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Abstract. Karst forests are special and complex, featuring soil that typically exists as a thin layer, with a 

low C(Carbon) storage capacity but is rich in calcium and alkali. However, the maximum saturated capacity 

of the soil organic carbon (SOC) remains unclear. To address this crucial knowledge gap, a total of 10 

typical karst forest (climax communities) topsoil samples of China were investigated using SOC 

fractionation methods, for which a maximum saturated capacity model of SOC was derived via least-

squares linear regression (LSR) and boundary line analysis (BL). For our data, we found that the over-

saturated proportion (the actual measured carbon content is greater than estimated by the model) of organic 

C data according to the Hassink model (y = 0.37x + 4.09), LSR (y = 0.35x + 6.83), and the Feng model 

(y = 1.07x) were 56.7%, 40.0%, and 16.7%, respectively, while that according to the BL model (y = 1.30x) 

was only 3.3%. This comparative analysis, based on validations with a robust sample size (N = 30), shows 

that the Hassink model, LSR, and Feng model all performed poorly at estimating the maximal organic C 

saturation capacity in karst forest, in contrast to the BL model (y = 1.30x), which is more suitable and 

accurate. 

Keywords: climax communities, boundary line analysis, least-square linear regression, soil organic 

carbon, soil fine particles 

Introduction 

The soil carbon pool is critical for the global C cycle because it is the largest C pool 

within the surface (0–20 cm) of terrestrial ecosystems, of which forests are vital 

components (Trumbore et al., 2006; Banger et al., 2009). Globally, forest ecosystem soils 
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collectively store 40% of the organic C in the top 0-1 m soil layer, and its accumulation 

and decomposition processes directly impact the global C balance (Schlesinger, 1990; 

Ding et al., 2012; Zhu et al., 2017; Chen et al., 2019; Liu et al., 2020). Therefore, the size 

and dynamics of the forest SOC pool within the global C cycle and under ongoing climate 

change is particularly important (Dixon et al., 1994; Houghton et al., 2001; Pan et al., 

2005). 

Karst forest is a distinctive ecosystem type, especially those located in southwest 

China, which reside in a subtropical monsoon climate, where the soluble carbonate rocks 

result in slow soil formation, thereby generating soil rich in calcium and alkali that differs 

starkly from that in non-karst areas. Accordingly, the relationship between calcium 

carbonate in soil and karst SOC directly affects the maintenance of the karst forest 

ecosystems (Su et al., 2015; Hu et al., 2016), imparting with specific features regarding 

soil C cycling (Lu et al., 2014; Wang et al., 2015; Li et al., 2017). Therefore, it is of great 

significance to study how the SOC pool is balanced in karst forest. 

Many studies find that SOC fractions show different response mechanisms under 

levels of long-term exogenous C input. For example, Stewart et al. (2008, 2009) showed 

that with an increased C input level, non-protected organic C and physically protected 

organic C exhibit a linear growth trend, while chemically protected organic C and 

biochemically protected organic C followed a "curve saturation" growth trend. In other 

works, by Six et al. (2002), West et al. (2007), Chung et al. (2008, 2010), and Luo et al. 

(2020), it was found that small aggregate organic C (< 20 μm) also showed a "curve" 

increase with more C inputs into soil. This phenomenon was defined by Stewart et al. 

(2008) as "soil C saturation"; that is, after putting a certain amount of exogenous C into 

the soil, the SOC will increase over time until it reaches a state of dynamic equilibrium, 

where the total level of soil C input equals that of C release. However, should new C 

sources be continually injected into the soil, this delicate C balance will likely become 

disrupted and this effect will intensify and persist through time, perhaps reaching a new 

stable state. However, if exogenous C is continually added yet the SOC remains 

unchanged, the type of balance is termed "soil C saturation,” that is, the maximum C 

capacity of the soil has been attained (West et al., 2007; Rillig et al., 2019; Jing et al., 

2020). 

