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Effects of fire disturbance on greanhouse gas emission from Larix gmelinii-Carex

schmidtii forested wetlands in XiaoXing'an Mountains, Northeast China

YU Lili, MU Changcheng” , GU Han, ZHANG Bowen
College of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract: A static chamber and gas chromatography were employed to investigate the effects of low- and high-intensity
burning on CH,, CO, and N, O discharge by larch swamp of the Lesser Xing’an Mountains. The results show that the
average seasonal CH,, CO, and N,O fluxes were respectively 409.7, 508. 1, and 597.8 mg-m *h ' at sites where there
was no burning, 0.057, 0.134 and 0. 043 mg-m *~h ' at sites with low-intensity burning, and —0. 0063, 0. 0021 and
0.0059 mg+-m *h ' at sites with high-intensity burning. Fire disturbance increased CO, fluxes by 24.0% —45.9% and
increased CH, fluxes by 135. 1% in the case of light burning and decreased CH, fluxes by 31.3% in the case of heavy
burning, and shifted the burning site from a N,O sink to a N, O source. Severe fire disturbance greatly affected the seasonal
dynamics of CO, fluxes, and the fire intensity affected seasonal variations in CH,and N, O fluxes. CO, emissions at the study
sites had significant negative correlation with the water level, and the temperature had significant positive correlation with
the soil temperature. CH, emissions from the site at which there was low-intensity burning had significant negative
correlation with the level of the water table and significant positive correlation with the soil temperature at 0 cm. The flux of
CH, emissions from the site with low-intensity burning had positive correlation with air temperature and some individual soil
temperatures, whereas that from the site with high-intensity burning and the flux of N, O emissions from sites with low-

intensity, high-intensity and no burning had no relationship with soil temperature or the level of the water table. The CO,
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emission intensity at burning sites and CH, emitted from the lightly burning site were both higher than respective values for
the site where there was no burning, but the CH, emission intensity from the heavily burning site was less than that at the
site where there was no burning. Fire disturbance converted a site from a weak sink of N,O into a weak source. The global
warming potential of the fire-disturbance sites increased by 1/4—1/2 relative to that of the site with no burning, with the
potential increasing with the increasing intensity of the fire disturbance. Therefore, wetland management should be
strengthened in view of the effective control of greenhouse gas emissions in wetlands, especially in terms of avoiding intense
fire. In addition, both before and after fire in the investigated forest swamp, the effect of greenhouse gases mainly depends
on the potential of soil CO, emissions (99% ) , and the role of N,0 CH, emissions is very small (a contribution of less than

1% ). It is thus necessary to research the carbon cycle.

Key Words: XiaoXing'an Mountains; Larixgmelinii-Carexschmidiiis wamp ; greenhouse gas emission; fire disturbance
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Fig. 1 Seasonal changes of temperature and water table of Larix gmelinii-Carex schmidtii swamps
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Fig.2 Seasonal variation of CO,emission from Larix gmelinii-Carex schmidtii swamp
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752.984 393.166 mg-m +h™', BRI H F>HFFSTE (HFHAF KERE T 31.1% 47.8% ) HIZET B
H(E2),
2.2.2 KRETHE CH HEGHE & &L Z= T HEmo A ) 22 1k

xﬂﬁﬂﬁikf& CH, i‘flliﬁﬁu_ A3 ARTE-0. 0443—0.2853 mg-m >h™", P-4} 0. 0569 mg-m>h™", Efk |2
Helta s HE 2 B 5 BF CH, Y HER KRR R 0. 0581 .,0. 0056 ,0. 1578 mg-m™-h™", 2% =47 B HE ik
CH4,Imﬁfﬂu—o%ﬁ—oﬁé(Méﬁ%é%uﬁéﬂﬁ 2.7 A5 28. 4 15%) T ARAL A (181 3) . R KRR
M CH, HECE 53 4 7£-0. 4500—0. 3042 mg-m>h™" “FH{EH 0. 1337 mg-m>h™", Bk L2 HERE S A5
X HEAE AR 5 T 135. 1% ; Ho 2 K PR HERGE KK 0. 0013 ,0. 0275 ,0. 5226 mg-m >h™' % Z= 151
Hejil CH, (A 2B RS H B >FKZ (R E BHEZMN 19.0 514015 £5) B2 B (B 3), &
B KR CH, HER R 23 A 7E-0. 1630—0. 1402 mg-m > h™"  SE4{E 4 0. 0433 mg-m>h™", BAA [ 5k #
P BB IR T RE T 31.3% ; AT H A KEFEFHH =M . -0. 0305.,0. 0067 0. 2148 mg-m ™
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0.4 r
. LTC
-
= 03}
o
€
o 02+
fé
=
O3 01t
=
T
o Or
-0.1 . . P .
NEEEREEEREEEEREEEER
H O © O N~ NN O DD DD
O O O O OO o O O O O O o
Date
2.0 0.6
LTL TLH
e 13 T 04
& 10 o
e L £
z z 02
f‘\E’O'S fg,
O 3 o3 0
= 0 =
T T .02
O -05 50
-1.0 -04
AN &N 4 N &N N NS T N NN AN &N 4 N &N N NS S NN N
N © © © I~ I x 0 0 0 O O O N © © O I I I 0 0 0 O O D
o O O O OO o o o o o o o o O O O OO o o o o o o o
Date Date

