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Abstract: [ Objective ] Carbon cycling in paddy soils is crucial for carbon sequestration and soil fertility enhancement. The rice
root zone, being the most active site of this cycle, exhibits carbon turnover processes that are closely linked to soil redox
conditions and iron phase transformations. However, the iron-mediated organic carbon mineralization process under redox
gradients remains unclear, and the carbon-iron coupling mechanism requires systematic elucidation. [ Method ] In this study, it is
established a simplified rhizosphere microcosm system by using soil columns equipped with artificial roots. Four redox potential
gradients of the soil column were constructed by adjusting water conditions (60%, 80%, and 100% of soil water saturation
capacity, plus 3 cm flooding), and "*C-labeled glucose was used as a model root exudate, for investigating the effects of iron
phase transformation on total organic carbon mineralization and priming effect in the root zone under different redox states.
[ Result ] The results showed that: (1) Both soil Eh reduction and exogenous glucose input significantly increased the cumulative
emissions of CHy and CO,. Under water-saturated conditions, the incremental emission of CH, was significantly higher than that
of CO, in the glucose-amended treatments, and vice versa in the unsaturated water content. (2) In both glucose-amended and
non-amended treatments, soil dissolved organic carbon (DOC) content generally decreased compared to pre-incubation levels, but
the aromaticity of DOC increased under saturated conditions. Eh reduction and glucose input stimulated ferrous iron (Fe")
reduction and iron-associated organic carbon (Fe-OC) release, with Fe-OC content variations showing significant correlations
with iron speciation and CO, emission rates. (3) The activities of carbon cycle hydrolase and oxidase were significantly affected
by the redox gradient and glucose input. Cellobiohydrolase (CBH) activity decreased with decreasing Eh and showed a negative
correlation with CH;+CO, emission rates. Moreover, phenol oxidase activity was higher in the saturated water treatments than in
the unsaturated water treatments and was positively correlated with the rate of gas emission. Glucose addition significantly
increased the activities of phenol oxidase and catalase oxidase. [ Conclusion ] Both the “iron gate” and “enzyme latch”
mechanisms synergistically regulated CH4 and CO, emissions. The findings provide critical parameters and a scientific basis for
predicting rhizodeposited carbon sequestration potential in subtropical iron-rich paddy soil, and optimizing water management
strategies to enhance carbon storage and mitigate greenhouse gas emissions in rice cultivation systems.

Key words: Paddy soil; Redox gradient; Root exudates; Organic carbon mineralization; Coupled carbon - iron

A HLEKR ( Organic carbon, OC ) X 235 + 3£ 454y
PR FR orHE BA B e, E4ER AR R G
R AA A= o B E BN, fEAR AR R
NS B NI IRAA T0 A 1s  Ef Bne % N IR N
F4) 1 B P 1 21 PR o A ) Ak - R
ZE, FEH M, FRalRKARER X 5 2 B F A
iR R B, fdi75 £ 39845 MLk ( Soil organic carbon,
SOC) JilfL it a2 BExm, ) Haj AR A
fiff A HH - BEAE HLARAG A ) E RS . A
WK AR FORAS ) s 2 3 52 )
it A3 AL i A 323 R e AR — AR A S5 Ui
FARA B AR AR, A T K B
AT A ISR, SOC 7 ke 22
FHMHI, SOC BEMSAF BT 4 M FRAF), (HEE AR5

KL, IR AR T B e A SR AR AT
REMG AN, ARBC T AR AN SR MG B8, M A5 K
LHErh SOC MR AT RE T 17, AARR AR,
82 22 D AR AN 5 K 5 A K A R A - i
JURZS, HerP A A LB A A SR A AL AT
FEAERR B AN SE 1 o A i i fIE £ FE Tk 7380 B
R R i A GRS SR H A 1 B D
1% H B

