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Abstract

The eco-industry is an effective path to achieve ecological and economic sustainable development. However, the role
played by Rosa roxburghii Tratt (R. roxburghii) industry in karst desertification control still needs to be determined. In
this study, we predict the suitability probability and driving variables of R. roxburghii’s distribution through a Maxi-
mum Entropy model, combining climate, population, vegetation, and soil data, and conducted a sample plot survey
in a high-suitability area to explore the role of the R. roxburghii industry in ecological services by using adjacent non-R.
roxburghii patches as comparisons. The results showed that South China Karst, with its simultaneous rain and heat
climate characteristics, was the most suitable area for the industrialization of R. roxburghii in the world. In South China
Karst, the area of no, low, medium, and high suitability zones for R. roxburghii was 4.2 x 10, 6.12x 10°, 464 x 10°,

and 4.42x10° km?, respectively, and population distribution was the dominant variable controlling its distribution.
The net primary productivity, soil conservation, water conservation, mean species abundance, and aboveground
biomass of the R. roxburghii monoculture plot in the high-suitability area were significantly lower than those of adja-
cent non-R. roxburghii lands and forest patches. Furthermore, the monoculture had higher trade-offs between pro-
vision, regulation, and support service. This study found that the monoculture of R. roxburghii industry, dominated

by human activities, failed to improve ecological services and exacerbated the trade-offs between services. Therefore,
future karst desertification control still needs to follow the agroforestry development path.
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Introduction

Ecosystems and the services they provide underpin all
aspects of human social [1, 2]. Many human economic
and social developments have transcended several earth
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boundaries in half a century [3]. The forest industry
is an effective way to curb ecological degradation and
improve service trade-offs, which is crucial for achiev-
ing a win—win between ecology and the economy [4]. In
recent years, the development of the functional forest
industry has been in full swing [5, 6], among which Rosa
roxburghii Tratt (R. roxburghii) has attracted much atten-
tion due to its rich vitamin C content. It is reported that
the vitamin C content of its fresh fruit is extremely high,
ten times that of kiwifruit (Actinidia chinensis Planch),
eighteen times that of Shatian pomelo (Citrus maxima
(Burm.) Merr. cv. Shatian Yu), and fifty times that of
sweet orange (Citurs sinensis (L.) Osbeck), respectively
[7, 8]. In addition, R. roxburghii has an essential impact
on disease resistance treatment and ecological services

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http//creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40494-024-01521-w&domain=pdf
https://orcid.org/0000-0002-8873-5006
https://orcid.org/0000-0003-0984-9978
https://orcid.org/0000-0001-5762-0866
https://orcid.org/0000-0003-2643-6403

Min et al. Heritage Science (2024) 12:422

[9-11]. On the one hand, it has good health benefits for
cancer prevention, anti-aging, atherosclerosis, hyper-
glycemia, and immunity enhancement [12-14]. On the
other hand, agroforestry management of R. roxburghii
helps to alleviate trade-off of ecological services [15] and
improve the soil microbial structure and nitrogen con-
tent [16]. Therefore, R. roxburghii is particularly suitable
for planting in areas caught in the ecological-impover-
ished trap.

In carbonate rock areas with severe soil erosion, eco-
logical degradation triggered by population expansion
has led to poverty by reducing agricultural income, and
the current stage of ecological management eliminates
the dilemma by introducing ecologically and economi-
cally balanced species. The higher the ratio of calcite to
dolomite in areas dominated by carbonate rocks, the less
residue is left to be dissolved. Therefore, it takes about
10,000 years to accumulate a 2.47 cm soil layer [17]. In
addition, the binary structure exacerbates soil and water
loss [18, 19]. These natural backgrounds dictate that the
area has a weak land-carrying capacity and is drought-
prone. Corn (Zea mays Linn. Sp) was introduced into
China during the Jiajing period of the Ming Dynasty. Due
to its drought tolerance and stable yield, it was widely
planted in southern China [20]. During the Ming and
Qing Dynasties, population expansion led to the expan-
sion of maize cultivation on steep slopes, exacerbating
land degradation and showing large areas of exposed
bedrock [4]. In 1950, the dramatic increase in social pro-
duction and population brought land degradation to a
peak. As of 2021, the area of karst desertification in China
is still 0.722x10° km?, and the issues of land productiv-
ity loss and vegetation degradation have not been recov-
ered [21]. To overcome this predicament, species that
consider ecological and economic attributes have been
introduced into karst desertification control [22, 23]. R.
roxburghii has strong adaptability and high health ben-
efits, which the government and farmers have favored.
So far, the planting area of R. roxburghii in Guizhou is
about 1.4x 10% km? accounting for 0.8% of the provincial
area. Despite the widespread cultivation of R. roxburghii,
much of its research is limited to the microscopic scale.

Much research has been done on R. roxburghii’s
effects on human health, but more is needed on its role
as a pioneer species in controlling ecological degrada-
tion. Studies indicated that R. roxburghii industry in
karst desertification areas was mainly based on a mon-
oculture model, supplemented by R. roxburghii+ Jug-
lans regia, R. roxburghii + Leguminous forage [24]. The
agroforestry model of R. roxburghii+arbor improved
the fruit quality and ecological services compared to
the monoculture, although its yields were affected.
On the one hand, the contents of ascorbic acid, total
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phenols, and saccharides in the fruits were signifi-
cantly increased, and the content of Vc and manga-
nese (Mn) in the fruit increased by 34.1% and 64.1%
[16]. On the other hand, the content of total nitrogen,
available nitrogen, and available potassium in the agro-
forestry model increased by 45.8%, 34.8%, and 67.8%,
respectively; bacteria and fungi increased by more than
36.0%; potassium bacteria and nitrogen-fixing bacte-
ria increased by 71.3% and 124.8% [16]. Nevertheless,
these studies are still limited to the plot sample site
scale and have yet to explore the pattern and driver of
R. roxburghii’s suitability at the regional scale and their
impacts on ecological services. At this stage, the maxi-
mum entropy model can enable the simulation of spe-
cies’ spatial distribution and explore the distribution
drivers, providing an effective tool for research. It is
mainly used for species distribution prediction under
climate change [25], biodiversity conservation [26],
and rural settlement site selection and planning [27].
However, there are no reports on using the maximum
entropy model as a driving force analysis tool to estab-
lish a research framework for the pattern and driver of
R. roxburghii ’s suitability and its impact on ecological
services.

