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Screening and identifying antagonistic bacteria against
Rhizoctonia solani on damping-off disease of cucumber
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Abstract In the study, 100 bacterial strains from some vegetables or rhizosphere soil were used to screen antagonistic
bacteria against Rhizoctonia solani by the dual culture method. Eight strains of bacterial antagonists were isolated and
their inhabiting zone against R. solani was more than 0.60 cm. Through application of cucumber seedlings, three of the
eight antagonists could increasingly promote the growth of cucumber seedlings. Seedling indices were 16.22% (60),
13.48% (K13)and 43.04% (Z84)respectively compared to the control seedlings. Meanwhile, three strains (60, K13
and Z84) of the six strains could increasingly prevent the cucumber damping-off disease with the control efficiency of
67.53% ,59. 42% and 77. 27% respectively. According to the characteristics of morphology, the physiology and
biochemistry test and the comparison of 16S rDNA sequence, three strains(60,K13 and Z84) were identified as Bacillus
amyloliquefaciens. The three strains of antagonistic bacteria can be used as a biological control agency to control the
cucumber damping-off disease.
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B HA HRHUS I B 003 P B A i i A ) B R At
o JBL TR (R PR L AR et A A 24 70 AN A
X PRI 3 T G T L AR 24 B R 0 N 2 R L A A
WBTER S & . R BIE DL B A & R A
ML B AEFANTNOCE

NS T KR/ Trichoderma spp. Wtk B
AL AR E R 2 Kk T AR AN R AR
PRt s B B sk KRB T, viride A 3E i 55 4
FNF A A FR S A o 38 B B I B IR ROCR . 55 4b
AR DA HE TIAR PR A 58 v 4y B9 109 5 ' B PR B T
Pseudomonas fluorescens X} i 22 % WA B FH 1Y
MEER . BT AR 2 W 5EAUCHE TN B — BB
O3 S 10 B A 0 DK B 3 R A0 ST R RS B A AU
KA B 558 v 43 8 % K R SURG R (R, solani) (R 45 $t
FA » fe 38 B A MDA T A AR PR 9 S 6 K SR O T
(R. solani Kithn AG1-1A) BE B & »

A B G IR L T R R A IR A R 2
WRREHARAEY AL JEDR F Y PIR &R A
WFFE N S5 2 AT 1 2 MR B AR Y AR PR - 8 55 2R
KR8 o3 B 45 3 100 Bk B A A2 B v 1 09 40 T . iF
EHOF v T A B AR A 1 52 e SR BT ST A s 1 Bl TR
ROR k13 B0 R U Wi e H R G KB %%
ML, 15 TE Sy v TG S AR B 3 A= 40y o 300 8 B B AT
BCHT A F & A 2908 SRRl T S U E v R .

1 #M#BEFRE

1.1 3wy

At 3 9 R B E ST R 22 % B (Rhizoctonia
solani) s H Y [ A b G A= W0 oA AP PR A B b O
(ACCO) 24t . g5 Ry 36124,

BN AP 5. thk 203 5, @y [ ARl B 2 B
it

LB WA B: 723 B Mk 10 g/L,NaCl 10 g/L,
B REFF 5 g/LopH 7. 0~7. 2, [ 4485 35 36 0] fin A B
JIg 20 g/L.

PDA [ AR 75 35 K B8 % 200 g/L, 4
EWE 20 g/ L, ARG F= E N A BLE 20 g/L, HilfE
5 b D8 L e U s/ ez Wk 30 min, 8 )R 4b
kg, ARAKANE 1 L I m A #4505 KX Bl g . &
W.opH AR,

FE R R H R B S T R
B AR Y BOR A BR 5T AL 2 | 5 Ak 48 L i 8 55 i)
1o 43 A ol W T b 5 A T A RS A A

20 D A 2 b R A S T T M R R AR R
BN ] DNA $2H % PCR it 30 35 0 F 4t 52 1
LAER R RA R A A .
1.2 #HiXHEEERNH &

O 4 P A T 8 55 W HE R T LB R A B 5%
H IR B (30 °CL,200 r/min), 24 h J5 Ir 5 B K
ZE 10 000 r/min.4 C FE.L 10 min, 2.0 18 & {4
FHIC K Ve 3 Uk, LAMH B AR R vk 1140, T8 B 1k =2
10° CFU/mL % .
1.3 SR 40 B x4 3 A 2 4 T AR I TE M RS A T

S AT R IR R B 25 CCHE 3R 3 d ST A 22
R B DR CELAR 5 mm) B T PDA B 3% 38 v s, Bt it
T 200 AT DA B 2 ul 43 ol T B ST R 2 R TR TR D
2.5 cm 4b, LLTCBK A X REAL . 28 “CH5 5% 48 h, it
AN BRI ER =B H R A
B VE ELAR . e S B DX B A% A0 TR T R (B B A B
#>>0.6 cm) HEAT A AR K R .
1.4 BEEZHIAE
1.4.1 0% 20 @ 35 N 29 69 42 A 48 R