In an earlier work, Hassink (1997) compared the stable C content of natural grassland 

and cultivated soil, finding the former had a higher organic C content driven by >20 μm 

soil particles, since there was no difference in the organic C content of <20 μm particles 

between the two kinds of soil. Therefore, the protection capacity of fine particles for 

organic C was proposed, that is, fine particle organic C is stable organic C, and the 

capacity is limited. On this basis, by collecting data and focusing on fine particle C with 

relatively stable C sequestration in soil, many researchers generated empirical models and 

parameter indexes for predicting the saturated capacity of SOC, which could be used to 

estimate the turnover rate of SOC and the C saturation deficit in a specific region 

(Williams et al., 1974; Hassink, 1997; Six et al., 2002; Liang et al., 2009; Feng et al., 
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2013; Di et al., 2018). For example, Hassink (1997) used least-squares linear regression 

(LSR) to obtain a simple straightforward model for estimating the saturated capacity of 

fine particle organic C, namely y = 0.37x + 4.09, where x is the mass proportion of the 

< 20 μm fine particles. This empirical model has since been widely used (Angers et al., 

2011; Zhang et al., 2014; Guo et al., 2016; Bastida et al., 2019). Later, Feng (2013) made 

a comparative study of grassland, cultivated land, and forest soils, uncovering some 

shortcomings of the Hassink model. The estimation of the maximum saturated capacity 

of SOC was improved by instead applying a boundary line (BL), thus providing a model 

specific for forests taking the form of y = 1.07x (where x is the mass ratio (proportion) of 

<20 μm fine particles). 

In the karst forest region of China, we previously compared with the research objects 

of Hassink and Feng, the regional location, soil type and climatic conditions are different, 

so whether the model can be used to estimate the maximum saturated capacity of SOC in 

karst forest of China remains to be further verified. Therefore, the primary research 

questions addressed in the present study are: Is the Hassink model or Feng model suitable 

for estimating the maximum saturated capacity of SOC in the karst forests of China? If 

neither is suitable, how might we construct an improved model to predict the maximum 

saturated capacity of SOC? 

Materials and methods 

Field investigation and soil sample collection 

Based on multiple field investigations and our working experience, 10 climax 

communities having the oldest forest stands and the least disturbance were selected for 

study in a typical karst area of Guizhou Province in China. The 10 sites were the Maolan 

national nature reserve (‘Maolan’), Daozhen dashahe nature reserve (‘Dashahe’), Shibing 

yuntai mountain nature reserve (‘Yuntai mountain’), Nayong gongtong nature reserve 

(‘Nayong’), Pogang karst vegetation nature reserve (‘Pogang’), Suiyang kuankuoshui 

nature reserve (Kuankuoshui), Puding huoyan mountain nature reserve (‘Huoyan 

mountain’), Jiangkou huanggu mountain nature reserve (‘Huanggu mountain’), Kaiyang 

zijiang rift valley (‘Zijiang rift valley’), and Wangmo bijia mountain (‘Bijia mountain’); 

all locations are shown in Figure 1. 

In December 2019, a minimum sampling area of 900 m2 (30 m × 30 m) was determined 

by drawing a "species–area curve". Three sampling plots were constructed in each climax 

community, for which the longitude and latitude, slope aspect, slope, soil type and altitude 

were recorded, in addition to determining the dominant plant species names as well as the 

abundance (counts), height, crown width, coverage, and DBH (diameter at breast height 

[1.3 m]) of individual trees (Table 1). In addition, from each site, one composite soil 

samples (one per plot) were taken from the surface layer (0-20 cm depth). These samples 

were then sieved through 2 mm and 0.25 mm mesh screens; any roots and stubble were 

removed, and 30 samples (There were 10 climax communities, each climax community 
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was set with 3 plots, and 1 soil samples were collected in each plot) were analyzed 

separately. 

 

 

Figure 1. Geographical map showing the locations in Guizhou Province (China) of the sampled 

karst forest sites 

 

 

Soil fractionation and C analyses 

Six et al. (2002) divided SOC fractionation into three size fractions by wet sieving-

isolation of microaggregates: >250 μm (coarse particles), 53-250 μm (microaggregate), 

and <53 μm (fine particles). Each soil subsample (20 g) was placed on a 250 μm sieve 

and carefully shaken with 30 glass beads on the top of the microaggregate isolator 

containing water filled to two-thirds of its volume. After 20 min, the fraction 

corresponding to the >250 μm particle size and that fraction whose particles had a size 

between 250 and 53 μm were collected in an aluminum specimen box. The remaining 

suspension harboring the <53 μm size and water was flocculated with 20 mL of CaCl2 

(0.25 M) and centrifuged at 127 × g for 7 min, to separate and isolate the fine particle 

fraction. All three fractions were dried at 60°C, weighed, and stored. Their respective 

