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HIGHLIGHTS

o 13C isotope analysis was used to estimate the
contribution of new and old carbon to SOC.

e The maize plot with high N rate improved SOC
fixation than the maize plot with low N rate.

e The maize plot with high N rate transferred
organic matter to a deeper soil layer.

e There are remarkable differences in turnover
time of SOC under different N rates.
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ABSTRACT

Empirical research indicates that heightened soil nitrogen availability can
potentially diminish microbial decomposition of soil organic carbon (SOC).
Nevertheless, the relationship between SOC turnover response to N addition
and soil depth remains unclear. In this study, soils under varying N fertilizer
application rates were sampled up to 100 cm deep to examine the
contribution of both new and old carbon to SOC across different soil depths,
using a coupled carbon and nitrogen isotopic approach. The SOC turnover time
for the plot receiving low N addition (250 kg-hal-yr1 N) was about 20-
40 years. Conversely, the plot receiving high N (450 kg-ha™l-yr1 N) had a
longer SOC turnover time than the low N plot, reaching about 100 years in the
upper 10-20 cm layer. The rise in SOC over the entire profile with low N
addition primarily resulted from an increase in the upper soil (0-40 cm)
whereas with high N addition, the increase was mainly from greater SOC in the


https://doi.org/10.15302/J-FASE-2024565
https://doi.org/10.15302/J-FASE-2024565
https://doi.org/10.15302/J-FASE-2024565
https://doi.org/10.15302/J-FASE-2024565
https://doi.org/10.15302/J-FASE-2024565

Hualing HU et al. Soil carbon and nitrogen interaction

315

deeper soil (40-100 cm). Throughout the entire soil layer, the proportion of
new organic carbon derived from maize C4 plant sources was higher in plots
treated with a low N rate than those treated with a high N rate. This implies
that, in contrast to low N addition agricultural practices, high N addition
predominantly enhances the soil potential for fixing SOC by transporting
organic matter from surface soils to deeper layers characterized by more
stable properties. This research offers a unique insight into the dynamics of
deep carbon under increased N deposition, thereby aiding in the formulation
of policies for soil carbon management.

© The Author(s) 2024. Published by Higher Education Press. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0)

1 Introduction

Soil is the largest reservoir of organic carbon in terrestrial
ecosystems. Approximately 1500 Gt of carbon in the world is
stored in the first meter of soil as organic matter, and this value
is more than twice the carbon pool of terrestrial plants and the
atmospherel'l. Accordingly, a slight change in soil organic
carbon (SOC) pool can markedly alter the atmospheric carbon
dioxide (CO,)
changel’]. The change in SOC pool is affected by many

concentration, thereby affecting climate
natural environmental factors, such as inputs from plant litter,
precipitation,
properties, and soil texturel']. Many anthropic factors, such as

temperature, soil physical and chemical
land use change, grazing, tillage and fertilizer application, also
affect the size of SOC pool by changing plant growth and
microbial activityl’l. Generally, the size of SOC pool is
determined by two dynamic processes, namely, carbon input
and carbon output. When the carbon output is greater than the
carbon input, soil is unsuitable for functioning as a carbon
sink, which can lead to the additional carbon to release into
atmosphere and thus cause global environmental problems
such as the enhanced atmospheric greenhouse effect.

Microbial decomposition is not only the main output process
of SOC but also an important part of soil carbon cycle in
terrestrial ecosystem!’). The amount of CO, released by
microbial respiration is an important indicator of SOC quality
and nutrient cycling speed[°]. Microbial respiration is closely
related to microbial activity, quantity, community composition
and structurel’]. Also, microbial respiration is affected by many
abiotic factors, such as temperature, moisture, active organic
carbon components and soil texturel’l. Microbial respiration is
also extremely sensitive to human disturbances, such as tillage
and fertilizer application, which can considerably influence the
microbial respiration rate and production!’].

