
Vol .  42, No. 3 ,  Can. Plant Dis. Survey June, 1962. 143 

IS BARLEY YTCLLOW D W A R F  VIRUS A PREDISPOSING FACTOR IN THE 
j 

1_1 COMMONROOT ROT DISEASE OF WHEAT IN CANADA? 1 -- 
Harvey C.  Smith 2, 

- Abstract 

Investigations of ce rea l  root- rot diseases in New Zealand in the past 
five years  have led to the conclusion that root-rotting fungi in the genera 
Fusarium and Rhizoctonia become pathogenic predominantly on wheat plants 
that have been previously infected with barley yellow dwarf virus (BYDV). 
It i s  suggested that a similar  situation may exist  in regard  to common root ro t  
of wheat in the Pra i r i e  Provinces of Canada where BYDV has been shown to  
be widely distributed. This hypothesis does not apply to diseases caused by 
Ophiobolus graminis and Cercosporella herpotrichoides, both of which cause 
root diseases of wheat indgpendently of BYDV'infection in New Zealand. 

____I 

Introduction 
7 

This paper i s  presented primarily to  suggest avenues of investigation 
which are likely to yield information on the complex disease known a s  common 
root ro t  of wheat. Information assembled from two widely different environ- 
ments,  New Zealand and Ottawa, Canada, appears to give support to  a hypo- 
thesis  that could have a very wide application wherever wheat crops,  BYDV 
and the aphid vectors occur together, 

The lack of distinctive virus symptoms on wheat has been the main 
reason for the failure of .plant pathologists to recognize barley yellow dwarf 
infection in this crop, Most wheat variet ies a r e  relatively tolerant of BYDV 
infection and the principal symptoms produced a r e  readily confused with 
those associated with nutritional deficiencies and the attack of root- rot  
pathogens. The typical symptoms of BYDV infection in wheat are: 

1. 
2. 

3. 

Slight stunting of growth (Fig.,l). 
Yellowing of the edges of leaves often not apparent on leaves 
before the flag leaf (Fig, 2). 
Secondary fungal attpck on the glumes, especially after moist  
weather conditions (Fig. 3).  

1. 

2.  

The substance of this paper was presented a s  an  address  to the 30th Annual 
Meeting of the Associate Committee on Plant Diseases,  Winnipeg, Man. , 
20- 22  Feb.  1962.  
National Research Council Post-doctorate Fellow, Plant Research Institute, 
Canada Department of Agriculture, Ottawa, Ont. Present  address :  Crop 
Research Station, Private Bldg, Christchurch, New Zealand. 
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FIG. 1. WHEAT PLANTS STUNTED BY BARLEY YELLOW DWARF VIRUS. FIG.2. WHEAT LEAVES WITH 
YELLOWING SYMPTOMS TYP ICAL  OF BARLEY YELLOW DWARF VIRUS. FIG.3. LEFT: BLACKENED ERECT 

EARS. FIG.4. INSECTICIDE SPRAYED STRIPS WHERE BARLEY YELLOW DWARF VIRUS WAS CONTROLLED 
I N  WHEAT, FIG.5. BARLEY YELLOW DWARF VIRUS EFFECT IN  GRAIN SIZE OF WHEAT (STRAIN V 3 4  
ON MARQUIS). 

EARS OF  WHEAT FROM BARLEY YELLOW DWARF VIRUS INFECTED PLANTS. RIGdTr HEALTHY WHEAT 
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Proof of BYDV infection in wheat can be establ ished only through 
exper iments  involving the use of v i rus  - f ree  aphid vec tors  (Rophalosiphum 
padi). 
of suspec t  plants for  at l ea s t  2 and preferably 3 days before t r a n s f e r  to t e s t  
seedl ings fo r  an infection feeding of 2 days. 
incubated under high light intensity and modera te  t empera tu res  (60 - 75°F)  
€or  15  t o  2 5 days in an aphid- free greenhouse or insectary.  

- 
The aphids must  be allowed t o  feed on the living leaf and s t em t i s s u e s  - 

The seedlings must  then be 

The Evidence 
I_- 

Wheat c rops  in Ntew Zealand may  be e i the r  autumn- o r  spring-sown and, 
eve ry  few y e a r s ,  t h e r e  has  been an outbreak of a d isease  that  has resu l ted  in 
a se r ious  reduction of yield in the autumn- sown c rops .  The cause  of the d i sease  
has  perplexed plant pathologists and s e v e r a l  hypotheses have been advanced 
regard ing  its etiology. 
of wheat c rops  was conducted and isolat ions w e r e  made  f rom plants showing 
Itcrown rot" o r  Itbrown root rot" symptoms. 