SOC was determined using the potassium dichromate method. The fractionation and 

respective determinations of SOC were repeated three times for each soil sample. 
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Table 1. Basic information on the environmental background of different sampled sites for karst forest in China 

Sampling point 

site 

Vegetational 

form 
Location 

Elevation, 

longitude & 

latitude 

Slope aspect 

and position 
Dominant tree species 

Soil 

bedrock 
Soil type 

Total 

cover 

extent 

Maolan 
Climax 

vegetation 

Baixian 

mountain 

850 m, 

107.99, 25.19 

Southwest 

central 

Carpinus pubescens, Swida wilsoniana, 

Pittosporum brevicalyx, Cyclobalanopsis 

multiervis, Acer wangchii 

Dolomite 

limestone 

Limestone 

soil 
89.45% 

Dashahe 
Climax 

vegetation 
Shahe 

1304 m, 

107.58 & 29.17 
North central 

Machilus pingii,Fagus longipetiolata, 

Pistacia chinensis Bunge, Lindera 

communis 

Carbonate 

rock 

Limestone 

soil 
88.32% 

Yuntai mountain 
Climax 

vegetation 

Yuntai 

mountain 

875 m, 

108.11 & 27.12 

Northwest 

central 

Machilus pingii, Pistacia chinensis Bunge, 

Acer cordatum Pax 

Carbonate 

rock 

Limestone 

soil 
85.74% 

Nayong 
Climax 

vegetation 

Jinzhulin 

village 

1861, m 

105.44 & 26.68 

Northwest 

central 

Davidia involucrata, Decaisnea insignis, 

Dipentodon sinicus, Cyclobalanopsis 

argyrotricha 

Carbonate 

rock 

Limestone 

soil 
87.96% 

Pogang 
Climax 

vegetation 
Minzu village 

1280 m, 

105.09 & 25.11 
North central 

Eucalyptus robusta, Platycarya strobilacea, 

Itoa orientalis Hemsl 

Dolomite 

limestone 

Limestone 

soil 
86.63% 

Kuankuoshui 
Climax 

vegetation 
Matixi 

1450 m, 

107.06 & 28.18 

Southwest 

central 

Fagus longipetiolata, Emmenopterys henryi, 

Tulip poplar 

Carbonate 

rock 

Limestone 

soil 
91.34% 

Huoyan mountain 
Climax 

vegetation 

Fenglin 

huoyan 

mountain 

1680 m, 

105.79 & 26.47 
West central Rhododendron stamineum, Birch, Oak 

Carbonate 

rock 

Limestone 

soil 
90.17% 

Huanggu mountain 
Climax 

vegetation 
Heitanggou 

1020 m, 

108.78 & 27.54 
North central 

Fagus longipetiolata, Buxus sinica, Davidia 

involucrata, Hemlock 

Carbonate 

rock 

Limestone 

soil 
87.15% 

Huanggu mountain 
Climax 

vegetation 
Heitanggou 

1020 m, 

108.78 & 27.54 
North central 

Fagus longipetiolata, Buxus sinica, Davidia 

involucrata, Hemlock 

Carbonate 

rock 

Limestone 

soil 
87.15% 

Zijiang rift valley 
Climax 

vegetation 
Liangchahe 

720 m, 

107.04 & 26.90 

Southwest 

central 

Betula luminifera, Cinnamomum camphora, 

Pistacia chinensis, Liquidenbar formosana 

Carbonate 

rock 

Limestone 

soil 
81.25% 

Bijia mountain 
Climax 

vegetation 
Liangfengao 

1083 m, 

106.14 & 25.12 

Northeast 

central 

Cyclobalanopsis oak, Carpinus pubescens, 

Celtis sinensis, Ormosia saxatilis 

Carbonate 

rock 

Limestone 

soil 
90.18% 
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Data analysis 

Building on the original work of Hassink (1997), as well as more recent studies 

(Hassink, 1997; Six et al., 2000, 2002; Stewart et al., 2007, 2008, 2009, 2012; Feng et al., 

2013), we applied several different methods to estimate the stabilization capacity of the 

fine particles, based on statistical analyses of the relationship between the C contents of 

the fine particles and mass proportions. Combined with the karst site characteristics, the 

two classical modeling approaches (LSR and BL) were compared and analyzed. Through 

model verification, a model for estimating the maximum saturated capacity of SOC in 

karst forest was constructed. 

