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ABSTRACT
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In this study, we investigated the dynamics of soii organic carbon (OC) and nitrogen (N) following the
conversion of forest to cropland. The cropland had been converted from adjacent forest areas 4, 50, or
100 years previously. Our specific objectives were 1) to determine the dynamics of OC and N in density
fractions and of OC and N derived from forest and cropland and 2) to examine the contributions of these
changes to changes in total OC and N. Conversion to cropland led to rapid losses of soil OC and N. The
decreases in total soil OC and N in tlie 0-10 cin depth were mainly due to decreases in light-fraction OC
and N. In the 10-20cm depth, the decreases in total soil OC and N were determined by the loss of OC
and N from both the light- and heavy-fractions. The losses in forest-derived OC and N were larger than
the gains in crop-derived OC and N. The predicted losses of forest-derived OC and N in both depths were
almost 2 times the losses of total soil OC and N. The mean residence times of forest-derived OC and N were
shorter than those of total soil OC and N. Our findings indicated that the dynamics of soil OC and N after
the conversion of forest to cropland were dominated by the losses of forest-derived and light-fraction

OC and N.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

The conversion of natural forest to agricultural land can lead not
only to losses of soil organic carbon (OC) and nitrogen (N) but also
to increases in CO, flux to the atmosphere (Don et al., 2011; Harris
et al,, 2012). Reports from arotinid the world indicate that soil OC
declined by 20-43% after conversion of natural forest to agricultural
land (Don et al., 2011; Gue and Gitford, 2002; Murty et al., 2002;
Wei et al., 2014). These losses could increase C emissions to the
atmosphere by 12-23 Gt.

Density fractions of soil organic matter are sensitive indicators
of changes in soil quality. Analysis of these density fractions can
provide important insight about how soil OC and N respond to
changes in land use (Boone, 1994; John et al., 2005; Six et al., 2002).
The light-fraction of soil organic matter is mainly composed of plant
residues, roots, and fungal hyphae at different stages of decomposi-
tion. The heavy-fraction is a more stable and dense organomineral
fraction with lower concentrations of OC and N (Boone, 1994;
Six et al., 2002; Bu et al., 2012; Schrumpf et al., 2013). The
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distribution of soil OC and N among different density fractions
varies depending on the ecosystem. Soil OC and N concentrations
in light-fraction organic matter are generally higher in forest soil
than in cropland or grassland soil (Spycher et al., 1983; John et al.,
2005; Yamashita et al., 2006; Bu et al., 2012). John et al. (2005)
reported that 86-91% of soil OC was associated with heavy-fraction
organic matter in grassland and cropland soils, whereas Spycher
et al. (1983) observed that 53% of the OC and 45% of the N were
associated with light-fraction organic matter in a forest soil. Con-
version from forest to cropland leads to significant changes in OC
and N in density fractions.

The isotopic signature of soil organic matter after land-use
change can be a powerful tool for understanding the biogeochem-
istry of OC and nutrients in different ecosystems (Dawson et al.,
2002; West et al., 2006). Changes in soil $13C have been success-
fully used to partition original and newly added OC in soil after
conversion from natural vegetation to crops (Blagodatskaya et al.,
2011; Osheretal.,2003; Vagen et al., 2006). The application of 31°N
to partition original and newly added N in soil following land-use
change has not been well examined, however. After the cultiva-
tion of previously forested land, soil organic matter decomposition
accelerates due to tillage and fertilization (FlieBbach and Madder,
2000; Roscoe and Buurman, 2003), resulting in the enrichment
of soil 815N (Wright and Inglett, 2009) and a decline in total soil
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Fig. 1. Sampling scheme of this study.

N. The application of N fertilizer to cropland can also change soil
315N (Bateman and Kelly, 2007; Choi et al., 2003). The changes in
soil 815N after the conversion of forest to cropland can be used to
partition forest- and crop-derived N.

In this study, we investigated the dynamics of OC and N follow-
ing the conversion of forest to cropland. The cropland had been
converted from adjacent forest 4, 50, or 100 years previously. The
organic matter was separated by into light and heavy-fractions.
d13Cand 8'°N techniques were used to distinguish between forest-
and crop-derived OC and N. The objectives of this study were 1) to
determine the dynamics of OC and N in density fractions and of
OC and N derived from forest and cropland and 2) to examine the
contributions of these changes to changes in total soil OC and N.

