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Souhrn  

Na ochurav~ni obilnin, je~ se kalamitn~ vystupfiovalo na ~eskomoravsk6 vyso- 
5in6 v letech 1954 a~ 1956, se podilel vedle hlavniho pflvodce t~k:~ch w viru 
sterilnosti a zakrslosti ovsa (VSZO) je~t~ virus prou~kovitosti p~enice (VPP). 
Studium symptomatologie uk~zalo, lie VPP se u hostitelsk:~ch obilnin projevujo 
charakteristicky odli~n8 od VSZO. VPP je v~ak podobn6 jako VSZO specifieky 
roz~i~ovs k~isem Calligypona pellucida Fabr. P~i dlouhodob6 individu~lni testaci 
vektorfl pochAzejlclch z lokality zamo~en(~ VSZO a VPP byly rozli~eny podlo 
patogennich fi6inkfl na obili 6ty~i skupinyhmyzu:  1. nepatogennl, 2. vyvol&vajlci 
p~iznaky VSZO, 3. vyvol~vajlci pHznaky VPP a 4. vyvol~vajlci v~tw p~i- 
znaky VSZO, ale obSas t ~  VPP anebo obou t6chto virfl sou6asn~. VPP je vo 
sv6m p~ena~eSi persistentni a je p~enA~en jak larvami rflzn~ch v~vojov~ch stupfifl, 
tak i imagy C. pellucida obojiho pohlavi. VPP b~val p~en&~en m6n6 pravideln~ 
nee VSZO. Mezi jednotliv:~mi l~isy byly znaSn6 diference v p~enA~eSsk6 fiSinnosti 
pro VPP, tak~e lze pf'edpoklAdat existenci v tomto sm~ru rflzn6 efektivnich ras. 
V polnleh populaclch u nAs p~ovlhdaji patrn6 m6n6 fl6inn(~ rasy. K p~eneseni 
VPP bylo t~eba minimAln~ devitihodinov6ho pobytu vektora na hostiteli, zds so 
v~ak, ~e by staSila i krat~i doba. Extrakty  z rozdrcen~ch listd prou~kovit2ch p~enic, 
jako~ i z infek6nich k~isd inokulovs do rostlin mechanieky (vtirAnim, injekcemi) 
nezpflsobily ng~kazu. Pokusy o p~enos pfldou a kokotici (Cuscuta campestris Yunck.) 
byly negativnl. Termick:~ bed inaktivace viru v ~2iv6m p~ena~oSi so nepoda~ilo 
stanovit. V SSSR popsan~ viry ,,zakuklivanije" obilnin a rusks mosaika ozim~ 
p~enice se li~i od VSZO a VPP mime jin6 t6~ produkovAnim typick:~ch inklusi 
a tim, ~e je lze snadno p~iv~st ke krystalisaci. 

Summary 

I n  a d d i t i o n  t o  t h e  o a t  s t e r i l e - d w a r f  v i r u s  ( 0 S D V )  as  t h e  m a i n  a g e n t  c a u s i n g  
g r a v e  d a m a g e  t o  c e r e a l  c r o p s  i n  t h e  B o h e m i a n - M o r a v i a n  H i g h l a n d s  d u r i n g  
1 9 5 4 - - 5 6 ,  w h e n  t h e  d i s e a s e  r e a c h e d  c a t a s t r o p h i c  p r o p o r t i o n s ,  i t  w a s  f o u n d  
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that  wheat striate virus (WSV) also played a part. Symptomatological s tudy 
showed that  there are characteristic differences between the effect of WSV 
on the host plants and that  of OSDV. Similarly to OSDV, however, WSV is 
specifically spread by the leaf hopper Calligypona pellucida Fabr. Following 
long-term individual testing of vectors taken from localities infested with 
OSDV and WSV, four groups of insects were distinguished according to their 
pathogenic effects on cereal crops: 1. nonpathogenic, 2. producing OSDV 
symptoms, 3. producing WSV symptoms, 4. producing for the most part  
OSDV symptoms, but  occasionally WSV or symptoms characteristic for both 
viruses simultaneously. WSV is persistent in its vector and is transferred by  
C. pellucida larvae at different stages of development and by  imagos of both 
sexes. WSV tends to be transferred less regularly than OSDV. Considerable 
differences in efficiency of carrying WSV are to be found between individual 
leaf hoppers, so that  it is possible to assume the existence of races with varying 
efficiency in this respect. Among field populations in this country less efficient 
races prevail. For the transmission of WSV to be effected it was necessary 
for the vector to remain on the host for at least nine hours, but  it seems that  
a shorter period might suffice. Extracts of crushed leaves of wheat plants 
suffering from the striate disease and from infective leaf hoppers failed to 
cause infection when inoculated mechanically (by rubbing, injection) into 
plants. Attempts to achieve transmission through the soil or by  dodder 
(Cuscuta campestris Yunck.) gave negative results. I t  was not possible to 
determine the thermal inactivation point of the virus in the live vector. 
The mosaic (zakuklivanie) virus of oat and the Russian mosaic of winter 
wheat as described in the U.S.S.R. differ from OSDV and WSV among other 
points by the production of typical inclusions and by the fact that  they can 
easily be induced to crystallize. 

Introduction 

I t  has already been reported in short notes (PR~A 1958, lf53a, 1959b, 
1959c, PRff~A et al. 1959) that  during investigation of the catastrophic oats 
disease, which reached particularly serious dimensions in the south-western 
parts of the Bohcmian-5~oravian Highlands in 1954--56, in addition to oat  
sterile-dwarf virus (OSDV) as the main factor causing grave damage to crops, 
wheat striate virus (WSV) was also identified. I t  was reported that  both 
viruses have the same vector, the leaf hopper Calligypona pellucida Fabr., 
in nature. They are persistent in this vector and WSV can be transmitted 
transovarially in a high percentage of cases by  infected females to their 
offspring, which was not observed in the case of OSDV. 

This paper deals with the part  of the experiments which led to the discovery 
of WSV in Czechoslovakia, to the elucidation of its symptomatology in the 
main host plants and to the investigation of some of its characters. 

