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Bacterial leaf blight (BLB) caused by Xanthomonas oryzae pv. oryzae (Xoo) is a very serious disease in rice
growing regions of the world. There are no effective ways of protecting rice from the disease. In this study, the
bacteriophage (phage) mixtures infecting Xoo were investigated as biological control agent on BLB. The
effects of pH, heat and ultraviolet on the stability of phages were investigated to check and increase the
possibility of practical use in the field. Phages were rather stable between pH 5 and pH 10. The infectivity
dropped sharply when the phages were incubated at 50°C and more than 90% of the phages were inactivated
after two minutes of ultraviolet treatment. The phages were stable for 7 days at the rice plant leaves, and the
phages survived 10 times more than other treatments when mixed with skim milk. Although the skim milk
increased the stability of the phages, the control efficacy was not effective. However, the phage mixtures
reduced the occurrence of BLB when they were treated with Tecloftalam WP or Acibenzolar-S-methyl
simultaneously. The results indicated that the Xoo phages could be used as an alternative control method to
increase the control efficacy and reduce the use of agrochemicals.
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Xanthomonas oryzae pv. oryzae(Xoo)ol|l 2|3l Ay = -2 gsjjol Hlste] oAl WAl gt WAL, oFA
H 2QntE e AlAIA o R W A delA & JsiE oigk WA 7, AR dlo]Xd] £33 FoE lske] A
Atk AL AR EFo SA4 2 A B 2 WA 7Ht“°1 [FE U
SIS IR E=RET augo ox Hx =Y & gloy) & w2 Qv A (F A= e A W %Wlxﬂigl
A7HA] WA & s HEAYA| Zalr) o] 9f o], 99 FsAdol thall A7=o] ghou, A= ¥ BAE 9l
&2 wmg Aot} ol= tﬂc’“ﬂﬁ“’ﬂ gk 5ol
Y =7 328} 715 Altrhe] dE A7 Hg A

A B3k Aol 7 & o] f%th(Jones 5, 2007; Viadver,
1976). FZoll=, oFAlY] AHEO2 Qg Q153 gHgol o



H SdviEgat spxle] AEjske 54 8l oS o837k Al 91

A, A AR gk #3d mAEe
el AR S o]gate] 7t WAL WA
st7] 91k A7F AEA 23S WAL A th(Goodridge,
2004; Obradovic 5, 2005). =3}, A& ZH 07 3l
AleRhs YTz v3d ey Tl d, Qs 3
73 Tl A8 a7t gl Aol st

A& o] &3 Al el AEZ WA= 20417] ZHHE
B =0} =t (Balogh®} Jones, 2003; Jones %, 2007;
Thomas 1935), Civerolo9} Kiel(1969)2 X. oryzaeol| 23|
WA= Aletd TS 86~100%7H4] Y 4 AAUTH
v, SLFe AR E ARG RN o] ik A3
Aol 8= BET wgt A3 AHH02 95 F
NATE. o2 gt o] f wfjFol] Y7 AFAEL 7|FHAL
O E5A9ol(h- mutant) 3] 58 X dslo] o8 £
2] TFAE AHEste] WAl g =olal A A+t
o] 288 dAsH = AN =S 33 tHFlaherty 5, 2001;
Jackson, 1989).

HAA7EA] B A detE S Fellete B2 A7 B
250o] AthKuo 5, 1968; Lin 5, 1994). 224}, I
e ES Hallste RS o)&ste] B E ] =
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of EFS F 10,000 gl A 1027 4w skt o
714 7S A e Fstel E (02 um)3k § 4°Col| B
sttt ol & A AwEE A (1x10° CFU/m/) 2 peptone
sucrose(PS; Peptone, 10 g, Sucrose, 10 g, L-glutamate, 2 g
per L) viA| 9} E£3ate] o] FZu] 4 (double layer plate
method)©.2 WY & FAW Sgazny HAS B
23 th(Kuo &, 1967). o1%7] 23] ol & w5 227t
A& Xoo #F(KACC 10332, 103129} 10860)5 ©] &
stel oz FHsT NFFAL AT WA
Xoo ¥FE & 2x10° CFU/m! =2 vjs & of7]q
0.191 2] T 5 H7tste] 28°ColA 6~8A17F vl &3Sl

ol Algto] g3alEo] BolAH| o7lo] FREXES H7t
3 & QAE (10,000 g, 1032 Ea Alad HNAYES
A ABEA T olEA D2 FAE 4°Col| E#EHA] 10
71 3 & o]FTHYE LR HH 9 TEE gl &
olgfe] Ao ARE-3sIITH

}x)e] AEo W pH, 25, UV 2 Foko] 43
A& AELA JAARE AREshs A 929 z12)Al
ot B s Aol mE AYY 2 5olide xpol, 9t
Aol sl AFAALS Hole Ao &3 To= A gy
o] $th(Okabe®t Goto, 1963). LA A&F-S 7dstAL
AYAI7] WA 22 A dFE Tt A7 S
sh71e B2t o2 HE HEsle] Txo AES fF
AAAF7] 18 A7} 1= o ek (Obradovic &, 2004).

