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Abstract

This study measured soil respiration rate and soil organic
carbon (SOC) concentration in Songnen grassland for
treatment of Fire, Plowing and N addition and discussed
the effect of these treatments on soil respiration and soil
carbon stocks. Our results showed that the diurnal soil
respiration rate has the same change trend. Compared
with Native grassland, Plowing and Fire treated grassland
increased 25.8% and 9.2% of the soil respiration rate. Over
65% of total soil C stocks was stored in the 0-30 cm soil
depth. The treatment of Fire and Plowing decreased 7.97%
and 8.58% of SOC stocks related to Native grassland in
entire profile. The carbon stock was highest at low N
addition level (0 and 5 g/m?), and was lowest at high N
addition level (15 and 25 g/m?), which indicated that high
N addition level may be having a negative effect on SOC
stock in Songnen grassland.

Keywords: Alkali-saline soil, Fire and plowing, N addition,
Soil organic carbon, Soil respiration

Abbreviation: SOC: Soil Organic Carbon, SOM: Solil
Organic Matter

Introduction

Concerns about rising atmospheric CO, levels have
prompted considerable interest in recent years regarding
the sink potential of soil organic carbon (SOC) (Baker et
al., 2007). Soils hold approximately 75% of the carbon
stored on land and about twice that stored in the
atmosphere (Swift, 2001). So, even a slight change of SOC
stock could have a great effect on the global C budget
(Johnson et al., 2007).

Dynamics of SOC stock are controlled by many ecosys-
tem processes (Ganjegunte et al., 2005) and manage-
ment practices (Frank et al., 2006). Fire is one of the most
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common disturbance factors in grassland and is consid-
ered to have an important impact on carbon cycling (He
et al., 2012). Large inconsistencies in the responses of
SOC to fire have been found. For example, fire increased
soil respiration by 20-55% in a sub-humid grassland
(Knapp et al., 1998), but had a positive effect on SOC
stock and decreased soil respiration in Siberian Taiga
ecosystems (Sawamoto et al., 2000).

Plowing practices can alter the vertical distribution and
quantity of SOM in soils through several processes. The
practice of plowing the soil can make the loss of carbon
in lands (Guo and Gifford, 2002). Whitbread et al. (1998)
reported that a Grey Clay soil that had been plowing for
over 40 years lost 51% of its original total C, while an
adjacent Grey Clay soil that had tillage for only two years,
lost 26% of its total C. N addition can also change the soil
respiration and carbon stock in grassland, because the N
statues can influence the temperature sensitivity of soil
respiration rate (Conant et al., 2004) or influence the de-
composition of SOC through the decrease of C/N ratio
(Zheng et al., 2012).

In this study, we measured the soil respiration rate and
SOC concentration in grassland for treatment of Fire,
Plowing and N addition. The main objectives of this study
were to provide a more detailed understanding of the
treatment of Fire, Plowing and N addition on soil respiration
and carbon stock in Songnen grassland.

Materials and Methods

Study area

The experiment was conducted at Changeling Station of
Grassland and Agro ecology, Chinese Academic of
Sciences, Songnen grassland (44°33' N, 123°31’ E), with
an area of 300 ha. The study area has a typical temperate,
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semi-arid continental monsoon climate. Mean annual air
temperature was between 4.9 to 6.4°C Precipitation varied
from 300 to 450 mm greatly between years. The soil was
alkali-saline, which is classified as Salic Solonetz in WRB
soil taxonomic system. Soil pH is between 7.5 and 11.
The dominant native plants were Leymus chinense in
Songnen grassland. The companion species were Choris
virgata, Puccinellia spp, Potentilla spp etc. The vegetation
coverage was 60-90%, with 100-200 g/m? dry weight
biomass.

