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Abstract: [ Objective] Paddy fields are significant anthropogenic sources of methane emissions, and anaerobic oxidation of

methane (AOM) is an important pathway for mitigating methane emissions from paddy fields. The application of nitrogen
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fertilizers in paddy fields makes nitrite a primary electron acceptor for AOM. However, existing studies have focused on nitrite-
dependent AOM in bulk soils of paddy fields, leaving the activity and functional microbial community characteristics of nitrite-
dependent AOM in rhizosphere soils poorly understood. [Method] Through indoor slurry incubation experiments combined
with 13CHys stable isotope tracing, quantitative PCR, and high-throughput sequencing, this study systematically investigated the
nitrite-dependent AOM activity, NC10 bacterial gene abundance, and community structure in rhizosphere soils and bulk soils
at different depths (0-10, 10-20 and 20-30 cm) under different fertilization treatments (CF: chemical fertilizer; OF: organic
fertilizer combined with chemical fertilizer; SF: straw return combined with chemical fertilizer). [Result] The results showed
that the nitrite-dependent AOM activity in rhizosphere soils ranged from 1.03 to 2.42 nmol-g'-d"!, which was significantly
higher than that in 0-10 cm, 10-20 cm, and 20-30 cm bulk soils, respectively. The pH, soil organic carbon (SOC), and nitrite
contents were identified as the main environmental factors influencing nitrite-dependent AOM activity. The NC10 bacterial
gene abundance in 0-10 cm bulk soils ranged from 7.44x10° to 2.39x107 copies-g™!, which was significantly higher than that
in rthizosphere soils, 10-20 cm, and 20-30 cm bulk soils, respectively. Correlation analysis revealed that SOC was the primary
factor affecting NC10 bacterial abundance. Additionally, high-throughput sequencing revealed significant differences in NC10
bacterial community structure between rhizosphere and bulk soils. PCoA analysis indicated that soil water content, pH, and
nitrate content were the main environmental factors influencing NC10 bacterial community structure. [ Conclusion] These
findings demonstrate significant differences in nitrite-dependent AOM activity, NC10 bacterial abundance and community
structure between rhizosphere and bulk soils under different fertilization treatments. The findings demonstrate that the
rhizosphere serves as an active hotspot for nitrite-driven AOM, providing a deeper understanding of the AOM process and
offering theoretical basis for mitigating methane emission from paddy fields.

Key words: Paddy fields; Rhizosphere and bulk soils; Nitrite-dependent AOM; Activity; Community structure
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YRS T ARBR T A R nT R A TR A R, AR T A A KB, AR PR A L
=S T AR R0, ESERERE, REES LY B B R R T KA S, HAR
RIS 52 8077 FRGE o B AR KB AR B PR R R s 1, 1S /K RS R PRI CH, HEB0E & ™ H b
PRI B = T AR bR 0T, A, MRPRIX ISR B A B 1) NOx & &0, FRFRIER B, Rk
MBI ] BE AR 2h 8 AOM R AE 3R A 70 S B JIEA . SRTHT, IGO0 T8 AR R 5. 4 AOM
PR FC B A T AR BR 0131, AR PR A A ER 3h 78 AOM . v& 1 A L Dy Re i A W V& R EAT)
=z RGN

it A B AR A RS, RIS XS AOM IR s 5 )32 JED4 10, St (e it
TEAGER], SECETHFEA NOy I m] R P 007, IAE R T4 m AR 5 4 AOM W& 1. f
AR AR, AN A LR A A S B R TREE AOM iE TN, Yang FEU6TidE
— ISR I SRS AL H e o G n 3 ML A e AL S B R SR = AR A R £R 2 AOM
ETERDIREAE L. AT, HEIRCA 2 U 7Tk S AL e % 12 AN IR 5 AOM &1, HZ
JARTREHAERER L, S A FEEAEAL I R LV AHER 22 AOM I A2 7T