Signs of WSV were observed as early as 1956. They were dealt with in more 
detail in 1957, when very striking cases of striated plants were found in winter 
wheat in a field next to that  on which oats had been completely infested 
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with OSDV the year before. This was in the experimental locality Ss 
the focal area of the OSDV epidemic in the Pelh~imov district. The character 
of  the distribution of striated wheat in the crop (high degree of infection con- 
fined to the part  of the field in the close proximity of the previous year's ~ t  
crop and a sharp drop in the proportion of diseased plants in a direction away 
from the previous oat field and deeper into the wheat field) indicated that  
the factor causing these symptoms in wheat was identical with that  which 
had caused grave damage to oats (PRfY~A 1957). Experiments showed, however, 
that  the striation was produced by  another virus, which was then named 
from the most typical sign on the first host plant on which it was identified, 
wheat striate virus. The remarkable type of distribution of the striated plants 
in the wheat crop was explained as being due to WSV having the same vector 
as OSDV; this vector gave preference to oats, but  passed over to winter 
wheat when the remaining oats, which is cultivated here as a spring crop, 
died out completely during the autumn and winter. 

Material and Methods 

I n  t h e  first  e x p e r i m e n t  w i t h  W S V  s t r i a t ed  win te r  w h e a t  f ound  a t  t he  b e g i n n i n g  o f  J u n e  
1957 n e a r  t he  vil lage o f  SAzava was  u sed  as t h e  source  o f  infect ion.  Oa t  seedl ings  v a r i e t y  Va-  
le6ovsk:~" bil~ were used  as t e s t  p l an t s .  I n f e c t i v i t y  was  t e s t ed  b y  th ree  g roups  of  insec ts :  a m i x t u r e  
o f  aph id  species  c a u g h t  on  corn  a t  SAzava, a m i x t u r e  o f  b u g  species (Hete rop te ra )  f r om t h e  s a m e  
source  a n d  a m i x t u r e  of  l ea fhopper  species  f r o m  a m i x e d  crop o f  ba r l ey  a n d  oa t s  a t  R u z y n o  
n e a r  P r ague .  E a c h  g roup  of  insects  was  first  left  for t h ree  days '  acqu is i t ion  feed ing  on s t r i a t ed  
w h e a t  a n d  t h e n  fed for a week  on  h e a l t h y  oa t s  p lan t s .  Cages fo rmed  of  two c u r v e d  h a r d  b r a s s  
wires  p laced  a t  r igh t  angles  to each  o the r  a n d  covered  w i th  whi te  Silon s tock ings  (BROnx 1959) 
were u s e d  in order  to isolate t he  insec ts  on  t he  p l an t s .  The  insects  were kil led a t  t he  conc lus ion  
o f  t he  t e s t - feed ing  b y  sp r ay i ng  w i t h  t he  n ico t ine  p r epa ra t i on  Floron.  F u r t h e r  pa r t i cu la r s  a b o u t  
th i s  e x p e r i m e n t  are  g iven  in Table  1. 

The  ques t ion  o f  t he  t r a n s m i t t a b i l i t y  o f  W S V  b y  different  aph id  species,  c a u g h t  on  corn  
a n d  grass  fodder  p l an t s  in t he  a rea  o f  t h e  m a x i m u m  occurrence  o f  W S V  a n d  OSDV,  to  t h e  
d i f ferent  corn  crops  was  s i m u l t a n e o u s l y  e x a m i n e d  in a series o f  s imi lar  tes ts .  F u r t h e r  re ference  
is no t  m a d e  to t he  resu l t s  ob ta ined ,  as t h e y  were nega t ive .  

Af te r  i t  h a d  been  e s t ab l i shed  t h a t  t he  sp r ead  of  v i rus  s igns  is specifically re la ted  to  t he  leaf- 
h o p p e r  Calligypona pellucida Fabr . ,  t h e  m e t h o d  of  m a s s  app l ica t ion  o f  insec ts  to g roups  o f  
p l a n t s  was  rep laced  b y  the  process  of  l ong - t e rm  ind iv idua l  t e s t i ng  of  each  l ea fhopper  s e p a r a t e l y  
for  a series o f  recept ive  p l an t s  (for de ta i l s  see PRfr~A et  al. 1959). 

The  insec ts  u sed  in the  m a i n  e x p e r i m e n t  were c a u g h t  a t  t he  edges  o f  fields u p o n  which  t h e r e  
h a d  been  a comple t e ly  in fes ted  crop o f  oa t s  t he  yea r  before (1957). The  loca l i ty  was  SAzava. 
T h e  insec ts  were t r ans fe r r ed  b y  m e a n s  of  a n  en tomologica l  e x h a u s t o r ,  wh ich  h a d  been  modi f ied  
for t he  purpose  (Fig. 1) so as to al low b o t h  t he  neces sa ry  f r eedom of  m a n i p u l a t i o n  w h e n  c a t c h i n g  
the  leaf  hoppers  in special  i sola t ion cages o f  s t r o n g  b ras s  wire a n d  Silon fabric  (see i l lus t ra t ion  
in  P l~0~ ,  et  al. 1959), a n d  also r ap id  a n d  careful  t r ans fe rence  o f  t he  insec t  f r o m  p l a n t  to p l an t .  
The  m a i n  a l t e ra t ion  was  t h a t  i n s t ead  o f  a t t a c h i n g  t he  insec t - i so la t ing  fabric  to t he  tube ,  w h i c h  
w i t h  i ts  r u b b e r  ex t e ns i on  is p laced in t h e  ope ra to r ' s  m o u t h ,  i t  was  connec t ed  to the  e n d  o f  t h e  
t u b e  t h r o u g h  which  t he  insec ts  are  d r a w n  into t he  e x h a u s t o r .  This  en su red  t h a t  t he  i n d r a w n  
insec t  could  n o t  en t e r  the  m a i n  pa r t  o f  the  e x h a u s t o r  d i rect  and  l e m v i n e d  in t h e  b e n d  of  t h e  
lower tube ,  f r om which  it  could  t h e n  be b lown ou t  into a n o t h e r  isolator  on  a f u r t h e r  t e s t  p l a n t  
w i t h o u t  t h e  a p p a r a t u s  be ing  t a k e n  apar t .  I n  these  tes ts ,  as  in f u r t he r  e x p e r i m e n t s  f r o m  wh ich  
i n f o r m a t i o n  was  ob ta ined  a b o u t  t he  course  o f  v i rus  s y m p t o m s ,  y o u n g  seedl ings  o f  t he  fol lowing 
var ie t ies  were used  as t e s t  p l an t s :  Oats  ValeSovsk:~ bil~, w h e a t  Ratbo~skA j a rn l  a n d  B l a n k a  
jarn i ,  ba r l ey  S tup ick~  plnozrnn:~ a n d  Tr iumf ,  rye  T~w jarni .  
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D e t e r m i n a t i o n  of  t he  per iod essent ia l  for the  vec to r  to s t a y  on  the  p l a n t  in order  to b r ing  
a b o u t  in fec t ion  was  carr ied  ou t  wi th  n a t u r a l l y  in fec ted  imagos  of  C. pellucida f rom the  oa t s  ep idemic  
area .  The  leaf  hoppe r s  were p u t  ind iv idua l ly  to feed on  the  t e s t  p l an t s  a t  g raded  in t e rva l s  of  t ime .  
T h e  e x p e r i m e n t  was  car r ied  ou t  twice du r i ng  J u n e  a n d  J u l y  1958. R e s u l t s  are  recorded  in 
Tab le  I I .  

