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Virov~i zakrslost p~eniee 

V pr&ci je pod~n d~kaz o virov6 povaze zakrslosti p~enice, vyskytuj ici  se v n~- 
kter~eh oblastech ~SSR. Virus se poda~ilo p~en6st p~irozen~ infikovan:~mi imagy 
l~iska Psammotettix alienus DAhLIa. n a  jarni  p~eniei a jarnl  jeSmen, l~ovn~i se 
uks ~e je ve vysok~m proeentu p~enosn~ larvami vyp~stovan:~mi z vajec 
a um81e infikovan:~mi na  zdroji nhkazy. Pokns o p~enos viru mw Rhopalo- 
siphon oxycanthae ( S a ~ N K . )  a Sitobium granarium (KIRBY) MORDV. byl  nega- 
t ivni .  Rovn~i  se nepoda~flo p~en6st virus pfidou, obilkami a mechanickou inoku- 
lacl ~&vy z nemocn~'eh rostlin. 

Virus zakrslosti p~enice by  mohl podle p~ena~eSe s tar  nejbli~e viru rusk4 mozaiky 
ozim6 p~ienice. Li~i se vw od n~ho symptomy vyvols  na  hostitelsk:~ch 
obflovln~mh, j in~m vektorem a nedos ta tkem inklusl v cytoplasmi~ infikovan~-eh 
rostlin. Tyro skuteSnosti naznaSuji, ~.e jde o nov~ doposud nepopsans~ virus. 

Summary 

Proof is given in this paper that dwarfing of wheat, which occurs in severaI 
regions of Czechoslovakia, is a virus infection. The virus was transmitted by 
means of naturally infected imagos of the leaf-hopper Psammotettix alienus 
DAn~B. tO spring wheat and spring barley. I t  was also found that it is trans- 
missible to a high degree by larvae grown from eggs which are then artificially 
infected at the source of infection. An attempt to transmit the virus by means 
of the aphids Rhopalosiphon oxycanthae (Scm~A~K.) and Sitobium granarium 
(KmBY) MORDV. was negative. Nor was it possible to transmit it by soil, 
wheat grains or by mechanical inoculation with sap from diseased plants. 

The Russian mosaic virus of winter wheat would seem, in view of its vector, 
to be the most closely related to the wheat dwarf virus. It  differs, however, 
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as regards the symptoms produced on the host cereals, by having a different 
vector an'i by the absence of inclusions in the cytoplasm of iiffected plants. 
These facts indicate that we are probably dealing with a new virus, which has 
not previously been described. 

Introduction 

In 1960 winter wheat suffered considerable damage in certain parts of 
Moravia (Hans southern Moravia) and Bohemia (the vicinity of Prague). 
Attention was drawn to this by DL~oI~  (1960), who pointed to the marked 
occurrence of the leaf-hopper Psammotettix alienus DAn-LB. on the diseased 
crops and, according to his later personal communication, this insect is the 
cause of the disease. In the light of previous experience with virus diseases 
of cereals in Czechoslovakia it could be assumed that in this case, too, virus 
infection was involved. A general investigation of this question has been 
made during the vegetation period of 1960. 

Material and Methods 

I m a g o s  a n d  larva~ of  t he  lea f -hopper  Psammotettix allenus were u sed  for t he  vec to r  exper i -  
m e n t s .  The  imagos  were n a t u r a l l y  in fec ted  a n d  were t a k e n  f rom d i seased  w h e a t  crops  in  t h e  
Ruzyn@ a n d  Jesen ice  locali t ies nea r  P r a h a .  L a r v a e  were r ea red  u n d e r  cont ro l led  cond i t i ons  
in  a g lasshouse  f rom eggs  t h a t  h a d  been  inse r ted  in to  w h e a t  p lan t s .  F o u r  to s ix  d a y s  a f te r  
h a t c h i n g  some  o f  t he  l a rvae  were p u t  on  art i f icial ly d i seased  w h e a t  for  acqu i s i t ion  feeding.  
Fol lowing a per iod  o f  f i f teen d a y s  on  t he  source  o f  infec t ion  t h e y  were u sed  for t h e  in fec t ion  
e x p e r i m e n t s .  The  o t he r  g roup  o f  l a rvae ,  w h i c h  was  n o t  b r o u g h t  in to  c o n t a c t  w i th  d i seased  
w h e a t ,  was  u sed  as a s t a n d a r d  as  r ega rds  t he  effect  o f  feeding  on  t he  p l an t .  The  imagos  a n d  b o t h  
g roups  o f  l a rvae  were t h a n  p laced  on  h e a l t h y  seedl ings  o f  t he  cereals  for i nd iv idua l  t e s t  feeding.  
T e s t  feeding l a s ted  6 - - 8  d a y s  in t he  ind iv idua l  passages .  Silon cages,  as a l r eady  descr ibed  
(PRO~A, JER~OLJEV a n d  VACK~. 1959), were e m p l o y e d  in  order  to p r e v e n t  t he  insec ts  f r o m  
escap ing .  