T FR RS R, AR DU R R ARBRA SN A VR 2 X T HEAR B,
MR 7Y AOM T ME S L3R B AL P UM G AE M 3L (R4, AN AR PR AN EAR R 1 2 TR AE 2

http://pedologica.issas.ac.cn



+ %
Acta Pedologica Sinica

FHE. WAL, ERB, MUIASFEEACANEE T AORE AR PR A ARIR PR A A Xt &, il = e
iR SEIR A PCHa A2 @ VE R 2R ERHOR . Rl S P AE & PCR S50 TR 0K, X LAt 7t
AN RS AL B R AR Br = 5 ARARBr - VAR Eh 2 AOM & PR, ThRe Gl WoRe v S5 A0 A== FEAFALE
WHFLEE R B TR AL R H AOM A2, i H H e i AR A B AR A

1 MRS

1.1 1R 38%

WEFE X AL T EVL A M LR X (32°25'N, 119°43'E) , J@ T HGHZ XA, 4P
JKE 1596 mm, 3SR 17.0°Co R X IATREERAE, W& 3 Mt sE: UL (CPH A
HUIEECHETCHLIE (OF) FIFSFHEHBLELHLUIE (SE) o FALEE 3 ANMVRXEE, it 9 MR/ X,
CF 4L &4 N 270 kg-hm?. P,0s 108 kg-hm?. K,O 108 kg-hm?; OF 418 FALE: 30% LHLENE
SF #1F%Y5 CF A LRFFARRITCHLALIE H & A8, Bshit N A5+ 2 400 kg-hm?.

1.2 HRmRESHHR

T 2023 4F 10 /KB BAGAR A TR S . AN BENLBRIE 3 MRAKRE, IR G 7E KRR R
IR, IR TR AEAIRER L. ST FAERER L, A EAR S em 1R8N DU A EURERCR
££ 0~10. 10~20. 20~30 cm JRFE LIERE M, [FI/NXFRBEAE IR G I85), 70 B AF e o % B 48 .
Hor—#6 T AOM &1, —#45 4 °CH A T € T3 BRI, —49-20 °CARIR A H
T TFHEYF LR

FIEEIKE (SWC) JEDKs it HI3EE 105 CHA T 2 EE /G NE. 3 pH X T A
EE TR 1:2.5 (m/v) WHEE G, B pH it (Carlsbad, 3E[ED llE. HIFEAHLK (SOC) F&
i KoCryO7 AL IENE o HIEMIEE NI (DOC) At HIE 5 R B 7K 1:5 (mv) JBEED 1h
AL, $REGE RS A TOC X (multi N/C 3100) Jll%E . +3% NH4-N. NO-N 1l NO;-N H 2
mol L' ) KCUEWRIRE, 7t a Bl e Bl S ST A & &. B S Tabrdl e AT
3IREK.

1.3 TAEERELRY AOM SEMENIE

K F 3CHa F2 58 P R F 7R BRI I i A IR 25 284 PR e S| e P 0 3 g BTl 438 5 S mL 2%
BT/KHET 12mL B (Labeo, TE[E) , ABREZRHESLAIRK . NIRIERESRSE, H
BRI T I AR (SRR Smin) « EES 2K - HHIAAE G BRI E TR
iR SR 3d (30°C, 120rmin™) , DUiE— 5 R BORI I AR L HR R B B S SRR G L 752 44 . TR
FREEHEEUH 0.6 mL BEIR TN SR, IINSEE BCH, B, JeRE 2900w B AL, &4 3
AMEE: (a) BCHs (TERNXHEA) , (b)) BCHs+NOy (SZIG4H) o 78 b 4NN 0.05 mL NOy #
A, BRI T NOy HIEE R B ARAFAE 0.5 mmol- L. WM 5 (B8 B T4 K AT 1E 0%
7& (30°C, 120 rmin’) , I 30 do 7EREFE 0 d A1 30 d 2 BIIIA 0.5 mL 50% ZnCl, £ 115K
5. BT A (AR 7890B A, EED ME TS ST CO, (BUFE 13CO, Al 12COy)
FI I, SRR AR A R EER I (Isoprime100 IRMS Y, ) 43 #HrTii=s s 13C0O, 5 12CO,
MILLAE, FH—BEE TR E AR He SE0SHRE A X EAABFIEAE F BCO, MaE . &5,
I SIS R F AT HR A 1PCO, (E1F BIANER1E 9 F 7 2 AR IR B R H B S8 AL = AR 3CO, i, R
JEHRYEES RIS ] (30 d) THET AR 25 8 R A F e B AL T 1 o
1.4 DNA $2 UK Illumina U5

