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ELYMANA VIRESCENS, A NEWLY DESCRIBED VECTOR OF 

WHEAT STRIATE MOSAIC VIRUS' 

R.C.Sinha 

Abstract 

Wheat s t r ia te  mosaic v i r u s  (WSMV) w a s  shown t o  be t r a n s m i t t e d  by t h e  
leafhopper  E l  mana v i r e s c e n s  (F.). However, fewer a d u l t  E. v i rescens  
became i n o b e  (23%) a f t e r  an a c q u i s i t i o n  access per iod  OF 3 aays  than  
d i d  Endria  inimica (Say) ( 9 0 % )  - a known v e c t o r  o f  t h e  v i r u s .  I n  a d d i t i o n ,  
t h e  m i n i m u m  incuba t ion  per iod  of WSMV w a s  much longer  i n  E. v i r e s c e n s  (15- 
18 days)  than  i n  E. inimica ( 4  - 6 d a y s ) .  Wheat (Tr iFicum durum Desf.) 
p l a n t s  t h a t  became in'fected a f t e r  be ing  inocula ted  by v i r u l i f e r o u s  E. 
v i r e s c e n s  showed t y p i c a l  b a c i l l i f o r m  WSNV p a r t i c l e s  (about 260  X 80 mu i n  
s i z e )  both i n  t h e  cytoplasm and i n  t h e  nucleus o f  t h e  parenchymatous l e a f  
cells.  

Introduction 
Up t o  t h e  presen t  s tudy  t h e  lea fhopper  

Endria in imica  (Say) was t h e  only v e c t o r  
repor ted  t o  t r a n s m i t  t h e  North American wheat 
s t r i a t e  mosaic v i r u s  (WStlV) ( 7 ) .  The v i r u s  
i s  t r a n s m i t t e d  i n  a p e r s i s t e n t  manner and has 
been shown t o  mul t ip ly  i n  t h e  leafhopper  
v e c t o r  ( 5 ) .  This communication r e p o r t s  t h e  
t ransmiss ion  of WSIIV by Elymana v i rescens  
(F.) and t h e  e f f i c i e n c y  of t h i s  newly 
descr ibed  v e c t o r  t o  t r a n s m i t  t h e  v i r u s  a s  
compared t o  t h a t  of E. inimica.  

The p a r t i c l e s  of WSMV are b a c i l l i f o r m  i n  
shape, about  260 X 80 mu i n  s i z e ,  and can 
e a s i l y  be i d e n t i f i e d  i n  i n f e c t e d  p l a n t s  ( 3 ) .  
For t h i s  reason,  u l t r a t h i n  s e c t i o n s  of wheat 
( T r i t i c u m  durum Desf. cv. Ramsey) l eaves  t h a t  
became i n f e c t e d  a f t e r  being inocula ted  by 
v i r u l i f e r o u s  E. v i r e s c e n s ,  w e r e  a l s o  examined 
i n  an e l e c t r o n  microscope. 

-- 
of WSPW i n  t h e  i n s e c t s ,  groups of exposed 
leafhoppers  w e r e  maintained on wheat p l a n t s  
and were t r a n s f e r r e d  t o  new p l a n t s  every 3 o r  
4 days ( 5 ) .  Not a l l  exposed i n s e c t s  
t r a n s m i t t e d  t h e  v i r u s  when t e s t e d  s i n g l y  f o r  
t h e i r  a b i l i t y  t o  do so; those  t h a t  d i d  have 
been r e f e r r e d  to  as " inocula t ive" .  During 
t h e  a c q u i s i t i o n  access or  test feed ing  
per iods ,  l ea fhoppers  were held i n  a growth 
room wi th  a night-day temperature range o f  
19-21 C and 10,000 l u x  of l i g h t  f o r  1 6  hours  
a day. Af te r  each test feeding,  t h e  p l a n t s  
w e r e  sprayed with n i c o t i n e  s u l p h a t e  and w e r e  
h e l d  i n  a greenhouse f o r  a t  l eas t  4 weeks t o  
observe p o s s i b l e  symptom development. 

For electron microscopy, wheat l e a v e s  
were processed and sec t ioned  fol lowing t h e  
procedure descr ibed  earl ier  (6) and examined 
i n  a Siemens Elmiskop I. 

