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Abstract An automated chamber system was employed
to measure the soil CO2 efflux (SCE) in situ for 2 years
in a conventional wheat field of the Loess Plateau, China
under semi-arid conditions. The annual mean SCE val-
ues were 2.44 ± 2.52 lmol m�2 s�1 in 2006 and
2.37 ± 2.33 lmol m�2 s�1 in 2007. Distinct seasonality
in the SCE was observed, with significant differences
occurring among four periods divided by harvesting,
tillage and sowing. In the period from tillage to sowing,
the mean SCE values were 2.82 and 2.69 times the an-
nual mean values in 2006 and 2007, respectively, and
SCE accounted for 39% and 48% of the annual total
within 14% and 18% of the days of the years. Although
there were significant exponential correlations between
the SCE and soil temperature, and significant linear
correlations between the SCE and soil moisture for
measurements conducted in the periods before tillage
and after sowing each year, the SCE from tillage to
sowing was significantly beyond the correlation curves.
These findings indicated that seasonal variation in the
SCE in a conventional field was controlled not only by
soil temperature and moisture, but also by tillage prac-
tice. The confounding effects of climate and practice on
SCE should be considered when developing ways to
mitigate soil carbon loss in conventional cropland in
semi-arid regions.
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Introduction

The high carbon density in soil indicates the significant
role of soil in the global carbon cycle. Indeed, soil con-
tains approximately twice as much carbon as either land
plants or the atmosphere (Rustad et al. 2000). Soil CO2

efflux (SCE) is the major pathway through which soil
carbon returns to the atmosphere. The amount of soil
carbon released from soil into the atmosphere is about
75 Pg C year�1; therefore, it has a profound impact on
the atmospheric CO2 budget (Schlesinger and Andrews
2000). Excluding carbon metabolism by roots, SCE de-
rives primarily from the decomposition of soil organic
matter by microbial activities. Soil microbes are sus-
ceptible to changes in temperature and moisture, so
seasonality in the climate has a strong impact on tem-
poral variations in SCE. Seasonal variations in SCE
have been investigated widely in different ecosystems.
Globally, SCE values were found to reach their minima
in February, and to peak in July and August in the
northern hemisphere (Raich et al. 2002). In temperate
climates, SCE was high in summer and low in winter
because of seasonal variations in temperature (Davidson
et al. 1998; Buchmann 2000). In Mediterranean climates,
high SCE occurred between the end of May and early
June, and the minimum was observed in December (Xu
and Qi 2001). In tropical climates, SCE was greatest
during the wet season and declined during the dry sea-
son under all land covers (Salimon et al. 2004). Al-
though there were differences in seasonal patterns of
climate, obvious seasonal variations in SCE were driven
largely by temperature, soil moisture or a combination
of the two (Luo and Zhou 2006) in natural or less-dis-
turbed ecosystems.

Agricultural ecosystems differ from natural systems
in that they are disturbed strongly by human practices
such as harvesting, tillage and sowing. These practices
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change the soil surface covering, as well as the soil
physical, chemical and biological properties, including
soil microbial activities, which subsequently influences
SCE. Some studies have shown that higher SCE oc-
curred frequently after tillage (Reicosky et al. 1997;
Morris et al. 2004; La Scala et al. 2006; Gesch et al.
2007). For example, the SCE increased 13.8 times after
moldboard tillage in a clay loam soil in the Northern
Cornbelt of the United States (Reicosky et al. 1997).
Additionally, in a semi-arid Mediterranean agroecosys-
tem in Spain, the SCE measured immediately after till-
age was 3–15 times higher than that before tillage
(Alvaro-Fuentes et al. 2007). Moreover, the effect of
tillage on SCE might persist for days to weeks. Morris
et al. (2004) reported that greater SCE in plow tillage
persisted for up to 20 days in a bare fallow field, and for
up to 42 days in a residue-covered field. Similar inves-
tigations have been conducted in China. Zhang et al.
(2008) reported that SCE peaked at 0.25 h after tillage in
a cultivated field in northeast China, while Li et al.
(2010) reported that SCE increased after tillage and was
maintained at relatively high levels for 2 weeks in rice
fields in central China. However, there is little infor-
mation available regarding the seasonal pattern of SCE
in areas subjected to tillage.