I n  e x p e r i m e n t s  invo lv ing  the  mechan i ca l  t r a n s m i s s i o n  of  W S V  inocula  p repa red  f rom diseased  
p l a n t s  a n d  f r o m  infec ted  leaf  hoppers  were used.  P r e p a r a t i o n  o f  the  i n o c u l u m  f rom p l an t s  was  
ca r r ied  ou t  as follows: Leaves  p icked f rom typ ica l ly  s t r i a t ed  w h e a t  p l an t s  were cu t  up  into 
sma l l  pieces a n d  5 g. of  th i s  ma t e r i a l  was  p u t  in to  a cooled porce la in  m o r t a r .  Fol lowing t he  
add i t i on  o f  10 ml .  of  cold p h o s p h a t e  buffer  (SSrensen) of  p H  7 a n d  a p inch  of  sand ,  t he  m i x t u r e  
was  t h o r o u g h l y  g round .  L iqu id  was  squeezed  ou t  of  the  pu lp  t h r o u g h  a Silon shee t  into a measu r -  
ing  glass  and  the  squeezed  pu lp  was  r e t u r n e d  to the  m o r t a r ,  where  it  was  m i x e d  w i th  a f u r t he r  
5 ml.  of  buffer  a n d  g r o u n d  again .  The  h o m o g e n a t e  was  p u t  in to  t he  Silon shee t  a n d  t h o r o u g h l y  
squeezed  aga in  b y  h a n d  a n d  b y  m e a n s  o f  virological  forceps,  t he  exp re s sed  l iquid  be ing  a d d e d  
to t h a t  in the  m e a s u r i n g  glass.  I n  th is  w a y  16.1 ml.  o f  i n o c u l u m  was  prepared .  Inocu la t i on  
fol lowed a t  once. I t  was  carr ied ou t  b y  t r ans fe r r i ng  t he  i n o c u l u m  b y  m e a n s  of  a p ipe t te  into 
sma l l  swabs  of  folded gauze ,  wh ich  were sp r ink led  wi th  c a r b o r u n d u m  powder ;  t he  leaves  of  
t he  y o u n g  t e s t  p l an t s  (60 oa ts ,  30 w h e a t  a n d  30 bar ley ,  sown  18. 6. 1957 in  10 era. jars ,  5 in 
e a c h  jar .  inocula t ion  car r ied  o u t  3. 7. 1957 a t  t h e  phase  o f  the  1st to 3rd leaves)  were l igh t ly  
wiped  severa l  t imes  w i t h  these  gauze  swabs .  The  m e t h o d s  u~ed in t he  e x p e r i m e n t s  on  t h e  
m e c h a n i c a l  t r a n s m i s s i o n  o f  cereal  v i ruses  u s i ng  i n o c u l u m  ob t a ined  b y  e x t r a c t i n g  h o m o g e n a t e s  
f r o m  the  bodies of  in fec ted  l ea fhoppers  have  been  pub l i shed  in a p rev ious  pape r  (PRfT~A et  el. 
1959). 

The  a t t e m p t  to t r a n s m i t  cereal  v i ruses  t h r o u g h  the  soil was  st '~rtcd in May  1958 on  a fenced 
plot  in t he  garden .  The  fenced  plot  was  filled to a b o u t  I0 cm.  w i th  a layer  o f  soil in to  wh ich  in 
t he  p rev ious  a u t u m n  a cons iderable  a m o u n t  of  chopped  s t r a w  a n d  roo t s  f r om oats  p l an t s  suffer- 
ing  f rom OSDV, a n d  w h e a t  in fes ted  w i t h  W S V,  h a d  been  placed.  F o u r  rows of  oa ts  a n d  one 
row of  whea t  were sown  in th i s  plot .  The  poss ibi l i ty  of  infec t ion  f rom w i t h o u t  was  e l imina t ed  
b y  p lac ing  a large,  a n g u l a r  i sola t ion cage o f  Silon fabric wi th  a wooden  f r ame  over  t he  whole  
plot .  A to ta l  of  406 oa ts  (ValeSovsk:~ bil:~) a n d  102 whea t  (Blanka)  p l an t s  were inc luded  in t he  
t e s t .  

The  t h e r m a l  i nac t i va t i on  po in t  o f  cereal  v i ruses ,  wh ich  were f o u n d  to be u n t r a n s m i t t a b l e  
b y  mechan i ca l  means ,  was  e x a m i n e d  d i rec t ly  w i t h i n  t he  bodies  of  live leaf  hoppers .  N a t u r a l l y  
in fec ted  insects ,  c a u g h t  on  crops  in the  a rea  where  disease had  (leveloped, were placed f if teen 
a t  a t ime  in th in -wa l l ed  t e s t - t u b e s  closed b y  fine si lon fabric.  The  t e s t - t u b e s  were p u t  into 
a wa te r  b a t h  for v a r y i n g  per iods  of  t ime .  The  t e m p e r a t u r e  o f  t h e  wa te r  b a t h s  was  m a i n t a i n e d  
a t  e x a c t l y  35 ~ C, 37.5 o C a n d  40 ~ C by  m e a n s  of  Ver tex  a n d  electronic con tac to r s  ( a p p a r a t u s  
s h o w n  in Fig. 2). These  g roups  of  l ea fhoppers  were t h e n  p laced on h e a l t h y  oats  p l an t s  in order  
to t es t  the i r  infec t iv i ty .  