B3 ZEHR-BEERFE CHHEMBESEFTEN

Fig.3 Seasonal variations of CH, flux in the Larix gmelinii-Carex schmidtii Swamp

2.2.3 KRETHE N,O HEGE i KL= 1 HEBORAE R A5 1

X BEAEHL AR K ZE T N, O O HEGHE 3 A 7E-0. 0070—0. 0091 mg-m>h™"  “F-HJ{E H-0.0063 mg-m>h™",
SR EEBH N, O BES W, R . FkZE N, O F 34 HEGE SR A -0. 0036 ,-0. 0089 . -0. 0047 mg-m >
h™' 2R N,O MU, H N,O iy I i B B s B >HE R (HENE KERN 2.5 5/ 1.9
£5) T AL 4) , B KRR N, O HEBCGHE & 431 76 -0. 0055—0. 0119 mg-m™>h™"  SFI{E N
0.0021 mg-m™>h™"  GK 2 N,0 MS5HEEL, Zad 5 2 05 22 0, 1 3 KORa e b 5 % BE % N, O 3 o
ZIfFHEZE SR (P<0.05, df =2); H&E H FkFE N,0 B-F ¥ HEHGE 24K R 0. 0072, -0. 0017 ,0. 0031
mg-m h™ RIIE KT (ERFHHECE SRR E 2.3 F5) Hil, BB AR (K 4) , HEE
KBEREHL N, O HEGE £ 23 A 7E-0. 0083—0. 0101 mg-m >h™" SFHEH 0. 0059 mg-m™>h™", Sk F 2B N,
O AR HERL , 1 JORERE 5 0 BRI N, O HERGE £ 22 (8] 4776 6 4 i 35 25 5% (P<0. 05, df =2), B354k
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R AR R JoBE T RE ML 2. 8 £%; AR AR N, O (17 38 KKK 0. 0057 ,0. 0086 0. 0006 mg - m >
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B4 FEHR-BELDENOHMBESETEWL

Fig.4 Seasonal variations of N, O flux in the Larix gmelinii-Carex schmidtii swamp

2.3 KBRS R A U BN TR (3R 1)

7 I - 75 VR T R A I F T g CO, HRTHOE B 5 7K 52 S SRR TS JEE OB 1l A 2 2K
BRFEHL 5K SR R 3 TR OC , = A K R R CO, HERUE i — Bty 5 2 R EE 0—40 em 3R JE 2%
BEBRF IEAHCIER (BRERE KBEREH 30 em IR EEAHSCAR BESL) .

F1 PARENETFREMR-BEZZRESEHNEESHEEFHEXSN

Table 1 Correlation analysis between fluxes of greenhouse gas emission and environmental factors of Larix gmelinii-Carex schmidtii forested

