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ONTOGENESIS AND AGE STRUCTURE
OF ADONIS VERNALIS L. POPULATIONS
IN THE CONDITIONS OF NORTHERN KAZAKHSTAN

Abstract. The current article presents study results made on the coenoflora of Adonis vernalis L. in Northern
Kazakhstan. The materials have been gathered in the course of field research taking into account the literary data.
Ontogenesis and age structure of the coenopopulations are provided on the basis of detailed-route studies. The study
of age-related stages was carried out on the territory of Northern Kazakhstan (Akmola and North Kazakhstan
regions) in 2018-2019. A. vernalis is a short-stem grassy polycarpic plant, it is represented in Northern Kazakhstan
by the populations of dry meadows (Kokshetau Upland) and real meadows (the forest-steppe of North Kazakhstan
region). Ontogenesis of A. vernalis has three periods and 7 age stages. Plants have low seed productivity. Seeds have
a long endogenous peace related to the underdevelopment of a seed germ. A characteristic feature is the presence of a
long pregenerative period in plants of the "steppe™ type coenopopulations and its reduction in the "meadow" type
coenopopulations. There have been studied thirteen coenopopulations of A. vernalis located in Akmola and North
Kazakhstan regions. Coenopopulations of A. vernalis are bound to four main habitats: forest edges, meadow steppes,
meadows, artificial plantations. By age, young populations are formed on forest edges, and according to the "delta -
omega" classification, there are mature coenopopulations. Mature coenopopulations are mostly formed in meadow
steppes, but according to the "delta - omega" classification, all coenopopulations are aging. On meadows, there are
many young coenopopulations, but according to the "delta - omega" classification, they are all mature. In artificial
plantings, the majority of coenopopulations are aging, but according to the "delta - omega" classification, they are all
mature. Thus, changes in habitual living conditions lead to the aging of A. vernalis coenopopulations. By density
(pcs/100 m?) all populations are divided into three groups: high, medium, low. All forest edge coenopopulations have
a high density, in meadow steppes, the density is average, on meadows and in artificial plantings it is low. The
recovery index in most coenopopulations is less than one which indicates a low recovery in A. vernalis populations.
The range of age stages shows that in most coenopopulations they are normal, the exception is CP-5 (among artificial
plantings) which indicates an old stage of the population and possibly its soon elimination.
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Introduction. Adonis vernalis L. is a fairly rare plant throughout its range [1] and in Appendix Il of
the CITES Convention (Convention of International Trade in Endangered Species of Wild Fauna and
Flora) [3]. A. vernalis is protected in Ukraine [4] as well as in 36 regions of the Russian Federation [5].

Age features of Adonis vernalis were studied in different parts of the area [1,6-11]. The authors
emphasized stenotopic characteristics of the species, poor vegetative mobility, complexity of seed
reproduction, and a low level of competition with other species in plant communities.

Material and research methods. Age stages were worked out according to the guidelines [12-16].
A schematic diagram describing age-related stages is given according to Kupriyanov A.N. (2013) [17].

Ontogenetic structure and number of plants in the coenopopulation were studied on registry fields
with the area of 1 m®. A plant, a partial bush, and a partial shoot were used as counting units. The adoption
of one or another counting unit was determined by the specific biomorph formed in a particular location.
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Results and discussion. The study of age stages was conducted on the territory of Northern
Kazakhstan (Akmola and North Kazakhstan regions) in 2018-2019.

Latent period. Seeds ripen in the first and the second decade of June. Seed productivity depends on
spring conditions and age stages. The number of fruits on young generative stage is 14-29 pcs/plant and
122-212 pcs/plant on a mature generative stage. Seeds have a long endogenous dormancy because of the
underdevelopment of a seed germ. The dormancy of seeds lasts 60-70 days [8]. A. vernalis is an
autochoric plant. Its seeds do not have special devices for settlement and are concentrated mainly around
the mother plant (figure 1).

Figure 1 — Fruits of A. vernalis: A - infructescence; B — fruits

Virginal period. Seedings (p). In natural conditions, seeds germinate at the end of April. As
usual, the shoots are single or small. Since the seeds are almost on the soil surface, the germination is
conventionally aboveground. The cotyledons are whole, oblong, up to 7 mm long and 3-4 mm wide with
quite long stalks. In Northern Kazakhstan plants keep being in a seeding phase for a longer period,
possibly, until the end of the vegetative period. The root system is represented by a stem-root of 5-7 cm
with hairy roots of the second order.

