








triadimefon, about $21 /ha .  The cost of 
application must be considered, however, 
and allowance should be made for 
damage f rom tractor wheels when sprays 
are  applied a t  the flag leaf emergence 
stage or  later; this latter cost may be 
sha red  by o t h e r  pract ices ,  such a s  
fertilizer application and pest control. 

In some areas of Europe, notably 
northern Germany and northern France, 
some high input-high yield growing 
systems (8 t /  ha  and above) integrate one, 
two, or  three fungicide treatments. When 
disease is consistently damaging, one or 
two treatments may be applied routinely. 
In Scotland, the cultivar Golden Promise 
is valued as a malting barley and occupies 
about 60% of the barley area. However, 
because it is very susceptible to mildew, 

assessing risk from disease and benefit 
from fungicides have been defined largely 
in terms of disease thresholds. With 
spring barley mildew, a disease threshold 
was derived empirically from over 50 
experiments in which single sprays of 
t r i d e m o r p h  were  app l i ed  a t  weekly 
intervals. A relationship was established 
between the level of disease a t  the time of 
spray application and yield increase (Fig. 
7). Single sprays applied as soon as 3-5% 
of the area of the oldest green leaves was 
affected by mildew gave the highest yield 
increases and about 75% of the increase 
given by a program of sprays that ensured 
comple te  c o n t r o l  (4).  We the re fo re  
suggest  t h a t  f a rmers  inspect  c r o p s  

regularly in the spring and early summer 
and treat with a fungicide as soon as 3% 
mildew is noticed. A similar threshold has 
been established for wheat mildew, but 
for this and other diseases that occur 
more erratically than barley mildew, 
disease threshold is linked with cultivar 
susceptibility. For  example, fungicides 
are recommended as soon as yellow rust 
of wheat is noticed in very susceptible 
cultivars but only when 1% of the 
youngest leaves is affected in moderately 
susceptible cultivars. For  all diseases, the 
la tes t  g r o w t h  s t age  f o r  fungic ide  
treatment is specified; control when the 
th re sho ld  occur s  a f t e r  this s t age  is 
unlikely to  be economical. 

virtually the whole crop is given routine 
fungicide treatment. 

Under such special conditions, routine 
treatment may be justified. However, 
many crops are not very high yielding 
(about 5 t /  ha) or are not a t  obvious risk 
t o  disease, and evidence from several 
countries shows that in more than half the 
crops such treatment cannot be justified 
on  economic grounds. In a large number 
of experiments in France, yield responses 
have varied; this is well illustrated in the 
frequency of responses of 0.5 t and above 
in winter wheat and winter barley (Table 
2) and in the more detailed analysis of 
responses in  the winter wheat trials 
during 1975 (Fig. 6) (5). 

I n  t h e  Un i t ed  K i n g d o m ,  a n n u a l  
surveys in randomly selected crops of 
winter wheat and spring barley permit 
assessment of the proportion of crops in 
which fungicide treatment is likely to  be 
economically worthwhile (1). Mildew 
control would have been worthwhile in 
most spring barley crops, but control of 
other diseases was worthwhile in less than 
20% of crops. 

The farmers' attitude toward fungicide 
use is largely influenced by management 
and economics. Many farmers are not 
inclined to  inspect crops regularly for 
disease, and the need to  spray large areas 
a t  short  notice can cause management 
problems. Such factors tend to  influence 
farmers to choose between n o  treatment 
and routine treatment. They will be 
dissuaded from this approach only when 
satisfactory methods have been devised 
for assessing the risk from disease and the 
benefit f rom fungicide treatment. Plant 
pathologists are attempting to  do  this. 

Criteria for Treatment 
The problem of providing satisfactory 

criteria has been approached in two ways: 
1) by developing prediction methods to  
assess the risk of disease becoming severe 
enough to  warrant use of fungicides and 
2) by measuring effects of fungicide 
treatments on  yield in a large number of 
trials, then identifying factors which are 
associated with economic yield responses. 

