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The "downy mildew story" is well-known
for all of us. With the introduction of high
oil sunflower cultivars into Europe, the downy
mildew pathogen, Plasmopora halstedii, (Farl.)
Berl. et de Toni has ,become one of the most
limiting factors of sunflower produ,ction
throughout the continent. Fortunately, intens-
ive brseding works have started worldwide and,
as a result, rnore and more downy mildew
resistant hybrids were released. In addition,
an effective'chemical control has recently been
achieved by ,using metalaxyl, a highly specific
systemic fungicide against downy mildews an'd
reiated fungi.

In spite of these results, I am afraid, the
story h,as not yet finished. We still have
probl,ems, an . I woul'd like to mention some
of them together with our prospective
findings.

In his excellent review of the downv mildew
of sunflower, S a.c ks t o n (1981) has drawn
our attention to the lack of knowledge of P.
helstedii oospores. Altrhough these fungal pro-
pagules are of greatest importancre in inducing
primary inf,sction in the field, we do not know
h,ow long they can survive. A crop notation
of 4-5 years is generally recommenrded for
the grower to minimize the risk of disease
incid.en'ce but there is no guarantee that
suscepti'ble sunflower plants escâI)€ infection
when grown irr su,ch fields in subsequent
.years, p.articularly if weather conditions favou,r
downy mildew development. For example, in
Hungary this y€r, we observed a disease
incidence of about 300/6 in a field wher,e no
'sunflower h,as been grown since 1g?6, and ttre
susceptible hybrid, Marianne was sown with-
out seed-'dressing. It seems likely, tùrerefo,re,
that one of the major subjects in future studies
should be the biology of the oospores, their
f,ormation, dormancy, viability, and possibly
biodegradation.

We h,ave just a few information about the
fungus population existing in our ,countries, as

RECENT RESEARCH
01\ THE DOWNY MILDEW

OF ST]NFLOWER
T\ HT]NGARY

well. We .do not know what we exâctly have
under the names of P. halstedii, or P. heli,onthi.
On the basis of experimental data and field
observations of the last 10 years, we oan con-
clude that in Hungary the P. halstedii, corrr-plex
exists (Teble 1), ratfrrer than the highly special-
ized species P. helianth| as it was earlier indi-
oated by Novotelnova (1966) in the U.S.S.R. Our
P. halstedii, population is able to infect not only
wild Helianthzs species but also other members
of the Compositae. Thus, Xanthi,um strurua-
rium provd, to be a natural host of the fungus
in some areas of Hungary.

Table 7

Host plants of Plasmopara halstedii

Helianthus anrtrrus
(cultivated)

Helianthus annuus (wild)
Helianthus annuus\

H. salicifolius
H elianthu s angu stif oliu s
II elianthu s a r g ophgllw s
Helianthus debilis
H elianthu s d e c o,p etalu s
I'l eli anthu s dio ar i c atu s
H elin nthu s d or onicoiil e s
H elianthu s g r o s s e s e r r atu s
H elia nthu s m a æ imili a ni,
Hellanthus rnollis
H eli antbu s multif I or u s
Helianthus nuttallii
H elianthu s o è cid e nt ali. s
Helianthus petiolaùs
Helianthus resànosus
Helianthus rigidus
H eli.anthus s ali.cif oliu s
H eltanthus s c ab e r rirnus
Helianthus serotiruts
Helianthus stturnosus
Helianthus tuberosus
H elianthus tuber o sus )(

H. scaberràmus
Artem,isia uulgaris
Centaurea cAanus
Xanthium strumarium

N - naturel occurrence
E - artlficlal inoculation

E
D

E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

E
E
E.N

;
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Another subject of further studies would be
to continue with work on races or pathogenic
forrns of P. halstedii, pa,rticularly on factcs
affecting pathogenic variability. lable 2 shows
P. halste'dii râces and sunflower genotypes
reponted to date. Although there ar:e four re-
sistance genes against 3 or 4 râces, the newly

