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A B S T R A C T

The soil stable carbon (C) and nitrogen (N) isotopes are widely used to indicate C3/C4 vegetation history, N
sources and transformation processes, respectively. However, land use change, particularly converting forest
into farm land, alters soil organic matter (SOM) sources and processes in soils, resulting in a hard understanding
of soil C and N fate. In the present study, soil organic carbon (SOC) and soil organic nitrogen (SON) contents, and
their stable isotope compositions (δ13C and δ15N) were determined in the five soil profiles under land use change
(i.e., conversion of native forest land into shrub land, grass land, maize field, and paddy land) in Lobo county,
Guizhou province, Southwest China. A coupling of 13C and 15N isotope in SOM under land use change was
verified whether it could provide more accurate indications of sources and transformation processes.

The SOC and SON contents of native forest land at the 0∼20 cm depth were significantly larger than these
under other transformed lands. The SOC and SON contents decreased exponentially with increasing soil depth
under all land use types, and showed opposite trends with soil pH. The C/N ratios of SOM in the soils under
undisturbed native forest decreased from 10 to 7 with increasing soil depth, while an irregular fluctuation along
soil profile was shown in other transformed lands. Similarly to the most study in the soils under C3 forest, the
δ13C and δ15N values of SOM in the soils under native forest at the 0∼50 cm depth increased with increasing soil
depth, with the range of −27.7‰∼−25.7‰ and 6.5‰∼10.0‰, respectively. While decreasing trends of them
in the soils below 50 cm depth were attributed to the mixing of 13C and 15N-depleted organic matters from
bedrocks. However, the δ13C and δ15N values of SOM along the soil profiles under other transformed lands were
intensively irregularly fluctuated between −29.1‰ and −19.0‰, 1.2‰ and 7.9‰, respectively. The single
δ13C and δ15N signals in the soil profiles of transformed lands indeed revealed the alterations of historical C3/C4

composition and N transformation processes after land use change, but these indications were not specific. The
result of the coupling of 13C and 15N isotope under native forest land reveals a positive relationship between
them, which associated with full plant-absorption against 15N-depleted inorganic nitrogen derived from SOM
mineralization. This study suggests that the coupling of CeN isotope fractionation more likely occurs in the C3

forest ecosystem with high N utilization efficiency. However, the replacement of native forest by farm land or
grass land will reduce soil N utilization efficiency.

1. Introduction

Ever-increasing population stress increases the requirement of food
from the agroecosystem (Amundson et al., 2015); one measure is to
expand the area of cultivable land by deforestation. However, the

conversion of native forest land to farm land leads to the loss of soil
carbon and other nutrients, and soil degradation (Smith et al., 2016).
Since soil organic carbon (SOC) and soil organic nitrogen (SON) are
essential factors for agricultural production and climate changes, un-
derstanding the biogeochemical cycling of these two nutrients is
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essential to the global biogeochemical cycles (Schmidt et al., 2011;
Wang et al., 2014). Most previous studies on land use change have
focused on soil organic matter (SOM) because of its importance for
sustainable crop production and its measurable response to changes in
global climate change and land use management (Chen et al., 2002;
Rasmussen, 2006; Liu et al., 2014; Zhang et al., 2014). Several studies
have shown that land use changes have reduced soil nutrient levels,
including SOC and SON content, and altered their transformation pro-
cesses (Zhang et al., 2013; Gao et al., 2014; Oktaba et al., 2014; Wang
et al., 2014; Gelaw et al., 2015; Bojko and Kabala, 2017). The im-
portance of studying the spatial and temporal variations of SOC and
SON due to global environmental concerns has been highlighted by
Navas et al. (2012). Generally, SOC and SON contents are suggested to
be higher in forest soils than in agricultural or pastureland soils
(Rumpel and Kogel-Knabner, 2011; Trumbore et al., 1995). While Gao
et al. (2014) reported that both density and storage of soil C and N were
significantly higher in croplands and orchards than those in forest lands
in subtropical regions of China. Tesfaye et al. (2016) reported that land
use types and soil depth are important factors influencing SOC and SON
turnover. However, whether and how land use types affect the stoi-
chiometry of soil nutrients remain unclear (Deng and Shangguan, 2017;
Liu et al., 2017). Besides, human activities, such as fertilizer applica-
tion, have increased N input in agroecosystems, potentially disrupting
the natural cycling of C through influencing multiple processes such as
plant net primary production and microbial activities (Gallowy et al.,
2005; Templer et al., 2007). Hence, it is necessary to further understand
the response of agroecosystems to changes in C and N cycles.