A7t Al HA ¢ PgAoR AET 3
ojof AAA oz YEYA Y o]&o] 7FsE Fo|BmR 3t
Ao F2 9@ B, AXAl IS vE £ e pH, =
T g zpejdo] w1 FAol mX= FEkel tis WA
ZAFekgith PS #iAlell 1N NaOH®} 1N HCIE #7hst
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Fig. 1. Effect of pH, heat, and UV on inactivation of the phages.
The PS broth containing bacteria-phage, PXo-4L (@), PX0-43M
(m), PX0-23M1 (a), was incubated at each pH and temperature.
After each treatment, samples were assayed for viable phages by
the double layer plate method. The phage stability was checked at

intensity of 15 pW/cm? of ultraviolet. Vertical bars indicate
standard errors of the means.
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o pHE 3-112 243 § 7] 1x10® PFU/m/ &=

Xoo 4] PXo-4L, PX0-43M % PXo0-23M1<
o]& 28°CollA 1AIZFE?t viFe £ 100 pwE FHst 3t
Ao AEAEE ARSI L A3 FA = pH 5~10
Atolel A= FA A o] A th(Fig. 1). :LEM pH 4 °]&}
pH 11017 A= AE&o] 543 st Egt, 2
E7F Xoo A ] A& mA= G 2ANH] 915t
A E -20°C, 4°C, 10°C, 20°C, 30°C, 40°C, 50°C, 60°C
2 70°CAA A7 Bt Ak & o]FZugHoE A
EFE A AF Xoo FHAE 40°Col] g AIZF 223}
R We Ao DAdo] obFd JIFE WA Fokory,
50°Ce] mjeFsl e wl AEEo] F43] Ao,
70°Col| Hi<FallS W 25 B84l HATH Ao
st k2] e] P A Abal7] 98lA Xoo THA S oF
1x10° PFU/m/®] & &gk PS AAHRA] 100 wiE =
Eg tqfo] "ojmd & 7)o em® F 15 uWe| FE
£ 7H1 ALl E ZARSEATE 1719014 1, 2, 3, 5, 7, 10,
15 2 20 Fof] MES AF8lA olFZudEe=E 3t
Ao AE AEE ZAIAT =3 A& ﬂiﬁﬂrﬂlﬁ
HFFSHA|(SC)et HIE F3HA|(WP)eF 3t 5 28°Col
HASPEA 3, 6417, 1, 3, 5 2 7Y Fo x| A=
< Hzx T3l rﬂf& AEFe] v &2 AT 2
édr 2hL] A& TR ZAEEAS W 90% o]de] A7t
43} = S T F A=, ol AA 23
lAH olge) 7Pg F Ao R A8 Z1oF Azt
LA o)A 2] 312] WEE. Xoo IA| PXo-4L, PXo-43M
2 PXo-23M1< PBS 2=l (pH 7 0)ll 1x10° PFU/m/¢]
FTEE ,W 3 & of7|o] AHBAA S Silwet L-77S
02%9] TL= 247MME}. ol HA= ¥ FAdrEH
ol sl 71FEAY E2t3 34 5ol AelE BAH
A E2A O A A (PXo-4L, PXo-43M Z PXo-
23M1) + HE WP(l g/l), @ TR EZH + 7tz a2 an=
SC(0.65 m/L), @ HA|EFH + =37 F=1(0.75 g/h), D 1}
A &5 PM + Acibenzolar-S-methyl(ASM;  Actigard,
0.1%) 2 © A&7 %%xiﬂ%i TEsked X2 st
Atk f19] A7 &9L & A FHol 345 F= A
o §Ho| BR)Z Axs & &2(25- 35°C)oﬂ wH
stk A=l HellA 6417 1, 3, 5
50m/e] FEo| A T 7+ ME
+ 299 2m/e] SFFE 73
7+ 7FeA KEgk & oA AA U &9S
1.5m/e] FEo| —e%l o 20w F22¥XES Y
200 rpmoll A 15%7F X" ©]E 13,000 rpmoiA]
1587 QA3 3 700 pe] F5de H2ad AMEe
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Fig. 2. Time series recovery of phages from rice leaves after spray
application. The experiment was performed 3 times with 3
replications in the greenhouse and one of the representative data
is presented here. The constitution of treatments was: M, phage
mixture (PM)+Tecloftalam WP (1 g//); a, M+Carpropamid SC
(0.65 m/L); @, PM+skim milk (0.75 g/l); *, PM+ASM
(Actigard, 0.1%) and &, PM only.
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o &7 % A AYEFE ZAHA ﬁME i
4°Co}f 28°Cell Haalle 249 A& 1d $o
Al Zol7F SRR HIAA), flellA 9f o] 2t
Mg A A= F43] 2843 =AU o
L) Ao o #x)7F B3 He Ae WA
w2 Z 2ol 93 WA g 3E F71A17)7] %0}04,
ol A= B SAuEH BAE S8l AHEE 5
2 712 shgtEo] gx] o] AEES wo] FEAd o
sttt 2 7Ur 2AoA TRl g 27
AlQlstals AA Zo|7F i, 23 HAas &
01 FEA BR e AEHo] 79 TR 108 ©]F
o2 FA FA=HAH(Fig. 2). I}t EFAS
oAl JATE HA| o] AF AL =EEHE A
TE BHT AEEE B9 F UL Fo=E A7y
Ao, AEHo] FrtE A= gtttk kA, HF WPt
FhZ R E SCe TR 9] AJEo| A HA o7 olfd
&S H|H|R] grolM (=g w|AA)), TR} £t ALE
st FAI7F §lg AoE AZEAT
EANA L] W AYntEy WAES. IAUvE
a3 AR flet A8 AAY SdetE
WA A 2ol AA BAANDS AAskanh ¥ FF
Al FH e ARSI, A= 71FHSAE o
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S23 F 1x10° PFUM/S] s =2 8 dto] AHE-SF3iTh
A2 AN guAES Fate] O AAEH
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Fig. 3. Control effect of phage mixture and selected materials on
bacterial leaf blight of rice plant. The different formulations were
sprayed three times on the leaves of rice plants. Column
represents the occurrence of BLB in each treatment. The
constitution of treatments was: (1) Phage mixture (PM)+
Tecloftalam WP (1 g/l), (2) PM+ASM (Actigard, 0.1%), (3)
PM+skim milk (0.75 g/l), (4) Tecloftalam WP (1 g/l), (5) PM
control, (6) skim milk only.
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e, 89 Z(7.16, 7.28 2 8.10)01 oF 10 7HHo=
5] & U%]oﬂ AFSZ 51 1;]. H uugzh:u H ng@x_,—%
R e A2 109 $Foll ZAFSte] F-A 29} vl askint
7kzke] Al 3WHE o R AFsilon, 7 A+ 25 m?
RAL, dejdIg o g mjx|siaitt. 32 4E 5 919 A
Zui-&-o] zfolE At A, B, Az, HSHA T
o AP A oz AA AT

