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Abstract

The karst area is a typical ecologically fragile and soil erosion area. The agroforestry derived from soil and water
conservation plays an important role in its ecological restoration and sustainable development.However, research
on the value realization mechanisms and paths for agroforestry ecological products in karst soil and water
conservation remains limited. In this study, three typical karst demonstration areas of Bijie Salaxi, Guanling-
Zhenfeng Huajiang and Qingzhen Hongfenghu were taken as examples to create an ecological product
classification system.Employing methods such as ecological product value accounting and spatial analysis. It
evaluates the GEP across these regions and conversion rate, revealing the realization mechanisms and paths under
a multi-stakeholder approach.Results indicate: The Salaxi study area recorded total GEP of 679.1433 million yuan,
with a total value conversion rate of 15.12%. Huajiang GEP was 403.7665 million yuan, with a total value
conversion rate of 13.65%. Hongfenghu GEP: 495.8981 million yuan, total value conversion rate is 19.12%. All
three study areas exhibited the highest value in regulating services and the lowest in cultural services. Moreover,
the conversion rates of total ecological product value across the three study areas primarily showed the highest
conversion for material products, while conversion rates for regulating and cultural services remained relatively
low. Current value realization still relies predominantly on traditional agricultural products, with the market
potential of regulating and cultural services yet to be fully tapped. This study not only enriches the theoretical
framework for value realization mechanisms and pathways of ecological products in soil and water conservation
but also provides scientific reference for implementing the “Two Mountains” theory in ecological protection and
sustainable development within karst soil and water conservation areas.

Keywords: karst soil and water conservation, agroforestry, ecological product, value realization, mechanisms and
paths

1. Introduction

China first introduced the concept of “ecological product” in the 2010 National Key Functional Zones Planning.
Ecological product serve as the core elements for safeguarding ecological security and ensuring the stable
functioning of ecosystems (Feng et al., 2022). They are not only vital resources for human survival and sustainable
development but also play a significant role in enhancing overall human well-being (Du et al., 2024). Converting
ecological product into economic value sources helps alleviate tensions between environmental protection and
economic growth (Wang et al., 2023). The ecological product value realization refers to the process of transforming
the inherent value of ecological product into economic, social, and ecological benefits (Sun et al., 2025). Academic
circles currently categorize ecological product into three major types: material products, regulating services, and
cultural services. In recent years, scholars have conducted in-depth explorations in this field. Temesgen et al. (2018)
employed a combination of geospatial technology and natural capital economic valuation to calculate the value of
agroforestry ecological product. Zhang and Xu (2024) designed a benefit evaluation framework to assess the
ecological product costs, economic benefits, and ecological benefits of ecological restoration projects. Wang et al.
(2022) calculated the value and conversion efficiency of forest ecological product, proposing optimization
measures. While these findings provide important references for realizing the value of agroforestry ecological
product, they have not deeply explored the mechanisms and paths for value realization. At the soil and water
conservation level, the issuance of the“Opinions on Establishing and Improving the Value Realization Mechanism
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for Ecological Product in Ecologically Clean Small Watersheds”(MWRPRC, 2024) explicitly integrates soil and
water conservation functions with ecological product. This provides robust policy support for researching value
realization mechanisms for agroforestry ecological product in soil and water conservation. Nevertheless, the paths
for achieving this remain to be explored. Current obstacles persist in the transaction and monetization of ecological
product value. Addressing these challenges requires breakthroughs in both institutional mechanisms and practical
implementation paths.

Ecological product, serving as a bridge between natural capital and human well-being, hold particular strategic
value in ecologically fragile areas like karst regions (Zhang et al., 2023). However, frameworks for ecological
product value realization face practical challenges in karst areas (Zhang et al., 2022). Karst mountainous regions
feature complex topography, fragmented landscapes, and diverse habitats. Their unique geological conditions and
intricate ecosystems make them crucial for regional ecological conservation and development. Yet environmental
degradation poses significant challenges. Irrational human activities have led to karst ecosystem degradation and
accelerated soil erosion, rendering the ecological environment increasingly fragile (Xiong et al., 2002). Against
this backdrop, soil and water conservation projects have become critical measures for protecting the ecological
environment and promoting development in karst regions (Yuan et al., 2021). In mountainous areas, integrated
management through soil and water conservation projects, biological measures, and agronomic practices has given
rise to a unique integrated system: soil and water conservation agroforestry. This system organically combines
multiple ecosystems, including forests, grasslands, and farmlands. Simultaneously, agroforestry systems leverage
their ecological advantages and economic potential (Xiong et al., 2022) to become a vital pillar for advancing
ecological restoration and economic growth in karst regions. These systems produce diverse ecological goods,
occupying a significant position within the ecosystem, and their transactional conversion represents a key path for
realizing the value of ecological products (Wu et al., 2024).

