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Current Status of Bacterial Brown Stripe of Rice Caused by
Acidovorax avenae subsp. avenae

Wan-Yeob Song, Mi-Hyung Kang and Hyung-Moo Kim*
Faculty of Biological Resources Science, Chonbuk National University, Chonju 561-756, Korea

Acidovorax avenae subsp. avenae is the causal pathogen of several hosts including oats, corn, foxtail,
millet, wheatgrass, sugarcane, and rice. The pathogen is a seedborne pathogen of rice and known to
occur widely in rice growing countries. The pathogen causes inhibition of germination, brown stripe
on the leaf, curling of the leaf sheath and abnormal elongation of the mesocotyl of rice. Bacterial
colonies grow slowly and are convex, circular and creamy with tan to brown center. The causal
bacterium is Gram-negative and rod shape with a single polar flagellum. Nonfluorescence, poly-S-
hydroxybutyrate accumulation and precipitate formation around the colony on the medium are useful
in the differentiation of this bacterium from other subspecies of A. avenae as well as nonfluorescent
bacteria pathogenic to rice. This bacterium has belonged to the genus of Pseudomonas but recently
was transferred to the new genus Acidovorax on the basis of bacteriological and molecular biological
data. However, the difference of biochemical characteristics, protein profile of the cell and host range
among strains should be more clarified. To develop an effective control strategy for this disease,
understanding of detailed life cycle of the disease, critical environmental factors affecting disease
development on each host and relationship to grain discoloration of rice are prerequisite. Although
the affected area has been world-widely reported, there is no exact estimation of yield loss and the
distribution of the pathogen in Korea. This review will focus on recent progress on the understanding
of the bacteriological and ecological characteristics of the causal bacterium and control means of the
disease.

Keywords : Acidovorax avenae subsp. avenae, bacterial brown stripe, rice.
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Table 1. Original description and symptom of Acidovorax avenae subsp. avenae on different host

Reported species Symptom Host Reference
Pseudomonas avenae Bacterial blight Oat Manns, 1909
Schaad et al. 1975
P.(Bacterium) panici Stripe Proso millet Elliott, 1923
P. alboprecipitans Bacterial disease Foxtail Rosen, 1922
Bacterial leaf blight, stalk rot Comn Johnson et al., 1949

Brown stripe

Brown stripe

P.(Bacterium) setariae Brown stripe

Brown stripe
P. eleusinae Stripe
P.(Phytomonas) Red stripe

rubrilineans

Forage crops: teosinte,

Tominaga, 1971

wheatgrass, bromograss,
rescuegrass, maize, ragi,
Rice

Ragi

Italian millet
Bromograss/wheatgrass

Ragi

Sugarcane

Nishiyama et al., 1979

Okabe, 1934
Tominaga, 1968

Billimoria & Hegde, 1971

Lee et al, 1925
Hayward, 1962

Z3E91 0} HZo Willems 5 (1992)0 I3 A. avenae
subsp. avenaeZ AE-F7t o|FoZ v} gtk Tu, HIH
strain 7+] A8 BA 2 7|1FH L g Aol o
7 9R)81A] e EAE0] B glon, 53] oA
229 strain7} E} 713 25E B9 strainEF= A 7HA

EX] glo] BE o7} Qo o|7re o) HEo] HE3
dEA) ge o2 AR g o] MAFY strainzk
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57 o] A7 S
X}Q%EH-"J ANFAE 24 2 AT o3 BE
= Table 29} Z+o] thekslth (Bradbury, 1986). W
°‘«1 7l 27HE 4077 TR ZEH
U E0M AgH WAL JehtA gon F2 fH7]
2o yEE 2t} (Kadota®t Ohuchi, 1990). F+H7] WAL R
Faje] wololal, ol 24 2T, QP TR (E)
o % (LIS WMAAE A4 So) 2 Sl o)
ol AslA ZEE BE oY A, 2F Mol A HA,

oFalA AAHUE Aol WA 2 Ftk £97]