With increasing human activity, the increase in atmospheric
nitrogen deposition has changed the input of exogenous N in

terrestrial ecosystems!'’], consequently affecting the carbon
input of aboveground plants. Clearly, N turnover is tightly
coupled to the carbon cyclel''l. Although the application of N
fertilizer exerts great practical importance on improving the
soil nutrient status of grassland and promoting the productivity
of terrestrial ecosystem!['”], it changes the composition and
structure of community species and reduces the richness of
speciesl'»'*l. Tt should be noted that there is no consistent
conclusion on the effect of N fertilizer application on SOC
pools, with some studies reporting positive effects and others
reporting negative effects, and some indicating no significant
impactl'>'°]. Nevertheless, this effect operates through two
primary mechanisms. One involves influencing the input of
SOC by enhancing plant productivity or altering root
deposition!'>!"], while the other involves modifying the output
of SOC by altering microbial decomposition processes!'’l.
Nevertheless, the effect is determined through two main ways.
One way is to affect the input of SOC by increasing the
productivity of plants or changing the root deposition!'®='%],
the other is to affect the output of SOC by changing the

microbial decomposition processes!'“].

Although there has been extensive research on the relationship
between the decomposition of SOC and the application of N
fertilizer!'”=1, the majority of studies have focused on surface
soil, with a notable absence of systematic research on deep
soils. The regulatory mechanism of deep SOC is different from
that of surface SOC. The biomass and turnover rate of
belowground biomass are more influential in the accumulation

of SOC than the input of aboveground biomass!”’~*]. Previous
research has indicated that organic carbon in deep soils
primarily originates from belowground biomass, which
governs the circulation and distribution of organic carbon
1. Globally, the vertical distribution

pattern of organic carbon in soil profiles is more closely

within deep soil layers!
associated with vegetation than climatel’>""]. However, the
overall quantity of SOC exhibits a stronger correlation with
climate than with vegetation[""l. Generally, total SOC levels
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increase with higher precipitation and clay content, but
decrease with rising temperatures. This trend is likely due to
the accumulation of organic carbon in deeper soil layers, where
climate exerts greater influence on surface organic carbon
changes, while clay content regulates deeper organic carbon
alterationsl’']. An earlier investigation identified variances in
both the biochemical attributes and mineralization rates of
SOC between deep and surface soil layers, along with
fluctuations in its susceptibility to disturbances!’l. In
combination, it is reasonable to infer that the regulatory
mechanisms governing organic carbon in deep soils might
differ from those in surface soils under conditions of N

deposition.

Information regarding incoming fluxes stemming from root
mortality and exudation by living roots remains obscure in the
absence of tracers. Additionally, quantifying the outflow from
the organic reservoir via microbial heterotrophic respiration
in situ poses considerable challengesl’’l. Consequently, isotopic
methods offer a fitting solution for tracking deep carbon
dynamics. The radiocarbon age of deep carbon serves as an
indicator of its sluggish turnover!"*»’'l. However, relying solely
on radiocarbon dating, which furnishes mean ages, fails to
provide precise estimations of the proportions of active and
stable carbonl”l. Alternatively, a viable approach involves
stable-isotope-based observations to discern the actual depth
distribution of soil carbon ages. This method hinges on sites
characterized by natural shifts in the 13C/12C ratio of vegetation
at known dates. Essentially, this mirrors the continuous in situ
labeling of atmospheric carbon atoms, which integrate into soil
organic matter over a specified duration eventually replacing
preexisting organic carbon, and are retrievable at the time of
samplingl’’].

In this study, soil samples were collected from field plots that
had been treated with varying rates of N fertilizers. Through
employing stable carbon isotope analysis, we examined the
contributions of both new and old carbon to SOC, aiming to
elucidate the role of soil depth. Also, we investigated the
response mechanism of SOC dynamics to N fertilizer
application rates in deeper soil layers by integrating the
physical and chemical properties of soil with the vertical
distribution of organic carbon and N.

2 Materials and methods

2.1 Study area and field experiment

The research site was situated east of Xinlitun Village, within
the Haidian District of Beijing, China (39°56’' N, 116°24" E).