Agroforestry as a derivative system of karst soil and water conservation, play a crucial role in maintaining the
local ecological environment. They enhance vegetation coverage (Martin et al., 2020), reduce soil erosion, improve
soil quality (Panwar et al., 2018), and provide diverse agroforestry products to boost income and promote
development (Yang et al., 2023). Simultaneously, it safeguards biodiversity and regulates environmental climate
(Moreno et al., 2018). Its ecological product deliver combined ecological, economic, and social benefits. However,
despite the significant ecological and economic advantages of agroforestry in karst regions, realizing the value of
its ecological product faces numerous obstacles (Xiao and Xiong, 2022). On one hand, the fragile karst ecosystem
complicates ecological value assessment (Chang et al., 2024), making accurate calculation of agroforestry
ecological product value challenging. On the other hand, inadequate market mechanisms hinder ecological product
market transactions (Li et al., 2024), impeding effective economic value conversion. Existing research
predominantly focuses on the supply and structural optimization of agroforestry systems (Jiang et al., 2022), while
value realization studies often concentrate on value calculation (Xu et al., 2023) or provincial-level macro-scale
ecological product value realization (Zhu et al., 2024). There remains insufficient attention to more detailed value
realization mechanisms and pathways for agroforestry ecological product in soil and water conservation.
Therefore, this study aims to investigate the value accounting and value realization mechanisms and paths of
agroforestry ecological product derived from karst soil and water conservation, thereby promoting the
transformation of ecological advantages into economic advantages.

This study evaluates the ecological product value of karst soil and water conservation agroforestry systems using
ecological product valuation methods. It systematically analyzes the value composition, realization mechanisms,
and paths of ecological product from these agroforestry systems. Recommendations are proposed to improve the
mechanisms and paths for realizing ecological product value. This research not only provides a basis for value
realization of agroforestry ecological product derived from karst soil and water conservation , but also promotes
the deep integration of soil and water conservation projects with ecological conservation. It aims to facilitate the
continuous improvement of the ecological environment and sustainable economic development in karst soil and
water conservation areas.

2. Study Area and Methods
2.1 Study Area

(1)The Salaxi Karst Plateau Mountain Research Area in Bijie (“Salaxi Research Area”) is located in Bijie City,
Guizhou Province (105°01'00”-105°08'09"E, 27°11'30"-27°18'30"N). The study area covers 86.27 km?, with karst
landforms accounting for 73.94% of the total area. The average elevation is 1,878 m, the annual mean temperature
is 12.8°C, and the annual average precipitation is 984.4 mm.
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Figure 1. Salaxi Study Area Map

(2) Guanling-Zhenfeng Huajiang Karst Plateau Canyon Research Area (“Huajiang Research Area”): Located in
southwestern Guizhou Province (105°36'00”-105°42'00"E, 25°36'00"-25°42'00"N). The area spans 51.62 km?,
with karst landforms covering 87.92% of the territory. The average elevation is 947 m, the annual mean
temperature is 18.4°C, and the annual average precipitation is 1100 mm.
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Figure 2. Huajiang Study Area Map

(3) Qingzhen Hongfenghu Karst Plateau Basin Study Area (“Qingzhen Study Area”): Located in the southwest of
Qingzhen City (106°18'00"E-106°25'00"E, 26°29'30"N-26°33'00"N). The study area covers 60.44 km?, with
karst landforms accounting for 94.59% of the total area. The average elevation is 1300m, the annual mean
temperature is 15.5°C, and the annual average precipitation is 1192.5mm.
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Figure 3. Hongfenghu Study Area Map

