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Iﬁtroduction

A strange disease on rice plant:broke out in the paddy field in k Pingtung
‘durihg ‘the summer of 1960. “According to Chang‘ (1962), the new disease was '
L asksumed to be attributed to suffocation due to soil conditions, sinice no pathogenic
microorganisms were isolated: from the diseased ‘plants. The disease soon
become very prevalent overthe southern: and central parts of this island mostly
in the second crop season of rice, and caused great damage to rice production
in Taiwan. More recently, Chiuet al (1964) conﬁrmed that the disease, formerly
 called rice suffocatiniég, ‘was mainly caused by a new virus transmitted by green
~rice leafhopper, Nephotettiz apicalis apicalis. 'They" named the new virus disease
“Transﬂ:ory yellowing”, because the dlseased plants showmg yellowmg on the -
o ‘lower leaves usually recover from the suffermg and do not eXhlhlblt the symptom :
~on their tillers. : :
So far, seven virus d1seases of rice such as dwarf, strme, yellow: dwarf,
‘ black streak, hoja blanca,: orange leaf, and tungro have already been reported'
{(Fukushi; 1931, Kawal, 1939, Atkins, 1957 Shmkal, 1960, Rlvera, 1964) Whether‘
, the present d1sease is qu1te dlfferent from these virus dlsease is still open to
, questlon. Rivera and Ou (1964) supposed that tran31tory yellowing was probably
jclosely related to the tungro disease of rice occurred in the Philippines according -
o 'to the 31m1lar1t1es in symptomatology, vector relatlonshlp, and recovery from
. the symptom expression between the two diseases. However, Chiuetal (1965)
fcons1dered that the two wviruses might not be identical because they observed
' fthe d1fference in vanetal reaction between this disease and tungro. ‘

: (1) The authore wish to express their hearty gratitude to Professor: T. Matsumoto: for
his kind and careful direction during this investigation and in the preparation of t}us,’
‘paper. Thanks are due to  Dr. Ren:jong Chiu for his valuable suggestxon ‘and Mr.

: C. H. Lee for his ‘photographing. .
2 - Associate Professor and senior student, Department of Plant Pathology and Ento. .

gnology. National Taiwan University.
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X bodles assoc1ated with virus d1seases have already been observed in dwarf
‘virus-infected rice by. Fukushi (1931, 1934} and in stripe virus- infected rice by
Kawai (1931). More recently, Hirai et al (1964) found large sphencal 1nclus10ns
in dwarf virus-infected cells which were stainable with Giemsa, but were distinct
from X-bodies. -In stripe virus-infected.cells, there were varying shapes of large
inclusions which also showed the same stain ability as the inclusions in dwarf
virus-infected cells, Smce the inclusion bodies have a diagnostic value for virus
diseases, the present 1nvest1gat10n on the pathocytology of the r1ce-plants affected
with transitory. yellowing was made 'in order to examine the occlirrence of
intracellular inclusions for obtaining a further ev1dence for the virus nature of

‘thls disease, and attempt to d1fferent1ate present disease from the other v1rus
dlsease of rice already reported '

Materials and Methods

: Transitory yellowing most widely occurs in Japonica variety of rice during
the second crop season. The diseased rice-plants of Japomica variety showing
the typical symptomms (Fig. 1) as described by Chiu efal (1965) were collected
from Pingtung and Taichung districts in the summer of 1964, At the first

1time, -the- diseased and healthy -plants of Japonica varieties, Taichung 65 and
New 10, were collected from the same paddy fields in Pingtung one and one half
months after transplantation. Thenceforth, the diseased and healthy plants of
Ta1chung 65 - were - also collected from the Tarchung District Agr1cuttural Im-
provement Station one month and 25 months after transplantmg, respectrvely. .
Some plants -were ‘used for study soon after collectron from. the paddy ﬁelds
The other plants were planted in pots (10cm in dlameter) The potted plants

Were kept in the ‘water tank contamlng overﬁowmg Water at-a suitable I&vel

under green house’ condltmns Some healthy plants grown from seeds under
the same conditions mentioned above were served as control.

