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Selection of Bergenia crassifolia specimens based on a complex  

of decorative characteristics in the flora of Kazakhstan Altai  

and their introduction in the Altai Botanical Garden 

The purpose of the study is to select Bergenia crassifolia specimens from different eco-geographical habitats 

in natural populations of the Kazakhstan Altai based on a complex of decorative characteristics and their in-

troduction testing in the Altai Botanical Garden, creating promising forms for inclusion in the landscaping as-

sortment. The growth of B. crassifolia in the Kazakhstan Altai has been established on the mountain ranges of 

the Southern and Southwestern Altai in the mountain forest and alpine belts with a vertical distribution 

threshold of 1100–1800 m above sea level. For introduction, promising samples of B. crassifolia based on 

economically valuable indicators were selected on the ridges of the Southern and Southwestern Altai. Classi-

cal botanical methods were used. Based on the results of the research, a collection of 74 specimens of 

B. crassifoliа was created in the Altai Botanical Garden, among them 59 decorative specimens with high win-

ter hardiness, a full cycle of seasonal development, responding to weather conditions by changing the dura-

tion of the phenological phases of development. Based on the timing of flowering, the samples are classified 

as spring-early flowering and spring-mid flowering. Based on the results of a comparative assessment, 

8 forms were recommended for inclusion in the landscaping assortment with a decorative score of 87–98 

points. 

Keywords: Bergenia crassifolia, decorativeness, Kazakhstan Altai, collection, introduction, form. 

 

Introduction 

The most universal method for studying and preserving economically valuable plant species in botani-

cal gardens is introduction [1]. This method allows us to determine the adaptive potential of species in cul-

ture. The use of the introduction method for reconstruction (restoration) of natural populations is one of the 

effective ways to maintain population reproduction and a reliable tool for the conservation of biodiversi-

ty [2]. 

One of the possibilities for solving this problem may be the selection of species of ornamental plants by 

attracting and studying in culture the most interesting local wild species [3]. In this regard, long-term re-

search on the introduction of species of local flora in botanical gardens is of great importance. Reproduction 

and introduction into the practice of landscaping of such species can be one of the effective steps for their 

protection and reproduction. B. crassifolia has a special place among introduced species that are potential 

objects for ornamental gardening [3]. 

Bergenia crassifolia (L.) Frisch is a winter-green, predominantly mountain-forest species, long known 

in folk practice as a tea substitute, dyeing, tanning, and medicinal plant. In traditional medicine it is used as 

an astringent, hemostatic, anti-inflammatory, wound healing, analgesic, and normalizes metabolism [4–6]. 

The species is actively used in pharmacology and phytochemistry [7–13]. The antioxidant properties of the 

species are widely known [14–16]. The species contains arbutin, which is actively used in cosmetology [17–

20]. Work to establish the natural reserves of this plant is carried out both in Kazakhstan and throughout the 

species habitat [21–26]. Meanwhile, an information search showed a small number of publications on the 

introduction of B. crassifolia as an ornamental plant [27–33]. 

Long-term floristic studies have revealed the growth of B. crassifolia in the East Kazakhstan region on 

the territory of the Kazakhstan Altai in two geographical areas: Southern and Southwestern Altai [32]. De-

spite the wide distribution of the species in the geographical regions of the region, its potential in the Ka-

zakhstan Altai as an ornamental plant has not been sufficiently studied both in natural conditions and during 

introduction. 

The purpose of the work is to select B. crassifolia specimens from different ecological and geographical 

habitats in natural populations of the Kazakhstan Altai based on a complex of decorative characteristics, their 
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introduction testing in the Altai Botanical Garden, and the creation of promising forms for inclusion in the 

landscaping assortment. 

Experimental 

The object of the study is specimens of B. crassifolia from different ecological and geographical loca-

tions from the Southern and Southwestern Altai. 

The material was attracted from nature by living plants and planted in the exhibition of natural flora of 

the Altai Botanical Garden. Sampling of B. crassifolia for introduction testing in the Altai Botanical Garden 

was carried out in natural habitats on the territory of the Kazakhstan Altai in the Southern and South-Western 

Altai. These are territorially isolated geographical areas with different habitat conditions and altitude limits. 

