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Abstract: Carbon sequestration occurs when cultivated soils are re-vegetated. In the hilly area of the Loess Plateau, China, black locust
(Robinia pseudoacacia) plantation forest and grassland were the two main vegetation types used to mitigate soil and water loss after
cultivation abandonment. The purpose of this study was to compare the soil carbon stock and flux of these two types of vegetation
which restored for 25 years. The experiment was conducted in Yangjuangou catchment in Yan'an City, Shaanxi Province, China. Two
adjacent slopes were chosen for this study. Six sample sites were spaced every 35—45 m from summit to toe slope along the hill slope,
and each sample site contained three sampling plots. Soil organic carbon and related physicochemical properties in the surface soil layer
(0-10 cm and 10-20 cm) were measured based on soil sampling and laboratory analysis, and the soil carbon dioxide (CO,) emissions
and environmental factors were measured in the same sample sites simultaneously. Results indicated that in general, a higher soil carbon
stock was found in the black locust plantation forest than that in grassland throughout the hill slope. Meanwhile, significant differences
in the soil carbon stock were observed between these two vegetation types in the upper slope at soil depth 0—10 cm and lower slope at
soil depth 10-20 cm. The average daily values of the soil CO, emissions were 1.27 umol/(m*s) and 1.39 umol/(m*s) for forest and
grassland, respectively. The soil carbon flux in forest covered areas was higher in spring and less variation was detected between differ-
ent seasons, while the highest carbon flux was found in grassland in summer, which was about three times higher than that in autumn
and spring. From the carbon sequestration point of view, black locust plantation forest on hill slopes might be better than grassland be-
cause of a higher soil carbon stock and lower carbon flux.
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1 Introduction

Carbon dioxide (CO,) is a main greenhouse gas that
contributes to global warming, and it is a big part of the
discussion on climate change in the scientific and po-
litical communities. Compared to annual emissions of
CO, from fossil fuel combustion, the natural fluxes of
CO; are much higher (Singh et al., 2010). Soil is con-
sidered to be a huge carbon pool, which has stored
1.5 x 10" g of organic carbon, about twice as much as
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the carbon found in the atmosphere and three times the
quantity found in vegetation (Schlesinger, 1997).
Therefore, tiny changes in the soil carbon pool could
have serious impacts on the CO; content of the atmos-
phere. How to increase soil carbon sequestration seems
to be an important question in reducing CO, emissions
and mitigating climate change.

Land use and cover change affect carbon sequestra-
tion. Deforestation, biomass burning, conversion of a
natural to an agricultural ecosystem, and soil cultivation
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could contribute greatly to increase in atmosphere CO,,
Lal (2004) reported that the reduction in the soil organic
carbon pool contributed 78+12 Pg of carbon (C) to the
atmosphere and some cultivated soils have lost one half
to two thirds of the original soil organic carbon (SOC)
pool, with a cumulative loss of 3040 Mg C/ha. Soil
disturbance resulting from agriculture and other land
uses could stimulate the decomposition rate of organic
carbon and increase net emissions of CO; to the atmos-
phere (Smith et al., 2008). The conversion of the native
ecosystem to agriculture could result in soil carbon loss,
and vice versa after abandoned cultivation, afforestation,
and reforestation induce carbon sequestration by in-
creasing aboveground biomass and soil carbon input.
The soil carbon stock increased by 19% and 18% after
land use conversion from crop to pasture and plantation,
respectively (Guo and Gifford, 2002). The difference in
the soil carbon content is also quantified during land use
change between plantation forest and pasture (Scott et
al., 1999). Therefore, the carbon stock and flux informa-
tion resulting from land use changes are vital for under-
standing the global carbon cycle.

