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Dynamics of greenhouse gases emission and its impact factors by fire disturbance

from Alnus sibirica forested wetland in Xiaoxing’an Mountains, Northeast China
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2 Heilongjiang Institute of Science and Technology ,Harbin 150027, China
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Abstract: Wetlands are important sources and sinks of greenhouse gases. Fire disturbance plays an important role in
wetland ecosystems. it commonly is a important carbon sink of the land ecosystems, the Lesser xing’an Mountains of China’
s northeast is the frequent area of the fire disturbance as well as a major distribution area of China’s wetlands. Fire-related
disturbance in forests are more frequent in mid-to high latitudes than elsewhere. In the present study, Alnus sibirica
wetland, were studied to reveal the emission variation of CH,, CO,, and N,O under fire disturbance during the growing
season. The study area is located in the Lesser Xing’ an Mountains. We used a static opaque chamber and gas
chromatography methods, and we monitored related environmental factors. The results were as follows: disturbance by fire
increased air and soil temperature by 2. 5—5.0%C , and lowered the water table by an average of 0.24—6.36 cm. Burning
increased CH, emissions from Alnus sibirica wetlands by 485.2. Burning decreased the CO, and N,O emissions by 45.5%
and 24.8% respectively from Alnus sibirica wetland. Burning also changed the Alnus sibirica wetland CO, and N,O flux
patterns in the growing season, but no marked variations were detected in the Alnus sibirica wetland CH,.

Burning changed the Alnus sibirica wetland green-house gas flux patterns in the growing season. The CH, emissions and

the seasonal change pattern were affected by fire disturbance. Before and after the fire disturbance, CH, emission flux
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remained unchanged during the growing season. The CH, was absorbed weakly by the wetland soil( M, ,M,) in spring and
emitted in summer and autumn. The CH, emission flux in summer was less than that in autumn. the CO, and N, O emission
fluxes had changed. At the unburned site, the CO, flux had a seasonal variation where summer flux > spring > autumn;
under fire disturbance, the CO, flux in summer > autumn> spring. The N,O flux varied in the order of spring > autumn >
summer under no fire disturbance, but under slight fire disturbance, the order was spring > summer >autumn.

The CH, flux from the reference marsh wetland plot (unburned) was significantly correlated ( P<0.05) with soil
temperature at 15 cm-depth, but it was not correlated with water table depth in the burned plot. No significant correlations
were found between CH, flux and soil temperature in any soil horizons, or with water table depth in the Alnus sibirica
wetland. In the reference plots of Alnus sibirica wetland, the CO, flux had a significant positive correlation ( p<0.05) with
soil temperature at depths between 0—15 cm; at burned sites, the CO, flux had a highly positive correlation with soil
temperature in the 0—30 cm depth. Fire disturbance enhanced CH, emission intensity, and reduced the CO, and N,O
emissions. Under such circumstances, the global warming potential at burned sites would be decreased by 43. 34%.
Therefore, fire disturbance could decrease the emission of greenhouse gases from the Alnus sibirica of forested wetlands.
Statistically significant negative correlation ( P<0.05) was found between CO, flux and water table depth within marsh,
reference and burned plots of Alnus sibirica wetlands. Burning increased CH, emission intensity, and reduced the CO, and
N, O emissions. The global warming potential at burned sites decreased by 43.34% . Therefore, fire disturbance could

decrease the emission of greenhouse gases from the Alnus sibirica of forested wetlands.

