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Abstract: Soil Organic Carbon (30C) 1s related closely to the atmospheric CO, and soil quality. Understanding
the regional and vertical distribution of soil organic carboen is a key to predict and simulate the influences of
climate, global change and human activities on the terrestrial carbon cycling. Soil organic carbon and SOC pool
1 profile extending to a depth of 100 cm were assessed 1n agroecosystems of Songliao Plain (Northeast China)
along a latitudinal gradient. The results indicated that the concentration of SOC decreased with the increasing
of so1l depth and sigmficant depth effects were observed in Hailun, Harbin, Gongzhuling and Changtu sampling
sites (p<0.05), especially between topsoil and lower layers. SOC storage m profiles of every sampling site
presented also decreasing with the increasing of depth. Significant correlations either between SOC
concentration and latitude or between SOC pool and latitude were observed 1n all layers (p<0.05), but thewr
correlation coefficients decreased with the increasing of depth. Human activities and the latitudinal transect
resulting n different climate and soil types may be the main factors mfluencing the vertical and latitudinal

distribution of so0il organic carbon.
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INTRODUCTION

Soil Organic Carbon (SOC) 1s related closely to the
atmospheric CO, and soil quality [1-3]. The interaction
between global climate change and dynamics of soil
carbon is co-existence in an ecosystem. At present time,
studies on soil carbon have been an important question,
especially after the Kyoto-Protocol was adopted.
Moreover, soil scientists all over the world have focused
on the research of soil carbon because of its dynamic
change leading to global environmental problems [4, 5].
Many studies have pay attention to the questions of soil
carbon pool and its mfluencing factors [6-10] and soil
scientists have made attempts to estimate the amount of
C stored m global soils. Among these results, it is
depending that Post et al. [11] and Eswaran et al. [12]
reported the quantity of soil carbon pool was
between 1395 and 1576 Gt in global soil. The SOC content
of s0il in China has been also studied in several regions,
such as FEast China, Southeast China and Northeast
China [7, 13-1¢].

Agroecosystem as the iunportant part of terrestrial
ecosystems is the valuable proportion in study of C
cycling. In agroecosystems, plowing leads to dramatic
losses of SOC through intensive soil disturbance that
disrupts soil moisture and enhance decomposition, in
addition to accelerating scil erosion [17]. Cultivation also
redistributes organic C deeper in the profile through
the mixing action of tillage implements [18]. Lal et al. [19]
reported that SOC pool in American farmland soil
decreased greatly after reclamations without restraint.
However, many studies have proved that scientific
agricultural management practices can mcrease SOC
pool m farmland soils [20]. Therefore, SOC sequestration
in agoecosystems is very important to mitigate global
greenthouse effect.

There have been studies on the vertical distribution
of soil organic carbon [7, 15, 21, 22]. These studies
showed that SOC concentration was highest in topsoil.
Hang et al. [15] also reported that SOC content in the
profiles decreased from upper layer to deeper layer.
Lemaire et al. [23] reported that the majority of studies on
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soil carbon were limited in cultivated layers and studies
on the distribution of soil carbon in different soil types are
meamning ful for local soil resource conservation as well as
atmospheric enviromment protection [13]. However, little
15 known about the vertical distribution of soil organic
carbon m Northeast China. Therefore, understanding the
regional and vertical distribution of soil carbon 1s a key to
predict and simulate the influences of climate, global
change and human activities on the terrestrial carbon
cycling. The objective of this research was to investigate
the profile distribution of soil carbon in the typical
croplands of Songliao Plain along a latitudinal gradient.

MATERIALS AND METHODS

Study site: A total of seven sites were chosen along
a latitudinal transect from north (Hailun) to south
(Dashiqiao) in com fields of Songhao Plain, Northeast
China (Table 1). No frost period and mean amnual
precipitation (MAT) in every sampling site increase with
the latitude increasing and mean annual temperature
(MAP) varied little among sampling locations which had
the same soil types. There are two soil types including
black soil and brown soil. The crop types of all locations
were corn (Zea mays 1..) and the tillage system belongs to
conventional tillage.

Soil sampling and analysis: In October 2005, at the
end of the harvesting, soil samples were collected by
using soil auger at each site along the latitude gradient.
At each sampling site, four replicates were taken to a
depth of 1 meter at 0-20, 20-40, 40-60, 60-80 and 80-100 cm
depth intervals and every sample was composed of four
mixing samples. Each soil sample was placed in individual
plastic bag and then brought to laboratory. All the soil
samples were sieved through a 2 mm sieve in order to
eliminate the plant roots. The following analyses were
undertaken:

Table 1: Description of sampling sites

SOC: Sub-samples from each sample were grounded to
power passing through 0.149 mm sieve. Then, the SOC
contents were determined by the dry combustion method
using a Vario ELIII Elemental Analyzer.