This region has a typical warm temperate semi-humid
continental monsoon climate, characterized by hot and rainy
summers and cold, dry winters. The average annual
temperature ranges between 10 and 12 °C, with January
typically has temperatures between -7 and 4 °C, while July has
temperatures between 25 and 26 °C. The temperatures
extremes recorded are —27.4 and 41.6 °C. Annual rainfall is
about 640 mm, with a noticeable seasonal pattern. Over 70% of
precipitation occurs during the summer months of June
through August. The soil composition comprises tidal
cinnamon soil and sandy loam soil, with pH ranging from 6.8
to 7.1 in the study area.

At the study site, nine 50 m x 30 m plots were subjected to
three treatments (three replicate plots for each treatment: 0,
250, and 450 kg-ha=l.yr™! N. To investigate the differential
effects of these N application levels on SOC turnover, the low
and high rates were based on the commonly used rate of
300 kg-ha~l.yr~! N applied by local farmers!*°l. The vegetation
at the site was changed from C; (mixed species) to C, (maize)
in 2006. Planting starts from April to May, and maize crops
were harvested from August to September every year. The basal
fertilizer represented 38.8% of the N applied. Topdressing
fertilizer was applied at the six-leaf, 10-leaf and silking stages,
representing 11.2%, 37.6% and 12.4%, respectively, of total N
applied. Prior to vegetation change, the aboveground C;
vegetation was mainly composed of annual weeds, such as
Digitaria sanguinalis, Eleusine indica, Portulaca oleracea,
Salsola collina, Thlaspi caerulescens, and Xanthium sibiricum.

2.2 Collection and pretreatment of soil samples

The field experiment started with vegetation change in 2006
and ended with the sampling in 2011. Soil profile samples in
the nine plots assigned to the three treatments were collected in
November 2011. Two 1-m profiles were collected on each plot
about 5 m apart. The sampling intervals for 0-40 and 40-
100 cm were 5 and 10 cm, respectively. A total of 14 samples
were collected for each profile. When these were collected, two
parallel samples were obtained by the ring-knife method and
mixed them into one sample for soil bulk density
measurement. Subsequently, about 1 kg of the same layer
sample was collected with a soil shovel for the determination of

other soil physical and chemical properties.

Soil samples was froze, crushed, and sieved (2 mm). For the
proportion of the sample > 2 mm, the any soil aggregates were
weighed after the removal of plant residues and used for the
calculation of bulk density. For the proportion of sample
< 2 mm, the visible plant residues was removed before bagging
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and sealing for subsequent analysis.

2.3 Measurement of basic physical and chemical
properties of soil

Soil bulk density was measured by the ring knife method, and
each sample was measured in parallel twice. SOC density
(Dsoc, kg'm~2) and soil N density (Dg, kg'm~2) were obtained

62mm
- 556)
( 100 /i

as:

Dsoc = Zfsoc X i X H, X ~— 0 (1)
(1_ 62mm)
n 100 /i
DSN:ZiSNX’yi XH,' X T (2)

where, SOC is the soil organic carbon content (g-kg™1), y; is the
soil bulk density (g-cm™3), H; is the soil layer thickness (cm) of
the ith layer in the soil profile, # is the number of soil layers in
the soil profile, and dymm is the proportion of particles with a
particle size of > 2 mm (%) and SN is the soil N content

(gkg™).

Total organic carbon and total N in soil were determined with
an element analyzer (Vario EL Cube, Elementar, Germany)
after treatment with HCl (1 molL™!) to remove inorganic
carbon (e.g., CaCO3). §13Corg and 6'°N were examined using a
mass spectrometer (Thermo-Finnigan MAT253) coupled with
a COSTECH elemental analyzer. The standard deviations were
less than 0.05% for organic carbon and total N and 0.15%o for
013Cog and 6PN, respectively. 613Co; and 6N were
expressed by the following formulas:

(*C/C) gympte = (PC/C) yungana
(BC/IZC)standard

(15N/l4N)samplc _ (ISN/14N)
(ISN/MN)standard

The standard substance used for the analysis of stable carbon

63 Cy = x1000/%  (3)

standard

"N = x1000/%0  (4)

isotopes was Pee Dee Belemnite and for stable N isotope
analysis it was atmospheric N.

