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Souhrn

V préei jsou shrnuty nové ditkazy o virovém charakteru sterilnosti a zakrslosti
ovsa (VSZO), jako# i struéné zminky o zjisténi daliiho viru v CSR — virové
prouzkovitosti pSenice (VPP). Oba viry maji stejného prensfete — kiisa Calligy-
pona pellucida F. Virus prouzkovitosti pSenice miZe byt na rozdil od VSZO pte-
d4van nakaXenymi samicemi vektora na potomstva transovarialnd. Tato vlast-
nost, jez umoinila vzdjemné oddéleni obou vird, byla tim prokidzana u fyto-
pathogennich viri na evropské pevniné prvng. VSZO muze byt preniSen larvami
i imagy kiisa. Znaéné variabiln{ cirkulaéni doba VSZO v téle vektora probéhne
vétéinou za 3 a% 4 tydny. Inkubadni doba VSZO é&inila u ovsa 3 a% 4 tydny,
u psenice a jetmene 4 az 7 tydnf; Zito projevovalo za 4 tydny pouze zaostdvani
v rustu. K preneseni infekce byl nutny minimélné pulhodinovy pobyt vektora
na testaéni rostling; po tiidennim pobytu do3lo jiz ke 1009, infekei. Destruktivita
VSZO na hostiteli se nezvét$uje umérng ani s délkou sani kiisa, ani s pfibyvajicim
poétem vektorti na rostlinu. Koncentrované extrakty z rozdrecenych t8l nakazli-
vych kit aplikované mechanickym vtirénim i injekcemi do ovesnych rostlin
nezpusobily u nich chorobné symptomy. VSZO ani VPP se nepodatilo prenést
ptidou nebo kokotici. VSZO byl viak pfenesen roubem. Oba viry vyvolaly cha-
rakteristické symptomy u Avena fatua L. a Poa annuo L. Zjiit&né skutetnosti
diskutovany z etiologického hlediska.

Summary

This paper presents a summary of new evidence for regarding sterility and
dwarfing of oats (OSDV) as a virus disease. Brief references are also made to
the identification of a further virus in Czechoslovakia—the wheat striate
virus (WSV). Both viruses are transmitted by the leafhopper Calligypona
pellucida F. The wheat striate virus differs from the oat sterile-dwarf virus
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in that it can be passed transovarially by the infected females of the vector
to their progeny. This characteristic, which made it possible for the two
viruses to be separated from each other, was demonstrated for the first time
for pathogenic viruses on the European continent in this case. OSDV can be
transmitted by leafhopper larvae and adults. The time during which OSDV
circulates in the vector’s body is very variable; it is usually three to four
weeks. The incubation period of OSDV was three to four weeks for oats, four
to seven weeks for wheat and barley; rye only showed retarded growth after
four weeks. For infection to take place it was necessary for the vector to
remain for a minimum of half-an-hour on the test plant; 1009, infection was
obtained when the vector remained on the plant for three days. The injury
inflicted by OSDV on the host does not increase proportionately either with
the duration of the feeding period or with an increase in the number of
vectors on the plant. Concentrated extracts of the crushed bodies of infectious
leafhoppers produced no symptoms of disease, when rubbed or injected into
oat plants. Nor were attempts to transfer OSDV and WSV through soil or
dodder successful. OSDV was, however, transferred by grafting. Both viruses
gave rise to characteristic symptoms in Avena fatua L. and Poa annua L.
These findings are discussed from the etiological point of view.

Introduction

The significance of virus diseases in European cereals and fodder grasses
has increased considerably in recent years, and numerous reports have
appeared on the subject (KLINKOWSKI and KREUZBERG 1958). The economic
losses caused by this category of disease are of such magnitude that they
can no longer be underestimated. Czechoslovakia may serve as an example
of one of the countries in which virus on cereals had not been definitely
identified up to 1957.

For several decades, however, the periodic occurrence of very harmful
diseases on oats had been observed in south-east Bohemia. The disease
appeared in some years and there seemed also to be some correlation with
climatic factors. Until recently the causes of the disease were sought among
various agents both of a parasitic and non-parasitic nature. In 1943 BLATTNY,
after examination of oat crops near Pelhfimov, expressed the view (v. also
BosxnansgY and BrarTNY 1956) that the symptoms he observed might be
due to a virus. He repeated this at the conference at Liblice in the winter
of 1951/2.

The systematic study of the etiology of oat disease did not begin until
the epidemic was spreading with unprecedented rapidity in 1954 to 1956,
when losses reached catastrophic proportions. The only measure for resisting
the disease, of course a provisional one, was a ban on the cultivation of
oats in the threatened districts of the Jihlava region.