Natural stable isotopes can be used as tracers and proxies of eco-
logical processes, with an advantage being the relatively low cost and
the convenience of measurement compared to other techniques, such as
artificial stable-isotope labeling and radioisotope dating (Templer et al.,
2007). Stable C isotope (δ13C) have increasingly been used to estimate
soil C turnover, assess the decomposition rate of SOC, and reconstruct
historical changes of C3 and C4 vegetation (Boutton et al., 1998; Neff
et al., 2002; Staddon, 2004; Krull et al., 2006; Peri et al., 2012). Stable
N isotopes (δ15N) can indicate N source in agroecosystems when the
dominant N processes in soil are known, for example, δ15N of fertilizer
is near 0‰; 3‰∼14‰ in manure (Choi et al., 2017). Nadelhoffer and
Fry (1988) suggested that N is largely bound to organic materials in
surface soils, whereas inorganic N becomes relatively important at
specific depths where the content of organic N declines. Many studies
suggested that δ15N of SON is controlled by nitrification and deni-
trification, the adsorption of ammonium (NH4

+) on clays, and the
leaching of nitrate (NO3

–) (Mariotti et al., 1981; Hogberg and
Johannisson, 1993; Portl et al., 2007). Hogberg (1997) suggested that
soil N transformation processes discriminate against the heavier stable
isotope of 15N enrichment of the residual substrates. However, land use
change will alternate soil C and N sources and their transformation
processes, and there has been a challenge to understand soil C and N
fate by single stable C and N isotope signals (Choi et al., 2017). Al-
though the coupling of δ13C and δ15N in soil profile has been used to
indicate SOM turnover rate under mature C3 forest (Peri et al., 2012), in
the present study, whether the coupling of them can provide more ac-
curate indications of sources and transformation processes under land
use change was verified.

Guizhou Province is located in Southwest China and has the largest
karst area in the world (Zeng et al., 2020b). Karstification in the region
is very developed and the karst types are the most diverse compared to
other karst area in the world. This region currently faces many en-
vironmental problems (Zeng et al., 2019; Han et al., 2019), in particular
water and soil loss, which is commonly accompanied by soil nutrient
depletion. Serious water and soil loss have led to a rapid expansion of
rocky desertification, which has caused multiple environmental and
social issues in Guizhou Province (Wang et al., 2004; Zhang et al.,
2019). The SOC contents and δ13C compositions in this area were in-
vestigated to estimate the contribution of C3/C4 vegetation to SOC (Han

et al., 2015) and SOM stabilization within aggregates (Liu et al., 2019a,
b; Liu et al., 2020). While the current study aims to understand the
mechanisms of C-N isotope coupling. Therefore, this study investigated
the coupling of δ13C and δ15N in the soil profiles under land use change
in the typical karst forest region of southwest China. The aim of this
study was (1) to understand the vertical distribution characteristics of
SOC and SON content and their stable isotope composition (δ13C and
δ15N); (2) to determine whether single δ13C and δ15N signature can
effectively reveal the history of C3 and C4 vegetation and indicate N
sources and transformation processes under land use change; (3) to
identify the indications of SOM sources and transformation processes by
C-N isotope coupling under land use change.

