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Effects of precipitation and soil freeze—thaw cycles on greenhouse gas exchanges in a permafrost swamp of the
Great Hing’ an Mountains, China

LI Yan—pei'?, HUANG Jun—xiang™!, YUE Hong—yu**, LIU Chun—yan®’, JIANG Chang—sheng', ZHENG Xun—hua™’

(1.College of Resources and Environment, Southwest University, Chongqing 400716, China; 2.State Key Laboratory of Atmospheric Bound-
ary 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; 4.School of Atmospheric Sci-
ences, Chengdu University of Information Technology, Chengdu 610225, China)

Abstract: Permafrost in China is mainly distributed in the Qinghai-Tibetan Plateau and Northeast China. Swamps are one of the most typi-
cal ecosystems in permafrost regions of the Great Hing'an Mountains. Soil freeze—thaw as a common natural phenomenon may greatly influ-
ence greenhouse gas exchanges in the permafrost swamps. In this study, we took intact soil cores from a typical swamp in the Great Hing’
an Mountains and evaluated the effects of precipitation and soil freeze—thaw cycles on greenhouse gas fluxes and net greenhouse gas
budgets (NGHGBs) through simulation experiments in laboratory. The treatment with 130 mm rainfall (hereafter referred to as R130) de-
creased carbon dioxide (CO,) emissions(P<0.05), and increased nitrous oxide (N,O, P<0.05) and methane(CH,) emissions compared with
the treatment with 80 mm rainfall (hereafter referred to as R80). The ecosystem respiration dominated NGHGBs and hence, the swamp had
positive radiation forcing effects during the freeze—thaw period. The NGHGBs during the incubation period of 148 d were 2 955.8+258.9
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kg CO—eq+hm™ and 1 951.1£317.3 kg CO,—eq - hm™ in the R80 and R130 treatments, respectively, which indicated that abundant pre-

cipitation was beneficial to mitigate the positive feedback of greenhouse gas emissions during the freeze—thaw period on climate change.

The contributions of CHs and N,O exchanges on the NGHGBs during the freeze—thaw period were negligible in the R80 treatment. Howev-

er, soil freeze—thaw stimulated N,O emissions from the permafrost swamp in the R130 treatment. The studies on freeze—thaw—induced N,O

emissions and NGHGBs in permafrost swamps should consider the effects of inter—annual variations of precipitation on greenhouse gas

exchanges.

Keywords : permafrost; swamp; precipitation; nitrous oxide; net greenhouse gas budget
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1.3 3 iiE = Wi

A5 2R FH 2 65 A6 D BN A P e — RS L THT
CHy, CO 1 N2 O A8 J8ie 3 £ 191, 4 1% 37 301 00 0] 451 26
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T 9 A P ) 2 0 LR AR SR A S AR L R #, R8O A B
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HH BRI G i sl ) A 2R 1 % 5 0
JEK B EBIE R IR H L S — 2 S AR
PRI R 2 50 37.53 .58 d (& 1a) . B5FRIRE /I
F 0 °C, B AL FURESIRIL ;0 CHE IR, 3T h ik
6, R8O Ab 34! - 338 i R 3 fin 1) 3 B2 L AR T R130
AR HE T 6~11 d, J5 T 4 9~12 d 35 B i KRl
WK 1b)
2.2 CHs.CO, NO/NFREFRZIREBEE

R80 &b # CH. i & 1) 28 fk i [l - 18.5~10.8 pg
CHe-m2-h' ( 1e), 55— = = NG RS
i 17 439 2 -0.04£0.004 . —0.09+0.02, -0.02+0.02 kg
CHa-hm? CFBI{E bR UER 22, B 1d 3R 2) , R G 26
YO SRR G G B R 148 d AR IR I R
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15 °CH}, R8O 4b F fy 55 CH., W Wi i 28 B 55 HE il 5
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5.3+0.9 pg CHy-m™2-h™") . R1304bBE CH. M & 9281k
Yl -21.4~127.3 pg CHyom2-h™' (& 1¢) , 55— F15E
AN VR RG24 R A 5 2 51 -0.03+£0.01 kg CHy-hm™
H1-0.08+0.02 kg CH.~hm™, 23 K 55 i, 45 =
ANVR RAE PR BFRE A 0.42+0.41 kg CH,-hm™, 3 H
AR HE IR ARRAE (R, BE A5 HE R B A3 0, 38 R Y
23 )R S 5 (] e AL 1d) , BRI, 3 S R R 24
DL RRE] CHACH i S 22 AN B . 55 = R
PRI IR 1 5 CCTF i 2 10 °CHF, R130 420 341y 55 1%
WO A2 i 583 HE TS 1% 55 0 BE T v 2 15 °CE,
R HERCIR ,5.10 CCHI 15 CHE 35 4400 10 215 43 51
J9-7.241.9.2.1+1.4.54.8+7.6 pg CHs-m>-h™',

