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Abstract: Wheat gibberellic disease, caused by Fusarium graminearum, is one of the critical fungal dis-
eases.It seriously threatens the safe production of wheat, and thus imperils food security.As one kind of effective
and safe biodegradable prevention and control measures, biological control has the potential of sustainable de-
velopment and has been paid more and more attention in recent years.The purpose of this study was to deter-

mine the antagonism to wheat scab and to provide theoretical basis for biological control.In this experiment, en-
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dophytic strains were isolated from wheat roots, stems, leaves, and spikes and were screened by plate confronta-
tion method to test their antagonistic level to Fusarium graminearum.The results showed that 7 strains isolated
from wheat were the antagonistic strains, and the strain WY=3 from leaves performed the best antagonistic ef-
fect, and the inhibition zone diameter reached 26.3 mm.The physiological and biochemical characteristics of
WY-3 were compared and analyzed by 16S rDNA sequence, and the result revealed that it was Bacillus siamen-
sis.WY=3 also showed good antagonism to Colletotrichum gloeosporioides , Rhizoctonia solani, Sclerotium rolfsit,
and Alternaria kikuchiana , the four common pathogenic bacteria. WY =3 could be hydrolyzed by hydrolysis with
casein, starch, and gelatine and showed strong resistance to antibiotics of chloramphenicol and ampicillin sodi-
um.The antagonistic strain WY=3 has good antibacterial activity against Fusarium graminearum and is compar-
atively friendly to environment, thus it is a valuable antagonistic strain for biological control.
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Fig.1  The diagram of antagonistic in vitro
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B PR (R 1), o5 BT 20 5 T3 A 4 T A Y Xy-1 "t 24.0+2.4
14 % . oAbk WY -3 (1945 i 3OR i XY-2 n 18.9+1.2
G-, AR Pl 9 75 26.3 mm (&1 2) o WY-3 nt 26.3+1.3
22 WY-3EMBERIGNE XJ-2 £ 28.4+2.1
RTINS TR WY =3 YRS PLIE 2 XJ-3 % 30.142.1
AR AT IR B SRk T R e X$-2 i 20.8+0.9
4 RO IR AR KR SCR . k2 XG-7 i 27.3+1.1

AT, WY =3 TR BT 4 Fh 30 [ A A A=
RESAMFIRCR, D) TEERSDUR , e F 2890 1 400 B8RP 2 B N 32.167 mm , SR 5«
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Fig.2 Antifungal activities of WY=3 against Fusarium graminearum on PDA plate
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Tab.2 Antagonistic activities of strain WY-3 against four plant pathogens

9o JEL AT PP B AR /mm I /mm
Pathogen Antibacterial circle diameter Average value
KIe RIILIRH _
259 19.8 233 23+3.1°
Colletotrichumgloeosporioides
AEST AT
" g 26.1 23.5 27.0 25.5+1.8"
Rhizoctonia solani
BTN R
31.0 24.9 30.3 28.7+3.3*
Alternaria kikuchiana
SESIE)
30.9 30.3 353 32.2+2.7°

Sclerotium rolfsii

2.3 WY-3RHEMRERE NN E
23.1 RN
T WS WY =3 A A, B B NA BRI, T 28 SCTR AR (160 r/min) 4% 3%, 7F 625 nm
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TEME AR RS 3% 76 625 nm K R oD . H11& 3b AT, WY -3 AR AETE 10 ~ 50 CHEE F A K, HAE
KEGE I E N 28 Co R THFSE WY -3 fieidi A= 4K pH, R0 B TS [A] pHAE ) KB NA 55352004, 728 °C
TR (160 v/min) 55 3%, 7E 625 nm K T ODE . & 3¢ AT AL, WY-3 B R 7E pH 4.0 ~ 10.0 JE [F A
ARe AR, Hohalm B AR K Y pHAEYE I R 5.0 ~ 9.0, fiedf pHE N 7.0 ~ 7.4,

2.5 077 b 251 €
21

5 0.6 5 205
(] (] (]
T§ 7§0.5 T§ i

1.5 1.5 4
Q Q0.4 Q
&) &) &)

1 0.3 1
o @ o
Q Q™ Q
0.5 QOI Q0.5

0 0 0 0

50 60 0 2 4 6 8 10 12

0
0 20 40 60 80 100 0 10 20 30 40
I Ta)/h Time IR E/C Temperature

(a) AR M2, (b)WY -3 Sl i AR 2, () WY =3 fialh pH A= Kl 2]
(a) The growth curve of WY=3, (b) Optimal temperature growth curve of WY=3, (¢) Optimal pH growth curve of WY-3
B3 WY-3353R A
Fig.3  Test of WY=3 growth conditions
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®3 WY-3EHHE
Tab.3 Biochemical characteristics of WY-3