2.2 Data Sources

The foundational data for this study is derived from relevant statistical and experimental data. Statistical data
related to ecological product accounting and conversion rate assessment are sourced from the ‘Technical
specification for gross ecosystem product accounting’ (GEP), the ‘Theory and method of gross ecosystem product
(GEP) accounting’ and the appendix ‘Methods for accounting for the value of ecological products for Soil and
Water Conservation’ in the ‘Opinions on Establishing and Improving the Mechanism for Realizing the Value of
Ecological Products from Soil and Water Conservation in Ecologically Clean Small Watersheds’(MWRPRC,
2024), The Environmental Protection Tax Law of the People's Republic of China, fiscal settlement reports, and
data from the Guizhou Provincial Forestry Bureau and People's Government. Data sources include the Qixingguan
District Statistical Yearbook, Qingzhen City Statistical Yearbook, Guanling Buyi and Miao Autonomous County
Statistical Yearbook, China Rural Statistical Yearbook, and Guizhou Provincial Macroeconomic Database. Market
information from Huinong.com (https://www.cnhnb.com/hangqing/) was integrated, and data was collected
through field ecological surveys and socioeconomic questionnaires. Land use data were derived from remote
sensing interpretation and field verification. DEM data were sourced from the General Bathymetric Chart of the
Oceans(GEBCO)https://www.gebco.net/data_and products/gridded bathymetry data.

For experimental data, three soil profiles were excavated at each study plot. After removing surface vegetation and
litter, soil samples were collected in 0—10 cm and 10-20 cm layers, placed in self-sealing bags, and brought back
to the laboratory for air drying. Some samples were used to determine soil carbon, nitrogen, phosphorus, and
potassium content for soil conservation calculations. Others were collected using ring corers, dried in a 105°C
oven to constant weight, and analyzed for bulk density and saturated water content.

2.3 Research Methods
2.3.1 Accounting of Ecological Product Value

The Methods for accounting for the value of ecological products for Soil and Water Conservation aims to quantify
the economic benefits of soil and water conservation measures, primarily encompassing the valuation of three
categories of products: material products, regulating services, and cultural services. Based on the ‘Methods for
accounting for the value of ecological products for Soil and Water Conservation’ attached to the ‘Opinions on
Establishing and Improving the Mechanism for Realizing the Value of Ecological Products from Soil and Water
Conservation in Ecologically Clean Small Watersheds,” and considering the actual conditions of karst terrain, this
study combines the ‘Theory and method of gross ecosystem product (GEP) accounting’ to calculate the physical
quantity of ecological products in the study area, thereby determining their value. Based on this, this study first
constructs a classification system of agroforestry ecological product derived from karst soil and water conservation
(Table 1) to serve the calculation. During calculation, following the principles and formulas for soil and water
conservation ecological product valuation, the agroforestry ecological product value derived from soil and water
conservation measures is determined as the increment between the measures scenario scenario and the baseline
scenario. Considering the study area's actual conditions, the ecological product value under the measures scenario
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encompasses all new added benefits resulting from soil and water conservation measures, while the baseline
scenario value represents the ecological product value generated by the interaction between the study area's natural
ecosystems and human activities in the absence of such measures. Subtracting the baseline value from the measure
scenario value yields the value of soil and water conservation agroforestry ecological product derived from
implementing these measures over the 12-year period. This calculation implements soil and water conservation
management measures starting from 2011, accumulating 12 years of value-added growth by 2023 (the assessment

year).

Table 1. Classification system of agroforestry ecological product derived from karst soil and water conservation

