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Abstract:

Reduction in the impact of a sunflower disease caused by a parasitic fungus requires
collaboration between all the specialists working on this crop. If there is co-ordination
between pathologists, agronomists, phytopharmacists, geneticists and molecular biologists, an
integrated control system can be envisaged. This would include cultural, chemical, biological
and genetic control. The main aim would be to reduce the impact of the disease on the crop to
a minimum, and with the least possible unfavourable effects on the environment. The
questions of both costs and time must be taken into account. A cheap solution in the short
term may be financially unacceptable in the long term.
The variations in the importance of downy mildew on sunflowers provide an interesting and
useful example. Using this model, the present paper tries to stress the importance of
collaborations between the different specialists and also between the different countries in
which sunflowers are grown, to control this disease which may be considered as world-wide.

Résumé :

Afin de réduire l'impact d'une maladie due à un parasite fongique, il est nécessaire que
toutes les disciplines s'investissent. Si les pathologistes, les agronomes, les phytopharmaciens,
les généticiens et les biologistes moléculaires coordonnent leurs travaux, nous pourrons alors
envisager une véritable lutte intégrée. Celle-ci a pour objectif de mettre en ?uvre de façon
raisonnée, les méthodes de lutte culturale, chimique, biologique et génétique. L'objectif est de
réduire au maximum l'impact d'une maladie sur une culture et cela au moindre coût et avec le
moins d'impact négatif sur l'environnement. La notion de coût doit intégrer la variable temps,
en effet une solution peu onéreuse au temps t=0 peut s'avérer financièrement inintéressante au
temps t = 10 ans.
L'évolution du mildiou du tournesol, ces 10 dernières années, est riche d'enseignement. C'est à
partir de ce model que nous avons essayé de mettre en évidence le rôle des collaborations
interdisciplinaires mais également entre pays producteur de tournesol, dans la maîtrise de
cette maladie que nous pouvons qualifier d'universelle.



Introduction

Diseases can affect the crops they attack in many ways. The first and most important
problem is yield loss. These losses cause closely correlated reductions in financial returns. A
reduced profitability of a crop may then cause less interest for the farmer, and a reduction in
the area grown, or at best, movement of the crop from the most fertile soils to less productive
areas. In addition, the necessity of breeding resistant, or at least less susceptible, varieties
means that, with constant input, less work can be done on other breeding objectives such as
productivity. Long-term control of the main diseases of sunflower appears indispensable for
the development of this crop.

Diseases specific to a single crop region are rare, in particular, the modern means of
commercial exchange favour pathogen spread. It is illusory to imagine integrated control
which is not international in outlook. The development and changes in sunflower downy
mildew caused by Plasmopara halstedii, during the past twenty years demonstrates how we,
pathologists, geneticists, agronomists, chemists ought to react when faced with an important
disease. The simplest solutions are not always the best.

1. Year to year variation in the importance of sunflower downy mildew.

All parasitic diseases are dependent on climatic conditions. Their impact on the crop
varies considerably from one year to another, and between geographic regions and even
between fields. Because of this, it is difficult to determine in the short-term, the validity of
any particular control method. Reasoned control methods are developed a priori, but their
justification can only be judged a posteriori. The history of downy mildew in Europe, more
particularly in France, provides an example of choices which were justified economically in
the short term, but the consequences of which were not always favourable.

P.halstedii (Oomycete), the pathogen which causes downy mildew, originated, like its
host, sunflower, from North America. It was introduced into different countries around the
world in seed shipments. Today, all countries where sunflowers are grown, with possible
exception of Australia, are affected by this disease which may cause serious yield losses. The
appearance in North America of a large number of different races of P.halstedii led Canadian
and American breeders to search for resistance genes in the wild forms and species of the
genus Helianthus available in that continent. More than 15 genes have been cited in the
literature. In contrast, at least in recent years, Eastern European countries appear to have
preferred widespread use of seed dressings with metalaxyl, the anti-oomycete fungicide
available for sunflowers since 1979.

Downy mildew was first reported on sunflowers in France in 1966. At this time, the
crop covered only a few thousand hectares and its development was limited by the problems
caused by this disease. In the nineteen seventies, the simultaneous discoveries of cytoplasmic
male sterility and genetic resistance to downy mildew were the basis of a dramatic increase in
the area sown to sunflowers. This area jumped from about 30 000 ha in 1975 to more than 1
million hectares at the end of the eighties. During this period, the only control method used
was genetic resistance. This monogenic, dominant, complete resistance was quite easy to
include in the new hybrid varieties, and meant that the farmer had no need to consider the
problem. Only one race (race 1, now known as race 100) was observed in Europe using these
years although 4 new races appeared in North America (all different from race 100). In
France, chemical control based on a systemic fungicide (metalaxyl) used as a seed dressing,



was only applies on susceptible genotypes, as in breeding nurseries or seed production.
Although several resistance genes had been discovered, one (Pl2) was used almost
exclusively.