Key Words: Lesser Xing'an; Alnus sibirica swamp; greanhouse gas emission; fire disturbance
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Fig.1 Seasonal dynamics of temperature of Alnus sibirica swamps disturbed by fire
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Fig.2 Seasonal dynamics of water table of Alnus sibirica swamps

disturbed by fire
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Fig.4 Seasonal variations of CO, flux of the Alnus sibirica swamp
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Fig.3 Seasonal variations of CH, flux of the Alnus sibirica swamp
M, : XF & Control ; M, ; 5% Burned
M, : %} B& Control; M, ; K% Burned

2.2.3 N,O el i S H =528k 030
BT T B oAb TR A K N0 HERGE R T oas) oM
(ES). M, 5 M, BEHHER N, 0, HAE K47 N,0 F go 020}
YHE e & 43 Wk (41,9 £73. 78 .31, 5+ 68. 82) ;2 0.15F
peem”hT KB R AR A TR B N,O HEBR AR 2 Bk S o0}
HRRAERETIT RO %, M, BEHORE M, BERRIE T % oost
24.8% . LMFAREAR K ARIENERERE E  of
B, M, KEHE N, O HERGE B2k #5200 (181 5) % 3 -oost
SRR K 2 N, O HEMGEA FIE 6 1B om0l
HOFE(T (258. 00pe - m~2 h™' ), B JG T e H11 553 102 Wi 4234555222222
(-440.00pg-m>h"') ,7 A EE &K Z A N,0 HEiLiE I D
AL M, FE M HE O A 2 B 2 (135.30 E5 ERHEEN,OHMEBEENEREL

}Lg-m_z .h‘] ) >@(§ ( 32. OOMg . m-z_ h" ) >E§ ( 6. 00 g Fig.5 Seasonal variations of N, O flux of the Alnus sibirica swamp
em™h™") ;M FEHE N, O HEBCGH 7 AR K 0 B R
WS IR G, Je HE R A I, 7E 6 H rhA) i SHERR A (205. 00pg-m™h™") | Z J5 T REGFFEUR AR, HLAE 8
ATaIS59 A FAHIPRBBOR S, M, FEHZE T O A 52 45 22 (51. 90 pg-m™>h™') >E 2% (33. 40
pgemh™ ) >EkZE (6. 50pg -m™h) o KT T E A N,0 HERGE =15 M itk R .
2.3 KB A TR IR 2 SAHE I S A R 14 52

BN IR 5 Jobetf il CH, HEBGHE 5 15em 380 B AR 7E B35 AHOCME (P<0. 05) SR AL AH AN B
F(F 1), M, B+ co, HHGER 5 0,5,10,15 em H3EEEF 5 B ¥ (P<0.05) b 2 % (P<0.01) IEAH

http ; //www. ecologica. cn



24 1] Joth A5 s KON 2 T A A TR T A A HE I Sl A R e SR e P 2 7813

XM, FEHL S 0—30 em 3R B 5 25 (P<0.05) Bb 2 2 (P<0.01) IEA G, BRI IHEEXT IR KCRRE L
145 CO, HEE 5 5 KA R 2 AAHSE (P<0.01) AT WL, 4 383 B2 AHb T 7K A7 2 52 CO, HERm) F 45 K
T, H AT S T CO, HEGE 52 B A AR CE , KT X AR 2R N, O HERCA 5 B+ 1 5% 1
BUN,N,O HEpoi i 5 il KOAHSCHE A B2

x1 BRESKHMEESEE KINEXXR

Table 1 Correlation between greenhouse fluxes with temperature and water table (n=13)

FEHb KA FHERE Soil temperature/ °C

Sites Water table 0 5 10 15 20 30 40
MO CH, -0.14 0.43 0.331 0.238 0.585" 0.48 0.424 0.414
M1 0.186 0.198 0.259 0.269 0.519" 0.272 0.244 0.393
MO Co, -0.887"" 0.629 " 0.714** 0.650 ** 0.563" 0.461 0.249 -0.044
M1 -0.870 " 0.641"" 0.816"" 0.760 ** 0.709 ** 0.672** 0.585" 0.358
MO N,O -0.286 -0.364 -0.107 0.403 0.376 0.292 -0.008 -0.216
M1 0.051 -0.205 -0.036 0.005 0.041 0.046 0.068 0.145

