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A CONTRIBUTION TO OUR KNOWLEDGE
OF VIRUS DISEASES OF PLANTS IN JAPAN

BY

TEIKICHI FUKUSHI

——— e 00 3 E e

Introduction

During recent years it has been recognized that virus diseases constitute
one of the most important groups of plant disease in Japan. Although some
of these diseases must have existed for a number of years, they have attracted
little attention until recent years, except the mosaic disease of tobacco and the
dwarf disease of rice plant. There is some evidence to indicate that the mosaic
disease of tobacco has been known in Japan since 1857. The dwarf disease of
rice plant also has been known for many years although its origin is uncertain.
This is the first virus disease of plant shown to be transmitted by an insect
as pointed out by KUNKEL* (1926)" based upon the writer’s information and
also by Hino (1927)°.

The dwarf disease of mulberry tree has long been recognized as one of the
most serious plant diseases in Japan. It is exclusively confined to this country
and has been ascribed to some cultural practices, particularly to excessive
cutting back the trees in order to stimulate a new growth of branches and
tender leaves for the silkworm. During recent years, however, certain in-
vestigators have claimed to have obtained evidence that this disease is infectious
and belongs to the virus disease group.

With the exception of these diseases most of the virus diseases of plants
are considered to have been imported from foreign countries in recent years.
The list presented in this paper, while far from complete, will give some indi-
cation as to the virus diseases of plants in Japan.

On certain aspects of the virus diseases of plants

Our knowledge of the existence of the virus disease of plant dates from
1888, when E. F. SmiTe®, working with the peach yellows destructive in the

* It should be stated here that TAKATA’s paper was erroneously cited by KUNKEL.

[Transact. Sapporo Nat. Hist. Soc., Vol. XII, Pt. 3, 1932]
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Eastern United States of America, ascertained that this disease was communi-
cable to healthy trees by budding, pointing to ‘‘some contagium vivum” as
the causative agent, though no organisms could be found in association with
the disease. A few years later, SmitH (1891%, 93*) found that peach rosette
was - also. transmitted to healthy trees by diseased buds in which no.causal
organisms could be demonstrated.

Almost at the same time, IwaNowskr (1892)" in Russia demonstrated that

the juice from the mosaic diseased tobacco leaves remained infectious after
passing .through the Chamberland filter. Indeed he was the first to discover
the filterable virus. He himself, however, did not realize it and ascribed the
infectiousness of the filtrate to the toxin which he assumed to have been pro-
duced by the causal bacteria. In 1898 BEIJERINCK? evidently in ignorance of
IwaNowskI’s work, arrived at a similar conclusion indicating that the causative
.agent of the tobacco mosaic disease is filterable.
' In the same year, LoEFFLER and FRosca® published an epoch-making
paper on the etiology of the foot and mouth disease of cattle coming to the
conclusion that the causal agency of the disease is a filter-passing organism
and the causative agents of small pox, cow pox, measles, scarlet fever and
other infectious diseases of unknown cause are in all probability caused by
organisms of this order. Thus the term filterable virus was introduced to denote
these causative agents capable of passing through a Berkefeld or Chamberland
filter, both of which were considered at that time as bacteria proof filters.
‘Since that time the study of the filterable viruses has developed in increasing
importance and in 1913, LipscHiTZ® could present in his collective survey of
the subject, a list of forty-one virus diseases affecting man and animals in which
the filterable nature of the causative agent had been established with more or
less -certainty. Recently, Mc KiNLEY (1929)®, in his extensive survey of the
-entire subject of virus diseases, described about seventy virus diseases which
affect man and various animals including fowls, insects and fishes.

In spite of the earlier discovery of their representative, the virus diseases
of plants have attracted less. attention of pathologists than the virus diseases
of animals. However, the study of the virus diseases has within recent years
became a specialized field in plant pathology and at present about sixty viruses
are known to induce plant diseases.

The term “virus” is originally derived from the Latin word which means
poison. BEIJERINCK (1898)* was the first plant pathologist, as far as the writer
is aware, to introduce the term virus, denoting the causative agent of the
_mosaic disease of tobacco. At present, however, the concept involved in the
term virus is by far more complicated as compared with what BEIJERINCK
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introduced and it is most difficult to formulate a definition of a virus because
its essential characteristics are not definitely known.

