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SUMMARY

Grapevine material  of the varieties’ Rufete and Pifiot noir; showing
reddening “and downrolling of -the leaves, gave positive results for leafroll
agsociated  closterovirus -type - III, when - tested by direct enzyme-linked

Immunosorbent  assays:
Ultrastructural  studies.'of tissues from  these plants revealed. the

presence of -flexuous, rod—,shapéd virus-like particles; approximately 10-12 nm
in diameter ‘and with undeterniined lenght,; in’ the sieve  elements.

Clusters of vesiculated -inclusions, - sometimes' containing. numerous
thread-like fibrils of -unknown nattire were. observed in phloen  cells.” No
particular organelle ‘was:-found:to be involved in: the origin: of these bodies;
but: the accumiulation -of ‘small - vesicles: ‘was’ detected in the periphery of
altered plastids: and in some  mitochondria,

Closterovirus-like - particles - and- - vesiculated inclusions ‘were also
observed in: LN-33 plants infected 'with leafroll type III and 'corky bark.
Small isometric particles, possibly of viral mature were also detected in
the lumen of mature sieve tubes:

INTRODUCTION

Grapevine leafroll is prabably the most important and
world widespread virus disease of grapevine, causing erratic
bearing, lowered sugar content of the fruits and delayed ripening
of the crop.

Symptoms of the disease on red varieties are reddening
and downrolling of the leaves while the veins remain green.
Leafroll is transmissible by grafting healthy vines with infected
scions or rootstocks, but-the eticlogy of the disease has not
been  determined yet. Closterovirus-like particles have been
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observed by several authors and at least five serotypes: have
been associated with this disease (Gugerli et al., 1984; Iwanami,
1987; Kim et al., 1989; Zimmerman and ’Walter 1990) . Poty-
virus-like particles (Tanne ef al, 1978) and small-isometric-
virus-like : particles (Castellano and Savml 1983) have also
been reported. ~

Corky bark - (casca encortlgada), glthough not so common
as leafroll, occurs in most grapevine growing countries including
Portugal  (Pedroso, 1987: Pedroso and Sequeira, 1982, 1983,
Pedroso et al., 1985): The vines affected by this disease are
stunded and show delayed shoot growth in spring. During
summer the leaves roll downwards and become red or bronzish
red but unlike leafroll this colour spreads over the major veins.
When buds from infected plants are grafted to LN-33 (Couderc
1613 X Thomson seedless) indicator plants, characteristic swel-
ling and cracking of the internodes develop in one year old
canes. Although closterovirus-like particles have been associated
to corky bark (Fortusini et al., 1989) the etiology of this disease
ig still uncertain (Tanne and Melr 1990).

Because of the unsuccess of mechanical transmlssmn of
a viral agent to herbaceous hosts, electron microscopy studies
of infected grapevine tissues, together with healthy controls,
was carried out to investigate the presence of .eytopathic effects
and virus-like particles.

MATERIALS ‘AND METHODS

Source material

Grapevine of the variety Rufete naturally infected with
leafroll associated closterovirus type IIL-

Grapevine of the variety Pinot noir experimentally 1nfected
with leafroll type III by greengraftmg two ~buds from :an

infected source.

Grapevine of the variety LN- 33 (Couderc 1613-X Thomson
seedless)  greengraft 1nfected with  leafroll  type III and
corky bark.

Healthy plants indexed on woody indicators were found
to be free from all known grapevme virus diseases  {Pedroso
and Sequeira, 1982).

All vines ‘were self rooted in containers; in' greenhouse
conditions at Estacio Agronémica Nacional, Oeiras,




Identification of viruses

For virus identification, plant extracts were tested against
antisera to grapevine associated closterovirus types I and TII
(supplied by Dr. P. Gugerli) using enzyme-linked immunosorbent
assay — ELISA (Clark and Adams, 1977). g :

For transmission electron microscopy, small 1-2 mm pieces
of leaf and stem tissues were collected in June and in September/
/October and dipped in 6% sodium-cacodylate-buffered gluta-
raldehyde pH 7.2 at 4°C fixed overnight and postfixed in 2%
osmium tetroxide for 2 hours at room temperature. Dehydration
was performed in a graded alcohol series (20 %, 50 %, 70 %
and 90% for 10 minute periods and 100 % in three 15 minute
periods). The tissues were then embedded in Epon, in special,
rubber moulds, which were kept at 70° C during 24 hours for
polimerization. Thin sections were cut with an LKB ultrotome IV
using glass knives obtained with an LKB 7800 knifemaker. The
sections ‘were placed in formvar coated copper grids, stained
with 119 uranyl acetate and 0.3:% lead citrate, and observed
in a Philips: EM: 300 electron microscope at 80 KV. For direct
observation of particles, drops of leaf extracts were placed on

grids and “stained:

