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The results of the introduction into cultivation of a rare relict
species Allium hymenorhizum Ledeb. in the Altai Botanical Garden

The article presents the results of an introductory study of three Allium hymenorhizum Ledeb. accessions
from different ecological and geographical growth conditions in the Kazakhstan Altai of the East Kazakhstan
region. Their phenology, biometric parameters, seed productivity, laboratory seed germination, and propaga-
tion methods were studied. According to seasonal development, A. hymenorhizum is a long-vegetating, sum-
mer-green species with forced winter dormancy. The duration of the flowering phase of individuals in the
studied A. hymenorhizum accessions was 18.4-22.4 days with minor deviations from the average long-term
indicator. According to flowering periods, the studied accessions belonged to summer-flowering plants. Ac-
cording to biomorphological characteristics, the accessions differed in the height of the generative shoot: the
accession from subalpine South Altai was 92.45 + 5.54 cm, the accession from mountain-forest West Altai
was 85.46 £ 4.79 cm, and the accession from mountain-steppe Kalbinsky was 78.24 + 10.52 c¢m. Variation in
this trait was at a low and medium levels of 8.37 % — 15.69 %, which indicated the stability of the traitin ac-
cessions during growing period. Minor differences in the height and diameter of the inflorescence were also
revealed; the form diversity of the inflorescence was found from spherical to oval-spherical. Seeds are formed
in the accessions annually, ripen from mid-July to mid-August, and are characterized by morphological het-
erogeneity. Small seeds formed in the South Altai subalpine accession had the length of 3.3 + 0.12 mm and
the width of 1.4 &+ 0.09 mm, large ones were found in the Kalbinsky mountain-steppe — 4.03 + 0.09 mm and
1.84 + 0.07 mm, respectively. The productivity coefficient of the inflorescence in A. hymenorhizum acces-
sions introduced in the Altai Botanical Garden was from 29.56 % to 40.67 %, i.e. the potential for the for-
mation of inflorescence seeds in the observed accessions was not fully realized. The mountain-forest acces-
sion from the Western Altai had the largest number of flowers, fruits, and seeds in the inflorescence. Acces-
sions from the Southern and Kalbinsky Altai were similar to each other by these traits. Seeds of good quality
were formed and demonstrated laboratory germination rates from 67.82 % to 76.52 % after six months of
storage at the room temperature. The studied accessions of A. hymenorhizum were successfully reproduced
vegetatively under introduction conditions. The species is promising for introduction into cultivation as an
ornamental plant.

Keywords: Allium hymenorhizum, introduction, morphology, seed productivity.

Introduction

Currently, the preservation of biological diversity is one of the most important problems of the modern
plant world. Rare and endangered plant species have less genetic diversity compared to widespread ones, so
they are more susceptible to the threat of extinction due to changing environmental conditions and the influ-
ence of anthropogenic factors [1].

Mountain ecosystems of the Kazakhstan Altai of the East Kazakhstan region possess large botanical di-
versity. However, increasing anthropogenic pressure (development of natural areas, exploitation of industrial
facilities, deforestation, mining, development of new lands for farms, increasing residential and recreational
loads, use of chemicals) negatively affect natural ecosystems and, first of all, the plant component. At the
same time, there is a simplification of the structure and composition of phytobiota, a reduction in the ranges
of rare and endemic species, and the penetration and a spreading of alien plant species.

An effective way to conserve plant biodiversity is to protect individual species as part of communities.
However, the level of anthropogenic destruction of habitats often leaves no opportunity for the in situ con-
servation, therefore, ex situ methods come to the fore, as it was mentioned in the “Global Strategy for Plant
Conservation” adopted in 2002 at the VI Conference of the Parties (COP) to the Convention on Biological
Diversity (CBD) [2].

One of the species in the flora of the East Kazakhstan region that requires conservation by ex situ meth-
ods is Allium hymenorhizum Ledeb. — a Pleistocene relic onion species of Asian origin widespread in West-
ern Siberia (Altai), Kazakhstan, Iran, and Mongolia [3]. In the East Kazakhstan region, Y.A. Kotukhov [4]
lists the locations of the species in the floristic regions 22. Altai (Kazakhstan Altai, geographical regions:
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Western, Southern, Kalbinsky Altai) and 12. Zaisan (Northern Zaisan region). The author notes that the spe-
cies is found scattered and very limited in excessively moistened saline meadows of plains, grassy swamps,
moist meadows, from the foothills to the middle mountain belt.

This article presents the results of a long-term introduction study in the Altai Botanical Garden (Ridder)
of 3 accessions of A.hymenorhizum, brought into cultivation from different habitats in the flora of the Ka-
zakhstan Altai of the East Kazakhstan region.

The aim of the study was the study of phenological, morphological, reproductive traits, reproductive bi-
ology, stability and prospects for the introduction into cultivation of three accessions of A.hymenorhizum
from different ecological and geographical localities of the Kazakh Altai.

Experimental

The work was carried out on the collection site of the natural flora of the Altai Botanical Garden. Ob-
jects of study: 3 accessions of A. hymenorhizum, attracted to the introduction into the cultivation from geo-
graphically isolated regions of the Kazakhstan Altai. Planting material for the study was extracted from three
geographical points in the form of living plants (Table).

Table

Ecological and geographical characteristics of the habitats of Allium hymenorhizum
specimens attracted to the introduction from the natural populations of the Kazakh Altai

Coordinates of the main

The place collection points

of collection
of the accession width, N | longitude E

: Area, ha Spatial- Accession ecotype,
altitude structure community
as.l.

