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B E: SO RKUIRFRA M R B (CHy) BHESON AR SGEmabLE], o] R IIREFFA AT CH, HEBOE B PPAG S AL
e . LANE AT Hb X RS X4, BRI FE (CON ), fREAGFFIA HALFE (3.0 thm™, LS) FIFE EFSFFL
HALHE (6.0 thm™, HS), #4740 11 48 (2012—2022) AYENHRES, WM T HSFFA AT RS ] CH, HEBUS A G 1388
BN TR, G5 EM . LS Al HS #Y CH, HEBUZZE KT CON (HS>LS>CON ) ( P<<0.05), {HFEEE 11 MMM LLES 1 4F
SrBIRES T 75.1%H1 83.5%. 7E5F 11 4F, LS Fl HS AN CON 9 HIEA IR ( SOC )., 8 A H (NH,-N ) FE A Lk ( DOC )
AR B E AT 7.90%F0 20.8% (LS F1HS, FIE ). 15.0%F0125.7%. 19.5%F1 31.3% ( P<0.05); EALiBEHLA; (Eh)
+ e BD VB E AR 14.1% 21.7% .10.3%F1 11.2%( P<0.05 ); LS #l HS AbBEAY merd pmoA I EFEH merd/pmoA
F2JE LA ARNT CON 4351 B3N 96.0%F1 152% , 12.7%F1 34.8% . 73.9%F1 85.8% ( P<<0.05 ), @i /3T & IAERGFTAE H145
11 4F, FEH CH, HE S TP AEY merd FFEF merd/pmod B3 FARFE (P<0.05), HHA SOC S EIEINFE BD &K
H Eh (9 ETHESE T pmod FEER BTV, FIRERSFEFEFFHAH 11 455 CH, HEBOM IR E RN . 25 E, 5 CON ML,
T R 1 DA RS FFIA FH AR R T A= 1) CH, 3RS, 2332 SOC. BD il Eh BUERSZIA I i 55 80%7c4T (P<
0.05), P, FEXIFEFRE AR FEH CH, HER A PP 5 2R FH R i [ A T 3 A I
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Abstract: [ Objective ] This study aimed to explore the variations of the increased methane (CH,) 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,4 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 thm™, LS) and high amount of straw incorporation treatment (6.0 thm™, 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 JThe 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 CHy

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 1" year, the contents of soil organic carbon (SOC), ammonium nitrogen (NHX-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 mcrA4 and pmoA genes, which are instrumental in methanogenesis and
methane oxidation processes, respectively, as well as the mcrd/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 pmoAd gene
abundance, which might be the principal reason for the undermined increase in CH4 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.

Key words: Straw incorporation; Rice field; Methane; Long term effects; Soil environmental factors

Ft (CHy) RETMRESEA, BAKID
CH, WV BE I AR T 4k ( CO, ), (HAEH 4R R
b HABRBREHIE CO, 1Y 28 i, X BRI S BE 1Y
TR ALK T CO,M . F AR Ry BB ) CH, HERLCIR,
Egeit, FREFH CH, HERBCR 2y bt A A% CH, HE
OB 18%, Ik, Ism e XHAS H CH, HEBLAY
TGN i e BR AR AR A AT B S

R AF1E R BB AT F A AR W6 UR, 7E TR LAY
HRE+FE, A B A =Sk L)
Zis AR —THHERS G, T Reie s + IR A5 1y
ARG, BnfE = at, e A LS
WP RAEBEIT R, RS AT AR JE 3 P 2
JNAS H CHy MHER™ . Hu 578 7 2 R i X
PEATPIAE RS FF A AR R B . K AE 2= CH, HE
R T BESZ W A HLER (DOC ) & REAR L AR IR

WEWIT 2 f5~3 5. WAL X 1T T
PAERSFFIA L (M fmid 2R ) AiFE &2 B,
DN IINFS ARG TR = BN AR KT R
EEHIK, SEek a2 H7E S —4F CH, HE
B K 12.5% 1 25.3%, S5 AR 4R B
49.6%F1 86.7%\), X Rl FFiA H X e HH i &8 AR
i) f) S A ST 26 B, RS AT R B InA2 0 1 7 o8 B 1Y)
TP T 3T CH, HE G

