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Abstract With closed static chamber and modified gas 
chromatograph (HP5890II), the in situ measurements were 
made on the CO2, CH4 and N2O emissions from winter-
fallowed paddy fields in the hilly areas of South China. Gas 
samples were taken simultaneously from the fields with and 
without rice stubble. The results showed that both of the fields 
had the peak value of CO2 flux in the later afternoon. In the 
fields with and without rice stubble, the CH4 flux was positive 
in the day time while negative in the night, and the N2O flux 
in the day time was 1.79 and 1.58 times as much as that in the 
night, respectively. The diurnal average CO2 flux in the plot 
with rice residue was significantly higher than that of bare 
plot (P<0.05). Correlation analysis demonstrated that CO2 
flux in the winter-fallowed paddy fields had significant 
correlations with soil temperature at a depth of 5  cm, above-
ground temperature and air temperature, suggesting that 
temperature was the main factor affecting CO2 emission 
from rice fields after harvesting. During the observation time 
(from November 10, 2003 to January 18, 2004), the average 
CO2, CH4 and N2O fluxes in the field with rice residue 
were (180.69P21.21)  mg/m2 · h, (−0.04P0.01) and (21.26P
19.31)  μg/m2 · h, respectively. Compared with bare fields, the 
CO2 flux in the field with rice residue was 13.06% higher, 
CH4 absorption increased by 50%, while N2O flux was 60.75% 
lower. It was concluded that the winter-fallowed paddy field 
in hilly areas of South China was the source of atmospheric 
CO2 and N2O, and the sink of atmospheric CH4.
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1 Introduction

The increase in atmospheric greenhouse gases concentration 
is the main factor leading to global warming, and CO2, CH4 
and N2O are of great importance. Rice farming is now 
believed to be the primary anthropogenic source of CH4 
(Jacobson, 2005), and annual global CH4 emissions from 
paddy fields were estimated to be 20–40  Tg (Wang, 2001), 
accounting for 8%–13% of the total emission (ICPP, 1992). 
Another greenhouse gas N2O is also involved in rice farming, 
which was reduced to N2 under anaerobic conditions, but 
anaerobic-aerobic circle favors the formation of N2O (Granli 
and Bockman, 1994). Nevertheless, almost all experimental 
treatments in previous studies were focused on the rice-
growing period. Research concerning CO2 emission measure-
ment in situ and synchronic identification of CO2, CH4, N2O 
in paddy field were lacking (Kahlil et al., 1990; Wang and 
Wang, 2003; Zou et al., 2003), especially in fallow paddy 
field in winter (Xu and Cai, 2004). Some studies indicated 
that fallow paddy field was likely to be the sink of CH4 
(Thurlow et al., 1995; Singh et al., 1998). From most of the 
researchers, the estimated annual N2O emission in fact was 
only the flux of the dry land soil over the world (Bouwman, 
1994; Houghton et al., 1992). According to Xu and Hong 
(1999), the fallow fields in tropical and sub-tropical regions 
of the Northern Hemisphere were the potential sources of 
N2O emission in terms of N2O-N, which was about 0.75  Tg 
all year around. Based on the experiment platform Heshan 
Hilly Land Interdisciplinary Experimental Station, the uni-
form experimental program from branch central of CERN 
(Chinese Ecosystem Research Network) atmosphere depart-
ment, and field measurements were conducted. This research 
is part of the greenhouse gases flux measurement above 
the ground of agroforestry ecosystem in northern China. 
Agroforestry ecosystem has an important role in land-use in 
northern China, hence the greenhouse gas emission measure-
ment in the fallow paddy field can progressively improve our 
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understanding about the variation of greenhouse gases in 
agroforestry ecosystem.