K AREAR 28 7310 ) R KA A LR Y B B R U
— o 7 I, R A AN TR 5 B
PR, e L R e e R, I ml o
WAL, N e AL (R “228”) 1
FREY ST, /Ny F e IR LR T E
[LGRE N NI S A BN e R TV S (S SR 7/ 4 o

http://pedologica.issas.ac.cn



41 XUMTERSE AL SRR B T K ABAR A WL L i B -l & B 1271

FePTyE, DT R AR AR 0 X6 e it i o] ) B, el G
FE PRI Hd ) W E RS A
(A LA 2 7 R HLBR Y 21% L BRAE Ry 1 45
MEEMAAN TR, RN SHMRAESW 254
U RS M A3 UM G . i oeds il I
o B BRI BRAE R R M 2 AR S, AP BRI 25 1
MR (AR A FFR A AR AL ) B, I8 AT R A RO
YRR, KA P ( Organic matter, OM )
(A 2, X R LR T )
XA B S O AP VR TR IA R AT BB T Hp— . FR[ENE
Pty AR KRR F 77 X, IR A & &+
B WA [F] AL O SR S IR 2 40 1 W i A S5 1
KRS LA LKA A R R AL Xl
i LR

WA, - S A At T S 3k 3 W AP B e OC
MR AR, HZid R 2 oK iR s, oK
Sy E b, LB AR RN, W
AU HEEIE P T, AEE T 3 b K R A PR
P2k A, DR TR T 3 B K TG )
FE T A IS PR XA DR PR “TTHT 800,
AR T “BEF HLRID, TR, L
TR A B, ISR KA T XS SOC #4ki
A T Eip e d T Sy VAN ok €05 VA1 K1 S [VARMERLIE '8
WK om0 o i b AT A AE At A PR TR
AR HLRIE I SOC % . 5 “HgH” FRIBAHXT,
MR LR T LIRS A O 0 k117 Bl
ZHLEIHE Y Fe* 8L (17 Fe*™ %4k ) nl il iy A ik
TG PE . A2 5 B AL G Y BLR I Fe-OC 454,
TSV T 7K S Tl 305 T A BB AR 1O (ER
CERITTT 5 CEEET AL A PR N P S 2 (R Y
KAREMAUIG, ANE g ol e . 52
G5 N[A) AR ELAE D U7 7 A A ik i 7K
A, ARIERRIEEBET “#0117 5 “HH
Wl AR X 3 et A, A Rt — 2D

T, AT MK FE L A A JFOR A Y 55
PR &, AR TAR R A e 1 Y - ) -
WUEMIRPRSAE R RS, 456 SRHERC S |
T IEAL S B I, AR E: (1) EALIR R
T B FIAR 22 43 WA s AT 3384 LA B Ak S 8 A 3%
N EEIR s (2) AR AL BT HEEA LK . OB
A MG VE R N RRAE s (3) “BRITTT R “RiEET L
TR ALY fat B 0y Srmk . LU R s P AL A1

TV PR B B OK AR PR PR B AR R L ifl
IR A8 B LA S SRR T e il A 2 Bt ZE S RO 2
W?EO

1 MRS IE

1.1 it E

AR AR A KD BT (28°31'48"N,
113°18'36"E ), 4k 92.2 m, ML ARRAT K
AR LT VR B B KARE 1o 1% X A Y e 2
WS, 4ESFEHRIE 175 C, FEHEKES 1
300 mm, T 2023 4F 4 H YIRERINEHF)Z L3 0~
20 cm), PFREAEYIERMAR . AERGER] LA, B G
Sy EREH T OB L e, KRBT S
N EH R T GBS i 2 mm £ . B 3 i 3
ARBALMEF AR . pH5.46, SOCI8.86 gkg', &%
1.86 g'kg ™', & 0.41 gkg ', HHEAEL 31.92 gkg '
FRL . By RL . WALy A AR 27.8. 581.5.
390.7 g'kg ',
12 EFREE

AW 8 o AR AN TR R R T Ak A
Y- UE MRS R, B E WK 1
B ERGEHH—AK 30 cm, NARTE 8 cm AU R
ALHK (PVC)EHM, ETFABAHA 1 PVC 31
F LW IEPIITIL, HTFMAMBEERE (K

tegtan IR

filter D“n A

Syringe
= 022 pm Inlet/outlet tubing
K=
A it +— Standing Water
Eh Meter ——__
AEME
Artificial Root System [~
44{;&2 Length: 10 cm R LN PVC Pipe