R FE I8 Ry — Fh AT K AT 35 S i AR VR RS
T, B B 22 (A5 T U SR AR A I 2040 T ) Hep 2
P2 . AR, PEFT 4~ 5 AR RS AL ATl
CH, A HER e B 38, +3 DOC & 2 Hoh S i
mE RS Eha i, K (6 4F) L
TSP AT R, @M, wrrggs™
A A R e S A i s FRGEHETRC R RICR . 8K
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T, IR FFE R, e S o 4 B2 Ay 52
W) CH R AN AE o ASHIESE LU Py M B 34
HIMBETERS 5, BEAT AN RIS AT ik R AR 0] o7
R, TR CH, HEHO M A S B AN AR W = o
ARSI, 5 7 A YIRS ARk TR Fi T CH, 3
HEORL R AR AL KAL), U B A5 AT b
FIR e BT CH, HETCR BERL 22 0

BB

1.1 IR

ATf5E H ) IR AR A T 2012 45, 761
A KU EAF4E (28733'04'N, 113719'52"E ) SLAIRNZ
IKFEH AT, I IX 8 TR R X%, TR 80
m, AEREZKEE 1330 mm, SR 17.5 C, BAERKE
) 60%Lh FEETE 3—8 Ay, Joaaih 300 d. A5 H
IR AL R A LT % B A KRG £ o 3
Bt € 0~20 cm FEATRILPERR UL 1090,
12 RBiEIt5EE

HH ()36 15 B = A B % FLEAE ( DL CON 3£
R, REFEAFS AR (3.0 thm >, DL LS R ),
SRR H (6.0 thm?, DL HS %5 ).

B BKREWOR G BRI (BEE 5~

10 cm ) 5 LR )Z, 108 — oK FE AL B £
UERSFFREAS 4 5] B T HHERHEZ (0~20 cm ), =
Tl A2k B 11 L [60) 7K 20 B 5349 A R BE JBE (B UK -
5 TR sS 8 ), A 2 00 it I 2 e TR 224 b, =) 15
17+ BEAL(P,05 75 kg-hm 2 ), #FAE ( K,0 100 kg-hm )
FIAEIE (ZnSO, 5 kg'hm ) VE N EEAE— W A

FUIE At RS/ R R 120/150 kg-hm™> (LA N
) F MR 5 30 2 I ELB A AR . 4 EEAE SRR AR
PEATHEFH o B IASFEALHLR 0 AL AE it FH &, AR 24
BN INAIREFE IR0 & AT, B IR b B A
B3R B —E . NXEA N 35m® (5mx7m),

AR =AEE, R HBEALX L0 7 20/
XA 3. IR R KRR % A 20 cm X
16.7 cm, MifEZEHR 20 cmXx 20 em. K50 A7 FH 14 R F5
IKAE SRR TG 457, BT Y KR S RN
“EHAET. AR E R T (1~3
AR ) BRI IR 2022 AR ST RS 2 RN IS 2 1
Vi) 905 % A HE TSOUR I LA B - HE R AR AR o R4

2022 AERFEZE, BRI EICE RS 5 O 2
H, iBfEmtEly 5 H 16 HF6 A 14 H, 3k
BFECAH 7 H 13 Hj 2022 4FMAEZS, B B4k it
FENEEtEy 7 A 19 H, jEIERE R 8 1 H
M H 24 H, WHREFE N 10 H 19 H,

F1 iR TEeEAREB AR

Table 1 Basic physical and chemical properties of soil!'"!

e SoC/ TN/ TP/ TK/ BD/ fbi Sand / HyhE Silt/ BhkL Clay/
pH
Soil type (gkg") (gkg') (gkg') (gkg') (grem™) (gkg!) (gkg') (gke!)
VALEY. B=PN
I 17.5 1.62 0.55 28.4 1.31 5.1 42.4 30.4 27.2
fE+"

. SOC: HIEHMLMK; TN: 2% ; TP: 4#; TK: ©#; BD: & #E; F[[. Note: SOC: soil organic carbon; TN: total nitrogen;
TP: total phosphors; TK: total potassium. BD: bulk density. (D Paddy soil developed from granite. The same as below.