Results and Diseussion 

Experiments with Vectors 

As shown in Table I, in no part of the first experiment were plants with 
typical signs of WSV observed. Plants covered with aphids and bugs remained 
almost entirely healthy. Only in the variant using leafhoppers were 15 out 
of  75 test plants found to be infected with OSDV. 0 S D V  was transmitted 
in this ca~e from the striated wheat, which was evidently simultane- 
ously infected with OSDV, although this could not be recognised from the 
symptoms. 

I n  addi t ion ,  it  was  recorded t h a t  some  p lan t s ,  in wh ich  aph ids  h a d  been  used  for t r ansmis s ion ,  
deve loped  smal l ,  b rowni sh  or  ru s ty -ye l low  spo t s  a b o u t  10 days  a f te r  the  feeding (Fig. 3). These  
were  m o s t l y  to be f o u n d  on  t he  oldest  leaf  a n d  it  was  u s u a l l y  possible  to see a m i n u t e ,  da rk-  



2 8 0  v .  P R i m A  a n d  J .  V A C K E  

Tab l e  1. A t t e m p t  a t  t r a n s m i t t i n g  W S V  b y  t h r e e  g r o u p s  o f  ~nsects (1957) 

F e e d i n g  per iod  

Acqu i s i t i on  T e s t  on  
on diseased healthy 

wheat  oa t s  

Species 
m i x t u r e  

1 4 . - - 1 7 . 6 .  

14 . - -17 .  6. 

1 4 . - - 1 7 . 6 .  

1 7 . - - 2 4 . 6 .  

17 . - -24 .  6. 

1 7 . - - 2 4 . 6 .  

a p h i d s  

b u g s  

l ea f  hoppe r s  

N o n - i n f e c t e d  con t ro l  p l an t s :  

No.  o f  
insec t s  on  

plant 

3 - - 5  

2 - - 3  

2 - - 3  

No. of  
test  

p l a n t s  

35 
40 
35 
40 
35 
40 

7O 
8O 

D a t e  o f  
sowing  

oa t s  

5. 6. 
1 1 . 6 .  

5 . 6 .  
11 .6 .  

5 . 6 .  
11 .6 .  

5. 6. 
11 .6 .  

D i seased  

W S V  OSDV 

NO. ~O. 

0 0 
0 0 

oo o 
0 

0 8 

0 0 
0 0 

coloured cen t re  ind ica t ing  t he  po i n t  o f  p u n c t u r e .  Af t e r  feed ing  b y  bugs ,  spo t s  o f  a d i f ferent  
c h a r a c t e r  a p p e a r e d  on  the  leaves  o f  y o u n g  p lan t s ;  t h e y  were more  n u m e r o u s  a n d  looked like 
pa le  dots ,  while as in t he  above  case t h e y  were still  to be seen  a long  t ime  af te r  t h e  kil l ing o f  
t h e  t e s t ed  insects .  Sporadical ly  some  o f  b o t h  k inds  o f  spo t s  g rew cons ide rab ly  larger ,  t ook  on  
an  ochre -b rown  colour  a n d  acqui red  a w a t e r y  cons i s t ency .  Since it  was  d e m o n s t r a t e d ,  however ,  
t h a t  none  o f  t hese  spo ts ,  which  were m e t  wi th  here  a n d  the re  in  la ter  e x p e r i m e n t s  w i t h  suck ing  
insec ts  as  well, h a d  a n y  causa l  connec t ion  w i t h  W S V  or OSDV, no g rea t  a t t e n t i o n  was  d e v o t e d  
to  t h e m .  

The series of tests carried out concurrently with aphids collected from 
crops and grasses in the area of virus diseases gave almost entirely negative 
results and therefore no further description has been given here. These tests, 
however, confirmed that  aphids have no connection with the spreading of WSV. 

During February and March 1958 a pilot experiment with 12 leafhoppers 
(C. pellucida) was carried out under laboratory conditions. They were adult  
females whose development had been artificially accelerated by  adjustment  
of the temperature and lighting conditions. They came from the OSDV 
epidemic areas, having been caught as larvae in the autumn of the preceding 
year. The insects were placed individually on 6 oats and 6 wheat plants. 
In each case 3 leafhoppers were left on each host plant for 20 hours, another 
3 for 3 days. The insects were then removed and the experimental plants 
were given supplementary illumination. 

None of the plants showed any of the characteristic signs of WSV. OSDV 
developed, however, in one oats and one wheat plant. In both cases this 
took place in the variant with the 20-hour test  feeding period. The rest of  
the plants remained healthy. This very limited experiment showed for the 
first time the fundamental differences in pathogenic capacity between indi- 
vidual leafhoppers of the same sex, age and origin, for only 2 out of 12 pro- 
duced typical signs of OSDV after less than a day on the host, while others, 
evidently uninfected, did not produce this result even after 3 days of feeding. 
In addition, this result already indicated quite clearly that  the virus of wheat 
striation is probably not identical with OSDV, because in the case of the 
only successfully infected wheat plant the characteristic stripes failed to 
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develop; on the contrary, the symptoms of disease (dwarfing, more intense 
tillering, slight yellowing from the tips of the youngest leaves) were those 
which were later found to be caused by  OSDV (P~ff~A 1958, P~fffiA et al. 
1959). 

At the beginning of April a more extensive experiment of five months 
duration was started in order to investigate the pathogenic effects of 160 leaf- 
hoppers C. pellucida from Ss (locality where the occurrence of WSV 
and OSDV was greatest) on various cereals. Each leafhopper was tested 
individually on a certain series of cereals. The periods of test feeding ranged 
from one to three weeks in most cases. The leaf hoppers were tested from the 
stage of hibernating larvae throughout the whole of their further develop- 
ment,  usually up to their natural death. As a rule they fed on 6 to 9 test  
plants consecutively. For the first three passages larvae of the third to fifth 
stage of growth were used, while from the end of the fourth passage, by which 
time many insects had already matured, adults were used. The results ob- 
tained enabled the leaf hoppers to be divided, according to the pathological 
state which developed following their feeding on the test  plants, into the 
following four groups: 

1. Non-pathogennic insects. There were 23 leafhoppers in this group (14.4%). Plants on 
which they fed were never diseased. Following their feeding either no slowing of growth took 
place, or there was a slight slowing which was atypical as regards the disease concerned and 
became somewhat more pronounced with increasing length of the insect's stay on the host 
plant. 