wetlands disturbed by fire in XiaoXing'an Mountains

Sk ke KL iR +HEIRE Soil temperature

Gg Fd wT Ta 0 cm 5 cm 10 cm 15 cm 20 cm 30 cm 40 cm
CO, it R -0.584"  0.581" 0.880**  0.722** 0.594 " 0.599 0.619* 0.875 " 0.847""
€O, B -0.738**  0.756**  0.580* 0.598 " 0.705**  0.549* 0.641"% 0.400 0.611*%
CO, T -0.801"*  0.634" 0.684**  0.566" 0.574* 0.613" 0.667* 0.682" 0.811""
CH, X 1 -0.914**  0.441 0.577" 0.190 0.472 0.513 0.236 0.508 0.668
CH, 253 -0.453 0.818**  0.395 0.459 0.782**  0.671* 0.288 0.925* 0.763 "
CH, HE 0.286  -0.113 -0.082 0.245 0.193 0.056 0.052 -0.044 -0.073
N,0 it R 0.041 -0.013 -0.218 0. 164 0.098 0.134 -0.048 -0. 064 -0.312
N,0 UE35s 0.312  -0.145 0.224 -0.210 -0.250 0.204 -0.537 -0.054 0.046
N,0 GiVis 0.148 0.181 0.414 0.358 0.091 0.538 0.522 0.395 0.221

Gg: Greenhouse gas; Fd; Fire disturbance; WT; Water table; Ta: air temperature; * P<0.05, ** P<0. 01

7 I - FOTE AN IR M CHL, HE G 2 S KA AR 2 A OG5 0 om R B 52 0 3 IE AR O R
JCBEREHE CH, 57K A7 S FARSCEAR B3 525 SAREE 10 em (15 em 30 em 40 em TR B2 5 g 2 Bl 3 0F
ARG F R KA CH HEGE &5 K07 23 Gl BE | Sl AR SC PR A B 2%

BEAb, AR JCRE R H 3 e -5 %o AR ) N, O HEBICE 2 -55 7K 7 R FE AR SC S AN 35

http ; //www. ecologica. cn



18 1H] TUHRE A5 KT PO NDE U P A -7 R T PR 2 AR HE R 0 52 ) 5187

2.4 BT PN TE - B RV PRI & AR/ T D) RE Y 52 e

5 P - 35 FETR NS BRRE 1, 5 B SRS b A i B CBE R b A 1 ZR T I O, Hil i (AR K ZEHEik i = 1R
BT B HE R HE A KRB MK 6.6039 8. 1912 9. 6363 t-hm ™ a™ (ALK A K ZERECH 124 d)
TR KPR A HARE IR 5 T 24. 0% |, 5 KOBEREHU A X IR RE AR 55 T 45.9% , KB Ty i FA -5 5
HEEAE KT L5 CO, HEmtR R B A BT K, HBEE KT B3 sm mi e ok

=FAEKEN CHHFERIKIR ] 0.91668 2. 15505 0. 69791 kg-hm ™ a™ 42 B JCHERE B BRAE b $ 2
T 135, 1% , 5 B OB UM FEAE L R T 31.3% KB T4 I CH, HERC 2 5 K T8 B A ¢,
JFE K ettt CH, HE il BE 38 5 R JCpe st CH, HE a8 B2 vk 557

=F AR ZETT N0 HECR KR M -0. 10139 0. 034509 0. 094906 kg+hm ™ a™"  XF HEAEH K N, O #Y55 W Ik
I, KBEREHB N LA A N, O B9 S5HERTIE , HL 8B JCREREH N, O HERCE AR B KR REHLAY 2. 8 1%, LN, 0 HEfiL
D R R 7 Wi 10 NI

P20 25 G BRI I 7 % ( global warming potential GWP) , CO, ,CH, 1 N, 0 B9 GWP {EMKK K 1.23 F
296" (4351 CO, .CH,FI N, O A= K ZEHERT B0 1,23 1296 175 , 753 94 #2507 3R 0 BEAE M 8 3 ok
Bttt | TR SRR AR AR K R T O DTHR TS IRl 6.5950 .8.2510 F19.6805 t CO-hm™a™ ' HE K
BRFE 0 REFEHBAR 55 T 25, 1% , 5 B JCORRAE MO0 REAE M3 /50 T 46. 8% LI % 3800 s ik v g Bl O T
Poom eI A, A, =F GWP 4544 (€O, .CH, il N,0) #K¥K N 100. 1% .0.3% .-0.4% ,99.3% .
0.6% .0.1% ,99.5% 0.2% .0.3% ,34JLL CO,HERC & 46 5%F e Hsb 457 , CH, AT N, O B o5 LA 2 1%, AUAL T4
SRR EL A
3 itig
3.1 KRBTV AN - B R A K IR D - (1 5 )