Soil bulk density: Soil samples were oven-dried at 105°C
for 24 h and weight a standard volume of field so1l [24].

Seil texture: Using the pipette method, dispersion of
soil sample using chemical dispersant, soil suspension
is poured on to a fine sieve with 0.05 mm for separating
out the sand fraction; the silt and clay fractions are
washed through the sieve into a sedimentation cylinder.
This suspension 18 thoroughly stired and allowed to
settle. The clay content 1s determined by drying a
constant volume suspension extracted with a pipette at
a certain depth after 7 h [24].

Storage of SOC: It was calculated by the following
formula [15]:

SOCS:Zn:(l—el%)xplxclel”O (1)
i

SOC;; the storage of soil organic carbon (t C ha™)
6. the volumetric percentage (%) of fragments 2 mm
p:: the bulk density (g cm ™) of layer i
C,: the content of carbon (g kg™") in layer i
T,: the thickness (cm) of layer 1

All the data obtained m the study were subjected to
statistical analysis of variance (ANOVA) and Pearson
correlation analysis. Differences at the p<0.05 level were
considered to be significant.

RESULTS

Concentrations of SOC: Concentrations and vertical
distribution of SOC in cropland soil along latitudinal

Sampling site Latitude Longitude Soil type No frost Day/a MAP mm MAT°C
Hailun 47°2TN 126°55’E Black soil 116 550 1.5
Harbin 45°43'N 126°45°E Rlack soil 120 523 3.6
Dehui 44°32°N 125°45°E Rlack soil 138 520 4.4
Gongzhuling 43°31°'N 124°48’E Black soil 135 563 5.6
Changtu 42°41°'N 124°02°E Brown soil 148 654 6.7
Shenyang 41°31’'N 123°22’E Brown soil 183 650 7.5
Dashigiao 40°41°N 122°3°E Brown soil 173 657 8.9

Notes: MAP-mean annual precipitation; MAT-mean annual temperatire
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Fig. 1: Concentrations of SOC n soil profiles at different locations
A: Hailun; B: Harbin; C: Dehui;, D: Gongzhuling; E: Changtu, F: Shenyang; G: Dashigiao

Table 2: Profile distribution of SOC storage (t C ha™) at various depth along different latitude

Depth (cm) Hailun Harbin Dehui Gongzhuling Changtu Shenyang Dashigiao p values®
0-20 543 352 24.6 386 18.1 22.7 21.2 <0.01
20-40 548 331 234 41.0 17.5 15.6 15.1 <0.01
40-60 341 21.8 22.8 322 9.4 14.3 11.1 <0.01
60-80 24.0 13.6 18.2 27.5 5.9 12.9 8.5 <0.01
80-100 188 2.0 15.7 23.8 3.7 T2 51 <0.01
p values® <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01

0-100 186.0 112.7 104.7 163.0 54.6 72.6 61.0 <0.01

Notes: p values® refer to vertical differences between the soil layers, p values® refer to differences between the different sampling sites

transect at different locations are shown in Fig. 1. SOC
concentrations varied obviously in different locations
and there were obvious stratifications of SOC 1n soil
profiles.

The vertical distribution of SOC i every sampling
site exhibited the same trends that the concentration of
SOC decreased with the
concentration of SOC was higher in every layer of
black soils (Hailun, Harbin, Dehui and Gongzhuling) than
mn the same layer of brown seil (Changtu, Shenyang and
Dashigiao). The result of statistical analyses indicated
that there were significant differences of SOC between
layer 0-40 cm and layer 40-100 ¢m in Hailun, Harbin,
Gongzhuling and Changtu sampling sites (p<0.05).

depth increasing. The

Storage of SOC: Generally, the volumetric percentage of
fragments 2 mm m cultivated soil could be overlooked.
The storage of SOC decreased with depth mcreasing
was observed (Table 2). In other words, there was
accumulation phenomenon in the upper layers. Significant

differences of SOC were observed among different soil
layers and among different sampling locations along the
different latitude (p=<0.05).

