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Souhrn 

V prg~ci jsou sh rnu ty  novg dflkazy o virov6m charakteru  sterilnosti a zakrslosti 
ovsa (VSZO), jako~ i stru6n6 zminky o zjiw dalhiho viru v (~SI~ - -  virov~ 
prou~kovitosti pw (VPP). Oba viry mai l  stejn6ho p~en~e6e - -  k~isa Calligy- 
pona pellucida F. Virus prou~kovitosti  p~enice mfi~e b~t  na  rozdll od VSZO p~e- 
d~v~n naka~ens~mi samicemi vektora na  po tomstva  transovari~ln~. Tato vlast- 
nost,  je~ umo~nila vz~jemn4 odd61eni obou -cirri, byla t im prok~zAna u fyto- 
pathogennlch virfl na  evropsk6 pevnin6 prvn~. VSZO mfl~e b:~t pf'en~w larvami 
i imagy k~isa. Zna6n6 variabilni cirkula6ni doba VSZO v t~le vektora prob~hne 
v6thinou za 3 a~ 4 t~dny.  InkubaSni  doba VSZO 6inila u ovsa 3 a~ 4 t:~dny, 
u pgenice a je6mene 4 a~ 7 t:~dnfi; ~ito projevovalo za 4 t~dny  pouze zaosts 
v rfistu. K p}eneseni infekce byl nutn:~ minims pfilhodinov:~ pobyt  vektora 
na  testa6ni rostlin~; po t}idennim pobytu  do~lo ji~ ke 100% infekci. Dest rukt iv i ta  
VSZO na hostiteli se nezv6t~uje flm6rn~ ani s d61kou sAni k~isa, ani s p~ib~vajicim 
po6tem vektorfl na  rostlinu. Koncentrovan6 ex t rak ty  z rozdrcen:~ch t61 nakas 
v:~ch k}i~fi aplikovan6 meehanick~m vt i r~nim i injekeemi do ovesn~ch rostlin 
nezpfisobily u nich chorobn~ symptomy.  VSZO ani VPP se nepoda~ilo p}en6st 
pfidou nebo kokotici. VSZO byl v~ak p~enesen roubem. Oba viry vyvolaly cha- 
rakteristick6 s y m p t o m y  u Avena Jatua L. a Poa annua L. Zji~t~n~ skute6nosti  
d iskutovhny z etiologick6ho 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 t ransmit ted by the leaf hopper Calligypona 
pellucida F. The wheat striate virus differs from the oat sterile-dwarf virus 
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in tha t  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. 0SDV can be 
transmitted by leaf hopper 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; 100% 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 /atua L. and Pea 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 (KLI~KOWSKI and KREVZBEl~G 1958). The economic 
losses caused by this category of disease are of such magnitude tha t  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 r, 
after examination of oat crops near Pelhfimov, expressed the view (v. also 
BOJNANSK~: and BLATTN~ 1956) tha t  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 s tudy 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 cult ivat ion of 
oats in the threatened districts of the Jihlava region. 

The authors of the present paper first met with the disease in J u l y  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  tha t  time to be a virus of the yellows 
type (P~0~A 1957). During the 1957 vegetative period it was so far possible 
to support the correctness of this conception tha t  the actual originator of 
the calamity could be described as a new virus (PR6~A 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 
(PR0~A 1958b). 

Oat sterile-dwarf virus disease (OSDV), as the new disease has been 
named (P~6~A 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- 
~ERVO et al. 1957). I t  was in Finland, also, tha t  the connection between the 
distribution of the disease and the leaf hopper Calligypona peUucida F. was 
first established (HEIKI~EIMO 1956, 1957; KANERVO et al. 1957). The 
specific relation between this leaf hopper and the spreading of this dangerous 
disease was experimentally confirmed shortly after, and independently of the 
Finnish workers, in Czechoslovakia (DLABOLA 1957, 1958; PRr~A 1958a, 
1958b). According to some as yet  unconfirmed reports, a similar disease has 
also occurred in Slovakia in the Orava basin. BLATTN~ (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 
(P~O~A 1958b), which is not produced by OSDV. I t  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 
tha t  they have the same vector (PR6~A 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." I t  is, 
however, theoretically noteworthy for its behaviour in the vector, the in- 
fected females of the leaf hopper Calligypona pellucida having the ability of 
transmitt ing 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 tha t  described under the name 
"European cereal (wheat) striate mosaic" in recent times in England, and 
d'seases observed in Germany and Denmark (SLYKttUIS 1958) probably 
belong to it too. 



