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2.11,0.42 kg-hm ™) , =2 CO,HEMURAIE (5. 5% —21.6% ) s HHBEF N CH, WIRHEOIR , B ARG IR N PHCR, FHEE %
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Emissions of CO,, CH, and N,O from broad-leaned forested swamp soils in

Xiaoxingan Mountains

MU Changcheng ™ , LIU Xia, SUN Xiaoxin, SHI Lanying, FENG Dengjun, CHENG Wei, WU Yunxia
College of Forestry, Northeast Forestry University, Harbin 150040, China

Abstract; The seasonal variation, influening factors and source / sink of emission of greenhouse gases ( CO,, N, O and
CH,) from marsh, alder (Alnus Jeponica) swamp and birch ( Betula platyphella) swamp soils were studied in Xiaoxingan
Mountains of China during the growing season of using a static opaque chamber-GC technique. The results showed that; D
The average emission fluxes of CO,, CH, and N,O from the marsh, Alnus Jeponica- swamp and Betula platyphella-swamp
soils were 487.89, 382.27, 514.63 mg-m >h~"', 1.88, 1.03, 0.04 mg-m *h"", 3.70, 58.61, 11.73 p,g~m_2~h_1in
growing season respectively, The fluxes of CO,were higher in summer, CH, in summer and autumn, and N,O in spring and
summer. (2) Air temperature and soil temperature ( < 20 cm) were the main factors affecting CO, emission in the three
wetlands soils; Soil temperatures (30 —40cm) were the main factors affecting CH, emission in the marsh soils ; Water table
and surface soil temperatures were the main affecting factors of CH, emission in Alnus japonica swamp soil; Water table was
the main affecting factors of N, O emission in the marsh soil ; surface soil temperature was the main affecting factors of N, 0
emission in Betula platyphella swamp soil. (3)During the growing season, All three wetland soils were the sources of CO,,
CH, and N,0(17.56, 13.76 and 18.53 t-hm *-a™'; 67.54, 37.05 and 1.30 kg-hm 2-a™"; 0. 13, 2. 11and 0. 42
kg-hm >a™"). their sources of CO, were very similar (5.5% —21.6% ) ; the soil of marsh was a strong source of CH,,

the soil of Alnus japonica swamp was a medium source of CH,, the soil of Betula platyghella swamp was a weak source of
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CH, ; and the soil of Alnus japonica swamp was a strong source of N,0, the soil of Betula platyghella swamp was a medium

source of N,0O, the soil of marsh was a weak source of N, 0.

Key Words: Xiaoxingan Mountains; broadleaved forested swamps; CO,, CH,and N,O; seasonal variation
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AR R KA BIG (AT AE ~25. 6— —4. Lo, 49K R - 12. Tem) , SR BRI AT 2 S
FESIRBUK ; EVHER PEAL T REBEA (0 L3, TR A 258, OB SR A 20 (20—35em) , 2 KB RLAG
( -40.0— -6.6cm,FF¥7KA; —17.9em)
12 BT
L2.1 SRS

USRI PR AR- AR (0%, 2R URE T, 4685 30 P B Y P £ TR PRI A 4 T 52
B3 A, BRI O o ML 5O cm x50 cm x 10 om FGFHIRHER A L5 10 om B G
HE B AT TV ORI o B AT A B0 0 31, AARE R G E O 500 T8/
GBI S0 em x50 em x50 cm, FPYTUERLA LR 10 om (/MRS BFERS SR BR300 S
PRIV ER U 12 V ettt AT LIFA AR | om 09/ML, FRICIESE S  IRRER FE
SEABE IR AEOTETIFFIAS/NL , TR I P AU s SR, 90 PR A e B RO 55 54
SAHIY A K A R R, TR AE DU AR HE 2 FLAIE KA, FER LA 9 50 em x50 em x50 em, £
TP 1o TRAE KRS PR, LA B PO L

BURER IR 2007 4E69 6 3 4 L 10 A 24 F IS 3 3K, 20 10 d B 1 G, SR E 9 :00—
11:00 52 FH 60 ml. B2 M PR FHLE 4128 2 =30 L B ko Sl AL A USRI JEHORE . RRERY , 55
e 30 min PYLA BT, SPAERA B0 010,20 30 min T, “CHORE S L 45 28 HLHL R RS
3500 L (S8 AL A AR CRHEXGWIT T 7) 577« 4Bk 1 R P HPSS90 U0 7
JAEALHIEE ( FID) e THEFERI2 (ECD) [ 4H7 CO, \CH, 1 N,0 W E.