Primary . . . .
Indicator Secondary Indicator Tertiary Indicator Unit
Quantity of Wood (Bamboo) Forest Products t
Forest Ecological Products  Quantity of Non-Wood Forest Products (Fruit ¢
Products, Chinese Herbal Medicines, etc.)
Grassland Ecological Quantity of Livestock Products t
Material Products Quantity of Poultry Products t
Product Quantity of Grain Products t
Farmland Ecological .
Products Quantity of Vegetable Products t
Quantity of Oilseed Products t
Water Area Ecological Freshwater Volume t
Products Quantity of Fishery Products (Fish, Shrimp, etc.) t
Forest Water Conservation Volume m’
. Grassland Water Conservation Volume m’
Water Conservation
Farmland (Terrace, Agroforestry Intercropping, .
Basic Farmland) Water Conservation Volume
Forest Soil Erosion Reduction Volume t
Grassland Soil Erosion Reduction Volume t
Farmland (Terrace, Agroforestry Intercropping, ;
Basic Farmland) Soil Erosion Reduction Volume
. . Reduction Volume of Sediment Accumulation t
Soil Conservation
Forest Soil Fertility Preservation Volume t
Grassland Soil Fertility Preservation Volume t
Regulating Farmland (Terrace, Agroforestry Intercropping,
Services Basic Farmland) Soil Fertility Preservation t
Volume
Forest Soil Carbon Sequestration Volume tC
Grassland Soil Carbon Sequestration Volume tC
Carbon Sequestration Farmland (Terrace, Agroforestry Intercropping,
Basic Farmland) Soil Carbon Sequestration tC
Volume
Karst Carbon Sequestration Volume tC
Oxygen Release Plant Oxygen Release Volume t
Climate Regulation Energy Consumption from Vegetation Ecosystem KW h/a

Species Conservation

Transpiration

Species Diversity (Shannon Index)
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Vegetation Flood Storage Volume m
Flood Storage

Reservoir and Pond Flood Storage Volume m

Forest Reduction Volume of Non-Point Source
Pollution

Reduction of Soil Non- Grassland Reduction Volume of Non-Point ¢

Point Source Pollution Source Pollution
Farmland (Terrace, Agroforestry Intercropping,

Basic Farmland) Reduction Volume of Non- t
Point Source Pollution

Tourism Accommodation and Catering CNY
Admission Tickets CNY
Cultural . .

. . erson

Services Leisure and Recreation  Nymber of Outdoor Camping person times I;imes
. o . n

Number of Leisure Picking person times Perso

times

2.3.2 Assessment of Ecological Product Value Conversion Rate

The value conversion of ecological product equals the sum of the value conversion of material products, the value
conversion of regulatory services, and the value conversion of cultural services. The value conversion rate of
ecological product is equal to the ratio of the value conversion volume of ecological product to the total value of
ecological product (GEP)(Zhang et al., 2025). The formula is as follows:

VCEP = VCMP + VCRS +VCCS

VCREP = VCEP/GEP

In the formula, VCEP is the value conversion volume of ecological product; VCMP is the value conversion volume
of material product; VCRS is the value conversion volume of regulating services; VCCS is the value conversion
volume of cultural services; VCREP is the value conversion rate of ecological product, and GEP is the total value
of ecological product.

(1) Assessment of material product value conversion volume

The value conversion volume of material product is equal to the total amount of material products multiplied by
the price of the year. The formula is as follows :

n
VCMP = Z AM; X Py — CPay

i=1

In the formula, VCMP is the value conversion volume of material product; AMis the total acquisition of material
product; P,y is the actual selling price of the ith material product in the study are; CP,,,; is the cost price of the
ith material product in the study area; i is the type of material product; n is the number of types of material
product.

(2) Assessment of regulating services value conversion volume

The value conversion volume of regulating services is composed of two parts: market transactions and government
funding support. The formula is as follows :

VCRS =V, + Voo
In the formula, V'CRS is the value conversion volume of regulating services; V¢ is the total market transaction value
of regulation services (CNY), and Vcom is the total ecological compensation related to regulating services (CNY).

(3) Assessment of cultural services value conversion volume

The value conversion volume of cultural services equals the sum of consumer travel expenditures (including
transportation costs, accommodation and meal expenses, admission fees, etc.) within the value of cultural services
and the product value realized through other models.The time costs and consumer surplus within the value of

86 Published by IDEAS SPREAD



sdr.ideasspread.org Sustainable Development Research Vol. 7, No. 4; 2025

cultural services are not realized in the market and are therefore excluded from the assessment.The formula is as
follows :

VCCS =V, + V.om
In the formula, VCCS is the value conversion volume of cultural services, Vc is consumer expenditure (CNY), and
Vcom is the total ecological compensation related to cultural services (CNY).