226 V. P R I ~ A ,  E.  J E R M O L J E V  and  J .  V A C K E  

Material and Methods 

I n  order  to  e luc ida te  the  ques t ion  of t he  ex i s t ence  or non-ex l s t ence  of  tox ic  a n d  non - tox i c  
popu la t i ons  of  the  l ea fhopper  Calligypona pellucida it  was  neces sa ry  to s u b s t i t u t e  t he  s imp le r  
prac t ice  of  m a s s  t r ans fe r  of  leaf  hoppers  to whole  g roups  of  t e s t  p l an t s  by  a m e t h o d  of  cag ing  
t h e m  ind iv idua l ly  on the  p lan t s ,  one insec t  on  one p lan t .  I n  th i s  w a y  it  is possible  to follow the  
pa thogen ic  power  of  each  leaf  hoppe r  i n d e p e n d e n t l y  t h r o u g h o u t  t he  p o s t e m b r y o n a l  develop-  
m e n t  up  to  i ts  d e a t h  in a series of  pa s sages  on  ind iv idua l  t e s t  p l an t s  (v. fig. 1 a n d  2). The  leaf- 
hoppe r s  wh ich  were s h o w n  by  suf f ic ien t ly  p ro longed  p r e l im ina ry  t e s t i ng  on h e a l t h y  p l an t s  to 
be v i rus  free could  t h e n  be se lected a n d  u s e d  in  la te r  p h a s e s  o f  work  for e x p e r i m e n t s  w i th  the i r  
art if icial  infect ion.  The  un i n f ec t ed  insec t s  were d iv ided  in to  two groups ,  e x p e r i m e n t a l  a n d  
control .  I n d i v i d u a l s  f r o m  t he  e x p e r i m e n t a l  g roup  were caged  on  d i seased  p l an t s  for a ce r t a in  
t ime  for acqu i s i t ion  feeding.  T h e y  were t h e n  t r ans fe r r ed  a t  defini te  t ime  in t e rva l s  on  to a series 
o f  t e s t  p l an t s  in  order  to es tab l i sh  w h e t h e r  t h e y  h a d  acqu i r ed  infect ive  power  and ,  i f  so, how 
long  a f te r  t he  per iod of  feeding  f r o m  t he  source  of  infect ion.  The  insec ts  f r o m  the  cont ro l  g roup  
were p u t  t h r o u g h  a s imi la r  process  w i t h  t he  difference t h a t  t h e y  were neve r  b r o u g h t  in to  c o n t a c t  
w i th  in fec ted  p lan t s .  D u r i n g  the  t i me  w h e n  t he  e x p e r i m e n t a l  insec ts  were feed ing  on  infec ted  
f l i n t s  the  con t ro l s  were isola ted on  h e a l t h y  p lan t s .  

U s i n g  t he  m e t h o d  descr ibed it  was  possible  to de t e rmine  w h e t h e r  leaf  hoppers  are  able  to 
become in fec ted  b y  feeding  on  d i seased  p lan t s .  T h i s  was  a m a t t e r  of  p r i m a r y  i m p o r t a n c e  in  
th i s  i nves t iga t ion ,  s ince if t he  l ea fhoppers  b e c a m e  infec ted  u n d e r  these  c i r c u m s t a n c e s  i t  could  
no t  be exp la ined  as be ing  due  to tox ins ,  because  t ox i n s  differ f r om v i ruses  in n o t  be ing  infec t ious .  
The  e x p e r i m e n t a l  p rocedure  descr ibed  also e n s u r e d  t h a t  in  t he  e v e n t  of  r e su l t s  be ing  pos i t ive  
it  would  be poss ible  to  ob t a i n  i n f o r m a t i o n  on  the  l e n g t h  of  t he  c i rcu la t ion  per iod  of  OSDV in 
t h e  b o d y  of  t h e  vecbor. 

Results 

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

E x p e r i m e n t s  were s t a r t e d  a t  t he  b e g i n n i n g  of  Apri l  1958 in the  g l a s shouse  a n d  were con- 
t i n u e d  f r o m  M a y  to a b o u t  t he  midd le  of  J u l y  in a f r ame  m a d e  of  ho tbed  windows  in wh ich  t he  
glass  h a d  been  rep laced  b y  l igh t  s i lon mate r i a l ,  a l lowing t he  insec ts  a n d  p l a n t s  to develop u n d e r  
n a t u r a l  condi t ions .  One h u n d r e d  a n d  s i x t y  l a rvae  in t he  h i b e r n a t i n g  s tage  of  t he  leaf  hoppe r  
Calligypona pellucida were p laced ind iv idua l ly  on  160 p l a n t s  (fig. 3). The  l a rvae  were c a u g h t  
sho r t l y  before on  t he  b o u n d a r y  of  a field on  wh ich  t he  oa t  crop h a d  been  t o t a l l y  in fes t ed  b y  
OSDV (expe r imen ta l  local i ty  Ss  Pe lh~imov dis t r ic t ) .  

The  insec t s  were d iv ided  in to  16 g roups  of  t e n  each ,  so t h a t  i t  was  possible  to  c a r r y  o u t  
severa l  v a r i a n t s  of  t he  e x p e r i m e n t  s i m u l t a n e o u s l y .  The  i nd iv idua l  v a r i a n t s  differed as to  t h e  
species of  cereal  on wh ich  t he  pe rcen tage  of  n a t u r a l l y  in fec ted  l a rvae  was  de t e rmined ,  f u r t h e r  
as  to the  order  in  wh i ch  l a rvae  were caged  on  t he  cereals,  t he  d e v e l o p m e n t a l  s t age  of  t he  cereal  
a t  t he  t ime  of  infec t ion  a n d  t he  l e n g t h  o f  t he  t e s t  f eed ing  on  ind iv idua l  p lan t s ,  wh ich  r a n g e d  
f rom one to th ree  weeks.  The  g r ea t  m a j o r i t y  of  t he  l ea fhoppers  in these  e x p e r i m e n t s  fed  on  
five h e a l t h y  cereals  (of these  a t  l eas t  th ree  t i m e s  on  oats) ,  some  however  s u r v i v e d  for n i n e  
passages .  

