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Abstract Objective: To investigate the optimization of Bacillus subtilis fermentation conditions and the growth-pro-
moting effects of various components in the fermentation broth on rice. Methods: Single-factor condition screening and
orthogonal optimization were used to determine the optimal medium for liquid fermentation of Bacillus subtilis. The fer-
mentation broth was applied to rice, and the effects of different components of the Bacillus subtilis fermentation broth on
rice growth were compared. Results: The optimal medium for Bacillus subtilis fermentation is 7.5 g/L molasses, 10 g/L

peptone, and KH2PO410 g/L. The fermentation broth from Bacillus subtilis promotes the growth of wheat, and different
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components and concentrations of the fermentation broth have varying effects on wheat. Lipopeptides extracted from the

Bacillus subtilis fermentation broth also promote rice growth. Conclusion: Lipopeptides produced by Bacillus subtilis fer-

mentation broth have a certain promoting effect on plant growth, but further research is needed to identify other substanc-

es that promote plant growth and their mechanisms of action.

Keywords Bacillus subtilis; Liquid fermentation; Rice
1 BIS

Y S AEY) < AR AR 28R %
Ro —HHEMMHEMRE, S REMFET
R, BH—7iH, EMNXEMHEES THEERNFR
Ire TAEV) S YR BARYE 32 2P 2 RHE L
TR HIRTE Y, A SRR YRR A B (plant
growth promoting rhizobacteria, PGPR) AJ DA Xf
TIRANECE FRIEAT M o IR A AT AT
A FRENAR, SHEYAERKEIEHEEH
Bl FHEEZE{EATE (Bacillus subtilis) 7ENHEY)
MM EE 2 —, BARRPIZ0Mm, MHAE
TFE, HTHR, NHTEERME. EH, K
WA AU B, MR A&
BHEAEH, CAEERRE, EEY AR,
RAHEY = BRI, R Y, IRk,
TR A B2 A BN A R AR B B AT Y
W5, WERE N ILEIFN 7 22 2 AR, A
AT EON PRI (R E LA B ER, N
5. TamE MR P ERESREME Y A
KW ™, A md il R RS S ik
IR R R I, W R 2 AT IR & I AT LA
STIZ R =Y, AR E A= Y i
YA RIE R ERE DA TRIKTENH
F— R, — R H KRR BERN SR e
M BRI P SR MR T R 7, 222
RIMIEMHEZE (Surfactin), FJFHZE (Fengycin)
DA R (Tturin) =R, F=RRRKHY
WAV SCEF T EE (Bacillus), K2
B J& (Paeni bacillus) . FLERFF B JE (Lacto
bacillus), FEE B JE (Streptomyces). i 5 Hfl

22

i )& (Pseudomonas), YPEEE (Serratia) F
A% e (Burkholderia) %5, HulMIE, &
- ek 2 W@ K2 S furtmw, &A%
PP AR K2 e ST B = AR s AR AR
HRIRYRRE L RS 82, 151
[FRPREIRAEYI R, A= AR AR R RIZRAR
PR KB B A RIS TR 26 m 2e fk,  Fiid
L B H YR S M B 2 (b S B 2 S MR B
B P AR RRIKIRR R B R KM ZESR , X
N A DI RE AN U, AR S AT B
HIRERK Y IRAE AR L B R BRI FH A - A
2 FUAT B A B R R 2 SB35 2 A R AR
REEHERER ", fEH T AL R
&EE ", TDARIABMUR . TR A
WAL 1 X KRS IR RIS A S 15
B—EMPHATER M, ERANT Tl R 2 AT
BOSAEYR IR B R AR 2 U N HAEYIRG iR
ST, EHEREDA KRNI L
U AT FF 822 R I AE P BRI 97 552 [ P
VPR S S E ST EM, BONEZ
FE R, 7RA] RN S AT AR AR
W T EENE, A SRR T ME AR A
BEZRIF UL, N A R TR A 4 5 N KRB R A2
ARAEH, DA B2 AT B A KA A |
IR 2%,

2 MBEREE

2.1 KIaMHt

2.1.1 @AY BUNFBE RS A TR FE
Fr B LI 5 RS H AR = R



212 #AA LBWARREFRE: BMEARK 10
g/L. FERHERY) 5 gL, &L 10 gL, A1
mol/L fYJ NaOH il pH £ 7.0 £45,

LB [E k3G 72 5 /£ LB IR K 7= 5
A 2.0% HEAg,

Fh 5575 5 H AR IR EI5 0 LB 15 R A,
pH7.0 £ 45,
213 £&ME R IR K. ®EZ
HKHES,. THREA. pHIRYL. K40
HCEETE, BRAG ., mIE O, SRR EiEg
AL JERE,
2.1.4 E2RXF FENE. FERE. BEE. TEM.
EAMR, FRE. JRE. MR, IR S5,
SN, FILEE, S5, R, Bk (% 0.1%
ATF), =& H 8. &F (5 0.1% ATF), H
RS, =R BRI SIS IR 0 p Al s
kA,
22 J53k
22,1 AmiEdork EMTEL: BRETEK
FE PR LR LB BRI, KSR
N 37°CTEIRESF% 24 h

