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Abstract

To explore the changes in soil organic carbon under different intensities of human disturbance in the
karst forestland of Guibei West and to gain a deeper understanding of the impact of human activities
on the carbon sequestration capacity of karst forestland soil. This study selects three types of forestland
soils from virgin, secondary, and planted forests under two typical soil-forming matrices, dolomite
and limestone, in the karst region of Northwest Gui for 60 days of indoor incubation experiments. The
results showed that compared with the organic carbon content of the soil of the virgin forest stands at the
end of the incubation, the organic carbon content of the soil of the dolomite-forming matrices planted
and the soil of the secondary forest stand increased by 32.0% and 48.2%, respectively. The organic
carbon content in the forest soils of planted forests and secondary forests derived from limestone parent
material decreased by 71.1% and 63.5%, respectively. All anthropogenic disturbances decreased the
amount of organic carbon mineralized in karst forestland soils. In conclusion, under different intensities
of anthropogenic interference, dolomitic matrix forest land has a stronger ability to resist anthropogenic
interference, and it can be used to moderately develop the forest economy; limestone matrix virgin
forest land is more conducive to the fixation of organic carbon in the soil, and it can increase the organic
carbon content of the soil by reducing the interference of anthropogenic activities on the limestone

matrix forest land.
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Introduction

Global karst covers about 22 million square
kilometers, or 15% of the Earth’s land area [1], and
these residual terrestrial carbon pools can deposit up
to 250 billion grams of carbon per year [2]. Karst in
Guangxi covers an area of 918,700 square kilometers,
accounting for 41.57% of the area of Guangxi [3]. The
parent materials of the soil in the karst region of western
Guangxi are mainly limestone and dolomite [4], with
chemical compositions of CaCO, and CaMg(CO,),,
respectively. Studies have shown that soils developed
from limestone and dolomite are characterized by high
soil calcium/magnesium content, high bedrock exposure
rates, and shallow soil layers [5]. Guangxi is the region
with the highest concentration of ethnic minorities,
the largest number of poor people, and the largest area
of poverty in China. High population growth and low
land output have led to the gradual conversion of land
use from primitive forest land to artificial ecosystems,

Table 1. Plot Information.
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resulting in serious degradation of forest ecosystems
in the region [3]. Patterns of coexistence of ecosystems
such as virgin, secondary, and planted forests have
emerged [6]. This causes a gradual decrease in the
carbon sink function, affecting the soil’s organic carbon
stock.

The SOC plays a key role in soil nutrient cycling
and energy flow [7] and is not only an important
indicator for soil quality assessment but also a major
influence on the soil carbon pool [8]. Anthropogenic
activities and soil properties are the driving factors
controlling changes in SOC [9, 10]. Considering the lag
in the response of soils to ecological changes in karst
regions, Haynes proposed that the most direct and rapid
influence of land-use practices is the active component
of soil organic carbon [11]. Hongzao He [12] and others
showed that the organic matter content of virgin forest
land soil was greater than that of secondary forest land
soil. Jin Wang et al.[13] showed that virgin shrub forests
had the highest organic carbon content in all soil layers

Soil parent material Forest types Processing code Latitude and longitude
virgin forest DV 108°17'33"E,24°45'7"N
Dolomite secondary forest DS 108°1924"E,24°44'9"N
planted forest DP 108°19'30"E,24°44"27"N
virgin forest LV 107°59'29"E,25°08'13"N
Limestone secondary forest LS 107°57"13"E,24°54'58"N
planted forest LP 107°56'57"E,24°54'42"N
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Table 2. Basic physical and chemical properties of forestland soils.

Soil type Volumetric weight pH (cmi]iig") (mgllfg") (gs_g;l)
DP 1.19+0.02 7.45+0.19 113.2845.09 20.42+0.23 15.72+1.51
DS 1.04+0.01 7.26+0.55 58.41+1.96 18.86+1.62 16.74+0.68
DV 1.45+0.02 5.91+0.26 5.82+1.23 3.57+1.21 10.44+0.95
LP 1.31+0.06 5.84+0.24 20.75+2.49 18.24+0.99 9.76+0.10
LS 1.13+0.09 5.95+0.36 7.58+0.39 13.75+0.83 23.05+4.52
LV 1.184+0.05 7.43+0.09 101.02+2.85 39.2242.43 65.82+5.39

Note: CEC: Cation Exchange Capacity, AK: Quick Potassium, SOC: Organic Carbon.

compared to planted forest lands. This all suggests
that anthropogenic disturbances can alter soil nutrient
cycling pathways and intensities, causing changes in soil
nutrient levels and affecting soil carbon cycling [14].

Therefore, this study selects two types of parent
materials (limestone and dolomite) in the Hechi area of
Guangxi, China, and three forest soils under different
levels of human disturbance (virgin forest, secondary
forest, and planted forest) as research subjects. The
study aims to explore the impact of different levels of
human disturbance on soil nutrients, enzyme activity,
and the potential for organic carbon sequestration under
limestone and dolomite parent materials. This study is
intended to provide a reference for soil carbon cycling,
carbon sequestration, and emission reduction in karst
forests.

Materials and Methods
Overview of the Study Area

This study area is located in the concentrated karst
area in the southwest of Huanjiang County, Guangxi, a
typical exposed pure limestone mountain environment.
The average annual temperature is 15.7°C, annual
rainfall is 1389.1 mm, and the frost-free period is 290
d [15]. The soil types in the test area are limestone
soil developed from dolomite in the Mulian Karst
Experimental Station and limestone soil developed
from limestone in the Shimonanguzhou Desertification
Comprehensive Management Area, respectively.

