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ON THE INTRACELLULAR BODIES ASSOCIATED
WITH THE DWARF DISEASE OF RICE PLANT
By

TEIKICHI FUKUSHI
(With 5 Text Figures)

Since KunkEL (8) demonstrated in 1921 the intracellular bodies associated
with the corn mosaic and suggested that these bodies represent living organisms,
the possible causative agents for the mosaic disease, a considerable number of
[;ublications have accumulated, dealing with the cytological aspects of the virus
disease of plants. Conseqﬁehtl)} fthe oqcurrélice of similar cell inclusions has
been shown in mosaic dise'a.ses 'of tobacco (2, 3, 7, 11, 18, 21), tomato (5), pep-
per (5), potato (5, 25), Petunh' (s, 2 3‘), Datura (23), and some other Solanaceous
plants (5, 24); likewise in éugar_éane mosaic (I, 11), wheat mosaic (14), Chinese
cabbage moéaic (11), Iﬁ;_széastrum mosaic (6, 11, 15), Phytolacca mosaic (23),
Dallia mosaic and dwarf 4),. ix'ifeptious: chlorosis (in BAUR’s sense) of Ewonymus
Japonicus (23), Fiji—diseas,é/ of sugar cane (10, 12, 13), and in spike disease of
sandal (17).* '

As to the nature of these intracellular bodies, there exists a remarkable
difference in opinon but the general belief among plant pathologists seems to
be in favor of the view that these bodies are the reaction products of the host
cells rather than the causal agencies of the disease. Whatever their exact nature
may be, it is evident that they are of diagnostic significance, because similar
bodies have never been found up to the present time in assosiation with any
plant diseases other than viroses.

In the course of studies on the dwarf disease of rice plant, the writer suc-
ceeded in revealing the presence of intracellular bodies in the cells of the dis-
eased leaves. This will be the first record of the occurrence of intracellular

bodies in association with the streak type of virus diseases of plants including

% In all probability neither SCHAFFNIT-WEBER’s elytrosoma associated with the mosaic diseases
of beet and broad bean (22), nor PLACKIDAS’ bodies in the strawberry yellows and dwarf (19, 20),
falls in the same category with the intracellular bodies above mentioned.

[Transact. Sapporo Nat. Hist. Soc. Vol. XII, Pt. 1, 1931]
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the streak disease of corn and sugar cane (27, 28), the corn stripe disease in

Cuba (26), the dwarf disease of rice plant, and others.

Description of the disease

No attempt will be made herein to describe in detail the dwarf disease

Fig. 1.
Diseased leaves, showing
the typical streaks along
the veins.

of rice plant, as a more detailed account will

" be given in another publication presenting the

results of the transmission experiments and dis-
cussions on the etiology of the disease.

The dwarf disease of rice plant is character-
ized by small elongated chlorotic areas, or white
specks when viewed by transmitted light, ar-
ranged along the veins of leaves, and by stunt-
ing of the whole plant followed by excessive
tillering and a dark green coloration. The
white specks which develop before the leaves
unfold, elongate and spread out along the leaf
parallel to the midrib, forming fine interrupted
streaks. These range from mere dots to several
millimeters in length and from 0.2 to I mm. in
width. The plants infected in their very early
stage of growth, become severely stunted and
produce none or only a few small worthless

panicles. :
The disease is transmitted by the leaf-

hopper, Nephotettiz apicalis MOTSCH. var. cinct-
tceps UHL. but not through the seed or the
soil. All attempts to transmit the disease by
mechanical inoculations with unfiltered juice

of the diseased plants or by means of leaf
mutilation have failed.

The intracellular bodies

Certain intracellular bodies were revealed both in fresh and embedded
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material of leaves of the rice plant affected with the dwarf disease. For fixa-
tion of the material several fixatives were used including medium chromo-acetic
solution, Flemming’s fluid, Merkel’s fluid, Allen’s modification of Bouin’s fluid,
Gilson’s fluid, Zenker’s fluid, acetic alcohl, formol-acetic alcohl and Schaudinn’s
fluid. Chromo-acetic solution and formol-acetic alcohol were considered most
suitable for general purposes. The fixed material was embdded in paraffin
and sectioned by means of a microtome in the usual way. Transverse and
longitudinal sections were cut 5 microns thick and stained with Heidenhain’s
iron-alum haematoxylin or safranin and Gentian violet. From the protozoologic-
al viewpoint, some of the material was fixed in Schaudinn’s fluid and stained
with Giemsa’s stains.

