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 E N0 JFRIREN ) CHL IR SA A FT (AOM ) /21 1 28 G Tt & S MOBUHE () — Blopnads 4%, T ik it [ B 0T 2% A e | R AR
O IRAR B RS W 500, B ANTEAE o AR5 SR I Y0 A 1555 B ZR R T 11 1 4R M e (Ym0 2 =5 1 b, ) 0 T 2 7 1 Rl R b
519 a F186 a) WHFFE R4, ¥ B 3 MR IRAL B (PCH,, "CHAN,0, N,O) HEA T N IR 55 . R MR E M R0 ZFRiC4s 4 & & PCR
ETF-B, A0 B AR TRV b = 3817 NLO T8 CHL IR AR S Ak 10 6 T L[ e v 0, 9 L AH S Th BB L IR I B i . 25 R R B0, BT R A 4
e NSO BR B AOM #2647 6.10~7.51 ng- g™ - d ™, 3 T H AR MEVR Wb . A3+ 58 N,O BR 3l CHL R A A AL Y PC-SOC [k it 4y
18.1~49.4 nmol - g™, FWZ i FE EA BRI TRIE ST . PCHANO B EF T  Hbist  5E b il B Eh A BR IR LA CHL R S S8 Ak T
9 merA DIBERE N 32 BE 2351 4 (1.08~2.29) X107 copies - g Fll (2.55~14.30) X 107copies - g, F H SN PCHL AL PR3 51 5 H 25.8%~64.1%
H141.0%~50.1% ; F 2 , Uil R b 78 CHL R A0 4A AR 20 T8 Y prmo A D3 g 22 DR = 5 U JE A S 284k o R Sk 29T 2% B0 N2O 3R 501 ) AOML 3
F 5 noszZ 1 FERFIGSTR LT merA K Y52 BB F A G, M nosZ 11 78 NLO 38 J5LiCA: Wy ARG R 16 750 CHL DR 80 1 T T e L[] 2
5T N0 3RS CH IR F AR TR , T B AR £h 7 CHL PR AL o B8 U 7E AR TR i b rp A 43 AR AT . WEoR 3R D, i R A AT
—EREEE FARHE T NLO 3R Y CHL R S SA L VERT

SERIR) TR MY CHL R R s NLO iR I s $5 KLV s merA FE R s nosZ, 11 351K
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Coupling process of CH, and N,O double reduction in the Chongming Dongtan Wetland , China

CHEN Han"?, RAO Xudong', TENG Zhaojun"?, ZHANG Yaohong", JIA Zhongjun®

(1. School of Applied Meteorology / Jiangsu Provincial Key Laboratory of Agricultural Meteorology, Nanjing University of Information
Science and Technology, Nanjing 210044, China; 2. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science,
Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Anaerobic oxidation of methane (AOM) driven by N,O reduction is a new pathway for greenhouse gas reduction in wetland
systems; however the effect on paddy field utilization after the reclamation of coastal natural wetland using this pathway is unclear. In this
study, three experimental treatments (*CH., "CH4+N,0, and N,O) were set up for anaerobic incubation of natural coastal wetlands (bare
wetlands and reed wetlands) and reclaimed rice fields (19 and 86 years of rice cultivation) in the Chongming Dongtan Natural Wetland in
the Yangtze River Estuary. Stable isotope labelling combined with quantitative PCR was used to analyze AOM rates driven by N,O
reduction and its carbon sequestration potential in different wetland soils, and to study the quantitative characteristics of their related
functional genes. The rates of CH4 anaerobic oxidation driven by N2O reduction in the reclaimed paddy fields ranged from 6.10 ng-g™+d™" to

7.51 ng-¢'+d™", much higher than those in natural marsh wetlands. The sequestered organic carbon ("C—SOC) derived from anaerobic CH,
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oxidation driven by N>O reduction was 18.1-49.4 nmol - g™, indicating the strong carbon sequestration potential of the process. For nitrate—

and sulfate-dependent anaerobic CH,—oxidizing archaea in the tested soils, merA numbers under “CH,+N,O addition conditions ranged

from (1.08-2.29) x 107 copies + g and (2.55—14.30) X 107 copies * g”', which were 25.8%—64.1% and 41.0%—50.1% higher than those

under "CH, treatment, respectively. In contrast, pmoA numbers of nitrite—dependent CHs anaerobic oxidizing bacteria did not change

significantly between the two addition treatments. Correlation analysis revealed that N,O-dependent AOM rates were significantly and

positively correlated with both nosZ 1 and the nitrate—dependent merA numbers, suggesting that nosZ 1l N,O-reducing microorganisms

and nitrate—dependent anaerobic CHi~oxidizing archaea may jointly participate in the coupling reaction of anaerobic CH,4 oxidation and

N2O reduction, whereas sulfate-dependent anaerobic CHs—oxidizing archaea play an important role in natural coastal wetlands. In

conclusion, the reclamation of coastal wetlands into paddy fields promotes the N,O-driven anaerobic CH, oxidation process, which makes a

remarkably positive contribution to the dual reduction of CHs and N>O in coastal wetlands.

