https://10.31489/2025FEB3/115-127

UDC 58.02 Received: 23.05.2025 | Accepted: 4.06.2025 | Published online: 30 September 2025

E.A. Isakova, A.A. Vinokurov, A.N. Danilova, O.A. Lagus

State Enterprise on the Right of Economic Management “Altai Botanical Garden” of the KN MNVO RK,
Ridder, Kazakhstan, East Kazakhstan region
E-mail: lelik_ridder 1994@mail.ru

Study of adaptive states and variability of phenological
development of introduced woody plants of the genus Berberis L.
in the conditions of the Altai Botanical Garden

The article considers the features of phenological development and adaptive capabilities¢of the genus
Berberis L. during primary introduction in the conditions of the Altai Botanical Garden. The charaCteristics, of
the origin of the collection taxa of the genus are given; the taxonomic composition of the collection fund of
the genus Berberis L. as of 2025 is verified. The introduced species are divided by soil-gedgraphical origin,
where the introduced species are distributed into 5 groups. An introduction assessment’of the genus
Berberis L. is given based on ecological-geographical, morpho-biological characteristies. The adaptive poten-
tial of introduced species is assessed based on long-term phenological observations, where the full develop-
ment cycle is established. Based on the results of the assessment of the prospects of introduced species, two
groups of species prospects were identified: promising (83%) of the collectionsfund and less promising
(17%). Based on this assessment, introduced species are recommended for use in‘phytomelioration, gardening
and park construction, as ornamental and fruit crops in Eastern Kazakhstan.
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Introduction

Currently, urbanization of cities is a significant cause of depletion of natural resources, leading to dis-
ruption of the ecological balance of plant communities. In4his regard, the problem of greening recreational
areas and restoring urban ecosystems under.the influence of anthropogenic and technogenic activities is
acute. The range of such plants is based on their resistance to aggressive environmental conditions and a
complex of protective and environment-forming functions.

Plants of the genus Berberis L. are“universal for landscaping city streets, parks, squares. Numerous rep-
resentatives of the genus combine decorative, valuable food, medicinal qualities [1]. They are often used to
form hedges or borders, creating natural dividing strips and adding a visual accent in green spaces, they can
also be planted individually on, lawns or combined into decorative groups [2]. These plants are easy to care
for, while they have high decorative qualities. The bright berries of the bush attract birds and animals.

The first botanicalitaxonomy of the genus was compiled at the end of the 16th century by K. Linnaeus
and included 2 species—Berberis vulgaris L. and Berberis cretica L. By the end of the 19th century, the ge-
nus already had 150 species.”In 1905, the Austrian botanist S.K. Schneider published a monograph with the
most complete description of the genus, which included 156 species from 22 sections [3]. According to the
researchseconducted by»A. Redder (1949), the genus includes 175 species [4]. According to the latest data
fromethe website The Plant List [5], the genus has about 580 species. Plants of the genus Berberis L. belong
to the, department MAGNOLIOPHYTA, class MAGNOLIOPSIDA, order BERBERIDALES, family
BERBERIDACEAE Juss.

In nature, they are represented by shrubs or small trees with loose, thorny branches and beautiful flow-
ers. Wide geographical distribution of the genus Berberis L. (tropical, subtropical, temperate and cold zones)
indicates its ancient origin. Paleobotanists note leaf imprints in layers dating back to the Oligocene and Mio-
cene periods of Western Europe and in the Sarmatian deposits of Krynka. Modern centers of species diversi-
ty of the genus are located in Southeast Asia (China, the provinces of Sichuan, Yunnan and Southeast Tibet),
in Central Asia (the Himalayas) and on the West Coast of South America [6]. The unpretentiousness of the
genus and its ability to adapt allowed it to occupy vast territories not only in latitudinal zonality, but also in
vertical zonality. Some species grow at an altitude of 4,300 m above sea level (Berberis diaphana Maxim.),
are mainly deciduous shrubs from Central Asia [2].
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The genus Berberis L. in the wild flora of Eastern Kazakhstan is represented by two species—Berberis
sibirica Pall. and Berberis heteropoda Schrenk [7, 8]. Expansion of the range of plants for landscaping the
cities of the East Kazakhstan region is possible with the involvement of non-regional species.