The Chinese Loess Plateau, which covers an area of
some 560,000 km2 in the upper and middle reaches of
China’s Yellow River, is an important crop production
base in China. Nearly half of the crop grown in the Loess
Plateau is winter wheat. The region is characterized by a
typical semi-arid climate, with a continental monsoon
temperate climate prevailing, and over 60% of annual
precipitation falling from June to September. Within this
period, tillage is conducted as a conventional crop prac-
tice, as has long been the case. Although tillage is benefi-
cial for seed sowing, root growth, nutrient mineralization,
weed and disease control, and rainwater storage, it leads
to accelerated soil organic and residual decomposition
that will reduce soil carbon storage. Indeed, low carbon
density in croplands is related closely to conventional
tillage (Al-Kaisi and Yin 2005). Available studies have
shown that conventional tillage decreased soil organic
carbon stocks and various labile carbon fractions (Chen
et al. 2009), and caused alterations of soil enzyme activi-
ties in wheat fields of the Loess Plateau of China (Jin et al.
2009a). As themajor process controlling carbon loss from
the soil, SCE has been investigated widely globally. A
recent study demonstrated that SCE in the Loess Plateau
varied with wheat growth stage (Gao et al. 2009) from
March to June. However, highly frequent measurements
for a complete year are necessary to assess the influence of
tillage on soil carbon dynamics.

In this study, the seasonal partition regime of SCE
was investigated by hourly measurement of SCE in a
winter wheat field for 2 years with a multiple automated
chamber system. We aimed to assess the effects of tillage,
soil temperature and moisture, alone and combination,
on SCE seasonal variation in conventional tillage crop-
land.

Materials and methods

Site description

The study was conducted at Changwu Agro-Ecological
Experiment Station of the Chinese Academy of Sciences
in the Loess Plateau (35�12¢N, 107�40¢E) of China. The
elevation is approximately 1,200 m above sea level, the
climate is controlled by a semi-arid continental mon-
soon, and rainwater is the sole water resource for crop
growth. The mean annual precipitation is 584 mm and
the mean temperature is 9.1�C. The soil is moderately
loamy Heilu soil, which is very porous and has a high
water holding capacity, but frequently subjected to
moisture deficit due to uneven rainfall and high evapo-
ration capacity. The average soil bulk density in the
region was found to be 1.34 g m�3, and the soil pH was
about 8.4. The soil nitrogen and organic matter contents
were 0.96 ± 0.01 g kg�1 and 1.4 ± 0.1% (n = 30),
respectively.

Farming practice

The experimental site was cultivated with winter wheat
and managed using conventional practices. The winter
wheat cultivar was Changhan 58, which is very common
in the local area. The field was harvested, tilled, and
sown on 17 June, 28 July, and 17 September 2006, and
on 15 June, 23 July, and 25 September in 2007. Fertil-
ization was conducted at the time of sowing in autumn
each year and consisted of 300 kg urea and 750 kg Ca
(H2PO4)2ÆH2O per hectare. Tillage was conducted by a
tractor to a depth of 30 cm immediately prior to the
rainy season, when temperatures were high.