In order to solve soil erosion problem in the Loess
Plateau, the Chinese Government established many soil
bio-engineering programs, especially the latest 'Grain
for Green’ (GFG) program initiated in the late 1990s.
Many slope farmlands have been changed into grassland
or forestland. Slope cultivation abandonment and refor-
estation in this area are effective in preventing soil ero-
sion as well as reducing water and nutrient losses (Fu et
al., 2004; Zheng, 2006). Moreover, the implementation
of GFG program is also an effective way to offset the
increase in atmospheric CO, (Zhang et al., 2009). Sev-
eral studies on the effects of land use change on soil
erosion and nutrients have been focused on the Loess
Plateau (Wang et al., 2001; Gong et al., 2006; Fu et al.,
2009). However, there is a continuing debate on which
of the two main restoration vegetation types, plantation
forest or grass, is better for carbon sequestration in the
restoration of this area. Peng et al. (2006) and Wang et
al. (2007) reported that both plantation forest and grass
could significantly improve the soil organic carbon con-
tent, as they hold 117.7% and 39.4% more than that
found in farmland after cultivation abandonment, re-
spectively. Gong et al. (2006) found that soil organic
matter was significantly higher in forest than in artificial
grassland. In contrast, Yang and Rong (2007) observed

that soil organic carbon was lower for plantation forest
than for grassland. Therefore, there is no consistent con-
clusion on this issue to date.

Most studies on the comparison of soil carbon in
plantation forest and grassland in this area are at the
sample site scale. However, topography could influ-
ence other environmental factors, such as temperature,
water, and nutrients, which control the soil carbon cy-
cling process (Hishi et al., 2004; Fang et al., 2009).
Along hill slopes, the soil carbon would have different
distribution trends under different vegetation types.
Whether the results are the same at the hill slope scale
and how soil carbon varies along the slope in two
typical ecosystems are not well understood. In addi-
tion, researches have consistently been focused on the
soil carbon stock but little attention has been paid to
soil carbon emissions, which are an important influ-
ence on the efficiency of soil carbon sequestration.
Therefore, the objectives of this study were to compare
the two typical vegetation types, plantation forest and
grass, in terms of carbon stock and flux not only at the
sample site scale, but also at the hill slope scale, and to
find the main factors impacting carbon stock and flux
in this semi-arid area.

2 Materials and Methods

2.1 Study area

The study area is located in the Yangjuangou watershed
(36°42'N, 109°31'E) in Yan'an City, Shaanxi Province,
China (Fig. 1). The area of this watershed is 2.02 km®
with an elevation of 1025-1250 m above sea level. The
average annual precipitation is 550 mm, and most of the
precipitation occurs between July and September. The
soil is classified as Calcaric Cambisols, is readily sus-
ceptible to soil erosion, and has a texture ranging from
fine silt to silt (Fu et al., 2000; Hu et al., 2010).

2.2 Soil sampling

In order to reduce soil loss, slope cultivation was
abandoned in the study area in the 1980s. Black locust
plantation forest and wild grass were the two main
vegetation types used after the abandonment of agri-
culture. In this study, two adjacent slopes with forest
(F) and grass (G) that had been restored for 25 years
were chosen. For the two slopes, they had similar culti-
vated history before agriculture abandoned. Six sites,
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Fig. 1 Location of study area

with three plots at each site, were sampled along the
slope from summit to toe. Sample sites were spaced
every 35-45 m along the slope. The area of each sample
site was about 200 m’, and the area of each sampling
plot was 25 m”.

Five soil cores (at depths of 0—-10 cm and 10-20 cm,
3.5 cm in diameter) were randomly collected from each
sampling plot in August 2007, October 2007, and May
2008. The soil samples were gently mixed, stored in
sealed, insulated plastic bags to prevent moisture loss,
and kept on ice for transport to the laboratory. The soil
sample was sieved through a 2-mm screen mesh under
field-moisture conditions and stored at 4°C for microbial
properties analysis. Subsamples of each soil sample
were air-dried for soil pH and electrical conductivity
analysis, and sieved through a 0.145-mm screen mesh
for soil organic carbon and total nitrogen analysis.

