKOHE MEAMLMHANA [aiijanaHyia KyHABl pecypc. AranraH Qakropiapra
OaiimansicTel Contyctik KaszakcraH jkaFmaiiblHOa IOBIPFAHAK TONMYJSIUSICHIHBIH Ka3ipri JKarmaifbl MeH
9KOJIOTMSUIBIK-IICHOTHKANIBIK  epeKIerikTepin 3eprrey o3ekri. Contycrik Kasakcran sxoHe Kocranaii
OOJIBICTApBIHZA JKYPTi3UIreH 3epTTey WTIIOMBIp IOBIpFAaHArbIHBIH  (H. rhamnoides) Herisri ceri3
HOMYJISUMSACHIH KOHE ONApIbIH OCIMAIKTED KaybIMAACTBHIKTApbIH KaMTuabl. JKYpriziireH »KyMbicTapIblH
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HOTIKECIHJIE MTILOMBIP IIBIPFAHAFbl OPTa JaJalblK bUIFAJIJbUIBIFGI Oap TEXHOTEHIIK Oy3bUIFaH aliMakTap/ia
JKAKChI OCETIiHI J)KOHE KaJITbIHA KEJIeTiHI aHbIKTaabl. VITIIOMBIp IIBIpFaHaFbI Kaparail OpMaHAapbIHIa OyTajbl
Kabar Ty3in, KailblH TOFaMIapbIHBIH IMIETIHAE KalblH TOFail Kypaiabl. Kyprak namaibl jKoHE MIATFBIHIBI
Karaiinarel kasblK JlaHauadTTapaa UTIIOMBIP IIBIPFAHAFbl OCIMIIKTED KaybIMAACTHIFBIHAA JOMUHAHTTHI
TYp peTiHAe TapaiFaH, Oy OJapIbIH KOJOTHSUIBIK-(QUTONEHOTHKAIBIK MKEMIUITIH KepceTeni. M Tmomslp
IIBIPFAaHAFBIHBIH KATHICYBIMEH 3€PTTENTeH KaybIMAACTBIKTApABIH TYPIIK KypaMbl OJapIbIH TIpPHIUTIK €Ty
OPTACHIHBIH JKOJIOTHSUIBIK JKOHE IIEHOTHKAIBIK JKarnaiinapbiHa OaitmanbicTel. Illenm KaGaThIHBIH HeTi3iHae
Me30KcepodmiIbai Typiiep 6ackiM 0oibl. VTHIOMBIP INBIPFAaHAFBIHBIH 3€PTTEIrCH IMOMYJISUSICH HETi3iHeH
HpereHepaTHBTi, TeHEPATHBTI AapaKTapJaH Typa/bl )KoHE 0JjaH opi OaKbUIayMEH 3epTTey/li KaXeT eTei.

Kinm ces0ep: Hippophae rhamnoides L., Contycrik Kazakcra, eciMaikTep KaybIMIACTBIFBI, OIS,
LINTi JeHrel, (PUTOIEHOTHKANBIK JKaFaaunap.

JLII. agmanoga, I'.C. Myxkan, K.JK. Axaros, A.C. EcxaHoBa,
U.b. Kanamun, I'.T. Cutacsa

CoBpeMeHHOE COCTOSIHUE H IKOJIOTHYeCKHEe 0COOEHHOCTH LeHOMOMY ISt
Hippophae rhamnoides L. Cesepnoro Ka3axcrana

Hippophae rhamnoides L. (obnenuxa KpyIINHOBUIHAS) IPEACTABISAET COOOH BayKHBIN pecypc A CEIbCKOTO
XO035HCTBa, O3€JICHEHNSI M MEIHUIHBI OJIarofapsi CBOMM IIOJIE3HBIM CBOWCTBAM, BBICOKOH 3MMOCTOMKOCTH U
CIIOCOOHOCTH aJJaNITHPOBATHCS K Pa3JIMYHBIM ITOYBEHHBIM yCIOBHSAM. OTH (DaKTOPHI AENAIOT 0OCOOCHHO aKTy-
QIBHBIM U3Y4YEHHE COBPEMEHHBIX COCTOSHUH U 9KOJIOTO-IIEHOTHIECKHX OCOOCHHOCTEH MOy AN 00IeTTHXI
KkpymuHOBUAHOW B ycnoBusix CesepHoro Kazaxcrana. Mccnenosanue, mnpoeneHHoe B CeBepo-
Kazaxcranckoit u Kocranaiickoif 007acTSX, OXBaThIBaeT BOCEMb KIJIIOUEBBIX MOMYJUH 0ONenuxu
(H. rhamnoides) n ux pactutenbHble coolmecTBa. B pesynbrare naHHOW pabOTHI BBIBICHO, YTO OOJIEMMXa
KPYIIHMHOBUJHAS YCIIEIIHO PacTeT M PEeKyIbTHBUPYETCS HA TEXHOTEHHO-HAPYIIEHHBIX TEPPUTOPHUAX IPH
CpeaHecTemHOM yBiakHeHHH. Obnenuxa GopMUpyeT KyCTapHHUKOBEIH SpyC B jiecax H 00pa3yeT 3apociid Ha
ormymkax 0epe3oBbIX poil. B paBHUHHBIX JaHAmadTax obnenuxa JOMHHHAPYET B paCTUTEIBHBIX cOOOIIeCT-
BaX, MPEHMYIIECTBEHHO B CYXOCTEHNHBIX ¥ JIYTOBBIX YCJIOBHSAX, YyKa3blBalOIlass Ha HX OKOJOIo-
(DUTOLCHOTHUYECKYIO TUIACTUYHOCTS. BHIOBOM COCTAB M3yUCHHBIX COOOLIECTB C YYacTHEM OOJICTINXH 3aBUCHT
OT DKOJIOTO-IIEHOTMYECKUX YCIOBMH HX MecTroOuTaHuid. B ocHOBe TpaBsHOro spyca Ipeo0iaaloT
Me30KcepodrIbHbIe BUIBI. VI3ydeHHBbIE MOMYJISIUK OOJEMHXH COCTOAT NMPEUMYLISCTBEHHO U3 IpereHepa-
THBHBIX, TEHEPATUBHBIX 0c00EH U TPeOYIOT AabHEHIIIEr0 MOHUTOPUHTA U HUCCIIEJOBAHUMH.

Kniouesvie cnosa: Hippophae rhamnoides L., Ceepublii Kaszaxcran, pacTurensHble cOOOIIECTBa, MOITYJIs-
L1, TPABSIHUCTBIH SIPyC, QUTOLEHOTHYECKHE YCIIOBHS.
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Introduction of rare species of the genus Allium L.
of the Kazakhstan Altai in the Altai Botanical Garden

The aim of this work was to study the biological characteristics of three introduced rare onion species of the
Kazakh Altai flora, to assess the sustainability and prospects of their cultivation in the Altai Botanical Gar-
den. The article presents the results of a long-term study of the seasonal rhythm of development, biometric
parameters and seed productivity of Allium ivasczenkoae Kotuch., A. ledebourianum Schult. et Schult., A.
schoenoprasum L. in the exposition of natural flora of the Altai Botanical Garden. These onions are com-
bined into the subgenus Rhizirideum (Koch) Wendelbo and combined into the section Schoenoprasum
Dumort. It was found that all three species in the introduction have a stable phenological rhythm, during the
growing season they annually undergo a full cycle of shoot development and form seeds. According to the
phenorhythmotype, they belong to spring-early summer-green with an average flowering period. They grow
in April, bloom mainly in early June, seeds ripen in July, vegetation ends naturally in late August — early
September. Vegetation lasts from 128.33 + 2.58 days (4. ledebourianum) to 146.8 + 7.24 days (4.
schoenoprasum). The studied onion species differ in biometric parameters: height, number of flowers in in-
florescence, inflorescence diameter. In culture, biometric parameters vary in the studied species mainly at a
low level, which indicates the stability of these indicators in culture. High reproductive rates were established
in culture for all three species, the productivity coefficient varies at the level of 56.75-69.26 %. At the same
time, a low coefficient of variation in the weight of seeds and flowers in inflorescence was recorded for all
three species, which indicates an insignificant degree of data dispersion in the introduction.

Keywords: Allium, introduction, seasonal rhythm of development, seed productivity.

Introduction

Genus Allium L. (Amaryllidaceae), which includes from 650 to 920 species according to various
sources, is one of the most diverse and largest genera of monocotyledonous plants in the Northern Hemi-
sphere [1]. Almost a third of the species grow in mountainous Central Asia, the world's largest center of on-
ion diversity [2—4]. According to the latest data, the genus includes at least 127 species in Kazakhstan [5],
found almost everywhere, but with greater species diversity in the steppe and semi-desert regions of the low-
lands and mountains. Five new endemic onion species for the flora of Kazakhstan have already been de-
scribed in 2021 [6-8]. Yu.A. Kotuhov [9] For the Kazakh Altai, 41 species are found. At the present stage,
the introduction of representatives of the genus A//ium, known for its many useful properties — food, medic-
inal, decorative and fodder, as well as rare ones that require protection, is also relevant in connection with the
fact that the species of this genus belong to the wild relatives of cultivated plants [10—12].

An analysis of the introduction studies in phenological journals for 1983-2023 showed that out of
41 species of wild onions of the Kazakh Altai, 26 (or 63.4 %) were tested in the culture of the Altai Botanical
Garden, including 9 (or 34.6 %) rare species (Allium altaicum Pall., A. caespitosum Siev. ex Bong. &
C.A. Mey., A. ivasczenkoae Kotuch., A. ledebourianum Schult. et Schult., A. microdictyum Prokh.,
A.schoenoprasum L., A. pskemense B. Fedtsch. A.polyrhizome Turcz. ex Regel, 4. robustum Kar. &Kir.).

The aim of the research conducted in the exposition of natural flora of the Altai Botanical Garden on
the introduction of species of the genus Allium is to study the biological characteristics and identify their re-
sistance to new growing conditions.

Currently, the collection fund of the genus Allium from the flora of the Kazakh Altai in the Altai Botan-
ical Garden is formed from 68 species and form taxa, of which 10 are rare species in need of protection. This
article provides information on the study of the seasonal rhythm of development, morphometry, reproductive
biology and reproduction features in culture, the definition of three rare onion species of the flora of the Ka-
zakh Altai that are resistant to the conditions of the introduction area: Allium ivasczenkoae Kotuch., A.
ledebourianum Schult. et Schult., 4. schoenoprasum L. These onions are biologically close to each other,
belong to the Subgenus Rhizirideum (Koch) Wendelbo) and are united in the section Schoenoprasum
Dumort [13].
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Allium ivasczenkoae is a narrow-local endemic of the southwestern periphery of Western Altai, a relict.
A new species for the flora of Kazakhstan, described by Yu.A. Kotukhov, from the Ubinsky Ridge (Kazakh-
stan Altai). In the nature of the Kazakh Altai, the species was discovered by the author in the south-eastern
foothills of the Ubinsky ridge, in the vicinity of the village of Butakovo and the south-eastern foothills of
Listvyazhnaya Mountain, as well as on the south-western slope of the Koksinsky ridge. It grows in open,
well-lit, excessively moist meadows [14, 15].

Allium ledebourianum is a narrow-local endemic, indicated for the Kazakhstan Altai on the ridges of
the southwestern and southeastern periphery of the Western Altai (Ivanovsky, Ulbinsky, Ubinsky, Lineisky,
Kholzun, Koksinsky ridges), the mountain-forest part of the Southern Altai ridge (Kurchumsky, Southern
Altai, Sarym-Sakty, Southern Altai Tarbagatai ridges). It grows in well-lit, moist meadows [16].

Allium schoenoprasum is boreal holarctic, polymorphic species, its range is wide, found in Japan, Ko-
rea, Siberia, Europe. It grows in damp meadows, river floodplains, forest edges, except for swamps. Morpho-
logically, this plant can easily adapt to dry and sunny habitats [17—19]. In the territory of the Kazakhstan Al-
tai, the species is widespread on the ridges of the Southern and Western Altai. Within the Kalbinsky High-
lands, one location has been noted, where the species is apparently a relic of the Ice Age [13]. Since A4.
schoenoprasum has medicinal and edible functions, it is widely cultivated throughout the world [20].

Experimental

The Altai Botanical Garden is located in the city of Ridder in the East Kazakhstan region, in the moun-
tain-forest zone between the Ubinsky (1967 m) and Ivanovsky (2776 m) ridges, with absolute heights from
700 to 900 meters. The distance from the oceans and the mountainous relief determine the degree of
continentality, humidity and temperature conditions. According to the humidity coefficient, the Altai Botani-
cal Garden is located in the GTK -1.2 indicators, which indicates humid conditions of existence [21].

The climate is sharply continental. According to the Ridder meteorological station, the winter period
begins in the third ten days of October and lasts until the beginning of April. The average height of snow
cover in open spaces reaches 50—60 cm with a soil freezing depth of 40 to 119 cm. The average winter tem-
perature is -12.6 °C with short-term frosts of -35—-45 °C. According to the characteristics of the winter peri-
od, the length of forced dormancy of plants reaches from 5.9 to 6.4 months per year. Spring is late and long.
Summer is short and humid. The air temperature of the warmest month of July is 16.6 °C. The average annu-
al precipitation ranges from 432 to 937 mm with a summer maximum, which ensures good hydration
throughout the growing season [22].

The garden soils are mountain chernozems. Humus content fluctuates between 6 and 8 (10 %) with a
high percentage of nitrogen and potassium. In the upper horizons the soil reaction is neutral or slightly acid-
ic; in the lower tiers it acquires an alkaline reaction. The soil-forming rocks are loess-like loams of various
genesis [23].

The limiting factors of introduction into the Altai Botanical Garden are large amplitudes of daily and
annual temperatures, humidity, limited frost-free and vegetation periods. Hence, the leading indicators for
the selection of introduced species are high winter- and frost-resistance, shortened growth and development
rhythm, which allows them to pass the main phases of seasonal development. Introduction site of the genus
Allium. The natural flora exposition is located in the southwestern part of the garden. The floral material is
placed in a free landscape style, taking into account the biology and ecology of the species.

Objects of study: A. ivasczenkoae, A. ledebourianum, A. schoenoprasum were introduced as live plants
from natural habitats of the Kazakh Altai in 2015. Thus, samples of A. ivasczenkoae were collected in the
foothills of the ridge. Ubinsky, Kozlushka, location coordinates of the natural population: 50.27639 N,
83.28917 E, 625 m above sea level; sample A.ledebourianum — foothills of the ridge. [vanovsky, northwest-
ern slope, coordinates: 50.3201 N, 84.19694 E, 980 m above sea level; sample A.schoenoprasum — foothills
of the ridge. Kalbinsky (Sibinskaya depression), coordinates: 49.43417 N, 82.56194 E, 911 m above sea lev-
el (Fig. 1-3).

The following methods were used in the introduction experiments: when studying the seasonal rhythm
of growth and development, the method of phenological observations of I.N. Beideman was used [24], clas-
sification of phenorhythmotypes — according to the method of E.S. Fomin et al. [25]. Winter hardiness, re-
sistance to unfavorable environmental factors and seed productivity were determined using generally accept-
ed methods [26, 27]. The names of species were adopted according to Plants of the World Online (POWO,
2024) [28]. Statistical analysis was performed using the Excel software application. The mean values of the
indicators, the coefficient of variation, and the accuracy of the experiment were determined.
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Figure 1. Allium ivasczenkoae Figure 2. Allium ledebourianum Figure 3. Allium schoenoprasum

Results and Discussion

One of the visually recorded indicators of plant adaptation to new growing conditions is their seasonal
rhythm of growth and development. Many years of cultivation experience have shown that from under the
snow A. ledebourianum and A.schoenoprasum always emerge without signs of sub snow growth,
A. ivasczenkoae has a regrowth phase in some years. No losses were observed during the winter period and
they are not damaged by spring frosts. The results of phenometry observations revealed that during the grow-
ing season the plants go through a full shoot development cycle and form seeds. The phenological rhythm is
stable. Based on the analysis of the obtained phenodata data, phenorhythmotypes were determined, accord-
ing to which all three species are classified as spring- early summer green with an average flowering period.
Table 1 presents the average annual calendar dates of the main phenophases of the studied onions for an 8-
year observation period (2016-2023).

Table 1
Average annual phenodates Allium ivasczenkoae, A.ledebourianum and A.schoenoprasum in the exposition of the
Altai Botanical Garden
Statistical Phenodates of the studied onions
Name of phenodate o Allium ivasczenkoae Allium Allium
indicators .
ledebourianum schoenoprasum

Beginning of spring regrowth (M+£ m) 17.04+4.34 16.04 +4.06 18.04+4.84

P % 4.33 4.10 4.72
Beginning of budding (M+ m) 22.05+3.94 28.05+4.45 04.06+5.62

P % 2.16 2.16 2.79
Beginning of flowering (M£ m) 05.06+5.12 10.06+2.47 12.06+3.97

P % 2.53 1.16 1.82
Mass flowering (M= m) 16.06+3.00 15.06+2.78 19.06+3.96

P % 1.33 1.24 1.43
End of flowering (M+£ m) 02.07+£5.99 01.07+3.68 02.07+4.21

P % 4.24 1.43 1.62
Beginning of seed maturation (M£m) 25.07+12.21 18.07+12.30 08.07+5.06

P % 3.96 4.19 1.86
End of seed maturation (M+ m) 02.08+6.46 02.08+6.46 22.07+4.35

P % 1.99 1.99 1.44
End of the growing season (M= m) 05.09+10.28 21.08+8.61 22.09+10.86

P % 2.6 2.36 2.52
Note — M — average value of the indicator; P% — accuracy of the experiment
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As practice has shown, in the spring after the snow melts from the site, all three species under observa-
tion begin to grow in the second half of April. The flowering phase begins in late May—early June. The seeds
ripen in July. Vegetation ends naturally in late August—early September for Allium ledebourianum and
A. ivasczenkoae, in September — Allium schoenoprasum.

During the introduction, the duration of the seasonal development phases was determined (Table 2). It
was experimentally revealed that the duration of the seasonal development phase in all three species fluctu-
ates depending on the weather conditions of the growing season. The duration of the interphase “beginning
of spring regrowth — beginning of flowering” was set at 52—55 days with minor fluctuations from the aver-
age long-term. Comparison of the flowering start date in the experimental onion species over several years,
at least 5 of which were atypically hot years with a dry growing season, moderately warm and humid, and
also atypically cool, showed that one of the main factors determining the timing of flowering is the air tem-
perature. Deviation of air temperature in the first half of the growing season from the average long-term up-
wards by 1-2° accelerates the onset of the flowering date. 3—5 days before the average perennial date. Dura-
tion of flowering in A. ivasczenkoae individuals is 24.4+1.77 days, A4.ledebourianum and A.schoenoprasum
almost the same, respectively 20.90+2.63 and 20.40+2.44 days. The seeds of all three species ripen simulta-
neously within 14—18 days with minor deviations from the average long-term indicator. The seeds fall out of
the capsules as they ripen, but single self-seeding was noted only in 4. ledebourianum. The vegetation period
varies from 128.33+£2.58 days (A. ledebourianum) up to 146.8+7.24 days
(A. schoenoprasum). The studied species are characterized as winter-hardy, since no losses during the win-
tering period were noted during the observation period. No damage to plants from spring frosts was found,
which indicates their frost resistance. In some years, in late August—early September, a single repeated flow-
ering of A. schoenoprasum.

Table 2

Duration of seasonal development phases Allium ivasczenkoae, A.ledebourianum and A.schoenoprasum
in the exposition of the Altai Botanical Garden

Name of the period of T Duration of the seasonal development period, in days
Statistical indicators — -

seasonal development Allium ivasczenkoae A.ledebourianum A. schoenoprasum

The beginning of (M£ m) 52.30 £ 4.60 55.33 +1.89 53.80 +£3.14

spring growth, the C% 13.31 5.68 8.84

beginning of flower- P % 4.21 1.64 2.79

ing

Beginning of flower- (M+ m) 24.40 £1.77 20.90 £2.63 20.40 £2.44

ing — end of flower- C% 10.96 19.07 18.08

ing P % 3.47 6.03 5.72

Beginning of seed (M=£ m) 18.70 +£3.50 14.92 +£2.08 14.83 £1.91

maturation — end of C% 28.30 23.13 21.29

seed maturation P % 8.95 6.67 6.14

Beginning of vegeta- (M=£ m) 130.40 £6.54 128.33 £2.58 146.80 £7.24

tion — end of vegeta- C% 7.58 3.33 7.46

tion P % 2.39 0.96 2.36

Note — M — average value of the indicator; C% — coefficient of variation; P% — accuracy of the experiment

In statistics, if the variation coefficient is less than 12 %, the degree of variability of the trait is consid-
ered low; from 13 % to 20 % — average; from 21 % to 40 % — high; more than 40 % — very high [29]. In
our studies, the level of variability of the studied indicators of average annual phenodates established in all 3
species mainly at a low level of variability, rarely at an average level in 4. ivasczenkoae and
A.ledebourianum, single in A. schoenoprasum. High degree of variation in the seasonal rhythm of develop-
ment is the fruiting phase, where this indicator varies at a high level in all three species. Such indicators of
variability Phenodate confirms the good adaptation of the three studied species in culture.

Table 3 presents the results of morphometric parameters of experimental onion samples. According to
the obtained parameters, 4. ledebourianum distinguished by the height of generative shoots and leaves. The
shortest is A.schoenoprasum, in which the height of the generative shoot and leaf are 37.46 £1.79 and
30.85 +£1.74, respectively. At the same time, a high coefficient of variation of the leaf width was established
in A. schoenoprasum, medium-A4. ivasczenkoae and Allium ledebourianum. The remaining parameters vary
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at a low level, which indicates the stability of these indicators in the culture over a long period of introduc-

tion.
Table 3
Morphometric parameters Allium ivasczenkoae, Allium ledebourianum, Allium schoenoprasum
in the exposition of the Altai Botanical Garden
Statistical Name of the species
Parameters o Allium ivasczenkoae | Allium ledebourianum Allium
indicators
schoenoprasum

Height of generative (M* m) 58.9+1.81 91.85+2.54 37.46+1.79
shoot, cm C% 10.05 4.76 8.27

P % 2.79 1.32 2.29

(M=£ m) 45.3£2.03 78.77+£3.18 30.85+1.74

Length, cm C% 11.71 12.24 9.71

P % 3.25 3.39 2.69
Sheet width, cm (M£ m) 1.2+0.06 1.2+0.06 0.67+0.06

C% 17.71 19.44 27.94

P % 491 5.39 7.75
Inflorescence height, (M m) 3.08+0.14 3.43+0.18 3.58+0.17
cm C% 7.92 9.01 8.28

P % 2.19 2.50 2.29
Inflorescence width, (M=* m) 3.06+0.16 3.01+0.12 3.43+0.17
cm C% 9.09 6.71 8.36

P % 2.52 1.86 2.32
Note — M — average value of the indicator; C% — coefficient of variation; P% — accuracy of the experiment

The ability of a species to produce full-fledged seeds when transferred from natural habitats to culture is
considered one of the most important criteria for its adaptation to changed living conditions. At the same
time, as R.E. Levina notes [30], seed productivity indicators are difficult to predict, since their formation is
influenced by many biological and abiotic external factors in addition to internal causes. The more favorable
the growing conditions, the smaller the difference between potential and actual seed productivity [30]. For all
species Allium box three-celled, each cell contains exactly 2 ovules, the ovary contains 6 ovules. Determina-
tion of potential seed productivity and the degree of its implementation characterizes the reproductive capa-
bilities of the species, its ability to self-reproduce in the introduction and can serve as a test for assessing the
degree of acclimatization [31]. In the course of the study, high reproductive rates were established in culture
for all three species (Table 4).

Table 4
Reproductive indices of Allium ivasczenkoae, A.ledebourianum, A.schoenoprasum
in the exposition of the Altai Botanical Garden
Name of the species
Indicators Allium Allium Allium
ivasczenkoae ledebourianum schoenoprasum
Number of flowers in inflorescence, pcs. 48.31+1.69 84.77+5.45 97.08+4.96
Number of fruits with seeds in inflorescence, pcs. 41.2+1.36 79.29+6.15 88.05+6.26
Number of seeds in fruit, pcs. 4.0+£0.71 4.16+0.62 4.234+0.63
Potential seed productivity of inflorescence, pcs. 289.86+22.64 508.62+26.62 582.48+35.43
Actual seed productivity of inflorescence, pcs. 164.8+8.98 329.85+31.24 372.45+36.32
Productivity coefficient, % 56.75+8.39 64.76+10.24 63.92+12.52
Weight of 1000 seeds, g. 1.60+0.08 1.54+0.08 1.74+0.07
Laboratory germination of freshly collected seeds,% 42.88+6.49 69.26+10.34 67.82+£9.35
Ground germination of freshly collected seeds,% 29.76+4.31 38.5+8.39 43.64+8.48
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At A.ivasczenkoae on one inflorescence 48.31 £1.69 pieces are formed, of which 41.2 fruits +£1.36 are
set with the number of seeds in each being 4.0+0.71, in 4. ledebourianum number of flowers in florescences
— 84.77+5.45 pcs., seeds in a capsule — 4.1 +£0.62 pcs., A. schoenoprasum — 97.08+4.96 and 4.23, respec-
tively. From these indicators it follows that the real seed productivity of the inflorescence in A.ivasczenkoae
is on average 164.848.98, and potential — 289.86+22.64, in A. ledebourianum— 329.85+31.24 and
508.62+26.62 respectively. The productivity coefficient characterizes the actual implementation of the re-
productive potential of introduced species. This indicator was recorded for 4. ivasczenkoae — 56.75+8.39, A.
ledebourianum — 64.76£10.24, A. schoenoprasum — 63.92+12.52 depending on the year of study.

In studies for all three species, a low coefficient of variation in the mass of seeds and flowers in an in-
florescence was established, which indicates an insignificant degree of data dispersion (Fig. 4).
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Figure 4. Coefficient of variation of some indicators of seed productivity of Allium ivasczenkoae,
A.ledebourianum, A.schoenoprasum in the introduction

A high range of variability is established for the number of seeds in the fruit, where the coefficient of
variation of the trait for all three species is recorded above 25 %.

The seeds are small, black, triangular, matte, without pubescence, oblong. In terms of weight of
1000 seeds, A. schoenoprasum is in the lead, the weight of which is 1.74+0.07 g. at A. ledebourianum and
A.ivasczenkoae this indicator is 1.54+0.08 g and 1.6+0.08 g, respectively. The seeds do not have a dormant
period. The germination of freshly collected seeds in laboratory conditions was recorded from 42.88+6.49 %
to 69.26+£10.34 %, in the ground — from 29.76+4.31 % to 43.64+8.48 % depending on the species and year
of recording.

It has been established experimentally that with dry room storage in a dark room with daily temperature
fluctuations in the mode from 18 °to 24, °the seeds retain their germination for 2 years. In the first two years
of storage, the germination of seeds remains high, changes are insignificant. In the third year of storage, the
laboratory germination of seeds drops sharply and remains, on average, at the level of A. ivasczenkoae—
8.7 %, A. ledebourianum—13.7, A. schoenoprasum—14.6 %.
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In all three studied species, under laboratory conditions at room temperature of 15—17, water absorption
by freshly collected seeds continues for 16—18 hours. At the same time, the length of the seed increases by
6 %—10 %, the width — by 10 %—14 %. Water enters the seeds most intensively during the first 2—4 hours.
Good water permeability of the seed covers of the experimental onions eliminates the need for scarification.

Conclusions

Studied types of onions A.ivasczenkoae, A.ledebourianum, A. schoenoprasumin the Altai Botanical
Garden have successfully adapted to new growing conditions, proving themselves in culture as winter-frost-
resistant with a stable rhythm of seasonal development, according to the phenorhythmotype — spring-early
summer-green with an average flowering period. Over a long period of introduction, they maintain stability
of morphometric parameters with high reproductive rates, which made it possible o classify A. ivasczenkoae,
A. ledebourianum, A. schoenoprasumto promising introduced species and include them in the landscaping
assortment.
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A.A. CymbembaeB, A.H. Jlanmiosa, O.A. Anydpuena, FO.A. Koryxos, O.A. Jlaryc

AJITaii 00TAHUKAJIBIK 0aFbIHA Ka3aKCTAHABIK AJITAlIBIH
Allium L. TYKbIMIACBIHBIH CHPEK Ke31eCeTiH TYPJIePiH eHrizy

JKyMBICTBIH MakcaTbl Ka3akcTaHAbIK AnTail (opachlHbIH HHTPOIYKLMSIIAHFAH, SSFHH 3 CHPEK Ke3IeceTiH
NHSA3 TYPIHIH OMOJOTHSUIBIK epeKIIeNKTepiH 3epAaeney, oiapibl AnTail GOTaHHMKAJBIK OarblHIA OCipyaAiH
TYPaKTBUIBIFBI MEH KeJlelleriH Oaranmay. Makanmana Autail 00TaHMKaNbIK OaFbIHBIH TaOWFU (PIOPACHIHBIH
SKCHO3UIMSICHIHAAFB! Allium ivasczenkoae Kotuch., A. ledebourianum Schult. et Schult., 4. schoenoprasum
L. TyprepiHiH MayChIMIBIK JaMy BIPFaFrblH, OMOMETPHSUIBIK MapaMeTpliepiH JKOHE TYKbIM OHIMIUTIriH
KOIDKBUIJIBIK 3€PTTEYAIH HOTIIKeNepl KenTipuireH. BHomorusuiblk sxkarblHaH Oip-OipiHe >KakbH aTayFaH
msirap Rhizirideum (Koch)Wendelbo) TykeIM TapmarbiHa sxoHEe Schoenoprasum Dumort ceKIMsCHIHA
OipikTipinren. MHTponyKuusmarsl OapiblK YII TYPAIH [I€ TYPakThl (DEHONOTHSIIBIK BIPFAFbl Oap eKeHi
QHBIKTAJIIbI, BEreTALMIBIK KE3CHIE JKbUI CallblH OPKCHACP NaMYyBIHBIH TOJBIK LMKIIHEH OTill, TYKbIMAAp
Ty3ineni. eHopuTMOTUI GOMBIHINIA OJIap OpTallla I'YJIICHY Ke3CHI 0ap KOKTEMTi-epTe JKa3FbI-KachlI TYpJep
Gonbn cananmanpl. Omap coyipie ecinm MIbIFajgbl, HETi3iHEeH MayCHIMHBIH OachblHAa TYJAeini, TYKbIMIapbl
mrigene mcesi, BereTamnus TaMbI3bIH asFbIHIA, KBIPKYHEKTiH OacklHAa TaOUFH TYpHE asgKkTananbl. Bereranus
128,33+2,58 xyuueH (4. ledebourianum) 146.8+7.24 xyure (4. schoenoprasum) neiin xypeni. 3epTrenreH
IHS3 TypJiepi OMIKTIri, TYJIIIOFBIPBIHAAFE! TYJIIEP CaHbI, TYJIIOFBIPBIHBIH AUAMETPl CHSIKTHl OHOMETPHSIBIK
TapaMeTpiiepi apKbUIbl epekmeneHeai. JIakbUIIbsIH 3epTTeNreH TypiepiHae OHOMETPUSUIBIK ITapamMeTpliep
HETi31HEH TOMEH JCHIelae e3repeii, Oyl NaKpUIIAFbl OChI KOPCETKIIITEPIIH TYPAKTHUIBIFEIH KOPCETENl.
Jaxpuiaply OapIiiblK YOI TYPiHIH PENPORYKTHBTI KOPCETKIIITEpi KOFaphl, OHIMAUIIK Kod(pduuuenti 56,75—
69,26 % nenreiiinae esrepeni. COHbIMEH KaTap OapibIK YII TYP YIIiH TYKbIM MacCachIHbIH, TYJIIIOFBIPIAFbI
TYNIepaiH TeMeH Bapuarus Kod(hQuimeHTi Tipkenni, Oyl HHTPOXYKUHSIAFbl IEPEKTEPIiH TapalybIHBIH
IIaMalbl JOpexeciH KopceTesi.
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A.A. Cymbembaes, A.H. [lanunosa, O.A. Arydpuena, FO.A. Koryxos, O.A. Jlaryc

HNutpoaykuus peaknx Buaos poaa Allium L. Kazaxcranckoro AJiras
B AJITAaliCKOM 00OTAHUYECKOM Caay

Ienpro nanHO# pabOTHI SBWIIOCH M3yYEHUE OMOJIOTMUECKUX OCOOCHHOCTEH MHTPOILYLMPOBAHHBIX 3 PEIKUX
BUJIOB JIyKoB (htopsl Ka3axcranckoro Ajrasi, OlleHKa yCTOWYMBOCTH M NEPCIIEKTHBHOCTU UX KyJIHTHBHPOBa-
HMS B AnTaiickoM 60TaHM4YeCKOM cally. B craTbe npuBeneHsl pe3ysbTaTbl MHOTOJIETHETO U3yUYEHHUS CE30HHO-
T0 pUTMa Pa3BUTHSA, OHMOMETPUYECKUX IAapaMETPOB M CEMEHHOW NponyKTuBHOCTH Allium ivasczenkoae
Kotuch., 4. ledebourianum Schult. et Schult., A. schoenoprasum L. B 3KCTIO3UIMH TIPUPOIHON (BIIOpI AJl-
Talickoro 60TaHM4YecKoro cana. JlaHHble JIyku, Onoioruuecku OIM3Kue Mex Iy co00i, 00beIMHEHBI B TIOAPO.T
Rhizirideum (Koch) Wendelbo) u o6benunensl B cexituu Schoenoprasum Dumort. YCTaHOBIIEHO, 4TO BCE
TPH BUJIa B MHTPOIYKLMH UMEIOT YCTOIYMBBIA (DCHONIOIMYECKUH PUTM, B IEPUOJ BETETALMU €XETOHO HPO-
XOJLT MOJHBIA LUK Pa3BUTHA 100eroB u GopMupytoT ceMeHa. ITo (eHOPUTMOTHUITY OTHOCSATCS K BECEHHE-
paHHeJIeTHe-3eIeHBIM CO CPeIHHM CPOKOM IBeTeHHs. OTpacTaioT B ampese, IIBETYT B OCHOBHOM B Hadaie
HIOHS, CEMEHA CO3PEBAIOT B HIOJIE, BETETAIMIO 3aKAHUMBAIOT €CTECTBEHHO B KOHIIE aBTyCTa—Hadajle CEHTS0-
psa. Bereramus mnpomomkaercs ot 128,33+2,58 nameit (4. ledebourianum) no 146,8+7,24 nueii (4.
schoenoprasum). VI3y4eHHble BUIbI TyKa OTIMYAIOTCS 110 OMOMETPUYECKUM MapaMeTpaM: BBICOTE, KOJIHNYECT-
By IIBETKOB B COLIBETHH, AUAMETPY COLBETHS. B KyJbType OHOMETpHUUYECKHE MapamMeTpbl BApbUPYIOT Y U3Y-
YEHHBIX BU/IOB B OCHOBHOM Ha HHU3KOM ypPOBHE, YTO CBHAETEIHCTBYET O CTAOWIBHOCTH 3THX IIOKa3aTeslei B
KyJIBType. Y CTaHOBIJICHHI B KyJIBType y BCEX TPEX BUIOB BHICOKUE PEIPOIYKTHBHBIEC TOKA3aTeNH, KOIDUIm-
€HT IIPOJYKTHBHOCTU BapbHpyeT Ha ypoBHE 56,75-69,26 %. Ilpu sToM 3adukcupoBaH ajist BCeX TpeX BHIOB
HM3KUH KO3 (HULMEHT BapHallii MacChl CEMsH, LIBETKOB B COL[BETHH, YTO CBHAETENILCTBYET O HE3HAYUTEIIb-
HOI1 CTENIeHU PAacCeUBAaHMS JAHHBIX B HHTPOLYKIIUH.

Knioueswvie cnosa: Allium, AHTPOXYKIUSI, CE30HHBIM PUTM Pa3BUTHS, CEMEHHAs IPOTYKTHBHOCTb.
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Water-holding capacity of Ribes aureum leaves in the conditions of Karaganda region

Study of fruit plants and selection of species resistant to local climatic conditions is an important task for
nursery development. In conditions of Central Kazakhstan there is a limited assortment of fruit plants, so it is
necessary to select crops resistant, first of all, to arid climate. A promising species is Ribes aureum, character-
ized by rapid growth, undemanding soil conditions and resistance to diseases and pests. Under the conditions
of Karaganda city, studies were conducted to assess the water content and water-holding capacity of this crop
during the growing season — from May to September. The results showed that the maximum values of wa-
ter-holding capacity of Ribes aureum leaves are observed in May and June months, which is associated with
the youth of leaves, their physiological activity, as well as cool and wet weather. In July, water-holding ca-
pacity starts to decrease, which can be attributed to hot conditions. However, in August and September, an in-
crease in water-holding capacity can be observed due to abundant precipitation and cooler weather. Indicators
of water regime show that the crop is highly resistant to water deficit.

Keywords: Ribes aureum, Karaganda, water content, water-holding capacity, water regime.

Introduction

The problem of preserving the genetic potential of fruit and berry plants, its practical introduction into
culture, and its use in modern breeding is one of the basic foundations in the creation of new varieties, forms,
and hybrids [1]. The necessity of work on the study of genetic potential of wild fruit and berry plants and
creation of gene pool of new assortment is dictated by the fact that due to climate change, anthropogenic im-
pact on biocenoses their habitats are sharply decreasing, up to the threat of complete extinction. The research
is conditioned by the need of Kazakhstan to assess the current state of fruit and berry plants to solve the
problem of food security, to carry out monitoring for scientifically based conservation measures [2].

In different regions of Kazakhstan there is a need to develop and create scientific and practical basis of
regional collection funds and nurseries, which will allow meeting the growing demand for resistant crops to
certain soil and climatic conditions of fruit and berry plants [3, 4]. Ribes aureum, characterized by high yield
and undemanding to irrigation, soil fertility and resistant to diseases and pests, can be defined as a promising
fruit crop in arid conditions of Central Kazakhstan [5].

To understand the levels of adaptation of different crops to local climatic conditions, it is necessary to
study the water regime [6]. Based on the above mentioned, the aim of the present study was to investigate
water content and water-holding capacity of promising fruit crop Ribes aureum Pursh (Grossulariaceae) in
Karaganda city conditions.

Experimental

The studies were conducted at the fruit plant nursery of the Faculty of Biology and Geography of KarU
in 2024. 3—5-year-old plants of Ribes aureum were selected to study water metabolism (Fig. 1).

Determination of total moisture content and water-holding capacity were performed according to the
method of G.V. Eremin and T.A. Gasanova [7].

Total water content of leaves was calculated by the formula: W=100x(M-M2)/M;

water-holding capacity of leaves: R=100x(M1-M2)/M;

content of “mobile” moisture in leaves: L=W-R,

where: M — mass of fresh sample;

M1 — mass of the sample after 3 hours;

M2 — mass of sample after drying.
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Figure 1. Internal view of flowering (A) and fruitening (B) shoot of Ribes aureum

Leaves were weighed after 60, 120, 180 and 360 minutes. All measurements were carried out from May
to September in 10-fold repetition.

The obtained numerical indices were analyzed using Statistica 6.1 and Microsoft Office Excel 2007
software packages.

Results and Discussion

Analysis of water content showed changes in Ribes aureum during the growing season (Fig. 2). The
maximum water content was observed in May and amounted to 64.0 %, in the following months a steady
decrease in water content can be observed. Thus, in June, this indicator amounted to 60.3 %, in June —
55.4 %, in August — 50.2 %, in September — 48.5 %.
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Figure 2. Water content of Ribes aureum leaves during 2024 vegetative period

High water content of currant leaves in spring is associated with their youth and relatively low tempera-
tures and high humidity. With the onset of summer temperatures, the amount of free water in leaves decreas-
es due to high transpiration. In the fall period, leaves physiologically senesce, which leads to a decrease in
water content.
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Water-holding capacity...

However, the water content of leaves cannot be a reliable sign of plant resistance to arid conditions, be-
cause under favorable watering this indicator can remain at a high level even in low drought-resistant plants.

Therefore, at the second stage, we analyzed the water-holding capacity of Ribes aureum leaves during
the growing season.

Thus, in May leaves had maximum moisture content, which is due to lower temperatures and higher
relative air humidity. However, plant water losses were higher in May than in June. This aspect is due to the
fact that the leaves are young, not adapted to drought. In June, the water content of leaves was lower, but the
loss in mass by desiccation was lower. Apparently, mature leaves adapted to drought more easily and re-
tained it better in the pulp.

The results showed that in May currant leaves, leaves effectively retained free water for 60 and 120
minutes after cutting from the plant (Fig. 3). No significant difference was found between the water-holding
capacity at these periods, 88.2 and 82.4 %. After 180 minutes, leaves begin to significantly reduce their wa-
ter-holding capacity — 70.6 %. After 6 hours, this indicator decreases more than 2 times — till 41.1 %.
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Figure 3. Indicators of water-holding capacity of Ribes aureum leaves during the 2024 vegetation period

In June, water loss by currant leaves decreases. Thus, after the 1st hour the water retention capacity was
87.6 %, after 2 hours — 80.4 %, after 3 hours — 73.2 %, after 6 hours — 65.4 %. Probably, currant leaves
become mature and effectively use physiological mechanisms for water retention.

A similar situation is observed in the month of July. There is a slight loss of free water by currant leaves
after 1, 2 and 3 hours, 90.0; 85.0 % and 80.0 %, respectively. However, after 6 hours, the water-holding ca-
pacity decreases sharply to 40.0 %. The same situation is with the indicators of water-holding capacity of
Ribes aureum leaves in August. Thus, this indicator decreases insignificantly after 1, 2 and 3 hours — 75.8;
72.4 and 68.9 %, respectively, and after 6 hours — a sharp decrease to 27.6 %.

July and August were characterized by the highest temperatures during the growing season and mini-
mum soil and air humidity, which makes plants retain water more actively, however, the lack of moisture
reduces the efficiency of water-holding capacity after 6 hours.

The highest values of water-holding capacity were observed in September 2024. Thus, after 1 hour it
was estimated at 100 %, after 2 and 3 hours — 93.3 %, after 6 hours — 66.7 %.

In general, the analysis of the obtained data shows maximum values of water-holding capacity in May
and June months, which is associated with the youthfulness of leaves, their physiological activity, as well as
cool and wet weather of the current year. In July, water-holding capacity starts to decrease, which can be ex-
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plained by hot conditions. However, in August and September, an increase in water-holding capacity can be
observed due to abundant precipitation and cool weather.

Conclusion

Thus, the study of water regime of Ribes aureum showed high adaptability to arid conditions of Kara-
ganda region, which implies the ability to withstand periods of precipitation deficit and irrigation. Critical
points for irrigation are July and August months, in which it is necessary to organize more active irrigation,
in May, June and September this culture does not need intensive irrigation.

The results allow recommending Ribes aureum for more intensive application in fruit growing in Kara-
ganda oblast.
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C.Y. Tneykenona, E.A. I'aBpunbkoBa, M.b. XKanaesa, A.H. Maauesa

Kaparanabl 00J1bICHIHBIH KaFAaiibIHAAFbI Ribes aureum xanbipakTapbIHbIH
cy ycray Kaduieri

XKemic ecimMImikTepiH 3epTTEy JKOHE JKEPriliKTI KIMMATTBIK JKaFgaiiapra Te3iMAl Typiephi TaHzay
MMUTOMHHUKTEP/I JaMBITYABIH MaHbBI3Abl MiHAeTi. Optaneik KazakcTaH jkarmaifblHIa skeMic ©CIMIIKTEpiHiH
IIeKTeyJII acCOPTUMEHTI Oap, COHIBIKTAH, €H alJbIMeH, KYpFaK KIMMaTKa Te3iMAi JaKbULAApAbl TaHIay
KaxeT. Ribes aureum TepCHEKTHBANBI Typiep OOJbIN TaObUIAABI, OJ T€3 OCyiMEH, TONbIPAK >KarjaiblHa
CoiiKec KeNMEyiMEeH »JKOHE aypyiap MEH 3HSHKeCTepre Te3iMIUIriMeH epekieneHeni. Kaparauabl
KaJIaCBHIHBIH JKaFlalibIHa BEreTallMsIbIK Ke3eH illiHJe — MaMbIpJaH KbIpKYHEKKe AeHiH OChl JaKbUIIbIH CY
Gacybl MeH cy ycray KabinerTiH Oaramay OoiibiHIna 3eprreyniep xyprisinmi. Hotmwxenep Ribes aureum
JKambIpaKTapbIHBIH CyAbl ycTay KaOUeTiHIH MaKCHMAaJIbl MOHIEpPi MaMblp >KOHE MAayChIM aijapblHIa
OaliKaTaTBIHBIH KOPCETTi, Oy KambIpaKTapAblH Kac OONybIHA, ONApABIH (H3HOIOTHIBIK OeJICeHAUTIriHe
soHe 2024 >KBUTFBI CAJIKBIH JKOHE BUIFANIBI aya-paiibiHa GaiimansicTsl. [llinme aifpiHna cymsl ycray Kabineri
TeMeHzIel OacTaiifbl, OHBI BICTHIK JKaFmailapMeH TYCIHmipyre Oonansl. Ajaiifa, TaMbI3 XKoHE KBIPKYHEK aif-
JapbIHAA JKaybIH-INAIIBIHHBIH KOMNTIM MEH CalKblH aya-paiiblHa OalJIaHBICTBI CyAbl yCTay KaOiUIeTiHiH
JKorapbutaybl Oaiikananel. Cy peXMMIHIH KOPCETKIIUTepi NaKbULABIH CY TaNIUbUIBIFBIHA JIETEH JKOFaphl
TYPaKTBUIBIFBIH KOPCETE]I].

Kinm ce30ep: Ribes aureum, Kaparaussl, cy 0acy, Cybl ycray KabuieTi, Cy pexuMi.
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Water-holding capacity...

C.VY. Tneykenona, E.A. I'aBpunskoBa, M.b. )KanaeBa, A.H. Manuesa

Bopoynep:xuBarwmas cnocod0HOCTh JucTheB Ribes aureum
B ycjaoBusix Kaparananmuckoii o0s1actu

W3yuenue mio0BBIX pacTeHUH U BEIOOP BHAOB, YCTOWYMBBIX K MECTHBIM KIMMATHIECKHM YCIOBHSM, SIBIIS-
I0TCSl Ba)KHOI 3ajiaueid U1sl pa3BUTHUsI MMTOMHUKOB. B ycnoBusix LlentpansHoro Kasaxcrana cymectByer or-
paHUYEHHBIH aCCOPTHMEHT IIOOBBIX PAaCTEHHUH, OATOMY HEOOXOIMMO MOAOUPATh KyJIbTYpbl, YCTOHYUBEIE,
Hpex/e BCero, K apuIHOMY KiuMary. [IepcrieKTHBHBIM BUIOM siBIsieTcst Ribes aureum, OTAMYAIOIIUKCS ObI-
CTPBIM POCTOM, HETPEOOBATEIBHOCTHIO K IOYBEHHBIM YCIOBUSM U yCTOHYHMBOCTBIO K OOJE3HSIM M BpeiuTe-
asaM. B ycnoBusix r. Kaparanasl OblIn HPOBEAEHBI HCCIIEIOBAHMS MO OLIGHKE OBOJHEHHOCTH U BOAOYICPKHU-
Barolleil CrIoCOOHOCTH JAHHOM KYJBTYphl B TCUCHHE BErCTAIIMOHHOIO IEepHoia — C Masi 0 CeHTAOpb. Pe-
3yJIBTAaThl IIOKA3aJIM, YTO MAaKCHMaJIbHBIE 3HAYEHHs BOAOYJAEpKMBAoIIeill crnocoOHOCTH JHCTBhEB Ribes
aureum HaOJIONAIOTCS B Mae—HMIOHE, YTO CBS3aHO C MOJIONOCTBIO JINCTHEB, UX (PU3HUOIOTHYECKON aKTUBHO-
CTBIO, @ TAK)Ke IPOXJIATHON U BIaKHOH moroxoi 2024 rona. B uione BonoyaepxuBaromias CriocoOHOCTh Ha-
YHHAET CHIDKATBCS, YTO MOXKHO OOBSICHUTH XKapKUMH ycnoBusiMu. OIHAKO B aBryCTe—CEHTSIOpe MOXHO Ha-
OJI04aTh YBEIMUYCHHE BOJOYACP)KHBAIOLICH CIOCOOHOCTH M3-3a OOWIIMA OCAAKOB M HPOXJIAJHOW MOTOJbI.
IToxasaTeJiit BOZHOTO PEeXKUMa CBUACTENILCTBYIOT O BHICOKOH YCTOHYHUBOCTH KyJIbTYDBI K A€(UIIUTY BOJBI.

Kniouesvie cnosa: Ribes aureum, Kaparanma, 0BOZHEHHOCTb, BOAOYICPKUBAIOIIAsl CIOCOOHOCTD, BOIHBIN
PEKUM.
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Accumulation of vitamin C and sugars in wild rose hips of Karaganda region

The study of wild fruit plant populations has a great potential in the selection of species and forms promising
in terms of a number of economically valuable traits for introduction and industrial cultivation. Local species
are more resistant to local climatic conditions and composition of pathogens. The aim of the study was to
evaluate the accumulation of sugars and vitamin C in fruits of 3 wild rose hips collected in Karaganda region.
The quantitative accumulation of vitamin C varied from 0.87 to 1.85 %, the sum of sugars from 6.8 to
15.8 %. Analysis of fruits for accumulation of sugars and vitamin C showed that Rosa majalis from the Nura
River floodplain, Rosa spinosissima from Komissarovka tract, Rosa acicularis from the vicinity of Karagaily
settlement are promising for selection in the introduction experiment.

Keywords: plants of Rosa genus, fruits, Karaganda region, vitamin C, sugars, quantitative accumulation.

Introduction

One of the most important factors ensuring harmonious development of the human body is nutrition.
According to WHO experts [1], human health is determined by heredity by 10-15 %, by ecology by
10-20 %, and by 55-70 % by lifestyle, the most important component of which is nutrition.

The problem of preserving the genetic potential of fruit and berry plants, its practical introduction into
culture, and its use in modern breeding is one of the basic foundations in the creation of new varieties, forms,
and hybrids [2]. The need to study the genetic potential of wild fruit and berry plants and attract their gene
pool into culture is explained by the potential for obtaining more resistant forms to local climatic conditions,
diseases and pests [3, 4].

In Karaganda oblast, representatives of the genera rosehip (Rosa: R.majalis, R.acicularis,
R.spinosissima), which can serve as valuable food and vitamin plants, are of interest for the introduction of
wild species into culture [5].

The purpose of this study was to determine the accumulation of sugars and vitamin C in the fruits of
wild rose hips of the flora of Central Kazakhstan for the selection of species and populations suitable for
introduction according to this set of traits.

Experimental

Fruit sampling was conducted in August — September 2024 from different natural populations, at full
ripeness.

The quantitative accumulation of sugars was evaluated on a refractometer [6], the content of vitamin C
— by the method of potentialmetric titration [7]. The exact weight~ 3.00 g of raw material is thoroughly
grinded in a mortar with distilled water (100 ml), infused for 10 minutes, then the mixture is stirred and fil-
tered. 10 ml of the obtained filtrate is transferred into a 100 ml beaker, 1-2 drops of phenolphthalein are add-
ed and titrated with standardized NaOH solution until the appearance of a pale pink color, stable for 30 se-
conds and in the presence of a pH meter to determine the end point of titration, which is within 8.5 pH. Each
measurement is carried out 3 times.

Calculate the mass of ascorbic acid using the following formula:

€(NaOH)-V (NaOH) Mequy. (CoHg 06 ) Vi
M(CgHg0g), o = ( )-V( 10())0'112[ (CeHgOp)

Calculate the ascorbic acid concentration using the following formula:

0 _ m (C6H806)100
w(CeHgOs), % = m plant material
The obtained data were analyzed using the application software package Statistica 6.1 and Microsoft

Office Excel 2007.
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Results and Discussion

The diversity of natural reliefs, significant amplitude of temperatures, precipitation and humidity de-
termined the diversity of vegetation of Central Kazakhstan. Thus, more than 1250 species of vascular plants
belonging to 434 genera and 99 families grow on its territory [8]. As the preliminary analysis showed, the
flora of Central Kazakhstan contains a significant number of species of economic value, including wild fruit
plants. This group is represented by 31 species belonging to 14 genera and 7 families.

A review of species distribution over the territory of Central Kazakhstan shows their unevenness. Most
species are confined to the northern, northwestern and central parts, characterized by higher annual precipita-
tion, moderate summer temperatures and the presence of coniferous, mixed island forests and numerous
shrub thickets. The southern, southwestern areas are characterized by extremely arid conditions, poor soils
and high summer temperatures. Fruit crops in these habitats are mainly concentrated along river valleys, in
the vicinity of springs. All described species are well adapted to the conditions of Central Kazakhstan and
can be used for introduction into culture as fruit crops

It is known that the chemical composition of wild fruits depends on many factors, including soil and
climatic conditions of the place of growth, composition and structure of soil under plant thickets, moisture
availability, water quality, presence of microorganisms and other factors [8].

