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DIAGNOSTIC AND ECOLULGICAL STUDIES OF RICE BACTERIAL
LEAF ELIGET, CAUSED BY XANTHOMONAS ORY2AE

- Japan -

[Following is a translation of an article by S. Yoshimura

in the Japanese-language publication Bulletin of the Hoku=-
riku Agiricultural Experinent Station, No. 53 270173. 1933.

pages 28-176. ]
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CHAPTER I. INTRODUCTION

Rice Bacterial leaf biight is_a leaf blight disease
commonly called "hapare /leaf blight/," and is the only
bacterial diseass of the ma.n rice plant diseases in Japan.
The record of occurence of this disease in Japan is old,
dating back to 1884. It is a disease that occurrs more
frequently in the plain, fertile, alluvial rice paddies
mainly in the warm southwest region, covering the Kanto
district, southwestern Honshu, Shikoku and Kyushu. In fore
eign countries the disease occurs 1in almost all rice grow=
ing regions of Scoutheast Asia including Korea, Mainland
China, Taiwan, the Philippines, South and North Viet Nam,
Laos, Cambodia, Thailand, Malaya, Eurma, India, and Colombo
Lsig7. Generally it is believed to be a rice plant disease
of the warm or the semi-tropical regions. However, it has
spread from the warm southwestern region north, as will be
described later. It has affected the Hokuriku district as
well as the Tohoku district.

Although attention has thus been focused on rice
bacterial leaf blight as a main rice plant disease through=-
out Japan, past research on this disease (before 1950) con=-
sists of only the difference between varieties, the rela-
tionship between a few methods of fertilization and culti=-
vation and the occurrence of the disease, some observations
on preventi~n and eradication by spraying copper germicides,
There are no preventive or eradication methods that can be
actively recommended for practical use.

The reason for this is that the pathophyte of this
disease was found to be complicated and troublesome in iso~-
lation, culture and microscopic observation. But more im-
portantly the basic¢c survey and study of the infection cycle,
from its overwiniaring to the primary infection to the sec~
ondary infection were inadequate, DBecause of this, begin=-
ning in 1951 the Agricultural Technology Research Center,
the Tokai, Kinki and Kyushu EBxperimentazl and Research Cen-
ters, and colleges have embarked on basic research, with
successes, that will be described later, and opened new
phases in the study of this disease.

In some of this research the author participated at
his former post, at the Kyushu Agricultural Experimental
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Station, Ministry of Agriculture and Forestry and engaged
in assigned experiments. Ii parallel with the research,
various antibiotic substances have been examined for chemi=
cal control. But no definitely effective chemical has been
found. Tk2rafore, evasion and reduotion of the occurrences
of this disecusc ars still dependent on the utilizetion of
resistant varieties, improvemeni of seed beds, water con-
trol in rice paddies, and adjustment of additional fertili~
zation, The lack of contrcl methods for this disease seems
to be due to an inadequate grasp of its ecology.

In view of this, the author set test and investiga~
tion nbjectives in filelds, and conducted diagnostic study
of the symptoms of rice bacterial leaf blight, the form and
etiology of the pathophyte, the circumstances of the occur=
rence of the bacteriophage of this disease and i%s primary
infection and secondary infection, as referred to earlier,
and the relatiraship between the bacteriophage of this dise
ease in irrigation water and its occurrence. Attempts were
also made to establish early detection and prevention of
its occurrence, and to gain clues to chemical control,

The present study was conducted by the author from
1956 at the Kyushu Agricultural Experimental Station, Min-
istxy of Agriculture and Forestry, at the Hokuriku Agricul=-
tural Experimental Station, Ministry of Agriculture and
Forestry (hereafter these agencies will be clited without
reference to the Ministry of Agriculture and Forestry). 1In
concluding this article the author's heartfelt gratitude is
expressed to Professor Doctor Yoshii Hajime of Kyushu Uni=-
versity for his cordial guidance and encouragement through-
out the study and for reading this article to Mr. Amatatsu
Katsumi, Director of the Hokuriku Agricultural Experimental
Scvation, and Doctor Yamazaki Tsutae, Director of Environe-
mental Department of the Station for their thoughtfulness in
reading and publishing this article., His gratitude is ex=-
pressed also to Doctor Tagami Yoshiya, Director of the Kyu-
shu Agricultural Experimental Station and to Doctor Ono
Kosaburo, Director of the Hokuriku Agricultural Experimen=-
tal Sta:.on feor their guldance and assistance on many occa=-
sions since the inception of the study. His thanks are due
also to Doctor Mukai Hideo, Director of Pathology and Ento=
mology, Agricultural Research Center for his valuable ad-
vice and encouragement, to loctor Nishizawe Masahiro, Di-
rector of Kyushu Agricultural Experimental Station, to
Doctor Tamura Xchitaro, Director of the Hokuriku Agricule
tural Experimental Station, former pro¢fessor and Dootor Ito
Taiichi of Niigata University for his guidance in the study
of fundamental bacteriology and its experimental methods,
to Doctor Miyamura Sadao, Professor of Niigata University,
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to Doctor YNiwayama Seihachiro, Lecturer in the RBacteriology
Division, Niigata University Medical School, to Doctor
Okeya Shuzo, Mr, Nakajima Seijiro, to Mr Takahashi Zensaku,
Chief of Electron Microscope Division of Niigata University
for his extraordinary thoughtfulness in guiding the opera-
tion of the electron microscope and its photography, to
Doctor 0Oi Tsugusaburo, of the Science Museum for his guide-
ance in classification and identification of grasses, and

to Doctor Kanai Hiroo, Department of Science, Tokyo Univer=
sity.

Furthermore Doctor Kila Saburo, Assistant Prcfessor
of Xyushu University, Doctor Minakami Takesachj, Pathology
Department of the Agricultural Technology Research Center,
Doctor Iida Toshio of the same, and Doctor Nekrzawa Masa~
nori nf Aichi Prefectural Agricultural Experisental Staticen
provided appropriate advice and aid for this study. Doctor
Nonaka Fukuji, of Kyushu University, Doctor Wakimote Satoru,
Pathology Department of the Agricultural Technology Re=
search Center, Mr Tadani Teruo of Hokuriku Agricultural Ex=
perimental Station, and Mr Kitamura Haruo of the same ex=
pressed valuable opinions on the conclusion of this article.
Special thanks are due to them,

Great aid has been provided in the field testing,
surveying and experiments of this study since its inception
by Doctor Watanabe Bunkichiro of Ishioka Station, Ibaraki
Prefectural Agricultural Experimental Station, Mr. Kuhara
Shizgematsu of Kyushu Agricultural Experimental Station,

Mr., Kurita Toshiyo of the same, Mr. Sekiya Naomasa of Kano=
ya Branch, Kagoshima Prefectural Agricultural Experimental
Station, Mr. Saito Tadashi of Hokuriku Agricultural Experi=
mental Station, Mr. Tahara Keiji, Mr. Suzuki Sachio, Mr.
Moribashi Toshiharu, Mr. Yoshino Reiichi, and Mr. ianetsu

Hiroyo. Thanks are expressed for their thoughtfulness and
assistance,

Special notation and gratitude are made for the
egreat aid offered by the staff of the Insect Damage, Agri-
cultural Improvement Sections of Niigata, Toyama, Ishikawa,
and Fukuil Prefecturss, the staff at the Insect Damage Seo=
tions of Aszricultural Experimental Statlions, the staff at
Insect Damage Control Centers, and the staff at centers for
dissemination of agricultural improvement information.
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CHAPTER II, HISTORY OF NOMENCLATURE, DISTRIBUTION,
AND OCCURRENCE OF THE DISFASE

Section 1. Nomenclature of #“he Disease

The Japanese Association of Phytopathology has term=-
ed this disease "Bacterial Leaf Blight."90 Table 1 lists
the local names of this disease as surveyed by the Agricul-
tural SBureau, Ministry of Agriculture in 1931,93 the com=-
monly known names referred to at the Kyushu and Hokuriku
Agricultural Experimental Stations from 1955 to 1960, and
the names obtained from written answers rom agricultural
improvement sections and agricultural experimental stations
throughout Japan.

Table 1

Common Names of Rice Bacterial Leaf Blight

Common Teorms Areas_ or Places_Used
Shirahagare Nation-wide

Hagare Nation-wide

Shirohagare Nortnern lake area of Shiga Prerecture

where the diseass breaks out constantly,
Kariya City, Aichi Prefecture, Miyagl Pre~
fecture, Aichi Prefecture

Shiragare Iwate Prefecture (Nakahirata-mura, Awami=
gun), Oita Prefecture, Aichi TFrefectur.,
Taga, Kuji, and Higashi-Ibaraki=gun,
Ibaraki Prefecture

Shirogare Sanpo-gun of Fukui Prefecture, Konan Area
and Yamabe Area, Shiga Prefecture, Tsushi-
ma Area, Aichi Prefecture, Toyama Prefec-
ture, Oita Prefecture

Jinryocku Hagare Ehime Prefecture




Sasagare NKono=cho and part of Osaka Municipality
Andon River, thiga Prefecture Yuki=-gun,
Ibaraki Prefecture

Shibugare Entire area of Tokushima Prefecture

Shitabagare Yabuki area, Hanamaki City, Iwate Prefec~
ture

Shitagarse Southern part of Fukushima Prefec¢ture
(Nishishirogawa=gun), Yabuki area, Hana=
maki City, Iwate Prefecture, Nishiharu,
Atsumi, and Shichiho areas of Aichl Pre=
fecture, Mihara=gun, Awaji=-shima, Hyogo
Prefecture

Hayagare Nukata area of Aichi Prefecture

Kanbagare Narumi area of Aichi Prefecture

Hoshigare Sarujima=gun, Ibaraki Prefecture

Hohakare Saga Prefecture

Satagare Ibaraki=gun and Shinku~gun of Ibaraki
Prefecture

Shiraha Futaba=gun of Fukushima Prefecture, Hyogo
Prefecture, Takarameshi area of Aichi Pre-
fecture

Shiraba Iwate Prefecture

Kareha Aichi Prefecture

Axaba Konan and Yamabe areas of Shiga Prefeoture

Doroba Konan and Yamate areas of Shiga Prefecture

Hazure Futaba=gun of Fukushima Prefecture

Hagarashi Yuraku area of Gunma Prefecture

Hamai Mihara=cho, Mjhara=gun of Hyogo Prefecture

Kareagari Central (Azumi and Tamuraiwa areas) region

of Fukushima Prefecture, Awamigun, Yama=-
gata Prefecture, Aichi Pr-fecture, Toyama
Prefecture




Moeagari

Shitabaagari

Toyokawa area of Aichi Prefecture

Shimane Prefecture; Konan, Kamagori,
Ichinomiya, Inazawa, Seto, and Shich’‘ho
arvas of Aichi Prefecture

Shirajaxeru

Kosei area of Shigza Prefecture (used by
old women)

Kuse

Shiraguse

daguse

Fukushima Prefecture; Yusaku area of Gune
ma Prefecture; Yamaguchi Prefecture;
Kagawa Prefecture; Hyogo Prefecture; Kyoto
Prefecture; Saitama Prefecture; Yamanashi
Prefecture; Tochigi Prefecture; Chiba Pre-
fecture; Kanagawa Prefecture; Kochi Pre=-
fecture; Ehime Prefecture; Ibaraki Prefec-
ture

Noriyama City of Chiba Prefecture; Tomiura
cho, Toyama=cho, Shirahama-chc, Maruvama=-
cho, Miyoshimura, Chigura=cho, of Awa=gun
of Chiba Prefecture

Ehime Prefecture; Aranuma=-gun of Ibaraki
Prefecture

Gaua

Kasa

Shirogasa

Hagasa

Seino area of Gifu Prefecture; Konan area
of Shiga Prefecture (where occurrence is
constant); Hyogo Prefecture, Shizuoka Pre=
fecture, Kyoto Prefecture; Ahigara Shimobe
and Central area of Kanagawa Prefecture;
Vicinity of Hongo-cho, Toyota=-gun, Hiroshi=-
ma Prefecture; Okayama Prefecture; Aichi
Prefecture

Kanagawa Prefecture; Shizuoka Prefecture
Aichi Prefecture

Kyoto Prefscture; Tsushima area of Aichi
Prefoeacture

Kyoto Prefecture, Hyogo Prefecturev, Cka-
yama Prefecture

Gasagasa

Gara

Kchoku area of Shiga Prefecture (where
occurrence is constant); Shichiho area of
Alchi Prefecture

Tokushima Prefecture; Kagawa Proefeoture
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Yake Tochiyl Prefecture; Atsumi and Kanie areas
of Nagoya ol Aichi Prefecture;

L 3~ ———— 1 .

Hayako Tochigl Profecture; Atsumi and Kanie areus
of Nagoya of Aichi Prefecture

Nijiyake Koryo=-cho of Kuzushiro=-gun of Nar. Prefec=
ture
Hoya Naganuma=cho, of Iwase=-gun of Fukushima
Prefecture; Sag. Prefecture; Fukushima
Prefecture ’ ?
i
Shirohova Saga Frefecture; Fukuoka Prefecture :
Sabai Amakusa area of Kumamoto Prefecture; Saga ;
Prefecture
Sabiya Saga Prefecture
Kensaki Edas-~gun of Gifu Prefecture
Kazeatari Sanbo=-cho, Sanbo~gun of Fukui Prefecture
Sesamushi Daijin, Shimadakata~gun, Izu Peninsula of

Shizuoka Prefecture

As snown in Table 1, such names as Kuse, Kasa, and
Sabai are general terms to dopict other diseases and insect
damage. But Gasagasa, Shiraguse, Nijiyake, Kensaki, and '
Sasamushi literally depict the phases of damage,

aNext, the English nomenclature is Eacterial Leaf
Blizht., It is also called by such other names as bacterial
leaf stripe, bacterial leaf streak, leaf withering d!sease
or white spot disease. The first two seem to be the terms
designated by Fang et all9 20 for rice streak disease and
by Pordesimol00 for distinguishing it from bacterial blight.
Ir other words, these rescarchers treat the first two names
of bacterial diseases as beiny different {rom bacterial
leaf blight. Care must be exerocised in using names. Incie
dentally, its Chinese name is Pai-chieh-ku-pingla. Its
German and French names aroe not Known,

Furtherwore, the reports on Kresk diseasel02, 106
reported at Dogor, India in 1950, ard the ric« bacterial '
discasze renorted in India show symptoms similar to those of
the bacterial leoaf blight.9 However, the black eroded ric
reported by foachinai in 1932, Brutone diseaze5d of Hungary
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in 19%9, and un-hulled rice withering bacterial disease
since 1953 in Kyushu, Chugoicu, Shikoku, Tokai, Kinki, and
Fukui Prefecture are different bacterial diseases than this
disease judginz from syirntoms, and pathophyte,

Section 2, Geographical Distribution

As roferred tc¢ in the introcduction, the geographical
distribution of rice bacterial leaf blight ranges all over
the rice growing zone of Asia, with the exception of Man-
churia, Siberia, North Korea. It includes Japan, Republic
of Korea,128 ainland China,1® Taiwan,%6 the Philip-
pines100,101 South and North Vietnam,* Cambodia, Thailand**
Malaya,*** Java,l08 Burma,98 1India,9,98 and Ceylon.****
Whether or not it occurrs in the rice growing zones in
California or Northern Italy is not known,

Section 3. History of Occurrence
1, Record of Occurrence in the Early Period

The record of occurrence in Fukuoka Prefecture in
Japan in 1884 seems to be the oldest one. Actually there
might have been earliex occurrences than this, It occurred
thereatter in 1897 in Shimane and Chiba Prefectures and in
1902 in several parts in the warm southwestern region with
remarkable damages.lC,328 This disease tends to occur in
places where rice paddies are immersed or innundated.
There were other local occurrences. But this became a probe
lem in 1907 in Kyushu, Shixoku, and Chugoku districts. It
is reported that the reduction of rice crops by one¢ half
due to this disease was not rare in such constant areas of
occurrence as Mitsui=-gun and Ukiba=gun along the Chikugo

'ﬁBy correspondence with Dr. Luong Duc Cua, Hanoi City,
North Vietnam.

** By conversation with Mr. Piya Giagong, Cangkok, Thailand.

e By field surveys conducted by Mr. Kawakami Junichiro,
Bokuriku Agriculture Experimental Station, Ministry of Agri=-
culture and Forestry.

***¥ By field survey conducted by Dr. Okamoto Hiroshi,
Chugoku Agricultuirre Experimental Station, Ministry of Agri-
culture and Forestry,.




diver in rukueka.l27  In 1923 this diseuse raged in Cthize
Prelecture, causin,r reduced crops.75 Jud:zin:s from the
fore;oin; instances, the occurreance o this disease dates
back to olc times, and it was [reguent in the early period
of the Xeiji era. s reference, Table 2 is an excerpt from,
the survey oi the occurréence of diseases and insect damage
in Japan as collected by the Aizricultural Bureau, Ministry
of Agriculiture and Forestry ia 1929.
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2, Aroca of Occurrence

According to the survey conducted by the Epidemic
Prevention 3Section of the Ministry of Agriculture and For-
estry, as shown in Table 3, the area affected by the dis~
ease in the pre-war pericd was about 50,000 to 60,000 ha
each year. During the Second World war it frequently pass=-
ed 100,000 ha. In 1945 and thereafter the average area af=
fected was about 100,000 ha. Beginning in 1951, it was in-
creased to 200,000, or twice that of the preceding average,
sometimes as large as 300,000~-400,000 ha., Recently in
terms of area of occurrence, in Japan this disease is im=
portant next only to rice plant fever, and spot disecase,
Table 3 shows the areas of occurrence during the 193701960
period.

Table 3

Acreage of Rice Bacterial Leaf Blight in Japan by Year

(1937-1960)

O %Pt wow Pream (% x| £ 8nik | Redn

, bal “ha Baj ba
1937 3,069, 523 54,688 i 1949 2,898,750 183,943
1938 3,073,364 40,012 | 1950 2,901,360 387, 066
1939 3,040, 906 mmﬁwm 2,801,110 220, 957
1940 3,029,275 55,002 | 1952 2,895,830 168,367
1941 3,036, 142 118,606 | 1983 2,889,900 206, 512
1942 3,026, 026 95,914 | 1954 2,911,850 310,097
1943 2,991, 980 45008 | 1955 m%awo§ 225,238
1944 2,875,750 0,001 | 1956 3,084,930 | 252,732

1945 2,821,070 nmw“ww 3,100,216 | 410,927
1946 2,742,220 157,266 | 1958 mwamol 338, 474
1947 2,834, 370 115,489 1 1959 3,131,000 405, 553
1948 2,890, 090 10,279 || 1960 3,150, 000 . 347,748

Note: Surveyed by the Plant Epidemic Prevention Section,
Development Bureau, Ministry of Agriculture and For-
estry

Lfegeng7: 1) Year; 2) Planted area; 3)
Acreage of occurrencs,




3. Occurrence in Northern Japan, Particularly in the
Hokuriku District3%,39,152

For sometime rice bacterial leaf blight was regarded
as a main disease in the warm rice growing arcas west of
the Kanto District and as a negligible enc in the Tohoku
and [lokuriku districts, However, even in the latter areas
in rccent years the occurrence of this descase has rapidly
increased., Its occurrence was extended northward from
Fukui and Miyagi, with noticeable occurrcnce in the past
several years cven as far as Yamagata, Alzita, and Iwate
prefeciures in the Hoikuriku and Tohoku Districts. Severe
occurrence has been known particularly in the Shonai area
of Yamapata Prefecture and in the Hachiro Lake coast of
Akitia Prefecture., Thus, it is imperative to disregard
the idea that this disease occul's only in warm :-xreas.31"'1*2']'1-'B

The author conducted fiecld surveys in conjunction
with the prefectures of the llokuri.u District in 1958 and
1959 on this disease., Knowledge of the acreage of occur=
rence and the environment for occurrence gained from these
surveys are outlined in the following.

1) Shifts in the acreagze of occurrence in the pre-
fecturcs in the Hokuriku District
Table 4

Acreazre of lice Bacterial Leaf EZli~ht Occurrence in
the lokuriku District Prefectures by Year

(1953-1960)
Year Niigata Toyaua Ishikawa fukui
Prefecture Prefecture Prefecture Prefecture
ha ha ha ha
1953 1,520 4,268
1954 1,k57 870 2,774
1955 2,810 786 1,960
1956 2,140 7,600 3,286 17,371
1957 3,110 2,960 2,695 24,653
1953 12,170 1,700 4,898 7,544
1959 35,816 6,344 7,344 11,105
1960 14,016 L,652 4,268 14,436
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2) Areas of Occurrence in Each Prefecture
The areas of occurrence in the prefectures of the
Hokuriku District are shewn in the [{ollowing Tables 5-8.
Table 5

Areas of Occurrence in Niigata Prefaecture

Region Area

Higashi-~keijo-gun Urakawahara-mura; Yasukura River Basin
Makimura: Iida River Basin

Naka=kei jo=gun Kakizaki~cho: Haru River, Yoshi River,

and Kurokawa River Basins

Yoshikawa-cho: Aka, Yoshi and Kure
River Basins

Naocetsu Municipality: Yasukawa, Kuwasone,
Iida River Basins

Takada Municipality: Iida, Nakae, and
Tonome River Basins

Miwa-mura: Kuwasonc River Basin

Takashi=-mura: Kushichi River Basin
Keijo=-mura: Yasukura River Easin
Iikura=-mura: Bessho idiver Basin

Nishi~kel jo=gun Part of Itouokawa Municipality

Kariba=-gun lojo-mura: Sabaishi River Basin
Kashiwazaki Municipality: Sabaishi, Uno,
Mae, and Bessan River Basins
Kariba=-mura: Bessan llver Dasin
Nishiyama=cho: Bessan River Basin

Naka=uonuma=-gun Kawanishi~cho: Confluence of the Chujo
and Sanjo Rivers
Toka=-cho: Lower course of the Furu,
Chujo, Ta, and Kawaharu Rivers

Minami-Uonuma=gun JMuika=-cho: Uono River Basin
Itsuka=-cho: Uono River Basin

Kita=uonuma=-gun Uono River Basin

fochitanl Municipality: Iketsu
Xawaguchi=cho: Kawaguchi
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Mishima=-gun

Minami=kamabara=
sun

Nishi=kamabara=gun

Naka-kamabara=-gun

Kita-kamabara=-gun

Koshiji=cho: Su River Easin and the
lower course of the Shibumi River P

Narmaoka Municipality: Lower course of
the Shichibu Drainage Ditchoes; Doman
River RBasin; Lower course of the Kuroe
kawa Channel; Lower course of the Mi=-
shima Channel; Shimazaki River Basin;
Joshi and Zendoji River Basins: and
Yamakita Channel Basin

Sanjo Municipality: Ozaki and Iguri
Mitsuke MNunicipality: Kono, and Itori
Nakanoshima-mura: Mayumi
Shimota-mura: Oura

Tagami Municipality: Yokoba Shinta ‘

Maki=cho: VYeroizato
Iwamure=-mura: Sarugase
Sainto=-nura: Endo i
Nishikawa-cho: Hataya

Nakano Koya-mura: Nakano Koya
Yabiko=mura: Kamiizumi, Ida
Ajikata=-mura: Okura
Kurozaki-mura: Kitaba

Tsubame Municipality: Chosho '

Niitsu Municipality: Noshiro and Daido
liver Basins

Yolkotsuke=mura: Agzano River Basin
OQutside of the Agano River Dikes
Xosuto=-cho: OQutside of the Shinano River
Dikes

Niitsu MNvuicipality: Outside of the
Shinano {iver Dikes

Shirane Municipality: Outside of the
Shinano River Uikes

Gosen Municipality: Sarawada

Muramatsu Municipality: Nagashima

Kamikawa=-mura: Migita

Mikamie-mura: Nodo
" " ; Ishima

Yasuta-mura: Agano River Basin, Windy i
area '
Minavbara-cho: Windy area 5
Izunigase-mura: Windy area l
Toyosaxa=mura: Around Fukushima Lake

Toyoura=-mura: " " "

Shibata-mura: Kaji River Bastin

Xurokawa=-mura: Tainai River Basin

- 17 -
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Iwvabuna=gun Arakawa-cho: Arakawa River Rasin
Kanbayashi-mura: Ishi and Ara River
Basins

Nurakami Municipality: Ishi, Sanmen,
Yamada, River Dasins

Niigata Munici= Niigata MNunicipality: f[{tyo and Shinano
pality River Basins, Shindo, Sakai, Nishi
River Basin; Okayama, Ishido, Agano
River Basin, Omi, Toriyano Lake Chan-
nel Area, So River

Sado=gun Sawada~cho: Kufu River Basin
Kanai~mura: Fujitsu River, Shinbo River,
Ono River, and Kofu River Basins
Hatano-mura: Ogura River Basin
Mano-cho: Gonaiden
Ryotsu Municipality: Kamo Lake and Ume-
tsu River Basin

Table 6

Areas of Occurrence in Toyama Prefecture

Region Area

Uotsu Munilcipality Katagain River Basin
Daikoji on the lower course of the Kado
River, Sumiyoshi
Lower course of the ilayatsuki Rivsr

Suberikawa Munic-~ Northern part of Suberikawa Municipality,
ipality Confluence of Hayatsuki River

Nakashinkawa=gun Kamiichi Rivor Basin, Joganji iiver
Bdasin, Shiraiwa liver Basin, Funabashi
aroa, Mizubashi area

Toyama Municipal- Higashi-toyama, lasu-cho, Shiro¢kawabara,
ity Shinjo, Hamagurosaki area (lower course
of the Jintsu liver), Taromaru, Nezuka,

Eguchi, Nishi-toyama

ioi=gun Kureba=-cho, Ida iliver, Jinmei, Higashi-

oita, Fururuguro-mura, Yamada Riveor
Basin in Furukawa=-mura, Yatsuo-cho area
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Kamiaragawa=gun

Shasui=-gun

Niiminato Municie=
pality

Takaolka Munici=
pality

Korimi Municipal-
ity

Nishi-tonami=-gun

Tonami Municipale~
ity

Kumano River Basin, Kumano Tsugiso>,

Makita, Ima-cho, Matsubayashi
Jinzu River Pasin, Tsugabara, Shima
Kosugi=cho

Sho itiver, lower course of the Jintsu
River, Tsukahara Sakubara Sakudo Area,
Shimojo River Basin, Tsubatae

Tachino in Koyabe River Basin, Higashie=
goi, Kuniyoshi, Ishizutsumi Area

Junicho lLake Area

Koyabe Kkiver Rasin

Fukuoka=cho Akamaru, Sakita, Arayashiki,
Mikkaichi, Arata, Ishido-cho, Konade,
Serikawa, ilaniu, Kitakaniya, Sho iliver
fasin in Tode-cho, Tokuichi, Shinmoaso,
Funatoguchi Channel, Suta, Ichinose,
Tonaka~cho Shibtue, Hirata, Shimokawa=-
saki, Shimogokoku, Fukumitsu-cho Take~
uchi, Yoshie

Sho .liver Rasin, Senaru, Tobo
Higashinaka, Kitatakagi, Nakano=shima,

Enami
Higashi-tonami- Fukunocho Takase ‘ .
gun Inamic-cho, Toita Otani kiver Basin
shirohata~cho Yainada River Basin
Table 7
L
Arecas of Occurrence in Ishikawa Prefecture
nesion Arca

Bnuma=gun

Daiseiji Kiver Basin, Daiseijiecho Yumi-
nami, South Kawaminami, Southern Coast
of Shibayama lLake, Dobaghi Tsukimi,
Yata=zun, Southern Coast of Imae lLake,
Awatsu, Niba lLake Perasmeter
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Nomi=cun

Ishikawa=gun

Kawakita=gun

Kanazawa Munici-
pality

Hasaku Municipale
ity

Kashima=gun

Hasalku=-gun
Hoshi=gun

Washima Munici=-
pality

Tamasu Municipale
ity

Hiratori River Basin

Taikeiji Channel Basin, Matsutomo=-cho,
Nonoichi=-che

Kawakita Lake Peremeter, Morimoto=cho,
Saita, Imaichi, Yatsuta, Onefu, Tsuhata~
cho

Kawakita lake Peremeter

Muratomo laxe Peremeter

Karishi=¢ho, Shimaya-~cho, Kashima-cho,
Tazuhama, Nakajima=c¢ho

TaXahama=-cho, Shiga=cho, Furai-cho,
Kenchi. Monzen-cho, Anamizu, Ukawa

Takuta, Yokochi, Koise=~cho, lower course
of the Machino River

Ideda, Nonoe, Kumagai, Shoin=-cho, Takara-
date=cho

Tamaéu-gun Lower Reachers of Ukai River, Kuri-gawa,

Lower course of thc Shiri River
Table 8
Areas of OQOccurrence in Fukui Prefecture

Region Area

Sakai=gun Kita Lake Peremeter, lower course of the
Kutoryu River, Kanatsu-cho, Ozeki, Hyogq
Maruoka~cho, Harue-cho, Kawanishi=-cho,
Morita=-cho

Ashiba=-gun Ashiba River Basin

Yoshida=-gun Fujioka area

Fukuli Municipality

Entire area




Katsuyama MNanici=
pality } RKutoryu aiver BEasin
Ono Municipality

Nioi-gun Shimizu=cho, Asahi-cho, Hino River Basin

Sabae=-ciho }

Takeo=-cho Hino QRiver Basin

Tsuruga Munici-

pality
Sanbo=gun Sanbo=-cho Bessho, Mukogasa, Sako, Tomura,
Satomuko
Tojiki-gun Kita River Basin, Otoba, Kiminaka

Obama #unicipality Lower Reaches of Kita River Basin, Minami
river Easin

Omeshi=-gun Takahama=cho

Cccurrence takes place more in the plain and fertile
land along the Sca of Japan in the Hokuriku District as
shown in Tables 5-8. All prefectures in the Hokuriku Dis-
trict have low and wet paddies., Thezre are many occurrence
areas in these low and wet paddy areas and around lakes
scattered all over (Niigata Prefecture:; Yoroi Lake, Fuku=-
shima lake, Naga Lake; Toyama Prefecture: Junicho lLake;
Ishikawa Prefecture; Muratomo Lake, Kawakita lake, Imae
Lake, Kiba Lake, Shibayauwa Lake; TFTukui Prefecture: Kitagata
lLake, Tive Laics of Sanvo)}., This is the characteristic of
occurrence in the Hokuriku District. Also in Niigata Pre-
fecture it has been reported that there have been instances
of occurrence in the rice paddies in mountainous areas such
as Matsushiro=cho of Higashikeijo=-gun, Minami and Kita
Uonuma-gun's, Netsu=cho of Higashi~kamabara-gun. There are
areas of occurrence in Sado-gun, and the inner arsza of the
Noto Peninsula of Ishikawa Prefecture. There is a consider-
2bly large area of occurrence in the Ono Basin, Fukui Pre-
fecture, ‘

3) Sumnmary of the Ecological Invesctigation of the
Circumistances for QOccurrence

Tune following is a summary of the pertinent data con-

cerning the environment for occurrence based on the 1958~
1959 ecological investigation,




a) Occurrence is frequent in flat, low, and wet
paddics,

b) Occurrence is frequent in fourth alluvial
formation soil and rare in rice paddies in areas adjacent
to sand dunecs.

¢) Occurrence is frequent in wet paddies and in
the rice paddies around lakes,

d) In many cases, paddies where occurrence takes
rlace are flooded by rivers flowing through.

e) The growth and distribution of the host over=
Winterins grass, Leersia oryzoides (Linn,) Sw, of the
pathogen of the leaf blight disease have a high density,
and naturally affected colonies are found in each prefec- ,
ture, Host pgrasses, Zizania latifolia Turcz. ex Trinius,
Leersia Japonica Makino, Phalaris arundinacea Linn., Isachne
lobosa (Thunb.) 0. Ktze also generally grow in the rice
paddies of each prefecture and place,

f) Planting sensitive rice varieties like Asahi
and others has increased,?9,107
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CHAPTER III, HISTORY OF RESEARCA

Rice bacterial leaf blight occurred widely in the
warm southwestern region beginning in about 1902, as has
been stated, Mr. Nishida, Kyushu gdranch of the Agricultur-
al Experimental Station, Ministry of Agriculture and Com=
merce, made studies of the pathophyte of this disease, 1In
1907, he reportedy1,92 that this disease was not caused by
parasiting bacteria, but that it was a phenomenon caused by
the strons acidity of the nutrition absorbed from the soil,
becausc the morning dews formed on the tip of the affected
leaf showed acidity. Also such symptoms werc only mani=
fested when rice was cultivated in rice paddies with acid
solutions and when the solution was changed into a base the
same symptoms were not manifested. Therefore, he concluded
that the diseasc was a non=parasitic physiological impedi-
ment based on soil acidity. At about the same time, Nr.
Maruoka7¥,75 of 3hizuoka Prefecture reported that this dis-
ease was ccused by acid soil, This kind of view was still
strongzly believed even though Mr. Takaishi of the Fukuoka
Prefectural Agzricultural Experimental Station published
less (lhan two years later the bacterial theory of the dis-
case., This is still believed by the old people in the
areas of occurrence in Fukuoka Prefecture. The writer
terms this period as the period of the acid theory of im=-
pediment by Messers Nishida and Maruyama,

~sr. Takaishi conducted detailed rcsearch.zzvl26 At
first he discovered that the affected soil had generally
stron;er acidity than non-affected scil; that soil in heav=
ily alrfccted area showed extreme acidity; the occurrence of
this discecase was rare in the zones with volcanic ash soil,
and in contrast to this the occurrence was frequent in the
heavy clay zone with high a substitution c¢apacity. He in=
vestigated dew from the affected leaves and found that it
had azbout twice as much acidity as that of non-affected
leaves, and that most of 1t was non-volatile acid contain=-
ing wmuch or:;anic wmatter, about three tiwmes that of noneaf=
fected lcaves. Ffrom this evidence he considered for a
while that the disease was caused by the damago of acidity,
But after {urther research, he discovered paste-=like slimy
matter on the edge of the leaf of a somewhat yollow tinge
at the initial period of disease. Through microscopic in-
spection he confirmed that this was a mass of bacteria and
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reported that this discase was obviously ¢ parasitic dis~
.asc causcd by a kind of bacteria; a characteristic of this
disease was that it grew to some extent in the dew drops
formed on the lecaf cdge and penetrated the tissues zraduale
ly; that the multiplication of the bacteria in dew drops
was related to the ingredients of the dew drops; and that
the difference in these ingredients was due to the changes

in the physiological condition of rice caused by the soil
and fertilization,

ilis bacterial theory and the foregoing observations
are epoch-making accomplishments in the history of this
discase and thercafter they were proved by tests. However,
Mr, Takaishi only isolated two kinds of bacteria and mould-
fungl and did not go as far as their identification, 1In
1911, Mr. Bokura isolated a kind of ycllow bacteria from af-
fected leaves, and termed this pathophyte Bacillus oryzae
Hori et Bokura.l0 This bacterium was preved by Mr. Ishi=
yama, Kyushu Branch of the Ministry of Agriculture and For-
estry Agricultural Experimental Station, and he identified
that the substantial pathophyte of this disease as Pseudo=
monas _oryzac Uyeda et Ishiyama. Ho further c¢larified the
nature of the bacteria and its affection cycle, thus com=~
pletely proving the theory of the pathophyte.b5

In the meantime, prefectural agricultural experimen=-
tal stations at Yamaguchi, Shiga, Ehime, Fukuoka, Okayama,
Sangal6, 23, 24, 25, 97, 105, 112, 148 conducted tests on
fertilizers, rarlieties of rlce, sources of seedlings, and
chemical spraying.

Thus at about the same time, Mr. Soga of the Minis=-
try of Agriculture and Fforestry Agricultural Experimental
Station, in 1923, and Mr. Shima of the lFukuoka Experimental
Station in 1925, conducted a field survey in Kumamoto and
Fukuoka Prefecetures, respectively, into the history of the
occurrence of this disease, its distribution, its damage,
the causes of its occurrence, the resistence of differant
rice varieties, and countermeasures, and collegted valuable
data, Thereafter Shiga,l113 Ehime,17 and Kyoto®7 Experimen-
tal Stations conducted several tests on chemica.s, ferti-
lizers, and rice varieties, Then in 1927, the M.nistry of
Agriculture and Forestry entrusted the Aichi Agricultural
Lxperimercal Station with the oxperiments for controlling
rice bacterial leaf blight., Mr. Kuwazuka RKikuji, an agri-
cultural engzinaer, was in charge of tho experiment, and
they lcarned much about the symptoms of the disease, the
influence of its damage, the ecology of its occurrence

ho
testing of resistant varieties, and chemical control}‘s' 366

This experiment lasted until about 1942, The ogyokyu




varicty, {(stnirascnbo x shobee) cross~fertilized on the basis
of results rained from inspection :ests for disease resistant
varieties, is well known. Iiesearch was intcrrupted tempo=-
rarily during the war. In the post-war period the Agricul-
tural Tcchnology itesearch Center and the Kyushu Azricultural
Experimental S5Station undertook research once again, Now
several prefectural agriculsural experimental stations that
have in their jurisdictions places of constant occurrence,
such as Tokai, Rinki, Chugoku, and Shikoku Distriets, Kyushu
University and Saga University, have conducted active re-
scarch. Consequently, many results on the ecology of its
occurrence, resistant varieties, the mechanism of occurrence
and its pathophyte and phage have been published,




Section 1, Classification of Symptowmsil8

Since Takaishi.lz6 Ishiyama,u5-u6 Kuwazuka,uo and
Yoshii%9 have given doscriptions of the symptoms of rice
bactorial leaf bligat, not many additional words seem to be
nec¢cssary. But according to investigations by the author,
it is nocessary to perceive again the process from infec-
tion, to its occurrence, and on to its spread thercafter,

In other words, the symptoms of this disease are
usually yellow or yellow=white diseased spots forming aloang

the lcai edge.

vealed that the symptoms of this disease are considerably

different according to its growth period, the amount of in~-
fected bacteria, and its oenvironment. The author has clas=
sified these symptoms into the four types as shown in Fig=-
ure 1, The characteristics of these symptoms are listed in

Table 9.

Fig. 1

CUAPTER IV. SYNPTOMS

However, the author's investisation has re=
(=)

Symptoms of Bacterial Leaf Blight on
itlco

[Zlesend7: 1) wilt type (leaf roll); 2) wilt
tyne (ieaf roll); 3) Edce type; L&) sScroak

typo;

5) Spot type.
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0f the disease typos shown in Table 9, the wilt type
secms to be known only slightly, but this is a symuptom fro-
quently observed in the initial period of rice growth, and
this is a symptom that serves as an important clue %o the
early discovery of this disease.

1) wilt Type: Leaves,immediately after dovelopment
or in the process, roll and wilt, dry up and die. The -
whole of the leaf or the upper half turn pale white ana
dies in two or three days. In extreme cases the developed
leaves of each branched out culm die. Thus, sometimes its
growth is interrupted temporarily, and by "zurikomi (slipe
ping into)" or decaying, the culm is eradicated. (See
photographs 2 and 3).

2) Edge Type: This is a typical symptom generally
observed during the entire perioed of growth, This (orms
white-yellow or ashe-white wavy spots on the one or both
sides of the leaf edge. (See photograph 1),

3) Streak Type: Streaky white~yellow or ash-white
disecase spots appear alongz the leaves, except edges, that
is, alonzg veins from leaf tips to the center of leaf blades
or in lesions after typhoons, This type is seen much in the
host grass, Leersia oryzoides (Linn) Sw.

4) Spmot Type: Spot type disease spots of light yel=-
low ¢o ash-white colors appear in the lesions of leaves
after the passing of typhoons. They appear more in th-
lower lecaves rather than in the upper developed leaves.
This typc is seen also in the host grass, Zizania latifolia
Trucz. ex Trinius, It is characteristic of this type that
it does not spread too much because the siliceous nature of
discases spots is advanced.

As can be seen from the foregoing description, the
strealk typne and the spot type are not seen in the initial
poeriod of growth., Also these diseaseod leaves, in many
cases, sccrete ooze of the pathophyte of this disease from
the lesions on tho leaf edre or leaf surface. The amount
of o00ze of the pathophyte is formed in the lar :est quantity
in the wilt type, and ir. the edze type, and streak type in
that order, and seldom i1n the spot type. This pathogenioc
coze is formed by the pathophytes which multiply in the
disesased tissues after they are secretod, coagulated and
dried. It is 0.5-<2 nm in diameter, and in a granular or
paste=like form. Its color is orange-yellow to dirty yel-
low, In the wilt type several masses of o0o0z3 aro attashed
on the insido of the rolled leaf. If sufficiont water con-
toent from rain drops should be given to these, the loaf
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develops outward, and the thick pathophyte=-carrying liquid
thus formed is dispersed, and plays an important role in
tho secondary infection., 'This pathogenic ooze is a sign
for discoverinz the occurrcnce of this disease in its ini-
tial period or for distinguishing healthy leaves {rom dis-
cased cacs. (Sce photograph 5),.

Section 2., Other DBiseases Confused as Rice
Bacterial Elight and 3imilar Diseases

The largest impediment for the early discovery of the
disease in the diseased culm in its initial stage is the
existence of parasitic or non-parasitic diseases or insect
damage with vory similar symptoms. The author has experi-
enced diseased leaves with similar symptoms which make the
distinction difficult. These are enumerated in the follow=-
ing:

Parasitic Diseases

1) leotosphaerclla oryzae (Miyake) Hara:3> This en-
croaches the tip of the rice leaf and destroys its tissues,
t‘hen the diseasc spreads, the diseased leaf is discolored,
turns ash white, and dies. It is characteristic of the
initial period that diseaseod spots in streaks are formed
from the tip of the leaf on.

2) Tusoma triseptatum saccardo:3? This forms yellow
streaxs on cue tins of rice lcaf blades in July-Sentember.
These turn gradually ash white and develop downward, The
withered part is dried and contracted in fine weather, and
is severed after rainy weather, lore frequently, it occurs
in rice vaddies irrigated with cold water.

3) 7Jirus: Since this disease rolls and droops the
leaf, it rescmbles the wilt type rice bhacterial leaf
blight. YNowever, in the case of rice bacterial leaf blight
the pathogenic ooze which is secreted and forms on the leaf

oedge, is distinctive.
Non=Parasitic Impediments
1} withering of leaves by wind

2) The natural yellowing of lower leaves (aged
leaves)
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Inscct DCawage

1} The damaged culm duo to Chilo simnlex:t Sutler:
The damare caused by tl.e rice borer who invades the leaf
sheath in the early tilling stage shows distinct yellow
streaks from the tip of the leafl on, and the whole culm
shows wilting symptoms. Therefore, this secmingly reseme
bles wilted lcaves of rice bacterial leaf blight, Eut this
15 easily distinguished by the damaged culm which can be
easily plucked and the damaged scars are virible,

2) Damaged leaves of Chlorons oryzae Matsumura

3) Encroached and discolored portion by Azromyza
oryzae Munakata.