Because the virus is exceedingly small, lying beyond the limits of micros-
copic visibility, and it seems to multiply in the infected plant, some patholo-
gists incline to the view that the virus is an ultramicro-organism capable of
causing an infectious disease. If the term ultramicroorganism means a cellular
organism of ultramicrescopic dimension the above mentioned definition cannot
be applied to all the viruses, since it is almost impossible to conceive that
certain viruses represent an organism in the ordinarily accepted sense, owing
to their extraordinarily small size and to their remarkable tolerance to heat,
ageing and toxic substances which destroy the ordinary microorganisms. This
phase of the problem will be discussed more in detail in another publication.

It appears that the virus is defined by most pathologists as a filter-pass-
ing agent capable of causing an infectious disease. Such definition holds valid
for the viruses affecting man and animals, a majority of them being filterable
or even ultrafilterable. However, it cannot be upheld for the viruses affecting
plants which have not been definitely demonstrated to be filter passers except
the filterable viruses of the tobacco mosaic, tobacco yellow mosic, cucumber
mosaic etc. Furthermore, filterability through a Berkefeld or Chamberland
filter is not regarded so significant as it was in the past when these filters
were considered to retain all bacteria, protozoa and other microorganisms.
Since it is well recognized that some bacteria, protozoa and yeasts under certain
conditions will pass through various types of filters, filterability cannot always
be recognized as a criterion to distinguish the virus from the filterable forms
of bacteria and other microorganisms. Filterability does not depend merely
upon the size of the particle to be filtered and the diameter of the pores of
the filter but a variety of factors—pressure employed, time of filtration, the
electric charge possessed by the particles to be filtered and the wall of filter,
the H-ion concentration of the fluid, the dilution of the material to be filtered,
the amount of solid matter present, etc.—exert a profound effect upon filtration.

Finally we are led to the belief that the virus may be defined as an ultra-
microscopic corpuscular agent capable of inducing disease. Such definition may
be open to criticism, being rather ambiguous.

At any rate it cannot be denied that the virus group in all probability is
not a homogeneous one.

Under such cricumstance it may be profitless to attempt to demonstrate
the cansative agent first of all in order to recognize a virus disease of plant.
In this respect the virus diseases differ from tke diseases caused by para-
sitic microorganisms. For -practical purposes then by what means is a virus
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disease of plant recognizable?. There are two criteria to be relied upon, viz.,
symptoms of the disease and the mode of transmission.

The manifestations of the virus diseases of plants are generally alike. In
the first place, the most common symptom is chlorosis, which manifests itself
in two types, the mosaic and yellows. The mosaic is characterized by the
mottled appearance of the foliage showing a mosaic-like pattern of alternating
dark green and yellowish green spots or blotches of varying sizes and shapes
on the leaves as shown in the mosaic diseases and “infectious chloroses” (in
BAur’s sense'). In the yellows, chlorosis is general throughout the affected
parts as in the aster yellows, peach yellows etc. In the second place, the
dwarfing of a part or the entire plant is a common symptom among virus dis-
eases of plants. (dwarf disease of rice plant, strawberry dwarf etc.) In the
third place, rosetting, an excessive tillering or branching is also one of mani-
festations of the disease. (peach rosette, wheat mosaic etc.) In the forth place,
necrosis of certain types develops in several virus diseases of plants, particularly
in the potato leaf roll, stipple streak etc. Besides these, it is not unusual that
curling, rolling and other deformities of leaves, and discoloration and malfor-
mation of flowers occur in association with the virus diseases of plants. These
different types of symptoms may appear either alone or in a variety of com-
binations.

These manifestations, however, are by no means specific for virus diseases

because mottling of the foliage appears in the variegation of non-infectious
nature ; the yellowing of leaves is induced by an excess of lime in the soil as
well as by the lack of potassium and by some other factors; and stunting of
plant, overgrowth of branches and necrotic conditions are caused by certain
parastic microorganisms. Consequently a virus disease of plant cannot always
be recognized merely on the basis of its manifestations.

The intracellular bodies associated with certain virus diseases of plants
are regarded to be of diagnostic significance to some extent but such intra-
cellular inclusions are not present in association with all the virus diseases.