The juvenile stage of plants (j) is seen well in the second year of life. This stage is characterized by
scaly leaves. The maximum shoot growth is observed in May. At this time, there form long internodes of

Figure 3 — Morphological features of A. vernalis leaves:
J - juvenile stage; im - immature stage; v - virginal stage; g,
02, O3 - generative stage

Figure 2 — Age stages of A. vernalis: J - juvenile stage;
im - immature stage; v1, v2 - virginal stage
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3-4 cm. in June shoot growth is slowed down and leaf blades are located on shorter internodes. The plants
retain monopodial growth of shoots and they reach 15 cm (figure 2, J). The leaves of juvenile plants are
1.5 c¢cm long and 1.0-1.1 cm wide, thrice dissected, the lobes of the first order are dissected and
pinnatipartite, the final ones are linear - 2-4 mm long and about 1 mm wide (figure 3, J).

Immature plants (im) get a sympodial branching: the renewal bud which forms a lateral shoot grows
from the renewal buds located in the sinus of the lower true leaf. The leaves are almost rounded 1.7-2 cm
long and 1.3-2 cm wide, tripartite, the first-order fractions are twice, sometimes thrice dissected. In this
age leaf lobes are broadly linear, 3-7 mm long and about 2 mm wide, but not linear, which is a diagnostic
sign of this age stage [11].

Plants form a short rhizome. The calendar age stage is quite difficult to determine, it depends on the
tension of environmental factors: on the dry meadows of the Kokshetau Upland, it lasts for more than a
year, on the meadows of the North Kazakhstan region the transition to a virginal stage occurs in the first
half of summer of the second year of life.

Virginal stage (v) begins with the formation of a rhizome, with the appearance of large horizontal
cord-like adventitious roots, and with the death of the primary root. Second-order shoots appear from the
first leaves sinuses of the axial shoot. This stage is characterized by the formation of 2-4 axial shoots. The
leaf blade is quite large, 3-4 cm long, and 2-4 cm wide, tripartite, first-order lobes are twice or thrice
dissected into narrow threadlike segments of 3-7 mm long and less than 1 mm wide (figure 2, v). In
Northern Kazakhstan virginal stage is normal and the calendar period depends on specific environmental
conditions. It can last for several years and rhizomes with several axial shoots grow during this time.

Figure 4 — Age stages of A. vernalis: g1, g, g3 - generative stage

First flowers that characterize the transition of plants into a young generative stage (g:) appear on one
of the first axial shoots. In some cases (as Poshkurlat A.P. notes correctly, 2000), this flower remains
underdeveloped and dries. Plants that grow in the meadows of forest-steppe zone have one axial shoot on
this stage (figure 4, g;) [11]. In steppe conditions, plants with several well-developed axial shoots have
one flower on each of several shoots. In this age, leaves reach their maximum development, are 3.5-5.0 cm
long and 3.5-12.0 cm wide, thrice dissected and pinnatipartite, the lobes of the second order are thrice
dissected and pinnatipartite as well, the final lobes are linear of 7 mm long and 1-1.2 mm wide (figure 3,
g1). The rhizome begins to grow and has buds of new axial shoots on it.

During an average generative stage (g,) in the meadow steppe conditions there are up to 7-10 axial
shoots, but on meadows, there are 2-3 ones. Each axial shoot has up to 4-7 lateral shoots of the second-
order and 2-4 shoots of the third order with flowers on them. Leaves are rounded, 4-5 cm in diameter,
thrice dissected and pinnatipartite, second-order lobes are dissected into linear-hairy lobes of the third
order of 12-18 mm long and 0.5-0.8 mm wide. Branching of the rhizomes and formation of a strong
system of adventitious roots continue.

Old generative plants (gs) form a complex system of rhizomes. In this age, the life form changes from
a short-brush-root to a turf one, while generative plants form a pinnatipartite root system with numerous
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shoots forming a turf or a curtain. The system of underground organs is built in the way of "orthotropic-
rhizome - brush-root™ [21]. The structure of the leaf blade simplifies.

Subsenile plants (S) are represented by a system of dying rhizomes with single vegetative shoots. We
have not found any senile plants.

It should be noted, that some changes in the ontogenetic structure of A. vernalis populations in
Northern Kazakhstan. They are related to climatic features and as a response to the anthropogenic
transformation of the flora on the studied areas.

A. vernalis is a short-stem grassy polycarpic plant, it is represented in Northern Kazakhstan by the
populations of dry meadows (Kokshetau Upland) and real meadows (the forest-steppe of North
Kazakhstan region). Ontogenesis of A. vernalis has three periods and 8 age stages. Plants have low seed
productivity. Seeds have a long endogenous peace related to the underdevelopment of a seed germ. A
characteristic feature is the presence of a long pregenerative period in plants of the "steppe" type
coenopopulations and its reduction in the "meadow" type coenopopulations (CP).

Age structure is one of the significant signs of price population, as it provides the ability of the
population system to self-sustain and determines its sustainability [15].

There have been studied 13 CP of A. vernalis located in Akmola and North Kazakhstan regions.