SOC reservoir calculated to 1 m soil depth at every
sampling location was presented in Table 2. SOC
reservoirs ranged widely from 54.6 to 186 t C ha™ at
different sampling sites (Table 2). Statistical analysis of
variance indicated there was significant difference of SOC
storage among sampling locations (p<0.01).

between SOC and latitude: The
Pearson correlation analysis indicated that there was
significant either between SOC and
latitudes or between storage of SOC and latitudes
(Table 3). Both SOC concentration and SOC pool (SOC,)
increased with the increasing of latitude, but the
correlated coefficients decreased with the mecreasing

Correlations

correlation

of soil depth. However, SOC concentration in 0-40 cm
layers at Gongzhuling site was higher than at Harbin
and Dehui sites.
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Table 3: Comrelations between the vertical content of 80C and the latitude
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s0C 30C,
Depth (cm) Liner equation Correlated coefficients Liner equation Correlated coefficients
0-20 Y=23X-87.3 R=0.84%* Y =4.4x-163.8 R=0.84%*
20-40 Y=25X-946 R=0.82%+* Y =54x-209.1 R=0.87%*
40-60 Y=14X-50.6 R=0.69%* Y=2.9x-109.4 R=0.79%*
60-80 Y=09X-329 R=0.56%* Y=1.8x-651 R=0.67%*
80-100 Y=08X-285 R=0.49% Y=1.6x%-61.2 R=0.68*

Notes: ¥ is SOC concentration and SOC pool (SOC,); ¥ is latitude; *, **denote 0.05 and 0.01 correlation levels respectively; R is correlated coefficient

Relationship of SOC with soil texture and climate: The
content of SOC was positively correlated with soil clay
particles content (r = 0.51, p<0.01) and negatively
correlated with the mean annual temperature (r = -0.56,
p<0.01) and no frost period (r = -0.52, p<0.01).

DISCUSSION

The SOC concentration depended on the balance
between organic matter input and its loss from soil. Litter
fallen to the soil surface and turnover of fine roots were
regarded as the main pathways of SOC mput [7]. In
addition, the application of organic and chemical
fertilizers was also a main pathway of SOC nput to soil
in agricultural ecosystem. In topsoil, the application of
fertilizers resulted in the increasing of quantity of litter
returning to soil which made the topsoil with higher SOC
concentration. Tn addition, in cultivated layers, microbes
and roots produced a lot of secretions and metabolized
materials. All these factors might be result in the SOC
concentrations higher in the soil surface than in the
deeper layers. Jiang’s research about the profile
distribution of SOC m different land-use types showed
that SOC concentration in the profile decreased with the
increasing of depth and they considered the plant cycling
above soil surface, eluviation and human activities as
the main factors influencing the distribution of SOC in
profile [15]. Omonode and Vyn [21] alse reported sumilar
results that SOC was highest in the soil surface layer
and decreased slowly with the increasing of depth at
Maryland and Iowa croplands. By analysis soil particle
size composition, we found that clay particle content was
relatively higher in topsoil and was positively correlated
with SOC in the present study. Arriaga and Lowery [25]
also reported there was an important interaction between
organic materials and clay particles in the top 20 cm of
the soil profile and this interaction results in greater
organic C contents i the soil profile where there was
greater clay content. In addition, most organic matter is
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decomposed within the top 10 cm of soil yielding a
soluble portion, which migrates to a certain extent towards
deeper soil horizons and resulted in SOC accumulating in
deeper layers. Hence, the SOC accumulated in the topsoil
in the north and can not be complemented immediately
in lower soil layers, which resulted in SOC decreasing
rapidly in layer 40-60 cm. However, higher precipitation
resulted in strong eluviations in the soil of south, SOC
decreased slowly with the increasing of depth.

Climatic conditions influence soil biological and
physical processes driving soil orgamc matter dynamic
change [26]. In the process of SOC formation and
decomposition, temperature and precipitation are the main
influencing factors [10]. Soil temperature and no frost
days could influence microbial activity and growth
perioeds of comn, which affect mmeralization of SOC and
the quantity of secretions. SOC density would decrease
with temperature increasing [27]. Because of the
temperature and no frost period decreasing from south
to north, the decomposition intensity of microbe might
decrease and the growth periods of comn increased
which could increase the secretion of roots. Finally,
SOC accumulated 1n north soil. Via the Century model,
Gao et al. [28] reported that SOC in Northeast China
decreased from north to south in the black soil region.
In different climate region, management practices were
sensitive to climate in the following order from largest
to smallest changes in SOC: tropical moist>tropical
dry=temperate moist=temperate dry [17]. Therefore,
under the same condition of management practices,
SOC lost easily in south soil. To find the effect of soil
type on SOC concentrations, Liu et al. [22] showed that
soil samples under Chernozem have the highest SOC
concentration and those under Aeolian have the lowest
SOC concentration. In the present study, the SOC content
was higher in black soil than that in the brown soil.

In addition, SOC is sensitive to human disturbance
under the changing climate. The so1l had been cultivated
for longer period in the south than in the north and






