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Viral diseases of Poaceae family plants
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Plants of common cocksfoot (Dactylis glomerata L.), tufted hairgrass (Deschampsia
cespitosa (L.) P. Beauv.), meadow fescue (Festuca pratensis Huds.), perennial ryeg-
rass (Lolium perenne L.), Festulolium loliaceum (Huds.) P. Fourn. (Festuca pratensis
L. x Lolium perenne L.) showing symptoms of mosaic spotting, chlorotic and nec-
rotic streaks on leaves and stems were detected at the Plant Breeding Centre of
Lithuanian Institute of Agriculture and also at the Vilnius station for investigation
of plant cultivars. Virus isolates were investigated by the methods of test-plants,
electron microscopy and DAS-ELISA.

According to the results of symptomatology on host- and test-plants, virion
morphology, transmission of viral infection by mechanical inoculation and aphides,
and DAS-ELISA, for the first time in Lithuania the following viruses were iden-
tified: Cocksfoot streak potyvirus, Festuca necrosis closterovirus and Ryegrass mosaic
rymovirus.

Key words: Poaceae family, virus identification, virus diseases, Closterovirus, Poty-

virus

INTRODUCTION

Forage feed plants belong to a group of plants highly
important for the nutrition of domestic and wild ani-
mals. Many of these plants are grown in plowed fields
or represent cultivated and spontaneous inhabitans of
meadow, pasture and roadside plant populations. Du-
ring the vegetation period the yield of perennial fora-
ge grass is influenced not only by the ecological fac-
tors, but also by diseases caused by pathogens.

Investigating virus diseases of graminaceous
plants, isolated and identified were three viruses
from cocksfoot, fescue and ryegrass: Cocksfoot streak
potyvirus (CSV), Festuca necrosis closterovirus (FNV)
and Ryegrass mosaic rymovirus (RGMV).

The CSV disease was first described and the
agent of disease identified by Smith and Storey in
1952 [4]. The agent of the disease (CSV) belongs
to the genus potyvirus, has filamentous particles with
a clear modal length of 750 nm and 13 nm wide.
CSV is transmitted by mechanical inoculation with
sap, in non-persistent way by aphids and is not trans-
mitted by seed [4]. A characteristic symptom of
disease caused by CSV on cocksfoot and other spe-
cies of the genus is pronounced streaked stripes,
after which the disease was named. The virus spreads
in England, Holland, France, Germany, Sweden,
USA [14] and Russia [17]. CSV is an economically
important plant pathogen. It infects a number of
grass species and, depending on the host, can cause
forage yield losses of 10 to 60% [14].

FNV was first observed in Central Europe. The
virus was investigated and characterized by
H. E. Schmidt et al. in South Germany in 1963
[8]. The agent of the disease belongs to the ge-
nus Closterovirus and has filamentous flexuous par-
ticles with a clear modal length of 1725 nm and
18 nm wide [9]. Natural virus hosts include Fes-
tuca ptatensis, F. arundinaceae and Lolium peren-
ne. Necrosis, reddening and plant death from the
roots upward characterize the symptoms on in-
fected plants. Virus is not seed-borne, does not
spread by contact, and is not transmitted by me-
chanical inoculation, but is transmitted by Rhopa-
losiphum padi L. aphides [14].

RGMV is presently classified as the type species
of the mite-transmitted genus Rymovirus of the fa-
mily Potyviridae. On the basis of its transmission, it
is grouped together with Wheat streak mosaic
(WSMV), Agropyron mosaic virus (AGMV), Hor-
deum mosaic virus (HMV), and Oat necrotic mottle
virus (ONMV) [12]. RGMV is widely distributed
where ryegrass is grown — in the USA, Canada, se-
veral European countries, Australia, New Zeland and
South Africa [11], Czech Republic, Slovakia [15].
Virus can decrease the yield of pastures of Italian
ryegrass (Lolium multiflorum Lam.) and perennial
ryegrass (L. perenne L.) by 30-50% [11]. The symp-
toms are caused by different (from faint to severe)
mosaic with chlorotic and necrotic streaking, espe-
cially in perenial ryegrass [4]. The host range of
RGMV s restricted to festucoid species within the
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family Poaceae. Disease diagnosis can be performed
by mechanical inoculation of L. perenne, L. multif-
lorum, D. glomerata and Avena sativa plants [14].
RGMV is thought to be transmitted by the erio-
phyid mite Abacarus hystrix (Nalepa) [7]. RGMV
particles are flexuous rods about 705 nm long and
15-18 nm in diameter [11].