We found 3 species of rose hips in natural conditions.

Rosa spinosissima L. Habitat: interfold hollow; soils — meadow, dark chestnut. Communities — briar-
briar-grass communities. Rosa spinosissima grows in small colonies, area 40x15 m. Shrub shape — oval, age
— 8-12 years, height — 112,5+12,2 cm, diameter — 137,4+9,8 cm. Condition — average, winter hardiness
— without damage, bark color — brown, length of annual shoots — 6.44+0.8 cm. Shoot-forming ability —
medium, growth force — medium, vigor — medium. Degree of fruiting — medium. Yield — 0.5 kg per
bush. The color of the upper side of the leaves is green. Shirredness — high. Fruit shape — oval. Hypanthi-
um color — black, taste — sweet, slightly astringent. Pests and diseases — not identified.

Rosa acicularis Lindl. Habitats: under mixed forest canopy; soils — forest chernozem. Communities
are boneset-grass, briar-grass, briar. Rosa acicularis grows in small patches, area 53x50 m. Shape of the bush
— spreading, age — 10—14 years, height — 134,67+5,01 cm, diameter — 103,3+£3,6 cm. Condition — aver-
age, winter hardiness — very weak damage, bark color — light gray, length of annual shoots — 9.7+1.8 cm.
Shoot-forming ability — satisfactory, growth strength — average, vigor — average. Degree of fruiting —
weak. Yield — 0.24 kg per bush. Coloring of the upper side of leaves — green. Foliage — moderate. Pests
and diseases — chlorosis 25-40 %.

Rosa majalis Hermm. Habitats: mixed forest edge; under mixed forest canopy, soils — dark chestnut.
Communities of thavolgovo-briar-briar-grass, briar-briar, briar-briar-honeysuckle. Rosehip grows in groups,
area 77x120 m. Shape of the bush — spreading, age — 12—17 years, height — 142,3+5,45 cm, diameter —
100,3+3,79 cm. Condition — poor, winter hardiness — medium damage, bark color — light gray, length of
annual shoots — 8,4+0,55 cm. Shoot-forming ability — poor, growth force — average, obliquity — average.
Degree of fruiting — weak. Yield — 0.05 kg / bush. Coloring of the upper side of the leaves — light green.
Fertility — high. Pests and diseases — not identified.

The results showed that phytochemical parameters can vary significantly among species under natural
conditions.

The quantitative accumulation of vitamin C ranged from 0.87 to 1.85 %, and the sum of sugars — from
6.8 to 15.8 %. Thus, among representatives of the genus Rosa L., the best indicators of quantitative vitamin
C content were observed for May rosehip in the floodplain of the Nura River — 1.85 %, the minimum — for
prickly rosehip from the Komissarovka tract (Fig. 1).
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Figure 1: Quantitative accumulation of vitamin C in rose hips depending on species and place of growth

Fruit flavor depends on the sum of free sugars and acidity. For rose hips, the maximum accumulation of
sugars was detected for prickly thorn from Komissarovka tract (15.8 %) and Karagaily settlement (14.8 %),
and the minimum — for needle thorn from Karkaraly mountains (Fig. 2).

18
16
14
12 4
10
8 -
6 -
4 —
2 -
G -
. > .
3 B
S & & & Nl Y &
Ny & = “° o #° ‘“o oY
S &° S S &
‘:o’b '§.\ *3} @ ,b\% K] ) +¢
<> S LN ey ».;\ 2 B LN
& N e & & 8 & o
& S & 6 s s &
S v 5 S & &
- S <5 = 3l <2 o &
&8 < o Iy =& 23 5 Cl
» = & © o &7 2 &
o 22 < <« o & &
> oo & & 2
o 3 > 27 s
<« O o o ]
&5 <] ES >
3 ek <L
Q__O(;b E)

Figure 2: Quantitative accumulation of the sum of free sugars in rosehip fruits depending on species
and place of growth

The obtained data allow selecting promising species and specimens with the best biochemical parame-
ters for the introduction experiment.
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Conclusion

Thus, on the territory of Karaganda oblast (Central Kazakhstan) a number of populations with 3 species
of rose hips were found. Analysis of fruits for accumulation of sugars and vitamin C showed that Rosa
majalis from the Nura River floodplain, Rosa spinosissima from the Komissarovka tract, Rosa acicularis
from the vicinity of Karagaily settlement are promising for selection in the introduction experiment.
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C.C. TripxanoBa, P.T. Mycuna

Kaparanabl 00J1bICHIHAAFBI ska0aiibl UTMYPbIHAA C BUTAMUHI MeH
KAHTTBIH )KHMHAKTATYbI

YKabaiibl xemic eCiMAIKTEpiHiH MOMYJSIUUSICHIH 3ePTTEY MHTPOAYKLHSIIBIK JKOHE OHEPKACINTIK Ocipy YIIiH
OipkaTap SKOHOMHKAJIBIK KyH/bl Oenrizep OOMbIHIIA MepcHeKTHBalbl TYpiaep MeH (opManapibl TaHIayla
YJIKeH MYMKiHAiKTepre ne. JKeprimikri Typiep XeprimiKTi KIMMATTHIK JKaFaaiiapra jKOHE MHaTOTCHIIK
Kypamra Te3iMAipek. 3epTTeyniH Makcatbl Kaparannasl OONBICBIHAH XKMHAIFAH 3 KaOaibl WTMYPHIHHBIH
JKemicTepiHae KaHT neH C BUTAMHHIHIH )KHHAKTaTyblH Oaranay. C BUTAMUHIHIH CaHIBIK KUHAKTAITYHI 0,87-
nen 1,85 %-ra neiiin, kaHT Memmepi 6,8-nen 15,8 %-ra geiiin e3repmi. Kant men C BUTaMUHIHIH
JKMHAKTAJIybIHa JKeMicTepi Tajnay kepcerkenzaeil, Hypa eseHiHiH jkaranayblHaH >KUHANFaH Rosa majalis,
Komuccapos markanbsiHas sxuHainrad Rosa spinosissima, Kaparailiipl ayblIbIHBIH MaHbIHAH JKUHAIFaH Rosa
acicularis MHTPOLYKIMSUIBIK TOKIpUOEe ipiKTey YIIiH MepCrIeKTHBAJbI eKeHIH KOPCETTI.

Kinm ce30ep: Rosa TykpiMpac ecimiikrep, xemicrep, Kaparaumsl oGunbichl, C BUTaMKHI, KaHT, CaHIBIK
KUHAKTAY.

C.C. TripkanoBa, P.T. Mycuna
Haxomsienne Butamuaa C ¥ caxapoB B JUKOPACTYHIUX HIUIIOBHUKAX

Kaparanaunckoii odsacTu

W3yyenue nomy sy TUKOPAcTYIINX IUIONOBBIX PACTEHUI MMeeT OONBIION MOTeHIHaN B 0TOOpe IepCHek-
THBHBIX 10 PANY XO3SHCTBEHHO-LIEHHBIX MPU3HAKOB BUIOB M (HOPM UL MHTPOAYKLHUH M MPOMBILIIEHHOTO
BBIPAIUBAaHMsA. MeCTHbIE BUJIBI SIBIISIOTCS O0Iee yCTOMUUBBIMU K MECTHBIM KIIMMAaTUUECKUM YCIOBHAM H CO-
CTaBy IaToreHoB. Llens uccnenoBaHns — OLEHNUTH HAKOIIICHHE caxapoB U BuTamuHa C B mIojgax 3-X JIUKHUX
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LIMIIOBHUKOB, cOOpaHHbIX Ha Tepputopun Kaparanaunckoil ob6iactu. KonnuecTBeHHOE HakKoOIUIEHHE BHTA-
muHa C Bapbuposano ot 0,87 mo 1,85 %, cymma caxapos — ot 6,8 10 15,8 %. AHanu3 miuonoB Ha HaKoIIe-
HHUE caxapoB 1 BuTamuHa C MOKa3aj, 4TO MEePCHEKTUBHBIME Ul 0TOOpa B MHTPOXYKIIMOHHBIA SKCTIEPUMEHT
ABISIIOTCA Rosa majalis n3 noiimel p. Hypa, Rosa spinosissima u3 ypounima Komuccaposka, Rosa acicularis
U3 OKpecTHOcTeH noceinka Kaparaiinst.

Kniouesvie cnosa: pacTeHus poaa ROSG, 10461, KapaFaHZ[I/IHCKaSI O6HaCTL, BUTaMHH C, caxap, KOJIM4E€CTBCH-
HOC HAKOIIJICHUC.
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State of coenopopulations of wild berry plants in the territory
of Kazakhstan Altai

In the article studies on the state of the coenopopulations: Rosa acicularis Lindl., Rosa spinosissima L.,
Lonicera altaica Pall., Ribes nigrum L., Ribes petraeum Wulfen, which have high resource indicators and
significant areas were presented. The studies were conducted on the territory of the Kazakhstan Altai in the
geographical areas of South-West Altai, South Altai. For each coenopopulation, data were obtained on the na-
ture of distribution, occupied area, phytocenotic characteristics, general and age condition of plants and their
biodiversity.

Keywords: coenopopulation, phytocenosis, area, productivity, variation.

Introduction

The problem of preserving the genetic potential of fruit-berry plants, its practical introduction into cul-
ture, use in modern breeding is one of the basic foundations in the creation of new varieties, forms and hy-
brids. The need to study the genetic potential of wild fruit-berry plants and create a gene pool of a new as-
sortment is dictated by the fact that due to climate change, anthropogenic impact on biocenoses, their ranges
are sharply reduced, up to the threat of complete extinction. The research is due to Kazakhstan's need to as-
sess the current state of fruit-berry plants to solve the problem of food security, to carry out monitoring for
scientifically substantiated security measures.

In various regions of Kazakhstan, there is a need to develop and create scientific and practical founda-
tions of regional collection funds and nurseries, which will satisfy the growing demand for sustainable crops
for certain soil and climatic conditions of fruit-berry plants. Earlier, the study concerned the introduction of
foreign fruit-berry plants in various regions of Kazakhstan, while the species composition of the natural flora
of wild fruit-berry plants is little studied and its resource potential is practically not assessed.

A comprehensive study of berry plants is essential for solving issues of ecology, phytocenology, floris-
try, population biology and environmental protection [1, 2].

Experimental

The objects of the research were coenopopulations of wild berry plants in the territory of the
Kazakhstan Altai from the genera Ribes, Lonicera, Rosa. The locations with geographical reference of GPS
coordinates and areas of 8 coenopopulations for 5 species of berry plants were established — Rosa acicularis
Lindl., Rosa spinosissima L., Lonicera altaica Pall., Ribes nigrum L., Ribes petraeum Wulfen.

When assessing the current state of the studied plant species, the methodological guidelines developed
by V.N. Golubev and E.F. Molchanov (1978) were used [3]. The description of phytocenoses was carried out
using generally accepted geobotanical methods of T.A.Rabotnov [4]. In biomorphological studies,
ecological-morphological classifications of life forms by I.G. Serebryakov [5] were used. During
determining the projective cover, the method of determining the average projective cover, generally accepted
in resource studies by S.N. Kozyakov [6] was used.

Results and Discussion

Rosa acicularis Lindl. Two locations have been identified in the foothills of the Ubinsky ridge in the
valley of the Zhuravlikha River, the vicinity of the village of Krolchatnik and the foothills of the Ubinsky
ridge, Osinovsky pass, the vicinity of the village of Zimovye in the territory of the South-West Altai (Ka-
zakhstan Altai).

1) Foothills of the Ubinsky ridge, valley of the Zhuravlikha river, environs of the village of Krolchatnik,
area 95 ha, N50.33333; E88.183333, 913 m above sea level. Plant distribution over the area is single bushes
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or separate groups of 12—17 individuals of different ages. Total projective cover is 04—06.The forest stand is
represented by Populus laurifolia Ledeb., Populus tremula L. The shrub layer is formed by Viburnum opulus
L., Prunus padus L., Crataegus chlorosarca Maxim., Rosa acicularis Lindl. The grass stand is thinned out
and includes 25 species of vascular plants (Angelica decurrens (Ledeb.) B.Fedtsch., Dactylis glomerata L.,
Festuca drymeja Mert. & W.D.J. Koch, Festuca rubra L., Poa palustris L., etc.). Bushes are from 0.7 m to
1.8 m high with a large number of overgrowing shoots. Productivity is from 80 to 210 g/bush. Hypanthia
color variation is revealed from yellowish-orange to dark cherry and crimson, with orange and orange-red
colors predominating. A large spread in hypanthia weight is noted from 1.23 to 2.90 g, in length from 1.8 to
2.6 cm, in width from 1.0 to 2.0 cm. Fruit shape: bottle-shaped, oval, elongated; sweetish taste with a pleas-
ant sourness. Juicy is pulp with mealy inclusions. A difference in the number of seeds in the fruit was re-
vealed: from 24 to 48 pcs.

2) Foothills of the Ubinsky ridge, Osinovsky pass, vicinity of the village of Zimovye. The population is
located in the foothills of the Ubinsky ridge, near the village of Zimovye, with an area of 20 hectares along
the road of the long Osinovsky pass in front of the village of Zimovye, with a length of 3 km, N50.31422;
E82.85234, 795 m above sea level. The total projective cover is 12 %. The distribution of rose hips is diffuse
and in continuous clumps under the canopy of tall trees: Abies sibirica Lindl., Populus laurifolia Ledeb.,
Betula pendula Roth., Sorbus aucuparia L., Sorbus aucuparia subsp. glabrata (Wimm. &Grab.) Hedl. The
dominants of the herbaceous cover are represented by Dactylis glomerata L., Poa pratensis L., Festuca
rubra L., Elymus repens (L.) Gould. (Fig. 1, 2).

Figure 1. Fruiting of Rosa acicularis Figure 2. Fragment of the Rosa acicularis phytocenosis

Rosehip bushes are from 0.1 m to 2.2 m high. The bushes are in excellent condition, the maximum
shoot-forming capacity is 4-5 zero shoots. The following differences have been established in the size of the
hypanthia: length from 2.2 cm to 2.7 cm, width from 1.1 cm to 1.6 cm, weight from 0.97 to 2.26 g.

Rosa spinosissima L. Two populations were examined in the foothills of the Ivanovsky ridge in the ter-
ritory of Southwestern Altai (Kazakhstan Altai).

Foothills of the Ivanovsky Ridge, south-eastern slope of Belkina Mountain, N50.34222; E83.55111,
848 m above sea level. The population occupies 15 hectares, located mainly in open areas, in the area of the
Ridder meteorological station. The spatial structure of the population is diffuse, less often diffuse-group,
1.7 m* — 25 m’. The projective cover fluctuates from 18 to 23 %. The density of generative shoots per 10 m>
is 30—60 pcs. The condition of the plants is good; there are no broken or dry shoots. Shoot growth is from 8
to 17 cm. The level of resistance to unfavorable factors of the winter period is quite high. Signs of freezing
are practically not noted.

The accompanying plants are mainly shrubs: Spiraea trilobata L., Cotoneaster melanocarpus Fisch. ex
Blytt. The herbaceous cover is represented by Geranium pretense L., Potentilla aurea L., Bunias orientalis
L., Fragaria viridis Duchesne etc. The number of renewal shoots per bush is 2-3 pcs. The shape of the hy-
panthia is round and flat-round. The weight varies from 1.3 g to 3.57 g, hypanthia with a weight of 2.35 g

130 BecTHuk KaparaHguHckoro yHuBepcuteTa



State of coenopopulations of wild...

prevail. The variation coefficient was 20.4 %, the level of variability is average. The length and width of the
hypanthia vary from 1.1 to 1.4 cm and from 1.4 to 1.9 cm, respectively. For the size of the fruits, the varia-
tion coefficient for length was 11.8 %, for width 8.0 %. The color is black and dark-brown (Fig. 3). The yield
is from 70 to 220 g/bush. The beginning of ripening is noted in mid-September.

Figure 3. Variation in fruit color; A — black, B — brownish

1) Foothills of the Ivanovsky Ridge, Gromatushinskoye Gorge, N50.30544; E83.55047, 935 m above
sea level. The area is 33 hectares. It grows in open areas, reaching the border of the mixed forest. This popu-
lation is characterized by good phytocenotic indicators for bush density, the number of generative shoots per
10 m* from 25 to 55 pcs. Maintenance and dispersal is carried out due to active root-sucker propagation, re-
placing old individuals with clonal young ones. The general condition of the plants is good; the increment of
overgrowing shoots is quite high 10-21 cm. There are no signs of freezing. The number of renewal shoots
per bush is 2-3 pcs. Productivity from 80 to 245 g/bush. Mass ripening of fruits is noted in mid-September.
Hypanthia weight is 1.92 g.

The phytocenosis consists of coniferous (Larix sibirica Ledeb., Pinus sylvestris L.), deciduous (Sorbusa
ucuparia subsp. glabrata (Wimm. &Grab.) Hedl.), shrub (Sibiraea laevigata (L.) Maxim., Cotoneaster
melanocarpus Fisch. ex Blytt., Ribes nigrum L., Ribes rubrum L., Rubus idaeus L.) plants. From the herba-
ceous plants Paeonia anomala L., Trollius altaicus C.A.Mey., Anemone altaica Fisch. ex C.A. Mey.,
Pulmonaria mollis Wulfen ex Hornem., Heracleum dissectum Ledeb., Rumex acetosa L., Equisetum arvense
L. and others are noted. There are 54 species of vascular plants in total.

Lonicera altaica Pall. Two populations were examined in the territory of the Kazakh Altai (Southern
Altai, Southwestern Altai).

1) Foothills of the Kurchumsky ridge, northwestern coast of Lake Markakol, environs of the abolished
village of Verkhnyaya Yelovka, Kurchumsky district (Southern Altai), N48.80668; E85.66083, 1513 m
above sea level. Area is 18 hectares. In the larch forest, plants are found singly, sparsely, in groups in open
clearings. The age of plants in the population is 40—50 years, the vitality of individuals is satisfactory.
Vegetative regeneration of plants is absent. In this population, forms with large fruits of 0.8-1.0 g, elongated-
ovoid in shape with a yield of 1.1-1.6 kg/bush were identified. Ripening of fruits is extended.

The phytocenosis consists of conifers (Larix sibirica Ledeb., Picea obovate Ledeb., Abies sibirica
Lindl), deciduous trees (Populus laurifolia Ledeb., Populus nigra L., Betula pendula Roth, Sorbus aucuparia
subsp. glabra (Wimm. & Grab.) Hedl.), shrubs (Rosa spinosissima L., prickly Rosa acicularis Lindl., Ribes
atropurpureum C.A. Mey., Ribes nigrum L.). The grass stand is mixed grass and cereal, formed by 47
species of vascular plants.

1) Ivanovsky Ridge, northwestern slope, Palevaya Yama tract, buffer zone of the West Altai State
Nature Reserve, N50.36584; E83.93598, 1112 m above sea level. The area is 48 hectares in the mixed forest
belt. Mountain-meadow soils, with a developed profile up to 40 cm. Plants are 1.4—1.6 m high. Productivity
varies from 0.8—1.3 kg / bush. Plants with an average fruit weight of 0.5-0.7 g predominate. The age of

Cepusi «Buonorus. MeamuuHa. Meorpacusi». 2024, 29, 4(116) 131



T.A. Vdovina, O.A. Lagus et al.

plants in this population is from 42 to 50 years, there are many plants with old branches with hanging bark in
the bush. Vegetative renewal of plants is absent.

The tree layer is represented by Populus laurifolia Ledeb., Sorbus aucuparia subsp. glabra (Wimm.
&Grab.) Hedl., Betula pendula Roth), shrub layer — Cotoneaster melanocarpus Fisch. ex Blytt., Rosa
acicularisLindl., Rubus idaeus L. The herbage is forb-grass, well developed, represented by 52 species of
vascular plants (dngelica sylvestris L., Dactylis glomerata L., Festuca altissima All., Festuca rubra L., Poa
palustris L., Aconitum leucostomum Worosch., Filipendula ulmaria (L.) Maxim., Origanum vulgare L.,
Hypericum perforatum L., etc.).

Ribes nigrum L. The population was examined in the territory of the Southern Altai (Kazakhstan Altai)
on the northwestern coast of Lake Markakol, N48.80668; E85.66083, 1513 m above sea level. The dispersal
of plants on moist soils along streams flowing into the lake. It is found singly and in strips. The tree stand is
represented by Populus laurifolia Ledeb., Populus nigra L., Betula pendula Roth, Sorbus aucuparia subsp.
glabra (Wimm. & Grab.) Hedl., Larix sibirica Ledeb., Picea obovata Ledeb., Abies sibirica Lindl. Among
the shrubs, Rosa spinosissima L., Rosa acicularis Lindl., Rubus idaeus L. are noted; the herbage is mixed
grass and cereal, formed from 56 species of vascular plants (Angelica sylvestris L., Dactylis glomerata L.,
Festuca rubra L., Festuca drymeja Mert. & W.D.J. Koch, Poa palustris L., etc.).

The bushes are spreading, 0.7—1.0 m high. The cluster is medium-sized, 4—6 cm; the number of berries
in it is from 3 to 8 pcs., on average 5 pcs. The population is dominated by individuals with average berry
sizes from 0.3 g to 0.6 g, the weight of the largest berry is 0.8 g. The berries ripen in the first ten days of
August. The yield is from 0.5 to 2.0 kg/bush (Fig. 4).

Figure 4. Fruit-bearing blackcurrant bush (A), blackcurrant berry cluster in the vicinity of Lake Markakol (B)

Ribes petracum Wulfen. The population is located at the foot of the Ivanovsky ridge, in the area of the
first forest cordon, 50.35472; 84.24833, m above sea level 1756 m. It grows under the canopy of dark
coniferous forest as single bushes, in open clearings — in groups.

The forest stand is represented by Abies sibirica Lindl., Pinus sibirica Lodd., Betula pendula Roth, the shrub
layer in this coenopopulation is represented by the following species: Prunus padus L., Crataegus chlorosarca
Maxim., Salix viminalis L., Rosa spinosissima L., R. acicularis Lindl., Cotoneaster melanocarpus Fisch. The most
widespread in the herbaceous cover are: Origanum vulgare L., Bupleurum longifolium L., Hypericum perforatum L.,
Filipendula ulmaria (L.), Trollius altaicus C.A. Mey., Elymus repens (L.) Gould, Artemisia glauca Pall. ex Willd.,
Allium microdictyon Prokh., Aconitum leucostomum Worosch. Plants of this population are characterized by erect
bushes, 0.7 to 1.2 m high. Almost all forms have a compact, long brush, the number of berries is from 3 to 12 (8) pcs.
The berries are not uniform, the ratio of large to small berries is 2.5-2.6. Most of the forms growing here have
medium berries of 0.31 g, variations are from 0.26 g to 0.50 g. The weight of the largest berry is 1 g. The berries
ripen later, in the third decade of August — early September. The yield is from 1.7 to 2.2 kg/bush.
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Conclusion

As a result of the expedition work, the current state of the coenopopulations of Rosa acicularis Lindl.,
Rosa spinosissima L., Lonicera altaica Pall., Ribes nigrum L., Ribes petraeum Wulfen, Rosa acicularis
Lindl. was obtained. The studies allowed us to conclude that they are stable in existence due to their re-
sistance to unfavorable factors of the winter period, natural regeneration, the presence of individuals of dif-
ferent ages in good condition of plants, and morphological diversity.

Acknowledgements

The article was prepared in according with program BR21882166 “Scientific and practical foundations
for the reproduction, conservation, and use of fruit and berry plants of the natural flora of Western, Eastern,
Central and Northern Kazakhstan to ensure food security” (2023-2025).

References

1 KopobroBa T.C.OneHka pecypCHBIX BHJIOB SITOJHBIX pacTeHuil cpexHeraexHod mon3oHsl Skyrtun / T.C. KopoGkoBa
// EBpasuiickuii coro3 yueHnsix. — 2017. — Ne 11-1 (44). — C. 22-25.

2 1leseneB C.JI. OcHOBHBIC MUIIEBBIC H JICKAPCTBEHHBIC pacTHTENbHBIE pecypchl JdecoB Cpenneir Cubupu / C.J1. LlleBenes,
B.H. Heszopos. — KpacHosipck, 2017. — 174 c.

3 Tomy6es B.H. Meronudeckue yka3aHHsS K MOMYJISIIHOHHO-KOINYECTBEHHOMY M KOJIOT0-OMOIOTHYECKOMY H3YUYECHHIO PEl-
KHX, NCUE3AIOIINX 1 dHAeMUYHbIX pacteHnit Kpeiva / B.H. N'omy6Ges, E.®. Mouanos. — Snra: THBC, 1978. — 42 c.

4 Pa6otnos T.A. ®uronenonorus / T.A. PaboraHoB. — M., 1992. — 353 c.

5 CepebpsixoB WN.I'. Oxomorndeckass MopQoJOTus pacTCHUH: JKU3HEHHBIE (OPMBI IOKPHITOCEMEHHBIX W XBOWHBIX
/ .T. CepebpsikoB. — M.: Bercu. mik., 1962. — 379 c.

6 KozskoB C.H. Meroauka onpezneneHnsi NPOSKTUBHOTO MOKPHITUSI AUKOPACTYIIUX KyCTApPHHKOB IUIOJOBBIX PACTEHHH M HX
npoxykrusHoctd / C.H. Kozsikos, A.®. Uepkacos / MeToabl H3y4eHHs! pecypcoB JUKOPACTYIIUX IIOJE3HBIX pacTeHuit. — M., 1972.
—T.1.—C. 53-63.

T.A. Boosuna, O.A. Jlaryc, E.A. HcakoBa, A.A. BuHokypoB

Ka3akcTanabIk AnTail ayMmarbIHAArbI Ka0aibl AKeMic 6ciMIiKTepiHiH
LHEHONOMYJIS NMSIJIAPbIHBIH JKali-KyHi

Maxkanaga Rosa acicularis Lindl., Rosa spinosissima L., Lonicera altaica Pall., Ribes nigrum L., Ribes
petraeum Wulfen neHomomynaIus skarmaiibl Typassl 3epTTeyJiep KeNTIpUIreH, oJlap JKOFaphl PeCypCTHIK
KOpCETKIIITepre >KoHe aWTapibIKTail aynanmapra we. 3eprreyiep Kasakctanaslk Anrail ayMarbIHBIH
Onrycrik-batsic Anraif, OHTYCTIK AnTaii reorpadusuiblk aiiMaKTapbIHAa XYPri3iini. Opoip HEeHOIOMyJIsIus
YLLIIH Tapajy YITrici, alblll )KaTKaH ayMarbl, pUTOLEHOTHKAIIBIK CHIIATTaMalIaphl, OCIMIIKTEeP/iH Kbl )KOHEe
JKac JKaF/Iaibl )KOHEe OJNapAbIH OHOSPTYPIILIITT Typabl MOJIIMETTED aJbIHIbIL.

Kinm ce30ep: uenonomysiuus, pUTOLEHO3, ayAaHbl, OHIMILIIr, ©3reprillTiri.

T.A. Boosuna, O.A. Jlaryc, E.A. HcakoBa, A.A. BuHokypoB

CocTosiHue eHONOMYJISIIUI TUKHUX IUI0I0BbIX PACTEHUI HA TEPPUTOPUM
Kazaxcranckoro Aarasa

B craree mnpeacTaBieHBI HCCIIENOBAaHUS COCTOSHHS LeHOMOMyJsauuid: Rosa acicularis Lindl.,, Rosa
spinosissima L., Lonicera altaica Pall., Ribes nigrum L., Ribes petraeum Wulfen, KOTOpble IMEIOT BBICOKHE
pecypcHbIe OKa3aTeNli U 3HaYNTeNbHbIe Iuromanu. VicenenoBanus TpoBOoAMINCh Ha Teppuropnu Kazaxcran-
ckoro Anras B reorpaduueckux 30Hax fOro-3anamHoro Auras, FOxHoro Anras. J{ins kaxmoi 1eHOmomyisi-
IUH TIOJyYeHbI JAaHHBIE O XapaKTepe paclpoCTpaHeHHs, 3aHIMaeMOol uIomany, GUTONEHOTHYECKUX XapaK-
TEPUCTHKAaX, OOIIEM U BO3PACTHOM COCTOSHUM PACTEHHH U UX OHopa3HooOpa3uu.

Knrouesvie cnosa: HCHOIIOIIMY IS, (bPITOHCHO3, omanb, NpoAYKTUBHOCTb, U3BMCHYNUBOCTD.
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The effect of growth regulators on the multiplication
of Crataegus sanguinea in vitro

This study focused on examining how plant growth regulators affect shoot proliferation on Crataegus
sanguinea. Shoot multiplication treatments included benzylaminopurine (6-BAP) at different concentrations
(0.25, 0.5, and 0.75 mg/l) combined with constant 0.5 mg/1 gibberellic acid (GA3) and 0.01 mg/l Indole-3-
butyric acid (IBA), in Quoirin & Lepoivre (QL) nutrient medium. The results showed that the highest number
of shoots per explant (5.23) was achieved in a medium supplemented with 0.5 mg/l 6-BAP plus 0.5 mg/l GA3
and 0.01 mg/l IBA, while the greatest shoot length (12,77 cm) was obtained with 0.75 mg/l 6-BAP plus
0.5 mg/l GA3, and 0.01 mg/1 IBA 35 days after transplantation. This study presents an efficient protocol for in
vitro multiplication of Crataegus sanguinea, achieving the highest shoot proliferation rate.

Keywords: Axillary buds, QL medium, PGRs, Shoot proliferation, Crataegus sanguinea.

Introduction

Sexual reproduction in plants significantly contributes to the diversity of reproductive strategies. Mech-
anisms such as self-incompatibility and dioecy facilitate cross-pollination, which enhances genetic variability
(genetic recombination) and adaptability by increasing the potential for adaptive responses to environmental
changes [1].

Crataegus spp., which belongs to the subfamily Maloideae within the Rosaceae family [2], exemplifies
the complex interplay of these reproductive strategies [1]. This genus is particularly notable for its extensive
hybridization capabilities, a consequence of its sexual reproduction mechanisms [2].

Hybridization complicates traditional taxonomic and genetic works by introducing a range of unpre-
dictable outcomes and intermediate traits. This process affects ploidy levels, leading to additional challenges
related to fertility and genetic stability. It can also influence gene flow between species, impacting their evo-
lutionary paths and potentially contributing to speciation or extinction events [3]. This complexity is partly
attributed to its base haploid chromosome number of x=17, which contributes to the genetic diversity and
variability within the genus [2].

The genus includes both shrubby species and others that can reach heights of up to 12 meters. Widely
distributed across the temperate regions of the Northern Hemisphere, Crataegus comprises approximately
280 species [2].

Hawthorn, a wild edible plant, has played a vital role in human life for centuries. Historically, its fruits,
seeds, leaves, flowers, roots, and branches have been utilized to fulfill various personal and societal needs,
including as a food source, for medicinal purposes, and as an ornamental plant [4].

Various Crataegus species are listed in the pharmacopeias of Germany, Britain, France, Switzerland,
the US [5], Canada and China [6].

Due to their antispasmodic, cardiotonic, diuretic, hypotensive, and antiatherosclerotic properties. In Eu-
rope and the USA, aqueous ethanol extracts of Crataegus are used clinically to manage heart failure. These
extracts are also employed to address a range of health issues, including cardiovascular disorders and con-
cerns related to the central nervous system, immune system, eyes, reproductive system, liver, and kid-
neys [5]. Additionally, Crataegus extracts exhibit cytotoxic effects, gastroprotective properties, anti-
inflammatory mechanisms, and antimicrobial activity [2].

The leaves, flowers, and fruits of Crafaegus species are particularly rich in antioxidants [4], containing
phenolic compounds such as chlorogenic acid, epicatechin, and hyperoside, which help to reduce genetic
damage in bone marrow cells [7].

Cepusi «Buonorus. MeamuuHa. leorpacusi». 2024, 29, 4(116) 135


https://doi.org/10.31489/2024BMG4/135-143%0A
*Corresponding%20author:%20kakimzhanova@biocenter.kz%0A

Zh.T. Zhanybekova, A.S. Nurtaza et al.

However, pharmaceutical products containing secondary metabolites must meet specific phytochemical
content requirements, including minimum concentrations of active components like flavonoids and
procyanidins [6]. All above-mentioned benefits highlight the plant's potential to contribute to overall human
health and well-being.

Characterization of secondary metabolites through mass spectrometry or nuclear magnetic resonance
(NMR) spectroscopy offers an additional method for describing Crataegus [8]. However, this kind of dataset
alone does align with the evolutionary pattern of the species Molecular analysis based on ITS and 5.8S ribo-
somal DNA sequences shows that Crataegus species are not monophyletic [8].

In horticultural practice, Crataegus species are extensively utilized for their beneficial properties. These
species are valued not only for their role in rootstock but also for the nutritional content of their fruits. The
fruits are rich in sugars (4—11 %), pectin (0.6-1.6 %), tannins, and pigment compounds (0.8-1.7 %). They
also have significant amounts of ascorbic acid (vitamin C) and vitamin A, with concentrations ranging from
31 to 108 mg and 380 to 680 mg per 100 grams, respectively [9].

In horticulture, Crataegus species are extensively utilized as rootstocks for apple, pear, and quince
trees. The fruits of these species are characterized by their content of sugars (4-11 %), pectin (0.6-1.6 %),
tannins, and pigment compounds (0.8-1.7 %). In addition, these fruits are distinguished by their significant
content of ascorbic acid (vitamin C) and vitamin A, with concentrations varying between 31 and 108 mg, and
380 and 680 mg per 100 grams, respectively [9].

In Kazakhstan, seven wild species are found: Crataegus almaatensis, Crataegus ambigua, Crataegus
cholorocarpa, Crataegus pontica, Crataegus sang uinea, Crataegus songarica, Crataegus turkestanica.
Crataegus ambigua is listed in the Red Book of Kazakhstan [9].

Morphologically, the stems of these species are covered in thorny spines that 3—6 cm in length. Initially
smooth, the bark is gray with light or dark tints. Mostly, flowers of wild types, typically white, have an un-
pleasant aroma. Cultivars of Crataegus sometimes produce pink or red flowers. The fruit is a small pome
containing 1-5 seeds, and it can be orange-yellow, red-purple, or black in color [9].

Crataegus sanguinea are thorny shrubs or small trees, 1-4 meters tall, found in forest, forest-steppe,
and steppe zones. They have purple-brown, glossy branches with strong, red-brown thorns. A hundred grams
of fruits contain 127 mg of vitamin C [9]. In their leaves, various compounds have been found, including
flavonoids (such as hyperoside, vitexin, apigenin, luteolin, quercetin, and rutin), phenylpropanoids (like
caffeic acid and chlorogenic acid), saponins, vitamins, and various other secondary and primary metabolites,
all of which are highly valued for their medicinal properties [10].

Hawthorn trees are winter-hardy, light-demanding, and drought-resistant, requiring little in terms of soil
quality. They propagate naturally through seeds or sprouts, while in cultivation they can be propagated by
layering or grafting. These trees have a lifespan of 200 to 300 years [9]. Typically, attempts to propagate
hawthorns using standard horticultural techniques have encountered significant challenges. Seed germination
tends to be slow and has a low success rate, while cuttings from mature trees are difficult to root and rarely
succeed [11]. Currently, the in vitro culture method is extensively employed to address issues related to ex
situ preservation and the restoration of the gene pool of rare and endangered plant species. This technique
allows for the production of a larger quantity of plant material and produces disease-free plants [12]. Moreo-
ver, the approach focuses on maintaining genetic stability of meterial [1].

Developed protocols may serve as an excellent starting point. /n vitro techniques have been applied to
Crataegus aronia L. [13], Crataegus oxyacantha [14], Crataegus pseudoheterophylla Pojark [15], Crataegus
monogyna [16].

Crataegus sanguinea, along with other Crataegus species, is recognized for its medicinal properties and
horticultural value. However, there is limited research focused solely on Crataegus sanguinea, in the context
of propagation.

In our study, we aim to develop an applicable protocol for the shoot multiplication of medically im-
portant species of Crataegus sanguinea for conservation and reproduction.

Experimental

Sample collection and explants preparation

The stems of hawthorn were collected in 2023 from two regions, Karaganda (Korneevskiy Forests,
Bukhar-Zhyrau District) and Aktau. The GPS data of the collected samples are given in Table 1. Axillary
buds were stored at 4 °C until use.
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Table 1
Coordinates of the collected plant materials
Species Geographical location Longitude Latitude Height above sea
level, m
Crataegus sanguinea “Korneevsky” forest, E073°95.693° N50°29.607° 552

“Bukhar-Zhyrausky
district, Karaganda region
Aktau region E51°9'39.337" N43°39'1.969"

Axillary buds (Fig. 1), excised from nodal segments, and 2-2.5 cm long segments were exposed to steri-
lization with soapy water three times and then washed under running tap water for 30 min. The effectiveness
of hydrogen peroxide (H,O,) at various concentrations (5 %, 10 %, and 15 %) was studied for the establish-
ment of in vitro culture, with sterilization duration of 5 minutes. Afterward, the explants were rinsed three
times with sterile distilled water and dried on filter paper in Petri dishes for approximately an hour. The pre-
pared axillary buds were cultured on QL medium to examine the viability of the donor plant.

,_"?

A) Collected donor plants B) Prepared segments of plant material

Figure 1. Axillary buds of Crataegus sanguinea

Formation of the main shoot

After obtaining sterile and viable explants, the next stage was selecting the nutrient medium. The pre-
pared axillary buds were cultured in QL, Murashige and Skoog (MS), and Woody Plant Medium (WPM).

In our experiment, nutrient mediums were supplemented with constant 0.25 mg/l 6-BAP and 0.5 mg/1
GA3 to regenerate the main shoots. The number of shoots obtained at the sterilization and regeneration stag-
es was recorded to calculate the percentage of viable explants.

Shoot multiplication

Regenerated shoots were cultured in glass jars containing QL medium, supplemented with 6-BAP at
four concentrations in combination with constant IBA and GA3 for shoot multiplication. As a result, the fol-
lowing treatments were studied: I — PGR-free medium (control); I — 0.25 mg/l1 6-BAP, 0.5 mg/l GA3, and
0. mg/l IBA in QL; III — 0.5 mg/1 6-BAP, 0.5 mg/1 GA3, and 0.01 mg/l IBA in QL; IV — 0.75 mg/l 6-BAP,
0.5 mg/l GA3, and 0.01 mg/l IBA in QL. In our study, 30 explants were cultivated for each treatment, and
data were collected 35 days after transplantation.

Statistical analyses involved subjecting the experimental results to ANOVA, with significant differ-
ences determined using Tukey’s post hoc test in SPSS 25.0 (IBM Inc., New York, NY). The data represent
means + standard error from three independent experiments.

The cultures were incubated in a climate chamber at 24-26 °C, with a relative humidity of 60—80 %.
The day length was maintained at 16 hours in a 24-hour light/dark cycle.
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Results and Discussion

Culture establishment

The success of in vitro culture largely depends on several factors, including the genetic potential of the
explants, their morphogenetic stages of development, and the establishment of aseptic conditions that ensure
higher survival rates and low percentage of contamination. Therefore, selecting an effective (non-residual)
sterilization agent is a crucial step [17].

Numerous studies indicate that H,O, is a suitable sterilization agent for certain species in the Rosaceae
family. By using the optimal concentration, H,O, can effectively sterilize axillary buds, ensuring high ex-
plant viability while minimizing the risks of necrosis and contamination [18].

Based on the significant research findings of previous studies, our research tested different concentra-
tions of H,O, for sterilizing Crataegus explants. The 10 % H,O, solution achieved the highest viability, with
73,3 % of hawthorn explants remaining sterile (22 explants out of 30).

In contrast, the 5 % H,O, solution resulted in a high infection rate of 86,6 % (26 explants out of 30) and
lower viability 13.3 % (4 explants out of 30). The use of a 15 % H,0, solution resulted in significant explant
necrosis, affecting up to 66.6 % of the samples (Table 2).

Table 2
Results of sterilization of hawthorn (Crataegus sanguinea) explants
Treatment Explant contamination Explant necrosis Viable explants
pcs. % pcs. % pcs. %
1— 5% H,0, 26 86.6 0 0 4 133
I—10% 6 20.0 2 6.6 22 73.3
H202
or—15% 0 0 20 66.6 10 333
H202

Therefore, the optimal concentration for axillary buds of Crataegus sanguinea is a 10 % H,0O2 solution
(Fig. 2).

A) Sterile and viable explants B) Explant necrosis C, D) Explant contamination

Figure 2. Sterilization of axillary buds of Crataegus sanguinea

Initial shoot formation

The initial shoot formation is one of the critical stages that determine the success of plant tissue culture.
A suitable nutrient medium, proper balance and concentration of PGRs are essential for stimulating the ex-
plants to develop into shoots.

Successful shoot initiation of Crataegus species on MS, LP and WPM has been published. It was re-
ported that the optimal concentration of growth regulators, specifically, 6-BAP and IBA in combination
demonstrates a significant impact on the regeneration of the main shoot [19]. In Crataegus monogyna, 6-
BAP was one of the essential PGRs [20].

In our study, we investigated the effects of QL, MS and WPM media supplemented with constant con-
centration 0.25 mg/l 6-BAP and 0.5 mg/l GA3 on shoot regeneration (Fig. 3). Applied treatments were found
to be suitable for target species with some adjustments.
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4) QL

B) MS C) WPM

Figure 3. Explants of Crataegus sanguinea germinated after 2 weeks of culture
on different nutrient mediums supplemented with 6-BAP and GA3

The leaf lamina of the formed shoots was well developed on all nutrient media. However, based on vis-
ual observations, explants cultured in MS and WPM media exhibited signs of drying (Fig. 3). Thus, QL me-
dium proved to be the most effective for the development of primary microshoots of Crataegus sanguinea.

This underscores the critical role of choosing the right nutrient medium for the main microshoot regen-
eration based on observed quantitative data (Table 3, Fig. 4). The highest regeneration rate was 76.6 %, with
23 out of 30 explants on QL medium. In contrast, the initial shoot formation rates were lower on both MS
and WPM media, 66.6 % and 60 %, respectively.

Table 3

The effect of nutrient media on shoot regeneration

Total number of cultivated | Number of regenerated ex- Percentag.e of
Treatments regeneration,
explants, pcs. plants, pcs. o
0
1— QL 0.25 mg/l 6-BAP
and 0.5 mg/l GA3 30 23 76.6
I — MS 0.25 mg/l 6-BAP and 0.5 mg/l 30 20 66.6
GA3
1T — WPM 0.25 mg/l 6-BAP
and 0.5 mg/l GA3 30 18 60.0

A study on Crataegus pinnatifida showed that successful regeneration of the main shoot occurred with
6-BAP in the range of 0.5 to 1.5 mg/l [21].

However, our experiment demonstrated that QL medium supplemented with 0.25 mg/l 6-BAP and 0.5
mg/l GA3 yielded sufficient results for initial shoot formation of Crataegus sanguinea.
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Figure 4. Effect of nutrient media on shoot regeneration
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Shoot multiplication

In this study, we optimized a protocol for the in vitro multiplication of Crataegus sanguinea via the cul-
tivation of regenerated explants in QL medium with 6-BAP, GA3 and IBA. We examined the effects of 6-
BAP at different concentrations (from 0.25 to 0.75 mg/l) in combination with 0.5 mg/l GA3 and 0.01 mg/l
IBA in QL medium. The results of the analysis of variability in morphometric characteristics in the observed
Crategus sanguinea plants are presented in Table 4, which contains the summary data for all the studied
treatments.

Table 4

The effect of 6-BAP concentrations on shoot proliferation of hawthorn (Crataegus sanguinea)

Treatments PGR (mg/l) 35 Days after transplantation

6-BAP GA3 IBA Average number of Mean shoot Number of
shoots per height, cm leaves per
explant, pcs. explant, pcs.
I (Control) - - - 3.26+0.11 1.50+0.09 13.07+0.24
1 0.25 0.5 0.01 2.34+0.08" 4.33+0.22" 10.33£0.17"
1l 0.5 5.23+0.07" 6.77+0.18" 10.97+0.23°
v 0.75 2.96+0.06 12.77+0.48" 11.87+0.35
Note — "The average difference is significant at the 0.05. Data are expressed as means + standard error.

It was found that the QL medium supplemented with 0.5 mg/l 6-BAP, 0.5 mg/l GA3, and 0.01 mg/l
IBA resulted in high multiplication, with an average number of shoots per explant being 5.23 + 0.07 (Ta-
ble 4, Fig. 5). The plants appeared visually healthy, with an average shoot height and number of leaves per
explant being 6.77 = 0.18 cm and 10.97 £+ 0.23, respectively.

The collected data suggest that the concentration of the cytokinin 6-BAP has a significant impact on the
height, number, and quality of the developing plants of Crataegus sanguinea.
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C) QL 6-BAP 0.5 mg/l,
GA3 0.5 mg/l,
IBA 0.01 mg/l;

D) QL 6-BAP 0.75 mg/l,
GA3 0.5 mg/l,
IBA 0.01 mg/l

A) PGRs-free
culture medium;

B) 0.25 mg/1 6-BAP,
GA3 0.5 mg/l,
IBA 0.01 mg/l QL medium;

Figure 5. Optimization of 6-BAP concentration for shoot proliferation of Crataegus sanguinea

Auxin and cytokinin are pivotal in regulating key stages of plant development in tissue culture. This is
exemplified by research on Allium cepa, which has provided insights into the molecular mechanisms through
which PGRs interact with CDK genes, influencing their activity and thereby regulating plant growth phas-
es [22].

It was reported that the combination of cytokinins and auxins significantly influenced both the average
number of shoots per explant and shoot length in sweet cherry (Lapins Prunus avium L.), where 6-BAP sup-
plementation proved effective in promoting shoot multiplication [23]. This is consistent with our observa-
tions on Crataegus sanguinea. Additionally, it also was reported that the significant influence of 6-BAP sup-
plementation on other Crataegus species [20]. The investigation on Crataegus aronia L. showed that media
supplemented only with 6-BAP yielded the highest shoot production by promoting both shoot proliferation
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and elongation. Higher shoot numbers were observed at 5.0 and 7.5 uM 6-BAP, while TDZ (Thidiazuron)
caused significant callus formation [13]. Assessed shoot production among Crataegus aronia, Crataegus
pseudoheterophylla, and Crataegus meyeri demonstrated variability in response to different combinations of
PGRs. Notably, the combination of 1 mg/l NAA (Naphthaleneacetic acid) and 4 mg/l 6-BAP (6-
Benzylaminopurine) was particularly effective, generating the highest average number of shoots after 6
weeks of cultivation [24].

Among the studied species, Crataegus aronia produced the highest percentage of successful explants,
achieving 89.67 % success rate under this PGR combination. This indicates a strong propensity for shoot
regeneration in Crataegus aronia, suggesting its potential for efficient shoot proliferation [24].

In contrast, Crataegus meyeri exhibited the longest average shoot length, reaching 22.67 mm. This was
achieved under a different PGR concentration of 1 mg/l NAA and 1 mg/l 6-BAP, highlighting the species-
specific response to growth regulators [24].

By considering above mentioned information we highlight the importance of optimizing PGR concen-
trations to each Crataegus species to maximize growth parameters.

Conclusion

The method employed in this experiment enabled effective shoot multiplication using auxiliary buds,
bypassing the germination barrier and significantly reducing the propagation time. This approach facilitated
the rapid and mass production of plant materials. Our findings insights are valuable for improving shoot pro-
liferation protocols and enhancing the efficiency of in vitro cultivation of Crataegus sanguinea, which is
valuable for its high fruit quality and ornamental, pharmaceutical, ecological, and rootstock importance. The
use of QL media supplemented with certain concentrations of 6-BAP, GA3, and IBA can be recommended
to enhance the multiplication of Crataegus spp. In vitro collection of Crataegus sanguinea has been created
and will be used for further research.
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K.T. XKanbiOexoBa, A.C. Hyprasa, I'.K. Mar3ymosa,
C.C. baguo0aii, A.A. Kakumxkanosa

Ocimaik ropmonaapbInbin Crataegus sanguinea
in vitro xar1albIHIaFbI KO0Oeline dcepi

3epTTey KYMBICHI OCIMIIK ropMoHAApeIHBIH Crataegus sanguinea MUKpOOpPKEHIEPiHIH KeOeroiHe KaHmait
acep ereTiHiH 3eprreyre OGarbITTanrad. O yIniH OeH3MJIAMHUHOITYPHHHIH Kelieci KoHueHTparmschl (6-BAIT)
0,25, 0,5 xonme 0,75 wmr/m, 0,5 mr/m rud6epemn kpimkeuibiMeH (I'K) skone 0,01 mr/m wHmon-3-mait
kpiikbuibiMeH (IBA) Quoirin & Lepoivre (QL) kopektik oprama 3epTrenai. 3epTrey HaTxenepi Oip
IKCIUTaHTKa eH ken eckinzep (5,23) I'K3 perenepaunsuislk Kopektik oprara 0,5 mr/n, 0,5 mr/n 6-BAIl, 0,5
mr/n GA3 xome 0,01 mr/n IBA KOHIEHTpalUMsACHIHOA KOCBUTY apKbUIBI TY3UICTIHIH KepceTTi. Amaiina
KynbTuBanusuayasly 36-mel kyHiage 0,75 mr/a 6-BAIL, 0,5 mr/n GA3 xone 0,01 mr/n IBA maiimanany
apKBUIBI DKCIUIAHTTAFbl OPKCHHIH OpTaia y3eHABIFbl (12,77 cM) alblHIbl. ATKapbUIFaH XYMBIC HETi3iHIE
Crataegus sanguinea ©CIMIITIHIH MHKPOOCKIHAEPIH in vitro »arJalblHIa KOOEHTy YIIIH THIMII IPOTOKOI
YChIHBUIIBL. Byl €3 Ke3eriHae MUKPOOCKIHAEPAIH CaHbl MEH Y3bIHABIFBIH JKOFaphl JICHIreile KaMTaMachl3
erezi aen OOIKaHAMBL

Kinm ce30ep: xonthiK Oypunik, QL KOpeKTik opmacel, ©CIMIIK rapMOHAApPbl, MHKPOOPKEHACPAi KOOeHTy,
Crataegus sanguinea.
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The effect of growth regulators...

K.T. XKansi0exona, A.C. Hypraza, ['.K. Mar3ymoga,
C.C. basub6aii, A.A. KakumikanoBa

Biausinue peryJsiTopoB pocTa HA MYJIbTHUILTUKAIIUIO
Crataegus sanguinea B KyJbTYype in vitro

B nanHOM wMccnenoBaHMHM OBUIO HM3YyY€HO BIMSHUE PETyJNATOPOB pPOCTa pacTeHuil Ha mpoiaudepanuro
JOIOJIHUTENBHBIX MuKpornoderoB y Crataegus sanguinea. Jas 3TOro ObUIM W3y4YeHBI CIEYIONIHE
KOHIIeHTpanmu OeHszwnamuHomypuna (6-BAIT) 0,25, 0,5 u 0,75 wmr/n, B xomOmHamuu c 0,5 mr/n
rub6epemtoBoit kuciotel (I'K) m 0,01 mr/n mrmon-3-macnsaaol kuciotel (IBA) Ha muraTtensHO# cpene
Quoirin & Lepoivre (QL). Pe3ynbTaTsl HcCIeOBaHUH TTOKa3aln, 9YTO HaUOOJbIIee KOJIMYECTBO MOOEroB Ha
skcruiaHT (5,23) oOpa3oBaHO J100aBJICHHEM B MUTATENbHYIO0 cpeny pereHepaiun ['K3 B konrentpanuu 0,5
mr/n, 0,5 mr/a 6-BAIl, 0,5 mr/n GA3 u 0,01 mr/n IBA. OnHako cpennss AnuHa M00eroB Ha skcmianT (12,77
cM) Obuia momydeHa mpu ucnonb3oBanud 0,75 mr/n 6-BAIL, 0,5 mr/n GA3 u 0,01 mr/n IBA, Ha 36 neHb
KyJbTHBalMu. Hacrosias cratbs NpeacTaBisieT co00d 3((EKTUBHBIM NMPOTOKON AT MYJIbTHIUIMKALUH
mukponoberoB Crataegus sanguinea.

Kniouesvie cnosa: masymiHble IMOYKH, THTaTenbHas cpema QL, perymaropsl pocta, MyIbTHILIMKALHS,
Crataegus sanguinea.
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Oat yield with organic fertilizer Guminatrin

Currently, the oats are cultivated in almost all regions of Russia. The aim of our research is to study the for-
mation of oat yield according to the application of growth stimulator Guminatrin under the conditions of
Priobskaya zone of Altai Krai. The work was conducted on the basis of the training plots of Altai State Agri-

299

cultural University in 2020-2021. The objects of research were oaks cultivars “Korifej”, “Pegas”, “Argu-
ment”, “Vektor”, “Rusich”. Working solution was prepared at the rate of 2 1 of Guminatrin to 8 1 of water.
The consumption of working solution for treatment: seeds — 10 I per 1 t; plants by vegetation — 1.5-2 1 per
1 ha. During the research the following records and observations: the yield structure, the yield of oats, the
mass of 1000 seeds. The most responsive cultivarto the growth stimulant Guminatrin was “Rusich”. Pre-
seeding treatment of seeds and then the plants by vegetating with the Guminatrin contributed to an increase in
the yield structure elements of the investigated oats cultivars, and as a consequence resulted in an increase in
yield compared to control by 0,38-0.65 t/ha.

