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- S 7R AN R S PP R R A T R SRR
P HL R E E AR KRS A PR (SOC) R
HUE(SON)EHETE H3A J7 . 4EREKRE = & 1) i A
%, SRWAESREHKIT R LR AR EE(E
FABL 22 3R 7 2 B, A% K KRRt A LA ) %o
SOCHISON AL A # & (et w0 R BRI+
BEEE . B4 m. HEEEE . A
Mo FEAFERRLASA VLR KPOC). A (PON). il
YY) ER(MBC). Z(MBN), LUK IEfETEA B
(DOC). Z(DON)Z. XFaEA N s, LolAr=H
Jita £5¢ 4] 51 RS 1) - 49 ML AR Ak AR LA R
MU AE A LR B R, #F78SOCHISON4LS)
A T 4B 7 R A ERL e A R S R R
B s

&R IR B A M E R ATE . R
MLAE . A HLJGHLAE it 55 ) e B 42 51 &2 L 3ESOC A
SONZH AR AL e M, fE R ER L, FEFFIE
M2 F R FSOC. 5 A A WL (EOC)MIMBCHI &
U AU I HUIE B it 3= B4 n g H - 3%POC. iR
fRARERESR . BBERNESEALERBEEN S &,
it H3ESOCHISON AR M. i K 391t FH A5 HLAE B
B B A A A 4 2 4R e /N - oK B R R sOC 414y
FIFVEPRE FE R AT A BE A A0 A 8 55 L0 R
UF R K ARG A P I B SRIS,  RE0% R ) 50 1 398 0 i
AKAEE B, BRI, R RS, SOCHISONZH /)
SXof K AR T 3 T Tt 2 RS P i 7 i S B A

U2 el o A s v 6 Py R AR KRR R A B, L
o A TR BRI 7 iy ) o 4 KRB 1934.9% 8129.7%
(https://data.stats.gov.cn/easyquery.htm?cn=C01). —ff
SR, XUZEFE Z Gt A R e BT Ak F S S5 R S 2E 1
B 1) 22 K, R ARk G — MR O 14 TR,
MR FEGR AT G D R, XM ERRTRES
A H RS AT T LS A P N AFAE B R
S, MR IR ERE A KEMFREN, K
KIAFEFRE eI o8 IR B AE 77 $RTF 3 R0
Bt 57 0 T R A o<k AL AR
PR Tt R B, K HARSFFIA B3R X RS 1
AL Ay SR Ak, REFFEERSE R B T
ARG RIS 5 Y B X fasE, HAHN
HESOCHISONAH 7 W i /b. fEXNERBR G,
FF 38 FH 38 T A o) 6 e 1) A2 K 8 7 A i 300 47 T S
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3X TR T RS RO A A AL HLK
JEAL I H i G RV E RS AT AT B85 SO A P 1 B E
FA G5, 5] IR AR R e, R TR IR
FE R e R AR 251 UL RS AT A 2 T FR A
()2 5 DL R FE R 40 RN R), 2 mm it RS FF (1) 4
fEERR, M8 IR A S == E R

b AR WD AE R #2 SOC HISONZH 43 1 A8 Ak v ok 45
HRBER, MEYRSFHE M2 m IR vRE
AR A M w27 G . 7/ 3 bz L I REW N e K N O 114
SRR, X S il i o5 - SR AR I R R o v 4k,
— e IR VI BEVE 5 S50, AT SOC AN
SONZL ATy AE Y. AT 2 RS FRA N 23 20 Ar + 358
A A SRR ) R PR A B e AR AR A )
TER E R 2 REE, IR, I RTEE . AR A
HEWENFMHEEAEH, HFEEYE £ESOCH
SONMIBhAA . Kk, 7 LERABF A AMNECH AN
SOCHISONZL 73 LA K Bt A= e v 1 B AR 52

FI R, KRB 7T 4 TR AT it o 4 e 2220
R R R R R N AR, ST K
FEATIE H B AREE 7 A IE 2% 4 N SOCHISONA 73 Ji % Je
H 5T A YT 5% R B FUAEXT 8. SOCHISONZH
53 e A S AR AR W e e M AE KR TR R BB
R, AT FEAKFE20104F 46 T+ [ B 5 AR FE X (VL PE
At Bt B DIV TR ARG X)) (1 — TR A T R A7
W H AR, RS S8 /T RAE, B7E: (1)
PEAS O REAE H AN [FI RS AT 38 F AR 28R SOCHISONZH 4
SAWE R AR (1) b FRE 5 e ) (1 2=
IR, (i) B RIERAE R S5 SOCFISONZ
SRR, AXERX FEFA AL BT 338 kA
AR 1) A A A 2 WL B A T B IR v R P A A
A

