35(4)597-604 B 2B ¥ 444 Chinese Journal of Biological Control 201948 A

MEFRFEYIEL YRS RAEE M

s 1,2 1,2 1,2 1,2 1,2%
Sl -, XMEBG -, AR T, w2 Y, BE%
L R RHE S, Kb 410004; 2. 775 N ARG OSB3 R MO Jm 3 A s = A AT A i el i 4 B S =/ R P B
PP E A=, KD 410004)

WE . ¥ F HATHE Bacillus subtilis Y13 & — ¥R E&) W AEFE, AmAEERELABTH AT BER,
TR AR W LK B 7 A AR R A R ik R B R BT AT R R . X AR Y13 7 A AR R AT
EWEEM, FMNERWEENE, HaFRELAETERAGAFLREEMRE. FHA TS EHmE
B AR (HS-SPME) Fu5 48 6,18 F i B A L (GC-MS) WEH T Y13 LM ks, W A8 1%
M 4, R R SCIILAR) 40 iR U ELATE E M. Y13 R MR 10 MR B E W R A 19.2%~
83.9%, HHiE & MY AT R A KLY Colletotrichum fructicola B3 V&M &R, WE £33 83.9%; 4
Hoep 10 MELXEAEMERE N REFEFOMEEMELI, BT ET/\KI, Hth o MIELEAEME
o N BRI AR AT VE M SR 4 R R BT AR K AL A R a7 AR L 2R R A
BUEMRSME R XY, 4 MIELMASWE R (10 uL/ AR ) X 7 fd Wk 200 B B 3 LA & 47 3
B, MHEEMTEBSRKEE >3- FE 4R > KEED, YI3 ELEY R mEEERERE
HARFNIEER, BA— EHHRE S R R L NE.

x B O NEFHEAE, EARMT GC-MS; WEEN
FESES: S476 XEAARIRES: A XEHES: 1005-9261(2019) 04-0597-08

Analysis of Volatile Compounds from Bacillus subtilis Y13 and Its Antimicrobial Activity

FENG Fushan'?, LIU Junang'?, HU Liancheng'? WEN Ruizhi'?, ZHOU Guoying'*"
(1. Central South University of Forestry and Technology, Changsha 410004, China; 2. Key Laboratory of National Forestry and
Grassland Administration on Control of Artificial Forest Diseases and Pests in South China/Hunan Provincial Key Laboratory for
Control of Forest Diseases and Pests/Key Laboratory for Non-wood Forest Cultivation and Conservation of Ministry of Education,

Changsha 410004, China)

Abstract: Bacillus subtilis Y13 is a high-efficiency and broad-spectrum biocontrol strain. It has excellent biocontrol
effect on the main diseases of Camellia oleifera. Experiments showed that the volatile substances produced by
fermentation had a good inhibitory effect on anthracnose of Camellia oleifera. Volatile substances produced by
strain Y 13 were analyzed qualitatively and quantitatively, and their bacteriostatic activities were determined, which
provided a theoretical basis for pollution-free control of Camellia oleifera diseases and pesticide development.
Headspace solid-phase microextraction (HS-SPME) and gas chromatography-mass spectrometry (GC-MS) were
used to collect and analyze the volatile components of Y13, purchasing pure volatile substances, and measuring its
antifungus activity. The antifungus rate of Y13 volatiles to 10 plant pathogenic fungi was 19.2%-83.9%, among
which volatile substances had the strongest antifungus activity against C. fructicola, and the inhibition rate reached
83.9%. The antifungus activity of 10 volatile compounds against C. fructicola was detected. Except octadecane, the
other 9 volatile compounds had different degrees of antifungus activity. The four highly effective antifungus volatile

ks HIW: 2019-03-07
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compounds were selected. The antifungus activity of pure products against 7 common Camellia oleifera fungi
showed that the four volatile compounds (10 pL/plate) had good antifungus activity and antifungus activity against
7 common Camellia oleifera fungi. The antifungus activity were ranked as Nonanal >Benzaldehyde > 3-methyl-
4-phenylpyrazole > Benzothiazole. Y13 volatile substances have a good inhibitory effect on the pathogens of
Camellia oleifera, and have certain research significance and good development value.