I n  t he  first  p h a s e  of  t he  e x p e r i m e n t s  it  was  a l r eady  s h o w n  t h a t  no t  all l ea fhopper s  in  popula -  
t ions  f r o m  local i t ies  m o s t  s t r ong l y  infes ted  w i t h  OSDV were infected.  Only  a b o u t  86O/o of  t he  
i nd iv idua l s  possessed  t he  power  of  p r o d u c i n g  s y m p t o m s  of disease.  The  r e m n a n t  o f  a b o u t  14% 
of  l ea f  hoppers ,  a l t h o u g h  comi ng  f r o m  a popu l a t i on  of  t he  s ame  origin,  neve r  c aused  t h e  c h a n g e s  
charac te r i s t i c  of  d isease  in oats ,  whea t  or o the r  cereals.  Only  a f te r  ve ry  t h o r o u g h  obse rva t i on  
was  it  possible  to  no t e  a n  e x t r e m e l y  s l igh t  r e t a r d a t i o n  of g r o w t h  in p l an t s  on  wh ich  t h e y  h a d  
fed. Th i s  b e c a m e  s o m e w h a t  more  m a r k e d  w h e n  t he  period of so jou rn  of  t he  l ea fhoppe r  on  t he  
hos t  p l a n t  was  prolonged.  Th i s  p h e n o m e n o n ,  wh ich  is a typ ica l  for t he  disease,  was  u s u a l l y  
not icable  i m m e d i a t e l y  a f t e r  t he  app l i ca t ion  of the  longes t  e x p e r i m e n t a l  per iod  o f  t e s t  f eed ing  
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(three weeks) in p lants  at  the earliest developmental  stage (first leaf about  3 cm. long). However ,  
af ter  removal  of the  leafhoppers  the major i ty  of the p lants  concerned a lmost  caugh t  up  wi th  
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  p lant  
for its entire nutr i t ion.  

A cer ta in  propor t ion ,  always composed of the same insects (about  12~ of the total),  son, e- 
t imes t r ansmi t t ed  the s tr iate  vi rus  as well as the sterile-dwarf. There were also some individuals 
among  the exper imenta l  leafhoppers  which exclusively t r ansmi t t ed  the s tr iate  vi rus  to the 
test  plants .  

I n  the ma jo r i ty  of cases it was possible to dis t inguish the oat  steri le-dwarf virus disease 
in oats  wi th  cer ta in ty  only after  four weeks f rom the time when  the leafhoppers  began to feed. 
Re ta rda t ion  of g rowth  appeared a week earlier. I n  wheat ,  barley and rye dwarfing became 
evident approx imate ly  four  weeks af ter  infection; the final decision whe the r  OSDV had  really 
been successfully t r ansmi t t ed  to whea t  and barley was usual ly  possible only after  a fu r ther  
two to three weeks, when  other  s y m p t o m s  of disease also appeared (s t imulat ion of sprout ing,  
re ta rda t ion  of earing, yellowing of the t ips  of the younges t  leaves). I n  rye, which is clearly the 
most  tolerant  to OSDV, no s y m p t o m s  were developed other  t han  dwarfing. Differences in the 
damage caused by  OSDV to individual cereals are to be seen in figs. 4, 5, 6 and 7. 

According to DLABOLA (1957, 1958) steril i ty and  dwarfing in oats  was  caused only by  larvae 
and females of the leafhopper  Calligypona pellucida. The present  exper iments  have shown tha t  
males t r ansmi t t ed  OSDV to the same extent  as larvae and females. 

As a supp lement  to the exper iments  described the quest ion was  s imul taneous ly  invest igated 
why  in DLABOLA'S work  (1957, 1958) using mass  t ransfer  of leafhoppers  f rom areas no t  affected 
by  the ca tas t rophic  occurrence of OSDV (the locality of Rado t in  near  Prague) a similar pic ture  
of the disease was  obta ined on test  p lan ts  as when  insects taken f rom infested crops were used. 
I n  this  invest igat ion the au thors  were also concerned wi th  the quest ion of possible differences 
in the power  of  t r ansmi t t i ng  OSDV between popula t ions  of Calligypona pellucida f rom the 
I~adotin area, where the disease was  no t  known  up to tha t  t ime, and f rom Ss an  epidemic 
focal point.  

Fo r  this  purpose 64 leafhoppers  of the h ibernat ing  generation,  caught  on a meadow in the 
Berounka  basin  at  Radot in ,  were individually caged on oat  plants .  I t  was found t h a t  someth ing  
more t han  6% of individuals in this  locality were infected wi th  OSDV. This finding points,  
above all, to a more general d is t r ibut ion  of the virus.  F u r the r  it makes  it possible to explain 
Dlabola 's  observat ions  as being due to a slight admix ture  of infected leafhoppers,  which could 
easily dis tor t  the resul ts  when using his technique of mass  caging of the insects on the tes t  
plants.  

I n  a fur ther  phase of research an a t t em p t  was made to induce artificial infection of leafhoppers  
which had  been shown to be uninfected over a m o n t h  und  half  test  period. I n  the S~zava popula-  
t ion there were al together  23 insects (eea 14%) which never  caused infection wi th  the sterile- 
dwar f  or the str iate viruses. By the end of May seven of t h e m  had  died, however.  The remainder ,  
already as adults ,  were divided into two par ts ,  one (control) was  passaged on hea l thy  plants ,  
while an a t t e m p t  to infect the other  (experimental)  was  made  as follows: three leafhoppers  
were isolated individually on steri le-dwarf  oat  plants ,  two on steri le-dwarf  wheat  p lan ts  and 
three on str iate  whea t  for a period of one week. 

The leaf hoppers  were then  individually caged for test  feeding on hea l thy  p lants  in order 
to find out  whether  they  had been infected. E igh t  t ransfers  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 Ju ly  14 to 18, 1958) no insect was  still alive. I n  spite of this high mor ta l i ty  among the 
leafhoppers  it was  recorded tha t  f rom the four th  test  feed, when only four insects remained,  
two of them began to t r ansmi t  OSDV regularly.  Infect iv i ty  was  acquired by  one male, which 
had been infected on virus-infested steri le-dwarf  wheat  and one female, which had been infected 
on diseased oats. The circulation period of the vi rus  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 test ing of control leaf hoppers  did not  infect hea l thy  p lants  
at all. 