The Hassink (1997) method is based on the LSR of the mass ratio of fine particles 

(g fraction 100 g−1 soil) as a function of the SOC content of fine particles (mg C g−1 soil); 

it is described as y = 0.37x + 4.09, where y is the maximum C capacity that the soil can 

retain (mg C g−1 soil), and x is the fine particles mass ratio (g fraction 100 g−1 soil). 

The BL method described by Feng (2013) was also applied herein to estimate the C 

stabilization capacity. The BL method is a statistical approach to define the upper limits 

of a dependent variable where there is evidence for a limiting response to an independent 

variable(s) along a defined boundary. Briefly, the method involves applying linear 

regression analysis to the upper-most (e.g., the top 10%) values of fine fraction C content 

across a wide range of fine particle masses. This process involved sorting the data into 

nine groups based on the mass proportions of the soil fine particles, at intervals of 10 g 

fraction 100 g−1 soil, ranging from < 10 to > 90 g fraction 100 g−1 soil. The upper 10% of 

soil C values in each group were identified and extracted along with the corresponding 

mass proportion data. These boundary line data were then subjected to a regression 

analysis where the y-intercept was forced through the origin, based on the assumptions 

outlined above. The forest model of Feng (2013) is y = 1.07x, where y is the maximum 

organic C capacity that the soil can retain (mg C g−1 soil), and x is the fine particles mass 

ratio (g fraction 100 g−1 soil). 

Results 

Changes to soil fine particles and total organic C 

Table 2 reports our analysis of the mass proportion and C content of soil fine particles 

as well as the total organic C content in 10 karst forest climax communities. The mass 

proportions of soil fine particles in Maolan, Yuntai mountain, and Zijiang rift valley were 

the highest, at 31.36, 28.61 and 26.31 g fraction 100 g−1 soil, respectively. However, both 

the C content of soil fine particles and total organic C content were greatest in Nayong, 

at 23.56 mg C g−1 soil and 147.11 mg C g−1 soil, respectively. There was no significant 

difference in the ratio of soil fine particles to total organic C among the 10 climax 

community sites. 
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Table 2. Mass proportion of soil fine particles and proportion of organic C content of the total 

organic C content in karst forest of the 10 nature reserves 

Sampling point site 

Mass proportion of 

soil fine particles 

(g fraction 100 g−1 

soil) 

Organic C content 

of soil fine particles 

(mg C g−1 soil) 

Total organic C 

content 

(mg C g−1 soil) 

Proportion of 

organic C content 

(g fraction 100 g−1 

soil) 

Maolan 31.36 ± 3.13a 17.17 ± 0.73b 94.31b ± 3.60 18.28 ± 0.67 

Dashahe 22.05 ± 1.27c 15.52 ± 1.46b 78.75cd ± 2.45 19.45 ± 1.36 

Yuntai mountain 28.61 ± 2.05b 16.10 ± 2.48b 82.13c ± 5.01 19.60 ± 1.08 

Nayong 18.17 ± 2.95d 23.56 ± 3.87a 147.11a ± 6.55 18.42 ± 0.52 

Pogang 17.74 ± 1.13d 15.44 ± 1.43b 81.78c ± 8.89 18.88 ± 0.34 

Kuankuoshui 22.99 ± 1.32c 11.45 ± 0.28c 59.50de ± 4.79 19.24 ± 1.17 

Huoyan mountain 16.65 ± 2.69d 9.03 ± 1.73d 49.43e ± 0.63 21.09 ± 0.70 

Huanggu mountain 22.26 ± 1.41c 15.62 ± 1.77b 75.79cd ± 1.39 20.61 ± 2.26 

Zijiang rift valley 26.31 ± 1.72b 8.30 ± 0.78d 42.05f ± 1.85 19.74 ± 1.76 

Bijia mountain 14.06 ± 0.77de 12.26 ± 1.49c 65.41d ± 6.03 18.82 ± 0.25 

Different letters within a column indicate a significant difference (P < 0.05) between the nature reserve 

sites. The C content and proportion are reported as the mean ± SE 

 

 

Regressions of organic C contents of soil fine particles against mass proportions 

The relationship between organic C content of soil fine particles and mass proportion 

in karst forest was fitted by the LSR and BL methods (Figure 2, Table 3), whose 

respective best-fitting functions were y = 0.35x + 6.83 and y = 1.30x. The LSR had a 

slope similar to that of the Hassik model (y = 0.37x + 4.09) but with a larger intercept 

value, while the BL slope exceeded that of the Feng forest model (y = 1.07x). 

