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Coupling Effects of Straw and Woody Peat on Rapidly Increasing Soil Organic
Matter and Crop Yield under Different Application Ratios

ZHOU Tantan"?, LI Dandan', QIU Lili"*?, XU Jisheng', ZHOU Yunpeng" *, TAN Jun*, ZHAO Bingzi'’

(1. State Key Laboratory of Soil and Agricultural Sustainable Development, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. School of Resource, Environment and Chemistry,
Chuxiong Normal University, Chuxiong, Yunnan 675000, China; 4. View Sino International Limited Company, Beijing 100004, China)

Abstract: Objective The combined application of woody peat and straw has the potential to rapidly increase soil organic matter
(SOM) and crop yield. However, how the application proportion of woody peat and straw affects crop yield and its
microbiological mechanism remains unclear. ~ Method A field experiment was designed, based on the application of straw and
activator (RJ). Then, a was comparative analysis of the effects of the ratio of woody peat and straw at 2: 1 (RIM1), 3: 1 (RIM2),
and 4: 1 (RJM3) on soil physicochemical properties, bacterial community composition and rice yield was carried out, and
compared with the control (CK) without any organic matter. At the same time, based on co-occurrence networks, the path analysis
model was used to elucidate the potential relationship between specific bacterial flora and crop yield under different treatments.

Result The results showed that the rice yield of RIM1, RIM2, and RIM3 was similar, and their average yield was 16.09% and
31.46% higher than that of RJ and CK, respectively. The soil physicochemical properties of the five treatments were divided into
three different groups (P < 0.01). The first group was RIM2+RJIM3, which was characterized by remarkably increased pH, SOM,
dissolved organic carbon (DOC), available phosphorus (AP) and available potassium (AK) contents. The second group was
RJ+RJM1, which was characterized by significantly increased nitrate-nitrogen (NO,-N) and dissolved organic nitrogen (DON).
The third group was CK. The average content of SOM, DOC, and AP in RIM2+RJIM3 was 29.69%, 22.65%, and 23.95% higher
than those of RIMI, respectively, which indicates that RIM2+RJM3 has the potential of rapidly increasing the content of soil
organic matter. The bacterial community composition between RJM2 and RJM3 was similar, and was mainly influenced by soil
pH, SOM and DOC, while they were significantly different from RIM1. Module 1 of key ecological clusters within the bacterial
co-occurrence network had a direct and significant positive effect on rice yield, in which soil physicochemical properties
indirectly affected crop yield by directly and significantly affecting module 1 properties. The improvement of yield was mainly
affected by the relative abundance and community composition of module 1, while module 2 and module 3 had no significant
effect on rice yield. RIM2+RJM3 significantly increased the abundance of Gaiellaceae unidentified, Nocardioidaceae
unidentified, Terracoccus, Comamonadaceae unidentified, WD2101 unidentified, and Sphingobacteriales unidentified, which
were positively correlated with rice yield. Also, RIM1 significantly increased the abundance of the other five species mentioned
above, except Sphingobacteriales unidentified, which indicates that RIM2+RJM3 could stimulate more dominant species that
were positively correlated with crop yield than RIM1. Meanwhile, the sustainability of increasing rice yield in RIM1 was lower
than RIM2+RJIM3 because the SOM content of RIM1 was not significantly different from that of CK and RJ.  Conclusion
Combining the above results with economic benefits, RIM2, the application ratio of woody peat to straw 3: 1, is recommended as
an appropriate ratio that can rapidly improve SOM and crop yield at the same time.

Key words: Straw; Woody peat; Co-occurrence network; Soil organic matter; Crop yield

TG PR (SOM ) &+ HERE Ty iy F B2, AT 3 AR 7 i 0 [R5 B T T ) B 5 P M A AR
P25 SOM &g A1 Al T4t ks LA S ThRe MR HEEY &tk SOM & 4Tt
Hap=Rl e ML 3 R A PILORRR R FEFFIE HE4RTF SOM & iy B B i 2 —
SEMI AR, B4 AR A 30% A1 70% (HILFER) R BN, (1) #BAGHUREIER 2%
AW fERARUKRE L, TEVERRIE S RA VLR 18, Xu FURFR A BEMEES: 10 AFREFEH, +
I ELA 50 50 R 50%~T0%F1 65% L4 PO Rk, +  HEA PR S RURFE T 0.7 gkg ', (2) I
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RORANI W o FEFFAHT I o T3 D s A
Tl FF IR 03 RO T3 0 RIS . G2 W [ A
S D RS S5OVE W T R R ) R AR A B AT, DT S e
TEAR S, Ry T figde Lk )8, Sl dmsMEA:
YISO AR B A Y B . WA IR Ay . DL
EAEFE S SOM AZ 53z e H i Lok
YR MEMR 2, ARSI R I pF s B, =
T RRT FH 3 A 0 T i s X R S 2 B P KR A A A
YAy aiin . G A AR AR R A DL S5 T A AL
ik (SOC) & i, [RIM HA KT A REMA:
YR, DNTIAE 24 2= R AT st 4 g LA v o RN 42
FEY ==,

ARAYe s AE R —Fhogr A 3k ), 20
FEPH RN AT HL DX, A A TR i e A A R, (H
BT B B R PP RN A MR S 253, 28T SOM
(BB AR SRR I R B, R T
ARAYE ¢ AT DAAE S 3 iy PR 4 7 SOML & i, {H R —
it P S R A A P T M IR P i TR AR T Ak
GRS B B TR I X V0 7 i 1) 52 T 5 A it A L
YR AL . RS A5 R R B Al PR AR e T
SOM XHEW = wE M/, i — iR T FER AR A
Ue e FAS A1 A [m] 25 B8 T - BTG Pk /RS e P A PLST R
VED 7=t AR I SNSRI ) 2 5 T Bk
B TEWINEC NN, R P AEY ™ & 1Y [e) 20
PRI AT RESZ I T ARA Y S MRS ARG T S A L, fH
A B e B A AE ML v AN T R