2 Materials and methods

2.1 Site description

The selected paddy field is a part of the agro-forestry ecosys-
tem in Heshan Hilly Land Interdisciplinary Experimental 
Station, CAS (Chinese Academy of Sciences) (112°54p  E, 
22°41p  N), which is located in the central part of Guangdong 
Province, 80  km away from Guangzhou City. The site is 
characterized by a lower subtropical monsoon climate, with a 
mean annual temperature of 21.7°C, July mean temperature 
28.7°C (absolute maximum 37.5°C), accumulated tempera-
ture above 10°C of 7  597.2°C, a mean precipitation of 
1  700  mm, annual total evaporation of 1  600  mm. The soil 
type is locally described as crimson soil (namely Latosol 
reddish soil).

2.2 Experimental design and statistical analysis

The experimental paddy field was divided into plots with and 
without rice stubbles, and each treatment had three duplicates 
randomly. Proper measures were taken to ensure that the soil 
and environmental conditions in the chamber were equal to 
those in the whole field. The seedlings of later-cropping rice 
were planted in the field with stubbles of 3–4  cm in height 
left after harvest in the previous growing season. Bare plots 
received the same fertilization and water management as the 
plots with stubbles, fallowing in the previous growing season. 
Generally the sample gas was collected from 9:00 to 12:00 
(Kessavalou et al., 1998; Zou et al., 2003). This sampling 
time was based on the diurnal pattern of gas emission, assu-
ming that this pattern remained the same in a day. Gas collec-
tion in our experiment was undertaken from 9:00 to 12:00, 
lasting about 69 days from November 10, 2003 to January 17, 
2004. The measurement of daily variation was also conducted 
on sunny days at 2-h intervals in the daytime and at 3-h 
intervals in the nighttime during November, 2003. 

Details of the method applied were available in Wang and 
Wang (2003). The sample gas was collected in a closed static 
chamber (50  cmx50  cmx50  cm) made from stainless steel, 
using a heat-a giant sheet outside the chamber in order to 
avoid the temperature increment inside the chamber under 
sunshine, which would reduce an influence on the observa-
tion. The chamber placed on a steel base that was inserted into 
the soil 5  cm deep. A silicon tube with a three-way stopcock 
small fan, a thermometer and a gas collector was internally 
installed to each chamber for gas sampling. 100  mL gas 
samples collected from the chamber headspace at 0, 10, 20 
and 30  min, respectively, were analyzed in the laboratory 
with a modified gas chromatography in which an electron 
capture detector (ECD) for N2O analysis and a flame 
ionization detector (FID) for CH4 and CO2 analysis. Columns 

were packed with Porpak Q 80/100 mesh. FI- and EC-
detectors were heated to reach temperatures of 150°C and 
330°C, respectively. The column temperature was held at 
55°C. High-pure nitrogen (30  mL/min) was used as carrier 
gas for both FI- and EC-detectors. Air was added to the 
nitrogen carrier gas flow (400  mL/min) before the detectors 
increased the sensitivity. Flux of gases emission was calcu-
lated through making a linear regression of the four gases 
concentrations.

2.3 Flux calculation

The greenhouse gas emission flux, namely the change of 
the gas quantity over the soil per hour per unit area was 
calculated using the following equation
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where F is the gas emission flux (mg/m2 · h); ρ is the gas 
density in the standard condition (CH4 = 0.716  kg/m3); Δc 
(ppm) and Δm (mg) are the mixed gas concentration and the 
gas mass in the chamber during a given period (Δt), respec-
tively; h (m), V (m3) and A (m2) are the height, volume and 
bottom area of the chamber, respectively. When F is negative, 
F indicates that the gases of experimented system were taken 
up from the atmosphere, and when positive, it means that the 
gases emitted into the atmosphere.

2.4 Temperature measurement

The soil temperature at 5  cm deep, soil surface temperature 
and the air temperature in the chambers were measured 
with portable thermometer JM624 (ranging from −30°C to 
50°C at 0.1°C intervals, with 0.5°C accuracy) respectively at 
beginning and the end of the sampling time. Then the two 
temperatures were averaged.