Southern Altai, the
southern slope of the
ridge Kurchumsky,
the neighborhood 48.8164 85.6503 1513.0 85.0 diffuse-group
VerkhnyayaYelovka
village, the coast of
Lake Markakol

Western Altai,
north-western slope,

Subalpine; coasta
wetmeadow

Mountain forest;

Ivanovsky district, 50.3575 83.9047 1208.0 17.0 diffuse-group damp meadow
Gray Meadow tract

Kalbinsky Altai, Mountain-steppe,
Sibinskaya depression,| 49.40339 83.05461 823.0 12.0 distracted moderately moist
lake Shybyndykol meadow

The introduction area was the Altai Botanical Garden, located in the mountain-forest zone of the Ka-
zakhstan Altai at 700-900 m above sea level. The distance from the oceans and the mountainous relief de-
termine the continental climate, humidity and temperature conditions. According to the humidity coefficient,
the Altai Botanical Garden is located in the region with Hydrothermal humidity coefficient (HHC) 1.2,
which indicates moderately humid conditions [5]. According to the Ridder meteorological station, the winter
period begins in the third ten days of October and continues until the beginning of April. The average height
of snow cover in open spaces reaches 50-60 cm with a soil freezing depth of 40-119 cm. The average winter
temperature is -12.6 °C with short-term frosts of -35 — -45 °C. According to the characteristics of the winter
period, the length of forced dormancy of plants reaches from 5.9 to 6.4 months per year. Spring is late and
long. Summer is short and humid. The air temperature of the warmest month of July is 16.6 °C. The average
annual precipitation ranges from 432 to 937 mm with a summer maximum, which ensures good moisture
throughout the growing season [6]. The soils where the introduction site is located are mountain black-soils.
The humus content ranges from 6 % to 8 % (10 %) with a high percentage of nitrogen and potassium [7].
The experimental site where the test accessions were planted was flat and open; the plants on the plots were
grown in monoculture without irrigation. Maintenance work during the growing season included removing
weeds and soil loosening.
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The limiting factors for the introduction into the Altai Botanical Garden were large amplitudes of daily
and annual temperatures, humidity, limited frost-free and vegetation periods. That is why the most important
characteristics for the selection of introduced accessions were high winter- and frost-resistance, shortened
growth and development rhythm that allows them to pass the main phases of seasonal development [8].

The rhythm of plant development is the main indicator of their adaptability to new growth conditions.
An important method of its studying was phenological observation, which was carried out starting from the
second year after planting up to five years. During active growth, the frequency of observations was three
times per week, during the rest of the period — once a week. Phenological observations were carried out us-
ing a methodology developed in the Main Botanical Garden of the Russian Academy of Sciences [9], classi-
fication of phenorhythmotype was carried out according to the methods of E.S. Fomin et al. [10]. Seed
productivity and sowing qualities of seeds were studied using the method of 1.V. Vainagiy [11]. The assess-
ment of the success of the introduction of the species into cultivation and its prospects as a cultural plant was
carried out according to a set of biological and economic characteristics [12].

Statistical analysis was performed using the Excel. The average values of the indicators, the coefficient
of variation, and the accuracy of the experiment were determined.

Results and Discussion

A. hymenorhizum holds practical value as both a food source and an ornamental plant. The study of the
biology, resource qualities, and reproduction of A. hymenorhizum at the South Ural Botanical Garden-
Institute led to its recommendation for use as both an ornamental and food plant [13]. Introduction trials at
the Kuzbass Botanical Garden demonstrated its potential for landscaping, owing to its adaptability to open-
ground conditions, effective seed and vegetative reproduction, and contributions to the conservation of rare
and endangered species [14]. Additionally, N.G. Gemedzhieva et al. [15], in a review on the prospects of
Kazakhstani Allium L. species, highlighted A. hymenorhizum as a promising ornamental and honey plant
based on cultivation tests.

A. hymenorhizum is a perennial bulbous plant. Bulbs are attached one or more to a short rhizome, form-
ing a dense turf. The bulbs are cylindrical, with leathery brown shells, up to 2 cm thick. The stem is almost
half covered with leaf sheaths. The umbel is usually spherical, multi-flowered, the sheath is persistent. The
perianth leaflets are pink-purple, 4-6 mm long, the style protrudes from the perianth. The capsule is equal to
the perianth [16]. According to its life form, it belongs to the loose-tussock rhizome-bulbous monocentric
biomorph, the habitats of which are confined to sparse phytocenoses [17]. Studies of morphological variabil-
ity and molecular genetic features have established the dependence of A. hymenorhizum on its geographical
origin [18-22].

When introducing plants, one of the key indicators is their progression through phenological phases and
growth dynamics, as these reflect the species’ adaptation to local conditions. Long-term phenological obser-
vations show that all three A. hymenorhizum accessions consistently emerge after winter without signs of
under snow growth, overwinter successfully without losses, and remain unaffected by spring frosts. Regard-
less of origin, they complete a full development cycle during the growing season, culminating in seed pro-
duction. Their phenological rhythm is stable, characterized by a long-vegetating, summer-green, summer-
flowering phenorhythmotype with enforced winter dormancy. Table 2 summarizes the average annual
phenological data for A. hymenorhizum accessions over a 5-year period (2020-2024).