2. Materials and methods
2.1. Study sites

We conducted this study in the Huanglongshan Forest, Shaanxi
Province, China (35°28'49”-36°02'01” N, 109°38'49"-110°12'47"
E). The region is characterized by a semi-humid, temperate climate
with a mean annual temperature of 8.6 °C (ranging from —22.5°C
in January to 36.7°C in July) and a mean 2nnual precipitation of
612 mm. The soil in the region is a Cambisol according to the FAO
classification system.

2.2. Field investigation and sampling

Soil samples were collected {rom three areas in the study region
(Fig. 1). The areas, which were approximately 3 km from each other,
had the same soil type and similar topography. Each area included
a forest site and three cropped sites. The cropped sites had been
established {rom the adjacent forest 4, 50, or 100 years ago (Fig. 1).
The forest was composed of Liaodong oak (Quercus liaotungensis
Koidz) and birch (Betula platyphylla Sukaczev) and had a stand age
of more than 200 years. The forest floor was covered with bunge
needlegrass (Stipa bungeana Trinius). The cropped sites had been
primarily planted to millet (Setaria italica (Linnaeus) P. Beauvois),
maize (Zea mays Linnaeus), and potato (Solanum tuberosum Lin-
naeus). Millet and maize are C4 species. The aboveground biomass
of the crops was harvested and removed each year. Chemical fer-
tilizers have been applied to the cropped sites, but the rate of
application varied from year to year. Maize was growing on the
cropland when the samples were collected.

Three plots were established at each forest and cropland site in
August 2009 (forest plots, 20 m x 20 m; cropland plots, 5m x 5 m).
Each plot was at least 40 m from the site boundaries to reduce the
possibility of tree litter falling on the cropland plots. One sam-
ple was collected from each plot using a stainless steel cutting
ring (5 cm in height x 5 cm in diameter). This sample was used to

determine the bulk density of the 0-10 and 10-20 cm depths. Three
additional samples were collected from the 0-10 and 10-20cm
depths of each plot to combine a composite sample for measure-
ment of OC and N concentrations in both total soils and density
fractions. We only collected samples from the top 20 cm of the soil
profile because cultivation mainly affects soil OC and N mainly at
these depths. Litter was removed from the surface of the forest plots
before sampling. Visible pieces of organic material were removed
from all soil samples. The moist soil samples were transported to
the laboratory and air dried.

Each area also had one cropland site that had been cultivated for
more than 200 years. These sites were used as a reference for calcu-
lating the proportion of OC (foc) or N (fy) derived from the cropland.
Soil samples were collected from both the 0-10 and 10-20cm
depths of these sites. The soil type and topography in the reference
cropland were similar to those in the 4, 50, and 100 cropland sites.
We cannot absolutely verify that the reference cropland had the
same history as the converted cropland. However, the Huanglong-
shan Forest Bureau has confirmed that the reference cropland has
always been planted with millet, maize, and potato (C3/C4 rota-
tion), similar to the converted cropland (Zhang, 1986; Yang and
Hou, 2005). The tillage practices were similar on both the refer-
ence and converted croplands. Chemical fertilizers were first used
in the region in 1933 (Peng, 1995). Manure had not been applied to
either the reference or the converted cropland because the selected
sites were far from the village. We thus believe that the reference
cropland and the converted soils had a similar history in regard to
crop rotation, tillage and fertilization.

2.3. Laboratory analyses

The light and heavy-fractions were separated by a modified
density-fractionation procedure developed by Gregorich and Ellert
(1993). The free and occluded light-fractions were combined in the
modified procedure. Ten grams of each soil sample were placed in
a 100 mL centrifuge tube and dispersed ultrasonically in 70 mL of a
Nal solution (1.8 gcm~3) for 3 min at an energy input of 400 mL~1,
The centrifuge tube was packed in ice to minimize temperature
increases. The solution was centrifuged (15 min, 4000 rpm), and
the supernatant was aspirated with a vacuum pump and filtered
through a Whatman membrane filter (0.45 pm) in a Millipore vac-
uum unit. The fraction recovered on the filter (i.e., light-fraction)
was washed with 100 mL of 0.01 M CaCl, followed by 200 mL of
distilled water. The light-fraction was dried at 60 °C, weighed and
ground. The pellet in the tube (i.e., heavy-fraction) was washed
five times with 0.01 M CaCl, and then washed again with distilled
water until the clay fraction remained in suspension after 24 h. The
samples were dried at 60 °C, weighed, and then ground for analysis.

