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Abstract; Pseudomonas fluorescens strain Pf7-14 and Bacillus subitlis strain B5423, as biological control agents ( BCA) of
rice sheath blight, suppressed effectively Rhizoctonia solani AG 1, its causal pathogen. The average population sizes of
strain Pf7-14 | a strain naturally resistant to nalidixic acid, and strain B5423-R, a spontaneous rifampicin-resistant mutant
of strain B5423 as well as native bacterial population ( NBP) on rice plants, were monitored under greenhouse conditions by

spraying the suspensions of strains Pf7-14 and B5423-R onto both healthy and R. solani AG1 inoculated rice plants. Strain
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B5423-R was as suppressive to R. solani AG1 and functioned as a biological control agent of rice sheath blight as its wild
type. Based on periodically sampling of rice leaves and culms, and bacterial population estimated by method of dilution
plate counting, the following resulis were obtained. On healthy leaves, the population sizes of strains Pf7-14 were higher
than those of strain B5423-R when the initial population of the two was similar. The population sizes on the culms of the
rice plant, strains Pf7-14 declined over time regardless of initial concentration. In contrast, the population of strain B5423-
R declined over time when the initial concentration was low (4.0 x 10" cfu/ml or less) , but remained constant or increased
slightly from milky to ripening stage of plant growth when a higher concentration of the bacterium (2.0 x 10° cfu/ml or
more) was applied to the rice plants. In the batch of rice plants inoculated with R. solani AGl, at level of sheath blight
lesions of 209% —35% , the average population sizes of strain Pf7-14 were 6 and 2 times significantly lower than those on
healthy culms, 1 day and 14 days after BCA application( P =0.05) , respectively. Contrarily, the population size of strain
B5423-R was about 1 time lower on diseased than on healthy culms at one day after its application. Henceforth however,
the population of strain B5423-R increased, and it was 6 times significantly higher on diseased than on healthy culms
measured at 14 days after its application. NBP was about 6 to 7 times significantly higher on diseased than on healthy
culms. The ability to colonize healthy and diseased culms appears to be different between the two antagonistic bacteria. The
results suggested that although both strains are originated from the same rice ecosystem, but differ in capacity of colonizing
rice plant, that strain B5423-R, a bacillus, seems to be more competitive in diseased plants than strain Pf7-14 ,and that the
introduced antagonistic bacteria (IAB) and NBP are competitive in nutrient and space each other, and NBP has an

advantage over IAB in competition.

Key Words: antagonistic bacteria ;native bacteria; colonization ; competitive ;lesion

VEAESR , MRS BNG K BRECH EHR. BEABREEMAEAEC RS, BAREH
KRG B YDA I (BCA) EELR AN Pseudomonas spp. F1 Bacillus spp. > o TREBF R £ HIBIE
TR BRCR RS, B Ty S S AR QRE B EFRER) 5. REETFERXMHAELY
FH, — N EERERT AR RN A R ERD

AKFEGRER S BOKRE AR 5 , 2 WP MR BE B . Willocquet™ I 43X 3] A BS540 B8 19 2
KR T RER SR, AR T ARE SN R TREEE, BT B EAEERE L EHE, 5K
PE LR 1 R A RN LA, RER AU B RS LA L E T A N TR R ELE R R R IR T A
BT LRI AR AR

TEREMERISMHT , B#k Pseudomonas fluoresecens 7-14( Pf7-14) F1 Bacillus subtilis 5423 (B5423) &K T
AKREEURER BRI R B E By R R A MDA RN . ATBIIER B MZET: (1) LR R
W E T PRI KRR TR E T ; (2) PR A MR K TR MR PSRRI B 78 M1 (3) LEE R FI SR,
PRI 1 SRR PR R AT T 55 | AR AE DI BIG TR - B R SR IR B = A R R
1 #H#EFpmE
1.1 FEPIARE A bR B AR