Carbon efflux and environmental factor measurement

Carbon efflux was measured in situ continuously at
intervals of 1 h using three automated chambers of a
multi-channel automated chamber system that improved
on the methods used by Goulden and Crill (1997), Liang
et al. (2003) and Bubier et al. (2002). The measurement
chambers (50 · 50 · 50 cm, L · W · H) had walls
made from transparent PVC glued and fixed to the
aluminum alloy, with lids hinged at the sidewalls. High-
density rubber gaskets were glued to the upper edge of
the chambers for tight closing. A small fan within each
chamber was used to mix the air when the lid was closed.
A tube with an inner diameter of 4 mm and a length of
1.5 m was inserted through the lid of each chamber to
maintain the pressure inside the chamber near that of
ambient air when the chamber was closed (Griffis et al.
2004). A cylinder was positioned within each chamber
and driven by high pressure from a compressor to open
and close the chamber lid (Liang et al. 2003). Air sam-
ples were pumped from one chamber, which was closed,
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through a multi-channel valve, a buffer tube, a desiccant
tube, a filter, and a flow controller, and then into an
IRGA (infrared gas analyzer, Li-820, Li-Cor, Lincoln,
NE) to measure the CO2 concentration. A program-
mable logical controller (PLC, Master-K120S, LG,
Korea) was deployed to control a series of solenoid
valves to drive opening and closing of the target cham-
bers, and circulate the gas samples to and from the
target chamber. Each chamber was closed for 3 min
(Drewitt et al. 2002) for measurements. The flow rate
was controlled at 1 L min�1. The CO2 concentration
was monitored continuously by the IRGA and recorded
at intervals of 10 s using a data logger (CR10X,
Campbell Scientific, Logan, UT). The performance of
the automated chamber system was tested to investigate
the response time and the chamber’s effect on soil tem-
perature and moisture, as well as to ensure that the
chamber was airtight. Testing and the test report re-
vealed that the system worked well under field condi-
tions and was reliable and comparable to other
measuring methods (Zhang et al. 2007). In May and
October 2006, measurements were made with the auto-
mated chamber system at the same point as those ob-
tained using the Li-6400-09 SCE measurement system
(Li-Cor), and the results revealed that the SCE measured
with the automated chamber system was 5.6% higher
than that obtained using the Li-6400-09. This discrep-
ancy may be attributed to the different size of chamber
used by our group.

An ECH2O sensor and copper-constantan thermo-
couple connected to a data logger were used to measure
soil moisture and temperature at 10 cm from the
chambers. Air temperature within the chamber was also
measured by a copper-constantan thermocouple. The
ambient air temperature, daily rainfall and hourly air
pressure data were derived from Changwu Agro-eco-
logical Experiment Station of the Chinese Academy of
Sciences.

Three chambers were inserted 5 cm into the soil
randomly at 4 m apart from each other. The plants
growing within the chamber were removed to keep the
soil surface clear. The chambers were taken off tempo-
rarily before each of the farming practices (harvesting,

tillage, and sowing) and re-inserted immediately into the
same location after these practices.

Statistical analysis

Data were downloaded every day from the data logger.
The CO2 concentration data from 1 min after the
chamber closed and 20 s before it opened were used to
calculate the change in CO2 concentration within each
chamber from the slope of the linear regression of the
CO2 concentration and the time when the correlation
coefficient was larger than 0.95. SCE was calculated
using the following equation (Davidson et al. 1998;
Steduto et al. 2002; Drewitt et al. 2002):

A ¼ ðdc=dtÞðV =SÞðP=ðRð273:15þ T ÞÞÞ ð1Þ

where, A is the SCE (lmol m�2 s�1); dc/dt is the change
rate in CO2 concentrations (lmol mol�1 s�1); V is the
volume of the chamber (m3); S is the ground surface
area enclosed by the chamber (m2); P is the atmospheric
pressure inside the chamber (k Pa); R is the universal gas
constant (8.3145 · 10�3 m3 k Pa mol k�1); and T is the
air temperature inside the chamber (�C).

