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THE EXPERIMENTAL APPROACH IN ASSESSING DISEASE L O S S E S  
IN CEREALS: WHEAT STREAK MOSAIC 

T. G. Atkinson and M. N.  Grant1 

Before  we c a n  a s s e s s  the l o s s e s  caused  b y  a 
plant  d i s e a s e  in any p a r t i c u l a r  f ie ld  we m u s t  b e  able 
to m e a s u r e  d i s e a s e  intensi ty,  a n d  we m u s t  e s t a b l i s h  
the re la t ionsh ip  between vary ing  d isease  intensi t ies  
and  loss in yield o r  quality., Ideally, information on 
both these  phases  of disease- loss a s s e s s m e n t  should  
b e  obtained i n  s tud ies  c a r r i e d  out o v e r  n u m e r o u s  
c r o p  y e a r s  and  under  a range  of growing conditions. 
Such a fund of knowledge can  then be  used  to m a k e  
reasonably  re l iab le  e s t i m a t e s  of the l o s s e s  caused  
b y  that  d i s e a s e  on a reg iona l  o r  nat ional  s c a l e .  

Using th i s  approach  w e  e s t i m a t e d  that  win te r  
whea t  yields in southern  Alber ta  w e r e  reduced b y  
18% when wheat  s t r e a k  m o s a i c  b e c a m e  epiphytotic  
in the  1963-64 c r o p .  The  r e s u l t s  of these  s tud ies  
have been  published (2), and the p r e s e n t  r e p o r t  is 

confined to a detai led descr ip t ion  of the p r o c e d u r e s  
we u s e d  in a s s e s s i n g  these  d i s e a s e  l o s s e s .  

Measur ing  d i s e a s e  intensi ty 

Our study w a s  c a r r i e d  out  on a farmer's 2 5 -  
a c r e  f ie ld  of win te r  wheat  that  w a s  n a t u r a l l y  infec-  
ted  with the wheat  m o s a i c  v i r u s .  No  o t h e r  leaf o r  
head  d i s e a s e s  w e r e  evident .  

Our f i r s t  m e a s u r e m e n t  of d i s e a s e  in tens i ty  was  
b a s e d  on the s t r e a k  m o s a i c  s y m p t o m s  on s a m p l e s  
collected f r o m  the i m m a t u r e  c r o p  a t  the end of May.  
P l a n t s  pulled f r o m  a 1 - m  length of row a t  e a c h  of 
100 r e g u l a r l y  s p a c e d  sampl ing  s i t e s  w e r e  c lass i f ied  
into t h r e e  d i s e a s e  ca tegor ies  on the b a s i s  of t h e i r  
dist inct ive s t r e a k  m o s a i c  s y m p t o m s  (F ig .  1 ) .  Plants 

Figure 1. Plants classified, from left to right, as severe, stunted, and 

R e  s e a r c h Station, Canada ~ ~ ~ ~ ~ t ~ ~ ~ t  of healthy as they appeared in May (left) and at maturity(right). 

Agricu l ture ,  Lethbridge,  Alber ta .  (from Atkinson and Grant, 1967) 
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classified as seve re  w e  r e  dwarfed and had many 
completely yellowed leaves.  Plants classified a s  
s t u n  t e d had definite but less-conspicuous s t r eak  
mosa ic  symptoms. Plants  without symptoms were  
classified as healthy. When these disease sever i ty  
data f r o m  the 100 consecutively numbered sampling 
sites w e  r e  a rb i t r a r i ly  grouped into odd and even 
numbered s i t  e s t h e y  showed excellent agreement 
(Table 1) .  This indicates that the procedures fol- 
lowed in collecting and classifying the May samples 
were  reliable.  However, i n  order  t o  establish a 
d isease-  intensity- yield relationship, w e  needed a 
measure  o f  disease intensity i n  t h e  mature  .crop 
f r o m  which yield data could a lso  be obtained. 

Table 1. N u m b e r s  and percentages of plants i n  
th ree  disease c a t e g o r i e s  f r o m  f i e l d  
s a m p l e s  of winter w h e a t  collected in 
Maya, 1964 

Disease'  Odd-no. 
category s ample s 

Even-no. 
samples 

No. % NO. 70 

Severe ' 245 20 242 19 

Stunted 465 35 470 36 

Healthy 571 44 592 46 

a T h e  data f r o m  100 consecutively numbered 
s i t e s  a r e  grouped arbi t rar i ly  into o d d- and even- 
numbered samples .  

When the crop matured i n  mid-July, 25 one- 
square-yard  yield samples  were  collected by pulling 
a l l  the plants f rom one l inear yard  in each of s ix  a& 
jacent rows. The s i t e s  sampled corresponded ap- 
proximately with the location of every  fourth s i te  
sampled in May (Fig.  2). Fortunately, plants be-  
longing to  the disease categories used in classifying 
the immature  plants in May could eas i ly  be recog- 
nized when mature  (Fig.  1). Plants that had died 
without forming grain w e r e  classified as severe .  
The plants that produced grain fell  into two distinct 
groups, stunted a n d  healthy. Stunted plants were 
about half the height of healthy ones and had fewer 
and sma l l e r  heads.  