Btk PI7-14 1 B5423 YA TR T -80CIRF TERWE, A H M, Wtk P7-14 Al B5423 T 4°C 4351
{RAF7E PPM I NA #HHE |, B5423-R 2k B5423 #FI48 T ( Rifampicin ) 5 M B K, R RTE L Fr 1
RA SRR AR 5 HEFAE BB AR R — ) . Bifk BS423-R T 4 CIRF1E 100pwg/ml Rif f) NAr R
Eo Wtk Pf-14 XfHiAE RZEBEMRR (nalidixic acid, Na) BAGRRKPLEE , &0 E BE7E H Rk S00ug/ml H7K
FIEFAER, NFRETE AR A —1, AR BRSO @R 3 Ko W7 E b KRR B L5 E M
EE P,
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1.2 HEBFRHIHE

Pf7-14 F1 B5423-R 53 FI7E PPM #1 NAr RHHE L& 4k 24h J5, &0 A 9ml B TCHEK , 35 K B BB R S
£ BRA 1ml WEEFRR THA 250ml i) PPM AR RN AT, K5, XL =AM 30C T ERG#
W3R, PI7-14 F B5423-R ByIEFRETR] 535 24h 1 16h, ARG SR8 R S
1.3 KRR R

KRR IR72, 3 MR 15d KABHRHIL B AR TR0k T — 3 Mkt (/A E R 8em i/ 10em) ,
AR EE 53 2 REHEAT , BHLEE AT 400 ~ 600 NELBLIME . X E/NEHESF & 2 ~ 6cm BRAK B il B ¥ & (4
#/K20m 5 1.5m) , FAK L BRESFEHEHEHE,
1.4 SR iy & Fderp

Rhizoctonia solani 7& PDA iR 1357 36 h J5, YIS RER(EI 4 ) KPR T KB FHRE 1:3 &)
A TSI REE, ARG TE 28°C R 5% 7d, TEKREREAR 40 ~45d J5, ¥ K4y 15g MK IKHE L BB 215
WA KA TR BB MER 1T b, VB REARI R R e, BHEME 2 RIFG, BRMK 1 ~2 K, HEL
R g
1.5 #Eikit

JKFESY 2 BEIERY, HIBR 25d, 26 1 LRSS LA [ ¥R B Bk PI7-14 F1 B5423-R 7E/K M i AZEE0E €
B, AFELLT 4 NG B T1 f1 T2, 4 BIE YR BN 2.2 x 10%cfu/ml 1 1. 1 x 10° cfu/ml i) Pf7-14 ; 403 T3
T4, 4 RIBEEYREE 5 2.0 x 10° cfu/ml 1 4.0 x 10" cfu/ml {9 B5423-R; 55 2 #iR LA B #% B5423-R 1 Pf7-
14 D) K 42 S B BT KRR SRR I FNSURG R i 2530 B 5, 6 AT 6 Mb L 4038 TS 70 To, 43 Bl 7E {8
BRA R, solani FFPEIIRIR 1B HE [RI VR BE B PI7-14; 4038 T7 A1 T8, 43 HIFEAEMRFN R, solani HERPRIRIR MR
FHHEHR B B5423-R; 403 T9 #1 T10, 73 FDM MR IR ORI AR ) Uik IR (™) . U EFTE
/NX FEDLHES
1.6 HHARERE

TP B D AR KRG 4 B, (AT B A 0. 1% Bnk iR 20, 3550408 M A AL 3L, K
2y 400ml [ BRI S s A RS AR I i FI2EER . AL LS R KAE 100 R,
1.7  BUEEATEIOT B

