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Abstract

Glycyrrhiza uralensis Fisch., Glycyrrhiza inflata Batal., and Glycyrrhiza glabra L. are the three original
species of medicinal "Licorice" in China, among which G. uralensis and G. inflata are listed as national
second-class protected plants. At the same time, as important plants in arid and semi-arid desert regions, they
provide ecological value by stabilizing sand dunes and improving saline-alkali soils. However, under the dual
impacts of climate change and human activities, the wild resources of licorice have sharply declined since
the 1950s. Therefore, exploring the suitable habitats and conservation status of these three medicinal licorice
species under the pressures of climate change and human disturbance is crucial for maintaining the ecological
security and protection of wild medicinal licorice resources. Furthermore, revealing the correlation between
major active components and environmental factors, and predicting the suitable areas for quality-based
cultivation, provides an important basis for the conservation strategies of wild medicinal licorice resources
and the planning of high-quality medicinal materials.

This study employs an optimized MaxEnt model combined with field surveys and sample measurements
to address the following questions: (1) Under current climate and human activity disturbances, identify the
major environmental factors affecting the suitable habitats of the three medicinal licorice species; predict
changes in their suitable habitats under human disturbance and climate change; overlay the suitable habitat
maps with national nature reserves and China’s biodiversity conservation priority areas to assess their current
conservation status and propose conservation strategies; (2) Under future climate scenarios, predict changes
in the suitable habitats of the three medicinal licorice species and analyze the migration pathways of their
centroids; (3) Through field surveys and sample collection, determine the contents of the main chemical
components (glycyrrhizic acid and liquiritin) in wild medicinal licorice, analyze the differences in chemical
composition across different suitable habitats, establish the response relationship between chemical
components and environmental factors, evaluate the quality of licorice in different suitable areas, and predict
the quality distribution areas of the three medicinal licorice species. The research results are as follows:

1. Human footprint is the most critical factor influencing the distribution of the three medicinal licorice
species. Under the impact of human activities, the area of suitable habitats for all three species shows a
shrinking trend, and the areas of these species located within national nature reserves and China’s biodiversity
conservation priority areas have generally declined. Additionally, factors such as the mean temperature of
the driest quarter, precipitation of the wettest month, and the coefficient of seasonal precipitation variation
also account for significant proportions in the model evaluation. Under current climate conditions, the
suitable habitat of G. uralensis is mainly distributed in northwest, north, and northeast China, with a total

area of 2.935 %106 km=The suitable habitats of G. inflata and G. glabra are concentrated in western and



northeastern Xinjiang, with total areas of 7.869 x<10° km=and 4.419 %< 10° km=respectively. The proportions
of suitable habitat areas located within national nature reserves are 5.30%, 8.24%, and 1.856%, while those
within China’s biodiversity conservation priority areas are 19.00%, 13.23%, and 10.37%, respectively. Due
to human disturbances, the suitable habitat areas of the three medicinal licorice species have sharply
decreased by 60.87%-85.74%, and the areas within national nature reserves and biodiversity priority areas
have declined by 60.57%-94.01%. The reasons for the reduction in suitable habitat area differ among the
three species, requiring targeted conservation measures: For G. uralensis, it is necessary to curb
overharvesting and promote resource restoration. For G. inflata, conservation should focus on maintaining
the soil ecology of its native habitat. For G. glabra, the core measures involve implementing habitat
protection projects and elevating its conservation status.

2. Prediction of suitable habitats and centroid migration of the three medicinal licorice species under
future climate scenarios. The suitable habitats of all three species show a shrinking trend, with the most
severe contraction observed in G. glabra. There are differences in the migration pathways of their centroids.
On the horizontal gradient, the centroid of G. uralensis shifts slightly westward and southeastward, the
centroid of G. inflata migrates significantly northeastward, while the centroid of G. glabra moves slightly
eastward and northwestward. On the vertical gradient, the centroids of G. uralensis and G. inflata generally
migrate to higher elevations; however, G. glabra shows a trend of migrating to lower elevations.