Sample Collection and Processing

Based on the field study, three types of forest lands,
namely virgin forest, secondary forest, and planted forest
under dolomite and limestone soil-forming matrices,
were selected for the study. The plot information is
shown in Table 1. Three replicate sample plots were set
up for each sample plot, with a sample area of 20x20
(m), and topsoil (0-20 cm) was taken by the plum
blossom five-point sampling method, totaling 18 soil
samples. After removing plant roots and stones, the

collected soil samples were air-dried and sieved to 2 mm
for subsequent tests. The basic physical and chemical
properties of the soil at each forest site are shown in
Table 2. In the field sampling, the development type
of the area selected for each soil sample was basically
the same, with similar factors such as elevation, slope,
and slope direction, and the soil sample collection was
completed in November 2021.

Experimental Design and Methods

For the mineralization test, 18 500-mL culture
bottles containing 50 g of air-dried soil of different soil
types were prepared, and each soil type treatment was
repeated three times, maintaining 40% of the water
holding capacity in the field. At the same time, a beaker
containing 10 ml of 0.2 mol-L-' NaOH absorbent solution
was placed into a 500 ml culture bottle, sealed with a
lid, and incubated in a constant temperature incubator
at 25°C. The amount of CO, released from each soil
was determined by BaCl,-HCI titration on the 1Ist, 3rd,
Sth, 10th, 15th, 20th, 30th, and 60th days of incubation,
respectively.

For the soil culture experiment, 1 kg of air-dried soil
sieved through 2 mm was taken into 2 L polyethylene
culture flasks, and each soil type treatment was repeated
three times, maintaining a field water holding capacity
of 40%, and incubated continuously in a thermostatic
incubator at 25°C. Samples were analyzed on days 1,
3,5, 10, 15, 20, 30, 40, and 60, respectively, with about
100 g of soil taken each time. Soil microbial biomass,
dissolved organic carbon, and enzyme activity indicators
were determined using fresh soil, while other indicators
were measured using air-dried soil.

Determination of Soil Indicators

The capacity was determined using a ring knife with
a volume of 100 cm®. The pH was determined using the
pH meter method (water: soil = 2.5:1). Cation exchange
capacity (CEC) was determined using the BaCl,-H,SO,
exchange method. The fast-acting potassium (AK)
content was determined using the 1 mol-L"' ammonium
acetate extraction-flame photometer method [16].
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Microbial bulk carbon (MBC) content was
determined by chloroform fumigation and leaching.
Organic carbon (SOC) content was determined using
the potassium dichromate volumetric method with
external heating. Dissolved Organic Carbon (DOC)
content was determined by a carbon auto-analyzer.
Readily oxidizable organic carbon (ROC) content was
determined by oxidation with potassium permanganate
at 333 mmol-L"!. Organic carbon mineralization was
determined using the BaCl,-HCl titration method. The
calculation formulas for the rate of organic carbon
mineralization and the cumulative mineralization of
organic carbon are as follows:

Organic carbon mineralization (mgkg")={[(V,-
V)xCx0.022%(22.4/44)x1000]x2x1000}/m

Formula:

V,—Volume of standard hydrochloric acid consumed
in blank titration, mL

V—Volume of standard hydrochloric acid consumed
in sample titration, mL

C—~Concentration of standard hydrochloric acid,
mol-L"!

0.022—Molar mass of carbon dioxide (1/2CO,),
M(1/2C0O,)=0.022 g-mmol"

22.4x1000/44—Milliliters per gram of CO, in the
standard state

Rate of soil organic carbon mineralization

Rate of organic carbon mineralization (mg'kg'-d"')=
Organic carbon mineralization /At

Formula: At—Number of days between incubation
intervals, d

Cumulative mineralization of organic carbon

Cumulative mineralization of organic carbon
=", Organic carbon mineralization

Catalase activity was determined by potassium
permanganate titration. A sodium phenol-sodium
hypochlorite colorimetric assay determined soil urease
activity. Soil sucrose activity was determined by the
3,5-dinitrosalicylic acid method [17].

Data Processing

The experimental data were initially analyzed
and organized in Excel 2019 and plotted using Origin
Pro 2022 software. The correlation between soil
physicochemical properties, organic carbon and its
carbon fractions, and enzyme activities was investigated
using Pearson correlation analysis, and structural
equation modeling was performed using the R language,
with the significance level set at P<0.05. The data in
the graphs and tables are presented as mean + standard
deviation.

Results

Effects of Different Anthropogenic
Disturbance Intensities on the Basic Physical
and Chemical Properties of Soil

As shown in Fig. 1. At the end of the incubation
period, the pH range of DP, DS, and LV soils was 7.5-
8.2, with the soil being weakly alkaline; the LP, LS,
and DV soil pH ranged from 6.3 to 6.8, and the soil was
weakly acidic (Fig. 1a, d). Forestland soil incubation for
60 days decreased the CEC content of dolomite-forming
parent forestland soil and increased the CEC content
of limestone-forming parent forestland soil. Among
them, the CEC content of LV was the highest, at 137.69
cmol'kg', and the CEC content of DV was the lowest, at
16.95 cmolkg! (Fig. 1b, €). At the end of the cultivation
period, human interference increases the soil’s AK
content under the dolomite parent material. The AK
contents of the three forestland soils under limestone
soil-forming parent material were ranked as follows:
virgin forest > secondary forest > planted forest. Among
them, DV had the lowest AK content of 15.89 mg-kg™'.

(Fig. 1c, ).