JH VR G B 8 R B TN b 1 36 1TV B ) L AT
HEZEAL IR, BTN V(ER) « VUgEA) 2 V(B
TR =31+ 1 MIRGRTE" . KwIiim 8 bt
PUBH MR B S KB R RR A, i
10" CFU/cm?® .25 A 90 mm X 60 mm X 80 mm & ¥
Moh, SEECERK — 3000, 5 em) B R TR T R
ARG DE 1.0 em JRIE A, 2 7E O ERE
HARAM T AR PR B (25+3) C/R 5+
3) CLOPE MR 80 % ~95% . X A Ny S K
HIBK, B 3ANER . BIEKE S B, 48
J& A0 d, HEFT N A MR R L ZE R L 2R R R e R
BRI A o O HR I &0 T A K T B i 4 % 4 Bt
YN B AT S ST
P88 =22 M Cem) /B ) (em) X 2Rk H ()
1.4.2 40 2m 0l a5 N S AE % 69 17 2K

B 1401 TS R0 AY 6 BRI 4 JC 3 6 7E
FH 55040 T8 TR B W 4 ) 5 K R B i TR A 1
A AF I W A F) 107 CFU/em® H 5T, 3 A 3
b, YR GR B V Y0RT FE TN RR 7 E AT 4 25 A B
BRI K —50(0. 5 cm) W Fp 735 T8 F2 8k h , 3% F
[l 7EBE AR 1 1 cm Ab ¥ 2] BB 7 PDA K595 3% L1
23 d WMRIEEEYE 5 7 (EA& 5 mm) , B8 22 1 I7]
T RFESZ-ZILEEAT . Gl EHLERE
ARG AR PR B (2543) "C/®R (15 +
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3) CL O FE MR 80%~95% . [l A% & H s
JRBR X HR(CK) . A Ab B 3 A EE A EE S
o SR TR B0 JEARSE Oy ik S o Gbr o
Ge it " E R L DL BT B IR Ol X B SR
155 5 B0 S AH X Bl AL

I A b o

0 %% . Tohn .

18 23304 /N BE (525 1/4 DLF

2 G ZEILTR R BRSO A H 2RI 1/4~1/2,

3G RS BE (5 ZEF Y 1/2 DL AR R
IR ZE

A G ZE TR BE L 45 4 R K R RRAE T .

WTEIR A V0 = 2 ORI A X ZH ke E0 1/
G A B AR > e s 40D X100
AR B2/ %6 = b 8 45 1 48 % —

Aob 3 955 5 45 K50 /%6 BB 20 99 175 35 % < 100,
1.5 RERARNETE
1.5.1 BA¥HAmANER

H U0 B 45 B 40 TR DA BR 4 Bl T LD A B R
12,30 CHiFR 24 h F MR R IESIF R 2 R A
JEBEK . S IRUA AN % F M R R L 40 i
G F MO R FH AN B ki A A R B 6
Pt ) i 2 R L R 43 R L 45 R G 28 4 R
DA B A B Lk e A L0 AR B A R AR AR R AT
M
1.5.2 16S rDNA 53| 5 #

K CTAB 351 482 BUME B 45 Bt 40 5 35 I 41
DNA, HL Uk K 56 5] 20 ot &, & — 20 "C ORA7 #5 H.
Ve 40 B 38 51 (27F . 5'-AGAGTTTGATCC-
TGGCTCAG-3',1492R: 5'-GGTTACC TTGTTA-

CGACTT-3"), Lk H #5 B bk 1 5 I8 4 DNA hy #55 4z
47 PCR ¥4, PCR J b # 75 . 94 °C Bl 4% 1
5 min; 94 “C 284 30 s,54 “CiB k 30 s,72 °C ZEA
30 5,35 MEW ;)5 7E 72 C F ZE{# 10 min, PCR
RN =Y el g L T 84k 5 P (A6 5t i
HEHARG R A D LR S GenBank it SE Y
At T ok e 80 28 47 AH AL M BB X6 Chttp: //www. nebi.
nlm. nih. gov/),

1.6 HEFI+SHH

K H Excel 1 SAS B AF#E 17 8048 21t 50 17

2 HRE5SH

2.1 B 40 E X I A 2 A% Y E AR H0E

AR B R P AR PR - 4 4 PR BE 43 25 0 100 Bk 4R
BRI 3 A P AORT IR 3 5 T R A5 Bk X ST A 24
DA S5 A 0 o) A50R  TE AR HEh 8 Bk (60,8186,
C621.H16.K13.Z13 FI Z84) 3 & VE 1 5 8 » 300 14 45
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Fig. 1 Inhibition zone of tested bacteria aginst R. solani
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Fig. 2 Inhibitory activity of tested bacteria aginst growth of R. solani
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2.2 BEZHERABER
2.2.1 i mA SRS A LR

