A BB > A1 40 %

DG TH L 72

EHEIE

RSN

EFAS L VEBIRE

REL, D b4l
Froach We A& fn i L 72

AN DN Y A2 4N T
Sz o TR B
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Streptomycin WP.

Chloramphenicol WP.

Cellocidin WP.

Phenazine WP.
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Wi % 1 W A 7

105F 72
1 ml

AN B 72 o Pk

Inoculum concentration: 10°/ml

DA AERRARICET 2R

43

i H 35 & OF 0 o028 ) B %80 % 10065 £ 72131,000
fisiftiiz 5 ~ 6 fRlilfei L T » 72, DD L7
Z 2N Ad Tiss 2 L, 20T 5 Hig
(2980 L 72 iyl s A A L 72

b) EER#HER

10/ ml OFEEFHEEL -VBEERORR
PSR wﬂwmw*;7m7A71,:—wm
Bk LF <AL, 100, 1,0000F\WV 3T BARIEER
DL h -7 (Fig. 19 ), S k\WwTA ML 7=
12 > Klpiishr =72,

W/ mlDifi e L7258 70707 <
= a—nAla ks Tes e W 2 s L 72as, ok
SN IRl St - 72

Inoculum concentration: 107/ml

100 50 100

Percentage of affected leaf sheath( %)

Fig. 19 Control effect of four bactericides applied against disease development on detached
flag leaf sheaths that soaked into chemical solutions before and after spraying

inoculation.

:1/100 dilution,

Disease incidence was recorded in 5 days after inoculation.

:1/1,000 dilution
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2) Ky PIEIES XL BRKRE
a) ERME S LUHE

JiE LR BB B4

3) BBICH AR HE
a) EBRMHBELUEE

VEZRIERS & B 12 037 28R o DR R &
HANE BN R bR A AR B

27 e e rAlB LA
A X T TS T UL

1Ty 5 R R #A 2 e H o Pz R L
PRI A 1 Dl I Z 10T ml A T R Frar L7z,
Ml EHI) L mITREERL 72 B Hend - 72

FANECAE . BN A S B e s iR L7 ke

B X OB H 9 2 15001 £ 72131, 0001 i % U, 2o 500 4 ~ 5 AL, R
Foo A Rz20ml oML 7 %ﬁ%7~1ou 12§ HE 4% 30~ 3008k DT L 72
I E B L ORIIL & e

b) EBRER

b) EBRER
jio ORISR O S A N P N VD 1 I G N

Table32 z.iF Lyl 2bL 7 b= flds
oz T4 o AX T TH AT

ThRA s AX T I A 7N A ARl S A RS AL e e
2 AN A - 2 WIS L A E T ¢ b B, wHERID SO0 A IR 9 ~ 15 i

IR B 7270 T 47 2 =a—=LE3% - 705 5~ 6 Ik T 5 MifcAi 3 5 & Bz AL

7> Table 31 TR AL 7,
Table 31. Control effect of five bactericides against disease development (Pot experiment)®
Bactericide Dilution Disease Disease Disease
times incidence severity? incidence
1970 1972 1973
Streptomycin WP. 500 —% 35 5%
Streptomycin plus oxytetracycline WP. 500 - - 27
Chroramphenicol WP. 500 - 81 24
Cellocidin WP. 1,000 72 - —
Phenazine WP. 1,000 64 — —
Control — 67 37 58

a; Chemicals were applied twice before and after spray inoculations
b; Based on assessment of Table 1-(4) category

Table 32. Control effect of two bactericides against disease development under field conditions®’

Bactericide Percentage of affected hills(%) Reference
Streptomycin WP. 159 5emb ]2 3d Streptomycin 20 %
Streptomycin plus oxytetracycline WP. 5 7 1 2 Streptomycin 152 plus

oxytetracycline 1.5 %
Control 13 21 13 16 -

;. Amount of application : 1/500 dilution was sprayed at a rate of 100 1 per 10a

; Date of application: 20, 26 July, 2, 9 August, heading date: 3 August

; Date of application: 25, 30 July, 5, 11, 16 August, c-1: heading date 9 August , c-2: heading date 7 August
Date of application: 28 July, 2, 6, 12, 18 August, heading date 6 August

a o0 o
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2. KRR

BTN TH - 2/ B, AbL 7 b=
{2 > Bl &0 AN A B B e
Lo, Abv 7w sy - FXTETIHA
70) A AN A B L e 2 2415 (Eng
lish and Halsema, 1954 ), # i ket &1 TEE
S TR, R Lo e R 2, Bl
P e A AN

1) #HHRE

a) EEMHBLUHE
wnHoBEES CERLZ, AL 7 b=
Py FXLT T2 AR 100ffF,
500 3 £ U¥1,0000% % 4 ~ 6 HHMRT10a %Y
100 ¢, 5 mlfcfi L 72, g s 1,6008kic DT
HrED H T H I #EAL 72, EBL 1 X HfE8om:,
1Rl Tir-172,

b) EERER

1001598, 3 L UF00f& M & i L 72 & & Dbk
(3 0.5~ 1%THY, FEHARDFHAL3%IZ
T 5 8L CIEC, Uiy H 5 Ll s
U7z (Fig.20 ), LAL, 1,00015#icA4 Tl3% -

