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Abstract: [ Objective] This study aimed to explore the variations of the increased methane (CH,4) emissions and its
mechanisms in paddy fields with straw incorporation across 11 consecutive years, so as to provide a scientific basis for the
accurate assessment of CH, emissions under long-term straw incorporation. [ Method] A typical double-cropping rice field in
the subtropical region was selected as the research subject, and the fertilizer only treatment (CON), low amount of straw
incorporation treatment (3.0 t-hm, LS) and high amount of straw incorporation treatment (6.0 t-hm, HS) were set up. The field
experiment was conducted for 11 years (2012—2022) with CH, fluxes and related soil and environmental factors measured in
the early and late rice seasons across the 11 years. [Result] The results showed that in the 11" year of straw incorporation, CH,
emissions in both the LS and HS treatments were substantially higher than those in the CON treatment, with the highest
emissions recorded in the HS treatment, followed by the LS and then the CON treatment (HS > LS > CON). However, it was
noted that the increment in CH, emissions due to straw incorporation in the 11" year had diminished by 75.1% and 83.5% when
compared to the increment in the first year (P < 0.05). In the 11" year, the contents of soil organic carbon (SOC), ammonium
nitrogen (NH,"-N), and dissolved organic carbon (DOC) in the LS and HS treatments showed significant increases by 7.90% and
20.8% (LS and HS treatments, the same as below), and 15.0% and 25.7%, 19.5%, and 31.3%, respectively, compared to the
CON treatment (P < 0.05). However, the redox potential (Eh) and soil bulk density (BD) exhibited significant reductions of
14.1% and 21.7%, and 10.3% and 7.76%, respectively (P < 0.05). Furthermore, the abundance of the mcrA and pmoA genes,
which are instrumental in methanogenesis and methane oxidation processes, respectively, as well as the mcrA/pmoA gene ratio,
were significantly enhanced in the LS and HS treatments compared to the CON, which increased by 96.0% and 152%, 12.7%
and 34.8%, and 73.9% and 85.8%, respectively (P < 0.05). Through redundancy analysis, it was determined that in the 11" year
of straw incorporation, CH, emissions in the paddy field displayed a significant positive correlation with the abundance of mcrA
and the mcrA/pmoA ratio in the soil (P < 0.05). The decrease in BD and the rise in Eh, induced by the increase in SOC content,
likely fostered the augmentation in pmoA gene abundance, which might be the principal reason for the undermined increase in
CH, emissions for the straw treatments observed in the later stages of the experiment. [ Conclusion] In the subtropical regions,
relative to CON, the increases in CH, emissions under long-term straw incorporation was reduced by approximately 80% (P <
0.05) compared to the increase under short-term straw incorporation due to the changes in SOC, BD, and Eh. Therefore, the
assessment of CH, emissions from paddy fields with straw incorporation needs to be dynamically adjusted according to the year
of duration of straw incorporation.
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Table 1 Basic physical and chemical properties of soil™

e soc/ TN/ TP/ TK/ BD/ H b4 Sand / ML Silt/ Ziki Clay/
. . . . ~ p
Soil type (g-kg™) (9kg™) (gkg™) (g-kg™) (g-cm™) (g-kg™) (g-kg™) (9-kg™)
WHERKE
o 175 1.62 0.55 28.4 1.31 5.1 424 30.4 27.2
R

VE: SOC: HIEAHMUK: TN: &% TP: £ TK: £4; BD: &H; TF[H. Note: SOC: soil organic carbon; TN: total nitrogen; TP: total
phosphors; TK: total potassium. BD: bulk density. O Paddy soil developed from granite. The same as below.
12 R 5EE