The authors of the present paper first met with the disease in July 1956.
On the basis of an analysis of the symptoms, type of distribution and grado-
logy of the disease, and from data on the occurrence of probable vectors,
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the most likely cause was considered at that time to be a virus of the yellows
type (PRUSA 1957). During the 1957 vegetative period it was so far possible
to support the correctness of this conception that the actual originator of
the calamity could be described as a new virus (PRGSA 1958a, 1958b). This
virus was found to have characters distinguishing it from those viruses
which could be considered on the basis of certain features to be related
(PrGSA 1958b).

Oat sterile-dwarf virus disease (OSDV), as the new disease has been
named (PrOSA 1958b), is not, however, confined only to Czechoslovakia.
In the authors’ opinion the same virus has been causing increasing damage
in the Scandinavian countries, particularly since 1949, especially in Finland,
where it caused an even greater catastrophe than in Czechoslovakia (Ka-
NERVO et al. 1957). It was in Finland, also, that the connection between the
distribution of the disease and the leafhopper Calligypona pellucida F. was
first established (HerkizngrmMo 1956, 1957; Kanervo et al. 1957). The
specific relation between this leafhopper and the spreading of this dangerous
disease was experimentally confirmed shortly after, and independently of the
Finnish workers, in Czechoslovakia (DraBora 1957, 1958; PrtUSa 1958a,
1958b). According to some as yet unconfirmed reports, a similar disease has
also occurred in Slovakia in the Orava basin. BraTT~Y (1958) discovered
a symptomatologically similar type of disease in Rumanian Transylvania.

Although the nature of the pathogenic agents of sterility and dwarfing
in oats has been studied in its main outlines, it was still necessary to provide
further and still more convincing evidence in order to dispel any doubt as
to its virus origin. This has been the main aim of the work here presented.

At the same time the presence of another virus was determined. A detailed
report on this will be given separately. This virus produces, in addition to
dwarfing and other less obvious symptoms, a marked striation in cereals
(PRUSA 1958b), which is not produced by OSDV. It has been named,
according to the most characteristic symptom on the host where it was first
found, wheat striate virus.

These two viruses often occur together, which is connected with the fact
that they have the same vector (PRGSA 1958b). WSV is not of great economic
importance so far; not perhaps because it is less injurious to the host cereals
than OSDV, but because it has not yet occurred on a mass scale. It is,
however, theoretically noteworthy for its behaviour in the vector, the in-
fected females of the leafhopper Calligypona pellucida having the ability of
transmitting it to their progeny transovarially, which is the first case of this
kind to be demonstrated for a phytopathogenic virus on the European con-
tinent. This virus is probably identical with that described under the name
“Furopean cereal (wheat) striate mosaic” in recent times in England, and
d'seases observed in Germany and Denmark (SLYkHUIS 1958) probably
belong to it too.
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Material and Methods

In order to elucidate the question of the existence or non-existence of toxic and non-toxic
populations of the leafhopper Calligypona pellucida it was necessary to substitute the simpler
practice of mass transfer of leafhoppers to whole groups of test plants by a method of caging
them individually on the plants, one insect on one plant. In this way it is possible to follow the
pathogenic power of each leafhopper independently throughout the postembryonal develop-
ment up to its death in a series of passages on individual test plants (v. fig. 1 and 2). The leaf-
hoppers which were shown by sufficiently prolonged preliminary testing on healthy plants to
be virus free could then be selected and used in later phases of work for experiments with their
artificial infection. The uninfected insects were divided into two groups, experimental and
control. Individuals from the experimental group were caged on diseased plants for a certain
time for acquisition feeding. They were then transferred at definite time intervals on to a series
of test plants in order to establish whether they had acquired infective power and, if so, how
long after the period of feeding from the source of infection. The insects from the control group
were put through a similar process with the difference that they were never brought into contact
with infected plants. During the time when the experimental insects were feeding on infected
rlants the controls were isolated on healthy plants.

Using the method described it was possible to determine whether leafhoppers are able to
become infected by feeding on diseased plants. This was a matter of primary importance in
this investigation, since if the leafhoppers became infected under these circumstances it could
not be explained as being due to toxins, because toxins differ from viruses in not being infectious.
The experimental procedure described also ensured that in the event of results being positive
it would be possible to obtain information on the length of the circulation period of OSDV in
the body of the vector.

Results

Determination of the degree of natural infection of leafhoppers and artificial
infection of virus-free adults of Calligypona pellucida

Experiments were started at the beginning of April 1958 in the glasshouse and were con-
tinued from May to about the middle of July in a frame made of hotbed windows in which the
glass had been replaced by light silon material, allowing the insects and plants to develop under
natural conditions. One hundred and sixty larvae in the hibernating stage of the leafhopper
Calligypona pellucida were placed individually on 160 plants (fig. 3). The larvae were caught
shortly before on the boundary of a field on which the oat crop had been totally infested by
OSDYV (experimental locality Sézava, Pelhfimov district).