 

Figure 2. Scatterplot of soil organic carbon in karst forest as a function of the amount of fine 

soil particles examined with four linear modeling approaches 
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Table 3. Estimated maximal organic C stabilized by soil fine particles as determined by the 

slope of least-squares linear regression (LSR), the Hassink (1997) model, boundary line 

analysis (BL), and the Feng (2013) forest model 

Method Slopeb Interceptb R2 P Na 

Hassink (1997) 0.37 4.09 0.89 0.001 40 

LSR 0.35± 0.01 6.83 ± 0.38 0.32 < 0.01 30 

Feng (2013) 1.07 ± 0.08 - 0.98 0.0058 3 

BL 1.30 ± 0.01 - 0.96 < 0.01 3 

a Only data points from the top tenth percentile of organic C content were included in the BL analysis, b 

Slopes and intercepts are reported as the mean ± SE 

 

 

Modeling of maximal SOC saturation capacity 

The maximum saturated capacity of the SOC for the karst forest sites was estimated 

using the Hassink and Feng models along with the LSR and BL models. Data on the 

organic C content and mass proportion of soil fine particles at 30 sampling point locations 

(across all 30 plots of the 10 sites) were verified and analyzed (Table 4). Overall, 17, 12, 

and 5 samples were over-saturated, corresponding to 56.7%, 40.0%, 16.7% of the data 

fitted by the Hassink model, LSR, and Feng model, respectively. In contrast, when fitted 

by the BL model, the proportion of soil samples over-saturated was only 3.3%. 

 

Table 4. Over-saturation of organic C content of soil fine particles by comparing the measured 

maximal organic C to predicted maximal organic C, estimated using least-squares linear 

regression (LSQ), the Hassink (1997) model, boundary line analysis (BL), and the Feng (2013) 

forest model 

Method Land use Total sample size Over-saturated sample size Over-saturated ratio (%) 

Hassink (1997) Forest 30 17 56.7 

LSQ Forest 30 12 40.0 

Feng (2013) Forest 30 5 16.7 

BL Forest 30 1 3.3 

 

 

Discussion 

There was no significant difference in the proportion of total organic C represented by 

fine particle C among the 10 sampled karst forest climax communities. This result 

indicates that the SOC tends to be stable, as expected. In this study, the maximum 

saturated capacity of SOC in karst forests in China was determined using the Hassink, 

Feng, LSR, and BL models. Of the four models, the BL model had the least over-saturated 

capacity, at 3.3%; this value was 5-15 times higher for the other three models. Hence, the 

BL model is suitable for estimating the maximum saturated capacity of SOC in karst 

forest, and the other models should not be used for this application in this region. 
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There are several reasons for the above-mentioned interpretation. First, available field 

studies of soil types are generally inconsistent. Hassink (1997) and Feng (2013) 

respectively studied farmland and natural grassland. The level of human disturbance 

activity incurred by farmland soil is substantial, and the fine particle organic C in these 

systems is severely damage or even destroyed. By contrast, the natural grassland soil 

fluctuates greatly, as it is in an early stage of vegetation succession for which the SOC 

stability is poor. However, the current study takes the climax forest community with less 

man-made disturbance in karst nature reserves as the research object. In these protected 

areas, the soil fine particle organic C is less prone to degradation from anthropogenic 

disturbances; thus, the SOC tends to be more stable. Karst forest is a unique forest 

ecosystem, one that is distributed on karst landforms. Due to the influence of the bedrock, 

a karst forest ecosystem is formed in a habitat of neutral to slightly alkaline lime soils rich 

in calcium and magnesium ions, whose distribution is restricted by soil topography (Zhou, 

1987; Yu, 1998). Compared with farmland and grassland ecosystems on non-karst terrain, 

this special and complex forest ecosystem differs tremendously in terms of its ecological 

environment and plant-soil-water dynamics (Lal et al., 2007; Wei et al., 2008; Luo et al., 

2017; Lin et al., 2019). At the same time, because the soil layer in karst forests is thin, the 

gravel content is high, and the SOC storage is low. By contrast, the farmland and 

grassland soil in non-karst zones have thick surface soil layers capable of high C storage. 