Hf Diameter: 2.5 mm # K Total column length: 30 cm

7% Soil filling depth: 20 cm
N42%% Inner diameter: 8 cm

Heok
Drain pipe
K1 NERRERRGRE

Fig. 1 Schematic diagram of the artificial root culture system
device

http://pedologica.issas.ac.cn



1272 + b1

63 %

=

10 cm, #MZ 2.5mm, W4T Soilmoisture Equipment
Corp, M) fE MBI R, BIR R Ty 5
FF, DRSS REE Y, RumEd ks
(0.22 wm) FIEESES, FH LA 3 b i SRR R
R, b SR — R AL AR R
fii (Eh) JHEAFL; Faarh ol HkFL. A
1K 20 cm, FHAERH B A s AL

1.3 REigit

AR EAR R WY R AR R B (K5
ZAF) AR ESGRE . R PC ARicpy 4
(°C 99% atom ) E MBI R W4, I EEA
EARFR AR Y AL ERAE X B (CK )5 AL JRR
WA RS KRS, W 4 AR (1)
+ I A A KR 60%, 60%SWC; (2) HRFIE K
Y 80%, 80%SWC; (3) M /KER 100%,
100%SWC; (4) 3cm /K, 3F,

FR A F (] S 25 S0k T R AR R4 B, I %
FEeflmAgliok, WAEHA), LIRS A FEIK & B
FER) A . A BRI BN EoK RS, i
PP R, JFscmt Wi Eh 481k, FilkE 5% 40 d )5,
S TR LAY Bh FEAIK IR E , IFIE L Y
Eh #6FE (THIEt R o mh2, VLT 2 ). Bl 5 i 5 4
Pk 83 umol'mL"-d™' (LA C 1) AR [ BLAR & P
WA PC AL R, LA 20 d, JEiT
A 1660 umol C, DIBIIKF LT 2= PR PR3
5 P s 300 ) AR B AR e g AR

HACHBE 12 ANEE, 0TI bR
R, FEEET 25CHERE ., EERAMG T T
Fio H, TR 1 3, 7. 14, 20,
23, 27, 34, 46, 60, 80 K RAETIZ K, KK
ST AR 2R T AT AL B, IR
S5 15 min SREEZS A 30 mL, R 3 EHX
&, T 115 CH, Fl CO, Y HECE A BT HEE
RAGEHRIG, BRI TE, 2% B Il 15 34 Hh 4k
SERESR o R AR N A3 ) TR R ES 1. 20 R 80 K
HEATRE IR MR A, LIS - S A S5 R s M 45
EiEL
1.4 $EFRIE

+ 4 Eh R H Eh i1 ( DKK-TOA DM-32P, H A )
JEESERF WA, CH, Fll CO, AR BE P AR (5,335 4%
( Agilent GC 7890 A, 3E[E )l %2 ; *C-CO, il *C-CH,4
= B ff AR M R 7 2 BT 3% 4% ( Thermo Scientific

MAT 253, EE ) PEATIE . AR A/ R
MY CH,-C 8¢ CO,-C ik it AR P F .

Csom= Crx (atom%'"*Cr — atom%'3Cs ) /

(atom%"Csom — atom%'>Cs) (1)
Cs = Cr — Csom (2)

K, Csou W HEARRA YRR T fLiE, mgkg s
Cr HAAEFE AL E 0 8 A WL 1B, mgkg';
Cs AAMERE ( PC-HiAiE ) M# fbi, mgke';
atom%"Cr N#AbFER CH, 58 CO, 194 atom%"’C
fl; atom%"Cs N “C-# % BEH atom%"C 14 ;
atom%"* Cson 4 I3 A HLER 1L AY atom%'>C {H .
TR (PE) BHEAR.