The OC and N concentrations in the total soil (air-dry) and den-
sity fractions were analyzed with a VARIO EL IIl CHON analyzer
(Elementar, Germany) at the Testing and Analysis Center of North-
west University, China. Soil samples were treated with HCI before
analysis to remove the carbonates.

The natural abundances of §13C and 8'°N in the soil organic
matter were analyzed with a MAT253 Stable Isotope Ratio Mass
Spectrometer (Thermo Fisher Scientific, USA) at the State Key Lab-
oratory of Hydrology-Water Resources and Hydraulic Engineering
at Hohai University, China. Variations in the 13C/12C and 1°N/4N
ratios are reported relative to the Vienna PDB standard and to atmo-
spheric N, respectively, and are expressed as:

R
8(%e) = [ —2mPle 1) x 1000 (1)
Rstandard

where R is the ratio of 13C to 12C or of 15N to 14N.
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2.4. Data analyses

Our analysis of soil OC and N dynamics was based on two
assumptions: 1) soil properties in the cropland and forest sites were
the same when the forest was converted to cropland and 2) the lev-
els of OC and N in the forest have not changed over time. The latter
assumption is based on the fact that soil OC and N are generally in a
steady state in mature forests (Odum, 1969). In order to determine
the origin of organic matter in the converted cropland, we made
two additional assumptions: 1) the 13C and 81°N signals were sta-
ble over time (i.e. old and new soil organic matter originating from
the same vegetation type had the same isotopic signal) and 2) the
spatial variability of isotopic signals in the cropland and forest sites
was low. These assumptions have been made in previous studies
(Walker et al., 2010; Wei et al., 2013) and are necessary because
neither the amount of OC and N in the soil nor the isotopic signal
of soil organic matter 50 years ago cannot be directly quantified. If
OC and N contents in the forest soil increased with time, then our
assumptions could result in overestimation of the declines in soil
OCand N after the conversion of forest to cropland (Wei et al., 2012,
2013).

The stocks of OC and N in total soils (SOC or SN, kg m~2) were
calculated as:

D x BD x OC
SOC = 00 (2)
D xBD x N
SN=——55— (3)

where D is the thickness (cm) of the soil depth, BD is the bulk density
(gcm~3) and OC and N are the OC and N concentrations (gkg=1) of
the 0-10 or 10-20 cm soil depths.

The stocks of OC and N in each density fraction (SOC; and SN;,
kg m~2) were calculated as:

D x BD x OC; x M;
100

D x BD x N; x M;j

100

where M; is the mass in the ith density fraction (gkg~') and OC;
and N; are the concentrations of OC and N in the ith density fraction
(gkg1) of the 0-10 or 10-20 cm soil depths.

For the cropland soils, the proportion of OC (fyc) or N (fy ) derived
from the cropland at each soil depth was calculated by solving the
following equations (Osher et al., 2003):

8%C = (1 —foc) x 8"Cr + foe x 8" cc (6)
SN = (1 — fiv) x 3" Np+ fiu x 8 *N¢ (7)

where 813Cg or 813N is the value of soil 8'3C or 813N in the for-
est, 813C or 813N is the value of soil 813C or 813N in the cropland,
and 813C¢ or §13N¢ is the value of soil 813C or 813N in the refer-
ence cropland. The 5!3C¢ was —19.83%. in the 0-10cm depth of
the reference cropland and —20.35%. in the 10-20 cm depth. The
813N¢ was 3.68%. in the 0-10 cm depth of the reference cropland
and 3.37%. in the 10-20 cm depth.

The forest- and crop-derived OC and N stocks (kg m~2) were
calculated as:

SOC; = (4)

SN; = (5)

SOCF = SOC x (1 — foc) (8)
SOCc = SOC x foc 9)
SNE = SN x (1 —fx) (10)
SNc = SN x fiy (11)

where SOCg and SOC are the stocks of forest- and crop-derived OC,
respectively, and SN and SN¢ are the stocks of forest- and crop-
derived N, respectively.