Microscopic studies of free hand sections of the diseased leaf show chlorotic
modifications in the mesophyll cells adjacent to certain of the vascular bundles.
In sections mounted in water, the chlorotic tissues are lighter in color or nearly
colorless, the chloroplasts in these cells being light colored and smaller in size
and number, due to their disintegration. In the cell where most of the chloro-
plasts have been disintegrated, a certain foreign body is found in close proximity
to the nucleus. Such foreign bodies are usually round in shape, more or less
larger than the host nucleus and contain many vacuoles of various sizes. These
bodies stain yellow in dilute iodine potassium iodide solution, brick red in aceto-
carmin, Grenadine pink (after RipGway) in the alcoholic solution of Sudan III,

and pinkish cinnamon in Millon’s
reagent.

However, more comprehensive
studies of the intracellular bodies
can be done in the microtomed sec-
tions properly stained. In the pre-

parations stained with Heidenhain’s

haematoxylin, the chlorotic areas

are easily recognized since the A portion of a cross section of diseased

k leaf showing the chlorotic tissue, (Fixed in
chromo-acetic solution and stained with
less affinity for the stain, and they safranin.)

chloroplasts in these tissue show

are, according to the degree of chlorosis, smaller and less regular in shape and
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fewer in number than those in the apparently healthy tissues of the same leaf.
Haematoxylin brings out the intracellular bodies very sharply, since they take

Fig. 3.

Fig. 4.

Intracellular bodies marked X in the mesophyll cells of a diseased leaf.
(Fixed in chromo-acetic solution and stained with safranin and Gentian violet.)

the stain as intensely as the host nuclei. When preparations are stained with

safranin and Gentian violet, the bodies show a special affinity for safranin

while Gentian violet stains the host nuclei violet in color.  The foreign

bodies under consideration occur singly in the host cells but occasionally

Fig. 5.

An intracellular body in the motor
cell photographed at different optical
levels to show the host cell-nucleus
and the vacuoles in the body. (Fixed
in formol acetic alcohol and stained
with safranin and Gentian violet.)

two of them are found in the same cell.
They are more abundant in the mesophyll
cells but it is not unusual to find them
in the epidermal cells. The bodies are
located near or in close contact with the
host nucleus which sometimes becomes
more or less enlarged. They vary consider-
ably in shape and size. Round to oval are
the most usual forms, but it is not un-
common to find bodies rather irregular in
shape. In size they range from 3 to 10
microns in length and 2.5 to 8.5 microns
in width, frequently much larger than the




FUKUSHI: INTRACELLULAR BODIES ASSOCIATED WITH.THE DWARF DISEASE OF RICE PLANT 39

host nuclei which are 2.5 to 3.5 microns in diameter. The bodies must be
much smaller in their earliest stage of development but in such a case it is
rather difficult to distinguish them exactly from the cellular elements of the host
cells. The contents of the bodies appear to consist of a somewhat homogeneous
structure, surrounded by an indistinct membrane, and contain many vacuoles
of various sizes.. "All attempts to demonstrate a nucleus or chromatin” granules
in these bodies were unsuccessful. Although these bodies occur invariably in
the chlorotic areas of the leaf, as yet they have not been found in the intact
tissue of the diseased leaf or in plants free from the disease. The bodies in
question are not artifacts, since they can be found in the cells of material studied
in the living condition, as well as in material fixed by various method and
stained with various stains. It is also evident that these intracellular bodies
are neither deformed or degenerating nuclei, nor hypertrophied chloroplasts of
the host cells, although their exact nature remains still unknown. Beyond
doubt they are similar to the intracellular bodies which have been found in

association with certain virus diseases of plants and animals.

Summary

Certain intracellular bodies are invariably present in the chlorotic tissue of
the leaf of the rice plant affected with the dwarf disease. These bodies occur
near or in close contact with the host cell nucleus. They are usually round
to oval but occasionally irregular in shape and much larger than the host nucleus.
They are of rather homogeneous structure containing many vacuoles of various
sizes and resemble the intracellular bodies in association with certain virus

diseases of plants and animals.

The writer gratefully acknowledges his indebtness to Prof. MivaBE, Prof.
S. Ito and Prof. TocHiNar for their valuable suggestions.

Botanical Institute, Faculty of Agriculture,
Hokkaido Imperial University,

Sapporo, Japan
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