1 bR 7%
1.1 5 A

KHAREFFIE 5 AR I6 46 T-20104F, £ TH ETT
76 48 3k B B A IR AT [ 5% 4 3 IR A7 W 0 3 4 (28°20°
7.14" N, 116°5'29.73" E). X Z=RE R & 1210 X E )
KFEFE R, SRFERGHAZETH)MEEREG6H £10
FYHAFEZET. 1Z X8 T RS E, F15
F% 7K #1600~1800 mm, “F35) 076 #H291°K, 4E 5 H HET


https://data.stats.gov.cn/easyquery.htm?cn=C01

hERE: AR 20254 55 % H 11

#1900.5 h, F¥RIR17.5°C. WRIGH NS
FEREMAKFEL. 2010 R IFLEHT, H 2
(0~20 cm) H3EFEATAL M N pH 5.48, HHLIK
19.8 g/kg, 4=%2.27 g/kg, WHfR%126.0 mg/kg, H AU
31.4 mg/kg, HAH97.9 mg/kg.

1.2 REit

M AR 6 LB EANALEE: (1) CK, ANHifLAe+A%
R B, (1) NPK, Mtk AE+FEFFF2B%; (iil) SBR+NPK,
FEAT A E A ek H+HREALAE; (Iv) SR+NPK, FEFf4:
UG IR A B B H AR . 50 R K X 5
i, FANCFRE AR N300 m?, TCEE, BURE3 IR, TG Ak
PRELEN . BP0 FE (K,0) 3545 S 5 N Bk 2%
AHEHFEFFIFLARIK) BN, PRIK & &l i 2 1|
Bao 7k, AEERSY FIALAEKNTE. &AL EA WKL
BACILRE ) B AR L A7) 3 LI 48 Rl B 22 112920 L Rg 2
THALAE(N, P,0s, K,O)ji &4 5 ~165, 75H1
150 kg/hm?, BEAEZES3 51195, 87.75H1175.75 kg/hm®.
B FALIE N R R (BN 46.4%). I BEERES(5P,0s 12%)
S (K0 60%). BAE LA 7 BEEANIAR AL
F, LRt 9 950%, 20%, 30%, B AE N40%, 20%,
40%. TEAE(100%1E RN FIERAE(70%1EFEAE, 30%1E
JE)7E 5 R G R 1t 5 X — K

201 84 FhAEL 1 5 A1 SR 5 B 433l R HL 6286
FIHARS18. F ARGk % & 923.33 emx13.33 cm,  HiAH
2H26.66 cmx13.33 cm. FAGFMEFEN IR 5, F5FTRE
R USCEIHLDIRE R S~10 em /]S BE 3ol Hb B8 B pli Ik, B
J& LRI FH, B 38 e R R R AR KB RN L
FEFE/ IR o3 108 B AL T 11 DL R AS FF A% B 2 %00.86
AT, B DA R B SR A S 2 A B
2 DLIRE G = 4 K.

1.3 TSR

TR BT 201847 H 15 H (R RE UK R Al
10 H 28 H (MEREUSCER AT ) RAE. B R AR 1 R i 25 B
WA APE WG, AW, — e L
2 mmfii, TRAFT4CIKEE; 73— K, TR 5755l
1$0.15 mmAN2 mmf, AT 58200 5.

1.4 TIEFHRA S
Mg +HEA HUK(TOC)LL XMBC. EOC. &

BB BAEHLUR(LFOC) A Fik: A4 MLk (POC) %
T U 5y, BARNE TN TOCK A
K,Cr,0,-H,SO AN #VE AL 1301 52 24, MBC R FH & 47

DOCZ f JiangZs NP ikl g ; W& A HLIK(AOC)
ADOCEMBCZH; #4H4A HUEK(LFOC) X FINal H 7
(FJ1.80 g/em) 73 B ERY, POCS [ Chen AP
177 VAT I

