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V.S. Abukenova, Z.A. Bobrovskaya*

Karagandy University of the name of academician E.A. Buketov, Kazakhstan
(*E-mail: bobrovskaya _zoya9708@mail.ru)

Invertebrate animals of landscape gardening lawn cenoses
of the city of Karaganda (area of the South-East)

Urbanization of territories leads to the formation of ecosystems that are significantly different from natural
ones. Invertebrates are the most effective and promising group of bioindicators of anthropogenic impact on
natural and urban ecosystems. However, very little work has been done to study the fauna of urban ecosys-
tems in Kazakhstan. The article presents research data on invertebrates of the Karaganda region by specialists
of the Department of Zoology of Karaganda State University, carried out in different years and during periods
of field practice. Analysis of invertebrate lawn communities showed the dominance of insects, in particular
hymenopteran genera Formica, Myrmic, Camponotus. In second place in terms of numbers are coleoptera,
among which ground beetles and staphilins prevail, as characteristic inhabitants of the city. The predomi-
nance of insects is a zonal sign. Among them there are dangerous pests: larvae of nutcracker beetles, black
beetles, and lamellar beetles. Soil worms include earthworms: Lumbricus rubellus, Eisenia nordenskioldi,
Appropriateode caliginosa f. typica. Predators dominate the trophic structure of lawn inhabitants, which is
very characteristic of urban cenoses. The high number of predatory forms, the diversity of orders and families
testifies to the favorable ecological regime of the studied lawn cenoses as a result of their long existence.

Keywords: urban area, lawn and park lawn, invertebrates, insects, Barber traps, catch ability, soil samples,
trophic structure.

Introduction

Due to the increase in the area of urbanized territories, as well as the increased concentration of various
hazardous industries, several tasks were promoted, among them there is a forecast of the development of cit-
ies and zones of their influence, as well as an assessment of the state of the environment. Urban ecosystems
may differ in some environmental indicators (for example, humidity of air and soil, seasonal and daily tem-
perature dynamics, etc.) from zonal non-urban and suburban ecosystems [1]. Such differences are closely
related primarily to mechanical transformations and huge flows of energy in cities that are associated with
human activities. To carry out environmental assessment of urban areas, it is important to select reliable cri-
teria for assessing their condition and identify indicators of anthropogenic impact [2]. Among the most
promising indicators of anthropogenic impact are soil invertebrates, herpetobionts, characterized by a change
in the population and a change in the species composition of the population due to their high sensitivity to
the state of environmental parameters [3, 4].

Invertebrates occupy an important position in urban ecosystems, maintaining their stability. They per-
form the functions of pollination, process plant debris, intensify soil formation, etc. Scientific works of the
Department of Zoology of E.A. Buketov Karaganda State University (further KSU) from the day of its for-
mation was devoted to the study of the animal world of the Central Kazakhstan. Since the 70s of the last cen-
tury, the entomological direction has been intensively developed. Under the direction of Ph.D.
N.P. Shlykova, and later Doctor of Biological Sciences, Professor N.G. Skopina, Ph.D., Associate Professor
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N.P. Slavchenko students specializing in the Department of Zoology were engaged in the study of individual
families of beetles. Significant collections of swimming beetles, ground beetles, black beetles, barbell, and
territory of the Central Kazakhstan and the CIS were collected. Today, these collections are part of the ento-
mological fund of the Museum of Nature of KSU and have scientific value. The scientists of the department
conducted long-term environmental and biological studies of the territory of the Karaganda region, these
studies became the starting point for writing many dissertation works and collections of scientific papers:
Ecology of the Central Kazakhstan (2001); Rare and endangered animals of the Kazakh small hills (2005);
Karaganda. Karaganda region: Encyclopedia (2008). The obtained data allowed the department specialists to
participate in solving environmental and agricultural problems of the Karaganda region. However, the fauna
of the city of Karaganda still needs to be investigated. We need more complete information about
dendrobionts, herpetobionts, and soil invertebrates. All of the above has determined our interest in studying
invertebrates of various ecosystems in the city of Karaganda.

Materials and methods

The city of Karaganda is located in the center of Kazakhstan, in the natural zone of the steppes. It is lo-
cated on a slightly wavy inclined plain with elevations not exceeding 160 m. The climate is sharply continen-
tal with severe winters, sultry summers and low annual rainfall. The typical climate of cities is characteristic
of the city of Karaganda: higher temperatures (comparing with the suburbs), low relative humidity, increased
frequency of local fogs and light winds, changes in the conditions of the city under conditions of light and
radiation conditions, chemical composition of air, condensation of water vapor, groundwater and surface
sediments near the city and adjacent territories [5]. The relief territory of the city of Karaganda is part of the
Kazakh small hills and is located within the Kengiz-Balkhash watershed space. In general, the relief of the
site is a wavy plain complicated by small hills. In the north, low hills are developed. The rest of the territory
is characterized by a flat relief [6]. Based on information from the authors R.T. Bakeeva and S.N. Atikeyeva
[7] the Central Kazakhstan is in fourth place in terms of the number of endemic plant species, since there are
no large river or mountain territories in this territory that could serve as a safe isolating factor for dynamic
speciation.

The city of Karaganda is made up of two parts — «New City» and «Old City». The so-called «Old
City» includes mines and processing plants (very extensive), and the «New City» contains multi-storey of-
fice buildings of various kinds, shopping centers, as well as universities — this is the most comfortable and
convenient region of Karaganda. The industrial area is divided by the valley of the Big Bukpa River [8]. The
city has a large number of transport, educational and scientific enterprises, culture and communications. Also
in the city there are operating large coal mining enterprises, metal working, engineering and food enterprises.
Today, the city of Karaganda is one of the largest economic, industrial, cultural and scientific centers of Ka-
zakhstan.

The following sites of the city of Karaganda were chosen as places for research and collection of inver-
tebrate animals: the closest to the city center; remote from the center; forest biotopes (with a high density of
trees and predominantly having spontaneous formation of vegetation); courtyards (consisting of fragments of
grass vegetation and wood surrounded by buildings); gardens (summer cottages, horticultural, experimental
and educational sites); meadows (mainly containing perennial mesophilic and hygrophilic herbs) [9]. The
choice of sections of the city involves determining the degree of influence of urbanization on the community
of a given territory. Grassy and arboreal communities of the Central park culture and leisure of Karaganda
city are the most extensive and long-standing. The history of the city's culture and leisure park began in 1935
with the construction of a reservoir, sanitary cleaning of this territory and its improvement, as well as the
creation of a forest. By 1941, a birch grove and a poplar massif were formed, filled with a pond with locks,
and banks were arranged. The Central Park of Culture and Leisure of the city of Karaganda opened in 1946.
In the central park there are a huge number of trees, playgrounds with attractions, several fountains, and
cafes [10].

To collect the primary material, we used standard techniques for fishing and recording invertebrates, in-
cluding Barber traps, which are most convenient for research in the city [11]. In addition, registration and
collection were used for route excursions around the city, on sites and adjacent territories, lawns and side-
walks. A decision was made on the subsequent use of environmentally friendly methods [12]. The use of
such techniques and the use of gentle traps (a net with springs, a micro-net, a clamp for soft retention of in-
vertebrate animals, a vacuum «magnety», and a multi-capacity exhauster) will reduce the death of useful spe-
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cies of invertebrate animals in our study. The rejection of fixing substances in a modern environmental pro-
tection technique allows the release of animals after accounting.

Results and discussion

As a rule, the analysis of the herpetobiont population in the city in a broad (biocenotic) sense involves
taking into account the abundance of earthworms (Lumbricidae), wood lice (Isopoda, Oniscidea), spiders
(Aranei), hayfields (Opiliones), millipedes at the squad level, cockroaches (Blattoptera), earwigs
(Dermaptera), orthoptera (Orthoptera), bugs (Heteroptera), cicadas (Auchenorrhyncha), beetles at the fami-
ly level.

In a narrow sense, herpetobia includes woodlice, spiders, hayfields, cockroaches, earwigs, bedbugs,
ground beetles (Carabidae), staphylinids (Staphylinidae), black beetles (Tenebrionidae), dead-eaters
(Silphidae), and pill. The complex of herpetobionts is described by catch ability (the number of individuals
per 100 traps per day).

Information about invertebrates of the city of Karaganda is poorly presented in print media. Basically,
these data were used to write the thesis of the Department of Zoology of KSU. Currently, they are being
summarized and systematized. One example of a generalization of many years of research by entomologists
of the university is the site http://butterflies.kz/, which collected information on a lepidopteron squad in the
Karaganda region.

Period 2000-2012. The initial stage of work was carried out to study the population of soil invertebrate
summer cottages, as well as pine forest plantations in the vicinity of the city of Karaganda [13]. Since 2016,
these studies have been continued by us in the biotopes of urban landscape gardening lawns (area of the
South-East).

The inhabitants of the lawn soils of the Southeast region were represented by two types of invertebrates:
annelids and arthropods. The number of earthworms was 11 plus minus 0.3 ex / m2. Arthropods are assigned
to 4 classes, in which 11 orders were identified, which indicate the diversity of the mesofauna of the soils of
the studied cenoses. Insects predominate in numbers. Background detachment is Coleoptera including 17
families. Analysis of the total number of individuals per biotope showed that the ants of the genera Formica,
Mirmica, and Camponotus account for 53.6 % of all arthropods, and the hard-winged animals account for
17.9 % (Fig. 1).
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Figure 1. The total number (in %) of soil invertebrates (mesofauna) in the
biotopes of landscape gardening lawns in Karaganda (area of the South-East)

Among beetles, ground beetles are dominated by ground beetles (Carabidae), 35+0.5 ex./m? and
staphylins (Staphilinidae), 20+0.3 ex./m2. Nutcracker beetles (Elateridae), weevils (Curculionidae), lamellar
beetles (Scarabacidae), carnivores (Silphidae), moths (Pselaphidae) and other beetles were much less com-
mon. Associated groups are spiders (Arnei) and homoptera (Homopter).

In the first 2000 studies for some lawn areas, it was noted that the soil population is concentrated at a
depth of 5 cm. According to later soil excavations, invertebrates are concentrated in the upper soil layers to a
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depth of 15 cm. Moreover, hard-winged and ants dominate the litter/ground layer. In the 0—10 cm layer, the
proportion of beetles and earthworms increases. The long existence of lawn plots has a certain relationship
with a more even distribution of invertebrates over soil horizons, their development of new life niches, and
stabilization of the development cycle.

The registration of surface dwelling invertebrates, carried out using soil traps with grooves, did not re-
veal new dominant groups. Hymenoptera (ants, 60+£1.7 specimens per trap/day) and coleopterans (ground
beetles 21+0.6 specimens per trap/day) still remain with them. The codominants are spiders, homoptera and
dipterans. Small groups are half-winged centipedes, orthoptera, and lepidoptera. Among the microfauna ob-
jects, tail tails are taken into account. Ants also dominate in traps without grooves, but their number increas-
es to 130+3.8 specimens per trap/day. Codominant groups also maintained their ratio, but their numbers were
32 % lower than in traps with grooves.

The methods, used to determine the total catch, according to our results, need to be adjusted in accord-
ance with weather conditions. Herpetobionts are sensitive to disturbance of the structure of the soil cover by
traps with grooves. But with sharp changes in temperature and humidity, the grooves serve as a shelter and
help to increase catch ability.

For example, ten-day observations during the month showed that the total catch (U) in traps without
grooves fell during the observation period: I decade — 217+6.8 ex. per trap / day; II decade — 195£5.7 ex.
per trap / day; III decade — 196 plus minus 5.6 ind. per trap / day. In traps with grooves, the catch ability
increased: 1 decade — 1514+4.4 ex. per trap / day; II decade — 169+5 ex. per trap / day; III decade —
173+5.1 ex. per trap / day (Fig. 2). Changes in catch ability occurred against the background of lower tem-
peratures and an increase in rainfall. It follows from the foregoing that when determining the dynamics of the
number of herpetobionts, it is better to use generalized data.

500 — 195
]
/

f— 196

173

g
169

151

Averade size (in ind./10 hp)
o
o

100 ' ' Decade

I i : I
| = In the grooves ——Without grooves ‘

Figure 2. The ten-day average abundance of herpetobionts in traps located in and without grooves

Initial route studies of invertebrates, the inhabitants of lawns, revealed that phytophages prevail in the
trophic structure of communities. In the future, the use of Barber traps showed the presence of a larger pro-
portion of predatory forms (47.4 %), and phytophages was significantly less (22.9 %). The proportion of
saprophages amounted to 18.8 %, and saprophytophages — 10.9 % of the total number of invertebrates.

Accounting for soil and soil animals using the soil excavation method revealed an even larger propor-
tion of predatory invertebrates (61.5 %). Not taking into account the number of collembolans, pronounced
monodomination of ants was noted with the general equalized number of other families.

Phytophages combining adult and larval forms of beetles and other insects (18.5 %), as well as earth-
worms as saprophages (15.6 %), showed similar ratios of trophic groups of invertebrate lawns. The increase
in the specific gravity of phytophages and predators is considered as a zonal feature of the dry steppes. Soil
inhabitants such as phytophages, saprophages and sapro-phytophages take a large part in the disposal of or-
ganics. The phytophage insects of the aboveground tier of the biogeocenosis accelerate the descending
branch of the substance cycle. In the case of the prevalence of phytophagous beetles in the biocenoses and a
decrease in the number of saprophages, it is possible to slow down the processes of humification of plant
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residues. The data obtained allow us to consider the ecological regime of the studied urban lawns relatively
favorable.

The general predominance of predatory forms is very characteristic of urban cenoses. As an example,
the following can be cited: staphylinids (Staphylinidae), spiders (Aranei) and ground beetles (Coleoptera,
Carabidae) constitute the foundation of the soil invertebrate population in all biotopes of the city of Kaluga.
Meadow biotopes are characterized by a large number of cicadas, spiders, bugs, as well as a low number of
drupes, catopids, and diplopods. Garden plots (with woody vegetation) differ from other biotopes, their dif-
ference lies in their high ability to catch ground beetles, spiders, nutcrackers and leaf beetles. Biotopes of
yards do not differ from forest biotopes [14].

Herpetobia in urban areas of Siberia is also based on predatory insects, most often ground beetles
(Coleoptera, Carabidae). At the same time, ground beetles remain one of the little-studied groups of urban
fauna.

Coleopterans are the dominant group of insects in the herpetobia of cenoses in Kharkov, which in some
cases is consistent with our results. According to the data of soil traps, they amounted to 81.5-92.6 %, and
about 60 % of the total recorded entomofauna at trial sites [15].

High mosaic conditions in the city contribute to the formation of a relatively diverse and rich fauna.
Green areas of the city, which are surrounded on all sides by industrial and residential quarters, are consid-
ered as island habitats and correspond in many environmental parameters [16].

We compiled a chart of the average catch ability of Barber traps in and outside the city in order to ana-
lyze and compare our data with the results of other studies (Fig. 3).

According to Figure 3, (Coleoptera) in particular the families Carabidae, Staphylinidae, are most often
found in the «forest» biotopes of cities. In the meadows, representatives of the orders are common: Isopoda,
Heteroptera, Coleoptera (family Tenebrionidae, Staphylinidae), Auchenorrhyncha. In the yards of city
blocks, the following units are taken into account: Dermaptera, Auchenorrhyncha, Coleoptera (family
Staphylinidae). Coleoptera (family Carabidae) is more common in the gardens. In the central part of the
city, detachments are noted: Isopoda, Coleoptera (family Staphylinidae). In courtyards and the central part of
the city, in contrast to forest and meadow biotopes, fewer herpetobiont invertebrates live. n large urban
parks, or in areas that are not subject to any mechanical influences, the population density of invertebrate
herpetobionts in the litter and soil is close to the density in suburban forests. These are the most general pat-
terns of the distribution of invertebrates within the various biocenoses of cities.
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Figure 3. The average number of catching barber traps in the conditions
of the city and outside it (according to the analysis of literature)

The frequency of mowing the grass stand has a negative effect on the herpetobiont community in cities,
and the increasing humidity, height of the grass stand, and the duration of the biotope have a positive effect
[17, 18]. Humidity and duration of existence are the main factors that must be taken into account when ana-
lyzing the biodiversity of urban cenoses.

Conclusion

Thus, the study showed that the invertebrates of the lawns of the city of Karaganda (area of the South-
East) are represented by two types: Annelida and Arthropoda, four classes: Oligochaeta, Archnida,
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Myriapoda, Insect and ten orders. Insects predominate, which is a zonal sign. Among them there are danger-
ous pests: larvae of nutcracker beetles, black beetles, and lamellar beetles. Soil worms include earthworms:
Lumbricus rubellus, Eisenia nordenskioldi, Appropriateode caliginosa f. typica. Analysis of the total number
of individuals in the lawn communities showed that the ants of the genera Formica, Myrmica, and
Camponotus dominate. In second place in terms of number are hard-winged. Among beetles, ground beetles
predominate (266 ex./m?2), accompanied by staphylins (102 ex./m?2), as characteristic inhabitants of the city.
Lamellar beetles, grinders, narrow-winged wings, nares, leaf beetles are also found, but their number was
0.5 % of the total number of collected insects. The trophic structure of the inhabitants of lawns is formed by
saprophages, phytophages, sapro-phytophages and predators. In herpetobia and among the mesofauna of the
soil, the proportion of predators was higher. The high number of predatory forms, the diversity of orders and
families indicates a favorable ecological regime of the studied cenoses, as a result of their long existence as a
landscape gardening lawn. For a detailed description of the species composition and distribution of inverte-
brates, further studies will be conducted.
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B.C. AbykenoBa, 3.A. boOopoBckas

Kaparanasl KajacbIHbIH cas0aK Kerajaapbl eHO31apbIHAAFbl OMBIPTKACHI3
skanyapJap (OHTYCTiK-IIBIFBIC aliMAK)

Aymakrapasl ypOaHU3anusiay TaOUFH XKyHenepaeH endyip epeKIIeNICHeTiH dKOXKYHeIepJiH KaJlbIITacybHa
okeneni. OMBIpTKAachI3Aap — TaOMFH JKOHE KalalblK JKOXYHelepre aHTpPONOreHAIK dcep eTeTiH
OMOMHIMKATOPNIApAbIH €H THIMAI JKOHE MepcHeKTHBanbl ToOBl. Aumaiima KazakcTanmarbl KajajblK
JKOXy#enepain ¢dayHachlH 3epTTey OoifblHIIA a3 KyMmbic arkapburran. Makanaga Kaparauast
YHUBEPCUTETIHIH 300JI0THs KadeApachblHbIH MaMaHIapbl OpTYpPJi JKbULAAp/AA JKOHE JajalblK INPaKTHUKA
Ke3eHiHae jxacaraH KaparaHIbl OOJBICEIHBIH OMBIPTKACHI3aphl Typajbl 3epITEY MAIIMETTepi OepiireH.
Keranmapmarsl oMBIpTKachI3apAblH KaybIMIACTHIFBIH TaJfaraHNa, XKOHAIKTEPJiH, aTanm aWTKaHAa >Kaprak
KaHatTeIap Formica, Myrmic, Camponotus TYKbIMIAapbIHBIH OacblM ekeHiH KkepcerTi. CaHBI >KarbIHaH
eKIHII OpBIHJAa — KAaTThI KAHATTHUIAP, OJAP/BIH IMIiH/Ae KaJaHBIH TOH TYPFBIHAAPHI PETiH/E XKep KOHBI3Aaphl
MeH crapumHaep 6ackiM. XKonaikrepaiH 6acsiM 60irybl — aiiMakThIK Oenri. OmapaslH apachiHAa KayinTi 31-
saukectep Oap: IllenkyH KOHBI3IApBIHBIH OanaHKYpTTaphl, Kapa KOHBI3ZAp, JaMenb KOHbI3Aapbl. Tombipak
KYPTTapbIHBIH KypaMblHa MbIHA TOMNBIPaK KYPTTapwl kataubl: Lumbricus rubellus, Eisenia nordenskioldi,
Apporrectodea caliginosa f. typica. JXpIpTKpILITAp KOranaap TYPFBIHAAPBIHBIH TPOQHUKAIBIK KYPBUIBIMBIHIA
OacelM, Oyl KalalblK LEHO3AapFa eTe ToH. JKBIPTKBIIITAp CaHBIHBIH Kol OOoiybl, XacakTap MeH
TYKBIMAACTapABIH SPTYPIILUIITI ONapAbIH Y3aK eMip CYpyiHe 3epTTeNreH KoTajbl IIeHO3AapAbIH KOJIOTUSUIBIK
pexUM/Ie KOJIAHIIbl eKEHIH KOPCETTi.

Kinm co30ep: Kama ayMmarbl, Kerajjap MeH cas0aK Keraigapbl, OMBIPTKAChI3Aap, >KoHAIKTep, bapbep
TY3aKTapbl, YyCTamaiap, TOMBIPAK YITinepi, TPOQUKAIBIK KYPBUIBIM.

B.C. Abykenosa, 3.A. bobpoBckas

Becno3BoHoOYHbBIE :KUBOTHBIE CA/I0BO-NIAPKOBbIX ra30HHBIX
neHo3o0B ropojaa Kaparanasl (paiion FOro-BocrToka)

VYpbanuzarnus TeppuTOpUil IPUBOIUT K (OPMHUPOBAHUIO IKOCHCTEM, 3HAYUTEIHHO OTIMYAIOLINXCS OT ecTe-
CTBEHHBIX. becro3BoHOUHBIE SBISAIOTCS Hanbosee d(PEeKTHBHON M MEepCHEKTHBHON TPyIIOil OMOMHIUKATO-
POB aHTPOIIOT€HHOTO BIMSHUS HAa €CTECTBEHHBIE M YpOaHM3UPOBaHHEIE SKOCHCTeMBL. OnHaKo paboT o u3y-
YEHHUIO COCTOSTHMS (DayHBI TOPOACKHUX dKocucTeM KasaxcraHa mpoBeseHO OodeHb Majo. B craTbe mpuBeneHs!
JaHHbIe UccieoBaHni Oecro3BoHOYHBIX KaparanauHckoii obnactu creruanuctamu kadeapst 3oonorun Ka-
paraHIMHCKOTO YHHUBEPCHUTETA, IIPOBEACHHBIX B Pa3HbIC TOIBI U B NEPUOABI MOJICBBIX MPAKTHK. AHamU3 Oec-
HO3BOHOYHBIX I'A30HHBIX COOOLIECTB MOKa3aJl JOMUHUPOBAHUE HACCKOMBIX, B YUACTHOCTH, NEPEIIOHYATOKPBI-
abIX ponos Formica, Myrmica, Camponotus. Ha BTOpoM MecTe 10 YHCICHHOCTH — JKECTKOKPBUIBIE, CPeIH
KOTOPBIX NPeo0IIaatoT KyXKeNULbl U cTaUIMHbI, KaK XapaKTepHble oOurtarenan ropoja. [Ipeobnananue Ha-
CEKOMBIX SIBISICTCSl 30HANBHBIM Npu3HakoM. Cpean HUX €CTh ONAacHbIE BPEAUTENH: JIHYMHKH IKYKOB-
IIENKYHOB, YEPHOTEJNOK, IUIACTHHYATOYChle XKyKH. K mouBooOpa3zoBaTensiM OTHOCATCS IOXIEBBIE UYEPBU:
Lumbricus rubellus, Eisenia nordenskioldi, Apporrectodea caliginosa f. typica. B Tpopudaeckoit cTpykrype
oburareneil Ta30HOB NOMUHHPYIOT XHIIHUKH, YTO OYEHb XapaKTEpPHO UIS TOPOJCKHX IEHO30B. Bricokas
YHCICHHOCTh XUIIHBIX (OPM, pa3HOOOpa3ue OTPSALOB U CEMEHCTB CBHIETENBCTBYIOT O GJIArONPHUATHOM KO-
JIOTHYECKOM PEXUME UCCIICOBAHHBIX Fa30HHBIX [IEHO30B KaK Pe3y/IbTaTe UX JUIMTEIBHOTO CYIIECTBOBAHHUS.

Knioueswie cnoga: ypbaHu3npoBaHHasi TEPPUTOPHUS, CaJOBO-NAPKOBBII Ta30H, OECMIO3BOHOUHBIE, HACEKOMBIE,
noByuiku bap0epa, yJI0BHCTOCTb, HOUBEHHBIE IPOOBI, TPOGUUECKast CTPYKTYpa.

References

1 Baranov, A.V. (1990). Urbanizatsiia i sotsialnye limity zhizni cheloveka [Social Limits of Human Life]. Urboekolohiia —
Urboecology. Moscow: Nauka [in Russian].

2 Stadnitskii, G.V. (1978). Rastitelnoiadnye nazemnye nasekomye i zahriaznenie sredy [Herbivorous land insects and envi-
ronmental pollution]. Biolohicheskie metody otsenki prirodnoi sredy — Biological methods for assessing the natural environment.
Moscow: Nauka [in Russian].

3 Pokarzhevskii, A.D., Gongalskii, K.B., Zaicev, F.A. & Savin, A.S (2007). Prostranstvennaia ekolohiia pochvennykh
zhivotnykh [Spatial ecology of soil animals]. Moscow: KMK [in Russian].

4 Mordkovich, V.G. (1978). Nekotorye printsipy zoodiahnosticheskikh pochv [Principles of Zoodiagnostics of Soils].
Ekolohiia — Ecology, 4, 5-14 [in Russian].

5 Klimat Karahandinskoi oblasti [Climate of the Karaganda region]. kazportalkz. Retrieved from
https://www .kazportal .kz/klimat-karagandinskoy-oblasti [in Russian].

12 BecTHuk KaparaHgmHckoro yHusepcurteTa



Invertebrate animals of landscape gardening lawn cenoses ...

6 Nurgaliev, R.N. (Eds.). (1986). Entsiklopediia [Encyclopedia]. Alma-Ata [in Russian].

7 Bakeev, R.T. & Atikeeva, S.N. (2015). Izuchenie endemichnykh vidov rastenii na territorii Karkaralinskoho raiona
Karahandinskoi oblasti [Study of endemic species at the territory of Karkaraly district of Karaganda region]. Vestnik
Karahandinskoho universiteta. Seriia Biolohiia. Meditsina. Heohrafiia — Bulletin of the Karaganda University. Series Biology.
Medicine. Geography, 1, 7984 [in Russian].

8 Kushev, G.L. (1963). Karahandinskii uholnyi bassein [The Karaganda Coal Basin]. Alma-Ata [in Russian].

9 Bogach, Y. & Ruzhichka, V. (1988). Analiz ekolohicheskikh hrupp vidov soobshchestv napochvennykh bespozvonochnykh
kak pokazatel kachestva okruzhaiushchei sredy [Analysis of ecological groups of species of soil invertebrate communities as an indi-
cator of environmental quality]. Ekolohiia — Ecology, 6, 59-61 [in Russian].

10 Tsentralnyi park kultury i otdykha horoda Karahandy [Central Park of Culture and Leisure of the City of Karaganda].
votpusk.ru. Retrieved from: https://www.votpusk.ru/country/dostoprim_info.asp? ID=23493 [in Russian].

11 Byzova, Yu.B., Giliarov, M.S., Dunger, V., Zakharov, A.A., Kozlovskayia, L.S. & Korganova, G.A. (1987).
Kollichestvennye metody v pochvennoi zoolohii [Quantitative methods in soil zoology]. Moscow: Nauka [in Russian].

12 Tsurikov, M.N., & Tsurikova, S.N. (2001). Prirodosberehaiushchie metody issledovaniia bespozvonochnykh zhivotnykh v
zapovednikakh Rossii [Environmental conservation methods of invertebrate animals' research in Russian reserves]. Trudy
Assotsiatsii osobo okhraniaemykh prirodnykh territorii Tsentralnoho Chernozemia Rossii — Works of the Association of Specially
Protected Natural Areas of the Central Black Earth Region of Russia, 4, 130 [in Russian].

13 Abukenova, V.S., & Nursultan, G.E. (2012). Mezofauna uchastkov sosnovykh lesoposadok okrestnostei horoda Karahandy
[Pine plantations mesofauna of the region Karaganda town]. Vestnik Karahandinskoho universiteta. Seriia Biolohiia. Meditsina.
Heohrafiia — Bulletin of the Karaganda State University. Series Biology. Medicine. Geography, 4, 814 [in Russian].

14 Aleksanov, V.V. (2013). Differentsiatsiia kompleksov napochvennykh bespozvonochnykh na urbanizirovannoi territorii
(na primere horoda Kaluha) [Differentiation of group invertebrate communities in urban environment (Kaluga, Russia)]. YuFU
«Zhivye i biokosnye sistemy» — SFU «Living and biocos systemsy, 5. Retrieved from: http://www.jbks.ru/archive/issue-5/article-10
[in Russian].

15 Komaromi, N.A., Nikolenko, N.Yu., & Puchkov, A.V. (2018). Faunisticheskii sostav zhestkokrylykh (Insecta: Coleoptera)
herpetobiia urbotsenozov horoda Kharkov (Ukraina) [The faunistic structure of beetles (Insecta: Coleoptera) in herpetobios of
urbocenosis of Kharkov city (Ukraine)]. Ukrainskii entomolohicheskii zhurnal — Ukrainian Entomological Journal, 2(15), 3-21
[in Russian].

16 Babenko, A.S., & Eremeeva, N.I. (2007). Osobennosti naseleniia zhuzhelits urbanizirovannykh territorii v usloviiakh
sibirskikh horodov [Features of the population of ground beetles urbanized territories under the Siberian cities]. Vestnik Tomskoho
hosudarstvennoho universiteta. Seriia Biolohiia — Bulletin of Tomsk State University. Biology, 1, 5-17 [in Russian].

17 Savosin, N.I. (2010). Ekoloho-faunisticheskaia kharakteristika herpetobiontnoho naseleniia chlenistonohikh krupnoho
promyshlennoho tsentra (horod Kemerovo) [Ecological and Faunistic Characteristics of the Herpetobiont Population of Arthropods
of a Large Industrial Center (Kemerovo City)]. Extended abstract of Doctor’s thesis. Retrieved from: http://docplayer.ru/31211437-
Savosin-nikolay-ivanovich-ekologiya.html [in Russian].

18 Savosin, N.I., Eremeeva, N.I. & Korovin, N.A. (2005). Naselenie zhuzhelits horodskikh hazonov [Ground beetle population
of urban lawns]. Ecolohy fundamental and applied. The problems of urbanization: Mezhdunarodnaia nauchno-prakticheskaia
konferentsiia — International Scientific and Practical Conference. (p. 123—125). Yekaterinburg: Izdatelstvo Uralskoho universiteta
[in Russian].

Cepus «Bronorusi. MegmuuHa. Meorpadus». Ne 3(99)/2020 13



DOI 10.31489/2020BMG3/14-20

UDC 574.21

V.S. Abukenova, A.G. Kaptyonkina*

Karagandy University of the name of academician E.A. Buketov, Kazakhstan
(*E-mail: alyonakaptyonkina@gmail.com)

Lepidopteran fauna of the city of Karaganda

In the article the results of investigation of the species composition of Lepidoptera in city of Karaganda are
presented. Studies were conducted in urban parks, squares, courtyards and areas around Karaganda city. Rep-
resentatives of 11 families, 35 species were identified. The bio indication value of Lepidoptera in monitoring
researches is due to their significant role and large biomass in the natural communities, rapid change of the
generation, high fecundity and sensitivity to a big number of anthropogenic impact. According to preliminary
data, the butterflies of the families Nimphalidae, Satyridae were the most numerous. Background species are
Nymphalis urtical L., Melitaea didyma, Hyponephele lycaon Rott. Small and decorating nature species have
been identified. In result was made the booklets, which called «Rare and endangered butterflies of the Central
Kazakhstan» for the Museum of Nature of E.A. Buketov Karaganda State University. These species must be
monitored in the Karaganda city. Refined data on species are pests. Some species are recommended for col-
lecting and training in summer subject schools or at Universities in entomology classes. Further, it is planned
to study the distribution of Lepidoptera in the city.

Keywords: fauna of the city, Nymphalidae, Satyridae, urban ecosystem, species adorning nature, insects, Lep-
idoptera, butterflies.

Introduction

The study of urban fauna is important for the complex assessment of biological diversity, assessment of
the current state of faunal complexes and the identification of trends in their future development and variabil-
ity. The importance of such research is growing in connection with the realization of regional and national
sustainable developing programs, as well as global strategies, programs and plans for the conservation and
sustainable use of biodiversity.

One of the most important aspects is to study of modern ecological status, especially to the influence of
the anthropogenic factor on natural communities [1]. To determine the characteristics of the distribution of
fauna in urban ecosystems in different countries, animals of various taxonomic rank are studied.

Lepidoptera are an important part of many terrestrial ecosystems, including urban communities. Repre-
sentatives of this systematic group have great practical importance for plants, as pollinators. Some species
may also be a pest of forestry and agriculture [2]. It is obvious that day butterflies (Lepidoptera) are one of
the most noticeable representatives of insects in various natural zones, while many regions of Kazakhstan are
not sufficiently studied from an ecological and entomological point of view. The Lepidoptera of Kazakhstan
is most studied due to the work of employees of the Institute of Zoology (Almaty city) and Russian special-
ists [3, 4], but problems remain in identifying the local distribution of species.

It is known that day-flying butterflies — Lepidoptera are a popular object for monitoring the ecological
state of the wild. The bio indication value of Lepidoptera in monitoring studies is due to their significant role
and large biomass in the natural communities, rapid change of the generation, high fecundity and sensitivity
to a big number of anthropogenic impact, and visual visibility [5]. Data on the species composition of
Lepidopteran Karaganda have not been published previously. The purpose of this work was to study the spe-
cies composition and biotopic distribution of Lepidoptera in the city.

Materials and methods

The object of study were day-flying insects — Lepidoptera. We used materials from field practices of
Karaganda state university's students and our own collections of the authors, conducted in the summer of
2019 in the natural environment and in the urban areas of Karaganda. To determine the species, the key ana-
tomical and morphological characters of the group were studied [6, 7]. Identification was carried out using
reference keys [8, 9] and relevant manuals [10]. The dates of collection of adults, as well as the occurrence
of other stages of development of Lepidoptera were recorded. Butterflies were taken into account on 1x1 km
routes. An approximate transect method was used, modified for monitoring purposes [11]. The total number
of routes is 19, the number of registered butterflies is 625.
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Lepidopteran fauna of the city of Karaganda

The study of Lepidoptera was carried out in three sections of the city. Section 1 — the Central Park of
the city in Karaganda. Section 2 — the Victory Park (located in the southeast of the city). Section 3 — KSU
District (territory adjacent to the Karaganda State University).

Results and discussion

Observations and gatherings during the growing season made it possible to register the following Lepi-
doptera families: Arctiidae, Hesperiidae, Pieridae, Lycaenidae, Nimphalidae, Sphingidae, Notodontida,
Zygaenidae, Lymantriidae [12].

The summation of data on routes was carried out using phonological tables [13]. Table 1 presents the
option of processing data on families and their representatives, the place of their collection, and the registra-
tion period.

Table 1
Registration of observations of Lepidoptera in the city
The num-
Ne Representatives Observation area | Date and time Weather ber of
meetings
1 2 3 4 5 6
1 Family Skipper butterfly Karaganda Fair
g?;;zpzle}ggjz lineola O. Adopaea KtsoU d;csit{alccetnﬁi?- 4.06.2017 windless 7
y - Adop Ty ad 11:00-15:00 weather
the Karaganda {=24°C
State University)
2 | Family Pieridae .
a) Cgbbage butterfly (Pieris brassicae L.) Karaganda, F atr,
b) Pieris rapae (Pieris rapae L.) KSU district 4.06.2017 windless 1
¢) Pontia daplidice L. (Sinchloe)) 11:00-15:00 weather 3
t=24°C 2
3 | Family Lycaenidae Fair,
a) PolyommatusicarusRott. (Lycaena) Karaganda 4.06.2017 windless )
b) HeodesdisparrutilusWern. (Cupido) KSU district 11:00-15:00 weather |
t=24°C
4 | Family Nymphalidae Fair,
a) Nymphalis io L. (Vanessa) Karaganda, 4.06.2017 windless
KSU district 11:00-15:00 weather 1
t=24°C
5 | Family Satyridae Clear,
a) Lasiommata maera L. (Pararge) Karaganda 5062017 ge‘tr)lrgzzz é:ty
b) Coenonympha amyntas Poda (iphis) KSU district 16:00-18:00 (after rain)
t=23°C
6 | Family Hesperiidae Clear,
a) Thymelicus lineola O. (Adopaea) Karaganda, 5062017 ell)lrg:zeli:t .
KSU district 16:00-18:00 | BETHS BUSY
(after rain)
t=23°C
7 | Family Pieridae Clear,
a) Pieris rapae L. breeze is
. o . Karaganda, 5.06.2017
b) Pontia daplidice L. (Sinchloe) KSU district 16-00-18:00 gentle, ggsty 1
(after rain) 3
t=23°C
8 | Family Lycaenidae Clear,
a) L)./caena phlaeas L. (Chrysophanus, Karaganda, 11.06.2017 breeze is
Cupido) KSU district 9:00-10:00, | gentle, gusty 2
b) Polyommatus icarus Rott.(Lycaena) 13:00-14:00 (after rain) 5
t=23°C
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Continuation of Table 1

1 2 3 4 5 6
9 | Family Pieridae Fair, 24
a) Pieris brassicae L. Karaganda, 05.07-07.07 windless 17
b) Pieris rapae L. the Central Park 2017 weather 30
¢) Pontia daplidice L. (Sinchloe) t=26°C 5
10 | Family Lycaenidae Fair,
a) Polyommatus icarus Rott. (Lycaena) Karaganda, 09.07. - windless 30
b) Heodes dispar rutilus Wern. (Cupido) the Central Park 11.07.2018 weather
t=25°C 10
11 | Family Nymphalidae 4.05.18 Fair
a) Nymphalis io L. (Vanessa) win dle’ss 5
b) Red admiral butterfly (Vanessa Karaganda city 3.07.18 12
: weather
atalanta L (Pyrameis) 25.06.18 t=22_250C 3
¢) Nymphalis urtical L. (Vanessa) 11.06.18 7
12 | Family Nymphalis antiopa L. (Vanessa)) Fair, 7
E)Sﬁjlygoma vau-album Schiff. (L-album Karaganda city 200418 \\A;]l:ilheesrs .
b) Voloria euphrosyne L. (Brenthis) t=15°C 2
13 | Family Satyridae
b) Melanargia galathea L. 20.07.19 Fair, 15
c¢)Hermit (Chazara briseis) Karaganda cit 20.07.19 windless 10
d) Hyponephele jurtina L. (janira L.) y 20.07.19 weather 6
e) Hyponephele lycaon Rott. 20.07.19 t=25°C
f) Lasiommata maera L. (Pararge) 20.07.19 7
14 | Family Arctiidae Karaganda cit 28.05.19 8
a) Arctia caja L. g Y 15.07.19 5
15 | Family Sphingidae
a) Hyles euphorbiae . 29.07.19 1
b) Deilephila porcellus Karaganda city 22.07.19 1
¢) Macroglos sumstellatarum 15.10.19

The observations showed that the abundance of species of the family Pieridae accounts for 31.3 % of

the total number of Lepidoptera we collected. Species of the Nimphalidae family are also numerous (29.8 %
of all recorded). The Lycaenidae tamily and the Satyridae family include 15.9 % and 15.6 % of urban day-

flying butterflies. The species of the families Arctiidae,

Sphingidae, Hesperiidae, Papilionidae,

Notodontidae, Lymantriidae, Zygaenidae, respectively, their share is 3.9 %; 1.4 %; 1.4 %; 0.3 %; 0.2 %; 0.1
Lepidoptera urban coenosis. For Lymantriinae and Zygaenidae, the data need to be clarified. The diagram
(Fig. 1) is compiled according to the percentage of the abundance of species of the family of Lepidoptera in
the examined areas of the city.
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Lepidopteran fauna of the city of Karaganda

The Pieridae family includes large or medium sized butterflies, white, yellow or orange, with normally
developed legs. In the steppe cenoses of the region, the genera Aporia Hb., Pieris Schrank, Anthocharis L.,
Colias F., Leptidia Billb. The main representatives of this family are Aporia crataegi L.; Pieris brassicae L.;
Pieris napi L.; Pieris rapae L.; Colia serate Esp. There usually meet around 70-76 individuals per one tran-
sect.

Caterpillars of Aporia crataegimainly damage fruit trees: apple, pear, plum, apricot, as well as haw-
thorn and some other hardwoods. In the research area, it is usual, even dominates among the occurring
whites. The species Colias hiale L. is distinguished by pronounced sexual dimorphism: the male is lemon
yellow, the female is yellowish white. Fore wings with black, hind wings with orange spot in the middle;
black border of the front wings with bright spots. It is a widespread and common butterfly.

Butterflies of the Nymphalidae family are also characterized by frequent occurrence on route transects
(43-48 specimens), which can be associated with a variety of food preferences of the species. Nymphalids
feed on nectar of flowers, sugary juice of damaged trees or fruits, and sometimes even liquid manure and
other strongly smelling substances. The most noticeable are hives, drafts, parsley and mother of pearl. In
parks and lawns of the city, common urticaria Aglais urticae (Linnaeus, 1758) is a large or medium sized
butterfly. Caterpillars live on nettles: blackish, more or less covered with yellow-green stripes. In all areas of
observation, urticaria fly singly and in pairs [14].

Neptis rivularis Sc. (Lucilla Den. Et. Schiff) is recorded in May-July. Caterpillars live on meadowsweet,
honeysuckle and anemone.

Vanessa cardui L. (Pyrameis) has front wings red, their apical half black with white spots; hind wings
somewhat darker with black spots. In May 2019, mass reproduction of the species was noted, especially on
flowering shrubs, whereas in other years the butterfly was rare. During the phased flowering of lilac bushes
there was a flight of flocks of butterflies from the city to the suburbs [15].

Nymphalis io L. (Vanessa) is a beautiful large butterfly. Caterpillars are black, with frequent white dots
and black spikes; they live on nettles, hops, blackberries, raspberries. The butterfly itself prefers to eat on the
Cirsium flowers. In the city, mainly single individuals were observed; the abundance was low everywhere.

Admiral butterfly (Vanessa atalanta L. (Pyrameis) is a large bright butterfly. After wintering, it can fly
out in April during the warm spring. It met usual in July in the city center [16].

The most common and widespread species of the Lycaenidae family is Polyommatus icarus Rott.
(Lycaena). The male is blue above (somewhat lilac), and the female is dark brown, with a blue coating at the
wing root and red marginal holes. The view is common for highways, vacant lots, gardens, parks, urban are-
as. Caterpillar feed plants: Astragalus sp., Coronilla varia, Fragaria vesca, Fragaria sp., Medicago sp.,
Melilotus sp., Onobrychis sp., Trifolium pratense.

From the second decade of July to the end of August it was noticed in the study area. Butterflies eat on
different flowers, prefer Scabiosa ochroleuca, and often sit on the ground. Caterpillars feed plant — cereals
from genus Festuca, Stipa, Poa, Sesleria.

Maniola jurtina (Linnaeus, 1758) is widespread. The species is common for the cultural landscape in
areas with ruderal vegetation, in pastures. Summer from late June to early August. Forage plants of caterpil-
lars are cereals from genus Roa, Bromus, Festuca, Brachipodium, Milium, Lolium, Alopecurus,
Anthoxanthum, and etc.

In the city, closer to the country house, it is possible to observe the large-eyed small-Hyponephele
lycaon (Rottemburg, 1775). Caterpillars live on bluegrass and other cereals. The number of marigolds on the
transect is 30—36 individuals.

Papilio machaon L. is a butterfly of the family Papilionidae, is protected in many European countries.
The species was registered by the authors within the city, but gravitates to suburban areas and gardens. Cat-
erpillars of butterflies are found on flowering umbrellas — dill, carrots.

Hesperia comma (Linnaeus, 1758) is a species of the Hesperiidae family. Butterflies fly from mid-July
to mid-August. Adult nutrition is noted on the flowers of Trifolium, Prunella, Solidago dahurica. Caterpillar
fodder plants are Coronilla varia, Elytrigia sp., Festuca sp., Holcus sp., Lotus sp, Poa sp. The species disap-
pears with continuous mowing, overgrazing, and strong trampling of meadows. It is included in the Red
Books of a number of European countries (2—4 category) [17]. The study area was a common species with
moderate occurrence in dry areas along the outskirts of the city.

Arctia caja L. from the Arctiidae family lives in gardens, urban wastelands and other open places. The
feed plant of caterpillars is a variety of undersized plants (like plantain and dandelion). Shaggy caterpillars

Cepusa «brnonorusa. MeguunHa. Neorpadpusa». Ne 3(99)/2020 17



V.S. Abukenova, A.G. Kaptyonkina

with light shaggy warts. Butterflies fly in July and August, often can be caught in the light. The area is ubiq-
uitous. The number of individuals in some years is high with an abundance of plantain and dandelion.

From Sphingidae family, the wide spreads is the Hyles euphorbiae, flies in May and June and is seen in
various garden flowers and in various species of Euphorbia. Rare species in the city on flowering plants is
Macroglossum stellatarum. The species is capable of long-distance migrations; we have it from the begin-
ning of May to the end of October and, possibly, represent two migrating generations. Caterpillars develop
on bedstands and sprockets.

Thus, during the observation period, 625 Lepidopteran specimens belonging to 35 species and 11 fami-
lies were registered in the landscape gardening zone of the city. All identified species are representatives of
the European-Siberian fauna. Background species belong to the families of Pieridae (5 genera, 7 species)
and Satyridae (6 genera, 6 species). According to preliminary data, they need protection: Hesperia comma
and a Papilio machaon (as species listed in the Red Books of European states and neighboring countries).

Conclusion

The study is showed, that allegedly vulnerable native species of Machaon Linnaeus, Parnassius apollo,
Iphiclide spodalirie), Laothoe populi Linnaeus, Smerinthus ocellatus, Zegherée ante zheris, Arctia caja Lin-
naeus compiled information booklets «Rare and endangered butterflies of the Central Kazakhstan» to famil-
iarize schoolchildren, students and other visitors to the Museum of Nature of Karaganda State University.
Dangerous pests at the caterpillar stage include almost all types of Pieridae family: Aporia hippie, Pieris
brassicae, Pieris rapae, Pieris napi.

Almost all butterflies are pollinators of plants, wild-growing and cultivated, provide seed sets for many
species; occupy a certain ecological niche. This is one of the most important values of their stay in urban
ecosystems. Many butterflies are quite beautiful, and the aesthetic perception of the world around people is
important, especially when relaxing in gardens, parks, squares and boulevards.

The following types of city Lepidoptera possess the best aesthetic features: Lycaenidae —
Polyommatus icarus (Lycaena), Nympha lisio (Vanessa), red admiral butterfly (Vanessa atalanta (Pyrameis),
Nympha lisurtical (Vanessa), Melitaea didyma, Argynnis pandora, Neptis rivularis, Nymphalis antiopa
(Vanessa), Polygonia vau-album (L-album Esp.), Melanargia russiae (Suwarovius Hbc.), Melanargia
galathea, Chazara briseis, (Hyponenphele jurtina (janira L.), Hyponephele ly caon), Lasiommata maera
(Pararge), Arctia caja, Deilephila porcellus, Macroglossum stellatarum, Hyles euphorbiae, white harpy
Cerura ermine [18].

One of the results of many years of work by specialists of the Department of Zoology in KSU is to
study the species diversity of butterflies in Karaganda was the site butterflies.kz — Butterflies [17], which
contains partial materials about the lepidopteran region. Further work is required for a comparative study of
the biotopic distribution of Lepidoptera and changes in the fauna during urban processes.
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B.C. Abykenona, A.I'. Kanténkuna

Kaparanabl KaJacbIHbIH JienuaonTep (payHacol

Makasazna Kaparau/bl KaJachbIHBIH JICIIUIONTEP TYPIiHIH KYpaMbIH 3epTTEY HOTHKEINIEP] KENTipiireH. 3eprrey
KaJlanblK casbakTap, anaHmap, ayianap koHe KaparaHIpl KalachlHBIH iprejec ayMakTapblHIa XYpri3iireH.
11 TYKBIMIACTBIK OKinnepi, 35 Typ aHbIKTanasl. Jlenuaonrep KOpIaraH OPTaHbIH AKOJOTHSIIBIK >KaFIaiblH
OakpUTayJbIH TaHbIMal oOOBeKTici ekeHi Oenrimi. MOHHTOPUHITIK 3epTTeyiepleri JIeNHIONTepAiH
OMOMH/MKALMSIIBIK MOHI ONap/blH TaOWFM KaybIMAACThIKTapJarbl MaHbI3Zbl Pesli MEH YJKeH Ouomaccara,
YPIAKTapbIHBIH TE3 ©3repyiHe, JKOFapbl YPBIKTHUIBIFBIHA, aHTPOIOICHIIK dCepiH OipkaTap TypJjepiHe,
Ce3IMTaJIbIKKA JKOHE KOpHEeKiNikke OaitmanbicTbl. KaparaHIbl JIEMUAONTEPIHIH TYPIIiK KypaMmbl Typajbl
MoriMeTTep OYphIH JKapHsUlaHFaH JKOK. AJNIbIH-ana Manimerrep OoiibiHma Nymphalidae xxone Satyridae
TYKbIMACTapBIHBIH Kebeieri eH kor 6oasl. onnsik Typaepi — Nymphalis uritative L. (Banecca), Melitaea
didyma Esp., Hyponephele lycaon Rott. Canbl a3 jxoHe TaOHFaTTBHl OCEMJCYHIl TYpJepi aHBIKTaJFaH.
Axanemuk E.A. bexeroB areiamarsl Kaparannsl yHuBepcuteTiniH TaburaT Mypakaifbl Kaja ayMarbIHJIaFbI
CaHblH MOHHUTOPHUHITIK Oakputay yuriH keOenmekriH Typrepi Typansl (Opranbik KasakcTaHHBIH CHpek
KE3/IECETIH JKOHE JKOMBUIBII Oapa jkaTkaH KeOeleKTepi) akmapaTThlK OYKIET KYpacThIpbl. 3USHKEC Typliepi
OoiipiHIIAa MamiMeTTep HakThUIanFaH. KeiOip TyprepiH jka3Fbl IOHIIK MEKTEeNTepae SHTOMOJIOTHS
cabaKTapblHIa >KHHAYFa JKOHE OKyFa YCHIHBUIFAH. boJalnaxkra JICMHIONTEPIiH Kajla ayMmarbl OOMbIHIIA
TapayblH 3epTTey )OCIapanyaa.

Kinm cesdep.: xama daynacbel, KyHmi3ri semmpontep, Nymphalidae, Satyridae, TaburaTTsl Oe3eHIIpeTiH
TYpJIepi, KaJlabIK YK0XYiHe, kebenekrep, Lepidoptera.

B.C. AGykenoBa, A.I'. Kanténkuna

@®ayHa yemyekpbLIbIX ropoaa Kaparanabi

B crartbe mpencraBieHbl pe3yabTaThl UCCIEAO0BAHNS BHIOBOTO COCTaBa YeIIyeKphUIbIX ropoaa Kaparanaer
HccnenoBanust IpOBOAMINCE HA TEPPUTOPUU TOPOJICKHUX MAPKOB, B CKBEPAX, ABOPAX U MPHIIETAIOIUX TEPpHU-
topusix r. Kaparanael. Onpenenensl npeactasutenu 11 cemeiict, 35 Bunos. M3BecTHo, uTo OynaBoycele
YeHIyeKPbUIbIE SIBIISIIOTCS TMOIMYISAPHBIM OOBEKTOM IJISI MOHUTOPHHIA 3KONOTHYECKOTO COCTOSIHHUS CPEBL
BronnaukanuonHoe 3HaYCHUE YEIIyeKPhIIbIX B MOHHTOPHUHIOBBIX HCCIIEJOBAHUSIX OOYCIIOBICHO MX 3HAYH-
TEIBHON POJIBIO U OOJBIION GroMaccoil B MPUPOIHBIX COOOIIECTBAX, OBICTPO CMEHON IIOKOJIEHUH, BEICOKOH
TUIOJJOBUTOCTBIO, YyBCTBUTEIBHOCTBIO K PSIy BHIIOB QHTPOIIOTEHHOTO BO3AEIHCTBHS, BH3YaJIbHON 3aMETHO-
cTbI0. JlaHHBIC O BHJIOBOM COCTaBE YelIyeKpbUIbIX Kaparanmas! panee He ObutH omyOimkoBaHsl. [1o mpensa-
PHUTEIBHBIM JaHHBIM HanboJee MHOTOYHCICHHBIMU ObUTH 6abouku cemeiictB Humbanunsr (Nimphalidae) n
bapxatuuus! (Satyrinae). ®onosbiMu siBisitorcst Bunpl Kpanusnauua (Nymphalis urtical L. (Vanessa)), 1lla-
meuynuna (Melitaea didyma Esp.), Jluxaon (Hyponephele lycaon Rott.). OnpeneneHsl MaJO4nCICHHbBIE U YK-
pamatome mnpupony Buibl. Jns Myses mpupoasl KaparaHanHCKOTO yHUBEPCHTETa HM. aKaJeMHKa
E.A. bykeroBa cocrasnens! nadopmaruonHsle OykieTsl o Bupax («Penkue m ncuesaromue 6abouxu Ilen-
TpansHOro Kaszaxcrana»), Hy)KIQIOIIMXCsS B MOHHUTOPHHTE YHCICHHOCTH HAa TEPPUTOPHUH ropoja. Yacte BH-
JIOB PEKOMEH/IOBaHa ISl KOJUICKIIMOHUPOBAHKS X OOYUCHHUS B JICTHUX IPEIMETHBIX IIKOJIAX Ha 3aHATHSAX MO
SHTOMOJIOTHH. B manpHelimeM raHupyeTcst U3y4eHHe paclpeesIeHNs YeITyeKPhUIBIX 110 TEPPUTOPUH IFOPO-
Ja.

Kniouesvie cnosa: dayna ropona, JTHEBHbIE Yeuryekpolisle, Nymphalidae, Satyridae, ykpamaromue IpupoLy
BUBI, ypOoskocucrema, 6abouxu, Lepidoptera.
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BoisiB/IeHHE XeMOTAKCOHOMHUYECKUX MapKepoB pacteHuii u3 poaa Centaurea L.

[IpuMeHeHHe XeMOTaKCOHOMUYECKHX METO/I0B M3y4EHUsI PACTCHHUH MO3BOJIACT IIOMOYb MACHTH(GUIMPOBATH
POIOBYIO M BUAOBYIO MPHHAUIEKHOCTh OIM3KOPOJCTBEHHBIX pacTeHHil. XeMOTaKCOHOMUSI OCOOEHHO T0JIe3-
Ha I CUCTEMaTHYECKH MOJOJBIX TPYI TAKCOHOB PACTEHUH, OTAMYAIOIINXCs OOJBIION BaprabelbHOCThIO
MOP(}OJIOTHUECKUX NPU3HAKOB, TPYAHOCTHIO MICHTH(OUKAINY W YTOYHEHHS CHCTEMATHIECKON IPHHAUIEK-
HOCTH. B crarhe mpoBeneH aHanu3 colep kaHus Pa3IMIHBIX TPYI OMOJIOTMUECKN aKTHBHBIX COSAMHEHHH B
pactenusix pona Centaurea L. nist moncka Hanbosiee yIOOHBIX XeMOTaKCOHOMHYECKUX MapKkepoB. B pesyin-
TaTe aHallN3a BapuabeIbHOCTH (HIIAaBOHOMUJIOB, CECKBHUTEPIIEHOBBIX JIAKTOHOB, MOJINCAXAPHUIOB M IPYTUX OHO-
JIOTHYECKN aKTHUBHBIX BEILECTB POJa Bacunex yCTaHOBIEHO, YTO «(JIaBOHOMAHBIE Npoduiin» Hanbosiee BU-
Jocrenu(pUYHbI, @ CECKBUTEPIEHOBbIE JIAKTOHBI MOT'YT CITYXHTb JIONOJIHUTENIbHBIM TAKCOHOMHYECKUM IIPH-
3HAKOM Ha YPOBHE NOJPOJIOB U CEKNUi JanHOTOo poaa. [t popMupoBaHus KapThl pacipeeNieHust OHOIOTH-
YECKH aKTHBHBIX COEIMHEHUI B Ka4eCTBE XeMOTaKCOHOMUYECKHX MapKepoB HEOOXOAUMBI Oojee 1o ipoOHbIe
HCCIICI0BAHUSL.

Knrouegvie crosa: XEMOTAaKCOHOMUS, XEMOTAKCOHOMHNYCCKUE MAapKEPLL, PO Centaurea L., OHOJIOIrMYECKH aK-
TUBHBIC COCAUHCHHUS, Q)HaBOHOI/IIIbI, CECCKBUTCPIICHOBBIC JIAKTOHBI.

Beeoenue

XeMOTaKCOHOMHUS (MJTM XeMOCUCTEMAaTHKa, OMOXMMHYECKasi CUCTEMAaTHKa) — 3TO HANpPaBJICHHE CHCTE-
MaTUKH, KOTOPOE 3aHUMAETCS M3yYCHUEM CBS3M XMMHYECKOTO COCTaBa PACTCHUH C UX CHUCTEMAaTHYCCKUM
NoJjoXkeHueM. BriepBbie TEpMUH «xeMocucTeMaTukay npeanoxun A.JI. Taxtamxsd. Emie B 1oTMHHEEBCKUN
nepuo OBLJIO U3BECTHO, YTO MOP(OIIOTUIECKH CXOIHBIE JICKAPCTBEHHBIC PACTEHUS UMEIOT CXOIHBIC XMMH-
YeCKUe Havalla, Tak Kak 00JIaJaroT aHAIOTMYHBIM AeicTBrEM [1].

Bonpimas gacth COBpEeMEHHBIX HCCIIEOBAHWN M0 XEMOCHCTEMATHKE BBIMIOJHEHA C HCIOJIB30BaHHEM
HU3KOMOJICKYJIIPHBIX COCJIMHEHUIH — allKaJIONJIOB, TEPIICHOWIOB, UPUIONIOB, KYMapyuHOB, (JIABOHOUIOB U
npyrux (EHONMBHBIX COeNMHEHHH. BemecTBa BTOpHYHOrO OOMEHA YpE3BHIYAHHO Pa3HOOOpa3HBI, MyTH UX
OMOCHHTE3a XapaKTEePHU3YIOTCS TIACTHYHOCTHIO, YTO MO3BOJISIET MIMPOKO HMCIIONB30BaTh UX B KaUeCTBE KpHU-
TepHsl POJACTBEHHBIX OTHOIIEHWH. HU3KOMOIeKyIsipHas XeMOCHCTEMaTHKa — MPEUMYIIECTBEHHO 00JacTh
pElIeHNsT KOHKPETHBIX BOIPOCOB CUCTEMATHKH TAKCOHOB HEOOJBIIIOTO PaHTa.

B Kazaxcrtane cemelicTBO Asteraceae Dumort. aBiaseTcss OOHUM U3 HanOoJIee SBOJIOLMOHHO MOJIOIBIX,
COZIEP’KUT MHOKECTBO POJIOB CO CIIOKHBIM OTIPEETICHHEM A0 BUAOBOU mpuHaIexHocTH [2]. Ilo psamy Bu-
JIOB UMEIOTCA BOIPOCHI O CHUCTEMAaTHUYECKOW MPUHAANECKHOCTU [3]. B 3TOM OTHOIIEHHM XEMOTaKCOHOMUS
MOKET MMOMOYb B PEIICHUH TaHHBIX BOIIPOCOB [4—7].

Pon Bacunek (Centaurea L.) — n0BOJIBHO KPYIIHBIH PO, BKIHOYAMONIKH Oonee 550 BUIOB, U3 KOTOPBIX
B Kazaxcrane npouspacraet nopsaka 27 BumoB ¢ 4 suaemukamu [8]. s ObIcTpoit nacHTH(GUKAIIME COMHHU-
TEIHHBIX BHJIOB HEOOXOIUMBI MapKePHI JJIs TOITBEPKIACHHUS CUCTEMATHICCKON TPUHAIIS)KHOCTH.

Lens HacTosIMICH pabOThl — pPaccMOTPETh XUMHUECKUE BeIllecTBa pacTeHuid pona Centaurea L. u on-
pEeAETUTH BEIIECTBA, KOTOPBIE MOTYT OBIThH MTOJIE3HBIE B KAYECTBE MApPKEPOB.

Obwvexmpl U MemoouKa Uccieo08anull

Martepuanom i UCCIeIOBaHUI BRIOpAHBI pacTeHUs pojia Bacuiek, coOpaHHbIi TepOapHbId MaTepHat
u3 pasHbIX peruoHoB Kasaxcrana u crpan mupa (I'epbapubiit poug AO « MHITX «®uroxumusy). Onucanue
BHJIOB BBIBEPsUTH Ha ocHOBe «Diopsl Kazaxcranay [2], «Onpenenutens pacrenuit Cpennaeir Aszun» [9]. Xu-
MUYECKHI COCTaB PACTCHUH OMPEIEIISIIH 110 JINTEPAaTyPHBIM UCTOYHHUKAM.
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Peszynomamul u ux obcyscoenue

Pon Centaurea L. oTHOCUTCS K CeMENCTBY Asteraceae, Iopsinok Asterales, kxnacc Magnoliopsida, otnen
Magnoliophyta, iMeeT MHOKECTBO TIOJIPOJIOB, KOTOPBIC JACSISITCS HA P CEKITHIN U moacekni [2, 9—-11].

Honpon Centaurea L. Bxmouaet 13 Bunos. K HeMy oTHOCSTCS BUABI ¢ IIMPOKOSIMLIEBUAHBIMHU HITH T10Y-
TH IMAPOBUIHBIMH 00EPTKaMH; JTUCTOYKH OOEPTKH KOXKUCTBIE, 3€JICHOBAThIC, HA BEPXYIIKE MPUTYIUICHHEIC,
0e3 IPHUIATKOB WM C MPUAATKAMH B BHJIE IIHPOKOH IEPEIOHYATOM, MOIyIPO3padHOA KalMbl; CEMSHKH TO-
JIbIe, B BEPXHEH YACTH CIIeTKa MOMEPEYHO MOPIIUHUCTHIC, XOXOJIOK PaBeH MO JUIMHE CEMSHKE, HEOIaJaro-
i, OypoBaThlii WM OEJIOBATHIN, ABOMHOM, HAPYKHBI COCTOUT M3 HECKOJIBKUX PSIIOB CIUTIOCHYTHIX, IIe-
POXOBATHIX IETHHOK, BHYTPEHHUH COCTOMT W3 OJJHOTO PsJia TUICHKOBHUHBIX METUHOK, 10 KPAK0 TAKXKe IIe-
POXOBATHIX, & Y OCHOBAHHUS CPOCHIMXCS B KOJICUKO. [[BETKM HMEIOT KENTYIO OKPAcKy.

Honpoxn Cyanus (Mill) Spach. Bkmtouaet 2 cexuuu u 6 nogcekuui, Bkmovaromux 18 Buaos. OH 00be-
JVHSET BHUJBI C TPOJIOJTOBATHIMH, SIMIIEBUIHBIMU WM CIUTFOCHYTO-IIAPOBUIHBIMUA OOEPTKAMHU; JTHCTOYKH
00EpTKH KOXKUCTHIE, 3€JEHOBAThIC, HAPYXKHBIC SHUIEBUIHBIC WM TPEYrOJBHO-SHIICBU/IHBIC, BHYTPEHHHE
JIAHIICTHO-TMHECWHBIC W JTMHEWHBIC, MPUJIATKH MEPeloHYaThie, HEKOM0YNE, HU30CTalonue Ha JHCTOYKH B
BUJIE KaiiMbI, BMECTE C KaliMOIi 10 Kparo 0axpoMuaThie WU HENPABUIBHO 3y0UaThie; CEMSIHKU MPOA0ITOBa-
TO-3JUTHIICOUANIBHBIC WIIH JIUIATNICOUIATbHO-00PAaTHOSHIICBUIHBIE, CITa00 BOJOCHCTHIC; XOXOJIOK phIKEBa-
THI WKW OENOBaThIf, HEOMANAOUINi, TBOWHON, HAPYXKHBIH COCTOUT M3 HECKOJIBKUX PSAJIOB MIILYATO-
PECHUTUATHIX MIETUHOK, BHYTPSHHMI BJIBOS-BUETBEPO KOPOYE HAPYXKHOTO, IMIETUHUCTHIN. KpaeBbie nBeTKH
Oecriofble, CHIILHO YBEIWICHHBIE, CHHIE, TOyObIe UITH PO30BEIC.

Ionpon Jacea (Mill.) Spach. cocrout u3 2 cexiuii u 14 BumoB. K HeMy OTHOCATCS BHIIbI, Y KOTOPBIX
00epTKHU MapOBUIHO-IUIIEBUIHBIC WU TPOJOJITOBATO-IHIICBUIHbIC, MIPUAATKA JINCTOYKOB OOCPTKU Tepe-
MOHYAThIe, HE HU30erarollue Ha JMCTOYKH, Ha BEPXYIIKE OTTSHYTHIE B IMWIOBHIHOE WM XBOCTOBHJIHOC,
HEKOJfoUuee OKOHYAHUE, IIeTbHBIC MU M0 Kpal rpedcHYaTO-pacceueHHbIe Ha HUTEBUJIHBIC JUTMHHBIE pec-
HU4KY. [[BeTKH PO30BEIC WM JTHIIOBO-ITYPITYPOBEIE.

K monpony Heterolophus (Cass.) Spach. otHocsaTcs 6 BunoB. OH 0OBEAMHSET TAKCOHBI, Y KOTOPBIX
MPUIATKH JIMCTOYKOB OOEPTKU MO Kparo 0axpoMyaro-HaJlpe3aHHbIe, 3a3yOpPCHHBIC WIH YAaCTHYHO IENIbHO-
kpaiiaue. CeMSHKH MPOJ0ITrOBaThle, YIUIONICHHBIE OKOJIO 5—6 MM JUIMHOM; XOXOJIOK 3HAYUTEIIEHO KOpOUe
ceMsHKHU 1,5-3 MM, ocTraromuiics, JBOMHOMN, HAPY>KHBIH M3 MEPUCTO-MENKO-IETHHUCTBIX BOJIOCKOB, BHYT-
PEHHUI W3 OJJHOTO psiJia THHEHHO-TAHIIETHBIX TIAJKUX IJICHOYEK, KOHYCOOOPa3HO CXOMSIINXCS BEPXYIIKa-
MH.

Honpon Lopholoma (Cass.) Spach. Bxmtovaer 4 cekiuu u 16 BUIOB, KOTOpBIE OOBECIUHSIOT BUJIBI,
CTEOJIM | JIUCThSI KOTOPHIX MOKPHITH KOPOTKUMHU COCOYKOBHIHBIMHU BOJIOCKAMH C TIPUMECHIO KypYaBbIX BO-
JIOCKOB ¥ TOHKOTO MayTUHHCTOT'O BOWJIOUKA; HAPYKHBIC M CPETHHE JTUCTOYKH OOCPTKH C YEPHO-OYPHIMHU HITH
MOYTH YEPHBIMHU MPUIATKAMHU, TOHKO-KOKUCTHIMH, HU30CTAIONUMH Ha JIUCTOUKH B BHJIE IIUPOKOH, rpeOeH-
YaTO-PECHUTYATON KaliMBl; Ha BEPXYIIIKE KaiiMa 4acTO MEPEXOIUT B UMUK WK OTOTHYTYIO KOJIOUKY.

ITonpon Acrolophus (Cass.) Dobrocz. BkimtodaeT 23 BuAa, KOTOPBIA OOBEAMHACT NBYJICTHHE WA MHO-
TOJIETHHE PACTEHHS C TMAyTHHUCTBIM ONYIICHHEM; CTeOJIM CHIILHO Pa3BETBIICHHbBIC; TPUIATKH JIUCTOYKOB
00epTKH HHU30erarIye Ha Kpas JTUCTOYKOB, IJICHYATHIC MM MOMYKOXHUCTHIC, HA BEPXYIIKE C MATKUM HIIH
KOJIIOUMM OCTPHEM, 10 KpasMm TpebeHuaTo-0axpomMuarhle, peske TOHKO 3a3yOpenHble. K panHOMY moapomy
OTHOCATCSI METPODUITbHBIE, TICaMO(UIILHBIC, CTEITHBIC HITH JIECOCTEITHBIC BHJIBI.

Honpon Amblyopogon (DC.) Tzvel. Bkarouaet Bcero 1 Bun (C. meyeriana Tzvel). [loapon Xanthopsis
(DC.) Tzvel. Bxmowaer 3 Buma (C. erivamnensis (Lipsky) Bordz., C. Xanthocephaloides Tzvel., C.
Xanthocephala (DC.) Sosn.). [Toapon Sosnovskya (Takht.) Czer. Bkimouaer 4 Buna. [loapon Odontolophus
(Cass.) Hayek. Bxmtouaer 3 Buga (C. Trinervia Steph., C. Kobstanica Tzvel., C. avarice Tzvel.). K nonpony
Pseudohyallii Tzvel. otHocutcs Bcero 1 Buna (C. leuzeoides (Jaub. et Spach.) Walp.). Ilonpon Hyaliella
BKIodaeT 2 ceknumu M 7 BumoB. llompon Czerniakovskya Czer. BxmiouaeT 2 sHaemMudHbiX Buna (C. Iljinii
Czerniak., C. kopetdaghensis 1ljin). Ilogpon Psephellus (Cass.) Schmalh. cocrout u3 3 cexuuii ¥ BKIHOYaeT
30 Bunos. [logpon Phalolepis (Cass.) Dobrocz. Bkmouaet 2 cekuuu u 22 Buna. [lonpoxn Microlophus (Cass.)
Hayek. Bxmatouaer 2 cexuuu u 3 Buaa. [Hoapon Seridia (Juss.) Czer. Bekimtouaet 1 Bun (C. Stevenii MB.).
Honpon Rhizocalathium (Tzvel.) Tzvel Bkmouaet 5 Bunos. K noapony Solstitiaria (Hill) Dobrocz. otHOCST-
ca 2 Buna (C. solstitialis L., C. Adamii Willd.). Ilogpon Calcitrapa (Adans.) Hayek. Bxirodaer cnemnyromiue
2 Buga: C. Iberica Trev., C. calcitrapa L. K nonpony Tetramorphaea (DC.) Czer. otHocutcs 1 Bug (C.
belangeriana (DC.) Steapf.). Takum o6pazom, pox Centaurea ipeacrasiex 21 moapoaom [2, 3].
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BbisBneHne XxeMoTakCOHOMMYECKNX MapKePOB. ..

Xumnuecku pon Centaurea L. malio w3ydyeH, JaHHBIE O XMMHYECKOM COCTaBe OOJIBITMHCTBA BHJIOB
3TOTO POJa HETIOJIHBIE.

Cpena HU3KOMOJIEKYISIPHBIX OMOJIOTHYECKH aKTUBHBIX COCIMHEHHUM M3 pOofa Mpe/ICTaBIeHa BEIIEeCTBa-
MU, OTHOCSIIMMHCS K TPEM KilaccaM: MOJHAlCTUICHOBBIC COSAMHEHUs, (PIIaBOHOUIBI, CECKBUTEPIICHOBBIC
JIAKTOHBI.

B pesynbraTe MHTEHCHBHBIX MCCIIEAOBAHUI TOCIETHUX JET B O0JIACTH XUMHUH PUPOAHBIX COeTNHEHHH
OBUIO OOHAPYXKEHO MPHUCYTCTBUE B HEKOTOPBIX BUAAX PA3IMYHOrO THIIA MMOJMHENPEICIEHBIX COCTUHCHHIA,
COJIEpIKaIUX B CBOCH MOJICKYJIE MMOJIMAICTHIICHOBEIC, BUHIIIAIIETHIICHOBBIE CUCTEMBI CBsi3ei. [IpupogHpiMu
nmonManeTiieHaMu (MTOJTMUHAMHK) HA3bIBAIOT COEAMHEHHS, COJEpKaIllhe B CBOEH CTPYKType IBe WiH Ooee
TPOWHBIE CBSI3M. B MIMPOKOM CMBICTIE MONHALIETHIIEHBl — COENWHEHUS, COAepIKaliue XOTs Obl OJHY TPOWH-
HYIO CBSI3b, 1 OMOTCHETUYCCKHU MMPOUCXOISIINEC U3 TIOJIHANCTHICHOBBIX MPEANICCTBEHHUKOB,

[TonmanieTHIEHOBBIE COEAMHEHHS], BCTPEYAIONIUECS B PACTEHHUSAX, MIPEICTABISIIOT 000 OTHOCHUTENHHO
HETIOJIIPHBIE COCAMHEHUsI (YTIIeBOJAOPOIbI, OKHUCH, CIIHPTHI, alleTaThl, albJCeTHIa, KETOHbI, YQUPBI KHCIOT
u ap.). Bece 63 uckimroueHns: OHU UMEIOT HEPA3BETBICHHYIO YIIIEPOIHYIO CTPYKTYPY C Pa3IMYHON CTEIICHBIO
HEHACBIIIICHHOCTH — OT €H-TMUHOBOM J10 €H-TIeHTanHOBOW. JInuHa nenu xonebnetcs ot 9 no 18 yrimepoa-
HBIX aTOMOB, IPE0OJIaTAIOIIMMK CPEIU HUX SBIIOTCS coequueHus C; u Cyr.