Southern Altai, which is part of the Kazakhstan Altai, is located at the junction of the borders with Rus-

sia, the Mongolian Republic and China. It is formed by a system of high ridges: Southern Altai, Altai 

Tarbagatai, Sarymsakty, Narym, Kurchum, Azutau and others. Absolute heights within the region vary from 

600 to 3400 m. 

The climatic features of the region are determined, on the one hand, by altitudinal zonation, and on the 

other, by the influence of humid northwestern Atlantic winds that bring precipitation. Annual precipitation 

reaches 400 mm in the foothills to 800–1000 m in the mountain forest belt. Southern Altai is the coldest 

place in the Kazakhstan Altai. Average temperature in July is: +14…+18°, in January: –14…–18°. The sum 

of positive average daily temperatures is 1200–2200. Summer is cool and short — 90–100 days, summer 

frosts are common. Altitudinal zonation is typical for the soils and vegetation of the Southern Altai Moun-

tains, the nature of which depends on the geographical location and height of the mountain range, slope ex-

posure [34]. 

Southwestern Altai is formed from high ranges: Western Listvyaga, Kholzun, Koksu, Tigiretsky, 

Lineysky, Ivanovsky, Ubinsky and Ulbinsky. Absolute heights within the region vary from 500 to 2500 m. 

Among the named ridges there are aligned intra-mountain depressions of tectonic origin: Leninogorskaya 

and Zyryanovskaya. The climate is sharply continental. Long-term average temperature in July is 

+18°…+22°, January –18°…–22°. Sum of positive average daily temperatures is 2600–2800. The maxi-

mum depth of soil freezing is 40–120 cm. The amount of precipitation varies from 400 to 550 mm per year 

in the western part to 1500 mm at the upper forest limit in the eastern and northeastern parts of the re-

gion [34]. 

The Altai Botanical Garden is located on the southeastern outskirts of the city of Ridder in the moun-

tainous zone of the southwestern periphery of Southwestern Altai in the foothills of the ridge Ivanovsky. The 

absolute heights of the garden are 770–860 m. The climate is sharply continental, characterized by cold long 

winters, hot summers, sharp fluctuations in air temperature and humidity throughout the day, season, and 

year. According to the Ridder weather station, the average annual air temperature is 1.8 °C with an absolute 

maximum of +41.5 °C and a minimum of –46.7 °C. Frost-free period is 51–139 days. Average annual pre-

cipitation ranges from 432 to 937 mm with a summer maximum. The snow cover is stable and disappears in 

the second half of April. The average long-term duration of the period with stable snow cover is 156 days. 

Over the past decade, it has fluctuated from 132 to 173 days. As a rule, the coldest time is the second half of 

winter — January-February, where the annual minimum air temperatures are also shifted. The real beginning 

of spring and plant growing season is April. According to the Ridder weather station, April is characterized 

by sharp changes in air temperatures from –13° to 22.0 °C. The period is dangerous for plants in late April – 

May due to spring frosts [35]. The limiting factor for the introduction of plants in the Altai Botanical Garden 

is sudden changes in temperature and humidity throughout the year, season and day, and a short growing 

season. According to average long-term data, the last spring frosts occur at the beginning of the third ten 

days of May, and the first autumn frosts — in the first ten days of September [36]. Meteorological conditions 

during the years of research differed significantly, which made it possible to objectively evaluate the material 

being studied. For example, the years 2004, 2010, 2019, 2023 were hot and dry, the years 2006, 2008 were 

warm but with a cold spring and warm and moderately rainy, the years 2007, 2020, 2021 were warmer and 

more humid. etc. (Fig. 1.) 
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A — Average daily temperature, °C; B — Maximum temperature, °C; C — Minimum temperature, °C;  

D — Precipitation level, mm; E — Average daily temperature, °C; F — Average night temperature, ⁰C;  

G — air temperature on the soil surface, °C; H — Soil freezing depth, cm;  