1.5 TEAEHERAS

A (TN) AT 53 AR P S (AHIN) R 3 2 i 1 20
KREZH . A SCNE TR AEASE(AN) TR I
RS E(AAN) BRAR 28 HE N A Z(ASN) LA BR i oK 01
SR (HUN)H 2 AHN AT 7 (AHN=AN+AAN
+ASN+HUN). TN¥H LK E ZENE, FAE Ay &
Z(MBN)FKH S5 B 2A- 2R E . AHN K H A 535
& Stevenson®2 [ 75 1 2 . 1+ I8FE 5 FH6 mol/L HCIE
110°C /K12 h. HU— 1 /KA, B AMgO#EAT
ZATRINERBANS &; B — /KR, Y NaOH
AREE, B IIAMgOREAT ZE 18I 2 15 | AN+ASN & &
HUEE = /KRR, IR 3L - R R S v A T pHUS,
FEi =%k, FEEAT 28180 2 15 2| AN+AAN+ASN
T WG, Bl EEITERESH S S E: ASN=
(AN+ASN)-AN; AAN=(AN+AAN+ASN)—(AN+ASN);
HUNNAHN % bl B0 € F0H 55 B 45 10 BT A 1R
fi2H 7y (RIAN, AAN, ASN)Z Fil.

1.6 TIEANEDNAIR I Mlumina MiSeqiil] 3
43 B DNAKH TIANamp  Soil DNAR 7 & (Rl
FastDNA® Spin Kit for Soil(MP Biomedicals, Inc.,
USA))FHL. $RIFIDNAET50 uL TEZZ M, H
SRR E B, 20 CIRAFES . I TPCRY 1Y
AT 16S rRNAKEKIVAIX (1) 5] #)5338F(5'-ACTCC-
TACGGGAGGCAGCAG-3")f1806R(5'-GGAC-
TACHVGGGTWTCTAAT-3"). Fi5 PCR=¥)4:2%35 fig
REGE I FELUKAS . AR i s 7 X35, & BT Barcode
IR S 5| AT 3, MEPESCE, % {Elllumina
Miseq - & _FiE4T X /7 (paired-end sequencing). il
F 13 2| HIPE reads &5 JoiR # overlapo< R FEATHHEE, FIRS
X B R AT R P AL gL {# F Usearch 344
(USEARCH 1)ZIFRIEEEFH, N EILREH T
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%97 %A BEAT O TU (A 70 2R 81 70) R A W e 4y
R i,

L7 Sk

KHSPSS  19.08 AT SR 2R 7 2250, FRAE
0.057K~F b 46 56 Ak 3 |] 22 57 11 2. 3% 4 (Duncani%). 7
F 43 BT FHQUIME S A 47, FEAS P (alpha 2 R 1)
FFE A [A] (beta 2 114 ) 7 A @ It N B Per L1 A 3E AT 7F
. %R 51) 5 H QIIME () 5t i ¥ OTU B 2 3
AROTUFIZE, FALE=97% ) 7 513 M [H—A~0TU.
FAOTUL IR YEF 1, FE4 FHRDP /288 XA
R HVHATYIRN 08, iFlalphaZ FEME, X
OTURBEATHF, i+5 Chaol, Observed Speciesfll
Shannonf§ %, ¥ T X =MERL IR, 455
IR 7508, R TUAR 8T (RDA)R L T ETOCHIN
oy 54T (phylum) 7K P08 34 B AR X = 2 2 8]
IR R,

2 SRS

2.1 FEFTIE BN ZERG H IR ERAL 5 B 5
R 1A A, FrE i AEALE(NPK, SBR+NPK, SR
+NPK)TE R, Mgz B3 452 5 1 IETOC, MBCH
AOCTE F#(P<0.05), 7 it AE 2 46 1 L 38 m e 1) it
ENPKAIEL, SR+NPK FTOC, MBCFIAOCH 5435
FEF3.0%~4.3%, 14.9%~22.6%F111.6%~19.0%;
FSBR+NPK, 4342 51.7%~3.4%, 13.2%~20.7%F1
11.1%~16.3%. SBR+NPKTE M i 2= i 2 FF{KEOCHI %
(PRI 12.1%), (ATEFLFEZR % A0 B R G &2 3 72 7,

F 1 KIYIREFFAL X XUZERE LG LR 5> () 5

2 W RS AT A8 Joe ot - 498 s 3% 1 1) A7 THT 52 ) £ R 2= B DRy
fE R FEZ, SBR+NPKHNPK & #E HDOCH &
(HIE11.5%) (F1). SRHNPKIE Z B0 X ZH H + 315
BI(LF) XLFOCH &, 11 SBRANPK AL FE7E .5 2= M|
PR, BRCKALERAL, it AR A 2 (8] ki 2H (PF) 2 POC
SRLEEES, HS5CKHL, SitdErR. m
FEZEIPFRIPOC & & 1) . 3% A