FhF IR & . VKA ER A7 A B R FH TC B 7K
IEYMEREETE LB ‘AR BRIk, HE TR
N 37°CIEIRESFE 24 ho FHEEFPIABEECEAR B
) B B V% B R T35 50 mL AP 15 FE LA 250
mL = M B, 160 rpm/min, 37 °C F& K £% 77

A 2 FOAT R iR AR K BE R 3 R AS G R A K M AR R

12~ 18 h J5 R A,

PEMRRE TR BRI R DA 1% i9$%
R B AP 2 250 & 100 mL ARG R H, F
37°CHEPREE 37 24 h, #51# 160 rpm/min, AT
BRI R R ISR ST
222 BAAFRZ L4 HE IR EH
FEINE, TERE. BEE. e VURCRE R IR
(3= E 2V SES AW B S e = e
IR ERIRE R S R B R, BN REE
B AT, FEHRESE 24 h JEIE L EER S
RIREE, DAMCHAE B AR,

RIR: ERHEARK. FRE. JRE. MR
B VU A AS [R] A T R AT B R R [ 255 Wi 2
55, TEFLAMEE AR B IR R IR s S
HEMER. SNREBRE =TT, PR
24 h ]G IE KRR AR, DACHEE S 1
Ao

MEICE: 2RI BRSSP,
FILEE. SISPUHARFE MR TR TRE
MEITTRRRE L, FRAREFRES A
A E T RS M R AN E TR, &
RREE =TT, SR, 24 hGlER
BRI AR EE, DACHE R E TR,
223 EXHALKE  FERRKZEMIAERM L,
RN E. EHMK. KHPO, 3MHEZE, &It
L9 (34) ExXKMi, L9 (34) EXIK

Fz1 L9 (G4) ERXAWFITERRKTE
Table 1 L9(34) Orthogonal experimental design factors and levels
FSES

K A B C
BEE (g/L) HAM (/L) KH,PO, (g/L)

1 2.5 5 5

2 5 10 10

7.5 15 15
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Fig. 1 Effects of different carbon sources on the growth
of Bacillus subtilis
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Fig. 2 Effects of different nitrogen sources on the growth

0.0
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Fig. 3 The impact of various trace elements on the
growth of Bacillus subtilis
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Table 2 Orthogonal experiment results

HE

o
WS mE @L B EAE gL) C KHPO, @L) D =3 Ob &
1 1 1 1 1 0.324
2 1 2 2 2 0.541
3 1 3 3 3 0.302
4 2 1 2 3 0.238
5 2 2 3 1 0.543
6 2 3 1 2 0.555
7 3 1 3 2 0.387
8 3 2 1 3 0.436
9 3 3 2 1 0.562
K1 0.398 0.331 0.438 0.476
K2 0.460 0.507 0.462 0.492
K3 0.462 0.473 0411 0.340
R 0.073 0.176 0.051 0.154
= 2)WAES A3B2C2
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®3 TREFEEZRITHER (D)
Table 3 Colony count results on different media
(in number)

FS BhESE (107 AEsE (107)

1 22 65
2 20 64
3 19 55
4 22 58
5 22 62

(34) 1EAIRIRA AL R E Ak B 2F FOAT B 1 e
AR EREERREMAR, ERIREEER I
#2, HR2AIAEH, ERXRBMRILTE
9 A3B2C2, BEmfERGFRENNEE 7.5 g/L. &

FIfi 10 gL, KH,PO, 10 g/L,

33 GEEIT MR MRS R
PSR TR BB 3, ATDUSH, 1l
BEFR R LA R R BT R TR S, A
AT B AT B R A K

3.4 HEFRATEX K EE KM

34.1 M FFAFA S KAGH T b F 69 %ok
R A NN L AT BRI A0 50 R KRR SRR,
KOKRHZIAEIE K E 24 h J5 5 BLBAH R
R, EER. iR, fEK—ERR
24 h )5, MEGFIEFENHEFENR. MR
4 FTDABRH, AR AT B IR O AR
RAFHDAEHIER, M EREER R INEIHE
o 2R BB > R > B > T8 K FEXTE KA

x4 TEIRERBKIEOLFE

Table 4 Germination rate of rice soaked in different liquids

EIK BER R LEE&
24 h ERIE S 60.7% 64.3% 78.6% 82.1%
72 h [ERI A S 75% 92.3% 92.9% 100%

10%E R S%HEBR 3%EHR 1%ER 0.5%F &K

5] BTy =

orwa s

L& | 10% LiF#

B4 #HEFATFEALXEAFEES, FRKEXKESH (7, 14 X) £KHOEM

Fig. 4 The impact of different components and concentrations of Bacillus subtilis fermentation on the growth of rice

seedlings at 7 and 14 days old
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Fig. 5 The impact of fermentation products from different components and lipopeptide extracts under optimized condi-
tions on the growth of rice seedlings (21 days)
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