Keywords: oats, cultivars, Guminatrin, yield, yield structure elements, yield gain.

Introduction

Oats are one of the most common crops in world agricultural production. Under to various literary
sources, the genus Avena is up to 70 species. According to the data presented by the “Plantarium. Plants and
lichens of Russia and neighboring countries: open online galleries and plant identification guide”, 30 species
belong to this genus, of which more than half are native to countries on the European continent [1].

The primary centers of origin of cultural oats ancestors were determined by researchers — these are
Mongolia and the north-eastern provinces of China. The spread of oats to all continents of the world, thanks
to the many positive qualities of the crop, has allowed oats to occupy one of the leading positions in the cere-
al crop ranking [2].

The quality of grain oats is of great importance. Protein is one of the most important indicators for grain
quality in any crop. The protein content in oats grains fluctuates at a level of 12-13 % and is characterized by
the presence in its composition of essential amino acids — histidine, arginine, lysine and tryptophan. Scien-
tists Burtseva E.V. and Ternenko L.I. [3] note the presence in oatsgrains up to 60 % offast-breaking starch,
vitamin C, fats, sugars, saponins, flavonoids, fitinic acids [4]. The chemical composition of the straw extract
showed a high content of silicon acid, iodine, avenin. The analysis of the oats seedlings revealed the pres-
ence of large quantities of peptides [5]. The oats grains contain high levels of iron, calcium and phosphorus;
the crop has a high content of Al, Fe, As, Sn, Hg salts; the leaves accumulate Cu, Zn, Bi salts; the stems con-
centrate the Br, Rb, Sr, Cd, Ba salts [2, 6].

According to biological indicators, oatis a crop that develops well under the temperate climates. It is
quite resistant to high humidity, low temperature, low soil fertility [2]. It is therefore not surprising that the
Russian Federation is the largest producer of oats in the world, with a production volume of 3,775,686 tons
per year (Fig. 1). Canada is second in terms of production — 2,808,109 tons/year, followed by Australia —
1,897,989 tons/year, and Poland — 1,625,100 tons/year [7-9].

In 2022/2023, the global production of oats was approximately 25.13 million tons. In the 2023-2024
seasons, Russia ranked second in the world production of grain of this crop (2.6 million tons, which is
17.2 % of all global production of grain of oat).

Despite the fact that Russia is one of the leading places in the world for grain production of oats, recent
years have seen a decrease in the size of the areas planted, a reduction in gross harvest, and a decline in the
yield in 2023 (Fig. 2).
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Figure 2.The area planted, gross yield and yield of oats in Russia in 1990-2023 (source: Rosstat)

In 2023, the oat area decreased by 79.9 % over the period under analysis and reached the target. Gross
revenues in 2023 were 3,300 thousand tons, which is 27.1 % lower than in 2022. Such a sharp drop in the
figure was observed in Russia and in 2010, when due to drought 3,225.2 thousand tons were obtained. The
oat yield has increased by 7.5 % in the past five years, 13.4 % in 10 years, 8.8 % to 2001 and 25.7 % to
1990 [10].

Currently, the oats are cultivated in almost all regions of Russia. In 2023, 29.2 % of all oat harvest from
regions included in the TOP-5, to share of the TOP-10 was 45.3 %. The maximum volume of oat production
from regions included in the TOP-10 are noted from such municipalities as Altai Krai, Krasnoyarsk Krai,
Tyumen Oblast, Republic of Bashkortostan, Novosibirsk, Irkutsk, Nizhnygorodskaya, Omsk, Kirov and Ke-
merovo regions (Fig. 3) [10].
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Figure 3. Share of regions in total production of oats in Russia in 2023, in % (source: Rosstat)

The importance of growing oats in modern agricultural production is undeniable. Oats occupies an hon-
orable place among cereal crops. Oats contain a high protein, starch and fat content. This makes the oat a
very important food and feed. The crop is used to make cereals, cookies, biscuits, coffee. It is also used as
animal feed.

Oat is the good forecrop for other crops, because it is weakly damaged by lodging infections. Due to the
short harvesting time, blotchy ripening and high propensity for falling grain, oats are difficult to harvest and
require additional measures to obtain simultaneously ripening crops [11].

The application of growth regulators allows obtaining changes in plant metabolism and development
identical to those that occur under certain environmental conditions [12]. Plant growth regulators are now an
excellent way to solve many problems in crop farming practice. They are improving the agricultural tech-
niques of growing selected crops. The application of growth regulators is becoming more and more relevant
and demanded for agricultural producers every year. The use of physiologically active substances in the pro-
duction of oats allows controlling the individual stages of growth and development of plants in order to im-
prove their yield and grain quality [13, 14].

Many different biological preparations are currently being developed and used in agricultural produc-
tion. One of these is Guminatrin. The humic acid salts in it are a complex mixture of high molecular natural
organic compounds. It is natural growth stimulator, which improves the penetration of mineral nutrients
through plant roots, actively participate in oxidative-restorative processes of plant cells, mobilize the phos-
phorus content into bioavailable forms. Humic acids are able to bind and safely transfer radionuclides, heavy
metals, pesticide residues, accelerate the intensity of photosynthesis and chlorophyll synthesis. Boron, man-
ganese, copper, zinc, molybdenum, iron, cobalt, which are included in “Guminatrin”, stimulate the growth
and development of plants. Under their action, plants are increasingly resistant to bacterial and fungal diseas-
es, to adverse environmental factors [14].

The aim of our research is to study the formation of oat yield according to the application of growth
stimulator Guminatrinunder the conditions of Priobskaya zone of Altai Krai.

Experimental

The research was conducted on the basis of the training plots of Altai State Agricultural University in
2020-2021. Test plots soil — leached medium-thicksemi-loammedium-humic chernozem. The objects of

19 (13

research were oaks cultivars “Korifej”, “Pegas”, “Argument”, “Vektor”, “Rusich”. The fore crop was a
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spring wheat, sowing made by hand. The seed rate was 500 pcs. germinating seeds per 1 m” The plot area
was 2 m’, repetition was 3-times (Fig. 4).

The Guminatrin is a liquid fertilizer consisting of humic and fulvic acids, it also contains live
agrobacteriums (Agrika, Rizotorfin B, Rizoagrin B) and amino acid complex. The product has a stimulating
effect, increasing the resistance of plants to diseases, extreme climatic factors: drought, excess moisture, soil
salinity. Enhances the ability of plants extract macro- and micro-nutrients from soil. Increases seed germina-
tion and gives plants favorable starting conditions due to the rich complex of micronutrients, together with
soil bacteria [15].

Experiment options:

- pre-seeding treatment of seeds, and then of plants in the stage of tillering with Guminatrin;

- non-treated control.

Working solution was prepared at the rate of 2 1 of Guminatr into 8 1 of water. The consumption of
working solution for treatment: seeds — 10 1 per 1 t; plants by vegetation — 1.5-2 1 per 1 ha.

Figure 4. Experimental plots, 2020

During the research conducted the following records and observations: counted the yield structure, rec-
orded yield of oats, counted the mass of 1000 seeds. The experiments and studies were conducted in accord-
ance with the guidelines [16]. Mathematical processing of data was carried out according to the methodology
of Dospekhov B.A. [17].

Results and Discussion

Positive reaction of plants to the treatment with growth stimulator on seed germination was noted for all
cultivars. However, responsiveness was mixed. The highest increase in field germination (and excess of con-
trol) was obtained by the cultivars “Korifej” (16,7 %), “Argument” (12,2 %), “Pegas” (14,3 %), “Rusich”
(11,8 %), “Vektor” (7,6 %).

The study of yield structure elements of crops allows highlighting those of them that are paramount in
determining its valueunder specific soil-climatic conditions (Tables 1, 2).

Table 1
Yield structure elements, 2020
No. Cultivar Experiment Plant | Number of Panicle Mass of 1000
option height, | stems on one| Length, cm | Number of Mass of grains, g
cm plant, pcs grains, pcs | grain from
one plant, g
1 Pegas Control 80 1.3 11 25 1.59 26.2
Guminatrin 82 1.4 10 26 1.64 274
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Continuation of Table 1

No. Cultivar Experiment Plant | Number of Panicle Mass of 1000
option height, |stems on one| Length, cm | Number of Mass of grains, g
cm plant, pcs grains, pcs | grain from
one plant, g
2 Korifej Control 81 1.2 13 24 1.51 26.7
Guminatrin 83 1.2 11 28 1.64 29.4
3 Argument Control 86 1.3 14 24 1.87 24.6
Guminatrin 87 1.4 11 26 1.93 26.9
4 Vektor Control 86 1.3 14 22 1.56 23.2
Guminatrin 87 1.3 13 26 1.64 25.7
5 Rusich Control 80 1.1 14 22 1.55 29.1
Guminatrin 83 1.1 13 25 1.59 30.6
Statistics
Mean 83.5 1.3 12.4 24.8 1.65 27.0
o 2.7 0.1 1.4 1.8 0.13 2.1
Cv, % 3.2 8.1 11.5 7.2 7.94 7.9
SEM 0.9 0.03 0.5 0.6 0.04 0.7
Table 2

Yield structure elements, 2021

No. Cultivar  |Experiment option|  Plant Number Panicle Mass of
height, cm | of stems | Length, cm | Number of | Mass of | 1000 grains,
on one grains, pcs | grain from g
plant, pcs one plant, g
1 Pegas Control 84 1.2 11 31 1.78 27.6
Guminatrin 85 1.2 12 32 1.81 29.6
2 Korifej Control 76 1.1 12 29 1.72 25.2
Guminatrin 86 1.1 13 27 1.83 26.2
3 Argument Control 84 1.1 9 24 1.35 21.9
Guminatrin 92 1.1 10 29 1.54 22.6
4 Vektor Control 76 1.1 13 29 1.27 23.3
Guminatrin 85 1.1 13 33 1.41 24.7
5 Rusich Control 83 1.1 11 26 1.14 26.8
Guminatrin 92 1.1 14 31 1.28 29.2
Statistics

Mean 84.3 1.1 11.8 29.1 1.51 25.7
o 5.1 0.0 1.5 2.7 0.24 2.5
Cv, % 6.1 1.9 12.5 9.2 16.10 9.8
SEM 1.7 0.01 0.5 0.9 0.08 0.8

Under the 2020 conditions, all the yield structure elements studied except for the panicle length were
higher on the Guminatrin option. So, the height of plants was on average 1.8 cm higher, the maximum ob-
tained in the “Argument” and “Vector” cultivars — 87 cm. “Rusich” surpassed the control more than others,
by 3 cm, with its average height of 83 cm. Average height was 83.5 cm.

The number of stems on one plantin the processed option exceeded the control only in cultivars “Argu-
ment” and “Pegas”, and that by only 0.1 pcs. Average number of stems on one plant was 1.3 pcs.

The panicle length was maximum at the control, exceeding the experimental option by an average of
1.6 cm. The shortest — 10 cm — was obtained from the “Pegas”. Average panicle length was 12.4 cm.

The number of grains from one panicle led by the “Korifej” cultivar — 28 pcs. on the Guminatrin vari-
ant, the lowest number obtained from “Vector” and “Rusich” cultivars was 22 pcs. The average excess over
control was 2.8 pcs. Average number of grains from one panicle was 24.8 pcs.

The mass of grain from one plant in the processed option exceeded the control on average by 0.07 g.
Maximum was obtained from the “Argument” — 1.93 g with Guminatrin and 1.87 g by control. Average
mass of grain from one plant was 1.65 g.
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The mass of 1000 grains were also higher on the Guminatrin option. “Rusich” cultivar showed the best
result with 30.6 g, and the second place had “Korifej” cultivar with 29.4 g. The average excess over control
was 2.04 g. Average mass of 1000 grains was 27.0 g.

The “Korifej” cultivar showed the great receptivity to treatment — the mass of 1000 grains after it in-
creased by 2.7 g. The “Pegas” cultivar showed the lowest dependence, the increase was only 1.2 g. The
“Vector” cultivar showed a 2.5 g increase, the “Argument” cultivar showed an increase of 2.3 g, the
“Rusich” showed a 1.5 g increase.

Under the 2021 conditions, all the yield structure elements studied except for the number of grains from
one panicle were higher on the Guminatrin option.

The “Pegas” cultivar showed the lowest responsiveness too. Plant height and panicle length has hardly
changed, the increase was only 1 cm. The number of grains per plant has increased by 1 pcs., but “Pegas”
showed a slight increase in the mass of grains from one plant, and as a consequence — an increase in the
mass of 1000 grains by 2.0 g.

The “Korifej” cultivar showed the rise in plant height by 10 cm on the Guminatrin option — the first
place among all studied cultivars. Its mass of grains from one plant increased by 0.11 g, the mass of
1000 grains — by only 1.0 g.

The “Argument” cultivar showed a rise in plant height by 8 cm, panicle length by 1 cm, number of
grains from one panicle 5 pcs., the mass of grains from one plant in 0.19 g, the mass of 1000 grains has in-
creased by only 0.7 g.

The “Vector” cultivar showed a rise in the plant height by 9 cm, in the number of grains from one pani-
cle by 4 pcs., in the mass of grains from one plant by 0.14 g, and the mass of 1000 grains increased by only
14 g.

The “Rusich” cultivar showed a rise in the plant height by 9 c¢m, in the panicle length by 3 cm, in the
number of grains from one panicle by 3 pcs., in the mass of grains from one plant 0.14 g per plant, and the
mass of 1000 grains increased by 2.4 g.

Crop yield is a very important indicator, it shows how much production was obtained from one unit of
the area. To increase the yield, it is necessary that optimal conditions for the growth and development of the
plant are created. When the optimum is deviated, the yield decreases, so the use of growth stimulators allows
not only to reduce the impact of adverse factors on the plant, but also to increase the yield at the expense of
increasing resistance to external factors. Table 3 shows the yield of oats for 2020-2021.

Table 3
Yield of oats, t/ha
No. Cultivar Experiment option Yield, t/ha Yield gain

2020 2021 Mean t/ha %

1 Pegas Control 1.56 1.85 1.71 - -
Guminatrin 1.75 2.42 2.09 0.38 22.2

2 Korifej Control 1.60 1.77 1.69 - -
Guminatrin 2.20 2.08 2.14 0.46 27.0

3 Argument Control 1.35 1.33 1.34 - -
Guminatrin 1.84 1.83 1.84 0.50 36.9

4 Vektor Control 1.51 1.62 1.57 - -
Guminatrin 1.99 2.15 2.07 0.51 32.3

5 Rusich Control 1.56 1.64 1.60 - -
Guminatrin 2.01 2.49 2.25 0.65 40.6

Statistics

Mean 1.74 1.92 1.83 0.50 31.8

9 0.25 0.35 0.28 0.09 6.6
Cv, % 14.64 18.10 15.38 17.57 20.8

SEM 0.08 0.12 0.09 0.04 33

Yield growth was between 22 and 40 percent. Based on the harvest data, it can be concluded that in
2021 the average yield was higher both on control and on the experiment, the exception being only the
“Korifej” cultivar.
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The yield of “Pegas” cultivar in 2021 was significantly higher than in 2020. At the control, the differ-
ence was 0.29 t/ha, at the experiment — 0.67 t/ha. Despite the significant change in crop yields in 2021, the
trend of increased the yields with Guminatrin was maintained and stands at 12.2 % in 2020 and 23 % in
2021.

The “Korifej” cultivar also had an increase in the yield by control in 2021 compared to 2020, this in-
crease was 0.17 t/ ha, the option with Guminatrin had a negative growth dynamic and it was 0.12 t/ ha. The
average increase in control over two years was 0.46 t/ha or 27.0 %.

The average of the “Argument” cultivar over two years was almost identical and the difference was on-
ly 0.02 t/ha. But if we compare the options of the experiment, it turns out that the application of Guminatrin
increased yield by 0.5 t/ha or 36.9 %.

The “Vector” cultivar had the same positive dynamics of yield growth in 2021 compared to 2020, it was
0.11-0.16 t/ha. The experiment with fertilizer gave an increase in yield of 0.51 t/ ha, which was an increase
in yield by 32.27 %.

The “Rusich” cultivar showed the highest response to the use of Guminatrin, an increase of yield was
0.65 t/ha, which corresponds to a record increase in yields of 40.63 %.

The highest yield was generated by the use of Guminatrin in 2020 by the cultivars “Rusich” (2.01 t/ ha)
and “Korifej” (2.20 t/ ha), in 2021 — by the cultivars “Pegas” (2.42 t/ ha) and also “Rusich” (2.49 t/ ha). On
average for 2 years of the research, the yield of more than 2.0 t/ ha was formed at the background of
Guminatrin by the “Pegas”, “Korifej”, “Vector” and “Rusich”.

Pre-seeding treatment of seeds and then the plants in the growing phase with Guminatrin fertilizer with
a stimulating effect contributed to increased yields compared to control in both years of studies for all test
options. In 2021, the increase of oats yields at the background of the treatment was higher than in 2020 by
0.01-0.47 t/ha. The average yield gain by 2 years was from 22.2 % to 40.6 %. The most responsive cultivar
to the growth stimulant Guminatrin was “Rusich”.

Conclusions

Pre-seeding treatment of seeds and then the plants by vegetating with the stimulant Guminatrin contrib-
uted to an increase in the yield structure elements of the investigated oats cultivars, and as a consequence
resulted in an increase in yield compared to control by 0,38-0.65 tons/ha.
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C.B. Xapxosa, H.H. IlleBuyk, JI.B. CokonoBa

OprannkajblK TYMUHATPUH THIHANTKBIBI 0ap CYJIbI OHIMALIITI

Kazipri yakpiTra cyiibl Peceiifin 6apiblk Iepiiik aliMakTapbliHIa ecipijeni. 3epTreyaiH MakcaTbl — AnTai
enkeciHiH [IpuoOckast aiiMarbl )KaFIailbIHAa TYMHUHATPUH ©CY CTUMYJIATOPBIH KOJIaHyFa OaiIaHbICThI CYJIIBI
OHIMIUIITIHIH KanblNTacyblH 3eprrey. JKymbic AnTail MEMIIEKeTTIK arpapiblK YHHBEPCHTETIHIH OKY
yaackenepi 0OazaceiHma 2020-2021 skpuimapsl okyprisinai. 3eprrey oObektinepi «Kopudeit», «Ileracy,
«AprymenTty», «Bekrop», «Pycuu» copTTapblHBIH eMeH aramTapbl Oonasl. XKymeic epitinaici 8 m cyra 2 1
TYMUHATPUH MOIIICPIHIC NalbIHAAIAbl. OHICY YIIIH JXYMBIC CpITIHIICIHIH IIBFBIHBL TYKbIMAap — 1
ToHHara 10 J1; eciMAIKTEp BereTalusUIbIK Ke3eHre colikec — 1 ra-ra 1,5-2 n. 3eprrey OapbichiHIa Keneci
Kaz0anap MEH Oakpulayjap KYpri3iiji: eHIMHIH KypbUIbIMBI, CyJibl eHiMIUIiri, 1000 TYKBIMHBIH CaiMarbl.
T'yMHUHATpUHHIH ocy CTHMYJISITOpBIHA €H ce3iMTan copT «Pycuu» OGommel. TyKeIMumapael, comaH KeifiH
ociMIIKTep/i BereTalrsuIblK Ke3eHIe TyMUHATPHHMEH ery ajIblHIa OHIeY 3epPTTEICTiH CYJIbl COPTTaPhIHBIH
OHIMIUIIK KYPBUIBIMBIHBIH JJIEMEHTTEPIiHIH JKOFapbUIayblHA BIKIAJ TTi )KOHE HOTIKECiHAe OakpuiayMeH
cansIcThIpFanaa eHIMALTIKTIH 0,38-0,65 1/ra ecyine okemni.

Kinm ce30ep: cympl, copTTap, TYMHHATPUH, OHIMIUTIK, AaKbUI KYPBUIBIMBIHBIH JJIEMEHTTEPI, OHIMALTIKTIH
ecyi.

C.B. Xapxosa, H.H. IlleBuyk, JI.B. Cokonosa

YPpoxkalHOCTH 0BCA ¢ OpraHnyecknum yaoopennem ['ymuHaTpun

B nacrosmee BpeMs oBec BO3/eNbIBaETCS IPaKTUYECKU BO Beex peruoHax Poccun. Ilens Hamux uccienosa-
HUH — W3Y4UTh (GOPMUPOBaHHE YPOXKAHHOCTH OBCA B 3aBUCUMOCTH OT IPHUMEHEHHUS] CTUMYJISITOpa pOCTa —
I'ymunatpuna B ycnoBusax IIprobckoii 30 Anrtaiickoro kpas. PaGora npoBoannace Ha 6a3ze yueOHBIX yda-
CTKOB ANTaiiCKOTo rocynapcTBeHHOro arpapaoro yHusepcutera B 2020-2021 rr. O0beKkTamMu UCCIeI0BaHUH
ciyxxun 1yopaser coproB «Kopudeit», «Ilerac», «Apryment», «Bekrop», «Pycua». Pabouwnii pacTBop ro-
TOBHJIM U3 pacueTa 2 1 ['ymunatpuHa Ha 8 11 Bomsl. Pacxon pabodero pactBopa Ha 00paboTky: cemsH — 10 1
Ha | 1; pacrenuil no Bererauuu — 1,5-2 1 Ha 1 ra. B xoxe uccnenoBanuii IpoBOAUINUCH CIEAYIOIUE YUEThI
1 HaOJIIOJCHUS: CTPYKTypa ypoxkas, ypoxaifHocTs oBca, Macca 1000 cemsiH. Hanbomnee «OT3BIBUMBBIMY» HA
cTuMynaTop pocta I'yMuHatpus okasaincs copt «Pycuuy. IIpennoceBHas o6paboTka ceMmsH, a 3aTeM pacTe-
HHUH 1o BereTanuy ['yMUHATPHHOM CIIOCOOCTBOBANIA YBEINUCHHUIO DJIEMEHTOB CTPYKTYPBI YpOXKasi UCCiIemye-
MBIX COPTOB OBCa U, KaK CIIEICTBUE, IPUBEIA K YBEINUEHUIO YPOXKAHHOCTH MO CPaBHEHHIO C KOHTPOJIEM Ha
0,38-0,65 T/ra.

Kniouesvie cnosa: osec, copta, [ yMHHATpUH, YpOXKAHHOCTB, 3JIEMEHTHI CTPYKTYPHI ypOXKas, MPUPOCT ypo-
JKaiHOCTH.
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Study of the distribution range of species of the genus Adonis L.

In the article data on the distribution of species of the genus Adonis L. in Kazakhstan were presented. In order
to further clarify the places of distribution and inventory of modern growth of species of the genus Adonis,
the main herbarium fund of botanical organizations was studied. The conducted analyses show that the
highest occurrence of species is noted in Almaty region. To clarify the distribution in Kazakhstan and to
compile the points of occurrence of species of the genus Adonis, 148 herbarium sheets (1843-2021) from Al-
Farabi KazNU, Institute of Botany (AA), DAPO and KIR and digital herbarium of Moscow State University
(MW) were reviewed and processed. Collections from 1843 are presented. The largest number of collections
is from 1940-1972, and the main collectors are S.A. Arystangaliev, B.Bykov, N.V.Pavlov, and
A.A. Ivashchenko. 148 actual places of growth for 8 Adonis species from the flora of Kazakhstan were
identified: Adonis aestivalis L., Adonis apennina L. (Adonis sibirica Patr.ex Ledeb.), Adonis chrysocyathus
Hook.f. & Thomson., Adonis parviflora Fisch., Adonis tianschanica (Adolf.) Lipsch., Adonis vernalis L.,
Adonis villosa Ledeb., Adonis volgensis Steven ex DC. Species diversity of Adonis L. is established in
Dzungarian Alatau, Western Altai, Tarbagatai and Ile-Kungei Alatau, which are classified as rare and whose
numbers are decreasing. Geographically, the most common are Adonis Adonis aestivalis L., Adonis
parviflora Fisch. & Adonis tianschanica (Adolf.) Lipsch. The conducted research allowed systematizing,
clarifying and supplementing information about species diversity and distribution of genus Adonis in the flora
of Kazakhstan.

Keywords: distribution, herbarium, floristic regions, inventory, Kazakhstan.

Introduction

The genus Adonis L. includes 20 species growing in Europe and Asia. In Kazakhstan 8 species grows
and [1] all of them are noted for the flora of Kazakhstan.

Adonis tianschanica (Adolf) Lipsch. is a rare species with decreasing abundance in the north-central
Tianshan range [2, 3]. The species is included in the Red Data Book of Kazakhstan (1981) [4] and the List of
Rare Species (2006) [5]. The above-ground part of the plant contains alkaloids, cardeonolides, saponins, ni-
trogen-containing compounds, flavonoids, vitamins. It is used as a cardiotonic agent (Grudzinskaya et al.,
2014) [6]. A. tianschanica is a thizomatous herbaceous perennial. By the time of flowering it reaches up to
35 cm in height. The number of stems is from 1-5. The stems are branched from the base, covered with
many curly hairs. Leaves are scaly, twice pinnately divided into lanceolate lobes. At the beginning of vegeta-
tion, shoots and leaves are strongly curly-hairy; by fruiting, they are almost glabrous. Flowers are solitary,
3.5-5 cm in diameter, located at the ends of shoots. Petals are lemon-yellow, slightly irregular. The root sys-
tem is represented by a shortened vertical rhizome up to 6 cm long with numerous straight cord-like roots of
dark brown color up to 30 cm long. Lateral roots of the 2nd order are not numerous. In August, during the
fruiting period, buds of renewal of next year's shoots are formed at the base of the rhizome. The number of
buds depends on the size and age of the plant — from 1 to 5 (6) pieces. The fruit is a polycarp. Seeds are 3-4
mm long and 2-3 mm wide, finely wrinkled, scattered-hairy with a small, hook-shaped downward bent spout.
The weight of 1000 seeds is 4.405 g [7].

Adonis apennina L. (=Adonis sibirica Patr. ex Ledeb.) — perennials. 20-30 cm tall, with fruits up to
60 cm; naked, with short, thick rhizome; stem smooth, simple or with short, slightly inclined branches; root
and lower stem leaves scaly. sessile, middle and upper sessile, large, grayish underneath, twice or thrice
pinnately divided, oval or triangular in outline, glabrous, terminal lobes linear-lanceolate, up to 12 mm long
and 1 mm wide; flowers large, bright yellow, 4-6 cm. in dia. sepals yellow-tomato-greenish, glabrous, roun-
dish-ovate, narrowed at the end, 10—15 mm long and 8—10 mm wide; petals oval, overlapping edges, 20-30
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mm long and 10-15 mm wide; fruits shortly and sparsely pubescent, 4.5 mm long and 4 mm wide, their
spout is short, bent downwards. Blossoms V-VI. Grows in dry meadows, forest edges, glades and light for-
ests [1, 8].

Adonis villosa Ledeb. — perennials, 5-25 cm tall, with fruits up to 45 cm; stems solitary, with spread-
ing branches; entire plant scattered-hairy; lower leaves brown, scaly, subsequent stem leaves twice pinnate,
sessile, with 2 shortened lobes at the base, ovate or triangular in outline, their terminal lobes lanceolate, acu-
minate, young leaves strongly pubescent, later becoming less pubescent; flowers from 2 to 5 cm. in diameter,
on a hairy pedicel; calyx purplish, its lobes oval, acuminate, pubescent, much shorter than the length of pet-
als; petals pale yellow, oblong, narrow, narrowed at the ends, sometimes slightly toothed, 1-1.5 cm long and
0.5-1 cm wide; sop-lodia globular or ovoid, sometimes drooping; fruits 3-4 mm long, ovate, slightly wrin-
kled, pubescent, spout small, hooked downwardly bent. Blossoms V-VI. Grows on the edges of birch forests
and in mountain steppes [1, 9].

Adonis chrysocyathus Hook.f. & Thomson — perennials, 12—40 cm tall, with fruits higher; rhizomes
dark brown; stems straight, often curved at the top, ovate, with large, brown, scaly leaves below, lower green
leaves long petiolate, large, sometimes exceeding the height of the stem, petioles 2-3 times longer than the
lamina, upper leaves are sessile, the laminae are thrice pinnately incised into lanceolate or ovate-robic, acu-
minate lobes at the apex, young leaves are covered with fine, curly hairs on the underside, in old leaves they
are strongly reduced; flowers are solitary, up to 4 cm. in dia. sepals are 6-8, purplish, ovate, unequally
toothed at the apex, hairy on the outside, 12—15 mm long; petals are 1624, golden-yellow, 25-27 mm long,
5-8 mm wide, obovate-lanceolate, blunted; copulose globular, about 10 mm in dia.; fruit 5-7 mm long, gla-
brous, with a long, inwardly twisted spout, almost twice as short. Blossoms VI-VII, fl. VIII. Grows on fine-
grained slopes of the alpine belt of mountains and meadows like snow patches [1, 10].

Adonis vernalis L. — perennials, 5-20 ¢cm, with fruits up to 40 cm tall.; rthizome thick, short, brownish-
black; stems 3-4 in number, smooth, erect or slightly deflected, usually low branched, with oppressed
branches, brownish in the lower part, with brown scaly leaves, stem leaves sessile, ovate or rounded in out-
line, dissected into lobes: lower palmately divided, upper lobes twice palmately divided, terminal lobes line-
ar, entire-edged, 1-2 cm long. and 0.5-1 mm wide, glabrous; flowers bright yellow, 4 4.5 cm. in dia.; sepals
green, finely pubescent, blunted at the top, up to 2 cm. long and 1.2 mm. wide, petals 12-20, oblong-elliptic,
slightly narrowed and finely serrate at the apex, 1.5-3.5 cm long and 0.5-1.2 cm wide; fruit ovoid, 3.5-5.5
mm long and 3 mm wide, wrinkled, hairy, with a short, hook-shaped spout wrapped downwards, collected in
ovoid heads about 2 cm long and 1.2 cm wide. Blossoms [V-V. It grows in steppes, along the margins of
steppe coniferous forests and in shrubs [1, 11].

Adonis volgensis Steven ex DC. — perennials, 15-30 cm tall, with fruits up to 35 cm; rhizome thick,
short, brownish-black; stems solitary or several of them, sparsely branched, almost glabrous at the lower
part, with brownish scaly leaves; stem leaves sessile, ovate in outline, twice palmately divided into broadly
linear lobes, wrapped at the bottom, more than 1.5 mm wide, young leaves rather densely pubescent, pubes-
cence becomes sparse at flowering; flowers pale yellow, 3.5 4.5 cm. in dia.; sepals purplish, slightly pubes-
cent; petals 1.7-2 cm. long and 6-7 mm. wide; fruits numerous, rounded, densely assembled into a head, fine-
ly indistinctly wrinkled, sometimes smooth, hairy, up to 4 mm. wide, their spout bent downward, tightly
pressed to the surface of the fruit. Blossoms III-IV. It grows in grassy-typchak and grassy steppes, and occa-
sionally in forest meadows [1, 12].

Adonis parviflora Fisch. ex DC. — small-flowered, 650 cm tall, with straight, branched or simple
stem, glabrous or thinly pubescent in the lower part; leaves sessile, glabrous, only the lowest ones on peti-
oles, twice or thrice pinnately dissected into linear lobes; flowers orange or fiery red, with a black spot at the
base of petals; sepals 5-8, flat, ovate, glabrous, half the size of the corolla; corolla petals oblong-ovate or
lanceolate, in the same or larger number; sapodule dense, oblong, up to 2 cm long and 0.6-0.7 cm long. and
0.6-0.7 cm wide; seeds broadly ovoid, 3.5 mm long and 3 mm wide, narrowed at the apex into a slightly bent
spout with a toothed projection under it, glabrous, reticulate-tupomorphic over the whole surface, with a
ridged-toothed margin and 2 small teeth. Blossoms V-VI. Grows on storages, saline and wet meadows [1,
13].

Adonis aestivalis L. — 3. summer, coal on fire, 10-50 cm tall; stem straight, branched or simple,
glabrous or diffusely hairy; lower leaves petiolate, twice or thrice dissected into linear lobes; flowers few, 1
each at the top of the stem and branches, 1.8-3 cm dia. sepals flat, ovate, glabrous, rarely hairy from below;
petals twice as large as sepals, bright fiery-red, rarely yellow, with a black spot at the base; seeds, collected
in a dense oblong head, wrinkly-cellular in surface, elongated into a straight spout, below its middle bordered
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by a scalloped-toothed margin, with one sharp projection and 2 teeth. Blossoms IV-VI. It grows as an
invasive weed in crops, on fallow lands and old cattle camps [1].

Experimental

The work was based on materials stored in the herbarium funds (AA) of the Institute of Botany and
Phytointroduction, in herbarium collections of the Kazakh National University named after Al-Farabi of the
Department of Biodiversity and Bioresources and Department of agrochemical, soil surveys and integrated
survey work DAPO (DAPO and KIR), as well as in the digital herbarium of Moscow State University (MW)
of red-listed and rare species of the genus Adonis L. (4. aestivalis, A. apennina (A.sibirica),
A. chrysocyathus, A. parviflora, A. tianschanica, A. vernalis, A. villosa, A. volgensis) to identify the exact
locations of populations in the territory of Kazakhstan.

To further clarify the species composition and modern distribution of the genus Adonis L., an inventory
of herbarium material dated 1842-2021 was conducted. Latin names of species are given according to the
international platform POWO [14]. The names of floristic regions are based on botanical zoning of the flora
of Kazakhstan. The following basic reference materials were used to compile systematic and geographical
analyses of the genus Adonis L.: “Flora of Kazakhstan (1961) [1], “Illustrated identifier of plants of Ka-
zakhstan” (1972) [15], Handbook of plants of Central Asia (1993) [16]. In the process of work in the herbar-
ium data contained in the herbarium were indicated without change on the labels, where the name of collec-
tors, date of collection, geographical and administrative location of the point. In the work, the Latin names of
Adonis L. species were checked in accordance with the reports of POWO [14].

Results and Discussion

Based on literature and herbarium data, a list of the flora of the genus Adonis L. growing in Kazakhstan
was compiled, which includes 8 species of perennial herbaceous plants. As a result of the analysis of
herbarium materials, 118 actual growing places were identified in herbarium funds of the Institute of Botany
and Phytointroduction (AA). It was found 8 species of genus Adonis L. from the flora of Kazakhstan, and
further we will present the list of herbarium sheets of plants growing in Kazakhstan:

Identified 50 herbarium sheets of storage, species A. aestivalis: Western Melkosopochnik, locus Ters-
akkan, 27.05.1842, Schrenk A. G.; Pri-Balkhash steppe, Arganatinskiye mountains closer to Lake Balkhash,
rocky slopes, 12.04.1902, Sapozhnikov V. V.; Zailiyskiy-Kungei Alatau, Talgar River, foothills, 25.05.1925,
Popov M. G.; Pre-Caspian region, Ural province Guryevsky district, Lake Inder, Gypsum sinkhole,
09.06.1927, llyin M. M., Grigoriev Yu. S.; Balkhash-Alakul district, Eastern Pribalkhashie, Area between
the Karatal river and Uch-Kul lakes, 3 km west of Sarybulak station, wormwood steppe, 08.06.1928,
Shipchinskiy N. V.; Zailiyskiy-Kungei Alatau, vicinity of the city. Alma-Ata, slopes of hills on the right
bank of the Almatinka River outside the city, 28.05.1928, Lipshits S. Yu.; Zailiyskiy Alatau, Alma-Ata
gorge, slopes of stalls outside the city of Almaty, 28.05.1928, Pavlov N. B.; Karatau, Syr-Darya district,
Kara-Tau town, Jong Plateau, 17.06.1930, Volkova P. A.; Karatau, Syr-Darya district, east of Bijli Kul lake,
27.05.1930, Volkova P. A.; Karatau, Syr-Darya district, Kara-Tau town, low places of Jong plateau, pasture,
15.06.1930, Volkova P. A.; Karatau, Syr-Darya district, Juvalynsky area, spurs of Kara-Tau ridge, slightly
hilly intermountain valley in the upper reaches of Chimbulak, south-west of Ber-Kara gorge about 1 km,
22.06.1931, Kornilova V.S.; Zailiyskiy-Kungei Alatau, Burunday urzhishche, Alma-Ata oblast, Kalininsky
district, 25.05.1931, Mukhlya A.V.; Zailiyskiy Alatau, the vicinity of the city. Alma-Ata., Botanical garden,
stalls, 25.05.1933, Geld A. I.; Zailiyskiy Alatau, vicinity of Alma-Ata mountain, southern slopes of
Zailiyskiy Alatau foothills, light-chestnut soils, 06.06.1933, Kazgiprozem; Kirghiz Alatau, Aulietinsky
district, north of Aigulak station — 5-6 km, plain, old deposits 810 1., on sierozem, 14.05.1933,
Kornilova V.S.; Balkhash-Alakul district, Alma-Ata oblast, Ili station, sands, 09.05.1934, Geld A.l.; Priaralie
district, Aral Sea, Barsa-Kelmes island, 1935, Nazarov M. V.; Zailiyskiy Alatau, Zailiyskiy Alatau ridge,
Kastek gorge, 25.05.1936, Dmitrieva A. A.; Chu-Iliyskiye mountains, Utyugun river vicinities, shallow soils,
01.06.1936, Kubanskaya Z. V.; Zailiyskiy Alatau, Alma-Ata, on slopes on foothills, 17.05.1936,
Shishkin B.K.; Zailiyskiy-Kungai Alatau, vicinity of Alma-Ata, Poganki river gorge, near the path on the
slope, 06.06.1936, Shishkin B. K.; Zailiyskiy Alatau, Kastek district, closer to Kastek river gorge, near
Dzhilda-Saya, 24.05.1936, Linchevsky O. A.; Dzungarian Ala Tau, Southern slope of Dzungarian Ala Tau,
Keityn tract, stony slope, 13.06.1937, Rubtsov N. L.; Zailiyskiy Ala Tau, Syugaty mountains, stony slopes,
14.06.1937, Gorbunova E. P. P.; Dzungarian Ala Tau, Southern part, spurs of Dzungarian Ala Tau, May-
Tyube station, about 53 passages, in shallow soils, 14.05.1937, Kubanskaya Z. V.; Karatau Mountains,
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meadow slopes of foothills in the Mingelke Mountains, 08.05.1939, Pavlov N. V.; Betpak-dala, Central
Betpak-dala, tract Kok-Ashik among caragannik, 21.05.1940, Rubtsov N. I.; Western Tien-Shan, western
spur of Talas Alatau, Aksu-Dzhabagly reserve, overlog adjoining from the north to Aksu canyon,
30.05.1942, Karmysheva N. H.; Priaralie district, Aral Sea, Barsa-Kelmes Island, 06.05.1946,
Platonov Y. G.; Chu-Ili Mountains, gorge Kulfiya-Basy tract, near old sheep barn, 13.05.1946, Fisyun V. V;
Djambul obl. V.; Djambul oblast, in a chiwnik on the Chu-Iliyskie Mountains schlefs near Kulakshino
station, 23.05.1948, Pavlov N. V.; Chu-Ili Mountains, Chu-Ili watershed, Kopa River basin, near Targap
settlement, intermountain valley, 03.06.1949, V. P. Goloskokov; Zailiyskiy-Kungei Alatau, on steppe slope
of foothills, 11 km east of Alma-Ata, 22.05.1950, Polyakov P. P.; Djambul oblast, Chu-Iliyskiye mountains,
in a thicket of chia near Otar station, 07.05.1951, Pavlov N. V.; Dzungarian Ala Tau, Southwestern spurs of
Dzungarian Ala Tau, Chulak Moncha-sai mountains, on slopes among weedy places, near cattle herds,
29.05.1955, V. P. Goloskokov; Dzungarian Ala Tau, Southwestern spurs of Dzungarian Ala Tau, Matay
mountains, foothill plain in the upper reaches of Kara-Kaska river near Koyankoz, 17.06.1956,
Goloskokov V. P.; Dzungarian Alatau, Southern spurs of Dzhugar Alatau, Altyn-Emel ridge, Tyulkuli
Mountains, along the southern stony slopes in the gorge of the Tyulkuli River, 30.06.1956,
Goloskokov V. P.; Dzungarian Ala Tau, Southern part, Southwestern spurs of Dzungarian Ala Tau,
Karakaska River basin, on deposits near Shanghai MTS, 24.05.1959, Goloskokov V. P.; Dzungarian Ala
Tau, Southwestern spurs of Dzungarian Ala Tau, hill 1107 n.a. of the highway near Krasnogorovka, along
the slope of the hill, 25.05.1959, Goloskokov V. P.; Dzungarian Ala Tau, Northern spurs of Dzungarian Ala
Tau, along plumes near Antonovka, in wheat crops, 08.06.1959, Goloskokov V. P.; Dzungarian Ala Tau,
Southern part, Western spurs of Dzungarian Ala Tau, on plumes near Sary-Agach settlement, in weedy
places, 06.06.1959, Goloskokov V. P.; Dzungarian Alatau, Southern part, Western spurs of Dzungarian
Alatau, near the pass saddle to Mukry village, on steppe slope, 17.06.1960, Roldugin 1. I.; Balkhash-Alakul
district, east Pribalkhashie, Akrkarly mountains, near Shengeldy village, on dry slopes, 25.06.1960,
Roldugin I. 1.; Zailiyskiy Alatau, Southwest extremity of Zailiyskiy Alatau, middle course of Karakunuz
river (Chu river basin), along northern grassy slopes, 14.06.1963, V.P. Goloskokov; Zailiyskiy Alatau,
Eastern spurs of Zailiyskiy Alatau, Syugatinskiye mountains, gorge near cordon, among bushes, 10.06.1963,
Goloskokov V. P.; Kirghiz Alatau, foothill loess plain of Kirghiz ridge, ephemeral desert between Lugovaya
and Dzhambul, 15.05.1963, Goloskokov V. P.; Karatau, plateau of Syrdarya Karatau, along grassy slopes,
26.05.1963, V. P. Goloskokov; Zailiyskiy-Kungei Alatau, eastern margin of Talgar, altitude 950 m, strongly
dissected loess foothills, wormwood communities, 11.05.1994, M. P. Danilov; Zailiyskiy-Kungei Alatau,
Almaty region, before Uzynagach on the highway Almaty-Bishkek, h~322 m., 18.05.2018, Sjedina I. A.,
Otradnykh 1. G., Bilibayeva B. K., Zhumadilova A. M.; Kyrgyz Alatau, Zhambyl obl, Zhambyl district,
behind the camp “Ruslan”, Nogaisai gorge on the stony eastern slope, altitude 1100 m, 14.05.2021,
Kudabaeva G. M., Veselova P. V., Kerdyashkin A. V., Bilibaeva B. K., Osmonali B. B.;

15 herbarium sheets of storage, species A. apennina (A. sibirica) were revealed: Altai, Western Altai,
Ivanovsky ridge, East Kazakhstan region, Ridder district, northern slope of Mount Kretovaya, 26.06.1937,
Kuznetsov N. M.; Altai, Western Altai, north west of Ridder, on rocks of unnamed peak close to Mount
Golukha, at a height of 1650 m. elevation, 31.07.1947, Polyakov P. P.; Saur-Tarbagatai, Tarbagatai ridge,
foothills of the northern slope, in a hollow at an altitude of h~1600 m, 15.07.1948, Stepanova E. F.; Saur-
Tarbagatai, Tarbagatai ridge, foothills of the northern slope, in a hollow at an altitude of 1600 m, 15.07.1948,
Stepanova E. F.. F.; Saur-Tarbagatai, ridge, Tarbagatai, northern slope north of Khabar-Asu pass, 5 km,
tipchak steppe, 15.08.1948, Stepanova E. F. F.; Altai, South Altai, Altai Tarbagatai, Bukhtarma basin,
Urylka river near Uryl village, tract “Bakanaz”, altitude 1300 m, forest belt of north-western slope,
01.06.1955, Razlivalov G. M.; Saur-Tarbagatai, East Kazakhstan region, Tarbagatai district, Monrak ridge,
northwest spurs, Tuyuk gorge, 26.05.1981, Rakityanskaya T. M.; Altai, South Altai, East Kazakhstan region,
Tarbagatai ridge, Monrak ridge, northwest spurs, Tuyuk gorge, 26.05.1981. M.; Altai, Southern Altai, East
Kazakhstan Region, Sarymsakty Ridge, southwest spurs, Tuyuk Gorge, 26.05.1981, Rakitianskaya
T. Sarymsakty, south-eastern slope, Tekeli river valley, h~1600 m., 02.08.1985, Bialieva R. A.; Altai,
Southern Altai, VKO, South Altai ridge, western part, northern slope, lower forest border, h~1800 m.,
20.08.1986, Ivashchenko A. A. A.; Altai, Southern Altai, Chindagatui River on the way to the headwaters,
near the 1st hut, h~1820 m., thin coniferous forest, with meadow-steppe grass and rock outcrop, 28.07.1986,
Ivaschenko A. A.; Altai, Southern Altai, VKO, Southern Altai ridge, northern slope of the lower border of
the forest, left bank of Kara-Kab, depression h~1840 m, 03.07.1987, Ivaschenko A. A. A.; Altai, Southern
Altai, VKO, Southern Altai Ridge, 3 km east of the Pronikha River, forest, h~1300 — 1400 m, 27.07.1987,
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Ivashchenko A. A. A., Isaev E. B.; Altai, Southern Altai, East Kazakhstan Region, Southern Altai Range,
upper reaches of the Kara-Kaba River, left bank, in coniferous forest, 30.06.1987, Isaev E. B.; Altai,
Southern Altai, East Kazakhstan Region, Southern Altai Range, upper reaches of the Kara-Kaba River,
meadow glades in forest, 30.06.1987, Isaev E. B.; Altai, Central Altai, Berel, valley of the right bank of the
Bukhtarma River, h~1500 m., reedgrass meadow at the top of the meadow of Kainar Mountain, 04.06.1999,
Kudabaeva G. M.; Altai, Central Altai, left bank of the Bukhtarma River, h~1100 m., roadside scree on the
road to Rakhmanovskie Klyuchi, 30.05.1999, Kudabaeva G. M.;

7 herbarium sheets of storage, species A. chrysocyathus were found: Zailiyskiy Alatau, East Talgar
River, northern slopes under rocks, margins h~2600 m., 14.06.1936, Bykov B. A.; Zailiyskiy Alatau, Karga-
Uldy river basin (Aksai-Kaskelen interfluve), moistened soils of subalpine belt, 05.07.1936,
Goloskokov V. P.; Zailiyskiy Alatau, Malaya Almatinka, straight slot, upper reaches, 30.06.1936,
Popov M. G.; Zailiyskiy Alatau, Issyk River, upper reaches of eastern sai (at the pass to Turgenskaya
Tesken-su), grassy slopes, 2700 m. a.s.l., the river is located in the upper reaches of the river, 14.07.1937,
Popov M. G.; Ketmen-Terskey Alatau, Tien Shan, Ketmen ridge, Karatau, upper reaches of the Sumbe river,
19.07.1962, Arystangaliev S.A.; Ketmen,- Terskey Alatau, Tien-Shan, Ketmen ridge, tract of Three Slits,
alpine belt near snowfields, 19.07.1963, Arystangaliev S. A.; Ulutau, Kovylypolyno-typchak community, on
light-chestnut soils of interfold plain, Dzhezkazgan region, Ulutau agriculture, 28.04.1979, Kazgiprozem,;

13 herbarium sheets of storage, A. parviflora species were identified: Eastern Melkosopochnik,
Songaria, in desertis fl. Ajagus djac., 31.05.1840, Schrenk A. G.; Western Melkosopochnik, Atassu, 05.1843,
Dzungarian Alatau, Songaria, in vallibus montium Maitass, 1.06.1843, Schrenk A. G.; Schrenk A. G.;
Mugodzhary mountains, Aktobe province, Bayurubai mountain, upper part of a gully falling from the
mountain to the slope, small terrace on the slope falling to the gully, 21.05.1927, Rusanov F. N.; Chu-Ili
mountains, vicinity of the Utyugun river, shallow hollow, 01.06.1936, Kubanskaya Z. V.; Zailiyskiy Alatau,
Syugaty mountain, western stony slopes, 14.06.1937, Gorbunova E. P.; Betpak-dala, Central Betpak-dala,
Kok-Ashik tract, among caragannik, 21.05.1940, Rubtsov N. I.; Dzungarian Alatau, Southern part,
Southwest spurs of Dzungarian Alatau, Chulak, Moncha-sai mountains, on weedy places, near cattle camps,
31.05.1955, Goloskokov V. P.; Western Tien-Shan, Karjantau, Churgunus gorge at the place of former cattle
camp, 31.05.1983, Samoilova V. A.; Kyrgyz Alatau, Western part of Kyrgyz Alatau, foothills at the entrance
to the Aspara gorge, grasses, 17.05.1984, N. V. Nelina; Kyrgyz Alatau, southern macroslope, Kara-Archa
valley, talweg, 28.05.1984, N. V. Nelina; Karatau, Karatau ridge, Birisek gorge, stony slope of southern
exposure, 08.05.1989, Samoylova V. A.; Karatau, Turkestan ridge, Isfana and Lyaylek interfluves,
Shaldybaldy tract, north-western slope, orange flowers, 23.04.2007, Tanybaeva M. R., Lazkov G. A.;

There were 9 herbarium sheets of A. tianschanica species: Dzungarian Alatau, Northern part, Lepsin
district, 24.05.1940, Polyakov P. P.; Kungei Alatau, northern slopes of mountains above Kurmekty river,
15.05.1942, Lazarenko A. S.; Kungei Alatau, Kurmekty, southern slopes in exposition, among bushes,
h~1800 m., 04.05.1942, Lazarenko A. S. S.; Kungei Alatau, Kurmekty, southern slopes in the exposition,
among bushes, h~1800 m., 04.05.1942, Lazarenko A. S. S.; Ketmen-Terskey Alatau, area of the middle
course of the river Kegen, western extremity of the mountains Shol-Adyr, among cereal-grass steppe,
15.08.1946, Rubtsov N. 1., Stepanova E. F. F.; Dzungarian Alatau, western spurs of Dzungarian Alatau,
Katurkain Mountains, upper reaches of Karagaily River, along northern steppe slopes, 27.05.1959,
V. P. Goloskokov; Zailiyskiy-Kungai Alatau, Eastern extremity of Kungai Alatau ridge, Karkara river
valley, hills along Iri-su river in 3 km from the highway to Kegen, 01.06.1966, Borjaev K. G. G.; Kungai
Alatau, Eastern extremity of Kungai Alatau ridge, Karkara river valley, along Iri-su river 3-4 km from ford
through Karkara river, 01.06.1966, Boryaev K.; Zailiyskiy-Kungai Alatau, Eastern spurs of Kungai Alatau
ridge, hills and foothills along Irsu river, 03.06.1975, Lushpa O. U.; Kyrgyz Alatau, Eastern spurs of Kungai
Alatau ridge, hills and foothills along Irsu river, 03.06.1975, Lushpa O. U. U.; Kyrgyz Alatau, Kyrgyz
Alatau ridge, Toguzbulak tract (between Alamedin and Issyk-Ata rivers), grassy slopes up from the highway,
12.05.1976, Karmysheva N. H.;

Identified 2 herbarium storage sheets, species 4. vernalis: Semipalatinsk hog, Semipalatinsk district, in
a forest, 1931, Dmitrieva A. A.; Centr. Kazakhstan. Celinograd region, Lake Kurgaljin, Karazhar tract on the
way to Kurgaljino settlement, 01.06.1976, A. Turganbekova;

There are 3 herbarium storage sheets of A. villosa species: Karkaraly, Songaria, in montibus Arkalyk et
Arkat, 1841, Schrenk A. G.; Karkaraly, Songaria, in montibus Karkaraly, 06.1843, Schrenk A. G.; Altai, East
Kazakhstan oblast, Zyryanovsky region, vicinity of Berezovka village, northern gentle, shrubby slope,
17.05.2004, Grebenyuk A., Ankova A.;
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19 herbarium sheets of storage, species 4. volgensis were identified: Spurs of the Common Syrt,
Uralskaya province, Uralsk, vicinity of Bannov's garden in the steppe, 04.1918, Larin 1. V.; Tobolo-
Ishimsky, Akmolinsky vicinity, Sovenkovsky experimental site, steppe, 20.05.1920, Sheludyakova V. A;
Tobolo-Ishimsky, Akmolinsky vicinity, Sovenkovsky experimental site, on slopes and depressions,
26.04.1920, Sheludyakova V. A.; Spurs of the Common Syrt, Ural Province, Uralsk vicinity, Stepanov
garden blooms, in steppe, bloomed, 03.05.1924, Larin I. B.; Aktobe province, Wil-Emba interfluve, ascent to
Turkestan watershed between the rivers Wil and Temir, sandy grassy steppe, 28.05.1926, Rozhevits R. Yu,
Avramchik M. N.; Aktobe province, Wil-Emba interfluve, 20 ver. south of Temir not reaching the
watershed, sandy grassy steppe, 31.05.1926, Knorring O. E.; Spurs of General Syrt, Ural district, Teplovsky
district, vicinity of farm Dzharykin, sandy sagebrush steppe, 05.06.1929, Dmitrieva A. A.; Spurs of the
Common Syrt, Ural district, Teplovsky district, vicinity of Dzharykina farm, grassy steppe, 17.06.1929,
Dmitrieva A. A.; Pre-Caspian, Ural district, Dzhambeity district, grassy steppe, 09.05.1930, Dmitrieva A. A.;
Tobolo-Ishimsky, Kustanay district, Kel-Aralskaya volost, area of Zhukova farm, sandy chernozem,
abundant, 04.1930, Dmitriev G.; Karaganda region, closer to Chechen-mountain settlement, sagebrush-
typchak steppe, 24.04.1939, Linchevskiy O. A..; Northern Kazakhstan, Akmola region, Atbasar district,
3 km north-west of the central farmstead of Kiev state farm, 15.05.1954, Kurochkina L. Y.; Western
Melkosopochnik, Akmola region, Atbasar district, right bank of the river Kayrakty, on slopes to the bank,
22.05.1954, Lushpa O. U.; Akmola region, Atbasar district, Malogum, black earth of type plains steppe north
of the river Kayrakty, 14.05.1954, Kisykov U. U.; Akmola region, Atbasar rayon, Malogum, chernozem type
plains steppe north of the river Kayrakty, 14.05.1954, Kisykov U. K.; Western Melkosopochnik, Akmola
region, Atbasar district, Ostrovsky State Farm. Kovilnaya steppe, 10.05.1954, Lushpa O. U.; Tobol-
Ishimskiy, Northern Kazakhstan, Kustanay city vicinity, soil station of the Institute of Soil Science, Tselina,
09.06.1968, Sokolov S. A.; Aktobe region, Aktobe district, floodplain of Butak river, 05.1991, Aipeisova S.;
Akmola region, vicinity of Korgalzhyn village, h~343 m., 06.2019, Kubentayev S.; Akmola region, vicinity
of Kara egin village, altitude h~381 m., 29.04.2019, Kubentayev S.