The aim of this investigation was to evaluate vi-
rus infection in gramineous plants, to identify agents,
to define experimental host range, symptoms, morp-
hology of virions, to preparate antigens.

MATERIALS AND METHODS

Material for investigation was collected at the Vil-
nius Station for investigation of plant cultivars and
at the Plant Breeding Centre of Lithuanian Institu-
te of Agriculture, Dotnuva, Akademija in 1998-2002.
The samples were collected from gramineous plants
showing viral symptoms on leaves and stem. The
experimental work was carried out in the greenhou-
se and at the Laboratory of Plant Viruses of the
Institute of Botany. Viruses were identified by test-
plant reaction and virus particle morphology [4, 14]
and DAS-ELISA [5].

Test-plants were grown and inoculated in green-
house conditions. Fifteen plants species of the fa-
milies Amaranthaceae, Chenopodiaceae, Poaceae and
Solanaceae were inoculated with the study viruses.
The following test-plants were inoculated: Agrostis
stolonifera L., Avena sativa L., Chenopodium ama-
ranticolor Coste et Reyn., C quinoa Willd., Dactylis
glomerata L., Festuca pratensis Huds., Gomphrena glo-
bosa L., Hordeum distichon L., Lolium perenne L.,
Nicotiana debneyi Domin., Phleum pratense L., Poa
palustris L., P. pratensis L., Secale cereale L., Zea
mays L. The inoculum for mechanical sap inocu-
lation was prepared by grinding infected leaves in
0.1 M phosphate bufer pH 7.1. Monocotyledonous
test-plants were inoculated at the stage of three le-
aves and dicotyledonous test-plants at the four-lea-
ve stage. Presence of virus particles was observed in
the preparations, using a JEM-100S electron mic-
roscope after negative staining with 2% uranyl ace-
tate solution [6].

The viruses isolates were purified from infected
leaves according to the modified methods based on
coksfoot [10] and fescue [1].

RESULTS AND DISCUSSION

Cocksfoot streak virus. CSV has been isolated and
identified from naturaly infected Dactylis glomerata
plants showing light-green or yellow streaks on le-
aves and stems. Possibility of the disease agent tran-
smission by mechanical sap inoculation was ivesti-

gated inoculating 15 test-plants belonging to 4 fami-
lies. The infection was succesfully transmited to test-
plants of five species: A. sativa ‘Jaugila’, ‘Edit’, ‘Jak’,
‘Jovar’, H. distichon ‘Anni’, ‘Ula’, D. glomerata ‘As-
ta’, L. perenne ‘Sodré’, ‘bvilgé’, P. pratense ‘Vélenis’.
Test-plants from another 10 species (A. stolonifera,
C. amaranticolor, C. quinoa, F. pratensis, G. globosa,
N. debneyi, P. palustris, P. pratensis, S. cereale, Z.
mays) did not react to inoculation. From the mono-
cotyledonous plants tested, A. sativa and D. glome-
rata were most susceptible to virus infection. First
symptoms of chlorotic streaks on oat leaves appea-
red within 18 days after inoculation. Later necrotic
and chlorotic streaks appeared on leaves and stems.
Sometimes necrosis started from the tip and ex-
tended to the basal part of leaves, leading to their
premature death. Virus infection was successfully
transmitted to D. glomerata ‘Asta’ plants, which
showed yellowish-greenish streaking and chlorosis on
leaves.

Electron microscopy of negatively stained leaf dip
preparations made from naturally infected cocksfo-
ot plants and infected test-plants revealed the pre-
sence of flexuous filamentous particles measuring
750 nm in length. Such particle morphology is cha-
racteristic of Cocksfoot streak potyvirus.