45

15~ Date of application (month/day)

O—O0—0—0—0
%% % % %k of

~—0O-: No application
—%—:1/1,000 dilution
—a—:1/500 dilution

Percentage of affected hills(%)

——0—21/100dﬂuﬁi;//p////////*
/*

Y 30 8% 10 15 20 25 30
Date{month/day)

Fig. 20 Control effect of streptomycin plus
oxytetracycline WP. applied by three
concentrations against disease development
under field conditions.(1975)

72, WE-TA LT P4y - FXT FTH
470 RAFOFRRIER 500/ fntE s » %
FAY (I

2) BfREHE, B

a) ERMBELUFE

MRRE TB AL B & RFTOBRREY CHEIT
BWEL, Z ML 7 boA L cAXLTFRTHA
7)) AR 500fEi A 10a ) 1000, 7 H
2082058 HoHF Tz s HEFECT2Mm, 3

Table 33. Control effect of application date and times of Streptomycin plus oxytetracycline WP.
against disease development under field conditions(1976)®

Application date(month/day) Percentage Disease Weight of Ratio of
of affected severity? hulled hulled rice
hills (%) rice weight (25)
7 /20 25 30 8 4 9 8 13 8,27
O O - - - 33 11 223(kg/10a) 97
- O O — - 2 6 213 93
- - O O - 17 7 210 91
- - - O O 24 9 212 93
O O O - — 9 3 247 107
- O O O — 19 3 237 103
- - O O O 41 18 220 96
O O O O O 4 2 252 110
No application 76 26 230 100

a; Initial occurrence of disease was on 30 July, date of flag leaf emergence on 23 July, heading stage

on 7 August
b; Based on assessment of Table 1-(2) category



46

W& 5 id 5 Ml L7c, msaEL &KX 3008k
IR & 600KRIZ DWW THE AL, BUAWIC 100k
AXYHRD) EEC L DI EHEES T,

b) ERER

SR OB R AR B £ g k) &
7 1) ( Table 33), 7 A30HO#RIFEHLI0H Hij X
D5 HEBEIZ3Mb DT 5 EEMALCEEHHE
LA, WE L ERON IR IC AT ~10% 8 L
72, Lo L, WMo 2 B B & %o 3 ok
fHTI3RIEE -7, Thabb, MBI
Wotn 2 oo BB F Thlt & LR RS 5,
7, MR DL D R V72 22D AR 1
E2 AP S ¥ AL IR AN

L EofERs» s, AL 7 F=40 0 - A X0
T I 7Y AR 5001 i F kW E
Bz 5 5 HHRE T 3 [l TR 3 1LE $ %%
TE N TERINZANTH D RG2S,

3. 1F

PEEWLITH LN LR DT Z &2 CoalF o)
DA AR B L UKBEUD A 1 FHRAR Rz

B RERBISRE  $H43%

L, MRS BURIRT 5 2 &
FDEBRTH LI 72, i, B
HWORT &35 2 & THRIBZ B T35 5 WHeM:
AN, BEIAIC L AikREBETL 72,

YIBEL 72 A4 AR F 7213 K MIZEEL 724
PICOWTEEHDOMELERET DL, 7aTF07
z=a—)Fl, A+t 7Fb=LL A, ALY
FRA Ly A XTI THA 7Y CRARIZE
WER LM 5, LaL, B¥icEwTig
BB D 2 HEND B O,

Z O FERN MR & L TR S T
505, AU 7 bAoA ERAT D L AN
HHOMHT 20050 %, —FHA L 7h=Ao
ek XTMTIHA 7Y VAR EORA A
MI#4 5 » 2415 ( English and Halsema, 1954 ),
iR, AV T7beAf s oA X T R THA
70) > BRI i & Bl TRGET L 7oA,
ZARHT O R E AT S 5005 % 3 [l F By
VWA T 5 Hidh e L Im 2 Il 2 ol iz T
Hotz, ZOPMBENERMEIL, FOERRHHB
BLLEFHETTLECHBHMROS B 2 L hdiff
otz (FKH, =E, 1976 ),



HEHZ DA A EWRERICET 5%

VI A

A AR AR AL H A D £ 2 3G AT TR
FIZERL, LKROEE EMTOINTIZ LY 2K
A L R N AN PR DAY A

A BN LI O F 12196081812 Psedo-
monas orvzicola, ¥, P marginalis & X fL 772

(JiFln, B, 19635 KFLl, 1966). UL, A9
TANTA L= DT & REMETT 2 et L 72655, Lelliott

5 (1966) MFEBIZ k4L saprophytic fluores-
cent pseudomonas | Zm L VEHZ AL, 2zl
P orvzicola |3 T BELZ7524 L, AGHHTE X AR LG
{87% Toh 12, £12, P marginalis it (Lelliott
et al.,, 1966 ; Misaghi and Grogan, 1969 ; Hildebrand
and Schroth, 1971 ; Kohn, 1973; KH &, 1976
A =Ee, 1979) Hldxzz2 7)) o aafg, K27
T = ol REEETIR A ORI Y
Rl i L7z, T HERE AR O ML BN L
£ P. onyzicola 35 L U8 P marginalis ¥ 128705,

