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Effects of seawater and NaCl solution pulses on methane production potential

from laboratory-incubated tidal freshwater and brackish marsh soil
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Abstract: Sea level rise increases the frequency and intensity of saltwater intrusion events, and it affects the soil
biogeochemical cycle in estuarine freshwater and brackish wetlands. A laboratory study measured the methane production
potentials during from the topsoil of two freshwater Cyperus malaccensis marshes and two brackish C. malaccensis marshes
during 12 days of incubation when exposed to varying salinities (0, 5, 10, 15, and 21 ppt of seawater or salt [ NaCl ]
solutions ) . Seawater addition with a salinity range from 5 to 21 ppt induced a progressive suppression of methane production
potentials. For all levels of salinity, except the freshwater control, more than 93% of methane production potential was

inhibited, whereas there was no significant difference of suppression effects on methane production potentials upon the
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addition of seawater with a salinity range from 10 to 21 ppt. lonic stress ( represented by NaCl) reduced methane production
potentials in both 15 and 21 ppt NaCl addition treatments; 5 and 10 ppt NaCl treatments did not significantly reduce
methane production potentials ( percentage of inhibition was less than 30% ). Our results indicate that SO; reduction, not
osmotic stress by chloride ions, is the main process suppressing methane production in estuarine freshwater and brackish

marshes following seawater intrusion.

Key Words: Tidal freshwater marsh; tidal brackish marsh; saltwater intrusion; NaCl solution; methane production

potential ; Min River estuary

SERARE 5 | - 10T E A S ERAR ORI A 1) — A B4R, U IR AR AR Ak %l 2% B 23 (TPCC)
EEVURIEAL RS 45 1, 20 42 23R8 F T2 0.17 m, 2 ERYSH Hb X E5 7K A {3 (saltwater intrusion ) fIlfEI™
TR T b T RTAT IR A AR Tk 2D B 27 A RN T 50— 30T 1T (8 Jal K — IR K TR A X, T B S i Eh K AR,
XL 17 IR KRB AU K B A S R G P AR TR AR Y B R A sE m

T AR A TN 5 R ST, A2 T AR R I Ve PR [R5, 09 Y0 e R B mT 40 Ry o
WRIKITHE (E5 <0.5%0) 1% B R IKIBHL (0.5%0 <R JE <5.0%o0, oligohaline )  Jill 147 13k /K JR Hl ( 5.0%0< £k Ji <
18.0%0 , mesohaline ) FH 147 JF /K 104 ( 18.0%0<Eh B <35.0%0) 1> * S ER 1 5 7K 1 947 15 M-t 4% B Ak A 1Rk
(TR ) (brackish ) Jits > o Ja] 1K R BERSRE T (0174 T8 R0 1 FR e HE A A #iaE© 7  E I 1 T
EARANAZINEI B 52N ARSI 9 SR R 2 A Dy b BRI A B0 2 A = A AR A A AR E N
L AR FRAK AR R TR 7 IR K TR R M A R ) M ER A 2E R A RS e, H g5 5 R B2 R O
PR K AR R KR A BRER AR (SO ) o MBI — AN Z A fLF 3244, B R AR Rl 11 X3 997 % K
TR M S P e 5 1 A PR R D AR A 73 | A e 3 PP e 7 A AR 00 P W e | ik — I 4
BB — B ITIE A O K AR IR K S (CU ) A, A7 76 SR i /R FH (0%
Wi 51 LB ERW AR ) . FEF 5| & AR T Wt v] i i e 3K 1A ZR H SRR 5 i A e A= ) Al
BT Baldwin Z51SRH/NRAEZS RO78E IR K IE M AN AR [R5 B NaCl 389, 45 58 58 /R B e 72 2 o 5
SRID S BRI T ER AR ARSI U787 1R 7K UE /K T8 B8 1 B o SR 7= A= 04 5 i) S ML B 1 g A7 A X6 e
D PR ER K AR T 58 A S5 T VR R 75 [ T3] 11 DX Al 7K T R 1 b o 1) 7 A 3 B i)
IEE DLHRIE AR SCUARRYTR] DX 5340 97 IR 7K s i 3 2 TR R 1= R B9 0 42, & AL TRE 7K
4l NaCl £h K A7, IIE 7R ¥ K A1 NaCl 3R 7K GHA] TR 7K ABUSK TH BT - 338 B J5e 7= A2 35 1 ads ) BER
oF e A T 7K AR T 348 5 P TR e 30 i R 25— POl A A O T 11 9R K BRI T VR s Y ot 7 A 0 0 7 T ) AR
HFTTTHR