FIRLLT AR CH R F =5 - 3+ - S0 1) sob Py R (g - m ™ - ) s
de 3R ERS VK FE BT (Y LR, M W R B A TR, P ISR BE SRR, Vo Py Ty 205
SRR T R SRR R R AL, H SRR IR IR KT (5—10 A 6) 73A
b T €O, CHL I N, 0 HEBGE R 0550 BCHR , L AU RS R SRILE KT A P2
ke KT AHERGE R I H B4 A BRI RV E) 3 M U KB ORI R
1.2.2 FEATHGE

SRABEIFIN FICF L T2 SCHRAE R REAS PSR MR ,5.110,15.,20.30 40 em - HEIELIE 45 DL
K, KGO BI 2 T 40cm b, 2007 454 K 245 IR REH AOIEZK R ILR 1 146 BE IR FE UK (175
EILE 1.
1.2.3 RS AT

Fi§ SPSS 13.0 SEFFAMHTK 1R F Pearson 1564 H 9545 [ 3 15 HE U R 056 , % Microsoft Offce
Excel 2003 Xt 8d 47 70 Hrib 2 o

http ://www. ecologica. cn



17 1 BRIN S /DRI IF I ARIEEE T CO, .CH, A N, 0 HE A X R i N T 4601

F1 PMERIGHIX 2007 F£EKFR A HBEKE/ mm
Table 1  The rain measures ( mm) at seasonal 2007 in XiaoXing’ An Mountains

FE4y 5H 6 A 7H 8 H 9 A 10 A JS5-s
Year May June July August September October Total
2007 59.0 91.0 97.5 98.0 43.4 26.4 415.3
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Fig.1 Dynamics of groundwater table and temperature from different swamps style
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2.1 /NRIE MR EIRE S ARHRO
2.1.1 CO,HkZFET A b

BEBE BB EM AR ELE COHGE BN ET M aEREA -3 (K 2) , BFEHEHK
HBAL, W W&, 2R F A FHREE, 2 I THREEMKREERMK. A RKFVEREREFELE
CO, HEJf i B 43 A 7 76.07—809. 25 mg-m >h ' ,6 A Fa]—8 A a B Ik np A= 4, 3 3 M gE
(794.21.790.74.809.25 mg-m *h ") ; By B EREKFT CO,HE 2 B A IE R fh 28 G (HAR &
HAET A, CO, M BT 435107 93.10—688. 17 111. 51—951. 10 mg-m ~*h ™", 3 57E 7 H LA A a)sEHE
JHIE{E (688. 17 951. 10 mg-m *>h™") , AMETE B 118 CO, HE R G LB A HBE L SN ME . =&
A K ZEAT T4 CO, - HIHEBGE B KUy 487.89.382.27 .514. 63 mg-m > h ™' HHBFRE HEFEE T
5.5% B HBRFEBREERERLST 21.6% , F, FEHAHEE CO,HGE R 5 E FIREMNE
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Fig.2 Seasonal variations of CO, flux in different swamps soil
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Fig.3 Seasonal variations of CH, flux in different swamps soil
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HEcE Bk, BEEE N0 EHMAR ISR & A4 i B 4%, (B SRR B o ik, B LR i %
(-18.84 pg-m >h™")  WEZEW BT, E 8 H _EAIATIHEAIEE (29.08 pg-m >h ") HlJF R 3h FHEBEHE
(-4.64—14.Tlpg-m > h™" ) ; BRGHEFMEAMIBEYE 6 A LAk E— S HEEE (178. 34 .42. 91
pgem *h)  BARGEET 8 HHaATIS —g(H(199.29 pg-m >h') , AHEEE 7 A48 A L aiE
B 3 SHERCRT UM (24. 18—27.21 pgem >h ') FETF 10 H B A) HBUME RIS ( 5. 7Tpg m >h "),
SHL Al s ) ARt HE T 30 S R BEERAS A, 43 51 R 10.37—79. 17 g m "> h ™' 0. 68—14.01pg-m *h™', =& 4
KT N0 FHHEBGE R KK K 3.70.58.61.11.73 pg-m *h ™', BAGHIREN AMBEME ERER 4.9
FEF 14. 8 £, IR N B BRI 3.0 45, L, R ARVEEE N,0 HECE B B TEERE.
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2.2 /NRIBFRMARIE T LR = SRR R e T 0.30
2.2.1  JKALXTREM AR E LR = S AAEHER
3R 2 A] IR 3, KL% B R BRI A
HHFEEEA K Z5 138 CO, .CH, 1 N, 0 HEHGHE & %
WAAFEE B B 2= . BEIEEE N,O HEi 5K 2
BERAAK(P <0.05) , AHEREE CO, HE 5K A2 B
EHRAHR(P <0.05) , BHFHIERE CH, H R 57K AL 2K
WEIEAHR(P <0.01) , BRithZ A, &H b HA IR 2= <
RHECEE SAKALRAE R AR (P >0.05), H
I, KL R AR ZE T CO, \CH, A1 N, O HEjiE & 1Y 005
SN BETE R B A Rl T A B 281k o =
2.2.2 REEXTREMAMREE LR E S AEHER
HI3R 2 A LIS 3, IR X & B IR B IR B4 FEBELEN,O BRNSHTAME
HAEREFESE KZET 3% CO,HCAE MM b3 —3X, Fig.4 Seasonal variations of N,O flux in different swamps soil
{BXf CH A1 N,O W2 A e E R ZE 7, B
HE CO B E 5= IRE 5—20 ecm TR 2R B EMWIEAMHX(P <0.01), 5H-RIRE 2 B IEM
XK (P <0.05) ; BistpiaEE COHEHGAE S 5—20 em + IR 2R B E MWIEAMK (P <0.01) , 5K REEHM
R B2 W W IEARSR (P <0.05) ; HHEEEE CO HEGE & 525 KR EE .0—15 em 38R B 2 4% W3 A AH
K(P<0.01),520 em HIERFEEBERIEMRK(P<0.05), FHHL, = IREFM0—20 em HIFIRER 3 Fh
RERBEERZET 1% COHivA B M EE WA ¥, EFIEE CHABGER S 30—40 em HIEREER
FIEAHR (P <0.05) , BHHHEEE CH, HGE B 5 RIEE 2 BE fAHX (P <0.05) , i HHE R CH, HEGE
BEH5RERABBEHKE, BHIEE N,O HiGE RN 5HFRBERBEEMK(P <0.05) , MEFIEE
MEHHEE N,O0 HiEGE & SIREHARIL S BEHIKFE (P <0.05), F, EEXMNEEAKZET CH A
N, O HEFCHE & /Y 720 B TR 25 7 R R A ARk o
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Table 2 Correlation analysis of between greenhouse gas with groundwater table or temperature in different swamps soil