No disease attacks were observed until 1988. In this year and those following, downy
mildew caused yield losses, at first in only two regions and then more generally in all
production areas. Two new races of P.halstedii were identified, followed by two others.
Chemical control was used almost immediately to protect all the varieties susceptible to the
new races of downy mildew, with generalised metalaxyl seed dressing. Loss of efficiency of
this compound was observed for the first time in 1994, but by 1999 it was so widespread that
the economic viability of the crop in some parts of the two main French growing areas was
questioned. However, efforts by breeders to introduce resistance sources discovered in the
USA into new or existing varieties has meant that genetic resistance has again become the
most important control method. In 2000, about 80% of the sunflower crop in infected areas is
sown with resistant varieties.

Thus, after a period of stability which lasted more than 10 years (1978-1990), in which
there was a considerable extension of the crop, first the genetic resistance used was overcome
by the fungus, and then the only available chemical control became inefficient. What is likely
to happen in the future?

2. The importance of pathological studies

Planned control methods require a good knowledge of the variability of the pathogen
and of factors affecting the disease cycle. A survey of the literature published indicates that
pathological studies on P.halstedii were quite frequent before 1980 (mainly Canadian,
American and European), rare during the eighties and then given new importance since 1990.
The few studies from 1980-1990 are explained by the discoveries of the first resistance genes
and of metalaxyl, resulting in downy mildew being controlled quite satisfactorily. The
development of new races and of resistance to metalaxyl in the last 10 years have emphasised
the gaps in our knowledge of the pathogen and the disease.

Variability of P.halstedii:
Pathologists were immediately confronted with the problem of the lack of a common

method to characterise races. Comparisons could not be made between studies in different
countries, which caused confusion and difficulties for the sanitary control organisations and
for breeders. This difficulty was overcome in 1998 by adoption of an international
nomenclature. In addition, molecular biology techniques now make it possible to analyse the
pathogen's genome. Such studies are of great importance in analysis of changes in the
parasite, both within single areas and between continents. For example, they showed that the
races which appeared in France in 1988 and 1989 (races 703 and 710) were genetically closer
to American P.halstedii populations than to the European race 100. It seems likely that they
were introduced in seed imports rather than developing by mutation of race 100. A good
knowledge of genetic variability requires worldwide co-ordination of research programmes
like those now being carried out in the USA and in France. An FAO programme is being
undertaken.



Downy mildew epidemiology:
This disease is favoured by damp spring weather. Detailed studies which relate disease

importance to measurable pedo-climatic factors have made it possible to suggest crop
management programmes (soil preparation, sowing date...) which permit farmers to limit the
likelihood of downy mildew attacks. Analysis of symptoms following artificial infections at
different vegetative stages has shown that the systemic symptoms (those which cause yield
loss and may lead to seed contamination) often result from shoot infections which are not
controlled by seed dressings. Seed infestation may even occur in the absence of characteristic
downy mildew symptoms during vegetative growth.

Development of resistance tests:
The pathologists develop the tests which are necessary not only for breeders but also

for pharmaceutical firms looking for new active compounds. The « cotyledon limited
infection », characteristic of some resistant sunflower genotypes has been explained and
makes it possible for breeders to use a wider range of resistance sources. Similarly, the use of
non-specific polygenic-type resistance will be possible using artificial infection methods
which have been developed.

Physiology of the P.halstedii/sunflower interaction:
Molecular biology tools have made it possible for physiopathologists to describe with

greater precision the biochemical mechanisms developed during a defence reaction (after
pathogen/host recognition by virulence/resistance genes). It is not unreasonable to think that,
in the long term, it will be possible to select for some forms of the genes involved in these
reactions and not just for the Pl resistance genes as at present.

3. Prevention of the disease rather than cure

During the 1980s, the lack of yield loss caused by downy mildew led to a relative lack
of interest in research on means to reduce the risk of spread of downy mildew. When the new
races of P.halstedii appeared in France, our incapacity to check seed shipments showed that
sunflower growing countries were liable to introduction, through commercial exchanges, of
new isolates (new races with different virulence or isolates with metalaxyl resistance) capable
of rendering the control systems in place quite useless. Only the Australian customs
quarantine system may have had some efficiency.

