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bk — RO R IRmE, 8 A kwkjT4, BHREA a9 RIMPE F b, KA S0 % 19
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Isolation and identification of an antagonistic
bacterium against Rhizoctonia solani, the causing
agent of rice sheath blight
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Abstract: [Objective] This study is aimed to isolate and characterize antagonistic bacteria
from soil, and evaluate their in vitro inhibition and control efficacy against Rhizoctonia solani,
the causing agent of rice sheath blight in a green house. [Methods] Serial dilution method and
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dual culture technique on agar plate were used for screening bacteria. Strain identification was
based on morphological and physiological characteristics, and phylogenetic analysis of 16S
rDNA sequence. Control efficacy against rice sheath blight was evaluated by seed bacteriza-
tion tests in a green house. [Results] An antagonistic bacterial strain against Rhizoctonia so-
lani was isolated and screened from vegetable rhizosphere soil. The strain, designated as
kwkjT4, exhibited excellent in vitro inhibition against the fungal pathogen. Its control efficacy
against rice sheath blight was comparable to that of jinggangmycin. It was preliminarily iden-
tified as a strain of Chromobacterium pseudoviolaceum. The optimal growth conditions of the
strain were as follows: pH 7.0, temperature 32 °C, incubation time 36 h. Inconsistence with
those for the bacterial growth, the optimal conditions for accumulating inhibitory substances
were pH 6.0, temperature 28 °C, and incubation time 48 h. [Conclusions] Strain kwkjT4 had
potentials for the biological control of rice sheath blight. This is the first report on the antago-
nism of C. pseudoviolaceum against Rhizoctonia solani.
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mobacterium pseudoviolaceum

TR FE S A s A2 FH 7 A 22 4% T8 (Rhizoctonia so-
lani Kihn)5 &0 1065, Tz 004 TR &
AKREFE XA AR, B RS BRFT . ZEE.
it AR St Pl (25 P R HE , B X Cndiin e |
Jit 2R B4 0 ) A A A AR AR, K B SRR Y
KA H # N, FEFREHR VLR A m Ty i — ey
X, HETCHFRERZ AT, KRR EZE, i
KRR RS | R B RS Sk &
Mg, GhSeR W, ThiEmEs, faiz, m
1 B 10%-30% Y 77 f 4 2k, ™ E A 0T A Gk
50%, AR & BRSO S K R S AR, BT
P FBARE R, APURE RN T R,

I EKFE SO 0 B 1A T 2R AR I X
2, (BRI SRR B — 2550 m] A Sk b 2 1
[R)ER, FEI] pE AR S I &R T I B R B
BILEL T, e R R EE N R, MEE T
2002 AEAR IR ERD, Mk, b TR
Bisiias, TRAT DEIRZHIE XK RIS R i B iR
W o A LB URE Y A ) Rk B S
HiRBHA IR SRR, BA ) 2R, —
B, AORGREZEAIAT I (Bacillus subtilis)® ™
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AR B I 7 (Pseudomonas fluorescens)**? | &
K I% 4 B (Helminthosporium gramineum Ra-
benh) 3V F14% 25 1 (Streptomyces  sp.) AT LIAE Ky
TWETE KRS A BT T« A SCAAS B g SR B
- HE v 3 L — et KRR SR T EL A B
TEPEANE, sl kwkjT4, B4 B4k
1 16S rDNA Fea koA, I %E s
4, {4 FT & (Chromobacterium pseudoviolaceum), iX
SRS O KT TS UK RSO TR I B IR ARE . A
SR SE T AR kwkjT4 A= R0 B 15 P
A R S5, DA TR A B K AF SR
o5 IR 2 2 AR I B A, AR ZR KRR LU & 4
AR A W B I it B ) B TR R R A AL ) 2
TS

1 MEEFE

1.1 KIBSMHE IS

IKFESUA TR GD118 B Mk F A pa A b KA
Yy 3 R SR B B, DARAX B 2R
TE=70 °C VKAF AR FR ] s B A A
fE(PDA)KEF3E, 28 °C #55% 2.d,
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1.2 HENDE

+HER AR MBS SARPR, ISR KR, F
32 °C kv 24 h, BUSMIK, KH RN BEL ST
N, PRt RpE e, Zkaifh., AR .
TRIBCR FH B F7 1A 1 (NB) IR i AR B 7R 4
1.3 FHiIdE R THIE

TN R (4 577 08 R SO IRE S SRt
FIMEAE PDA -4 | 28 °C ¥53% 1 d, 11 0.5 cm 114
FTFLER B U, B 1 B — PDA AR L,
TEFERADE 3 em bR 3 A4S sk o3 B A 4 A
28 °C ¥i3: 2d.
1.4 RERIVEEMERINE