The aim of the study is to investigate the phenological characteristics and adaptive capabilities of the
genus Berberis L. under introduction conditions.

Research objectives:

- to verify the taxonomic composition of introduced species of the collection fund of the genus
Berberis L. in the Altai Botanical Garden;

- to establish the ecological and geographical confinement of the natural growth of introduced species
of the genus Berberis L.;

- to provide a morphological and biological assessment of the genus under the conditions of dntroduc-
tion;

- to determine the calendar dates of the onset of phenological phases of development of intraduced spe-
cies of the genus for practical application;

- to summarize the results of the initial testing of the genus Berberis L. in the Altai Botanical:Garden, to
assess the prospects of the species for economic use.

In general, representatives of the genus Berberis L. are an important and versatile resource that finds
application in various areas of human activity: in medicine, food industry and landscape«design.

Obijects and methods of research

The object of the research is a collection of the genus Berberis L{of the Altai Botanical Garden in the
amount of 30 taxa, of which 20 are foreign species, 8 varieties, and 2 local species.

The climate of the introduction area is sharply continental,«with ¢haracteristic frosty long winters and
cool short summers. The mountainous relief softens the sharplyscontinental climate. The average temperature
in January is -12.6° C, the absolute maximum is 41.6° C. The period of active vegetation of plants is short,
69-135 days. The Selyaninov hydrothermal coefficientiis within 1.2. Sufficient precipitation with average
daily temperatures above 10 ° C during the growing seasoniallows plants to adapt to a temperate climate. The
soils of the arboretum are represented by mountainichernozems with a humus content of 4-6%, with a well-
defined profile. Along the left edge of the site there'is,an.oxbow lake of the Bystrukha River, which dilutes
the chernozems with sandy soils and provideséadditional soil drainage [9].

Phenological observations of introduced species were carried out according to the Methodology of
Phenological Observations in Botanical Gardens of the USSR (1979) [10, 11].

Biometric analysis of shoots was perfermed according to the method of G.F. Lakin (1990) [12].

Evaluation of the viability,and prospects of introduced species based on visual observations using the
scale of P.I. Lapin (1973) and M.N. Kosaev (1987) [13, 14].

Evaluation of the introduction value of species of the genus Berberis L. will allow to expand the range
of products for economic use in Eastern Kazakhstan [15, 16].

Research results and their discussion

Testing of the genus Berberis in the Altai Botanical Garden began in 1952. The first taxa were grown
from seeds ofsunknown origin and were represented by species specimens of B. vulgaris L., B. integerrima
BungeyBerberisyx serrata Koehne. The species were selected based on the ecological conditions of plant
growth in_natural conditions. About 35 species, forms and varieties were tested during this period. The sam-
ples ofitaxa currently in the collection were grown from seeds of cultural origin obtained from countries of
the near anddfar abroad. The collection includes plants obtained from seeds of their own reproduction and
natural populations.

The varietal material was mainly drawn from a private nursery located in the outskirts of Almaty, using
live plants. Currently, the collection of the Altai Botanical Garden contains 30 species, forms and varieties of
the genus Berberis L., which are adapted to varying degrees to the harsh climatic conditions of the Kazakh
Altai.

The characteristics of the origin of the collection plants are given in Table 1.
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Table 1

Characteristics of the origin of collection taxa of the genus Berberis L.

Species hame

Origin of source material/age

B. x ottawensis Schneid. cv. Superba

Russia, NIISS named after Lisavenko, Barnaul, live plants/2007

B. amurensis Rupr.

Russia, Moscow, VILR, seeds/1979

B. chinensis Poir.

Ireland, Dublin, National Botanic Garden, seeds/2005

B. circumserrata (C.K. Schneid.)
C.K. Schneid..

Russia, Moscow, GBS, seeds/1985

B. crataegina DC.

Belgium, Beveren, Municipal Arboretum, seeds/2007

. diaphana Maxim.