KT/ N DLW JE M- B R AR K R R R A g, ke T8 i 2548 & T v -
BRI 23 SRR RIS 1 2R B L R R R AR = (KA, ELIA B K e B2 3 R ks o A B LB A
FIRE FEIE W T K THIURERR TR BRI AR AR (FA SEOK MR R 2 5) BAARN i R B AR 25
SRE | R A TR R AR R R b DR A B SR, A S R R PR SR R B, £
LR Z5 T 100 P B i o T2 B e ORI T KA, T r T R 2 R R T T b BB s 4 e B bk b 1Y
TR 2, B T AR 28 B VE T, A R TR o K AL 5 N 22 ok T4 5 s 3 R e 1 vk - mil fe gk /2 o mp
REMKAOLTh G, 3345 Tt B A s HE /K r R P4 1 TR 5 IR A I B G 2538 22 g ARSI i 5
FRME R AR P2 1o - R B 5K 7 A ge 25360 AR —3K,

3.2 KBETHRRE A -5 R B AR A ZRR & R HE R L AR AR A ) 5 i)

BT Pl 5 A - B FOR AR T 3 CO, M HRIGE T A7 B B2 i 5255 (24. 0% —45.9% ) , H i
IR B R 5 A 3 DI R AR A 35 AR AR B JOBe TR B2 3 CO, HETGE 5 19 2215 40 A A% Sy, J1 1
KRT AL T H CO,HFBEE SR 1550 Ak Ry, KT A K Z Y CO, HF B0 £ 3 K AT B 32 202
T Jobe) TR R A B T L e TR A AR AR R R A A TR S I T

KBTI AN - R KR CH HE A B, KR T IRAALBUE T 8- & FR AR
K7 CH AR 20 A8 AR A T FLAR RS KORe g i 1V iR - B VB AR K 2=y CH, HEilGE &, 3 B8 OB 2D
FEAR T HAE K2 CH HEBGE &, 3 R AT RE R S5 R IO T4 B X0 M SR AT B R 75 0 e e TR R
AR OG5 B JCRRE M PR AR XA 55 M R A2 55 7 FR e TR A T o 1) S L IS ) AR R st BRAR TR iz ke
FH o IR S KA 27 TR i, B e HE e o R b A 5 R P v, LS R B s ) ) RS
S5t H I 2 780 T 1 DR %) A8 A e 3 T o KRR b 52 K S MR A T iR 21 (b A 1 S A 76 ) LT iR R i)
B AT RESE H T B /D™ B ot BB T 14 SO IS, 3 B8O 2 AN ABLAS 77 A FE e S i W e R 6, fin 2 A e 1 R 5
SN IR R B B0 08 , H R A B R TR Z B RNJEY) , Fo- T 350H H e HE o 75 B e =2
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AT ARG SR R ERE

KT PN TE A - FVR PR K N, O HECE B, KB TR T 95 M- B R A K
7 N, O HEjc & (0 25 A8 A g ey, i HA A N, O R FHE F W 5% 1 o RO X P RE S5 Jobe 40 i 3
M R T SR R R AR T RO R DA OC R, AT BB S TS R R S A R G, R DI Y R
WAL 1A ek — T,

AP FTEE T, CH, T8 it 52 KPR b X REFE b 3 1 135, 1% , 553 K et b e o HERE s I o
T 31.3% 5 CO, BY 27173 0, 52 5 KPR RE M 48 o BRFE M 3R 50 17 24. 0% , 51 OB RE M A o FR PR b 42 v T
45.9% ;N,0 MO HE A R HEEE . 5 HE ANIE S T3 (i bk  BAsCRR) J5 CH, HECE — &
BEW D SR, CO, M N, O MHERT R 25 g 18 fin 10024047 450 iU i 5% 28598 AR — 5 (HAR T 5T
T % B e H T b T 25 SUAHIE B ) 52 Wi 5 KO8 B AT 6, A CO, A N, O Y HE R A2 ik 10 5 J32 348 K
I T CH, HECE B0 B T P B3 A 3 — R F2 B I 1M
3.3 KGRI TE T AN -E R PRI = SRR F 4 AR R

