
VOL.51, N0.3,  CAN. PLANT DIS. SURV. SEPT., 1971 

DISTRIBUTION OF BARLEY STRIPE MOSAIC VIRUS IN MANITOBA IN 1970' 
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Abstract 

An i n t e n s i v e  survey f o r  b a r l e y  s t r i p e  mosaic v i r u s  (BSMV) was made 
throughout  most of  t h e  b a r l e y  growing reg ion  i n  sou thern  Manitoba. The 
v i r u s  w a s  t r a n s m i t t e d  from f i e l d  samples t o  'Black Hul less '  b a r l e y  and 
subsequent ly  i d e n t i f i e d  by i ts  r e a c t i o n  wi th  BSMV antiserum. BS14V w a s  
d e t e c t e d  i n  22 and 496, r e s p e c t i v e l y ,  of t h e  2- and 6-row b a r l e y  f i e l d s  
sampled. The incidence of d i s e a s e d  p l a n t s  i n  t h e s e  f i e l d s  v a r i e d  from a 
trace t o  about  50%. N o  evidence w a s  ob ta ined  of  widespread masked 
i n f e c t i o n  i n  bar ley .  However, i n  a few f i e l d s  where t h e  d i s e a s e  w a s  
d e t e c t e d ,  some symptomless p l a n t s  were also i n f e c t e d .  

b a r l e y  v a r i e t i e s  and ' C l i n t l a n d '  oats were unsuccessful .  
Attempts t o  d i f f e r e n t i a t e  f i e l d- c o l l e c t e d  BSMV isolates u s i n g  f i v e  

Introduction 
Although b a r l e y  s t r i p e  mosaic (BSM) w a s  

n o t  r e p o r t e d  t o  be caused by a seed-borne 
v i r u s  u n t i l  1951 ( l o ) ,  t h e  d i s e a s e  w a s  
probably observed i n  Manitoba as e a r l y  as 
1924  (3 ,  5 ) .  Since then ,  r e p o r t s  o f  i t s  
presence i n  Manitoba and elsewhere i n  Canada 
have appeared f r e q u e n t l y  ( 2 ) .  Some of t h e s e  
r e p o r t s  , however , sugges t  t h a t  t h e  d i s e a s e  i s  
mainly o f  consequence i n  experimental  , b a r l e y  
p l o t s  and t h a t  i t s  occurrence i n  fa rmers '  
f i e l d s  i s  r e l a t i v e l y  rare. By c o n t r a s t ,  t h e  
d i s e a s e  has  p rev ious ly  been r e p o r t e d  t o  occur  
q u i t e  commonly i n  s e v e r a l  reg ions  of t h e  
United S t a t e s  (1,6,8,13,15). In  North 
Dakota, Timian and S i s l e r  (15) observed BSM 
i n  93% of t h e  b a r l e y  f i e l d s  examined i n  1954. 
In  1954 and 1955 BSM w a s  n o t  r e p o r t e d  i n  
Manitoba b a r l e y  f i e l d s  and annual Canadian 
p l a n t  d i s e a s e  survey  r e p o r t s  ( 2 )  , g e n e r a l l y  
i n d i c a t e  t h a t  t h e  inc idence  of t h e  d i s e a s e  i n  
t h i s  province h a s  never  remotely approached 
t h a t  i n  North Dakota. The reason f o r  t h i s  
apparent  d i s p a r i t y  is n o t  clear s i n c e  
climates i n  t h e  two reg ions  are similar and 
no e f f o r t  h a s  been made t o  c o n t r o l  t h e  
d i s e a s e  i n  Manitoba. Furthermore , al though 
v a r i e t a l  t o l e r a n c e s  vary cons iderab ly ,  a l l  
major commercial b a r l e y  v a r i e t i e s  grown i n  
Manitoba are s u s c e p t i b l e  t o  b a r l e y  s t r i p e  
mosaic v i r u s  (BSMV) (Chiko, unpublished) .  