ANFEGAE A I AR AR, R 283 A
AT DAIX G5 - e rh A Wy i AR A AR R (), Rdk=s
Wl — BN MR EMEST, AR ERN,
Pobebe, WO R R | A W T A U Ak
G5 T EFREI . A HLYR AR FIVE Y A K
A, Shi ZEU & BUAE L JR LR A - 3 A=
D) 4% B S B - 2F LT 1] ( Gemmatimonadetes )
FIF# ] ( Planctomycetes ) A B T+ 3549 C.
N. P. S TEMASFERE MR, W3l LSRG
Bao 'S AL, TEARAE S LR IRINASFE, &
T AR TR R S B b A I 2 254, TR e G 4
B K AL 0 PR Il o S O, R T A
M 4 SERRAE IR . Fan S5EUS5E 3 2% 504 & BH - HE 22
B IRYAE Y M Z5 R b B R U AR W 22 R AL
BERDCESFThREA Y, B RIES C. N, P %5
GBI RERE R, ZEe IR Re ) A EY e =

AW ST AE KRS + it R S, ARARDE
AFEFFAFIRC LA, B2 A ERR SR,
FEZ LB, A HLS R 7= R A5 P 42 7
ISR R Y R A G . B, AR LK
T R R & & T 308 0 S B KRS W BiF 5
G, TG — N BOR FIERE b, AT T AR FRAADR
s SRS R A A e, LR ST B AR (1)
HH il A A U8 2 5 8 R [R) B B Bt K R .
A BT S LA 53 R DR 95 2 i s, (2) W
B SR E T S AN RS AR K R, (3) T
P 25 BRI R | s 0 A A 0 R TR AR B 7 e A U
TERZM

1 MRSk

1.1 HERE

S 151 I ol AR R s N N AN I B Nl
(31°53'19" N, 120°6'34" E ), HuAb I #iy 2 XU A
X, AEHR 16.7°C, 4EBEZKEE 1000 mm, A
R E KR LSS s 1 H LR L T 3 45( 2016
—2019 ) XEHAL THE SRS, I IT iR Ay T35k
APERTAIT : pH Ry 5215 AHLET (SOM) FhEl
9.78 g'kg s 2 (TN) FhH 1.07 gkg '

BT 2019 AFIEREZIT 4R, 2L 5 MR RE. (1)
CK: AL AL R AR, (2) RI: F5FF (R)
Pic it 75 FH 8 2 70 (T, FSFFHTEA 3 000 kg-hm 2,
Wk (7)) FHEA 1500 kghm™?; (3) RIMI: RJ
Fefilt Bt AR E AR % (M1), HIEN 6 000
kg-hm?; (4) RIM2: RJ LAl it ] A AR A8 ¢
(M2), FI&EH 9 000 kg'hm>; (5) RIM3: RJ 3l
i P E R ARA IR 5 (M3 ), FHEEN 12 000 kg-hm 2,
RIM1 . RIM2 ., RIM3 Kb 3AA e e FIAS FF 7 L
Bk 2: 10 3: 1, 4: 1 (£ 1),

1) FEFFAI & B Crop straw and activator;
2 R AR R BC bt L ittt FH A 2 ARAS Y8 2% Crop
straw, activator, and woody peat at a low rate; 3)
il AR R 5 I it B Ak i B R AR Y8 ¢ Crop
residue, activator, and woody peat at a middle rate;
4 R AR AL R C it L ittt FH v B2 AR AR Y2 2% Crop
residue, activator, and woody peat at a high rate. T [A] ,

The same as below.
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x1 TRLEHENIRAE

Table 1 Amount of organic materials in different treatments

Qb FR F&#T Crop straw # & Activator AAR % Woody peat
Treatment / (kg'hm™?)
Xt CK 0 0 0 0 0
RJY 3000 1 500 0 0 0
RIM1% 3000 1 500 6 000 0 0
RIM2*’ 3000 1 500 0 9 000 0
RIM3*’ 3000 1 500 0 0 12 000

FEAALEE 3 AR, S 15 AN/NX, HREHLET,
FA/NXHEAN 600 m*, K 30 m, FE 20 m. FEFF
hEE = IR R AT R /AR 7R I S RS AT A
L&l 121.23 gkg™, TN, 28 (TP) FI44
(TK) &&0%H8 028 gkg'. 10.53 gkg'. 16.03
gkg s PR FIVRURAS I sic B 3 19 b5 v ) A R
BAMATR . BHMEN AR S Y 337.11
gkg ', TN TP Fl TK %44 1.56 g-kg ' .0.08 gkg '
49.36 gkg s AAUE I A HLBR 5 ik Ky 428.62 gkg !,
TN. TP #l TK &4 0.08 gkg ', 0.04 gkg ', 0.39
gkg s FIA A WL FE K RE IR B AT A 135, 7]
i BT A Ah BRAE 1 Bl A LA B 2 A S IR, N
JEFE A 64 kg-hm®, EiR¥rRLS R 2 55800
5], SRIGRE VAT, W e RS iR fEE 7d
JRIBHIRE, N RN 69 kghm 2, FHFRETE A
2019 4 6 H 22 H, HlLidi, 17H#E 30 cm, #REE 12 cm,
WE R 27.8 7 /Chm 2, KEESFCNEER (Oryza
saliva subsp. keng, T 5055 ).