3 Results and analysis

3.1 Dynamic variation of CO2 emission from fallow paddy 
field in winter

The diurnal dynamic variation of the soil temperature, 
soil surface temperature and air temperature are shown in 
Fig.  1(a). In the morning, air temperature increased as solar 
radiation increased with time prolonging. Compared with the 
air temperature, soil temperature and surface temperature 
were relatively higher and lagged behind air temperature. Air 
temperature reached the peak at 12:00, but soil temperature 
and surface temperature had their peak values at 14:00. Air 
temperature was relatively lower when surface temperature 
was close to 30°C. Soil temperature, surface temperature 
and air temperature decreased significantly after 18:00 in the 
afternoon and maintained below 15°C till the next morning. 
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The mean daily CO2 emission from the field plot with residue 
stubbles and from the bare plot were 274.96P16.20 and 
218.27P13.23  mg/m2 · h, respectively. CO2 emission flux of 
the field with residue stubbles increased after 12:00 and 
reached the maximum around 18:00, but that of the bare plot 
had the peak value approximately at 16:00 and declined 
subsequently at night (Fig.  1(b)). It could be concluded that 
the mean daily CO2 emission from the field with stubble was 
much higher than that from the bare plot (P<0.05) and 
neither daily CO2 emission from the plot with residue stubbles 
nor that from the bare plot had the significant correlation with 
soil temperature, surface temperature and air temperature.

The temperature variation during measurement is shown 
in Table  1. Soil temperature, surface temperature and air 
temperature rose gradually after harvest in November and 
reached 25.65°C, 26.98°C and 23°C respectively at the end of 
November, but all temperatures went down later. Temperature 
maintained 15°C except for lower temperatures in a short 
period and went up after December 22. At the same time, 
CO2 emission flux from plot with residue stubbles went 
down from 340.63  mg/m2 · h after harvest to the minimum 
39.71  mg/m2 · h in the middle of December. Afterward, CO2 
emission flux increased with temperature increment. Both 
temperature and CO2 emission flux had obvious fluctuation 
since January 8 (Table  1). The correlation analysis indicated 

that CO2 emission flux of the plot with residue was signifi-
cantly positively correlated with soil temperature, surface 
temperature and air temperature, which implied that dynamic 
variation of the CO2 emission in fallow paddy field was 
mainly attributed to the variation of the temperature. Paddy 
field with residue was the source of CO2 emission.

3.2 Dynamic variation of CH4 emission from fallow paddy 
field 

From Fig.  1(c), it can be seen that CH4 emissions from the 
plot with residue and the bare plot were positive in the day-
time but negative in the nighttime immediately after harvest 
(November 24) and fallow fields were able to absorb little 
CH4. During the measurement, CH4 emission from the field 
with residue and the bare plot were both negative, which 
means that fallow rice field was capable of absorbing CH4 
in winter (Table  1). CH4 fluxes of the plot with residue and 
the bare plot were −0.04P0.01 and −0.02P0.01  mg/m2 · h, 
respectively. The results and correlation analysis reflected 
that CH4 emission from the rice field with residue was 50% 
higher than that from the bare plot, both diurnal variation of 
CH4 emission and total CH4 emission during the measure-
ment had no significant relation with the soil temperature, 
aboveground temperature and air temperature. 
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Fig.  1 Diurnal variations of temperature and greenhouse gas fluxes in fallow paddy fields in winter (8:00–18:00, detecting per 2 h; 
8:00–6:00, detecting per 3 h)
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3.3 Dynamic variation of N2O emission from fallow paddy 
field in winter

N2O emission from the rice field with residue was slightly 
lower than that from the bare plot on November 24 (Fig.  1(d)). 
N2O emission in the daytime was slightly higher than that in 
the nighttime. N2O emission fluxes from the paddy field with 
residue and the bare plot in daytime were 1.79 times and 1.58 
times higher than those in nighttime. N2O emission from 
both paddy field with residue and bare plot had obvious fluc-
tuation in over-wintering period except from November 10 to 
December 25 (Table  1). During the whole measurement, the 
mean N2O emissions from the paddy field with residue and 
the bare plot were 21.26P19.31 and 54.17P19.06  μg/m2 · h, 
respectively, and the former was 60.75% lower than the latter. 
Soil temperature, surface temperature and air temperature had 
no effect on the diurnal change of N2O emission and total N2O 
emission over the whole measurement period. 