Compared with the symptoms, the mode of transmission should be regarded
of much practical importance in order to recognize a virus disease of plant.
Virus diseases of plants are transmitted (a) by grafting and budding, (b) by
insects, (c) by inoculating the juice from the diseased plant, (d) through the
seed, and (e) through the soil. The virus diseases of plants can be classified
into three groups based upon the mode of transmission. The diseases of the
first group can be transmitted by the organic union or grafting and budding
only, peach yellows, peach rosette and little peach being the representatives.
The second group includes the diseases which are transmitted principally by



134 TRANSACTINS OF THE SAPPORO NATURAL HISTORY SOCIETY

the insect vectors as represented by the dwarf disease of rice plant, streak
disease of sugar cane and maize, aster yellows and likewise by the rosette of
peanuts and broad bean mosaic. In this group the transmission may be effect-
ed by grafting as already verified by KuNkeL (1926)" and StorEy and Bor-
TOMLEY (1928)* in the aster yellows and the rosette of peanuts respectively,
but there is no evidence that these diseases are communicated by inoculating
the juice from the affected plants into healthy plants. To the third group
belong the diseases which are transmitted through the juice from the diseaséd
plant, a majority of mosaic diseases and other virus diseases being included in
this group. The transmission by grafting and by insects are usual in this
group. Certain diseases of this group have been recognized as seed-borne
while some others as transmitted through the soil.

If a disease of plant is demonstrated to be transmitted by any one of the
above mentioned means, in conjunction with the absence of any causal organ-
isms, in all probability it belongs to the virus disease group. Furthermore, if
the disease is characterized by the manifestations mentioned before, it is no
doubt a virus disease.

Virus diseases of plants in Japan

A list of the virus diseases of plants in Japan will be given below in a
tabulated form, based upon a recent survey conducted by the writer.

I‘{iair;:;sgf Plant name Family name Locality
yellows Callistephus chinensis NEES. Compositae Sapporo (FUuKusHI®, 1929)
” Calendula officinalis L. » d ( ” 1930)
» Erigeron annuus PERS. » »”  (KANEGAE, 1929)
» Taraxacum platycarpum DAHLST. » ”  (FuxkusHI®, 1929)
mosaic Lactuca sativa L. » Tottori (FuxkusHui, 1928)
» Zinnia elegans JACQ. ” O G 1927)
mosaic Cucumis Melo L. Cucurbitaceae *Tottori (FUK';’,SHI’ 1928)
*Sapporo ( 1929)
Hiroshima (Hori®?, 1g22)
» C. Melo var. Conomorn MAK. » Tottori (HORI®?, 1922 ;
FuxkusHI, 1928)
. Shizuoka (HoORI®, 1922
» C. sativus L. » Okayama ((KASAX;",QIQ;.;)
” Cucurbita moschata DucH. ” Tottori (FukusHI, 1928)
var. melonaeformis MAK. Korea (NAKATA et al.,?® 1928)

* 1In the green house. *
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‘ Name of

disease Plant name Family name Locality
1 2 .
) Lagenaria vulgaris SER. ) Tottori (HorI?, 1922 ;
mosaic var. elavata SER Cucurbitaceae FukusHi, 1927)
: ) Okayama (KAsAI'®, 1923)
Trickosanthes cucumeroides
» MAXIM. » Kanagawa (KAsaIl?, 1924)
8
» Capsicum annuum L. Solanaceae throughout Japan (Hor1?,
1920, etc.)
» Cyphomandra betacea SENDT. » *Sapporo (FUKUsHI, 1929)
8
» Lycopersicum esculentum MILL. ” throughout Japan (FOR1%,
1920, etc.)
” Nicotiana tabactm L. i throughout Japan
”» L » throughout Japan
Petunia violacea LINDL. [Tottori (FUKUSHI, 1927) etc.]
» Physalis putescens L. ” Tottori (FUKUSHI, 1928)
yellow mosaic| ZLycopersicum esculentum MILL. ” Tottori (FukusHI, 1928)
» Nicotiana tabacum L. ” *Sapporo (FUKUSHI, 1929)
” Petunia violacea LINDL. » *Sapporo (Kawal, 1932)
throughout Japan [Hokkaido
mosaics Solanum tuberosum L. » (Hokkaido Agr.. Exp. Stat.®,
1915 ; Tsuj®e, 1g1g) etc.]
mild mosaic » » Tottori (FukusHI, 1928)
Sapporo (FukusHI, 1929)
crinkle » » ,
mosaic » (FuxkusHI, 1929)
throughout Japan [Okayama
leaf roll » » (Okayama Agr. Exp. Sta.*°,
1915 ; Kasa1t8, 191g) etc.j
5"Psl:1reeak » » Sapporo (TsujI*®, 19193
FukusHl1, 1929)
unmottled » 9 Tottori (FuKusHI, 1928)
curly dwarf Sapporo ( » 1929)
mosaic Primula obconica HANCE Primulaceae | *Sapporo (HAYASHI, 1928)
" *Tokyo (FukusHI & KAwal, 1932)
P, denticulata SMITH » ”» »
“l:ﬁgt:fsli’:,, Euonymus japonicus THUNB. Celastraceae | throughout Japan
mosai¢ Crotalaria juncea L. Leguminosae| Tottori (FUKUSHI, 1927)

”

”

Glycine Soja BENTH.