1.2 HEXESTERELERIE

KT 2019 4E 10 H 28 HUHR, H4/NXH S
SUBRETRIN =, THRCRAF S /N i, B/
XN Z sk EHE T (0~20 em) BAIH—A>
TR WA EIERES R 3, — T 2,
FFME 3 pH KA MRy — I fEFEE
F20CUKFRAE, FT e EHGECA, WTistEa
HLIR/R . 5 BACTS A LK LA S e e AL
— B E T80 CUKARTRAE , FH T4 H 11 DNA.

43 pH. SOM . TN, TP, TK . fif &% ( NO;-N ),
B A (NH,-N ), A% (AP) &8 | S ( AK)
R R R e U T s v A LR
(DOC ) /A (DON) KH Jones Fl Willett [ 532

R SRR (ROC) R E SR A
M e Y Y (MBC ) /& (MBN)

BRI LR VR Z R ARG 2 8 0.38 Fi10.45 1551,
1.3 SEENFSH

+ 1% DNA X | Fast*DNA Spin Kit for Soil( MP
Biomedicals, Santa Ana, CA, USA ) i&#| & M8 ik
B HEHEEAE M 0.5 g & + Fp 2 E {# ] Nanodrop™2000
41366 ( Nanodrop Technologies, Wilmington,
DE, USA )il & DNA 4 i£( A260/A280 j[Fh 1.85~
1.92) FIE (112.89~157.71 ng-ul™" ), PEEAHHE
16S rRNA V4~V5 X 17 i@ w0 ¥ . PCR §H%
S5 515F (5'-GTGCCAGCMGCCGCCGC
GG-3")/907R( 5'-CCGTCAATTCMTTTRAGTTT-3' ),
PCR 44 £ 4:404% 95°C 3 min,( 95°C 305,55°C 30 s,
72°C 40s), 27 MER, ZJ5 72°C 10 min, ™
W% i QIA quick PCR Purification kit ( Qiagen ) 4
fbo B ARFRER Y PCR ¥ B = S B RIR G TR, R
FH Hlumin 23 7 MiSeq M FF A58 551 439

FrARFES7E QIIME ( 1.91) #frh kLT 4
BEVEATA3 M. (1) R FLASH 39047 580 XU &
I3 (2) i Cutadapt ZXAFVIERS 195 (3) 45 R
¥ (4) BRERFYIRA Uparse k4, LA 97%4A1I
PBEHFETT OTU K143, >k F Blast J5 7% LA Greengeens 13.8
B PEXT R AT E R . 2T Bray-Curtis 1 5 X 4b
P (6] 40 B A V% #4709 3 A2 45 40 1 ( Principal Co-
ordinates Analysis, PCoA ) F17U4%43#7 ( Redundancy
Analysis, RDA) 7E QIIME H5¢ 8., JRIEFHIE I
% NCBI V15, 45 H PRINA739050.
1.4 ZHE BRIP4

A R 3.6.3 # “Hmisc. igraph” F2J¥ 4L, T8
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YR (OTUs ) I Z 8] %) “Spearman” H5¢ 5
%, IR BH (Bonferroni ) FiEMKIE, EFAHL
FH|r) > 0.8 H P < 0.05 A9 5 35 AH 3 OC 44 E 40 e ™)
%, JFHEAT MR, FIHZZE B Gephi
0.9.2 2B 1o 28 AT LA 2T A PRy 4% Ak 2L A AR S 2 2
MHALE R OTU R2FERE & ML T OTU &
JERRH], AR 0 2875 f BN R B /N A5 e g £ 7
Herp, il 3 rORTSAE R U E R T 5
Ziophr. FET OTU KRS 1 b i 32 52 o i
APFP S FEER 1%Lh F8Y OTU Arid WARRM A
1.5 HEZITHH

i 1] SPSS 25.0 AR kAT B K 3K 7 22 43 #r
( ANOVA ), Duncan Z 5 HA 3 A AN [A] b $H [] 7K Fed
PR A BT 22 5% . I R 3.6.3 X A%
pH. AHLET . M0 & kA7 F 435341 ( Principal
Component Analysis, PCA ), B £ 0 25 #r
( Permutational multivariate analysis of variance,
PERMANOVA ) ] Wi A~ ] ik 34 1] -+ 58 2 A 4 Jo Fil 48
PR TR I8 AR A 22 5 o D e/ IR AR A A ( Partial
Least Squares Path Modeling, PLS-PM ) H FiF4h +
SRR BT AN R AR A ( DU H R B2 IR PCoA 1
RRAEAS B ) P R[] B AH AR B H X 7K R
HEEI s R A HE PR AR R A R
PERMANOVA #ll PLS-PM 43 #7143 5l 7€ R 3.6.3
“vegan” Ml “plspm” L H i1y BRI EYFREY
ZSHIE R 3.6.3 “DESeq2” frhuEfy, MhNAY
( Enriched ) OTUs Ff log2 fold change > 1.0 %5, ¥
/LAY ( Deleted )OTUs ] log2 fold change < 1.0 %5
A 3 B 5 KR = i B AH G PE . “ Spearman”™ AH

KR HHR
2 4 R

21 TEAWKR. FHEEF pH

BT 13 pH, ML . F253 55 PCA 74T
AEFRAT IS =41 . CK. RJ+RIMI1 il RIM2+RIM3
(&l 1), PERMANOVA K =41 [a] 9 P 2= 5 4 3%
(P<0.01), -3 pH., SOM. DOC ¥t %5 KA e 5
Jiti 2 (R 38 I A, RIM2+RIM3 A f i 7K OF
A HAMZH Ay 9 3.68%~13.78%., 26.11%~58.53%
M 17.19%~29.01% (& 1, % 2), JREH YR
FH B 3T ROC 1 MBC &, {HENEA VLR
VOBL TRt A T b= £ o €2 N i P T AR e