1.3 HFmRESWNE

131 SRR SR AR 5 e K HF AR -R
A 0 i ik SR A 0 5 R T ) CHL HERIGE e, SRS
FE ER AR AR T 4 S R ISR SRR PR A A, SRR
FAAMEBALZE 3 om JEE IR PRI, SRAFE I I8 i A /N X
R e B 7 B SRR S AR RS A 00 565 — R JFIs
SR REAT R Ry B — K, AR AR JE — 55 G Y A] R
BEWIR, REERESYEH LR 09:00 2 11:00

Wi fEA 30 mL VES SR 30 mL AR CHh
HAM 12 mL B BEE N, BRI R E A
—IRAE 4 W TE— AR IS AR AR
(Agilent GC 7890A, FEE ) SHATHERME, WE
BN maiE A, B 55C, AAIEE Tk
Kl g% (FID ) #& ¥4 250 °C, g FID % CH,,
FRRIEE N 1:9 ) COyYN, IRAESAENERS .
CH, M HEIGE R (1) 5.

10 min,
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F=M/Vyx(H=h/100)x P/PyxT,/Txdc/dt (1)

L, Fo AEHEEGE R, mgm>h'; M: FRIS
PRARN 23 F i, grmol ' Vo: BEJRIREL, 1 L-mol
! Vi=22.4Lmol ' ; H: i, m, H=1m; 7 N
SEHKER, my Py Al To: BUASMARAEIRS TR
SHEJ1 (1013 kPa) AR (273 K); PRIT: R
RET I AR 148 P SE PR AR AP (K

de/dt : FHN HFRMIRE ((wg L) REEHE AR
BE 2R AR R = SR BRI AR 2
ASSRAE B I 02 AR HE B SR, i ARAR Y 2 A
SR B 3T 1) SR HE B D P Y HEGE 5 R A [
i TR AT

1.3.2  HEZKE e FH Ji) 7K PR =700 52 AR 5
HH (] SR B MR- A — 30 7R B UCR AR | ] <A
BRI, (B RO o RIS 5 B UCR SRR
ety P4 ) e 6 48 0L i A 22 S 80800 43 BT AR
(HACH HQ40d, M4y, 2 ) Wl M\ K 4 /i i
A (HH—LDC10101 ),

1.3.3 B3R SR S50 1R B AR [F]
B, A F ke i (Eh) 31 ( RM-30P,

DKK-TOA, HZA ) MiE#H)Z 1€ 0~5 cm K Eh,
RIGEIRIG AL F/NX 5 “S” JER4E 5 4b 0~20 cm
BEZEHERESY, A T8RO 48 T, TR A0 Rk
BN RAR . B 1 R AR R B A T [ S B
FIF BT AT 0T, A AN AR S 43 B DK A R
PRAET 4CTURFEPAEM, T8 2 P 58 il 3 2
A (NH,-N)., A% (NO;-N) Fl i A WLk
(DOC) MI5E o ¥ 3 Z KRS A SRR 1 £ 4F, R
TR AR CAMmGE ) e £ 5 Lk
(SOC), FIFHPLEK & AL ( Kjeltec 8400/8420, FOSS .
FHE) AR (TN), REABREITE (Kt
2.5: 1) ME 38 pH, RAR IR + 145

K AT EZE- 0.5 mol- L™ K,SO, 4B I 5E
YA Y (MBC) P

1.3.4 UAEMRERCRES T FEKREEED]

ZHFEIA AR B SR 4R 0~20 cm BFZ T 3BERE S, R AR
Jr TR 1.3.3, {# F Dneasy Power Soil i &
( QIAGEN, 7HE[E ) $EH 4+ 1Ere A4 DNA, H
WA RS R G, i3 DNA H
NanoDrop ONE HE17 i B Fllali B2 2 , J18: DNA £
7 F-80°CH&H.