The insects were divided into 16 groups of ten each, so that it was possible to carry out
several variants of the experiment simultaneously. The individual variants differed as to the
species of cereal on which the percentage of naturally infected larvae was determined, further
as to the order in which larvae were caged on the cereals, the developmental stage of the cereal
at the time of infection and the length of the test feeding on individual plants, which ranged
from one to three weeks. The great majority of the leafhoppers in these experiments fed on
five healthy cereals (of these at least three times on oats), some however survived for nine
passages.

In the first phase of the experiments it was already shown that not all leafhoppers in popula-
tions from localities most strongly infested with OSDV were infected. Only about 869, of the
individuals possessed the power of producing symptoms of disease. The remnant of about 149,
of leafhoppers, although coming from a population of the same origin, never caused the changes
characteristic of disease in oats, wheat or other cereals. Only after very thorough observation
was it possible to note an extremely slight retardation of growth in plants on which they had
fed. This became somewhat more marked when the period of sojourn of the leafhopper on the
host plant was prolonged. This phenomenon, which is atypical for the disease, was usually
noticable immediately after the application of the longest experimental period of test feeding
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(three weeks) in plants at the earliest developmental stage (first leaf about 3 em. long). However,
after removal of the leafhoppers the majority of the plants concerned almost caught up with
the unaffected control plants. This phenomenon might be due to the relatively great loss of
assimilates caused by the intensive feeding by the leafhopper dependent on the young plant
for its entire nutrition.

A certain proportion, always composed of the same insects (about 129 of the total), some-
times transmitted the striate virus as well as the sterile-dwarf. There were also some individuals
among the experimental leafhoppers which exclusively transmitted the striate virus to the
test plants.

In the majority of cases it was possible to distinguish the oat sterile-dwarf virus disease
in oats with certainty only after four weeks from the time when the leafhoppers began to feed.
Retardation of growth appeared a week earlier. In wheat, barley and rye dwarfing became
evident approximately four weeks after infection; the final decision whether OSDV had really
been successfully transmitted to wheat and barley was usually possible only after a further
two to three weeks, when other symptoms of disease also appeared (stimulation of sprouting,
retardation of earing, yellowing of the tips of the youngest leaves). In rye, which is clearly the
most tolerant to OSDV, no symptoms were developed other than dwarfing. Differences in the
damage caused by OSDV to individual cereals are to be seen in figs. 4, 5, 6 and 7.

According to Drasora (1957, 1958) sterility and dwarfing in oats was caused only by larvae
and females of the leafhopper Calligypona pellucida. The present experiments have shown that
males transmitted OSDV to the same extent as larvae and females.

As a supplement to the experiments described the question was simultaneously investigated
why in Drarora’s work (1957, 1958) using mass transfer of leafhoppers from areas not affected
by the catastrophic occurrence of OSDV (the locality of Radotin near Prague) a similar picture
of the disease was obtained on test plants as when insects taken from infested crops were used.
In this investigation the authors were also concerned with the question of possible differences
in the power of transmitting OSDV between populations of Calligypona pellucida from the
Radotin area, where the disease was not known up to that time, and from Sézava, an epidemic
focal point.

For this purpose 64 leafhoppers of the hibernating generation, caught on a meadow in the
Berounka basin at Radotin, were individually caged on oat plants. It was found that something
more than 69, of individuals in this locality were infected with OSDV. This finding points,
above all, to a more general distribution of the virus. Further it makes it possible to explain
Dlabola’s observations as being due to a slight admixture of infected leafhoppers, which could
easily distort the results when using his technique of mass caging of the insects on the test
plants.

In a further phase of research an attempt was made to induce artificial infection of leathoppers
which had been shown to be uninfected over a month und half test period. In the Sazava popula-
tion there were altogether 23 insects (cca 149;) which never caused infection with the sterile-
dwarf or the striate viruses. By the end of May seven of them had died, however. The remainder,
already as adults, were divided into two parts, one (control) was passaged on healthy plants,
while an attempt to infect the other (experimental) was made as follows: three leafhoppers
were isolated individually on sterile-dwarf oat plants, two on sterile-dwarf wheat plants and
three on striate wheat for a period of one week.