Key words: Bacillus subtilis; volatile compounds; GC-MS; inhibition activity

WA Camelia oleifera, J&IAFEL Theaceae 1155 )& Camelia L. 48 /N ARBGEAR, 2R ERAH R —F2
SRARAEHEY Y. BHAT, MRAEREZ A G AR, PR, X IRE AR 25 LSRR 7R I
FLAT RLAF RO HE SV F o 06 A O 5 7 B 3 B R R K s Y, L o SO A O R A R T
Colletotrichum fructicola™, ZIEIRE AT 2, FEABINGENAE S5, HE™E. I, ARG
B i 25 PRAFE 3 2K s 90 A2 ct e IR, SR ANHIFTTIM S SR JECS (KIS VA T 0 X 308 e bt 25 110 7 B B i
A HEEE

PRI 6 REAT R VA R T, I D 8 T A 2 2 500 i R 1 e O, A R R B 9
bR MR A TR 2 T, A B A SR . AR AR R T
T, AR A D A 0 R P R B, T DAy bk A R T A, 0 PR T
EAEk,  AATTO AR P 4 P o (R A 9 L i 35 22, ANASCIRL R 8 T84 6 e 0 Dot R s A P i 2 H N
T R, T XS W3 R ME S o % The 2 4%, (HIE A 0™ AR 145 R VR SRt
J B R AR AR S S S A T o ZF AT R R, A ) 2 S TR B . RS X
NBLHE, B—Mar g amEpmAaEm®; LK., FIRTHRE R fer & KRR H
PRI A 2E M, K 6 AR L B A T ILA 2B B e A, e — AR AR AR B 2R U A SO 5t
A RS BUEAS B F BT Y 13 (AR IED BT, WSS s g . MBS VRS, kP i L B S
SE H: il

FEPUBT Y13 A AU ZH M AR B 5 b v e o 20 2 HHORE Yt 25 0 JEL 9 A o 2 A FH IR o A AR
AN, ZEFLEAL S HT M 16S rDNA %5 4 bl 28 P it o A 5% 32 B O 2E AT I8 Y13 (4% K
PO 22 TR 0 05 T I TRT 0 910 B U R R AT I GE SR TR [ A A BUHCOR - (Headspace solid—phase
microextraction, HS—SPME) WA A B ZE MO B Y 13 I At =44, A A - o A (GC-MS)
TR RMESAR VA G AT 234, ATIT S B ) S 385t R4 A P AR A B P PR 40 it 20 St 0 X 64 kA
BAE A AN T, 053 B AT i G R PR R R ARG A, R R AT R Y 13 I A AR )
TERAFIRITE 2 3 2550 (A A 4 (B R4l
1 MRERZE
L1 I E

PORFEPUR . FRZE AT B Y13 tA SRS A A Bt e i 73 g ik, S8 3R AS .

PE IR . AR RIE R Colletotrichum fructicola Y% IRIE R Colletotrichum siamense~ WEAEL R JE TR
Colletotrichum gloeosporioides 15X IHE Colletotrichum camelliae. F 1% IKJH B Colletotrichum cliviae
BEMS AR Alternaria alternata Y3 % B Pestalotiopsis microspora K| 144UZE %5 Phomopsis asparagi-
B H B Curvularia lunata. ¥y 2 5.5t Trichotecium roseum “63¥ - EIMOL R KL Y
PRAP R BT 5 IR S R D R R R 00 03 1L 8 I ORAT
1.2 HifERE

LR E A IR (potato dextrose agar, PDA) Kifrdk: 8% 200 g, M4iHE 20 g, BiflF 18 g, 78
187K 1000 mL, pH F%&.

LB (Luria-Bertani) AR FRAE: BRE K 10 g, BERHEH 5 g, NaCl 10 g, 757K 1000 mL,
pH 7.0~7.2.
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B HEEREA (Nutrient broth, NB) }iF5ME: AN 10 g, FWH 5 ¢, NaCl 5g, Bifli20g, %%
17K 1000 mL, pH 7.0~7.2,

Y13 S S R Rt HAE 17.59 g, BEREE 1156 g, R A8 1.44 ¢, BifIE 20 g, 208
7K 1000 mL, pH 7.62.