2. Sampling site and analysis methods

2.1. Study area and site characteristics

This study focused on variations in the concentration of SOC and
SON, and their stable isotopic composition in soil profiles under land
use change. In October 2013, five soil profiles under different types of
land use were collected from Maolan National Natural Reserve Park in
Libo county, Guizhou province, Southwest China (Fig. 1). The five soil
profiles were classified as native forest land (LBF), shrub land (LBS),
grass land (LBG), paddy land (LBP), and maize field (LBM), in which the
first two capital letters (LB) of naming abbreviations of the soil profiles
mean the location of sampling site in Libo county, the third capital
letter means the type of land use. The original vegetation of all five
profiles was the native forest. In the 1960s, many original forests were
deforested using for the development of agriculture and graziery, and
these areas gradually developed to shrub land, grass land, and farm
land. The native forest land, shrub land, and paddy land mainly sup-
ported C3 plants, while the maize field and grass land were dominantly
C4 plants. The study area is controlled by a subtropical monsoonal
climate, with the mean annual air temperature of 15.3 °C and the mean
annual precipitation of 1750mm (Zeng et al., 2020a). The lithology of
the study area is mainly limestone, dolomite and little sandstone. De-
tailed site descriptions are given in Table 1.

2.2. Soil sampling and analysis

The paddy soil samples were collected after the rice harvest. At each
site, soil samples were collected at depth intervals of 10 cm from the
soil surface to the weathered parent material. A total of 52 soil samples
were collected from the five soil profiles under the different land uses
(Table 2). Soil samples were air-dried at 40 °C in an oven, then removed
roots and plant debris and passed through 2mm sifter.

Soil pH (soil/water of 1/2.5) was measured using a pH meter, with a
precision of± 0.05 (Liu et al., 2019b). After soil samples were finely
ground (< 149 μm), the pulverous samples were treated with
0.5 mol·L–1 HCl at room temperature for 24 h to remove carbonates
(Midwood and Boutton, 1998), washed to neutrality (pH=7) using
pure water (18.2MΩ cm), centrifuged, then dried at 60 °C and stored
for subsequent analysis. Similarly, inorganic N, including NO3

− and
NH4

+, were removed using 2mol L−1 potassium chloride (KCl) for 24 h
(Meng et al., 2005). Thus, the soil samples C and N left behind would
have been mainly composed of SOC and SON. The organic C and N
content in the treated soils was measured using an elemental analyzer
(EA: PE2400, Perkin Elmer, Waltham, MA, USA), with a precision of ≤
0.01%. The actual SOC and SON contents should be calibrated due to
loss of inorganic C and N (Liu et al., 2019b).

Stable isotopes of SOC and SON were measured using an isotope
ratio mass spectrometer (Finnigan™ MAT-252, Thermo Fisher Scientific,
Waltham, MA, USA) coupled to the EA via a Conflo-III universal in-
terface in the State Key Laboratory of Environmental Geochemistry,
affiliated to the Institute of Geochemistry (IGC), the Chinese Academy
of Sciences (CAS). Measurements were normalized based on the
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measured values of standards (IAEA N-1; IAEA C3), corrected for in-
ternal and procedural blanks, and reported in δ13C and δ15N notation
relative to Vienna Pee Dee Belemnite (V-PDB) and air per mil, where:

δ13C(‰) = [(Rsample – RV-PDB)/RV-PDB] × 1000, where R = 13C/12C
(1)

δ15N(‰) = [(Rsample − Rair)/Rair] × 1000, where R = 15N/14N (2)

Routine δ13C and δ15N measurements were conducted with an
overall precision of± 0.1‰ and±0.2‰, respectively. Each sample
was run in duplicate, and the results indicated that the differences were
within the range of measurement accuracy based on the measurement
values of standard material.