Ireland, Dublin, National Botanic Garden, seeds/2004

. dielsiana Fedde

Russia, Ussuri region, Mountain Taiga station, seeds/2008

. heteropoda Schrenk

Kazakhstan, ABS, reproduction, seeds/2008

. integerrima Bunge

Unknown/1955

. koreana Palib.

Russia, NIISS named after Lisavenko, Barnaul, live plants/1970

. lecomtei Schneid.

Sweden, Bergian Botanical Garden, Stockholm, seg@s/1972

. orientalis Schneid.

Russia, Stavropol Botanical Garden named after\V.VaSkripchinsky, Stavro-
pol, seeds/1966

. poiretii C.K. Schneid.

Kazakhstan, GBS Almaty, seeds/1989

. sibirica Pall.

Kazakhstan, East Kazakhstan region, Listvyaga ridge, seeds of natural
origin/1991

. sieboldii Mig.

Belarus, Centralized Botanical Garden; Minsk, seeds/1981

. silva-taroucana Schneid.

Lithuania, Kaunas Botanical Garden, Kaunas, seeds/1977

. thunbergii DC.

Russia, NIISS named after Lisavenko, Barnaul, live plants/2002

th. cv. Carmen

Kazakhstan, Almaty, nursery:<‘Mountain gardener”, live plants/2007

th. cv. Atropurpurea Nana

Kazakhstan, Almaty, nursery “Mountain gardener”, live plants/2007

th. cv. Colden Ring

Kazakhstan, Almaty,nursery “Mountain gardener”, live plants/2009

th. cv. Kornik

Kazakhstan, Almaty, nursery “Mountain gardener”, live plants/2007

th. cv. Maria

Kazakhstan, Almaty, nursery “Mountain gardener”, live plants/2009

th. cv. Pink Attraction

Kazakhstan, Almatyynursery “Mountain gardener”, live plants/2007

| o|m|w[m|[m|m|®m[e[m] ©@ |® © B[] o|o|wm[o

th. cv. Red Rocket

Kazakhstan, Almaty, nursery “Mountain gardener”, live plants/2009

B.th. f. atropurpurea Chenault

Germany, \Botanical Garden of the University of Mainz/2002

B. turcomanica Karel.

Italy, Botanical Garden of the Technical University of Udine, seeds/2007

B. vulgaris f. atropurpurea Bunge

Russia, TSHA Moscow, seeds/1971

B. vernae Schneid.

Germany, Botanical Garden of Berlin, seeds/1969

B. virescens Hook.

Russia, Botanical Garden of the Ural Branch of the Russian Academy of
Sciences, Sverdlovsk, seeds/1976

B. vulgaris L.

Kazakhstan, ABS, reproduction, seeds/2009

Taxonomic composition of the collection fund of the genus Berberis L. is represented by 8 sections,

3 subsections (Table 2):

Table 2

Taxonemic composition of the collection fund of the Altai Botanical Garden of the genus Berberis L.

Section

Subsection

Name of species

Berberis vulgaris L.
Berberis vulgaris f. atropurpurea Bunge
Berberis sieboldii Mig.

Vulgares Berberis orientalis Schneid.
Berberis koreana Palib.
Berberis amurensis Rupr.
. Berberis chinensis Poir.
Sinenses

Berberis poiretii C.K. Schneid.

Fundamental And Experimental Biology. 2025, 30, 3(119) 117



E.A. Isakova, A.A. Vinokurov et al.

Continuation of Table 2

Section Subsection Name of species

Berberis diaphana Maxim.

Diaphanous Berberis circumserrata Schneid.
Angulosae Berberis virescens Hook.

Eufranchetime Berberis. lecomtei Schneid.

Siberian Berberis sibirica Pall.

Dasystach Berberis dielsiana Fedde

Berberis integerrima Bunge

Integerrimae Berberis turcomannica Karel.

Berberis vernae Schneid.

Berberis x ottawensis Schneid. cv. Superba
Berberis thunbergii DC.