2.3 Analysis of soil physicochemical and microbial
properties

Soil water content (SWC), bulk density (BD), pH, elec-
trical conductivity (EC), and soil total nitrogen (TN)
were analyzed for soil samples from each sampling plot
(Table 1). Soil microbial biomass carbon (Cmic) was
also studied. The detailed methods and results of soil
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physicochemical and microbial properties were pre-
sented in Hu et al. (2010).

2.4 Analysis of soil organic carbon and calculation
of soil carbon stock

Soil organic carbon was determined by the K,;Cr,O;
titration method after digestion (Lu, 1999), and the soil
carbon stock (g/m?®) was calculated by using the follow-
ing equation for each sample depth (Lemenih and
Itanna, 2004):

Soil C=z x pyx ¢ x 10 (1)

where z is the thickness of each sample depth (cm), py, is
the bulk density of each sample depth (g/cm’), and ¢ is the
organic carbon concentration of each sample depth (g/kg).

2.5 Measurement of soil CO, emissions

Soil CO, emissions were measured with a LI-COR soil
CO, emissions chamber (model LI-8100; LI-COR Bio-
sciences, Lincoln, Nebraska) and a LI-8100 infrared gas
analyzer (LI-COR Biosciences, Lincoln, Nebraska).
Five soil collars were positioned randomly in each plot,
with fifteen collars for each site. The litterfall layer was
removed before measurement. The measurements were
conducted from 09:00 to 17:00 with a monitoring fre-
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Table 1 Soil physicochemical and microbial properties under forest and grassland

Soil depth Site TN (g/kg) pH EC (us/cm) BD (g/em®) SWC (%) Cmic (mg/kg)
F1 0.60 8.15 158.03 1.10 3.91 222.29
F2 0.85 8.12 192.47 1.14 6.48 348.81
F3 0.71 8.16 164.83 1.10 5.18 174.54
F4 0.67 8.31 147.03 1.17 5.43 273.50
F5 0.51 8.22 148.33 1.20 4.37 227.12
F6 0.49 8.32 130.57 1.27 4.24 174.25

0-10 cm
Gl 0.50 8.13 177.00 1.21 9.55 147.37
G2 0.56 8.16 178.90 1.26 9.82 148.56
G3 0.58 8.14 152.13 1.24 8.04 187.00
G4 0.61 8.11 174.33 1.23 8.82 212.03
G5 0.67 8.13 171.47 1.26 8.57 276.20
G6 0.65 8.05 289.97 1.28 9.02 293.18
F1 0.41 8.27 154.13 1.16 7.12 67.39
F2 0.59 8.26 171.63 1.14 8.05 164.46
F3 0.53 8.28 149.57 1.08 8.05 123.11
F4 0.53 8.20 147.50 1.14 7.11 160.46
F5 0.46 8.31 135.83 1.17 6.70 143.54
Fo6 0.45 8.36 126.07 1.18 6.35 118.93

10-20 cm
Gl 0.41 8.24 150.50 1.23 9.84 51.25
G2 0.43 8.22 176.77 1.25 10.56 55.98
G3 0.51 8.22 161.33 1.18 10.08 100.46
G4 0.49 8.22 170.90 1.25 9.47 121.79
G5 0.62 8.15 191.53 1.25 9.83 186.40
G6 0.62 8.13 181.30 1.23 9.20 196.51

Notes: TN, total nitrogen; EC, electrical conductivity; BD, bulk density; SWC, soil water content; Cmic, microbial biomass carbon. F1-F6 and G1-G6 indicate

sample sites along forest and grassland slopes from summit to toe, respectively

quency of every 1 hour in August 2007 (summer), Oc-
tober 2007 (autumn), and May 2008 (spring). The value
of soil CO, emissions rate for each site was the average
of fifteen measuring values.