Similar exper iments  were carried out  wi th  a pa r t  of the leafhoppers  f rom Radot~n. I n  this 
case 23 adults,  which in pre l iminary  tests  had  shown themselves to be incapable of infection, 
were caged on virus-infected steri le-dwarf  oats  for acquisi t ion feeding for nine days. They  were 
then  passaged as usual  on to hea l thy  p lants  unti l  they  died. I n  the first passage, which cor- 
responded to a circulation period of 9 to 17 days in the body of the leafhopper,  three out  of 



228 v .  P R i m A ,  E.  J E R M O L J E V  a n d  J .  V A C K E  

23 insec ts  caused  infec t ion  (cca 17~o). T he  p ropor t ion  of  infec t ious  l ea fhoppers  t h e n  inc reased  
in spi te  of  a s h a r p l y  r i s ing  n a t u r a l  mor t a l i t y ,  un t i l  in  t he  las t  passage  cor respond ing  to a c i rcula-  
t ion  per iod o f  36 to 42 d a y s  it  a m o u n t e d  to  t wo- t h i rd s  (2 insec ts  ou t  of  t h ree  su rv ivo r s  were 
infect ious) .  The  cont ro l  insects ,  wh i ch  were t e s t ed  in paral lel ,  d id  no t  infect  t he  hos t  oa t s  a t  all. 

I n  th i s  w a y  t h e  first p roof  was  p rov i ded  t h a t  leaf  hoppers  which  were or ig inal ly  incapab le  
o f  infec t ion  can  acqui re  i t  if  t h e y  are  a l lowed to r e m a i n  in  con t ac t  w i th  a source  of  s te r i l e -dwarf  
v i rus .  I t  was  also possible  to d e m o n s t r a t e  t h a t  u n i n f e c t e d  m e m b e r s  of  leaf  h o p p e r  popu l a t i ons  
b o t h  f r o m  ep idemic  a reas  a n d  f rom o t he r  a reas  c an  ac t  as  vec to r s  for OSDV. P r o b a b l y  virul i -  
fe rous  a n d  non-v i ru l f fe rous  l ines,  s u c h  as  those  obse rved  in t h e  leaf  hoppe r  Cicadulina mbila 
NAUDE, vec to r  of  Zea virus 2 (Storey) SM~T~ (v. e. g. KSHLER and  KLINKOWSKI 1954), do no t  
ex i s t  in  Calligypona pellucida. 

Artificial infection of Calligypona pellucida larvae bred from eggs 

I n  order  to p rov ide  final proof  of  t h e  in fec t iousness  of  t he  disease  it  was  nece s sa ry  to t r y  
to  i n t roduce  a g rea t e r  n u m b e r  of  u n i n f e c t e d  l ea fhopper s  into t he  infec t ion  e x p e r i m e n t s .  The  
eas ies t  w a y  of  o b t a i n i n g  steri le l ea fhoppers  was  to b reed  t h e m  f r o m  eggs.  This  p rocedure  could,  
however ,  on ly  be  successfu l  on  t he  a s s u m p t i o n  t h a t  i t  was  a t r ansova r i a l l y  n o n - t r a n s m i t t a b l e  
v i rus .  

To th i s  end  g r av id  females  f rom a h i gh l y  in fec ted  popu la t i on  (80 to 90~o ) f r om Ss  were 
left  to  l ay  eggs  (fig. 8) in s t a lks  o f  h e a l t h y  ba r ley  wh ich  was  a t  t he  flowering s t age  a n d  the re fo re  
prac t ica l ly  i m m u n e  f rom infec t ion  b y  OSDV. Af te r  t h ree  weeks  t he  ripe s t r a w  wi th  t h e  eggs  
was  cu t  of[ be low t he  lowest  nodes  a n d  p laced in a f lower-pot  wi th  young ,  j u s t - s p r o u t e d  oa t s  
in a si lon isolator .  T he  in t e rva l  b e t w e e n  t he  beg inn ing  o f  l ay ing  to t he  h a t c h i n g  o f  t he  first  
l a rvae  was  a b o u t  3 to 4 weeks.  T he  whi t i sh ,  v e r y  mobi le  larvae ,  which  are  di f f icul t  to see w i th  
t he  n a k e d  eye,  were col lected as soon as  poss ible  a f t e r  h a t c h i n g  so t h a t  the  theore t i ca l  poss ib i l i ty  
of  the i r  c o n t a m i n a t i o n  b y  t he  d r y  ba r l ey  s t r a w  shou ld  be r educed  to a m i n i m u m .  

The  l a rvae  so o b t a i n e d  were d iv ided  in to  severa l  g roups  a n d  s i m u l t a n e o u s  e x p e r i m e n t s  
were carr ied  o u t  wi th  t h e m  in order  to d e m o n s t r a t e  t h e  infec t ive  cha rac te r  of  b o t h  diseases  
u n d e r  inves t iga t ion .  More de ta i led  m e n t i o n  will be  m a d e  here  on ly  of the  g roups  in wh ich  t he  
infec t ive  cha r ac t e r  of  OSDV was  followed. The  first  g roup  (control) was  c o m p o s e d  of  74 la rvae ,  
wh ich  were caged  on  h e a l t h y  oa t s  iu~mediate ly  on  t he  f irst  d a y  af te r  ha t ch ing .  T h e y  were t h e n  
t r an s f e r r ed  a g a i n  to o the r  cereals (ma in ly  oats)  a t  defini te t ime  in te rva ls .  The  second  g roup  
(exper imenta l )  c o n t a i n e d  a s o m e w h a t  g rea t e r  n u m b e r  of  la rvae ,  wh ich  were f irst  p laced t o g e t h e r  
in a si lon isola tor  for acqu is i t ion  feed ing  on  s te r i l e -dwarf  oa t  p lan t s .  The  m a j o r i t y  were left  
t he r e  for  13 days ,  some  for a longer  per iod.  A to t a l  of  92 l a rvae  was  ind iv idua l ly  t r an s f e r r ed  
to  h e a l t h y  oa t s  a f t e r  infec t ion  w i t h  t he  s te r i l e -dwarf  v i rus .  Af t e r  s even  to twelve  d a y s  of  t e s t  
feeding  t h e y  were t h e n  in all cases  t r ans fe r r ed  to n e w  cereals.  