The plants of the subalpine accession, brought from the Southern Altai, were the first to start growing in
the first ten days of April. In the mountain-forest and mountain-steppe accessions, vegetation began in mid-
April. The budding phase of the generative shoot in the subalpine accession started at the end of the first ten
days of June, while in the accessions from the Kalbinsky and Western Altai, it began 6-10 days later, in mid-
June. The subalpine meadow accession bloomed en masse at the end of June, while the mountain-forest and
subalpine accessions started mass flowering in the first ten days of July. The seed ripening periods were ex-
tended, with the subalpine accession beginning seed ripening in the second ten days of July, and the moun-
tain-steppe and mountain-forest accessions starting in the third ten days of July and completing in August.
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Table 2

Average annual phenodates of Allium hymenorhizum accessions in the exposition
of the Altai Botanical Garden

Origin of the accessions
Kalbinsky Altai, Western Altai, .
Name of the Sibinskaya depres- Ivanovsky district, Kufg#;ﬂfg; Adlitsilr’ict
henodate Statistical indicators | sion, swampy mead- | Gray Meadow tract, coastal dam ymea dovx;
P ow, Shybyndykol damp meadows, P '
. . Markakol Lake, subal-
lake, mountain steppe| mountain and forest pine accession
accession accession
The beginning (M=m) 18.04+7.07 18.04+3.03 07.04+5.07
of spring re- C% 18.22 7.82 16.77
growth P% 6.89 2.95 6.34
The bedinnin (M+m) 13.06+2.73 12.06+9.84 03.06+9.34
ofbuda C% 3.28 13.15 11.34
g P% 1.24 4.97 4.29
The bedinnin (M+m) 30.06+4.80 29.06+6.59 19.06+6.85
of ﬂowgering g C% 4.97 7.49 7.57
P% 1.88 2.83 2.86
(M+m) 10.07£2.27 10.07+2.27 30.06+3.75
Mass flowering C% 2.17 2.17 3.89
P% 1.82 1.82 1.47
The end of (Mitm) 18.07+4.51 19.07+3.80 10.07+7.34
. 4.07 3.40 6.31
flowering P% 154 129 238
The beginning (M=£m) 27.07£1.76 23.07+10.69 19.07+9.52
of seed matura- C% 1.49 9.34 7.14
tion P% 1.56 3.53 2.70
(M£m) 13.08 £1.36 08.08+5.69 14.08+11.61
The end o seed C% 1.03 4.46 8.56
P% 1.39 1.68 3.23
(M£m) 18.09+4.62 09.09+8.86 09.09+6.55
The end of the C% 2.93 5.75 4.28
growing season P% 1.11 2.17 1.62
Note — M is the average value of the indicator; C% is the coefficient of variation; P% is the accuracy of the experiment

In statistics, when the variation coefficient is less than 12 %, the degree of variability of a trait is con-
sidered low; from 13 % to 20 % — average; from 21 % to 40 % — high; more than 40 % — very high [23].
In our studies, the level of variability of the studied indicators of average annual phenodates was established
in all three accessions at a low level of variability, and only one at an average level. Such indicators of
phenodate variability confirm the good adaptation of the three studied accessions as cultivated plants.

Based on the analysis of the onset of phenodates, the duration of each phase of seasonal development
was determined (Table 3). The plant had one generation of leaves, after the seeds ripen, the leaves began to
turn yellow and gradually died off. VVegetation ended at the end of August or in the first or second decade of
September after the onset of autumn frosts on the soil. Formation of the autumn generation of leaves did not
occur.

The duration of the seasonal development phases was experimentally determined for all three acces-
sions. The period from the beginning of vegetation to the end of vegetation for the subalpine and mountain-
forest accessions was, with slight deviations from the long-term average, 144.3+6.54 days and 144.9+4.58
days, respectively, for the mountain-steppe accession — 164.4+7.24 days; the duration of flowering for
A. hymenorhizumaccession from Southern Altai was 18.40+2.77 days, for the mountain-forest accession
from Western Altai — 20.90+2.63 days, and for the mountain-steppe accession from Kalbinsky Altai —
22.40+2.44 days. The seeds ripened within 14-15 days in the subalpine and mountain-forest accessions with
minor deviations from the average long-term indicator; in the mountain-steppe accession this period was

25.83+1.91 days.

Fundamental and Experimental Biology. 2025, 30, 2(118) 99



A.N. Danilova, A.A. Sumbembaev et al.

Table 3

The duration of the phases of seasonal development of Allium hymenorhizum accessions
of different ecological and geographical origin in the exposition of the Altai Botanical Garden

a) Name of the seasonal b) The duration of the seasonal development period, in days
d c) Southern Altai, d) Western Altai, e) Kalbinsky Altai,
evelopment phase . ] . . . .
subalpine accession mountain-forest accession | mountain-steppe accession
f)  The beginning of the g) 144.346.54 j)  144.9+4.58 m) 164.4+7.24
growing season- the end of h)y 7.58 k) 3.33 n) 7.46
the growing season i) 2.39 ) 0.96 0) 2.36
I q) 18.40+2.77 t) 20.90+2.63 w) 22.40+2.44
i) o bagorio ot tiow | ) 10k ) 107 ) 1008
s) 3.47 v) 5.03 y) 4.72
z) The beginning of seed aa) 14.70+3.50 dd) 15.92+2.08 gg) 25.83+1.91
maturation is the end of seed bb) 13.30 ee) 20.13 hh) 21.29
maturation cc) 4.95 ff) 3.67 i) 5.14
Note — M is the average value of the indicator; C% is the coefficient of variation; P% is the accuracy of the experiment

The studied A. hymenorhizum accessions differed in biomorphological parameters. In terms of genera-
tive shoot height, the subalpine accession from the Southern Altai stood out at 92.45 + 5.54 cm, with a varia-
tion coefficient of 8.37 %. The generative shoot height of the mountain forest accession was 85.46 +
4.79 cm, with a variation coefficient of 15.69 %, and for the mountain steppe accession, it was 78.24 +
10.52 cm, with a coefficient of 11.27 %. The low to medium variation in plant height indicated the stability
of this trait in cultivation over a prolonged period of introduction.