Clarifying the spatial pattern and driver of R. rox-
burghii suitability is a prerequisite for understanding
the ecological services provided by the R. roxburghii
industry at this stage. Although agroforestry manage-
ment of R. roxburghii contributes to realizing the Sus-
tainable Development Goals (no poverty, zero hunger,
decent work, and economic growth, climate action, and
biodiversity), large-scale promotion still faces challenges
due to the industry’s profit-seeking nature [28]. From a
producer perspective, agroforestry management signifi-
cantly impacts fruit yield, seriously hindering economic
returns. In fact, the ecological service improvement of
agroforestry management comes at the cost of some fruit
production, whereas farmers are not regularly compen-
sated for this part of the loss [29]. Compensation usually
occurs only at the beginning of planting and is given once
according to the area or within a certain period, which
may discourage farmers’ enthusiasm for agroforestry
management and gradually evolve into a monoculture
model, especially in high-suitability areas. Although R.
roxburghii still has high adaptability in land-degraded
environments [22, 24], the monoculture model finds it
challenging to achieve good ecological services supply
capacity [16]. This study hypothesized that R. roxburghii
in high-suitability areas would presented a monoculture
pattern, which may increase economic income [30] but
is not conducive to improving ecological services and the
relationship between services.
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This study combined geographic data with field
research to verify the above hypothesis by studying the
pattern and driver of R. roxburghii suitability and its role
in ecological services. First, climate data and the maxi-
mum entropy model were used to predict the suitability
zones of R. roxburghii globally, identifying the most suit-
able areas as a case for the study. Second, climate, popu-
lation, vegetation, and soil data were combined to further
predict the probability and driver of R. roxburghii suita-
bility in the South China Karst. Third, using the predicted
probability data of R. roxburghii suitability, the suitable
areas were divided spatially by thresholds. Within the
designated high-suitability region, R. roxburghii plots
were set up for field surveys. Adjacent non-R. roxburghii
patches and forest patches were compared to explore the
impact of R. roxburghii on ecological services.

Materials and methods

Study area

South China Karst (97°-117°E, 20°-35°N), including
Yunnan, Guizhou, Guangxi, Sichuan, Hunan, Hubei,
Guangdong, and Chonggqing (Fig. 1), covers an area of
about 1.938x10° km? [15]. Basins, hills, and mountains
dominate the area, and the terrain decreases in eleva-
tion from northwest to southeast. The climate is mainly
tropical and subtropical monsoon climate. The annual
average temperature is about 14.40 °C, and the annual
average precipitation is about 1194.37 mm. Precipitation
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is concentrated mainly in summer, and the spatial pat-
tern of rainfall gradually decreases from southeast to
northwest. Soil types mainly include red, loess, lime, and
purple soil. The interaction between the fragile ecologi-
cal environment and excessive human activities has led to
severe land degradation and serious vegetation destruc-
tion. In 2000, the implementation of Grain for Green
promoted ecosystem restoration. From 2002 to 2017,
aboveground carbon storage in the karst region of south-
ern China increased by 0.11 +0.05 Pg C y~! [31]. On aver-
age, restored karst lands provided 29% and 18% higher
biodiversity and ecosystem services than degraded karst
lands [32]. Currently, this region has become a global
greening hotspot [33].

Prediction of R. roxburghii distribution

Maxent settings

First, field surveys (Table S1) and the Global Biodiversity
Information Facility (GBIF, http://www.gbif.org) were
used to collect information on species coordinates. On
a global scale, the bioclimatic variables in WorldClim
(https://www.worldclim.org) were used as environmental
factors (Table S2) to predict the suitability area of R. rox-
burghii. The aim was to verify that the South China Karst
is the most suitable area for R. roxburghii globally and use
it as a case study site. Further, population distribution,
soil, digital elevation model, land cover, and climate data
were used to finely predict the suitability of R. roxburghii
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in South China Karst (Table 1). Second, correlation anal-
ysis was used to eliminate environmental variables with
correlation coefficient greater than 0.8 to eliminate fac-
tor collinearity (Fig. 2). Third, R. roxburghii information
and environmental data were input into the species dis-
tribution and environmental variable module. 75% of the
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distribution points were randomly selected as the train-
ing data set for model building, while the others were
used as the test data set for model verification. The model
control ratio, maximum number of iterations, and con-
vergence threshold remain default. Fourth, ten bootstrap
replications were conducted and set up to plot response

Table 1 Environmental variables required by Maxent model in South China Karst

Variable Data source Resolution Related model
Bulk density (BD) Mapping high-resolution National Soil Information Grids of China by Liu et al. [34] 1000 mx 1000 m Maxent
Coarse_fragment (CF) 1000 mx 1000 m Maxent
Soil thickness (ST) 1000 mx 1000 m Maxent
Digital Elevation Model (DEM) NASA SRTM Digital Elevation, https://cmr.earthdata.nasa.gov/ 30mx30m Maxent
Bioclimatic variables WorldClim, https://www.worldclim.org/ 1000 mx 1000 m Maxent
Population (POP) WorldPop, https://www.worldpop.org/ 100mx100m  Maxent
Normalized Difference Veg- ~ MODIS Global NDVI and AVHRR NDVI https://lpdaac.usgs.gov/products/mod13 250 mx250m Maxent
etation Index (NDVI) q1v006
Land cover (LC) Annual China Land Cover Dataset https://essd.copernicus.org/articles/13/3907/ 30mx30m Maxent
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Fig. 2 Correlation analysis of bioclimatic factors in South China Karst
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curves to evaluate model accuracy. The Jackknife analy-
sis included with the model was used to determine the
contribution rate of variables affecting the suitability of R.
roxburghii.

Suitable areas division

Model validation is a prerequisite for ensuring the accu-
racy of the prediction results and the division of suitable
areas, so this study used the ROC (receiver operating
characteristic)-AUC (area under the curve) method to
test the prediction results of the model. The ROC curve
is a graph generated by the actual positive value (sensitiv-
ity) on the x-axis and the false positive value (1-feature)
on the y-axis at different thresholds (or cutoft points).
As the sensitivity increases, the false positive results will
also increase [35]. The area enclosed by the ROC and the
abscissa is the AUC value, and its size is used to reflect
the accuracy of the prediction result. AUC takes values
between 0 and 1, with larger values indicating better
model predictions. ROC less than 0.6 is unqualified, 0.6—
0.7 is poor, 0.7-0.8 is fair, 0.8-0.9 is good, and greater
than 0.9 is excellent. In this study, if the model ROC
results were higher than 0.8, the predicted data were cat-
egorized using the quantile method in ArcGIS, and the
data were classified into four types (no suitable, low suit-
able, median suitable, and high suitable area) (Table 2).
ArcGIS and geographic information systems are essen-
tial tools for processing, analyzing, and visualizing geo-
graphic data, so they were used to divide suitable regions
in this study [36, 37].

Ecological service assessment

The suitability of R. roxburghii was first quantified to
clarify the spatial pattern of R. roxburghii and its role in
ecological restoration. Second, 43 R. roxburghii distribu-
tion sites were randomly surveyed within the highly suit-
able areas and compared with adjacent non-R. roxburghii
and forest patches to explore the relationship between R.
roxburghii and ecological services. The supplementary
material (Figs. S1, S2) illustrates the selection method for
adjacent non-R. roxburghii and forest patches. It should
be noted that the ecological services data quantified in
this study are all from 2020 because we cannot guaran-
tee that these survey sites were R. roxburghii before that

Table 2 Threshold classification of suitable areas

Classification Threshold

No suitable area 0-0.0039

Low suitable area 0.0040-0.0314
Median suitable area 0.00315-0.1216
High suitable area 0.1217—1
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time. Table 3 lists the data and information sources used
to quantify ecological services.

Water conservation (WC)

Water conservation was calculated using the Intelligent
Urban Ecosystem Management System (IUEMS, https://
www.iuems.com/eco/index.html) model. This module
was mainly calculated by precipitation, evapotranspira-
tion, and runoff. The formula was as follows:

WC =P; —R;, — ET; (1)

where: WC was water conservation. P, R, and ET; were
annual precipitation (mm), runoff (mm), and evapotran-
spiration in each grid i, respectively.