4 Discussion

4.1 Characteristics of CO2, CH4 and N2O emission from 
fallow paddy field in winter

It is considered that CO2 emission is mostly from organic (soil 
organic, litter and dead root) decomposition and root respira-
tion (Bowden et al., 1993). Since there are no rice plants left 
in fallow paddy field in winter, root respiration could be 
ignored. CO2 emission from the paddy field with residue was 
higher than that from the bare field, which might be asso-
ciated with higher litter amount and residues after harvest. 
Based on the results from Lower Liaohe River Plain by Xie 

et al. (2004), the finding of CO2 emission in this paper was a 
bit higher, which might be a result of relatively higher tem-
perature in winter in South China. Mean CO2 emissions from 
the rice field with residue and the bare field were both higher 
during the entire measurement period; therefore, the fallow 
paddy field in winter was well recognized as one of CO2 
emission sources. And the paddy field was a crucial CH4 
emission source (IPCC, 1992), and the CH4 emission from 
flooding rice field during a year was higher than that from the 
drained rice field (Cai et al., 2005). The flooding rice field 
was propitious for CH4 continuous emission because of the 
abiotic condition under flooding (Cai et al., 2003). While the 
drained paddy field or fallow paddy field had already been 
proven to be the CH4 emission sink by Thurlow et al. (1995) 
and Singh et al. (1998), and the capacity of CH4 absorption 
depended on the soil temperature and moisture. According to 
our study, it was concluded that, after harvest, not only the 
field with residues but also the bare field showed negative 
CH4 emission and positive CH4 absorption, namely, the 
fallow paddy field was the sink of CH4. CH4 emission without 
rice plants mainly resulted from transmethylation process and 
CO2 reduction by obligative anaerobic microorganisms under 
the anaerobic condition (Hou et al., 2000). For there was no 
rice plants left in paddy field after harvest. 

It was unfavorable for producing CH4 after paddy field 
was drained when soil temperature was relatively lower, 
owing to the lower activities of microbes. Whether it was 
CH4 emission or absorption was related to the sum of CH4 
pro duction and CH4 oxidation (Wang et al., 1998), and CH4 
oxidation depended on the soil aeration condition. It was 
expecte d that soil water content would fall down because of 
stronger light density and seasonal drought. Yang and Chang 
(1998) pointed out that CH4 was hardly produced when soil 

Table 1 Dynamic variations of temperature and greenhouse gas fluxes in fallow paddy field in winter

Date Temperature CO2 flux CH4 flux N2O flux
(year-month-day) /°C /(mg · m−2 · h−1) /(mg · m−2 · h−1) /(μg · m−2 · h−1)

 Soil Aboveground Air Plot with Bare Plot with Bare Plot with Bare
 temperature temperature temperature rice residue plot rice residue plot rice residue plot

2003-11-10 17.05 16.58 14.53 340.63 232.60 −0.07 0.04 −23.76 −0.54
2003-11-13 14.95 15.23 16.93 297.44 164.48 0.04 −0.01 26.18 65.63
2003-11-17 20.60 20.75 22.68 310.28 269.79 – −0.03 41.05 33.31
2003-11-21 20.88 21.20 22.93 243.04 194.59 −0.03 0.06 19.54 57.83
2003-11-24 25.65 26.98 23.00 235.43 239.99 −0.02 0.03 38.23 36.50
2003-12-01 15.90 16.68 14.95 232.08 122.95 −0.03 −0.02 62.64 21.91
2003-12-04 15.18 14.05 16.23 136.59 187.32 −0.04 −0.02 3.48 35.65
2003-12-08 14.50 14.30 13.60 65.09 114.35 −0.06 −0.02 −28.66 3.93
2003-12-11 14.58 13.50 14.20 89.81  45.11 0.00 0.05 16.08 −21.93
2003-12-17 13.53 14.85 13.58 39.71  91.39 0.03 – −25.37 12.32
2003-12-20 10.33 10.20 10.80 – – −0.14 0.02 – 14.02
2003-12-22 10.23 10.73 13.80 106.16  77.88 −0.02 0.02 19.17 13.52
2003-12-25 11.85 12.20 13.23 163.63 112.47 −0.12 −0.07 6.92 30.08
2004-01-02 13.08 12.15 13.80 174.39 120.86 −0.07 0.01 147.09 –
2004-01-05 15.48 15.13 16.25 230.22 220.09 −0.01 −0.06 89.25 169.06
2004-01-08 17.13 17.13 18.83 208.25 225.78 – −0.07 – 218.51
2004-01-13 12.65 13.88 12.48  88.43 117.54 0.00 0.00 144.93 168.11
2004-01-15 16.48 16.23 16.53 211.09 212.96 −0.04 −0.15 39.42 197.81
2004-01-17 11.83 13.43 11.80  80.21 126.56 −0.08 −0.10 −214.77 −80.58
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water content went down to 23%. CH4 absorption had no sig-
nificant correlation with soil temperature, and CH4 uptake 
started immediately after harvest possibly due to soil water 
deficit.