Materials and methods 
The v i r u s  was maintained i n  wheat p l a n t s  

i n f e c t e d  by means of v i r u l i f e r o u s  
lea fhoppers ,  E. inimica.  Colonies of v i rus -  
f r e e  l ea fhoppers  were reared  and maintained 
on hea l thy  wheat p l a n t s .  Adult E. v i rescens  
c o l l e c t e d  from t h e  Cent ra l  ExperiKental l'arm, 
Ottawa, were maintained on hea l thy  bar ley  
(Hordeum v u l  are L.) p l a n t s .  Although WSIIV 
h a s b e e n  :eported from t h e  Ottawa a r e a ,  
samples of f i e l d- c o l l e c t e d  lea fhoppers  w e r e  
t e s t e d  i n  groups on hea l thy  wheat p l a n t s  ( 1  
week each on f o u r  success ive  p l a n t s )  to  
ensure t h a t  t h e  l ea fhoppers  were n o t  ca r ry ing  
XSiIV. None of t h e  tes t  p l a n t s  developed 
symptoms of WSMV. 

"Exposed" lea fhoppers  were ob ta ined  by 
caging v i r u s- f r e e  i n s e c t s  on WSMV-infected 
wheat p l a n t s .  During t h e  incuba t ion  per iod  

Results and discussion 
T o  determine t h e  percentage t ransmiss ion  
E. v i rescens  and t o  compare it w i t h  E. 

%mica, a d u l t  leafhoppers  of both s p e c i e s  
w e r e  caged f o r  var ious  per iods  on t h e  same 
WSMV-infected p l a n t s .  A f t e r  t h e  a c q u i s i t i o n  
access per iod ,  t h e  exposed lea fhoppers  o f  t h e  
t w o  s p e c i e s  were maintained s e p a r a t e l y  f o r  2 
a d d i t i o n a l  weeks on hea l thy  p l a n t s  and t h e  
s u r v i v i n g  i n s e c t s  were then  t e s t e d  s i n g l y  f o r  
2 weeks f o r  t h e i r  i n o c u l a t i v i t y  on wheat 
seed l ings .  The combined r e s u l t s  o f  t w o  such 
experiments  with each a c q u i s i t i o n  access 
p e r i o d  showed (Table 1 )  t h a t ,  i n  each case, 
fewer E. vi rescens  t r a n s m i t t e d  t h e  v i r u s  than  
d i d  E, inimica.  These r e s u l t s  i n d i c a t e  t h a t  ~ .~ ~ . 

E. v i F e s c e n s i s  a less e f f i c i e n t  v e c t o r  of 
WsblV a s  compared t o  E. inimica.  

Although t h e  symptoms produced on wheat 
~- 
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p l a n t s  by i n o c u l a t i v e  E. v i rescens  were 
t y p i c a l  o f  WSMV, atteiiipts w e r e  made t o  
t r a n s m i t  t h e  v i r u s  from such i n f e c t e d  p l a n t s  
t o  hea l thy  wheat s e e d l i n g s  by us ing  E. 
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Table 1. Transmission of wheat s t r i a t e  mosaic v i r u s  
by Elymana v i r e scens  a s  compared with 
Endria  inimica a f t e r  d i f f e r e n t  a c q u i s i t i o n  
access  pe r iods  
-_I_ 

Transmission by 

Acquis i t ion access  E lymana Endria 
pe r iod  ( i n  days)* v i r e scens  inimica 

1 0/36 (0%) 18/30 (60%) 

2 1/30 (3%) 29/36 (81%) 

3 9/43 (23%) 37/41 (90%) 

* Afte r  each a c q u i s i t i o n  access  pe r iod ,  l e a f -  
hoppers were maintained f o r  2 a d d i t i o n a l  weeks on 
hea l thy  p l a n t s  and then  were t e s t e d  s i n g l y  f o r  2 
weeks f o r  t h e i r  i n o c u l a t i v i t y  on hea l thy  wheat seed- 
l i n g s .  Numerator is t h e  number of i n s e c t s  t h a t  
became inocu la t ive ;  denominator is  t h e  number t e s t e d .  

inimica a 

inimica - 
plants 

, Groups of 20 hea l thy  a d u l t  E. 
were caged f o r  3 days on t h e  i n f e c t z d  
and w e r e  then t e s t e d  s i n g l y  f o r  t h e i r  

i n o c u l a t i v i t y  as descr ibed  above. The 
r e s u l t s  of t w o  such experiments  showed t h a t  
26/31 (84%) E. inimica became i n o c u l a t i v e .  