2.6
Environmental factors, including air temperature, air
moisture, soil temperature, and soil water content (%),

Measurement of environmental factors

were measured at the same time when the soil CO,
emissions were measured. The portable Testo-615
(Germany, +0.5°C) was used to monitor air temperature
and moisture at the soil surface (5 cm above floor). The
soil temperature was measured at 5 cm soil depth with a
soil temperature probe (LI-COR Inc., Nebraska, USA,
+1.5°C, 0'C-50°C), and A Time domain reflectometry

(TDR) probe (ML2X, England, +0.01%, 0°C—407C;
+0.02%, 40°C-70°C) was used for detecting the volu-
metric soil moisture content.

2.7 Data analysis

SPSS Version 11.0 and CANOCO software was used for
the data analysis. Significant differences in soil proper-
ties between the two vegetation types were determined
using t-tests, and those among different slope positions
were determined using one-way ANOVA. Differences at
the p < 0.05 level were considered to be statistically
significant using the least significant differences (LSD)
test. Redundancy analysis (RDA) was used to elucidate
the relationships between soil carbon stock, soil phys-
icochemical properties, and soil microbial properties.
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Regression analysis was used to evaluate the contribu-
tion of soil temperature and soil water content to soil
CO; emissions, and the relationship among soil CO,
emissions and the impact factors was quantified by us-
ing correlation analysis.

3 Results

3.1 Soil carbon stock

Along the slope, soil carbon stock had different varia-
tion trends from the summit to toe slope in the forest
and grassland areas (Fig. 2). The soil carbon stock had a
clearly increasing trend in the grassland slope except for
G6 site. The average concentration of soil organic carbon
in the forest area was 6.39 g/kg at 0—10 cm and 4.85 g/kg
at 1020 cm; the values were higher than those in the
grassland area (5.57 g/kg and 4.69 g/kg for 0—10 cm and
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10-20 cm, respectively). The average soil carbon stock
of 0-20 cm depth in the forest was 1292 g /m” while that
of the grassland was 1274 g/m’. There was no signifi-
cant difference between the forest and grassland in the
soil organic carbon stock at the slope scale. However,
there was a significant difference between the two
vegetation types at different slope positions. The forest
had a higher soil carbon stock on the upper and middle
slopes than that of grassland, while the soil carbon stock
was higher at the lower slope of grassland than that of
forest. A significant difference was observed at the up-
per slope for the 0—10 cm depth and at the lower slope
for the 10-20 cm depth (Fig. 3). The results of Univari-
ate ANOVA analysis indicated that slope position and
the interaction of vegetation and slope position could
significantly impact the soil carbon stock of forest and
grassland slopes.
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3.2 Soil CO; emissions

The diurnal variation of soil CO, emissions in different
sample sites along the slope under the two vegetation
types are shown in Fig. 4 and Fig. 5. In spring, which is
a dry season, both of the two vegetation types had a
generally same diurnal dynamics of a decrease from
09:00 to 17:00. In summer, excepted for the maximum
values of soil CO, emissions in F2 site appeared in
16:00, the soil CO, emissions of other forest sites had a
decreasing trend from morning to afternoon and the
maximum value appeared in 09:00-11:00. In autumn,
with the exception of F2, the diurnal variation of soil
CO, emissions under forest first increased and reached a
peak between 11:00-13:00, and then declined. For
grassland ecosystem, the diurnal variation of soil CO,
emissions during the summer and autumn showed a

12:00-14:00. In addition, compared to grassland eco-
system, the soil CO, emissions under forest ecosystem
had more difference among sample sites along the slope.