In the United Kingdom, criteria for 
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With winter  bar ley  in  Eng land ,  
additional factors must be taken into 
a c c o u n t  when deciding t o  app ly  a 
fungicide. Crops sown early (September) 
are prone to  mildew, and mildew-affected 
crops are more susceptible to  winter 
damage. Crops on lighter soils are more 
susceptible to  winter damage and benefit 
most from autumn control of mildew. In 
crops on heavy soils, however, control of 
mildew in the autumn, unless it is very 
severe, may not be economical. Yield 

Table 4. Example of risk assessment in 
a winter wheat crop in the Nord 
Picardie region of ~rance"  

Cultural factors pointsb 

Previous crop 
Peas +3 
Potatoes + 3 
Wheat +2 
Sugar beet + 1 
Maize 0 

Distance from sea 
< 50 km + I  

50-100 km 0 
> 100 km - 1 

Soil depth exploited by roots 
0-25 cm + 1 

25-50 cm 0 
> 50 cm - 1 

Susceptibility of soil to drought 
High + 1 
Medium 0 
Low - 1 

Clay content of soil 
< 12.5% + 1 
12.5-25% 0 

> 25% - 1 

Lime content of soil 
> 20% + 2 

10-20% 0 
< 10% - 1 

Cultivation 
Plow + 1 
Tines or disks 0 
Rotavator - 1 

Sowing date 
Before 15 October + 2 
15-31 October + 1 
1-24 November - I  
After 25 November -2 

Cultivar 
Clement + 3 
Rivoli 0 
Maris Huntsman - 1  
Roazon - 2 

Add fixed score 4-7 

'After Lescar (5). 
b10 points or more = high risk and need 
for fungicide treatment. Below 10 
points = low nsk and benefit from 
fungicide treatment unlikely; crop 
must be monitored for disease, eg, 
mildew, yellow rust. 

response may not occur and yield or 
quality occasionally is depressed when 
mildew control leads to an  excess of tillers 
that,  in turn, result in a high proportion 
of small grain and an  increased risk of 
lodging. 

Although generally satisfactory for 
mildew and the rusts, disease thresholds 
have not been adequate on their own for  
eyespot and Septoria and Rhyncho- 
sporium diseases. The first attempt to 
forecast severe outbreaks of eyespot in 
winter wheat was based on a probability 
of infection calculated on meteorological 
data (10) in the spring when fungicides 
are applied. However, this method and 
o t h e r s  based o n  disease  th re sho lds  

have  now been assessed in severa l  
countries to facilitate the decision on 
fungicide use. T o  make the assessment 
more tangible for advisers and farmers, 
some systems rate factors on a point basis 
(Table 3), with the decision to spray based 
o n  t h e  accumula ted  po in t s .  Disease  
assessment is done only when additional 
i n f o r m a t i o n  is required t o  m a k e  a 
decision (12). 

Septoria diseases are most damaging 
when wet weather occurs soon after 
heading (6). Experiments in winter wheat 
have shown that fungicides applied soon 
after flag leaf emergence give the best 
d isease  c o n t r o l  a n d  yield response .  
Septoria diseases are at  a low level at  this 

(percentage of plants infected in the time, however, and may be difficult to 
sp r ing )  d o  n o t  t a k e  i n t o  a c c o u n t  diagnose and assess for a threshold level. 
environmental and cultural factors that In the United Kingdom, a relationship 
significantly affect subsequent devel- has been shown ( I  I) between the number 
opment  of disease which determines of days with more than 1 mm rain during 
whether yield losses occur. These factors the second half of May and early June 

First 
record n 

4 3 2 1 0 1 2 3 4  
Before After 

Week of spray application 
Fig. 7. increase in yield of spring barley associated with single sprays of tridemorph 
applied at the first record of mildew in the crop and when 3,5, and 10% mildew were first 
recorded on leaf 3 or 4, and increase in yield associated with single sprays applied up to 4 - . - . .  
weeks before and afte; this. (After ~enk ins  and Storey [4]) 
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