{5 Ff FastDNA® Spin Kit for 178 Soil (MP Biomedicals, <& ) {7l &He BURA - EFE 5 DNA,
15 P BB 2> 6 BE 1 NanoDrop2000 (Thermo Scientific, 3% [E) X DNA ¥ A4l BFE 47400 . Al
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1 PCR 1 (ABIGeneAmp&reg, 9700 ) , iR =14 54 202F-1545R & qplf-gplr % NC10 4H
16S rRNA B[R AT 5 PCR ¥ 1Y, [ BAA R B 56 A4 HR Shen S50 OMRE 1) 7 123047

f#i ]l AxyPrepDNA il & (AXYGEN A®]) Zifby48r=4, CABR{RILl i & . b6 A
QuantiFluor™ -ST ZZXT AL J5 1) PCR F=W) it AT R 10 2 AN — A b3 . W 4lifu s id 38 1 B L
£ Tllumina Mi Seq “F- & #H TR, & PE2X300 3%, {#i] UPARSE %M, T 97%/F FIAHLLE
X} NC10 401 16S rRNA £ [T OTU %2, FIH RDP Classifier T 2%} OTU JPHI AT /0 FERE
NEGUE OTU R8BI AT SE1E, K H 5 NCBI %4 e b 1) A7 FURET EuE, DR B 5 AP AR AL RS
KT 80%HI OTU 741, LAWALRSE F ARy A mT Sk
1.5 E= PCR

FIH ABI7300 %475 % %€ & PCR X (Applied Biosystems, J2[H) , i 47519 qplf-gplr (5'-
GGGCTTGACATC-CCACGAACCTG-3"/5'-CTCAGCGACTTCGAGTACAG-3') *f NC10 M 16S
rRNA JEREATY 3G . ST okibrE di 2R, i THE IS NC10 405 16S rRNA A [1)45 I
#. qPCR SMifAZ A 20 uL: 10 pL Premix, 0.8 pL 1314, 0.8 uL 514, 1 uL DNA ik,
7.4 uL ddH,0. qPCR [ 2kMt: 95 °CTiARME: 5 min; 95 °CAEE 30's, 58 °CiE-k 30's, 35 MEI;
72 °CIEAH 1 min.
1.6 B

R FH SRR AR 2877 22 0 A AS TR Bt I A 2 R - S B AL PR . AR s L AT EAR B - S A R 3k Y
AOM V& NC10 2 b F 05 =F FE AR VA LA 22 57 o T ROE S A @ A B s LI 4%, (R B
EERIN OTUs, 18T Gephi 0.9 X ILILM AT ATAAK o SR FH B JR A8 AF A% 23 B 46 7 ST A B 2k DR
AR AT AT NC10 40 2 5 RR T2 M R RABIEX R (CCA 24 RAAR
B FOAS [FVR FE A EAR BR 1 NC10 A B HE 4 SRR 7RI )¢ &, Hnsemd NC10 205 B v 41k
() BRI T e @i i f s R ERARAETL (PLS-PM) Z)Hr it A A 35 2 4] 368 - 5% i - 3 3840 Al
NC10 4 #EvE, 3t AR bR A EAR by 1= T AS FR 58 AOM V& 14 7= A= 52 1

2 g5 B

2.1 REEES5TEIREIERPR AR IR

AN [ e A A B AR B = S AERR b = I BRAG MR L3R 1. 3 At AR AL BEAR s+ SWC 5 0~10 cm JEFR
FrtAe, HEZFST 10~20 cm A1 20~30 cm JEHRER L, HRPRTAT 0~10 cm FEMRPR T/ pH W &2
f&T 10~20 cm 1 20~30 cm JEMR PR+ CF 4R PR+ SOC HEEE T 3 NMAFERAERFR L, OF
WFERRPR 1 SOC & &Y 0~10 em dEMRPr L LR EZR, HEFE ST 10~20 cm F1 20~30 cm JEHR PR
=, T SF 46 0~10 em FEMRPrL SOC & & B Em THFr 1. CF 4B RFr1 DOC & B E T 3
MEEAERER L, B PRGNS B 2% . CF M SF A FRr EMSR S B EE ST 10~20cm
F120~30 cm JEMRFR L, OF AR PR TS A & RIEE & T 20~30 cm JEMRFF L.