Compared with the May samples,  those collec- 
ted in July had a sma l l e r  percentage of plants clas-  
sified as severe .  We attributed this pr imar i ly  to 
the premature  senescence and disintegration of sev- 
e r ly  diseased plants. This interpretation c a n  b e  
supported by appropriate calculations, which show 
that fewer plants were  present  in July than might 
reasonably have b e e n  expected had all fhe plants 
present  in May survived. When plants classified as 
s e v e  r e  were  excluded f r o m  the comparison, the 

I 

Figure 2. Plot of a 25-acre winter wheat field showing the distribution of 
sites sampled for wheat streak mosaic in May and July. 

May and July samples contained 4570 and 42% stun- 
ted plants, respectively.  This agreement s h o w  s 
that we had correct ly  identified the original disease 
categories in the ma tu re  plants. It a lso  supports 
our  earlier observation ( 1 )  that spread of the disease 
was negligible in the spring of 1964. 

Determining the relationship between disease inten- 
s i ty  and yield 

Confident that we could recognize the various 
disease categories in the mature  plants, we attemp- 
t e d next to establish a relationship between yield 
and disease intensity. Plants in t h e  stunted a n d  
healthy categories within each of the 25 yield sam-  
ples were  threshed separately a n d  attempts were  
made to relate these yield data to disease intensity 
e x p r e s s e d  in t e r m s  of percent stunted plants. 
Plants classified a s  s e v e  r e  were  excluded f rom 
these calculations because we believe that their  loss 
was fully compensated fo r  by the remaining plants 
in the population. Our judgment was based on the 
fact that the severe ly  affected plants had died ea r ly  
and that excellent mois ture  and ferti l i ty conditions 
had prevailed. 

A meaningful relationship between disease in- 
tensity and yield was not a t  f i r s t  apparent. When 
the total grain yield i n  grams f rom each square-  
yard  sample was plotted against disease intensity, 
the resul t  was a r a the r  unimpressive scat ter  dia- 
g ram (Fig.  3). 

Realizing that inherent productivity differences 
throughout the field were  probably obscuring the re- 
lationship between disease intensity and yield, we 
attempted to utilize the healthy plants within each 
sample as an internal check plot. The relationehip 
of disease intensity to yield became obvious when 
the total  grain yield of each square  yard  sample was 
expressed a s  a percentage of a theoretical  "poten- 
t i a 1 y i e 1 d" calculated according to the following 
equation: 

I 
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2 5 0 .  

% y i e l d  = x 100 
W1 X N  

' 

where  W = the total  weight of grain produced a t  a 
si te,  W1 = t h e  mean weight of grain produced by 
healthy plants a t  that si te,  and N = the total  number 
of stunted and healthy plants at. the si te.  

When the percentage yield data were  calculated 
fo r  each of the 25 samples  and plotted against the 
appropriate disease intensity, a highly significant 
regress ion was evident (Fig .  3 ) .  This graph a l so  
shows that  the yield of stunted plants, expressed a s  
a percentage of the yield of healthy plants a t  t h e  
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Figure 3. Relationship of yield to disease intensity shown by square- 
yard samples of mosaic affected winter wheat. Yield is expressed in 
grams (above) and os a percentage of a calculated potential yield (below). 

same  site,  was relatively constant within the range 
of disease intensities encountered. This  indicates 
that in the moderately affected field that  we s a m-  
pled, the reduction in yield caused by the d isease  
was directly re la ted  to the humber of plants c lass i-  
fied a s  stunted. Incidentally, stunted plants yielded 
an average of 34 kernels compared with 96 for  heal- 
thy ones.  

Estimating the losses  in the 1963-64 southern Al- 
ber ta  winter wheat crop 

As a n  adjunct t o  o u r d isease  intensity-yield 
studies we ca r r i ed  out a survey of winter w h e a t  
acreage  and s t r eak  mosa ic  damage with the cooper- 
a t i o n  of the elevator agents of southern Alberta.  
Reports such as that shown in Figure 4 were  r e -  
ceived f r o m  m o r e  than 1, 100 winter wheat growers.  
Of the 31,430 a c r e s  of winter wheat reported to be 
infected with s t r eak  mosaic ,  20, 100 a c r e s  were  cul- 
tivated out because of the d isease .  

These acreage  data provided a bas i s  for  es t i-  
mating losses  caused by the s t r e a k  mosa ic  epiphy- 
totic We es t imated an  average  yield of 30 bu/acre 
fo r  a healthy crop and an  average reduction of 10 
bu/acre caused by the d isease .  On the bas i s  of the 
relationship between disease intensity and yield that  
was developed fo r  the moderately i n f  e c t e d crop 
(Fig.  3 ) ,  this es t imate  corresponds to a d isease  in- 
tensity of 46%. Since mos t  infected crops in the 
winter wheat a r e a  appeared t o  be m o r e  severely 
diseased than the one we studied, our es t imate  is 
undoubtedly conservative.  Nevertheless,  based on 
these es t imates ,  winter wheat losses  fo r  the a c r e -  
age surveyed exceeded 700 ,000  bu, o r  18% of the 
potential yield. 
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* I w  CooprAtion i n  SUN this  Momtion w i l l  assist  the winter whmt 
research p g r m  at the Lethbridge Reae.roh Station. 

Figure 4. Report farm used to obtain acreage information on the severity 
of wheat streak mosaic. 