I7 L

ojFo] W7} T4l o) AFEHE ¢
Aol WA YRR gom, ‘¢ l
Ao EAE AUt 2ANA TR HAS YA &
=k AxUlAollAE BlolA zm FHH-g dodle Al
0] A. avenae subsp. avenaeZ R 1E v} 1o} BAo| o}
A g2l 39 o pathovar®2 ZHEHISIT (Hakim,
1996). BlolA B Wi Y He 20E 4HA 3
om, 2970 2R FAE wFA F 28779 iz}ﬂ 3
Aol ZIHAL, SColA 835t HaHg FA ML
Fo] AZ3FATh (Shakya 5, 1985). wWAlmjele o] 919.
o WAn|Ee ohlgl Adu) dME BEEHA (Zeiglerst
Alvarez, 1990: Xie 5, 1998). Hizo E4] F971 Hest
A WA gAE gou SudldlA SHE 2HE Hol F
ol EA)sls AR At (Shakya 5. 1986).
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Table 2. Reported natural host, artificial host and geographical distribution of Acidovorax avenae subsp. avenae”

Natural host

Artificial host

Geographical distribution

Agropyron intermedium
A. trichophorum

A. sativa®

Bromus catharticus
B. marginatus
Caryotal mitis
Digitaria sanquinalis
Echinochloa crusgalli
Elusine coracana
Euchlaena mexicana
Oryzae sativa
Panicum hirsutum

F. elatior

Paspalum urvillei
Setaria italica
b
S. lutescens
S. viridis
Sorghum bicola (S. vulgare)
Zea may

Agropyron elongatum
Alopecurus pratensis

Arrhenatherum elatius
Bromus arvensis

B. inermis

Festuca arundinacea

Holcus lanatus
Hordeum vulgare
Lolium mutiflorum
L. perenne

Poa pratensis
Secale cereale
Setaria geniculata
Sorghum sudanense
Triticum aestivum

Bangladesh, Bhatan, Brazil,
China, Colombia, Costa Rica,
Egypt, India, Indonesia, Japan,
Korea, Leone, Madagascar,
Malawi, Mexico,Mozambique,
Nepal, Nigeria, Pakistan,
Paraguay, Philliphines,
Portugal, Sierra, Srilanka,
Sudan, Surinam, Taiwan,
Thailand, Turkey, Uruguay,
USA, Zaire.

Phalaris arundinacea

*Adapted from Bradbury (1986).
®Original description.

Table 3. Bacteriological characteristics of Acidovorax avenae subsp.
a
avenae

Acidovorax avenae subsp.

Characteristics
avenae

Gram stain -°
Flagellum 1 polar
Fluorescein -
PHB accumulation +
Optimum growth temperature 36C
Nitrate reduction +
Denitrification -
Oxidase -
Arginine dihydrolase -
Potato soft rot -
H2S production -
Litmus milk peptonization +
Lipid hydrolysis +
Gelatine hydrolysis v
Starch hydrolysis *
Acid production

in 7 days from galactose, +

glucose, mannitol,
in 10 days from glycerol. +
lactose, maltose, sucrose +

Sole carbon source :

L-leucine, D-sorbitol, D-xylose +

D-arabinose, inositol,
L- threonine, D-trehalose -

*Adapted from Bradbury (1986).
l’Symbols: +, positive; +, slight; v, variable; and —, negative.

o] FHO AFAETFHE S Yol IHEE S 2 o
S Bad Rk Al 2hEE AVle 2503
71old, oPERHE o|Ude =ollM F8F FAE BFEo]
E olF TR ok 7175l HYTdo) F&3] Z4H
I S HEAFS TRl FA3 dEE SEA BA
o, BaFAdA AHFAZ SHA AN 22195 0] Hal
7} ¥ o} (Kadota, 1996; Kadota®} Ohuchi, 1990).

ST Z2ASFHH ] IAHE YL TR FuoA A
Bl= 2291 vasseygrass (Paspalm urvillei Steud)2 424 Q)
o (Gitaitis 5, 1978). & W@l AgD #x9 4L dw
24 UEMITE H97E SAWL0] olFolAy, B gx
=R P28 AZS 550 HYgol Yok meky B
ERE &529 49 AANAE B3 2ge 7Rl
Ak o] SAE ZEAE] A} EFAEY FOoRRE
+ Wo] #HE 7FsA%E AUt (Summer$} Schaad, 1977).

