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BE. NIEFTHITCH AT (Bacillus amyloliquefaciens) gfj-4 & _F 5 W % H 54022 R B A TR B % &

KB T ( Rhizoctonia solani ) WG 1 L Ko e 3 WORHIRLEE ISR SN R e M | R T TR 22 28 K 8k 0 A T
T ORI BRI B E AT TN, A5 AR TR S AT IR R R VR VR BE A 40. 0 pl/mlig E
100. 0 b/ mlfs % 1% 1335 W% 6 K SRS B B9 28 M 40. 6% 3 Z 84. 9% , K I 35 B0 6 A SOk 9 B A8 R ik
JE(ECy,) 7 50.7 pl/ml(R*=0.95) , Kl L iERAINE G TETE 60 °C LT IEAMR RS, (H2: 80 C UL iR B
T AR ) B A R A PR 121 °C i TEAR 3 15 min J5 M TH 1 R R 61. 4% ; B2 22 4P 2k B 5 ]
FAVBE I, R T Vi YRORT s T ) U A% P 2 T B, 8 A BT R] A 30 min B LS = K S0 9 A1 1 0 31 05 P e 2
74. 3% ,fH 30 min J5 T IEHERIELE £ EE_L RO Ab 2 2% 0 ) SO B e LA I SPE T P D 2 - 8 (KR
W SR R RTR L ) B LU ETE BC M L3RR R, o 1. 34 R RE FIS W SR BEH ALl 6 1 4.7+ 3 FI8 < 2
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Inhibitory activity of Bacillus amyloliquefaciens gfj-4 fermentation super-

natant and its association with chemical fungicides against Rhizoctonia

solani
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Abstract:  This study was conducted to investigate the inhibitory activity of Bacillus amyloliquefaciens gfj-4 fermenta-

tion supernatant and its mixture with chemical fungicide on Rhizoctonia solani and the stability of fermentation supernatant on
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temperature and ultraviolet. The antifungal activity of the
fermentation supernatant and the new mixture were
determined by mycelium growth rate method. When the con-
centration of fermentation supernatant of B. amyloliquefa-
ciens increasing from 40. 0 pl/ml to 100. 0 pl/ml, the inhi-
bition rate was between 40. 6% and 84.9%, and the EC,,
(median effective concentration) of the fermentation super-
natant was 50. 7 wl/ml for R. solani (R*=0.95). The anti-

fungal activity of the fermentation supernatant remained sta-
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ble below 60 °C, but it began to degrade at high temperature after 80 “C. When the fermentation supernatant was sterilized at

121 C for 15 min, its antifungal activity decreased to 61.4%. With the increase of ultraviolet irradiation time, the inhibitory

activity of the fermentation supernatant was decreased gradually, and the inhibition activity of the supernatant was reduced to

74.3% when the ultraviolet irradiation time was 30 min, but the rate of decline after 30 min slowed down. The fermentation

supernatant of B. amyloliquefaciens gfj-4 had an universal synergistic effect on flutamide, with a ratio of 2 : 8 to the highest

toxicity ratio of 1.34. The supernatant of fermentation mixed with difenoconazole at 6 : 4, 7 : 3 and 8 : 2 showed synergistic

effect, and the rest showed additive effect. The mixture of fermentation supernatant and tebuconazole performed with the addi-

tive effect. While the mixture of the fermentation supernatant with prochloraz and myclobutanil showed differentiation, part of

the ratio showed to be additive, and the other part showed antagonistic effect. The fermentation supernatant had antagonistic