RESULTS

In leaf tissue and in one year old stems, collected from
plants of the varieties Rufete and Pinot noir infected with
leafroll associated closterovirus type IIT detected by ELISA,
rod-shaped  filamentous virus-like particles were detected con-
sistently in the phloem cells of the veins and on the secondary
phloem. , : ‘

The : particles 'were approximately 10-12 nm -in ‘diameter
and their lenght was undetermined. Frequently, the particles
looked parallel to each other in a wavy pattern, in large mem-
brane bound aggregates (Fig. 1). These aggregates were
detected mainly in the sieve elements, but could also be found
in the eytoplasm of other phloem cells including companion cells.
Only -part of the sieve elements contained virus-like particles,
and in most veins only a few showed aggregates.

LN-33 plants infected with the same leafroll type plus
corky bark contatined similar rod shaped particles and, in some
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sieve elements, a dark, electron dense and granular content
that was not detected in healthy controls. At higher magni-
fication, numerous small isometric virus-like particles were
observed.

The ‘detailed study of a hlgh number of thin sections of
leaf veins from healthy and infected LIN-33 tissues led to the
conclusion that only in an advanced stage of maturity, the
differences between normal and altered sieve elements become
apparent :

‘In the normal sieve elements during the process of diffe-
ren‘uatlony the tonoplast was ruptured, the nuclei disappeared,
and the sieve plates, multiple in Vitis vinifera (Vasconcellos,
1948) and the plasmodesmata were formed. The content of the
sieve elements 'was then limited only by the plasmalemma and
became very electron transparent due to the drastic reduction
in:contrastable elements 'with absence of ribosomes (Gunning
and Steere, 1075). Of the celular organelles, only the plastids
with a very reduced membranous system, and some mitochondria
were present.

The fibrous structure of P-protein was more obvious (Esau,
1972; 1978). Many electron dense spherical particles with a
diameter . of about ~16-20 nm remained  in the cell lumen  of
some ~sieve - elements when - infected tigssues were -obgerved.
Clusters ‘of similar spherical particles were: also ‘detected  in
the cytoplasm of companion cells and adjacent phloem paren-
chyma cells (Fig. 2).

The ultrastructural observation :of phloem tissues .of the
leaves and one year old canes of infected plants led to the
detection of membranous inclusions with sizes ranging from
those of mitochondria to those of chloroplasts. These inclusions
were  detected “in’ phloem ' parenchyma’ cells, 'sieve tubes and
companion cells, generally isolated in the cytoplasm or between
the cell wall and plasmalemma (Fig. 3). Sometimes, two super-
posed. membranes enveloped the inclusion.: The  exterior mem-
brane was then in continuity with the tonoplast and the interior
one with the plasmalemma. The observed inclusions consisted
of numerous spherical or tubular single-membrane vesicles with
a diameter-of about 50-200 nm-enveloped: by a membrane about
13-16 nm thick. Frequently, a vesicle of larger dimensions
occupied a more or less central position., Some inclusions con-




Fig. 1—Aggregates of flexuous rod-shaped closterovirus-like particles: (v)

in ‘grapevine thin sections. Leaf midvein phloem’ cells.  Plant. of ‘the variety

Pinot noir with leafroll type IIL detected by indexing on '‘woody indicators

and enzymie-linked : immunosorbent: asgay (ELISA). Filamentous particles

in. longitudinal section ‘are arranged parallel to one another in ondulsted
patterns. "W, cell wall. X 107°000:

Agregados: de particulas  flexwosas em. forma de bastonete do tipo closte-

rovirus -em: sec¢Oes: ulirafinas do: floema de nervura. principal: de folha de

videira. - Planta. da cdsta Pinot noir infectada com  enrolamento. foliar do

“tipo. IIT detectado por: indexagem: em indicadores 1lenhosos e dtravés do

teste BLISA (enzyme-linked immunosorbent dassay). Em  sec¢do longitu-

dinal as particulas: filamentosas apresentam-se paralelas umas s outras
e onduladas. "W, parede celular, X 107:000.




