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A Bacillus strain capable of degrading lignocellulose
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Abstract: [Objective] To screen out a strain that can degrade lignocellulose for the application of
lignocellulose deposited by delayed harvest of alfalfa under inappropriate climate and mechanical
matching and provide strain resources for the efficient use of alfalfa. [Methods] The primary
screening was carried out by culture with alkali lignin and sodium carboxymethyl cellulose. Based
on color changes and fading circles, the strain with the ability to secrete ligninase and cellulase was
screened out. The target strain was identified by 16S rRNA gene sequencing and whole genome
sequencing, and then Kyoto encyclopedia of genes and genomes (KEGG) and carbohydrate-active
enzymes (CAZy) were employed to annotate gene functions based on the whole genome sequence.
The microstructure of the alfalfa stems degraded by the strain was observed by scanning electron
microscopy. The nutrient and microbial community changes in alfalfa hay treated with the strain
were evaluated. [Results] A strain S1 producing ligninase and cellulase was identified as Bacillus
cereus by whole genome sequencing. A total of 305 genes involved in carbohydrate metabolism
were annotated, including 139 genes encoding CAZy. After treatment with this strain, the
microstructure of vascular bundles in alfalfa stems changed significantly. The crude protein content
in alfalfa hay increased, while the lignin, neutral detergent fiber, and acid detergent fiber content
and the alpha-diversity of microorganisms decreased over time. [Conclusion] The screened strain
identified as B. cereus demonstrates a robust ability to degrade lignocellulose.

Keywords: lignocellulose degradation; Bacillus cereus; alfalfa; gene function annotation
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FLUE T4 Fist e AR A R RB R, 289
B BEE e 24, BoAT . i+ R
PRAGFEENY, TR SE AR EE AN pH JE R Y A7 T
FIZFHM) . Chukwuma 50 P T [ 44 % 00
R w1 0 125 ) SR A BT 44 2K 1) 2 AU AT R
AR 3 B — R ZEART B, R A R
TR PR, AR AR R Ko T 3R g/
DTHRAEY), It — DR N RGP
(tricarboxylic acid cycle, TCA), 4T %: 815 1) il
THMAE | FRIESS Fh S Hr . 2 145 F WLEE A
B2 AN G i R I, B 5T T W RE 2F AT
(Bacillus cereus)W A2 SRR 4E Z RE ST, H
ARXFHILH LI T o007 . Tao S5 TSR ZEFAT
M ATCC 14579 BIZRFER A0 4, RIS
A TR B AR OGN e %, (HOoR
EZIESEARA S A i PN UE N

HAT, KT LN A i BA R4 R
W BE T B AR 2 AT IR, AR X B A
WA YR vE Z R I B ST i E B D o T
IS W AR 2 4 3R RIS RE 2P AP I, AR T
SR H I KEGG i, RS Yih
PEREEEDY , b HOO B AE TR IR KR 2
FEPERY S, AT LA 05T A B il Y AR
PRI E S AR IR, ik Al O IR AT
R BN TERL R SR ALK .

1 ARSI

1.1 #HERiRE

B OB A BT - A R AR T L PR A R
F R el P BRI T — 5 B Lk R
BISCEG ST, 1F 4 °CRRATT .

B RUE 1L PG Al K27 Ol 27 B 1A Hh
IG5
1.2 EFER

LB W7 F1 LB & Ff5iE . kAR K
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FHECRIE T FoK)E AL s 2 R A IR
ol R R MG A K THOCE R A
JEABRAF],

BT A BT 2R [ A R i (g/L) . B PE AR TR
5.0, (NH4),S0; 2.0, K,HPO, 1.0, NaCl 0.5,
MgS0,+7H,0 0.2, Bifig# 22.0,

R LT A R AR R 32 2 (g/L): R TP AL
o 4k £ 4 5.0, (NH,),SO4 2.0, K,HPO, 1.0,
NaCl 0.5, MgSO,-7H,0 0.2, BHEHs 22.0,

HREWE-NA BRI, 0.1 g FREEVAMRAE 1 L
BB R

A BB B 9R 5 (gL):
MgSO, 0.5, K,HPO, 1.0, NaCl 0.5,
2.0, HilEk 22.0,

T HLE;: Y ot R E FF W (MSM) (g/L):
(NH,),S0; 2.0, KH,PO, 2.0, MgSO, 0.3,
CaCl, 0.3, NaCl 0.5, FeSO,0.005, MnSO, 0.016,
ZnCl, 0.017, CoCl, 0.002.