AT % 2h 1 24h J5 , NEANMEEERBHISR & 5 B8k LUEE 3d RE 1 K, AZ#H AKX IRINAR
KK FEREZARBRE 14d 5(FE2 #t) . AR EWCRAFRAZTIRBIE, MmOy, KNG 4>
EERRI I B ZEAR (8 15em KB BL) YA Lem KK, A 500ml 59 =5, FRE , SR /F A 250 ml )
PBS(NaCl 8 g,KC1 0.2 g,Na,HPO, 1.44 g,KH,PO0,,0.24 g, Z&{EK 1000ml) , FFEMHF A 1 FErEiR 20, Xk
EMMAATEE R 24 ~26°C B FH 150 o/ min KRR PARG HEFF 2h 5, M PBS MESFR RIIMEE. HE
I B54234-R, 100pl HiE SRR E BB RALEHE 100pg/ml FEF A HER ( cycloheximide ) ) PPM -
R, S BN PI7-14,100 ] BE SR B EBRERAEZSH 100pg/ml ZE0ERH R A HE B E) PPM iR,
BeAh RS 2 HERB P BRAA SEMIA RN PPM SRR ESHR P L EAENEE ., S§MHBBRIE
3ANEE 70 28°C T 355 36h J5 , iC 8 KR FARER T A B Y 7% (M. 5 ~300 4M)

1.8 JHEWRE

e85 2 {ERIe P, 7R AR B, I 8 SRR A SRR R R B AR E B LLER ) R BT AR o
BUREZE SR M T AR HE R
1.9 ¥Ratr

K 2R B B IR R R R A TR i e, X5 2 iR R 7 A PRk RS BT 5 B Bk #4F IRRISTAT 3 ey
AR ETRIT T
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2.1 AREKERETIAEEAKREN F EREES

StEE Ak B5423-R 1 Pf7-14 S, S A B AR KR H LB R EE (cfu/em’ ) 55 F 8 F 2 1F M
K, FFBERY Rl TR S TRE(B 1) o EREARN T B 2 Ko 5 LR A 8, B0, B85 Pi7-14 B3
d AbEE T1 B EREASETE 1 ~4d UM 1.58 x 10° F &S] 6. 31 x 10°, F#K T 60. 06% 5 &b 2 T2 [P M
7.94 x 105 FRER) 1.99 x 10° FRAK T 74.94% ., HZ 28d AR, 7EACEE T1 A1 T2 9 FrA H S 88 5 ) Pr7-14
HIREASR s ZEME 5 B5S423-R B NbBE b AbTR T3 P RHMASETE 1 ~4d UM 3. 16 x 10° FF&F] 6. 31 x
107, FEET 99. 8% ; AbHL T4 [RIHIPI M 1.26 x 10° FRER] 7.94 x10° ,BHE T 99.37% . AbFE T3 1 T4 4 B5423-
R MBEREE 2 07E 7d T 21d FREBNSMIABI MK (FEUBAMZ, T A B Pr7-14 F1 B5423-R 4
v B A BB e, B T W RO Rl 8940 38 T1 71 T4 (2.0 x 10°cfu/ml) ) o DA 45548 Pf7-

€ g A ——TI LR —%— T3
3 —a—T2 2 —— T4
26 =
[#] 3 MCD b
& 0k
£3 4 ZY 4
g_f jasliraN]
gsE3 §§3
m
@52 E[gz
S| = 1
5 g
S 0 ] ! . g0 ‘
2 0 10 20 30 g o 10 20 30

N H fa K% Days after spraying (d)

B 1 A Bk P7-14 1 B5423-R ZE/KFE A ERMESE
Fig.1 Population dynamics of strains Pf7-14 and B5423-R on rice leaves

A: Hidk P7-14 BANALIE T1 1 T2 B BR300 2.2 x 108 cfu/ml F 1. 1 x 10° cfu/ml; B: Ekk B5423-R B AEHE T3 71 T4 R B30 4.
0 x 107 cfu/ml #1 2.0 x 10® cfu/ml; B EHE/LFEIRYEEE A The concentrations of treatments Tland T2 of Pf7-14 were 2.2 x 10% and 1.1 x 10°
cfu/ml respectively; B: The concentrations of T3 and T4 of B5423-R were 4.0 x 107 and 2.0 x 10% cfu/ml respectively; The vertical bars indicate

