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Abstract; A monthly investigation of methane flux in Phragmites australis wetland, Saline seepweed wetland, and mudflat at
Liaohe Estuary was carried out from June to November in 2016, using an enclosed chamber technique. Simultaneously,
environmental factors, including soil temperature, redox potential (Eh) , electrical conductivity (EC) , and pH values were
measured to evaluate its influence on methane emission. The results showed that: (i) the methane flux in the three types of
wetland showed obvious seasonal variations, which is higher in summer than that in spring and autumn; (ii) the methane
flux was 0.447—10.40 mg m > h™'with a mean of 3.699 + 3.679 in P. australis wetland. During ebb tides, methane flux was
0.045 - 0.509 and 0.016 ~ 0.593 mg m™> h™' with a mean of 0.165 = 0.156 and 0.198 = 0.191 mg m™* h™" in the Saline

seepweed wetland and mudflat, respectively. The methane flux was significantly different among the three wetland types (P <
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0.01), which is highest in P. australis, and followed by mudflat, Saline seepweed wetland; (iii) during flood tide, the
methane flux ranged from 0.009 to 0.353 mg m > h™" and 0.018 to 0.335 mg m > h™' with means of 0.119 = 0.132 and 0.131
+ 0.103 mg m ™ h™" in Saline seepweed wetland and mudflat, respectively. The mean fluxes of methane during flood tides
were significantly lower than that of ebb tide (P < 0.01) ; and (iv) furthermore, methane fluxes negatively correlated with
the EC values in the three wetland types (P < 0.01). The results indicate that tide and salinity are the key factors to

influence methane emission from the coastal wetlands of Liaohe estuary.

Key Words; methane emission; tide; environmental factor; coastal wetland; Liaohe estuary

PEAESR , KA BIR = AUAR S s TH R, A B A5 1 2 25 R BUR ARAR 5 1 1 4 sk ik PR 458 K% 2R 2 1)
B TEHARRT 80 JT AR, MR R CH, MR EETE 320%107° mL/m® F 780x 107 mL/m’ Z [d] 3 3h'*' 2012
AERR CH, R E A H) 1803x107° mL/m? , 254 Tk Biavmin i 3 £5 . B8R CH 28 KA AR BE A%, H 3
TS COL Y 10—25 15, XHRLZE R0 1Y SRRk 23%*) | I BLAE KA A F 2407 B F ) K0k 10 4R i T
CO, M 34, PRIILIs/D CH,HEBOW S FIVEAE (4 2Bk B IR A St > O, MHEBOE a2

Vb AR K CH, EARHERCI , BH4E BTHk 100x102—231x10"2 ¢ CH, #EA RS, 2t 5 CH, HEji s
T 15%—30% 7, FETZ BT Hi PR e A 33031 RS Bl H 30 bt L, I S 5 14 e 2 TR 36 A7 A0 35 I S R 1
VEE VT b Ak VR B 28 AT SRR K S A FH K ER P45 B 8 DX F P Bl e T A My R 2
FEEE ELRR IR, BFFT R, KO A ZE Ak v Bl + 39 BROK P i S0 o0 A, B Ak S R A A AR R
5 DR - VB T AR Ak, T AR e IR R SR 1A LS TG B 5 B KA SOT Ak
Pl AR PR A TE AR 1 L B2 4R, A SR R ] A DR SR A B fb 1) 2 a2 s 3R B B R I AR AL T X
A TG e S R 45 H S T RE P A R

SR, AN [F] 3t 3 DXl PR PR 25 R 45 S, DR 1 CHL HETBCRFIE AN A W] 0 70 11 908 A2 6 (] v i 0
DX R AR 0 M, = A 5 A K ORITR] K R 4 1% X b - AR R T i R R S L W R AL VA £ (EC
0.67—2.72 mS/cm,Cl™ 0.24—3.52 g/kg, SO 0.23—3.49 g/kg) , J& WP ok i ok o2 v iy AV K 0 B SR
11.06—15.65 ¢/L, 33 12.8%0c—18.5%0, T ARBEE B K FNTT I >R K 2 1 F B, K AR TS FY e i 1
AR A3 T, P AR AR AL A B H 25 B S 350K X TR 1 3 b A s e 2E b R AL A o B A L W, AR
G R FH DS LI 173, 388 A 0 2 3R] 0 A [ Y VA 0 A8 TR (P =5 Y S T e R ME N b ) CHL, P HEICRR
fiE, 73 A7 CH, HERCRRE 5 E 2B K [ 1 G &R, B AER 25 T 293030 1 3 CH, HER I OGP BE 22 5% | W Ui
TR CH,HERCR 3 K CH, A B LA 5T 42 LR 224K 3