Table 2

Genes for resistonce to races of
Plasmopara halsteil'ii: a present status

Genes
for resistance

Races 
I

I *.o I nunaurea
Europeân 

I niver 
I

PIr

Plz

Plr
Pl4

Plr

discovered South Dakota race is still uncontrol-
ied *. During the last three years we made a
numben of isolations fr'om various looations in
Hungary and collected 35 different i'solates of
P. halstediz. In order to determine their patho-
geni,city, various sunflower genotypes were
inoculated with some of these isolates repre-
senting the mo,st important sun{lower produ-
cinig areâs of the country. The rea,ctions
obtained were aompared by means of a di,sease
index (DI%) described earlier (M o h a m e'd
and Virânyi, 1983), an'd the results are
summarized in Table 3. There are no signific-
ant difference,s between reactions of AD-66 and
HA-61, the sunflower lines possessing Pl1 or
P12 genes, r'espectively. Furthermore, the iso-
lateJ tested showed sligftrt diffenences in their
pathogeni'c character on the vêrious sunflower
genotypes.Of ,cours€, this work has to be con-
tinued and extended to more isolates and
anelyses. We interlded to perform, therefore,
sf,udies on 'the genetic base of pathogenicity
by using isogenic lines of both the host and
pathogen. An international co-operation would
be of a great practi,cel importance to ,scan the
P. Lwlstedi.i populations in the European
countries con,cerned, and to test trhem on a
series'of host differentials based on the gene
pool to be used.for resistance breeding.

Integrated plant protection is an increasing
demand in agriculture. In spite of their effect-
iveness, both geneti.c an'd. chemi,cal control
measures are time-consuming and expensive.
Any ,effort, therefore, to increase the natural
fitness of rsunflower to diseas'es shoul'd be of a
practical value. In the re'cent years a research
programme h,as been carried out in our insti-
tute to invesli'gate relationships between

* Dr. J. F. Miller (NDSU, U.S.A.,) reported at the
same consultation in Novi Sad albout the disôovery
of a.R-gene to be found effective Fgainst the tSouth
Dakota race of P. halstedii in U.S.A.
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Table 3

Incomplete resistance of sunflower genotypes to
Hungarian isolates oI Plasmopata halstedii

Genotypes

fsolates }IA-61
(PIr, Pl3)

38
40
40
36
44
36
48
3B
36
40
3B
46
42
38
42
42
40
42

3.440.38.9

36
4B

38
62
3B
56
38
3B
44
36
54
40
34
40
34
56
54
+43.8

S

S

S

S

R

S

R

S

R

S

R

S

rR

R

Ri

R

RI

R

R

H-1
}l-2
H-5
lI-6
H-?
H-B
H-9
H-10
H-12
H-13
H-18
H-19
H-20
Il-21
}l-22
H-26
H-29
H-30
î+s

100
100
100
98

100
100
100
100
100

9B
100
100
100
100
100
100
100
100

99.8 0.7

Values are given in disease index (DI%) ; based on
this, the relative aggressiveness of the isolates tested
varied between 83-1000/0.

nutrient supply of plants and their susceptibil-
ity to vario.us pathogens. Thus, experiments
have been conducte'd with sunfloweir and
P. halstedii. in relation to plant nutrition, and
encourâging results have been achieved, in
particular when changing the ,arnount of ni-
trate-nitrogen in the nutrient solution for sun-
flower plants (Mohamed and Virânyi,
19BB). Figure 1 illustrates significant a.ltera-
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h-ig. 1 - Effect of NOr - supply on downy mildew
development in trvo sunflower genotypes
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tions in the severity of downy mildew in bothsusc-eptible and resistant culiivars in relationto NO3 treatm,ents. The optimutrn level of nitro_gen varied between BZ0 and 480 ppm, and thisinterval proved to be the best for^ plânt deve_lopm.ent as well (Figures 2 and B). ïh" severestunting obtained with sus,ceptiÉe sunflowereither at low or extremely ^ high levels ofrritrate may be the result of an iicreased sus_
::etiPilily to 

-th9. 
pathogen or, more likely, acombination of this with altered plant ïesponseto unfavourable nutrition. Alth^oueh thè re_sults obtained in our model experim%nb would

neoessitate field trials as weù, one can con_
c,lude that the amount of nitrogen fertilizer
may_ influen,ce, either -positively 6r negativelythe behaviour of sunflower in tfre field, anâmight be a tool in the grower's h,and to im_prove the effectiveness of disease control.
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910 1050
N03 mg,/l

sunflo-

Location

Canada
The Netherlands
UK
Ireland
u.s.s.R.
Israel

The Netherlands
U.S.A.
Canada
Israel
Greece

U.S.A.
France
Switzerland
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pattern of healthy sunflower
to NO3 - supply

Table 4

References

Bruin and Edgington
Davidse et al.
Cooke
Dowley and O'Sullivan
Dyakov et al.
Cohen and Reuveni

Davidse
Hunger et al.
Bruin and Edgington
Reuveni et al.
Georgopoulos and Grigoriu