I — Average wind speed, m/s; J — Snow depth, cm 

Figure 1. Meteorological conditions of the introduction area 
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To carry out the primary selection based on visual indicators of B. crassifolia that are promising for 

decorative traits in natural populations, the route-reconnaissance method was used [37]. In nature, plants 

were selected with high decorative properties, such as the size and shape of the leaf blade, the height and 

strength of the peduncle, the size and color of the flower from pale pink to intense crimson. Introduction 

studies were carried out according to the method of K.A. Sobolevskaya [38] and based on existing methods 

of cultivating plants in botanical gardens [39-40]. The assessment of decorativeness and adaptability to ex-

ternal environmental conditions was carried out on a 100-point scale by V.N. Bylov [41]. 

The level of variability of biometric indicators is calculated by the value of the coefficient of variation 

Cv: less than 12 % — the level of variability is low, 13–20 % — medium, 21–40 % — high, more than 

40 % — very high [42]. Latin names of plants are given according to the international POWO platform [43]. 

Results and discussion 

Introduction trials of B. crassifolia in the Altai Botanical Garden began in 1970 and are currently ongo-

ing (Fig. 2). During this period, more than 400 samples passed the initial test, as a result of which a modern 

collection of 74 forms for various economic purposes was created. Among them are 59 decorative speci-

mens, of which 25 are involved in the second introduction stage to select from this diversity the most valua-

ble forms suitable for mass reproduction and introduction into production. 

 

 

Figure 2. Territory for attracting Bergenia forms 

As shown by long-term floristic studies conducted by employees of the Altai Botanical Garden (Ridder, 

East Kazakhstan region), B. crassifolia is found everywhere within the studied geographical areas. 

In Southwestern Altai, populations of the species were identified on the Listvyaga, Ivanovsky, Kholzun, 

Ulbinsky, Lineisky, Ubinsky ridges. In Southern Altai, the locations of B. crassifolia populations are local-

ized in the eastern periphery on the Sarymsakty, South Altai Tarbagatai, Southern Altai, and Kurchum 

ridges. In both regions, the species grows in mountain forest and alpine zones. Typical habitats of the species 

in the mountain forest belt are fir-cedar forests, 1400–1800 m a.s.l., sparse cedar-larch forests, 1700–1800 m 

a.s.l. and larch forests, 1100–1300 m a.s.l. 

In the alpine belt, the habitats of the species are the northwestern and northeastern rocky slopes of carts, 

overgrown kurums, moss-lichen tundra, highland rocks with a vertical distribution threshold of 2000–2400 m 

a.s.l. in the South-Western Altai and 2400–2600 m a.s.l. — in the south. 
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Pure B. crassifolia thickets in the mountain forest belt in the Southwestern and Southern Altai formed in 

fir-cedar forests on the northwestern slopes with a vertical distribution threshold of 1400–1800 m a.s.l. and 

sparse cedar-larch forests at an altitude of 1700 m a.s.l. In the alpine belt, pure thickets of B. crassifolia form 

along rock cracks and near boulders on the northwestern and northern slopes, 1900–2000 m a.s.l. In larch 

forests at an altitude of 1100–1300 m a.s.l. In the vegetation cover, together with B. crassifolia, the growth of 

herbaceous species of taiga tall grass was noted: Aconitum anthoroideum DC., Aquilegia glandulosa Fisch. 

et Link., Calamagrostis epigejos (L.) Roth., Chamaenerion angustifolium (L.) Scop., Stemmacantha 

carthamoides (Willd.) Dittrich., Hedysarum alpinum L., Paeonia anomala L. Solidago dahurica (Kitag.) 

Kitag. ex Juz., Saussurea latifolia Ledeb., Thalictrum foetidum L. etc. 

