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THE OCCURRENCE OF VIRUSES ON RYEGRASS 
AMD COCKSFOOT CROPS 

The occurrence of virus disease induced by mixed infection (filamen
tous and spherical viruses) on the plantations of ryegrasses (Lolium) and 
cocksfoot (Dactylis glomerata) is described in this paper. 

On the basis of the o-btained results, filamentous virus has been iden
tified as the cocksfoot streak virus, whereas spherical virus has not been 
identüied yet. 

1. INTRODUCTION 

The present studies were undertaken in connection with the detection 
of virus infection causing mosaic symptoms on the ryegrass and cocksfoot 
crops. 

According to the literature data these species of grasses may be infec
ted by many viruses, which occur singly or in mixed inf ections. The most 
widespread viruses on ryegrass are: the ryegrass mosaic virus (M ulligan, 
1960; Hirst, 1974; Salt, 1975; Vacke, Jägrovä, Jokes, Noväk, 1976), barley 
yellow dwarf virus (Catherall, 1963, 1981; Catherall, Wilkins, 1977), bro-me 
mosaic virus (Ohmann-Kreutzberg, 1963; Slykhuis, 1967; Bremer, 1964, 
1974), Agropyron mosaic virus (Bremer, 1964). 

Among viruses occurring on cocksfoot the most frequent are: the 
cocksfoot str~ak virus (Slykhuis, 1958; Ohmainn-Kreutzberg, 1963; Schu
mann, 1969; Huth, 1972), cocksfoot mottle virus (Serj,eant, 1964, 1967; Ra
be-nstein, Schmidt, 1979) and cocksfoot mild mosaic virus (Huth, Brandes, 
Paul 1970; Huth-1968, 1972). 

Some of the mentioned viruses infect the both grass species. 
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II. MA TE'RIAL AND METHODS 

The work on the occurrence of virus disease included observations 
and identification studies. The latter took into consideration: 
a) different ways of virus transmission (through inoculation with sap, by 

aphids, mites, through soil and with seeds); 
b) determination of physical properties; 
c) the range of plant hösts; · 
d) electron microsco,pic observations; 
e) serological tests; 
f) purification of virus material. 

The source of virus and a trial plant was Italian ryegrass of the cv. 
Szelejewski and in some studies (insect transmission tests, examination of 
physical characters) - also plants of cocksfoot of the cv. Nakielska. 

In the tests on virus transmission by mites - Abacarus hystrix Nal. 
(Erioph_yidea, Acarina) (adult specimens and nymphs) aquisition feeding 
lasted 24, 48, 72 hours and 14, 21 days. The length of inoculation feeding 
was 14 days. 

In the tests with Myzus persicae Sulz., before the transfer to the 
source of infection, 3-h starvation -of virusfree aphids was use.d. The time 
of aquisition feeding was: 10 and 20 sec., 2, 5 and 10 min. followed by 
1-, 12-and 24-hour-inoculation feeding. 

Viruses were purified according the methods described previously (Po
spieszny et al., 1983). 

Preparations for examination in an electron microscope were directly 
taken from infected plants according to the dip method (Brenner and 
Horne 1959) and preparations from -purified sap were negatively stained. 
A contrast agent was phosphorotungistic acid (PTA) at pH = 7. 

Observations of the preparations were performed using Siemens -
Elmiskop I and Philips EM-201 electron microscopes at magnifications 
10 000 and 20 000 x. Electronograms were made on ORWO-EU-2 plates-. 

III. RESULTS OF STUDIES 

Occurrence 

The observatio,ns on virus disease carried out in 8 voivodeships (Ta
bles 1, 3) showed an almost 230/o infection of the total amount of the 
examined ryegrass crops and a 19° / o inf ection of cocksf oot crops. 

