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Current Status of Bacterial Grain Rot of Rice in Korea

Wan-Yeop Song and Hyung-Moo Kim*
Faculty of Biological Resources Science and Institute of Agricultural Science and Technology, Chonbuk National
University, Chonju 560-756, Korea

The grain rot of rice caused by Bukholderia glumae was fist reported in Japan in 1955 and then
reported in other countries as well as in Korea in 1986. The pathogen causes both seedling and
grain rot of rice but it cannot attack any other parts of adult rice plant. Bacterial colonies grow slow-
ly, and are circular and greyish white. The causal bacterium is Gram-negative and rod shape with 1
- 3 polar flagella, and produce a diffusible yellow-greenish nonfluorescent pigment on King' s medi-
um B. Biochemical characteristics such as negative in arginine dehydrolase, oxidase reaction and nitrate
reduction and positive in lecithinase, and the utilization of L-arginine and inositol are useful in dif-
ferentiation of this from other nonfluorescent bacteria pathogenic to rice. This pathogenic bacterium
had belonged to the genus of Pseudomonas but recently was transferred to the new genus Burkholderia
on the basis of physiological characteristics and DNA-DNA hybridization data. However, other char-
acteristics such as colony heterogenicity or colonial variation after subcultures, phytotoxin, secreting
antibiotics, and relationship between yellow greenish pigment production and pathogenicity need to
be clarified more. To develop an effective control strategy for this disease, understanding of detailed
life cycle of the disease and critical environmental factors affecting disease development is prerequi-
site. Although 5,435 ha of rice paddy in Korea was infested during 1998, there is no exact estima-
tion of yield losses and distribution of the pathogen. This review will focus on recent progress on the
understanding of the bacteriological and ecological characteristics of the causal bacterium and con-
trol means of the disease.
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Fig. 1. Typical symptoms of seedling rot and grain rot according to
the growing stages of rice by the causal pathogen, Burkholderia
glumae, and morphological and cultural characteristics of the pathogen,
1, seedling rot on nursery box (a) and rotted seedlings turned to
brown (b); 2, unevenly distributed infected spikelets in the affected
panicle; 3, affected panicles standing erectly in the field; 4, dehulled
discolored grains (a), hulled rotted grains (b) showing typical brown
bands over the belly of the kernel and dehulled (c), and hulled healthy
grains (d); 5, electron micrograph of a cell showing single polar fla-
gellum, 170,000 X; 6, three colony types of the bacteria on PSA
medium, R1 type (light yellow, translucent, irregular and larger), R2
(milky white to white, no glistening and small) and wild type S
(white, circular, convex and glistening); 7, colony type A (A) and B
(B) of B. glumae on S-PG selective medium; 8, typical blue and con-
vex colonies of B. glumae on PG agar designed for selective detec-
tion of the bacteria from rice seeds.

= EA) welen @A

Algttl (Fig. 1-1, a). 2 445
4% A%l okirk un

U A ALE B 49w, Ag A
(Fig. 1-1, b).

ojatof LHEH WAE Bdo] A EH (Fig. 1-2), Wo
A A Z2HE olake WS Ho)x) BEahr B
0}71] A e AE B F o (Fig 1-3). 98 29E By

2 vl9] W&o AR E T FAo|7t Hr} (Fig. 14, a). WL
715-5E o2 Walo] gojuin] MY Fulsof Big A
A7b HMAETH (Fig. 14, b). oo 7dd Huje A
(Fig. 14, d) B} 2o, 7] 757} A HgAdsig
] Bold Ao g o]&H 7 ) (Fig. 14, o).
oj¢} o] He] AFA7|Y WA AT wl |
ol M WAL Zhzh th2A Yehdt) wo)dto] ZHEH o

-

%

Table 1. Occurrence of grain rot disease of rice in Korea

Disease occurrence (ha)