Effects of Different Anthropogenic
Disturbance Intensities on Soil Organic
Carbon Mineralization in the Forest Land

The rates of organic carbon mineralization in forest
soils all showed an increasing and then decreasing trend
during the incubation time. The maximum value was
reached on the 5th day of incubation, where LV had
the highest rate of organic carbon mineralization at
198.02 mg-kg'-d". The effects of different intensities of
anthropogenic disturbance on the rate of organic carbon
mineralization in forest land were as follows: limestone-
forming parent soil was larger than dolomite-forming
parent soil (Fig. 2a, b). The cumulative mineralization
of organic carbon in forest land soils increased with
the extension of incubation time, and the cumulative
mineralization of organic carbon increased rapidly in
the early stage of incubation and then slowed down
and leveled off in the later stage. In both dolomite
and limestone soil-forming matrices, the cumulative
mineralization of organic carbon in the forested soils
of virgin forests was greater than that in forested soils
of both planted and secondary forests. The difference in
cumulative mineralization of organic carbon between
the two soil-forming matrices was the greatest in the
native forest stand soil. At the end of the incubation,
the cumulative mineralization of the organic carbon
of LV was 1.32 times higher than the cumulative
mineralization of the organic carbon of DV. The
cumulative mineralization of organic carbon in the LV
reached 2935.266 mg-kg™.

The dynamics between organic carbon mineralization
and incubation days in different soil types were fitted
using the first-order kinetic equation C=C (1-e™),
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Fig. 1. Effects of different anthropogenic disturbance intensities on the physicochemical properties of forest land soils (pH (a), cation
exchange capacity (CEC) (b), and acute potassium content (AK) (c) of forestland soils under dolomite-forming parent material; pH (d),
cation exchange capacity (CEC) (e), and acute potassium content (AK) (f) of forestland soils under limestone-forming parent material).
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Fig. 2. Effects of different intensities of anthropogenic disturbance on the amount of organic carbon mineralization in forest soils (organic
carbon mineralization rate (a), cumulative organic carbon mineralization (c) in forest soils under dolomite matrix; organic carbon
mineralization rate (b), cumulative organic carbon mineralization (d) in forest soils under limestone matrix).
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Table 3. Soil mineralization kinetic parameters under different anthropogenic disturbance intensities.

Fitting parameters
Soil type
CO (mg-kg") K (d" R? C,/S0C
DP 1912.059+163.670 0.041+0.007 0.971 0.04
DS 2447.706+157.790 0.038+0.005 0.986 0.06
DV 2798.416+348.670 0.027+0.006 0.977 0.08
LP 2032.294+70.880 0.043+0.003 0.995 0.07
LS 1507+208+77.870 0.067+0.009 0.976 0.05
LV 3202.478+146.200 0.044+0.004 0.991 0.04

Note: Ct: the cumulative mineralization amount at culture time t (d); CO: the potential soil carbon mineralization (mg-kg-1); k: the rate

constant of soil carbon mineralization, d-1; t: the culture time, d.

which was a good fit, with a correlation coefficient of
R2>0.97 (Table 3). Under the dolomite parent material,
the C, values of the three types of forest soils decrease
with the increase of human disturbance intensity, and
the K increases with the increase of human disturbance
intensity. Under the limestone parent material, the C,
values of the three types of forest soils are in the order of
virgin forest>planted forest>secondary forest, and the K
is in the order of secondary forest>virgin forest>planted
forest. The C/SOC values of the three forest land soils
under dolomite soil-forming parent material decreased
with increasing intensity of anthropogenic disturbance,
and the C/SOC of the three forest land soils under
limestone soil-forming parent material increased with
increasing intensity of anthropogenic disturbance.
Among them, DV had the largest C /SOC value of 0.11.

Effects of Different Anthropogenic Disturbance
Intensities on Soil Organic Carbon and its
Active Carbon Fractions in Forest Land.

As shown in Fig. 3, at the end of incubation, the
soil organic carbon content (SOC) in each stand was

Incubation time (d)

reduced to some extent compared to the first day of
incubation. Among them, the SOC content of the LP
decreased the most by 55.06%, and the SOC content of
the LV decreased the least by 14.99%. In the dolomite
soil-forming parent material, the SOC contents of the
two types of forest soils, planted forest and secondary
forest, were larger than the SOC contents of the virgin
forest soils. In limestone soil-forming matrices, the SOC
content of both planted and secondary forest soils was
less than the SOC content of virgin forest soils. The SOC
content of the limestone soil-forming parent material
was greater than that of the dolomite soil-forming
parent material in both virgin and planted forest soils.
The SOC content of dolomite soil-forming matrices was
greater than the SOC content of limestone soil-forming
matrices in both secondary and planted forest soils. At
the end of incubation, LV had the highest SOC content
of 5594 g'kg', and LP had the lowest SOC content of
16.19 g'kg'.

During the cultivation period, the trend of microbial
biomass carbon (MBC) change in soils of different
forest types is the same, overall showing a pattern
of rising, falling, rising again, and then falling. On

Incubation time (d)

Fig. 3. Changes in the organic carbon content of the soil in the lower forestland soil under different anthropogenic disturbance intensities
(Organic carbon content of forestland under dolomite soil-forming parent material (a); organic carbon content of forestland soil under

limestone soil-forming parent material (b)).
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Fig. 4. Effects of different anthropogenic disturbance intensities on the active organic carbon content of forestland soils (Microbiomass
carbon (a), water-soluble organic carbon (b), readily oxidizable organic carbon (c) in dolomite-forming parent material forestland soil;
microbiomass carbon (d), water-soluble organic carbon (e), readily oxidizable organic carbon (f) in limestone-forming parent material

forestland soil).

the 15th day of incubation, the MBC content of DV
reached the maximum value of 742.4 mgkg!. At the
end of incubation, the LS had the highest MBC of 423.9
mg-kg?, and the LV had the lowest of 13.2 mg-kg" (Fig.
4a, d). The soluble organic carbon content (DOC) of the
forest land showed an overall decreasing trend during
the 60-day incubation cycle, and the maximum values
of DP, DS, and DV were reached on the 20th day of
incubation, which were 739.53 mgkg!, 935.1 mgkg!,
and 586.53 mg-kg!, respectively. In the soils of planted
forests and secondary forests, the dissolved organic
carbon (DOC) content in soils derived from limestone
parent material is greater than in soils derived from
dolomite parent material. Conversely, in the soils of
virgin forests, the DOC content is the opposite (Fig.
4b, e). During the 60-day cultivation period, the overall
trend of readily oxidizable carbon (ROC) showed the
same pattern, initially increasing and then decreasing.
On the 15th day of incubation, the ROC content of each
forest land soil reached the maximum value, and the
ROC content of LV was the highest, at 70.068 mgkg?,
and the ROC content of DS was the lowest, at 20.741
mg-kg'. At the end of the 60-day incubation period, the
ROC contents of the two types of soil-forming parent
material forest land soils were in the following order:
planted forests, secondary forests, virgin forests, and
the ROC content of the limestone soil-forming parent
material was greater than that of the dolomite soil-
forming parent material (Fig. 4c, f).