Following such  an  outbreak in 1956, a f ive-year  su rvey  

No fungus was  consistently 
isolated f r o m  the affected plants,  
Rhizoctonia were  isolated. Inoculation t r i a l s  with the various i so la tes  w e r e  
being planned when it was  noted that the plants that  showedl 'crown rot" o r  

A wide var ie ty  of-species of F u s a r i u m  and 

"black root  ro t  symptoms" were  those  that a l so  showed symptoms of BYDV 
infection. 

S imi lar ly ,  an  examination of s amples  of spr ing  wheat,  var ie ty  Gabo, 
infected with scab  (Gibberella zeae)  confirmed the a lmost  complete  
associat ion of BYDV symptoms and infection by Gibberella.  
the  blackening of heads of wheat plants infected with BYDV was  due t o  a 
susceptibili ty induced by the v i rus  infection was  obtained by greenhouse 
inoculations of both healthy and BY DV-infected plants. 
under conditions of high humidity w e r e  sprayed with s p o r e s  of Al t e rna r i a  and 
Cladosporium spec ies ,  
s eve re ly  blackened than those of healthy plants. 

-- 
Evidence that  

II 

Wheat heads kept 

The glumes of the v i r u s  -infected plants w e r e  m o r e  
I_ 

The Effect of BYDV Infection on Yield. 
I__ 

F i e l d  investigations of BYDV in New Zealand over  a period of t h r e e  
y e a r s  fai led to  demonst ra te  any prac t ica l  means  of reducing BYDV incidence 
e i ther  by cul tura l  prac t ices  or preventative insect icide spraying. 
spr ing  of 1960 a situation a r o s e  in which a l l  e a r l y  autumn-sown wheat fields 
in  the a r a b l e  d i s t r i c t  c a r r i e d  modera te  to  heavy infestations of Rophalosiphum 
padi , the principal  vec tor  of BYDV in New Zealand. Insecticide'-Zrials w e r e  
laid down in an at tempt to  m e a s u r e  the degree  of aphid cont ro l ,  v i rus  cont ro l ,  
and the effect on yield. 

t r ea tmen t ,  dimethoate (Rogor 40), gave a 38 per  cent i nc rease  in yield. 
t rea t i i ien ts ,  besides giving excellent control of aphids,  gave a considerable 
degree  of control of the s p r e a d  of B Y D V  a s  i l lus t ra ted  in F igure  4. 

In the 

The r e su l t s  w e r e  quite spec tacular  (Table 1). The best  insect icidal  
All 
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'Bu/ac 

I 69 
64 
63 
58 
55 
50 

I Table 1. Control of B Y D V  in winter wheat in New Zealand by one I ---- 
application of insecticide 

i 

percent 
increase '  
over Check . 

38 
2 9  
2 6  
17 

' 11 
-I 

- 
Yield c Aphid Counts - - T i p T i  c a t  i on R.  7- padi per plant 

-_ I_  

6/10/60 
Treatment 

Rogor 40% 
Metasystox 50% 
D3T 20% E.C. 
Lindane 20% E.C. 

Check 
Sayfos 80% 

I 

' b o s e  f Active 1 I I 1 
oe/ac. Ingredient 

oz/ac. 
12 4.8 
16 8 
80 16 
80 16 
4 3 . 2  - .. 200 

0 
80 2 0  

It was apparent, f rom est imates of BYDV infection in the different 
plots and the relatively complete control of aphids, that the increases  in 
yield were attributable to a reduction in virus incidence ra ther  than to  the 
elimination of feeding damage by the aphid. 
adviseable to c a r ry  out further t r ia ls  comparing the effects of virus- free 
and vi rus-  infective aphids on yield. 

A greenhouse t r i a l  was ca r r i ed  out at Ottawa using four oat variet ies 
that differed in their  tolerance to BYDV and seven wheat variet ies.  
Different numbers of infective and virus- free aphids were given 2 -day 
infection feeding periods on each variety, The plants were then sprayed with 
an  insecticide and kept insect-free in the greenhouse and later in a cold f rame  
outdoors until they had reached maturity. The yields of grain were measured 
and the effect of BYDV infection was calculated by a comparison of the yields 
of plants inoculated with infective aphids and the yields of those inoculated 
with vi rus- free  aphids, The resul ts  of this  trial a r e  presented in Table 2. 
Yields of variet ies inoculated with infective aphids are expressed as a 
percentage of yields of the same variet ies inoculated with virus- free aphids. 
Because there  were no apparent differences in the relative tolerance to 
BY DV among the seven wheat variet ies,  Cascade, Selkirk, Thatcher, 
Marquis, Red Fife and Huron, their  average yield was used in the resul ts  
shown in Table 2. 

However, it was deemed 
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- 
Oat Var ie ty  
Saia C . 1  186606 
Fulghum C.I.  3067 
Albion C. I. 792 
Clintland 60 
Wheat 
Mean,  7 Var i e t i e s  

'Table 2. Effect of the nuimber of infective aphids  on r e s i s t a n c e  of 
I-- II - ----- 

o a t s  and  wheat t o  BYDV 

--- 
R V P  s t r a i n ,  e x  g r a s s  MGV t RPV s t r a i n s ,  ex  c e r e a l s  

1- 5  10-20 i100-200 Mean 

- .  