Fig. 2= Isometric virus-like particles (P‘) ini ‘thecytoplasm -of: a phloem
parenchyma: cell of -a leaf vein infected ‘with leafroll IIL pliis corky:bark.
: W, cell wall. :X:92 000,

quficwlas isométricas do tipo wiral (P) . wo  citoplasma: duma - célula . do
parénquima - floémico - duma folha infectada - com: enrolamento  foliar do
tipo I e .com casca. encorticada. . W, parede celular. X 92000,




Fig. 8- Vesiculated body  (B): with:a membranous- envelope and -an

electron lucent core has'the approximate size: of.a mitochondrion (M)’.‘

Plastids (L) with large starch grains (R).and ‘distorted “thylakoids (T)
can’ bhe observed. 'W, cell ‘wall. - 19.000:

Estrutura vesiculada - (B) - com. envélucro:- membranoso e um. anel  central
electronicamente transparente, com as dimensdes aproximadas duma mito-
condria(M).. Podem-se - observar plastideos (L) -com - grandes: grdos  de
amido  (R) e tilacoides distorcidos (T). W, parede celular. X 19000,




Fig. 4 - Vesiculated. organélles in.phloem cellg of LIN-33 'leaves infected
with: leafroll III plus corky bark. “M,.mitochondria, &, vesicles.: X 137:000.

Organitos veszculados em. células floemwas ‘de. folhas de LiN-33 infectadas
com enmlamento Ldo - tipoIII e-com - casca . encorticada. M, mztocondma
G; wesiculas. >< 137000,
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tained a finely stranded fibrilar material that resembled
nucleic acid.

No particular organelle has been recognized to originate
thege vesicular bodies, but the aecumulation of small vesicles
in' the periphery of - much altered plastids and: inside  mito-
chondria (Fig. 4) was detected.

DISCUSSION

The occurrence-of virus: particles in more or less organized
aggregates is one of the main aspects for describing the cyto-
pathology of several plant' virus groups.

The closteroviruses are economically a very important
group. of viruses  (Lister and Bar-Joseph, 1981). Members of
this group have long thin, very flexuous particles containing
one single. stranded RINA of variable size: (Milne, 1988).

Typical closteroviruses are characteristically located in. the
phloem: of their ‘hosts, where large. virus particle. aggregates
are. produced, often forming banded inclusions (Hoefert et al.,
1970; Esau and Hoefert, 1971).

In recent studies, the cause of leafroll has been ‘associated
to the presence of one or more closteroviruses; at least five
being presently known. These strain types are morphologically
distinct and have particle modal lenghts from 800 nm (Rosci-
glioni et al., 1983) to 2200nm  (Gugerli: et al., 1984) and an
approximate diameter of 12 nm (Kim- et al., 1989):

In  this® study, large masses of long  flexuous rod-shaped
virus-like particles with' a diameter of about 12nm and unde-
termined lenght. in banded  aggregates and sometimes -inside
membrane bound - inclusions ‘were ‘observed, mostly ‘in sieve
elements, but also in companion cells and other phloem cells,
of grapevine varieties with leafroll or leafroll plus corky bark.
These particles were not detected in healthy grapevines.

Numeroug: clusters of  small vesicles, frequently  envolved
by a membrane and containing fine fibrils of unknown nature
were also observed, only in the phloem of infected plants, which
are thought to be cytopathological effects of virus infection.
Although extensively vesiculated plastids were frequent, the
origin of these inclusions could not be associated to cell orga-
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nelles or other membranous systems such as endoplasmic
reticulum or Golgi bodies (Pedroso, 1987).

These results are similar to those reported by Esau and
Hoefert (1971) in their study of beet yellows virus (BYV)
the type member of closteroviruses. In infected plants, vesicles
“occur in groups within membrane compartments whose origin
is not clear and that are known as «BYV-type vesicless. The
authors postulated a de novo synthesis of the vesicles, to enclose
the characteristic fine fibrils of nucleic-acid material.

Vesiculation has been reported previously in grapevines
with leafroll symptoms. In phloem tissues of diseased gra-
pevines, Castellano and Savino (1983) have shown that vesi-
culated bodies in association with isometric virus-like particles,
ordinarily developed from modified mitochondria, sometimes
from - chloroplasts, and' consisted charactenstlcally of’ ‘double-
membrane vesicles,

Closterovirus-like particles were associated to single vesicles
of mitochondrial origin by Kim et al. (1989), in their study
of leafroll affected grapevines. Enzyme-linked immunosorbent
assay (ELISA) indicated that the virus was serologically related
to a New York isolate (type III): closterovirus. Most of the
vesicles contained electron-dense fine fibrils considered characte-
ristic of closterovirus. infection.