- B CK
~,
\ -
‘&_ /7 NH “‘fN-N~ [ RJ
0.4+ A RIMI
\ ¥ RIM2
\‘0 RIM3
(% 0.0+ DOC \
m’ ( SOM ‘||
a “ pH ,I
Q04 1 1
) ’ S
NO3 Y 'l MBC~~--‘
~08F DON\1{ /
1 sIN-A—’, 1 MBIN 1
-0.8 -0.4 0.0 0.4 0.8

PC1 (37.48%)

K1 BT pH, AHLGL. FRo&E A PCA 74T
Fig. 1
Bray-Curtis distance of soil physicochemical properties as affected

by combined application of crop straw with different amounts of
woody peat

Principal component analysis ( PCA ) depicting the

*2 WEHEERREREARKRRNKELIE TR

Table 2 Effects of combined application of crop straw with different amounts of woody peat on soil physicochemical properties

g T
CK RJ RIM1 RIM2 RIM3
Soil properties

pH 5.880.06¢ 6.01=0.19¢ 6.25+0.07b 6.48+0.07a 6.69+0.15a

HHLE soM"/ (gkg!) 10.08+0.56b 11.28+0.48b 11.9942.94b 15.12+0.61a 15.98+2.04a

28 TN (gkg) 0.92+0.03ab 0.91+0.02ab 1.02+0.07a 0.86+0.01b 0.89+0.12b

2% TP?/ (gkg!) 2.00£0.11ab 2.17£0.17a 1.78+0.17b 1.90£0.08ab 1.68+0.29b

240 TKY (gkg™) 12.14+0.35ab 12.34+0.83ab 11.68+0.20b 12.13£0.37ab 12.77£0.32a

B A58 NH,-N/ (mgkg™!) 3.40£0.11b 2.98+0.16b 2.80+0.52b 6.78+0.74a 3.19+0.47b
M NO,-N/ (mgkg ') 3.60+0.25bc 4.32+0.32ab 4.88+0.18a 2.20+0.63d 2.7420.92cd
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3T
CK RJ RIM1 RIM2 RIM3
Soil properties

3 APY/ (mgkg ') 42.07+2.31b 46.76+4.77a 40.38+9.82a 49.25+6.70a 50.85+2.75a
R AK®/ (mgkg ') 98.57+5.78b 108.90+5.95b 107.78+5.20b 103.25+3.09b 132.73£9.95a
AR HLER DOCY/ (mgkg ™) 27.30+5.78b 27.86+2.49b 27.66+2.44b 32.63+1.93ab 35.22+3.36a
AR HLA DONY/ (mgkg!) 3.77+0.19¢ 4.70+0.34b 5.65+0.48a 2.94+0.06d 3.47+0.11cd
S WL ROC/ (gkg ") 1.47+0.34b 2.73+0.04a 2.82+0.45a 2.91+0.50a 2.69+0.30a
WA A R MBC”/ (mgkg ™) 118.34+8.09b 164.59+7.37a 169.55+18.98a 173.19+4.95a 163.73+8.38a
WEY YRR MBNY/ (mgkg™!) 6.82£0.79b 9.13+1.72ab 12.36+1.45a 9.72+1.72ab 10.79+2.35a

(DSoil organic matter, @Total nitrogen, @ Total phosphorus, @Total potassium, (5 Available phosphorus, ®Available Potassium,
(DDissolved organic carbon, ®Dissolved organic nitrogen, @Easily oxidation organic carbon, (0Microbial biomass carbon, DMicrobial
biomass nitrogen. 7E: [T AN RFR/RAF A BLE] 225 B3 (Duncan, P <0.05), F[A, Note: Different letters in a row indicate a

significant difference between treatments ( Duncan method, P <0.05) . The same is below.

TR K RIFRIMI BLEAZE, H i NO,-N Al DON
o A HAZH B 20.00% ~ 121.82%F1 24.67%~
92.18%; 1M RIM2+RIM3 W FE LA AP Ml AK

SOUERFRAMIEY, JUHSE AP SRR

B 5.33%~25.93% (£ 2, B1),
2.2 TIEMAFEEEAR
2.2.1

2 TR R AR S L S A B 2 TG AR

P 2a W], FLANAE BRI 7K 00 40 B O 55 R 1 2

a) b)
100 Mu— — — — — 0.08 - "A‘A\; :%<
—---—-Others I\QJ 2 MM
. 80 WS3 = w RIM2
& Nitrospirae S 0.04- - ¢ RIM3
51 I Verrucomicrobia 17 @\
=} . = Q) / N,
wWE 60 I Gemmatimonadetes bt A4 i N
H g B Firmicutes < 1 9
2 C b : c 0.00+ 1 \
=2 yanobacteria S i \
ZE 2 40 [ Bacteroidetes &~ \ \
£ I Planctomycetes ‘\ \
3 I Chioroflexi ~0.04 [z \ \
20 Il Acidobacteria oy \ !
I Actinobacteria - AR g ]
Il Proteobacteria . . . . R
0 02 -01 00 01 0.2
CK RJ RIM1 RJM2 RIM3 PCOAT (72.40%)
©) ® B
20 + VS ® RJ
gy A RIMI
- v RIM2
@ 10r & RIM3
S
N
o~
g
-10F <
® DON AA
0k
| | 1 A | |
-20 -10 0 10 20

RDAT1 (80.08%)

W (a) HHEANTELE TR LA A X 55 (b) AIRACFEANTEHEVE PCoA 30T ; (¢ - HEAN TR HEVE 41 BUF 3 Ak 1 5T 1
RDA 43#7 . Note:( a )Relative abundance of the major bacterial phyla,( b )principal co-ordinate analysis( PCoA )plots OTU-based Bray-Curtis

distance between 15 soil samples, ( ¢ ) redundancy analysis ( RDA ) of bacterial communities based on 16S rRNA genes under five treatments.