1.3 EHKIFIE

HUORE 3 10 ¢ B T 100 mL 7K 18 £E T2 il
H, BIA 90 mL Y 0.9% A= FEEL K, £ 30 °C .
150 r/min F 4% 30 min, ¥4 b 1A o
UE 2R R K W AHEIE R, AE AR WAk
% H .

I 3 I 100 pL 470 4h v 1A 22 Al A o
25 [ R 5% 77 3 R R Y 3R £ 2 2 A [ (A o 3
WRATIIST, TE 37 °CA1F T BB 24 ho $EHL
HERKTF 0.2 cm BIHRETE, T LB FE{AR: ST
R s IR T 2k aifh, B R R4
[t

S . 3E AR AR AR U A
I FELOVIR o s 2% G R 2 R € BB O ik LA
A AR AT | R B RNR AT A K Y TR R
V2 TS B 0 R AR RN T LB RS SR 3E 7
37 °C. 150 t/min YR¥% 15 5% 24 h, I FIa st

(NH,),S0, 2.0,
NE-3
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RSB MR B R AR R TR
BMERE IR, 76 37 CAMF TR EEFE 240, 2
i 1% WIR L0844 30 min, ] 1 mol/L
NaCl BRI (0, B H R (8]

1.4 KRERZEEEMES

DLE A& B3 oA W — I 0 1 5% 35 A Sk i ik
BitdE e, 7F 37 °C. 150 r/min fH IR K575 55
FE, BIAEO0. 1. 2, 3,4, 5, 6, 7dIHTH
e, it 4 Eom Ak, IEWAE 4 °C.
8 000 r/min .0 10 min FRAFHIEER , HK 34
HE,

25 HEFHRROSC (1 5325 04 it 36 00 5 AR 15
O, B 2,27 -BR A - W3- L FA T
IGE MR -6-fifi 12 [2,2 " -azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid), ABTS]. MnSO,. ZZ& /7 [ 7
30 °C N SHIBER I 3 min, 5 45 o 507 451
MR, BARROBAARR AT .

R VAR ZR . 100 mmol/L P - 2
YZE PR . 0.6 mmol/L ABTS #ii4¢ 0.5 mL,
FEA 50 uL, %€ 420 nm AbAYIE AR 1L

bk E ALY S VAR F . 100 mmol/L TH
-9 RN 2% v 0.5 mL, 10 mmol/L MnSOy
W 0.1 mL, HMIEEH 50 uL, #fidsK 0.4 mL,
10 mmol/L H,0, K 0.01 mL Jii sh st iy, I &
270 nm AbAIIOCEE AR 1

A2 i A A SRR R 2 200 mmol/L
WA 2%t 0.5 mL, 40 mmol/L %2 i i
0.1 mL, Hl /% 50 uL, 4l /K 0.4 mL,
20 mmol/L H,O, I 0.01 mL B sh e v, &
310 nm AbEWOGREEARAE
1.5 EHSTFEE

H Bacterial DNA Kit (Omega Engineering 2
A) #2 I B DNA J5 M ¥ B 51 4 27F
(5-AGAGTTTGATCCTGGCTCAG-3") F1 1492R

(5'-GGTTACCTTGTTACGACTT-3' ) " 34 40 &
16S rRNA [ . PCR S W f& % (50 pL):
PrimeSTAR Max Premix (2x) (TaKaRa 7y #))
25uL, k. FUF514(10 umol/L)4% 2 uL, DNA
B 1 pL, ddH,O 20 pL. PCR JZ J 7% 1
95 °CTHiZAEPE 5 min; 98 °C7ZEME 10s, 55 °CiR k
5s, 72°CHEfi 30's, 35 PMEFF; 72 CCLKLE A
10 min, #4247 Sanger ¥, 16S rRNA
BE P FE eh e B R AR W A RS W 58 R .
JF %1 $ 28 & NCBI %3 /% (http://blast. ncbi. nlm.
nih.gov/Blast.cgi)i#t47 FL X}

FHIER 7 D W {CFF DNA R S BEHLET T i 1
JEZy70 350 bp W R B, il & SCPR R BT R0 A0 E
i DU A R Be AT, >R Tllumina NovaSeq
6000 ~F- {5 FEAT AN B 4 B R 2 e, 4 L DA 4H
¥ (whole genome sequencing, WGS) 1 K i &
A VG BRHA R A R 8. ARSI
i g 45 500 bp LLF B9 R BL, fieJim 1] FastANI
T 587 ¥ 8 17 BR A 1Ll BE (average nucleotide
identity, ANI),