The study area had been exposed to long-term heavy
grazing before 2009 and degraded as indicated by low
vegetation cover (20%-30%). Since early 2009, the
grassland was grazing-excluded. Through several years
of recovery, the vegetation coverage increased up to 70-
80%. Due to degeneration, most of the grassland plants
were replaced by annual plant of Choris virgata or Suaeda
glauca. In May 2011, we processed study area with fire,
plowing and native as three treatment groups. Then we
divided each group into 24 plots (3 mx3 m), and randomly
added N in four levels (0, 5, 15, and 25 g/m? a). There
were six replications at each N addition treatment. All plots
shared similar topography and soil type.

Measurement of soil respiration rate

Field measurement of soil respiration was conducted in
middle of August 2011, which is the typical period when
aboveground biomass attains its peak value. The
aboveground biomass was removed before two days of
the measurement start. We measured soil respiration rate
for 9 days from August 20 to 28, 2011 using the CIRAS-2
with a SRC-1 (PP Systems’ analyzer, England). One group
was measured in each day from 4:00 am to 7:00 pm at
intervals of 3 hours. Three days were a turn and each
group was measured for three days.

Soil sampling and laboratory analysis

Soil samples were collected to a depth of 50 cm at five
intervals of 0-5, 5-10, 10-20, 20-30, 30-50 cm using a soll
corer (5 cm diameter) in each plot after the aboveground
biomass and litter collected in September 2011. Cores
were taken using the direct push method. At each plot,
three soil cores were taken and mixed at each soil depth.
A total of 360 soil samples were obtained. The soil samples
were put in the plastic bags and immediately transported
to laboratory for measurement. Soil bulk density (BD) of
each depth measured using the core method described
by Blake and Hartage (1986). This allowed us to estimate
the mass of SOC at each site.

Soil samples were air-dried at room temperatures,
removed the visible plant residues and ground through a
2-mm sieve first, then though a 0.149-mm sieve for
chemical analysis. SOC concentration was determined
using the K,Cr,0.-H,SO, oxidation method (Nelson and
Sommers, 1982).

Calculations and data analysis.

SOC stock at 0-50 cm soils was obtained by the sum of
SOC stock of five depths. For each soil depth interval,
SOC stock was calculated as follows:

S=BDxExTxk

Where Sis the SOC stock (kg C/m?), BD is the bulk density
(g/cmd), E is the SOC concentration (g C/kg), T is the soil
depth (cm), and k is a constant (107).

All statistical analyses were carried out with SPSS 13.0
software package (SPSS 13.0 for windows, Release 13.0,
USA). Factorial fashion (One-way ANOVA) was used to
analyze the data and to test the treatment effects (fire,
plowing and N levels) on SOC stock and solil respiration.
Treatments mean and standard error for each variable
measured was provided.

Results and Discussion

Dynamics of soil respiration rate

Soil respiration is defined as the release of CO, from soil
to atmosphere, and includes soil microbial respiration, soil
fauna respiration, and plant root respiration (Frank et al.,
2006). So, soils with large amounts of primary and
secondary productivity can be expected to have high soil
respiration, such as the soils in grassland (Knapp et al.,
1998). The diurnal soil respiration rate of Native, Fire and
Plowing grassland has the same change trend (Figure
1). The flux increased with the time and reached its peak
value at 10:00 or 13:00. Then, the flux decreased at 16:00,
and had a slight increase at 19:00. The soil respiration
was strongly influenced by soil temperature and it always
increased when comparing morning measurements with
those at noon (Eriksen and Jensen, 2001). Soil moisture
and soil temperature are two important factors for soil
respiration (Yu et al., 2012). The soil temperature has a
higher effect on soil respiration when the soil moisture is
suitable or unchanges (Borken et al., 1999; Yu et al.,
2012). Our results indicated that the change trend of soil
respiration rate corresponded with temperature, which
peaked at noon and was lowest at morning and evening.
But the peak respiration of Native and Fire grassland was
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different from the Plowing grassland (Figure 1). These
differences may be mainly due to the surface soil
temperature and vegetative cover at noon in these
grasslands, because the soil moisture is not varying within
few hours to have effect on soil respiration.
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Fig. 1 Diurnal variations of soil respiration for each treatment