We used the following equation to model (1) the dynamics of
the OC and N stocks in the total soils and density fractions and (2)
the dynamics of the forest- and crop-derived OC and N stocks after
the conversion of forest to cropland (Six and Jastrow, 2002):

C=Cox [1_ (@) xe”‘t} (12)
Ce

which is equivalent to

C=Co—(Ce—Co)x e ™™ (13)

where t is the time since conversion (yr), Ce is the OC or N stock
(kg m—2) at equilibrium, Cy is the initial OC or N stock (kg m~2)
before conversion (t=0) and k is the rate constant (yr=1).

The potential losses or gains (L) of OC or N stocks (kg m~2) were
calculated as:

L=Cy—Ce (14)
The mean residence time (MRT) (yr) was calculated as:
MRT = L (15)

k

The parameters of the first-order model were obtained by fitting
the model for each replication. The mean value and standard error
of each parameter were calculated. The parameters were used to
predict the variables. The root mean square error (RMSE) and the
modeling efficiency (EF) were calculated to evaluate the overall fit
of the model. A perfect fit of the model predictions would have
an RMSE of 0 and an EF of 1. Our results showed that the predic-
tions were close to the observations (scattered around the 1:1 line)
(Fig. 2). The RMSE and EF were 0.104 kg m~2 and 0.916 for OC and
0.026 kgm~2 and 0.821 for N, respectively.

The propagation of error associated with variables such as foc
and fy as well as the forest- and crop-derived OC and N stocks were
evaluated using standard deviation (Gofii and Eglinton, 1996; Gofii
et al., 2005; Gordon et al., 2001; Taylor, 1997). For example, if q is
any function of several variables x, ---, z, then the standard deviation
associated with g(oq) can be assessed as:

B dq 2 dq ’
oq—\/(ax><07<> +---+(8Zx<77.> (16)

The variability associated with other variables was evaluated
using standard errors. A two-way analysis of variance (ANOVA) was
conducted using JMP version 10 software to test the effects of cul-
tivation and soil depth on OC and N stocks both in total soils and in
density fractions. The stocks of forest- and crop-derived OC and N
were also determined.

3. Results
3.1. Rapid decreases in OC and N in total soils

The conversion of forest to cropland significantly decreased the
stocks of OCand Nin total soils (Fig. 3aand b, Table 1). The decreases
were larger in the 0-10 cm depth than in the 10-20 cm depth. Soil
OC and N stocks in the 0-10 cm depth decreased by 19% and 21%,
respectively, within the first 4 years of conversion and by 33% and
31%, respectively, within 50 years of conversion. Soil OC and N
stocks in the 10-20 cm depth decreased by 3% and 1%, respectively,
within the first 4 years of conversion and by 16% and 15%, respec-
tively, within 50 years of conversion. Soil OC and N stocks did not
decrease significantly in either depth beyond 50 and 100 years after
conversion.

Our calculations predicted that soil OC and N stocks would
decline by 37 5% and 36 + 8%, respectively, in the 0-10 cm depth
and by 38 +£5% and 29 + 6%, respectively, in the 10-20 cm depth,
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Table 1
Analysis of variance results for all the variables (n=3).
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Fig. 4. Changes in the mass of soil light-fraction at the 0-10 and 10-20 cm depths
after conversion of forest to cropland. Error bars are the standard error of the mean.

at equilibrium state. The k values of soil OC and N stocks were
larger in the 0-10 cm depth than in the 10-20 cm depth, whereas
the MRTs were shorter in the 0-10 cm depth than in the 10-20cm
depth (Table 2). The largest decreases in total OC and N in both
depths were predicted to occur during the first 30 and 80 years of
conversion, respectively.