Marked differences have been found between the annual seed plan
tations of ryegrass arid perennial ryegrass plantations, frequently used 
as pastures. These differences became evident in the amount of infected 
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Table 2 

An analysis of infection of ryegrass crops with virus disease displaying symptoms 

of mosaics (acc. to the observations in 1977-1978) 

Number of % of infected plants 

infected/ 

Total /observed 
Species and number of crops 
cultivar of infected/ 

crops 

1 

annual perennial 
-

! ryegrasses crops crops spora-
dical-

spora-
2- 15- dical- 2- 15-

annual peren- ly - -10 % -30% ly - -10% -30% 
nial 1% 1% 

1 

Italian ryegrass 
17/69 9/51 8/18 4 cv. Szelejewski 4 1 2 1 3 3 

1 

Italian ryegrass 
1/5 0/4 1/1 0 cv. Skrzeszowicki 0 0 0 0 1 

-

Italian ryegrass 
4/12 1/9 3/3 1 cv. Lerntal 0 1 0 1 1 1 

ltalian ryegrass 
1/14 0/13 1/1 0 cv. Barmultra 0 0 1 0 0 

ltalian ryegrass 
0/7 0/7 0 cv. Tetila Scempter 0 0 0 0 0 

---
1 I talian ryegrass 

3/5 0/2 3/3 0 
1 CV. G6rczanski 0 0 1 1 1 

crops as well as in the. intensity of the disease occurrence. The number of 
infected seed (annual) plantatio,ns was not large and amounted to 10 out 
of 86 observed ones, which constitutes 11.60/o. Contrary to them, peren
nial crops were infected to a !arger degree, since 16 out of 26 crops, i.e. 
61.50/o showed the presence of virus disease (Table 2). The severity of the 
infection on annual plantations was not large, mostly sporadic, whereas 
that on perennial plantations often reached 30'°/o (Table 2). 

Purif ication 
During electron-microscopic examinations (dip method) the infected 

plants were observed to have particles of filamentou,s virus. lt has been 
found that the virus was transmitted mechanically through inoculation 
with sap. , 

Purification of sap obtained from artificially infected ryegrasses dis
pJ~yed also the presence of spherical virus in diseased plants. Therefore, 
inf~cti.Jon was caused by a mixture of viruses (Fig. 1). 
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Table 3 

Occurrence of virus disease with the symptoms of ,nosaic on cocksf oot crops 
in 1975 and 1977 

1 

Number of 

. observation stations 
Voivodeships 

Localities including 
Totally 

cocksfoot crops J habitats of wild growing cocksfoot 1 
--· 

Gorz6w 1/4* 1/20** 
1 

1/20 -

Kalisz 1/3 1/4 1/4 -

Leszno 2/6 3/12 3/12 -
~ --

Poznan 3/4 6/11 6/11 -

Szczecin 1/6 1/16 0/15 1/1 

1 
1 , . 1 

totally 8/23 12/63 11/62 1 1/1 1 1 

I percentage 0 0 
1 34.81/o 1 19.0 ¼ 1 

0 17,7 1/o 0 100 1/o 

Explanations.: 
• in the numerator is the number of localities where virus disease was found 

in the denominator is the number of localities where observations were performed 
•• in the numerator is the number of infected crops 

in the denominator is the number of observed crops 

Separation of the virus complex was made by two methods: 
a) filamentous virus was separated from the spherical one (Fig. 2) through 

passage of the virus mixture on Lagurus ovatus L. and purification 
of sap from the infected plants. During purification it was observed 
that the virus mixture was more stable than the filamentous virus in 
a homogenic state. It was also manifested in the gradient of saccharose 
concentration (the complex precipitated in the gradient, the filamen
tous virus came down to precipitate). It was observed that the filamen
tous virus easily aggrega ted. 

b) the spherical virus was obtained (fig. 3) through a series of precipi
tations at a differentiated concentration of poiyethylenoglicol 6000 
(PEG-6000) and centrifugations in the gradient of saccharose (Pospiesz
ny et al., 1983) from the virus mixture, previo,usly purified. P lants of 
ryegrass and Lagurus ovatus L., inoculated with purified virus, sho
wed no disease symptoms. However, using an electron microscope, the 
purified sap of ryegrass was found to have only particles of spherical 
virus (Fig. 4). It has heen found that the concentration of spherical 
virus in plants was markedly higher, when it occurred in complex 
with filamentous virus. 
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Ryc. 1. Mieszanina wirus6w CSV i sferycznego (pow. 230 000 X ) 

Fig. 1. The mixture of CSV and spherical virus (230 000 X ) 

In the so far studies only filamentous virus has been identified, while 
determina tion of spherical virus req uires f urther studies. 

