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HERE R )22 53K FH One — way ANOVA J5 34047,
TR S cm HIRS5 N,O HE R S A AR C R
F Bivariate 77 324347 (SPSS11.5) .

2 HR5H

2.1 N,OHMEENFTEN
BESBAENE NS BEH N,0 HipE %
FEESE2 a W P BRI Wl B B Ak, H
H GC 1 GG BEdR7E 8 A i BlE(E ,2 A B, 2004
012005 4 GC #4525 HE 0 #6437 R 0. 039 =
0.005 #10.041 +0.012 mg/(m’ + h), GG 24 0.046
+0.015 F10.050 +0.006 mg/(m’ - h), GL Bfik
¥E 2004 R ARMEEMAS H,6 AMT Hid i
Be/NE{H 5 T 2005 45763 H A8 Al r AN
VE(H 1 A B, FAb I L B2 52 a AET Y
HEBUE #4235l & 0. 038 = 0. 006 F1 0.039 = 0.010
mg/(m’ - h) (F2), CCHELHHMHER B EST

GC #IGL(P <0.05),6C 5 CLERABE (P>
0.05) , GC.GG 0l GL A - ¥ Hi U B K (E A th
FFE 2005 - 08, 4+ 5% 0.155 £ 0.007,0.179 +
0.035 #10.118 +0.008 mg/(m’ - h), &N GG
> GC > GL(A 1),

%1 BEENZEGTIREEER

Table 1  Seil properties of the experimental site

TRRE HHLg THMEE
Soil depth pH Total organic carbon Bulk density
(em) (%) (g/m’)
0~10 6.4 x£0.2 5.7 0.88 +0.07
10 ~20 6.3+0.3 3.7 0.96 +0.04
20 ~30 — 3.1 1.00 £0. 08
30 ~ 40 - 2.6 1.07 £0.09

1 pH AL MA TN T 9E « 582 (n =3) , WA BUER 8
#7 R ) Fl Du(2008) .U
Note; Values of pH and soil bulk density were expressed in average

+SD (n = 3). Part of the data were from Cao '®3 and Du (2008) ('*!

R2 SERENEEFHNFERMBEL ALY N,O HHiRRE

Table 2 Average N, O emission rate of P. fruticosa meadow in the two years and during freezing-thawing processes

=3 N, O Hif % % Emission Rate(mg/(m? - h))

Plot 2004 2005 2004 ~ 04 2004 - 05 2005 ~04 2005 - 05
GC 0. 039 +0. 005 b 0.041 +0.012 b 0. 013 £0. 006 0. 029 +0. 003 0.017 +0. 005 0. 036 +0. 004
GG 0.046 +0.015 a 0. 050 +0. 006 a 0. 014 0. 003 0.041 0,011 0.014 +0. 004 0. 015 0. 007
GL 0.038 +0.006 b 0.039 +0.010 b 0. 045 +0. 004 0. 046 +0. 005 0. 061 0. 044 0. 016 +0. 004

- RPER A PIME + R PR A TREAER A RE(P>0.05),

Note: The data was average * standard error. There was no significant difference between the values with the same letter (P >0.05)
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GG IR 2 a VBN, 1fi CL BB RHK; BR
BHXH R BEFIK 43 AR L 0P RE T 55, A B R G
BEZIRA R E K, BAh, 3 AR A4
Hemls R 2 F A K, 2005 R T 2004 48, 1+
YA R B — B =V L /N E R N0 HE
BEHBHERER™ . XLFHRESBRENL

RAIRIAE N,O HEE BN E , B AT REFUJLAE I
TUBER S HEE A S RGN ZFF I N,0 Hi
ﬁo

GC F1 GG i N,0 SR B HAE 2004 02 1
HMAE, 35k - 0.0307 £ 0.048 F1 -0.1683 =

" 0.216 mg/(m’h) , RIA N,0 B, L35 N,0

(R TE I B B R L TR R T R R A
0 i A, IR 4R R S AL PR AT 8 OB
N,O &4k N, 517 24 + R 38 T H et , - S B0R
YYRRI 0B i N0 R R BN N,0 IR
oo 2 SRR, T 538 -+ i Yy B0 B4R FE T 88
BEEHE ., CLBAMRR Y HHEA MU Z
N,O B B, X T e R i TR H R T AR Rt
FAEGH =, AR R A N 5 AR BRI
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Fig1 Seasonal variation of N, O emission rate in P. fruticosa alpine shrub meadow

A B R PR AL ; R B R B B B MR,
PR AL R AT IS R R4S R
2.2 FRFHEERPNOHMERNZMEA
TILAHAE

WG uh LXK FRRAS A 3 A g1 iR, R E I
KEAEA4~5 A, 3~4 AAXKBRES, LETHR
Zrs REPERNRER T 0°C, L EEH KL, M5 H
BEREBREHS TOC, HEMRAREEEMRTH
K, FE 2 a BIEREAC T B, GC Al GG (g N,0
HEHRHGERR I A S AT 4 13, 2 2004
AEARR_EFFT 123. 08% F1192. 86% ,2005 4[4 55
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Fig.2 Diumal patterns of N, O emission rate and soil temperature during freezing-thawing period in P. fruticosa shrub meadow