R A5 R R W] L B 81 F1 C621 Xf B R4 i
9 A K 7 A A A PR A Ho Ay 60,86 H16.K13.213
F1 Z84 45 6 fk TR X B R 4 B A R AR ROR o
60.86.Z13 FI Z84 fig fk & k3 I 4y 1 M b 40 £
%t BRAE 4> BN T 13, 5% .16, 5% .12, 6 %

30.0% ;60,86 F1 Z84 A AT i 3 Pk 3% Jin 4 1 () A=
Yk, 50 AR L 2 BB T 17, 026,18, 1% AN
23.4% , MBS —WUE A 48 bR, vT B AT 1 R
Wy 7 1 B Sk F R, MO R SOk & L 60,
86 K13 F1 284 4 I 25 Hb A T X MR, A X PR & T
13.5%~43.1%(FE D),

F1 MEERNERGBEEKNFIE
Table 1 Effect of 8 strains on growth of cucumber seedlings

g3 B R/ cm b6/ g B/ g BEYRE/g e 48 5
Strain Plant height Shoot biomass Root biomass Total biomass Seedling index
CK 9.44+0.35b 3.33+0.19 ¢ 0.82£0.05b 4.154+0.19 b 0.157 9 b
60 9.58+£0.40 b 3.78£0.07 b 1.0740.06 a 4.85+0.22 a 0.1835 a
81 8.53+0.26 ¢ 2.4940.08d 0.41%0.01 ¢ 2.91£0.08 ¢ 0.123 8 ¢
86 9.00=£0. 30 be 3.8840.06 b 1.014£0.03 ab 4.9040.14 a 0.203 0 a
C621 8.17+0.11 ¢ 2.5040.09 d 0.51+0.01 ¢ 3.014+0.09 c 0.111 9 ¢
H16 9.25+0.23 b 3.53%0.20 ¢ 0.8540.02 b 4,384+0.30 b 0.178 8 ab
K13 10.05+0.20 a 3.66+0.13 be 1.01£0. 04 ab 4,.6740.20 ab 0.179 2 a
713 10.074+0.17 a 3.754+0.12 b 0.774+0.01 be 4,524+0.40 ab 0.167 9 b
784 9.23+0.35b 4,33%0.09 a 0.8140.03 b 5.1440.21 ¢ 0.2259 a

TE RV BCE R M R E R RRFE 0.05 K E R 2F . FERA.

Note: Values followed by the same letters in each lumn are not significantly different at 0. 05 level from each other

according to Duncan Test. The same as follows.

2.2.2 HiAmE A EINZARY G LR

FhHR A B I 45 AL I R 1 6 RS B Al A
rh X B I A 38— 2 1Y B AOFE L 4 ) ok
JRT 60 K13 F1 Z84 Bj iR %R e o i35 o AH X Bl 2L
Ay REE 67.53% .59, 42% F1 77. 27 % (£ 2).,

R2 HRAEMERIEROZRERR

Table 2 Control effect of 6 strains on cucumber
damping-off disease

TR 97 175 46 X HART B AL/ %%
Strain Disease index Control effect
CK 3.0840.16 —

60 1.00£0. 05 67.53 a
86 1.7540.04 43.18 b
H16 2.00£0.01 35.06 b
K13 1.2540. 04 59.42 a
713 1.8540.06 39.94 b
784 0.70=%0.02 77.27 a

" PIRRCR .

Note:“—” No control effect.

2.3 ARERARNEE
2.3.1 HHELH KR

3 B (60 K13 F1 Z84)fE LB #5354 ¥ H
R (B 2) 560 T& 7% LI AGH A MR, # %
PGFN L o b K13 B v e 1w MRS A ke, 30
GXNHLIN 5 Z84 TR P& FTH G o 3 AL, 5T MRS AR
PR BT LN 5 BT 4 220K 5 3 AR TR TR AAR SRR AR AR L, 3R
PR 2 QG B BH P SR ATAR e a3 ) e v i 4
FHZEZ N,
2.3.2 AmAMLKT

HRAE 3 20 T A T 28 R AE A AR B A= b 3 56 45
(3 3) W% 5E 60, K13 1 Z84 WA B 2E AT B (B.
subtilis) B fR VERY 2 AT & (B. amylolique faciens) ,
2.3.3 5T AEMDHFER