Section 3. Diagnosis of Diseased Leaves Caused
by HKice Bacterial Leaf Blight in the
Initial Period of Oc¢currence

i, Diagnosis by Symptoms

As has been stated in the section decaling with the
symptoms, there are many wilt types in addition to the edge
types in the initial stage of occurrence of this disease,
diagnosis nust therefore be made with special attention to
the existence of the lecaf roll in the upper part of the de=-
veloped leaf and further the pathogenic ooze, which is the
manifestation of the disease, must be observed in detail,

2, Simplc Diagnostic Methodl19

As has been stated in Section 2, there are parasitic
and non=-parasitic diseases and insect damage with symptoms
similar to those of rice bacterial leaf blight. The author
has devised a simple, eflective, and quick methoé of dis-
tinguishing leaves affectec with rice bacterial leaf blight
from others. This is shown in Figure 2,

As shown in Figure 2, the d.scolored abnormal rice
leal is collectod for diagnosis. This is cut sideways with
scissors (or at can be torn into pieces). The tip portion
is discarded, an<d the lower portion is cut to a suitable
length (about 5-10 e¢m), and the remaining por. .on (the dis-
colored portion) is plunged into the test tuL. with a suit-
able amount of water (river water may be used as long as
it is transparent), Then the test tube is placed in the
test tube rack, When this test tube is observed from the
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Showing the Simple Diagnostic Method
with Affected Leafl of Rice Bacterial
Leaf Blizght

Lchen£7: A} Affocted leaf; B) Test tube;
A,1} Leaflet of test sample; ¢) Cutting; d)
Siscased portion; E,t) Test tube; w) Water;
z) Secretion of bacteria {rom affected rice
leaf in water.

side, tho leaiiing of white colored pathogeny can e observed
in a few minutes (if conditions are suitable, almost inw
stantly), if the leaflct of the test sample is affected with
rice bactorial leaf blizght. (Sce photograph 6). Contrari-
ly, il the leaflot 1c aot from an affected leaf, such a
vhcnomonon will not appear however long it may be left in
wvater, The whito smolke-like secretion are pathophytes nmul-
tiplicd in vissues, particularly in vascular bundles, which
are secrotcd into water osutside the tissuoes by osmotic ures=
sure., 3Sinco bacleria encroachment of rice leaves in Japan
is caused by Xanthomonas orvzae alone, the foregoing diag-
nosctic method socems to be tentatively justified. UDiagnosis
by this moethod is not valid for dead leaves, Leaves with
oven slightly sreen portion must be used,




APTER V.,  THE PATIOPLYTE OF RICE
BACTERIAL LEAF BLIGHT

Scction 1. Scientific Nomenclature

The pathophyte of rice bacterial leaf blizght was
named Pseudomonas oryzae Uyeda et Ishiyawma by IshiyamauG
in accordance with iigra classification. However, in ac=
cordance with the classification advocated by E.F, Smith,
an authority on bacteriolozy, who respected the priority of
naning by Cohn (1397} who classified polar flagella in the
catesory of Racterium, it was claimed that Mifula's Pseudo-
monas should be properly changed to RBacterium, Thus, the
pathophyte of rice bacterial leaf blight was changed to
Sacterium orvzac (Uyedz et Ishiyama) Nakata (1927). Then
the classiflication method of bacteria was discussed there-
after. Consequently, it was widely approved by phytopathol=-
orists that non=spcering polar flagella Gram negative rods
that form yellow colonies as rice bacterial leaf blicht e
placed ;n the fauily of Xanthoironas as established by Dowson
(19)9) YAt present, Xanthomonas oryzae (Uyeda et Ishiyama)
Dowsonlls 5 is used generally as the scientific nomencla=
ture. In addition to the aforementioned, i¢ has, in ac-
cordance with the classification of bacteria, a different
name, Phytomonas oryzae (Uyeda et Ishiyama) Magrou (1937).

Section 2. Isolation

This natuophyte can be easily isolated by the usual
method of bacicrial isolation. A simple and sure method is
to process at first the freshly affected leal before it
shows leal roll and wiltinz. In this case an afflected leaf
which has yellow discased spots that run lengthwise along
the loal -cin in the center of the leaf blade, not along
leaf °d ¢, must be selected for isolation. It is cut side~
ways 1nLo a 2-3 cm piece and dipped in 986-98% nixture of
Ethanol for 30 seconds, and ther in 1,000 time mercury bi=-
chloride solution for one minute for strong surface steri-
lization., Then, this is rinsed with sterilized water. The
tissue piece is cut with flame-sterilized scissors to the
lengthwise diseased spot, Then “he diseasea spot is torn
off lengthwise alonz the leai vein by sterilized tweezers
and placed on the plate of a Potato semi-synthetic arar
mediu (hereafter referred to as scmi-synthesis)., This 1is
waintained at 28°C., 0On the fourth day yeliow, wet, and




glossy colonies of pathophytes arc formed around the tis-
sue piece, and then this is transferred to a slope medium
of semi-synthesis, After the growth of cultured bacteria
on the slovwo, sinsle colony isolation by dilution cultiva-
tion is nmade, This completes almost pure isolation.

Table 10

Composition of Potat¢ Semi~-synthetic Agar Medium

Potato 200,00 gr
Ca (X03)2 0.5
NapiPdy + 12H,C 2,0
Cane suzar 15.0 ;
Pepton 5.0 !
Yater 1000.0 m1 :
Agar 25.0 gr

od 7.0

Secvion 3. lMorphnolozy

Ishiyauj already has dctailed records of observation
on the pathopuyte of rice bacterial leaf blight, Xantho-
monas orvzac., However, the autiior desires to ive a de-
scription of the outward shape of the pathophyte through
the electron microscope and through the optical microscope.

,
1, Shape107
1) Cptical Microscope Cbservation

a) Cultivatc?d bacteria: Bacteria from %5806,
H58540, #5839, 15831, H5918, 45915, {5303, H581L, and H5326,
in the possession of the Hokuriku Azricultural Experimental
Station, fron Shijo and Benikonaya were cultivated in the
semi=synthetic agar medium at 23°C on the slope for 24
hours., Test samples for the slide werc made {rom the colo=-
nies of thus cultivated bhacteria. These werc stained
either wiih Ziehl carbolic acid Fuchsine or with 5% carbol-
ic acid Gentian Violet. Observation by optical microscope
showed that the majority of the bacteria were rod shaped,
but somectimes vibrio shape or were irregular globular bac=

teria as shown in figure 3. The bacterial cells were usu-
ally dispersed, but sometimes two or three cells seemed to
grow together,

s S tmt——— e —




Fig, 3 The Shape of Xanthomonas orvzae

/Legend/: a) Vibrio command shape bacterium;
b) Fission fungzus, 2 grow together; c¢=-d)
Globular and irregular shape bacteria; e)
Regular rod-shape bacterium,

b) Bacteria multiplied in disease tissues (here=-
after referred to as diseased leaf pathophyte):

Fresh affected leaves are collected and given sur-
face sterilization. Twenty leaves are made into bundles
with thread. Their lower part is cut with a razor, and the
cut edges arc inserted in large test tubes (with about 20
ml of sterilized water). Then in several minutes, the bac-
teria which multiplied in the vessels are secreted into the
sterilized water. (See photograph 6).

when bacteria are thus allowed to secrete for about
three hours, about 107‘8/m1 of the suspension of the dis=
easad leai pathophyte is gained, After this was suffi=-
ciently shaxen, it was stained on the slide as the test
bacteria liquid and the test pieces stained by the afore-
mentioned method were observed. Its result showed that the
bacterial cells of the diseased leaf pathophyte were in
many cases grouped in a mass or bundle, The shape of indi=-
vidual bacterial cells were short rod or oval shape glob-
ular bacteria. And it was observed that there were few
typical rod shape and Vibrio shape as observed in the cul-
tivated bacteria. It was noteworthy in this experiment,
that the dispersion of the pathophyte was extremely bad and
thaere were many short rod shape bacteria. (See photographs
11-12),

2) Electron Microscope Observation
a) Cultivated bacteria: Akashi TRS=-50 type
electron microscope (accelerated electric pressure 50 KV)

was used., Racteria from Shinjo, Benikonaya, H5839, H5925,
H5913, and H5921 were cultivated on the slope in the
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semi~synthetic asar wmedium at 23°C for 2% hours. A very
small amount of bacteria from the cultivated bacterial col=-
onies was gathered withh a sterilized glass ncedle, and this
was mounted in sterilized water on the mesh or on a osmotic
pressurs buffer solution of permicide Bernard.l?¥ (see
pPhotograph 10), Then it was dricd naturally in the room
Berger., A part of this was inspected ftransparently, and
another was tested microscopically after being made into a
sample with chrome suadow casting,

The results in both cases were rod and short rod
shope bacteria, And it was discovered that Vibrio shape
Dacteria ovscrvable by an optical microscope were stained
bending cells just before division. (See photograph 13).
It was determined that the rod shape was the principal
shape of the bacteria. Furthermore in this exwveriment many
granular tuberances on the surface of the bacterial cell
and the capsul-like membrane entity on the mature body were
observed,

b) Diseased leaf pathogen: The affected leaf
with the streak type diseased spot was cut into a pen=point
shape with the lensthwise diseased spot as the tip. Its
tip was dipped in the sterilized water on the mesh or in an
osmotic pressure buffer solution such as sterilized Bernard,
The bacteria in the diseased tissue were secreted, t hen :
mounted., (Sece photorraph 10} Cr, the suspension of the !
pavhozen made in a method similar to the one described in T
the preceding section was mesh mounted for natural drying }
in the roonm. Then this was either chrome shadow cast or
inspected transparently.

The result was that tuere were many bacteria chained ;
and grouped in masses and bundlecs as in the case of optical |
microscoplic observacion. Also the shapas of individual
cells showed more short rod or globular shape. than culti-
vated bacteria,

2, Size
1) Optical Microscope Measurements

«) Cultivated bacteria: Strains from 15806,

Hs58ko, Hs532&, 13303, H53921, I531%, 15331, H3839, and H3913
in the possession of the Hokurilku Agricultural Experimerntal
Station were cultivated on the slope by the scemi-synthetic
agar medium and the meat extract agar medium at 23°C for 48
hours, FEacteria taken from the grown colonies werc mcunted
on the slide as painted test samples, These were stained
with 5% carbolic acid Gentian Violet, and their sizes were




measured with the micrometer attached to optical microscope.

The shortest diameters and longest dianeters of the
10C bacteria cells of each strain were measured, The ro-
sults are as shown in Tables 11 and 12,

b} Diseased loaf bactoria: The results of the
measurcment of the diseased loaf bacteria Ly a similar
method as described in 1, (affected rice plant varieties:
Echigo nebari, Yoneyama, and Kinnanpu) are shown in Table
13.

¢) Observation results: As shown in Table 11,

he measurcments of the cultivated bacteria with the semi-
synthetic agar medium are 0,492, the mecan shortest diameter,
and 1.43 K, the mean longest diameter., The Tluctuation
ranges are 0.3=-0.54 for the shortest diameter, and 0,9=2,24
for the longest diameter. The mcasurements of the culti=-
vated bacteria with the meat extract agar medium are 0,444,
the 1iean shortest diameter, 1.352 #, the mean lonzest dia-
meter, and their fluctuation ranges are O.M-O.5y for the
shortest to 0,9-1,94 for the longest diameter. In contrast
to this, the measurements of the diseased leaf bacteria are,
as shown in Table 13, 0.L414 , the mean shortest diameter,
0.?96/L, the mean longest diameter, and the fluctuation
ranges are 0.3-0.54 for the shortest to 0.5-0.74 for the
longest diameter. It is obvious that the latter have
smaller measurements compared as with the cultivated bac-
teria,

Table 11

Measurenients of the Pathogens of Rice Bacterial
Leaf Clight (Potato Semi-synthetic Agar MNedium)

Shortest Niameter Longest Diameter

Strain Ne. Range of Xange of

Mean Value Measured Mean Value Measured
Values Values

H5300 0.48 4 O.lL-O.S/t 1,64 4 1,3=2.,2p
15540 0,47 0.4~0.5 1.57 1.2-2.,1
45820 0.4Ls 0.3~=0,45 1.27 0.9-1.7
H5303 0.53 0.5=0.6 1.55 1.3-1.08
5621 0.55 0.3=0.6 1,62 1.1-2.1
H331L .50 0.5=0.6 1.33 1.0-1.9
H5831 0.49 0.4-0.53 1.26 1.1-1.8
H5839 0.48 0.4=0.,5 1.45% 1.1-1.7
45915 0.48 G.L=0,5 1.61 1.2-2,0
Mean 0,42 0.3-0,6 1.48 0,9=2.2
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Table 12

measurcimonts of the Pathogons of Rice Bac
Loeal mlizhe

torial

(Meat Lutract Agar Nediuam)

shortest Dinuncer Lon/res €

Ciametor

Strain No.

dange of

aange of

Mecan Value Hecasured Mean Value Veasured
values Values

$5306 0, Ll p 0.%=0.5 4 1,58 4 1.2=1,04
n3sho 0.4l C.4=0.5 1.57 1.1=-1.7
115325 0.L2 0.4%=0,5 1,45 0.9=2.7
RUIVIVE 0.5%6 0.%-0.5 1,37 1.2-1.9
iSull 90.45 G.%=0.5 1.59 1.2=1,9
236 0.43 0.4-0.,5 1.59 1.1-1.9
15831 0.42 0.k=2.5 1,42 1,0=~1,3
115339 0.46 0.%-0.4% 1.4%5 1.0-%.5
o6l 0.558 n. Lo L 1.L8 1.1-1.8
mean .44 0.4-0.5 1.52 0.9=1.9

Table 13

neasurcacats of the Pathogens of lice Bacterial
Leal Zlizht (Bacteria Nultiplied in Tissues)

Shortest Diamcter

Lonwrest Diameter

Kice Varicvy

o Allccteu aange of itange of

Leafl ~ean Value Measured Mean Value Measured
Values Values

Voncyana 0.4 u 0.3=0.5 4 0.72 4 0.5=1,1p4

Schisronchart 0.42 0.3=0.5 0.88 0.5=1,7

Yinnaron 0,u2 0,3-0.5 0,79 0N,5=1,2

(@]
&
fu]
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‘"magnifications,

2) ©Electron Nicroscope lMeasurements

a) Cultivated Racteria: The bacteria from the
strains of Shinjo, Bonikonaya, 15339, (5925, 115313 and
15921 in the possession of the Hokuriku Agriculiural Exper-
imental ..iation were cultivated witn tho semi-synthetic
slope agar medium at 239°C for 24 hours. The test samples
from these¢ were mounted on mesh, by the samo method as de=-
scribed in 1, chrome shadow=-cast and photographed at 4,000
The measurements were made from 100 arbi-
trarily selected pieces and 2,000 magnification prints from
the photographic negatives were enlarged five times. The
results are shown in Table 1k,

Table 14

Measurements of the Pathogens ol Rice
Bacterial Leaf 2light

Shortest Diameter Lonrest Diameter

Strain N¢. Lyso-type
rean Range of \Mean Range of
Value Measured Value Measured
Yalues Values
Shinjo A 0.66#  0.56-0.86% 1.32# 1.143-2,62#
Benikonaya 3 0.61 0.506-0,68 1.53 1.18-1.87
45839 c 0.65 0.56=-0,75 1.73 1.43-2.253
H5925 D O.é@ 0.57=0.75 1,85 1,30-2,25
55913 L 0.65 06.50=0.75 1.80 1.30-2,18
d5921 A 0.65 0.56-0.75 1.69 1.25-1,86
Mean .65 0.55=0.75 1.74 1.35-2.17
Note: Culuivated by tihhc potato semi~syntheti¢ azar medium

at 239C for 2% hours.

b) Diseased Loaf Bacteria:
bacteria {(affected varietios:

The diseased leaf
Echigo early maturing, Norin

No, 29, Kinnanpu) were measured as described in 2)}1, The
measuremnents were made by the same method as in the preced-

ing section.

The results are shown in Table 15,
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Table 15

Ncasuremncents of the . thogzens of Rice RBacterial
Leaf Elight (Racteri.. Mul.ipiied in Tissues)

Rice Variety Shortest Diai.;;f Lon est Diameter

of Affected Nere of Range of

Leaves Mean Value reasured lean Value  Measured

Values Values

Echiso early 0.49 % 0.45-0,62% 0.89# 0.55-1.7"
maturing

T =in o, 29 0.50 0.43-0.57 0.77 0.59-1.5

wiinlaannu 0.49 0.47-0.60 0.30 0.59-1,6
Mean 0.%49 0.%5-0.60 0.32 0.65-1,L0

¢} Observation Results: As shown in Table 1%,

the mcasurenients c¢f the cultivated bacteria with an electron
microscope are 0.054 , the mean shortest diameter, 1,74/,
the wmean longest diameter, 0.55-0.75 4, and 1,35=2.17 4,
their rcspective range of fluctuation. T[he measurements of
the diseascd leaf bacteria are 0.49 4, the mean shortest
diameter and 0.82 4, the mean longest diameter; their re-
spective range of fluctuation is 0.45-0.60 &, the shortest
dianceer and 0.65-1.%0 4, the longest diameter. That the
measuremnents are smaller that those of the cultivated bace
veria agrees with optic microscopic obsarvation. The meas-~
ured values obtained from the electron microscope seem to
be somewhat larger tuian those for the ovptical microscope
for both the shortest and longest diameters.

3. ilasella

Tue result of flagella staining of the pathogen of
this disease by the Lembach and oous method?J revealed that
vhie patuogen has a sin:;le polar flagellum, and this was ob-
served vo be a typical polar monotricha. The observation
made with an electron wicroscope snowed the same result,
The pathojsen with two single polar flagella as described by
Ishiyama¥2 was not observed. according to measurements
made Ly enlarged photographs usinz an electron microscope,
the width of the flagellu. of this pathoygen is about 30
microns, its largost length is 8,75 wicrons, and it Zigzags
5~7 timoes. _Jlccording to the classification of flagella by
E. Loifson.7‘ it belon s to Polar noncirichous, and the
wavelenzth/amplitude ratio is 10:1, and of the normal type.
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L, Capsule=-like YMeubrane

The cultivated bacteria of this pathosen at 28°C for
24 hours were membrane-stained by the lissl3 and the
Novelli methodJ5 investigated with an optical microscope,
and obscrved at the same time with an elcctren microscope.
The rcsults were stain positive according to both the lliss
method and the Novelli method. According to the former
method the presence of the capsule-like membrane was posie
tively proved., Also by the electron microscope, the non-
structural capsule-like membrane as the complete gelly type
entity was observed. (See photographs, 3, 9, 15).

5. Gram Stvaining

The Gran's method of stainins was made on the colo=-
nies of strains of H5801, H5849, H5839, H5913, 45925 and
{5921 in the possession of the !{okuriku Azricultural Exper=
imental Station, slope cultivatcd in the semi-synthetic
agar medium at 289C for 24 hours, and the bacteria produced
from affected leaves of Kinnanpu, Echipo early maturing,
and Norin No, 29 were stained by the Jram's method in the
normal way.13 All showed negative results.

6. Notility

Strains from 3hinjo, Benikonaya, 1I5839, K5913, 15925
and {15921 in the possession of thne :Holturiiku Agriculturai
Experimental Station were cultivated in a sz2mi-synthetic
agar medium at 23°%C for avout 36 hours. A nlatinum loop=-
full of the vacteria tuus produccd was talken to the covered
slass, and placed inversely on the glass 1for a microscopic
inspection of their motility. It was ohserved that the
bacteria made rapid and active forward movin motions.
Howaver, wnon the period of slope cultivation is over five
days, the bacteria becomes inactive and in many cases shows
a moveucnt similar to the Brown movenent,

7. Summary

The results of the foreroing experimonts are summa-
rized in Tablo 16.

A coﬂgarison of Table 15 with the results reported
by Ishiyama™-” reveals that while Ishiyama roported the sizes
of the bacteria in the host to be 0,3-1,0 x 0.7 microns, the
measured values of the bactoria Ly the aut.or using ar elec-
tron microscope wore 0,49 x 0.82 microns. +liiie Ishiyama
observed two single pular flagzella, tho author observed
only a single polar flagolla in all cases. The presence of
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the capsule=1like membrance was clarified, and the granular
protuLberances on the surface ol bacteria was recogniced,

Table 16

Yorphologzy of Xanthomonas orvza

Diseased Leaf Bacteria

Propertios Cultivated Racteria (Cacteria multiplied
in Tissues)
Shape Zod=short rod Shorte=rod=-globular

Sacterial axis Linecar

Zacterial edgzes ilound

Zacterial side Parallel=-round
Arrangencnt Individually diffused

Cacterial cell Granular bumps

surfacc

Capsule~-like Hiss-stain positive

membrane Novelli stain posictive
Jelly or Gel shave
Capsule-like membrane
as cbserved with
clcectron microscope

Staining Easily stained with
vasic¢c colors

Jotilicy Active

Flagella Sinsle polar

Size 0.%92 x 1.4S microns
0.450 x 1.52 microas

Same

Same

Same

In masses, and hard to
diffused

Unknown

Same

Inactive

San

0.%1 x 0.796 microns
(by optical micro-

(by optical microscope) scope)

0.5 x 1.74% microns
(by elcectron micro=

scope)
Gram staining Negative
Others Flagella wavelon;th/

amplitude racio 10:1
(normal tyne)

0.49 x 0.52 microns
(by electron micro-
scope)

Same

Section &%. llost lange

1, Results of Past kxperiments

In oricr to ceinrmine the host ranse ol the pathogen

of rico Luccerial leal blight, suwazuxabl
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inoculation of several grasses, includin« barnyard grass
but without occurrence of the discase. Tomiyaua, et al a1l 3
investigated tho presence of the diseasce by needle “inocula=
tion in Indian corns, corns, millet, Setaria viridis Beauv,
Diritaria ciliaris Pers, Oishiba (sic¢), barnyard grass, a.ad
7izania latifolia Turcz. The p;c;exc was observed only in
Zizania lacifolin Turcz, Gotg ci al 27 experimented with
similar needle inoculations in <1 kiads of _rass and report-
ed the sresence of the disease in Yizania latifolia Turcz,
Phalaris_arundinacea Linn,, leersia oryzoides (Lian,) SW,
var. Japonica (ilets) Honda, Para..ites communis Trin. and
Isachne olobosa (thunb.) O. Kuntze, Natural occurrence was
prescnt in iLeersia oryzoides (Linn) SW. var, Japonica and
Zizania latilolia Turcz,

2. DPathogeniecity of Leersia oryzoides (Linn.) SW, and
Setaria viridis Beauv,

Pursuing the idea that there migut be new host plants
of this pathoren other than the ones proven by past tests,
the author conducted the following inoculation tests on 14
grasses growins nearby in the rice paddies of the Hokuriku
Agricultural Experimental Staticn,

1} Test Method

The affected leaves of the rice variety, Sanin No.52
were collected. The discased sections were cut with scis-
sors and ground in the mortar., A proper amount of water was
added. Then thoy were {filtered tlirousir cheese cloth,

Eight strains, as shown in Table 13, were selected from the
bacteria thus ground from the diseased leaves (bacteriai
density 107/ml) and from the preserved bacteria cof the
flokuriku Azricultural Zxperimental Station, each of the
test yrasses was inoculated (Necdle bundle 3).

2) Test .esults

fae rosults of the pathogenicity testin: of grasses
using the diseascd lcaf bacteria are as sihown in Table 17.

As shown in Tables 18 and 19, the 1959 inoculation
tests revealed that in addition to the xnown host plants,
Leersia orvzoides {Linn.) Sw, Paspalum Thunber-ii Sunth,
Di~itaria ciliaris Pers,, “etaria viridis Bcauv showed a
slisnt desree of mathogsenicity, Therefore, inoculaticn
tests were made auain in 1960, Tor inecculation the 55903
strain with comparatively strong pathogonicity among the
bactoria presorvod by tue llokuriku Agricultural Experimen=-
tal Station was seloctod. The test results are shown in
Table 20.

- 42 =




SOA U JOUDSIIL
posvostq

J5vISTI JO O00tDS50d

srLTvea

—_—n

(uotzuernoour
IMTLLY JUoT [rEIvgowny 291y uo

L1 9rael

SSIBOUY SISUOUTS SNYjuUuUdSTY
oy votuodel
T ¥ 9/ *J "1 vssouacdriod vIrrooqiicy
*sSonTRvys OTIINMU YT UI[M 2 N £s *Anedd SIPIITA vLIe3 3y
‘STYl I0J pPosn Ssum ¥ snul x <
*ualoyjed oyjz JOo aanjuu G ry 1 54 *SI0d STJIAUVITIL ciaelriitg
otatsvaed Julrgs e Tuarjed
-IpPUT S UdY LY TUM STYL - ey on yauny (i1asqunyl rareaseg
*moprodL pouang agrpcou uo;y
~urnooutr a3 £q opurvw safoy ouYMNNY UILUTIYOD
~utd aynr Jo AjturdiAa oul \Z M A TUVA T YTTIULSNUAY vndiruud
x
£ + s (quai) vroqurd ongowey
9 + ACA UUTT vooUTUTpUNIR syauvivyd
+ €1t Z0an] VITOJIIVUL vlruUwZIy/
00990 T U0 DPOTTIISoAUT
STM JSTLOSTIP JO o20udsaag + A (o1s) vipuiysy
J2qinogdog T uo poajeinoour 89 + 92 (-uurT) s0opT02zA10 VTS5a507

- 43 -

po e uoouy
S0A VO

SsvLy JOo D LuN

Jo Joquny

fUraogou Juaf posuast()
ssuvar) Jo

ooy g
£y ¢otualored




¢ £ g It 6EQH
9 8 9 02 GE|SH
n € N 1t 6Hesi
1 2 Z 1 9T ONESH
T 3 T € 1 F3 6 ofu1ys (°1s) 1yenyusy
T 2 9 € 1 €1 wheuoytueg
T L 9 £ (4 €1 £28sH
T [4 2 T T 2T TORSH
4 61 T on GEQSH
ot 2 1 ce 9£8SH
6 9 [4 A 61 GH
£ 21 £ g T e OHRSH zoangj,
$1 R 2T € £z ofUTUS  wITOJY3ey elURZYZ
i U 8 ¢ £ T 12 vArvuoyyueg
8 rA 14 1T 9 : (A £h £zaeh
4 T 6 T T £ 1085H .
- f o 3 11 AL4T 3
A € 2 0T ze NEQCH .
1 Z s L he EHQSH
Ui £1 9 Z 0g¢ Ot SH
(uuey)
9 £ 6 olutqg SOpPT0Z2AI0 BISI0OT
£ h ze 02 61 vdvuotuoy
1)} CH AN
€1 92 6¢< £0g¢cil
- F . » A4 HH -l uorTjgeTnOOUrT
JOo Jxojumy ‘*oN urRI)}Q sswvi)d

L OoUTIINDDg Jo DTG

uoafoigey UATTH J
TerIc)oe] 201 MO LosSsexy) ;0 %uﬂowcouoﬂaﬁa

g1 ergel

T s ettt =t e S -« .
——— ——————e - e st o 74 W mmmtim s e wme seme o e s 4 ememen




ce ce AT
£t £ 91 IS
9 S 4 €1 6hi35H
S £ T 6 onusH ouguly
9 1S £ VA ol utie z3euIyos tawva Y
21T £t 2 A vAvuostuay TTIHISNID wnoyueg
€Y at 0ot h Satiat! *w
f 9 / T 1 61 TOHSH
Tee TR o - TTTTER T TR R T
A9 T re DI}
19 T 9 6HasH
L A ] i1 ORNCH ‘tppumy 1y
/Ad 0t e o ) oLTTUS -doqunuyy waradsug
's q Q vAeuosruogy o

1T 2 L 0e renvd
AN f. b4 L1 TORGH
[ S 1 - TR GrEai
6 9 f G1 OEYOH
(A 3] 9 91 HHEGH

T U | B A SHENAL (aunng,)
A T 2 e I...x..................;.t..!lllll...i‘.!.:bll..l..m‘..‘.....p._!ml—cﬂm Us 0O oU(Oousy
9 q 9T g vAvuoyyuog
61 £ 2 G2 £2a%H
6 ! Tt $3e ToggH

h ..a TR £ o - w;fl CEROH
h 4 9 CLQSH
(A 4 f GO

N | S SRR . 06
[ A 9 6 oLy ("uurr) vooru
Z s 9 11 VARO[ FIoT] -Iptinae syIeyend
z S L Loyl
h T € 8 TORSH

- 45 =




Criteria for tho degree of cccurrence

Pin holes are points of inoculation.

The viciaicty of tue points of inoculation turn yellow-
brown, but it is difficult to recognize this as a dis-
casedc sSpov.

The area oi the discased spot at the point of inocula-

. . . . )
tion is about % =m=.

n 9 r‘v-ﬂ‘?'
n 5 N .2
156-235 mu<
it AL Yy . 2
JA=~> “’.:ﬁo
" over 49 wminc
e vicinities of the points of inoculation on Pasnaluax
Thunter~ii Kunth and Panicus cruszalli L. var. echinca
yaxino changed color and apdpeared to e discased spots,
However, the second isolation of bacteria was a failure,
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‘s shown in Table 20, Leersia orvzoids (Linn.) Sw,
showea clecacr=-cu. pathogenicity. setaria viridis iZeauv also
showed occurrence, differing froam ¢hc known results,
Tiwere{ore, Laciteria were isolated {rom the diseased spots,
anc the isolated bacteria werc¢ inoculated on the rice (va=-
riety: Toisii, sowed on 12 Ausust) transplanted ard raised
in a pot on 20 Scpiewber. Tests were made to determine
winether the isolates were the patihogzens of rice bacterial
leaf blizht. At the same time, bacterial reactions and
lyso=-types werc cetermined by phage affinity. The results
are shown in Jable 21,

Table 21

Pathozenicity of Isolate from Setaria
viridis Zeauv. on Rice Plant

Xumber of Pathozeni~ Lyso=-types

isclated cigy of of
strains iice Plant isolates Jemarixs
5 + 6A type The inoculated bacteria
strains on Setaria viridis 1is

5905 (Tyne A),

~ote: The rice variety used for inoculation was Kinnanpu.

Tne symaptoms in Secvzria viridis Zeauv. caused by the
inoculation are wanifested lenjzthwise dDeginninz from the
inoculated zart alon; the leaf vocin, The spots are light-
yellow to white yellow. T[he parts bordering tne healthy
parcs are of somewhat yellow, manifesting symptoms peculiar
to the vessel disease,

3) Observation of =xesulsts

As has been stated in 1, it was concluded {rom past
results that Di«itaria c¢ciliaris Pers., Setaria viridis
Beauv, Jlottcellia cowpnressa L., var. Janmonica Hack, and
“iscantinus sinensis Anderss, had no parasiticity. However,
as snown in lable 20, occurrence was observed in Sctaria
viridis Zeauv when inoculated, even thouzh the rates were
low at 5.1=13.6%. The bacteria were isolated, and the
parasitizity of this grass was identified. Howecver, occur~
rence was not obscrvable at all with spray inoculation
tests conducted separately, Irom this it is speculated
that occurrenze in natural conditions is very rare. In
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this eoxperiment, pathogenicity scemed to be manifested in
barnyard grass, iscanthus sinensis Anderss. But the re-=
isolation and identification of the bacteria have not been
made,

From the foregoing it was found that Leersia ory-
zoides (Linn.) as its variant, Sayanakagusa (sic) naturally
grown in the Hokuriku District, is a very susceptible host
plant,




CHAPTER VI, BACTERIOPHAGE OF THE PATHOGEN OF
RICE BACTERIAL LEAF ELIGHT

Section 1, Isolation and Identification
of the New Eacteriophage, OPpl

1, Testing the Bacteriophage in the Hokuriku District

The bacteriophage (herecafter simply rcferred tu as
phaze) of the pathogen of rice bacterial leaf blight was
isolated by Yohii, et all50 from the soil of the diseased
rice paddies and al{ected leaves of Ajitsuke-mura, Mitsuie
gun, fFukuoka Prefeclure and naned 0Py (abbreviation for
Xanthomonas oiryzae phage No. 1) by YWakimoto. 13k,136  1ts
Physical and chemical characteristics werc clarified. Then,
Kuhara, et 2133 isolated a phage wich a host=-ranze com=-
pletely different from that of 0P, and the Benikonaya
strain, showing aan affinity with 1t at :cﬂlhonaya, Ckawa
City, Fukuoka Prelecture. And Yodo,et al clarified the
characteristics of the phage in qucstlon, and it was named
0Py, (Host ranze mutant of OP;). According to the investi-
cation conducted by Toganmi, et al,?0 there is wide distri-
bution of GPy, and strains showing affinity with it in the
coastal area along the Ariake Sea, Kyushu, Furthermore,
¥akimotol¥l discovered O0Pj., a mutant of OPj.

In contrast to this, the auther, using 0Py isolated
by Xuhara, et al, and the ienikonaya strain (hereafter re-
ferred to as B =tra1n) with an affinity to it, OP; isolated
by Yoshii and the 3Shinjo strain (referred to as S strain)
with an affinity to it, collected the affected leaves and
irrigation water in the area of occurreance of rice bactori-
al leal blight in the Hdokuriku District. The following ex~
periments were made in order to test the phages contained
in them and to find out indirectly the distribution of
strains,

1) Test Method

The test method of the sample phages was the plaque
formation method, and at the same t!me, the shapes of the
plaques were observed. For c¢ccllecting irrigation water
samples, sterilized test tubes nr polvethylene bottles were
used as containers, Vinyl envelopes wore used for c¢ollect=
ing affected leaves. Tor testing and isolating phages from
samples, irrization water was mixed with bacterial suspension
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in order to form plaques., The affected leaves were placed
in wvide~mouth jars. After adding a suitable volume of
stoerilized water, the jars ware shaken., Then the liquid
ol isolated phages was mixed with the bacterial suspen-
sion for flat cultivation to feorm plaques.

2) Test Results and Observations

As shown in Table 22, phages were detected from the
affected leaves and irrigation water collected in various
placed in the Hokuriku District. Some phages showed bacte-
rial reaction to either indicator strains, S strain or O
strain, while some showed bacterial reaction to neither,

and some showed bacterial reaction to both. It seewmed,

when there was no bacterial reaction at all, no phages hap~

" pen to be present in samples. But in the case of the sim-

ultaneous bacterial reactions of phages in samples to S and
B strains, it was estimated that OP; and OP;),, were mixed in

‘the samples or new phages were presenti with different af-

finity from OP1 or OPjp.

2, The Relationship SBetween the Pathogen of Rice Bacterial
Leaf Blight in the Hokuriku District and PhageslZ35

From the tests described in the preceding section, it
seemed that there were phages with simultaneous bacterial
reactions to S strain and B strain in the Hokuriku District
{hercafter these will be referred to as SE phage and I phage
as temporary names until the abbreviation of 0Py is formally
decided upon). Therefore, in order to confirm this, affect-
ed leaves and irrigation water were collected at places
shown in Table 23, and the bacteria and phages were isolated
and their affinity was investigated.

1) Test Method.
The method described in 1. was fnllowed.
2) Places of Isolation of Strains.

The places of sample ccllection of strains for this
experiment are shown in Table 23..

3) Places of Cellection of Phages

The places of collection of sample phages (irriga-
tion water) for the bacterial reaction test are shown in
Table 24,




Table 23

Piaces of Collection and Varieties of Affected
Leaves for the Isolation .of Bacteria

Place o1t Collection of

Strain Affected lLeaves Variety
H5801 Ozecki, Niitsu Municipality, Echiei
Niigata Pref.
H5802 Muramatsu-cho, Naka-kamabara=- Unknown
gun, Niigat~ Pref,
H5803 Sasabori, Itsuizumi Municipality "
, Niigata Pref.
H5804 Shinkai-mura, Naka-kamabara-gun, “
Niigata Pref.
H5805 Ryosen-mura, Naka-kamabara-gun, Kinnanpu
Niigata Pref,
H5806 Shirane-cho, Naka-kamabara-gun, Unknown
' . Niigata Pref. ‘
H5807 Branch Prefectural Agricultural Koshiji eaxly
, Experimental Station, Naka- maturing
kamabara-gun, Niigata Pref. :
H5808 Sanjo Municipality suburb, Unknown
Niigata Pref.
H5809 Prefectural Agricultural Exper- Yachikogane
imental Station, Nagaoka,
Niigata Pref. '
H5810 Koshi ji-cho, Mishima=-gun, Nii- Sanin No. 52
gata Pref. :
H5811 Hikoshi~cho, Nagaoka Municie- Unknown
pality, Niigata Pref.
H5812 Tokaichi Municipality, Niigata "
Pref,
H5813 " " "
H581& Kakizaki=cho, Naka=keijo-gun, Norin Yo. 16
Niigata Pref,
H5815 " " Fujisaka No. 5
H5816 Shitaborinouchi, Takada Munici- Unknown
pality, Niigata Pref,
H5817 Ogino, Takada, Niigata Pref,. Norin No. 29
H5818 Nokuriku Agricultural Experie Kinnanpu
mental Station, Takada,
Niigata Pref.
H5819 " " " " Echigo Nebari
H5820 " " " " Ginchu
H5821 Aomi=-cho, Nishi-keijo=gun, Norin No, 1
Niigata Pref.
H5852 Ozawa Niitsu Municipality, Unknown

Niigata Pref,.
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H5853
H5822
H5823
H5824
H5825
H5826

. H5827

H5828
H5829

H5830

H5831
H5832

H5833 -

H5834
H5835
H5836
H5837
H5838
H5839
H5840

H5841
H5842

H5843
H58L44
H5845
H5846
H5847

Nagaoka Municipality, Niigata
Pref,

Tsuzawa, Itouokawa Munici-
pality, Niigata Pref.
Ishida, Kurobe Municipality,
Toyama Pref,

Okubo, Suberibaya, Suberikawa
Municipality, Toyama Pref.

Fukuoka=cho, Tonami=gun, Toyama
Pref.

it L] 1"

Tonaka=cho, Tonami=-gun, Toyama
Pref,

Machino-cho, Wajima Munici-
pality, Ishikawa Pref.

Higashi-baba, Kashima~gun,
Ishikawa Pref.

Ozaki, Kashima-gun, Ishikawa
Pref.

Kashimamichi-chc, Hanesase
Municigality, Ishiana Prﬁf.

1] n 1
1t 1 1]
1 " "

Ishikawa Prefectural Agricul-
tural Experimental Station

Saita, Morimoto=-cho, Kawakita-
gun, Ishikawa Pref,

Imacho, Morimoto-cho, Kawakita-
gun, Ishikawa Pref.

Matsutomo=-cho, Ishikawa=gun,
Ishikawa Pref.

Kushi-cho, Komatsu Municipelity,
Ishikawa Pref.

n n "

Hata-cho, Daiseiji, Kaga
Municipality, Ishikawa Pref.
Ogio=-cho, Daiseiji, Kaga
Municipality, Ishikawa Pref,

Yoneizumi-cho, Kanazawa Munici-
pality, Ishikawa Pref.

Ozeki, Sakai=-mura, Sakai~-gun,
Fukui Pref.

Arisada=cho, Sabae Municipality,
Fukxui Pref.

Ashiba-mura, Ashiba=-gun, Fukuil
Pref.
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Weed

Shinyu

Echigo Nebari
Kiyosﬁmi

Norin No. 29
Kinnanpu

Unknown (late
maturing)
Ou No. 225

Koshiji early

maturing
Haya Norin

1 n
" it

Towada
1]
Unknown

Koshiji early

maturing
fr "

11 "

Cu No, 225

Takane Nishiki
Ou No., 225

Unknown

Koshiji early

maturing
1t "

Faxuminori

Kinnanpu




Sy

H5848 Komatsu, Takeo Municipality,
Fukui Pref.

H58L9 Bessho, Sanbo-cho, Sanbo-gun,
Fukui Pref.

H5850 1" " ]

Hs5851 Mivazaki, Takahama=-cho,

Omeshi-gun, Fukui Pref.

Sosei Asahi
Senbon Asahi

Koganenami
Norin No. 30

Table 24

Places of Isolation of Sample

Phages

Strains Used for Phage Isolation

Place Shinjo Benikonaya H5801 H5831
Strain Strain

Ozeki, Niitsu Municipality +* +* + -
Niigata Pref.

Shirane~cho,; Nakakamabara- +* ¥ + -
gun, Niigata Pref.

Umenoki, Nakakamabara=-gua, +* +* - -
Niigata Pref.

Agricultural Experimental + +* + -
Station, Nagaoka Munici-~-

pality, Ni‘gata Pref.

Koshiji=chc, Nagaoka + +* + -
Municipality, Niigata

Pref.

Hokuriku Agricultural Exper=- +* + + -
imental Station, Takada

Municipality, Niigata Pref,

Higashi Baba, Kashiana-gun, +* +* +* -
Ishikawa Pref.

Kashimamichi-cho, Hanesase + + + +*
Municipality, Ishikawa

Pref.

Ozeki, Sakai-mura, Sakaie- + +* +* -
gun, Fukui J’ref.

] n " +* - +# -

Note: A1l phages were isolated from irrigation water, and
chose with asteriks* were selected as samples,
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4) Test Results and Observations

The mutual bacterial reactions between thez 53 iso=-
lates as shown in Table 23, and the 17 isolate phages shown
ir Table 24 are shown in Table 25.

As shown in Table 25 the 17 sample phages used in
this exp3:riment showed various bacterial reactions with the
isolate strains from several places in the Hokuriku Dis-
trict, However, from their affinities with several strains,
they can be classified, as shown in the upper part of Table
25, into S, SB, B and I (provisional name) with different
host ranges. Of these, the S phage group, so tentatively
termed by the author, corresponds to OP; in terms of its
‘reaction to the S strain. The B phage group is estimated
to correspond to OP3j in terms of its reaction to the B
strain., And SB and I phage** groups are clearly phages with a
different host range. O0f thesey the I phage group has a
somewhat wider host range and its plaque shape is pin-
hele type. Therefore, this was regarded as a kind of plaque
shape mutant,

“I phages were formally named OP2m with an abbreviation

from the experiments described later. At this point, its
tentative name is used.
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Table 235

Results of Bacterial Reaction Tests Between
the Isolated Bacteria and the Phages from
Several Places in the Hokuriku District

]
(=)
\J

§

S* S Bf B 1tt] w

Witk No B B K BT ME £ MR KM R|\E KK B|E fj
BEUROERERLEREEEER &

H5800 {+ + + + 4+ 4+ 4 4|+ + 4+ —=|= = = «|4[ A
HS02 = = = = = = = = |4 + + +|+ + + +|+| B,
HS803 |+ + + + + + + + |+ + + == = =~ =|+| A"
H5804 (4 + + + + + + + |+ + + *|= = ~ =|+| A
HSB0S [+ = + + 4 + 4 + |+ + + +|= = = | +| &
HS806: |+ + .+ .+ + + + + |+ + + +|= = = =|+| A
HSB07 |+ 4 + + + + + +|+ + + =|= = = =|+| A
Hseoa--+---‘.--+++++3--’+B?:
T AT ST S DSV DRSS (A
HSBI0 |= = = = = = = == = = ${= = = =|~| ¢
B C L I R e T T R B Y
H5812 {+ + + + + + + + |+ + = =|= = =~ «|+] A
HSI3 [= = = = = = - == - = -]~ - ~-|=-] C
HSBM4 [+ 4 4+ = + 2 + +|+ = & =|= = = =[+] &
CHSIS |+ 4+ + + 4 + + |+ =+ b~ = = =] 4
HS816 [+ + + + + + + =|+ + 3+ #|=- + - =-|+]|aB?
H817 |= + + = 4+ = + = |+ 4+ = == = = =]+ a
HS818 [+ + + + + + + +|+ %+ - %|= + = =|+|AB?
HB9 [~ + % =~ = = + +|4 ¢ = =1 3 = Z|i|asy
HB20 [+ + + + + + + +|+ + + = |- — = =|+! &~
HS82l = = = = — = % ={4 T + +|+ + + 4|+ BY
Hsm—- -_-----++4°-+++_++~+ ‘B
HSBS2 |+ + + + + ¢ + 4|+ + + =|= == =[4[ A
HSBS3 [+ +.4 = + = + + |+ + 4 == = = =|%["A "
HS823 [+ + + + '+ + + + |4 # = =|= = = «|=|.D-
HB24 | = = = o = = = |- = ¢ =|= = === ¢
HS25 |~ & & = = = % =% = + $|= =« = =]+ a¢
HS626 = = 3+ = = = ¢ =|% = 4 =|= = = =|-| D¥
HS2 [+ + + + + + + +[+ = ¢ =|« =« = =|=| D

[ S P




Note :

HSB2B |= = = = = = = =l4.+ &+ +|+ + + +|+]| B
HSB2 |+ + + + + + + |4 & 4 = = = = «{+| A
HSB0 |+ + + + + + + k| + + + Fl= = = =] A
HSB3l | = = = = = = o= = |=m = $ oo = <]|$] €
HBI2 = = = % + & = w|e = = 3= = = =|=] "¢
HS833 [+ + + + + + + + |+ + + +|= = ~ =|+] A"
HB3 [+ + + + + + + +|+ 4 + ={= = = .=|+| &
HS835 [= = = 4+ + + = =|+ + 4+ +|+ + + +|+| AB
HS3% |= = = = = = = =|= = 4 =|= = « | 4| E~
HS837 |+ + + + + + + +|+ + + % - - - -+  A"
HS3 |4 + + + 4 + + 4|+ + + |= = = =|4|.4
.Hsss9------------_A---'-_c.;,
HS40 | = = = = = = = =|4+ + + +|+ + + +|+| B
HSBO [+ + + + + + + +|+ + + 4= = = =|+]| 4
H$2 |- = = = = = = —/3 4+ + +|+ + & +|+| B
HB4 |= = = = = = = =|=- = % %|= = =« =|+]| E
\HSBi |+ + + + + + + +|+ + + - - - —|+]| A
HSBAS |+ + + + + + + +|+ + ¢ =|= = = =[+] A
HSB4S | = = = = = = = =|4+ 4 + +|+ + + +|+| B
HS847 | = = = = = = = =|+ + + +|{+ + + +|+| B
HS848 [+ + + + + + + +1= + + =|= = = -|+]| A
HS9 | = = = = = = = =|+ + + +|+ + + +|+| B
HSBS |= + + + + = + +|+ %+ + =|= = = =|+]| A
H585l |= = = = = = = =|+ + + +|+ + -+ +|+| B
BEB|+ + + + + + + +[+ + =~ =|= = = = 14| A_
P N - - - =4l AT
EREM |~ = = = = = = =|4+ + + +|+ + +|+| B
R I + + + +|+| B

*oPy
e oplh

+Phaces with bacterial action in S and 3 strains

+Phages t'at form pin-hole plaques
OPlaques are very thin.