2.3. Statistical analysis

One-way ANOVA analysis with least significant difference (LSD) test
was performed to determine the significance of land use types on SOC
and SON content in the 0∼20 cm depth soil layer at the level of P <
0.05. The relationships between SOC (or SON content) and soil depth
(or soil pH) were determined by nonlinear regression analysis. The
relationships between the δ13C and δ15N of SOM in the five soil profiles
at the 0∼50 cm depth were determined by linear regression analysis.
The outliers were deleted after detecting by Box-plot, then the best-fit
lines were drawn, and equation, coefficient r, and P-value were de-
termined. Statistical analyses were performed by SPSS 18.0 (SPSS Inc.,
Chicago, IL, USA) and figures were done by SigmaPlot 12.5 (Systat
Software GmbH, Erkrath, Germany).

Fig. 1. Location of study area and sampling sites. LBF, the site in native forest land; LBG, the site in grass land; LBS, the site in shrub land; LBM, the site in maize land;
LBP, the site in paddy land. The satellite imagery was obtained using Google Earth software. The boundary of Maolan National Natural Reserve Park was determined
in ArcGIS software.
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3. Results

3.1. Distribution of SOC and SON contents, C/N ratio and soil pH

The SOC contents varied from 0.23% to 7.89% (Table 2), and were
the highest in the topsoil of the LBF profile. In the soils at the 0∼20 cm
depth, the contents of SOC were significantly higher in virgin forest
land compared with grass land and farm land, while were slightly
higher than shrub land, and the contents in grass land and farm lands
were not different (Fig. 2A). For the soils below 20 cm depth, SOC
contents in all soil profiles were commonly less than 2%, and became
stable with soil depth (Fig. 3A). From the maximal SOC content in the
topsoil, the SOC content decreased exponentially with depth by re-
gression analysis (Fig. 3A).

The SON contents of all soil samples varied from 0.08% to 0.75%
(Table 2), with similar depth distribution as that of SOC (Fig. 3B). Si-
milarly, the SON contents in virgin forest land were significantly larger
than those in grass land and farm land, while were slightly larger than
that in shrub land, and the contents in grass land and farm lands were
not different (Fig. 2B). The SON contents in all soil profiles also de-
creased exponentially with depth, and were commonly less than 0.2%
in the soils below 20 cm depth (Fig. 3B).

The C/N ratios in SOM of all soil samples ranged between 1 and 16
(Table 2). On the whole, the C/N ratios in the five soil profiles displayed
a decreasing trend from the surface to the bottom of the profile
(Fig. 4B). Only in the soil profile (LBF) under virgin forest land, the C/N
ratios steadily decreased with increasing soil depth from 10 to 7. There
are many abnormal ups and downs in the intermediate of other soil
profiles. For example, abnormal ups occurred in the LBG profile at
20∼30 cm depth; in the LBS profile at 10 cm depth; in the LBP profile at
10 and 50 cm depth and in the LBM profile at 60∼90 cm depth. Ab-
normal downs occurred in the LBP profile at 30 cm depth. The C/N ratio
generally decreases with increasing of SOM age in soils (Conen et al.,
2008). These results showed the dislocation of different decomposition
degree SOM in soil profiles after land use change.

Soil pH of all soil samples ranged between 6.5 and 7.8 (Table 2), and
it generally increased with depth in all soil profiles (Fig. 4A). The soil
samples in the LBM profile had relatively high pH values, which varied
from 7.2–7.8. An inverse relationship was observed between SOC, SON,
and soil pH, with a lower SOC and SON content corresponding to higher
pH values of these karst soils (Fig. 5A and B).

3.2. The δ13C and δ15N values of SOM

The δ13C values of the topsoil from the LBF, LBG, LBS, LBP, and LBM
profiles were −27.7‰, −22.8‰, −25.8‰, −24.4‰, and −23.9‰,
respectively (Fig. 6A). In the soils at the top 20 cm, δ13C values of the
five profiles increased by 2‰∼5‰. Vertical changes in δ13C were less
than 2‰ under virgin forest land (LBF), while changed by 6‰∼11‰
through soil profiles under other land use. For all soil samples of all soil
profiles, the most negative δ13C values (−29.5‰ ∼ −27.1‰) oc-
curred in the LBS profile at the 40∼80 cm depth, LBM profile at the
70∼90 cm depth, and LBF profile at the 60∼80 cm depth.

