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Research note

ABSTRACT: Grazing exerts a key role in nu-
trient cycling in grassland ecosystems, however, lit-
tle is known about the effe cts of short-term enclo-
sure on methane (CH4) fluxes in a semi-arid steppe 
biome like this of Inner Mongolia. CH4 fluxes were 
measured in the Leymus chinensis (Trin) Tzvel. 
grassland using static chamber and gas chromatog-
raphy (GC). Measurements were carried out twice 
per month over a growing season in 2004 at the two 
sites (one fenced since 1999 (UG99) and the other 
subjected to freely grazing (FG)). All CH4 fluxes 
were positive, indicating that this grassland func-
tioned as the active atmospheric CH4 uptakes. Dur-
ing this period, the UG99 site (57.6 ± 6.7 μg C m-2 
h-1) had significantly higher mean CH4 uptake in 
comparison to the FG site (37.0 ± 6.3 μg C m-2 h-1). 
A significant liner negative correlations between 
CH4 uptake and soil moisture (0–5 cm) at the both 
sites were found (P <0.05). The results indicated 
that short-term enclosure was helpful to improve 
CH4 uptake in this area.

Methane (CH4) is the second most im-
portant long-living greenhouse gas after car-
bon dioxide and contributes to about 20% of 
global warming (IPCC, 2007). The oxidation 
of atmospheric CH4 in upland soils contrib-
utes about 30 Tg yr-1 to global sink strength, 
and the order of magnitude of CH4 uptake is 
the same to the actual atmospheric CH4 in-
crease (35–40 Tg yr-1) (Hütsch 2001). Thus, 

any changes in the CH4 uptake by upland soils 
may modify the increasing rate of atmospher-
ic CH4.

The natural grasslands of China cover 
an area of 3.9 × 108 ha, accounting for about 
40% of national land area (Chen and Wang 
2000). The typical grassland of Inner Mongo-
lia is one of the representative parts of Eur-
asian grasslands and acts as an important 
sink for atmospheric CH4 (Wang et al. 2005). 
These grasslands have undergone consider-
able changes over the last decades as livestock 
amounts sharply increase. The CH4 uptake in 
the grassland soil was affected by soil physical 
and chemical properties such as soil moisture, 
pH, inorganic nitrogen (N) contents and soil 
texture (L iu et al. 2007, Zhou et al. 2008a).

Until now, only a few studies have ad-
dressed the CH4 uptake in the semi-arid 
grassland of Inner Mongolia (e.g. Wang et al. 
2005, L iu  et al. 2007). However, few studies 
concerned the impact of short-term enclo-
sure on the CH4 uptake. The objective of this 
study was to investigate the effect of short-
term enclosure on the CH4 uptake in the L. 
chinensis grassland of Inner Mongolia.

The experimental sites are located with-
in Xilin river catchment and located in the 
vicinity of The Inner Mongolia Grassland 
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Ecosystem Research Station (43°32ʹN, 
116°40ʹE, 1200 m a.s.l). For the detailed cli-
mate and soil properties in this area see 
Zhou et al. (2008a, b). The annual mean 
temperature in this area is –1°C and the an-
nual mean precipitation is 335 mm with most 
of them occurring from June to August each 
year. Two sites were selected; one (35 ha) has 
been fenced since 1999 (hereinafter referred 
to as UG99) and the other (100 ha) has been 
subjected to heavily grazing every day for the 
past 30 years (FG). The FG site represented 
a grazing intensity of 2.0 sheep ha-1 yr-1. Soils 
have a sandy loam texture and are classified as 
calcic Chernozems (Chen and Wang 2000). 
The UG99 site had 1.09 ± 0.12 g cm-3 of bulk 
density, 6.8 ± 0.27 of pH, 2.65 ± 0.67 mg g-1 
of total N, 25.5 ± 4.3 mg g-1 of soil organic 
carbon (C), while the FG site had 1.17 ± 0.07 
g cm-3 of bulk density, 6.6 ± 0.35 of pH value, 
2.4 ± 0.4 mg g-1 of total N, 23.0 ± 4.1 mg g-1 of 
soil organic C.