As surveys of natural populations have shown, the most variable in the size of the leaf blade, the height 

of the peduncle, the size and shape of the inflorescence, the size and color of the flowers are individuals of 

B. crassifolia in the mountain forest belt of Southwestern Altai (Fig. 3). Accordingly, for the introduction 

test, decorative samples were attracted mainly from the territory of South-Western Altai from the Ivanovsky, 

Listvyaga, Ulbinsky, Lineevsky ridges and slightly from the Southern Altai from the Sarymsakty, Southern 

Altai and South Altai Tarbagatai ridges. A total of 74 samples were tested during 2010–2023, including 59 

decorative ones. 

 

 

Figure 3. Coefficients of variation of morphometric features of B. crassifolia  

in natural populations of the Southern and Southwestern 

The results of the initial introduction test showed that in the experiment, all 59 decorative specimens of 

B. crassifolia are characterized by the full implementation of the annual development cycle, which indicates 

their wide ecological plasticity and allows us to conclude that their introduction was successful. In ecological 

terms, B. crassifolia is a winter-green species, so the plants do not complete the growing season; in a green 

state, they go under the snow and emerge green after the area is cleared of snow cover. 

Based on the study of the seasonal rhythm of development according to the timing of flowering, the 

tested decorative samples are conditionally distributed into two groups: spring-early flowering and spring-

mid-flowering. Phenological observations have shown that only the timing and duration of flowering change 

from year to year depending on weather conditions and the origin of the samples, while their sequence re-

mains unchanged. 

Seven samples isolated from alpine formations in the altitudinal range from 1700 to 2500 m a.s.l. were 

classified as spring-early flowering. They begin to bloom in the first ten days of May at average daily air 

temperatures of +8–11 °C. Depending on the weather conditions in spring, the period from the beginning of 

flowering to its completion ranges from 11 to 13 days. Almost every year, flowers are damaged by spring 

frosts from mild to severe, which negatively affects the formation of seeds. The specimens are characterized 

by small, low-growing plants with a thin rhizome immersed in the substrate and small rounded leaves 

(5×7 cm or 8×11 cm), often brightly colored with antoncians in spring and autumn. The peduncles are thin, 

the inflorescences are dense, hemispherical or almost spherical. The flowers are small, from bright crimson 

to pale pink. 
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The group of spring-mid-flowering samples includes 52 selections from mountain forest formations 

(1100–1500 m above sea level). They begin to bloom in the late second to early third decade of May at aver-

age daily air temperatures of +14–16 °C. The flowering period lasts 16–22 days. Every year, with rare excep-

tions, flowering ends with seed production. Specimens of this group are distinguished by powerful growth, 

large round-heart-shaped long-petioled leaves (27×33, 29×37 cm), thick superficial rhizome, strong pedun-

cles up to 2 cm in diameter, simple or branched from the base or in the upper part. The inflorescences are 

dense, capitate or spreading, almost paniculate. The flowers are large, up to 2.2 cm in diameter, with colors 

ranging from pale pink or pale purple to intense crimson. 

During observations, the absence of self-seeding was established in both groups. In culture, plants grow 

annually and fill the free space between individuals due to the growth of rhizomes. 

According to the results of a comparative assessment, out of 25 specimens that passed the second stage 

of introduction, with a decorative score of 87–98 points, 8 forms were included in the landscaping assort-

ment of ornamental plants. 

Below are their brief descriptions. 

Form 59-10. The original sample was taken from the Ivanovsky Ridge. The leaves are large, the blades 

are rounded-heart-shaped, 25×24 cm. The peduncle is strong, 58–63 cm tall, 2 cm thick, branched in the 

upper part. The inflorescence is spreading, loose up to 20 cm, with up to 200 flowers. The flowers are large, 

2.2 cm in diameter, bright pink, up to 5 % of the flowers in the inflorescence are fasciated. The 

decorativeness score is 98 (Fig. 4). 

Form 59-14. The original sample was taken from the Ivanovsky Ridge. The leaves are large, the blades 

are round, 19 cm long, 20 cm wide. The peduncle is strong, up to 43 cm high, 1.8 cm in diameter. The inflo-

rescence is dense, compact, large: 17 cm wide, 13 cm high, numbering from 170 up to 200 flowers. The 

flowers are large, 18 mm in diameter, pale pink. Decorativeness score is 95 points (Fig. 5). 