Year

Total Grain rot (%)
1992 569,132 1,634(0.28)
1993 640,325 349(0.05)
1994 492,667 8,547(1.73)
1995 514,674 5,603(1.08)
1996 441,422 1,329(0.30)
1997 413,397 463(0.11)
1998 440,033 5,435(1.23)
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g 28 AR AgAule] A8 TR M= 129 ojAte]
AE&E BAth 53] ¥4 me Ay G 35%9
2 WHES JEE AT It (52T, 1998).
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£ Ho] B3 Fig. 29} 7Ho owiz}w HFEa 5o A
Fhog d#HA Utk o) Bée Zﬂﬁ%—x}g} oHERE HFE
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A2 o] FEse AT Jrh HEE 2220

Z3E Blol] &g Wl os) Aol vehA He
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Fig. 2. Developmental stages of rice plant and transmission pathway of bacterial grain-rot pathogen, Burkholderia glumae, of rice. -
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Burkholderia glumae®| Mmstd EM. B B Hit
ReZ A7E 07X15 ~ 25 m AzoH, GHRES 13
A 7T gt} (Fig. 1-5). Gram S4 AlFCEA Lyhifxz)
[King' s medium B (KB), yeast extract-dextrose-calcium car-
bonate (YDC), potato-semisyntheic agar (PSA)]ol|A] Sl o]
S HolmZ W A e Mg PHo] fojsiAE &
ok woll ok EAskE ¥R 2 A4 HAA fA
eI AT e BeF ol A CEE
Alste] 2 e Ea 3 AAo] oFoh Bl AR
Alele fFE 2 FAIM 9] B 28 oFe A9 glo] £
oA t& A4S Zggth 53] PSA 722 dnhA|d
A e o]FAPE B [ S oF £ ¢ W
S oA Ik T3 7R S| S vE R 4AE
YDC %= KB BjA|ol| A £H]3}7|% dted &84] pseudomon-
adse} FAIEE EAS Holr|x Fith Type straine NCPPB
2981 (NIAES 1169 ; ATCC33617) ©]H, A}ade o] 7|12+
B (Oryza sativa L)To] &&A U3, FEHFASEG Y
nEHE 4ozt

ME[MSISY S Adelisiety 54 FRUCE:E
Burkholderia 229 £77F ojgf-¢u & W79 A4
3}k EJ2 Table 29} 2t

T2} lipid (tween 80) 7H-al, Bul) 04 wHS- (hyper-
sensitivity on tobacco) E EAg2] o8] ojA sucrose ©]
£ Ail= B3R (Goto} Ohatta, 1956; Urakami =, 1994;
Zeiglers} Alvarez, 1990)el whzbAl ztol7t ATt BIH 34
o] g FAHIZ I o] §olgt REFH A 54)L Table
33 Zth B glumaer WA FAAN BHE A
Acidovorax avenae subsp. avenae 2 Pseudomonas fuscovagi-
nae$} nitrate reduction=} sorbitol, inositol 9 trehalose 59
o]-&AellAl ztel7) 1o, 3] inositol] o}-§2 °lF Al
she] el )¢ olahA 29lck Z2#u} nitrate reductions]
A3 B3R mebA zte) 7t 3ok (Cottyn 5, 1996; Zeigler
2} Alvarez, 1990).

258X Q|X|. Pseudomonas glumae’= De Vos 5 (1985)
2] 1RNA-DNA hybridization data®| A8}, Pseudomonas
fluorescence IRNA groupL 258 & #H B4, 354 &
54, DNA-DNA hybridization data, rRNA-DNA hybridiza-
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Table 2. Bacteriological chracteristics of Burkholderia glumae caus-
ing seedling and grain rot of rice