21 anukmudeckoe aneruieHoBoe coeanHenne Cig—Ci4 OBLIO BBIJCICHO M M3YYCHO U3 PACTCHUH poja
Centaurea u 18 alMKINYECKUX allCTUICHOBBIX COCIUHCHUM, TaKKe OOHApY>KEHBI XJIOPCOACPIKAIINE TTOJIH-
aIleTHIICHOBBIE COeMHEHMSI.

Criektp OHMOIOTHYECKOW aKTUBHOCTH HEKOTOPBIX MOJHAIETUIICHOB, BBIACICHHBIX M3 BBICHINX pacTe-
HUH, cedyac IOCTaTOYHO XOpOIIo ucciieqoBaH. OHM, KaK IMOKa3bIBAIOT JaHHBIC Pa3IMYHBIX aBTOPOB, SBIIS-
IOTCSl CHJIBHBIMH (DOTOCEHCHOMIIM3aTOPaMH, TIPOSBISIFOT TPOTHBOBOCIAMTENBHYI0, AHTUKOATYJISIHTHYIO,
aHTHOAKTEepPHATIbHYIO, POTUBOTYOEPKYIE3HYIO, TPOTUBOTPHOKOBYIO, TPOTHBOBHPYCHYIO, HEHPO3AIIUTHYIO
Y HEHUPOTOKCUYECKYI0O aKTUBHOCTU. [103TOMY MONIMAlEeTHIIEHBI, HECOMHEHHO, MPEACTABISIOT MHTEPEC IS
(hapmanuy ¥ METUIVHEIL.

VY Bcex m3ydaeMbIx mpenacraBurenieil poga Centaurea 0OHApY>KEHBI TTIaBHBEIM 00pa3oM (hEHOIBHBIC CO-
enuHeHUs ((hIaBOHOMIBI, KyMapHuHbI, (DEHOJOKHUCIOTH U MyOWIbHEIC BeriecTBa) [12]. daaBoHOMIBI 00na-
JAIOT BBIPOKECHHBIMU aHTHAJICPTUYCCKUMHU, aHTHKAHIIEPOTCHHBIMH, TTPOTHBOBOCTIAIMTEIIEHBIMA U aHTHBH-
pycHbiME cBolicTBamu [12, 13]. Pa3HooOpasHas Ouojioruveckas akKTHBHOCTH (hIaBOHOMIOB OOYCJIOBJICHA
HAJIMYHEM B UX MOJICKYJIaX PEaKTHBHBIX THAPOKCHIIBHBIX U KapOOHHIBHBIX rpymil. [IpeBpaimascs B Onoio-
TUYCCKHUX CHUCTEMaxX B Pa3IMYHbIE XMHOHBI, (DJIABOHOMIIBI MOTYT B3aMMOCHCTBOBATh CO CIICIU(UICCKIUMU
(YHKIMOHANBEHBIMU TPYIIIAMU OEIKOB-(PEPMEHTOB, U3MEHSISI UX TPETUYHYIO CTPYKTYPY M KaTalUTUYECKUE
CBOJCTBA.

OcHoBHBIME (utaBoHOUaMU pona Centaurea SBISIFOTCS (JIaBOHBI (AITMTEHUH, JTFOTCOIMH, TUCTIHTYJIHH,
CKYTEJUIIPEUH, SIYNIATOPUH U Jp.) U UX MPOU3BOJHBIC. [l HEKOTOPHIX BUIOB XapaKTEPHBI (DIaBOHOIBI
(KBEpIIETHH U €T0 TIUKO3HIbI, KeMII(epoi) 1 UX Mpou3BoaHbIe [ 14] (cM Tabm.).

Tabnumnoa
CocraB ¢1aBOHOMI0B B Pa3IuYHbIX BUAax poaa Centaurea
HaumenoBanue JlutepaTypHbie
Buzs! BacmiibkoB
COCAMHEHUS CCBUIKH
1 2 3
C.ciscaucasica Sons., C.cyanus L., C. dealbata Willd., C. declinata
ArnureHuH Bieb., C.depressa Bieb., C. iberica Trev. Ex Spreng., C. jacea L., C. [15. 16]
(5,7,4-tpuokcudaaron) maroccana Ball., C.pseudophrygia Dobrocs., C. ruthenica Lam, C. ’
tougourensis Boiss. & Reut.
Kemmdepoin . —
(3.5 7. 4-retpaokcudaasoH) C. cyanus L., C. depressa Bieb., C.iberica Spreng. [15, 17]
g?;BHZiIZI;}_I 6.7.4°- C.pseudomaculosa Dobrocz., C.argute, C. jacea L., C. tougourensis [17]
7P P2 Boiss. & Reut., C. behen, C. napifolia, C. scabiosa
TPUMETOKCHU(IIABOH )
Ksepuetnn C. rupestris L., C.cheiranthifolia Willd., C. cyanus L., C. depressa
(3,5,7,3,4-menTaokcu- Bieb., C. iberica Spreng, C. napifolia L., C. pseudophrygia C.A. [16-18]
(hnaBoH) Mey, C. ruthenica Lam.
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IIpogonxeHnue Tabdaui bl

1 2 3
Tncrmany C. arguta Ness, C. cyanus L., C. maroccana L., C.melitensis L.,
(3-rmoxosun-3,5,7,3,4- C.napifolia L., C. pseudophrygia C.A. Mey, C. ruthenica Lam [17,18]
TIEHTAOKCHU(IIABOH) Hap! o P pTYEIa oA VIEY, G )
C. ciscaucasica Sosn., C. cyanus L., C. dealbata Willd., C. declinata
JIroTeonuu

Bieb., C. iberica Spreng, C. pseudophrygia C.A. Mey, C. ruthenica [15,19]

(5,7,3,4-TeTpaokcudaBoH) Lam.

CKyTeIspuH
(4°,5,6-TpUruapoKCH-
7-O-rmoko3un (haaBoHa)
Sleo3nan
(5,7,4-tpnokcu-6,4- C. arguta Ness, C. salicifolia M. Bieb., C. pullata L., C. calcitrata L. [20]
JIMMETOKCH(]IaBOH)

C. dealbata Willd., C.depressa Bieb., C. iberica Spreng, C. scabiosa

L., C. calcitrapa L. [19]

[IpakTudecku Bce MCCIACIOBAHHBIE PACTCHUS 3TOTO POJIAa COACPIKAT CECKBUTEPIICHOBEIC JIAKTOHEI. Tak,
B monorpapuu K.C. Pwibanko [21] ymommHaeTcss 23 CECKBHUTEPIICHOBBIX JIAKTOHA W3 PACTCHHMM poja
Centaurea. Monorpadus A.Jl. Karapmunkoro u C.M. AnekenoBa [22] Bkiodyaetr yxe 43 coeaMHCHUS.
W xonn4ecTBO BBIIEICHHBIX CECKBUTEPIICHOBBIX JIAKTOHOB U3 BUJIOB BACHIBKOB MOCTOSIHHO pacTeT. Tak, B
0630pe M. Bruno (2013) coobmmaetcs o Beiaenennn 6onee 200 CeCKBUTEPIICHOBEIX JIAKTOHOB, U3 HUX 0OJTb-
Y0 9aCTh COCTABJIAIOT I'BailaHOBEIC [23].

JlakTOHBI, BBIZICTICHHBIE U3 BACWILKOB, B OCHOBHOM, — 3TO HEJIMHEWHBIC M0 PACTIOIOXKCHHIO JIAKTOHHO-
ro IMKJIa B MoJjekyse. VCKiroueHre COCTaBISIIOT TpU repMmakpaHoiuia: apremmsundonus, C-15-amerun-
apTeMH3UUA(DOITUH U CKAaOUOMHI, KOTOPBIE OTHOCSTCS K JIMHEHHOMY psify. B OONbIIUHCTBE CTPYKTYp 3K30Me-
THJICHOBAsI TPYIINA CONPSDKEHA ¢ KapOOHUIIOM Y-JIaKTOHA. TUIMWYHBIMU 3aMECTHTENISIMU B CTPYKTypaxX CecK-
BUTEPIICHOMJIOB SIBJISTIOTCS] K€TO-, THAPOKCHUIIBHBIC M CIIOXKHO3(HUPHBIC TPYNIEL. M3BEeCTHBI COCTUHEHUS, BbI-
nenennbie u3 C. glastifolial.. n C. hermanii F. Hermann, B CTpOGHUM KOTOPBIX MPUCYTCTBYET THAPOIICPOK-
curpymna [23]. B Centaurea clementei Boiss. Ex DC., C. canariensis Brouss. var. Subexpinnata Burch. 00-
Hapy>KEeHBI TBaaHOJUIBI, COACPIKAIIIE B TAKTOHHOW (YHKITHH OKCETaHOBBIHM ITUKI. BCTpedaroTcst TaKTOHBI,
HMMEIONINE B CBOEM CTPOCHHH XJIOP B BUE XJIOPTHIPHHOBOH (DYHKITUH.

Taxke HM3y4eHBl CECKBUTEPIICHOBBIC JAaKTOHBI B pacteHusx Centaurea solstitialis ssp. [24, 25],
Centaurea sessilis, Centaurea armena [26, 27], Centaurea musimomum [28], Centaurea spinosa [29] u
Centaurea scabiosa [30].

W3 apyrux mpHpOIHBIX COCIMHEHHWM, OOHApYKEHHBIX B HAJ3eMHON uactu BUAOB pona Centaurea,
MOJKHO Ha3BaTh YTIICBOJIbI, OJIHALETHIICHOBBIE COSTMHCHNUS, ACKOPOMHOBYIO KHUCIIOTY, KApATHHOW/IBI, JTUITH-
IIbl, CTEPOUIbI, dQUpPHBIC Maciia, Kayuyk [12]. Hanndue aakooumIoB OTMEUYECHO AJIs TaKuX BHIOB, Kak C. ag-
gregate L., C. dehen L., C. cyanus L., C. scabiosa L., C. depressa Bieb. u npyrux, oJHaK0 KOMIIOHESHTHBII
COCTaB AJIKAION OB MPaKTUIECKA HEe u3yqancs [12].

CanoHuHBI TaKKe OOHAPYKEHBI B HA/I3EMHON YacTH MHOTHX BUJIOB pona Centaurea. Harpumep, B Hall-
3emHort wactu C. soistitialis L., C. pseudomaculosa Dobrocs. mneHTH(UIMPOBaH TapakcacTepols, B
C. behen — Tapakcactepol u ero npou3sBonusie, B C. calcitrapa L. u C. scabiosa — o v -aMUpUHBIL.

N3 nmunodhunsHBIX U3BIICUEHUH HEKOTOPBIX MpeacTaButeneit aroro poxa (C. scabiosa, C. americana n
Ip.) OBUTH BBIJICNICHBI JIMTHAHBI JUOCH3WIOYTUPOJIAKTOHA (APKTUTCHUH, MATaupe3WHOJ, MaTaupe3MHO3UL,
17-(S)-rugpoxcuapkrurerns) [31].

B yuuBepcutere Selcuk (Typuus) B HayuHo# jgabopaTopuu (hakynbpTeTa OMOJOTHH MPOBEACHBI U3yUe-
HUS aHTHOKCHUIAHTHOW akTuBHOCTH Centaurea urvillei subsp. Hayekiana. [IpoBeneH aHann3 >KHPHBIX KH-
cIIoT, B pe3ynbrate uaeHTH(uuupoano 32 coenumHenus. Macno C. wurvillei oxapakTepu30BaHO BBICOKUM
koimuecTBoM C 18:2 6 (muHoneBas kuciora) u C 18:1 9 (onewnoBas kucnora). C. urivellei MoxeT OBbITh
WCTIOJIb30BaH KaK UCTOYHUK HATYPAITBbHBIX AHTUOKCHUAAHTOB U JIMHOJICBON KUCJIOTHI B METUIIMHE U TTHIICBON
MIPOMBILIUICHHOCTH [32].

Takxe ObUTH TPOBEACHBI HCCIICOBAHUS YKCTPAKTOB, TOJYYCHHBIX W3 HAJA3EMHBIX YaCTeH BOCHMU BH-
noB Centaurea (C. calolepis, C. cariensis subsp. Maculiceps, C. cariensis subsp. Miclepis, C. hierapolitana,
C. cadmea, C. ensiformis, C. depressa n C.urvillei subsp. Urvillei). Y cTaHOBIIEHO, YTO KOHIICHTPALIHS [TOJIH-
(eHONOB B JaHHBIX BuAax BapeupyeT oT 43,44—120,90 mrI’AE/n [33]. Dkcrpakt kopueit Centaurea behens,
conepkamui (peHOTBHBIC COCTMHECHUS, TTOKA3al 3HAYNTEIIFHOE aHTHOKCHUIaHTHOE AeicTBHE [34].
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VYcraHoBneH TONHBINA (eHONMBHBIA cocTtaB math BumoB poaa Centaurea (C. stenolepis, C. kilaea,
C.cuneifolia, C. iberica, C. solstitialis) [35]. JlaHHBIE BeIIecTBa IMOKa3aJlHM CPEAHIOI0 aKTHBHOCTH MPOTHB
Pseudomonas aeruginosa (MIC: 312 pg/ml), Candida albicans (MIC: 312 ug/ml), Staphylococcus aureus
(MIC: 625 pg/ml) [35]. DenonbHBIe coequHenus u3 d3HaeMa Centaurea kilaea Boiss. moka3anu aHTUIIPOIIH-
(hepaTUBHYIO aKTHBHOCTh TIPOTHB YEIIOBEUCCKHUX OITYXOJIEBBIX KJIETOUHBIX JTUHUH [36].

M.C. JlappkuHO# [37] H3ydeHa XapaKTEPUCTHKA MTOJIMCAXaAPUIHBIX KOMIUTEKCOB Centaurea scabiosa L.
u Centaurea pseudomaculosa Dobrocz. MOHOMEpPHBIMH €IMHUIIAMHY TTOJIMCAXaPUIHBIX KOMIUIEKCOB 000MX
BHJIOB SIBJISIIOTCS] OCTaTKU D-ranakTypoHOBOM KUCIOTHI, L-pamMuo3bl, D-kcnino3sl, D-ManH03b1, D-rntoko36l 1
D-ranakro3sl. 3 BogopacTBopuMbIX mosmcaxapuaoB C. scabiosa METOIOM HOHOOOMEHHOH Xpomarorpaduun
BBIJICJICHBI TPH MOJIMCaXxapuaHble Qpakiiuu (C MOJICKYIApHbIME Maccamu 667, 722 u 1027 k/la), MoHOMEp-
HBIMH €JIMHUIIAMU KOTOPBIX SIBIISIIOTCA D-ramakrypoHoBast kuciora, L-pamHo3a, D-ramakro3a, D-kcunosa u
D-rmioko3a [37]. Metomom xpomarorpadun va Oymare B 40 u 70 % 3TaHOIBHBIX AKCTPAKTAX W3 HAJ3EMHOU
gactu Centaurea scabiosa o0HapyxeHbI KodeiHasi, GpepynoBas, XJIOpPOTCHOBas, n-KyMapoBasi, KOpUIHas U
CaJUIUIIOBast KUCIOTHI [38].

Baxnouenue

Takum oOpazom, Buisl pona Centaurea TPEACTABISAIOT HHTEPEC B KaUECTBE MCTOYHHUKOB CHIPBS, CO-
JIepIKaIero OMOJIOTMYECKU AKTHBHBIC TIPUPOIHBIC COCTUHEHYSL.

B pesynbTare ananuza BapuabeabHOCTH (DIABOHOUIOB, CECKBUTEPIICHOBBIX JTAKTOHOB, TIOJIHUCAXaPHU/IOB
W JIpyruX OMOJOTWYECKH aKTHBHBIX BEUIECTB pojia Bacuiex yCTAaHOBJIEHO, YTO «(ITaBOHOWIHBIC TIPOQHIH
Haunbolee BUIOCTICNN(UIHBI, & CECKBUTEPIICHOBBIC JJAKTOHBI MOTYT CITYKHTh JOTIOJTHUTEILHBIM TAKCOHOMH-
YECKUM MPU3HAKOM Ha YPOBHE MOJIPOJIOB U CEKIUI TAHHOTO POJa.

Jns hopMUpoBaHUS KapThl pacrpeesieHus OHOJIOTHYEeCKA aKTUBHBIX COCTUHECHUH B Ka4eCTBE XEMO-
TaKCOHOMHUYECKHUX MapKepOB HEOOXOAMMBI 00JIee TOaPOOHBIC HCCIICTOBAHMUS.
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I'.K. AcanoBa, A.ILl. lononosa, B. ITym

Centaurea L. TYKbIMBIHAH 6CIMIIKTEP/IiH XeMOTAKCOHOMMSIIBIK
MapKepJiepiH aHBIKTAY

OcimaikTepi 3epTTeyNiH XEMOTAaKCOHOMISUIBIK OMICTEpiH KOJINAaHy J>KAaKbIH TYBICKAH ©CIMAIKTEpIiH
TYKBIMZIApbI MEH TYPJICpiH aHBIKTayFa KOMEKTeceAi. XeMOTaKCOHOMHUS acipece MOP(OIOTHsUIbIK Oenrinepain
YJIKSH ©3TeprillTiriMeH, KyWeni Typae COMKecTeHIIpyAi KOHE HAKThUIAYAbl KHUBIHIATATHIH ©CIMIIKTEpPIiH
TaKCOHIAPBIHBIH JKyHeni jxkac TtomTapbl YiuniH mnaipansl. Makanaga Centaurea L. TYKbIMBIHIAFBI
eciMaikTepaeri OMOIOTHSIBIK OSJICEH i KOCBUIBICTAP/IbIH 9PTYPIIi TONTAPbIHBIH KYpPaMbIHa TAJIAY JKaCaJFaH.
D1aBOHOUATAPABIH, CECKBUTEPIICH/IIK JTaKTOHAAP/IBIH, OJHCcaXapuaATep IiH xoHe Centaurea Tekrec 6acka aa
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BbisBneHne XxeMoTakCOHOMMYECKNX MapKePOB. ..

OuOOTHSUTBIK OeICeH i 3aTTapAblH ©3TeprilluTiriH Tajgay HoTIKeciHae «(aaBoHouA NpodHIbASPIHIHY TYP
epeKILeNIri aHbIKTalIFaH, aJl CECKBUTEPIICHIIK JIAKTOHIAP CyOTreHyC MeH OChI TUITETi CeKUusIap AeHrelinae
KOCBIMIIIA TaKCOHOMUSUIBIK Oenri Oona amagsl. XeMOTAaKCOHOMHSUIBIK MapKepjep peTiHIe OMOIOTHSIIBIK
OerceH i KOCBUIBICTAP IBIH Tapaly KapTachlH KAIBINTACTHIPY YIIIH erKeH-Ter kel 3epTTeyiep KaKer.

Kinm coe30ep: XeMOTaKCOHOMUSI, XEMOTAKCOHOMMSUIBIK Mapkepnep, Centaurea L. Typi, OHOIOTHSUIBIK
OernceHi KOCBUIBICTAp, (pIIaBOHOUATAP, CECKBUTEPIICH JTAKTOHIapHI.

G.K. Asanova, A.Sh. Dodonova, W. Push

Identification of chemotaxonomic plant markers from the genus Centaurea L.

The use of chemotaxonomic methods for studying plants allows you to help identify the ancestral and species
affiliation of closely related plants. Chemotaxonomy is especially useful for systematically young groups of
plant taxa, characterized by great variability in morphological features, difficulty in identifying and clarifying
systematic affiliation. The article analyses the content of various groups of biologically active compounds in
plants of the genus Centaurea L. to find the most convenient chemotaxonomic markers. As a result of the
analysis of the variability of flavonoids, sesquiterpene lactones, polysaccharides and other biologically active
substances of the genus Centaurea, it was found that «flavonoid profiles» are most species-specific, and
sesquiterpene lactones can serve as an additional taxonomic feature at the level of subgenera and sections of
this genus. More detailed studies are needed to map the distribution of biologically active compounds as
chemotaxonomic markers.

Keywords: chemotaxanomics, chemotaxonomic markers, genus Centaurea L., biological active compounds,
flavonoids, sesquiterpene lactones.
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HccaenoBanue BOAHO-(PM3HYECKUX CBOMCTB MOYBbLI ¢ IPUMEHEHUEM T'HApOres
B Kypuymckom paiione Bocrouno-Kazaxcranckoii odaactu

Llenpio JaHHOTO MCCIEI0BaHUs OBUIO U3ydeHNEe BOAHO-(PU3HUECKUX TapaMeTPOB MOYBbI, HA OCHOBE KOTOPBIX
MO>KHO TIPOBECTH aHAJIH3 PEXKMUMa YBIAKHEHUS U CEJIAaTh BHIBOJBI O IPUMEHSIEMBIX HHHOBAIIMOHHBIX TEXHO-
norusix. Cxema ombITa pa3paboTaHa COTPYIHUKAMH AJNTalCKOro OOTaHMYECKOTo cajia. B craThe mpuBeneHb!
JTaHHBIE 10 BOAHO-(pM3MUECKUM CBOMCTBAM IOYBHI: IUNIOTHOCTH, BIAXXHOCTH M NIPEASIFHO-TIONICBOI BlIaroeM-
KOCTH. Pe3ynbTaThl ONBITOB TMOKa3ajM, YTO C MOMOIIBIO THApPOTeNs «AKBacop0» BO3MOXKHO PETYJINPOBAHHE
BOJIHOTO PEXHMMa IT0YB, ITOBLIIIEHHS 3aI1aCOB BJIATH, JOCTYITHOH PacTEHUSM B YCIOBHSX BOJHOTO Je(UIUTA.
Tak, noGaBienue npenapara npu HopMel,5 kr/mM® 1 2,0 Kr/M® CIIOCOBCTBYET YIAEPKAHUIO B [OYBE HAHGOTb-
IIEero KoNu4YecTBa BiIaru ot 15 % 10 24 % mo BceM ropu3oHTaM. DTH e HOPMBI MOBBIIIAIOT 3aMachkl BOJbI B
Mo4Be, OCOOEHHO B BECEHHHUH NMEPUOJ, U yIydIIaloT ee IUIOTHOCTh. Bee 3To crnocoOCTByeT ydieMy pas3Bu-
THIO PacTEHUI.

Kmroueswvie crosa: BapuaHT, KJIMMart, ro4sa, ru/Iporeiib, NpeACIbHO-I10JIEBAasA BJIaro€MKOCTb, 3arlaChbl BJIaru.

Bseoenue

Bopa — Baxnelmuil sxongorndeckuii haxkTop, ONpeASISIONNi He TOJIBKO X0 (PU3HOIOTHIECKUX MPO-
[IECCOB B PAaCTEHHAX, HO MX POCT M MPOAYKTUBHOCTH. UTOOBI CyIUTh O KU3IHEACATEITHHOCTH PACTECHHS OT
cpensl OOWTaHusl, HY)KHO 3HATH BOJHBIH PEKHUM PACTEHUS, XapaKTepU3YIOIIMICA 1eTbIM KOMIUIEKCOM (hu-
3MOJIOTHUECKUX TOKa3aTeliell W MOYBEHHBIE ycioBUs. ONTHMHU3ALMS BOAOYAEP)KUBAIOMICH CIIOCOOHOCTH
MOYB SIBJISIETCSl IEPBOOUEPEIHON 3aiaueil. Eciiu B moyBe JOCTATOYHO JOCTYMHOM BOJBI, CO3/Ia€TCS BOJHBIN
Oamanc pacteHuii. CymiecTByeT psill TEXHOJIOTHH, MPU3BAHHBIX COXPAHATH B Oosiee d(h(PEKTUBHO HCTIOIB30-
BaTh BOJHBIC PECYpPCHI, AJIsI BhIpAIlMBaHHS JAPEBECHO-KYCTAPHUKOBBIX PACTCHUH — YKPBIBHOH MaTepuall,
KalleJIbHBIN MOJIMB, pa3iuuHble KOMIO3UTHL. B mociennee necstuieTue B KadecTBe aOcopOeHTa MOYBEHHON
BJIaTW B MHUPOBOM MPAaKTHKE CTaJIH HUCIOJIH30BaTh BOJOIOTIIONIAIOIINE TTOTMMEPHI (THAPOTEN ), CIOCOOHBIE
yIEpKUBaTh U OTAAaBaTh BOAY, MPEBBIMIAIOIINE UX Maccy B COTHH pa3. JlaHHbIE CBOWCTBa THIApPOTreNeH CIo-
COOCTBYIOT HE TOJIBKO HAKOIUICHHIO MPHUPOJHON M JONMOJHUTEILHON BIard B KOPHEOOMTAaEMOM clioe, HO U
CHIDKAIOT (PM3MYECKOe HCMapeHne M YIY4YIIaloT CTPYKTYpy MouBbl. Haxomsch B reneoOpa3HOM COCTOSHHH,
OHH 00ECIICUNBAIOT ONITUMAJIEHEIN BOIHBIN PEXXUM, IUTaHUE pacTeHu [1-6].

OObecnieueHHOCTh PACTEHHUI BIaroi B MEPBYIO OYEpEdb 3aBUCUT OT MOTOAHO-KIMMATHUYECKUX YCIOBHMA
JJAHHOW MECTHOCTH. Tak, CpeJHEr0JI0BOE KOJIMYECTBO 0caAkoB B KypuyMckoM pailoHe HU3KOE U COCTaBISET
290-310 MM. OcankoB B BECEHHHE MECSAIIBI BBITIaAacT HEMHOTro — OT 27 10 35 mM. Kimmmarwmdaeckue xapak-
TEPUCTHKH B BECCHHUE W JIETHHE TIEPHOABI B TOJBI MIpoBeneHus ucciaenoanuii (2018-2019 rr.) u 3aknagku
cazna (2018 r.) xapakTepH30BaJKCh MMOBBIICHHON TEeMIIEpaTypoil IeTOM U 3acynuiuBoi morogoi. Tak, cpen-
HEMECSYHbIe TI0Ka3aTeIH TeEMIIEPaTyphl JeTHEro neproAa Ha 1—4 °C mpeBsIany cpeTHEMHOT0JIeTHHE TTOKa-
3arenu (1981-2017 rr.).

[TouBBl Ha ONBITHOM y4acTKe MPEICTABICHBI CYTJIMHKOM CPEJHHM M TSKENBIM, BOJONPOHUIIAEMOCTb
cimabasi, BIaroeMKOCTh BbICOKas. [louBa XopoIio yaepkuBaeT BOIy, CKOPOCTh HCIAPEHUS BOJBI MEJICHHAS.
JIJis MaHHBIX TIOYB XapakTepHa 0eCCTPYKTYPHOCTh BEPXHHUX TOPU30HTOB M YINIOTHEHHOCTH HIDKHHX, YTO TMO-
TEHIMAIBHO 3aTPYAHSET JOCTYH BJIard M BO3/yXa B HU)KHHUE CIIOU MTOYBHI.

Obwvexmpl U MemoouKa Uccieo08anull

IToctaHoBKka onbITOB B apuJHbIX ycloBusix Bocrounoro Kazaxcrana nmpoBoauiacsk B Kypuymckom paii-
OHE, B OKpecTHOCTsIX cesia CaprloiieH (ceBepo-3amnagHas nepudepus 3aiicaHCKON KOTIOBUHBI).

Y4auThIBas MOTPEOHOCTh PACTEHUH BO BJIare ¢ KIMMaTHYECKMMHU M MOYBEHHBIMH YCJIOBUSIMH JAaHHOTO
paiioHa, 3aJ105K€H OIBIT 10 BOJIOCOEPETalOIUM TEXHOJIOTHSM B IISITH BapUaHTaX:
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— 1 — mpuMeHeHHe BOJONONONIAOIIEr0 HOIMepa «AKBacop6», HopMa BHecenus 1,0 kr/m® (125 r

st iepeBbeB U 90 T A7 KyCTapHHUKOB);

—2 — mpHMEHEeHHe BOIOIOIIOAONIEr0 MoTHMepa «AKBacop6y», HopMa BHecerHust 1,5 kr/m® (188 T

JUTSL TepeBbeB U 135 T 1 KyCTapHUKOB);
— 3 — mIpEMEHEHHe BOIOIOIIOIIAONIEr0 MoTHMepa «AKBacop6y», HopMa BHeceHust 2,0 kr/m° (250 T
U1t tepeBbeB U 180 T 1Sl KyCTapHUKOB);

— 4 — WCHONBb30BaHUE OPOCUTEIBHOM CUCTEMBI KalleJIbHOTO TUIIA;

— 5 — nmonuB no 60po3aaM (KOHTPOIIB).

TexHONOrMs MOCaAKU W HOPMBI BHECEHHMs THAPOTENs MO BapuaHTaM COOJIOAAIMCH COOTBETCTBEHHO
pa3paboTaHHBIM pekoMeHmamusIM [7]. B Tpex BapmanTax ombiTa MCIOIH30BATM MHHOBAI[MOHHBIN IIpermapaT
«AxBacop0O», MPEACTABIISAIONINI OpraHUIECKUH MTOJIMMEP, CITOCOOHBIN IMOTJIONIATh M yIePKUBAThH TTPH HAOY-
XaHHUU OOJBIION 00BEM BOJIBI.

B nanHOM myHKTE 3aJOKEHBI OMBITHI MO BhIpamuBaHuio 10 BHAOB [IE€KOPAaTHBHBIX JPEBECHO-
KYCTapHUKOBBIX W TUIOJIOBBIX MOPOJA Ha Tuiomany 1 ra. OmbIT MOCTaBIIEH B MATH BapuaHTax. B kaxmom Ba-
puaHTe BCE BUIBI M COpTa: KJICH TaTtapckuii (Acer tataricum L.), yepemyxa oObikHOBeHHas (Padus avium
Mill.), nuna menxonuctHas (7ilia cordata Mill.), Gepe3a 6oponasuatas (Betula pendula Roth.), 6ospeiHuk
msrkoBateiii (Crataegus submollis Sard.), s6nous rubpunHas, copt 3asemmnoe’ (Malus hybrid cv. ‘3asem-
Hoe’), enb cubupckas (Picea pungens Engelm.), Tys 3amanuas (Thuja occidentalis 1.), cMoponnHa depHasi,
copt 3abasa’ (Ribes nigrum L. cv. ‘3abasa’) u 6apdbapuc oObIKHOBEHHBIH (Berberis vulgaris L.) mpeacras-
JIEHBI KaXABIH 21 3K3eMIuIsIpoM (1o 7 MTYK B KaKI0H TOBTOPHOCTH).

OrneHka TUIOTHOCTH TIOYB M M3Y4YEHHE MPEENbHO-TIONIEBON BJIarOEMKOCTH MPOBOAWIINCH IO IIKaIaM
H.A. Kauunckoro [8] o ciosm (ot 10 go 50 cm). CornacHo OneHKe MIOTHOCTH MOYB CYTIIMHUCTOTO U TIIU-
HHCTOI0 MEXaHHYECKOI'0 COCTABA ONTHMANBHOI IIOTHOCTIO ABISETCS ToKasaTensb 1,2—1,5 r/cM’, KpuTHde-
ckoit — Beime 1,8 r/cv’. TIoj BIaroeMKOCTHIO TIOHUMAIOT CIIOCOOHOCTh TOYBEI BMEIIATh U YAEPKUBATH B
CBOMX TOpax TO WM WHOE KONWYEeCTBO Biard. Ee ompezaeneHue mpoBOANUIIOCH B BECEHHUH, JETHUH U OCEH-
Hui nepuogsl. [lousa ¢ Bnaroemkoctbro 40-50 % cuutaercs Hawmyumei; 30-40 — xoporeit; 25-30 —
YAOBJIETBOPHUTEIHHOMN; MeHee 25 % — HEyIOBICTBOPHUTEIHHOM.

3amachel BIard B Mo4Be — a0CONIOTHOE KOJIMYECTBO BOJIBI, COJEPIKAICeCcs B OMPEACICHHOM CIIOE MOY-
BBI, PACCUMTAHBI B M’/Ta (MOILHOCTH c105 50 cM).

Craructuueckas 00paboTka pe3yabTaToB MPOBOAMIACE IO MeToAuKe 3aiiuesa [9].

Pesynomamot uccnedosanuii u ux oocyxcoenue

Hawnbonee BaXHBIM moOKa3aTesieM, XapaKTePU3YIOIIMM BOIHBIA PEKHUM IIOYB, SBISETCS IJIOTHOCTH —
Macca aOCOJIOTHO CYXOH MOYBBHl B €AMHUIIE 00beMa. [IOTHOCTH CIOXKEHUs MOYBBI HANPAMYIO CBSi3aHa C
TpaHyJIOMETPHYECKUM COCTaBOM, KOJMYECTBOM OPTaHHUYECKOro BemecTBa. OT MUIOTHOCTH CIOKEHUS 3aBH-
CHUT COZIep)KaHHE BIIATH B MOYBE U €€ JOCTYIMHOCTh IS pacTeHHid. V3ydeHue TIOTHOCTH TTOYB OT PUMEHsIe-
MBIX TEXHOJIOTHH BOZ000OECTICUeHUs T0Ka3allo, YTO MPH NMPUMEHEHUH mpenapata «AKBacopO» B TpeX BapH-
aHTax B BepXHHX closix mousbl (10-30 cm) paBra 1,5-1,6 r/em’. 31ech pacronoxkeHa GOIbIIas acTh KOPHE-
BOM CHCTEMBI pacTEHUH.

Takasi MIOTHOCTh CUMTACTCS ONTUMAIBHOW JJIS POCTAa U PA3BUTUS SKCIICPUMCHTAIBHBIX PACTECHHIM.
YiotHenue nouss 0 1,7 r/cm’Habmonaercs Ha ray6une 30-50 cM B BAPMAHTAX C BHECEHMEM THIPOTENs
1,0 u 2,0 kr/M’1 nIpH mosHBe 0 60po3aaM (KOHTPOIIB). [IITOTHOCTD TTOUYBBI JOCTHTAET KPUTUIECKOH OTMETKH
B 1,9 r/cM’ npu BHeceHHMH mojuMepa B HopMe 1,0 KI/M’M IpH momuse 1o Gopos3naM Ha raybuxe 30-50 cm.
B BapuaHTe TOIMB MO GOPO3IaM MaKCHManbHAs IUIOTHOCTH MOYBBI oTMedeHa B 2,0 T/cM® Ha riyOuHe
30-40 cm. IIpu BHeceHuu ruporenst B HopMe |,5kr/M He MPOMCXOUT YIUIOTHEHHMS MOYBBI [0 BCEM TOPH-
30HTaM (puc. 1).

[I10THOCTP TOYB C KamelbHBIM OPOLICHWEM M MpU TOJHMBE MO 0Opo3JgaM yKe C BEPXHHUX CIIOEB
(10-30 cm) mpubmmkeHa K kputndeckoit — 1,7—1,8 kr/n’. TIpu Takux MOKa3aTeNsX IUIOTHOCTH MOYBBI Pac-
TEHUS COCOOHBI YIOBIETBOPUTEIHLHO PA3BUBATHCS MPH TOCTATOYHOM phIxyieHnu. [lonue mo 6opo3mam nme-
eT HanOoJiee TIOTHBIE IOYBHI IO BCEMY Pa3pe3y B CPABHEHUH C MPEIbIAYIINMHU BapuaHTaMu. OCOOEHHO 3TO
3ametHo Ha miyomne 3040 cm. Bepxuume cmom (10-30 cM) HMEHOT KPUTHUYECKYHO ILIOTHOCTH
1,7-1,8 r/em’, uwxHue, HaumHas ¢ 30 cM cios, yIioTHsAoTCs 710 2,0 r/cm’. BbICOKasi IUIOTHOCTH TI0YB Ha
9TON TITyOMHE OOBACHSAETCS CIUTOIIHBIM MOTOKOM BOBI, KOTOPBIM MPUBOJUT K 3aMJIUBAHUIO HIDKHUX TOPH-
30HTOB. PacTeHus 31ech HaXOIATCS B yIOBIETBOPUTENFHOM COCTOSHUM. [0 JaHHBIM MCCIeTOBaHUN MOXKHO
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C/Ienath BBIBOJ 00 YJIYUIIICHHHU TUIOTHOCTH MOYB B MEPBBIX TPEX BapHaHTaX, COOTBETCTBEHHO 00 3(h(hekTuB-
HOCTH TIpernapaTta « AKBacopo».
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Pucynoxk 1. ITokazaTenu IIOTHOCTH TTOYB 110 ciosim 3a 2018 T.

Ort 3amacoB BJIaru B IIOYBE, KOTOPBIC BBIPAYKAIOTCS A0COMIOTHBIM KOJIMYECTBOM BOJIBI, COJICPIKAIUMCS B
OIIpEIeIEHHOM CJIO€ MOYBBI, 3aBUCUT JKU3HEAEATEILHOCTh pacTeHui. OnpeeneHue 3anacos Bjaru B anpeie
nokasano, uto | ra Hakarwmsaet ot 3409 M° 10 7716 M’ B 3aBHCHMOCTH OT BapHAHTOB ONEITa. CaMble GOITb-
1IIMe 3amackl BIArH B Iepecyere Ha | ra OTMEUEHBI B TPETheM BapHAHTE MpH BHeceHHH 2,0 KI/M® CHApOress
«AkBacop0», caMmble HU3KHE — B UETBEPTOM BapHaHTE, 1€ IPOBOAWIICS KaleIbHbIH oauB. boibiyto posb
B OTOT NEpPUOJ WIpaeT BECEHHUH 3amac BIArd B IOYBE, CO3JArOIIuMiics Onarofapsi CHEro3aiepiKaHUIo
3AIIUTHBIX TIOJIOC U3 BsI3a MEJIKOJIMCTHOTO M TOTIOJNS pa3HOIMCTHOTO. B MoMeHT 3akmanku cana (2018 r.) me-
PEBBsI ITUX MOPOJ, JOCTUTAIM BBICOTHI 8—9 M, a IBYXpsHas cXema I0CaJKu 00pa3oBbIBajia CIUIOIIHBIC I10-
socel HpuHOH B 10 M. 3UMHUE OCaIKU UTPAIOT OCHOBHYIO POJIb AJISl BOJHOIO PEXHMa PAaCTCHUN B Hadajb-
HBIN NIEPUOJ BETETALINH.

B mae u3-3a akTHBHOTO HapacTaHUsS CPEIHEH TeMIlepaTyphl BO3ayXa ¢ MaKCHUMaIbHOW oTMeTKOM +32 °C
3a1achl BIIATH CHIDKAIOTCS U COCTABIISIIOT B [IEPBOM BapHaHTe 2997 M°/ra, BO BTOPOM — 2783, B TPETbeM —
5655, B uetBepToM — 2787 1 B msITOM — 2480 M’/ra. Tperuii BApHAHT CHOCOOCTBYET HAKOILICHHIO BIIATH B
ampeJie U COXPAHEHHIO ¢ B Mae, COOTBETCTBEHHO 7716 i 5655 m’/ra. Eclu mpHHSTH BeCEHHHE 3aMachl BIIArH
B ampene 3a 100 %, To coxpaHeHHe BIIard B BApHAHTaX C THAPOTEIIEM COCTaBISET OT 56,9 % B mepBoM Bapu-
ante A0 73,2 % B TpeTbeM Bapuante. [loTepu 3amacoB Biaru HauMeHblne — 26,8 % B TpeTbeM BapUaHTE,
MakcumanbHble — 50,7 % B OSATOM IPU apbIYHOM IOJIUBE.

B urone 3amachl BiIaru IOBBIILIAIOTCS BO BCEX BapUaHTAaX, 3a MCKIIOYEHHEM TpeThero. Tak, B IEepBOM
BapHaHTE OHH PaBHEI 3575 M’/ra, Bo BropoM — 4300, B yerBeproM — 4560 u B matom — 4099 m’/ra.
B TpeTheM OHH OLICHEHH! B 4630 M’/ra.

TemnepatypHblii pekuM B Hiojie B cpeaneM cocrtaBisier +20-24 °C ¢ aOCOJIIOTHBIM MakKCUMYMOM B
+38—40 °C. Ilpu Takux yCIIOBUSAX IJISI paCTCHUH HACTYIACT KPUTUICCKUA MOMEHT, U OHH HCIBITHIBAIOT HE-
JocTaToK Biard. HemoctaTok ocagkoB KOMIEHCHPOBAIH MOJIMBAMH B KPUTHUYECKUE TIEPUOJIBI, C TIEPBOTO Ba-
pHUaHTa Mo TPETUH U, O MEPEe U3MEHEHUs NMPENEIbHO-II0NEBOM BIarOeMKOCTH, HI)KE yIOBIETBOPUTENHBHOMN
HOPMBI B UETBEPTOM U IISITOM BapuaHTax. HecMOTpsi Ha MOBBILIEHHE HOPM I10JIMBA, 3allachl BJaru B I10YBE
BapLUPYIOT B mpegenax 1200 m’/ra Bo BTopoM u 3476 M’/ra B TpeTheM BapHaHTaX. B HepBOM M 4eTBEPTOM
VX 3HaueHue ke 1322 M’/ra u 1694 M’/ra cooTBETCTBEHHO. B aBrycTe 3a CUeT BBINACHHS 0CAIKOB 3aMaChl
BJIard B I10YBE [10 BapUaHTaM BO3PACTAalOT M 3aMETHBIX Pa3IMUYUil MEXIy HUMU He HaOJII0JAaeTCs: B IEPBOM
Bapuante 4606 M’/ra, Bo BTopom — 4751, B TperbeM — 4711, B uerBeprom — 4508 M°/ra. JIumb B msTOM
BapMAHTE OHM JOCTHTAKOT OTMETKH 5633 M'/ra.

WccnenoBanne BIUSAHMS pa3iIMdHON CTENEHH HACBIIIEHHOCTH Biaroi noys B 2019 r. mpoBoaniIOCH B 3a-
BHCHMOCTH OT BapHaHTOB OIBITA M OT KIIMMAaTHYECKUX yCIOBHH. Pe3ynbTaTsl 1abopaTOpHBIX UCCIETOBAHUM
BIIQ)KHOCTH TIOYBHI B ampere MoKa3ajiu, YTO BIaKHOCTh ITOYBHI BapbUpyeT OT 15 % B yeTBepTOM BapHaHTE C
KanenbHbIM opolienueM 10 20 % B BapuaHTax ¢ BHeceHueM noaumepa 1,5; 2,0 Kr/M (puc. 2).
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Pucynox 2. TTokazaTenu BnaxxHoctu nous 3a 2019 r.

B mae, xorma HabromaeTcs MoBkImIeHHe TeMirepaTypsl 10 +30 °C, HauMHAIOT paboTaTh IMOBHIIIICHHBIE
10361 THAporens. Tak, BO BTOPOM ¥ TPETHEM BaPHAHTAX C BHECEHHEM momumepa 1,5-2,0 Kr/M® MaKCHMAlb-
Hasl BJIaXXHOCTb ITOYBBI cocTaBmia 24 %. MuHNManbHas BIaXHOCTb 1OUBHI 13 1 14 % c pasnuneii B 1 % BbI-
ABIICHA B KOHTPOJIE C apBIYHBIM HOJMBOM M TIPH KaIeJIbHOM opoureHHH. I'uaporens 1,0 kr/M° He H3MeHSAET
BIIQ)KHOCTH TIOYBBL. B HMIOHE MPOMCXOMUT BhIpaBHUBAHHE TOKa3aTelieil Mo BapHaHTaM, BapHallly HE3HAYH-
TenbHbI 0T 19 % B mepBom Bapuante 10 21 % B nstom. Ha onHom ypoBHe B 20 % oka3anuch faHHBIE 2-, 3- U
4-ro BapMaHTOB.

CornacHo uccieloBaHUsAM, HanOolee HU3KUH ypOBEHb BIAXKHOCTH ITOYB BBISBIIEH B Hroye. Tak, Mak-
CHUMaJlbHas BIaKHOCTh MOYBBI B ATOM Mecsilie cocTaBuia 17 % Ha 3KCIepUMEHTaNIbHBIX yYacTKaxX C BHECe-
HUEM TOIHMepa 2 KI/M°. B OCTalbHBIX BapHAHTAX HAGIIONACTCS OCTPBIHA JCQUIUT BIATH B MOYBE, MUHHU-
MaJIbHAs BIIaYKHOCTh MOYBBI cOCTaBWiIa 7—8 %, B TOM YHcIe ¥ B KOHTpOJIE. ITO 00YCIOBICHO TEM, YTO TEM-
nepaTypa Bo3ayXa B HIOJIE MOBBIMIAETCS, YTO MPUBOAMUT K OBICTPOMY MCCYLICHHUIO MOYBHI. BriNageHue arMo-
c(epHBIX 0CaJKOB B aBI'yCTE COCOOCTBYET HAKOIJICHHUIO Biard oT 21 10 24 % mo BceM BapuaHTaM U JAedu-
[IMTa BOJBI HE HAOIIO1aeTCsl.

HUccnenoBanue BiaxHOCTH 1ouBkl B anpesie 2020 r. nokasajno 3HaYUTEIbHOE OTIMYHUE JAHHBIX IO Ba-
puantaM ot 16 % npu kanensHoM noause A0 31 % npu BHeceHuu runaporens 2,0 Kr/M (puc. 3).
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Pucynoxk 3. Iloka3aTtenu Braxxnoctu nous 3a 2020 rox

Ha pucyHke HarimsgHO BUJIHO IOJIOKHUTEIBHOE JEHCTBHE MOBBINICHHBIX HOPM TrHuporenst 1,5 u
2,0 xr/M’. B Mae u3-3a MOBBIIICHHON TEMIIEPATyphl HA MPOTSKEHHH BCEro Mecana B mpeenax +26-30 °C
BIIQXKHOCTH MouBHI TlanaeT A0 10-13 % mo BceM BapuaHTaM, JTUIIb B TPETbEM BapHUaHTE C BHECEHHEM IIOJH-
Mepa B 7103¢ 2,0 KI/M° MakCHMalbHas BIXKHOCTh MOUBBI cocTaBHIa 19 %. B HioHe cpelHHe IaHHbIC B HH-
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tepBajie rinyoun 0-50 cm BapeupyroT oT 19 % B uerBepTOM BapumaHTe (KameiabHOE opolieHue) a0 24 % B
TperbeM, rae BHocuan 2,0 Kr/M’ mpernapara.

Ilo ocTanbHBIM BapHaHTaM JaHHbIC IIOYTH HE PA3HATCS. YUUThIBAas OU€Hb HU3KYIO BIAKHOCTH ITOYBHI B
utone 2019 r., B 2020 r. ObUIM MPOBEACHHI IOMOJHUTEIBHBIE MOJUBBI, B PE3YJIbTaTe KOTOPBIX BIAKHOCTH
NOYBHI HOBBIIIEHA ¢ 12 10 22 %.

CpaBHHUTENBHBIN aHATIHU3 1O ONPEAEIICHUIO BIQKHOCTU TMOYBBI, 3(P()EKTHBHOCTH MPUMEHEHUS Pa3Inyd-
HBIX HOpM ruzgporens 1,0, 1,5, 2,0 Kr/M’B Tofbl HCCIENOBAHMIT MOKa3al 3(h(MEKTHBHOCTD HCIIOIb30BAHUS
nanHoro npenaparta. OcoO0eHHO ero AeWCTBHE MPOSBISAETCS B KPUTHUYECKHUE MIEPUOJIBI U pOCTa U Pa3BUTHUS
pactenuii. Taxke ero 3gheKTHBHOCTh OTMEUEHA NP HaKOIUIeHWH Biard B ampesie 2020 T., mpu KOTOPOM
BIIQ)KHOCTH TIOYBHI B ITepBOM BapuaHTe paBHa 21 %, uto Ha 3 % BoIIIE, yeM B 2019 T., BO BTOpOM BapHaHTe
oTMeueHa erie Ooublas pasHuna (puc. 4).
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Pucynox 4. [Tokaszarenu BIa)XHOCTH 10oYB (cpenHue nokasareny 3a 2019-2020 rr.)

B 2019 r. Bnaxkanocts nouBsl coctaBuia 20 %, B 2020 r. — 26 %. MakcumalbHOE 3HaYCHHE BIAKHOCTh
MOYBHI IOCTUTIIA B TPETHEM BapHaHTe, [0 CPAaBHEHMIO C MPOLLIBIM rofioM, ¢ npesbimeHneM B 11 %. Takas
pa3HHLa B HAKOIUICHUH BJIaru 00BICHAETCS CHEKHOM 3MMOI1, BRICOTA CHEXXHOTO MOKPOBa cocTaBmia 35 ¢, a
TaKk)Xe JICUCTBUEM TpemnapaTa. B 4eTBepToM M MATOM BapHaHTax NaHHBIC TOYTH He pasHsatrcs. [Ipu kamens-
HoM opomieHn# B 2020 r. BnaxkHOCTh cocTaBmia 16 %, B 2019-m — 15 %. Takas e kapTHHa ¢ pa3HUIEH B
1 % nabmonaercs u B msiToM BapuanTe, B 2020 1. BnaxxHocTh paBHa 19 %, B 2019-m — 18 %. Ecnu B anpene
2020 r. mpowm3onnio Goblllee HAKOIUIEHWE BJIATM B TIOYBE C NMPUMEHEHHEM THIPOTENS, C MPEBBIMICHUEM
MpekHuX nokazareneil Ha 3—11 % B 3aBHCHMOCTH OT BapHaHTa, TO B Ma€ COJAEpKaHME BJIard CHU3UIIOCH Ha
6—11 % mo runporento u Ha 2—3 % B 4ETBEPTOM U IISITOM BapuaHTax. B uroHe BiakHOCTh Mo4BHI B 2020 T.
BBIIIIE B TIEPBOM M TPETHEM BapHaHTax, IJe MPUMEHSIICS THAPOTeNlb, BO BTOPOM, YETBEPTOM H MSTOM BapH-
aHTaX MaHHbIC TOXaecTBeHHBI 3HaueHUsM 2019 r. ITokazarens BiIa)kKHOCTH TOUYBHI B Hiojie 2020 T. mpeBhImIan
MPOLIOTOIHUE 3HaUYeHus Ha 2 % B koHTpose U 10-11 % no apyrum BapuaHTaMm.

Baxnouenue

3amacel BIIard M BIaroo0ecreyeHHOCTh MouB B KypuyMcKkoM paiioHe 3aBHCAT Kak OT HOTOIHBIX YCIIO-
BUH, TaK ¥ OT TEXHOJIOTUH BopooOeciedeHus. [1o ntoram 1abopaTopHBIX UCCIIEIOBAaHUH BBISBICHO IOI0XKHU-
TENbHOE JEWCTBHE IMpenapaTa «AkBacopO». [IMOTHOCTH MOUBHI yiy4lnaeTcs MPH BHECEHWH Ipernapara B
HopMme 1,5 u 2,0 M’/ra B BepxXHHX 05X m0uBbI oT 10 10 30 oM. Takast IIOTHOCT CYMTACTCS ONTUMAIBHON
IUIsL POCTa U Pa3BUTHUS 3KCIIEPUMEHTAIbHBIX pacTeHuil. [I10THOCTh OUBBI JOCTUraeT KPUTUIECKOH OTMETKU
B 1,9 r/cM’ npu BHeceHuu momuMmepa B HopMe 1,0 Kr/M° 1 npu monuBe 1o Gopo3zaM Ha riyGune 30—50 cm.
[Ipu kanespHOM OpOLICHWH M MIPU MOJMBE 0 Oopo3nam yxe ¢ BepxHux cioes (10; 20; 30 cM) ckinaapIBaroT-
Csl KPUTHYECKHE YCIOBHS 110 oTHOCTH 1,7—1,8 kr/m’. CaMble GoJIbIIMe 3amachl BIIATH B epecdere Ha 1 ra
OTMEUEHBI B TPEThEM BAPHAHTE B alpelle, IIPH BHECCHUH THAPOrens «AKBacopoy 2,0 KI/M’; caMble HU3KHE B
YeTBEPTOM BApMAHTE — B HIONC. B JaHHBIX YCIOBHSX, TpH 103¢ BHeceHms 1,5; 2,0 kr/m’ rumporens
«AkBacopO», CO3JalOTCd HAaWIy4dllMe YCJIOBUS BOJHO-BO3IYLIHOIO pEXHUMa IOYB [UIl IPOTEKaAHUS
(U3U0JIOrMYECKUX IIPOLECCOB, POCTa U Pa3BUTHUA JPEBECHO-KYCTAPHUKOBBIX pacTeHHH. lcrosib3oBaHue
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THJIPOTEIIS MOXHO pacCMaTPUBATh KaK HOBOE TEXHWYECKOE PEIICHUE, HAMIPABICHHOS Ha BIAroo0eCIcUCHIe
KYJIbTUBHPYEMBIX PACTEeHHH M PaIliOHAIBHOE HCIOJIB30BaHIE BOJHBIX PECYPCOB C HAMMEHBIINMH arpoTex-
HUYECKIUMH 3aTpaTaMu.

Paboma evinonnena no pesyromamam nayuno-mexnudeckou npoepammovi BR05236444 «Hcnvimanue
UHHOBAYUOHHBIX MEXHOI02UL NPU PA3BUMUU CA00800CMEA 8 apuoHblX ycaosuax Kazaxcmanay.
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T.A. BooBuna, A.A. Bunokypos, E.A. Vcakosa, O.A. Jlaryc

HIbirbic KazakcTan 00bichbiHbIH KypuniM aynanbiHaa ruiporesib KOJAaHy
apPKbLIbI TONBIPAKTHIH Cy-(QU3MKAJIBIK KACHETTEPiH 3epTTey

3epTTeyiH MaKcaThl TONBIPAKTHIH CY-(QU3UKAJIBIK MapaMeTpiepiH 3epTTey, OHBIH HEeTi3iH/e BUFal PeKUMIH
TajyjlayFa KoHE KOJINAHBUIATHIH MHHOBAIMSUIBIK TEXHOJIOTHSUIAp Typallbl KOPBITBIHABI jkacay. ToxipnOe
HOTIKeINepi Antail 60TaHUKAJIBIK OaFbl KbI3METKepIIepiHiH KoMEeTiMeH JKacalFaH. Makaiiaa TOIBIPaKThIH Cy-
(bU3MKaIBIK KAaCHETTEP] Typasbl MAIIMETTEP KENTIPIIreH: ThIFbI3AbIFbI, bIUFAIABIIBIFEI KOHE HICKTi-alalIbIK
BUTFaJI CBIMBIMIBUIBIFEL TaxkiprOenep i HoTmKeIepi «AKBacOpO» rUAPOreTiHiH KOMETriMEeH TOIBIPAKTHIH CY
POXKHUMIH peTTeyre J>KOHE Cy TAIIUbUIBIFBI JKaFAailblHIa ©CIMAIKTep YIIIH KOJDKETIMII BUFal KOPBIH
KebeiiTyre GONATHIHABIFBIH KOpceTTi. Mocenen, mpemapartsiH 1,5 kr/m® xome 2,0 Kr/M® HOpMAchIMEH
KOCBUTYBl TONBIPAKTHIH OapIiiblK TOpu3oHTTapbiHAa 15 %-man 24 %-ra AeHiH BUFANIBIH KONl MeJIIepiH
cakrayra KeMekreceni. J[oy1 ocsIHIai HOpMaJap TONBIPAKTarkl Cy KOPEIH KeOeiTeni, acipece KOKTEeMIE KoHe
OHBIH THIFBI3JIBIFBIH KaKcapTaabl. MYHBIH 00pi 0CIMAIKTepiH KAKCHI JaMybIHa BIKIAJ €Te.

Kinm c93c)ep: HYCKa, KJInMaT, TOIbIPaK, ruAporelib, HIeKTiK-IIaIIaJII)IK bLIFall CLIﬁLIMHLIHLIFbI, bUIFaJl KOPbI.

T.A. Vdovina, A.A. Vinokurov, E.A. Isakova, O.A. Lagus

Research of water-physical properties of soil with application of hydrogel
in the Kurchum district of the Eastern-Kazakhstan region

The purpose of the research is to study the water-physical parameters of the soil, on the basis of which it is
possible to analyze the moisture regime and draw conclusions about the applied innovative technologies. The
results of the experiments; set according to the developed recommendations by the employees of the Altay
Botanical Garden. The article provides data on the water-physical properties of the soil: density, humidity and
maximum field moisture capacity. The results of the experiments showed that with the help of the
«Akvasorb» hydrogel, it is possible to regulate the water regime of soils and increase the moisture reserves
available to plants in conditions of water scarcity. Thus, the addition of the preparation at a rate of 1.5 kg/m’
and 2.0 kg/m® helps to retain the greatest amount of moisture in the soil from 15 % to 24 % across all hori-
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zons. These same norms increase the water reserves in the soil, especially in the spring and improve its densi-
ty. All this contributes to a better development of plants.

Keywords: option, climate, soil, hydro gel, maximum field moisture capacity, moisture reserves.
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Boinesienue u nzydyenue miraMmoB ¢ocharModuaIu3npyonmux
MHUKPOOPTaHM3MOB, NEPCIEKTUBHBIX IJIA CO31aHUsA O0MOya00peHust

B crarse onmcan nponecc BEIIETIEHHS U H3yIeHHs ITaMMOB (pochaTMOOMIN3HPYIONIMX MUKPOOPTaHU3MOB.
B pesynbrare aHanu3a MouBbl BBISIBIEHO, YTO B OTOOPAHHBIX 9 00pasIax coAEpsKUTCS HOCTATOYHOE KOJIHYe-
CTBO OOIIIETO a30Ta, yMyca U MOJBIXHBIX COeAMHEHHH docdopa 1 pa3BUTUSI MUKPOOPraHU3MOB. B ntore
BbIIeNIeHNsT (hOCHATMOOMIH3YIONIMX MHUKPOOPraHU3MOB OblIH 0TOOpaHbl 23 MonousonsTa. [Tocne nHKyOa-
MU KOJO NMpOBENIM aHAIM3bl HAa COZep)KaHHe pacTBopeHHoro docdopa U pH B KyabTypanbHOH KHUAKOCTH.
B pesynbTate Hanboublee coaepKaHue pacTBOPEHHOro Gochopa MoTydeHo Npu MHKyOalMu MOHOU30JISTOB
Ne 9 u 20, xoTopsie cocraBwu 3,57 r/m 1 2,55 1/1 coorBercTBeHHO. Kpome Toro, pH cpenpl y JaHHBIX MOHO-
H30JIITOB IOKa3aJl HamMeHbIHe 3HadeHus: 5,4 u 5,7. Monomsonsater Ne 9 u 20 3ammdposans! kak FT1 n
FT2. Ha ocHoBe (hpn3M0JI0r0-OHOXMMHIECKIX HCCIENO0BAaHUH BEIJETIEHHbIE MOHOU30IATH HACHTU(PHUITUPOBa-
HBI KaK Bacillus megaterium FT1 u Bacillus sp. FT2. B pesynbrare usydenus ¢pocharmoOummnpyromeit ak-
THBHOCTH Y BBIICNIEHHBIX IITAMMOB IOYBEHHBIX (HOCHaTMOOMIN3UPYIONIMX MUKPOOPTaHU3MOB U KOJIIEKIIH-
OHHOTO IITaMMa HauboJbUIYIO (OCHATMOOWITH3UPYIOLIYI0O aKTUBHOCTh IMOKa3ajl HOBBIM mitamMm Bacillus
megaterium FT1, xoropslii B Teuenne 120 u pacrBopun 100 % docdopa B cpene. Boixox pacTBOpeHHOTO
¢docdopa y wrammoB Bacillus spp. FT2 u Serratia plymuthica N11 cocrasun 50,0 5 u 54,2 % B Teuenue
168 1.

Kniouesvie crosa: 6noynoOpenne, MEKpOOpPraHU3M, MOHOM30JIAT, IITaMM, uaeHTH(uKkanus, Gocharmodbmmm-
3upyromas 6akTepys, II0YBa, YPOKAHHOCTb.

Beeoenue

OCHOBHBIC TPUOPHUTETHI, CTOAIINE IEPE]l arpoNPOMBINUICHHBIM KOMIUIEKCOM PecmyOnuku Kazax-
CTaH — CO3aHUE YCTOHYMBOW CHCTEMBI MPOIOBOJILCTBEHHOW 0€30MaCHOCTH, pa3BUTHE arpoOH3Heca, CHU-
JK€HHE UMIIOPTa MMPOJOBOIBCTBUS U TOBBIIMIEHHE KOHKYPEHTOCTIOCOOHOCTH OTeUeCTBEHHOM mpoaykuuu. Of-
HUM U3 ITYTEH MOBBINICHUS MPOU3BOUTEIHLHOCTH arpapHOTO CEKTOPa CEBCKOT0 XO3SHCTBA SBIISICTCS MTOBBI-
[ICHUE YPOKAWHOCTH KCIOJB3YEMBIX ITOYB IYTEM BHECCHHS COAIAHCUPOBAHHBIX JI03 OPTaHHUYSCKUX YH00-
PCHMIA, MUHEPAIbHBIX KOMIIOHEHTOB, 000TaIlEHHUs TIOYB MMOJIe3HOH MUKpodIopoi [1].

PasnooOpa3ubie kimMaTHueckre ycioBus KazaxcTaHa Mo3BONIAIOT BBIPAIIMBATH MOYTH BCE KYIBTYPHI
YMEPEHHOTO TETJIOBOTO M0sICa — 3€PHOBBIE, TUIOI0BOOBOIHBIC, MACIIMYHBIC, TEXHUYECKHUE.

[ToBpimenne >¢h(HEeKTHBHOCTH arpapHOTO CEKTOpa — CJIOXHas ¥ MHOTOCTOPOHHSS 3amada. Hemamo-
Ba)kKHasl POJIb JOJDKHA OTBOJIUTHCS Pa3pabOTKe W BHEIPEHUIO SKOJIOTUYECKH OE30ITacHBIX CHCTEM 3eMIIeiie-
TSI, COCTaBHOM YacThIO KOTOPBIX SABJSIOTCS IUIOJOCMEHHBIE OMOJOrM3MpOBAaHHBIE CEBOOOOPOTH [2], Hc-
MOJIL30BaHUE OPTaHMUYECKUX M OMONOTHUYECKUX yaoOpeHuil [3], BHEAPEHHE pecypcocOeperaroimx TEXHOIIO-
TUH KyJbTUBUPOBaHUS [4], MCHOIB30BaHUE OWOJIOTHYECKHUX CPEICTB 3alIUTHI pAacTCHWH. buomormueckoe
HamnpaBJieHHE B CO3JaHHH IPETapaToB I YIYUIICHUS IJI0JOPOIUS TOCTOSHHO Pa3BUBAETCS: MOSIBIIAIOTCS
HOBBIC TIEPCIICKTUBHBIC OPTaHU3MEI JIJIS CO3/IaHMsI HA X OCHOBE OMOTpPEnapaToB Pa3inyHOro JACHCTBUS.

B cenbckoM X03sCTBE KaK OCHOBHOM OTpaciy, MmoTpedssonieii hochopHbIEe COSTUHEHHUS, TTPOOIEMBI
nedumTa goctymHoro dochopa B MOUBE PEHIAIOTCS MYTEM PETYJIIPHOTO BHECCHUS MUHEPANBHBIX yrobpe-
Huil. Onnako Toapko 10—15 % BHOCHMBIX (OoCchHOPHBIX YIOOpEeHHH aCCUMUIUPYIOTCS PACTCHUSIMH, a OOMb-
as 4acTh MX MEPEXOAUT B TPYTHOMOCTYIHYIO (hOpMY JUISl PAaCTCHUH HIIM BBIMBIBACTCS C TPYHTOBBIMHU BO-
namMu. Takoro HEMoABMKHOTO HeoOMeHHOTo (hochopa B MOUBE COACPKUTCS OUYEHH MHOTO: IO 5—6 T B KaX-
oM rektape. @ochaTMoOMIM3UpYIONUEe OAaKTEPUH KUBYT B IOYBE, Pa3jiaral0T OPraHUYeCKHe BEIIeCTBa U
BBICBOOOXKIAIOT COAEpKaIIniics B HUX (ocdop, IepeBost ero B pacTBOpUMbIE ol (HocHOpHON KHCIOTHI.
OO6pa3zyemble B JaJIbHEHIIIEM coeTuHEeHUS (PochHOPHON KHCITOTHI CTAHOBSTCS JOCTYITHBIMHA JUTSI PACTECHUH.

Haubonee BBITOJHBIM U 3KOJIOTHYECKH OE30MAaCHBIM MPUEMOM IOBBIIICHUS IMOJABMKHOCTH (ocopa B
MOYBE M €T0 JOCTYMHOCTH PACTSHUSIM SIBISICTCS MHUKpoOMonornieckast gocharmoOmmmsanus — IpuMeHe-
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HUe OakTepHalbHBIX MpenapaToB, YCHIMBAIOMINX MOOMIM3aui0 Gocdopa U3 TpyIHOAOCTYIMHBIX COETUHE-
HUM [OYBBHI B JIETKOAOCTYIIHBIE.

B cBs13M ¢ U37105KEHHBIM BBIIIE, IETbI0 JAHHOH PadOTH! SBISUIOCH BBIICICHNE W UICHTU(HUKAIIS aKTHB-
HBIX IITaMMOB (oc(haTMOOMITH3UPYIOIINX MUKPOOPTaHU3MOB JUISI CO3IaHHSI OMOJIOTHYECKOTO YAOOpEHHSI.

Memoowl uccneoosanus

OO0BeKTaMHd WCCICIOBAHUM CIYXXHJIM INTaMMBI CBOOOJTHOXHUBYIHX  (PocharMoOmIH3UpyIOMNX
OakTepuii, BbIJENICHHbIE U3 MocafouHblx ydacTkoB TOO «Biolife» (Axmomnuuckas obmacts, T. CremHo-
TOPCK).

Ot60p mpo6 nous mpoBoawau B coorBeTcTBUU ¢ ['OCT 28168—89 [5]. pH mouB onpenensimm METOIOM,
OCHOBAaHHOM Ha BBITECHCHHH OOMEHHBIX KaTHOHOB 1M pactBopoM KCl M3 TTOYBEHHOTO ITOTIIOIIAIOIICTO
KOMILIeKca [6], a comepkaHue TyMmyca B Ipodax Mo4B — M0 METOJMKE ONpeie/ieHHs KauecTBa MOYBHI [7].

Brigenenue dhocharMoOUIN3YIOMUX MUKPOOPTAHU3MOB TPOBOJMIA Ha TUIOTHON MUTATENBHOW Cpefie
NBRIP-BPB u xuakoii cpeae NBRIP [8]. Konrienrpamuto ¢pocdopa B pacTBope onpeaessiim cnekrpodoTo-
METPUYECKUM MeTOJIOM Ha criekrpodoromerpe Biomate 3 (Thermo Ficher Scientific) [9]. Jlns mocTaHoBKH
TUTpPA UCIIOIB30BAIN MUTaTENbHYIO cpeny NBRIP.

KonngecTBEHHBIN yI€T MUKPOOPTAaHU3MOB ITPOBOIMIN MEeTO0M moceBa 1mo Koxy [10]. Benmumuuny pH
HCCIIEIYEMbIX PAacTBOPOB OINpPEICISUIA € MOMOLIbI0 MpOo(decCHOHaTbHOTO MHOroKaHanbHOro pH-merpa
Mettler Toledo SevenMulti.

Unentndukanuio 6akrepuil MpoBOIWIA HA OCHOBAaHUU MOP(HOIOTHUECKUX, KYIbTYpaIbHBIX U (U3HO-
JIOTUYECKUX MPU3HAKOB, HCIONB3ys «Omnpenenurens Oakrepuid bepmxm». PesynpTarel ucciaenoBanus ObITH
00paboTaHbI ¢ HCIONB30BaHUEeM KpuTepus: CThIOIEHTA.

Pesynomamei

Brinenenne mouBeHHBIX (HochaTMOOMIM3UPYIONIMX MHUKPOOPTaHU3MOB HPOBOIMIN M3 9 mpod, oTo-
OpaHHBIX Ha mocafgo4Hbix ydactkax TOO «Biolifen. Hike B Tabnune nmpuBeAeHbl JaHHBIC aHATU3a OTO-
OpaHHBIX MPOO.

Tab6anumna
Pe3yabTaThl aHAIU3a NPOO MOYBBI
. T'ymyc, IloaBuKHEBIE COCTMHEHMUS
[Tpota Ne pH Baaxcmoets, % | O6mwii N, % % (cogep}:icaﬂne) P, Mr/kr (conepxaHue)
1 7,9 5,4 0,3605 6 (cpenHee) 113 (moBEIIEHHOE)
2 6,65 2,5 0,1413 2,5 (Hu3KO0E€) 99 (cpennee)
3 6,34 2,1 0,1684 2,4 (au3Koe) 113 (moBkIIIEHHOE)
4 6,25 2,4 0,4473 3,4 (am3Koe) 95 (cpennee)
5 6,36 2,4 0,2413 2,7 (Hu3KO0€) 139 (moBkIIIEHHOE)
6 7,79 5,2 0,4315 6,4 (TIOBBIIIIEHHOE) 93 (cpennee)
7 8,0 4,6 0,3789 5,5 (cpennee) 2,8 (o4eHb HHU3KOE)
8 6,93 3,8 0,0063 3,2 (Hu3KOE) 21 (o4eHb HU3KOE)
9 6,81 4,0 0,2284 3,2 (uu3Koe) 27 (Hu3KOE)

CornacHo pe3yibTaTaM aHaIH3a MOYBHI, B OTOOPAaHHBIX 00pa3ax COAEPKUTCS TOCTATOYHOE KOJTUIECT-
BO 00IIIeT0 a30Ta, TyMyca | IMOABIKHBIX COeMHEHUH (ocdopa A pa3BUTHI MUKPOOPTaHU3MOB.

O6pasnp! mouBsl Maccoit 5 T cmemmBaiu ¢ 100 mn crepunsHoro 0,9 % pactBopa XJjopuaa HaTpus,
BCTpsIXMBaJIM Ha 1melikepe B TeueHue 8 4. [locie oOpa3isl BHOCHIH B skuakyto cpexy NBRIP, conmepxkaryro
HEPacTBOPUMBIN opTodochaT KalblHsi, 1 HHKYOUPOBAIM Ha NIeHKepe-UHKyOaTope 72 4 mpH TeMIeparype
28 °C u 200 o6/muH. [Ipy maHHBIX YCIOBHSX IMPEUMYILIECCTBEHHO Pa3BUBAJIMCh MUKPOOPraHU3MBI, CIIOCO0-
HBIE K PaCTBOPEHHUIO Heopranundeckux (ochaToB U mepeBoay UX B AocTynHbie Gopmel. Uepes 72 4 KynbTH-
BHPOBAHHUS TOTOBWJIM TMOCIIEOBATENFHBIE AECATUKPATHBIE Pa3BeACHNS TOJIYUISHHON CYyCIIEH3HH MUKPOOpra-
HHM3MOB U BBICEBAJIM HA IUIOTHYIO nuTaTenabHyto cpeny NBRIP-BPB mist BeiieneHusi KOJOHUN MUKpoOpra-
HU3MOB, CIIOCOOHBIX pacTBOPATH opTodocdar kanbuus. [Ipu pacTBopeHun oprodocdara KaabUus MPOUCXO-
110 00pa3oBaHKE 30H MPOCBETIICHHA (30H Tajio) Ha W3HA4albHO MyTHOU cpexe. [locne KynbTUBHpOBaHUS
Ha cpene NBRIP-BPB 6wt oToOpans! 23 MOHOHM30JITa, BOKPYT KOTOPBIX OOpa30BBIBAIMCH 30HBI TaJlo.
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Otobpannble n30MATHl ObUTH TepecesHbl Ha cpeny NBRIP, comepkaiyro HepacTBopuMBIH opTodochaT
KaJblys, mocie nukyouposaau mpu 28°C u 200 06/mMuH B Teuerue 72 4. [Tocie nHKyOaluu Kojad mpoBeIn
aHaIM3bI Ha coiepkaHue pacTBopeHHOTro pochopa u pH B KynbTypanbHO#H xuakoctu (puc. 1).
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Pucynox 1. Konnenrparus pactsopumoro ¢ocdopa n pH cpenpl mocine nuakybaunu
(ochaTMOOHIM3UPYIOINX MOHOM30JISITOB B TeUeHHE 72 4

[To naHHBIM, pEICTABICHHBIM HAa PUCYHKE |, BUIHO, YTO HAaWOOJbBIIEE CONEPKAaHUE PACTBOPESHHOTO
docdopa monyueHo npu UHKyOaruu MoHOU30ATOB Ne 9 u 20, koTophle coctaBuiu 3,57 r/i u 2,55 r/1 coot-
BeTcTBeHHO. Kpome Toro, pH cpensl y JaHHBIX MOHOHM3OJIATOB IMOKa3ajl HaMMEHbBINE 3HadYeHus: 5,4 u 5,7.
Momnouzosnsate! nog Ne 9 u 20 3ammdposanst kak FT1 u FT2.