Purified virus preparations had A __ at 260 nm
and A . at 240 nm. The ratio of absorbance at
260/280 was 1.02. The yield of the purified virus,
taking into account potyvirus specific absorbance
A, *** = 2.04, was calculated to be 23.3 mg/100 g
of infected plant tissue. Electron microscopy of the
purified virus revealed flexuous filamentous partic-
les about 750 nm in length (Fig. 1).
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Fig. 1. Cocksfoot streak potyvirus particles in purified EM
preparation. Bar represents 100 nm

Festuca necrosis virus. FNV isolates (Is.) used in
this study were collected from naturally infected
plants of Festuca pratensis Huds. (Is. F0102) and
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Festulolium loliaceum (Huds.) P. Fourn. (Festuca pra-
tensis L. x Lolium perenne L.) (Is. F/L0203) show-
ing chlorotic and necrotic symptoms. Electron mic-
roscopy of negatively stained leaf dip preparations
made from naturally infected Festuca and Festulo-
lium plants revealed the presence of filamentous fle-
xuous particles measuring 1700 nm in length (Fig. 2).
Such particle morphology is characteristic of Festu-
ca necrosis closterovirus. Transmission possibility of
the disease agent by mechanical sap inoculation was
investigated inoculating the following test-plants: A.
stolonifera ‘Guoda’, A. sativa ‘Edit’, ‘Jak’, ‘Jaugila’,
‘Jovar’, D. glomerata ‘Asta’, F. pratensis ‘Dotnuva’, H.
distichon ‘Anni’, ‘Rataj’, L. perenne ‘Sodré’, P. pra-
tense ‘Velenis’, T. aestivum, Z. mays ‘Pionier’, C. ama-
raticolor, C. quinoa, G. globosa. The test-plants did
not react to inoculation. The virus was not tran-
smissible by mechanical inoculation to test-plants.

Fig. 2. Festuca necrosis closterovirus particles in Festuca L.
plants. Bar represents 500 nm

The agent of the disease was transmitted by Rho-
palosiphum padi L. aphides to Avena sativa plants.
Transmission was carried out by Dr Frank Rabens-
tein (Federal Centre for Breeding Research on Cul-
tivated Plants, Institute for Resistance Research and
Pathogen Diagnostics, Aschersleben, Germany).

Purified virus preparations had A__ at 260 nm and
A, at 240 nm. The ratio of absorbance at 260/280
was 1.2. The yield of the purified virus, taking into
account closterovirus specific absorbance A***, ==
= 2.27 (Bar-Joseph, Smookler, 1976), was calculated
to be 22 mg/1 kg of infected plant tissue.

Ryegrass mosaic virus. The RGMV was isolated
from naturally infected Lolium perenne, Festuca pra-
tensis, Festulolium ‘Punia’ cultural plants and Des-
champsia cespitosa, showing symptoms of chlorotic
flecking, mosaic and necrotic streaks.

Thirteen test-plant species of the families Poaceae
and Chenopodiaceae were experimentally inoculated
with RGMV. Fifteen days after inoculation, some
plants of Poaceae schowed disease symptoms on lea-

ves. The test-plants most susceptible for virus infec-
tion were A. sativa, L. perenne, F. pratensis, D. glo-
merata. A. sativa ‘Jaugila’ developed systemic mo-
saic, necrotic streaking in inoculated leaves. Virus
infection was transmitted to D. glomerata ‘Asta’, F.
pratensis ‘Dotnuva’ and L. perenne ‘Sodré’, ‘Pvilgé’,
which developed systemic mosaic, chlorotic flecking
and streaking on leaves. A. stolonifera, P. palustris
and P. pratensis were less sensible. The test plants
C. amaranticolor, C. quinoa, H. distichon, S. cereale,
T. aestivum, Z. mays reacted to none of the virus
isolates.