AR ROk EXK 5 Soil
Swamp types Flux ~ Water table  Air 0 cm 5 cm 10 em 15 em 20 cm 30 cm 40 cm
BHERE €O, -0.229 0.685** 0.624* 0.725** 0.728** 0.719** 0.643** 0.176 0.079
Carex schmidtii marsh CH,  -0.036-0.485 -0.404 0.046  0.218  0.319  0.432 0.635*  0.669*
N,0O  -0.530*0.130  0.188 0.052  0.090  0.200 0.273  -0.121  -0.267
E TR €O,  -0.316 0.603* 0.615* 0.809** 0.836** 0.815** 0.733** 0.497 0.445
Alnussibirica var. hirsute swamp CH, 0.729%0.503 -0.563* -0.209 -0.078  0.116  0.232 0.492 0.405
N,0 0.264-0.134  0.020  0.325  0.233  0.089 -0.001 0.253 0.168
EI AR B CO, -0.535*0.752** 0.825** 0.863** 0.776** 0.648** 0.550*  0.305 0.236
Betula platyphylla swamp CH, 0.256-0.034 -0.129 -0.003  0.053  0.140  0.146 0.183 0.352

N,O -0.208 0.482 0.522* 0.497 0.350 0.236 0.143 0.206 0.073
* % F i FAH O Correlation is significant at 0. 01 level; * g Z 43¢ Correlation is significant at 0. 05 level

2.3 UL R AR B R SRR

AR A I /D2 TR PE BB PE  BFERFE 3R CO, N, O CH, HFji il & 5¥s , il
it Bet S AT AR BX 3 AR R A K Z T LR = AR HE R B, 25 T BRI R 2= SR RS
ﬂEJEHO
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A KB EEIRE BAIEEN AR L5 CO,HE R4 17. 56 .13.76.,18. 53 t-hm =, 2
HHEEE > BEREEE > BRABEEZABE, BHRREES B ERENZLEEIFAK(S. 5%—
21.6% ) , AL =F 40 CO, R RHIIR . CHH BRI N 67.54.37.05.1.30 kg-hm * | R HH B H B
> BARHIREE > AMEBERZELGER, B ERBGEEMBEBEEICH B REEER 54.9% 1 1.9% , B &
PR CH, ISR HEBOR , BARGTR B P HERCR, BREE BN S HEROE . N,0 HEE MK M 0.13.2.11.0. 42
kg-hm~*, 2RI BAHRGEE > AVERE > BHBEERES, BB EEM AR RS B & B ER
16.2 f5F1 3.2 4%, HULEHRGIE R N,0 MR HRBOR , BB h HEROR , & 5 E R 55 1R