The inflorescence of A. hymenorhizum, like other species in the genus Allium, was a spherical, multi-
flowered, dense umbel [24], though other sources describe it as oval-spherical [25]. Measurements of the
experimental accessions grown at the Altai Botanical Garden revealed the following inflorescence parame-
ters: subalpine accession — height 1.7 + 0.4 cm, diameter 2.1 + 0.4 cm, and index (height-to-diameter ratio)
0.81; mountain forest accession — 2.2 £ 0.4 cm, 2.0 = 0.09 c¢cm, and 0.11, respectively; mountain steppe ac-
cession — 1.8 = 0.2 cm, 2.3 + 0.04 cm, and 0.78, respectively. Thus, based on the inflorescence index, the
accessions exhibited both spherical and oval-spherical inflorescences (Fig. 1).

kK) 11)

Figure 1. The form diversity of Allium hymenorhizum inflorescences in introduction

When studying the morphological parameters of freshly collected seeds in the observed accessions, dif-
ferences in size were found depending on the ecological and geographical origin of the accession. According
to measurements, the smallest seeds were produced by the South Altai subalpine accession: length — 3.3 +
0.12 mm, width — 1.4 + 0.09 mm; the mountain-forest accession measured 3.79 + 0.03 mm and 1.68 +
0.04 mm, respectively; and the mountain-steppe accession measured 4.03 + 0.09 mm and 1.84 + 0.07 mm,
respectively. The morphological heterogeneity of seeds, preserved during introduction, was undoubtedly as-
sociated with adaptations to different environmental conditions. Meanwhile, the morphological characteris-
tics of the seeds from the studied A. hymenorhizum accessions aligned with previously reported data obtained
during introduction [13; 25-26].

The seeds fell from the capsules as they ripened, and self-seeding was observed in all three accessions.
The first individual shoots of self-seeding appeared after seed dispersal in late August to early September.
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However, the autumn self-seeding did not survive the winter, with 100 % mortality during the overwintering
period. In the spring, self-seeding produced uniform shoots in late May to early June. Counts showed that 50
to 80 seeds germinated near the parent sod on the plot, but without supplemental watering, the shoots dried
up at the cotyledon stage by mid-June, preventing natural rejuvenation of the original plantings through self-
seeding.

To predict the success of introduction, the reproductive indicators were analyzed in the experimental
accessions of A. hymenorhizum (Table 4). As noted by O.A. Elizarieva et al. [27], seed productivity (SP) was
challenging to predict and could only be determined empirically.

Table 4

Reproductive indicators of Allium hymenorhizum of different ecological and
geographical origin in the exposition of the Altai Botanical Garden

kk)  Origin of the accession
ji) Indicators Il) Southern Altai, sub- mm) Western Altai, | nn)  Kalbinsky Altai,

. - mountain-forest ac- mountain-steppe ac-
alpine accession ; .
cession cession
00)  The number of flowersinthe |y 2, 311 6o qq) 87.47+6.15 1)75.2+3.82
inflorescence, count.
s5) The number of fruits with seeds in | 1y 4} 5} 36 w)  59.29:6.15 W) 48.05:6.26
the inflorescence, count.
ww)  Fruit formation of the inflo-
rescence, % xx) 55.4 yy) 67.7 zz) 63.8
aaa) _ The number of seeds in the bbb)  3.2:0.40 ccc)  3.6+0.22 ddd) 3.5+0.63

fruit, count.

eee) Potential seed productivity of
the inflorescence, count.

iii) The actual seed productivity of

fff)  445.86422.64 |ggg) 524.82426.22 | hhh) 451.2431.33

. jii)  131.84+8.58 kkk) 213.44+21.24 | Hl)  168.17+16.32
the inflorescence, count.

mmm) Seed productivity coefficient, % | nnn) 29.56 000) 40.67 ppp) 37.27

gqq) Weight of 1000 seeds, g rrr)  1.40+0.08 sss)  1.59+0.04 ttt) 1.71£0.06

Table 4 showed that the potential for seed formation in the observed accessions was not fully realized
under cultivation. The potential seed productivity of the inflorescence ranged from 445.86 + 22.64 to 524.82
+ 26.22 ovules, while the actual seed productivity varied from 131.84 + 8.58 to 213.44 + 21.24 seeds, result-
ing in a seed productivity coefficient of 29.56 % — 40.67 %. Seeds were produced annually, but during dry
and hot summers (2021-2022), the inflorescences achieved only 5.6-8.7 % of their potential.

The mountain-forest accession from the Western Altai had the highest number of flowers, fruits, and
seeds per inflorescence. The accessions from the Southern and Kalbinsky Altai did not differ significantly in
these indicators. Seed setting per fruit was average across all accessions, ranging from 3.2 = 0.40 to 3.6 +
0.22 pcs. The reduction of ovules at the fruit level was 53.3 % for the subalpine accession from the Southern
Altai, 60.0 % for the mountain-forest accession from the Western Altai, and 58.3 % for the mountain-steppe
accession from the Kalbinsky Altai.

The experimental introduction demonstrated that high-quality seeds were formed in all test accessions.
Laboratory seed germination after six months of storage at room temperature (18-24 °C) was above average
for all three accessions: 68.53 % for the subalpine accession from the Southern Altai, 76.52 % for the moun-
tain-forest accession from the Western Altai, and 67.82 % for the mountain-steppe accession from the
Kalbinsky Altai. However, soil germination was consistently lower across all accessions, with values re-
duced by more than 2.0-2.8 times compared to laboratory germination. After six months of storage, the soil
germination rate was 39.62 % for the subalpine accession, 28.52 % for the mountain-forest accession, and
23.64 % for the mountain-steppe accession (Fig. 2). The observed seed productivity indicators of the studied
species aligned with the findings of O.A. Elizareva [28].
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Figure 2. Laboratory and soil germination of seeds in the introduction of 3 accessions
of Allium hymenorhizum of different ecological and geographical origin