ZALSD I E D AME L - IBMETH B
H 2 Hil, M AHIEE L B A RERTE R L
Wy BB TARHIE 2 8ifR - L, Pseudomonas
fuscovaginae sp. nov. x &y % L 72 (85, 1976),
F ok, [ERSME G 484 (Lapage et al., 1980)
DETIZ LD, A OFES1E Approved Lists
(Skerman et al.,, 1980) (X 41 70h -7, # 2
T THiERR 2 68014 (NCPPB 3085, = PDDCC
5940) (= f55E L P fuscovaginae Sp. nOv., nom. rev.
F 3822 7- (Miyajima et al,, 1983) ,

TEER PR R E A O D, T S
fidik UThumiisethd, 7o EBL 04 %
BT (RKE, R, 1972) AYEMITH B, T
M EEE I A 2 0 L TR R T
IREE ORI FH L 72,

A FEEGNRIZE OB R R (R,

WG, 1972), KHE ML P. avenae, P. glumae 7,- &

LML X220 THREM 22 X 20T 5 (K
K, KM, 1977), LA L, o L) AHITE &
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DR ZATZ IS I E S L H 2 61 b,

TR AIE 7 7 — 213 3R HA D, Ty
SMRDUHD X ER A AT, MfFME . 2
NP TPl 77— 77— HaEAE L, I
TR L IR A LT B O TR O ke
HIZHHL B2 E2 5005,

T o= R B R B ATE O lE o
2 A e (Katznelson and sutton, 1951 ; By 4,
1955 ; Okabe and Goto, 1963 ; Goto and Starr,
1972 ; /)\%f, 1976 ; Vidaver, 1976), L 2»:L, 7
— O DN FE 2 DFEIA & L BRI AT Y
TWAT 2 2HIs 4, EHEII TS & 215

(B A, 1954 ; thitk, 1969; 1%k, 1970w,
1976,

AR M AT 7 }10/ml $i7E L T L 24k
MIERIZPl 77— 2, T4 bbb, HRE
5 ORI b o A E B2 1077/ g T
HENT, FHEMEEL L RMMEORE L 75
— RGN RS b, MR A o 2 Ao/
HWIRFIL 1053 g ThHh DL EHZ2 biLd, - T —
Wenordlek = X Lo AL R, A O LR
FZHHL 72,

RiYpIR M O % < LSRRI B 4L 7 BBIR
iy (A, EF), 1956; Schuster and Coyne,
1974) & 5% JE1E M4 (Ercolani et al, 1974;
Bk, 1974 ; Gitaitis et al., 1978 ; Lattorre and
Jones, 1979) THART % X 2415, FEHRELWE
LRIRAMBRN TR > T b 72 TN T T
FTHIIMET L2 TE B, FRKEHERCZH
HFTLIEBEND X AR L AMADOBE DI - 7 -
TwbEA2 5115, (o TRMBEDETEL 2 1L
L EREDH G ILD,

R0 TR B D 70 00 L2 (3 0 TR L 2 0 {8 & B
T e L Laa s ) (Crosse,
1963 ; Leben et al., 1968 ; Schneider and Grogan,
1977 ; Kennedy and Ercolani, 1978), Z#uiln{E
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RIA:FE2HE (resident survival phase ) ll*‘? i 3~ I5IREREE < X, e oo ks b A 5bE Tk
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fi ki T UMSEL 72 4 2200 F
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B LB LT 2 %
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frl, e, 2R L ORENAFESLZ L -

TWwd k&2 H1LA, ZOIZ XIIAFPRBIMD

I BIZESDERIZEET B0 5 LR 515,
RS2 & RO Y, A R SRR o) T 2

o0 BB BRSS9 4 B As, F L
Ao &2 LT AL T ')[K]uim,%hjtf Ly
IO IR (3 ORI O T T8 I X 40 B Ok

B TalEk 35 2 L AR 10 T A 2 (Lucas
and Grogan, 1969 ; Leben et al., 1970) #» 5, #e¥;

_&gf)‘

x5,

K THE ORI
[7&‘ N

iz

AT A,
Fi 05 LA 0 %A Le & ALk 2
{L (Daub and Hagedorn, 1979 ;
LA L 72 3
1962; W,
b"l"m xi‘foJ‘ Sl A

b

HY,

A
¥ 2 i

TR A L R0 LAE 2

[3AHFE 72!
fe AT 5L (TR,
g oA L 72 3
VD YR AN A X R

ioofhst (Fig. 21) o9 5, 4 FKI2 33
Yebbikiz, MmAEBlbLT ok
YT, R

T INAHRL T L

kﬁWJﬁm%wﬁﬂ>éAﬂﬁ»ﬁ‘
BN EIN O ALy 530 A TET:

SETE A

A R

DL SHA A AR O Rk (HS

N

1973) {2

M5 L 52

Parasitic phase

N

-———>

Infection of
flag leaf sheaths
and panicles

FEM TRAEME A2 LD B AR A5G B 19705 1= &5,

Overwintering Resident phase

Diseased unhulled rice i Healthy

and leaf sheaths K 'I

under dry conditions , Y Infection of

C ted : 4 seedlings at
ontaminated gram nfa(?us s transplanting

weeds under wet conditions

Seedling

Tlller to flag leaf

Growth stage

Booting

Fig. 21 Life cycle of bacterial sheath brown rot caused by Pseudomonas fuscovaginae.

RN AR L ) L
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AT —HEZ DT EL, A A S
WHlERH83 % LI L, = Fllfl']*fﬂlﬂfffi RH 80
%L ok x £5% 1 % L %415 (Schekhawat and
Srivastava, 1972 ; Yunis et al., 1980 ). 45455 ¢, Sk
(1926), FKH, P (1973), T-HEe, (1977) »¢
?‘ﬁ%@“é LI EE L CITHMA IR SR D
EERT LMD H L, HAHCEVRENE
H%Fa‘ﬁr‘rft CEBYE BLURREN TS E 2R 1
DXL EOWIE R OEE RN LB X H2n1b,

REUED W R =

EQAR

- ORI

(AT 5,

Pseudomonas |1 § 7 H |

NSi=kg
hiE

ETTL,

ﬂk tmd

lu,lliiJ

NS /MT, 1980)
FZRED AL o
1967)

[N N N

AR NS

THETIE DS
o T’C(?IL CHEBTEHLD
1) (Friedman, 1951 ; Fryda and Otta, 1978 ;

Haas and Rotem, 1976; Young et al., 1977 ; Schaad
1980), A9 LR o3 5,

I RN E LR DB A BB S Mt L 7k
H, AR T T A O B3 AT 208 T %
B IREDBEE O LR NI 2 2 5 Tw B
BRI EE A0 B 7oy, I 5 Sh ML T &7

et al.,
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Studies on bacterial sheath brown rot of rice plant caused by

Pseudomonas fuscovaginae Tanii, Miyajima & Akita

by
Kuniyuki MIYAJIMA

Summary

Bacterial sheath brown rot, caused by Reudomonas fuscovaginae Tanii, Miyajima & Akita, is a serious
foliage disease of rice plant (Oryza sativa L.) in northern Japan. In 1918 a disease was discovered on rice
plants that was probably caused by this bacterium but the causal pathogen was not found. The disease
occurred sporadically to cause severe damage in Hokkaido prefecture. Since then, it has spread gradually
to northern Japan and was found in Tohoku prefecture in 1976.

In 1976 160,000 hectares were affected by this disease. The diseased plants yielded less hulled rice
and an increased amount of “rusty” rice. Bacterial sheath brown rot is a direct threat to the development
of successful rice crops due to its widespread occurrence and severity.

In order to establish practical control measures for the disease, the present studies were undertaken 1
to identify the causal bacterium, 2 to determine the ecology of the disease including the behavior of the
bacterium on plants and the environmental conditions favorable for disease development and 3 to deter-

mine an effective chemical control method. The results are summarized as follows :

I Symptoms and occurrence

I. Symptoms

The bacterial sheath brown rot usually became noticeable in seedlings after transplanting and at the
booting stage of rice plants in the paddy fields.

Seedling rot : Primary symptoms appeared on the lower leaf sheaths at water level as small, water-
soaked, greenish-brown spots which then coalesced to elongated streaks or large blotches that were dark
brown to greyish brown with no bacterial ooze on the surface (Plate 1.1, 2). The blotches sometimes
covered most leaf sheaths. The leaf blades showed streaks along the edges and midribs after the lesions
on the leaf sheaths extended to the ligules. Affected hills developed soft rot of the sheaths and wilt of
the folded younger blades which pulled out easily and produced a strong unpleasant odor.

Brown rot of flag leaf sheaths and panicles : Initial symptoms appeared on the flag leaf sheaths as
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water-soaked, dark green, irregular spots which enlarged to become dark to greyish brown blotches with
no definite margins and no bacterial ooze (Plate L. 3,4. Plate II.1). Young panicles in diseased sheaths
were also attacked. The florets exhibited initially water-soaked brown flecking surrounded by green
tissue and finally dark to greyish brown discoloration of complete florets (Plate II. 2). Symptoms on hulled
rice in diseased florets ranged from blotches to brown discoloration of whole hulled rice which was named
“rusty” rice. Brown necrosis on lower rachis appeared when severe infection occurred on flag leaf sheaths.