P2 REATBCHE AN ] FH i AAS Y8 2 0f - ST AN R 7 28 B B 2 )

Fig.2 Effects of combined application of crop straw with different amounts of woody peat on soil bacterial community composition
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A2 JE W 1] ( Proteobacteria ) . i 2 W ]
( Actinobacteria ). 25 ] ( Acidobacteria ) FllZ¢2s
'] ( Chloroflexi ), 40 & FEEH 78.13%~
82.40%. Xof A [] &b AN TR HF 7 4H LA T PCoA 43 #r
(B 2b), KBLFEABRET PR THEE 79.96%
AS S, FAAEBRAT 43, 4350 CK. RJ.

RIM1. RIM2+RIM3, PERMANOVA 2 U 2 [a]
PR EE (P <0.01), HBEbm: oS 40w it
75 RDA Z3Hr W] (18 2¢ ), pH. SOM Hl MBC &
FRMEREE BN R FEAERH T (P <0.01),

Ivi] B 240 B 3 7% 41 A8 52 ROC, DOC, NO;-N, DON,
AK Fl MBN Z48tr 52 (P <0.05), FHrh
RIM2+RIM3 () 4H & 75 41 A% 32 2242 1l T pH .SOM

DOC 754k,

222 ANE LI L5 KRR kT R A A R
XA R R, R “Spearman” AHIE IR
PSRN AL B2 (& 3 ). WS T2 3 e
B, 3 MAREERAL B U T BT A T SR
86.20%. Horfr, B 1 5 HR K (37.63% ) (& 3a);
i 2 FIREHE 3 5 Aol 33.52% 11 15.05%.
B 1 v 4t B AR G = B i 3 AR AR 1) 1 it FH 5 P 38 o
M3, {4 RIM3 AbBErp B4 FTREAL; RIM2
Ab PRI 2 AR BE R s A HLARL I R
RT3 A X B, o RIM2 Fl RIM3
S FREARC B 3b ). XA FEREH ) OTU i#47 PCoA
BT (Bl 3c), BRI FREH 1 FIIH 2 )40 #F

© Kk 1 Module 1 (37.63%)
© ik 2 Module 2 (33.52%)
i 3 Module 3 (15.05%)
@ HAbAEH: Other modules (13.80%)
—— 1M Positive correlation (50.76%)
fA5E Negative correlation (40.27%)

9 Bk 1 ik 2 i 3
Module 1 40r Module 2 . 16 Module 3
S0+ b a b b . b
g kY)
NS
g 40
g 5 4
£ 5
< <
;52 50 16
=
210 8
0
CK  RI  RIMI RIM2 RIM3 CK  RJ  RIMI RIM2 RIM3 CK  RI  RIMI RIM2 RIM3
0 Bk 1 Bk 2 ik 3
0.061 Modulel g~ Y Module 2 /’x\‘ Module 3
s A < ooat®T N e M
2 0.03}-~ e ¥ 2 A S 005F e
2 e “\ BOK S 00} ¥ ek = Y 7Y Ty, WCK
= 0.00} N Yoy ORI . LA RIMI I 000t tv VN eRJ
> s 4 “x/ARIMI o ~ vRIM2 & 7 \ s A RIMI
< ® YRIM2 < _go4l 4 3 ’ .
S -0.03 eRIM3 G 004 A *RIM3 5 sl v RIM2
g 003 o i Q 0. .4/ RIM3
~0.06¢ Al —BE ~0.10}=.
-03 02 -0.1 0.0 0.1 02 -030 -0.15 0.00 015 030 02 -0 00 01 02 03

PCoAL (84.4%) PCoAL (85.5%) PCoAL (66.5%)

o) E LB b) NEIAEFEAGEIER T ; o) PA—Bib N 40 Y PCoA 43 #7 . Note: a) co-occurrence network of bacterial ;

b ) relative abundance of modularity under five treatments; and ¢ ) for principal co-ordinates analysis of bacterial in a single muddle.

B3 AEATBCHEAS [A] A AAS Y2 1 - S 2 T A= A5 SRR L AL S R
Fig.3 Effects of combined application of crop straw with different amounts of woody peat on soil bacterial clusters composition and their
relative abundance
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%, AP E[ 4oL, B CK. RJ, RIMI .,
RIM2+RIM3, %43 A 5 S A 20 TR 0 1) o0 A A
K (B 2b) AH[F X TR 3, Absiisr =41, Rp
CK. RI+RIMI1 ., RIM2+RIM3 ( & 3¢ ). PERMANOVA
SRR BRI L R P 22 7 3 (P < 0.01 ).
2.3 KEEFFE

Bl 4 R, 5B MAETA LR R (CK)
FHEG, Tt A HL R e B R T KRS e, P R
FF5 AA YR S B A3 it FH A B ) 38 =5 R I g, {H
ARAYE Bt B 2 A W 255 5 CK ML,
RJ AEHAKFE - R &S T 13%, 1 RIMI,
RIM2., RIM3 7= i PR A 31%.
24 TEBUERMYBEVEFENKE~ER

A1)

T o O e /N R BRI, PR5Y - AL
P AN A A B A B X KR P i s (&S ).
SEREIR, MAER PR 1 XK ERA B
PR FEIESY, Hob R v s iR
MR 1 PEET S R (K 5a), JFH
FrRARL EEE A 1 AT R (M) AR
Al (PCoA ) ZBAb K% (&l 5b); i 2 FIAL
e 3 5oKRE A B0 (K 5a). HIL,

POE AL 1A AR LS, R 1 AN
[F] &b B[] (%) 22 S ) b X2 ] e G K R 7 1 7 R W 3
A

Bl 6 Fon, FEEEH 1 pOR [ b 3R] 4 A X
FEAAR AP ELSE . HHIRE ( Gaiellaceae
unidentified ). 2515 KIKHW ( Nocardioidaceae
unidentified ). TIEIKWE ( Terracoccus ). Tl

16000 -
a
T a 8
o b I T
= 12000 : b
=
I e I
fgg 8000
%2
8
£ 4000H
0 1 1 1 1 1
CK RJ RIJM1 RIM2 RIM3
AbFE Treatment

TE ARG SR 3R A BRI 1 22 5 12 %M ( Duncan, P <
0.05 ). Note: Different letters indicate significant differences

between treatments ( Duncan method, P <0.05) .

