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Effects of straw—decomposing microorganism inoculum and C/N ratio on field rice straw composting

YIN Zhong, WANG Xin, LU Mengxing, WEI Zhengyu, WANG Shicong, MA Chao”

(Anhui Province Key Laboratory of Farmland Ecological Conservation and Pollution Prevention , School of Resources and Environment,
Anhui Agricultural University , Hefei 230036, China)

Abstract: A two—factor, three—level factorial design was used in this study to assess the effects of straw—decomposing microorganism
inoculum and C/N ratio on the composting characteristics of straw in the field. The experimental design included two types of straw—
decomposing microorganism inocula (i.e., Bacillus amyloliquefaciens SQR9 and Cellulosimicrobium cellulans MC29) and three levels of C/
N ratio (i.e., 15: 1, 25: 1, and 35: 1). Rice straw was used as raw materials to investigate their effects on decomposition rate, chemical
composition, enzymatic activity, and bacterial community diversity after 7 and 120 days of composting, respectively. The results were
described as follows: Following 7 days of composting, varying C/N ratios significantly affected the degree of decomposition of straw residues
(P<0.05); meanwhile, a C/N ratio of 25: 1 resulted in the highest degree of decomposition, independent of the type of microorganism
inocula. After 120 days of composting, different straw—decomposing microorganism inocula and C/N ratios significantly affected the
decomposition rate (P<0.05). The optimal C/N ratio for MC29 was ascertained to be 25: 1, at which point the decomposition rate of straw

rose considerably (P<0.05). Additionally, after 120 days of composting, different straw—decomposing microorganism inoculum and C/N
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ratios induced significant effects on cellulase activity, with the former having pronounced effects on lignin peroxidase activity. Furthermore,

the C/N ratio had remarkable effects on the abundance and diversity of the bacterial community after 120 days of composting, which

generally showed an upward trend with the increase in the C/N ratio. In conclusion, straw—decomposing microorganism inoculum and C/N

ratio can influence the composting characteristics of rice straw in the field. MC29 had more substantial effects than SQR9, and its optimal

C/N ratio was 25: 1. The straw—decomposing microorganism inoculum significantly affected cellulase and lignin peroxidase activities, and

the C/N ratio had a significant effect on the cellulase activity and bacterial community diversity. This study would contribute to the

development of straw composting technology and the utilization of the straw return effect.

Keywords : straw—decomposing microorganism inoculum; C/N ratio; straw—composting in the field; decomposition rate; chemical composi-

tion; enzyme activity; bacterial community diversity
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FEFFHE S AU E R | B A Ae AT AL
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FH 25 5 J65 FF 581 TC il 220 M 1S s #F0 4f C/N A 1801
e AT R R FF 5 A 5 4 38 R0 S5 IF 5 & 30 08 S
FFAALA 0T LAY R SE RS FEHEJE . B4 SRR C/N
T A X R R HE I A0 5 0 O Bl = IR AR S,
W SR B AN [ B TR C/IN 24 o) s A 1 4

AWFFER A 2 7 3K A B AL g et it 94>
SRR, A3 HT RS FEHE S A R R AT i AR AR S
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BRI C/N 2B X6t 7K R G T FE 0 34 AR A 5 i, DT
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1.1 X3 it

A T B S IE TR S H (31°30'N, 117°
16" E) , &b F A6 25 3 #ty 15 Wz dhd y 2ok 9 b IX, A i
W MR , A B A AR AR 14.8~15.9 C,
AR K 982.6 mm, B R & A REKE T
42% ,4F H BRI 2 035 h, TCREITE 227 d LA |
1.2 R Ba#r#t

PR NAE H AR T AR 1~2 8, IR LA
Er e it TR K R RS FF RS FF 42k 374.981 g+ kg &>
R 1293 g-kg! 25 0.80 g kg 42HH18.93 g kg '