* Thin
* Somewhat thin
aSlight reaction
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éiegeng7: 1) Strain No.; 2) Nanao; 3) Sakati;
) Ozeki; 5) Shirane; 6) Takada; 7) Umenoki;
8) Nacaoka; 9) Lyso-type; 10) Shinjo strain;
11) DCenikonaya strain,

3. Isolation of 0Pz (SE and I pl'.ages)ls2

In the foregzoing 1. and 2. a description of SB and I
phages which have different host ranges and plaque shapes
from those of OF; and OPj, has been given. Since groups of
plaques were offered for testing, it is possible %o think
that OP; and OP;, phages were mixed in these phages. For
this reason, by repeating single plaque isolation for dis-
tinguishing mixed phages, SB and I phages with new host
ranges were separated,

1) Experimental Method

with S and B strains as indicators, a certain volume
of irrigation water in tie vicinity of the Hokuriku Agri-
cultural Experimental Station was collected on 30 Juns 1959.
Plaques were formed by the usual method, and OP; and SB
phages were separated from the sample by the isolation pro-
cess shown in Figure 4. C(P3, was not included in the irri-
ga® .on water used for this experiment,

(OF BT T FPTT I

208G ¢ — R (230)
@mwm.r. T B THL_ 5 (2350
. \__—— :ﬂ&;__s::xm——gtgg
. 330 — 8
—-B( 19
\ : \\ e B =TIW) S (100) @ .
e S:ﬂh)\ T~ §B
{ e B (180 | Sy =
g - s*mmLﬁum T
RaAr T,.a::nﬂz_sﬂg
,,aa:Ilh__s=:nmz:j(nm
N s (1%

—_— 8 (0) G
s —_—r i
W S T g g (R

Fig. & Isvlation Process of OP; Phages (SB)

[T?gonQY; 1) Irrigation water; 2) Several
r-aquos were mixed and transplanted; 3)
Transpiantad from single plaques; &) SB
phage; 35) OP; phage.

Note: S = Shinjo strain
B « Benikonaya strain

Figures in ( )} are the number of plaques.
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Next, 1 phages were 1soiated by repeating single
plaque isolatiun using the fact that the plaque shape in
bacteria with affinity is the pin-hole type as the guide.

2) Experimental Results

The isolation process of SB phages is as shown in
Figure &%,

Furthermore, I phages were isolated from the phages
separated from the affected leaves collected at Ishida, .
Kurobe Municipality, Toyama Prefecture in 19,9, with the
H5921 strain as the indicator and the plaque shape as the
guide, by repeating the process several times.

3) Confirmation of Isolation

The affinities of SB phages obtained with the isola-
tion process shown in Figure 4 and I phages produced by re-
peated separation of the plaque were tested. Both groups
showed simultaneous bacterial reactions to both strains.
From .this it was confirmed that SB and I phages have dif-
ferent host ranges from those of OP; and OPlh.

4. The Host Range of OP, (SB and I phages)ls2
1) ESxperimental Method

Tests were made to determine the host ranges of S,
B, H5806, H5823, H5822, H5839, H5831, with different affin-
ity reactions. As seen from the results shown in Table 25,
H5921, H5902, H5913 were newly isolated in 1959, and H5925
was donated by the Agricultural Technology Research Center,
for a total of 11 strains by the use of 0P;, OPy;, °P1h2*’
SB and I phages. Each test strain was slope cultivated in
the semi-synthetic culture medium at 28°C for three to four
days. Bacterial suspension, produced by adding 2 ml of
sterilized water into the test tube and the certain volume
of solution ol the aforementioned phages, was added to tF-° s,
Then about 3 ml of melted semi-synthetic agar culture me : -
um {cooled to 55°C) was added to form flat plates., In
about 20 hours the presence of plaques and plague shapes

were investigated.
%®

These phages were isolated by the Division of Bacteriolog-
ical Research, Department of Pathology, Agricultural
Technology Research Center in 1954, They are identical
with OP, in morphological and serological terms. But be-
cause téey have different host ranges, they have been
named OP1h2 host range mutant number 2 of OP,.
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2) Experimental Results and Observations

As shown in Table 26, five kinds of test nhages
showed different affinity reactions to each strain. Thus
the affinity relationship between these phages and strains
rcan be classified into several types of phages with differ-
ent host ranzes. According to the results of this experi-
ment, S8 and I phages show the completely same host range,
somewhat wider than that of O0P; OP;h, OPjh2. And the
plaques formed by SB phages are somewhat smaller than the
plaques of other phages. It was confirmed that I phages in
particular are characterized by formation of pin-hole type
plaques in the bacterial reactions to certain strainms.

Table 26

Host Ranges of Phages of Pathogen of Rice
Bacterial Leaf Blight

Lyso-type £train Numwber OP1 OP1y, OPin2 sB I
Shinjo straimn + - + + +
H53806 + - + + +

A
' H5921 + - + + +
(A") H5823 - * - + + +
Benikonaya strain - + + + +
3 H5822 - + + + +
H5902 - - - - -
D H5925 - - + +* +
H5913 - - - +* +*
E H5831 - - - N +
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5. Serological Reaction of 0P, (SB and I phages)162

The following experiment was conducted in order to
ascertain whethor the SB and I phages isolaied by the au-
thor were serologically identical with the known OP;, OP1h,
and OPlhz.

1) Experimental Method

Using OP;, OP;}, donated by the Kyushu Agricultural
Experimental Station, OFj;2 contributed by the Mukai Re=
search Section, Department of Pathology of the Agricultural
Technology Center, and OP;, OPj;, SB and I phages isolated
by the author, each phage fluid was injected into house
rabbits at 3-k day intervals, between 20 October and 24
November 1959, and thus anti~serum was made. The first
four inoculaticns consisted of 3-6 ml each in the abdominal
cavity, and then 1 ml venous injections at first, and then
3 ml six times. By the usual method anti-serum was
made, Using the aforementioned seven kinds of anti-serums,
each phage was cross-reacted by the neutralization method
and their inactivity was divided into the 0 mirute (2-3
seconds), five minute, and 10 minute stages. Atter the
elapse of the designated time, sterilized water was added
for dilution. Their reactions were suspended and their in-
activity was tested by the usual method and by .he forma=
tion of plagues,

2) Test Results and Observations

The results of the serological resactions by the
aforementioned method are shown in Tebles 27 and 28, How-
ever because the anti-serum of OPy,, was produced by the
Department of Medicine, Niigata University, the experiment
on it was conducted separataly.

As snown in 7lable 27, SB and I phages have quite
different serological reactisns in ccmpalison with OP; and
OP;;, which have been tested, That is, the znti=serum of
0Py and OF mutually or alternately inactivate OP; and
0Pyn» as has been showr before; but the anti-serum of OP;
does not inactivate SE and 1 phages. Further it was seen
that the anti-serur of OPyy -onsidcratly irnaciivates SB and
I phages. However, in contrast to this, while the anti=-
serums of SB and I phages mutually or alternately inacti-
vate SB and I phages, but they do not inactivate OP, and
OP1n. This proves, in serological terms, that B and 1
phages are identical, and are quite different f.om OP; and
0P1ph.
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Table 28

Relationship Between OP;,o Phages and the
Anti-serum of Each Phage (1960}

——

®, .. |@or: |@0P: | OPm | OPm Pop SB I
AOB W |G o | Ge A |G B |G D | (2D | G 1) G B)

Cgrnsracsy [0 ] s [1of 0| s|10fo|sjr0{0]s]r10{0]s]10]0 s|i0f0]s|w0 CE S

70’},:”‘7 43‘ 0 O 4l 0 01 14 ohzz lOl 0121} o ouauatwunsnoz 161

&

[Legeng7: 1) Anti-serum; 2) Hokuriku Dis=-
trict; 3) Kyushu District; &) Agricultural
Technology Research Center; 5) Standard
sterilized water; 6) Reaction time (minute);
7) Phage.

6. 1Inactivation Temperature of OP, (SB and I phages)162

1) Experimental Method

SB and I phages were suspended in the semi-synthetic
culture medium (pH 6.5) and sterilized water (pH 6.4), and
were then poured into test tubes, 1 ml each, and the test
tubes were dipped for 10 minutes in the thermostat tank ad-
justed to temperatures from 529C to 729C. After this treat-
ment, they were cooled by cold watsr (about 10°C), and flat
cultivated by mixing with the bacteria suspension of H5813
strain (lyso~type E), and H5921 strain (those are types that
form pin-hole type plaques in their reaction to I phages)
obtained by the usual method. They were preserved in a
thermostat at 28°C, and the number of plaques was counted in
16 hours. The standard temperature of ilis experiment was
set lower than room temperature (23°C).

2) Experimental Results and Observations

The results of the experiment conducted by the afore-
mentioned are shown in Table 29. This can be further demon-
strated in Figure 5.




Table 29

Inactivation Temperatures of SB and I Phages
(The mean values of three repetitions on
27 January 1960)

® ® SB 7 » - o ’ ® 1 7 +» = .2
FnH
PolOn w ok Ona¥rsm | ® U K | BBYLAR
Ve |G | s | TR | maney | FEAR | e | BERE
@ "' gﬁ 206 7100 205 100 149 100 146 Yoo -
52 200 97.1 210 102. 4 127 85.2 124 84.9
54 \ 202 98.1 198 96.6 135 90.6 106 72,6
56 198 96,1 187 9.2 - 129 86.6 105 71.9
58 186 92.1 191 93.2 13 75.8 61 4.8
60 164 79.6 163 . 79.5 103 69.1 13 8.9
62 150 72.8 145 70.7 N 681.1 3 2.1
64 13 55.7 64 31.7 63 - 42,3 0.3 0.2
66 80 38.8 6 291 . 29 19.5 0.3 - 0.2
68 27 7.8 0.3 0.1 0.7 0.5 - 0.7 0.6
70 ) o3 0.1 0.7 0.3 0 0 0 0

Lfegeng7: 1) Tceatment temperature; 2) SB
pnage; 3) I phage; U4) Sterilized water; 5)
Scai-synthetic potato; 6) Standard area
(room temperature); 7) Number of plaques;

) Ratio over the standard (%).

As shown in Table 29 and Figure 5, SB phages could
be complictely inactivated even by a 10 mlnute treatment at
70°¢C , and I phages were viable up to 68°C. The temperature
ranges for inactivating 50% were 64-66°C for SB phages in
sterilized water, and 62-64°C in the semi-synthetic culture
medium, for I phagec, 62-64°C in sterilized water, and 56~
689C in the semi=synthetic culture medium,

The foreg01ng results, when compared with the report
made by Wakimotol3% that the complete inactivation of OPj
and OP;},, takes place in the 58°C or 60°C range, reveal that
SB and I phages have high heat-resistance,
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Fig. 5 Test Results on the Inactivation Tem=
peratures of SB and I Phages

/Legend/: 1) SB phages; 2) Sterilized water;
3) Semi-synthetic; &) I phages; 5) Percent=-
age of the number of plaques; 6) Treatment
temperature,

7. One-step Growch Experiments of OPp (SB and 1 phages)162

One strain each, as will be described later, was
selected from lyso=type A, B, D, and E strains with affini~-
ties to SB and I phages, in order to conduct an experiment
on the proces- of the one-step growth formed between SB and
I phages, and each strain,

1) Experimental Method136

Test sample phages are SB and I phages, and the test
sample strains are as follows:

Lyso~type A strain H5801, H5921 strains
Lyso=-type B strain Eenikonaya strain
Lyso=type D strain H5925 strain
Lyso~type E strain H5913 strain
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Bacteria obtained by the single colony isolation of
the test sample strains repeated twice were used as adsorbe
ed bacteria and the plaque indicator. For the experiment,
a 9 ml bacteria suspension in which the bacteria slope cul~
tivated on the semi-synthetic agar culture medium for 24
hours would be about 108/ml on the Cavfch culture medium
(will be described later), and 1 ml of SB phage liquid with
the density adjusted at about 10°/ml beforehand, was pre-
pared. This suspension and phage liquid were simultaneously
poured into smail flasks for adsorption and allowed to set
for five minutes., Next, the anti-serums of SB and I phages
(those with the anti-bodies of the cultivated bacteria com=-
pletedly eliminated) were added inorder to inactivate free
phages., In five minutes, they were given a 101 diiution
in three stages on the Cavfch culture medium, From tle
last growth tube, a certain volume (0.1 ml and 0.0l ml each)
was transferred to the suspension of the indicator strain
and then poured into and preserved in the thermostat at 27«
289C, fer about 20 hours. The numbers of plagques formed
were counted, zad the process of their one-step growth was
investigated, The growth tube was used for the experiment
by placing it in the thermostat water tank at 29°C.

2) Experimental Results
a) One-step growth experiments of SB phages.

The one-step growth process of SB phages against
A, B, D, and E strains are shown in Tables 30-35.

b) One-step growth experiments of I phages.

The one-step growth process of I phages agailnst
A, B, and E strains are shown in Tables 36-40,

3) Summary:

The one=-step growth experiments of SB and I
ptages are summarized in Table U411,
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Table 30

One-step Growth Experiment of SB Phages
Against lyso-type A Strains
(H5801 strain)

G>C§3”“’ @8 0w % mW @ E%%g
o BB\ 40 [ 50 | 60 | 70 | 80 | 90 1100 | 110 {120 | 130 | 140 | 150 | 160 |7 o

11 177 N 44 ed 77 124 175 182 184 128 174 9
i 120 140 18 120 shy 790 220 98 132 156 183 330] 1200 13
@m 8 7 7 8l 19 24 82 108 166 174 185 127] 18. ]

i 9 10| 9.7 10; 38 56 60p 109 158 173 IBli 1950 159 ?

0.1ml

I 2 3 2 3 2 2 2 u 4 ;] 3

o 00 o ¥ 8 3 13 24 23 28 24 26 37~
0.0lml | 4 o s 9o 8 14 28 2 44{ a2

v | 0918 28 8.8 18 24 27 3 35 34 3

[Legend/: 1) Time; 2) Repetition; 3) Dilu-
tion; &) Time (minute); 5) Free phage after
20 minutes of adsorption; 6) Mean.

Table 31
One~step Gorowth Experiment of SB Phages

Against Lyso~type A' Strains
(H5921 strain)

S @néme 3 3 =

éNQEﬁ' on @ £ I ) gﬁ?ﬁ

.ﬁ'& ¥ g \\ 40 E § | 60! 70 | 80 | 90 ‘ 10011101120 | 130 [ 142 ]150 | 160 |7y —
I 95 - 723 98 9| 4B 81} 2441 338! 78011,096)1,487)1, 8901, 770 94

Cym-| o7 73 ss| se 78 sel 218 288 7es01.2000,4531,7401,890 g9
0.0iml ~ csl 7/ 8s| 72 93 187 202 417 9o, 248), 380, 7700, 8000 33
6

I z
w8y 78 1) en ) il 22 s 1.8, 438).8000,820 72

[Tegend7: 1) Time; 2) Repetition; 3) Dilu-
tion; &) Time (minute); 5) Free phage after
20 minutes of adsorpticn; 6) Mean.




Table 32

One-step Growth Experiment of SB Phage
Against Lyso~type B Strain
(Benikonaya strain)

.v" iy e}
N @ # i B i ) 05140
'6) Ii&\ free 7 »
PN 0% |60 70| 7s|e0fes|s000]0]1 1301505

I 1317141 so 129 138 20 266 sa0] 529 sad &9 26

L | 9 2309 2y 88 127 179 28 g 4z sl sedl s 14
0. 1mi " 23| 19 26 18 usl 130 207 138 428 393 ug 4 o4 13

B | W 20 200 200 43 127) 172 89| 332 472 so5 som s2s  1s

1 2. 3 2 3 1 18 24 20 s 4o 44 4

I C3 6 2 4 12 0 29 39 s8 s s8l 44
0.0iml ) g 202 3 43w ® a1y s s o4

71y 2y 2 4 415 30 3 42 52 53 48

Lfegend7: 1) Time; 2) Repetition; 3) Dilu=-
ticn; &) Time (minute); 5) Free phage after
20 minutes of adsorption; 6) Mean.

Table 33

One-step Growth Experiment of SB Phage
Against lyso=type D Strain
(H5925 scrain)

3
@ o B a O IS Mfi200
W R RN - T , N free
Sl |es | s 85 | 95 [ 100 | 110 | 120 130]140'15077—9
. *s 00 23 3¢ s 7d 167 1% m| 5
G.owml | om |6 nowe @ @ sl 12 il wo s
B S8 48 105 08 4.5 4.0 62.0 1545 1645 1655 7

/Lozend/: 1) Time; 2) Repetition; 3) Dilu-
tion; &) Time (mianute); 5) Free phage after
20 minutes c¢f adsorption; 6) Mean.




Table 34

One-step Growth Experiment of SB Phage
Against Lyso-type E Strain
(H5913 Strain)

‘i\m—&'!ﬂﬂ ® o B m ) w:t‘v—70
@ @ﬁ_ﬂ W0
_ﬁim\ 40|50 |60 |65 (72 |75/(8 |9 |95 |100]n0]120] 1% g‘fj
I 25 34 40l 4 108 135 261] 312 ase1, 00 PY)
0.1ml oF 20 2 20 23 32 106 260 300' 856 865 27
¥4 24.9 315 34.0 320 70.0120. 5260, 5306. 0656. 0934,
1| 8 ¢ 4 1 2 280 ¢l ng e e 104
o0ml | n | | 4 2 8 22 49 104 69‘ & —
| ®m| | 48 49 34 7.510.02 58.0{1\2.0 75.5, 99. 8104.0
[Legend/: 1) Time; 2) Repetition; 3) Dilu-
tion; &) Time (minute); 5) Free phage after
20 minutes of adsorption; 6) Mean.
Table 35
One-step Growth Experiment of SE Phage
Against Lyso=~-type E Strain
{H5913 Strain) Part 2
'Eg:nm' ® # @ by m ) @"?gi‘,’
{ PAFAPN i one | I T lfree
ER 40/ 50/60/70/8090] 100 | 110 | 120 130 [ 135 | 140 usjlso}uolus{wo‘lsot_,,
It 'unazwﬁwmz’rm om.ssa{t.320?\.woh.aao;z.uoz.wz. |18
on | I 12518019 m‘ad 8541, 0601, 2001, 5401,220, — m} | 128
mi m P2sprey m - —! - —; -! - m} -
Wiy 141 79hes/1 782 90 8oy, 178),2631, 5201, 5002, 2402, 2642, 00 144

107 1 44 4 420 l20326403m9

312 o 484 3 ' adndan
- ;1 3 o] ] ] s ] o3, oo
SL i

463& “7‘ W 413{ “:E&’L“N

1 | Jash :j 137 184 mi a8 esd 384 4 sosisumzam
: =
n

[Tezond/: 1) Time; 2) Repetition; 3) Dilu-
tion; 4) Time (minute): 5) Free phage after
20 minutes of adsorption; 6) Nean.
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Table 36

One-step Growth Experiment of I Phage
Against Lyso-type A Strain
(H5301 strain)

S2 ® @ B W oD |B%i209
Ixi&[ ; g | | tho free
r}* 3 | 40| 50| 60|70 80|90 100120120140 [150 [ 170 |77 ~¥

i
]
4 20 28; 24 16 3 90 16l L5 36 463 S05 s 19
n s 2 9 20' 2 2 8 95 199 213 99 €37 664 sy, 2
0. iml ol | B B % 19' 20 45 109 199 229 sn| 495 622 s719 20
- | J
jxm 0 21 25! 2 19 46 98 186 24 819 505 598 s 20
1| 3 2 0 6 18 18 s “ a3 e
X o 1l 2 v 23' 2 1w 4 s 8 T
0.0iml | o 2# 38 12 18 2 24 s o 60 4
¥ | 23 2 3 9! 15! 21 !al 51 5111 $§ sal

[Legend/: 1) Timo; 2) Repetition; 3) Dilu=
tion; &) Time (minute); 5) Free phage after
20 minutes of adsorption; 6) Mean.

Table 37
One-~step Growth Experiment of I Phage

Against Lyso-type A' Strain
(H5921 strain,;

@%\@j i I % )

1L E"“\ 30|4o'so=so 70,8090, monoxzo,uso us]uo[no 180 | 190 '200]220
1
I

nid05
&cl':e
r=7

1

{24 32 35 23 39| 30 20 43 8 ,m 319. m, 743 941 924' %2 ol a 27
14 21! Wy 2 25 23' .3.02203 40 534 809 853 747,060 en, a| 2

T |3 ::‘ 14 24 27| 24 3& e9m'm; Qs m' sad 841,038 910 n | o | 2

: z
IR nl fssmtm m' ss7] &9 au' 902, w{ ‘ a2
] i | l ‘ | i 1

/Legend7: 1) Time; 2) Repevition; 3) Dilu=
tion; &) Time (minute); 5) Free phago after
20 minutes of adsorption; 6) Mean.
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Table 233

Cne-step Growth Experiment of I Phage
Against Lyso-type A' Strain
(5921 Strain) Part 2

Qi | @r & W W GD Tix208

\! 4olso|6o 70 |80 | 90 | 100 | 110 120[140]:50{160 170 | 180 g‘?x—u;

134 102 105! 109] 95/ 135 101] 423 768;1.922'3.1.0'3.890‘3.800!4.040 90
93 135 121} 166{ 123 113 133] 533 8832,1622,961:3,7404,0100 n | 92
13114136 811 118 107] 307 296 997]2,19812, 69413, 96014, 1603, 330 - 157

0]
Py | 11 118 121 N9 112 1]8' 182 417; 883[2,0942,9213,8633,990;3,935 113

0.01mi

1 Wiol 14 8 10l 18 73 80l 99l 1sel 392 437 462
it 120 100 9 15 n‘ e 89 770 94l N7 427) 474 459
o 15 14 18 14 120 44 55 69| 59 102 438 442 421
P W 0| 3 13 1| 24 62 75 84 136] 4190 4s1] a4r

[iegeng7; 1) Time, 2) Repetition; 3) Dilu-
tion; &4) Time (minute); 5) Free phage after
20 minutes of adsorption; 6) Mean.

Table 39

Onc=step Growth Experinient of I Phage
Against Lyso=-type B Strain
(Benikonaya Strain)

© vl ® # @ W i ) BA120%
) @.’iﬁl . #Hha free
P | 40| 50 60|70 80 | 90 | 100 | 115 | 125 | 135 | 145 1155 [ 165 | 185 |7 7~ &

1., {1311103 120 1121174, 516 782!1.05261.6521,4883.300 n{ n|n 107 -
I N 1400 158 174) 166] 228 570 88011,3101,6712,305) na [2,7303,600, n 125

)
I

0.Tml Sl | 95112128120 238128 84 2152.084 n | n 2.6203,100 | 14
i 122 124 141 133 212] 403|836, 1921,8691,8973,3002,6753,350 n | 125
1 100 & 12 0 43 s 63 128 145 229) 292 374 29
I 1413 20 21 68 93 124 teel 343 02 362 368
0.0Iml | 14 13 1g 200 39 s 7el 119 18 457 an| sz 438
vy | | 131213 17 34 s 78 124 1es) 343 302 352 362

/Legend/: 1) 1ime; 2) Repetition; 3) Dilu-
tion; &) Time (minute); 5) Free phage after
20 minutes of adsorption; 6) Mean.
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Table L0

One-step Growth Experiment of I Phage
Against Lyso-type E Strain
(H5613 Strain)

" ) 11209

1001110 1120 1130 140 | 150 | 170 ‘g‘mrg '
i Bl hd 4N :

I
H
'
| !
'
}

213 35 94 $3¢ 778 764 T @

: | f } {
25 N 274 350 M3 66 74 M2 bi 2 i
i ! ' .
21 107 259 322 405 s2i! 623 803 797 2
| |-
23 19, 249§ 342 414 S64 713 759‘ 786 24

S

]
! J R ETC
65| 67 90 81

‘ | |
i t i i i | i
ﬁ ' ﬁ g 16 44 0 a8 o7
0 o4 7 19, ) 3ai wi s 76 71
0.0iml) 5 2 3 3‘ 7 17’ R ¥ s o e
7 2! 2 2 ,8} S 76! 77} S

Lzegeng7: 1) Time; 2) Repetition; 3) Dilu=-
tion; &) Time (minute); 5) Free Phage after
20 minutes of adsorption; 6) Mean.
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8. sorphological Cbservation of 0P, (SB and I phages)
with an Electron Microscopel02

The morphological observation of SB and I phages
were made using the JEM 5G type electron microscope of the
Electron Microscepe Division, Department of Medicine,
Nijigata University, at 80 KV.

The test samples were SB and I phages multiplied by
the use of H5921 (lyso-type A strain) and H5913 (lyso-type
E strain), OP; multiplied by the use of Shinjo strain
(lyso-type A strain), 0Pq,, multiplied by the use of Beni-
konaya strain (lyso-type B strain), and OPy,, multiplied by
the use of H5925 strain (lyso-type D strain?.

1) Experimental Method

Plaques on the semi-synthetic agar plate were ad-
justed in such a way that about 200 plaques appecared and by
using each phage, transparent bacteria were made by drops
of sterilized water. Then after the bacteria grown on the
plate werc completely bacteriolyzed, the water on the plate
containing thick phage was absorbed by the glass capillary.
Then this was diluted 10-100 times and mounted on corrodium
mesh for the electron microscope. After it was frozen and
dried in a vacuum, it was chrome shadow cast, filuoroscoped,
and photographed.

Table L2

Electron Micrograph of SB and I Phages

Tail
Phage Head Length Thickness
0P, 70 x 70 mp 150 mu 15 mp
0P1y 70 x 70 " 150 " 15 "
OP1n2 70 x 70 " 150 " 15 "
SB 70 x 70 m# 85 mp 25 m#
1 70 x 70 " 85 " 25 "
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Fig, 6 Morphological Difference Between OPp
Group Phages and OP> Group Fhages

2) Observation Results

The morphology of each phage was observed and meas=-
ured by photographing it with the electron microscope at
10,000 magnifications and then enlarged on printing paper.
The results are shown in Table 42 and Figure 6 shows a di-
agram of the morphological difference between OP; group
phages and SB and I phages.

In 5, the serological reaction test, the results
showed that SB and I phages had markedly different antigen
structures and characteristics in the cross-reactions of
each antigen phage and each anti=-serum. Consequently, it
was estimated that they would have different morphologies.
In this experiment, SB and I phages showed a different
morphology in the tails of phages from those of 0OP;, or
OP1nh, and OPjp2. As shown in Table L2, SB and I phages
have shorter tails by 65 m and are thicker by 15 m as
compared with those of OP;, OPjj, or OPj,,. (See photo-
graphs 19=-23)

9. Affinities of OP, (SB and I phages) with Xanthomonas
bacterial?0

By using Xanthomonas oryzae and other Xanthomonas
bacteria and several other bacteria as test samples, the
presence of affinities of OP, was examined by the plaque
formation method.
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1) Test Method

Test Bacteria: two strains each of Xanthomonas
compestris, X, gitri, X. pruni, X. cucurbitac, X. phaseoli
(these were donated by the Department of Pathology, Agrie=
cultural Technology Research Center), three strains of X,
phaseoli var, sojense (isolated from the soybeans in the
field of Niitsu Municipality, Niigata Prefecture, Korimaki=-
cho, Naka-kamabara-gun, and Takada Municipality), and two
strains of two species of Xanthomonas (Yellow bacteria,
name unknown, isolated from Sctaria viridis Beauv and rice
plant in Takada Municipality, Niigata Prefecture)

X. oryzae H5913 (lyso~type E) was used as a check,
and the presence of bacterial reaction was examined.

2) Test Results

0P, (both SB and I phages) did not show parasiticity
to any of the aforementioned bacteria.

10. Summary

The author in 1958, isolated SB and I phages (pro-
visional names) with different host ranges from
OP; and OP;h, the known pathogenic phages of rice bacterial
leaf blighv. As a result of this, it was observed that SB
phage showed marked differences in tne host range, inacti-
vation temperature, scrological reaction, and the shape of
its phage particles, as compared with those of 0OP; and OPj}
phages. It was further demonstrated that SB phage had no
parasiticity toward Xanthomonas bacteria, except the pathogen
of rice bacterial 1lcaf blight. Consequently, this phage
should not be regarded as a host range mutant of OP;; in-
stead 1t seems to be proper to c¢all this 0P2, a new phage
in the Xanthomonas oryzae phages,

Also I phage has the same or similar characteristics
in its serclogical reaction, inactivation temperature, and
SB phage shape. But as described in 4., and as described in
the onc=-step growth experiments in 7., some of tho bacteria
with affinities show pin-hole plaques in the bacterial re-
actions azainst certain strains (See photograph 24), and
show marked differences from SB phages in the process of
one-step growth. Such a phenomenon indicates the charac-
teristics of a plaque shape mutant, Consequently the au-
thor rezards it proper to term this phage OPzp, the plaque
shape mutant of OP,.
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Section 2. The Lysc~-types and Pathogenicity
of the Pathogens of Rice Bacterial Leaf

Blight as Classified b{ the Host
Range of Phages 63

Because it was ascertained from the test results as
shown in Table 26, that the pathogen of rice bacterial leaf
blight can be classified by the host range of each phage
into five groups, the author classified them by lyso~types.
Then, the author made tests on the relationship between the
strains belonging to each lyso-type and the degree of their
pathogenicity, and the serological differences of each

lyso=type.

1, Classification of Lyso-type5163

From results shown in Table 26, the pathogens of
rice bacterial leafl blight can be classified into five
lyso-types according to the host rauge (affinity types) of

the phages.

The standards for this classification were

further tested by Wakimoto.l45

Table 43

Standards of Lyso-types Classified
by the Host Range of Phages

Lyso-type Reaction Toward Each FPhage
Type A Strains bacteriolyzed by OP;, OP3,», OP2 (SB, I)
(Type A') Shows the same affinity reactions as type A
strains; I phage forms pin-hole type plaques
* and require time for plaque formation (20 hours)
Type B Strains bacteriolyzed by OP1h» OP1h2, OP2 (sB,I)
Strains bacteriolyzed by any of OP;, OPpy,
Type C OP1p2, OP2 (SB) (Their reaction to I phage is
under examination)
Type D Strains bacteriolyzed by °P1h2' 0Py (se, I)
Type E Strains bacteriolyzed by OP, (S3, I)
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2, Lyso-type Classifications and Distribution of the Path=

ogens of Rice Bacterial Leaf Blight in the Hokuriku
Districtl57,158,163

1) Test Method

Lyso-types of 52 isolates of 1958 previously used as
test samples (except H5813 strain) and 37 new isolates of
1959-1960, 89 isolatecs in total, were determined in accord=
ance with the classification standards as described in 1,
by using OP3;, O0P1pn, OP2, and OP2p produced by single plaque
isolation in 1559, and OPj,o donated by the Agricultural
Technology ilkesearch Center.

Each strain was slope cultivated on the semi=-syn=
thetic slope culture medium at 28°C for four days. The
phage liquid added to the bacterial suspension of each
strain was adjusted so that nx1l02 plaques would appear for
certain. The strains isolated in 1959-1960 and the places
of collection of affected leaves are shown in Table 44,

2} The Results of Determination of Lyso-types of
Isolated Strains

The resulte of the determination of lyso-types of
89 test strains in accordance with the standards described
in Table 43 are shown in Table L5.

Table &4

Places of Collection of Affected Leaves from
Which Strains were Isolated and Rice
Varieties (1959-1960)

Strain No. Place of Collection of Affected Rice Variety

Leaves

H5901 Tomoji, Aono, Naoetsu Municipality Unknown
Niigata Pref.

H5902 Miwamura Nishiki, Naka-kei jo=gun, "
Xiigata Pref,

H5903 Shimonoda, Takada Municipality, Kinnanpu
Niigata Pref.

H5904 Tomikawa, Takada Municipality, Sanin No.52
Niigata Pref.

H5905 Matsushiro=-cho, Higashi-keijo=gun, Norin No, 29

Niigata Pref.
"

H5906 Unknown
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H5807 Ozeki, Niitsu Municipality, Niigata Unknown
Pref,
H5908 Shimonoda, Takada Municipality Sanin No, 52
Niigata Pref,
H5909 Koshiji=cho, Mishima=gun, Niigata Ginmasari
Pref,
H5910 " " " Sanin No. 52
H5911 " " " Hon No. 156
H5912 " " " Koganemochi
H5913 Prefectural Agricultural Experi- Shinyu
mental Station, Tecyama Munici-
pality, Toyama Pref.
H5914 - Hamagurosaki, Toyama Municipality Unknown
Toyama Pref,
H5915 Mizubashi-cho, Naka=-arakawa=-gun, "
Toyama Pref,
H5916 1] ] 1
H5917 Tachiyama-~cho, Naka~arakawa-gun, Kinnanpu
Toyama Pref,
H59186 Kakizava, Kamiichi-cho, Naka= Shirogane
arakawa=-gun, Toyama Pref.
H5919 Maezawa, Kvrobe Municipality, "
Toyama Pref.
H5920 Inuyama, Ishida, Kurobe Munici- Unknown
pality, Toyama Pref. (intermediate
maturing)
Hs5921 Tachino, Ishida, Kurobe Munici= Koganemochi
pality, Toyama Pref,
H5922 " " " Sayanukagusa
H5923 Akumie~gun, Yamagata Pref, Unknown
592)4 " n " "
H6001 Shimotomikawa, Takada Municie= Sanin No. 52
pality, Niigata Pref,
H6002 Koyasu, Takada Municipality, Unknown
Niigata Pref,.
H6003 Urakawa Hara-cho, Higashi-keijo= "
gun, Niigata Pref,
H6004 Kakizaki-cho, Naka-keijo=gun, "
Niigata Pref.
H6005 Kawara=cho, Sado-gun, Niigata Yoneyama
Pref.
H6006 Motoyashiki, Tukada Municipality Unknown

Niigata Pref,
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16007 Ozeki, Niitsu Municipality, Unknown
Niigata Pref.

H6M03 Maki-cho, Nishi-=kamabara=-gun,
Niigata Pref.

H6009 1} " 1

H6010 Koyasu, Takada Municipality, Kinnanpu
Niigata Pref.

H6011 Kureha~cho, Toyama Pref. Unknown

16012 Shoin, Tamasu Municipality, Kagaminori
Ishiltawa Pref.

H6013 Mukogzasa, Sanbo=gun, Fukui Pref. Sayanukagusa

3) Results

As shown in Table 45, the nathogens of rice bacte-
rial leaf blight in the Hokuriku District weire classified
into 61 lyso-type A, 14 lyso-type B, 7 lyso-type C, 7 lyso=-
tvpe E. In other words, lyso-type A has the widest distri=-
bution. And lyso-type D was not found among the test
strains, Although the relationship between cach lyso-type
and its geographical distribution in the Hokuriku District
were not clarified, comparatively many strains among lyso-
type A which form pin-hole plaques in bacterial reactions
to OP2py were isolated in Toyama Prefecture.

3. The Pathogenicity of the Strains Classified into Each
Lyso-typei°3

As to the pathogenicity of rice bacterial leaf blight
Kuhara, et al39 observed that the isolate from Asakaze, wet
rice varicty in the Benikonaya arca, Okawa Municipality,
Tukuoka Frefecture, stronglg invaded Ogyoku, a resistant
variety. And Kusaba, et al 2 reported that many isolates
collected throughout the nation could be classified into
two groups: one that strongly invaded both Aichiasahi, a
susceptible variety, and Ogyoku, a resistant variety; and
ancther that strongly invaded only Aichiasahi. Sekil09
made similar observations,

Thus it is sugzested that there are several groups
of pathogens of rice bacterial loaf blight. If the results
of determination of lyso~types of strains by the host range
(affinity rolationship) of phages, as in this experiment
should have any relationship with the degree of pathogenic=
ity, ithe classificac¢ion and determination of pathogenicity,
as well as the case of the ovaration for determining lyso=
types, will be simplified,
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Table U5

Results of Dotermination of Lyso=types

of Jsolated Strains

= " ; T T =y
Dtk No. | OP, OPm OPma SB 1 (Gl | fifkNo. | OPs OPws OPwma B 1 P
Hs80l | + = 4+ 4+ 4 | A | U84 | - 4+ 4+ 4+ 4+ | B
H5802 | -~ + 4+ + <+ | B H5848 | + = 4 . 4 .+ |'A
- H5803 | 4+ ~.. 4 <+ 4+ | A | H849 | ~ 4+ + 4+ 4+ 4B
H5804 | + = ¢ 4+ 4+ | A b HB0| + - 4+ 4+ + |'A
H5805 | + = 4+ + 4+ | A | H888) | -~ =~ - 4+ + | E
CHS806 | ¢+ T~ 4+ 4+ 4 | A | HS852 | + = 4 4 | A
HS807 | . = 4+ 4+ 4+ | A | H8853 | + ~« + 4+ 4+ | A
15808 | - + 4+ 4+ 4+ | B | H0 | + = 4+ + .+ | A
- H5809 | + ~ 4+ 4 4+ | A ) H5902| - = = ~ = | C
HS810 | = = = « =1 C | H5%3 | ¢+ = 4+ 4+ 4+ | A
M8 | = - = 4+ 4+ | E | H%04 | + - + + + | &
HS812 | + =" + 4+ + | A | H5905] + = +. + 4 | A
HS814 | ¢+ =, 4+ 4+ 4+ | A | H906 { + = 4+ + + A
HS815 | + = + 4+ + | A} H7 | —= 4+ + 4+ 4+ | A
HS816 [ + = <+ + <+ A H5908 | + = + <+ + A
Hs817 | + = + 4+ 4+ | A | H909 ) + = +  +  + | A
HE8 | + = 4+ + <+ | A ¢ H90 !l + = 4+ 4+ + [ A
H$9 | + =+ 4+ 4+ | A UM | + = <+ + 4 A
HS820 | + -~ 4+ 4+ 4+ | AL HM®2| + = <+ + + | A
HSB2 | - + 4+ 4+ + | B JH®3| - - = +.+ | E
HE2 | = + + + 4 | B I HOW | + - "4+ & 4+ | A
H823 | +° = 4+ = + | Alj HHS | = = = 1= = c
H$824 - = - + + | E { H®6| + = "+ + + | A
H5825 | + = + 4+ <+ | A [ HN7 | 4+ =+ + " 4+ + | A
HS826 | ~ - = - - | C | H®8 | + - + + + | A
H5827 | + —- + = + At H5919 | + - 4+ + + | A
HS2 | = <+ 4+ + + B H5920 | + =  + ~+ + Al
15829 | + = + 4+ + | A | HH | + -  + 4+ .+ | Al
HS830 | + ~- . + + 4+ | A j H®2 | - + + + + | B
H583) - = =+ + E H5923 [ + -  + + + | A
H5832 | = = = - - C | Hs924 | = = = 4 4 E
Hs633 | + =+ 4+ + | A I H60V | + - + + + | A
Hs834 | + = 4+ + + | A THeR| + - + + + | A
H3838 | = + « + ' + + B | H603 | + - + .+ + | A
H836 | = = = + + E 1 He0d | + ~— +-+ + | A
87 | + =  + + + A § HeO5 | + - + 4+ + [-A
HS838 | + = 4+ + + | A i He06 ! + =  + & -+ | A
~HS8Y | = - =~ = - C | H6007 | - + 4+ 4+ + B
H5840 | -  + + + + B | He008 | - + .+ + o+ B
HS34l | + =  + + + | A jj H6009 | + - + + + | A
{
Hs842 | = + 4+ + 4+ B | HOWO | + - + + + | A
H5843 | - - - - - 1.C ! Y& + - + + + A
H$344 | + = 4+ 4+ 4+ | A [ H60I2 | + = 4+ + + | A
H5845 | + = + + + A | HO3 | ¢+ - + + + A
H46 | = + + + + | B
[legond/: 1) Strain Number; 2) Lyso=-type.
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1) Test Method

a) Rice Plant Varieties for Determining Patho-
genicity: Ogyoku, Akajinriki, Zensho No. 26, Norin No. 27
Asaikaze, Xamizcki No. 1, Yachikogane, Norin No., 18, Toishi,
Takara, and Kamiyawa.

b) Sowing and Cultivation: Sowed on 17 April;
transplanted on 24 May; fortilization per 10 a, L0 kg of
ammoniun sulphate, 33 kg of superphosphate of lime, 10 kg
of chlorate of potash (these are primary fertilization),
and 11.3 kg of ammonium sulphate (additional fertilization).

c¢) Inoculation and Investigation Mcthod: 52
strains as shown in Table L6 were selected out of 89 strains
listed in Tablic ¥5. The breakdown of the sample strains by
lyso=types are: Type A...30 strains, Type B...13 strains,
Type C...5 strains, Type E...U strains,

Inoculation: Bacteria, slope cultivated on semi=-

synthetic agar culturc medium at 289C for L=-5 days, were

suspended with sterilized water and made into about a 10 /
ml density. This was injected with the needle bundles of
five sowing needles on 11 and 12 August. 58 Inoculations
were on rour pieces each for one strain and one variety,
and on 10 lcaves for each piece at the upper developed
leaves avoiding the central leafl ribs.”/

Investization:. The diseased areas (mm2) per four
pieces each strain and each variety, eight leaves per each
piece wecre measured on 11 and 12 September.5’

2} Test Results and Observations

Th> nean diseased ~reas of the inoculation tests of
each strain by variety (pight inoculated leaves for each
piece x {four pieces = 32 leavos) are shown in Table 46,
And the results of the dispersion analysis of the Table 36
are shouwn in Table 47,

The auther has usod two groups of rice plant varie-
tios whoso resistance and degreos of resistance have been
examinad for reveral years since 1950 by Kiriu. 9 1In this
oxporiment, as is also shown in the dispersion analysis in
Table &7, the varieties used for determination are grouped
into two groups of strong and weak. In other words, the
vorictios for determination are roughly oclassified into the
following:

Resistance varieties...Akajinriki, Ogyoku, Norin No.
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Table 46

Rosults of Inoculation Tests--Diseased Area (mm?)
i - ' 75‘4.-- b . .—_-

OO i (S P et B B [F+F 10y, Bo 10

Wi~ WOl 260y Lol VA | w3 | 185 i

¢ 115801 1wl 0| 12| 2 2] 251 2] s 3] 38 110

; 115803 1 320 47| 30| 42! 83| e8] 67| 94| -69!. 93
11580+ 25| 16| 30| 34, 32| 24| 59| 99| 771 33] 145

i 115805 31 5| 2 2] & 1 201 391 °5| 18] 188
H 5807 71 20 o 1 1 V] o13] 30| 20) 13] 45

H 5809 55{ 33| 53| 63| 24 41| a4) 77| 5] 73! 107

115312 30| 12| 3| 39! 30| 39| 2| 80| 36| 36| 12¢

H5814 9| 41 4| 1 70 5] 20 a7 v 2| 2

: 115815 6| Wl 100 13 s 190 35| 32| 19| 31| 45
‘ HS817 37| 3| 35| 33| 33| 8| 18| 32| 40| e8] 2
A |HSB18 1 o} 1 1 1 0o} 16| 2] 25 37} 30

HE319 . ol of o wy of of 9! 18| 271 20! =

@® | 18820 ol o] o] of o of 2| 17| 42| n|

W ) 118852 371 27 220 14l 18! 13 8| o271 19 33

& (15833 24| 28| 26| 8] 23] 6| 22| 3y 3| &

H5901 s61 27| 191 &l 430 41| 108| 88] 52| 52 146

W03 40 18] 13 140 10| 12 35) 23] 16| 23] a8

10905 68| 6| 71| 84l 73| 76! 129 18] 77| 142 158

; . 115825 \ 1 1 3] -1 0] 221 27| 31| 20| s0
H5829 24| 30| 26| 9! s 9 8| 28] w| n| 7
H5833 3| 2 1 1 | 1| 80| 8s| &7| s4f V72

H5838 0j 1 1 1 1 V| 33 3| 53] .87 80

115841 6| 4 41 5 s 6l 15 14l | 16| 39

H3844 0] 0! 0} o6f o] o0} 5| 19 32| 23| 4

| Ho84s 1 0 1 ] 1 0 3| 23| 23] 17! 44

H5848 1 | ] i o] o) 43| 19| 2] e 25

Hs8s0 & . 0 0 1 0 9 .| sl s . 74 4l 33

S GGRIEHE) 1 1 § 2 2 1 H 1 3 4 3

A [Hs2 30 sl 4| 6y 4| 4f 3| s2| 4| | &

R 1 2 1 20 0 o 19| 30| 18| 37| 26

15502 36| 29| s8] 421 56! 44| 36| s0| 27| 38| n2

15508 §2| 44| 7701290 125 4| el 72 77| 5| 102

11542) Vo2l 20 5| 3| 4l 32y 27| 290 240

15822 50 4 1 4y 20 3| 28| 35| 17| 25| 8

g | 115828 0| © | o\ 0l 0y 131 16| M| 15| 2

115835 20| 18] 20 16| 20| 26] 28] 29| 39! 28 6

A ¢ 115840 ] 0 1 0f 0] o 15| 12] 21| 25| 28
15842 0] O O 1 0l 7| 42| 39| 3| 2| €0_

W1 115846 2| 3 ) 3 Vo2 8 ol 471 47| 86
15847 ) ! o ¢l o) o' 24| 46| 27| 27| s6_
H 5849 of ¢ 0 ] of o 31| 23| 20! 10| 29

{115851 ® 0 0 0 0 0 0 8| 15 w0| n| 24

BGIWEG) | 200 4| 39 33| 16| 12| 12| 6| 6| 12{ 3

H5810 Wl | 200 vl o200 v vl a| 1w 3| 3

Cc |Hsa2 ) ] 3] ol 2 2] &) 81| 4] 62| 98

™ { H5832 3l 4 41 st g 40 s 2] 2lazt e

i | Hs839 160l o 1] 1 4 9] 9 7] 8

‘ H5843 0, o 1 1 ’ 20 0| 46| 28| 44 37| 132
g [HsSH 4 5| V5 -2 8l wm| 3| | nl 2wl 3

x| H3B4 ; 3] o] of 2, o! 28] 28| 25| 2| 85

2t | H5831 N7 5| 7 S, 6l 1m | 15| 147! 16| 300

& | Hse3s 1Loo] o] o) ) v sl 18] 8| 4] 40
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/Legend/: 1) Rice variety; 2) Ogyoku; 3)
Akajinriki; &) Zensho No. 25; 5) Norin No.
27; ©®Kamizeki No. 1; 7) Asakaze; 8) Yachi-
korane; 9) XNorin Xo. 18; 10) Takara; 11)
Xamiyama; 12) Toishi; 13) Strain Number;
14) Type; 15) Shinjo strain; 16) Benikonaya
strain.