Berberis thunbergii f. atropurpurea Chenault
Berberis thunbergii cv. Atropurpurea Nana
Berberis thunbergii cv. Carmen
Tschonoskyanae Berberis thunbergii cv. Colden Ring
Berberis thunbergii cv. Maria

Berberis thunbergii cv. Kornik

Berberis thunbergii cv. Red Rocket
Berberis thunbergii cv. Pink Attraction
Berberis silva- taroucana Schneid.
Heteropodae Berberis heteropoda.Schrenk

Crataeginae Berberis crataegina,DC.

Territorially, according to soil-geographical origin, introduced species are classified into 5 regions: North
American, East Asian, Central Asian, Central Asian—Kazakhstan and European-Caucasian [2] (Table 3).

Table 3
Territorial division by soil-geographical origin of the collection fund of ABS Berberis L.
‘ S c
§3 | 88 | Sc | _c | <8
Types/areas qé— § f—i % ‘E 5 Lﬁ 5 E 5
53 = N 3 < < Z €
mw o c g <
O
1 2 3 4 5 6
Berberis amurensis Rupr. +
B. chinensis Poir. +
B. circum — serrata Sehneid: +
B. crataegina DC. +
B. diaphan Maxim. +
B. dielsiana,Fedde +
B. integerrimasBunge +
B. koreana Palib. +
B. lecomtei, Schneid. +
B. orientalis Schneid. +
B. x ottawensis Schneid. cv. Superba +
B. poiretii C.K. Schneid. +
B. sieboldii Mig. +
B. sibirica Pall. +
B. silva — taroucana Schneid. +
B. heteropoda Schrenk +
B. thunbergii DC. +
B. thunbergii. f. atropurpurea Chenault +
B. turcomanica Karel. +
B. vernae Schneid. +
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Continuation of Table 3

1 2 3 4 5 6
. virescens Hook. +
. vulgaris L. +
. vulgaris f. atropurpurea Bunge +

. thunbergii cv. atropurpurea nana
. thunbergii cv. Carmen

. thunbergii cv. Colden Ring

. thunbergii cv. Maria

. thunbergii cv. Kornik

. thunbergii cv. Red Rocket

. thunbergii cv. Pink Attraction

O|0|00(00|0|0|00(00(0|

As of 2025, the collection of the genus Berberis L. is dominated by introduced species from'the East
Asian and Central Asian regions, which account for 29% of the Altai Botanical Garden’s<ollection. Species
from the European-Caucasian region account for 12.5%, while those from the Central Asian-Kazakhstan re-
gion make up 16%. The North American region is represented by a single species—B. xwoftawensis Schneid.
cv. Superba.

The introduction assessment of the genus Berberis includes an analysis of ‘potential risks and benefits
associated with the introduction of its species into new regions. The assessment consists of the following
characteristics of the introduced species: eco-geographical, morpho-biological, adaptive. The history of the
development of species in certain soil-geographical conditions determines theirecology.

In relation to soil fertility, the introduced species of the genus‘Berberis L. are oligotrophs—17 (57%),
mainly natives of the Central Asian and East Asian regions. Mesetrophs are represented by 6 (20%) spe-
cies—natives of the East Asian region—B. amurensis, B. koreana, B.poirretii, B. sieboldii, Central Asian—
B. dilsiana, Central Asian-Kazakhstan—B. integerrima @nd make up a smaller part of the collection.
Eutrophs are represented by the European—Caucasian and,North American races 7 (23%) (Fig. 1).

eutroph; 7;
23%

oligotroph; 17;
57%
mesotroph; 6;
20%

| -

Figure 1. Classification of the collection of the genus Berberis L. in relation to soil fertility

The largest percentage of collection species of barberries are xerophytes from East and Central Asia—9
(30%) and mesoxerophytic species—natives of mountainous regions, which make up 13 (43%). The Europe-
an-Caucasian race in the collection fund of barberries is represented by mesophytes—38 (27%). Plants of this
genus tolerate waterlogging, while thickening of shoots and an increase in the rate of shoot growth are noted,
which is not always a positive condition for introduction (Fig. 2) [16].
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27% |

Figure 2. Classification of the collection of the genus Berberis L. by moisture conditions

The genus Berberis L. is characterized by high photophilousness, althoughsmany species are also capa-
ble of growing in partial shade. Representatives of the European-Caucasian_and East Asian regions tolerate
shading satisfactorily in conditions of a sharply continental climate.
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Figure 3. Changesiin biological characteristics of introduced species of the genus Berberis L. in the arboretum

Changes.in the’biological characteristics of introduced species clearly reflect their adaptive capacity to
the sharply continental conditions of the introduction site and are evident to varying degrees in traits such as
height, erownsstructure, shoot formation, and reproductive ability (Fig. 3).