F AR SR 3 B = AN EE: AR (LA CON %), REFFHEHALFE (3.0 thm?, DL LS %R), &
BRFHEH (6.0 t-hm?, LLHS ER),

B2 KGR G IGRIFEAT (B E 5~10 cm) WAMHEHIER R, 125 —Z/KEA N FAEFEFT
RERE I 21BN T HIRHHEZ  (0~20 om). =i A3 1) FH E) 7K 23 B 7 5340y (R REE (/K -0 FEL 1) 1B 22
B, NEMHAC R S ST B (P,Os 75 kg-hm™®). 4B (K,0 100 kg-hm?) FIEEAE (ZnSO,
5 kg-hm?) 1EANFRE—MEEAN, FAERH CRAE/MREN B2 120/150 kg-hm™2 (LA N i) #%H8 5. 3: 2
Lol oy e Ay BERE SREARHEAT M A o S IO AR AL T AR &, AR MR NIRRT IR 0 & 2k
TR, RS BRI IR B R 2. ADXTEAN 35 m* (5 mX7 m), FAMHEBEH=AEL, KA
BEALIXZH 07 200 /NMX BEAT Beit o 1R FL ARG 2K A % 2 0 20 cmP16.7 cm, IEAE2=4 20 cmA20 cm.
I ) RAG KRG ah Ay TR 457, BRRERT HIOKFE Ay« AT ARBE SR A e AR 1
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B3 (1~3 4F) RO, FR7E 2022 4R k4T 5L RG2S R0 F5 25 FH DA 35, 28 O HIE OO0 LA K - 338 RO R AE &SR
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WAk E Y 10 H 19 H
13 HMRESNE
131 SAEFENCRESNE SR B SR - TSR RN E R A CH, HecE &, KA AR
A 5 (40 0 JRE R SR S A P R A LS, SRR AN EE 3 om JEVR KRG RN, REER R B /DX s E . S
FERIRE N AR 28— RIF UG, SRERSRE R — Ik, 7EEIE IS — S 06 R e R IR, SRR
AR H EA) 09: 00 % 11: 00 IME . fd T 30 mL 55 28K 4E 30 mL A E N ES 1) 12 mL A
BEW, FRERAENEFE N 10 min, —JRE 4 k. E— RS MAGIEC (Agilent GC 7890A, )
HHTIRE R E, MEFREE . SAENES, BFiL 55C, S XEE Huamgs (FID) BE N 250 C,
BT FID M E CH,, FIAERFREE N 1:9 1) CON, IR A SA/ENER S . CH, FHEEBGEEMRIEL (1D 5.
F=M/Vyx (H—h/100) x P/P, X Ty /T x dc/dt D
X, F: SEHEBGERE, mg-m?ht, M: FRSAEMN S FRE, g-mol™; Vo: BERIER, 1 L-mol 7,
Vo=22.4 L-mol % ; H: 4%, m, H=1 m; h JFKE, m: Py Fl To: FARSRARUEIRS FIIASIESN
(101.3 kPa) FI<H (273 KD; P A1 T: SREERS B9 KRS E J148 W IO SEFR SR RAFE) SR (KD)s de/dt = fE N
HARSAARIKE Cug-L™h) BEREASAL A R f 2R AR . IR S SR E BRHERE AMHARE 2 AR 1%
TS ARHECRE: 20, TARARIE 2 AN SRRERS B S A HE R P X HERGE & 5 S RE I 8] i e fR 1),
1.3.2 HEIKREFE KPR 00 e AR 5 8] SRR AR ARAT — 80 {ERF RS W ) S AR fh i
15 FH LRI o T JR) K AL s B ORI AR SR RE W 1 T) IS4 P R 465 Q00 i N 2 S 808 74k 43 A (HACH
HQ40d, M4y, ZE[ED il Ha /K& EMA (FAk—LDC10101).
1.3.3 HIEARRESIE  ERESFENREN, FH S4EFEEs, (Eh) 1 (RM-30P, DKK-TOA, H
A W 5EBHE 2 0~5 cm IRJE Eh, SRJETEIRIGACHEE/NX 4% “S” JER4E 5 4b 0~20 cm #FZ LIRS, T
R O AS VR RIS BEH SRR . K 1 0 SRR AR A IR T [B] S8 == 5 A BEA T 0T, A
RE 43 A7 U 3R S DR AT T 4CUKAR R AR, TP 2 N 5E IR SR (NH,-ND . B Z (NOs-ND
M fRMEE LR (DOC) e . FREZKAE AR AR AL, R ESBRAAEE vk e+
AN (SOC), FMYLKESRI (Kjeltec 8400/8420, FOSS. J13) il +IE4% (TN), RHELE %
UKt 2.5:0) JiE 4% pH, A TIENE HIRAE, RH A0 EZX- 05 mol-LT K,SO,#2H0E” il
SEMEYEYER (MBC) 1,
1.3.4 AEVRENCRESIE RSB, Z2HEIAARANRE 0~20 cm HHZ LIRS, REHIER
1.3.3. fdH Dneasy Power Soil i{7fll% (QIAGEN, fH[E) #HEHLIER MFZEY DNA, BAPRSH R &
fEH B, ¥ AT 75 DNA H NanoDrop ONE #EATIK B A4 52, F4% DNA {#47T-80°C & H .
KR % e PCR (LightCycler 48011, Z'I%, Fi-t) IERENH merA Al pmoA. HEAK S MAAILA: 5
1L SYBR Premix (RR820, Takara, HZ), 51#% 7405 nL, FHEMBEY DNABIKR 1 nlL, LHEKHR
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SARFIE 10 v L. SR RECE €5 F Roche480 #1479 i & PCR SGEATH 5 5
135 KRBT RIS, S/NX AT B R =, 288 13.5% 1) & /K EbrEdT H 7= &
14 BWAIRSGHHR