effects on triadimefon, propineb and thiram.
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A2 2% TR 18 1 RSB TC 7R TR 0 s 7 1 B 4 5 A
PG B AE AR A= =R, JU A AT R
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WRFE 3 S KA I | 22 TR 28 R s BN ] . L 2 4 %
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AR 2 2 & R 2 BA RS E FHEUHRmMAER] . A
amyloliquefaciens ) gfj-4 , ¥ T K SUMT 9% B ( Rhizoctonia
solani) 55 22 i WA AT W9 I T 1) 400 i 38R A0
(EURA SCAR TE I 2 JAT I gfj-4 K I L3 i S
2 A% TRV EB 45 6 5 K S0 g T 1140 40 A1 8007 9 oA L
B R AT R T 22 4 Rk e v
Ky T ofj-4 K EIE R LS 8 M AR A
FR A TR FC A0S T K SRR o T 18 400 1 35 A, LA A Ak
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1.1 KR
1.1.1 X R 95% At H PRmE 5 2 96% It 1
W2 96% — M I i 25 R 1L AR 3k Y5 i = A TR Ay
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AR FIHR AL, 979 W i e J57 24 F1 969% I3 W 1t i3t 245
1 L AR AR BHAR 254k T4 A A BR A w123, 97 9% Fl ik
BRI IR 2 70% N ZRBE AT 98 M 4 390 o FE B E D B2
FRRAA AR, 50% H 38 BUR 24 Hh YT 950 48 R il & i
LT AT BRA R 25 T 700 i 24 FH PR 1 A, ol 77
FHR R K s A, TR li1.0x 10% g/ ml YRR, BT 4
C UK R T

1.1.2 BiXEH#  FRSAEIHEE (R. solani) 5755 H
TR 1 M T JE 78 AR 3 B K SO s LAY 2 i ik | 46
OIGHEAT 435 5% . R UE R 2EAHF 18 ( B. amylolique-
faciens ) gfj-4 77 B F TR T L, F 2014 49 A
24 H O T b E RS SR 4800 (CCTCC NO
M 2014444) .

1.1.3 X3z PDA 533k, D482 200.0 g,
H%HE 18.0 ¢, Bifli5 18.0 g, KB T/K 1.0 L, NA 84
FRHE AR S. 0 ¢, FRIRHE 3.0 ¢, [FREF 1.0 ¢,
B 10.0 g, 350G 15.0 g, pH 7. 0( A A3 g 41
B NB Hi 4L |

1.2 KW H*E

1.2.1 fpF oM E ofi-4 X8 LR &
fRTER ZEHUFT T ofj-4 16 NA R 3R 3 R 5555 48
h, PRECHA B V5 18 & 53 A NB AR 3R 387,33 °C |
120 r/mind5 57 12 h, 2RJ5 DL 10% 1) 42 5 42 3]
NB WA 3250 33 °C 180 r/mindf% 5% 8 h, R
AP I UL 0.5% 4P RE 42 AP 3] 100 ml NB 1557
Ferp BT 33 °C 140 o/min fH IR 5 R T 15 5% 84
h, #RJG11 180 g .4 °CE.L> 20 min, A5 K BE b
WL 0.22 wm JEEIIE S IR AET 4 CUKFE# M,
1.2.2 KB L F R 2 RGAE TR E 6378 &k
T KA I R W T WA —E L 5 A E
50 CZEATHY PDA 53R 5 /1R &), il & W 10 W
&0 94 40. 0 pl/ml 50. 0 pl/ml 55.6 wl/ml,
66.7 pwl/ml 83.3 pl/mlfll 100. 0 wl/ml, 7E PDA £
Fr B b SR K SO s TR T R DF, B IR
ARFE 3L, BEAL 3 UK, LAIIAAH AT 2K B 7K Sk Xt
MR, 27 CHEFE 48 h Ja Rk 5238 Ok R V%
7% FIFH SPSS 13.0 B AF 14 ke W B35 W E K 8L
Al TR A R R BE (EC,) o

1.2.3 B A BE LA R A E RN e R
B HIARH K BE ST 40 € .50 °C .60 C .80 C .
100 CALFE 15 min DL 121 C K E 15 min J5
B U VE WA PDA B R 3R A Y SRR 12 1%,