The seasonal dynamics of soil CO, emissions were
shown in Fig. 6. The soil CO, emissions was higher in
spring for the forest, with minor variations among the
different seasons. The grassland had the highest soil
CO, emissions in summer, which was about three times
higher than that of autumn and spring. For the whole
slope, the average daily values of soil CO, emissions
were 1.27 pmol/(m*s) and 1.39 pumol/(m?s) for the for-
est and grassland, respectively. Along the hill slope, the
average soil CO, emissions increased from the upper
slope to the lower slope in both of the two ecosystems.
However, as shown in Fig. 6, the trends of soil CO,
emissions along the slope were unlike in different sea-
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3.3 Main factors impacting soil carbon stock and
soil CO; emissions

3.3.1 Relationship between soil carbon stock and
other soil properties

All sampling plots data were used to analyze the rela-
tionship between soil carbon stock and other soil prop-
erties. As shows in Fig. 7, arrows that have the same
direction (the angle between the two arrows is lower
than 90°) show that the two variables had a positive
correlation. On the other hand, projection points moving
in opposite directions imply a negative correlation of the
two variables. A projection point near the coordinate
origin (zero point) suggests that the two variables have a
low correlation. Each arrow points in the expected di-
rection of the steepest increase of impact factor values.
For both of the two vegetation types, the TN and Cmic
which had lower angles with soil carbon stock arrows
and longer distance from the zero point had stronger
relationship with soil carbon stock than other impact
factors did.

3.3.2 Relationship between soil CO, emissions and
impact factors

All monitored data in each sample site from 09:00 to
17:00 were used to detect the relationship between soil
temperature, soil water content, and soil CO, emissions
(Fig. 8). Compared to the forest, soil CO, emissions had
a more clear relationship with soil temperature and soil
water content in the grassland. For both of the ecosys-
tems, the fit model of soil CO, emissions with soil tem-

perature and soil water content was quadratic. More-
over, in the forest, a significant relationship exists be-
tween soil CO, emissions and soil water content when
the soil water content exceeds 15%, and only in spring
the soil temperature significantly correlated with soil
CO; emissions.

Correlations of soil organic carbon, soil microbial
biomass, air temperature, and air moisture with soil CO,
emissions were also analyzed. The results showed that
soil organic carbon and air moisture had significant cor-
relations with soil CO, emissions (p < 0.05) in the for-
est, and soil CO, emissions was positively significantly
correlated with air temperature and air moisture in the
grassland (p < 0.05)

4 Discussion

4.1
In the eroded area, soil carbon stock could be increased

Soil carbon stock and impact factors

due to soil erosion mitigation (Lal, 2002), an increase
in organic matter inputs (Smith, 2008), a decrease in
organic matter weathering, or microbial breakdown
(Lal, 2005) during the vegetation restoration process.
In this study, a higher soil carbon stock was found in
the forest ecosystem than the grassland ecosystem on a
slope scale although the difference was not statistically
significant for the slope as a whole. This result is con-
sistent with the findings of Post and Kwon (2000), who
reported that the average accumulation rates of soil
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Fig. 7 Relationship between soil carbon stock and impact factors. Cstock: soil organic carbon stock; TN: total nitrogen; Cmic: soil
microbial biomass carbon; SWC: soil water content; EC: electrical conductivity; C/N: soil organic carbon/total nitrogen
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carbon are similar for forest and grassland established
from farmland. Nevertheless, different results at differ-
ent slope positions were also found for these two eco-
systems and the results showed slope position explained
most of the variance of soil carbon stock. Compared to
grassland, forest had a higher soil carbon stock at the
upper and middle slopes. In this area, soil erosion was a
serious problem and these water and soil movement
processes could impact the soil carbon redistribution on
the hill slope. The soil carbon, which centralizes in sur-
face soil and is of low density, is prone to removal from
surface runoff (Bajracharya et al., 2000; Lal, 2003). The
different vegetation types and patterns on the slope
would induce a different soil erosion process (Fu et al.,
2000; 2009), and this may be one reason for the varia-
tions in soil carbon along the hill slope of the forest and
grassland in this study. From the erosion point of view,
black locust forest might be better for decreasing soil
erosion at upper and middle slope on some degree.
There is a close correlation between the environment
above ground and below ground (Hooper et al., 2000;
Wardle et al., 2004). Vegetation restoration could not

only increase carbon storage through aboveground bio-
mass, but also increase the carbon content in the soil
ecosystem through litter and root decomposition. Litter-
fall and roots, especially fine roots, were the most im-
portant sources for soil carbon inputs. In another study
on the Loess Plateau, the litterfall quantity of the forest
was higher than that in grassland, a significant correla-
tion was observed between litter accumulation and the
soil organic carbon content of the soil layer from 0-20
cm (Guo et al., 2009), and fine root biomass in this area
had the same variations in the two ecosystems (Chang et
al., 2012). In this study, the forest had a lower soil car-
bon emission than that of the grassland. Higher carbon
inputs and lower carbon outputs could induce more soil
carbon accumulation.