The  cont ro l  la rvae ,  wh ich  were neve r  able  to feed on  d iseased  p lan t s ,  were ind iv idua l ly  
t r an s f e r r ed  d u r i n g  a per iod  f rom t he  midd le  of  J u l y  to t he  end  of  S e p t e m b e r  to  new  p l a n t s  
(usua l ly  oats)  t e n  t i m e s  in all. No  case of  t r a n s m i s s i o n  of  t he  s te r i l e -dwarf  v i ru s  occurred,  
a l t h o u g h  these  l a rvae  c a m e  f rom females  in fec ted  to a h igh  degree  b y  t he  disease.  The  or ig ina tor  
o f  s ter i l i ty  a n d  dwar f ing  in oa t s  is, therefore ,  n o t  t r ans fe rab le  t r ansova r i a l ly .  

On  t he  o the r  h a n d ,  however ,  f r om t h e  t h i r d  passage ,  i. e. f r om the  t i m e  w h e n  t h e  l a rvae  
were two to th ree  weeks  old, t he  typ ica l  s igns  o f  w h e a t  s t r i a te  v i rus  disease  b e g a n  to  a p p e a r  
in a v a r y i n g  pe rcen tage  of  p lan t s .  T h r o u g h o u t  t he  series o f  pas sages  i t  was  obse rved  t h a t  
w h e a t  s t r i a t ion  was  t r a n s m i t t e d  b y  a b o u t  12~o of  t he  l ea fhopper s  a n d  these  were a lways  t he  
s a m e  ind iv idua l s .  Th i s  v i rus  is, therefore ,  t r an sova r i a l l y  t r a n s m i t t a b l e  a n d  i t  was  possible  to 
s epa ra t e  i t  in  th i s  w a y  f rom t he  OSDV. 

Qui te  di f ferent  pa t hogen i c  cha rac t e r s  are  exh ib i t ed  b y  l a rvae  (exper imenta l )  wh ich  were 
left  on  s t e r i l e -dwar f  oats .  T h e y  infec ted  17~o of  t he  oa t s  p l an t s  on wh ich  t h e y  fed w i th  t he  
s te r i l e -dwar f  v i ru s  i m m e d i a t e l y  in t he  first  pa s sage  a f te r  the i r  t r ans fe r  f r om t h e  source  of  in- 
fect ion.  I n  t he  m a j o r i t y  o f  t he  r e m a i n i n g  p l an t s  t he re  was  also a s l ight  r e t a r d a t i o n  of  ea r ing  as 
c o m p a r e d  w i th  t hose  fed  on b y  l a rvae  of  t he  s a m e  popu l a t i on  wh ich  h a d  no t ,  however ,  come  
in to  c o n t a c t  w i t h  p l a n t s  suffer ing f rom t he  s te r i l e -dwarf  v i rus .  I n  addi t ion ,  a b o u t  10~o of  t h e  
p l a n t s  in th i s  e x p e r i m e n t  became  d iseased  w i t h  t he  s t r i a te  v i rus .  

D u r i n g  t h e  second  pas sage  of  t hese  larvae ,  wh ich  took  place 12 days  la ter  a n d  l a s t ed  10 days ,  
t he re  was  a 58.5~o infec t ion  w i t h  the  s te r i le -dwarf  v i rus  a n d  in t he  fu r t he r  passage  81~o of  t he  
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plan t s  were infected. Al though these exper iments  have  no t  yet  been completed,  because they  
will be cont inued in 1959 following the period of vegetat ive passivi ty,  there  can be no doub t  
t h a t  the great  ma jo r i t y  of the  larvae became infected and convincing proof  has  t hus  been 
provided tha t  the or ig inator  of steril i ty and dwarfing in oats  is infectious and  therefore a virus.  
At  the  same t ime it was  observed tha t  the circulation period of the steri le-dwarf  vi rus  in the 
body  of the vector  is very  variable and  tha t  in the major i ty  of individuals it lasts  for three  to 
four weeks. 

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

Inves t iga t ion  of the t ime essential for leafhoppers  to remain  on heMthy plants  in order to 
infect t h e m  was  carried ou t  as follows: infected leafhoppers  were individually caged on plants  
(10 to 15) for tes t  feeding for 5 min.,  30 min.,  1 hour ,  11/2 hours,  2 hours,  3 hours,  6 hours ,  
9 hours ,  24 hours ,  30 hours ,  2 days,  3 days,  4 days  and 6 days.  The exper iment  was  carried 
ou t  twice. 

Following five to t en  minu te  sojourn of leafhoppers  on oats  no case of t ransfer  of the sterile- 
dwar f  virus was  obtained.  Isola ted cases of infection were recorded following 30 minu te  isola- 
t ion of the insects on hea l thy  plants.  The percentage of infection then  rose sharp ly  wi th  increase 
in the length of so journ  on the  plants ,  par t icular ly  in the intervals  up  to 30 hours,  when  57% 
of the leafhoppers  caused infection. After 3-day and  longer periods all the insects t r ansmi t t ed  
infection. 