27, Zensho No, 25, Kamizeki No. 1, Asakaze.
Suceptible varieties...Toishi, Takara, Kamiyama,
Norin XNo. 18, Yachikogane.
Table 47

Dispersion Analysis

factor Total Dispersion
Square Freedom Dispersion Rate
Total change 623,982 571
Amosn,s varieties 181,543 10 18,165 b7, 22%*
Among strains 255,749 51 L,819 12,5 **
Among groups 7,838 4 1,955 5.0 **
Type A 136,409 27 5,052 13.5 **
reens  Type A 1,150 1 1,150 3.0
g;;:;n Type B 56,855 12 4,738 12.3 **
§ Type C 6,591 i 1,648 L, 3 **
Type E 36,886 3 12,295 31.9 **
Errsr 196,584 510 385

Next, the pathogenicity of each strain is compared
according to the diseased area (the mean value of 1l varie=-
ties), without relation to the lyso-types, and shows great
differences. The results of the dispersion analysis of all
strains suggest significant differences among strains.
These are classified in accordance with the Tukey's method
into three groups beginning with the one with the largest
diseased area, The three groups by strains are as follows:

Group I: H5905, H5831

Group II: H5901, H5803, H5809, H5804, H5802, H5812,
H5833
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Croup IIX: H5817, H5801, H5826, H5805, H5853, H5846,
H5835, H5823, H5843, H5852, H5838, H5815, H5821, H5811,
H5810, H5903, H5842, H5820, H5822, Benikonaya, HS5829, H5847,
H584Y, H5824, Hs5825, H5848, H5850, H5345, H3827, H5913,
H5814, H5818, H58k1, H5849, H583€, H5840, H5828, 15832,
H5851, H5839, Shinjo.

However, the above group classification has no rela=-
tion to lyso-types; when they are compared according to
each lyso-type, even among the lyso-types a significant dife
ference of 1% can be observed as in Table 47. Therefore,
the mutual difference within each lyso-type was examined,
The results showed that there was no difference within
lyso=-types A, B, and E; only within lyso-type C was a sig=
nificant difference, at the rate of 5%, observed.

Against this it was simultaneously observed that
each lyso-type had significant differences at the rate of
1% as compared to the pathogenicity of its strains. For
this reason the degree of pathogenicity by specific lyso=-
type cannot be validly discussed. For instance, among lyso=-
type A, there is the H5905 strain with strong pathogenicity
and at the same time H3819 or Shinjo strains with extremely
weak pathogenicity; and the H3819 strain with rather weaker
pathogenicity than the H5826 strain which belongs to lyso=-
type C.

The results of the classification of the pathogenic-
ity of each strain by lyso-types as tested previously are
shown in Table 48. Accoraing to Table 48, Lyso-type A and
B are composed of Groups I, II, and III, lyso-type E of
Groups I and III, and lyso-type C of strains showing the i
pathogenicity of Group III.

|
On the basis that strains that mainly invade the af~ !
fected varieties are regarded as having weak pathogenicity, :
and strains that invade even resistant varieties as having
strong pathogenicity, strains corresponding to each of j
these were selected from the results as shown in Table 46,
and were further classified by lyso-types as shown in Table
49.

Percentages of strains with strong pathogenicity
from Table 49 are 46% for Type A, 31% ror Type B, 20% for
Type C, and 25% for Type E, or in the order of A, B, E, and
C.




Table 48

Relationship Eetween the IDegree of Pathogenicity
of Strains and Ly o-types

Pathogzenicity
Group I Group II Group III Total

Lyso-tyne

Type A 1 6 21 28
Type B 1 1 11 13
Type C 0 0 5 5
Type E 1 0 3 L
Total 3 7 Lo 50

Note: Group I consists of strains that invade resistant
wet rice varieties; Group II, strains that invade
susceptible wet rice varieties, but do not invade
strongly resistant wet rice varieties; Group III,
strains that do not invade susceptible wet rice
varieties.

Table 49

Rclationship Between the Pathogenicity of Each
Strain and Lyso=-type

Number of YNumber of

Classification Strains that strains that
Lyso=type irvade even invade mainly Total

Resistant affected

Varieties varieties
Type A 13 15 28
Type 5 4 9 13
Type C 1 L 5
Type E 1 3 4
Total 19 3 50

A conclusion from the foregoinz is that in the range
of test s.nple strains the classification of lyso-types by
phage affinity is not directly connected with the degree of
strain pathogenicity.
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4, The Seroloiical Difference of Strains Classified by
Lyso-types167

The pathogen of rice bacterial leaf blight was at
first named Bacillus orvzae by Bokura in 1909.10 However,
in 1922 Ishiyama“®> isolated eight groups of pathogens and
six groups of associates, The bacteri.logical examination
of these .od to the determination of Bacillus oryzae pre-
viously so named by Bokura as an associate co-existing in
the diseased section with this pathogen., But the pathogen
resembled Pscudomonas stewarti E.¥,S. of Indian corns; and
the primary pathogen was yellowish with pathogenicity and
other characteristics clearly different from Bacillus ory=-
zae. Therefore, this was named Pseudomonas oryzae Uyeda
et Ishiyama. Reccntly, the pathogen was classified into
the family of Xanthomonas oryzae as established by Dowson,u
and i; generally called Xanthomonas orvzae, as has been
mentioned,

Az to the serological reaction of this pathogen,
Kuwazuka®3 produced anti-serum by using an isolate from
Aichi Prefecture, and examined the agglutination reaction
to the pathogens isolated and cultivated from the affected
rice plants in Shizuoka, Hyogo, Ehime, Nagasaki, and Aichi
Prefectures. Thus, he proved that each pathogen showed a
high degree of agglutination reaction up to a serum dilu-
tion of more than 10,000 times, and proposed that all be-
longed to the same family. However, Fang, ¢t a1l9 have
reported that there are different species, such as X.
hexandra and X. oryzicola that have different serological
and biochemical characteristics and with different patho-
gens.

The author classified X, oryzae into four lyso-types
from the affinity relationships of four groups of phages,
and 2xamined, as in III, the relation between each lyso=
type and pathogenicity., In this experiment, the author
further made electron microscope observations of several
strains of five kinds of lyso=-types in regard to their se-
rclogical differences and morphologies.

1) Test Method

a) Production of Bactgrial Anti-serum=--Antigen:
Bactorial suspension of about 10°/ml (Bacteria slope cul=-
tivatod on semi~synthetic agar culture medium at 23°C for
20 hours, and a suspended in Ringer-Locke solution®® were
used) .
'7§ingor-Locke physiological isotonic sodium chloride solu-
tion...1,000 ml of distilled water, 7 gr of sodium chlo-
ride, 0.2 gr of KC1, 0.2 gr of CaCly, and 0.1 gr of NaHCO3.
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Injection Method: At 4=6 day intervals inocula=-
tion was done in the following manner: 1lst and 2nd tire,
0.5 ml of fume heated sterilized bacteria at 60°C for 10
minutes injected ir the abdominal cavity; Jrd time, 0.3 ml
intra vencously; 4th time, 0.5 ml of bacteria suspension in
the abdominal cavity; 5th time, 0.5 ml of the same bacteri-
al suspension intra veneously; 6th-9th time, 1-3 ml intra
veneously. 20 ml of blood was obtained by the heart pierc=-
ing method; then serum was isolated by the usual methed and
inactivated; then centrifugally isolated for refining.

b) Test sample strains: The following ten test
sample strains were used. Those with * were used as anti-
gen strains at the time of serum production.

Type A...Shinjo,* H5921*, H5801
Type B...Benikonaya®, H5802
Type C...H5839:. H5832

Type 5...H5925

Ty>s E...H5913%, H5824

All these tost samples were cultivated in semi=syn~
thetic agar culture media at 289C, for 20-24 hours.

¢) Serological reaction:13 This was conducted
by agglutination in the test tubes by the dilution method,
and the presence of bacterial inactivation was examined by
the ncutralization method.

d) Effect: Sera were made by the method of
stage dilution of two times into 25 times, 50 times, 100
times, 200 times, 400 times, 800 times, and 1,600 times
solutions of tlhie primary antisera. The diluted sera solu=
tion was poured into smalil test tubes, 0.5 ml each, and
mixed with the live bacterial suspension (produced by sus=-
pending bacteria on the Ringer solgtion c¢iluted 20 times,
and with a bacterial density of 10%/ml, slopec cultivated on
the scmi~synthetic agar culture medium at 289C for 20 hours)
of c¢ach strain to be examined, and was allowed to rest,
afier shaking, in the thermostat at 30°C for two hours.
While comparing this with the natural agglutination exami=-
nation tube (normal serum mix solution) made for comparison
of standards, the * of the agglutination was examined,
Furthoernore, in parallc% with this, about 1) ml of bacteri=-
al solution of about 10°/ml ofeach strain to be examined
was produced. This was mixed with 0.1 nl each of the 2nti=
serum of each strain, and allowed to react tor about three
hours, twice centrifugally rinsed, mixed with the solution
of the semi=-synthetic culture medium at 55°C, poured into
a bowl for plating, presorved in a thermostat at 28°C, and
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then the presence of the bacterial colonies was examined,

F

_ e) Electron Microscope Observation: The strains
used for this experiment were the same as the onss in the
morphological observation as described in Section 3, Chap-
ter VI,

2) Test Results and Observations

The results of the serum cross reaction (the pres-
ence of agglutination) are shown in Table 50,

In the inactivation test according to the test metiiod
described in d), determination was impossible due to severe
contamination during the centrifugal operation.

As shown in Table 50, each antigen strain produced
wutual and aulternate agglutination reactions according to
the anti-s. sum belonging to each lyso-type. It was proved
that (a. .erolc:;ical difference among lyso=-types, that is,
the morpanological and antigenic characteristics of antigen
structures, were the same, As observed in the morphological
observation described in Section 3, Chapter VI, the results
of electron microscopic photography showed no noticeable
differences among lyso-types.
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5. Summary

1) Xanthomonas oryzae (Uyeda et Ishiyama) Dowson,
the pathogen of rice bacterial leaf blight, is classified
by the host range of four groups of phages, into five lyso-
types (A, B, C, D, and E). Their relationships are briefly
shown in Figure 7.

@i @it @un @ FIOLROIPILIT=Y G yy

op, ? 070 150X15 W7 28 13 A
mire micron
op,,? ®On ME ML . 1 B
oqn? m & c
op,Q 0X70  85X25 mr® w4~z )
miri micoron (H5913)
—
i - Wr wF 0N E
(Hs5921)

Fig. 7 Relationship Between the Pathogenic
Phages of Rice Bacterial Leaf Blight
and Lyso=-types

[Legeng7; 1) Phages; 2) Head diameter; 3)
Tail; &) Latent time; 5) Rise time; 6)
Average birst of new phages; 7) lyso-tyge;
) Same; 9) Minutes,

2) Lyso-tyne does not constitute the criteria for
classification of the degree of pathogenicity. However, it
seems that type ¢ strains include strains of weak pathogen-
icity.

3) No serological difference among lyso-types has
been observed,

4) Morphological observation with the electron
microscope does not reveal strain differences,

5) It is noteworthy that there are many strains

that invade such resistant varieties as Ogyoku, Zenstio No.
26, and Norin No. 27.
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Section 3. The Quantitative Test of ths Pathogen
of Rice Bacterial Leaf Blight by 0P, Phages

The methods of examining for the presence of and the
quantitative method for the pathogen of rice bacterial leafl
blight were devised by Wakimoto, and Yos ii,135-138 A sim-
plified method was dcvised by wakimoto,1%2 This quantita=-
tive method was widely used thereafter for ecological study
of rice bacterial leaf blight, leacding to the discovery of
many new facts., The test method in this experiment also
roughly follows this., However, the details of this quanti=
tative operation are very complicated, as described in
Chapter VII, and require skill,

The author pursued the shifts in bacterial multipli-
cation in the fields in his research into the ecology of
rice bacterial leaf blight, using this method. In execute
ing the test. the time needed for phage adsorption by the
bacteria to o¢ meas::-ud and for completing various quantie
tative operatic.. .» s.imited to 45 minutes, or the latent
period of OP;. Consequently, the experiment is very busy.
In contrast to this, in the aspect of the ecological s+tudy
of the multiplied bacteria in the fields, because of the
time limit of the latent period in the comnlicated phage
quantitative method, the test samples to be measured at
first are limited naturally to four to six samples. But
OP>, isolated by the author, as shown in 7., Section 1, has
a latent period of 70-80 minutes, or about twice that of
O0P;. This characteristic allows for the simultaneous
quantitative trcatment of a maximum of 12 samples the first
time with the rotor hole of the centrifugal machine. Also,
0P, has affinity with A, B, D, and E types; its host range
is the widest among the known phages; and the burst of new
phages of OPp is over 20, more than 12-16 more than OP; and
0P3p. Therefore, it can be theoretically acknowledged that
OP; is advantageous even for samples with a small volume of
bacteria to be measured.

1. Quantitative Comparison of Bacteria by OPl and 0P,
1) Experimental Method

Quantitative methed is shown in Figure 8. In this
experimont, the number of bacteria to be measuredl was pre=-
pared in the range of n-nx103, and the quantitative limits
of 0P and 0P, werc examined in concentration stages.
shinjo and H5801 of type A with affinity with both OP; and
OP> were solected for measurement.
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2) LExperimental Results and Observations

‘The measurement of the bacteria using OP; and OP,
accordinz to the method shown in Figure 8 is shown in Table
51, Thec number o¢f bacteria in the test samples was checked
by the culture colony on the semi-syntthetic culture plate,

Table 51

Comparison of Quantitative Test of
Bacteria by JP; and OP;

i nx10 ! nx10? ax1io0* nx10¢
| :
T E¥ES T AP T Tm ¥ I X 9|1 0 0 ¥y
oP, noog]?ooo_o_ 000 ol8 522 12 [3772491,080 589
| | 0558870 58,960
OPy 1000 0[001 031 738 17 s 993.4,001.233l 3130 23 655

Eegeng7: 1) Xumber of bacteria in sample;
} Pnhage used for quantitative test; 3)

As shown in Table 51, while the quantitative test is
difficult whon the number of bacteria in the sample of 0rF;
pihaze is more than 103, in the case of OFp, the quantitative
test is possible even when the bacterial concentration is at
10, iowever, in eiiher case, estimation does not match the
rouh number of bacteria in samples; and the fact that es-
timation was less than 1/10 of the measured value of the ac-
tual aumber, scems to indicate the limits of the phage quan-
titavive method.

2. On the Xonjoining Phonomenon of the OPp Strain

The mernhod of calculating plaques is an important
part in the gquantitative bacteria by phage method. Estima=-
tion is to bo snade when the multi-layers of raw agar are
made into wnlaques, but in many cased the raw agar layers are
cmitted. GCenorally the plaques of OPl group are joined to=-
rother in about ten hours, which makes the counting of
plaques difficult, On the other hand, in the case of OP2,
such a phenomonon of joining of plaques does not occur, and
counting is easy.
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3. Summary

The quantitative msthod of the bacteria by 0P, seems
to have wide and good applicability, due to its wide host
rangze, the latent period from udsorption to the birst of
new phage particles is long, and its mean volume of birst
is large, and there is no joining of plaques,
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CHAPTER VII. EXPERIMENTAL METHODS ON THE
QUANTITATIVE TEST OF THE PATHOGINS
OF RICE BACTERIAL LEAF BLIGHT138

In the experiments concerning the over-wintering of
the pathogen of rice bacterial leaf blight and its primary
and secondary infections, the detection and cycle of the
rathozgens were examined, In this, the quantit.tive test of
the pathogens covered the major portion of tho ... ~luental
operzation. For this reason, experimental methods will be
explained in detail.

Section 1. Test Samples

In the case of irrigation water, it was scooped into
pre-arranzed sterilized containers and certain volumes were
used as test samples. kice plant leaves and other plant
materials were placed in 500-1,000 ml jars with large
mouths, to which proper volumes of sterilized water were
added, shaken, and rinsed. The bacterial suspension was
used for samples, The sample volume was prepared according
to the ostimaces of existing bacteria.

Section 2, Experimental Instruments

All the experimental instruments were sterilized.
Test tubes, rubber 1lids, squirts, and other small instru-
ments were sterilized by boiling before use, For collect=-
ing rice leaves, Lincers steriliz:d with 7C% alcohol or
fingers were used, and during the expoeriment particular at-
tention was paid to keeping finger tips sanitary,.

Section J. Quantitative Method of Bacteria
1. Quantitative Fhago Test
1) Operation: As has been stated, the pathogen of

rice bacterial leaf blight by the phage quantitative method
(hereafter this will be referred to simply as the phage
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method) was devised by Wakimoto and Yoshii.138 In this
method, when phage particles with affinity to bacteria of
particular lyso-types is adsorped by bacteria, they destroy
bacteria after a certain period (the latent periocd), and
the phage particles which multiplied in bacteria are re-
leased. (From the rise period to birst), In this case,
when the environmental conditions (the nutrition and tem=
perature of bacteria) that directly affect the multiplica-~
tion of phages are kept constant, the relationship between
the particular phages and particular hacteria and the aver-
age number of phage particles birst from each stage and
time of phage multiplication from bacteria is always con-
stant, The phage method is to count according to the plaque
formation method the bacterial volume in rice plant leaves,
irrigation water, and in ssil that contain the pathogen of
rice bacterial leaf blight.

The prescnt experiment ~<sentially followed the
Wakimoto and Yoshii method, but some modifications were
made. This is briefly shown in Figure 9, 1-4,
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Fourth Method
Samnle is ground and diffused
Test in Cavfch culture medium,
Sample bringing the total volume to
50=100 ml

i ;

! -— Phage solution nxlou'5... this is accurately
checked beforehand by plaque counting

—— Sterilized rubber 1lid is tightly placed, shaken,
cultured for 3=4 hours

— Centrifugal 6,000 rpm, supernatant is diluted 10-1,000
times, and number of plagques is test.d for.

*Diffused and suspended on Cavfch culture medium,

Number of Bacteria = (Number of Test plaques x Dilution

rate) - (Number of check plaques)/
Mean burst

Fig. 9-4 The Quantitative Method of the
Pathogen of Rice Bacterial Leaf
Blight by Bacteriophage (Qakimoto
and Yoshii)

| 2) The Composition of the Medium used for the
Quantitative Test

The composition of the Cavfeh (Vitamin free casein-
hydrolisate calcium mediuml3¥,14%3) used in the phags method
is shown in Table 52.

Table 52

Composition of Cavfch Medium

CaClo 0.5 gr
Vitamin free casein-hydrolisate, 10% liquid 10,0 ml
Carne Sugar 10,0 ml
Distilled Water 1,000 ml

The composition of the semiesynthotic agar culture
medium used for the plaqus count method is shown in Table
10.
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Phares and Strains used for the Quantitative
Test

a) Phages: OP; and 0P3.

b} Strains: K strains and Shinjo strains in the
possession of the Kyushu District Agricultural Experimental
Station, H5801 (the forcroing are all Type A) and 5913
strain (Type E) in the possession of the Hokuriku Agricul=-
tural Experimental Station,

%) The Preparation of tne Phage Solution

To 2 ml of concentrated bacterial suspension with an
affinity with OP; and 0Py, 10 ml of the semi~synthetic agar
culture medium dissolved at 50°C was added and mixed. This
was allowed to flow into a bowl te be made into plates, and
then the OPl or (2?5, isolated beforenand, was transplanted
by needles to several points on the plate. This was pre=-
served in a thermostat at 28°C for 24 hours to produce bac-
teria, Then the agar wiih bacteria was cut into 1 cmd
picces, and then transferred to 10 —1 of the Cavfeh culture
medium. By shaking this several times, about 10°9=9/ml of
the primary solution of the titre of each phage was pro-
duced. The bacteria and bacterial pieces in this were pre-
cipitatcd with a centrifugal machine, and the supernatant
solution was transferred to . separate test tube. This was
then allowed to set for about an hour in a thermostat at
28°C for the quantitative test,

5) Antieserum

Using the concentrated phage produced by the method
described in 4) as the antigen this was injected into
house rabbits (adult rabbits, abcut 4 kg in weipght) and
anti-serum was produced. They were injected on more than
ten occasions every three or four days. For the first to
fourth times, the inoculation was made into the abdominal
cavity, and for the fifth through 12th times it was made in
the veins of the ear. The dosages were 0.1 ml the first
time, 0.5 ml the second time, 1 ml the third time, 0,1 ml
the fourth time, 0.5 ml the fifth time, 1 ml the sirth
time, and 2-3 ml therczfter., In this way, inoculation was
continucd for about 45 days, and blood was taken from the
veins in the car. After confirming its high factor, about
one wock after the last day of inoculation, 3 ml of phage
was injoctod twice at four day intervals. After one day's
fast, blood was taken. The blood was preserved in a beaker
at 379C. Aftar it coagulated, it was stripped off the wall
of the tubo, and left in an ice box for 24-48 hours,
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thereby isolating serum. The serum thus produced was iso=-
; lated by a centrifugal machine at 10,000 rpm for 10 minutes,
j and the supernatant serum was heated and inactivated in hot
i water at 56°C. This was either frozen as it was or frozen
} and dehydrated {or prolonged preservation.

! Furthermore, for the quantitative test or other ex=-
periments on phages, the antibodies of bacteria were suffi-
ciently aggregated and neutralized beforchand to eliminate
its inactivation capacity against bacteria. Experiments on
phages require high speed centrifugal sedimentation opera=
tion. Tor this reason, in this experiment the H=200 type
Kokusansha or YK-B=3 type Kubota Centrifugal machine with
maximums of 16,000 rpm were used.

2. Quantitative Method with Streptomycin Resistant Bac-
teria

; The quantitative test method of the volume cycle of
i bacteria using streptomycin resistant bacteria as tracers
_ was devised by the First Bacteria Research Section of tne

i , Agricultural Technology Research Center. 5,117 This method
is applied for the quantitative test of bacteria in soil,
which are difficult test samples to estimate by the phage
method (inoculation test).

1} The Composition of Resistant Bacteria and Isola~
tion Medium

The SR=2 strain donated by the First Bacterial Re-
search Section, Department of Pathalogy, Agricultural Tech-
nology Research Center, was used as the test sample, and for
the isolation medium the improved potato ring rot medium as
shown in Table 53 was used.

2) Operation

A certain volume of the test sample was mixed with a
proper amount of water. After shaking well this was allowed
to stand for an hour, and its supornatant was transferred to
the sterilized tost tube. Then the medium prepared sepa-
rately, as in Table 53, was dissolved into this. Then this
was allowed to flow quickly into a bowl and made into plates,.
Those were cultured for 3-4 days in the thermostat at 27°C.
Then the number of colonios of streptomycine resistant bac-
teria formed on plates was measured by the use of a colony
computer.




Table 53

Composition of the Isolatic.r Medium for
Streptomycin Resistant Bacteria

Potato 300,0 egr
NaNo 1.0 "
Na»1P0y 2,0 "
NaCl 2,0 "
Cane Suprar 20,0 "
Peptonec 5.0 "
Yeast extract 5.0 "
Sulphuric Acid Dihydro Streptomycin 1.0 "
Crystal violet (0.09-0.1% sol.) 5.0 ml
Eurocidin 0.1 gr
BTE a little
Agar 25.0 gr
Distilled VWater 1,000 ml
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CHAPTER VIII, THE LIFE CYCLE OF THE PATHOGEN
OF RICE BACTERIAL LEAT BLIGHT DURING
THE PERIOD OF OVERWINTERING

During the occurrence and development of rice bacte-
rial leaf blight, bacteria are widely distributed in rice
plants and in the vicinity of rice paddies., As harveost
time approaches, bacterial multiplication declines because
of the decrcase in temperature and other environmental con-
ditions, Thus density falls, When rice is harves*ed, some
bacteria invade affected rice plants and multiply there,
and others are carried away from the rice paddies. Some
others remain in cut culms, on the surface soil of rice
paddies, on ridges, or in irrigation water, Tuis pathogen
lives on other grasses in addition to rice plants. There
are many naturally occurring colonies in Sayanukakusa (sic).
F.oom this, the pathogen overwinters in the harvested rice
plants, on the peremeter of rice paddies, and in hast
grasses, The author, from this viewpoint, conducted expe=~
riments on the life cycle of the pathogen during the over-
wintering period.

Section 1, The Viability of the Pathogen in 5011171

During a 3 month winter period from Decembws: 1959 to
March 1960, and during a summer pericd from July to Septem-
ber 1960, the viability of the pathogen was examined by
using the soil from the rice paddies at the Hokuriku Dis-
trict Agriculcurai Experiment Station.

1. Viability of Cultured Bacteria
1) Experiment Method

By using X. oryzae H5801 slope cultured on the semi=-
synthetic agar culture mcdium at 28°C for five days, 50 ml
of concentrated suspension solution of bacteria (# 10°%/ml)
was produced. This was mixed with 100 gr each of sterile
paddy soil separately air dried and sieved {1l atmosgheric
pressure by autoclave for 15 minutes), and of unsterilized
soil. Then this was placed in a 500 ml capacity f(lask and
cloaod with cotton, and ieft in a thermostat at 28°C or out-
doors. Then on the dates shown in Tables 54 and 55, the
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Table 56

Temperature During Experiment (by Hokuriku
District Agricultural Experimental Station)

konta=-ycarxr

Dec. 1659 Jaa. 1960 Feb. 1960 March 1960

Temperature
Higest Tem- 5.1 °C 5.3 °c 7.1% 10.9 °c
perature
Lowest 0.5 -0.% -1,2 1.9
Temperature
Mean 3.2 -2.2 3.0 5.9
- 115 =
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viability of bacteria was examined in cach kind of soil by
the phage quantitative method. As a comparison a bacteria
free area (50 mi of sterile water added to sieved soil) was
established as the check against cach quantitative test.
For the quantitative test of bacteria each time, two f(lasks
were used. 100 ml of sterile water was added and soil was
mixed with glass rod and let rest for three hours. Its
supernatant soluticn was separated and centrifuged at 2,000
rpm for two minutes in order to eliminate foreign matters
and so0il grains. Then its supernatant solution was diluted
by ten times at the Cavfch culture medium and used this as
the primary test sample solution. The phage quantitative
method followed the third method in Figure 9, and 5-20 ml
of the primary test sample solution was tested.

2) Experimental Results and Observations

The resulis of experiments on the viability of cul=-
tured bacteria in soil are shown in Tables 5L-538,.

As shown in Tables 54 and 57, bacteria survived in
so0il for about 50 days from 18 December to 7 February with
on ouvside temperature averaging 3°C during winter, and about
five days under outdoor cenditions in summer from 24 to 29
July. The period of viability during summer is much shorter
than during winter. This generally agrecs vith the results
of experiments in preserving bacteria in a thermostat at
28°C and in a refrigerator at 5°C a- snown in Tables 56 and
58. Viability for the duration of 11 days at 289C and of 26
days at 5°C was observed. That is, the period of viability
of the pathogen of rice bacterial leaf blight in soil showed
considerable fluctuation according to temperature,

2, The Viability of Streptomycin Resistant Bacteria
1) Test Method

About 108/m1 of concentrated suspension of strepto-
mycin resistant SR-2 strain slope cultured for six days ona
semi-synthetic culture medium with the addition of 0,15%
streptomycin was mixed with 100 ml in flasks containing
200 gr each of the sterilized soil of the rice paddies of
the Hokuriku District Agricultural Experimental Station
(pH &.08) prepared beforehand, air-dried, and strained and un-
sterilized soil., During the periods shown in Tables 57-59
the presence of bacteria and their volumes were examined,

As a comparison, an area of no streptomycin resist-

ant bacteria (sterilized water in equal volume to the bac~-
terial solution was added) was prepared and used as a check
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for cach time., Fror the bacteria quantitative test, the
aforementioned two flasks were used. 200 ml of sterilized
water was added to this, and after stirring with a glass
rod this was allowed to stand for two hours, The superna-
tant was made into a 100 times solutions (dilution 1), 10-=3
solution (dilution 2), and 10=% solution (dilution 3) with
the Cavfch culture medium which had 0.1% glutamic acid add-
ed. One ml cach was taken from this diluted solution, put
into separate test tubes, and mixed with 10 ml of the agar
culture for the isolation of streptomycin resistant bacte=-
ria dissolved at 55°C. This was immediately poured into a
bowl, and flat cultured at 26°C. In this way, it was cul-
tured for 5-7 days, taken out of the thermostat, and the
number of colcnies of streptomycin resistant bacteria thus
cultured and formed was counted.

2) Experimental Results and Observations

Tae foregoing experimental results are shown in
Table 59. The viability of streptomycin resistant bacteria
in the thermostat adjusted at 19-22°C is shown in Table 60,
and viability in a refrigerator at 0-5°9C is shown in Table
61, respectively,

Table 59

Viabilicty of Streptomycin Rlesistant Bacteria
in Soil (at room temperature; 196C)

. Q_; @761 0 | 7ANE g‘ 7 B2sH
oo K ey T ers ! - | [
R BR=2 | BR=3 | BR—) | BR—2 | GR—0 | GR—)
vk u® 2m2 s | 0 5 0 | 0] -
+ W@ 562 62 | 4 7 0| 0
sanen@ e 193 12 | 0 0 0 -
+ WO 990 987 7 | 18 0 0
muoks® o o] o] o o o]
+ AWKk 0 0 | 0 0 0 | 0
REREm 0 0 0ol o ol o] -
ORI ok 0 0 | 0 | 0 0| 0 —

Note; *after left in a room, the mean temper-
ature at 10 a.m. was 27°C. Figures in
upper colums stand for the first expe=-
rimental results, and lower columns for
the second ones. The same is true of
Tables 60, and 61,
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Zzogeng7: 1) Area of test; 2) Month; 3)
Day; %) Dilution; 5) Sterilized soil; 6)
Bacterial solution; 7) Unsterilized soil;
8) Sterilized water,

Table 60

Viability of Streptomycin Resistant Bacteria
in Soil (in a thermostat at 19-22°C, 1960)

—— o
@Ia-’flsn?)snm smenlen0on|eymzanlioarnhomss NA7A
X B K :
1623 | 0= 3 | 1BR—1 | 8= |fR—1 [fh0—1 " fi#R— 0 R~ 0
wow o+ w5 e 12 29 0 0 ol o0 0
+w i 180 301 24 0 0 0 0 0
oW e s@ 998 692 83 0 0 0 0 0
W | 75 528 86 0 0 0 0 "0
w oo+ 5®) 0 0 0 0 0 0 0 )
A El 0 0 0 0 0 0 0 0
]
AW £ oue 0 0 0 0 0 0 0 0
+ B W ok | 0 0 0 0 0 0 0 0

Note: *Measurement was difficult due to mis-
cellaneous bacteria (less miscellane=
ous bacteria only in the unsterilized
soil + Bacterial solution area).

/Legend/: 1) Area of test; 2) Month; 3)
Day; &) Dilution; 5) Sterilized soil; 6j
Eacterial solution; 7) Unsterilized sc¢il;
8) Sterilized water.




Table 61

Viability of Streptomycin Resistant Bacteria !
in Soil (in a recfrigerator at 0-59C)

101 [ 10j1 [ 1)1 [ V1)
1511 1 2411 | 21 [10i
G i

1] 74 SM1i2u léu
!hﬁ; mx]m&
‘_ [—
i

5

|

N R TR RN
0 0 0 |~0

fl 16°’ 09, 4 o ed 17 29 o s
990{ Jsz 7| 7| 65 0 15 24 4

L I I R T I T Y B
24 101 22 28 -0l 2 % 7 27 w0

0 o? of L ' R e
o Oi 0, rpif@ ' s R

o
[
O~

-

of o bk
of o

Note: After two weeks the number of bacteria
showed drastic decreases,

Afegeng7: 1) Area of test; 2) Month; 3)
Day; &) Dilution; 5) Sterilized soil; 6)
Bacterial solution; 7) Unsterilized soil;
8) Sterilized water; 9) Suspended hereafter,

As shown in Tables 59-61, the viability of strepto-
mycin resistant bacteria varies with temparaturul environ=
ment., It is A1ve days at a room temperature at 27 %:, 13
days at 19-22°C, and 38 days at the low temperatures of 0=5
OC. Especially in the experiments at 59C, detection was
made, if of only a slight degree, in the period from 5 August
to 16 December. This is 133 days in total. This is a ques=
tion to be examined, because the viability indicated here is
rather long despite the strained soil containing little or-
ganic matter and under an environment where no live plant
roots e¢xisted. Throughout this experiment the relationship
between viability and sterilization of soi1l was not clari-

fied.
3. Viability of Dried Bacterial OQo:ze

In the affected 1lzaf of rice bacterial leaf blight,
the bacteria muitviplied in the tissues, secrete out from the
water holes along the leaf edge or disease scars to form
ooze (Sce photorraph 5). This ooze either adheres to the
leaflf after being dried and hardened, or drops into rice pad=-
dies through the impact of wind, etc. When the ooze is
hardened, it does not easily dissolve or diffuse in water,
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Also it is usual that ocze drops to the surfoce soil of

rice paddies without water, and survives as a concentrated
bacterial mass.

In the following, the viability of ooze in wet soil
was examined by the needle inoculation method,

1) Experimental Mothod

Dried bacterial ooze collected in August 1959 from
the diseased leaf (variety: Towada) in the affected rice
paddies of the Hokuriku District Agricultural Experimental
Station was usced as test samples, In the test area, 120
grains of dried bacterial ooze was mixed with 10 gr of dried
sieved soil (unsterilized). This was divided into fixed
glass jars with 25 ml capacities. One half of these¢ were
left dried, and the other half were moistened by adding 5
ml of tap water. These jars were closed tightly and lelt
in a room. As shown in Table 62, in each period, the con-
tents ware extracted with a spoon and made into an inocu-
lated bacterial solution by adding a small volume of water.
Inoculation was made with multiple needles {(five needle-
bundle) into rice plants, sowed and raised each month, The
rice variety used for the inoculation test was Jugoku, The
growth phases of the rice plants at the time of inoculation
variczd, but the rice plants were generally in the early
period of root splitting or the period of maximum root
spli<ting. All were cultivated at room temperature, As a
comparison, the bacterial solution produced by adding a
small amount of water to the dried bacterial ooze preserved
in a de51catoq (concentration of bacteria was estimated to
be about 107-° /ral) was ncedle inoculated in each inocula-
tion period as in the case of the aforementioned mixed soil
areas. After inoculation, the rice plants were covered with
a vinyl covering for two days, and they were opened so that
the discases could develop. The occurrence of disease was
examined between 17-22 days after inoculation, and by the
presence of occurrence, bacteriali viability was determined.
The inoculation test was conducted in the period from Qcto-
ber 1959 to April 1960 by using the rice plants cultivated
in green houses,

2) Experimental Results and Observations

The results of the examination of the viability of
dried bacterial ooze in soil are shown in Table 62,

As shown in Table 62, dried bacterial voze in soil

survived until the following April without losing its path-
ogenicity., Even in wet soil, it could survive in a glass
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container for about six months until the following April
as did the former. In contrast to this dricd bacterial
oozc prescerved in a desicator had a very high dogree of ac=-
tivity until the following April, and it was found, throu:zh
these tests, that, as noted in Table 62, under good condi-
tions of prescrvation it could survive two ycars., Gencral-
ly large amounts of dried bacterial ooze adhere to afifected
rice straws, Therefore, it is cstimated that rice straws
stored indoors can serve as a base for the overwinte. .ing of
highly concentrated bacteria,

4. Elcctron Microscopic Observation of Dried Bacterial
Qoze

‘The bacterial suspension produced by dissolving dried
ooze thrce days after its secretion by adding a very small
volunie of water was further diluted and mesh-mounted, This
was dried at room temperature and observed with an Akashi
TRS-50 tync clectron microscope (accelerated voltage 50 KV)
and photographcd. The results showed that the measurement
of bacteria in the dried bacterial coze was 0.51 x 0,77 4
(100 pieces were mcasured), as described in Section 3,
Chapter VI, or smaller than the cultured bacteria. But it
was observed that there were mixed bacterial cells with
higzh and low clectron densities. This seemed to show ths
chanze of bacterial cells into durable structures, under
dried conditions. (See photograph 32)

5. Summary

Tne viability of the pathogen of rice bacterial leaf
blight varies considerably according to tenipecrature condi=-
tions. It was 26 days at 5°C (but the bacteria survived
133 days in the streptomycin resistant bacteria ?), 13
days at 19=-22°C, 5-11 days at 27-289C. The foregoing are
all the results of the tests in glass containers, Dried
bacterial oozes that formed on at'fected leaves show strong
viability, and usually survive until the fellowing April
even in wet soil with a little lower rate of survival then
in dry soil, [f the conditions of prosorvation of the ooze
are good, it can survive for a long period (at least two
years), with a very high valus as the primary infection
source,
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Scction 2, The Viability of Bacteria in
Irrigation Vater

1. Viabiliiy of Sacteria in Irrijation Water During Winter
1) Lsxperimental Method

Woter was taken from the reservoir uscd for irriga-
tion ot the i{okuriku Distriect Agricultural Exncrimental
Station and on. half of it was pourcd into a concrete tank
measuring 1 x 2 x 0.5 m {5CC liters). 1000 ml of concen=-
trated suspcnsion (conccntration degree 108/m1) of the Shin=~-
jo strain, slope cultured for sir days on the semi-synthetic
agar culture medium, was added and stirred. This was left
outd.ors, but a 1id was uscd to guard against rainwater and
snow., A small volume of this was taken out caclhi time as
shown in Table 63, and the quantitztive test was made by the
phare method. The phage method was in accordance with the
method 3, Figure 9.

2. Experimental Results and Observations
The viability of bacteria in the irrigation water

during winter was 15 days, from 13 December to 28 December,
as shown in Table 63,
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Section 3. Overwintering of Bacteria
in Cut Stems

1. The Life Cycle of Bacteria in Affocted Cut Rice Stems
1} 1Test MNethod

The life cycle of bacteria was examined by the phage
method on the cut rice stems from the affected rice paddies
in the Shinvi arca, Takada Municipality, Xiigata Prefecture
and in the ilokuriku Agricultural Experimental Station. The
varicities of cut stems were Norin No. 29 (Shinyu Area) and
Kinrnanpu (Hokuriku Agricultural Experimental Station), For
the latter, a comparison was made with the bacteria transe
ferred on 2 Ncovember to a 1/5,000 pot and preserved in a
grecnhouse. The quantitvative test of bacteria was conduct-
ed by the seccond method in Figure 9., Cut stems were dug
out cach time and the soil attached to them was eliminated
by city water in c¢rder to prevent contamination, and they
were crushed rouzhiy with a large iron mortar. Two stems
per sample were placed in a 1 liter wide-mouth jar, 300 ml
of sterilized wat-r added to this, and then it was shaken
500 times., They wcre placed in a thermostat at 289C for
about three hours and 50 ml o’ clouded bacterial suspension
was taken and then centrifuga.ly isolated at 2,000 rpm for
five minutes, Foreign matter was eliminated, and the super=
natant solution was used as the primary test solution.