Net primary productivity (NPP)

Using the Carnegie-Ames-Stanford approach model to
calculate net primary productivity, simulation results of
€nax Of typical vegetation types in China by Zhu et al.[39]
were referred to. NPP was calculated from NDVI, tem-
perature, precipitation, solar radiation, and land cover
data. The formula was as follows:

NPP(x,t) = APAR(x,t) X &(x,t) 2)

where: NPP, APAR (x, t), and &(x, t) were the net primary
productivity (gC m™2 yr~!), the photosynthetic effec-
tive radiation (MJm™2) absorbed by vegetation at grid x
in month t, and the actual light energy utilization rate,
respectively.

Soil conservation (SC)

Previous models may have overestimated rainfall ero-
sion in South China Karst, so we estimated soil retention
using the assessment method of Li et al. [40]. The assess-
ment results of this method have good effects in the karst
region. The formula was as follows:

SC=RxKxLSx(1—-CxP) (3)

where: SC, R, K, L, and S were soil conservation (tha™
yr~1), the rainfall erosivity factor (MJmmhr™ ha™!
yr~1), soil erodibility factor (thrhaha™ MJ™'mm™!), the
slope length, and slope factor, respectively. C and P were
the vegetation coverage factor and conservation measure
factor.

Soil nutrient index (SNI)

Mapping high-resolution National Soil Information
Grids of China by Liu et al. [34]. was used to establish the
soil nutrient index model. This module was mainly cal-
culated by soil organic carbon, total nitrogen, total phos-
phorus, and total potassium. The formula is as follows:
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Table 3 The data used for ecological service assessment
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Indicator Data source Resolution Related model

Land cover Annual China Land Cover Dataset, https://essd.coper 30 mx30m Soil conservation, Water conservation,
nicus.org/articles/13/3907/2021/ Net primary productivity, Mean species

abundance

Temperature China Meteorological Data Center, http://data.cma. 500 mx500 m Net primary productivity
cn/

Precipitation China Meteorological Data Center, http://datacma. 500 mx500 m Net primary productivity, Soil conservation,
cn/ Water conservation

Rainfall erosivity China Meteorological Data Center, http://data.cma. 500 mx500 m Soil conservation
cn/

Soil erodibility Calculated by HWSD v1.2, https://data.tpdc.ac.cn 1000 mx 1000 m  Soil conservation

Solar radiation WorldClim, CHELSA, https://www.worldclim.org/ 1000 mx 1000 m  Net primary productivity

NDVI MODIS Global NDVI and AVHRR NDVI, https://Ipdaac. 250 mx250 m Net primary productivity, Soil conservation,
usgs.gov/products/mod13q1v006 Maxent

DEM NASA SRTM Digital Elevation, https://cmrearthdata. 30 mx30 m Soil conservation, Maxent
nasa.gov/

Evapotranspiration Penman-Monteith-Leuning Evapotranspiration V2, 500 mx 500 m Water conservation
https://github.com/gee-hydro/gee_PML

Soil organic carbon Mapping high-resolution National Soil Information 1000 mx 1000 m  Soil nutrient index

Total nitrogen

Grids of China by Liu et al.[34]

Total phosphorus
Total potassium

Aboveground biomass carbon  Maps with 1km resolution reveal increases in above-

1000 mx 1000 m  Provision service index

and belowground forest biomass carbon pools
in China over the past 20 years by Chen et al. [38]

SNI = (Zsoc + Z1n + Z1p + Z71K) /4 (4)

where: SNI is the soil nutrient index. Zsy, Zrpp Z7p and
Z . were standardized soil organic carbon, standardized
total nitrogen, standardized total phosphorus, and stand-
ardized total potassium, respectively.

Mean species abundance (MSA)
Referring to the method of Schipper et al. [41], mean spe-
cies abundance was quantified.

Provision service index (PSl)

Maps with 1km resolution reveal increases in above and
belowground forest biomass carbon pools in China over
the past 20 years by Chen et al. [38] was used to estab-
lish the provision service index model. Above-ground
biomass is a supply service that can be characterized as
wood supply. The formula is as follows:

PSI = Zsca (5)

where: PSI was provisioning service index. Z,;; was
standardized above-ground biomass carbon (tC ha™?).

Regulation service index (RSI)

RSI = (Znpp + Zsc + Zwc)/ 3 (6)

where: RSI was the regulating service index. Zypp, Zse,
and Z,- were standardized net primary productivity,
standardized soil conservation, and standardized water
conservation, respectively.

Support service index (SSI)

SSI = (Zsni + Zmsa) [/ 2 (7)

where: SSI was supporting service index. Zg; and Z;;¢4
were standardized soil nutrient index and standardized
mean species abundance.

Ecological service supply capacity (ESSC)

Ecological service supply capacity was obtained by summing
the indicators of provision service, regulation service, and
support service and then calculating the mean value.

ESSC = (Zagp + Znpp + Zsc + Zwc + Zsni + Zysa)/6 (8)
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Statistical analysis

This study first used the Maxent model to quantify the
spatial distribution of R. roxburghii suitability worldwide
using geographical coordinates and bioclimatic variables
as input factors. Second, fine-scale prediction of R. rox-
burghii suitability was carried out in South China Karst
by combining climate, soil, topography, population, and
vegetation factors, and Jackknife quantified the contribu-
tion of these factors to R. roxburghii suitability. Third, the
suitability of R. roxburghii was graded using the thresh-
old-based quantile method in ArcGIS. Fourth, structural
surveys and location coordinates of the R. roxburghii
sample plots were conducted in highly suitable areas,
and quantified ecological service data of the R. roxburghii
sample plots were extracted through ArcGIS. Finally,
the data were similarly extracted from the adjacent non-
R. roxburghii and forest patches to the survey sites, and
Kruskal-Wallis and correlation analyses were used to
compare the differences in services and the trade-offs
between services.

Jackknife of regularized training gain for Rosa_roxburghii
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Results

Prediction of R. Roxburghii suitability

Bioclimatic data predicted the global suitability of R.
roxburghii and the results showed that the medium and
high-suitable distribution of R. roxburghii were mainly
concentrated in southern China Karst (Fig. 1a). The low
suitable areas were primarily concentrated in central and
western Europe (UK, France, Germany, Italy, Poland,
Czech Republic, Austria) and South America (Uruguay,
Argentina). This information indicated that South China
Karst is the most suitable area for the industrialization of
R. roxburghii. From a global perspective, the dominant
factors affecting the suitability of R. roxburghii were the
mean temperature of driest quarter (bio9), the min tem-
perature of coldest month (bio6), and the precipitation
of warmest quarter (biol8) (Fig. 3a). The study believes a
probability greater than 0.5 is the most favorable growth
range for species [42]. From the single factor response
curve, it can be seen that the optimal growth range of
R. roxburghii in the mean temperature of driest quarter
(bio9) is 3—11 °C (Fig. 3b), the optimal growth range of
the lowest temperature in the min temperature of cold-
est month (bio6) is — 4-4.5 °C (Fig. 3c), and the optimal