* | FEIMEARLIBAR PR+ AR LR E AR PR HOTR (L 14 R

Table 1 Physicochemical properties of rhizosphere soil and different depths of bulk soil under different fertilization treatments

HRBr/AEAR bR B EELiIRT3 AL A B B TAHAR THAZ
osil A KE
Rhizosphere/ pH Soc/ DOC/ NH4*-N/ NO,-N/ NO5-N/
Treatment SWC/%
Bulk soil (g'kgh) (mg-kg™) (mg-kg™") (mg-kg™) (mg-kg™")
CF B 23.64+0.01a 6.03+0.04¢ 8.9+1.4a 25.6+4.6a 6.742.7a 0.05+0.01b 15.1+0.9a
JERRFR 0~10 cm 23.23+0.01a 6.10£0.08¢ 5.7+0.2b 14.442.2b 8.5+1.7a 0.06:0.00a 12.7+0.6a
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R B3/ AEAR B N EELiIR3 AL B B RIZTEE A THAZ
b A KE
Rhizosphere/ pH SOc/ DOC/ NH4*-N/ NO,-N/ NO5-N/
Treatment SWC/%

Bulk soil (g'kgh) (mg-kg™") (mg-kg™") (mg-kg™) (mg-kg™")

HEHRFR 10~20 cm 17.41+0.01b 7.24+0.22b 4.5+0.4b 7.9+2.4b 5.9+1.8a 0.05+0.00ab 5.8+0.9b

JEHRBR 20~30 cm 17.77+0.01b 7.90+0.10a 5.140.3b 10.6+1.2b 6.5+1.8a 0.040.00b 5.1£0.7b

OF HRBR 25.40+0.02a 6.61+0.09b 20.6+1.4a 21.9+7.0a 8.9+1.6a 0.05+0.00bc 7.9+0.8a
JERRER 0~10 cm 25.21+0.01a 6.60+0.13b 19.5+1.1a 16.8+4.2a 9.6+2.0a 0.07+0.01a 7.3+0.9a
EMPR 10~20cm  18.97+0.01b  7.11+0.27ab 8.3+1.0b 13.945.2a 8.442.2a 0.06+0.01ab 6.6+1.1ab

JEMRPR 20~30 cm  17.20+0.01b 7.75+0.15a 9.0+0.9b 14.8+1.5a 6.842.4a 0.04+0.01¢ 4.2+0.8b
SF HRBR 25.02+0.02a 5.65+0.07b 16.0+0.3b 23.845.4a 8.9+1.6a 0.06+0.01a 12.3+1.8a
JEARFR 0~10 cm 25.05+0.02a 5.660.10b 20.2+0.9a 12.4+1.7a 10.8+1.9a 0.05+0.01a 12.742.2a

EHRER 10~20cm 19.00£0.01b 7.01£0.40a 19.1+0.8a 22.4+6.2a 8.742.1a 0.06£0.01a 6.1%1.1b

EHRER 20~30cm 18.08+0.01b 7.7240.13a 17.5+0.6ab 11.5+1.2a 5.142.1a 0.0620.00a 3.940.7b

VE: 1D CF: LEHUIEAEE, OF: HAHUCAEE, SF: FEFFEMAIE, 2) RHEE N THEARHER . ASF B3R R [F — i R AL F R AR bR 1
FUAS [R5 AR AR B = 7] 22 573 . 3% (P<0.05) - Note: 1) CF: Chemical fertilizer treatment; OF: Organic fertilizer treatment; SF: Straw returning treatment.
2) Data are presented as mean + SE. Different lowercase letters indicate significant differences between rhizosphere and different depths of bulk soil
under the same fertilization treatment (P < 0.05).