2} Test Results and Observationg

The 1ife cycle of bacteria in cut stems from the
forevo1n° samples,

As shown in Tables 64 and 65, the overwintering of
bacteria on cut stems in Takada Municipality, Niigata Pre-
fecture seemed to be difficult, and most bacteria died
within the ysar. In this experiment the survival and de-
tection of bacteria were recognized on the greenhouse pre-
sexrved stems until the middle of February, but not there-~
after.
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2. The Rate of Overwintering Survival of Cut Rice Stems in
the Hokuriku District

From March to May 1959, the overwintering survival
of cut rice stems of the preceding year under natural con-~
ditions was investigated in several prefectures in the
Eokuriku District. The results of investigation are shown
in Table 66,

As shown in Table 66, because wet rice paddies are
widely distribuved and snow is heavy in winter, it was
found that rice plant stems would not survive until the
following spring,

Section 4. Overwintering of Bacteria in
Affected Rice Stems

1. Life Cycle of Bacteria in Affected Rice Stems
1) Test Method

By storing infected rice stems (variety Kinnanpu)
from Shimonoda, Takada Municipality, Niigata Prefecture in
October 1958 on rice racks, outdoors aad indoors, the life
cycle of bacteria during the winter was examined according
to the phage method. The phage quantitative method was
done according to the third method, Figure 9. 20 leaf
blades from stems were separated and cut into 1 cm strips,
50 ml of water was added to them and stirred, then centrife-
ugally isolated at 2,000 rpm for three minutes., Foreign
matter and pictes of tissue were eliminated, and the super=
natant solution was used as the primary solution. Examina-
tion of the infected stems stored on the rice rack took
place on 2% October, and on 25 October of those stored out-
doors. Differentiation was made between the stems inside,
in the case of outdoor storing, and the topmost stems.

2) Test Results and Observations

The life cycle of infected rice stems in winter was
examined according to the phage method as shown in Table 67.

- 132 =




‘suotrjrjodoa 9oaYyg Jo suesw 2Yyjz aae saandtyg

:a30N

0 0 0 0o€e’sy 0 099°'61T 091°94 apisdol paro3s
099°9t 085*H{T 042°'99 olz‘zt 066*'29 009°22T 0LN*E6T opIsSuy po103S
[y 0 0 0 0 092 orz't s)yoey o291y uod
028°‘26 0ZH*'1S osnog o1g‘se OhZ'TITT 0£€°91 0€6°948 091252 J00puy pa.103§
‘ady gz tJug g "ddd 6T ‘UL 9Z ‘90U OT "AON $T ‘AoN HTI 390 92

6561 - SC6T , 3sal Jo “ouy

{soavaT po3oojur 0T Iod eraogoeyg Jo Jaquny)

29 81qey

STARIT JURTJ OO0TY 719923JJV PIJCIS UT BII030%Y JO 904D <JTI7

- 133 -




- m————

As shown in Table 67, the overwintering of bacteria
in affected stems was completely possible until the follow-
ing spring in the case of indoor storage; in the case of
thosc stored outside, they showed almost ro difference from
those stored indoors, surviving until the following spring.
In the case of s.orage on rice stacks and the topside stems
stored outside, bacteria seemed to die within the year (the
end of November) .

2, Life Cycle of Bacteria in the Infected Stems Left in
Fields

1) Test Method

Several bundles of infected rice stems (Sanin No. 52)
from the infected rics paddies in Shimonoda, Takada Munici-
pality, Niigata Prefecture were selected on 23 October 1958
and left on a path in rice paddies. The life cycle of bac=
teria in infected rice stems under the conditions of rain,
wind, and snow was examined accerding to the phage method.
The quantitative test was conducted according to the same
method as in the preceding section, in accordance with the
third method, Figure 9. As a corparison, some affected rice
stems were kept in the laboratory for the quantitative test.
Because of the inclement weather, due to snow after 22 Jan-
uary 1959, and because bacteria were not detectad, the
quantitative test was temporarily suspended.

2) Test Results and Observations

The results of the foregoing test are shown in Table
68.

As shown in Table 68, bacteria survived about 15 days
in the stems left in the fields. Moreover, affected rice
stems on 10 December were in a fragile condition; especially
the leaf blades, were in such a condition that they were
hardly able to serve as test samples.
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Table 68

Life Cycle of Bacteria in Infected Stems
Abaridoned in Field

19584 @ 19594

Q% » « w@}’,zﬁwm,u'” N R 127 1;1‘~‘2"r5‘|‘a“:—4;‘4‘TH‘
A ”: H25002R100000 lon | 19h |6:1|27u 160

Dok m 4 % | 10,4807 450 33 0 0
%m w5l eai2e00 4,820 708 0 o S|k iwe| 8 S
A % 14,1900 5,000 7,072 2,483 2,223 1,346 578 17 es8l §12
#oow 3,468 30720 692 1.74319.110, 1.228] 973 450 1%0l 106
@msmosis | 1290 121) 0.4 80 6.4 o4 17 23 s 2 o

Note: *Volume of bacteria at the beginning of the test
**Almost rotten condition

[Tegend/: 1) Area of test; 2) Year; 3)
Month; &) Day; 5) Infected stems abandoned
in fields; 6) Suspended; 7) Infected stems
storcd indoors; 8) Outdoor temperature at
10 2,01,

Section 5. Overwintering of Bacteria in Rice
l. Life Cycle of Bacteria in Rice Sead
1) Test Method

A test was made on the rice seeds collected from the
frequently infeccted rico paddies Nihonkai variety) in the
Sakon area, Nagaoka Municipality in 1958. Another test was
made 9n “he rice seeds collected from the frequantly in-
focted rice paddies (X¥innwnpu variety), in M wamura Nishiki,
Takada Municipality in 1959, 0On 12 October 1955, tests
woro made of the rice seeds threshed immediately aftor hare
vesting, and another group that were threshed after the
rice ster:i had heen naturally dried for 23 days on the ricu
TagKs,

Rico sveds were separated into chaff and unhulled
rice by tho throshing machine, and the life oycle of bacte-
ria in thom was tested according to tha phage method in the
periods shown in Tabla 67 to §9. The quantitative test
followed tho third meihod, Figure 9. In 1953, 50 gr of
rice was scalvd, and placed in a 500 ml flask with 100 ml
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¢f sterilized water adcded and shaken 3C0 times. Then it
was allowed to set in a thermostat at 28°C for four hours.
Its rinsed bacterial suspension was the prirmary test
sample solution. In the 1359 test, 20 grams oi rice chaff
were placed in a 500 ml rflask, 160 ml of ster-ilized water
added to this, and shaken 300 times. The surface rinsed
solution of chafl was then allowed to set for three hours
at room temperature. This was mixed with the remz2ining
chaff which was rovghly crushed with an iron mortar, and
stirred after adding 100 =1 of sterilized water, which was
used as a test sample., ~rFurtnermore, foreizn matter was
eliminated fron these test samples by centrifugal isolation
at 2,000 rpm, for two minvtes. The supernatant was used as
the primary test sample solution. 350 rframs of unhulled
rice was shaken 300 times in steriliz«? water, and its
rinse water was used as the primary test sample solution,

2) Test Results and Observations
The results of the investigation of the life cycle
of bacteria in infected rice sceds by the foregoing method
are shown in Tables 6$-71.
Table 69
Life Cycle of Bacteria in Infected Rice Seeds

(1958 Rice Seeds) (Number of Bacteria
per 10 gr of Rice Seeds)

ol ' 1958 @ 195962
R E WA o ; ;
foR3IE*MAIYE NA2sE 12A228 |1 Ave|2AMa{3A7 ] 4m3a
® bl 0 0 0 ¢ oi~ o] . o
REHEEIE | ! ) ’ M
| ¥ 9 0 3 0 0l - -

Note: *About 2C days after seed collection, and about or
month after harvest,

Lfegeng7: 1) Place of Seed Collection; 2)

Year; 3) Month; &) Day; 5) Sakon area,
Nagaoka Municipality.
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As shown in Tables 69-71, the overwintering of bac-
teria in i fected rice seeds seemed to last until the mid-
dle of March. It was furthar found that bacteria were la-
tent in the tissues of inner and outer glumes, as shown in
Tables 70 and 71.

Section 6., Overwintering of Bacteria -
in Host Plants

Description was made of the host range of the patho-
gen of rice bacterial leaf blight in Chapter V. At ‘this
point, investigation was made of the ecology of the rhizome
of Leersia oryzoides (Linn.) Sw., regarded as the most im-
portant source of bacterial overwintering and infection,
the germination of its seeds, and the morphological differ-
ence from Leersia japonica Makino. At the same time, the
overwintering of bacteria in the rhizome in the natural
vegetation area of Leerisa oryzoides (Linn.,) Sw., was exam-
ined according to the phage method.

1. Ecology of the Rhizome of Leersia oryzoides (Linn.) Sw.
during Winter

In Niigata Prefecture, the above ground portion of
the stem gradually fades, beginning in the early part of
November, and seeds that grow on spikelets mature and fall
off., Thereafter, th2 above ground portion falls with the
drop in temperature and dies from the latter part of Novem~
ber to the early part of December. But .since this is a
perenial grass, its rhizome maintains a green color, and
its root is filled and does not die out, By the latter
part of February, under a snow cover new buds begin in the
fore part of the rhizome and with the thaw in the latter
part of March, the growth of the bud begins. In the middle
part of April a new above ground stem and leaves develop.
In April when the new leaves develop in the above ground
portion, the rhizome gradually loses its green color and
with its decline it turns yellow, It dies with the growth
and development of the new rhizome,

2. Morphological Differences Among Leersia oryzoides (Linn.)

Sw., Leersia Oryzoides (Linn.) Sw. var, Japonica (Ret)
Honda and Leersia japonica Makino of Ear Formation

The classification of graminaceoe is done by identi-
cation of ears. However, in the case of lLeersia oryzoides
(Linn.) Sw. which is the overwintering base of the pathogen
of rice bacterial leaf blight and the source of the
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infection of this disease, it resembles, before coming to
ears, Leersia japonica Makino. This makes distinction dif-
iticult. Also. "ncause there are many grasses that belong

{g Leersia oryzoides (Linn.; Sw. var. japonica (Ret) Honda96,

9, , it is important to clarify their differences in
the growth period before coming to ear in crder to investi=-
gate the relationship between the overwintering of the
pathogen of rice bacterial leaf blight and the primary in-
fection, Therefore, the author investigated the morphology
of Leersia oryzoides (Linn.) Sw. japonica (Rets) Honda, and
Leer:ia japonica Makino, and compared it with Leersia ory=-
zoides (Linn.) Sw. The main differences clarified through
irvestigation, are as shown in Tables 72 and 73. (See
photographs 29 and 30).

3. The Fructification and Germination of the Caryopsis of
Leersia oryzoide: (Linn.) Sw.169

Leersia oryzoides is a perennial grass, but since it
grows caryopsis resembling rice plants; it has the possi=-
bility of seed multiplication. However, according to obe
servations of the author, the places and positions of the
natural growth of Leersia oryzoides (Linn.) Sw. are fixed
year aftor year, and no new groups develop. This seems to
be due to the rarity of seed multiplication., Several mor-
phological differences between lLeersia oryzoldes (Linn) Sw.
var. japonica, (Rets) Honda and Leersia oryzoides (Linn) Sw,
have already been described. Tests were made on the growth
of the caryopsis of both grasses, their fructification, and
on the caryopsis and germination of Leersia oryzoides (Linn)
Sw. japonica, (Rets) Honda.

1) Investigation of Fructification of Leersia
oryzoides (Linn.,) Sw, and Leersia oryzoides (Linn.) Sw. var.
japonica, (Rets) Honda.,

In 1259-1960 observation was made of several colonies
of Leersia oij;zoides (Linn) Sw. and of Leersia oryzoides
(Linn) japonica (Rets) Honda, growing in Takada Municipali-
ty, Niigata Prefecture. It was found that they all came
into ears in September and October, and grew panicle spika=
lets. All the colonies of Leersia oryzoides (Linn) Sw.
showed no fructification of caryopsis, while the percentage
of fructification in the case of Leersia oryzoides (Linn)
Sw. var, japonica (Rets) Honda was 93.5%., Based on the re-
sults of this investigation, further investigation was made
of the colonies of Leersia oryzoides (Linn) Sw. growing in
Takada, Niigata Prefecture, Naoetsu Municipality, Nakakeijo-
gun, Kashiwazaki Municipality, Nagaoka Municipality, Naka-
kamabara-gun, Niitsu Municipality, Niigata Municipaiity,
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Nyuzen-cho, Arakawa-gun, Toyama Prefecture, and Tovama Mu=
nicipality. The results showed nn fructification. (See
photograph 27).

2) Germination Test of leersia oryzoides (Linn) Sw,

In the latter part of November 1959, and on 23 Novem=
ber 1960, germination tests were made, using the seeds of
Leersia oryzoides (Linn) Sw. var, japonica (Rets). Honda and
Leersia oryzoides (Linn.) Sw. collected at the Hokuriku Dis=
trict Agricultural Experimental Station, in 15 cm unglazed
pots and in bowls with filter paper. The results are shown
in Tables 74 and 75.

Table 74

Results of Germination Tests of Leersia

oryzoides (Linn.) Sw, in
Unglazed Planters

Leersia oryzoides (Linn.,) Sw. Leersia Oryzoides (Linn.) Sw.
var. Jjaponica (Rets) Honda

Planter Number Number Planter Number Number
Number of Seeds Germinated Number of Seeds Germinated
sowed sowed

1 L0-50 0 1 40-50 0

2 1] 0 2 " 0

3 n o 3 n 0

L " 0 L " 0

5 1"t 0 5 " o

Note: Seeds produced in 1959, and sown at the Hokuriku Dis-
trict Agricultural Experimental Station (16 June
1960} .

As shown in Tables 74 and 75, no germination was observed in
the case of seeds with capsule caryopsis and inner caryopsis
even after one month, Therefore, tne caryopsis skin was
excoriated and the germination test was conducted on watere
absorbed filter paper in a bowl, On this occasion, some
rinds close to embryos were ocut with knives, The results are
as shown in Table 76,

-1“3-




(eunp H#2) *9jvurwied jou pIp pue vaﬂﬁoiu

ATUO sSpo3Ss °*MS (°"UUTT) SIPIOZAIO EBISIIIT *sutrexd pgg a9d pojeutrwIod JoqunN, tajoy
(%0) (%5~ €6) T
o I2H'T Te3el oft1't 602't 1E301
0 (4] 114 91 o s 99 91
0 o ¢6 St o (4, r4'A 14 ¢
0 0 2€T 1 0 ne 64 Nt
0 0 €N €T 0 €6 26 €1
0 0 96 ct 0 28 : 98 r4 ¢
0 0 89 It 0 <8 8 1t
0 0 #S ot (4] Tt 611 o1
0 (4] 29 6 0 i€ €N 6
o 0 i81 8 ) kS | <N 8
0 0 €11 2 0 of (49 L
0 0 $9 9 o of £n 9
0 0 621t < 0 20T rf4 <
) 0 rA9 o N 0 19 99 L |
o 0 2L € (1] FX4 2€1 €
0 o 96 4 v} 144 29 A
0 0 c8 T 1] 9< 214 T
Tmog ut 2weg 9ay3 Jo TMog uyg aweg aysyz Jo
DajeUuUTWIIND uoyjzedrJjrionayg Jeyq Jad pajeuilwaen uoygediJiIyonag Jeyq Jod
Jequny Jo JaqunyN sugexs Jey Joquny JOo Jequny sugeasn Jedq
* »
epuoj{ (sj3oy) eoyuodel
*IeA *MS {°uuyT) SOPTIOZAIO0 BISJIQ09T ‘Mg (*uuyyT) SopyIozZAIO BISF.I3IY

(6661 JO sxeg uo pajediyassaur) Mg ("uugy)
SOpPlO0ZAJO E[SJ927] JO UOT3EUIWIIN pue ucijzedijyijyonay

¢l o1qeyl

e




J Table 76

Germination Test of Leersia oryzoides (Linn.) Sw.
(In a thermostat at 289C)

Bowl No.
I 1I III Iv v VI Vit

Seed Treatment

Uncut Seeds 0 ¢ 0 0 0 0o 0
Cut Seeds 18 12 17 11 16 20 19

Note: Sample seeds were collected in 1960 at the Hokuriku
District Agricultural Experimental Station, and ex~
reriments were made from 26 November to 5 December.

As shown in Table 76, uncut seeds absorb water and
their embryos swell, But no germination was observed in
three weeks probably because of the thickness of rinds.
Against this, rind cutting resulted in 81% germination (See
photograph 28).

L4, Overwintering Cycle of Bacteria in Rhizome of Leersia
oryzoides (Linn.)Sw, var, japonica (Rets) Honda

1) Test Method

Severzl colonies of Leersia oryzoides (Linn.) Sw.
var. japonica (Tets) Honda (whose summer infection was con-
firmed) growing in rice paddy ridges, ditches and water
canals around the Hokuriku District Agricultural Experimen-
tal Station, from November 1959 to May 1960, were designated
as investigation points. Their rhizomes were dug up on the
dates shown in Table 77, and the detection and quantitative
test for bacteria was made, The quantitative test for bac-
teria followed the third method, Figure 9, and each time 200
gr of the rhizome of Leersia oryzoides (Linn) Sw. var,
japonica (Rets) Honda were used as the test sample. The
rhizome was rinsed after it was dug up to eliminate soil ate
tached to it, crushed in an iron mortar, and then placed in
a 100 ml specimen glass. 500 ml of sterile water was added
to this and it was olosed tightly and shaken 500 times,
then allowed to set in a thermostat at 30°C for two hours,
After that its supernatant was centrifuged and isolated at
2,000 rpm. for two minutes., After eliminating grains of
roii and foreign mattur, it was used as the primary test
sample solution,
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2) Test Results and Observations

The life cycle of bacteria during winter of the rhi-

zome of Leersia oryzoides (Linn.) Sw. var. japonica, (Rets)
Honda was examined by the foregoing method, with the re-
sults as shown in Table 77. Table 78 shows the results of
the measurement of the ground temperature of tlL. rhizome at
each investigation point,

Table 77

Life Cyocle of Bacteria in the Rhizome of
Leersia oryvzoides (Linn.) Sw. var,

japonica (Rets) Honda

©=7/%wx|  199%0 19608 GeER:
PIYRRS T EETE R T2 | T S
A|TA[2A[3A|4R[4ASAS
R 196@ 106 | 178 | 68 | 198 | 108 | 196 | 108 | 280 | 16 |2 o |97 RH
p :
@ FRRREE o 211,97 u} s a o o 68 (1537 Aisa
L ’ , . 4,862
8% RIDEY 104003 w20 o o u o o "‘°j(-.=s..wo)‘”'°"
» . . o~ »
®r , & l.ml LT 9 o o e 7 Az
s 149
. 0 o 0 1,190 5244 |4 pog
@ERAKA 190 “(aro) ¢ A%A

Note:

Figures in the table show the number of bacteria
per 100 gr of the rhizome of Leersia oryzoides
(Linn.) Sw. var. japonica, (Rets) Honda. Figures in
( ) on 29 May show the number of bacteria per 20
gr of above ground stem leaf,

[Legend/: 1) Collection point of Lsersia
oryzoides (Linn.) Sw. var. japonica (Rets)
Honda; 2) Date of first ocourrence in the
above ground stem leaf; 3) Koyasu, Takada
Municipality, Niigata Pref.; &) Ibarazawa,
Takada Municipality, Niigata Pref.; 5)
Tonome, Takada Munioipality, Niigata Pref.;
6) Kamiinada, Takada Municipality, Niigata
Pref.; 7) Hokuriku District Agricultural
Experinental Station; 8) Year; 9) MNonth;
10) Day.
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As shown in Table 77, bacteria were detected in the
rhizome of the Leersia_oryzoides {(Linn.) Sw, in Niigata
Prefecture from November to the early part of the following
January. But for three months from February when new stem
leaves devalop to the latter part of April, bacteria were
not detected for a while, which led to the conclusion that
bacteria died during this period. However a large volume
of bacteria were detected suddenly in the middle part of
May. Therefore, it seems that bacteria colonies in fall
decrease to such an extent that detection of bacteria is
difficult, but they cornitinue to survive in the rhizome and
increase in number with the rise in ground temperature in
the latter part of April (ground temperature at 10 a.m. in
May surpasses 159C). From the foregoing results, there is
a good possibility that the primary infection is carried out
from the numerous colonies of Leersia oryzoides (Linn.) Sw,
var, japonica (Rets) Honda around the ridges, water canals,
and rivers in the Hokuriku district through the medium of
irrigation water during the rics seedling period from the
latter part of April to tre latter part of May.

5 The Overwintering Cycle of Bacteria in the Rhizome of
Host Grasses Other than Leersia oryzoides (l.inn.) Sw,.

1) Tost Method

The life cycle of bacteria overwintering in the rhi=-
zomes of Ziznia latifolia Turcz, and Leersia oryzoides
(Linn.) Sw. that grow naturally in the fields of the Hoku~
riku District Agricultural Experimental Station was inves-
tigated from November 1959 to May 1960, The quantitative
method followed the previous one., For Ziznia latifolia
Turcz, 500 gr of the test sample were taken, and 300 ml of
sterile water was added,

2) Test Results and Observations
The results of the investigation of the life cycle

of bacteria during winter on the rhizome of host plants con-
ducted in the aforementiored method are shown in Table 79.
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As shown in Table 79, the contamination and mainte~
nance of bacteria were detected in Ziznia latifolia Trucz,
Leersia javonica Makino as in Leersia oryzoides (Linn) Sw.
var. Japonica ZTets) Honda from November to the early part
of December, but no bacteria were detected from January to
April, 1In the case of Isachne globosa (Thunb) 0. Kuntze, a
small amount of bacterial contamination was noticed in No-
vember, ani no bacteria were detected until the contamina-
tion caused by the flow of irrigation water in the follow-
ing spring. However, in the case of Ziznia latifolia
Turcz, a considerable volume of bacteria was detected for a
while in the middiev part of May, the following spring. In
the quantitative test in the latter part of May none were
detected. Therefore, it was not clear whether or not bac-
teria continued overwintering in the rhizome as in the pre-
ceding year, as in the case of Leersia oryzoides (Linn.)
Sw, It was further concluded from the results of this test
that in Leersia japonica Makino and Isachne globosa (Thunb)
0. Kuntze there was no overvintering of bacteria in the
rhizome,

6. The Early Infection Period of Leersia oryzoides (Linn.)
Sw, in Niigata Prefecture

Because there had no been no record kept on the in-
fection of Leersia oryzoides (Linn.) Sw., investigation
was conducted from 1958 to 1960 on the Leersia oryzoides
(Linn.) Sw. colonies in regard to the periods of infection,
with results as shown in Table 80.
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As shown in Table 80, the period of natural infec~
tion of Leersia oryzoides (Linn.) Sw. in Niigata Prefecture
varies with the year. It seems that the infection is dis-
covered in the latter part of May at the earliest, and by
the early rart of July at latest., The investigation foi a
three year period revealed that the average time of infec-
tion was in the latter part of June.

Section 7. Results of Past Tests on the
Overwintering of the Pathiogen of
Rice Bacterial Leaf Blight

l., Overwintering in Soil

Ishiyamau5 reported that the pathogen of this desease
exists in soil before rice transplanting because bacteria
are isolated from the surface soil of rice paddies beforc
transplanting in constantly infected areas and that bacte-
ria survive in the sterile soil in an unglazed cylinder
from the latter part of November to the latter part of the
following April. 1In this experiment, bacteria were isolat-
ed in seven out of 10 soil samples before transplanting; a
high percentage of isolation. For this reason until sever-
al years ago it was thought that this pathogen would survive
and overwinter in soil. Thereafter, Inoue, et al 3,44 ata
tempted similar isolation of bacteria from the soil of con-
stantly infected areas, but without definite results,
Wakimoto139 attempted tc detect bacteria in soil by the
phage method, with negative results. Seki, et a1lV8 op.
served the existence of bacteria for less than a month in
the soil of infected areas, and a six month period in rice
straw manure. Recent views hold that the period of bacte=
rial viability is extremely short, and the possibility of
overwintering is also nagatively viewed. In the experiment
conducted by the author, bacteria had a short life under
temperature conditions of more than 19°9C, but at outdoor
temperatures during winter, bacteria could survive for 50
days and in & refrigerator at 0-59C for 26 days. However,
these results must be verified further.

2, Overwintering in Intermediate Host Plants

Goto, et a127=30 gonducted needle inoculation tests
on the host range of the pathogen of rice bacgterial leaf
blight on 41 kinds of grasses naturally growing near rice
paddies. They observed clear intection in Ziznis latifolia
Turcz, Phalaris arudinacea Linn., and lLeersia oryzoides
(Linn) Sw. and lightly in Phragmites communis Trin, and
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Isachne globosa (Thunb) 0, Kuntze, thus re-isolating bacte=
ria and identifying them, They further, as described al-
ready, recognized natural infection in Ziznia latifolia
Turcz, Leersia oryzoides (Linn.) Sw. and investigated the
interrelationship with the infection of rice plants. Then,
Inoue, gﬁ_g}ﬁ“ conducted the primary infection test of
Leersia oryzoides (Linn.) Sw, by ploughing immediately

prior to cultivation and transplanting into an irrigation
channel, to verify this. This clarified the importance of
the source of infection., However, the overwintering of
bacteria in these grasses was not clear. So, Wakimoto.139
Watanabe, and Kurital®7 ascertained by the phage method the
survival and overwintering of bacteria until the following
spring in rhizome which maintain a green color. Also
Tagami, et al70 conducted overwintering tests by bacterial
inoculations on Leersia, japonica, Makino, Zizania latifolia
Turcz, Phalaris arundinacea Linn. and Phragmit.s communis
Trin with negative results.

3. Overwintering in Irrigated Water

Inoue, et aldé attempted to isolate bacteria from. the
stagnant water in channels and rice paddies in constantly
infected areas, but could not detect bacteria., Tagami,
et al69 detected the viability of this pathogen in irriga-
tion water, and further observed that pathogens rapidly
died and decreased within 36 hours, to less than 1%, but
the decrease thereafter was extremely small, The author
observed that the period of viability of the pathogens out-
doors during winter was less than 25 days.

L., oOverwintering in Infected Cut Stems

Tagami, et al70,123 tested and proved that infected
cut rice stems serve as the base for overwintering of this
pathogen, However, for the overwintering of bacteria, the
survival of cut stems until the following spring is a pre-
requisite, and this is limited only to the dried fields
that cultivate late maturing varieties in comparatively
warm areas. On this point Nakazawa, et al 8 makes the same
observation., However, in the tests and investigaticns of
the author, the significance of 2ut stems as the base of
overwintering was rather small compared with warmer areas,
because the overwintering of cut stems themselves was im=-
possible in the Hokuriku District,

5. Overwintering in Infected Leaves

Goto, et al32 gonsidered the possibility of overwin-
tering of bacteria in infected straw, because when infectad
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straw was ploughed into a nursery immediately before sowing
seeds, seedlings from this nursery showed a considerable
percentage of occurrence in the transplanted field. There-
after, Inoue, et all¥ ascertained that the isolation of bace-
teria from infected straw is possible even after five
months, Further,Tagami, et al7’0 carried out quantitative
tests for bacteria iiccording to the phage method on infect=-
ed straw stored indoors for eight months after harvest., In
this respect, the author's investigation similarly revealed
survival of more than six months in the straw stored out-
doors and indoors.

6. Overwintering in Infected Rice Seeds

Goto, et al32 observed a strong trend of infeation
among affected unhulled rice after it was sowed, raised and
transplanted to main fields, and suggested the possibility
of the overwintering of bacteria in unhulled rice seeds.
Thereafter, Wakimoto, et all37 reported the survival of
bacteria until the following mid-May or mid-June, thus
proving the overwintering of bacteria in rice seeds, As
has been previously stated the author also used a similar
method, but only detected bacteria in the ground area of
the chaff of rice seeds, thus with different survival peri-
od results, The differences seem to be differences in the
degree of infection of unhulled rice and conditions of
storage. Some tests have been made on the infection of
rice seeds but without definite proof of infection.

7. Overwintering of Bacteria in Second Crop Plants

After the rice harvest, in two crop a year fields,
various second crops are raised. These second crops have a
high contamination potential by the pathogen as in the case
of grasses in the field ridges. Inoue, et a1l attempted
direct isolation of overwintering bacteria from the roots
of barley, wheat, and rape-seed, Wakimotol39 attempted de-
tection of bacteria according to the phage method in the
roots of rape-seeds, wheat, broad beans, Suzumenoteppo,
but all with negative results, However, Wakimoto®* recog-
nized the concentration of the pathogen in the roots of
parsley, mizosoba, tsuyukusa, hokigiku and observed that it
did not differ among different plants. Minakami8¥% recog=-
nized a marked warming of the pathogen, as in rice, the
roots of Phalaris arundinacea Linn, Mizosoba, Leersia Ory-
zoides {(Linn.) Sw. TFrom these facts it can be said that
so.e role is played by second crop plants in overwirntering
and survival of the pathogen of rice bacterial leaf blight,
* Wvakimoto Satoru (1957): Relationship between plant roots

and the pathogen of rice baoterial leaf blight. Bulletin
of Kyushu Disease ani Insect Research Assooiation, 3, 2-5,
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Kiriu, et al5 investigated the relationship between

occurrence in second crop plants and primary crop fields,
and recognized that there was a stronger trend of occurrence
in the cases of lotus flowers, broad beans, and raddishes
for seed collection purposes than in the case of wheat or
rye, He conjectured that this was related to the volume of
nitrogenous fertilizer in the second crop plants.

Section 8. The Overwintering of Dried Ooze and
Its Value as a Source
of Infection

Chapter VII, covered the past research on the overe
wintering of the pathogen of rice bacterial leaf blight and
the test results of the author, These results showed the
long period of survival of the pathogen in infected straw
and unhulled rice under the dry conditions. In this re=
spect, Wakimoto, et allk0 regarded that bacteria themselves
as having the morphology to endure adverse conditions, ine
c¢luding dryness. Thus tests were conducted on drying
treatments of varlous kinds. They pointed out group dry-
ness of bacteria as a specific condition necessary for a
long survival. And at the same time, they reported, from
results of tests on infected straw that even if bacteria
are dried in groups, if they frequently contain water dur=-
ing winter, they gradually die out,

The authorl66 pointed out that as a typical sample
of the dried matter of this pathogen there was bacterial
ooze secreted and formed on the leaf edges in the diseased
section of the affected leaves, The author used this bace
terial ooze in the test of viability and described the re=
sults. When this driod bacterial coze is exposed to wind
and rain, it is dried and hardened as lymphatic liquid,
stuck to stems, and part of it falls to the surface of rice
paddies. While the dried bacterial ooze stored in rice
stems still maintain pathogenicity even after one year,
that which falls on to the rice paddies gradually dies out.
However, as has been described earlier, it does not easily
absorb water in the wet s0il, nor does it lose shape. It
survives abecut six months. In the process of drying the
heightering of electron density of bacterial cells thum=-
selves is observed. For this reason, the author estimated
that bacterial structursl changes are related to the long
period of survival.

Generally, it has been pointed out that the covering
and protective action of macro-molecule matter such as the
capsule=1like memurane, mucous layer, and rubber-like
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bacterial ooze have a great impact on the survival of bac-
ter.a in bacterial diseases, Minakami has also reported
that when the pathogens are dried in leafl tissues, they are
in a very stable condition due to the protective multi-
g€lucose layer that the bacteria themselves have secreted,
In addition to these there are numerous samples of tests
that show that dryness has a decisive influence on the sur=-
vival of dried bacteria ooze for long periods of time,
Parker,99 Hildebrand, et al37 have pointed out the intimate
relationship between the viability of Bac, amylovorus and
dryness; Massey.76 between dryness and Bact. malvacearum;
and NortiuS4 between dryness and Bact. vascularum, Recent=
ly, Hedrick36 McKinney,77 Leach.7I Crossani? exzmined the
classification of multi-glucose, which is a componeunt of
dried bacterial ooze, and made research on the relationship
between ocze and the perpetuating structures of bacteria,
and suggested that dried bacterial ooze in bacterial dis=-
ease is important for overwintering survival. In this re-
spect, in the case of rice bacterial leaf blight, the dried
bacterial ooze that is formed on infected leaves constitute
convenient overwintering forms. (See photograph 31},

Section 9. General Summary

Description has been made of the test results ob-
tained by the author on the overwintering of the pathogen
of rice bacterial leaf blight and past research achievements
The test results obtained by the author on the survival pe-
riod of this pathogen are summarized in Figure 10, The in-
fection cycle of this disease, based on these results, is
diagrammed in Figure 11,

In addition to the results shown in the Figures, the
following test results have also been obtained,

1) A high electron densiiy has been observed in the
bacteria of dried bacterial ooze so that they cainin cope with
adverse environment (especially dryness).

2) The overwintering survival rate of cut stems in
the Hokuriku District is almost 0% with the exception of
part of Fukui Prefecture. Most of them rot and die., Thus
overwintering bacterial survival in cut stems 1is difficult,

3) Bacterial overwintering in rice seeds is carried
out mostly in the tissues of the inner and outer paleas,
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4) The rhizo-spheres of Leersia oryzoides (Linn,)
Sw. var. japonica (Rets) Honda, an intermediate host plant,
in winter, have full tissues and maintain a green color.
And further, it was observed that during February under
snow, new buds appeared on nodes, and with the thaw in
March, the development of new buds began. By mid-April new
over-ground stem lcaves developed, and the rhizo=-spheres
during overwintering weakened and died.

5) A few morphological differences among lLeersia
oryzoides (Linn) Sw. var. japonica, (Rets) Honda, Leersia
oryzoides (Lirnn.) Sw. Lesrsjia japonica Makino before ear
formation were investigated. For Leersia oryzoides (Linn.)
Sw. the fructification of coryposis and germination were
tested, and the difficulty of seed multiplication was
clarified,.

2) It was found out from the investigations con-
ducted in 1958~-1960, that the disease occurrence of Leersia
orvzoides (Linn.) Sw. in Niigeta Prefecture is generally
from late=June to early July.
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CHAPTER IX. OCCURRENCE AND LIFE CJCLE OF RICE
BACTERIAL LEAF BLIGHT DURING THE
RICE GROWING PERIOD

Section 1. Occurrence and Life Cycle of
Rice Bacterial Leaf Blight in the
Hokuriku District

1. Disease Occurrence in Nurseries

Investigation was made for three years, from 1958 to
1960, in order to determine the disease outbreak in the
nursery period in an attempt to clarify the occurrence mor-
phology of rice bacterial leaf blight in nurseries.

1) Investigation Method

A patch was selected from the nurseries in Itouokawa %
Municipality, Nishi-keijo=-gun, Takada Municipality and Naka= i
keijo-gun of Niigata Prefecture, and the disease outbreak
in seedlings was investigated at these three patches (aver=-
age 30 cm? per patch).

2) Investigation Results and Observations

Investigations were conducted in 25 places and at
223 points in 1958, 16 places and 91 points in 1959, and
eight places and 35 points in 1960. But no occurrence in
nurseries was observed in the Joetsu area of Niigata Pre-
fecture,
2. Investigation of Disease Occurrence in Nurseries in the
Prefectures of the Hokuriku District

For two years beginning in 1958, investigation was
made in each prefecture of the Hokuriku District for rice
basterial leaf blight (joint and coordinated investigation
by four related prefectures of the Hokuriku District). Es=-
pecially in this investigation, disease outbreak in nurs-~
eries was examined. Especially in 1959, investigation was
craducted by the use of questionaries in 100 nurseries.

The results of the investigation showed no occurrence had
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been observed in any prefecture. It is believed that there

was probably no occurrence in nurseries in the Hokuriku
District,

3. Relationship Between the Source of Seedlings and Dis-
ease Occurrence

There are a few test samples in the warm south-west
area on the relationship between the source of seedlings
and the disease occurrence after transplanting rice to main
paddies. In this section, the results of investigation
made in 1958 and 1959 in the Hokuriku District, especially
in Niigata Prefecture are given.

1) Investigation Locations and Methods

Seedlings were given to us by other cultivators due
to the occurrence of yellowish=-wilting or the shortage of
seedlings at Aomi~cho, Nishi~keijo=-gun, Itouokawa Munici-
pality: Keijo-mura, Nika<keijo~gun; Miwanishikiemura; Shita=-
borinouchi, Takada Municipality; Tomikawa; and the o0il
field in the latter., After these seedlings were transplante
ed in paddy fields, there was a considerable number of oc=
currences of rice bacterial leaf blight. The timing of the
outbreak of the disease was about one month after trans-
planting, and in conjunction with disease occurrence at the
sources, the occurrences were clearly determined to be by
the infection of seedlings.

2) Results of Investigation and Observations

The results of investigation are shown in Table 81,

As shown in Table 81, the relationship between the
source of seedlings and the disease outbreak in paddy fields
is clear in the Joetsu area of Niigata Prefecture, and there

seems to be a hazard of seedling infection.

4, Occurrence and Life-cycle of Rice Bacterial Leaf Blight
in Niigata Prefecture

In order to clarify the occurrence and life cycle of
rice bacterial leaf blight in Niigata Prefecture, the fol-
lowing occurrence process was investigated in the rice pad-
dies near Takada Municipality.

1) Investigation lLocations and Methods

Investigation was made on the number of infected
stems during the growth period at paddies of the Hokuriku
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District Agricultural Experimental Station, Takada Municie
pality, Niigata Prefecture and several paddies in Takada

Municipality as shown in Table 82, and the process of the
disease was observed.

2)

Results of Investigation and Observations

Results of investigation are suown in Table 82.

Table 82

Yearly Occurrence Frocess of Rice Bacterial
Leaf Blight in Takada Muniecipality,
Niigata Prefecture
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[Legend/: 1) Year; 2) Place of investiga=-
tion; 3) Variety; 4) Climatic elements; 5)
Month; 6) First 10 days of month; 7) Middle
10 days of month; 8) Last 10 days of month;
9) Remarks; 10) Hokuriku Agricultural Expe=-
rimental Station; 11) Ecuigo glutinous; 12)
Occurrence as usual, and particular progress
in the latter part of th» rice growth period;
13) Shimoborinouchi; 14) Echiei; 15) Kamo=-
jima; 16) Hokuriku No 52; 17) Koyasu; 18)
Sanin No 52; 19) Temperature; 20) Maximum;
21) Minimum; 22) Frequency of typhoons; 23)
Acoumulated precipitation; 24) Ginmasari;
25) Year of early and frequent ocourrences;
26) Kinnanpu; 27) Shimonoda; 28) Shimotomi=
kawa; 29) Tachi-machi; 30) Year of late and
few occurrences; 31) Tonome; 32) Ibarazawa.

Table 82, shows the occurrence process for a
three year period, first occurrence observed in mid-June at
earliest, or in mid-July in usual years, and thereafter the
degree of the disease progresses. The rate of the increase
is higher in earlier occurrences with higher degrees of oc=
currence at the time. There seems to be close correlation
between the time of the first occurrence and the degree of
occurrence thereafter. On this point Kiriu, et al’ already
made a report based on the results of detailed investigation
and analysis of the damage caused by this disease. Similar
trends seem to be observed in Hokuriku District, too.

It was also generally observed that the disease makes
rapid development in mid and late August. Although che de-
gree of progress of the disease in the latter half of rice
growth is related to the degree of the first occurrence as
mentioned above, it seems that it is also closely related to
the climatic environment., That is, according to the inves-
tigation conducted by the author, judging from the climatio
conditions of 1958 when the progress of the disease was re-
markable in the latter half of rice growth, there seemed to
be close correlation between the frequency of rain, total-
1ing over 100 mm for a ten day period after August, and the
degree of progress of the disease.

In the past, Goto, et al23 pointed ou climatic con=
ditions related to the occurrence of this disease during the
period from intermediate growth to rice maturity as a mean
highest temperature of 26°C for a five day period, a lowest
temperatura of 22°C, accumulated precipitation of 50 mm, &
mean sunshine -time of less than eight hours, and a wind
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velocity of more than 3 m/sec. They further stated that
there was good agreement between the existence of these con-
ditions and the degree of disease ocourrence. Fujikawa,

et alll pointed out, from results of investigations in the
constantly infected areas of Oita Prefecture, suoch climatic
causes as a mean temperature of 24-279C for a 10 day period,
more than seven days of rain during a 10 day period, more
than 100 mm of precipitation during a 10 day period, and
typhoons., Many of .these agree with the results of the in-
vestigation of the author,

It is generally known that the occurrence and spread
of this disease is closely related to typhoons. 1iIn the pres=
ent research, tests were conducted on the relationship of
typhoons, and the results are shown in Chapter XI. However,
by the time typhoons reach the Hokuriku District, they are
weak, and not like typhoons in the warm areas alc¢ng the
Pacific coast of Japan, and so typhoons in the Hokuriku Dise
trict do not have a strong impact on the occurrence and
spread of this disease. For example, the occurrence process
in 1960 (1ight ocourrence year) and the frequency of ty-
phoons as pointed out in Table 82, Furthermore, in the
present investigation, the cessation of occurrence progress
at the time of high temperatures and aridity during summer
(late=July ‘o mid-August), as seen in warm areas, was ob-
sorved, The author calls this period, period summer cessa-
tion,

Section 2., Life Cycle of the Pathogen of
Rice Bacterial Leaf Blight in Rice
Plants and Irrigation Water

For a two year period from 1956 to 1957 the author
made gquantitative tests end investigation according to the
phage method, on the 1ife ¢, ,cle of the pathogen on rice
plant leaves and in irrigation water during the rice growth
period in the affected area in Chikugo, Fukuoka Prefecture,
This investigation was oonducted for the purpose of the main-
tenance of bacteria and contamination by bacteria in rice
plants and in irrigation water befure ocourrence. In othsr
words, an investigation of latent infection was made.

This investigation is a ?art of joint research with
Tagami, et al during the author's stay at the Kyushu Dis-
trict Agrioultural Bxperimental Station.60,68,69,70,146 The
results of the whole investigation together with the results
obtained from the investigation continued thereafter will be
discussed in detail by Tagami who was in charge of the
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project, and will be announced separately.

Therefore, only an outline of the results will be
described anc only what is related to the tests and investie
gation made by the author at the Hokuriku District Agricul-
tural Experimental Station in Chapter X and thereafter.

Summary

The occurrence cycle of this discease as observed in
1958-1960 at Takada Municipality, Niigata Prefecture and the
life cycle of the pathogen in rice leaves and irrigation
water in nurseries and in paddy fields tested by the author
at the Kyushu District Agricultural Experimental Station are
summarized and shown in Figure 12.