In the funds of the Al-Farabi Kazakh National University herbarium specimens were from 18 actual
place of growth. There were found 5 species of genus Adonis L. from the flora of Kazakhstan:

7 herbarium storage sheets, species 4. aestivalis were identified: Alma-Ata vicinity, Botanical Garden,
counters, 17.05.1933, Geld A.; Zailiyskiy Alatau, Talgar vicinity, southern tip, northern slope, 06.06.1936,
Belousova; KSSR, Aral Sea, Barsa Kelmes Island, north-east of the factory, 27.05.1940, Demchenko L.;
Alma-Ata vicinity, Kauchukpromkhoz, No. 13, Krym-sagyz crops, 29.04.1942, Kornilova; Almaty region,
Uigur district, Aksu village, 25.05.1954, Mansurova, Kibirova; Alma-Ata region, Kegen district, collective
farm named after Gorky, Kuluk-tau, Dalayty-say gorge, 06.07.1954, Terekhov; Ketmen-tau ridge, Bolshoy
Kirgizsky gorge, steppe slopes, south-western slope, 20.07.1972, Ospanova, Yereshika (Fig. 1).

® Adonis aestivalis L.

= Adonis apennina L.
Adonis chrysocyathus
Hook.et Thoms
Adonis parviflorus Fisch

® Adonis tianschanicus
(Adolf.) Lipsch

= Adonis vernalis L

m Adonis villosus Ledeb

® Adonis wolgensis Stev

Figure 1. Herbarium collections of Adonis L. species, Institute of Botany and Phytointroduction (AA)
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3 herbarium sheets of storage, species 4. chrysocyathus were found: Eastern Talgar, h~2600 m,
14.06.1936, Bykov B.; Zailiyskiy Alatau, Kargauyldy, moistened slopes of subalp, 05.07.1938, Bykov B.;
Zailiyskiy Alatau, Issyk Gorge, northern slope h~2800, near rocks, 17.06.1938, Bykov B.;

4 herbarium sheets of storage, species A. parviflora were found: KazSSR, Aral Sea, Barsa-Kelmes
Island north-east of the factoria, 27.05.1940, Demchenko L.; KazSSR, Aral Sea, Barsa-Kelmes Island, gray
earth loam, 27.05.1940, Demchenko L., Pavlov U.V.; KazSSR, Dzhambul obl., in chievnik on Chu-Ili
mountains shleiv near Kulakshina station, 23.05.1948, Pavlov N.V.; KazSSR, Right bank of Ili river
5—10 km south of Tash-Murun, sandy valley, 11.05.1962, lksanov N.V., Iksanov N.V.; KazSSR, Ili river,
5-10 km south of Tash-Murun, sandy valley, 11.05.1962, Iksanov N.V.; KazSSR, Ili river, 5-10 km south of
Tash-Murun;

3 herbarium sheets of storage, species A. tianschanica were revealed: Kungei Alatau, Kegensky Alatau,
steppe, 11.06.1935, Kornilova V.S., Bykov B.; Kegensky district, 11.06.1935, Kornilova V.S., Bykov B.;
Alma-Ata region, Narynkol district, Akbiet village, Southern slope of Akbiet tract, 19.07.1954,
Terekhov V.1;

Identified 1 herbarium sheet of storage, species A. villosa: KazSSR, East-Kazakhstan oblast,
neighborhood of Shemonaikha, in hollows of slopes among shrubs, 04.05.1946, Solomchenka (Fig. 2).

The herbarial leaves of the species A. apennina (A. sibirica), A. wolgensis and A. vernalis are absent.

= Adonis aestivalis L.

= Adonis chrysocyathus Hook.et
Thoms.

= Adonis parviflorus Fisch.

Adonis tianschanicus (Adolf.)
Lipsch.

= Adonis villosus Ledeb

Figure 2. Herbarium collections of Adonis L. species, Al-Farabi Kazakh National University

The following herbarium sheets are represented in the DAPO and KIR herbarium collections of 4
species of the genus Adonis L. in the study area (Fig. 3): 2 herbarium storage sheets of A. parviflora species
were found: Alma-Ata region, Turgenskoye gorge, slope, 05.05.1981, Kazenas; Djambul region, Talas
district, Intermountain valley, on meadow gray loamy soils, 06.06.1986, Dementeva . V., Romanova T. G.;

2 herbarium sheets of storage, species A. aestivalis were revealed: Chimkent oblast, Aksu-Dzhabagly
reserve, middle mountain h~1900 m, lower part on dark brown soils, 10.06.1970, Usenoko, Kazenas;
Djambul oblast, Merken district, rural orkug Pobeda, complicated sands, 27.04.19, Strelnikov;

2 herbarium storage sheets of 4. wolgensis species were found: Dzhezkazgan region, Ulutau district
lands, 28.04.1979, Kazenas O. D.; Semipalatinsk region, Ayaguzovsky district, Akchatau farm, 16.05.1981,
Yakovlev;

1 herbarium storage leaf of the species A. vernalis was found: Semipalatinsk region, Ayaguz district,
interspot depression, on meadow-chestnut soils, 24.04.1983, Victorov E. E., Kazenas O. D.;
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Herbarium materials of species of the genus Adonis L. collected from the territory of Kazakhstan, in
herbarium funds of MSU, Faculty of Biology, Department of Geobotany, Laboratory Herbarium revealed the
following herbarium storage sheets:

Only 3 herbarium sheets of the species A.apennina (A.sibirica) are represented in the herbarium
collection of MSU (Fig. 4): Southern Altai, Sarymsakty Mountains, vicinity of Katon-Karagai, forest
meadow, 10.05.1962, Seregin A. P.; Western (Kazakhstan) Altai, Katon-Karagai district, East Kazakhstan
region, 13.08.1972, Pimenov M.; Western (Kazakhstan Altai), East Kazakhstan region, Auezov street,
Katon-Karagai district, 15.08.1972, Voronov A. G.;

= Adonis parviflorus Fisch
= Adonis aestivalis L
= Adonis wolgensis Stev

Adonis vernalis L

Figure 3. Herbarium collections of species of Adonis L., DAPO and KIR

Herbarium fund of MSU is presented only 2 herbarium sheets of A. villosa species: East Kazakhstan
region, vicinity of Skalistoe village, 40 km south of Ust-Kamenogorsk city, Valley of steppe brook, on a
slope, 27.04.1987, Smirin V.M.; East Kazakhstan, vicinity of Leninogorsk, steppe slopes of mountains,
05.1969, A.P. Poshkurlat.

= Adonis apennina L.

= Adonis villosus Ledeb

Figure 4. Herbarium collections of Adonis L. species, Herbarium Fund of MSU
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Conclusions

The largest number of specimens of A. aestivalis (50) is represented in the herbarium collection of the
Institute of Botany, while other collections reviewed contain a minimum number of specimens of this
species. The analysis of the species’ places of occurrence indicates its greatest representation in the Kungai
Alatau. However, individual specimens were recorded in the territory of Almaty and Jambul regions along
the Chu River, as well as in general in the territory of the Zailiyskiy Alatau. The species is confined to the
heights of mountains, to rocky and wet habitats, as well as to sandy soils. Of the analyzed specimens of
Adonis apennina L., 15 are represented in the collection of the Institute of Botany and
Phytointroduction (AA) and A4. chrysocyathus 7 specimens, A. parviflora 13 specimens, A. tianschanica
9 specimens, A. vernalis 2 specimens, A. villosa 3 specimens and A. volgensis 19 specimens, growing in
Dzungarian Alatau, along the Talgara and Malaya Almatinka rivers and in Central Kazakhstan. The species
grows on moist soils along coniferous trees, along river banks, on mountains, on stony slopes. The studied
genus in the collection of DEPO is represented in small herbarium sheets, in collections of MSU and KazNU
practical not collected and not studied, thus these species of the genus is endangered.

All specimens viewed date mainly from 1932—-1972, modern collections are extremely scarce. Thus,
research is needed to identify the current state of biodiversity of species and their natural growing points of
these species.
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M. XK. XKywmaryn, A.b. Meip3aranuesa, A.Ill. CapcembaeBa, 5.M. NmaHoBa,
K.E. XKy3xan, A.K. Keigsipbaesa

Adonis L. TybICBI TYpPJEpPiHiH Tapajy ailMa¥FbIH 3epTTEY

Makanana Adonis L. Tybic Typiepinin KazakcTanaa Tapaaysl Typaiibl MOJIIMETTED KEATipiireH. Adonis TybIC
TYpJIEpiHiH 3aMaHayu Tapajly OpbIHAAPBIH opi Kapai HaKThLIay JKOHE TYIe€HIEy MAaKCaThbIHAA OOTaHHMKAJbIK
yibIMAApAbIH Heri3ri repbapuit Kopsl 3eprrenii. JKyprizinren Tangaynap TypiiepAiH ©H KeIl Ke3/leceTiHi
AJmMaTsl OOJBICBIHA THECUTI eKeHiH kepceTTi. KazakcTaHma TapainybslH HakTeUIay koHe Adonmis L. TybICHI
TYPJIEpiHiH 6cy HYKTeJepiH Kypy YwmiH on-Papabu areigarsl KazY¥YV, Borannka xoHe (QUTOMHTPOIYKIUS
HHCTUTYTH, AnMatbl KanacblHBIH AT3 xone KDKJ/I, Mockey MEMIICKETTIK YHHUBEPCUTETIHIH LUQPPIBIK
repbapuiisl OoifbIHIIA skannsl 148 repbapuii mapars! (1843-2021 xox.) kapansin, enpenni. Herisinen omap
1843 xpuiman Oacranca, eH kem cadbl 1940-1972 okpuigapra THECUT, an HETI3rl  KOJUICKTOpIap
C.A. ApeicranranueB, b.beikoB, H.B.IlaBnoB, A.A. Wpamenko. Kaszakcran d¢uopaceinaa Adonis L.
TYBICBIHBIH 8 TYpiHiH 148 HakThl 6cy HyKTeci aHbIKTalbl, onap: Adonis aestivalis L., Adonis apennina L.
(Adonis sibirica Patr.ex Ledeb.), Adonis chrysocyathus Hook.f. & Thomson., Adonis parviflora Fisch.,
Adonis tianschanica (Adolf.) Lipsch., Adonis vernalis L., Adonis villosa Ledeb., Adonis volgensis Steven ex
DC. Adonis L. tysicel TypnepiHiH ke0ici Xourap AnmartaywsiHaa, bateic Aunraiina, TapOarataii xoHe lie-
Kynreii-Anarayslana aHBIKTAIIBI, OJap CHPEK Ke3mecell XoHe CaHbl a3aioia. ['eorpadusuiblk TYpFEIIAaH €H
Kol TaparaHmgapsl A. aestivalis, A. parviflora xoHe A. tianschanica. Xyprisinmren seprrey Adonis L.
TYBICBIHBIH KazakcTan (uopachiHIarsl Typiiepi MeH Tapalybl Typajbl aklnaparThl XKyiHeneyre, HaKThUIayFa
JKOHE TONBIKTBIPYFa MYMKIHAIK Oepzi.

Kinm ce30ep: Tapany, repbapuii, hroprcTHKaNBIK aiiMakTap, ecenke ainy, KazakcraH.

M. K. Kywmaryn, A.b. Meip3aranuesa, A.ILL. CapcembaeBa, D.M. lmaHoBa,
K.E. XKy3xan, A.K. KeigsipbaeBa

N3y4denue apeasia pacnpocrpaneHusi BuaoB pojaa Adonis L.

B craTbe mpescTaBieHbl JaHHBIE O paclpocTpaHeHuu BuaoB pona Adonis L. B Kazaxcrane. C uensio najib-
HEWIIero yTOYHEHHsI MECT PaclpOCTPaHEHHsI U HHBEHTApHU3al[Mi COBPEMEHHOTO MPOU3PACTaHUs BHIOB poja
Adonis ©bi1 n3yden ocHoBHOM ['epGapubiii ¢onn GoTaHMYecKux opraHu3aiuil. [IpoBeseHHbIC aHATH3bI
MOKa3bIBAIOT, YTO HAWOOJIbIIAs BCTPEUAEMOCTh BHJOB OTMEUeHA B AJIMATHHCKOHN oOnactu. J{nsd yTodHEHHs
PacIpOCTPaHEHUS U COCTABICHHS TOUYEK BCTPEIaeMOCTH BUJIOB poaa Adonis B Ka3zaxcrane ObLIO IpocMOTpe-
HO 1 00paboTano 148 repdapusix muctos (1843-2021) u3 Kazaxckoro HaMOHAIEHOTO YHUBEPCUTETa UMCHU
Anp-®apabu, Unctutyra 60Tannku, JJAIIO n KUP u mudposoro repdapust MOCKOBCKOT0 rocyaapCTBEHHO-
ro yauBepcuteta. [IpencraBiensr coopsl ¢ 1843 r., Hanboibiee KommdecTBO cOOpoB npuxoauTcs Ha 1940-
1972 rr., u ocHoBHbIMH KoyiekTopamu siBisitoTcs C.A. ApwicranranueB, b. beiko, H.B. [laBios,
A.A. UBamenko. beuto BeisiBieHo 148 (hakTrueckux MecT mpouspactanus s 8 BunoB Adonis u3 diopsr Ka-
3axctaHa: Adonis aestivalis L., Adonis apennina L. (Adonis sibirica Patr.ex Ledeb.), Adonis chrysocyathus
Hook.f. & Thomson., Adonis parviflora Fisch., Adonis tianschanica (Adolf.) Lipsch., Adonis vernalis L.,
Adonis villosa Ledeb., Adonis volgensis Steven ex DC. BunoBoe pazHooOpasue Adonis L. ycTaHOBIEHO B
Ixynrapckom Anaray, 3amagHoMm Antae, TapOarataiickom u Mne-Kynreii-Anaray, KoTopsie
KIacCHQUIUPYIOTCS KaK peIKHe M HX YHCIEHHOCTh COKpamaercs. [eorpadmueckn Hamboiee
pactpoCTpaHeHHBIMU SBIAIOTCA A. aestivalis, A. parviflora n A. tianschanica. IIpoBeneHHOE HCCIeR0BaHUE
MO3BOJIMIIO CHCTEMAaTH3UPOBATh, YTOYHUTD U JOIOJIHUTH HH(POPMAIHIO O BUJOBOM Pa3HOOOPa3nH U paclpo-
cTpaneHuu pona Adonis L. Bo ¢nope Kasaxcrana.

Kniouesvie cnosa: pacupocrpanenue, repbapuii, GropucTHIecKre perioHsl, vHBeHTapu3anus, Kasaxcran.
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Application and research progress of acupuncture and moxibustion
therapy in sports medicine: a short review

The theoretical basis of acupuncture and moxibustion in traditional Chinese medicine is recognized as
“dredging meridians, promoting blood circulation, and removing blood stasis”. In modern medical theories,
the mechanism of acupuncture and moxibustion is discussed as “analgesia, improving the microenvironment,
influencing hormone release and inflammatory mechanism”. Many studies have confirmed its healing effects
and established it as an effective method for treating sports medicine conditions. The application of acupunc-
ture and moxibustion in the treatment of sports medicine conditions, such as tendinopathy, myofasciitis, lig-
ament injury, peripheral nerve injury, tendon and bone healing, has been analyzed to understand its clinical
efficacy and mechanism. Although acupuncture and moxibustion are widely used in sports medicine condi-
tions, most of the current studies are retrospective and lack randomized double-blind controlled trials. Future
research should include more randomized double-blind trials, using multi-center and large sample clinical ob-
servation, to further confirm the efficacy of acupuncture and moxibustion in the treatment of sports medicine
disorders and improve its clinical application.

Keywords: acupuncture therapy, moxibustion therapy, sports medicine, curative effect, traditional Chinese
medicine, tendinopathy, myofasciitis, ligament injury.

Introduction

Acupuncture, which includes both “needle” and “moxibustion”, is an important part of traditional Chi-
nese medicine. Throughout its origin, practice and historical development, acupuncture has preserved distinct
Chinese cultural and regional characteristics. It has also spread throughout the world as a valuable heritage of
Chinese national culture and scientific tradition. The clinical application acupuncture and moxibustion thera-
py is characterized by its simplicity, cost-effectiveness, safety and reliability, and remarkable efficacy. This
therapy is widely used in various medicinal fields, including internal medicine, surgery, gynecology, pediat-
rics, and more (Fig.). With the continuous progress of the aging society, the incidence of various sports med-
icine diseases such as tendinopathy, myofascitis, ligament injury, peripheral nerve injury, and tendon-bone
injury is increasing. These conditions now account for 60 % to 70 % of orthopaedic outpatient visits. The
high prevalence of sports medicine conditions imposes a significant economic burden on individuals and so-
ciety, highlighting the need for cost-effective treatments with excellent curative effects. Acupuncture is rec-
ognized as a leading traditional medical treatment in 113 countries worldwide.

Acupuncture was first legalized in Nevada and California in 1972, and has since been approved in 44
states and Washington, D.C. In Canada, for example, comprehensive acupuncture coverage is as high as
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88 %, demonstrating its therapeutic efficacy. However, the increased popularity of acupuncture and
moxibustion has also led to complications, including infection, central nervous system damage, and even
death. This paper reviews the research progress of acupuncture in the treatment of various sports medicine
conditions by reviewing the relevant literature.

et rf’ﬂ Acupuncture
—
(“| WA
Moxibustion

Figure. Acupuncture (practice puncturing the skin with needles) and moxibustion therapy
(practice that entails burning dried mugwort) application

1 Tendinopathy

Tendinopathy refers to degenerative changes in tendon tissue caused by overexertion, minor trauma, or
exposure to cold. It is characterized by aseptic inflammation, with clinical manifestations primarily including
pain and dysfunction. This condition has a significant impact on the patient's daily life and work, resulting in
significant disability. Among the various types, supraspinatus tendinitis is a common shoulder disorder, with
epidemiologic studies indicating a high prevalence in young and middle-aged individuals, with an incidence
rate of approximately 20 %. Achilles tendinopathy occurs in approximately 11 % of track and field athletes,
9 % of dancers, and 7 % to 9 % of elite distance runners. The unique lifestyle demands of athletes often re-
sult in recurrent tendinopathy, severely limiting their athletic careers. Currently, the clinical management of
tendinopathy consists mainly of symptomatic supportive care, which is often not very effective [1].

In Traditional Chinese Medicine (TCM), tendinopathy is classified under the category of “myobi”. The
theoretical mechanism of TCM attributes tendinopathy to the invasion of external pathogens, blocked qi and
blood flow, blood stasis and meridian obstruction. Acupuncture and moxibustion can dilate local blood ves-
sels, accelerate blood flow, promote inflammatory absorption, and facilitate tissue repair. These therapies
also warm the meridians, promote qi and blood circulation, disperse blood stasis, and eliminate pathogenic
factors, achieving good therapeutic effects in the clinical treatment of tendinopathy. For example, Huang
treated patients with quadriceps tendon terminal disease with warm acupuncture and moxibustion, achieving
cure in 9 cases, effectiveness in 6 cases, and ineffectiveness in 1 case, with a total effectiveness rate of
93.8 %. In clinical practice, acupuncture and moxibustion are often combined with other treatments. A study
of 50 cases of supraspinatus tendinitis treated with acupuncture and massage reported an overall efficacy rate
0f' 96.0 % [2]. Zhao et al. treated 30 cases of biceps brachialis tendinitis with acupuncture and acupoint injec-
tion; 12 cases were cured after one course of treatment (acupuncture once a day, five sessions per course), 15
cases after two courses, and one case after three courses. In another study of 41 patients with supraspinatus
tendinitis, 21 were randomly assigned to a treatment group (acupuncture combined with shoulder joint loos-
ening training) and 20 to a control group (injection of 2 % lidocaine hydrochloride with triamcinolone ace-

Cepusa «brnonorusa. MeguuuHa. Neorpadpusa». 2024, 29, 4(116) 165



K. Aidarkhan, B.S' Batyrov et al.

tate). The overall efficacy rate was 100 % in the treatment group compared to 65 % in the control group. Pa-
pa, a Canadian scientist, reported a successful case of Achilles tendinopathy treatment with acupuncture and
moxibustion, noting significant pain relief and restoration of lower limb function after nine weeks of treat-
ment. No recurrence was observed after 12 months of follow-up, demonstrating the efficacy of acupuncture
and moxibustion in the treatment of Achilles tendinopathy [3, 4]. In addition, British researchers have sug-
gested that acupuncture may relieve pain and stimulate the release of growth factors in the treatment of
tendinopathy, although the specific mechanisms require further experimental confirmation.

2 Myofasciitis

Myofasciitis is a pain syndrome characterized by tension in muscle cords, highly localized and irritating
trigger points, referred pain to other areas of the body, and referred depression. It commonly affects the neck,
back, and buttocks. Clinically, myofasciitis is often accompanied by anxiety, depression, sleep disturbances,
and other mental health issues that can exacerbate pain and dysfunction, creating a vicious cycle.
Myofasciitis itself is not a self-limiting disease; it can also cause referred pain or inhibition in muscles other
than the one where the pain is located, leading to persistent dysfunction. Foreign epidemiologic studies have
shown that the incidence of low back pain in the population is about 62 % to 86 %, and 85 % of these pa-
tients suffer from myofascial pain. The most common age range for this condition is 30 to 50 years, but it is
increasingly affecting younger people. It affects approximately 44 million people in the United States and
has an annual economic impact of $47 billion. The most common treatment for myofasciitis is conservative
oral drug therapy, primarily non-steroidal anti-inflammatory drugs (NSAIDs). However, these drugs have
significant side effects and are relatively expensive, making patients reluctant to use them. Acupuncture and
moxibustion have been widely used in clinics for the treatment of myofasciitis and have shown obvious cura-
tive effects [5].

In TCM, myofasciitis is considered a form of “myobi” and myocoagulation syndrome. The etiology and
mechanism are primarily explained by the sluggish operation of local Qi and blood, often due to liver and
kidney deficiency or tendon injuries caused by labor. This, combined with external factors such as wind, cold
and dampness, can lead to tendon and vein damage and, in severe cases, muscle obstruction and Qi and
blood stasis [6]. Acupuncture and moxibustion play a role in dredging meridians and collaterals, regulating
Qi and blood, and can achieve the effects of fuzhen (strengthening the body's resistance) and dispelling evil
spirits after treatment. In a study, Ding Xiyan and Liu Shunyi treated 30 patients with back muscle myositis
using acupuncture once a day for three days as a single treatment. The results showed that 19 cases were
cured, 11 cases were effective, and none were ineffective, with a 100 % effectiveness rate. Another clinical
trial of 78 patients with myofascial pain syndrome compared acupuncture and shock wave therapy. After 20
days, the significant efficacy of the acupuncture group was 84.6 %, compared with 61.5 % in the shockwave
group, indicating that acupuncture had a better effect on myofascial pain syndrome [7]. In addition, combin-
ing acupuncture and moxibustion with other treatments has been shown to be more effective. In one study,
patients were treated with a combination of scraping and warm acupuncture and moxibustion, while the con-
trol group received acupuncture and moxibustion alone [8]. The results showed that the significant efficacy
of the control group was 84.0 %, while all patients in the treatment group showed significant improvement.
Another study by Wu et al. randomly divided 120 patients with lumbar and back myofasciitis into two
groups: the treatment group received acupuncture and moxibustion combined with acupuncture and blood-
letting, while the control group received acupuncture alone. The results showed that the efficacy rate was
significantly higher in the treatment group (91.67 %) than in the control group (71.67 %), suggesting that
combining acupuncture and moxibustion with other methods can achieve better efficacy in the treatment of
myofasciitis [9].

3 Ligament injuries

When a ligament is subjected to external direct or indirect forces, it can experience abnormal physiolog-
ical stress, resulting in excessive stretching. If the force exceeds the ligament's tolerance, an injury can result.
In Finland, with a population of only 5 million, more than 200,000 cases of acute tendon injuries occur each
year. In the United States, approximately 30 % to 50 % of sports injuries are tendon strains. Approximately
100,000 to 200,000 patients suffer ACL injuries each year, or about 1 in 3,000 people. In addition, more than
51 % of people over the age of 80 experience a rotator cuff injury each year. The high prevalence of tendon
injuries places a significant financial burden on healthcare systems worldwide. For example, direct medical
expenditures for rotator cuff repair in Australia exceed $250 million per year, while the U.S. government
spends more than $7 billion annually on rotator cuff injuries [9].
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In TCM, ligament injuries are often classified as “Bi Syndrome”. The acupuncture and moxibustion
treatment approach combines the principles of “pain as transfusion” and meridian-based acupuncture point
selection, which not only provides effective analgesia, but also promotes circulation, reduces swelling and
increases blood flow. This approach helps restore normal muscle and joint function. Acupuncture and
moxibustion have been widely used in the clinical treatment of ligament injuries, with numerous studies con-
firming its therapeutic benefits. For example, studies have shown that acupuncture can significantly improve
the recovery of proprioception in patients with lateral ankle ligament injuries, often surpassing the results of
conventional physical therapy [10]. Kasuya conducted a study in which 60 patients with old lateral collateral
ligament injuries of the interphalangeal joints were randomly divided into an acupuncture group and a physi-
otherapy group. The acupuncture group received mild moxibustion, while the physiotherapy group was treat-
ed with TDP irradiation. After 20 days of treatment, the overall excellent, good, and optimal rates were sig-
nificantly higher in the acupuncture group (83.3 % and 56.7 %, respectively) than in the physiotherapy group
(76.7 % and 36.7 %, respectively). These results suggest that acupuncture and moxibustion are particularly
effective in the treatment of old interphalangeal joint collateral ligament injuries [11]. In another study,
Zhang et al. treated 40 patients with ankle ligament injuries with acupuncture. The duration of treatment
ranged from 5 days to 20 days, with an average of 10 days. The final results showed a 98 % cure rate with
acupuncture therapy [12]. These results suggest that acupuncture is effective in treating various ligament in-
juries, providing benefits such as pain relief, improved circulation, and faster recovery of joint function.

4 Peripheral nerve injuries

Peripheral nerve injury is one of the most common conditions in sports medicine with a high incidence
rate. An epidemiologic survey indicates that there are approximately 170,579 cases of upper extremity nerve
injury annually in the United States. In addition, peripheral nerve injuries often result in a high rate of disa-
bility, causing limb dysfunction in patients and significantly impacting their quality of life. The treatment
and rehabilitation process for these injuries can be lengthy and costly, with an annual growth rate of 9.59 %.
This places a significant financial burden on families and society. Despite advances in surgical techniques
and pharmacological treatments, recovery of nerve regeneration is typically slow, overall outcomes are not
always satisfactory, and treatment costs remain high. There is an urgent need for comprehensive therapies to
improve the rehabilitation of peripheral nerve injuries [13].

In TCM, peripheral nerve injuries are categorized under terms such as “tendon injury”, “Bi syndrome”
and “impotence syndrome”. Lu et al. reported successful treatment of ulnar nerve injury with acupuncture. In
their study, a patient with a completely severed ulnar nerve and partial muscle damage due to a sharp instru-
ment cut on the forearm received acupuncture treatment after surgical suture and conventional rehabilitation
therapy. Acupuncture was applied to the ulnar nerve sulcus and innervated dorsal hand area, and low-
frequency electrical stimulation (2 Hz, 6 mA) was applied once a week for six months. The patient reported
pain relief within the first month, gradual recovery of motor function by the third month, and was able to re-
turn to work. By the sixth month, the patient's motor and sensory functions had almost returned to nor-
mal [14]. Another study by Chang et al. examined the effectiveness of acupuncture in the treatment of pe-
ripheral nerve injury. Patients were randomly assigned to one of three groups: electroacupuncture alone,
warm acupuncture alone, or a combination of electroacupuncture and warm acupuncture. Treatment was ad-
ministered daily for 45 days. The study found that the combination of warm acupuncture and
electroacupuncture was significantly more effective than the other two treatment modalities, as evidenced by
improvements in knee osteoarthritis [15]. Anandkumar and Manivasagam also investigated the efficacy of
acupuncture in the treatment of cubital tunnel syndrome. They evaluated functional outcomes after ulnar
nerve repair using the Lascar grading method. The results showed that patients in the acupuncture group had
significantly better improvements in the Visual Analog Scale score and motor sensory function of the hand
compared to the control group [16].

5 Tendon-bone healing

The effectiveness of tendon-bone healing is a critical determinant of the success of postoperative liga-
ment repair and reconstruction procedures. This is especially true for patients undergoing procedures such as
knee cruciate ligament, lateral collateral ligament, posterolateral stress reconstruction, shoulder rotator cuff
repair, or ankle ligament reconstruction. The extent of tendon-bone healing has a direct impact on the post-
operative rehabilitation process and overall surgical outcome. Although there are relatively few direct studies
on the effects of acupuncture on tendon-bone healing, some research indirectly supports the beneficial role of
acupuncture in this area. Rha et al. conducted a study in which 39 patients with supraspinatus tendon injuries
were divided into two groups: one treated with acupuncture and moxibustion, and the other treated with ul-
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trasound-guided platelet-rich plasma injections. After six months of follow-up, shoulder pain and disability
scores were significantly lower in the acupuncture group (17.743.7) than in the platelet-rich plasma group
(29.543.8). This finding suggests that acupuncture is superior to platelet-rich plasma in the treatment of su-
praspinatus tendon injuries, and numerous studies have confirmed that platelet-rich plasma significantly aids
in promoting tendon and bone healing [17]. Yu et al. conducted another study in which 60 patients who had
undergone rotator cuff repair were randomized into two groups. The control group received standard postop-
erative rehabilitation training, while the observation group received the same treatment combined with warm
shoulder acupuncture three times for 12 weeks. The results showed that the observation group had signifi-
cantly better results in VAS and Constant-Murley scores (P<0.05) compared to the control group. This indi-
cates that warm acupuncture can enhance the recovery of shoulder joint function, reduce pain, and promote
tendon and bone healing in patients after rotator cuff repair [18].

Conclusion

Acupuncture and moxibustion have been used extensively in the treatment of sports-related disorders,
with promising results. However, most studies to date are retrospective and lack the rigor of randomized,
double-blind, controlled trials. Future research should focus on conducting more randomized, double-blind
trials to validate the efficacy of acupuncture in the treatment of sports medicine conditions. In addition, these
studies should aim to explore the mechanisms of action through multicenter and large-sample clinical obser-
vations. In conclusion, acupuncture and moxibustion offer definitive therapeutic benefits for sports medicine
disorders, with the advantages of being cost-effective and having minimal adverse effects, making them wor-
thy of wider clinical adoption and application.
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CnopTThIK MeIMUMHAIAFBI HHEMEH eM/Iey MeH KYHAIpy TepanusiCbIHbIH
KOJIAHBLIYbI MEH FhUIBIMU-3€PTTEY KETICTIKTePi: KbICKALIA II0JIY

JacTypni KbITaii MEANIMHACHIHBIH TEOPUSUIBIK LIEHOEpiHeri MHEMEH eMIey MEH KYHAIpy TepalHsChIHBIH
TEOPWSUIBIK HETi31 «MepuAMaHAap/bl TePeHAETY, KaH aiHaJbIMBIH BIHTAJAHABIPY XKSOHE TOKBIPAYBIH YKOIO»
omici nmenm Taubutazabl. Kasipri MeauMUMHANBIK TeopusulapAa HHEMEH eMmjey MEH KyHaipy Mexanusmuiepi
«aHaJbre3usi, FOpMOHIAPIBIH OelliHyiHe jKoHe KaObIHy MEXaHU3MiHe acep eTeTiH MUKPOOPTaHBIH JKaKcapybhy
petinze TankpuiaHaapl. KenTereH 3epTreyiep OHbIH eMJIK 9CEpiH pacTa/ibl KOHE OJ1 CHOPTTHIK MEAHLIMHAIA
THiMai emre aifHangel. CHOOPTTHIK MEAMIIMHA aypyJlapblH eMIcyAe WHEMEH eMIey MEH Kyuuaipy
TepanusICHIHBIH MYMKIHIIKTEpl TaJgaHAbl, COHBIMEH KaTap TEHAWHONATUSHBI, MHOPACIUTTI, OaliimaMIapIbiH
3aKbIMIAHYBIH, NepH(eprsUIbIK HEepBTEpAi, CiHIpIep MeH CyHekTepii emjieyni koHe Oacka aypyapisl
eMJeyie MHEMEH eMJiey MeH KYHIIpyl KOJJaHybIH KIMHUKAJIBIK THIMIITI MEH MEXaHU3MI 3ep/e/ICHIeH.
WHemeH emzey MeH KyHIipy CHOPTTBIK MEIMIMHA aypyJapblHAa KEHIHEH KOJJaHBUIFaHBIMEH, Ka3ipri
3epTTeyJepli KOMNIIUIri PEeTPOCHEKTHBTI JKOHE KOC COKBIp paHIOMH3alMsUIaHFaH OaKbUIAHATHIH
CbIHaKTapchl3 sxacanraH. COHJABIKTaH, OoJyallaK 3epTTeyiepAe HMHEMEH eMIey MEH KYHIipy CHOPTTBIK
MeJUIMHA aypy/apblH eMIey/eri THIMIUIriH ofaH api pacTay jkoHe KIMHHMKAJAA JKaKChIpak KOJAaHy YIIiH
KOC COKBIp paHIOMH3AlMSIIAHFAaH OaKbUIAHATBIH CBHIHAKTAPABl YJIKEH IPIKTEYMEH KOH OpPTAaJIBIKTHI
KIIMHUKAJIBIK OaKpUIayiap Kyprizy Kepek.

Kinm coe30ep: wHe pediekcti Tepamus, KYHIIpy Tepammschl, CIOPTTHIK MEIHUINHA, eMIIK dcepi, JocTypii
KbITail MEJUIIMHACKI, TCHUHONATHS, MUOGACIHT, CiHIp OalilaMIapbIHBIH 3aKbIMIAHY L.

K. Afinapxan, b.C. bareipos, b. Hypasioexk, /. Tycinkan, M.b. Pama3zanosa,
C. Orapansl, Y. Mapunbaesa, I1I.A. Manabaesa, A. XKanen

IIpumeHeHUe U HAYYHO-HCCJIeI0BATEILCKUI IPOrpece UIJI0YKAJBIBAHUA U
NPHUAKUTATEILHOM Tepanuu B CIIOPTUBHOM MeIMIIUHE: KPATKUI 0030p

Teopernueckoll OCHOBOI MITIOYKAJIBIBAHUSI M IIPYDKUTAHUS B TEOPETHYECKOM KPYTy TPaaWIMOHHON KHTai-
CKOM MEIVILIUHBI IIPU3HACTCS «yTIIyOJIeHUEe MEpPUANAHOB, CTUMYJINPOBaHHE KPOBOOOPAICHUS ¥ yCTPaHEHHE
3acTOs KpOBH». B COBpEMEHHBIX MEAMIIMHCKUX TEOPUSIX MEXAHHM3M UTTIOYKAJIbIBAHUS U MPIKUIAHHS 00CYX-
JaeTcsa Kak «o0e3001MBaHUe, yJydlIeHHe MUKPOOKDPYXEHHS, BIMSIOIIEE HA BBHICBOOOXKAEHHE TOPMOHOB U
BOCTIAJIUTENFHBII MEXaHU3M». BOJbIIIOe KOIWYECTBO HCCIICAOBAHUI MOATBEPAMIIO €T0 JIedeOHbIi ddekT, n
OH cTa1 3()(EKTUBHBIM METOJOM JICUCHHUS B CIIOPTUBHOM MeanmuHe. [IpoaHamn3npoBaHbl BOZMOXKHOCTH UT-
JIOYKaJIBIBAHUS ¥ TIPYOKUTAHUS TIPH JICUeHHH 3a00JI€BaHMI B CIIOPTUBHOW MEIHIINHE, a TakKe 00CYKICHBI
KIMHIYecKas 3()(EKTUBHOCTh M MEXaHU3M IIPUMEHEHHS UTTIOYKAJIBIBAHUS M MPYDKUTAHUS TIPU JICICHUH TEH-
JUHONATHH, MUO(DACIUTa, HOBPEXKICHHUAX CBSI30K, MEpU(EpUIECKAX HEPBOB, 3aXKUBIICHUS CyXOXKHIHH U KOC-
TeH W Ipyrux 3abosieBaHMH. XOTS MITIOYKAIbIBAHWE M NPIKUIAHHE IIUPOKO HCIIOIB3YIOTCS B CHOPTHBHOMN
MeJUIIHE, OOJIBIIMHCTBO TEKYIIUX HCCIIEI0BAHUMN SIBISIOTCS PETPOCIIEKTHBHBIMU U HE COJEpP)KaT PaHIOMH-
3UPOBAHHBIX JBOMHBIX CIIETIBIX KOHTPOIUPYEMBIX HccaeoBaHuil. CnenoBaTenbHO, B OyAymuX HCCIeI0BaHH-
AX CIeAyeT HCIOJIb30BaTh OOJIbIIE PAHIOMH3UPOBAHHBIX JBOMHBIX CIEMBIX HCCIIEI0BAaHU JUIs JalbHEHIIEro
TOATBEPKACHHUS 2P (HEKTUBHOCTH UITOYKAIBIBAHUS 1 MPKATAHUS TIPH JICICHUH 3a00JIeBaHIH B CIIOPTUBHON
MEANIIHE TTOCPEICTBOM MHOTOIIEHTPOBOTO KIMHHUYECKOTO HAOIIOAEHHS C OOJBIION BBIOOPKOI, YTOOBI Tyd-
111 TIPUMEHSTD UX B KINHHKE.

Kniouesvie crosa: nrnopediekcoreparis, TepMOITYHKTYpa, CIIOPTHUBHAs MEAUIMHA, Je4eOHbIH ¢ dexT, Tpa-
JULOHHAs KUTalCKasi MeIMIMHA, TCHANHOIATHs, MUO(ACIIUT, TPaBMa CBSI30K.
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Rosmarinic acid inhibits biofilm formation of Streptococcus mutans

Emerging antimicrobial resistance and adverse effects associated with antimicrobial over use necessitate new
antimicrobial therapeutics with natural compounds considered as attractive alternatives to synthetic drugs.
Rosmarinic acid is abundant in medicinal plants. The aim of this study was to elucidate its possible role as an
inhibitor of Streptococcus mutans biofilm growth. The amount of biofilm formed by S. mutans bacteria was
estimated using colorimetric method and optical profilometry. In this study, rosmarinic acid showed
significant inhibitory activity at 5 mg/mL concentration on S. mutans biofilm formationin 1 % sucrose
containing medium. Considering the broad antimicrobial and antibiofilm spectrum of activity, rosmarinic acid
can be used as an antimicrobial agent along with a number of medicinal plants containing rosmarinic acid as a
dominant compound. However, rosmarinic acid can serve as a basis for the development of antimicrobial and
therapeutic and prophylactic drugs used in dental practice.

Keywords: colorimetric method, optical profilometry, biofilms, Streptococcus mutans.

Introduction

Rosmarinic acid (RA) is an organic compound belonging to the group of phenolic acids. RA is probably
one of the most well-known secondary metabolites of plants. It is most often and in large quantities found in
plants of the Lamiaceae family: rosemary (Rosmarinus officinalis), sage (Salvia officinalis), basil (Ocimum
basilicum), lemon balm (Melissa officinalis) [1]. RA has a wide range of beneficial properties and is current-
ly being actively studied in scientific and medical research. The chemical structure of RA is shown in Figure
1.

OH

O~__OH OH
O

HO
OH

Figure 1. Chemical structure of rosmarinic acid

RA (C;sH;60g) contains several key chemical groups that determine its properties and functions. Phe-
nolic groups in plants play an important role in their biological activity and have a variety of properties, thus
the two phenolic rings present in RA give it antimicrobial and antioxidant properties [2]. In addition to phe-
nolic groups, RK contains carboxyl, hydroxyl and ether groups that affect solubility and participate in the
formation of hydrogen bonds [3]. RA is used for application in various industries such as cosmetology, med-
icine, food industry, pharmaceutical, and agricultural industry [4].
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Dental caries is currently one of the most common dental problems worldwide and is a serious problem
for the population, especially for children. Streptococcus mutans is a facultative aerobic gram-positive bacte-
rium and an important cariogenic pathogen. This bacterium inhabits the human oral cavity, causing dental
plaque and dental caries [5]. The main virulence factors of S. mutans are the ability to form biofilms attached
to the tooth surface, the ability to produce organic acids (acidity), and viability under low pH conditions
(acidity) [6]. S. mutans has the ability to adhere to tooth enamel, forming the initial layers of biofilm
(plaque). These bacteria use specific adhesive molecules such as adhesins and exopolysaccharides to attach
to the tooth surface [7].

RA exhibits antimicrobial properties against gram-positive strains: Staphylococcus aureus, methicillin-
resistant Staphylococcus aureus, Bacillus cereus, Enterococcus faecalis, Listeria monocytogenes; gram-
negative strains: Escherichia coli, Pseudomonas aeruginosa, Salmonella spp., Klebsiela pneumoniae [8, 9].
However, the literature does not contain studies on the effect of RA on the formation of biofilm caused by
the growth of S. mutans bacteria. In this regard, it is relevant to study the effect of RA on the formation of
S. mutans biofilms. Given the high antimicrobial activity, RA has the potential for use in the development of
new dental and prophylactic agents.

Experimental

Plant material. Wild plant of the flora of Kazakhstan Salvia stepposa Des. -Schost (synonym Salvia
dumetorum) was collected during expeditions in the Karaganda region, Republic of Kazakhstan, collection
coordinates (N 49°88898’; E 73°15569’) in the budding and flowering phase in July-August 2023.

Isolation of RA. Rosmarinic acid was isolated from Salvia stepposa according to the methods described
in the literature [10, 11].

Biofilm formation, processing and analysis by colorimetric analysis. Experimental data were obtained
using the method described in the literature [12]. Streptococcus mutans strain UA159 (ATCC 700610) was
cultured in Todd-Hewitt (TH) broth under anaerobic conditions (95 % N, and 5 % CO,) at 37 °C for 18 h
before the experiments. 1000 mg of rosmarinic acid was dissolved in 10 mL of pure dimethyl sulfoxide
(DMSO) to obtain stock solutions with a concentration of 100 mg/mL. The prepared stock solution of RA
was stored at —35 °C until use.

At the beginning of the experiments, 24-well flat-bottomed polystyrene cell culture plates were filled
with TH containing 1 % sucrose, and then RA solution was added to the corresponding wells at final concen-
trations of 1 mg/mL, 2.5 mg/mL, 5 mg/mL, 7.5 mg/mL, and 10 mg/mL. Three RA concentrations were se-
lected from this range for the treatment of S. mutans bacteria. DMSO solvent was added to the corresponding
wells at final concentrations of 1 %, 2.5 %, 5 %, 7.5 %, and 10 % (v/v).

Before each experiment, the optical density (OD) of the bacterial culture was adjusted to 0.2 at 595 nm
using a BioTek Synergy HTX microplate reader. S. mutans bacteria were then added to the wells of the plate
containing RA at a final dilution of 1:100, and all plates were incubated anaerobically (95 % N, and 5 %
CO,) at 37 °C for 24 h. In the experiments, wells of the plate without bacterial cells were used as blank con-
trols, while untreated bacteria without sucrose served only as an internal control for the experiments and
were not included in the calculations.

After 24 h of incubation, TH was removed from the plates, the wells were washed with distilled water
to remove loosely adherent cells, and then the adherent bacteria were fixed with 95 % ethanol. The fixed and
air-dried S. mutans biofilm in the wells of the plate was stained with 0.01 % crystal violet for 15 min.

The bound dye was extracted with 33 % acetic acid for 30 min. Afterwards, 200 pl of the extracted dye
solution from each well was transferred to the corresponding wells of an optically clear flat-bottomed 96-
well microplate. The OD of the samples was measured at 595 nm using a BioTek Synergy HTX microplate
spectrophotometer. Background staining was corrected by subtracting the amount of staining in the empty
wells (Fig. 2).

The percentage inhibition of biofilm formation was calculated using the OD values (%) according to the
equation:

x(control) — x(treatment)

% of inhibition= -100%

x(control)
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Figure 2. Colorimetric assay [13]

Statistical analysis. Data were analyzed using SPSS version 23.0 (IBM Corp., Armonk, NY, USA).
Differences between the control (untreated) and treatment groups were assessed using one-way analysis of
variance followed by the least significant difference post hoc test for multiple comparisons. Data are present-
ed as mean + standard error. P< 0.05 was considered to indicate a statistically significant difference.

Results and Discussion

Despite the widely studied antimicrobial activity of RA, no data on its effectiveness against S. mutans
have been found. However, other phenolic acids or their derivatives showed antimicrobial activity against
biofilm formation of S. mutans. Scientists have found that rosemary extract (Rosmarinus officinalis) has an
antimicrobial effect on S. mutans. Studies show that rosemary extract can effectively reduce the total protein
level in S. mutans biofilms, achieving a reduction of approximately 32 % [14]. Studies have been published
on carnosic acid and carnosol, which as RA, belong to the class of phenolic plant metabolites, confirming the
activity of these compounds against S. mutans at concentrations of 40 pg/mL and 75 pg/mL, respective-
ly [15]. Other authors have found that the flavonoids quercetin and kaempferol also reduce S. mutans biofilm
formation compared to the control [16]. Caffeic acid derivate such as caffeic acid phenethyl ester (CAPE)
showed a good inhibitory effect on the biofilm-forming and cariogenic abilities of S. mutans. CAPE
(0.04 mg/mL) inhibited biofilm formation by at least 50 %, and at 0.08 mg/mLCAPE inhibited biofilm for-
mation by more than 90 %. Additionally, CAPE can inhibit crucial virulence factors of S. mutans related to
its cariogenic potential, such as acid production, acid tolerance, and the synthesis of extracellular polysaccha-
rides, without compromising bacterial viability at lower concentrations [17].

Evaluation of the efficacy of RA in inhibiting S. mutans biofilm formation using a colorimetric assay
showed the ability to significantly inhibit S. mutans biofilm formation in a dose-dependent manner on the
polystyrene surface of 24-well cell culture plates. Treatment with RA at a concentration of 2.5 mg/mL re-
sulted in only a slight reduction in biofilm formation at the bottom of wells in 24-well cell culture
plates (Fig. 3).

Figure 3. S. mutans biofilm stained with 0.01 % crystal violet solution after 24 h of incubation in the presence of RA
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DMSO significantly reduced the biofilm formation of S. mutans, except for the DMSO concentration of
1 % (Fig. 4). However, the inhibitory activity of RA at a concentration of 5 mg/mL significantly exceeded
the experimental results compared to the corresponding DMSO concentrations.

Control DMSO
Control DMSO
Control DMSO
Control DMSO

Representation of the results in a single experiment

Figure 4. S. mutans biofilm stained with 0.01 % crystal violet solution after 24 h of incubation in the presence
of dimethyl sulfoxide (DMSO)

As shown in Figure 5, RA at a concentration of 1 mg/mL does not reduce the formation of S. mutans
biofilm. However, with an increase in the concentration from 2.5 mg/mL to 5 mg/mL RA, positive dynamics
are observed in reducing the formation of S. mutans biofilm by 54 % (*p < 0.05 compared to the control) and
90 % (**p < 0.05 compared to DMSO), respectively.

2. 0% [ Rosmarinic acid (RA)

1.8 4 1% —I_
— 1.6 -
£
w 14 43%
n *
S 1.2 1 54%
= * 58%
e 1 *
@
° 08
®
0
£ 06 -
(@] 90%

0.4 1 o °

0.2 4 ’—l—l

0
N
&"o \‘590 ol \‘90 VQR. \13’0 qu‘
< O 0 I
& V qf’@ ° ‘:‘Q

Figure 5. Optical density of S. mutans biofilm after 24 h of incubation in the presence of RA (*p < 0.05 compared to
control; **p < 0.05 compared to DMSO). Values are mean + standard error of four independent experiments (n=4—18);
One-way ANOVA, LSD Post Hoc test (SPSS software, version 23.0); Percentages indicate the inhibitory effect of ex-
tracts compared to the control (untreated bacteria).
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Thus, RA exhibits inhibitory activity against S. mutans biofilm formation in a medium containing 1 %
sucrose (which is the main inducer of biofilm formation for S. mutans bacteria). The solvent DMSO also re-
duces S. mutans biofilm formation in a concentration-dependent manner in a medium containing 1 % su-
crose, but the inhibitory activity of RA against S. mutans biofilm formation is slightly higher compared to
DMSO.

Conclusion

RA is an important secondary metabolite of plants, which finds its wide application due to its diverse
spectrum of biological activity. S. mutans is a major cariogenic pathogen that contributes to the occurrence
of many oral diseases. The best treatment option is the selective exclusion of dental caries. Anti-biofilm
agents can inhibit the growth of S. mutans in the microareas of teeth, dental restorations or implant-supported
prostheses. However, currently oral antimicrobial agents are mainly used as broad-spectrum bactericides, and
they poorly regulate the production of both biofilms and virulence factors. In this regard, in this study, the
potential of RA, which is an easily renewable metabolite obtained from plants, in inhibiting the biofilm for-
mation of S. mutans was investigated.

As a result of the experiment, it was revealed for the first time that RA has a significant biological ef-
fect and can protect teeth from damage caused by S. mutans. It was found that RA exhibits the greatest sup-
pressive effect on the formation of S.mutans biofilm in a medium containing 1 % sucrose at a concentration
of 5 mg/mL. The results of the study can be used to develop new therapeutic and prophylactic dental prod-
ucts.
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Streptococcus mutans 6MOKa0ObIKIIACBIHBIH TY31J1YiH TeKeyui
Po3MapuH KbIIIKbLIbI

AHTHOMOTHKTEP/i IAMa/IaH ThIC KOJIAaHyMEH OalJIaHBICTHI JAMBII KeJle )KaTKaH MUKPOOKaKapChl TO3IMILTIK
IeH jkKaHaMa ocepiep, TapThIMAbl OajlaMa peTiHAE KapacThIpbUIATBIH TaOMFUM KOCBUIBICTAphl 0ap »aHa
MUKPOOKAaKapChl TEPANMSHBIH KaKSTTUITH TYFBI3Ab. Po3MapuH KBIIKBUIBL JOPUTIK O©CIMIIKTEpAe Kol
Ke3zeceni. 3epTTeyAiH MaKcaThl PO3MapuH KBIIIKBUIBIHBIH S. mutans OMOKaOBIKIIACKIHBIH TY3UTy1H TeXeyIi
peTiHAeri BIKTUMAaN peJliH aHBIKTAay. S. mutans OaxkTepusulapsl Ty3eTiH OHMOKAOBIKIIa MeJmiepi,
KOJIOPHMMETPHSUIIBIK OMIC MEH ONTUKAJIBIK MPpOodHIOMETpuUsl KoMeriMeH Oarananisl. Byl 3epTreyne po3MapuH
KBIIIKBIIBI 5 MI/MJI KOHIICHTpalusia, Kypambiaaa 1 % caxaposa 6ap opraga S. mutans OMOKaOBIKIIACKIHBIH
TY3UIyiH alTapibIKTail Texey OenceHIuIiriH kepceTTi. MUKpoOKaKapcehl yoHe OMOKAOBIKIIAHBIH TY3LTyiHe
Kapchl OCICEHIUTIKTIH KeH CHEeKTPiH €CKepe OTBIPBII, PO3MApHH KBIIIKBUIBIH 0achiM KOCBUIBIC PETIHIE YKOHE
KYpaMbIH/la PO3MapHH KBIIKbUIBI Gap OipKaTap Iopiiik eciMaikTepMeH 6ipre MUKpOOKaKapchl areHT peTiHae
naiananyra 6onapl. Po3MapHH KbIIIKBUIEI CTOMATOIOTHSIIBIK TOXKIPHOEIe KONAaHbUIATEIH MHKPOOKAaKapChI
JKOHE eMIIK-TIPO(MIIAKTHKAIIBIK TIpeTapaTTapAbl 93ipiey YIIiH Heri3 00Ja anajibl.