A. avenae subsp. avenae?| MTFSIA EM. A avenae
subsp. avenae®] e X A EAL Gram Aol ¥}
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hydroxybutyrate g %2]8l= o] F2.3 54 olth. 53] yeast
extract-dextrose-calcium carbonate BJR]ol|A] cream2) <] F S
ol F ). wiRjel A EfA| ol tidt AdthE EEEEE Lo
o, £3] Ho] EAZHE A avenae subsp. avenae®] F-JA]
ol Pantoea herbicola 2 e} FAA Al¢] Z3 & 2 &
Aret Fejo] JFEE AA GuhiAdME & Ade &
gl Aol fR7} etk MRl R M & Burkholderia glumae
B= Burkholderia plantariis-8] B8] 2 ¥WAF Hei4
E7d0] fAkele & 2 Stk 41C Y I2oME L3}
= B40] glo], B Waute] Sojd A2S 9lsiel 36C)
2o wjeksle g o] 8-371% st (Kadota, 1996).

Type straine NCPPB 1011 (ATCC 19860; ICPB PA 117,
PDDCC 3183) o|™, A|l#3H F25/442 Table 33 22tk 11
Hub Thelst 715l tofst o s By H upebrto], A
A 3teta A0l oM E Bl whebr] EE F2E 7]
ol wEba Zpol7h Qitt.

TR QR|. dsd o8 7 Aeles 19T W,
FEAY 714, srainZhe] AHRA H Ao)H T2 FF
subspecies WollA] B}t A&t 273 FABAENA 2
g3tk wEbA FHY BEFRAAC FHEH77A Y 24 2
E oloptE B NEAHoR FR% onE st

A. avenae subsp. avenae= EHE 3 54 % DNA-TRNA 9}
DNA-DNA hybridization®l] 273t YA Pseudomonas
9} 571¢) group 7}-H), rRNA super familyy$] acidovorans
rRNA complex 2] 9521 rRNA group [l (section)ol] P. avenae
2A 235t o1A At (Palleroni, 1984). 12\ acidovorans
TRNA complexo]l ¥ species7} section[lol] £3%= ATt
ohijel ATERUACR 4P Pal U 2P 59 the}
3l speciesE EdH= Q77 UKUTH (KerstersS} De Ley,
1984). ol oj9} zro] EZst e A AT
acidovorans TRNA complex&] AEA]o) &} Comamonas &
(De Vos %5, 1985)0] K& 12, Hydragenophaga (Willems
=, 1989), Acidovorax (Willems %5, 1990)2 Varivorax <
(Willems 5, 1991)°] AVAHAAN ANEF7T olFAR T 15
Willems 5 (1992))] 2]3}] acidovorans tRNA complexol] <3}
= 22 wul = Pseudomonas species®} subspeciesEo] 214
9 Acidovorax 02 AEF7}L o|Folfth 1 A3} o|H
P avenae, P rubrilineans, P. setariae’ = Acidovorax avenae

lo oo

subsp. avenaeZ, P. cattleyae= A. avenae subsp. cattleyae=,
P. pseudoalcaligenes subsp. citrulli= A. avenae subsp. citrulli
2 AEF =Hiok

