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Effects of wetland draining for forestation on methane emissions in Xiaoxing’ an

Mountains, Northeast China
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Abstract; Draining for forestation is one of the main disturbances of wetlands in Xiaoxing’an Mountains, Northeast China.
To evaluate effects of wetland draining for forestation on methane emissions and affecting factors, methane fluxes in a natural
Carex schmidtii marsh, a thicket swamp, 10- and 20- years-old Larix gmelinii plantations afforested after wetland draining
were measured by using a static opaque chamber and gas chromatography method. Results showed that there was a
significant seasonal pattern of methane fluxes in both wetlands and plantations, but the peak values in the latter were less
than those in the former. Methane uptakes were observed in the plantations but not in the wetlands. The methane emissions
in the plantations were significantly (10- years-old plantation; p =0. 005 ; 20- years-old plantation; p =0.009) lower than
those in the wetlands. Total methane emissions during growing season (150d) in the marsh, the swamp, the 10- and 20-
years-old plantations were (6.66 +8.31)gm >a™", (0.32+0.31)gm>a™", (0.13+0.50)gm > a™", and ( -0.11
£0.20)gm ™ a™", respectively. Water table lowering and vascular plants decreasing mainly contributed to the decrease of
methane emission rates after wetlands draining for forestation. The decrease of draining ditches area may also cause methane

emission rates decreasing in the plantations.
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RAR R 2 K8 B0 B KR TR, B 4F K 24 1) RS P HER 10T B et o Bk HEO R B 20% 72
A2 E R RIBHT RS P B KRR A LA EERRNIER. R, BT AZE shm e
Jail, {8 R ARV b B ™ B IR, i B HE K BOE R AR B TR 2 —, qni st HE /K B AR L ZRARER
RT3 Y857 25 75 T B I, ARS8 AL 7 X 38t 24 2000 77 hm® AR ARIB HTE B B AR o 1@k
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WEAR KL, 7K1 T A SRR T H ARG ER SRS 1, R F 72 B b B sh A WL R I R B> ™) 53—
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AR, BT XIS AR T AR B AR ], i HE K THxHE B e HERGE B SR P EE R R 2R,
B ERLXBFMEERS S FHi, A L EINEA R X8R5 R R TR st L.
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B R Z — AR HLIX., 3 SR R T AR R 32 B TR, o i R B TR R dE =107
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A I, A S35 3 B AR B /N D B2 08 TSRV R DA S VR R 1t HE K S AR 9% A N TR BFFE X 42,
FI FA# S B A -SAH A B R VR ER b HE K G AR AT 5 B e HEBOE & i 25 2t AR K ZE e HE G &
FHER BB, G A B FHETHE K AR VR 3 AR e HE i 2 5% 8RB L AL, DAEE 3R
il R Y b R e R B B 4 T N R B HE TR SRR AR 2K AR o
1 HAREXMAESHARTE
1.1 B XA

WEFEHb AL T /NSRS B, BT ARALER BT AL Rk k3G . Hh3R AL AR 2 48°03753" ~ 48°
17'11"N,128°30'36" ~ 128°45'00"E, “F-¥13K 260 ~500m, J& JE iy KB i 2 XS 4%, 2 i S A A v (A Al
WERZW, IRPEHBE K. £F2TR . EK, EFRAZSWIHEEY., FFHREY 0.4C, EFRRE
2000°C ] 2500°C Z ], FF-HFEK & 630mm, £FEFFHNFEKRIEY, —RAENES, _—~2E8F7~8 A
] PRI REE TR, T DRI K | AR R K 1Y) 70% . TCFEHAZY R 110 d, B RFEHTE 9 A b A) , R R IAAEIRAE 5
AHREEHR, FBKE 6 A o e IR mE AR, b e HIERAIR 71% , e 3R Bf) - VR
P+, B L FVEE L & 27% Rkt 5 2% . FETRHRTIAE FNTEEE FENTBEE FRATEEE BB
BIKIBEEZR AR,