The histélogical and cytologlcal changes of the d1seased plants in comparison
with those of “healthy ones were exammed on fresh materials stained with
Giemsa’s stain and on embedded materials stain with Heidenhain’s iron alum
~ haematoxylin or saframn as a counterstain. In each trial, several dlseased '
: plants derived from about 5 hill were used,

"The diseased and healthy leaf blade and Jeaf sheath were cut into small
'pleces and fixed “in a alcohol-iodine-formalin 'solution. The inside epidermis
was peeled from the leaf sheath and cross sections of both leaf blade and
sheath were obtained by free hand sectioning. Tissues were then stained with
Giemsa solution according to the Bald’s method (1949) and the mod1ﬁed method
of Rawlins: (1957)." : ~ ;
- On : the other hand, the small pleces of leaf blade, leaf sheath stem and
Toot of d1seased and healthy plants were fixed in strong formalacetic alcohol




or 10 m1Crons in th1ckness and stamed Wlth He1denha1ns 1ron alum haema-“
toxyhn or safranm as a counterstam. ; :
Expenmental Results '

ee-h‘ na’ seotzons embedded in water : .
' aves showing the mottling. symptom and’ healthy leaves ‘were trans:

sel ‘sectxoned by free hands in usual way. The sections mounted in water .

,k were Vobserved under mlcroscope and the: cytologlcal changes of hvmg cells of
, : ‘ ‘1ssue were exammed The mesophyll cells of chloro’ac tissues were
11ghter in color and the chloroplasts in these cells seemed to be. d1s1ntegrated
In the parenchyma cells or parenchymahke cell surroundmg the vascular bundle,
-certam forelgn bodies were found and some cells were fully filled with them,
Such fore1gn bodxes were ususally round 1n 'ransversal view: and vaned in size.

- "l;he mtraCellular 1nclus1ons quite strange 1n structure and appearrance.

2. Materzals staznea’ with Giemsa's stain . L
k In the sectlons stamed Wlth G1emsa, Fukush1 (1931‘ 'found X. bOdleS m the

leaf sheath was found in the correspondmg cells derrved from the present
,’ dlseased and healthy pld‘hts. The cross sectxons of healthy and dlseased leaves\
'showmg chIorot1c modlﬁcatlon Were ﬁxed and stamed 1n ‘the same manner

entwned above. Some alternatlons similar to those found in the fresh sect1ons ,
embedded in Water were clearly observed in vascular and mesophyll t1ssues of _

dlseased leaves in comparlson Wlth those of healthy ones. - The large: round ,

'fimclusmns, stamed vrolet with Giemsa, were found in parenchyma cells sur-

roundmg vascular bundle and: also in the phloem parenchyma cells (Fig, 2)
 No mtracellular body and chloroplastic change were: notlced in the free-hand
~ sec,_k\on of _jealthy leaves stained with the same stain, @ =

3 Materzals stamed wzth Heza’enhams iron- alum haematoxylin'

'omprehenswe sfud1es on the mtracellular bod1es under con31derat1on
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The- resultant data-.of pathocytological stu‘dies on different: portions -of diseased
andrihealthy“ rice-plants. will:be ‘given below. : :

a. Microtomed sections of leaf blades - :

In cross: sections-of a leaf blade ‘with the transitory yellowmg symptom
pf»,earlyfstage, the large inclusions as: those found in the:leaf sections stained
with: ‘Giemsa: solution ~were: also seen very clearly in the parenchyma cells of
vascul,é;r~bundles. *Haematoxylin brought-out the intracellular bodies very sharply,-
since théy took the stain as intensively as the host nuclei. The .inclusions were
stained.dark ‘in color.  They were mostly formed in the parenchyma cells around -
vascular: bundle and were also ‘present in’ the smaller parenchyma -cells sur:
rounding ‘xylem vessels;and  sieve  tubes { Figs 3. & 3a): .It-was probable that
the companion cells in phloem contained: the mclusmn The present 1nclus1on :
seemed to be similar to-those in:the correspondmg cells of 'stripe virus: 1nfected ‘
Jeaf observed by Hirai et al (1964). These inclusions were found in the ma-
terials derived from the diseased plants of Taichung 65 and New 10 varieties
(Figs: 3 & 4). They were round and varied :considerably in shape and size,
which were confined to the parenchyma cells. The 'size of the inclusion in
parenchyma cells surrounding vascular bundle :ranged from 24 to:8 microns“ in
diameter and those in the phloem parenchyma cells ranged from 1.4 to 244 in
- diameter. - Inclusions were mostly spherical and oval, but sometimes were rihg-
shaped; hemisphérical,’ or. elliptical- in ftransversal .view. The content of the
intracellular bodies appeared: to:be homologous without vacuoles and seeméd
not to be surrounded by ‘a -membrane.  Chloroplasts in the mesophyll:cells of
chlorotic leaf-tissue looked to be disintegrated and showed less affinity for the -
stain. No intracellula bodies mentionied above were noticed in the cross section
~of a healthy leaf :and the mesophyll cells contained full:shaped normal chloro-
plasts stained deeply with the dye (Fig. 5). :