Sanitary checks on seed:
The development of diagnostic tools appears to us of first importance. The Elisa

technique, which has been widely used with other pathogens, but also molecular methods
(PCR), now available, should make it possible to produce quite rapidly a diagnostic kit which
will allow plant protection organisations to make checks which will limit the risks of
importing new pathogen isolates. At present, seed production must not be carried out in
contaminated fields and any plants with downy mildew symptoms which do appear must be
removed immediately.



« Common sense » rules for sunflower growers:
Sunflowers are reputed to be an easy crop to grow, but this is not a reason for not

respecting basic principles of disease control. Analysis of the fields showing the most severe
downy mildew attacks has shown that the greatest risks came from fields where sunflowers
are grown very frequently. Rotations are essential in the control of downy mildew. The spores
responsible for infection of sunflower plants require the presence of free water. It is therefore
recommended that soil preparations should be such as to avoid stagnation of water, and
sowing should be put off for a few days if the soil is not sufficiently drained. The fungus can
multiply in volunteer plants all the more easily since these plants are not protected by seed
dressings and not necessarily by genetic resistance. Thus, volunteer plants in the sunflower
crop and in adjacent crops or fallows should be removed.

4. Management of genetic resistance

The discovery in cultivated sunflower of dominant genes (Pl) providing complete
resistance to downy mildew was of great importance in controlling this disease. In France, it
made possible growth of this crop from 1978 to 1988 without any other protection measure.
However, the appearance of races with increased virulence raised doubts as to the efficiency
of this type of control. The use of new genes could be followed by re-occurrence of the same
problem in the more or less close future if a more integrated policy is not developed.

Characterisation of resistance genes:
Resistance genes are quite frequent in wild Helianthus annuus and other Helianthus

species. Among the genes known, Pl6, Pl7 and Pl8, discovered in the USA, give resistance to
all known fungal races. Their best use can only follow a more detailed knowledge of their
individual characteristics. For example, Pl6 has been shown to be a cluster of genes, each
with specific resistance to a particular fungal race. Molecular studies should make it possible
to distinguish these genes and the others that may be discovered, both concerning their
localisation on the sunflower chromosomes and their resistance mechanisms. Such knowledge
will allow breeders to make best use of these genes.

Multigenic varieties:
To use only one resistance gene is an error of strategy. The French example is striking:

during the eighties we had an almost monoculture of Pl2, nearly all registered varieties having
the same resistance gene. The appearance of new, more virulent races destroyed this control
method immediately. It seems desirable to use as wide a series of genes as possible to control
the parasite. Such multigenic control requires the construction of hybrids which assemble
several resistance genes. This is possible since it has been shown that the genes known form
several clusters, situated on different chromosomes. This strategy is used in some European
varieties with several resistance genes. For example, one parent may contain Pl2, with
resistance to races 100, 300, 310 and 330 and the other parent Pl5, which is situated on a
different chromosome and gives resistance to races 100, 300, 310, 700, 703 and 710. To make
breeding programmes for such varieties more efficient, molecular markers closely linked to
the different genes would be a great help.



Multigenic resistance would also be encouraged by diversification of resistance
sources in any one production region. For this, the resistance genes used in commercial
hybrids need to be known and for there to be alternations in the varieties used. It may be noted
that in France, at least four sources of resistance are used in present breeding programmes.

Polygenic resistance:
Observations made of natural attacks under strong parasitic pressure (mean attack:

30%), have shown that, in the absence of Pl genes efficient against the prevailing P.halstedii
race, some hybrids were regularly less attacked than others, or they show less severe
symptoms. Molecular studies have also shown that many genes, genetically independent of Pl
genes are involved in defence mechanisms. Although long and costly, it would be possible to
develop breeding programmes based not only on oligogenic resistance genes but introducing
also polygenic types of resistance which are likely to be more durable.

5. Search for new fungicides

Chemical control by seed dressing with metalaxyl has been either as a sole control
methods (at a time when genetic resistance was not obligatory) or to maintain the sunflower
crop when genetic resistance had broken down. The selection pressure due to widespread use
of a single compound with a site-specific action gave rise, more and more frequently to
P.halstedii isolates resistant to metalaxyl. Analyses carried out in France during the last few
years have shown that the level of resistance of these isolates increased from year to year. In
some regions, seed dressing had no effect at all.

The future of metalaxyl:
This compound is of great interest. Its use as a seed dressing has given complete

control. Does the appearance of resistant P.halstedii isolates necessitate its abandonment?
Laboratory analyses have shown that, for a pathogen population resistant to metalaxyl, the
absence of selection pressure obtained by allowing the fungus to multiply on un treated seed,
causes a significant reduction in the level of metalaxyl resistance of the population. In areas
where this resistance is present, a complete, but short term cessation in the use of this
treatment should lead to a notable reduction in the metalaxyl resistance, making possible its
re-use the longer term.