1.2 FEHbiZE

BEBEHKE AR 10a F246 25 M PAN TARFIHEK REAK 20a 1924622 B A N TARE —3, HE K EARRT 0 & B
B EMBES _H IR AR, KRRV RSN TR 5 HEK & AR AT A8 B IS BAE X B ) & B VR A
HENBES — B, BB ENREAE Y 2R 53 & 5 ( Carex schmidiii ) F1 /)N it & ( Calamagrostis
angustifolia) , W ANTEFE N R EAEY) J AR T HE ( Betula ovalifolia) , T |2 FAAE W) 2 Y [R]AF Ay gt 28 5 B A1 /N
T, ANTARBFEHEE LS5 7E 10a §TF 20a BTFEAT R ZZHEK AR, k2 R IZ , AVA KB i 48
BEEMM2EHNIERZEE , AT & E, QLGS &% AR IS, RIEHZ 5 i k4K . 535
Z&xt 10a F1 20a AT KR AR , BIAEAEXS 22 & ' 23 5128 50em Fl 25¢m, ZE 5% 100 ~ 150cm ; HE7K 14 FE 40 ~
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18 />,
1.3 SERESHT
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T, (R AR AL A REAS YD , DR O B2 S T 17 A R R s 5 RARTE IR AE MR ZE 5 A [, 10a Y51
AN TARHEK I8 LF TP A 1<, 20a 3 PN TARHE K 8 P9 AR 0  FRORELHD , 2 2B 7R AR 3t PR FR) DR PR L 45
HIEBCIR DL BRSO o B A2 K 2 R JRE T B 3t A 3 A PRAIE Ao G JE P A i 3 ) T PR/ e A B
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JEE JRARFR AR R SRR La X IR BT  H R REEFE TR B o KU A 58 38 B 45 R 40 o AR Ry B i
(mg-m >d ") FFRLL 24 (—RKE/NEED o
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1.4 FdRGEH4Hr
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TRASE R A B ) B 32 ( — 20 ~Ocem) |, T HEZK B 4K 20a 75 P A TARHEK 35 P9 H R 7K 457 A 38543+ B i) B
FEL(< -40em) , HEZKFEMK 10a F1 20a &N N THEARZ S KW T K ENMERZE-HEBRE R
(< -40cm) . RARTBEFEHKEMG , HEZK B AR 10a F1 20a F7E A N TARERZE & BT 7K 60T B 05 A
], B T B T 29 50cm ; THEK 78 -3 7K 0 T FEIE BEEAS R, 4350 02 2em F1 25em ([ 1a) o

KRB EHKEMSG , 10em F1 5em R RER MBS RABEZFEAKR HRERE LR
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RN R E BT T 2. 1CH 2.4°C, HKW a3 FRET 3.2°CH1 2. 5°C (& 1b, ¢) ;s HEKE K
20a yFE AR A TAR 10em 1 Sem T3RAAE R PP R, EEARZE & L& 58 PRI AR P 497 3908 20 51 |
THT 1.4CH 2. 1C, {HK W35 EFHT 0. 1CHI0.9°C (& 1b,¢) s HEKEHK 10a F1 202 BN THZES
A AR 22 M3 B EE & R TR A AR R O R T 1.3°C AN 3. 7C (| 1d) o =B
B TR AR R AR RIS 1R 9 , 3908 B i 28 A2 7Kk A2 28 A S SR B 728 1k LA R AR AR B 1A i 2 [R1/E 5
8
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E 100 200
3 0 £ 150
100 |1 g
g 7100 5100 ek
5 200 g
= 300 | e 30
& 400 oo
% —500 I I | | | | I I I | I I | I | - —50
-t A G - - G T A
S —AO—~ A —~—AS —~A O — A
OO bbb IR DD D
SO OO DD O OO O OO — — —
(c) Sem 3
250 Soil temperature at 5cm depth 400
£ 200 S350
g > 300
5 ] :
s 150 .g 25.0
g 100 g 200
=) .
& 5.0 g 15.0
e = 10.0
o 0 ’ﬁ 50 |-
-5.0 -~ 0