# % P<0.01; * P<0.05 M, : % Control; M, : k4% Burned

2.4 KB EARAGIEERE SRR TR0

KpEdEE T BRI CH, HEBGHE T, JORE R HbHE B f J2 0 BRAE LAY 5.8 £, e v L HE g i
B, BAHIRE KT RGN CO, HERUIR , KBeRERL CO, HERIR % BE 43731 3 6} FE R B 45. 5% , T I, 2k
THeHI 5 T2 FBRFE AR T L o, MBI, BARHBEE K TAETE A N0 HEROE , K T35 HEil
T3 B 00 R R 24. 8% , K THLHISS T BARHIEFEARKZET N,0 MHEL,

GE LA RS R T HME " ( global warming potential GWP) ,CO, .CH, FI N,0 A GWP {EMKK 123 F1 296,
TZE SR GWP (HE TR EEXS IR JCPRE TR A K 1 (ARSI AR K FERECH 124 d) IR Z RN TTRRYE J7 4K
KA 5.845,3.312 t COphm™d™ ' (3R 2) . K THEHIES T B ARG TEE ROV 5Tk 1 43.34%

R2 AFHURERESEERSZHHNER GWP &

Table 2 Fluxes of greenhouse gases before and after fire during growth season and the GWP values

. F ¢ CH, Z&ALik CO, FLTA N,0
Sites S B Total flux CH,-CO, HEHCE A Total flux CH,-CO, HECE R Total flux CH,-CO,
/(kgrhm™-d™")  /(t-hm2-d™") /(kg-hm™2-d™")  /(t-hm™2-d7") /(kg-hm™-d7") /(t-hm™2.d7")
M, 2.965 0.068 5.082 5.082 1.3 0.131
M, 17.350 0.399 2.769 2.769 0.977 0.098
3 itig

3.1 KX EARAGIEELE KRR TR

KA PERER A B AR K e/ NV > BRI S KBET IR 2R R IR R K
W, 255 5 T TE R i IR 2. 52—4. 88°C, 5 Amiro 2515 305 v & IR Y 45 L30T ( I3 Hb B8 3 4F 5%
A7 b ) b R B R AT R 6°C ), LR U KB AR T B ARG TR B R A | b 3R S A R A] A BOF
W B, JobE K IMOR Z BB R B 58 A K RO B RS BR ) TRIRS AR b EE A ), A2 90%
B PHAR ST E B e 2 2k ) RZ H AR ZRE R HOR, Kb R R PR E Y R (R
A B A HUZH B8 EBR T T 28U O RO RE B, 7550 22 () i e SR B A% 21 1 3000 TR] ek 2B R
5% R I R A IR A BH A S AT R SR VIR S %, (i R B iR . BRI K TR KA
%, T B2 55 RS R PR BE IR B A A e, K I RGN T VR R IR OB JR I T R R 2 2R R IR
IR A B, R B T AN [ RE BE AR KA T, X 45 1 b B 7 s/ i T 0 i v 39 T3 5 AR AR K A7 Y
WFgE g™ AR —5
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3.2 KB B HIEEEA K R E S ARHER T AR AR A5
3.2.1  KBEXT CH, dd s HE R S 215 22 A0 R 52 ikl