K H 7t PCR ( LightCycler 48011, % [K,
B ) MERES T merd R pmod . BRI AR Ky«
5 wL SYBR Premix ( RR820, Takara, HZA ), 54
%H05 pL, FEAGAEY DNA SR 1| wL, TR
KB ZE 10 w Lo KWV RECE 585 H
Roche480 #1728 )G 5 PCRANIEATH 3G 22 .
1.3.5 KA ™ 5t TERFIWCR I, £ /NX i
AT RSB = | 32 IR 13.5% 0 &K B RR T = &
1.4 HELEBSSEITHH

SR 1) B Al A BRI SAE Excel 2019 iz
7o BAEmHAMPEERR A Excel 2019, R 4.2.0 fI
Origin8.1 AL 5E . fii FH Canocos Xt %= < ik
HEC ) X AT TU AR 43 M o i SPSS 26 #EATAL
PRZ B A PR 2R U7 25000 (/i 25 %% (LSD)
g, SitREKFER P < 005), HETK/IRE
( Spearman ) S5 G AH I3 BT J7 R 4G 96 PR PR 5 5 i )7
Al Z [A] Y AH DG OC &

2 4 R

2.1 TEHBEFTHE 11 EMHEEFHE
ARG B LI E 2022 46 A 2 1 fa) B J (R
TEAAEA (B 1) KB 440843k NH,-N
AR EZ SRR AA S, ERRHEA S B
FH#a e, HAE KA KB 2 FEE 8.5~
86.7 mg'kg ' AAbHL 13 NO;-N [ & AR FFERAIK
BIKE, FRHEH 0.8 mgkg ', KAEZ R A
/NT 0.1 mgkg . 3 DOC 5 2 70 M A G S
EIRAL, AKFEA K SN & R E 40~220 mgkg ' A8
ko I TR]ZK TR 9 A5 b 34 32 B A2 B K 4048 B it 1)
W, TEWKEEEE 4~6 cm, EHEKIRER I
FTCIK o 25 AL FRY H K 3 # 4 (DO ) 72 Ak ka3
R MRE B —2, R TR, &
AR K IATE 2.8~17.3 mg L™ JERE 284k, + 35
Eh (14U H B0 AE R USCIR 11TV T 5 16 R G P38
I W e 9G FE 75 7K S5 DR A X P FE i B8 /& % Ehy, B
AR FE A K AE-183~86 mV T [l N 421k .
2.2 TEHTEMTEHSE 11 £89 CH, HERUSE
FERSFRA IS 11 FoKFEM 24T N, & a3
CH, W HEGE & H sh 2Kk —50 (E 2a),
FREZE CHy HEUR R/ D%, meAg 2 CH, HE
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150 ! | == i
120

-N/(mg-kg™)

+
4

NH
w
S

IKIR

0430 0530 06-30. 07-30 0830 09-30

c)

LS ams
10k Early rice season

o] e SNAA

Late rice season

NO;-N/(mg-kg™)

04-30  05-30  06-30' 07-30  08-30  09-30
250 e)

200
150 -
100 -

DOC/(mg-kg™")

S0

04-30  05-30  06-30 07-30  08-30  09-30
H ] Date (mm-dd)

10 ! 1 1 1

2+

(0430 05-30  06-30
d)

0730 0830 09-30

04-30  05-30  06-30; 07-30  08-30  09-30
Fh) i

04-30 05-30 06-30 07-30  08-30  09-30
H 4 Date (mm-dd)

TE: FRamkl], DRRHKE, MBERBCRTTE T, #ik&miinite . CON. LS, HS 735 3Rm 3 M LA BE | %A
FFAE AL BE | R S FFIA AL B, R[], 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.

P10 2022 4R LGRS T ) S04SR0 (NHG-N, a), HRKVE (b)), HHERSASZE (NOSN, o), HH/KEHE (DO,
d), HHEFMIEA LR (DOC, o) MtiE4afLidsihi iz (Eh, f) 2Lzl

Fig. 1 Dynamics of changes in soil ammonium nitrogen ( NH,-N, a ), field water depth ( b ), soil nitrate nitrogen ( NO;-N, ¢ ), 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

RSy BEA IR BIWE(E, I IS 820 TR, IR
KRG HB/NE BTSN . fE R R R TTI, LS
AL HS AbFER CH, HFilE & 3% KT CON 4b
M, H HS Z3A CH, HFGE F 2K T LS £b3 (P
<0.05), FEMRREZESE AR AR K, —Fb
SEFRR Y CH HEROE % 25 57 . TR K BEAF
6], CH,BYHERE SR AE 0.4 ~243 mgm >h' (Ll C
i, TR ZE2Ek,