B REHOK GRS KA AR B S A&
Fig. 1 Dynamics of water table and temperature before and after draining for forestation
TC: BH B Carex schmidtii marsh; GC: #MHPE thicket swamp; R10a il R20a: 10a il 20a % M #A A Tk 22 4 ridge of 10- and 20-
years-old Larix gmelinii plantations; D10a Fl D20a: 10a #120a 3% H-#A A\ THkHE/K 74 ditch of 10- and 20-years-old Larix gmelinii plantations. 7K{i;
WREE R - 40em, < —40cm 76 B YRR K - 40cm; HHEEFEKAIRT, < —40cm KEBMEHH - 45em; T Water table was
measured only to —40cm and was showed —40cm in figure when it is less than —40cm, —45cm was calculated for mean water table when it is less

than —40cm; the same below

HEHKEARTE 10em M Sem +36RETE 8 A AR, RN 7 A A&, LiREE TEE
Bl AMH, X EERFAA X B EA F TSR, BEMAITIR)E , 10em fl Sem +332 T+ =,
Wiz S AR, R BWITHE , 5 RIS, 10em il Sem HIRRIKME S AMEWERETELE AT TFEL
A REAL ST R R , BN e SRR 7 A AR BB, 10em AT Sem £ i T2 R T E RE AR
Wi T AR B BB KAE, TS 29 1A A R B R fE
2.2 {HFEHOKEMAETE B b 8 2 A A

LT AIE AR P B HE RO A L A2 A A AL, VR R D LA i 2, B DA YR R Ol L gy 2K
(& 2a, b) . BEBFEFEZHEHERR/DN, RFIFETHR 8 AR R —EE, IEmA T, 29 AR
TEREE —NE(E , M5 W T R, A0 & 2R B MK, BOGERE N 173. 52mg-m™>d ™' (9 A 24
H) o #EMNBEFEZS R EHHERR/NMNEETF, 5 B# TR B R R R RKF, kT 3 — >
WEAE , M0JF AR T B 22 KT, oKl B LB R MR Z, U 7. 68mg-m ™d ™' (10 A 4 H) ,fUNE
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KIRTH I bel B A 2 B E R ET, X TR RN EFMEE, b TRK s B3 T — 1M
bt BG40, SR 2 ORI A B9 3 R KL AR KR T [ (B L) , T RAH T B R a9 A K, B 0t e il B A
BT RERSE 7 A T, E I SRR S LR A IR B HE R (B 2) . BERME)EERK
TS  AELR IR BEAR X AR , 4 P B A P PR, 9 DA ol AR X R o
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Fig. 2 Dynamics of methane fluxes before and after draining for forestation during growing season

HFEHKEME , B e 2T AR AR A A B2 , W 5 R ) B [R1#R 5 K ARVB AR, T EL H B
WA LI BR (E 2¢, d, e, £) o HEKIEM 10a AR THGEMZE G F bERERFIKREH — 114
{8, B KB EEN 6. 96mg-m >d ™" (8 A4 H) . H/KHk 10a Frt-ta N TARHEK 15 el B (R A — 1
BEAR , B KGE R{E D 20. 40mg-m > d "' (8 A 4 H) . HE/KHEAK 20a EIH A TAREME & FECEREFS
MEFEH M EHE, BRGEREN 1. 44mg-m™>d (9 A4 H) . HKiEk20a Frwe A TAHEK 15 i@
BUEHEZE BAIHBAREE —NEE, RIGERE N 8. 88mg-m™d "' (7 A 24 H) . Hizki&#k 10a F1 20a 7%
AR N AR IE AR ZE & bl B2 R 20 ) Dy SR, BV IR Y e , HEZK 9 T 4o ik TR A P e , 1E HE B — 3
/I, I HLHE ] o A 6