Phaseolus angularis WIGHT

* In the greenhouse

Sapparo (FUKUSHI, 1929)

throughout Japan [Morioka
(MaTsumoT02®, 1922) Korea

(NAKATA et al.29, 1928) etc.]
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I‘fi’ins;sgf Plant name Family name Locality
Sapporo (S. IT0?, 1920;
. . : KuUrIBAYASHI??, 1926)
Pr . Le, 4
mosaic aseolus vulgaris L. guminosae Okayama (K 19, 1923)
Tottori (FuKUsHL,4 1928)
» Trifolium kybridnm L. » Sapporo (KAWAI, 1931
4 PPpo! y )
» 7. pratense L. » Tottori (FukusHI4, 1928)
Sapporo( 7 1929)
y Tottori (FukusHI4, 1927)
”» 7. " . ” )
repens L Sapporo( 1929)
Tottori (FukusHI4, 1928)
» Vicia Faba 1. » Tokyo ( » 1930)
Chiba (EHORI)
Morioka (MATSUMOTO27, 1922)
» Vigna sinensis ENDL. ” Okayama (KAsA1t?, 1924)
Tottori (FukusHI4, 1928)
mosaic Brassica campestris L. Crucif a7
subsp. Rapa HOOK. f et ANDs. rucrierae Fukuoka (TAKIMOTO®?, 1927)
" B. japonica SIEB. » ” ( ” )
” B. Pe-tsai BAILEY ” L ¢ ” ” )
” Raphanus macropoda LEV. var. » » ( » ” )
” Sinapsis sp. ” ” ( » »
«infectious | Paconia albiflora PALL. Ranun-
chlorosis” var. hortemsis MAK. culaceae Sapporo (ToGasHI, 1930)
Yoshida in Niigata-Ken
mosaic Aguilegia flabellata S. et Z. » (S. Iro, 1931)
Sapporo (Y. IMAI, 1932)
” Diantuus Caryophyllus L. Caryophyl- *Tokyo (FUKUSHI & KAWAI, 1932
yopry laceae Y
” Rumex obtusifolius L. Polygonaceae Zenibako near (;?JI;{PJ;;I’ 1920)
. Kagoshima (FukusHI, 1928)
” Canna indica L. Cannaceae Sapporo (FUKUSHI, I S’Bl)
» Crocus vernus ALL. Iridaceae Sapporo (FUKUSHI, 1931
2US Ppo!
» Iris pumila L. » ” ( ” ”)
» L. tectorum MAXIM, » » «” )
» Gladiolus gandavensis ” »” (" ” oy
VAN. HOUTTE
» Hippeastrum equestre HERB Amﬁﬁyiéeae * » (Kawal, 1931)

Narcissus Pseudo-Narcissus L.

N, incomparabilis MILL.

* In the greenhouse

”

»

Morioka (ToGASHI, 1931)
Sapporo (KAwaAI, 1931)

Morioka (ToGAsHI, 1g931)
Sapporo (FUKuUsHI, 1931)"