These lesions were observed on non-emerged panicles (Plate II. 3).

2. Distribution of the disease

Seedling rot was observed in paddy fields in ten districts surveyed. Severe damage to supplemental
transplants also occurred exceeding 130,000 hectares in 1969. At the booting stage the disease was ob-
served in 48 districts and occurred frequently in north Sorachi and at the northern limit districts for rice

plants at Nayoro and Shibetu cities (Fig. 1).

3. Damage

An experiment was conducted on the damage of diseased plants in paddy field conditions and the effect

of growth stage on yields of rice plants inoculated at different stages.

1) Damage of diseased plants in field conditions.
Severe infection of hills increased the percentage of sterility and reduced the weight of hulled rice; a
reduction of 7 to 22 percent was observed in yield when disease severity was moderate, and 22 to 58 percent

when it was severe (Table 3).

2) Influence of infection stage on yield losses

Disease severity, percentage of sterility and numbers of “rusty” rice, malformed rice and screening rice
increased in plants inoculated at the booting stage but these were much less than those inoculated during
the stages of first, middle and full heading time (Table 4). Disease severity and percentage of sterility
were highest in plants kept in a phytotron at a day/night temperature of 20/14°C after inoculation at the
booting stage than these held at 26/20°C. An increase of 50 to 80 percent was observed in sterility of dis-
eased plants compared with healthy plants when both plants were kept at 20/14°C or 20/20°C (Table 5).
On the basis of these results, it may be concluded that bacterial sheath brown rot causes severe losses of

vield if the rice plants at the booting stage are infected under low temperature conditions.

II Taxonomy of causal bacterium

A study was made of physiological and serological characteristics, pathogenicity and properties of

bacteriophages, and the nomenclature of the organism was examined.
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I. Classification and identification of causal bacterium

1) Physiological characteristics

Table 6 lists the 66 cultures tested. They included isolates from flag leaf sheaths, seedlings and un-
hulled rice collected from Hokkaido and Tohoku prefectures together with Reudomonas oryzicola supplied
by Klement, Z. Research Institute for Plant Protection, Budapest, Hungary.

Bacterial cells of the sheath brown rot pathogen were found to be gram negative, nonsporeforming
rods with round ends, 0.5 to 0.8 by 2.0 to 3.5um. Cells occurred singly or in pairs and were motile by
means of one to four polar flagella.

On nutrient agar after 4 to 5 days at 28°C colonies were white to light brown, smooth, glistening,
raised, translucent, circular and butyrous 3 to 5mm in diameter. A green-fluorescent, diffusible pigment
was produced on King’s B medium (King et al., 1954). No slime was produced on nutrient agar containing 5
2, sucrose.

Metabolism of glucose was oxidative in Hugh and Leifson O-F medium. Catalase and Kovacs.oxi-
dase were positive. Denitrification was negative ; nitrate was not reduced. The MR and VP tests were
negative. Lipolysis of margarine was positive. No growth occurred in nutrient broth with 59 NaCl.
Litmus milk was peptonized without coagulation and the litmus was reduced. Pits were not produced on
polypectate gel at pH 8.5. Starch was hydrolyzed but esculin and arbutin were not. Arginine dihydrolase
and ammonia were produced, but cytochrome oxidase, phenylalanine deaminase, urease, 2-ketogluconate,
H2S and indole were not produced. Levan was not produced from sucrose.

No organic growth factors were required. Acid was produced from glucose, arabinose, mannose,
trehalose, mannitol but not from maltose, sucrose, raffinose, inulin, salicin, dextrin, adonitol, inositol,
dulcitol, sorbitol, or a-methylglucoside. Citrate, malonate, succinate, urate, acetate, S-alanine, L-valine
and L-lysine were utilized but not tartrate, hippurate, 2-ketogluconate or polygalacturonic acid.

All cultures were strictly aerobic. The growth temperature was ca. 28°C. No growth occurred at
37°C. Characteristics that varied among strains of the species were as follows: Growth in Cohn’s solu-
tion, egg yolk reaction, Tween 80 lipolysis, gelatin liquefaction, acid production from xylose, lactose,
rhamnose, erythritol.

A hypersensitive reaction was produced when cells were inoculated into tobacco leaves but potato soft
rot was not produced (Table 7-1, 2, 3).

On the basis of these results, it may be concluded that the causal bacterium belongs with other argi-
nine dihydrolase and oxidase positive fluorescent pseudomonads. P o»vzicola belongs with an oxidase
negative group. Consequently, the causal bacterium is a different species from the rice plant pathogens
of P avenae and P. glumae which are non-fluorescent pseudomonads and from P oryzicola which is oxidase
negative. The causal bacterium is most similar to the saprophytic pseudomonads P marginalis, P putida
and P fluorescens biotype G. However, there are consistent differences between the sheath brown rot bacte-
rium and P marginalis in the production of g-glucosidase, denitrification, pectate gel liquefaction, potato
soft rot and utilization of inositol. P putida differed in gelatin liquefaction, utilization of trehalose and
hippurate, starch hydrolysis, and hypersensitive reaction.