CP-1. "Burabay" SNNP. The poaceae-adonis meadow on the edge of the pine-birch forest. Total
projective cover (TPC) is 90%, the TPC of A. vernalis is 2%, the community has 29 species. The
vegetation is formed by Artemisia latifolia Ledeb., Betula pendula Roth, Calamagrostis epigeios (L.)
Roth, Fragaria viridis Duch., Pinus sylvestris L., Poa pratensis L., Ranunculus polyanthemus L.

CP-2. "Burabay" SNNP. Sparse birch forest, the formula of the standing timber is 10B, fullness is
0.3, adonis and forb meadow. TPC is 100%, the TPC of A. vernalis is 0.5%, the community has
26 species. The vegetation is formed by Betula pendula, Brachypodium pinnatum (L.) Beauv., Bromopsis
inermis (Leyss.) Holub, Centaurea scabiosa L., Serratula coronata L., Veronica longifolia L.

CP-3."Burabay" SNNP. The meadow steppe on the slope of a small hill, a narrow strip at the base of
the hill. TPC is 70%, the TPC of A. vernalis is 0.5%, the community has 31 species. The vegetation is
formed by Galatella angustissima (Tausch) Novopokr., Medicago falcata L., Oxytropis pilosa (L.) DC.,
Peucedanum morisonii Besser ex Spreng., Phleum phleoides (L.) H.Karst., Stipa pennata L.

CP-4."Burabay" SNNP. A shrub thicket on the edge of the birch forest. TPC is 100%, the TPC of A.
vernalis is 1.5%, the community has 37 species. The vegetation is formed by Caragana arborescens Lam.,
Phleum phleoides (L.) H.Karst., Poa angustifolia L., Rosa acicularis Lindl., Spiraea hypericifolia L.,
Stipa pennata L.

CP-5. "Burabay" SNNP. Artificial pine plantations of 35-40 years old (maybe on the site of a dry
meadow), the formula of the standing timber is 9C1B. TPC is 60%, the TPC of A. vernalis is 0.5%, the
community has 19 species. The vegetation is formed by Betula pendula Roth, Caragana arborescens
Lam., Gypsophila altissima L., Otites wolgensis (Hornem.) Grossh., Pinus sylvestris L., Vicia cracca L.

CP-6. "Burabay" SNNP. A meadow steppe on the edge of a sparse birch-pine forest, fullness is
0.2-0.3. TPC is 80%, the TPC of A. vernalis is 1.0%, the community has 32 species. The vegetation is
formed by Clausia aprica (Stephan) Korn-Tr., Dianthus versicolor Fisch. ex Link, Filipendula vulgaris
Moench, Otites wolgensis (Hornem.) Grossh., Oxytropis pilosa (L.) DC., Polygala comosa Schkuhr.

CP-7. "Burabay" SNNP. A meadow among the sparse birch forest, the formula of the standing timber
is 9B1C, fullness is 0.3. TPC is 100%, the TPC of A. vernalis is 2.0%, the community has 32 species.
The vegetation is formed by Achillea asiatica Serg., Betula pendula Roth, Calamagrostis epigeios (L.)
Roth, Conioselinum tataricum Hoffm., Hieracium umbellatum L., Koeleria cristata (L.) Pers., Pinus
sylvestris L.

CP-8. "Burabay" SNNP. A forb and calamagrostis meadow on the edge of a birch forest. TPC is
100%, the TPC of A. vernalis is 0.2%, the community has 28 species. The vegetation is formed by
Asparagus officinalis L., Bromopsis inermis (Leyss.) Holub, Calamagrostis epigeios (L.) Roth, Cirsium
setosum (Willd.) Bess., Galium boreale L., Phlomoides tuberosa (L.) Moench.

CP-9. "Burabay" SNNP. The steppe communities on the edge of a birch forest. TPC is 70%, the TPC
of A. vernalis is 2.0%, the community has 35 species. The vegetation is formed by Aster alpinus L.,
Festuca valesiaca Gaudin, Fragaria viridis (Duchesne) Weston, Helictotrichon desertorum (Less.)
Nevski, Pilosella echioides (Lumn.) F.Schultz & Sch.Bip., Scorzonera purpurea L., Stellaria graminea L.
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CP-10. "Burabay" SNNP. A dry meadow with very rare pines (artificial plantings), the fullness is
0.2. TPC is 70%, the TPC of A. vernalis is 2.0%, the community has 25 species. The vegetation is formed
by Allium strictum Schrad., Carex supina Willd. ex Wahlenb., Festuca valesiaca Gaudin, Koeleria
cristata (L.) Pers., Phleum phleoides (L.) H.Karst., Phlomoides tuberosa (L.) Moench., Verbascum
phoeniceum L.