FAAA AP BHEL 40% JEE YA EAE
| walr]o] 3k ug 2710]1CKFig. 3). PBS 5
o A& E¢ate] FEHAS HF FAEIE= 20% F
TE ofF w2 Ho|lo L‘r 231 dAsh E§ste] Ax
SH oF 40-50% AEE WA EATE ST A&
gz} Hig WPE g?&okﬁ A& 739 98% o]/ W
AGHE B A DA gd vls)] YAErt 53]
S7tstom, A EFA + ASMS A s uS W=
75% HEe] WA aE B

A= 713 Y] Bolde] i, FUT T A+
Wol M= el wat Yol zke]7t Atk (Goodridge,
2004; Reanney 5, 1883). ol= " 543 9x|7} 5
g Fo] AldS AYsHA £ 7sAol ke A 9
HstE g g Fo] A E o] &t AlHE WAlsE
£ Algfzroe] 2 4 k. Kuo 5(1971)& Xoo A7}
=0 ol F HA wEHO] AvhL B3
2 A e BAEHE ST AP At &
o} x|e] Boldoz sl HYIsHA Z= Wl
o] & 7hsA ol thrlstr] flste] 71FH LY Sol/dol
tE A E Tt A A}—%}&’iétﬂ 2 A
o AFE-E Xoo A= Myoviridaed 431= A Z PXo-
4L 71597 52 v Yol 0*6}M; PXo-

43M 2 PXo-23MI1& 715 % 9)7F W A ATk ]
AAD. 22 o] x| EftelS PBS ehFfol &9tk
AEF A3 W go] FAes) Vel WAEAE B
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2004; Tanaka & 1990).
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