The vesicles that were observed in this study apparently
belong to this second group, except for the absence of a
clear relationship to mitochondria or other membranous systems
(Pedroso, 1987), ‘which seems to be in agreement with the
conclusions “of ‘Hsau and Hoefert = (1971) for BYV  above
mentioned. ‘ :

In the present investigation, the possible etiological asso-
ciation of closterovirus type III with the leafroll sjynd:z?ome
studied and the presence of closterovirus-like particles is con-
sidered. Nevertheless, the morphological and serological rela-
tionship detected needs: direct evidence from infectivity assays.

Studying the distribution of ‘beet western yellows virus in
beet leaves, Esau and. Hoefert (1972) concluded -that, in a given
leaf, the small spherical particles of the virus appeared initially
in the sieve elements, 'where they become very conspicuous
even under low magnification, due to the absence of ribosomnies,
and moved later to the companion cells. Some times, in appa-
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rently normal sieve elements, the particles were detected close
to the cell wall. Esan and Hoefert (1972) point out that with
enough experience it is possible to distinguish between viral
particles and’ ribosomes, after observing the -virus in well deve-
loped " sieve elements (where ribosomes are absent) and com-
paring them, afterwards, with the ribosomes of adjacent paren-
quimatous cells. They concluded that the viral particles were
slightly larger and more electron dense than ribosomes, and
had: better defined shapes.

The small spherical particles, with a diameter of about
16-20 nm, observed in sieve tubes and other phloem cells of
LIN-33 plants infected with leafroll:and corky bark, and not
in healthy controls, were in the size range of cytoplasmic
ribosomes. Indexing on woody indicators (Pedroso and Sequeira,
1982), as well -as mechanical ‘transmission to herbaceous hosts .
and ELISA tests, gave negative results to grapevine fan leaf
(Pedroso, 1987) ‘and bulgarian latent virus infections. However,
the generally accepted -absence of ribosomes' in mature. sieve
tubes (Milne, 1967; Esau and Hoefert, 1972; Gunning and Steere,
1975; Hatta, 1976) and the improbable arrangement of ribosomes
in clusters, in the cytoplasm of parenchyma cells, strenghtens
the possibility of a’ viral nature for the observed structures.
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RESUMO

A presenca de particulas virais'e corpos multisvesiculares em videiras
infectadas com- as doencas do enrolamento e da casca encorticada

O enrolamento foliar é uma: das doencas da videira. com maior impor-
téncia: econdmica e mais- disseminadas que se “conhece.  Varios autores
tém referido: a existéncia 'de particulas em forma de bastonete e’ izomé-
tricas associadas a .esta- doenca. -Ainda: ndo fol ‘conseguida a fransmissdo
do  patogénio causador destadoenca  a hospedeiros  experimentais e, por-
tanto;: a - 'sua -etiologia ‘ainda. se:encontra mal esclarecida.

No presente “estudo -observaram-se ao micrescépio: electrénico. cortes
finos ' de tecidos de videira -das. variedades Pinot  noir e Rufete ‘onde,
através da utilizagdo -da - técnica ~ELISA . (enzyme-linked . immunosorbent
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assay). se verificou-existir. antigénio do closterovirus. do: tipo IIT - associado
a0 -enrolamento  da 'videira - (GLRV. III),

Foram obgservadas- particulas semelhantes ‘a closterovirus, por vezes
em: grandes agregados: envolvidos: por. uma:membrana, formando arranjos
de particulas paralelas; em tubos  erivosos. de  plantas: infectadas. e néo
enm plantas ‘sis. : !

Detectaram-se, -em: células :do. floemas, -inclusdes- constituidas: por uma
menibrana,. por. vezes contendo numerosas: fibrilas de natureza. desconhecida,
com. dimenses: situadas. entreas dos mitocondrios ‘e as dos plastideos.
N&o  se verificou o envolvimento.'de nenhum: tipo: de organito. celular na
origem ~dessas. -inclusdes, -embora se ' tenha -observado a acumulacio  de
pequenas vesiculas na periferia. de ‘plastideos e’ de mitocondrios alterados.