SEU0 A B A AL BRI BLAE Excel 2019 HHIEAT iﬁlﬁ%’]‘ﬁiﬁwﬁ@mﬁﬁ Excel 2019. R 4.2.0 Al
Origin8.1 AL IR 5E . {8 FH Canocob Wil 2= ARG i X EAT TU AR 70 A . it SPSS 26 #kAT4bH 2
mmﬁﬁiﬁiﬁﬁ<%¢ﬁ%ﬁﬁﬁ<wo>ﬁ%,%ﬁﬁ%ﬁ%ﬁp<oom°%%&mg<wmmm>
LA DR 43 B 77 YRS B A 5 DR - 5 i 87 R - 2 T PR R 6 O 2R

2 45 B

2.1 TEAFEFEESE 1 ERNHEBEREFHE

AW TR E 2022 4 RLGAE S (R H R 7 2h &2 (B D R S 3 NH,-N 1R
FEGIERNA L, EIREHEN G I TS, HAKREA KL FEE 8.5~86.7 mg-kg™'. #
AbFE -3 NO5-N (8 B AR FFE RO, SRR FE N 0.8 mg-kg™, /KREEREARIKE/NT 0.1 mg-kg™. +-3%
DOC K& & /E Mo REHG B 5 235 PRAK, KR K SN & =16 40~220 mg-kg™ 251k, HIRIKIR AL £
7 B K BRI R, AT KRR 4~6 om, EHEAUMRERRIE AN TE K o A A B 1 FH T K VA R AR
(DO) ML FAASE R R — 8, W RIZHT T ks, A KR4 KT 2.8~17.3 mg-L i
WARM . 3 Eh R ME H ILTE FORSUSCH B0 VE T 55 WRE G HH 35T, 7 IR 9 FH 2 7K S R JRF A XS G FH 15 50
i Eh, BEASKAEA K HH7E-183~86 mV i [ N AR 1L .

F D, F M _F D F M, o F D FM_F D F M
150 ! ) T T 1 I t 1 | 10 - I 1 1 I ! T T 1 1
i o b) !
P, 120+ E 8 t | l l l
2 o90r 2 l l :
;@ 2 gAL
z g, M\f sLJu
= 30} =
z 0 - 5|
— 20f 4 30 05 30 06 ?0 07 30 08 30 0‘) 30 20 [ 04 30 05 30 06 30 D? 30 08 30 09 30
e 4
=z 1 -
f?:” L.5F FREE S | ¥E T 15F
; 1ol Early rice season 3 Late rice season éﬂ ol ;
o 0.5) : ) S st !
% x N\ : Vi . ]
0ot A= \/\F"‘““ ot
250 C 4 30 05 30 [16 ?0 [}7 30 08-30  09-30 04 30 05 30 [}6 30 (}7 30 08 30 09 30
= le) : | 150 [
20 00 L i
fn 200 5 750
g L g
£ 150 £ )
o h 35} - A
8 100 - 5T
50+ | - -150 |
04-30 05-30 06-30 07-30 08-30 09-30 04-30  05-30 06-30 07-30 08-30 09-30
H i Date (mm-dd) HHA Date (mm-dd)