PE = Csom. s = Csom. ¢ (3)

K, Csom. s TR IIER R - AL 3ok A
I FEA A HURAY CO,-C 7L, mgkg'; Csom.
FR A AL Bk [ AT HLAKR Y CO,-C
Wb, mg-kg o CHy MR SON T H 2k m] 1

fif 125 0.05 mol-L ™' K,SO, MR BUS , SRHA
MU (BB Vwp, HZS) Hll%E DOC Mk,
I AT W4y H6 6 BETH( shimadzu UV2600, H AL )
& DOC 7£ 254 nm Kb W OGAE A L3153 SUVA 540
SUVA,s, B AR .

SUVAss = (Azsy / Cpoc) x 100 (4)

K, Agsa MWK 254 nm ZEEPEIMIME; Cooc
4 DOC ¥, mg L', SUVA,s, Al HFH/R DOC
Ty A PEAL A ) R K 4 2 B AR e, AR
1o BN A BT A R R

HHE Fe*. FlURASRAEMIME B Ak . BR
LEL AP (Fe-OC) (& ERYE Lalonde 250
Mk, BRARINTT

Fe-OC =SOCnaci—SOCpcp (5)

K1, SOCyucr Al SOMpes 4 5IM K5 DCB (3%
T PR A A R A - B TR AN ) VAV B R
(1) NaCl A BUS AR DCB i AR BUS 19 + 3%
W SOC MMk, mgkg'. SOC fii R A 7

http://pedologica.issas.ac.cn



43 XU ESE s SR TEURE R /KRR DX A AR Pk A B - A A DL ) 1273

#71% ( Elementar Various MAX cube, fE[E ) #F17
I

SRR AE P OC B K I B -1, 4-7 A E T B
(BG) FI£r4e — Wik (CBH), A bif JFA &)
AL (PO ) TE MR AL A (CAT) WM
SR FBRCFL AR AR 2 Gk 52 2231 K St ) 2 2 9%
e FREL0.5 g B4 % 1 LB, A 60 mL £
BRGz vPIRE BEREIR A28, B S R 1] B 65 96 13
LA H AR I A 200 p L fic B 4 1 £ 398 5 i A
50 uL 200 pumol-L ™' ffJiE4 ( 4-MUB- B -D-MH I 7 4
BEFE . 4-MUB- B -D-2F 4k W ). [A) s 56 & X o/ il
PR, FEMEEZS G, BT 25 ClHEER M
FekEFE 3 he BRSSO S STZIIA 10 uL 1 moL-L™
NaOH # 1k B, B HZ Yael#bs {0 ( TECAN
Infinite M200PRO, fE[E ) 7E# KL K 365 nm Flk
S K 450 nm F4F R e SEOGAE o By A AL B AL A
A U 1 P - R R A YR AT, SR
FH\GE BB 23 5 ) & B 96 TlfL AR AR rh
A 200 pL Y R A 50 pL 1Y B
(L-DOPA ), [R]—Hf s 3 Bipr b, b — 1073 il i
HAMER AN 10 pL 0.088 moL-L™" 1Y H,0, W . W 15
TR T 25 CHERIGFRAH BRI SR SR 24 h, T
Pt 460 nm Zx 44 I E G . Hord, B AU IR TR
PERR G AR AN H0, 7 A R 4t SR 3158, 28 e
FALEY Y BB RIS P 5 CAT 5 AR 3 W 4461 B 1)
ZEHAERTTIT . A SO P I 235 SR AN A 1
B S5 AE T BRI Ty, IR 58 AR IEA S LI 5
R I PRI H:
1.5 HUESDH

43 W] Excel 2018, SAS 9.4 #il Origin 2016
TR BE . Geit oy BT R R GIE . AR R
XA 5 25381 ( ANOVA ) 254 fe/)N ik 3% 22 bk
K% (LSD) #AT8dE £ & ik (P<0.05). it iy
JRith ( Pearson ) A&/ Hr 7. CHy Fll CO, HEJiL S
- P A T R b M 2 A M . SR R 4.4.3
“Random Forest” #E17 B AIL AR AMAR A5