In  Montana, E s l i c k  (4) observed wide 
annual v a r i a t i o n  i n  BSM symptoms i n  'Glacier' 
b a r l e y  p l a n t s  der ived  from i n f e c t e d  seed  t h a t  
w a s  c o n t i n u a l l y  ob ta ined  from t h e  prev ious  
y e a r ' s  crop. H e  a l s o  noted t h a t  r e l a t i v e l y  
h igh  y i e l d  losses occurred dur ing  a year  when 
symptoms were almost nonexis ten t .  A l a t e n t  
s t r a i n  of BSMV w a s  subsequently i s o l a t e d  and 
descr ibed  by McKinney and Greeley ( 1 2 ) .  
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The p o s s i b l e  masking of  BSM symptoms, t h e  
former apparent  d i s g a r i t y  i n  BSM inc idence  
between North Dakota and Manitoba, and t h e  
apparent  l a c k  of any prev ious  s y s t e m a t i c  
survey f o r  BSM i n  Manitoba prompted t h e  
survey work r e p o r t e d  here.  The o b j e c t i v e s  of 
t h i s  survey w e r e  ( 1 )  t o  determine t h e  
p o s s i b l e  occurrence of masked BSMV i n f e c t i o n  
and (2)  t o  estimate t h e  frequency and 
d i s t r i b u t i o n  of  symptomatic BSMV i n f e c t i o n  i n  
Manitoba b a r l e y  f i e l d s .  Pre l iminary  r e s u l t s  
of a t tempted v a r i e t a l  d i f f e r e n t i a t i o n  of 
f i e l d- c o l l e c t e d  BSMV isolates are also 
reported.  

Materials and methods 

Survey r o u t e s  and sampling procedures - 
The per imete r  of t h e  BSMV survey w a s  
de l imi ted  by a r o u t e  similar t o  t h a t  
descr ibed  by McDonald e t  al .  (9)  f o r  b a r l e y  
d i s e a s e  loss surveys i n  Manitoba. This  r o u t e  
passes  through c rop  d i s t r i c t s  i n  which over 
75% of  t h e  Manitoba b a r l e y  c rop  i s  grown. 
Severa l  r o u t e s  wi th in  t h i s  p e r i m e t e r  w e r e  
a l s o  surveyed and a t o t a l  o f  approximately 
1600 miles was covered between J u l y  6 and 
J u l y  23, 1970. F i e l d s  o f  b a r l e y  i n  t h e  e a r l y  
t i l l e r i n g  t o  boot  s t a g e s  w e r e  i n s p e c t e d  and 
sampled a t  p r e s e l e c t e d  i n t e r v a l s  o f  about  4- 
12 miles , t h e  i n t e r v a l  g e n e r a l l y  depending on 
t h e  leng th  of  t h e  p a r t i c u l a r  survey route .  
Near p o i n t s  of i n t e r s e c t i n g  survey r o u t e s ,  
i n t e r v a l s  w e r e  o c c a s i o n a l l y  s h o r t e r  than 4 
miles , and they  were sometimes cons iderab ly  
longer  than  12 miles due t o  t h e  absence o r  
i n a c c e s s i b i l i t y  of b a r l e y  f i e l d s .  

I n  each f i e l d  sampled, r e g a r d l e s s  of t h e  
presence or absence o f  p l a n t s  w i t h  suspec ted  
BSM symptoms, l e a v e s  were c o l l e c t e d  from 10 
apparen t ly  h e a l t h y  b a r l e y  p l a n t s .  Beginning 
20 paces i n  from one edge of a f i e l d ,  l eaves  
from f i v e  h e a l t h y  p l a n t s  w e r e  sampled a t  f i v e  
pace i n t e r v a l s  a long t w o  traverses 10 paces  
a p a r t  and perpendicu la r  t o  t h e  edge o f  t h e  
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f i e ld .  'Ituo t o  fou r  ap i ca l  leaves w e r e  
s e l ec t ed  from one t i l l e r  of each p lant  
s q l e d .  When p l an t s  with suspected BSM 
symptoms w e r e  observed, leaves from about 10 
of these  p l an t s  were a l s o  sampled. Each 
sample w a s  placed i n  a t i g h t l y  sea led  
polyethylene bag and s to red  i n  a cooler  with 
ice-packs u n t i l  de l ivered  t o  t he  laboratory 
and assayed f o r  i n f e c t i v i t y  (1-3 days a f t e r  
sampling). 