‘Foram- tamhbém - observadas -inclusGes - vesiculares: em  plantas: com
enrolamento . foliar: e’ easca’ encorticada; —outra -doenca - da  videira - de
etiologia ‘desconhecida com- digperséo & -escala mundial, ‘mas menos fre-
quente do-que o-enrolamento. Nestas plantas encontraram-ge ainda par-
ticulas  isométricas: do. tipo viral;: no  ltmen de ‘elementos crivosos  beni
diferenciados, e no citoplasma ‘de” células parenquimatosas do floema.

RESUME

Particules de virus et corps multivesiculaires dans des plantes - de vigne
atteintes des maladies de I'enroulement et de P'écorce liegeuse

L’enroulement (leafroll) est parmi-les maladies de la vigne:. connues,
Punedes plus importantes économiquement et les: plus disséminées.” Plu-
sieurs auteurs ont referé I'éxistence. de particules allongées: et isometriques
associées 4 -cette maladie. ‘La ‘transmission: de. 'agent  patogenique - res-
ponsable pour cette maladie & des hotes experimentels na pag encore eté
reussie et en conséquence son ‘etiologie est encore mal' éclaircie;

Dans-le present: étude on' a observé au microscope -électronique: des
coupes de "tissu de plantes des varietés Pinot noir et Rufete contenant
le "closterovirus du’ type IIT associé au -leafroll ‘de la vigne (GLRV IID)
determiné par la technique ELISA  (enzyme-linked immunosorbent assay).

Des particules: du. type. closterovirus ont ‘eté observées, parfois  en
grandes masses de particuleg. paralleles entourées par une:membrane; dans
les tubes criblés de. plantes infectées et pas dans: leg plantes saines. Dans
les -cellulés ‘du-floéme, on " a. observé des inclusions constituées par’ des
groupes- de . vésicules frequemment ‘entourées par une membrane, parfois
contenant: de nombreuses fibrilles de nature inconnue; avec des dimensions
situées entre  celles. des mitochondries et des- plastids.. 'Aucun  organite
cellulaire n'a pas-été aggocié a lorigine de-ces. inclusions quoigue on aille
obgervé laccumulation de petites. vésicules dang la periférie de ‘plastides
et de mitochondries  altérés.

Des-inclugions’ vésiculaires ont aussi éte observées dang des plantes
avec leafroll: et  écorce -liegeuse (corky -bark), une’ autre 'maladie de la
vigne-distribuée &-1'échelle mondiale: avec une étiologie 'mal connue. Dans



ces plantes on:a observé des particulles igometriques du’ type: viral dans
les  tubes 'criblés et “dans -le: cytoplasme -de:cellules' parenquimateuses
du. floéme:

LITERATURE CITED

Castellano, M. A. and V. Savino

1983 Virus-like particles and ultrastructural modifications in: the phloem
of leafroll-affected . grapevines, Vitis 22: 23-29.

Clark, M: F. and ‘A. M. Adams :

1977 - Characteristics of ‘the microplate methcd: of enzyme: linked immu-
nosorbent- assay  for thedetection. of' viruses. J. Gen. Virol. 34:
457-483. :

Cronshaw,  J. and HEsau, K.

1967 - Tubular .and  fibrilar ‘components .of -mature. and . differentiating

sieve elements. J. Cell- Biol. 34: 801-815.
HEsau, K.

1965 . Plant Anatomy.-John Willey & Sons Inc:: (eds.), New York, 767 pp.

1971 - Development . of P-protein in: sieve  elements of Mimosa pudica.
Protoplasma 18::225-238. ‘

1972 - Changes'in. the nucleus and. endoplasmic  reticulum during: diffe-
rentiation:of ‘a - sieve . element in' Mimosa pudica L. Ann. Bot. 36:
703-710. :

1978 The protein .inclusions  in :sieve -elements: of  cotton {Gossypium
hirsutuwm L), J. Ultrastruct, Res. 63 224-235.

Esau;’ K. and L. L. Hoefert

1971 Cytology . of beet yeHO'VVS virus - infection' in: Tetragonia 1. Paren-
chyma  cells in infected leaf. Protoplasma 72: 255-273.

1972 Ultrastructure - of “sugarbeet leaves infected -with  BHeet ‘western
yellows virus. J. Ultrastriuct. Res. 40: 556-571. :

Fortusini, A.'S., Cinquanta: and G. Belli :

1989 ‘Mixed infectiong' of - nepo . and ‘clostero-viruses. associated: with
corky - bark:: and -stem pitting. in . grapevine :9th Meetmg ICVG
Awnn. Phytopath. (hors série): 131-134. !