Kinm  ce30ep: po3MapWH KBIIIKBUIB, KOJOPHMETPUSUIBIK ofic, mpodumiomerpusi, OHOKaOBIKIIaIap,
Streptococcus mutans.

S1.K. JleBas, K. K. banekoBa, I'.A. AtaxxaHoBa

Po3mapuHoBas KucjI0Ta, HHrHOUpPYOIAs 00pa3oBaHue OMONVICHKH
Streptococcus mutans

BosHukaromas ycToHYMBOCTb K NPOTHBOMHKPOOHBIM Hpenapatam M 1oGouHble 3(deKTsl, CBA3aHHbIE C
Ype3MEPHBIM  HCIIONB30BAHMEM  aHTHOMOTHKOB,  OOYCIIOBIMBAIOT ~ HEOOXOAMMOCTh B HOBBIX
MIPOTHMBOMUKPOOHBIX TEPaneBTHYECCKUX CPEICTBAX C NMPUPOAHBIMH COCTUHEHHSMH, PACCMAaTPHBACMbIMH B
KauyecTBE IIPHUBIICKATEIbHON albTepPHATHBBL. PO3MapuHOBas KHCIOTAa B H300MIMM HPHCYTCTBYET B
JICKapCTBEHHBIX pacTeHUsX. 1{e/bio TaHHOTO HCCIIEIOBaHKS OBbUIO BBISCHUTH €€ BO3MOXKHYIO POJIb B KAYECTBE
UHrHOHUTOpa pocra OuoruieHku S.mutans. KommuecTBo OMOIUIeHKH, 00pa3oBaHHOM OakTtepusmu S. mutans,
OLICHHBAJIM C [OMOLIBK KOJOPHMETPHYECKOrO0 METOJa M OINTHYECKON mnpoduiomerpun. B paHHOM
UCCIIEIOBAHUH PO3MapHHOBAs KMCIIOTA IIPOJEMOHCTPUPOBAJIA 3HAUHTEIbHYI0 HHTHOUPYIOLLYI0 aKTHBHOCTD B
KOHIIGHTpallMM 5 MI/Ma Ha oOpa3oBaHue OMOIUIEHKH S. mutans B cpene, coiepxkamei 1 % caxapossl.
VuuThIBas IMPOKUIT aHTUMUKPOOHBIN 1 aHTHOMOIUICHOYHBIH CIIEKTPhl AKTUBHOCTH, PO3MapHHOBAsI KHCIIOTA
MOXET OBITh HCIIOJb30BaHA KaK aHTHMHKPOOHBIH arcHT BMECTE C PSJIOM JICKapCTBEHHBIX PACTCHHIA,
COZICpPIKAIMX PO3MAPUHOBYIO KHCIOTY, B Ka4yecTBE [OMHUHHUPYIOLIEIO COEIMHEHHs. TeM He MeHee
pO3MapHHOBAs KHCIIOTa MOXET CIIY)XUTh OCHOBOHW Juisi pa3pabOTKH aHTHUMHUKPOOHBIX H JiedyeOHO-
HPOQUIAKTHYECKHX TIPEIapaToB, HCHOJIB3YIOLIMXCS B CTOMATOIOTHYECKOM TIPaKTHKE.
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Antimicrobial activity of the dense extracts of
Dracocephalum nutans L. and Dracocephalum ruyschiana L.

In the article the results of ultrasonic extraction of Dracocephalum nutans L. and Dracocephalum ruyschiana
L. from Central Kazakhstan were presented. The effectiveness of the process was evaluated based on the
quantitative yield of total extractive substances, the content of total polyphenolic compounds, flavonoids,
phenolic acids, and the antimicrobial activity of the obtained extracts. It was experimentally established that
the solvent ensuring the quantitative extraction of total extractive substances is 70 % ethanol. The obtained
extracts of Dracocephalum nutans L. and Dracocephalum ruyschiana L. can be considered as substances for
the development of antimicrobial pharmaceuticals.

Keywords: Dracocephalum, antimicrobial activity, ultrasonic extraction, HPLC, pathogenic bacteria.

Introduction

In modern conditions, there is a development of microorganism strains with multiple drug resistance
and their active spread, which highlights the need for new antimicrobial and antifungal agents. In this con-
text, plant-based medicines are becoming increasingly important alongside synthetic drugs. The biologically
active compounds in these substances are similar in structure and action to the natural components of the
human body, which leads to a significant reduction in side effects from their use [1-5]. Bacteria resistant to
synthetic antibiotics threaten their effectiveness and limit treatment options even for common infections.
Therefore, significant attention should be given to plant-based agents that can be used as highly effective
antimicrobial medications.

Currently, plant-based medicines are successfully used for the treatment of most diseases, despite the
fact that synthetic drugs, which emerged about a century and a half ago, have significantly advanced medi-
cine [6].

In the flora of Kazakhstan, there are more than 1,000 essential oil plants. Of particular interest are some
species from the families Lamiaceae, Apiaceae, and Asteraceae, which have either not been studied at all or
have only brief information available on their chemical composition and biological properties. In this regard,
the family Lamiaceae, which is one of the leading families in the flora of Kazakhstan, is especially notewor-
thy. For instance, within this family, the republic has 233 species classified into 45 genera [7].

Among them, plants of the genus Dracocephalum L. are the most well-known, serving as a rich and
widespread source of essential oils. According to the database The Plant List (as of August 2016), the genus
includes 74 species, with 20 species found in Kazakhstan [8].

Studies have shown that some species of Dracocephalum possess antibacterial, antitussive, antidiarrhe-
al, antioxidant, anticancer, anti-inflammatory, antidiabetic, and soothing properties [9—12].

Experimental

The research objects are the above-ground parts of Dracocephalum nutans L. and Dracocephalum
ruyschiana L., collected during the flowering phase from the Karkaraly Mountains (Karaganda Region, N
49°43'23" E 75°48'38"), in May 2022.

For obtaining dense extracts, the method of ultrasonic extraction was used for the above-ground parts of
Dracocephalum nutans L. (nodding dragonhead) and Dracocephalum ruyschiana L. (Ruysch's dragonhead).
The choice of the ultrasonic method is due to its ability to extract biologically active substances from plant
material within a short time (15-30 minutes), whereas classical methods typically require 8—24 hours [13—
15].

For the analysis, an ultrasonic bath Stegler 3DT (3 L, 20-80 °C, 120W, frequency 40 kHz) was used.
The raw material was extracted using a mixture of water and ethanol (1:1) and ethanol alone, with a ratio of
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raw material to extractant of 1:20. Ultrasonic extraction was performed with a water: ethanol ratio of 1:1.
The raw material was initially soaked for 20 minutes and then subjected to ultrasonic treatment for 30
minutes at room temperature. The extraction process was repeated three times under the same conditions,
and the filtrates were combined, cooled to room temperature, and evaporated using a rotary evaporator.

For the analysis of phenolic compounds in the extracts, high-performance liquid chromatography cou-
pled with ultraviolet (UV) detection and real-time tandem mass spectrometry (ESI-MS/MS) was used.

The content of phenolic compounds in the extracts was calculated using the external standard method
according to the formula (1):
_ S, xm, x25 x P x100

, (1
S, x mx25 x100

where S, is the peak area value of the compound in the chromatogram of the test solution;

Sy is the peak area value of the compound in the chromatogram of the standard;

my is the mass of the standard compound, in grams; m; is the mass of the extract, in grams;

P is the content of the compound in the standard compound, in %; and 25, 25 are the dilution factors.

The antimicrobial activity of the samples was studied using the disk diffusion method.

The antimicrobial activity of the aforementioned samples was studied against Gram-positive bacteria
Staphylococcus aureus and Bacillus subtilis, Gram-negative bacteria Escherichia coli and Pseudomonas
aeruginosa, and the yeast fungus Candida albicans using the disk diffusion method. The reference substances
used were benzylpenicillin for bacteria and nystatin for the yeast fungus Candida albicans.

For the study, a suspension containing a standard number of viable bacterial cells was prepared and
seeded as a lawn on the surface of the nutrient medium in Petri dishes. 0.01 mL of each sample was applied
to sterile filter paper disks. The disks with the samples were placed on the seeded surface in a circular ar-
rangement, 2.5 cm from the center of the dish (4 disks per dish). The inoculated plates were incubated at
36 °C for 24 hours. After incubation, zones of complete and partial bacterial growth inhibition appeared
around the disks against the uniform bacterial lawn. The results were recorded by measuring the diameters of
the inhibition zones. Each sample was tested in triplicate. For comparative assessment of antimicrobial activ-
ity, antibiotic solutions were used: sodium benzylpenicillin, sodium ceftriaxone, nystatin, with 70 % ethanol
and DMSO in equivalent volumes used as controls.

The antimicrobial activity of the samples was assessed by measuring the diameter of the inhibition
zones around the test strains (mm). An inhibition zone diameter of less than 10 mm and continuous growth in
the dish were considered as indicating no antibacterial activity, 10—15 mm indicated weak activity, 15—
20 mm indicated moderate activity, and over 20 mm indicated strong activity.

Statistical analysis of the data was performed using parametric statistical methods, including the calcu-
lation of the arithmetic mean and standard error.

X

Results and Discussion

The HPLC analysis of the chemical composition of phenolic compounds in the dense extracts of
Dracocephalum nutans and Dracocephalum ruyschiana was conducted at the Research Center of the Medi-
cal University of Karaganda (Karaganda, Kazakhstan). The composition of phenolic compounds in dense
extracts of D.nutans and D.ruyschiana, obtained by ultrasonic extraction, and the mass spectra for the identi-
fied compounds in negative ionization mode are presented in Table 1 and Figures 1 and 2.
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Figure 1. Chromatogram of Dracocephalum nutans extract at a wavelength of 280 nm
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Figure 2. Chromatogram of Dracocephalum ruyschiana extract at a wavelength of 280 nm

Table 1

Identification and Content of Phenolic Compounds in Dense Extracts of Dracocephalum nutans and
Dracocephalum ruyschiana

Ne Peak | Retention Time, |M-H — (m/z) Identified Components Content (mg/g of extract)

min D. ruyschiana D. nutans

1 4.985 179 caffeic acid 1.3340.08 1.37+0.11

2 12.568 353 chlorogenic acid 12.3340.15 -

3 13.907 163 p — couric acid 12.37+0.05 -

4 14.717 463 quercetin-3'-glucoside - 47.95+0.19

5 15.136 574 ferulic acid 7.29+0.10 3.43+0.13

6 15.593 163 0 — couric acid 3.1+0.10 -

7 16.995 359 rosmarinic acid 44.76+0.15 19.54+0.28

As shown in Table 1, a total of 7 phenolic compounds were identified and quantified in the dense ex-

tracts of D.nutans and D.ruyschiana, including 6 phenolic acids and 1 flavonoid.
The dominant phenolic compounds in the extracts are rosmarinic acid, with contents of 19.54 and

44.76 mg/g, and quercetin-3'-glucoside in D.nutans, with a content of 47.95 mg/g (Table 2).

Table 2

Results of the Antimicrobial Activity Study of Dracocephalum nutans and Dracocephalum ruyschiana Extracts

= N w en
285 | 258 258 | 25n | 38E
mm name zE0 £39 5 %Y =0 {338
(s - 25| FRE | =g
)
D.ruyschiana 15+£0.5 151 10£0.5 9+1 12+£0.6
D.nutans 14+1.2 12+0.1 14+£0.3 9+0.3 12+0.1
Sodium 16 +0.1 14 £0.1 15+0.1 12+1 -
benzylpenicillin
Sodium ceftriaxone 20+0.3 19+0.17 19+0.5 19+1 -
DMSO - - - - -
(70 %) Ethanol 10+ 0.1 10+0.1 9+0.1 9+0.1 8+0.1
Nystatin - - - - 21+£0.2
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The extract of D.ruyschiana exhibits moderate antimicrobial activity against Gram-positive bacteria
Staphylococcus aureus and Bacillus subtilis, and weak antimicrobial activity against Gram-negative bacteria
Escherichia coli and Pseudomonas aeruginosa, as well as against the yeast fungus Candida albicans.

The extract of D.nutans demonstrates weak antimicrobial activity against the Gram-positive bacteria
Staphylococcus aureus and Bacillus subtilis, as well as weak activity against the Gram-negative bacteria
Escherichia coli and Pseudomonas aeruginosa, and weak activity against the yeast fungus Candida albicans.

Conclusion

1. For the first time, ultrasonic extraction of Dracocephalum nutans and Dracocephalum ruyschiana
from the Central Kazakhstan region was successfully performed.

2. The chemical composition of the extracts of Dracocephalum nutans and Dracocephalum ruyschiana
was determined using high-performance liquid chromatography (HPLC).

3. The extract of Dracocephalum ruyschiana can be considered as a potential substance for the devel-
opment of antimicrobial agents.
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A. Pamazanona, I'.A. Ataxanosa, I'.K. KypmanraeBa, b.b. Amup6exora

Dracocephalum nutans L. xdue Dracocephalum ruyschiana L.
KO0 SKCTPAKTAPBIHBIH MUKPOOKAKapchl 0eJiCeHaiIiri

Makanana Opranbik Kasakcranna ecetin Dracocephalum nutans L. xoue Dracocephalum ruyschiana L.
OCIMIIIK IIVKI3aTTapbIHBIH YJIBTPaJbIOBICTEIK SKCTPAKIMsIIAay HOTIKeepi kenripinreH. [Ipouectin THiMaimiri
9KCTPAKTHBTI 3aTTapiblH Kbl LIBIFBIMBI, HOJU(EHONABl  KOCBUIBICTAPIBIH, (hI1aBOHOMATAPABIH,
(EHONKBIIKBUTIAPBIHBIH JKAJIMbl MOJILEpi KOHE alblHFAH JKCTPAKTapAbIH MUKPOOKAKapchl OSJICeHALTIr
OoiibiHImIa OaraimaHAbl. DKCIEPUMEHTANAB TYPIAE DKCTPAKTUBTI 3aTTApAblH JKaIIbl MOIIIEPIH THIMII ary
yurin 70 % STHI CHHPTI KCTpareHT peTiHAe KOJIaHBUIABL AIBIHFAaH MHKpPOOKakapcel Oencenaimiri Oap
Dracocephalum nutans L. xone Dracocephalum ruyschiana L. 3KCTpakTBIIaphl JOpUTiK 3aTTapiasl a3ipiey
YILIiH CyOCTaHIUS peTiHAe KapacThIPBULAEL.

Kinm ce30ep: Dracocephalum, MukpoOKakapchl OeNCEHALTIK, yIbTpamblOBICTHIK SKcTpakiusd, KTCX,
nmaToreH i OakTepusiap.

A. PamazanoBa, ['.A. Araxanosa, ['.K. Kypmanraesa, b.b. Ammp6exoBa

AHTUMHMKPOOHASI aAKTUBHOCTH I'YCThIX IKCTPAKTOB
Dracocephalum nutans L. n Dracocephalum ruyschiana L.

B crartee mpencraBiieHBl pe3yNbTaThl  yIABTPAa3BYKOBOH OKCTpakuuu Dracocephalum nutans L. u
Dracocephalum ruyschiana L., npouspacraromux Ha Teppuropun LlenrpansHoro Kaszaxcrana. D¢ dexTus-
HOCTP HpOIecca OLEHUBAIH 110 KOJMIECTBEHHOMY BBIXOLY CYMMBI SKCTPAKTHBHBIX BELIECTB, COICPIKAHUIO
00IIEero KOMMYecTBa MOIM(EHOIBHBIX COSANHEHHH, (JIaBOHOMIOB, (PEHONBHBIX KUCIOT ¥ aHTHMHKPOOHOI
AKTHBHOCTH IIOJIyYEHHBIX KCTPAKTOB. DKCHEPUMEHTAIBHO YCTAHOBJIEHO, YTO YKCTPAareHTOM, 00ecIeunBaro-
UM KOJMYECTBEHHOE U3BJICUCHUE CYyMMBI SKCTPAKTHUBHBIX BELIECTB, siBNsAeTCS 70 Y%-HBII CIUPT STUIIOBBIN.
[Tonyuennsle s3xcTpaktel Dracocephalum nutans L. u Dracocephalum ruyschiana L. MOXXHO paccMaTpuBaTh
B KauyecTBe cyOCTaHIUI ISt pa3paboOTKH JIEKapCTBEHHBIX CPEJICTB IPOTHBOMUKPOOHOTO NEHCTBHSL.

Kniouesvie cnosa: Dracocephalum, anTUMUKpOOHast aKTHBHOCTB, YJIBTPa3ByKoBas skcTpakuust, BOXX, na-
TOTE€HHbIE OaKTepHH.
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CucreMa MOHUTOPUHIA U 00€CTIEYE€HHOCTH JAHHBIMH NPOTrHO32 HABOAHEHU
BocTrouno-Kazaxcrauckoii odiactu

CraTbs nmocBsmeHa cOopy TOCTYIHOM HHpOpMaIHK 0 BOAHBIX 00bekTax BocTouHo-Ka3zaxcranckoit obnactuy,
MOJTY9YEeHHOH U3 OTKPBITHIX HCTOYHNKOB HanmoHansHON THAPOMETEOPOTIOrHnIecKo ciryk0b1 Pecyomuku Ka-
3axcTaH ¥ MUHHCTEpCTBA IO Upe3BBIUAMHBIM cuTyarusaMm PecryGuuku Kasaxcran ¢ menmsio opMupoBaHus
6a3bl aTpHOYTUBHBIX JAHHBIX C MpOCTpaHCTBeHHOH mpuBs3koi B ['MIC u ¢gopMHpOBaHHIO OCHOBHI ITOCIE-
IYIOIIUX HCCIIEN0BaHNUM, HaNPaBICHHBIX HA Pa3pabOTKy M BHEAPEHHE MOJeed IPOrHO3UPOBAaHUS HaBOIHE-
Hui. [IpoBeneH 0630p uccen0BaHuH, MOCBSIIICHHBIX IPOTHO3Y HaBOJHEHHUI B pa3HbIX pernoHax Kasaxcrana
U B APYTHX CTpaHax, B pe3yJbTaTe 4ero cOpMHUPOBaHbl KPUTEPHH OLEHKH JJAHHBIX M CHCTEMbI THIPOJIOTHU-
yeckoro MoHuTOpuHra. IlpuBesieHa XxapakTepHCTHKA THAPOIOTHYECKOTO PEXKMMA OCHOBHBIX PEMPE3CHTATHB-
HBIX BOAHBIX 00bekTOB BocTounoro Kasaxcrana. Ha ocHOBE mpoCTpaHCTBEHHOTO aHAIM3a CETH THAPOJIOTH-
YECKUX IOCTOB M M3BECTHBIX 30H 3aTOIUICHMS JaHa OILCHKA IMPOCTPAHCTBEHHOMY OXBaTy TOCYAApCTBEHHON
CHCTEMBI HAOMIOAEHHH U ONpEeNeHbl PEKOMEHAINH 10 ee pacmmpernio. CaenaHsl BHIBOIABI O BO3MOXKHO-
CTH NIPUMEHEHUs COOPAHHBIX JaHHBIX IIPU CO3JaHUH IPOTHO3HBIX MOJEIICH.

Kniouesvie cnoea: naBognenus, Mouutoputr, [ UC, arpubyTuBHbIe naHHBIE, BocTouHo-Ka3axcTanckas 00-
JIaCTh, BOJHBIC OOBEKTHI, THAPOJIOTHYCCKUI MTOCT, 30HBI 3aTOIJICHUS, THAPOJIOTHS, IIPOTHO3.

Beeoenue

HaBogHeHust OTHOCATCS K OIHUM M3 HauOoJee pa3pyluTeIbHbIX CTUXHHHBIX O€ICTBUH, KOTOpBIE OKa-
3BIBAIOT HE TOJBKO HETATHBHOE BJIMSHUE HA Pa3IMYHBIE OTPACIH SKOHOMHUKH, HO U SIBIAIOTCA pealbHOM yT-
po30ii Id )KKU3HU HaceneHus. Boctouno-Ka3axcraHnckas obnacte ofHa w3 Hanbollee MHOTOBOIHBIX CpPEIH
npyrux obiacteit Pecrryonmuku KazaxcraH, 4To yBEIHYHUBACT BEPOSATHOCTH 3aTOIUICHUHA M CBSI3aHHBIC C DTUM
pucku. OcoGeHHOCTh HAaBOJHEHHI 371eCh BCEra CBA3BIBAIACH C MX T'€HE3MCOM, KOTOPHIN 00yCIOBIHUBAICS
XapaKTepOM MECTHOCTH, THIIPOJIOTHUECKAM PEKUMOM BOJHBIX OOBEKTOB H KIMMATHIECKUMH OCOOCHHOCTS-
mu. [IporHo3npoBanne HaBOAHEHUH C LENbI0 Pa3padOTKH 3(PPEKTHBHBIX MPOTHBOMABOIKOBBIX MEPOIIPHSI-
TUH 1 MUHUMH3AIIH PUCKOB JUII PETHOHA OCTAETCs MPUOPUTETHON U aKTyaJIbHOM 3a1a4eil.

Lenpro HacTOALIETO MCCIENOBAaHUS sIBIsieTCs (GOpMHUPOBaHKE 0a3bl NaHHBIX O BOIHBIX 00BekTax Boc-
touHo-Kazaxcranckoit oomactu B mporpammuoii cpene ['MIC ¢ yderom ocoOeHHOCTeH U TpeOoBaHUN pas-
JIMYHBIX MOJEJIE NMPOTHO3MPOBAHUS HABOJHEHUM JJIsl MPEABAPUTEIHONW OLIEHKH MAaBOJAKOBOW CHUTYallMH.
O061BexToM uccneaoBanus BeicTymnaeT OacceliH pexku Eptuc ( Uptoim) B npenenax Bocrouno-Kazaxcranckoit
obmacrwy.

B pamkax nccnenoBaHus ObUTH TOCTABJICHBI CIEAYIONINE 33 /Ia4H:

- IaTh KPaTKYyI0 XapaKTEpPUCTHKY BOJIHBIM 00bEeKTaM Ha TeppuTopun BocrouHo-KazaxcraHnckoii obnac-
TU, IPOBECTU UX TUMH3ALMIO B KOHTEKCTE CYIIECTBYIOIIEH CUCTEMbl MOHUTOPUHTA;
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- TIpoBecTH cOOp, 0OPabOTKY M CHCTEMATHU3ANNI0 NMEIOIINXCS aTpUOYTUBHBIX JaHHBIX, c(hOpMHUPOBATH
eInHy0 0a3y THAPOIIOTHUECKUX JaHHBIX;

- BU3Yalu3UpoBaTh JaHHBIE ¢ momoinsio [MC mist morydeHus HHTEPAKTUBHBIX 3JIEKTPOHHBIX KapT C
MIPUBS3KOHM K aTPUOYTHUBHBIM JTaHHBIM.

0030p MEXIYHAPOAHOTO ONBITA COBPEMEHHBIX THAPOJOTHYECKHUX HCCIIEIOBAHUN ITOKa3bIBAET IMOBCE-
MECTHOE HCIOJIb30BaHUE PA3IMYHBIX THIIOB MOJENIeH IUisl MPOrHo3a HaBojgHeHui. Cpeau paboT mo mera-
aHanmu3y [1-3] BBIOECNSIOTCS pa3lUYHBIE TUIBI MOJAENEH, B TOM YHCIE OCHOBAaHHBIC Ha THIIPOJOTUYECKHUX,
THIPABINYECKNX JAHHBIX, CTATUCTHUKE, TUCTAHINOHHOM 30HaupoBaHuu u [ IC, HCKyCCTBEHHOM MHTEIIEKTE
Y MaIIMHHOM OOYYCHHH, a TaKXKE aHaIu3e KOMIUIEKCHBIX pPelleHud. B MUTHpyeMbIX paboTax OIIEHUBAIOTCS
MPEUMYIIECTBA U HEIOCTATKU MOJIeNIeH, IPUBOIATCSA CBEICHUS O BXOJHBIX JaHHBIX. B 3aBUCHUMOCTH OT THNA
JAHHBIX Pa3IMYalOTCs UCTOYHUKH U TIOJXOABI K UX cOOpy. B psimy ruaponornieckix JaHHBIX BBIIEISIOT J1Ba
OCHOBHBIX IIOKAa3aTeJIsl — MHOTOJIETHUE PAacXOJbl M YPOBHU BOJBI B pekax U Bojgoemax. Kpome toro, K Bax-
HEHIIMM JJI1 MOJICIMPOBAHUS JIAHHBIM OTHOCST METCOJIaHHBIC, BEMYMHY CHEro3aracoB, WHGOPMAIUIO O
CTPOCHHH pyclla W JHA, OCOOEHHOCTSIX BOJOCOOPHBIX OacCEiHOB, YPOBHE M PEXHME T'PYHTOBBIX BOJ, CO-
CTOSIHUM PETYJUPYIOLINUX CTOK TUAPOTEXHUUECKUX COOPYKEHUI U JIp.

CoBpeMEeHHBIE CUCTEMBI, IPUMEHSIEMBIC NIJISI COCTaBJICHHS JOJTOCPOYHBIX M KPAaTKOCPOUHBIX IMPOTHO-
30B, 3a4aCTyI0 OCHOBAHbI Ha HCIIOJIb30BAHUHU OJHOM MJIM HECKOJBbKHUX MaTEMaTHYECKUX MOJEIEH, TpU3BaH-
HBIX OOJIErYUTh aHAJIN3 MHOXECTBA JAHHBIX Pa3IMYHOTO XapakTepa U JaTh CBOEBPEMEHHOE DKCIIEPTHOE 3a-
kitoueHue. [Ipu ’TOM BO3MOXKHOCTH U 1€JIeCO00Pa3HOCTh NPUMEHEHHS TEX WM MHBIX MOJeNIeH 00yCIIOBIIe-
HBI [TOJIHOTOH ¥ JIOCTYITHOCTBEO BXOJ/IHBIX JaHHBIX O BOAHBIX O0BEKTaX W MPUJICTAIONICH K HUM TEPPUTOPUU B
rpaHuIax BomocOOpHBIX OacceiHoB. Cpeau BaKHEHIINX XapaKTEPHCTUK ATOH MH(OpMAaIUu cleayeT OTMe-
TUTH €€ reorpaduIecKyro MPUBI3aHHOCTH U KOPPEKTHOE MPOCTPAHCTBEHHOE pacmpocTpaHeHue. Mexons u3
o0bemMa MH(pOpPMAIUH, MPOLIECCH ee cOopa, XpaHEeHHUs, CHCTEeMaTH3allMl U aHallu3a HauboJiee y100HO Mpo-
BOJAMTH B IporpaMMHOi cpene kakoi-mubo ['MC, rie xpaHeHne JaHHBIX OCYIIECTBISIETCS MIOCPEICTBOM at-
puOYTHBHBIX TaOJHII, CBA3aHHBIX C MPEACTABICHHBIMH TeorpaguuecKkuMu 00beKTaMi Ha 3JIEKTPOHHBIX Kap-
Tax.

B nmocnennue roael nis tepputopun PecriyOnuku Kazaxcran nosBiseTcst Bce OOJbIe MCCISTOBAHUM,
MTOCBSIIIEHHBIX MPpo0JieMe HaBOJHEHUN. B mepByro odepens, 3TO TPYAbl CIIEMUANHUCTOB, padoTatoninx B MH-
cTuTyTe Teorpaduu U BOAHOW Oe3omacHOCTH (T. Anmatsl). M3 mocnenHux paboT MOXKHO BBIAETHTH [4, 5],
r/ie 1aéTcsl ONMUCAaHKUEe PEeKUMOB PeK U 0COOCHHOCTEH HaBOJHEHUH Uil Beel Teppuropuu Kazaxcrana, mpu-
BOJMTCS CpaBHEHHUE CIIENU(DUKH TPOXOXKIEHUS IKCTPEMAILHBIX MIEPHUO/IOB BOAHOTO PEKUMA Y PA3HBIX TPYIIIT
peK.

Takxe cpeau paboT, MOCBSIICHHBIX OIEHKE PUCKOB, CBSI3aHHBIX C HABOJHCHHUSIMH, MOXHO BBIICIHUTH
pEerHOHaNbHBIC UCCIEIOBAHUS, IPOBEACHHBIE B AKMOJIMHCKOM 00JacTH, B Pe3yNbTaTe KOTOPHIX IMOIYUYCHBI
JAHHBIE O CTEIIEHU BEPOATHOCTH BO3HUKHOBEHUS PA3NUYHBIX BUJOB 3KOJOTMYECKUX PUCKOB, BBISBICHBI 3a-
KOHOMEPHOCTH Pa3BUTHS MX HETaTHBHBIX MocieAcTBHUil [6]. B paborax [7, 8] mpeacTaBieHbl OLICHKH H3Me-
HEHUS KAaYeCTBEHHBIX U KOJMYECTBEHHBIX XapaKTepUCTHK pek LlentpanmsHoro Kaszaxcrana Bo BpeMs MOJO-
BOJIbSI ¥ BBISIBIICHBI OCHOBHBIE PUYWHBI HABOJAHEHUH 1J1sl pek O0acceitHoB Hypsl u Ecunst B yciioBusix coBpe-
MEHHBIX KJIMMAaTHYeCKUX M3MeHeHnH. B crarpe [9] paccMaTpuBaroTCsl MPUYNUHBI U OLIEHUBAIOTCS (haKTOPHI,
BIIMSIONINE HA YaCTOTY U MHTEHCUBHOCTH HaBOJHEHUN Ha peke Ecunpb y ropoaa [lerpomaBnoBcka, a Takxke
MIPEJIOAKEHBI MEPHI TI0 WX MPEIOTBPAIlICHHI0O I MHHUMU3WPOBaHWU TociencTBuil. Pabora [10] mocesmena
PETPOCIIEKTHBHOM OIEHKE KaTacTpohuIecKuX HaBomHEeHNH BecHBI 2024 1. B 3amagHomM perrnone Kazaxcrana.
[IpoBeneHbl THAPOIOTHIECKUE PACUCTHI, HCCICAOBAHBI XapaKTepHbIe YPOBHHU BOJLI B peke JKalbIK, a Takke
IIONIA U 3aTOIICHUS TPUOPEIKHBIX TEPPUTOPHIA.

C yderoMm crienuuKy TEKYIIETO HCCIeI0BaHMs, OJHON M3 HanOojee BaKHBIX pa0OT SBISETCS CTAThs
[11], B KOTOpO# pacCMaTPUBAIOTCS MTOCIICCTBUS MABOKOBEIX SIBJICHHM, XapaKTEPHBIX IS Tepputopun Boc-
tTouHo-Kazaxcranckod 00acTy, MPUBOIUTCS KPAaTKUH 0030p HABOJHEHHIA B UCCIICyEMOM PaioOHE, TPOH30-
menmux 3a nocneanue 10 ner. B pabote Taxke mpoBeneH MEPBUYHBIN aHAIN3 30H 3aTOIIICHUS OTIEIBHBIX
PEK Ha OCHOBE CITyTHUKOBBIX H300PaKEHHUH 1 TIPEUIOKEH Pl Mep IO CHIDKEHUIO PHCKOB.

Hemano paGoT mocBsieHO MPUMEHEHHIO METOJO0B THUCTAHIIMOHHOTO 30HAUPOBAHUS TSI OLIEHKH Mac-
mTabOB 3aTOIUICHUS M MPOTHO3MPOBAHWS HAaBOJHEHMII Ha Tepputopuu Kaszaxcrana. K mambonee cBexxum
paboTam 1Mo JaHHOU TeMaTHKe MOXKHO OTHeCTH [12], rme mpuBeIeHbl pe3ybTaThl MPOCTPAHCTBEHHOTO aHa-
JIM3a HAaBOJAHEHHH, CMOJEITMPOBAHBI 30HBI 3aTOIUICHHS OTACIBHBIX TEppUTOpUi pecyonuku. B pabore [13]
paccMaTpuBaeTcsl onbIT npuMeHnenus mojenu FLOMIS st onepaTUBHOTO KapTUPOBAHUS 30H MOITOIIICHUS
B 3anagnoM Kazaxcrane. Cratbs [14] nocesmena npumeHeHuto ['MC-TexHOMOrUN U JaHHBIX JUCTAHIIMOH-
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HOTO 30HAUPOBAHUA UIsi KOCMMYECKOIO MOHUTOpPUHIa HaBogHEHUH. B uccnenoBanuu [15] onuckiBaroTcs
KOHIICTIIIUS ¥ OCHOBHI pa3pabOTKU METOIUYCCKUX MMPUHIIUIIOB MOHUTOPHUHTA M MPOTHO3UPOBAHUS HABOJHE-
HUN Ha Tepputopun Bocrouno-Kazaxcranckoid 001acTv ¢ MOCIEIYIOIIEH IENBI0 CO3MaHUsS COOCTBEHHOU
CUCTEMEBI MPOTHO3upoBaHus NMaBoakoB U 3atoruieHnid. C 2001 r. B Pecny6nuke Kazaxcran na 6a3e Harmo-
HaJBHOTO IIEHTPa KOCMHYECKHX WCCIICIOBAHUN W TEXHOJIOTHH OOecleueH MpHUeM CIYTHUKOBBIX TaHHBIX
Terra MODIS, xoTOpBI€ MO3BOJISIOT BECTH ONEPAaTUBHOE HAOIOMECHNE 32 MMOTCHIIMATLHBEIMU OYaraMu OIlac-
HBIX SIBJICHUN TPUPOTHOTO XapakTepa. B pabote [16] mpencTaBieHbl pe3yibTaThl M KpaTKas XapaKTePUCTHKA
9TOHN TEXHOJOTHH.

Mamepuanvl u memoost

[annbie, coOpanHble 0 BOOHBIX 00bekTax BocTouno-Kazaxcranckoil 00nacTu, JOCTyIHBIE K HCIOIb30-
BaHUIO ISl IPOTHO3UPOBAHMS HABOJHEHHUH, HA TEKYIIUI MOMEHT JOCTATOYHO OOIIMPHBI, OTHAKO HYKAAIOT-
Csl B OTIPEIICIICHHON 00pabOTKe M OIeHKE UX MPUMEHIUMOCTH. OCHOBHBIM HCTOYHHKOM WH(MOPMAIMH BBICTY-
MAIOT FOCYAapCTBEHHBIE OPraHU3alNH, OCYILECTBIIAIONNE COOp MEPBUYHBIX TaHHBIX ITyTeM NMPOBEACHUS pe-
JKUMHBIX HaOmroneHuil. HecMOTpst Ha IpakTHYECKYI0 IEHHOCTh, CTPYKTYpa MoJadn WHGOPMAIH UMEET Pl
HEyoOCTB M OrpaHMYEHUH, YTO BIMIET HE TOJBKO Ha Ka4eCTBO, HO M Ha CaMy BO3MOXKHOCTHh NMPHUMEHEHUS
OTIENbHBIX Hanbomnee 3 dekTuBHBIX Moaeneil mporno3a. CyiecTByomas ceTh HaOIIOAAaTENFHBIX TYHKTOB
HMMEET psii HEeJOCTATKOB, CBS3aHHBIX C MOJIHOTOM OXBaTa TeppUTOpUH. MHOTHEe MaTepuanibl, B YaCTHOCTU
apXUBHBIC UCTOPHUYECKUE, HE OMHU(PPOBAHBI, YTO OCIOXKHSAET paboTy ¢ HUMH. [IpakTHueckn OTCyTCTBYIOT
3JIEMEHTH! BH3yalM3allid U YJOOHOW A mMojb3oBaress mojadu mHGopMmauuu. lloutn He Mcmonb3yrorcs
BO3MOXHOCTH, MPEJOCTaBIsieMble COBPEMEHHBIMH TeorpapuieckuMu HHPOPMALMOHHBIMH TEXHOJOTHAMHU.
Bce aTi mpoGiieMbl OTHUMAKOT Y KOHEYHBIX TOJIh30BaTeNel OOINbIIIOe KOJMMYECTBO BPEMEHH Ha CaMOCTOS-
TeJbHBIE MTOTBITKN CTPYKTYPHPOBATH JaHHbBIE YAOOHBIM IIJIsl HUX CIIOCOOOM.

EnuHCTBEHHBIM HCTOYHHKOM JOCTOBEPHOH THIPOMETEOPOIOrHMYecKOo MH(pOpMALKU HAa TEPPUTOPHH
PecniyOnmkm Kazaxcran sBisiercs HamumonanpHas rumpomereoposorudeckas cinyx6a Pecny6mukn Kazax-
cran — PI'TI «Kasrugpomery», 3aHMMaroascs B paMKax NporpaMmMm THAPOJOTHYECKOTO U METEOpOosIoruye-
CKOTO MOHHUTOpPHHIa cOOPOM JaHHBIX Ha MMyHKTaX rocyAapCTBEHHOI HaOII0AaTeNbHOM ceTH, nX 00paboTKOM
U MPOTHO3UPOBAHUEM OIACHBIX MPUPOIHBIX siBJeHUI. He MeHee BakHBIMU MaTepHajiaMu O Hanbosee moj-
BEP)KEHHBIX 3aTOIICHUSAM TEPPUTOPHSIX U MPUHUMAEMBIX Mepax /sl o0ecriedeHusi 0€301acHOCTH HACEICHUS
00J1a1aI0T CTPYKTYPHBIE NOpa3ieicHuss MUHICTEPCTBA 110 Ype3BbIUaiiHbIM cuTyanusaM PecnyOnuku Kazax-
cTaH. Marepuansl, HCIIOJIb3yeMble B HACTOSILEM HCCIEIOBAaHNUH, MOJIYYEHbI U3 OTKPBITHIX HCTOYHUKOB YKa-
3aHHBIX OpraHu3anuid. ['maponmoruveckune NaHHBIE TPUBEACHBI W3 THUAPOJIIOTHYECKHX eXerogHukoB PITI
«Kasrugpomer» ¢ 1960 mo 2021 rr. B kauecTBe HHCTPYMEHTOB IS CO3MaHMS KapTorpaguieckoit 06a3pl qaH-
HBIX HCHOJB30Banachk mporpammuas cpexa ArcGISDesktop Bepcum 10.4.1. IIpocTpaHcTBeHHAsT TpUBSI3Ka
aTpuOyTHUBHBIX JaHHBIX OCYIIECTBISUIach B cucteMe koopauHaT CK—42 (3ona 14), nanbomnee ynoOHOH st
oToOpakeHus Teppuropun Boctouno-KazaxcraHckoi 061acTy.

Pesynbmamot u ux obcyscoenue

Teppuropus Bocrouno-KazaxcTanckoil o01acTH MOJIHOCTBIO pacnojio’keHa B mpenenax EpTucckoro
Bogoxo3siictBeHHoro Oacceitna (BXbB). O6mas mnomans Eptucckoro BXbB B mpenemnax Pecyonmku Kazax-
CTaH COCTaBIISIET OKOMO 545 Thic. kM”. [TTaBHOI BOJHON apTepHeii, IPOTEKAIOIIeH C IOr0-BOCTOKA Ha CEBEPO-
3aman, sBusercs peka Eptuc. B mpenenax PecrmyOnuku Kazaxctan ee mpOTSHKEHHOCTb COCTaBISIET OKOJIO
1835 kM. Eptrc sBnsiercst TpaH3uTHOW pekol, Oepymielt Hauano B Kuraiickoit Hapomuoii PecyOnuke, mon
HazBanueM Kapa-Eptuc (Uepnsriii WpTeim), mporekarorieit mo repputopun Bocrouno-Kazaxcranckoit 00-
nacth, oomactu Adaii u [TaBnomapckoii obacTu U ajiee BHagaromei Ha Teppuropun Poccuiickoit denepa-
uun B peky O0b, robansHO SBISISICH YyacThio Oacceiina CesepHoro Jlenosuroro okeana [17].

[IpakTrueckn Bce BOIHBIE OOBEKTH Ha TeppuTOpUH Bocrouno-KazaxcTaHCcKol 0ONacTH SBISIOTCS JH-
60 coctaBHOI1 yacThio peku Eprtuc, mubo ee mpurokamu. Ilepecekas kuraiickyro rpanuiyy, peka Kapa-Epruc
BIajaeT B o3epo JKaiicaH, mocie 4ero BBHITEKAaeT U3 HEro yke nmoj Ha3zBanueM Eptuc, oOpasys Bykreipmun-
CKO€ BOJIOXPaHHIIHUINE, MEPEXOIAIIee HIDKE M0 TeUeHHIo B Y cTh-KaMeHoropckoe, a Ha TpaHHIle ¢ 00JIaCThIO
Abaii — llyns0nHCKOE BOTOXpaHWIHUINE. | MIPOTIOTHYECKH BCe OHHM COCTABJISIOT €IMHBINA BOJHBINA OOBEKT.
[IuTanue peku cMelnIaHHoe, B Mpeenax o01acTH, IPEeUMyIECTBEHHO, CHEToBo-IeqHIuKoBoe. CTok pexu Ep-
tuc B npenenax BKO momHOCTRIO 3aperynupoBaH miotuHamMu Tpex kpymHeimux B PK I'OC, o6pasyromnix
OJTHOMMEHHBIE BOJAOXPAHWIIUIIA, YTO MUHIUMH3HPYET PUCKH, CBSI3aHHBIE C 3aTOIICHUEM TEPPUTOPHIA, TIPH-
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JIeTaoIMX K OCHOBHOMY pycCiy pekd. VICKIoueHHe COCTaBIISIOT Y4YacTKu, IIe peka mpuoOperaer Oosee

PaBHHUHHBII XapakTep, U €€ PyCiI0 CTAaHOBUTCSI MHOTOPYKABHBIM.
st G0MbIIMX 1O TUIONIAAN 03€PHBIX YUACTKOB PEKH CYIIECTBYET BEPOSITHOCTE 00pa30BaHHS BETPOBBIX

HaroHHbIX sBieHui [17]. Peka EpTuc HUKOrAa moiaHOCThIO He 3aMep3aeT. Hauano mojsoBobs MpUXOIUTCS
Ha MapT—anpeib, a KOHell — Ha Mai—nioHb. CpeaTHEMHOTOJIETHHH pacXoj BoAbl peku Eprthc B paifoHe T.
Verb-KameHoropeka 3a Bech mepuos Habmoneruit ¢ 1961 mo 2021 rr. cocTaBiser 559 M°/c Ipu cpeHeMHO-
roietHeM ypoBHe Boabl 287,25 MBC. MakcuManbHBIH YpOBEHb BOABI Ha MOCTy Habmogancs 26.04.88 1. u
coctaBisut 292,84 MBC. Ilpu 3TOM KpUTHYECKHI YpOBEHB Hadajia BEIXOAa BOMBI HA TIOWMY JJIsS JAaHHOTO yda-
ctka cocranisin 287,88 MbC [18].

Taonuma 1

MHoroseTHHe JaHHBIE IO YPOBHSIM BOABI 32 BeCh MepHO HA0II0JeHN i HA THAPOJIOTHYeCKHX MOCTaxX
¢ HauOoJiee MOJTHBIM HeNPEePHIBHBIM PsiioM He MeHee 10 JieT, mo cocrossnuio Ha 2021 r.

Ne T'upponornyeckuit noct Kputnueckwuii ypo- | CpeTHEMHOTOJIETHII yPOBEHb, | Beicmnii ypoBeHs,
BEHb, CM cM cM
1 p. Kapa Eptuc — c. bopan 525 255 555
3 p. Ynkeaboken — c. [hxymba 380 176 406
4 p. Kypmum — c. BozHnecenka 310 135 418
5 p. Hapeta — c. Ypker Hapbia 160 132 290
6 p. Bykteipma — c. [eun 250 106 447
7 | p. bykreipma — c. Jlecnas [Ipucranp 530 324 750
8 |p. Jleas BepezoBka — c. CpeguropHoe 200 79 252
10 | p. Yapbu — c. Yurbu-IlepeBanouynas 380 125 438
11 p. O6a — r. lllemonanxa 430 113 504
12 | p.I'myb6oganka — c. benokamenka 334 204 344
16 p. Bykteipma — c. bepens 290 140 322
17 p. benmas — c. Benoe 140 91 295
19 p. Kpacnosipka — c. [Ipearopaoe 350 180 320
20 p. AGputaiikut — ¢. CaMCOHOBKa 420 254 457
21 p. Ynarm — c. 'epacumoBKa 440 294 524
23 p. Kaagsicy — c. CapslosieH - 55 131
Taonuma 2
MHorosieTHIe JaHHBIE IO PACX0/1aM BOJbI 32 BeCh MePHO/I HAOII0eHN HA THIPOJOrHYeCKHX MOCTaxX
¢ HauOoJiee MOJHBIM HeNMpepbIBHLIM psiioM He MeHee 10 JieT, mo cocTosinuio Ha 2021 r.
Ne Cranius CpeIHeMHOTOIETHHIT Pacxo, M /c Hau6ombIiuii pacxos, M°/c
1 p. Kapa Eptuc — c. bopan 290 2330
3 p. Yaken boken — c. [hxym0a 8 428
4 p. Kypuum — c. Bo3Hecenka 61 1050
5 p. Hapeia — c. Yiipken Hapwin 10,8 166
6 p. Bykteipma — c. Ileun 109 1340
7 | p. bykreipma — c. Jlecnas IIpucranb 216 2740
8 |p. Jleras bepesoka — c. CpeauropHoe 1,09 27,1
10 | p. Yneou — c. Yiusou-Ilepesanounas 64,7 2220
11 p. Oba — 1. IllemoHanxa 172 3050
12 p. [nybouanka — c. benokameHka 0,65 8,37
16 p. Bykteipma — c. bepens 37,3 444
17 p. benasg — c. benoe 17,1 305
19 p. Kpacnosipka — c. [IpearopHoe 3,28 58,4
20 p. Aobutaiikut — ¢. CaMCOHOBKa 5,54 72,2
21 p. Ynan — c. 'epacumoBka 0,97 29
23 p. Kangpicy — c. CapblonieH 4,83 21,1
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[lo xapakTepy CTOKa W BOJHOMY pexXuMy Bce MpuToku peku Eptuc B npeaenax BKO menecoobpasHo
pasxenuts Ha 3 rpynmbl. K rpynme [ oTHOCsTCS paBoOepeKHbIe MPUTOKH, Oepylne Hayalo Ha XpeOTax U B
npenropbsax lOro-3amagHoro Anrtas. OHM XapaKTepU3YyIOTCS IMOCTOSHHBIM CTOKOM, MHOTOBOJHOCTBIO U
obecrnieunBaroT OOJBIIYIO YacTh nmuTaHus peku Eptuc. K HuM, B epByto odepenb, OTHOCATCS peku ByKThIp-
ma, O6a, Yp0u u B MeHbIeH creniean Kyprmm, Kansxup, Hapea u npyrue. Cpenau Ipyrux KpyIHBIX BOJI-
HBIX 00BEKTOB HEOOXOAMMO OTMETUTH Mapkakoyib, IPOTOYHOE 03€po0, coemuHeHHoe ¢ pekor Kapa-Eptuc
yepes ee npuTok Kanbxup. AHaiau3 BOAHOTO pekuma pek | rpynmsl nprBeneH Ha npuMepe peku bykteipma
[17].

Pexka BykThlpMa OTHOCHTCS K TOPHBIM peKaM CO CMEIIaHHBIM THUIOM NuTaHus. Hagamo monoBoabs
MIPUXOJUTCS Ha MOCJIEIHIO0 JeKaay ampers, a KOHel] — Ha MepBYIo AeKary HIoHs. B oTaenbHble roasl ¢ aB-
rycTa 1o HOSOph Ha peke HaOIF0IaloTCs MMaBOAKOBEIE SBJICHHUS, IOJHUMAIONINE YPOBEHb BOJIBI 10 3HAYCHUN
TIOJIOBOJIBST TOTO e Tofa. Hepeaxo maBoKOBBIE SBICHUS COMPOBOXKIAIOT U IMIEPUO/T ITOJIOBOIBS, €IIle CHITb-
Hee MOJHUMAas YPOBEHb B peke. UeTKO BBIpaXKEHHOH OCTAaeTCs JUILb 3UMHSSI MEXKEHb C AeKaOps Mo MaprT.
YcTOoWYHBBIN JIeNTHOW TTOKPOB (hOPMUPYETCSI BO BTOPOU JieKajie AeKaOpst U AEPKUTCS IO CEPEAUHBI alpertsl.
[leproap! OceHHEro W BECEHHEro JIEJ0XO0Ja MOTYT COMPOBOXAATHCS 00pa30oBaHHEM 3a)KOPOB M 3aTOPOB.
CpenHeMHOTONIETHUNA pacxoi BoJbl peku bykTeipma B paiione c. Jlecnas IIpuctanp 3a Bech nepuoj HabIo-
nennii ¢ 1954 o 2021 rr. cocrasnser 216 M*/c npu cpegHeMHOroneTHEM ypoBHe Boas 430,91 MBC (Tabm. 1
u 2). MakcumalnbsHBIA YpOBEHb BOJIBI Ha TTocTy HaOmromasncs 31.03.18 1. u cocrasmnsut 435,17 mbC. Ilpu sTom
KpUTHUYECKU YpOBEHb Hadaja BbIXOJla BOJBI Ha MOMMY JJIsl JAaHHOTO ydacTka coctaBisieT 432,97 mbC. dns
PEeKU U ee MPUTOKOB XapaKTEepPHbI HABOJAHEHUS B NMEPHUOJ MOJIOBOABS, KPATKOBPEMEHHBIX MABOJKOBBIX SBJIE-
HUU U 323KOpHO-3aTOpHOTO THNA [18].

II rpynma npuTokoB pexu EpTuc 3HaunTeNbHO MEHEe MHOTOBO/IHA, HO B OOJIBIIMHCTBE MMEET MOCTOSH-
HBIH cTOK. Bce onm Oepyr Hawano Ha KamOmHckoM xpeOTe W BHajgaroT B BykTelpmuHCKOE, YCThb-
Kamenoropckoe u lllyns0nHCKOE BOIOXpaHUIININA WK Ha ydacTke p. Eptuc mexmy nocneqanmu. K zan6o-
JIee KpYITHBIM W3 HUX OTHOCST peku YIkeH-boken, Kalbraapl, AGnakeTka, Ynanka, J[pecBsaka u Ke3bicy.
Haunbonee MHOTOBOAHBIM TPUTOKOM JieBOOepexkbs spisiercsi peka YikeH boken (Bonpmas Bykons), Brma-
Jaromas B byKTeIpMUHCKOE BOAOXPaHMIIHILE C FOr0-BOCTOKA M 00pasyromiast A0CTaTOUYHO IHMPOKHUE Pa3IuBBbI
B YCThE, YTO MOCIYXXHIIO apTyMEHTaMH JJIs BRIOOpa €€ B KauecTBe NMpuMepa Mpu aHanmze pek Il rpymms
[17].

Viken BokeH OTHOCUTCS K PaBHUHHBIM peKaM CO CMEIIAaHHBIM THIIOM MUTaHHUs, C IpeoliIagaHueM ao0-
xaeBoro. [lonoBonbe HacTymaeT B cepellnHe arnpens U 3aKaHdiBaeTcs B KOHIEe Mas. Hepenkumu sBisitoTcs
MIaBOJIKOBEIE SBIICHUS B MEPHO] JIETHE-OCEHHEH MeXeHH. 3UMHSASI MEXeHb JUINTCS C JeKadps 1o MapT. Yc-
TOWYMBEIN JICASHOW MOKPOB Ha peke YikeH bokeH ¢popmupyeTcs BO BTOpoli Jekane HOSAOpsl U JEPKUTCS 10
BTOpOIl Aexanpl ampend. [[ns peku Takke XapaKTepHBI 3aKOpHO-3aTOpHBIE ABIeHUs. CpelHEeMHOr0JIeTHUI
pacxox pexu 3a meprox ¢ 1953 mo 2021 rr. cocraBmsier 8 M°/c, PU CPeIHEMHOrONETHEM ypoBHE 691,81
MbC (Tabn. 1 u 2). Pexa xapakTepu3yercs HOCTATOYHO HEYCTOHYHMBBIM YPOBHEM CTOKA 3a pa3HbIC TOIEI C
MAKCHMAa/IbHBIMK YPOBHAMH PACX00B, Kolebmomumucs ot 14 10 70 M’/c, uto elie pa3s IOKa3bIBACT 3aBU-
CHUMOCTh €€ IMHUTaHWs OT JOKIEBBIX OCaAKoB. HamBhicmmii ypoBeHb B peke HaOmromancs 25.04.15 r. y c.
Ixymba, nocturays otMeTku 694,11 MbC u, mpeBhICHB KpuTHIeCKUi ypoBeHb (693,85 MbC) Ha 26 cm. Jlns
PEKH XapaKTepHBI TABOJAKOBBIN THUI 1 HABOJHEHUS B IIEPHOJ TIOJIOBOIbSI, BO3MOKHBI 00pa30BaHUs 3aTOPOB U
3axxopos [18].