Keywords: coastal wetland; anaerobic CHs oxidation; N2O reduction; coupling reaction; merA; nosZ 1l

F e S —Fh B 2 A T 2 A0, HO R B B2 5
JB i CO, 1) 28 i, X 42 BRI % 200 1 BT ik R 2ok
20%", [t b AR 2 ZR 48 R CHL G T I 7 2 B
YA G CH B VE S o % B 0] 43
KA — R EBEW R 0.5 F1E N FZIRE
Ak CH. LUK IR 5 A1 RE 1 1) R o B 40 SR AR VE s — 2%
JELANO, NO3 SO 55 Ky HL 52 (A 19 F Be PR AU SR A
FAPL, B, B DA b R R TR T
WA 758 TRV SE A BT Hh A B, FE R R 4
CH. It 72 R 5 AR

TF 58 % B, 0 Y52 Vi T b RN Y] A U8 Hp 2 A FH e PR
AR F A R B A NLO 38 SRR 4 NLO
A AEAE A HL T2 R TR 5 A IR 3l CHL IR 2 AL
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fiE o 53— J7 ], NoO i it il R AR Sy S il Ak i o J —
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1 A A AL R S (Nos ) AL BEA T, 122 16 14 20 A
FEH nosZ A0 35 UL 5E 4 S AL Al B Ry 32 A9 LAY nosZ, 1
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P IEE M C N e At % Gl 2 AU R AL B
OB ST o AR DL AIRIE o X PR A5 S R 15 A i X S
SR A HASR AU A DI A 22 Al 7 SR Be )2 ] Y
REN TR T R T 10 3 A Wy b sk A 2 e e
i 2 AL G 2

AR 5 18 B i £ D A R A 5 T O 3 R ke
208 1) Bl B A FH O I T3 4, 2R I P CHL AR 1P (R 67 3%
PRICAS & 73 TP HOR 0 FEWEFE F ORI AAS [F]
A R IEN B AR BT CHL PR AL 5 N0 i A P 9 23 5
WU K FCT BESE IR B RAAIE , P BH VR . CHL IR R
AL NO I8 S AR B R ML, TR T A A3
T )52 W) VA 1 A ) i R A 25 3 R U % i
DRI PR AR

1 #MREFE

1.1 HaAmRE

TG+ HERE SR B IR S B 5 AR M R
XAEH (31.6°N, 121.8°F ) , T J& M hy BL A $vity 23 X1
B AR R 15.3 °C L AR K R 10037
mm, PERE SRR XN SR B C /E GT A 35308
e /E LW, BB AR X LAV Sy Fl R AS X . R
Rl B 19 a 186 a M Fe 43l iC A WK19 F1 WK86, A
[vi] 6] B2 A BRLRE 551 10 2 AR T A DG SRR BE B, % X
A ARG ZZ Ao AE O 3, BT KRG d RO A 465
INZE SRR 1645 o o R R AR O R
i, 6 JT HEJRE R, 11 7 W) s cH) . A K 28 3
K 24 A% G v 7 =X 2 KA 43 BE I I A T K -0
FH - e E AR 45 5 64T o #EFP ATt 600 kg - hm™
=ICE AN (N-P-K 2 24-8-10) FEFLAL , 7 J A it
FH 225 kg-hm? IR EAESFBENE o 95 L AR H iR 55
S At ) A7 B 5 22 e ™ R — 3

TE IR 3 B AL B AL 43 301 A < SIERE 5 (31°30”
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13"N, 121°59" 13" E) ; % F5 FF 1. (31°297 56" N, 121°
58'44"E) ;19 aFf £(31°2954"N,121°56' 00" E) : 86
aFf 15 (31°30709”N, 121°50" 31"E) . 7EH:AHE 5 56
PEHL 50 mx50 m () RFEX, 3 F S BURAFE LR FRIX
VEI 6 /N, B s AL (AT 10~15 m, LA S AE i AR
k. FHANBL0~20 cm fif 4 K 6 A RAE ) 4 4
WANRA R L AFEA A 3R, L RERE A VK& R
GRS 2S00 E AT 4 CORFA L
1.2 BHERNE