I n  e x p e r i m e n t s  on  t h e  t r a n s m i s s i o n  o f  t he  disease  b y  m e a n s  of  aph ids  the  species  Rhopalo- 
siphon oxyeanthae (ScHRA~K) a n d  Sitobium granariu~n (KIRBY) 1Viordv. were used .  Fo l lowing  
two  weeks '  feeding on  t h e  d i seased  whea t ,  t he  aph i d s  were t r ans fe r r ed  in  g roups  o f  5 to  10 t o  
i so la ted  h e a l t h y  p l an t s  in s i lon cages .  Af t e r  7 days  t he  cages  were r e m o v e d  f r o m  t h e  p l an t s  a n d  
t h e  aph ids  were killed w i t h  0.05% so lu t ion  o f  Sys tox .  F o r t y  two w h e a t  p l a n t s  were t e s t ed  w i t h  
Rhopalosiphon oxycanthae a n d  48 w i t h  Sitobium granarium. 

T r a n s m i s s i o n  9 f  t he  v i rus  b y  soil was  i nves t i ga t ed  in  a n  e x p e r i m e n t  in  w h i c h  gra ins  f r o m  
h e a l t h y  p l an t s  were p l a n t e d  in 20 po t s  wh ich  h a d  been  filled w i th  soil t a k e n  f rom the  i m m e d i a t e  
v i c in i ty  o f  d i seased  w h e a t  in the  field. Af t e r  t he  seedl ings  h a d  sp rou ted ,  10 were left  in  e a c h  
flower po t  a n d  were obse rved  up  to t he  t i me  of  ear ing.  The  s t a n d a r d  cons i s t ed  o f  p l a n t s  g r o w n  
in  soil t a k e n  f rom a field w i t h  roo t  crops.  

I n  order  to e x a m i n e  t he  t r a n s m i t t a b i l i t y  o f  t he  v i rus  b y  seeds,  g ra ins  o f  d i seased  s p r i n g  
w h e a t  var .  l:tuzyfiskA I I  were used .  T h e y  were sown  in wooden  boxes  con t a in ing  soil wh ich  h a d  
been  s ter i l i sed by  s t e a m .  O u t  o f  453 seeds  sown,  304 seedl ings  s p r o u t e d  a n d  were obse rved  u p  
to  t he  t i m e  of  ear ing.  

I n  t he  e x p e r i m e n t s  on  m e c h a n i c a l  t r a n s m i s s i o n  sap  exp re s sed  f rom diseased  w h e a t  p l a n t s  
was  used .  The  p r e p a r a t i o n  o f  t h e  i n o c u l u m  a n d  t he  m e t h o d  of  inocu la t ion  were s imi lar  to t h o s e  
u s e d  in  the  i nves t iga t ion  o f  m e c h a n i c a l  t r a n s m i s s i o n  o f  t he  w h e a t  s t r i a t e  v i rus  (PR6~A a n d  
VACKE 1960). A to t a l  o f  112 w h e a t  p l an t s  a n d  45 ba r l ey  p l a n t s  were inocu la ted .  

The  ma te r i a l  t e s t ed  in t he  infec t ion  e x p e r i m e n t s  cons i s t ed  o f  sp r ing  w h e a l  va r .  l~uzyfisk~ I I  
a n d  sp r ing  ba r l ey  var .  S tup ick~  p l n o z r n n ~  a t  t h e  v e g e t a t i v e  s t age  o f  1 - - 2  leaves .  I n  order  to  



230 J. VACKE 

exclude the possibility of any other infection, the experimental plants were placed in silork 
isolators. 