Bl 4 FEFFRCHEAS R JH i AAS Y 50T 7K R 7 Sk 1 52 1l
Fig. 4 Effects of combined application of crop straw with different
amounts of woody peat on rice yield

Y 021 0 o COhupteR” @ g
[ Fed® ﬁi‘iﬁ?‘* R 7§F£ﬁ"”
A i) . - o8 §§
- R=082 = g I \ \
: 0\ 2 04 % \
' ) o
R=0.83 L i §§
0.1 1 GOF=0.80 - § é 5 g % E

(DSoil physicochemical properties, @Module 1, @Module 2, @Module 3, ®Rice yield. {F:: a) FHLFRERLER, BOK
FRRNHEROY R, TERMBL L WFREZMGEN; ¥R P < 0.05KF ERZE, 8RR P< 001 KF L@, w*

FR P<0.001 K FR3F; GOF: BMEHIGILE. b) W afLst. M1, M3: Bibk 1, 8k 3 (M5, M1P, M2P,
M3P: FE TR 1, #EH 2 Bid 3 OTU Y PCoA 1., B4 R EINAT A F A 1000 %, Note: a) The line with arrows indicates the causal
relationships, black numbers represent direct effect path coefficient, and solid and dashed lines indicate positive and negative relationships,
respectively; Coefficients differ significantly from 0 are indicated by * P < 0.05, ** P < 0.01, *** P <0.001. GOF: The Goodness of
Fit assesses the model. b ) the amount of variability explained by the variables. M1 and M3: the relative abundance of Module 1 and Module
3; MIP, M2P, and M3P: PCoA 1 of Module 1, Module 2, and Module 3. Path coefficients are calculated after 1000 bootstraps.

K5 BRARII T ITAG L PR BN AE W) BEAE X VR 7 B  52
Fig. 5 Directed graph of the partial least squares path model( PLS-PM )evaluated the effects between soil physicochemical properties, microbial

clusters, and rice yield
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IS o #4414 Flavisolibacter

MBI E Commonadaceae unidentified
[ HHEBKA Terracoccus

2Kit K K Nocardioidaceae unidentified
(] s ¥R Gaiellaceae unidentified

T

i B

AT
Relative abundance/%

e 4

RJ RIMI RIM2  RIM3

K6 AR 1 AN H AR (R L
PR EER T 1%L )
Fig. 6 Relative abundance (% ) of dominant species ( their sum

accounts for more than 1% of the total species abundance ) in module

1 of treatments

# ( Comamonadaceae unidentified ) F#¥ {4+ JH 5
( Flavisolibacter ), 5 CK #Ht, A HLYRHE A

PRI TG . R RICH . B3Rk . B
W E R RS, MRS AF S5 R AU e A A (R
RIM1, RIM2, RIM3 #b#1 ) AYHETHRLI 1Yk i 25K
o, R ECHE . K RICHE . RIERRE S ETE
RIM2 fb¥ i, 5 CK ML, R ARHE R EHT)
w O IR AT R, (H RIM1, RIM2, RIM3 4k
PR PO R R A AR

BT SO K ESF UL AL EE (B CK, RT, RIMI .
RIM2+RIM3 ) Bl 1 Y114 22 5 W) Fh 2 Bt 45 SR 36
(K 7), RI W SC-I-84 unidentified - J¥ . 1,
ML MR ( Rhodospirillaceae unidentified ) FJ& .3
WA ; RIMIWD2101 unidentified 1% 383400, 1
REMETE ( Anaerolinaceae unidentified ) & i} %
i ; RIM2+RIM3 H WD2101 unidentified RS ST
W ( Sphingobacteriales unidentified ) 3= . 334N .

R T k25 B R T W R = B S K R
HBTERR, M 1 SR E AR

6
4r RJ vs CK . RIMI vs CK 6 e RIM2+RIM3 vs CK
° '. o ... °
Y 14 o r X}
& g 3r .0"‘ ° \o 4 g 3 8, a0
: S . : S X
O e
Qe () L
E E 0F --'ﬂ-r:w :o‘.'.'-:.° E 0 ‘ 8 -'00‘0
: a oo ° :
E] E A ot AR -.-.- Rl
. e Enriched 9 3 0% RV Y Loriched 02 d 3"%'%‘ og® oo Enolched 94
4t . ° e Deleted 9 “%° ® e Deleted 100 —6r ® e Deleted 154
, . . ® Unchanged L % ® Unchanged . o Unchanged
0 2 4 6 8 0 3 6 9 0 3 6 9
log® Absolute Abundance log® Absolute Abundance log® Absolute Abundance
6 4
RIM1 vs RJ RIM2+RIM3 vs RJ RIM2+RIM3 vs RIM1
[ )
(5]
g ° :. g 3r 2 2r ‘ ) o. °
g e o g * 0 £ LA
5 5 WIS £ o S ° oe *$ i
S @o o | 2 of k‘;-..\.s z of s o
2 o o 2 * o = ° [
= ® - LA “op ° ‘:' s oo
2 o ® 0® 20_3_ 'o‘o' 2_2-\°.‘\: .°
(] .
e Enriched 51 o Enriched 66 LN ‘. % e Enriched 6
e Deleted 77 ol eDeleted 136|  —4| % © o Deleted 23
-6 1 .. L |. UHChangled B L d Unchanqu 1 1 1 L ° Urllchangled
0 3 6 9 6 9 0 2 4 6 8 10

log® Absolute Abundance

log® Absolute Abundance

log” Absolute Abundance

e F— AP EARE— OTU, MK i 1 th RI AP CK XfLb; RIMI AR CK XfLb; RIM2 4bBEY CK XfLt; RIM3