Xof SR [0 f) SRR B EAT BRARAE A . LA
A AU SR FH W At 1 — % T O A T 5 IR
K P L e R 5 I A A A A AU
2 mol - L' KCLA W IZ 4 )5 , R AA3 i 3l 43 A A (1
5 SEAL 2> w] )2 ; 143 pH R K £ e 2.5: 1 521K
Je B RREE T (IR RE) e 5 3T s R
(EC) R T EC T (IR ) M 5 5 - HEaR IR
h R B 2% 3 (25 [E Thermo Fisher Scientific 2%
AWM
1.3 CH, | HER 5 N,O 58 J7 i3 2R {0 E

FEAS LB E 3 AR B (1)PCH,, (2)"CH.+
N0, (3)N,0, HARERAE Ny FREL 3.000 g fif 1A 12
mL 1% Labeo TRZS iU J5 A 3 mL 25 B T 7K 5 5 5
T RS 60 s I STURIE A ITES 3 min [ FEA R
A< (Ar)  H AT 3 U0, 12 25 CRY FRAf vh T 37
7d. Wi FREEHR)E , IS AL FEFT A PCH, 200 pL
FIN,0 800 pL, FH- I Ar #b 78 ff 45> 35 F32 0 T 25 <44
RBI R T mLe FEATHE T ALY 51U 3 DA R S ARk
PV 720K 4E 100 L T 53 AR 5E 0 B
Z] CO,.CH4 \N,O RO AR MR BE DL ) PC-CO, £ . 357
28 d JE SR AR T 2 A AR i vk B ) PC-COL . )
P35 35 R AR TH 23 S AR o COL AR I 9 35 0 2 3 3
1540 PCOL ™ A it , 2545 s 75 iF B) R 1 48 o o B ] 3
S RG] ) CHL R A AL R (R1) o

R1=(C, % Ci=Cy X 1.08)% 100 X V/ (V,, X m X 1)
R CoONE IR I 25 1 CO MR, wL- L7 C o iG55
1 5} Z0) 5 T 28 SR R Y BC-C 00 L % 5 Co i I %]
T 23 AR R COL MR BEE , - L5 V Ay 5 55 0 T 2 1A
L L Vo AR IR AT AR EE AR AL, Lemol " 5m A £
Bt i, g5 B R, d

[, MR 85 75 4R A T2 AR v NLO SR A5 1k
T NLO ik 3 (R2) .

R2=(Co=C)X VI (Vo Xm X 1)
K Co 20 T2 SAR B NJO MR, pL- L5 G

1% WHART]

FBEFE 25 NLO VR, wL- L'
1.4 TIEEHER "CEEDN

B FRaSdOn I E A HL 5 i ) PC-S0C F
& o SedTIF Labeo iU wE , ST &% AR HGE , F
JIA 2 mol- LAY HCHF R A TR AL AL B, 5 I 5 4%
SRR R 15 mL BB T TS mL HCLE B op
Ut Labeo Jffi , 5 5k B R I W0 46 7 2 B 0 b iR
R LA LB b g eLleR . 55 2 K IR BRI
HCI W, 8 mL 2l /K 55 i 5 Bl 2445 5% , LA
3000 remin #5005 min, QIS 3K F 1P
Cl THVE T4 o B - A TV VR TMR , 4l ol s P e it
2 mm G, P - A HLOR 5 i, 15 R R BT A%
(Isoprime100) W & 1% - A MUK AY °C FRE(E . Hildfs
AT LB 5 i S PO F BB AT R B R ) 138
9 PC-SOC B, FHRk 5 IR T IR £ 3R *C-S0C
AAE, R R REFR OB AR 1 PC-SOC i &
1.5 RHAEEPCROHT

HATA R, AR A B S) CHL IR A At 2 0
BN RBP4 - A LA PR £ Y Y Be PR AR5
fb ) Candidatus Methylomirabilis oxyfera 4fl F& (M. oxy-
fera) , A PAEIREL T H B R AE A AL BY Candidatus Meth-
anoperedens nitroreducens W (M. nitroreducens ) , F147
B R R 7R e DR AR S AE 1Y anaerobic methanotrophic
archaea 117 8/ (ANME) . A {50 %3 3 A 2E 9 CHL IR
AR D REBE R EA 7 B PCR 20T .