Thus,  in.order for infection b y  one or bo th  viruses to be achieved it was  sufficient in principle 
for one leafhopper  to s t ay  for a relatively very shor t  t ime on the tes t  p l a n t - - t h e  lowest  l imit  
being 30 minutes .  I t  was  found tha t  the infected p lan t  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 weeks. 

Investigation of the toxicity of extracts from homogenates of infected 
leaf hoppers 

The exper imenta l  procedure was  as follows: 342 CaUipygona pellucida adults  (weight 0.77 g.) 
of a highly infected popula t ion  f rom an epidemic area were cooled a t  0 ~ C to immobil i ty.  They  
were then  quickly t ransfer red  into a cold mor ta r ,  3 ml. of cold physiological solution for cold- 
blooded organisms (0.64O/o solution NaC1 in water)  was  poured  over  them,  some coarse-grained 
c a r b o r u n d u m  was added and  they  were thoroughly  homogenized.  The leaves of 121 oat  p lan t s  
in a silon f rame were t hen  mechanical ly inoculated wi th  the  liquid. The plants  used were a t  
the stage of one to two leaves. 

After a week, when the exper imental  p lants  had  reached a height  of 12 to 15 cm., had  three  
leaves and t iny,  two to five cm. long shoots  (still lacking nodes- - f i r s t  in ternodium),  they  were 
inoculated again; this  t ime inoculat ion was  carried ou t  by  injection. Fo r  this  purpose  300 adul ts  
f rom a highly infected popula t ion  were homogenized in a similar w a y  in a porcelain m o r t a r  
wi th  3 ml. of physiological solut ion for cold-blooded organisms.  The homogenate  was  poured 
into small tes t - tubes  for centrifuging, the m or t a r  being washed ou t  wi th  a fur ther  ml. of physio- 
logical solution, which was  added to the tes t- tubes.  Following 3 rains, of centrifuging,  a t  
4000 r. p. m. (g = 1608) the supe rna t an t  was fu r ther  purified t h r ough  a paper  filter. The filtrate 
was  immediately injected wi th  a fine one-cubic syringe into oat  stalks, the leaves of which had  
been mechanical ly inoculated the week before. Inject ions  were made at  regular intervals  r ight  
th rough  the stalk so t h a t  the excess l iquid appeared in drops at bo th  sides. Out  of the 121 p lan ts  
so t rea ted  30 were t rea ted  in addit ion by  the sediment  formed dur ing centrifuging being rubbed  
into the stalks by  the  c a r b o r u n d u m  technique.  

All these opera t ions  were carried out  rapidly and as far as possible in the cold (cooled vessels 
and physiological solution), so t h a t  the dena tu ra t ion  processes should be impeded to the  
max imum.  I t  can therefore be assumed tha t  relatively large quant i t ies  of the mos t  var ious  
substances t ha t  can be ext rac ted  f rom leaf hopper  organisms were successfully introduced into 
the young  plants  in concentra ted  form. Oat plants  of the same age and cul t ivated under  tho 
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same condit ions as the exper imental  p lants  were used as controls and were inoculated only wi th  
pure physiological solution. 

None of the  121 plants  inoculated as described above developed s y m p t o m s  of the viruses 
under  invest igation.  They all grew normal ly  in the same way  as the control plants ,  came to 
ear  and produced  seeds. 

This  resul t  is evidence of the fact tha t  OSDV is no t  mechanically transferable.  As regards  
the possibil i ty t h a t  a toxin m a y  be involved, it m u s t  be remembered  tha t  toxins  are usual ly 
fairly stable subs tances  and it is therefore unlikely tha t ,  us ing the quite careful me thod  described, 
dena tu ra t ion  of such a substance could take place, if such a substance were indeed present.  

Infect ion experiments using other methods than the agency of insect vectors 

I n  1958 new a t t em p t s  were made,  wi th  negat ive results,  to t ransfer  cereal viruses t h r ough  
soil to which a considerable quan t i t y  of chopped s t raw and roots  of steri le-dwarf  oats  and  
str iate wheat  had  been added in the a u t u m n  of the previous year. Oats and whea t  sown in this  
soil grew quite normally.  

The a t t e m p t  to t r ansmi t  the viruses by  means  of the dodder (Cuseuta campestris YUNCK.) 
was  no t  carried ou t  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  tha t  dodder  fixes itself on 
to oats  and whea t  wi th  great  difficulty. 

A successful exper iment  on the t ransfer  of OSDV by  an agent  other  t han  the leafhopper  
CaUigypona pellucida m a y  be considered to be t h a t  of graf t ing carried out  by  BLATTN~ (1958), 
bo th  by  contact  graf t ing in 1957 (v. PRimA 1958b) and bott le graft ing in the following year.  
Grafts  f rom diseased plants  as dist inct  f rom those f rom heal thy  plants  produced a marked  
s t imula t ion  of sprou t ing  and other  s y m p t o m s  of OSDV. This is a fur ther  proof  of the  virus 
character  of this  disease. 