FeAh FORSORR R B DF, T 27 CHEIRIER R A
TR 48 h, VAN [ R A B ) & L RO K
LU TR A

1.2.4 RIME AT E B L FRAA E G AKX
UK VS, #E 25 W AMT R BEES 20 em, 47
SRS ALEE O min .15 min 30 min .60 min 90 min Fll
120 min, FESFES S, B L& WA PDA K5 3R LR
BYISIRRE 12 45, e B R BR B ® D, T 27°C
PE IR TE RS R4 TR R 3% 48 h, I 5E AT B[] 48 Ah 2k
RS 10 2 T T TR0 6 K S0 s T 4 2%
125 FXARAANSEREMERBRAGENFD
(EC M) MZ R B 22 A A o 3R kU ) 2 i s
Pt G BT ATk PP PRI | IR ] DK e A DS T
FRPEFI UL A I 8 b Ak A% T AR S K S0t 7T 1Y
PIHITEPE, HRhe iR BT 27 ClERE R IR
hEESE 48 h, I P k= W % AR, R H
SPSS 13.0 #AF 15X 8 Fhfb 2 4% B 7RI X £ K Sk
SRR Y ECy fB

1.2.6  FHE A HARRN G FEN T RS
R L B LA R B R Bk ofj-4 K8 L
THW TR ECERS . & LI AL 2= 28 B T 25 )
IRBCRIES N EC,,, KT8 FHR-S A R R 25 A
AL 0:101:92:83:74:65:56:4.7:
3.8:29:1.10:0, DAIAMZGFILB I3 IE, R
PR 22 KR I TR A PR T R LR
SEBRER AR = [ (O IR VR BRI TR HAR) 2 (6
MRRTE AR-H P ER) ] x100%, BES IR R = (25
WA ) EC, SERRITE A XA FERC G i o5 09 Lo 5]+ 25
W B 1 EC, SEPRINTR 3 xB 7E L b it o (14 LA ) x
100% , Bk LA = SEBRAM TR 2/ BB IR 2, #EE L
B> 1 MIEAE R B R <1 S HUE R B e
R LA AR IR
i
21 BEMFBRTHEZBELZIENEXRSHRTE
B4 il 77 14
FHER 1 ATH, Y i U b ZF AR 7R A I8 1T VR 1Y

HeFE N 40. 0 wl/mlg 2 100. 0 wl/mlif, 78 27 C1H
TRTE IR R T B 35 48 h, % T K SUA s T e 41 4
KM 40. 6%3 2 84. 9%, 2 SPSS13. 0 A4/ B 5
HUR T EIR WO ERBR R T EC5, 2R 50. 7 pul/ml
(R*=0.95) , 5T BRAH L, 28 3E 9 25 FFF TR 4 T
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Table 1  Inhibition rate of different dilution times of Bacillus

amyloliquefaciens fermentation supernatant to Rhizocto-
nia solani

A P LTHORIE e (o)

(pl/ml)

10 100.0 84.9+0.5
12 83.3 81.1+1.4
15 66.7 61.1+0.4
18 55.6 52.7+0.7
20 50.0 47.3+1.4
25 40.0 40.6x1.4

2.2 ARLEEENEEEFRINEFEENTMm

A 1 AT, 7E 60 °C LA Ab % % 11 15
min , PTG L AAE . MR E FAE] 80 C Al
100 °CH}, & B b 35 W6 35 K S0RK 99 T G 40 3R 4
TR 71. 0% 69. 6% ; 247E 121 °C T & il
AEBR 15 min B, & B LWE CPD R G ME R B E
61.4% ., FRILTTAL, K W L 35 T A0 300 581 3 P 76 IR
TIHARFEE (HZ 80 °C LA = iR AL B 5 38 40410 B 7%
PP S R

850 a a

= = a

80.0 =
S 750F
< 8
o T00F
= 650F .
£ 600F

550

50.0

40 50 60 80 100 121

E (C)