Identification of filamentous virus 

Transmission 

The virus was transmitted mechanically through inoculation with 
a sap diluted by phosphorus buffer with pH = . 7 and pH = 5.9 and by 
Myzus persicae after the application of a 2-min. acquisition feeding and 
a 1-h inoculation feeding. 

The virus wasn't transmitted by mites (Abacarus hystrix), through soil 
and with seeds of diseased plan ts. 

Physical properties 

The point of thermal inactivation was within 55-60°C, the dilution end
-po-int was about 1 : 1000 and longevity in vitro lasted for over 7 days (in 
some experiments - more than 10 days). 

An estima te of health condition of plan ts used in the tests of virus 
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Ryc. 2. Czqstki CSV w podczyszczonym soku z Lagurus ovatus (pow. 210 000 X) 

Fig. 2. CSV particles in the purified sap from Lagurus ovatus (210 OOO X ) 

transmission by vectors andin the studies on longevity in vitro was based 
on the results of macroscopic observations, which were randomly checked 
under an electron microsoope. 

Electron-microscopy observations 

The virus particles were filamentous and flexuous , about 750 nm long 
and 13-15 nm thick (Fig. 5). 

Serological tests 

The serological tests performed by the microprecipitation method under 
paraffin oil using serum against ryegrass mosaic virus (produced in Cze
cboslovakia and received from dr. Vacke) showed no reaction. 

The range' of host plants 

The studies· were conducted on 35 species of monocotyledonous plants 
from the family Gramineae and on 19 species of dicotyledonous plants from 
6 families: Chenopodiaceae, Cucurbitaceae, Solanaceae, Papilionaceae, 
Plantaginaceae and Apocynaceae. 
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Virus infected only monocotyledonous plants. Among the tested plants, 
virus infected the following 10 grass species: Dactylis glomerata L., Lolium 
multiflorum Lam., L. perenne L. , L. te1nulentum L., L. remotum Schrk. , 
Lamarckia aurea L., Bromus mollis L. , Lagurus ovatus L., Avena sativa L. 
and A. fatua L. 

The time of virus disease incubation ranged from about 10 to about 20 
days, depending on the environmental conditions. Infected plants always 
showed systemic symptoms. 

On the leaves of infected plants of cocksfoot (Dactylis glomerata) there 
initially occurred distinct light-green or yellowish streaks (necrotized in 
some places). They were the most distinct on young leaves (Fig. 6a). On 
older leaves the symptoms of streak virus were less pronounced and re
sembled rather those of green-yellow mosaics (Fig. 6b). Disease symptoms 
on the remaining species proceeded and developed in a similar way (Fig. 7) . 
Mosaics was also visible on the leaf shea ths and on the stems. The ears of 
plants infected by virus complex (filamentous and spherical viruses) were 
noticeably degenerated (Fig. 8) . 

Ryc. 3. Czqstki oczyszczonego wirusa sfer ycznego (pow. 140 000 X ) 

Fig. 3. Particles of purif ied spherical virus (140 000 X ) 
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IV. DISCUSSION AND CONCLUSIONS 

According to the literature data, similar disease symptoms on cocksfoot 
and ryegrass plants are ascribed mostly to two filamentous viruses, i.e. to 
the ryegrass mosaic virus (RMV) or to the cocksfoot streak virus (CSV). 
The both viruses have certain common properties (mechanical transmission 
through sap, similar measurements of particles, some common hast plants). 
However, they also display -differences concerning transmission by vectors 
(some RMV strains are transmitted by mites, and CSV is transmitted by 
aphids), longevity in vitro (RMV remains infectious for 24-48 hours and 
CSV - up to 16 days) and antigenic properties (Catherall 1971; Slykhuis, 
Paliwal 1972). 