Electron microscopy analysis revealed the pre-
sence of viral particles in tested specimen grid pre-
parations prepared from naturally infected fescues
and festulolium plant samples or from inoculated
monocotyledonous plants. Virus particles are fle-
xuous filaments about 700 nm., specific for potyvi-
ruses (Fig. 3). RGMV infection in host-plants and
in inoculated test-plants expressing systemic mosaic
was comfirmed by the DAS-ELISA test.

Fig. 3. Ryegrass mosaic rymovirus particles in Festulolium cv.
‘Punia’ plants. Bar represents 100 nm

In this work, we describe three viruses identified
from gramineous forage plants. The virus disease
called “cocksfoot streak” was first described in Lit-
huania in 2000 [16]. The agent of this disease, CSV,
transmissible by aphids, has a narrow host range in
the Poaceae. Host range studies and symptoms caus-
ed by the virus isolated from cocksfoot in A. sativa,
D, glomerata, H. distichon and L. perenne are in
accordance with the descriptions on CSV [4, 14].
Electron microscopy of the purified virus revealed
flexuous filaments about 750 nm in length, as had
been reported by other investigators [4, 14, 17].

The disease caused by FNV is characterized by
symptoms of chlorosis and necrosis on infected F
pratensis and Festuca x Lolium hybrids plants. FNV
was found in Festuca x Lolium hybrids expressing
these symptoms in mixed infection with RGMV.
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However, in Germany in Festuca x Lolium hybrids
with such symptoms RGMV has often been iso-
lated, but closterovirus-like particles have never been
observed (F. Rabenstein, F. Matzck, unpublished).
On the basis of host-range symptoms, particle size
and morphology, and virus transmission by aphides
the virus is considered to be identical with the Fes-
tuca necrosis virus identified and described in Ger-
many [4].

RGMV causing mosaic disease on ryegrass was
found in Lithuania in 2002. Symptoms of the disea-
se caused by RGMV resemble those caused by ot-
her viruses affecting gramineous plants — light green
to yellow mosaic, chlorotic and necrotic streaks. Eu-
ropean RGMYV isolates differ in virulence, whereas
all isolates from the USA and Canada constitute a
group of mild strains [13]. The host range and symp-
toms of our virus isolates was similar to the one
described for RGMV [15]. Observation of virus par-
ticles in crude preparations on infected host plants
revealed the presence of filamentous particles about
670-700 nm long. The modal length of RGMV in-
vestigated in Czechoslovakia was estimated to be
665-700 nm [15], in Germany 650-750 nm [3], in
Canada 705 nm [13]. In the description of the vi-
rus, the modal length of 700 nm is indicated [4].

CONCLUSIONS

1. The virus isolated from the cocksfoot plants show-
ing light-green or yellow streaks on leaves and stems,
according to data on virion morphology, transmissi-
bility by mechanical inoculation, reaction on test-
plants was identified as Cocksfoot streak potyvirus.

2. According to symptomatology on host-plants
(chlorotic and necrotic streaks), virion morphology,
transmission of virus infection by aphides (Rhopolo-
siphum padi L.) and not non-transmission by mecha-
nical inoculation, the virus isolated from Festuca pra-
tensis Huds., Festulolium loliaceum (Huds.) P. Fourn.,
was identified as Festuca necrosis closterovirus.

3. According to the morphology of virus partic-
les (0700 nm), host-range, symptoms on test-plants
(systemic mosaic, chlorotic and necrotic flecking and
striping) and DAS-ELISA data, the virus isolated
from Lolium perenne L., Festuca pratensis Huds., Fes-
tulolium loliaceum (Huds.) P. Fourn. and Deschamp-
sia cespitosa (L.). P. Beauv. with leaf mosaic, chloro-
tic and necrotic streak symptoms is identical to Ry-
egrass mosaic rymovirus from the genus Rymovirus.
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Laima Urbanavieiené