e FRRFKE, DRRHDKE, M RRUGRATET, #kFomi@nfiekl. CON. LS. HS Al n i Mt e, KER~FT
AR, mEfAFFCmATE. FHE. Note: F represents the flooding period, D represents the drainage period, M represents pre-harvest
drying, arrow represents fertilizer application. CON, LS, and HS denote conventional fertilizer treatment, low amount of straw return treatment,

and high amount of straw return treatment, respectively. The same as below.
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Bl 12022 fFRBEAETR A A S (NH,-N, a). HIEDKE (b)), HIEAAE (NOs-N, o). HIH/KIEHA (DO,
d). LEEEEA NI (DOC, e FILBELE)EmAL (Eh, ) Baha
Fig. 1 Dynamics of changes in soil ammonium nitrogen (NH,"-N, a), field water depth (b), soil nitrate nitrogen (NOs -N, c), dissolved oxygen
of surface water (DO, d), soil dissolved organic carbon (DOC, e), and soil redox potential (Eh, f) in the field during the early and late rice
seasons of 2022
2.2 FEERFTEEEE 1 F89 CHHEMAFIE
FERSATIE A 11 SFKREm e m A, A8 CH, iHEBGE & Hah SRR~ (8 22), F
TEZE CH, HEORFF/NIE _ETEES, HERETE: CH, HERAE 7> BEMIA RIE(E, )5 IZ20 1 F&, JRAERN B K E
PN _ETHE B, 7R AR RTI, LS ALFEAN HS A3 T CH, Hbjul & 235 K1 CON 4b¥, H. HS &b
B CH HERECE R ZIRNT LS 403 (P<0.05). fEMEREFENIEHAUKREA G, = FMAE N CH, HE
WO RE 75t . (EBAKRE G WIN, CH, FHEBUE S /E 0.4 ~243 mg-m™h™ (LA C il FFD ZIA41k.
FEESAFFEHE 11 F M FEE, CON. LS Al HS =Fiib3Ef) CH, RAUHEGE (& 2b) BEEFE S
TR (P<0.05), CON. LS Ml HS LLH T 70 AN T 169%. 65.2%M1 110%. LS Al HS 4EE R ] CH,
SR BCETE R AR T CON LLFLAF 53N T 131%F1 184%, WirEMEREZE , WK T 41.7%7H
121%, 2% (P<0.05) =T CON Lb#l, fEMLRAZEIRSATIEH &M HS [ RBHSERALE LS 80 1
56.2%, ¥ (P<<0.05) KT LS A FH) CH, R, fERRIMN, A CH SR BIRALE 82.8
~318 kg-hm? (LL C i, FRD Z4fe, HMREE W, SAEE CH, HEBCRBURNE 268 ~573
kg-hm? 2 [ 284k,

00 R = B
F 'D"F "M F D" F M = [_JcoN a
S050 Loy o . ——CON 2 eol_]LS
=20 rnms W LS < 70" s
R Early rice season Late rice season _ 2
i Ea00f HS 18 S g0l a b
j=2] 4;( 7]
£ RWor HU = S50t b c
N = RS
FL i = ¢
B 21001 & 5 s00f a
Ewll | i :
Q (3]
S st | | 21500 ¢
it T E
0 | | | | | E o L s
04-30  05-30  06-30 07-30  08-30  09-30 3 G2 Early 52 Late S Total

H ] Date (mm-dd) 20224 K F& 4 K 2= Rice growing season 2022
AR EA RS RER R FEAE K EA R A EL A 7R 0.05 /K P2 55 %% . Note: Different letters in the bar graph indicate significant
differences between treatments at the 0.05 level for the same growing season.
¥l 2 2022 SEA [ AR R AE H 3% CH i H IR (2) 5 2B (b)
Fig. 2 The CH, emission fluxes (a) and cumulative emissions (b) of paddy soil under different treatments in 2022