3.2. Decreases in soil OC and N in the density fractions

The conversion of forest to cropland significantly decreased the
mass of the soil light-fraction (Fig. 4, Table 1). The mass of the
light-fraction in the 0-10 cm depth decreased most within the first

Cultivation time Soil depth Interaction

F p F p F p
Soil §'3C 714 0.0000 0.9 0.3664 14 0.2538
Soil 81°N 61.6 0.0000 0.0 0.9151 0.2 0.6531
OC stock in total soils 24.1 <0.0001 12.1 0.0024 29 0.1046
N stock in total soils 159 0.0007 3.1 0.0931 0.8 0.3733
Mass of light-fraction 21.1 0.0002 7.4 0.0132 184 0.0004
OC stock in light-fraction 231 0.0001 7.9 0.0108 7.1 0.0149
OC stock in heavy-fraction 2.04 0.1684 2.7 0.1134 0.4 0.5567
N stock in light-fraction 225 0.0001 5.0 0.0371 5.6 0.0281
N stock in heavy-fraction 2.7 0.1155 0.4 0.5269 0.2 0.6876
Cropland derived OC stock 59.2 <0.0001 1.5 0.2366 0.0 0.9994
Forest derived OC stock 65.7 <0.0001 2.6 0.1208 14 0.2592
Cropland derived N stock 37.4 <0.0001 0.0 0.9237 0.13 0.7215
Forest derived N stock 47.5 <0.0001 1.1 0.3075 0.70 0.4137
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Table 2

Parameters (mean + standard error) describing the dynaiiics of soil OC and N after the conversion from forest to cropland.

Light-fraction Heavy-fraction

Crop derived

Total soil

Forest derived

ocC

ocC

ocC

oC

ocC

0-10cm

0.13 £ 0.01
0.02 + 0.01
0.009 + 0.002
116.3 + 14.6

0.59 + 0.05
0.09 + 0.01
0.007 + 0.002
137.7 £ 18.2

0.03 + 0.01
0.06 + 0.00
0.197 + 0.032

0.21 + 0.04
0.47 + 0.04
0.226 + 0.011

0.17 + 0.00
-0.14 + 0.00
0.017 + 0.001

58.5+17.8

0.82 + 0.00
-0.70 + 0.04
0.012 + 0.002

0.02 £+ 0.01
0.15 + 0.00
0.061 + 0.005

0.05 + 0.02
1.09 + 0.09
0.042 + 0.001
208 +1.9

0.14 £+ 0.02
0.08 + 0.02
0.029 + 0.005

344 +5.6

0.83 £+ 0.08
0.49 + 0.05
0.033 + 0.006

Ce (kgm~2)
L (kgm=2)
k(yr)

51+09

44 + 0.7

87.0 + 18.3

163 +14

30.3 £ 45

MRT (yr)
10-20cm
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0.10 + 0.01
0.02 + 0.01
0.003 + 0.001

310.1 +£ 6.8

0.54 + 0.04
0.10 + 0.01
0.004 + 0.001

2445 + 28.2

0.03 + 0.0/
0.03 + 0.01
0.015 + 0.002

0.16 + 0.01

0.13 + 0.00
-0.12 + 0.01
0.014 + 0.002

704 + 18.7

0.84 + 0.01
-0.79 + 0.01
0.009 + 0.003

108.7 + 8.2

0.02 £ 0.00

0.1
0.027 4+ 0.007

0.04 + 0.01

0.12 £ 0.01
0.05 + 0.01
0.012 + 0.003
833 + 104

0.55 + 0.04
0.34 + 0.06
0.013 + 0.003

Ce (kgm~2)
L (kgm~2)
k(yr1)

0.14 + 0.04
0.020 + 0.003
49.5 + 8.9

5+ 0.01

1.24 £ 0.16
0.028 + 0.008
35.6 + 6.4

65.5 + 12.8

372 +£83

769 +£9.3

MRT (yr)

Ce: The stocks of OC or N at equilibrium; L: Potential loss or gains of OC and N stocks; MRT: Mean residence time of OC and N stocks. The negative values of L indicate gains of soil OC and/or N stocks.

4 years after conversion (34%) but did not change significantly
between 50 and 100 years after conversion. Conversion did not
affect the mass of the light-fraction in the 10-20 cm depth.