BHEALAHS PR S TS RN 2 NB WA 77
Frfr, 28 °C. 180 r/min PR 1555 24 h AE AP35
FY, e 2% (VIV)REF R 2 & 100 mL K
FRHEM) 500 mL = fifiHr, 28 °C. 180 r/min 47
Higt 24-48 h; KT 8 000 r/min Z5.0> 10 min,
1 mL F3% 5 30 mL PDA 5537 3L 1R 41 8%
B (9 cm), ¥ANE T AR o 42 b SO T T
(0.5 cm), 28 °C #%55%, FpXf K 2 IEFE ML ST
DN 00 1R P /N (em) o RIS, BRI PR A 1 2% B
22, FE G PSR 22 AE K SIEEAR L., L
AINFEHUIE K R A VR % ], 3 3 AN
A2 o AR R R (%)= BR B 229" J E A% — Ab FHEA
Lo R AR FR T 224 e F A% x 100 1,
15 IEFRFHMEBEREEKMNEFMLEN
=AU

& 2% (VIV){Erh e 7R 2 NB
Wk R, 180 rimin JRi7 85 5E, 0BT AR
f pH. BEFRIREE R ST, M A
SR RRCR o 20 P AR S SR A OB EE T,
T 640 nm i ¢ H: OD fH(UV-1206, HASEE),
1.6 RERHIRIE

IRLREAY, B 2 d, B 2 d IR SORG T
B2z, 28 °C ., 90%—95% % & N KFH5 % 3d, LA

YRR . HECE, B 1-2 d, B,
10, 434 K H (1x10° Pa, 40-50 min)., B0k
B 5 K +(1:10, VIV)FE/MR-A 0 3 1+,
X ATH IR (45 cmx30 cmx10 cm), &+ IR
F—2, BANERFEFR 200 WAER(BK 11), B
EHINREREFE, 28 °C-30 °C (&) 20 °C-22 °C
(), WL 85%-90%, FIARMLSM. RA Tk
(1) FhFRIEAETCE FRAKS 2 d SRR (6
HR); (2)Fh T2 M e R R B 7 i (1% 10° CFU/mL)
2 dJEHER; (3) XHERERNE 10 d HIAEXIEER
(5% T A MR 300 )4 (o e I SR A T I RIS 55 . A
FEPAEATRE, FEPLIX 4IRS, R 3 K. #&
Flv 3 G, FHACHEREHLIEA 100 MRREN, Kidrsl
Tl A0 o R BE o 5 FH AR X Bk e SR B
EIXH 7 TR 25 T (%)= (s BXE 1 S MR PR 153 ) % 100, By
B (Vo) = (X HR ) R X B e — A L P A X5 B e
JEE )Xt BE P AR X BE 5 5 100

1.7 EMERE

171 FASSHIBEE: 0355 48 h G HTTE
TN A BUEaRLE EEGRHE . 22 R
ZIESCHR[16], A= FRARAE % E F I8 Kampfer 2501
EfBUN iR

1.7.2 ‘AEEFLHE DNA 2ES PCR ¥ 18 407
LA 2 DNA RY4RBURT PCR 7= H A [ I5R PR 7
SR RFEEREA A, )RR

16S rDNA J¥51) ) PCR 3R 38 FH 5 1 91X (1E [w]
5149 5-AGAGTTTGATCATGGCTCAG-3', [ ]
519 5-GGTACCTTGTTACGACTT-3', " I
J¥4: 94 °C 3 min; 94 °C 40's, 65 °C 40 s, 72 °C
1 min, 3£ 30 MEER; 72 °C 8 min, 544 LA
FP A T 58 o

1.7.3 RHERES: R BLASTn #)FAE
GenBank %4 e rh A T [ JE 7 5148 % . LA E. coli
16S rDNAJFFIVE A, T MEGA 4.1 847
LI R R G % B (A ke, If
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I Bootstrap {4 Xt kA it

Srpt

2 ZR 5tk

2.1 KIEYHERBIEE R FIE
HZRS B NG SR bR I o3 254 161

PRANTR, XTHH 17 PREA WA IR RAE 1) 40

PR HPPAOGIRFE A TR, 05 T 3 BRRKARSL

R BA TR BERR, 95 kwkjT4, 12

17 (F] 1), kwkjT12 Fl 17 53 1A S 5 MR A

il 7 (Pseudomonas aeruginosa) F % 4 #T B

(Bacillus sp.) (&5 5K IR). B MRS B 0
AL ZE AT B C Y, S KRR EOR R A Bl B R o

1 000 K A5 &

1 3HEMAREMNUAEIINES
Fig. 1 Inhibition zones of Rhizoctonia solani by three
strains of isolated antagonistic bacteria on agar