Response of Rosa_roxburghii to bio_9

(b

08

S
=

Q
o

o
=

cloglog output
(=]
o

-60  -50 -0 -30 20 -10 0 10 20 30 40 50
hio_9

Response of Rosa_roxburghii to bio_18

" @]

cloglog output
o o o o o
b W = o o
T T

o

o
o
T

0 500 1000 1500 2000
bio_18

Fig. 3 Driving factors and thresholds of R. roxburghii suitability at the global scale. a Driving factors of R. roxburghii suitability, b, ¢, d the responses

of bio9, bio6 and bio18 to R. roxburghii suitability, respectively



Min et al. Heritage Science (2024) 12:422

growth range of precipitation in the precipitation of
warmest quarter (bil8) is 400-950 mm (Fig. 3d).
Combining factors such as climate, soil, topography,
population, and vegetation, a detailed prediction of R.
roxburghii’s suitability in South China Karst was con-
ducted. The results showed that the no-suitable, low-
suitable, medium-suitable, and high-suitable areas
were 4.2x10° km?, 6.12%10°> km?, 4.64x 10° km?, and
4.42 x 10° km?, respectively. (Fig. 4a). Spatially, the high
suitability areas of R. roxburghii were mainly distrib-
uted in Guizhou, Chongqing, eastern Sichuan, and west
Yunnan; the medium suitability areas were primarily
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Fig. 4 Distribution of the suitable area of R. roxburghii. a Proportion
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Hubei, Hunan, Sichuan, Yunnan, and Chongging, respectively

Sensitivity (1 - Omission Rate)

Training data (AUC = 0.956) W
Test data (AUC =0.943) &
Random Predicition (AUC =0.5) m

L I I

0.0 0.1 02 03 0.4 05 06 07 08 0.9 1.0

1 - Specificity (Fractional Predicted Area)

Page 8 of 15

distributed in north Yunnan, the Sichuan Basin, and
south Sichuan; the low suitability areas were mainly dis-
tributed in Hubei, central Yunnan, north Sichuan, and
west and south Hunan; the rest were no suitable areas
(Fig. 4b). From the perspective of the administrative
regions, Guizhou has the most significant proportion of
medium and high-suitable areas, accounting for 99.73%
of the regional area. Chongqing accounted for 94.09%.
The data analysis reveals that Guizhou and Chong-
qing have great potential in developing R. roxburghii
industry. Yunnan, Sichuan, Hubei, Hunan, Guangxi,
and Guangdong accounted for 57.08%, 49.92%, 41.00%,
24.31%, 24.55%, and 2.24%, respectively (Fig. 4c). The
average temperature, precipitation, and diurnal tem-
perature difference of the median and high-suitable
area in South China Karst were 1.20-22.85 °C, 491—
2722 mm, and 4.95-14.55 °C, respectively, indicating
that the warm climate, sufficient rainfall, and moder-
ate daily temperature range provide suitable ecological
environments for the growth of R. roxburghii.

Variables influencing the suitability of R. Roxburghii

The area under the curve evaluated the prediction
results, which showed that AUC was more significant
than 0.943, indicating good prediction results (Fig. 5a).
Among the environmental factors, Jackknife analy-
sis results exhibited that population distribution, land
cover, Bio9 (average temperature in the driest season),
and DEM were the dominant variables affecting the
suitability of R. roxburghii (Fig. 5b). Combined with the
investigation of 43 survey sites in Guizhou (Table S1),
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Fig. 5 R.roxburghii suitability evaluation and influencing variables. a Evaluation simulation results. b Contribution rate to driving factors
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it was found that these sites were all monoculture, and
all were distributed in high-suitability areas. According
to the AUC evaluation results and field verification, our
prediction results aligned more with objective laws.

Ecological service characteristics of R. Roxburghii

Ecological service characteristics of R. roxburghii and
adjacent non-R. roxburghii and forest patches were
quantified to investigate R. roxburghii’s role in ecologi-
cal services. The results showed that in addition to soil
nutrient index (SNI), net primary productivity (NPP),
soil conservation (SC), water conservation (WC), mean
species abundance (MSA), and above-ground biomass
(AGB) of the adjacent non-R. roxburghii land was higher
than those of the monoculture. NPP, SC, WC, MSA, and
AGB of the adjacent non-R. roxburghii land was 3.69%,
10.84%, 2.33%, 2.41%, and 10.54% higher than mono-
culture R. roxburghii land, respectively (Figs. 6, 7). Fur-
thermore, we compared the adjacent forest patch with R.
roxburghii sites, and the results revealed that the former’s
NPP, SC, WC, SNI, MSA, and AGB were 16.86%, 45.15%,
2.21%,0.09%, 24.89%, and 73.69% higher than those of
the latter, respectively. These findings demonstrated that
adjacent non-R. roxburghii land and adjacent forests are
superior to R. roxburghii monocultures for ecosystem
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carbon sequestration, soil, and water loss, and biodiver-
sity enhancement. In conclusion, R. roxburghii monocul-
ture may not improve ecological services in ecologically
degraded areas but may exacerbate the deterioration.

The provision service index, regulation services index,
support services index, and ecological service supply
capacity after weighted average processing were sub-
jected to a one-way analysis of variance. The results dis-
played that adjacent non-R. roxburghii lands of these
four indexes were higher than those of the monoculture.
The former’s provision service index, regulation services
index, support services index, and ecological service
supply capacity were 10.84%, 6.22%, 6.30%, and 5.02%
higher than the latter, respectively. Moreover, the results
also exhibited that the provision service index, regula-
tion service index, support service index, and ecological
service supply capacity of adjacent forest patches were
higher than that of R. roxburghii sites by 83.34%, 16.49%,
7.52%, and 28.02%, respectively (Fig. 8a—d). This informa-
tion further corroborates the impact of the monoculture
model on ecological services.

Further, we evaluated the relationship of three indices
between the monoculture and the adjacent non-R. rox-
burghii land. The results manifested that although the
regulation service index and the support service index
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Fig. 6 Characteristics of ecological services in South China Karst
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showed positive correlations with the provision service
index in both land use, the synergy of adjacent non-R.
roxburghii lands were higher than the monoculture and
showed a significant relationship (p<0.05). In the sup-
port services and the regulation services index, although
there is a very significant negative correlation between
the indices of the two land use (p<0.01), the trade-off
relationship of the latter was significantly better than that
of the former (Fig. 9). These results indicated that the
monoculture of R. roxburghii not only failed to improve
ecological services but also significantly exacerbated the
trade-off relationship between services.