B III rpymmy momamatot peku, 6epymme Hadaiao Ha xpebrax Cayp u Tapbarataii u cTeKaromnie K 03epy
Katican. BonBIIMHCTBO 3THX peK TepseTcs B Meckax WiM mnepecbixaeT. OHM XapaKTepU3ylOTCi Pe3KUMU
MoJbeMaMH YPOBHS M LIMPOKUM DPa3IMBOM B CHJY MpeoOiaJaHus paBHHUHHOTO pelibeda B UX YCThe. DTO
00yCIIOBIIEHO KIIMMAaTHYECKHUMH OCOOCHHOCTSMH W CTPOSHHEM 3aiiCaHCKOW BIAJHMHBI, B KOTOPOM pacmoio-
’keHo o3epo. Ha nuranue pexu EpTuc u o3epa JKaiicaH 3HAaUMTENHLHOTO BIUSHUS OHU HE oKasbIBatoT.Cpenu
MOJOOHBIX peK ¢ 0ojee YCTOMYMBBIM CTOKOM MOXHO BeIaenuTh Kaumwicy, Yiinene, u Kennepneik. Hioke
npuBeneH ananus pek Il rpynmner vHa npumepe Kanasicy [17].

Pexa Kanngpicy sBisieTcst sspkuM mpuMepoM pek 111 Turma co cMenmanapIM TUTaHUEM, ¢ TpeodIaganueM
JIO’KJIEBOTO, BIajgaeT B 03epo JKaiicaH ¢ rora. BepxoBbsl peKM UMEKT NOCTOSHHBIN KPYIJIONOJUYHBIA CTOK,
TOTJ]a KaK HU30BbE YacTo mepechixaeT. Bonbl 3 peku Kannpicy goxonst mo ozepa JKaiicaH TOIBKO B TIEpHO-
IIBI TIOJIOBOJIBSI M HanOoJIee CHIIBHBIX aBOIKOB. B cpeHeM TedeHHnH peka nepectaeT ObITh TOPHOU U 10CTa-
TOYHO CHJIBHO paznuBaeTcs. s perymupoBaHust Bobl Ha peke KaHAbICYy 1 COXpaHEHHs] CTOKOB IIOCTPOESHO
Kanpgpicyckoe BoOXpaHWINIIE M KaHAJIBHO-apblYHAsI CETh, UCIONB3yeMas IJs NojuBa. Pycio peku Heyc-
TOWYUBOE W pa3JeisieTcs Ha MHOXKECTBO pykaBoB. Hadaso momoBopst Ha peke KaHmbIcy mpuxoauTcst Ha KO-
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HeI[ MapTa, a KOHEeI[ — Ha Hayayo Mas. [[aBojKoBbIe sIBIEHUSI HAOIIOMAIOTCS JTOCTATOYHO YacTO B TEUCHUE
BCETO TEIUIOTO IEePHOo/ia TOla U HAMPSAMYIO 3aBUCIT OT KOJMYECTBA OCAIKOB, HET YETKOH BBIPAKCHHOCTH Jia-
e 3MMHETO Mepruoja MexkeHd. JlemocTaB Ha peke HEyCTOWYHB, HAYaJIO JICAOBBIX SIBICHUI MPUXOJUTCS Ha
CepelrHy HOSO0ps, a KOHEIl — Ha TPEThIO JIeKaay MapTa. 3aKOpHO-3aTOPHBIC SIBJICHHS HE HAOIOJAINCh.
CpemHeMHOTOJIETHAN pacxoj Boabl peku KaHmwicy B paiione c. CapblojiieH 3a BeCh IEepHO HAOTIOACHUH C
2012 1o 2021 rr. coctasin 4,83 M’/c TIpH CpeIHEMHOTOIETHEM YPOBHE BObI 996,55 M yei. (Tabm. 1 u 2).
MaxkcuManbHBI ypOoBEHb BOABI Ha mocty HaOmomancs 29.03.12 1. u cocraBmsin 997,31 M yein. [pu stom
KPUTHYECKHUH YPOBEHb Hadajla BBIXO/a BOJIBI HA IOWMY JIJIsl JaHHOTO y9acTKa He ycTaHoBJeH. [l pexu u ee
MIPUTOKOB XapaKTepHbI HABOJHEHHU B IEPHOJ ITOJIOBOJIBS M KPAaTKOBPEMEHHBIX MTaBOJKOBBIX siByIeHUit [18].

B pamxax uccnenoBanusi ObUT IPOBEAEH cOOp U CTPYKTYpU3ALMsl JaHHBIX THIPOJIOTHIECKUX HAOIIoAe-
Hul. Pe3ynprarer ObuM OhOpMIICHBI B BHJIE AJIIEKTPOHHOM KapThl C MPUBSI3aHHON MH(OpMaIueil B BUie pe-
TAMAOHHBIX Tadmur (puc. 1). CoOpaHHBIE JaHHBIC ITO3BOJISIOT NATh OIEHKY COCTOSTHHIO THAPOJIOTHIECKON
HaOII0aTeNFHOM CeTH B LEJIOM, NPEATIOKHUTh PEKOMEHIALNH 110 €€ YCOBEPLUICHCTBOBAHUIO M MOTYT OBITh
WCTIONB30BaHbl B JANbHEHIIEM Ui pa3paOOTKH M HAIIOJHEHHUS MOJeNel MPOTHO3UPOBAaHUS HABOHEHUIA.
OCHOBHBIM KpUTEpHEM MPUTOAHOCTH JAHHBIX THIPOJIOTHYECKUX ITOCTOB JJISl TIOCTPOSHHS MPOTHOZHBIX MO-
JieTIeH SIBIIICTCS TIEPHOJ HENPEPBIBHBIX HaOMIoAeHU He MeHee 10 JieT. AHanu3 pacnpenesieHus THAPOIOTU-
YEeCKHX MOCTOB MO TEPPUTOPUH MO3BOJIMI J1aTh OLIEHKY OXBaTa BOJHBIX O0BEKTOB TOCYAapCTBEHHOH CETHIO
MOHHTOPUHTA.
81° 82* 83 84 85° 86* 87°

1 I 1 1 1 ] 1
s — - [ = CeTb HabnogeHu 3a BoaHbIMK 0ObeKkTamu
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Pucynok 1. Kapra pacnpeaeneHust FHIpOIOrHYeCKUX MOCTOB rOCYIapCTBEHHON HAOII0IaTeIbHON CeTH
B rpannnax Bocrouno-Kaszaxcranckoii o0macti
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l'ocynmapcrBenHas HaOmoaTensHas ceTh B npeaenax Bocrouno-KazaxcraHckoi o0macTu mpeacraie-
Ha 48 ruaponorndeckumu nocramu. M3 Hux 8 pasmeniens! Ha 3 Bogoemax u 40 — Ha 31 peke. U3 40 peu-
HBIX TIOCTOB TOJIBKO 26 00MafaroT JOCTaTOYHBIM Ui OOJBIIMHCTBA THIPOJIOTHYECKUX HCCIEAOBAaHHUN He-
MIPEPBHIBHBIM JIECATHIIECTHUM PSAOM HaOMrOAeHUH, 5 3 ocTaBmmxcs 14 0bu1H co3aansl Tobko B 2021 1. [18].

Hawnmyummit oxBaT HaONIOACHUSIME OCYIIIECTBICH Ha peke EpTuc coBMecTHO ¢ o3epom JKaiicaH, BoO-
xpanuwnuiiamu 1 pekoit Kapa-Eptuc. B menom Ha BogHOM 00BeKTe pa3MelieHbl 7 O3€pHBIX (2 Ha o3epe
XKaiican u 5 Ha ByKTBIpMHHCKOM BOAOXpaHUIuIIe) u 4 pedHsix moctos (1o 2 Ha peke Kapa-Eprtuc u Ha yua-
ctke peku Eptrc Hmmke YcTh-KaMeHoropckoro Bogoxpanmimmia). ITocTel Ha BogoeMax CyIIecTBYIOT JTOCTa-
TOYHO JaBHO. Haubosnee crapbie u3 HuX pacnojoxensl y 1. Tyrsutr (Ne 1), kotopsrit aeiicteyer ¢ 1931 1.
(peopranuzoBan B 1961 r.), u y c. 3aBonunka (Ne 5), 3amymeHHsiii B padboty ¢ 1937 r. (peopraHu3oBa B
1963 t.). Peopranuszamus ocToB ¢ IepeMenieHrneM 000pYAOBaHUsS CBSI3aHBI C 3aITyCKOM BYKTBIpPMHHCKOTO
BomoxpaHmwmma B 1960 r. OcrambHBIE 03epHBIC TOCTHI TakKe ObUTH MOCTPOeHBI B 60-¢ rombl XX Beka B
pasHoe BpeMs ¢ NepepbIBOM B napy Jjet. CienoBaTenbHo, Bce JEMCTBYIOIIME TOCTH Ha ByKTBIpPMUHCKOM BO-
JIoxpaHuHIle u o3epe JKaiicaH UMEIOT psiabl HaOmoaeHni He MeHee 60 JIeT, YTO ABISETCS XOPOIINM TOKa-
3aTejeM U CHIDKAeT BEPOSITHOCTh OMIMOKY NIPH UCTIOIH30BAHUN MOJIENEN JJIsl IPOTHO3MPOBAHUS HABOJHEHHUN
Ha yKa3aHHBIX BojoeMax. Kpome ctammapTHOro Habopa HaOMIOMCHUN 32 BOJHBIM PEKAMOM W JICIOBBEIMHU
SIBIICHUSIMH, Ha JAHHBIX MOCTaX BeXyTCs HAOMIOAEHHs 3a TEMIIepaTypod BOABI M MOBTOPSEMOCTHIO BETpA,
YTO SBJISIETCS BAXKHBIM JUJISl IPOTHO3MPOBAHUS 3aTOTLIEHUH MPHOPEKHBIX TEPPUTOPHIl, CBI3aHHBIX C BETPO-
BbIMU HaroHamu. Cpenu moctoB Ha peke Eptuc, rumponoct y n. A6nakerka (Ne 2), pacrosioKeHHBIH HHUXKE
Ycrh-KamMeHoropckoro BoJIOXpaHUINING, Takke neicTByeT ¢ 1960 r., a peuHoii moct y ¢. YBaposo (Ne 36)
ObLT 3amymeH ToabKo B 2021 T. ¥ T0CTaTOYHBIM psAIOM HaOMroeHui 001anate He MoxeT. [Tloxoxkas cutya-
us cymiecTByeT u Ha peke Kapa-Epruc, e peunoii moct Ne 1 y ¢. bopan (Ne 1) Bexer mabmonenus ¢ 2003
I., a rugponoct Ha rpanuie ¢ KHP (Ne 27) pa6oraet ¢ 2016 r. Takum obpazom, cpenu u3 11 moctoB Ha peke
Eptuc ¢ Bomoemamu, 00MamarOT AOCTATOYHBIMH PSAIaMH JAHHBIX ISl TIOCTPOCHHS aKTYyaIbHBIX MOJIENen
THUPOIPOTrHO3a TOJIBKO 9.

Kpynneimmii nputox Eprrca — peka bykTbpMa Takke JOCTATOYHO XOPOIIO OXBAYEHA CUCTEMOM TU-
pojorudeckux HaOmoaeHui. Obliee YHCIo pevHBIX MOCTOB Ha HEeH W ee MpuUTokax coctaBiseT 12. Cpenu
HUX 3 IOCTATOYHO PaBHOMEPHO paclpesielieHbl 1Mo pycity camoil bykTeipmbr (Ne 6, 7 u 16), oxBaTbIBas Kak
BEPXOBB, TaK U HU30Bbs, 2 — Ha peke bepezoska (Ne 30) ¢ mputokom Jleast bepezoska (Ne 8) u mo 1-my Ha
pekax Xamup (Ne 31), Typroeicein (Ne 9), bemas (Ne 17), Capoemmcaktel (Ne 32), UepnoBas (Ne 25), Open
(Ne 34) u benas bepens (Ne 33). Ha 2024 r. Tonpko 7 mocToB NpoxonsaT Kpurepuid otoopa 10 u Gornee et
HaOIOZCHWM, Cpear HUX TIOCTHI Ha pekax bykreipma, JleBast bepesoBka, TypreiceiH, benas, UeproBas.

B npenenax 6acceitna pexu Yiasou pa3merniensl 4 runponocta. M3 aux 2 Ha pexe Yiapou (Ne 10 u 18) B
BEpXHEM M HrkHeM TeueHuu, 1| — p. Kumm Yisou (Ne 24) u 1 — Ha peke lllapaska (Ne 38). Bee noctsl,
kpome Ne 38 mHa IllapaBke, uMeroT psanbl HaOmoaeHA 60see 10 er. CTOMT OTMETHTH, YTO OXBAaT HaOIIIOMa-
TEJNBbHOI CeThI0 Ha MPHUTOKAX peKr YIBOM ropas3fo HIKE C y4eTOM JOCTAaTOYHO OONBIION TYCTOTBI PEYHOU
cetu. Het cranimoHapHbIX TOCTOB HaOMOAeHNH Ha pekax Tuxas u ['poMoTyxa, 00pa3yromux Ipu CIUSHUH P.
Ynp6u. HecmoTpst Ha TO, 4TO B paMKax MOHHTOPHHTA Ka4eCTBa MIOBEPXHOCTHBIX BOJI, BEIyTCS HAOIFOICHUS
" OTOOPHI IPOO Ha XMMHUYECKHI cocTaB B pekax duimunmoBka u bpekca (mputoku Tuxoit), pacmono)eHHBIX
B cTapeiieM pailoHe ropHOAOOBIBAIONIEH TPOMBIIITICHHOCTH, THIPOIOCTHI 37I€Ch TaKke 0TCyTCTBYIOT. Cra-
00 oxBaueHa p. Kumm Yip0u, B BEpXOBBIX KOTOPOH pacronokeHo Majoyib0MHCKOe BOIOXPaHUIIHIIE.

Ha pexe O6a pacmonoxers! 3 HaOmogaTenbHBIX TuAponocta (Ne 11, 26 u 28) u 1 pacmosnoxkeH Ha ee
npuroke Manoit Younke (Ne 37). Panamu Habmogenuit 6onee 10 et obmagaroT Tomapko moctel Ne 11 u 26,
pacnonoxkennsie B T. lllemonanxa u y c. Kapakoxa. Manoe KonMuecTBO THAPOIOTHIECKUX TTOCTOB OOBSICHS-
€TCsI HU3KOM 3aCEIICHHOCTHIO CEBEPO-BOCTOYHBIX M CEBEPHBIX TOPHBIX PAaHOHOB, TJI€ PACTIONOKEHBI BEPXOBBS
pexu O6a 1 MHOKECTBO €€ TIPUTOKOB, TO €CTh OTCYTCTBYET Oe30TiarareibHas He00OX0AUMOCTh IOCTOSHHOTO
KOHTPOJISI peKUMa PeKd BBUAY OTCYTCTBHSI HJIM HU3KOW TUIOTHOCTH OOBEKTOB MOABEP)KEHHBIX PUCKY 3aTOII-
neans. Cpen MOTEHIUANBHBIX TOYEK pa3MeIleHUs HOBBIX MOCTOB MOYKHO BBLIETHUTH YCThe peku O0a, rmie
oHa BragaeT B LIlynp0MHCKOE BOJOXpaHWININE M CYIIECTBYIOT PHCKH 3aTOIICHHUS MPUOPEKHBIX TEPPUTO-
puit.

Peka Kypmum Gepet Hauano B ropHbIX xpedTax KOro-3amagHoro AnTas, HO B HIDKHEM TEUEHUH CTaHO-
BHTCSl PaBHHUHHOH, B yCTbe 00pa3ys AENbTY MpH BIAACHWH B ByKTeIpMHHCKOE BomoxpaHmauiie. [Ipurokn
PEKH T0CTaTOYHO MAJIOBOJHBI M He3HauuTeIbHBI. Ha pexe KypmuMm pacnonokeHsl 2 THAPOIOTHIECKUX I10-
cta: y c¢. Boznecenka (Ne 4) u y ¢. Mapanusr (Ne 40), B HIOKHEM U CpeJTHEM TEUSHHUH, COOTBETCTBEHHO. [locT
Ne 40 3anymien Tonbko B 2020 1., M3 4ero cieayeT, u4To psa HabOroaeHui 0osee 10 J1eT mprUCyTCTBYET TOJNb-
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ko Ha runpornocte Ne 4. Tlo oxBary 2-X THAPOIOTHYECKHUX TTOCTOB JJIs HU30BUI OacceliHa peKkH BIIOIHE JI0C-
TATOYHO. YCTaHOBKA JOTIOJIHUTENIBHBIX ITOCTOB B BEPXOBBIX PEKH MOXKET COIMPOBOXKIATHCS CIIOKHOCTAMH,
COTIPSDKEHHBIMHU C CEJIEBOM OMAcCHOCTHIO paiioHa.

Bacceiin pexu Kambxup, Bkitoyaetr B ce0s 03epo Mapkakoilb M, COOTBETCTBEHHO, 10 | 03epHOMY H
peuHoMy mocrtaM. ['mapomoct Ha o3epe Mapkakoinb (Ne 8) — omuH U3 crapedmux, padoraer ¢ 1942 r., 4ro
MIOJIHOCTBIO COOTBETCTBYET KPUTEPUIO HETIPEPHIBHOCTH U JNIMHE psina Habmoaenuii. [loct Ha pexke Kanbxup
(Ne 14) takxe umeet psj HaOmo e 6onee 10 seT. OXBaT CETHIO MMOCTOB B JAHHOM 0acceliHe MUHUMAJICH,
OTCYTCTBYIOT HaOJIOZCHNS Ha peKax, BIIAJAOMNX B 03epo Mapkakoib, KpoMe peku Y pyHxaiika, rie pacmto-
JIOEH 03epHBIN MOCT. JlOMOTHUTENbHBIN peYHON MOCT MOYKET ObITh YCTaHOBJEH B BEpXOBbIX peku Kaib-
KUP.

Ha pexe Hapoia umerores 2 ruaponorndeckux nocra (Ne 5 u 29), 94to BIoJHE TOCTaTOYHO IS €€ HU30-
BHH, yUWTHIBasg HEOOJBIIME pa3Mephl OacceiiHa. B BepXoBbAX pa3MelieHne THAPOIIOCTa MOXKET ObITh COIpS-
JKEHO C CEJIEBOH onacHOCThIO paifoHa. Henaneko B ByKThIpMUHCKOM BOJOXPAaHUIIMIIE PACHOIO0KEH 03EpHBIN
noct Ne 4, B paiione ObiBuiero ycrhbsi peku Hapsia. Tonbko moct Ne 5 HenpepriBHO paboTaer Oonee 10 xer,
moct Ne 29 6511 co3man B 2020 1.

Cpenu Gonee METKUX PEK, BIIAAIONINX HETIOCPEICTBEHHO B peKy EpTHC Ha pa3HbIX ydacTkax, He00Xo-
IMMO OTMETHUTb, YTO 1O 1 mocTy pacrnonoxkeHo Ha pekax Cmoimsaka (Ne 39), I'my6ouanka (Ne 12) u KpacHo-
spka (Ne 19). YuurteiBasg Mano3HauuMOCTb UX 0acCEHOB, 3TOTO BIIOJHE JOCTaTOYHO. Kpurepuio HenmpephiB-
HOCTHU psifa HaOmoneHui 0osiee 10 JieT COOTBETCTBYIOT TONBKO TOCTHI Ne 12 u 9. IM'mumponoct Ha peke Cmo-
JITHKa ObLI co3gaH Toabko B 2021 1.

OTmenbHO TakKe CTOUT YyHOMsHYTh morpanudnyio ¢ KHP peky Oacceiina Kapa-Eptuca — bac-
TepexTsl, TIe Takke pacmonoxeH 1 moct moa HoMepoM 13. OH o0namaeT JOCTATOYHBIM PSIOM HETPEpHIB-
HBIX HAaOMNIOIEHUI, HECMOTPSI Ha TO, UTO caMa peka Oosbioro 3HadeHus B croke Kapa Eprtuca He nmeer.

Cpenu BomoTOKOB Il Tpymiibl, SBISIOMIMXCS JIEBOOEPEKHBIMUA PUTOKaMHU EpTHca THapomnocTs! pacrio-
JIO’)KeHBI Ha pekax YikeH boken (Ne 3), A6makerka (Ne 20), Cube (Ne 22), Vmanka (Ne 21) m JIpecBsHka
(Ne 15). Bee yka3zaHHBIE THAPOIIOCTH UMEIOT PSiJi HETIPEPhIBHBIX HaOMtoaeHui Oosee 10 neT. YuuThiBas ma-
JIOBOJTHOCTH JIaHHBIX PEK, MaJIbIi OXBAaT UX HAONIOJATEIbHOM CEThIO THAPOJIOTHYECKUX OCTOB BIIOJIHE 00b-
sicHAM. [lepcrieKTHBHBIME MeCTaMH pa3MeIleHHs] HOBBIX ITOCTOB 3/I€Ch SIBISIOTCS PEKH JieBoOepexbs byk-
TBIPMHUHCKOT'O BOJOXpaHmwiniia B CaMapcKoM paiioHe 00JIACTH, KOTOpPOE B TMOCIEIHHUE TOJbl aKTHBHO 3a-
CTpauBacTCs ¥ HAUMHACT BOBJIEKAThCSA B cepy Typusma. [Ipumepamu Takux MECT MOTYT OBITh YCThSl PEK
Vnken boken, Kaiietaae! u Jlainuaka.

Pexu III rpynmel mojiy4yuiaM HaMMEHBIIWNA OXBAT THAPOJIOTHYECKON ceThio. [IpakTHYeCKH eUHCTBEH-
HBIM THAPOJIOTHYECKUM TIOCTOM 3]1eCh siBisieTcs ocT y ¢. CapslonieH Ha p. Kanapicy (Ne 23). On 3amy1mieH ¢
2012 r. 1 y>Ke UMeeT AOCTaTOUYHBIH JUIs aHaIu3a psill HaOJII0JeHNH, Yero, OJJHAKO, HEAOCTATOYHO [T OLIEHKH
CUTYAINH TI0 BCEH MPOTHKEHHOCTH PeKU. BTOpoii mocT pacmonoxkeH Ha YikeH Yiactel (Ne 35), morpanuy-
Hoii ¢ KHP peke, cTok KoTOpoii HOMUHAILHO OTHOCHUTCS K Oacceitny Kapa-Epruca, Ho dakTuuecku Tepsercs
B neckax Ha Tepputopuu Kurtas. Ha ompenenHHBIX paBHUHHBIX y4acTKaX peKHM YKa3aHHOM Tpymmbl JocTa-
TOYHO IIMPOKO PA3IHBAIOTCS BBUIY MAaIbIX IIEPEMa OB BHICOT, YTO MPHUBOAMT K 3aTOTUICHUIO OOJNBIIHNX y4a-
CTKOB 3eMid. llepcrieKTHBHBIE THAPOIOTHYECKUE TTOCTHI 3[IECh MOXHO Pa3MECTUTh, B IMIEPBYIO Odepenab, Ha
pekax Kennepnslk u YiineHe, Urparoniux BaXHYIO POJIb B OPOILIEHUH.

B nemom MOXHO cienaTh BEIBOJI, YTO TOCYIAPCTBEHHOM CEThI0O MOHUTOPHHTA PEKUMa MTOBEPXHOCTHBIX
BOJI B HAWMITydIIlel CTENIEeHN OXBAa4eHO MpaBobepexbe pexn EpTuc, 3a NCKITF0UeHneM TPYAHOAOCTYITHBIX TOP-
HBIX TeppHUTOpUi Ha rpaHunax ¢ Poccueit u Kuraem. JleBobeperxHas yacTh OXBaueHa 3HAUUTEIHHO MEHBIIIE,
37IECh BCE €Ile UMEETCs JOCTaTOYHOE KOJUYECTBO BOJOEMOB U PEK, HYKIAIOIINXCS B PEKUMHBIX HaOII01e-
HUAX. B pamMkax HacTosIiero npeaBapuTeIbHOTO UCCIEAOBAaHUS MIPUBEICHBI TOJIBKO HarboIlee MepCreKTUB-
HBIE YYaCTKH pacIIUpeHHs TUAPOJOrHndeckoit cetu. s Oonee neTaibHOro aHaiu3a HeOOXOAUMO TPOBECTH
MOJIETHPOBaHUE TEPPUTOPHH U IKCIIEPTHYIO OLEHKY MOIYUYEHHBIX PE3yJIbTaTOB, YTO U IJIAHUPYETCS OCyIIe-
CTBUTH B JJAJIbHEHIIIEM.

CoznmaHHas B paMKax HACTOSIIErO MCCIIEOBaHWS 0a3a THAPOIIOTHYECKHX MaHHBIX ObLIa JOTOJHEHA
uHpOpMaIel 0 pacroI0KeHUH HACETICHHBIX IYHKTOB ¢ HanOoJee YacThIMU CITydasiMU PEeTyJIApHBIX 3aTOII-
JICHWH B pe3yJIbTaTe pa3inBa pek. ICTOYHHKOM JaHHBIX MOCITYXWin o0paboTaHHbIe CBOJIKH, 0030psl MUC
PK u mybnukanuu B cpeacTBax MmaccoBoit nHbopmaru 3a epruos ¢ 2010 mo 2021 rr. Pe3ymsraTs! necneno-
BaHHs 0(pOPMIICHBI B BHJIE SJICKTPOHHON KapThl C PUBS3KOM aTpuOYTHBHBIX JaHHBIX (pHC. 2).

[To mpocTpaHCTBEHHOMY paclpeleleHnI0 HanOobliee KOJUYECTBO 3aTaIUIMBAEMbIX yYacTKOB CKOH-
LIEHTPUPOBAHO B paiioHe T. ¥YcTh-KamMeHoropcka Ha ydactke peku EpTuc u ero mpurokax oT HIKHero Obeda
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Yerp-Kamenoropekoii 'DC no nmoc. [Ipearoproe (I'myOoKoBCKHi palioH), B TOM YHCIIE HA peKe YIIbOH /IO T.
Punnep, pexax Kpacnosipka, ['my6ouyanka u npyrux. Heo6xoquMo oTMETUTB, 4TO OONBIIMHCTBO ATHUX BOJ-
HBIX OOBEKTOB OXBAaYCHBI CETHIO HAOIIOACHUI THAPOIOTHUECKUX TIOCTOB, 38 UCKIIOYEHHEM Hamboiee Mel-
KHX py4b€B U IPOTOK.

Jpyroit ygacTok ¢ HanOOJbINEH KOHIICHTpaue HACEICHHBIX ITYHKTOB, ITOABEPKEHHBIX 3aTOIICHHIO,
pacnonaraeTcs Ha peke bykteipMa ot ropoga Antail 1o ee BrnazeHus B ByKThIpMHUHCKOE BOJOXpPaHUIIHIIE.
OTtnenpHBIE OUard BCTPEUAIOTCS U BHIIIE 110 TEUYEHUIO, a TAaKXKe Ha BCEX OCHOBHBIX MpHUTOKaX. bacceliH pexu
ByKTBIpMa IOCTaTOYHO XOPOIIO OXBAa4deH T'MIAPONOCTAaMH, YTO MO3BOJIIET JOCTATOYHO TOYHO IPOTHO3HPO-
BaTh 3aTOIUICHHSA. EMMHCTBEHHBIM HEOXBAUE€HHBIM ySI3BUMBIM HACEJICHHBIM IyHKTOM 37ech ABMsAeTCs c. Ya-
naeBo Ha pexke KpecTtoBka.

Cpenu Apyrux KpyHHBIX PEK CTOUT BBIAEIUTH OacceiiH p. O0a, rae 3aTaruiMBacMble HACEICHHbBIC ITyHK-
TBI JOCTATOYHO CHJIBHO PacCesiHbI U HE BE3E€ HMEIOTCS THIPOIOTHYECKUE TTOCTHL. K TakUM ydacTkaM MOXHO
oTHecTH moc. Ycre-TanoBky Ha p. Tanoska (IllemonanxuHckuii paiion) u c. YOuHka B yctbe p. Oba.
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Pucynok 2. Kapra noiBepeHHBIX 3aTOIUICHUIO y9acTKoB Boctouno-Kasaxcranckoii obmactu
1o coctostHuio Ha 2021 .

3arannuBaeMble ydacTku OacceitHOB pek Kamwxup, Kypmum n HapbiH B OCHOBHOM COCpEIOTOUYECHEI B
HU30BBSAX U Npu BrnajgeHuH B peky Kapa Eprtuc m BykTslpMuHCKOe BojoxpaHmiuiie. Bce oHM oxBaueHBI
TUAPOJIOTMUYECKUMH NOCTaMU, Kak U p. bac-TepexTsl. ETUHCTBEHHBIM HEOXBaUYECHHBIM HACETICHHBIM ITYHKTOM
B Kypmumckom paiione octaercsa c. Kaparorait Ha p. KanryTTsl, B MOJHOBOHBIE MEPUOBI BIIaal0NICii B
ByKTbIpMUHCKOE BOAOXpaHUIHUIIIE.
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JleBoGepexusbie peku Il rpynmsl HaOIIOAAaTENBHON CETHIO OXBa4YeHBI IOCTATOYHO ciIabo, B pe3yJbTare
Yero 371ecb MECTaMHU BCTPEYArOTCs MOABEPKEHHbIE 3aTOIJICHUSAM HEOOJbIINE HaceleHHbIe MyHKTH. Cpenn
HUX aJIMUHHUCTPATHBHBIA HeHTp c. Camapckoe Ha peke JlainmHka, c. MupomoboBka Ha p. KailbiHabl, c.
VYnanckoe u XaHy3ak B BEpXOBbsX peKd YIaHKa, c. AcyOynak Ha peke YHTBIpIH U c. bectepek Ha pydbe
Komnbana.

Cpemu pex 111 rpyImibl, Kak OTMEYAIOCh BBIIIE, SAUHCTBEHHBIN THAPOIOTHICCKUHN TTOCT PACIIOIONKEH Ha
p. Kangeicy, 31ech ke Haxo[saTcs MOABEPKEHHBIE 3aTOIJICHUIO HAaceJIeHHble MyHKThI, ¢. CaprloneH u XKa-
HaayJs. Ha peke YiijieHe TUAPOJOTHYECKUX MMOCTOB HET U MPHU 3TOM PACIONIOKEHBI 4 TOJABEPKEHHBIX 3aTOII-
JICHUSM HaceleHHbIX myHKTa (c. Kencait, XKapcy, bakacy u Capsikbipa).

B paiione noc. Tyrbut Takke UMeeTCsl 3aTalIMBaeMblii yuacToK Ha peke KaOpipraran. Peunbix moctos
3/1€Ch HET, OJTHAKO UMeeTCs NocT Ha o3epe JKaiicaH.

Heo0OxoamMo oTMETHTH, 9TO HE BCE 30HBI 3aTOTUIEHHUSI OXBAYEeHBI B paMKaX HACTOSIIETO MCCIEeIOBAHMS,
B TOM YHCJIE€ OCTANUCh O0e3 BHUMaHHUsS HaceleHHbIE MyHKTH U 0a3bl OTAbIXA, pa3MElIeHHbIE Ha MOOepeKbe
ByKTBIpMUHCKOTO BOIOXpaHHUIHUINA. DTO OOBSACHIETCS TEM, YTO MHPOPMAIHI IO MHOTUM M3 HUX JOCTaTO4-
HO pa3pO3HEHa W CIOXHA JJIS KaueCTBEHHON 00pabOTKH, a JaHHOE WCCIEOBAHME IOCBSIICHO MPeaBapH-
TeNbHOMY cOOpy MH(OpMaIMK 0 BOAHBIX 00BEKTaX C MOCIEAYIONIeH enblo oadopa NoAXoasIei Moaeu
JUISl TPOTHO3UPOBaHUs HaBOAHEHHUH. B nanpHelimeM 06a3a qaHHBIX OyAeT yTOYHEHA U JOTOJIHEHA.

Baxnouenue

Amnanu3 3apy0eXKHOTO U OTCUYECTBEHHOT'O OIBITA B 00JIACTU MCCIEAOBAHUS HABOIHEHUN MOKAa3all BaXK-
HOCTb HCIIOJIb30BaHUS AJUTEIBHBIX PAJOB JaHHBIX HETPEPBIBHBIX HAOMIOACHUI C YETKOW MpPOCTPaHCTBEH-
HOM TIPUBSI3KOH JUIA TOTY4YEHHsI BO3MOKHOCTH TPUMEHEHHsS Hauboyiee TOYHBIX M KOMIUIEKCHBIX MOJIeNnen
MIPOTrHO3UPOBAHMUS.

AHanmu3 OCHOBHBIX IPUTOKOB p. EpTHc B mpenenax BocTtouno-KazaxcTaHCkoi 007acTH MO3BOJUIT BBI-
JIENUTH 3 TPYIIIIBI PEK TI0 BOAHOMY PEXUMY U TEPPUTOPHUATEHBIM OCOOCHHOCTSIM.

K rpymme I orHecensl mpaBobOepexHBIC TIPUTOKH, Oepymye Hadaiao Ha xpedrax u mpearopbsx HOro-
3amamgHoro Anras. OHH XapaKTepU3YIOTCS MOCTOSHHBIM CTOKOM, MHOTOBOJTHOCTBIO M OOSCIIEYHBAIOT OOIh-
mryto yacte nutanus p. Epruc. K HuM B nepByto ouepenp otHocsTcs p. Bykteipma, O0a, Ys0u 1 B MEHB-
meit crerenu Kypmmm, Kanbxup, Hapera u apyrue. Cpenu qpyrux KpyIHBIX BOJHBIX 0OBEKTOB HEOOXOIH-
MO OTMETUTh MapKakoib, IPOTOYHOE 03€po, coeauHeHHoe ¢ pexoil Kapa-Eptuc depes ee nputok Kanbxup.
Havano nmonoBoabst Ha 3THUX pekax MPUXOIUTCS Ha MOCIEAHIO NEKaay anpens, a KOHELl — Ha MEepBYIO Je-
KaJly WIOHA. B oTHenbHBIE TOMBI ¢ aBTyCcTa IO HOSOPh MOTYT HAONMIOAAThCS OMACHBIC TIABOJKOBBIC SBICHUS,
[TOTHUMAIOIIHE YPOBEHD BOBI 10 3HAUEHUH TI0JIOBOBS TOTO XK€ T0o/1a. 3UMHSS MEKEHB JITUTCS ¢ AeKaOps 1mo
MapT. YCTOHYMBBIN JIEJTHON TOKPOB (OPMHpPYETCS BO BTOPOH JeKale AeKaOps U IEPKHUTCS 0 CepeluHbBI
anpens. [lepronsl OCEHHETO U BECEHHETO JIEA0XO0/1a MOTYT COIIPOBOXKAAThCS 00pa3oBaHHEM 3aKOpOB U 3a-
TOPOB.

II rpynma nputokoB p. EpTHC 3HAUNTENEHO MEHEe MHOTOBO/IHA, HO B OOJIBIIMHCTBE UMEET ITOCTOSHHBIH
cTok. Bee onn Oepyt Hayano na Kanbunckom xpedrte u BnagawT B bykTeipmunckoe, Y cth-Kamenoropckoe
u llynpOnHCKOE BOJOXpaHWIHINA WM Ha y4acTke p. Eptuc mexny aumu. K Hanbonee KpyImHBIM H3 HUX
OTHOCAT p. YikeH-boken, Kalieianbr, AGmakerka, Ynanka, pecssaka u Kerzpuicy. Pexu 11 rpynmsr oTHece-
HBI K PaBHUHHBIM peKaM CO CMELIaHHBIM THIIOM MTUTaHUs, ¢ IpeolnaganueM noxaeBoro. [logoBoase HacTy-
MaeT B CepeUHE alpels U 3aKaHUYMBAETCs B KOHLE Mas. Hepenkumu sIBISIIOTCS aBOJKOBBIC SIBJICHUS B Ie-
pHYOJ JIETHE-OCEHHEH MEKECHH. 3UMHSISI MEKEHb JUTUTCS ¢ Mekadps mo MapT. Jms pex Il rpynmsr xapakTepHbl
MaBOJIKOBBIM THUI ¥ HABOJHEHUS B IIEPHO/] TIOJIOBO/IbSA, BO3MOXKHBI 00pa30BaHUs 3aTOPOB U 3a5KOPOB.

B III rpynny momaznarot peku, Oepyuire Hadano Ha xpedrax Cayp u Tapbararail u crekaromue K 03epy
Kaiican. BonpImIMHCTBO 3THUX pEK TepsieTcsl B MecKax Wiu mnepecbixaeT. OHU XapaKTEPU3YIOTCA PE3KUMU
NOJbEMaMH YPOBHsI M HIMPOKUM Pa3iIMBOM B CHITy IpeoOiajaHusi paBHUHHOTO pelibedpa B UX yCThE. ITO
00YCJIOBIEHO KIMMAaTHUYECKUMH OCOOEHHOCTAMHU M CTpOeHHEM 3aiicaHCKoW BHaJWHBI, B KOTOPOH pacronio-
’keHo o3epo. Ha nuranue pexu Eptuc u o3epa JKalicaH 3HaunTEIBHOTO BIUSHUS OHU HE OKa3biBaioT. Cpenu
MMOAOOHBIX peK ¢ 0oJiee YCTOMYMBBEIM CTOKOM MOXKHO BhIIenuTh Kanapicy, Yiinene, n Keanepnbik. Pexn 111
TUIIAa UMEIOT CMEIIAaHHOE MUTaHHE C MPeodIaaHneM M0KIeBOro. BepXxoBbs pek MMEIOT MOCTOSHHBIN KpyT-
JIOTOAWYHBIN CTOK, TOTJAa KaK HU30BbE YACTO MEPEChIXaeT, UX BOABI JOXOAAT 10 o3epa JKaiicaH TOJIBKO B Ie-
PHOJIBI TIOJIOBO/ABS M HanboJiee CUIIBHBIX MaBOIKOB. Pyciio HEyCTOWYMBOE M MOXKET Pa3AesThCcs Ha MHOXKe-
CTBO pyKaBoB. Hauano mosjoBoabst MPUXOIUTCS Ha KOHEI MapTa, a KOHELl — Ha Havajo Mas. [laBoakoBbie
SIBIICHUSI HAOJIFOAAI0TCSI TOCTATOYHO YacTO B TEUCHHE BCETO TEIUIOTO MEPHOAa FoAa U HANPSAMYIO 3aBHCAT OT
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KOJIMYECTBA OCAKOB, HET YETKOM BBIPAKEHHOCTH Jake 3UMHETO NEepHOAa MEXeHHU. JlegocTaB HeyCTONYNB,
HAYaJIo JIEJOBBIX SIBICHUI MPUXOIUTCS Ha CEPEIUHY HOSIOpS, a KOHEI] — Ha TPeThIo JeKaay MapTa. 3axop-
HO-3aTOPHBIE SIBJICHHUSI HUKOTIa He Habronanuce. it peku u ee IPUTOKOB XapaKTepPHbI HABOAHEHHS B Iie-
PHOJ IOJIOBOABS U KPATKOBPEMEHHBIX aBOJKOBBIX SIBICHUH.

[IpoBeieHHBIN aHAKM3 THIPOJIOTMYECKUX JAaHHBIX MO3BOJIMI YCTAHOBUTD, YTO W3 48 TMAPOJIOTrHYECKUX
MOCTOB IOCYJapCTBEHHON HaONIOIATENbHO ceTH B mpenenax Bocrouno-Kazaxcranckoit ob6mactu TONBKO 26
paboTaloT NPOJOIKUTEIBHOE BpEMsl, JOCTATOUYHOE AJISl TOTO, YTOOBI HAKOIHTH PsiJl HETIPEPBIBHBIX HAOIIOE-
Hui 6omnee 10 jer. [lo mpocTpaHCTBEHHOMY pa3sMEIICHUIO THIPOIIOCTOB OIPENEICHO, YTO B HaHOOJbIIEH
CTETeHN UMM OXBadeHbI Oaccelinbl pek | rpynmel u B Haumenbiieit — 11l rpynmel. K nepcrnekTuBHBIM paii-
OHaM pa3MeIleHHs AOTIONHUTEIbHBIX THAPOIIOCTOB OTHECEHHI Oacceitnbl p. Yiwou, O0a, BepxoBbs p. Kyp-
M, Hapeia u Kanbxup, pexu neBobepexbs bykreipmuackoro Bogoxpanwmma (YnkeH-boken, Kaitbraast
u Jlalinmuaka) u pexu Oacceiina o3zepa JXKaiican (Kaunsicy, Keanepnsik u Yiinene). [IpuBeaeHs! TOIBKO HaH-
OoJiee MEPCIIEKTUBHBIE YYAaCTKH PacIIMpeHHs THAPOJIOTHUecKol cetu. [ns Oonee meTanpHOrO aHaim3a He-
00X0IMMO MPOBECTH MOJAEIUPOBAHUE TEPPUTOPUHU U SKCHEPTHYIO OLIEHKY MOJIYYEHHBIX PE3yJbTaTOB, YTO U
IJTAHAPYETCS OCYIIECTBUTH B JAIbHEHIEM.

Amnamu3 ganaeix MUC PK no3Bonmi BBLICIHTE HanOosee MpoOIeMHBIE YYaCTKH PEK 3aTallIMBaeMbIX
TEPPUTOPHIA M CPABHUTBH 3TH YYaCTKU C OXBATOM THAPOJOTMYECKHX MOCTOB. K mMpoOieMHBIM yyacTkaMm, HY-
KIAIOIIMMCSI B PacIIMPEHUH TOCYAAPCTBEHHOH CeTH HAOMIOACHUI, OTHECEHBI CIEAYIOLINE HaceleHHbIE
myHKTH: ¢. YamaeBo Ha p. KpectoBka (paiion Anraif), moc. Ycre-TanoBka Ha p. TanoBka u c. YOuHka B
ycrbe p. O6a (Illemonanxunckuii paiion), c. Kapartoraii na p. Kanryrrer (Kypmumckuii paiion), c. Camap-
ckoe Ha p. JlaiinuHaka u c. Mupomo6oBka Ha p. Kaiibmaner (Camapcekuii paiioH), c. Yinanckoe u JXKaHy3ak B
BEpPXOBBAX p. YIaHka, c. AcyOynak Ha p. YHTEIpIH U ¢. bectepek Ha pyuse Konbana (Ymanckuit paiion), c.
Kencaii, XKapcy, bakacy u Capsixbipa Ha p. Yiiaene u oc. Tyrsin Ha p. KaOsipratan (3alicaHCKuil paifoH).
VY13BUMBIE YYaCTKHU BBIACIICHBI IPEABAPUTEIHHO, B TOM YHCIIE OCTAINCH 03 BHUMAHUS HACEICHHBIC ITyHKTHI
n 0a3bl OTIBIXA, pa3MEILCHHbIE Ha I0OEPEXbe ByKTBIPMUHCKOr0 BOLOXPaHMIIHUILA.

Co3nanHast kaprorpadudeckas 6a3a JaHHBIX ¢ npuMeHeHneM ['MC-TexHONOTHil MOCIyKUT OTIIPaBHOM
TOYKOW Juisi Gojiee NeTalbHBIX MCCIENOBAHUI Ha OCHOBE MOJICITHPOBAHUS M DKCIEPTHBIX OLEHOK. AHaIu3
COOpaHHBIX MaTEpUaOB CBUAETEILCTBYET O TOM, YTO CYLIECTBYIOIIMH 00BEM THAPOIOTHYECKUX AAHHBIX
HEJIOCTATOYEH ISl TJI00AHOTO MOJIeTUpoBaHus Beer Teppuropun BKO nenmukoM B kpynmHOM Maciitade, U
IUIS TPOTHO3MPOBAHMsI HABOAHEHHWH MOTpeOyeTcsl MpUMEHEHHE MOIX0A0B, HAMIPAaBICHHBIX Ha MCIOJIb30Ba-
HHUE KOCBEHHBIX JAaHHBIX O KJIUMarTe, 0COOCHHOCTAX penbeda u ap. Ha Texymem stane nenecoodpasuee cdo-
KyCHpOBaTh yCHJINS Ha OTAENbHBIX JIOKAIBHBIX yYacTKaxX, B OCOOEHHOCTH Ha YSA3BUMBIX HACEIECHHBIX ITyHK-
Tax.

Paboma evinonnena npu punarncosoil noddepicxke Komumema nayxu Munucmepcmea Hayku u gvlcuie-
20 obpazoeanus Pecnybruxu Kazaxcman 6 pamkax npocpammuo-yene6020 (GuHaAHCUPOSAnUsi N0 HAYYHLIM,
HayuHo-mexHuyeckum npozpammam na 2024—2026 ze. no meme «Paszpabomxa cucmemvl npocHO3UpOSaAHUS
Kamacmpoghuueckux nagooxos ¢ Bocmouno-Kazaxcmanckoii obnacmu ¢ npumenenuem oannvix 33, T'UC-
mexHono2ull u MawuHHo2o ooyuenusy (MPH BR24992899).
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A.B. ITaBnenko, A.K. Mancyposa, A. Kpi3eipkanos, /[.B. UepHbix

Hbirpic KazakcTan 00J1bICBIHAAFBI CY TACKBIHBIHBIH
0oJKay JlepeKTepiMeH KaMTaMachl3 eTijyl koHe 0aKbliiay Kyieci

Maxkana Ieireic Kazakcran oOnbIChIHIAFBI Cy OOBEKTUIEpl Typaibl KOJDKETIMII aKmapaTThl )XMHAKTayFa
apHairaH. byn momimerrep Kazakcran PecryOnukackiHblH ¥JITTHIK THIPOMETEOPOIOTHSIIBIK KbI3METI MEH
Kaszakcran PecmyGuukaceinbiy TeTeHIe jxarmaidinap MUHHUCTPIITIHIH alliblK JepeK Ke3AepiHeH abIHFaH.
JKunaxranran ManiMerTep Herisinae reorpadusuibik aknapartsik xyhene (IAXK) keHicTikTik 6ailIaHBICTRIPY
apKBUTBI aTpHOYTHBTIK MANiMeTTep 0a3achblH KYpY JKOHE Cy TAaCKBIHBIH OOJDKay MOJENBACPIH o3ipiey MeH
eHrizyre OaFpITTAIFAaH KEHIHT1 3epTTEyJiep HETi3iH KalbINTacThIpy Ke3aenreH. KazaKCTaHHBIH opTYpIi
alfiMaKTapbIHIAFbl JKOHE LICTENIpPJETi Cy TAcKbIHBIH OOJpkay OOMBIHIIA 3epTTeysepre LIONY KYpri3ifiim,
HOTIDKECIH/IE MoJiMeTTepAi Oarajay KpHTepHiepi MEH THAPOJOTMSUIBIK MOHHTOPHHI >KYHecl jacasbl.
Ierpic  Ka3akcTaHHBIH HETI3T Cy OOBEKTIIEPiHIH TUAPOJIOTHSUIBIK PEKUMIHE CHIIATTamMa Oepiii.
Tunponorusipik OekeTTep Jkemici MeH Oenrimi ¢y 0acy aiMakTapblHBIH KCHICTIKTIK TaJiaybl HETi3iHIe
MEMJIEKeTTIK OaKbuiay *KYHECiHIH KeHICTIKTIK KaMTyblHa Oara Oepiiil, OHbI KeHEHTY OOMBIHIIA YCBIHBICTAD
aiikpiHanapl. JKuHamran ManiMeTTepai 00DKaMABIK MOJebaep jkacay OapbIChIHAA KOJJAHy MYMKIHITT Ty-
paJibl KOPBITBIHIBLIAP JKACAIIIBI.

Kinm ce30ep: cy Tackbinbl, Oakpuiay, ['AX, atpuOytustik momimertep, Llbreic KazakcTan oObICHL Cy
00BEKTiIepi, THAPOIOTHSIIBIK OeKeT, Cy 0acy aliMaKTaphl, THAPOJIOTHS, OOJDKAM.
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Cuctema MOHUTOPWHIa n o6ecneyvyeHHOCTb AaHHbIMW. ..

A.V. Pavlenko, A.K. Mansurova, A. Kyzyrkanov, D.V. Chernykh

Monitoring System and Data Availability for Flood Forecast
in the East Kazakhstan Region

This article focuses on collecting available information about water bodies in the East Kazakhstan Region,
sourced from open data provided by the National Hydrometeorological Service of the Republic of Kazakh-
stan and the Ministry of Emergency Situations of the Republic of Kazakhstan. The goal is to create a spatially
referenced attribute data base in a GIS framework and to lay the foundation for subsequent research aimed at
developing and implementing flood forecasting models. A review of studies on flood forecasting in various
regions of Kazakhstan and other countries was conducted, resulting in the formation of criteria for evaluating
data and hydrological monitoring systems. The article also provides a characterization of the hydrological re-
gime of key representative water bodies in East Kazakhstan. Based on spatial analysis of the hydrological sta-
tion network and known flood zones, an assessment of the spatial coverage of the state observation system
was made, and recommendations for its expansion were developed. Conclusions were drawn regarding the
applicability of the collected data in creating predictive models.

Keywords: floods, monitoring, GIS, attribute data, East Kazakhstan Region, water bodies, hydrological sta-
tion, flood zones, hydrology, forecasting.
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Assessment of the impact of the life quality on human health (on the example
of the greater Caucasus province of the Republic of Azerbaijan)

Health occupies an important place among the system of indicators determining the life quality. The issues of
ameliorating health indicators, which are the basis of the quality of life of the population, are especially actual
for the Greater Caucasus province, which plays an important role in the socio-economic development of the
Republic of Azerbaijan, and has a high demographic and labour potential. The primary aim of the research
work with practical importance is to study the territorial organisation of healthcare in the Greater Caucasus
province, the quality of the environment and their impact on the quality of life. Dissemination indicators of
the disease among the population settling in the province were scrutinised based on the statistical materials,
and the current state of the contemporary healthcare facilities and how they affect the quality of life were
investigated. According to the results of the research, the role of environmental factors in the health of the
population populating in the province has been significant in recent years. It was revealed that during the
investigated period, the amount of waste from stationary and automobile transport has decreased in the
province, and the number of diseases has increased. In addition to this, the relationship of the Human
Development Index with the environment and its impact ways on the quality of life were investigated.
Analyses indicate that along with other factors, the quality of the environment affects the quality of life of the
population. Nominately, the Human Development Index has increased as the amount of waste discharged into
the atmosphere has decreased. More precisely, the correlation between them is negative and the coefficient of
determination is 0,857 in other words, dependence was determined to be 85 %.

Keywords: life quality, human health, healthcare, environment, Human Development Index.

Introduction

Protecting the health of the population, which is the main indicator of socio-economic development, is
one of the most urgent problems of the modern era. The primary aim of this development consists of creating
a favourable environment for living long and healthy of the people. Diseases and their regional distribution
depend on natural geographic conditions, environmental quality, and other factors [1]. Mankind has always
depended on the natural environment throughout his life. Nature is one of the essential factors that constantly
ensure human survival and development. Protection of the environment and conducting a policy aimed at
improving the quality of life in these conditions is one of the important factors affecting the sustainability of
socio-economic development and the improvement of the quality of life [2]. Human welfare and quality of
life depend pretty much on the quality and quantity of water, food, energy, and biological resources getting
today and in the coming days. In the research area, environmental degradation influences society in various
ways. It has brought about the spread of various diseases by depriving people of the means necessary for
living, having a negative effect on their health. Thus, the role of environmental pollution and environmental
stress in the emergence of diseases is undeniable [3]. As a result of anthropogenic activity, changes in the
thermal balance as a consequence of deforestation, destruction of greenery, accumulation of dust particles
and volatile gases creating a greenhouse effect in the atmosphere, the exacerbation of global warming, and
other processes have led to the increase of diseases in modern times. In addition to these processes, the low
quality of food products is also one of the important factors affecting the health of the population. All these
mentioned factors, in turn, influence the quality of life of the population.

Experimental

The Greater Caucasus province has a favourable economic and geographical position encapsulating the
north, north-west and north-east parts of the Republic of Azerbaijan. Thus, the region has a complex
hypsometric relief from the coastal plains of the Caspian Sea to the highest peak of the republic (Mount
Bazarduzu, 4466 metres). Having 27,8 thousand km® area, the province covers 32,1 % of the country’s
territory (Fig. 1).
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Figure 1. Natural and geographical conditions of the Greater Caucasus Province

Conceptual framework and method. In order to apply the information to the region, the works of
scientists who conducted research in this field were referred to in the research work. S.A. Vasnev [4] used
socio-economic indicators such as human health and average life expectancy in evaluating the concept of
quality of life. M.Sh. Salimov [5] investigated the characteristics of the quality of life, such as the
development of human potential, medical and environmental characteristics, material welfare and
employment characteristics, and parameters of the security field.