2 45 R

21 TESUEEHEREREETN
ARG SR T, 8 A SR R 2 53 )

Kb FE Y 43 Bh 28R ANE 2 Frs . 0 BFZ) ( FidsFR4s
O, ASRPK & 5 AR RS Eh S 30 SRR JE R,
Eh LI F a3 60%SWC>80%SWC>100%SWC>
3F,

—o—CK 60% SWC —o—CK 80% SWC—2—CK 100% SWC —— CK 3F
—a—60% SWC —o—80% SWC —4—100% SWC ——3F
500

C: Hkk

W ok
CxW: ns

[JF A A YT Start injecting the solution
400 i

300+

200+

100+

0F

EALIR LA Eh/mV

—-100

=200

1 " L )
-40 -20 0 20 40 60 80
5% 8] Incubation time/d

#: CK60%SWC, CK 80%SWC, CK 100%SWC, CK 3F
SPNRARIK ISR 60% AN E K 80% LI A E K
. 100% MR E K . 3 om WEKBURT IR (4liK ) b,
60%SWC. 80%SWC. 100%SWC. 3F 435l R K5 & H 60%
FHERRE KA 80% HHEMAN & K . 100% £ RSk i
3 em FEK I A AL C, HAERmA; W, SKE; C
x W, B A S B KRS AR+, R IR B
F K P<0.05. P<0.01 1 P<0.001, ns F/RA B2 (P>0.05),
TR, BEAARE 0 F/RTIEEFRERMBTR]; BEARARIY g Rm
55 9% B9 B ] . Note: CK 60%SWC, CK 80%SWC, CK
100%SWC, CK 3F represent control treatment ( water ) with soil
water content maintained at 60% of soil water holding capacity,
80% of soil water holding capacity, 100% of soil water holding
capacity, 3 cm flooding, respectively; 60%SWC, 80%SWC,
100%SWC, 3F, glucose addition treatment with soil water content
maintained at 60% of soil water holding capacity, 80% of soil water
holding capacity, 100% of soil water holding capacityand 3 cm
flooding, respectively. C, glucose input; W, water content; C
x W, interaction between glucose input and water content; *, **
and *** represent significance levels of P <0.05, P <0.01 and P <
0.001, respectively; ns indicates no significance ( P> 0.05) . The
same below. The 0 on the horizontal axis indicates the end of the
pre-incubation period; negative values on the horizontal axis
represent the duration of the pre-incubation.

K2 e Al i f At 4

Fig. 2 Changes in soil redox potential

0~80 d, 1 Eh Bfi & /K RAG G . 4l
AT HR AL B rp ) A 3 B KR DI 55 1972 Eh 4331
K 337.44 . 245.10. —42.02. —94.08 mV; il AF%

http://pedologica.issas.ac.cn



1274 + g: i 2 Eird 63 &
PEALBEY) Eh W43k 221.45, 14831, —101.41, YE X B CH, F1 CO, B9 BT fh i 348 % ik 3 52 1

—138.78 mV, HZ XN F 7K f: i ) HE Ak 35 A AN [+]
FREE R A AR LR, Bl 55 SR ]
fm, 148 Eh BHETHE LAMGSE, HE
60%SWC., 80%SWC 77K T B ; 4k |
LS Eh WA TP

22 SFNWEFEEE T BIEMN - U HEFE

+ I3 EKE (Bh B 5 ) M b im & A2 |5
s SIPIE o
3500 9 W sk

| ——100% SWC Conly: #a%

—~v3F
5~ CK 60% SWC
[ —o— CK 80% SWC
2500 - _a- CK 100% SWC
- CK 3F
2000 |
1500
1 000

500 |

3000+

CH,-C 23t Total CH,-C
fluxes/(mg-kg™)

(P<0.001) (& 3), 1 0~80d Huks3REMIN, &4
it CH, Al CO, 1Y RITH btk 2 B 455 55 B (1) 48 4 1
B, H CHy BiTHHERCR 22 + 58 SR JFR 1 5%
MK (& 3 ). glizkxf AL EE e, R A& /K & 2%
F (60%SWC. 80%SWC ) CH, 7ER; 3545 80 Kt
B BT HERCR AN 1.44 A 1.16 mgkg ' (DL C T,