Discussion

Distribution and controlling variables of R. Roxburghii

This study divided the spatial pattern and determined the
driver of R. roxburghii suitability by establishing compre-
hensive and large-scale geographic information data of R.
roxburghii. Bioclimatic data were used on a global scale
to predict the probability of R. roxburghii suitability, and
the results showed that South China Karst is the most
suitable area for R. roxburghii in the world. Based on
Jackknie’s contribution analysis, the mean temperature of
the driest quarter, the minimum temperature of the cold-
est month, and the precipitation of the warmest quarter
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were the dominant variables controlling the suitability
of R. roxburghii at the macro-scale. The combination of
climate, population, vegetation, and soil data further pre-
dicted suitable areas in South China Karst, indicating
that population distribution, land cover, mean tempera-
ture of the driest quarter, and DEM were the dominant
variables controlling the suitability at the local scale.
From the perspective of natural factors, the combination
of temperature and precipitation played a decisive role in
the suitability of R. roxburghii. The climate characteristics
of the same period of rain and heat from June to August
(precipitation accounts for 48.05% of the whole year, and
the average daily temperature is 22.52°C) are the congen-
ital conditions for the growth of R. roxburghii in South
China Karst. From the human perspective, population
distribution was a dominant variable for R. roxburghii
suitability at the local scale. Moreover, the two are spa-
tially coupled, which suggests that R. roxburghii is largely
anthropogenically cultivated in South China Karst.

The government’s confidence in curbing land degrada-
tion and farmers’ determination to escape from poverty
drove the large-scale promotion and cultivation of R.
roxburghii [15], both of which contributed to its wide dis-
tribution. Overlaying carbonate rocks with R. roxburghii
suitable areas, 66.47% of carbonate rocks in South China
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Fig. 10 Suitability area of Rosa roxburghii and distribution
of carbonate rocks

Karst were distributed in medium and high-suitable
areas (Fig. 10). This phenomenon is explained by the fact
that R. roxburghii does not require high soil quality and
has the potential to be exploited for its unique value [14],
which determines that it is well suited to be grown in car-
bonate rock areas. In contribution rate analysis, popula-
tion distribution was the dominant variable affecting the
suitability of R. roxburghii (Fig. 5b). This information can
help us corroborate that it was not surprising that R. rox-
burghii was widely distributed in degraded or vulnerable
areas because the government and farmers had a consist-
ent demand. We also validated the predicted results by 43
survey sites, demonstrating that all presented monocul-
ture models had good growth conditions (Fig. 1). In con-
clusion, our prediction of the suitability of R. roxburghii
was consistent with the objective law.

The relationship between R. roxburghii and ecological
services

Within the high suitability area quantified by the Max-
ent model, we randomly surveyed 43 R. roxburghii sites,
which showed a monoculture model. In fact, the agrofor-
estry model was the most effective practice of ecologi-
cal management through biological measures [43]. For
example, an agroforestry model of R. roxburghii + Juglans
regia+herbage was used for ecological restoration in the
karst desertification control area of Bijie, China. Com-
pared with the monoculture model, the study effectively
mitigated the trade-off of ecological services through
agroforestry [15]. However, the existing R. roxburghii
planting structure is far from the planting structure that
can improve ecological degradation, which may be closely
related to the ecological compensation policy and farm-
ers’ needs. At present, China’s ecological compensation
policy is mainly divided into two categories. One cate-
gory compensates farmers according to the area of Grain
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for Green, and the other gives subsidy payments based
on the number of plants [33]. Anyway, almost all of these
ecological subsidies occurred at the initial stage of land
conversion, insufficient to compensate for the loss of land
conversion [29]. Additionally, the agroforestry model was
considered to have good synergy between ecology and
economy, but this model required higher maintenance
costs. The premise of symbiosis among plants was that
they need to occupy ecological niches with differences,
so pruning, shaping, controlling planting density, and
fertilizing required more effort than monoculture. Most
importantly, farmers’ ultimate aim in developing forest
industries is to have higher returns [28], coupled with the
environmental conditions in highly suitable areas that
contribute to the widespread cultivation of R. roxburghii.
Driven by these conditions and background, the initial
agroforestry model was transformed into the current
monoculture.

By comparing with adjacent patches of non-R. rox-
burghii and adjacent forest patches, R. roxburghii mono-
culture failed to improve ecological services in degraded
or vulnerable areas, exacerbating the trade-off between
services. Ecosystem multifunctionality tends to have pos-
itive feedback with the abundance of species occupying
different ecological niches [44], demonstrating that mon-
oculture models deteriorated ecological services. Studies
have shown that increased land use intensity can cause
a reduction in the ecological niche differentiation of spe-
cies in communities, leading to significant degradation
of soil and water conservation [45, 46]. Our study also
showed that carbon sequestration, soil and water con-
servation, and biodiversity of R. roxburghii monoculture
were significantly lower than those of adjacent non-R.
roxburghii land and adjacent forest patches (Fig. 7), con-
sistent with previous findings. However, the soil nutrient
of the monoculture was slightly higher than that of the
adjacent non-R. roxburghii land, which may be related
to the fact that plant communities with higher species
abundance would absorb more soil nutrients. Although
R. roxburghii monoculture can harvest, in general, more
fruit yield and increase economic returns at this stage,
long-term cultivation would exacerbate land productivity
degradation. Eventually, farmers will gradually abandon
planting due to the high input and low return caused by
degraded land [47].

This study results may be supplementary to the exist-
ing understanding of the forest industry. We found that
reduced agricultural incomes and inadequate ecological
compensation drive farmers to shift from agroforestry
(ecological-economic type) to monoculture (economic
type), which led to a deterioration of ecological services
and increased trade-offs between services. Initially, the
widespread promotion and cultivation of R. roxburghii
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were driven by both government and farmers. On the
one hand, the government initially intended to curb eco-
logical degradation and help achieve sustainable develop-
ment through Grain for Green [48]. On the other hand,
farmers were willing to plant R. roxburghii because of
its good suitability and higher economic value than food
crops. However, declining agricultural returns and insuf-
ficient ecological compensation drove farmers to choose
the monoculture model after reforestation. In the short
term, monoculture can make up and enhance the eco-
nomic return, but long-term planting will deteriorate the
ecological services in the degraded ecoregion. Our study
emphasized that the development of the forest industry
in degraded ecoregions needs to focus on the planting
structure. Otherwise, large-scale monoculture may not
necessarily achieve a win—-win situation. The effective-
ness of agroforestry management has been widely veri-
fied in land resource-scarce and degraded ecoregions
[43]. Therefore, the agroforestry model should be the
focus of the next stage of forest industry development in
karst desertification areas.

Limitations

In this study, information on the coordinates of R. rox-
burghii was collected through the GBIF website, pub-
lished papers, and field surveys, but there may still be a
slight bias in the prediction results because of insufficient
sample sites. However, we verified the results using 43
sample sites in Guizhou and explained why the medium—
high suitable area of R. roxburghii was heavily distributed
in the carbonate region. Moreover, the ecological service
data quantified in this study is for 2020 because we can-
not determine whether the coordinates of R. roxburghii
obtained indirectly (GBIF website and published papers)
currently exist. We can be sure that 43 survey sites were
planted with R. roxburghii before 2020, so these sites can
be used to explore the relationship between R. roxburghii
and ecological services.

The landscape in South China Karst is fragmented,
and comparing ecological services of different land
use types using raster data may affect the stability of
the results. The farmland landscape was severely frag-
mented due to the extensive development of karst-sol-
uble rocks and the uplifting effect of crustal movement.
In this study, the spatial scale of ecological service data
was 500 m because of the limitation of some underlying
data resolution, for example, soil erosivity, evapotran-
spiration, and runoff. In fact, it was difficult to exceed
this resolution for the area of R. roxburghii planting,
and some other landscape types were inevitably mixed
in the pixels. Ultimately, the impact of R. roxburghii
monoculture on the deterioration of ecological ser-
vices may be underestimated. In addition, the spatial
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resolution of soil bulk density, coarse fragments, soil
thickness, and bioclimatic variables was 1000 x 1000 m,
which may also affect the accuracy of the results. Nev-
ertheless, our study still presented a more reasonable
result.