Effects of Different Intensities of
Anthropogenic Disturbances on Soil
Enzyme Activities in Forest Land

At the end of the incubation, the sucrase activities of
DP, DS, and DV showed an increasing trend, reaching
1.66 gkg'-d'(DS), 1.32 gkg'd' (DP), and 1.10 g'kg
I-d1 (DV), respectively, at the 60th day of incubation. In
the forest soil derived from limestone parent material,
the sucrase activity at the end of the cultivation period
was LV>LP>LS. LS showed the greatest decrease in
sucrase activity, which decreased by 74.85% (Fig. 5a,
d). The urease activities of the three forest land soils
under dolomite soil-forming parent material showed an
overall increasing trend, with DS showing the greatest
increasing trend, and the urease activity at the end of
incubation was 4.79 times that at the first day. At the
end of incubation, the soil urease activity of forest land
soil under dolomite soil-forming parent material was
in the order of planted forest, secondary forest, and
virgin forest; the urease activities of the three forest
lands with limestone soil-forming parent material were
LV > LP > LS. In general, the urease activities of LV
were higher than those of the other soil types (Fig. 5b,
e). The catalase activities of the three forest land soils
under limestone soil-forming parent material reached
the minimum on the 10th day of incubation at 0.539
mg-g'h! (LP), 0.651 mgg'h! (LS), and 0.762 mg'g
Lht (LV), respectively. The trend of catalase changes in
the dolomite soil-forming matrices was higher, with DV
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Fig. 5. Effects of different intensities of anthropogenic disturbances on enzyme activities in forest soils. (Sucrase (a), urease (b), catalase
(c) in dolomite-forming parent forestland soil; sucrase (d), urease (e), catalase (f) in limestone-forming parent forestland soil).

peaking at 1.343 mg-g'-h"! on the 5th day of incubation
and DP and DS peaking at 1.207 mg-g'-h'!, 1.670 mg-g
Lh, respectively, on the 15th day of incubation (Fig. 5c,

f).
Correlation Analysis

In the dolomite soil-forming parent material,
sucrase showed a significant negative correlation with
ROC (P<0.05). MBC showed a significant positive
correlation with ROC (P<0.05, 0.40) and a significant
positive correlation with DOC (P<0.05, 0.48). SOC
showed a significant positive correlation with CEC
(P<0.05), a highly significant positive correlation
with AK and pH (P<0.01), and a significant positive
correlation (P<0.05, 0.38) (Fig. 6a, c) in limestone soil-
forming parent material. Sucrase showed a significant
positive correlation (P<0.05) with pH. Urease showed
a significant positive correlation (P<0.05) with AK, a
highly significant positive correlation (P<0.01) with
pH and catalase, and a highly significant negative
correlation (P<0.01) with DOC. Catalase showed a
highly significant positive correlation with AK and pH
(P<0.01) and a highly significant negative correlation
with DOC (P<0.01). SOC showed a highly significant
positive correlation with AK and pH (P<0.01) and
a highly significant negative correlation with DOC
(P<0.01, 0.52); it also showed a highly significant
positive correlation with urease (P<0.01, 0.85) and a
highly significant positive correlation with catalase
(P<0.01, 0.59). DOC showed a significant negative
correlation with CEC and AK (P<0.05) and a highly

significant negative correlation with pH (P<0.01). pH
showed a highly significant positive correlation with AK
(P<0.01) (Fig. 6b, d).

Discussion

Effects of Different Intensities of
Anthropogenic Disturbances on the Physico-
Chemical Properties of Forest Lands

Soil  physico-chemical properties can reflect
changes in soil fertility [18]. Different intensities of
anthropogenic disturbances affect soil stability by
influencing soil physico-chemical properties [19].

In this study, at the end of incubation, the secondary
and planted forest land soils under the dolomite soil-
forming parent material were weakly alkaline, which
agreed with the findings of Shizhen Xiao et al. [20].
In the land soil under limestone soil-forming parent
material, the virgin forest soil was weakly alkaline. The
soil of secondary and planted forest land was weakly
acidic, which might be due to the fact that the soil
developed by limestone is rich in calcium carbonate and
salt base. The calcium carbonate retarded the leaching
of the soil salt base and the acidification process of the
soil during anthropogenic disturbances [21]. Therefore,
in the limestone soil-forming parent material, the pH of
the two types of forest land soils, secondary and planted
forests, did not change significantly relative to that of
the virgin forest land soils.
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Cation exchange capacity (CEC) is the total amount
of various cations that can be adsorbed by soil colloids,
which is an important indicator to characterize the
fertilizer retention performance of soil [22]. In the
limestone soil matrix, the CEC of virgin forest land
was greater than that of secondary forest and planted
forest land, indicating that anthropogenic disturbance
can inhibit the adsorption of cations in the limestone
soil matrix. The CEC of virgin forest lands under
dolomite soil-forming parent material was smaller than
that of secondary and planted forest lands. Since the
buffering capacity of soil nutrients can be reflected by
the processes of diffusion, adsorption, and exchange
of ions, the amount of cations exchanged can represent
the amount of nutrients that the soil can hold [23].
Therefore, anthropogenic disturbances can increase the
buffering capacity of soil nutrients in dolomite-forming
parent material forest lands. These phenomena indicate
that the soil-forming parent material greatly influences
the formation and development of soils in Northwest
Gui [24].