CP-11. North Kazakhstan region. A wet meadow on the edge of a birch forest. TPC is 100%, the TPC
of A. vernalis is 0.5%, the community has 21 species. The vegetation is formed by Equisetum hyemale L.,
Filipendula ulmaria (L.) Maxim., Sedum telephium L., Thalictrum minus L., Urtica dioica L.

CP-12. North Kazakhstan region. Young birch forest, the formula of the standing timber is 10B tree,
fullness is 0.4-0.5. TPC is 50%, the TPC of A. vernalis is 0.1%, the community has 16 species. The
vegetation is formed by Betula pendula Roth, Chenopodium album L., Populus tremula L., Potentilla
humifusa Willd. ex Schltdl., Rubus saxatilis L., Sanguisorba officinalis L., Urtica dioica L.

CP-13. North Kazakhstan region. Kochkarny meadow on the edge of a birch forest TPC is 100%, the
TPC of A. vernalis is 0.5%, the community has 33 species. The vegetation is formed by Calamagrostis
epigeios (L.) Roth, Filipendula ulmaria (L.) Maxim., Galium boreale L., Kadenia dubia (Schkuhr)
Lavrova et V.N.Tikhom., Ranunculus polyanthemos L., Sanguisorba officinalis L., Seseli libanotis (L.)
W.D.J.Koch, Urtica dioica L.

The CP of A. vernalis are bound to four main habitats: forest edges (CP-1, CP-4, CP-8), meadow
steppes (CP-3, CP-6, CP-9), meadows (CP-2, CP-7, CP-11, CP-13), artificial plantations (CP-5, CP-10,
CP-12). By the age, young populations grow on forest edges, and according to the "delta - omega"
classification, there are mature CP with A < 0.35, a @ > 0,6. Mature CP mostly grow in meadow steppes
(except CP-6, which is young), and according to the "delta - omega" classification all CP are aging with
A <0.55,a®>0,6. Young CP mostly grow in meadows (except CP-2, which is old), and according to the
"delta - omega" classification all CP are mature with A < 0.35-0.54, a ® > 0,7. Old CP mostly grow in
artificial plantings (except CP-2, which is aging), and according to the "delta - omega" classification, all
CP are mature (Table). Thus, changes in habitual living conditions lead to the aging of A. vernalis CP.

By density (pcs/100 m?) all populations are divided into three groups: high — > 90 pcs/100 m?,
medium — 89-40 pcs/100 m?, low — > 40. All forest edge CP have a high density, in meadow steppes, the
density is average, on meadows and in artificial plantings, it is low (table).

Characteristics of A. vernalis coenopopulations

No TEC, TPC qf Area , Density of pI%nts, Qua_ntity of plants A © |
) A.vernalis,% of CP, m pcs/100 m in CP, pcs

CP-1 90 2 3000 142 4260 0.29 0.65 0.50
CP-2 100 0.5 1500 52 780 0.48 0.80 0.30
CP-3 70 0.5 6000 63 3780 0.45 0.82 0.31
CpP-4 100 15 6000 90 5400 0.40 0.9 0.25
CP-5 60 0.5 1500 28 420 0.78 0.34 25
CP-6 80 1.0 1500 66 990 0.36 0.85 0.46
CpP-7 100 0.2 2000 10 300 0.62 1.0 0
CP-8 100 2.0 5000 96 4800 0.39 0.81 0.14
CP-9 70 2.0 3000 60 1800 0.48 0.87 0.15
CP-10 70 0.5 1000 28 280 0.63 0.88 0
CP-11 100 0.5 2000 16 320 0.28 0.65 1.0
CP-12 50 0.1 2000 8 160 0.50 1.0 0
CP-13 100 0.5 3000 40 1200 0.32 0.73 0.67

The recovery index in most CP is less than one (except CP-11=1.0), which indicates a low recovery
in A. vernalis populations.

The range of age stages shows that in most CP they are normal, the exception is CP-5 which indicates
an old stage of the population and possibly its soon elimination.
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The most optimal conditions for the formation of CP are edge areas occupied by dry meadows. These
CP have the highest density of A. vernalis from 90 to 142 pcs/100m®. They are young, but according to the
"delta - omega" classification, are maturing. In more xerophytic conditions the density of A. vernalis
decreases to an average of 89-40 pcs/100 m? They form mature CP. According to the "delta-omega"
classification, they are aging. A. vernalis is a meadow-steppe plant. The typical habitats are meadow
steppes, dry meadows, steppe communities [1,9,10,11]. Meadow CP of A. vernalis on the Kokshetau
Upland and in Northern Kazakhstan are not characteristic habitats, so the density is lower there (less than
40 pcs/100 m?). The CP are aging, according to the "delta - omega" classification "delta - omega" they are
all mature.