D, Z# M CH, HERCEAAL, BitHE 2L T

2000 —a 60% SWC b) C: #x
| —e— 80% SWC W
A 100% SWC CxW: #5%
el
1500 5 K60% SWC
—O—
[ —A—
el

fluxes/(mg-kg™")
2
S

500

" CO,-CZiTHEUR Total CO,-C

0 T 20 40 60 80
3535158 Incubation time/d

—_
(=]

—m— 60% SWC )

| —e— 80% SWC

| —a— 100% SWC
—v—3F

o

PC-CH, 23l Total "C-CH,
fluxes/(mg-kg ™)

L

550} 8] Incubation time/d

[ —=— 60% SWC d)
| —e— 80% SWC

10 —a—100% SWC

I —»—3F

5C-CO, 2B Total “C-CO,
fluxes/(mg -kg™)
()}
T

L 1

0 20 40 60 80
B 75} [E] Incubation time/d

" 1 n " n
0 20 40 60 80
% F5 05} 8] Incubation time/d

£~ [ ~ r )

ST 140077 - z —=— 60% SWC CH

22 [EACHC o) = 8001—a- 60% SWC CO. D)

£ % 1200 =3 COC % | —e—80%SWC CH,

s I a a E  [-o-80% SWC CO,

1 5 1000 T e 3 600—a—100% SWC CH,

= & F | =& L -2—100% SWC CO,

JJE‘L = 800F - :1\;( A 200l 3F CH,

= 2 600k ‘7 a = S -7 3F CO,

g = r T a -1: £ r

5 40r b = / = % S 200}

Y >

& 3 2001 % ¢ 2 I

2 Lo b = of

#%E OTI/ /I I.uII I.I/A I.I/A 8 1 . 1 . 1 . 1 . 1

h 60% SWC  80% SWC  100% SWC 3F 0 20 40 60 80
Qb¥T Treatment $%FEETE] Incubation time/d

E: FFAEAR/NG FRERIR A B 22572 B2 (P<0.05). Note:

significant differences among treatments ( P < 0.05) .

K3 AR R E N CH,. CO, Fil PCH,.

For the same gas type, different lowercase letters indicate

BCo, i RitHEcE (a~d), HAHHHA SR I CHy Fl CO, HEE (e)

IR ()

Fig.3 Total fluxes of CHy, CO,, BCH,, and *CO, under soil redox gradients (a-d ) and CHy, CO,emmissions induced by glucose input ( e )

and priming effect ( f)

http://pedologica.issas.ac.cn



43 XU ESE s SR TEURE R /KRR DX A AR Pk A B - A A DL ) 1275

EE (K 3a); WtEMEKEZRMLT CHy BilHEK
HHGE RN, 7E 100%SWC F1 3F &b F b HER 3 7] ik
1138 F1 1 685 mg-kg ' CO, ) B HHE 2ty 52 iy
A KA s T AR A S KA BRAG R 3 ARt AN
IKEFIET B CO, BITHLiAHLE, AN A5 70 )
ORI AT S (A

AR % R AT B IO 4 Eh BRI AR
&L CHy Fll CO, WAkl R K St fbi (18 3). 0~
20 d i A A ERT, S ABRA T I R A 2 AKX
WA /MBI i@ AEREE (20~804d),
Mo A K AL (100% SWC. 3 F) ) CH, fl CO,
WAL RN, FEZEE 34 RIGEWNgE. HH
AR, A B R W 100% SWC
3 F bRy CHy BE3Ha ki s iighn 83%F
37%; HAEMRAIE /K & A =R R CHy AR,
HLBE S R0 8] T AR A, SRR AR A 1% & K
AR FER 1) CHy HERR R 508 0 25/ T4 R0 5 K i b 2
(& 3a M 3e ). ANIF Eh B HAE v, il A28
SEFRE) CO, Bt Ak i 34 5 T [F] & /K 3 F A 4l kT
FRALEE ., TRRNEK RS T , MARE A G COL 1
St e n &AL F CH,, (HARMMAMF T IRZ .