The studied accessions of A. hymenorhizum were well propagated vegetatively by dividing the bush into
turfs, each containing 3-5 bulbs. When planted in spring during the second ten days of May and watered dai-
ly in the morning at a rate of 10 L/m?, the survival rate of the seedlings was 100 %

Conclusion

The Allium hymenorhizum accessions tested in the introduction into the cultivation, sourced from sub-
alpine, mountain-forest, and mountain-steppe meadows with varying moisture levels, successfully adapted to
the new growing conditions at the Altai Botanical Garden. These accessions demonstrated winter hardiness
and a consistent seasonal development rhythm, aligning with the phenorhythmotype of long-vegetating,
summer-green, summer-flowering plants with enforced winter dormancy. Having completed a full develop-
ment cycle over an extended introduction period while maintaining morphometric parameters and exhibiting
good reproductive indicators, these accessions showed promise for inclusion in landscaping assortments. The
introduction study of A. hymenorhizum accessions from diverse ecological and geographical origins facilitat-
ed a more comprehensive and rational approach to utilizing the species’ resource potential. This approach
aimed to enrich the cultural flora of the East Kazakhstan region and safeguard the rare species. Cultivating
intraspecific taxa of A. hymenorhizum under introduction conditions served as an additional conservation
measure. It also established a reserve fund for conducting breeding work on this species as an ornamental
plant.
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AJdraii 6oranukanbik 6areinaa Allium hymenorhizum Ledeb.
CHpPEeK PeJHKTI TYPiH sKepCiHAipyaiH HITHKeJepi

Maxkamana Illereic Kazakcran oONBICBIHIAFBI Ka3aKCTaHABIK AJTalIbIH  SKOJOTHSIBIK-TeOorpadHsIIbIK
opTypii karmainapaadH aneiaFaH  Allium  hymenorhizum Ledeb. 3 yuricin skepcinmipy HOTHKemepi
ycoiHbuFaH. OnapasiH (eHOJIOTHSICH, OMOMETPHSUIBIK MapaMeTpliepi, TYKbIMIBIK OHIMJLIIT, 3epTXaHalbIK
oHy Kabineri, kebero Tocimaepi 3eprrenai. MaycsiMabk gamy GoibiHima A. hymenorhizum — ysak Berera-
IMSUTaHATBIH, JKa3/1a KachlI OOJBIN TYpaThlH, MOXOYpI KBICKBI THIHBIIITHIK Ke3eHI 0ap Typ. 3epTrenreH
A.hymenorhizum yarinepinin ryngey ¢a3acbiHbIH y3aKTeiFbl — 18,4-22.4 KyH apaiblFblHIa, OpTalla
KOIDKBUIIBIK KOPCETKIIITEH IamMaibl aybITKynapsl 6ap. ['ynaey mep3imine OailaHbICTHI 3€pTTEAreH YATLIEp
Kasga TYNAEHTIH eciMaikrepre jkataasl. bBHOMOPQONOTMsUIBIK —cHUOaTTamMaiapbl Oo#bIHIIA yiriaep
TeHEepaTHBTI OCKIHHIH OuikTiri OoifbiHmIa epekmeneHeni: OHTYCTIK AnTalablH CyOambmimiK yirici —
92,4545,54 cm, bateic AnTaiiibIH TaynbI-opMaHbl yirici — 85,46+4,79 oM, Kanba Taysbl-nanans! yiarici —
78,24+10,52 cm. By GenriHiH e3reprillTiri TOMEH jxoHe opTa AeHreiine 8,37 %-15,69 % apanbiFeiHaa, Oy
JKacaHABl ecipy JKarmaiapblHOa OCHl KOPCETKINITIH TYpPaKTBUIBIFBIH Kepcereni. CoOHBIMEH KaTap,
TYJIIOFBIPABIH OWIKTII MEH IuaMeTpiHAe A€ KIIiripiM aibpMambUIBIKTAp OaiKajiabl, TYJILOFBIpIap
(hOpMachIHBIH SPTYPJIUIri aHBIKTAJIBl, SFHU IIap TSPi3IiNeH OoFai-ap Topi3aire aeiiH. Yirinepne
TYKBIMZAP JKbUI CaiiblH KaJIBIITACHIIN, LI aibIHBIH OPTACHIHAH TaMbI3 aiibIHBIH OpTAachIHA JEHiH micemi
JKoHEe MOPQOJOTHSIIBIK OPTYPJIUTIKIIEH epekmeneHeni. OHTYCTik AJNTaiablH cyOampmunik — yariciHae
KIIIKeHTal TYKbIMIap KajaslnTacaabl (MM): Y3eIHABIFE — 3,3+0,12, eni — 1,4+0,09, an Kanba taynsi-gananst
yJricinge TykeimMzpap ipi — coiikecinme 4,03+0,09 sxone 1,84+0,07. A. hymenorhizum yirinepinge 30HT
eHIMALTIT Ko3ddunmenTi 29,56 %-40,67 % apanbirbiHaa OONMBI, SFHU OaKbUIAYAaFbl YITLUIEpC TYKbIMIAP
MEH TYJJIep KaJbINTacy MYMKIHJIT TONBIK JKy3ere acmaiapl. EH Ken Ty, jKkeMic jKoHe TYKbIM caHbl baTbic
AnTaiiiaH anbpIHFAH TayJbl-OpMaHIbl yirige Oaiikanmel. OHTycTik xoHe Kamba AnraifplHaH allbIHFaH
YJIrinepaiH OyJ1 KepceTKilTepi apacklHia alTapibIKTail albIpManIbUIBIK JKOK. TYKBIMIap jKaKchl canajibl 60-
JIBIT KaJIBITITACAIbI, 3ePTXaHAJBIK OHY KaOiaeTi — anThl ail 0okl OeMe TeMIepaTypachiHa CaKTaJFaHHAH
Ketin 67,82 %-76,52 % apansirsiaga. 3eprrenred A. hymenorhizum yirinepi sxepcinmipy karmaifbieia
BETeTaTUBTI TYpAE coTTi kebeitrineni. Typai acemIik eciMaik peTiHae KOIgaH ecipyaiH Oonamars! 6ap.