HEHAKIEASE , B o0 B e/, 8 BT 46 B fEL, BRSO e R el e BB R/ N5 7K o 4
DIARSE , — MR R e B /K BTG A st /B 20 2 2 RAR TR B | B T HEK B A 2 i
YRR, 3K TR, R AL 3t R A BE B 3 K, DR G R e HE O (B AR X A8 /N e R /KA R AF 9 22 57, HEZK I B9
e B — R TENREE R A/RWAAER 7 AL, IHKE 10a A AN TAK 10 A 14 HEMZES
FRe38  5 B 2 9 HE 3 e (4. 08mg - m >+ d ™), B/ T2 H IRl —#F st HE K 4 B FFY e 38 4 (1. 20
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mg-m *d"") (& 2c, d),3XFTRERE B T2 H BURE R BERLAR , ARIELAEHEAK 1 Py b 3 S VK , T vk e 40 )
B 7= A FUREIAC % 270, 7 LA R e B /N (AR 22 st R IR E TR Tk ot , S0t VK , AP e HE OS2 AR
IR AR BRI B/, BT AHERCE EHR K IR o
2.3 HEHOKEMATE 4K Z R ber Y B AR B

BEREERE P ECFSHEGE R B E X TR (X ¢ K%, p=0.010) , 2553 AEER 22
(£ 1), X GIMERICT AT E ZTLF AR B SR OB s 45 R A — 5% BB
FER A, 7KL NGBS TR b bl B AR P R UK R BE AU , B S A o
AR, RO e ) R HRC A TR AR A, BRUKARR BE3E B s PR AR, Ak 7™ R e T B 2B, TR 8 R el A
KB . APFHE—PUEL T X8, B FRFEANF TRV, MEARFR N —EA THRUT,
R FBUKREB)EE K, AR @ B R E KRS o KA & [ S A A 23, i s 228 A
PRAEUZ MRV i 12, TR M AT0 ) TR 2 DR RO AR, A0l FR G HERC ™ o AR 7= R e T SR B A LI 0 R
B, A AR R bE R RFFERMRACOF S o 5340, B BE SENBEH L EA YRS £, 5
AP AR ™, B AT AR AT P 5 BV R ELHE MR PR e R K R R 22—

F1 BEAKERNREKFRRTHEERIFHEE

Table 1 Mean and Total seasonal methane fluxes before and after draining for forestation

SHE R + e HERCE B = frifls IR R E /Nl R

%,Sﬁf: Mean Flux + SD Total Flux + SD Maximum flux Minimum flux Samﬁjiffnber
(mgem~>d~") (grm™>a™") (mm~*a™") (mem~%a™")
TC 44.40 +55.39 6.66 +8.31 173.52 0.24 15
GC 2.16 +2.06 0.32 +0.31 7.68 0.00 15
R10a 0.14 +2.62 0.13 +0.50 6.96 -2.64 15
D10a 2.51 +6.02 20.40 -3.60 15
R20a -1.63 £1.36 -0.11 +£0.20 1.44 -3.60 15
D20a 1.37 £3.06 8.88 -1.44 15

* A K ZE RS D PR R DUAE KRB (150d) , S8 A TTAR SRR B, HEZK Y8 BT (5 T AR SE Bl #HE 29 30% 1155 Seasonal
total methane fluxes were calculated use mean methane flux plus growing seasonal days (150 d) and the area of 30% which drainage ditch occupying in

Larix gmelinii forest plantations measured in field

ARG , B ol BRI, RS RMERI TR (R 1) o MEKBFERE, Hk SR
10a 1 20a F) 7% - HA A TARHEK V82 RS 468 B 2 R, (EL5 R AR TR VR 19 T 2B AH 1, Hlik B 1B A1
(BX ¢ K23 ,p =0.013 1 p =0.010) ; MR ARZE & 1 eiB B AR, BOE TRE B AL, 5 KR TE
B8 M E, HECR: B PRI (Bt ¢ K36 ,p = 0. 008 Al p =0.004) , B4R X 5 FR s B, A\ Dbt i 35
(10a AT Ak:p =0.005;20a A Thk:p =0.009) T K 4R & 2L V8 5 FIHE MBI T 2M8 . T Hese e 2
BB (FR 1), HiK#E Ak 20 42 9% i i A ARS8 S B 4 90, X S5 R A BIBF SR 45 3R — 30 S 5 T kK s Ak
10a FITEIFA N TARAT A B B O U, {E HE RO B8/, 29 KARTE TR R 1 1/3 AUH RAR B BB BRI 1/50,
X — 3 B S R BRI 45 R (1/260 ~1/3) P AR —3,