DL AR SRR S Sl 2 Gm s (121 °C, ARBE 20 min) J7k K
1.3 FEIRFI RS

95%T-li¥ (Nonanal, TCIiX#]) . 98% 2-L:fi] (2-Nonanone, TCI ikjf]) . 98% 2-F#li (2-Heptanone,
TCIAFD « 95% 7 H % (Benzaldehyde, S—A 71 « 98% 3 5E-4- 2K KEHE M (3-methyl-4-phenylpyrazole,
Alfa i F)) . 98% 3,5- U T FZEM (3,5-ditertbutylphenol, MATRIX 7)) « 99%A&B4 — i — T g (Dibutyl
phthalate, Alfa i{5f]) . 97%id %L k. —HE (2- Diethylhexyl peroxydicarbonate, TCIiXF) . 97%A AN
WEM: (Benzothiazole, ark pharm 7D . 85%IE+/\4t (Octadecane, TCI XD , HAWFII N =4
Mréli. 7890A-5975C ATt B AL (5 Agilent) . 5-7330 B AMAECE B (34 Supelco 2
AD 50 pm/30 pm T ARG T IR/ T IR AR UL (36 Supelco A ])  HP-5 A EFA
HEAEE.
1.4 Y13 FEA Y RANE L RN E

PA 10 Fofvids DL IRTAEL 40005 J BC B R Fia il WU A R 2 IROAF R Y 13 #5130 BR s
IR P XL L P ik . BARDTVE N K HEPUR Y13 B0 LB Wik Rt |, 7828 C.
180 r/min #1777 24 h, HIRFh M, FHE Y13 B N LB KIS IRAE, K72 dJG, BL1:20
(vv) LB 5 e 214 45~50 "CH) NB [ /R SRR 38 5 IHEUEE, X AL AR Y13
WK NB AR TR ARG Bl PDA BT, RIS EL00 IR B PDA 55985, #5398 7d )5, H4T
FLAS VI B V& 1A PR R 0 CEAR 6 mm) 43 RN A AR b ok g fe R R T JEU L IR 1Y) PDA PR £
FNEPAFAE LR NB A FRESPAR b, FXUZE DR N R A, T 28 CHERER A h G 7%,
FERM IR ECEE 1) PDA “PARTE b, 4 d SIS0 % HA (mm) , BB 3 IRES . iR S
RIVE AR A OB T I I AR %, R (%) = O RAETE BAe— A RV AR /
O AL T A2 — B PDEEAS) X100,
1.5 Y13 =EAMMREER GC-MS 71
1.5.1 TAZEMHKFER (HS-SPME ) WEE LM AAE Kl Y13 B (1.0X10° cfu/mL) A 1120
(vIv) BILEHI S A E1 2 45 “C~50 “CIJ NB AR IR G, ARG - 5 mL G5 Y13
WK NB AR 7R T 20 mL WS @A, SRR TR0 5 mL ANTRA Y13 BT NB
WAAERFREL, WIE T 28 'C. 140 t/min [HIRFEIK PR IR 3 d ]l Y13 B R M. FERIESUA
AT R I T [ AR AR B AR, 0 R I SR IEAT F B A HOFIC E 50 um/30 pum 1) = LI 28 /B 53 -0/
BRSO AL (DVB /CAR/PDMS, K1) o HIFHEFEE T 40 °C, fEEZE F P 1 h L
1, H AR LT 4 SLAE SO (0 B B RE 1 ARG Ak 10 min, WEALIEE K 230 °C, AR5 ¥ AT LT 4 Skl A T4
HEFERASEL 20 min, WP SRS, BGHEIHCH AT GE LS N SR - A (GC-MS) HEFE 1 fi#
#1 2 min, RJFHAT GC-MS 7347,
152 #HREMEWHEREEESN TAHEREEM: KA HP-5 A1 08B 405 A4 (30.0 mX<0.25 mm
X025 um) , HEFEOEEE 230 °C, AN EAERR (>99.999%) , EIEAHILGIRE 50 'C, {#4F 2 min,
FEME 1 mL/min, 22EERE, 0N 10 2 1, L6 C/min FHE#E S 180 C, {#4F 1 min, fELL 10 ‘C/min
FHERIEZE A 250 °C, {RFF 3 min. B BEER U (ED , BFUERAN 230 °C, GC-MS #
RS 230 °C, PUMATIREE 150 C, HLFRER 70 eV, JEFIMTEH A 30~450 m/z. GC-MS Fifd it K
28 NIST2011 JUilsHE PRS2, 4 A A VG 0 T 0 500 RO AL 5 ) BOAR HE B R I, 6 SLHEAT /e 1k i,
FH e i 0 T AR U5 — Y DA 25 AL 2 R AEDGE 7 43 ok R S/ B W R T 20 0
1.6 ERMLEYLERINEE RN