I n f e c t i v i t y  assa - Each sample of leaves  
w a s  ground i n  a mortir with 2 m l  of d i s t i l l e d  
water and t h e  e x t r a c t  w a s  f i l t e r e d  through 
cheesecloth. 'Black Hulless '  bar ley  (Hordeum 
vu l  a r e  L.) was used as an indicator- 
&MV. Seedlings i n  t he  1-2 l ea f  s t age  
were dusted with corundum and sample e x t r a c t  
was applied t o  leaves  by a finger-wiping 
method. Each l ea f  was rubbed f i v e  times and 
11- 16 i n d i c a t o r  p l an t s  were inocula ted  with 
each sample ex t r ac t .  The presence o r  absence 
of symptoms was recorded 7-12 days a f t e r  
inoculat ion.  

Sero logica l  procedures - An i s o l a t e  of 
BSMV w a s  obtained from D r .  C.C. G i l l ,  
Research S t a t i on ,  CDA, Winnipeg. 'Fergus ' 
bar ley  (g. dist ichum L.), inocula ted  a t  about 
the  2- leaf s t age ,  w a s  used as a propagation 
hos t  f o r  the  virus.  Infec ted  leaves were 
harvested 10-14 days a f t e r  inocula t ion  and 
the  l ea f  extract was c l a r i f i e d  by the  
chlorof orm-charcoal method of Timian and 
Savage (14) , except  t h a t  t he  e x t r a c t  was 
cooled t o  0-1 C only a t  the  s t a r t  of t h e  
procedure and was not  cent r i fuged before 
adding chloroform. The v i ru s  was 
subsequently pu r i f i ed  by two cycles of high 
(70,000 p, 2 h r )  - low (5,000 15 min) 
speed cent r i fugat ion .  P r io r  t o  t% f i n a l  low 
speed cent r i fugat ion ,  the  v i ru s  p e l l e t  was 
resuspended i n  a volume of 0.01 M phosphate 
bu f f e r ,  pH 6.5, equal  t o  1/20 the  volume of 
chloroform-charcoal c l a r i f i e d  ex t r ac t .  Virus 
prepara t ions  pu r i f i ed  by t h i s  procedure w e r e  
i n f ec t ious  and exhib i ted  s t rong anisotropy of 
flow. 

A r a b b i t  w a s  given four weekly 
intravenous in j ec t ions  of 0.5 m l  of f r e sh ly  
pu r i f i ed  BSMV suspension. Serum obtained 
from the  r abb i t  2 weeks a f t e r  the f i n a l  
i n j e c t i o n  reac ted  with chloroform-charcoal 
c l a r i f i e d  e x t r a c t  from BSMV-infected, but n o t  
from healthy,  'Fergus' barley. The t i t e r  of 
the  BSMV antiserum w a s  1/512. 

Serologica l  reac t ions  w e r e  determined 
using a s l i d e  p rec ip i t a t i on  test. Two drops 
each of test  antigen preparat ion and 
antiserum w e r e  de l ivered  from Pasteur 
cap i l l a ry  p i p e t t e s  i n t o  a w e l l  of a 
s e ro log ica l  s l i d e  p l a t e  and incubated 15 min 
on a platform r o t a t o r  a t  120 rpm. The 
presence of a p r e c i p i t a t e  was detected by 
viewing the  s l i d e  p l a t e  i n  a dark room under 
a s te reoscopic  microscope with i n d i r e c t  l i g h t  
a t  a magnification of 5 0 X .  A l l  d i l u t i o n s  f o r  
s e ro log ica l  t e s t s  w e r e  made with normal 
s a l i n e  (0 .14  M NaC1). 