The practices (harvest, tillage, and sowing) divided
the year into four periods: Period I was from the
beginning of the year to harvest in June, Period II from
harvest to tillage in July, Period III from tillage to
sowing in September, and Period IV from sowing to the
end of the year (Table 1). The mean and total SCE
values for the entire year and for each period were cal-
culated based on the daily SCE. During the calculation,
the daily mean SCE was obtained by averaging hourly
measurements when there were more than 18 hourly
measurements available per day. The missing daily data
were gap-filled by exponential equations based on the
soil temperature at 10 cm. Before and after tillage during
each year, the exponential equations were established
separately for gap-filling when the correlation coeffi-
cients (R2) were 0.63 and 0.72 before tillage and 0.71 and
0.91 after tillage in 2006 and 2007, respectively.

The relationship between SCE and temperature was
assessed using an exponential function (Eqs. 2, 3;

Table 1 Environmental factors of different periods in 2006 and 2007

Start date End date Days Air temperature
(�C)

Rainfall
(mm)

Soil temperature
(�C)

Soil moisture
(m3 m�3)

2006
I 1 January 17 June 169 7.6 125.8 8.1 0.14
II 18 June 28 July 41 22.2 127 24.3 0.22
III 29 July 17 September 51 19.2 183 22.5 0.18
IV 18 September 31 December 104 5.4 83.5 7.6 0.16
2007
I 1 January 15 June 167 7.3 83.6 7.5 0.11
II 16 June 23 July 38 20.2 99.7 22.3 0.22
III 24 July 26 September 65 18.2 214.7 21.3 0.27
IV 26 September 31 December 95 3.5 129.8 5.8 0.20
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Davidson et al. 1998; Buchmann 2000; Xu and Qi 2001;
Hui and Luo 2004):

Rs ¼ aebT ð2Þ

where, Rs is SCE, T is the soil temperature at 10 cm, and
a and b are parameters to be estimated by fitting the
Eq. 2 to field measured data.

The relationship between SCE and soil moisture was
assessed by linear regression (Eq. 3):

Rs ¼ cW þ d ð3Þ

where Rs is SCE, W is the soil moisture at 10 cm, and
c and d are parameters.

The data analysis are conducted using Microsoft
Excel 2003 with VBA (Microsoft, Seattle, WA). The
difference in SCE among the four periods was assessed
by repeated measures ANOVA, which was performed
using SPSS (v.13.0; SPSS, Chicago, IL). Exponential
and linear models were regressed using Sigma Plot
(v10.0, Systat Software, Chicago, IL).

Results

Meteorological factors

The mean air temperature and annual rainfall were
13.6�C and 519.3 mm, respectively, in 2006, and 12.3�C
and 527.8 mm in 2007 (Table 1). It is clear that the
seasonal climate pattern was characterized by high air
temperature and rainfall during summer, and low tem-
perature and less rainfall in winter in both years
(Table 1; Fig. 1). During the fallow periods (II and III),
the mean air temperature (20.7�C in 2006, and 19.2�C in
2007) was more than three times higher than that in
Periods I and IV (6.5�C in 2006 and 5.4�C in 2007).
About 60% of the annual rainfall was concentrated in
the fallow periods (II and III) in 2006 and 59% in 2007
(Table 1), especially during Period III, when 36% of the
annual rainfall occurred in 14% of the total year for
2006, and 40% of the annual rainfall occurred in 18% of
the total year for 2007.

The annual mean soil temperature at 10 cm was 12.2
and 11.0�C in 2006 and 2007, respectively, which was
lower than the air temperature during both years (13.6
and 12.3�C in 2006 and 2007, respectively). The seasonal
pattern of soil temperature was similar to the air tem-
perature. The annual mean soil moisture was
0.16 m3 m�3 in 2006 and 0.17 m3 m�3 in 2007. The
temporal pattern of the daily mean soil moisture fol-
lowed that of the rainfall (Fig. 2). During fallow periods
(II and III), the mean daily soil moisture values (0.22
and 0.18 m3 m�3 in 2006, and 0.22 and 0.27 m3 m�3 in
2007) were significantly higher than those in period I
(0.14 and 0.11 m3 m�3 in 2006 and 2007, respectively)
and period IV (0.16 and 0.20 m3 m�3 in 2006 and 2007,
respectively) (Table 1).