T EJE S GC-MS 73 B %7€ ) 10 BRG 2 AT 18 Y13 # R M a gt (& D, JE5 )
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R ILAN R 5, DA AR R A D R s B AT ARSI . R ik BAR k. & PDA BRR 5 PAROFAE
B SR OB e SR AE R R B DF (AR 6 mm) P43 IR 5 7 L0 0L 5 v Sk FCEE T B T P e 46
(HAA 6 mm) , HBEASS A ELC T B InA FATR P4 RGP ai i, SR )54 55 7 I X2
CEAE, T 28 ClEEFEM B B8R, A2 ABE 5. 100 15 F120 L H&E, PLIEL4EH L
TCTR K R0 R, Rk A IR LB TR R A K S B R L AR 3/4 I, D0 LR () T VR ELAT
(mm) , FEAMCPIAE 3 RS . 5 J5U LR R v ELAR I R A8 S, TR

£1 ™A 10 # Y13 BE ML EYAER
Table 1 10 kinds of pure Y13 volatile compounds purchased from market

J¥'5 Number #4549 Compound 4lifE Purity
1 T/ Nonanal 95%
2 2-T:Hii 2-Nonanone 98%
3 2-Jifiil 2-Heptanone 98%
4 7% I Benzaldehyde 95%
5 3- KL -4- 28 HEnE M 3-methyl-4-phenylpyrazole 98%
6 3,5- U T ) 3,5-di-tert-butylphenol 98%
7 482K — R T TG Dibutyl phthalate 99%
8 1E-1/\$% Octadecane 85%
9 I A R TG Di (2-ethylhexyl) 97%

10 ZX I BEM: Benzothiazole 97%

1.7 4 ESIEEL LSRR 7 M E IR R B A IS E R

DL 7 iy DLy 250 B B e R P s B, U IR HE 1) 4 Bl s o R A R A ) ORISR, 3-H
-4 IR LM SR PTHERS) P E AT TR R o SRRV M B SR 1.6 T, EAC A TR i 2 ok
10 pL, DAJELC T B3 InJG e 7K g oxf B, Ao REZE 0 D B B TR V& LA K I R SR L ELAR (1) 3/4 16F, 0 &
JRECE YA HAAR (mm) S B 1 I B R 7 DL 5 5 450 i R0 A ¥ A R MR B A A5 ) 4 TR e 4k
RIS, FRAkELUgE 3.d, MR )R St/ A KA S, AR EER 3 IRER .
1.8 HBEFKITEHH

KM Excel 2010 (Microsoft, USA) F1 SPSS 20.0 (IBM, USA) #A*HR I £t 347 g8 v A b,
HNH Duncan FGVZ%E A [F] 4b BT (] 1 22 S 0T B0 D8 35 07 22 00 i (P<<0.05) , JIT A Bt V31 £ hrift 2=

2 ZFRESH

2.1 Y13 FELZMHHRBINEIL

FAEZE AT B Y 13 B AP T0NT 10 i Jot L 1T S8145 AN [RI R P4 B v 1, LA 2241 19.2%~83.9%
FLrP RS B AR R R A BV PSR iR, AR IA 3] 83.9%, AR T T AU 25 RUB H AT SRR 4 1R 2%
B AMERER 192% (F2) .
22 Y3 FEAMYRNESEE N