Conclusion. A. vernalis is a short-stem grassy polycarpic plant, it is represented in Northern
Kazakhstan by the populations of dry meadows (Kokshetau Upland) and real meadows (the forest-steppe
of North Kazakhstan region). Ontogenesis of A. vernalis has three periods and 8 age stages. Plants have
low seed productivity. Seeds have a long endogenous peace related to the underdevelopment of a seed
germ. A characteristic feature is the presence of a long pregenerative period in plants of the "steppe" type
coenopopulations and its reduction in the "meadow" type coenopopulations.

The research was carried out within the framework of grant financing project of the Ministry of
Education and Science, the Republic of Kazakhstan for 2018-2020. "Molecular genetic analysis of gene
pools of rare plant species populations in Northern Kazakhstan™ Ne AP05132458, number of the state
registration is 0118RK00404.
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'A. BaiitypceisoB ateiagars Kocranaii memneketrik yansepenteti, Kocranait, Kasakcran;
’Kyzbacc Gorauukansik 6arsr, PEA CB keMip 5xoHe KoMip XHMHSICE
dhenepanpai 3epTTey opTansirsl, Kemeposo, Peceii

COJITYCTIK KABAKCTAH KAFTAMBIHJIA ADONIS VERNALIS L.
nonyJjaAanusas OHTOTEHE3I )KOHE )KAC KYPbILJIBIMbI

Aunnoranust. Maxkanaga Conryctik Kaszakcranmga Adonis vernalis L. neHoduopacsin 3epTTey HOTHKENEPi
Oepinren. Matepuasiap IanaiblK 3€PTTEY HOTHXKECIHIC aJbIHIBI, 9/c0M MAJiMEeTTep ecKepiiai. Ermkei-Terkeii
OaFrBITTHIK 3€PTTEYJICP HETI31H/IC OHTOICHE3 KOHE IICHOIOMYJISIIIHS KaC KYPhLUIBIMBI KEITIpiIe/i.

Adonis vernalis apean 6oiisiHIna cupek ke3neceTin ocimaik Kasakcranusiy Kpi3but kiTabbiaa (2014) [1] xone
Convention of International Trade in Endangered Species of Wild Fauna and Flora (CITES) KoHBeHIHSHBIH
IT kockiMIIachiHa enrizinres [2, 3]. A. vernalis Ykpaunana, conpaii-ak P® 36 cyonexricinme Kopranaist [S].

Kac xarmaiieia 3eprrey Conrycrik Kaszakcran aiimarsiaza (Axkmona sxkoHe Contyctik KazakcTaH oOIBICH
(CKO) 2018-2019 xox. yprizinmi.

A.vernalis — Conrycrik Ka3akcranaarsl KbICKa-03€KTi IONTI MOJUKApNTi Kyprak mmanreid (Kekiieray KbIpThbi-
cpl) MeH Harbl3 madbHAbIKTap (Conrycrik KazakcTaH OONBICHIHBIH OpMaHAbI Jaiachl) KypaMbIHIAFbl MOMYJISLUS
HerTi31H/le YChIHBLIFaH.

A. vernalis oHTOreHe3iH/IE YIII KE3EH JKOHE 7 JKac jKaraaibiHa OoliHreH. OCIMIIKTEPIiH a3 MeJIIepIe TYKbIM -
IBIK OHiMi Oap. JlaMbIMaraH YPBIK TYKbIMBbIHA OalIaHBICTBI TYKBIM Y3aK JHAOTEHII KYWHCi3 cumatka ue. «Jlamay
THIIHJET] EHOMOMYISANNs OCIMAITIHAE Y3aK YakKbIT JETCHEPATHBTIK KE3€HHIH OOJYbI JKOHE OHBIH «IIAJIFBIHIBIKY
TUTIHET] EHOMOMISAIHIA a3a0bl ePEeKIIeNiri OO caHaIabl.

JKac KYpBUIBIMBI IIEHOTIOMYJISIIASHBIH MaHBI3AbI Oenriiepidid 0ipi OONBIN caHANAIbl, OUTKCHI MOMYIIIUSIIBIK
KYHCHIH ©31H-631 yCTay KaOlleTiH KaMTaMachl3 e€Te/li JKOHE OHBIH TYPAaKTBUIBIFBIH aHBIKTaWAbl [15]. OciMmikrepmi
3eprreyneri nonynsauusibiK Tocinai T.A. PaborHoB (1960) yesiasr [20]. Herisri TepMUH «LIEHOTOIYJISIIAS» YFBIMBI
— Genrini 6ip GuTOIEHO3 HIEKaPACHIHIAFBI )KEKE TYPJIEPAIH )KUBIHTHIFBI.