I s o l a t e s  from t h e  f i e l d  which induced 
c h l o r o t i c  symptoms i n  'Black Hulless '  ba r l ey  
w e r e  each t r ans fe r r ed  t o  about 15 seedl ings  
of  t h i s  variety.  Af t e r  11-13 days, e x t r a c t  
from each group of in fec t ed  p l an t s  was 
c l a r i f i e d  by the  chloroform-charcoal method. 
Each e x t r a c t  w a s  t e s t e d  undiluted agains t  
BSMV antiserum d i l u t e d  1/16. 

BSMV i s o l a t e  d i f f e r e n t i a t i o n  - Isolates 
oq BSMV co l l ec t ed  from widely separa ted  areas  
i n  Manitoba were msintained i n  'Black 
Hulless ' barley.  'Cl in t land '  o a t s  (Avena 
s a t i v a  L.) and f i v e  bar ley  v a r i e t i e s  i x  
W a f -  s t age  w e r e  inocula ted  with each 
i s o l a t e  as previously described. Three of 
t h e  bar ley  v a r i e t i e s  t e s t ed  ('Conquest' (H. 
vu l  a re)  ,- 'Herta '  (H. distic&um) 8 aifd 
& I )  a re  current ly  grown commercially i n  
Manitoba. Test p l an t s  were grown i n  t h e  
greenhouse under supplemental f luorescent  
l i g h t  (15 h r  photoperiod) a t  a mean d a i l y  
temperature of 25.0 5 1.4 C. 

Results and discussion 

Each f ie ld- col lec ted  i s o l a t e  which 
induced c h l o r o t i c  symptoms i n  'Black l iu l less '  
bar ley  a l so  reac ted  with BSMV ahtiserum. 
Chloroform-charcoal c l a r i f i e d  e x t r a c t  from 
uninoculated 'Black Hulless '  p l an t s  ( con t ro l )  
d id  no t  r e a c t  with BSMV antiserum. 

BSMV was de tec ted  most commonly i n  
southeastern Manitoba where it was 
d i s t r i b u t e d  f a i r l y  cons is ten t ly  throughout 
t h e  range of 2-row bar ley  (Fig. 1 ) .  Although 
symptoms w e r e  most pronounced i n  6-row 
bar ley ,  few f i e l d s  with infec ted  p l an t s  w e r e  
encountered. 

BSMV was de tec ted  i n  22% and 4%, 
respect ive ly ,  of t h e  2- and 6-row bar ley  
f i e l d s  sampled (Table 1 ) .  The approximate 
incidence of p l an t s  with BSM symptoms i n  
these f i e l d s  was' as follows: t r a c e  - 4 
f i e l d s ;  I-5% - 5 f i e l d s ;  25% - 1 f i e l d ;  and 
50% - 1 f i e l d .  I t  should be emphasized t h a t  
t h i s  w a s  a systematic survey. Therefore, t h e  
number of f i e l d s  indica ted  as having BSMV- 
in fec t ed  p l an t s  present  should n o t  be 
construed as  the  t o t a l  number of f i e l d s  i n  

Table 1. Occurrence of barley s t r i p e  mosaic v i rus  i n  
f i e l d s  of 2- and 6-row barley i n  southern 
Manitoba i n  1970 

F ie lds  
Type of * 
bar ley  N o .  sampled No. with BSMV % with BSMV 

2-row 41 9 22.0 

6-row 50 2 4.0 

2- and 6-row 91 11 1 2 . 1  

* Transmitted t o  'Black Hulless ' barley and 
reacted w i t h  BSMV antiserum. 



I 

VOL. 51, N0.3, CAN. PLANTIDIS. SURV. SEPT., 1971 113 

I 

I 

I 
\i 

---- J. 
USA. 