1.6 EETIHRETHR

TS H P45 58, I BLASTp HExf
b A, A AR N S B A T R AR
(Kyoto encyclopedia of genes
KEGG) (http://www.genome.jp/kegg) Fl ik 7K 1k &
1% M (carbohydrate-active enzymes, CAZy)%ﬁC
P& (http://www. cazy. org/) &5 F &5 ¥ 17 T Bk
R
1.7 3B FEMREUNR

TE MSM B2 36 imA S g U1 & 1-2 em 1)
HA525, 121 °CKI# 20 min 7, A 100 pL 5%
FEAFM B W, 7E 37 °C . 150 r/min 4 3% 15 3%
48 ho JH 4 JZ KM AU, FRAHH 1e 2Rk
TR S, FHHEH #F BUEE (scanning
electron microscope, SEM) ML LA L5 4 .

and genomes,
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FH L S B S SR 38 i JSM-6701F
RG(JEOL A rD)UEATHAHE . 7 Bas B 7 Wi
AT & BRI , 1E 15 kV R 4.
1.8 BEEEMNFIOMNAEE ST
ST

B 20 em X HIWIAE G 15, R AE b 7R
60 °CHETZIHH, A KE/NAET, B 15 ¢,
Mo K BRI 2K R B 2 1x10° CFU/mL,
P e =T SRR E A TR, (SRR
30%, TEZIRFAF NORIF. 2 BI7ES 0. 8. 16,
32 KEFE, B3 NEE.

fE0. 8. 32d ke, HAELEHR 1 g
BRI, HWARTE S min f5, MU
R 80 CCURFE IR AF, ERETAY TR(L
TR AT BR A w3 O A T E
ZREHESHT

0. 8. 16, 32d At T RIEE )T,
T R R R AT - TR BTG I S B %, R A
21 461 NIRS DS2500 (FOSS 2 7)) 5E 7243 .
4 I K 7E A 8502 500 nm, F5 S FE i H
28K,

1.9 Sitoth

fitg 3% % 43 48 bn £ S >k A IBM SPSS
Statistics v26.0 FEATHH R )y 225017, P<0.05 Kt
INHEA G 2 7 BR A BRI fif
FH Origin 2021 5E M. HEXI2r#TE, H MEGA 11

®1 ERETHHIRL

BAFH R A I F 16S tRNA LA 751 1)
RYEEBEW. ANHERHEEH OAT (orthologous
ANI tool) (https://www.ezbiocloud.net/tools)Z: il .

2 BRSS9

2.1 EHKIHIE

WS R IR, TR 4 AR A R
2 A 35 R TP L 27 4k Kol AR B 5 3
PR R R R, KI5 4R 5 ST, S2,
S3. S4.

W0 R AR B R TR i G e, g 24 h )5
Xt TR AE AT (F 1) FEVITRRAR S, S1
7 I 2 PO AR (0 B AR KT S2, B S
PR AR ENRE 1T S2; S3 Ry AR
Jie s pR el UEBH IO AL RS M S4 A
REfE AT QAR By R 72 A0 0, B HIC R s 1k .
Ik, BEFERIEMA ST MR TR A5

S1 TR BRIERD T2 MW -NA ERRE IR, 7F
37 °CTF 53 24 h i, TAVE R [l B0 Il il e Pl
(B 1A); BE3RER, RR H LT 4 R b 57
FEH A L IRIUROR e 1, B0 P o B
(1 1B); AAIARBNEIAEEFREEAE 37 °C. 150 t/min
TR 240 5, SAREREEREALL, Bi6
W EAL(E 10); HaTRIRageta, KRB
FRFER PR (5 P8 (18] 1D), FeBiZ i Jo A B
PG

Table 1 Second screening of strains

Gy AR R AR 2% PR (R A AEIARB @

No. The decolorization of aniline blue (cm) ~ The decolorization of Gram’s iodine solution (cm)  Color change of guaiacol
S1 0.4-0.6 1.4-1.8 Yes

S2 0.3-0.5 0.6-0.8 Yes

S3 - 0.3-0.4 Yes

S4 0.8-0.9 0.7-0.8 No
— SRR B .