In Figure 12, the life cycle of the pathogen in irri=-
gation water is omitted, but the life cycle of the pathogen
on rice leaves and in irrigation water can be shown by a
curve related to the time of occurrence and the degree. The
present investigation revealed that the timing of occurrence
and its degree are considevably influenced by the volume of
bacteria contained in seedliings. 1In the multiplication pro-
cess of the pathogen in paddy fields, especially on rice
leaves, a remarkable increase in the volume of latent bacte=
ria can be observed in the intermediate tillering period and
after the young ear formation period. That is, as shown in
Figure 12, there are two peak periods in the bacteria scurve.
The author terms the first peak, at the intermediate tiller-
ing period, the first increase period or the first occurrence
period, and th~ second peak, after the young ear formation,
the second increase or the secc¢.ad occourrence period. And
the trough situated in between these periods, where bacteri-
al force is temporarily at standstill, as the summer cessa-
tion perliod. In addition to this, through this investiga-
tion, it was ascertained that the volume of effective bac-
terial infection per seedling is approximately 500; that the
maximum volume of latent bacteria, up to occurrence on rice
leaves, is approximately 105; that there is no certain trend
in the life cycle of the pathogen in irrigation water, al-
though it sometimes shows the same process as rice leaves;
that natural phages show detection and fluctuation that core-
respond to the ococurrence and the life cyole of the pathogen
during the peak tillering period.

These results proved again laternt multigligation on

rice leaves as clarified by Minakami, et al al? by using
the concentrated inoculation method in 1955, they also

-157-




agreed with the results obtained by the quantitative tests
conducted in paralla. with this investigation of Sekiya,

et a1lll on the 1life cycle of the pathogen after inocula-
tion, and %lso with the result of similar inoculation tests
by Kusaba,®l Mukai, et a185,86 by using the streptomyoin
resistant strain of the pathogen.
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Fig. 12 Occurrence Process of Rice Bacterial
Leaf Blight and the Pathogen Life
Cycle

[Ibgeng7: 1) Degree of occurrence; 2) Ex-
treme;: 3) Much; &) Medium; 5) Small; 6)
Slight; 7) Nursery infection period; 8)
First occurrence period; 9) Second occurrence
period; 10) Cessatiza period; 11) Maximum
volume of latent bacteria; 12) Volume of la-
vt bacteria; 13) Ocourrence; 1l4) Summer
staznation period; 15) Field with extreme
occurrence; 16) Field with much ocourrence;
17) Field with medium occurrence; 18) Field
with small occurrence; 19) Volume of tho
pathogen of rice bacterial leaf blight (per
leaf); 20) Middle 10 days; 21) Last 10 days;
22) First 10 days; 23) NMonth.
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CHAPTER X, TEST OF PRIMARY INFECTION

In the preceding chapter it was stated that the oc=
currence of rice bacterial leaf blight is closely related
to the volume of infected bacteria in seedlings, to second=-
ary infection by typhoons, and that in the process of bac~
terial multiplication a temporary decline (the cessation of
multiplication) in the summer stagnation period because of
hich temperature and aridity can be observed., In this ex-
periment, with the exception of secondary infection by ty-
phoons, the following tests were made in order to analyze
and examine these phenomena.

Section 1, Relationship Between the Types of
Nurseries and Disease Occurrsncel?3

The following field test was made at the Hokuriku
District Agricultural Experimental Station in 1959 in order
to clarify the occurrence process of seedlings raised in
different nurseries were transplanted to paddy fields,

1. Test Method

1) Forms of Nurseries, Planted Seeds, and Cultiva-
tion

Dry field nursery, wet nursery (these followed the
usual method), mixed nursery (water up to nursery surface
for about two weeks and water up to 1/3 height of seedlings),
warm mixed nursery (vinyl covering from 19 April to 30
April during which water was below the level of nursery sur-
face), and immersion in deep water after removing covering.
Rice varieties: Norin No 29, sowed on 17 April, transplante
ed on 24 May, Fertilizers: at nursery (per 0.33 a, 225 gr
of ammonium sulphate, 150 gr of superphosphate of lime, 110
gr of chrolate of potash), at paddy field (per 10 a.), basio
fertilization on 20 May, 37.8 kg of ammonium sulphate, 34.0
kg of superphosphate of lime, 730 kg of manure; additional
fertilization, on 25 July, 7.0 kg of ammonium sulphate,
Cultivation Density, 30 om x 18 om, two stem planting.
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2) Area Demarkation and Area
Two areas, one a per area.
3) Investigation of Disease Occurrence

In the investigation conducted on 29 July, 10 August,
and 3 September, disease occurrence was investigated on
each stem of each area. On 16 September, investigation was
made on the degree of occurrence* on check leaves and seo=-
ondary leaves of 40 stems of one area, by classisying the
diseased areas into 10 stages.

2. Test Results and Observations

The results of the tests made by the above methoed on
the relationship between the types of nurseries and disease
ocourrence are shown in Table 83.

As shown in Table 83, seedlings raised in warm mixed
and wet nurseries were infected soonest after transplanting
to paddy fields, and the number of infected stems was larg-
er, Seedlincs raised in warm mixed nursery showed twice as
much percentage of disease occurrence as seedlings raised in
a wet nursery. The seedlings raised in mixed nurseries
showed a trend toward late cccurrencé, and occurrence was
latest among seedlings raised in dry nurseries. The latter
also had the lowest incident of occurrence, The timing and
the degreo of occurrence at the time of occurrence, as has
been stated above, also corresponded to the degree of oc~-
currence at the time of the last investigation of occur-
rence. The results seem to be due to the difference in wa-
ter control according to types of nurseries, and to ths
difference in the susceptibility of seedlings caused by the
type of seedling raising. Nasuta, et al89 investigated the
relationship between the types of nurseries and the dis-
ease, and reported that more occurreunce in paddy fields was
observed among the seedlings raised in warm mixed nurseries
than in wet nurseries. They estimated that seedlings rais-
ed in warm mixed nurseries would have increased infection,
There will be a need for examining such differences not
only {rom the aspect of infection, but also from the aspect

f susceptibilit
* Degree of Occurrence % = O0(fg +11) + (f2 + £3) + 2(fy +
fg + fg) + 3(:‘7 + fg) + b(fg + f30) /4 x total number of

investigated leaves 100, fp stands for the frequency of
percentage of diseased part of each investigated leaf. f}
shows the total number of leaves which had 40% diseased
leaf parts,.
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Section 2. ‘The Concentration of Inoculated Bacteria
in Soedlings and the Relationship Between the
Frequency of Inoculation and Occurrence

In the preceding chapter it was stated that there
were some cases in which the degree of infection in nurser=
ies influence the timing of occurrence and its degree after
transplanting to paddy fields. This point was already
stressed by Kiriu, et al3l in 1956 from the results of in=-
oculaiiqn tests on seedling infectioa. 1In 1957, Sekiva,
et alll” te¢sted deseased leaf bacteria (as has bernn previ-
ously described) with the inoculation method and recognized
that tho immersion inoculation mcthod caused a high rate of
ocourrence in paddy fields even with low bacterial concen=
tration (n x 10/ml).

The author, in order to determine how much of the
bacterial volume in immersion inoculation would be suffi=-
cient for seedling infection when cultured bacteria were
used, conducted the following inoculation tests in 1962, at
the Hokuriku District Agricultural Experimental Station.

1. Relationship Between the Concentration of Inoculum and
Occurrence

1) Test Method

Seedling Raising: Warm mixed nursery (Contrplled
Water Cultivation); variety, Towada; sowed on 23 April and
plucked on 28 May,.

Iroculum: H6009 strain (pathogenicity, medium, Lyso=
type A bacteria) slope cultured on the semi-synthetic agar
culture medium for four days at 28°C, was made into a sus=-
pension solution with the following concentration, and this
was placed in a large photographic vat, and the seedlings
were immersed for 24 hours to effect immersion ioculation,

Concentration of Immersion Inoculum: n x 108,
nx 107, nx 10%, n x 103, n x 10/ml. As a comparison, a
oity water immersion area was established.

Classification: Five areas, 40 stems each area.

Transplanting to Paddy Fields: On to a general cul-
tivation area of five acres where the COgyoku variety had
already been transplanted on 18 lay, immersion inooculated
seedlings were transplanteu on 29 May according to the plan
shown in Figure 14. Cultivation density was 30 om x 18 om
and one stem transplanting. Sowing an. cultivation of rice
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plants was generally in accordance with standard cultivae-
tion practices at the Hokuriku District Agricultural Expe~-
rimental Station. The only deviation was that on 13 July
7.5 kg of ammonium sulphate was used as additioral fertili=-
zation,

Occurrence Investigation: On 22 June, 16 July, 10
August and 3 Septemboer, the presence of occurrence was in=
vestigated on all the stems in each area,

A R 7ES

7 7

ZLLS Y4
107 v 1ct
/7

i
i

Fig. 14 Plan for Testing the Relationship Be=-
tween the Volume of Inoculum of Seed=
lings and Disease Occurrence. YFige
ures within blocks show the concen=
tration of inoculum, and the oblique
lined portions show where Ogyoku was
oul_tivated.
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Tables 84

Relationship Between the Volume of Seedling
Bacteria (concentration of inoculum)
and disease occurrence

Concentration
of Inoculum 22 June 16 July 10 Aug, 3 Sept.
_ I 0 0 0 1
City water IX 0 1 5 5
immersed area III 0 0 6 6
Iv 0 1 2 3
i 0 0 1 2
) 2 15 17
Total (0) (1) (7) (8.5)
1 0 2 2 Y
1I 0 0 1 1
a x 10/ml IIX 0 0 2 2
Iv 2 1 8 10
v 0 2 2 2
2 5 15 19
Total (1) (2.5) (7.3) (9.5)
I 1 1 12 1L
II 0 0 2 3
n x 103/ml III 0 1 2 2
1v 2 2 " 7
\' 2 3 3 3
5 7 23 29
Total  (2.5) (3.5) _ (11.5) (14.5)
I 0 1 S 10
IT 0 0 3 3
a x 10%/m1 III 2 2 7 10
v L L 5 5
y 2 2 3 3
8 9 2l 31
Total (&) (4.5)  (12) (15.5)
I 1 2 5 6
II 0 4 8 10
n x 107 /ml III 5 6 10 13
IV 0 0 2 2
1 0 1 2 3
6 15 27 g
Total  (3) (6.3} __(13.5) (17)
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I 2 2 L L
II 5 10 13 15
n x 109/m1 II1 L 5 9 12
Iv 2 16 18 18
\'} L 5 7 8
17 33 50 57
Total (8.5) (16.5) (25) (28.5)

Note: Number of cultivated stems per plot was 40 stems.,
Figures in the Table show the number of infected
stems. TFigures in ( ) equal the percentage of

occurrence,

2) Test Results and Observations

The test results are shown in Table 84, and also in

Figure 15.

Fig. 15 Relationship Between Volume of Seed=-
ling Bacceria and Disease Ocourrence

[zegeng7: 1) Percentage of infeoted stems;

2) Month; 3) Day.
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The prosent test was conducted in rice paddies where
the resistant Ogyoku variety was planted in order to pre-
vent influencing areas, However, mutual influence among
areas was unavoidable, and the test areas were subjoct to
natural infection from surrounding areas. Therefore, the
results of this test cannot be strictly termed as differ=
ences caused solely by the volume of bacteria contained in
seedlings. Nevertheless, even under such conditions, on
22 June, about three weeks after transplanting (24 days),
ococurrence was observed in each inoculated area with the
exception of the ciiy water area set up for a standard com=
parison, The investigation, on that day, revealed that
there were more infected items én proportion to the concen=~
tration of inoculum., In the 10° concentration of inoculum
immersion area, the percentage of infected stems was 8,5%,
and 1,0% in the 101 immersion area. Thereafter, the month=
ly investigation revealed a gradual increase in the number
of infected stems, However during July occurrence was rare,
but it rapidly increased in August. While the influence of
secondary infection could be responsible for this, the vole-
ume of bacteria contained in seedlings seemed to influence
the degree of occurrence in the latter part of paddy field
rice growth, since the percentage of occurrence increased
correspondingly te the concentration of inoculum. Among
the concentraticn of inoculum, the 101/m1 inoculation area
showed a similar fluctuation of occurrence as that of the
city water immersion area, without too much inoculation in-
fluence. In addition to these, occurrence greatly shifted
in direct proportion to the concentration of inoculum.

2. Relationship Between the Frequency of Inoculation and
Qcourrence

As was described in the preceding sectivn, with only
ong seedling inoculation, even if they were immersed in
10°/ml concentrated bacterial solution, occurrence within
three weeks of transplanting was only 8.5%. or less than
expected. One of the causes was thought to be that in the
preceding test, seedlings afier inoculation had no bacteri-
al multiplication process, instead they were immediately
transplanted to paddy fields.

Therefore, the following test was made in order to
investigate the ooccurrence cycle of insculated seedlings at
different times after their transplantation to paddy fields.

1) Test Method

Seedling Raising: Dry fleld soill was put into an
unglazed pot 20 om in diameter, and seeds were planted on
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28 April, Towada variety, For fertilizer 2 gr each of am=-
monium sulphate and superphosphate of lime, and 1 gr of
chlorate of potash, and 150 gr of manure were used,

Inoculum: H6009 strain slope cultured on the semi=-
synthetic agar culture medium at 28°C for four days was ine
jected by the following method. Inoculum concentration,
approximately 107/ml; inoculation time, 20 hours; inocula=-
tion method, immersion inoculation (2/3 of the plants were
covered with water),

Composition of Test Areas:

Test Area A, Immersion inoculation, once, 21 May

" 1 n L] " 28 "

n n " u June
" twice, 21 May
28 May

n i n 28 fay
4 June
" " 3 times 21 May
28 May
4 June

" " G, City water immersion, once, 28 May

(standard)

] M oaQu

Transplanting to Paddy Fields: On 11 June, the fore=-
going treated seedlings were plucked, and transplanted in
two rows for each four rows of Ogyoku in a2 general Ogyoku
cultivation area. 20 stems per one inaculation treatment;
one stem planting, repeated twice; cultivation density, 30
cm x 18 em; and the planting and cultivation followed the
standards set by the Hokuriku District Agricultural Experi-
mental Station., The only difference was the addition of
ammonium sulphate at the rate of 7.5 kg per 10 acres on 13
July as fertilizer,

Investigation of Occurrence: On 10 June, the presence
of disease in seedlings before transplanting was investi-
gated., On 16 July, 2 August, 20 August, and 3 September,
the presence of disease was investigated on all the stems
in each area,

2) Test Results and Observations

Test results are shown in Table 85, and further
shown in Figure 16.
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Fig. 16 Relationship Between Seedling Inocu-
lation Time and Frequency and Occur-
rence in Paddy Fields

[iegeng7: 1) Percentage of infected stems;
2) 2 inoculations (21 May, 28 May); 3) water
immersion; &) Month; 5) Day.

No discase occurrence was observed before transplant-
ing in any inoculation areas, It seemed that even though
there was bacterizl multiplication, bacteria was insuffi-
cient to cause occurronce. In this test, H6009 strain pre=
served at the Hokuriku District Agriocultural Experimental
Station was selected as the test sample, Its pathogeniocity
was less than medium, and this might have been the reason
for no occurrence of the disease among seedlings even 20
days after inoculation., However investigation on 16 July,
about one month after transplanting, showed considerable
ocourrence in each area. The rates of ocourrence in the
seedling areas wiith two or three inoculations was 18% one
month after transplanting, and 65% at the last investiga-~
tion,
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Seedlings which were inooculated earlier showed more
occurrence than those late inoculatoed ones. Especially,
the areas which were inoculated on 21 May and 28 May showed
many occurrences regardless of the frequency of inoculation,
It was oestimated that as a result of sufficient time for
bacterial multiplication, which was possible bucause of im=-
mersion inoculation during the intermediate poriod at nurs-
eries, bacterial multiplication progressed without too much
delay, and occurrence broke out in most stems,

3. Summary

The results of tests made on the relationship be-
tween the concentration and frequency of inoculum on seed~
lings and the occurrence after transplanting to paddy
fields are summarized as follows:

1) Seedlings immersed in bﬁoterial solutions of 5=
stage concentrations (108, 103, and 101/ml) for
24 hours showed ocourrence after transplanting. three weeks
after inoculation, with the exception of the city water im=-
mersion area, and the 10°/ml inooculation area. The degrue
of occurrence gorresponded to the concentration of 1nocu1um.
Thus in the 10 /ml inoculation area, occurrence was 8, 5

the highest percentage. The increase of occurrences there-
after, also showed a trend toward more occurrence in areas
of high concentration of inoculum or the areas with more
bacteria.

2) As to the relationship betweon the time and fre=-
quency of immersion inoculation in nurseries, more occur-
rence after transplanting to paddy fields was observed in
those seodlings with more fraquent inoculations and earlier
inoculations ir the latter half period in the nurseries,

It was ascertained that the frequency of infection in nurs-
eries and the presence of bacterial multiplication in seed~-
lings had a strong influence over the occurrence in paddy
fields.

Section 3. Relationship Betweon the Multiplication
of the Pathogen of Rice Bacterial Leaf
Blight on Rice Leaves and Temperature

It has been stated that bacterial multiplication on
rice leaves ceases during the high temporature period in
summer. Tlests were made in 1960, at the Hokuriku Distriot
Agricultural Experimental Station, in order to determine the
suppression of bacterial multiplication by high temperature
and aridness,




2. Test Method
1) Cultivation of Test Rice

Dry f.eld soil was put into 15 x 25 x 15 c¢m tin boxes,
Fertilizution consisted of 3 gr of ammonium phosphate and
superphosphaty of lime and 1 gr of chlorate of potash per
box. 30 grams of sseds were planted per Lox on 15 July.

2) Inoculation Method

The H5338 strain, slope cultured on the semi-syn=-
thetic agar culture medium at 28°C for four days, bacterial
solution of the two stage bacterial concentration of n x 105
and n x 107 was used, At 6 pm, 5 September, 6 ml of this
was spray inoculated into each box,

3) Composition of Test Areas

For three days after inoculation, the boxes were

left outdoors. Thereafter, the boxes were moved to the Jes=
ignated places as shown in Table 86,

Table 86

Composition of Test Areas

Concentration
Test Area of Inoculum Remarks

High temperature 2x103, 107/ml Glasshouse with windows

arid area open during daytime (highe
est temperature..average
35°C, 10 am. humidity...
61.5%)

OQutdoors 2x10%, 107/ml1 Highest temperature...26.1%,
humidity...83.5% (mean fige
ures at 10 a.m,

Standard non- Left isolated in fields.
inooculation
area




e

L) Quantitative Test for Bacteria

Ono box of rice plants was used for test samples each
time. 20 leaves were taken and placed in a 500 ml capacity
flask and 100 ml of sterile water was added and shaken 300
times. The bacterial suspension solution thus obtained was
used for the quantitative test for bacteria in accordance
with the third method, Figure 9, for each period shown in
Table 88.

5) Investigation of OQccurrence, Measurement of
Temperature and Humidity

In the mneriod of first infection and on 29 September,
the percentage of infected lzaves and the percentage of
diseased area were investigated., During the test period,
temperature and humidity were checked each day at 10 a,m.,
and the highest and lowest temperatures were also measured.

Table 87

Life Cycle of Bacteria in the High-temperature=arid
Area and the Outdoor Area (Volume of
Bacteria per Leaf}

107 /ml1 Inocula- 103/ml Inocula=
Elapse Time tion Area tion Area . Standard
Glass= OQutdonrs Glass-= Qutdoors non=inocu~

house house lation area
20 hours L24 25 0
Ly 52 113 6
72 155 41 0
96 920 607 25 50 0
120 Lss 14,525 51 575 13
168 357 95,700 0 2,025 3
216 675 197,250* 10 8,500 6
11 day 1,682 1,082,000 28 51,375 95
15 day 390 N L9 781,600 0
% of infected 2 39.2 0 2,7 (v}
ieaves
Area of dis=- R 0 11 0 9 0
eased area’’cm?

Note: * First infection, ** Maximum diseased area.
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2. Tast Results and Observations

The volume of baciveria on leaves in outdoor condi-
tions and in the glasshouse, occurrence, and the measire=
ment of temperature and humidity during the test pericd are
shown in Yables 87 and 88, and Figure 17,

10 z
10% @-o!} " / @io.‘l

@ aa rr2x

0 44 72 96 120 168 216 11 é’)
a4

2
[1]
® @ A % M

Fig. 17 Life Cycle of the Pathogen of Rice
3acterial Leaf Blight Under High
Temperature and Arid Conditicons

[iegeng7: 1) Bucteria per leaf; 2) Outdoors;
3} Glasshouse; U4) Occurrence; 5) Time; 6)
Day; 7) Elapse of time,

As shown in Table 87 and Figure 17, bacterial multi=-
plication was observed four days (96 hours) after inocula=-
tion in ths o¢1utdeocr area with a 107/m1 bacterial concentra-
tion. The bacteria showed rap.d increase thereafter. 1In
nine days (216 hours), there were 102 bacteria per leaf,
and the immersed diseased area along loaf edges could be ob-
servable on some leaves with the naked eye, Against this,
in the case of the glasshouse section of the high tempera-
ture and arid area transferred three days after inoculation,
there was only a slight bacteria inc¢rease after 96 hours,
Bactaria increase ceased thereafter and tended to decrease.
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15 days after inoculation, just about the same volume of
bacteria was detacted as that detected immediately after
inoculation.

In the case of the ouvdoor area, inoculated with a
105/m1 bacteria concentration, the period of bacterial mul-
tiplication was delayed, 210 hours after inoculation.
Otherwiss, it showed the same process as in the case of the
107/m1 inoculatiun area. Howevexr in the case of the glass=
house area, almost no increase, bacteria, or occurrence
were observed.

As shown in Table 88, the extraordinary high temper-
ature and aricdity in the glasshouse (highest temperature,
BO%C and 52% humidity) seemed to have suppressed bacterial
multiplication. Mukai, et a186 thought the expansion of
diseasecd spots in th2 nesdle inoculation was in proportion
to the rise of temperature, to 31°C. However, in the .est
made by the author, by spray incculation, the temperature
was unerdinarily high and the air was dry. Conseguently,
the cause of the temporary bacteria decraase on rice leaves
under high tomperature and aridity during summer has been
partially explained.

3. Summary

The mulfiplication of the pathogen of rice bacterial
leaf blight (on rice leaves) is clearly suppressed when the
average highest temperature is 34.9°C, and a low humidity
of 60%.
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CHAPTER XI. TEST FOR SECONDARY INFECTION151

It has often been observed that the occurrerce and
spread of rice bacterial leaf blight is severe after ty-
phoons. This seams to be because either the winds cause
lesions on rice leaves or the bacteria on infected leaves
are dispersed and spread to uninfected stems or rice pad=-
dies. This test was made for secondary infection by wind
dissemination in 1956 at the Kyushu District Agricultural
Experimental Station,

Secticn 1. Test on Distance of Wind
Dissemination

1. Tes%t Method

Plots were assigned in spiral form at certain inter=
vals, as shown in Figure 18, in a large field area void of
intermediate host plants (such as dry field rice plants) of
the pathogen of rice bacterial leaf blight and without the
hazard of immersion. Then the dry field Norin type gluti-
nous No 1 rice was planted on 30 June and cultivated in a
circular 10 meter in diameter field. As for the source of
infection, dry field Norin type glutinous Xo 1 was planted
in two rows ir concentric circles 10 n.ters in diameter,

20 days after planting {20 Julr), pathogens were developed
(affected leaves of paddy rice) through snray inoculation.
This was then disseminated by the wind.

The distances from investigation points to the source
of inoculation were 0.5 m, 1 m, 2 m, 4 m, 8 m, 16 m, 32 m,
and 64 m. The distances among these points were arranged
in such a way as to increase the distance from the source
of inrection. Detection ind quantitative tests, in accord-
ance with the first method, Figure 9, were conducted by
collecting 10-20 rice leaves at each point at certain in-
tervals of time after 1inocsulation.

2. Test Results and Observations

The volume of bacteria on rice leaves at inoculation
points and plots from wind dissemination and disease
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occurronce are shown in Table 89. Tho mean dissemination
volume at each plot, is shown in Figures 18~19, The fre-
quency of winds during the test period by month and wind
velocity are shown in Table 90.

Table 89
Test Results on Distance of Wind Dissemination

‘ of the Pathogen of Rice Bacterial Leaf
Blight (Volume of Bacteria per Leaf)

; -
RO 4 i A ) Pr s m
Bﬁm“‘7§na§7nmufanmaisnuu!9ﬁ‘aj951u1 ¥ # |98 4Bl0A1eA

Cziiia 2,000 280x10 1X10°  66x10¢ 2.5x10"' 8.5%10° I + 4
i (Bl a [ otexi0y 7ag sxaet 2xa0f sxiof P+ |f+
- S%em | | 590; 29 10,24 1,09 L3S 2,60 + |+
m ! a5 0 479 1,819 1,674 zlw: + +
2m 174 O 4964 LI 2,08 1,660 + -
ém : 1o 2% 85 1,106 2.15%' o -
gm i 187 o 1,7 o 6w -l -
m ‘ 16 0 L9 L4 2,309 1,136 - -
32m | ! o 0 ws an7ee 7E w0 - |-
éém | i o 0 3725 1288 0 .00 - -

Note: Inoculation on 29 July (bacteria of diseased laaves)
by spraying. About 10 day after occurrence was ob=-
served,

[;égeng7: 1) Distance from the source of in-
oculation; 2) Date of investigation; 3)
Month; &) Day; 5 Investigation of occur=-
rence; 6) Inoculation point.
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Note: With the exception of windless days, only those days

Table 90 f

Frequency of the Most Frequent Wind During the
Test Period (20 July-30 September 1956)

anx 7 s A s A 7~9Ast @ }©
BRANR# 2, 9| 4.9m mx;u;12.9m3Z9m5mm_t‘{9m‘3:9m'!5511 J:.,!';_‘ ,m3;f’;‘;n ‘_‘:1 E 3
N [ V| 1 61 2| 21¢ 1 4] 91 215
NE R 2 2 2

E 1 14 3 1 2 17 5] 2] 8
SE 1 1 1 11 3 1o 7

s V] v 3] 3] 3 3| 20 3| 7| 61 16
sSW 3 2 1] 1] 2| 3] s 21410
w 1 1 ! 2 {1 3
NW 1 1 4 2} 2 4 2°4 8

with more than 1 m wind velocity and wind blowing
for over 10 hours are shown.

Lfegeng7: 1) Month; 2) Wind velocity, 3)
Wind direction; &) More than; 5) Monthly
total; 6) Total.

Fluctuation in the velume of bacteria at the inocu-
lation points, as the source of infection, are shown in
Table 89. At the time of ﬁngestigation, 31 July, about 10
days after inoculation, 1077 of the bacteria per leaf were
detected and disease occurrence was observed., However there
was unusual dryness from mid-July to early August, and this
drought affected the growth of rice plants. Thus the vol=-
ume of bacteria was somewhat decreased, and occurrence al-
most ceased. This is the bacterial multiplication process
on rice leaves at the time of drought, and i{ may be regard-
ed as the life cycle of bacteria when additional infection
from other sources, after inoculation, are lacking. At any
rate, wind dissemination was not a good source because of
the dryness,

Bacterial dissemination at the plots is shown in
Table 89. Already 10 days after inoculation, bacteria were
detected from the 0.5 m area to the 16 m area, but no detec=
tion was made in the 32 m and 64 m areas. A trend toward a
decrease in the volume of disseminated bacteria in propor-
tion to distancs was observed. However, at the time of in-
vestigation on 10 August, the decrease of bacteria was
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observable at each point,

This trend seems to correspond

to the fluctuation in tha volume of bacteria at the inocu~

lated source of infection.

On 16 August, typhoon No 9

struck. At the time of investigation on 24 August a great
increase in the volume of bacteria at each point was ob-
served, thus proving wind dissemination of bacteria. The
dissemination of bacteria at this time, in the order of
intensity was 0,5m >4m > 1m > 2m > 64m > 16m > 8m > 32m,

~
\

\

D O ORRFRAES
® O onERERRRAR

@ O itRM o@umﬁ si/

1134

Fig. 18 Distance of Wind Dissemination of
the Pathogen of Rice Bacterial
Leaf Blight

Lfegeng]: 1) Soy bean field; 2) Figures in=-

side are numerical numbers of points; 3)
Figures outside are the volume of bacteria
disseminated; 4) @® occurrence; 5) © non=-

occurrence.
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Fig, 19 Volumeo of Disseminated Bacteria by
Distance with a Wind Velocity of
28m/sec. (volume of bacteria per
leaf)

/Legend/: 1) Mean volume of Disseminated
bacteria; 2) Distance.

It is noteworthy that the order of intensity was in
the order of distances. Particularly at the points of 8 m,
16 m, and 32 m, rather than at the point of 64 m, the vole
ume of bacteria was less. The detection of the volume of
bacteria that are not in direct proportion seems to be re-
lated to the most frequent winds and wind velocity up to
that time, That is, as shown in Table 90, there was almost
no wind that blew from the direction of the source of inoce
ulation toward these points (N~NE=E). In other words, dis-
semination was influenced by the wind blowing mostly toward
the 64 m point, the S-SW wind, and the wind direction of
typhoon No 9 (SE~S=SW), as shown in the test results on the
direction of wind dissemination by the typhoon. Thus, un-
der the condition of such winds, the distance of wind dis-
semination seems to be as far as 64 m.

Investigation on 4 September and thereafter showed a
decrease in the general volume of bacteria at each point.
Bocause a similar trend was observed at the source of inoce
ulation, it seems that the decrease was due to the adverse
environment for bacterial multiplication,

In this test, the relationship between the distance
from the source of inoculation, the volume of disseminated
bacteria, and the strength of the wind were examined, Huw=
ever, accurate observation was impossible because the plots
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for wind cdissemination were not in the same cdirection, The
mean totuis of the volume of disseminated bacteria (includ=-
ing auto=-generating bacteria) of each investigation are
shown in Figure 1%, From this it seems that the shorter
the distance, the larger the volume of bacterial dissemina=
tion. However, in this test, the volumes of bacteria at
the 8 m and 32 m areas were not in diroct proportion to
distance, but this seems to have been caused by the direce~
tion of wind dissemination.

Althouzh there were differences in the volume of
disseminated bacteria, each point seems to have had bacte-
rial infection by wind. However, at the time of investiga-
tion on 5 Sepiember (ear filling period), identification of
affected leaves was difficult because of leaf damage and
brown leaves because of several typhoons. Disease occur=
rence was positivel: observed only in the 0.5 m and 1 m
areas, and the results were + in the Z m and 4 m areas,
Therefore, according to these tests, the margin of distance
which led to occurrence by wind dissemination and bacterial
multiplication was within 4 m.

3. Summary

The results of tests with dry field rice for the
distance ol wind dissemination reveals that the pathogen of
rice bacterial leaf blight was dispersed up to 64 m by wind
dissemination with a wind velocity 28 m/sec; that more bace
teria were dispersed to closer distances; and that the di-
rection of dissemination and the direction of wind at tha
time were in a parallel relationship. The effective dis=
tance range in which disease occurred due to multiplication
of disseminated bacteria on rice plants was & m. This does
not imply, however, that the imporiance of wind dissemina~
tion should be ignored. 1In actuality, it results in re-
peated multiplication and bacterial dissemination. Thus
the dissemination seems to cover a wide area.

Section 2, Test on the Distance of Bacterial
Dissemination by Typhoons and Directions

1, Test Method
1) Test for Dissemination NMistance
By using Nos 12 and 15 typhoons on 9 and 26 Septem=

ber 1959, as in the previgus test, as shown in Figure 20,
investigation points were set up at certain intervals in
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the three directions of Northwest (A row), North (C row)
and Northeast (B row) in a large dry field area that had no
immersion hazard and without intermediate host plants of
this pathogen, Poles were set up at these points and ster=-
1lized cheese=cloth slides were inserted on their tips to
catch the bacteria dispersed from 24 pots of diseased,
through inoculation rice plants which served as the centers
of wind dissemination. The first method of Figure 9 was
used., The distances from the source of inoculation were
3.75m, 7.5 m, 15 m, 30 m, and 60 m, respectively. And the
time tho glass slides inserted in the poles were exposed to
the bacterial dispersion by typhoons was as fellows:

Experiment at the time of Typhoon No 12: Nine hours
{rom 11:10 p,m,, 9 September to 8:00 a,m,, 10 September,

Experiment at the time of Typhoon No 15: 12 hours
from 8:00 p.m., 26 September to 8:00 a,m., 27 September,

1 b))
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Fig. 20 Sketch of Test for Dispersion Dis-
tance and Direction of the Pathogen
of Rice Bacterial Leaf Blight by

Typhoons
24 inoculated infected rice pots
were used,
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[Legend/: 1) Dry field; 2) Road; 3) Soy
bean field; &) Typhoon No 12; 5) Day.

Fig. 21 Cheese=cloth Slide Catcher

/Legend/: A) Cheese-cloth slide; B) Slot;
C) Clip; D) Pole,

2) Test for the Direction of Wind Dissemination

At the time of typhoon N¢ 12, for the test on the
direction of wind dissemination, eight investigation points
as shown in Figure 20 were established and poles were set
up at these points, At the time the wind began to blow
from the inoculation source pots toward the center of the
fan=-shape dispersion, the sterile cheese=cloth slides were
inserted in poles and exposed to the wind. After they
caught the bacteria, they were immediately removed from the
poles, before the typhoon changed direction, and placed in
large test tubes., The quantitative test for bacteria was
than made in accordance with the first method of Figure 9.
The time exposed to wind was about four hours, from 3:15
a.m., 10 September to 7:30 a.m.

The Cheese~cloth slides used for the test were wet
sterilized just before test as they were inserted in the
clips. As shown in Figure 21, the clips were inserted in
the slots at the tip of poles. After they were exposed to
the wind and bacteria, they were removed from clips, and
were plunged into separately prepared large test tules and
shaken, The bacteria, thus suspended in sterile water, was
quantitatively tested., While this cheese-cloth mechod can-
not be used to detect occurrence due to wind dissemination,
as in the case of rice plants, they have the advzntage of
catching an actual number of dispersed bacteria.
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2, Test Results and Observations

The results of the quantitative test by the method
described above on the volume of dispersed bacteria by dis-
tance and direction are shown in Tables 91 and 92, and Fig=
ures 22 and 23.

As shown in Table 91, the dispersion of bacteria by
typhoons was certain up to 30 m with a wind velocity of
5.3 m =22 m/sec. and no bacteria were dotected at 60 m.
The shorter the distance, the larger the volume of dispers-
ed bacteria. As shown in the test results, at the time of
typhoon No 12, high velocity winds caused more dispersion
volume. As shown in Table 92 and Figure 22, when the di-
rection of wind inclined 459, the volume of dispersed bac-
teria was reduced about two=-thirds.

Table 91

Test Results on Distance of Wind
Dissemination by Typhoons

Volume of Dispersed Bacteria

Point No. Distance Typhoon 12 Typhoon 15
0 3.75 m - 1,166
1 7.5 10,317 518
Row A 2 15.0 8,727 251
3 30.0 5,691 191
L 60.0 0 0
0 3.75 7,650 -
Row C 1 7.5 13,920 -
2 15.0 15,320 -
3 30.0 7,536 -
0 3.75 - 795
1 7.5 10,287 -
Row B 2 15.0 8,079 -
3 30.9 729 -
) 650.0 0 -

Note: Figures in table show the volume of bacteria per
slide. (Surface area of one slide is 20 om?)
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Table 92

Test Results on Direction of Wind
Dissemination by Typhoons L

Point No. Distance Direction Volume of Dispersed
Bacteria
1 7.5 m NE 5,673
2 ) N 12,759
3 " NW 9,003
L 15.0 NwW 8.283
5 15.0 NNW 3,421 .
6 " N 13,269 |
7 " XXNE 5,469 !
8 " NE 7,287

Note: Figures in table show the voluma of bacteria per
slide. (Surface area of one slide is 20 cm?)

G@r21ran
N1 SJT

Fig. 22 Test Results on Direction of Wind
Dissemination by Typhoons

[Ibgong7: 1) Inoculum (24 pots of infected
rice); 2) Direction of typhoon.
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Fig. 23 Test Results on Distance of Wind
Dissemination by Typhoons

[ikgeng7: 1) Volume of dispersed bacteria;
2) Typhoon No; 3) Row; &) Distance of

dispersion.
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Section 3. Test on Effect of Water Drops in
Wind Dissemination

In actual wind dissemination, wind as well as the
dispersion of raindrops take part. In this test, the vol-
ume of bacterial dispersion when only wind was directed at
the inoculation infected stems (source of wind dissemina-
tion) by tho aforementioned slide method with a mist machine,
and the dispersion of bacteria by spraying water were quan-
titatively tested and compared according to the first method
of Figure 9.

1., Test Method

Rice planted in 1/2,000 pots (variety, Jugoku)
are spray inoculated several times beforehand, led to oc~-
currence, and used as the source of infection. There were
two pots of inoculation infected stems, and two stems of
each were cultivated per pot,

This infection method was in accordance vith the
cheese-cloth slide method as described in the preceding
tcection, and the distance to the diseased pot was set at 2
m, The Kyoritsu Mist Machine was used. The wind velocity
when the wind was blown was 37 m/sec at the nozzle ard in-
feoted stems, and the wind velocity near the slide was 2
m/sec. The time of wind exposure was 30 minutes, and the
wind ohannel was marked by vinyl to make the effect of the
wind high.

2. Test Results and Observations
The test results on the effect of water drops at the
time of wind infection are shown in Table 94,
Table 94

Test on the Effect of Water Drops
in Wind Infection

Test Area Volume of Disgérsed Bacteria Dispersed
I II Mean phage
Only wind blown 174 666 k20 0
Water drops and 1,982 1,584 1,780 10,350
wind blown
Note: Figures show the volume of dispersed bacteria per
slide.




As shown in Table 94, bacterial dispersion from in-
fected stems was clearly observable. When the case of only
wind blowing was compared with the case of wind with water
drops, in the former, the volume of dispersed bacteria was
small, It was estimated therefore that in fields, in gen-
eral, the degree of wind iniection varied according te the
presence of rain drops.

Section 4, General Summary

1) With a maximum wind velocity of 28 m/sec, the

baoteria from affected rice plants were dispersed as far as
64 m,

2) The distance of occurrence of the dispersed bac~
teria was less than 4 m.

3) The dispersion of bacteria agreed with the direc-
tion of wind,

L) More voiume of bacteria was dispersed by wind

accompanied by rain. This was confirmed by comparative
tests with dry winds,
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CHAPTER XII. RELATIONSHIP BETWEEN THE LIFE CYCLE
OF THE PATHOGEN PHAGE OF RICE 3ACTERIAL
LBAF BLIGHT IN IRRIGATION WATER
AND DISEAGE OCCURRENCE

As was described in Chapter IX, in the process of

the cuantitative analysis of the multiplication of the pa=-
thogen of rice bacterial leaf blight during the rice growth
period conducted by the author in conjunction with iagami 8,
the phages in the test sample concurrently with the quan-
titative test for bacteria, were measured. The results re-
vealed that in rice paddies where this disease frequently
occurs much phage was detected in the water of rice paddies,
and the inorease of phages before occurrenc~ in rice plants
was observed.

Tagami, et a168‘7° and the author noted the deteo-
tion of phages in the early period, ir the water of rice
paddies, and examined the quantitative analysis of phages
existing mainly in irrigation water and their relationship
%o the occurrence of this disease, Tagami, et all20-122,
124,125 already made quantitative tests of the water of
nursery bec¢s and paddy fields, and observed that there was a
close relaiionship between the volume and the degree of oc-
currence in paddy field.

From the same viewpuint the author made investigae
tions in 1958 and thereafter at the Hokuriku District Agrie-
cultural Experimental Station on quantitative phage changes
in irrigation water when the sample phages were collected
from irrigation water and rivers in infected areas and the
process of occurrence in the vicinity. Concurrently, he
examined, over a large area whether preliminary diagnosis
of the occurrence of this disease was possible,

Section 1. Quantitative of FPhage Method 121

The water in nursery beds or paddy fields and the
irrigation water from ditches, channels, reservoirs, and
rivers was scooped into sterile glass ocontainers or poly-
ethyiene containers., A certain volume (1-0.01 ml) was
mixed with about 2 ml of the concentrated suspension
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solution of this pathogen (= 109/ml), and 5 ml of the melt-
ed semi-synthetic agar culture medium (which had been sep~
arately melted with hot water and placed in a thermostat
tank at about 60°C) cooled to about 50°C, shaken, and imme-
diately placed in a bowl to be made into plaques. The
measurement of plaques was made after they were preserved
in a thermostat at 28°C for eight to ten hours, and this
was repeatcd two or three times. Then, the volume of phage
per 1 ml of test sample (irrigation water) was somputed.

As for bacteria used for the quantitative method, strains
with different phage affinity were used depending on the
purpose of the tests. Al of them were slope ocultured on
the semi-synthetic agar culture medium at 289C for rour to
five days, and from these, bacterin suspension solution was
produced, As the phage indicator strains, Shijon strain
(iyso~type A), Benikonaya strain (Lyso~type B), H5925
(lyso~-type D), and H5913 (lyso-type E) were used.

Section 2. Relationship Between the Volume of
Phages in the Water of Nurseries and
Padéy Fields and Disease Occurrence

From 1959 to 1960, for two years, the following in=
vestigation took place in the vicinity of Takada Municipal=-
ity, Niiga:¢. Prefecture ir order to examine the relationship
between the volume of phages in the water of nursery beds
and naddy fiel’s, and the degree of occurrence in paddy
fields,

l. 1959 Test
1) Test Methed

a) Invesvigated nursery beds: 21 patches of
nurseries in Takada Municipality where susceptible varieties
Norin No 29, Sanin No 52, Echiei, and Kinnanpu were arbitra~
rily selected.

b) Paddy fields: Investigation was made of the
41 patches of seedlings transplanted from the foregoing
nurseries ts paddy fields.

o) Quantitative test for phage: By following
the method described in the preceding section, the water
from the nurseries was scooped up on 29 April-1 May, 19 to
23 May, and from paddy fields on 19 to 21 June and 13 to 17
July, and the quantitative test for rhages per 1 ml of sam=-
Ple water was made,
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d) Investigation of disease ocourrence in paddy
fields: From 10 to 16 September, the degreo of occurrence,
which was classified into extreme, much, medium, small, and
slight stages in accordance with the standards for the pre=
liminary observation of disease occurrence,® was surveyed
for each patoch., Since it was difficult to find paddy fields
with only one variety of rice, fields with several varieties
as mentioned above as susceptible varieties were selected.

2) Test Results

The volume of phage in the water of nurseries was
investigated in 1959, as shown in Table 95. The volume of
phages in the water of paddy fields where seedlings were
transplanted and the degree of occurrence coirresponding to
these are shown in Table 96.

Table 95

Volume of Phage in the Surface Water of Nurseries
(199, Takada Municipality, Niigata Prefecture)

Nursery Number 29 April-l Ma 20 May-23 May__Total Phage

1 3 26 29
2 0 24 14
3 (] 8 8
4 1 Y 5
5 0 0 ]
6 0 0 0
7 0 0 0
e 2 0 2
9 1 0 1
10 0 0 0
11 0 ] 3
12 ] 15 15
13 1 0 1
41 0 0 0
15 0 4 L
16 0 1 1
17 0 0 0
18 2 2 N
19 2 2 L
20 0 0 0
21 0 0 0

¢ Development Buroau,gilnistry of Agriculture and Forestry
(1958): Prinociples of the Execution of Preliminary Diag-
nosis of Inseot Niseases, page 135,
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Table 97

Comparison of Volumes of Phages at the Tiwe
of Non=ocourrence and Gceurrence

fadcy Field - No O:ccurrence QOocurroiica

Nur:ber 10-27 Juns suly
i 1,119 13,200
2 &4 2,860
3 2,156 13,450
3 k24 i9,950
26 3.8 4,750
2 419 11,999
28 315 5,050
>4 90 2,900
35 225 10,200
39 162 , 900

3) Results and Observations
a) Occurrence in tne Investigated Area in General

In lats June 1959, {intermediate tillering period)
four wesiis aftor transplanting to sacdy fields, several
satches of infected fields manifiestiing acuve wilting symp-
©“oT.s av soveral investigation nolnts were observec. There
'as hoavy rain on i-2 July (114.2 mam), and on 11 July
1269.2 um;. Thus by mid and late July, {(peak tillering
Period), occurronoo was observed througnoué almost the
whole arca. Tnd infected area and degree of this year,
were rocord breaxing ones for the district.

b) Phages “n Nurseries
Aas siaoswn in Table 95, the instances of phages in the
suriaco water in the intermediate periocd uurseriss we
senarasly few and only at seven investigation points t of
21 noinis were i=2/ml of phages Getected. However, in the
last zoriod aurceries phagos were detected inm about one
haLf of the iavestigation points, and the maximum volume
was 13 ml., Thore were more phages in 1959 than in the cor-
rosponding period in 1960,

-

o) Phages in Paddy Fields

The results of phage investigaticn in the surface
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vater of the 41 patchss of paddy fields where the seedlings [‘
unde. investigation had been transplanted are shown in ;
Table 96. There was a ~onsiderable volume of phage in the !
intermediate tillering pariod and the peak tillering period.