Among Azerbaijani scientists Sh.M. Muradov [6], J.B. Guliyev and R.S. Abdullayeva [7],
ZN. Eminov [8], S.I. Rzayeva [1] and othershave studied more widely changes occuring indicators of the
life quality of population, the quality of the environment, medical-geographical problems, and their causes
and consequences as a result of socio-political and economic processes taking place in the country, as well as
in various economic regions. Although studies have been conducted in the field of the quality of life of the
population in various regions, the problems of the influence of the geographical distribution of diseases on
the quality of life have not been researched. Thereby, this research can be considered the first study of the
impact of the geographical distribution of diseases on the quality of life of the population in the Greater
Caucasus province of Azerbaijan.

All data utilised in the research work is procured from official sources published in recent years. The
statistical, comparative analysis, system-structural, cartographic, SPSS statistics and other methods were
used in the article.

The application of Geographical Information Systems (GIS) tools plays a key role in the large-scale
assessment of the quality of life as well [9]. In the contemporary epoch, the leap in graphic capabilities of
computer technology has led to the expansion of its use fields. GIS is a computer-aided technology that
collects, stores, updates, analyses, models, and forecasts spatial and attributive data related to geographic
objects and events and is used in finding solutions to problems [10]. Corresponding information was carried
out using the integrated tools of GIS.

Results and Discussion

The Greater Caucasus province includes Baku, Absheron-Khizi, Shaki-Zagatala, Guba-Khachmaz and
Daghlig (Mountainous) Shirvan economic regions [11]. According to the statistical data of 2022, constituting
46,5 % of the country’s population, the population of the Greater Caucasus province is 4676,1 thousand
people. There are 20 cities and 1312 rural settlements in this province. The urban population of the Greater
Caucasus province is 3550, 1 thousand people, and the rural population is 1126,0 thousand people [12]. In
the Greater Caucasus province, 65,7 % of the urban population is concentrated in Baku city, 21,1 % in the
Absheron-Khizi economic region. 3—5 % of the urban population of the province falls to other economic
regions’ share. There were sharp differences between the city of Baku and other economic regions of the
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republic in the level of socio-economic development and the formation of demographic potential. The
concentration of the majority of the industry and service areas in this province has led to the migration of the
population from rural areas to the city. The concentration of most of the socio-cultural and demographic
potential in Baku has led to the concentration of medical facilities in this area. Therefore, most of the
healthcare facilities, doctors and paramedics are located in this place. In this regard, the essential medical-
geographical processes such as the geographical distribution of diseases, their socio-economic problems and
expected results were investigated as one of the indicators affecting the life quality of the population in the
Greater Caucasus province of the Republic of Azerbaijan.

In the year 2021, 158 hospitals operated in Baku city, and they had 20,1 thousand hospital beds (pads).
The number of doctors was 21,1 thousand, and the number of secondary medical workers was 22,7 thousand.
It was observed that the healthcare indicators per 10,000 people of the population decreased during the 21-
year period (Table).

Table
Healthcare indicators per 10,000 of the population

The power of ambulator
care and polyclinic
facilities

2000 | 2010 | 2021 | 2000 | 2010 | 2021 | 2000 | 2010 | 2021 | 2000 | 2010 | 2021
Baku city 84.4 89,7 91,7 | 108,1 | 106,0 | 98,4 | 115,0 | 91,2 | 87,3 | 182,4 | 146,1 | 165,1
Absheron-Khizi | 33,9 38,2 30,1 82,4 67,8 47,9 79,3 534 | 37,3 | 94,2 70,6 63,6
Shaki-Zagatala | 19,9 22,2 15,8 68,8 65,0 52,9 83,4 28,5 | 22,6 | 140,8 | 127,7 | 102,0
Guba-Khachmaz | 14,1 16,6 13,7 47,0 433 34,8 58,3 29,2 | 19,0 | 99,5 98,8 | 100,3
Daghlig
(Mountainous) | 13,1 15,0 9,9 50,1 434 29,0 57,5 25,1 | 27,1 | 106,7 | 87,4 73,4
Shirvan
Province 33,1 36,3 32,2 71,3 65,1 52,6 78,7 45,5 | 38,7 | 124,7 | 106,1 | 100,9
Note — Source: Regions of Azerbaijan, 2005, 2022 [13, 14]

The number of The number of hospital

Economic The number of doctors paramedics beds (pads)

regions

During the research period, a significant decrease (50—60 %) was observed in both the number of
hospitals and the number of hospital beds in the economic regions. In addition, the number of qualified
doctors in the regions is inadequate, there is a shortage of doctors in different specialties. Therefore, patients
from the regions come to Baku. Healthcare indicators per 10,000 people in Baku are 2-3 times higher than
the average provincial indicators. The relative indicators of other economic regions are in most cases close to
the average indicators of the province.

Research indicates that in 2021, 1303,9 thousand patients (2,664 per 10,000 people) were registered in
the Greater Caucasus province, which is 1,5 times more than in 2000. One of the most widespread diseases
among the population is respiratory diseases. The relative rate of people suffering from this disease in the
province is 1045,1 per 10,000 people. The highest indicator for economic regions was observed in Daghlig
(Mountainous) Shirvan (1386,2) and Baku (1205,8). The second widespread disease is infectious and
parasitic diseases. 303,9 patients per 10,000 people were registered in the province. Absheron-Khizi has the
highest rate with 570,6 people, in other economic regions, it varies between 150-300 people per 10,000
people. Diseases of the nervous system, digestive system and circulatory system are the third on the list. In
2021, 290,3, 191,6, and 170,7 patients per 10,000 people were registered in the province, respectively.
Neurological diseases were mostly observed in Baku (539,2), Shaki-Zagatala (306,3) and Absheron-Khizi
(301,7). Digestive system diseases were recorded in Baku (273,7) and Shaki-Zagatala (260,5), and
circulatory diseases were recorded more in Shaki-Zagatala (291,7). Compared to 2015, there was a 25,3 %
increase in the total number of patients in the Greater Caucasus province in 2022. However, a sharp increase
in the development of diseases related to infectious and parasitic, neoplasms, neuropathy, and circulatory
diseases was observed. The occurrence of such cases in the last 3 years was directly related to the negative
effects of the “isolation” brought by the coronavirus pandemic on the population (Fig. 2).
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Figure 2. Infectious and parasitic (a), neoplasms (b), neuropathy (c), circulatory disease’s (d) perennial dynamics

Thus, there are serious differences in the regional organisation of healthcare services, the number of
healthcare facilities, and the coverage of the population with these facilities. The sparseness of hospitals in
the regions, low salaries, and poor organisation of the social protection system have led to the lack of
personnel and the inability of services to meet modern requirements. It is fairly important to solve these
problems and improve the medical services provided to the population.

The quality of the environment for a person is determined by his health. The environment is a set of
components that affect the quality of life, living conditions and human health [15]. Extreme heat, sudden
changes in temperature, poor air quality, and extreme weather conditions adversely affect health. The
increased risk of heart attack and stroke, suicide, mental problems, asthma, allergies, and some infectious
diseases is especially noticeable. Atmospheric pollution is one of the necessary factors that cause climate
changes, which are considered environmental problems in the Greater Caucasus province, and indirectly
affect the quality of life and human health. Air pollution and violation of its transparency and gas
concentration pose not only climate changes but also a threat to the health of the population in the area [3].
As can be seen from the analysis, the majority of polluting substances released into the atmosphere in 2021
fall on the share of Baku city (94.2 %). The Greater Caucasus region also plays an important (88,3 %) role in
air pollution across the republic. This is also related to the location of Baku city in the province. In other
economic regions, the amount of pollutants released into the atmosphere was 0,1-3,7 thousand tons.
Compared to 2005, a sharp decrease in these indicators was witnessed in the Absheron-Khizi economic
region, as well as Baku city. Accordingly, there was a decrease of 3,6 times compared to 2005 in the
province. During the years 2000-2021, a total of 2,880,000 tons of pollutants were released into the
atmosphere from stationary sources in various economic regions located in the Greater Caucasus province.
The primary part of this falls to Baku city’s share (2726 thousand tons) [13, 14]. Although the share of
pollutants emitted into the atmosphere increased slightly in the Daghlig (Mountainous) Shirvan, Guba-
Khachmaz and Shaki-Zagatala economic regions in the years 2000 and 2021, a decrease was observed in the
Baku and Absheron-Khizi economic regions. The amount of waste thrown into the environment is one of the
most important factors affecting human health. In order to visually observe the geographical distribution of
the amount of waste and diseases, the relevant data were visualised using the ArcGIS software (Fig. 3).
Based on the analysis, it can be enunciated that the number of patients is also high in the areas where the
amount of waste is high. These indicators depend on each other.
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Figure 3. The number of air pollutants emitted into the atmosphere and the geographical distribution
of diseases in the Greater Caucasus province

The reduction of pollutants released into the atmosphere is the result of the closure of some enterprises
and the recent reforms in the field of environmental protection. After the waste is collected, it is neutralised
by the state institutions by means of disposal, selection, decomposition, recycling and other methods. The
average annual amount of household waste in economic regions such as Guba-Khachmaz, Shaki-Zagatala,
and Daghlig (Mountainous) Shirvan was 364 thousand m® compared to 5354 thousand m® in Absheron and
Baku. It is 1000 m’ daily in mountainous regions, and close to 15 thousand m’ in Absheron and Baku [13,
14]. Observations indicate that the uncontrolled and untimely collection of household waste in residential
areas has caused the spread of harmful waste to the surrounding areas through air and rainwater, causing the
emergence and spread of several diseases. Based on the analysis, it can be enunciated that as the amount of
household waste increases, so does the number of infectious patients. These indicators depend on each other.
The result of the linear correlation coefficient is 0,863. The relationship between indicators is intense.
Assuming that the coefficient of determination (R2) is 0,617, it can be concluded that the obtained regression
model is significant and useful for forecasting based on the data of the database. The increase in the amount
of waste affects the health of the population by 61 % (Fig. 4).
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Figure 4. Regression relationship between household waste and infectious diseases
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Natural and environmental factors have a serious impact on the human health. Several natural-
geographical, socio-economic and anthropogenic factors directly or indirectly affect the health status of
people. Economic, social, natural, biological and demographic factors of the environment are considered the
most important among them. Along with being closely related to each other, these factors’ influence is
complex. In this case, certain diseases appear in the human body, and natural-ecological factors play an
important role in the occurrence of these diseases [1].

It is important to evaluate the Human Development Index (HDI) in the region since the indicators that
shape the quality of life and the problems that arise are ultimately directed to the development of the human
factor [16]. It is known that the health of the population is one of the indicators of the HDI. Health is the
greatest blessing for mankind, and its indicators are one of the urgent factors characterizing human
development. Depending on the goals of calculating the coefficients characterizing sustainable human
development and the calculated coefficient, different health indicators are used. Using of various indicators
characterising health depends, first of all, on determining the level of development of the countries, on the
health problems faced by the country in question, formed in a certain period and how to overcome them [17].
As the health index increases, so does the Human Development Index. The interdependence of these
indicators was analysed. The result of the linear correlation coefficient is 0,967. The coefficient of
determination (R2) 0.935 indicates that 94 % of the random variables lie on the trend line. The relationship
between the indicators is intense (Fig. 5).

Human Development Index

0.0 0,05 0.7 0.75 0.3 0.85 0.9

Figure 5. Relationship between the Health Index and Human Development Index

Another most important factor affecting human health is the environmental factor. Inadequate waste
disposal methods can lead to pollution, contamination of soil and water sources, spread of diseases, and
ultimately adversely affect the quality of life. In order to clearly observe this, the relationship between
emissions from road transport and HDI was studied and presented in the form of a linear regression
equation (Fig. 6). The result of the correlation coefficient is -0,939. This indicates that there is a negative
correlation between the amount of waste and HDI. The coefficient of determination is 0,857. That is, the
dependence is 85 %. Analysis of the linear equation indicates that as the amount of pollutants released into
the atmosphere from stationary sources decreases, the HDI increases. Subsequently, there is a relationship
between the environmental factor and HDI. Therefore, it is important to consider environmental factors when
measuring the level of development of countries.
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Figure 6. Dependence between the amount of waste and the Human Development Index
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Hereby, improving the environment is considered a very important factor for human health. Thus, while
ensuring the development of individual industrial and agricultural sectors in the country, it is very important
to take environmental factors into account. Regional and international cooperation is always necessary for
the successful solution of extremely important ecological problems, such as the reduction of harmful
substances released into the atmosphere and prevention of river water pollution.

Conclusion

The impact of health problems on the quality of life of the population in the Greater Caucasus province
can be seen primarily in the regional differences in the territorial organization of healthcare facilities. Most
of the healthcare facilities and most of the medical services are located in Baku city. The distribution of
diseases by region is also different according to urban and rural areas within the province. Thus, the
prevalence of diseases in cities is 1,5 times higher than in villages. The primary reasons for this are air and
water quality, low physical activity, high population density, and other factors. Medical care in rural areas is
inadequate. Villagers have to come to the city centre for routine medical care. Because there are only
paramedics in the villages. These stations are also very poorly provided with material and technical base.

The quality of the environment has a significant impact on the human health. The increase in the
amount of waste affects the health of the population by 74 %. On average, 192,000 tons of pollutants are
released into the atmosphere every year and 526 tons per day in the territory of the province. The relationship
between the amount of household waste and the spread of infectious diseases is 61 %. The relationship
between vehicular emissions and the Human Development Index (HDI) was researched and the result of the
correlation coefficient was -0,939, and the dependence coefficient was 85 %.
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T.M. XyceitHoBa

OMip canacbIHBIH a71aM JIeHCAYJIBIFbIHA dCEPiH 0aFrajiay
(93ipoaitxkan PecnmyOiukachbiHbIH YJKeH KaBka3 aiiMarbIHBIH MbICAJIBIH/IA)

JleHcaybIK 6Mip CanachlH aHBIKTAWTBIH KOPCETKILITep KYHECiHAe MaHbI3Ibl OPBIH ayiabl. XalbIKThIH OMip
CYpPY CamachiHBIH HETI3IH KYpPaWTBhIH JICHCAYJbIK KOPCETKIIITEPiH JKaKcapTy Macelesepi, acipece,
O3ipbaibkan PecryOnuKachHbIH 9JI€yMETTIK-9KOHOMHKANBIK JaMybIH/Ia MaHbI3/bl POJI aTKapaThlH, )KOFaphl
neMorpadusutbIK jkoHe eHOek aneyeTi 6ap Yiken KaBkas aiimarbl yuriH e3ekTi. [IpakTHKanbik MaHbI3bl Oap
3epTTey JKYMBICBIHBIH HEri3ri MakcaTel — Yuiken KaBka3 aiiMarbIHIarbl JISHCAYIBIK CAKTayAbIH ayMaKTBIK
YHBIMBIH, KOpIIAFAaH OPTAHBIH CAMAChIH XKOHE ONAPABIH XaJbIKTBIH OMIp CYpy CamachblHa dCEpiH 3epieney.
CTaTHCTHKANBIK MaTepHalllap HETi3iHAe INPOBUHIMANA TYPAThIH XalblK apachblHAa aypylblH Tapaity
KOPCETKIIITepi, COHBIMEH Karap Ka3ipri 3aMaHFbl JCHCAyJbIK CakTay HbICAHJAPBIHBIH JKaFiaibl JKOHE
OJIapZIbIH OMip camachlHa dcepi 3epTTeni. 3epTTey HOTHXKEIEPiHEe COMKeC, COHFBI XKbUIAAPh! MPOBHHIMANA
TYPATBIH XaJBIKThIH JCHCAYJIBIFBIH/AFbI SKOJIOTHSIBIK (haKTOPIAP/bIH Pelli alTapiibIKTai 60J11pbl. 3epTTenreH
Ke3eHJIe MPOBUHIIHAAA CTAIIMOHAPIIBIK JKOHE aBTOMOOWIIb KOJIriHEH IIBIFATHIH KAJIBIKTAp a3ailblll, aypyJiap
canbl kebOeiireHi aHbiKTangpl. COHbIMEH KaTap, ajaM MOTCHIMAIBIHBIH JaMy WHICKCIHIH KOpIIaraH opra
JKarmaiibIMeH OaiTaHbIChl JKOHE OHBIH OMip camachlHAa dcep €Ty JKOJAapbl KapacThIpbuiabl. Tammay
KepceTKeH e, backa (akTopnapMeH KaTap KOpIIaFaH OpTa Camachl XaJbIKTBIH OMIp CYpy camachiHa acep
eTeni. ATMocdepara MbIFapbUIATHIH KAIIBIKTAPIBIH MOJIILIEpi a3aifFaH CaifbIH afaM 9JIeyeTiHiH AaMy HHICKCI
HOMHMHAIABI Typlae apTajabl. Jlonmipek aiiTkaHna, ONapiblH apachlHAAFbl KOPPEJLSILHS TEpiC, aj aHbIKTay
koaddurmenti 0,857, 6ackaria aiTKaHIa, TOYSIAUTIK 85 % JeHreifiHae aHBIKTaIIbL.

Kinm ceo30ep: emip camachl, agaMm JEHCAyJIbIFbI, JEHCAYJIBIK CaKray, KOpIIaraH OpTa, aJaM JaMybIHBIH
HHJEKCI.

T.M. XyceliHOBa

OueHka BJINSIHUA KA4eCTBA KU3HU HA 3I0POBbE YeJI0BeKa (Ha mpumepe
Boabmoro KaBka3sckoro pernona Pecnyosinku A3zepoOaiigxan)

370pOBbE 3aHHMAET BAXKHOE MECTO B CHUCTEME IOKa3aTeliel, ONPEENAIONNX Ka4eCTBO JKM3HHU. Bompocs
YIy4IOIeHUs IIOKa3aTeled 3MO0pOBBs, COCTABIIONIMX OCHOBY KauecTBa JKM3HH HACEJCHHS, OCOOCHHO
akTyanbHbl Ui Bombmoro Kaskasckoro Benasita, nrparomero BaxxHYIO poib B COIHAIBHO-9KOHOMHIECKOM
pasBuTHu A3sepOaiijkaHckoil PecryOnukn, o0namaromero BBICOKMM AEMOTpa@MYecKUM U TPYAOBBIM
noreHuanoM. OCHOBHOM 1LIEJIBIO HCCIIEZOBATENBCKOH pabOThl, UMEIOIICH IPAKTHYECKYI0 3HAUYHMOCTb,
SBJISICTCS W3YYCHHE TEPPUTOPHAIBHONW OpraHu3aluM 3]paBooxpaHeHus B Bonbmom KaskasckoMm kpae,
KauecTBa OKPY’)KalOIeH Cpeibl M UX BIMSAHUS HAa KayeCTBO )KU3HHU HaceleHMs. Ha OCHOBe cTaTMCTHYECKHX
MaTepHanoB ObUIM M3y4YeHbI MIOKa3aTelM PacCpOCTPaHEHUs 3a00JIeBaHUs CPEAN HACEIICHUS, IIPOKUBAIOLIETO
B IIPOBHHIIHH, & TAK)KE UCCICAOBAHO COCTOSHUE COBPEMEHHBIX 0OBEKTOB 3PABOOXPAHCHHUS U UX BIHMSHUE HA
Ka4ecTBO KM3HU. COINIaCHO pe3ysbTaTaM HCCIECJOBaHUS, B IIOCJIEIHIE TOIbI POJIb SKOJIOTHUECKUX (haKTOPOB
B COCTOSTHHU 3JIOPOBbSI HACEJICHUS, IIPOKUBAIOIIETO B IIPOBHHINY, ObLIa 3HAYNTEILHON. BrIsBICHO, UTO 32
UCCIIEAyeMblil MepHoJ B IPOBHHLIUH YMEHBIIWIOCH KOJMYECTBO OTXOJOB OT CTallMOHAapHOTO U
aBTOMOOHJIBHOTO TPAHCIIOPTA, a KOJIMYECcTBO 3abolieBaHui yBenuuminoch. Kpome Toro, Oblia HcciieqoBaHa
CBSA3b MHJIEKCA PA3BUTHS YEJIOBEUSCKOIrO MOTEHIHANIAa ¢ COCTOSHHEM OKpYXKarolleil cpelpl U crocodamu ee
BO3ICHCTBUS Ha KAa4yeCTBO JKM3HM. AHAIM3 MOKa3aj, 4TO, HApAmy ¢ JpyruMu (akTropaMH, KadecTBO
OKpY KaloIeil cpeJibl BIMSET Ha Ka4eCTBO KM3HH HaceneHus. HOMUHAIBHO HHIEKC Pa3BUTHS YEJIOBEYECKOTO
MOTEHLMANA yBEIMYUBACTCS IO MEPE YMCHBILICHHS KOJIMYECTBA OTXOJOB, BhIOpachiBaeMbIX B aTMocdepy.
Tounee, koppemsnus MeXIy HUMH OTpHIATENbHas, a Kod(pduimeHT nerepMuHanuyu cocrtasiser 0,857,
JIPYTHMH CIIOBaMH, 3aBICUMOCTH OblIa olpeiesieHa Ha ypoBHE 85 %.

Knrouesvie cnosa: xayecTBO JKU3HU, 3J0POBLE YCJIOBCKA, 3paBOOXPAaHCHUE, OKpYyKarouas cp€aa, UHIACKC
YCJIOBCYCCKOI'O pa3BUTHUA.
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Features of the distribution of vegetation cover depending on the physical
and geographical location of the northern part of the Kazakh Uplands

In the article the peculiarity of the distribution of vegetation cover, due to the natural landscape specifics of
the lands of Kazakhstan was noted. In this regard, the object under study — the northern part of Saryarka, is
characterized by physical and geographical features: landscape structure, soil cover, climatic indicators. In
accordance with these data, the soil cover is characteristic, where the distribution of the plant world is charac-
teristic. This connection is based on the regularity of the unity of the natural complex. This object is a funda-
mental factor in the relief of the country due to its geological specificity. Accordingly, it includes several nat-
ural zones, parts of zones that differ from its constituent parts. Because of this, the composition of the vegeta-
tion cover has a great difference in distribution from north to south. The above ground part of the region is
rich in water sources and a variety of vegetation. In the south, this diversity is scantier and on the desolate
steppes passes into the Tipchakovo-kovylny district. This is due to the fact that the chernozem of the North
reduces fertility and in places becomes saline litter. Also, such variability is strongly influenced by climate
change from west to east. The amount of precipitation decreases, and the temperature index increases. De-
pending on this factor, the region is divided into 3 parts: hilly steppes, dry steppes and desert steppes. The
landscape structure consists mainly of: clay-loamy shale, effusions. The paper analyzes the main zonal spe-
cies and edaphic orders of the steppe part of the Kazakh Uplands. It presents the main representatives of low-
land communities: calcifite, petrophyte types. Although the year of publication of the maps used in the work,
the relevance took place.

Keywords: Saryarka, melkosopochnik, physico-geographical, zone, relief, landscape, climate, soil, plants.

The largest physical-geographical object on the territory of Kazakhstan — Kazakh Uplands (Saryarka)
occupies a huge area. Its width in the west and east makes a big difference, in the west — 950 km, in the east
— 350400 km. This region consists mainly of deformed and leveled ridges, low mountains with
hummocks. Due to the peculiarities of the tectonic structure, the northern slopes of the mountain massifs are
steeper than the southern ones. There are large and small hollows and holes between each mountainous
region. Due to the favorable climatic conditions, the northern slope of the low-mountain region is richer in
springs and plants than the southern one. Meanwhile, drier southern region is gravel. From this mountainous
region, rivers such as Nura, Sherubai-Nura, Zharly, Karkaraly, Taldy, Tundik, Tokirauyn, etc., originate.
They are located in the intertidal plains at an altitude of 850-1000 m above sea level and lie in the water-
sheds that separate them at this height. The small hummock is surrounded by plains on all sides [1].

The largest physical-geographic object on the territory of Kazakhstan — Kazakh uplands (Saryarka)
occupy a huge area. Its width in the west and east makes a big difference, in the west — 950 km, in the east
— 350400 km.

In the north-west of the mountainous region, near Karaganda and to the north, i.e. towards the direction
where there is more moisture, mountain massifs are well covered, deeply cut by ravines. The described
unique mountain system consists of elevated hilly plains — hills flattened or divided by wider channels,
rocky chains and groups of slopes. But ravines and valleys are rare in moisture-poor regions.

In the areas where small hummocks are spread, the main element of the topography is undulating plains
and wide valleys that served as river channels in the past. In addition to rivers channel of which dries up in
many seasons of the year, this region is also characterized by lakes with no flow or temporary flow. Most of
them are located below the mentioned valleys. In the territory of Karaganda with these characteristics, these
lakes are shallow (0.5—3 m), flat and muddy, most of them dry up by the end of summer. After some lakes
dry up, salt accumulates in place, others form only a thin layer of salt, the third lakes are fresh water, the
fourth ones are overgrown with grass, and the fifth ones are grassy lakes, which become watery only in
spring and play an important role in mowing grass [2]. The history of geological development, climatic con-
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ditions, landforms, landscape structure, etc. Due to its physical and geographical features, soil cover of the
territory is also diverse.

Depending on its geographical location, territory passes through several natural zones: the far north-
west enters the forest steppe, the main part lies in the steppe zone, and the southern part is in the desert na-
ture zone. Since its largest area is in the steppe zone, it can be divided into several parts from a biological
point of view:

1) dry steppe part — fescue-gray steppe with dark brown soil;

2) a part of the temperate dry steppe zone — meadow with various grasses — gray fescue on black soil
with lowfertility (southern);

3) part of medium wet steppe zone — field with various grasses and crops on “average” and “ordinary”
fertility black soil.

These parts of the steppe, change from south to north, make great deviations from the latitudinal distri-
bution due to the difference in absolute altitude, strong salinity in some areas and the change of climate from
west to east. The distribution of vegetation cover according to the above-mentioned soil types can be seen on
the geobotanical zoning map in Figure 1.

s

Figure 1. Geobotanical zoning of Kazakhstan

According to the given geobotanical map, the main vegetation cover distributed in the northern part of
the Saryarka research object can be seen in the image of the section presented below in an enlarged ver-
sion (Fig. 2).
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Figure 2. Vegetation cover characteristic of gray-fescue steppe zone with dark soil

9-Gray-fescue steppes; 10-Steppes of gray fescue mixed with white wormwood; 11-Complex of gray
fescue steppes and white sage deserts; 12-Gray fescue-wort stony steppes; 13-Gray fescue stony steppes.

According to the geobotanical zoning map of Kazakhstan [3], the region is divided into several zone
parts specific to its physical and geographical conditions. The region alternated from north to south with gray
fescue steppes, white sagebrush steppes, desert and stony steppes. It is formed on the basis of structure based
on the landscape of the region based on its topography (Landscape map of Kazakhstan). This feature can be
seen in Table 1 below [4].

of granular clayey shale

Table 1
Landform structure of the northern region of Kazakh Uplands
Parts of the landform de- Landform structure Vegetation cover Soil type
pending on the topogra-
phy
Uplands Small hilly plains composed |Shrub-gray-fescue plants Normal, poorly developed

black soil of the south

Small hilly plains near the
river composed of quartzite,
shale, and effusives.

Various herbaceous plants
with red fescue and in some
places Korzhin fescue

Black soil of the south is not
properly matured

Small hills composed by
granite

Petrophyte-various grass-oat-
fescue plants

Less mature black soil of the
south

Quartzite, shale, and
effusives are small hills with
slopes.

Rich variety of herbaceous
red fescue plants

Normal black soil, sometimes
less mature
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The immediate continental climate of Kazakhstan is typical of the studied area. According to
B.P. Alisov, the small hill of Central Kazakhstan belongs to the territory of continental West Siberia
(steppe). Extending over a large area from north to south, it leads to zonal differences in the climate in terms
of heat and moisture. The feature of the latter is defined by the radiation index of dryness. The climate of the
Kokshetau plateau and the plains surrounding it (various grass-fescue steppes and forest steppe belt) belong
to the area with the lowest dryness. The radiation index of aridity in this region is 1, and in dry steppes this
index is close to 2, that is, temperate-insufficient moisture here. Climatic indicators of the entire region by
zone parts are presented in Table 2 [5].

Table 2

Climatic indicators of the northern regions of Saryarka

Amount of Average temperature The average

Ne Region (part of zone) precipitation, mm of January, {°C temperattlége of July,

1 |The steppes near Kokshetau, 300-350, -17-19 +18+20

various grass-fescue fields in some places 390

2 |Dry steppes 200-250, -18-21 +19+22
in some places 300 (minimum — 39,5) | (maximum + 38+39)

3 |Deserte fields 200, -15-16 +22+25
in many places 175 (minimum — 40) (maximum +40+45)

During the vegetation period, the total average temperature of the steppe zone from 3211° to 2108 (in
the desert-steppe from 3574 to 2566").

The primary distinction between the steppe zone and the desert zone lies in the varied distribution of
precipitation throughout the year. Despite an annual rainfall total of 260 mm, each area exhibits a different
pattern. Precipitation in spring and early summer surpasses that in winter. In the southern part of this zone,
snow cover recedes in the latter half of March, while in the north, it persists until the second decade of April.

The air's relative dryness gradually increases, and the development of overall vegetation is contingent
on the weather during this period. The physical and geographical conditions of the research object serve as
the primary factors influencing the distribution of soil and plant cover characteristic of the region.

Fertilization is primarily concentrated in saline clay rocks. Due to the wetter climate and lower soil
salinity, the role of xerophytic wormwood in the natural landscape is diminishing. Sorghum, on the other
hand, is found predominantly in highly saline habitats. Grassland crops constitute the primary source of
ground fuel in the steppe.

Some species from other plant families are also categorized as temperate xerophytes. Alongside them,
there are plants of Class V moisture, which are highly sensitive to insufficient moisture in the soil and air—
these include soft, broad-leaved mesophytes. In the southern part of the zone, sorrel is less abundant in open
ground fuel. As one moves northward, it replaces xerophytes, occupying more space due to increased
moisture. Their maximum growth occurs in the III-IV class of moisture, in the summer they stop for a short
time and partially. Some species of other families also belong to temperate xerophytes, along with them there
are plants of class V moisture, which are very sensitive to insufficient moisture in the soil and air — soft,
broad-leaved mesophytes. In the southern part of the zone, sorrel is less abundant in open ground fuel, but to
the north it replaces xerophytes, taking up more space due to increased moisture. Due to soil erosion, the
share of ephemerals in wildfire is small.

In the second half of summer, especially in dry year, there are wildfires. During this period, the
vegetation cycle of steppe plants is interrupted because, despite the summer rainfall, as a result of strong
transpiration of the thick upper layer of the soil, sufficient moisture reserves for the plant in the soil are
exhausted. In September, when the temperature decreases and the air becomes dry, the second growing
season begins and lasts until the stabilization of the snow cover in October [6].

In a non-salinized steppe, the dark brown soil typical of the dry steppe may be completely free of
salinization. This condition, as well as the presence of large amount of humus (0-10 cm deep, 3-5 %)
determines its specificity. As a rule, the surface layer of the soil does not exist, humus layer has a grayish-
brown (dark) color. Layering is observed only in its surface layer, and below it is loose, less granular, and the
roots have penetrated into the soil. As it goes deeper, it becomes whiter and denser. The lower layer of
humus boils with acid, and a lot of carbonate and gypsum deposits accumulate there. The chemical analysis

208 BecTHuk KaparaHguHckoro yHuBepcuteTa



Features of the distribution of vegetation...

of such soil shows that humus is completely absent in the leaching layer due to leaching, it is rich in calcium
and magnesium, and there is a small amount of soda. Such, in well-drained conditions, looks like a loose
yellow soil, matured in rocks, a normal dark-brown steppe soil.

In the normal dark-brown soil and covering 45-55 % of the dry steppe, the vegetation cover is usually
dominated by sedge-fescue, and in the lower layer there is a mixed desert oat. In more arid areas, the
importance of the trailing gray increases.

Temperate dry steppes develop in southern black soil with little humus, typical of Kazakhstan. The
dark-brown grayish surface layer, with a humus content of 4-6 %, is characterized by fragmented or fine
granularity, although the grain is irregular rather than layered. The alternating layer begins at 20-35 cm and
becomes lighter as it descends. Along the cracks, there are humus flows and pale, carbonate-enriched rocks
in the lower part of the crust. Further descent reveals the parent rock, which is compacted and concentrated
with limestone and sometimes gypsum [7].

Temperate dry steppes on low-humus (southern) black soil are characterized by the increasing im-
portance of red fescue, and in some cases, oat dominates the vegetation in this region.

Table 3
The main zonal types and edaphic variations in the steppe part
of the Central-Kazakhstan hummocks
Ind stripes 2nd stripes Association of Plakorly residents |Calcifite type Petrophyte type
Dry gray- Dry gray fescue steppes on |Gray fescue (Stipa Lessingiana,  [Stipa Korshinskyi |Petrophytic gray-brush
fescue steppes |dark brown soil Festuca sulcata, Plomis agrarian, |bed-gray-fescue sedge with Spiraea
Dianthus leptopetalus) steppes (Stipa Lessingiana, |hypericifolia (Stipa
Festuca sulcata, Capillataa, Festuca
Galatella divaricala)|sulcata, Onosma
steppes simplcissimum,

Berteroa spathulata,
Allium globosum)
steppes

Dry xerophyte-various - Dry xerophyte-
herbaceous gray-fescue various herbaceous
steppes on brown soil gray-fescue (Stipa
Lessingiana,
Festuca sulcata,
Galatella tatarica,
Tanacetum
achilleifolium)
speppes

Deserted sage |Deserted sagebrush-fescue |Thinning sagebrush-thinning Calcephytic Sublessingian

brush and steppes on light-brown soil |sagebrush-gray (Stipa Lessingiana, |variegated grass-  [sagebrush steppes with
fescue steppes |(northern strip). Festuca sulcata, Artemisia sage-fescue (Stipa |(Stipa capillata, Festuca
gracilescens) communities in the |lessingiana, sulcata, Artemisia
complex of thin sagebrush-fescue |Artemisia terrae-  [sublessingiana) Stipa
steppes albae ssp.semiarida, [hypericifolia
Agropyron
pectiniforme,
Serratula
cardunculus,
S.dissecta, Galatella
divaricata) steppes

Complex steppes with thinning Gray sagebrush Steppes containing
Deserted sagebrush steppes [sage-brush sedges; (Stipa steppes (Stipa (Festuca sulcata,
on light-brown soil sereptana, Artemisia gracilescens); lessingiana, Artemisia
(southern strip) thinning sagebrush steppes Artemisia sublessingiana,
containing Ferula ferulaeoides; terracalbae Artemisia gracilescens)
(Artemisia gracilescens, Artemisia |ssp.semiarida) Caragana
terracalbae ssp.semiarida); balchaschensis
contains Eurotia ceratoides
steppes with thickets
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The physical-geographic features of the territory have served as the foundation for scientific-theoretical
research and continue to be a subject worthy of in-depth investigation within the framework of various
specialized sciences, such as soil science, cartography, hydrology, and others. This ongoing research enables
the comparison of different time periods, facilitating the identification of current changes in vegetation cover
and other relevant environmental aspects.
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K.J. Kewxuna, A.Jl. Pycremona, K. A. Tynemosna, I'.M. JKanroxwuHna,
A.N. Amanxonos, I'.K. TypnsiGekoBa

CapplapKka ycaK OKbBICHI COJITYCTIK ailMaFbIHbIH (PM3HKAJIBIK-T€OrPa(QpuAIbIK
JKarJabiHA 0AHJIAHBICTHI OCIMIIKTEP KAMBLIFbICHIHBIH TAPAJIy epeKuIeiKTepi

Makanaga Kaszakctan okepnepiHiH — TaOuru-iaHqmadTHIK — epeKIenirine  OallyIaHBICTBI  OCIMIIK
JKAMBUIFBICBIHBIH, ~ Tapajy epekieiniri aran eoTinai. OcblFaH OaiJaHBICTBl 3epTTENETiH HbICAaH —
CapplapKaHbIH CONTYCTIK 06JIiri, sSIFHM yCaK IIOKBIHBIH 3€pPTTEIy aiMarbIHbIH (DHU3HKAIBIK-TeorpadusIbIK
Karaaiibl: JMaHAWA(TTHIK  KYPHUIBIMBL, TOIBIPAK JKAMBUIFBICHI, KIMMATTBIK KOPCETKILITEepi, COFaH
0alTaHBICTBl TONBIPAK KAMBUIFBICBIHBIH EpEKIIeNiri MEH COWKeCiHIe TapajfaH eCIMIIKTep AyHHeci
KapacTeIpbuFaH. by Oaitnanpic TaOuFu KenIeHHIH OipTYTaCTHIK 3aHIBUIBIFBIHA HETI3ACITeH. ATalFaH HbICAaH
©31HIH TCOJIOTHSUIBIK epeKIIeNirine OaiIaHbICTBl eNMMI3IH kep OefepiHiH Heri3iH Kypaymsl (akTop.
Tuicinme, on GipHenre TaOuFy aliMakTapiAbl, OHBIH Kypamjac GeliKTepiHeH epeKIIeleHeTiH aliMaKTapIblH
GeuikTepin KamTHabl. OCbIFaH opail ©CIMIIKTEp >KaMBUIFBICHIHBIH KYPaMbl COJTYCTIKTEH OHTYCTIKKe Kapait
TapalyblHa YJIKSH aibIpMallbUIBIKKA He. ANMAaKTBIH COJTYCTIIi Cy Ke3Iepi MEH OCIMAIKTepAiH alyaH
Typainirine Oaii kememi. OHTYCTIKKe Kapail Oyi alyaHTYpIimiK cuper, e gama 0o3-Oerererni aynanra
yiacazabl. Cededi CONTYCTIKTIH Kapa TOMbIParbl KYHAPIIBUIBIFBIH a3aiiThIN, Kell KepiepiHae TyY3JaHFaH copra
aitHanansl. CoHnaii-ak, MyH/Iai aybICTIANIBIKKA KIIMMATTHIH a OaThICTaH IIBIFRICKA Kapail e3repici KaTThl ocep
eteni. XKaybIH-IIAIBIH K6JIEMi a3aifblll, TeMIepaTypa KopceTkimi aptaasl. by gakropra 6aiiaHBICTHI alitMaK
3 Gestikke OeiHei: KBIPaTThI, KYPFaK jKoHE IIeNIeHTeH qananap. JJanamadTTeIK KypbUIBIMBI HETi3iHEH: ca3-
OaNIIBIKTEl TaKTaTacTaH, >QQy3uBTepieH KypanraH. JKymblcTa ycak MIOKBIHBIH jgana OeJiriHieri Herisri
30HANBIK Typiepi MeH osradukanblk HycKajlapblHa Tajnay ojkacanraH. OHpma Ka3bIKTBI MEKEHJCyIli
KaybIMJIACTBIKTBIH HETI3ri3ri eKingepi: kanpueduTti, nerpodurTi THOTEpre cunarrama oepiiaren. Connaii-ax
naianaHbUIFad KapTanapIblH WBIFY )KbUIBI €CKi O0JIFaHMEH, ©3€KTLIr )KOWBIIMaFaH.

Kinm ce30ep: Capblapka, ycax IIOKbI, pU3HKaIBIK-reorpadusuibK, 30Ha, xep Oezepi, JanaAmadThl, KIUMaTbI,
TOIBIPAFbI, OCIMAIKTEPI.

K. . Kenxuna, A.Jl. Pycremona, K.A. Tynemosa, I'.M. JKanroxuna,
AW. Amamxonos, I'. K. TypasioexoBa

Oco0eHHOCTH PacpOCTPAHEHHUs PACTUTEIHLHOT0 MOKPOBA B 3aBUCHMOCTH OT
(pu3uKo-reorpadpuuecKoro Moa0:KeHHs1 CeBEPHO YacTH MeKoconounnka Capbiapka

B cTathe oTMeueHa O0COOEHHOCTH PACIPOCTPAHEHHsI PACTHTENHLHOTO IOKPOBA, OOYCIIOBIEHHAs! MPHUPOIHO-
nmaHgmagTHON cnenudukoii 3emens Kazaxcrana. B cBs3u ¢ 3TUM uccienyeMblii 00beKT — ceBepHas 4acTh
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Features of the distribution of vegetation...

Capblapku — XapakTepusyercs HU3HKO-reorpapuueckuM 0COOCHHOCTSMH: JIaHAAPTHBIM CTPOCHUEM, HOY-
BEHHBIM MOKPOBOM, KIMMaTUYECKUMH TOKa3aTeIsIMU. B COOTBETCTBHU € 3TMMH JaHHBIMH XapaKTepeH Mod-
BEHHBIN MOKPOB, I'7Ie CBOMCTBEHHO PAcIpPOCTPAHCHUE PACTHTEIBLHOIO MHpPa. JTa CBA3b OCHOBAHA HA 3aKOHO-
MEpPHOCTH €JMHCTBA IPHPOLHOTO KOMIUTIEKca. JIaHHBII OOBEKT SIBISETCS OCHOBOIONAralomuM (hakTopom
penbeda cTpaHsl Oiarozmapsi cBoeil reosornueckoil cnernuguke. COOTBETCTBEHHO, OH BKJIIOYAET B ceOs He-
CKOJIBKO TIPHPOJHBIX 30H, YacTeil 30H, KOTOPHIC OTJIMYAIOTCS OT €0 COCTAaBHBIX dacTeil. [3-3a aToro cocras
PacTHTEIBHOTO MMOKPOBa UMeeT OOJIBLIOE Pa3Inive B PaclpOCTpaHEHUH ¢ ceBepa Ha tor. HansemHas yacts
pernoHa dorara HCTOUYHMKAaMHM BOJBI M pasHooOpa3ueM pactutensHocTd. Ha rore 910 pazHooOpasue cKkynHee
Y Ha OITyCTBIHEHHBIX CTEISIX MEePEeXOUT B THUITUAKOBO-KOBBUIBHBINA paifoH. DTO CBA3aHO C TEM, YTO YEPHO3EM
CeBepa CHIDKAeT IUIOZOPOAUE U MECTAMH CTAHOBMUTCS 3aCOJEHHBIM COpPOM. Takke Ha TaKylo MEpeMEeHUH-
BOCTh CHJIBHO BIIMSET M3MEHEHHE KIHMMara C 3alafa Ha BOCTOK. Konn4ecTBO 0CaKoOB yMEHBIIAETCS, a TEM-
TIepaTypHBIN TTOKa3aTelb yBEINUHBaeTCsA. B 3aBHCHMOCTH OT 3TOro (haKkTopa PErHoH pa3zielieH Ha 3 JacTu:
XOJIMHCTBIE CTEIH, CyXHe CTENH M IyCThIHHBIE cTenmu. JlanamadTHas CTPyKTypa COCTOMT B OCHOBHOM W3
TJIMHUCTO-CYTJIMHACTOTO ClIaHna, 3¢(¢y3nes. ABTOpaMH NPOBEIEH aHAIN3 OCHOBHBIX 30HAJBHBIX BHIOB U
S1apUIECKUX MOPSAKOB CTEMHON YacTH MENKOCOIIOYHUKA. B HeM mpencTaBiIeHs OCHOBHEIE IPEICTaBUTEIN
PaBHHHHBIX COOOIIECTB: KaJbLie(GUTHBIE, NeTPOUTHBIC TUIIEL. HecMOTps Ha roj M31aHKs HCIIOJIB30BAaHHBIX B
paboTe KapT, OHN He MOTEPSUIH CBOIO aKTyaJbHOCTb.

Knioueswvie cnosa: Capblapka, MEIKOCOIIOYHUK, (pU3UKO-reorpaduiIecKuii, 30Ha, penbed, Janamadr, KIumar,
HOYBa, PACTCHUS.
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Biinsinue oT60opa moa3eMHbIX BOJ IJIsI OPOIIEHUSI HA X 3aMachl H pecypcbl
(FOro-Bocrounoe IIpudanxamsbe)

B nacrosiee Bpemst moa3eMHbIe BOJIbI CEBEPHBIX MpeAropuil JpkyHrapckoro AnaTtay MIMPOKO UCHOIB3YIOTCS
JUISL BOJOCHAOXKEHHsI TOPOJOB, CETbCKUX HACEICHHBIX ITyHKTOB, 00BogHEHMs mactOmm. OpHako Hamboiee
KPYHHBIM MOTCHIMAIBHEIM ITOTPEOUTENEM NMOA3EMHBIX BOZ OyIyT SIBISTHCS OpomiaeMsle 3eMin. Llenbro uc-
clieIoBaHMs OBUIM IIPOTHO3HASI OIIEHKA W3MEHEHUS yCIOBHH (pOPMHUPOBAHMS MOA3EMHBIX BOJ Ha ITOJTOTOB-
JICHHBIX K OPOLICHHIO Y4acTKaX NpeAropHbIX paBHUH JKeTbicy AnaTay, UX 3allacoB U PECYpCOB IO BIUSHHU-
€M aHTPOIIOT€HHBIX IPOIECCOB — HKCILTyaTallK ITOJ3EMHBIX BOJ JUIS OPOLICHHs 3eMellb; pa3paboTka opo-
CHUTENIbHBIX CHUCTEM W THIOBBIX TEXHOJOIMYECKHX CXEM KOMIIOHOBKH M pa3MeIleHUs] 000pYyHOBaHHS IJIst
OpPOILEHUSI ¥ CHOCOOO0B MOJAYM BOJBI U3 3KCIUTYyaTAI[HOHHBIX CKBaXKHH Ha JI0XK/EBaJIbHbIC MAIIMHBI; PEKO-
MEHJAIMU U OLEHKA MEPCIEeKTUB UCTIOIb30BAHUS MOJ3EMHBIX BOJ JUIS OPOIIEHHUS 3eMeNb Ha aJTIOBHATIbHO-
TIPOTIOBUANIFHON PaBHUHE CEBEPHBIX mpearopuii XKetpicy Anatay. OCHOBHAs THIIOTE3a JAHHOTO HCCIIEI0BA-
HUS 3aKITFOYaeTCs B MPEATIONOKEHNH O BOZMOXKHOCTH MCKYCCTBEHHOTO IOJIMBA C IPUMEHEHHUEM yCOBEPIICH-
CTBOBAaHHOM TEXHOJOI'MU IIUPOKO3aXBATHOM JOKICBAIbHONU yCTAaHOBKHU, MCIONB3YIOIIEH OA3EMHBIC BOJBL.
IIpu sTOM, B mEpByr0 ouepenb, PacCMAaTPUBACTCA U aHAIU3UPYETCS OCHOBHOM MCTOYHHK IOJAYM BOIBI —
IKCIUTyaTUPYEMbIH BOJOHOCHBII TOPU3OHT, (POPMUPOBAHHUE TIO3EMHBIX BOJI, SKCILTyaTallMOHHBIE 3aIachl; BO
BTOPYIO — CIHOCOOBI IOJIMBA 3eMENbHBIX yroauil. OLeHeH pecypCHBIi MTOTEHINaI MECTOPOKICHHN MMO3eM-
HBIX BOJ, Pa3BeIaHHBIX ISl OPOLIECHHS 3eMellb, MPEUIOKEHA TEXHOIOTHS UX UCIOoNb30BaHUsA. OCHOBHBIE pe-
3yJIBTaThl UCCIEOBAHUS 00 yIydIlIEeHUH YCIOBUHA BOJ0OOECTIEUEHNST OPOLIAEMOro 3eMIIEIEN s P JePuIy-
T€ MOBEPXHOCTHBIX BOJOMCTOYHHKOB C IPHMEHEHHEM IOKAEBAIBHBIX yCTAHOBOK, HCHONB3YIOMHUX IOI3EM-
HBIE BOJIBI.

Kniouesvie cnosa: OKCIUTyaTallUOHHBIC 3aI1acChbl IMIOA3EMHBIX BOJ, PECYPChI IMTOA3EMHBIX BOJ, OPOLICHUE 3€EMCIIb,
J0XKJIC€BaJIbHAsA TCXHHUKA.

Bseoenue

Hayuno-uccregoBarenbekue pa3paboTKu 1Mo 3G GEeKTUBHOMY HCIIOIB30BAaHHUIO MOI3EMHBIX BOJ] B IIEJISX
YCTOWYHBOTO Pa3BUTHUS OPOIIAEMOTO 3eMJIENIENHS BEChMa aKTyalbHBl H CBOEBPEMEHHBI. OpoIIeHne 3eMeb-
HBIX YTOAMH UTpaeT OCHOBHYIO POJIb B HUCIOJB30BAaHMH MOBEPXHOCTHHIX M IMOJ3EMHBIX BOJHBIX PECYPCOB
pervoHa.

BriOpanHbBIii 00BEKT HCCIeIOBaHU — IMPEeNropHas paBHWHA ceBepHOro ckiioHa JKeTbicy Anatay —
CIIO)KEHAa YEeTBEPTHUYHBIMHM  aJUTIOBHAJIBHO-TIPOJTIOBHAIIBHBIMA ~ BaJlyHHO-TQJI€YHUKAMH W TPaBUIHO-
TraJIeYHUKAMH C MECYaHbIM 3aroJHHUTENEeM MOIIHOCTHI0 OT 40 1o 200 M Ha aTIOBHAIBHO-IPOJIIOBUATIBHON
paBHuHe 1 oT 200 1o 300 M B KoHycax BbiHOca. Hike o paspesy 3ajeratoT OTJI0XKEHHsI XOPTOCCKOM, UITH-
CKO#l M maBioAapckoil cBUT HeoreHa. [lo cocTaBy 3TO MpeNMyIIECTBEHHO TIMHBI C MIPOCIOSIMHU TECKOB, Ta-
JICYHUKOB ¥ TPABUHHO-TAIEUHUKOB [1].

OcHoOBHas 11e7b HCCIEeI0BaHUM — OIIEHKa BIUSHMS HKCIUTyaTallid MOA3EMHBIX BOJ AJISl OPOILEHUS 3e-
MeJIb Ha UX 3arachl U peCypchl B CEBEPHBIX Mpearopbax JKereicy Anatay. B cOOTBETCTBUU C NOCTaBICHHOU
LIEJTBI0 PeIleHbl 33J]aul POTHO3HON OLIEHKH M3MEHEHMs yCIIOBH (POPMUPOBAHUS MOA3EMHBIX BOJ Ha IMOJ-
TOTOBJIEHHBIX K OPOIICHHIO YYacTKax MpPearopHbeix paBHUH JKeTbicy Anaray, X 3alacoB M PeCypcoB IMOJ
BITUSTHHEM aHTPOIOTEHHBIX MPOIIECCOB — AKCILTyaTallly MOJI3EMHBIX BOJ JUUIsl OPOLICHHS 3eMellb; pa3padoT-
KH OPOCHUTEIBHBIX CHCTEM M THUIOBBIX TEXHOJOTMYECKHX CXEM KOMITOHOBKH W Pa3MEIIeHHs] 000pyIOBaHHUS
JUISL OPOILIEHUS M CIOCOOOB MOJAuM BOJBI U3 IKCILTyaTallMOHHBIX CKBaYKHH Ha JI0’KAEBalIbHbIC MAIIUHbI; pa3-
paboTaHbl peKOMEHAIMHU TI0 MEPCIIEKTHBE HCIOIB30BAHMS TOA3EMHBIX BOJ JJII OPOIIEHHUS 3€MeNb Ha aj-
JIIOBUAJILHO-TIPOJIIOBUANIbHON paBHUHE CEBEpHBIX npenropuit JKeteicy Anaray.

Ha ocHOBe mpopaOoTKH MCXOJHBIX MaTepHalioB MPOBEACH aHAM3 U OLIEHKA COCTOSHHS BOJOHOCHBIX
TOPU30HTOB, PACIPOCTPAHEHHBIX Ha U3YUYEHHON TEPPUTOPHH, C OIIMCAHUEM OCHOBHBIX THIPOTEOIOTNIECKIX
rapaMeTpoB (COCTaB M T€HETUYECKHUHA THIT BOJOBMEINAIOIICH TOJIIH, TITyOWHBI 3aeTaHus, THAPOAHHAMUIE-
CKue Tokazarenn). MccnenoBanue moaATBEpANIO MPEANOI0KEHHE O BOZMOKHOCTH UCIOIB30BAHUS MOI3EM-
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HBIX BOJ /IS OPOIICHUS NpU JNe(UIMTE MOBEPXHOCTHBIX BOJOMCTOYHUKOB. [IpuMeHeHne mpeiosKeHHBIX
JOXKIIEBATLHBIX YCTAHOBOK TO3BOJISIET PEKOMEHIOBATh HIMPOKOE HCIOIBb30BaHUE TOA3EMHBIX BO VIS OPO-
mieHus 0e3 ymep0Oa ux 3amacam [2].