AbBLE CK b . REAHR AR F R 2 5 A 31 OTU, Note:

Each point represents an individual OTU;

the plot depicts a comparison

between CK and RJ in module 1; a comparison between CK and RJIM1 in module 1; a comparison between CK and RIM2 in module 1;

comparison between CK and RIM3 in module 1,

7 BB AR R AR R B () BRER (Z0E) Bkl

respectively. The grey part represents no significant difference.

P73 b

Fig. 7 Effects of the treatments on the abundance of OTUs in module 1 as depicted in the volcano of significantly enriched ( blue ) and depleted

(red ) among different treatments
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AhRIAS [) b # 18] () 5 2 24 W Rh =2 55 KRG et i
TR S5 R, KRG8 5559 R
FKinRIRHE., LYEERE . NBHRIEE . SC-1-84

unidentified, WD2101 unidentified FI¥EASHT H F &
S EIEADC, 50 YRR R R R A
TR, 5P - A OCHEA B3 (R 3),

R3 BR1PRBYMIERMIHE=SERXMNE

Table 3 Spearman correlations among the relative abundance of module 1 dominant species, differential species, and rice yield

PF Microbial species

JKFE ;= Rice yield

TR Gaiellaceae unidentified

2t R IKH Nocardioidaceae unidentified

+IEFRTH Terracoccus

MEHME Comamonadaceae unidentified

@+ IR Flavisolibacter
SC-1-84 unidentified

WD2101 unidentified

BSREFT B Sphingobacteriales unidentified

IR Rhodospirillaceae unidentified

IRAME T Anaerolinaceae unidentified

0.75%*
0.91%%%
0.81%%%
0.73%*
—0.54%*
0.83%**
0.79%**
0.58%
_(.80%***

—-0.47

H: NS ERMEXRAANEE, * P<0.05, ** P<0.01, *** P<0.001, Note: NS indicates no significant correlation, *, **,

and *** indicate significant correlation at 0.05, 0.01, and 0.001 levels, respectively.

3 3 #®

3.1 SMNEBEVI R R SR R
AN TR HLA b it S 350 B AL R i AR AR
H, 5 MNMEEERH N 3 4 (B, CK. RI+RIMI,
RIM2+RIM3 ) AN[RVFRAER LR (& 1), Hp
RIM2+RIM3 () EZLREAE N T T +3% SOM.,
DOC. pH. AK, AP &4, RJI+RIMI1 I g &8 0n T
NO,-N #l DON %t (% 2), A EW, +5Hk
JZ SOM F BN 10 gkg ' (1% ), T B —4EPRM)
P HFEFT RS 4R T 10~20 4, i 4523 i+ 398t
FHZ 23 ¢ RASY 3G N0 56 o e, B AT 35 38 =
SOM Frit 3 1% HAn; ARAYE i FFS A BC i
[FI BT I A= s &R, o] LA 1 A SR AR (R 1 A S
BT R ORI A A PLICHLG, & AR,
I, TR IRF TR, AR IR s i it J 2 RS
FFRIAE Wi 00 P PR 2 e I AL & 5, 390 1
PR R AARBCR FAsoE e, AR T HIEA P B
RIM2+RIM3 H SOM & s, FHAA TR
e B it FH o e o R Y L 4 B SOML 5 i S5 4M I
A HLYRE A it S S TR A OGP AR g i
MY ARA Y B ME ST it , 2 R4 = SOM s A

PR & 12 REFHE R S i MLk, 4R ALY
Bl — 7 A 1 RIS A AR K, R R P 4y
Ff AT AL G AR BTG MR G DOC S5 i A7
KB, 3% pH i CK 4 5.88 WERTFE RIM2+
RIM3 1 6.48 1 6.69 ( £ 2), X[ fgE i T ARAYR
WEH KRR E AR, n] DL roR 4 e
MR T, Al Rt e T, 5 —
Jrifi, RIM2+RIM3 1 AP Fll AK it (1,
% 2), TG A0 BAAS Y S AR A %) )i L 451
AR DAL, U HIE TR P AR N R
XA ES RIM2+RIM3 1+ 8Bk b A\ E H M B A
X W E RN 5 (B 6), HEERRMEEZHFA
AIRAITIRE, AR AK MR
TR AR IIEE, fEREiLm g AP
B2

RJ+RIM1 /) NO;-N . DON & & i 3 & 1,
#2), IR HABREMEEAZ MBS, X
T ImAMEA LR, I YRR AUk
AT, R, RI A NO;-N. DON &,
EY = 5% RIML B FRAR, rlReth SEM AR
WA O, Hedn, RYACFEEE (@ 5 A X 325 5
FETmE (B 6), HART s son ittr, o
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3

e NOS-N AR RO RIM1 Ab IS [ 1 Al
TR AR R WS (K 6), & YE Tk
L, HEAMMAFIEES, M4k
% ])ON[31-33]O
32 TEBEAMRNAREEEARNEN

ABEFEH pH. SOM Fll MBC 2 3 5 40 B ff v A8
i EESREER T (P <0.01), [0S
Wif% ROC, DOC, NO,-N, DON, AK Fll MBN
SEFRPREZI (P <0.05), Hr RIM2+RIM3 (4 G ¥
A FEEZHTF pH. SOM, DOC 784k (1 1),