60 K13 Fl Z84 Bk Z M ¥ 4347, 16S rDNA J7
GIK BE 4y B R 1 459, 1 455 A1 1 459 bp, 7
GeneBank 4 5 i #F 17 BLAST [a) P £ & . DU
16S rDNA J7 41 [6] ¥ P hy 5 il 2 ) R 458 & & W
(JE 3), 60, K13 1 Z84 B#k5 B. amylolique faciens
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Table 3 Physiological characteristics of 3 strains

i { Wtk Strain UigE| Btk Strain
Item 60 K13 784 Item 60 K13 784
2 R + + + % F K i + + +
V-P )i - - - e £ 7K fif + + +
21 + + + Ty A i 4 1) + + +
5 i g + + + PR 5 - - -
7] 2 + + + HA e 7K figt + + +
(IE (SR + + + 105 TR £ + + +
A + + + NaCl 2% + + +
H & + + + NaCl 5% + + +
HEEm + + + NaCl 7% + + +
TE M3 K + + + NaCl 10% + + +
T R B N 5 — A B S i
Note: + represent positive reaction; — represent negative reaction.

M FR— % F. 4. 60 5 B. amylolique faciens
NK3-15 (JN661699) [d] ¥ 7 5 ik 99%; K13 5 B.
amylolique faciens Hk3-1 (JF899255) [A] IR ¥ ik

999 ;7284 5 B. amylolique faciens 1L11(JN700124)
[l P EIS 9996, AL . 28 5 5 T Bk 60 K13 1 Z84
N TER ZEATH B. amylolique faciens,

Bacillus amyloliquefaciens(JF899254)
K13

99| Z84

60
100

66

Bacillus amyloliquefaciens(JN700124)
Bacillus amyloliquefaciens(JN661699)
Bacillus subtilis(AB065370)

94 485|

Bacillus acidicola(A¥F547209)

Bacillus carboniphilus(AB021182)
Bacillus mycoides(AB021192)

100 [ Bacillus anthracis(AB190217)
99

Bacillus cereus(AF290547)

Bacillus fortis(AY443038)

100

Bacillus farraginis(AY443036)

—— Bacillus fusiformis(AJ310083)

1 00; Bacillus sphaericus(AB271742)

—_
0.01 0.00

PRINGRAR B 100 4> 16S rDNA §EE 7] P A 1 Al 22 4k

Rule represents a nucleotide replacement among 100 16S rDNA nucleotide sequence.
3 BL16S rDNA FE 51 E R K 60.K13 0 284 MR Z L E#H
Fig. 3 Phylogenetic tree of three strains 60 ,K13 and Z84 on 16S rDNA sequence homology

3w o#

L) A= 7 A0 T 2 A A7 b S R M AR B L 2K
(9 B A (2 HERE A 2RI (B IR LR T 3 AR e e

f—Rhak Z R DI RE R A S5 B . EANE R A
FEAB BA M B ( Pseudomonas)  2F W FF B (Bacillus) |
+IEFT B (Agrobacterium) F1YH E5 K& (Serratia) J@
8520 Z A Bl Jm i AR PR AR W BAT B e e AR B T
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56.3%~89. 104, BEMEAE"Y K BLAF H AT B A 1
ARG Ik S W) 50X 7 8 0 I AT 54 4 B 3 A%
o ARG R BT, 3 bR A5 P A T A (U0 B
JRA B A B A A 4 L T HL O 2 IS Al s B A
—E B BTIRBOR .

HBiT © A 7 R 25 J AT T X 7 Al 22 8% 18
Fratpal s T 2 8 B in A Y F I AEH . AERE
e 86 AR AE AR PR 4 B A5 20 1 kR R 258 4T B X
ST 22 R T A S BUVE s Guo %R B.
subtilis strain NCD-2 43 f) fency $T # ¥ b5 18 57
g o BT B 2 5 17 3 BEWF S0 R B2F AT I X ST
il 22 K% 5 BUAE T i R A TE Ry 28 A AT TR Bl
16 TR I S Al A B 2D .

A 3 BRTA (60 K13 Al Z84) By P 25 45 ik A1 2
PR B o) 20 1 M 5 A B ZF AT TE B. subtilis
BRI VER F A B. amylolique faciens, %4 16S
rDNA J7 51 43 #. 3 Bk W 5 i TE By 2F AL AT OB,
amylolique faciens [R) IR P& 5 » e &5 3 ¥R X €
h AR VE R 2 A I

i R4 B 1 3 ke RIS A RN B AN B R A A
FUSE A i 1) B 36 28 A7 B UF RO S A 1 T 0 98 X
H A 3% 3 A2 A= A 1 B A RO E— 2D AL R
PRI R XS i 3 &) B AR B P B8 3% 0 19 415 L A 2R R 5L A
PUAE I S FCROR - TT e 2 91 i A e R0 58 1 91 02
AT . B AR S O A B B AT B T T
JIH 3 BRAGHCR b i 2K P A W B R B T R A
BEE T LA I 5 b v P UE
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