Form 25-83. The original sample was taken from the Lineisky Ridge. The leaves are large, leaf blades 

measuring 22×24 cm; in spring and autumn they are intensely colored with antoncians. The peduncle is 

strong, durable, branched, up to 2 cm in diameter, 52–57 cm high. The inflorescence is dense, hemispherical, 

16 cm long and 14 cm wide, with 150–180 flowers. The flowers are large, with a diameter of 21 mm, a 

height of 19 mm, bright pink, up to 5 % fasciated in the inflorescence, and have 6–8 petals. The decorative-

ness score is 94 points (Fig. 6). 

Form 26-83. The original sample was taken from the Lineisky Ridge. The leaves are large, the blades 

are round, 18 cm wide, 19 cm long. The peduncle is strong, branched in the upper part, 45–50 cm in height. 

The inflorescence is loose, spreading, 10 cm wide, 10 cm long, contains up to 140 flowers. The flowers are 

of medium size, diameter 14 mm, length 13 mm, pale pink. The decorativeness score is 90 (Fig. 7). 

Form 1120. The original sample was taken from the Ubinsky ridge. The leaves are medium-sized, 

rounded blades, 15×15 cm. The peduncle is thin, durable, up to 1 cm thick, 35–40 cm tall, branched in the 

upper part. The inflorescence is loose, spreading, 12 cm long, 9 cm wide. The flowers are medium-sized, 12–

15 mm in diameter, bright crimson. Decorativeness score is 87 (Fig. 8). 

Form 59-13. The original sample was taken from the Ubinsky ridge. The leaves are large, the plate is 

rounded-heart-shaped, 23 cm long, 20 cm wide. The peduncle is strong, durable, 35–40 cm high. The inflo-

rescence is compact, 9 cm long and 8 cm wide, with up to 100 flowers. The flowers are large, 16 mm in di-

ameter and 17 mm in height, dark pink. The decorativeness score is 90 (Fig. 9). 

Form 916. The original sample was taken from the Kholzun Ridge. The leaves are medium-sized, long-

petiolate, the leaf blade is elongated, 19 cm long, 15 cm wide. The peduncle is thin, strong, branched from 

the base, 40 cm high. The inflorescence is loose, drooping at the bottom, 12 cm wide, has up to 120 flowers. 

The flowers are medium-sized, pink, 12 mm in diameter, 13 mm in height. The decorativeness score is 

91 (Fig. 10). 

Form 1125. The original sample was taken from the Kholzun Ridge. The leaves are large, long-

petiolate, the plate is rounded-heart-shaped, 23 cm long, 20 cm wide. The peduncle is strong, stable, 

branched in the upper part, 42–47 cm high. The inflorescence is compact, almost spherical, 14 cm wide, con-

tains 140–180 flowers. The flowers are large, up to 23 mm in diameter, 17 mm high, dark pink. The 

decorativeness score is 97 (Fig. 11). 
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Figure 4. Form 59–10 Figure 5. Form 59–14 

  

Figure 6. Form 25–83 Figure 7. Form 26–83 

  

Figure 8. Form 1120 Figure 9. Form 59–13 

  

Figure 10. Form 916 Figure 11. Form 1125 
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Conclusion 

B. crassifolia in Kazakhstan Altai is recorded along all ridges of the mountain system of Southern and 

Southwestern Altai in the mountain-forest and alpine belts within the range of 1100–1800 and 2000–2600 m 

above sea level. The distribution of the species over a relatively wide range of altitudes in the mountains and 

habitats of varied conditions indicates a wide range of its ecological amplitude. This was the reason for intra-

specific variability in morpho-structural organization and made it possible to select promising specimens of 

B. crassifolia in natural populations based on decorative characteristics that persist in the new soil and cli-

matic conditions of growth in the area of introduction. A two-level cultural study of the decorative qualities 

of B. crassifolia made it possible to include 8 of the most promising forms in the landscaping assortment. At 

the same time, we can assume the possibility of using them as an initial basis for further breeding work to 

create new varieties, since when tested in culture, these forms retain their inherent hereditary characteristics 

and properties. 
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Л.А. Тучина, А.Н. Данилова, О.А. Лагус, А.А. Сумбембаев 