Conclusion

In this study, R. roxburghii, the ecological restoration
species, was used to explore the pattern and driver of
its suitability and its effect on ecological services. The
study found that South China Karst is the most suitable
area in the world for developing R. roxburghii industry,
and the population distribution is the dominant vari-
able controlling the distribution of R. roxburghii locally.
The survey found that local farmers’ pursuit of economic
benefits drove them to form a monoculture model of R.
roxburghii. Short-term R. roxburghii monoculture had
higher economic benefits, but long-term monoculture
led to the degradation of ecological services and reduced
fruit yields. If monoculture continues, both the ecologi-
cal environment and economic benefits will eventually be
damaged. In the future, desertification control still needs
to follow the path of agroforestry development and pro-
vide ecological compensation according to the ecological
service supply capacity.
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RSI Regulation service index

SSI Support service index

ESSC  Ecological service supply capacity

Digital elevation model

BD Bulk density

CF Coarse fragment

ST Soil thickness

POP  Population

Normalized difference vegetation index
LC Land cover

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540494-024-01521-w.

Supplementary material 1. The Supplementary Material for this article
can be found online at: Table ST Rosa roxburghii geographic information
of sampling localities. Table S2 Bioclimatic variables in Worldclim. Fig.

S1 Schematic diagram of the selection of adjacent patches of non-Rosa
roxburghii. Fig. S2 Schematic diagram of the selection of adjacent forest
patch.



https://doi.org/10.1186/s40494-024-01521-w
https://doi.org/10.1186/s40494-024-01521-w

Min et al. Heritage Science (2024) 12:422

Acknowledgements

We are grateful to the reviewers who provided comments and suggestions
on our manuscript and to the editors who handled the work related to this
manuscript.

Author contributions

XM, SZ, KX, and QY: conceptualization, methodology, writing-review and edit-
ing, validation, project administration and supervision; XM and SZ: software,
formal analysis, data curation, writing-original draft preparation and visualiza-
tion; XM, SZ and LW: validation, investigation and resources; QY: funding
acquisition. All authors have read and agreed to the published version of the
manuscript.

Funding

This research was funded by the Guizhou Province Science and Technology
Program Project Topic: Research on the active ingredients and mechanism of
action of Guizhou Rosa roxburghii Tratt against metabolic syndrome (QKHJC-
ZK [2024] Key 056), the State Key Laboratory of Functions and Applications of
Medicinal Plants, Guizhou Medical University (No.FAMP201705K), the Key Sci-
ence and Technology Program of Guizhou Province (No.5411 2017 QKHPTRQ),
and the Project of Chinese Government-UNESCO World Heritage Program
(N0.20140820 HJYB).

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 24 May 2024 Accepted: 7 November 2024
Published online: 05 December 2024

References

1. Costanza R, D'arge R, De GR, Farber S, Grasso M, Hannon B, Limburg K,
Naeem S, O'neill RV, Paruelo J. The value of the worlds ecosystem services
and natural capital. Nature. 1997,387(6630):253-60. https://doi.org/10.
1038/387253a0.

2. Millennium ecosystem assessment. Ecosystems and human well-being.
Washington: Island press; 2005.

3. Wood SL, Jones SK, Johnson JA, Brauman KA, Chaplin-Kramer R, Fremier
A, Girvetz E, Gordon LJ, Kappel CV, Mandle L. Distilling the role of
ecosystem services in the sustainable development goals. Ecosyst Serv.
2018,;29:70-82. https://doi.org/10.1016/j.ecoser.2017.10.010.

4. Xiong KN, Zhu DY, Peng T, Yu LF, Xue JH, Li P. Study on ecological industry
technology and demonstration for karst rocky desertification control of
the Karst Plateau-Gorge. Acta Ecol Sin. 2016;36(22):7109-13. https://doi.
0rg/10.5846/5txb201610172104(inChinese).

5. Wang MH, Lin X, Xu YJ, Xu BJ. The fate of phenolic acids, flavonoids,
vitamin C, antioxidant capacities of Cili (Rosa roxburghii) fruits upon pro-
cessing and sensory properties of the processed products. Food Biosci.
2023;53:102729. https://doi.org/10.1016/j.fbi0.2023.102729.

6. LeiW, Pan Z Jie C, Chao Lj, Tian Yingpeng Xu, Fei. Prebiotic properties
of the polysaccharide from Rosa roxburghii Tratt fruit and its protective
effects in high-fat diet-induced intestinal barrier dysfunction: a fecal
microbiota transplantation study. Food Res Int. 2023;164: 112400. https://
doi.org/10.1016/j.foodres.2022.112400.

7. Yang SG, Shi ZH, Jiang Y. Study on the processing technology and stabil-
ity of Rose roxburghii Tratt. Food Res Dev. 2010;31(3):119-22.

8. Yang SG. Production technology of health vinegar for Rosa roxburghii
Tratt China Brew. 2009; (5): 172-174

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 14 of 15

Liu MH, Zhang Q, Zhang YH, Lu XY, Fu WM, He JY. Chemical analysis of
dietary constituents in Rosa roxburghii and Rosa sterilis fruits. Molecules.
2016;21(9):1204. https://doi.org/10.3390/molecules21091204.

. Xu JW, Vidyarthi SK, Bai WB, Pan ZL. Nutritional constituents, health ben-

efits and processing of Rosa Roxburghii: a review. J Funct Foods. 2019;60:
103456. https://doi.org/10.1016/}jff2019.103456.

. QiQY, Zhang D, Farha AK, Yang X, Li HB, Kong KW, Zhang JR, Chan CL, Lu

WY, Corke H. Phytochemicals, essential oils, and bioactivities of an under-
utilized wild fruit Cili (Rosa roxburghii). Ind Crop Prod. 2020;143:111928.
https://doi.org/10.1016/j.indcrop.2019.111928.

. Yuan M, Tan SM, Ren TY, Xu Q, Tan YY, Chen Z, Tao Y, Pu X. Alleviating

effects of Rosa roxburghiTratt polysaccharides and flavonoids on mice
with ulcerative colitis. Food Fermentation Ind. 2022;48(24):172-80.
https://doi.org/10.13995/j.cnki.11-1802/ts.033349.

. LiXR, Wang XY, Yan K, Weng GY, Zhu M. Effect of Rosa roxburghii fruit on

blood lipid levels: a systematic review based on human and animal stud-
ies. Int J Food Prop. 2022;25(1):549-59. https://doi.org/10.1080/10942912.
2022.2053710.

. Wang LT, Lv MJ, An JY, Fan XH, Dong MZ, Zhang SD, Wang JD, Wang

YQ, Cai ZH, Fu YJ. Botanical characteristics, phytochemistry and related
biological activities of Rosa roxburghii Tratt fruit, and its potential use in
functional foods: a review. Food Funct. 2021;12(4):1432-51. https://doi.
0rg/10.1039/DOFO02603D.