The δ15N values of the topsoil from the LBF, LBG, LBS, LBP, and
LBM profiles were 6.5‰, 3.4‰, 4.9‰, 5.8‰, and 5.2‰, respectively
(Fig. 6B). Most soil samples in the LBF profile had relatively large δ15N
values near 10‰. Except in the LBS profile, vertical changes in δ15N
values with depth in the other four profiles were less than 4‰. For all
soil samples of all soil profiles, the most negative δ15N values
(1.2‰∼2.3‰) occurred in the LBS profile at 20, 40, and 50 cm depth.

4. Discussion

4.1. Effects of land use change on SOC and SON contents in soil profiles

Previous studies of SOM revealed that the profile change in itsTa
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content depends mainly on the plant functional type (Han et al., 2015,
2017). Generally, plant biomass decreased as deforestation, and shrub
land has more vegetation cover than farm land. Differences in plant
biomass in different land use type directly affect organic matter input
into soils through plant litter and root exudate (Jobbagy and Jackson,
2000). Rate of SOM input into the soil is reduced when the land use
changes from native forest to grass land and farm land consistent with
previous studies (Aryal et al., 2018; Smith et al., 2016; Lal, 2004). Long-
term tillage significantly reduces soil microbe quantity and destroy soil
aggregates resulting in more rapid SOM decomposition (Liu et al.,
2019a). These differences in input and decomposition of SOM de-
termine the role of land use types on SOC and SON contents, similar to
this study that the contents decreased as follows: virgin forest land >
shrub land > grass land and farm land (Fig. 2). Effects of land use
types on SOM content mainly occur at the top 20 cm soil layer, where is
the main area of the root distribution, soil microbe, and tillage
(Chaopricha and Marín-Spiotta, 2014). While root density, organic
matter input, and microbial activities will be restricted in the soil layer
below 20 cm depth under all land use types. These results show that the
conversion of forest land to grass land or farm land significantly reduces
SOM content in the surface soils.

In the forest region of Maolan, subtropical, monsoonal and humid
climate is benefited for accumulation of plant biomass, which provides
an abundant organic matrix for soil microorganism metabolism in
topsoil (National Soil Survey Office National Soil Survey Office (NSSO,
1998). On the other hand, soil microbes under this climate are more
active than in more dry and cold region. While in soils below 20 cm
depth, SOM that mainly derived from plant litters and soil microbe
continuously decreased with increasing depth (Fierer et al., 2003; Chen
et al., 2005), resulting in exponentially decreasing SOC and SON along
with soil depth from the topsoil to the bottom of the profiles (Fig. 3). In
higher pH calcareous soils, humus combines with calcium ion to form
organic-inorganic complexes, which improve SOM accumulation (Zhu
and Liu, 2006). While SOM content was the largest when soil pH de-
creased to 6.5 in this study (Fig. 5), likely related to the accumulation of
humic acid. Soil pH increased with depth (Fig. 4A), likely resulting from
neutralization by humic acid in topsoil and decreased loss of carbonate
minerals in deeper soils.

4.2. Restricted utilization of single δ13C and δ15N of SOM in soil profiles to
indicate their sources and processes under land use change