Three plots were selected at each site at 
20 m intervals. CH4 fluxes were measured 
twice per month at each plot during the pe-
riod from 1 July 2004 to 30 September 2004 
using static chamber methods as described 
by Zhou et al. (2008a). Each chamber, with 
the size of 50×50×50 cm3, were equipped with 
three probes for measuring the temperatures 
of soil depth of 0 to 5 cm, soil surface and 
headspace while gas samples were taken from 

each plot. Four air samples were collected 
with 100-mL plastic syringes for each cham-
ber at 10 min intervals. The samples were 
stored in the syringes with gas-tight stoppers 
and transferred back to laboratory, analyzed 
for their CH4 concentration using a gas chro-
matograph (HP 5890 II, Netherland). While 
soil was sampled, soil moisture was measured 
using a portable Probe (TDR, CS615, USA). 
The statistical analysis was performed using 
SPSS 12.0 (SPSS Inc. Chicago, USA). One-
way ANOVA were used to test differences of 
CH4 uptakes on all the dates at the both sites. 
The significance was accepted at P <0.05.

The mean CH4 fluxes on the all dates at 
the both sites were shown in Fig. 1. All flux 
data were positive, indicating that the Inner 
Mongolian grassland functioned as an atmo-
spheric CH4 sink. The CH4 uptakes at the both 
sites showed a clear seasonal variation. The 
maximum CH4 uptake was observed on Au-
gust 15th, with 80.9 μg C m-2 h-1 of CH4 uptake 
at the UG99 site and 51.2 μg C m-2 h-1 at the 
FG site. During this period, the CH4 uptake at 
the UG99 and FG sites averaged 57.6 ± 6.7 μg 
C m-2 h-1 and 37.0 ± 6.3 μg C m-2 h-1, respec-
tively. Overall, the UG99 site had significantly 
higher CH4 uptake compared to the FG site.

As CH4 uptakes depended on a variety 
of environmental factors such as soil mois-
ture and temperature, the relationship be-
tween soil moisture and temperature and 

17/7/2004 31/7/2004 15/8/2004 25/8/2004 12/9/2004 25/9/2004
0

20

40

60

80

100   UG99
  FG

M
et

ha
ne

 fl
ux

 (u
g 

C
 m

-2
 h

-1
)

Date

Fig. 1 Methane flux at the UG99 (fenced since 1999) and the FG site (subjected to freely grazing for 
the past 30 years). The positive value of methane flux means a sink for atmospheric methane. Methane 
fluxes were measured twice per month at each site with three replicates during the period from 1 July 
2004 to 30 September 2004 using static chamber and gas chromatography. 
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CH4 uptakes at both sites was performed. No 
significant relationships between soil tem-
perature and mean CH4 uptakes were found. 
However, a significant negative correlation 
between soil moisture and the mean CH4 up-
take at the UG99 site was found (P <0.05), 
and the dependency of CH4 uptake upon soil 
moisture at the both sites could be described 
with liner regression functions y = 87.6 – 1.8 
x (R2 = 0.73, P <0.05) for the UG site, y = 63.7 
– 1.8 x (R2 = 0.85, P <0.05) for the FG site.

In this study, we found that the L. chinen-
sis grassland of Inner Mongolia functioned 
as atmospheric CH4 sink, consistent previ-
ous studies in this area (Wang et al. 2005, 
L iu  et al. 2007, Zhou et al. 2008a). The sink 
strength of atmospheric CH4 in Inner Mon-
golia was similar to that of the semi-arid 
short-grass grassland in Colorado, USA (37 
μg C m-2 h-1) (Mosier  et al. 1991), whereas 
higher than that of temperate grassland in 
England (13 μg C m-2 h-1) (Kammann et al. 
2001). The coefficients of spatial variation for 
simultaneously measured CH4 fluxes among 
the three chamber locations were calculated 
at the both sites, ranging from 43 to 75% for 
the UG99 site and from 30 to 120% for the FG 
site. The phenomena to some extent were as-
cribed to greater spatial heterogeneity at the 
FG site due to heavily grazing, compared to 
at the UG99 site. A portion of plant aboveg-
round biomass was removed by livestock and 
animal dung and urine were returned back 
to grassland soil. Along with soil compaction 
due to livestock trampling, all these factors 
contributed to increase spatial heterogeneity 
at the FG site (Chen and Wang 2000). In this 
semi-arid grassland, soil moisture has been 
found to play an important role in regulating 
plant aboveground community structure and 
biomass (Bai  et al. 2004). In this study, we 
found that soil moisture played a crucial role 
in determining CH4 uptake, consistent with 
the results reported by L iu et al. (2007), who 
found that winter grazing in the L. Chinensis 
grassland significantly reduced CH uptakes 
in the grassland.