When soils are disturbed, the SOC concentration declined,
which is seen because the conditions of decomposition
are improved, such as the greater rates of soil respiration
(Schlesinger and Andrews, 2000). Without regard of N
addition, the soil respiration rate of plowing grassland was
highest, followed by the Fire grassland and the Native
grassland in our study (Figure 2). Compared with the Na-
tive grassland, the increase of soil respiration in Fire grass-
land generally provide some support for the findings of
Knapp et al. (1998) that spring fire increased estimated
annual soil CO, flux by 38-51% relative to unburned sites
over 2-yr period. But the increase of our mean soil respi-
ration in Fire grassland was lower than the results of Knapp
et al. (1998), with a value of 9.2% compare with native

grassland. The increase of mean soil respiration in Plow-
ing grassland was significantly higher (P<0.05) than Na-
tive grassland (Figure 2).

The plowing can increase the rates of organic matter de-
composition and mineralization by aerating the soil, bury-
ing surface residues and breaking soil aggregates, and
thereby increasing the soil respiration (Hendrix et al.,
1988). Large variations of soil respiration responses to N
addition have been found on different ecosystems and
regions. Yan et al. (2010) showed that N addition increased
autotrophic soil respiration (SR,) in 2006 but not in 2007,
while it decreased heterotrophic soil respiration (SR,) in
both years, leading to a positive response of total soil res-
piration (SR,,) in 2006 but a negative one in 2007. In our
results, the soil respiration rate was increasing with the
level of N addition in the three grasslands, but there was
no significantly difference for the three grasslands
(P=0.692 for N=0 level, P=0.138 for N=5 level, P=0.750
for N=15 level, P=0.438 for N=25 level). The clear trend
of soil respiration rate may be due to the decrease of C/N
values, because the activity of microbial will increase when
N is added in soil, especially in the soil with low N con-
centration (Yu et al., 2012). N addition has a complex ef-
fect on solil respiration, because N addition can affect the
soil water availability, the C/N ration, and other soil char-
acters (Yan et al., 2010).
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Fig. 2. The average soil respiration for each treatment.
The whiskers placed on the bars are the standard error of
soil respiration values.

Dynamics of soil carbon concentration and stock

Carbon is sequestered in soil when organic matter
accumulates faster than it is respired as CO, by soil
heterotrophy (Syswerda et al., 2011). The SOC
concentration of Native, Fire, and Plowing grassland
decreased from surface soil to subsoil (Table 1), which
was determined by the plant biomass, especially root
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biomass. From different soil layers, the SOC concentration
of top soil (0-5 cm) was significantly higher (P< 0.01) than
the subsoil (30-50 cm). The highest variability of SOC
concentration with depth was found in Plowing grassland
and the lowest variability with depth was found in Native
grassland, which indicated that the treatment of Plowing
and Fire had great effect on SOC concentration. The
average concentration of SOC for Native, Fire, and
Plowing grassland was 6.10, 5.80, and 5.90 g C/kg,
respectively. These results indicated that treatment of Fire
and Plowing reduced carbon concentration in the 0-50
cm soils. The results of lower SOC concentration and
higher variability can be explained by the increase of soll
respiration rate for the grassland treatment of Fire and
Plowing. There is no consistent trend for the changes of
SOC concentration under different N addition levels. With
the increase of N addition, the SOC concentration of Native
grassland was slightly decreased while that of the Plowing
grassland was slightly increased. The plowing lead to the
increase of soil respiration, which should make the SOC
concentration decreased. But the concentration of SOC
is a slightly increase, which may be mainly due to the
decrease of soil bulk density in our study. The bulk density
of 0-20 cm soil in plowing grassland decreased 0.07g/m?
in comparison to Native grassland (Table 2). N addition
had a positive effect on the aboveground biomass after
four years addition in mature and degrade grassland, but
the response of N addition on aboveground biomass in
the first year was little in both mature and degrades
grassland (Bai et al., 2010). The increase of plant biomass
will increase the input of root biomass to the soil, which
may be conducive to the soil carbon sequestration in
grassland.