W ASNERRANEL A, AR IR (PC) mET
fe e /N R AR Bt (& 3¢ A1 3d ).
HE— 2T BRSOV R I, AR RN B K Ak B Ak
57 %0 B 0 AR CHy BEAS R 77 AR WO R0 5 T
100%SWC Fi1 3 F AbBEAY CH, BT & 500 2 5 e 2%
R, 20 d JEREAET . EE TR A B
CO, 7E 80 d Ay R IH i & & K/NR I R
80%SWC<60%SWC<3F<100%SWC, H 1, 60%SWC
F1 80%SWC TEHE/ 15 5 Ji J] N 341 0 1E O R0V
100%SWC Fl1 3F 4b BRI AE 20 d Bf 3k 20980 & R0 1 B
A, MJEBE BT, I bl 55 52 a) 60 3G I g
T2z (1 3f),
23 SHEEHETLEABEREEESHNET

{451

+ 5 DOC &2 LK EZmN (P<
0.05) (Kl 4), fEIRXBHI1] (1d), A ICHMEH %58
B AALEE R A KR (100%SWC FI 3 F) R
DOC & &K FHE 1 F1 % K 4b #E ( 60%SWC FiI
80%SWC ). HEFRZEHMT (80 d), &lizk Xt I AbHis
KA ZAE T DOC & it 0 i 35 25 5, 7 4 Wi A\ A 3

H ) 2 AR R K A PR ARG T AR R 5 K Ak ER A
#O(K 4a fIE 4b), BEAh, XFREALERH, rg K5
b3 DOC & it ¥ B 2 15 3% B[] 0 384 hn i s ek ( (&1
4a), AHESTHIHAIE, 80 d it PUAS S AL IA JFURR B b 7
() DOC V& BT 30.56%. 1M A 2 1
S AR A SRR SRR B AR BE Y DOC SF-3
i RIS T R R R TR

SUVA,s, ] i T4878 DOC W35 &b B,
SUVA,s, [H#K, DOC 5 H bR . B3R5 1
K, A7 Tom 5 i A AL BEAY SUVA,s, [EL Y RE Eh B [%
R AT REARG 5 55 20 KA o) et Ak L 552 AR R 55 7K Ak
i TR A B KA B R #e s 55 80 RN, X HEAb 3
oA S oK R C B 25 R, A R AL B
100%SWC #il 3 F () DOC 75 % J¥ . % & T 60%SWC
1 80%SWC (&l 4c, ¥ 4d).

AR . LHOK M B L HEN Fe
BEW (FS), Akt AR A b B, 45 8%
FEEH R FeX & MR LR Eh A AR
B, BRES 1 KAM, 3 F APRAER AN FRNHH B
Fm T AL F KR AP (] Sa FHE Sb ). 2
AR E3OIN T 45 KA AR B Fe* i, 1 80 d i
3 F AR Fer B R K, AEIRE IR 4540 B Y
Fe SRt sk, (Il A A B B, R
AT (0~20 d) Fe T Y {E oy b g 4l 7Kk i Hit Ak
FE, 80 d BFNIAHSZ . 100%SWC AZbFRfY) Fe* & fifi
B IR R AR /N

A TR R g ab b, £ R A
TR SN RS S A A WU (Fe-OC) &
/NT 100%SWC 1 3F AbBEEEI{E (E Se, [l 5F),
Forp s 3Rmi (1 d), ARVEAE R A 3 +
HE Fe-OC it 78 0 JHE R 4] 2 A Ak 21 v A8 A i 34—
o HRE 20 d B, A SKEHEERE Fe-OC &
HESALE; 5 80 K, XM T 100 %SWC
SEFRY) Fe-OC 7t i 3 i T HA =4~ S /K AL
24 SEREEE TH D EEE N