EESREFFIA A 11 EIEAE2:, CON, LS
FHS = FbHE) CH, 2R R (& 2b) HWEE
FrTHRRZE (P<0.05), CON, LS fil HS kb¥
SrAEINT 169% . 65.2%F1 110%. LS il HS 4b¥
T CHy 2R TE R FMHK T CON A#5

AT 131%F0 184%, TiEMaRE 2=, 04 538
KT 41.7%H1 121%, ¥#HB3# (P<0.05) T CON
AhER, FEMEAREZE RS FRA AL EE T HS ) REUHER
A LS HIN T 56.2%, B3 (P<0.05) KT LS
AEFHR Y CHy SRR 76 RS AR, 440 B CH,
He 2FUETE 82.8 ~318 kg-hm™ (LA C i, FIA)
Z a4k, TEMRRA T WIN], AAbEEY CH, HERCR
FRARAE 268~573 kg-hm 2 2 [a] 284k

FE T UL FHE L T e R I RS FE AR T A
H CH, 3 HERON 25 5% (3 2). CH, 1Y RBHEE
T ) 5 K 0935 RS A 34 Jn i S S G ( P<<0.05 ),
FEREFFIAHEE 1 4F . 4 3 AEAIZE 11 45, LS Ml HS
1) CH, HERCRE AR {E 53 3124 CON ALY 6.2 1% il
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129 1% (LS f1HS, T[E ). 4.6 5 8.8 4% . 1.51%
2.1 f% . FEESEEACAYEE 11 4F, CON AbFE T 7K A5
PR TR (32 2), LS 1 HS A0 06

AETR BERAN 12.2%F1 13.8% ( P<<0.05 ). 44 4b 3 i
A7 7= H e HE IO B H A S5 RS FF 8 i i S 1B AR G G
%, [HEEE O ARSI, 55 11 45, LS

XS, WEES HAERPRIN, LS F1 HS Zb B =5 1 HS ACFRAREEEE 1 AR ELE S AR T 79.2%H1

FXF CON B F LT ML REER, HANE 11 85.5%.
3008 L ~ 9001
TF B TE M F D F M g [ JcoN ¢
— I - —|+—CK S L LS
T B0 ams WA kg o
o Early rice season Late rice season ) 2
i £ 200+ —A—HS 1 2 600} ¢ c
1= o0 = 2
g g’ 150 l ﬁ: g
= 2 i l oo 450r ¢ ¢
5 2 BE
B E 100 —l E QE) 300+ C C
B 2 <
= sof | | ! g 150} .
=
n i 2
0 1 1 1 1 1 5 0 1 1 1
04-30  05-30  06-30  07-30  08-30  09-30 HFAE%E Early  BEFEZE Late A Total

H ¥ Date (mm-dd) 20224F /K A=K 7% Rice growing season 2022

TE: AR R 5 R AR R A Z R W] AL BRI 7E 0.05 7K-F-25 5 1.3 o Note: Different letters in the bar graph indicate significant

differences between treatments at the 0.05 level for the same growing season.

K2 2022 4RI AL FE R A 0% CH HFCH @ B (a) 5 R2BHESE (b)

Fig.2 The CH,4 emission fluxes (a) and cumulative emissions (b ) of paddy soil under different treatments in 2022

R2 FRFEHRTARAEMNPRZNAEME. KEFE. BRENELERBMAETRRAKGEELE

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

I e R . o .y o
i FR ot HE it L AR B e HE R L
)y Year AbFE Treatment Cumulative methane
Yield/ (thm™) (vs CON) (vs CON)
emissions/ (kg-hm?)
CON 91.6+0.5¢ 10.6£0.5a 1 1
2012 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
CON 177.7+0.5¢ 11.740.5a 1 1
2014 LS 822.8+0.3b 11.8+0.3a 4.6 4.6
HS 1554.3+0.6a 11.3+0.6a 8.8 9.2
CON 379.3£0.8¢c 9.8+0.8b 1 1
2022 LS 586.1+0.4b 11.1£0.4a 1.5 1.4
HS 807.2+0.3a 11.2+0.3a 2.1 1.9

TE RPN R SR8 275 AR IR AF 63 AN R AL 2E] 75 0.05 7K 7 22 57 .35, 2012 41 2014 AR I AHSCEUIR R U8 T 2 & 3R T30k ™'Y, 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 '3

1. @ Ratio of methane emissions (@ Ratio of methane emissions per

unit of production.

