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Fungal Resistance 
to Sterol Biosvnthesis Inhibitors: 
A New challenge 

Yield losses caused by plant pathogens 
have threatened the security and effi- 
ciency of crop production since agriculture 
became the main source of the human 
food supply. Fortunately, agriculture has 
made tremendous progress during the 
last century, and part of this progress has 
been the development of modern means 
of plant disease control. In particular, the 
introduction of chemical disease control 
agents has contributed to a substantial 
increase  in c r o p  p roduc t ion ,  t o  a 
smoothing of annual undulations in crop 
yields, and,  ultimately, to today's high 
level of food security. 

T h e  f i rs t  mi les tone in fungic ide  
development was the introduction of 
ino rgan ic  fungic ides  such a s  sul fur ,  
copper, or mercury compounds, followed 
by the development of organic fungicides 
such as dithiocarbamates (e.g., maneb) 
and phthalimides (e.g., captan). These 
two classes of protective compounds 
have been used extensively for decades 
without development of field resistance. 
D u r i n g  the  s a m e  pe r iod ,  o rgan ic  
insect ic ides  had a l r eady  encoun te red  
cumbersome drawbacks. Gordon (16) 
introduced his 196 1 review on insecticide 
resistance with a clear statement: "The 
number of insect species or  populations 
resistant t o  one or  more of the synthetic 
organic insecticides has increased every 
year since 1947, and there is yet no 
indication that this trend can be halted or  
reversed." The conclusion on fungicide 
res is tance  d r a w n  6 years  l a t e r  by 
Georgopoulos and Zaracovitis (14) was 
clearly different: "Tolerance to organic 
fungicides used in the control of fungal 
diseases of plants or  storage rot has 
created practical difficulties in only a few 
instances."The future prospects, however, 
sounded less optimistic, and the authors 
must have seen the dawn of a major 
change: "If future fungicides must be 
selective, interfering with the metabolism 
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of the pathogen and not the plant, the 
emergence of forms refractory by virtue 
of acquired resistance will probably be as 
common as it has been with many human 
and animal pathogens or  with insects." 

Such highly desirable compounds with 
a specific mode of action and a systemic 
mobility within the plant were discovered 
during the 1960s. This new class of 
fungicides offered curative and sometimes 
e rad ica t ive  means  of p l an t  d isease  
control, along with additional advantages 
such a s  lower application rates and 
longer lasting protection. The benzim- 
idazoles, in particular, were welcomed 
enthusiastically by plant pathologists 
and farmers. The initial enthusiasm, 
however, was soon quelled when the first 
cases of crop losses owing to  rapid 
development of field resistance were 
r e p o r t e d .  P l a n t  p a t h o l o g i s t s ,  l i ke  
entomologists before them, had to cope 
with the serious problem of resistance. In 
spite of this drawback, many new groups 
of systemic and specific fungicides were 
developed (6), and most have proved to  
be  va luab le  too l s  i n  p l an t  d isease  
management. Nevertheless, the problem 
of resistance to  fungicides had emerged, 
and countermeasures had to be developed. 
The search for reliable antiresistance 
strategies was of common interest to the 
f a r m e r s ,  w h o  c o u l d  s u f f e r  f r o m  
u n e x p e c t e d  c r o p  l o s s e s ,  a n d  t h e  
m a n u f a c t u r e r s ,  w h o  cou ld  lose  a 
c o m p o u n d  deve loped  a t  increas ingly  
higher costs. 

Although all parties involved agree on 
the resistance problem, discussions have 
not been entirely free from tensions and 
misunderstandings. Even the definitions 
of terms were, for a long time, a matter of 
some confusion. A guideline of termi- 
nology was  p roposed  in  1985 (11).  
According to this proposal, "resistance" 
should be used only to define a stable and 
heritable adjustment by a fungus to  a 
fungicide, resulting in a considerably 
reduced sensitivity to the inhibitor. The 
difference in sensitivity can be defined by 
the resistance factor, expressed as the 

ratio EC 50 (resistant)/ EC 50 (sensitive). 
Resis tance  shou ld  be  dis t inguished 
clearly from a momentary adaptation of 
a f u n g a l  p a t h o g e n  t o  a fung ic ide .  
Adaptations are neither heritable nor 
stable and are not expected to cause 
severe problems. Furthermore, insufficient 
field performance of a fungicide is not 
necessarily related to  the presence of 
resistant strains in a field. Poor  disease 
control might be caused by improper appli- 
cation, extremely high infection pressure, 
or  other factors not related to resistance. 
Thus, the term "field resistance" should 
be used only when decreased fungicide 
efficacy is co r re l a t ed  wi th  increased 
frequency of resistant strains. Unfor- 
tunately, this correlation is not always 
easy to prove or disprove, and appropriate 
and approved test methods to assess this 
correlation are urgently needed. 

Despite some problems and uncer- 
ta in t ies ,  verified cases  of  fungic ide  
resistance in the field have become 
numerous (24), and strategies to  continue 
the beneficial use of these fungicides have 
had to be developed. The first goal was 
the search for  ways to  continue disease 
control with a particular fungicide even 
after a substantial level of resistance was 
established in the field. The ultimate 
goal, however, has always been a strategy 
to  prevent the buildup of resistance 
be fo re  a new fung ic ide  g r o u p  is 
introduced to  the market.  Guidelines for 
antiresistance strategies emerged, and 
their general principles are still entirely 
valid (10,34): 

The total risk of resistance is influenced 
by management factors, such as conditions 
of fungicide usage, environmental condi- 
tions, or  agricultural management meth- 
ods, and by inherent factors, such as the 
biology and epidemiology of the pathogen 
(34). One of the inherent risk factors is 
the chemistry and biochemistry of the 
fungicide, and this risk must be evaluated. 

H igh  inhe ren t  r i sk  requires  m o r e  
stringent control of risk factors relating 
to  management in order to  limit the total 
risk of resistance. In general, "at-risk" 
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