TR EE LU 1 R RS AHE N A CH S RN I ZE 7 (R 2). CHy 1) R ARHE A K 3
HR I BERSAT H8G D0 2 G (P<<0.05), {ERSATICHEE 145, 55 34EMEE 114, LS M HS ) CH,HE
JECR AR S 4y 3y CON AbFEIY) 6.2 51 12.9 £ (LS AT HS, R, 4.6 f5#1 8.8 fF. 1.5 %M 2.1 5. 1
HEALNEIEHIEE 11 4F, CON AP R/KAE™ 8A FrfEfk (38 2), LS Ml HS BBV R %R, AL
HISERRAGIE N, LS A1 HS AhEL ™ BAHXT CON MR FMTMARZEER, FANE 114 T REM 12.2%
A 13.8% (P<<0.05). #%AbF Ay & F e e 1O LU(E S5 REAT R N & 2 IEAH SRR R, (EREA L HAERR
RONMTREA, 5 114, LS M HS ALHAHECE 1 4FRI LM R 1 79.29%H01 85.5%.

http://pedologica.issas.ac.cn



+ o R
Acta Pedologica Sinica

R 2AEFEBTARLIEN R RIRHMNE . KIE~2. RiHMELEREM~E TRRHRGEE L E
Table 2 Cumulative methane emissions, rice yield, methane emission ratios and methane emission intensity ratios per unit of yield for different

treatments in different years

e trentmen Crmﬁiliﬁizﬁe o FRARMRILE  BARF SR
Year emissions/(kg-hm?) Yield/(t-hm?) (vs CON) (vs CON)
2012 CON 91.6:0.5¢ 10.6+0.5a 1 1
LS 565.9+0.6b 9.9+0.6b 6.2 6.6
HS 1176.6+0.4a 10.6+0.4a 12.9 12.9
2014 CON 177.7+0.5¢ 11.7+0.5a 1 1
LS 822.8+0.3b 11.8+0.3a 46 46
HS 1554.3+0.6a 11.3+0.6a 8.8 9.2
2022 CON 379.3+0.8¢ 9.8+0.8b 1 1
LS 586.1+0.4b 11.1+0.4a 15 14
HS 807.2+0.3a 11.2+0.3a 21 1.9

B RAPRF T BRI R AR A R AL R 7E 0.05 /K22 5 B35, 2012 4E A 2014 4F R SCER R T O R E T30, Note:
Different letters in the table indicate significant differences between different treatments in the same year at the 0.05 level. The related data for
the first and third years are derived from published literature ***%!. (D Ratio of methane emissions @ Ratio of methane emissions per unit of
production.

2.3 KEIRBMTHE THIREFRAT K
FEHELEREFTIE S 11 1)+ 3 SOC A1 TN ZE AR T CON BRI R T (% 3) (P<0.05), HEE
FEFFUR IR 3G T8 0, LS A HS 4354 B2 CON ALHEIIH4iE . 18.5%F1 29.1% (SOC), 12.2%FI
24.9% (TN) ; %AbFE+IEE pH LR EZE S, LS M HS kb7 3% BD AH%: CON 40 HIFEK T 10.3%H1 11.2%
(P<<0.05). BEAKREAKIAFHIM =, LS Al HS ALFE¥ Eh AHES CON 435Il MK 14.1%H1 21.8% (P
<0.05). HS4bHEH 3% NO;-N &5 B E KT LS F1 CON 4F (P<<0.05); LS Fil HS 4b¥E 3 NH, -
N. MBC fil DOC #1245 B 8 F K TOUGEHLIE (P<0.05), M+ NH,-N & &7 5
CON Ab¥E 2 E 3N T 15.0%F1 25.7% (P<<0.05); DOC & & 4l #fl%5 CON Ab¥H 2 N7 19.5%#1 31.3%
(P<C0.05); MBC &4} j/#H%; CON AbFE 21N T 31.0%71 47.3%.
%* 3 2022 FAREEFEAE T HIREARMR

Table 3 Basic properties of soil under different straw incorporation rates in 2022

QbR SOC/ TN/ BD/ NOz-N/ NH,"-N / DOC/ MBC/

-1 -1 pH -3 ER/ (mV) 1 1 -1 -1

Treatment  (9-kg™) (9-kg™) (g-cm™) (mg-kg™) (mg-kg™)  (mgkg™)  (mg-kg™)
CON 18.9+0.24c  1.88+0.02c  5.21+0.07a 1.16+0.03a  -41.9+1.2a 0.06£0.0a 30.7+1.1b  90.3x2.8c  1234+74.8¢
LS 22.4+0.10b  2.16+0.04b  5.27+0.05a 1.06+0.0lb  -47.8#0.8b  0.06+0.0a 35.3x1.1a 112.7+4.6b 1616+73.0b