K FH T 25 6] AR A R AR S AR R B 2 MO AT B8 Y13 A% R A, ) P AR €0 3% — 5 i 6 P A
(GC-MS) FrHr =k ms sy, LRI 13 Fi AR LAY, 28 NISTOS FUib it FEfiz, LRIl 13 Fp
AR A, AFEEEE. My, WS, MRS, M8, IR, BieaRas, X 13 PR G
MR RV TSR 53.52%. JLrhARE T HIIR TR 13 Mg RIS S R ALy, R
TN 12.81%; HUUR /N HEE-1,15- 058 U5, A 500 9.82%; BAIKIIh 3— IS4 08Nt
M, AN RN 1.61%. {EIX 13 PR TGP, BERACE 1A, AIXES RN 2.63%: ERA 2 5, AH
XN 7.41%; BZSAT 2 Bl AHXT 584 3.83%; BRI 2 B, AHXTS RN 15.45%; ke 2RA 1 7, A
XA 5.00%; BEeAT 2 M, AR RN 11.43% (R 3) .
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%2 MEFRAE Y13 EREYER S MEYRREE I EE N E
Table 2 Inhibition activities of volatiles produced by B. subtilis Y13 against various fungal phytopathogens

D97 J5 B AT R I [R] R R AR I %
Fungi Incubation time (d) Diameter of inhibition zone (mm) Inhibition rate (%)
WLERIAR Colletotrichum fiucticola 4 9.0+0.2 83.9+1.2
B IRIE Colletotrichum siamense 4 16.0£0.5 65.7+0.8
JEHARIH A Colletotrichum gloeosporioides 4 15.0+04 63.8%1.5
IWZE AT Colletotrichum camelliae 4 14.0+0.3 543432
B P22 0IH T Colletotrichum cliviae 4 18.040.6 61.2£3.0
BENS R Alternaria alternate 5 18.0+0.3 59.8+2.1
UL Z BHIE Pestalotiopsis microspora 7 19.0+0.3 42.1+0.7
KITAAUZE S H Phomopsis asparagi 4 38.0+0.6 19.242.6
#r BB Curvularia lunata 5 21.0+0.3 38.2+1.8
B L Trichotecium roseum 7 13.040.5 70.4+2.9

R3 HEFRTE Y13 FEXMEYRE GC-MS £EER
Table 3 GC-MS identification results of volatile substances produced by B. subtilis Y13

£ B4 1N [7] Retention time (min) A% Bk Name of compound 4373\ Molecular formula AN} & Relative content (%)
3.93 [ Ethanol C,HsO 2.63
4.01 ¥ Nonanal CoH; 50 3.33
5.28 2-T-Hi 2-Nonanone CoH,50 1.88
18.08 2-Bi 2-Heptanone C,H140 1.95
30.75 ZK 1% Benzaldehyde C7HO 4.08
31.33 3-FE-4- 2R FLnlE M 3-methyl-4-phenylpyrazole C1oH 0N, 1.61
33.64 3,5- U T H ) 3,5-di-tert-butylphenol C14H,,0 2.62
44.78 AR W — 1% Dibutyl phthalate Ci16Hx04 12.81
46.69 it —Jf Neophytadiene CaoHig 5.00
46.87 AL T RRIR (-4 O C15H3406 2.64
Di (2-ethylhexyl) peroxydicarbonate
50.05 J‘_E‘i_/\%‘u Octadecane C]8H3g 1.61
50.26 F N H 31,15 R )\ Ak C16H5004Sig 9.82
Hexadecyl-1,15-dihydroxyocta siloxane
52.33 ZR A BEME Benzothiazole C7HsNS 3.54