Seasonal pattern of SCE

The mean SCE in the winter wheat field was
2.44 ± 2.52 lmol m�2 s�1 in 2006 and 2.37 ± 2.33
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lmol m�2 s�1 in 2007. The annual soil carbon dioxide
emission was 891.89 g C m�2 in 2006 and 865.08 g C
m�2 in 2007. General seasonal patterns were evident, with
a high SCE being observed in summer and a low value
being observed in winter (Fig. 3). Repeated measures
ANOVA showed that, during both years, the SCE in
Period III was significantly higher than in the other three
periods (P < 0.005), the SCE in Period II was significant
higher than in Periods I and IV (P < 0.005), and there
was no significant difference in SCEbetweenPeriods I and
IV (P = 0.932).During the fallowperiod fromharvesting
to sowing (periods II and III) the SCE was markedly
higher than that in the wheat growing periods of I and IV
(5.06 vs 1.48 lmol m�2 s�1 in 2006, 4.94 vs 1.36 lmol
m�2 s�1 in 2007) (Fig. 4) and accounted for 55 and 59%
of annual SCE within 25 and 28% of the entire year in
2006 and 2007, respectively.

The highest peaks (15.61 lmol m�2 s�1 in 2006 and
17.72 lmol m�2 s�1 in 2007) occurred after tillage in
summer (Fig. 3) during Period III, being about 6.39–7.49
times greater than the average values each year. Themean
SCE in Period III (6.89 ± 3.53 and 6.37 ± 2.84 lmol
m�2 s�1 in 2006 and 2007, respectively) was 2.82 and 2.69
times the annual mean values in 2006 and 2007, respec-
tively (Figs. 3, 4). During Period III, within 14 and 18%
days of the year, soil released about 39% and 48% of the
carbon released for the entire year.

The influences of soil temperature, moisture and tillage

Excluding the data collected during Period III, the daily
mean SCE was significantly exponentially related with

soil temperature (Fig. 5), and significantly positively
linear related with soil moisture (Fig. 6). Soil tempera-
ture could explain up to 63.06 and 65.62% of the tem-
poral changes of daily SCE over Periods I, II and IV in
2006 and 2007, respectively (Fig. 5). The soil moisture
could account for about 12% of the seasonal variation
of SCE over Periods I, II, and IV (Fig. 6). The SCE in
period III from tillage to sowing was significantly higher
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than the exponential curve based on soil temperature
and the linear line based on soil moisture (Figs. 5, 6),
indicating that tillage significantly stimulated SCE in soil
with higher temperatures and moisture content.

Discussion

The annual SCE for temperate agricultural ecosystems
ranged globally from 130 to 784 g C m�2 (Raich and
Schlesinger 1992). Additionally, it has been reported
that the annual SCE values in wheat fields were 640 g
C m�2 in Missouri, United States (Buyanovsky et al.
1987) and 579 g C m�2 in the Tibetan Plateau (Shi et al.
2006). The annual SCE in this study (891.89 g C m�2 in
2006 and 865.08 g C m�2 in 2007) was slightly higher
than those values. This difference in SCE might have
been due to higher residue input (about 5.7 t ha�1 in our
study vs 3.9 t ha�1 in Missouri; Buyanovsky et al. 1987)
and differences in climate (temperate climate in our
study vs alpine climate in the study conducted by Shi
et al. 2006). In a recent report, the average SCE in wheat
fields near our site measured by an Li-8100 in 2008 was
2.1 lmol m�2 s�1 from March to June (Gao et al. 2009).
The value is very close to the SCE observed in our
measurements (2.46 lmol m�2 s�1 in 2006 and 2.10 in
2007).