B 1 FERELENZEEERINE X0
Fig.1 Effect of different temperatures on the inhibition rate of

fermentation supernatant to R. solani

2.3 AREEEESMNE RT3 R B BB I = A
sEAl

H T 2 AT, Bt 5% N AR At ] ERg 8, e 1

VRO T R SRR R TR A0 T R T R, b
LIRS [A] 2 30 min B LT 2K S0AK 99 B A 490 4]
TGP TR E 74. 3%, (H RS 30 min JF45 B2 120
min , & L TE VRO TR S AR AR /D (P<0.05) Uk
A % T L 5 TR S AR A T 52 M i

85.0 {a»
80.0F b
S 75.0 B
S 750k . .
,F)_i\’{. C
£ 700f
=
65.0F
60.0
0 15 30 60 90 120

HEGTIE] (min)

B2 EZEIMR A TR B B 3 &% B b i R R R B ST
Fig.2 Effect of different ultraviolet treatment time on inhibi-

tion rate of fermentation supernatant to R. solani

2.4 8 FLZEFEFIXF T K SUH R E B EE

HI 8 2 AT, K SO RO 22 A S AR A
AT ) 550 e P T s R R Tk Y A e 1 R
T FoH SRR S K SUR A R A T R
EC,250.206 5 g/ ml, HYRCA g T PR IR Tk FET BRI
EC,/3°40.409 0 pg/mlfl0.421 3 wg/ml, %
BB A TR 7704 8 BURITA AR T K SURG 7 B A 40
TS P R, EC, 4351 4 6.158 9 g/ mlF16.680 0O
e/ ml; A0 A 22 53 4400 1) 550 FUN TR e % K SR
95 T A TG 1 e 22 EC 4, 48.437 6 pg/ml,
25 BEMFAAREABLIRSHUEREFNE
BAGHEMELE

FRTERS SEAAT 1 ofj-4 K L TE W5 )5 8 Fh
27 8 BRI A — 2 11 L) A2 T i R 6 R SO 5 TR )
TS AR BAA B E T A i R I R AE
YEFIRIFSHOVE T, 22 Stk i R (K3~ 3K 10) . KI#
T RO SR A e LA S R AR T, e A2
8 I LR BC RV L i , 35 1. 34 R LGS
IREEFIAIELL 6 1 4.7 £ 31 8 1 2 IRACHT I MY
SR HEA N S B R B AR I Rl B iSS
G A VR T = B SR I A AR A 5 K I b R RN K
fief i S T R YR B 0 e LR B AR A E A, 34 i
LU IR FE B0 VR 5 & % 130 VORI — e | 9 AR
B AR SERUR BN B R BUARSBU/E A
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Table 2 Toxicity levels of eight chemical fungicides to R. solani

AT B IRIA S ECsy(pg/ml) 95% A X [1] R?
T Y=0.544 6x+0.373 1 0.206 5 0.148 5~0.275 6 0.951
i T Y =0.598 1x+0.232 2 0.409 0 0.321 0~0.509 4 0.956
2Tk R BR Y =0.420 0x+0.157 7 0.421 3 0.293 3~0.582 5 0.952
= IR Y =0.746 8x—0.058 7 1.198 4 0.860 9~1.559 3 0.966
Dk fif frie Y =0.833 4x-0.490 1 3.873 1 3.077 2~4.7319 0.927
SR Y =1.140 9x-0.900 8 6.158 9 5.544 4~6.846 5 0.970
P AREE Y =1.375 0x—1.134 1 6.680 0 6.095 1~7.310 2 0.958
SN TR B Y =2.185 7x-3.683 3 48.437 6 45.135 8~51.725 0 0.973