Soil physicochemical and biological properties are
also important factors impacting soil carbon sequestra-
tion. The results of correlation analysis indicated that the
soil TN and Cmic were the main factors influencing soil
carbon stock for both vegetation types. Nitrogen avail-
ability is crucial for carbon sequestration. High substrate
nitrogen concentrations inhibit lignin-degrading en-
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zymes, promoting humification, and thereby limit soil
organic matter decomposition (Berg, 2000; DeForest et
al., 2004). The black locust plantation forest in our
study is N-fixing vegetation, and Resh et al. (2002) re-
ported that the N-fixing plant could induce a higher soil
carbon stock by not only increasing new carbon but also
maintaining older carbon. As an important decomposer,
microbial organisms make vital contributions during soil
carbon formation. A significant correlation is found be-
tween soil carbon and microbial biomass (Palma et al.,
2000). Higher soil microbial biomass could accelerate
the soil carbon turnover rate and lead to more carbon
accumulation. Therefore, higher nitrogen content and
microbial biomass might be induce to higher soil carbon
stock in the area which covered by black locust forest.

4.2 Soil CO; emissions and impact factors

Soil CO, emissions are an important part of the carbon
cycle. Because of the relationship between greenhouse
gases, especially CO, and global warming, soil CO,
emissions have been studied in many ecosystems and
districts. However, the basic data of soil CO, emissions
in semiarid areas is insufficient. The study of soil carbon
flux in the Loess Plateau is vital not only in supplying
basic data for semi-arid areas, but also in providing a
useful foundation for soil carbon sequestration assess-
ment after land use change from an agroecosystem to a
forest ecosystem, especially as a result of large area re-
forestation. Moreover, the afforestation of former farm-
lands has been acknowledged as a land use change that
contributes to the mitigation of atmospheric CO, emis-
sions (IPCC, 2000; Vesterdal et al., 2002). Forest and
grassland are two main land use types after ‘Grain to
Green' Program implementation in the Loess Plateau of
China, and the result of that soil CO, emissions under
different vegetation types were different in this area
have been reported (Li Hongsheng et al., 2008). In this
study, the mean soil carbon flux was higher in grassland
than that in forest. Corre et al. (2002) found that poorly
drained soils on the lower slopes generally have higher
microbial respiration compared to well-drained soil on
the upper slopes. A significant difference in soil respira-
tion between different slope positions has previously
been also reported in the Loess Plateau (Li Rong et al.,
2008). In this study, different trends of soil carbon flux
along the slope were found not only for different sea-
sons but also for two vegetation types.

Soil respiration combines root and soil micro and
macro-organism respiration, and is apt to be influenced
by vegetation and many other environmental factors. In
this study, the soil CO, emissions of grassland had lar-
ger seasonal variations than those of forest. Grassland
had higher soil CO, emissions in summer, while higher
values were found in spring for forest. Davidson et al.
(2000) observed that grasses are productive in the wet
season and senescent in the dry season, resulting in the
largest seasonal amplitude of soil CO, emissions,
whereas deep-rooted forests were found to maintain
substantial soil respiration during the dry season. In the
study area, summer is the rainy season. Hearty root
growth increasing the root respiration may induce
higher soil CO, emissions in grassland than forest, while
the microbial biomass was found to be lower in grass-
land than forest in summer. Microbial respiration is an
important part of soil respiration, especially in a
semi-arid area. In the forest, a higher soil carbon flux
was found in spring whereas the microbial biomass was
also the highest in spring.