Diseased plants of wheat and barley, both naturally and artificially infected, were subjectec[ 
to cytological examination. The method used for this purpose was tha t  which gave such re- 
markable results in the U.S.S.R. during the examination of plants suffering from the "zakukli- 
vaniye" virus of cereals and the Russian mosaic virus of winter wheat (SuKHOV 1940, 1942, 
GOLDIN 1954). 

Results and Discussion 

Both natural  and artificial infection by the leaf hopper Psammotettix alienu~ 
gave rise to symptoms in spring wheat and spring barley identical with those 
in diseased plants of these cereals under field conditions. With insects caught 
at Ruzyn~ transmission was successful in a relatively high proportion o f  
cases (Table 1). The percentage transmission fluctuated according to the 
different periods of test feeding. Two leaf hoppers completely failed to transmit  
the disease (one died at the fourth, the other at  the fifth passage). Out of six 
insects caught at Jesenice near Prague, only one caused infection. This differ- 
ence in the infectivity of the vectors from the two localities may have been 
due to the fact tha t  the extent  of the disease differed in these places. At 
Ruzyn~ the insects were caught on wheat crops in which the proportion o f  
dwarfed plants was higher than 50%, while at Jesenice diseased plants 
occurred as individuals at the edges of the field. 

In  experiments with leaf hopper larvae infected on diseased wheat plants 
a remarkably high proportion of positive transmissions was obtained (Table 1). 
In  the first test with 56 plants, 46 became diseased (82.1%), in the second 
out of  44 plants 32 were diseased (72.7~/o). Plants on which non-infected 

Table 1. Results of Experiments with the L9afhoppcr Psan~motettix allenu~ 

Species of test  Wheat  Barley Wheat  plant 

Test feeding I I I  I I I  IV I V 

Plants  Plants  Plants  Plants Plants 

Imagos Ruzyn~ 
from 

Jesenice 

Artificially in- 
fected larvae 

Non-infected 
larvae 

fed infee- 
on ted 

9 5 

6 1 

56 46 

31 

fed infcc- 
on ted 

7 3 

6 1 

44 32 

28 

fed infec- 
on ted 

6 4 

5 1 

fed infec- 
on ted 

5 4 

fed infec- 
on ted 

2 1 
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Fig. 1. Whea t  infected with wheat  dwarf  
virus; left a heal thy plant .  (Photo M. 

Novhk. ) 

Fig. 2. Spots on wheat leaves affected b3r 
wheat  dwarf  virus disease; left, leaf from a 

he~ thy plant.  (Photo M. Novs 

larvae and non-infected adults ofPsammotettix alienus were put to feed showed 
only a temporary retardation of growth. This provided proof of the virus 
nature of the disease under investigation. 

The incubation period for the wheat dwarf virus was 14--15 days on the  
average for both wheat and barley under glasshouse conditions. I t  fluctuated, 
however, within the limits of  10 to 25 days. 

The a t tempt  to t ransmit  wheat dwarf  virus by means of the aphids Rho- 
palosiphon oxycanthae and Sitobium granarium was not successful. Experi- 
ments to transmit  the virus by soil grains of wheat and by mechanical inocula- 
tion with sap from diseased plants also gave negative results. 

Simultaneously with the etiological s tudy of the wheat and barley disease, 
symptomatological observation was carried out on both naturally and arti- 
ficially infected plants. 

The most important  symptom of wheat dwarf  virus disease in the cereals 
examined is the marked dwarfing (Fig. 1); plants infected at  the stage o f  
1--2 leaves, under glasshouse conditions, attained a height of  only 10--15 cm., 
while the standard plants were over one metre (measured after the earing 
of healthy plants). Tillering was repressed in wheat and barley infected in 
the glasshouse. On the other hand, plants infected in the field showed a some- 
what greater number of tillers than the healthy plants. 

The ears of diseased plants under field conditions were very frequently 
barren, in many cases they did even emerge from the sheath. In  so far as 
grains were formed in the ears, they were shrivelled. 
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The retardation of growth caused by the wheat dwarf virus was accom- 
panied by  colour symptoms. Fine spots and patches with indistinct outlines 
were irregularly scattered over the leaves (Fig. 2). At a more advanced stage 
of the disease the leaves went yellow, starting from the tips and margins. 
This yellowing later spread to the leaf sheath and stalk. At the final stage 
of the disease the plants began to go brown and to die off. 