1 ARRESHARAE

1.1 WF5E XIEAE A

TLTA] I RE A T 2 TH B8 P TR M X, s B B 40°41703.06"—41°27'42.01"N, 121°30730.29"—122°30"
21.33"E, A8 TR, AT AR R T R B R A AR K 3 611.6—640.1 mm, &
fE7—9 H A FYHAIR 9.2°C B4 11 H B 4 A1, TR ™ 5 2RV 3 14
B E ALY ER AT B - AR IR S SRR £ A 8 FLv iy 1) LR 2 T ARIEH
ARV BR I F AT ST IR N 75 25 ( Phragmites australis wetland ) H85% {230 ( Saline seepweed wetland ) FIFE¥E
JEH (Mudflat) , JERFE KK R 225 08E |, BRI O B A 55, 7 35 MR B A iR A K HE S 2410 6—
9 H,8 Hh ks, Ptk 2.8—3.2 m, MBHZE R R 20—22 em,2016 4F- M1 A= 4y LI 55 v 1L 40 31 0
(2033.3+256.5) g/m°f1(321.9+62.8) ¢/m*, ALK L 3 Bl () [ SR VB H S RN AF S8 AL b, BRI 3 A~ [ 2
LI 55 i AR BRS04 (41°14703.06"N, 121°50730.29"E ) ( S350 H) L (40°56'03.06"N,121°49'30.29"E ) (##
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BREEIR M) | (40°57'03.06"N,121°42/30.29"E ) (BRMENRHE ) | e 25 R A o R0 B35 RAF A Z [A] I B ES 29 10
km , S RAL S FARRER A S Z RN BE B 2 0.5 km,
1.2 R Tk
1.2.1  CH, AR SR AR

KSR —SAREEE . RFERE W 3 A B RS+ A + A . IS A ARG, WL
IORTIA 4 H A ADRE JEC AR 81 08 75 B3 SR A 05 3 2 40 AN IO AR 9 M AN B 6 PVC ARC(JEERE 3 mm) , FUAS 4351 R
45 ¢cmx45 ¢cmx100 cm 145 cmx45 ¢cmx80 cm, THFH 2225 /INAUES , LARIERE N SARIR &1 4) , I BE 42255 =5
AR BETE , BT AR S 0 RS FRL T &, RAERDR DA & T 2 b (g b & B A 80 em J5 , 7F
JRJEFNTOURR 22 [ AN I HEAE ), A6 RGP RS v e e oK, 1) R e 32 o SRR B % AL 1, 046 5 Sz R T
AIET, I 100 mL {58 FH4E 519 0,10 .20 .30 min AR R SR, SR AE 09SO 13 =38 i AR 2
B AR T RE I TR T A2 7,250 mL) o 2% JEGH AT R XS CH, S AHETBO 52 00, 7 320 Bl 32 b
BRWENE M A A 55, [l —RAE H B N I TEBKII AT 2 /N SR A2 B A7 A SARE i, 2381 AR AL TA 2 10 em B
TR R AR R B SREE S SRR R SE A ] 29 30 min, 37K 5 i K AL AT AR A AR 34 em Ab, SREERT
)4 2016 4 6—11 J1 , Hirdr 7.8 A RS AR b e A0 &0 RE 1 Ik, BRI E 3
AU
1.2.2  TIERENCRE S &

RAESMRKRE SR RIS R4 RAE S, 8R4 0—10 em IREM 3,3 ANEE , 2R A4 G
WIS, Pk B AR R 5 H AR KT WS, i 100 H i, 4 531 FH e i 2 A 4% PR 4 A fb - 25 i vk RN T IR 7k
52 + 38 b7 LB ( soil organic carbon,SOC) A4 (total nitrogen, TN) & "/ (F 1),

®1 #itEENR ESERB EENE

Table 1 Soil organic carbon, total nitrogen content and aboveground biomass

T4 257 I BB MAESE M AR

Type of wetland S0C/ (g/kg) TN/ (g/kg) Aboveground biomass/ (g/m?)
J2EIRHL Phragmites australis wetland 24.02+0.79 0.470+0.075 2033.3+256.5
TR Saline seepweed wetland 16.04£0.96 0.345+0.027 321.9+62.8
PRI L Mudflat 15.77+1.18 0.294+0.027 —