The morphology and measurements of the studied filamentous virus 
were in agreement with the data of Brandes (1959, 1964) for the particles 
of the cocksfoot strecik virus (CSV). Many authors described the ways of 

Ryc. 4. Czc1stki wirusa sferycznego w podczyszczonym soku z Lolium mu.ltiflor-um ; 

brak CSV (pow. 140 000 Y) 

Fig. 4. Particles of spherical virus in the purified sap from Lolium multiflo um; he 

absense of CSV (140 000 X) 
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Ryc, 5. Czc4stki CSV uzyskane dip method (pow. 44 000 X ) 

Fig. 5. CSV particles obtained by the dip method (44 000 X ) 

virus transmission for CSV, some of them mentioning besides M. persicae, 
still other aphid species - CSV vectors (Smith, 1952; Watson, Mulligan, 
1959; Ohmann-Kreutzenberg 1963; Chamberlain, Catherall, 1976). The ob
tained in our studies virus transmission by M. persicae after 2-min. acqu
isition feeding is in agreement with the data of Watson and Mulligan (1959) 
and differs from the data of Ohmann-Kreutzberg (1963), according to which 
the author obtained CSV transmission only after 10 sec. of acquisition 
feeding. 

Physical properties i the studied virus were similar to CSV properties 
described tn the literature. The thermal inactivation point (55-60°C) and 
longevity in vitro (over 10 days) were similar to thermal inactivation point 
(55°C) and longevity in vitro (up to 16 days) of the CSV ~tudied by Oh
mann-Kreutzberg (1963), whereas the dilution end-point (1 : 1000) differed 
markedly from dilution end - point reported for CSV (2.5 and 3 · 10-3> 
by the mentioned author. 

The range of h~st plants covered a smaller number of infected species 
than it was found in the studies of Ohmann-Kreutzberg (1963) and Schu-
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Ryc. 6a . Liscie Dactylis glomerata -
rosliny zdrowej i porai:onej przez 
CSV (objawy poczqtkowe) 

Fig. 6a Leaves of Dyctyl i s glomera
ta - from a healthy plant and from 
a CSV-infected plant (wi th initial 
symptoms) 

Ryc. 6b. Liscie Dactyl is glomerata -
rosliny zdrowej i porai:onej przez 
CSV (objawy p6zniejsze) 

Fig. 6b. Leaves of Dact yl is glom era
ta - from a healthy plant and from 
a CSV-infected plants (with later 
symptoms) 

mainn (1969). Besides that, some species given by Ohmann-Kreutzberg 
(1963) as symptomless CSV carriers (Lagurus ovatus, Bromus 1nollis) , in 
our studies were observed to have disease symptoms. 

A negative result of serological tests pointed out to the lack of serolo
gical relationship between the studied virus considered to be CSV and 
RMV, which agrees with the literature data (Mulligan 1960) . 

On the basis of the obtained results of the studies concerning the ways 
of transmission, physical properties, the range of host plants, electron
-microscopic observations, s~rological test.s and disease symptoms, it is 
considered that the filamentous virus isolated from the complex is the 
cocksfoot streak virus. 

12 Prace Naukowe IOR 
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Ryc. 7. Liscie Lagurus ovatus - rosliny zdrowej i porazonej przez CSV 

Fig. 7. Leaves of Lagurus ovatus - from a healthy and CSV-infected plants 

Ryc. 8. Klosy Lolium muitiflorum 
odm. Szelejewski - rosliny zdrowej 
i porazonej (infekcja mieszana) 
Fig. 8. Ears of LoUum multiflorum of 
the cv. Szelejewski - from a healthy 
and infected (mixed infection) plants 
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Wand a Hoppe, Wo j c i e c h K an i e w s k i, Henry k Pos pi es z n Y, 
Maria Wieczorek 

wvs1ePOWANIE WIRUSÖW NA UPRAWACH RAJGRASÖW 
1 KUPKÖWKI POSPOLITEJ 

STRESZCZENIE 

W 7 wojew6dztwach Polski zaobserwowano schorzenie wirusowe na 
plantacjach rajgras6w (Lolium) i kupk6wki pospolitej (Dactylis glomerata). 
Zainfekowane rosliny wykazywaly objawy mozaiki na lisciach, pochwach 
lisciowych i lodygach oraz cz~sciOWq plonnosc klos6w. 