The leafhoppers were then individually caged for test feeding on healthy plants in order
to find out whether they had been infected. Eight transfers of such infected insects were carried
out in all. The intervals of test feeding lasted three to ten days. At the end of the eighth passage
(from July 14 to 18, 1958) no insect was still alive. In spite of this high mortality among the
leafhoppers it was recorded that from the fourth test feed, when only four insects remained,
two of them began to transmit OSDYV regularly. Infectivity was acquired by one male, which
had been infected on virus-infested sterile-dwarf wheat and one female, which had been infected
on diseased oats. The circulation period of the virus in the bodies of these leafhoppers cor-
responded to an interval of 25 to 32 days. The remaining leafhoppers caused no infection to
the end of their lives. The parallel testing of control leafhoppers did not infect healthy plants
at all.

Similar experiments were carried out with a part of the leafhoppers from Radotin. In this
case 23 adults, which in preliminary tests had shown themselves to be incapable of infection,
were caged on virus-infected sterile-dwarf oats for acquisition feeding for nine days. They were
then passaged as usual on to healthy plants until they died. In the first passage, which cor-
responded to a circulation period of 9 to 17 days in the body of the leafhopper, three out of
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23 insects caused infection (cca 179%,). The proportion of infectious leafhoppers then increased
in spite of a sharply rising natural mortality, until in the last passage corresponding to a circula-
tion period of 36 to 42 days it amounted to two-thirds (2 insects out of three survivors were
infectious). The control insects, which were tested in parallel, did not infect the host oats at all.

In this way the first proof was provided that leafhoppers which were originally incapable
of infection can acquire it if they are allowed to remain in contact with a source of sterile-dwarf
virus. It was also possible to demonstrate that uninfected members of leafhopper populations
both from epidemic areas and from other areas can act as vectors for OSDV. Probably viruli-
ferous and non-viruliferous lines, such as those observed in the leafhopper Cicadulina mbila
NAUDE, vector of Zea virus 2 (Storey) SmiTH (v.e.g. KGALER and XKuiNkowskr 1954), do not
exist in Calligypona pellucida.

Artificial infection of Calligypona pellucida larvae bred from eggs

In order to provide final proof of the infectiousness of the disease it was necessary to try
to introduce a greater number of uninfected leafhoppers into the infection experiments. The
easiest way of obtaining sterile leafhoppers was to breed them from eggs. This procedure could,
however, only be successful on the assumption that it was a transovarially non-transmittable
virus.

To this end gravid females from a highly infected population (80 to 909) from Sazava were
left to lay eggs (fig. 8) in stalks of healthy barley which was at the flowering stage and therefore
practically immune from infection by OSDV. After three weeks the ripe straw with the eggs
was cut off below the lowest nodes and placed in a flower-pot with young, just-sprouted oats
in a silon isolator. The interval between the beginning of laying to the hatching of the first
larvae was about 3 to 4 weeks. The whitish, very mobile larvae, which are difficult to see with
the naked eye, were collected as soon as possible after hatching so that the theoretical possibility
of their contamination by the dry barley straw should be reduced to a minimum.

The larvae so obtained were divided into several groups and simultaneous experiments
were carried out with them in order to demonstrate the infective character of both diseases
under investigation. More detailed mention will be made here only of the groups in which the
infective character of OSDV was followed. The first group (control) was composed of 74 larvae,
which were caged on healthy oats immediately on the first day after hatching. They were then
transferred again to other cereals (mainly oats) at definite time intervals. The second group
(experimental) contained a somewhat greater number of larvae, which were first placed together
in a silon isolator for acquisition feeding on sterile-dwarf oat plants. The majority were left
there for 13 days, some for a longer period. A total of 92 larvae was individually transferred
to healthy oats after infection with the sterile-dwarf virus. After seven to twelve days of test
feeding they were then in all cases transferred to new cereals.

The control larvae, which were never able to feed on diseased plants, were individually
transferred during a period from the middle of July to the end of September to new plants
(usually oats) ten times in all. No case of transmission of the sterile-dwarf virus occurred,
although these larvae came from females infected to a high degree by the disease. The originator
of sterility and dwarfing in oats is, therefore, not transferable transovarially.

On the other hand, however, from the third passage, i. e. from the time when the larvae
were two to three weeks old, the typical signs of wheat striate virus disease began to appear
in a varying percentage of plants. Throughout the series of passages it was observed that
wheat striation was transmitted by about 129) of the leafhoppers and these were always the
same individuals. This virus is, therefore, transovarially transmittable and it was possible to
separate it in this way from the OSDV.

Quite different pathogenic characters are exhibited by larvae (experimental) which were
left on sterile-dwarf oats. They infected 179, of the oats plants on which they fed with the
sterile-dwarf virus immediately in the first passage after their transfer from the source of in-
fection. In the majority of the remaining plants there was also a slight retardation of earing as
compared with those fed on by larvae of the same population which had not, however, come
into contact with plants suffering from the sterile-dwarf virus. In addition, about 109, of the
plants in this experiment became diseased with the striate virus.