X B ERE BARFEMAAERAE RS LR E S ARHCSE I AT, K98 CH,F1 N,0
WETERG IR AU 4 IR CO, K 25 £5 0 296 A5 K YA 24 FHERC T 1.69.,0.93.0. 033 t-hm 71 0. 038 ,
0.62.0.12 t-hm ) CO,, ik =FHAEKFT LR EAHBUE B KAM ST 19.29.15.31.,18.68 t-hm
1) CO, , M ARIRFEA B FIR A TR (3. 2% —20. 6% ) . [FIBY, = £ K ZT5 1 3IR = SUAH RES KK
 CO, .CH, \N,0:91.0% .8.8% .0.2% ,89.9% .6.1% 4.0% ,99.2% .0.2% .0.6% , & E {8, CO, 1 CH,
Heioh £, BB EE CO,.CH, \N,0 358 —& K EL B, 1 R AL LA CO RN o B, /NSRRI
AT IR RE AR R S EEIRFEWAEER T,

3 itig
3.1 CO,ZFEVAL 5B HEFMAHM

INPEZIE R I ARVR B AR A K 2N CO,MHER , H R F B E PR ZE, 5 0—20em IR E
e BEMEYE, X SARSIeEA—F S, HERTREE S TRBEYZ IERR, KRR E
BAARTE L3 2 ( <30em) , AW R TR TE Yt BRI, B RE O A8 1R ) - R B 0 I A AR
R IR R A M i, 45 SR . CO,HER 5 B2 TR A E B &ML, R, i THESERIBEEH I
i AR R M IR A K AR RPN A W I Bh Lz i 5 , T3 CO, HEE hpEZ IR ; RERIR
R R KT, LR Z AL, Y A KA T RERRH B, 1R RIS 0 MiE shsk B, £33 CO, HEtE &
K MKESIRIF 16 T Y AE KB R , 308 158 CO, HFE 2 B MR T A, NS [ it Ak
BEAEK T+ CO, T X HEHGE & (382.27—514.63 mg-m *h ") (K F = VL JF I8 51 b ( 548. 04—983. 28
mgem ™ h ) HSIOI ) R o R K SR S B TR R AR TR R (168—264 mgem 2h ') MR
WG /INEAZ IS iR I AR TR VB - 3 B T CO, MBS HEBOE .

3.2 CH,FENASHEEEF M

MBI EEREEAGBEEMBREE CHLHER FEEPEEKE, X 5AAHRE LML
M HR R AT RE R B T AR IR R R R E RS E 7 H LA, B R R R, T PR
sz [ BN, CH HE B B A B M E IR EF &, LIRGZE 2T K, K BB K, CH, 7= 4 5 ir i 2
F R 4825 IR B 22 I A, S 72 B s 9% 3 3, TR R R 4 M 0 A K IR R TT RE B A 1 F CHL i 55
FRZE K LA X BT , 0 =2 AB 4 T4 T AR B T 0 JEG 2%, 8 9% P LB A B 58 Y AT AR 1 T 8k 2 CH, 1Y
HERL

NP E VR CH HEBGE R 5 30—40 om H38R 2 B3 IEAHE ; B ERE CH, HEHGE & 5K 07
B REFEAMR, I 5HRIRE 2 BE W 0UHE; T B AR E CH, HEBOE & 518 B FOK AL AR A6
X 5igH CH, A AT (R B S 1E5) B2 1R 5K M i m ™ P e A — 3. BHB
BRI TR AR , K BT CH, HERC A BRI R 7, T 30—40cem 3838 BE A ST 84% , % CH, HEC 7T BB B
HIRGIER ; BARGB R KOG AT L EA S 0, R IR EF S R NsR T CH, A bR, KAz
FhE g R A 8], inss CH, AR i 72, 251 CH HEE & 5K L2 B3 EAHR JF SHRBEE B
B AH 56 5 {H A HETR B K LA, REE A BR , TR B CH, HE 5K AL AR AR A B . S EEH
KB, CH, 8 B 510 (VR IBE /KR #I B LM X e i TSR SR RS TR
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CH, @B [0, B, A 7K Ak B s i s Fe e R BEXT CH, HERR A B2 Wi VE FE A B 22 B0 o 14