3. Results
3.1 Assessment of Ecological Product Supply and Value Accounting

Table 2 Physical quantity of ecological product supply of agroforestry derived from karst soil and water
conservation

Primary

Indicator Secondary Indicator Unit Salaxi Huajiang Hongfenghu
Forest Ecological (®) 2729.58 1170.74 850.39
Products
' Grassland Ecological ® 429 62 3149 18.13
Material Products
Product i
Farmland Ecological (®) 13419.30 5527.99 17308.20
Products
Water Area 5
Ecological Products (m?) 1920.37 10704.96 3313.93
Water Conservation (m?) 20523932.36 13155209.37 29033624.45
Soil Conservation ) 7320.01 3658.31 1508.58
Carbon Sequestration (t) 6263.20 369.60 488.36
Oxygen Release () 3303.28 485.23 548.19
Rsegulgting Climate Regulation (kW-h/a) 4001634.81 1164506.94 43157.18
ervices
Species Conservation  (H’ Index) 2.59 2.06 3.02
Flood Storage () 7700.46 13747.44 15916.27
Reduction of Soil
Non-Point Source (t) 1018.85 627.18 259.29
Pollution
Cultgral Leisure ?md (person 331 481 286
Services Recreation times)

Based on physical quantity data (Table 2), the Salaxi study area demonstrates strong comprehensive capabilities
in total ecological product supply. Regarding material product, forest ecological product output reached 2729.58
t, while farmland ecological products amounted to 13419.30 t, highlighting the region's agricultural production
advantages. Regarding regulatory services, water conservation capacity reached 20523932.36 m?, carbon
sequestration amounted to 6263.20 t, and climate regulation capacity reached 4001634.81 kW-h/a. These figures
indicate that the Salaxi study area plays a significant role in maintaining regional ecological balance and mitigating
climate change. Regarding cultural services, the relatively low number of recreational visits indicates untapped
potential for developing ecotourism in the area.

The Huajiang study area exhibits distinct variations in ecological product supply. Among material product, aquatic
ecological product output stands out at 10704.96 m?, significantly surpassing the other two regions—likely
attributable to the area's abundant water resources. However, the Huajiang study area demonstrates relatively lower
yields in forest, grassland, and farmland ecological products. Regarding regulatory services, while flood regulation
capacity is strong at 13747.44 t, indicators for water conservation, soil retention, and carbon sequestration all fall
below those of the Salaxi and Hongfenghu study areas. For cultural services, recreational visits reached 481

87 Published by IDEAS SPREAD



sdr.ideasspread.org Sustainable Development Research Vol. 7, No. 4; 2025

person-times, indicating the Huajiang study area possesses some appeal for ecotourism, though there remains room
for improvement.

The Hongfenghu study area demonstrates unique advantages in supplying ecological product. Regarding material
product, farmland ecological product yielded the highest output at 17308.2 t, reflecting the region's high efficiency
in agricultural production. Regarding regulating services, the study area excels in water conservation, climate
regulation, and species conservation. Notably, its species conservation H' index reached 3.02—the highest among
the three study areas—indicating rich biodiversity. Additionally, its flood regulation capacity is strong, reaching
15916.27 t. Regarding cultural services, recreational visits reached 886 person-times, significantly higher than the
other two areas, reflecting the Hongfenghu study area's strong appeal for ecotourism. Overall, the Hongfenghu
study area possesses both quantitative advantages and qualitative characteristics in the supply of ecological product.

Table 3. The value of agroforestry ecological product derived from karst soil and water conservation

Value (CNY 104

Primary Indicator Secondary Indicator
Salaxi Huajiang Hongfenghu
Forest Ecological 2164.51 1508.34 2464.14
Products
Grassland Ecological 2784.80 1303.92 1076.44
Products
Material Product Farmland Ecological 4135.78 2195.40 5254.65
Products
Water Area Ecological 0.86 3.10 0.60
Products
Subtotal 9085.96 5010.75 8796.44
Water Conservation 5815.46 4686.06 8065.72
Soil Conservation 1363.07 263.78 169.23
Carbon Sequestration 615.11 24.78 18.74
Oxygen Release 1123.24 41.30 42.31
Climate Regulation 4682.74 2853.04 1616.17
Regulating Services  Species Conservation 45171.83 27060.75 30830.44
Flood Storage 18.98 32.52 27.20
Reduction of Soil Non-
Point Source Pollution 3537 2787 8.46
Subtotal 58825.79 34991.13 40783.10
Leisure and Recreation 2.59 3.61 6.04
Cultural Services
Subtotal 2.59 3.61 6.04
GEP Total 67914.33 40376.65 49589.81
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Figure 4. Spatial distribution pattern of value of agroforestry ecological product derived from karst soil and
water conservation