During the second passage of these larvae, which took place 12 days later and lasted 10 days,
there was a 58:59; infection with the sterile-dwarf virus and in the further passage 819, of the
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plants were infected. Although these experiments have not yet been completed, because they
will be continued in 1959 following the period of vegetative passivity, there can be no doubt
that the great majority of the larvae became infected and convincing proof has thus been
provided that the originator of sterility and dwarfing in oats is infectious and therefore a virus.
At the same time it was observed that the circulation period of the sterile-dwarf virus in the
body of the vector is very variable and that in the majority of individuals it lasts for three to
four weeks.

Determination of the time essential for leafhoppers to remain on host plants
in order to infect them

Investigation of the time essential for leafhoppers to remain on healthy plants in order to
infect them was carried out as follows: infected leafhoppers were individually caged on plants
(10 to 15) for test feeding for 5 min., 30 min., 1 hour, 1!/, hours, 2 hours, 3 hours, 6 hours,
9 hours, 24 hours, 30 hours, 2 days, 3 days, 4 days and 6 days. The experiment was carried
out twice.

Following five to ten minute sojourn of leafhoppers on oats no case of transfer of the sterile-
dwarf virus was obtained. Isolated cases of infection were recorded following 30 minute isola-
tion of the insects on healthy plants. The percentage of infection then rose sharply with increase
in the length of sojourn on the plants, particularly in the intervals up to 30 hours, when 579,
of the leafhoppers caused infection. After 3-day and longer periods all the insects transmitted
infection.

Thus, in-order for infection by one or both viruses to be achieved it was sufficient in principle
for one leafhopper to stay for a relatively very short time on the test plant—the lowest limit
being 30 minutes. It was found that the infected plant in general undergoes an equally severe
form of the disease when it is infected by an insect feeding e. g. for one hour or for three weecks,

Investigation of the toxicity of extracts from homogenates of infected
leafhoppers

The experimental procedure was as follows: 342 Callipygona pellucida adults (weight 0-77 g.)
of a highly infected population from an epidemic area were cooled at 0° C to immobility. They
were then quickly transferred into a cold mortar, 3 ml. of cold physiological solution for cold-
blooded organisms (0-649, solution NaCl in water) was poured over them, some coarse-grained
carborundum was added and they were thoroughly homogenized. The leaves of 121 oat plants
in a silon frame were then mechanically inoculated with the liquid. The plants used were at
the stage of one to two leaves.

After a week, when the experimental plants had reached a height of 12 to 15 cm., had three
leaves and tiny, two to five cm. long shoots (still lacking nodes—first internodium), they were
inoculated again; this time inoculation was carried out by injection. For this purpose 300 adults
from a highly infected population were homogenized in a similar way in a porcelain mortar
with 3 ml. of physiological solution for cold-blooded organisms. The homogenate was poured
into small test-tubes for centrifuging, the mortar being washed out with a further ml. of physio-
logical solution, which was added to the test-tubes. Following 3 mins. of centrifuging, at
4000 r. p. m. (g = 1608) the supernatant was further purified through a paper filter. The filtrate
was immediately injected with a fine one-cubic syringe into oat stalks, the leaves of which had
been mechanically inoculated the week before. Injections were made at regular intervals right
through the stalk so that the excess liquid appeared in drops at both sides. Out of the 121 plants
so treated 30 were treated in addition by the sediment formed during centrifuging being rubbed
into the stalks by the carborundum technique.

All these operations were carried out rapidly and as far as possible in the cold (cooled vessels
and physiological solution), so that the denaturation processes should be impeded to the
maximum. It can therefore be assumed that relatively large quantities of the most various
substances that can be extracted from leafhopper organisms were successfully introduced into
the young plants in concentrated form. Oat plants of the same age and cultivated under the
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same conditions as the experimental plants were used as controls and were inoculated only with
pure physiological solution.

None of the 121 plants inoculated as described above developed symptoms of the viruses
under investigation. They all grew normally in the same way as the control plants, came to
ear and produced seeds.

This result is evidence of the fact that OSDV is not mechanically transferable. As regards
the possibility that a toxin may be involved, it must be remembered that toxins are usually
fairly stable substances and it is therefore unlikely that, using the quite careful method described,
denaturation of such a substance could take place, if such a substance were indeed present.

Infection experiments using other methods than the agency of insect vectors

In 1958 new attempts were made, with negative results, to transfer cereal viruses through
soil to which a considerable quantity of chopped straw and roots of sterile-dwarf oats and
striate wheat had been added in the autumn of the previous year. Oats and wheat sown in this
soil grew quite normally.