Gugerli, -P.,;"J. J. Brugger and R. Bovey :

1984 L’enroulement de la. vigne: mise ‘en évidence de partlcules virales
et developement ‘d'une "~méthode’ imniuno-énrimatique pour: 'le
diagnostique:rapide:- Rev. Suisse Vitic. Arbomc Hortic. 16: 299-304.

Gunning, B. H." 8. and: M. Steere

1975 Ultrastructure and. biology of plant cells. Edward Arnold (eds.),

London, 288 pp: :
Hatta, "'T

1976 Recognition and measurement - of small 1sometmc virus: particles

in’ thin section, Virology 69: 231-245. = =
Hoefert, L. L., K. Esau and J.- K. Duffus -

1970 - Electron microscopy of “Beta. leaves: infected with beet yellows

stunt virus. Virology 42+ 814-824.



—14 —

Iwanami, T.;~S. . Namba, Y. D: Yamashita,; J.. Takahashi and K. Ishii

1987 Purlflcatlon of - grapevine leafroll' virus (GLRV). Ann. Phytopath.
Soc.: Japan 53+ -655-658.

Kim, K. 8., D. Gongsalves D.-Teliz and K. W. Lee

1989 ‘Ultrastructure and ‘mitochondrial vesiculation associated with' clos-
teroviruslike *particles 'in: leafroll-diseased’ grapevines.  Phytopd-
thology: "9:- 357:360.

Lister, R. M. and: M. Bar-Joseph.

1981 Closterovirus, -in: “Handbook of . plant virus infection -ond compa-

rative diagnosis- (H. Kurstak,-ed:), p. 809, Elsevier, Amsterdam.
Milne, R, G: : :

1967 -Electron microscopy  of leaves:infected 'with sowbane mosaic virus
and ‘other:small- poiyhedral- viruses. Virology:32: 589-600.

1988 Taxonomy of - the. rod-shaped- filamentous viruses,. in: - The Plant
Viruses. - The filamentous: plant viruses (G. G Milne, ed) p.-423,
Plenum' Press, New York ‘and: Liondon.

Pedroso, BE.© 1.

1987 - Detecgdo e caracterizacdo de agentes causais' de viroses: e doencas
afins; no. ambito da - selecedo sanitdria  da videira: em. Portugal.
213 ‘pp: Dissertacdo para obtencéo do: grau de Doutor. em Agro-
nomia. Instituto Superior .de "Agronomia; Lisboa.

Pedroso, E. I and O, A:’Sequeira .

1982 A indexagem de  doencas  de videira ‘em  indicadores 1énhosos:
O enrolamento foliar . (leafroll) -e--a: casca encorticada ~ (corky
bark).-da videira.-:Garcia de Orta-9: -255-260.

1983 - AlteracOes ~anatémicas provocadas pela -doenca  da :casca’ encorti-
cada(corky bark) da videira: Garcie de Orta 10: 137-142,

Pedroso, E. I, 0. A Sequeira:and: V.. Simdes

1985 -Structural -abnormalitieg ‘associated with 'grapevine casca  encor-
ticada “(corky bark) disease. Transmission and' scanning  electron
microscopy:-a. preliminary study.: Garcia de Orta 12:-259-268:

Rosciglione, B.; M. A. Castellano, G. P. Martelli, V. Savino and G. Cannizaro

1983 Mealybug transmission: of ‘grapevine virus A" Vitis 22: 331 347.

Tanne, E: and K. Meir

1990 - Double-stranded RNA. associated  with' the corky bark disease in

grapevine. 10th: Meeting ICV{, Abbstracts of: popers: 34.

Tanneé; E., I Sela, I. Harpaz and M. Klein :

<1978 = Further studies of ‘a leafroll” agsociated virus: transmission from
herbaceous plants, - purification ~and characterization, Proceedings
of ‘the 6th Conference onvirus and virus diseases of the grapevine:
213-214, - Madrid. : '

Vasconcellos, . J.: C.

1948 .. Botdnica ‘Agricola. I -Parte, 270 pp. Coleccdo A Terra e o Homem.
Livraria: 84 'da- Costa,: Lisboa:

Zimmerman,: D, and B; Walter :

1990 Further characterization of ' closterovirus-like particles ' associated
with ' the: grapevine leafroll dlsease 10th. Meetmg ICVG Abstracts
of : papers: 8.