A great amount of soil N2O came from nitrification and 
denitrification processes, the oxidative status of soil in winter 
was different from that under flooding situation as a result of 
higher accumulation of organic carbon and nitrate in winter 
(Xu and Hong, 1999), which did favor the organic decom-
position and the following nitrification. Feng and Yin (1995) 
proved that nitrifying and denitrifying bacteria played an 
essential role in producing N2O when soil water content 
ranged from 45% to 75% of maximum field capacity 
already. 

Higher soil water content could increase N2O emission 
because it promoted denitrification. In fact, N fertilizer, soil 
water content, oxygen concentration, organic matter and 
solubility of N2O in water and so on, all had effects on N2O 
emission (Blackmer et al., 1982; Yang and Chang, 1997). 
Paddy field with residue as well as bare plot kept low N2O 
emission during the measurement after rice was harvested, 
but N2O emission ascended drastically after middle-
December. According to the simulation experiment by 
Byrnes et al. (1993), NO3

− content at the beginning of winter 
was 30–50 times as high as that after fallow for two or three 
months, which might be associated with accumulated NO3

− 
content after harvest and stimulated N2O transformation and 
emission sequentially. The occurrence of sudden, strong N2O 
pulses emission in the later period had nothing to do with the 
draining after harvest. It is widely accepted that soil water 
content has crucial effects on N2O emission. Generally speak-
ing, rice field with residue had better aeration status, so the 
N2O emission was lower. 

4.2 Factors influencing CO2, CH4 and N2O emission from 
fallow paddy field in winter

There was no significant correlation between daily mean CO2 
emission and temperature (including soil temperature at the 
depth of 5  cm, surface temperature and air temperature), 
which reflected that temperature was not a key factor that 
influences the diurnal variation. Not only CO2 flux emitted 
from soil respiration but also soil porosity, CO2 concentration 
gradient among soil-plant-atmosphere system and wind speed 
can affect the CO2 emission rate (Li et al., 2002; Nakadai 
et al., 2002). The CO2 emission flux was positively correlated 
to temperature; thereby temperature played a decisive role 
in CO2 seasonal variation from soil, for higher temperature 
may lead to higher decomposition rate, the activity of micro-
organism and emission rate. The CO2 emission not from rice 
plants was significantly correlated with temperature as 
showed by Zou et al. (2003) as well, which was independent 
of tillage (non-tillage and tillage) (Wan and Lin, 2004). How-
ever, unlike CO2 emission, neither daily CH4 emission nor 
total CH4 emission during the measurement was significantly 
correlated with temperature in hilly land in South China. 
Temperature alone could not account for dynamic change of 

CH4 emission and seasonal variation of CH4 emission. Actu-
ally, soil drought resulting from temperature had an evident 
influence on CH4 emission. As for N2O emission, besides soil 
water content, temperature played an important role in N2O 
emission. There was a significant correlation between N2O 
emission and soil temperature, and air tem pera ture (Zou et al., 
2003). Our results suggested that temperature (inclu ding soil 
temperature, aboveground temperature and air temperature) 
had no correlation with N2O emission. What really influences 
N2O emission is the inter action of soil water content and aer-
ation condition. Unfor tunately, no measuremen t of soil water 
dynamic variation in our study was conducted, and further 
experiments are to be carried out in future.