Figure 1. Distribution of barley stripe mosaic virus in fields of 2- and 6- row barley in southern Manitoba in 1970. 

Table 2. Symptom sever i ty  indices of f i v e  barley v a r i e t i e s  inoculated with 10 f i e l d  i s o l a t e s  of 
bar lev  stripe mosaic virus 

* 
Symptom sever i ty  index for  i s o l a t e :  Avg sever i ty  

tt. index f o r  Apparent 
Variety 1 Z t  3 4 5 6' 7 8 9 10 a l l  i s o l a t e s  transmission 

6-row 

Black Hulless 3.8 3.5 3.9 3.7 4.0 4.0 3.7 3.0 3.0 4.1 3.7 115/143 

Conquest 2 .2  2.5 2.8 2 . 1  1.7 1.9 1.7 1.4 2.5 2.0 2 . 1  125/150 

2-row 

H e r t a  1.0 2.0 1.5 1.0 1.0 1.3 1.4 1.0 1.5 1 . 2  1.3 58/150 

Fergus 2.0 1.4 2 .2  1.6 1 . 2  1.3 1.7 1.0 1.0 1.2 1.5 68/148 

Betzes 1.8 1.5 1.7 1.8 1.3 1.4 1.4 1.0 2.0 1.3 1.5 93/150 

* Avg r a t i n g  for  each var ie ty  13 days a f t e r  inoculat ion of  11-15 p lan ts  with each i s o l a t e .  
Individual  p l a n t s  were ra ted  as follows: 1, 2 ,  3 ,  and 4 = 1, 10, 25, and 50% o r  more ch loros i s ,  
respectively,  on systemically in fec ted  leaves and 5 = dead o r  dying. 
( r a t e d  0) were no t  used i n  computing the  index. 

Plants  without symptoms 

These i s o l a t e s  were from 6-row barley;  a l l  other  i s o l a t e s  were from 2-row barley.  

tt Total  no. p lan ts  w i t h  symptoms/total no. p lan ts  inoculated. 

which the  d isease  was observed. For It  thus seems unl ike ly  t h a t  any widspread 
ins tance ,  near  one sampling poin t  f i v e  f i e l d s  masked o r  l a t e n t  form of the v i rus  was 
w e r e  observed i n  each of which the  incidence present  i n  f i e l d s  of bar ley  i n  Manitoba. The 
of diseased p l an t s  w a s  about 50%. S imi lar  v i rus  was, however, de tec ted  i n  symptomless 
but  less extreme s i t u a t i o n s  were noted nea r  l ea f  samples from 2 of 11 f i e l d s  i n  which 
most o the r  sampling poin ts  where the  d isease  p l an t s  with BSM symptoms w e r e  observed. Both 
w a s  detected.  samples were from 2-raw barley. 

BSMV was n o t  i s o l a t e d  from any of t h e  Symptoms of BSM i n  2- row bar ley  w e r e  
l e a f  samples obtained from 80 f i e l d s  i n  which of ten  very mild or inconspicuous. Chlorosis  
p l a n t s  with BSM symptoms w e r e  no t  observed. and mosaic were general ly absent ,  the most 
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apparent symptoms being brown s t r i p e s  on 
lower leaves. The length,  frequency and 
color i n t e n s i t y  of t h e  stripes var ied  widely. 
In s eve ra l  f i e l d s ,  symptoms were so mild t h a t  
the  d isease  could e a s i l y  be overlooked and a t  
time of heading the  brown stripes might be 
i n t e rp re t ed  a s  n a t u r a l  senescence. 