1 #MREFE

11 WFFEIX AR AR

R YT 0 DKM 10 98 95 B 1) 7 5 1) A K 0 A1 A B 0 R0 0 it 0 D TS A R e R i A
(P 1) o fite R Y b 2 ) V90T 1 DX T AR A RO 9 W M, 8 9 2E ( Cyperus malaccensis Lam. var. brevifolius
Bocklr. ) I 2 ( Phragmites australis ) Je 8% 61 ¥ 3 B 4 25 00 AP | L J b3 28 YR P45 v o A 6 A0 3 iR
b PP A S R, )2 R HEH R 3 1.68—7.65 mS/em (2011 4F 10 A % 2012 4F 6 A, F ),
i Y b7 7 R MRt A K, 2 R 3RO 1.26—3.27 mS/em, [RIRESE I3 AR 3R S H 3R B Sk
/IR N2 SV BT A R | 73 0 B I a2 [ O (e 3 o (T S L) A R SR (SR g P e - L
0.31—0.42 mS/cm, FEREYNE M 4 o F R T Ak 130 5 [RIAE 20 A1 A JE Y 2E9R B, R R R R0 0.16—
0.52 mS/cm, VYR R 35 Sy URYVR FK 8097 W b, F3 A7 7 fis 00 0000 e 30 Gt 00 R0 s o A 4, P it Pt 24
TR WUBOK A7 R 56 o VLI 1 DU eI, AR 4F% K H A 153 d, 4EHFE/K & 1346 mm, (K2 &4

http ; //www.ecologica.cn



24 44 TR A5 RS XA ERIK RURK T A 9 R e A 9 ) R 3

FE3—9 H o FEYLI 1B R AE 2R Bk A IE LK H
W, D AR IE R H Y
1.2 THEREE

FELL b 4 AP0 H A7 0 S TR R AR A BT
WIEV& G I B, 2012 4F 6 H 29 H SR o W F i g o |
6 30 HRAE T HINAUEREN , 7E 4 A1 Hb 5310 i 4 it
SRR LR M BE | 43 ) A 5 16 R 2 5T 2 T4 T Y T 1)
BEHLAT1BE 3 N HURE S (REASRI 2 5 mo BB ) | 7R A BORE J5
ARG RAEAF LR R JE (0—10 em) HFEIFIR

26°10'00"N

26°00'00"

il

N v N e bl e 3T vt =1 s A e 0 2 4km T A
2 AR R A AR [ B8 B Sy 2058 0] 5 5 o AR
ACC Y, DUBETF I FR B o= 2 08 1 0 O PR A S S B . 11972000 19°3000" 119°40/00°
S AL AE BRI I B K 2o L B 1 RSHE

B Fig. 1 Study area and sampling sites in the tidal marshes of
1.3 3ERnE] Bk BEAL 8 AR AT E

A 1Q150 fH#EX pH/ I EE 1 (1Q Scientific Instruments, USA ) %2 1455 4% (10 em ) 1 pH 18,
JEL07 FH 2265FS {42 i 5431 ( Spectrum Technologies Inc., USA) I +-HEH S I LI FRAF +-3845 30

8 KR NS LTI 8 T b R O R BE A ( Mastersizer-2000, 9% [E ) W, 4= HE/K M
A BB (DOC) K 25 8+ /K B IF 1 TOC 43 H1 4% (TOC Veph, Shimadzu, H A<)W, + 554 ¥ & ok
(MBC) RGP 2R 7L LA DUTCR B AR R A A Ikl 7

K FH B AR AR IR BRAKRE | RIBRK P Sk e A% i, IR 438 0fAE . [MIBuk i NH; (NO; FIl NO; ik
JE RS2 8 AT (SKALAR San++, 7 %) M5, SO A C1 ¥ B R FH 25 1 (@35 () (1CS-2100, 32 [H# %
o)) E
1.4 R[AIERBE AR 7K AT NaCl $h7K 1 e &

) FH#AA7 13 7K i L ( Cnsic Marine Biotechnology CO., LTD) M 2% 5 F /Kl & H SR EREE (5, 10, 15 F1 21
ppt) A A& HEAK” S AR50k HS H10 H1S A H21; 541, FHAHr4E NaCl Fl 25 85 /K Bl & R EE 5ok 5,
10, 15 121 ppt A4l NaCl £R7K , 730 70F% Y5.Y10 Y15 F1 Y21, AR A& 7K " Fl NaCl ZliEh/K f SO5 Al
CUMREEWLZR 1, AT 2 B /KA R IR ek CK

the Min River estuary

1 AEABEMANIEFKINLE NaCl B s SOY 0 CI7iRE

Table 1 Concentrations of SO3™ and CI~ of artificial seawater and NaCl solution used in experiment