3. Correlation between glycyrrhizic acid and liquiritin contents of medicinal licorice in different suitable
habitats and environmental factors. Climatic factors such as temperature and altitude mainly influence the
accumulation of glycyrrhizic acid, while soil physicochemical characteristics including soil texture, organic
carbon, and cation exchange capacity have a greater impact on the variation of liquiritin content. Species
differences and environmental factors have a coupling effect; therefore, the key environmental factors
affecting the quality variation of different medicinal licorice species also differ. The main environmental
factors influencing glycyrrhizic acid content in the three medicinal licorice species are: for G. uralensis:
elevation, mean temperature of the driest quarter (bio9), and soil pH (t-pH-H-0); for G. inflata — soil
exchangeable bases (t-teb) and soil calcium carbonate content (t-CaCOs); for G. glabra: soil exchangeable
sodium percentage (t-esp) and precipitation of the wettest month (bio13). The main environmental factors
influencing liquiritin content in the three medicinal licorice species are: for G. uralensis: soil silt content (t-
silt); for G. inflata: soil base saturation (t-bs) and precipitation of the wettest month (biol13); for G. glabra:
soil organic carbon content (t-oc), soil silt content (t-silt), soil gravel content (t-gravel), and precipitation
seasonality (biol5).

4. Prediction of quality planting areas for different medicinal licorice species: For G. uralensis, the
contents of glycyrrhizic acid and liquiritin show a significant negative correlation with the suitable habitat

grade; for G. inflata, the glycyrrhizic acid content shows a negative correlation with the suitable habitat grade;
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for G. glabra, the glycyrrhizic acid content shows a significant positive correlation with the suitable habitat
grade. Among the 126 samples collected from 42 sampling sites, G. uralensis has the highest proportion of
samples meeting the standards for both major chemical components as specified in the Pharmacopoeia of the
People's Republic of China (2020 Edition), followed by G. glabra, with G. inflata having the lowest
proportion. The quality planting area for G. uralensis (where both glycyrrhizic acid and liquiritin contents
meet the national standard) is 1.454 x 10® km?, accounting for 49.54% of its total suitable habitat area. Its
core distribution area spans from northern Xinjiang to northeastern China. The quality planting area for G.
inflata is 8.483 x 10* km?, accounting for 10.78% of its total suitable habitat area, mainly concentrated in
Hami City, Turpan City, and the Bayingolin Mongol Autonomous Prefecture of Xinjiang. The quality
planting area for G. glabrais 1.038 x 10° km?, accounting for 23.49% of its total suitable habitat area, mainly
distributed in the 1li Kazakh Autonomous Prefecture, Tacheng Prefecture, Turpan City, and Hami City of
Xinjiang.

In summary, human activity disturbance is the most important factor affecting the distribution of the
three medicinal licorice species. Such disturbance has led to a sharp reduction in the area of suitable habitats
for all three species, with the suitable habitats exhibiting a highly fragmented pattern. Under future climate
scenarios, the total suitable habitat area for all three medicinal licorice species shows a shrinking trend. The
centroids of suitable habitat distribution are migrating: on the vertical gradient, the centroids of G. uralensis
and G. inflata are generally shifting to higher elevations, whereas G. glabra shows a trend of migrating to
lower elevations. The responses of the major chemical components to environmental factors differ among
the three species. The quality planting areas for the three medicinal licorice species are much smaller than
their current suitable habitat areas. Therefore, in the assessment of medicinal plant resources and quality
zoning, it is essential to simultaneously consider species-specific differences, ecological suitable habitats,
and quality planting areas for each licorice species.

Key words: Medicinal licorice; Climate change; MaxEnt model; Potential suitable habitat; Quality Planting
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AERMIZO0E. R, AR RAL S A EIRERRIE TS L T BUR SRR
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