UnenTndukanms TaHHBIX MOHOM3OJISITOB MPOBEIeHA HAa OCHOBAHUM MOP(OIOTUYECKUX, KYJIbTypallb-
HBIX ¥ (PU3UOJIOTHYECKUX MPU3HAKOB C UCMoNab30BaHueM «Omnpenenutens 6akrepuii bepmxmy.

Monouzomar FT1: Kierku mnpsMbie MaJOYKOBUIHBIC C 3aKPYIJICHHBIMU KOHIIAMH, Pa3MEpoOM
1,9%0,5 MKM, pacroyio’keHHbIE OAMHOYHO, MOTIAPHO MJIM B BUJE LIEMIOYKH, 00pa3yloT chepruuecKue SHA0CIIO-
PBI, KJIETKH MOABIDKHBIE. Uepe3 18 1 pocTa Ha MACO-TIENTOHHOM arape Min KapTo(ersHO-TIIOKO3HOM arape
KIIETKH 00pa3yroT KOJIOHHH Tpsi3HO-0enoro 1Beta. [Ipu kynbTuBHpoBanun mramma Ha MITA, kaprodensHOM
arape, cycio-arape B Teuenue 24 1 npu 28+1 °C o0pa3yroTcs ckiandarsie KOJIOHUH, BI3KOM KOHCHCTEHIINH,
TelecHOro IBeta. He pacTeT B aHa’poOHBIX YCIIOBHAX, ONTHMAaJIbHAs Temmeparypa pocta 28-31 °C,
pH 6,8-7,2. Kynbrypa hepMEHTHPYET IITFOKO3Y, apabHUHO3Y, KCHII03Y, MAJIbTO3y, JJAKTO3Y, MAHHHUT, Caxapo3y
¢ o0pa3oBaHUEM KUCIOTHI Oe3 ra3a. [ miaponusyer Kkpaxmall, )KeJaTHH, He THIPOIN3YeT MOUYCBUHY.

Monouzonar FT2: ['pammnonoxutenbHbie a3po0HBIE CIIOPOOOPA3yIONINE MaIOYKU, MPOIYIUPYIOIIIE
karaja3y. Ha msco-nentoHHOM arape, cyciio-arape naioT oO0mibHbIi poct. Ha MIIA oGpa3syer cepoBaro-
0eIbie METKOMOPIIUHUCTHIC KOJIOHUH C BOJHUCTHIMH KPasiMH, CJIETKa BPACTAIOIIMMU B arap, BSI3KOH KOHCH-
creHIMH. PocT B JKUAKON cpesie CONMPOBOXKAAETCS MOMYTHEHHEM Cpeabl, 00pa3oBaHHEM IUICHKH CEpOBaTO-
Oeroro 1pera u ocaaka. OnrumanbHas Temmneparypa pocta 28—30 °C. Uepes 18 4 pocTa B Ma3Kkax KyJIbTypbl
0OHAPYKUBAIOTCS NPSIMbIC NAJIOUYKOBUIHBIC KICTKH, pasMepoM 2—3%0,6 MKM, pacIojOKEHHbIC OJUHOYHO,
nmomapHo wiu nenoukoit. [Ipu cnopooOpa3oBanuu kiieTka He pasgyBaercs. CHOpel OBaJbHBIE, pa3Mep
0,9%0,6 MKM, PacIoJIOKEHBI B KJIETKE ICHTPAIBHO WM SKCHCHTPUYIHO. KynbTypa (epMEHTHPYET TIIFOKO3Y,
caxaposy, MaHHUT B MajibTo3y. [ MmaAponmu3yeT Kpaxmal, >keJaTHH, He THAPOIN3YeT MOUYCBUHY.

Ha ocHoBe (hM310II0T0-0MOXUMUYECKUX UCCIICIOBAHUHN BBIICICHHBIE MOHOU3OJIATH UACHTU(DUITUPOBA-
HBI KaK Bacillus megaterium FT1 u Bacillus sp. FT2.

Wzyuenue pochaTMoOUIH3UPYIOLIEH aKTUBHOCTH Y BBIACIICHHBIX IITaMMOB Bacillus megaterium FT1,
Bacillus sp. FT2 u mramma Serratia plymuthica N11, B39TOro U3 KOJUIEKIIUU IITAMMOB MHKPOOPTaHU3MOB
¢unmana «HaruoHanbHBIN 1HEeHTp OuMoTexHONOrHM» B T. CTEMHOTOpPCKE, MPOBOAWIM HA KUJAKOW Cpele
NBRIP, conepkateit HepacTBOpuMBIH opTodocdaT Kajibius, B TeueHue 168 4. CoaepkaHue pacTBOPSHHO-
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ro ¢ocdopa onpeaersiy Kaxkaple 24 4. Pe3ynpTraTsl o cogepkaHUI0 paCTBOPEHHOTO Gocdopa U JaHHBIE 110
pH mpencrapieHbl Ha pUCYHKeE 2.
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Pucynok 2. Pe3ynbraTsl BeIxoaa ¢ocdopa B pacTBop 1 gaHHBIE 110 pH cpenpr

PesynbTarhl UCCIeIOBaHUH, TPEICTABICHHBIC HA PUCYHKE 2a, MOKa3ald, YT0 Haubosbimas (hochaTtMo-
OWIM3MpYIolas aKTUBHOCTh HaOmogaeTes y mramma Bacillus megaterium FT1, kotopsriii B TeueHue 120 4
pactBopri 100 % docdopa. Beixox pactBopeHHoro ¢ocdopa y mrammoB Bacillus sp. FT2 u Serratia
plymuthica N11 cocraBun 50,0 u 54,2 % coorBercTBeHHO B TeueHue 168 4. KoHIIGHTpanus pacTBOPUMOTO
dbochopa koppenupyeT ¢ noHmwxkeHrneM pH cpenbl B COOTBETCTBHU C PUCYHKOM 26. B pesynbTare HanOoIb-
IIyI0 aKTUBHOCTbH IMOKa3ajau mTaMMbl Bacillus megaterium FT1 u Serratia plymuthica N11, koTopslie ObUIH
BBIOPAHBI IS JATBHEHIIIEr0 CO3aHUs KOMIUICKCHOTO OpraHudeckoro ouoymnoopenus. Ha pucynke 3 mpen-
CTaBJICH PErPECCUOHHBIN aHAU3 Koppesaiuu Mexay pH u comepxkannem dochopa B KyIbTypaTbHON HKHT-
KOCTH JIJISl BCEX UCCIeyeMbIX (PocdaTMOOMITU3UPYIONIIX I TAMMOB.
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Pucynox 3. Perpeccronnsiii ananu3s xoppensiuu Mexay pH u Beixonom P st docdarmodunmmzupyrommx
mrraMMmoB Bacillus megaterium FT1, Bacillus sp. FT2 u Serratia plymuthica N11

Takum oOpazom, B MoOuiIm3auuu (Gocdopa 3HAUUTETBHYIO POJb UTpacT cHkeHue pH cpensl 3a cuer
o0pazoBaHusl KHCIOTH Oaktepusamu. Hanbonpmee pactBopenue pocdopa Hadbmoaa10Ch Ipu 3HaUeHUsX pH
MeHble 6,0.

Raxnouenue

C uenpio co3IaHHsI OPraHUYeCKOro yAOOpeHUs, MEepCHeKTUBHOTO JUIsl BBIPAIIMBAHMUS OPraHUYECKOM
HPOIYKIIMH U TIOBBILICHUS IUIOAOPOIHS IOYBBI, OBUIM BBIIEJICHBI CBOOOJHOXKMBYIIHE (hochaTMOOHIH3H-
pymoiue 0akTepuH 1 u3ydeHa GpochHarMoOUITH3UPYOIas aKTHBHOCTb.

[IpoBenen moabop mTamMMoB M OTOOpaHbl 2 mTamMma QocdarMoOunu3upyomux oaxkrepuid Bacillus
megaterium FT1 u Serratia plymuthica N11.

B pesynbrate usydyenus gocharMoOmIn3upyolieii aKTUBHOCTH Y BBIJIEJICHHBIX LITAMMOB IIOYBEHHBIX
¢dochaTMOOMITH3UPYIOINX MUKPOOPraHW3MOB M KOJUIEKIMOHHOTO IITaMMa HauOoJdblIyio ¢ocharMoOuu-
3UPYIOLIYIO aKTUBHOCTH MOKa3all HOBBIM mtamM Bacillus megaterium FT1, xotopslit B Teuenue 120 9 pac-
tBopuit 100 % docdopa B cpene. Bexon pactBopernoro docdopa y mrammos Bacillus spp. FT2 u Serratia
plymuthica N11 cocraun 50,0 5 u 54,2 % B Teuenue 168 4 COOTBETCTBEHHO.

Jannas paboma Ovina evinonnena 6 pamkax HayuHo-mexuuyeckou npoepammul O.0810 «Cozdanue Ho-
8bIX NPENApamos U UHHOBAYUOHHBIX OUOMEXHOI02ULl 051 CelbCK020 Xo3alicmea u eemepunapuuy na 2018—
2020 200v1.
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H.K. XKanmnap, B.M. llaiixyraunos, b.M. Meip3abaes,
K.A. 3eiinenos, A.K. llu6aesa, JI.)K. Baiipon

BHOTBHIHANTKBIIITHI sKacay YIIiH mepcrneKTuBTi GocharModuian3anusaianTbIH
MHUKPOOPraHU3MAep WITAMAAPBIH 061l a1y KoHe 3epTTey

Maxkanana ¢ocharMoOHIN3aUMSUIAHTHIH MUKPOOPTaHU3M/IEp IITAMAAPBIH OO ay XoHe 3epTTey yAepici
cunarrajrad. TONbIPaKThI Tanay HOTHKECIHAE IpiKTeNareH 9 yiuriiepe MUKpOOPraHU3MACPAl JaMBITY YILIiH
KAl a30TThIH, TYMYCTBIH koHE (ocHOpPIbIH KBUDKBIMAJIBI KOCBUIBICTAPBIHBIH KETKITIKTI Memiepi Oap.
docharMoOHIH3ANMSIIANTEIH MUKPOOPraHU3MEpAiH OeiliHyi HOTHXKeCiHAe 23 MOHOU30JIATTAp IPiKTEN.
Konbanapaer nHKyOanusianFaHHaH KeHiH epitinreH ¢GocdopiaslH >KoHE KyNbTypasibl CYHBIKTHIKTArsl pH
KypaMblHa Tajjay >kacamslHiusl. HoTwkecinnme epitimren ¢ocdopasiH eH ken Kypambel Ne 9 sxeme 20
MOHOU3OJIATTap bl HHKyOanusay Ke3iHae ajlbIHFaH, ojap THicinme 3,57 /1 xoHe 2,55 /1 kypanst. Conpaii-
aK, MOHOM3OJIITTapAbIH KOPEKTiK opTachiHBIH pH eH a3 monzaepiH kepcerti: 5,4 xoHe 5,7. Ne 9 xone 20
moHomsositrap FT1 sxone FT2 peringe umdpiaenren. Ou3Hoa0rusuibIK-0MOXUMHSIIBIK 3epTTeyJiep Heri3iHae
Geninren MoHoumsossitrap Bacillus megaterium FT1 sxoue Bacillus sp. FT2 perinne caiikecTeHaipiireH.
Tomeipak  dochaTMoOHIM3ANMIANTEIH ~ MUKPOOPTraHU3MICPAiH  O6iHreH  IITaMAapblHAA  JKOHE
KOJUICKLMSUTBIK  [ITaMblHAA (ochaTMOOHIN3aMIIANTBIH OCICCHAUTIKTI 3epPTTey HOTHXKECIHAE €H YIIKEH
(docharmodmmmsasIaiiTeiH O6encenpinikti 120 carar iminne xopekTik opraga 100 % dochopmas! epiTkeH
Bacillus megaterium FT1 >xana mramm xepcerti. Bacillus spp. FT2 u Serratia plymuthica N11 mramnapsiana
epiren ¢ochopabiH mbFys! 168 carar iminge 50,0 5 xone 54,2 % kypansl.

Kinm  ce30ep:  OWOTHIHAMTKBILI,  MHUKPOOPraHM3M,  MOHOM3OJIAT,  IUTAMM,  HJICHTHU(UKAIWS,
(bocharMoOUTH3aLUSIANTEIH GaKTEpPHsI, TOBIPAK, OHIM/LTIK.

N.K. Zhappar, V.M. Shaikhutdinov, B.M. Myrzabayev,
K.A. Zeinelov, A.K. Shibayeva, L. Zh. Bairon

Isolation and study of promising strains of phosphate-mobilizing
microorganisms for the creation of biofertilizer

The article describes the process of isolation and study of strains of phosphate-mobilizing microorganisms.
As a result of soil analysis, the selected 9 samples contain a sufficient amount of total nitrogen, humus and
mobile phosphorus compounds for the development of microorganisms. As a result of the isolation of phos-
phate-mobilizing microorganisms, 23 mono-isolates were selected. After incubation of the flasks, analyzes
for the content of dissolved phosphorus and pH in the culture media were carried out. As a result, the highest
content of dissolved phosphorus was obtained by incubation of monoisolates No. 9 and 20, which were
3.57 g/l and 2.55 g/1, respectively. Also, the pH of the medium in these monoisolates showed the lowest val-
ues: 5.4 and 5.7, respectively. Monoisolates No. 9 and 20 are named FT1 and FT2, respectively. Based on
physiological and biochemical studies, isolated monoisolates were identified as Bacillus megaterium FT1 and
Bacillus sp. FT2. As a result of studying phosphate-mobilizing activity in the isolated strains of soil phos-
phate mobilizing microorganisms and the collection strain, the new strain of B. megaterium FT1 showed the
highest phosphate mobilizing activity, where 100 % of phosphorus in the medium were dissolved within
120 hours. The yield of dissolved phosphorus in the medium with the strains of Bacillus spp. FT2 and
Serratia plymuthica N11 were 50.0 5 and 54.2 %, respectively, for 168 hours.

Keywords: biofertilizer, microorganism, monoisolate, strain, identification, phosphate-mobilizing bacterium,
soil, productivity.
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Results of study of wild medicinal plants of Mangystau region

The study of medicinal plants in the flora of the Mangystau region was the practical interest in assessing the
full species composition and prospects for the use of raw materials for the medical and pharmaceutical indus-
tries. During 2013-2020, field surveys were carried out to identify the species composition of medicinal
plants, their ranking, raw materials and the characteristics of the passage of the main phases of vegetation.
The article presents the results of the analysis of the species composition of wild medicinal plants in the natu-
ral conditions of Mangystau and their ranking. As a result, the list of medicinal plants amounted to 166 spe-
cies from 112 genera and 43 families. The predominant number of species is assigned to the families
Asteraceae, Chenopodiaceae, Fabaceae, Brassicaceae, Lamiaceae, Apiaceae, Scrophulariaceae,
Boraginaceae, Euphorbiaceae and Ranunculaceae. The largest part of medicinal plants is assigned to species
used in folk medicine — 144 species; pharmacological properties were found for 50 species; 36 species are
included in the Pharmacopoeia of the Republic of Kazakhstan. All plants species were ranked into 10 groups
of pharmaceutical-therapeutic activity against different diseases: gastrointestinal tract, oral cavity, kidneys
and urinary tract, respiratory tract, antipyretic and anti-inflammatory, cardiovascular system, diabetes melli-
tus, analgesic and wound healing, skin organs, other diseases. There was performed ranking of medicinal
plant species into 4 groups by degree of distribution, area of thickets and possibility of stock collection of
vegetal raw materials. A collection calendar has been compiled for 166 species of medicinal plants in the flo-
ra of the Mangystau region. The obtained data can be used for organization of systematic harvesting of vege-
tal raw materials and development of environmental measures.

Keywords: medicinal plants, Mangystau, prospect, calendar of gathering, raw materials, pharmacological ac-
tivity, use in official and folk medicine.

Introduction

Biodiversity conservation is an important component of bio preservation. In addition to the Convention
on Biodiversity (1992), which focuses on the conservation, study and protection of biological diversity as a
guarantor of ecosystem sustainability, the Global Plant Conservation Strategy (2002) was adopted at the 6th
Conference of the Parties to the Convention [1]. At the same time, it is recommended to develop regional
and national plant conservation strategies that take into account the specificities of the regions. Therefore,
the current task of botany is a comprehensive study of individual groups and species of useful plants for
their economic use. Studying and obtaining a complete botanical resource characteristic for each raw materi-
al plant is the basis for the development of a scientifically based regime for the use of economically valua-
ble plants that exclude the degradation of their populations or the destruction of species. The whole complex
of research is most concerned with wild beneficial plants, widely used in the national economy and medicine
[2].

In the Mangystau region, species of economically valuable plants are very poorly studied and therefore
this issue is very relevant for the region. Previously conducted botanical research (T.F. Yakubov, 1955;
N.U. Kisykov, 1955; S.M. Ageeva, 1955, 1974; N.L Safronova, 1996; N.K. Aralbay, G.M. Kudabaeva,
A.A. Imanbayeva et al., 2010; A.A. Imanbayev et al., 2010) made it possible to determine the species com-
position of vascular plant flora [3-9], to identify rare and endangered species [8], to determine the composi-
tion of wild relatives of cultivated plants [10, 11], to investigate the resources of some medicinal plants
[12-15].

Despite significant advances in medicine in recent decades, according to WHO; approximately 80 % of
the world's population, about 4 billion people, use medicinal plants to treat various diseases [16—19]. Medic-
inal raw materials attract people with their complex action, low cost, lack of side effects and low cost. There-
fore, the introduction of local flora into the practical use of medicinal plants is an urgent task in the Republic
of Kazakhstan.

The purpose of the present study is to summarize the results of the study of medicinal plants in the natu-
ral flora in the Mangystau region.
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Methodology

The objects of the study were wild medicinal plants of the Mangystau region (the Western Kazakhstan).
Detection of medicinal species is performed on the basis of literature data [16—18, 20-23]. The search for
medicinal plants was carried out by route reconnaissance and semi-stationary methods (2013-2020).
The collection of herbarium and reproductive material of medicinal plants was carried out during expedition-
ary trips to Mangystau. The definition of species is made according to the generally accepted determinants
[24, 25], the clarification of Latin names — according to S.K. Czerepanov [26]. The identified medicinal
plants are ranked in 4 categories by the degree of prevalence, area of thickets and possible reserves of plant
raw materials: 1) with a wide habitat, forming significant natural thickets and suitable for industrial harvest-
ing of raw materials; 2) with a wide habitat, forming small natural thickets and suitable for the preparation of
raw materials for the needs of the local pharmacy chain; 3) species having a wide habitat, however, growing
sporadically and not forming natural thickets suitable for collecting raw materials; and 4) species with con-
servation status, that is, rare, endangered and endemic.

Species were ranked by use in scientific, official and folk medicine, as well as by manifested pharmaco-
logical properties based on literary data [16-23].

The determination of resources in communities was carried out by the method of accounting sites.
The size of the accounting site was 1 m2, the number of them was laid from 30 to 50 [27]. The territory of
the thickets was reduced to any geometric figure, its sides were measured, and the area was calculated.
The production reserve of raw materials of above-ground mass was calculated by multiplying the yield of
raw materials by the area of thicket. The volume of possible harvests was calculated in the amount
of 30-50 % of the exploitation stock, based on the biological characteristics of species and the state of popu-
lations; underground organs — in the amount of 10-20 % of the exploitation reserve.

Compilation of collection calendar was carried out on the basis of analysis of vegetation phases and
recommendations on gathering of raw materials of medicinal plants [28].

Results and discussion

Mangystau region is located in the west of the Republic of Kazakhstan, in the desert zone. The territory
includes the Mangyshlak Peninsula, the Ustyurt Plateau, the Buzachi and Tub-Karagan Peninsula, the Dead
Kultuk and Kaidak sors. From the west, northwest and southwest it is washed by the waters of the Caspian
Sea and is located between N 45 and 42°. In the north and northeast it borders with the Atyrau and Aktobe
regions, in the east with Uzbekistan, and in the south with Turkmenistan (Kara-Bugaz-Gol Bay). The territo-
ry of the region has an area of 165.6 thousand square meters (16 million ha) and belongs to the desert zone
[29, 30].

Most of the region's territory is occupied by wormwood-salt-marsh desert with areas of shrub vegeta-
tion on brown soils: the surface is partially covered with salt marshes, takyr salty soils and sands with ex-
tremely rare vegetation. The climate is sharply-continental, extremely arid. The average January temperature
is =7 °C, July +27 °C (on some days the maximum temperature exceeds +40 °C). The annual rainfall is about
100—150 mm.

Based on the analysis of literary sources and the results of own field studies, the most complete list of
medicinal plants of the Mangystau region was compiled. Based on the taxonomic analysis of the above list, it
was revealed that 166 species from 112 genera and 43 families grow on the territory of Mangystau (Table 1).

Table 1
Taxonomic composition of medicinal plants of vascular plants of Mangystau region
Amount | Amount of | Amount of species, | Amount of species, Amognt of species
. . . . . . for which pharmaco-
Family of genera, species, used in officinal used in folk medi- . AT
iece piece medicine, piece cine, piece logical activity is
p ’ ’ reported, piece
1 2 3 4 5 6
Amaranthaceae 1 3 - 2 2
Asparagaceae 1 1 - 1
Apiaceae 6 8 1 6 3
Asteraceae 14 20 2 18 3
Boraginaceae 6 6 1 5 3
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Continuation of Table 1
4 5 6
2 8 -
1

1
Brassicaceae
Capparaceae
Caprifoliaceae
Caryophyllaceae
Chenopodiaceae
Cuscutaceae
Dryopteridaceae
Elaeagnaceae
Ephedraceae
Equisetaceae
Euphorbiaceae
Fabaceae
Frankeniaceae
Fumariaceae
Gentianaceae
Iridaceae
Lamiaceae
Limoniaceae
Malvaceae
Moraceae
Nitrariaceae
Onagraceae
Orobanchaceae
Papaveraceae
Peganaceae
Plantaginaceae
Polygonaceae
Ranunculaceae
Rhamnaceae
Rosaceae
Rubiaceae
Rutaceae
Salicaceae
Scrophulariacaea
Solanaceae
Tamaricaceae
Thymeleaeceae
Urticaceae
Total: 43
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The predominant number of species is assigned to the families Asteraceae, Chenopodiaceae, Fabaceae,
Brassicaceae, Lamiaceae, Apiaceae, Scrophulariaceae, Boraginaceae, Euphorbiaceae and Ranunculaceae.
Species from these 10 leading families make up 62.0 % of the total number of species of medicinal plants
and 62.6 % of the total number of genera. The largest number of species and genera are marked by family
Asteraceae — 22 species and 14 genera. The second place is taken by family Chenopodiaceae — 15 species
from 12 genera. In the third position is family Fabaceae — 14 species from 8§ genera. In fourth place is fami-
ly Brassicaceae — 9 species from 6 genera. In families Lamiaceae, Apiaceae and Scrophulariaceae, 8 spe-
cies from 8, 6 and 3 genera were found, respectively. Sixth place is taken by family Euphorbiaceae with
6 species from 3 genera, the seventh position is family Ranunculaceae with 5 species from 4 genera.

From 166 identified species of medicinal plants, the largest part belongs to species used in folk medi-
cine (Fig. 1) — 144 taxa. For 50 species are determined some pharmacological properties. A small number
of species (36 taxa) are used in official medicine.

Medicinal plants have a wide range of pharmacological activity. However, different properties are in-
herent in a different number of species. We have analyzed the possibility of using Mangystau medicinal
plants to treat various diseases (Fig. 2).
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1 — species, used in folk medicine; 2 — species with scientifically proven therapeutic properties;
3 — species included in the Pharmacopoeia of Kazakhstan

Figure 1. Ranking the medicinal species of the Mangystau region, by using in officinal and folk medicine
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Use of medicinal plants in the treatment of diseases: / — gastrointestinal tract; 2 — pubic cavity;
3 — kidneys and urinary tract; 4 — respiratory tract; 5 — antipyretic and anti-inflammatory; 6 — cardiovascular
system; 7 — diabetes mellitus; § — analgesic and wound healing; 9 — skin organs; /0 — other diseases

Figure 2. Ranking the medicinal plants of Mangystau region by pharmacological and therapeutic action

So, for the treatment of diseases of the gastrointestinal tract, 78 species of medicinal plants can be used,
such as Falcaria vulgaris, Ferula foetida, Inula britanica, Koelpinia, and etc. For the treatment of diseases
of the oral cavity, 18 species can be used: Ferula karelinii, Cichorium intybus, Chenopodium alba,
Limonium gmelinii, Capparis spinosa, and etc. Against diseases of the kidneys and urinary tract, the use of
36 species is recommended: Amaranthus retroflexus, Eryngium planum, Cardaria draba, Echinops ritro and
others.

For the treatment of diseases of the respiratory tract, 48 species of plants are used, for example, Urtica
dioica, Teucrium polium, Chenopodium botrys, etc. 38 species are used as plants exhibiting anti—
inflammatory and antipyretic effects: Artemisia santolinifolia, Artemisia scoparia, Cynoglossum officinale
and others. For the treatment of the cardiovascular system, it is recommended to use 47 species: Ziziphora
tenuior, Euphorbia falcate, Iris tenuifolia, Lycopus europaeus, etc. 11 species have a clay property: Ferula
caspica, Artemisia lercheana, Artemisia sublessingiana, etc. For the treatment of gynecological diseases,
19 species are recommended: Amaranthus retroflexus, Artemisia austriaca, Sisymbrium loeselii, etc. As anti-
diabetic additives, 11 species can be used: Cichorium intybus, Glycyrrhiza aspera, Glycyrrhiza glabra,
Glycyrrhiza korshinskyi and others.

34 species have wound healing and analgesic properties, including Chenopodium alba, Ephedra
aurantiaca, Ephedra distachya and others. Skin diseases can be treated with 34 types: Ferula foetida,
Acroptilon repens, Anabasis aphylla, Camphorosma lessingii and others. Other pharmacological properties
are noted in 104 species.

Species growing in the Mangystau region are not equivalent in the prevalence, area and density of
growth formed by raw materials. In this regard, some species can be taken from nature in significant volumes
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and used by humans, others — in a limited amount, others — are not subject to removal from nature for any
reason. In this regard, according to the results of field studies, all identified wild medicinal plants were di-
vided into 4 categories by the degree of prevalence, area of thickets and the possibility of stock collection of
plant raw materials:

1. Species with a wide habitat (raw materials reserves over 5 tons), forming significant natural thickets
and suitable for industrial harvesting of raw materials. They are: Ferula foetida, Artemisia lercheana, Anaba-
sis aphylla, Anabasis salsa, Salicornia europaea, Alhagi persarum, Alhagi pseudoalhagi, Peganum harmala,
Rheum tataricum (in total — 10 species).

2. Species with a wide habitat, forming small natural thickets and suitable for harvesting raw materials
for the needs of the local pharmacy chain (raw materials reserves from 1 to 5 tons). These are: Asparagus
blestlerianum, Ferula karelinii, Artemisia sublessingiana, Artemisia sanlinifolia, Artemisia scoparia,
Chondrilla juncea, Cirsium vulgaris, Echinops ritro, Xanthium strumarium, Descurainia sophia, Lepidium
crassifolia, Lepidium latifolium, Syrenia sessiliflora, Capparia spinosa, Gypsophila paniculata, etc. Total —
50 species.

3. Species with a wide habitat, however, growing sporadically and not forming natural thickets suitable
for collecting raw materials. Among them: Amaranthus blitoides, Amaranthus retroflexus, Eryngium
planum, Falcaria vulgaris, Ferula caspica, Scandix stellata, Zozima absinthifolia, Acroptilon repens, Artemi-
sia austriaca, Artemisia sieversiana, Artemisia songarica, Carthamus lanatus, Cichorium intybus, Inula
britanica, Koelpinia linearis, Lactuca serriola, Microcephala lamellata, Tripolium vulgare, Argusia sibirica,
Arnebia decumbens, Asperugo procumbens, Onopordum acanthium, Buglossoides arvensis, Cynoglossum
officinale, Rindera tetraspis, Cardaria draba and others. Total 111 species.

4. Species with conservation status, that is, rare; endangered, endemic plant species: Lonicera tatarica,
Salsola richteri, Dryopteris filix-mas, Morus alba, Elaeagnus angustifolia, Papaver pavonicum, Clematis
orientalis, Agrimonia asiatica, Rosa laxa, Crataegus ambigua, Ziziphora tenuior. These species are either in-
cluded in the list of rare and endangered species, or their ranges have recently been greatly reduced, and taxa
themselves need to be preserved in nature and culture. Total — 15 species.

According to the results of field studies, the distribution and raw materials of 11 species of medicinal
plants were studied: Rheum tataricum, Ferula foetida, Anabasis aphylla, Peganum garmala, Ephedra
distachya, Alhagi pseudalhagi, Meristotropis triphylla, Nepeta cataria, Mentha longifolia, Ziziphora tenuior,
Anabasis salsa (Table 2).

Table 2
Stocks of raw materials of some wild medicinal plants of Mangystau region (on air-dry weight)

Gathering g h ¢ Exploita- | Volume of annual
Name of species Place of gathering parts of quare, arvest, tion stock, | possible gathering of
hectares | tons/ha .
plant tons raw material, tons
1 2 3 4 5 6 7
Rheum tataricum 107 km from Aktau city in Roots 2400 30,0 72000 7200
direction to Senek settle-
ment
Ferula foetida Sand Tuyesu Roots 600 3,0 1800 180
Anabasis aphylla Northern Aktau Grass 1080 2,1 2258,2 1354,3
Wintering Zhambyl, 63 km 3240 2.4 777,6 466,6
from the city of Aktau, not
reaching gorge Southern
Aktau
Total: 4320 3035,8 1820,9
Peganum garmala Southern Aktau, gorge Grass 150 4,6 690 345
Karaturan
Ephedra distachya  |Coast of the Caspian Sea, Grass 480 3,05 1464 586
approx. Aktau city
Meristotropis Northern Aktau Grass 9,2 4,6 4,2 2,5
triphylla Beginning of the North 0,5 4,6 2,3 1,4
Aktau ridge
Total: 9,7 6,5 3,9
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Continuation of Table 2

1 2 3 4 5 6 7

Nepeta cataria Southern Aktau, gorge Grass 200 0,3 60 36
Karaturan

Mentha longifolia Tunkaragan rayon, bound- Grass 1,0 2.4 2.4 1,4
ary Tamshaly
Western Karatau, gorge 0,8 2.4 1,9 1,3
Akmysh
Total: 1,8 4,8 4,1 2,7

Ziziphora tenuior Western Karatau, gorge Grass 100 0,15 1,5 0,9
Zhanasai

Alhagi pseudalhagi  |Western Karatau Grass 0,9 3,7 6,3 1,9
District gorge Tamshaly 33,4 2.3 76,8 30,7
Total: 34,3 6,0 83.1 32,6

Anabasis salsa Surrounding settlement Grass 11,1 0,8 8,9 4.5
Taushik

When planning complex or single procurement measures, one of the necessary conditions is knowledge
of the exact dates, phases and periods of collection of medicinal vegetative raw materials. We conducted the
rhythms of development of medicinal plants, which made it possible to compile a calendar of optimal dates
for collecting above-ground and underground organs for a number of medicinal species in the Mangystau
region.

The results of the analysis of the collection calendar made it possible to determine that 9 types of raw
materials can be harvested in Mangystau: grass, leaves, inflorescences, roots and rhizomes, shoots, bulbs,
bark, seeds, juice and fruits (Table 3).

Table 3

Names of raw materials and number of medicinal plant species in Mangystau region

Name of raw material Amount of species, piece
Grass 120
Roots and rhizomes 15
Shoots 8
Inflorescences 3
Juice 5
Leaves 13
Bulbs 3
Seeds and fruits 10
Burk 2
140
120
100
numb_er of 30
species
60 -+
40 +
20 +
o |
1 2 3 4 5 6 7 8 9

Kind of raw materials: 1 — grass; 2 — roots and rhizomes; 3 — shoots (twigs);
4 — inflorescences; 5 — juice; 6 — leaves; 7 — bulbs; § — fruits and seeds; 9 — bark

Figure 3. The volumes of gathering of medicinal raw materials by names
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The largest number of species falls on such a type of medicinal raw material as grass — 120 species.
The second position is occupied by underground organs (roots and rhizomes) — 15 species. The third place
is occupied by leaves — 13 species. The remaining types of raw materials can be collected from a small
number of medicinal plants, from 2 to 10 species (Fig. 3).

The largest amount of vegetative raw materials is harvested in the flowering phase (109 names), in the
fruiting phase — 17 species, vegetation — 29 species, blossoming — 18 items, death of above-ground or-
gans — 9 species, the beginning of juice movement — 2 species, sporulation — 1 taxon (Fig. 4).

120
100

number of 82
species

64

40

i I

ﬂ i N _
1 1 3 4 5 G

Phase of vegetation: / — flowering; 2 — vegetation; 3 — blossoming; 4 — fructification;
5 — start of juice movement; 6 — sporulation

Figure 4. Distribution of medicinal plant species of Mangystau region
by vegetation phases required for raw materials harvesting

As a result, the species of medicinal plants we divided into groups on the frequency of collection during
the growing season (Tab. 4).

Table 4
Frequency of collection of medicinal plants in the Mangystau region during the growing season
Period of gathering Months Amount of gathering species, piece
Early spring March 1
Average spring April 16
Late spring May 27
Early summer June 85
Average summer July 78
Late summer August 46
September 12
Autumn October 7
Late autumn November 1

The results are shown that in the territory of Mangyshlak in March it was possible to harvest 1 species
of raw materials, in April — 15 species, in May — 26 species, in June — 84 species, in July — 78 species,
in August — 46 species, in September — 12 species, in October — 7 species, in November — 1 species.

Conclusion

Thus, of the 166 identified species of medicinal plants in the Mangystau flora, the largest part belongs
to the species used in folk medicine — 144 taxa. Slightly fewer species for which some pharmacological
properties have been found — 50 species; 36 species are included in the Pharmacopoeia of the Republic of
Kazakhstan. All species were ranked into 10 groups of pharmaceutical-therapeutic activity for use in the
treatment of diseases: gastrointestinal tract, oral cavity, kidneys and urinary tract, respiratory tract, antipyret-
ic and anti-inflammatory, cardiovascular system, diabetes mellitus, analgesic and wound healing, skin or-
gans, other diseases.
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4 groups of medicinal plant species were ranked according to the degree of distribution, area of thickets
and the ability of the stock to collect plant raw materials: 1) species with a wide habitat (raw materials re-
serves over 5 tons) — 10 taxa; 2) species having a wide habitat, forming small natural thickets and suitable
for harvesting raw materials for the needs of the local pharmacy chain (raw materials reserves from 1 to 5
tons) — 50 taxa; 3) species having a wide habitat, however, growing sporadically and not forming natural
thickets suitable for collecting raw materials — 111 taxa; 4) species with a protective status — 15 taxa.

The gathering calendar has been compiled for 166 species of medicinal plants in the flora of the
Mangystau region. The obtained data can be used for organization of systematic harvesting of vegetal raw
materials and development of environmental measures.

The research was carried out within the framework of earmarked funding programme «Development of
scientific, practical and computer-informational foundations for the creation of landscape-collection and gar-
den-park plantations in the desert zone of Mangystau for the conservation and rational use of plant biodiver-
SIty».
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A.A. Viman6aesa, I'.I'. 'acanoBa, A.T. TysikoBa

MamnrbicTay 00JIbICHIHBIH Ka0aiibl 6CETIH JIPijlik eciMaiKTepin
3epTTey KOPbITHIHABICHI

ManrbicTay OOJBICHIHBIH (JIOPACHIHBIH JOPUTIK OCIMIIKTEpiH 3epTTey, MEIHUIMHAIBIK JKOHE (apMaleBTH-
KaJbIK @HEepKaciNTepAe OCIMAIK INUKI3aTTapbIH IaijagaHy MEpCIIeKTHBACHl KOHE TOJBIK TYPIIK KypaMbIH
Oaranay NPaKTHKAIBIK KbI3BIFYMIBUIBIK TyabIpansl. 20132020 sxpuigap apaigbIFbIHAQ JOPUTIK ©CIMAIKTEpIiH
TYPJIK KypaMbl, OJIapABIH PAHKHUPIICHYi, IHUKi3aT KOpJIaphl XKOHE HETi3Ti BereTarusuIblK (a3alapiblH oTy
epEKILIEIIKTep]l aHBIKTAJbIN, JAlaJIBIK 3epPTTEYNIep KY3ere achlpbliabl. Makanaza MaHFbICTayIbIH TaOUFH
JKarmalblHaa TaOWFU OCETIH [OpUTIK OCIMOIKTEpIiH TYPJIIK KypaMblH Tajgay >KoHE OJapibl capanay
HoTIKesepi kenripinreH. Harikecinge mspimik ecimuikrepnin Ti3imi 43 Tykeimpacta, 112 TysicTan
TypatbiH 166 Typai kypanmel. Typnepain Oaceim Oemiri Asteraceae, Chenopodiaceae, Fabaceae,
Brassicaceae, Lamiaceae, Apiaceae, Scrophulariaceae, Boraginaceae, Euphorbiaceae u Ranunculaceae.
Jlopiix eciMIiKTepAiH eH Kol 0eJIri XalIbIKThIK MEAUNNHAA MaijalaHbUIaTEIH TYpJepre sKaTKbI3bUIFaH —
144 Typ; onwy iminge 50 Typain ¢apmaxomorusuislk Kacueri 6ap; 36 Typ Kasakcran PecryOinkachIHBIH
®apmaxomnesicbiHa KOChUIFaH. bapiblk eciMuik Typiepin (apmaxkoTrepanusuislk Oencenainik OolbHma 10
eMJIey TOIIKA pamKHUpIIey JKY3ere achIpbULABL acKa3aH-1IIeK >KOIaphl, OYHpeK KoHe 30p IIbIFapy JKOJIapH,
TBIHBIC QJIy JKOJIAPbI, KbI3Y/Ibl TOMEH/IETETIH JkoHE KaOBbIHYFa Kapchl, )KYPEK-TaMbIp xKyiieci, KaHT auaberi,
ayBIPCHIHY/IBI OacaThIH JKOHE >KapaHbl OacaThlH, Tepi opraniapbl, Oacka ga aypynap. [opimik ecimaikrep
TYpPJIEPiHiH Tapally Jopexeci, IINKi3aT KOPHIHBIH ay/JaHbl )KOHE OHbI )KHHAY MYMKIHAIr OoifbiHIna 4 TOmKa
capajay OpbIHAANIBL. MaHFbICTay OONBICBIHBIH JSPUTIK ociMIikTep (iopacbiHblH 166 TypiH YIUiH XHHAY
KYHTi30e OekiTinai. ANBIHFaH IepeKkTep OCIMIIK IMIMKi3aThIH YKOCHapibl TaibIHAay (bl YHBIMIACTHIPY JKOHE
TaOUFaTTHI KOPFay ic-IapaiapblH 93ipJiey YIIiH NaiilaaHbLUTy bl MYMKIH.

Kinm ces3dep: nmepinik ecimuikrep, MaHFBICTay, IEePCHEKTUBANBIK, XHHAY KYHTi30eci, IIMKi3aT KOpJapebl,
(hapMaKoIOTHSIIBIK OETICEHIUTIK, PECMU JKOHE XaIBIKTHIK MEANIIMHA A TTalilallaHy.

A.A. Viman6aesa, I'.I'. 'acanoBa, A.T. TysikoBa

HUToru usyvyeHusi AMKOPACTYUIUX JIEKAPCTBEHHBIX PACTEHUIl
Manrucrayckoii 00J1acTu

HccnenoBanue JlekapCTBEHHBIX pacTeHUH (1opbl MaHTHCTayCKOH 00JIacTH NPeCTaBIIseT IPAKTHYECKUH HH-
Tepec A OLECHKH MIOJHOIO BUIOBOIO COCTaBa U IEPCIEKTHB MCIOIb30BaHMS PACTUTEIBHOIO ChIPbS AT Me-
JUIIHCKOH U (hapMarieBTHIecKoi MpoMbIIIeHHOCTH. B Teuenne 2013—2020 rr. ObUIH OCYIIECTBIICHHI ITOJIe-
BBIC 00CIIEOBAHMS C BHIIBICHHEM BHJOBOTO COCTaBa JICKAPCTBEHHBIX PACTEHUH, X PAHKUPOBAHMUS, CHIPbE-
BBIX 3aIlaCOB U OCOOEHHOCTEH IPOXO’KIACHHS OCHOBHBIX (ha3 Bereranuu. B craTbe MpHUBENEHHI Pe3ysIbTAThI
aHa/M3a BUJOBOTO COCTaBa €CTECTBEHHO MPOU3PACTAIONIMX JEKAPCTBEHHBIX PACTEHUI B IPUPOIHBIX yCIOBHU-
ax MaHrucray u ux paHkupoBaHue. B pesysnbrare nepeueHb 1€KapCTBEHHBIX PacTeHMI cocTaBui 166 BHIOB
n3 112 pomoB u 43 cemeiict. [IpeoOmnamarommee uymcio BHAOB OTHECEHO K ceMeicTBaM Asteraceae,
Chenopodiaceae, Fabaceae, Brassicaceae, Lamiaceae, Apiaceae, Scrophulariaceae, Boraginaceae,
Euphorbiaceae u Ranunculaceae. Hanbonpmas yacTb JeKapCTBEHHBIX PACTEHHUI OTHECEHA K BHaM, HCIIOJIb-
3yeMBIM B HapoaHOH Meuiune, — 144 BunoB; mia 50 BUIOB 0OHapYXEHBI ()apMaKOIOTHIECKHE CBOWCTBA,;
36 Bunos BkimoueHs! B @apmakoneto Pecrrybmuky Kazaxcran. OcymiecTBieHO paHXHPOBaHHE BCEX BHJIOB I10
(hapMako-TepaneBTHIECKOH akKTUBHOCTH HA 10 TpyII 1yt JTeUeHHIH: eIy {0THO-KUIIIETHOTO TPAKTa, POTOBOI
TOJIOCTH, MOYEK M MOYEBBIBOSMIMX IyTeH, IbIXaTENbHBIX MyTeH, »KapONOHIDKAIOIIEE M MPOTHBOBOCHAIH-
TENBHOE, CEPJIEUHO-COCYAUCTON CHCTEMBI, CaxapHOro auabera, 06e300JMBalOIEe U PAHO3AKUBIISIONIEE, Op-
TaHOB KOXM M TNPOUHUX 3aboneBaHud. BBHIMOIHEHO paHXHUpOBaHHME BHUAOB JIEKAPCTBEHHBIX PAacTeHHH Ha 4
TPYMIBI O CTENEHH PACIPOCTPAHEHHOCTH, TUIOIIAAN 3apOciiel U BO3ZMOXKHOCTH 3araca o cOopy pacTHTeNb-
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Horo ceipbsi. CocTaBieH kajneHaaps coopa aiis 166 BHIOB JiekapCTBEHHBIX pacTeHuid Gyiopbl MaHrucrayckoit
obnactu. ITosyueHHbIe JaHHBIE MOTYT OBITH MCIOJIb30BAHbI [UIsl OPraHU3aLMH IVIAHOMEPHOI! 3arOTOBKH pac-
THTEIBHOTO ChIPbS U Pa3pabOTKU NPHPOIOOXPAHHBIX MEPOIIPUATHIA.

Knoueswvie cnosa: JICKaApCTBCHHBIC PACTCHUS, MaHFI/ICTay, NEPCHEKTUBHOCTD, KaJICHAAPh c60pa, CBIPBEBBIC
3arachsl, Q)apMaKOJ'IOFI/I‘IeCKaFI AKTUBHOCTb, HCIIOJIb30BAHUC B OQ)HHHaHLHOﬁ n HapOZ[HOﬁ MCJULIUHEC.
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Assessment of the perspectivity of introduction of woody plants
in the arid conditions of Mangystau

The introductory study and identification of promising and sustainable taxa of woody plants is important for
green construction and ornamental gardening of Kazakhstan. It is important to choose sustainable crops for
arid conditions characterized by extreme conditions and deficient woody plants of local flora. This article
presents data on the study of the rhythms of seasonal growth and plant development. There are differences
that are expressed in changing the timing of the onset of vegetation (5-10 days), flowering and fruiting (15—
20 days) and reducing their duration. In the arid conditions of Mangyshlak, according to the vegetation dates,
there was an increase in plant prospects for phenogroups from PP (previously the beginning and earlier the
end of vegetation) to PII (previously the beginning and later the end of vegetation), a decline in CP (the mid-
dle beginning and earlier the end of vegetation) and an increase in CC (the middle beginning and the middle
end of vegetation). From the 183 introduced plants 52 taxa belong to the first perspective group (high), 95
taxa — to the second group (elevated), 34 taxa — to the third (medium) and 2 taxa — to the fourth (low) of
the selected 6 pheno groups. These data indicate the success of the introduction and the prospects for their
further use. An electronic database on collectible woody plants is being formed on the computer program
«DInCeR,» developed by the Mangyshlak Experimental Botanical Garden.

Keywords: Mangystau, arid conditions, introduction, woody plants, phenology, growth and development,
perspectivity.

Introduction

The success of the introduction process depends on the correct combination of the biological character-
istics of woody plants with the ecological, climatic conditions of the introduction area. In the arid conditions
of Mangystau, the introduction of plants depends on a whole complex of factors: winter resistance, drought
resistance, heat resistance, salt resistance, etc. [1].

The main limiting factor is the strong continental climate. According to long-term data on the climatic
characteristics of Mangystau, winter is short-term, characterized by unstable snow cover and frequent thaws,
but rarely cold winters. Unstable snow cover in cold winters leads to deep freezing of the soil. The average
temperature of the coldest month January varies from —3 to —10 °C. In some years, sharp deviations from the
norm are observed. There were cases when in January the temperature dicreased until —26...-31 °C. Winter
Period on Mangyshlak is the windiest period. Often, the absolute wind speed exceeds 15-20 m/s.

The very severe conditions are carried out by introduced plants in the summer. The summer months are
dry and stably hot with the large amplitude of fluctuation in daily temperatures. Absolute maximum is
+40—45 °C, when heating the soil to +60—70 °C. Days without sun are practically absent. The evaporability of
moisture exceeds the amount of precipitation by 10-15 times, dry winds are not uncommon, with a wind
speed of 15-16 m/s. The average annual air temperature is +9.6—11.5 °C, the absolute minimum is +34 °C,
maximum is until +47 °C. Annual falls are 107-181 mm. There are frequent strong winds, which lead to the
spread of dry winds, dust storms, and the removal of salts from the Caspian.

The soils of the territory are zonal brown, from weakly alkaline to neutral, characterized by chloride-
sulfate salinization and underdeveloped profile. At a depth of up to 7-8 m, there is bedrock in the form of
Sarmatian limestone, which serves as a water stop and has large cup-shaped closed depressions filled with
loose rocks — a gravel mixture and a shell. Soils are poor in humus, nitrogen and phosphorus.

This brief information on some indicators of the natural conditions of Mangystau gives an idea of the
main tasks facing scientific botanists, for the correct organization of the introductory process. Woody plants
should have hereditary deep winter rest, have reliable cover tissues that protect them from winter drying and
summer burns. They should finish growing early and retire with well-matured wood. Plants need to have
high physiological frost resistance, since the absence of snow cover leads to freezing of root systems [2]. No
less stringent plant conditions are encountered during the growing season. High summer temperatures and
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wind conditions require intensive watering. Planting is carried out in specially prepared dug pits, beds and
checks with application of soil 40—50 t/ha of organic fertilizers and sawdust.

The aim of the study is to study the features of growth and development to identify the most promising
woody plants in the area of introduction in the arid conditions of Mangystau.

Methodology

Objects of investigation were 169 species of deciduous woody plants belonging to 61 gena: Acer — 6,
Ailanthus — 1, Amygdalus — 1, Amorpha — 2, Armeniaca — 1, Amelanchier — 1, Berberis — 14, Celtis — 1,
Catalpa — 2, Caragana — 3, Cerasus — 2, Cersis — 1, Cladrastis — 1, Cotoneaster — 8, Cornus — 3,
Colutea — 1, Crataegus — 14, Cydonia — 1, Elaeagnus — 2, Euonymus — 4, Lonicera — 8, Ligustrum — 2,
Juglans — 2, Forestiera — 1, Forsythia — 1, Fontanesia — 1, Fraxinus — 4, Gleditsia — 3,
Gymnocladus — 1, Koelreuteria — 1, Haloxylon — 2, Halimodendron — 1, Hemiptella — 1, Maclura — 2,
Malus — 10, Mahonia — 2, Morus — 1, Mespilus — 1, Nitraria — 1, Pallurus — 1, Padus — 5,
Platanus — 1, Populus — 3, Ptelea — 1, Physocarpus — 2, Philadelphus — 2, Pyrus — 5, Prunus — 1,
Salix — 3, Sambucus — 1, Sorbus — 1, Quercus — 2, Rhamnus — 4, Rosa- 6, Robinia — 1, Rhus — 3,
Tilia — 2, Sophora — 1. Spiraea — 1, Symphoricarpos — 4, Viburnum — 3, Zanthoxylum — 1, Ulmus — 1,
attracted for introduction in period 1990-2000. Long-term observation makes it possible to identify the most
promising species in the introduction of arid conditions of Mangistau.

To compare and assess the prospects for the ranges, 65 species of North American, 56 species of the
Central Asian, 62 species of the Eastern Asian floristic regions, mainly reaching the age of flowering and
fruiting, were subjected.

The study of the rthythms of seasonal plant development and the prospects of introduced plants was car-
ried out according to the phenological observation technique developed for botanical gardens [3]. Assess-
ment of drought resistance was carried out on the scale of S.C. Pyatnitsky [4]. Winter resistance was deter-
mined visually on a 7-point scale [5]. Most attention was paid to the study of the phases of flowering and
fruiting, as the main factor of decorativeness. The height and growth of plants were also taken into account.

To assess viability and perspective, the scale compiled by P.I. Lapin and S.V. Sidneva [5], supplement-
ed by M.N. Kosaev [6], was applied. This scale includes 7 main indicators, which are determined by system-
atic visual observations of general and seasonal plant development. The following features were taken into
account: the degree of annual ripening of shoots, winter resistance, drought resistance, preservation of habi-
tus, self-educational ability, regular growth of shoots, ability for generative development and available meth-
ods of propagation of tested plants in the area of introduction [5, 6].

Based on the analysis of the indicators and the sum of the points, the studied plants were divided into
the following perspective groups: 1) Quite promising plants (the sum of points 106—115), although they are
not in their ecological optimum, usually reach their characteristic size, flower and bear fruit normally, form
high-quality seeds, winter stamens, drought-resistant only in unfavorable years they can have freezing annual
shoots or short-term loss of turgor leaves. 2) Perspective group (sum of points 91-105). It includes plants
that mostly do not reach their inherent size, bear fruit and form germinating seeds. Usually they freeze slight-
ly, in drought the leaves can lose turgor, which is restored during watering. 3) Less promising plants (the
sum of points 76-90) are characterized by slow growth, poor fruiting; often with low seed viability, mostly
systematically suffer from frost or drought. 4) Low-potential plants (the sum of points 56—75) are character-
ized by depressed growth, do not bear fruit or bear fruit only in favorable years, as a rule, significant winter
injuries or mass burns of leaves and drying of shoots in dry periods are observed.

Results and discussion

Analysis of results of adaptation capabilities of woody plants is used for objective introductive predic-
tion and theoretical developments related to adaptation of plants in new conditions and subsequent selection
of promising assortment of woody plants [7].

According to the results of many years of introduction experience, on Mangyshlak, the natural range of
introduced species mainly falls on North America (65 species from 17 families and 29 genera), Central Asia
(56 species from 17 families and 29 genera) and Eastern Asia (62 species from 15 families and 24 genera).

Theoretically and on the nase of the experience of plant introduction on Mangyshlak, the prospect of at-
tracted species from North America, Central and Southern Asia that showed the best adaptation capabilities
was justified, having successfully passed the introduction.
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The flora of the Atlantic North American region is rich in species promising for introduction to Europe
and Asia, as confirmed by the experience of the introducers [8]. Botanists have long drawn attention to the
amazing similarity of the flora of Atlantic North America with that of East Asia. This similarity of flora and
their connections are expressed in the presence of a large number of common genera and close species. From
the flora of Atlantic North America (Appalachian province), representatives of the genera Mahonia L.,
Maclura Nutt., Celtis L. have been successfully introduced on Mangyshlak. Species such as Robinia
pseudoacacia, Gleditsia tricanthos, Maclura aurantacia from the North American provinces on
Mangyshlak, species of the genus Amorpha L. were successfully introduced.

The flora of the Central Asia developed as xerophilic [9]. However, at the end of the Pliocene and in the
Quaternary, as a result of mountain formation and glaciation, conditions were created for the penetration of
mesophilic-type woody plants from Siberia, the Caucasus, northern Iran and the Himalayas. These sources
served as the basis for the formation of the flora of the Small and Central Asia. Therefore, the flora includes
autochthonous and alien species [10]. Under the influence of arid conditions in the Central Asia, mesophilic
plants were transformed into xeromesophytes.

The Eastern Asian flora was formed at fairly high temperatures, with strong daily and seasonal fluctua-
tions, a very low and high degree of humidification, and moderate vegetation duration. Here the center of
development of cultivated plants is formed. Many researchers consider the Eastern Asia to be the center of
ancient agriculture for cultivated plants, including the primary center for the formation of forms of fruit crops
of Rosaceae family, gena Malus, Pyrus and Prunus, which go far beyond the centers of origin [11-13]. It
was established that the conditions, in which the evolution of plants, took place impose requirements for the
conditions for its growth. This is the length of the day, temperature, vegetation duration and humidity. The
approach to the introduction of plants in desert areas depends on a set of agricultural measures that allow
creating the closest possible conditions of the place of introduction to the conditions of the homeland of the
plant (humidification, changing the physical and chemical composition of soils, etc.). When introducing
plants outside their natural range, the study of their rhythms of seasonal growth and development is of great
importance [14, 15].

From 183 taxa introduced under Mangyshlak conditions, 173 taxa (94.2 %) entered the generative
phase. Among the life forms there are: 90 species of trees, 93 species of shrubs, among them the North-
American — 37 trees and 28 shrubs; the Central Asian — 20 trees and 36 shrubs; the Eastern Asian — 33
trees and 29 shrubs.

Based on the results of phenological observations, it was established (Tab. 1), that swelling and unfold-
ing of buds in early-vegetating Central Asian species (Populus alba, P.bolleana, Salix alba) and Eastern
Asian species (Lonicera maackii, L. edulis, L.ruprechtiana, Padus davurica, Ligustrum tshonoskii, L.
Jjaponicum) noted in the II-11I decades of February, and for many species — in the I-II-I1I decades of March,
except for the Northern American taxa Zhanthoxylum simulans, Mahonia aguifolium, Cladrastis lutea,
Juglans cinerea, J.nigra, Ptelea serrate, Philadelphus hirsutus, Ph.lewisii, Fraxinus lanceolata, Amorpha
fruticosa, A.schafranifolia, Crataegus rus-galli, Cr. kellermanii, Cr. lanuginosae, Gleditsia aguatica, G.
triacanthos, Robinia pseudoacacia, Gymnocladus dioecus, Cercis canadensis, Celtis occidentalis, Forestiera
neo-mexicana, Platanus occidentalis, 3 species of Crataegus, 2 species of Catalpa, Gleditsia and Maclura.

The the latest beginning of vegetation was noted in the first decade of April for Asian species from the
genus Pyrus, Crataegus, Fraxinus. Species from the genera Lonicera L., Fraxinus L., Acer L. bloom very
early. All species of Lonicera L., Crataegus L., Berberis L., Cotoneaster Medik., Cotinus Scop., Caragana
L. are flowering abundantly.

Early ripening of fruits and abundant fruiting are noted all introduced plants from genus Lonicera. Late
bloom is noted for Koelreuteria apiculate, Koelreuteria bipinnata and species of genus Catalpa Scop.; the
latest ripening of fruits is observed for Mespilus germanica, Zhanthoxylum simulans. With the onset of
summer heat (end of June — beginning of July), leaves in Acer species (Acer sachharum, Acer negundo) and
all species of Catalpa are burned; leaves of Corylus avellana are also suffer from dry air.

But, with the advent of more favorable conditions (a decline in high temperature), almost all species
have young leaves, and some introducents have a secondary growth of shoots (Quercus robur, Sambucus
canadensis, Caraganda arborescens). From mid-April, the growth of shoots of all collectible species begins,
intensive growth has been observed since the third decade of April, and at the end of May — in early June,
the growth of shoots in some species stops (representatives of families: Rosaceae and Fagaceae) [16].
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Assessment of the perspectivity of introduction of woody plants...

During observations of plant growth and development in the conditions of the Mangyshlak Experi-
mental Botanical Garden, it was established that the beginning of plant vegetation depends on weather condi-
tions. The considered introducents of deciduous dendroflore are conditionally divided into pheno groups by
the dates of onset and termination of vegetation. The studied introducents according to the development
dates from the beginning of swelling to the onset of mass leaf fall according to the method of S.N. Makarov
[16], with some changes in local natural conditions introduced into the culture, were divided into 6 pheno
groups. Under the conditions of Mangyshlak, introducents quite early begin vegetation. Those who began
growing from the end of February to March 30 are classified as early; from April as secondary; from May as
late. Accordingly, introducents, whose end of vegetation is noted until October, 20, are considered as early;
from October, 25 to November, 10 — as average; after November, 10 — as late.

Phenogroup PP has 5 species of the North American (Acer negundo, Crataegus rivularis, Padus
serotina, Padus virginiana, Quercus imbricaria) and the Central Asian (Malus sieversii, Cerasus fruticosa,
C.tianschanica, Caragana fritucosa, Salix alba) — 2.73 %; from the Eastern Asia — 20 species (species
from genera Berberis, Malus, Euonymus, also Lonicera maackii, Pyrus serotina, Sorbus sibirica, Salix
dasyclados) — 10.9 % of total number of the studied introduced species. The age of plants is 15-26 years,
which is quite enough to determine the success of plants in introduction. All of them are characterized by the
rapid end of the growth of shoots and their complete dressing. The average vegetation duration is 185-231
days. All species are winter-resistant; belong to the first and second groups of perspectives. Some species
from the genera Padus, Malus and Salix dasyclados, due to poor drought resistance, belong to the third per-
spective groups. Introduced plants this group annually give a good increase in shoots — 12—45 cm; full-
fledged seed products. In culture, it is very well propagated by seeds of local reproduction Acer negundo,
which is successfully used in green building.

Fenogroup PC has 31 species, from them the North American 6 species (Crataegus combia, Crataegus
punctata, Physocarpus opilifolius, Sambucus canadensis, Viburnum trilobum, Quercus borealis), the Central
Asian 7 species (Berberis iliensis, Cotoneaster melanocarpus, Halimodendron halodendron, by 2 species
from genera Haloxylon and Elaeagnus); the Eastern Asian 18 species (Cornus alba, Cotoneaster lucidus,
Gleditsia japonica, Forsythia ovata, Malus hupehensis, Koelreuteria paniculata, Hemiptella davidii, Rhamnus
ussuriensis, Salix rorida, 3 species from genus Berberis and Padus, 2 species of genus Ligustrum) — 16 %
from common species composition. Plants are characterized by a timely end to the growth of shoots, giving
an annual average shooting ability of 5—45 cm, an increase in the main shoots and complete lignification. All
species are characterized by the beginning of vegetation on an equal footing with the first group, but the end
is slightly later. Plants bloom stably and bear fruit, except for the Eastern Asian species Gleditsia japonica.
The average duration of flowering and fruiting for the most introducents is 10-35 days; the vegetation dura-
tion is 216247 days. The most species of this group (70 %) do not freeze, only for the Northern American,
as Sambucus canadensis, Physocarpus opilifolius in the cold winter years there is a freezing of 50 % of the
shoots of annual growth. In summertime from this group at the Northern American species (Crataegus
punctata, Physocarpus opilifolius, Sambucus Canadensis and Viburnum trilobatum) and the Eastern Asian
one species (Cornus alba) partially burn leaves and some loss of turgor of leaves is observed.

According to the perspectivity, plants from this group are assigned to 2 and 3 prospect groups, except
for the North American species Crataegus combia, the Central Asian species Elaeagnus angustifolia,
Elaeagnus oxycarpa, Cotoneaster melanocarpus and the Eastern Asian species Koelreuteria paniculata,
which belong to the 1* group.

Phenogroup PII has 53 species, among them 11 taxa are the Northern American (Zanthoxylum
simulans, Symphoricarpos orbiculabus, S. occidentalis, S.microphyllus, S. albus, Rosa woodsis, R.
californica, R. blanda, Crataegus collina, Cr.aestivalis, Amelanchier canadensis); the Central Asian are 27
taxa (Acer semenovii, Cornus meyeri, Colutea paulsenii, 2 species of genus Caragana, 4 species of genus
Berberis, 5 species of genus Lonicera, 6 species of genus Cotoneaster, Crataegus alma-atensis,
C.transcaspica, Populus alba, P.bolleana, P.diversifolia, Rosa beggeriana); the Eastern Asian are 15 species
(dilanthus altissima, Berberis souliana, Crataegus chlorosarca, Viburnum burejaticum, Sophora japonica,
Ligustrina pekinensis, Physocarpus amurensis, Spiraea japonica, 3 species of Acer, 2 species of Lonicera
and Rosa) — 28 %.

Vegetation duration is 230-270 days. The growth of plant shoots lasts longer, but the timing of shoots
growth does not differ from the average dates for Mangyshlak. Despite the late end of vegetation, plants
from these groups are mostly winter-resistant, slight freezing of annual shoots is noted in species from the
genera Rosa, Symphoricarpos, Berberis, Lonicera and Cornus meyeri. Every year they give an outgrowth of
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shoots of 7-29 cm, only in the Central Asian species Populus alba, Polulus bolleana, P. diversifolia and the
Eastern Asian species Ailanthus altissima, the annual increase is 4348 cm. Introduced plants from this
group give full seeds. So, Ailanthus altissima is very well propagated by seeds of local reproduction, gives
self-seeds, also it is successfully used in green building. Most plants from this group are mainly shrubs; be-
long to the 1-2 perspective groups. Plants from this group can freeze slightly, drought-resistant, flowering
duration is 10—66 days, almost all species bear fruit. Bit, despite 25 years of age, the Eastern Asian species
Acer truncatum, Acer pictum in Mangyshlak do not bloom and do not bear fruit.

Phenogroup CP has 17 species, among them the Northern American 10 species (Acer saccharum,
Mahonia aguifolium, Cladrastis lutea, Quercus gambelii, Quercus rubra, Quercus macrocarpa, Juglans
cinerea, J.nigra, Amorpha frangrans, Diospyros virginiana), the Central Asian (Armeniaca vulgaris,
Amygdalus communis, Pyrus tadchikistanica) and the Eastern Asian (7ilia ledebouriana, Tilia mongolica,
Pyrus lindleyi, Fraxinus rhyncophylla) — 9 %. The average vegetation duration is 173-225 days. Among
taxa, the North American species Aser saccharum singly blooms, but does not bear fruit, and 3 species
(Quercus gambelii, Quercus rubra, Quercus macrocarpa) have not reached the age of the generative phase,
do not bloom, and accordingly do not bear fruit. The North American species Cladrastis lutea flower, but
does not bear fruit. The Eastern Asian species Fraxinus rhyncophylla, despite its full age (more than 30 years
in culture) does not bloom and does not bear fruit. Species of the genus Juglans and Tilia burn strongly in the
summer and most leaves and young shoots lose turgor, and in other species only in the afternoon there is
some loss of turgor leaves. All species of this group have low self-educational ability (annual increases in
shoots are 5-13 cm).

By parameters of perspectivity, the Northern American species are mainly assigned to 2™ group. The
absence of flowering and fruiting of Acer saccharumi and 3 species of Quercus, despite their high winter
resistance, attributed them to the 3 perspective grop (less promising); and Juglans cinerea, J. nigra — to the
4™ perspective group (little promising). The Eastern Asian species were assigned to the 2nd perspective
group, excepting Fraxinus rhyncophylla, which belongs to the 3rd perspective group. The Central Asian
species (Armeniaca vulgaris, Amygdalus communis) are very promising, reproduce well with seeds, give
self-settling, and are successfully used in landscaping.

The CC phenogroup has 28 species (the Northern American — 17 species: Ptelea serrata, Philadelphus
hirsutus, Ph. lewisii, Fraxinus lanceolata, F.acuminata, Salix fragilis, Amorpha fruticosa, A. schafranifolia,
Robinia pseudoacacia, Crataegus crus-galli, Crataegus kellermanii, C.lanuginosae, Gleditsia aguatica,
G.triacanthos, Gymnocladus dioecus, Cercis canadensis, Calycanthus occidentalis; the Central Asian — 8§
species: Morus nigra, Cr.turkestanica, Cydonia oblonga, Koelreuteria apiculata, K.bipinnata, Prunus
spinosa, Nitraria schoberi, Rhamnus sintenisii; the Eastern Asian — 3 species: Pyrus bretschneideri,
Fontanesia fortunei, Ulmus pumila) — 3 %.

Plants from this group begin and end vegetation in the average period with a vegetation duration of
182-223 days, with complete blanketing of shoots, frost is not observed. Plants of all species retain their
inherent form of growth, have an average shoot-formed ability (5—15 cm); excepting the Northern American
species — Gleditsia triacanthos (30 cm), Robinia pseudoacacia (29 cm), Fraxinus lanceolata (20 cm) and
Koelreuteria apiculata (35 cm); the Eastern Asian species Ulmus pumila (42 cm), which have a high shoot-
formed ability, annually give full seeds. Local reproduction plants are obtained from seeds, which are
successfully used in landscaping. The drought resistance of the most promising species from the CC pheno
group is 1 and 2 points, with the exception of some (Crataegus lanuginosae, Cercis canadensis, Salix
fragilis— 3 points). Most plants mainly belong to the 1 and 2™ group of plant prospects, except for
2 species of the genus Philadelphus and species Cercis canadensis (not drought resistant), Gymnocladus
dioecus, Salix fragilis and Calycanthus occidentalis (only bloom, but do not bear fruit), therefore belong to
3. In the Eastern Asian species Ulmus pumila in recent years, in early July, leaves are damaged by pests
(ilm leaf). This species, despite the very high drought resistance, is assigned to the 2nd perspective group.

Phenogroup CII has 25 species (the Northern American — 17 species: Rhus toxecodendron, Rh.
typhina, Rh.trilobata, Celtis occidentalis, Catalpa speciosa, Crataegus macracantha, Cr.phaenopyrum,
Cr.uniflora, Cornus obligua, Maclura aurantiaca, M.pomifera, Forestiera neo-mexicana, Platanus
occidentalis, Gleditsia texana, Cornus amomum, Padus serotina, S.menzieesii; the Central Asian: Fraxinus
sogdiana, Fraxinus syriaca, Mespilus germanica, Paliurus spina-christi, Rhamnus arguta, Rhamnus
dolicophylla; the Eastern Asian species: Gleditschia caspica, Zizyphus jujuba) — 13 %.

The duration of vegetation is 204-246 days, with an average vegetation onset, a late end, almost before
frosts (December) and a later change in leaf color and leaf fall. Plants of all species of this group have low
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(5-10 cm) and medium (12-25 cm) shoot-forming ability, only 2 species of the genus Catalpa, species of
Cotoneaster, Rhus typhina, the Central Asian species Fraxinus sogdiana and the Eastern Asian species
Gleditschia caspica have high shoot-forming ability (25-32 cm. Basically, the tops of annual shoots freeze
slightly in plants of this group, except Rhus typhina and Cornus obligua, in which 50 % of the ends of
annual, biennial and older shoots freeze in cold winters. Plants of this group are mainly drought-resistant,
with the exception of species from the genus Catalpa, which in hot, dry summers the leaves burn up and lose
turgor, but, with a decline in high temperatures, they recover. Plants from this pheno group mainly belong to
1% and 2™ perspective groups.

The highest indicators (106—112 points) scored species of the most promising group: taxa of the North-
ern American flora (Acer negundo, Gleditsia triacanthos, Robinia pseudoacacia, Fraxinus lanceolata and
species of genus Lonicera, Rosa, Amorpha, Crataegus); the Central Asian flora’ species (Acer semenovii,
Armeniaca vulgaris, Amygdalus communis, Berberis iliensis, B.oblonga, Morus nigra, Nitraria schoberi,
Koelreuteria apiculata, K.bipinnata, Fraxinus sogdiana, Populus diversifolia); species from the Eastern
Asian flora (Acer ginnala, Ailanthus altissima, Malus baccata, Koelreuteria paniculata, Hemiptella davidii,
Sophora japonica, Spiraea japonica, Rosa rugosa, Zizyphus jujube).

Conclusion

The dynamics of the development of introduced plants varies significantly depending on climatic fac-
tors. A comparative analysis of phenological observations made it possible to establish some differences,
which are expressed in the change in the timing of the onset of individual phenophases and a significant re-
duction in their duration. So, for cold spring and humid, moderately hot summer growing periods, later (from
the second decade of March) extended onset dates (until the third decade of November) and the duration of
phenophases are characteristic. In warm spring, arid and hot summer years, phenophases are more com-
pressed (from the 3™ decade of February to the 1* decade of November). The difference in the timing of the
beginning of vegetation is 5-10 days, flowering and fruiting — up to 15-20 days. The intensive growth of
shoots of woody plants begins from the 1st decade to the 3rd decade of April; the earliest start date of the
phase was noted in March, before the onset of summer extremely high temperatures, the most recent — at
the end of June, growth lasts until June-August. Flowering in different species begins from the 2nd decade of
April to the 3rd decade of May, on average for 10-25 days. Extreme flowering dates are at the beginning of
March and the end of June. The beginning of ripening of fruits is noted from July to the 1st decade of No-
vember with a difference of 45-50 days between species. The beginning of the leaf fall begins in mid-
September, the end of the leaf fall — from November 15 to 20 with a difference between species of 15-20
days.

Among 183 deciduous woody plants, which have undergone introduction tests, 52 species (28.96 %)
belong to the first group (the highest) of perspective (among them the Northern American — 16 taxa, the
Central Asian — 25 taxa, the Eastern Asian — 11 taxa); 95 species (54.1 %) — to the second group (high) of
perspective (among them the North American — 28 taxa, the Central Asian — 29 taxa, the Eastern Asian —
38 taxa); 34 species (16.9 %) are assigned to the 3 group (average) of prospects (among them the Northen
American — 20 taxa, the Central Asian — 2 taxa, the East Asian — 12 taxa); 2 Northern American species
(6.6 %) — to the fourth (low) group. According to the vegetation dates, there was an increase in plant pro-
spects in Mangyshlak conditions for pheno groups from PP to PII, a decline in CP and an increase in CC,;
flowering and fruiting of most species indicates the success of their introduction and high prospects for fur-
ther use.

For form an electronic DB developed by the Mangyshlak Experimental Botanical Garden, the computer
program «DInCeR» introduces information on biology and ecology, registration number, year of involve-
ment, donor-organization, type of reproductive material, number of copies, occupied area. The specified
computer program on indicators «Stability,» «Decoration,» «Reproducibility» and «Application» using the
regional scale on collectible tree species diagnoses the introductive value of plants [17].
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A.A. UmaubaeBa

MamnrpIicTayAbIH APUITI KaFIafibIHAA aFall TeKTeC 6CiMIIKTepiH
HHTPOAYKIHMAIAYIbIH NEePCHeKTUBACHIH 0aFajay

Aran eciMIIKTEpiHIH NEepPCHEeKTHBAbl XXOHE TYPAKThl TAKCOHAAPBIH MHTPOIYKLHSIBIK 3€PTTEY JKOHE
aHbIKTay Ka3aKkCTaHHBIH KacChll KYPbUIBICHI MEH COHAIK 0arOaHbUIBIFBI YIIIH MaHBI3IbI KOJIaHOAIbI MOHIe
ue. JXKeprijikri ¢prropaHbIH TOTEHILE KaFaiIapbl MEH aFall CiMAIKTePiHiH TalIIbUIBIFBIMEH epeKIIeICHETIH
apul XKaraaiiiapsl YIIH TYPaKThl JaKbULAAp/bl TaHAAY MaHbI3Abl. Makananaa eCiMIiKTepAiH MayChIMIBIK 6CY
BIPFarsl MEH JIaMybIH 3epTTey OOMBIHIIA AepeKTep OepiireH, onap BereTalMsIHBIH OacTalry Mep3iMaepiHiH
e3repyineH (5—10 kyH), rynaeHy >xoHe xemic 6epy (15-20 KyH) MeH onapabIH Y3aKTHIFBIHBIH KICKAPyBIHBIH
e3repiciH  KepceTTi. MaHFBIIUIAKTEIH apUATI JKaFmaiiplHma Beretanus Mep3imi  OoibiHmia EE-men
(BereranusaHBIH epTe OacTaybl >koHe epre askramybl) EK-ke (BereranmusHbH epre OacTaimybl XKoHE Keml
asiKTanyel) feitin ¢eHoronTap Oo#bIHIIA OCIMIIKTEpAIH MEPCHEeKTHBANBIK CaHAapblHbIH ocyi, OE-men
(BeretanusHBIH OpTa OacTamybl JXoHE epTe asdKTanybl) Kynasipay MeH OO-maH (BereTanusiHbIH OpTa
Oacranybl JKoHE OpTa asKTalybl) ecy Oaiikamaapl. 183 HMHTPOAYLEHTTEpiHIH imliHEH 52—1 TaKCOHIbBI
MePCIeKTUBAJIBIKTBIH OipiHIIi TOObIHA (KOFaphl), 95— — ekiHui Tomka (>koFapel), 34— — yIIiHOI TOMKa
(opramra) xeHe 2—1 — TOPTIHIII TONKA (TOMEHTe) >KaTajabl, OYJ1 6CIMIIKTEep HHTPOXYKIMSCHIHBIH COTTLUIITIH
JKOHE OJIapABl OJaH opi KOJNJAHYNBIH HNEPCHEKTUBAJBUIBIFBIH KepceTTi. Koyulekumsimarsl aramr TeKTec
eciMuikTep OoMbiHIIA MaHFBIIUIAK HKCICPUMEHTANABIK OOTaHMKANBIK Oarbl  o3ipiereH  «DInCeR»
KOMITBIOTEPIIIK OaFaapIaMachiH/ia MEKTPOHBIK JepekTep 0a3achl KabINTaCThIPBLIYA.