23 KE#ETITHETHITERTFRESTK
TEELEREFFR A 11 459 +3Eh SOC il TN

EFEMKET CON SR B EHRT (£ 3) (P<0.05),
ELFERSFF S i B B8 i s n, LS A1 HS 43 5 X L
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CON AbBHAGHETE Ky . 18.5%F1 29.1% ( SOC ), 12.2%
F124.9% (TN ); #5AbEE 3] pH CE 25 ; LS
Fi1 HS 4b P+ 32 BD A% CON 2 BIFEAE T 10.3%F0
11.2% (P<0.05). FEAKBAEKMFEHMmMT, LS
Fl HS AbPEAY Eh AHES CON 43 51 i ZFEAK 14.1%F1
21.8% ( P<0.05), HS 4bHif + 3 NO,-N &5 g %
5 F LS Fil CON 4bFE ( P<<0.05); LS Fl HS b3 T

+3Eh NH,-N. MBC 1 DOC R (K- 45 & 44 i
FERTAUERLAE (P<0.05), Hrf 3 NH,-N &
A CON AR 3 38 A0 T 15.0%F1 25.7%( P
<0.05); DOC & & /3 HlAH# CON bR & 1 1
19.5%F1 31.3%( P<<0.05 ); MBC &% 23 il #H% CON
AER I EE N T 31.0%F1 47.3%.

3 2022 ERRABEFLHE T HIBEARAMR

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

4 soc / TN/ BD/ NO;N/  NH,-N/ DOC / MBC /
pH Eh/ (mV)
Treatment (g'kg ') (gkg") (gem™) (mgkg") (mgkg') (mgke') (mgkg™)
CON 18.9+0.24¢ 1.88+0.02¢ 5.21£0.07a 1.16+0.03a —41.9+1.2a 0.06+0.0a 30.7+1.1b 90.3+2.8¢ 1234+74.8¢
LS 22.4+0.10b 2.16+0.04b 5.27+0.05a 1.06+£0.01b —47.8+0.8b 0.06+0.0a 35.3+1.1a 112.7+4.6b 1616+73.0b
HS 24.4+0.21a 2.344+0.09a 5.294+0.01a 1.03+0.01¢ -51.0+0.2¢ 0.05+0.0b 38.6+2.5a 125.3+1.9a 1818+87.9a

. MBC: B4 EYEk; [W— 3 BUE G A [ 7 RS R AT 2> [ 77 B % 2% 5% (P<0.05). R[], 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.

AWFFE KBRS FT 4 H BB 0 3548 i SOC (&l 3a)
A TN (K 3b) & &, £ 2012 47, 4b#i[E SOC &
HILWEZES, M 2014 4, 5 CON Lk, LS Al
HS 148 SOC FH/a il &R T 4.6%F 7.8%,
2022 4F, SOC &/ Bl EHEIN T 18.5%H1 29.1%
(P<0.05), LS FIHS ZFAY TN & mAEFH 4 H
5 VAEFNSE 3 AR KRR W 225, (B LS Al HS AH
X} CON AbFHF SOC Fll TN 5 fit 185 e BE 4 BIR A 184
KEH - THRas, £abPiE 35 pH 225 (K 3c¢)
Bl ik FHAF FR A A AL AN 3, ANAEIR ISR 3 4, HS
AL FRAAXT CON #4/T 4.3%., LS Al HS A% CON
Ab3 Eh 225 (& 3d) Bl AR RR A3 iR =
PR /N AR, AE 2012 4E, LS A1 HS 43 HAH*T
CON AbFHJE /L T 30.5%7F1 42.9%, 78 2022 4F, %%
fH7E M 14.1%H01 21.8% ( P<<0.05 ),
2.4 KEFEFIZETE merd ¥ pmod hEEEE 5

CH, HER TR 53 47

merd F pmoA PR 53 1 38 453 G A% FH 0 i M ik
Jir K 7 FRBE I P A S F e, R 2 B PR 6 4R A P
I SE I e R AL, Bl T L4 AR A T
AR B WA AT, ez aE T
CH, M SRR ARBFgeHr, FERSFHAHEE 11 4F
KRR ZE, BB merd FEH F AR ARG 2