A.vernalis: Axkmona »xone Contycrik Kazakctan oGJIBICTapbIHIa OpHATACKAH 13 [EHOMOMYJISIIUS 3ePTTEIIN.
A. vernalis neHomonyasAmuACH HETi3ri TOPT OpBIHFA HETI3JENreH: OpMaH, MAaOBIHABIK Jaia, Ma0bIHIBIK, KaCaH bl
exmenep. «bypabaity MYTII aymarsinna Taburu Kaparaitner exnenepzin ete kenm cabl XIX MeH XX FachIpAbIH
0achIlHIa KecureH, TaOuFu exmnesepaiH Oip Oemiri epT cangapblHaH >KOWBUINBI, COHIBIKTAaH OpMaHIBl KaJIblHa
KENTIpiJi )koHe MYHJIall )KYMBICTap KEHIPEK JKypri3iiei.

JKac mamacel OO#BIHIIA TYKIIEMEH KAITAIFaH JKepJIEPAe *Kac MOMYJIAUSIIAD KaJbIITacaasl, ajl «IeibTa —
OMETaHbIH» JKikTenmyiHe coiikec erinreH IIT kampimmrackan, omma A < 0.35, am ® > 0,6. [anremael nansana
Heri3ineH >xerinared LI kanbimrackan, an «geiapra — oMeray xikrenyi Oodbinma 6apisik LT eckipren A >0.55, an
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® > 0.6 xaraapl. Hanreiaasr nananapaa LIT-HeIH Kenmiiiri xac OOJNBIN KeJei, ajl «JejbTa — OMEray >KIKTemyl
6oiibiama Oapibik LT kemennenren A 0.35-0.54, mynna o >0.7. XKacauns! exnenepae L{I1-HbIH kenmriniri eckipre,
an «IenbTa-oMeray JKikTedayi OoibriHmia Oapibirbl xkerinreH I[[[1-ra skatamel. Ocbutaiiiia onmeTTeri eMmip cypy
XKarIaibIHbIH e3repyi A.vernalis L{I1 To3asipanst.

Kenteren LI1 kamnbiHa KkendTipy WHAEKci OipmikteH a3, Oyn A. vernalis momymsiuusiiapbliHAa KajmblHa
KeNTipyaiH TOMEHIIri 6alKaIabl.

JKac xarmaiterasiy criektpi kenrrereH L{I1-na omapasiH KaabInTH eKeHiH KopeeTeni, epekmenik LI1-5 (;kacanmst
€KIIe apachIH/a) Kypanbl, OYII ITOMY IALMSHBIH OYPBIHFBI Kail-KYHiH koHE JKeel SIMMUHALNSIHBI KyoJlaHAbIpabl.

HIT xampmTacTeIpy YIIIH €H OHTAMIIBI KaFAal-KypraK IIaJFBIHBIMEH aifHaJBICATHIH TYKIIE KEHICTIiri OOJbIm
cananasl, oyt LI Terreaeirsr A. vernalis 90-gan 142 nawma/ 100M%-re JIeHiH, oJap Kac «IelbTa-oMeray JKiKTeyi
GoiibIHmIa maiina Gonaas. Ko kcepodurti xarmaiinapnaa a.vernalis ThiFbi3aprs! oprama 89-40 manara/100 m* neiin
azas/pl, OHJA ECKIpreHJepre >araTblH «IelbTa — OMera» ikremeci OoibiHImIA >xetinreH LII1 kambimracansl.
A. vernalis mranFeIHIBI-IANA OCIMJIT, WIANFBIHAB Jajia, KYPFaK MNIaIFblH, Jaja KoramMaacTeIKTapbl [1,9-11],
manreiHe! L. Kekmieray Tebecinae xone Contyctik Kazakcran o0ibIcH vernalis MEKeHi OOJIAaTBIH XKep eMec JKOHE
COHBIH CalJaphIHAH «IeIbTa — OMera» ikremeci Goibrmima sxatateir L[1-1a (40 nama/100 m’-men kem) eckipreH
JTApaJbIK THIFBI3ABIFBIHBIH TOMEHIr skeTinren LI1-ra xartaspl.

Tyiiin ce3mep: Adonis vernalis L., Conrycrik Ka3zakcTtaH, ac epekileNiK >XKaFAaibl, Kac KYPbUIBIMBI,
OHTOTCHE3.