Quick-acting potassium (AK) is the potassium in
the soil that is readily available for crop uptake and
utilization. Anthropogenic disturbance can increase the
medium-rapid potassium content of dolomite-forming
parent forestland soils. The main source of AK is soil
organic matter [25]. A positive correlation between AK
and SOC was observed in the dolomite soil-forming
parent material, and the soil organic carbon content of
the native forest stand was the lowest, so the soil quick
potassium content of the native forest stand was the
smallest under the dolomite soil-forming parent material.
In limestone soil-forming parent material, the quick
potassium content of virgin forest land soil was greater
than that of planted and secondary forest land soil, and
this finding was consistent with that of Guo Li [25]. This
may be due to the fact that virgin forest land has high
vegetation cover, a good ecological environment, and
less anthropogenic interference, which is favorable to
the accumulation of potassium.
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Effects of Different Anthropogenic
Disturbance Intensities on Soil Organic
Carbon Mineralization Characteristics

Soil CO, emissions are influenced by soil physical,
chemical, and biological processes and are related
to soil carbon content and cation exchange capacity,
among other factors [26]. In the 60-day constant
temperature incubation experiment, the rate of organic
carbon mineralization decreased rapidly in the first 30
days of incubation, and the amount of organic carbon
mineralization accumulated rapidly. The main reason
was that the decomposition of plant and animal residues
and microorganisms in the soil at the early stage of
incubation produced a large amount of nutrients,
which increased the activity of soil microorganisms
and contributed to the rapid mineralization of organic
carbon in the soil [27]. However, because the carbon
decomposed by soil microorganisms in the early
stage belongs to active organic carbon that is easy to
decompose when a large amount of organic carbon
is consumed, the microbial activity decreases. The
microbial decomposition target turns to inert organic
carbon that is difficult to decompose, e.g., cellulose,
lignin, etc. [28]. Therefore, from the 30th to the 60th day
of incubation, the rate of organic carbon mineralization
gradually stabilized, and the amount of organic carbon
mineralization gradually leveled off. Among the three
types of forest land soils, the cumulative organic carbon
mineralization of the two types of forest land soils,
planted forest and secondary forest, was smaller than
the cumulative organic carbon mineralization of virgin
forest. The results of this study were consistent with
those obtained by Yawei Wei et al. [29]. It indicates
that anthropogenic disturbances will reduce the
mineralization of organic carbon in forest lands with
both dolomite and limestone soil-forming matrices.

In this study, we used first-order kinetics to fit the
process of organic carbon mineralization in three forest
land soils. The C/SOC value indicates the proportion
of soil organic carbon consumed by soil organic carbon
mineralization degradation, which can indicate the
strength of the soil carbon sequestration capacity, and
the stronger the soil carbon sequestration capacity is,
the smaller the value will be [30]. The results of the
study indicated that DP and LV had the lowest C/
SOC values, which indicated that the intensity of
anthropogenic disturbance had different effects on
soil carbon sequestration capacity under different soil-
forming matrices and that anthropogenic disturbance
could enhance the carbon sequestration capacity of
forest lands in dolomite soil-forming matrices, while
anthropogenic disturbance would weaken the carbon
sequestration capacity of forest lands in limestone soil-
forming matrices. Meanwhile, the carbon sequestration
effect of soil is related to the pH of the soil; the higher
the pH, the easier it is to promote the formation of
carbonate ions and reduce the release of carbon dioxide
to achieve the purpose of carbon sequestration [31, 32].

In this study, the pH of DP was greater than that of other
soil types, and the C /SOC value of DP was the lowest,
so the forest land soil of planted forest (DP) under
dolomite soil-forming parent material could sequester
carbon better.

Effects of Different Intensities of Anthropogenic
Disturbances on Soil Organic Carbon and
its Active Fractions in Forest Land

Soil organic carbon (SOC) refers to a variety of
carbon-containing organic compounds in the soil
in the positive valence state, which is an extremely
important component of the soil. Different intensities
of anthropogenic disturbance can greatly impact soil
organic carbon content, and its content and dynamic
balance can reflect the soil quality [33]. The stability
of soil organic carbon depends on the ease with which
microorganisms can decompose and utilize organic
carbon [34]. In virgin forest land soils, the organic
carbon content of limestone soil-forming parent
material is greater than that of dolomite soil-forming
parent material, and this finding is consistent with that
of Xingfu Wang et al.[35]. Among the limestone soil-
forming matrices, the organic carbon content of the
virgin forest stands was the highest, which was two to
three times higher than that of the organic carbon in the
soil in secondary forests and planted forests. This may
be due to the fact that virgin forests are less affected by
anthropogenic disturbances, which is favorable to the
storage of soil organic carbon [36], while secondary
forests and planted forests have been subjected to
different degrees of anthropogenic disturbances, and
the storage capacity of soil organic carbon has become
weaker.

The waxing and waning of soil microbial biomass
carbon (MBC) reflects the process of microorganisms
using soil carbon sources for their own cell building to
multiply and microbial cell disintegration to mineralize
organic carbon, which is one of the signs of soil activity
[37]. In the two soil-forming matrices, the MBC content
in both forest land soils of planted and secondary forests
was higher than that of virgin forests, which indicates
that anthropogenic disturbance can enhance microbial
activity in forest land soils. Tong Zhao et al. [38] showed
that soil microbial biomass carbon (MBC) was closely
related to soil organic carbon (SOC) content. In this
study, MBC and SOC showed a negative correlation,
so the MBC content of limestone soil-forming parent
material was greater than that of dolomite soil-forming
parent material in the two types of forest land soils,
secondary forest and planted forest.