Aphids pe r  plant 
' 1- 5  15-20 100-200 Mean 

Aphids p e r  plant 

- 70* 62 33 55 44 28  44 39 
58 

59 -- 1 6  
100 100 77 92 73 41 

36 9 --  23 1 4  18  

48 43  

7 4 4 5 

100 91 66 86 

147 

- 
Yield as percent  of sp rayed  check 
' Unsprayed L' 

" v i rus  - Eree" 
Var ie ty  aphid inoc. R P V  MGV 
Oa t s  
Cl int land 60 90 49 115* 
Rodney 98 72 72 

Marqu i s  42 39 

-I- 

LCI 

Wheat 

Cascade  I i: 1 47 48 -- 

Symptoms of BYDV 

Unsprayed  RPV MGV 
I 

I** 4 2 
1 2 2 

t r a c e  1 2 
t r a c e  1 1 

Th i s  trial confirmed the  fac t  tha t  the  feeding by v i r u s - f r e e  aphids  f o r  a 
2-day per iod  had no measu rab l e  effect  on yield and tha t  the four  oa t  v a r i e t i e s  
differed grea t ly  in  t h e i r  re la t ive  r e s i s t a n c e  t o  BYDV. 
seven  wheat  va r i e t i e s  t e s t ed  was  nea r ly  equivalent t o  tha t  of t he  m o s t  r e s i s t a n t  
oa t  v a r i e t y ,  Fulghum C.  I. 3067. 
r e s i s t a n c e  they suf fe red  a 50 percent  reduct ion in  y ie ld  when inoculated with 
s o m e  i so l a t e s  of BYDV. 

A f ie ld  trial t o  test t he  effect on yield of a re la t ive ly  late inoculation of 
BY DV into spr ing- sown wheat  and oa t s  was  c a r r i e d  out at Ottawa, 
v a r i e t i e s  of wheat ,  Marquis  and Cascade ,  and two of oa t s ,  Clintland 60 and 
Rodney w e r e  each  incoulated with (1) v i r u s -  f r e e  aphids ,  (2) aphids  c a r r y i n g  
the RPV s t r a i n  of BYDV and (3) aphids  ca r ry ing  the MGV s t r a i n  of BYDV. 
Check plots w e r e  provided by spray ing  plants of the  s a m e  v a r i e t i e s  with a n  
insect ic ide.  

The r e s i s t a n c e  of all 

Despite th i s  re la t ive ly  high deg ree  of 

Two 

The  r e s u l t s  of t h i s  trial a r e  p re sen t ed  in  Table  3. 

Table  3. Yield of sp r ing  oa t s  and wheat  inoculated 
22 June with 2 s t r a i n s  of BYDV. 

hk The appa ren t  i n c r e a s e  in yield i s  due to  the protect ive act ion of t h i s  s t r a i n  
aga ins t  s e v e r e  s t r a i n s  of BYDV f r o m  g r a s s e s  in the locality.  

** Sever i ty  of symptoms r a t ed  on a 0 - 4  sca le .  
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Clintland 60 was only mildly affected by the MGV s t ra in  arid infection 
with this s t ra in  apparently protected it f rom subsequent natural infections of 
the mare  prevalent B Y  DV strain from grasses .  
even in sprayed plots caused severe symptoms on Clintland 60. 
protective effect of the Mt3V strain against some other s t ra ins  of BYDV on 
Clintland 60 oats was subsequently confirmed in three greenhouse tr ials .  
Rodney was apparently more  tolerant to BYDV infection than Clintland 60.  

This s t ra in ,  which occurred 
The 

The symptom8 of BYDV on wheat were very  mild and consisted mainly 
of a premature yellowing of the flag leaf and a slight stunting, 
harvested f rom the inoculated plots, however, had a marked shrivelled 
appearance (Fig, 5 ) .  
the late inoculations with BYDV resulted in a severe  reduction in yield, 

wheat variet ies infected with BYDV is poor, even though yields may be 
severely  reduced, 
wheat in s imi lar  trials to give a readily identifiable measure  of the prevalence 
of BYDV in the crops  o r  plots. They have a lso  shown that certain insecticides 
can give excellent control of BYDV by reducing the aphid population, 
especially t rue  with wheat due to  the relatively high degree of tolerance to  
BYDV which necessi tates a higher population of aphids per  plant to  achieve 
the same degree of infection as caused by a smal l  population on the more  
susceptible oats. 

The grain 

Despite a mild expression of visible symptoms, even 

These trials have confirmed that symptom expression in Canadian 

They also suggest the value of sowing oats along with the 

This is 
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