Seasonal variations in SCE have been observed in
almost all ecosystems, and the seasonal patterns depend
on the type of ecosystem and the climate (Luo and Zhou
2006). In this study, the seasonal dynamics of SCE, with
high rates in summer and low rates in winter, were
consistent with those of other reports under temperate
climates, such as a mixed hardwood forest in Harvard
Forest in the US (Davidson et al. 1998) and in European
beech, Norway spruce, and Scots pine forests in Ger-
many (Borken et al. 2002) because of the similar sea-
sonal pattern of climate. Raich et al. (2002) suggested
that monthly variations in global soil CO2 emissions
closely follow the mean temperature cycle of the
northern hemisphere. Seasonal variations in SCE de-
scribed using monthly data were found to be bell-shaped
in temperate monsoon climate ecosystems (Tufekcioglu
et al. 2001; Borken et al. 2002; Sheng et al. 2010), which
paralleled the seasonality observed in temperature and
produced peaks in summer and lowest values in spring
and winter. In the present study, it was clear that the
SCE increased from spring, reached its peak in July to
August, and then decreased in winter in both 2006 and
2007.

Seasonal variations in SCE are driven largely by
temperature, soil moisture or their combination (Buch-
mann 2000; Hui and Luo 2004; Luo and Zhou 2006). In
this study, soil temperature explained more than 63.1%
and 65.6% of the variability of SCE, except during
Periods III in 2006 and 2007 (Fig. 5), and more than
60.4% and 68.2% of the seasonal variability covering all
four periods in 2006 and 2007, respectively. Such a
strong temperature dependence of SCE has also been
reported in other studies of subtropical forest ecosys-
tems (Tang et al. 2006; Saiz et al. 2006; Sheng et al.
2010), temperate semiarid grassland (Jin et al. 2009b)
and agro ecosystems (Han et al. 2007; Meijide et al.
2010). In these ecosystems, the SCE exhibited a distinct
seasonal variation that paralleled the seasonality ob-
served in soil temperature (Saiz et al. 2006); the peak
values could be explained by temperature.

In some natural or rain-fed cropland ecosystems in
which there are drought periods or seasonal dry and wet
cycles, rainfall-controlled soil moisture can be an
important factor influencing SCE (Davidson et al. 2000;
Xu and Qi 2001; Salimon et al. 2004). Luo et al. (1996)
reported that, in Mediterranean climates, soil water was
usually a limiting factor in summer, so seasonal patterns
of SCE were determined largely by soil water availabil-
ity. Additionally, soil water plays a predominant role in
regulating SCE in semi-arid ecosystems (Conant et al.
2004; Liu et al. 2009). In the present study, there was a
clear pattern in which high SCE occurred in summer,
when soil moisture was high, and there was a positive
linear relationship between SCE and soil moisture in
2006 and 2007 (Fig. 6). However, contrary to other
semi-arid ecosystems, soil moisture did not play a
dominant role in either of the years considered in the
present study, even though the study area was a typical
rain-fed semi-arid agro-ecosystem. These findings indi-
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cate that soil moisture was not a limiting factor for soil
biological reactions in this study area.