2.2 IREEESARENREIERFR AT FHEREL R AOM &M
3 Pt AR AL BEAR i = A R 252 AOM TGRS B 1.03~2.42 nmol-g'-d!, 35 3E & TR PR
+ (0.18~1.01 nmol-g'-d") (&l 1a) . CF ALFRAEM PR LA AHELR £h 7 AOM JEPELE 0~10 cm 23 15
T 20~30 cm; OF Al SF 4b# 10~20 cm 23 & T 20~30 cm (F] 1a) o REF LR AEEREE A AOM F
BIE e (1.92 nmol-g!-d) W TIEMFR L dERFRL 0~10 cm (0.77 nmol-g'-d") A1 10~20 cm
(0.64 nmol-g'-d") & T 20~30 cm (0.31 nmol-g'-d") (P 1b) . SF AbHARFR A AHER LY
AOM P35 PES: CF Ml OF i35 F#1K 125%~135% (B 1c) ;5 OF AbFEAEMR PR W ASER E: 7 AOM T
3% M B 5 CF AT SF #81 59% (& 1d)
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Bl 1 AR A AOM Wi PE () BASCF35 AOM iEHE (b, ¢ AT d)
Fig. 1 The nitrite-AOM activity (a) and the average nitrite-AOM activity (b, ¢, and d)
2.3 RIFES5AEIREIERFRLTAI NC10 405 16S rRNA EEFEE
NCI10 407 16S rRNA B FEAEMRPR+ 5 A FIREAARPR LA R & 7. /£ CF 4B, R
FrtA1 0~10 cm JEMR PRt NC10 4HE R F 5 (1.24x107~1.40%x107 copies-g!) &35 =T 10~20 cm Al
20~30 cm AEARFR L, TMifE OF A1 SF 403, 0~10 cm JEARER 1= NC10 4118 5 8 =3 1 538 i TR b
PAJ 10~20+ 20~30 cm FEMRFRE (B 2a) o 0~10 em JEAR PR L) NC10 U PR F 5 (1.54x107
copies-g’!) HiE, HUCAMRERE (1.21x107copies'g!) « 10~20cm (7.64x10°copies-g™') Fl 20~30 cm
(2.95x10° copies-g) AEMRFR+ (B 2b) o CF AL (1.40x107 copies-g') MRFr1[ NC10 415 ¥ 15
HEFFEE ST OF A2 (1.12x107 copies-g') 1 SF 4b#E (1.12x107 copies-g™!) , fEIEMRFR T (7.10x10°
copies-g’) NMET OF 4b# (9.51x10° copies-g') FI SF 4b# (9.35x10° copies-g!) , {HZERFHIKIA
BEKF (K 2c. B2d .
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B2 13 NCI10 405 16S rRNA BEHFEE (a0 PP EE (b,c f1 dD
Fig. 2 The gene abundances of NC10 bacterial 16S rRNA (a) and the average gene abundances of NC10 bacteria (b, ¢, and d)

2.4 REEESFREIREIERPRLTH NC10 @EAIBEEERS ZHM4

F NC10 ZH B 16S TRNA J: A 1) ey il &0 7 45 SR dE AT 3~ BR 4% 5, BN REAR R I 7 5180 29 504,
HIRTF 48 > OTUs. NC10 21 B 7E 38 I AE 0 aevk AH A an ) 3a o« 78 3 P it AL 3 R, OTUS4
A OTU221 FEARBR AT 0~10 cm FEMRPR LA HALF, OTU41 7 10~20 em JEMR PR+ L3, OTU41
Al OTU43 7 20~30 cm JEME PR 00 (B 3a) o Hidr, OTUS4 FEARFR AT 0~10 cm AR PR L rh
SEEIFT R EE 23 N 37%A0 44%, 1 OTU41 £E 10~20 cm A1 20~30 cm JAEAR Br v (1 T2 M % =2 5 4
AN 31%F1 39% (B 3b) o the4h, 3 FEAEALFE OTUS4 F-T-RAHXT F 5 i, VEFEA 24%~26%,
HKJE OTU41 F1 OTU221, i[53 5N 16%~21%F1 13%~19% (&l 3b) .
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Fig. 4 Principal coordinate analysis (a, b), co-occurrence network analysis (c), and abundance of the dominant modules (d) of soil NC10
bacterial community composition
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