2.2 FEFFIE HON WA H 3R A HLE A5 15

HE# 2751, HCKAHEL, Frf i iEAL#E(NPK, SBR
+NPKAISR+NPK) ) i 2 £ i W= g H L TN =,
WM WIE14.2%~22.8%, 15.2%~17.0%A111.4%
~27.7%. SR+NPK 5 SBR+NPK, NPK LA CKAL 3 i) ff]
TIETNG &2 B ik B E /KT (P<0.05), 2R
Z L4 # AT SRANPK Y 225 48 v RS A G 5 2R
TIEMBN &, Ak, fERFEZE, 5 SBR+NPKAMINPK
AREEAHLE, SRANPKALH . FHEm T LIEAHN, ANAI
AANT E(#£2), HEFEHIEHUNS &, £HH# L
AN E RIS, 11 SBRANPK 5NPK % 57
ANBA L, UL BARE AT A el A — PR AL 77 4 B B R
W&, THLEMRRGZE, 4%t AT Ak 3 A] f X B A 20 S B Y
To i3 2 F(P>0.05). X U5 B RS AT 34 HE X 3 U 1)
B 5 FAEK e KL WG N RERBEUN
223,

23 HHAPRE L BRI AL B S
S

M3 AT AL, BIRA N A PRS0 HTOCH

Table 1 Effects of long-term straw return on soil organic carbon fractions in double-cropping rice fields

- pm TOC MBC EOC DOC AOC LF LFOC PF POC
(gkg) (g/kg) (g/kg) (mg/kg) (g/kg) g/kg soil (g/kg) g/kg soil (g/kg)

cK 19.91¢ 1.78c¢ 522a 205.9b 1.98¢ 5.37¢ 1.33b 136.7b 7.15b

B NPK 21.85b 1.95b 493a 204.4b 2.16b 11.14b 2.65a 148 3a 8.03a
o SBR+NPK  22.04b 1.98b 5.48a 227.4a 221b 631c 1.50b 155.3a 8.02a
SR+NPK  22.80a 239 5.25a 180.8¢ 2.57a 13.84a 2.88a 152.0a 8.29a

CK 19.23¢ 1.64¢ 7.27ab 213.2b 1.86¢ 5.93¢ 1.53¢ 139.6b 7.94b

_ NPK 21.65b 2.01b 7.42a 317.8a 2.33b 10.69b 2.49b 148.0a 9.25a
L SBR+NPK  21.92b 2.04b 6.39b 303.5a 2.34b 11.07b 2.51b 155.6a 9.88a
SR+NPK 2229 231a 7.90a 296.2a 2.60a 12.36a 2.75a 156.0a 10.06a

a) BUE N P n=3). FZIEHE T, F—F T AA RN FRRIRAEBREP<0.05/K 1 E 257 834
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Table 2 Effects of long-term straw return on soil organic nitrogen fractions in double-cropping rice fields ¥

Z 5 posi] TN (g/kg) MBN (mg/kg) AHN (mg/kg) AN (mg/kg) ASN (mg/kg) AAN (mgkg) HUN (mgkg)
CK 2.06d 26.63¢ 1234.3¢ 348.0c 74.75a 592.1c 219.4a
= NPK 2.53b 43.93b 2039.9b 580.8b 75.39a 1158.5b 225.2a
o SBR+NPK 2.41c 43.72b 1978.5b 563.4b 76.73a 1104.8b 233.6a
SR+NPK 2.63a 60.02a 2130.2a 681.3a 81.66a 1297.8a 69.4b
CK 2.11c 26.58¢c 1216.3b 347.2b 70.39a 611.1b 187.6b
~ NPK 2.41a 43.85b 1655.5a 437.5ab 78.36a 836.2a 303.5ab
i SBR+NPK 2.43a 45.63b 1747.4a 460.6a 88.05a 843.6a 355.2a
SR+NPK 2.35b 54.98a 1688.6a 421.4ab 71.88a 795.5a 399.8a
a) BUE A V-IMEE=3). FIFIEEE T, [F—Z= N ARG BRI A3 (7] 72 P<0.057K P72 57t i 2%
F 3 RFEFEFE EAERCE DA HUBR A L
Table 3 Relevant SOC/SON ratios in the different straw return modes *
5 Ab MBC/TOC (%) MBN/TN (%) MBC/MBN  DOC/TOC (%) AOC/TOC (%) TOC/TN
CK 8.93b 1.29¢ 6.74a 1.03a 9.96b 9.66a
~ NPK 8.93b 1.74b 4.44b 0.94b 9.87b 8.65¢
o SBR+NPK 8.98b 1.81b 4.53b 1.03a 10.01b 9.15b
SR+NPK 10.48a 2.28a 3.99b 0.79¢ 11.27a 8.66¢
CK 8.54c 1.26¢ 6.18a 1.11b 9.65b 9.10b
. NPK 9.27b 1.82b 4.59b 1.47a 10.74ab 8.98b
L SBR+NPK 9.30b 1.88b 4.47b 1.38a 10.68ab 9.01b
SR+NPK 10.35a 2.34a 4.20b 1.33a 11.68a 9.49a