In conclusion, in the semi-arid grassland 
of Inner Mongolia, we found that the UG99 
site had significantly higher CH4 uptake than 
the FG site through investigating the CH4 
fluxes over a growing season in 2004. The 
results indicated that short-term enclosure 

was helpful to increase CH4 uptake in the area 
representative for the semi-arid grazed steppe 
vegetation.

ACKNOWLEGEMENTS: This study was 
financially supported by National Science Foun-
dation of China (no. 90411001). We greatly thank 
Jianqing Tian for the assistance in field measure-
ments.

REFERENCES

Bai  Y.F. ,  Han X.G. ,  Wu J.G. ,  Chen Z.Z. , 

L i  L .H.  2004 – Ecosystem stability and com-

pensatory effects in the Inner Mongolia grass-

land – Nature, 431: 181–184.

Chen Z.Z. ,  Wang S .P.  2000 – Chinese Typical 

Grassland Ecosystem – Science Press, Beijing, 

China (in Chinese).

Hütsch B.W. 2001 – Methane oxidation in non-

flooded soils as affected by crop production – 

Eur. J. Agron. 14: 237–260.

IPCC (Intergovernmental  Panel  on Cl i-

mate  Change)  2007 – Climate Change 

2007: Working Group I: The Physical Science 

Basis – Cambridge University Press, Cam-

bridge, United Kingdom and New York, NY, 

USA.

Kammann C. ,  Grünhage L. ,  Jäger  H.J. , 

Wachinger  G.  2001 – Methane fluxes from 

differentially managed grassland study plots: 

the important role of CH4 oxidation in grass-

land with a high potential for CH4 production 

– Environ. Pollut. 115: 261–273.

Liu C.Y. ,  Holst  J. ,  Bruggemann N. ,  But-

terbach-Bahl  K. ,  Yao Z.S . ,  Yue J. , 

Han S .H. ,  Han X.G. ,  Krummelbein J. , 

Horn R . ,  Zheng X.H.  2007 – Winter-graz-

ing reduces methane uptake by soils of a typi-

cal semi-arid steppe in Inner Mongolia, China 

– Atmos. Environ. 41: 5948–5958.

Mosier  A. ,  S chimel  D. ,  Valent ine  D. , 

Bronson K. ,  Par ton W. 1991 – Meth-

ane and nitrous oxide fluxes in native, fertil-

ized and cultivated grasslands – Nature, 350: 

330–332.

Wang Y.S . ,  Xue M. ,  Zheng X.H. ,  Ji  B.M. , 

Du R . ,  Wang Y.F.  2005 – Effects of envi-

ronmental factors on N
2
O emission from and 

CH4 uptake by the typical grasslands in the In-

ner Mongolia – Chemosphere, 58: 205–215.

Zhou X.Q. ,  Wang Y.F. ,  Huang X.Z. ,  Tian 

J.Q. ,  Hao Y.B.  2008a – Effect of grazing 

journal 24b.indb   803journal 24b.indb   803 2011-01-14   21:37:292011-01-14   21:37:29



Xiaoqi Zhou and Yanbin Hao804

intensities on the activity and structure of 

methane-oxidizing bacterial community in 

the grassland of Inner Mongolia – Nutr. Cycl. 

Agroecosyst. 80: 145–152.

Zhou X.Q. ,  Wang Y.F. ,  Huang X.Z. ,  Hao 

Y.B. ,  Tian J.Q. ,  Wang J.Z.  2008b – Effects 

of grazing by sheep on the structure of meth-

ane-oxidizing bacterial community of steppe 

soil – Soil Biol. Biochem. 40: 258–261.

Received after revision April 2010

journal 24b.indb   804journal 24b.indb   804 2011-01-14   21:37:302011-01-14   21:37:30