—: Indicates that no hydrolysis circle occurs.
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Bl ARRAEZFWENFE. A
D: ARWHMHNAE .
Figure 1

AR S E s By WL R BN L E; C: IR SEE 5

Screening of lignocellulose-degrading bacteria. A: Identification of peroxidase; B: Identification of

carboxymethylcellulases; C: Identification of laccase; D: Identification of xylanase.

22 KEZRBEEFEMDN

A X AR ST 20 WA I R Bl BEA T 5 R T
Ko DRBR BTG AEAE SR 1 IR BIE(E, Bl 6 Pk A
R TR 4K, WEEETENERE S0
RIWFZR, BRAE 7T R RERT
550 KR(E2A). A EALY RS PEAERT 5 K2
WS ETH R, 4 5 RIKFEHETFIG T

R (& 2B). A it S ALY RS AR AT 3 R 2
o, WS PE T RE(E 2C). 7E 3 Fiish
fitgrh, g ALY RS P T A 2 R, OF
HLAE BT RAS R R K o
23 PDFEE

PR ST AT S5 AR SE BUG , Kl P25 2R T
1 22 [ A R B0l PO (ttp:/nmde. en/),

>
A 3 B E C =
g8 . % 5 200f L & oa = 150 a
2 75t 5 Y 3
! S _ 150 2 _ 100} b
B b g0 <J5)
g 55¢ 5 be e 5 2100 £= 5% . c
2 45¢ ) b Q / &
< L d 2 | Q- ) d 4
< L c o 0OFf
— on on
D5k e 4 & ow owmow ow s B opls s o s o s s s g
0123 456718 = 01 2 3 4 5 6 7 8 01 2 3 4 5 6 7 8
t/d t/d t/d

B2 EEMEE. A BEHGME; B: MG Co RBREWMHE L. AR/NGTRER

INZESE 3 (P<0.05).

Figure 2 Quantification of the enzyme activity. A: Laccase activity; B: Manganese peroxidase activity; C:
Lignin peroxidase activity. Different lowercase letters indicate significant differences (£<0.05).
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%5 NMDCNO006AUT . 1%/¥5117F NCBI 54
PErr AT IR, 5HOEGOCREIT N 3 BRIA K
WETHMITEE, 29" B proteolyticus
strain MCCC 1A00365. B. sanguinis strain BML-
BC004 Fl B. wiedmannii strain FSL W8-0169, X
3 PR 5 P Bk ST MR A b — B Bl
99.45%, PRIICIETERKE X R S1 A TAG B
TrRUEE (K 3A).

XFB PR ST HEFT A 3L Ay, 3158 ANI
B, L AESET A, S5 R, ST S0
FE ZE KT 18 (Bacillus cereus) ) ANI {H fz =1, H.
KT 95% (¥ 3B). Hil, %% b 0 WA 25 1

FrH, I8 3HAT 4 N Bacillus cereus S1.
2.4 EFEFEHE

AR, WA R AT IR ST A
H N4 KN A 5926 808 bp, G+C & N
34.76%, Jih% 5948 NHEMH, P gRA AL N
4 831.99 bp. MIFLER IR, BEAEZFAAFFIR S1
&7 57 4 tRNA F1 3 4~ rRNA, HH rRNA
11~ 23SRNA. 1> 5S rRNA il 1 /> 16S rRNA
ZH (A 4).
2.5 HFEINEEFRE

KEGG $#8 52— 1A T RHA ..
MAGIREE DL G E . g5 KEGG

43 [ Bacillus cereus strain CCM 2010 (NR 115714.1)

L Buacillus cereus strain NBRC 15305 (NR 112630.1)

Bacillus cereus strain JCM2152 (NR 113266.1)

Bacillus cereus ATCC 14579 (NR 114582.1)

Bacillus cereus ATCC 14579 (NR 114582.1)

Bacillus cereus strain JAM 12605 (NR 115526.1)
Bacillus paramycoides strain MCCC 1A04098 (NR 157734.1)

Bacillus tropicus strain MCCC 1A01406 (NR 157736.1)

Bacillus nitratireducens strain MCCC 1A00732 (NR 157732.1)

A 43
43
41
39
35
56
46
2 47
g

56

Bacillus lutistrain MCCC 1A00359 (NR 157730.1)

47 L Bacillus albus strain MCCC 1A02146 (NR 157729.1)

Bacillus pacificus strain MCCC 1A06182 (NR 157733.1)