SOC :soil organic carbon; TN total nitrogen; PHE bR UERE

1.2.3 B[R F A E A Y R E

SRAESMRKE ST, [R5 WA EE 7 (A8 1k, ASHIF ST 32 B2 000 1 P4 58 IR 1~ 0 46 58 pH L SR (H
(EC) AL AL (Eh) Fldth A=, 43501 R K AR IR 1 5 %L ( DDBJ- 350 ) AR B 11 ( PHBJ-260)
PEAT I 5 SR G e R - A
1.2.4  SARFE T S A

SAREES R CH W A FID (EUKMEE PRI ES ) M i A (22 HE1E 7890B) il e , #K
FRR, TE 25 mL/min; BN AR, WE 40 mL/ming BIBR SN 23, T E 400 mL/min, K I 45 R EE
250°C , FEAR IR EE 55°C  Fl B il 375°C TR GEAREY) 5T o026 72 1 CH PR UESUAR W 1.99 L/
L., T A1 R B SR HE G & .

o

de M P T
Ko, ] AEMHEE R (mg m™ b)), de/de SRR IS A R B Bt s 1) 25 A0 10 ELZR R, M A 0 AR g B R
it , P RRAE SRR (Pa) , T RFER AR (K) |, V), Py, Ty B RARERES T ISR EE R IR 8RR
JE(Pa) FZEXHRBE (K) |, H A7k L REEF = B (m)

J
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2 HR55%H

2.1 AFEEMZER CH,HERURE

3 PP ANEH CH, AR B AR A AR (B 1) o P 3500 CH, HR IR I 8] 22 1k 52 i B R il s
fiE. H 6 A¥IZ 8 A1, CH, HEAGE BT 45 1 JF,7 A% BTk, 5 8 H w7 H BUHE A% (E (10.40+3.82)
mg m> h™', WS, CH RS P RSB H, O ZE 0 (11 H%0) , CH ARG (4 (0.575+0.095) mgm™ h™',

WAGE I CH,HERCERAE 5 2 BB R R (& 1) .6 A %0, BkEaT CH, HEGE B2 @i &, 3+ T 7 A a)
HIHE A (0.509£0.106) mg m™ h™',8 WP N &% (0.132+0.004) mg m ™ h™', ZJ5 , EIE 8 TR
P BRI ], CH, HEBUE AR 5 35k 1T 2 A — 250, (H HEC (B 3 B0AE 7 A %0, AN (B R (0.353£0.052) mg

-2 1.-1
m - h

PRMEE Y CH, HERCRRAE -5 M2 S0 M T (T 1) 3k iy Ak v 1) CH, HEGH B 278 7 A vdha) ik 5]k
{8, HAH /52 (0.593+0.013) mg m™ h™' (#KI AT ) F1(0.335+0.103) mg m™> h™' (@K ) , = 11 A%, CH,HE
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Fig.1 CH, flux in different types of wetland
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AW A, =510 1Y CH,HECHE 2 25 {5 4 (3.699+3.679) mg m™ h™', B Ik T HAd W 260 il ( 3%
2) o RIEART, A 0EE T AN e CH, HERGE S E 5 518 (0.165+0.156) mg m™ h™' F1(0.198+0.191) mg
m™> ht SRR > 0 B N, YR CHL, HERIGE 2 TC B 35 25 5 (P>0.05) (3£ 2) s ki A v,
T 1 b RTREE FE Hb F FE D (B0 591 4 (0.119+0.132) mg m™ h™' A1(0.131£0.103) mg m™> h™", L E I L MR
Hi > PRBEE IR, AR B R KTy 220 4 3 250 CH, HEOE i B B3 22 5 (P<0.05) |, 27 25 10 > 14 v
D b RV ) >3 Rl Y T ) |, % = bt > AR 2t (9 ) >0 e Y (K ) o R A3 B ek
HIJE CH,HEBGE YA, 1947 B 0 B I 1 SR e 10 b AR s i) CHL HE G 2 (P<0.05)

®2 WNHA CH HMBEHE

Table 2 Average methane flux during the observation period

T Hh 27 CH, 7% 8 H {8 Mean flux of methane/(mg m™2 h™!)