KPS TE P - B FIREE CO,HERGHE S 1Y F4E N A — e RERN R, Kb THt)E 11 Co, HEmum &
5 KA AR BT e, AR R, A RE B B T KA T, TR b - 5 T R SR, S AR AR B
IR, K A 0 AV T, 380 O, HERI /L 1145 CO, HERC S 7Kk 437 52 W 35 kR 56, =22 g T4 A 7K 37 39—
AFENPET, 245 SRS S B 2 AR S — A5 s ; (R 38R T vl DA A AR 2R IR R RN A 2 0 1) o it A
AL 455580 co, HEBaE N, (575 CO,HER S IRE 452 TR R (BRECRE KBeREH 30 om TIRIREAN) 5 %
IEASESE R, BB KBEAE I 30 om - HEIE BEAH G 18 3, P REJE i T 4R 8 KObe ke b 30 em S35 + HE IR
(2.08 °C ) 43545 % HEAE b A F 5 KRR P MR BE AR (0. 2—0. 73 C) , AT REID il T 3% 4 1 9 380 9 1)
WP AR, 33U CBekE L CO, HERUS L 42 - HER BEAH DG HE AR 38 . X EeffF s 4518 5« RERIEHL CO, 1Y
HEHCBE KA AR TT3E 0 20T , HAE Ko A AS A BR il DR 22 e T o H EL A 5 3 g ™) i B B 9 43
HEA—,

KR CH, HEBGE & E R T — 2 B, X IR R KRR s HE G B 55 KA A )2 R AR DG
S5 BFRAASAHDE, AT BE t KA CH, HEBORFR A AR AEAE IO, BIKA T = 5k T B S , AN 257 RIXT CH,
HEC= AR TR A it — BER ) (LN 2 L) J5 , A CH, HEO= A VE R 5 CH, HEL 32 2R 5% (14 52 il
W%, CHHECE 23t CH, AR CH, Ak CH AZ4 FN CH B 3 Nt A, Ao AR A2 T g >
TR A I R SR AR A R R 45 R, R F e HE il 2 SR 98 HLA & 2 ) B Jobe b CH, HEK
M 5K TR A OC , URE 25 S5 AR 545 th (19 CHL 38 5 54T A — J2 1 e TR 2 #0 T0 & 35 M A ¢
gk [38.55]

KPR N, O HEHCH H 5 /KA FIR AR SCHE A2 e AN 5 2 BEBH OB TP I8 A -5 B0VR % N, 0 HE
R i ) = 5 DX TS R AR X
4 i

KR A ZEAT £ CO, P HEHGHE AR KPR R A K (HER B R TR s e o, HEY
FAT 4TG5, HERA B 7 RS T OB TR EN O T CO, HEU ZE 1 43 A s SR il L HE R TR 7R R
B RO RE AR T CH, P HERGE B KR A4 i 51 B BRI AG Ir TR R KOBeRE
Mo CH,HEBUE BB EE 8 ettt CH, HERUEE h7E BURK R B 1 KCBe e i U 5 2=l Rk R, &
KPR T R IR A AT IR N, O, 5 F 24 vh 7 R 2 5 10 B OBt b hy 28 B HE WAL 5 HE Jc s
K HAHERUE e R R WO 7 B 2 E R KRR A T S N, 0 H R BT ERE 5,

KBET P TE A - B FR IR = SRR BE LA B, A& kobett 388 CO, BHERUIR , k%
FHeAdiH: CO, HERIRTRE B T 24. 0% —45. 9% , H.Fifi K58 T4 50 3 3 K i b5 oA KOBeRE st CH, 59 55 HE
TR B2 R kel H CH, HER ISR 32 5 1 135. 1% , N o B KCBe Ml R [ 1 31. 3% ; R koBstEsi ol N,O 1Y
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SRS, e TP AL LR N, O M FSHERCIR . BBL, /N4 AR B R T30 075 i - R e AR K
TR RO B ST E R A O, BIHERL, AN CH, A1 N, O FOHERL , B 2 X G 3 2 72 i AR
AWF5E

KGET X P A - FVE B IR 00 DT RV ) B BRI, R e e M A L = A8 BT RV T
6.5950 t COyhm™a™ ' B2 KBTI AR = T 174, R KB THRMEHAR T 172, S0 Bl Jobe T4 i
PR HE RT3 14 R AR PR . R I, DA 880 o W e 2 SO HE 50 A 3255 R IO 2% M 5 12 288 TR R M b 1 K R
(EBLIN S S PR S N ol e O 0| N TSI i UP O NTERE S W e B [ B oy = B T~y VAR 8
1 EERG T 1 CO, IHERT (99% LA L) T CH, A1 N,O BYHER T B9 VE FHE (N E 1% ), 0E B H:
WAGER IS R T T R AT
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