Soil clay (< 2 um) content was determined by using the laser
diffraction methodl"]. Specifically, freeze-dried sample of
0.25-0.35 g added to 200 mL beakers with 5 mL 10% H,O, to
remove organic matter. The addition of H,O, was repeated 3-4
times. After the reaction was completed, water was added and
boiled to hydrolyze excess H,O,. A sufficient amount of
3 mol-L~! HCI was then added and boiled. After the carbonate
was removed, the sample was washed with about 150 mL of
Then, 5 mL of 0.05 mol-L!
hexametaphosphate was added and boiled for 5 min to disperse

deionized water. sodium

the sample fully. The resulting suspension was cooled, and
particle size was measured with a laser particle size analyzer
(MasterSizer 2000, Malvern Panalytical, UK). Background
values were deducted from the measurement results.

2.4 Proportion of new incorporated carbon and
turnover time of SOC

The natural isotopic (0 13Corg) difference due to different
photosynthetic pathways allows for the proportion of new
incorporated carbon that is derived from maize residues (Cy4
plant) to be calculated using a two-compartment mixing-
model*%];

JSi=(0x—6;) X Dsoc—x/Adc,-c, X 100 (5

fo=0-f) x 100 (6)
where, fi is the fraction of new carbon derived from maize
residues (C4 plant) in 2011, f; is the fraction of initial carbon
derived from Cs plant residues, dx is the §13C of SOC in 2011,
6r is the 613C of the corresponding SOC under the initial Cs
plants in 2006, Dsoc-x is the SOC in 2011 and Adc,—c, is the
difference in vegetation 613C between the new C, plant and
initial C; plant and was determined from plant litter samples.
0x and 67 were obtained from the soils collected at the same
depth when estimating f; in a soil layer.

The turnover time of SOC was calculated as:

Tsoc = —At/(In(1- f1)) (7
where, Tsoc is the turnover time of SOC, At is the period
between vegetation switch and soil sampling.

2.5 Data analysis and statistics

Data were represented as arithmetic mean + standard deviation
calculated from replicates. All statistical tests were performed
using SPSS 18.0 software (SPSS Inc., USA). Dgoc and Dgx
between treatments for each of the experiments were compared
using one-way ANOVA, followed by Duncan tests at P < 0.05.
All data are subject to homogeneity test before ANOVA to
ensure they are in a normal distribution. The OriginPro 2021
software were used to visualize data.

3 Results

3.1 Effects of N addition on SOC and total N in soils
Compared to control, both SOC and total N increased
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markedly in the treatments with added N (
N addition rate had varying effects on soil organic matter. Over
the whole profile, the SOC with low with high N addition were
about 5% and 50% higher than the control, respectively, and

). However, the

total N was about 7% and 35% higher, respectively.

The differences in SOC and total N between N addition and the
control varied depending on soil depth ( ). In the
0-20 cm soil layer, no marked difference in SOC and total N
was found between treatments. In the 20-100 cm layer, both
SOC and total N were significantly higher with the high N rate
than in the control. For the low N rate, the SOC at 20-40 cm
and above 70 cm was higher than in the control but was the
), and the total N at 20-40 and
60-100 cm were higher than in the control but the revers at
40-60 cm layer ( ).

reverse at 40-70 cm (

With low N addition, the SOC and total N respectively
increased by 6% and 13% relative to the control at 0-40 cm and
by 2% and 10% at 40-100 cm layer, respectively ( ).
With high N addition, the SOC and total N increased by 18%
and 13% at 0-40 cm relative to the control and by 115% and
67% at 40-100 cm, respectively. In other words, the increase in
the organic matter over the whole profile with low N addition
was mainly due to an increase in organic matter in the upper
soil (0-40 cm) whereas high N addition it was mainly due to an
increase in organic matter in the deeper soil (40-100 cm).

The median point for dividing the SOC and total N over the
whole profile into half varied between different treatments
( ). For SOC, the median point of the control and low
N treatment both were at about 25-30 cm whereas, for the high
N treatment, it was at about 40 cm. For total N, the median

(a) 10

Dgoc (kg'm™)

CK Low nitrogen  High nitrogen

point for the control and low N treatment were about at about
30-35 cm whereas, for the high N treatment, it was at about
40 cm. Overall, the distribution of SOC and total N in the
profile did not markedly change with low N addition relative to
the control. However, for high N addition, the SOC and total N
had a significant shift down the profile, indicating that deeper
soil in this treatment was more conducive for the fixation and
accumulation of soil organic matter than shallow soil.