The decreasing C/N ratio with soil depth generally reflects the de-
gree of decomposition of SOM (Nadelhoffer and Fry, 1988; Krull et al.,
2006). C/N ratio stably increased with depth in LBF profile, while it
irregularly varied in other four profiles that occurred land use change
(Fig. 4B). These results suggested that the decomposition degree of
SOM was likely not corresponding with the depth of it located. This
inference was confirmed through vertical changes in δ13C of SOM
(Fig. 6). Soil δ13C values of SOMmainly depend on organic matter input
from C3 and C4 vegetation; therefore the δ13C values of SOM can be
used to distinguish SOC contribution from C3 and C4 plants (Han et al.,
2015). Only in the LBF profile, δ13C values varied in a small range at
–28‰ ∼ –26‰ (Fig. 6A), which indicated that SOM derived from C3

vegetation. While in the other four profiles, vertical changes in δ13C
values were irregular with a ranged from –30‰ to –19‰ (Fig. 6A). In
the study area, due to the dislocation of different decomposition degree
SOM in soil profiles after land use change, changes in δ13C values along
a soil profiles could not be used to indicate the history of C3/C4 vege-
tation in the land that occurred land use change. Furthermore, the δ13C
values of SOM in the bottom of the LBF, LBS and LBM profiles ranged
from −27.1‰ to −29.5‰ (Fig. 6 A), which were close to the value
(−28‰) of organic matter contained in bedrock (Liu et al., 2020). The
mixing effect of organic carbon derived from bedrock and modern plant
leads to promiscuous δ13C value in deep soils, which also hinders the
indication of C3/C4 vegetation history by profile δ13C values (BouttonTa
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et al., 1998; Neff et al., 2002; Staddon, 2004; Krull et al., 2006; Peri
et al., 2012).

Soil δ15N values depend on δ15N composition of inputs, including
litter and fertilizer, and δ15N fractionation in transformation processes
between different N compounds (Mariotti, 1983; Houlton et al., 2006;
Hobbie and Hogberg, 2012; Hilton et al., 2013). The δ15N values of
SOM at topsoil of the five soil profiles were almost same with a ranged
from 5‰ to 6‰ (Fig. 6B), which mainly were controlled by δ15N
composition of leaves (Nel et al., 2018). In undisturbed native forest
land, the δ15N values of SOM in the LBF profile at the 0∼50 cm depth
increased with increasing soil depth (Fig. 6B), resulting from 15N en-
richment in microbe in SOM decomposition process and root uptake of
15N-depleted NO3

– after nitrification (Mariotti, 1983; Hobbie and
Hogberg, 2012). While decreasing trend in the soils below 50 cm depth
attribute to the mixing of 15N-depleted organic matters from bedrocks
(−3.2‰ to −1.3‰, unpublished data). The δ15N values of SOM along
the soil profiles under other transformed lands (LBS, LBG, LBM, and

LBP) were intensively irregularly fluctuated between 1.2‰ and 7.9‰,
which were controlled by the alteration of N transformation processes
under land use change. These N transformation processes, including
ammonification, microbial immobilization, nitrification and deni-
trification, are associated with different types of fungi. Microbial
quantity and species are significantly diverse in the soils at different
land use types (Wallander et al., 2009). Therefore N transformation
processes will adjust after land use change. Although the higher δ15N
values of SOM in deep soils are linked to the loss of 15N-depleted NO3

–

which derived from the nitrification process in many studies
(Nadelhoffer and Fry, 1988; Krull et al., 2006). This irregular fluctua-
tion in δ15N values along with soil profiles did not explicitly indicate a
specific N transformation processes in the land that occurred land use
change.

Fig. 2. Average SOC (A) and SON (B) contents in 0∼20 cm depth soils of the five soil profiles. SOC, soil organic carbon; SON, soil organic nitrogen; LBF, the site in
native forest land; LBG, the site in grass land; LBS, the site in shrub land; LBM, the site in maize land; LBP, the site in paddy land. Different lowercase letters indicate
significant differences of SOC content (or SON content) among different sites at P < 0.05 level based on the least significant difference (LSD) test.

Fig. 3. Changes in SOC (A) and SON (B) along soil depth in the five soil profiles. SOC, soil organic carbon; SON, soil organic nitrogen; LBF, the site in native forest
land; LBG, the site in grass land; LBS, the site in shrub land; LBM, the site in maize land; LBP, the site in paddy land. The outliers derived from SON content these were
deleted after detecting by Box-plot.