The results of ecological product value accounting are shown in Table 3. The Salaxi study area demonstrated a
significant overall advantage in ecological product value. Regarding material product, its total value reached CNY
9085.96x10*, with farmland ecological product contributing the most at CNY 4135.78x10* reflecting the
economic value of agricultural production in this region. The value of regulating services was even more
prominent, totaling CNY 58825.79x10* Notably, species conservation value reached CNY 45171.83x10%,
highlighting the region's substantial contribution to biodiversity protection. Additionally, the values of regulating
services such as climate regulation and water conservation were also at relatively high levels, collectively forming
the high-value characteristic of ecological product in the Salaxi study area. Overall, Salaxi has achieved a favorable
balance between ecological conservation and economic development.

The Huajiang study area exhibits relatively dispersed characteristics in terms of ecological product value. The total
value of material product amounts to CNY 5010.75x10%, which is relatively low. The total value of regulating
services reaches CNY 34991.13x10* Although the aggregate value is substantial, the distribution of values across
various regulating services is relatively uniform, without any standout items like those observed in Salaxi. Notably,
Huajiang also achieved a species conservation value of CNY 27060.75x10%, highlighting its significance in
biodiversity preservation. However, compared to Salaxi and Hongfenghu, Huajiang's overall competitiveness in
ecological product value remains somewhat limited.

The Hongfenghu study area demonstrates unique advantages in ecological product value. The total material supply
value amounts to CNY 8796.44x10% with farmland ecological product contributing the highest value at CNY
5254.65x10* reflecting the economic value of agricultural production in this region. The total value of regulating
services reached CNY 40783.1x10% Although slightly lower than that of the Salaxi study area, its values for
climate regulation and species conservation were notably high. Particularly, the value of species conservation
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reached CNY 30830.44x10%, second only to the Salaxi study area. Additionally, Hongfenghu exhibits relatively
high cultural service value, with recreational value reaching CNY 6.04x10%, indicating its potential for ecotourism.
Overall, Hongfenghu demonstrates both quantitative strength and qualitative distinctiveness in ecological product
value, presenting the most balanced performance among the three study areas.

After accounting the value of baseline scenario and measure scenario, the value of agroforestry ecological product
derived from soil and water conservation was obtained. The spatial distribution patterns of value across the three
study areas were revealed (Figure 4). In the Salaxi study area, high-value zones accounted for a significant
proportion, primarily distributed in the northwest, such as Maoping Village and Zhongshan Village. Low-value
zones were mainly located in the southwest, including Longfeng Village, Salaxi Village, and Shale Village. In
Huajiang, high-value areas were concentrated in the southern part of the study area, such as Yindongwan Village,
while low-value areas were mainly distributed in the eastern part, including Muguang Village and Bashan Village.
In Hongfenghu, high-value areas were primarily located in the northwest, such as Gaoshanbao Village and Gaole
Village, while low-value areas were mainly distributed in the central part, including Luojiagiao Village and Minle
Village.

3.2 Conversion of Ecological Product Value

The value conversion of agroforestry ecological product derived from karst soil and water conversation in the
Salaxi study area reached CNY 10271.17x10*, with a conversion rate of 15.12%. Among these, material product,
benefiting from relatively well-developed trading markets and mechanisms, achieved 100% ecological value
conversion, where their ecological value was fully transformed into actual economic benefits through market
mechanisms. However, regulatory services, being intangible in nature, possess high value yet are difficult to
convert directly through market transactions. They primarily rely on indirect channels such as ecological
compensation and tax policies, resulting in a conversion rate of only 1.74%. Regarding cultural services, low
farmer participation and uneven income distribution mean most households rely solely on basic catering and
lodging for meager earnings. This lack of incentive to enhance service quality or engage in product development
limits cultural service quality and conversion efficiency, resulting in a conversion rate as low as 0.38%.