SR X URF VA A2 A e B 7 228 AR TR T 1 AT
Sy 7 B BB TR BT S RS B
FE o N T HHGX 3 RN R X SR PR AR S M i 1
M, KR BER L) —E LRI ZE PDA Ri3R%E
DU s 20 TR TR 22 R B, THARLAR X
B, Z5 RN, kwkjT4 B0 B3R 4 2 i 2
JHEO B (Kwkjd2) AT 25 A0 AT B (KwKj TA7) 5, 40 350
M 55.1% (5 1), PRI, 2EHk kwkjT4 Bkk#EAT T
— W5 .
2.2 kwkjT4 BEHRI SR B 24 KSR
E§|]|‘]

Xf BROUH R PR 22 AR KR H, R R A, B
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Yoo JH kwkjT4 mbk A B BUR, me2ER%2
m, WAL, 248, SR k(A 2), di
AL i nl st LR E i 7/

R1 3HFEMAE S E R HHER

Table 1 Inhibition against Rhizoctonia solani by
three strains of isolated bacteria
; Papi . kwkjT kwkjT
AR Strains coriel kwkjT4 12 17
WY R EHZ
Diametersof ~ gg1a 3820 482" 546"
mycelial
growth (cm)
LEDSEUITES
Relative in- _ 5512 42.7° 35.1¢
hibitory rate
(%)

Ui AT hRA AR R B A B 3R0R 28 5 A i 3 (R i 22 vk
5, P=0.05).
Note: Figures marked with the same letter mean within rows

are not significantly different according to Duncan’s test
(P=0.05).

B2 GHERLIESUE

Fig. 2 Light micrographs of Rhizoctonia solani hy-
phae growing on agar

AL G Br BARE kwkjT4 &2 &AL

Note: A: Untreated control; B: Treated with culture supernatant
of strain kwkjT4.
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2.3 Bk kwkjT4 £RKFEFEMIRER  BEERMA: pH 6.0, HE 28 °C, HiFERTH]
RIEFRMH 748 h (Kl 3 A-C). 4B B TR 17 14 o — i

PR kwkjT4 19 il 2B K 454k pH 7.0, SR AR, X AT RE SR A el AN — 3L
32 °C, A KAFEM N 36 h; MEEHY =4 WEK,

A 80 - —&— 0D64O - 08

—&— Inhibition rate
70 1 07

g 60 ¢ 1 06
g %0 {105
5 40y // \ 1 04 §
£
= 307 103
=
U {1 02
10+ 1 0.1
Q —./ L . . . . ) \. 0
4 5 6 7 8 9 10
pH
B 80 —&— Inhibition rate 08
+OD64O
0T 107
Sewl NS s
[
B 50 b X 105 _
g 3
I 104 g
= 30 | o3
=
20 r _ 1 02
10 7 ‘-\.\.\\. 1 01
g ' ' ' : : : : 0
20 24 28 32 36 40 44 48
Temperature (°C)
C 7 108
Sl k’f’é‘-&!—\—- 197
c\ 04
i 50 | 0.6
S 40 | 105 .
.5 —m— Inhibition rate {04 8
5 30 t 3
i —e— ODg { 03
S 20 | 02
10 0.1
L 0
12 24 36 48 60 7
t(h)

3 B kwkjT4 £RKFMGF MR~ ERRIE pH (A). EFFIRE (B)FNFTE(C)
Fig. 3 Optimal pH (A), temperature (B), and incubation hours (C) for the growth and inhibition against
Rhizoctonia solani of strain kwkjT4
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2.4 FEMAEELEREIRIEEH

Tl 240 A1 Ak 06 2 A o A B A T I 2 )
B, BRI X A8 s R
IKFESCR 2 T A%, HBURE R. solani LI
2N R AZIEA S RT3 kwkjT4 B R
R A7 R AR N B 0 b, JE
U 28 2RI A B, A2 TR RO SRR 1Y B ARG
61.9%, FHART X R % AR, (AP [H
o i 2% 5 (P=0.05) (3 2). K& kwkjT4 T &
W AR H B3 R0 (45 K R ) o ixX B2 R
PER, AR AR ELA T & R B R A RS