Kinm ce30ep: ManrpicTay, apuiTi >Karailiap, MHTPOLYKIHMS, arall eciMaikrepi, (eHOJOrus, ecyi MeH
JaMyBl, IEPCIEKTHBACHI.
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A.A. UmaubaeBa

OuneHka nepcneKTHBHOCTH MHTPOAYKIIUM IPeBECHbIX pacTeHUI
B apUIHBIX ycJI0BUsSIX MaHrucray

MuTpoayKIMOHHOE U3y4YCHUE U BBIABICHHE IEPCIEKTUBHBIX U YCTOMYUBBIX TAKCOHOB JPEBECHBIX PACTCHUNI
UMeeT BaKHOE MPHUKIJIAJAHOE 3HAUEHHE IS 3€JICHOr0 CTPOMTENbCTBA U JIEKOPAaTHBHOrO cajoBozcTBa Kaszax-
cTaHa. BaxxHoe MecTo 3aHMMaeT BBIOOp YCTOMYHMBBIX KyJIbTYp AJS apUIHBIX YCIOBHUH, OTIMYAIOIIMXCS KC-
TPEMaIbHBIMU YCIOBHSAMH U Ne(UIMTOM APEBECHBIX PACTCHHH MECTHO# (uopbl. B crartee mpencraBieHb!
PE3YNbTaThI 110 UCCIICIOBAHUIO PUTMOB CE30HHOT'O POCTA U PA3BUTUS PACTEHHUI. Y CTAaHOBIICHBI Pa3IN4Ms, KO-
TOpBIEC BRIPAXKAIOTCS B I3MEHEHUH CPOKOB HACTYIUICHUS Havana Beretanuu (5—10 qHeil), nBeTeHHs U II010-
HomreHust (15-20 nHelt) M COKpamIeHHH HX NPOAODKHTENHHOCTH. B apHIHBIX ycnoBUsSX MaHTBIIIIaka 1o
CpOKaM BereTalllk OTMEYEHO HapacTaHue 0ajuIoB IEPCIIeKTHBHOCTH pacTeHHi mo ¢geHorpymnmnam ot PP (pa-
Hee HaJalo U paHHee okoHUaHue BereTarmu) o PIT (panHee Hawano u mo3pHee OKOHYAHUE BETETAINN), CHa]
B CP (cpemHee Hauaso W paHee OKOHYaHME Bereranuu) W Hapacrtanue B CC (cpenHee Hawgalno W cpenHee
OKOHYaHMe Beretanuu). 13 183 mHTpoAyLEeHTOB 52 TaKCOHA OTHOCATCS K MEPBOM IPyIMIe MEPCHEKTUBHOCTH
(BBICOKas), 95 — KO BTOpO¥ rpynme (MoBbIIeHHAs), 34 — K TpeThel (cpenHsis) U 2 — K 4eTBepToH (HU3Kas)
U3 BBIACIICHHBIX 6 (DEHOTPYIII, YTO CBUACTENLCTBYET 00 YCHEUIHOCTH HHTPOAYKIMH U IEPCIIEKTHBHOCTH UX B
JnanpHeleM mnpuMeHeHud. Popmupyercs dneKTpoHHas 0a3za JaHHBIX B KOMIIBIOTEPHOIH mporpamme
«DInCeRy», pa3paboTanHON MaHTBIIUIAKCKAM IKCIIEPUMEHTAILHBIM OOTAHUYECKUM CaloM, 110 KOJUICKIIHOH-
HBIM JIPEBECHBIM PACTCHUSAM.

Knioueswvie cnosa: MaHFI/ICTay, ApUJAHBIC YCJIOBHUSA, HUHTPOAYKIMA, JPEBECHBIC pAaCTCHUA, (1)6HOIIOI‘I/I$[, pPocCcT N
Ppa3BUTHUC, NEPCHEKTUBHOCTD.
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Effectiveness of the application of a specialized dictionary
in the teaching of Biology in English

In Kazakhstan, in the process of transition the education to updated content, there is a problem of providing
biology classes with the necessary materials in English. At the school and university level, there is a lack of
textbooks, manuals and trilingual dictionaries on Biology. This aspect does not allow to learn successfully bi-
ology in English, to understand translation of terms, to translate in English. In present article materials on
studying of application’s efficiency of the using trilingual dictionary (English-Russian-Kazakh, Russian-
Kazakh-English and Kazakh-English-Russian) in senior high school are stated. The effectiveness of the tri-
lingual dictionary on zoology in additional Biology classes in English was evaluated. The results of the stud-
ies show that the application of the trilingual dictionary in Biology lessons reliably increases the level of un-
derstanding of specialized texts and translation of scientific materials. The use of the dictionary on zoology
increases the efficiency of translation from English to Russian and from Russian to English, reduces the time
required for translation.

Keywords: trilingual dictionary, school, experiment on translation, biology training in English, specialized
biological terms, accuracy of the translation.

Introduction

One of the most important aspects of economic and social modernization of education system, taking
place in Kazakh society, is language policy [1, 2]. Within the framework of this program it is assumed that
school disciplines of the natural science cycle, such as Physics, Biology, Chemistry and Information and
Communication Technologies (here in after ICT) should be taught in high school in English [2, 3].

An analysis of the material provision of schools indicates that there is a shortage of additional materials
to ensure English-language classes. One of problems is the lack of specialized dictionaries and glossaries on
Biology, Physics, Chemistry and ICT [4—6].

Teaching English at school is aimed at achieving general communication skills and competencies, how-
ever, does not cover the needs of specialized areas of natural science subjects. In addition, many terms (com-
pound, connection, bond, equilibrium and others) in physics, chemistry or biology have different defini-
tions [5].

Working with scientific and scientific-cognitive texts in English may not lead to a complete understand-
ing of the text, as not all terms can be adequately understood by school-students and school teachers. Diffi-
culties in working with English-language textbooks can lead to a decrease in the level of understanding, as
well as a lack of understanding of terms in the native language (Russian or Kazakh).

There is a problem as the need to ensure simultaneous understanding of terms in 3 languages (Kazakh,
Russian and English) in order to be able to freely navigate in text, video or audio information [7, 8].

Today, Kazakhstan is creating bilingual and trilingual dictionaries on separate disciplines of higher ed-
ucation [9]. Thus, there are trilingual glossaries and terminology dictionaries on Common Physics, Higher
Mathematics, Organic Chemistry, Botany, Ecology and the Base of Invertebrate Zoology. However, these
dictionaries are not easily accessible to a wide audience; also they are not suitable for school disciplines
[5, 10].

Thus, we face the problem of creating and testing a trilingual dictionary on the school course of Biolo-
gy-.

Proceeding from the aforesaid, the purpose of this article is to carry out approbation of the trilingual
dictionary on Zoology on additional classes in Biology on English on example of senior high school.
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Methods

The main research was carried out on the basis of Karaganda regional specialized boarding school
«Daryny» in 2019-2020.

The experiment was conducted with two mixed groups from the 9th grades, the total number of re-
spondents — 20 people. 10 school-students are the control group, and 10 school-students are the experi-
mental group. The control group received texts on Zoology of 500—600 words for translation without a dic-
tionary, experimental — using a trilingual dictionary on Zoology [11, 12]. For translation from English to
Russian we used tree texts: 1) Cells and Protoplasts; 2) Protozoa. Amoeba; 3) Crayfish. For translation from
Russian to English we also used tree texts: 1) Earthworm; 2) Frog; 3) Structure of insects. Ehe texts describe
the cell and its main parts, the structure, distribution and features of animal habitation.

Texts were given in English for translation into Russian as well as in Russian for translation into Eng-
lish. In each variant, school-students were given a time limit of 20 minutes to translate one text. In assessing
the results, we took into account the following indicators:

-The accuracy of the translation (high, medium, low) by assessing the general meaning and correctness
of the use of terms (Tab. 1);

-The school-students met the deadline during translation — 20 minutes (yes, no).

Table 1
Criteria for assessment of the accuracy of the translation
Criteria High level Average level Low level
Meaningful identity of the  |Equivalent translation: Translation errors: transla- |[Non-equivalent transfer of
translation text meaningful identity of the  [tion errors do not violate |meaning: errors represent a
translation text the general meaning of the |distortion of the content of the
original original
Grammatical aspects of the |Use of grammatical equiva- |Use of grammatical equiv- |Equivalent translation using the
translation lents for 30 % of text alents for 60—70 % of text |basic grammatical construc-

tions characteristic of the sci-
entific text

Observance of language Compliance with language |Compliance with language |Observance of language norms
norms and rules of transla- |and translation language and translation language |and rules of translation lan-
tion language: stylistic iden- |rules for 30 % of the text rules for 60-70 % of the |guage of scientific text

tity of translation text text

After two tasks each school-student of control group noted the frequency of using the dictionary:
— Examined in dictionary 1-2 terms;

— Examined 3-5 terms in the dictionary;

— Examined more than 5 terms in the dictionary.

Results and discussion

The analysis of results showed that translation accuracy between control and experimental group dif-
fers. So, school-students without using of the dictionary were estimated at average and low level at the trans-
lation of texts from English into Russian (Table 2, Fig. 1) and as low level at the translation from Russian
into English (Table 3, Fig. 2). The experimental groups with using the dictionary the translation quality was
estimated higher than for control group without dictionary.

Table 2
Assessment of the level of translation of texts on Zoology from English to Russian
Grou Amount of school-students
P High level Average level Low level
Control, without dictionary (10 people) 2 4
Experimental, with dictionary (10 people) 4 5 1
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Figure 1. Percent of school-students with different level of translation from English to Russian

Table 3
Assessment of the level of translation of texts on Zoology from Russian to English
Grou Amount of school-students
p High level Average level Low level
Control, without dictionary (10 people) 0 3
Experimental, with dictionary (10 people) 2 7 1
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Figure 2. Percent of school-students with different level of translation from Russian to English

That is we observed a reliable difference between control and experimental group. So, at the transla-
tions from English into Russian the control group was distributed as follows: 20 % with high level, 40 %
with average and 40 % with low level. At the translation from Russian into English made distribution: high
level — 0 %, average — 30 %, low — 70 %.

In experimental group at the translation from English for the Russian 40 % of pupils showed high level,
50 % — average and only 10 % — low. It was on 20; 10 and 30 % higher than similar indicators of control
group. At the translation from Russian into English the share with high level made 20 %, with average level
70 % and with low level 10 %. These data exceeded similar results of control group on 20; 40 and 60 %, re-
spectively.

All school-students noted, as was confirmed with results of an experiment that it is easier to do the
translation from English into Russian, than to translate from Russian into English.

It should be noted that not all school-students, who participated in an experiment with using dictionary
and without, completed the tasks in 20 minutes. In control group the share of school-students, who did not
make the translation in 20 minutes was higher, than in experimental group (Table 4).
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Table 4
Evaluation of translation time indicators
Translation from English to Russian Translation from Russian to English
Group Completed the task Took more time, Completed the task Took more time,
in 20 minutes, people people in 20 minutes, people people

Control, without dictionary 3 ) 3 7

(10 people)

Experimental, with dic- 9 1 7 3

tionary (10 people)

Analysis of the obtained data shows that 8 school-students in the control group completed task in time
during translating from English to Russian, and two pupils took longer. In the experimental group 9 school-
students completed in time, and only one school-student took more than 20 minutes for translation.

In variant with translating from Russian to English in the control group completed the tasks in 20
minutes 3 school-students, and 7 people spent more time. In the experimental group 7 school-students com-
pleted tasks in time; and 3 school-students spent more than 20 minutes. That is, the difference in the first var-
iant of translation was 1 person; in the second variant were 4 persons.

In conclusion, we analyzed the frequency of using the dictionary for the experimental group (Table 5).

Table 5
Frequency of using terms when translating texts on Zoology
Variant of translation 1-2 terms 3-5 terms More than 5 terms

Translation from English

. 2 6 2
to Russian
Translation from Russian 1 3 6
to English

The obtained data showed that for the translation from English into Russian the school-students used
the trilingual dictionary in the lesser extent, than at the translation from Russian into English.

So, in the first variant of translation 2 school-students noted that they used no more than 2 terms, 6 peo-
ple — watched the translation of 3—5 terms, and 2 school-students noted that they used more than 5 terms.

At the second variant of translation only 1 school-student noted that he used the dictionary for search of
1-2 terms, 3 school-students marked that used from 3 to 5 terms, and the 6 school-students — more than
5 terms.

Thus, results of researches show that application of the trilingual dictionary at lessons of Biology might
help with understanding of specialized texts and the translation of scientific texts.

Conclusion

The introduction of the program of trilingual education at all levels of the education in the Republic of
Kazakhstan implies the development of the system of education of subjects of the natural scientific cycle,
including Biology in English. One of the problems of educational institutions is the lack of a proper level of
knowledge of English, especially specialized terminology.

Based on the above, there is a need to conduct research on the organization of Biology education in
English using various teaching tools, including trilingual terminology dictionaries and glossaries.

The effectiveness of the trilingual dictionary on Zoology in additional biology classes in English was
evaluated. The results of the studies show that the application of the trilingual dictionary in Biology lessons
reliably increases the level of understanding of specialized texts and translation of scientific materials. Use of
the dictionary on zoology increases the efficiency of translation from English to Russian on 20 % with high
level, 40 % with average level and 40 % with low level. At the translation from Russian into English the ef-
ficiency of translation was the following: high level — 0 %, average level — 30 %, low level — 70 %.

During translation from English to Russian, the number of school-students, who completed into
20 minutes, was more on 10 % in the experimental group. In process of translation from Russian to English,
the number of school-students, who completed the task at 20 minutes, was also more on 40 % in the experi-
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mental group. All school-students of experimental group noted the difficulty of translating from Russian to
English.

The research was carried out within the framework of the grant project of the Ministry of Education
and Science of Kazakhstan «Creation of a trilingual dictionary of biological terms with a linguo-
culturological componenty.
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M.IO. NmmypatoBa, A.H. Kanuxkanoa, A.O. Epexen, T.1O. lllenecroBa

AFBUINIBIH TiJIIHAE OHOJOTHAHBI OKBITY/1a
apHaiibl CO3iK KOJIAHYIbIH THIMIIJIIri

Kazakcranna 6imxiM OepymiH jkaHAPTHUIFAH Ma3MyHBIHA KeIIy OapbIChIHAA OMosIorHst OOWBIHIINA cabaKTapIIbl
aFBUIIIBIH TLUTIHACTI K@XKETTI MaTepruallapMeH KaMTaMachl3 €Ty Maceneci Typ. MeKTen jkoHe KOoFapbl OiTimM
Oepy meHreitinme Ouosorusi GOMBIHIIA OKYJIBIKTap, Kypajamap MeH YUI TiULAI CO3MIKTepIiH >KeTiCHeyIIiir
aHplKTamFaH. byn acmekr Owonorust OoifbiHIIA OiLMIMAI aFBUINIBIH TUTIHAE MEHrepyre, TEPMUHICPIIH
ayzapMmacelH TaOBICTBI TYCiHyTe, ayaapMmaiap jkacayra MYMKIHIIK Oepmeiini. Makangaga MeKTenTiH oprta
OyBIHBIHZA YII TN CO3MIKTI (aFBUIIBIH-OPBICIIA-Ka3aKIlla, OpbICclIa-Ka3aKIla-aFbUILIBIHIIA XKOHE Ka3aKIla-
aFBUIIIBIHINA-OPBICIIA) KOJTAHYABIH THIMAUINIH 3epTrey OoifbiHIIA Marepuangap OasnpanraH. Buomorus
MIOHIHEH aFBUIIIBIH TUTIHIE KOChIMIIA cabaK oTKi3y Ke3iHe 300JI0THs OOMBIHINIA YII TLIII CO3MIKTI KOJIAHY
THIMAiMri Oaramangsl. 3epTTey HOTWKeNepi Owoinorus cabakrapbslHIa YII T CO3MIKTI KOJITAHY
MaMaH/IaH/ABIPbUIFAaH MOTIHIACP/l TYCIHY JKOHE FBUIBIMH MaTepHalapiAbl aynapy JICHTeHiH Iypsbic
apTTHIPATHIHBIH KOPCETTi. 300JI0THS CO3MIriH NaijanaHy arbUIMIBIH TUTIHEH ayJapyAblH THIMIUTITIH
apTThIPaIbL.

Kinm cesdep: ym Tinni ce3zik, MEKTel, aygapMa OOMBIHIIA SKCIEPUMEHT, OMOJIOTHIHBI aFbUIIIBIH TUTIHIC
OKBITY, MAMaHIaHJbIPbUIFaH OMOJIOTHSUIBIK TEPMHHJIED, ayJapMa JQJIAITI.
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¢ dekTUBHOCTH NPUMEHEHUS CIEHHATN3MPOBAHHOIO CJI0BAPS
npu 00y4YeHH OMOJIOTUM HA AHTJIMHCKOM SI3bIKe

B Kazaxcrane B nporecce nepexosa o0pa3oBaHus Ha 0OHOBICHHOE cOJiep>KaHUe CTOUT Ipobiema obecrede-
HHS 3aHATUH MO0 GMOJIOTMHM HEOOXOJMMBIMHM MaTepHalaMH Ha aHTIMICKOM s3blke. Ha ImIkombHOM U By30B-
CKOM YPOBHSIX BBISIBJICH HEAOCTATOK YIEOHUKOB, MOCOOUH U TPEXbA3BIUHBIX ClIOBapel o Ouosoruu. J{aHHbIH
acIieKT He MO3BOJISIET YCIELIHO yCBAWBATh 3HAHUS MO OMOJIOTMU Ha aHTIMHCKOM SI3BIKE, TIOHUMATh MEePEBO/
TEPMHHOB, OCYILIECTBIISITh TOYHBIC IEPEBO/IbL. B CTaThe M3/105KEHbI MaTEPHAIBI 110 U3y4eHHIO 3()(HEKTHBHOCTH
TIPUMEHEHUS TPEXbI3bIYHOTO CIIOBaps (QHIJIO-PYCCKO-KA3aXCKHH, PYCCKO-Ka3aXCKO-aHIJIMACKUH U Ka3aXCKo-
AHTJIO-PYCCKHUiT) B cpenHeM 3BeHe Kol OreHeHa S (QEKTHBHOCTD IIPUMEHEHUS TPEXbSI3bIIHOTO CIIOBaps
T10 300JI0THH TIPH NIPOBEACHHUH JOTIOIHUTENBHBIX 3aHATHH 110 OHMOJIOTHY Ha aHTIIMHCKOM s3bIKe. Pe3ynpTraTs
HCCIIEZOBaHUN MMOKA3bIBAIOT, YTO IPHMEHEHHE TPEXBSI3BIYHOTO CIIOBApsl Ha YpOKax OMOJIOTHH JTOCTOBEPHO
MOBBIIIACT YPOBEHb NOHUMAaHUs CIIEUAIU3UPOBAaHHBIX TEKCTOB M IIEPEBOJa HAYy4HBIX MaTepuaoB. Mcnons-
30BaHHUE CJIOBaps 110 300JI0THHU MOBbINIACT 3PPEKTUBHOCTD NIEPEBOJA C AHITIMICKOrO Ha PYCCKUH SI3BIK U €
PYCCKOTO Ha aHTMIUICKUI, COKpalaeT BpeMs, 3aTpaunBaeMoe Ha TIepPEeBOI.

Kniouesvie croea: TpeXbA3bIUHBIN CIOBAph, IIKONA, SKCIIEPUMEHT 110 NIEPEBOLY, 00yueHHEe OHOIOTUH Ha aHT-
JIMACKOM SI3BIKE, CTIEIIMATN3UPOBAHHbIE OHONIOrHYECKHE TEPMHUHBI, TOUHOCTh IIEPEBOIA.
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Study of peculiarities of morphology and germination of seeds
of Scabiosa ochroleuca from the Central Kazakhstan

The study of the biology and morphology of seed germination of medicinal plants is an important aspect of
species introduction. This article investigated the features of the biology of germination and seed germination
of a perspective medicinal plant Scabiosa ochroleuca depending on various factors. It is determined that
seeds of some geographical origin differ in size and weight, the morphology of seedlings, which is explained
by the difference in soil and climatic conditions. The best values of germination (90.5 %) and germination
energy (80.3 %) of seeds were recorded in large samples collected in the Buiratau mountains, the mini-
mum — in small seeds collected in the Karkaraly mountains (germination 14.0 %, germination energy
8.5 %). The maximum morphological parameters of seedlings, such as the length of the root, the length of the
hypocotyl, the length and width of the cotyledon leaf, are revealed in seeds from the Karkaraly mountains; the
minimum — from the vicinity of the village Karagaily. This aspect indicates the need to select seeds for in-
troduction from certain habitats and to separate them before sowing. Stages of germination of seed material of
this medicinal plant are defined, including the following: swelling of seeds, tilting, appearance of root, ap-
pearance and bending of hypocotyl, removal of cotyledon leaves, and deployment of cotyledon leaves. Dy-
namics of seeds germination during storage (from freshly harvested seeds up to 3 years) was determined, pos-
itive influence of stratification during 3 months was revealed to increase seed germination and germination
energy. According to the results of the studies, it was determined that the seeds of Scabiosa ochroleuca are
characterized by the lack of drainage during wetting, the terrestrial type of germination, shallow physiological
rest, by the type of germination are assigned to the group of seeds with accelerated germination.

Keywords: herb, Scabiosa ochroleuca, Central Kazakhstan, seed germination, energy of germination, mor-
phology, natural flora, storage, size of seeds.

Introduction

Plants from different habitats form different potentials of productivity, morphological structures and
variability according to some characteristics. So, depending on the growing conditions, plants can develop
organs of various sizes, the intensity of physiological processes changes, which is reflected in the size and
performance of seeds [1-3]. In favorable conditions of growing, seeds are formed large, full-fledged and
with a well-developed embryo and a supply of nutrients.

Identification of the influence of factors on the development and germination indicators of seeds is im-
portant for issues of plant introduction, as well as factors that can increase the germination of seed material.

Introduction into the culture of medicinal plants has an important practical interest for the sustainable
production of vegetative raw materials. About 6500 species of plants grow in Kazakhstan, along with culti-
vated taxa. Of these compositions, 85 % belong to herbaceous plants, 730 species are endemic, of which 175
species grow in steppe regions, 250 species of desert and semi-desert zones, 600 endangered species, more
than 1000 species are used in official and folk medicine [4, 5]. One perspective species is Scabiosa
ochroleuca L. (Dipsacaceae family), the aboveground part of which is used in folk medicine for stomach
diseases, female and ocular diseases, for the excretion of warts, wound healing, in scabies, skin rash, hemor-
rhoids, calluses, snake bites, anti-opaque Extracts from this plant have pronounced antimicrobial and antiox-
idant activity [9, 10].

Extracts from this plant have pronounced antimicrobial and antioxidant activity [9, 10].

In Kazakhstan there is information about natural resources of this species [11], however, no introduc-
tion work was carried out.

The purpose of this work is to study the features of the morphological structure of Scabiosa ochroleuca
seeds of various geographical origin; and determination of their biology of germination.
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Objects and methodology

The object of the study was the seed material of Scabiosa ochroleuca, collected in Karkaraly Mountains
and surrounding of village Karagaily (Karkaraly district, Karaganda region), Buiratau Mountains (Osakarov
district, Karaganda region). Research was carried out in 2018-2020 on the basis of the Research Center of
Biotechnology and Eco-Monitoring of E.A. Buketov Karaganda State University.

The seed material was separated by size and weight (small, medium and large), the length, width and
weight 1000 pieces were measured, and after germinated. To assess the germination of seeds, they were
germinated 50 pieces in three repetitions on humidified 2-layer filter paper in Petri dishes at a temperature
+24 °C in the climate chamber. Seeds after harvesting were study in fresh as well as after stratification from
1 to 3 months. Stratification was performed in the refrigerator. To determine viability depending on period of
storage, seed germination and germination energy for 3 years were evaluated.

The study of germination and germination energy of seeds was carried out according to the methodo-
logical instructions of M.S. Zorina and S.P. Kabanov [12].

Morphology of seeds and seedlings was examined on a Levenguk USB-microscope at an increase of
40-80 times [13]. For seedlings, the following parameters were evaluated: total height of plants, length of the
hypocotyls, length and width of the cotyledon leaves; length of the root system. The weight of the seedlings
according to the test versions was estimated by weighing on the analytical weights in 10-fold repetition on
dry weight [14].

The study of the biology of seed germination was carried out taking into account the recommendations
of K.E. Ovcharov, E.G. Kizilova [15], M.K. Firsova [16], P. Wellington [17].

Statistical processing of the results was carried out according to the method of N.L. Udolskaya [18] us-
ing the Microsoft Excel 2010 software package.

Results and discussion

The fruit Scabiosa ochroleuca is an achene with a serrated-wavy film crown, light brown, single-
seeded, with an oily endosperm, pericarpium 8-sided deep-notched, cone-shaped. The length is 1.5-2 cm; the
width is 0.4—0.6 cm. The shape of the seed is kidney-shaped, oval or rounded (Fig. 1).

Figure 1. Internal view of seed materials of Scabiosa ochroleuca

The biology of seed germination of Scabiosa ochroleuca has been studied. During soaking, the seeds
swelled, increasing in size by 1.2—1.3 times; no sliming was observed. The absence of dehumidification indi-
cates plant growth under mesophyte conditions [19].

Seed deposition in laboratory conditions occurred on 2-3 days. At the same time, pericarpium was
opened and the germ root was the first to appear from the achene. Its length was 6-8 mm; diameter 0.4—0.5
mm. Root hairs are weakly visible on the end of the root. After (on day 4-5), a milk-white hypocotyl ap-
peared, the rest was still hidden in the seed. On day 6-8, the hypocotyl was drawn, forming a bend (Fig. 2),
then straightened, carrying the cotyledons outside. Hypocotyl is white, elastic, 10—-12 mm length and 0.5-0.6
mm in diameter. Cotyledon leaves came to the surface folded, after which they opened.
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The plate of the cotyledon leaf was narrow-lanceolate, 6-8 mm long, 4-5 mm wide, color was light
green, the surface is smooth, the apex is weakly notched. The height of the seedling by this period was
1.8-2 cm, the length of the root was 2.4-2.6 c¢m; root hairs became noticeable.

A — the appearance of the germ root; B — the appearance and bend of the hypocotyl;
C — the appearance of cotyledon leaves; D — the output of folded cotyledon leaves;
E — a prophet with a pair of cotyledon leaves

Figure 2. Biology of germination of seeds of Scabiosa ochroleuca

Thus, the seeds of Scabiosa ochroleuca are characterized by above-ground type of germination, charac-
terized by a shallow physiological rest. By the type of germination [20, 21] are assigned to the group of seeds
with accelerated germination.

Morphological analysis showed that the seed material of different geographical origins differed in size
and weight (Table 1).

Table 1
Morphological parameters of seeds of Scabiosa ochroleuca depending from origin

. Number of seeds
Origin of seeds Average length of seed, | Average width of Weight 1000 pieces, g| per one florescence,
cm seed, cm .

pieces
Buiratau Mountains 2.6+0.2 1.5+0.06 0.16+0.01 296+12
Surrounding of village 2.740.1 1.8+0.04 0.21=0.01 315225
Karagaily
Karkaraly Mountains 3.4+0.4 1.7+0.05 0.32+0.02 345431

As can be seen from the given data, the maximum length had seeds from the Karkaraly Mountains —
3.4 cm; by thickness — the maximum values were obtained for seeds from the surrounding of village
Karagaily — 1.8 cm; and the maximum weight of seeds is recorded for seeds from the Karkaraly Mountains.
However, the size and weight of the seeds do not reflect quality indicators, so we determined germina-
tion and energy of germination. It was determined that the best indicators were noted Scabiosa ochroleuca
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seeds collected in the Buiratau Mountains (Table 2), the second position in germination was taken by seeds
from the surrounding of village Karagaily; seeds from Karkaraly Mountains were on the third position.

Table 2
Indicators of seed germination and germination energy of Scabiosa ochroleuca,
depending on the places of origin
Origin of seeds Seed germination, % Energy of germination, %
Buiratau Mountains 64.54+2.6 50.4+0.8
Surrounding of village Karagaily 61.0+£2.8 52.9+1.8
Karkaraly Mountains 50.1+2.1 41.0+£0.9

It is worth noting that the size and weight of the seeds do not correlate with the germination data. It
turns out that seeds from the Buiratau Mountains with a minimum weight of seeds gave maximum germina-
tion indicators, while the largest and heaviest seeds turned out to be the least germinating.

Thus, the seed material of Scabiosa ochroleuca differs in size and weight depending on the place of
growth. So, the largest seeds are formed in Karkaraly Mountains, the smallest — in Buiratau Mountains.
This aspect can be explained by the fact that in Karkaraly Mountains more mesophytic conditions are ob-
served (more precipitation), which leads to a good development of plant morphology. In Buiratau Mountains,
the conditions are more xerophytic, so the size of the seeds is lower. However, data on seed germination and
energy of germination turned out to be higher in Buiratau Mountains, which is probably due to the fact that
the formation of seeds depends on solar activity, which is higher at this point.

In the second stage of research, the effect of seed sizes from different collection points on germination
indicators was studied. All samples from collection points were divided into 3 fractions (large, medium and
small), for which germination peculiarities were separately estimated. The results showed that large seeds
had maximum values for parameters of germination (Table 3).

Table 3
Germination and energy of germination of seeds of Scabiosa ochroleuca depending from size

Origin of seeds Fraction of seeds Seed germination, % Energy of germination, %
Large 90.5+3.5 80.3+£3.9
Buiratau Mountains Medium 62.442.8 51.242.5
Small 26.4+0.5 20.1+0.7
Surrounding of village Large 60.23.0 50.1+1.8
Karagaily Medium 61.4+3.4 52.0+1.6
Small 28.5+0.8 12.4+0.6
Large 46.2+1.1 38.0+0.8
Karkaraly Mountains Medium 45.5+1.0 40.1+1.1
Small 14.0+0.5 8.5+0.3

Maximum indicators of germination were recorded for large seeds from Buiratau Mountains — 90.5 %
with energy of germination 80.3 %; minimum indicators — for small seeds from Karkaraly Mountains —
14.0 % and 8.5 % respectively. It has been determined that for Scabiosa ochroleuca seeds, in order to in-
crease the efficiency of storage of seeds in culture, it is advisable to collect the initial material at certain
points and to separate the seeds in favor of larger ones.

We analyzed the state of Scabiosa ochroleuca seedlings, obtained from seeds of different size
and origin. There is a positive relationship between seed size and seedling size (Table 4).

At all collection points, it was found that the most made seedlings are obtained from large seeds, while
smaller seedlings are obtained from small seeds. The obtained results once again confirm that the use of
large seeds allows obtaining larger and more developed seedlings. It is worth noting that the maximum dif-
ference between seedlings from seeds of different sizes is observed in Buiratau Mountains, the minimum —
in Karkaraly Mountains.

Analysis of the germination of Scabiosa ochroleuca, depending on period of storage, showed that the
seed material gradually loses its germination. So, freshly harvested seeds 58.8 %, after 3 months of stor-
age — slightly increased to 62.4 %. This aspect is explained by seed ripening [14, 15, 19, 20]. After
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6 months, germination decreased to 55.2 %, a year later — to 40.3 %, after 1.5 years — to 36.8 %, after
3 years — to 18.2 % (Fig. 3).

Table 4
Morphological parameters of Scabiosa ochroleuca seedlings depending on the size of seeds and origin

Origin of sceds Fraction of seeds Length of root,| Length of hypo- | Length of coty- | Width of cotyledon
cm cotyls, mm ledon leaves, mm leaves, mm

Buiratau Mountains Large 5.4+0.2 5.5£0.4 7.2+0.5 3.5+0.2
Medium 3.1+0.1 2.8+0.1 5.6+0.4 3.0+0.2

Small 2.5+0.05 2.4+0.1 4.9+0.4 2.2+0.1

Surrounding of village Large 5.0+0.4 4.8+0.4 6.5+0.4 3.8+0.4
Karagaily Medium 4.4+0.2 4.6+0.3 5.5+0.3 3.5+0.2
Small 4.2+0.2 4.5+0.2 1.5+0.3 1.0+0.05

Karkaraly Mountains Large 6.2+0.3 5.540.2 5.6£0.2 4.0+0.1
Medium 6.4+0.4 4.7+0.2 6.0£0.3 3.8+0.1

Small 3.1+0.1 2.6+0.1 4.6+0.2 3.0+0.1
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Figure 3. Germination and energy of germination of seeds of Scabiosa ochroleuca during storage

Thus, over the course of 3 years, we have seen a significant decrease in germination rates, which re-
quires the development of methods for increasing it. We tested cold stratification.

Stratification was carried out in a freezer with seeds from Buiratau Mountains after 1 year of storage for
1 to 3 months. The initial germination was 40.3 %, and the germination energy was 37.5 %. During stratifi-
cation, there is an increase in germination and germination energy indicators (Table 5).

Table 5

Germination and energy of germination of seeds of Scabiosa ochroleuca after cold stratification

Methods of treatment Seed germination, % Exceedlr;/g control, Energ}t/i(())rf g(;rmlna- Exceeding control, %
() , /0
Control 40.3+0.8 - 37.54+0.6 -
Stratification, 1 month 55.2+£2.0 +4.9 47.44+0.9 +9.9
Stratification, 2 months 58.8+£2.8 +18.5 56.3+£2.2 +18.8
Stratification, 3 months 64.2+3.4 +23.9 58.7+2.6 +21.2

It is worth noting that after the 1st month of storage, the germination of Scabiosa ochroleuca seeds in-
creased by 4.9 % and germination energy by 9.9 %; after 2 months of storage by 18.5 and 18.8 %, respec-
tively; and after 3 months of storage by 23.9 and 21.2 %, respectively. According to the results of the exper-
iment, the best results were obtained against the background of a 3-month stratification period.
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Conclusion

Thus, it was determined that the seeds of Scabiosa ochroleuca have different morphological indicators,
which is explained by the difference in environmental conditions of plant growth. The largest and heaviest
seeds are noted in plants growing in Karkaraly Mountains with the most favorable soil and climatic condi-
tions; the smallest are for individuals from Buiratau Mountains with the most arid conditions.

It is noted that seeds of Scabiosa ochroleuca of different size and weight vary in terms of germination
and size of seedlings. The best values of germination (90.5 %) and germination energy (80.3 %) of seeds
were recorded in large samples collected in Buiratau Mountains; the minimum — in small seeds collected in
Karkaraly Mountains (germination 14.0 %, germination energy 8.5 %). There is a more significant correla-
tion between seed size and germination. The maximum morphological parameters of seedlings, such as the
length of the root, the length of the hypocotyl, the length and width of cotyledon leaves, are revealed in seeds
from Karkaraly Mountains; the minimum — from surrounding of the village Karagaily. This aspect indicates
the need to select seeds for introduction from certain habitats and to separate them before sowing.

Stages of germination of seed material of this medicinal plant are defined, including the following:
swelling of seeds, tilting, appearance of root, appearance and bending of hypocotyl, removal of cotyledon
leaves, deployment of cotyledon leaves. The type of germination is above ground.

During storage, there is a gradual decrease in germination and germination energy from 58.8 % for
freshly harvested seeds to 18.2 % after 3 years of storage. It was determined that physical methods of treat-
ing seeds positively affect the increase in germination and germination energy of Scabiosa ochroleuca. The
best results were obtained with cold stratification for 3 months (germination 64.2 %, germination energy
58.7 %). Seeds are characterized by a shallow physiological rest, which is easily overcome by stratification,
by the type of germination — to a group of seeds with accelerated germination.

Obtained results can be used for formation of seed bank of medicinal plants and introduction of
Scabiosa into culture.

The research was carried out within the framework of internal grant of E.A. Karaganda State Universi-
ty Ne 218-B-19 «Cryopreservation of vegetative and animal biological materials for development algorithm
of storage of viability and creation of bank of frozen samplesy.
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Opraasik Kazakcranaa ecetin Scabiosa ochroleuca TYKbIMBIHBIH 6HIMILTIT]
MeH MOP(}0JI0rusICHIHbIH epeKIIeJTiKTePiH 3epTTey

Jopimik eciMIiKTepaiH TYKbIMOAPBIHBIH ©CYiHIH OHOJOIUsICHl MEH MOP(OJIOTHACHIH 3epTTey TypJiepai
MHTPOAYKIMSUIBIK CHTI3y[OiH MaHbBI3Ibl acrekTici Oosbin Tabbutagsl. Makanaga apTypii ¢akropiapra
0allIaHBICTEl TIEPCHEKTHBTI JOpUIK eciMaik 6o03capbl KOTBIPOT TYKBIMBIHBIH ©CY OHOJIOTHSACH JKOHE
TYKBIMHBIH ~ OHTIINTITIHIH epeKIIeNiKTepi 3epTTenreH. OpTypiai reorpausulblk  OpTagaH — ajbIHFaH
TYKBIMAAPABIH MeJIIepi MEH CaJMarbl JKOHE OCKiHAep MOp(OoJIoTHsIchl OOWBIHIIA epeKIIeNICHeTiH]
AHBIKTAJ/IBI, OYJ ©3 Ke3eriH/e TONBIPAK MEeH KIMMATTBIK JKaF[aiap/iblH aiibIpMAaIlbUIBIFBIMEH TYCIHAIPLIE .
TyxpiMubIH eHTiTIrIHIHE (90,5 %) *xKoHe eHy sHeprusichiHblH (80,3 %) eH xakchl kepceTkimTepi byiipatay
TayJapblHa KUHAIFaH ipi ChlHamMaylapia, TeMeH Kepcerkimrep Kapkapaibl TaynapblHIa XKHUHAJIFAH YCaK
TyKbiMaapaa (ewrimrik aenreiti 14,0 %, eny suepruscsl 8,8 %) Oonnbl. TyKeIMOAapIblH MeJlIepi MeH
OJIapABIH OHTIILTIr apachlHIa aHAFYPJIbIM MaHbI3[bl KOPPEALMIIBIK OaiIaHbIC aHbIKTaNgbl. TaMbIpAbIH,
TUMOKOTHIIAIIH JKOHE >KapHAKTHI JKaITbIPAFbIHBIH Y3BIHIBIFEl MCH €Hi CHSAKTHI OCKIHICpAIH MOP(OIOTHSIIBIK
napamMeTpiepiHiH MakcCUMail MOHI KepiciHie Kapkapansl TaynapblHAAFbl TYKbIMIAp/a, TOMEH MOHIEpi
Kaparaiine! keHTI MaHalBIHaH XHHAJIFaH TYKbIMAApAa kesaecTi. by acnext nHTpoxykIus yirin Oenrini 6ip
MEKEeH €Ty OpTachlHaH TYKBIM TaHJAll, OJIapABI ery ajjblHaa Oeily KaKeTTUNriH kepceremi. Jlopimik
OCIMIIKTIH TYKBIMIBIK MaTepPHAIIBIHBIH OHY KE3eHIEpl aHbIKTAIAbI, OHBIH IIIiHAS: TYKBIMAAPIBIH 06pTyi,
osapablH, OeKiHyl, TaMBIPJbIH, THIIOKOTHIIH Naiiga Ooiybl jkoHEe OyTriyi, »KapHAKThI JKallbIPAKTapbIHBIH
IIBIFAPBUTYBI JKOHE Ka3bllybl. Cakray Ke3iHJe TYKbIMHBIH OHY JUHAMMKAchl (KaHAIaH >KMHAIFaH TYKbIMHAH
Gactan 3 »kpUTFa AeiiH), 3 aliAbIH ilIiHIEe TYKHIMHBIH OHTILITIIT MEH OHY DHEpPTHSICHIH apTThIpyFa apHaJIFaH
cTpaTH()UKAIUSHBIH OH dcepi aHBIKTAIFaH. 3epTTey HoTImKenepi OoitbiHIma Scabiosa ochroleuca TyKpIMIaps
bUFall OONFaH Ke3[e NIBIPHINTAHOANTHIHABIFEIMEH, OHTIIITITIHIH JKep YCTI TypiMeH, TepeH eMmec
(U3HONOTHSUIBIK  THIHBIITHIK KYHIMEH CHIIATTajbIl, OHy TYpiHe CcoifKec >XeIelJeTuIreH eHTimTiri Gap
TYKBIMJIap TOOBIHA JKaTaThIHIBIFbI AHBIKTAII/IBI.

Kinm ce30ep: nepinik ecimuik, Scabiosa ochroleuca, Optanbik Ka3akcTaH, TYKBIMHBIH OHIMALTIN, ©HY
SHEPTUsACH], MOpdoIIorHs, TabUFH (iopa, caKray, TYKbIM MeJIIIEpi.

M.IO. Nmmyparosa, C.C. TsIp>xaHoBa

N3yuenne ocobenHocTeit MOpG010ruu M BCX0xKeCTH ceMsiH Scabiosa ochroleuca
u3 HenTpanbHoro Kazaxcrana

Wzydenne Ouonoruy ¥ MOpQoJIOruY MMpopacTaHust CeMsH JIEKapCTBEHHBIX PACTEHHH SIBISIETCS Ba)KHBIM ac-
TIeKTOM HMHTPOIYKIMH BUIOB. B crathe mcciemoBaHbl 0COOCHHOCTH OMOJIOTHH NPOpAcTaHUs U CEMEHHOU
BCXOXKECTH MEPCIEKTUBHOTO JEKapCTBEHHOTO PACTEHUSI CKaOMO3bI OJIeHO-KENTOH B 3aBHCHMOCTH OT pas-
anuHbIX (akTopoB. OmpeneneHo, YTO CeMeHa PasHOTO reorpaguueckoro MPOUCXOXKACHHUS OTIMYAIOTCS 110
pasMmepy U Becy, MOP(OJIOTHH IIPOPOCTKOB, YTO OOBACHSAETCS pa3HHULEH MOYBEHHbBIX U KIMMATHYECKHX YCIIO-
Buil. Jlyumne 3HaueHus Bcxoxectd (90,5 %) u sneprum mpopacranus (80,3 %) ceMsH 3apUKCHPOBAaHBI Y
KPYTHBIX 00pa31loB, COOpaHHBIX B Tropax byiiparay, MUHUMaIbHBIE — y MEJIKHX CEMSH, COOPaHHBIX B rOpax
Kapkapaist (Bcxoxects — 14,0 %, sHeprus npopactanus — 8,5 %). MakcuMaibHbIe MOP(OIOTHIECKHe Ha-
paMeTphl IPOPOCTKOB, TAKUE KAK JUTMHA KOPHS, UTMHA TUIIOKOTHII, AJIMHA U IIMPHUHA CEMS0JIBHOTO JINCTA,
Ha000pOT, BBUBICHBI y ceMsiH u3 rop Kapkapaibl, MUHHMalbHBIE — M3 OKpecTHOcTeil moc. Kaparaitisr.
JIaHHBIN acIeKT CBHIETENbCTBYET O HEOOXOAMMOCTH OTOOpa CEeMSH Ul MHTPOXYKLHH H3 OHpENeICHHBIX
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MeCT OOMTaHUS U UX Cemapanuu mepes noceBoM. OmpesesieHsl 3Tabl IPOpacTaHusl CEMEHHOTO MaTepuana
JIEKapCTBEHHOTO PACTEHUsI, BKIIIOYAIOIIHE CIEAyIoNe: Ha0yXaHHe CeMsIH, HaK/IeBbIBAaHHUE, MOSIBICHHE KOP-
Hsl, TIOSIBIIEHNUE M U3TMO THUIOKOTUIIS, BBIHOC CEMSIONIBHBIX JINCTHEB, PA3BEPThIBAHNUE CEMSIOTIBHBIX JIHCTHEB.
OmpeneneHa IUHAMHKA BCXOXKECTU CEMSH B IIpOIlecce XpaHEeHHs (0T CBEXECOOpPaHHBIX CEMSH /0 3-X JIeT),
BEISIBJICHO MOJIOKUTEIILHOE BIMSHHE CTPATH(UKALNY B TEUCHHE 3-X MECAIEB JUISl MOBBIICHAS BCXOXKECTH U
sHepruu npopacranus. [lo uroram ucciaeqoBaHUA ONpEAENICHO, UTO ceMeHa Scabiosa ochroleuca xapakrepu-
3YIOTCSI OTCYTCTBHEM OCIIM3HEHHMS IIPH HAMOKAHHH, HA3eMHBIM THIIOM IIPOPACTaHMs, HETIIyOOKHM (pHU3MOII0-
THYECKUM TTOKOEM, [0 TUILY IPOPACTAHHS OTHECEHBI K TPYIIIE CEMSH C YCKOPEHHBIM IPOPACTaHUEM.

Kniouesvie cnosa: nexapctBeHHOe pacteHue, Scabiosa ochroleuca, Llentpanpubiii Kazaxcran, cemeHHas
BCXOJKECTh, SHEPTHs IPOPACTaHUs1, MOP(OJIOTHS, IPUPOAHas (IIopa, XpaHEHHE, Pa3MeP CEMSH.
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JK0JI0r0-TAKCOHOMUYECKUIT aHATU3 MPUOPeKHOH (PIoPbI
Ayanexouabcekoro paiiona (Kocranaiickas o0J1acth)

N3yuenue Qiopsl sBIIseTCA BAXKHBIM acIEKTOM II0JICP’KaHUs 1 MOHUTOpUHTa OuopasHoobpasus. Kocranaii-
cKas 00J1acTh HEOCTaTOYHO HCCIENOBAHHBIA PETHOH, TPEeOYIOMMI MOAPOOHOT0 aHaIM3a MpUOPeXHOH pac-
tuTenbHOCTH. [Ipu mpoBenennu uccnenoBanuii B 2016—2019 rr. u3ydeH coctaB mpuOPEKHOH GIIopsl 6 BOJIO-
emoB: pek (Ybaran u Kapacy), a tarke npupogaabix o3ep (Yuutenbckoe, Conénoe Ne 1, Con€noe Ne 2 u
Kaiipankons). B pesynbprare uccinenoBanuii, MpoBeAEHHBIX HA TEPPUTOPHU AynHeKoIbckoro paiiona Kocra-
HalicKo#i o0iacTn, OBUTO BBIIBIEHO mpom3pactanue 106 BunoB npudpexnoi ¢uiopsl n3 84 pomos u 37 ce-
MelicTB. TakCOHOMHYECKHH COCTaB XapakTepu3yeTcs NOMHHHPOBAHHMEM Cpelu CeMEHCTB Asteraceae,
Poaceae u Fabaceae, cpeau ponos — Artemisia, Plantago, Astragalus. B AynuexkonbckoM paiioHe npeobia-
JIAI0T PACTEHUsI CTEMTHOM IIEHOTHUECKON TPYIIITBI, YTO OOBSICHSIETCS PAcIooKeHnEM paifoHa HccleIoBaHus B
npeznenax Typraiickoii noxxOouHbl. Ha 00cnenoBaHHON TeppUTOPUH BBIAEICHBI 7 HKOJIOTMYECKUX TPYII pac-
TCHUH, MPUYeM MaKCHMaJbHOE YUCIIO BUJOB SIBISICTCS Kcepomezoduramu (33 TakcoHa), MUHUMAJIBHOE —
kcepoturamu (1 Buxg). Cpean U3HEHHBIX (OPM OTMEUEHO TOJIBKO 4 TPYIIEI, N3 KOTOPBIX MAaKCHMYM IIpH-
XOJUTCSI HAa MHOTOJIETHHE TPaBSHUCTHIE pacTeHus (78 BUIOB). BEIABI€Ha HEpaBHOMEPHOCTH PACTIPEAEICHUS
pacTeHUil 1o 0OCIIeIOBaHHBIM BOJOeMaM. MaKCHMyM HPHXOAWTCS Ha moiMy p. Y6araH, MHHIMYM — Ha
03. YUuTenbCcKoe.

Kniouesvie cnosa: Aynuexonsckuil paiion, Kocranaiickass obmacte, npuOpexHas ¢opa, TAKCOHOMHUYECKUN
QHAJIN3, YKOJIOTUYECKHE IPYIIIBI, )KU3HEHHBIE (JOPMBI, pacipeieieHHe.

Bseoenue

OxpaHa mpUpPOABI SBISETCS BAXHBIM HAIpPaBICHHEM TOCYJapCTBEHHOW MOJUTHKH, OCOOEHHO PacTH-
TEIHHOTO MHUPA, SBISIOMIETOCS OCHOBOW MO aHuA Bcero xuBoro. [Ipu nzydennn ¢opsl He0OX0IUMO
MPOBOJUTD €€ aHaIH3, KOTOPBIN MOKA3bIBAET UCTOPUIO (OPMUPOBAHHS TEPPUTOPUH, IKOJIOTHIO, PUTOLEHO-
JIOTHIO ¥ BO3MOKHOCTh TIPAKTHIECKOTO MCIIONB30BaHuU [1].

Kocranaiickas obmacts (CeBepHblii Kazaxcran) BkitodaeT B ceOs 3HAYNTEIBHBIC TEPPUTOPHH (ILIO-
maae okoso 196,0 TeIC. KB. KM), a TaKkKe NPUPOIHBIC KOMIUIEKCHI, BKIIIOYAIONINE 3HAYUTEIFHOE YUCIIO TH-
noB pactutensHocTH. Ha ee Tepputopun HabromaeTcs mocjaeroBaTenbHasi CMEHa COOOIECTB — OT JIECHBIX
o mycTeiHHBIX [2]. Tak, Typraiickas BmagnHa BKIIOYACT TPU KPYIHBIC SIUHUIEI, Kak KocraHalickas pas-
HuHa, Typraiickoe miaato u FOxuo-Typraiickas paBHuHa [3, 4].

I'eorpaduyeckoe monoxenrne 1 MHOrooOpa3ue MPUPOIHBIX YCIOBHN MO3BOJISIET MPOU3PACTATh 3HAYH-
TEJIHHOMY YHCITY BHIOB COCYIMCTBIX PAacTEHHM, OOIIMiI cOCTaB KOTOPBHIX O CHX TMOp He uccienoBaH. Co-
BpPEMEHHBIE KOHCIIEKTHI W aHaNWU3 (IIOpHl MPUBEACHBI TSI pEAKUX W MCUE3alomuX BUA0B pacTennid Kocta-
Haiickoil obnactu [5, 6], obure reorpaduyeckue eMeHTs obnactu [7], ¢opa 6epe30BbIX, OIbXOBBIX U
cocHOBBIX JiecoB [8—10], nana xapakrepuctuka ¢uopsl Typraiickoro nporu6a [11], moiimer peku To6omn [12].
B nemom, dutopa obactu pencrasinena 1223 sumamu u3 454 pomgos u 107 cemeticts [13].

Taxum 00pa3om, cyniecTByeT Hay4HBIH OTEHLIUAT U3YyUECHHUS OTACIBHBIX BUIOB (PIOPHI OTAETIBHBIX pe-
riuoHoB (paiioHoB) KocTanalickoit 001aCTH, OTAEIBHBIX KOMIIOHEHTOB (JIOPHI, YTO MO3BOJISET OCYIIECTBIATH
0oJ1ee TIOTHBIN B pa3BepHYTHIA aHAIIH3.

B apugHbIX ¥ ceMHapUAHBIX TEPPUTOPHSX, B UUCIO KOTOPBIX BXxoauT Kocranaiickas 001acTh, BAKHYIO
POJb B OMOJIOTMYECKOM Pa3HO00pa3uu urpaet ¢uiopa peuHbIX JOJIHH, TO €CTh BOIHBIX U MPHUOPEKHO-BOJAHBIX
pactenuid. JlaHHBIE BUIBI PACTEHUH BBHIMOIHAIOT BAXHYIO (PUTOMETHOPATHBHYIO, BOJIOOXPAHHYIO U 3aIlUT-
Hy!0 (pYHKIHMIO. A OlleHKa TOTCHIIMANIA MCIIOIB30BAHUS BOJOEMOB JUISI OXPaHBI MPUPOJBI U CEIBCKOTO XO-
3s1iicTBa TPeOyeT MOJAPOOHOTO UCCIIEIOBAHMUS U PETYIIAPHOIO MOHUTOPHHTA.

Llenp uccrnempoBaHus — MPOBECTH HKOJOrO-TAKCOHOMUYECKUN aHaIN3 NpuOpexHon (iopsl Aynue-
KOJIbCKOTO paitona Kocranalickoi o6yacTu.
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Obwexmpl U MemoouKa uccied08anull

Jannas paborta CirykuT 000OIIEHHEM TOJIEBBIX O0CIEeMOBaHUN AyIHeKoIbckoro paiiona Kocrtanaii-
ckoit oomactu B Teuenne 2016-2019 rr. B kagecTBe MOIETBHBIX 0OBEKTOB OBLIN BEIOPAHKEI 6 BOJIOEMOB: pe-
ku (Y0aran, Kapacy) u npupoansie o3epa (Yuurenbckoe, Conénoe Ne 1, Conénoe Ne 2, Kaiipankons). O6-
masi TpPOTSHKEHHOCTh MapIIPYTOB HcciiefioBaHui coctaBuia okoio 100 km. Ilo marepmanam MOJEBBIX HC-
CJICIOBAaHUU COCTABJICH CBOIHBINA CITHUCOK MPHUOPEKHON (HITOpHI AYIHEKOIBCKOTO palioHa.

[Ipu cocraBnenun cnucka ¢uopsl TpuOpeKHON (GIopbl aHaTU3UpOBaIKch repoapHbie coopbl Kocra-
HaNCKOro TrocyAapCTBEHHOrO yHHBepcuTeTa uM. A. baliTypceiHOBa, KocTanalickoro couuanbHO-TEXHH-
YEeCKOT0 YHUBEPCUTETa UM. 3. AJmamvxap.

COop MaTepraioB MPOBOAVIN MapIIPyTHO-PEKOTHOCIIMPOBOYHBIMH M TIOJTYCTAI[MOHAPHBIMU METOIAMH
C UCTOJB30BAaHUEM TPATUIIMOHHBIM METOIUYECKUX yKazanuii [14—16]. B mporecce onpeaeneHus UCIOIb30-
Banmu crenyromue cBoaku: «®Dmopa Kazaxcrana» [17], «Onpenemurens pactenuii Cpemneit Azmm» [18],
«MmmocTpupoBaHHBIN onpenenuTens pacrennii Kazaxcrana» [19]. Jlns yTodHEHHS BHUIOBBIX M POIOBBIX
Ha3BaHui npuMeHsn cBoaky C.K. Yepenanosa [20].

[Ipu ananuze ¢iopsl HCMOIB30BATH METOIBI OMOJIOr0-3KOJIOTHUECKOTO aHAIN3a C BBIACICHUEM TaKCco-
HOMHYECKOH XapaKTEPUCTHKH, SKOJIOTHIECKHUX TPYIII, )KU3HEHHBIX Gopm [21, 22].

Peszynomamul u ux obcyscoenue

AynHeKonbCKUN paiioH — palioH B HeHTpaibHOH yacTu Kocranalickoii odnactu B mpenenax Typraid-
ckoro mporuda (puc. 1).
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Pucynok 1. Kapra Aynuekonbckoro paiiona Kocranaiickoit o6macTu

[entpanpHast 4yacTh JTIOXKOWHBI HCIICHIPEHA O3€PaMH, MPEUMYIICCTBEHHO COJICHBIMH U TIEPECHIXAIOII-
mu (KymmypyH, PeBynb, Horaiikons, Yuurensckoe u Ap.) u mpopesana pyciaamu pek (Yoaran, [lwm, Ka-
pacy). Bomoembl OkpyKeHBI pa3iMYHBIMA BapUaHTAMU COOOIIECTB 3aCYIUIMBEIX, CyXUX M OIYCTHIHCHHBIX
CTETIEH.

KnnmaTndaeckne ycmoBus XapaKTepU3yIOTCs CIEAYIONIMMH MTOKA3aTeIMA: CyMMa TEMIIEpaTyp BO3AyXa
6onee 10 °C, cocraBmser 2400-2700 °C. Camblii TEIUIBIH MeCSI — HIOJIb CO CPEAHUMH TeMIlepaTypamMu
+21-22 °C, camblii X0s101HbIH — stHBApb (—17—18 °C).

I'onoBoe xommyecTBo ocagkoB — 230-280 mm, OombIrast 4acTh KOTOPHIX (70 60 %) mpuxoauTcs Ha Te-
i mepuo. CTOUT OTMETUTH, YTO TOJ0BOE KOJUYECTBO OCAJKOB YMEHBIIAETCS TPHU JBIKEHUH C CEBEpPa
Ha 1or. [IpogomKuTenbHOCTh 0€3MOPO3HOTO MEpPHOa cocTaBisieT B cpenHeM 140—160 mHeit. B mouBeHHOM
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MOKPOBE MPEICTABICHB TEMHO-KAIITAHOBBIC M KAITAHOBBIC KapOOHATHBIE M COJIOHIEBATbIC MOYBHI [23].
Bosbliast 4acTh TEPPUTOPUH XaPAKTEPU3YETCS CYyXOCTEIIHBIMH COOOIIECTBAMH.

Pe3ynpTathl ONEBBIX UCCIEIOBAHUI U aHAIU3 repOapHOro Marepralla M03BOIMIM OIPEAEIUTh IPOU3-
pacTaHue B COCTaBe MPUOPEKHON (HIOPHI AyTHEKOIBCKOTO paifoHa 106 BUIOB COCYUCTHIX pACTEHHU, OTHO-
csamuxcst K 84 pogam u 37 cemeiictBam (Tabm. 1).

Tabnuma 1

TakcoHOMHYeCKHi cocTaB MpuOpexHOi paopbl Ayauekobckoro paiiona Kocranaiickoii odaactu

CemencTBO

Ko:-Bo pognos,

% OT 001LEero yucia

Kon-Bo BumoB, mr.

% OT 001LEero yucia

IIT. pOJIOB BHJIOB
Alismataceae 2 2,41 2 1,90
Alliaceae 1 1,20 2 1,90
Apiaceae 4 4,82 4 3,81
Asteraceae 17 20,48 23 21,90
Boraginaceae 5 6,02 5 4,76
Butomaceae 1 1,20 1 0,95
Campanulaceae 1 1,20 1 0,95
Caryophyllaceae 3 3,61 5 4,76
Ceratophyllaceae 1 1,20 1 0,95
Chenopodiaceae 1 1,20 1 0,95
Convolvulaceae 1 1,20 1 0,95
Crassulaceae 1 1,20 1 0,95
Cyperaceae 1 1,20 1 0,95
Dipsacaceae 1 1,20 1 0,95
Euphorbiaceae 1 1,20 1 0,95
Fabaceae 5 6,02 8 7,62
Gentianaceae 1 1,20 1 0,95
Geraniaceae 1 1,20 1 0,95
Haloragaceae 1 1,20 1 0,95
Lamiaceae 5 6,02 6 5,71
Lythraceae 1 1,20 2 1,90
Malvaceae 1 1,20 1 0,95
Nymphaeaceae 2 2,41 3 2,86
Onagraceae 1 1,20 1 0,95
Plantaginaceae 1 1,20 4 3,81
Plumbaginaceae 1 1,20 2 1,90
Poaceae 8 9,64 8 7,62
Polygonaceae Juss. 1 1,20 1 0,95
Ranunculaceae 3 3,61 4 3,81
Rosaceae 3 3,61 4 3,81
Rubiaceae 1 1,20 1 0,95
Scrophulariaceae 3 3,61 4 3,81
Solanaceae 1 1,20 1 0,95
Sparganiaceae 1 1,20 1 0,95
Typhaceae 1 1,20 1 0,95
Lentibulariaceae 1 1,20 1 0,95
Hroro 37 84 100 106 100

Bonpmmas gacTh TaKCOHOB OTHOCUTCS K JBYIOIBHBIM pacTeHUsIM — 90 BUIOB U3 69 po0oB, MEHBIIAs —
K OHOMONBHEIM (16 BuoB u3 15 ponos) (puc. 2).
CeMelCTBEHHO-BIIOBOM CIIEKTpP BO3IJIABISIOT cemeiicTBa Asteraceae (23 Buma, 24,7 %), Poaceae
(8 BumOB, 8,6 %) u Fabaceae (8 Bunos, 8,6 %) (puc. 3).
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Pucynok 3. CriekTp Beaymux ceMeHcTB NprOpexHOi (ropbl Ayirekoibckoro paiiona Kocranaiickoit ooacTu

Beicokoe mosnokeHne B CeMeiiCTBEHHO-BHIOBOM CIIEKTpe (DIIOpHI BOZOEMOB OTAEIBHBIX CEMEHCTB OII-
penensercst pa3HBIMU NIPUINHAMU. Asteraceae n Poaceae — Hanboiee KpyIHbIE ceMEHCTBa MUPOBOIL (i1o-
PBL, TUAMPYIOLINE B PETHOHAIBHBIX (ropax yMepeHHbIX IHpoT. OHK B 0OMINU NpeACTaBICHBl PACTCHUAMHI
Pa3HBIX 3KOJIOTHYECKUX rpynil. B cBoro ouepens mis Fabaceae 6onee XapakTepHbI BUABI OTKPBITHIX MECTO-
00OHMTaHMH, CEMEHCTBO TATOTEET K I0KHBIM IIUPOTAM, a U3ydaeMas TEPPUTOPHSI OTHOCUTCS K CTEITHOH YacTH,

TO 3TO CEMEHCTBO 3aHUMACT OZIHO U3 MECPBLIX MECT.

Hawnbonee xpymHbIMU pojiamMu SIBISIFOTCS Artemisia M Plantago, pencTaBlICHHBIC KQXKIbIH 4 BUIAMU, a
Takxke pox Astragalus, KOTOPbI HacuUTHIBaeT 3 BUa (Tadm. 2).

Taonuma 2

CrnexkTp BeAylIuX poAoB Npudpe:xHoii paopsl AynuekoJbekoro paiiona Kocranaiickoi 061actu
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IIpononxeHnue TadTuU Bl 2

Achillea
Sonchus
Veronica
Allium
Sonchus
Lythrum

BN N[O

B AynuekosibcKOM paiioHe Mpeo0JiafaroT PacTEeHHs CTCHHON LEHOTUYECKOW rpymmbl. Mx OoJiblias
MPENICTABICHHOCTh OOBSCHSETCS TEM, YTO pallOH MCCICIOBAHMA PacONOkKEH B mpenenax Typraickoi 1ox-
OWHEI, a Ha €€ IJIOCKOH 3aCOJICHHOW PaBHHUHE THUINA PACIIPOCTPAHEHBI PA3INYHBIC TUITBI KOMIUICKCHBIX CTE-
el, ¥ MO3TOMY PACTSHHSI CTEIHBIX COOOINECTB Hanbojiee MacCoBasi rpyIa B OKPYKCHHH paioHa [24].

Brigenens! 7 9KOMOTHYECKUX TPYII IO OTHOIICHUIO K PEXUMY YBIAXHEHHUS (puc. 4), cpear KOTOPBIX
HauOOoJIbIlIee YMCIIO BUJIOB OTHECEHO K Kcepomezodurtam (33 TakcOoHa), MUHUMAIbHOE — K KCepopuTaM
(1 Bum).
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Pucynox 4. Pacnpenenenne BunoB npuOpexHOH (Gropbl Ayinekoibekoro paiiona Kocranaiickoit odnactu
10 9KOJIOTUYECKUM TpyIIaM

ITo xu3HEHHBIM (hopMaM OBLITH BBIJICICHBI 4 TPYIIIBI: MHOTOJICTHUE TPABhl, OHO- U JIBYJICTHUEC TPABHI,
MOJYKYCTAPHUKHU U MONyKycTapHUYKH (Tabn. 3). MakcuManbHas JI0Jisl MPUXOANUTCS Ha TPABSIHUCTHIE MHOTO-
JIETHUE pacTeHus — 78 BUIOB, MUHIMaJIbHAs Ha TIOMYKYCTapHUK — | TakcOH. BhIsBIEeHHBIE BUABI HEpaB-
HOMEPHO pacIpeesUIUCh 0 OTJCIBHBIM BojoeMaM (puc. 5).

Taonuma 3

Pacnpenenenue Bua0B npuodpeskHoii ¢iopsl AyauexoJbekoro paiiona Kocranaiickoii o61actu
MO ;KM3HEHHBIM opMaMm

JKusnennas ¢popma Yucno BUIOB, HIT.
MHoroneTHie TpaBsSHUCTHIE 78
OpHo- U IByJIETHHE TPaBSIHUCTHIE 23
IomykycTapHUUKH 4
IomykycTapHUKHI 1
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Pucynox 5. Pacnpenenenne BUI0OB MpUOPEKHOH (DIOPHI MO OTAEIBHBIM BOIOEMaM

HawnGonbiee uncio 3adukcupoBaHo Ha p. Y0aran, MUHIMAaTbHOE — HA 03. Y YUTEIBCKOE.
Baxnouenue

B pe3ynbpraTe mcciaenoBaHUN, MMPOBEACHHBIX Ha TEPPUTOPUH AyIIHEKOJIbCKoro paiioHa Kocranaiickoit
o0xacty, ObUTO BBISIBIEHO Npon3pactanue 106 BuaoB npudpexxHoi ¢uiopsl u3 84 ponos u 37 cemeiict. Tak-
COHOMHMYECKHH COCTaB XapaKTepH3yeTcs AOMHHUPOBAHHEM CpEIu CeMeHcTB Asteraceae, Poaceae m
Fabaceae, cpeqn ponoB — Artemisia, Plantago, Astragalus. B AynnekoiasckoM paiioHe mpeo0IamgaroT pac-
TEHUS CTEITHOW IEHOTUYECKOH TPYIIBI, 4TO OOBSICHIETCS PACIIONIOKEHUEM pailoHa MCCIeIOBaHus B TIpese-
nax Typraickoii T0KOHHBI.

Ha oGcnenoBanHON TeppUTOpPHUN BHIACIEHBI 7 9KOJIOTMYECKUX TPYII PACTCHUH, MPUYeM MaKCUMaJIbHOE
YHUCIIO BUIOB sIBJISIETCS Kcepomesoduramu (33 TakcoHa), MUHMMadbHOe — Kcepodutamu (1 Bum). Cpenn
JKU3HEHHBIX (DOPM OTMEYEHO TOJBKO 4 TPYMIbI, U3 KOTOPBIX MAKCHUMYM MPHUXOJUTCS Ha MHOTOJICTHUE Tpa-
BSIHUCTBIC pacTeHus (78 BUIOB).

BrlsiBiIeHa HEpaBHOMEPHOCTH paclpe/ielieHHsT pACTEHHH M0 00CIeIOBaHHBIM BoJloeMaM. MakcuMym
MIPUXOIUTCS Ha TIOUMY p. Y0araH, MUHUMYM — Ha 03. Y UHTEIbCKOE.
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OYJINEKOJI ayJaHbIHbIH KaFajiay QJiopacbiH
IKOJIOTUSJIBIK-TAKCOHOMUSIIBIK Tauaaay (Kocranaii 00J1bIchI)

@nopaHbl 3epTTey OMOOPTYPILIIKTI CakTay MeH OaKbUIayIblH MAHBI3BI aCIEKTici OOJbIN TaObulajbl.
Kocranaii 00JIbIChI JKETKITIKTI 3epTTeJIMEreH aiiMak, jkaranay eCiMIIKTepi TONBIK capanTayAbl KaKeT eTel.
2016-2019 xpuimapel 6 cy ailABIHBIHBIH JKarajay (UIOpachblHBIH Kypambl 3eprrengi: eszeHzaep (Obaraw,
Kapacy) sxone Ttaburm kemmep (MyramiM, Tysmer Ne 1, Tyzmer Ne 2, Kaitpanken). Kocranait oOmbICH!
OyIHeKeI aylaHbl ayMarblHIa JKYPri3UIreH 3epTTeyiep HoTkeciHne 84 TybicTaH oHE 37 TYKbIMIAacTaH
TypaThiH ‘karaiay duiopacbiHblH 106 TypiHiH ecyi aHbIKTaiagsl. TakCOHOMUSIIBIK KypaMbl Asteraceae,
Poaceae xone Fabaceae TyKbIMIAcTapbIHbIH apacbinna, Artemisia, Plantago, Astragalus TybicTap apacbinia
6acbIM 0OJTYBIMEH CHUIATTANAbL. OYIHEKos ayAaHbIH/A Jajla LEHOTUKAJIBIK TOOBIHBIH 6CIMAIKTEpi 6achM, Oy
3epTTey ayaaHblHbIH TopFail olnaThIiHa OpHAIACYBIMEH TYCIHAIpiIEAl. 3epTTeIreH ayMaKkTa oCiMAiKTepaiH
7 9KOJIOTHSUIIBIK TOOBI OOJIHTEH, ONapAblH €H Kem caHbl — Kcepomesodurrep (33 TakcoH), eH a3bl —
kcepodurrep (1 Typ). Tipuinik dopmanapsiHbiH inriHae Tek 4 Tom 6ap, oNapAbIH KOMIILTr KOIDKBUIABIK
menreciH ecimpikrepre (78 Typ) kemexi. 3epTrenreH cy oOBeKTinepi OOHBIHINA OCIMIIKTEepAiH OipKernki
OeuminOeyi aHpIKTaNAbL. EH k001 O0araH ©3¢HIHIH )KalbUIMachlHa, €H a3kl — MyFalliM KeJliHe Kele/i.

Kinm co30ep: Oynuexen aynanel, Kocranail oOJBICHI, >karajay (Iopachl, TaKCOHOMHKAJBIK Tajay,
9KOJIOTHSIIBIK TONTAPEI, TIPIILTIK (hopMasapsl, Oeiry.

S.A. Koblanova, Yu.O. Rogozhkina

Ecological and taxonomic analysis of the coastal flora of the Auliekol region
(Kostanay region)

The study of flora is an important aspect of biodiversity maintenance and monitoring. Kostanay region is not
a sufficiently explored region requiring a detailed analysis of coastal vegetation. During research in 2016—
2019 the composition of the coastal flora of 6 geographical points was studied: rivers (Ubagan, Karasu) and
natural lakes (Teacher, Solyenoe No. 1, Solyenoe No. 2, Kairankol). As a result of studies conducted on the
territory of the Auliekol district of the Kostanay region, 106 species of coastal flora from 84 genera and 37
families were found. The taxonomic composition is characterized by dominance among the families
Asteraceae, Poaceae and Fabaceae, among the genera — Artemisia, Plantago, Astragalus. In the Auliekol
region, plants of the steppe cenotic group prevail, which is explained by the location of the study area within
the Turgai lodge. In the surveyed territory, 7 ecological groups of plants were identified, with the maximum
number of species being xero-mesophytes (33 taxa), the minimum — xerophytes (1 species). Among life
forms, only 4 groups were noted, of which the maximum falls on perennial herbaceous plants (78 species).
Uneven distribution of plants in the surveyed reservoirs was revealed. The maximum amounts falls on the
floodplain of the river Ubagan, the minimum — on the lake Teacher.
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spreading.
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Ce3onHoe Pa3sBUTHUE, OBOAHCHHOCTH U )I(aPOCTOﬁKOCTL HHTPOAYHUPOBAHHBLIX
COpTOB s10JI0HH B APUAHBIX YCJTOBUSAX MaﬂrncTay

B craTbe BrepBbIe NPEACTABICHBI PE3YNIBTATHI ONPEACICHHUSI OBOJHEHHOCTH MOOEr0OB U JINCTHEB U KapPOCTOM-
xoctH 10-TH HHTPOIYIMPOBAHHEIX COPTOB SIOJIOHU B CBSI3U C UX CE30HHBIM Pa3BUTHEM U IIPOJYKTHBHOCTHIO B
9KCTpEMAaJbHBIX NIPUPOJHEIX yCIOBHsAX MaHrucray. BhIsBIEHO, YTO OBOJJHEHHOCTH ITIOOCTOB M JIMCTHEB COP-
TOB SIOJIOHU MEHSUIaCh B TEUCHHE BETeTAallMOHHOTO IIEPHOA, BO3pACcTasl M CHIDKAsICh B CBSI3M C M3MEHEHHEM
TOTOHBIX ycioBui. Hanbosnee BhICOKass OBOJHEHHOCTD JINCTHEB HAOMIOJANach MIPEHMYIIECTBEHHO B Mae, K
KOHI[Y BeTeTallny OBOJHEHHOCTD JINCTHEB IOCTUrajla MUHUMAJIBHBIX 3HaueHui. [Ipu sTom Habmomanocs 1e-
PHOIMUYECKOE CHIDKEHHE U IOBBIIIEHHE OBOJHEHHOCTH (MyJbCalus) B TeUEHHE BETETAI[MOHHOTO IepHOJa.
Pe3koe nazeHne OBOJHEHHOCTH JTHCThEB OBIIO 3a(UKCHPOBAHO y OOJBIIMHCTBA COPTOB B CEPEIUHE aBrycTa,
B MIEPHOJ] 3aBEPILECHUS CO3PEBAHMS TLUIOJJOB U OAPEBECHEHHUsI M00OeroB. JKapocToiKoCcTh ToKE MEHATACh B Te-
YEeHHE BEreTal[IOHHOTO MePHOoJia, CHIKASACh C Mast MO CeHTSA0pb. Bricokast skapocTOKOCTh OTMEUEHa Yy cop-
ToB «CtonoBka» u «Pener Bypxapara», KOTOpbIE XapaKTepH3YIOTCSI BBICOKOH MPOyKTHBHOCTBIO.