P AT B A RUIE AR ks A 09 N S 56 S A Ak
R JE T TR 3 8 E ¥ 28 FUAT T8 (Bacillus amylolique-
faciens) SQRO F £F Yk AL 1 4E T 41 T ( Cellulosimicrobi-
um cellulans) MC29, SQRO & — ¥k 43 B H # JIAR bR Y
FE ) HR PR A 25 B Pk , MC29 J& — ik MARD 22 BB+ v i ok
7330 (4 HLAG R FF I 0 68 T 10 TR R , MC29 JES T 18T Hh A
LB AL SQRY JE AT At VI IR A ML 724
BEVEA R B BRI 5 s S = AR s U R R
(N 46%) .
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T 6 YRR IR 2K

Y R EAA L m, B 1 m, 2 54.6 kg RS FT
VRO AR KPP I o BITA S & e A
10 g K 1 em FEFFA9 200 H JE R4S 1245 SR 5 4l F A1
C. N, DL HBR C/N, 23 B IPR 28 B B i ¥ W5
PREUSINGE WG , T 4R VEA T [ 3 FF B8 i 3 A 1
SQRO il MC29 # Fli iy e iE 47 WG % , 45 5 5% 4R 5L
AR B TR AR FH G TR 7K 2800 B 3 RS 43 il s
1.12x10° CFU - mL™" 1 2.07%10° CFU * mL™ (I B W& , 43 3
FEIL— 7 i 1R W A FF LR (B RS FE 5 A  Ta
RELZY R 1x107 CFU - kg™ s fie e, REHEAREA 77K 43 TR 45
FBEIES 75 RS TR 00 T HEJE 120 d.
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AR 21 AN 1%L (Fourier Transform Infrared Spectrom-

eter, FTIR , 35 [E # AL 28 w]) iE4 740 Hr , I3 il 4 000~
400 em™, 7P HEE 4 em™  FE PR 320K R ART
A3 BIVECH FE S HE T 19 KBr 300 mg F1FS FFRE 3 mg,
I TE B IR b e 4 B AN, SR 5 A 100 °C Y HERE
L HET 5 min Z2 47, U SR AR SERIFBR 2 30 s A TR
FEF .

2T A I W U B B 2 L iT D ) 4 B A 4
BB ECRE Z e, FEAFAY 2 920 em ™' 5 1 640 em ™ I
1 050 cm™ 5 1 640 em™ &b (4 0655 £ HAE AT LA 8] 422 B
125 25 0 o B R T ZEAE: b P A st LU 81, S WA g
FfE R IES . 2 920 em™ Ab 1 I IS UAE S C—HL )i 45 4R
B, NG 05 5 FI IR R % 5 1 640 em™ &b Fly W2 WAz 165 Ay 1t i
G BRI R v 5 05 3 A & ) C=0 i 4 3=
3151460 cm™ 2k RIS IGE R AR 28 g DT AL 5 0 1)
C—N MZEIREN 51 050 em™ &b (W g Ay £F 4 2 A2
AR 1 C—O M sh & Si—O0 W ff 442l .

1.4.4 FEFFAN A REE 21

Z:7% Zhang S B EEHUT 5, 4 E.Z.N.A.® Soil
DNA Kit(Omega Bio—tek, Norcross, GA , J&[F ) i 7] &5 150
B SRR FFAEAS S E 0 4L DNA . DNA 4
I JEE A R FH NanoDrop2000, DN A 5S¢ 8 PEAGI < 1%
BIREHHBEIL , IXTAE 22 0jifg , 100 V, FLJK 20 min.