+ Longitudinal sections were preferable to demonstrate ‘the intracellular bodles
in comparison.with ¢ross sections.  Accordingly, the inclusions were eéxamined
further in- the longitudinal section stained with haematoxylin. The inclusion:
bodies -looked round in’' a cross section - of leaf blade rmentioned previously,
whereas they were found cylindric in the’ longitudinal section of leaf, from the
lateral view (Figs. 6, 6a & b). These cylindric inclusions varied in length and
some of them: occupied most space of a cell. In éonsequenc‘e, the round:large
inclusions found in parenchyma cells of vascular tissue were-actually cylindrie
iri shape. ~These-cylindric inclusions were distinet from. the X-bodies observed
in.dwarf  virus-infected: rice by Fukushi (1931), and: in-stripe  virus:infected
rice by Kawai: {1939). - The typical X-bodies described by the both workers
generally o¢curred in:chlorotic rgesophyllfceblls, occasionally in moter cells, and
were usually  round. in - shape,. surrounded by a’ membrane, -and @OSS@SSQd
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homologous matrix containing vacuoles. However, the presént inclusions were
mostly found in the parenchyma cells of vasculartissue, and cylindric in shape;
and consisted of homologous protoplasm without vacuoles. The nucleus generally

_disaappeared in the diseased cells containing a large compact inclusion, but the

former could be seen in the cells with an inclusion loose in texture. Therefore,
it seems likely that the nucleus may be buried in the compact inclusion.  Most of

“the X-bodies were usually formed near or in-close contact with the host nuclei,

while the present intracellular bodies seemed to imply the nucleus within them,
The ‘chloroplasts in -chlorotic' mesophyll ‘cells were disintegrated, “and - light
colored after. staining. Some, deeply stained foreign bodies could also be dis:
tinguished in the chlorotic mesophyll cells containing degenerated chloroplasts.
They were spherical -or” irregular in shape (Fig. 6¢), althoug’h they were not

; more sharply differentiated from the cytoplasm than the inclusion bodies formed

in wvascular pareﬁchyma cells, In the: 10ng1tud1nal sections of healthy leaf, any
kinds of foreign bodies were not found ( F1g 7) ¥i

b. Microtomed section of ‘root ‘

Some. intracellular ‘bbdies were also found in the pericycle and parenchyma
cells within vascular ¢ylinder, ‘and ‘occasionally in “endodermal cells (Fig. 8).
These - inclusions were: identical in shape and structure with these found in
the sections of leaf blades. They were seen to be round in cross sections
{Fig. 8a) and c¢ylindric in-longitudinal. sections {Fig. 9). In both cross ‘and
longitudinal ‘sections ~of healthy roots, no: cellular modification was mnoticed

: (Flg. 10).

©. ¢ Microtomed section of stem and sheath
The same: attempt was also made in: order to confirm the occurrence of
the inclusion ‘bodies: under consideration in the stem and leaf sheath of diseased k
plants. So far, no cytological abnormality was detected in the cross section of
diseased stems (Fig. 11), while: the parenchyma cells surrounding sieve tubes
of leaf sheath were filled with the intracellular bodies (Fig. 12). '
“d." Microtomed section of leaf blades of the ‘rice plants recovered from
the d1sease
~The present disease is characterized by its recovery from yellowing. The

~-'same staining process was also applied to both cross-and longitudinal sections

of leaf blades and roots derived from the recovered rice plants (Taichung 65).
In these trials, the mesophyll cells and parenchyma cells of vascular tissue
’Were' seeny normal, as-deeply stained full-shaped chloroplasts were abundant in
mesophyll cellsand no intracellular bodies or the other viroplasms were found

“inthe cells of vascular tissue. ~Accordingly, the infected plants ‘were ‘able ‘to

recover not only from the external symptom but also from the . internal
symptom. ' :
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Discus’sion

So far, seven virus diseases of rice have already been reported ‘Whether 7
the present disease is distinct from those virus diseases is still open to questmn. ;
Rivera and Ou’ (1964) supposed that transitory yellowing was probably closely
related to the “T ungro” disease of rice informed from the Phylippines according