Kniouesvie cnosa: s610Hs, COPT, HHTPORYKIHS, CE30HHOE pa3BUTHE, (heHO(]a3bl, OBOAHEHHOCTH, KapOCTOM-
KOCTb, IPOJYKTHUBHOCTb.

Beeoenue

Knumar Manrucray pe3ko KOHTHHEHTAJIBHBIN, ¢ Je(QUIUTOM BIIard Ha MPOTSHKEHUH BCErO BETeTallu-
onHoro nepuozaa. CpenHerogoBas Temmneparypa Bo3ayxa oT +9,6 no +11,5 °C, aGcomOTHBIE MUHUMYM —
34 °C (nmocnemgame 40 meT MUHYycOBas TeMIlepaTypa BO3ayxa He HabOromanach paHbIIE ACKAOpS W IO3XKE
¢deBpans u He omyckanach Hmxke —18 °C), aOcomrotHeli MakcumyM +47 °C; cpeqHErooBoe KOJIHMYECTBO
ocagkoB 107-180 MM, CHEXHBIM TNOKPOB MpPAaKTHYECKH OTCYTCTBYET. XapaKTepHBbI YacThle BETPHI CO
CpEIHEro0Boil CKOpoCThiO 4,6 M/c, MakcHMajIbHast ckopocTh — 30 m/c. ITouBsl Oypbie U cepo-Oyphie Mmyc-
THIHHBIE, XapaKTEPU3YIOLINECs. BHICOKOI CTENEHBIO 3aCOJICHUs, OJIM3KUM 3aJleTaHHeM K ITOBEPXHOCTH TBEp-
JBIX TIOPOJ (CapMaTCKUX W3BECTHAKOB U JIp.). PacTUTENbHOCTh THIIMYHO MYCTHIHHAS, C IIpeolIaJjanueM Mmo-
JYKYCTapHUYIKOBBIX COJISHOK U TOJIBIHEH, BecHOU — 3¢emepoB u ademepounion [1].

Jns mpeononeHnss HEOIAronpusATHBIX (DAaKTOPOB OKpy’Karome cpeabl ObUIM pa3pabOTaHbl CHEHAIb-
HBIE CIIOCOOBI BHIPAILIUBAHUS U COACPKAHHUS HHTPOIYLEHTOB: UCIIOIb30BAHUE IPEHAKHON CUCTEMBI, HCKIIIO-
Yaomel BTOPUYHOE 3aCOEHUE TIOUBHI; KalleJIbHOE OPOILIEHHE C Masi [0 CEHTSOPh; BHECEHUE OPraHMYECKHX
yIoOpeHnit 1 MyJIbUYMPOBAHNE HABO30M M ONMJIKAMHU IOCEBHBIX OOPO3/ U MPUCTBOJIBHBIX KPYrOB; Ha ydacT-
Kax ¢ OJU3KUM MOJCTUIAHUEM KOPEHHBIX IIOPOJA — BBIKOIKA ITTyOOKHX IOCAJOYHBIX SIM M TPaHIIEH c IMoJ-
HOI 3aMeHO# MoYBOTpyHTa [2].

Obvexmol U MemoouKka Ucciedo8anull

Pabota Obuta BEImosHeHa B TeueHue 2019 roma, o0bekTaMu HcciaenoBaHUs SIBISLIUCH 10 cOpTOB s0710-
HU, palioHHpoBaHHEIX B Kazaxcrane («Acs», «Bocxoay, «3amnmiickoe», «3070Toe MpeBocxoaHoey, «KaH-
Ib—cuHam», «ManteT», «Pener bypxapara», «Canranaty, «CronoBkay, «®iaopuHa»). CaxeHNbl yKa3aH-
HBIX COPTOB, NMPHUBHUTHIC Ha CesHIBI s10M0HN CHBepca, ObUIH 3aBe3eHBI M3 MUTOMHUKA MCCHIKCKOTO JeHIpa-
pus ¥ OTHOBPEMEHHO BBICAXKCHBI Ha CIEIHAIbHO MOJATrOTOBICHHOM y4acTke B Hadane anpens 2010 r. Ilox-
TOTOBKa ITOYBHI 3aKIIOYaaCh B YAAJCHHH 3aCOJICHHOTO BEPXHETO CJIOS MOYBOTPYHTA, IMOCAJOYHEIC SMBI
(1,5%2,0x1,0 M) 3amoHSIIIN CMECHIO HE3aCOJIEHHOTO IECUYaHOTO TPYHTa C HaBO30OM M ommikamu. Cxema 1mo-
caikn — 3x5 M, popMupoBKa KpoHBI cBOOOIHASA. J{)Is MOJIMBA UCIOJIL30BANIACH CUCTEMA KarelbHOTO Opo-
LIIEHHS, C Masi [0 CCHTSIOPh MPOBOAMIOCH 10 25 MOJHMBOB, MOIMBHAS HOPMA COCTABIIAIA 325 M’/Ta, OpOCH-
TenbHasg HopMa — 8125 wm’/ra. TIpeanonuBHas BIaKHOCTh TTOUYBBI MEHSNIACH B npeenax ot 70 10 75 %. de-
HOHAOJTIOICHUS TIPOBOIUIIN IO OOIMIETIPUHATEIM MeTomuKaM [3, 4], MPOIyKTUBHOCTE OTPEICISUIA BECOBBIM
METOJIOM (CpEeIHHUI BeC ILIOOB HA OJHO JEPEBO M3 5-TU JepeBbEB Kaxaoro copra). OBOAHEHHOCTh OJIHO-
JETHUX MMOOETrOB OMpeeNsIi ¢ (peBpast o Maii, OBOJIHEHHOCTh JTUCTHEB — C Masl 10 CEHTSIOPH, JABa pa3a B
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MeCHIl, BECOBBIM METO/IOM (IIyTeM MX BBICYIIMBAHHS JIO MOCTOSHHOTO Beca npu temrieparype 100-105 °C B
MIATHKPATHOHN MOBTOPHOCTH). JKapocTroitkocTs onpenensumm o @.d. MankoBy [5], ¢ ya4eToM peKOMeHIaIni
JUTS TUIOJIOBBIX KYIBTYp [6], OMH pa3 B MecsIl C Mas 1O CEHTAOph. J[s XapaKTepUCTHKH MeTeOyCIOBUH
MOJIL30BAJIMCh JAaHHBIMH MECTHOH MeTeoCTaHIuu. MaTeMaTndeckyro o0pabOTKy pe3ysbTaTOB BBITIOIHSIIN
o metogukaMm H.JI. Y nombckoii [7] u I'.®. Jlakuna [8].

Pesynomamei

[orogHpie ycnoBHsl XapaKTEepU30BAIUCH TETION 3UMOHM M YKapKUM MPOAOJKUTENBHBIM JIeTOM. MuHU-
MasbHas Temneparypa Bozayxa (—6 °C) nabmronanacek B (heBpaje, HauMHas ¢ MapTa, TeMIepaTypa BO3Iyxa
He omyckanack Hinke 0°C.

B maugane mapra OBLIO KapKo M CyX0, TEMIIEpaTypa BO3ayXa MoBHIIIaiack a0 15 °C, Bo BTOpoit moo-
BHHE MapTa TeMIlepaTypa Bo3lyXa HECKOJIbKo cHu3mwiachk (10 14 °C), Habmromanucek yacTele TOKAH. B 3TOT
TIepHO/ IPOUCXOMIO paciyckanue mouek ([Tu' — [Ta’) u o6ocobenne muctbes (JI') (Tabu. 1).

B nauane ampenst TeMmmeparypa Bo3ayxa NpOZOJIKaJla MOBBILIATHCS, BO BTOPON JeKajie TeMmIeparypa
nocturna 25 °C, B TpeTbeil Aekaze TemnepaTypa nonusmiace ao 14 °C.

Taonuma 1
OcHoBHbIe eHOTATHI HHTPOAYUHMPOBAHHBIX COPTOB 510100 B 2019 roay

Hazpanue Jatsl HacTynienus ¢peHoas coptoB s1010HN
copra [y’ T 116' I’ iy iy I 0’ T

«Acs» 19.03 | 3003 | 30.04 18.04 | 2404 | 03.05 18.08 | 09.08 12.10
«Bocxom» 19.03 | 27.03 | 30.04 19.04 | 2404 | 03.05 12.08 15.08 13.10
BanTicKoe 19.03 | 27.03 | 29.04 | 2504 | 29.04 | 03.05 | 09.08 10.08 11.10
«3onoroe mpe- 20.03 27.03 30.04 16.04 | 2504 | 03.05 12.08 10.08 13.10
BOCXOIHOE»

«Kanzune- 22.03 27.03 29.04 | 2604 | 29.04 | 06.05 12.08 10.08 13.10
CHHaII»

«ManTer» 2003 | 29.03 | 30.04 16.04 | 2404 | 03.05 18.07 12.08 13.10
«Pener 20.03 27.03 26.04 16.04 | 2504 | 02.05 18.07 10.08 13.10
Bypxapara»

«Canranar» 22.03 | 3003 | 26.04 18.04 | 2504 | 06.05 18.08 10.08 17.10
«CTONOBKaY 19.03 | 01.04 | 30.04 16.04 | 2404 | 0205 | 09.07 14.08 17.10
«DopHHaY 22.03 | 2603 | 30.04 16.04 | 2504 | 06.05 12.08 14.08 17.10

Hoxnn madmoganmch B Havane (1-2.04), cepemune (17.04, 20.04) u xonme (30.04) mecsia. Bo Bropoit
IIOJIOBHHE arpets 3apHKCHPOBAHO 3aBepIIeHHe pocta mcTheB (JI°) u mosBierne 6yronos (I[°), B Tperbeit
nekase anpens Haganock nserenne (II*) u poct moGeros (116").

B magane mas HaOmIomanach TeIuras cyxas IMOrojia ¢ TeMmIeparypoi Bozmyxa mo +28 °C, B cepemuHe
Mast otMeueHsl ocaaku (14.05, 23.05) u cHmkeHue TemmepaTypsl Bo3ayxa 1o 20 °C, K KOHITy TpeThel Jeka-
JIbI Masi TEMIIEpaTypa BO3ayXa BHOBB MOBBICKIACH 10 29 °C. Bo BTOpoOI monoBuHE Mas Hayajcs MOJIUB pac-
TeHnii. B Hauasne Mas 3aBepmiMioch 1BeteHue 16:10ub (I1°), B mepBoii MoIoBHHE Mas HaGMIoaICs HanGoee
WHTEHCHUBHBII POCT TOOETOB, 3aTEM POCT 3aMEIJISIICS.

B Hauane wroHs ycTaHOBHJIACH CyXas XKapkas Ioroja, TeMIeparypa Bo3ayxa noskimanack 10 32 °C, Bo
BTOpO# nekaze xapa ycuwimiaack 10 36 °C. 30 uroHs HaOMIOAANCs OXKIb, TEMIIEpaTypa KpaTKOBPEMEHHO
cumkanack 10 21 °C. B utone y Bcex copToB 3aBepiinics poct moberos (¢ 03.06 mo 24.06), npoxoauio
dopmuposanwe u passutie miogos (ILr).

B wurone temrieparypa Bo3ayxa IpoAOJDKaia MOBBINIATHCS, HO B OTACIBHBIC JIHHU, BO BPeMs OXKICH
(1-2.07), HEckONMBKO CHIDKAIach. Bo BTOpOH Jiekajie uioJisg Habomanachk cyxas skapkas 1oroia, TeMIepary-
pa moBeImanack 10 36 °C, B Hadane tperbeil Aexansl — 10 37 °C (B Tenu). 31 uromnst HaOmogancs cuadblid
n0X1b. B utone orMedeHo co3peBanue mioaoB y coptoB «Cronoska» (09.07), «Pener bypxapara» u «Man-
tet» (18.07).

B aBrycte mo-npexxHeMy oTMeuaaach BRICOKas Temreparypa Bo3ayxa (mo 34 °C), HO B OTICNIbHbBIE THU
cHkanack 10 24 °C nqaem u g0 19 °C Housto. [TeiipHas Oyps 1 106 3adukcupoBansl 11 aBrycra. B aBry-
cTe y GONMBIIMHCTBA COPTOB HAGMIOAAIOCH co3peBanue u onanenue miogos (ILT — IT1*). B mepBoit monoBuHe
aBr'yCTa 3aKaHIMBAIOCH OpeBecHenne moderos (O7).

92 BecTHuk KaparaHauHckoro yHvusepcuTeTa



Ce30HHOe passuTne, OBOAHEHHOCTb U XKapOCTOMKOCTb...

B cents0pe Temnepatypa Bo3myxa cHukanach 1o 22 °C gaem u a0 15 °C Houbto. B aToT nepuoj monus
COKpaIIaiy Ui PEeIOTBPAIeHH BTOPHYHOTO pocTa 1moderos. B nmepBoii monoBuHE OKTAOpSA, MpH JAaIbHEH-
LIIeM MOHIDKEHHH TeMIIepaTyphl Bosayxa (1o 14-20 °C) Habmonanock pacisednsanne auctbes (J11). Onaze-
Hue nucTheB (JI°) HACTYNaNo BO BTOPOIA TIOJIOBHHE HOSAODSI.

[IpoayKTHBHOCTH (YpO’KaiHOCTB) M Ka4eCTBO IJIOJOB ABIISIOTCS OCHOBHBIMU XapaKTEPHUCTHKAMH TIep-
CIIEKTHUBHOCTU cOpTOB. Ilo cpemHeii BenmunHe MPOAYKTUBHOCTH (32 4 roma HAOIIOACHH) JIYIIINMHA COpPTa-
MU SBISLTUCH «CTOJOBKa», «30510TOE MpeBocxoaHoe», «MaHTeT» n «Pener bBypxapara», HU3Kas mpoayk-
TUBHOCTH 3a(hukcupoBaHa y copToB «CanraHaty, «Acsy, «Bocxomy. [leprnoanyHOCTh MJI0JOHOMICHUS Obla
YETKO BBIpAXKEHA y COPTOB «30JI0TOe IpeBocxomHoey, «Perer bypxapara», «Kanmums-cuHam». Y cOpToB
«CtonoBka» U «MaHTeT» NEPUOAWYHOCTH IUIOJOHOIICHHUS IMPAKTHYECKH OTCYTCTBYET, B HEYPOKaiHOM
2018 r. OHM OTIUMYAIKUCH JOBOJIBHO BBHICOKOHM MPOAYKTUBHOCTHIO. [10 mpu3HakaM NpoAyKTUBHOCTU U MaccChl
IJIOZIOB HA MIEPBOE MECTO MOYKHO TIOCTABUTH COPT «30JI0TOE MPEBOCXOIHOE», Y KOTOPOTO, HAPSAY C BRICOKOH
MPOAYKTUBHOCTHIO, OTMEUEHHI TJIOJBI BBIIIE CPETHEH BENUINHBI U KPYIHBIE, KPOME TOTO, COPT OTJINYAeTCA
CKOPOIUIONHOCTBI0. ¥Y copTa «CTONOBKa», IPH BBICOKOM ypO’Kae, IJIOJBI [0 Macce HMKE CPEAHMX M Cpell-
HUE, TUIOIOHOILIIEHNE HACTYMAET Ha 2 Tojia MO3/IHEe, YEM Y copTa «30JI0TOE PEeBOCXoaHoey. Y copTta «Boc-
X0/ TUTO/IBI TI0 Macce KPYIMHbIE U 04€Hb KPYIHBIE, HO MPOYKTHBHOCTH HU3KASI.

OBOJHEHHOCTH MOOETOB COPTOB SI0JOHM NpeAcTaBicHa B Tabnuie 2. OBOIHEHHOCTh MOOETOB C (eBpa-
7 IO Mall MeHsIach y copToB B npeaenax ot 57,3+5,5 no 40,5+4,0 %. OBOIHEHHOCTh OCTHUralla MaKCH-
MaJbHBIX 3HAUEHUI B ampelne, MOJbeM MOoKazaTeneld OBOJHEHHOCTH OTMedalcs TakKe B MEPBOM IMOJOBHUHE
Mmasi. Hambornee BbICOKas BeMTMYMHA OBOTHEHHOCTH TIOOETOB 32 BECh NMEPHO HAOIIOICHNH BBISIBICHA y COPTa
«Pener Bypxapara» (ot 57,3%5,5 no 49,2+2.8 %), nanbonee Huskas — y copta «Cantanat» (ot 49,243.4 no
44,6+4,1 %). Cambie pe3kre KoyiebaHHS OBOAHEHHOCTH MMOOEroB ObUIM OTMEUEHBI Y copTa «30J0TOE Tpe-
BocxomHoe» (0T 54 1o 42 %).

Taonuma 2
OBoAHEHHOCTH M00EroB cOPTOB 510.,10HU ¢ deBpais Mo mMaii, %

Haspanue copta | 28.02 11.03 20.03 11.04 22.04 13.05 20.05
«Acs» 48.442.6 | 50.7+1,7 | 49.8+2.8 | 54.1+19 | 48243 52.0+1,7 | 49,5422
«Bocxom» 492412 | 53,0627 | 40,5+4.0 | 51,8534 | 412%60 | 52,9438 | 50.9+3,7
Banmmiickoey | 482422 | 49,7424 | 47.6:1,8 | 56,0449 | 480+3,6 | 50,6424 | 50,8+3,9
«3omotoe mpe- | 4y 045 3 48,2+1,5 46,2422 54.8+47 | 423437 | 49.6+2,5 | 48,4427
BOCXOIOHOE»

gg::ffnb_ 50,842,2 | 49,5435 | 442438 | 53,0447 | 483444 | 42,5456 | 51,0440
«ManTeTy 492410 | 51,8423 | 455+2.7 | 554%6,0 | 47.1%3.4 | 512432 | 482+32
«Pener 49.4+13 504422 | 492428 573455 49,0453 523+4.4 | 51,3429
Bypxapara»

«CanraHary 47,3+1,5 49,243 4 44,6+4,1 45,5422 45,2443 48,7+3,6 49,2433
«CTOJIOBKA» 48,8+1,5 46,5+2,8 46,5+4,4 52,9432 41,4+6,8 47,0+£5,6 47,6£2,5
«DnoprHa» 55,4+3,6 49,5+2,7 46,4+4,7 47,8+3,6 46,4+5,4 52,84+4,6 52,445,6

ITo cpaBHeHUIO ¢ eBpaneM OBOAHEHHOCTh TOOETOB MOBbIIIANAch B Havane Mapta (11.03) y 7-mu cop-
TOB, y OCTaNBHBIX CHWXanach («DmopuHay, «Kanmmmms-cuHam», «CroioBka). B TpeTheit aekame mapra
(22.04) Habmromanock CHKEHUE OBOJHEHHOCTH ITOOETOB Y BCEX COPTOB.

B navane ampenst (11.04) oBogHEeHHOCTH TOOETOB MOBBICHIIACH Y BCEX COPTOB, HAUOOJIEe 3HAYUTEIHHOE
MOBBIIIIEHHE 3aUKCHPOBaHO Y copToB «Bocxony (Ha 11 %), «Kanannb-cuHany u «3aunuiickoe» (Ha 9 %).
Bo BTOpoii mosoBune ampenst (20.04) mpon3onuio 3HaYUTEILHOES CHIDKCHIE OBOJTHEHHOCTH TTOOSTOB, a B Ha-
gane mas (13.05) oBogHEeHHOCTH BHOBB MOBBICHIACh (Ta0u. 2). B koHue mas (20.05) 0BOIHEHHOCTH HECKOJIb-
Ko moHm3mIachk (Ha 1-3 %) mim ocranack Ha MPEKHEM YPOBHE Y 7-MH COPTOB, Y OCTAJIBHBEIX MOBBICHIIACH
(«Kangmme-cunamy, «Cantanaty, «CTOIOBKAY).

Takum 00pazoM, ¢ GeBpas Mo Mail HaOJIIOIATKCh 3HAYUTEIbHBIC U3MEHEHSI OBOJIHEHHOCTHU TIOOETOB Y
BCEX COPTOB SI0OJIOHU, CBSA3aHHBIC C N3MEHEHUSMH TEMIIEpPaTyphbl BO3AyXa U ocajikamu. B Hauane mapTa xap-
Kas cyxas IoroJia IpuBela K CHIKEHUIO OBOAHEHHOCTH 1o6eroB. B mepuon ¢ 25 mapra mo 11 ampens orme-
4anochk OOJBINIOE KOJIMYECTBO OCAJKOB H HEKOTOPOE CHIKCHUE TEMIIEPATyphl BO3yXa, YTO MPUBEIO K yBe-
JIUYCHUIO OBOJHEHHOCTH MOOETroB. B KOHIlE BTOPO NeKajbl arpelns Takxke HaOIIAalluCh OCaIKH, HO MPH
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3TOM OTMEYEH PE3KHUil POCT TeMITepaTyphl BO3yXa, YTO MPHUBEIIO K HEKOTOPOMY CHUKCHHIO OBOJHCHHOCTH

mo6eroB. B Mae TemrepaTypa Bo3ayxa moBsImaiack 10 25-28 °C, oTHOcHTEIbHAS BIAXXHOCTh BO3yXa CHH-

xanack 10 26—41 %, HO TIpu TOM HaYaJICs TIOJNB PACTEHUH, YTO YBEINYHIIO OBOJTHEHHOCTH TIOOETOB.
OBOIHEHHOCTb JINCTHLEB COPTOB SOJIOHH C Mas 110 CEHTSAOPh MPeICTaBlIcHa B TabmIe 3.

Tabnuma 3
OBOHEHHOCTH JUCTHEB COPTOB SI0JIOHU € Mas M0 CEHTAOPb, %o

Hassanue copra |  20.05 11.06 20.06 10.07 23.07 13.08 21.08 10.09 23.09

«Acs» 60,5+2,2 | 60,3+1,0 | 59,748,0 | 53,448,0 | 54,14£2,0 | 45,643,7 | 50,5+4,2 | 48,3+4,0 | 44,1+£3,4
«Bocxom» 67,0£0,9 | 61,9£1,4 | 65,6£6,8 | 61,1£8,5 | 57,3+£0,8 | 53,2+6,1 | 57,1+4,7 | 49,843,5 | 45,3£2,4
«Gaunuiickoe» | 56,8+1,3 | 54,6+1,7 | 53,849,1 | 54,5+6,7 |53,0£10,6| 50,6+9,7 | 49,2+9,0 | 50,2+2,2 | 43,5+£2,8

«3onoroe 59,9435 | 57,842,5 | 61,0=1,1 | 56,1+1,1 | 60,646,3 | 52,043,0 | 56,3+5,7 | 49,0426 | 44,0+2,3
IIPEBOCXOAHOC)

zplf;:if‘”‘" 62,142,0 | 56,9+1,4 | 57,040, | 54.842.4 | 56,4+6,1 |65,2413,5| 53,743, | 49,4+4,3 | 45,7+1,7
«MaHTeT 61,553,3 | 60,5+1,8 | 58,743,1 | 53.2%2.7 | 55,142,6 | 49,7+2,8 | 60,352 | 48,2425 | 43,9+1,3
«Pener 59,6£1,4 | 56,7+1,4 | 55,542,7 | 52,6£3,3 | 55,442,1 | 48,443,5 | 52,142,5 | 49,7424 | 43,442.0
Bypxapara»

«CanraHar» 64,3+£5,9 | 59,1£3,2 | 61,5£2,3 | 57,1£2,6 | 58,3+1,8 | 49,2+5,5 | 56,7£2,2 | 49,24+2,9 | 45,0£3,2
«CrosoBKa» 62,0+1,7 | 62,3£2,0 | 60,8+1,6 | 53,5+1,5 | 57,5+1,8 | 52,5+8,4 |54,7+10,0| 49,843,5 | 45,5£1,9
«PropuHa» 62,8+5,9 | 60,1+1,9 | 58,6£2,0 | 54,6+1,7 | 56,8+2,3 | 48,8+5,1 | 55,3+£5,1 | 51,14+3,2 | 47,7£2,5

Hawnbonee BricOKkass OBOMHEHHOCTH JTUCThEB HabOmomamack 20 mMast (Ha49ajmo 3aMepoB) y BCeX sS0IOHB, 3a
WCKITIOYCHUEM COpPTOB «305i0Toe TpeBocxomHoe» (MmakcumyMm 20.06) u «Kanauinb-cuHam» (MakCUMyM
30.08), camast HU3Kass — B KOHIIE CEHTSAOps. MaKkCUMalibHO BBICOKOE COJICpKAHHUE BOJBI B JIUCThAX HAOIIO-
nmanach B Mae y coptoB «Bocxom» (66,97+0,9), «Canranar» (64,27+5,9), «®nopunay (62,78+5,9), camoe
HU3K0e — y copTa «3ammmiickoe» (56,84+1,3). ¥V copra «Kanamib-cHHAID MaKCHMaJIbHAS BETHIMHA OBOJI-
HEHHOCTHU JIUCThEB Habroaanack B aBrycre (65,22 +13,5). 3a uckmoueHuem copra «KaHIuib-cHHA» OBOA-
HEHHOCTh JIMCThEB 13 aBrycra HaOmronamach B mpenenax ot 53,2+6,1 (y copra «Bocxom») mo 45,6+3,7
(y copta «Acsi»). Camas HHU3Kas OBOJHEHHOCTH JINCTHREB OTMEUCHA TIPH 3aMepax 23 CEHTSOps B Ipelenax OT
43,4+2,0 («Pener bypxapara») no 47,7+2,5 («®nopunay).

OBOHEHHOCTH JIUCTHEB B IIEJIOM TUIABHO CHIDKAIACH B TCUCHUE WIOHS — IEPBOWU-BTOPON JIEKA bl HEOJIS
(y coptoB «Kammmnb-cuHam», «Cantanary», «Bocxomy, «30710Toe MPEBOCXOTHOE» OBOIHEHHOCTH JINCTHEB
HECKOJIbKO Bo3pacTtaina 20 MIoHs, 3aTeM CHIDKaNach). B TpeTbelt Aexane uioisi OBOJHEHHOCTH JINCTHEB CHOBA
BO3pacTaia, 3a UCKJIIoYeHHueM copToB «Bocxomy» (peskoe cHmkenue oBogueHHocTH ¢ 20.06 mo 13.08) u
«3anmiickoe» (He3HAUUTEIFHOE CHIKEHUE OBOMHEHHOCTH). OBOTHEHHOCTE JTUCTHEB B TPETHEH JIEKaIe HIO-
qis1 (23.07) Oblla 3HAYKUTENBHO HIIKE MAMCKHMX TOKa3aTejIeH, 3a UCKIFOUYEHHEM copTa «30J10TO0€ MPEBOCXO/-
HOE», Y KOTOpOro B TEUCHUE BETE€TALIMOHHOTO MEepro/ia HaOI0Janoch pe3koe KonedaHne OBOJAHEHHOCTH JIH-
cTheB. He mpeBbInIaronue MaliCKuX 1MoKa3aTesei KojaeOaHus OBOJHEHHOCTH JINCThEB ObLTH OTMEYCHBI TAKIKE
y copta «Canranat». B aBrycte (13.08) OBOTHEHHOCTH JTUCTHEB PE3KO CHIKAJIACH Y OOJBIITMHCTBA COPTOB,
JIOCTUTAsl CaMbIX HU3KHX IMOKAa3aTeliel ¢ Havana 3aMepoB, B TpeThell nekazne aBrycra (21.08) oBogHEHHOCTh
CHOBAa TIOBBINIANACH (32 MCKIIIOUEHUEM YIOMSIHYTOro paHee copTa «KaHmwib-cuHam» U coprta «3amimii-
CKOe», y KOTOPOTo IJIaBHOE CHMKEHHE OBOJHEHHOCTH HAOIIOJANOCh C WIoJsA. B TedeHne ceHTsAOps oBOI-
HEHHOCTB JINCTHEB CHIKAIACh Y BCEX COPTOB.

Takum 00pa3oM, OBOJHEHHOCTH JIMCTHEB B IIEJIOM CHIKAJIACH B TCUECHUE BETCTAIMOHHOTO TIEPUOJIa, HO
MIpH 3TOM HabIogannch Kojebanus (IOAbEeMbI U CTIa/lbl) BETHYUHBI OBOJHEHHOCTH JINCTHEB.

Pesynbrarel omnpeneneHrs >KapOCTOWKOCTH COPTOB SOJOHM B CE30HHOW TUHAMHKE MPECTAaBIEHBI B
Tabnuie 4 (3a OTCYTCTBUE MOBPEKACHUN puHUMan 0osee 50 % HemOBPEKICHHBIX JIHCTHEB).

[Ipu narpeBanuu 10 40 °C y Bcex COPTOB OTMEUAIIOCh OTCYTCTBHE MOOYPECHHS JINCTHEB B Mae, B MIOHE
(11.06) nuCTBS MOBpPEXTATUCH Y SIUHCTBEHHOTO copTa «3ammuiickoey», B wmrosie (10.07) yxe y MOJOBUHBI
coptoB nipu HarpeBanuu A0 40 °C otmeueHo cnaboe nodypenue nuctbe (Tadm. 4). B asrycre (13.08) x Ha-
rpeBanuto 110 40 °C 0bpum ycToiumBbl 4 copta, B cenTsiope (10.09) — 2 copra («Pener Bypxapara» u «Cro-
JI0BKa»). Takum 00pa3oM, yCTOHYMBOCTD JIMCTHEB COPTOB 1010HU K HarpeBaHuio 10 40 °C cHmKanach ¢ Mast
10 CEHTSIOPH y OOJNBITUHCTBA COPTOB.
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Tabnuuma 4
7KapocToiikocTh COPTOB A0JJOHHM B CE30HHOI TMHAMUKE

Jlerkoe MOBpEKICHUE JTUCTOBON MIIACTHHKN JleTanbHOE IOBPEKICHNE JINCTOBOM TITACTHHKH
HasBanne o 0
copTa (Temmepatypa, °C) (Temmepatypa, °C)
pT 20.05 11.06 10.07 13.08 10.09 20.05 11.06 10.07 13.08 10.09
«Aca» 50 50 40 50 40 60 70 60 60 60
«Bocxom» 50 50 40 40 40 60 60 60 60 60
«3aunuickoe» 50 40 40 40 40 60 60 60 60 60
«3onotoe 50 50 40 40 40 70 60 60 60 60
MIPEBOCXOTHOE
«Kanus- 50 50 40 40 40 60 60 60 60 60
CHHAI»
«ManreT» 50 50 50 50 40 70 70 60 60 60
«Pener 50 50 50 50 50 70 70 70 60 60
bypxapnaray
«Canranar» 50 50 50 40 40 70 60 60 60 60
«CTOJI0BKaY» 50 50 50 50 50 70 70 70 60 60
«DnopuHay 50 50 50 40 40 70 60 60 60 60

[Ipu narpeBanuu 10 50 °C y Bcex cOpTOB M 00pa3LoB oTMeueHO ciaboe moOypeHne JHCTOBOH Iuia-
CTHHKU B TE€UYEHHE BCErO IMEpUoJa BEreTaluy, T.€. He 3a()UKCHPOBAHbI COPTOBBIE M CE30HHBIC Pa3IUYHs B
CTENIEHU YCTOMYMBOCTH K HarpeBaHuio mpu temieparype S50 °C.

[Ipu narpeBanun nuctbeB A0 60 °C y GonbIIMHCTBa cOPTOB Habronanoch nodypenue 6onee 50 % mnuc-
TOBOH MOBEPXHOCTH, T.€. JE€TaJbHbIC MOBpexkIeHUsA. CHIDKCHHE YCTOMYMBOCTH K HarpeBanuio 10 60 °C Tak-
K€ OTMEYAJIOCh B TEUEHHE BETETAI[MIOHHOTO Tleproia. B Mae yetanpHOe MOBpPEXKIEHUE JTHUCTHEB OTMEYAIOCh
y 4-X COpPTOB, B HIOHE — y 6-TH COPTOB, B HIOJIe — Y 8-MHU COPTOB (YCTOMYMBBIME OISTH OKA3aJIKCh COPTa
«Pener Bypxapara» u «CtonoBkay). B aBrycte u centsi0pe npu temneparype 60 °C y Bcex cOPTOB oTMeUa-
JIOCH JIETaJIbHOE MOBPEKCHUE TUCTOBOM MOBEPXHOCTH (Tal1. 4).

IIpu narpeBanuu o 70 °C HaOmrOmanoCh JeTalbHOE TOBPEXISHHUE JINCTA, T.e. To0yperue 6omnee 50 %
JMCTOBOH MJIACTUHKH JHOO CIUTOMIHOE MOoOypeHue JIMCTOBON macTuHKU. Kak BuaHO u3 Tabnuusl 4, 6omee
BBICOKAsl YCTOHUMBOCTH OTMeUeHa y copToB «CronoBka» u «Pener Bypxapara», y copToB «3070T0€ TIpeBOC-
xoHOe» U «DIIoprHa» BHICOKAS KapOCTOWKOCTh Ha0MI01a1ach TOJIBKO B Mae.

C ydyeToM pe3yibpTaToB HarpeBaHus JUcTheB OT 40 mo 70 °C Hanbomee )KapOCTOMKUMU SBIISIOTCS COpTa
«CronoBka» u «Pener Bypxapara», BBICOKas XKapOCTOMKOCTh OTMEUYEHAa TaKkKe y COpPTOB y «MaHTeT»,
«DnopuHay, «30JI0TO€ TIpeBocxoMHOEY, «CanTanaTy. MeHee YCTOHYMBBIMU K BRICOKOM TEMIIEpaType oKa3a-
JIACH copTa «3amnuiickoey, «Kauamib-cuaam», «Bocxomy.

Obcyorcoenue

OKcTpeMalbHble PUPOJHBIE YCIOBUS MaHTHCTay BBI3BIBAIOT aJalTAllHOHHBIE W3MEHEHUS HHTPOAY-
IIEHTOB B MPOIIECCE UX KU3HEACSITETFHOCTH. PUTMBI pocTa M pa3BUTHS BapbHUPYIOT 3/1€CH B IIUPOKUX Tpee-
JlaxX B 3aBUCUMOCTH OT MOTOJHBIX YCIOBUH KOHKPETHOTO rojia HaOJIOJCHUH, B TO BpeMs Kak pa3HHLA B CPO-
Kax MpoxXokaeHus: penodas Mexay copramu HezHauuTedbHas [9—11]. B pesynbrare MHOrOJIETHUX HaOIIIO-
JCHUI B HAIUX YCJIOBUSX YCTAHOBJEHBI CpeaHue (HeHOmaThl OCHOBHBIX (peHoda3 u Ko3(h(UIIMSHTH UX Ba-
puarwii [11]. IIpu cpaBHEHHHM ¢ MHOTOJICTHUMHU pe3yibTaTamu B 2019 . y COPTOBBIX 1010Hb 3aUKCHPOBa-
HBI CpEIHUE CPOKH MpoxoxkaeHus ¢eHodas. B memoM oHM COOTBETCTBYIOT (heHOAAaTaM OUKHX SOJOHb U3
cexmu Eumalus Zabel. (HacTosmue siomonn) [12].

YcraHoBneHO, 4TO BapruabenbHOCTh (PeHOAT BEreTaTUBHBIX OPraHOB BHIIIE, YeM I'eHepaTUBHBIX. Hus-
kuit K03 unreHT Bapranun GeHoJaT KaxIoi KOHKPETHOH (heHo(ha3bl yKa3blBaeT HA OTHOCHTEIBHYIO yC-
TOMYMBOCTH COPTa K PE3KUM U3MEHEHUSIM MOTOIHBIX YCIOBUH. BBISBIEHBI COpPTa, XapaKTEpPU3YIOIINECs HU3-
KuMH Ko3(duireHtamMmu Bapuanuu ¢GeHoaar, T.e. 0ojiee YCTOHYMBBIE B MECTHBIX YCIOBUAX: «CTOJIOBKAY,
«Pener bypxapnray, «3omotoe nmpeBocxogHoe» [11]. OTMedeHo Takxke, 4To S0JI0HU KCEpOMOPHHOTro 0OIuKa
Oosiee PUCTIOCOOICHBI K MECTHBIM YCIOBHSM M OKa3alMCh NEPCIEKTUBHBIMU JUIsl BBIpAIIMBaHUs HA MaH-
reiiake [13].

Cpenu HHTPOAYIIUPOBAHHBIX B HAIIIK yCJIOBHS IJIOIOBBIX PACTEHH OOJBIIAS YaCTh COPTOB SOJIOHH OT-
HOCHUTCS K TPYIIIE CO CPEIHUMH CPOKaMHU Hadaia pocTa MOOETroB M MO3AHKUM ero 3aBepiueHueM [14]. Bomnee
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MPOIOJLKUTENBHBIA POCT MOOEroB HAOIIONANCS Y MOJIOABIX PACTeHUH NMpU OOMIIBHOM MoJiMBe. BBIsSBIEH BBI-
COKHH K0A(GUIMEHT BapHallK MPOIOJKUTEIILHOCTH POCTa U BETMYHHBI IPUPOCTa oderoB. OTMEUEHO, 4TO
MPOJOJDKATENBHOCTh POCTa HE BCEria KOppearpoBalia ¢ BEIMYMHOMN mpupocTta moderos. B OomnbIoii cremne-
HU BeJMYMHA MPUPOCTA 3aBHCEIIA OT HACIECACTBEHHO 00YCIOBICHHON CKOPOCTH POCTa MOOETOB KOHKPETHOTO
copra [11].

Crenmdurdeckrie mpupoaHbIe YCI0BUsS MaHTHCTay HAaKJIAABIBAIOT TITyOOKHi OTIIEYaTOK Ha MPOIECcC OH-
TOTeHe3a MHTPOAYLEHTOB, YTO OBUIO OTMEYEHO YK€ B CaMOM Hadaje WHTPOAYKLUHOHHBIX HCCIIEIOBaHUN
[15]. Y coproB s070HN BBISBICHO yMEHbIICHHE rabuTyca (BBICOTHI, JHaMeTpa KPOHBI M IITaMba) COpTOB
SI0JIOHH, 0COOEHHO SIPKO BBIPAXKEHHOE y OMOJIOTHYECKH BBICOKOPOCIIBIX COPTOB, OTMEUEHO YCKOPEHUE OHTO-
TeHETUYECKOTO Pa3BUTH — paHee HACTYIUICHHE BO3pacTa IUIOJOHOIIeHHS (CKOPOIUTIONHOCTh copToB). Co-
3peBaHrE IUIOJIOB B HAIIMX YCJIOBHSIX CABHUTalOCh Ha Oojiee paHHHWE CPOKH, HAOIIOAaIOCh YMEHbBLICHHE
CpeIHEH MacChl TUIOIOB U CHIKCHHE TIPOAYKTHBHOCTH [9].

[Ipu UHTPOIYKITNH TUTOAOBBIX PACTEHUN B apHUIHBIE PETHOHBI IEPBOCTETICHHOE 3HAYEHNE MPUOOPETaeT
OLICHKA 3aCyXOyCTOWYMBOCTH, B Ka4ECTBE KPUTEPHEB KOTOPOH YACTO MCIIOJIB3YIOT OOIIYI0 OBOAHEHHOCTH U
XKapoCTOWKOCTh. B Hamem mcciaeqoBaHNM OBOJAHEHHOCTh MOOETOB B BECEHHUH MEPUOJ MEHSUIACh B 3aBUCH-
MOCTH OT OCAaJIKOB, TEMIIEPATypPhl U BIAXKHOCTH BO3AyXa. POCT OBOAHEHHOCTH TIOOETOB HAOIIOAANCS TOCIe
BBIMAZICHUSI OCAJKOB, YBEIWYEHHUS BJIAYKHOCTU BO3IyXa M HEKOTOPOTO CHIDKEHHS TEMIIEpaTyphl BO3AyXa.
Hao6opoT, cHmkeHne OBOAHEHHOCTH MOOETOB SBISIIOCH CJIEACTBHEM OTCYTCTBHS OCAAKOB, TOBBIIICHUS
TEMIIEpaTyphl BO3AyXa U MaJCHUN BIAKHOCTH.

[Ipu cpaBHEHUN OBOJHEHHOCTH IMOOETOB CO CPOKAMH HACTYIUICHHS BeceHHHX (peHodasz ormeueHo, 4To
aser pacmyckanns mouek (ITa' — ITu’), Hauana pocta moGeros (I16'), a Takke 3aBepLICHHS POCTA JTHCTHEB
(JI) coBmamanu ¢ mepuoaMi CHUKEHHs OBOIHEHHOCTH 00eroB. Bricokast BapHaGe bHOCTD BECCHHHUX (a3
pasButus copToB s0m0HM [11] yKa3pBaeT Ha MX TECHYIO CBS3b C MOTOAHBIMH yCIOBHSMH, 8 3HAYUT, C OBOJ-
HEHHOCTBI0 100eroB. C APYroil CTOPOHBI, YMEHBIIEHHE OBOJHEHHOCTH MOOETOB MOXKET OBITH CIEICTBHEM
AKTHUBHOTO MCIIAPEHUS BOJBI IIPH aKTUBHOM POCTE M Pa3BUTHH ILIOA0OBOIO AepeBa [16].

W3ydeHre AuHAMUKH OBOJHEHHOCTH JINCTHEB B JIETHUN MEepHoja Ha (hoHEe 3aKOHOMEPHO MEHSFOIINXCS
(a3 pocra 1 pa3BUTHA MO3BOJIET OLIEHUTH aalTAlMOHHBIE BO3MOKHOCTH MHTPOAYLIEHTOB M MEPCIIEKTHUBBI
uX BBeleHHs B KynbTypy [17]. Onpenenenue ocoOeHHOCTEH BOIHOTO PEKUMa 7-MU COPTOB adpUKOca B Me-
CTHBIX YCJIOBHAX IOKA3aJ0, YTO HanOosee BHICOKAs OBOJHEHHOCTH JICThEB COPTOB abpHKOca HAOII0qanach
B Mae, Kak u y si06J0Hb, HO OblIa 3HaunTeNnsHO BhIe (71,3-87,8 %) (y s6moup — 56,8—62,8 %). Y abpukoca,
KaK U y sI0JIOHB, OBLIY BBISABIICHBI YSTKUE KOJICOAHHUS OBOJHCHHOCTH JMCTHEB B TCUCHUE BETCTAIlUH, IIPUICM
MTOTEPH BOJBI B MMPOLIEHTHOM OTHOIICHHWH K OOIIEMY COJIEP>KaHUIO BOABI OBUIH BBIIIE, YEM Y COPTOB SIOJIOHU
(mo 36 %) [18]. Ilpu ncciemoBaHnK BOJHOTO PEXXHMa COPTOB SIOJIOHM B cTelTHOM KphIMy yCTaHOBJIEHBI 3Ha-
YUTENbHBIC PA3TIMYUS MEXKIy COPTaMHU MO YPOBHIO 0BoAHEHHOCTH [19]. OTMeueHo Takxke, 4To copTa sI0JI0HI
co cTabunbHBIM ypoBHeM oBoaHeHHOCTH (50,0-56,5 % B mepuop 3acyxu) XapakTepu3yloTcsl u Oolee cra-
OWIBFHBIM TUTOOHOIIIeHHEM. JluTepaTypHble JaHHBIE COTIACYIOTCS ¢ HAIIUMH pe3yibTaraMu. Ce30HHbIE W3-
MEHEHHsI OBOJTHEHHOCTH JIMCTHEB COPTOB SIOJIOHM 3aBUCHT, PEXKAE BCETO, OT TOTOHBIX YCIOBHH U OpOIIIe-
HUS, BMECTE C TeM pa3zIMYHOE peardpoBaHUE COPTOB HA HEOJIATONPSATHBIC YCIOBHS MO3BOJAET BBIACIHTH
HamboJee yCTONYNBBIE U3 HUX.

B ycnmoBusx MaHTHcTay KapOCTOMKOCTH OMpEesuIack HaMu paHee st 9-tu BumoB s61ouu [20] 1 3-x
copToB abpukoca [18]. XKapocroiikocTs BU0B s010HH onpeernsiack meronoMm K.A. Axmarosa [21], copToB
abpukoca — meronom ®.®D. Mankosa [5]. [ToBpexxieHHe TUCTOBOM TIACTUHKY BUJIOB SIOJIOHH HAYWHAIOCH
mpu temmeparype 52-53 °C, meranpHOE MOBpeXIeHUE HaOmomanock mpu 55-57 °C. B memom >kapocToi-
KOCTh BHOB SIOJIOHM OKa3aiach BBIIIE KAPOCTOMKOCTH a0pUKOca, IPUMEPHO paBHA >KapOCTOMKOCTH HEKO-
TOPBIX BHIOB rpyim 1 Ha 2—3 °C Hike skapocroiikoctu Muanais [20]. XKapocTolkocTh COPTOB abpuKoca
coctaBmsuia 60 °C, a KapOCTOMKOCTh HanOoJIee YCTOWYUBEIX copTOB s010HM («CTonoBka» u «Pener byp-
xaparay) Haxonuiack B uaTepBasie 60—70 °C.

Baxnouenue

Becennue ¢enodassl cOpTOB S0JI0HU XapaKTePHU30BAINCh BRICOKON 3aBUCHMOCTBIO OT TIOTOJHBIX YCIIO-
BHH, KaK M BeIMIMHA OBOJJHEHHOCTH ITOOETOB M TUCThEB. Dasbl pacmyCcKkaHUA IMOYEK, Hayaja pocTa moberos,
a Tak)Ke 3aBEepIICHUS POCTa JINCTHEB COBMANAIN C MEPHOAAMH CHIDKEHUS OBOJHEHHOCTH MoOeroB. PocT mo-
OeroB HaOJrOMAJNCS B TEPUOJBI MaKCHMAaIbHO BBICOKON BEJIMYMHBI OBOJHCHHOCTH MOOETOB W JIMCTHEB, a
MMEHHO C Hadaya Masi I0 CepeInHbI HIOHS.

96 BecTHuk KaparaHauHckoro yHvusepcuTeTa



Ce30HHOe passuTne, OBOAHEHHOCTb U XKapOCTOMKOCTb...

Y HHTPOAYUHPOBAHHBIX COPTOB SOJOHN OTMEYEHO YCKOPEHHUE OHTOTEHETUYECKOTO Pa3BUTHSI — PaHHEe
HACTYIUICHHE BO3pacTa IUIOOHOMIEHUS (CKOPOILIOAHOCTh copToB). Co3peBaHue MIOAO0B TaKKe CABUTAIIOCh
Ha OoJiee paHHUE CPOKHU. BEIsSBICHBI Hanbonee mpoayKTHBHBIE copTa — «CTOJIOBKAY, «30JI0TOE TIPEBOCXO -
Hoe», «ManteT», «Pener Bypxapara». OHu XapaKkTepU30BalCh TaKKe HU3KHUMHU KOA(PGHUIMEHTaMU BapHha-
uuu peHoaar, T.€. IBSUTNCH 0oJiee YCTOMYMBBIMU B MECTHBIX yCIIOBHSX.

OBomHEHHOCTh MMOOEroB C (peBpajsi Mo Mald MEHSAJach B 3aBHUCHMOCTH OT TEMIIEpaTypbl BO3AyXa H
ocankoB. Poct oBomHEeHHOCTH 1OOEroB HaOMIOAANCS TOCIE BBINAJCHUS OCAIKOB, YBEIUYCHHUS BIAXKHOCTH
BO3/yXa M HEKOTOPOTO CHIKEHHUS TEMIIEpaTypbl BO3Ayxa. MakcumalbHasl BEIMYMHA OBOJHEHHOCTH 10OETroB
oTmeueHa y copTa «Pener bypxaparay (ot 57,3+5,5 no 49,0 +5,3 %), muanmansHas — y copta «CantaHar»
(or 49,243 .4 o 44, 6+4,1 %).

BrsBiieHs! YeTkHe KosieOaHusl OBOAHEHHOCTH JIMCTHEB B TEUCHHE BETeTAlH, MAaKCUMaJIbHasl OBOJHEH-
HOCTH HaOI0Jaack MPEUMYIIECTBEHHO B Mae, K KOHI[y BEreTalid OBOJHEHHOCTh CHIDKANIAach A0 MHUHH-
MaJbHBIX 3HadeHWH. OBOZHEHHOCTH JINCTBEB y Pa3HBIX COPTOB MEHsJIach B mpeaenax oT 67,0£0,9 —
56,8+1,3 % B xoH1e Mas 10 47,7+2,5 — 43,4+2,0 % B koHIIE CEHTSIOPSI.

JKapocToiikocTh Takke MEHsIach B CE30HHOM IWHAMUKE, CHIDKAsCh K KOHITY BereTaliu. Y MeHee jKa-
POCTOHMKHX COPTOB ITaJICHUE XKapPOCTONKOCTH HAOIIOIAIOCH YKe B HIOHE — HIOJIE, Y 00JIee KapOCTOMKUX — B
aBrycre — ceHrtsa0pe. JKapocTtoikocTs Hanbonee ycToWduBBIX cOpTOB s10710HU («CronmoBka» u «Pener Byp-
xaparay) npesbimana 60 °C B nepuof ¢ Mas o utojib. Hanbosee mpoxyKTUBHBIE COpTa OKa3aIMCh U CaMbl-
MM >KapOCTONKUMHU.
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ManfbicTayAbIH APU/TI JKAFAAWBIHIA 2JIMA aFAIIbIHBIH HHTPOAYKIUAJIAHFAH
COPTTAPBIHBIH MAayChIMJBIK 1aMYbl, CYJAHYbI KOHE bICTHIKKA TO3IMILIIr]

Maxkanazna anram per MaHFBICTAyABIH SKCTpeMasnbl TaOUFH KaFJalbIHIAF! ajIMa aFallbIHBIH MayCBIMIIBIK
JaMybl MEH OHIMJIUIIriHe OaWNaHBICTBI OH WMHTPOAYKLISUIAHFAH CYPBINTapbIHBIH OpKEHAEpI MeH
JKAIBIPAKTapbIHBIH Cy aJMacybl MEH BICTBIKKA TO3IMIUIINIH aHBIKTAyABIH HOTIbKenepi Oepinren. Anma
aralIbIHBIH CYPHINTAPBIHBIH OPKEHEPi MEH JKallbIPaKTapbIHBIH Cy aJIMacybl BEreTalUsIIBIK Mep3iM 00iibl aya-
paiibl JKarJailbIHBIH ©3repyiHe OalJIaHBICTBI JKOFapbUIall, TOMEHJETeHI aHbIKTanFaH. JKamblpakTaplbiH
JKOFapbl Cy aJIMacybl acipece MaMbIp aiblHa OaiiKanraH, BereTalys COHbIH/A JKallbIPAKTAP/bIH CY ajMacybl
MHUHHMAJBI MOHAEPTe KeTKeH. by peTTe Beretanusiblk Mep3iM OOIBI Cy anMacyablH (IyJIcarys) Mep3iMal
TOMEHZEYl MEH >KOFapbUlaybl OalkasraH. JKamblpakTapblH Cy aJIMacybIHBIH KYpPT TYCyl KeINTereH
CYpHINITapJa TaMbI3 albIHIA XKEMICTepAiH MICINl JKeTiMyl MEH CYpeKTeHyl asKTaJFaH Mep3iMie TipKenreH.
blerpikka Te3iMIUIIr BereTanusuUIBIK MEp3iM iNTiHAE e3repreH, MaMbIp MEH KbIPKYHEK aiiiapbl apasbIFbIHAA
ToMeHzereH. JKorapbl BICTBIKKAa Te3iMmimik «CtonoBka» >xoHe «Pener bypxapara» cypeimTapbeiHaa
OeNriyIeHreH, COHBIMEH KaTap oJiap >KOFaphl OHIMIUIriMeH CHITaTTajFaH.

Kinm ceo30ep: anma araiibl, CYpbINTap, HHTPOAYKIHMS, MAyChIMIBIK Aamy, (DEHOJOTHSUIBIK KE3CHAEp, Cy
aJIMAaCybl, BICTBIKKA TO3IMIUTIK, OHIMILITIK.

O.N. Kosareva, D.N. Zharassova, A.B. Akhtanova

Seasonal development, water-content and hot-resistant of introduced sorts
of apple-trees in the arid conditions of Mangystau

The article presents for the first time the results of watering of shoots and leaves and heat resistance of 10 in-
troduced apple varieties in connection with their seasonal development and productivity in the extreme condi-
tions of Mangystau. It was determined that the watering of shoots and leaves of apple varieties changed dur-
ing the vegetation period, increasing and decreasing in connection with the weather conditions. The highest
watering of leaves was observed mainly in May, by the end of vegetation leaves watering was minimal.
Herewith, periodical decrease and increase of watering (pulsation) was observed during the vegetation period.
The sharp drop of leaves watering was observed in the majority of varieties in the middle of August, during
the period of completion of fruit ripening and lignification of shoots. Heat resistance also changed during the
vegetation period, decreasing from May to September. High heat resistance was observed in the varieties
Stolovka and Rennet Burkhardta, which are also characterized by the high productivity.

Keywords: apple tree, varieties, introduction, seasonal development, phenophases, watering, heat resistance,
productivity.
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Biaunsinne KproKoOHcepBaUMU Ha BbIXKUBAEMOCTb ceMsiH Chamomilla reticuta
copra «IloaMocKkOBHAs» U XMMHYECKHUIi cocTaB 3(pUpPHOro MacJia

B craTbe M3yueHO BIMSHHE CBEPXKPHTHUYECKHX HU3KHX TEMIIEPaTyp Ha KOJIMYECTBEHHBIN M KaueCTBEHHBIH
cocTaB 3(MPHOTO Maciia POMAIIKH anTedHoi copTa «llogmockoBHas». CeMeHa U3y4aeMOoro BHAA PacTEHUs
nepes Mocaakoi B OTKPHITHIN TPYHT 00pabaThiBany cBEpXHMU3KOH Temmeparypoii (—196 °C) u ompenensnu
JKH3HECIIOCOOHOCTH CEeMSH B JIAOOPAaTOPHBIX yciaoBHsAX. KprooOpaboTky NMpoBOAMIN MyTeM HPSMOTO IOTpy-
JKEHHS CeMsH B TUIACTHKOBBIX MPOOUpPKax B cocynsl [roapa ¢ )XUIKUM a30ToM. KpronpoTekTopsl He mpume-
HSUTUCH. J{MMTENBbHOCTE KpHooOpaboTky cocTaBimsiia 1 4, 3 4 M IpeacTaBiaia CTYIeHIaTyo 3aMopo3Ky. Ot-
paboTKa CTyNeHYaTOH 3aMOPO3KH CEMSTH IPOBOAMIIACE B CIIEIYIONISH MOCIeJOBaTEIFHOCTH: | 9 B XOJIOIMIb-
Hoit kamepe (+4 °C), 1 4 B mopo3mnbHOil kKamepe (—18 °C) u 1 1 B xuaKoM a3ore. Bo Bcex ciydasx skcnepu-
MEHTA MPUMEHSIM MEUICHHBIH PEeXUM OTTauBaHus. Ilocne KpHOreHHOro BO3AEHCTBUSI CEMEHHOW MaTepuall
BBICA)KMBAJICA B OTKPBITBIA I'PyHT. M3BieueHne 3)MpHOro Maciia MPOBOJMIM METOAOM THIPOAUCTUILISAIUN
Ha anmnapare Knesenmkepa. OnpeneneHne KOMIOHEHTHOTO cOCcTaBa 3(UPHBIX Macell IIPOBOJHIN Ha Fa30BOM
xpomarorpade Clarus-SQ 8 ¢ mMacc-crekTpoMeTpHIecKiM AeTeKTOpoM. B pesynbrare nccienoBaHus ycra-
HOBJIEHO, YTO JEHCTBHE CBEPXHH3KHX TeMIlepaTyp Ha CeMEHHOW Marepuan pomamku copta «lloamockos-
Has» He TOBIHSJIO OTPUIATENIFHO HA KOJMYECTBEHHBIM M KaUeCTBEHHBIH COCTaB 3(UPHOrO Macia pOMAIIKH
anrregyHoi. Hao6opot, maHHBI MeTox 00pabOTKH CEeMSH ITOJIOXKUTENHEHO CKa3alIcs Ha KOJMYECTBEHHOM CO-
craBe 3pUPHOro Macyia B HPOLECCE POCTA PACTCHHSA, U B HEKOTOPBIX CIIy4asX MOBBICHI IPOLIEHTHOE COZIep-
JKaHHE HEKOTOPBIX KOMIIOHEHTOB, TaKHX Kak o-(apHe3eH, [-dapHe3eH, CIaTyJIeHON, IHC-CH-UH-
JTUIUKI03(up.

Kniouesvie cnosa: pomalika antedHasi, KpHOKOHcepBauus, 3GUpHbIE Macia, XpoOMaTo-Macc-CleKTPOMETPHS,
71abopaTopHast BCXOXKECTh, SHEPTHs IPOPACTAHHSI.

Bseoenue

Pomamika anreunas (Chamomilla recutita (L.) Raushert., unu Matricaria chamomilla L..) — onnomner-
Hee TPaBSHUCTOE pacTeHHE ceMeicTBa ACTpoBBIC (Asteraceae), TMIIOBOW BHI poxa Pomamika (Matrica-
ria L.). JlaHHOE NEeKapCTBEHHOE PACTCHHWE BXOIUT B (hapMakorien Ooyiee 4eMm aBaauaTv crpaH mmpa [1].
[IBeTkM poMalllku anTeYHOU M3/aBHA MPUMEHSIOTCS B MEIUIIMHCKON IMPAKTHUKE B KAU€CTBE MPOTUBOBOCIHA-
JTUTENHHOTO, AHTUCENTHYECKOTO U 00e300IMBAOIIEro CPeICTBA: IPU aHTHHAX, TOH3WJUINTAX M JPYTHUX BOC-
MAJMTEIBHBIX MTPOIIECCaX; PAHO3KHUBIIAIONIETO CPEACTBA — B CTOMATOJIOTHH, THHEKOJIOTHH; JKeTIerOHHOTO,
MMPOTUBOMHUKPOOHOTO, yCIIOKAUBAIOIIETO, TUITOCCHCHOMITN3UPYIONIETO, TPOTHBOBUPYCHOTO, TPOTHBOTOKCH-
YECKOTO CPEJICTBA MPH 3a00JCBaHUIX JKEIYIKa, KUIIEYHUKA, TICUSHH, TIPH MOBBIIICHHOM T'a3000pa30BaHUH;
NefcTByeT BO30YKalolIe Ha IEHTPAJbHYI0 HEPBHYIO CHUCTEMY, YCHIIMBACT M YUAI[AeT IbIXaHUE, paCIIUpPSIET
COCYJIBI TOJIOBHOT'O MO3ra. B HaponHON MeIuIIMHE poMalliKa UCIIONb3yeTCsl AJI JICUCHUST Pa3InYHbIX aJuiep-
THYECKUX pPEeaKIUil B KauecTBe NpuMoueKk. PoMmamikoBoe macio HCmonb3yeTcs B apomarepanuu [2]. DTo
LIEHHEeIIee JTeKapCTBEHHOE PacTeHHE, CHIPhEM CITy>KaT COLIBETHS, coJeprKamue 3(UpHOE Maclio, B COCTaB
KoToporo Bxoaut Oojiee 40 koMmoHeHTOB. OCHOBHBIC JIEUCOHBIC CBOMCTBA MPUITHCHIBAIOT XaMa3yJIeHY, CO-
JIep’KaHUE €ro B CEJICKIMOHHBIX copTax MoxeT pocturath 10 % u Gonee. B 1BeTkax poMariku JIeKapCTBEH-
HOU HaWJeHbI (JIAaBOHOM B, IPOU3BOJIHBIC AITMI'CHUHA, JIFOTEOJIMHA U KBEPIETHHA, 00Jalarollue MPOTHBO-
BOCIAJIMTELHBIM JCHCTBHEM, a TaKKe [3-KapOTHH, KyMapHHBI, TJTMKO3U/IbI CIIa3MOJMTHUCCKOTO JICHCTBHS,
TJIMKO3U B! TIOTOTOHHOTO ACHCTBHS, MOTUCAXapUIBLl 1 OPTAaHMIECKUE KUCIIOTHI |3, 4].

I'.T'". [lepBBIMHON U APYTUMH OBUTH M3y4YSHBI KAYECTBESHHBIN U KOJUYECTBEHHBIA COCTaB BEUIECTB PO-
MaIlK{ anTeYHOM M pOMAIIKM IYHIMCTOH, KyneTuBuUpyemod B Poccuiickoir ®enepamuun. C momMouisro
Y®-crieKTpoCcKOIUU aBTOpaMK ObLIO YCTaHOBJCHO, YTO B BOJHBIX DKCTPAKTaX POMAIIKH alTEYHOM comep-
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kKaTcsi PEHOIBHBIC COSAMHCHUS, IPEICTaBIeHHbIC (DEHOIKaPOOHOBEIMY KUCIIOTAMU, TAHHUHAMHU, ()JIABOHOH-
JaM{, KyMapyuHaMH, a TaKKe [UC- U TPAHC-OMIUKIOA(UPAMU, OTHOCSIIIUMUCS K TIOJTMUHOBBIM COCIMHEHH-
siM, Oucaboror [5].

Panee ObLTH TIPOBEIEHBI Ta30XpOMAaTOrpaUUSCKUE UCCIEAOBAHUS COCTABa JIETYYHX OPraHUYECKUX CO-
eAnHeHuN pomamku antedHou. llpm »ToM Opum maeHTH(UIMpOBaHBI ajpaerunbl — Bcero 38,76 %
(2-MeTunmponananb, 3-MeTWIOyTaHal b, 2-METHIOyTaHal b, IICGHTAHAIh, TeKCaHaIb, OCH3AILICTHUII,
3-pennnnponanais); BTOPsIMU IO colepkanuto — 16,26 % — ObUIN BBIACICHBI CECKBUTEPIICHBI U UX MPO-
n3BoaHbIe (P-(papHe3eH, apomaneHapeH, Oucabomon okcun b, 7-mMeTokcukymapuH, Oucabonon okcug A);
a¢upel — 14,65 %; cruptel — Bcero 3,7 % (renta-4,6-muuH-2-01, 1-meHTeH-3-071, 2-MeTHaOyTaH-1-01,
3-meTunOyran-1-om1, 1-mentanon, 2,3-0yTaHau0N); MOHOTEPIIEHBI U WX Mpou3BogHble — 2,97 % (0-THHEH,
n-IMMEH, JIMMOHEH, 3BKanuitoln). [lo manpHEWmUM paboTaM aBTOpa BUAHO, YTO OCHOBHBIMH COCTABJISIFO-
UMM BEIIECTBAMHU SIBHJIMCH: 3-METHJIOyTaHaNb, 2-METHIOyTaHa b, STHJI-2-METUIOyTaHOaT, [-hapHE3eH,
a-6ucabonon okcua b, a-0ucabosoi, Oucadonokcua A, XxaMmasyleH, eH-UH-TUIUKI03¢up [6]. OCHOBHBIMHU
MOCTABIUKAMU CHIPhS POMAIIIKK HA MUPOBOH PBIHOK sIBIIsiOTCS ApreHtuHa, bonrapus, ['epmanus, Eruner,
CrnoBakus, Yexus. Ha ocHOBe 1IBETKOB pOMAIITKK TOTOBSIT TaKWE JICKAPCTBEHHBIC TIpenapathl, kak «Pomasy-
JaH», «Anopom», «Apdazetun», «Potokany, «Kamunosua» [3, 7, 8].

OpnauM u3 HanboJiee MPUOPUTETHBIX HAIIPABICHUH B CENIEKIIUU JIEKAPCTBEHHBIX KYIbTYP SBISETCS CO-
XpaHeHHUE U TOoJIep)KaHne TeHO(OH/Ia COPTOB U YIYUIICHHBIX IMOMYJISINA, CO3JJAaHHBIX CEICKIMOHEPaMH Ha
npoTsbkeHnu 6osee 50 net. B cBa3u ¢ TeM, 9TO HE BCer/ia ecTh BO3SMOXHOCTh TO/IEP KaHUs KOJUIEKIIUU COp-
TOB JIEKAPCTBEHHBIX KYJIBTYpP, OCYIIECTBISETCS JONTOBPEMEHHOE COXPAHEHUE ITOH YHUKAIBHOW KOJIICKITUH
B Bujie ceMsiH. CeMeHa SBIAIOTCS HanOoJiee ONMTUMAIBHON (HOpMOI XpaHEHHS TEHETHYECKOTO MaTepuaa,
TaKk Kak oOpasilbl TPeOYIOT CPaBHUTENHHO HEOOJBINOIO yXO0Ja, OCTAIOTCS JKU3HECITOCOOHBIMU B TEUCHHE
mTensHOTO nepuoAa BpeMenu [9]. C aroit mensto B Havase 70-x T. B psge crpan (HMramms, ['epmanus,
CIIA, fnoHus) ObLTM OPraHW30BaHBI MEPBBIC IEHTPHI MO JOJTOBPEMEHHOMY COXPAaHEHUIO 3apOBIIICBON
m1a3Mbl. Tak Kak MPOJOJDKUTEIBHOCTh KH3HH CEMSIH OYCHB Pa3Has: OT HECKOJIBKMX 4acoB (Y HEKOTOPBIX
TPONIMYECKUX OPXHUIHBIX) IO AECATKOB M COTEH JIET, TO OJHUM M3 CAMBIX Ba)KHBIX BOIIPOCOB SIBIISIETCS PEXKIM
WX XpaHCHHS, KOTOPHIA 3aBUCUT OT BHUJIOBOW NMPUHAIC)KHOCTH, aHATOMHYECKUX, (PH3HOIOTHUECKUX, OMO-
XUMHYECKUX, MOP(HOIOTHIECKIX 0COOCHHOCTEH CeMsIH, YCIIOBUH MX COJepX)aHusl (TeMIepaTypa, BIaKHOCTD,
cocTaB ra3oBoi cpenbl u np.) [10].

OnHOM U3 OCHOBHBIX MPOOJIEM, C KOTOPOH CTaIKHUBAIOTCS MPOMU3BOJUTENH CHIPBS IEKAPCTBEHHBIX pac-
TEHUH, OCTAeTCS OTCYTCTBUE COBPEMEHHBIX SKOHOMUYECKH A(P(EKTUBHBIX TEXHOJIOTHH BBIPAIUBAHUS, a
TaKke XpaHeHus cemMeHHoro Marepuana. Oxono 100000 BmIOB pacTeHHI HAXOAATCS MO YTPO30H UCUEC3HO-
BeHms1. CTpaTerus COXpaHeHH OMOJIOTHIECKOTO pa3HOOOpas3us Ha 3eMJyIe CErOHS BKIIOYACT JBA OCHOBHBIX
HaIpaBJIeHUS: COXpaHCHUE in situ (B €CTECTBEHHBIX OHMOIICHO33aX) W COXpaHCHHE Pa3sHOOOpas3ws ex sifu: B
300MapKax, 3aMOBEIHUKAX, TTOJCBBIX KOJUICKIUAX, OOTAHWYECKUX CajaX, CO3JaHHe T'eHOAHKOB JKMBOTHBIX,
pacTeHui, MUKpPOOpranu3MoB U T.1I. boiree 300 ThIcSY 00pa3moB CEMSH XPaHATCS B HAITMOHAILHBIX, PETHO-
HAJIBHBIX U MEXJYHAPOJHBIX TeHOaHKax. B HacTosiee BpeMsi OCHOBHBIM CITOCOOOM COXpaHeHus TeHO(hoH 12
PaCTUTEIBHBIX PECYPCOB MHUPA eX Situ ABISCTCS JUINTSIIEHOS HU3KOTEMIIEpaTypHOe XpaHeHue ceMsH [11].

W3BecTHO, 94TO OOMIETPUHATHIE PEKUMBI XPAaHEHUSI CEMSH MPH HU3KOH MONOKHUTEIHHONH TeMIepaType
He 00ECTeYMBAIOT AJTUTEIHFHOTO XpaHEHHs CeMsH; HamOoyiee Ba)KHBIM, JSKOJIOTHYECKH YHUCTHIM M CPaBHH-
TEJIHHO HEJAOPOTHM CIIOCOOOM CUHMTASTCS XPAaHCHUE CEMSH B )KHIIKOM a30Te npu MuHyc 196°C (KkproKoHCep-
Banus) [12]. B mocnemHue roapl ¢ pa3BUTHEM COBPEMEHHBIX OMOTEXHOJOTHYCCKUX METOJIOB TMOSIBIISIOTCS
HOBBIE TEXHOJOTHH KPHOCOXPAHEHHUS CEMEHHOIO MaTepHalia PacTeHWH, 4TO IMO3BOJISET CO3[aBaTh T'€HHBIC
0aHKM JIUTENHLHOTO XpaHeHus. OCYIIECTBIIAT, UX aKTUBHOE Pa3MHOXKEHHE B HEOOXOMUMBIX oObemax. Ha
Tepputopun KazaxcraHa KpHOCOXpaHEHHUE, KaK METOJ] COXPAHCHUSI CEMCHHOTO MaTepHualia JICKapCTBEHHBIX
pacTeHHi, PaKTUYECKH HE HCIONb3yeTcs. VIMeroTcss oThenbHple paboThl MO0 KPHOKOHCEPBAIIMK CEeMSH
aIUKaJIBEHBIX MEPUCTEM TUIOAOBBIX pacTeHui [13—15].

Bo3zHukaet psii BONpOCOB TPU HCITOJIL30BAaHUN METO/Ia KPUOCOXPAHEHHUS, HAlPpUMEp, KaKoe OKa3bIBacT
NefiCTBHE CBEpXHM3KAs TEMIIepaTypa B MOCIEAYIONEM Ha POCT M Pa3BUTHE PACTCHHUS, HA KaueCTBEHHBIN CO-
cTaB d(UPHOTO Macia, Ha IieTieOHbIe CBOMCTBA JIEKAPCTBEHHBIX KYJIBTYP H T.II.