In some cases it was more than 10%/ml before the peak till-

ering period.

Table 97 shows the results of the quantitative phage
test on 2 July 1959, the date of first occurrence, in paddy
fields Nes 1, 2, 3, 4, 26, 27, 28, 34, 35, and 39. V¥hen
these results are compared with the phag. volumes on or
about 20 June when occurrence was not observable, the great
increase in the phage volume in 10 to 12 days can be recog-
nized. According to these results, when n x 102/ml of
phages are detected in the surface water of a paddy field,
occurrence takes place within lﬁss than 10 days, and the
phage volume is increased to 10%/ml,

Table 98

Relationship Setween Nursery Phage Volume and
the Phage Volume in the Surface Water
During the Intermediate Tillering
Period (1959)

Total Phages Phage in the Surface Water of Padady
in Nurseries Fields 19-21 June /ml Total
0 10 590 100 500 1,000 1,000

30 1 2 3

15 3 3

10 1 1 2

5 1 L 7 i 2 15

0 L 6 5 2 2 19

Total 5 10 12 L 8 1 2 L2
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Table 99

Relationship Between XNursery Phage Volume and the
Phage Volume in the Surface Water During
the Peak Tillering Period (1959)

Phage in the Surface Water of Paddy
Total Phages Fields, 13-17 July /ml
in Nurseriez 0 100 500 1,000 5,000 10% . 10% Total

30 3 3

15 3 3

10 1l 1 2

5 0 1 3 3 5 2 1 15

0 0 2 5 2 6 3 1 19

Total v} 3 8 6 12 5 8 b2

Table 100°

Phage Volume During the Inter.nedicte and
Peak Tillering Periods (19593)

Phage Volume in the Surface Water in

Phage Volume _Paddy Field<, 13-7 Juiy /ml
19-21 June 0 100 500 1,000 5.000 10% 10 Total

2,000 i 1 1
1,C00 1 1
500 3 5 8

109 1 2 1 y

50 3 3 6 1 13

10 3 3 L 10

0 3 2 5

Total 3 8 7 11 6 7 L2




Table 101

Relationship ELetween Nursery Phage Volume
and Occurrence (1959)

Degree of Total Phage in Nurseries

Cccurrence 0 5 10 15 30 Total
Extreme 1 1 2 L
Much L 6 1 2 1 14
Medium 6 9 1 16
Small 6 6
Slight 2 2
Total 19 15 2 3 3 L2

Table 102
Relationship Between Phage Volume in the
Intermediate Tillering Period and
Cccurrence (1959)
Degree of Phage Volume in the Surface Water Total
Occurrence of Paddy Fields, 19-21 June /ml
0 10 50 100 500 1,000

Extreme 2 2 L
Much 2 7 2 2 1l 14
Medium 2 5 5 2 2 16
Small 1 3 2 6
Slight 2 2
Total 5 10 14 4 6 3 42
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Table 103

Relationship Between Phage Volume in the Peak
Tillering Period and Occurrence (1959)

Degree of Phbage Volume in the Surface Water
Occurrence of Paddy Fields, 13-17 Jul ml Total
100 500 1,000 5,000 10 10%

Extreme L L
Much 1 1 6 2 L 14
Medium 1 5 L L 2 16
Small 1 1 1 3 6
Slight 1 1 2
Total 3 8 6 13 L 8 42

The relationships of the phage volume in each period
of investigation and ths degree of occurrence are shown in
Tables 98-103. As can be seen from these tables, when many
phages are detected in nurseries, many are detected in pad=-
dy fields after transplanting, and the degree of occurrence
is also high.

A similar trend was observed in the relationship be=-
tween the phage volume in the sgrface water of paddy fields
and occurrence by Tagami, et a1b69,70,120, In this experi-
ment, in paddy fields where phages in the surface water in
the intermediate tillering period wers more than 100/ml,
the degree of ocourrence was more than "medium." When
phages were less than 50/m1. the degree of occurrence was
about "small",

2, 1960 Test

1) Tes* Method

Seventeen rurseries in Naoetsu and Takada Municipal=-
ities of Niigata Prefecture wore arbitrarily selected, and
phages and ocourre.lce in 22 patcies of paddy fields with
seedlings from these nurseries were investigated acoerding
to the following method:

a) Quantitative Phage Test: Twice in nurseries,
on 1=-3 May, and 19-21 May; twice in paddy fields, on 15=17
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June and 1=5 July. Each time, 1 ml of surface water was
used for the quantitative phagse test.

b) Investigation of Occurrence in Paddy Fields:
From 24 to 27 September the degree of occurrence was meas-
ured in each 7atch according to the methoed of standards for
preliminary diagnosis as described in the preceding section.

2) Test Results

Tables 104 and 105 show the phages in the surface
water of nurseries in 1960, phages in paddy fields where
the seedlirgs were transplanted, and the degree of ocour-
rence,

3) Results and Observations
a) General Ooccurrence in the Investigated Area

While 1959 was a year of frequent occurrence, in
1960 occurrence was not observable until 23 July, two
months after transplanting to paddy fields (peak tillering
period of voung ear formation period), and the progress of
the disease was slow, so the degree of disease was slight,

b) Phages in Nurseries

As shown in Table 104, instances of phages in the
inteimediate period of nurseries was small, as in 1960,
Although phages were detected at many points in the last
period of nurseries compared with 1959, the maxiaum of
phages detected was only 7/ml.

¢) Phages in Paddy Fields

A considerable phage volume was detected in the sur-
face water of paddy fields as ghown in Table 105. At five
points the phage volume was 107 per 1 ml. However in gen=-
eral the phage volume was less than that of 1959, This ine
dicated that there is a difference in the volume of phages
detected from year to year.




Tabdle 104

Phage Volume in the Surface Water

' - -

of Nurseries (1960)

Nursery Number l1-3 May 19=21 May Total Phage
i 0 0 0
2 0 L L
3 0 0 0
L 0 1l 1
5 (0} 0 0
6 0 0 V]
7 0 0 c
8 0 7 7
9 0 1 1

10 0 2 2
11 1 0 1l
12 0 0 0
13 1l 1l 2
14 1l 0 1
15 0 0 0
16 1 0 1
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Table 106

Relationship Between the Phage Voiume in Nurseries
and the Phage Volume in the Surface Water
During the Intermediate Tillering
Period (1960)

Phages in Phages in the Surface Water of Paddy
Nurseries Fields 13-17 June [ml Total
0 5 10. 50 5C
10 1 1
5 1l 2 1l In
1l 1 1l 3 5
0 1 1 3 7 12
Total 2 2 5 12 1 22
Table 107

Relationship Between the Phage Volume in Nurseries
and the Phage Volume in the Surface Water of
Paddy Fields in the Peak Tillering
Period (1960)

Phages in Phages in the Surface Water of Padcy
Nurseries Fields, 1-5 Jul ml Total
50 100 500 1,000 5,000
10 1 1
5 2 1 1 L
1 1 2 2 5
0 1 1l 7 2 1 12
Total 2 1 11 3 5 22
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Table 108

Pliage Volume in the Surface Water of Paddy
Fields in the Intermediate and Peak
Tillering Periods (1960)

Phages in Phage Volume in the Surface Water in
Nurseries Paddy Fields, 1-3 July [ ml Total
50 100 500 1,000 5,000
50 1 1l
50 2 4 1 3 12
10 2 2 1 5
5 1l 1l
0 1l 1l 2
Total 2 2 2 10 4 22

d) Relationship Between Phages in Nurseries &and
Phages in Paddy Fields

The mutual relationship betwsen phages in theg asurface
water of nurseries and paddy fields detscted in each period
of investigation is shown in Tables 106-108.

The relationships of the volumes of phages in nurser-
ies, on the surface of paddy fields in the intermediate and
peak tillexring periods, and the degree of occurrence are
shown in Tatles 109-111,

Table 109

Relationship Between the Phage Volume !n
Nurseries and Oococurrence (1960)

Degree of : Nur

Qscurrenge 0 By 3 10 Total

Extreme

Much

Medium

Small 7

Slight 2
Total 12

Al W -
EP= N

F
nri::A:c»o
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Table 119

Relavionship Between the Phags Volume in :

the Intermediate Tillering Period ]

and Occurrence (1960) i

Degree of Phage in the Surface Water in Paddy '

Ocourrence Fields, 15-17 June (ml Total
[v] 3 10 59 350
Bxtreme 0
Much 0
Madium 1 1 2
Small 2 1 3 7 13
Slight 3 b 7
Total 2 1 6 12 1 22
f
Table 111

Relationship Between the Phage Volume in
the Peak Tillering Pericd and
Occurrence (1960)

Wﬁ‘

Cegree of Phage in the Surface Water of Paddy
Cccurrence Fields, 1-5 July (ml Total
30 100 500 1,000 5,000
Extreme 0
Much - 0
Medium : 2 2
Small 7 3 3 13
Slignt 2 1 b 7
Total 2 1 11 3 5 22

As is olear from the foregoing tables, the relation-
ship betwesn the phage volumo dotected in nurseries and the
phage volume in paddy fielas was not jsertain, because the
former was only in s small amcunt. The rslationship de-
twaen the phage volume in sach period of finvestigation and
ooourrence in 1960 was not olear-ocut, ¢ither, as in 19359.
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However, Lt is noteworthy that when th: phage volume de-
tected in nursories was not great, the disease occurrence
in paddy fields was not great either.

3. Summary

The results of tests on the relationship between the
phage voluxe in the 3urface water at 10 points in nurseries
and paddy fields in Takada and Nacetsu Municipality, Niigata
Prefecture, and occurrence, in 1959 (heavy occurrence year)
and 1960 (light ocourrence years) arc summarized in the fol=-
lowlig:

1) The phage vclume detected in the intermediate
period nurseries (mid-May) was generally small, It was less
than three per one ml in a year of heavy occurrence. It
tended to increase somewhat in the latter period nurseries
(late May). However, aven in a year of heavy occurrencs,
the highest was 26 psr 1 ml,

2) Phages seemed _to increase after transplanting to
paddy fields, It was 103 in the intermediate tillering pe-
riod in 1959, and over 104 in the peak tillering period.

In such paddy fields, ococurrence was observable, and damage
caused thereafter was also great.

3) VWhen many phages are detected in nurseries evsn
after transpilanting to paddy fields, the phage volume is
much more than in other casess, and the degree of occurrence
is also great,

L)} In the case of paddy fields, where the phage
velume in the surface water in the intermediate tillering
period is over 100 per 1 ml, tne degree of ocourrence is
about "medium," and if it is loss than 50 per 1 ml, the de-
gree is about "swall."

5) When the phage volume detected in nurseries is
small, in the same year, the occurrence after transplantirg
to paddy fields is alsc small,

Seoction 3, Relaticnship Between the Phage
Volums in Irrigation Water and
Occurrencs 165

In the preceding seoction, phages in the aurface wa-

ter of individual nurseries or of paddy fields was quantie-
tatively teated, and the relationship between the phage
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volume and occurrence was investigated. 1In this test, the
points for phage measurements were set up in places other
than in the surface water of paddy fields; in such places
as irrigation channels or reservoirs in constantly infected
locations. The cuantitetive fluctuation of phages at such
places, and the oocurrence process in the vicinity were
teasted. The test was oonducted at Naocetsu Muniocipality,
Niigata Prefecture (the constantly infected areas of Aono-
tomoji, and Koshiyanagi, 800 x 900 m, about 70 ha.,),
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Fig. 24 Reservoir and Irrigation Channel Sys-
tem in the Aono-tomoji and Koshiyanagi
Area of Naoetsu Municipyality (1959)

- [Legend/: 1) Aono Reservoir; 2) Koshiyvanagi
Reservoir; 3) Kuwasone Reservoir; 4) Tribue
tary of Kuwasone River; 5)To Kakizaki=-cho;

6) To Takada Munioipality; a=-z) Points of
water colleotion; @) Leersia oryzoides(Linn.)
Sw.; @ ) Zirania latifolia Turcz; @
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Leoersia japonica Makino; A=-F) Points of col-
lection of surface water from paddy field,

i. 1959 Test
1) Test Method

As shown in Figure 24, an area with a comparatively
clear irrigation channel system was selected., Phages from
several points in irrigation shannels and reservoirs in-
¢luded in this area, were quantitatively tested in each
growth period, from the first period in paddy fields to the
ear formation period, as shown in Table 112, Concurrently,
the occcurrence process in the area was also investigated.

2) Test Results and Observations
Test results are shown in Tables 112-114,

As shown in Figure 24, irrigation water in this area
is supplied by cthe Kuwasone Reservoir, in the southeastern ¢
part, Koshiyanagi Reservoir, and Aono Reservoir, and the
sourse and channels of irrigation water are comparatively
clear., Phage investigation was carried out at a=z points,
as shown in Figure 24, At the same time, the fluctuation
of disease oscurrence in the area in general was observed,
The results are shown in Tables 112 and 113. At each point,
the increase of phages detected with the elapse of ‘ime was
noted. In this test, 45 phages per 1 ml were detected at
point "a" on general drainage in the investigation area im-
meliately after transplanting. However phages in the water
source and in the irrigation channel for the same period
were less tnan this. Thus there seems to be a trend for
phages to increass as they reach the lower course,

In these tects, as phage indicators, Shinjo strair
(lyso~type A) and Benikonaya strain (lyso=iype B) were used.
Until 6 June (intermediate tillering period and third in-

: vestigation) more phages were detected by lyso-type A bac~-
! toria, while up to 24 June (peak tillering period and
fourth investigation) the volume of phages detected by the
two types of bacteria were nearly the same, At some places
more phages were detected by lyso-~type B. However, as
shown in Table 112, it was estimated that as a whole, the
1ife cycle of phages could be grasped by lyso~type L bacte-
ria alone., This kind of thing should be decided by the
phages distributed in the oconcerned area. How:over, in this
area much of ths lyso=-type A bucteria was isolated, and
there was much OP; with affinity to lyso~type A bacteria,
as was determined by the test which will be described in
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Section 5. Therefore, the following observation was made
about the amount of phage detected by lyso~type A bacteria,

As has been stated, the number of phages in the re-
servoirn the source of irrigation water, was less than in
the same period {for instances, points r, y, z in Table
112), More phages were found in the general drainage than
in the water source or in irrigation channels. This seems
to be due tu the multiplication of bacteria overwintering
in Leersia oryzoides (Linn,) Sw. or Zizania latifolia Turcsz
thot naturally grow in irrigation channels and field ridges
in tie area, or to the inoreased phages, because ot bacte=-
rial multiplication in rice of infected paddy {ields, which
are dumped into irrigation water channels. This then re-
sults in a general increase of phages in the lower parts of
irrigation channels. Thus, in an area where the water sys-
tem is comparatively simple and clear, more phages are
found in the lower reaches of water channels than in the
upper reaches which serve as the source of irrigation water.
And the number of phages at each point is dependent on
whether Leersia oryzoides (Linn.) Sw. already infected or
about tec be inveoted exists in the vicinity, on the bacte~
rial multiplication in nearby paddy fields, on whether or
not disease has occurred in rioce plants, and on their dis-
tances and locations, These estimations may be endorsed by
points f, 4, and j (colonies of Leersia oryzoides (lLinn.)
Sw.) which werz surveyed on 29 May and June, as shown in
Table 112,

As far as the relation between fluctuations in num=-
bers of phages and occurrence, it varies with points of in-
vestigation., As shown in Table 114, in the irrigation
channels in paddy fields, it is 40-300/ml in the latter
part of June, and at this time the first occurrence in
Leersia oryzoides (Linn.) Sw, is observable. Then, on 15
July 1,000-2,000/ml of phage is deteoted, and the first
ocourrence in rice is discovered. At the same time, more
than 7,000-10%/ml of phage is detected in the surface water
of paddy fields. The amount detected at the %“ime of ocour=
rence in paddy fields is almost equal to that in the test
described in the preceding section. In other words, the
number of phages at the time of occurrencs is 1,000-2,000/
ml in irrigation channels, whiie it is 10 /ml in the sure-
face water of paddy fields. Although there was no survey
made in the early part of July, the first osourrensce in
Leersia oryzoides (Linn.} Sw. was estimated to be spproxi=
mately 10 June, and that in rice, the early part of July.
Therefore, it was estimated that the number of phages in
the period of first ooccurrence in Leersia oryzoides (Linn.)
Sw, in irrigation channels would be 30-80/ml. Next, after
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the discovery of occurrence in rice plants, the number of
phages detected increased with the increase of infected
paddy fields and with the progress of oocurrence, With the
stagnation or cessation of ocourrence, the number of phages
also decreased. Thus a close relationship between the num-
ber of phages and occurrence was reocognized,

2., 1960 Test
1) Test Method

At the same places and according to the same method
as 1959, the test was conducted. In this test, only the
Shinjo strain (type A) was used as the phage indicator,
Measurement points were identical with those ones of 1959,
as shown in Figure 25. In 1960, the number of phages in
the surface water of paddy fields at 16 points in this
area, with special reference to the number of phages upto
the time of occurrence was investigated.

2) Test Results and Observations

The amounts of phage, ocourrence, at each point of
investigation are shown in Figure 25, and the climatic oon=-
ditions during the period of investigation are shown in
Tables 115 and 116,

As shown in Table 115, there was considerable dif=-
ference in the number of phages detected depending on where
samples were ccllected, Phages gradually increased begin-
ning with the first period in paddy fields, and on 27 July
(before young ear formation period), 1,000~2,000/ml of
phage was detected in irrigation water channels, and ococur~
rence was observed in four out of 16 patches. The number
of phages in the surface water of infected paddy fields was
10“/m1 as in the preceding year. The rolationship between
the number of phages and ocourrence was similar to the pre-
ceding year, However, while the number of phages on ?
July, when the first occurrence was discovered in Leersia
oryzoides (Linn.) Sw., was 50-~100/ml in irrigation water
channels, that of the first oocurrence in the preceding
year was 40-300/ml.

The number of phages varies greatly at points r, s,
t, u, v, w, and y in Figure 25, All of these places are
located in the upper reaches connected to the reservoir,
The number of phages deteoted inoreases as it descends to-
ward the lower reaches. A gimilar trend as in the inves~
tigation of the preceding year was observed,
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Fig. 25 Resarvoir and Irrigation Channel Sys=-
tem in the Aono-jumonji-~-Koshiyanagi
Area, Naoetsu Municipality (1960)

thong: 1) Aono Reservoir; 2) Koshiyanagi
Reservoir; 3) Kuwasone Reservoir; &) Tribu-
tary of Kuwasone River; 5) To Kakizaki; 6)
To Takada Municipality; (9 ) Leersia oryzoides
(Linn.) Sw.; @ ) Zizania latifolia Turoz;

@® ) Leersia japonica Makino; a-z) Points of
water collection 1-16 paddy field numbers for

the investigation of oococurrence.
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Table 115

Phage Fluctuation in the Reservoirs and Irrigation
Channels in the Aono~Jjumonji Area of
Nacetsu Municipality (1960)
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/Legend/: 1) Survey point number; 2) Month;
3) Day; U4) Irrigation channels and reser=~
voirs; 5) Surface water of paddy fields; 6)
Norin No. 29; 7) Sanin No. 52; 8) Nihonkai;
9) Echiei; 10) Koshiji early maturing; 11)
Ginmasari; 12) Short ginboz.: 13) Kinnanpu;
14) Yoneyama; 15) Hokuriku No. 52; 16) Note:
N shows that phages are too numerous to be
counted. -~ shows the number of phages in
the surface water of infected paddy fields.
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WVhat attracted attention in this investigation were,
the phage increase period was very slow as compared with
the corresponding period of the preceding year, the rate of
increase was very slow, and the numberof phages detected
was less than in the corresponding period of the preceding
year. These differences seemed to be yearly fluctuations.
The factor behind these fluctuations seemed to be the perie
od of the beginning of multiplication of the pathogen of
rice bacterial leaf blight and its multiplication process.
Therefore, it was estimated that indirect forecast and es-
timation of bacterial multiplication and occurrence will be
possible by the periodic quantitative test for the number
of phages in the irrigation water channel, as conducted in
the present test,

3. Summary

For two years, from 1959 to 1960, phage in irriga=-
tion chanane.s and reservoirs in the constantly infected
Aono=-Jumonji and Koshiyanagi area of Naocetsu Municipality,
Niigata Prefecture was measured, and the occurrence in the
area was investigated. From these the following was clarie
fied.

1) Phages in irrigation channels increase from the
early period of paddy fields. However, when the increase
reaches 1,000-2,000/ml, occurrence in nearby paddy fields
is observable.

2) Phage in irrigation channels increases as it
proceeds from the water source toward the lower reaches.

3) The number of phages in the surface water of
paddy fields at the time of ocourrence is over 10 /ml.

4) The number of phages in the irrigation channels
at the time of first occurrence in Leersia oryzoides (Linn.)
Sw. varies with years, but it is generally about 100 per
1 ml.

5) The fluctuation in the number of phages after
ooccurrence corresponds to the increase in infeoted paddy
fields, the progress of the disease, or to stagnation.
Thus there seems to be a close relationship between phage
fluctuaticn in irrigation channels and occurrence,

6) After the observation of the first cocurrencs in
rice (especially in the second period of ococurrence in the
latter half of rice growth), the number of phages does not
increase or decorerse with the progress or csssation of oo-
currenoe,
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7) Since there are differences in phage fluctua=
tion detected at the same points of yearly measurements,

it seems possible to estimate the time and degree of oo-
ourrence.

Section 4. Relationship Between the Number of
Phages in Rivers and Ghannelsi and
Occurrence in the Same Area

In Sections 2 and 3, the establishment of points for
the quantitative phage test in nurseries and paddy fields
was described, and in the irrigation channels in particular
areas, the quantitative phage change in irrigation water,
and their relation to the occurrence of rice bacterial leaf
blight in paddy fields nearby. In the present test, phages
in rivers and main water channels flowing through a larger
area of about 2 km in radius witb the Hokuriku District
Agricultural Experimental Station at the center, and its
relationship to the occurrence of rice bacterial leaf blight
in the area was examined. The present test lasted for four
years from 1958 to 1961.

1. 1958 Test
1) Test Method

An aren 2 km in radius with the Hokuriku District
Agricultural Experimental Station as the center was select-
ed as the object of survey. FPhages were measured in the
Arakawa River where water channels and drainage oconverge,
in the Daido water channel which serves as the main irriga=-
tion channel, and in the Koyasu channel which is a branch
of the Chuko channel, beginning in April., The quantitative
phage test followed the method described in Section 1. 1In
1958, Shinjo strain (type A) was used as the indicator
strain., The time of colleoction of sample irrigation water
was from 10:00 a.m. to 3:00 p.m.. Next, the occurrence of dis-
ease in Leersia oryzoides (Linn.) Sw. and in rice in the
area under survey was observed and recorded with a fleld
survey at about 10 day intervals.

2) Test Results and Observations
Test results are shown in Table 117,
For the year 1958, preliminary detection of phage in

the irrigation channels and reservoirs in the fields of the
Hokuriku Distriot Agriocultural Experimental Station was




o Jt*ﬂf‘(@ .

Fig. 26 Water System in the Vicinity of the
Hokuriku District Agricultural Ex-
perimental Station

LLegeng7: 1) Arakawa; 2) Rice paddy fields
in Daido channel; 3) Tonome; &) Area de-
marcated by cotterd line is the area under
investigation; 5) Takada Municipality; 6)
Koyasu; 7) Ibarazawa; 8) Shinmachi; 9)
Fujizuka; 10) Kushichi River; 11) Kamito=-
mikawa; 12) Chuko water channel; 13) Hoku-
riku Distriet Agricultural Experimental Sta-
tion; 14) Water Colleotion points,

attempted on several occasions beginning in the latter part
of March, The first detection was, as shown in the note to
Table 117, on 1 May in the water of the reservoir (where
Leersia japonica was growing) within the station. There=
after a small amount of phage was detected in Arakawa and
other channels, Then the amount increased and on 27 June
the first occurrence was observed in Leersia oryzoides
(Linn.) Sw. growing along the irrigation channels in the
Station. At this time, the amount of phage was 17 per 1 ml
in the Arakawa River, 46 at the Daido channel, and 43 at
the Koyasu water channel. After July, more was detected,
and the lowest temperature at this time in the Takada area
was above 20°C. By this time bacterial nultiplication
seemed 0o beoome active in rice and other intermediate host
plants along field ridges. In mid-July, 200-300 phages
were detected in the Arakawe River, Daido, and Koyasu ohan=-
nels, Then at several points in the investiigated area the
first ooourrence in rice was observed. The number of
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[P

phages rapidly increased after mid-July with the increase
of diseased area in rice, the progress of occurrence, and
immersion caused by Typhoon No 11 on 25 July. Therefore
much phage was detected from mideAugust to early September.
Especially on 1l& August when it was flooded by rain, the
numbﬁr of phages rapidly inoreas~d, and a maximum of 5-15
x 107 per 1 ml was recorded. However, after mid~September,
the number of phages showed a gradual decrease and declired
graatly in November, This was estimated to have been
caused by the cessation of bacterial multiplication in host
plants with the fall in temperature because of the harvest
of rice plants,

As far as the number of phages detected at each in-
vestigation point was concerned, no great difference among
points was noted with the exceptions of a trend toward more
phages in the Daido and Koyasu channels on 20 June,

As shown in the foregoing, the relationship between
phage fluctuation in rivers and channels, and the occurrence
and occurrence process in paddy fields in the area were
related to the climatic conditions of the time, and seemed
to be show a parallel relationship.

2., 1959 Test
1) Test Method

Place and method were generally the same as those in
1958, However in this test, as phage indicators, Shinjo
strain (type A), and Benikonaya strain (type B) were used.
And, at the tima of water collection, water temperature at
each point was ueasured.

2) Test Results and Ubservations

The resuits obtained trom the foregoing method are
shown in Table .18.

On 23 April 1959 (the sarly pericd in nurserias),
pinnge was detected in the Koyasu channel. This was two
weoks varlier than in 1958. Detection was until June, and
in cumparison wivh that of 1958, there were mo:r. phagas
detected at wach point of investiration., Orn 21 June, the
first ococurrence in Leersia oryzoides (Linn.) Sw appeared
in the Koyas:: channal, This was one i/eek earlier than in
1958, 9n < July, the first onczurrei:ce in riocec was cbserved
in the fields of the Agricultural Station, or two wseks
earlier than in 1933. The numbaer of phages at these times
was aover 10=-21 per 1 ml at the time of the coourrence« in
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Loorsia oryzoides (Linn.) Sw., and over 93-95 at the time
of the first occurrence in rice. These figures were very
close to the 1958 figures,

As shown in the occurrence column, infected fields
showed zurikomi sywptoms in late June in the upper reaches
(Tomikawa area; in the area under investigation. The same
symptoms appez:ed at several places in the upper reaches,
It scemed tbhs impact was shown in early phage detection and
in the numver of phages detected during May. Generally
speaking, occurrence in the whole area was earlier than in
1958. After heavy rain on 1 and 2 July (11% mm) and on 11
July (160 mm), paddy fields were flooded and this increas-
ed the area of occurrence, reaching the highest record in
this area. Correspondingly, the number of phages increas~
ed with occurrence progress. Thus in late July, about
2,000 phages per 1 ml were detected, Howerer, because of
the fine weather, lasting from mid=July t~ early August,
the progress of the disease showed considerable stagnation,
and the number of phages detected was less than 10%/ml,

In early August the number detected showed a temporary de=-
¢line; a trend toward the summer cessation period as clar-
ified at the time of the investigation of bacterial fluc-

tuation in rice leaves,

There were several typhoons between mid-August and
mid-September, out all of them were weak and without rain,
Thus, their impact was negligible. After October, the tem=~
perature fell and the disease began to end. Thus while
there were several places with severe infection in the
early period of growth, damage caused by the disease over=-
all was rather small. The number of phages detected in
the first half of rice growth was far less than in 1958,
and occurrence was correspondingly far less severe. It
seems that there is an interrelationship between the number
of phages and the process of occurrence.

In this investigation, Type A and [} strains were
used as phage indicators. As a whole there were more
phazes detected by Type A, and less with an affinity to
Type B bacteria throughout the investigation. 1In the area
under investigation OP; and OP, were distributed. It was
learned from separate tests that the former was predominant
over the latter., It seemed sufficient to consider, the
relationship of occurrence on the basis of the data deteoct-
ed by Type A bacteris alcone,
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3. 1960 Test
1) Test Method

From the test results so far, the places for inves=
tigation were concentrated on the three points of Arakawa,
Daido channel, and Koyasu channel., Type A bacteria {H5820)
was used for detection. Five patches of paddy fields in
the arsa were selected for the study of occurrence progress,
and they were compared with the quantitative phage test,
These five patches are shown in Table 120, (For their loocaw
tions see Figure 20},

2) Test Results and Observations

Test rssults from the above are as shown in Tables
119 and 120.

In 1960, phage was detected rather late, on 21 May,
This was 10-20 days later than in 1958, and about 30 days
later than 1959. This was because while the mean tempera-
ture in April of 1960 was 10.4°C, that of 1958 was 11.2°C,
and it was 12,6°C in 1959. In other words, the mean tom=-
perature in April 1960 was lower than iu any other year,
Especially in the first half of April of this year the
higtest, lowest and mean temperatures were lower by 30C,
This factor, it was estimated, delayed bacterial multipli-
cation and then phage multiplication from the first to the
intermediate nursery period. However, the temperature from
late May, after transplanting, to mid-July was normal, and
an increase in the number of phages detectecd was observed,
On 10 July occurrence in Leersia oryzoides (Linn.) Sw. was
obsexved in the ridges along the Koyasu chLannel. On 25
July, as shown in Table 120, occurrence was observed in the
rice in three patches of paddy fields under investigation,
the paddy fi.lds in the station and its vicinity. The num=
ber of phages in this period was 18-167 per 1 ml on 8 July
when occurrence in Leersia oryzcides (Linn.) Sw. was ob=-
served, and 345-900 on 18 July when the first occurrence in
rice was observed. These amounts were roughly equal to
those of the preceding two years.

After occurrence in rice was observed, the increase
in the area of occurrence, the progress of the disease, or
its temporary stagnation corresponded well to the phage
fluctuations, Thus it rapidly increased from late July wnen
the first occurrence was observed to early August, reaching
a peak. In mid=August and early September the amounts de-
tected showed a temporary decline. followed by an increase
again in mid-September, and a rapid decline in October,
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Table 119

Phage Fluctuation in Rivers and Channels (1960}
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The Process
of Oocurrence

The occurreance of disease was observed in
Leersia oryzoides (Linn.) Sw. water channels

on 10 July.

The occurrence of the disease in rice was dis-
covered on 18 July, much later than usual.

From 22 July to 9 August) unusual high tempera=-
tures and dryness continued, and the disease
showed a tewporary decline.

But after 7 September, because of the continu~-
ous rain, the disease showed considerable pro=-
gress in the late maturing varieties,
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[Legeng7z 1) Place; 2) Arakawa; 3) Daido
Channel; U4) Koyasu Channel; 5) Itea; 6)
Date; 7) Number of phages per 1 ml; 8) Wa-
ter temperaturs; 9) Water level; 10)
Cloudiness; 21) Normal; 12) Increase: 13)
Cloudy; 14) Clear; 15) Semi-cloudy; 16)
Deocrease; 17) Stagnant water,

Tablp 120

Occurrence P.-ocess at the Investigation Pouints

fer Occurrence (1960, Takada Municipality)

August,

During
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16 | 10 29 .5{ 1| 1 o008 o o 0| 18133 &.89 200 ¢9 3.8 ~
Note: Tigures in the table are values per 100 stems,

Lfegeng7: 1) Place of investigation; 2) Item; ]
3) Date; U4) Number of diseased stems; 5)

Number of diseased stalks; 6) Rate of dis~-

eased stalks; 7) Average nunber of stalks per

stem; A) Inada Tate=-cho; B) Tonome; C) &

places; D) Ibarazawa; E) Kamojima.

Bspecially in the summer cessation period in rice in mid-

the number of phages declined. After continuous

rain from 7 September on, occurrence showed considerable
progress in the late-maturing varleties after mid-Septembor,

this period a considerable number of phages was

again detected. Thus phage fluctuations agreed with the
progress of occurrence,

L, 1961 Test

1} Test Method
Same as 1960,




2)

Test Results and Observations

Test results are shown in Table 121,

Relation Between the Fluctuations in the Amount

Table 121

of Phage in Rivers and Water Channels
and Ococurrence (1961)
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29 20|20 » | » 90| 21,0 ¥ | %i§| 3,240 [25.0) » | #
10. 12 486 1160 # | i 850 18,0 ~» | » | 1,300(19.6| ¥ | %R
2 NMws! w {xg| vo(ss| i | 3 #0155 » | 8
g 6RMUB ¥YAHSYRERR |
TRSB MRBBHYYXH ZyRK Royedns, (WEMEN)
4 7RB138 £09R4
o 8A2~380XT (110mm) T8 Ahtuhz b VAL,
a LmL.aRTm~9ﬁLmnrnxv59rr».%ﬁumﬂmv.m»mmmna
RThoNk, 2ENTREDDLRVET SO,
Note: H5820 (type A) was used as the indicator strain for

the phage detection.
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/[Legend/: 1) Place; 2) Arakawa; 3) Daido
Channel; &) Koyasu Channel; 5) Item; 6)
Date; 7) Number of phages per 1 ml; 8) Wa=
ter temperature; 9) Water level; 10)
Cloudiness; 11) Increase; 12) Cloudy; 13)
Normal; 14) Semi-oloudy; 15) Decrease;

15) Clear; 17) The process of oocurrence;
a) The sccurrence of the disease in lLeersia
oryzoides (Linn.)} Sw., on 14 June; b} On 5
July the occurrence in Leersia oryzoides
(Linn.,) Sw., within the station and the first
occurrence in rice were observed; ¢! On 13
July the first general occurrence; d) Be-
cause of the heavy rain on 2-3 August (110
mm), considerable occurrence in mid-August;
e) But because the weather was fine in late=
August to September, occurrence of the dis=
ease was locally limited, and the progress
of the disease was slow. It was a year of
generally small occurrence.

In 1961, phages were detected from 11 May in a branch
of the small Koyasu channel; from 25 May in the Daido chane
nel; and only in June in Arakawa. Comparison with 1958 and
1960, which showed medium and small occurrence, shows that
this was later than in those years or at the same time.

It is noteworthy fer 1961, that first detection was
not at the same time in the three places. Detection was
earlv in the Koyasu channel which had abundant Leersia ory=
zoides (Linn,) Sw., and nurseries, but it was late in the
Daido channel and Arakawa which were wide anc had large
amounts of flow., In this investigation the {reguency of
measurement per month was more than in the three preceding
years, Thus a more clear picture was obtained. In Arakawa,
2=3 ml of phage was detected on 1 June, but detection was
unstable until mid=June, and the time of detection was later
than usual, The cause of this, was probably because the
time of thawing was delayed because of the largest snowfall
in several years, with maximum accumulated snow of 168.5 om,
98 days of snow and a low mean temperaturs in Maroch (lower
by 2,8°C). Therefore bacterial multiplication was suppress~
ed in Leersia oryzolides (Linn.) Sw., and the general time of
phage discharge into irrigation water was delayed. However,
after mid=June, scores of phage per 1 ml were detected at
all places.

Espocially in the vicinity of the Koyasu channel, on
22 June, (44/ml}), ocourrence in Leersia oryzoides (Linn,)Sw.
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was observed. And, on 6 July when the amount reached 800/ml,
the first occurrence in rice was observed in nearby paddy
fields. The relationship between the number of phages de=-
tected and the time of first occurrence agreed with past
results,

Thereafter on 13 July, 10%/ml of phage was detected
in the Koyasu channel, and infected fields were observed at
severai places, The sudden increase in the number of phages
detected at this time was probably because samples were col-
lected at a point where drainage from infected fields di~-
rectly flowed into. This was valid in the ¢ase of the num~
ber of phages detecved in the Daido channel and in Arakawa.
In both places, 4,000 phages were detected, and this seemed
to indicate a trend reflecting occurrence in rice at this
period. This trend continued until mid-July and mid-August,
Thus with the increase of infected fields nearby, the number
of detected phages also increased. The number began to de-
cline gradually in late-August, and this corresponded to the
stagnation and end of occurrence in the latter half period
of rice growth in this year.

5. Summary

The results of four years of investigation, from
1958 to 1961, are summarized in Tables 122, and 123, That
is;

1) Phage fluctuations in rivers and channels corre-
spond tc the increase of infected fields, the degree of oc=
currence, the progress and cessation of occurrence, thus,
indicating a close mutual relationship.

2) During the summer cessation period, there was a
temporary decline in the number of phages detected in riv=-
ers and reservoirs,

3) There was no increase or decrease in the number
of phages after the discovery of infected paddy fields, pre-
ceding the progress and stagnation of disease.

4) However, the first detection of phage tended to
be late in 1958, 1960, and 1961 when the occurrence was
late, and quite early and definite in 1959, a year of early
and much occurrence., The time of the first detection of
phage seemed to be related to the February=-April temperature
of the year.

5) In the relationship between the number of phages
and occurrence, when the number of phages was over 100 per
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1l ml in water channels, first occurrence was observed in
nearby paddy fields, When it was over 1,000, the first
stage of general occurrence set in.

6) From the above results, it seems that the time of
ocourrence in an area or the degree of occurrence can be
forecast by measuring the number of phages in water channels
or in rivers where irrigation from the infected area flows
in and out,

Table 122

Phage Fluctuation in Rivers and Water Channels
(1958=1961), per 1 ml of Irrigation Water

OREWF | @ & o | @REmK CGERA) @ ARKS (FEK)
D% A 8 | 19581959 | 1960 | 1961 | 1958 | 1959 | 1960 | 1961 | 1958 | 1959 | 1960 | 1961
) 0 0 0 0 0 1 0 0
®4n {mr@ o o 0 o 9 o 2 9 0
'E»q 0 o0 0 1‘ ¢ o 4 0 0
j}.tﬂ d o o o s{ o0 o o 20 o o
TRLY ! o 3 1 o 2 1 0 &4 4 3
[F» 3 9o o o w3 7 2 & 2 9 9
) 1 i 2 S 1w ol 10
sA{ne | W 10w o 4 2l w2 w1 4
R 9% 3| 8 93 8y 69 316 M

!

- l | !

J 260 860 17012,320

e 19 0 18 1200 38 420 169 3300 45 148 90, B2
TR {sia | 275 415 345 4,680 395 495 900, 4,630 260 ,
2,890 2,300 2,840| 2,100, 2,140, 6,750, 4,880 3,560 1,816 1,500, 4,800

T 343

2, 660 7,200

14 | 1,600 5,150 5,840] 1,740 4,600 7,520 4,520
8A {w» 76,000 260 300 7,000192,0000 1,170 mollo.seozo.om’ a0 750 7,800
Fo | 6100 1,390 1,200 43012,200| 2,400 1,100 88016, 000 2,040 3.000! 890
, 4 | 1,500 1,150, 170 3,300 1,570 550 g 2710 620
PR v |40 %0470 703000 220 T 3,500 1,510 210, 1,180
Fo| 6w 508 20 1,200/ 3,345 %0 400 2, 20-0[ | 3,240
s 18 s 484 70 a5 80 | 146 40 1,300
0A {dr | 3,200 22 14,500 134 16 130 350 6
T | 7 no | 2 |

Note: Lyso-type A was used for phage detection., (1958«

| 1959 Shinjo strain, and 1960-1951 H5820 strain)
Figures with dotted lines underneath show the number
of phages at the time of the first occurrence, ...
shows the number of phages at the time of the first
occurrence in 1iylce,
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[Legend/: 1) Place of investigation; 2)
Arakawa; 3) Main water channel (Daido Chan-
nel); 4) Small water channel (Koyasu chan-
nel); 5) Date; 6) Month; 7) First ten
days of month; 8) Middle ten days of month;
9) Last ten days of month,

Table 123

Summary of the Tests on the Relationship Between

the Phage Fluctuation in Rivers and Channels
and Occurrence (1958=1951)

; _ — 1_ L
©_ Q r= ®2~4ﬂ‘f' j\'iﬂ/‘;'r?;ﬂ#nﬁdglw %7,%‘Dﬁiﬂ°cm@i‘:§, Q’I:
TR (DRI OVHLR MRINLT) 779 7~ Far—m CEAR-Y
R & *C 7~Juk f ‘DBM?H i 2 Hi:-#’- do M B
A i 9“-';@;8.39 éazn | Then | @ 0 &
max 10.8 L | 28.8 | 24.6 | B2k
FAL R & min 5.3 ¥ 17~45/ml ,260~395/m1} "L s m‘k /y:_ *
195945 91y 8.6Q | spom | 752 @
(©) 44238 | max 12.1 % 4 fizn h|29.5!2.5 _& ?
e e min 3.0 ™ | 10~21/ml| 73~95'mi | -
10404 9 8% as%% 7R108 | 7AlA | @
® 53218 | max 1.2 B |
‘ : ! »b | 30.5 2.7
Wb PRI min zomim~umem~mwmib° %7\ R | P
@}zmm: M | 9 810 | 6AMA | 7As8 | ] )
~ max 9, .3 .
wrs | WIS min' 07 B | gmaymi l120~1324,/m|! RL 23 | 73| RE) O

[iégeng7: 1) Year; 2) Date of the first phage
dstection; 3) Average temperature of Feb.-Apr;
L) Date of the first occurrence im Lssrsia ory=
zoides (Linn.) Sw. and number of phages; 5)
First occurrence in rice and number of phages;
6) Decline of phages in summer; 7) Temperature
in August; 8) First half; G) lLatter half;

10) Much injured varieties; 1l1) Degree of in-
jury; 12) Usual occurrence; 13) Early and
much cscurrence; 14) later and small occur=
rence; 15) Usual and small occurrence; 16)
Usual; 17) Higher temperature; 18) Low temper-
ature; 19) lLate maturing; 20) Early maturing;
21) Small to medium; 22) Much; 23) Small;

24) Rivers; 25) Channels; 26) 9:00 hour; 27)
positivs; 28) negative.
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Section 5. Several Problems in the Measurement
of Phages in Irrigation Water

There are several problems in ccllecting indicator
strains and samples for the quantitative phage test in ir-
rigation water. The most important among them is phage
fluctuation due to the time of collection of irrigation wa=-
ter, the amount of flow, and the presence of precipitation,
In other words, the dependability of weasured values as rep=-
resentative values is low. In the following, along with
the problems of selecting indicator strains :or the deteg~
tion of phage, a few problems concerning the sampling of
irrigation water are reviewed.