P fluorescens G differed in utilization of arabinose, 2-ketogluconate, inositol, sorbitol and adonitol,

and hypersensitivity reaction (Table 7-4).
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From the results mentioned above, the causal agent of sheath brown rot of the rice plant was named
Pseudomonas fuscovaginae sp. nov. 1976. It was however omitted from the Approved Lists of Bacterial
Names. Therefore, this name was revived for the same organism in Int. J. Syst. Bacteriol. in accordance
with Rule 28a of the International Code of Nomenclature of Bacteria (Miyajima et al. 1983).

The type strain of this species is HK 6801 (= NCPPB 3085 (Harpenden, England), =PDDCC 5940
(Auckland, New Zealand)).

2) Serological characteristics

Agglutination reactions: Both slide and tube agglutination tests were carried out with unheated whole
antigens and with an antiserum prepared against whole antigen of P Juscovaginae 6801 isolate. The anti-
serum diluted 1:100 agglutinated all isolates tested of P fuscovaginae but not any of 40 other nomenspecies
including phytopathogenic pseudomonads or unidentified saprophytes isolated from rice plants (Tables
8, 9).

Ouchterlony gel-diffusion reactions: An agar gel-diffusion test was conducted with whole and heated
antigen for 1 hour at 100°C according to the Ouchterlony method. In the test using whole antigen, P
fuscovaginae antiserum produced four narrow precipitation bands with all isolates of P Jfuscovaginae but
also one to four precipitation bands with nine other species of pseudomonads including eight pathovars.
Using heated antigens, P fuscovaginae antiserum formed a heavy precipitation band with this organism but
not with 40 other nomenspecies (Table 10 ; Plate III, 1 to 3). These results suggested that antigen prepara-
tions of P fuscovaginae had a specific antigen as well as several antigens in common with other Pseudomonas
species.

The common antigen bands were eliminated by heating antigens whereas the specific antigen remained.

It may be said that the species-specific antigenic reaction of P fuscovaginae is evident in agglutination
and in agar-gel diffusion tests with heat-stable antigen.

3) Host range

Pathogenicity was demonstrated on Oryza sativa, Hordeum vulgare, Triticum aestivum, Avena sativa, Zea
mays, Lolium perenne, Bromus marginaius, Phleum pratense and Phalaris arundinacea but was not apparent
on Festuca arundinacea, two species of Solanaceae, six species of Leguminosae, Petroselinum crispum, Brassica
oleracea, Lactuca sativa or Citrus limon (Table 11). On O. sativa, water-soaked dark green spots appeared
first, then became brown to dark brown blotches on the flag leaf sheath. Infected young panicles showed
brown to dark brown discoloration. On the other eight species of Gramineae, water-soaked lesions ap-
peared and became greyish white or reddish brown spots on the leaves. It appeared that the host range

of P fuscovaginae is limited to gramineous plants.

2. Properties of Pseudomonas fuscovaginae bacteriophages

1) Morphology and one-step growth

Fifteen bacteriophages of Feudomonas fuscovaginae isolated from affected flag leaf sheaths, rotted
seedlings and diseased unhulled rice in Hokkaido, Japan were classified into three groups based on their
host ranges and plaque forms (Table 13 ; Plate IV, 5 to 7).
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The phage particles of all strains were tadpole-shaped consisting of a polyhedral head and a tail. FP1
and FP3 had a head of 60 and 50nm in diameter respectively both with a contractile tail, FP2 had a head
of 59nm with a long noncontractile flexuous tail (Table 12 ; Plate IV, 1 to 4). The one-step growth curve
of phage FP1 indicated that the latent period was about 110 min, the rise period was 130 min, and the
average burst size was 220 plaque forming units per cell in peptone broth medium at 25°C (Fig. 2).

2) Host range

All three phage strains attacked only the isolates of P fuscovaginae but not any of 34 other species of
bacteria including 25 pathovars of pseudomonads. These phages were strain-specific in their infectivity
spectra as shown by the fact that 41 P fuscovaginae isolates collected from various localities of northern
Japan could be divided into four lysotypes on sensitivity to three strains of phage. Lysotype A including
16 isolates was widely present in six of eight localities tested (Tables 14, 15).

3) The phage-bacteria interaction

In the closed system, P1 phage propagated in peptone broth medium when the bacterial population
reached a level of 10° cells per ml (Fig. 3). Propagation of P1 phage in the open system mixed with dif-
ferent populations of saprophytes and the host bacterium was tested in peptone broth medium. After 24
hours incubation phage particles of 7 x 102 plaque forming units increased to 3 X 105 in the medium con-
taining the initial bacteria at 7 x 10 cells per ml mixed with saprophytes at 10° cells per ml (Fig. 4).