A X%FF R8O Ab B (1.5~238.4 mg CO,*m™+h™"),
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Table 1 Soil properties at the depths of 0~20 and 20~40 ¢cm
. L JZURFE Soil depth
F 3R Soil property === P
0~20 cm 20~40 cm
- HELE VT Before soil freezing
J5i b Soil texture/% ki Sand (0.05~2 mm) 32.1(0.3) 33.7(1.4)
KR Silt(0.002~0.05 mm) 59.3(0.8) 59.9(1.0)
BRi Clay(<0.002 mm) 8.6(0.5) 6.4(0.3)
WLk SOC/g C kg™ dry soil 37.000.5)* 31.9(2.6)*
2 TN/g N-kg™" dry soil 2.0(0.02)% 1.7(0.05)%
pH(H.0) 5.2(0.3)* 5.8(0.2)*
A& /7 NOs content/mg N-kg™" dry soil 0.2(0.1) 0.1€0.01)
B S S NH; content/ mg N-kg™ dry soil 1.6(0.1) 1.2(0.1)
AL HATHLER & B DOC content/ mg C-kg™" dry soil 184.2(11.4) 159.4(9.4)
VRRIIEIRZE HS After the freeze—thaw cycles
AbFR R80 R130 R80 R130
75 H# Bulk density/g+cm™ 1.11(0.06) 1.10(0.02) 1.09(0.05) 1.07(0.05)
R KA Volumetric water content/% 42.8(1.0)# 63.6(0.9)# 33.9(0.4)# 44.7(0.7)#
A HENO; content/mg N kg™ dry soil 0.4(0.1) 0.2(0.1) 0.1(0.1) 0.6(0.1)
A 5 5: NH; content/ mg N-ke™' dry soil 3.3(0.1)#,* 10.8(0.1)#,* 0.4(0.1)#,* 14.8(0.2)#,*
Al A PR & H DOC content/ mg C-kg™' dry soil 63.7(0.9) #,* 78.0(1.1)#,* 11.3(0.2)#,* 103.6(1.1)#,*

T #RR 2 0] 25 R 25 5 (P<0.05) 5 # R AL B ) S 25 1 25 5 (P<0.05) 5 i 5 Iy 4123 TR A AR iR 22 . T T

Note: * indicates significant differences between soil depths at the 0.05 level; # indicates significant differences between treatments at the 0.05 level;

the values in parentheses indicate the standard error of four spatial replicates. The same below.

R130 4bF CO. 38 Hit Jifi 15 77 Wt B2 19 28 A 2 B 350/ i
5 I 7l (6.6~144.2 mg CO,»-m™-h™', P<0.05, &l 1e),
Wil 75 B3 VR AT B 5 S 0 N 5 R 3, 7
AbBRER — F 5 AR ARG IR CO, BB HE i 2
BN, 4> 1% % 1 R8O I R130 Ak 3 ZLF HE i 2 43 3
J 2 957.6+258.5 kg CO» - hm™ F1 1 818.9+315.0 kg
CO>-hm(P<0.05, F 1f F13 2) . KEFRIEE A1 CO Py
HE il 5 48 BOE A 5 (P<0.001, ] 2) ,R80 Al R130
A0 38 COLHETCH 1t 1)k B BB E REX Qo530 R 2.2 F11
2.1(Q0: TRJETFE 10 °C, COHEHGE R IGMAAEED) .