AE-FE A avenae subsp. avenaedl= Table 137} Z+o] 1

4 5

29 7193 AYAsteE §A4o] thdét straing o] £33
o swmainzbe] oFAe) tlg BAHY ST AN ShETh o
24 7} strain®] #2719 ERE FADA ] g 2@
o] of$ 288t} Pseudomonas avenaes 190939 Mannsol|
s Aoz vFA AT Lol JIE LoT|= AR
Hy¥glom, 19223 Rosend] 2|3} foxtailoll A3 §-ALSH
ol HIE oY Ay A9 Ao] fjie o] HAdE
P. alboprecipitans = N2 ©o]E22 WHEIE Schaad
5 (19752 ojHd SFTERY £gd 457, 7S By
H P avenae 2 P. alboprecipitans®] H|1E E3ld F2}7} P
avenae®| ©)Fo|&ty &G 2™ o] P gvenaet- Young S92 &
= (1978)3} Approved Lists of Bacterial Names (Skerman 5,
1980yl 71E2=A =AY AEFFY HNEFTHYL
Phytomonas rubrilineans (Lee 5, 1925)0] 28} dojyy+= A
o7 HIFEYOH, 194234l o] species= Xanthomonas 2
(Starr%} Burkholder, 1942 )2 2 274 21} Hayward (1962)
o] 98] Pseudomonas £2.& WZAZUTE 19343 Okabes
Italian millet (Setaria italica)| ZAEFHAHE Loy ¥
Q79| Bacterium setariae®r . B 7.8+ 0 v}, o] Pseudomonas
202 WAL (Savulescu, 1947). Young = (1978)2 P
setariae’s E2]H speciesE 773} 21; Approved Lists
(Skerman =, 1980) ol ¥3EA] At

Proso millet® 2 X 225 o] milleto] B AR
B8 Pseudomonas panici (Elliot 1923) Stapp. 1928 (Goto
9} Okabe, 1952)F Pseudomonas syringe van Hall 19022
pathovar2 At o, Panax quinquefolium© 2 5-€] £
B A8 = HYHFL P panicis (Dowson 1943)9} X5 Q)
o, o5 = o] Z& Approved Listsol] 7S =] %94th

Z2AZ9 AL, ol Pseudomonas £L2.2Z AR
Bacterium catﬂéyaer‘:— Pavarino (1991)e]] 2|3} orchidsZ 3] 3
N Zo] e A EEEolf ot B4dst ZleEHY
ZH3) 288 4= U} ol Cattleyae £} Phalaenopsis species
258 g9 HAd LeFECl P carleyaeZ FRHEUL
H, o]AL H 71€¥ °]5E FIA Approved Listsol] £
g A F shtolck Y Az tE AEHATe] P
pseudoalcaligenes®] subspecies7} F|¢1ow, Gute] AlHa
W19l P pseudoalcaligenesis subsp. citrulli (Webb3} Goth,
1965)= A. avenae subsp. citrulli=, konjac (Amorphophallus
konjac)®] Qo 2EE] BEH WAL P pseudoalcaligenes
subsp. konjaci (Goto, 1983)= Acidovorax konjaciZ. A5 =
Ak

71 9ol 2 ragioll A4 AA A1 B8-S AL I1= P eleusineae
(Billimoria®} Hegde, 1971)7} B 7 9ick e} o] M@
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Table 4. Biochemical differences among strains of A. avenae subsp. avenae

Ref Kadota Schaad et al. Tominaga et al. Nishiyama et al. Goto & Ohata
eletence (1996) (1975) (1971) (1979) (1961)
Characteristics Rice Com Forage crops Ragi Rice
2-ketoglucuronic acid + -
production
Oxidase + - + +
Gelatine hydrolysis - v v - +)
Starch hydrolysis + + + - -
Sole carbon source:
lactose v - -
maltose v - -
raffinose v - -
Glycerin + + -
Salicin * - -
Malonic acid + - +
aSymbols: +, positive; +, weak; v, variable; and -, negative.
Table 5. Original description of A. avenae subsp. avenae and its pathogenicity
Reference’ P. alboprecipitans P. panici P. setariae P. eleusineae
Host 1 2 3 4 5 7 8 9 10 11 12
Ragi + +
Corn + + + v + + v +
Foxtail + + - + + + +
Proso millet - - + + + -
Rice - v + - + v

aAdaptf:d reference no.:

1, Nishiyama et al, 1979; 2, Rosen, 1922; 3, Johnson er al., 1949; 4, Tominaga, 1971; 5, Goto & Starr, 1971; 6,

Elliott, 1923; 7, Goto & Okabe, 1952; 8, Goto, 1964: 9, Okabe, 1934; 10, Goto & Ohata, 1961; 11, Tominaga, 1968; and 12, Billimoria &

Hegde 1971.