2.4 JBEHIKEMATE Bl B EE R E &

VA BEHEK B ARRT IS N R BURE 5 2 T B Bl B 5K AL IEARSE (p =0.178) (I 3) . X FERPE B3
HEK MG SHOKATAREL , B FHEK KA —E R T M, R EME , FFARTE A K i 20 T KR
KAy, BE—2B AR T (2 ~50cm) /KA (18 1a) , e 390 EUR TR BERS AN, 33— 75 T o6 7 7%= B 6 B 7 2 R
B—77 T R AR IER R UG e B R S 2R, BB S EA T TR bE B MR, X 5P M5
WHEA 3, AT R DR, BHK SBUREE LR G Froa s E e g " T
Rk 52 2 HEK G B 2 G TR A S B RIE S A X B R i T HEAK S R KT M, AT
TR AR RS R,
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RLFEE L S I i PR e O TR T, PP e 5000
WHRBEEARS ™ AP, BB K 7 b ~ a0 o7 20406 ¢
JEHEK R ZE & ) R 5 KRB RA —E T so00) R=03997
A ABIPRAX FEEHE e T ER . ki =2
#h20a BT IRATARHE A L HERIE (100m FSem) 22|
B TRAWPEO 1 ~0.9C (A 1b, o) fHBEHNFER  F5 .o
R AT HERE G REER R = [ ° *
ST 2 S 5 AR DL, FT R B Tk A R M 1 2 e e = ooy
2 TR AR AT B e B OO S0, DR TR VR HE K 2 PR AT e 00 a0 200 0
5 = MR B 25 SR 2 S B A B 1 A SFHPRAL Mean water able (em)

HRKEMNE , R AR L 7R, KRR B3 WK e MR S R ) ORE 2245 38 W ol it 5 7K i
AHYIFE D 70% ~90% TN TAKIL I 20% ~40% , -

TeHRFHRN T HE ARG N EAR Y ZEILFH  Fig 3 Correlation between seasonal mean methane flux and water
ZEAHEYRELS, THEEE N EEYEEFEYH) table in different plots before and after draining for forestation during
KRR, — 5 EED> T 3R A2 B HURYIHERL, R growing season

FIFR B, 5 — 5 T Y bR 1S

VRS H I S BOR SeHE R IR . B T SO R R REIESE V5 A B B RES R B R B —H
Rt B ot , R I A 33 1 A BE A 8 A R A B i 15 X FR ot HE IS S A B i, 32 DA S I 9% v 7R B AR R 1)
)

B THEK VA FE AR ZE & H i B 22 S8R, HKI I = F W HEBGR R R TEMARE A (R 1), T A HE
FKIE I o AR N TSR ZE & BT 5 TEAREBR T, HEB B AR BN R Z HEC R AR A R . e B3P HEK
TEARONS DA 1 R e Rk A S e b 6 2525 P HE K V8 5 1 AR 2E B 7E XA BT & TR LBl . ASBIFSE o 2Rk
WA S AL 10% F+ 2 50% W, HE7K 34k 10 48 15 # A8 N TAKZE S5 739 F e i@ & M (0. 37 £2.79)
mg-m~*d "' FFE (1.33 £3.99)mg-m*d ", MiHEAK AR 20 4R 975 P A TARIR IS e 3K (1,33 £1.27)
mg-m~*d "' fEZE(0.13 £1.69)mg-m d ™ (F 2) , B HEK BT b AR/ R I e ) A 2 e A —
N, X5 Minkkinen 25 (BT 451 — B0 AT AT ST 651 R - T KR bl B, Hk o i A fn &
1 K IR 449 38 R A T A 42755 (0.5 ~ 4. 4mg-m ™ d ") ;{55 Roulet Fil Moore fZ5IEHEA 251!, fifi]
IS5 IA R HEZK Vi TETRR G 256 - 24 F b 2 i A 11 BT 3R 1, (ELER R A BE K, HE K BT o T AR ot
— & FBRE, HEK I HE A B 2 T RAEEE, AT H i HEK I8 B 5 AR B IA 2] 100% , HE7K X8,
I BB 2 T RAEEE, X Fh 2507 f82& H i Roulet F1 Moore FirBIF4Y (19 K SR Ve o< b (Xof B b, ) R e HiE
BEFAL(0 ~ 15mg-m™>d ™) | MASHF 5T Hp RAR B FR e HE R A X 40 (0 ~ 173. 52mg-m > d "), [ gtk
T TE R AT H & KRR TG & o

