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The genus Allium represents a taxonomically large and ecologically as well as economically significant group comprising approximately 750 species worldwide, of which around 50 species are recorded in the flora of Mongolia. A considerable proportion of these species is characterized by restricted distribution ranges, low population densities, and high sensitivity to anthropogenic disturbances, and is therefore classified as rare or critically endangered. In particular, Allium obliquum is categorized as critically endangered, whereas Allium altaicum is listed as rare in the Red Book of Mongolia. Recent trends indicate a decline in their natural populations driven by habitat degradation, overgrazing, and climate change.
Under these conditions, the development of effective conservation strategies is imperative to ensure the preservation of these species, enhance their population viability, and explore their potential for sustainable utilization. In this context, ex situ cultivation, combined with detailed investigations of adaptive capacity, growth performance, and reproductive biology, represents a scientifically grounded approach with both theoretical and applied significance for plant conservation.
The primary objective of this study was to evaluate the adaptability, phenological development, biometric parameters, and reproductive traits of Allium obliquum and Allium altaicum under ex situ conditions, and to establish a scientific basis for their conservation and domestication.
Seeds and bulbs of the target species were collected from natural populations in Bayan-Ölgii, Bayankhongor, Umnugovi, Uvurkhangai, and Tuv provinces. The collected material was cultivated in the experimental ex situ field of the Botanic Garden, Mongolian Academy of Sciences, under standard horticultural practices. Observations and measurements included phenological stages (emergence, flowering, and seed maturation), biometric parameters (plant height, number of shoots, inflorescence diameter, and number of flowers), and reproductive characteristics (vegetative propagation via bulbs and generative reproduction via seeds). The coefficient of vegetative propagation was calculated following the method of I.V. Vereshchagina, and all quantitative data were statistically processed and expressed as mean ± standard error.
The results demonstrated that both species successfully established under ex situ conditions and completed their full life cycles. Emergence occurred approximately four days after bulb planting, flowering took place from late June to early July, and seed maturation was observed in mid-August. The duration of flowering ranged from 20 to 22 days, while seed maturation required 35–42 days. The total growing period of Allium altaicum was 125–134 days, whereas Allium obliquum exhibited earlier transitions between developmental stages, indicating a relatively accelerated phenological progression.
In terms of biometric characteristics, Allium obliquum demonstrated superior performance, reaching a plant height of 105 ± 0.8 cm and producing 190.8 ± 11.6 flowers per inflorescence, along with a larger inflorescence diameter. In contrast, Allium altaicum exhibited a significantly higher number of shoots (31.4 ± 0.3), reflecting species-specific morphological adaptations and reproductive strategies.
The analysis of reproductive biology revealed that vegetative propagation via bulbs resulted in an eightfold increase in Allium obliquum and an elevenfold increase in Allium altaicum over a seven-year period, indicating a high capacity for clonal reproduction. Conversely, seed productivity was higher in Allium obliquum (85.06%) than in Allium altaicum (76.93%), suggesting a greater potential for generative reproduction. Both species exhibited high seed set, likely associated with their multi-ovulate reproductive structures.
These findings confirm that the studied species are capable of successful adaptation under ex situ conditions, completing their ontogenetic cycles while maintaining reproductive functionality. Consequently, ex situ cultivation represents an effective strategy for the conservation of rare and endangered plant species, enabling the establishment of living collections, the production of propagation material for reintroduction, and the development of sustainable utilization practices.
From a theoretical perspective, this study contributes to a deeper understanding of phenological patterns, morphological traits, and reproductive biology of Allium species under controlled ex situ conditions, providing insight into their adaptive mechanisms. From a practical standpoint, the results offer a scientific basis for improving propagation techniques, supporting botanical garden collection management, and facilitating ecological restoration initiatives involving rare plant species.
The novelty of this research lies in the comprehensive comparative assessment of ex situ adaptation, phenology, and reproductive biology of Allium obliquum and Allium altaicum under the environmental conditions of Mongolia. Furthermore, the study demonstrates the effectiveness of integrating vegetative and seed-based propagation strategies to simultaneously enhance population size and preserve genetic diversity.
[bookmark: _GoBack]In conclusion, this research provides a robust scientific foundation for future studies and practical applications in the conservation, domestication, and sustainable utilization of rare Allium species in Mongolia.