The attempt to transmit the viruses by means of the dodder (Cuscuta campestris Y UNCK.)
was not carried out on a sufficiently large scale for the results to be fully significant. Another
reason for the lack of a positive result so far was evidently the fact that dodder fixes itself on
to oats and wheat with great difficulty.

A successful experiment on the transfer of OSDV by an agent other than the leafhopper
Calligypona pellucida may be considered to be that of grafting carried out by Brarrny (1958),
both by contact grafting in 1957 (v. PrUSA 1958b) and bottle grafting in the following year.
Grafts from diseased plants as distinet from those from healthy plants produced a marked
stimulation of sprouting and other symptoms of OSDV. This is a further proof of the virus
character of this disease.

Investigation of the range of host plants of OSDV

Examination of the range of hosts of OSDV has so far been carried out only in pilot
experiments. In the case of 14 grass species (Lolium perenne L., L. italicum A. Br., Bromus
inermis LEYSS., Phleum pratense L., Dactylis glomerata L., Avena fatua L., Agropyrum repens
P. B., Setaria viridis P. B., Hordeum murinum L., Anthoxanthum odoratum L., Briza media L.,
Arrhenatherum avenaceum P. B., Poa annua L., Sieglingia decumbens BERNH.) and two other
plants (Stellaria media (L.) ViLL., Trifolium pratense L.) observations were made whether they
reacted to artificial infection and with what symptoms. Attempts at reverse transfer were not
made. Infection was carried out by the caging of groups of 10 to 20 leafhoppers on about the
same number of young plants. Although it was later ascertained that only a small percentage
of the leafhoppers used (from Cejkov, Pelhfimov district) was infected with the oat sterile-
dwarf virus, the characteristic symptoms were caused in two grasses, Avena fatua L. and Poa
annua L. (figs 9 and 10). Avena fatua seemed to be more strongly affected by the oat sterile-
dwarf virus than was the very susceptible cultivated variety of oats, Valetovsky bily, on which

all experiments had been made. Both these grasses were also successfully infected with the
wheat striate virus.

This result indicates that in studying the epidemiology of both viruses we should not under-
estimate the part which may be played by some grasses, and perhaps other plant species, as
sources and particularly as reservoirs of infection in nature.

Discussion

It was ascertained in Finland that much greater damage is caused to oat
crops by the mass transfer of leafhoppers Calligypona pellucida from areas
of epidemic oat disease than by those caught in districts where the disease
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was not widespread (HEIKINHEIMO 1957; KANERVO et al. 1957). The Finnish
authors evolved two hypotheses from their results as to the actual cause of
the disease: either a new virus is involved, or two population strains must
exist among leafhoppers differing in the toxicity of their salivary excretions
(KANERVO et al. 1957). DLaBoLA (1957, 1958), who worked parallel with the
present authors, also assumed that the cause of the disease might be either
of the above factors, i. e. toxin or virus. NUORTEVA (1958) rejected—without
proof— possibility of a virus being the cause and maintained that it is a toxin.
This author tried to investigate the effect of extracts of the crushed salivary
glands of Calligypona pellucida on the growth of cuttings from etiolated bean
shoots, using the method which is otherwise employed for evaluation of the
phytotoxicity or phytostimulation of insecticides (Casipa and ALLEN 1951a,
1951b).

So far, however, no one, either in Finland or in Czechoslovakia, has suc-
ceeded in obtaining convineing proof to justify the toxin hypothesis. The
mass transfer of leafhoppers to test crops, which has so far been the only
method employed in infection experiments with OSDV, was incapable of
providing a solution regarding the existence of toxic and non-toxic strains
because it is not possible in this way to determine whether the disease has
been caused by all or only some of the leafhoppers concerned. On the other
hand, the individual study of the pathogenic powers of single insects on the
plants enabled the authors of the present paper to separate individuals which
caused disease in the plants on which they fed from those which did not
influence the health of the plants on which they fed. Non-infectious individu-
als, both from OSDV epidemic areas and from areas where the occurrence
of the disease was unknown, were then successfully infected by artificial
means.

The results of this work, which have been sufficient to exclude the assump-
tion that the cause of the symptoms under investigation is a non-infectious
toxic substance, can be supplemented by the following findings.

It was observed that about four weeks elapse from the time when infectious
leafhoppers are caged on oat plants to the time when it is possible to record
reliable symptoms of OSDV. Neither local lesions nor necroses develop. The
incubation period in other plants is still longer. Only after a considerable in-
cubation period does a clear picture of systemic disease appear. For example,
oats takes on a darker green colouring, the youngest internodes do not length-
en, the bases of the stalks swell, sprouting increases, etc. The systemic
character of the disease is also illustrated by the following experiment: after
oats had come to ear the main stalk was removed above the first node in
60 plants suffering from OSDV and in 60 healthy plants. The plants were
then richly manured with nitrogenous and phosphatic manures and adequately
watered. While shoots of the healthy plants developed normally and in most
cases formed ears, those of the diseased plants remained dwarfed to the end
of the vegetative period, although their number increased several fold as
compared with the healthy plants.