Jiti P A LA R RT3 B A B A 7 2 R 24,
ABFFERY], MG A TR R E , B AT 43
441, Bl CK, RJ, RIM1, RIM2+RIM3 ( & 2b),
FE 5+ pH. SOM fl MBC ZEfbfg e, Hp
RIM2+RIM3 M REEF 4L EZ S pH. SOM Al
DOC ZBfbA7 % (Kl 2¢). KW dn, T pH
J& T4 U R LS BB R 2 10 300,
T ek I R B, pH 25 A [F) JE ALK RS + 6
RIS AL BB IR R BRI AU g &
B pH F5 T AMEA LR I G KRS - 40 R 7%
YRS, XA TRAEY AT 2 pH
2, U Actinobacteria W iy 75 H P i B A 5% Hh A= A7,
i Acidobacteria 75 PEFfE pH FHE MiFEMEE", SAHE
FELERME (F 2a). SOM Fh[FFES W&+
S YRV 4. Chen ZEBSIFSY B0, A5 FT
WHJE, MAEYIREE 451 25 55 3% SOM #il MBC
F 5, XaTRESEH T SOM S, B 1 7t
4, AHT Proteobacteria fll Actinobacteria %5 & &
FRBAEY AR, X EARHREER -3 (K 2a);
M3 MBC & AR AERIEGUZE YRR
/AN, HE 5 SOM & it ik FIEA ¢, DOC J& 3
Gy R i A D R ORI R B 2 4y, A A v A
FEYILIE DOC MY ZRIE, it FHA LY RS 38 n
DOC & 5t 1 I 5% Wi i A W A v 21 A 201
33 AEBEARSKEIEEZEXER

BT M T B AR AT R B, Ve i B
HoE i 1 AR SR, S
[ 4bBEE] (B CK. RJ. RIM1, RIM2+RIM3 ) 2%
SYFEEME (K’ 3, |5, %&3), HphHHK
WL RIRE . B3k . N BRI . wD2101
unidentified . Y8JE¥T & . SC-1-84 unidentified &5

FEER R EIEAE, WO MR S
R EAMIC (K Sa, £ 3). RI AbHE &R
T E O URE M SC-1-84 unidentified FJ&, 1 3%
RS T2 R (K6, B 7), FRiZu=
WM %Y SC-1-84 unidentified 3 &8N A4 R 5
2 I AR X 7= ek 1) L A0 e 0 - YR S e
X PR B RN AT 5 RIMI AP 8 IC T . 289k
RICHH IR N B MU  WD2101 unidentified
G, T DR R A R (K 6,
Bl 7), Fmizab =g S5 u s e E B
HOMA & ; RIM2+RIM3 F8E # K . il RIC
WL RIEERTE . BRI . WD2101 unidentified .
HEIEFT R R B (K6, K| 7), Fmixdlrs
P EWHING LR 6 MR R R ENA S, k-
WG R PE— W], RIM2+RIM3 # RIM1 Ab 3 538
WL 5 VEY = B IR A RS R

T QR — R A 5 18, AT LA k53 2
TP A e R R R AR, (R R A KB
i R ICHA H 3R 8 T, vT hE 2 4 i
FEFF P 2F 4 R VR HRAEFR 43 20 B T
JEFARTCH, BN 2508, ARl 2R i
98 BRI AR R, AR VR R =0 40 wD2101
unidentified VEH—RK & EFRAME, ERKTEZH
o3, FES G s R E PRk 1 T PR 0 AR
B e g ar R, (RS A
W ox R BE IR FT B B A I 2 AR A BE S, HiAe
A HLT A Dy 1 BT AR KRS AR
YEY, AH AT LA oo 45 5 19 A 90 AR R 5% 2 R Wl
NO;-N, 7K R A K AR 15%~40%10 A 2 554014,
SC-1-84 unidentified W] LIt /b= w=5 +
1 NH,-N [i] NO,-N Ay AL, fR BEfE A K1,
WO+ EREE L ON S SER T, TTRESS1E
Yise g @, RRITIED R AR, 2002 e 4 4
ha 5 AWM A EA I EA LT A& EK
FEA, PIRE SRR 25 DA I B, E 4 il E Y
AR

4 4

ARSCHFTEAR R, AR FL] T B AR AR U8 5 Al
FAT BC Tt 24 E 35 4w K R i, P R AR e 2
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FEFFMEF S LB 301 (RIM2) fl14 : 1 (RIM3)
) SOM 1 DOC Fit & & T 2 : 1 (RIM1), FI/R
RIM2 il RIM3 & F-AHLE & & o8 ] 5 . RIM2 Al
RIM3 A4 TR B 7 AL AR, IF 22 6T pH.

SOM. DOC 7284k, {H5 RIMI1 [WREE 4L % B & A
[6 . AHSEPEZMHT & PR, RIM2 I RIM3 A2b 35 (%) 7 ik 154
S A 6 PRSI ANAG OC, BI 5 ) TR
KiERIRE . HIERE . NEBRME . wD2101
unidentified . ¥§NEFT A, H A BESATE RIM2 F1 RIM3
Wi, T RIMIL (4 7= 5 38 i 32 20 5 000 0 A B
EAFIEAMEY 5 YA A G, o8 RIM2 A1 RIM3 4%
RIMI REHIE 2 5 4E ) = it iEAH A A S

P, MEUERas 5 8, AR i 5 FE Pl A i L
BR3¢ 1 B e ks - AR R e 2 S
VEWHE 7= A5 SR W DL 35 Py i oke ik 3]+ 38 WL FAVE D)
7tk [ SR PR B T (R 5O, R T R ) BB
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