3.2 Vertical distribution characteristics of soil clay
content

There were no evident changes of soil clay content found in
surface soils (0-35 cm layer) relative to the control ( ). Soil
clay content peaked at about 80% to 90% at 35-60 cm and
decreased gradually to depth. For low N treatment, soil clay
content did not markedly change in surface soil (0-35 cm
layer) but fluctuated to depth with the lower values at 35-40,
60-70, and 90-100 cm. Soil clay content with high N addition
had a slight decreasing trend.

Compared with the control plot, the clay content over the
whole profile decreased markedly with both low and high N
addition. At 0-35 cm, no significant difference in soil clay
content was found between plots with low and high N addition.
However, at 35-100 cm, the soil clay content with low N
addition was generally lower than the high N treatment

(Fig. 3).

3.3 Vertical distribution characteristics of SOC §!3C
and total N 6°N

The 8'3C of SOC in the soil surface (0-5 cm) in the control plot

0.8 1

0.0

CK Low nitrogen  High nitrogen

Fig. 1 Soil organic carbon density (Dsoc) (a) and total soil nitrogen density (Dsy) (b) over the whole soil profile (1 m) for three N application
rates: 0, 250, and 450 kg-ha=1-yr~1 N (CK, low and high). Bars with the different letter are significantly different (Duncan-test, P < 0.05).
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Fig. 2 Soil organic carbon density (Dsoc) (a), total nitrogen density (Dsy) (b), organic carbon content (c), and organic nitrogen content (d)

across the soil profile for three N application rates: 0, 250, and 450 kg-ha=1-yr~1 N (CK, low, and high). The organic carbon (or nitrogen) content

refers to the percentage of accumulated Dsoc (or Dsy) from the surface layer to a certain layer in the whole soil profile (0-100 cm).

was about —25 %o (
cover was mainly C; plants. With maize grown with N
addition, the 813C value of SOC in the surface layer (0-5 cm)
increased significantly, and the increase was greater with low N
addition.

), indicating that the vegetation

The vertical distribution of SOC markedly changed after
vegetation conversion. The variation in 83C of SOC in the
whole soil profile was —24.6%o to —20.6%o, —22.3%o to —17.4%o,
and —22.9%o to —18.2%o for the control, and low and high N
). With increasing depth, §13C
of SOC had an increasing trend across the three treatments.

treatments, respectively (

The variation in 8'°N of total N in the whole soil profile was

4.0 %o to 7.4 %o, 4.6 %o to 6.4 %o, and 4.5 %o to 6.8 %o for the
control, and low and high N treatments, respectively
( ). With increasing depth, 6'°N between treatments
was similar and had a gradual increasing trend ( ), that
is, the soil 8°N of total N gradually was enriched to depth.

The difference (A°N) in §'°N between each soil layer and the
soil surface layer (0-5 cm) was used to indicate the enrichment
of 81°N of total N to depth. The degree of enrichment of AN
in different soil layers was control, high and low N treatments,
in that order (
8'°N of total N to depth was markedly weaker in the treatments

). Overall, the gradually enriching trend of

with N applied compared to the control.
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Fig. 3 Distribution of soil clay content across the soil profile
for three N application rates: 0, 250, and 450 kg-ha=l-yr1 N
(CK, low and high).