5 Conclusion

The winter-fallowed paddy fields with and without residue 
both had the peak values of CO2 flux in the late afternoon. In 
the fields with and without rice stubble, the CH4 flux was 
positive in the day time while it was negative in the night, and 
the N2O flux in the day time was 1.79 times and 1.58 times as 
much as that in the night, respectively. Compared with the 
bare field, diurnal average CO2 flux in the field with rice 
stubble was significantly higher (P<0.05). However, CO2 
flux in the field with residue in terms of its total amount 
during the measurement was a little higher but with no signi-
ficance. During the measurement, CO2 flux changed with the 
temperature variation. Correlation analysis demonstrated that 
CO2 flux in the winter-fallowed paddy fields had significant 
correlations with soil temperature at a depth of 5  cm, above-
ground temperature and air temperature, suggesting that tem-
perature was the main factor affecting CO2 emission from the 
rice field after harvesting. It was concluded that the winter-
fallowed paddy field was the source of atmospheric CO2 and 
N2O, and the sink of atmospheric CH4, CO2 and N2O flux in 
the rice field with stubble was lower than that in the bare plot 
because of the better aeration condition. Hence autumn plow-
ing is recommended after rice harvest, which might reduce 
CO2 and N2O emissions from the fallow paddy field in winter. 
It is necessary that the condition of greenhouse gas emission 
should be taken into account, for many economic crops are 
grown after later-cropping of rice in South China.

Acknowledgements This work was jointly supported by the Knowledge 
Innovation Major Program of the Chinese Academy of Sciences (No. KSCX-
SW-01-01B-05), the Funds for Talented Professionals of the National 
Natural Science Foundation of China (No. 30428022), the General Program 
of the National Natural Science Foundation of China (No. 30270329), 
the General Program of the Guangdong Natural Science Foundation (No. 
031265) and Knowledge Innovation Major Program of the South China 
Institute of Botany (No. 2002-2110). 

References

Blackmer A M, Robbins S G, Bremner J M (1982). Diurnal variability in 
rate of emission of nitrous oxide from soils. Soil Science Society 
America Journal, 46: 937–942



423
Bouwman A F (1994). Estimated global source distribution of nitrous 

oxide. In: Miuami K, Moisier A R, Sass R L, eds. CH4 and N2O: 
Global Emission and Controls from Rice Fields and Other 
Agricultural and Industrial Sources. Tokyo: Yokendo, 147–159

Bowden R D, Nadelhoffer K J, Boone R D, Melillo J M, Garrison J B 
(1993). Contributions of above ground litter, below ground litter, and 
root respiration to total soil respiration in a temperate mixed hard-
wood forest. Canadian Journal of Forest Research, 23: 1  402–1  407

Byrnes B H, Holt L S, Anstin E R (1993). The emission of nitron oxide 
upon wetting a rice soil following a dry season fallow. Journal of 
Geophysical Research-Space Physics, 98(D12): 22  925–22  929

Cai Z C, Kang G D, Tsuruta H, Mosier A (2005). Estimate of CH4 
emissions from year-round flooded rice fields during rice growing 
season in China. Pedosphere, 15(1): 66–71

Cai Z C, Tsuruta H, Gao M, Xu H, Wei C F (2003). Options for miti-
gating methane emission from a permanently flooded rice field. 
Global Change Biology, 9(1): 37–45

Feng K, Yin S X (1995). Soil factors affecting the production and 
emission of nitrous oxide. Progress in Soil Science, 23(6): 35–41 (in 
Chinese)

Granli T, Bockman O C (1994). Nitrous oxide from agriculture. 
Norwegian Journal of Agriculture Science, 12(Suppl): 34–40