bar ley  
v a r i e t i e s  t o  10 BSMV i s o l a t e s ,  each of which 
induced symptoms i n  the  f i e l d ,  are summarized 
i n  Table 2. Each i s o l a t e  general ly i n c i t e d  
milder symptoms i n  t h e  2-row v a r i e t i e s  than 
i n  t h e  6-row v a r i e t i e s .  Some di f ferences  i n  
v a r i e t a l  response t o  d i f f e r e n t  i s o l a t e s  w e r e  
occasionally observed but  t he se  w e r e  n o t  
s u f f i c i e n t l y  c h a r a c t e r i s t i c  o r  uniform t o  
serve as  ' a  b a s i s  f o r  i s o l a t e  d i f f e r en t i a t i on .  
Symptoms induced i n  the  f i ve  barley v a r i e t i e s  
by two i s o l a t e s  from symptomless 2-rOw bar ley  
(da ta  n o t  shown i n  Table 2 )  were genera l ly  
s i m i l a r  t o  those  i n c i t e d  by f ie ld- col lec ted  
i s o l a t e s  obtained from p lan t s  with BSM 
symptoms. The percentage of  2-row bar ley  
p lants  that f a i l e d  t o  develop symptoms (51%) 
i n  t h i s  test w a s  considerably higher than the  
percentage of symptomless 6-row p lan t s  ( 18%) . 
Therefore, a number of inocula ted  2-row 
p lan t s  of the  v a r i e t i e s  'Fergus' and 'Herta '  
were indiv idual ly  assayed f o r  BSMV on 'Black 
Hulless '  barley.  The v i ru s  was t ransmi t ted  
from 49 of 50 'Herta' and 46 of 46 'Fergus' 
bar ley  p l a n t s  showed symptoms ranging from 
doubtful  t o  severe. In addi t ion ,  t he  v i ru s  
w a s  a l s o  t ransmi t ted  from 32 of 70 ( 4 6 % )  
'Herta'  and 24 of 71 (34%) 'Fergus' barley 
p l an t s  which showed no apparent symptoms of 
infec t ion .  

The symptomatic reac t ions  of  f i v e  

Two attempts were made t o  d i f f e r e n t i a t e  
f i e ld- co l l ec t ed  BSMV i s o l a t e s  using 
'Cl in t land '  oats .  In one test ,  3 of 11 
isolates were t ransmi t ted  t o  oa t s  but  the  
percentage of  p l an t s  i n f ec t ed  by each of 
these  i s o l a t e s  was low (20% o r  less). When 
the  test was*repeated with t he  same i s o l a t e s ,  
only one i s o l a t e  was transmitted t o  oa t s  but  
t h i s  i s o l a t e  was no t  one of  those transmitted 
i n  t h e  f i r s t  test. Although 'Cherokee' o a t  
p l an t s  have previously been reported f o r  
d i f f e r e n t i a t i n g  BSMV s t r a i n s  (13) , 
'C l in t land '  oa t s  d id  not appear t o  have any 
similar value. 

The r e s u l t s  of t h i s  survey suggest t h a t  
BSM is  more cornman i n  2-row bar ley  f i e l d s  i n  
Manitoba than most previous surveys ( 2 )  
indica te .  Although the  frequency of t h e  
d isease  w a s  considerably less than t h a t  
previously repor ted  i n  North Dakota (15),  the  
estimate f o r  t h e  percentage of f i e l d s  with 
i n fec t ed  p l a n t s  i n  Manitoba i s  considered t o  
be conservative. This i s  because only a 
small  por t ion  of each f i e l d  was inspected and 
trace in fec t ions  might e a s i l y  have been 
overlooked. N o  explanation can present ly  be 
advanced f o r  t he  l a rge  d i f ferences  
encountered i n  t h e  percentages of 2- and 6- 
row bar ley  f i e l d s  with BSM. 

greenhouse 
condit ions can probably be a t t r i b u t e d  t o  

Masking of BSM symptoms under 

inadequate l i g h t  i n t e n s i t i e s  (6,7,11). 
Whether o r  no t  t he  same f a c t o r  i s  respons ib le  
f o r  masked in fec t ion  i n  the  f i e l d  i s  n o t  
known. The extent  of symptomless i n fec t ion  
would have t o  be est imated t o  obta in  
meaningful y i e l d  l o s s  d a t a  f o r  BSMV i n  
farmers' f i e ld s .  
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