23 10 MR MY R4 BN B R 1

MEEFRIL (EAR 9 om) FELSFIEG S pL i, TR, RKHEXREEAMEI R AR E N AK, 10
PR RS 2l S PR R TR (100%) = (100%) >3- F3E-4-2KILMt M (94.2%) >ZKH
WEME (89.6%) >3,5- U T HKMy (72.4%) >2-TMli (69.7%) >2-Piflil (65.4%) >AFZK _FHR — T
(48.9%) >it% b —HkIR —lE (40.3%) >1E1 )\t (0%) . BHAEMEZS ARG, RS2,
A BRI PR I R N, 2R 20 pl B, R %%‘@a\ 3-F L4 SR e SRR EME 4 Fhali )
AeMfl e AR AR A, 10 PP R HAL S P20 S A 200 T/ (100%) = KFEE (100%) >3-
FH 42K JEE e (100%) >ZRTABEME (100%) >3,5- U T FEKEy (85.5%) >2-Fifli (75.6%) >2-T
i (74.1%) >4 IR R (49.1%) >SUR R Tl (48.8%) >1IE1/\kt (0%) . BEHEZ
WRER) BTy, FRE. 2-FRd . SRR, 3-FJE-4-2R0kntm: 3 5—:ﬂTﬁE%ﬁEﬁ IRTAEM: | o A A AR IR
TREEE 7 PR R A A PR S A S IR AT L T A AR R T ERAE M 259 20 pL 1,
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PR A PN B o P EE O i EAT S0 B M RO A A S Al O AL, Tl ORI 34—
R L ISR 2 DA I A PR IV ERT PEAC, E24 0 10 pl I, 3K 4 T AR G A 4Lt o SR A 0L 1 (1 4
W RIYIER] 90%LL L, 534N LR R AL S 20 AR RIS 75% (R 4) o Pridadt— D aRgTiik i
FOEME . PR FE . 3— -4 JRnl AT P BE e 4 4 R A 5 P 200 it PR v i

R4 FRIRER 10 MIER N SW AR RERERE I EE S50

Table 4 Inhibition activities of different concentrations of 10 pure volatile compounds against C. fructicola

¥R Pyat i i I % Inhibition rate (%)
Dosage E B WS TRE AR TR 2-Bi 2-THl 35 =8T KW 3-FR4K EEE T
(D) % I T T g St
5 0.00 403+05d 489+04c 6544+05d 69.8+0.7c¢ 72.4%0.7d 89.6+0.7d 942+0.1d 100.0+0.0a 100.0£0.0 a
10 0.00 4454+0.7¢c 50.7£05b 679+04c 71.9+04b 747£05c 945+0.70c 95.8+0.6¢ 100.0£0.0a 100.0=0.0a
15 0.00 46.7£0.8b 528+05a 73.1+05b 73.8+09a 799+02b 972+04b 98.4+0.1b 100.0£0.0a 100.0£0.0a
20 0.00 48.8+02a 49.1ft1.1¢c 756*02a 741+13a 855+0.6a 100.0+0.0a 100.0+0.0a 100.0+0.0a 100.0+0.0a

Ee FFIPARANE P RERORZER BFENE (P<0.05)

Note: Date followed by different letters in the same colunm were significantly different at 0.05 level.

24 (kLAY 4 S EIEEL L ESYEGITHME T ILRIREERHIIEE

4 PP RS AEE (10 L/ PR X5 7 B WL 0 2508 JoU L e 38 BT LA A g s ok, TR A
WFFCH O 6 HE 1) 4 i s e s 43 R AL S At B A B T M B O S R, Re ST A 7 Bl A
JRB AR R F R e 58 A SR A E R R . BRI R LRI B AR, S BRI B . AR
S BEMS AU . B BRI ENEEEIE 90% L by 3— -4 TR RN e RS 58 4 A R I 1
HPZRIAE R, AU 2 BRI RIS RS, A 57.2%; ARIBEM AR RIA T . Ak
JEB IR RITE . BB IR AT 2RI AR IR 90% L b, WU 22 B AR w1 PR 40 a1 3% P e I
BN 53.1%. AL, FHIHT I 0 B 55 57 L 56 2 i J5URT8CE A i A 43 R AL A 4t B e 40 1 (1 L 5
HEEMEE 3 d G, I TR SE AR 7 Bl 2508 J5 S0 1) A K3 A A8k, R L 2R 0998 5 B0 B AR
Pz Bk (RS .