Kinm ce30ep: Allium hymenorhizum, skepciazipy, Mophomorust, TYKbIMIBIK OHIMILTIK.

A.H. anunosa, A.A. Cym6embaeB, O.A. Anydpuena, FO.A. Kotyxos, O.A. Jlaryc

Pe3ybTaThl HHTPOAYKIIMH PEIKOT0 PEJTHKTOBOT0 BH/IA
Alliumhymenorhizum Ledeb. — B AnTaiickom 6oTaHm4YecKOM camy

TIpeacraBieHsl pe3ynbTaThl HHTPOLYKIIMOHHOTO u3ydeHus 3-x obpasumos Allium hymenorhizum Ledeb. u3
pa3HBIX 3KoJoro-reorpaguyeckux ycinoBui mpouspactaHus B Kazaxcranckom Anrae Bocrouno-
Kaszaxcranckoit obmactu. M3ydeHbl Mx (eHOJOrHs, OMOMETpHYECKHEe MapaMeTpbl, CeMEHHas IPOLYyKTHB-
HOCTh, Ja0OpaTOpHAsh BCXOXECTh CEMSH, CIIOCOOBI pa3sMHOXKEHHA. [lo Ce30HHOMY pas3BUTHIO A.
hymenorhizum — nnuTensHOBEreTHPYIOIINIA, JIETHE3eICHbIH BUA C BBIHY)XACHHBIM 3UMHHUM MOKoeM. JIiu-
TeIbHOCTH (Da3bl LBETEHHs 0cobell y UccienoBaHHbIX 00pasioB A.hymenorhizum cocrasnser 18,4— 22,4 nust
C HE3HAUHUTEJILHBIMHU OTKJIOHEHUSIMH OT CPEHEr0 MHOTOJIETHEro rmokasatens. [1o cpokaMm IBeTeHUs M3ydeH-
Hble 00pa3lbl OTHOCATCS K JISTHELBETYIIMM pacTeHusM. [1o GHOMOP(OIOrHYecKkHM XapakTepUCTUKaM 00-
pa3ibl pa3IMYaloTCss MO BBHICOTE TEHEPATHBHOTO IoOera: CyOanbIMiiCKuil IOXKHOANTaWCKMi oOpasem —
92,454+5,54 cM, TOpHO-IIECHOW 3amamHoanTackuii — 85,46+4,79 cM, TOPHO-CTEITHOW KaTOWHCKHHA —
78,24+10,52 cM. YcTaHOBIEGHO BapbUpOBaHHME 3TOrO MpH3HAKa Ha HU3KOM M cpeaHeM yposHe 8,37 % —
15,69 %, uTo yka3pIBaeT Ha CTAOWJILHOCTH MOKa3aTelisl PU KyJbTUBHPOBAHHK 00pa3loB. Takxke BBIIBICHBI
HE3HAUUTENIbHbIE PA3JINYIUsI 110 BBICOTE M JHaMETPy COIBETHS; YCTAHOBICHO (popMoBOe pasHOOOpasme comBe-
THUSI OT MIAPOBUAHOHN 10 OBaNbHO-IIapoBUAHONH. CeMeHa y 00pa3IoB 3aBsI3BIBAIOTCS €KETr0JIHO, CO3PEBAIOT C
CepeMHBI HIOJS JI0 CEPEANHBI aBr'yCTa, XapaKTepu3ylTcs MopdoIornieckoil pasHopoIHOCThI0. Merkue ce-
MeHa (HOPMHUPYIOTCS Y IoJKHOaTaiickoro cybanbnuiickoro oopaszua(mm): mminHa—3,3+0,12, mupuna 1,4+0,09,
KpYIHBIE y KalOHHCKOroropHo-cremHoro —4,03+0,09 u 1,84+0,07 cootBercTBeHHO. KoadduuumeHT mpoayk-
THBHOCTH 30HTa y o6pa3uoB A. hymenorhizum B untponykuuu coctaBun 29,56 %—40,67 %, T.e. MOTEHIH-
QJIBHBIC BO3MOYKHOCTH 00pa30BaHMsl CeMsiH COLBETHH y HaONIOZaeMbIX 00pa3loB peayM3yloTCsl HE MOJHO-
cTbi0. HanbonpIuM KOJIMUECTBOM IIBETKOB, IUIOJIOB, CEMSIH B COLIBETHH BBIJIEISIETCS TOPHO-JIECHON 00paser]
¢ 3amagnoro Anras. O6pasis! ¢ KOxuoro n Kanbuackoro Anrast To 3THM MOKa3aTeNsiM MEXITy co00it mpak-
THYEeCKU He oTiaudaloTcs. CeMeHa (pOpMHUPYIOTCSI XOPOIIEro KayecTBa ¢ MOKa3aTe/sIMU JTab0paTOPHOH BCXO-
KecTu Ha ypoBHe 67,82 % —76,52 % mocie 1mecTH MecsleB XpaHeHHs IpH KOMHATHOH Temmepatype. U3y-
deHHbIe 00pa3ipl A. hymenorhizum B ycioBHsSX MHTPOLYKLMH YCIICIIHO Pa3MHOXKAIOTCS BEreTaTUBHO. Bun
HEePCHEeKTUBEH VIS BBEACHHUS B KyJIbTYPY B KauecTBe IEKOPATHBHOTO PACTEHHSI.

Knrwueswie crnosa: Allium hymenorhizum, uarpoaykims, Mopdooris, ceMeHHast IPOLYKTUBHOCTb.