Symbols +, positive; v, variable in each strain; and -, no symptom in the pathogenicity test on each host.

o] Nishiyama 5 (1979)o) 2|8 A P alboprecipitans®] ©]
o2 ALY B¢ AFH R MeHIJY, FAaFF7}
ZA81A] %ol Approved Listsoll & 7|25 A] &tch

P. paniciS} P. alboprecipitanst T)E-E 2] 790 ZYst =
o2 715592, Tominaga (1971)= 92 71E9 P, panici
8} P setariae 7+9) w82 AJA| Xpo|7} Q1L P panici=
Xanthomonas 4:2.2 E578 R0} @om #Hzjo] oA &
Zohe AFEES RS 1Y millet® 2FE F23 Al
I} HRAEE A AT olfE B2 FOE 73|
grgtth. Nishiyama 5 (1979)2 ragiZ2%8 #I8 P
alboprecipitans2] AT\ P. setariae$} P. panicis= EJZE0.
2 33 3921 P alboprecipitans = BHA 2 AEL] A
M A zol7t e AR At ojgoz 7
STk

ojgh> o]FZQ #7H 719 E o]Eo] U= B

T8, S A avenae subsp. avenae E-FA|A7} LutE
o7 wolEdA . Utk I8y A avenae subsp. avenael)
strin7te) 719 % AASHEY 540 2o} 0|84l

TEHAL JeAE AHdelTh

A. avenae subsp. avenae strain?te] £ X|JO|H. A=
¥ A. avenae subsp. avenae?] Y¥tHQl EXNEIE= tIEA
strainZhe] ©] A Q) EAJo] Hyghul glom, Aeiasies &
R, 7179 2 FAe] vy so) 52 1 HEHY F
o179 sl 54 Stk

A sieraQl atol= EEE 7150l wakA ztolrh B
Hut 9lom, £3] lipase B4, gelatin &3}, H.S A4, indole
A starch 7FE38] 2 ammonium A4l S04 E&E 7]
F9] 719 3 swaino] Wb Folzt Y= He] BT
(Kadota, 1996; Nishiyama -, 1979; Schaad -, 1975; Tominaga,
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1971) (Table 4).

70900 oI e 7125 HE Aol WA
Ao xto]E Helth Okabe (1934), Tominaga (1971) 2
Nishiyama % (1979)2] HZA|go) W= H finger millet, Italian
millet, maize, rescuegrass, teoshinte % wheatgrass 5ol 4 £z
B FFEL vl HYAdE veRlA &3teH, Kadota (1996)
o] BVAME o EElFE € 7153 He4E vehvl B
715 BT Wl HAA4E A Gttt (Table 5). 1
HEE ¥ BT Wl gk HAdXdl Slo] B A EEFE
o] BFE e AoE A7 AF7HS A
e AFRIE STt B P avenaew THHA AL E
755, P alboprecipitansv 1 B89 715489 71 &
2 3PS HolT T 99 7|FA B R HAdES B
ol Aoz HyHul gtk wiehA £ FolE 7IFHEA7 o
2 A% EAARE THE Y] AUtk

Kadota 5 (1991)ell ¢Ja} & strainZte]l E2]ol wlabr
A Ee) ghalgade] EAE vl o™ Y strainFro] 50,000 Da
371¢) bandE 7FA T YT, ©] bandE A <% t}E bandE
< He} T 7)F Zhel| Zol7t gitk

ZESEE MAL B Aol o3t AMdF E Al tig
Aga i3 Burt 9lod, £ A7 2Ry FEE

WS A3k 100,000 Dae] Teize] HIg wh
(Kunitake =, 1988). Wakimoto £ (1986)] 2= £ A
o] Eu|dt: FAER o] Agrobacterium tumefaciens,