All species show a decrease in bush height by 20 to 35%, the crown diameter is preserved due to the
good shoot-forming ability of the species. Under the conditions of introduction, obvious changes in biologi-
cal parameters are observed in the Integerrimae section, where under the conditions of introduction, the
height of the bushes decreases by 40% while maintaining the crown diameter. Skeletal branches are strong,
thick at the base, from 5 to 8 pcs. The Sinenses section is represented by 2 species, one of which (B. poiretii)
has good adaptation to the harsh conditions of Eastern Kazakhstan, adapts with difficulty B. chinensis to
changes in environmental conditions, which is expressed in a decrease in the height of the bush by 35%
compared to the genetically determined height, a weakening of the shoot-forming ability and a decrease in
the number of stems to 57 pieces, while in natural growing conditions their number is 12—20 pieces. In the
species from the Angulosae section, under the conditions of introduction, a slight increase in biometric indi-
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cators is noted—in height by 5-10%, all bushes with well-developed stems from 5 to 12 pieces. The
Vulgares section is distinguished by high plasticity of species to environmental conditions of a sharply conti-
nental climate, preserving the habit of the bush. Introduced species from other sections showed minor chang-
es in biometric indicators [17].

The annual average growth rates in height and trunk diameter of introduced species indicate the degree
of their adaptability to unfavourable environmental conditions (Fig. 4).
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Figure 4. Indicators of annual average growth in height and trunk diameter of introduced species
of the genus Berberis L., m

The most pronounced adaptive abilities for recovery after the winter period were demonstrated by spe-
cies belonging to the sections Vulgares, Dasystach, Tschonoskyanae, Crataeginae. According to long-term
indicators, the annual growth of species of this group fluctuates from 0.068 to 0.084 m in height and from
0.044 to 0.056 m in trunk diameter. Species of theisections'Angulosae and Integerrimae are restored annual-
ly, but with lower indicators from 0.039-0.046 m and 0.024/m, respectively.

The most significant indicator influencing the adaptive processes of plants under introduction condi-
tions is the ability to withstand prolonged, stable frosts in the winter period, early autumn frosts and the re-
turn of late spring frosts [18].

An analysis of the nature of overwintering-of species based on long-term observations has established
that the majority of species have winter hardiness of grade Il, with partial damage to the annual growth
(shoot) (Fig. 5). Average winter hardiness‘of grade Il with complete damage to the annual growth is noted
in the Sinenses and Angulosaessections.
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Figure 5. Indicators of winter hardiness and growing season of introduced species of the genus Berberis L.
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High winter hardiness—I point is noted in introduced species from the Central Asian-Kazakhstan and
East Asian regions. Damage to perennial lignified shoots (IV point of winter hardiness) is noted in barberries
from the Angulosae (B. lecomtei) and Sinenses (B. chinensis) sections.

Comparison of the average degree of potential winter hardiness and the duration of the growing season
by sections showed that all sections are characterized by an extended growing season, and an increase in the
duration of which does not have a decisive effect on the degree of winter hardiness (Fig. 5). The maximum
growing season is in the Crataeginae section and is 191 days, the minimum growing season is typical for the
Dasystach section—171 days. Reduced winter hardiness (111 points) is noted in the Sinenses and Angulosae
sections. Weak winter hardiness is determined by the genotype of the introduced species, which come from
the temperate zone of the Northern Hemisphere.

In new ecological conditions, introduced species adapt by changing the timing of phenological devel-
opment phases, which also affects the preparation of plants for overwintering (Fig. 6) [19, 20].