The stocks of light-fraction OC and N decreased significantly
after conversion (Fig. 5a and ¢, Table 1). The decreases varied both
with time since conversion and with soil depth. The rapid decreases
in light-fraction OC and N in both depths occurred within the first
4 years after conversion. The heavy-fraction OC and N, however,
decreased slowly (Fig. 5b and d). The decreases in light-fraction
OC and N were generally larger in the 0-10 cm depth than in the
10-20cm depth. In contrast, the decreases in heavy-fraction OC
and N were generally smaller in the 0-10cm depth than in the
10-20cm depth. For example, light-fraction OC and N decreased
by 40-76% and 36-67%, respectively, in the 0-10cm depth but
only by 13-41% and 25-39%, respectively, in the 10-20 cm depth.
The heavy-fraction OC and N decreased by 1-5% and 10-15%,
respectively, in the 0-10cm depth and by 5-17% and 15-23%,
respectively, in the 10-20 cm depth. Additionally, the decreasing
rates of total OC and light-fraction OC were significantly corre-
lated with light-fraction N, with correlation coefficients of 0.827
and 0.803, respectively (P<0.0001). However, the decreasing rate
of heavy-fraction OC was riot correlated with light-fraction N.

The contribution of the decreases in the density fractions to
the total decreases in OC and N varied with soil depth. Decreases
in light-fraction OC and N after conversion accounted for 92-95%
and 72-78%, respectively, of the total decrease in OC and N in the
0-10cm depth. In contrast, in the 10-20 cm depth, declines in light-
and heavy-fraction contributed similarly to the total declines in OC
and N. Specifically, declines in light-fraction OC and N accounted
for 51-57% and 40-47%, respectively, of the total decline in OC and
N. Declines in heavy-fraction OC and N accounted for 43-49% and
53-60%, respectively, of the total decline.

The predicted losses of OC and N at equilibrium state were
higher in the light-fraction than in the heavy-fraction (Table 2).
Light-fraction OC and N were predicted to decline by 69 + 10% and
61 +16%, respectively, in the 0-10cm depth and by 45 +9% and
51 + 8%, respectively, in the 10-20 cm depth. Heavy-fraction OCand
N were predicted to decline by 13 +3% and 13 £ 4%, respectively,
in the 0-10cm depth and by 16 +4% and 15+ 5%, respectively,
in the 10-20cm depth. The predicted losses of OC and N in the
light-fraction accounted for 84 + 9% and 75 + 10%, respectively, of
predicted total losses inthe 0-10 cmdepthand 59 + 7% and 62 + 5%,
respectively, of predicted total losses in the 10-20 cm depth. The k
values of OC and N in the total soil were smaller than the values in
the light-fraction but larger than the values in the heavy-fraction.
The MRTs of OC and N in total soil were consistently longer than
those in the light-fraction but shorter than those in the heavy-
fraction (Table 2).

3.3. Changes in soil 813C and 8'°N and the dynamics of forest-
and crop-derived OC and N

The conversion of forest to cropland significantly increased soil
813C and 35N in both soil depths (Fig. 6a and b, Table 2). The
amount of increase varied depending on conversion time. Soil
313C increased by 1.2%. in the 0-10 cm depth and by 0.5%. in the
10-20cm depth within the first 4 years after conversion. During
the same period, soil 81°N increased by 1.6%. in the 0-10 cm depth
and by 1.4%. in the 10-20 cm depth. During the first 100 years after
conversion, soil 313C increased by 3.6%. in the 0-10 cm depth and
by 3.5%. in the 10-20 cm depth. Soil 31°N increased by 2.5%. in the
0-10 cm depth and by 3.0%. in the 10-20 cm depth.

Conversion increased crop-derived OC and N in both depths,
but decreased the forest-derived OC and N (Figs. 7a,b and 8a-d).
The losses of forest-derived OC and N and the gains of crop-derived
OC and N increased with conversion time and were larger in the
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0-10 cm depth than in the 10-20 cm depth. Forest-derived OC and
N in the 0-10cm depth decreased by 40% and 54%, respectively,
within 4 years of conversion and by 85% and 96%, respectively,
within 100 years of conversion. Forest-derived OC and N in the
10-20cm depth decreased by 16% and 37%, respectively, within
4 years of conversion and by 80% and 87%, respectively, within
100 years of conversion (Fig. 8a and c). Crop-derived OC and N
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Fig. 7. The proportion of OC (foc) or N (fy) derived from the cropland at the 0-10
and 10-20 cm depths. Error bars are the standard deviation of the mean, determined
from the propagation of error.