25 Bk kwkjT4 BIFEZS F4EE

R kwkjT4 A9 22 [QYe 2 B, BRAT
Ry FRAR, BSOSO HES, A AR
7E NB Bl F-IL_E 32 °C K555 24 h &, % HiE
1.0 mm-25 mm, REHIEY =6, FHEL G
BB, ROF. DG, B A%EEST . AN
HI (& 4)
26 RJERBESH

ETAEMET 16S IDNA REELEW
(B 5), 25K, Wk kwkjT4 S B
C. violaceum (JCM 1249")#1 C. pseudoviolaceum

2 kwkjT4 EHRR SR AR =X ISR

Table 2 Control efficacy of seed bacterization with kwkjT4 isolate against sheath blight in green house tests

e} XFHR(K) kwkjT4 PIATE-+ 5
Treatments Control (Water) Jinggangmycin
WAL 53.6° 20.4° 18.9°
Relative lesion height (%)
B - 61.9% 64.7°

Control efficacy (%)

e [FB bR A AR )7 BE RT3 22 5 B35 (B W 22 14046, P=0.08).

Note: Figures marked with the same letter mean within rows are not significantly different according to Duncan’s test (P=0.05).

4 B kwkjT4 BYE 7% (A)FLR R ZS(B, x40)
Fig. 4 Colonies (A) and optical micrograph (B, x40) of strain kwkjT4
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| kwkj T4
100 . .
Chromobacterium pseudoviolaceum LMG 3953T (AJ871128)

561 | Chromobacterium violaceum JCM 12497 (AB594767)

100
—— Y——Chromobacterium subtsugae PRAA 4-1' (AY344056)
100 Chromobacterium piscinae LMG 39477 (AJ&71127)
. 0.02 | —— Chromobacterium aquaticum CC-SEYA-1T (EU109734)
9 Chromobacterium haemolyticum MDA 0585T (DQ785104)

Chromobacterium fluviatile ATCC 330517 (M22511)

Escherichia coli ABU 83972" (CP001671)

5 #F 16S rDNA FIIR ARG L B R
Fig. 5 Phylogenetic tree based on 16S rDNA sequences
TE: AR AR EAE R b T BETE IR, PR R oK 100 MZ IR AT 2 M.

Note: Bootstrap percentages are shown in branches. T: Typical strains. Bar indicates two substitutions per 100 nucleotide positions.

£ 3 kwkjT4 EHRBYEIB4S(E

Table 3 Physiological characteristics of strain kwkjT4
ME+EHn Test indicators C. violaceum C. pseudoviolaceum kwkjT4
IS HENLEE myo-Inositol - _ _
D-H & D-Mannitol = _ _
D-1LiI%4f D-Sorbitol = _ _
1,4-T i 1,4-Butanediamine = _ _
NIREL Propionate - + _
FiEIREL Citrate - _ _
o-filil % —i2 a-Oxoglutarate = _ _

L-RAZMREL L-Aspartate - + .
L-52 &R L-Leucine _ _ B
L-fifi%#2 L-Proline _ . .

L+ PEME - B

Note: +: Positive reaction; —: Negative reaction.

(LMG 3953") 2K 7E [l — 43 32, MMk violaceum 0 (3¢ 3), A TE I IR, Hitk
100%, wiHH =3 HA v B Y R kwkjT4 n] 9125 %% A C. pseudoviolaceum,
2.7 EFK kwkjT4 BU4EFREFIE 3 s

N T L E R R kwkjT4 #9532 p, -
XPHEHERT T A B AR S e . S5 R RT, kRS ABIFGE PN SEARBR -4 i R — R X S
C. pseudoviolaceum 9 A FEAFAE A0 UPE S C. B EABIAEPERATE kwkjT4, REFP 40
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PEIRZIRI BT RGA 61.9%, SHXIE R RO
Y TS KR A BERIE, 454 16S rDNA
FEA o B, W10 S0 5 A B FF 1 (C. pseu-
doviolaceum) ., kwkjT4 &P il SO T TR 22 4=
K, AbFES B 2200 AR AL, 2548, SRRk,
PERIL TR 3 P B TG M ) T2 LS L 2 — o
B RAN R A N ol R B AR S iad kK
ZAMEAR—EL, HIE N pH 6.0, ¥ 28 °C, BiFRit
6] 48 h; J5& K pH 7.0, 16JF 32 °C, A KkE
14 36 h, ASCH kwkjT4 HARPTEIL SR 5
BRI BUALE DT 28 T A, WA AT AR
KRGS s 1) b7 ¥ A VA I FH A (B 19 A= By
PRBR, (AR, T A i A B il 0 B T & b 75 o
R KWKjT4 28 > TR | 02590 B R 1 B
25 B A DA R A B S 5 25 R I (8] B TR
BUR
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