Characteristics Burkholderia glumae

Gram stain -
Flagellum 1-3 polar
Fluorescein -
Gelatin hydrolysis
Milk coagulation
Litmus reduction
Nitrate reduction
Margarine & tween 80 hydrolysis
Catalase
Lecithinase
Starch hydrolysis
Arbutin & aesculin hydrolysis
Oxidase -
Tyrosinase -
Arginine dehydrolase -
Phenylalanine deaminase -
Acid production without gas from
arabinose, fructose, galactose, glucose, +
glycerol, mannitol, mannose, sorbitol,
xylose
lactose, raffinose +
dextrin, inulin, maltose, rhamnose, -
salicin, sucrose
Growth inhibition : _
4% NaCl +
5 pg/ml chloramphenicol v +
Maximun temperature for growth above 42 'C
Minimum temperature for growth 10-15 C
Optimum temperature for growth 30 C

I H+ + + + + + +

Abbreviations: +, positive; —, negative; and X, variable depending
upon the strain.

tion data™ 559} 16S rRNA 2] sequence 5o A5 £Elg
o] U2 Pseudomonas TRNA group IIel] X3t=o]A giion),
Yabuuchi 5 (1992)ell 2|3l Pseudomonas rRNA group 119
23V P cepacia, P. mallei, P. pseudomallei, P. caryophylli,
P. gladioli, P. pickettii 2 P. solanacearum 52) 77) species7}
N2 & (genus)Q) BurkholderiaZ ABFHE o] o] F,
Urakami ${(1994)9l 2|3)A B. cepacia, B. gladioli, B. plan-
tarii. 2 B. carvophylli 53 AT 83 EA), ubiquinone sys-
tems, AEA Ak 2 FAksl A 242 FUL
U BE%Y 54 2 384 2RS4 Aol 2As P
plantarii®)o % P. glumae7} Buckholderia spp.oll ¥8 HEZ
A=A BFEFFE ATCC 33617 (=NIAES 1169) o9 G
+ C &2 68.2% (Mol %), AA] ubiquinoneE Fol Q-7
2.0%, Q-8 97.4%, Q9L 0.6%°|3, AA| 3-hydroxy fatty
acidZol= Cizo (13%), Ciso 819%)2 Ciso (168%)¢) 3-

43

8%

ofl

OHZ FA=°] 217, 2-hydroxy fatty acide Ciso (100%)2]
2-OHZ FAIEo] 9)ow, DNA-DNA A=A B cepacia
ATCC 254163+ 27%, B. gladioli ATCC 10248 F= 37%, A
2§ BurkholeriaZ B-5F B. vandii VA13163= 51%9] A+
54E 7N Ytk (Urakami 5, 1994).

w2 3 ML WY &RAAFE FHEA
(Uematsu 5, 1976)¢ 4071& w470 B. glumae® K
Hodow, ¥ Fxe] wolr7] 2 FHIF AR E EHE o
30°Cold wotsEe F¢t o A (plumules)oll A Aol EA
A S8 =3 FrH 2oigd-E YeRA T (Hikichi, 1993).
B. glumae®] XA 7 ¥ FAe] KHAO|, Hole} Eolg
30Ce A2oA M FHolr9] oJHEY] AES= B.
glumae®) Ag57t A A F7tste] fH Foivge] IA %5
7¥staL, 1 A7el o# fHeA AESE B. glumaed] MX
F¢] Z7teh w2 AATAE gtk Y ko R o
WA B2 GAPAY AR &8l A FSEAE
etk

QIMBAIS] HEN. vige] JK## (grayish discoloration;
glumae blight) 2. 2% &#A B. glumaed] 23t HYvEHS
Ag YRolA BT o Fo ofrjote] ThE UM
BYEY 9t} (Gotos} Ohatta, 1956). EAFAHFE (se-ed-
soak inoculation)E EAJS] Zxlo] ABE oy U
W (sheath brown), &2 (curled leaves)} W3} (whitened)

= 59 HAEC] Yeh}, M EFEEYT A ave-
nae subsp. avenae L AldA YA H LA P fusco-
vaginaeS= FHE = B. glumaed] €3+ #Ao|th

19 HEA 0 HITEY 7] (maximum tillering stage)<} )
7] (booting stage)|A] B. glumae$} P. fuscovaginae7} &3] &
72 (sheath browning)-& ¢ 0710, HAH FRE B. glumae
+ 18.1-50.1% 7R, P. fuscovaginae= 17.8-64.9% 7}A] L}e}
W2t (Cottyn 5, 1996).