%3 FRIESENENTER N0 HBERY 9 HAEES B HENER (mg/(m’ b))

Table 3 Comparison of N, O emission rate at 9:00 with diurnal average value during freezing-thawing period in P. fruticosa meadow

" 9 IR R HEROE 2 ERSEE 8
Emission rate at 9;00 Diurnal average rate
P 4HI1LE 5HI9H 4A11H SHI19H
GC 0.029 +0. 002 0. 029 £0. 003 0. 020 +0. 005 0.024 +0. 002
GG 0. 029 0. 003 —0. 049 £0. 007 0. 026 +0. 008 0. 018 £0. 003
GL 0. 045 +0. 001 0.052 +0. 002 0. 048 +0. 004 0.028 +0. 004
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FEL40 ~60 A, 45 BFSY & BE &) B 5+ 3 N,0
(HEOE R BRI B IR &
TN EKE, EEBN S B ERN Co,
RN, MK 13 N0 Hei s, &
TEREAERE K B R EATE A N0 KRB By JLR I 2
IR (1 3) #7177,

ZEHR G IR, 2004 - 07 — 21 (B5) 24 (/NF) .29
() B GC BEH A 3R 7 43 514 25. 65 .13 65 Fii
15.25 C, BERIAT N, O HEBGE R PR, WS 185 URS

x4 ceRBEMSATHEEMEES N,O HIBIRENEXKER

Table 4  Correlation between N, O emission rate and soil moisture and temperature

{2 & Moisture

#E Temperature at 5 cm soil depth

B
Plot FEEES PE MXEHr P1E
Correlation coefficient P value Correlation coefficient P value
GC -0. 063 0. 549 0.596 0. 000
GG 0.026 0.129 0. 345 0. 000
GL 0. 040 0. 696 0.220 0.017
.10 30 018
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.09 - ]
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.07 1 .
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Fig.3 Effect of precipitation on N, O emissions rate in P. fruticosa shrub meadow
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T (B HEBGE R SR GG BEHk 38 IR &
BiFEAR , (HHEBOE S5 GC A4 — 2, 7 ) g g
nsGL R E S GC WAL —B, M R A1 s
AR, {EL N, O HFBGE R TE KB B =i, 183 0. 056 +
0.001 mg/(m’ - h), 2005 - 07 - 14 () .22 (/)
W) 25(05) LK B, £ B 1 808 B 3 R SE K
JEHE R, GC HE B3 28 A B 7Y B o5 55 5 GG U 7 FRT A5
N, O HEBGHE R SURI 8 I, WY 5 RS A #2555 GL £ [
A HE G R IR (WL 3) . XERHAERKEN
LB FEEMNE A N,0 HERGT B AR U
[RIEs , AS TR Bk A K% [i) Foft B A Xof AS [ VR B T 1) i) i
ZRMBK, HEERFEF LR N, O HE A5 L6
ATRE R LR AWM, BAGTBEA N EERUE THY)
HIOE R KA R R i HR T RS i + 58
VEIRA DB BSR4 3T B  HL e A Tk 181 2 FIAR BRak
UUBRE IR/ | 3080 Wi M o s | K R R
SRS RS, X H S N,O By 4 FE LA
B BRA K, F40,2004 -07GC 1 GG 1E[&
It 3 N, O HEBE R EEIL, o] BERLZ P A FEK 5]
REEAR Bt 43 08 T Ak b T AR A< I SRR ARG, A i 410 )
T A E T BB K A3 o B K ) R IR,
SRR G A i GL A BB AE W K R
A N, O HERCE A 838, o fE & 1 5K or & E
ISBOEBREER EA S, N 7 18
YEFRRTEL . B 2004 - 07 2 AEREFIHS N,0 HEik
BER B &K, WA 2005 - 07 MR 5 N,0 HE
B R —SE RN, X R 22 5 2 BEIE R K 5 B RN HF
SERFRIA[EE B . — KK BEBCRET, T HRE
eGSR, R AL AE A FR 2R AT 18 B AR, B N, O
HE— 4 B NO 8 N,, 75 HE i 1 3R N,0 3
//I\{IS,ZGJ .

WEBS RS 3T+ N0 HEsY i iy
BrovE B , Brook 20 3 3 1 5 i ] R[] &5
ENOFEEMBRER, KT TS digh =0
FIFE/NERBARREEFRS R N,O HEaE
RER, BB, BFEE AL BARE AR
i 2 R AR E B AR S o A X CO, @ W
B, RATIEFEF) 2005 - 03 - 16 MK L 15
em,27 AMERE S em, 4 H 6 HHEFRME, KX
0§, TEMCHAE] GC Ry + 58 IR B & 8 m, 43 5 A
-0.9,.-0.8 f1-0.65 C,MTHzi#mL, Hi s %
WHEAIRE, HP7E S om BB HEBCHE R BT —
WHERKIBE FF;GC6 5 GC A {b M A —3(; GL