2. Insects calling forth symptoms typical of OSDV. There were 96 leafhoppers in this group 
(61.2%). 

3. Insects producing symptoms characteristic exclusively of WSV. There were only 3 leaf- 
hoppers in this group (1.9~ 

4. Insects causing for the most part  symptoms typical of OSDV, but  occasionally of WSV 
as well, or of both viruses simultaneously. A group of 36 insects behaved in this way (22.5O/o). 

Further, it was found that  the leaf hoppers tested transmitted OSDV not 
only in a high percentage of cases (83.7 o/o), but  also very regularly and usually 
to all plants on which they had the opportunity to feed. As opposed to this 
WSV was not transmitted nearly so frequently and regularly, but  only at 
irregular intervals of time and usually to a minority of the test plants. Among 
a total of 39 leafhoppers (24.4~o of the total) infected with WSV there were 
remarkable differences in the efficiency of transmission of this virus. Only 
3 individuals (7.7%) infected all the plants on which they fed, 10 leafhoppers 
(25.6%) infected a half to three-quarters of the plants and the remaining 
26 leafhoppers (66.70)  infected less than half the plants on which they were 
place d. While no particular differences were found in the efficiency with which 
C. pellucida transmits OSDV, the facts noted above indicate that  there exist 
races with varying efficiency as regards their ability to transmit WSV. I t  
would appear that  in our field populations the less efficient races predominate. 
This assumption is supported by  field observation according to which WSV 
occurs only sporadically in the crops, which would otherwise be difficult to 
explain. 

The finding of considerable differences among individual leaf hoppers as regards their effici- 
ency in transmitt ing WSV is in complete agreement with a similar observation on the European 
cereal striate mosaic virus, which was published recently in Great Britain (WATSON 1959, 
WATSON and SINHA 1959). This virus is probably identical with our WSV. The above authors 
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d i s t i ngu i shed  th ree  races  of  t he  vec to r  accord ing  to t he  ab i l i ty  to acqui re  and  t r a n s m i t  t h e  
v i rus :  h igh ly  eff ic ient  ( t r a n s m i t t i n g  t he  v i rus  to 90 to 100~o of  t he  t e s t  p lan ts ) ,  eff icient  ( t rans-  
m i t t i n g  to 40 to 50~o of  t he  t e s t  p lan ts ) ,  a n d  ineff ic ient  ( t r a n s m i t t i n g  to 10 to 20~o of  t he  t e s t  
p lan t s ) .  A l t h o u g h  more  accura te  d a t a  on  t he  r ep r e sen t a t i on  o f  t he  di f ferent  races  in  field popula-  
t ions  h a v e  n o t  y e t  been  ob ta ined ,  i t  is a s s u m e d  t h a t  in E n g l a n d ,  too,  t h e  leas t  eff icient  race  
p r e d o m i n a t e s .  

DT.ABOLA (1958a, 1958b), who  worked  w i t h  s imi lar  m a t e r i a l  to t h a t  u s e d  b y  t h e  p r e s e n t  
a u t h o r s ,  m e n t i o n s  t h a t  he  obse rved  s igns  o f  s t r i a t ion  on ly  a f te r  feeding b y  C. peUucida l a rvae  
p laced  in large  n u m b e r s  on the  cereal  crops.  He  cons idered  the  cause  to be due  r a t h e r  to some  
k i n d  of  t o x i n  in jec ted  b y  the  leaf  hoppe r  w i t h  i ts  sa l iva  into t he  p l a n t  du r ing  feeding  t h a n  to 
a v i rus .  I n  t he  p r e sen t  tes ts ,  on  t he  con t r a ry ,  in spi te  o f  a ce r ta in  i r r egu la r i ty  a n d  f luc tua t ion  
in t r a n s m i s s i o n  ( the m a x i m u m  t r a n s m i s s i o n  o f  W S V  was  for e x a m p l e  recorded fol lowing t e s t  
feeding  a t  t he  end  o f  Apri l  a n d  t he  beg i nn i ng  of  May ,  w h e n  t he  m a j o r i t y  o f  l ea fhopper s  were 
in t he  las t  b u t  one a n d  las t  phase  before t r a n s f o r m a t i o n  to  imagos) ,  i t  was  def ini te ly  e s t ab l i shed  
t h a t  ab i l i ty  to t r a n s m i t  W S V  is no t  l imi ted  to a n y  special  s t age  o f  d e v e l o p m e n t  o f  t h e  vector ,  
b u t  t h a t  it  is exh ib i t ed  b y  la rvae  a t  dif ferent  s t ages  a n d  b y  imagos  o f  b o t h  sexes .  F u r t h e r ,  one 
l ea fhopper  suffices for infection.  

Finally, the above experiment also showed that  WSV persists in its vector 
for a very long time (e.g. one leaf hopper t ransmitted WSV to 6 plants over 
a period of several months) and that  it therefore belongs to the so-called 
persistent viruses. 

The Relation between the Length of the Vector's Stay on the Host  Plant  
and the Probabili ty of Successful Infection 

The results summarised in Table I I  show that  the first transmission of 
OSDV took place after a thirty-minute stay by  a leafhopper on its host, 
while in the case of WSV nine hours were necessary. 

Tab le  2 .  E x a m i n a t i o n  of  t h e  per iod  o f  feed ing  b y  t h e  l ea fhoppe r  Catl'gypona pellu, cida on  oa t s  
p l a n t s  n e c e s s a r y  to cause  in fec t ion  

L e n g t h  o f  s t a y  of  
a l e a fhoppe r  on  hos t  

5 m i n u t e s  
10 m i n u t e s  
30 m i n u t e s  
60 m i n u t e s  
90 m i n u t e s  