The organic carbon stock in grassland can be affected by
many factors, such as climate, land use, plant type and
soil physical and chemical properties. Fire and Plowing
are the most important management practices in grass-
land. In our study, over 65% of total soil C was stored in
the 0-30 cm soil depth. The stock of SOC in surface soll
(0-30 cm) ranged from 2.69 kg C/m? for Fire grassland to
3.26 kg C/m?for Native grassland (Table 3). Compared
with the Native grassland, the SOC stock of treatment for
Fire and Plowing decreased 7.97% (0.365 kg C/m?) and
8.58% (0.393 kg C/m?) in entire profile, respectively. He
et al. (2012) found that fire and fire regimes decreased
the C stock in soil and soil fractions in the long—terms
grazing excluded grassland in Inner Mongolia and the
effect on the surface soil (0-10 cm) is bigger than the sub-
soil (10-30 cm). Richter et al. (1990) reported that carbon
stock in the surface (15 cm) soil was reduced by 24%
(687 g C/m?) over seven years of annual tillage mainly
due to the reduction of root biomass. The soil carbon stock
varied with the increase of N addition level in Songnen
grassland. The total carbon stock under different N addi-
tion level was highest at the 0 level for Native and Fire
grassland, the 5 level for the Plowing grassland, and was
lowest at the 25 level for native grassland, the 15 level for
Fire and Plowing grassland (Table 3). That is to say, the
high N addition level (15 and 25 level) may be having a
negative effect on SOC carbon stock in Songnen grass-
land. The variability of SOC stock for Native, Fire, and
Plowing grassland was 0.44, 0.33, 0.43 kg C/m?, which
indicated that the effect of N addition is larger in Native
and Plowing grassland than the Fire grassland. Overall,
the treatment of Fire and Plowing in grassland had a great
effect on the carbon sequestration dynamics.

Table 1. The concentration of soil organic carbon for each treatment at different depths.

Treatment Soil organic carbon concentration at different depth (g C/kg)
Groups N addition (g/m? a) 0-5cm 5-10 cm 10-20 cm 20-30 cm 30-50 cm
Native 0 7.21(0.66)a 6.73(1.34)a 6.51(1.03)a 6.61(1.47)a 4.75(0.82)a
5 7.31(0.57)a 6.6(1.15)ab 5.59(0.87)ab 5.87(0.70)ab 4.60(0.19)b
15 6.87(0.70)a  7.99(1.00)ab 6.63(0.52)ab 5.07(0.84)b 4.59(0.83)b
25 6.66(0.49)a 6.47(0.90)a 5.94(0.67)ab 5.45(0.01)ab 4.47(0.21)b
Fire 0 7.23(1.28)a 7.02(0.95)a 5.92(1.08)a 4.62(0.64)a 4.60(1.16)a
5 7.73(0.48)a 8.00(0.26)a 6.18(0.72)ab 4.85(0.52)b 3.24(0.74)b
15 6.43(0.8)a 6.93(1.36)a 5.56(1.17)a 4.43(1.07)a 4.11(1.10)a
25 6.80(1.47)a 6.67(1.42)a 6.09(1.16)a 5.65(1.43)a 3.99(0.34)a
Plowing 0 7.04(0.83)a 6.90(1.52)a 6.21(0.77)a 5.35(0.85)a 3.94(0.83)a
5 6.23(1.31)a  7.65(1.29)ab 5.88(0.73)ab 5.44(0.17)ab 4.60(0.31)b
15 7.35(0.51)a 6.47(1.43)a 7.33(0.62)a 4.64(0.78)a 3.03(0.94)a
25 7.04(0.33)a 7.68(0.87)a 6.66(1.12)a 5.02(1.10)ab 3.50(0.74)b