POACEAE DPEIMOS VARPINIZ AUGAL@ VIRUSINES
LIGOS

Santrauka

Nuo 1998 m. Botanikos institute, Fitovirusg laboratorijoje,
pradétos tirti varpinig augalg virusinés ligos. Vilniaus auga-
lg veislig tyrimo stoties bei Lietuvos pemdirbystés instituto
Selekcijos centro évairig veislig varpinig polig bandyminiuo-
se laukeliuose, taip pat atskirg pasélig laukuose bei pakelé-
se aptikti tikrojo eraieino (Festuca pratensis Huds.), daugia-
metés svidrés (Lolium perenne L.), paprastosios eraiéinsvid-
rés (Festulolium loliaceum (Huds.) P. Fourn. (Festuca pra-
tensis L. x Lolium perenne L.), paprastosios dunapolés (Dac-
tylis glomerata L.), kupstinés dluotsmilgés (Deschampsia ces-
pitosa (L.) P. Beauv) augalai su stebimais virusinés ligos
simptomais — mozaikiniu démétumu, chlorotiniais ir nekro-
tiniais drypeliais lapuose ir stiebuose. 13skirti virusg izolia-
tai, kurie buvo tiriami augalg-indikatorig, elektroninés mik-
roskopijos, DAS-ELISA metodais. Buvo tiriami infekcijos
upkrétimo badai (mechanine inokuliacija, pernedimas ama-
rais). Atliktg tyrimg duomenimis, Lietuvoje pirma karta bu-
vo identifikuoti trys varpinius augalus papeidpiantys virusai:
dunapolés drypligés (Cocksfoot streak potyvirus), eraiéino ne-
krozés (Festuca necrosis closterovirus) ir svidrés mozaikos
(Ryegrass mosaic rymovirus).

Raktapodpiai: Poaceae deima, identifikacija, virusinés li-
gos, Closterovirus Potyvirus

Jlaiima YpbanaBuueHe

BUPYCHBIE BOJIE3HU 3JTAKOBBIX
PACTEHM, TTPUHAUIEKAIIIAX
CEMENCTBY POACEAE

Pesome

B 1998 r. B JlabGopatopuu ¢utoBupycoB MHcTHTyTa
OOTAaHWKHM HAYaThl UCCIENOBAHMS BHPYCHBIX OoJe3Hei
37IaKOBBIX pacTemif. OOCIeIOBaHBI PACTEHUS Ha OIBIT-
HBIX TOJSIX BHIBHIOCCKON COPTOUCHIBITATEIRHONW CTaH-
IIUH, Ha CEIEKIIMOHHOM IIeHTpe pacTeHuit JInToBckoro
WHCTHUTYTa 3eMIICHCIHS, a TaK)Ke Ha OTHENbHBIX IOcal-
Kax 1 obounHax. OOHapyXKEHBI PACTEHUS OBCSHUIIBI JTy-
ropoii (Festuca pratensis Huds.), paiirpaca macrOwur-
Horo (Lolium perenne L.), exu cbopnoii (Dactylis glo-
merata L.) u myroBuka aepuucroro (Deschampsia ces
pitosa (L.) P. Beauv.) ¢ cumnTomMmaMyu BUPYCHOW HH-
(bexnmu: Mo3anyHas MSTHUCTOCTh, XJIOPOTUYECKHE U He-
KPOTHUYECKHE INTPUXH Ha JIUCTBSAX M CTEOIsX. BhlmeneHst
BUPYCHBIE H30JATHI, KOTOpPBIe HACHTU(DUIIMPOBAHBI
METOJaMM PACTEHUNH-UHIAUKATOPOB, 3JIEKTPOHHOU MHU-
kpockormmi U DAS-ELISA. HccnemoBanuch criocoObl
nepeHoca WHMEKIUH MEXaHWYECKOH HHOKYIAIMEH M
TISIMH.

B pesynbrate Hamux uccnenoBaHuii B JIuTee BHep-
BbIC Ha 3JIAKOBBIX TPaBaxX MAECHTU(UIIMPOBAHBI TPU BHU-
pyca: mojocatoctu exu (Cocksfoot streak potyvirus),
Hekpo3a oBcsaHuIbl (Festuca necrosis closterovirus) u
Mo3auku pairpaca (R yegrass mosaic rymovirus

KroueBbie cioBa: cemeiictBo Poaceae, mmeHTH(U-
Kauusi, BUpycHble Oouie3nu, Closterovirus, Potyvirus