G. Han, et al. Agriculture, Ecosystems and Environment 301 (2020) 107027

7



4.3. Coupling of C-N isotope fractionation

For the karst soils under land use change, single δ13C values of SOM
in profile did not indicate the transformation and translocation pro-
cesses of SOM, due to the alteration of C3/C4 vegetation composition
and the mixing effect of organic carbon derived from bedrock and
modern plant as above mentioned. Similarly, single δ15N values also did
not indicate these soil N processes due to the changes in fertilizer ap-
plication and δ15N fractionation in N transformation processes under

land use change. Therefore, a coupled relationship between the δ13C
and δ15N of SOM was determined in the present study to identify the
transformation and translocation processes of SOM under land use
change (Fig. 7). The δ13C values in the deep soils were strongly affected
by the mixing effect; thus soils at the 0∼50 cm depth were selected to
analyze the relationship. From the topsoil at 0 cm depth to the soil at
50 cm depth, the δ13C values of SOM in the LBF profile which was lo-
cated in native forest land increased by 2‰, while they in other profiles
that had occurred land use change increased by 4‰∼ 8‰ (Fig. 7). The

Fig. 4. Changes in soil pH (A) and C/N ratio of SOM (B) along soil depth in the five soil profiles. SOM, soil organic matter; LBF, the site in native forest land; LBG, the
site in grass land; LBS, the site in shrub land; LBM, the site in maize land; LBP, the site in paddy land.

Fig. 5. Relationships between the soil pH and SOC content (A), SON content (B) in the all depth soils from the five soil profiles. SOC, soil organic carbon; SON, soil
organic nitrogen; LBF, the site in native forest land; LBG, the site in grass land; LBS, the site in shrub land; LBM, the site in maize land; LBP, the site in paddy land. The
outliers derived from SON content these were deleted after detecting by Box-plot.
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δ13C values of SOM generally increase by 1‰ ∼ 3‰ with increasing
soil depth under mature C3 forest (Chen et al., 2005), which is asso-
ciated with 13C-enriched microbial biomass and the preferred con-
sumption of 13C-depleted organic matters in decomposition process
(Boutton et al., 1998; Neff et al., 2002; Peri et al., 2012; Nel et al.,

2018). The organic matters in the subsoil undergo longer-term de-
composition compared to that in the topsoil, which leads to the larger
accumulation of 13C in SOM. Thus, SOM decomposition mainly con-
trolled the change in the δ13C values of SOM in the LBF profile. How-
ever, relative large changes in the δ13C values of SOM in other profiles
were explained as dominant C4 vegetation occurred in the past. Because
C3 and C4 vegetation composition mainly determine the changes in the
δ13C of SOM when the land had occurred dominant vegetation altera-
tion (Ellert and Janzen, 2006).

From topsoil to the subsoil, the δ15N values of SOM in LBF profile
increased by 4‰, while that in other profiles fluctuated irregularly
from 1‰∼ 6‰ (Fig. 7). The mineralization of SON generally produces
15N-depleted NH4

+ while accumulates 15N-enriched N in micro-
organism (Krull et al., 2006). Subsequent nitrification that NH4

+

transforms into NO3
− by nitrifying bacteria further depletes 15N in

NO3
– (Krull et al., 2006). The microbes in both mineralization and ni-

trification preferentially fix 15N, and SOM mainly consists of dead mi-
crobes after heavy consumption of plant debris (Craine et al., 2015). In
native forest land, 15N-depleted inorganic N leaves the soils through
sufficiently assimilating by plant root, resulting in 15N-enriched SOM in
residual organic matters (Nadelhoffer and Fry, 1988; Krull et al., 2006).
Reduced plant biomass in grass land and shrub land leads to an in-
complete absorption of 15N-depleted inorganic N, and redundant in-
organic N is reassimilated into microbes, thus the δ15N values of SOM
under the transformed lands is lower compared to native forest land. In
farm lands, redundant 15N-depleted NO3