Seasonal SCE peaks have been reported widely in
previous studies. For example, the peak value in a
ponderosa pine plantation in northern California was
6.03 lmol m�2 s�1 (Xu and Qi 2001), and it was
6.5 lmol m�2 s�1 in central Oregon (Law et al. 1999). In
a temperate mixed hardwood forest in Massachusetts,
the peak value was 6.97 lmol m�2 s�1 (Davidson et al.
1998), and it was 6.5 lmol m�2 s�1 in a Southeast Asian
tropical rainforest (Kosugi et al. 2007). Obviously, the
peak values (15.61 lmol m�2 s�1 in 2006 and
17.72 lmol m�2 s�1 in 2007) in our study were far
higher than those peaks in undisturbed ecosystems,
which could not be explained by temperature and
moisture alone (Figs. 5, 6). The SCE peaks occurring
after tillage might have been due to the fact that (1)
tillage incorporates residue into soil, increases microbial
substrates and stimulates mineralization of soil organic
materials (Alvarez et al. 2001; Zhang et al. 2011); (2)
tillage improves soil aeration and increases contact be-
tween soil and crop residues (Alvaro-Fuentes et al.
2007); and (3) tillage disrupts soil aggregates and ex-
poses aggregate-protected organic matter to microbial
attack (Beare et al. 1994; Kristensen et al. 2000; Kla-
divko 2001). Our results were consistent with those of
other reports that SCE increased by 2–15 times after
tillage (Reicosky et al. 1997; Calderon et al. 2001; Rei-
cosky 2002; Morris et al. 2004; La Scala et al. 2005;
Gesch et al. 2007; Alvaro-Fuentes et al. 2007). Reicosky
et al. (1997) found that the increase in SCE seen
immediately after tillage was the result of a physical
release of CO2 entrapped in soil pores rather than
changes in microbial activity at the time of tillage. Al-
though the burst immediately following tillage in 2006
and 2007 might be partly explained by physical release
of the CO2, this physical process could not explain the
sustained long-term increase in SCE observed in the
present study. In our study, the high SCE lasted for the
whole of period III. Tillage also incorporates fresh crop
residues into the soil and subsequently improves
microbial activity by providing more substrates, 36–40%
of rainfall was concentrated in Period III, which pro-
vided sufficient soil water for soil microbial organisms.
Therefore, a large proportion of the soil carbon released
in Period III might be due to the combination of high
temperature, sufficient available soil water, and con-
ventional tillage. In the Loess Plateau, tillage conducted
at times of high temperature and rainfall will stimulate
SCE significantly.

Soil CO2 efflux is the major output of soil carbon.
The confounding effect of soil climate and tillage on the
seasonal variation of SCE during conventional tillage
indicates that soil carbon in cropland is controlled by
climate and crop practices. Although being a short pulse
to soil, tillage could stimulate soil carbon release at a
high rate for a relatively long period (i.e., more than
51 days, as in this study) and have a significant effect on
soil carbon dynamics. Although quantitative determi-

nation of the contribution of climate and tillage to soil
carbon loss is not yet feasible, tillage is undoubtedly a
critical factor in carbon emission as a result of expansion
of cropland globally. Accordingly, conservative prac-
tices including no-till have been recommended widely to
sequester the atmospheric CO2 generated by cropland.
When considering the combined effect of climate and
tillage, the time at which tillage is conducted is also
important for SCE. In this study, tillage conducted in a
period of high temperature and immediately after rain-
fall caused an extremely high peak of SCE, which is
indicative of carbon loss and leads to a low carbon
density. This might be an important reason why soil
carbon contents are low in cropland under conventional
tillage in the Loess Plateau, even though the annual re-
turn of residue is relatively high because of high crop
yield. Reducing the tillage intensity or changing the
tillage time is recommended to mitigate carbon loss from
wheat fields in this region.

Conclusion

The higher SCE in the fallow season (no-wheat growing)
and the lower SCE in the wheat growing season showed
a typical seasonal dynamic pattern in conventional tilled
wheat field soil. During the fallow season (Period II and
III), within 25% and 28% of the entire year in 2006 and
2007, soil released 55% and 59% of the annual SCE
amount, respectively. In particular, after tillage and
before a new wheat sowing (Period III), within 14% and
18% of the time of 2006 and 2007, soil released about
39% of the total carbon for 2006 and 48% of the carbon
for 2007, respectively. Soil temperature and moisture
reached their peaks during the fallow period after tillage,
and rainfall was concentrated during this period. Al-
though soil temperature and moisture could explain
most of the seasonal variation in SCE, tillage exerted a
significant influence on SCE. These results suggest that
the typical seasonal dynamic pattern may be attributed
to the confounding effects of high soil temperature, soil
moisture and conventional tillage. Therefore the con-
ventional tillage conducted during the hot-wet season
should be re-evaluated for mitigation of the release of
atmospheric CO2 by cropland.
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