a) FE A I E (n=3). FFIESE T, F—Z5 WA R/NG FREOR A PR £ P<0.05 /K b 22 57 i 3%

TN LU IFEAEZ A E 2 R, SRENPK L 5. 15
ZEMBC/TOCHIMBN/TNLLAE, PLAFEFEZEAOC/
TOCHITOC/TNEUAE. XSRS B4 H 2% 3 o
TIEH YRS, 52K, SBRANPKALH
ENPKACBEAEFT A LR IRIr B TR EZE R, AL,
SRANPK & 2 [£ik R fEZEDOC/TOCH A, FHEA )
T 150 1 AT HURR RS PR %t A Ak 1 g -
MBC/MBN LB TG 2 25 22 7, {HI8 B2 KT CK.

F T (PCA) R, SRHANPK 5 Hifih b F 7F .
FEZEAFAE R E B (E1A); e MR ZE N A o ek (B
1B). HEG M. B IPCATS oy Fldk s 3R A,
SR+NPKHE 5 F A ZEXLE, AOC, MBC, LFOC &L
JMBC/TOCHIAOC/TOCHAH [H)TTHk; 1 SBR+NPKAH
NPK I Z IR EXTEOC, PFFIASN S BTk, i
JE AL B 35 S 2 A v LR AR A LB . A 3 (R TR
(BEMBC/MBNLUAE AR, #EBIMBC/MBN EGAH AT B2 2 Fi
IES

2.4 LIEGEYITH A UL

#4741, SBR+NPK/Shannon, AceflChaoltg
BAE B B E LT CKMSR+NPK,  F&IE 2 5 K
5.96%, 26.42%7H125.74% L) }2.85%, 16.75%F115.04%;
HNPKHJOTU K& i KT HoAt b 2.

B 20T 0, A0 B R T TKCSE b AR R AR
FEZEAR MR AR, AR By ER € (B12). P AL &
B KR B REZE LR B T (Proteobacteria)
24725 B |1 (Chloroflexi) AR FT 1 1 1 (Acidobacteria)
F; WEFEZELIProteobacteria, Acidobacteria, Chloro-
flexiFl Al 1k #2 i€ 14 [ ] (Nitrospirae) A . 5CKALFAH
bt i RE AL BE AR T B 1] AR E A RS =
P, T RR AT B 1T A =F B AR e RS 2= NPR AL 2
N, TS NPKARELARLL, SBR+NPKALHETE
HREZE R EBRAK 7 JEBE ] (Firmicutes) AU 14 1]
(Bacteroidetes) [P AHXT £ B ; SR+ANPKALEE N2 & 1
AR JE |1 (Proteobacteria) it 3= &, SR+NPKAbH 7E ¥
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Figure 1 Principal component analysis (PCA) of soil organic carbon and nitrogen fractions under the different straw return modes. A: Early rice
season; B: late rice season

A B
15 14
- - - - M Proteobacteria - | — 1 M Proteobacteria
) —_— = [ B ™ chioroflexi - — - - = W Acidobacteri
% N 3 o .moaena
~ 0.8 - cidobacteria ~ 0.8 . i Chloroflexi
oy - M Firmicutes it M Nitrospirae
ﬂl—t m : [l Bacteroidetes ﬁ [ Bacteroidetes
< 064 e M Nitrospirae % 0.6 W Actinobacteria
,Q:u Actinobacteria ,:Tg Verrucomicrobia
%5\ M Verrucomicrobia %{5 M Gemmatimonadetes
8 0.4 M Patescibacteria ik 0.4 M Rokubacteria
=3 Gemmatimonadete 53 Patescibacteria
% B Spirochaetes % W others
0.2 B Planctomycetes 0.2
M Rokubacteria
M Cyanobacteria
0 1 Latescibacteria 0-
CK NPK SBR+NPK ~ SR+NPK W others CK NPK SBR+NPK SR+NPK