I'. K. CynTaHra3nHal, A. H. Kynpmmonz, 0. A. Kynpmmonz, P. C. Beiinros®

'Kocramaiicknii rocy1apcTBeHHbIH yHHBepcHTET HMeHH A. BaiiTypcsinosa, Kocranaii, Kasaxcran;
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Ky36acckuit 6otanudeckuii can, @enepaibHbIi nccienoBaTenbCKuil neHTp Yriig u yraexumun CO PAH,
Kemeposo, Poccust

OHTOT'EHE3 U BO3PACTHAS CTPYKTYPA MONYJISALUIA ADONIS VERNALIS L.
B YCJIOBUAX CEBEPHOI'O KABAXCTAHA

AHHoTanus. V3y4eHbl BO3pacTHBIE 0COOCHHOCTH OHTOreHe3a U cTpykTypa 13 nenononynsuuii Adonis vernalis
L. na reppuropun CeBeproro Kazaxcrana. Martepuaibl MojsydeHbl B pe3yibTaTe IOJICBBIX HCCIIEIOBaHUH, yITEHBI
JIUTepaTypHble JaHHble. Ha OCHOBaHMM JETalbHO-MAPIIPYTHBIX HCCIEIOBAHWH MPUBOJMTCS OHTOTCHE3 U
BO3pacTHast CTPYKTYpa LEHOITOMYJISIIUH.

Adonis vernalis L. — moBobHO penkoe pacTeHHe Ha MPOTSKEHHH Beero apeana [1], BHecen B KpacHyro kHuTy
Kazaxcrana (2014) u B Ilpunoxenue |l Kousenmuu Convention of International Trade in Endangered Species of
Wild Fauna and Flora (CITES) [2,3]. A. vernalis oxpansiercs B Ykpause [4], a takxe B 36 cyonsekrax PO [5].

M3yueHne BO3pacTHBIX COCTOSIHMH MpoBoAmiock Ha Teppuropun CeBepHoro Kazaxcrana (AKMONMHCKas U
Cesepo-Kazaxcranckas obiactu (CKO) B 2018-2019 rr.

A. vernalis — kopoTko-cTepxHEeBO# TpaBsHHUCTBIH monukapnuk B CeBepHoMm Kasaxcrade mpeacTaBieH
MOMYJIALMSIMA B COCTaBE CyXOJONBHBIX JyroB (Kokmierayckasi BO3BBIIICHHOCTb) M HACTOSIIUX JIYTOB (JIECOCTEIb
Cesepo-Kazaxcranckoii oonactu). B onrorenese A. vernalis BbiieneHo Tpu mepuojia u 7 BO3PACTHBIX COCTOSHHIA.
Pactenus o0nanaroT HU3KONH CEMEHHOW NMPOAYKTHBHOCTHIO. CeMeHa 00JaJaioT JAIUTENbHBIM SHIOTCHHBIM ITOKOEM,
CBSI3aHHBIM C HEJIOPa3BHTHEM 3apOJIbIIIAa CEMEHH. XapaKTepHOH O0COOCHHOCTHIO SBISIETCS HAJIUYUE IJTUTEIHHOTO
MpeAreHepaTUBHOTO MEPUOJAa y PACTEHUH B IEHOMOMYJISILMAX «CTEMHOI0» THUMA U COKpAIIEHUE €ro B ILIEHOIO-
IYJISALUSX «JTyTOBOTO» THIIA.

BospactHas cTpykTypa mpencTtaBiseT co0oil oAWH M3 CYIIECTBEHHBIX MPHU3HAKOB IIEHONOMYIALNH, TaK Kak
obecrieunBaeT CrIoCOOHOCTh TOMYJISIIIHOHHON CHCTEMBI K CAMOTIOIICPKAHUIO U OTPEENeT ee yeToiunBocTh [15].
[MomynAMOHHBIH MOAXO0J K HM3y4eHHI0 pacTeHuil Obu1 mpemmokeH T.A. PabGotHoBemm (1960) [20]. KiroueBsim
TEPMHUHOM SIBIISIETCS TIOHSTHE «IICHONOMYIISIUS» — COBOKYITHOCTh 0cOO€H BHIA, CYIIECTBYIOIIMX B T'paHHUIIAX
OTIpe/IeIEHHOTO (PUTOIICHO3A.