If the originator of the disease is a toxic substance injected by the leaf-
hoppers it must exert a systemic effect, which is extremely rare. If, however,
the existence of systemic action by a toxin were nevertheless to be assumed
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we should come into conflict with the pathogenesis of the disease. The disease
would necessarily grow worse proportionately to the length of the feeding
time of the insect on the plant. This does not, however, happen. Further,
injury by a toxin should be most evident in the host just at the time when
the insect is feeding, or shortly after its removal from the plant. Then the
plants should recover more or less quickly. Nothing of the sort, however,
occurs. The disease acts quite to the contrary, for its symptoms appear and
then show a sharp progressive intensification quite a long time after the
infected leafhoppers have fed on the plants.

The course of the disease clearly indicates that its originator reproduces
itself in the host plant, because as long as it does not attain a certain accumula-
tion the plant does not react to its presence with the characteristic symptoms.
It is significant that the length of the incubation period during which this
reproduction takes place is practically independent of the length of the feed-
ing time (hours or weeks) of the infected insects on the plants. A plant can
develop the most severe form of the disease quite independently of the number
of insects caged on it. Feeding by a single infected leafhopper, which may
last in some cases for a very short time (30 min.) is quite sufficient to cause
infection. These facts are certainly in direct contradiction to the toxin
hypothesis.

The fact that two different diseases have been found to be spread by the
same species of leafhopper is also in itself a serious argument against the
theory that symptoms of disease could be caused by toxins. If this were to
be the case it would be necessary to assume that one insect species, homogene-
ous both in origin and morphology, must possess four physiologically differing
populations, i. e.: non-toxie, with toxin producing the sterile-dwarf disease,
with toxin producing the striate disease and finally with both toxins. Any-
thing of the kind is most improbable.
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Bupycnas cTepuIbHOCTD M KaNIMKOBOCTH OBCA
BIAIUMUP IIPYIDA, EBIEHUI EPMOJIBEB, HO3E® BAIIKE
Pesiome

B craree pamoTcs HOBRE [JOKA3aTeNIbCTBA, OKOHYATEJIBHO IIOATBEP:KIAIONINe BHPYCHLIA
xaﬁamep CTEPUIIBHOCTH W KapimrosocT oBca (BCKO), smmpemmsa koropoit 6nuta B 1956 r.
B VluriaBcKOM Kpae.

IpmBomarcda 3ameuanuss 00 oOHAPY:KeHNW ZPYTOro BUpYCA KENTYXH, KOTODEI B OT-
smame o1 BCKO BrI3bIBaeT 3aMETHYIO MNMOJNOCATOCTH Y XJIeOHHIX 3JIAKOB W, NOBIIVMOMY,
MJEHTHYCH C BUPYCOM, ONMCAHHBIM Hejasuo (Slykhuis 1958) B Anrmmm, u, Momer OHTS,
Tamme ¢ pupycoM, Habmonaemnym B [epmannn n [Jamnm nog HaspaEmeM European cereal
striate mosaic.

Bupycuas nonocarocts muenunst (BIII), kaw mer maskiBaem 37y O0JIe3HB, WHTEpecHa
B TCOPETUYECKOM OTHOIIEHWH, TaK Kar 3apasenHsle caMkn Calligypona pellucide F. moryt
IepefaBaTh ee IOTOMCTBY TPAHCOBAPHAJIBHO; TO CBOMCTBO OBIIO BNEPBEIe IOKA3aHO y fuTo-
TATOTeHHEIX BUPYCOB HA eBPONEHCKOM KOHTHHeHTe. Ha 2TOM OCHOBAHHMI CTAJI0 BO3MOMKHBIM
paspennts 06a Bupyca, Tak Kak BCKO TpaHCOBapHANBHO He IePeHOCHTCH.

B crathe mamBl JoKazaTesibCTBa TOrO, 4T0 y nukanku Calligypona pellucida F. me cyme-
CTBYIOT [Be TeHeTHYeCKM U (M3WOJOTHYeCKM OTJMYAOlINecs IOmyJIALMH, CYHIeCTBEHHO
OTJIMYHBIE TOKCHYHOCTHIO CBOMX CJIIOHHBIX Bhjeslenwil. I'mnoTesa o cyIecTBOBAHHH TaKiX
nomynsAuyi Bo3ENKIa B OUHIAHAUK K ee CTOPOHHUKE mMesnch Taxme B UCP.