INMEBRIG B TR B B TR R MR TR B CH, HEROIR (A5 B R > BARGIREE > AREBE, X
S K WK Y R CH, P ¥5@ B (1.35 mg-m - h )M > kA B B ARG TE R (1. 12
mg-m~*h"") > KAEAR A HHEEEE(0. 11 mg-m ~>h ") P B ST AR AR o LR IR E B KA 28 ]
SRR, B K A CH, HERCR R TR A ), B A BUK IR F 2 BUKERE ") ZWAEMHE
BEATFTFRER, FER b TR KOHH + 8RR 2 72 8K, 7= B b B I T A3 9, B 68 0 2 R B
RS BB CH, R K T AR
3.3 N,0 FH A 5B T HH

MBS EFRPE ERGIREMEAEEREAERKZ N,O HiBCE R MR R A AR, EEEEE
FERIL IR N,0 B ZEN, OH B EBR, MEBRHHREMEHBEENES R ER K, X5
FEER I — BRI N,0 F VW HONBEIE R R MR, BARGB RN AR RS A E HZE N,0
HEE AR LA, T & ERME R N,0 H B R K. BRGMEMEEESES N0 HERK,
WRER I THEEHR LA TMEE TP N0 Hgr £°°%  ME HRBEEEZ I N,0 ik
S (X5 =P FEENR R AR MR 155 SRR R K AT A %

NG B BIR I B AR TR MR A K Z N N, O WHEIR (B & B (3.70 pgom >h ")
T A DI LR (6. 87—40.96 pgem *h 1) B34S URGTRER 5ol N, O B35 HEROR ; A HERSEE (11,73
pgem >h ™) 76 FIRVEREZ A, B2 N,0 i HERCIER ; T B AR R 3 (58. 61 pgem ™ >h™") W@ FH LR, 5k
N,O KBEHEIR . BARHIREER N,O HsaHER ol A8 -5 1 - AR R B [ N /A % i pe S H B A 4
KA 3, IEQN Mitsch I Gosselink Fi#5 ) N,0 PR TR B RASM ™ . BEEEN N,0 KsHEIR,
HEEKA R BENFRAARER, TTRER i T HK BT 5, O, BERL T, s i PR AR 85 6 S s AL A R k47
FLEEMIRS , AR B 200 N, ') T EMETR % N, 0 HERCE B, AT R TR AK A1 804K, O, BE T8 7 2 , 4k
1 P AR SRS BR A ARAR X 3R 2 Bk
4 Zip

(1) /W B TR AR HIRE A E MR A K F T 3 CO, HE A WA B I Z 1 A (b A i,
HE P AR ZE, PHHIGE R 20 OB E > BEBE > BHRHIBE (514, 63,487. 89,382, 27
mgem >h™") ;CH M EBEPER KHE, FHHHERER N BEHBE > BABERE > AHEERE
(1.88.1.03.0.04 mg-m >h™") ; BHRHEFEMAMLEE N0 HiEFEEES, BB ENERI B ESR
W R ZE T, P HERCE B 2 I B TR > AREEEE > B (58.61.11.73.3. 70pg m >h '),

(2) /W B TR B GIRE M AR E K ST 1 CO,HCE R 52 SR 0—20 cm +4
TR R B AL S TE R CH,HEOE R S 30—40 om IR £ B2 EARX, BARHIBE CH, HECE
B 5ihRE R B E T, T AMER CHECER SIREMXA B2 ; AHIEE N,0 HiuE R S5 kiE
R BEIFME, MEREBEMBRAERE N0 IR SREYRATBEMLKT. EEEEN,OH
WS KR B E AR ; AHETR I CO,HER S /KA B BE AR BARHIERE CHH S5/K A 2 BEEMHE.

(3) /I E BRI B A R M AR B A K LR CO, e (17. 56,13, 76,18. 53
t-hm ™), ¥ AR VB B 5 B B FE MR (5. 5% —21. 6% ) ; =% ¥y CH, HEJL U8 (67. 54.37. 05.1. 30
kg-hm ™) BN CH,HEHEEIR , BAHIRE N P , ERETE 55 HEROHR ; =30 N, 0 HEE
(0.13.2.11,0.42 kg. hm *) , BAGIREN N,O KISEHEHIR , LR T HEROR , & 5 0E 3 N 55 HE IR

(4) /NI B EHFE BAGIBEMARERE KT LR E S AHS B YT 19.29.15.31,
18.68 t-hm ) CO, , &I HR VA FEBEAR T & BVR R (3. 2% —20. 6% ) 5 B M HRIE % + M IR = AR 4R S5 1
SEREEMATIEZE R, B EEEL CO, M CH A R F(91.0% 71 8.8% ) , Az ¥ CO,.CH, \N,0 ¥
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A —E B LA (89.9% (6. 1% 4.0% ) , T FHMETR AL LA CO,HE N £ (99.2% ) o
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