L Bacillus paranthracis strain MCCC 1A00395 (NR 157728.1)

Bacillus thuringiensis strain NBRC 101235 (NR 112780.1)

79
{Bacillus mobilis strain MCCC 1A05942 (NR 157731.1)

Bacillus thuringiensis strain IAM 12077 (NR 043403.1)

38 —— Bacillus toyonensis strain BCT-7112 (NR 121761.1)
38 L Bacillus thuringiensis strain ATCC 10792 (NR 114581.1)

Bacillus fungorum strain 17-SMS-01 (NR 170494.1)

31

Bacillus cereus S1 (NMDCNOOO6AUT)
Bacillus wiedmannii strain FSL W8-0169 (NR 152692.1)

40

22

Bacillus proteolyticus strain MCCC 1A00365 (NR 157735.1)

22 | Bacillus sanguinis strain BML-BC004 (NR 175555.1)

50 ——

Bacillus clarus strain ATCC 21929 (NR 180213.1)
Bacillus mycoides strain 273 (NR 036880.1)

99 L_____ Bacillus mycoides strain NBRC 101238 (NR 113996.1)
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Bacillus thuringiensis serovar berliner ATCC 10792 o Fovat oo L scon | ssis | ssa | o [ 100.0
(GCF 000161615.1) 91.40 | 91.41 | 91.79 | 85.98 [ 89.68 | 89.52 | 89.48 9141. 98'0
Bacillus sanguinis BML-BC004 (GCF 018332475.1) | o4 91.30 | 86.08 [ 90.06 | 89.88 | 90.01 | 9138 | o1.42 | 9320 328
Bacillus paramobilis BML-BCO017 (GCF 018332495. 1) |- o135 9123 | 86.20 | 90.51 [ 9017 [ 90.21 | 91.37 | o1.45 | 93.10 .92:0
.90.0
Bacillus toyonensis BCT-7112 (GCF 0004962851) | 9174 91.16 | 91.21 86.54 [ 90.73 | 90.69 | 90.69 | 91.88 | 91.67 | 91.11 _88.0
Bacillus clarus BHP (GCF 000746925.1) - 85.90| 86.13 | 86.06 | 86.63 87.25 | 87.06 | 86.81 | 86.21 | 86.00 [ 86.00 - 86.9
Bacillus hominis BML-BC059 (GCF 018332515.1) |- 1] 205 | 9040 | 902 | 8715 89.69 | 8951 | 89.68
Bacillus mycoides BPN36/3 (GCF 018739485.1) - so.4| 8987 [ 9020 | 90.77 | 87.03 89.68 | 89.42 | 89.69
Bacillus mycoides NBRC 101238 (GCF918180265.1) |- s9.02f 8997 | 9036 | 0.67 | s6.92 89.54 | 8951 | 8954
Bacillus cereus FORC_047 (GCF 002220285.1) 8625 | 8985 | 8977 | 8953 o149
Bacillus cereus S1 (NMDCNOOO6AUT) s6.00 | 8951 [ 89.42 | 80.51 o154
Bacillus fungorum 17-SMS-01 (GCF002746455.1) | o134 8613 | 89.65 | 8950 | 89.60 | o1.50 | o154
V- SRR
e LA Sy
N o PO X
) P &
&Q\b\ Pl \q;\“’ \cb\o" @:9' %QQ q',\b‘
RO QQ\Q S D O N
FEE SESE
58 A N} oA,
RS N NI
é\'s é\@@ .gb $°\ é\ L <\
& ¥ F e N
& EE N o
o SIS ¢
W S E 4 S
&i\\\ @\\\?’\\&Q OO\\ Q)oo\ Kl
® Q,W‘boo ® o

E3 BERSINSFEE. A: FET16S iRNAFEN IR 258k B W (0 AR fH /2 bootstrap{i s Ik
JETH S RS S) s B BT BRI 7 91 Y ANTIRE (B P AY(EE ANITE) .

Figure 3

Molecular identification of the bacterial strain S1. A: Original phylogenetic tree based on the 16S

rRNA gene sequence (The value at the branch is the bootstrap value; Accession numbers are shown in parentheses

after the strain); B: Heatmap of the ANI based on the whole genome sequence (The values are the ANI values).