The study results have indicated that factors such as
temperature, soil water content, and substrate properties
have greater effects on soil respiration than vegetation
(Raich and Tufekcioglu, 2000). Soil temperature and
soil water content are considered to be the factors most
commonly related to temporal variations in CO, efflux
from soils. Generally, a temperature increase could
stimulate soil CO, emissions, and a temperature effect is
always described as an exponential function (Lloyd and
Taylor, 1994; Wu et al., 2006). However, a quadratic
equation described the temperature effect in grassland,
and a significant relationship was found only in spring
for the forest. A study in arid central Washington State
indicated that the effect of temperature on seasonal
variation in CO, efflux manifested only when the soil
moisture was sufficient to permit significant root and
microbial CO, production (Wildung et al., 1975). In a
semi-arid area, the soil water content can inhibit CO,
production in soils (Raich and Tufekcioglu, 2000). The
annual precipitation is insufficient and soil water is al-
ways a limiting factor for vegetation in the Loess Pla-
teau. From the diurnal dynamic of soil CO, emissions
and the relationship with soil temperature and soil water
content in the two ecosystems, the restriction of soil
water on soil carbon flux during the study period could
be seen. In the dry spring season of this study, the soil
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CO, emissions did not increase along with temperature
but had a decreasing trend with soil water content de-
creasing during the measuring period for both forest and
grassland. In summer and autumn, the highest soil CO,
emissions were observed in the high temperature period
during the day, when the soil water was relatively suffi-
cient. The soil carbon flux of grassland had a significant
relationship with soil temperature might be due to rela-
tively higher soil water content in grassland. The soil
water content described by numerous quadratic equa-
tions was found to be fitted well for both ecosystems.
However, the soil water content in the forest was low
and when the values were lower than 5%, there was no
significant correlation between soil carbon flux and soil
water content. Litterfall quantity, soil carbon, and mi-
crobial organisms could also significantly impact soil
CO; emissions. In our study, there was no strong corre-
lation of soil carbon flux with temperature and soil wa-
ter content in the forest, as with grassland, but a signifi-
cant relationship was found between soil carbon content
and soil carbon flux. For the forest, soil carbon contrib-
utes to CO, production in the surface soil besides the
environmental factors such as temperature and water
content functions.

5 Conclusions

In the Loess Plateau, for the two main restoration vege-
tation types, black locust plantation forest seems to be
better than grassland in carbon sequestration because of
a higher carbon stock and lower soil carbon flux in the
semi-arid, hilly Loess area. Along the hill slope, the soil
carbon of grassland has an increasing trend from summit
to toe slope, while a smaller variation in soil carbon is
observed along the hill slope which covered by forest.
The difference in the soil carbon stock between forest
and grassland is dependent on slope position. As a
whole, soil organic carbon stock in the forest was higher
than that in grassland due to a higher TN content and
microbial biomass, but there is a lower soil CO, emis-
sions in the forest. Compared to the forest, the soil CO,
emissions in the grassland has a stronger relationship
with soil water content and soil temperature while there
was a clear seasonal pattern of soil CO, emissions in the
grassland.

The use of plantation forest in semi-arid areas during
vegetation restoration is disputed by researchers because

of the higher water consumed. Water, as a limited factor
in semi-arid area, must be considered. However, from
the carbon sequestration point of view, the carbon se-
questration contribution of plantation forest in the hilly
area of Loess Plateau could not be ignored. In future
studies, carbon-water trade-offs should be explored.
Based on our study results, we suggest that not all of the
areas restored by black locust plantation forest are better
but appropriate forest plantation in the study area is
necessary based on soil and water conservation as well
as soil carbon sequestration. As soil water in semi-arid
areas is limited, the use of both plantation forest and
grassland could be considered, especially in the slope
scale; forest planted on the upper and middle slopes
seems to be a better choice according to our study.
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