2 /i, Component H5 H10 H15 H21 Y5 Y10 YIS Y21
Cl"(mM) 71.36 165.87 215.00 362.89 83.85 173.90 261.65 375.33
S0%"(mM) 3.28 7.00 9.22 16.10 BD BD BD BD
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T mlfif A i B AU AREF ORI AT IR I R, X T e BEPRBRAR 2, it 2 mm t
i , FEAMIR A, 43 IR+ FE 30 g, A KA 125 ml JEFR0, 20 BIINA LA _E 4 /55 B B6 B2 1 v /K Fn 4l K
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Table 2 Top soil physicochemical characteristics of each sampling sites

RS A . DOC/ soc/ MBC/ A p g Iz FETE’F?
Sampling site Bulk denjlty/ (mg/kg) (g/kg) (mg/kg) Clay/ % Silt/ % Sand/ % Conductivity/ pH
(g/cm”) (mS/cm)
e £ o 0.74+0.07*  72.1+28.4*  25.8+0.3° 406.0£69.1° 13.4+1.80" 70.2+1.86° 16.4+3.06° 1.97+0.54°  6.68+0.03"
i 5 0.78+0.04*  47.0£3.4*°  53.4%4.1*°  213.0£5.3" 15.0£0.45° 67.0£0.57° 18.0£1.00° 1.29+0.39®  5.58+0.06"
M 0.78+0.01*  69.9£20.1°  37.2+1.9> 209.1x10.5® 12.320.08*  63.0+0.63> 24.7£0.70"  0.42+0.03>  4.51x0.03"
syl 0.66+0.03*  46.0£6.3°  51.7+4.5*° 280.2+17.4" 10.6+0.24" 49.4x0.74°  40.0£0.70°  0.46+0.01>  5.87+0.06°
B T BE R R 7 — SRR AN W F R R 22 F ik W 3, P<0.05,n = 3.
*3 SHMRETHERKESFHORE
Table 3 Concentrations of ions in top soil pore water of each sampling sites
RAE R NH}/ NO5/ NO3/ S0%/ cl-/
Sampling site (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L)
e £ fE 0.18+0.07* 3.36+0. 60x1074# 4.40+0. 83x107*" 3.28+1.42° 45.87+18.13°
B 5 0.12+0.00° 2.89+0. 04x1074® 6.60+0. 14x1074 0.42+0.10° 9.83+1.06"
T 0.18+0.04* 3.0320. 06x1074# 10.74+0. 82x107** 0.06+0.00" 1.70+0.23¢
FE e 0.20+0.03* 1.95+0. 38x1074® 8.19+2.40x1074 0.04+0.02° 1.64+0.19°

Bl Jo I E bR EDR 7] — S B AR A R P RER R 28 S 35, P<0.05,n = 3.

2.2 WiBer= e vk I B Rl A2 Al
SRR LG 4 AR BEHE K AR BRAE 1—12 d Ay R0 fle 2 o ol JE 2 2 38 3 - 398 Y e 7 A 0 0 7 A
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Fig. 2 Effect of addition of seawater and NaCl solution on soil methane production potential of C. malaccensis marsh in the Shanyutan

(Mean+SE)

H7KHN NaCl 27k iR hn s 6% & 28 it ST 2008 3 IR 7= £ B TR ( EHELAREIR)

7—9d

10—12d

10

0

1—3d

34 3% I Bt Incabation period

NaClE7K

[CICK
Cys
XY Y10
a E Y15
i[ Il Y21
ab
ab

b

ab

4—o6d

7—9d

10—12d

XoF T Wt PH AR A R 3 0, 55 ) B LA, 4 R BE A K AR BRAE 1—12 d N B e 7 AR T D 7 AR
L ERAMEIE R (P<0.05) 1555 4—6 d, 7—9 d F1 10—12 d, 3L 5 ppt HE /K AbFE % 33 B ke 2k 08 1 i v
FHE 3 NEREE KA FR Y 58 o= AR T 7 e 3 AR K AR PR R i 3 P e = AR W 2 T 3 2
S (P>0.05), BRTHES 7—9 d, R 21 ppt AY NaCl ¥ % . 3 Hu B0 i B ot 7= A= 8 o, LA 3Rt B, &5 3 B
NaCl A 5 Mo il B e = A v (1B 3)

ot 7=

3.0 Wk a [cKk
25k a a [CH5
5 Y HI10
T 20 EmHIS
g 1.5 Hh . H21
= 10H
g
g o5y
2 = b
=]

S
g
"g b

0.1 H
2 b
£
5 b

b
= Ccdd Cocoe b ceoc
0 . . )
1—3d 4—6d 7—od  10—I2d
&3

7K AN NaCl 27K 7 i3 i 45 I 22 it ST 23508 30 AR 7= B TR I ( EHE R EIR)