Hou A X, Chen G X, Wang Z P, Cleemput O V, Patrick W H (2000). 
Methane and nitrous oxide emissions from a rice field in relation to 
soil redox and microbiological process. Soil Science Society America 
Journal, 60: 2  180–2  186

Houghton J T, Callander B A, Varney S K (1992). Climate Change. The 
Supplementary Report to the IPCC Scientific Assessment. New York: 
Cambridge University Press, 1–30

IPCC (1992). Climate Change. The Supplementary Report to the IPCC 
Scientific Assessment. New York, Cambridge: Cambridge University 
Press, 1–30

Jacobson M Z (2005). Atmospheric Pollution: History, Science, & 
Regulation. New York: Cambridge University Press, 3–226

Kahlil A, Rasmussen R A, Wang M Y, Ren L (1990). Emissions of trace 
gases from Chinese rice fields and biogas generators: CH4, N2O, CO, 
CO2, chlorocarbons and hidrocarbons. Chemosphere, 20: 207–226

Kessavalou A, Moiser A R, Doran J W, Drijber R A, Heinemeyer O 
(1998). Fluxes of carbon dioxide, nitrous oxide and methane in 
grass sod and winter wheat-fallow tillage management. Journal of 
Environmental Quality, 27: 1  094–1  104 

Li Y N, Wang G Y, Li W (2002). Soil respiration and carbon cycle. Earth 
Science Frontiers, 9(2): 351–357

Nakadai T, Yokazawa M, Ikeda H, Koizumi H (2002). Diurnal changes 
of carbon dioxide flux from bare soil in agricultural field in Japan. 
Applied Soil Ecology, 19: 161–171

Singh S, Singh J S, Kashyap A K (1998). Contrasting pattern of methane 
flux in rice agriculture. Naturwissenschaften, 85: 494–497

Thurlow M, Kanda K, Tsuruta H, Minami, K (1995). Methane uptake 
by unflooded paddy soils: The influence of soil temperature and 
atmospheric methane concentration. Soil Science Plant Nutrition, 41: 
371–375

Wan Y H, Lin E D (2004). The influence of tillage on CH4 and CO2 
emission flux in winter fallow cropland. Chinese Journal of 
Agrometeorology, 25(3): 8–10 (in Chinese)

Wang M X (2001). Methane Emission from Rice Paddy in China. 
Beijing: Science Press, 6–10 (in Chinese)

Wang M X, Li J, Zheng X H (1998). Methane emission and mechanisms 
of methane production, oxidation, transportation in the rice fields. 
Chinese Journal of Atmospheric Science, 22(4): 600–612 (in 
Chinese)

Wang Y S, Wang Y H (2003). Quick measurement of CH4, CO2 and N2O 
emissions from a short-plant ecosystem. Advances in Atmospheric 
Sciences, 20(5): 842–844

Xie Y B, Liang W J, Wang Y S, Wang P (2004). Carbon fluxes from 
a non-cropping paddy field in the lower reaches of Liaohe Plain. 
Chinese Journal of Ecology, 23(2): 11–14 (in Chinese)

Xu H, Cai Z C (2004). Soil moisture during the non-rice growing season 
and soil properties affect CH4 production, oxidation and emission. 
Journal of Graduate School of the Chinese Academy of Sciences, 
21(3): 427–431

Xu W B, Hong Y T (1999). Paddy fields following a dry season fallow: 
A potential important N2O source. Research of Environmental 
Sciences, 12(3): 42–45 (in Chinese)

Yang S S, Chang E H (1997). Effect of fertilizer application on methane 
production in paddy soils of Taiwan. Biology and Fertility of Soils, 
25: 245–251

Yang S S, Chang H L (1998). Effect of environmental conditions on 
methane production and emission from paddy soil. Agriculture, 
Ecosystem and Environment, 69: 69–80

Zou J W, Huang Y, Zong L G, Zheng X H, Wang Y S (2003). A field 
study on CO2, CH4 and N2O emissions from rice paddy and impact 
factors. Acta Scientiae Circumstantiae, 23(6): 758–764 (in Chinese)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