ECsy<5 ng/mUN EEHUR, ECsy =5~20 wey/mUA U, EC5)>20 wg/mly AR

R3 BEMFATEARLERSEAMEREEN ERIHFE R5 BEMFATEARLERSKMESRYEXRYHRKEN

RIEMELE R Hikbb
Table 3 Toxicity ratio of B. amyloliquefaciens fermentation super- Table 5 Toxicity ratio of B. amyloliquefaciens fermentation super-
natant and fluopicolide to R. solani natant and tebuconazole to R. solani
gy IR R gy IR R i
0:10 48.59 48.59 1.00 0:10 43.64 43.64 1.00
1:9 59.43 49.06 1.21 1:9 45.58 44.38 1.03
2:8 66.50 49.53 1.34 2:8 49.81 45.12 1.10
3:7 64.46 50.01 1.29 3:7 47.17 45.87 1.03
4:6 65.46 50.48 1.30 4:6 47.17 46.61 1.01
5:5 64.25 50.95 1.26 5:5 47.53 47.35 1.00
6:4 61.84 51.42 1.20 6:4 48.41 48.09 1.01
7:3 63.25 51.89 1.22 7:3 51.24 48.83 1.05
8:2 64.25 52.37 1.23 8:2 50.18 49.58 1.01
9:1 65.46 52.84 1.24 9:1 52.12 50.32 1.04
10:0 53.31 53.31 1.00 10:0 51.06 51.06 1.00

R4 BEMFRARRELBERSEBPRWE RN EXRGHRE R6 BMEMTFRARRAERLBERSRERSRENERGHFRELN

EREHEIE R HiELb %
Table 4 Toxicity ratio of B. amyloliquefaciens fermentation super- Table 6 Toxicity ratio of B. amyloliquefaciens fermentation super-
natant and difenoconazole to R. solani natant and prochloraz to R. solani

gy CIRIEE S OREIEE gy IR OREEE
0:10 49.12 49.12 1.00 0:10 56.41 56.41 1.00
1:9 48.94 49.31 0.99 1:9 55.18 56.33 0.98
2:8 52.12 49.51 1.05 2:8 55.18 56.25 0.98
3:7 47.17 49.70 0.95 3:7 62.44 56.17 1.11
4:6 51.77 49.90 1.04 4:6 48.07 56.09 0.86
5:5 56.36 50.09 1.13 5:5 52.55 56.01 0.94
6:4 65.72 50.28 1.31 6:4 53.17 55.92 0.95
7:3 64.90 50.48 1.29 7:3 60.12 55.84 1.08
8:2 62.94 50.67 1.24 8:2 58.42 55.76 1.05
9:1 56.36 50.87 1.11 9:1 48.69 55.68 0.87
10:0 51.06 51.06 1.00 10:0 55.60 55.60 1.00
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KT BEMFATEARLERSFEEWE RN EXRYHRKEN
Hiktbx
Table 7 Toxicity ratio of B. amyloliquefaciens fermentation super-

natant and myclobutanil to R. solani

x10 BEMFAMERBLERSEENERN EXEHFEA
HIE ML ER
Table 10 Toxicity ratio of B. amyloliquefaciens fermentation super-

natant and thiram to R. solani

S e T B 52 > TS %7 R [T TS 327 > T s
Woug | OPIEE  RERRE pug IR OREEE e
0:10 47.16 47.16 1.00 0:10 57.96 57.96 1.00
1:9 55.49 48.35 1.15 1:9 37.91 5771 0.66
2:8 50.38 49.55 1.02 2:8 46.42 57.47 0.81
3:7 57.95 50.74 1.14
16 4754 5193 0.92 3:7 50.95 57.22 0.89
5:5 49.05 53.13 0.92 4:6 48.9 56.98 0.86
6:4 47.73 54.32 0.88 5:5 46.68 56.73 0.82
7:3 60.04 55.51 1.08 6:4 43.74 56.48 0.77
8:2 46.78 56.70 083 7:3 36.63 56.24 0.65
9:1 51.52 57.90 0.89 . 13.08 55,99 0.5
10: 0 59.09 59.09 1.00
9:1 42.19 55.75 0.76
10:0 55.50 55.50 1.00
*8 MEMFAMHAB LIRS =WIME GEX EKUHBELN
HiELb R
Table 8 Toxicity ratio of B. amyloliquefaciens fermentation super- N N
3 0 e