From the results mentioned above, the phage method was effective in detecting over 1023 cells of P
fuscovaginae per gram fresh weight of plants. Since the population of other saprophytic bacteria on plants
was 10%7 cells per gram fresh weight under field conditions, P1 phage was found to be useful in ecological

investigations of P fuscovaginae.

IIT Biology and the disease

The ecological studies of the causal bacteria were conducted using both methods of phage and plating
media followed by serological identification. The present work is an attempt to determine the primary
infection sources, behavior of the pathogen on gramineous plants, infection of rice plants, epidemiology of

disease and environmental factors influencing disease development.

A. Ecology of the causal bacterium

I. Primary infection source

P fuscovaginae easily overwintered and survived in dry straw and grains kept indoors until next fall
but did not survive in straw scattered in paddy fields for two or three months (Tables 16, 17). Infected
seeds sown after eight months storage in the laboratory caused disease in rice plants being kept under wet
conditions at the booting stage (Table 18). The causal bacteria were also detected in healthy leaves of
Agrostis clavata var. nukabo growing near paddy fields in spring. These results clearly show that
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P fuscovaginae overwinters in dry diseased rice plants and on wild gramineous plants, and that seed trans-

mission of the sheath brown rot is certain.

2. Epiphytic survival of the causal bacterium on rice plants and grasses

1) Multiplication of the causal bacterium on rice plants

The survival ability of P fuscovaginae on rice plants at different growth stages inoculated by spraying
was studied in a green house. The pathogen was detected on healthy seedlings until at least 16 days after
inoculation of the seeds. The bacterial population increased on rice plants at the booting stage if a bac-
terial suspension was sprayed at the tillering and flag leaf stages, respectively. Subsequent occurrence of

the disease was observed during the booting to flowering periods (Tables 19, 20).

2) Recovery of the causal bacterium from rice plants

The pathogen was detected at population levels of 1037 cells per gram fresh weight on delayed lower
leaves that submerged under irrigation water at the end of June (Table 21). It was also detected at high
population on healthy leaf blades and sheaths eight days before diseased plants were visible in the field
and then on all healthy plants at two days after the occurrence of disease (Table 22). The results obtained
in green house and field conditions show that the causal bacteria survive on healthy rice plants and reach
high populations at the booting stage following establishment of the disease. Therefore appearance of
the disease is apparently associated with resident populations of P fuscovaginae prior to infection. It may
be indicated that P fuscovaginae may go through two phases: a resident and a parasitic phase on rice plants

in their life cycle.

3) Survival of the causal bacterium on grasses

The bacteria survived on healthy seedlings of eight species of grasses until for at least 21 days follow-
ing seed inoculation by soaking them in a bacterial suspension in the laboratory (Table 23). The bacteria
were also detected occasionally at a population level not exceeding 105 cells per gram fresh weight on
symptomless leaves of Agrostis clavata var. nukabo, Dactylis glomerata and Phleum pratense near paddy fields
on June (Tables 24, 25). These results indicate that the grasses serve as a source of primary inoculum of

P fuscovaginae.

3. Infection and host susceptibility

1) Histology of infected plants

As stated previously, the disease generally appeared on the flag leaf sheaths at the booting stage of
rice plants. Therefore, a microscopic examination of these infected sheaths was carried out by means of
paraffin sections stained with Stoughton’s method.

Masses or thin strands of bacterial cells could be seen occasionally on the epidarmal cells of the
adaxial side of the intact leaf sheath that had continuously opened stomata and several layers of loose
parenchyma beneath it (Plate V.1, 2). They entered the respiratory cavity through the front cavity and
hinter cavity of the opened stomata (Plate V. 3, 4). In the later stages, the bacteria multiplied in the inter-
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cellular spaces of the parenchyma beneath the stoma (Plate VI.2 to 6) and reached the lysigenous
aerenchyma. There they multiplied in large masses (Plate VII. 1, 2, 3). However, no bacterial cells were
observed in the stomata on the abaxial side of sheath or vascular bundles (Plate VII. 3, 4). Bacterial
masses were also observed in the locking parts at the palea and lemma of the hull and on hollow parts of
the epidermis of unhulled rice (Plate VIL. 5, 6). These results show clearly that the causal bacteria enter
the intact flag leaf sheaths through the opened stomata which are present on the adaxial epidermis and

progress intercellularly in the parenchma, making it water-soaked in advance.

2) Susceptibility of leaf sheaths at the booting stage of rice plants

Initial symptoms always appeared on flag leaf sheaths but not on lower sheaths at the booting stage
of rice plants under field conditions. Therefore, susceptibility of stomata as bacterial entry points in leaf
sheaths were studied. The adaxial epidermis of all sheaths were kept wet continuously, and most stomata
on these sheaths were open whereas those of the abaxial side of the sheath were closed (Table 26). The
stomatal apertures of flag leaf sheaths were greater in number than these of the second and third leaf
sheaths (Table 27).