Investigation of the range of host plants of 0SDV 

E x a m i n a t i o n  of the range of hosts  of OSDV has  so far been carried out  only in pilot 
exper iments .  I n  the case of 14 grass  species (Lolium perenne L., L. italicum A. Bn., Bromus 
inermis LEYSS., 19hleum pratense L., Daetylis glomerata L., Avena /atua 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 BEI~N]~.) and two other  
p lan ts  (Stellaria media (L.) VILL., Tri]olium pratense L.) observat ions  were made whe the r  they  
reacted to artificial infection and wi th  wha t  symptoms .  A t t emp t s  at  reverse t ransfer  were no t  
made.  Infec t ion  was  carried out  by  the caging of groups  of l0 to 20 leafhoppers  on abou t  the 
same n u m b e r  of young  plants.  Al though it was  later  ascertained tha t  only a small  percentage 
of the leafhoppers  used (from ~ejkov, Pe lhNmov district) was infected wi th  the oat  sterile- 
dwar f  virus,  the  characterist ic s y m p t o m s  were caused in two grasses, Avena ]atua L. and Poa 
annua L. (figs 9 and  10). Avena ]atua seemed to be more s t rongly  affected by  the oat  sterile- 
dwar f  virus t h a n  was the very  susceptible cul t ivated var ie ty  of oats, ValeSovsk~ bil:~, on which 
all exper iments  had  been made. Both  these grasses were also successfully infected wi th  the 
whea t  s tr iate  virus.  

This result  indicates t ha t  in s tudying  the epidemiology of bo th  viruses we should no t  under-  
est imate the pa r t  which m a y  be played by  some grasses, and perhaps  other  p lan t  species, as 
sources and par t icular ly  as reservoirs of infection in nature.  

Diseussion 

I t  was ascertained in Finland that  much greater damage is caused to oat 
crops by  the mass transfer of leaf hoppers Calligypona pellucida from areas 
of epidemic oat disease than by those caught in districts where the disease 
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was not widespread (I-IEIKINHEIMO 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 leaf hoppers 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 tha t  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 
phytotoxici ty or phytostimulation of insecticides (CASlDA and ALLEN 1951a, 
1951b). 

So far, however, no one, either in Finland or in C~echoslovakia, has suc- 
ceeded in obtaining convincing proof to justify the toxin hypothesis. The 
mass transfer of leaf hoppers 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 leaf hoppers concerned. On the other 
hand, the individual s tudy 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. 

I t  was observed that  about four weeks elapse from the time when infectious 
leaf hoppers 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. 

I f  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 leaf hoppers 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 presene~ with the characteristic symptoms. 
I t  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 leaf hopper, which may 
last in some cases for a very short time (30 rain.) 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. I f  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-toxic, 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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BHpycHaHCTepH3bHOCTb H ~ap~H~OBOCTb OBCa 

BJIA~I4Ms III:)~I:[IA, EBFEH~II~ EPMOTIBEB, EO3E(D BAI~I~E 

PeamMe 

B CWaTbe xa~oTca n o s b m  ~ouaaaTe~bcTna ,  O~OHqaTe~bHO n O J I T s e p ~ a m n l g e  supycnb l f i  
xaj~aKTep cTep~ulbttOCTI~ 14 ~ap~nKOUOCTg o s c a  (BCI~O), a n H ~ e ~ n a  I~OTOpO~ 5 u ~ a  B 1956 r .  
B HHr~ascKoM Kpae.  

I]plIISO~nTC~t .~aMeqauHa o5 o6uapymeun~ a p y r o r o  s s p v c a  ~ejiTyXl~, I~oTopblfi B OT- 
Jit~ItI4e OT B C I ~ O  Bbl3bmaeT zaMeTHy[o IIO2IOCaTOCTb y XJIP~HblX 3JIaKoB II, IIOBH~HMOMV, 
I~JlettT~Iqelt C 13HpycoM, OnHCaHUblM ue;~asuo (Slykhuis 1958) 13 A n r j i u s ,  m MO~eT 5bITb, 
TaK}~e c mipycoM, Ha6~o;~aeMb~M B FepMaHg~ ~ ~ a ~ g  ito~ Ha3BaHHeM E u r o p e a n  cerea l  
s t r i a t e  m o s a i c .  

B ~ p y c u a a  nO3OCaTOCTS nmeg~I~bl (BHII ) ,  ~ a ~  M~ Ha3bIUaeM owy 6o~ez~b,  ~ r  
TcopeT~eC~OM OTuOmeHsS, waI~ ~ a ~  s a p a m e ~ b l e  CaMKII Calligypona pellucida F. MOFNT 

nepej~auawb ee nOTOMCTBy wpaHcouapuajibHO; ~WO CSOfiCTSO 6UJIO SlmpBbIe J~o~asago y ~wo- 
naworeHguX Bupyc ou  Ha euponei]c~oM ~OnTmteHTe. Ha  DTOM OCHOBaHI~II~I CTaJIO BO3MO}KHblM 
p a ~ e ~ m w b  06a u u p y c a ,  TaK tiaI~ BCI{O wpai~coBap~m~bgo ue  nepeHoc~Tcm 

B cwawbe ~aI~bI JIoKa3awejibcwBa Tore,  qWO y g s ~ a J l ~ n  Calligypona pellucida F. He c y m e -  
CTByIOT ABe FeHeTHqecHH H ~)H3noJIor~qet',Kg ow~gqa~olgnecg nonyjig~nH, cymecTBeHHO 
OTJInqHble TOHC~IqttOCT/~IO CBOI~X CJIIOHHblX m,~gejien~fi. FHnoTeaa o CylKeCTBOBalttlII TaKHX 
n o n y j i ~ g u f i  s o s u ~ a a  ~ ( D u n ~ a n ~  g e e  CTOpOItHI41~H l~MegI~ICb T a ~ e  B q C P .  