B. glumae®| phytotoxin. B. glumae7} 5 A9} &
A9 (detached leaves)Atol| A 23} (chrolosis)E Y .0.7]%= tox-
oflavin# fervenulin 2 334 AMAE ALY B P EQO
1}, o] phytotoxinE] -F-HA HaAe] g 4&2 Fa}
A ¢¥t}. B. glumaeE H-E] 39 phytotoxin®] A}k 193
o]1 82 CHINsO2 ZAA =T} o] phytotoxine PS
broth ZH-E] Bl oljz} B Alge Z9¥ B9 FHAME
8 Holzlew, of phytotoxin®] B. glumae®| A3} #
ol gl+= Ao BT ) (livamast Furuya, 1994; Sato
=, 1988).

Sl=M MASM (yellow-greenish pigmentation) ) B4
. MAE AAEE BE staingS FHS 742 A7 &



Al B detEH

A I =4S Ve, Aa
I strainTHe A 93 2E FHRAJOIUTE MAE
VSR ok A5 R} Al spectrum®
Zrstgk 2 B4 mutant®] 73-olE f
Hol7] wjEo] A} (necrosis), 33} (chlorosis), HE (defor-
mation) & 5159 A7 = A 5 WA L] doA, B. glumae
o ol A Mo} T BAE EFE| AW I &
A= o oAk gt (Wang 5, 1991).

AlCH s e Z2keio| B[ B, PSA media 4
olxe] Mg Wo7t 3lo] ¥AF RI type (B, vt
4, A7 6-8 mm), EH FEo] ¢l R2 type (F-344- 1241,
2-3mme] 428 93) 2 W Fgo] e okIE S type (Y
A AR 3-6 mm, 98, convexF)So| FHIH 1 Fel=
Fig. 1-67} 2t} (Tsushima %, 1991). 621 Altjs] kAl R1
typed 4 7iFo) 3 EHAFZRE 53.6-97.9%7}A], R2 type
47§30 27) BAFEHE 36.6-389% WI=2 Ueigth 3
ASHe PSA WA AolA Achiel slaln fEe) e
EA4L g438 HE3th

R1 typez} R2 type +E.2 panicled] i3] S typeol] B]3]
EAjo] oFslH, Rl typee] £E|FE panicled] thall HH4o]
Ao, S typee] AollE 63 Al Fol= BUAL wild
types} Zokek 28k M 5442 R1, R2 % S type &
T 729ttk o] PSA uiA) Aol A wi k8 R1 3 R2 typed] #
PFE9 2L 549 i} #AH] vk
SEE| AHALYL B4RIM. B glumaes G(+)Z G g
ZAdEAS At Zo2E d#A Jem, Ralstonia
solanacearumd] T8+ Z8k=1L0) ‘B 7=y} gt} (Kushima %—,
1987). 23=eT Aie] Eu)oh F#o] gloy, Hia
HEE strainE 9] URES
Clavibacter michiganese pv. michiganese, Pantoea herbicola,

AAEHA7Y UYSH, Pseudomonas

syringe pv. syringeSt Xanthomonas campestris pv. citri 2

£ AAsIA] Y straing
A Ak3lE strain
R o A

Bl =A<

[=]

IIJE

Agrobacterium tumefaczens,

R. solanacearum<-°l|

3 ATEY >

Xanthomonas oryzae pv. oryzae Sl E3] 743 A4 E34E
VER AT (Wang 5, 1991; Yabuuchi 5, 1992).