FHKREAK RGO (E 4a), 768 HBLEL,
TE MR 2 25 Bl KRB 0 A R AR R IR A e 3 3 fk
M5, LS A1 HS A BEAY merd FLH 42 5 2% K F CON
ARBE, SRR ANT 96.0%F1 152% ( P<0.05 ). #4k
B pmod PR = B 7E AR AR Hh % W AR Y
s (E 4b), (AfEMREA RIS OREE B
KNS, LS Ml HS ZbHAY pmod FEHF 5 CON
REFRAR HE W E AN T 12.7%F1 34.8% ( P<0.05 ). 4%
LI merd/pmod = FE WA FE RS A K 25 5
FHAR A (B 4c), (AFEMREA KIS R A
WA R e R E, LS Ml HS Ab Y
merA/pmoA KPR FFE H(E S CON ALIAR M, 435311
i 73.9%7i1 85.8% ( P<<0.05 ),

WX CHy HERH SR 48R FE TR 50 HT
(RDA), BEAEEREE (& S), %1 AREFHRE T RSFHA
FHES 11 4F CH, HEfGE B AR o Re e R 4 5 +
HEHFHIRIEE( 90.4% ), Hrh SOC, DOC, Eh,NH, N,
TN, MBC . BD F1NO, -N Xl i A5 i L5 A Al 43
FEAE] T 89.1%. 84.5%. 83.7%. 82.9%. 82.4%. 78.3%.
69.0%F1 62.5% (P<<0.05), MLz H"5 SOC. DOC,
MBC, TN, NH, N RIFHIER, 5 NO,-N, Eh Al
BD EHMAHCKR ; CHy WHFES merd FRER
merd/pmoA WAHEA BEIEAOCR (P<0.05).
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indicates that there is a significant difference in the absolute value of
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Fig. 3 Ratio of SOC content (a), TN content (b), pH (¢ ), and Eh (d) in straw treatments relative to those in routine fertilization ( CON )
in 2012, 2014 and 2022
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3.1 FEFREE TR Y E F K HRR
FEAMFTA IO REFF A B A S Y

U TE THAMOBRE A, RS “LIBRER” 1
RO, A K 0T P8 fin 4 38 NH,-N il DOC #
FER AL BT Al 3 i £ 1 SOC il TN Frm (£
3); XU UGB IR 25 W . B RS FE T AR 00
4 368 I - A BILAR RN A 1 o0 i) S G 22.13% ~
100.15%7F1 28.98% ~ 84.29%; # BB o7 48
A FFUS IR 2 1 19 1R , (L [ e o ek iy AR
AT IISE R (£ 2) SR LIERIF
T, +HE SOC M ins A+ KA Rk (>
2 mm I A, i I3 0 - HEFL B, B4 £ BDIL,
TEARRFIE , HHEE 2 E S 11 AE MRS FFA S
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SR AU XA e KRS £ SoC BLE
5 IR SR A URL 1 1 i A AE W Y TE AR G
KF, SOC W5 T Y& A4 BA Himpfa e
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T, {H SOC & i iRA/ N, HARBEF /P it E
MW P BE-SOC 45574, it LR REXT 1= 8 K A SR AN
BD A 500 . BT AN BIRFGE R W], 1% BD MF%
ik, AEOSHE N+ HEfL A & 4, 4RI 58 EnY,
XSAMEAR (23, K 3) MAF.

mcrd 5 pmod YIREEE R JL-F- 43 A AE T B i Y
7= F e TR R e A T U, B2 38 T CHL AR
KRR o FEAM ST h YRS FT L A0, CH, R
5 merd/pmod Z A5 W EEA G R, BNINFSFF
FIE K 2B s A 7 B AR G, ERS ATk 5
WAL Z 18] pmod HEPH P JC 35 22 U0 7E 3%
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Fig.4 Copy number and ratio of CHy-related microbial functional genes in different growth periods of rice in 2022
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Fig. 5 Redundancy analysis ( RDA ) of cumulative CH, emissions

and the associated microbial functional genes with soil factors in
2022
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