I DA R VR S5 R T R FH 16S rRNA V5~V6 X 5|4
799F( Fi#5141)5' ~AACMGGATTAGATACCCKG-3"
M ISR IE5147)5 -AGGGTTGCGCTCGTTG-3'
HEAT PCRY 1, BEAFEAR MY 34 519 5 A7 8 IS A
ZP AL A FEA . 4 20 wL % PCR RN AR F
4 nL ] 5xFastPfu Buffer,?2 pL % 2.5 mmol - L' ANTPs,
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Polymerase, DA & 10 ng i DNA, PCR ¥ 44 52 56 2
JPUIF :94 CF 47 4 min; 94 CF #4530 5,55 CF
H1730s,72 CF 4T 1 min, FiR = HBRH1T25 M
R i) 72 CL#HF 10 min.
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DNA Gel Extraction Kit (Axygen Biosciences, Union
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Ilumina 23 & () NovaSeq PE250 - & 9 ¢ (|- 3 %
YRR BR A
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1.5 #iESH

I EE R ] Excel HEAT 8B A5 AP B 38 R AT
i3 fige Fi& R G FF i 95 4k SR AL IRL R 5 22 43 BT (Ome—
Way ANOVA) I FH Duncan’s test £ 3 2% 5 i 24
JKF-(P<0.05) , JE AT B Al C/N B 22 A R FH A
E ) 2 5 Bt (Two-Way ANOVA) , 54 43 #7 i SPSS
26.0 5¢ Ji . ¥ JE th Origin 2018 22 il . % F Mothur
v.1.30.1 B AT M BRI 2 0 A, DA dE /s Z2REPERR 2,
11,45 Chaol F1 Shannon ZFEPEFE A, FEF UniFrac if
B B Z R B AR I, U0 B TR NS = 2[5 F NMDS
(Non—-metric multidimensional scaling) 73 T ¥ ¥ H R
55 (version 4.1.2) vegan AL SEEE

2 GHRESW

2.1 ANEREBETHEFNERETWL

W BRI R 7 KA, AS R 8 AF 3 Al C/N
Xof Tl 5 i % T I 2 R ) (P>0.05) 5 J8 A 31 26 120 K
BF, AN [5]JB5 FF B8 R0 C/N X 4%5 FT JE it 2 3504 12 2 52 i)
(P<0.05) ,{H —F WA BAE A B2, MC29 {2 I 4L
RERSR T SQRY, 5 CK AR FRAH H , MC29 Ji FF B4 Ak 3
T C/N 25: 1 58 W RIS FF G 82K (P<0.05) | JE il %

JE& R Microbial inoculant
i H C/N ratios

JE AT TR XBR A FE Microbial inoculantXC/N ratio

40

i5%35.93%,
22 AEIMEBTHEHERYNERESTLK

e 1 TR, % B A5 7 R, B RT3 X2 920
em™'/1 640 cm™ Al 1 050 em™/1 640 em ™" 1§58 & FUAE 1Y
AN B2 (P>0.05) ,C/N XF 2 920 em™'/1 640 cm™ #l
1 050 em™/1 640 em™ U5 5 i HOAE A & 2 52 M (P<
0.05), —H ML HAEFA % (P>0.05). 2920 cm™/
1 640 em™ W5 B LUAELZEAS [R]E#F # AL 3 F 3 DL C/N
25: 18,1050 em™/1 640 em™ W58 i H B 7E CK b
FER LA C/N 35: 1 fie i , 76 SQRO 4 B AT MC29 AbBE T
PILLC/N 25 1 e o AR 256 120 K AT, 2 920 em™/
1 640 em™ F1 1 050 em™/1 640 em™ W& R FE HAE 7E A [F]
SEFRR 0 2 25 5 (P>0.05) .
23 AEAE TEFEEET K

WE 2 FE/R B i 2250 7 RINE , AS ) 8 1 o1 ok &1 4
TS VA B 50 (P<0.05) , C/N X 21 4 2 s v
IS AN 2 (P>0.05) , 3 158 BAE S A
F(P>0.05) . SQRO AbHE T (1) £F 4 2 Bl ik 14 B A =
CK FIMC29, J& i 255 120 KB, N[ JB&FF 56 Fl C/N
X LT 2 R WG A B R (P<0.05) ,fH —F 58
AR A B2 (P>0.05) , CK 1 MC29 Zb 3R (i £F
A R BEHE PE R T SQRO AL H, C/N 25: 1 438 T Ay £ 4k
RGP T C/N 15: 14030, C/N 35: 1 Zb B R A £ 4
WG k5 AP AP C/N AL 3RAH G 3 25 = (P>
0.05)