Much research has proven that about half of the SOC is combined with soil minerals 

(Elliott et al., 1996; Ge, 2008; Pan et al., 2009). Calcium and oxidizable organic C are 

mainly accumulated in the form of calcium-bonded organic C to form a stable calcium-

bonded complex in the calcium-rich karst soil, which limits the contact between soil C 

and soil enzymes and degradable microorganisms. In this way, SOC is protected from 

microbial degradation and is conducive to the long-term accumulation of SOC. In 

calcium-rich calcareous soil environments, soil microbial activity is extremely active (Hu 

et al., 2011; Tian et al., 2016; Guan et al., 2019), fostering the rapid decomposition of 

organic matter into humus. Many calcium ions can easily combine with this humus in the 

soil to form highly condensed and stable humus calcium substrate, which improves the 

overall stability of karst SOC, a view that is consistent with our modeling results 

(y = 1.30x). Compared with the Hassink and Feng models, the slope of this model 

(y = 1.30x) is the highest, indicating that with each per-unit increase of the mass 

proportion of fine particles, the SOC increases more rapidly and tends to more quickly 

reach a stable state, a process arguably related to the soil calcium in the karst forest. 

Therefore, models that are suitable for predicting maximum saturated capacity of SOC in 

farmland and grassland in non-karst zones are inadequate for use in karst forest. 

Second, the Hassink model has some disadvantages (West et al., 2007; Feng et al., 

2013; McNeill et al., 2014). Notably, it assumes that the regression line represents the 

maximum saturation capacity, which means that all the sample data that generate the 

regression line must lie close to the maximum stability of SOC (Six et al., 2000, 2002; 

Stewart et al., 2007, 2008, 2009, 2012). If the C content of soil fine particles does not 
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reach the maximum value, then it is unreasonable to use this method to predict the 

maximum saturation capacity of SOC. In Hassink’s study, although the uncultivated 

farmland and grassland soil were used as research objects, the degree of C saturation for 

each of the data building regression models was not mentioned (Carter et al., 2002; Chung 

et al., 2008, 2010). Further, the regression line of the Hassink model is forced through the 

middle of all the data points in the bivariate regression, representing the average, which 

tends to leave a considerable portion above the regression line over-saturated; this latter 

outcome is inconsistent with the actual expected estimation of the maximum saturation 

capacity of SOC (Virto et al., 2008, 2010; Feng et al., 2013; McNeill et al., 2014). As 

such, the Hassink model seriously underestimates SOC capacity. In this study, we used 

empirical data interspersed across 10 sites to analyze the Hassink model, finding that it 

yields the most over-saturated data, amounting to 56.7%. 

In the Feng model, only the data of fine particle C lying above a 10%-threshold for the 

maximum stability of SOC were used to carry out regression analysis, and a maximum 

saturated capacity model of SOC was established (Elliott et al., 1996; Schuman et al., 

2002; Tong et al., 2014). Compared with the LSR, the slope of this model is larger, 

because its intercept is zero (i.e., forced through the origin), thus leaving much data below 

the fitted regression line, which reduces the occurrence of over-saturation. In our 

verification analysis, the over-saturated data of the Feng model reached 16.7%, perhaps 

because of between-site habitat differences or pronounced within-site heterogeneity (Tian 

et al., 2016; Guan et al., 2019). With only 3.3% of the data over-saturated according to 

the BL model, we conclude the BL model is a relatively robust method for estimating the 

maximum saturated capacity of SOC. Nevertheless, estimations based on this model 

could also differ depending on the karst forest area and regional scales investigated 

(Zhang et al., 2010, 2012; Di, 2017). 

Conclusions 

Using comparative analysis and data verification of the Hassink model, Feng model, 

LSR, and BL model, we derived a maximum saturated capacity model of SOC for karst 

forest; the model exhibits a simple form: y = 1.30x. Although this model can be used to 

estimate the maximum saturated capacity of SOC in karst forest, we did not consider the 

effects of calcium carbonate and other exogenous substances on SOC in the studied karst 

areas. In future work, it is necessary to study the key soil characteristics and main 

mechanisms (calcium carbonate) that affect the stability of SOC, as well as any 

biochemical factors that could limit the stabilization rate of organic C, so as to improve 

our ability to estimate the maximum saturated capacity of SOC in karst forests in China. 
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