B cBs3M ¢ 3THM HENBIO0 HAIIETO WCCIICOBAHUS SIBUJIOCh U3yUCHHUE BIMSHUC KPHO3aMOPaXKUBAHUS Ha
CEMCHHOHN MaTepHall pOMaIIKy anTeyHo copTa «[1oJMOCKOBHA HA XUMUYECKHA COCTaB 3()UPHOTO Maca.
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OO0BEeKTOM HCCIIEeIOBAHNUS SIBISJIACH poMalika anteyHas copta «llonmockoBHas». s u3ydeHus u3me-
HEHHS KOJMYECTBEHHOTO W KOMIIOHEHTHOTO cOCTaBa d(MPHOTr0 Maclia pOMAaIIK{ alTeYHOH ceMeHa JaHHOTO
BUJIa PACTCHUSI TIEPE]T TOCAIKON B OTKPBITHIM TPYHT MPEABAPUTEILHO 00pabaThIBAIM CBEPXHU3KOH TeMIiepa-
Typoit (—196 °C) u ompenemsuin ee KU3HECITOCOOHOCTh. BCXOXKECTh pacCUNTHIBAIA KaK OTHOIICHHE YHICIIA
MIPOPOCHINX CEMSH K YHCITY MEPBOHAYAIBHO 3aJI0’KEHHBIX Ha MPOpaIliBaHUe W BhIpaKaiH B mporeHTax. [o-
CJIe OTTaWBaHUs BCE CEMEHA CTAaBIIIM Ha MpopaliuBaHue B yamkax [lerpu mo 50 mT. B 4-KpaTHOU MOBTOPHO-
CTH Ha JBYXCIOWHON (QHUIBTpOBANBHON Oymare, MpenBapUTEIbHO CMOYCHHON IUCTHILIMPOBAHHON BO-
noit [16]. Yamkm IleTpu ¢ ceMeHHBIM MaTepraIoM TIOMEIAI B KIIMMaTHdeckyto kamepy (Binder) npu tem-
riepatype +25 °C ¢ mOCTOSHHBIM ocBemeHneM. KprnooOpaOoTKy MPOBOIMIH ITyTEM IMPSMOTO TOTPYKEHUS
CeMsH B TUIACTHKOBBIX MPoOHpKax B cocyabl Jroapa c sxuakum azotom [17]. KpronporekTops! He mpuMeHs-
nuchk. BpeMmsi KproxpaHeHus Ui onpeaeneHus 1abopaTOpHOM BCXOKECTH COCTABIUIO OT 24 4 /10 7 CYTOK.
B ciyuae ¢ 3aMOpO3KOi#i JUTHTENLHOCTBIO 24 4 00pa3ilbl CeMsH Pa3MOPAKUBAIH MTPU KOMHATHOW TEMITepaTy-
pe B TedeHue 2 4, a BO BTopoM cirydae (7 cyt) Oblia nmpoBeneHa ObICTpast U MeJUICHHAs: pa3Mopo3ka. brict-
PYIO pa3MOpO3KYy OCYIIECTBISUIA B BOASHOW Oane mpu temmeparype +60 °C B Teuenue 1 MuH, MemsieH-
HYI0O — TIpM KOMHATHOHM TeMIiepaType B TeueHue 3—4 4. JMUTenbHOCTh KPHOOOPAOOTKH CeMSH Tepell Mo-
CaJlKoil B OTKPBITHIN TPYHT cocTaBisia 1 4, 3 4 u npencTapisiia coboil cTyneHuaTyio 3aMmopo3ky. OTpaboTka
CTYIEHYATOW 3aMOPO3KH CEMSH TIPOBOAMIACH B CICIYFOIICH MOCIEIOBATENILHOCTH: | U B XOJIOMMIEHON Kamepe
(+11 °C), 1 u B mopozmisHOi Kamepe (—10 °C) u 1 1 B xxuakoM azore. Bo Beex cirydasx pa3Mopo3Ky HpOBO-
m MeaieHHo. [Tocne kprooOpaboTku ceMeHa OBUIH BRICRXKEHBI B OTKPBITHIN TPYHT B Mocenke boTtakapa B
MEPBOY TMOJIOBMHE JIHS, B KAYSCTBE OPraHUYECKOTO yIOOpEeHHsI B TIOYBY ObLIT BHECEH HABO3HBIN IEPETHOM.
HamzemHuyto 4yacteh pactenusi cooupanu B ¢a3y nsereHus. Cylika MpoOBOIMIACE BO3AYITHO-TKAHEBBIM CIIO-
coOOM B TEHH.

W3Bneuenne 3(UpHOTO Macia MPOBOIWIM METOJOM THAPOIUCTHIUIAIINY Ha amnmapate KiieBeHmxepa
[18]. Onpenenenne KOMIOHEHTHOTO COCTaBa 3(PHMPHBIX Macel OCYIIECTBISUIM Ha Ta30BOM Xpomarorpade
Clarus-SQ 8 ¢ Macc-CIeKTPOMETPUYECKHM JETEKTOPOM. XpomaTtorpapuuecKkue yCIOBHS: KOJIOHKA KaIlhil-
nspaas RestekRxi®-1 ms 0,25 mmx30 mx0,25 mxM; o0bem mpo0Osr: 1,0 Mkir; ra3-Hocurens He; ckopocTh
rasa-HocHMTels: 1 MiI/MUH; neneHue motoka 1:25; t komonku: 45 °C (2 muH), mogseM 1,5 °C/mMun g0 200 °C,
nanee 15°C/mun no 280 °C, uzorepmuueckuii pexxum npu 280 °C B Teuenue 10 muH; t ucmapurens —
280 °C, macc-cuekrpomerpudeckuii merekrop: t — 240 °C, EI+ = 70 eB; Bpems ckaHupoBaHHUSA ¢ 4 110
120 mMuH; pexum ckanupoBaHus noHOB 39-500 m/z. [IporeHTHOE conmepkaHue KOMITOHCHTOB BBIYHCIISLTH
ABTOMATHYECKH, HCXOMS U3 IUIOMIAAeH MUKOB 001mel XxpoMaTorpaMmel HOHOB (puc. 1). KoMmoHeHTH uieH-
TU(UIMPOBAIM 10 MAacC-CIICKTPaM M BpeMEHaM yACp)KUBaHUsA, ¢ HCIoib3oBanueM oudanorexku NIST. Bpe-
Msl yJIepKUBAHUSI KOMIIOHECHTOB TIEPECUYUTHIBAIIA OTHOCUTEIILHO MPEICIbHBIX YTICBOIOPOIOB.
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Pucynok 1. XpomaTtorpamma sa¢uproro macina Chamomilla recutita
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Peszynomamot u 0b6cyscoenue

ITocne kprooOpabOTKM CEMSH B KHIKOM a30T€ JUTUTEILHOCTBIO 24 4 ceMeHa pOMAIIKH alTeYHON copTa
«[lomMockoBHas» OBUTH BBICAXKEHBI B "aImkax [leTpu Juis onpeseneHus J1abopaTOPHOW BCXOKECTH U dHEP-
TUM [TpopacTaHus. Pe3ynbTaTel MpoOBEIEHHOTO SKCIIEPUMEHTA ITOKa3aHkl B TaduIle 1.

Tabnuma 1

IMoka3aTeu BCX0:KeCTH U DHEPruu npopacranus ceMssH Chamomilla recutita
NMpH KpHooopadoTKe ATUTETbHOCTHIO 24 4

Bun pactenus I'pynmna sxkcnepuMeHTa Bcexoxects, % OHeprus npopacTtanus, %
Pomamika anteunas, KouTponn 52,5+12,5 51,5+12,6
copt «IloagmMocKOBHas» Kpuokoncepsanus 73,549,6 73,0+9,3

B pesynbrare mpoBENEHHOTO HCCIIEAOBAHUS OBUIA MOMYYEHBI CIeqyronue rmokasarend. KoHTpoibHas
TpymIa ceMsH pOMAIIKy anTtedHoi copra «[lomMockoBHas» MOKa3aia HEBBICOKYIO BCXOXKECTh M COCTaBHMIIA
52,5 %. KpuoobpaboTka noBeicmiia BcxoxecTb ceMsiH Ha 21 % (73,5 %), kpome Toro, Ha 21,5 % moBbicH-
Jach W SHeprus mpopactanus (puc. 2). HeBbicokas BCXOXeCTh CEMSH KOHTPOJBHOH TpyIIbl, BHAUMO,
CBsI3aHa C JUIUTEILHBIM CPOKOM XpaHeHus, Oornee 1 roga. CornacHo TUTEPaTypHBIM JTAHHBIM, MaKCHMaTbHAsS
BCXOXKECTh OTMEYEHA JUIA CEMSH POMAIIKH aNTedyHOW CPOKOM XpaHeHHs oT 6 1o 12 mecsies, mocie 4ero
HaOIIIOJTaeTCs MOCTETIEHHOE CHIDKEHUE BCXokecTd [19]. Psam aBTopoB [4] ycTaHOBWIM BaxKHbIE (HDaKThI,
BCKPBIBAIOIINE HEKOTOPHIE MPUYMHBI HU3KOW BCXOXKECTH CEMSIH y PAacCTeHHH IO WX XPaHEHWIO: CHIDKCHHE
WHTEHCUBHOCTHU JIBIXaHUS; YBEIIMYCHUE COJIEPKaHUSI CBOOOIHBIX KHPHBIX KHCIOT, YMEHBIICHHUE COJepKa-
HUS KU3HEHHO HEOOXOIUMBIX BEIICCTB; CHWKCHUE COJCP)KAaHUsl CaXxapo3bl; JICHCTBUE MATOTEHHOW MUKPO-

(IopHI.
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Pucynok 2. Bimsaue kpuooOpabOoTKu Ha BCXOXKECTh M SHEPTHIO NpopacTanus ceMssH Chamomilla recutita
copra «[TogMockoBHas» (IUTUTETHLHOCTH 3aMOPO3KH 24 1)

[To cpaBHEHUIO ¢ MEPBOM YACTBIO SKCIIEPUMEHTA MBI MPOBENN OoJiee JUTUTEIHHYI0 KPHOOOPaOOTKY B
TeueHHne 7 cyTok. Taxke ObUTM MPOBENEHBI pa0OTHI TI0 H3YUCHHUIO BIUSHHS BUIOB OTTAMBAHHS TIOCIE 3aMO-
PO3KM Ha BCXOXKECTh ceMsH. [locie riay0okoro 3aMOpaKMBaHUs MPOBEIH OBICTPYIO U MEIJICHHYIO pa3Mo-
po3k# (Taodu. 2).

Taonuma 2

Iloka3aTenn BCX0:KeCTH H JHEPIUU NpopacTranus ceMssH Chamomilla recutita
NP KPHOOOPAGOTKe JUINTEIbHOCTBIO 7 CYT

Bun pacrenus I'pynna skcniepumeHTa Bexoxects, % Oueprus npopactanus, %
KonTponn 67,0+7,7 65,5+6,0
Pomarka amrednas, Kproxoncepsar, 71,0£15,1 65,0+13,3
OBICTpOE OTTaWBaHUE
copt «IToagmockoBHas TP p—
pu pBatu, 78,05,6 75,546,0
MEJICHHOE OTTauBaHHE
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Pe3ynbraThl IpoBECHHOTO MCCIEAOBAHUS MTOKA3aIH, YTO BCXOKECTh CEMSIH POMAIIIKH allTeYHON copTa
«ITogMockoBHas MOCIIE KPHOTEHHOTO XPaHEHHS BBIIIE KOHTPOJIBHBIX 3HAYEHHH, Kak npHu OsicTpoM (71 %),
Tak U npu MemneHHoM oTtauBaHuu (78 %). DHeprus mpopacranus Ha 10 % mOBBICHIIACH TIPH MEJIEHHOM
OTTaWBaHWU, a TIPHU OBICTPOM OTTAMBAHUU TIOKa3aTeNU ObLTH Ha YpOBHE KOHTpOIS (puc. 3).
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Pucynox 3. BrnustHue kprooOpaOOTKH Ha BCX0XKECTh M 9HEPTHIO popacTtanus ceMstH Chamomilla recutita
copta «ITogMocKOBHas» (ATUTENBHOCTH 3aMOPO3KH 7 CYT)

[Tonmy4yeHHbIe pe3yNbTaThl MOKA3bIBAIOT, YTO KPHO3aMOPAKUBAHUE CEMSH B )KUAKOM a3ote (—196 °C) He
0Ka3aJI0 OTPULIATEIBHOIO AEHCTBUS Ha KU3HECIIOCOOHOCTh CEMSIH POMAIIKH allTeYHOH, 0COOEHHO NpH M-
TEeBHOM 3aMOpo3Ke (7 CyT) C MEIJICHHBIM OTTanBaHWeM. [lociie KpHOTEHHOTO BO3/IEHCTBHS BCXOXKECTh Ce-
MSH MOBBIIIATACh JINOO OCTaBaNach Ha ypPOBHE KOHTPOJISL.

CremyromyM 3TaroM SBISUIOCH ONpEeeIeHHe KOMMUSCTBEHHOTO U KaueCTBEHHOTO COCTaBa 3(hUPHOTO
Maclla poMalky anTeyHoil copra «IloaMocKoBHas), BEIPALLICHHOM U3 CEMSH I1OCIIE 3aMOPAKUBAHUS B JKU-
KOM a3oTe npu temnepatype —196 °C. Oxcno3unusg — 1, 3 4 1 cTyneHyaTas 3aMOpo3Ka.

O¢upHOE MacIo pOMAIIKH aNTeYHOU MPEJCTaBIsAET CO00il OYEHD BSI3KYIO KHIKOCTh, [IBETA OT TEMHO-
CHHETO JI0 TOJIy0OBaTO-3eJICHOr0, 00JIAIal0NIyl0 XapaKTEePHBIM 3alaxoM: Oab3aMUYeCKUM, MEIOBBIM, OT-
YJaCTH BETOYHBIM, HATOMHHAIOIUM 50109HbIH. [1o 3TOH mpruunHe Macio HaXOAWT MPUMEHEeHne B mnapgio-
MEpUH, B YaCTHOCTHU, UCTIONB3YETCs ISl IPUAAaHUs IUIPOBBIX HOT. CHHSS OKpacKka OOBSCHIETCS IPUCYTCT-
BHEM XaMas3yJIeHa, KOTOPbIH caM 1o cede He SBISIeTCSI KOMIIOHEHTOM POMAIIKHU, HO 00pa3yeTcs U3 MaTpULH-
Ha B TIpoIiecce OTTOHKH ¢ BOISIHBIM mapom [20].

UzBneuenne 3¢hupHOro Maciaa poMalKy anTedHoi copra «[loaMocKoBHas) MPOBOIMWIN METOIAOM THI-
POOMCTIILISILIMY TIOCTIE Yero ObUT U3yUYeH U COIOCTABJICH ero KOJIMYEeCTBEHHBIN cocTaB (Tadi. 3).

Tabnuma 3
KoauvecTtBeHHblii cocTaB d3pupHbIX Maces Chamomilla recutita copta «IlogMockoBHasD mocJie KpuooopadboTKu

No HaumeHosatue oGpasia Macca nosixy4eHHOro Brixon, B mepepacuere
3¢pUpHOTO Macia, MT HA CyXO0€ ChIpbe, %
1 KonTpoan 45,6 0,046
2 JinrensHOCTh KprooOpaboTky 1 4 10,9 0,052
3 JinrensHOCTh KprooOpaboTky 3 4 49,9 0,185
4 CryneHuaras 3aMOpO3Ka 56,3 0,268

JlaHHBbIE TAONMUIIBI TOKA3BIBAIOT, YTO KOJIMYECTBEHHOE Co/iepKaHue d(UPHBIX Macel B YKa3aHHbBIX BbI-
e odpasifax paszanuHo. Tak, B 00pasiie co CTylneH4aTol 3aMOPO3KOH, CoiepKaHne d3PUPHOro Maciaa B 00b-
€MHO-BECOBBIX TPOIEHTAX B Mepepacuere Ha abCOMIOTHOE CYyX0e chiphe cocTaBuiio 0,26 %, 4TO 3HAYUTEITHHO
MPEBHIIIAET 3HAYCHUE KOHTPOIIsL. B 00pasiie ¢ MIMTeIbHOCTRI0 KPHOOOPAOOTKY B 3 4 KOJHUYECTBO d(PUPHOrO
macia coctaBuio 0,18 %, 9To Taxke BBINIE MMOKa3aTeNss KOHTPOJIbHOU rpymbl. [lo-BunnmMomy, naHHoe pas-
JIMYKE B KOJMYECTBEHHOM COCTAaBE CBA3AHO C M3MEHEHUSIMU BHYTPUKICTOUYHBIX OHOXUMHYECKUX MPOIIECCOB B
CeMEeHax IMOJ] BO3JICHCTBHEM CBEPXHHU3KHX TEMIIEPATYp, YTO BKIIOUYHMIO MEXaHH3M, KOTOPBIA MPUBEI K MOBbI-
MICHHUIO KOJIMYECTBEHHOTO COJIepKaHus SOUPHBIX Maces P MTPOU3PACTaHUM.
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MeTomoM Ta30BOM XpoMaTorpaduu B Ka)JIOM U3 HCCIIEIYyEMBIX 00pasliax pOMAIllKH alnTeYHON ObLIH
orpeJieNieHbl 0KOJI0 45 KOMITIOHEHTOB 3¢pupHOro Macia. OCHOBHBIMHA KOMIIOHEHTAMH SIBJISIFOTCS OpraHWve-
CKHE COSITMHEHUS CECKBUTEPIICHOBOM I'PYIIIHI (Ta0I. 4).

Taonuma 4
KomnoHnenTHbI cocTaB 3¢upHbIX Maces Chamomilla recutita copra «IlonMockoBHas» nmociae KPHooopadoTKu

Kprnoobpabotka Kprnoobpabotka CryneHvaras
Hazpanune KoMIOHEHTOB Kontpons
JIUTEIBHOCTRIO | U | JJINTEIbHOCTBIO 3 U 3aMOpO3Ka

T'epmakpen D 3,5 5,9 2,2 1,8
bunmkiiorepmakper 3,0 5,0 1,7 2,5
dapHe3eH — — — 6,3
(2)-B-Dapuesen — — — 9,9
o-DapHeseH 13,8 25,2 8,1 -

CriatyseHour 8,3 12,3 15,3 16,3
o-bucadomonokcun b 15,7 - - 1,3
o-bucabononokcun A 2,6 0,7 - 1,7
XamazyseH 3,0 0,5 - 1,3
I{uc-eH-uH-TUIIKI0dQUp 9,0 7,3 7,1 11,8

B xozae uccnenoBanus ObUIO BEISBICHO, YTO B KOHTPOJIBHOM TPYIIE POMAIIKH alTEeYHOW MpeodIiaaro-
IIUMH KOMITOHEHTaMH SIBIITIOTCS 0-Omcabomonokcun b — 15,7 %, o-dpapuezen — 13,8, muc-eH-UH-
munukiaodgup — 9,0, cnarynenon — 8,3, repmakpen JI — 3,5 %. HaumeHnbInme npolieHTHBIE MTOKA3aTENH Y
xamaszynena — 3,0 % u a-Oucabomonokcuna A — 2,6 %. JlaHHBIH KaueCTBEHHBIN COCTaB A(PUPHOTO Macia
pomamiku antedHoi copra «[lomMockoBHas» Takxke nmoATBepxaaetcs B padore B.B. [lynerosa, rae ykasbl-
Baetcs, uTo copT «IloaMOCKOBHAs OTIMYAETCsl BRICOKUM COJIepKaHNeM o-Oncabononokecnaa b u mpaktuyde-
CKUM OTCYTCTBUEM o-Omucabomona [21].

B oOpasne pomamiky ante4Hol, CEMEHHOW MaTepwal KOTOPOHW MpeaBapHTENbHO ObLT 00paboTaH
CBEPXHHU3KOH TEeMIEepaTypol MIUTENHHOCTRIO 1 4, MpeoOsiafaroliMy KOMIIOHEHTAMH SIBIISIOTCS O-(apHe-
3eH — 25,2 %, cnatyneHon — 12,3, muc-eH-uH-auiukioddup — 7,3, repmakpes I — 5,9 u ounmkiiorep-
MakpeH — 5,0 %. B nanHOM 00pa3iie oueHb HU3KOE MPOIEHTHOE cojiepxanue xamazyiena — 0,5 %.

B o0pasue ¢ kprooOpaboTKON MIUTETHLHOCTHIO 3 Y OCHOBHBIMH COCIUHCHUSIMH SIBIISTIOTCSI CHIaTyJie-
Hoim — 15,3 %, a-papueser — 8,1 % u muc-eH-uH-AUIUKI0dGUp — 7,1 %. HeoOXoauMo OTMETHUTH, YTO
OTJIMYUTEBHON 0COOCHHOCTBIO JaHHOTO 00pasia sSBISCTCS MOJHOE OTCYTCTBHE TaKWX KOMIIOHEHTOB, Kak
xamMasyJlieH, a-oucabononokcun b u a-6ucadomonokeun A.

B BapmanTe co crymeHYaTold 3aMOpO3KOW MpeoOIagaroT TaKhe KOMIIOHCHTHI, KaK CIATYyJICHOT —
16,3 %, nuc-en-uH-guukiaodpup — 11,8, B-bapuezen — 9,9, dpapuesen — 6,3, OUIUKIOTEpMaKpeH —
2,5 %.

CTOHUT OTMETUTH, YTO KOMITOHEHTHBIA COCTaB 3()UPHOTO Macja POMAIIKHA aNTeYyHOW, CEeMEHa KOTOpOH
MTO/IBEPTaJINCh CBEPXKPUTHUECKON HU3KOH TeMIepaType, OTINYAETCsl OT KOHTPOJIS MOBBIIEHHBIM COEpKa-
HUEM TaKUX KOMITIOHCHTOB, KaK O-(papHe3eH, B-papHe3eH, KOTopble 0071a1al0T MPOTUBOBOCTIAUTEIIEHBIMH,
YCHOKaWBAKOIIUMU U MPOTUBOTPUOKOBBIMH JACUCTBUSAMU [22], CHATYIICHOJ, ITUC-CH-MH-TUIHKIOdPUp, 00Ja-
naronue GyHTHIUAHBIMA, aHTHAJUIEPTCHHBIMU W PAHO3KUBIIIONIMMU JIeicTBUsIMH [2].

Baxnouenue

Takum 00pazom, Mo MOTyYEeHHBIM HAMH JaHHBIM, MOXHO CZAEJAaTh BBIBOJ, YTO JCHCTBUE CBEPXHU3KUX
TeMIIepaTyp Ha CEMEHHOH Marepuajl pOMAIllKH allTeYHOH He MOBJIMSIO OTPUIATENHFHO HAa JKH3HECIOCOo0-
HOCTh CEMSH, Ha KOJMYECTBCHHBI M Ka4eCTBEHHBIN cocTaB a¢dupHOro Macia. HaoOGopoT, JaHHBIA METOI
XpaHEHUS CEMSH TOJIOKUTEILHO CKa3ajcs Ha KOJIMYSCTBEHHOM COCTaBe 3()MPHOTO Macia B MPOIECCEe pocTa
pacTeHHsa, W B HEKOTOPBIX CIIy4asx Oake MOBBICHI IPOLEHTHOE CO/AEp)KaHWE HEKOTOPHIX KOMIIOHEHTOB
a¢upHOrO Macia. Takke MOBBICHIACH SHEPTHS MIPOPACTAHUS M BCXOKECTh CEMSIH. B CBSI3M € 3TUM KPHOKOH-
cepBallus, KaK METO/ XpaHEHHs CEMSH U MOAAEPKaHUsS KOJIEKIIUN COPTOB JICKAPCTBEHHBIX KYJIbTYpP, MOXKET
CMEJI0 IPUMEHSTHCS 0€3 PUCKA MOTEPH IIEHHBIX IIeJICOHBIX CBOWCTB PACTCHUSL.
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BrnsiHne kpnokoHcepBaumn Ha BbXKMBAEMOCTb CEMSH ...

A K. Pamazanos, C.Y. Tneykenona, JI.I'. babemmna, E.M. Cyneiimen,
K.I'. UopaiibexoB, M. A. Kunasitos

Chamomilla reticuta «I1oAMOCKOBHAas» COPTHI TYKbIMBIHbIH
eMipuieHairine KpUOMY3AaTy/AbIH Jcepi skIHe IPUP MAHBIHBIH XUMHAIBIK KYPaMbl

Maxkanana «[lomMOCKOBHas» A9piXaHAJbIK TYWMEOAarbIHBIH COPTHIHAAFbI (GHUP MailbIHBIH CaHIBIK JKOHE
camajbIK KypaMblHa IIaMaJaH THIC TOMEH KPHUTHKAJIBIK TEMIIEpPaTypaHBIH ocepi 3epTTeNreH. 3epTTelNeTiH
OCIMIIKTEp/IiH TYKBIMApHI AIIbIK aJlaHFa OTHIPFBI3ap alIbIHIA 6Te TOMeH TeMmiepaTypana (—196 °C) enupenin
OTBIPFBI3BUIFAH JKOHE 3CepPTXAHAJbBIK JKaFjaiijja eMipHmIeHAIri aHplKrasraH. Kprno eHzey TYKbIMAApAbI
IUIACTUKAJIBIK TYTIKTepJIe CYHBIK a30Tel Oap Jlfoap bInpicTapbiHa Tikeded OaTeIpy apKbUIBI JKy3ere
acelpbutFad. Kpuomnporektopnap KonmansiiMaran. Kpruo eHugeynin y3akTeirbl 1 caraT, 3 carat )oHE CaThLIbI
my3aaty. TYKbIMAapapl caThUIbl MY3[aTy Keleci peTHeH )KypridiireH: ToHaseITKbiuTa 1 carat (+11 °C),
Mmy3aaTkpin kamepacbiaaa 1 carat (—10 °C) xoHe cyiibk a3otTta | caraT. BapinbIk jkarmaitnapaa xibity Gasy
xyprizinni. Kpuo eHumeyneH keiiH TYKbIMAAp TOMBIPAKKA OTHIPFBI3BUIFAH. D(GHUP MaiblH LIBIFAPBIT Ay
KrneBenpkep anmnaparbiHa THAPOAUCTHIUIALMS apKbUIBI XKy3ere achIpbUlabl. D(up MalnapbIHBIH KypaMbl
Clarus-SQ 8 ra3mer xpomaTorpadThlH Macc-CHEKTPOMETPHSUIBIK, JETEKTOp KOMETIMEH aHBIKTAIIBL. 3epTTey
HOTIDKECIH/IE TYKBIMFAa ©T€ TOMEH TeMIlepaTypaHBIH acepi TylMenakrarsl 3(up MalbIHBIH CaHIBIK JKOHE
caraJbIK KypaMbIHa Tepic acep eTneHTini aHbIKTanasl. KepiciHine, TYKbIM oHIeyIiH Oyl 9/ici OCIMIIKTIH ocy
Ke3eHiHae >(up MaWbIHBIH CAaHIBIK KypaMbIHA OH OCEpiH THTi3Ai, al KeWbip skarmaiimapma TinTi kelOip
KOMIIOHEHTTEP/IiH, MbIcalbl, o-(papHe3eH, [-hapHeceH, CHATYJICHOJN, LHC-CH-IULHUKIOIUD CHAKTBI
MalbI3ABIK YIECIH apTThIP/BL.

Kinm ces0ep: TylimMenak, Kpuo eHziey, 3Gup Maillapbl, XpOMaTo-Macc-CIeKTPOMETPHS, 3€PTXaHANBIK OHY,
©Cy SHEPTHSICHI.

A.K. Ramasanov, S.U. Tleukenova, L.G. Babeshina, Ye.M. Suleimen,
Zh.G. Ibraibekov, M.A. Kinayatov

Influence cryo preservation on viability of Chamomilla reticuta’ seeds
varia «Podmoskovnaya» and chemical composition of essential oil

The article examines the effect above critical low temperatures on the quantitative and qualitative composi-
tion of essential oil of Chamomilla reticuta varia «Podmoskovnaya». Seeds of the studied plant species were
treated with ultra-low temperature (—196 °C) before planting in open ground and the viability of the seeds was
determined under laboratory conditions. Cryo processing was carried out by direct immersion of seeds in
plastic tubes in Dewar vessels with liquid nitrogen. Cryoprotectants were not used. Cryo processing duration
was 1 hour, 3 hour and step freezing. Step freezing of seeds was performed in the following sequence: 1 hour
in the refrigerating compartment (+ 4 °C), 1 hour in the freezing compartment (—8 °C) and 1 hour in liquid ni-
trogen. In all cases of the experiment, a slow thawing regime was applied. After cryogenic exposure, the ma-
terial was planted into open ground. Recovery of essential oil was carried out by hydro distillation on a
Clevenger apparatus. The component composition of the essential oils was determined on a Clarus-SQ 8 gas
chromatograph with a mass spectrometric detector. As a result of the study, it was found that the effect of ul-
tra-low temperatures on the seed material of the Moscow Region chamomile did not negatively affect the
quantitative and qualitative composition of the essential oil of the pharmacy chamomile. On the contrary, this
method of treating seeds has had a positive effect on the quantitative composition of the essential oil during
the growth of the plant and in some cases has even increased the percentage of certain components, such as a-
farnesene, B-farnesene, spatulenol, cis-en-in-dicycloether.

Keywords: Chamomilla reticura, cryopreservations, essential oil, chromate-mass-spectrometry, laboratorial
germination, energy of germination.
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CpaBHUTe/ILHOE aHATOMO-MOP(do10rHYecKoe uccjaeJ0BaHue
BereTaTUBHBIX OPraHoB Iris sogdiana Bunge u3 npupoaHbIX NOILYJISIIIAI
wro-pocrounoro Kazaxcrana

CpaBHHTEIBHBI aHATOMO-MOP(OIOTHUECKUH aHaIW3 BEreTaTHUBHBIX OPraHOB [ris sogdiana W3 pa3iIMIHBIX
YCJIOBHI HPOM3pACTaHUs NPEJICTABIsIET HHTEPEC, OCKOJIBKY MTO3BOJISIET BEIIBUTHE OCOOCHHOCTH M aJalTariy-
OHHbIE BO3MOXHOCTH BHAA. MHKPOCKONMYECKHE MCCIEIOBAHUS BETE€TATHBHBIX OPraHoB [. sogdiana w3
NPUPOIHBIX MOMYINAIMI foro-BocrouHoro Kaszaxcrana nposeieHsl BriepBble. [loka3aHna monoxuTenbHas Kop-
penmsiuust MeXIy MecTOOOHTaHHEM U MOP(GOMETPUYECKHMH MapaMeTpamMH BUAa. BBIABIEHBI 0COOEHHOCTH
CTPOEHHUS BETETATUBHBIX OPraHOB U YCTAHOBJIEHO, YTO PAa3BUTUE MOKPOBHOM, OCHOBHOH M NMPOBOASIINX TKa-
Hell y 1. sogdiana cBSI3aHO C TPaJUECHTOM yBIaXHEHUS. [l TMCTOBOI IUNIACTHHKU XapaKTEpHBI MHOTOYHC-
JICHHbIE YCTHHUIA, CJIETKa IIOTPYXKEHHbIE BIIIyOb JIMCTAa; MHOTOYHCIICHHBIE MEXKICTHHKH; BO3TYXOHOCHBIE
TOJIOCTH B Me30(IIIIE JIMCTA; POBOSIINE ITyYKH, OKPY>KCHHBIE KJIETKaMU CKIIEPEHXUMEL. Y cTeOis Habmo-
JaeTcsl OIpeJieNieHHast CTENeHb PeOpPHCTOCTH, YTOJIIEHHAs ITOBEPXHOCTh HApPY)KHBIX KIETOK SIHIEPMHCA,
BBIPQXKEHHBIN CIOH CKIepeHXMMBI NepuIykia. KopeHb MMeeT OAHO-IBYXCIOWHYIO 3KTOAEPMY, Pa3BHTHIE
YTOJIIEHNUs PaAUaIbHBIX 000JI0YEK KIETOK SHIOAEPMBI, Pa3HOE KOJIMUECTBO COCYIOB B 3aBUCUMOCTH OT MECT
npouspacTaHusi. Pe3ynpTaTsl HcclieI0BaHUS CBUAETENBCTBYIOT O TOM, UTO pacTeHus 1- u 2-if momymsiuii xa-
pakTepusyroTcs 6oliee KCepOPUTHBIMHU YepTaMU OPraHU3aLMH, Ul PACTCHUH 3-if MOIMYJISILUK IPUCYIIH Me-
3o¢utHble uepThl. MccnenyeMmbpld BHA OTJIMYACTCS YCPEJHEHHBIMH MOP(OMETPHYECKUMH I0Ka3aTelsIMU
CTPOCHUSI W BKIIOYACT ME30KCEPO(MUTHYIO OPraHHM3aIMI0 aHATOMUYECKOH CTPYKTYpHL. Mopdorornaeckoe
crpoenue /. sogdiana TO3BOJISET 3aKIIIOUUTh, YTO B T€UEHHE KOPOTKOTO IEPHOJa BEreTaIuy Ul Pa3BUTHS
pacTeHHss HeOOXOAUMO JTOCTaTOYHOE KOJIMIECTBO BIIATH.

Kniouesvie cnosa: Iris sogdiana, aHaToMO-MOpP(HOJIOTHYCCKUE WCCICAOBAHUS, BETCTATHBHBIC OpPTaHEI,
MOIYJISIIKS, F0r0-BoCcTOUHBIN Ka3axcran.

Beeoenue

Buapt camoro MHoroduciieHHOTO pona Iris L. u3 ceM. [ridaceae Juss. mepCrieKTHBHBI U BeCbMa MHTE-
PECHBI JUIsl KOMILJIEKCHOTO M3YUYEHUSI U XO3SUCTBEHHOTO MCIOIb30BaHUA, B TOM YUCJIE B KAYECTBE UCTOYHU-
KOB JICKAPCTBEHHOT'O PACTUTEIHHOTO CHIPhS, TaK KaK PacTEHUs coJllepKaT 3QUpHOE MACII0, N30(TaBOHOU/IBI,
(h1aBOHOW B, KAPOTHHOWABI, Pa3IMYHbIE OPraHUYecKue KUCIOTH M AyOmiIbHbIe BemecTBa. KopHeBuma He-
KOTOPBIX UPUCOB OKA3bIBAIOT KIMMYHOMOAYJIHUPYIOUIEE, NPOTUBOBOCHAIUTEIBHOE, AaHTUOKCUIAHTHOE, TOHU-
3UpYIOIIee ICHCTBUE, MTPOSBISIOT AHTUBUPYCHYIO, aKaAPUIHIHYIO, aHTU(YHTATLHYI0 aKTHBHOCTH [ 1-5].

VYyensmu ctpad CHI™ mpoBoasTCs pa3HOIUIaHOBBIE UCCIIEOBAHUS TUKOPACTYIIMX UPHUCOB U B YCIIOBH-
sIX KyJIbTypel [6—11], omHako cBemeHHs 00 aHATOMHUYECKHUX WCCICIOBAHMSX, B YACTHOCTH, KOPHEH, CEMSH
BUIIOB poja [ris L, nemHorouucnenusi [12, 13].

AHaToMo-Mopdoornueckoe M3ydeHne Ka3aXxCTaHCKUX MPHCOB paHee He MPOBOIMIOCH. (s BhIsBIIE-
HUSI aHATOMO-MOP(OJIOTHYECKIX OCOOCHHOCTEH Ka3aXCTAHCKUX UPUCOB HAMH BIIEPBBIC MPOBEICHBI MUKPO-
CKOMTUYECKHE MCCIICIOBaHMS KOpHEH, cTe0ei u IMCTheB upuca corauiickoro (Iris sogdiana Bunge), mmpo-
KO pacnpoCTpaHEHHOro Ha TeppuTopuun KaszaxcraHa.

Iris sogdiana Bunge (cun. 1. halophila var. sogdiana (Bunge) Skeels), upuc cornuiickuii, TOKbUIIAK
KypTKamami (Kas.), — TPaBIHUCTbI MHOTOJICTHUK, BBICOTON 20—40 cM, ¢ TOJICTBIM KOpHEBHIIEM A0 1,5 cMm
tonuHON. l[BeTku OneHO-KenThle Wiau OeloBaThle, B 4ucie 2—4, Ha IIBETOHOCAX 0oJiee KOPOTKHUX WU
TIOYTH PaBHBIX OKOJONBETHHUKY. Kopobouka 4-5,5 cM IHMHON, OBaIbHAS WIIH ITPOI0ITOBATO-OBaIbHAS, TIIeC-
TUTPaHHAs, Ha BEPXYIIKE 3a0CTPEeHHAs B JUIMHHBIN HOcWK. CeMeHa OKOJIO 6 MM, HelpaBHIbHOH (OpMbI, B
HECKOJIBKO B3JIyTOH IIEHYATOH, OypoBaToii, OyiecTsiei obomouke. [[BeTeT B utone-urone. Pacter B crenmHoi
30HE Ha COJIOHYAKOBBIX M COJIOHIICBATHIX JIyTaX, B MOHWKCHHSX U JIOJMHAX 03€p U PEUCK.
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Berpeuaercs B Tobono-Ummmckoit HuzmennoctH, [puupteimbe, Kokuerasckom u TypraiickoM pe-
ruoHax, 3anagHoM u BocrounoMm menkoconouynuke, Kapkape, 3aiicane, bernaknane, [Tpubanxamnibe, Ha Anl-
tae u Tapbararae, JlxxyHrapckom Asnaray [14].

OOBeKTHl UCcCIeOBaHU: TUKOPACTYIUE MOMYISIUH NEPCIEKTUBHOIO JIEKAPCTBEHHOTO pacTeHus [ris
sogdiana Bunge (Iridaceae Juss.) (puc. 1).

A (Bererarnus) b (uBerenue) B (Hagaso mio1oHOIIeH S )

Pucynox 1. Iris sogdiana Bunge u3 pa3nuuasix Mectoobutannii (4 — r. CoreTsl;
b5, B— noiima p. Wine) Ha Tepputopun AITMaTHHCKOM 001acTH

[enp uccnemoBaHus: BEISBICHUE aHATOMO-MOP()OIIOTHYECKIX OCOOCHHOCTEH BEreTaTHBHBIX OPraHOB
1. sogdiana 3 IpupOIHBIX MOMYJISAINHI FOTO-BocTOYHOTO Ka3zaxcraHa B mpenenax AJIMaTHHCKOM 00J1acTy.

Mamepuanst u Memoowl Uccie008anUs

Marepuanom Ut UCCIeOBaHUS CIY KN BeTeTaTUBHBIC OpraHsl (JIUCT, cTebels, KopeHs) 1. sogdiana,
00pas3Ipl KOTOPOro ObUTH COOpaHBI B MPHPOAHBIX MOMYJIALIUIX I0ro-BocTouHOro Kasaxcrana. Bo Bpems skc-
MEAUIUOHHBIX BBIE3AOB JUIS BBISIBICHUS U OMKCAHMS PACTUTENBHBIX COOOIIECTB C yHacTHEM MPHUCa COTIHIA-
CKOTO TIPUMEHSIN TeoboTaHndeckue MeTossl [15, 16]. KoopauHaThl MECTHOCTH, T/ie OBUTH BBISBICHBI IIPO-
MBICJIOBBIC MACCHBBI, OTIPENIEISIINCE ¢ moMoInbio GPS-HaBuraropa «Garminy.

UccnenoBanus OblIH MPOBEICHBI HA PACTUTEIBHOM MarepHaie, KOTOPBIi ObUT 3a)KCHPOBAaH B CMECH
CIHpTa, TIHLEpUHa U BOIbl B cooTHommeHnu 1:1:1. [Ipu u3rotoBneHny u OMUCAaHUM MPENapaToB HCIOIb30-
BaJIMCh OOIICTIPUHATHIE B aHATOMHH pacTeHuit Metosl [17—19]. TlpunepuBasch METOJMUECKUX YKa3aHUH,
HONIepEeYHbIe CPe3bl BEreTATHBHBIX OPraHOB MPOBOMWIN B (pa3y HBETEHHS, TaK KaKk MMEHHO B 3Ty (asy
CTPYKTYpHBIE aHATOMHUYECKHUE JIEMEHTHI OPTaHOB PACTCHUI UMEIOT HAUOOIBIYIO LEIOCTHOCTb.

MHUKpPOCKOIIMYECKUE HCCIEIOBAHUS NPOBOAMWIN TIPU ONpeneneHur MOpQOIOrHIecKUX U aHaTOMHUYe-
CKHX 0COOCHHOCTEH KOpHEH, cTebeit i mucTheB. [Ipu xapakTepucTrke KOpHS 0c000¢ 3HAUEHHE UMEIOT Cile-
IyIolLIre MPU3HAKK: Ha TONEePeyHOM cpese, MPH MajioM yBenuueHHH (X 10) HeoOX0aUMO BBIIENUTh NIEPBUY-
HYIO KOpY, Yallle BCEro 3aHMMAIONIyI0 OOJBIIYI0 YacTh CEUCHHS KOPHS, U OTHOCUTEIbHO Y3KUH ILIEHTPab-
HBII mHAp. OnuceiBaeTest MX odIee odepraHue, GopmMa M CTPOEHHE KIIETOK, a TaKKe paclpeesieHue
3JIEMEHTOB KcuiieMbl B (priosmbl. Cpessl cTebieid Aenany B ux 0a3anbHOM YacTu MO0 BCeH UX JUIMHE Yepes Ka-
xkaple 2—3 oM. [y u3ydeHus: Opayin pacTeHHs CPeAHEBO3PACTHOTO T'€HEPaTHBHOTO COCTOSHHS, OCHOBHOE
BHUMAaHUE ObUIO YJIEJICHO PACTECHUSAM, JAIOLIMM OCHOBHYIO MAacCy ChIpbsl IIPU UCCIIEIOBAHUU BUAOB. AHATO-
MUYECKHUE IpernapaThl OblJIM U3rOTOBIEHBI C IIOMOLIBI0 MUKPOTOMA C 3aMOPa)KUBAIOIUM ycTporicTBoM OJI-
3CO (Muamenmpom, Poccus), a Takke Aenanuch BpyYHYIO — € MOMOIIBIO OOBIKHOBEHHBIX OPUTB, C IBOSIKO-
BOTHYTBHIM JIe3BHeM. TOJIMHA aHATOMHYECKUX cpe3oB cocTapisuia 10-15 mxm. s KOJIMYECTBEHHOI'O
aHanM3a MPOBEACHO N3MEepeHHne MOP(HOMETPUIECKUX MOKa3aTelel ¢ MOMOIIbI0 OKyIsIp-Mukpomerpa MOB—
1-15 (mpu o6wvexTHBe %10, yBenuuenun x40, 10, 7). Mukpodororpadpun aHaTOMHUECKUX CPE30B OBLTH Clie-
nanbl Ha Mukpockonie MC 300 (Micros, ABctpusi) ¢ Buneokamepoit CAMV400/1.3M (jProbe, Snonus).
Onucanue BHEITHUX TPU3HAKOB BBITOJIHEHO B COOTBETCTBUU ¢ TpeboBanusmu ['® XTI [20, 21].
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Peszynomamur u 0bcysicoenue

Bo BpeMmst DKCTIEIUIIMOHHBIX BBIE3/IOB 00pa3ilbl BEreTaTUBHBIX OpraHoB /. sogdiana ObUIN cOOpaHbI HA
TeppuTOpUN AJIMaTHHCKOW 00JacTH W3 JIBYX (PIOPUCTHUECKHX PAaHOHOB B MPHPOAHBIX MOIMYISALHUAX,
(uTOLIEHOTHYECKAS XapaKTEPUCTHKA KOTOPBIX MpUBECHA B Tabmuie 1.

Taonuma 1

DuTONCHOTHYCCKAS XapaKTePUCTHKA nonmysuuii Iris sogdiana Bunge 3 pa3au4HbIX MeCTOOOUTAHMIT
HA TePPUTOPUH AJIMATHHCKOI 00J1acTH

Mecronaxoxaenne |GPS koopaunatel,| PacTturenpHOe
ComnyTCTBYIOIIUE BUJIbI
u jpara cbopa obpasma | BBICOTA H. Y. M. €000IIIeCTBO
Tlonmymsimus 1
AnMaTHHCKas 00J1acTh, N 44°30°05.5”°, |Pa3HoTpaBHO- Halimodendron halodendron (Paii.) Voss., Rosa
Bamxamickuii paiioH, E 76°40°13.9”°, |3makoBo- beggeriana Schrenk, Elaeagnus angustifolia L.,
B 2—3 KM OT 1oc. Musiibl, 405 m KYCTapHHKOBOE Lycium dasystemum Pojark., Nitraria schoberi L.,
noiima p. Urne. N.sibirica Pall., Trachomitum lancifolium
06.06.2019 1. (Russanov) Pobed., Vexibia alopecuroides (L.)
Yakovlev, Elytrigia repens (L.) Nevski, Cynanchum
sibiricum Willd., Asparagus neglectus Kar. et Kir.,
Iris pallasii Fisch. ex Trevir., Gypsophila perfoliata
L., Cardaria draba (L.) Desv., Alhagi pseudalhagi
(M. Bieb.) Fisch., Peganum harmala L., Poa
bulbosa L., Zygophyllum fabago L.
TTonymsiust 2
AnmatuHckas o6aacts, | N 44°45°54.6”°, |3makoBo- Berberis iliensis Popov, Halimodendron
banxauickuii paiion, B E 76°19°40.5”’, |pa3HOTpaBHO- halodendron (Paii.) Voss., Lonicera iliensis Pojark.,
5—7 KM 10TO-BOCTOYHEE 438 M KycTapHukoBoe  |Rosa beggeriana Schrenk, Tamarix ramosissima
ot noc. bakanac, motima Ledeb., Elaeagnus angustifolia L., Salix
p. Une. wilhelmsiana M. Bieb., Phragmites australis (Cav.)
13.06.2019 r. Trin. ex Steud., Trachomitum lancifolium
(Russanov) Pobed., Clematis orientalis L.,
Euphorbia jaxartica Froth., E. lamprocarpa Prokh.,
Vexibia alopecuroides (L.) Yakovlev, Artemisia vul-
garis L., A. absinthium L., Elytrigia repens (L.)
Nevski, Cynanchum sibiricum Willd., Asparagus
neglectus Kar. et Kir., Iris pallasii Fisch. ex Trevir.,
Glycyrrhiza glabra L., G. uralensis Fisch.,
Gypsophila perfoliata L., Allium caesium Schrenk,
Poa bulbosa L., Aeluropus littoralis (Gouan) Parl.,
Zygophyllum fabago L.
TTonynsiust 3
AnmaTHHCKas 00J1acTh, N 43°27°02.8”°, |KycrapuukoBo-  |Rosa beggeriana Schrenk, Berberis sphaerocarpa
EnbGexmmka3zaxckuit E 78°39°13.2”°, |pa3HOTpaBHO- Kar. et Kir., Achnatherum splendens (Trin.) Nevski,
paiioH, . CoreTsl, y 1o- 1102 m 3J1aKOBOE Elytrigia repens (L.) Nevski, Glycyrrhiza uralensis
Boporta Ha baproraiickoe Fisch., Mentha longifolia (L.) Huds., Marrubium
BIXp. (B (paze Ber.). vulgare L., Ziziphora clinopodioides Lam., Peganum
17.04.2019 1. harmala L., Camphorosma monspeliaca L.,
Vexibia alopecuroides (L.) Yakovlev

Ilomynsmiun 1 1 2 BBIABJICHBI CpPeaW TyraiHOW pacTHTENbHOCTH TOWMEI p. Wie, Tne KpymHbIE
HMPUCOBBIC TPYIIIUPOBKU BCTPEUAIOTCS HA OTKPHBITHIX mMosisHax. [lomynsnus 3 omucana B T. Corersl, e
HPUC COTAMMCKUI TIPOU3pACTAN pacCcesiHHO, HEOOMbIIMMI KypTHHAMHU B HUKHEH YacTH CKIIOHOB.

[Ipu anaToMo-MOP(OIOrHUECKOM HCCaenoBaHuM JaucTa I. sogdiana (puc. 2, 3) 0OTMEUYEHO, YTO OH UMECT
MeYeBUIHYIO (opMy (C JIBYX CTOPOH Kpas JINCTa 3ay>KCHBI) M CIIOXKEH BIOJb CPEAHEH JKWIKHM TaK, YTO
MOp(]OIOrHYECKU BEpXHSS CTOPOHA €ro o0palleHa BHYTPb, a HWKHsIS — HapyxKy. HaBepxy kpas qucToBOU
IUTACTUHKH CPACTaroTCs, Ha OCTaJbHOM TPOTSDKEHHH OHM CBOOONMHBL. Ha HmkHeW (HapyXHOH) CTOpOHE
JIUCTOBOM TUIACTUHKU OTMEYECHBI MHOTOUYHUCIICHHBIE YCThUIA, KOTOPHIE CIIErKa MOTPYKEHbI BriayOs iucta. Ha
BepXHel (BHYTPEHHEH) CTOPOHE JIMCTa KJICTKH MMUepMHUca 0oJiee KPYIHbIE, TOHKOCTCHHEIE, 0€3 KYTHKYJIbI
Y He UMEIOT yCThull. KitleTkn anmaepMuca BEITSIHYTHI 110 AJTHHE JTUCTA.
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1 — BepXHUI STUACPMHUC; 2 — HIDKHHUN JMHIACPMUC; 3 — YCThHUIA; 4 — Me30(HILT;
5 — BO3IYXOHOCHAS MOJOCTH; 6 — CKIEPEHXNMa; 7 — (rodMa; § — Kcrmuema

Pucynok 2. AmaTomudeckoe cTpoeHune nucta [ris sogdiana Bunge Ha monepedHoM cpese (momysmus 1)
(yB. x140)

Ilog osmumepMUCOM  PAcIONIOKEH ONHO-ABYXPSTHBIA ~ Me30(MIUI, COCTOAIIMH W3  OKPYTIBIX
TOHKOCTEHHBIX ITAPEHXUMHBIX KJIETOK, MEXy KOTOPBIMU HAaXOASTCS MHOTOYHCIICHHbBIE MEXKIETHUKH. biu3
HIDKHETO 3IUAepPMUCa KIETKH Me30(HIIa MeTbye W OCHAIICHBI OONBLUIMM KOJIMYECTBOM XJIOPOILIACTOB, YEM
KJIETKH, PACIIOJIOKEHHbIE HA BHYTPEHHEH CTOPOHE JIUCTA.

B HmwxHeil yacTu nucTa MEXAY NPOBOIAIIMMY ITy4YKaMH HaXOAATCS KPYIIHbIE BO3yXOHOCHBIE TTOJIOCTH.
dopMa M pazMep BO3AYXOHOCHBIX MOJOCTEH y pacTeHHWH, COOpaHHBIX C Pa3HBIX MOMYJSLHUHA, UMEIOT
pasnmuums. Tak, y pacTeHHH W3 TOMYJSIUMH | BO3AYXOHOCHBIE MOJOCTH HMMEIOT OKPYTaylo QopMmy u
MHOTOYHCIICHBI, BCTPEYAIOTCs B CpeiHEM KonndecTBe oT 14 mo 18.

[Homymstus 2 Homymsmus 3

1 — HwKHAS sntuepMa; 2 — ycTbuna; 3 — Me30( LT, 4 — BO3yXOHOCHAS TI0JIOCTD;
5 — cknepenxuma; 6 — aooma; 7 — KcuieMa

Pucynox 3. AHaToMudeckoe cTpoeHue JucTa Iris sogdiana Bunge Ha monepedHoM cpese (Tmomysnun 2, 3)
(yB. x200)

V pactenuii u3 nomyssAuu 2 BO3AYXOHOCHBIC MOJIOCTH, BCTpeyaromuecs: B koaudectse 10—12, umeroT
OoJiee BBITSIHYTYIO, IPSIMOYTOJIbHYIO (hOpMY M 3aHUMAIOT HAHOOJBINYIO IUIOIIA/Ib JIUCTOBOW TUTACTHHKH, 32
CYeT 4Yero KIETKA Me30(uiia JUCTa PACIONaraloTcs JOCTAaTOYHO IUIOTHO K Tepu)epuH JTHCTOBOU
IJIACTUHKUA. Y pacTeHUH W3 MOMYJISUUU 3 BO3AYXOHOCHBIC MOJOCTH, B yHcie 12—14, uMEIOT OBalbHYIO
(dopMy, pacroyiaralotcsi Ha IPOTSHKCHUU BCEW JINCTOBOW TUIACTHHKY B IICHTPAJIBHOW €€ YacTH U HE CMEIAI0T
Me30(HIbHBIC KIETKH K Kpaio, TIO3TOMY B JIUCTHSX JaHHOW TOMYJSIIAK Me30(QMIT UMEeT HanOONBIIYIO
CTeneHb pa3BuTHA. B Tomme Me3ouniuia pacnoioXKeHbl 3aKPBIThIC KOJLIATEPATLHBIC MPOBOISIIUC ITyUKH,
COCTOSIIINE U3 IEMEHTOB ()JI0AMBI M KCHIIeMEI. [IpoBoisIre MyYKy, KOTOPbIE HEMOCPEACTBEHHO TOIXO/ST
K BEpXHEMY WJIM HIKHEMY KpasiM JIMCTOBOW IIACTUHKH, HanOoJiee KPYIMHBIE M OKPYKEHBI KIETKaMH CKJIe-
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PEHXUMBI, a MaJIbIe ITyYKH MOTPYKEHBI B Me30¢puLT (puc. 2, 3). Hanbonee HarIsgHO 3TO MPOCIE)KUBACTCS B
nonyysuud 3 (puc. 3). KpymHblie NpoBoAsIIUe MyYKH, PACIIOI0KEHHBIC OIMKE K par0 JIMCTOBOM IJIACTUHKH,
B TOJIIE Me30(IIIIa, UMEIOT MTEPEMBIYKH B BUE OKPYTIIBIX MTAPEHXUMHBIX KJIeTOK. B Tomme me3odwuiia o1-
MEUYECHBI HEMHOTOUHCIICHHBIC KIIETKH, COIePKAIINE BKIFOUCHUS.

B Ttabmurie 2 mpesicraBieHbl pe3yibTaThl MOPPOMETPHUSCKUX IMOKa3aTenell JIMCTOBBIX IUIACTHHOK
HpHca COTAUNCKOTO U3 Pa3IMYHbIX MOMYJISIIUM.

Taonuma 2

Mopdomerpuueckue Moka3arTejn JUcTbeB Iris sogdiana n3 pa3INYHbIX NOMYJIAAI
(cpenHuii moka3arteb)

Tomysmss TommuuHa snuepMuca, MKM TommHa ILnomans npOBosz[;ﬂuznx IIy4KOB,
BEPXHETO HIDKHETO Me30(HIITa, MKM X107 MM
1 4,1+0,27 3,4+0,21 39,53+1,23 18,01+0,02
2 3,7+0,56 3,1+0,44 32,58+1,71 16,23+0,08
3 4,84+0,86 3,8+0,29 41,16+1,24 16,92+0,05

[To maHHBIM TAOMUIBI 2 MOXHO OTMETHTh, YTO MOP(POMETPUUYECKUE MTOKA3ATENN JTUCTOBOM TUIACTUHKH,
TaKue Kak TOJNIIMHA 3IUACPMUCA U TOJIIIHHA Me30(WIIa Y pacTeHUH monysaiun 3 Beimie. OHAKO TUIOMAAb
MPOBOJIAIIUX MTyYKOB Y UPUCOB ATOM MOMYJISIUA MEHBIIIE, YeM Y PACTCHHH MOMYJSIuU 1. 3TO TOBOPUT O
Oosiee KcepOoPHUTHBIX MPHU3HAKAX (MHOTOYHCICHHBIC YCThHIIA HA HAPYXKHOH CTOPOHE JIMCTA, OONbIIasl IJio-
216 TPOBOIAIINX ITYYKOB) aHATOMHUYECKOTO CTPOEHUSI y pacTeHui monyssiuu 1. Pactenus nomynsnuu 2
3aHUMAOT IPOMEKYTOTHOE TIOJIOKEHHE.

®dopma ctebis . sogdiana y pacteHui nonysauii 1 1 2 Ha TONEPEYHOM cpe3e OKpyriias u ciiadopeo-
pucTas, a y pacTeHUI NOMyJSIUN 3 peOPUCTOCTh CTEOIIS BhIpaXKeHa CriibHee (pucC. 4), 9TO CBSI3aHO C KOJIO-
TUYECKUMH YCIOBUSAMHY Tpom3pacTaHusl. HapyxHas MOBEpXHOCTh KIETOK SIMUACPMBI YTOJIICHA 3a CYET TOH-
KOTO CJIOSI KYTHKYJIbI, KOTOpasi B HAHOOJIbINEH CTETIIEHN HMeeTcs y pacTeHui nomyisiiuu 1. [lepudnas kopa
MPEICTaBICHA KICTKAMH XJIOPEHXHUMEBI M SH/I0ICPMBI.

Sve Y
Honmymsius 2

Homymsamus 1
1 — snupaepma; 2 — XJIOpEeHXUMa; 3 — 3HAOAEpMa; 4 — CKIEPEHXUMA NEPUINKIIA;
5 — OCHOBHas MapeHXUMa; 6 — 3aKPBIThINA KOJUIaTEPaNbHbIM My4OK

Pucynox 4. AmaToMudeckoe ctpoerue credis [ris sogdiana Bunge Ha monepedHoM cpese
(momymsimmu 1 — 3) (yB. X140)

[Ipu GonbIIOM yBENIWYCHHU BUIHO, YTO OCHOBHAS YACTh NEPBUYHOW KOPHI COCTABISCT XJIOPECHXUMA.
Ona npeacTaBiIeHa MHOTOYUCIICHHBIMH, TUIOTHO COMKHYTBIMH KIIETKAMH B BHJIE OTIOSICHIBAIOIIETO CJIOS XJIO-
POPHIIIOHOCHBIX KIIETOK. ClieAyeT OTMETHTD, YTO B MOMYJISNHIX 1- U 2 CJIOH IMEPBUYHOI KOpBI O0JIee BhIpa-
JKEH W TIPEJICTABJICH 5—6 CIIOSMU KJIETOK, TOT/Ia KaK B IMOMYJISIMH 3 KIETKHA XJIOPEHXUMBI PACIIOIOKEHBI 00-
Jiee PBIXJI0, B 3—4 CJI0sI U cojiepkaT HauOoJbIlee KOJIMIECTBO XJIOPOILIACTOB.

BayTpeHHuit pag 6ojee KpyMHBIX KIETOK MapeHXUMBI KOPBI, TIPUIIETAIONIeH K CKICPEHXHME, SBIISETCS
SH/IOZCPMOIA, B KIIETKaX KOTOPOM BCTPEUAIOTCS SAMHUYHBIC 3¢pHa Kpaxmaia. Cloi CKIEPEHXUMBI TIPEJICTaB-
JIIeT COOOM MHOTOPSIHBIN MEPHIMKI U SIBJISETCS HApYKHBIM CJIOEM I[EHTPAJBHOTO HuiauHapa. Bee mpo-
CTPaHCTBO BHYTPb OT KOJIbI[A TIEPUITMKIIA 3aHATO OCHOBHOM MapeHXUMOM, CPEI KOTOPO MOBCIOLY pacces-
HBI poBosAIue myuku. OHU pacronararrces Oecrniopsiiodno. Ha nmepudepuun ux 0ombliie, HO OHU MEIIKHE, B
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LEHTpe CTeONs MX MEHbBIIIe, HO OHU KpyrnHee. KIIeTKH CKIIepeHXUMBI IePHUIIUKIIA HanboJiee Pa3BUTHI y pacTe-
HUM momynsanuu 1, HanMeHee B momyisinuax 2 u 3. IIpoBojsimue Mydkyd — 3aKphIThIE KOJUIaTepalibHBIC

(puc. 5).

A — ueHTpasbHas YacTh cTeOIs; 5 — 3aKphIThIC KOJUIATEPATbHBIE TyYKH
Pucynox 5. OcoOEHHOCTH aHATOMHYECKOTO CTPOCHUs cTebis Iris sogdiana Bunge

CornacHO NMaHHBIM TaOIUIBI 3, 0OJee BBIPAKEHBI CICAYIONIUE TMOKA3aTeNU: TOJIIMHA SIMUACPMBI H
TOJIIIMHA CKICPEHXUMHOTO CIIOSl, & TaKKe HAauOOJbIas CTCNEHb PAa3BUTUS KYTHKYJbI CTEONS M MEPBUYHOM
KOPBI, CBUICTEIBCTBYIOIINE O KCEPODUTHBIX OCOOCHHOCTAX pacTeHuid momyisiuuii 1 u 2. Haubomee Beipa-
JKCHHBbIC Me30(UTHBIC YePThI B OPTaHU3AIMK CTEOIIS MPUCYIITH OIS 3.

Taonuma 3

Mopdomerpudeckue nokaszareau credaei Iris sogdiana (cpenHuii noka3arteib)

Tomynsmms TommuuHa 3MUIepMBI, TommuHa CKIEPEHXUMHOTO [Tnomane npOBgz[;ﬂuZHx
MKM CJI0SI, MKM my4JkoB, X10~" MM
1 9,51+0,62 24,38+1,37 0,38+0,01
2 8,06+1,02 20,75+1,02 0,42+0,10
3 8,65+0,77 18,97+0,07 0,35+0,09

AHaToMHYECKasi CTPYKTypa KOPHS MPEACTaBIsAeT cO00 nepBuyHOE cTpoeHue. Ha momepeyHoM cpese
npu yBenndeHn: %140 BUAHO ceueHUe KOPHS M OTHOCHUTENBHO Y3KHH HeHTpaidbHbIi nmunuHap. [lepBudnas
KOpa HAaYMHAETCS OJIHO-IBYXCIIOMHOMN 3KTOAEPMOM, Ha TTOBEPXHOCTH KOTOPOI BCTpEHalOTCs €IMHUYHbBIE OC-
TaTKU KJIETOK PU30AepMbl. KIETKU 3KTOEPMBI COCTOSIT U3 IJIOTHO COMKHYTBIX KJIETOK, KOTOPBIE HECKOIBKO
BBITSIHYTHI B paJlalibHOM HampasieHud. [lepBuyHas kopa pbIxjias, COCTOUT U3 JOCTATOYHO KPYIHBIX KIETOK
€O cJ1abo YTOJIIECHHBIMUA CTEHKAMH OCHOBHOM MapeHXUMbl M ¢ MHOTOYHCIICHHBIMHA MEXKJIETHUKAMH, KOTO-
pble UMEIOT TPEYrojibHbIe ouepTaHus. BHyTpeHHUI coil KOpBI MPEICTaBICH OAHUM CJIOE€M KJICTOK SHIO-
J€PMBI, KJIETKH, KOTOPOH CHJIBHO YTOJIICHBI U UMEIOT paJualibHbIC U BHYTPEHHUE TAHTCHTAIbHBIC CTEHKH, a
Tak)ke TIOJKOBOOOpA3HbIE OUEPTaHUSI.

JlaHHast 0COOCHHOCTh YTOJINEHHUS OOOJOYEK KIIETOK KOPOBOW MApEHXUMBI M JHJIOJIEPMBI HPHCA CO-
[JIMACKOTO COTJIACYETCS C OMyOJIMKOBAaHHBIMH MaTEpUATaMH POCCUICKUX yUEHBIX, H3YYaBIIUX aHATOMUYEC-
CKYIO CTPYKTYPY TNPHIAATOYHBIX KOpHEH 7 CcHOMpCKuX BUAOB poxa [ris L. (cexmum [ris, Psammiris u
Pseudoregelia), mo MHEHUIO KOTOPBIX, CTETIEHb YTOJIICHUS KIETOYHBIX CTEHOK BO BHYTPEHHEH KOpe SBIIS-
eTCs BUAOCTCIM(PHUSCKUM MPU3HAKOM U 3aBHCHT OT YBJIQXKHCHHUS B €CTECTBEHHBIX MecTax oOutanus [12;
22].

BryTpeHHIOI0 YacTh KOPHS 3aHUMAET LEHTPaIbHBIN IMUIUHADP. [IepuIuKI mpecTaBieH OIHUM CIIOEM
MEJKUX TMapeHXUMHBIX KJIeTOK. [IepHiuKki oKpyKaeT paauanbHbBI MPOBOAALINI MyYOK. DJIEeMEHThI dK3apX-
HOU NEPBUYHON KCUIIEMBI PACTIONOXKEHBI paauanbHbIMU TsKkaMu. KeunneMa nonuapxsasi, npeacTaBicHa MHO-
TOYHCIICHHBIMH TsDKaMH (TIONMAPXHBIN pajnaibHbId Ty4oK). [lepBuunas $iaosma, cocTosmas u3 CUTOBUJI-

114 BecTHuk KaparaHauHckoro yHvusepcuTeTa



CpaBHuTENbLHOE aHAaTOMO-MOPAONTONMYECKOE UCCINEOOBAHNE ...

HBIX U CIIyTHMKOBBIX KJIETOK, PacloyioKeHa MEeXIy JydyaMH KcuieMbl. KonnyecTBo cocynoB y paccMarpu-
BaeMBbIX TPEX MOMYISIIANA UPUCA OTIMYAETCS U 3aBUCUT OT YBJIAKHEHUS YCIOBHH MECTOOOMTAHUS.

Ha pucynke 6 BuIHO, YTO Y pacTeHUI MOMyISIUH | KOJIWYECTBO COCYNOB B IEHTPAILHOM IMIUHIPE
kosebnercs ot 13 g0 15, y upucos nomyssiiuu 2 — ot 10 1o 12, a B momysnsnuu 3 — ot 6 10 8 COOTBETCT-
BEHHO, YTO CBHUJETEIHCTBYET O O0Jiee CyXOM KJIIMMare, B KOTOPOM IPOM3PACTAIOT UPHUCHI MEPBOM MOIYIIs-
LMY, T.€. YeM OOJIbIIIe MPOBOASAIINX ITyYKOB, TEM 00JIee Pa3BUTHI COCYTUCTHIE DIEMEHTEHI.

C BHyTpeHHEH CTOPOHBI ()I03MY HMOKPBIBAET CJIOW MapeHXUMHBIX KJIETOK. B 1leHTpe KopHs pacmonara-
€TCsl MeXaHW4ecKasl TKaHb KJIETOK C PaBHOMEPHO YTOJIIEHHBIMU OJPEBECHEBAIOIMMU CTeHKaMu. KneTku
HUMEIOT NMPO3EHXUMHYIO ()OPMY, HX CTEHKU HECYT MHOTOYHCIICHHBIE IPOCTHIE IENIEBUIHBIC TIOPBI. DTH KJIET-
KU BKJIMHUBAIOTCSI MEXKy COCY/IaMHU U TpaxenaaMu, o0pas3ys IEeHTPANbHEIN TK (pHC. 6).

Honmymsius 2 Honynsus 3

1 — puzonepma; 2 — 3K30€pMa; 3 — OCHOBHAs MApEHXUMa; 4 — IHI0AEepMa; 5 — MEPULIUKIT;
6 — ITy4 IEPBUYHON KCHIIEMBI; 7 — Y9aCTOK MEePBUYHON (IIOIMBI; § — COCYIBI KCHIEMBI

Pucynok 6. AHaTOMHYecKOe CTpoeHne KopHs Iris sogdiana Bunge Ha momepedHoM cpese
(momymsmuu 1-3) (yB. x140)

Taonuma 4
Mopdomerpuyeckue nokasaresin KopHei Iris sogdiana (cpeaHuii nokasareJib)

Tomymsmms TosnuyHa NepBUYHON KOpHI, JunameTp HeHTpaIbHOro [Inomanp KCI/IJIC3MHI>;X COCYJIOB,
MKM IINHAPA, MKM x107" MM
1 71,35+0,87 8,67+1,35 9,85+0,32
2 69,02+0,59 7,11£1,82 10,12+0,19
3 67,68+0,14 7,24+1,65 11,02+0,89

Ha ocHoBannu MopdoMeTprHYeCKUX JaHHBIX TAOIUIBI 4 OTMEUEHO, YTO TOJIIMHA TIEPBUYHON KOPBI 00-
Jiee BBIpaKCHA y PACTCHUH MOMYJISIUH 1, TOTAa Kak IUIOIAAb KCHJIEMHBIX COCYIOB 3/I€Ch SIBIISCTCS HaM-
MEHBIINM T0Ka3areneM. Mpucel momymsaun 3 oTIn4alTcs Hanbonee BRIPaKEHHOM IUIOMAAbI0 KCHIEMHBIX
COCYJIOB, YTO CBU/ICTENILCTBYET O Oosiee Me30(PUTHOM XapaKTepe UX CTPYKTYPHI.
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Baxnouenue

[IpoBeneHHOE aHATOMO-MOP(OIOrHUECKOE HCCACIOBAaHNE BEreTaTUBHBIX OpraHoB [ sogdiana w3
Pa3IMYHBIX MECT HMPOU3PACTAHMS MMO3BOJISET 3aKIHUYHUTh, YTO B CTPOCHUH BEr€TATHBHBIX OPraHOB UMEHOTCS
HaIpaBJICHHBIE PSJ/IBI IPU3HAKOB, COTJIACHO KOTOPHIM Pa3BUTHE MPOBOASIIEH TKaHU y 1. sogdiana cBsS3aHO ¢
IPaJUCHTOM YBIIAXKHCHHS B YCJIIOBUSAX €CTECTBEHHBIX MECTOOOMTAHUN. DHI0IEpPMa KOPHS C XOPOIIIO pa3BH-
THIMM YTOJIICHUSIMH PaIUaNbHBIX 000J0YCK KJIETOK, CKICPH(DHUIMPOBaHHAS MEKIyYKOBas MmapeHxuma. B
JIUCTOBOM IJIACTHMHKE HAWOOJIbIIIEE KOJUYECTBO BO3IyXOHOCHBIX IMoyocTel. KyTuHU3aIus CTeHOK cTeOs u
Hau0OoJee BRIpAKEHHAS TIEPBUYHAS KOpa CTEOJISI CBUIIETSILCTBYIOT O KCEPO(DUTHBIX YepTaxX CTPOCHHS pacTe-
HUW TomyJsauit 1 u 2.

CpaBHEHME TOJIYYCHHBIX PE3YJIBTATOB C JIUTEPATYPHBIMU JaHHBIMH I10KA3ajI0, YTO Yy HCCIEAYEMOTro
WpHCa COTTUHACKOTO, MTPOU3PACTAIONIETO B PA3HBIX TOIYJISAIUSAX I0r0-BOCTOYHOTO KazaxcraHa, CTeTIeHb pas-
BUTHS BO3JYXOHOCHBIX MOJIOCTEH, KOJIMYSCTBO MPOBOIAIIMX ITYYKOB B JIMCThIX M CTEOJAX, a TAKKE Pa3BH-
THE COCYIOB LICHTPAJILHOTO LIUIMHAPA KOPHS BapbUPYIOTCS OT YCIIOBUH YBIaKHEHHS MECTOOOMTAaHUH BUIA.

OTMmedeHHbIe HaMu MOP(OJIOT0-aHATOMUYECKUE OCOOCHHOCTH UPHCA COTIUHACKOTO U3 MPHUPOIHBIX IO~
MyJISAIUR FOro-BocTouHOro KaszaxcTaHa MOTYT BIOJHE CIYXHUTh B KaueCTBE TUATHOCTUYCCKUX MPU3HAKOB
PACTUTEIBHOTO CHIPhSI.

Jlannas paboma sevinonnsnacey 8 pamxax npoepammsi BR05236546 «Peanusayus [ ocyoapcmeeHHbiMuU
bomanuyeckumu cadamu npuopumemnvix 0 Kazaxcmauma nayuno-npaxmuveckux 3aoay Inobanvhot
cmpamezuyl COXpaHeHusi pacmerull KaK yCmoudusou cucmemsl noooepicanus ouopasnooopasusy (2018—
2020 22.).
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M.C. PamazanoBa, H.B. Kyp6arosa, H.I'. 'ememxuesa, U.JK. Angacyryposa

Onrycrik-mbirbic KazakcTaHHBIH TAOMFH NONMYJISAHUSJIAPbIHAH JKUHAJFAH
Iris sogdiana Bunge oCiMIiriHiH BereTaTUBTIK OPraHAAPbIH CAJBICTHIPMAJIbI
AHATOMHUSIIBIK-MOP G OJTOTHSIIBIK, 3€PTTEY

Iris sogdiana BereTaTHBTIK MYIIEJNEpiHE CaJIbICTHIPMAIbl AHATOMMSUIBIK-MOP(OIOTHSIBIK 3epTTeyIep
JKYpri3y TaOuWFu OCyIiH OpTYpPJi >KaFiaiapblHAa KbI3BIFYIIBUIBIK TYIbIPajabl, ce6ebi ecCiMmIiKTIH ocy
OpTachlHBIH JKaHa IKarjainapbiHa OeifiMaenyin aHbIKTayFa MyMKiHOiK Oepexmi. Omnryctik-lbiFbic
KazakcranHblH TabWfH NOMYJSILMSIIAPBIHAH JKUHANBIN aiblHFaH [. sogdiana ©CIMIITiIHIH BereTaTHBTIK
MYILIeJIepiHe ajFall peT MHKPOCKOMMSIBIK 3epTTeyiep JKypridiireH. TypaiH ecy OpHbI MEH OHBIH
MOPGOMETPHSIIBIK MapaMeTpliepi apachlHIaFbl OH KOPPELSILHUACH KOPCETUIreH. BereTaTuBTik MyLIenepiHiy
KYPBUIBICBIHBIH €pEKIICTIKTepiH aHbIKTay OapbichiHma [. sogdiana eciMuirinie >kaOBIHIBI, HETI3ri >KoHe
OTKI3rill yimanapAblH [aMybl bUIFaJJaHy TIpaJueHTIMCH OailaHbICTBl CKeHi aHbIKTaAbl. JKambipak
TaKTaChbIHJA KOITEreH caHplIay TecikTepi Oap, »anblpak Me30QHUIMHIE KIeTKalap apachlHaa aya eTKI3eTiH
KybICTapbIHBIH CaHbl KOIl, Kalbpak Me30(MIUTiHAe OTKI3Till HIOKTapbl CKIEPEHXHMa jKacyllaJapbIMeH
kopuanran. CabaFblHa KBIPTBICTBIH Oenrini Oip gopexeci cakTaifaH, CBHIPTKbI JIMUICPMHUC KIIETKaIapbl
KaJIbIH Ka0aTThl, MEePULMKI MEH CKIEpPEHXMMa KIeTKalapbl alKblH OaiikanraH. TaMbIpbl Oip-eki KaOaTThl
9KTOJepMa KIIeTKaJapblHaH TYpaibl, S9HIOAEpPMa KIICTKAJIAPhl paJHall/ibl KaJblH KaObIKIIAIbl, 6CY OpTachiHA
0aiiIaHBICTBl TAMBIPJIAPBIHBIH CaHbI OPTYPJi. 3eprTrey HoTmkesepi OoibiHIIA | koHE 2 MOMYJSILHUSHBIH
ecimMIikTepi KcepouTTKe, anm 3 HOmy/smus OCIMIIKTepi Me30(uTTepre >karajgbl. 3epTTeNreH TYPAIH
KYPBUIBICHI OpTaiia MOpGOMETPHUSIIBIK KOPCETKILITEPIMEH EepEKIIeICHEl KOHE aHATOMHSUIBIK KYPBUIBIMBI
Mme3okcepodurtti. 1. sogdiana eciMairiHiH MOPQOIOTUsIIBIK KYPhUIBIMBIHAH BEreTALMsSHBIH KbICKA KE3eHIH/Ie
OCIMIIKTIH JaMybl YIIiH BUIFAJIBIH XKETKUTIKTI MOJIIEpi KaXKeT eKeHiHe KOPBITHIHABI )Kaca/bl.