2 h o u r s  
3 h o u r s  
6 h o u r s  
9 h o u r s  

15 h o u r s  
20 h o u r s  
24 h o u r s  
30 h o u r s  

2 d a y s  
3 d a y s  
4 d a y s  
6 d a y s  

T e s t e d  
leaf  hoppe r s  

No. o f  l e a fhoppe r s  
t r a n s m i t t i n g  OSDV 

to ta l  % 

0 
0 
5 

10 
10 
15 
15 
25 
35 
40 
45 
55 
57.1 
62.5 

100 
100 
100 

No. of  leaf  hoppe r s  
t r a n s m i t t i n g  W S V  

21 
20 
20 
20 
20 
20 
20 
20 
20 
10 
20 
20 
14 
16 

9 
8 
6 

0 
0 
1 
2 
2 
3 
3 
5 
7 
4 
9 

11 
8 

10 
9 
8 
6 

t o t a l  % 

0 
0 
0 
0 
0 
0 
0 
0 
5 

10 
5 

1O 
14-3 
12-5 
11.1 
12.5 
33-3 
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I t  m u s t  be  no ted ,  however ,  t h a t  i r r egu la r i ty  in W S V  t r ansmis s ion ,  due  to t he  p robab le  ex is t -  
ence  of  vec to r  races  o f  v a r y i n g  efficiency, a n d  t he  fac t  t h a t  the re  were re la t ive ly  few ind iv idua l s  
in fec ted  w i th  th i s  v i rus  a m o n g  t he  l ea fhopper s  used ,  m a k e s  it  n ece s sa ry  to a s s u m e  t h a t  a sho r t e r  
feeding  per iod could  suffice to p roduce  infect ion b y  WSV,  too. Th i s  v iew is also s u p p o r t e d  b y  
d a t a  f r o m  E n g l a n d  (SLYK~r:IS a n d  WAwso~ 1958), accord ing  to wh ich  it  was  obse rved  t h a t  
E u r o p e a n  cereal  s t r i a t e  mosa ic  v i rus  was  excep t iona l ly  t r a n s m i t t e d  a f te r  on ly  h a l f - a n - h o u r  
o f  t e s t  feeding.  

The  e x p e r i m e n t  also showed  t h a t  the  d u r a t i o n  o f  t e s t  feeding  b y  t h e  vec to r  ha s  an  effect 
w i th in  a ce r ta in  t im e  in t e rva l  on  t he  p robab i l i t y  o f  t r a n s m i s s i o n  of  t he  disease,  b u t  no t  on  i ts  
de s t ruc t iv i t y .  The  p l an t s  exh ib i t ed  prac t ica l ly  equa l ly  severe  s igns  o f  d isease  w h e n  t h e y  were 
in fec ted  following feeding b y  t he  in fec ted  insects  l a s t ing  severa l  hou r s  or  some  days .  

A t t e m p t s  a t  Mechanica l  T r a n s m i s s i o n  o f  W S V  

The  first a t t e m p t  a t  m e c h a n i c a l  t r a n s m i s s i o n  of  W S V  us ing  sap  f rom s t r i a t ed  w h e a t  w a s  
e v a l u a t e d  a t  t he  end  of  A u g u s t  1957. Ou t  of  120 inocu la t ed  p l an t s  on ly  one w h e a t  p l a n t  s h o w e d  
s igns  o f  WSV.  All t he  res t  (60 oats  p lan t s ,  30 ba r l ey  a n d  29 whea t )  r e m a i n e d  hea l thy .  Th i s  ex-  
p e r i m e n t  was  la ter  r epea t ed  twice w i t h o u t  a n y  of  the  charac te r i s t i c  s y m p t o m s  of  the  d isease  
be ing  produced .  I t  was  therefore  a s s u m e d  t h a t  t he  single case of  t r a n s m i s s i o n  was  p r o b a b l y  
acc iden ta l  a n d  t h a t  W S V,  like OSDV, is n o n - t r a n s m i t t a b l e  b y  m e c h a n i c a l  m e a n s  u s ing  t he  
s ap  of  d iseased p lan t s .  

I n  1958 an  e x p e r i m e n t  was  also carr ied  ou t  to de t e rmine  w h e t h e r  t he  two cereal  v i ruses  
ident i f ied in Czechos lovakia  can  be t r a n s m i t t e d  b y  mechan i ca l  inocu la t ion  ( rubb ing  into s t a lk s  
a n d  leaves,  in jec t ion  in to  s ta lks)  w i t h  c o n c e n t r a t e d  e x t r a c t s  o f  t he  c ru shed  kodies  o f  in fec ted  
leafhoppers .  The  ne ga t i ve  r e su l t - o f  th i s  expe r i men t ,  wh ich  ha s  a l r eady  been  I ub l i shed  (PRT~A 
et  al. 1959), also goes to conf i rm t h a t  W S V  a n d  OSDV c a n n o t  be t r a n s m i t t e d  mechan ica l ly .  

A t t e m p t  to T r a n s m i t  W S V  t h r o u g h  Dodder  (Cuscuta campestris Yunck . )  

The  a t t e m p t  to t r a n s m i t  W S V  b y  m e a n s  of  Cuscuta campestris Yunck .  failed. Since, however ,  
t he  e x p e r i m e n t  was n o t  suf f ic ien t ly  ex t ens ive  (only 8 y o u n g  whea t  p l an t s  were u sed  for infection),  
a n d  s ince t he  dodder  a t t a c h e d  i tself  to t he  w h e a t  wi th  some  diff icul ty ,  th i s  resu l t  c a n n o t  be  
r ega rded  as final. 

A t t e m p t  a t  T r a n s m i t t i n g  Cereal Viruses  t h r o u g h  t he  Soil 

None  of  t he  406 oa ts  a n d  102 w h e a t  p lan t s ,  g rown  in soil infes ted  in t he  a u t u m n  of  t he  p rev ious  
yea r  w i th  considerable  quan t i t i e s  o f  s t r a w  a n d  roo~s f rom v i rus - in fec ted  cereal  crops,  showed  
a n y  s y m p t o m s  of  W S V  or OSDV disease.  I t  can  t h u s  be conc luded  t h a t  ne i the r  o f  these  v i ruses  
is t r a n s m i t t e d  b y  soil. The  resu l t  of  the  e x p e r i m e n t  is also in a g r e e m e n t  wi th  obse rva t ions  m a d e  
in prev ious  yea r s  u n d e r  field condi t ions  wi th  less s t r i c t  control  (viz PROw 1958). 