x5 TREHAY 4 MELAMEREWESR (10 pL/FRD X EMENHEREFROMEEYE

Table 5 Inhibition activity of selected pure volatile compounds (10 pL/plate) against several pathogenic fungi from C. oleifera

97 S 2L FEFRIN ) I Inhibition rate (%)
Fungi Ineubation time () e ¢, 140 el 34 B e AR
C/HO CioH 0N, C7H;NS

RAERIH C. fructicola 4 100£0.00 a 100.004:0.00 a 100.004:0.00 a 90.30+0.20d
WP RIH C. siamense 4 100£0.00 a 94.80+£0.40d 97.60£0.80 b 100.00:0.00 a
JEHIBIE T C. gloeosporioides 4 100+0.00 a 95.6740.06 ¢ 90.40+0.60 ¢ 91.30+0.60 ¢
WIZERIETH C. camelliae 4 100£0.00 a 96.40£0.20 b 91.20£1.00 ¢ 93.8040.40 b
BT 2pIHA C. cliviae 4 100£0.00 a 91.70£0.40 f 100.004:0.00 a 90.30+0.20d
BERUH A. alternate 5 100£0.00 a 90.20£0.40 g 78.60£0.50d 68.040.60 ¢
WAL TR P. microspora 7 100+0.00 a 93.53+0.25¢ 57.20+0.40 e 53.10+0.20 f

e FFRARRNG PR R ZE e W E (P<<0.05)

Note: Date followed by different letters in the same colunm are significantly different at 0.05 level.

3 iFig

P 7 2 (A S M S LA A . TR AR 2 T AN B e 5, DRI AP R
PEAR B 9A R 5 A B A BRI Ak 200 36 B S A R 2 T B — 1%, ARBF9eh, b
BT Y13 $5 R MR S T R (B M A T, S O B A 2 B S B
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Ko, I REIIH 2 Pl B BB P2 A (R . Liu S5 YRS ZE AT BLO2. BSH-4 A1 ZB13 (4% R M A AT
WO PN HIAZ 22 & BERS Y Alternaria brassicaes %10 Cercospora kikuchiiv KWNFEH# Verticillium dahiae
[T 224K Chaves—Lopez 25 W77 2 WIMRVEN 2 MUAT 14 Bacillus amyloliquefaciens M49 ¥ R VS M4 fg
IS0 JI W Fusarium oxysporum W TR HAT, 2 MR35 & VS A - P9 TR 5t T B
FHAE L ANE &, AT TR W2 AT R A48 R M AR ARt 31 0™ 28, Tl 1 (3=
R o 2 AT B 42 1k A=A T s it L BT £ 25 T S P S i) ) E AR LR AT R — IR A

TH AR F A s - BB ROR AN TR 44 A VA B 4 28 M TR 7 PR 42 e MR AR v S Hh ok
HL P T G A AR (RIS A4 A A5 0 D B B8 T A R 2 57 3% . Maruzzellal" iF 5y 45
W S AR R B3 /N HE S D A WU > 186 > I > Ik > i > 5 > P Andersen 251 7M1 I 17 i s
I U 0 BERS fUTR A, Iternata W TE BURIAIRIAE FH S8 5. ABIETTAD, 4 Fiiffias th i R ) oA &4
aliih CEME. 2RI, 3-HIAE-4-2RJRIEme . ZRPTBEMe ) FRIF B v P I /N HE - R N BRI 45 2R — 3L
IS ASTI 10 pL/APRURE 2 5 I 4 FaE R A S 06s 7 s DL PRt 25 Do 0 B (XD s 1 A B, 4 b e
A GBS P R T T > 8 > 3 I G- 4- 2R SRt e > SR e e . Fop i 24 500 10 pL I, FRERESE A
F 7 Ao DRk i s SR LR ARG, TR F AR va R A e S Bk R b, A 4 R R
W JSUEAT — 5 1) R0 SCRI BRI 0 Y i 5

FEARNVTT T, SR A A ) S5 S A i BRI AZ R s i, P DA DA 2 R B A, 2
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