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Nitrous oxide emissions from grazed grasslands in China:Progresses and prospects

HUANG Jun-xiang'?, LIU Chun—yan®, YAO Zhi-sheng’, ZHENG Xun—hua®’, NI Chang—jian'

(1. School of Atmospheric Sciences, Chengdu University of Information Technology, Chengdu 610225, China; 2.State Key Laboratory of At-
mospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing
100029, China; 3.College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract : Nitrous oxide (N,0) is a long-lived greenhouse gas with a high radiation efficiency. Grasslands are important natural sources of
N>0O. Grazing and climate change intensively influence N.O emissions from grasslands in China. Deficiencies on the measuring methods,
the integrality of study, and the research of key processes, e.g. soil freeze—thaw cycles, cause huge uncertainties on the estimates of grass-
land N>O emissions and grassland nitrogen(N) feedback on climate change. In this study, we analyzed the possible influences of measuring
methods, including the analysis method of N,O concentrations by gas chromatography and the sampling frequency, on the quantification of
N,O emissions from grasslands; emphasized the importance of grazing-related sources, e.g. dung and urine patches on grasslands, livestock
night barns, and forage croplands,on the budget of regional N,O emissions from grasslands; revealed the determinant of climate change in-
fluencing N>O emissions from grasslands, namely, the limitation of low N substrate availability on microbial N.O production in soils. The fu-
ture research should focus on the evaluation of measurement errors induced by the observation methods, the importance of high—frequency
measurements during the non—growing season on the quantification of annual total emissions, the triggering mechanisms of freeze—thaw—re-
lated N,O emissions, and the contribution of pulsed N,O emissions during the freeze—thaw period to the national emission inventory in
grasslands, the responses of N,O emissions from alpine grasslands to changing climate change, and the impacts of increased dry N deposi-
tion and changing N components in the deposition on grassland N,O emissions.

Keywords: static chamber—gas chromatography method; soil freeze—thaw cycle; nitrogen—limited ecosystem; permafrost; atmospheric dry

deposition
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SRR I AT SR PEAL AR SO A EE A2 0 ik T
FE TR v ok 5 i

5T, B B B b S A LA T
IR IV Ay v 4R A5 19 3% [ K 9K 35 b HE ik 524 0.01~
0.4 kg N O-N-hm™-a™ (¥J{H + FRifE( 25 :0.2+0.1 kg
N-hm™-a™, 3£ 1), X R PRI B A N 555 19 N,O
HERCIE o 5 1A 5 AR A Y ) 4 R AR HE
5 3130 B AR K (0.3~2.9 kg N O-N-hm2-a™') , C 4R iH
(A s HE R (>1.0 kg NoO=N-hm™?-a™) iE—3k [ F
ZATHT T A SIS GE 1 SRR HE R F
H 75 5t HEOK - (42 F 258 1.4 kg N.O-N - hm™ -
a ) o LU T IR T SIS R g FE R ) S M, A [

W5 & W T 3 A 434 5 VA R — AR HL T T NLO
Il 308 2 W 2 Do ZEE L 252203 51 17 26 11 AN
55 1R A2 S8 B RS i R S A AR R G R
HNBEE LA 5% 3 14 1979 425 M 2 B 87 5 RE b, T
JET 5 4 (19951998 L) & 2001—2003 45 ) il 2 J& 4F
(2005—2006 4F- ) NoO HE 5 13t Wl , 17 &5 4 1 4 34
HEdif & 4 0.7+ 0.5 kg NyO-N-hm™>-a™, M HI4EA4Y 553k
1.6 0.5 kg NJO-N-hm2-a™', J5 F 4R 8 I 4EHERCR AL
40.2~0.3 kg NJO-N hm2+a™' o BT : Du 252 Fu 2560
A3 N FHES TTFNEE AP 5 3 , 76 75 i b s € o A
ARG E AN} 2 LI A 5 i B 0 L 4 R A T
A L FE L) TR T 4 4 (2003—2006 4F ) 1 3

£ 1 hEEH N0 HE#E S EE W

Table 1 Review of year—round N;O flux measurements over grasslands in China

S 5 AT %ﬁk&?‘iﬁ TR AR PAIEIES L S
Method Grassland type razing Grazmg'lntenilly/i‘ Annual en1}2551(3111/ Samplmg frequefllcy/ Pl{ls«f.fd . Fit/%  Literature
management sheep unit-hm™-a kg N-hm™-a times - month emission
I FRERIE 1979 4E5 0 0.2(0.2)~0.3(0.2) 1~2 x — [22]
P Ci 2.1~33 0.1(0.03)~0.3(0.2)
— — 0.3~0.4 1~6 J — [41]
ARSI R AR 1.5 0.2(0.1) 2 x — [44]
Il FROAERIE 1979 4R 0.3(0.1)~1.6(0.5) 1~4 x — [9]
SACH R 2005 A5 1.1(0.02) 2~8 x 24 [14]
1984 AF2E L 0.8(0.01) 27
G EDITe 1.0 0.7(0.01) 27
SEE NG K2R — 2.2(0.2) 2~6 x 26 [23]
I FER 2T 4.0 2.2(0.2)~2.9(0.2) 23~29
i B PR LRSI 1.3~1.7 0.2 (0.03) 2~8 x 58 [45]
K2R 2.1~2.5 0.2 (0.03) x 47
1997 4E A8 0 0.4 (0.1) N 79
[FEE 0] A 4 0.2(0.03)~0.3(0.01) 4-8 N 67~74 [12]
% CEEIRPERT 1999 4F AR 0 0.2(0.1) >4 N 73 [13]
AR 2 0.01(0.03) x 0
2004 AEEEH 0 0.1(0.03)~0.2(0.1) N 76~93
CEDIT 0.5~0.9 0.1(0.02)~0.2(0.03) N 60~95
RS 1.0~1.5 0.1(0.04)~0.2(0.1) N 55-73
LEDIC 2.0~2.2 0.2(0.01)~0.2(0.03) x 35~50

T A R B TR 300 L Ve RO s 1L w5 RO 6 AN COLAM S8 A A BB AT 5 I o A AR 2 o
T COAN AT 8 5 V. B MR, H 11 02 TR e 2290, Rl 02 76 L0 ) NSO ok s HE B, < 373 oA LI 5] 5 V2%
Flo AR R ZAEL b A BT e MRA R AR TR A . - BB R AR AR R R TR A . — ORAGE . 155 AR AR

TELR 22 Bl b i 22

Note: * Four gas chromatographic set—ups are | . the Ar—CH, method, in which a mixture gas of CHy and argon gas(Ar) is used as a carrier gas; Il . the

pure N> method, in which a pure N is used as a carrier gas without any additional make—up gases or treatments for gas samples; Ill. the N.=CO, method, in

which a pure N, is used as a carrier gas, and a mixed gas of CO; and N, is introduced directly into the electron capture detector cell as a make—up gas:

IV. the Ny—ascarite method, in which a pure N. is used as a carrier gas while ascarite (coated sodium hydroxide particles) is added to the injection port to re-

move CO; and water from the air samples'>?". ™

Whether the pulsed N,O emissions are observed during the freeze—thaw period. X indicates not; V indicates

yes. “ Percentage of N,O emissions during the non—growing season to annual totals. * Alpine Kobresiahumilis meadow. * Alpine Potentilla fruticose meadow.

— indicates not reported. The values in parentheses indicate the standard error or standard deviation.
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