B A R B 0y I R R TS LR
FastDNA Spin Kit for Soil i jf| & (MP Biomedicals, 5%
) BRI S A W B I 4H DNA . FRIC0.5 g LA 4%
RS0 ] 5 1) 20 B S I S SR ) 5L DNAL V% T 100
wL JC T TE 2% #h ik (10 mmol - L™ Tris—HCI, 1 mmol +
L' EDTA, pH 8.0) . il it falt it 5 Sh 73 Y6 )6 B 7 (Na-
no—Drop ND-1000, 3£ [# ) I /& DNA ¥ J& Fn&fi & , 34
FH 1% (W BRREMEEE K L KA TN DNA 119 58 B W6 12 4%
F)5 FF gqPCR 43 HT

SE I PCR 47 34 It AL 4 5 CFX96 Real-Time
PCR System(Bio—Rad 23] ) . Frif 128 5351 F i 2y
REAE A Y SR A A , I L% S T 8 St T
il o s i PCRYHY SRR RN 20 pL, 45 : 10 w1y
SYBR Premix Ex Tag™, 1.0 wL 3 5 DNA #i#z , |
FUF51 % (10 pmol - wL™") 4% 0.5 L, Jill K B 7K £ 20
wLo nosZ .pmoA .merA 5L [H PCR 5|9 & qPCR B
WA AR FAFES E AL 39K, IR I K AL
IR DNA A S5z AR 5 I 4t X e
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1.6 BB ST

K SPSS 25.0 8 -4 7 848 B 4E 1+ 40 . CH,
AL 2 NLO i il 38 [R5 DR 22 S 1k 1
BRI 7 250 th A/ NEMHIEFROR . CHLARAL R |
N2O 1§+ J5 o %6 5 T BB 5L R 3 B2 19 A B 56 R OR 4k
PERNE 0 B85 o BBl /2R ] Excel 2019 #1 Ori-
gin 2022 F A5 AL

2 HRESW

2.1 iRib T TR R A TE IS

VIS T Y R AN () SR AP A5 T ) A 9 A o 2 S 3
Ko W2 Pn, FEERM(LW) L85 SOC &% & 2
T OGMENR L (GT) |, [l B 86 a f H 1Y SOC & &
(WK86) 2w THI R 19 aff M, 1 2 25 55 T 2510
A5, LW 3 TN & i 0 2 5 T At 3 M8 i
3 i WK86 F# H 9 TN 75 &t = F WK19 75 H +
HE. X NHIFINOS 5 , WK86 A5 HH 3 i & & 14
2 v T A 3 T LW Y D
E T CTIRHL A WK19FFH o 4R AFE 5 30 pH
(AR AL N 7.25~7.86 , HBE 25 SR b 0 5 1 e 2
M0 & FEA% . EC (A1 SO & & (1948 4k 76 [ 43 51 4
0.74~5.07 mS+cm™ F1196~797 mg- kg™, P & L pifi %5 %
A BV R 2R S PR . A pH A \EC {H 1 SO%

AR RRAE AT LI ), DO b 3 6] B 86 a F¥
FH , I8 bt - S B A 5 %) i b P AR AE 340 T 1 58
FEPERRIE 12 #0855
2.2 CHJRE S EE I N,0 4 37F J5 35 ZR I 4L 45 4E
2.2.1 Wiz Sk *C-CO, E AL

PRAE KRG 3% 28 d 5, K 98 0 T 45 AR BCO, F B (H
KAETHRBZMM(E ), HPCOoFEMEERFKR
FPCO, AR FEEE(1.08%) , i B -3 p & A T IR
At . fE H B NCPCH, & 4F T, WK86 F H
() PCO, F A R dre i, B 5 1.41%, 10 LW 5 1 0 45
%, AR 1.19%, 44183 1 e 22 7 *CHL+N,0
T H PCO Y B /T R "CH A B
RIS FEA B 6.4%~8.9% , X U B RN NLO 2 25 3 v
THER T SR COL M E A,
222 CHJJRASALHR

R4 10125 AR H COL VR B AT PC O, =F A T 1153
R SR R CHLR FUA b % (K] 2a) o BRI PCH,
A PETR, WKS86 i H - 38 1y CH. IR & A b 3 %
15.08 ng-g' - d™, B & T HAL 3B M .
WK19 75 H Y CH R F AL HE K 11.01 ng- g -d,
W TOUMER - 58 LTS R R
T BCHLA+N,0 AHER 4 /4N 38 CHL IR S A AL R
HIZS AR AE 5 H AN PCHL A PR+ 3 AR — %, Hor,

R 1 qPCRE|RAIBINFZH

Table 1 List of primers and thermal cycling conditions used for pmoA ,mcrA and nosZ genes