T o  o b t a i n  f u r t h e r  evidence t h a t  t h e  
symptoms produced on wheat p l a n t s  by t h e  
v i r u l i f e r o u s  E. v i r e s c e n s  w e r e  indeed caused 
by WSNV, u r t r a t h i n  sections of i n f e c t e d  
leaves  were examined i n  t h e  e l e c t r o n  
microscope. Typical  WSMV p a r t i c l e s  w e r e  
found i n  both cytoplasm and nucleus o f  t h e  
parenchymatous cel ls  (Fig.  1 ) .  

The minimum incuba t ion  p e r i o d  of WSPlV i n  - E. inimica has been repor ted  t o  be between 4 
and 6 days and t h e  maximum between 2 4  and 28  
days (7). To determine t h e  incuba t ion  per iod  
of t h e  v i r u s  i n  E. v i r e s c e n s ,  50 a d u l t  
leafhoppers  w e r e  given an a c q u i s i t i o n  access 
period of 3 days and were then t r a n s f e r r e d  
s i n g l y  to  wheat s e e d l i n g s  every 3 o r  4 days,  
up t o  28 days a f t e r  t h e  s t a r t  o f  a c q u i s i t i o n .  

Figure 1. Electron micrograph of a section through a parenchymatous cell  of a diseased w h e a t  leaf. T h e  p l a n t  had 

become infectedby wheat striate mosaic virus after being i n o c u  l o t e d  by avirulilferous Elymono virescens. 

x 20,000. Note  that the bocilliform virus particles (V) are present in both cytoplasm (Cy)andnucleus (N) of 
the ce l l .  M t :  mitochondria. 
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A s i m i l a r  exper iment  w a s  c a r r i e d  o u t  w i t h  E. 
in imica.  The r e s u l t s  w i t h  E. in imica  
confirmed t h e  e a r l i e r  r e p o r t  by S l ~ k h u ~ ~  
r e g a r d i n g  t h e  i n c u b a t i o n  p e r i o d  o f  WSMV i n  
t h i s  v e c t o r .  The r e s u l t s  w i t h  s i x  E. 
v i r e s c e n s  t h a t  became i n o c u l a t i v e  aEd 
surv ived  f o r  2 8  days are g iven  i n  Table  2 .  

Table 2. Transmission of wheat s t r i a t e  mosaic virus 
by inoculat ive Elymana virescens a t  d i f -  
fe ren t  times a f t e r  the s t a r t  of a 3-day 
acquis i t ion  access period 

Days from s t a r t  of acquisi t ion 
access period t o  t e s t  feed* 

Leafhopper 
number 4 t o  15 1 8  22 25 28 

-**  + + 

+ + + 
+ + + + 

+ + + 

+ 

+ + 

* 
After  the acquis i t ion  access period o f  3 days, 

leafhoppers were t ransfer red  singly t o  wheat seedlings 
every 3 o r  4 days. Transmission r e s u l t s  a re  given 
only f o r  those leafhoppers t h a t  became inoculat ive and 
survived f o r  a t  l e a s t  28 days. 

** - = no symptoms on test p lan ts ;  + = t e s t  p lan t  
became infec ted .  

The minimum i n c u b a t i o n  p e r i o d  o f  WSrIV i n  E. 
v i r e s c e n s  was between 15 and 18 days and tEe 
maximum was between 25 and 28  days.  The 
l o n g e r  minimum i n c u b a t i o n  p e r i o d  o f  WSMV i n  
E. v i r e s c e n s  cou ld  r e s u l t  because o f  t h e  
s lower  movement o f  t h e  v i r u s  from t h e  g u t  t o  
t h e  hemolymph and then  t o  t h e  s a l i v a r y  g lands  
( 4 )  and/or t h e  v i r u s  may m u l t i p l y  a t  a slower 
r a t e  i n  5. v i r e s c e n s  t h a n  i n  2. in imica .  

It i s  noteworthy t h a t  E. v i r e s c e n s  is 
a l s o  capab le  of t r a n s m i t t i n g  tFe c a u s a l  a g e n t  
of  a s t e r  yel lows ( 1 ) .  I t  w i l l  be o f  
i n t e r e s t ,  t h e r e f o r e ,  t o  s t u d y  t h e  
i n t e r a c t i o n s  i n  g. virescens between WStlV and 

- 

the a g e n t  of aster ye l lows  d i s e a s e ,  which 
suspec ted  t o  be caused by a Plycoplasma 
(2). 
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