Usyueno 13 ueHonomynsuuid A. vernalis: pacmonoxenHbix B AkmonuHckod u CeBepo-Kazaxcranckod 00-
nactsax. Llenonomymsiuuu A. vernalis mpuypodeHsl K 4eTbIpeM OCHOBHBIM MECTOOOMTAHHSM: OIYLIKH Jeca, JTyrOBbIe
CTeIy, JIyra, HCKyCCTBEHHbIe HacaxaeHus. Heooxomumo otMmeruts, yro Ha Teppuropun ['HIIIT «bypabaii» oueHs
00JIBIIIOE KOJIMYECTBO €CTECTBEHHBIX COCHOBBIX Haca)JIeHHH Obuto BeIpyOieHO B TeueHune XIX, Hagama XX Bekos,
YacTh €CTECTBEHHBIX HACaXJICHWH Morubiia B pe3ysbTraTe M0XKapoB, HOATOMY JIECOBOCCTAHOBJIEHUE IIPOBOJIMIIOCH H
MIPOBOANTCS B IIMPOKHMX Macmrabax. 1o Bo3pacTHOCTH B OIyIIEYHBIX MECTOOOMTAHUSX (POPMHUPYIOTCS MOJOAbIE
TIOMYJISITNY, a COTJIACHO KJIacCH(HUKAIMH «elbTa — oMeray copmuposansl 3petomue LI1, B koTopeix A < 0.35,a ®
> 0,6. B myroBbIX cTemnsx B OCHOBHOM chopmupoBansl 3peinbie 111, a mo kiraccupukanmm «aenbra — omera» Bee LI
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OTHOCATCS K CTaperonmm, B KOTOpeiXx A >0.55, a @ > 0.6. Ha nyrax 6onemmmacTBO {11 OTHOCATCS K MOJIOABIM, a IO
knaccupukauu «aenpta — omeray Bee LI otHocsaTCs k 3penbiM, B kKoTopeix A 0.35-0.54, a ® >0.7. B uckyccr-
BEHHBIX HACXKICHUAX 00JMbIIMHCTBO L1 OTHOCATCS K cTapelonyuM, a Mo KIacCU(pUKAIMU «IeibTa — oMeray Bee LI1
OTHOCATCSL K 3penibIM. TakuM o0pa3oM, U3MCHEHHUS TPUBBIYHBIX YCIOBHH OOWUTAHHS MPUBOAMT K crapeHuto LII1
A. vernalis.

Io mrotrHOcTH (1rt/100 M) Bee MOMyIISIAN pasaeNe sl Ha TPH IPYIIIbE: BeIcOKas — > 90 mrt/100 M%, cpemsis —
89-40 mrt/100 M%, Huskas > 40. Bee omymreunsie LI HMEIOT BBICOKYIO IUIOTHOCTb, B JTYTOBBIX CTEISX IIOTHOCTH
CpeIHsIs, Ha JIYyTaX M B UCKYCCTBEHHBIX HACAXKICHISIX — HU3KAsL.

WNupexc BoccraHoBieHus B OonpmuHcTBe L[I1 MeHee equHMIBI, 9TO CBHUACTENHCTBYET O HHU3KOH BOCCTAaHAB-
nUBaeMoCTH B momyssiusx A. vernalis.

CrieKkTp BO3pACTHBIX COCTOSIHUI MOKa3bIBacT, yTo B OonbiuHCTBE 111 OHU HOpManbHEIC, HCKITIOYEHUE COCTAB-
qsiet 1I1-5 (cpenu MCKYCCTBEHHBIX HACaXICHUIT), YTO CBHUICTEIBCTBYET O CTAPYCCKOM COCTOSHHUHU TMOMYJISALHUHU H,
BO3MOYHO, CKOPO# 3JTMMHHALIHH.

Haubonee onTuManbHBIME YCIOBUSAMU s popmupoBanusi LI SBISIOTCS OMyIeYHbIe TPOCTPAHCTBA, 3aHSITHIC
CyXO00JbHBIMHU JTyramu, 3Tu LI umeror HanGobIyro miotHocTh A. vernalis ot 90 no 142 mur/ 100M?, OHH SBIISFOTCS
MOJIOJIBIMH, & IO KIACCU(PHUKAIMU «ICIbTa — OMEra» — 3peromumu. B 6onee Kcepo@UTHBIX YCIOBUSIX IIOTHOCTh
A. vernalis ymenbiaercs g0 cpemaeit 89-40 /100 M’, B HHX ¢dopmupyrores 3pemnsie L1 mo xmaccuduxanum
«IeNbTa — OMeray OTHOCAIIMECs K cTaperoummu. A. vernalis myroBo-cTenHoe pacTeHue, XapakTepHBIMH MECTOOOU-
TaHHUSMHU SIBISIFOTCS JIyTOBBIE CTEIH, CYXOJIOJbHbIC JTyra, cTenHble coobmiectna [1,9,10,11], myrossie LIIT A. vernalis
Ha Koxkmerayckoii Bo3BeimeHHOCTH W B CeBepo-Ka3axcTaHckoit 007acTé SBISIOTCS HE- XapaKTEPHBIMH MECTO-
0OHMTaHUSAMH U, KaK CJICICTBHE, HU3Kasl INIOTHOCTH ocobeii B IIIT (menee 40 mt/100 M2) crapetomue LI, oTHocuMble
o Kaccu(uKaum «renbra — omera» Bee LI, oTHOCsAmmecs k 3pensM LITT.

Karouesnie caiosa: Adonis vernalis L., Cesepubiii Kasaxcran, Bo3pacTHbIE COCTOSHHS, BO3pACTHAs CTPYKTYPA,
OHTOTEHE3.
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