\ N Wintef rest
\ Swelling of the buds
»

. Opening of the Kidueys

Growth of shoots

Preparing for the
dormant period

. Coloring of leaves

Figure 6. Diagram of the timing of the onset of phenological phases of introduced species of the genus Berberis L.
1—Vulgares; 2—Sinenses; 3—Angulosae; 4—Dasystach; 5—Integerrimae; 6—Tschonoskyanae;
7—Heteropodae; 8—Crataeginae.

The beginning of,active bud swelling is observed in the third ten-day period of April in all sections.
Leaf blossaming oceurs in the first ten-day period of May, 7-10 days after the bud swelling phase.

According to the start and end dates of shoot growth, introduced species are divided into three groups:

- with a late start, in the second ten days of June, and early completion of shoot growth, in the third ten
days of July=—B. heteropoda (PR);

- with a long period of shoot growth—with an early start of shoot growth, in the first ten days of June
and a late end of shoot growth, in the second ten days of August—B. crataegina (RP);

- for other species, the period of shoot growth is observed from the first ten days of June to the first ten
days of August (RS).

A late start of lignification of shoots (end of the third decade of June, first decade of July) is observed in
plants from the East Asian, Central Asian and Central Asian-Kazakhstan regions.

The end dates of lignification reflect the readiness of introduced species for the winter period and affect
the winter hardiness grades. Incomplete maturation of shoots (75%) is typical for the Crataeginae section. In
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other sections, the degree of lignification of annual shoots is 100%. The phase occurs in the third ten-day
period of August and lasts 25-30 days.

One of the most important indicators of the degree of adaptation of introduced species to new condi-
tions is fruiting [21, 22]. All introduced species enter the generative phase. Mass flowering occurs in the se-
cond half of June. Single flowering and fruiting is observed in B. crataegina, which indicates a reduced indi-
cator of the degree of adaptation. In general, intraspecific differences in the passage of introduced species
through the generative phase are preserved.

In the sharply continental climate of the introduction area, autumn leaf colouring and leaf fall indicate
the transition of the introduced species to a dormant state and depends on the onset of the first autumn
frosts [23]. Natural leaf fall is observed only in B. sibirica Pall. in the third ten-day period of September. For
other species, leaf coloring is typical in the third ten-day period of September and forced leaf fall in the se-
cond half of October.

The fact that barberries go through a full development cycle indicates the success of theirintreduction.

The adaptation level was assessed based on eight main biological indicators: shoot lignification, winter
hardiness, growth form retention, shoot formation, height gain, generative development, possiblefreproduc-
tion methods, and drought resistance. These criteria characterize the success of introduction‘and reflect the
adaptive capabilities of introduced species to new environmental factors. Resultssofithe prospects of intro-
duced species of the genus Berberis L. are shown in Figure 7.

less promising
17%

promising
83%

Figure 7. Evaluation of the potential of introduced species of the genus Berberis L.

Based on the results ofithe assessment of the prospects of introduced species, two groups of prospects
of the genus Berberis L. werefidentified: promising and less promising. The less promising group includes
B. chinensis Poir, B.diaphana Maxim., B. vernae Schneid., which grow in the European-Caucasian and
Central Asian regions. These introduced species are characterized by reduced winter hardiness and drought
resistances, Theypromising group includes the remaining species of the genus Berberis L., with high winter
hardiness, preserving the genetically determined life form, with the annual passage of all phenophases, pos-
sessing, high drought resistance and producing viable seeds.

Thus, the primary test of the genus Berberis L. in the conditions of the Altai Botanical Garden can be
considered successful. The species involved showed high adaptive abilities in uncharacteristic growing con-
ditions.

Based on this assessment, introduced species are recommended for use in phytomelioration, gardening
and park construction, as ornamental and fruit crops in Eastern Kazakhstan.

Conclusions

Based on the results of verification of the collection fund of the genus Berberis L. of the Altai Botanical
Garden, according to taxonomic ranks, 30 species, including varietal ones, belong to 8 sections, 3 subsec-
tions.
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According to their affiliation with the floristic regions of their natural habitats, introduced species of the
genus Berberis L. are classified into 6 regions: Central-South American, North American, East Asian, Cen-
tral Asian, Central Asian-Kazakhstan and European-Caucasian.