Kinm  co30ep: Iris sogdiana, MOp(OIOTUSIBIK-aHATOMUSUIBIK — 3epTTEYNep, BEreTaTHBTIK —MyLIesep,
nonysiius, Ourycrik—ILeirpic Kazakcran.

M.S. Ramazanova, N.V. Kurbatova, N.G. Gemejiyeva, Ch.Zh. Aldassugyrova

A comparative anatomical and morphological study of vegetative organs
of Iris sogdiana Bunge from natural populations of southeastern Kazakhstan

A comparative anatomical and morphological analysis of the vegetative organs of Iris sogdiana from various
growing conditions has interest that allow to identify features and adaptive capabilities of the species. Micro-
scopic studies of 1. sogdiana vegetative organs from natural populations of southeastern Kazakhstan were car-
ried out for the first time. A positive correlation between the growth habitat and morphometric parameters of
the species has been shown. The structural features of vegetative organs were revealed and it's established
that development of the tissues that covers the plant, ground and vascular in 1. sogdiana is associated with a
moisturizing gradient. Numerous stomata are characteristic for the leaf blade slightly submerged deep into the
leaf; numerous intercellular spaces; airways in the leaf mesophyll; vascular bundles surrounded by scleren-
chyma cells. The stem has a certain degree of ribbing a thickened surface of the outer cells of epidermis, a
pronounced layer of pericycle sclerenchyma. The root has a one-two-layer ectoderm developed thickening of
the radial membranes of the endoderm cells and a different number of vessels that depending on the growth
location. The study results indicates that plants of 1 and 2 populations are characterized by more xerophytic
features of the organization and for 3 population plants mesophytic features are inherent. The studied species
is distinguished by averaged morphometric indicators of the structure and includes the mesoxerophytic organ-
ization of the anatomical structure. The morphological structure of 1. sogdiana allows to conclude that a suf-
ficient amount of moisture is necessary for a short period of vegetation and for development of the plant.

Keywords: Iris sogdiana, anatomical and morphological studies, vegetative organs, population, southeastern
Kazakhstan.
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Effect of lithium carbonate on kidney structure
in conditions of distant tumor growth

The effect of lithium carbonate on kidney structure when used as an antitumor agent was studied in an
experiment on CBA mice. Tumor growth was simulated by introducing hepatocarcinoma-29 cells into the
muscle tissue of the right thigh of experimental animals. Lithium carbonate was administered to animals per
os. Kidney structure was studied by light, electron microscopy and morphometry after 30 days of experiment.
The dynamics of distant tumor growth in the kidneys revealed structural changes, indicating a violation of
organ function. It is shown that the 30 th day of tumor development there is a decrease in size of lumen of the
capsule of the renal corpuscle, the increase in volumetric density of capillary glomeruli, enlarged interstitial
spaces of the renal corpuscle. Noted swelling of the cytoplasm of the podocytes, the increase in the number
sitapati, reducing the fenestre in endothelial cells of glomerular capillaries, swelling of epithelial cells of
proximal and distal kidney, as well as reducing the thickness of the basal membranes (BM) of the distal and
proximal tubules. The use of lithium carbonate as an antitumor agentled to the aggravation of structural
changes in the kidneys, which, apparently, was due toan increase in the toxic load on the organ due to the
increase in the decay products and death of tumor cells under the influence of lithium.

Keywords: lithium carbonate, hepatocarcinoma-29, kidney, kidney filtration barrier, ultrastructure.

Introduction

In spite of the considerable scientificinterest in the state of kidneys at various pathological conditions of
an organism, these changes have not been sufficiently studied yet [1].

The hepatocarcinomais related toone of the aggressive human tumors and gives a high percentage of
mortality among patients due to metastasis [2]. It is known that lithium compounds (lithium chloride and
lithium carbohydrate) can affect the signaling and regulation of the cell cycle [3], they have an
immunomodulatory properties [4]. It was revealed that lithium act through the suppression of the activity of
glycogen synthetase kinase-33 may have an effect on the development of apoptosis, the activity of the factor
of the growth of vessels, neutrophil chemotaxis, etc. [S]. In some works have been shown the effectiveness
of the use of lithium compounds for suppressing tumor growth [6—8]. The same lithium compounds consider
as potential agents of the target therapy, which are able to slow down the growth of the tumor [9].

Until now, there is no evidence of the effect of lithium on structure of kidneys, when used as an
antitumor drug. Kidneys are exceptionally important for the life of an organism. They perform many
functions, the main of which are:

— purification of an organism from toxic substances (as being produced in the process of vital activity of

an organism, soand emanating from outside);

— removingof excess fluid,

— the production of the hormone erythropoietin, necessary for the maintenance of the normal level of

the hemoglobin (Hb);

— the elimination of calcium, phosphorus and vitamin Ds;

— maintaining blood pressure;

— maintenaningof acid-base condition;

— maintaining the nutritional condition of the body [10].

The kidneys are the organ of converting proteins, lipids and carbohydrates. Under fasting conditions, up
to half of glucose from organicacids is formed in the kidneys, which enters tothe blood [11]. Kidneys play an
important homeostatic role in the body [12]. The kidney is fraught with different types of endothelium, each
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with specific structural and functional characteristics. The glomerular endothelium, which is highly
fenestrated and coated with a rich glycocalyx, participates in the sifting properties of the glomerular filtration
barrier and in maintaining the structure of the podocytes. Microvascular endothelium in peritubular
capillaries, which is also fenestrated, transports reabsorbed components and participates in the function of
epithelial cells [13]. Microanatomy of the kidney, as well as the ultrastructural organization of the nephron is
normally well described [14]. A highly organized vascular system is necessary for kidney function, and
impaired circulation in the nephrons leads toorgan failure. Each nephron contains a bundle of capillaries
inside the glomerulus, which performs ultrafiltration of blood [15]. The unique permeability characteristics
of the glomerular capillary wall depend on its three-layer structure consisting of endothelial cells, basal
membrane and podocytes. These components form a glomerular filter barrier [16].

The study of the influence of malignant growth and anticancer drugs on the structural and functional
state of the kidneys is relevant.

Objective: to identify the biological effect of lithium carbonate on the structural organization of the
kidney when it is used tocorrect tumor growth.

Material and methodology

The experimental study was conducted on male mice of the CBA line weighing 18-20 g at the age of 3
months in the SPF vivarium of Institute of Cytology and Genetics of the Russian Academy of Sciences
(Novosibirsk city). The animals were kept on a standard diet with free access to water and food. Work with
animals was carried out in accordance with the«Rules of work with the use of experimental animals».4
groups of animals were used in the experiment. Group 1 included intact mice (n = 5); group 2 included
animals with tumor development (n = 10). Hepatocarcinoma-29 (Hc-29) cells were used to induce tumor
growth (n = 20). Hepatocarcinoma-29 was obtained and verified by the Institute of Cytology and genetics of
the Russian Academy of Sciences. Hc-29 cells were transplanted into the abdominal cavity of the CBA line
mice, after 10 days, ascitic fluid was taken, suspended in a 10-fold volume of saline solution and 0.1 ml of
intact animals were injected into the muscle of the right thigh. The 3 group of animals (n = 10) included
intact mice that were administered per os of lithium carbonate. Group 4 animals (n = 10) after the induction
of the tumor process broke per os lithium carbonate. Lithium carbonate was administered in saline at a rate
of 125 mg/kg weight. The choice of lithium carbonate dose of 125 mg/kg wt for per os administration was
based on known experimental datain which serum lithium levels in treated animals were in the range of
0.7-1.2 mmol/L. Lithium carbonate in saline solution was injected with a probe every other day during the
30 days. Sampling of material for research was carried out after 30 days of the experiment. Animals were
removed from the experiment under ether anesthesia by cranio-cervical dislocation.

For electron microscopic examination, kidney samples were fixed in 4 % paraformaldehyde solution
prepared on Hanks medium, fixed for 1 hour in 1 % OsO, (osmium tetroxide) solution (Sigma, USA) on
phosphate buffer (pH=7.4), dehydrated in ethyl alcohol of increasing concentration and enclosed in EPON
(Serva, Germany). Half-thin slices with a thickness of 1 micron were obtained on the ultramicrotome Leica
EM UC7 (Germany/Switzerland), stained with toluidine blue, studied under a light microscope
«LEICADME» (Germany), photographed using acomputer program «Avigiony.

Ultrathin sections 70—100 nm thick were contrasted with saturated aqueous solution of uranyl acetate
and lead citrate and studied in electron microscope JEM 1010 (Japan). At x12000 magnification,
electronograms of fragments of renal cells, epithelial cells of the proximal and distal parts were obtained.
The obtained micrographs were morphometrized using acomputer program Image J.

We determined the volume densities of capsule lumen, capillary glomeruli, interstitial spaces of renal
corpuscle, diameters of proximal and distal nephron epithelial cells, sizes of basal membranes of glomerular
capillaries and epithelial cellsof proximal and distal nephron. Statistical processing of the obtained results
was performed using the software package STATISTICA V. 6 (StatSoft Inc., U.S.) The mean values and
standard deviation were calculated, the reliability of the differences was calculated by the Mann-Whitney U-
criterion, at aconfidence level of 95 % (p < 0.05).

Results and discussions

After 30 days of the experiment, in animals with tumor growth without treatment, in the structure of the
kidney, an increase in the size of the lumen of the renal cell capsule was noted by 18 % (Fig. 1).
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D

A — control; B — after 30 days of tumor development. Increase of glomerular capsule lumen;
C — maintenance of lithium carbonate per os by intact animals; D — maintenance of lithium carbonate
per os by animals with tumor growth. Coloration by toluidine blue. Increase x400.

Figure 1. Structure of the renal corpuscle of CBA mice

We noted that the addition of lithium carbonate per os, a 25 % decrease in the size of the lumen of the
renal cell capsule (Fig. 2).

Vv * s
o 36,99
40 -
27.27
30 7 23.04 112
17.22
20 +
10
O T T T 1

Control 30 days KT 30days TLC 30daysLC

Vv — volume density, %: **P < 0.001; ***P < 0.0001 with respect to the control group; “*P < 0.0001 in relation to the
group with tumor growth without treatment; ''P < 0.001, '''P < 0.0001 in relation to the group with tumor growth
without treatment; *P < 0.01, *P < 0.001 in relation to group ¢ administration of per os lithium carbonate to intact ani-
mals. 30 days OP — the development of tumor growth hepatocarcinoma-29; 30 days OKL — tumor growth with the
introduction of per os lithium carbonate; 30 days CL — the introduction of per os lithium carbonate intact animals

Figure 2. Volume density of the capsule of the renal body y of animals in the dynamics of tumor growth of
experimental hepatocarcin-29 in the muscle tissue of the thigh and with the introduction of lithium carbonate per os

When per os lithium carbonate administered into intact animals, in the structure of the kidney there was
an increase in the size of the lumen of the renal cell capsule by 60 %.
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The volume density of capillary glomeruliin animals with tumor growth without treatment decreased by
25 %. When administered per os lithium carbonate toanimals with tumor growth, the value of this parameter
increased by 9 %, and when administered lithium carbonate tointact animals decreased by 19 %.

The size of interstitial spaces of the renal body of animals with tumor growth without treatment was
increased by 25 %, with the introduction of lithium carbonate per os increased by 4 %, with the introduction
of lithium carbonate per os intact animals decreased by 26 % (Table 1).

Table 1
Volume density of structures of renal corpuscles of mice of the line CBA
Groups (M*SD)
Characteristics,
Vv, % Control 30 quotes of the 30 quotes of the tumor Injection of lithium per

tumor growth growth + lithium per os os intact animal
Capsule lumen 23.04+9.04 27.27+7.127 17.22+5.56' 36.99+11.19" 7
Glomerular 36.78£7.49 27.65:7.08 39.93+5.687 29.88+7.95"
capillaries
Intercellular space 23.44+7.42 29.30+6.76 24.31+6.18% 17.40+7.54

Note: Vv — volumetric density, %:

ok

“P<0.001; “P<0.0001 in relation to the control group;

P<0.0001; "*P<0.0001 in relation to the group with tumor growth without treatment;

'"P<0.001; '""P<0.0001 in relation to the group with tumor growth without treatment;

*P<0.01; **P<0.001 in relation to the group, the injection of per os lithium carboxylic intact animal

The glomerulus, the filtering unit of the kidneys, is a unique bundle of capillaries lined with delicate
fenestrated endothelium, acomplex mesh of proteins that serve as glomerular basal membrane and
specialized visceral epithelial cells [17]. The glomerulus is a unique structure required to filter blood while
retaining plasma proteins, depending on size and charge selectivity. Individual cell types form a structural
unit that creates a filtration barrier [18]. The glomerular filtration barrier is a highly specialized filtration
interface between blood and urine that is highly permeable to small to medium-sized plasma solutes [19].

The glomerulus has 3 resident cells, namely mesangial cells that produce a mesangial matrix,
endothelial cells that line the glomerular capillaries and podocytes that cover the outer surface of the
glomerular basal membrane. The parietal epithelial cells that line the Bowman capsule are not part of the
glomerular bundle, but may play an important role in normal glomerular function [20].

Glomerular capillaries are lined with highly specialized fenestrated endothelium, which is primarily
responsible for regulating high-flow filtration of liquid and small solutes. During filtration, plasma passes
through the fenestrated endothelium and the basal membrane before it reaches the slit diaphragm, a
specialized type of intercellular junction that connects adjacent podocytes [21].

The nephron consists of the renal glomerulus, the proximal tubule, the thin part of the Henle loop (thin
descending and thin ascending knee), the thick ascending knee of the Henle loop, the removed tubule, and
the collecting tube. The renal glomerulus is surrounded by a Bowman's capsule formed by a dense basement
membrane and lined with a flat single-layer (parietal) epithelium. Inside the Bowman's capsule is a glomeru-
lus of blood capillaries. The walls of the capillaries are lined with fenestrated endothelium with a diameter of
fester more than 100 nm. The capillary endothelium is surrounded by athin basal membrane and those who
prefer toother interest-bearing delays. Between the processes of the podocytes there are slit diaphragms of
50-60 nm in size, closed by a thin film. Electron-dense mesangial cells are also localized in the pericapillary
space of the Bowman capsule [22].

Changes in glomerulus filtration can significantly affect the dynamics and functions of the Boumen
capsule [23]. The process of glomerulus development consists off our stages of development: the stage oft
hevesicle (V), the stage of the S-shaped body (S), the stage of the capillary loop (C) and the stage (M) [24].

The cells that give out the thick ascending knee of the Henle loop and the distal convoluted canal have a
similar ultrastructure. These are cuboidal epithelial cells about 10 microns high. The base surface of these
cells forms numerous deep folds in which large mitochondria are located, removed up to 4 microns. On the
apical surface of epithelial cells of the distal honor of the nephron, there is no brush border (only individual
low microwaves can be detected), which sharply distinguishes the ultrastructural organization of these cells
from the curse of the proximal tubule. The distal canal continues with a connecting tubule opening into the
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collecting tube. The cell population of the epithelium of collective tubes consists of two types of cells, natu-
rally diverse in morphological organization: main and intercalary cells. More numerous basic cells that per-
form reabsorption of water and sodium have a close to cubic shape. B characterized by an electron-
transparent cytoplasm, in which the mitochondria are randomly distributed. Through out the cytoplasm rela-
tive to the sting organelles. Intercalar cells involved in regulating the systemic acid-base balance have an
osmophilic cytoplasm filled with a mass of electron-dense mitochondria. Cells of the proximal renal tubule
are characterized by the predominant presence of a mass of microvilli (brush border) on their apical surface
and membrane folds on the basal surface. These structures provide an increase in the cell surface area neces-
sary for the localization of a huge number of membrane transport proteins. The apical region of the cyto-
plasm contains vacuoles of various sizes. Basal warechouses associated with numerous mitochondria. The
height of the epithelial layer and brush border, the depth of basal folding, and the proportions of mitochon-
dria vary depending on the segment of the proximal tubule [22]. The proximal section is approximately 40—
50 % of the total length of the nephron. In juxtamedular nephrons, the thin section of the Henle loop is more
developed [25]. After 30 days, a 29 % decrease in the thickness of the basal membrane (BM) of glomerular
capillaries was observed in the structure of the renal corpuscle y of animals with tumor growth. BM of the
proximal and distal tubules thinned by 18 % and 27 %, the number of cytopodia increased by 5 %, and the
thickness of the cytopodia decreased by 14 %, the number of Fenestra in the endothelial cells of glomerular
capillaries decreased by 22 % (Table 2, Fig. 3C, 3D).

In the structure of the glomerular capsule lumen was observed in the structure of the renal body of
animals with tumor growth in the presence of lithium carbonate peros. BM proximal and distal tubules
thinned by 9 % and 27 %, the number of cytopodia increased by 4 %, and the thickness of the cytopodi are
covered, the indicator is the sameas they group of control, the number of Fenestrain glomerular capillary
endotheliocytes decreased by 46 % (Table 2, Fig. 3E, 3F).

In intact groups of animals that were given lithium carbonate, the values of the basal membrane of the
proximal and distal tubule decreased by 9 % and 18 %, the number of cytopodia decreased by 17 %, and the
thickness of the cytopodia increased by 11 %, the number of Fenestrain the endotheliocytes of glomerular
capillaries decreased by 21 % (Tab. 2, Fig. 3G, 3H).

Table 2
Results of morphometric study of structural components of nephron in CBA mice
Groups (M*SD)
Characteristics

Control 30 days KT 30 days TLC 30 days LC
BM of glomerular capillaries (um) 0.14%0.03 0.10+0.02 0.14+0.03 0.1410.06
The number podocyte (n) 6.911+2.36 7.2543.19 7.242.48 5.7312.37
Thickness of podocyte (microns) 0.3610.28 0.3140.26 0.3610.31 0.4010.34
Fenestra of glomerular capillary 5.2543.15 4.1122.17 2.8241.43 4.1642.19
endotheliocytes (n)
BM of the proximal tubule (microns) 0.11£0.02 0.09+0.03 0.10£0.03 0.10£0.05
BM of the distal tubule (um) 0.1140.0492 0.08+0.02 0.08+0.02 0.09+0.03

Note: the Number podocyte and fenestra sendothelial cells of the glomerular capillaries is calculated by 11.2 pm test line.

Thus, distant tumor growth affects the structural organization of the kidneys. Injection of lithium
carbonate tointact animals and animal tumour carriers causes opposite effects. Lithium carbonate does not
have acorrective effect on the structure of the kidneys in the conditions of distant tumor growth.

Oral administration of lithium carbonate leads toan increase in the volume densities of the capsule
lumen and toa decrease in glomerular capillaries and intercellular spaces.
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Ultra-structure of the renal glomerulus and proximal tubule: 4, B — control; C, D — after 30 days of tumor
development; E, F — management of lithium carbonate per os animals with tumor growth; G, H — administration of
lithium carbonate per os intact animals. Deep basal folds associated with large elongated mitochondria are observed

Figure 3. Structure of the renal corpuscle of mice of the CBA line of the control group

Conclusion

In the conditions of modeling of distant tumor growth — with the development of hepatocarcinomain
the muscle tissue of the femur of experimental animals, morphological changes develop in the kidneys.
There is an increase in the size of the lumen of the capsule and interstitial spaces of the renal body and a
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decrease in the volume density of the capillary glomeruli. With the introduction of per os lithium carbonate,
the size of the lumen of the renal cell capsule decreases, the volume density of the capillary glomeruliand the
size of the interstitial spaces of the renal body increase. With the introduction of lithium carbonate per os
lithium carbonate intact animals in the structure of the kidney noted an increase in the size of the lumen of
the capsule of the renal corpuscle and a decrease in the volume density of capillary glomeruliand the size of
interstitial spaces of the renal corpuscle. The use of lithium carbonate as an antitumor agent led
toaggravation of structural changes in the kidneys, which, apparently, was due toan increase in toxic load.
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A.M. Paxmerona, H.I1. brartosa, lLI.M. Kymanuna

KambIKTBIKTAFbI iCIKTiH 6CY KaFfaiibIHAa OylipeKk KYpbLIbBIMbIHA
JIMTHH KapOOHATBIHBIH dcepi

Okcnepumentre CBA kemini  ThINIKaHAAPBIHAAFBl JIUTHH KapOOHATHIHBIH OYHpeK KypbUIbIMBIHA dcepi
3epTTeNreH, SFHU iCIKKe Kapchl areHT peTiHAe KojJaHblIraH. [enaTokapiuHoMa-29 jkacylajgapblH €HTi3y
apkeuTel CBA sxernini ThIMIKaHAAPIBIH jkambac OYJIIBIK eTTepiHe erim, iCIKTIH ecyiH MopensaereH. Jlntnit
KapOOHATHl JKaHyapllapFa per oS apKbUIBl eHri3inmi. By#pek KypbUIBIMBIH JKapblK, SJICKTPOHIIBIK
MHKpOCKONHsI >koHe Mopdomerpus omictepiMen 30 ToymikTeH KeHin 3eprrenmi. bByiipekrepneri
KAIIBIKTBIKTAFbl ICIKTIH ©CY [MHAMHKACBIHIA aF3a KbI3METiHIH OY3bUIFaHbIH PACTAWTBIH KYPBUIBIMIBIK
e3repicrep aHbIKTanFaH. Icik mamybiHbIH 30-10bl KYHIHE Kapail OyHpek AeHeUIiriHiH caHblUIay KarcCylachbIHbIH
MOJILIEPiHIH  a3ai0bl, KbUITAMBIPIApAbIH KOJEeMIIK TBIFBI3ABIFBIHBIH ~ apTybl, OYHpeK JeHELriHiH
MHTEPCTULNAIIB/IBIK KeHICTITIHIH MOJIIIEPIHiH apTybl aHbIKTaNAbL. [[0MOMUTTepAiH UTOIUIA3MAChIHBIH iCiHYI,
LMTONO/MSIIAD CAHBIHBIH apTybl, KbUITAMBIPJIAD SHIOTEIHOLUTTEPIHACTT (EHECTP CaHBIHBIH TOMEHJCYI,
OYHpEKTiH MPOKCHUMAbIbl KOHE HMCTANbAbI OOJIriHIH SMUTEIHMOLUTTEPiHIH iCiHyi, COHAail-aK IUCTaIbIbI
JKOHE IPOKCHUMANBABl KaHAIIAPIABIH 0a3anbabl MeMOpaHaIapbIHBIH KaJbIHBIFBIHBIH a3aiobl OalKasibl.
Jlutnii xapOOHATBIH iCiKKe Kapchl areHT peTiHAae maiiganaHy OyHpekTepneri KYpbUIBIMABIK ©3TepiCTepiH
VIOIBIFYBIHA ajbIll KeNJi, Oyl Imamachl, JIMTHH ocepiMeH iCiK JKacyIlaJapbhIHBIH bIIBIpAybl MEH eyl
OHIMJIEpiHiH YJIFalobIHA OaliJIaHBICTHI aF3aFra YBITTHI )KYKTEeMEHIH ocyiHe ceberni 00bI.

Kinm ce30ep: nmutnii kapOoHaThI, renatokapiuHoMa-29, Oyiipek, OyHpekTiH cy3y 0ereri, yabTpaKypbLIbIM.

A.M. Paxmerona, H.I1. brartosa, lLI.M. Kymanuna

Binsinue kapOoHATA JTUTHS HA CTPYKTYPY NOYKH
B YCJOBHMSAX OT/AJEHHOI'0 ONYXO0JIeBOI'0 POCTa

B skcriepumente Ha Mprmax auHEE CBA u3ydanu BiusiHUe kKapOoHaTa JIMTUS Ha CTPYKTYpY IOYEK, IPH ero
KCIOJIb30BaHUU KaK IIPOTUBOOIIYXOJIEBOIO areHTa. MoJenpoBaiy OIyXOJIeBbld POCT IIyTEM BBEACHUS Kile-
TOK TeNaTOKapIMHOMBI-29 B MBIIIEYHYIO0 TKaHb MPABOTO Oeapa IKCIEPHMEHTAIbHBIX )KUBOTHHIX. KapOonar
JUTHA BBOAWIIM >KUBOTHBIM per os. CTpyKTypy MOUYEK H3ydaad METOJAaMU CBETOBOM, 3JEKTPOHHON
MHKpOCKONUH U Mopdomerpun yepe3 30 cyT skcrnepuMeHTa. B IMHaMUKE OTIaNeHHOrO OIyXOJIEBOTO POCTa
B MOYKaX BBISBJIEHBI CTPYKTYPHBIE H3MEHEHHSI, CBUAETENbCTBYIOIINE O HApyIeHuH (QyHKImn opraHa. Iloka-
3aHO, 4TO K 30-M CyTKaM pa3BUTHS OITyXOJH MPOUCXOAUT CHIDKEHHE Pa3MEPOB MPOCBETA KAICYJIbI MOYEIHO-
IO TeNnblla, YyBEIWYEeHHE OOBEMHOW IUIOTHOCTH KaNWUIIPHBIX KIyOOYKOB, YBEIMUYECHHE pPa3MepoB
HMHTEPCTUIMAIIBHEIX TIPOCTPAHCTB Io4YeyHOro Tenbla. OTMmedanu HaOyXaHHE NUTOIDIA3MBI IOJOLUTOB,
YBEIMYEHHE KOJIMUYECTBA LUTOIIOAUH, CHIDKEHHE KOJIIMYECTBA (PEHECTP B DHAOTENUOIMTAX KIyOOUKOBBIX
KanWwULIpoB, HaOyXaHWe SHHUTEIHONUTOB IPOKCUMAIFHOTO U JUCTaJbHOTO OTHeNa IOYKH, a Takke
YMEHBIICHHE TONIIMHBI 0a3aJbHEIX MeMOpaH AMCTAIBHBIX M IPOKCHMAIbHBIX KaHAIbIEB. lcnonb3oBanue
KapOoHaTa JUTHS KaK MPOTHBOOIYXOJIEBOTO areHTa MPUBENO K YCYTyOJICHHIO CTPYKTYPHBIX H3MEHEHHUH B
MOYKaX, 4TO, MO-BUANMOMY, OBIIO O0OYCIOBIEHO BO3pPAaCTaHMEM TOKCHYHON HAarpy3Kd Ha OpTraH B CBSI3H C
yBEIMYEHHEM POIYKTOB Pacnajia ¥ THOeI OMyXO0JeBbIX KIETOK 110 BIUSHUEM JIUTHUSL.

Knioueswie crosa: xapOOHAT JIHUTHS, TeHATOKAPIMHOMA-29, MOYKa, GUIBTPALMOHHBINA Oapbep MOYeK, yIbTpa-
CTPYKTYpa.
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A comparative study on psychrophilic
and mesophilic biooxidation of ferrous iron by pure cultures
of Acidithiobacillus ferrooxidans and Acidithiobacillus ferrivorans

Biological oxidation of ferrous sulfate by Acidithiobacillus ferrooxidans and Acidithiobacillus ferrivoransis
an important process in the bioleaching of minerals and the treatment of acid mine drainage. The rate at
which biooxidation reactions take place is directly related to the microorganisms’growth temperature. De-
creasing the temperature of reaction causes both a decrease on the chemical reactions rates and a decrease on
bacterial growth. In this study, the effects of pH and temperatures on oxidation of ferrous sulfate by a native
At. ferrooxidans and At. ferrivorans strains were investigated. The biooxidation tests conducted in shake
flasks at 28 °C and 8 °C and at initial pH 1.6 for 5 days. During the experiment, the mesophilic iron oxidizers
were capable of growing on ferrous iron at concentrations of 4.5 g/L at low and optimum temperature. How-
ever, the rate of mesophilic biooxidation of ferrous iron was higher than that observed in the psychrophilic
biooxidation. In conclusion, during the experiment the Az. ferrivorans strain 535 showed high activity in oxi-
dizing at low temperature than other strains. It means even at very low temperatures, microorganisms play an
important role in the oxidation and leaching of sulphide ores.

Keywords: bioleaching, Acidithiobacillus ferrooxidans, Acidithiobacillus ferrivorans, biooxidation, ferrous
iron, psychrophilicbiooxidation, mesophilicbiooxidation, low temperature, iron oxidation, sulphideores.

Introduction

Bioleaching is extraction of valuable metals from their ores using microorganisms. It as environmental-
ly friendly technology offers an alternative to traditional pyrometallurgical methods [1]. There are two
mechanisms for bioleaching of sulphideminerals: the direct and the indirect. In the direct mechanism, micro-
organisms situated at the mineral surface and dissolve metal ions. In the indirect mechanism, metal sulfides
are chemically attacked by ferric iron, which is oxidized to sulfuric acid [2, 3]. Biooxidation of ferrous iron
wereproven to be anessential step in bioleaching [4, 5]. Due to their importance in the bioleaching of sulfide
minerals, the oxidative activity of chemolithotrophic microorganisms such as archaea and bacteria in a
mesophilic and cold environments as well as moderately high and extremely high temperatures has been
widely studied. Microorganisms have been frequently isolated from sulphide minerals in dumps, heaps and
from flotation tailings are Acidithiobacillus ferrooxidans, Acidithiobacillus thiooxidans, Acidithiobacillus
ferrivorans, etc. [6-9]. Flotation tailings are one of the largest mining wastes from sulphide minerals concen-
trated by pyrometallurgical process generated during the flotation process. In Kazakhstan over 22 billion tons
of waste, of which more than 16 billion tons of mining and processing waste, about 6 billion tons of hazard-
ous waste has been accumulated [10—14]. Thus, in order to reduce the health risk arising from the heavy
metals such as arsenic, lead, and chromium it is necessary to develop strategies that could reduce toxicity. In
this aspect, biogeotechnology, which is based on the natural ability of chemolithotrophic bacteria (At
ferrivorans, At.ferrooxidans, At.thiooxidans, etc.) is of great help to utilize either ex-situ or in-situ bioreme-
diation of heavy metal polluted sites.The kinetics of mesophilic biooxidation of ferrous iron has been studied
in our previous work [9].

To date, many studies on the biooxidation of ferrous iron using At. ferrooxidans are reported [13—15].
However, few experiments on biooxidation of iron by At. ferrivorans was conducted and several documents
about biooxidation of ferrous iron byAt. ferrooxidans at low temperatures were reported [4, 16—18]. The aim
of this work is to assess the At. ferrivorans strains biooxidation of ferrous iron and to compare the rate of this
reaction with A¢. ferrooxidansstrains biooxidation of ferrous iron at different temperatures.
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Materials and Methods

Microorganism and medium

The mesophilic iron oxidizers used in this study were 535 strain of At. ferrivoransand strains FT-2,
FT-3 and 377 of At. ferrooxidanswhich was been previously isolated from gold deposits by our laboratory.
The microorganisms were grown on a modified medium 9K-Fe containing (in grams per liter): KH,PO,
(3.0), MgS0O,-7H,0 (0.5), (NH4),SO, (3.0), KC1 (0.1), Ca(NOs), (0.01). The medium also supplemented with
filter-sterilized FeSO,-7H,O (22.1). The cultures of At. ferrivorans and At. ferrooxidans were incubated in
750 mL Erlenmeyer flasks each containing 200 mL of the medium and 10 % (v/v) inoculumon a shaker-
incubator at 200 rpm at a temperature of 28 °C. The initial pH of the cultures was adjusted to 1.6 at room
temperature using 10N H,SO,.

Biooxidation experiments at low temperature

In order to study on ferrous iron biooxidationof different strains at low and optimal temperatures the
experiments were realized in 250 mL sterile shake flasks containing 90 mL of the modified medium 9K-Fe
(concentrations of ferrous iron was 4.5 kg:m™) and 10 % (v/v) inoculum. The flasks were incubated on a ro-
tary shaker at 160 rpm and temperatures of 8 °C and 28 °C. Samples were taken every day and analyzed for
ferrous, total iron concentrations and pH. All the experiments were carried out under sterile conditions.

Analytical analysis

The pH of the test solutions was determined using a professional multichannel pH meter Mettler Toledo
SevenMulti-A. The concentration of total iron and Fe®" ions in the liquid phase was determined
spectrophotometrically using a spectrometer (BioMate 3S UV-Visible, Thermo Scientific, USA)

Results and Discussion

Results of mesophilic biooxidation of ferrous iron at initial concentration of 4.5 g/L are presented in
Figure 1. The biooxidation rate of ferrous iron (Fe’") to ferric iron (Fe’") was remarkably increasing in the
flasks with microorganisms for 3 days, meantime in un-inoculated flask oxidation of Fe*" was not happen:
due to slow chemical oxidation. Despite added ferrous iron concentration was 4.5 g/L, at the end of the ex-
periment the oxidized ferrous iron concentration was 4.8 g/L. The reason for increasing of the total iron is
the added inoculum culture with 9 g/L of iron. The strains 377 and 535 showed the highest activity. Varia-
tions of pH over time during the biooxidation process with different bacterial strains at 28 °C are shown in
Figure 2. The pH of the flasks inoculated with At. ferrooxidans FT-2 decreased significantly within the first
3 days of the experiment from pH 1.64 to 1.58. The pH propagation of 535 and FT-3cultures was quite simi-
lar. In the flasks with 377, pH was increased from 1.6 to 1.63. Meanwhile the pH did not drop greatly in the
control flasks, which were conducted without bacterial inoculation.

6,0

A. ferrivorans 535

A. ferrooxidans FT - 2

—o—A. ferrooxidans FT - 3
A. ferrooxidans 377

Control

3 4 5

2 Time, days

Figure 1. Mesophilic biooxidation of ferrous iron at 28 °C
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Figure 2. Variation of pH over time during biooxidation process of the ferrous iron at 28 °C

In Figure 3 the observed oxidation of Fe*" to Fe’" clearly demonstrates the presence in four type of
strains growing at 8 °C and able to oxidize Fe*" iron at initially pH 1.6. In the flasks with microorganisms,
the ferrous iron initially added was rapidly oxidized to Fe’" after only 5 days. The 4. ferrooxidans FT-2
strain showed the highest activity which was demonstrated by an increase of Fe’" in solution. A small amount
of Fe** (approximately 1.0 mg/L) was maintained in the media with the strain of 4. ferrooxidans FT-3 till the
end of the experiment. In the sterile flasks, some chemical oxidation was also obtained after 5 days. Figure 4
illustrates the results of the biooxidation of ferrous iron at initial pH 1.6. The trend of pH variations during
biooxidation of Fe*" to Fe’" showed that the pH of the flasks with microorganismswas not decreased within
the first 5 days of the experiment.

6,0
50 A. ferrivorans 535
! A. ferrooxidans FT - 2
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4,0 A. ferrooxidans 377

Control
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w
o
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Figure 3. Psychrophilic biooxidation of ferrous iron at 8 °C

According to this study, these isolated strains of At. ferrooxidans and At. ferrivorans would be psychro
tolerant despite the fact that optimum growth temperature is 20—40 °C, they also can grow at 8 °C. However,
they cannot be considered psychrophilic, as they showed high growth at 28 °C. Temperature is a significant
factor in leaching processes, especially in oxidation processes. Lowering the temperature leads to a signifi-
cant reduction in the rate of oxidation. The rate of chemical oxidation of sulfide minerals with oxygen at en-
vironing temperature is very slow. And a significant oxidation might be observed only in the presence of
iron-sulfur oxidizing bacteria. Abandoned mines exposed to atmospheric influences at ambient temperature
leads to the formation of acid drainage, which cause environmental pollution. However, the results of this
study show that even at a very low temperature (8 °C), bacterial growth occurs and biological catalysis in-
creases the rate of oxidation.
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Figure 4. Variation of pH over time during biooxidation process of the ferrous iron at 8 °C

These results of the study are important not only from an environmental point of view but also the pos-
sible development biological leaching of low-grade oredeposits located in low-temperature areas.

Conclusion

Results of the present study show that the mesophilic microorganisms At. ferrivorans and At. ferro-
oxidans are able to grow on ferrous iron at concentrations below 5 g/L and at pH 1.6. As experimental pa-
rameters, initial pH 1.6, temperature (8 and 28 °C), and ferrous iron concentration 4.5 g/L. were used, and
their effects on ferrous iron oxidation behaviors were studied. In terms of the ferrous iron oxidation behavior
according to the reaction temperature, the highest oxidation rate was observed at 28 °C, and a lower ferrous
iron oxidation efficiency was observed at 8 °C. After 3 days of incubation at 28 °C, A4t. ferrooxidans strain
377 was found to be the most effective bacteria compared to other strains for oxidation of ferrous iron;
meanwhile, at 8 °C, At. ferrivorans strain 535 showed the higher efficiency on biooxidation of ferrous iron
when compared with At. ferrooxidans.

From the results of the study, it was noted that the selection of bacterial strains to be used for the
biooxidation process should depend on temperature of environment. There remains a need for
furtherresearch to verify various reactions engaged inpsychrophilic bioleaching of sulphide minerals and to
explain the mechanism which dominates this process.

This work was supported by the Science Committee of the Ministry of Education and Science of the Re-
public of Kazakhstan in the framework of program funding for research (AP05136008).
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K.H. Cetitkamain, H.K. XKanmap, B.M. [aitxyrauaos, A.K. [1Ilu6aesa, ©.3. CarbIHIBIKOB

Ta3za nakpligapaarbl eki BaJIeHTTI TeMipaiH
ncuxpouibi skoHe Me30puiIb/i OHOTOTHIKTHIPYbIH CAJIBICTHIPMAJIBI 3€PTTEY

Acidithiobacillus ferrooxidans wene Acidithiobacillus ferrivorans MUKpoar3alapbIHIArsl TEMIp CYJIb(ATHIH
OMOJIOTHSIBIK TOTBIKTBIPY MHHEpAIIApAbH OHONOTUSUIBIK CUITUICHYIHE JKOHE IIaxTa IpeHaXKIapbIHBIH
KBILIKBUIBIH OHJCYE MaHbI3/Ibl IPOLECC OOMBIN TaObLUIaAbl. BHONOTHANBIK TOTHIFY PeaKLHsIAPBIHBIH KYPY
KBUIIAMIIBIFBI COJI OPTaJarbl MUKPOOPIaHM3MICP/IH ecy TeMmIeparypachlHa Tikeled OaillaHbICTbI OOJIBIN
keneni. Peakiys TeMrepaTypachlHbIH TOMEHJICYl XUMUSJIBIK PEAKLUSIIAP JKbULIAMIBIFBIHBIH TOMEH/CYIHE,
COHBIMEH Koca OakTepusutapablH Keberoine ne acep ereni. JXKymsicta At. ferrooxidans xone At. Ferrivorans
TeMip cyib(haThlH TOTHIKTBIpYbIHAA PH 1eH TemiiepaTypaHbIH ocepiiepi 3epTreii. BHOMOTHSIIBIK TOTBIKTBIPY
sKkcriepuMenTi OGactanksl pH 1,6 nerreitinme xoHe Temmeparypackl 28 °C meH 8 °C GoyaTelH, 5 ToyIik
iminge maiikayra apHajFaH apHadbl OIBIHBI CAaybITTapbIHAA KYprizinmi. Hormxecinne, Me3ohmibai Temip
TOTBIKTBIPFBIIITAPB! €Ki BaJICHTTI TeMipAiH 4,5 I/ KOHLEHTPALMAChIHIA TOMEH TeMIepaTypa jKaraaiblHaa
ece anajbl. Anaiiga, TeMipaiH Me30(pHIIb/i OUOTOTHIFY JKBUIAAM/IBIFBI ICUXPO(HIBII OHOTOTHIFYFa KaparaHia
xorapbl Oonubl. KopbIThIHABUIAN Kejle, SKCHEPUMEHT Ke3iHIe TOMEH TeMIepaTypana TOTHIKThIpyna Af.
ferrivorans 535 mrampl 6acka LTamIapra KaparaHaa jKOrapbl OejlceHAimik kepcerTi. By merewimis, ete
TOMEH TeMmIeparypa JKariaillapelHIaga MUKpoar3ajap CyabQHATI KEHAEpPAi TOTHIKTHIPY JKOHE
CUITUTCHITIpY/Ie MaHBI3IBI POJT ATKAPAIbL.

Kinm  ce30ep: Ounonorusnbelk cinriney, Acidithiobacillus ferrooxidans, Acidithiobacillus ferrivorans,
OMOTOTHIFY, €Ki BaJEHTTI TeMip, ICUXpO(MIBAI OHOTOTHIFY, Me30(MIBAI OHOTOTEIFY, TOMEH TEMIIEpaTypa,
TeMipiH TOTHIFYbI, CYIb(QUITI KSHAED.
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CpaBHUTe/IbHOE HCC/IeI0BaHNE NCUXPOPUIBLHOTO U Me30(PHIBLHOT O
0MOOKHCJICEHHUS IBYXBAJIEHTHOI0 KeJjie3a YNCThIMM KYJIbTYPaMu

Buonoruyeckoe oxucieHue cyibdara skene3a Mukpoopranusmamu Acidithiobacillus  ferrooxidans w
Acidithiobacillus ferrivorans sBnsieTcsl BaXXHbIM IPOLIECCOM OHOIIOTMYECKOTO BBIIEIaYMBAHUSI MUHEPAJTIOB H
00pabOTKH KHUCIOTHBIX LIAXTHBIX ApeHaxkeil. CKOpoCTh peakiuu OMOOKHCICHUS HANPSAMYIO CBsI3aHA C TEM-
HepaTypoil pocta MUKpPOOPTaHU3MOB, KOTOpBIE HaxoAsATcs TaM. CHIDKEHHE TEMIIEPaTyphl PEaKIUH MPUBOIUT
KaK K CHIDKEHHIO CKOPOCTH XMMHYECKHX Peakluii, Tak U pocra GakTepuil. B cTaThe nmpoBeneHo uccienoBa-
Hue BusHUS pH 1 TemrepaTypsl Ha OKHCIICHHE Cynbdara xKeje3a IPUPOIHBIMU mTaMMaMu Acidithiobacillus
ferrooxidans n Acidithiobacillus ferrivorans. DkcriepIMeHTHl Ha OGHOOKHCIIEHHE ITPOBOAWINCE B KOJI0axX Ha
kavanke npu Temneparypax 28 °C u 8 °C u npu HavansHoM pH 1,6 B Teuenue 5 nueil. B pesynbrare meso-
(uIbHBIC OKUCIMTENH JKele3a ObUIM CIOCOOHBI PAacTH Ha BYXBAJICHTHOM JKelie3e¢ NPH KOHLCHTPALMAX
4,5 r/n npu HU3KO# Temneparype. OHAKO CKOPOCTh Me30(HUIIBHOTO OHOOKHCIICHHUS! IByXBaICHTHOT'O JKele3a
Obl1a BbILIE, YeM NPH NCUXpOdHIbHOM GHOOKHCIeHHH. TakuM 00pa3oM, BO BPEMsl SKCIIEPHUMEHTA LITAMMBI
Acidithiobacillus ferrivorans 535 noka3aiau BBICOKYIO aKTUBHOCTh B OKHCJICHHHM NPH HHU3KOH Temmeparype,
4yeM Apyrue. To 03Ha4aeT, YTo Jaxke MPU OYeHb HU3KUX TeMIepaTypax MHKPOOPTAaHU3MBI HIPAIOT BAKHYIO
POJIb B OKHCIICHUH ¥ BBIIEIAYNBAHIHN CYIb(QUAHBIX PYII.

Kniouesvie cnosa: OwoBbluenaunBanue, Acidithiobacillus ferrooxidans, Acidithiobacillus ferrivorans,
OMOOKHUCIICHHE, JBYXBAJCHTHOE >eEJe30, MCUXPOPHIbHOC OMOOKUCICHHE, Me30(HIbHOEC OMOOKHUCIICHHUE,
HH3Kasl TeMIlepaTypa, OKHCICHHE JxKeTle3a, CYIb(GUIHbIC PYAbL.
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The structure of Adonis wolgensis Stev. coenopopulation
in the conditions of Northern Kazakhstan

The article presents the study results made on the Adonis wolgensis coenopopulation in Northern Kazakhstan
(2018-2019). The materials have been gathered in the course of field research taking into account the literary
data. The age structure of the coenopopulations is provided on the basis of detailed route studies. There have
been studied eight coenopopulations located in Akmola, Pavlodar, and Kostanay regions. 4. wolgensis is a
short-stem herbaceous polycarpic of Northern Kazakhstan. 4. wolgensis coenopopulations are found in three
main habitats: steppe, meadow-steppe, and forest communities. The study of A. wolgensis coenopopulations
in the latitudinal direction from Ekibastuz in the east to the Kostanay region in the west has revealed a high
recovery index in steppe ecotopes. In other coenopopulations it is less than one. It is especially low in forest
habitats. Most coenopopulations have a normal character according to the spectrum of age conditions, and
they are maturing. This fact proves no negative impact of environmental and anthropogenic factors on the
structure of coenopopulations and ensures their recovery and preservation.

Keywords: Adonis wolgensis Stev., coenopopulation, Northern Kazakhstan, age structure, rare plants.

Introduction

Adonis wolgensis Stev. is in the Red Book of Kazakhstan (category III). Dying species) [1]. The species
is protected in Ukraine, the Republic of Moldova, Bulgaria, Romania [2-5], as well as in 11 regions of the
Russian Federation.

Material and research methods

Age structure is one of the essential signs of cenopopulation, as it provides the ability of the population
system to maintain itself and to determine its stability [7]. The study of Adonis wolgensis Stev.’s age struc-
ture was held in Northern Kazakhstan in 2018-2019. There have been studied 8 coenopopulations of A.
wolgensis located in Akmola, Pavlodar, and Kostanay regions. The area of maximal distribution of A.
wolgensis was determined for each CP using GPS; 25 reference sites (1 m?) were made inside the CPs on
which the number of all 4. wolgensis specimens was counted and their age stages were determined.

The age stages were determined according to the guidelines of T.A. Rabotnov [8], A.A. Uranov [9-10],
L.B. Zaugolnova and O.V. Smirnova [7], Plant coenopopulations... [11].

The type of coenopopulation was determined according to T.A. Rabotnov [8] and to the «delta-omega»
classification of L.A. Zhivotovsky [12].

The age index of a coenopopulation (A) is calculated according to the formula

A=XKm;/ 2K,
i.e. 2K; is a sum of the plants of all age stages; m; is the age of individual plants [13].
The efficiency index was defined by the formula
O = Xpie;,
i.e. p; = n/n is the share of plants of an i-state in this population, »; is the absolute number of i-state plants,

n = Xn; is the total number of plants, ¢; is energy efficiency [13].
The recovery index (/) was calculated by the formula

I1=%j—-v/2gl—g3,
i.e. j—v is the sum of plants of all age stages of the pre-generative period; Xgl1—g3 is the sum of plants of
all age stages of the generative period [13].
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Results and discussion

A. wolgensis is a short-stem herbaceous polycarpic plant of Northern Kazakhstan represented by three
morphotypes: steppe, meadow-steppe, and forest ones. They all have significant morphological differences
in the height of shoots and the form of leaf blades.

CP-1. Pavlodar region, near Ekibastus, 51.66494°N, 75.28173°E, =412 m.a.s.l. Interslope lowland,
northern slope, adonis-fescue community. The population area is 200 m’ total projective cover (TPC) is
60 %, the TPC of A. wolgensis is 40 %, the community has 24 species. The vegetation is formed by Adonis
wolgensis, Alyssum desertorum, Androsace maxima, Artemisia austriaca, Festuca valesiaca, Potentilla
humifusa, Ranunculus polyrhizos, Seseli ledebourii, Valeriana tuberosa.

CP-2. Pavlodar region, near Ekibastus, «Three birches» tract, 51.57517°N, 75.13187°E, h =403 m.a.s.1.
Eastern slope of the hill, feather-grass and fescue steppes on alkaline soils. The population area is 300 m’,
TPC is 60 %, the TPC of A. wolgensis is 0.5 %, the community has 29 species. The vegetation is formed by
Artemisia nitrosa, Astragalus testiculatus, Draba nemorosa, Festuca valesiaca, Limonium gmelinii, Ranun-
culus polyrhizos, Spiraea hypericifolia, Tulipa patens, Valeriana tuberosa.

CP-3. Pavlodar region, near Bayanaul, 50.2209° N, 75.8009° E, 406 m.a.s.l. The foot of the slope, the
shrubs of a fescue-feather grass steppe. The population area is 500 m*, TPC is 90 %, the TPC of 4. wolgensis
is 0,5 %, the community has 29 species. The vegetation is formed by Allium nutans, Caragana frutex, Carex
pediformis, Gagea granulosa, Poa angustifolia, Rosa spinosissima, Seseli libanotis, Stipa capillata,
S. pennata, Thymus marschallianus.

CP-4. Akmola region, near Ereimentau, the Ereimentau mountains, 51.65717° N, 73.19056° E,
h =313 m.a.s.l. The foot of the slope is the alkaline meadow. The population area is 400 m* TPC is 100 %,
the TPC of 4. wolgensis is 3.0 %, the community has 25 species. The vegetation is formed by Agropyron
cristatum, Artemisia dracunculus, Carduus nutans, Centaurea scabiosa, Glycyrrhiza uralensis, Potentilla
bifurca, Ranunculus polyanthemos, Rumex acetosa, Tamarix ramosissima.

CP-5. Akmola region, the Burabay region, near Kartakol, 52.93287° N, 70.49210° E, £ =431 m.a.s.l.
Pine and birch forest. The population area is 300 m*, TPC is 60 %, the TPC of 4. wolgensis is 0.5 %, the
community has 20 species. The vegetation is formed by Achillea asiatica, Betula pendula, Calamagrostis
epigeios, Equisetum hyemale, Filipendula ulmaria, Jacobaea erucifolia, Pinus sylvestris, Populus tremula,
Rosa majalis, Solidago virgaurea,

CP-6. Kostanay region, near Scherbakovo, 53.20453° N, 64.21550° E. The sparse pine forest is grow-
ing on sands. Population area is 1000 m* OPP is 30 %, the OPP of A. wolgensis is 0.5 %. The community
has 22 species. The vegetation is formed by Agropyron pectinatum, Carex supina, Genista tinctoria,
Phragmites australis, Potentilla arenaria, Scorzonera ensifolia, Stipa capillata, Thymus serpyllum, Tulipa
biebersteiniana, Veronica spicata.

CP-7. Kostanay region, near Ozerny, the Novonezhensky forestry, sq. 21, 52.43971° N, 64.09279° E,
h =213 m.a.s.l. The secondary psammophyte steppe is at the site of an old fire. Population area is 300 m?,
OPP is 100 %, the OPP of 4. wolgensis is 5.0 %. The community has 38 species: Artemisia campestris,
Echinops sphaerocephalus, Gypsophila paniculata, Medicago falcata, Oenothera biennis, Otites wolgensis,
Potentilla arenaria, Pulsatila uralensis, Sedum telephium, Xanthoselinum alsaticum,

CP-8. Kostanay region, near Zarechny, «Stone Lake», 52.28013° N, 63.76616° E, 7 = 134 m.a.s.l. The
northern slope towards the lake, shrub thickets. Population area is 400 m’, OPP is 100 %, the OPP of
A. wolgensis is 1.0 %. The community has 23 species: Amygdalus nana, Calamagrostis epigeios, Filipendula
vulgaris, Potentilla bifurca, Rosa acicularis, R. spinosissima, Spiraea hypericifolia, Stipa capillata,
S. pennata.

A. wolgensis coenopopulations are confined to three main habitats: steppe communities (CP-1, CP-2,
CP-7), meadow-steppe communities (CP-3, CP-4, CP-8), forest communities (CP-5, CP-6). Many authors
who studied the structure of 4. wolgensis coenopopulations consider it to be a steppe species. Forest habitats
are not peculiar to it [14—16]. Therefore, forest habitats should be considered secondary for A. wolgensis. In
this regard, the presence of 4. wolgensis in a pine-birch forest can be explained by some dynamic processes
of «forest fighting with steppe» in the process of climatic fluctuations in the Kokshetau highlands.

By density (pcs./100 m?) all populations are divided into three groups: high > 800 pcs./100 m* (CP-1,
CP-7), medium — 150-800 pcs./100 m* (CP-3, CP-4, CP-6, CP-8), low < 150 (CP-2, CP-5). Steppe CPs
(except CP-2) have high density, meadow-steppe ones are medium, forest CPs are low or medium (Table 1).
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Table 1
Characteristics of A. wolgensis coenopopulation
Density of
No. TPC, % A wo}:glzgsis % Arearr(:zf o plants, 2 plf;lr:lsbienr g; A ® I
) ’ pcs./100 m
CP-1 60 40.0 200 1480 2960 0.47 0.62 0.65
CP-2 60 0.5 300 51 153 0.20 0.59 1.43
CP-3 90 0.5 500 169 845 0.30 0.77 0.32
CP-4 100 3.0 400 490 1960 0.29 0.75 0.32
CP-5 60 0.5 300 85 255 0.33 0.86 0.06
CP-6 30 0.5 1000 315 3150 0.32 0.81 0.31
CP-7 100 5.0 300 870 2610 0.22 0.64 1.07
CP-8 100 1.0 400 155 620 0.27 0.84 0.63

According to the age structure, mature (CP-1) and maturing (CPU-2) species grow only in steppe
coenopopulations, all the rest are young (Table 2). By the «delta-omega» ratio, most populations are matur-
ing, but CP-1 is the one which is transitive and CP-2 is young.

The recovery index (Table 1) in steppe ecotopes is very high 0.65—1.43. In other CPs it is less than one.
It is especially low in CP-5 (forest habitats) where it is 0.06 (Table 1).

Table 2
Characteristics of A. wolgensis according to the age ratio and «delta-omega» (by Zhivotovsky, 2001)

No. Age ratio «delta — omega»
CP-1 Mature Transitive

CP-2 Maturing Young

CP-3 Young Maturing

CP-4 Young Maturing

CP-5 Young Maturing

CP-6 Young Maturing

CP-7 Young Maturing

CP-8 Young Maturing

All the coenopopulations of 4. wolgensis are normal with slight deviations. The exception is CP-2 lo-
cated on the eastern slope of the hill in the lowland. There is a long-lasting snow cover that provides favora-
ble conditions for resumption. As a result, a large number of young vegetative plants and CPs has
antropogenous invasive character. Inconsistency of the CP is bound to an extremely small number of senile
plants and seedings.

Conclusion

Thus, the study of A. wolgensis CPs in a latitude direction from Ekibastus in the east to the Kostanay
region in the west has found that the majority of CPs has normal character and belongs to maturing CPs ac-
cording to the spectrum of age stages. This fact proves no negative impact of environmental and anthropo-
genic factors on the structure of coenopopulations and ensures their recovery and preservation. The gathered
data are consistent with the study results of A. wolgensis coenopopulations in the Saratov’s region [17, 18].

The research was carried out within the framework of grant financing project of the Ministry of Educa-
tion and Science, the Republic of Kazakhstan for 2018-2020. «Molecular genetic analysis of gene pools of
rare plant species populations in Northern Kazakhstan»y Ne AP05132458, number of the state registration is
0118RK00404.
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17 Haeupenxo O.H. Cocrosinue nomyssinuit anonnca Bommkckoro (4. wolgensis Stev.) B Caparosckoii oonactu / O.H. JlaBuaen-
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C. 221-225.
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I' K. Cynranrasuna, A.H. Kynpusinos, O.A. Kynpustnos, M.IO. Cremenko

Coarycrik Kazakcran xkarnaiisinaarbl Adonis wolgensis Stev
HEHONOMYJISAUNACHIHBIH KYPbLIbIMbI

Makanana Conryctik Kasakcrannmarsl Adonis wolgensis 1eHONOMYSILMSUIAPBIH  3€PTTEY HITHIKENEpi
kentipinren (2018-2019 xox.). Marepuangap [ajajiblK 3epTTeylep HOTIIKECIHAE allblHFaH, oneOH
MaJiMeTTep eckepinreH. Ermkeil-rerkeini OarbITTBIK 3epTTeysiep Heri3iHAe LEeHOMOMYJISUMUIAPABIH JKac
KYpBUIBIMBI KenTipinreH. Akmona, [TaBnonap, Kocranaii oOnbicTapbiHia OpHAJIACKAH CETi3 LIEHOMOIMYJIALHs
3eprrenni. A. wolgensis KplcKa-e3ekTi menTi nonmkapmuk, an Conrycrik Kasakcramma A. wolgensis
LCHOIOMYJISLMSCHI HETI3Ti YIII MEKEHICHTIH jKepre: ajia KOFaMaCThIKTaphl, [IAIFbIHbI-/a1a, OPMAHIBI el
TONTAaCTBIPbUIFaH. 4. wolgensis LeHONOMYIAUMACHH wwbIFbicTa ExibacTy3naH, 6ateicta KocraHnaii o6bichiHA
JeiiiH eHaik OarbITTa 3epTTey OapbIChIHAA Jaja YKOTONTAPBIHIAFEl KAIIbIHA KETIPy MHACKCI OTE YKOFaphl
eKeHIH aHbIKTanAbl. KarFaHn HeHOmomy siys, oy OipiikTeH anaekaiiga a3. Ocipece, OpMaH/IbI JKepiepae a3
ke3neceni. JKac sxarJailbIHBIH CIIEKTpPi OOMBIHIIA KONTETeH LEHOMOMYIALMIIAP KaJbINThl CUIIATKA He XKOHE
HiCKEeH/Iep KaTapblHa jkaTabl. Byl 1IeHOMOMY ISLHACHIHBIH KYPbUIBIMBIHA SKOJIOTHSIIBIK )KOHE aHTPOHOTCHIK
(akTopnap/bIH TEPiC 9CEPiHiH KOKTBHIFBIH PACTAN/IbI )KOHE MOMYJIALNSIAP/bIH JKaHAPTHUIYBl MEH CaKTaybIH
KaMTaMachI3 €Te/l.

Kinm ce30ep: Adonis wolgensis Stev., nenonomynsius, Conrycrik KazakcTaH, jkac KypbUIBIMBI, CHPEK
OCIMJIIKTED.
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Crpykrypa uenononyasiuuii Adonis wolgensis Stev.
B yciaoBusix CesepHoro Kasaxcrana

B crarse maHbl pe3ynbTaThl U3ydeHHs LeHonomymsnuit Adonis wolgensis 8 CeBepHoMm Kazaxcrane (2018-
2019 rr.). Marepuasisl HOTy4€HBI B pe3yJbTaTe MMOJICBBIX UCCIEIOBAHUM, yUTEHBI JJUTepaTypHble faHHbIe. Ha
OCHOBAaHUM JIETaNbHO-MapIIPYTHBIX HCCIEOBAHUI TNpHBEAEHAa BO3PACTHAs CTPYKTypa IEHOMOMYIISAIMIA.
W3y4yeHo BoceMb LICHONOMYIIALUI, pacioaokKeHHbIX B AKMoInHCKoH, [TaBnogapckoii, Kocranaiickoit obmac-
TX. A. wolgensis — KOPOTKO-CTEPKHEBOM TPaBsIHUCTHIM MoiMkapnuk, B CeBepHoM Kazaxcrane meHomnomy-
i A. wolgensis TIpHypoYeHbl K TPEM OCHOBHBIM MECTOOOMTAHWSM: CTENHBIE COOONIEeCTBA, JTYTrOBO-
CTeNHsbIe, JiecHble. V3ydyenne nenonomymsnuit A. wolgensis B IIMPOTHOM HaIlpaBJICHUH OT DKHOAcTy3a Ha
BocToKe 10 Kocranatickoii o6macTy Ha 3amajie BBISIBHJIO, YTO MHJEKC BOCCTAHOBJIEHHS B CTEIHBIX SKOTOIAX
OYCHb BBHICOKHMH. B OCTaJIbHBIX [EHONONMYJIAMUSIX OH 3HAUUTENHFHO MeHblIe eAuHUIBL. OCOOCHHO OH Mai B
JIECHBIX MECTOOOMTAHUSX. BOIBIIMHCTBO IEHONOMYIISAIUN 1T0 CIIEKTPY BO3PACTHBIX COCTOSHUN MMEIOT HOP-
MaJbHBII XapakTep M OTHOCATCA K 3DPEIOLUIMM. JTO CBHUAETENBCTBYET 00 OTCYTCTBUU HETATUBHOTO BIIUSTHUS
9KOJOTHUECKUX U aHTPOMOTEHHBIX (DAaKTOPOB Ha CTPYKTYPY LIEHOMOMYJISILUH 1 0OecreunBaeT BO300HOBIIsIE-
MOCTb M COXPAaHHOCTb TOITYJISILIUH.

Kniouesvie cnosa: Adonis wolgensis Stev., nenononynsaiuu, CeBepHblii Kasaxcran, Bo3pacTHast CTpyKTypa,
peIKue pacTeHuHsI.
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OHTOreHe3 u crpykrypa uenononyasiuuii Pulsatilla uralensis
B yciaoBusix CesepHoro Kazaxcrana

W3ydenne penkux U MCYE3arONIMX pacTeHuil pernoHoB KazaxcTaHa mMeeT BaXHOE NPAKTHUECKOE 3HAUCHHE
JUISL COXpaHEHNs! OHOJIOTHIECKOTO pa3Ho00pasys 1 MOHUTOPHHTA COCTOSIHAS pacTUTeIbHOCTH. OXHIM U3 I0-
KazaTelsiel COCTOSIHUS MOIYISIIUI SBISIETCS N3ydeHHe CTPYKTYpHI (a3 pa3BuTHs pactenuil. Llens uccnenosa-
HUSI — TPOBEJICHUE MCCIICIOBAHNS 3TAlOB OHTOreHe3a Pulsatilla uralensis (Zam.) Tzvel. na tepputopun Ce-
BepHOro Kazaxcrana. B crarbe npuBeieHBI HTOTH H3ydeHHsI BO3PACTHBIX 0COOCHHOCTEH OHTOTE€HE3a U CTPYK-
Typsl ueHononyasumid Pulsatilla uralensis Ha Tteppuropun Kocranaiickolt ob6mactu. LleHomomymsiuuu
P. uralensis npuypoYeHsI K JIECHBIM OIYIIKaM WJIH BTOPHYHBIM CTEITHBIM COOOIECTBAM Ha MECTE CTaphIX ra-
peii Ha MoYBax JIETKOr0 MEXaHHYECKOI0 COCTaBa. B OHTOreHe3e BbIENCHO TPU NEpHOa U 8 BO3PACTHBIX CO-
CTOSIHUIT: TPOPOCTKH, FOBEHWIFHOE, NMMaTypHOE, BUPTHHUIIBHOE, MOJIOJIOE, CPEIHEBO3pACcTHOE, CTapOBO3pa-
CTHOE TEHEpaTHBHOE, CyOCEHMIbHOe cocTosHMS. OCOOEHHOCTBIO BO3PACTHBIX COCTOSHMI P. uralensis 1o
CPaBHEHHUIO C CHOMPCKAMH U SIKYTCKUMH TOIYJSIIUSIMU SIBISIETCS OoJiee paHee pa3jeeHne KOPHEBHI Ha OT-
JIeTbHBIE TTApIeIUTBl C 00pa30BaHUEM PBIXJIOTO Kayiekca, Habllio1aeMoe B CpelHeBO3PacTHOM I'e€HEepaTHBHOM
COCTOSIHHH. B pa3pexeHHOM COCHOBOM Jiecy (popMupyeTcss HOpMallbHAs! IO ¢ peobIagaHieM reHe-
PaTHUBHBIX 0COOEH, OTHOCSIIASICS K 3PENbIM MOMYISALMAM C HU3KUM HMHICKCOM BOCCTAHOBJICHMs. B momyisi-
HsX, CHOPMUPOBAHHBIX B YCJIOBHUIX BTOPUYHON IICAMMO(UTHOM CTENH Ha MECTE CrOPEBIIET0 COCHOBOTO Jie-
ca, IPOM3pACTaeT JICBOCTOPOHHSSI MHBA3MOHHAS MOMYJISILHUS C Ipeo0iIafaHieM UMMATYPHBIX U BUPTHHHIIb-
HBIX 0co0eif, 001aaromas BHICOKMM HHISKCOM BOCCTAHOBJICHHSI.

Kniouesvie cnosa: Pulsatilla uralensis (Zam.) Tzvel., nenonomymsinun, CeBepHblii Kazaxcran, Bo3pacTHas
CTPYKTYpa, OHTOI€HE3, )KH3HEHHBIC (DOPMBI.

Beeoenue

W3ydeHue momynsnuid peKUX U UCYe3arolux pacteHuit B Kazaxcrane He0OXOaUMO JUIsl TOHUMaHHS
COBPEMEHHOI'0 MX COCTOSHUS, OPTaHN3allii MOHUTOPHUHTAa U MEPONPHUATHI 110 OXpaHe NaHHBIX BUIOB. Cpe-
I OIICHOYHBIX TIOKa3aTeJie BaXXKHYIO POJIb UTPAIOT OHTOTEHETHYECKHE HMCCIEeNOBAHMS, TaK KaK M3Y4YEeHHE
COOTHOIIICHHS (ha3 OHTOTCHE3a SBISCTCS BaXKHBIM IOKa3aTeleM HE TOJbKO COBPEMEHHOTO COCTOSIHUS IOITY-
JISIUH PACTCHUS, HO U TUHAMUKHU Pa3BUTUS B OYIYIIIEM.

B «Kpacnoii kaure Kazaxcrana» [1] mpusonurcst Pulsatilla flavescens (Zucc.) Juz. 3Ty KOMOUHAITHIO
npennoxun C.B. I03emuyk (1937) Bo «Dnope CCCPy», HO oKka3anoch, 4To BUAOBOH smuteT «flavescens» B
poxne Pulsatilla ye ObUT NCTIONB30BaH JJIsl APYTOTO BHIA, B 3TOM cinydae «KomekcoM 00TaHUIeCKO HOMEHK-
JaTypeD» [2] mpemycMaTpuBaeTCs CO3IaHue HOBOW HOMEHKIaTypHoW komOmHanuu. H.H. [genes [3] mpexto-
JKHJT UCIIOJIb30BaTh HasBaHue Pulsatilla uralensis (Zam.) Tzvel., st KOTOPOro XapaKTEPHbBI OKOJIOLBETHUKH
JKEJITOM raMMBbI OKPAacKH, Y3KHE KIMHOBUIHBIC K OCHOBAHUIO JIMCTOUYKH, YEPEIIOK Y BEPXHEU TOJIM WU OYEHb
KOPOTKHUM, UJIH €r0 HET.

Pacripoctpanén P. uralensis B eBpomneiickoii yactu Poccum, a mmenHo Bomxcko-Kamckom paiione,
IOxxnOoM VYpane [3-5]. B Kazaxcrane on Bctpeuaercs B ToOon-UmmmckoM, CeMHITAIATHHCKOM OOPOBOM,
KoxkyeraBckom (hopucTryeckux paiioHax, Ha ceBepe 3amaHOro MEITKOCONoYHrKa U Typraiickoro (GiaopucTu-
geckoro paiiona [6]. ILlenoapeansr P. uralensis, B OCHOBHOM, IIPUYPOUCHBI K CTCITHBIM, OIyIICYHBIM (PUTOIIC-
HO3aM Ha T0YBaX JIETKOTO MEXaHH4YeCKoro cocrapa [3—5]. OcobenHocThi0 KocTanalickoli 00acTu sBIsieTcs
TO, uTO P. uralensis ¢ HeOOMBIIUM OOMIIMEM BCTpEYaeTCA B COCHOBBIX Jecax Ha meckax u cymecsx [7]. He-
CMOTpS Ha JIOBOJIGHO IIMPOKHUN apean P. uralensis, BCTpedaeTcsi TOBOJILHO PEIKO, XO3IHCTBEHHOE OCBOCHHE
TEPPUTOPHIA U, IPEXKJIE BCETO, pacaiika 3eMellb TIPUBEIN K TOMY, 4To B KazaxcraHe W HEKOTOPBIX CyOBbeKTax
Poccuiickoii denepanuu 310T BUf BKItoueH B «KpacHbie kauru» [1, 8—10]. HecMoTps Ha peakocTs BUIIA, CO-
KpallleHHe YHCICHHOCTH TOIYJISIMNA UCCIICIOBAHUIN OMOIOTMYeCKUX 0COOeHHOCTeW P. uralensis Ha TEppUTO-
pun Kazaxcrana He IpOBOAUIIOCK.
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OHTOreHes n cTpykTypa ueHononynsauun Pulsatilla uralensis ...

Lenbro HaMX HCCIEAOBAHUN SIBJISUTOCH M3YYCHUE OHTOTEHE3a U CTPYKTYpHI onynsuuid P. uralensis Ha
tepputopun Kocranaiickoii o01acTy.

Obvexmol U MemoouKka Ucciedo8anull

OO0BEKTOM HUCCIIeZIOBaHUs ObLIH ICHONOMYyIAun P. uralensis, pacrionoxennsie B Koctanaiickoit o0nac-
tr. st uzydenns renonomyssimui (L{I1) B mae 2018 u 2019 rr. monOupanuch y9acTKA ¢ BEICOKOM TUIOTHO-
cteio mBeTymux ocobeit. O.E. Cymennos [11], m3yuaBmmit cTpykTypy nomyisiiuid P. uralensis u P. patens
Ha Ypase, Ha OOJIBIIIOM CTATUCTHYECKOM MaTepuaie MOKasaj, YTO MEXAY ABYMs STUMH BUIAaMU 00pasyercs
«cepasi 30Ha» B BUJIC MEPEXOMHBIX MOMYJISIHNA, 00JaaloNuX MPOMEXYTOUYHBIMUA 3HAUYCHUSIMH TPU3HAKOB,
[ToaToMy BBIOMpANHCH TOJNBKO T€ HEHOOMYIISIIIAY, B KOTOPHIX JKENTOIBETKOBBIX ocobeit 6110 100 %. Ilpo-
BowIoch (hriopuctrueckoe onmcanue L1 ¢ ykazaHuem KoJm4ecTBa BHJOB, OOLIETO W MapIUAIBLHOTO TPO-
EKTUBHOTO MOKPBITHS P. uralensis.

I'paHMIIBI MOMYJISAIAHA OMPEASISUTH OOIIETIPUHIATHIMIA MeToaaMu [12], mromaas u3ydanach ¢ IOMOIIIBIO
GPS. ®nopucTHYecKre OMUCAHHS TPOBOAMIACH CTAHIAPTHBIM METOOM Ha miommaay 100 M°, OeHHBAINCH
BHUJIOBOH COCTaB, 00IIIee W YACTHOE MPOCKTHBHOE TTOKPHITHE KAXKIOTO BUa. BHYTpH MOMysiiuy 3aKia ibiBa-
noch 10 MOZETBHBIX MIOMAA0K M0 | M’, Ha KOTOPBIX MOJCYUTHIBATOCH KOIMYECTBO 0coOeil BCeX BO3pac-
THBIX COCTOSSHHMA. B KauecTBe CUETHOHN €IWHHIIHI MCITOJIB30BAH 0COOL P. uralensis mo00OTO BO3PACTHOTO
cocrosiHus. Bo3pacTHBIE COCTOSHUMSI BBIICIICHBI, COTJIACHO METOAMYECKUM ykazanusMm T.A. PaGotHoBa [13],
A.A. Ypanosa [14], O.B. CmupnoBoit u apyrux [12]. I[TockonbKy TpOpPOCTKH U IOBEHWIBHBIE PACTEHUS B
MTOJIEBBIX YCJIOBUSAX HAaWTH HE YAAJOCh, OHM OMUCHIBAINICH MO IK3EMIUISIpaM, IMOIYIEHHBIM IIPH TIOCEBE CBe-
JKecoOpaHHBIMHM CEeMEHaMH. THIT IeHOHOmy sy onpeaessuia mo T.A. Pa6otHoBy [13], kmaccudukarmio
nonyisiuui mo «gensra-omera» no JILA. JKusoroBckomy [15].

WHaeke BO3paCTHOCTH HEHOMOMYJISAIUY (A) BRIYUCIACTCS 110 POopMyJIe

A=XKm;/ 2K,

rae K; — cyMMa pacTeHHI BCeX BO3PACTHBIX COCTOSHUI; 1; — BO3PACTHOCTB ocobeit [15].

Wunexc 3ppexkTHBHOCTH (M) OTPEASIsIIN CICAYIONUM 00pa3oM:

o = Xpe;,

TJIe p; = n; /N — JIOJIA PaCTEHUH 1-TOr0 COCTOSHUS B JAHHOHN MOMYJISINY; 1; — aOCOJIFOTHOE YUCIIO PACTCHHMA
i-TOTO COCTOSIHUSA, 1 = Xn; — O0IIlee YUCII0 PACTCHHUI; ¢; — dHEepreTudeckas d3p(HeKTUBHOCTS.