Soil water-soluble organic carbon (DOC) is the most
active component of soil organic carbon, is easy to
decompose by soil microorganisms, and can provide soil
nutrients that are mainly derived from plant apoptosis
and humus in soil organic matter [39]. Jiacheng Lan
[40] and others showed that soil DOC content and
microbial carbon have a good positive correlation, and
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the enhancement of soil microbial activity can promote
the rate of DOC production [41]. Therefore, the DOC
content of the soil of the two soil-forming matrices
in the pre-incubation period was greater in planted
and secondary forests than in virgin forests. In the
correlation analysis, soil DOC and SOC of both planted
and secondary forests showed a positive correlation,
which indicated that soil organic carbon components
were largely dependent on soil organic carbon content,
and the relationship between the components was
close, which could effectively reflect the changes in soil
organic carbon [42].

Soil readily oxidizable organic carbon (ROC) is the
fastest-turnover component of soil organic carbon and
is more susceptible to vegetation type than total soil
organic carbon [43]. In forest land soils of limestone
soil-forming matrices, the ROC content in virgin forest
lands was higher than that in secondary and planted
forests, probably because anthropogenic disturbances
increased soil-microbe contact and accelerated the
decomposition of ROC in soils. Among the two soil-
forming matrices, the easily oxidized organic carbon
of forest land soils differed significantly due to different
intensities of anthropogenic disturbances, which, on
the one hand, may be due to the different vegetation of
different land-use modes. Vegetation type can reflect
the high or low amount of organic matter input from
vegetation to the soil [44]; on the other hand, it may be
because different soil utilization modes can affect the
input of organic matter, which in turn affects the content
of readily oxidizable organic carbon [45].

Effects of Different Intensities of
Anthropogenic Disturbances on Soil
Enzyme Activities in Forest Land

Catalase is an important oxidoreductase enzyme
involved in transforming matter and energy in soil,
which reflects the intensity of soil biochemical processes
to a certain extent. In limestone soil-forming matrices,
catalase activity was in the order of virgin, secondary,
and planted forests from high to low, indicating that
anthropogenic disturbances can attenuate catalase
activity in limestone soil-forming matrices [46]. In the
dolomite soil-forming parent material, the peroxidase
activities of the two types of forested soils, secondary
and planted forests, were generally higher than those
of virgin forests, probably due to the increase in forest
depression with the progress of succession and the deep
trees and high heights of virgin forests, which resulted
in lower light within the forests and thus reduced the
peroxidase activities of the soils [47]. The results of
Jia Chen et al. [48] showed that soil catalase activity
was significantly negatively correlated with pH under
anthropogenic disturbance. As a result, the peroxidase
activity of the soil in both planted and secondary forests
was greater in limestone-forming than in dolomite-
forming matrices.

Urease is a specialized enzyme, and urease activity
can be used to indicate soil nitrogen status [17, 49].
In dolomite soil-forming parent material, the urease
activity of planted forest land soil was greater than that
of virgin forest, and this finding is consistent with that
of Zhang Guowei et al. [50]. At the end of incubation,
the urease activity of limestone soil-forming matrices
showed that virgin forests were larger than secondary
and planted forests, indicating that vegetation restoration
can increase soil urease activity, promote nitrogen
conversion to provide plants with available nutrients in
the active state, improve nitrogen utilization efficiency,
and accelerate soil nitrogen cycling [51].

Sucrase is an important enzyme widely present in
soils, and many scholars have used the activity of the
soil-transforming enzyme (i.e., sucrase) to indicate the
degree of soil maturation and fertility level [17]. At the
end of incubation, the sucrase activity of virgin forest
land soils under limestone soil-forming parent material
was greater than that of secondary and planted forests.
It may be that the decomposition of fallen leaves
from the forest floor’s dying vegetation and the virgin
forest’s root secretions stimulated the sucrase activity
in the forest land soil, which increased the sucrase
activity of the virgin forest land soil. It also indicates
that the biological activity and fertility of virgin forest
land soils are higher than those of the remaining two
vegetation types [52]. In the dolomite soil-forming
parent material, the sucrase activity of forest land
soils of both planted and secondary forests was greater
than the sucrase activity of virgin forest lands, which
suggests that anthropogenic disturbances can inhibit the
decomposition of macromolecular compounds in forest
land soils of the dolomite soil-forming parent material.

Conclusion

In the two types of parent materials, the cumulative
mineralization of organic carbon in the primary forest
soil is less than that in the artificially planted and
secondary forest soils. In the limestone parent material,
human disturbance reduced the organic carbon content
in the forest soil, while in the dolomite parent material,
human disturbance increased the mineralization of
organic carbon in the forest soil. At the same time,
human disturbance increased the enzyme activity in
the forest soil derived from dolomite parent material. It
decreased the enzyme activity in the forest soil derived
from limestone parent material. In summary, the three
types of forest land soils - virgin forest, secondary
forest, and planted forest - showed different responses
to soil organic carbon sequestration in two karstic soil-
forming matrices, dolomite and limestone. The carbon
sequestration capacity of virgin forest land soils was
stronger in the limestone soil-forming parent material.
Among the dolomitic soil matrices, planted forest land
soils had the strongest carbon sequestration capacity,
and organic carbon changes were less affected by
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anthropogenic disturbances, so the forest land economy
could be developed moderately.

Acknowledgments

This work was supported by National Natural Science
Foundation of China (32160284),Guangxi Natural
Science Foundation (2023GXNSFBA026336), Guangxi
Natural Science Foundation (2020GXNSFAA297092)
and the Fund of Guangxi Agricultural Science and
Technology Innovation Alliance (202413).

Data Availability Statement

All data generated or analyzed during this study are
included in this article.

Author Contributions

Lening Hu: Conceptualization, Methodology,
Supervision, Writing Review & Editing; Xuehui Liu:
Data Curation, Visualization, Writing — Original Draft;
Liming Zhou: Investigation; Yuefeng Yu, Huiping Ou,
and Tieguang He: Funding Acquisition.