. Zhang SH, Xiong KN, Deng XH, Kong LWW, Min XY. Impact of ecological

restoration on ecosystem service trade-offs: insight from karst desertifica-
tion control. Land Degrad Dev. 2023;34(9):2693-706. https://doi.org/10.
1002/1dr.4643.

. Zhang HZ, Zhang WE, Fan WG, Ouyang ZW, Cai H, Hao ZK, Wang RP, Pan

XJ. Effects of walnut/Rosa roxburghii compound planting on growth,
fruit yield, quality of Rosa roxburghi and soil properties. Chin J Appl Ecol.
2023;34(3):699-707. https://doi.org/10.13287/}.1001-9332.202303.013.

. Yang MD. On the fragility of karst environment. Yunnan Geogr Environ

Res. 1990;2(1):21-9.

. Wang KL, Zhang CH, Chen HS, Yue YM, Zhang W, Zhang MY, Qi XK, Fu ZY.

Karst landscapes of China: patterns, ecosystem processes and services.
Landscape Ecol. 2019. https://doi.org/10.1007/510980-019-00912-w.

. Xiong KN, Li J, Long MZ. Features of soil and water loss and key issues

in demonstration areas for combating karst rocky desertification. Acta
Geogr Sin. 2012;67:878-88.

Han ZQ. On the relationship between Maize cutivation and the develop-
ment of karst desertfication in Guizhou from the Mid-Qing to the Repub-
lic (1736-1949). Fudan J (Social Sci Ed). 2015;57(4):91-9.

Zhang SH, Xiong KN, Min XY, Zhang S. Demographic shrinkage promotes
ecosystem services supply capacity in the karst desertification control. Sci
Total Environ. 2024;917: 170427. https://doi.org/10.1016/j.scitotenv.2024.
170427.

Zhu DY, Yang Q, Zhao YS, Cao Z, Han YR, Li RH, Ni J, Wu ZG. Afforestation
influences soil aggregate stability by regulating aggregate transforma-
tion in Karst Rocky desertification areas. Forests. 2023;14(7):1356. https://
doi.org/10.3390/f14071356.

Luo D, Xiong KN, Wu CX, Gu X, Wang ZH. Soil moisture and nutrient
changes of agroforestry in Karst Plateau Mountain: a monitoring exam-
ple. Agronomy-basel. 2022;13(1):94. https://doi.org/10.3390/agronomy 13
010094.

Guo QQ. Research on circulation mechanism and model of Rosa rox-
burghii products in karst desertification control Master, Guizhou Normal
University, 2022. https://doi.org/10.27048/d.cnki.ggzsu.2022.000718
Zheng T, Sun JQ, Shi XJ, Liu DL, Sun BY, Deng YJ, Zhang DL, Liu SM. Evalu-
ation of climate factors affecting the quality of red huajiao (Zanthoxylum
bungeanum maxim) based on UPLC-MS/MS and MaxEnt model. Food
Chem X. 2022;16: 100522. https://doi.org/10.1016/}.fochx.2022.100522.
Huang ZD, Bai Y, Alatalo JM, Yang ZQ. Mapping biodiversity conservation
priorities for protected areas: a case study in Xishuangbanna tropical area.
China Biol Conserv. 2020;249: 108741. https://doi.org/10.1016/j.biocon.
2020.108741.

Zhou HT, Na XD, Li L, Ning XL, Bai YR, Wu XD, Zang SY. Suitability evalu-
ation of the rural settlements in a farming-pastoral ecotone area based
on machine learning maximum entropy. Ecol Indic. 2023;154: 110794.
https://doi.org/10.1016/j.ecolind.2023.110794.

Braun AC. Encroached by pine and eucalyptus? A grounded theory on
an environmental conflict between forest industry and smallholder


https://doi.org/10.1038/387253a0
https://doi.org/10.1038/387253a0
https://doi.org/10.1016/j.ecoser.2017.10.010
https://doi.org/10.5846/stxb201610172104(inChinese)
https://doi.org/10.5846/stxb201610172104(inChinese)
https://doi.org/10.1016/j.fbio.2023.102729
https://doi.org/10.1016/j.foodres.2022.112400
https://doi.org/10.1016/j.foodres.2022.112400
https://doi.org/10.3390/molecules21091204
https://doi.org/10.1016/j.jff.2019.103456
https://doi.org/10.1016/j.indcrop.2019.111928
https://doi.org/10.13995/j.cnki.11-1802/ts.033349
https://doi.org/10.1080/10942912.2022.2053710
https://doi.org/10.1080/10942912.2022.2053710
https://doi.org/10.1039/D0FO02603D
https://doi.org/10.1039/D0FO02603D
https://doi.org/10.1002/ldr.4643
https://doi.org/10.1002/ldr.4643
https://doi.org/10.13287/j.1001-9332.202303.013
https://doi.org/10.1007/s10980-019-00912-w
https://doi.org/10.1016/j.scitotenv.2024.170427
https://doi.org/10.1016/j.scitotenv.2024.170427
https://doi.org/10.3390/f14071356
https://doi.org/10.3390/f14071356
https://doi.org/10.3390/agronomy13010094
https://doi.org/10.3390/agronomy13010094
https://doi.org/10.27048/d.cnki.ggzsu.2022.000718
https://doi.org/10.1016/j.fochx.2022.100522
https://doi.org/10.1016/j.biocon.2020.108741
https://doi.org/10.1016/j.biocon.2020.108741
https://doi.org/10.1016/j.ecolind.2023.110794

Min et al. Heritage Science

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

(2024) 12:422

livelihoods in Chile. J Rural Stud. 2021;82:107-20. https://doi.org/10.

1016/} jrurstud.2021.01.029.

Wu ZL, Dai XH, Li B, Hou Y. Livelihood consequences of the Grain for
green programme across regional and household scales: a case study in
the Loess Plateau. Land Use Policy. 2021;111: 105746. https://doi.org/10.
1016/jlandusepol.2021.105746.

Cheng F, Lu HF, Ren H, Zhou L, Zhang LH, Li J, Lu XJ, Huang DW, Zhao

D. Integrated emergy and economic evaluation of three typical rocky
desertification control modes in karst areas of Guizhou Province. China J
Cleaner Prod. 2017;161:1104-28. https://doi.org/10.1016/j,jclepro.2017.05.
065.

Tong XW, Brandt M, Yue YM, Ciais P, Rudbeck JM, Penuelas J, Wigneron

JP, Xiao XM, Song XP, Horion S. Forest management in southern China
generates short term extensive carbon sequestration. Nat commun.
2020;11(1):129. https://doi.org/10.1038/541467-019-13798-8.

ChenY, Cheng C, Xiong KN, Rong L, Zhang SH. Quantifying the biodiver-
sity and ecosystem service outcomes of karst ecological restoration: a
meta-analysis of South China Karst. CATENA. 2024;245: 108278. https://
doi.org/10.1016/j.catena.2024.108278.

Yue YM, Liao CJ, Tong XW, Wu ZB, Fensholt R, Prishchepov A, Jepsen MR,
Wang KL, Brandt M. Large scale reforestation of farmlands on sloping hills
in South China karst. Landscape Ecol. 2020;35(6):1445-58. https://doi.org/
10.1007/510980-020-01026-4.