Mamepuanvl u memoosi

ITonzemHble BOABI NPEATOPHBIX PABHUH CEBEPHOTO CKJIOHA JKeTbicy AnaTtay mpecHble (MUHEpaIU3aIys
0,4-0,7 r/nm’), THAPOKApGOHATHO-CYIb(aTHBIE HATPHEBO-KaIbiMeBbie. OBIas KECTKOCTh He TPeBbImaeT 4
Mr-5KB/M°. Benmmuuna uppuranquossoro kosdduiuenta 23—220, 4T0 TOBOPUT O HPUIOHOCTH MOI3EMHBIX
BOA 1151 opoiieHusl. COOTHOLIEHUE COJIeH KaJIbLHsI U MarHusi MEHbIIE 1, IOITOMY OCOJIOHLIEBaHMS [IOYB IIPU
opoIeHnn He oxkunaercs [3]. BomoHOCHBIH KOMITJIEKC BOAOOOMIEH — JACOUTH CKBaXKUH 40-1251m°/c npu
TOHIDKCHHU yPOBHS BOABI Ha 19,6-34,0 M. BogompoBoauMocTh mopos Bbicokas — 1022—1718 m*/cyT, ko-
s¢duupenT mpesonpoogHocTH (3,7-9,6)-10° M*/cyT, Ko3hdumHenT BogooTaun 0,2-0,24. OUIBTPAIHMOH-
HbIE CBOWCTBA BOAOBMEILIAIOIIUX IOPOJ, 33 MCKIIOUYEHHEM KOHyca BbIHOCA p. JIEmChl, XapakTepU3ylOTCs
CPaBHHUTEIBHOW OJHOPONHOCTHIO — KO3(QQUUUEHT (PUIBTpalUU MPEUMYIIECTBEHHO COCTaBiser 15-25
M/cyT (B penenax JlercuHckoro konyca BerHOca 18-35 M/cyT) [4].

XUMHUYECKHI COCTaB BOABI IO Pe3yJIbTaTaM I'MAPOTreOXMMHUYECKUX OMpOOOBAaHUI MPEACTaBJIEH Ha Ipa-
¢ukax B Buae nmuarpamm [laiinepa, JlypoBa U B COOTHOLICHUH MUHEPAIH3ALUHI K HATMYUIO CylIb(aToB (puc.
1). O6paboTka pe3ylnbTaTOB F€OXUMHUYECKHX OMPOOOBAaHUH BBHIOJHEHA C TOMOIIBIO MPOTPaMMHOTO KOM-
mwiekca AquaChem 11, WaterlooHydrogeologic, Kanana.

[MpuBeneHHBIN aHANN3 CBUACTEILCTBYET O HAIMYMU U PACIPOCTPAHCHUH PA3IMYHBIX MO CTETICHH MU-
Hepanu3aliy 1 IeCTPOTe cOCTaBa MOA3EMHBIX BOJ: B OCHOBHOM 3TO MPECHBIC U cI1a00COIOHOBATHIE BOJBI C
MUHepanu3anued 1o 3,2 1/, IpeMMyIIeCTBEHHO THAPOKapOOHATHBIE KaJlbLIUEBbIC U HATPUEBHIC, PEXKE THI-
pokxapboHaTHO-CYIb(haTHBIC, CYTb()aTHO-XIIOPUIHBIC KAIBIINEBBIC U HATPHUCBHIC.

Ha nmnomanu npearopuoro mnuieiida ceBepHOro ckioHa XKeTsicy Anaray, SBISIOMIET0CS OCHOBHON 00-
JaCThIO MUTaHUs NoA3eMHbIX Boa FOsxHo-IIpubanxamckoro apre3naHckoro dacceiina, B pe3ysibTare HHTCH-
CHBHOH (pUIbTpaLuy MOBEPXHOCTHBIX BOJ U3 PYCEJ PEK, OPOCUTEIbHBIX KaHAJIOB, U C IIOJICH OPOIIEHHs], UH-
¢unbTpanu atMocepHBIX OCaIKOB, MPUTOKA TOA3EMHBIX BOJ CO CTOPOHBI TOp (OPMHPYIOTCS MOIIHBIC
IPYHTOBBIC TIOTOKH, OCHOBHOE HalpaBJICHUE ABMKEHHS KOTOPBIX Ha CEBep M ceBepo-3amaj [S5]. 3HauuTelNb-
He1i yiIoH (ot 0,02 mo 0,007), kopoTkue myTH GUIBTPAIKA U BHICOKHE (DMIBTPAIIIOHHBIE CBOWCTBA BOJIO-
BMEIIAIONIUX MOPOa OOBACHIIOT OOJBIIYI0 CKOpOCcTh MmoToka (1o 100-340 m/ronx) v MO3BOJIAIOT OTHECTH
ATOT palioH K 30HE BECbMa aKTHBHOTO BOJ00OMEHa co BpeMeHeM Bojmooomena 100—200 net [6]. YacTuunas
pasrpysKa MOA3eMHBIX BOJ OCYIIECCTBIISICTCS B BHIE POJHHUKOB, a TAKXKE 10 3PO3MOHHBIM BpE3aM, IZie MOA-
3€MHBIH IOTOK BBIKJIMHUBACTCS, 00pa3ysi MHOIOUUCIICHHbBIE PEUKH «Kapacy», CPeIHEr0JJOBOM CTOK KOTOPBIX
nocturaet 1,5-2,0 m’/c [7].

Ananu3 o01mero BoAHOTo OanaHca paccMaTprBaeMOW TEppPUTOPHM Ha HEHAapYyLICHHBIH MEPHOA MO3BO-
JIUJI COeNaTh CIEAYIOIINE BBIBOIBL:

1. Ha mutomanu npearopHoro nmerda mpoucXosST HHTEHCHBHOE MOTJIONMIEHUE MOBEPXHOCTHBIX BOJI,
0c00EHHO N0 KOHYCaM BBIHOCA PEK, HHOUIbTpaus aTMOC(EpHBIX 0CaaKOB, (GUIBTpaLUs NOJIUBHBIX BOI U3
HPPUTrallMOHHBIX KaHAJOB U C MoJIel oporieHus [§].

2. CpeHeB3BEIICHHEI MOIYIIb OA3EMHOTO CTOKA Ha MPEeAropHOM uuteiibe pasen 17 am/c ¢ 1 km®
Ut BocTouHoit wacti FOsxuo-IIpubanxamckoro Gacceifna, Mo KOHycaM BBIHOCA OH cOCTaBHI 45 am’/c ¢ 1
K.

3. OO0mIas BeIMYMHA MMATAHUS ITOA3EMHBIX BOJ (€5KET0THO BO30OHOBIISIEMBIE PECYPCHI) TI0 TIPEATOPHOMY
ueiidyy ceepHoro ckiona XKerbicy Anatay coctasiser 24,79 m/c.

4. B nenom moa3eMHbIN MOTOK (OpMHUpYyeTCs W3 CISAYIOIIUX COCTaBHBIX YacTei: (MIbTpalOHHbIC
notepu u3 pycen pek — 7,44 m’/c (30 %), moazeMHbIii cTok ¢ rop — 3,72 m/c (15 %), nHpUIBTpanus at-
MochepHbIX ocamkoB — 2,48 m’/c (10 %), GUIBTPAIMOHHBIC MOTEPH U3 KaHatoB — 6,19 M’/c (25 %) u ¢
noxeit opomenus — 4,96 m*/c (20 %).

5. Cpemnuii pacxoj MOTOKA Mo mepudeprH MpearopHoro muieida cocrasaser 150 am’/c Ha 1 MOroH.
KM, TIPH 3TOM 3HAYMTENIbHAS YacTh IPUXOIUTCA Ha KOHYCHI BbIHOCA pek Jlemchl u backas.
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Yenosnvie obosnauenus: A 1 — copepikaHne XMMHUUECKOT'O AJIEMEHTa B TIpooe,
nudpa crupaBa COOTBETCTBYET HOMEPY MPOOBI, OTOOpaHHOH B 06JIacTH

Pucynok 1. /luarpaMMa XMMHUYECKOTO COCTaBa MPOO MOJ3EMHBIX BOJ

[Iporaosseie (MOTEHIIMABHBIE) PETHOHANBHbIE 3KCITyaTallHOHHBIE PECYPChl TOA3EMHBIX BOJ YETBEp-
TUYHBIX OTJIOKEHUI KOHYCOB BBHIHOCA COCTAaBISIOT OKOJIO 35 M/c [7]. Moaynp ux usmensiercs ot 250 mo
900 M*/cyT ¢ 1 KM, IpH 3TOM HAHOOIBIIMHA MOIY/b OTMEYAaeTCs BOIH3M OOIACTEH MUTAHUS y MPEAropHil
XKetpicy Anaray.

OKCIUTyaTallMOHHBIE 3aIlachkl OJ3EMHBIX BOJ B pacCMaTpUBA€MOM pailoHe YCTaHOBJIEHBI B pe3yJibTaTe
JeTaNbHBIX IOMCKOBO-Pa3BENOYHBIX padoT, mpoBeaEHHBIX Tanabi-KypraHckol ruaporeoaorndeckoil skce-
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quuuedt Munreo Ka3CCP. Paspenanbl MonanuHckoe U AKCYCKOE€ MECTOPOXACHHS MOJ3EMHBIX BOJ, CO-
CTOSIIME U3 HECKOJBKUX 00JIee MEJIKHX MECTOPOXKICHMIA. Pa3BeqaHHbIC SKCIUTyaTallMOHHBIC 3alachl MOJ-
3€MHBIX BOJ YETBEPTHUUHBIX OTIOKEHUNM MOJATHMHCKOTO MECTOPOXKACHUS M0 CyMMeE KaTerOpHUil COCTaBIIAIOT
5,3 M’/c. OGIIas cyMMa SKCIUTyaTallHOHHBIX 3aIacoB MOI3EMHBIX BOJ AKCYCKOTO MECTOPOXKICHHS Ui yc-
JOBHiT TIPEPBHIBHCTOI pabOTH BOL03a60POB TONBKO B BEreTALMOHHbIC [EPUOBI cocTaBmaa 14,63 m’/c. Onn
00eCIIeUeHBI ECTECTBEHHBIMU PECYPCaMH, PaBHBIME 24,79 M'/c.

B nenom Ha naHHO# TeppUTOPUU pa3BeJaHHBIC IKCILTyaTAIIMOHHBIE 3aMIaChl MOA3EMHBIX BOJ] JOCTUTAIOT
113 M’/c, B TOM 4ncIe st HyKI OPOLICHHS 3eMelTb Pa3BeaaHo 12,6 M>/c MOA3EMHBIX BOA. DTOrO KOIHYCCT-
Ba JOCTaTO4HO A5 oOecrnieueHust 20—25 Teic. ra 3eMenb. B HacTosmee Bpemst B Ipeiesiax CeBEpHBIX MPearo-
puit XKetpicy Anatay umeercss 12 MOATOTOBICHHBIX K OPOIICHUIO MOJ3EMHBIMHM BOJAMHU yYaCTKOB OOIICH
mwiomansio 4105 ra: Konpraban, Keisemaramckuii, XKancyrypos, Kanakoramckuii, Kezpurtyckuii, Koca-
ramckuii, Kapakosckuit, OX KW3a, cBx. Kapabyrer, Bamnxanos, bakamuuckmii, Kapabyrerckuii. OmHako
OCBOCHHE 3€MeJb UJIET MEJICHHBIMUA TEMIIAMH, YTO BHI3BAHO COMHEHMSIMHU OTAEIBHBIX BOJIOXO3SIMCTBEHHBIX
OpraHM3alri B 1eJIeco00pa3HOCTH HCIIOB30BaHUs MMOA3EMHBIX BOJ Ha OPOIICHHE, OCOOSHHO TaM, TJe OHU
TECHO CBSI3aHBI C TIOBEPXHOCTHBIMH, a TaK)Ke€ TEM, YTO PE3yJIbTaThl THAPOTEOIOTHIECKOTO 0OOCHOBAHUS HC-
MIOJIF30BAHUS TTOJ3EMHBIX BOJ HE BCETZIa MOATBEPXKIAIOTCS MPAKTUKON JKCIUTyaTaIlil MOA3EMHBIX BOJ Ha
MIOJISIX OPOIICHHUSL.

Cnocobwl opoutenus. Ha onmcbiBaeMON TEPPUTOPHH aJLUTIOBHAILHO-TTPONIOBHALHBIX PABHHUH, YUUTHI-
Bas OIBIT OPOIIICHUS 3eMENIb B MPOILILIC TOIBI, PEKOMEHIyETCS] TPUMEHSTE T0KIEBAIBLHEIN CITOCOO oporiie-
HUS HOJA3EMHBIMHA BOJAMU NPH IMOMOIIM IIMPOKO3aXBATHOW MOJMBAIBHOW MalnHbl «@pera» tuna JMY—
463-90 ¢ pmuHOM meda 463 M, pacxonoM Boabl 90 1/c u nHTEHCHBHOCTBIO Mok 0,31 mm/muH. [Iponsso-
nuTensHOCTh «®perarta» 3a 1 4 paGoTsI mpu HOpMe moxadu Boasl 300 m’/4 paHa 1,13 ra. OGBIMHO OJHOI
CKB)KMHOH MONHMBAETCs TuIomaab 72 ra. CKBaXUHBI B OCHOBHOM 000PYIYIOTCS MOTPYKHBIMU JIEKTPOHACO-
camu tuna D1[B-10-210-85 u 311B-12-210-85.

OnHaKo B K01 CKBXKHWHE €CTh CBOM OCOOCHHOCTH KOMIIOHOBKH 000pYIOBAaHUS JJIST OPOIIEHHUS TTOA-
3eMHBIMH Bogamu. KOMITOHOBKA COOPYEHUH 3aBUCUT OT MPOEKTUPOBIIUKOB, KOTOPHIE B KOHKPETHBIX THI-
POTEOJIOTHYECKUX YCIOBHUSIX NpEIIaraloT Ty WIM HHYIO TEXHOJOTHYECKYI CXeMy HX pasmemneHus. [Ipu
9TOM CYIIECTBYET HECKOJBKO CXEM MOJaud BOJIBI M3 SKCIUTYaTallMOHHBIX CKBaXXHH BO «Dperat»: 1) B ckBa-
JKuHAX 0oJiee paHHETO MPOCKTHPOBAHUS MPEIYyCMATPUBACTCS MMOJava BOJBI HEMOCPEICTBEHHO U3 CKBAXKUH
Ha «®peraT» 0e3 HCIOJIB30BaHUS EMKOCTH JIJIS HAKOIUICHUS BOIbI. [Ipy 3TOM HEBO3MOXKHO PEryJIHpPOBAThH
pacxonabl «@perartay; 2) y HEKOTOPHIX CKBaXHH O0Jiee IMO3JHETO MPOSKTUPOBAHUS U CTPOUTEIHCTBA COOPY-
KAFOTCSI EMKOCTH-0ACCeHBI IJIsT HAKOTICHHSI BOJBI, KOTOPAsl 3aT€M IIPH MIOMOIIH IU3EITBHBIX KOMIIPECCOPOB
moja napiieHueM B 6 at™ mogaérest Ha «Dperar». MHOTrIa BoAa M3 HECKOIBKHUX CKBXXKHH TOMAETCS B OIUH
OaccelfH-HaKOMUTEITb.

B cocraB opocuTensHOW CHCTEMBI TpW 3a00pe W IMojade BOJBI HEMOCPEICTBEHHO W3 CKBAKWHBI Ha
«®DperaT» BXOAAT: 1) cKkBaXkHHA AMaMeTpPoM 325 MM C IpIpyaThiM GHIBTPOM AUaMeTpoM 219 MM, ¢ naTyH-
HOM CETKOI; 2) HACOC ANEKTPUUYECKUIA MOTPYKHOM ¢ PaCXOAHO-HATIOPHBIMH XapaKTEPUCTUKaMH, COOTBETCT-
Bytommu pabote «Dperatay; 3) noxxaeBanbHas MamuHa «Dperat»; 4) U3eTbHBIA KOMIIpEccop; 5) Harop-
HEII TpyOOIIPOBOI, YIIOKCHHBIN B TpaHIIeo Ha rryouny 1,0-1,5 M 1 momaromniuii Boay oT KoMIpeccopa K
«®DperaTy»; 6) TOMUK JJIs pa3MEUICHHS ITyJIbTa YIIPABICHUS, BCIIOMOTATEILHOIO 000pYI0BAaHUS U CTOJIA JIJIS
oreparopa.

B cocraB opocuTenbHOM cUCTEMBI TP 3a0ope BOABI U Mojaue Ha «Dperart» w3 aKKyMyJIUPYIOIIETO
OacceitHa BXOAAT: 1) CKBaKMHA WM TPYIINA CKBAKHIH, U3 KOTOPBIX BOJA MOAAETCS B OacCeH-HAKOTTUTEIb; 2)
TPyOOIIPOBO/I, COCAUHSIIOIIUN CKBaXWHY (CKBRXHHBI) W aKKyMYIUPYIONIyI0 EMKOCTh, 3) OacceiH-
HAKOIHUTENb (AKKyMYIHPYIOMmas EMKOCTh) 0668MoM 800900 M mpu ofHO# ckBakuHe 1 10 2000 M’ pu 2—
3-Xx CKBaXXMHax; 4) HACOCHI HAa KaXKJIyI0 CKBAKMHY, aHAJIOTMYHBIE ONMMCAHHBIM BBIIIE; 5) AU3ETBHBIA KOM-
npeccop; 6) HaoOpHbBIH TPyOOIPOBO/I, MONAOLINI BOAY U3 OacceliHa-HakonuTens Bo «Dperaty; 7) noxue-
BanbHas MamuHa «Dperat»; 8) TOMUK U 00CTYKUBAIOIIETO MIEPCOHANA, pa3MEIICHHUS TyJIbTa YIPaBICHUS
¥ BCIIOMOTATEIHHOTO 000PYI0BAHNSI.

OOBIYHO OHOM JOXAE€BATFHON MAIIMHOMN MOJIMBaeTCs Iomans 72 ra. Bcero Ha ceBepHOM Ipenropne
JxyHrapckoro Anatay B HACTOsIILEEe BpeMsl MOATOTOBJICHO K OPOIICHUIO oA3eMHbIMHU Bogamu 4105 ra 3e-
Menb (12 ygacTKOB) ¥ IMeeTCs 55 CKBaXKWUH, KOTOPBIE MOTYT 3KCIUTYaTHPOBATHCS IS OTHX IEJICH.

Brusanue ucnonvzosanus noosemHuIx 800 0/ OpOulenUs Ha Ux 3anacsl u pecypcul. Pe3ybTaTsl peKuM-
HbIX HaOmooneHuit MHCTHTYyTa THAPOTEOJIOTHH M Teo3KoJoruu uMm. Y.M. AxmencapuHa U HCCIIEIOBaHUN
MIPEBITYIINX JIET IIO3BOJIMIIN YCTAHOBHUTH OOIIME W OCHOBHBIE 3aKOHOMEPHOCTH (DOPMUPOBAHUS MOI3E€MHBIX
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BOJ B €CTECTBEHHBIX, HCHAPYIICHHBIX XO3SICTBEHHON NEATEIBHOCTHIO YelIOBeKa, YCIOBUAX. B mocienyro-
M€ TOABI N3YYaJUCh BOMPOCH! BIUSHUS OPOIIEHUS HA BEIHYHMHY MOJ3eMHOro cToka [9]. OmHako uccieno-
BaHUsI BIMSHUA SKCIUTyaTalluy MOA3E€MHBIX BOJ BOJ03a00paMu Ha MOA3EMHBIN CTOKH, CJIEI0BATENLHO, Ha UX
3armachl ¥ pecypchl OCTAIUCh CITA00M3YYeHHBIME. JTO OBUIO CBS3aHO, TNIAaBHBIM 00pa3oM, ¢ OTCYTCTBHEM Ha
JIEHCTBYIONTNX BOI03a00pax MOA3eMHBIX BOJ PSKUMHOHN HAOIOAATEILHOM CETH, KOTOpas U celyac UMeeTcs
TOJIBKO Ha OTJIENBbHBIX KPYITHBIX BO03a00pax.

Ha paccmaTtpuBaeMoii TeppUTOpHH UMeeTCsl 55 CKBaKHMH, KOTOPBIE MOTYT OBITh HCIOJNB30BaHBI LIS
OpOIIEHNS 3eMeNb U KOTOPBIMH 32 BETETAMOHHBIN MTEPHOJ B 3aBUCHMOCTH OT BBIPAIUBAEMBIX CEIHCKOXO-
3SHCTBEHHBIX KYJBTYp H OPOCHTEIBHEIX HOPM MOYXHO OyJeT OTOMpaTh mopsaka 35—40 MIH M’ MOI3eMHBIX
BOZ. B MeXBereTalMOHHbIH MEpHO/ U3 HEKOTOPBIX CKBAXKMH camMom3muBaeTcs 2,77 M v, O6wuii BOZ0OT-
6Op Ha MacCHBaX OPOIICHHS OY/IeT COCTABIIATH OKOJIO 45—50 MITHM B FOJ.

OpnHako cieayer OTMETHTh, YTO, TIO JAAHHBIM HAIIUX HCCIEIOBAaHWNA, OOJBIIMHCTBO IEHCTBYIOIINX
CKBa)XHMH B MpOILIBIE TOIBI paboTany Kak OAMHOYHBIE BOJ03a00pbl. OHM MCIOJB30BATUCH ISl OPOIICHHS
HEOOJIBIINX YYaCTKOB U, KaK MPAaBHUJIO, KANITUPYIOT MEPBBIE OT IIOBEPXHOCTH BOJAOHOCHBIE TOPU3OHTHI, pabo-
TaJX HE KPYTJIbIE CyTKH, HEPAaBHOMEPHO, PACXO UX M3MEPSIICS HECKOIBKIMH JIECATKAMH JINTPOB B CEKYHITY.
Kpome 3Toro0, OTHenbHbIe CKBRKMHBI UMENN pa3Hble pacxXojbl MPH pa3BelIke MECTOPOXKICHHS M MpPU KOH-
KPETHOM OCBOCHHMHM MaccHBa opoileHus. Tak, Ipu pa3Beake mectopoxaeHus «Kombraban» neOuTsl pasBe-
JIOYHO-IKCIUTYaTallMOHHBIX CKBAXHH H3MEHsUTUCh OT 19 1o 120 n/c, a mpu 3KCIuTyaTany Ha OpOIIaeMOM
MaccHBE OHHM MU3MEHsUTUCH OT 48,4 no 84,9 n/c. OOBIYHO pacxXo/bl CKBKUH MPHU IKCIUTyaTal[d TTOA3EMHBIX
BOJI HIDKE, YeM IMPHU Pa3BeOYHBIX paboTax, Ha 20—30 %. D10 00BsACHICTCS KoMbMaTanued GuabTpa u 3ame-
HO¥ HACOCOB Ha MEHee MPOU3BOIUTENLHBIC BO BpEMsI PEMOHTA.

Jng u3yueHns BIUSHUS SKCIUTyaTalliy BOJA03a00PHBIX CKBAKMH Ha 3aIlachl M PECYPCHI MOI3EMHBIX BOJI
paccMaTpuBaeMoOi TEPPUTOPUN HAMHU HCIIONB30BAHBI PE3yNIbTAaThl PEKUMHBIX HAOIIOEeHUN 32 YPOBHEM BO-
IIbI HA BCEX MEPCIIEKTUBHBIX IS OPOIIESHUS MOJ3eMHBIMU BOIaMH ydacTkaxX. OHHM MPOBOJUINCH B TEUECHUE 5
JIET ¢ 4acTOTOH 3amepa 1-2 pa3a B mecsi. Kpome Toro, OHA COIPOBOXKIAINCH OAHOPA30BEIMHU HAOIIOICHHUS-
MU 32 peXHMOM pabOoTHI CYIIECTBOBABIINX 3KCIIIYyaTAIlMOHHBIX CKBAKUH U BOCCTAHOBJIEHHEM YPOBHS BOJbI
B HUX IIOCJIE OTKAa4YKH B TeUeHHE CyTOK. [1o pe3ynbpraTam HaOIIOACHUH CTPOUINCH TPaQUKH BOCCTAaHOBICHUS
1 KoJIeOaHHs ypOBHS MOA3EMHBIX BOA (pHC. 2).

YPOBEHHBIN PEKUM B YCIOBHUAX IKCIUTyaTallMW MOA3EMHBIX BOJ Ui OPOIICHHS B BEreTallMOHHBIN Ie-
puoz (anpenb—oKTsA0pb) UMeN CIeAYIOUNH XapakTep n3MeHeHus. Bo BpeMsi OTKauKu U3 CKBAKUH C JeOUTOM
50-80 n/c, koTopast 00br9HO AnuTCa 12 9 (¢ 9 10 21 49), MPOUCXOAUT Pe3KOe CHIKEHUE YPOBHS BOJIbI Ha 8—12
M. 3aTeM B HOYHOE BpeMs OH YaCTUYHO BOCCTAHABIMBAETCS, MPUYEM HanOOJee MHTEHCHBHO (CKOPOCTH CO-
crasisier 0,1-0,2 M/c) B mepBbie 5—10 MuH. Janee ckopocTh moabemMa ypoBHs Bozbl agaet a0 0,0005 m/c u
MOCJIEAHNE CAHTHMETPHI BOCCTAHABIIMBAIOTCS B TEUEHHE HECKOJIBKUX YaCOB.

Kpome Toro, B TedeHHe BETETAIIIOHHOTO IMEPHOAa HA OTACNBHBIX YJacTKaxX OPOILICHHS MPOUCXOAHT
cpaboTKa yHpyTHX 3amacoB MMOJA3EMHBIX BOJ (II€PECTalOT CaMOW3IUBATHCS MHOTHE CKBa)KHMHBI, U YPOBHH B
HUX YCTAHABIMBAIOTCS HUXKE MTOBEPXHOCTH 3EMIIN).

B menom ke 3a BereTanMoHHBINA TIEPUO]] HA OPOIIAeMOM MAacCHBE CEBEpHBIX Npearopuii XKersicy Ana-
Tay B pe3yJibTaTe MHTEHCHBHOTO OTOOpa MOA3EMHBIX BOJI MPOUCXOIIIIO 00Iee CHIDKEHNE UX YPOBHS Ha 6—
10 M. IIpu 3TOM MakcUMaJIbHOE OHM)KEHHE YPOBHS MOA3EMHBIX BOJ HAaOMIOAAJIOCh B CEHTAOpe. 3aTeM Ha-
CTyIaeT OCEHHE-3UMHHI TepHoJ], KOTJa J0XKIeBaIbHbIE MEXaHU3MbI He Pa0OTalOT U MOA3EMHBIE BOJbBI HE
IKCIUTYaTHPYIOTCS. B 3TOT mepros, 0XBaTHIBAIONINI OKTSIOph—aIipeib, ypOBHH MOJ3EMHBIX BOJ TOCTENIEHHO
BOCCTAHABJIMBAIIMCH U K KOHILY ampelist JOCTUTalld CBOEH MepBOHAYAIbHOW OTMETKHU. [lanee, B CBSI3U C Haya-
J0M 0TOOpa MOJ3EMHBIX BOJI Ha BIAro3apsaKOBbIi OB, UK IOBTOPSIETCS CHOBA.

Takum 00pa3zoM, eciii BOJOHOCHBIE TOPH3OHTHI Ha yYacTKaX OPOIIECHHUS SKCIUTYaTHPYIOTCS TOJIBKO B
BEreTallMOHHBIN Mepro/i, TpUYeM TOJIBKO B JHEBHBIE YaChl, TO B OCTAJIbHOE BpeMs (CYTOK U roja) MpoHuCXo-
IUT BOCIIOJIHEHHE 3alacoB MOA3EMHBIX BOoA. [Ipu 3ToM pacxox Boao3abopa 3aBHCHT OT PeXHMa BOAOIO-
Tpebnenus. Tak, HanpuMep, Ha opolraeMoM ydacTke «Kompraban» B amperne, B Hadalle BeTeTallMUA Pa3linyd-
HBIX CEIbCKOXO3SHCTBEHHBIX KyJIBTYp, OOLIHiI BOX03a6Op MOJ3eMHBIX BOI cocTaBmsi1 250-300 Thic. M° B
MeCsIl, a B CepeIMHE BEreTalny, T0 ecTh B Mac—aBrycre — 300—1100 Thic. M’/Mecsiil. B KOHIle BereTarnoH-
HOro mepuona (CEeHTIOPhb—OKTAOPh) KONMYECTBO W3BIEKAEMOW IMOA3eMHON BOABI TcocTaBisuio 310-625
ThIc.M /Mecsal. C OKTAOPS 10 CepeMHbl MapTa CKBAXKHHBI HE SKCILTyaTHPYIOTCS, IPOUCXOIUT BOCIIOTHEHHE
PECYpCOB MOJ3EMHBIX BOI.
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OOmiee KOAMYECTBO MOA3EMHOM BOIBI, OTOMpAeMoOil 3a BEreTalMOHHBIN Hepuof (ampeab—OKTAOpS),
nocturano 2585 teic.m’. O6Gpa3oBaBIIAsCs B pe3yNbTaTe SKCIUTYaTallH HOA3EMHBIX BOJ BOPOHKA IEIPECCUH
JOCTHTasa MaKCHMalbHOW BETMYMHBI B HMIOJE, B MEPHOJ MakCHMalbHOrO BojooTOopa. K koHIy roga ae-
[IPECCHOHHAsl BOPOHKA HECKOJIBKO yMEHbIIanach (puc. 1) u B ¢eBpane oHa MOJHOCTHIO 3amoiHsuiack. Hau-
Ooxpmas TIyOMHA 3ajleraHus MOJ3EMHBIX BOJ HaOIIOmaeTcss B IOrO-BOCTOYHOW YacTW ydacTKa. 3/1ech He
OXKHJIaeTCsl BTOPHYHOE 3acoiieHue rpyHToB. Hanbomnee 61M3K0 ypPOBHU TPYHTOBBIX BOJ MOAXOMAAT K THEBHOM
MOBEPXHOCTH B CEBEPHOW M CEBEPO-3allaJHONM YacTAX ydyacTKa. 31ech BO3MOKHO BTOPHYHOE 3acOJICHUE
rpyHTOB. /)1 IPeOTBpAIEHUs] TOr0 HEOOXOJUMO POBECTH PEXHUMHBIE HAOIIOACHUS 32 YPOBHEM BOJABI U
3aTeM BO3MOYKHO MIPEIyCMOTPETh TOTOIHUTENbHBIN apeHax [10].

Becbma He3HaUMTENbHBIH OTOOP MOA3EMHBIX BOJ HA BOAOCHA0KEHHE HACEIEHHBIX IMyHKTOB, 0OBOIHE-
HHUE MacTOUII U CE30HHAs M B TO XK€ BPeMsI HE KPYIJIOCYTOUHAs X AKCIUIyaTauus IJIsl OPOLICHUs, KaK MOoKa-
3aJM Halllk Hay4HbIE MCCIEI0BAaHUS U MHOTOJETHUE PEKUMHbIC HAOJIIOJCHUS, HE BIMAIOT Ha BEIUYMHY 3a-
MacoOB MOJ3E€MHBIX BOJ pacCMaTpUBAEMOM TEPPUTOPUH. DTO 00YCIOBIEHO OJIATONPHUSITHBIMU THAPOTEOIOTU-
YECKHMH YCIOBHUSAMH: a) BBICOKUMH (DPUIBTPALMOHHBIME CBOWCTBAMH BOJOBMEINAIOIINX OTIOXKEHUH (K03(-
(dbunmeHT QrbTparuu kojaedmercs otlS5 mo 35 m/cyT); 6) JOBOJIBHO BRICOKMMH 3HAYEHUAMHA KO3 hUIneHTa
BOJIOHPOBOAMMOCTH (mocturaer 1718 m*/cyT), kosddummenta ypouenposoasoctu (1,3+10* M*/cyT), cro-
COOCTBYIOIIMMH Pa3BUTHIO HEOOJBIIOW 30HBI pACIPOCTPAHEHUS M paguyca BIUSHUS JCTIPECCHOHHON BOPOH-
KM U OBICTPBIM €€ BOCIIOJNIHEHHEM (pazuyc BOPOHKHU JAenpeccuu He mpesbimaer 0,5 KM) MOCIE OTKauKH; B)
IIOCTOAHCTBOM MOIIHOCTH ITIOJA3€MHOI'O ITOTOKA, F) HE3HAYNTCIIbHBIM O6H_[I/IM PEruOHAJIBHBIM NOHUKCHUEM
YPOBHS MOJ3EMHBIX BOJ JaKe MPU MHTEHCHBHOW MX SKCIUTyaTallld AJIS OPOLICHHS 3€Mellb; 1) MOIIHBIM U
MIOCTOSIHHBIM MCTOYHHKOM (DOPMHUPOBAHUSI SKCIUTYaTallMOHHBIX 3allaCOB MOJ3EMHBIX BOJ, KOTOPBIMH SIBIISI-
OTCS B OCHOBHOM €KETOHO BO30GHOBIIsIEMBbIe pecypehl (24,79 m'/c).

I/ICXOI[SI M3 IOHWKXCHUA YPOBHA NOA3EMHBIX BOA U YMCHBIICHUSA MOOIHOCTU BOJOHOCHOI'O TOPHU30HTA B
BEreTallMOHHbIA MEPHOJ, MOKHO PAacCCUUTaTh YMEHBIICHHE €CTECTBEHHBIX 3a1acoB MOA3EMHBIX BOA Ha OpO-
LIaeMBIX y4acTKax 1o ¢gopmyie 1:

AV =uFeAh, (1)
rue 4 — BOAOOTHaua; F— miomanp opomaeMoro ydactka, Ah — w3MmeHeHHe (TIOHMKEHNE) YPOBHS
BOJIBL.

Pacuet npou3sBesieH M0 BCEM OPOIIAEMbIM MOA3EMHBIMH BOAAMH ydacTKaM. Pe3ynbTaThl pacueToB cBe-

JIEHbI B TaOJIHILE.

Tabnuma

HN3MeHeHune 3an1acOB MO3€MHbBIX BOJI MO/ BJUSTHHEM UX 0T60pa Ha OpouIeHue

[lepcriekTHBHBIC YYacTKA Bomoor6op 3a BeretalioHHbIH | YMEHBIICHHE 3a11aCOB TIO-
Oporaemast IIoOIMAaIb, ra 3 3
OpOLICHHS MEPUO, MITH M 3€MHBIX BOJ, MJIH M /TOJ
Konpraban 864 5,52 5,44
Ke13putaranickmii 514 9,65 9,6
XKancyrypos 210 2,75 2,73
JKanakoraMckuit 220 0,41 0,4
Ke3puiTyckuit 216 3,42 34
Kocaramickuii 144 0,3 0,3
Kapaxo3ckwii 144 0,21 0,12
OX KM13a 144 0,32 0,3
cBx. Kapabyrer 870 8,22 8,0
BannxaHnos 347 0,97 0,9
BakanuHckuit 216 2,0 1,93
KapaOyreTckwii 216 0,94 0,7
HUTOI'O 4105 34,71 33,82

BennuarHa n3MeHEHUs 3a1macoB MMOA3EMHBIX BOJI, HCMIONB3YEMBIX IS OPOIICHHUs, OM3Ka K KOJTHYECTBY
0T0OpaHHOH BOABI. JTa BEJTMYUHA TOJTHOCTHIO BOCIIOIHICTCS 38 MEKBETeTAIIMOHHBIH TIEPHOI.

Takum 00pa3om, Ui OPOLICHUs MEPCIEKTUBHBIX YYacTKOB Ha MPEATOPHOM LUIei(e ceBepHBIX Mpen-
ropuii XKerpicy Anmatay 6yaer u3BnekaTbes 34,71 MIH M’ MOI3eMHOI BOIbI, opoimaeTcs miomaas 4105 ra.
IIpyu 9TOM yMeHbIICHHE 3aMaCOB TIOA3EMHBIX BOJ OyeT coCTaBIATh 33,82 MIH M’ B roj (puc. 3, Tabm. 1).
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YcnoBHBIE 0003HAYCHUS:
BomoHOCHBIE TOPU30HTHI X KOMITIIEKCHI OporraeMsle y9acTKH
1. Konvmaban 7. Kapaxo3sckuii
aQyy — anniosuanvhvle cogpemMeHHble 2. Kvisvinacawickuii 8. OX KH3a
aQ — annosuaIbible BepXHEeUeMBePIMUIHbIe 3. XKancyzeypos 9. cex. Kapabyzem
laQ — o3epho-anmosuanvhvie Yemeepmuinvle 4. XKanaxoeamckuii 10. Banuxanos
apQ — annoeuanbHO-NPONIOBUATIbHBIE YeMEEePMUYHbLE 5. Kvizvuimyckuii 11. baxanuncxuti
6. Kocazawickuii 12. Kapabyeemckuii

Pucynok 3. IlepcrieKTUBHBIE YIaCTKH OPOIICHUS

Pesynvmamui

HayuHnble ucciemoBanusi, NpoBeIEHHBIC Ha IPEATOPHOM Iuieiide ceBepHbIX mpearopuii Ketwicy Ana-
Tay, TIO3BOJIMIN CIEIaTh CIEAYIOIINE BEIBOIBL:

1. Co3panvie MacCHBOB OPOIIIEHHsI C UCIIONBb30BAHUEM ITOJ3EMHEBIX BOJ SKOHOMHUYECKH I€IECO00pa3HO
U SIBJIACTCS PE3EPBOM ISl CO3/IaHMSI TPOYHON KOPMOBOM 0a3bl JKHBOTHOBOICTBA.

2. TToYBEeHHO-KIMMATHYECKHE U THIPOTCOIOrMYECKIE YCIOBUS pacCMaTPUBACMON TEPPUTOPHHU TI03BO-
JSIFOT TIPUMEHHUTH MTMPOKO3aXBATHYIO TOXKICBATBHYIO TEXHUKY, HAH0O0JIEE YIOBICTBOPSIOINLYO TPEOOBAHHUAM
0a3HMCHOTO OPOIIICHHS.

3. YCTaHOBJICHHBIN PEXKUM OPOIICHUS MyTEM OMPECICHUS CYMMapHOTO BOJOMOTPEOICHUS] ONOKITNMa-
THYECKUM METOIOM HAaHOOJIIEE MOIHO YIOBIETBOPSET MOTPEOHOCTD PACTEHHH B BOJIE.

4. IlpuMeHeHre TPOMBIBHOTO PEXHMa OpOILICHHS 3HAYUTENBHO YIIydIIaeT MEIHOPATUBHOE COCTOSHHE
3€MEIIb.

5. OmBIT 3KCIUTyaTalliy U UCTIOIb30BAHMUS TTOJ3EMHBIX BOJ [Tl OPOIICHHUS Ha MPEATOPHON paBHUHE Ce-
BepHOFO CKJIOHA H(eTBICY AJIaTay IIOKAa3bIBACT, YTO 3allacChl IOA3CEMHBIX BOJ HC HMCTOIIAIOTCH, HeCMOTpH Ha
HHTEHCHBHBIN BOJ00TOOp. BO300HOBICHNE MX MPOUCXOAUT YACTHUYHO B HOYHOE BPEMsI, KOTJa JOXK/ICBAITb-
HbIC MAIlIUHBI He pabOTAIOT, M B MEXKBETETAIMOHHBII meproa. O0pa30BaBIIascs 3a JIETO JeNPECCHOHHAs BO-
POHKa IIOJIHOCTHIO BOCCTAHABIMBAETCS B 3UMHEE BPEMSL.

6. UccrenoBanre MOATBEPANIO MPEIOIOKEHIE O BO3SMOXXHOCTH HCTIONB30BAHMS TTOA3EMHBIX BOJ IS
OPOINICHUS MPH AeHUIUTE MOBEPXHOCTHBIX BOJIOUCTOUHHKOB. [IprMEHEHNE MPEIOKEHHBIX TOMKICBATBHBIX
YCTAHOBOK ITO3BOJISICT PEKOMEH/IOBATH ITUPOKOE MCIOJIb30BAHME MMO3EMHBIX BOJI [UIsl OPOIICHHs Oe3 yIiep-
0a ux 3amacam.
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Raxnrouenue

BrlInonHeHHbIH TPOrHO3 MOKa3ai, YTO MPU 3HAUYUTEIHLHOM YBEITUUYCHHUH IUTOIIAN OPOIIAEMbIX 3€MENb U
WHTEHCUBHON JKCIUTyaTalldy MOJ3EMHBIX BOJ HAa OpPOIICHHE YMEHBIIATCS UX €CTECTBEHHBIC 3aIachl, MPO-
M30UJIET TepepaclpeieiCHHe OCHOBHBIX MCTOYHUKOB MHUTAHHS IMOA3EMHBIX BOJ, TO €CTh, MO-BUANMOMY,
YMEHBIIUTCS POJh WHOWIBTPAMA aTMOC(EPHBIX OCAIKOB BCIEACTBHE YBEIMUYECHHS TIyOWHBI 3aJI€TaHHS
YPOBHS MTOJI3EMHBIX BOJ, (PMIIBTpAIHS TTOBEPXHOCTHBIX (PEUHBIX BOM) OYJET OCYIIECTBISITHCS MPEUMYIIECT-
BEHHO B 3MMHHM MEPHOJ TOJIBKO Ha pEKax, MUMEIOMIMX IMOCTOSHHBIN cTOK (Akcy, Jlemcer), yBenuuutcs
(bunpTpamys MOBEPXHOCTHBIX BOJ] HA MOJISX OPOIICHUS U U3 OPOCUTEIBHBIX, MATUCTPATHHBIX KaHAJIOB B pe-
3yJbTaTe BO3PACTaHUs UX IUIOLAAEH U NPOTSHKEHHOCTU KAaHAJIOB, IPOU30MIET MOCTENEHHOE NEPEMEILICHHUE,
a 3aTeM HMCUE3HOBEHHE 30H MHTCHCUBHOM pasrpy3Kd MOA3EMHBIX BOJ B BHAE HUCTOUHMKOB Tuna «Kapacy,
COKpAIICHHE BANIOTPAHCIIMPAIIMY B 30HE BBHIKJIMHUBAHUS, BETMYUHBI TTyOOKOT0 MOA3EMHOI0 CTOKA, CTOKA C
rop, paBHast Ha PasHBIX ydacTkax 4—11 m/c, ocTaHyTCs 6e3 H3MEHEHHIL.

HccnenoBanne MOATBEPINIIO MPEANOIOKEHUE O BO3MOXKHOCTH HCIOJIB30BAHMS MOJA3EMHBIX BOX IS
OpOIIEHUS TIPH ASPHUINTE MOBEPXHOCTHBIX BOJOUCTOYHHUKOB. [IpuMeHeHre MpeiI0KeHHBIX TOKICBATBHBIX
YCTaHOBOK IMO3BOJISIET PEKOMEHIOBAThH IIUPOKOE UCIIONB30BAHUE MOA3EMHBIX BOJI ISl OPOLICHHS 0€3 yIep-
0a nx 3amacam.

PervonanbHbIe THAPOTEOTOTHIECKIE CCIEIOBAHMS TI0 YCTAHOBICHHIO 3aKOHOMEPHOCTEH (hopMUpOBa-
HUS, pa3MEIICHUS MOA3EMHBIX BOJ U MHOTOJICTHUHN OMBIT N3YYCHUS UCTIOIB30BAHUS UX ISl OPOLLICHUS MTOKa-
3BIBAIOT, YTO PECYPCHI MOJ3EMHEIX BOJl PACCMaTPUBAECMOM TEPPUTOPUH IMO3BOJISIOT JATbHEHIIIEe pacIIupe-
HHE TUTONIaIel opomaeMbIxX 3eMenb. [Ipearopusie paBHUHE JKeThicy AnaTtay sBIISIOTCS HanOoJee MmepCreK-
THUBHBIMU JJI PA3BUTHS OPOIIAEMOr0 3eMIICICIHS 110 BCEM MOKAa3aTeIsIM. 3ECh paclpOCTPAHEHBI MOIIHbIE
BOJIOHOCHBIC TOPHU30HTHI, MPUYPOUCHHBIC K YETBEPTHUUHBIM aJUTIOBHANTBHO-IIPOIIOBHAILHEIM BalyHHO- U
IpaBUIHO-TaJIeYHUKAM C HanOoJiee MPOM3BOJAMTENBHBIMU cKkBakuHamu (10 80—100 i/c mpu MOHMKEHWUU
ypoBHS Boabl Ha 10-45 M) B BBICOKMM Ka4eCTBOM BOJBI. Pa3BemaHHbBIE AKCINTyaTallMOHHBIC PECYPCHI MOA-
3eMHBIX BOJ JocTuraror 113 M/c.

PesynpTaTel HccnenoBaHUS MMEIOT HE TOJIBKO HAYyYHOE, HO M NMPUKIATHOE 3HAUYCHUE, MO3BOJIIIONICE
MIPUMEHUTH WX Ha MPAKTUKE HEMOCPEJACTBEHHO Ha MacCHBax oporieHus. K mpuMepy, Ha MacCUBE OPOIICHUS
mpaBoOepexbe p. Jlerncrl, rae pazsegano LLIHIMKTHHCKOE MECTOPOKICHNE TTOA3EMHBIX BOJI, M Ha JieBoOepe-
b€, TOe sl OPOLICHUSI UCIOJIb3YIOTCA, B OCHOBHOM, MOBEPXHOCTHBIE BOABI. ba3zoi s opolieHus 3Tux
IJIOMIAJCH MOXKET CITyXUTh AKCy-JIeTICHHCKOE MECTOPOKICHUE MTOA3EMHBIX BOJ. 3/16Ch MOXKHO OpPOIIAThH 10
5 teic. Ta 3emenb. Ognako npu yiayurmennu KIIJ opocuTensHO# CHCTEMBI, TPUMEHEHHUH T0KIEBATLHOM
TEXHUKH TUIOIIAAN OPOIIEHHSI MOTYT OBITh YBEIHMUYEHBI TIOYTH BABOE WJIH K€ YMEHBIIIEHO BOJONOTpeOIeHre
MMOBEPXHOCTHBIX BOA. Tak, TOMbKO M0 AKCycKOMY paiioHy JKeThICycKo# 007acTH IUIONMAAX OPOIIECHHUS BO3-
MOHO noBectd K 2040 r. no 30-35 ThIC. Ta.

Hcemounuk ¢hunancuposanus HayyHol cmamvu. BPOZPAMMHO-Yeae80e QUHAHCUPOBAHUE NO HAYUHBIM,
HayuHo-mexHudeckum npoepammam — BR21882211-OT-23 «Pecypcol no03emHblX 800 KAK OCHOBHOU pe3eps
yemouuugo2o opowaemo2o 3emaedenus Kazaxcmanay.
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Cyapy yuIiH kepacThbl CyJIapbIH ipiKTey KIHe 0JIapAbIH KOpJap MeH
pecypcrapra acepi (OnTycTik—IIbiFbic Bajakam eHipi)

Kasipri yakeitra JXoHrap AnaraybIHBIH CONTYCTIK €TETiHJEri >XepacTbl CyJiapbl Kalalapiabl, aybLIIBIK
eNliMeKeHIep i CyMEH KaMTaMachl3 €Ty, XKailblIbIMIap/ibl Cyapy YILUiH KeHiHeH MaiiqaiaHbiiansl. JlereHMeH,
JKepacThl CyJapbIHBIH €H YJIKCH OJIEYeTTi TYTHIHYIIBICHI CyapMalibl kepiep. 3epTTeyAiH MakcaTsl JKericy
AnaTayblHBIH Tay OOKTepiHIeri jka3bIKTapaarbl CyapyFa [JaiblHAANFaH YydacKelepiHAeri JKepacThl
CyJIapbIHBIH KJIBIITACY JKaFJallapblHBIH ©3repyiH, OoJaplblH KOpJiapbl MEH aHTPONOIEHIIK MPOLECTepaiH
dCepiHEH pecypecTapblH — JKepacTbl CyJapblH Cyapy YIIiH maiigananynel Oomkamibl Oarajiay; cyapy
JKyHenepiH yoHe cyapy *KaOAbIKTapblH OPHAIACTHIPY KOHE OPHANACTHIPYABIH THITIK TEXHOJIOTHSIIBIK CXEMa-
JIapBIH JKOHE TMalIaiaHy YHFBIMaJapblHaH CYAbI KaHOBIPIATKBII KOHIBIPFBUIApFa Oepy TocUIOepiH a3ipiey;
JKericy AnaTtaybIHBIH CONTYCTIK OOKTEPiH/ET] aJUTFOBUAIABI-TIPOTIOBHIATIK Ka3bIKTaFbI XKepIepai cyapy YUIiH
JKEePaCThl CyJIapbIH TaiilalaHy IepCIeKTHBaNapblHa YCHIHBICTap MEH Oara Oepy. 3epTTeyaiH Heri3ri rumoTe-
3aChl )KEPACThl CyJIapblH MaiJalaHaThIH KeH TapajfaH KaHObIPIaTy JKYHECiHiH JKeTUIIIpIIreH TeXHOIOT s~
CBIH KOJIJIaHa OTBIPHIIN, KacaHIbl Cyapy MYMKIHAIriH Ooipkay. By perTe, eH angpIMeH, CyMeH KaMTaMachi3
eTyIiH Herisri ke3i — maiJanaHbUIaThIH CyJIbI TOPU30HT, JKEPACThI CYJIAPBIHBIH KaJbIITACYbl, MaijanaHy
KOpJapbl KapacTHIPBUIFAH JKOHC TalJIaHFaH, CKIHIIJCH, JKEepai cyapy ojicrepi. 3epTrey omicTepi:
KapacThIPbUIATHIH ayMaKThIH JKaJlbl Cy OalaHCHIHBIH DJIEMEHTTEPIH ecenTey ojicTeMeci MEH Taliaybl;
XKericy AnataybIHBIH CONTYCTIK OaypalbIHIAFbl Tay €TETiHAeT] NIIeH(TIH TOPTTIK MOTriHIUIEePiHiH )KepacThl
CyJIapbIHBIH OapiaHfaH TaianaHy KOpJapblH JKOHE aUIIOBHAJIABI JKENACTKIIUTEPAiH JKbUI CailblH
JKaHAPTBUIATBIH XKEPACThI CyJIapbIHBIH PECYPCTaphlH Oaranay aiicteMeci (KaidTa TONTBIPY MeJIIepi); sxocnap-
16l Oakputaynapabl (MOHHTOPHHT) OKYPTi3y JKOHE Tayiiay ofmicTeMeci, KOJNJIAHBUIATHIH >KAOIBIKTHIH
KOHCTPYKIMSICBIHBIH TOJIBIK CHIIATTaMachl MEH JKepacThl CyJapbIMEH Cyapy[blH jKaHObIpiaTy omici. Xepai
Cyapy YILUiH OapiaHFaH )epacTbl CyJIapbl KeH OPBIHIAPbIHBIH PECYPCTHIK di1eyeTi OaraiaHsbll, onapsl nanaa-
JIaHYy TEXHOJIOTMSCHI YCHIHBUIIBL. JKepacTbl cynapblH Mai/iataHaThiH sKaHObIPIIaTy KOHIBIPFBIIAPEIH KOJIIaHa
OTBIPBIN, JKEPYCTi Cy KO3JCpiHIH TaNIIBUIBIFEI Ke3iHAe CyapMaibl eTiHIIUNKTI CyMEH KaMTaMachl3 €Ty
JKaFIalIapblH JKETUIIIPY 3epTTeYAiH HETi3T1 HOTHKENepi.

Kinm ce30ep: epacTbl CyJIapblHbIH KCIUTyaTalUsIIbIK KOPJIAphl, )KEPACThl CyJapbIHBIH PECYPCTaphl, JKepi
cyapy, *aHOBIPJIATy TEXHOJIOTHSCHI.

A.M. Dzhabasov, A.M. Ermenbay, A.Zh. Zhakibaeva, Yu.N. Livinsky, G.E. Tukeshova

The Impact of Groundwater Withdrawal for Irrigation
on Its Reserves and Resources (South-Eastern Balkhash region)

Currently, groundwater from the northern foothills of the Dzungarian Alatau is widely used for water supply
of cities, rural settlements, and pasture irrigation. However, the largest potential consumer of groundwater
will be irrigated lands. The objective of the research: predictive assessment of changes in the conditions of
groundwater formation in areas of the foothill plains of Zhetysu Alatau prepared for irrigation, their reserves
and resources under the influence of anthropogenic processes — exploitation of groundwater for land irriga-
tion; development of irrigation systems and typical process flow charts for the layout and placement of irriga-
tion equipment and methods of water supply from production wells to sprinkler machines; recommendations
and assessment of the prospects for using groundwater for irrigation of lands on the alluvial-proluvial plain of
the northern foothills of Zhetysu Alatau. The main hypothesis of this study is the assumption of the possibil-
ity of artificial irrigation using an improved technology of a wide-capture sprinkler system using groundwa-
ter. In this case, first of all, the main source of water supply is considered and analyzed — the exploited aqui-
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fer, the formation of groundwater, and operational reserves; secondly — methods of irrigation of land. Re-
search methods: methodology and analysis of calculating the elements of the general water balance of the ter-
ritory under consideration; methodology for assessing the explored operational reserves of groundwater in the
Quaternary deposits of the foothill apron of the northern slopes of Zhetysu Alatau and annually renewable re-
sources of groundwater in alluvial fans (recharge value); methodology for conducting and analyzing regime
observations (monitoring), a method of sprinkling irrigation with groundwater with a detailed description of
the design of the equipment used. The resource potential of groundwater deposits explored for land irrigation
is estimated, and a technology for their use is proposed. The main results of the study are about improving the
conditions of water supply for irrigated agriculture with a deficit of surface water sources using sprinkler sys-
tems that use groundwater.

Keywords: operational reserves of groundwater, groundwater resources, land irrigation, sprinkler equipment.
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