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Assessment of the cultivation suitability and suitable regions of Gastrodia elata
under climate change in China
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Abstract: Climate change affects species growth areas by altering the suitability of their habitats. As a rare and endangered
medical plant in China, the evaluation of the suitable distribution area and the impact of climate change on the suitability of
Gastrodia elata can provide important information for the production layout of Gastrodia elata. In this study, the MaxEnt
model was used to simulate the spatial distribution and changes of the suitability and suitable area for Gastrodia elata cultiva-
tion from 1961 to 2020, based on geographic distribution and environmental data. Results showed that the main environmental
factors affecting the distribution of Gastrodia elata were solar radiation from May to July, precipitation in October and No-
vember, the minimum temperature in the coldest month, and vegetation type. The high suitable areas for Gastrodia elata culti-
vation in China were mainly distributed in the southwestern region around the Sichuan Basin. 1961 to 2020, the suitability for
Gastrodia elata cultivation had shown a fluctuating increasing trend, with the area of improved suitability accounting for
9.10% of the total land area of China, mainly concentrated in Southwest China, the parts of central and eastern China, and
Shaanxi province. The overall decrease in solar radiation from May to July over the past 60 years was the main reason for the
increased suitability of asparagus cultivation. This study provided a scientific basis for the production and artificial cultivation
site selection of Gastrodia elata in China, which provided reference significance for formulating strategies to respond to future
climate change.
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Fig. 1 Distribution site of Gastrodia elata and meteorological observation stations in China

GS (2019) 1822
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This map is based on the standard map downloaded from the standard map service website of the National Bureau of Surveying, Mapping and
Geographic Information with the approval number GS (2019) 1822. The boundary of the base map is not modified.
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Table 1 Potential environmental factor affecting the planting distribution of Gastrodia elata in China

Potential environmental factor Meaning References
5 7 (Solar_5to7) [15]
Solar radiation from May to July Reflecting the light absorption status of the ground growth stage of Gastrodia elata
10 11 (Pre_10to11) [23, 16]
Precipitation in October and November Reflecting water availability during the critical reproductive period of Gastrodia elata
(VEG) [24]
Vegetation Natural distribution of Gastrodia elata mostly requires a certain amount of deciduous
broadleaf forest
(MINtem_CM) [23]
Min temperature of coldest month The minimum temperature to be tolerated during the growth period of Gastrodia elata
(ISO) [23]
Isothermality Average heat level during the growth period of Gastrodia elata
(SCS) [25]
Soil sediment concentration Reflects the soil water and fertility retention capacity of the Gastrodia elata cultiva-
tion sites
(CVpre) [26]
Precipitation variability Seasonal differences in precipitation during the growing season of Gastrodia elata
Slope [24]
Influence on the spatial distribution of Gastrodia elata
(SOC) [27]
Soil organic carbon Reflecting the soil quality of the Gastrodia elata cultivation sites
(ASPECT) [28]
Slope Influence nutrient uptake status and yield of absorption conditions of Gastrodia elata
(SWC) [27]
Soil water content Reflecting the soil moisture status of the Gastrodia elata cultivation sites
10 [30]
b
2 HRE5HH
MaxEnt ROC
, ROC 2.1
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AUC : .10 AUC
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Red lines are the mean values and blue lines are response curves obtained from each of 10 MaxEnt runs.
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Table 2 Threshold division of dominant environmental factors affecting the suitability for cultivation of Gastrodia elata

5 7 10 11
. Solar radiation from May Precipitation in October Minimum temperature .
Classification = . Vegetation
to July MJ m™) and November (mm)  of coldest month (‘C)
1230.14-1598.53 79.58-159.81 —11.17 to —0.68 , s
High suitable area Coniferous forests, mixed coniferous,
and broad-leaved forests, broad-
leaved forests
1598.53-1713.89 72.66-78.20 —13.83 to —11.46 R
Moderate suitable area 161.19-209.60 —0.53 to —0.09 Scrub and cultivated vegetation
1713.89-1810.64 67.13-72.66 —14.72 to —-13.98
Less suitable area 209.60-238.65 0.21to 1.98 Others
<1230.14 or >1810.64 <67.13 or >238.65 <-14.72 or >1.98 R , s s
Unsuitable area Deserts, grasslands, meadows,
swamps, and alpine vegetation
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Fig. 4 Geographical distribution of suitable areas for Gastrodia elata

GS (2019) 1822 s
This map is based on the standard map downloaded from the standard map service website of the National Bureau of Surveying, Mapping and
Geographic Information with the approval number GS (2019) 1822. The boundary of this base map is not modified.
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Fig. 5 Geographical distribution of suitable areas (a, b) and suitability changed for Gastrodia elata (c)
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This map is based on the standard map downloaded from the standard map service website of the National Bureau of Surveying, Mapping and

Geographic Information with the approval number GS (2019) 1822. The boundary of this base map is not modified.
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Table 3 Distribution area of suitable areas for Gastrodia elata in different years in China (x10° hm?)

Years
Suitability regionalization 1961-1970 1971-1980 1981-1990 1991-2000 2001-2010 2011-2020
Less suitable area 61.79 76.84 72.97 87.72 76.15 81.03
Moderate suitable area 25.71 33.68 35.81 47.46 41.93 40.51
High suitable area 15.09 21.83 24.60 40.63 32.49 26.66
Total suitable area 102.59 132.35 133.38 175.81 150.57 148.20
Unsuitable area 857.41 827.65 826.62 784.19 809.43 811.80
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