N

Y

NaClEhsK

o

a
ab
a
a

[ JCK
ys
XY Y10
N Y15
N Y21

1—3d
}E%35 I Bt Incabation period

4—6d

7—9d

10—12d

Fig. 3 Effect of addition of seawater and NaCl solution on soil methane production potential of C. malaccensis marsh in the Bianfuzhou
(Mean+SE)
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Fig. 6 Mean methane production potential of C. malaccensis marshes in the 12 days incubation period by the addition of seawater and
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SO> + 2H* + CH,COOH — H,S + 2H,0 + 2C0, (2)
AWFFE 12 d DIASE IR ), 5 XTRELLAR EE |4 ASERFE BT /K B8 TR /K AU 31 21 Y s = 398 HH Jg

PR 3 ELA S R AR 0 B R ( 99.5% ) i AP M e i T i P R P2 24380 b+ S0 52 R 5N
21 ppt BEHLE K AMR , SARAEL (93.7% ) K AAEAE T 1IN IR+ 38 52 £ B 21 ppt BRI AR (1 6) .
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HEK A E S T A TR S 1 (6 1) . Weston 288 Fll Chambers' " fHF 55 22 B, 18 b + 338
PRAAFIE B R £ 8 R A T IS B9 58 G e ) a8 k7 FH e I, 11 Bl A i K AR, T L R 2k 308 D T )
RS SOT ¥ BE Wl = T, S IR /K SO K VR TR Ml 338 7 W g o 8 1) 8 TR 5 340 DRV o RR A, H
FEA R BFEAG, Pattnaik 257 6] B KRS BT RN NaCl, CaCl, 1 MgSO, 254 H oA 3:2:1, HL 3R /3
H 4,8, 16 and 20 mS/cm W, BN IR EIG IR AL LRI, BlEE B S8 09 B I, X FAEER MoK RE + H b
FEAE BN RO AE RN, R AR A0 5E 35 d, ERE N 20 mS/em MOALHL-T- 58 246 T e = A,
BN 4 mS/em FALFRXT T H e = AR O 2B 55 %,

ZEA AT R 2—5 R i K ERE HBLRE] S ppt 5 AT S 35 30 ) IR K UK T8 B i Y e 7= A
AR, BEAN, NER 4 d JFAR , BRIERE N A0 20 M DLAN 3R EE 1015 1 21 ppt B K A B T H e 3 A1k
3 e 7 A D A R RGN S R TR S T K AR B X SR IATEER B 5—21 ppt X — X [H], £REE 10 ppt
JEIF K AR IR IR UK T B R FR e 7 A ) — AN LA 153057, 2R BT 10 ppt AYMEIK B AR AT T
AT IR K ARUEE K T s H o 7= A R 40 ) 2550 F 2 8 TR EAS 2 10 ppt AOTREZK I AR, 1T 6 BE 3 BRI AE 10—
21 ppt ZIA] AR K AR T LR K SHOR0K TR PRI T e 7 A B RSO I e 22 5

5 ppt NaCl VBT 2 Pl P e 7= A= 08 7, B 25 3R B 10 ppt NaCl 8 VBARAS 5 35400 il FFY e 7= A 1
T OEREMERAN) , RAEELEEIRE] 15 ppt LA, NaCl #WA 240 ) H e 7= A2 08 0 (Bmig I BR 40 ), DL B 25 2R 3%
B, C1™ X6 300 98 PP o A 4 30 2 ) 7 50 4 NaCl R FBE B A" % 4 . Chambers 2508 78 3 J& B93% 7K 05 4
FREE PRI TR IR E AR AR T, th 2 BN NaCl HH 50508 5 o/kg Al 14 g/kg AbFH 5% BE4H He
W2RFITA R, A 35 o/kg ABREF A 1 PR e 7= A=W 77, Baldwin 250 W98 th 3R W, = ¥R A9 NaCl
VA TR TR 7K e - 396 R e TR R e T, Xt B TR B AR 9 v R 8 15, 21 ppt NaCl A i
A e P ARV RO SRR 25 S . PRI mT AHEI AR U i ad A, SO 38 IR FH T H g = A i A i 41
iR A