Liu Feng Wu, Huayong ZY, Decheng Li, Jin-Ling Y, Xiaodong S, Zhou S.
Mapping high resolution national soil information grids of China. Sci Bull.
2022;67(3):328-40. https://doi.org/10.1016/j.5¢ib.2021.10.013.

Durlevi¢ U, Valjarevi¢ A, Novkovic |, Vujovi¢ F, Josifov N, Krusic J, Komac

B, Djekic¢ T, Singh SK, Jovi¢ G. Universal snow avalanche modeling index
based on SAFI-flow-R approach in poorly-gauged Regions. ISPRS Int J
Geo-Inf. 2024;13(9):315. https://doi.org/10.3390/ijgi13090315.

Valjarevi¢ A, Morar C, Zivkovi¢ J, Niemets L, Kicovi¢ D, Golijanin J, Goci¢ M,
Bursa¢ NM, Stricevi¢ L, Ziberna |. Long term monitoring and connection
between topography and cloud cover distribution in Serbia. Atmos-
phere-basel. 2021;12(8):964. https://doi.org/10.3390/atmos12080964.
Vujovi¢ F, Culafi¢ G, Valjarevi¢ A, Brdanin E, Durlevi¢ U. Comparative geo-
morphometric analysis of drainage basin using AW3D30 model in ArcGIS
and QGIS environment: case study of the Ibar River Drainage Basin.
Montenegro Agric For/Poljoprivreda i Sumarstv. 2024;70(1):217-30.

Chen YZ, Feng XM, Fu BJ, Ma HZ, Zohner CM, Crowther TW, Huang YY,
Wu XT, Wei FL. Maps with 1 km resolution reveal increases in above-and
belowground forest biomass carbon pools in China over the past 20
years. Earth Syst Sci Data. 2023;15(2):897-910. https://doi.org/10.5194/
essd-15-897-2023.

ZhuWQ, Pan YZ, He H, Yu DY, Hu HB. Simulation of maximum light use
efficiency for some typical vegetation types in China. Chin Sci Bull.
2006;51:457-63. https://doi.org/10.1007/511434-006-0457-1.

Li JL, He HB, Zeng QH, Chen LD, Sun RH. A Chinese soil conservation
dataset preventing soil water erosion from 1992 to 2019. Sci Data.
2023;10(1):319.

Schipper AM, Hilbers JP, Meijer JR, Antao LH, Benitez-Lopez A, De Jonge
MM, Leemans LH, Scheper E, Alkemade R, Doelman JC. Projecting
terrestrial biodiversity intactness with GLOBIO 4. Global Change Biol.
2020;26(2):760-71. https://doi.org/10.1111/gch.14848.

Wang XF, Duan YX, Jin LL, Wang CY, Peng MC, Li Y, Wang XH, Ma YF.
Prediction of historical, present and future distribution of Quercus sect
heterobalanus based on the optimized MaxEnt model in China. Acta Ecol
Sin. 2023;43(16):6590-604.

Xiao J, Xiong KN. A review of agroforestry ecosystem services and its
enlightenment on the ecosystem improvement of rocky desertification
control. Sci Total Environ. 2022. https://doi.org/10.1016/j.scitotenv.2022.
158538.

Cadotte MW, Livingstone SW, Yasui SLE, Dinnage R, Li JT, Marushia R, San-
tangelo J, Shu WS. Explaining ecosystem multifunction with evolutionary
models. Ecology. 2017;98(12):3175-87. https://doi.org/10.1002/ecy.2045.
Wen Z, Zheng H, Zhao H, Ouyang ZY.The mediatory roles of species
diversity and tree height diversity: linking the impact of land-use inten-
sity to soil erosion. Land Degrad Dev. 2021;32(3):1127-34. https://doi.org/
10.1002/1dr.3646.

Wen Z, Zheng H, Smith JR, Zhao H, Liu L, Ouyang ZY. Functional diversity
overrides community-weighted mean traits in linking land-use intensity

47.

48.

Page 15 of 15

to hydrological ecosystem services. Sci Total Environ. 2019;682:583-90.
https://doi.org/10.1016/j.scitotenv.2019.05.160.

Liu Y. Household livelihood choices under the different eco-environment
in the karst area: a case study of Anshun City, southwest of China. Environ
Res. 2021;197: 111171, https://doi.org/10.1016/j.envres.2021.111171.
Bryan BA, Gao L, Ye YQ, Sun XF, Connor JD, Crossman ND, Stafford-Smith
M, Wu JG, He CY, Yu DY. China’s response to a national land-system sus-
tainability emergency. Nature. 2018;559(7713):193-204. https://doi.org/
10.1038/541586-018-0280-2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1016/j.jrurstud.2021.01.029
https://doi.org/10.1016/j.jrurstud.2021.01.029
https://doi.org/10.1016/j.landusepol.2021.105746
https://doi.org/10.1016/j.landusepol.2021.105746
https://doi.org/10.1016/j.jclepro.2017.05.065
https://doi.org/10.1016/j.jclepro.2017.05.065
https://doi.org/10.1038/s41467-019-13798-8
https://doi.org/10.1016/j.catena.2024.108278
https://doi.org/10.1016/j.catena.2024.108278
https://doi.org/10.1007/s10980-020-01026-4
https://doi.org/10.1007/s10980-020-01026-4
https://doi.org/10.1016/j.scib.2021.10.013
https://doi.org/10.3390/ijgi13090315
https://doi.org/10.3390/atmos12080964
https://doi.org/10.5194/essd-15-897-2023
https://doi.org/10.5194/essd-15-897-2023
https://doi.org/10.1007/s11434-006-0457-1
https://doi.org/10.1111/gcb.14848
https://doi.org/10.1016/j.scitotenv.2022.158538
https://doi.org/10.1016/j.scitotenv.2022.158538
https://doi.org/10.1002/ecy.2045
https://doi.org/10.1002/ldr.3646
https://doi.org/10.1002/ldr.3646
https://doi.org/10.1016/j.scitotenv.2019.05.160
https://doi.org/10.1016/j.envres.2021.111171
https://doi.org/10.1038/s41586-018-0280-2
https://doi.org/10.1038/s41586-018-0280-2

	Pattern and driver of Rosa roxburghii Tratt suitability and its effect on ecological services in karst desertification control areas
	Abstract 
	Introduction
	Materials and methods
	Study area
	Prediction of R. roxburghii distribution
	Maxent settings
	Suitable areas division

	Ecological service assessment
	Water conservation (WC)
	Net primary productivity (NPP)
	Soil conservation (SC)
	Soil nutrient index (SNI)
	Mean species abundance (MSA)
	Provision service index (PSI)
	Regulation service index (RSI)
	Support service index (SSI)
	Ecological service supply capacity (ESSC)

	Statistical analysis

	Results
	Prediction of R. Roxburghii suitability
	Variables influencing the suitability of R. Roxburghii
	Ecological service characteristics of R. Roxburghii

	Discussion
	Distribution and controlling variables of R. Roxburghii
	The relationship between R. roxburghii and ecological services
	Limitations

	Conclusion
	Acknowledgements
	References