Ofa BUpyca ABIAIOTCA NEPBEIMHE OOHAapy)ReHHEIMEM Ha XJseOHEBIX 3i1akax B UCP BooGume.
Y oboux 3aloneBanmii mepeHoCURRAMU ABNATCA mukagku Calligypona pellucida 1.
BCHKO mojter mepeHocHTCS KAk JAYMHKAMH TAaK M UMaro. llpopoinxurensHOCTH OUPKY-
sanum BCKO B Tesle mepenocunKa 0BOJBHO BaphupyeT (ot 9 1o 42 nueit), Ho B GompmmHCTBC
cIIy9aeB He NPeBHINAET 3—4 Helelb.
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Murybannonnsit nepuox BCRO nmamres y oBca 3—4 Hefledw, y NIUCHHWOL H SYMeH:
4~—T7 Heplellb; POXKb OTCTAeT B PA3BATHH NPHMEPHC 4 Helelnm NOCIe HHPEKOUH, OIHAKO
apyrue Oojie3HeHHLHIC NPHSHAKA y Hee He NPOABIAKTCA. BCHO Gomee paspyururesisno
AeHCTBYeT Ha OBec, YeM Ha MUIeHHIY WA A9MeHb, Ha POKb JeHCTByeT MEHbHIE BCEro.

s nepesoca BCKO mocratouno m mosydacoBoe npeGsIBaHNe OJHOU 3apaykedHOM IiH-
KaJIKi Ha BOCIPHMMYNBOM pacteHnm. Ilocie 3-MTHEBHOIO HAXOMKIEHHUSA 3aPaKEHHON IMUKALKA
Ha OBCE BCET[a MMeJIO MecTO 3apaKeH)e BHDPYCOM.

Pacnpocrpanenne BCKO He orpanmyunBaeTcA OLHOM TOJBKO 06/1aCTHIO AIMASMAN, TaK KaK
HaJIM9de BHpyca YAAJ0Ch YKHCNIEPHMEHTAJLHO [A0KA3aTh B IOPAsio MeHbleM Maciurtabe
B OHOM M3 MecTOHaXOuennii s6nusm IIparn.

Crenenp paspyumrenbaoct BCHO me yBelmumBaercs NPONOPUMOHANBHO IPOIOJIAKA-
TeJIBHOCTH COCAHMA IMKaiku Ha pacrenun. Ilosromy yBenmuenwe KoJM9ecTBA IWHAHOK
Ha PACTEHUM HE MOMKeT UMCTh 3HaUeHHe JIJIA CTeNeHH NOBPeKIeHNA PACTEHNs, TAK-KaR yiKe
OflHA IHWKajgKa crocobHa IepeHecTw 3abojieBaHAE € CAMBIMA TSKEIBIME TOCJICACTBUAMH.

KonmerTpnpoBanHnle SKCTPAKTH M3 FOMOTEHATOB Tejl 3aPA‘KeHHEIX OUKAJOK, [IPUMEHAB-
mmecA B n30LITKe, KaK NyTeM MeXaHMYeCKOTro BTHPAHNA B PACTEHHs, TAK M IyTeM MHLEKIUK
B cTe0/M, HUKOT[a He BHI3BIBAJIM 3aMETHOTO NMOBPekgeHusa y oBca. Onmt ¢ nepenocom BCKO
u BIIII nousoii ma oTpHOaTeIbHEIH pe3yabTar. Tak e OIBIT ¢ HepeHOCOM 000MX BHPYCOB
qepes noBANMKY (Cuscuta campestris YUNSE.) OLIJI ¢ OTPUIATEILHKM DPe3yJILTATOM, XOTHA
B 5TOM CJTydae BTO MOTJIO OHTH CBASAHO C TeM, 4TO NOBUJIMKA He CHIOHHA K MAPASHTH3MY
Ha XJIeOHBIX 3JIAKAX.

Ennncreennsiv yenemsaeM onbrroM no nepenocy BCKO nuwM cricofoM, gem depes Hace-
KOMOe, MEI CYATaeM De3yJbTaT OHKITA ¢ NPHBHBKOH (Brarrny 1958).

ITpm npenBapuTensHOM HCC/eJOBAaHHN apeajla PacTeHHE-X03sieB B mpmpoge Onuto oGma-
pysieno, dro o6a BEpyca XxJeOHEIX 3JIaKOB MOTYT BEIBKHIBATE XaPAKTEPHLIE CHMIITOMEL
y Avena fatua L. n Poa annua L.

B pmckyccnu aHAH3NPYIOTCS HEKOTOPHE AajIbHeMINe PaKTEl ¢ TOUKH SPEHMS DTHOJIOTHHA.
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