W zainfekowanych roslinach wyst~powaly, w mieszaninie, dwa wi
rusy: nitkowaty - zidentyfikowany jako wirus smugowatosci kupk6wki 
(cocksfoot streak virus) i sferyczny - na razie nie oznacz.ony. 
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Wirus smugowatosci kupk6wki przenosil si~ na drodze mechanicznej 
(przez inokulacj~) i przez mszyce Myzus persicae. Wirus nie przenosil si~ 
przez roztocze (Abacarus hystrix), przez ziemi~ i z nasionami chorych 
roslin. 

W badaniach nad zakresem roslin gospodarzy, sposr6d 54 testowanych 
ga.tunk6w roslin wirus zainfekowal 10 gatunk6w traw. Byly to: Dactylis 
glomerata L., Lolium multiflorum Lam., L. perenne L., L. temulentum L., 
L. remotum Schrk., Lamarckia aurea L., Bromus mollis L., Lagurus ova
tus L., Avena sativa L. i A. fatua L. 

Czqstki wirusa mialy ksztalt gi~tkich ni tek. Dlugosc czqstek wynosila 
750 nm a srednica - 13-15 nm. 

Fizyczne wlasciwosci wirusa, oznaczane w soku, byly nast~pujqce: 
punkt inaktywacji termicznej miescil si~ w granicach 55-60° C, graniczny 
punkt rozcienczenia wynosil okolo 1 : 1 000, a trwalosc in vitro w pokojo
wej temperatur~e - ponad 7 dni. 

B a H ~ a X o II II e, B o 11 Q e x K a H e B c K 11, X e H p 11 K II o c II e lll H bI, 

Map11H BeqopeK 

IIOHBJIEHME BliIPYCOB HA PAv1I'PACE M ELKE CBOPHOv1 
• 

PE3!0ME 

B 7 BOeBOACTBax IlOJihllJJ.1 Ha ITJiaHTall;J'IJIX pai1:rpacoB (Lolium) M €:>KM 
c6opHOJ1 (Dactylis glomerata) ITORBHJICR BHp03. 3apa}KeHHhie pacTeHH.H 
HMeJIH CJieAylO~He CHMIITOMhI 6oJie3HH: M03aHKa Ha JIHCThRX, JIHCTOBhIX 
BJiaraJin~ax M cTe6.rr.ax M qacTnqayro rrycTo3epHnu;y. 

B 3apa}KeHHhIX pacTeHMRX o6aapy:>KeHO ,n;Ba BHpyca BhICTynaro~Me 
R CMecn: HMT€BJ1,D;Hbll1 - M,D;eHTM<pHll;MpOBaH KaK BHpyc IIOJIOCaTOCTM e:>KH 
c6opaoi1: (cocksfoot streak virus) M M30MepnqecKHi1 He MAeHTMq:n1u;MpoaaH. 

Bnpyc IlOJIOCaTOCTH e:>KH c6opHOM nepeHOCMJICR MeXaHH'lJ€CKH M qepe3 
Myzus persicae. Bnpyc He rrepeaocMJICR KJie~aMH (Abacarus hystrix) , 
IlO'tJBOJ1 M ceMeHaMH. 

CpeAH 54 BMAOB TeCTMpOBaHHhIX pacTeHMJ1 10 BH,D;OB TpaB 110,D;Bepra
JIOCb 3apa}KeHHIO. Bnpyc MMeJI HJ1T€BHAHbie qacTJ'lll;bI, rJ16KHe O pa3Mepax 
750 X 13-15 HM. <PH3H'ieCKMe CBOl1CTBa BMpyca B COKe 6bIJIJ,f CJI€AYIO~He: 
TepMM'lJeCKaR J1HaKTJ1Ball;H.H B 55-60°e, rpaHJiPiHaR TO'tJKa paCTBOpeHH.H 
OKOJIO 1 : 1000, npoq~oCTh HH BHTpO B COKe - B KOMHaTHOJ1 TeMrrepaType 

CBbIIIIe 7 AHel1. 