B2 RIIRSATIE X SRR R TR R . A 58, B: BiAES

Figure 2 Impact of long-term straw return on phylum abundance of soil bacterial groups. A: Early rice season; B: late rice season

F 4 KIYIREFFAL X R4 B R R 22 R R T )

Table 4 Effects of long-term straw return on soil bacterial community diversity and abundance *

51 e OUTH(E: EZiER RN . FEER
Shannon Simpson Ace Chao 1
CK 4490.7a 6.88a 0.0044a 5971.3a 5949.9a
= NPK 3216.3b 6.90a 0.0036a 5728.2a 5712.5a
o SBR+NPK 4362.7a 6.47b 0.0044a 4393.8b 4418.7b
SR+NPK 4637.3a 6.66a 0.0050a 5277.5a 5223.1a
CK 3809.3a 6.86a 0.0034a 5160.8a 5116.2a
. NPK 3701.3a 6.70a 0.0042a 5459.7a 5118.3a
i SBR+NPK 3880.7a 6.87a 0.0032a 5376.2a 5354.0a
SR+NPK 3700.0a 6.75a 0.0038a 5191.2a 5129.1a

a) FUE AT IIE (n=3). FFIEGE T, 7 —Z AR RS TR A BRI 7EP<0.05/K P b 22 57 i 3%
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Figure 3 Redundancy analysis of soil carbon fractions, soil nitrogen fractions and soil microbial community composition at the phylum level. A and
B: Early rice season; C and D: late rice season; A and C: the redundancy analysis between soil carbon fractions and microbial communities; B and D:
the redundancy analysis between soil nitrogen fractions and microbial communities
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Long-term straw retention with reducing chemical fertilizers
application improves soil carbon and nitrogen fractions and microbial
community composition in a double rice-cropping system
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Long-term straw incorporation continuously enhances soil fertility by improving the pools of soil organic carbon (SOC) and soil
organic nitrogen (SON). However, the characteristics of changes in SOC and SON components, as well as their relationships with
microbial communities remain unclear. Based on an 8-year long-term in-situ experiment, this study investigated the effects of straw
removal (NPK), straw burned return (SBR+NPK), and straw return (SR+NPK) under equivalent N, phosphorus, and potassium
nutrients inputs on SOC and SON components, as well as their associated microbial communities within a double-cropping rice
system. The results indicated that, compared to the NPK and SBR+NPK treatments, the SR+NPK treatment significantly increased
the contents of soil total organic carbon (TOC), microbial biomass carbon (MBC), and active organic carbon (AOC) in both the early
and late rice seasons (P<0.05). Notably, compared to the no fertilizer treatment (CK), the SR+NPK treatment significantly enhanced
the contents of TOC, MBC, and AOC, with increases of 14.5% to 15.9%, 34.3% to 40.9%, and 29.8% to 39.8%, respectively. During
the early rice season, the SR+NPK treatment significantly increased the contents of soil total nitrogen (TN), microbial biomass
nitrogen (MBN), acid-hydrolyzable nitrogen (AHN), ammonium nitrogen (AN), and amino acid nitrogen (AAN) compared to the
NPK and SBR+NPK treatments, with increases range from 4.0% to 9.1%, 36.6% to 37.3%, 7.4% to 10.8%, 17.3% to 21.0%, and
12.0% to 17.5%, respectively. Meanwhile, the SR+NPK treatment significantly enhanced the ratios of MBC/TOC and MBN/TN
during the early rice season. The improvement on TOC under SR+NPK was attributed to soil particulate organic C, whereas AHN,
AN, and AAN contributed to high TN content. Furthermore, SR+NPK improved the ratio of AOC/TOC during the early rice season,
and easily oxidizable organic carbon, the ratio of TOC/TN ratio in the late rice season. Conversely, SBR+NPK raised the ratio of
DOC/TOC in the early rice season but resulted in a decrease in soil microbial richness and diversity, particularly during the early rice
season. The dominant phyla of soil microbial communities in the double-cropping rice were Proteobacteria, Chloroflexi, and
Acidobacteria, which were primarily influenced by light fraction organic carbon, acid-hydrolyzable amino sugar nitrogen, and MBN.
The findings suggest that long-term straw return can effectively improve soil organic carbon and nitrogen fractions by driving the
changes in soil microbial communities.

long-term straw residue retention, double rice-cropping system, chemical fertilizer reduction, soil organic C fraction, soil N
fraction, microbial community structure
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