Type of wetland FEEART During flood tide Bk During ebb tide
PRI Phragmites australis wetland 3.699+3.679a —
PAHE R Saline seepweed wetland 0.165+0.156b 0.119+0.132¢
BT Mudflat 0.198+0.191b 0.131£0.103¢

Wi 22, R REIS 2 [], AR 7R R oR 225 .35 (P<0.05)
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2.2 FREER AR AR S X CH, HERCA S

P T =50 b TG B S 47 e R ORI )G AR MR . CH HERCS 26 He A A5 IR i 52
M, 3 2R H EHEOR I 8 H P A ZHifE 25.0—28.5°C Z A48 5, 2 J5  JF IR PG R, 2 11 H il 25 s i
KR 7.0—9.0°C (&1 2) , SHHZE G i A BR ME IR b H 5238 (EC) 2B B E [ (Y18 ) 24 21.0—31.4(25.0+4.17)
mS/cm 5 22.1—31.3(25.2£3.61) mS/em, —F AR HEF KB E (K 2) , B T% 25 15 HoAH B {8 2.50—8.09
(5.24+1.88) mS/cm; FLPH 2R Jr 22 40 A 2 W, 7 35 Y M HL S % (EC) (B B Bk X 50 1 320 ik 52 R4 M 102 b (P <
0.01) o WEMIHP 3 FiGEHh + 587K pH 28 fbths 52 I S RFE (R RAG R B 3 A i AR A 6 43 30 6.77—
8.14 .6.94—7.90 i1 6.82—8.54( &1 2) , 3 FhZH R Hh S fbid JFL i A7 (Eh ) AR fb35 2k SRR AiE , 284038 B YK hy
-110—220,54—233 mV f1-38—70 mV (& 2) ., Bk EC 4b,3 Fh3S 8070 H ] + 5896 B pH A A AL IE S e A7
(Eh) ZS¥ A (P>0.05)
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Fig.2 Variations of environmental factors during the observation period

Pearson FHI MR (3 3) , ARIVEH LAY (0], CH, HEjiiE i 5 EC B R 3 AL (r =-0.665, P<
0.01) , 5+ HEREE pH Al Eh AHOCHAR B3 (P>0.05) , B0k ik i CH, HERGE &5 pH A AR H
#(r =0.852,P<0.01) , 5 T3 EC Al Eh JCAHICHE(P>0.05) 5 7 =25 00 b FBRRE N ik i 15 CH, HERU 5
HHEEE EC pH F1 Eh AHCHEYI AR B35 (P>0.05) . LA E4E SRR, ShJ2 5 mi AR )0 2 B0 [a] CH, HERCAY
HEEIREEN T, [, pH X Wb 38 i CH, HERGHE fA — & R,
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=3 CHHRUEE SIEE FEHR Pearson 18X RE]

Table 3 Pearson correlation coefficient between CH, flux and environmental factors

IR

2 5 Sources Soil temperature/C EC/(mS/cm) pH Eh/mV
PRI Phragmites australis wetland 0.388 -0.600 0.065 0.040
IR E IR I Saline seepweed wetland 0.513 -0.511 0.852** -0.299
AT L Mudflat 0.635 -0.616 0.611 0.565
ARl 2 ] Between types of wetland 0.163 -0.665** 0.091 -0.115

* FTRE a=0.05 KT L BEMIE; * * 75 a=0.01 KF LR EM G EC. T3 electric conductivity ; Eh : % {L 1 JF HL AL

3 e

3.1 AREZRAGEH CH,HERCERIE

AN TIZE 0T il FF g HlE i ok 3 2 S S 28 | BN 2 5 1 b > AR TR b (T T ) > S R TR M (BRI ) ,
2500 > R b (K ) >R T (R ) X 5 i R A HLT (SOC) AN AR A EEELOCR , A
M SOC ik AN FNEH CH, AR BB 1 22 5 i E B R s RFMEE P — 28R T B e HE il it £ 2
YR 5 BACE WU 7y, ABRFFEESE R R, P25 IR H A AL & 50 (24.0220.79) o/kg, 0 i T 3B
TE AR (2 1) T EL P =50 b A i R 8 (2033.3+£256.5) g/m?, 33 AT ARG I A A HLIT A 4
AR CH = A S R R, TS e CH, Hct ' RIS 438 <A 20T UK R CH A RG24 2 R
KT O BORFFE o & B, 7 25 A K xd CH, HER A2 2F 58 1,99 mg m™ h™'17 MR FAERE N T K Y
41.5%—69% 1) CH, B, BIBR ™ =5 S 80K BoRE . CH B R

SR, B ME b 2 TOAB W78 55, G CHL HERC fb e TS 52 10 e, 3 1T A 5 A4 T b A ) T 520 32 16 i, - 43
TR R C, B N AR AR 0, S5 T % S T . CHL, HE A s S Bl (%) 3 e, ELBMERY CH,,
HEMGE 5 3 S KRS IEAIE ™ Hirota 25 AN 30K 2/ B0 O, vl R SR HGH
RGP VE S KA PEIE R IR BRI TR A, ARSI 25 5 (1 2) |, TRl —RAR I B, RN b 11 S Ak
WA (Eh ) T2 B0 2, 30 150 B AR M Y %) PR SR R R T A A R T CH AR, IRk, AS R 9 B
VN AR R TR AN R 25 3 L CH HERO 22 5, ML AFIR R B0, AR R 1Y 0, &l R A
Ptk S 80k R CH AL SR CH AR BURNANRRY CH, AL, X S SO eI (Y CH, ik
T TR R N M
3.2 kN5 cH HEK