0 6 a  s n p y c a  gBJIflmwcsl nepB~M~I 0 6 n a p y ~ e n u u M n  Ita x~e6ItbIX a ~ a ~ a x  ~ q C P  Boo6me.  
u o 6 o u x  ~a6oneBan~Ifi n e p e n o c q n ~ a M g  SS~aDTCa ~ n ~ a ~ n  Calligypona pellucida l:. 
B C I ~ 0  MO}I~eT IlepeHOC~TCji ~ a ~  JIIIqI>IHI~aMH Tag  H HMaFO. I IpoJ~o~Te j i~ ,~OCTb gnpsy- 
J i a g u s  B C H O  s Te~e n e p e n o c q ~ < a  ;~oso~bno s a p s n p y e T  (ow 9 J~o 42 JIHefi), ~O S 5 o ~ b m s u c T ~ e  
cJIyqaeB He npeB~ImaeT 3 - - 4  ne~Iejib. 
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I4m~yTanI~oaaaHfi nep i io~  B C H O  ~J"I~TCn y OBCa 3 - - 4  a e ~ e a ~ ,  y I Imennm,I  ~I nqMenn  
4 - - 7  ne~Ieab; pomL OTcTaeT n paangTiir[  npiiMepiio 4 ~ e ~ e ~  n o c a e  IInc[)e~o/~ii, o~i ia~o 
~lp~vriie 5 o a e a n e i i ~ u e  IIpiiaiiaK~ y nee  ~e  nponB amowca .  BCI{O 5oaee  p a a p y m u w e ~ m u o  
~IencTnyew IIa OBeC, geM ~a  nme i i i i~y  IIa~ HuMeri ,  n a  p o ~  ~eficwnyew Meiihme ncero .  

~ z m  nepe i ioca  B C H O  ~Iocwawoqtto II n o a y ~ a c o n o e  n p e S u ~ a ~ e  o~nofi  a a p a m e ~ o f i  i ~ -  
~a~IKii IIa BOCIIpI~IIMqiiBOM pacweHiig. I I ocae  3-~HCBII0rO I I a x o m ~ e i i a a  3apa~ei iHOfi  ~ui~a~Kg 
n a  once  nce r~a  IIMeJIo MeCTO aapamei i i i e  n ~ p y c o ~ .  

P a c n p o c T p a H e n i i e  B C H O  lie o r p a ~ n q ~ B a e ~ c a  o~aof i  TO,SIlO oSaaewI~IO 3iig)IeMIIli, wal< t<aK 
n a a ~ i i e  n ~ p y c a  y~Ia~oc~ 9I~cnepnMeiiwaabgo ~oi<a3awI, B ropaa~Io MegI, tUeM MaCiuTaSe 
n O~IIO~ IIa MeCTottaxom,~ett!/Ifi B6ai, iaii I l pa r rL  

CTeneii~, paapymiiTe~LnOCTii  B C H O  He y n e a i i ~ n a e T c a  IIponopI~noiiaa~,HO r ~ p o ~ o ~ i i -  
TeJIbiiOgT~I cocai iHn Klll~a,I~HI/I i ta pacTe i i~m HO3TOMy y n e a ~ n e n H e  KoaHqecTBa IU~Ra~oK 
a a  pacTeii~H He MO~eT IIMOTb 3iiaqeiitIe ~YIg 6TeiietIII n o n p e ~ e H r ~ a  pacTeii i in,  T a ~ - ~ a ~  Nine 
o)~iia ~ i i ~ a ~ c a  c~iocoTiia IIepenecTii 3aToaenai i i ie  c CaMt,IMII TII~-I~eaMMII IIOCJIe~CTBHHMH. 

I-~oii~eiiwpiiponaiiii~e OHcTpaKTKI ti3 FOMOFeiiaTOB Tea 3 a p a m e i i i i ~ x  ~II~Ka~IoK, npi iMei ian-  
u~iiean n II36hITKe, KaK HyTeM MexaH~qec~<oro nTiipaHnH B pacTeHnn,  TaK ~ IIyTeM I~iiToei(~iiii 
B cweTaii, I In~or~a  lie nh~3hinaa~ 3aMeTHOFO n o n p e m ~ e i i i i a  y OBCa. OiiIaW C nepenocoM BCI~O 
II BI I I I  no ,moi l  Raa  OTpiiIIaweo'II)iib~h pe3y~bwaw. T a ~  me  On,IT C n e p e n o c o ~  050fix  ~ i ipycon  
~epea  n o n i i a n ~ y  (Cuscuta campestris Y v ~ s K . )  6h~a c o w p i ~ a w e a ~ i i ~ i  peaya5wawoM, XOWa 
n OTOM c a y ~ a e  STO Morao 5KITh CBn38HO C weM, qWO IlOBI~niiRa lie c~r ~r napaaHwiia.~y 
~a  xaeTaab~x aJiat~ax. 

E~IIIICTBeiiIthIM y c n e m ~ I ~  OnMTOM no n e p e a o c y  BCI~0  I~iihIM CIICOOOM, gem ~epea  IIace- 
ROMOe, Mh[ cqiiwaeM peayahwaw OIIMWa C IIpiin~n~ofi  (B~,Aww~ ~958). 

Hpi i  n p e a n a p s w e a b n o ~  ~ccae~onaaa~ii  a p e a a a  pacTeiiaafi-xoaaes n np i ipo~e  6Hao  oTHa- 
pymei io ,  ~TO oTa n ~ p y c a  x a e T ~ x  3aaKon MOFyT nhI3MnaTb xapaKTepnbie  CIIMIITOMhI 
y A s e n a  [atua L. ~ Poa annua L. 

B ~i icRycc~i i  a~aaiiai ipyioTc~I He~owop~e ~IaabiiefimHe dpaKw~ C TOtIHii apei i i ia  OwHoaoriiI4. 
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