BAES om MG HEHOR BB . XHH AR
B FES MM LA N, O RO LS IR 0251k
RIS 1 A B B W 3, B R AL 2 3% N,0 i
Hoi, T R e NS A AL, T
3 - HETELRE R I . % B A R BE A 09 HE L
B N,0 By B0 %t 4 R B2, E R R BE SR b
CLEIE T4 A 1 A8 AL A R — B, M T 5 BB S (]
N, O HERH B R 5 5 PR O o R BRAY 52

3 it

IR NO W EEHRE Y TSR E
AR AFIES R+ HE N, O W HER R R IR = <
PR I MERER RN Z R, M =T0RFEANER
HAES AL N,0 F HHEEOE RRIA 0. 125 mg/ (m” -
h) PP T YO RO M R ) VR MBS B 4 N, 0
- HERGHE R 435124 0. 131 ~0. 583 mg/(m” - h) Hl
0.078 ~0.216 mg/(m® - h)™ , BIEAHFFRELW
92 a FRHEBOER (LR 2) FBEE b 3 MRt A
b T RLLE B, TS 4 FR MG RE I\ B ) 2004 A
2005 4F (¥ V- 2 HE K K 3 43311 4 0. 043mg/(m” - h)
110.046 mg/(m® « h) , B BT =LV R/EKRH
THEMHEBGE R & T N SR R R R HERE
#(0.0059 mg/(m® - h),1995 FE " H I RELE
JE A & it 28 I8 1 T ok - R HEBOGH R 0. 022 mg/
(m® + h) ¥ IPCC(2007) ' 545 i N,0 KR
HRERE CO, 1298 1%, Fm HE A K, B EHE
NEA BT Z, EARZ 1. 06 x 10° km® P 41
FUAFRAT] 2 a MR8 A9 25 54 0 T 2 HEOR B AR 2
HHEOGX2 a IRIBXWSBERRLFE) , BB
0 JRRE AR f] N, O HEBOHE 2 T 48 5T 9838 (radi-
ation forcing)0. 125 Tg CO, , HiiE E S AT N A 8
2
RN Y FERS, KEERNE
ZHHE R, R SR, 63 B BUB B L F 3R
TH RS, BB SBIEENRD.
A EHBER T EHHEARY K, AHRER, &
FE G FRIGHE B4 BEVE & R BB N0 1
HEBCIR , 3F HLREABE S 1 HE RO % B W T A
MR AR (P <0.05) , B 7R B T BB 23 (R Y
&I N,O i, X 5N BIRL TR MBIR
ZERLALLC . (RRACHT I R M B g A - HE
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Characterization of and the Effect of Freezing-throwing on N, O
Emission in an Alpine Potentilla fruticosa Shrub Meadow

1,2 =2 -1 . 1
DU Yangong **, CAO Guangmin®, DENG Yongcui , CUI Xiaoyong
(1. College of Resource and Environment, Graduate School of the Chinese Academy of Sciences, Betjing 100039, China;
2. Northwest Institute of Plateau Biology, the Chinese Academy of Sciences,Xining 810001, China)

Abstract: Emission of N,O, an important greenhouse gas, was poorly studied in alpine ecosystems. To clarify the
seasonal patterns and whether precipitation or freezing-thawing had an impact on N, O emission, continuous monito-
ring was conducted in a Potentilla fruticosa shrub meadow at the Haibei Alpine Meadow Research Station of the
Chinese Academic of Sciences from 2004 to 2005. Three dominant types of vegetation-patches, namely shrub patch
(GG), inter-shrub herbaceous patch (GC), and bare soil paich (GL), were selected and N, O emission rate was
measured by sampling in static chambers and determining with gas chromatography method. It was showed that an-
nual average emission rate in GG were higher than that in GC and in GL in both years ( P <0.05) , while there was
no significant difference between the latter two patches (P >0.05). GC and GG had similar seasonal patterns in
N,O emission. In both patches, N, emission rate peaked in August, and was the lowest in February. In GL, be-
sides one peak in March and a valley value in January in both years, there was also a higher peak in August 2005.
Daily average emission rate increased in GC and GG during freezing-thawing period from March to May. Emission
rate was lower in GC and GG, while it was higher in GL than annual average value each in this time. During or im-
mediately after precipitation, the emission rate was stimulated in all the patches. N,O emission elevated gradually
in snow thawing. Significantly positive correlation was found between N, O emission rate and 5 cm soil temperature
in GC and GG (P <0.01), but not in GL. Moisture Considering the proportion of area occupied by the three pat-
ches, it was calculated that the P. fruticosa shrub meadow was atmospheric N, O source, with annual average emis-
sion rate of 0. 043 and 0. 046 mg/(m’*h) in 2004 and 2005, respectively. It was estimated that N,O emission cor-
responded to radiation forcing of 0. 125 Tg carbon dioxide in the P. fruticosa shrub meadow, an un-negligible com-

ponent of greenhouse gas budget of the whole Qinghai-Tibetan Plateau.

Key words: Potentilla fruticosa; nitrous oxide; freezing-thawing; emission character