The value conversion of agroforestry ecological product derived from karst soil and water conservation in the
Huajiang study area reached CNY 5516.84 x10% with a conversion rate of 13.65%. Similar to Salaxi, material
product achieved 100% ecological value conversion through mature market systems. Regulatory services, due to
their intangible nature, required indirect value conversion via ecological compensation and tax policies, achieving
a conversion rate of 1.24%. In the cultural services sector, issues of farmer participation and revenue distribution
remain prominent. Most farmers can only obtain limited income through basic catering and accommodation
services, lacking initiative and innovation, which constrains the development of cultural services. The conversion
rate stands at 0.89%, indicating that the potential for converting cultural service value remains to be further
explored.

The value conversion of agroforestry ecological product derived from karst soil and water conservation in the
Hongfenghu study area reached CNY 9479.68x10%, with a conversion rate of 19.12%, standing out among the
three regions. Regarding material product, well-established trading markets and mechanisms ensured full
conversion of their ecological value, achieving 100% conversion. Regulating services, being intangible, rely on
indirect conversion methods such as ecological compensation and tax policies, achieving a conversion rate of
1.37%. For cultural services, issues of uneven farmer participation and income distribution mean most households
can only obtain limited income through simple catering and lodging services. This lack of motivation to improve
service quality and engage in product development limits the quality and conversion efficiency of cultural services,
resulting in a conversion rate of 1.21%. Significant room for improvement remains.

4. Discussion

4.1 Ecological Product Value Realization Mechanisms of Agroforestry Derived from Karst Soil and Water
Conservation

4.1.1 Business Development Mechanism

Through the systematic implementation of soil and water conservation projects, enhance land productivity and
ecosystem stability to form composite ecological assets that consolidate soil, conserve water, increase carbon
sequestration, and enhance landscape value. By developing distinctive economic orchards and agritourism
integration through operational development, transform ecological assets into market-competitive products and
services. Realizing the value of ecological product transforms restored ecological resources and product systems
into economic benefits. This process involves establishing a scientific classification system for ecological
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products, quantifying their service values in water conservation, soil retention, carbon sequestration, and carbon
sink enhancement. This makes implicit ecological benefits explicit, forming a connected mechanism of “ecological
restoration-resource accumulation-value realization.” This provides a sustainable material foundation and
economic guarantee for realizing the value agroforestry ecological product derived from soil and water
conservation.

4.1.2 Multi-faceted Collaborative Safeguard Mechanism

Regarding value conversion safeguards, different demonstration zones have introduced distinctive institutional
innovations. This mechanism encompasses three dimensions: policy guidance, market development, and technical
support. Salaxi mobilized farmers' enthusiasm for conservation through establishing an ecological compensation
mechanism for soil and water conservation; Huajiang introduced a corporate cooperative development model,
forming a “research institute + enterprise + farmer” benefit-sharing mechanism; Hongfenghu leveraged property
rights reforms to explore mortgage financing using ecological resource management rights. Effective value
conversion requires synergistic advancement through policy guidance, market operations, and community
participation (Li et al., 2021). Only by constructing a comprehensive safeguarding system encompassing
ecological certification, financial support, and technical services can the developmental bottlenecks of difficult
measurement and transaction of karst ecological product be overcome.

4.2 Ecological Product Value Realization Paths of Agroforestry Derived From Karst Soil and Water Conservation
4.2.1 Government-Led Institutional Safeguards and Foundational Development Paths

The government should play a leading role in establishing a robust policy and institutional foundation for realizing
the value of agroforestry ecological product in karst soil and water conservation. The primary task is to plan and
implement soil and water conservation projects tailored to local conditions, improving site conditions through
engineering measures. Developing composite industries such as under-forest farming enhances system output
diversity and stimulates participation from farmers and enterprises (Bettles et al., 2021), laying the groundwork
for specialty agroforestry production. Building upon this foundation, the government must focus on establishing
robust mechanisms of the ecological product value realization. This involves clarifying property rights and
transaction rules for ecological products, providing clear institutional safeguards for market transactions.
Simultaneously, policy tools such as fiscal subsidies and tax incentives (Sun et al., 2025) should be employed to
directly reduce development and operational costs for enterprises and cooperatives, thereby stimulating market
participation. Furthermore, strengthening infrastructure like roads and water conservancy facilities will enhance
the comprehensive production capacity of regional ecological product. Initial market cultivation and promotion
can be achieved through hosting regional agricultural product exhibitions and establishing local public brands,
creating favorable conditions for deeper market involvement.