FuxkusHI: A CONTRIBUTION TO OUR KNOWLEDGE OF VIRUS DISEASES OF PLANTS IN JAPAN I 3 7

f . .
l\flaime o Plant name Family name| Locality
; N. Zazetta L, var. chinensis | Amaryl- '
mosaic ’ M. ROEM. lidaceae Sapporo (FukusHI, 1931)
. . s
» Allium fistulosum L. Liliaceae g“]{nag‘;"({ggf‘lo;gl;‘;ﬁ)O)
» A. Cepa L. » Shizuoka /HORI', 1929
74 {
”» Fritillaria mmt:tﬁaz;e{f;r;{GAWL ”» Sapporo (FUKUSHI, 1929)
» Hyacinthus orientalis L. ” » (TocHINAIL, FuKUsHI, 193I)
” ”» - (FukusHI, 1929)
Lisum auratum LINDL. .. Kamakura (SHIMAI’\{URA, 1931)
» L. dauricum KER. » Sapporo (FUKUSsHI, 1930)
» L. longiflorum THUNB, » (7  1929)
L. maculatum THUNB. )
» ” KAWwAL
var. elegans Koipz. ( » 1931)
” L. Makinoi Kolpz. hd » (FukusHl, 1931)
» L. Maximowicsii REGEL. » oo ” 1029)
» L. philippinense BaK. » *Tokyo (FukusHr & KAwaAI 1932)
var. formosanum WILS.
” L. platyphyllum MAXIM. ” Sapporo (FUKUSHI, 1931)
. L. speciosum THUNB. ” ” ( ” »
var. Zametomo S. et Z.
» L. tigrinum KER-GAWL. » o ( ™ 1929)
» Muscari botryoides MILL. » » ( » 1931)
» Tulipa Gesneriana L. » throughout Japan
» . . Formosa
Saccharum officinalum L. Graminae *Sapporo (FUKUSHI, 1920)
sereh » » Formosa (HORI®, 1920)
. Middle and Southern Japan
dwarf Oryza sativa L. » (TAKATA®S, 1895 ; etc{)p
Honshu and Shikoku (Imp. Agr.
stripe » » Exp. Sta.3t 1917, KURIBAYA-
SHI?!, 1931) )
” Zoysia japonica STEUD. ” Nagano (KURIBAYASHI®?, 1931)
. kkai YASHI, o]
dwarf Avena sativa L. ” Hokkaido (Kurisa g::l I’IIO?:I”)
» Hordeum sationm JEss, throughout Japan [Shizuoka (Shi-

”

”

”

var. kexastickon L.

H, sativum var. vulgare HACK.

f. coeleste MAK.

Triticum sativum LAM.
var. vulgare HACK.

Secale cereale L.

”

»

zuoka Agr. Exp. Sta.®1, 1916)
etc.]

”

Hokkaido 14

* In the greenhouse
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As shown above, 71 species of plants in 5I genera distributed through
15 families are subject to virus diseases in Japan.  The total of the figures,
however, will not give the number of viruses involved because some virus
affects a variety of plants. It is probable that more than 25 viruses affecting
plants are present. A majority of the viruses cause mosaic diseases. Among
the listed plants the following 15 species appear to be new hosts:

Cyphomandra betacea SENDT. (mosaic)

Primula obconica HANCE. ()

P. denticulata SMITH (V)

Crotalaria juncea L. (7 )

Aguilegia flabellata S. et Z. (")

Dianthus Caryoplyllus L. ()

Iris pumila L. ()

- L tectorum Maxim. (')

Lilium dauricum KER. (7 )

L. maculatum THUNB. var. elegans Koz, (7 )

L. Maximowicii REGEL ( ” )

L. tigrinum KER-GAWL ( )

L. Makinoi Koz, ( ” )

L. platyphyllum MAXIM. ( 7 )

Fritillaria camtschatensis KER-GAWL. ( 7))

The mosaic of Primula is a hitherto-unrecorded disease, as far as the writer
is aware. This mosaic was first noticed in 1928 by Mr. G. HAvAsnr of this
Institute on Primula obconica grown in the greenhouse of the Botanic Garden
in Sapporo. Quite recently a similar disease was found by the writer and
his collaborator on Primula obconica and P. denticylata cultivated in a green-
house located in a suburb of Tokyo.

It may be also worthy of note that both the dwarf and stripe diseases
of rice plant are exclusively confined to Japan.

The tomato mosaic was artificially transferred by the writer to Solanum
nigrum L. and likewise the dwarf disease of rice plant to both Panicum milia-
ceum L. and P. Crus-galli L. var. frumentaceum Hook. f. These plants, however.
were not enumerated in the list because they have never been found showing
the mosaic or dwarf disease in the field.

Summary

It is difficult to formulate the definition of a virus because its essential
characteristics are not definitely known. In the present paper the writer critically
reviewed the definitions which have been given for the virus and discussed
certain aspects of the virus diseases of plants.

- 71 species of plants in 51 genera distributed through 15 families are subject
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A majority of the viruses involved cause mosaic

diseases while the others are the causative agents of the yellows, leafroll, dwarf

diseases and stripe diseases.

Among these diseases both the dwarf and stripe

disease of rice plant are confined exclusively to Japan and the Primula mosaic

is a hitherto-undescribed disease.

15 species of plants were reported to be new

hosts which are subject to mosaic diseases.

The writer gratefully acknowledges his indebtness to Profs. MivABE and

S. Ito for their valuable suggestions.
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