TV A A B I8 A ) ARG, S M i OO A S e K S AR AL, Sk R R W K SR i
AR A+ HEFLBR R O, B4 A RN BE TSR CHL, B9 A RN AR AR S 5 A CHL, o8 M - 458 i 30 5 3 e A 400 1
ZERRSCHERE] CH MR R K, 25, A K i CH, —38 40 8 K Ak, — B s i 7e i Kk o, SR
JE TR B RIS HRT, CH,HERGE 25 5K AL Z R 56 RIH G —B5Eie ., WY 0 BT
¢ L8, 2007 4F CH, HERE £ 5 75 /K 7 2 E ARG, 2008 4FJC i A0 56 M, 2009 4EFkv% i 2 v CH, HETiX
i RE A KRR R R 59.25% , {8 H 5 05 v WK A7 09 TE SR e A AE A 3 22 7 Van der Nat %5
A, KK AR T 8 em WYEHEE, CH, HERE 23K 0 5, i 0 i 3 — 2 v B S, CH, HE R R 2 0k
ANV N B 7 25 1 OSP4 HE R R K T A CH, 535 THERG AP i CH a8 i, O 1.43 4%,

ARG R AR T A MR 1 2 A 9 CH, AR S e et A KA IR , SRR 1 747 7K A7 A8 Ak v Rl Ry
10—34 cm , HZE R AR ZE 6—8 H A K B He i {E 20—22 em, 5515 1 7K A5 (5 75 350 43 AELAA 45 78 YA 5 AR 1k
A R TG, AR Y CH ZEFE KRS T B K, SR 5 i B I R HE I B R R, &5 1, il
NG AE TR AR S A K T ) CH, B3 R, 5 B0 A HE RN KA CH, B8R A BT T R
Yang %51 23R K B H AT W, #57K 2—14 em f23F T CH,HERC, 3 0T BE & i KA Bk 28 Ak Xt CH, HE

http ; //www.ecologica.cn



51 R A5 AL DR CH, HERCRAIE S OHE i P 3% 7

TS 5 K0T K R MR A7 e 22 55, 3030 1 i T S M 9 1 DX, 5 R 00 A sk ) 6l G - 3900k
1905 257 P 8 7K L DX B ELARR R I DRI CHL, HE IO g R AN ]
3.3 #H4r5 cH HEK

Ji) F A 1 e [ B 265 30 e, M AR R 4y, LA AR A K AR SR AR SR 45 AR B, AN TR Ml
RAUE] Y CH,HEBOE 5 EC Sk 0 AUHSE (R 3) . EANETERVA Y R oK TH PR 18 4> (B
FERHA R, SJE R TR ARk T KRR AR 4y, Hid SOT A F & S8 CH, AR i 2 17 A R £6
WFFEAE, YL Clone T IR ML BIBFIT WK, A WL bt B b = A O L1, 98% I T R £k 38 )5, 1 7=
CH, i FETHFEAL Y 2%, 25 N BRI 0080 1 S AN [7] i 2 RN 2K 0 ) v, 132 4 JIE S 46 434 A% CHL 724 B
MR,

YRS, 488 R0 1 8 15 B 2 5 | S 2k P A0 M 1) 3 3 AR Ak, B (IR R BB s 1 v 6 DU it 25 7 Pl
M, TR AR S RS REE AT RO K AR SRR, ER AT 5% i K i
o ER W, TR KT S%o Mg AK TR, X L HE CH, 7= A W R B W38 ORI/ A3 R D4R i dE
G YT T AR ST R I 7 R e R R T A B o 2 S S R A W S S AR DG SE R, ELAH LA ER B K
T, EREE X A B A
34 pH 5 CH, HEk

DIAHIFGE 2, 7 B e T T L2232 1) 98 pH S B 5.50—9.00), fi i B3 FEL N 6.80—7.20, 10 Fil N
CH,AECRBER pH AYTH = B @38 8 fGE YO B, CH, HERCRAR P MR JELA W ) 328 el 32 70 i /) pH
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SAALIRJF LA (Eh) FE—E FERE L AT Rk S A R IR . DAFERURIFSE 2R W, CH, A Jliad R 75 BRI ™ 4%
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