FHAE FHREEIR FHIE SR
Characteristic Experimental result Characteristic Experimental result
it ) P .
Glucose Beef extract
FLBE . g e N
Lactose Ammonium nitrate
HEem: . T BL .
Mannitol Yeast extract
REBE HAWR
+ +
Sucrose Peptone
Wil ete . i 2 K i .
Gelatin liquefaction Casein hydrolysis
TEB K fiFt .
Amylohydrolysis

“+ 7 FR AR RN B

“+”represent for growth of positive reaction
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AN PUAREN 2 Bh b A I IR AT RO AR, 205k 2 1 39.6 F125.9 mm , RIAKEHURE WY -3 X S 5
OV VUM BAAT B B 25 78, T WY -3 fERERE R TUIR R R EE 2 3 M NA Al L A R B AR /)
T9 mm, R WY =335 3R 2 B9t 2545055 (R 4)

() /&R, (DHHER, (OWHEK, () RIBER, () Z RPN, (HCK
(a) Chloramphenicol, (b) Streptomycin, (¢) Tetracycline, (d) Kanamycin, (e) Ampicillin sodium, (f) CK
K4 SEBUE WY-3TEMAR R R A SR B 53 2 d 5 i SRR

Fig.4  Antagonistic bacteria WY=3 in different antibiotics added to the culture medium after 2 d renderings
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Tab.4 Antagonistic bacteria WY-3 drug resistance experimental results

iR 25U /(mg - mL™") 7% H A% /mm I YE H AR /mm i 245 2k 5% 553
Antibiotics Drug concentration Colony diameter Average colony diameter ~ Drug resistance
25 36 389 440 39.624.1° 5%
Chloramphenicol
) 100 8.1 8.3 8.2 8.0+0.1° 55
Streptomycin
PUFFER
) 25 8.3 9.0 8.8 9.0+0.4° 55
Tetracycline
FIREE R ,
. 50 8.3 8.2 8.4 8.0+0.1° 55
Kanamycin
R PUAREN
10 24.8 239 28.9 25.9+2.7 [

Ampicillin sodium

X8

— 40.1 413 39.9 40.4+0.8" —
CK
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25 HREWY-3EEER

P25 R 7R, WY =3 RN 16S tDNA JFFIH B R 1509 bp. 4% 5 51175 NCBIZU 2 £ 17 blast
HeXJ Chttp://www.nebi.nlm.nih.gov/) , & FH MEGAS.2 X} JE 81 64T R G AU o i 3 F 22 R ge b Ab i (&1 5) ,
K5 ZIIWY-3)8 T2 8 , 582 25T 3 (Bacillus siamensis )[R RYE R 98% , 45 A Ho A= LA {4y
AETDRE WY =3 B AR 20 S0 i 2 25 A A
WY-3
KY952712.1 Bacillus siamensis
MG839278.1 Bacillus siamensis

NR 024689.1 Bacillus atrophaeus

NR 104919.1 Bacillus tequilensis
98

NR 024693.1 Bacillus mojavensis

99 90 " NR 104873.1 Bacillus subtilis sub sp.

NR 074923.1 Bacillus licheniformis

GQ911554.1 Bacillus pumilus

| GU271135.1 Bacillus cereus

GQ181059.1 Bacillus megaterium

K5 HR¥E16S rRNA P E R 5 & B W

Fig.5 Maximum-likelihood phylogenetic trees based on 16S rRNA gene nucleotide sequences
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PRRCR o ZF AT B AR 008 i L TR B RS B0VE T 2 14 22 S 58 BT IR 5200 S0l i S IR S8 iE W) 2 F AT TR
BOS {14 T 22 S IR 1) A T AR 140 EL A5 1) T I 7 P %702 2 e 410 ol 4 T B S AR E R A
TEPUE R WY =3 S AEM &R 73 2545 20 1Y , BB A5 7EAR Y H A B A7 7 A= F550VE T LA K BE A Hh s i 31 2
faS EEATRIETE . A, TS0 247 S50 28 S8 1, AR PN A 18 Y S PR A 7 T it AR RV 2 )
RO RO AR AR A R S B R O 5 B IR, DA AR R A R R AR DA AR R Y AR B AL
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P, R R AN 18 AR LSBT B R G 18 AR 0 AL WA R e EA AR B X E Y LT
SR T EL N AE T AT LOE G N M AR [ A )R] L d i A i 1 e T a4 , DR LA A
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