1, Selection of Indicator Strain for Detection

As has already been described, phages of the pa=
thogen of rice bacterial leaf blight OP;, CPyh, OP1n2, OP1¢,

OP,, and 0Py, have been isolatad. Concequentiy, it is nec=-
essary to know the distribution of phages in the area under
investigation before the quantitative phage test, because
it differs accerding to areas. As has beer. dealt with in
Section 1, Chapter VI, OPy OP1,, and OP, are widely dis-

tributed in the Hokuriku District. Therefore, the quanti-
tative test can bte well effected bty selecting Typa A and B
bacteria, which have phage affinity. But as has been clar-
ified by the tests mentioned in Section 3 and 4, as a prac-
tical matter, only with Type A bacteria can the fluctuation
of puagze can be traced in many areas.

However, in a case like Okawa Municipality, Fuku=
cka Prefecture where only OPjy, is distrituted, it is neces=-
sary to investigate the kinds and distribution of phage in
the area and then to select suitable strains (Lyso-types).

Table 124 indicates the results of the investigation
on the phages detected at the Hokuriku District Agricultural
Experimental Station at Takada Municipality, Niigata Prefec-
ture; Aono=-Jumonji, Naoetsu Muniocipality; Nanuka-cho, Naga-
oka Munioclpality, and one more place, Makicho, Nishi-kama=-
bara=-gun, and Niitsu Muniocipality.

Lyso-types A, B, C, D and E were used for the experie
ment in Table 124, From the host range of phage as has bsen
desoribed, lyso-type A has affinity with OP; + OPyp2 ¢ OP2;
lyaco~type B with OPy, ¢ OPinh2 + OP2; lysc=-type D with
OP1pn2 + OP2; and lyso-type E with OP, (lyso-type C is ph: o=
resistant). Therefore, the amount o% OPy and OP;,, can be

computed by deducting the amount of OP;,» and OP, measured
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by Lyso-types D and E from the amount of phage detected by
lyso=-types A and B. However, whether or not the amount of
Phage by groups can be computed by the foregoing mechanical
computing method must be given further examination, because
there seems to be mutual interference between 0P, OP1py»

and OPyn2 and the bacteria with affinity to the former.

Yot, if we assume the aforementioned relationship exists

and study the results shown in Table 124, the majority of
phages in Niigata Prefecture are OP; and OP,, and sometimes,
depending on areas, 0Py, and OP1h2 are detected. tHowever,
the geographical distribution of these phages is not clear,
There will be a need for further examining indicator strains
if new groups of phage should be detected in the future.
However, the past tests show that the phage fluctuations in
irrigation water can be systematically investigated by using
lyso=-types A, B, and E for the quantitative phage test,

2. Phage Fluctuation in One Patch of Paddy Field

1) Test Method

As shown in Figure 27, irrigation water was collected
at several places within one patch in the Hokuriku District
Agricultural Experimental Station, and the number of phages
per 1 ml was quantitatively tested. The measurement of
prhage was according to the plaque computing method, and
H5820 (type A) was used as the indicater strain, The varie-
ety of rice grown in paddy fields was Ginmasari, and irriga-
tion water was collected at 10:00 on 11 July.
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Fig. 27 Number of Phages in One Patch (per
ml of Irrigation Water)

[Legend/: 1) Irrigation water channel.




2) Test Results and Observations

As shown in Figure 27, the number of phage per 1 ml
of surface water in one patch was 76-166, with fluctuations
in measured values. In this test, water was collacted
while irrigation was progressing. There were less phages
at the entrance than at the exit,.

3. Phapge Fluctuations in Paddy Fields with Constantly
Flowing Irrigation Water

1) Test Method

As shown in Figure 28, phage fluctuation in three
adjoining patches of paddy fields of about J=5a each were
investigated when irrigation water channels, entries and
drainage exits were altsrnated., Sample water was col=
lected at 10 a.m., and Shinjo strain {lyso-type A) was used
as the indicator for the detection of phages. The test
took place on 11 August 1960,

2) Test Results and Observations

Test results are shown in Figure 28.
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Fig. 28 Phage fluctuation in Paddy Fieids
(Number of phages per 1 mi of
irrigation water)

[Ibgond t 1) Read; 2) Drainage channel; 3)
Hokuriku No 52; L&) Various varieties; 5)
Fukuminori; 6) Small irrigation water chan=-
nel.
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As shown in Figure 28, there is a terdency toward
fewer phages at points closer to the source of irrigation
water in puddy fields. In the present survey, the number
of phages in tho suriace water was 116-209 per 1 ml, withe
out toe much rluctuation; however the number of phages in
irrigation cnannels was 87/ml. From this, it is estimated
that in puaddy fiel<s where water is directly fed in from
irrigation channels, there is phage fluctuation in one
patch, Consequently, it was considered necessary to mix
samples collected at two or three places for phage measure=
ment.

4. The Time o' Phage Fluctuation in Irrigation Wz ter

With the irrigaticn channels, drainage ditches, re-
servoirs, paddy fields. and Daido channel (already referred
to) ir the Hoxuriku District Agricultural Expeirimental Sta=
tion as objectives, chronoiogical _ .ages fluctuation produc=
#d by the different time of collection was studied.

1) Test Method

Shinjo strain (type A) and the plzque computing
method were used. Durirg a 24 hours period from 15:00
hours 17 June 1959 to 15:00, 18 June, irrigation water was
collected avery tihree ‘ours for investigation.

2) Test Re¢sults and Observations
Test sesults are shown in Table 125,

4s sheown in Tuble 125, there were changes in the
number phages detscted according to the time of collec=-
tion of 1rrigation watsr. Fluctuation was great in the
terminal small irrigatien ciaannel branching out frem the
main water channel.

Also there was fluctuation even in the paddy fields,
drainage ditches, and reservoirs where there was no mcvementc
of irrigation water during the investigation. No phages
were detected in the paddy tields which were dried up due
to droughts, Since fluctuation was smallest in the Illaido
channel which was ve.y wide -nd had much fiow (3 m), these
factors must be kept in mind in selecting the method and
places of collection. 1In short, it was determined that the
runber of phages fluctuated greatly depending on the time
of collection, and this acted as a factor for disturbing
measured values,
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5. Chronological Change of Phage in Water Channels and
Irrigation Channels

In the test described in the preceding section, it
was discovered that there were changes in the number of
phages detected according to the time JOf collection of ir-
rigation water, and this affected the reliability of the
datz for pursuing phage fluctuation. Therefore, the chron-
ological change in the number of phages measurel according
to the wiith of rivers, water channels, and the amount of
their low was examined.

1) Test Method

During a 24 hour period, from 0900 3C June 1961 to
0900 1 July 1661, irrigation water was collected every
three hours at the rivers, water channels, and irrigation
channels flowing through the vicinity of the Hokuriku Dis=-
trict Agricultural Experimezntal Station. The number of
phages was measured and co:pared according to the plaque
computing method. H5820 (type A) strain was used as the
indicator strain.

2) Test Results and Observations
Test results are shown in Table 126.

As shown in Table 126, the chronological phage
changes in rivers, water channels, and irrigation channels
were great in places of narrow widths and small amounts of
flow as in small irrigation channels, and drainages; in
other words, in places subject to the daily changes in
amount of flow. However changes were slight in rivers with
wide widths and where the daily change in the amount of
flow was slow., It was also observed that there were rather
great chronological changes in paddy fields.

From the foregoing results, it seems necessary when
collecting test samples from small irrigation water chan~
nels or paddy fields where the chronological changes in the
number of phages are great, to collect several samples to
quantitatively test for phages each time, and thus find
their mean values, or quantitatively test fcr the number of
phages after mixing irrigation water samples collected at
different hours.

- 256 =




A4 it ce he 8 8T 6
4 09 1119 02 9 £e 9
0 €2 cH 6¢€ Z 2T £
Tt d € 4 92 e 0 AIne 1
[ (A S 1 (44 o2 12
8 9 8 0ot 81 i 81
(D § 9¢ S 92 (A4 A b |
r4 192 4 A Y 1 1 A |
8 €T e %4 ge 9 4 6 sunp of
oy
wd ¢¢ wo ofy wd 06 w g w fe YIPTM
JI9ATY owyy o3e(q
PToety Tauueyp Touueyy
Appeg odeureaq uoyjuedjaar touueyn Touuerl)y emeyeay steuuey)
uoljels tTejzudwiJIodxy TrINHLNO nsefoy opteqa I33eM pue SJIOATY

=313y 307JI3STA NNIINNOH oyjz ux

SoUD9 YT ©oJdvuyreaqg pue
‘sTouuey) *sJoAy uy seduey) oIeyg peoydorouoayn

92T @1qel

- 257




e e

6. Viability of Phages in Irrigation Water

If samples must be collected several times in one
day as described in the preceding section, phapge may die
during storage due to the impact of high temperatures and
microbes in irrigation water, depending on the time of cole
loction., In this test, the process of dying and the de=-
crease of phage in irrigation water during storage was in-
vestigated, and the impact of temperature on the storage of
test samples from irrigation water was examined,

Table 127

Viability of Phages in Irrigation Water (per 1 ml)

Elapse of Time After Collection of

Storage Time at Water
Temperature Collection Hour Day
oC 2 L8 72 7 8 9 13 25 36
30 387 186 121 86 22 6 ¢ 7 0.6 0.2
25 208 102 83 L 5 2 0 0 0
5 340 362 51 42 12 13 4 3.3 2.1
Room Temperature 191 110 85 26 6 12 0 0 0
26-36°C

Note: Mean values gained from three repetitions.

1) Test Method

The test was conducted according to the method de-
scribed in 5. The phages in irrigation water were OP; and
0P2 [

2) Test Results and Observations

The viability of phages in irrigation water collect=-
ed in the irrigation channels in the Hokuriku District
Agricultural Experimental Station are shown in Table 127.

As shown in Table 127, when irrigation water is stor=-
ed under at 26-36°C, the number of phages decreases in 24
hours to less than 1/2, in 48 hours to 1/3, and in 72 hours
to 1/4. The incline of decrease is logarithmic. In con-
trast to this, phages stored in a refrigerator at 5°C,
showed almost no decrease in 48 hours, but a rapid decrease
in 72 hours. Thereafter, a similar trend as under other
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temperature conditions was shown.
7. Summary

The results on the examination of the several prob=
lems presented in the quantitative test for phages in sur-
face water, irrigation channels, water channels, and rivers
are summarized as follows:

1) 1Indicator strains used for phage detection must
be examined beforehand as to their affinity with other
groups of phages distributed in the area under investiga=
tion.

2) VWhen lyso-type A, B, and E strains are used, the
quantity of phages by groups can be measured.

3) The number of phages in one patch of paddy
field c¢an fluctuate depending on the locations of collec=
tion. Therefore, it is advisable to collect samples from
several places and mix them for the quantitative test,

L) The number of phages in irrigation water fluctu-
ates according to the time of collaction, and this trend is
strong in cvhe case of collection from places with narrow
widths and small amounts of flow.

5) Therefore, it is desirable to collect several
samples a day in measuring phago in surface water, irriga-
tion channels, and water channels, and mix them for the
quantitative test,

6) Tecst sample irrigation water can be preserved

in a refrigerator at 59C for up to 48 hours without de~
creasing tne number of phages.
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CHAPTER XIII., DISCUSSION ANL CONCLUSION

There has been a gradually increasing trend in recent
years in the occurrence and distribution of rice bacterial
leaf blight in Japan. Especially of late, this has s_read
to Northern Japan and its damage is increasing. Despite
research for the control of this disease by agencies
throughecut Japan, at present there are only a few ways of
alleviating damage and of avoiding damage by using resistant
varieties or by a few ways of cultivatien anrnd planting con=-
trol. No chemical contr¢l has been found yet. Therefore,
it is desirable at the present stage to make a preiiminory
clinical diagnosis to discover the occurrence of this dis=-
ease as early as possible, to preliminarily diagnose the
disease, and to properly treat the disease. In this siudy,
from the aforementioned standpoint, the occurrence of rice
bacterial leaf blight, especially its symptoms, the charace
teristics of its pathogen and phage, the infection process
from overwintering through primary infection to secondary
infection, and fluctuations in occurrence were studied and
surveyed from various viewpoints, in order to find standards
for diagnosis of the occurrence of this disease,

To begin with, the past idea of diagnosis was to in-
spect infected plants with precision, classify symptoms,
determine proper normenclature, isolate and identify patho-
gens, and inspect and diagnose the disease. For this, such
methods as the discrimination of pathogens, diagnosis of
symptoms, analytical diagnosis, physio-chemical diagnosis,
serological methods, culture diagnosis of pathogens, and
environmental occurrence diagnosis were used, Of these
discrimination of pathogens with microscopes, symptom diag-
nosis, and environmental occurrence diagnosis are the usual
methods adopted in searching for the causes of the diseases,
Especially symptom diagnosis, is normally used as the sim-
plest diagnosis method, However, all these are diagnostic
methods designed for diagnosis after the infection of dis-
eases. In contrast to this, in the present research the
possibility of forecast diagnosis has been examined by ex=
amining the inoculation test for symptoms, pathogens, and
phages not only from the viewpoint of mere observa -n and
survey, but also from the aspect of utilizing the ..iugnosis,
by applying the quantitative phage test to test samples in
fields, by researching the overwintering of the pathogen,
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the infection, latency, multiplication in rice, by quanti=
vative phage testing in waters in infected areas, and thus
by estimating indirectly the bacterial multiplication and
occurrence.

In the following, based on the accomplishments of
the present study, the standards for the diagnosis of the
occurrence of rice bacterial l1leaf blight and observations
concerning it will be described with some discussion,

1. Environmental Diagnosis

In any disease, the relationship between occurrence
and environment, especially conditions of location and
climatic conditions is surveyed, and then those conditions
closely related to occurrence are pointed ocut and stressed
as causal factors. The reason that the author has set up
diagnostic standards for environmental occurrence is from
the consideration that listing causal factors in the case
of rice bacterial leaf blight in the constantly occurring
zones is necessary for diagnosis.

As has been clarified from the test and results of
investigation carried out by many researchers and the au-
thor, the following eight items are mentioned, because they
are the necessary items of investigation for diagnosing the
environment of the occurrence field as a whole before going
into individual diagnosis., Of these, the growth and occur=-
rence of Leersia oryzoides (Linn.) Sw. would be an indis-
pensable item of investigation, because many instances
point to it as the powerful source of primary infection in
the constantly infected areas, It is confirmed by Tagami,
et all23 that in warm areas, the overwintering and survival
of cut rice stems facilitates pathogen overwintering, and
immersion, submersion, and flooding of rivers which assist
the spread of the pathogen are closely related to rainfall
and uyplioons. Therefore, investigation of their timing and
degree is necessary for analyzing the causes of occurrence,

That the relationship with water is specially taken
up as an objective of diagnosis pertaining to the whole en-=
vironment seems to be only natural because of the charace
teristic of this disease which is an infectious disease
spread by water, From the above, the following items are
mentioned as standards for diagnosing environment:

1) To determine whether the infected field is low

and wet, a caved=-in field, or on thoe psremeter of rivers
and lakes.
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2) The natural growth distribution and occurrence
of Leersia oryzoides (Linn.) Sw. and other intermediate
host plants.

3) The overwintering and survival of cut rice stems,
4) Water rising and flooding of rivers and lakes.

5) Precipitation (time, and volume, especially in-
vestigation at the time of nurseries, and the early and
intermediate period of paddy fields is important.)

6) Investigation of typhoons (time, size, wind di=-
rection, wind velocity, whether or not they are rain storms)

7) Occurrence of the proeceding year.

8) The fluctuation of temperature from January to
April (for the estimation of the overwintering of bacteria),.

2, Cultivation and Planting Control Diagnosis

It is needless to mentign that the method of cultie
vation and planting influence the susceptibility of rice
and the degree of occurrence. As far as this disease is
concerned, there is only a little research and a few re-
rorts on the relationship between the cultivation and
planting control and occurrence, However, tarocugh the in-
vestigation of the author, it was determined that occur-
rence after transplanting to paddy fields is increased by
the forms of nurseries, and that wuter controi (the pres-
ence of immersion and suumersion) is strongly related to
the degree of occurrence through ths investigavion of fluc=
tuation of oc¢currence in nurseries and paddy fields and
pathogen fluctuation., Consequently, investigations of
these itoms seem to be necessary for diagnosis. The culti=
vation of infectious varleties, excess use of nitrogenous
fertilizers, and early water draining are goenerally known
as the cause of frequent occurrences, Therefore, these
should be naturally added to the standards for diagnosis.

From the foregoing, the followling items are regarded
as contributing to diagnosis in the aspect of the cultiva=-
tion and planting control:

1) Cultivated varieties.

2) Forms of nurseries and the location of nurseries,

3) Water control in nurseries (whether it was
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deep-water control or not.)

L) Amount of fertilization (especially the time and

amount of nitrogenous fertilizers)

5) Water control in paddy fields (presence of im=~
mersion and submersion, summer droughts, and early water
draining.)

3. Diagnosis of Symptoms

1) The author classified the symptoms of rice bac=
terial leaf blight morphologically into the following four
types to serve as the standards for diagnosis.

a) Rapid wilting type, b) Leaf edge type, c¢)
Streak type, d) Spot type.

Of the above, the wilting type is a symp.om observe
able in comparatively young leaves until tilliering, and it
is a symptom that occurs by clogging vessels with bacterial
ooze of the pathogen multiplied in vascular bundles, Wilt=-
ing is a symptom commonly observable in vascular diseases
of other crops, but in rice, wilting seldom takes place be=-
cause the silication of leaf tissues progresses after de-
velopment of leaves or ear formation, This symptom is not
regarded as being too important, but infected fields with
this symptom tend to suffer severe damage.

2) As a mark shown by the pathogzen itself, bacteri=-
al ooze or exudate formed on infected leaves serves as an
important clue for early diagnosis during the latent period
and for distipguishing from other similar diseases,

3) The simplified diagnostic method of diseased
leaves (See Section 3, Chapter IV) is helpful, as the au-
thor has of*ten experienced, for distinguishing similar dis-
eases to rice bacterial leaf blight, and for the early dis=-
covery of the disease in the early period of paddy fields.
This method seems to be applicable for fields since it does
not require special instruments,

4, Identification of the Pathogen and the Diagnosis of its
Pathogenicity

1) Apnlication of the method of utilizing affini-
ties (plaque reaction) peculiar to different groups of 0P;
and 0P, phages for identifying the pathogen,

2) The application of the method of classifying the
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pathogens of rice bactorial leaf blight by the host range of
the OP; anc GP, group phages into the five lyso=types of A,
B, ¢, €, and E,.

The example of such application of phage to crop
diseases has begun with the idontification ol tho wilting
bacteria of corns by Thomas, 130 However thervafier, Thorne
berry, et a1l30 used the peach boring bacteria phage for
the i ent%fic%tion of X, pruni. Katanelson, Suttc.., Bailey,
et al 7,48,11 devised the live bacteria detection method
which uses phages that have peculiar affinities for the
diagnosis of the yellow spot pathogen and the leaf burning
pathogen of kidney bean, and proved that bacteria overwin-
ter and survive in the seveds collected in the preceding
year from infected stems.

The idea of utilizing the close relationship» between
phage and bacteria for diagnosis is very good as long as
the object is a bacterial disease.

3) The pathcgenicity of isolated strains are clas -
sified by needle inoculation detection of rice varieties
for determination into the following three groups.

Group I. (Strong): Strains that show stirong patho-
genicity against susceptible varieties (Jugoku, Takara, and
Kamiyama) and also against resistant varieties (0Ogyoku,
Zensho No. 26, Akajinriki, Kamizeki No. 1),

Group II. (Medium): Strains that have strong patho=
genicity against susceptible varieties, but are weak against
resistant varieties.

Group III (Weak): Strains that have weak pathogen=-
icity even against susceptible varieties,

At first, research revealed that there was no rela-
tionship between lyso=-types and pathogenicity. Thoerofore,
attempts were made to classify, according to the inocula-
tion reaction of bacteria, varieties with different resist-
ance, as was done in the race of rice blight bacteria, and
the aformentioned standards were obtained. There is no ef=
fective control chemical against the pathogenicity of this
pathogen, so the cultivation of resistant variotios consti=-
tutes the pilar of control. Certain resistant varieties
will not do in areas where much of Group I strains is dis-
tributed., It is desirable to raise wet rice varieties thav
show strong a resistance reactioen to Group II strains as
well as to Group I strains,
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5. Diseasc Diagnosis (Diagnosis of the amount of bacteria
contained)

Vakimoto and Yoshiil38 devised a method for quanti-
tatively testing bacterila using the tochniquo of the onc-
stage muitiplication test of XK. orvzoidcs paago, and estabe
lishod a method which has morce precision than tie previous-
ly publishod live bactoria dotection muthod. Vakimoetoll?
proved by this, the overwintering and survival rice bacte~
rial leaf blight in diseased leaves and secds.

This quantitative tost of bacteria has an excellent
point in that it can quantitatively test the amount of bac-
teria contained in plantis. In the present study, this
method has becn applied in searchinz for tho eccurrence
from the overwintering of this patrogen to primary infec-
tion and to sccondary infec*ion. In other words, by the
cuantitative test methoed of bacteria the {luctuaiion of
pathogen multiplication in rice and irrigation water can be
asce~tained., PBased on the investigation of ~he {fluctuation
of tihe occurrence of the disease conducted at the Hokuriku
District Azricultural Experimcatal Station and the teosts
made av the i{yushu District Agricultural Experimental Sta-
tion on the life cycle of the pavhogen on rice leaves, the
following standards for diagnosing the disease concerning
infection, latency, and multiplication have been arrived
at; ' )

1} Althcugn no occurrence is observed in nurseriaes,

there is still a great hazard ¢f infectien in seedlings
even in the Hokuriku District,

2} Tho Shifts in the arnount of bacteria in nuvrseries
is not constant, and tfhe amount varies with the locavions
of nurseries, the donsity of growth of the intermediate liost
rlants of ti.e pathogen around nurseries, and tho presenre
and frsquency of immarsion and submoxrsion due to rainfall,

3) The fluctuation in the amount of bhacteria on
rico lecaves in paddy fields {form a character.stic curve,
in other words, there are two vimass whon the ocurv: f{orms
peaks. The first peak 1is the Jirst poriod of increase dur-
ing tho early period of cccurrence observabli> in the inter-
madiate tilloring stage, and the socond peak siiows the sec=
ond poriod of increase when bactori: muliiply and are sproad
by typnhoons after the young ear formation period, Betwoer
those p:aks, there is a trough called o summoer svagnatio.
perioed whon thoe amount of bacteria cocroases cue to the sun-
mor hi h tompoerature and dryness, and the force of the dis-
eas® also comes to a standstill.
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4} Tha increase in the amount of bacteria in the
first period of increase is strongly influenced by the
amount of tacteria in or by the amount of infected bacteria
in the early period of paddy fields, and in this manner the
degree of occurrence is controlled.

5) VWhile a seedling ccntaining bacteria immoersed
once in the suspension with more than 103/m1 conrncentration
shows occurrence in one month, even if it is soaked in sus-
pensicn with a 108/m1 concentration, the maximum rate of
occurrence in stems is 8.5%. However, those seedlings
which are given several immersion inoculations in the late
ter half of nursery and thus given the latent period for
multiplication in seedlings, show severe occurrence after
transplanting to pvaddy fields. (This shows the importance
of the infection frequency, infection period in nursery, and
latent multiplication in seedlings.)

6) From late July to early August, after the first
period of increase, the amount of bacteria on rice leaves
show a temporary decline, and the disease comes to a stand=-

-§%111l (summer stagnation period). This seems to be due to

the high temperature and dryness of the time.

7) The increase in the amount of bacteria in the
second period of increase is closely related to the damage
caused by the typhoons. In oth=r words, bacteria are dise
persed by typhoons as far as 64 u (in the case of 23 m/sec
winds) and rice plants are damaged. Thus, typhoons have a
direct and indirect impact on the spread and invasion of
bacteria. For this reason, the amount of bacteria on rice
loaves shows a great increase, and similarly as in the
first period of increase, the amount of latent bacteria
rises to 10° per leaf until occurrence, and then occurrence
rapidly spreads,

6. TForecast Diagnosis.

Since phages in irrigation water are regarded to
increase or decrease in relation to multiplication activity
in rice, Leorsia oryzoides (Linn.) Sw., the estimation of
bacterial multiplication in fields may be possible from the
time of detection and quantitative changes of phage. In
the present test, phage fluctuation in irrigation water
agrees with the occurrence procass in rice niants, and
based on the following standards, data for forecast diagno=-
sis of the occurrence of the disease are obtaineda,

1) Diagnosis of the overwintering of bacteria:
Phages in rivers, water channels, and small irrigation
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channels are quantitatively tested cach weck before the nure

sery n»neriod, and the time of the detection, [{iuctvations in
detection, and in the amounts detected can be compared each
yYear. By doing this bacterial overwintering and mu’tiplica-
tion in the nursery period can be estimated.

2) Locality forecast diagnosis: When the measure-
ment of phage in rivers and main water chanrels llowing
through the area of occurrence is carried out periodically,
from the early period of paddy fields, shows more than 100
per 1 ml of irrigaticn water, the firsi occurrence in rice
plants in tihe area concerned is observable.

3) Regional or locality forecast dizznosis: The
veriodical measurement of phage in small water channels and
irrigation channels from the early period of paddy fields
reveals the following relationship between the number of
phages detected and occurrence:

a) Less than 50 per 1 ml of irrigation water...
the first occurrence in Leercia oryzoides (Linn.) Sw.

b) About 100 per 1 il of irrigation water...10
days to two wu.ks before the first occurrence in rice
plants.,

c) 1,000-2,000 per 1 ml of irrigation water...
the period when occurrencc is discovered in the region con-
cerned (village as the unit) or locality (= 100 ha.)

4) Point forecast diagnosis (several patches of
nurseries or paddy fields)

a) Phages in irrigation water in nurseries are
generally small (the number seldom passes 30 per 1 ml in
the Hokuriku District). But when the amount detected is
more than other piaces or in usual years_  occurrence in
paddy fields is frequent and the degree is severe.

b) Phages in the surface wat:r in paddy fields
are the amount of 'so many phages per 1 ml at the time of
transplanting. This gradually increases. As an example,
the following relationship between :he number of phages
detected in the intermediate tillering stage and occurrence
is shown.

Less than 50 per 2 ml of surface water,,.small occurrence

About 100 .+ smedium occurrence
Over 1903 " " " ...much occurrence
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¢} When more than 10“ phages per 1 ml of surface
water of infected fields are detected, it serves to confirm
the first occurrence.

The foregoing was an attempt to estimate the activi-
ty of the pathegen indirectly by the direct quantitative
phage test under natural conditions, Althoush a simplified
method of the aforementioned quantitative bacteria test has
beer. denrised.ll"’2 this still requires a high degree of skill
in operation, instruments, and serum, and so nakes it dif-
ficult to serve as a useful general diagnostic mecthod. 1In
this respect, the diagnostic method of dircecily wcasuring
phages in irrigation water as advocated by Tagamilzl is
very simple in operation, even though it is an indirect
method, and it allows for the detection of many samples in
a short period of time. Thus, it is a highly applicable
dia%nostic method for practical use. This method, as Ful-
ton2® and Kelment3%:55,56 recognized, is difficult to apply.
However the phage of the pathogen of rice bacterial leaf
blight has no parasiticity on the yellow plant pathophytes
and it shows affinity peculiar to its group with the patho=-
gen of rice bacterial leaf bliight. Therefore, it seems
that X. oryzoides phages in rivers and water channels in
paddy field areas have close relationships with the multi-
pPlication and death of the pathogen of rice bacterial leaf
blight,

The resulls gained by the investigation conducted by
the author seem to serve as suitable analytic data for the
occurrence process of each year, anc¢ also as the basis of
grasping the fluctuations of the pathoger until occurrence
and thereafter. That is, the life cycle of the pathogen
can be regarded as overwintering in intermediate host
plants =- multiplication in the fsllowing spring —~- suspen-
sion in irrigation water == rice infection -« latent multi-
plication == occurrence =- szcondary infection ~-~ progress
of disease ~=- damage =- end =- overwintering. If so, the
fluctuation of phages jiu irrigation water is closely relat-
ed to bacterial fluctuation, and furthermore to the fluc~-
tuation of the occurrence of this disease.

Consequently, the overwintering of the pathogen Le-
fore occurrence, and the fluctration of phages in grasses
or rice Zuring the latent multiplication period can serve
as the basis for observacion related to the forecast of oc-
currsnce of the disease thereafter. However, as was de=-
scribed in Sections 3 and 4, Chapter XII, phage fluctuatisn
in waters during the second pwriod of occurrence, show that
the number of phages detected are not observable., Thare=
fore, it seems to be daifficult to use phage fluctuations
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in water for the forecasting occurrerce in the latter half
of paddy fields.

Yet, according to the results of the investigation
made by the author, if one selects the locations of the
sample irrigation water, and gquantitatively tests for phages
three to six times a month throughout the year, and records
their measured values for yearly comparison, after having
examined the cize of rivers and water channels, their
routes, and locations in the infected areas, an estimation
of the multiplication activity of the pathogen in the nur-
sery and early period of paddy fields would Le possible.
Furthermore, the forecast of occurrence in the nearby areas
would be possible. If this method is supplemented by in-
stances of observation on points by applying it to the sur-
face water of fields under observation with constant culti-
vation conditions, this will result in providing important
diagnostic data for forecasting the occurrence of rice bac-
terial leaf blight in the year.
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CHAPTER XIV., SYNOPSIS

This study has intended to clarify the ecolcogy of
rice bacterial leaf blight and to investigate and observe
the symptoms of the disease, the morphology, pvathozenicity
of the pathogen, and the pathogen phage ia order to contrib-
ute to establishing early forecasting and control methods
for this disease. At the same time, the 1life cycle of the
pathogen from overwintering to scecondary infection through
primary infection was analyzed, and diagnostic study on the
relationship between the number of phages in irrigation wa=
ter and cccurrence of this disease were studied, Results
obtained from these tay be sumrzrized as follows:

1} Common and popular names of rice bacterial leaf
blight in Japan were surveyed and listed.

2) Description has been made on the history of oc-
currence of the disease in Japan, changes in the infected
area, and especially of the occurrence in Northern Japan,
in the Hokuriku District in particular. The remarkable
damage caused by the occurrence of the disecase in recent
years ian Nerthern Japan was noted, and the area of occur-
rence in the Hokuriku District was defined.

3} From oubservation of the symptoms of rice bacte-
rial leaf blight, the symptoms can be classified into four
types: wilt-type, edge~type, streak-type, and spot-=type.
And symptoms of each type were described. It was clarified
that in the early period of growth, wilting peculiar to
vascular diseases would appear, as a point to be watched
for in its early discovery.

4) Diseases and insect damage similar to rice bac-
terial leaf blight and other symptoms were described, And
in the aspect of disease and insect damage, damage caused
by Leptosphaerella oryzaze (Myake) Hara, Fusoma triseptatum
Saccardo, virus; and Chilo simplex Butler, and damage by
wind were pointed out.

5) As a discrimination method between leaves in=-
fected with this disease in its early stage of occurrence
and leaves with similar diseases, the method of sccretion
in water of the bacteria multiplied in leaf tissues was
devised.
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6) Observations were made on the morphological char-
acteristics of the pathogen of rice bacterial leaf blight
with an electron microscope. 7he results show that cultured ;
tacteria are rod or short rod shave, with a polar single t
flagellum, of 0.65 x 1.74% microns, and a capsule~like mem= f
brane of a thick slime layer were recognized. However, bace= 3
teria in host plants (bacteria in diseased lcaves) are
short rcd or globular shaped, ¢f a polar single flagellum,
and mcasure 0,45 x 0,82 microns; but the existence of a
capsule-like membrane is not clear. The latter is smaller
by one size compared with the former. Also granular pro-
tuberances were observed on ihe latter's surface.

7} The results of the tests on the host range of the
pathogen of rice bacterial leal blight showed that in addi=-
tion to the already know intermediate host plants, Leersia
oryzoides (Linn.) Sw., Leersia japonica, Makino, Zizania
latifolia (Turcz}, and Phalaris arundinacea Linn., parasic=-
ity by needle inoculation was clearly proved in Leersia

oryzoides (Linn.) Sw. var. javonica (Rets) Honda, and also
slightly with a low rate of 13 3% in Setaria viridis Beauv.

8) A new group of phages, 0P2, of the pathogen of
rice bacterial leaf blight was isolated and identified,

9) The biological and physio-chemical characteris-
tics of 0P, were tested. This phage nas a wider host range
than other picges and a different serological reaction.

Its 50% inactivatioun temperature was 62-649C, In its one-~
step growth process in relation to lyso=types with affini=-
ties, its latent period was over 70 minutes, its rising
period was over 40 minutes, and the average birst size was
over 18,

10) The morphological observations of OPs phages by
electron microscope revealed that the head was 70 x 70 m,
its tail was 85 m, its thickness was 25 m. A marked dif=-
ference from other known OP; phages in the shape of tail
was noticed.

11) Among OP2, those phages that form pin=hnle ,
plaques have roughly the same host range, serological reac-
tion and morphological characteristics as 0Py, except their
difference in plaque formation against lyso=-type A bacteria,
and “he one-step growth process. However, they are markedly
different from OP; or OP1Lh, so they have been named OPpp as
plaque~shape mutants of OP2.

12) By the discovery of a new OP2 group phage, the
pathogens of rice bactorial leaf blight can be classified
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by their plaque reaction into four groups of phage, includ=-
ing other phages into the five lyso-types: type A, type B,
type C, type D, and typre E,

13) The investigation of the lyso-types of the
pathogen of rico bacterial leaf blight in the Hokuriku Dis=-
trict revealed that lyso=type A bacteria are most prcvalent.
about 2/3 of the total. Then lyso=type E coverinz 1/6, and
typcs E and C were smell, and type D was not isolaced.

14) By using the characteristics of QP2, such as
its wide host range, its long latent period, and its lar; e
amount of birst, quantitativs tests of various samples is
possible,

15) The viability of the pathogen of rice bacterial
leaf blight in soil as tested by the phage :ethod of cul-
tured bacteria is 50 days at 3°C during winter under outdoor
conditions, five days during summer at 279C under outdoor
conditions, 26 days in a refrigerator at 5°C, and 1l days
in a thermostat at 28°C., With the streptomycin resistant
test the pathogen would die out in five days at less than
2709C, and in 13 days at 19-229C, However, further examina=
tion of these results is necessary.

16) The dried bacterial ooze of the pathogen of
rice bacteria? leaf blight secreted and formed on diseased
leaves survives btoth in dry and wet soil until the follow=-
ing April, and pathogenicity was shown toward rice plants,

17) When dried bacterial ocze is preserved in a dry
desicator and in a refrigerator at 59C, it preserves its
vitality for two years, and shows pathogenicity toward rice
plants.

18) The viability of the pathogen of rice bacterial
leaf blight in irrigation water during winter was 15 days
in the case of cultured bacteria.

165) The test on the overwintering of the pathogen
of rice bacterial leaf blight in cut stems showed that the
rate of overwintering and survival of cut stems was 0% and
bacteria die by the end of December,

20) The overwintering and viability of bacteria in
infected straw is until the following May in the case of
straw stored inside, or of inside straws stacked outside;
however bacteria die by November in the straws stacked on
rice racks, or outside straws left outdoors. The limit of
viability of bacteria was 15 days in the case of bactoria
in straws abandoned in fialds.
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21) The overwintering and survival of the pathogen !
ol rice bacterial leaf blight in seeds collected from in- {
fo.ted stems lasted until mid-larch, but this cculd be long- {
er depending on the degree of disease in secds. The posi- f
tion of bacterial latency in seceds seemed to be in the tis=-
sues of inner and outer paleas,

22) The observations on the rhizo-spheres of the
Leersia orvzoides (Linn.) Sw. during winter in the Hokuriku
District showed that the rhizo-spheres are tense and full
and maintain a green color until the following spring. New
buds grow out in late March,

23} VNorphological characteristics, vegetation, and
fructification of intermediate host plants of the pathogen
of rice bacterial leaf blight such as leersia orvzoides
(Linn.) Sw., leersia japonica Makino, and Lcersia oryzoides
vLinn.) Sw. var. japonica (Rets) Honda which arc abundant
ir. the Hokuriku District were compared and observed.
Through this,differences before young ear formation among
these similar plants were clarified.

24) The investigation of the overwintering cf the
pathogen of rice bacterial leaf blight in the rhizo-spheres
of Leersia oryzoides (Linn.) Sw. var. japcnica (Rets) Honda
showed that bacteria clearly survived for two months from
November to the following early January, but no bacteria
were detected until late Aprii. And, a large amount of
bacteria was detected again in mid-May.

25) The overwintering of bacteria in the rhizo=-
spheres of Leersia oryzoides (Linn.) Sw. and a few other
intermediate host plants was investigated. The results
shcwed the survival of bacteria in Zizania lotifolia (Turcz)
and Leersia japonica Makine until Decemper, and only a
small amoun! «f bactTeria perhaps due to contamination was
recognized in Jovember 1in Isachne slobosa (Thunb) 0, Kuntz,.

26) Electron microscopic observations of dried bac=
teria ooze, which is importantly related to the ovorwinter-
ing of bacteria, showed nigh bacteria electron density in
the drying process of autumn corresponding to long survival.

27 The investigation of fluctuations in the occur=
rencz of rice bacterial leaf blight in nurseries revealed
that ne occurrence was recognized in seedlings, but the ine
fection of socedlings was discovered in relationship to the
s04rce o7 swedlings.

28) The fluctuation of tho pathogen of rice bacterial
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leal blight in seedlings is not clear because the amount ol
bacteria detected in nurseries is generally small. - However
it seems that the amount of bacteria seems to increase to-
ward the latter part,

29) The curve depicting the fluctuation of sced-
lings in paddy fields anc the process of occurrence shows
two peak periods, The one is the first period of incrcease
in the intermediate tillering stage (the first occurrence
period), and the other is the second period o. increase afe-
ter the young ear formation period (period of typhoons).
There is the sunmer stagnation period between these two
peaks when the disease progress comes to a standstill and
bacterial multiplication is suppressed.

30) The amount of bacteria in the first period of
increase and the degree 0. occurrence are iniluenced by the
amount of infected bacteria ip seedlings or in the first
period of paddy fields. And the amount of bacteria and the
degree of occurrcice in the second period of increass are
closely related to the amount of bacteria and the degree of
occurrence in the first period ¢f increase and the typhoons
during the latter half of rice growth.

31) The relationship between the forms of nurseries
and the occurrence of the disease in paddy fields is that
those secdlings that were planted and grown in warm mixed
type nurseries and wet nurseries show early cccurrence in
paddy fields after ¢ransplanting, and with a more intenss
degree of occurrence.

32) The investigation of the amount cf bacteria in
seedlings and the inoculation time and frequoncy in the
latter half of nurseries revealed that sesdlings with ime
mersion inoculation have more occurrence in proportion to
the concentration of bacteria, that those seoedlings which
are transplanted to paddy fields after a certain multiplie
cation period result in more cccurroence and severe ocour-
rence,

33) The reason for thoe tamporary stagnation of bace
terial multiplication on rice leaves duriny the hizh tem=
perature period in summer was investigated. The rosult was
that bacteria in a glasshcuse at an average nhigshoest temper=
ature of 3594 with the lawest humidity of 50.,¢learly show=-
od suppress.on of multiplication on rice laaves.

34} Several tosts were mado on wind dissomination,
which plays an important role in zthoe aspect of (l.¢ sucond-
ary infaction ol rice bhacterial leaf blight. ey clarified
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that bacteria were dispersed as far as 64 m with a maximum
wind volocity of 28 m/sec, Tho distance margin for the
occurrence due to the dispersed bacteria was within 4 m.
Bacterial dispersion agreed with the directicn of the wind.
Bacterial dispersion by wind accompanied by rzin showed
more dispersion,

35) From 1959 to 1960, the following investigation
was made in Niigata Prefecturc in order to clarify the re-
lationship between the phage of the patiogen of rice bace
terial leaf blight in irrigation waters o nurseries and
paddy fields, and the occurrence of this disease.

a) Although the nunber of phages in the irriga=-
tion wator in the nurseries is generally small, the number
detected in the frequentiy infected year is more than in the
year of small occurrensa, up to a maximum of 26/ml of phage.

b) VWhen many phages are detected in nurseries,
the pumber of phages is increased in paddy fields even af=
ter cransplanting and have a trend of more intense occure
rence,

¢) The number of phagces shows a gradual increase
in paddy fiolds. However, the extent and degree of increase
vary with the timings of the occurrcnce of the disease in
‘ice, and its extent, Thus in paddy fields with early oc-
currence, over 103/m1 of phage is cdatected in the interme-
diate tiilering stage, and over 1l0¥/ml in the peak tiller=-
ing stage in the surfacz water of paddy fields. Such paddy
fields have savere damage {rom occurrecnce.

d) In paddy fields where “hs phage in the surface
water during the intermediate tillering stage is over 100/
ml, tho dogree of occurrence is more than 'medium” and when
it is less than 50/ml, the dogree of occurrence tends to be

"small.,"

38) 1The following was clarified thrc:th the invese-
tigation made in 1039 in Xiigata Prefectu.> on th: rela-
tionship betweo:r iha number of phages in irrigaticva chan-
nels and occurrange,

a! The number of phazes in irriration channels
shows a gra=ual increase beginning in the oarly period of
raddy fields, and when the aumber reaches 1,030-2,000, the
decurrence of the discase is observable in nearty paddy
fields,

L) When the number of phagzes in “rrization
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channels is less than 50 ver 1 ml, tre occurrence ¢ the
disease is observable in Leor. ia oryzoides (iinn.; Su.

¥hen it is 100-200/m1, tais corresponds to 10-1% days prior
to the discovery of cae first occurrence in rice.

¢} The number of phages in paddy fields wher
the first occurrence in rice is observable, is over 10% per
1 ml.,

37) The following was clarified by the investiga-
tion, for a four year period, from 1958 .o 1651, with the
Hokuriku District Agricultural Experimental Stztion and its
vicinity as the objective in order to clarify the relation-
ship between the number of phages in rivers or mzin water
channels, and the occurrence of the disease in the area.

a) The timing of the detection of phages i
rivers and the main water channel corresponds to the timing
of the occurrence of the disease in the area.

b) VWaen the number of »hages in rivers and the
main water channels is over 100, the occurrence of the dis-
ease in rice is observable in nearby arezs.

c) The relationship between phaze fluctuation
in rivers and water channels and the process c¢f occurrence
is a close parallel one, and 2 trend corresponding to the
fluctuvaiion of all the bacteria is observable.

38) Z2ecause of the relationship between the number
of prages in nurseries, praédy fields, irrigation channels,
water channels, and river irrigation channels, andé the oc-~
currence of the disease, by measuring the vhages in irriga-
tion water at the points set up for measuremeant along drain-
age routes of infected areas, and the lower reaches of water
channels and rivers where such water flows into, data for
forecasting the tinming and degree of the occurrence of this

disease in the rcgion or locality concerned is possible.

59) Tests were made on several problematic p..ats
to be looked for in measuring the phages in irrigation wa-
ter. Thus the points to be taken with caution were pointed
out in selecting the indicator strains for the detection of
phages, and in collecting irrigation water samples,
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Occurrence of ricc bacterial leaf Dlight in Hokuriku
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fecture, name or rice variety: Jukkoiku.
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Xeedle inoculation pancher,
Sta. type.

the Hokuriku Azr. Exp.

Showiag the sink inoculation wmethod of seedliings,
Several intermcdiate host plants growing in and around
reservoir in occurrence area of this discuse, place:
Aono~jumonji, Naoetsu, Niigata Prefecture, 1958.

Ill-drained paddy field widely extending in occurrence
area of this disease, in FHolkurika District.