AH X F R8O 4L L, R130 4b ¥ N,O i &t & B H o
KRG (K 1g) o 55— A-URAEER , R80 b FE 5T
F R130 203 H 81 NLO HEAC 4 , {H R8O 4b 34! fe KW i
(27.1 pg N;O -m™2-h™") %5 R130 &b PR {E Ik — A~ Kl it
9%(319.7 pg N,O -m™-h™', P<0.05) . 5 — AR Bl g
R, A R130 Ab 1 H B NLO HE b, g (94.4 pg
NoO -m™ - h™) 24 Ry 25 — A Rl AT P1 HE AL 1Y 1/3
55 A VR AR BR AL B R B R B NLO HE R0
B — AR ARG PR NLO HE W 2 BAE O C
BR RS TR 0 - SR R VR B A R RS PR R 3
I, R130 40 B N,O B2 HEHCHE & Pl T B, e R R

R130 4k 3 2 FUHE L 2 2 3 & T R80 4k # (P<0.05,
#22),
23 BESESRKEZ
PLA AR R COL Y 11145, R80 A1 R130 b 31
VTR 2 AR S 43 51K 2 955.8+258.9 kg CO.—
eq-hm'zﬂl 1951.1£317.3 kg COz—eq-hm'z,ﬁ]%:zfﬂﬁi]E
RSSO RN, A5 3R COLHEGE & 3 B R E
RIS . BB A VR AIIE PR IR I R A SR R
FI3E I, CO SR BUHE M &3 34 |, R % A i S Bl
AN 2) ., R8O AMFE CH, 1 N,O i % i 25 4k
FSCZ B TR TT Z 86 AT 5 R130 40 3 CHL AT NLO 38 i
Xof il 2 AR IS %) BT R B R TS PR U B3
BN (B —A~ 258 = ARG I 1) DTk R 43 51k
19% .5% F12%) , 235 T STk V340 7%
3 iTig
3.1 HAREEMEREMEESAETRNEN
XFUHREXAEB RGN S, SRR 55 1 [
SRING 42 L IR URSS IR L RL 540 S SR IR 3R
AT, FRI RS El AL 5, 88 K ik
B, R A R RS TR R, N2 A& B AR T B
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Figure 1 Dynamics of incubation temperatures, thawing depth, hourly and cumulative CH4, CO, and N,O fluxes at the treatments with

80 mm(R80) and 130 mm rainfall(R130)
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Figure 2 Correlations between incubation temperatures and
averaged CO; fluxes at the treatments with 80 mm(R80) and 130
mm rainfall (R130)
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Table 2 Cumulative CHs, CO; and N,O fluxes and net greenhouse gas budgets(NGHGBs) at the treatments with 80 mm and 130 mm rainfall

Qb B Treatments  URAMGIS Freeze—thaw cycle CHu/kg CHy+hm™ C0,/kg CO,+hm™ N.0/kg N.O+hm?  NGHGBs/kg COr—eq+hm™

R80 EZ! -0.04(0.004) A 786.9(114.2) A, * 0.04(0.04)A ,* 797.4(114.8)
132 -0.09(0.02) A 838.8(163.6)A,* -0.004(0.01) A 834.6(163.6)

PEIR 3 -0.02(0.02)A 1331.9(164.4)A,* -0.02(0.01)B 1323.7(164.5)

ERnEie -0.15(0.03) 2957.6(258.5)% 0.01(0.04)* 2955.8(258.9)

R130 TEFR 1 -0.03(0.01)A 382.7(152.4)A,* 0.31(0.09) A, * 473.1(154.9)
TEFR 2 -0.08(0.02)A 544.3(84.1)A,* 0.10(0.07)B 571.7(87.1)

TEIR 3 0.42(0.41)B 891.9(262.5)A , * 0.000 2(0.01)C 906.3(262.9)

AR TR 0.31(0.41) 1818.9(315.0)* 0.41(0.12)% 1951.1(317.3)

T R AR E] 225 2.3 (P<0.05) s AR RS PR3N 45 VR B B ) A e it 22 57 (8.2 (P<0.05) ¢

Note: * indicates significant differences at the 0.05 level between treatments ; Different capital letters indicate significant differences at the P<0.05 level

between freeze—thaw cycles.
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