Values with different lower case letters within the table are significantly different at P < 0.05 of different soil depths for soil organic
carbon concentration. There are no significantly different at P < 0.05 for grassland (Fire, Plowing and Native) and N addition level on

soil organic carbon concentration. Results are shown as mean (standard error).
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Table 2. The soil bulk density of each treatment at different soil depths
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Soil depth (cm)

Bulk density (g/m®)

Native grassland

Fire grassland

Plowing grassland

0-5 1.48
5-10 1.67
10-20 1.67
20-30 1.63
30-50 1.64

1.47 1.41
1.64 1.60
1.65 1.60
1.63 1.62
1.68 1.67

Table 3. The stocks of soil organic carbon for each treatment at different soil depths.

Soil organic carbon stocks at different depth (kg C/m?)

30-50 cm

0-50 cm

Treatment
N addition(g/m? a) Groups 0-30 cm
0 Native 3.26(0.35)Ab
Fire 2.86(0.43)Aab
Plowing 2.90(0.52) Aab
5 Native 2.98(0.18)Ab
Fire 3.05(0.10)Ab
Plowing 2.87(0.28)Ab
15 Native 3.11(0.19)Ab
Fire 2.69(0.34)Ab
Plowing 2.96(0.64)Aab
25 Native 2.92(0.13)Ab
Fire 2.99(0.29)Ab
Plowing 2.99(0.38)Aa

1.56(0.21)Ac
1.52(0.55)Ab
1.31(0.28)Ab
1.51(0.03)Ac
1.07(0.25)Ac
1.53(0.10)Ac
1.50(0.21)Ac
1.36(0.29)Ac
1.01(0.31)Ab
1.46(0.05)Ac
1.32(0.04)Ac
1.17(0.19)Ab

4.82(0.42)Aa
4.38(0.97)Aa
4.22(0.72)Aa
4.49(0.21)Aa
4.11(0.33)Aa
4.40(0.28)Aa
4.62(0.17)Aa
4.05(0.51)ABa
3.97(0.93)Ba
4.38(0.15)Aa
4.31(0.28)Aa
4.15(0.55)Ba

Values with different capital letters and lower case letters within the table are significantly different at P < 0.05 of different treatments
(Native, Fire and Plowing, capital letters) and soil depths (0-30, 30-50, and 0-50 cm, lower case letters) for soil organic carbon
concentration. There is no significantly different at P < 0.05 for grassland N addition level on soil organic carbon stock. Results are

shown as mean (standard error).

Conclusion

It is widely believed that soil disturbance was a primary
cause of the historical dynamics of soil organic carbon in
Songnen grassland, and so substantial SOC sequestration
can be accomplished by changing management practices.
The treatment of fire, plowing and N addition had a great
effect on the soil respiration and soil organic carbon stocks
in Songnen grassland. Our results showed that the diurnal
soil respiration rate of the fire, plowing and Native
grassland increased with the time and reached its peak
value at 10:00 or 13:00, and then decreased. On average,
the Plowing and Fire grassland increased 25.8% and 9.2%
of soil respiration related to Native grassland. The average
concentration of SOC for Native, Fire, and Plowing
grassland was 6.10, 5.80, and 5.90g C/kg, respectively.
The SOC concentration of top soil (0-5 cm) was
significantly higher (P<0.01) than the subsoil (30-50 cm).
Fire and Plowing treatment had a negative effect on the
SOC stocks. Compared with the Native grassland, SOC
stocks for Fire and Plowing grassland decreased 0.365
and 0.393 kg C/m?, respectively. High N addition level (15
and 25 g/m? a) decreased 0.16 kg C/ m? of SOC stocks
than the low N addition level (0 and 5 g/m?a), which
indicate that high N level has a negative effect on SOC

stocks in Songnen grassland. These results will provide
a scientific basis for implementing management practices
in this area to prevent the loss of soil organic carbon
storage and concentration.
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