®2 HKARMSTEERHEHBRATIKRREFHER CFHMH <302, mgm>d™")

Table 2 Mean methane flux from Larix gmelinii forest plantations according to different area proportions of ditches (Mean + SD, mg-m ~%d ')

SRR BRI HeZK Y8 7 5 T R I Area proportions of ditches( % )
Sites age 10 20 30 40 50
10a 0.37 £2.79 0.61 £3.02 0.85 +3.31 1.09 +3.64 1.33 +£3.99
20a -1.33£1.27 -1.03 £1.26 -0.73 £1.34 -0.43 £1.49 -0.13 £1.69

10a F120a; 10a F120a ¥ M-#A A TAHk 10- and 20-years-old Larix gmelinii plantations

Bubier Fl Moore #i 1 , T HEZK X F A S 2 M, A (UG T HEK 9 B AR X TG AR, T L5 7K 2 B R i B2
HR HoK AR 10a (75 AR N TTAKHEK 78 P33t T 7K A7 K F 43 e ] 3300 4 2% (- 20 ~ Ocm) , T3 HEZK K
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20a B HHA N TARHEZK 8 P 3T 7K AL R 4B 18] BE M R B ( < - 40em) ([&] 1a) , i B B HE K& A 20a
7% P N AREEHE K PR 10a (9% i FA NIRRT IR0 BE R, 3 222 dhy TV AL R T I R JG X 7K 0 2%
PSR RFIE M., B FKALTREIEE K, HEK Ak 20a #7% i #a A TARH B BEMIE (( - 0. 11 £0.20)
grm >a'),10a NTHAHBEHUR ((0.13 £0.50) g-m-a™") , #B/N T RARTE A 5 5 Hi e B2 ((0.32 =
0.31)g-m *a™") T HIEim/NF RAE FEFEHHER((6.66 £8.31) g m ™>a ') (£ 1), XEZILPHE
INRFEHEK BIERTE B e HERO A AR ), A58 00 : TR E R EA/N E R BAE /K H AR H G, 7K H i)
F b HEROE R T KRB RN 1/3 2510 ™) K A7 R 3 B A F 2 L U 2 Oy R e ™ 7
3 g

(1) RERE TR ETEEEAE AR A AR e AR A R 2 28 A e, (BN Tk P e i 0
16 H B B[R] AT R 5 ARV R, D AEAR X/ , A RO e B R B AN AR HEZK T84T 0 Y A
TR, TELHETOE B R R ARG, TS AR ZE & UA 1 R e HE e 22 D e KL 5

(2) HEZK Ao T I 3 FR e il B AR R , HLREE AR R & R R AN WG . K& Ak
20a P& AN N TTAREE AR R FRGEIE, HEZKGEAR 10a BT AR N TARATS S B b i HE RO, ELHE R B AR R B4R,
HRIRHENBEERL) 1/3 AU RIRE EHFERZ) 1/50,

(3) 7KL FEFZEEHEY) IR0 e T BN S B TR B HE K MG R e HE i BB i B E R . HEK A
JIt ok BR AR X T ARUAS [t 2 /K S PR A B e B P 2 A 7™ AR B 2R M), HEZK I AR T BB, 5 R AR TR %
HALE , B e HERE BB
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