standard deviation

14 7EM LR EFE RE 74X B5423-R 34,
2.2 REWREMTEDIAEEKREEER ORI

PR AR TE/K R 2R R TR PP B SR S5 H 0 A vk I8 [RIRE 2 IEAH R, FFBR B [T T e (B 2) o AR B FIEY
2h B 7d P9, TR BE T 200 T A%, Bildn, Pr7-14 BB AbHE R 4B T1 3 B SR (cfu/g) I
1.99 x 10" FREH) 1.58 x 10° &K T 99.21% ;4038 T2 [FHIIM 1.0 x 108 FREH) 1. 58 x 10° (&K T 98.42% ,
7£ B5423-R WA ACBEE | AEE T3 BB B ASE N 1.99 x 108 FFEH] 5.01 x 10° ,BR{K T 99.75% ; Ab¥E T4
M 1.26 x 10" FREF] 7. 94 x 10* ,J#K T 99.37% . ZJ5, WEMEIR T ARE TR, 403 T1 f1 T2 &Y Pf7-
14 BEARBE RS T M, 78 35d BREAREIR B E T A BB 7K 4038 T3 F1 T4 ¥ B5423-R M AEE B Z 28d
OKFERARS) R xR, 7258 35 ROKREZRM) (R E AL T3 T REZNENA B KT, sk
FEALEE T4 HBEREE A K
2.3 fHEHLAIE A KRR R RSO B R B R R B B

P, 2R BN, BT BT o BURE SR AR LL R R 20% ~35% . ERXFPRESEAENEAHT,
B Pi7-14 F1 B5423-R e E R RIEEFHE (B 3) . 7EBE PI7-14 [ 2 403 TS (f&25) F1 To (98
2X) i ZEBRAIEY 2h TS 1 T6 i PH7-14 BSEHBHAS R (cfu/g) AR (6.31 x107) ,{BFE 1d PI(24h) ,
T5 H Pf7-14 BOEERR 1.99 x 10°, 1 T6 3. 16 x 107, Pf7-14 7Rk FIBAAS B RIR RN 6.29 4%, ¢ MFHH
WERBBEWRNZR(P=0.05), XF254FEEN MmN GE, 7£N A% 14 X, T5 f1 T6 4 Pi7-14
HIREAS R 73 B8 1.58 x 10°F01 6.31 x 10* B4 BEMARZE 2.5 %,

B5423-R XM T 5 PI7-14 REWETEITHN . TERFIN 2h o, 403 T7 (f#25) f1 T8 (FF=E) # B5423-R )
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B F J5 K # Days after spraying (d)

B2 ZHE B P7-14 1 B5423-R KRR MRS
Fig.2 Population dynamics of strains Pf7-14 and B5423-R on rice culms

AMPFETI F1T2 KW ESE 1A #HR]; B:.ALFE T3 #1 T4 WERE 1B; MEENEIRHERZ A T The concentrations of T1 and T2 were the

same as in Fig. 1A; B, The concentrations of T3 and T4 were the same as in Fig. 1B; The vertical bars indicate standard deviation
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Recovered B5423-R (log cfu/g)
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~
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#

[0 e PF7-14
Recovered Pf7-14 (log cfu/g)

| J
0 3 6 9 12 0 3 6 9 12
N H Ja K% Days after spraying (d)

B3 Bk Pi7-14 f B5423-R Zef@ ZMLbmR 2 LR A
Fig.3 Population dynamics of strains Pf7-14 and B5423-R on rice healthy culms (RHC) and sheath blight lesion culms ( BLC)
A B, Sr A FoR Btk PI7-14 ZE@ 2R (TS) K2R (T6) Btk B5423-R 782 (T7) ARZE T8 LEAEESIA, RIGHI M, I 4h 3 T6 T8 [
JRBEMEAR 7 20% ~35% , %4 ¢ ISR TS \T6 MM BHHRER —-RAWFBERZRLE T B ENMF7.10 M l4d KHHHER4IEE
FHER, EEHERFZRAESEE A and B denoted Pf7-14 on RHC (TS) and BLC (T6), and B5423-R on RHC (T7) and BLC (T8)
respectively, the lesion area of both T6 and T8 accounted for about 20 ~35% over the trial. The student z test shows that means of treatments TS and
T6 at the same day are significantly different, and that those of T7 and T8 at 7,10 and 14 days after its application are significantly different at P =