Conflict of Interest

The authors declare no conflict of interest.

References

1. ZHAO M., ZENG C,, LIU Z., WANG 8. Effect of different
land use/land cover on karst hydrogeochemistry: A paired
catchment study of Chenqi and Dengzhanhe, Puding,
Guizhou, SW China. Journal of Hydrology, 388 (1), 121,
2010.

2. WANG M. Effects of grassland utilization shift on soil
reactive organic carbon and microorganisms in karst
mountainous areas. Guizhou University, 2023.

3. ZHANG Y. Effects of land management and utilization
practices on soil organic carbon fractions and nutrients in
karst slopes. Guangxi University, 2017.

4. YANG S, HE X., SU Y., ZHANG W., WANG K. The
Impact of Lithology and Land Use Patterns on Soil
Fertility in the Karst Region of Northwest Guangxi.
Chinese Journal of Applied Ecology, 21 (06), 1596, 2010.

5. JH Y., WANG P, GUOYI Z, LI S, YU G-R,, LI K.
Carbon uptake by karsts in the Houzhai Basin, Southwest
China. Journal of Geophysical Research Atmospheres, 116
(G4), 2011.

6. SONG T. Southwest Karst Plants and Environment. Series
of karst mountain ecological environment, 2015.

7. ALVAREZ G., SHAHZAD T., ANDANSON L., BAHN
M., FONTAINE S. Catalytic power of enzymes decreases
with temperature: New insights for understanding soil C
cycling and microbial ecology under warming. Global
Change Biology, 24 (9), 2018.

20.

21.

22.
23.

24.

WOLDESELASSIE M., MIEGROET H.V.,, GRUSELLE
M., HAMBLY N. Storage and Stability of Soil Organic
Carbon in Aspen and Conifer Forest Soils of Northern
Utah. Soil Science Society of America Journal, 76 (6),
2230, 2012.

WILLAARTS B., OYONARTE C., MUNOZ-ROJAS
M., IBANEZ J.J. Environmental Factors Controlling Soil
Organic Carbon Stocks in Two Contrasting Mediterranean
Climatic Areas of Southern Spain. Land Degradation &
Development, 27 (3), 603, 2016.

. HU P.L,, LIU S.J,, YE Y.Y., WEI Z,, SU Y.R. Effects of

environmental factors on soil organic carbon under natural
or managed vegetation restoration. Land Degradation and
Development, 29 (3), 2018.

. HAYNES R.J.J.B., SOILS F.O. Size and activity of the soil

microbial biomass under grass and arable management.
Biology and Fertility of Soils, 30 (3), 210, 1999.

.HE H., ZHANG Z., HE Y, LIU Y., HUANG L.

Characterisation of soil traits in karst forests in Yuntai
Mountain, Guizhou Province Hubei Agricultural Science.
52 (13), 3007, 2013.

. WANG J,, LIU Z., BAO E., ZHANG G., LI Y., SUN J.

Effects of forest and grass restoration on soil aggregates
and organic carbon content in karst rocky desertification
area. Journal of Soil and Water Conservation, 33 (06), 249,
2019.

. KONG X., ZHANG F., WEI Q., XU Y., HUI J. Influence

of land use change on soil nutrients in an intensive
agricultural region of North China. Soil & Tillage
Research, 88 (1), 2005.

. SONG T, PENG W.,ZENG F,, LIUL.,DUH,, LU S., YIN

Q. Analysis of spatial heterogeneity of soil moisture in
different vegetation types in karst peak-cluster depression
area-Taking the southwest peak-cluster depression area of
Huanjiang Maonan Autonomous County in Guangxi as an
example. Karst in China, 29 (01), 6, 2010.

. BAO S. Soil agrochemical analysis. 3 edition. Soil

Agrochemical Analysis, 3 edition, 2000.

. GUAN S. Soil Enzyme and Its Research Method. Soil

Enzyme and Its Research Method, 1986.

. ZHANG H., LIANG J., ZHOU Z., LV R. The relationship

between the distribution characteristics of soil physical
and chemical properties and vegetation of desert riparian
forest in the middle reaches of Tarim River. Soil and
Water Conservation, 23 (02), 6, 2016.

. PENG D,, QINF,, SU L., LI Q., CHENG C,, SU T. Effects

of different land use patterns on soil stability and nutrients
in typical karst areas. Jiangsu Agricultural Sciences, 50
(16), 251, 2022.

XIAO S., HE J., ZENG C., XIAO H., LEI B. Nutrient
content of soil developed by limestone and dolomite
in southwest karst area. Southwest China Journal of
Agrtcultural Sciences, 33 (06), 1247, 2020.

DONG L., HE T, LIU Y., SHU Y., LUO H., LIU F.
Analysis on the differences of main physical and chemical
properties of soils developed from different parent
materials ( rocks ) in karst mountainous areas. Chinese
Journal of Ecology, (03), 471, 2008.

XIE Y. Soil and Fertilizer Science, 3rd Edition. 2022.
YANG Y. Soil health assessment of cultivated land based
on multi-functionality. Nanjing University of Information
Science & Technology, 2021.

WU H., PENG W, SONG T.,, ZENG F.,, LI X., SONG
X., OUYANG Z. Vegetation natural restoration and
soil nutrient change in karst human disturbance area
of northwest Guangxi. Journal of Soil and Water



Different Human Disturbance Intensities on Soil...

13

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Conservation, 97 (04), 143, 2008.

LI G. Evaluation of soil physical and chemical properties
and soil fertility under different land use patterns in karst
area of Guizhou Province. Southwest University, 2017.
SCALA JR N.L., MARQUES JR J., Pereira G.T., CORa
J.E. Carbon dioxide emission related to chemical properties
of a tropical bare soil. Soil Biology & Biochemistry, 32
(10), 1469, 2000.