Ji5 A 22565 7 RIS, AN [R) JEE A 1 1 C/N X AR Joi 28 3o

7d: 120 d:
F=1.777,P=0.198  F=5.842,P=0.011*
F=1.383,P=0.276  F=3.871,P=0.040*
F=1.296,P=0.876 F=0.956,;’=0.455

[ OO cN15
N I CN25 ab ~I~
g CN35 b . ab
g .|l D@
: 30 b b b ZIT
= b
I
£ 20r
g
2 7
T 7
0 % % % %
7d-CK 7d-SQRY 7d-MC29 120d-CK 120d-SQR9 120d-MC29
Kb FE Treatment

CRACEAE FIXT ], SQROFUFALA SQRO itk , MC29 {UAZA MC29 Bribk s 7 d AU AN T d, 120 d AUFALRN 120 d; CNISAUERHIUR CN R 1501,
CN25 fRAHI A C/N H9 2501, CN3S RFERI U C/N 350 1, REVING F R I AL IR 22 57 .35 (P<0.05) . Rl
CK represents no inoculum control, SQR9 represents straw—decomposing microorganism inoculum SQR9, MC29 represents straw—decomposing
microorganism inoculum MC29;7 d and 120 d represent 7 days and 120 days of composting, respectively ; CN15,CN25,and CN35 represent the initial C/N
of 15:125:1,35:1,respectively. The different lowercase letters indicate significant differences among treatments (P<0.05). The same below.
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Figure 1 Changes of straw decomposition rate under different treatments
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Table 1 Changes of straw decomposition degree under

different treatments

Hif ] Qb3 N J&f# % Decomposition degree
Time/d  Treatment 2920 cm™/1 640 cm™ 1050 cm™/1 640 cm™
7 CK 15 0.27+0.01b 4.96x2.22¢
25 0.63+0.04a 10.93+2.21ab
35 0.48+0.07ab 14.25+1.14a
SQR9 15 0.41x0.16ab 7.12+1.15bc
25 0.57+0.07a 13.77+1.04a
35 0.27+0.13b 9.70+0.44abc
MC29 15 0.48+0.08ab 9.98+4.49abc
25 0.61+0.09a 13.20+2.45a
35 0.41+0.15ab 12.45+3.04ab
120 CK 15 0.28+0.01a 7.33+1.29a
25 0.25+0.08a 6.33+0.26a
35 0.27+0.11a 7.45+1.61a
SQR9 15 0.39+0.14a 6.35+0.62a
25 0.23+0.01a 9.85+3.22a
35 0.25+0.02a 10.17+4.33a
MC29 15 0.27+0.01a 8.73+2.34a
25 0.24+0.01a 6.74+1.25a
35 0.23+0.01a 6.80+0.07a

A R/ING FREFR AL B R 22 5 . 35 (P<0.05) . T 1AL
Note: The different lowercase letters indicate significant differences
among treatments ( P<0.05). The same below.

SAAL YIS T B 5 (P>0.05) , & IS HAEH]
WA B 25 (P>0.05) o R 255 120 KEF, A5
FF BRI A B 28 0o SR AL W il 5 1 A S 35 5 i (P<0.05)
C/N X £F 2 2 Bl 15 P 02 i A I 2 (P>0.05) , —# 1Y
L HAE R AR B2 (P>0.05) , MC29 4 F R [ K
J & o AL W P T CK AR, SQRO AbFH R (8 A
Jo7 2 2k S ) Tl T P - A T R R R T A B A T
BEFEEF(P>0.05),
24 AEREBTHEITWAREEETK