HS 24.4+0.21a 2.34+0.09a 5.29+0.0l1a 1.03£0.01c  -51.0+0.2c  0.05+0.0b 38.6x2.5a 125.3+1.9a 1818+87.9a

E: MBC: BUEMIEMRRR: F—SI8UE)E A R BUR A 2 A7 £ B %% (P<<0.05). T[A. Note: MBC: Microbial
biomass carbon; Different letters following the values in the same column represent significant differences between treatments (P < 0.05). The
same as below.

AW TR IS IE H A 351 n SOC (Bl 3a) A TN (&l 3b) &%, 7E 2012 4%, #bFi[A] SOC & &k
BEXESR, 1 2014 4F, 5 CON ML, LS Al HS 13 SOC & &4l S EWIN T 4.6%F 7.8%, 2022 4,
OC &l &N 1 18.5%M1 29.1% (P<<0.05). LS A1 HS Ab¥Efy TN S E=AERFFIEHSE 1 FM5H 3

2

2]
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ERRMHEEEZS, (H LSH HS X CON ALFE T SOC Al TN & & 13 g bl A FR A3 K 23 B AR .
FALERR 3% pH 1 ZE R (] 3¢) BEICH R AR, NAEEHEE 34, HS LLBLAAXT CON 34N
T 4.3%. LS HS X} CON 4LFE Eh 25 (A 3d) BEIE FH 4 R 03 In 3R B HL s/ (R #a %, (E 2012
E, LS Al HS 2rHIMI%F CON AH/> T 30.5%A1 42.9%, fE 2022 4F, ZHEA N 14.1%F1 21.8% (P<
0.05),

E 14 13
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i 5 29 *
& o « I8 S
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0.950 0.5
2012 2014 2022 2012 2014 2022
453 Year A Year
TE: 2012 4. 2014 SERHEIRARIE T SR FOCHRICS, “*” RIoRiZATE CON MIZxHE 2 MAAE R %% (P<0.05). Note:

The related data for 2012, 2014 from published literature™®*®, “*” indicates that there is a significant difference in the absolute value of

relative CON between the treatments (P < 0.05).

P 3 2012 4F. 2014 FAI 2022 SEFEFTIE AL EE SOC & (a). TN & & (b).
HIEAE

Fig. 3 Ratio of SOC content (a), TN content (b), pH (c), and Eh (d) in straw treatments relative to those in routine fertilization (CON) in 2012,

pH (c) F1 Eh (d) FHXHHHEAL (COND

2014 and 2022
2.4 KERFEFTIEE T merA 70 pmoA THEEEE S CH.HEM T & 4347
mcrA F pmoA & (K 73 751l i ik b L S MO T R 7 FR e IR AL R R e, AN Gt FE e S A I AR
RS b, Bl T L4 AR AR T B (7 BBE TR AR B S B, TRk 238 T CH, ARG
o, Awrsrh, ERFEME 11 FKREAE KT, SN morA KK = E R TR KRS A KR i
i (B 42, TERGEVHE PR, TEMFRZR A KRR A K REFFEAR IS BIAM S, LS Al HS &b
PRI merA FE[A R R KT CON ALEE, 3034 0m 1 96.0%41 152% (P<<0.05). #-4bFfK) pmoA H:PH 4= %
TERAGAEI HH BUZW BRI e 3A (I 4b), (RTERE R A KIS R B FHE S BAIM S, LS A1 HS 43
() pmoA £ [RFJF 5 CON AEEAILL B E N T 12.7%F1 34.8% (P<<0.05). #%A4LEE[) merA/pmoA = LL{H
FERAGAE K 2Z EA AR EE (B 400, BEMBAEKASREREHEIRKES; BEmS, LS M
HS 4ZbFE ) merA/pmoA FE K £ LE{E 5 CON ALHEAHEL, 43538 i 73.9%F1 85.8% (P<<0.05).
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;K] Growth stage

e AR A 7 BEER R A AR A B AN [ AL B2 R] 72 0.05 7KF 25 5 f2.% . Note: Different letters in the bar graph indicate significant
differences between treatments at the 0.05 level for the same growing stage.