LI Y.-Y, QI L., LIU M.-Y,, LIU L.-W., ZHANG Y.-Y.
Decomposition of Soil Organic Carbon in Loess Tableland
Relative to Type of Land Use. Journal of Ecology and
Rural Environment, 31 (3), 346, 2015.

SONG Y., ZHAO X., MAO Z., SUN T., HOU L. Soc
decomposition of four typical broad-leaved Korean pine
communities in Xiaoxing” an mountain. Shengtai Xuebao/
Acta Ecologica Sinica, 33 (2), 443, 2013.

WEI Y., SU Y., CHEN X., HE X. Effects of human
disturbance on profile distribution of soil organic carbon,
nitrogen, phosphorus and microbial biomass in karst
ecosystem of northwest Guangxi. Journal of Soil and
Water Conservation, 24 (03), 164, 2010.

NIE C., YANG X. NIAZI N, XU X., WEN Y,
RINKLEBE J., OK Y., XU S., WANG H. Impact of
sugarcane bagasse-derived biochar on heavy metal
availability and microbial activity: A field study.
Chemosphere, 200, 274, 2018.

LI D., LIU T., WANG W., LI L., LIANG S. Correlation
analysis between soil organic carbon content and soil
physical and chemical properties in Fenglin Nature
Reserve. Forestry scientific, 37 (05), 25, 2012.

SHENG Y. Effects of pH on soil biochar carbon
sequestration and its mechanism. Zhejiang University,
2017.

AKPA S.I.C., ODEH I10O.A, BISHOP TFA,
HARTEMINK A.E., AMAPU LY. Total soil organic
carbon and carbon sequestration potential in Nigeria.
Geoderma. 271, 202, 2016.

YANG C. Change characteristics and stability mechanism
of soil organic carbon in moso bamboo plantation. Chinese
Academy of Forestry, 2019.

WANG Y., HUANG X., HU J., ZHANG Z. Effects of
succession of microhabitats and lithology on soil organic
carbon in karst rocky desertification process. Journal of
Soil and Water Conservation, 34 (04), 295, 2020.

XIAO K., XU J.,, TANG C., ZHANG J., BROOKES P.
Differences in carbon and nitrogen mineralization in
soils of differing initial pH induced by electrokinesis
and receiving crop residue amendments. Soil Biology &
Biochemistry, 67, 70, 2013.

XIAO H. Characteristics of soil organic carbon
mineralization and fixation and its microbial mechanism
driven by erosion and vegetation restoration in the Loess
Plateau. University of Chinese Academy of Sciences.
Research Centre of Soil and Water Conservation, Ministry
of Education, China Academy of Sciences, 2019.

ZHAO T, YAN H., JIANG Y., HUANG Y., AN S. Effects
of vegetation types on soil microbial biomass carbon,

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.
50.

51.

52.

nitrogen and phosphorus in loess hilly region. Acta
Ecologic Sinica, 33 (18), 5615, 2013.

PANG D., CUI M,, LIU Y., WANG G., CAO J., WANG X.,
DAN X., ZHOU J. Responses of soil labile organic carbon
fractions and stocks to different vegetation restoration
strategies in degraded karst ecosystems of southwest
China. Ecological Engineering, 138 391, 2019.

LAN J.,, FU W., DUAN Z., YUAN B., PENG J., ZHANG
T. Response of soil dissolved organic carbon to land
use types and its relationship with soil nutrients in
karst mountainous areas. Journal of Soil and Water
Conservation, 18 (05), 76, 2011.

XU Q., JIANG P. Study on soil water-soluble organic
carbon under different forest vegetations. Journal of Soil
and Water Conservation, (06), 84, 2004.

ZHANG W., MING W., MENG W., SHAO X., JIANG
X., ZHOU B. Distribution characteristics of organic
carbon and its componets in soils under different types of
vegetation in wetland of hangzhou bay. Acta Pedologica
Sinica, 51 (6), 1351, 2014.

YANG X., REN W, SUN B., ZHANG S. Effects of
contrasting soil management regimes on total and labile
soil organic carbon fractions in a loess soil in China.
Geoderma, 177, 49, 2012.

LIJ.,ZHAO X., PAN K., YAN J., LI H. Effects of different
land use patterns on soil active organic matter. Journal of
Soil and Water Conservation, 25 (01), 147, 2011.
THORBURN PJ, MEIER E.A, COLLINS K.
ROBERTSON F.A. Changes in soil carbon sequestration,
fractionation and soil fertility in response to sugarcane
residue retention are site-specific. Soil and Tillage
Research, 120, 99, 2012.

CHEN H., ZHENG M., MAO Q., XIAO K., WANG K.,
LI D. Cropland conversion changes the status of microbial
resource limitation in degraded karst soil. Geoderma, 352,
2019.

LIU J., CHEN G., GUO J.,, YANG Z, L1 Y., LIN C,
YANG Y. Research progress on the response of forest soil
enzymes to environmental changes. Acta Ecologic Sinica,
37 (01), 110, 2017.

CHEN J,, YAO C., LIN Y., WU C,, LI J. Difference of
soil enzyme activity and evaluation of soil fertility quality
in Wuyishan forest land. Mountain Research, 39 (02), 194,
2021.

ZHOU L. Soil enzymology. 1987.

ZHANG G., XUE J., MA J., WANG H. Soil nutrients and
enzyme activities of different types of plantations in karst
degraded mountainous areas. Chinese Journal of Ecology,
1, 2023.

AN S., HUANG Y., ZHENG F. Characteristics of soil
urease activity and its relationship with soil properties in
grassland of loess hilly region. Acta Agrestia Sinica, (03),
233, 2005.

GONG J., CAI Z. Soil enzyme activity and correlation
of different vegetation types in karst area. Journal of
Guizhou Agricultural Science, 46 (05), 59, 2018.