X T BAE P AH OC B /K S B 1T 5, CBH A1 BG i
PSS KE (R FIRES ) BRI EHX
(E 6). TE4 . M WEH AT, CBH ihtkH
(X HRALHE 100%SWC & KR BRAN ) Bl K 3
ISR RS, HAER A AL T AT
HH & .80 d A, 3 A K2 M 5 AS [R) 75 7K i 4b B 1 CBH

http://pedologica.issas.ac.cn



1276 + b1

63 %

=

TR 1 RIAAFFEEE A TR (& 6a, & 6b ),
BG T PE B A8 S5 FE AR AL S5O ] ., (B 73
AANEEE R AL B, BG G MEAE 20 d #1180 d BFEy
A R A R A Al O R A

ST EALBEE MR, PO I CAT ¥y32 4 4kik
JEAefs B RN AR R A 52 S 2 (81 6 ). o, PO
T P A R JHE Ak L ) 355 7 I U R 2 A i A Ak L )
AN 7 TR 4 Hp 2 S AR R S K A B g T AR A K
ALFR S (B 6e MK 6f); 20 d 45 45 Wik A4b
FEA PO TEMER Z WA SR BO s, 80 d
B4 T N B . CAT T3P DU 7 4% B 5 B 40 B Ak 2 3
HF) 4 2 AR A v T Al KO B AR B R H, LR SR 20
AT 80 KB 444 i B Sy Y ik

3 3 ®

3.1 CH,# CO, WHEAMIEZRE + 1BV R KB

EHERX R

- 8K J3 T 3 2ok A A 3 AR AL A UMK S 5 T A
M SARHE . A, CH, F1 CO, BYHERGHE
RZME L8 Eh BEAME, 5 F’ SREFLE
G (K 7Ta, Fﬁ 7b), THABERMET (i A
JKAL TR ) BRI ik AR AT BE SR S A HLER 0 o, ST
%ﬁﬂwuﬁo X5 Liv VR B, B E )
PRSI, BRI S A A A5+ A HLER 2
i, HLBTHR T I 90%H CO, F= A . T K5k

[ 160%SWC 80% SWC 100% SWC RRXA 3F

a)
150+
a
= b .
P 74 ¢ ¢
"ep 1001+ ;;ez —I_ b b p
e K] a a
2 e N
g % HZN
Q L
- % %@% %@%
0
1
BEFEmE] Incubatlon time/d
0.8
©)
0.6F a a a
; NS
- a %
g NS L2 TR
<ol AN 5
5 &< 3%
7 R o
XX XA
e %
) )
02F KX KX]
] %
XA XA
e )
e )
) )
0.0

20 80
}E35 8] Incubation time/d

TE: ARG SRR 7R R I TR A ] b 2 1) 22 S

b) C:'n*s
150F a a W
a CxW: ns
—P# by
{§ a
~ a4 ap 1 a
'ap 100 -
: m% ] b \
= B | N
g
N é@% %g%
0
1 80
F5 350} 8] Incubation time/d
0.8
d)
0.6 a a
1 s L[
z a T < a a
< a
> 04 ab a; <% b | o
20 b o o
- SN
& K<
02} (3 &
| &
990 o
K] 5%
KX KA
0.0
1 20 80

}E35 8] Incubation time/d

3 (P<0.05). F[Fl. Note: Different lowercase letters indicate statistically

significant differences between treatments at the same time point ( P < 0.05 ) . The same below.

K4 HEAEEA LR (DOC) & KI5 HE (SUVAgs, ) ML (ay ¢ AAIIAIEBEAOXT IRARER, b d HESHNa &bl
Ab )
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Fig. 7 Correlation analysis of CH, and CO, emission rates with Eh (a), Fe* (b), CBH (c), and PO (d), and correlation heatmaps for the

treatment without (e ) and with (f) glucose addition
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Fig. 8 Changesin A Cumulative CO,+CH, (a), Fe** (d), Fe-OC (), CBH activity ( f), and PO activity ( g ) before and after incubation,

and CH4 + CO; emission rate random forest model analysis (bandc)
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