K 4 2022 7K FEAS [F) A= K3 358 CH, AR OGTMAE W T e ik DR 8 DA bU Al
Fig. 4 Copy number and ratio of CH,-related microbial functional genes in different growth periods of rice in 2022

RN CHy HEBHE G L F AT TUR 0T (RDAY, BE4Efa &KL (B 5), Bl 1 1R UF Hhfd ke T 4
FHEHEE 11 5 CH, HEBCE K HEAMAE T Re sk (425 5 3R 7 AR < E (90.4%), H SOC. DOC.
Eh. NH;-N. TN. MBC . BD fl NOs-N X 3 A4% 5 (1) 25 5 RS 0 il is 2 T 89.1%. 84.5%- 83.7%-
82.9%. 82.4%. 78.3%. 69.0%71 62.5% (P<0.05), Wi 4zE 5 SOC, DOC. MBC. TN, NH,-N £ IEAf
KKA, 5 NOg-N. Eh A1 BD EHAMIKKAR 5 CH, MIHBE S merA FBEAT merA/pmoA LU RAT 123 IEAH
KK F (P<0.05).
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1.0

CON

HS

NO,~N

merdipmod
MBC

NHN soc, DO

RDA2 (6.91%)

10 RDAT (90.37%) 10
W BOFSONRMASE, CHy: Wbt RFHEICE; morA: morA JEPIHE U4, pmoA: pmoA JEPIHE I%L; merA/pmoA: merA 5
pMOA FE 3% DB LAl . 40t i Sk AR5 & . Note: Black arrows are response variables, CH,: cumulative methane emissions; mcrA: mcrA
gene copy number; pmoA: pmoA gene copy number; mcrA/pmoA: mcrA to pmoA gene copy number ratio. Red arrows are explanatory variables.
K 5 2022 4 H 7] CH, AAHUR XA RME Y DhRe R AL 5 3 R 7B TU R 70 #r (RDAD

Fig 5 Redundancy analysis (RDA) of cumulative CH, emissions and the associated microbial functional genes with soil factors in 2022

3.1 FEFFE H 3T 3 M R AR 4 F A0 BRI R,
FEAHT FTAIHANOT,  FEFFIA FH X 38 R 1) B e TN BN, R R “ DUBE R HIRUR,
RELEAT NI A 39 2% v NH,™-N AT DOC IR, EKIALFE T g e 3 1 n - 4% SOC M1 TN & & (5% 3); X
BRI e SR U - o 25 A e P 4 478 10 189 I - 38 LB A 42 %040 9 5 35 8 - 22.13% ~ 100.15% A1
28.98%~84.29%; #ER LI 7L th A thAE TSI RS AL it S g, ([ Ak R BT B, ASHIF 7T K 30
GRS (K 2) 5. DERF R R, +3E SOC Mg AT B3 KHARA (>2 mm) [, 3
TR IEALER, K138 BDM, fEARI A, LIRAELITIES: 11 FMASFTIE NS, 13 BD A% CON
BERK (£ 3), EARBFEHMEMER (<5 a) WHid, 1 BD TREIFA S KA B K, &y
AefE T /KA L SOC R &5 LI R A SRAR R (1 B I 2 AE A B B IEAH OGO &R, SOC 77 5 4w M i 45
B B E R R AL A P, REFTIE M AR E N T SOC i, {H SOC &gk, H
RAEFL L AR E T Wi -SOC 4564, AT DAREEXT IR BRI BD A B . g AR iR,
35 BD (FRAK, AelishginHIEFLRA S A, T I B, X 5ARI AR (£ 3, K3 M.
mcrA 55 pmoA BRESE R LT 43 S E T BT 1977 B e A R e Ak B R D%, 3238 F T CH, AR
WEFE . FEAT IR S FHE A1, CH, HEBE S merA/pmoA 2 A 253 IEMK R R, HINFSFT A K2
TR P R AR K, (ERSRTIE I 58 MR IR 2 18] pmoA HE R = B TG 35 22 U0 SR SRS FFIE T 5
114, HI[E] CH,HEK S merA/pmoA Z B RA BN — B Sh A FFEM B E IEAR KR (B4, B 5): Ik
A, KHIREFTIE AR E RN T pmoA FE (Bl 4), EWESPIN S0 d e sy i £ 5 B % T
FAEEUESE: KHEARSFIE HAA RT3 138 pmoA BEH=EFE, FFFEMK merA/pmoA Huff. HAJEFE T gEE,
KHAREFTIE G HIB AR o & . REKBIRARAK . BIK1T3 BD. S HiEmA e, RiEES
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LT, SEUR B L PR K
3. 2 KHATEFFC T #5H CH IS HE N A9 (L R &2 Im#L