According to their soil fertility requirements, the introduced species are divided into three groups:
oligotrophs 17 (57%), eutrophs 7 (23%) and mesotrophs 6 (20%).

Based on moisture conditions, three groups were identified: xerophytes 9 (30%), mesophytes 8 (27%)
and one intermediate group—mesoxerophytes 13 (43%).

Changes in biometric indicators under introduction conditions have been established. In the Angulosae
section, an increase in bush height by 5-10% is observed, in the Integerrimae section, a decrease in bush
height of up to 40% is noted, in the remaining sections, the height decreases from 20 to 35%. The crown di-
ameter is maintained in all sections due to the good shoot-forming ability of the genus, with the exeeption of
B. chinensis. from the section Sinenses. According to the annual average growth in height and trunk'diameter
of introduced species, annual recovery is noted in all sections. High adaptive abilities after‘overwintering are
distinguished for the sections Vulgares, Dasystach, Tschonoskyanae, Crataeginae.

The level of adaptation of introduced species by the limiting factor—winter hardiness-—is détermined.
Winter hardiness of the Il point with partial damage to the annual growth is noted indmost sections. Average
winter hardiness of the Ill point with complete damage to the annual growth is«noted in the Sinenses and
Angulosae sections. In general, introduced species also show sufficient winter hardiness, which indicates
high ecological plasticity of the genus.

Analysis of phenological observations shows that the passage of the entiresvegetation cycle from the
bud swelling phase to the end of leaf fall is extended in introduced species. . The duration of the vegetation
period in the arboretum of the Altai Botanical Garden is 171-191 days.

Determination of calendar dates of seasonal development ofwintroduced species of the genus
Berberis L., the beginning and end of the growing season, the.duration of shoot growth, the degree of lignifi-
cation, flowering and fruiting of all studied species have practical, benefits in landscaping populated areas,
use in household plots, as ornamental and fruit crops. The completion of the full development cycle by intro-
duced species indicates the success of their introduction and, resistance to unfavourable environmental condi-
tions.

Based on the results of the assessment of the praspects of introduced species, two groups of prospects
of species of the genus Berberis L. were identified: promising and less promising.

Thus, the initial testing of the genus Berberis L. in the Altai Botanical Garden can be considered suc-
cessful.
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E.A. Vcakosa, A.A. Bunokypos, A.H. Jlanunosa, O.A. Jlaryc

AJiTail 00TaHMKAJBIK 0arel xkaraaiibinaa Berberis L.
TYBICHIHA 5KATATHIH JKePCIHAIpiJren aram ociMaikTepain OediMaenyin
soHe (PeHOJIOTHANIBIK AaMYybIHBIH 63reprillTirid 3eprrey

Makarnana Anraii GoTaHHUKAJBIK Garbl JKaFJailbIHAA alFaliKbl XepciHaipy kesinge Berberis L. TysichiHBIH
(eHonorusbIK JaMybl MeH OeiiMzeny MyMKiHIIKTepiHiH epekurenmikrepi Kapacteipsuiran. Berberis L.
TYBICH KOJUICKIMSUIBIK TaKCOHIAPBIHBIH IIBIFY Teri cumartansi, 2025 Kbl OOMBIHIIA KOJIICKIHSIIBIK
KOPJBIH TAKCOHOMHSUIBIK KYpaMbl HAKTHI aHBIKTAJIFaH. VIHTPOAYILIEHTTEP TOIBIPAKTHIK-Te0rpaQUsIIbIK IIBIFY
Terine Kapail Gec Tomka Oeiminren. Berberis L. TybichiHA 3KONOTHSIIBIK-TeOorpadusuibiK xoHe MOpdO-
OMOJIOTHSITBIK CHITATTaMaliap Heri3iHIe HHTPOIYKIUIIBIK Oaranay sKyprizinreH. KemKkbpuiabpK (eHOIOTHSITBIK
OakpuTayJap HETi3iHAEC MHTPOAYLHEHTTEPIIH AaMy IMKIIH TOJBIK ©TKEHI aHBIKTAJBIN, OJapAblH Oeiimaery
aneyeri OarananraH. baramay HOTIIKeCiHIE HHTPOAYLEHTTEP/iH Oosamarsl OOMbBIHIIA €Ki TOI alKbIHAAIABL:
nepcrekTusTi Typiep (83 %) xone a3 nepcrektusti Typiep (17 %). Ocbl 6aranay HeriziHae HHTPOAYLICHTTEP
HlIprbic Kasakcranga ¢uromennopauus, 0arOaHIbIK jkoHE casOak KypBUIBICBIHZIA COHIIK JKOHE XKEMiCTi
JAKBUIAAP PETiH/E KOJIIAaHyFa YChIHBUIAIbI.