HollE 22 AHA AHE /e 2AB3A e epi-
HaFo| o EAlste £ 2 40l 4Ae
otk B g 54 9 AA #3 ByE2 A 27
Ao} shslel Aol Wsle] 249 BT FT 4 e
Bolt}, 2 OIS ol4d ol F7E o|Fr ¥H
sty 2 BANEEA s e ok

2ot x| oA 2ol SN, QuhilR) ol fake
542 Bole HgUgel TANFES EFE P flores
cenceR Pseudomonas putidas3} 7+ HHAA] 9] epiphytes
o] AR QlolE, £ WddS 23 WSS Pantoea her-
bicola T v QA 2] Xanthomonas spp. 5o &3t wiA|
Aol E8AFY B2 2 TEol gy, & HAd J&E A
A¢] o8 A (colony heterogenicity)S B. glumae2] AWH}=]
2dol|l Ao AAS T2 o YA gt

MEHBIX|. S-PG medium (Tsushima %5, 1986), potato-pep-
tone-glucose agar (PPGA) medium, arginine differential medi-
um (Zeiglers} Alvarez, 1990) 2 PG agar medium (3 5,
1993)5°0] B % v} gir}h Tushima £ (1986)°] 23iA] B.
glumae?] 223 2 A& 98 o] €% S-PG medium-> Mogi
(1988)0l] oJ3te] F2 ARl o]&H = Ark & HjA Al
A9 B. glumae 22| o]3PAo] Aty og HIHY 3o
o 224 (reddish brown)E #&= type At FLEEe] AFA
(opalescent purple)2 =+ type B 7}F ok (Fig. 1-7). 131y
S-PGol| &t e 2 F{-E sorbitole] Ao FFZHe] Aol
7F B Ee] 9lo] B BHeF HA gAdd ofd Ao A
¥tk 3 E vjxA M= A avenae subsp. avenae, P
syringe, P. fuscovaginae =3} 8. 2 & Algo] ZF Al
A8 ¢ glo] F/HAQ AFE 88T} (Zeiglerst Alvarez,
1990). 3] A. avenae subsp. avenaer S-PG media “goll4]
type B} FAMGH s Hol7] wjiel, B. glumaeE FHH

phytes 2

Table 3. Phenotypic characteristics useful in differentiating Burkholderia glumae from other nonfluorescent bacteria pathogenic to rice”

L Acidovorax avenae Burkholderia Burkholderia
Characteristics ..
subsp. avenae plantarii glumae

Arginine dehydrolase - - -
Oxidase reaction + + _
Nitrate reduction + + _
Starch hydrolysis + — _
Lecithinase - +
Utilization of

L-arginine - + +

inositol - + +

aAdapted from Azegami et al. (1987) and Zeigler and Alvarez (1990).
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E P9EL 3% 54 #3% 299 Toushimas (1986)&
YA P FAAN 08T A9 AR AE 7}
S8ty HTE o

CaCLE 0.1% T3l2 UAe PPGA AolA B. glumae=
calcium oxalate Z7& A4tdhz B4 2sia 2E=o 2
7 AT Bugut glout, ¥ Q55 (sheath rot)9} B
Ao AEE HAMFS FESlE AEE Hol Bo)y
2 ¥ Aoz HuHo Qtt (Zeiglerdt Alvarez, 1990).
Arginine?] o] &2 E|E 7+ arginine differential medi-
um F3 AAE Aok FYA &2 ALt o], it
A ARl 2 viAE olgsheuE FErt de & 3
T} (Zeigler$} Alvarez, 1990). 2}l X B. glumae?) £l &
Al 2k AEuiX|Ql PG medium (] 5, 1993)9] 7$- 2
A2 2= ammonium tatrate 9} B-AY O ZE galactose7} &
o]F o]&A o= I3 AME-E ], nitrofurantoindl] 2]3 €}
ZAHE MFY A A9} methylene blued)] 93 2=
A o] & wiA dellA B. glumae®] P2 §HolH, o
Wb Al KBol| H|Wale BF 86.4%<] 35&S HAY 3
2ol o]gAL gle A2 B H o (Fig. 1-8).