‘ to their similarities in symptomatology, vector relationship, and recovery from

symptom expressmn However, -Chiu ef al (1965) ‘considered that the two
viruses might not be identical because they observed very mild yellowing in
the’ seedlings” of the variety Taichung (native) 1 inoculated with the present
virus, while the response of the same rice-variety to tungro virus showed cons-
picuous  color change. The intracellular inclusions including crystalline and
amorphous - bodies have - been designated “viroplasts”. They are usually pro-
teinaceous, and some: are nearly pure virus nucleoprotein, The inclusion bod1es
have diagnostic value, since the inclusion bodies appear to be specific-for virus
d1seases. The different viruses differ greatly -in-frequency and distribution of
inclusion production, and in the type of inclusion- structure. ' Somie simple
staining techmques to demonstrate the presence of inclusion were devised and
proposed as a . diagnostic. aid for virus diseases (Lindner, 1961). ‘Under these
assumptions, the present pathocytolog1cal study was ‘made, ~ X-bodies assoc1ated
with rice virus d1seases have already been observed 'in dwarf virus- infected
rice: by Fukushi (1931), and in stripe virus-infected rice by Kawai (1939). Those
X- bodiesk were found -distinctly “in the chlorotic mesophyll cells of microtomed
sectlons stained with Giemsa stain or iron-alum haematoxyhn More recently*
H1ra1 et al (1964) found large sphencal inclusions stamable with Giemsa in
dwarf or stripe virus- mfected cells, and  the large inclusion of varying
shapes 'in- stripe virus:infected cells which also-showed the same: stain ability.
Those large inclusion were distinct from X-bodies. &
The writers sueeeeded in revealing the presence of intracellular bodies in
the parenchyma-cells in fresh and embedded materials of -diseased rice-plants
showing the symptoms of ‘transitory yellowing. It may be assumed: that the :
existence of the inclusion bodies is a further evidence for the virus causality

of the present disease. The large inclusion were generally cylindric from the

lateral view and looked round in transversal view. They were mostly formed
in:the parenchfyma cells around vascular bundle and were also pl‘esent in the
parenchyma cells surrounding  xylem vessels and sieve tubes. These large
cylindric inclusion varied in length and thickness, and some of them ogcupied
the most space of a cell. The present inclusions were quite different in size,
shape, distribution and structure from X-bodies found in dwarf virus-infected
rice by Fukushi (1931) and in stripe virus-infected rice by Kawai (1939). The
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“typical X-bodies discribed by the ‘both workers usually occurred in chlorotic
mesophyll cells, occasmnally in . motor cell, and phloem parenchyma cells of
root and Were generally round in shape, vacuolate, and homologous in matrix
surrounded by a membrane and located in close contact with the host nuc]eus.
However, the present 1nclusrons were formed in the parenchyma ceIls W1th1n
a vascular bundle mostly in Ieaves and roots, occasronally in leaf sheathes and
were usually cylmdr1c in shape, consisted  of homologous protoplasm W1thout
vacuoles, and -seemed ‘to lmply the nucleus W1th1n thern Accordrngly, the
present virus is not 1dent1cal W1th dwarf and strrpe vrruses in v1eW of the
type and drstrlbutlon of 1nclus1on bodies. . , .
Some deeply stalned fore1gn bodres which were spherlcal or 1rregular 1n
shape could be d1st1ngu1shed in the chlorotic mesophyll cells contammg d1s1n-
tegrated chloroplasts They Were also distinct from Xbod1es, since they Were
not so sharpl}r drfferentrated from the cytoplasm as X-body.
- 'Nosuch large spherlcal and ‘variously shaped large inclusions as those found
by Hirai et al ( 1964) in inside- epidermal cells, and parenchyma cells of dwarf
or str1pe virus- infected leaf sheath, was found in.the Geimsa-stained corres-
'pondmg cells derived from the present diseased -and healthy plants. Anyhow,
the present cylindric inclusion seemed to be similar to the round inclusion
present 1n parenchyma cells near vascular bundles of strlpe or dwarf virus-
: Infected leaf and leaf sheath observed by Hirai et al from transversal view.
The all bodies in question were not artifacts since they could be found ,1ny
fresh and embedded materials of diseased plants, while could not be noticed

in the sections derived from healthy plants. It is uncertain at present Whether?

the large cychndnc inclusions are the v1roplasm or the by- product of the v1rus
mvasmn. ' '

In ‘the microtomed sections of leaf blades of the rice plants recovered from’

the disease, no inclusions mentioned above was observed. Accordingly, the

infected plants were able to recover not only from the external symptoms but -

also from the internal symptom. Tt seemed that the symptom éxpression of

transitory yellowing was correlated with the occurrence of the large inclusions:

According to-Rivera and Ou (1964), transitory yellowing is probably closely:

related to the “Tungro” disease of rice. It is possible to identify the two:

viruses by the fact of inclusion formation. There is still no report concerning

the pathocytological study on tungro disease, therefore the writers could' not:

- differentiate the two viruses on this basis:

' B
Summary

7 Some- alternations 'were revealed in vascular -and mesophyll tissues.-of rice:

b

“plants affected with transitory yellowing. . In the fresh cross-sections of diseased:
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leaves, certain large foreign bodies were: observed in the ‘parenchyma cells of
vascular ‘bundles; The large round inc¢lusion-bodies, stained violet with Giemisa,
were mostly found in the parenchyma cells around vascular bundles and were
alsojpresent"in‘the‘sma‘ller parenchyma  cells  surrounding xylem ‘vessels .and
sieve tubes.  Haematoxylin-brought out the inclusion bodies very sharply, and
stained the’ inclusions dark in:color. - Actually the intracellular vinchlsions were
cylindric in Jongitudinal ‘sections of the ‘diseased leaves from the lateral viow,
although -the inclusions-looked round in cross sections of ‘a leaf blade. - These
cylinidric ificlusions varied 'in length and thickness, and some of them occupied
the most space of :acell; “The present inclusion: comnsisted -of  homologus pro-
toplasm without vacuoles, and séemed to imply the nucleus within them, - They
were distinct Tromn the X-bodies observed in dwarf or stripe virus: 1nfected rice
plants. . ; :
The similar. cylindric inclusion-bodies were" also formed in. the perlcycle
and parenchyma cells within vascular cylinder, and .occasionally ‘in‘endodermal
cells of diseased roots; ‘No cytological abnormality was detected in the cross
section of ‘diseased stems, while the parenchyma cells surrounding sieve - tubes
in a leaf sheath were filled ‘with the intracellular bodles L » :
The chloroplasts in chlorotic mesophyll cells Were dlsmtegrated and showed
less affinity for the stams used. Some deeply stamed fore1gn bodies could be
d1st1ngu1shed in: the chlorotm mesophyll cells ‘They were spherical or 1rregular,
although they were not so sharply -differentiated from the cytoplasmi.

" In the microtomed sections of leaf blades of the r;ee,plant recovered from
the disease, the mesophyll cells ‘and parenchyma cells of vascular tissue were
seen as normal as those of healthy plants : ‘

No. 1ntracellular body and chloroplastm changes Were not1ced in fresh and
embedded mater;als of healthy leaves, roots and stems. -
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3a.

Explanation of plate figures

Three diseased leaves on the right hand showing the yellowing and mottling
symptoms. A healthy leaf on the left (Taichung 65).

A portion of a cross section of a diseased leaf, showing the intracellular bodies
in parenchyma cells of vascular tissue (stained with Giemsa solution).

A portion of a cross section of a diseased leaf (Taichung 65) showing the in-
clusion bodies in parenchyma cells of vascular tissue (microtomed section
stained with iron-alum haematoxylin).

A portion of the section shown in Fig. 5, highly magnified.

A portion of a cross section of diseased leaf (New 10) showing the inclusion
bodies in parenchyma cells of vascular tissue (stained with iron-alum haema-
toxylin).

A portion of a cross section of a healthy leaf (Taichung 65, stained with iron-
alum haematoxylin).

A portion of a longitudinal section of a diseased leaf (Taichung 65) showing
the cylindric inclusions (stained with iron-alum haematoxylin).

Figures 6a and b- A portion of the section shown in Fig. 6, highly magnified, showing

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

6c.

8.

8a.

10.

11.

12.

the large cylindric inclusions in parenchyma cells of vascular tissue.

A portion of the section shown in Fig. 6, highly magnified, showing intracelluiar
bodies in mesophyll cells of palisade tissue.

A portion of a longitudinal section of a healthy leaf (Taichung 65, stained with
iron-alum haematoxylin). '

A cross section of a root of a diseased rice plant, showing inclusion bodies in
parenchyma cells of a vascular cylinder (Taichung 65, stained with iron-alum
haematoxylin).

A portion of the section shown in Fig. 8, highly magnified.

A portion of a longitudinal section of a diseased root, showing cylindric in-
clusions in parenchyma cells of a vascular cylinder (Taichung 65, stained with
haematoxylin). .

A portion of a longitudinal section of a healthy root (Taichung 65, stained
with iron-alum haematoxylin).

A portion of a cross section of a diseased stem (Taichung 65, stained with iron-
alum haematoxylin).

A portion of a cross section of a diseased sheath, showing deeply stained bodies
in parenchyma cells within phlcem tissue (Taichung 65, stained with iron-alum
haematoxylin).
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