HE[H Gene 5|4 Primer TEIFZ44F Thermal cycling condition
pmoA Cmo182(5’-TCA CGT TGA CGC CGA TCC-3") 94 C for 5 min,30%[95 °C for 45 5,56 °C for 50 5,72 C for
Com568(5’-GCACATACTCCATCCCCATC-3") 50 s],72 C for 5 min
fil§ iR AR A McrA159F(5°-AAA GTG CGG AGC AGC AAT CAC C-37) 50 C for 2 min, 95 °C for 10 min,40 x [95 °C for 30 5,57 C
merA McrA345R(5°-TCG TCC CAT TCC TGC TGC ATT GC-3") for 45 5,72 °C for 50 s|
AR AR A (5’-GCT CTA CGA CCA GAT MTG GCT TGG-3") 95 °C for 5 min, 35%X[95 °C for 1 min, 55 °C for 45 5,72 °C for
merA (5’=CCG TAG TAC GTG AAG TCA TCC AGC A-3") 455,72 C 10 min
nosZ 1 1840F(5'-CGC RAC GGC AAS AAG GTS MSS GT-3") 95 <C for 5 min; 95 °C for 15 5,65~60 C(-1 °C /cycle) for
2090R(5'-CAK RTG CAK SGC RTG GCA GAA-3") 30,60 °C for 30 s
nosZ 1l nosZ Il F(5'-CTI GGI CCI YTK CAY AC-3") 95 C for 5 min, 95 °C for 30 5,54 °C for 60 s, 72 °C for 60 sx
nosZ Il R(5'-GCI GAR CAR AAITCB GTR C-3") 35cycles
F2 R RN RNER
Table 2 Changes in physicochemical properties of wetland soils
Qb3 A LA SA HWEA ESA - HLR L& N
treatment SOC/(g-kg™) TN/(g-kg™) NHi/(mg-kg™) NO3/(mg-kg™) p EC/(mS+cm™) SO /(mg-kg™)
GT 7.95+0.55d 0.86+0.07¢ 6.38+0.36¢ 6.39+0.32d 7.86+0.42a 5.07+0.22a 797+38a
LW 13.55+0.98b 1.20+0.09a 15.77+1.25b 10.83+0.73b 7.67+0.38h 4.80+0.21b 578+45h
WK19 9.55+0.81c 0.77£0.06d 5.46+0.35d 8.86+0.61¢ 7.44+0.41c 1.84+0.11¢c 328+26¢
WK86 18.34+1.39a 1.12+0.06h 16.25+1.21a 14.11£091a 7.25+0.23d 0.74+0.07d 196+15d

T [ —FI AR T BERORTE P<0.05 K28 57 3

Note: Different letters in the same column indicate significant differences at the P<0.05 level.
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o= 1.0
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-
T E 05
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2

0

GT LW WK19 WKS6

SKAE 4 Sampling site

RFRE TR IR — KA AR b BE B BA 5 V2 5, ARVNS
FEF IR ] — Ak AN ) SR A o BAT 3 22 57 (P<0.05) o T I
Different capital letters indicate significant differences between treatments
at the same sampling site,, and different lowercase letters indicate
significant differences among sampling sites for the same treatment

(P<0.05). The same below.
E1 AETEEHERASSE C-Co. EEHETL
Figure 1 “C—-CO, abundance in different soils

WK86 i FH 32 i CHL PR U s R Ry 22.59 ng-g7' -
d, B e T At 3 g TG Y CHL R
ALK N 13.04 ng-g ' -d7', B EAL T 25 10 1 A
WK86 Fef H o i & L H P~ s i b 21 (P CHL Al CH.+
N.O) F 438 CH. RS2 A ALk R A8 A, nl 3180 H
NLO 8K 80 1) CH. IR A A AL 3R ([ 2b) o o, WK19 Al
WKS86 A N,O B CH. PR A B AL #5514 6.10 ng- g+
d'#17.51 ng-g'-d”! T ARIEH 5 OB
TR BT T 21.8% F150.0%. L] L, i
Hi 3 P AT AT i N, O SR BN A CHL IR A A kit A, 3L
ST R I ] B AR RS K AT 120 BT K a3
2.2.3 13 N,O ¥ id JFL sk ARk

R A5 455 77 B 1] 100 23 AR o NLO ok 3 A8 b it vl 3
B N0 R R R (E3), n LA, 1
NoO ¥ i Ji 3 2830 Bl oM 9.02~19.05 pg - g - d™',
CH. PR A S AL R 15 3 AN B0 G, U BH 8% 97 0 1) £
HEN,O b JR i Bt He CHL IR SR A i fR o ZUAS £
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