0. 05; The vertical bars indicate standard deviation

SESBEREE (cfu/g) EAER B (1. 08 x 107) ;7E 1d Py (24h) , T7 ¥ B5423-R My REfR R 8. 83 x 10°, Tfij T8 =&
5.24 x 10° SRR BEEREE RIRIRAY 1. 68 1%, Z R ARB B BE WK 75 4 K, LB REAE,T7 #
T8 b B BEREIR 4> 510 6.76 x 10°F16.60 x 10° ; 7655 7 K, i H I BEASE 2514 3. 16 x 10°F1 1.26 x 10°,
B5423-R TERMRAVRFAS R AR AY 3. 98 557658 14 KX, A 51 1.99 x 10*F01 7. 94 x 10* Rtk RO BER %L
BRENRN 4 5, BB EASE 7.10 RAIE 14 RBABBEHNZR,
2.4 AFAIEE K REZEER B R 4B A A

AFIALE 3 B A R AR 22 RAR R, (B E— e AL DR 3, B AN B R R A R e, RE %
B TR (B 4) o BN, AbHE TO (fERR%HIR) 78 1d T 14d J5 BBV AU BH R (cfu/g) 2354 2.95 x 107 #1
1.82 x 107, [FHAPI AL 38 T10 MR %HIR) BRI BEAR > 51 1. 82 x 10° A1 1.20 x 10°,  HLBAL R TS A1 T6, ik
R IR b B AR R AR 6 52, MR B Rl P AL 3 TO 1 T10 (22 3435 B B &M MK, eSS
I BE D R R AL ZE 5 BEAR B A B AR 22 R R AR B B E MR KR B2 R R B E AR R, InAE S
4d, 5% P7-14 BO4dkk (TS) FRHR(T6) ADL BB 4IRS RE AR 12 8.32 x 1071 1.91 x10° , 412 1 £ ; Mg
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% B5423-R Bfdik (T7) FOpik (T8) AFRAFHIR 5. 13 x 101 2. 14 x 10° 422 3 £, XL RRWILHIR
RBAEHE T & AR

HTs OTé 9 - SOT7 OT8 9 — 0 T9 OTI0

e
1

e A

Bacteria recovered (log cfu/g)

~1

NI JG F# Days after spraying (d)

B4 ARLEBZESHAEHFDS
Fig.4 Total bacterial population sizes of different treatments on rice culms
TS #1 T6 53 JFom bk AR ERIBIE P7-14,;T7 F1 T8 2 BF0R (R FIRERBIE B5423-R;T9 i T10 5331 20 B Fom AR AR AR 0 R . A3
ALFE T6 T8 F1 T10 AYIRBETE AR dr BRI 20% ~35% , ARIEFERA—XW-MHENAEZRYEBEEHEZR(: WK);ZH
BAAFEIRHEEZ TS and T6 means spraying of strain Pf7-14 on healthy and diseased rice plants respectively; T7 and T8 means spraying of strain
B5423-R on healthy and diseased rice plants respectively; T9 and T10 means healthy and diseased rice plants ( checks) respectively; Lesion area of
treatment T6, T8 and T10 accounted for about 20% ~35% that of sampled culms; Different letters in the graphs showed that significant differences
exist between treatments T5 and T6, betweenT7 and T8, and between T9 and T10 at the same time by the student ¢ test; The vertical bars indicate

standard deviation

3 i

Btk Pf7-14 F1 B5423-R 7K 2230 AT R E R UG R 28 PBIIESE . OB IRIERZ
R 40 S B G B T R A B RO MR I B A Sl s T R e i 2T DL RIS
ok  Hgeemt™ Hmiey% RIS, X R A A Y M T A A E R,
S S AR R R AR A T g E A . TR PI7-14 3 — S A R AR 2R EM R BTAE &
Z (novobiocin) % BARRMPLME:, BEFES H B18 500pg/ml BIPLAE R PIEFH A K (EESEM I, BIRHE
BRI R EHL A RV E — M 100pg/ml) X TR ] BB B Ak PI7-14 720 v L EFERE T I B5423-R BRI
JFH . ZEKRBEK G EARRI A XHE R, AT B8, WX L SR A B W FE T, TRATRE,
Bk B5423-R 7E KA AR BRVIRF AR IR R ESB A KN RERENBE LTS E, FFE, Mew HAFR
220 Bacillus spp. FIBEAE KRG M TR . EXIEAERE BNPEBAEK T, REHEREK
ML R A T, Mok, W3 b, P7-14 B4R SR B E MR TE2E, M B B5S423-R ZERH 7 ~ 14d
Ja, FURZE R R B M TR AT R R I A X RIS, X R B B5423-R 2 Ik PI7-14 BRI T F
& AR AR — S B AT A A= Bl o