A t t e m p t  a t  T h e r m a l  I n a c t i v a t i o n  o f  Cereal Viruses  

Since b o t h  W S V  a n d  OSDV are  n o t  mechan i ca l l y  t r a n s m i t t a b l e  b y  sap  e x t r a c t e d  e i ther  f r om 
diseased  p l an t s  or f r o m  infec ted  lea fhoppers ,  a n  a t t e m p t  was  m a d e  to es tab l i sh  t he  po in t  of  
t he rmie  i nac t iva t i on  of  t hese  v i ruses  d i rec t ly  in t he  bodies  of  t he  l iv ing vectors .  Signif icant  
i nac t iva t i on  was  n o t  ob t a i ned  for e i ther  v i rus  b y  w a r m i n g  t he  l ea fhoppers  to  a t e m p e r a t u r e  
of  35 ~ C for a period of  3 hour s  or less, to 37.5 ~ C for 45 rain. or less nor  to 40 ~ C for 10 rain.  
Fol lowing 45 min .  h e a t i n g  to 37.5 ~ C, however ,  more  t h a n  ha l f  t he  leaf  hoppers  died a n d  following 
10 min .  a t  40 ~ C on ly  one insec t  o u t  of  15 r e m a i n e d  alive.  

I-Iistologico-Cytological a n d  Biochemica l  E x a m i n a t i o n  

W h e a t ,  oa ts  a n d  ba r l ey  p l an t s  in fec ted  w i t h  b o t h  OSDV a n d  W S V  were s u b j e c t e d  to  careful  
his tologico-cytologieal  e x a m i n a t i o n  b y  severa l  r ep roduc t ions  o f  t he  m e t h o d  which  in t he  U.S .S .R .  
enab led  specific a n d  d iagnos t i ca l ly  i m p o r t a n t  p h e n o m e n a  ( inclusion b o d i e s ) i n  cereals  suffer ing  
f r o m  the  " z u k u k l i v a n i e "  v i rus  a n d  the  R u s s i a n  win te r  w h e a t  mosa ic  v i rus  to be  d e m o n s t r a t e d  
(SuKEOV 1940, 1943, 1956, SUK~OV, VOVK a n d  ALEXEYEVA. 1943). I n  ce r t a in  r e spec t s '~heso  
v i ruses  resemble  those  deal t  w i t h  in the  p r e sen t  paper .  I t  was  f o u n d  t h a t  in  cases  of  W S V  a n d  
OSDV disease  ne i the r  needle  c rys t a l s  nor  large looped inclus ions  appea r  in t he  live ep ide rma l  
a n d  g u a r d  cells. These  are charac te r i s t i c  in cases  of  " z a k u k l i v a n i e "  v i rus  disease  in  cereals.  I t  
was  fu r t he r  f ound  t h a t ,  in con t r a s t  to the  two R u s s i a n  vi ruses ,  in cases  o f  W S V  a n d  OSDV 



284  V. P R ~ A  and ~l. VACKE 

needle-shaped bodies are not even formed after t rea tment  of the sections or tissue homogenates 
with 0.1 N HC1 solution and adjustment of the pH of the medium to 4.0. 

The absence of these remarkable intracellular bodies was later kindly confirmed by the 
leading Soviet virologist V. L. RYznKov (1959), who received specimens of WSV and OSDV 
infected cereals, preserved in alcohol, for investigation. 

Further  evidence of the distinct character of WSV and OSDV as compared with the Russian 
viruses was obtained during experiments on crystallizing out of virus substances by methods 
described in the U.S.S.R. (SuxEov 1943, 1956, SUKHOV, VovK and ALEXEYEVA 1943). The 
procedure by which it was possible to prepare the Russian viruses in crystalline form was repeated 
several times on the present material with negative results. 

Symptomatology of Wheat  Striate Virus Disease 

Concurrently with investigation of the etiology of signs of disease in cereals 
thorough symptomatological observations were made on oats, wheat and 
barley which had been naturally, or especially artificially, infected with 
OSDV and with WSV. I t  was revealed that  WSV differs considerably in its 
effects on the host from 0SDV and that  it has a somewhat shorter incubation 
period. 

The first perceptible symptom following WSV infection is not a change 
in growth, as with 0SDV, but  a colour change. Three weeks following infec- 
tion (and later too) striation can appear on the youngest leaves in the form 
of pale or yellowish lines of varying length. There is an increase in the number 
of chlorotic lines running parallel to the veins, they lengthen, grow broader 
and run together to form stripes. This chlorosis passes over to some of the 
older leaves and to all leaves developing after infection; it may cover the 
leaf sheaths and parts of the stalks. At a more advanced stage of this typical 
systemic disease almost the whole of the plant may, therefore, take on a cream 
eolour. The characteristic striation, which is similar on the different cereal 
species, is illustrated in Figs. 4 and 5. 

Following the well-defined appearance of striation the growth of the diseased 
plants is praetieMly halted. Stimulation of tfllering and proliferation in the 
flower organs, insofar.as they develop at all, do not take place. Ears or panicles 
(glumes are also striated - -  see Fig. 6) can only be formed in plants that  
have been infected at a later stage of development; the seeds are then shrunken 
and inferior. 

Plants which have been infected at an early stage (the phase of the first 
to third leaves) lose their chlorophyll within 6 to 8 weeks and die. Similarly, 
the majori ty of cereals infected during the first two months of growth die 
prematurely. WSV is more destructive of barley and wheat than OSDV. 
In some cases it was even noted that  elongated necroses developed on the 
chlorotic parts of barley leaves, var. Triumf (Fig. 7). Similar necroses also 
accompany American wheat striate mosaic virus disease on the wheat variety 
Minter (SLYKHVIS 1952, 1953). With oats there was not such a difference in 
the destructivi ty of WSV and OSDV, but  plants infected with WSV died 
sooner. 

During combined infection by WSV and OSDV the course of the disease is the most severe 
and death of the hosts takes place most rapidly. Combined infection was most  easily recognis- 
able from the external symptoms in oats. Here, in addition to the striation indicating WSV, 
there quite often appeared symptoms revealing the presence of OSDV (swelling of stalks in the 
region of the tillering nodes, increased tdlering, darker colouring of the green parts, etc.). With 
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wheat or barley showing symptoms of W S V  it was, on the contrary, impossible to decide by  the 
external symptoms whether plants were or were not suffering at the same time from the less 
destructive OSDV. This could be determined, however, not only from the results of the feedings 
which preceded and followed in the series of passages of the leaf hopper concerned to other 
test plants, but also from some experiments in which OSDV was transmitted from plants ex- 
hibiting symptoms of WSV alone. 