Clavibacter michiganensis pv. michiganensis, Erwinia carotovora

o
=g
Atk

subsp. carotovora, Ralstonia solanacearum, Pseudomonas syringe
pv. syringe, Xanthomonas campestris pv. citri 2 X. oryzae pv.
oryzae 5& AAE 202 Byd H Stk

weimol 2ol 3 7. Mol FA2YH A7) 244
of AelAslstRoz fAg B A7 H HIEAA 9
Pseudomonas putida 9} Pseudomonas fluorescence?} 552
2 BRI, Pantoea herbicola®} 7o) WMEZA 253}
E strain®] FEFOZ QA JiHor U8&EETE =
B Age gkl AAEE0 BEE 5% 442 olH
t}. Zeigler®} Alvarez (1989)F basal mineral salts BjX]o)
bromthylmol blue9} arginineS 73+ vl Aol A A. avenae
subsp. avenae 9} Burkholderia glumae, P, fuscovaginae, F. syringe
pv. orizicola (P. syringe pv. syringe)& T2 g Utk 1
Z} A. avenae subsp. avenae= sucrose 7130 = 53}
3= o] I S0 WH] YT, Folol ol A
2= gel A8EA) 23 ok

olrt

gAeHA bl og Ao EE 49 HE2AY
A B MFe] B EBHEY (Akhtarg} Claflin, 1986)0] 2
3 A7t AU, WA= Shakya (1987)el &3 & H A4
o @HEH ol 2)e AT Kadota 5 (1991)0] o &
HAFe) RN 54 L Sojyel BIW ¥ Yk

EANESHE ATZE 1659 238 Alole] ITS F9¢] 3
717} o W 5 Algat Apolrt ol FolA FH 1
7e 549 o1& 7h54le] 218 v 91oH, PCRS o]
o 272¢ A4S So|HoE ARsE WHol nuuH 3
t} (Kim3} Song, 1996; Song &, 1997).

QA ¥ MFAEFHEY T2 IAHEdS EaEA
ojtk. wel B W wWAlds Ad FAE o83k RO
7V o3kt o|¥EAE AAFTAS B AR dAG A
o7} HAE A Fom, B Lo] HiFate} o HFTAE G4
Hogn | offth £ WAl FRE o|HHE
AN7E ME7] A FE 7)Zkeltk mEA &8 A
of E o] digh £ WA GAE AEIIE oEE
< A F Ak SFFe] ANEFHEE 2 A9
7Fs/de] JoBg AFse T £ ol TS ¥
XL AEske Aol o1, I3 S50 HYH ol F
9] 75A0) Qe E AFEME IR AAE FA3] 3
of itk

oA B Wl HAE Yste S| o]l 2%
kasugamycin®] 1008} 344 €] A-g-o] &3} o]t} (Yaoita F,
1988). ol9jol = EHQ HWAMPE R, fE7M A Lk
o} FEE fAE FI A BolA A A Mol
e TAE o)L 3, TAPE Bl AFEH Ue BE
o] &= kasugamycinS- ©]-£-3lth

I 9oz E Yol tisk AESH AHe] AEE
T}k Johnsson = (1998)9l] €}&}A Pseudomonas chlororaphis
9] MA 342 straing 7] T WAIE A8l FAbol A
galA dse B A3, g Bdat A & B97E A
g $ Stk SRR E FEE ARATE o)L AE
A wkAle] 7S] 29719 &334 pseudomonads$} 47K <]
Bacillus spp.7} 238248 JeP o™, P fluorescens F-113}¢
F-24 2 Bacillus sp. U-460] 2Aol|x 2 W7 Ao a3t
7} A%t (Lopes$} Stall, 1990).

3l slote ZMAE. M gET=daS 21 d A,
Azpeta B4 9 7155 glolAlY strainZke] Zpo] o]
Lo BEFEY, HEEo| A avenae subsp. avenaeZ A
BF7} o] Rojx B/ A 2 EF subspcieste] HA 7}
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ARFAUT Zehk, 53] 9 straind B strain© 2 opEs
& oY 71 Aolgo] B WaFe] BRel 323 Mgu
%S AOE ARHT Wb B stainthe] EAYES
FAWA £ FU 20 A ERAR DAY 79
Ack @ Bes} gom, WA el YoIE F o &%
Q) WA Wgol Fslol Ao} 8 BeAel Stk
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