W2 fon B Al 255 7 K, JEFF 1R A1 C/N it
Chaol 38 Z 1 Shannon 0 {H 34 T 2 2 820 (P>0.05) ,
THEWAL HAE R AN B (P>0.05) . JERESE
120 K, C/N Xf Chaol 45 £ Shannon 76 80 2. 5%
i) (P<0.05) , Ji& FF 14 %J Chaol 45 % H1 Shannon $8 %1 14
SEMA AN S 2 (P>0.05) , 35 1 28 BAR FH 2 A I 2
(P>0.05) , 7£ CK AL 32 |, Chaol 45 £ #1 Shannon 15 2%
2% S AW, 7E SQRI FI MC29 £ R, C/N % Chaol
FEE0 AN Shannon F8 50A T & 52 , Chaol 38 £UF1 Shan-
non 8 550 A 5 B0 B C/N JH s BT, B E
IR SRR o (AR 7R /3 Sy 9i 1P =

W 3 R I A 250 7 R, T 1K 1, RIl4k
R Proteobacteria (ZEJE I [ ]) AU E BE X M e i, hy
PE A TR 2 BE , FLUR 2 Bacteroides (BLFFFRI 7)) Al Acti-
nobacteria (BB 1) ; MKE E, AR T Gam-
maproteobacteria (y="2JE & 20 ) A B34 Ry fe ey, Ky
PE 3 TR 28, LR JE: Actinobacteria (IUZR 20 ) L Al-
phaproteobacteria (a =28 J& B 49 ) Fl Clostridia ( #2 B
) o HBEE B AT ] B AT i A% 255 120 KA, 1]
7K I, Proteobacteria I AH %t = B Ui /)N , Bacteroidota
F1 Firmicutes (JEBE I ] ) A XT = BE T+ & , Proteobacte-
ria , Bacteroides , Actinobacteria F1 Firmicutes 4 >4 ']
FEXF F AL 5, Patescibacteria . Myxococcota , Bdellovi-
brionota , Gemmatimonadota F1 Acidobacteriota 5§ 4l T#
T JTE A A it R R X PE AR AR 5 497K F I, Gamma-
proteobacteria A X} 3 & il /)N , Bacteroidia (481 FF 18 4 )
H Bacilli CZF AT 1 49 ) 25 T 49AHXS T T

W 4 R R Z 55 T RIS, S FEAR S A5l
Frf, ANOSIM J3 B &5 2R /s AN [ JES AT B 1 C/N X 4
T R VA AR DU TC 025 32 (P>0.01) 5 i i 2255 120 K
INF, AN R A BN 2% R AR 8800 70 B, ANOSIM 73 B 25
LI/ C/N X A TR A v A BLEE AT A 2 52 (P<0.01) .
W% 3 BT, JE A 22565 120 K IF, PERMANOVA 43 #

R2 FARALETHEANAEREEFEEMSHFEEN
Table 2 Changes of straw bacteria richness and diversity under

different treatments

i ] Qb _ Chaol $5 %% Shannon 4§ %%
Time/d Treatment Chaol index Shannon index
7 CK 15 1 333.71+£70.70a 6.39+0.27a

25 1269.94+3.90a 6.25+0.07a
35 1 432.91+42.06a 6.56+0.01a
SQR9 15 1261.80+223.73a 6.08+1.18a
25 1 456.47+145.54a 6.63+0.23a
35 1 235.23+95.13a 5.83+0.36a
MC29 15 1398.57+154.01a 6.06+0.04a
25 1278.23+57.91a 6.48+0.15a
35 1044.63+116.83a 5.28+0.71a
120 CK 15 1 327.19+104.86bc 6.51+0.01abe
25 1 508.70+156.83abc 7.07+0.16a
35 1 507.32+108.74abc 7.22+0.20a
SQR9 15 1 162.60+48.57¢ 5.58+0.20bc
25 1 514.99+194.21abc 6.63+0.67abc
35 2 012.44+208.88a 7.81+0.62a
MC29 15 1 024.46+209.59¢ 5.30+0.67¢
25 1429.96+147.84bc 6.91+0.29ab
35 1 820.70+113.96ab 7.52+0.13a
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Figure 2 Changes of cellulase and lignin peroxidase activity during rice straw—composting

®3 HEE R0XNAECNLBENARFEER
(PERMANOVA)
Table 3 PERMANOVA test indicating the bacteria community
differences between groups of different C/N after

120 days of composting

44 Group R F 2

CN15-CN25 0.23 0.016 0.024*
CN15-CN35 0.26 0.003 0.009*
CN25-CN35 0.14 0.040 0.040*

1 ¥ FIRTE P<0.05 K- EAHDGHE 25 .