i 5 AR AR ATAE I LS A HS ALFRAHNT CON 4bFEfY) CH, RAURAFIO ST L, R I LS A
HS Fifi 5 F AF 0 FH R AR PR I, HAHXT CON ALEE R CH, HUHERGEIE A AL P2 8 N CH, HERGRE 23R BFH)
#a% (% 2), H CON. LS fl HS AbFL [AGAARFF 53 (P<0.05) %%, X5 Jiang SRR 7t
SR JEART: FEFRE R (5a LKLL)) AHXTHE AR CH, AP ERHE S REm T K CRT 5
(P<0.05), #ERZIH RGN CH AR EAE KN (13 2) 55 (2 ) BAYWSHFTEH&EIE
<, HEIIEH T CH, FIEHESN A BT K .

FEREFTAE A, AbBEE] Eh f925 57 SEUR A HE] CH, HEAEAE 22 S R B R M, T s AT i
H 5 CH, HFCE AR IR (R 2) BRFATRER: (D RIS E .. RAITEASEE 0 1
ek SR IIE s, AKRELE CH, HESCS 30 RFLBR B 2 W3 A G R &R, RUARAE R SLIR 3% rh g
PR B, A R R AL T S R R 2 R, TR CH, AR, 76 KRS AT A
M5, Lt SOC & &[RRI RER (R 3), ARTLIARARME (>2 mm) KB , FF Nt
SRS EEP, 52N P 1 BD LBl T 4K, +3E Eh B3 TR (R 3), FIFHLA
WHEIE KA pmoA TREIERRIAR, Fai Haf P Ak ferh | B R bR L e 3 SR, RSATIE )G
1% SOC g hnRe i A Ak . FLBRAESE, ET oo HIB RIS CH, M O3k EE, N | B I AL TR
RALFEHIRY) (W CH, A O, RIE . REETD &4F, MHEAESFEAEKMAD, MinE—EfE L
AT CHyBIHER. (20 KIHFEFFIE AT BE BN 38 TN AT NH, -N 15 &2 R AR 2k [R) K e S8 i AR ek
MG DO WA T7TH, R iE 18 pmoA Thae kR 3RIA, $&A TIBR LT ANIE T1, MIfiE> CH, 1
HeB 2, AR ss R (1, #2, £3, B3 52FBl. (3) FE{K SOC & & i -3 i W it A FH 2%
AR, WORRUNIHE, fEf SOC &t e 2 9, W5 RS ATAE I RS20 4T, CH, v eh R 28057 11
PR B 53 AT REDR S o

LREM S, KIPFREH CH, HEB AR 2 R IL IS m 25 B, BRI 2 HR 0 EAH o At A 4k
REAKAR 2 EE G, (HHARX T 28— 0 CH, HEBCF A7 7= & HESGREE (G IE BRA,  Ud B S5 AT 8 H
BAEB ARG 71, Bk, DUEMIE CH, HEBTEL A d, K CH, IV HE RO [ e R 3347 T, 8%
A SOC I A L1 CH, SR A R IIEY, A 54 b BRI 7K RS FTIE H T 33
B CH A ER EERR, MNHEmfEHE CH, HEME G B Em .

4 75

AH G R IR SAREFEIE H Re % 535 UL AE B 5, 30 CH, HEBCE AR X bt FH A R3S i,
B RERTIE FAH BT 1 A0 P A IE 5% CH, HE T o i W A i A, I 4208 H /5 52 3% rp SOC 5 &4
hngyggm, L% BD FR(EA Eh B, F30 pmoA FFE A merA/pmoA F=FEEUAE FEAIK, MRS 1 Rt
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