The disease incidence of flag leaf sheath was highest, with less infection in the second sheath and even
less in the third and forth sheaths when inoculated under field conditions (Fig.6). When young infested
panicles or absorbent cotton balls were immersed in bacterial suspensions of 10* or 106 cells per ml and
were put in each leaf sheath, severe disease developed on the flag leaf sheath regardless of inoculum dosage
while disease development on lower leaf sheaths was slight or absent even at high inoculum concentration
in the case of panicle inoculum (Fig. 7). On the other hand, in the case of cotton inoculum more disease
developed on the flag leaf sheath at the higher level of inoculum than at the lower level.

From the results mentioned above, stomatal apertures on the adaxial epidermis of flag leaf sheaths
were larger than those of the lower sheath and created an avenue of entry for bacteria. Also flag leaf
sheaths were more susceptible to infection whereas lower sheaths were resistant. Therefore, causal bac-
teria initially multiply on panicles and in flag leaf sheath tissues when they reach the adaxial epidermis

of these sheaths and subsequently cause disease under favorable environmental conditions.

3) Susceptibility of growth stage to infection

A study was presented to determine the influence of growth stage on susceptibility of rice plants to
causal bacteria by different inoculation methods. All the rice plants inoculated by injection at seedlings,
tillering, flag leaf and booting stages showed a high percentage of affected plants. On the other hand,
spray inoculation resulted in disease only on the plant at the booting stage but not at any one at the other
stages (Fig. 9). Furthermore, six growth stages divided arbitrarily by the developmental stage of young
panicles comprising the flag leaf stage to the booting stage indicated the difference in susceptibility based
on spray inoculation ; Plants became infected at the growth stage when the edge parts of the flag leaf
sheath became distant from the other sheaths but not before this stage (Figs 8, 10). These results show
that most rice plants at any developmental stage may be infected through wounds but only booting stage
plants may be infected when not damaged. Therefore, disease occurrence at the booting stage under field
conditions suggests that natural entry points in the epidermis allow invasion by the pathogen in relation

to change of developmental growth stage of rice plants.
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4) Affected rachis and non-emerged panicle

Affected raches were frequently observed in the non-emerged panicles under field conditions (Fig. 11).
When injecting inoculum at the booting stage, an increase of inoculum concentration raised the percentage
of non-emerged panicle and of affected rachis (Fig. 12). This suggests that non-emerged panicles are

produced by the inhibition of raches elongation which is caused by the bacterial infection.

B. Environmental factors on disease development

Severe outbreaks generally occur in August after periods of cool wet wheather. A study was con-

ducted to determine the influence of climatic conditions and cultural factors on disease development.

I. Climatic conditions influencing disease development

1) Influence of temperature on disease severity and multiplication of bacteria in rice plants

Day temperature rather than night was correlated with disease development and plant heading : Partic-
ularly low temperatures at daytime markedly increased the severity of disease and caused late heading
while high temperature decreased the severity when the rice plants were inoculated at the booting stage
(Fig. 13). Causal bacteria multiplicated markedly in the flag leaf sheath and panicle tissues, and caused
severe disease development when inoculated rice plants were kept in a controlled chamber with a day/night
temperature of 17/11°C or 23/17°C. There was less multiplication and development at 29/23°C (Fig. 14).

2) Influence of humidity on disease development
Disease incidence was enhanced in 3 hours and reached 100 percent in 15 hours or longer when inocu-
lated rice plants at the booting stage were kept under conditions of 1009 relative humidity. Disease se-

verity was also raised consistently with the elapse of time in the same conditions (Fig. 15).

2. Effect of transplanting of seedlings and fertilization on the disease development

Both early transplanting and a decrease in the amount of applied nitrogenous fertilizer caused an
earlier initial occurrence of the disease though these factors did not influence disease incidence under field
conditions (Figs 16, 17). The amount of nitrogenous, phosphatic or potash fertilizer also showed no rela-
tionship to disease severity under artificial inoculation conditions (Fig. 18). These results may be ascribed
to the climatic conditions at the susceptible booting stage varying with different cultural methods for rice

growing.
IV Chemical control
If effective chemicals can prevent bacteria from infecting the flag leaf sheaths of booting rice plants

chemical control of the sheath brown rot may be possible. For this purpose it is essential that chemicals

be applied before the flag leaf stage.
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Streptomycin and streptomycin plus oxytetracycline proved highly successful on detached leaf sheaths
and in pot experiments (Fig. 19, Table 31). Sprays of the latter chemical at different concentrations,
dates and times were carried out to determine the control effects because this combination has been known
to eliminate streptomycin resistant strains in many bacterial diseases. Three or five sprays at 1/500 dilu-
tion applied at five day intervals from 10 days before the initial outbreak showed its effectiveness while
two sprays at an early period or later three sprays did not give control (Table 33). It may be concluded
from these results that preventative applications of streptomycin plus oxytetracycline mixture (159% plus

1.5Y%) can be used for agricultural purposes even under severe epidemics conditions.
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