Soil and water conservation projects have significantly enhanced the composite management benefits of
agroforestry (Fu et al., 2025). Among these, Salaxi adopted the“economic orchard + soil and water
conservation”’model, achieving dual ecological and economic benefits through planting specialty fruit trees;
Huajiang leveraged remediation projects to develop forest-medicinal compound cultivation, boosting
comprehensive land productivity; while Hongfenghu integrated ecological tourism development to promote
agritourism synergy and value enhancement. This demonstrates that the operation and development of karst
ecological product must be grounded in regional resource endowments, exploring sustainable paths that integrate
“management-production-benefits.”

4.2.2 Market-Driven Value Enhancement and Channel Expansion Paths

The market serves as the core driving force for realizing the value appreciation and efficient conversion of
ecological product (Xie et al., 2025). Currently, karst soil and water conservation agroforestry ecological product
face practical challenges such as insufficient market recognition, limited demand, and inadequate trading channels
(Duan et al., 2024), which constrain their value conversion efficiency. Therefore, market channels should be
expanded by diversifying distribution methods, such as organizing specialty agricultural product exhibitions and
leveraging e-commerce marketing. At the market level, the key path lies in fully leveraging the outcomes
established by the government in the early stages to develop diversified business models like under-forest economy
and forest-medicine integration, thereby enhancing system output capacity and enriching value sources.
Establishing a“company + cooperative + farmer”joint operation system will promote standardized production and
scaled management, consolidating fragmented ecological resources into competitive, market-ready products.
Furthermore, cultivating consumer recognition of the value in agroforestry-based ecological product is essential.
This can be achieved through cultural empowerment and green finance (Alharbi et al., 2023), shaping a
differentiated product image to activate market potential from the demand side.
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Improving policy support is essential for enhancing value conversion efficiency(Wang et al., 2023). Governments
should implement policy measures such as fiscal subsidies and tax incentives to support the development,
production, and marketing of agroforestry ecological product in karst soil and water conservation. This approach
reduces enterprises' production costs and operational risks. Concurrently, strengthening infrastructure
development improves production conditions, thereby enhancing ecological product output capacity. Establish and
improve the mechanism of ecological product value realization, clarify the property ownership and trading rules
of ecological product, and create a good policy environment for the value transformation of ecological product.

5. Conclusion

A classification system for karst soil and water conservation ecological product was established, revealing that
material product supply capacity follows the order: karst plateau basins > mountains > gorges. Regulation services
primarily involve water conservation and climate regulation, while cultural services follow the sequence: basins >
gorges > mountains. This resolved the critical scientific issue of insufficient physical quantity data in the valuation
of agroforestry ecological product.

This study elucidates the spatial patterns and value quantities of agroforestry ecological product for soil and water
conservation across different karst landform types. Findings indicate that material product value follows the
sequence: karst plateau basins > mountains > gorges; regulatory services show mountains > basins > gorges; and
cultural services exhibit basins > gorges > mountains. The overall spatial value pattern for mountainous areas
shows high-value zones in the northwest and low-value zones in the southwest; for canyons, high-value zones are
in the south and low-value zones in the east; for basins, high-value zones are in the northwest and low-value zones
in the center. This addresses key scientific challenges in accurately quantifying the spatially heterogeneous value
of ecological product and transforming them into tradable and distributable value realization mechanisms.

This study reveals the ecological product value conversion rates of agroforestry derived from soil and water
conservation across different karst landform types. Overall value conversion rates follow the sequence: karst
plateau basins > mountainous > gorges. Within the three study areas, the conversion rate of total ecological product
value is dominated by material product, yet the market potential embodied in regulating services and cultural
services remains untapped.

In the future, it will be necessary to deepen the integration of soil and water conservation projects with the
ecological product value conversion by improving ecological compensation mechanisms, innovating market-based
transaction models, and strengthening collaboration among diverse stakeholders. This approach will promote the
coordinated development of ecology and economy in karst regions.
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