BOUE LG ORE, ME AR ZEAUAT I ST A
3 789 LR )R RE, b 2 681 A EEH
TE— 93 2 B i AR (metabolism), 75—
Gor2e, 305 DY R ARG PR
(carbohydrate metabolism), 157 />3 A # 3 B0
fie i/ Ciff (energy metabolism) (] 5A),

5 KEGG B4l EAR, CAZy Bdi /2K
P 8 11 o 5 M Sl N = SR R P A AR R RR B,
WK AL G Wi Pk X 43 BN [ A 8 B
5 CAZy B E LU, WEREZEAFF I S1 LA

139 NEERTGRTERE, 43 LT 6 RASHE Ll
F% . W K f# Bl (glycoside hydrolases, GHs) .
Wil I 5 7% il (glycosyl transferases, GTs)., 2 ## %4
& i (polysaccharide lyases, PLs). f /KL & #)Tig
fiff(carbohydrate esterases, CEs), W/KIAYILE &
5 B¢ (carbohydrate-binding modules, CBMs) Fil %
Bh & 1k i J5 i (auxiliary activities, AAs), JLrr,
44 BRI RO BRI RS I, 38 LA BT
FEBETT K ffe il , 35 LR R A iR KA &
Pt 5B).
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El4 SERZFRTESINESEREEE. FINZ R 1E, 51 A4S — 1 CDSH R I COG,
S AR 55 LB SCMTR] s S 2B LA RS 3R ER i S 2L I 4 I CDS . tRNA JZrRNA; 55 SREAUR 11 2
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Figure 4 The genome-wide map of Bacillus cereus S1. The outermost circle is the first circle; The first circle
and fourth circles indicate the COG classification to which each CDS belongs; The second and the third circles
indicate CDS, tRNA, and rRNA on the genome; The fifth circle represents the G+C content; The sixth circle

represents the G+C skew; The innermost circle represents the scale; The middle number represents the total
length of the whole genome sequence.
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2.7 FOOH

WX EAE TR R, KRR E
WA 32 RIEFHM T 0. 8, 16 K(P<0.05);
Bifi 7 0 A7 B TE)RE K, R M PR R ZF 4E (acid
detergent fiber, ADF) F1 /1 4 ¥& ¥ £F 4k (neutral

x50 500 pm

detergent fiber, NDF) &4t N A%y, HAESS 32
KBEMTE 0 K(P<0.05) KA (ash) & AL
32 KAk ; FLIE Wi (ether extract, EE) & A8 LA
3% ; M H(crude protein, CP)F H £ 8, 16,
32 KRR R T4 0 K(P<0.05) (% 2).
2.8 HEMEERTK

NS FE ZEfAT 5 S1 /5, Shannon 5 (M
0 RZEH 8 KM 32 RiFWi R, 55 32 Rk
FAL T 0 K(P<0.01) (€l 7A). 5 Shannon $§
AL, ACE f8EUESS 32 REEMLTH 0 K
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3tk

3.1 BEWRIFERMD FEE
AR 73 VA 1) KA AR TR 2R 1) 3 7o 2 2 A

El6 BEREZHNVIEMFEBELER. A: XA, B: BEFEZRRATRES1 AL FEL]
Figure 6 SEM results of the longitudinal section of alfalfa stems. A: Control group; B: Treated with B.

cereus S1.

R2 AMEEFRAFESIENASISELTNK

Table 2 Nutrition of alfalfa treated with Bacillus cereus S1

REL JR4) Ash HLIG ) EE HAEE CP AJRZE Lignin -~ FRUEVEIRET4EADF  Hh DRI LR 4 NDF
Day (% DM) (% DM) (% DM) (% DM) (% DM) (% DM)

0 9.1240.15b 1.74+0.10 23.96:0.42d  5.45+0.34a 27.09+0.31a 34.14+1.36a

8 12.19+0.48a 1.73+0.11 28.30£0.37b  5.94+0.42a 22.63+0.25b 28.6620.72b

16 11.68+0.44a 1.74+0.28 29.99+0.59a  5.41+0.49a 22.26+1.72b 27.83+0.94b

32 8.88+0.55b 1.7440.12 26.54£0.30c  3.73+0.51b 20.94+0.49b 28.18+0.54b

R I EEREZE . PR NG TR 22 5 5 (P<0.05).

The data in the table are mean+SD. Different lowercase letters in same column indicate significant differences (P<0.05).
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Figure 7 The diversity of the microbial communities. A: Shannon index; B: ACE index. ns: Not significant;

*: P<0.05; **: P<0.01.
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