3.4 Estimation of new and old organic carbon pools
and turnover time of organic carbon in soils

The 8'3C of SOC in the soil of control plot were considered to
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A
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represent the value (8;) of the §'3C of the original C; plant
cover in each soil layer (Table S1). The 613C of maize litter in
this study was —13.8%o. If the isotope fractionation value in the
process of converting the maize litter into surface SOC was
estimated to be 1.5%o, the §'3C value of surface SOC should be
—12.3%o. We further assumed that the variation of §13C value
of SOC in the soil in treatments with added N was consistent
with the control, and the 6'3C end value of the maize C4 plant
source (8>) in the corresponding layers could be calculated
(Table S1). The percentage of new organic carbon input from
maize C, plant source in the treatments low N addition was
greater than with high N addition, but both were not more
than 40% (
of new organic carbon with low N addition was between 13%
and 34%, with the highest value at 70-90 cm. N addition had a
significant impact on the organic carbon turnover time. The

). Across the whole soil profile, the percentage

organic carbon turnover time at 0-20 cm with low N addition
was between 20 and 30 years whereas with high N addition it
was about 35 years at 0-5 cm but reached about 100 years at
5-20 cm ( ).

4 Discussion

Vegetation conversion is a land use change that exerts
influence on SOC dynamics through two primary mechanisms.
Firstly, it alters the quantity of plant residues returned to the
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Fig. 4 Variations in soil organic carbon 613C (a) and total nitrogen 61°N (b) cross the whole soil profile for three N application rates: 0, 250,

and 450 kg-ha=1-yr~1 N (CK, low and high).
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Fig. 5 Variations of AN of total N across the soil layer. AN
indicates the difference between the 61°N values of each soil
layer and the soil surface layer (0-5 cm) for three N application
rates: 0, 250, and 450 kg-ha=1-yr~1 N (CK, low and high).

soil by impacting plant growth. Secondly, it modifies the
decomposition rate of SOC by influencing soil conditions,
thereby affecting the amount of SOC released. Soil tillage has
dual effects. It directly reduces soil aggregates, leading to the
loss of physical protection for soil organic matter and its
exposure. Simultaneously, it enhances soil properties such as
aeration, moisture and temperature, thereby promoting
microbial activity. These processes collectively accelerate SOC
decomposition to varying degrees!’*'"l, consequently resulting

in SOC loss[*1+#7],

Generally, SOC is considered to be positively correlated with
clay content, mainly because clay can combine with SOC to
form a stable organic-inorganic complex. Soil clay content is
influenced by several factors including vegetation, time and
management practices!*’]. Vegetation can influence clay
content through its impact on organic matter input and root
activity, which can affect soil structure and aggregation. Time
is a significant factor in soil clay content as soil formation
processes gradually alter the mineral composition over time.
Human activities, such as agriculture and land use changes, can
also profoundly impact soil clay content through practices like
tillage and soil erosion. In combination, these factors might
have contributed to our results that the clay content in the
maize soil was markedly lower than that in the control soil
( ). Our results indicate that the decomposition of SOC
can accelerate after the transformation of grassland soil to
farmland, which is consistent with the conclusion that soil
tillage can promote the decomposition of SOC. However, our
results indicated that SOC had an increasing trend, especially
in the plot added with high N rate ( ). This result could be
attributed to reduced tillage and the simultaneous return of
crop straw to the field. Compared with standard tillage
practices, the plots in the present study had a greatly reduced
the frequency of tillage, which reduced damage to the soil
structure. This might slow the increase in SOC accumulation
after addition of N, thereby reducing the output flux of SOC.
Straw return is an important way to improve potential of
farmland soil as a carbon storel*’l. It not only increases the
input flux of organic carbon into the soil but also reduces soil
erosion. Therefore, straw return to the plots in the present
study were also an important reason for the marked increasing

(a) 100 (b) 100
somBmmERRR=EEn 80+ ] (R[S
- SO 9
£ 601 < 604
= &
2 =
g 401 S 401
O o]
=W
20+ 20
0 T 0 : !
0 20 40 60 80 100 0 20 40 60 80 100
Soil depth (cm) Soil depth (cm)
s B,

Fig. 6 Content of soil organic carbon from different sources across the soil profile. f; and f, indicate the organic carbon from the recent maize

C4 plant source and from original C3 plant source, respectively, for two N application rates: (a) 250 and (b) 450 kg-ha=2-yr~2 N.
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Fig. 7 Turnover time of soil organic carbon in the plots for two N application rates: (a) 250 and (b) 450 kg-ha=1-yr~1 N. Bars with the same

letter are not significantly different (Duncan-test, P < 0.05).