ML EERE | KRR B ATEEE CH, HEBCRTT 53 A Jay , 150 52 BB A 4K 2 SR i 40 3 K
HRaR, AR S M, FEib S M, FEHL RIS CH, MUR, 221 3055 WS 42, Wl s 3R 4230 (6. 0.,
1. Opg-m™>h™") X0l g 5 KobefE— B I B0 3 WO, vloas + e vE #1581 A 56 ol fig e 4b
TERRA I 5 A K I B, 32 Z2 R0 R I s2 e BT 35, BRIt , A K R0 CH, S S, RlZE R ZR e HE
TG4 BRE AR S Rl e M, BELZE 8 H iR a) A9 H L) Bk A sCHEL , — 7 T R K ope T LU R VR
AR R T B e g, W AR B A K, 2 E K B RUE BB IRTE Y A R nT R AT v
ML 2 | [l A AR 28 (0 4300 SRy TP o oy T 4 LB T, 0084 o 1 e Ay i A2 OB I IR 43 B8 4 v
HEK R pH (ED $RAET 7 CH, BIE BKIREE ; kOB )R K h s i A WL A S/ S k™ =24t T cH,
PR e e R R A CH, o 53— TR 2RI B R A A A A RE R A LA T3 1 o (2 0 T R R
AL SR LA PR, CH, HEBGE SN 52009 4F/N D420 RS20 BE I 3 M, 5 M, BEHb R IAL T IR
BOKALITNN 4.43 1. 3em) ,KAi 5 CH, MHEECE VIAH G, B U0E T8 HAT SR IR U UE W i R A e o )=
H oA Y M R UK B R KA I, 7 CH, B TS A LA S5 R 48 i P 358, CHL, HERICHE 3
MBI F R R MR A T REAEAE CH, SRR MG A A . LRR R TBRE 5 M, FEHl CH, AHE
R AR A R (M, BRI M, REHBAY 4. 85 £%) .
3.2.2  kEEXT CO, il HEBUL T AL R R

KRR T B ARIREE CO, A K ZHEHOGHE 51217 0 A% JR LR AR HEBGR B . Kobe 5 X0 IR L 2
HEGE 55, M, FE 58 CO, HEE = i i B RK AR 3L M, MEHI DA R e fe i (BB >/ 22, &
SR R R T KIS T K& BAR B AR AT, b T ROV, [T AR & | RIEA LT | IR
Yy 3B, ks A TR R 4 7 EIRE IR s ), ] T ST KRR R Ak A T s A R
T HEOFIR RS, ORI 2 SR 0, e B A AR AL S A R Y Sh A A B IR AR OE Y
KR LR T KEL MRS, RS CO, HEBHE SRR 1M 4 ¥ ) O 52 +3% Co, BB EZER R,
Raich, A5 L 9+ 58 CO, R & bl 25 1475 9 A 34 N i 38, SR AE S RS AR Y 5+
CO, Bl Z (M AFE IE AR R, A e HIEUEM & B B A K 5 R, E R Y AR P K 54 9 43
FEAE AT BN aR , S 75 P R R B IR R, A5 Ak R - I R T 2 NI fE— e B Lol E T COo,
AR ZEHEBCE R R AT SR o RIS T K I T AE AR 3R T R A ) o e R (S AR R R
3 o, BIHERIEL . Richter 25 X BT 7 Hr fin s X A F 5 th 2% PR, 9 X3 3R K 24 ok T IX
W 172, AR EREGEERH CO, £ K FEHHGH & N 45.5% , 52 W&,
3.2.3  JKBEXT N, O il s R 2 AR AL 5

KBEE B AR N, O HERCZE T 4340 4% Jm Az el A8 IF B HE s B D R ke el A8 1 124 0, fit
SPIRIL 24 O, HER 78 AL I A AL A B 2872 )02 NO; , O, SR AR e PR RS T IS ARAE AR B N, 00 M+
b 0, RS A RIS BRSNS RS AL B NLO X — &5, &5 N,0 iy R . 5—JF
T, koBeE TR R E TR, RIS KRR pH (RS K, A F T R R RS A T M, AR
K25 N,0 HEACHE & & TRk IR R T B8 2 2= MR, b 2 UK, ORI Bl 2 BRI 2 (0 - S AR R
AT A R T N,O 7= A R, S 30T R B 3 B A 1 Fn B Al Ak #2109 0, BERRAL, 5 & N,0
HEBGE A3, KB ARTEERE N,0 HEBGREE R, 7T RBE 5 KR 5 P IR B L F A s 1k 55
D7 AT 5 B DI s ma LA 1 A REERTT
3.3 KB AR TE R E AR S PR R O R B