The cereal virus that  has been determined during this investigation could, 
in view of its vector, be related to the Russian mosaic virus of winter 
wheat as known in the U.S.S.R. (ZAZ~UR~U) and SIT•IXOWA 1939). I t  is, 
however, very probable that  two viruses are not identical, for they  differ 
from each other in many respects. The vector of the Russian mosaic virus 
of winter wheat (Psammotettix striatus L.) is of  the same genus as the vector 
of our virus, but  a different species. The differences in the symptoms produced 
in the host plants may be regarded as being of greater significance. 

Lemon-yellow, sharply defined, conspicuous spots and stripes running 
parallel to the leaf veins develop on the leaves of wheat plants at tacked by 
the Russian mosaic virus of winter wheat (SuxHOV and RAZVYAZKrSA 1955). 
In  the case of  the present virus, however, only indistinctly outlined, blurred 
spots are to be found scattered over the whole leaf blade. Their colour varies 
from light green, dir ty yellow to light brown. 

As distinct from the Russian mosaic virus of winter wheat, which strongly 
stimulates tillering, the present virus either does not stimulate tillering at 
all, or only very slightly. 

The fact tha t  under the influence of acid fixation agents the crystals char- 
acteristic for the Russian mosaic virus of winter wheat (SuK~ov 1940, GOLDrs 
1954) were not formed in the cells of  chlorotic tissues of dwarfed wheat also 
points to a lack of identity between the two viruses. Not even by the prepara- 
tion of herbarised material was it possible to produce crystal formation. 
DLABOLA (personal communication) also failed to find crystals in the alimentary 
t ract  of  leaf hoppers from the areas where the occurrence of the disease was 
most pronounced. 

Finally, the behaviour of the viruses in their vectors is not similar. The 
larvae of Psammotettiz alienus acquired a high ability of infecting healthy 
plants with the wheat dwarf  virus by feeding on the source of infection. 
Larvae of Psammotettix striatus, however, only rarely transmit the Russian 
mosaic of winter wheat (GoRLENKO 1951). 

The facts that  have been established indicate that  we are probably dealing 
with a new virus which has not been previously described. I t  has been named 
wheat dwarf  virus according to the most characteristic symptoms and the 
first p lan t  identified as its host. 
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ana~IeM~ cea~cnoxoauficT~eHHUX Hays, I Ipara-Pyauue)  

BHpyCHaH Rap~H~OBOCTb HmeHH]Ib! 
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B pafoTe np~B0~r~TCa ~oi~aaawe~bcTBo Brxpycn0fi npHp0~IU r~apnn~0B0CT~ nme~rmu, 
pacnpocTpaHenl~Ofi B KeRoT0pUx 05JIaCTaX qCCP.  BI~pyc y~anocb nepenecTH eCTeCTBeHH0 
rm~HKnp0BannuM~ uMaro rmKa3r~rI Psammotettix aliens Dahlb.  Ha apoBym nmenn~y 

ftpoBofi AqMeHr~. 0 raaanoc l ,  TaKme, qT00~ B BUC0KO~t npo~enTe HepeHocnTCa nnqHHHaMn 
BunynrtBmnMHC~ H3 nnI~ H tIcI~yCCTBeHrIO I~H(~HI~I4p0BaHItUMH Ha rICT0qHHKe 3apameui~.  
0n~T nepe~oca Bnpyca Tng~tH Rhopalosiphon oxycanthae Schrank.  n Sitobium granarium 
(Kirby)  Mordv. 3a~I neravrrBrtue peaynhTaTU. Ta~me He y~anocb nepeHecTrt Bnpyc noq~ofi, 
ceMenaMH H MexaHHqecKofi HHOKynuaHefi coRa H3 50nhnux pacTeHnfi. 

BHpyc Kap~HKOBOCTH n m e H H ~  no csoeMy nepeHocun~y MO~eT CTO~ITb 6nHn~e Bcero 
Bnpycy pyccnofi MO3aHKII 03IIMOfi nme~H~u. O ~ a ~ o ,  OTnnqaeTc~ OW ~ero CHMHTOMaMtI, 

Bh~3hInaeMh~MH Ha 3~aKax-xo3geBax, JlpyrnM nepeHocunKoM n OTCyCTBHeM Bt(~HoqeItH~ B RHTO- 
IuIa3Me HH~pn~npoBaHn~X pacweItll-~. 3Wg JlanH~e CBHJIeTeJII, CTBylOT 0 TOM, qTO M/al IIMeeM 
~leJIO c tIOBt,IM~ HoHa He OIlHCaHHbIM BHpycoM. 