SOC. Reduced tillage combined with straw return was
conducive to the improvement of SOC in the study site.

The present study found that the potential of low N fertilizer
application to improve SOC was markedly smaller than that of
high N rate (

research results!

), which was consistent with previous
I. The effect of increased N application
promoting SOC accumulation was mainly related to three
factors. Firstly, N addition increased the amount of crop
stubble returned and SOC content!*’]. Secondly, because of the
increased SOC content, soil quality and soil productivity
improved, thereby promoting soil carbon fixation[']. Thirdly,
the increased soil N and microbial biomass decreased the
respiration of microorganisms!™"}, that is, the decomposition of
soil organic matter was slowed. This interpretation is
consistent with the finding that high N treatment resulted
slower SOC turnover than low N rate treatment ( ).

SOC is influenced not only by the content of organic carbon in
the soil but also by soil bulk densityl”']. Changes in soil density
are closely related to soil management practices, including soil
moisture and fertilizer application["’]. In the present study, the
changes in soil bulk density at different layers could be the
reason for the inconsistencies in direction of change in organic
carbon and nitrogen between the control versus the low N
treatment ( ). In the high N treatment, deeper soils
had more carbon sequestration than the shallower soil ( ),
which could be due to the change in soil organic matter
migration down the profile. Recently there has been
considerable research on the observation and modeling of
belowground carbon pool dynamicsl’’l, but the results of such
studies are not always consistent, and have delivered some

contrasting findings.

Soil organic matter decomposition involves isotope
fractionation, which can be used to monitor the dynamics of
belowground carbon pools by monitoring changes in carbon
isotopes during organic matter decomposition. A model was
introduced for SOC isotopes, which estimates soil carbon
dynamics and variations in carbon isotope abundance between
soil layers"]. Compared with single soil carbon dynamic
model, this optimizing model can better determine some
parameters involving in belowground ecological processes,
thus improving the accuracy of model prediction. This
optimizing model showed that the downward migration rate of
soil organic matter is key to the change in soil carbon isotope
in soil. It is commonly observed that as the downward
migration rate increases, the enrichment of organic carbon
isotopes in the upper soil tends to diminish. The dynamics of N
decomposition and the fluctuations in N isotopes exhibit
similarities to those of carbon dynamics and carbon isotopes
within the soill”>°),

migration rate of soil organic matter on the N isotope in soil

Therefore, the effect of downward

was the same as that of soil carbon isotope. In the present study
when N was applied, the proportion of §!°N in the soil was
), which indicates that the rate of
downward migration of soil organic matter had increased. The

markedly decreased (

greatest downward migration rate was recorded in the low N
treatment followed by the high N treatment. Thus, the low N
treatment had the highest proportion of new organic carbon
( ). Compared to the control, the low N treatment had a
greater rate of downward migration of organic carbon.
However, SOC in deep soils did not markedly increase, which
might have been due caused by the higher SOC decomposition
rate in deep soils. The rate of organic carbon migration was
slower in the high N treatment than low N treatment. This is
likely due to a slower decomposition of organic carbon with
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high N addition, resulting in the accumulation of SOC in the
deeper layers. Accordingly, following the conversion of
grassland to cropping with high N addition, it was observed
that the migration of SOC from surface layers to deeper, more
stable soils became the primary mechanism for accumulation
of SOC.

5 Conclusions

SOC increased markedly with N addition compared to the
control plot, but the increase range varied with the amount of
N applied. High N addition gave a better potential to

improvement SOC fixation than low N addition, which was
mostly due to reduced tillage and return of crop straw to the
field. Marked differences in turnover rate of SOC under the
two N rates was observed. The SOC turnover time with low N
was about 20-40 years at 0-20 cm whereas with high N was
higher at 100 years at 10-20 cm. The high N addition mainly
improved SOC fixation by transferring organic matter from the
surface down to a more stable deeper soil. Since the majority of
the organic matter in the deeper soils with low N addition was
derived from the contribution of the new organic carbon to the
surface soil, and because its turnover rate was higher, the SOC
sequestration capacity of this treatment was not as much as
with high N addition.
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