natant and triadimefon to R. solani

IS g ) 2
wpug IR OREEE e
0:10 58.18 58.18 1.00
1:9 46.83 57.87 0.81
2:8 46.52 57.56 0.81
3:7 42.19 57.26 0.74
4:6 64.14 56.95 L.13
5:5 44.20 56.64 0.78
6:4 40.34 56.33 0.72
7:3 45.60 56.02 0.81
8:2 40.96 55.72 0.74
9:1 42.35 55.41 0.76
10:0 55.10 55.10 1.00

R9 BEMFEAEABRLERSAREERN EXRYHFEHN
Hiktb®x
Table 9 Toxicity ratio of B. amyloliquefaciens fermentation super-

natant and propineb to R. solani

EIRIIEES BB R

IRELIL ) ) BHE LR
0:10 49.42 49.42 1.00
1:9 48.52 50.33 0.96
2:8 45.22 51.24 0.88
3:7 43.12 52.15 0.83
4:6 44.99 53.06 0.85
5:5 48.25 53.97 0.89
6:4 43.59 54.87 0.79
7:3 41.26 55.78 0.74
8:2 47.17 56.69 0.83
9:1 56.18 57.60 0.98
10: 0 53.31 53.31 1.00

3.0 BEMFRATEERSIHLZAREAE
B A E

ST A% TR AR Gt RE A% 3 1 22 R 0 ) SORG i
AR FR B g 55 22 Rl 3, T LR 22 0 AL
— B RAEXELABT A , R P ke 5 ) L AE e 2
oI — A R BT IR A, G 5 2 A A T
( B.amyloliquefaciens ) X1 H 4195 F 1) b 25t 5% & i JL
AEWRSE AR VY 2 LT TGS K R SO
TR T | BTN RS TA | S8 S 22 A0 T FTRIT SR ST A i
PR AR ELAT 55 1 30 )V L AR oY T 42
R AR RN T 14 A V2B 2F LA T A T VR 10 A
RS 3 K SO 7 T A0 1] 4 3% 84.99% , FLAT#%
A A, PR AR T, ke T 1
PDA 355756 bR FRTIRE 35 55 05 WU 5 100 figk 0 by 2 91
T SR22 X SEAK L2 1% R B ] R 35 79.21% , SX i
WIARTE NBY 1577 Jk b R 1 7 A ) T T I8 A0 2k &
TR I U R AN [ R 5% RN K T 4R ) T R
7 A A TR PR SO ) e AR 2 2 A E
PRI, 7 %8 P i 328 A B TR IS 328 11 22 T 7 ¥ A AR
E, SR )5 FE TR H Ta) 6 B e B A
3.2 REMFRATETENRERE =YX EE
TN IR BT 321

TRk J3E TR 52 AN SR 1) 2 A D)5 TR IR AR 7 )
G R AR P R T AR
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T RTENS S MEAT T HAB-6 TR BRI IF T BRI M 46
100 °C i A B 5 410 T8 35 VAT S %t BRI 91% , 48 5%
AN IR 120 min J5 4100 BRI M S X BRAY 78% , HE
HIMEIE R RN T TR G Y . SRR
GBS AR 1 BRI TE R ZE AT B HMI-23, H &
PR VAR %) i JORCREL B2 40 XoF 7K e 80t T Y S TR A5 A
IV A TR 7R EQ R Y 5L A 5 S B i 4, A e ok
TRLRE AN AR, 4 20~ 80 °C Ab TS & BEUE TR
X YFH R T A TR ) 00 RT3 PR AR R RS A 100 ~
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