Symptomatologically WSV is related to the wheat striate mosaic virus 
described in the U.S.A by SLYKHVIS (1952, 1953). The American virus is, 
however, transmitted by the leafhopper Endria inimica Say., which does 
not occur in Europe. A virus which is probably completely identical with 
WSV has also been described in England under the name European cereal 
(wheat) striate mosaic virus (SLYK~UIS 1958, SLYKHUIS and WATSO~ 1958). 
The present authors do not fully agree with the above authors as regards 
the naming of the virus, mainly because its characters definitely place it 
among the so-called "cicadophile yellows" and it should therefore not be 
termed a mosaic. Examples of striation in cereals observed by SLYKHUIS 
(1958) during his visit to Germany and Denmark evidently belong to this 
virus too. WATSO~ (1959) demonstrated a disease similar to the English virus 
disease in material brought to England from Spain, where it seems to be 
attaining dangerous proportions. News of the occurrence of a virus similar 
to WSV has also been published recently in Sweden (LINDSTEN 1959). All 
this indicates that WSV is fairly widely distributed in Europe. 
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BHpyc IIOJIOCaTOt~TI4 r~meur~b~ 

BnaxaMi~p Hpyma, fIoceq~ Barme 
HayqHo-vtccae~oaaTeabct~Hfi  IIItCTHTyT XMe~OBO~CTBa q e x o c ~ o B a R ~ o f i  AKa~eMrrU ce:mcKo- 
XOa~fiCTBeHIIblX HayK, }{<aTeII, 14 HayqHo-ncc~e~IoBaTe~bCHHfi I~HCTI~TyT paCTeHHeBOXCTBa 

q e x o c n o s a i ~ o f i  AKa~eMHrt CCJIbCHOXO3~ICTBeI-IHbIX HayH, H p a r a - P y a b J H e  

Pe3mMe 

B i 9 5 4 - - t 9 5 6  r r .  aa~i~eMri~ecHri p a c n p o c T p a H ~ o c ~  Ha qemcHo-~mpancHof i  BOaBSImeH- 
HOCTII HOBOe 3a6o~eBaHue 3epHOBbIX KyJIbwyp; HpoMe OCHOBHOFO ~)aHwopa -- B~pyca  cwep~IJIb- 
nOCTn ]4 Hap,*II~HOBOCT~I OBCa (BCI<O)-Hrpa~ a;wc~ Mer~buIyIO poJIB r~ ~Hpyc HOJIOCaTOETH 
IImeIt~tIH ( B H H ) .  C~MnWOMaWO~Ort4qecRoe H3yqe~r~e no~a3aJ~o, ~wo BHI-[ Ha 3cpHoBHx - -  
xo3~eBax  BI, I~tBXI~IeT xapaHTepr~cwI4qec~He OT~4~H~t OW BCI~O.  OXHaHO, BI I f I ,  wafc~e Ha~< ~4 
BCI<O, pacnpocwpaHaewcn  cnerm~r~ccrr  ~nHa~<of i  Calligyponapellucida F a b r .  I4CnO~Sao- 
BaHHeM 2~OJIFOBpeMeHHOFO TeCTa Bei<7OpOB HpoHcxox~X H3 MeCTHOCTef{ 3apa~eHHbIX BCHO 

BHII y~a~ocs HaM BbIi:fBl4Tb HeTMpe lie CBOeMy IIaTOFeHHOMy ~efICTBH~I OTJIHqaIoII[I~eC~I 
rpynn~ ~ace~o.~x: i) ~enaToresH~m, 2) m~lyr~pY~mne np~i3~aH~ BCI{O, 3) }~H~y~npym- 
mile npnaHa~ BIIH, 4) ~n~y~py~ouu{e npe~ymecT~eHHo np~aHa~ BCHO, o~HaHO, 
n~or~a Ta~me np~aHaHi~ BHII nan 05enx ~upycos o3noBpeMenno. BIIYI nepCHCTHpyeT 
B CBOeM xoa~II~He II llepeHOEHTC~ HaK JIRq~HHaMH pa3HBIX ~a3  pa3B~ITI~I, Tall ~I HMaFO C. 
pellucida o5e~x nonom BHH no cpa.HeH~m c BCI{O nepeHoct~TCn ~mHee perynnpHo. Mem;Iy 
OT~IeJIbHHMI4 ~InHa~HaM~ naS~D~la~OTC~ a~a~rlTeJIbH~e pa3~i~qlIfl B cweneH~ a~eHTHBHOFO 
nepeHoea  ~M~ B r l l I ,  eae~loBaweaBHo, BO3MOH{HO npe~no~IaraTb CNnleCTBOBaHHe B 3TOM Ha- 
n p a ~ e H r ~ .  B paaHofi  cTeneH~ 3~eHTI4BHhIX pac .  B noaeBs~X n o n y a n I t ~ a x  y Hac npeo6~a~a~oT 
MeHee 3efiCTBeHrI~m pacr~.2~an ycnemnoro nepenoca B H I I  HalO no  Me~smefi  .~,~epe ~eBnTn qacou  
npeS~nan~ BeHTopa Ha xoaH~IHe, O~HaHO Iza}~<ewcg, qTO ~OCTaTOtlHO 1~[ ~oJIee KOpOTHOFO 
cpoKa. D~eTpaHw~t I43 paapymenn~,rx ~HCTbeB no~ocaTgx nuleHg~, TaKme ~a~ H Ha ~H~e~g- 
KFIOHHIa[X L~I4Ka~Ol~, HHoHyJ]HpOBaHHbIe B paCTeH~ MexaHI4HRCH~[ (BTI'IpaHHeM, HH%eHII~e~t) Ha 
IIDHBeJIH I~ 3apa~eH~iO. [IoFIhITH!~I 1]epeHecTH BHpyc IIocpe~cTBOM HOtIBM HJIIf HOB[IJIHI{I4 
(Cuscuta campestrls Yunck.) ~e yne~qa:~cs ycnexoM. Toq~y Tep.~[~ecHofi ~Hal~TH~a~l~ 
B mH~OM nepe~oc~H~e yCTaHOBIITb He y~a~ocb. B CCCP ongcaHH~e m~pycM 3aHyHag~aH~e 
a~aHon r~ pyccHaa Moaa~Ha oa~Mofi nmeHH~H OT~HqaIOTC~I OT BCI~O ~[ BHII, HpoMe ~py- 
r o t e ,  TaHme H npo~yHRneh T~HHHHhIX BHJIIOHeHH~[ H TeM, HTO HX ~er,~e BO3MOH~HO HpHBeCT~4 
i~ ~pHcTaJ~naaKH~. 