KBEBAMIRFEAERK S CH AR SR N O RESS, U5 15em TR 2 WEMC, FERHZ
CH, HEiZ A FRgm B3 . W e i ol — e ze i A i Bk S AR Bl 3 AN 2, B A B 38 22 1R 1)
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SR R, CH, HERCT RE SR EAFAEARSCYE , (A LA AR T & B, CH, 3 i 5 1] — )2 1+ 380 B (s 2%
T BEE KR ) #18 JG fk 3 A SR A Y o v ok ) w4 S i BB R A S R CH HE R 3 s i
T MR A R A S K A R T R, BT DL, CH, HESIRE X R AR E, M, 5 M, EKF
CH, A 57K Ar 70 B AHOCOC 2R, 5 N R AU 5 AR bR 1 S 50 25 R — B, RBP4 i A AR A0 TR Be HE
G 5 KA 22 IR G AR S — T T ] B R BE X R e A HE S A T, M S T KA S R ) A e
AT RESE AKX CH, FHERCE A W ISR, A Zead — BEiF RS , A R B X CH, A= sURHHER R #2m

KIRET AR B2 CO,HEC S R MUK O A7 76 B3 AH oG . kTP & 3 co, HEci & 5
HHEREASEHE M, 5 0—15em IR B EAHDE (5 15em BEMIK) , kBG5S 0—30cm 83 (5 30cm
b 2R OC )  AEAH DG Bl - e R B AR, TR PRI AT B2 R T KRR AT T R R b 3 R Y 4 A 1 2 ) Y K
AT, BAOAE T IR K B AR TR A S 5 PRI AR FR R R A B €O, AR 4 4
T AR Rt 4 ARHIESE Hh B A KRR K AR X s A TR R R RN A B o AR BF
LR TE—E R/K A S B, CO, BRI 57K 0 i AN A OGP FEdb i A o o, & 3R CO, HE
S B S K NAFTE IEA S R, (H 2 R KA 5 CO, HERGE &2 A, Freeman C 2N iR =
SMAERTER], KO R N T, CO, i KA R AR AR e AR S kg
WH—,

KIRESGRBFEERKZ N,O0 HEBCOA R 1 12 355 , 545 2 1 58 MK A7 35 T8 WA G, TR A
Al e N,O AL A ALV E IR G A2 | R 32 3 A HLT  pH | 3800 B e b 8BS A & 5
M o KA AR YRS MR S5, R BAE T A W B IR TR ) 10 R e, A et
=SB HEO™ 2, ]I, N, O 7= A FIHERCSZ S AR 5E SO b S R 255 Z IR R 2 i S 29, Rt
T N, O 38 B A HE R B AR SR A I 25 AR S
4 #ig

KFHE T /NSRS B RIR A K S NS R LR B KA, TR RS T
2.5—5.0 °C, /KN R 0.24—6.36¢m,

KRR T BAREFEAERK R E AR HBCE A A& R, M, 5 M, HEHL CH, HEBGHE 275 0 ks
JRA K A A R BUE S B Ak S, HHERGE R <k <FE R, M, FEb I Cco, HEiE
WEREFSHEUSHE, kel 2 5N B > F>H M, Feth N0 HEGE B HF>KESEF M, HEib
N, O HEGE 5 2> 2 2>,

JRT G T BAAMEIREAE KSR CO, HEiGH & SRR FASCOC R il CH, HEBGH S 15em +
U B A A 2R DG ) N, O HEIGH i SR K ALARDCHESIAS 2

2 KBefa B CH, HERHG 3, CO, F1 N,O BYHRHCI IG5 o 43 B0 B R F% T 45.5% 24.8% . KR
HI5S T BRI FRE S RERAS MR A 43.34% , KT HERTBRAG R A9 52 ) J&e— > 2 i ad A2, B Ao it 4
Wi A A KR IR, PRI, B A TR T A JCORE T X AR MR 2 A AR HE i i A R e i
K4) Rk AR 55T
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