Weller 2" 301, XY /e R AN BERT , 7 /N Z R 172d J5 EH BRI, Bikk Pseudomonas Jfluorescens 2-
79RN10 7E Gaeumannomyces graminis var. tritict BYLH)/NERR R LR ERKB LR 3 ~ 10 £, X Bt A
5/NE 2R R B SRR iR A&, T B, BEE B R B HERE , BE bk 2-T9RN10 SE FH7E AR A AR 1Y LE 22
PR RS L A B AT AR AN (AR B AR R, R B MR 2-T9RNIO 7e AR LR BGRINES e, AT, 4
WEMEYE R EH 5 /NER EAR, — BERT R L I, S B_ T WA AR, 1A
BRI MG T AR TEFRMERRSNAESA A, RO, EEREET ANRBTAEL T AANE
FRZS, INRHT SR BB RN, R, BRI TR, X —dRS FREEREENEM. Bk
Pf7-14 7ER BB TRETTREA HEMIRERE, RTRE, ZEWB LK R B Z W L EMER A,
Btk P7-14 ST EWAR] T, XM KA REHI R s Wil TS 51 AR P7-14 4K, F
UL, Bk PI7-14 1 B5423-R - MR RRBES B3 i1, BT S6hn L R4 , AP+ B ek e — 5, |
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M, HFP R DR Z R RSP HERAMRY . U ESR MR, 5 AR BCA 514
WA ERNER LRMERSN, B+ EFAEFRERG RS HE.

Willocquet™ Y\, JRBE LRI E TR 0B ARETARE A E K BA TREN ZF, FRRBERX—
W IHAR BERT . FRE, Dorai Rajan"" L) 0. 1% @8#% C I8, 0.05% % [ i ( Gelysate peptone) 3y N J&,
BT 9 MG BPEEA C i N I8, S EL A, FEHIEARMA TR A 1 ~2 R EHE K EAR B HE , Bk
Pf7-14 FUBHARCE BERZE R, RITRE, MINAE RIS T SRR ALK . Mazzola 1 Cook'” %
BRAE Y Pythium irregulare F1 P. ultimum W/NERR b, B 2-79RN10 MFHA B E /N TAE& B BRI L.
BRI T XA, R LI ARSI AN 5 L ENEBF RS RIIN RS, S AN AEE
RBE E BT BER LAY K W T RE R4 X T . [RlBY  BiHA , Willocquet FYWE & 8% T T E AN EE #E(K
MTIRBE EE SRR,

BIARTEPLAE . & WAEBER BIRE R, solani FUKFRERARE R T —F 455k R ENA”, b
A7 SRR ) B TR P 2R AR A0k DR A R A TR T T B 2, T 3 A B R AR RSP AE X AR B o 7E R, solani
BYFREHITE R B8 BARBY RMRTELUS R TR ERERNAGT , 50 B R EE R F i,
XEHBHERSGHREIIRER . Z—FH, BRI BNRRE, T EARERRERRENRK, MK TGS
ABIFEPLA B, BE— 2B 55 T HT SRR MR E R . BRI, DR 3 BIVA W A B SR 154, FE- DU 40 B 1 4 7E
R. solani BHIKTEHFITIA . FEXHIE], FEHAEA TR S|A R T EFR MM ZH LD R, FHFITHE
W R, solani BTIfE, — B ST E ARG M, 3 A B AR A RERBERR BN,
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