104 ISSN 3080-6836 (Print) ISSN 3080-6844 (Online)



The results of the introduction...

References

1 Vincent, H., Bornand, C.N., Kempel, A., & Fischer, M. (2020). Rare species perform worse than widespread species under
changed climate. Biological Conservation, 246. DOI: 10.1016/j.biocon.108586.

2 Andreev, L.N., & Gorbunov, Yu.N. (2003). Sokhranenie bioraznoobraziia rastenii ex-situ: strategiia i plan deistvii [Ex-situ
conservation of plant biodiversity: strategy and action plan]. Botanicheskie issledovaniia v aziatskoi Rossii — Botanical study in
Asian Russia, 3, 283-285 [in Russian].

3 Muldashev, A.A., Maslova, N.V., & Galeeva, A.H. (2016). O nakhodke reliktovoi populiatsii Allium hymenorhizum
Ledeb. (Alliaceae) v Respublike Bashkortostan [About the discovery of a relict population of Allium hymenorhizum
Ledeb. (Alliaceae) in the Republic of Bashkortostan]. Flora i rastitelnost Sibiri i Dalnego Vostoka — Flora and vegetation of Siberia
and Far East. Krasnoyarsk, 145-150 [in Russian].

4 Kotukhov, Yu.A., Danilova, A.N., & Anufrieva, O.A. (2011). Konspekt lukov (Allium L.) Kazakhstanskogo Altaia, Sauro-
Manraka i Zaisanskoi kotloviny [Synopsis of the onions (Allium L.) of Kazakhstan Altai, Sauro-Manrak and Zaisan basin].
Botanicheskie issledovaniia Sibiri i Kazakhstana — Botanical research in Siberia and Kazakhstan, 17, 3-33 [in Russian].

5 Muzalevskaya, L.A. (1974). Landshafty Leninogorskoi vpadiny [Landscapes of the Leninogorsk depression]. Geografiia
prirodnykh resursov Kazakhstana — Geography of natural resources of Kazakhstan. Alma-Ata, 7-9 [in Russian].

6 Egorina, A.V., Zinchenko, Y.K., & Zinchenko, E.S. (2003). Fizicheskaia geografiia Vostochnogo Kazakhstana [Physical ge-
ography of East Kazakhstan]. Ust-Kamenogorsk: Alfa-Press [in Russian].

7 (2015). Altaiskomu botanicheskomu sadu — 80 let [The Altai Botanical Garden is 80 years old]. Ust-Kamenogorsk: Media-
Alians [in Russian].

8 Sumbembayev, A.A., Danilova, A.N., Anufrieva, O.A., Kotukhov, Yu.A., & Lagus, O.A. (2024). Introduction of rare species

of the genus Allium L. of the Kazakh Altai in the Altai Botanical Garden. Bulletin of Karaganda University. Series Biology. Medi-
cine. Geography, 4 (116), 107-116. DOI: 10.31489/2024BMG4/107-116

9 (1979). Metodika fenologicheskikh nabliudenii v botanicheskikh sadakh SSSR [The methodology of phenological observa-
tions in the botanical gardens of the USSR]. Moscow: Glavnyi botanicheskii sad [in Russian].

10 Fomin, E.S., & Fomina, T.l. (2021). lzmeneniia fenologii mnogoletnikh rastenii Zapadnoi Sibiri na fone globalnogo
potepleniia [Changes in the phenology of perennial plants of Western Siberia against the background of global warming].
Sovremennye problemy ekologii — Modern problems of ecology, 14, 434-445 [in Russian].

11 Vainagiy, 1.V. (1974). O metodike izucheniia semennoi produktivnosti rastenii [On the methodology of studying the seed
productivity of plants]. Botanicheskii zhurnal — Botanical Journal, 59(6), 826-831 [in Russian].

12 Bylov, V.N., & Karpisonova, R.A. (1978). Printsipy sozdaniia i izucheniia kollektsii malorasprostranennykh dekorativnykh
mnogoletnikov [Principles of creating and studying a collection of rare decorative perennials]. Biulleten Glavnogo botanicheskogo
sada Akademii nauk SSSR — Bulletin of Main Botanical Garden, Academy of Sciences of the USSR, 107, 77-82 [in Russian].

13 Tukhvatullina, L.A., & Abramova, L.M. (2022). Kollektsiia roda Allium L. Yuzhno-Uralskogo botanicheskogo sada-instituta
[Collection of the genus Allium L. South Ural Botanical Garden Institute]. Trudy po prikladnoi botanike, genetike, selektsii — Works
on applied botany, genetics, and breeding, 183(4), 192-207. DOI: 10.30901/2227-8834-2022-4-192-207.

14 Buko, T.E., & Rodnov, T.V. (2014). Rezultaty pervichnoi introduktsii vidov roda Allium L. (luk) v Kuzbasskom
botanicheskom sadu [The results of the primary introduction of species of the genus Allium L. (onion) in the Kuzbass Botanical Gar-
den]. Vestnik Altaiskogo gosudarstvennogo agrarnogo universiteta — Bulletin of the Altai State Agrarian University, 7 (117), 92-96
[in Russian].

15 Gemedzhieva, N.G., Tokenova, A.M., & Friesen, N.V. (2021). Obzor sovremennogo sostoianiia i perspektivy izucheniia
kazahstanskikh vidov roda Allium L. [Review of the current state and prospects of studying Kazakhstani species of the genus
Allium L.]. Problemy botaniki Yuzhnoi Sibiri i Mongolii — Problems of botany in Southern Siberia and Mongolia, 21(1), 97-101
[in Russian].