in the 0-10cm depth increased to 0.28kgm~2 and 0.07 kgm~2,
respectively, within 4 years of conversion and to 0.60 kg m~2 and
0.13 kg m~2, respectively, within 100 years of conversion. The crop-
derived OC and N in the 10-20 cm depth increased to 0.14 kg m—2
and to 0.07 kg m~2, respectively, within 4 years of conversion and
to 0.53kgm~2 and 0.11 kgm~2, respectively, within 100 years of
conversion (Fig. 8b and d).
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The losses of forest-derived OC and N were larger than the gains
of crop-derived OC and N at all time points after conversion. The
observed losses of forest-derived OC and N in the 0-10 cm depth
were 1.9-2.3 and 1.1-1.5 times, respectively, the observed gains
of crop-derived OC and N. The observed losses of forest-derived
OC and N in the 10-20 cm depth were 1.6-2.0 and 0.9-1.3 times,
respectively, the observed gains of crop-derived OC and N. The pre-
dicted losses of forest-derived OC and N in both depths were almost
2 times the predicted total losses of soil OC and N at equilibrium
state. The MRTs of forest-derived OC and N, however, were much
shorter than those of the total soil OC and N in both soil depths
(Table 2).

4. Discussion

Our results demonstrated that the conversion of forest to crop-
land led to rapid losses of OC and N in total soil and to significant
decreases both in light-fraction mass and in light-fraction OC and
N stocks. One explanation is that the input of organic material
to cropland soil is significantly reduced both by the harvest and
removal of aboveground biomass and by an overall decrease in root
biomass. Both of these factors could affect light-fraction organic
matter (Schrumpf et al., 2013). In addition, tillage and fertilization
in cropland can increase organic matter mineralization (FlieBbach
and Mdder, 2000; Roscoe and Buurman, 2003), resulting in signif-
icant decreases both in light-fraction mass and in soil OC and N
stocks.

The turnover of OC and N in the light-fraction after the conver-
sion of forest to cropland dominated the turnover of OC and N in the
total soil, particularly in the 0-10cm depth. The larger decreases
in light-fraction OC and N were partly due to the relatively high
rates of organic matter mineralization in this fraction (Boone, 1994;
Schrumpf et al., 2013; Six et al., 2002).

We observed that soil §13C increased after conversion from for-
est to cropland. This change can be ascribed to the introduction of
C4 crops (Dawson et al., 2002; West et al., 2006), the accelerated

decomposition of soil organic matter by tillage (Six et al., 1998;
Wright and Hons, 2005) and the application of fertilizer, particu-
larly P fertilizer (Inglett and Reddy, 2006; Wright and Inglett, 2009).
The increases in soil 813C were lower than reports from wetter
regions (Blagodatskaya et al., 2011; Osher et al., 2003). The rela-
tively small increase in soil 8'3C in our study was probably mainly
due to the rotation of C3 and C4 crops in converted cropland. Arid-
ity is another factor that could have influenced our results. Arid
conditions often cause reductions in stomatal conductance and in
13C discrimination (Schnyder et al., 2006; Wittmer et al., 2008).

The application of chemical fertilizers was assumed to decrease
soil 81°N because synthetic fertilizers have levels of 8!°N simi-
lar to that of the atmosphere (0%.) (Bustamante et al., 2004; Choi
et al,, 2003), whereas the oxidation and decomposition of organic
matter enriches soil 815N (Wright and Inglett, 2009). Our results
showed a 0.66 +0.43 gkg~! (mean +S.D.) decrease in total N and
a 2.0+ 0.4%. (mean +S.D.) increase in 8!°N at the 0-20 cm depth
50 years after conversion. These changes are consistent with the
1.7 gkg~1 decrease in total soil N and the 4.4%. increase in soil 31°N
observed at the 0-5 cm depth after 12 years of cultivation of a tem-
perate humid pasture (Diaz-Ravind et al., 2005). The enrichment of
s0il 31°N due to the decomposition of organic matter is thus greater
than the depletion of soil 81°N due to the application of chemical
fertilizers, suggesting that the amount of N lost due to the decom-
position was larger than the amount of N input by fertilization after
conversion.