AWFFE T 4 A58 B A ASRLIEE A AR T IHUR K R A T 187 3 b PR 5 7 A 15 3 i 5800+ 43 B30 4ok
WORPEFFAE— MR E BYTE R (93.7 %—99.5% ) o {BJE: , NaCl ¥ O 1177 SRR K R 7K 1 b B e 72 A 1 7 B
TR A TE A ARTR] , M EREE R 10 ppt B, NaCl 2 V8 X EE ik M 322 7 3 47 90 1t - 398 FR s 7= £ 5 1 A 0 ) 2857 K
TR TR 77 3 (e 0 T 10 ) 5 2438 3 R 15 1 21 ppt B, NaCl 8 WX IR /K38 77 1 (T 39 M R 35 it
M) 358 B e 7 A i 3 A A A5 IR T R A 747 W R (B R R R R N ) TR KRV TH BRI b e 7 A U
I NaCl 5 8 7R 0 A9 i) 17 B AR AR/ 0 947 14, ( i 0 R 0 g 1 ) - S8 (] B K o CL 3 TR (3 o
T2 ARV B (3 2) , P RAHEDN L £ 3 32— 22 (0 S e 5 PR T X NaCl ¥ VR0 0 i 33 A 14 51
BT A VR A — s M N

X TR K AR AL BE | i P 2—P] 5 A L, 5550 B e Ase | 4% ik B AS [ 56 5 A g £ 39 F e 7 2 5
P4 B PR, S 1—3 d B3R G, 205 3 AEFBE(9 d) FVe = AR ) R T A G, 4% A B R A
B2EF X455 Chambers 451" S 3 8 (43N E — A F g 7 A o 2R ) AOASEIBLTE K AR IR 7K T 3 Y 45
R—8, TERRIGE K AR IR A METLR, BIRE IR, ek b s Rk fH b r= AR IR ( LR & &y
B BRIRER A IO T - R g A v R B W PRIV E R SRS B B TR A AERS L JS 3 R B g
FEA T I E— 20T B HARAE , M AT BE R T R 3 ik A B R AE R A Bl 1—3 d BRI 0K B A
e = A S ( R4 ) KR I RS, IR 3 NI BEH e = 2 95 WA S R e, LG 8 3% 25 575 il th T B
F SRR ) B HERS | B BR R I SR 55 O R W 1 58, O A — 2 RO FR LR | IORE R R PTG F e
AR A LA T 5 T R S JE s R BT R P, PR o™ A 52 R 8 B R A I ), 0 1T i U 3 e B - 39 Y o
AW R, H R E 2R

AAIFGE I - RE eI R ARG SR, VRN T AS [ R B B9 /K T NaCl %500 48 f % IKF 2 mS/cem (1)
W T8 11 DX AR R 7 S S 2 T 8 30 P e = A 9 S W ) ST, IR B
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(1) #RJZ 5 ppt MK A NAL F3 B AT G5 225 3tb 40 1) B VL300 0 3R | SURK T 38 1l PP e 7 26 08, ) 387
93%) |,

(2) NaCl W A EhBEIR 3 15 A1 21 ppt A AT b 25400 M VL300 R ZK SIUROK VR Bl FR e = 2 0% g, B
P52 R 80.9% , LB R 5 A1 10 ppt NaCl ¥ VAN I 2 30 46l [ YT0] IR 7K | Bk T8 26 1l H e 7= A6
J1, Wil # 2 /N 30% .,

(3) PRFl 1K AR T R AE B BR IR R34 5 AE T K CL 25 5 W3 8 P RHRT 1198 7K AW0R /K T8 56 00l R o
A= B B P RIARON

AT RAE LU0 50 IR IR S5, FRREUIRE K AR IT IR ER 70 X6 T0] 1 347 K RN s R T P i+ 4
F e 7 A P DT R MR WS, 4 I s S AL | 4 38 N B 7 S0 S B AN SE B AR 25 5, SRR A A T
HBPPAG T K AR XS AT 97 R 7K T P38 M - J9 PP e 7 A R HETR B 328

Bt : AWTTELE R INRAE TP A BRI R A0 MU AT S P BA R 25 S AR 30 8 A58 ) =R P, i 3%
ZE Y
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