16 Friesen, N.V. (1988). Lukovye Sibiri [Onion Plants of Siberia]. Novosibirsk [in Russian].

17 Cheremushkina, V.A. (2004). Biologiia lukov Evrazii [Biology of Eurasian bows]. Novosibirsk [in Russian].

18 Friesen, N., Fritsch, R.M., & Blattner, F.R. (2006). Phylogeny and new intrageneric classification of Allium (Alliaceae) based
on nuclear ribosomal DNA ITS sequences. Aliso, 22, 372-395.

19 Kutueva, A.G., Elizarieva, O.A., Kalashnik, N.A.,, & Maslova, N.V. (2018). Opyt izucheniia morfologicheskoi i
kariologicheskoi izmenchivosti Allium hymenorhizum Ledeb. pri introduktsii [Experience in studying morphological and
karyological variability of Allium hymenorhizum Ledeb. at introduction]. Ekobiotekh — Ecobiotech, 1(4), 227240 [in Russian].

20 Govaerts, R., Kington, S., Friesen, N., Fritsch, R., Snijman, D.A, Marcucci, R., Silverstone-Sopkin, P.A., &
Brullo, S. (2021). World checklist of Amaryllidaceae. Kew: Royal Botanical Garden. Retrieved from https://wcsp.science.kew.org

21 Lin, Ch.-Y., & Dun-Yan, Tan. (2017). Seed test for micromorphology of thirty-eight species of Allium (Amaryllidaceae)
from central Asia, and its taxonomic implications. Nordic Journal of Botany, 189-200. https://doi.org/10.1111/njb.01259. P.

22 Grzego, Swacha, Grzegorz, Swacha, Sebastian, Swierszcz, Sylwia, Nowak, Marcin, Nobis, & Arkadiusz, Nowak (2023).
Classification of alpine grasslands in the western Tian Shan Mountains (Kyrgyzstan, Middle Asia). Acta Societatis Botanicorum.
Poloniae, 92(1), 1-26. DOI: 10.5586/ashp/169036.

23 Zaitsev, N.G. (1973). Metodika biometricheskikh raschetov. Matematicheskaia statistika v eksperimentalnoi botanike [Meth-
ods of biometric calculations. Mathematical statistics in experimental botany]. Moscow: Nauka [in Russian].

Fundamental and Experimental Biology. 2025, 30, 2(118) 105


https://nsojournals.onlinelibrary.wiley.com/authored-by/Lin/Chen%E2%80%90Yi
https://nsojournals.onlinelibrary.wiley.com/authored-by/Tan/Dun%E2%80%90Yan
https://doi.org/10.1111/njb.01259.%20P.

A.N. Danilova, A.A. Sumbembaev et al.

24 Friesen, N.V. (1987). Rod Allium L. [Genus Allium L.]. Flora Sibiri. Araceae — Orchidaceae — Flora of Siberia. Araceae
— Orchidaceae. Novosibirsk [in Russian].

25 Volkova, G.A. (2007). Biomorfologicheskie osobennosti vidov roda Allium L. pri introduktsii na evropeiskii severo-vostok
[Biomorphological features of species of the genus Allium L. during the introduction to the European Northeast]. Syktyvkar
[in Russian].

26 Tukhvatullina, L.A., & Abramova, L.M. (2012). Introduktsiia dikorastushchikh lukov v Bashkortostane: Biologiia,
razmnozhenie, agrotekhnika, ispolzovanie [Introduction of wild onions in Bashkortostan: Biology, reproduction, agrotechnics, use].
Ufa [in Russian].

27 Elizarieva, O.A., Galikeeva, G.M., Maslova, N.V., & Muldashev, A.A. (2015). Semennaia produktivnost redkogo relikta Al-
lium hymenorhizum Ledeb. (Sem. Alliaceae) v Respublike Bashkortostan [Seed productivity of a rare relic of Allium hymenorhizum
Ledeb. (Family Alliaceae) in the Republic of Bashkortostan]. lzvestiia Ufimskogo nauchnogo tsentra Rossiskoi Akademii nauk.
Biologiia, biokhimiia i genetika — Proceedings of Ufa Scientific Center of the Russian Academy of Sciences. Biology, biochemistry

and genetics, 4(1), 48-51 [in Russian].
28 Elizarieva, O.A. (2014). Semennaia produktivnost redkogo reliktovogo vida Allium hymenorhizum Ledeb. (sem. Alleaceae) v
usloviiakh introduktsii [Seed productivity of a rare relict species Allium hymenorhizum Ledeb. (family Alleaceae) in conditions of

introduction]. Rastitelnye resursy: opyt, problemy i perspektivy — Plant resources: experience, problems and prospects (pp. 20-24).
Birsk [in Russian].

Information about the authors

Danilova Aleftina Nikolayevha — Candidate of Biological Science, Leading researcher, Altai
Botanical Garden, Ridder, Kazakhstan; e-mail: a-n-danilova@yandex.ru

Sumbembayev Aidar Aitkaziyevich — PhD, Leading researcher, Altai Botanical Garden, Ridder,
Kazakhstan; e-mail: aydars@list.ru

Anufrieva Olga Alexandorvna — Senior researcher, Altai Botanical Garden, Ridder;
e-mail: altai_bs@mail.ru

Kotuchov Yuri Andreevich — Candidate of Biological Science, Leading researcher, Altai
Botanical Garden, Ridder, Kazakhstan; e-mail: altai_bs@mail.ru

Lagus Olga Anatolyevna — Researcher, Altai Botanical Garden, Ridder, Kazakhstan;
e-mail: lelik_ridder1994@mail.ru

106 ISSN 3080-6836 (Print) ISSN 3080-6844 (Online)


mailto:a-n-danilova@yandex.ru
mailto:aydars@list.ru
mailto:altai_bs@mail.ru
mailto:altai_bs@mail.ru
mailto:lelik_ridder1994@mail.ru