SHSIHo| BHHO| ofSt ZHE. Algulx] 9} AT H A=A o]
fo] 348 v o, F F (1989)7 Wakimoto 5 (1987)
o oste £ HdAF I BAEH o] Ry H ul gl
2o, Waki-moto 5 (1987)¢] gN7501 4L €} FAMMIEH
+ XAPRS-8EA] 2ot B. glumaedl] T3 So]Ado] lE Ao 2
Bt gtk

FAPEESIEQ] dio] o8t ZA. B. glumaes] So|F
A78E& At 5o]&< probed o433k W PCRE o]
3t FAHHE AFS TR W 5ol Axgy ok
ARk 73$- PG2I (5.7-Kb EcoRl EH)¢} PG21e] Kpnl HH
¢l PG2IaY] 7o F8 Gram 24 Aol thated hybridiza-
tion HX|%o} B. glumae2] AR E0]Z ¢ probeE H.IH
dl 2t} (Tsushima =, 1994). X3+ 165/23S A}ole] rDNA
intergenic spacer®] ZZ-2 &3 FQ Zx1A4dE M7 v
7} o]FolFH om, o]E o]&3l We] FxFAe] Hd uHl gl
1, B. glumae= B Algze T 850 bp F7]9] S-EALE
< B4 (Kim#} Song, 1996a; Kim=} Song, 1996b).

2 e WAL To 2 AEHQ WA Aol 3t
A2 12 F Aok AFHA SA 2= dd5A9 AF, A
A% Hol ¥ §HY A, T 54, 28 2 AELE
50l ok & HE FAAFEA WA= FA A HEH
7] WEel ZAEEA 2 AR FTAE T X0NA A
Fsle AFAS A3k Aol /M EAFF ol FRstt
(R} 1995). & S AolA] 3d o4t AEFo] glon

2}

2 FA gl FAE sfordith = M EPA AFE F

A e AT R 2ol HolAw, Hadel 29D
297} BoUE BAY A%0] WesT: ¥ ydae 4%

HHLE7} 30-35C o|BZ, Ho} ¥ §HY 2% FE Y
A7 AH 4G L=E sl Bseor gt &1 AYE
30C olst2 A= YEE £Y F Utk G54 <8
A & Wl ZgEY EFF FAE AAL Atk 994
< HF L13- L14o]A o|HFAE AAY 5 glom & ¥
A FAHE A AIF S, HIF L18AM e B FapL &
Asted FAe] SHo) Uttty SATh (EE 1981 &
1985). 2BA e 55CAA 60 £2F A7t & Fa g
& a7t SR FAL] Loz Fdko] AT (FH,
1985). ZAGAEl= 40CollA 2 d A7t £33 0)0t} (FH,
1985). ol& EAe g WP FALY oo} Y B
A7} glomg Fejsof s

PPARE FALEH B L 2] AR A
g g 3on, FE5IA B S AL SES AES
IS o oA} TSl At B oS A
T Aok & "WlAE 5719 Axde o] a3-oltk o
A Axe B 270l WUEE 10aF 41 Kgg A¥A &
FA A7 AU, 7kA7F EC, SEF WPE 23] ¥
S FA HAlske Zo] ARHelE SETh (RFEE,
1995). #l=A] 39891 cinnamic acid, naringenin, phloretin
o] & Hddol ek JAgo] gt Ao wEA, GO 7
A 71ZARE o]§ 7Rl ATk (5, 1996). YEAA
= A7y HgviEye] wAlE 2RALE (Hikichi E, 1995;
$7H, 1996, KH, 1996)2 2o FofukAl (g 5, 1992; K
# 1986)0ll thete] ekAlxE)7t Estejolgle Byw gtk
B we) 5749 BAE ASME Y el whin)

Ree] FHEolcl B Se) AR WAk
% U A A2 B A AF o AT} B
IHE Fole EHHQ WEY Aotk
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