The application of 8'3C techniques to partition original and
newly added OC after land-use change has been well established.
However, few reports have used d'°N to partition original and
newly added N. We demonstrated that $1°N could track the dynam-
ics of original and newly added N after conversion of forest to
cropland, in agreement with other findings (Fang et al., 2011;
Robinson, 2001; Russow et al., 2004).

We assumed that the 313C and 3'°N signals were stable over
time and that old and new soil organic matter originating from
the same vegetation type had the same isotopic signals. However,



X. Wei et al. / Agricultural and Forest Meteorology 194 (2014) 188-196 195

due to decomposition and the partial preservation of specific soil
organic matter compounds (Dawson et al., 2002; Six et al., 1998;
West et al., 2006; Wright and Hons, 2005; Wright and Inglett, 2009)
as well as the Suess effect (Keeling, 1979), the §!3C and §!°N sig-
natures of the old forest-soil organic matter still present in the
converted cropland may have somewhat different 8!3C and §1°N
signatures than the bulk §13Cr and 8'°Nf signals. The 813C and
315N of forest-soil organic matter in converted cropland would
thusincrease with time, resulting in overestimation of crop-derived
OC and N. Our calculation showed that a 1%. increase in 8!3C and
315N would overestimate crop-derived OC and N in 100-year con-
verted cropland by 12%. The 813Cg and 8'°Ng, however, would also
increase with time due to isotopic fractionation (Béstrom et al.,
2007). This would reduce the error in our calculation. Thus, the
overestimation should thus be smaller than these values. Addition-
ally, the standard deviations of foc and fy were less than 0.21 and
0.13, respectively; those of forest-derived OC and N stocks were less
than 0.22 and 0.03 kg m~2, respectively; and those of crop-derived
OC and N stocks were less than 0.21 and 0.02 kg m~2, respectively
(Figs. 7 and 8). These results show that the propagation of error
associated with calculating the proportions of OC and N derived
from the cropland and the forest- and crop-derived OC and N stocks
were relatively small.

The turnover rate of forest-derived OC and N was higher than
that of total soil OC and N, indicating that the loss of forest-derived
OCand N dominated the dynamics of soil OC and N after conversion.
The gains of crop-derived OC and N, however, offset more than half
the losses of forest-derived OC and N. The gains of crop-derived OC
accounted for 43-52% and 67-93% of the losses of forest-derived OC
in the 0-10 and 10-20 cm depths, respectively. The gains of crop-
derived N accounted for 49-62% and 76-109% of the losses of the
forest-derived N in the 0-10 and 10-20cm depths, respectively.
These results suggest that the crop-derived OC and N play impor-
tant roles in supplementing soil OC and N after the conversion of
forest to cropland. The larger contribution of crop-derived N after
conversion can be attributed to the application of N fertilizer.

The decreasing rates of OC in both total soils and the light-
fraction were significantly correlated with light-fraction N. These
results suggested that high N availability resulted in greater losses
of soil OC (Mack et al., 2004; Recous et al., 1995). One explanation
is that higher N availability accelerates the decomposition of soil
organic matter (Bellamy et al., 2005: Mack et al., 2004). Therefore,
the rapid loss of N associated with the light-fraction shortly after
the conversion could be an underlying inechanism for the decrease
in the rate of OC loss as the time since conversion increased.

5. Conclusion

Our results indicated that the conversion of forest to crop-
land will lead to losses in the 0-20 cm depth of 2.33kgm~2 and
0.28 kg m~2 of forest-derived OC and N, respectively, but to gains
of 1.49 kg m~2 and 0.26 kg m~2 of crop-derived OC and N at equilib-
rium state, respectively. Calculations indicated that forest-derived
OC was mainly lost 25-36 years after conversion. Forest-derived
N was mainly lost 16-37 years after conversion. Crop-derived OC
was predicted to have been increased mainly 87-109 years after
conversion. Crop-land derived N was gained 58-70 years after con-
version. The losses of forest-derived OC and N were almost twice
the losses of total soil OC and N. The losses of OC and N from the
light-fraction accounted for 84% and 75%, respectively, of the total
losses in the 0-10 cm depth and for 58% and 60%, respectively, of
the total losses in the 10-20 cm depth. These results indicated that
changes in light-fraction and forest-derived organic matter domi-
nated the dynamics of OC and N in the total soil after conversion of
forest to cropland.
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