Kinm ce30ep: xepcinaipy, KOIICKIUSIBIK Kop, Berberis L. Tybichl, Oonamarsl, GefiiMaeny, HeHONOTHSIIBIK,
(azamap.
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E.A. UcakoBa, A.A. Bunokypos, A.H. Jlanunosa, O.A. Jlaryc

HccaenoBanne aganTUBHBIX COCTOSIHUI U M3MEHYHBOCTH
(eHoIOrMUECKOr0 Pa3BUTHA HHTPOAYUHUPOBAHHBIX IPEBECHBIX PACTCHUH
pona Berberis L. B yc1oBusix AJTaiickoro 60TaHN4YeCcKOro cajaa

B cratse paccmaTpuBaroTcs 0COOEHHOCTH (PEHONOTHYECKOTO PAa3BUTHUS U aAaNTallMOHHBIE BO3MOXKHOCTH PO-
na Berberis L. npu mepBudYHON HHTPOAYKIMH B YCIOBHAX AJNTAiCKOr0 GOTAaHHYECKOTo cajia. [IpuBoIsTCS
XapaKTePUCTUKHU MPOUCXOKACHUS KOJUIEKIIHOHHBIX TAKCOHOB POJIa, BEIBEPEH TAKCOHOMUUECKUI COCTaB KOJI-
nekironHoro ¢ouma poxa Berberis L. mo cocrosauio Ha 2025 roxa. IIpoBeieHO JielieHHe HHTPOIYIIEHTOB IO
MOYBEHHO-TeoTrpahUIecKoMy IIPOUCXOXKACHHIO, T/Ie HHTPOAYLICHTHI pacipeieNieHsl Ha 5 rpymi. Jlana uHTpo-
JOYKLIHOHHas olLieHKa poja Berberis L. mo skosoro-reorpaduueckum, MoppoOHOIOTHIECKUM XapaKTEePUCTH-
kaMm. OIeHeH afanTaIlMOHHBIA ITOTEHIHAI MHTPOIYLIEHTOB Ha OCHOBE MHOTOJIETHHX (DEHOJIOTMYECKHX Ha-
OroJIeHNH, B X01€ KOTOPBIX YCTAHOBJIIEHO MPOXO’KACHUE MOTHOTO IUKIA pa3BUTHs. 1o pe3ynbTaTam, olcHKH
MEPCIEKTUBHOCTH MHTPOYLICHTOB BBISBJICHO JBE TPYIIIbI IEPCIIEKTUBHOCTH BHIOB: MepcrekTusHbie (83 %)
KOJUIEKIMOHHOTO (hoHAa U MeHee nepcrekTuBHbIe (17 %). Ha ocHOBe maHHOW OLEHKH MHTPOIYI{EHTHI PEKO-
MEHIOBaHBI K MPUMEHEHUIO Il (PUTOMEIHOpANUH, CaJOBOACTBA U CaJ0BO-NAPKOBOTO CTPOHTEIHCTBA, KAK
JIEKOpaTUBHEIE U IIJIOIOBEIE KyJIBTYpHI B BocTrounom Kaszaxcrane.

Kniouesvie cnosa: MHTPOAYKIUS, KOJUIEKIHOHHBIN (onm, pon Berberis L., mepcrekIMBHOCTD, ajanranus,
(enonornueckue passl.
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