Wunekc BocctanoBineHUs (/) ompenesuics mo popMyie

1=%j—v/%gl—g3,

rae Xj—V — CyMMa pacTeHUU BCEX BO3PACTHBIX COCTOSHHM IpeTeHEepaTHBHOTO Meproa; Xgl—g3 — cyMm-
Ma pacTeHUI BCeX BO3PACTHBIX COCTOSHUM FeHepaTUBHOIO nepuosa [16].

Peszynomamot u 0bcysicoenue

Jlamenmmuoiti nepuoo. Ilnon P. uralensis — MuOTOOpemeK. KaKaplid opeirek yaTnHEHHO-KOHMIECKHH,
3a0CTPEHHBIN, 3—4 MM JUTMHOH, ¢ BOJIOCUCTOM ocThio 15—20 MM mi1. Co3peBaHHe OPEITKOB TMPOUCXOIUT B KOH-
ue mas. B cepennHe uroHs oHHM ochinaoTcs. Opemky, cHaOXeHHbIE OCThIO, MOTYT IUIAHMPOBATh HA HEKOTO-
poe paccTosiHHE OT MaTepUHCKOTO pacTeHusa. Ha BrmakHOI mMoYBe OHM BTHIKAIOTCS B ITOYBY M B PE3yJbTaTe
pacKpy4HMBaHHUS OCTH BBHHYMBAIOTCS B IMOYBY Ha TIyOwHY 10 2 cM. CeMeHHas mpoayKTuBHOCTH 140-170
OpEIIKOB Ha Iuiof. PeanbHas ceMeHHas MPOAYKTHBHOCTh COCTaBISET B HPUPOAHBIX ycioBusax 500-600
OPEILKOB, YTO COTJIACYETCSI C pe3yIbTaTaMH, IIOIyUYEeHHBIMH Y OJTM3KOPOACTBEHHBIX BUAOB [17, 18] (puc. 1).

Bupeununvnoiti nepuoo. Ilpopoctku (p). CemeHa He MMEIOT IEpHOAA MOKOSI, OHW MOTYT IPOpPacTaTh
OCEHBIO, HO Yallle BCEr0 MPOPACTarOT B KOHLE amlpes CIEAYIOIIEero rojga. I’ pyHToBas BCXOXKECTb BBICOKAs,
okono 50 %, maGoparopnas — 85 %. Ilpopactanue Haa3eMHOE, CEMSIOIH IPOJOJTOBATHIE KOPOTKO-
YepenIKoBbIe, U3 Ma3yXu KOTOPHIX MOSABIISIETCS JABYJIONACTHOW MEpBBI HacTosmi auct. Huxe cemsonen
pacrnofiaraercs TUnOKOTUIIb, MEPEXOAAIIUNA B IEPBUYHBIN CTEP)KHEBON KOpemoK. B cocTOSHMU NpOpPOCTKOB
(dbopMupyeTCs pO3eTOUYHBIN MOOeT U3 3—5 TUCTOYKOB PAa3HOM CIIOKHOCTH (puc. 2, p).

B roBeHHIIBHOM COCTOSIHUH (j) (POPMHUPYETCS PO3ETOUHBIN MOOeT U3 4—5(6) IUCThEB, B OCHOBAHHH KO-
TOPBIX 3aKJIAZBIBAIOTCS TTOYKKA BO30OHOBIEHHUS. JIMCThsS TpexpasienbHble, pacCeueHHbIe Ha KPYITHBIE TOJIH,
KOTOpbIE, B CBOIO OYepeib, Haape3aHbl Ha 3yO1sl. KopHeBas cuctema mpeacTaBieHa CTEPKHEBBIM KOPHEM U
MHOTOYHCIIEHHBIMH KOPHSIMH BTOPOTO TOpsiaKa (puc. 2, j).
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P — TIPOPOCTKH; j — IOBCHUIIBHOE COCTOSIHHE; i — UMMAaTypHOE COCTOSHUE

Pucynox 2. Bo3pactasie coctosiaus P. uralensis

E.A. CuBuesa [19] o6o3Hauaet xu3HeHHYIO hopMmy P. uralensis B 3TUX BO3pPACTHBIX COCTOSIHUSIX KaK
pacTeHus cO CTeP)KHEBOM KOPHEBOM CHCTEMOM, BETETaTHBHBIM MOHOIIOHAIBHO HAPACTAIOLINM PO3ETOYHBIM

11ooeroMm.

Y uMMmaTypHbIX 0ocobelt (im) mpoucxoauT (GOPMUPOBAHKE YJIMHEHHOTO KOPHEBUINA, C COXPaHEHUEM
OCTaTKOB MPOIIIOTOIHUX JIUCTHEB (IT0 YUCITY KOTOPBIX OOBIYHO OMpEIesIeTCsl KaleHIapHbIi BO3pacT pacTe-
Huit [20]. CoxpaHsieTcs: CTep)KHEBOH KOPEHB, KOTOPBIH BETBUTCA Ha TUIyOMHE 5—7 ¢M Ha KOPHH BTOPOTO TI0O-
psaaka. M3 moyek BO30OHOBIICHUS, HAXOJAIIUXCS B Ma3yXe HIDKHUX HACTOSIIMX JUCTHEB, oOpasyercs 1-3
PO3eTOYHBIX T00EroB. JINCThS Tpexpa3aebHbIe, J0JIU IEPBOT0 MOPsIIKAa TPEXJIONAcTHEIC (puc. 2, im).

Pucynok 3. Bospactasie cocTosiHus P. uralensis: v — BUPTHHWIBHOE COCTOSTHHE
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B BupruHMIBHOM COCTOSHUH (V) TPOUCXOAUT HapacTaHUE KONMYECTBA MOYEK BO3OOHOBIEHHUS M PO3e-
tounbix Momyned H.A. I{pibanoBa [20] Ha3bIBaeT MX y3JIaMU KyIIEHHUs), GOPMHPOBAHHE BEPTHKAILHOTO
KOPHEBHII[A C MHOTOYUCIIEHHBIMU TIOYKaMH BO30OHOBJICHHA. Y MOJIOIBIX BUPTHHHIBHBIX 0COOEH HACUHUTHI-
BaeTcs 4—6 IIT. TUCTHEB, HA MO3AHUX CTAIUIX X KOJIMYECTBO Bo3pacTaeT 10 9—12 mr. (puc. 3, v).

T'enepamusnwiii nepuoo. llepBbie IIBETKH, XapaKTepHU3NPYIOIIHe ePeXo ] PACTEHU B MOJIOI0€ TeHEepa-
THBHOE COCTOSIHUE (g1), TIOSABIISIIOTCS U3 BEPXYIIECUYHON MOYKH, U3 OOKOBBIX IMA3YIIHBIX TIOYEK, K KOHILY IIBE-
TEHHsI TeHEpaTUBHOTO Mo0era MosBISAIOTCS 1—2 BereTaTMBHBIX PO3ETOYHBIX Mobera. B mMonozom renepaTtus-
HOM COCTOSIHMH 00pa3ytoTcs 1-2 nBeTymux nodera, BEICOTOH 1517 cM, pu ruionax yBeaunduBaeTcs 10 23—
28 cM. B aTOM BO3pacTe 0TMEUEHO pa3BeTBICHUE KOpHeBHIIa (puc. 4, g)).

Pucynox 4. Bo3pactasie coctosuus P. uralensis: g, g», €3 — T€HEPaTUBHOE COCTOSHIE

B cpenneM reHepaTHBHOM COCTOSTHUH (g;) KOPHEBHUIIE MPEICTABICHO MHOTOIIIABBIM KayJEKCOM, IPO-
JIOJDKAETCS €r0 MHTCHCUBHOE BETBIICHUE HA OTIACNbHBIC mapueiuisl. B otnuuue ot P. uralensis v Pulsatilla
multifida (G. Printz.) Juz., B SIxytun [19] BeTBIEeHNE KOPHEBHI NPOUCXOAUT HA TiyouHe 10 10 cMm, oOpasys
HECKOJIBKO TapIUabHBIX Momysiel. Kaxnmprit 3 Hux HeceT 1—3 reHepaTHBHBIX MOOETOB U 4—6 PO3ETOUHBIX
mo0OeroB, 00pa3yoIUX PHIXIYI0 AepHUHY (pHC. 4, g;). B 3TOM Bo3pacTe pacTeHHe OCTaeTCsl BEreTaTHBHO Ma-
JIOTIOJTBM>KHBIM, M MBI HE HaOJTFO1a)I KOPHEBBIX OTIPHICKOB, 00HAPYKEHHBIX Y P. patens [20].

VY cTapoBO3pacTHBIX TeHEPAaTHBHBIX 0cO0el (g3;) MPOUCXOAMT TMOJIHAS WM YaCTUYHAS Mareparus Kop-
HEBUINA ¢ 00pa3oBaHHeM 3—6 MaplIUaATBLHBIX KYCTOB [-r0 mopska, KoTopsle 00pa3yroT MapiHaibHbIe KYCThI
II-ro nopsinka. O6pa3oBaHe BETeTaTUBHBIX PO3ETOYHBIX MOOETOB MPOIOIKAETCSA, HO CHUYKAETCS KOJIMYEeCT-
BO F€HEPATUBHBIX OOETOB, KOTOPBIE 00Pa3yl0TCs HE B KAKIOM MapUUaIbHOM KycTe (puc. 4, g3).

CyOceHnnbpHBIC 0COOH (§) MPEACTaBICHBI CUCTEMOW OTMHUPAIOITNX KOPHEBUII, ¢ OAMHOYHBIMH BETeTa-
TUBHBIMH pO3eTKaMH. JINCTOBBIE MIACTUHKHM COXPAHSIOT BUIOBYIO CIEIU(PUYHOCTD, HO OHHM Oojiee MeJKHe,
KOJINYECTBO 3yOIIOB Ha JIMCTHSIX YMEHbIIAETCs (PHC. 5, §).

Pucynok 5. Bospactasie coctosiaus P. uralensis: s — cyOceHUIBHAS 0COOb
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Heo6xomuMo OTMETHTh, YTO UMEIOTCS HEKOTOPHIC OTIMYUS BO3PACTHBIX COCTOSHHMA ITOMYJISIIHIA
P. uralensis B8 CeBeprnom Kazaxcrane oT saxytckux nomysauii [19]. Orm kacarorcst 6omnee panHero (g,) pas-
JIeJIeHUs] KOPHEBUII Ha OTAEIbHBIC TIAPIEIUTBI ¢ 00pPa30BaHUEM PHIXJIOTO Kay/IeKca.

ITo knmaccudukarum xu3HeHHbIX Gopm W.I'. CepebpsikoBa [21], P. uralensis sSBIseTCS MHOTOJCTHUM
TPaBSHUCTHIM KOPOTKO-CTEPKHEBBIM MHOT'OTJIABBIM TIOJIMKApIIUKOM. B oTimuune ot apyrux BunoB, Pulsatilla
Mill. P. uralensis xapakTepu3yeTcs MapluuaibHONH CHCTEMOM MOOETOB, C pa3aeicHHEM KOPHEBUII Ha 3HAYH-
TEJIHHOHU TTTyOMHE MOYB.

Uzyuena Bo3pactHas cTpykrypa aByx L1 P. uralensis, pacnionoxeHHbIX Ha Tepputopuu KoctaHaiickoit
objactu:

III-1. Kocranatickas o6:1., okp. ¢. O3eproe, HoBoHexeHckoe 1-Bo, kB. 21, N52.43971°, E64.09279°,
h=213 M H. y. M.; pa3peKCHHBII COCHOBBIN Jiec Ha meckaX. [Imomanp momynsmuu — 2000 m?, OITI —
40 %, OIIII P. uralensis — 20 %, cooOmiecTBo HacuuThiBaeT 21 Bua. B clokeHMH pacTHTEIBHOCTH HaW-
OomplTlice ydacTue UMEIOT: Agropyron cristatum, Betula pendula, Centaurea ruthenica, Cerasus fruticosa,
Eremogone longifolia, Festuca beckeri, Jurinea cyanoides, Otites wolgensis, Pinus sylvestris, Populus
tremula, Ranunculus polyanthemos, Stellaria graminea.

LII-2. Kocranatickas o0i., okp. c. IllepbakoBo, N53.20453°, E64.21550°, =193 M H. y. M.; BTOpHY-
Has TmcaMMOGUTHAs CTElh HA MECTE CrOPEBIIEr0 COCHOBOro jeca. ILmomams momymamun — 3000 %
OIIIT — 100 %, OIIII P. uralensis — 10 %, cooOmiecTBO HaCUUTHIBAET 27 BUIOB. B CIOXKEHUM pacTUTEINb-
HOCTH HamOomblee ydactue mMmeroT: Achillea millefolium, A.setacea, Artemisia campestris, A. scoparia,
Bromopsis inermis, Calamagrostis epigeios, Conioselinum tataricum, Helichrysum arenarium, Koeleria
glauca, Melilotus officinalis.

Henononymsimum P. uralensis IpuypoYeHBI K JIECHBIM OITYIIKAM WJIM BTOPUYHBIM CTEITHBIM COOOIIECT-
BaM Ha MECTE CTaphIX Tapei Ha MOYBax JIETKOTO MEXaHIMIECKOTO cocTaBa. [lomymsnuu He o4eHb OobIINe TI0
mromianau, 2—3 Teic. mwT./100 M2, MX TUIOTHOCTH 5—6 1iT./M° (cM. Tabi1.), YTO BIOJIHE COOTBETCTBYET HOpME
JUTSL KOPHECTEPKHEBBIX MHOTOJIETHUKOB [22].

B Bo3pactHbix cnektpax L{I[1-1 mamOompimas moisi MPUHAMICKUT T€HEPATHBHBIM OCOO0SIM, MTOITOMY
CHEKTpPHI MPaBOCTOPOHHUE, OJTHOBEPIIIMHHBIC C MAaKCUMyMaMH Ha MOJIOJBIX M CPEAHEBO3PACTHBIX TeHEepa-
TUBHBIX PacTeHUSX (pHUC. 6), UTO BIOJHE COTJIACYETCS C Pe3yJbTaTaMH, MONyYEHHBIMU JUIS IPYTHX BHUIOB
Pulsatilla [23].

Tab6anumna
XapakTepucTuka nenononyiasuuii P. uralensis
No OIIIT Moma [TnotHOCTH Kommaectso
| OMML% | P uralensis HH‘“M% ocobeit, | ocobeii s III,| A Q I
% ’ wr./1 M IIIT.
III1-1 40 20 2000 6,10 12,2x10° 0,54 0,83 0,16
1II1-2 100 10 3000 5,00 15x10° 0,35 0,74 0,53

B LII-2 mons nMMaTypHBIX M BHPTHHWJIBHBIX 0co0eil coctaBmser 6oiee 50 %, u BO3pacTHOW CHEKTP
CTaHOBUTCS JICBOCTOPOHHUM, YTO CBSI3aHO C TEM, YTO MOMYJISIHS CHOPMUPOBATACE HA BTOPUIHOM DKOTOIIS
1 B OTCYTCTBHM KOHKYPEHTHOCTH CO CTOPOHBI JIPYTHX pacTeHWH. B IeHONOMymAnusax JIUTENbHO KUBYIITIX
CTePKHEKOPHEBBIX MHOTOJIETHUKOB MOTYT JOMHUHHUPOBATh CPEAHEBO3PACTHBIE T€HEPATUBHBIE OCOOU B CBS3U
C HauOOJbBIIEH MPOJOIHKUTEIBPHOCTHIO ATOrO TEPUOJAa U HAWUMEHBIICH 3MUMHUHAINMEd B 3TO BpeMs [24].
Bcxonbl v 10BEeHWITBHBIE OCOOU B MOMYJIAIMSIX HE 0OHAPYXKEHBI (puC. 6).

Jonst mocTreHepaTUBHBIX PACTEHU HE3HAYHTENbHA, YTO HEOJHOKPATHO OTMEYANIOCh Y CTEP)KHEKOPHE-
BBIX TPABSIHUCTBIX MOJIUKApIUKOB [23, 24].

HHnekc BO3pacTHOCTU OLICHHMBAET OHTOTeHETHYeCKUi ypoBeHb L{II B KOHKpETHBII MOMEHT BPEMECHHU.
On moxet umets 3HadeHns ot 0 1o 1,0. Uem BbIme ero mokasaTelnb, TEM CTapIle HccieayemMas [EeHOOmy-
nsmuas [ 14, 15]. Bo3pactaocTs B LIII-1 cooTBeTCTBYET 3penbiM momyJsaiusaM, a B L{I1-2 — momoxpiM. MHaeke
3¢ peKTHBHOCTH (PHEpreTHiecKas Harpyska Ha cpely, BbI3bIBaeMas «cpeaHumM» pactenuem [15]), B LI1-1
cocrasiser 0,83, B LII1-2 — 0,74. Ilo knaccudukanuy MOMyJSILMNA «IeJIbTa — OMEra» 00¢ MOMYJISILUUA OT-
HOCSITCS K 3PEJbIM.
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WHaexc BOCCTaHOBIEHUS OMPEIEIIeTCs COo/IepKaHNEeM B TOMYJIALUAX AOIH 0co0el MpereHepaTHBHOTO
nepuona u usMmenserca ot 0 go 1,0. B III-1 on ouenp HU30K 1 coctaBusieT 0,16, 3T0 CBUIETENLCTBYET O
crapenun nomyisinuu. B III1-2 on mocratouno Beicok — 0,53, 4TO TOBOPUT 00 MHBa3MOHHOM XapakTepe
MIOTYJISIIAY ¥ €€ HEyCTOMYHUBOCTH.

Baxnouenue

Pulsatilla uralensis (Zam.) Tzvel. (=Pulsatilla flavescens (Zucc.) Juz.) OTHOCUTCS K MHOTOJICTHUM Tpa-
BSHUCTBIM KOPOTKO-CTEPXHEBBIM MHOTOTJIABbIM Monukaprnukam. OH pacrpocTpaHéH B eBpOIEHCKON yacTu
Poccun (Bomkcko-Kamckuii paiion, HOxHBI Ypan) a Takke B ceBepo-3amagHbeix obmacTsax KazaxcraHa.
PacTenus BcTpedaroTcst B CTEHOM 30HE, MECTOOOUTAHUS IPUYPOUEHBI K CTEIHBIM TPABSIHUCTBHIM COOOILECT-
BaM, CTEHHBIM OopaM u omymkaMm jeca. OcoOEHHOCTBIO BO3PACTHBIX cocTosHUM P. uralensis B CeBepHOM
Kazaxcrane sBisieTcst pa3zeiieHne KopHeBHIl Ha TiryonHe 10 cM ¢ 00pa3oBaHMEM HECKOJIBKUX MapliuaIbHBIX
MoJyJel U (OpPMUPOBAHKEM PBIXJIOTO KayAeKca C MOJUIHUKINUYECKUMH OOeTaMu.

Ha crpykTypy neHonomynsuid 60JbIIoe BIMSHAE OKa3bIBAIOT yClIoBUs GopMUpoBaHus. B paspexen-
HOM COCHOBOM JIECY OKa3bIBaeTCs HOpMalIbHAS TIOMYJISAIUS ¢ MpeodIajaHieM TeHepaTHBHBIX 0cO0el, OTHO-
CSIIASCS K 3PENIbIM TOMYJISIUSAM ¢ HU3KUM WHIEKCOM BOCCTAHOBJICHUSI.

B nomynsmusix, copMUpOBaHHBIX B YCJIOBHAX BTOPUYHOHN MCAaMMO(UTHOM CTEIH HA MECTE CrOpPEBIIe-
T'O COCHOBOTO Jieca, Ha0JII0JaeTCsl JICBOCTOPOHHSISI HHBA3UOHHAS MOIYJISIHS ¢ Ipeo0IajaHieM HMMaTYPHBIX
W BUPTHHWILHBIX 0c00eH, 001a1aromas BRICOKUM WHIEKCOM BOCCTAHOBJICHUSI.

Pe3ynbrarhl JaHHBIX UCCIIEOBAHUN MOTYT HCIIONB30BATHCS JJIT MOHUTOPUHTA CTEIHOM PacTUTEIHHO-
CTH Ha 0c000 OXpaHsEeMBIX IPUPOAHBIX TeppuTopusix Kocranalickoii o0nacTu.

Paboma evinonnsnace 6 pamxax Ilpoexma epanmoegoco unancuposanus Munucmepcemea o6pasosa-
Hus u Hayku Pecnyonuku Kasaxcman na 2018-2020 ee. Noe AP05132458 «Monekynsapro-eenemuyeckuti ana-
U3 2eHopondos nonyaayuil peoxux eudoe pacmenuii Cegeproco Kazaxcmana» ( Homep eoc. pecucmpayuu
0118PK00404 u coc. 3adanus Ne 0352—-2016-0002 «Oyenxa cocmosHust u oXpana iopucmuyeckozo pas-
HOOOpa3us NOO GIUAHUEM AHIMPONOSEHHBIX U MEXHO2eHHbIX hakmopos in situ u ex situy, USU 508667 «I ep-
oapuii Ky3bC» (KUZ)).
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Couarycrik Kazakcrannarel Pulsatilla uralensis
OHTOTeHe3i sKIHe HeHONMOMYIANUSHBIH KYPbLIbIMBbI

Kazakcran eHipiepiHiH CHpEK Ke3/IeCeTiH jKoHe KOUBLIBIIN Oapa >KaTKaH eCIMAIKTEPIiH 3epTTey OMOJIOTHSUIBIK
OPTYPIIMIKTI cakTayma >oHe OCIMIIKTep >al-KyHiHIH MOHUTOPHHII VIIIH IPaKTHUKAIBIK MAaHBI3BL 30D.
Tomymsamus xarTalbIHBIH KOPCETKIMITEPiHIH Oipi ©CIMIIKTEpIIH JaMy Ke3eHIEpiHiH KYPBUIBIMBIH 3€pTTeY
Gouen TabbLTanEL. 3eprreyain Makcatsl — Contycrik Kasakcran aymaremparsl Pulsatilla uralensis (Zam)
OHTOTEHE3IHIH Ke3eH/epiH 3eprrey. Makanana Kocranail oOnbIcs! afiMarsiaarsl Pulsatilla uralensis (Zam.)
Tzvel. UCHOMOMYNAUMSACHIHBIH KYPBUIBIMBI JKOHE OHTOIEHE3[iH JKac epeKIICNiKTEepiH 3epTTeyaiy
KOPBITBIHABICHI OepinreH. P. uralensis NEHOMYIAMACH MEXaHUKAJIBIK KYPAaMbl JKEHIT TOIBIPAKTapAAFbl €CKi
©pTCH/ICP/IiH OPHBIHA OPMaH OTHIPFBI3Y HEMece KalTanama Jana KaybIMIACThIKTaPbIH KYPY KapacCThIPbIIFaH.
OHnroreHes yuI Ke3eHre jkoHe 8 Kac arqalibiHa OOJiHreH: OCKiHAep, IOBSHUIIbIi, MIMMATypJIbl BUPTHHIIIII,
JKac, OpTa JKacTarbl, €CKi jKacTarbl TEHEpPaTUBTI, Kocankel >karmail. Cibip koHe SKYT HOIyJSIUsUIapBIMEH
caibIcThIprania P. uralensis-TiH jxacka OaiJIaHBICTBI KYHIHIH epeKIIeNiri — opTa >kacTarbl T'€HEepaTHBTI
Ky#ne OalfkamaThIH JKeKe Iapliejuiajapla HEFypibIM epTe OeJliHreH TaMblp cabakrap MeH OOpHbUILIAK
KayIeKCTiH maina Gomybsl. Kecinren Kaparailisl opMaHIa T€HEPAaTHBTIK AapakTapblH 0ackM OOIyBIMEH
KaJIBINThI MOMYJISIHS KaJIbINTAcabl, Oy KaJIIbIHA KeJIy MHACKCI TOMCH JKETUIreH HOIy IALMsIIapFa KaThICThI
6omanpl. Ilonmymsauus kalTanama nccaMo(UTTI Jana KaFdalblHAAa ©PTEHIeH Kaparail OpMaHBIHBIH OPHBIHA
KaJIbINITACTBIPBUIFaH, KAJIIbIHA Ky HHAEKCI )KOFapbl HHBA3HOH/IbI OMYJIILUSHBIH COJI KaFbIHAA HMMAaTYpIIbl
’KOHE BUPTUHUIIII AapaKkTap KaJlbINTacapbl.

Kinm ce30ep: Pulsatilla uralensis, (Zam.) Tzvel., nenonomymsmust, Conrycrik Ka3akcTaH, kxac KypbUIBIMEL,
OHTOTEHE3, TIPIILTIK (hopMaapeL.
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G.J. Sultangazina, A.N. Kuprijanov, O.A. Kuprijanov, E.B. Raimbekov

The ontogenesis and structure of coenopopulations of Pulsatilla uralensis
in the conditions of Northern Kazakhstan

The age features of ontogenesis and the structure of coenopopulations of Pulsatilla uralensis (Zam.) Tzvel.,
on the territory of Kostanay region were studied. Coenopopulations of P. uralensis are confined to forest edg-
es or secondary steppe communities on the site of old hares on soils of light mechanical composition. There
are three periods and 7 age States in ontogeny: seedlings, juvenile, immature virginal, young, middle-aged,
old-age generative, and sub-senile states. A feature of the age states of P. uralensis in comparison with the
Siberian and Yakut populations is the earlier division of rhizomes into separate parcels with the formation of
a loose caudex, observed in the middle-aged generative state. In a sparse pine forest, a normal population is
formed with a predominance of generative individuals, belonging to mature populations with a low recovery
index. Populations formed in the conditions of secondary psammophytic steppe on the site of a burned pine
forest, a left-sided invasive population is formed with a predominance of immature and virginal individuals,
which has a high recovery index.

Keywords: Pulsatilla uralensis (Zam.) Tzvel., coenopopulations, Northern Kazakhstan, age structure, onto-
genesis, life forms.
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Development of methods of cryopreservation of Verbascum officinalis’ seeds

Introduction into the cryogenic collection of medicinal plant seeds allows maintaining their viability for a
long time. However, there are no universal protocols for freezing seeds of plants; so for each species, the
freezing and defrosting conditions need to be selected individually. The purpose of the present studies is to
determine the main conditions for cryopreservation of the seeds of the medicinal plant Verbascum officinalis.
During the development of the cryopreservation condition, optimal freezing containers, defrosting tempera-
ture, pre-freezing humidity of seeds and optimal cryoprotectors were selected. The results of the studies
showed that the maximum germination rates of seeds and germination energy were obtained using plastic
containers, seeds humidity of 3 %, defrosting in a water bath. The optimal cryoprotector is DMSO in concen-
tration 5 %. The results made it possible to introduce Verbascum officinalis into the cryogenic collection of
seeds of medicinal plants.

Keywords: medicinal plant, Verbascum officinalis, germination rate, energy of germination, seed humidity,
cryopreservation, type of container, defrosting, cryoprotertors.

Introduction

Kazakhstan has adopted a policy of developing the main industries, one of which is pharmaceutical. In
the Republic, the total production of medicines can meet the needs of the population at the level of 7-10 %.
The rest of the medicines are imported from the countries of the near and far abroad [1].

The development of the medicinal plant industry poses a large number of tasks for researchers,
including the organization of a seed storage system.

Seed storage is a complex process, during which it is necessary to ensure satisfactory germination and
seed germination energy for as long as possible [2—4].

During storage, the seeds continue to undergo physiological processes of respiration, metabolism,
oxidation, and others. The cells and intercellular space accumulate decay products, free radicals, which
contribute to cell aging and reduce seed germination [5, 6].

In recent decades, cryopreservation has been a promising direction for preserving plant seeds. Storage
in liquid nitrogen (or vapors of liquefied nitrogen) almost completely inhibits the physiological processes in
the body, thereby preventing the accumulation of radicals and decay products, providing an almost unlimited
storage period [7, 8].

Therefore, for the organization of the seed storage system, it is necessary to optimize a number of fac-
tors, such as freezing conditions (shock or step cooling), freezing containers (plastic, metal or paper), thaw-
ing conditions, the type and concentration of cryoprotectors.

The purpose of this study is to determine the degree of survival of the seed material of Verbascum
officinalis depending on the conditions of cryopreservation.

Objects and methodology

The object of research was the seed material and seedlings of plants Verbascum officinalis. The seeds
were collected on the collection of natural flora of the Mangyshlak experimental Botanical garden and 2017—
2020. The research was conducted on the basis of the laboratory of biotechnology and molecular genetics of
the faculty of biology and geography of E.A. Buketov Karaganda State University.

The seed material was dried to various degrees of humidity, Packed in paper containers and stored for
2.5 years. Quarterly samples were taken and evaluated for germination and germination energy.

The study of germination and seed germination energy was carried out according to the methodological
instructions of M.S. Zorina and S.P. Kabanov [9], M.V. Maltseva [10]. The morphology of seeds and seed-
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lings was studied using a binocular microscope MBS-1 in laboratory conditions at a magnification of 40—80
times. Seeding was performed on Petri dishes on 2-layer filter paper moistened with distilled water.

When organizing a cryopreservation experiment, seeds were divided into batches and packed in 2 types
of containers: plastic and aluminum foil bags (Fig. 1).

Figure 1. Containers for cryopreservation: A — plastic; B — foil

Seeds in a container were frozen in a Dewar vessel for 1 month. During organizing cryopreservation,
we used the guidelines of I.F. Zhimulev [11], V.L. Tikhonova [12], Dodonova and co-authors [13].

Thawing of seeds was carried out in two ways: 1) fast defrosting in a water bath at a temperature of 60—
70 °C; 2) slow defrosting at room temperature, 20—24 °C. In order to determine the optimal moisture content
of seeds for freezing at supercritical low temperatures, we have laid the appropriate experiments. We have
frozen three types of seeds with humidity 3; 7 and 12 %.

As the last group of experiments we studied the influence of cryoprotectors of different concentrations.
The control was seeds that were frozen without the use of cryoprotectors.

Statistical processing of the results was carried out according to the method of N.L. Udolskaya [14] us-
ing the Microsoft Excel 2010 software package.

Results and discussion

Verbascum officinalis’ seeds are small; 0.8—0.9 mm long and 0.3—-0.4 mm wide. The weight of 1000
pieces is 0.17-0.18 g. Form of seed is round-elliptical, the spout is obtuse; surface is rough. Color is from
light brown to dark brown.

When performing the research, we examined two containers-plastic test tubes and aluminum foil bags.
In the experiment, we used Verbascum officinalis’ seeds with a period of storage 2 years. The initial seed
germination rate was 45.3 %, and energy of germination was 33.0 %. The results showed that the germina-
tion of seeds after cryopreservation was higher than before freezing (Table 1).

Table 1
Germination rate and energy of germination of Verbascum officinalis’ seeds depending
on the container after cryopreservation
The conditions of the experiment Germination rate, % Energy of germination, %
Control (seeds without freezing, after 2 years of storage) 45.3+0.8 33.0+0.6
Seeds after cryopreservation, frozen in plastic containers 66.3£3.0 54.0+1.9
Seeds after cryopreservation, frozen in foil containers 68.84+3.2 60.442.7

The results of cryopreservation showed that after using plastic containers, the germination rate was
66.3 % that was on 21.0 % higher than in the control. The germination energy in this version of the experi-
ment was 54.0 %, which was also 21.0 % higher than the control data. The study of the dynamics of germi-
nation of Verbascum officinalis showed that after cryopreservation, there was a lag at the beginning of ger-
mination for 1-2 days (Fig. 2).
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Figure 2. Dynamics of germination of Verbascum officinalis’ seeds depending on the type of container

Thus, the results of research have shown that the seeds of Verbascum officinalis well tolerate to cryo-
preservation. The best container for freezing in liquid nitrogen is an aluminum foil container.
One of the most important conditions for maintaining the viability of seeds after freezing in liquid ni-

trogen is proper defrosting. We repeated experiments using two types of containers and two types of defrost-
ing (Table 2).

Table 2
Germination rate and energy of germination of Verbascum officinalis’ seeds depending
on types of containers and thawing conditions

The conditions of the experiment Germination rate, % Energy of germination, %
Control (seeds without freezing, after 2 years of storage) 45.3+0.8 33.0+0.6
Seeds gfter cryopreservation, freezing in plastic containers, 66.343.0 540419
defrosting at room temperature
Seed§ after cryopreservation, freezing in foil containers, 68.843.2 60442 7
thawing at room temperature
Seed§ aft.er cryopreservation, freezing in plastic containers, 72542 8 540416
thawing in a water bath
Seed§ aft.er cryopreservation, freezing in foil containers, 66.342.2 501415
thawing in a water bath

Our results showed that the maximum results were obtained in the experiment variant with using of
plastic container and thawed in the water bath: germination rate was 72.5 %; energy of germination —
54.0 %.

The results of cryopreservation seed with different humidity showed that the maximum results were for
variant with minimum humidity — 3 % (Table 3).

Table 3

Indicators of germination rate and energy of germination of Verbascum officinalis’ seeds
depending on the humidity

Humidity, % Germination rate, % Energy of germination, %
12 30,4+0.3. 19.0+0.2
7 56.8+2.0 41.0+0.8
3 70.5+3.6 64.3+£2.2

So, in this variant the germination rate after cryopreservation was 70.5 % and energy of germination
was 64.3 %. In this variant of the experiment, the germination rate was on 40.1 % higher than in variant with
humidity 12 %; and on 13.7 % higher than in variant with seed humidity 7 %.

Thus, for cryopreservation, it is necessary to dry the seed material until humidity 3 %.
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As the last group of experiments we studied the influence of cryoprotectors of different concentrations:
glucose, 20 and 40 %, fructose, 20 and 40 %; sucrose 20 and 40 %; glycerin, 10, 20 and 40 %; EDTA, 5 and
10 % (Table 4).

Table 4
Germination rate and energy of germination of Verbascum officinalis’ seeds
after application of different cryoprotectors
The variant Germination rate. % The excess over Energy of germina- | The excess over the
of the experiment ’ the control, % tion, % control, %
Control, without 72.4£2.8 - 66.0+3.0 -
cryoprotectors
Glucose 20 % 70.543.2 -1.9 58.9+1.5 7.1
Glucose 40 % 71.343.4 -1.1 69.0+2.3 +3.0
Sucrose 20 % 75.6£3.7 +3.2 60.5+2.4 =5.5
Sucrose 40 % 65.842.4 —6.6 54.4+1.7 -11.9
Glycerin 10 % 77.84£3.0 +5.4 70.1£3.1 +4.1
Glycerin 20 % 74.2+3.3 +1.8 70.5+3.3 +4.5
Glycerin 40 % 50.5+0.9 -21.9 45.0+0.7 —6.2
EDTA 5 % 81.3+3.7 +8.9 70.243.5 +4.2
EDTA 10 % 68.0£3.0 4.4 55.8+1.8 -10.2

The use of EDTA at a concentration 5 % allowed increasing germination rate until 81.3 % that was on
8.9 % higher than the control variant. Results, which were higher than in the control variants, were conduct-
ed with using sucrose at the concentration 20 %, glycerin at the concentration 10 % and 20 %. In other vari-
ants of the experiment, germination rate and energy of germination were lower than the control parametres.

Thus, the final experiments showed that the use of some cryoprotectors had the positive effect on in-
creasing the germination rate and energy of germination. The best option for Verbascum officinalis’ seeds is
to use EDTA at a concentration 5 %.

Conclusion

Freezing the seeds of Verbascum officinalis in liquid nitrogen allowed to maintain the viability of the
seed material. The best option for cryopreservation is freezing in plastic containers. The best results of sur-
vival of Verbascum officinalis’ seeds were noted with rapid defrosting in a water bath (at temperature 60—
70 °C); and using seed material with humidity 3 %.

The using of some cryoprotectors may increase the results of germination rate and energy of germina-
tion. The best results were obtained for application DMSO in concentration 5 %.

According to the results of the study, the seed material of Verbascum officinalis was introduced into the
seed cryo collection of medicinal plants.

The research was carried out within the framework of internal grant of E.A. Buketov Karaganda State
University Ne 218-B-19 «Cryopreservation of vegetative and animal biological materials for development
algorithm of storage of viability and creation of bank of frozen samplesy.
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C.V. Tneykenona, JI.111. baiirapaes, C.H. AtukeeBa, A.K. Pamazanos,
E.A. I'aBpunrkosa, P.T. Mycuna

Verbascum officinalis TYKbIMBbIH KPHOKOHCEPBALUSJIAY JICIH I3ipaey

Jopinik eciMIOikTepAi KPHOTEHIIK TYKbIM JKHHAFbIHA CHTI3y ONapblH OMIpLICHAIriH Y3aK YaKbIT caKrayra
MYMKiHZIIK Oepeni. Anaiiga, ©CiMIiK TYKBIMIApbIH MY3[aTyAbIH oMOeban xaTrraMasiapbl JKOK, SFHH ap Typi
YLIIH My3[aTy jKoHe ibiTy miapTTapbl jKeke TaHaalybl Kepek. Byn 3eprreymiH makcatel — Verbascum
officinalis nmopimik ©CIMIITiHIH TYKBIMIAPBIH KPHOKOHCEPBAIMSIAYIbIH HETi3ri MIapTTapblH aHBIKTAy.
KpuokoHcepBarusi kariaiiblH jkacay Ke3iHAe My3JaTyFa apHaJIFaH OHTAilIbl KOHTEHWHep, epiTy
TeMIIepaTypachl, MY3[aTy aJABIHAAFbl TYKBIMHBIH bUFAIJBUIBIFl JKOHE OHTAMIBI KPHOHIPOTEKTOPIAp
TaHAAIIBl. 3€PTTEY HOTIKENIEPl TYKBIMHBIH OHTIIUTIIT MEH ©HY DHEPTHSCHIHBIH €H JKOFapbl KOpCeTKilmTepi
IUIACTUKAJIBIK BIIBICTBI KOJIJAaHY, TYKBIMHBIH BUIFAJIIBUIBIFBI 3 % Cy MOHIIACBIHAA XKi0iTy Ke3iH/e albIHFaHbIH
kepcerti. OHTainbl Kpuompotektop 5 % konuentpauusanarsl JIMCO Goibin  TaOblaaabl. AJbIHFAH
HOTIDKETIep JOPUTIK ©CIMAIKTepIiH TYKbIMOAPBIHBIH KpHOKojuleKkimsichiHa Verbascum officinalis enrizyre
MYMKIHZIK Oep/i.

Kinm ce30ep: nmopinik ecimaik, Verbascum officinalis, TYKbIMHBIH OHTIIITITi, OHY 3HEPTHUSCHI, TYKHIMHBIH
BUIFAJIIBUIBIFBI, KPUOKOHCEPBAIHS, BIIBICTHIH TYPI, KiOITY, KpHOIIPOTEKTOpIIAp.

C.V. Tneykenona, JI.111. baiirapaes, C.H. AtukeeBa, A.K. Pamazanos,
E.A. I'aBpunrkosa, P.T. Mycuna

Pa3paborka MmeTona kpuokoHncepsauuu ceMsin Verbascum officinalis

BBeznenne B KpHOTCHHYIO KOJUIEKIMIO CEMSH JIEKAPCTBEHHBIX PACTEHMIT TO3BOJISET COXPAHAThH HX KH3HECIIO-
COOHOCTB JumTeNnsHOe BpeMs. OfHAKO He CYIIECTBYST YHHBEPCAJIBHBIX IPOTOKOJIOB 3aMOPAYKMBAHMS CEMSH
pacTeHHi, TO eCTh Ul KaXJOTr0 BHJa yCIOBHS 3aMOP)XUBAHUS M Pa3MOPAKUBAHUS HY)KHO MOAOMPATh UH-
muBuayansHo. Llens HacTosIIero ncciaenoBaHUS — OIPENEIUTh OCHOBHBIE YCIOBHSI KPHOKOHCEPBALHH Ce-
MSTH JIEKapCTBEHHOTO pacteHus Verbascum officinalis. Ilpu pa3paboTke yciIoBUs KpHOKOHCEPBAIIMU BBEIOMpa-
T ONTHMAIBHYIO Tapy Ul 3aMOPaXXMBaHUS, TEMIIEPATypy Ul pa3MOPa)KMBAHMS, BIKHOCTh CEMSH IIepes
3aMOpO3KOH M ONTHMaJbHBIE KPUOIPOTEKTOPHI. Pe3ynbTaTel HCCIEAOBAHUN MOKA3aiM, YTO MaKCHUMAaIbHBIE
MIOKA3aTeNl BCXOXKECTU CEMSH M 3HEPTUM MPOpPacTaHUs MOTyYeHbI MPH NMPHUMEHEHUH IUIACTHKOBOM Taphl,
BIIQXKHOCTU ceMsH 3 %, pa3sMOpaKMBaHUHM Ha BOJSHON OaHe. ONTHUMABHBIM KPUOMPOTEKTOPOM SIBIISETCS
JIMCO B xoHuenTpaimu 5 %. ITomydeHHbIe pe3yinbTaThl NO3BOJIMIN BBeCTH Verbascum officinalis B kpuo-
KOJUTEKIIHIO CeMSH JIEKapCTBEHHBIX PACTEHHUI.

Kniouesvie cnosa: nexapcTBeHHOE pactenue, Verbascum officinalis, BCX0XeCTh CeMsH, SHEPIusl IpopacTa-
HUS, BIAXKHOCTb CEMSH, KPHOKOHCEPBALKs, TUI Tapbl, Pa3MOPaKUBAHUE, KPUOIIPOTEKTOPBL.
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N3yuyenne posiu HMHKA B 00pa30BaHNH XPOMOCOMHBIX a0eppanuii
C IOMOIIBI) PACYETHOI0 METO1A OLlCHUBAHM S

CTpyKTypHBIE U3MEHEHHS XPOMOCOM, MPOSBIISIOIINECS BCIEICTBHE XUMUUECKOTO MyTareHe3a, Kak MoKa3bl-
BAIOT MCCIIEJOBAHUSI, 3a4aCTYIO BbI3BaHbI BBICOKUMH KOHIIEHTPAIMSMHU TSXKEIbIX METAJUIOB B BO3/LyX€e U MBUTH
MIPOMBIIIIEHHBIX TOpoJoB. Llenbio craTey SBUIOCH M3YYCHHE POJIM IIMHKA B 0OpPa30BaHUHM XPOMOCOMHBIX
abeppanuii. MccnenoBana 4acToTa BCTPEYAaeMOCTH XPOMOCOMHBIX abeppariii ¥ XpOMOCOMHBIX aHOMANHI
y JIML, IPOXKHBAIOIIKX B YCIOBUSX MOBBIIICHHOW XUMUUYECKON Harpy3ku. Taxske U3y4eH YPOBEHb XPOMOCOM-
HBIX abeppanuii y JuI], IPOXHUBAIONIUX Ha TEPPUTOPHU SKOJIOTUYCCKOTO OeACTBUS. BBImeneHs! THIIEI U Xa-
paKTep LUTOTEHETHYECKUX HapymeHui. IIpoBeneH pacueT MHIMBUAYaIbHBIX JO30BBIX Harpy30K MOCTYIIe-
HHSl XMMHYECKUX BEIECTB B OPTaHU3M U3 00BEKTOB OKpYyKaromleil cpesl. MeTo1oM MOAENUpOBaHUS Mpes-
CTaBJICHa POJIb IIMHKA B (DOPMUPOBAHUH XPOMOCOMHBIX abepparuii. BoisiBiieHa JocTOBEpHO 3HaUMMas o0pat-
Hasi KOPPEJSILMOHHAS CBS3b MEX/Y YPOBHEM XPOMOCOMHBIX abeppauuii U coaepkaHueM LUHKa B aTMocdep-
HOM Bo3ayxe (kodddumment mapHoit koppemsiuu IIupcona cocrasmi —0,39). YcraHoBIeHO, YTO MPU CHH-
JKEHHH KOHICHTPAIlUH NHKA B aTMOC(EPHOM BO3JyXe CTATHCTHYECKH 3HAUMMO MOBBIIIAETCS YPOBEHb XPO-
MOCOMHEIX abepparmii. JlaHa XapakTepHcTHKa KO-(EepMEHTHOH aKTUBHOCTH IIMHKA B (DYHKIMOHHPOBAHUH
(epMEeHTOB CHCTEMBI perapanyy ¥ aHTHOKCHUIAHTHOH 3amMTHL. BEIsBIEHO, 4TO XpOMOCOMHBIE abeppannu
SBJISIOTCA PeIIeKTOPaMHU IIPU YCIOBHUAX SKCIO3UIMH YKOJOTHYECKHX (PAKTOPOB IK30I€HHOTO ¥ SHIOT€HHOTO
HPOMCXOXKICHHUS, BCISICTBUE YEro IPOUCXOIAT U3MEHEHHS B ()YHKLIMOHUPOBAHUHU BCEH KIETKH.

Kniouesvie cnosa: XpoMocoMHbIE abeppalluy, IIMHK, JO30Basi HarpysKa, 3arps3HEHHE OKpYKaromiel cpempl,
MyTareHes.

Bseoenue

IIpoGnema 3arpsi3HEHUST OKpYKArOIIeH Cpeabl ABISETCS OJHON M3 HanOoJee 00CyKIaeMbIX U BOIHYIO-
IIMX Ha CETOJHSIIHUI IeHb BO BCEM MHpe. AHTPOIIOTEHHOE BO3ZEHCTBHE Ha Cpely OOMTaHUS MPUBOJIUT K
YK€ CIyYUBIIMMCS ITOCIICACTBUSAM, TAKAM KaK YBEIHUEHHUE YaCTOTHI 3a00JICBaHUS BCEX TPYIIT HO30JOTHUH,
MIPEBBIIICHUE MPEICTBHO JTOIMYCTUMBIX KOHIIEHTPAIIUH BEIIECTB B aTMOC(EPHOM BO3/yXE, B IOYBE U B BOJIO-
emax. 3arpsi3HeHHe OKPYKaroIIeH cpebl MOXeT ObITh KaK W MPSIMBIM IIPH MPOMBIIIIJICHHBIX BRIOPOCAxX U J0-
OBIYM TOJIE3HBIX MCKOMAEMBIX, TAK U TIOCPEICTBEHHBIM B PE3yJbTaTe OPOIICHHS IT0YB, HEPAIIHOHAIEHOM HC-
II0JIb30BaHUU BOJHBIX PECYPCOB Ha MpUMepe ApanbCKOro Mopsi, BRIOPOCOB aBTOTpaHCIopTa. B pesynbprate
TaKOTO BO3/CWCTBHUS B PA3IMYHBIX SKOJIOTHMYECKUX CPEax HAKaIUTMBAIOTCS Pa3iMYHbIe TOKCHKAHTHI, KOTO-
pBIE€ HEraTUBHO CKAa3bIBAIOTCS HA COCTOSHUY 370POBbSI HACEJIEHUS U CTIOCOOHBI OKa3bIBAaTh T€HOTOKCHYECKHMA
addekt. Xpomocomuble abeppanuu (XA) SIBISAIOTCS 3HAYUMBIM WHAMKATOPOM IIPHU OIICHKE BO3ACHCTBUS
Pa3INIHBIX PAKTOPOB CPEbl HA OPTaHU3M, IOCTYAOIIUX HHTAISIIHOHHBIM U OPaJbHBIM MyTEM.

CopeprkaHne XUMHUYECKHUX BEIIECTB B aTMOC(HEPHOM BO3IyXE U MX MOCTYIUICHHE MHTAISIIMOHHBIM ITy-
TE€M MPHU JIBIXaHUHU MOXKHO OLIEHUTH C IOMOIIBI0 PACYETHOIO METO/IA, YTO JAET BO3MOXHOCTh OLICHUTH TEKY-

Cepus «Bronorusi. MegmuuHa. Meorpadus». Ne 3(99)/2020 155



)K.B. Cabupoe, M.A. Mykawesa, A.b. ElumarambeTtoBa

IIYI0 XUMUYECKYI0 Harpy3Ky Ha OpraHu3M, a TaKKe PHUCK MOCIEACTBUMN, B 3aBUCIMOCTH OT BPEMEHU JKCITO-
3WIWW ¥ KOHLIEHTPAIINHU BEIECTB.

Jo3a — ecTh u3MepeHne, onpeAeNsIonee KOTHIECTBO MOCTYIUIEHNS] XUMUYECKOTO BEIIECTBa B Opra-
Hu3M. CHcTeMa «XHMHUYECKOe BO3JCHCTBUE — OTBETHAS PEaKIUs OPraHM3Ma» XapaKTepU3yeT (PU3HOJIOTH-
YecKHe M3MEHEHUS B OpraHMW3Me Ha Pa3IMIHBIX YPOBHSX OPTraHU3AI[MH KUBOTO B OTBET HA KOJMYECTBO IO-
CTYIUICHHUS BEIIECTBA M €ro MPOJODKUTENHFHOCTD. J[030BYI0 Harpy3Ky ONpenessioT B 3aBHCHUMOCTH OT CIIO-
co0a MOCTYIICHUS XUMHYECKOTO KCEHOOMOTHKa (MHTaJIIUOHHBIN, MepopalbHbIA, HAKOXKHBIN) U3 audde-
PEHIIMPOBAHHBIX OOBEKTOB IKOJIOTHUECKON CPEIIBI.

Pacder 1030BO# Harpy3kd BKIIIOYAET aHAU3 OCHOBHBIX (PH3HYECKHX MAPaMETPOB, MICHTHOUKAIHIIO
MapuipyToB BO3JEHCTBUS U OLIEHKY BEIMYUHBI, YACTOTHI M MPOJOIDKUTENFHOCTH BO3ACHCTBUN C pacdyeToM
MOCTYIUIEHUS. PacueTsl 1030BBIX HArPY30K IS KUTEICH aHATU3UPYEMbIX HACEICHHBIX ITyHKTOB ITPOBEICHBI
TUTS B3pocioro HaceneHus. [lpy yBeTrmueHnN KOHIIEHTPAIMH BEIIeCTBa B OKPYIKAIOIIEH Cpe/ie MOBBIIIAeTCs
BEPOATHOCTh WX NMPOHWKHOBEHHS B OPTaHW3M YEJIOBEKa, YTO B PE3yibTaTe OTBETHON PEaKIMH OpraHu3Ma
MPUBOJUT K (PU3UOJIOTUICCKUM M3MEHEHHUSM M OKa3bIBACT OOIIUI TOKCUYECKHIA, a TAK)KE TCHOTOKCUYCCKHIMA
addext. XpoMoCcOMHBIE abeppanuu MOTYT OBITh PeQUIEKTOpaMU NPU TOKCHKOJIOTHYSCKOM BO3JCHCTBHH
JKOJIOTHYECKUX (PaKTOPOB, OIMpENeNsisi HE TONBKO S/IEPHBIE W KJIIETOYHBIC M3MEHEHHUS, a TaKKe COCTOSHUS
opraHoB u cuctem [1-3]. Poitb OTAENBEHBIX MUKPO3JIEMEHTOB B MOJJICPKAHUH T€HETUYECKOH CTAOMIILHOCTH
KIIETKA HW3y4YeHa B pa3Hoil crerneHW. KacaTelbHO MUKPOIJIEMEHTa IMHKA HW3BECTHO, YTO IUHK SBISCTCS
CTPYKTYpPHOH 4acThI0 MHOXECTBA METAJUIOCOAEpKaIUX (epMEeHTOB MaTpUYHBIX mporieccoB. [{nHK ompene-
JISIET CIIOCOOHOCTh HOPMAIBLHOTO (DYHKIMOHHPOBAHUS ATHX (DEPMEHTOB, TeM CaMbIM IMPEOTBpAIIas PUCK
BO3HUKHOBEHUS MyTallMid, HO TIPU 3TOM, OJHAKO, POJIb IUHKA B (DOPMUPOBAHUH XPOMOCOMHEIX a0eppanuii
n3y4yeHa HexocTaTouHo [1, 4—6].

C y4eToM U3JI0KEHHOTO BBIIIE, M3yUeHHE MEXaHIN3MOB OTBETHOW peaklliy OpraHn3Ma Ha HeOiarompu-
SITHOE BO3/CHCTBUC OKPYKAIOIICH CPEIbI SBISETCS aKTyadbHBIM M HACYIIIHBIM BOTIPOCOM JJIsl OHOMETUIINH-
CKUX TUCITUILINH.

Lens — OlLEeHUTH POJb IIMHKA B 00pPa30BaHUU XPOMOCOMHBIX abeppalinii ¢ TOMOIIBI0 PaCYETHOTO Me-
TO/a OIICHUBAHUSL.

Mamepuanst u Memoowl uccie008anUs

B BrI0OpKE mpeacTaBieHsl 40 4eIoBeK penmpoayKTHBHOTO Bo3pacTa (18—45), mpokuBaromniue He MEHee
10 neT B 30HE 3K0NOTHUEcKOTO OenctBus [Ipuapanss, mpu3HaHHBIM 3aKOHOAATEIHHO, & IMEHHO B T. APBICH
(Typkecranckas ob6nacts) [7].

IIpoBenen pacuer MHAMBUIYAIBHBIX JO30BBIX HArpy30K. PacueT HMHrajasiliMOHHOW J1030BOM Harpy3ku
MIPH OLIEHKH TOMAJAaHNs XUMHUIECKOTO KCEHOOMOTHKA MPH JBIXaHWU U3 aTMOC(HEPHOTO BO3yXa B OPraHU3M
9KCIIOHMPYEMOT'0 HACEJIEHNUs OCYILIECTBISUICS MO peKoMeHAauusaM, npuBeaeHHbM B P 2.1.10.1920-04 «Py-
KOBOJICTBE MO OLIEHKE pUCKa JUISA 3[I0POBbSl HACENEHUs NP BO3ACHCTBHM XMMHYECKHX BEIIECTB, 3arps3-
HSIOIIUX OKpYXarolryro cpemy» ot 2004 r., pazpadoranaoM HO.A. PaxManuHEIM ¢ coaBTOpam# [§].

N3mepeHnst KOHIIEHTpAIMT HEOPTraHWYECKUX BEIIECTB B aTMOC(HEPHOM BO3IyXe MPOBOIMIN C ITOMO-
B0 aTOMHO-a0copOIroHHOTO cnekTpoMeTpa MI'A-915 (Poccust), cormacho M 02-09-2005 «Mertonuke
BBITIOJTHEHW HW3MEPEHW MacCOBOWM KOHIIGHTpAIlMd METAIIOB B aTMOC(EepHOM BO3AyXe AaTOMHO-
aOCOpPOIIMOHHBIM METOJOM C JJIEKTPOTEPMUUYECKON aTOMH3alMed C HWCIIOJIB30BAaHUEM aTOMHO-a0Ccop0-
LMOHHOTO criekTpoMeTpa MI'A-915».

dopmyna s pacyeTa MHAMBUAYAIBHBIX JO30BBIX HAIPY30K XUMHUYECKHUMH 3arps3HUTEISIMH, TOCTY-
MAIONTIMH WHTAJSIIUOHHBIM ITyTEM, PEACTaBIeHa Ha pUCYHKe 1.

CpenHee 3HaueHHE KOHIIGHTPAIMU J030BOM Harpy3ku coctaBwio 2,83+0,19 mr/(kr/neHp) (HWKHHNA U
BepxHU 95 %-Hble noBepuTenbHble nHTepBaNH 2,44 1 3,23 coorBercTBenHo, CKO Ob110 paBHO 1,09, pasz-
Max pacueTHBIX 3HaUYECHWH BEIOOPKHU OBLI paBeH 4,31).

[Ipu onpeneneHny reHOTOKCHYECKUX dPPEKTOB OBUIN PUTOTOBIICHBI TIPENapaThl XpOMOCOM C UCIIOIb-
30BaHMEM HaMH MOAM(UIIMPOBAHHOTO LUTOI€HETHYECKOTO METO/AA KYJIHTUBHPOBAaHUS JTUM(OLUTOB MEpH-
dbepuueckoit kpou Hungerford D.A. et al. 1 mocieayroImii y4eT XpOMOCOMHBIX IIEPECTPOSK B MeTadha3HbIX
miactuakax [9, 10]. dua yaéra xpoMocoMHBIX abepparuii ucnosb3oBaim Mukpockorr Nikon Eclipse E400
(Snonus).
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M3yyeHune ponu uMHKa B 06pasoBaHM XpPOMOCOMHBIX abeppauui ...

1=[(C,xT,,xV,,)+(C,XT,xV,)xEF X ED/(BW x AT x365) |,

out out

rae [ — BemWYHMHA MOCTYIUICHUS, MT/(KT/IEHb);
C, — KOHIECHTPAIMS BEIIECTBA B aTMOC(EPHOM BO3IYXE, MI/M';
C), — KOHIEHTPAIMS BEIIECTBA B BO3LYXE XKHIMIIA, MI/M';
T,.;— BpeMs, IPOBOAUMOE BHE IMIOMCIICHHUH, 4/ICHb (8 4/ICHB);
T;, — BpeMs, MPOBOIUMOE BHYTPH IOMEIICHHUIA, 9/IeHb (16 u/neHs);
Vput — CKOPOCTD JBIXAHHS BHE TOMEICHHH, M*/4;
Vs — CKOPOCTb JBIXaHHS BHYTPH MOMEIICHHMS, M°/d;
EF — qacroTa Bo3neiicTBus, nueii/ron (350 aueii/ron);
ED — npoJ10JKATENEHOCTS BO3AEUCTBUS, TO;
BW — macca tena, KT;
AT — mepuol ocpeHCHHS SKCIIO3UIINH, JIET.

Pucynok 1. ®opmyna pacyera J030BBIX HArPy30K, MOCTYHAIONINX HHTAIAINOHHBIM IIyTEM

Bcero B xoj1e paboThl OBLIO 3aperHMCTPUPOBAHO M MPOCMOTpeHo 7252 merada3z y 40 manueHToB, mpo-
KUBAOIINX B 30HE 9KOJIOTHUECKOTO Mpeakpu3uca (T. Apbich). BeiOopka rpymibl 00cie0BaHHBIX ObUIA OJ1-
HOPOJHA: BCE MPEACTaBUTENHN ObLIM OJHOTO BO3pacTa, ypOBHS 00pa30BaHMs, COLIUAIBHOIO CTaTyca, UMENH
CXO0XHe OBITOBBIC YCIOBHS NMPOKUBAHUS U Mpodeccuu, MpoKUBAIIM B TaHHOW MecTHOCTH He MeHee 10 er,
HE UMEeJH KOHTAKTa C BPEIHBIMH IIPON3BOICTBCHHBIMH (DaKTOPaMH CpPEJIbI.

Marepuansl ucciegoBaHuil OblI 00padOTaHbl MATEMAaTHKO-CTATUCTHYECKUMH METOJIAMH C HUCIOIb30-
BaHUEM MPOrpaMM CTaTUCTHYECKON 00paboTku maHHbIX Statistica 10.0. IIpumeHsnuce METOAbI OUEHKH J10C-
TOBEPHOCTH pa3nuuus 1o t-kputeputo CThroieHTa. B KauecTBe KpuTepHs CTATUCTHYECKOM HA/Ie)KHOCTH BBI-
OpaHo 3HaueHUeE A ABYX HecBs3aHHbIX rpymil (p < 0,05).

Peszynomamet uccredosarus u ux oocysxcoenue

Bce xpoMocomHbIe abepparu ObUTH KilacCH(UITMPOBAHBI U OIIPE/IeNIeHbI Kak abeppaiuyd XpoMaTH THO-
ro THIIAa ¥ XPOMOCOMHOTO Tuma. AOCOTIOTHOE 3HAa4YEHHE BBISABICHHBIX XPOMOCOMHBIX abepparmii Ha 7252
Metadaspl cocraBuno 101 peructpanmio, a ypoBEHb YacTOTHl XPOMOCOMHBIX abeppaumii ObUT paBeH
1,392+0,137 %, 9TO, COTTTaCHO METOJUYECKHM peKOMeHIarusM «VICrob30BaHue IMUTOTCHETHYECKOTO Me-
Toga yu€Ta XpOMOCOMHBIX alOeppaiii AJsl MCCIICIOBaHMS MYTareHHOCTH B YCJIOBHSIX HEOIarompusTHON
9KOJIOTHYECKON 00CTaHOBKMY, MO>KHO OTHECTH K NOBBILICHHOMY T'€HETHYeCKOMY pucky [10].

YpoBeHb YacTOTHI XPOMOCOMHBIX abepparuii XxpoMatiaHoro Tuma osu1 pasen 1,047+0,119 %, a yacto-
Ta abepparuii XxpomocoMHoro tuna passsnach 0,344+0,068 % s obciexyeMoro HaceneHus, CocTaBUBIIe-
ro BBIOOPKY HCCIeNOBaHMs. Pe3ynbTaThl MCClIeOBaHHS M aHANIN3 MONYYEHHBIX JAHHBIX MOKA3aJH, YTO I10
TUIIAaM XPOMOCOMHBIX abeppauuii mpeBaaupoBany adeppanuu xpomatuanoro tumna (75 %), Torna kak abep-
paLuy XpoOMOCOMHOro Trna coctaBuiu 25 %. Takum 06pa3om, gacToTa abeppaluii XpOMaTHAHOTO THIIA B 3
pasa MpeBbIIaa YacTOTy adeppaliuii XpOMOCOMHOTO THIa (CM. Talll.).

Tabnunoa
Tunbel XpoMOCOMHBIX abeppanuii y IKCIIOHHPOBAaHHOT0 HaceneHus Ilpuapanbs
(M=m%:; 95 % noBepUTeNbHBIH HHTEPBAJI, CPEAHEKBAIPATHYHOE OTKIOHEHHE)
TTokazarenu M+m 95 % 1 CKO P
XA XpOMaTHIHOTO THTIA 1,047+0,119 1,045-1,050 0,014 0.001
XA XpOMOCOMHOTO THTIA 0,344+0,06 0,343-0,346 0,068 ’

AHanM3 IUTEepaTYpHBIX TaHHBIX CBHUACTEIBCTBYET, YTO XPOMOCOMHBIC abeppaluy XpOMaTHIHOTO TUIIA
OIpe/IeIIeHbI BO3JICHCTBHEM XUMHYECKUX MYTareHOB M MPOIECCAMU XMMHYECKOTO MaTOreHe3a XPOMOCOM-
HBIX HapymeHuit [1-2, 11].

XUMHYECKYI0 TIPHYMHHOCTh MyTareHes3a TakKe MMOATBEP/HiIa BISBICHHAS B XOJIE MCCICIOBAHUS CTa-
TUCTUYECKH 3HaYMMasi 00paTHasi IPHYMHHO-CIICJCTBEHHAs CBSA3b MEXK/Y YPOBHEM XPOMOCOMHBIX abeppariuii
y JIUII, IPOXKUBAIOIIMX B 30HE MPEAKPHU3NCA, U JO30BON HArpy3KOH IIMHKA, MOCTYMAOLIEr0 HHIATSALIHOHHBIM
nytém (puc. 2). Koaddurnment napuoii xoppensiuu [Tupcona cocraun 0,39. YcTaHOBIEHO, YTO NPH CHH-
’KEHUH KOHLICHTPAIMX [IMHKA B aTMOC(EPHOM BO3AYXE CTATHUCTHYCCKH 3HAYMMO MOBBIIIACTCS YPOBEHBb XPO-
MOCOMHBIX abeppanuii: y = 4,5747 — 0,7306-X (kosddunment perpeccun R =-0,39; xoaddunmenT aerep-
muHanmu R2 = 0,15; koaddunment @umepa f = 5,43; onenka mogenu p = 0,026).
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Ounarpamma paccesHus: LIMHK mr/m3 vs. OBLUMW YPOBEHb XA% (MocTpou.y aaneHue M)
OBLUMIN YPOBEHb XA% = 4,5747 - 7306 * LUIMHK mr/m3

Koppensuusa: r = -,3916
9 T T T r r r r . .

OB LM YPOBEHb XA%

0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0 5,5

LUWHK mr/m3 0,95 foB.UHT.

Pucynox 2. B3anmocBs3b ypoBHS XA ¥ KOHLIEHTPALMH IIMHKA B aTMOC(EPHOM BO3IyXe

Tak, mpu yBeIMYEHUH KOHIEHTPALUHN IIMHKA B aTMoc(epHoM Bo3xyxe Ha 10 % MOXHO mpOrHO3MpO-
BaTh NOBBIIICHWE YPOBHS XPOMOCOMHBIX abeppanuid Ha 8,3 %. Psn aBTOpoB ykaszaiu, YTO MHUKPOIJIEMEHT
IIUHK BXOJIUT B CTPYKTYPY aKTUBHOTO IIEHTpa psiia GepMEHTOB, HEKOTOPBIC M3 IIMHKCOAEpKAIIUX (epMeH-
ToB y4dacTByIoT B cuaTe3e PHK n JIHK u umeror Gonpiroe 3HaueHHEe B MeTab0IM3ME HYKIIEHHOBBIX KHUCIOT
(IHK- u PHK-monumepassl, TUMUINHKUHA3EI, OCIKH (aKTOPOB TPAHCKPHUILUN — LUHK-QUHrEp OCIKM)
[4-6]. Takum 00pa3oM, 3HaYCHHE IIMHKA B TEHETHYECKOM CTAOMIBHOCTH HE BBI3BIBAJIO COMHEHHS, HO TEM HE
MeHee He ObIJIO JAHHBIX O €ro POk B (POPMHUPOBAHUH XPOMOCOMHEIX abepparnuii. Kpome Toro, uHK B Kave-
CTBE KO-()epMEHTa OTBETCTBEH 3a HOpMalibHOE (YHKUMOHUpPOBaHUE (EpMEHTa aHTHOKCHIAHTHOW 3all[UTHI
CYNEPOKCHIANCMYTAa3bl U CITy’KUT OJHUM M3 aKTHBATOPOB OMOCHHTE3a METATIOTHOHEMHOB — CIEIHATbHBIX
0ETKOB, BBITIOJHSIONINX 3aIUTHYI0 (DYHKIHIO, aKTHBHOCTh KOTOPBIX MOXET HMPUBOJHUTH K TIOBPEKICHHIO
moutekyn JJHK [1]. UmeroTcst maHHbIe, 4TO AehHUIUT IIMHKA MOXKET OKa3bIBaTh BIUSHUE HA PA3BUTUE TCHETH-
YecKux 3a0oneBaHuii, HanpuMmep, cuHapoM Danbolt-Closs (3HTEpOonaTnieckuii akpoaepMaTUT — TeHeTHde-
CKoe 3a00JIeBaHHE ¢ AyTOCOMHO-PEIIECCUBHBIM THIIOM Hacleosanus) [12]. Ilomumo mpodero, obmen3Bect-
Ha CITIOCOOHOCTH IIMHKA YMEHBIIATh KOJIMYECTBO MOBPEKICHUN T€HETHUECKOT0 MaTepraa, SIepPHbIX CTPYK-
Typ ¥ KJIETKH B 1ienoM [13, 14].

Raxnouenue

[uTorenernyeckue 0OCICIOBAHUS U CTATUCTHYCCKHUN aHAIN3 PE3yNbTaTOB MOKA3aJH, YTO Y JIHII, MPO-
XKUBAOMMX Ha Tepputopun [Ipuapanbs, GakTopsl cpenbl, K KOTOPBIM OTHOCITCS TSDKENbIE METaUTBI (Zn),
MOTYT OKa3bIBaTh HEOIArompusTHOE NEHCTBHE HA 310pOBhE. [IpOSBUINCH OHM B BHUJE IUTOTCHETHUYECKUX
HapyIIeHUH, a IMEHHO HaOJII0JIalIOCh TOBEIINICHHE YPOBHS XPOMOCOMHBIX abeppanuii XpoMaTHIHOTO THTIa
(1,047+0,119), kpome Toro, Obla BBISIBICHA PETPECCHOHHAs MOJCIIb, IMOKA3bIBAIOIIAsl W3MEHEHHUS YPOBHS
XPOMOCOMHBIX abepparuii B 3aBUCUMOCTH OT KOoHIIeHTpanuu Zn. [1o Bcelt BUIUMOCTH, IpH HEIOCTATOYHOU
KOHIICHTPAIMH [[HHKA TIPOUCXOJNT CHIKECHUE (DYHKIIMOHATBHON aKTUBHOCTH (DEPMEHTOB MAaTPUYHBIX TPO-
I[ECCOB, YTO, B CBOIO OUYEpe/ib, IPUBOJUT K BO3PACTAHUIO BEPOSTHOCTH YBEIHUCHHS YaCTOTHI XPOMOCOMHBIX
abeppauuii.
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EcenTik 0aranay aiciHiH KeMeriMmeH XpoMocoMabl adeppanusaIapIAbIH
KAJBINTACYbIHAAFbI MBIPBIIITBHIH POJIiH 3epTTEy

OHepKACINTIK KananapAarbl IIaH KypaMblH Tajgay ojapaa KeOiHece XpOMOCOMIBIK abeppaius peTiHpe
KOPIHEeTIH MYTareHAIK KacHEeTTEepAi KepceTe alaThlH ayblp MeTalJapIblH e1oyip KOHLCHTPALMACHIHBIH
GonyblH KepceTeni. MakalaHbIH MakKCaThl XPOMOCOMANIBIK MYTALUSHBIH Maiia GOJIybIHIAFbl MBIPHIITHIH
permin 3eprrey. JKorapbl XHMMHUSUIBIK OKYKTEME JKarjalblHOa TYpaThlH ajgamJapia XpOMOCOMIBIK
abeppaiysuiap MEH XpOMOCOMIBIK aHOMAIIHSIIAp/ABbIH Ke3aecy kuimiri 3eprreigi. Conmai-aK dKOJOTHSIBIK
armar  ayMarblHIa ~TYpPaThlH  aJaMapiblH  XpOMOCOMIBIK — adeppaumusuiap JeHreili  TeKCepiireH.
LluToreHeTHKAIBIK OY3bUTYJIAPIbIH TYPJIEPi MEH CUIIAThl KOPCETUIreH. XUMHUSIIBIK 3aTTapAblH KOPLIaFaH OpTa
OOBEeKTIJIepiHeH aF3aFa TYCYiHIH JKeKe H03albK JKYKTeMenepiHiH ecebi xypriziani. Moaenpaey opiciMeH
XpOMOCOMIbl  abeppalusiiapibl  KajlbIITACTHIPYAA MBIPBIITHIH  PeNi  KepceTUIreH. XpOMOCOMIBIK,
aleppanusuiap JeHreili Men aTMocdepaiblK ayaJarbl MbIPBII KypaMbl apachbIHAAFbl CEHIMIi Kepi
KoppesiusUIblK  Oainanbic aHbIKTanmsl (I[Tupconnsln Oy koppemsimust koddoumuenti —0,39 kypansi).
AtMochepanbIK ayaiarbl MBIPBILI KOHIICHTPALMSACHIHBIH TOMEHJICYI Ke3iHAe XPOMOCOMIBIK abepparusiiap
JICHIeli CTaTUCTHKAIBIK TYPFBIIAH JKOFApbUIANTBHIHBI aHBIKTAIABL. Permapaiys >XoHE aHTHOKCHIAHTTHIK
KOpFaHbIC JKyHeci ke3iHne (epMEHTTEpiHIH KbI3MET eTyiH/Ie MBIPBIITHIH KO-QEepMEeHTTIK OelceHIUNTiHIR
cumarTamacel oepinreH. XpoMocoMasblK adeppaius 3K0(paKTOpIapablH SPTYPIIi IK30TSHIl KIHE IHIOTSH 1
acepiHe Ce3IMTaNIbIFbI Oap, Oy skacyanapabH (pyHKIHOHAIBIK ©3repicTepiHe acep eTei.

Kinm ce30ep: xpoMocoMABIK abepparusiiap, MBIPBIIIL, J03albIK XKYKTeMe, KOpIIaFaH OpPTaHbIH JIaCTaHYBI,
MyTareHes.
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Z.B. Sabirov, M.A. Mukasheva, A.B. Eshmagambetova

Study of the role of zinc in the formation of chromosomal aberrations
using the calculated estimation method

The composition of dust in industrial citils indicatls the presence of these large concentrations of heavy met-
als indicates their ability to exert mutagentic, often manifested as chromosomal aberrations. The aim of the
article was to study the role of zinc in the formation of chromosomal aberrations. The article shows the fre-
quency of occurrence of chromosomal aberrations in a population, that lives in conditions of increased chem-
ical pollution. The level of chromosomal aberrations in individuals living in the territory of an ecological dis-
aster was studied. The types and nature of cytogenetic disorders are highlighted. The calculation of the indi-
vidual dose loads of the intake of chemicals into the body from the environment. The simulation method pre-
sents the role of zinc in the formation of chromosomal aberrations. A significant inverse correlation was
found between the frequency of chromosomal abnormalities and the zinc content in atmospheric air (the Pear-
son pair correlation coefficient was —0.39). It has been proven that with a decrease in the concentration of
zinc in atmospheric air, the level of chromosomal aberrations increases statistically significantly. We de-
scribed the co-enzymatic activity of zinc in the enzymes of the repair system and antioxidant defense. It was
noted that chromosomal aberrations are sensitive to various exogenous and endogenous effects of environ-
mental factors, which affect the functional changes of these cells. As a result, specific disturbances are deter-
mined.

Keywords: chromosomal aberrations, zinc; dose loading, environmental pollution, mutagenesis.
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