Note: * means significant correlation at P<0.05.

ZE LI SR C/N 15:1.C/N 25:1.C/N 35: 1 kb P 2 [a] 4
W REVE A R A7 AE B 25 25 57 (P<0.05) , R B Al 2250
120 KB, ASA] C/N 23 5k 255 Wi 21 A R V& 4544
3 g

AT K BAS TR C/N 23 I8 35 52 W0 575 7 K i 5 FF
AL 2R 20 AR AL, AN TR C/N FILES FF 7 42 (8 & 52 T 26 120
KIIFEFF IS it R A4k . HEJEEE 7 R, C/N XSRS FF 1Y

1% WHART]

JE fift AT\ 25 R0, SQRO FIMC29 ZbFE R 2 920 em™'/
1 640 cm™ 1 1 050 cm™/1 640 em™ R I45E & FUARL Y DA
C/N 25: 18, 2 C/N 25: 1 544 °F LIRS I . £
B AR F 05 B 280 S AT T3, 3 55 i - S5
P 5T 45 R — 5. TEAMESE H, MC29 F1 SQR9 4b #
TR C/N 25 VRS A R f s . X AT RERE R R
— 7 T, BB SRS FF R A 2 W A R R T A
G A8 5 T 53 A 2 A0 G 0 B sl A 0 1 R AR e
5 95— 1, F D E R, Y HER C/N AR 0 T RS FF
HOR T 2 AR T, AT 1 T 27 2 AR o 22 1) 0
FEAF I HE S AT AT BT T AP ) Lk
R DRI R RE LR 1T DR34BT ], L 90% , X 5
Tortosa ZFPR Mo 25 R —30 ., BT AR LN, AR HE
T BIFF BT IR TR RE A | R AR SR AT 4 R
HERE T2 5 R A BRI 2820 5K 4 B 1D S i el R
AR e AR . b AR R T HA PR
BEFRE T, AE TR TA T TR0 ZF B0 DA T 1 A B RV T A 7
AR 2 BN T AR, FOUAT BRI ) 2 R A A I 1Y
e, A BRI Re )1 s e 4e R
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Figure 3 Relative abundance of bacterial phyla and bacterial class under different treatments
AETR P B.Zf 12K Stress=0.10 -
Stress=0.11 _~»~" =sq - »”~ \\
P 4 [N ’ -~ V4 i
, P2 ’ b - \\ \ . V4 ,
o2p 0 . e \ 025\ N /s
/ 1) \ \ \ e \ !
/ [} Cemem=g | \ \ ue ~
/] - \ Ny 'S A
] o N ] \
o [} | - ;' m I' | 9 ob \\ " A%, /N
A ot! a T hpe \ 0s | a \ A ! / \
s | 2 A AAm [ [] s ~ g N \< )
1, | e%a I- ! L BN ]
\\l \ " 7 "y \\ \\: ~ SO
N\
\\~-_\.—’ / ’/ 025k ~ ‘~_>\’
-0.2 \ \ ~e_ ’/ ’I \\ [ J \\
\ “ s’ e \
S o’
Secee-- 050 ~-/
04 02 0 0.2 04 -1.00 -0.50 0 0.50
MDS1 MDS1
®CK ASQRY mM(C2 [®JCNIS [8/]CN25 [®]CN35
4 AEINIETHEE 7 XNE 120 MM E EEE NMDS 247 &
Figure 4 The NMDS analysis of bacteria community after 7 days and 120 days of composting under different treatments
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