– derived from N-fertilizer
(δ15N is ∼ 0‰, Choi et al., 2017) is leached downward and assimilated
by fungi (Hobbie and Ouimette, 2009), which results in 15N-depleted
SOM in the subsoils. However, there were not significantly lower δ15N
values in the soils of farmland (LBM and LBP) compared to that under

Fig. 6. Changes in δ13C values (A) and δ15N values (B) of SOM along soil depth in the five soil profiles. SOM, soil organic matter; LBF, the site in native forest land;
LBG, the site in grass land; LBS, the site in shrub land; LBM, the site in maize land; LBP, the site in paddy land.

Fig. 7. Relationships between δ13C values and δ15N values of SOM from the five
soil profiles at the 0∼50 cm depth. The linear relationships under LBG, LBS,
LBM, and LBP profiles were not credible (P > 0.05), thus the best-fit lines of
them were not shown. SOM, soil organic matter; LBF, the site in native forest
land; LBG, the site in grass land; LBS, the site in shrub land; LBM, the site in
maize land; LBP, the site in paddy land.
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grass land (LBG) and shrub land (LBS), which means that the effect of
15N-depleted N-fertilizer on δ15N composition of SOM can be ignored.
The loss of 15N-depleted NO3

– is considered as an important way to
increase δ15N value at depth (Krull et al., 2006). Commonly, the loss of
NO3

– under forest land is the least, which means that 15N-depleted in-
organic N is more easily preserved in the soil-plant system. Therefore,
the larger δ15N values in the native forest land (LBF) compared to other
transformed lands only is explained by more sufficiently assimilation by
plant root (i.e. N utilization efficiency). Moreover, the conversion of
forest land to grass land or farm land can decrease soil N utilization
efficiency. Additionally, the assimilation process against 15N-depleted
inorganic N in the subsoil results in 15N enrichment in SOM with in-
creasing soil depth in the forest land. When the lands have not occurred
land use change (i.e., the alteration of C3/C4 vegetation composition)
and fertilizer application, both the δ15N and δ13C values of SOM gen-
erally increase with increasing soil depth, which mainly depends on
SOM decomposition (Nadelhoffer and Fry, 1988; Krull et al., 2006). In
addition, when soil N utilization efficiency is sufficient, there is a high
consistency of 13C and 15N enrichment with SOM decomposition degree
as shown the well linear relationship between δ15N values and δ13C
values of SOM in native forest land (LBF profile). Thus, it can be in-
ferred that the coupling of C-N isotope fractionation is easily observed
in the C3 forest ecosystem with high N utilization efficiency.

5. Conclusions

This study indicated that SOC and SON contents were significantly
reduced when forest land converts into grass land or farm land in the
Maolan karst area, and the effects mainly focus on the 0∼20 cm depth
layer. The contents of SOC and SON decreased exponentially with in-
creasing soil depth under all land use types, and showed inverse trends
with soil pH. The C/N ratio, δ13C, and δ15N values of SOM in the lands
occurred land use change showed intensively irregular fluctuation
along soil profiles compared to these in native forest land. The results
suggested that the chaotic signals of single δ13C and δ15N of SOM in the
soil profiles under land use change restricted the indication of SOM
sources and transformation processes. Only in the soils under un-
disturbed C3 plant forest land, the δ13C, and δ15N of SOM showed a
positive relationship, resulting from full plant-absorption of 15N-de-
pleted inorganic nitrogen derived from SOM mineralization. Thus, the
coupling of C-N isotope fractionation more likely occurs in the C3 forest
ecosystem with high N utilization efficiency, and the replacement of
native forest by farm land or grass land will reduce soil N utilization
efficiency. We suggest that decreasing agricultural activities and in-
creasing vegetation coverage are the keys to reducing the N loss in the
karst ecosystems.
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