New compounds and mixtures:
The use of resistant varieties does not eliminate the need for chemical control. Since

sunflower seeds, like most commercial seeds, are dressed, a complimentary protection with
several fungicides efficient against downy mildew is possible. Procedural recommendations
based on past experience on sunflowers and other crops are: 1) avoid the use of site-specific
fungicides (like phenylamides such as metalaxyl), except in association with multi-site
fungicides and on varieties with no genetic resistance; 2) use alternately mixtures of
compounds with different modes of action. Systematic seed dressing of resistant varieties
with only those fungicides for which no parasitic adaptation is known, could help to increase
the durability of the genetic resistance. This policy, as well as increasing the length of useful
life of Pl genes, should motivate phytopharmaceutical firms to plan chemical control on
sunflowers, and to undertake research programmes for compounds to be used on this crop.



Spraying during crop growth:
Sunflowers are a crop which require few treatments during growth. However, even if,

compared with cereals or rapeseed for example, sunflowers are a « tough » crop, considering
it to be an « easy » crop leads to lack of interest by farmers when there are parasitic losses.
Spraying with fungicides against downy mildew could be part of a management system which
would ensure a wider protection against most of the parasites which cause yield loss
(Sclerotinia, Diaporthe, Phoma, Alternaria, Verticillium, Albugo...). The advantage of such a
treatment would be its control of natural mutants of P.halstedii capable of overcoming the
resistance genes. No site-specific fungicide could be used and possible environmental hazards
would have to be taken into consideration.

Conclusions

Monolithic control methods must cease. The future of disease control based on a
single resistance gene appears very short-lived and the same is true for a site-specific
fungicide. In addition, such methods do not make for responsible behaviour by the other
partners of the profession. What would be the use of investing large sums of money in
research for new fungicides if the market does not exist? Why invest in breeding programmes
if the resistant hybrids have no commercial interest? Why take husbandry precautions if the
varieties are already protected by resistance genes or efficient fungicides?

Control of downy mildew must include:

1. Strict sanitary control of imported seed:
Since it is known that seed are the main vector from one continent to another, it

appears most important to limit, as much as possible, movements of the parasite. The
introduction of a new isolate of P.halstedii into a given region has two types of consequences:
a) its virulence may break down the genetic resistance of the sunflower varieties grown in that
area; b) the genetic exchanges between P.halstedii populations could give rise to new virulent
races or isolates with increased aggressiveness. To prevent these risks, it appears desirable to
develop methods of characterising the pathotypes present in all the sunflower production
regions. Progress obtained in research for diagnostic tools (Elisa test or molecular analyses)
should be applied to provide diagnostic tools.

2. Crop management techniques unfavourable for the parasite:
Methods of eradicating the parasite not being possible, acquisition of more precise

knowledge of the factors determining downy mildew infections should make it possible to
suggest cropping systems less favourable to the parasite, perhaps including spraying during
crop growth. In addition to eliminating seed which may be contaminated, the unfavourable
effect of fallows which serve as sources of inoculum, and short rotations which allow
inoculum to be renewed, should be taken into account. Recent studies, which have shown a
close correlation between rainfall and the rate of early infections, make it possible to improve
decisions as to sowing dates according to weather forecasts.

3. Multigenic control rather than that based on a single resistance gene:
This depends on knowledge of all the Pl genes available in the Helianthus genus and

their molecular characterisation. The latter should make it possible to construct genotypes
with resistance genes differing in their ranges of races controlled and in their methods of
action. Such a series can be obtained in a series of varieties and, for genes that are not allelic,
in single varieties. Finally, recent observations of differences in susceptibility to natural



attacks of downy mildew in the absence of efficient Pl genes show that it would be possible to
develop non-specific polygenic resistance.

4. Chemical control as an ally of genetic control rather than as a remedy for its failure:
The use of a single compound with site-specific action leads, sooner or later, to the

appearance of resistant isolates, even when its use is limited to seed dressing. When such
isolates occur, its use must be halted to eliminate selection pressure on the parasitic
population. This type of compound, even if its control properties are outstanding, as in the
case of metalaxyl, should only be used mixed with other, multi-site, compounds. The latter,
which are not known to cause any adaptation of the fungal population, should be used to
support genetic resistance, by systematic treatment of all sunflower varieties. Further, using
our knowledge of factors determining aerial attacks, preventative spraying during growth
should be considered. The aim of such treatments would be to ensure maximum durability of
the resistance genes.

Today's investment in integrated control should provide tomorrow's returns, since they
will help to ensure the continued growth of the crop. They will help to avoid upsets in
production and sudden changes in breeding objectives, so ensuring that progress in
productivity (both yield and general disease resistance) will be continued and stable.
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