Қазақстан Алтайының флорасындағы сәндік сипаттамалар  

кешеніне негізделген Bergenia crassifolia (L.) Frisch үлгілерін таңдау  

және оларды Алтай ботаникалық бағында интродукциялау 

Зерттеудің мақсаты — Қазақстан Алтайының табиғи популяцияларының әртүрлі экологиялық-

географиялық өсу орындарынан Bergenia crassifolia үлгілерін сәндік сипаттамалары кешені негізінде 

іріктеу және оларды Алтай ботаникалық бағында интродукциялық сынақтан өткізу, көгалдандыру 

ассортиментіне қосу үшін перспективалы нысандарды құру. Қазақстан Алтайындағы B.crassifolia 

өсімі Оңтүстік және Оңтүстік-Батыс Алтайдың тау жоталарында теңіз деңгейінен 1100–1800 м 

биіктікте шоңғал тастары бар тік таулы орман және альпілік белдеулерінде анықталған. Жерсіндіру 

үшін Оңтүстік және Оңтүстік-Батыс Алтай жоталарында экономикалық құнды көрсеткіштер бойынша 

B. crassifolia перспективалы үлгілері таңдалды. Бұл жағдайда классикалық ботаникалық әдістер 

қолданылды. Зерттеу нәтижелері бойынша Алтай ботаникалық бағындағы 74 B. crassifoliа үлгілерінің 

коллекциясы жасалды, оның ішінде қысқа төзімділігі жоғары, маусымдық дамудың толық циклі бар, 

фенологиялық фазалар дамуының ұзақтығын өзгерту арқылы ауа-райы жағдайларына жауап беретін 

59 сәндік үлгілері бар. Гүлдену мерзімдері бойынша үлгілер көктемгі-ерте гүлдену және көктемгі-орта 

гүлдену болып бөлінеді. Салыстырмалы бағалау нәтижелері бойынша сәндік бағалауы 87–98 балл 

болатын 8 нысан абаттандыру ассортиментіне енгізуге ұсынылды. 

Кілт сөздер: Bergenia crassifolia, сәндік, Қазақстан Алтайы, коллекция, жерсіндіру, түр. 

 

Л.А. Тучина, А.Н. Данилова, О.А. Лагус, А.А. Сумбембаев 

Отбор по комплексу декоративных признаков формообразцов  

Bergenia crassifolia (L.) Frisch во флоре Казахстанского Алтая  

и их интродукция в Алтайском ботаническом саду 

Цель исследования — отбор в естественных популяциях Казахстанского Алтая по комплексу декора-

тивных признаков формообразцов Bergenia crassifolia из разных эколого-географических мест произ-

растания и их интродукционное испытание в Алтайском ботаническом саду, создание перспективных 

форм для включения в озеленительный ассортимент. Установлено произрастание B.crassifolia в Ка-

захстанском Алтае на горных хребтах Южного и Юго-Западного Алтая в горно-лесном и альпийском 

поясах с порогом вертикального распространения 1100–1800 м над ур. м. В интродукцию перспектив-

ные образцы B. crassifolia по хозяйственно-ценным показателям отбирались на хребтах Южного и 

Юго-Западного Алтая. При этом использовались классические ботанические методы. По результатам 

исследований создана в Алтайском ботаническом саду коллекция из 74 образцов B.crassifoliа, среди 

них 59 декоративных формообразцов с высокой зимостойкостью, полным циклом сезонного развития, 

реагирующие на погодные условия изменением продолжительности фенологических фаз развития. По 

срокам цветения образцы отнесены к весенне-раннецветущим и весенне-среднецветущим. По резуль-

татам сравнительной оценки 8 форм рекомендованы для включения в озеленительный ассортимент с 

оценкой декоративности 87–98 баллов. 

Ключевые слова: Bergenia crassifolia, декоративность, Казахстанский Алтай, коллекция, интродукция, 

форма. 
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