Bruck et al.
Clerjeau and Simone
Bosshard and Schùepp
Oros and Virânyi

910 1050
N03 hg,/l
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Althou,gh metalaxyl_ ,has a good efficacy
against the downy mildew of s-unflower, thêphenom€non of fungicide resistan,ce is appar_
lntlV^ approaohing. Èesistance to metal""yi i"
tlae.Peronosporales h.as already been sho,Ën invarious countries (Ta,ble 4), and this was the
case with P. halstedii under greenhouse expe_.
rim,ental conditions as well-(dros and Virânyi,
un'publish,ed). To avoid the oc,currence of suôh
resistant mutants or to postpone their appear_
ance, ,efforts are made worldwide.. Theôietic_ally, th'ere are several po,ssibilities for this :
(1) the use of other acylalianines might be goodif no cross-resistance ôccurs ; (2) th'e combined
appli'cation of metalaxyl wiûh'one of the con_
tact fungi.cides may help against locaily infec_lrng .downy mildew; (3) developing a new
chemical with at least the same aôtivïtv ,seems
to be diffi,cult, and ( ) the combination" of two
.sy9t9m19 ,compounds m,ay improve the fungi-
cidal effect. In our institut,e we hâve chosenthe last mentioned possibility, and we have

'a 21r,
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Fig. 2 - Plant growth pattern of mildewed
r,ver in relation to NO3 _ supply

Snecies

Acquirerl resistance to metalaxyl in the peronosporales

Probability 
I

PAthiunx ultimum
P hgtophthora iç e stans
Phgtophthora inf e stans
Phgtophthora inl e stans
F hgt ophthor a inf e st an s
P hgt ophtho r a inf e st ans
P hgt ophtho r a rn e g a s p e r n1, aï. sp. rnedicaginis
l?Ut"p?tno, a rn eg a. sp er rna
r-natopnthor0 casoici
P s eudoper ono spoi a cube n sis
P s eudoper ono spor a. cub ensis
Peronospora hgoscgami

f. sp. tabaci.na
Plasmopara oiticola
Plasm.opara uiticola
Phsmopara halstedii

ro -c]ro-

10 -7

10-6-10 -?

a
a
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developed a fungicide that is still un'der Pa]el!
p"o"u"". In both greenhouse and field trials it
ieemed to be promising against P. halstedii and
other related. species of the Peronosporales'
This fungicide showed several advantages over
metalaxyl in our 'case.

Considering the modern perspe'ctive of pJan!
protection, rie have to eÀp1oy any kind of
èontrol rneâsures that endbles us to protect
sunflower crop economi'cally an'd with no
haza'rd.
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RECHERCHES RÉIENTES CONCERNANT
LE MILDIOU DU TOURNESOL

EN HONGRIE

Résum,é

Certaines considérations sont faites sur le mode de
propagation du champignon, particulièrement par oos-
="ôËi,""i sur les formes de mildiou existânt à présent
â"- Ub"e.i". Il y a déjà une population complexe de

Ptasmopara halsteilii', en mesure d'attaquer non seu-
lement le tourneSol cultivé, mais aussi d'autres es-

beces ae Helianthus, ainsi que, certains membres de
ia tamitle de Compositae (Xanthium strumari'um)'

À la suite de l'étude effectuée avec deux différen-
tiateurs : AD-66 (Pl1) et HA-61 (Pl2) on n'a pas mis
àtt élrid.tt"" des diffèrences concernant la pathogénité
ties 35 isolés de P' l,ats:tedu, récoltés des différentes
tààahtés de Hongrie. Une étude plus complète des

souches de ce paiasite pourrait être réalisés par une
collaboration internationale dans ce domarne'
- -Gs principales pratiques culturales- menant à Ia
préveniion et à la lutte contre les maladies du tour-

nesol, sont considérées. Le niveau optimum d'azote
(NO3j, tant pour le développement {es planies, que
ùoui'i'attaqris dss rnaladies, est situé entre 370-430
ppm.

Bien que les traitements à methalaxyl se sont avé-
rés très éfficaces contre I'attaque des Peronosporales,
ii est nécessaire de trouver et d'utiliser aussi d'autres
produits chimiques, afin d'éviter l'apparition des mu-
tants résistants du Pathogène.

Dans t'Institut pour la protection des plantes on
a choisi la voie des combinaisons à deux produits
systèmiques, afin d'améliorer I'effet fongicide' Un
trouveau fongicide est déjà découvert et il est en voie
d'être homologué.

INVESTIGACIONES RECIENTES
CONCERNIENDO EL MILDIU DE GIRASOL

EN HUNGRIA

Res{t'men

En et trabajo se hacen algunas consi'deraciones
en cuanto al modo de propagaciôn del hongo (espe-
cialmente por oosporas) y las formas existentes ac-
tualmente èn Hungria. Ya existe una probaci6n com-
pleja de Plasmopara halstedii, que es capaz de at'a-
èai no sôlo el girasol cultivado sino también otras
especies d.e Helianthus y asimismo algunos miem-
bràs de la familia Compositae (xanthiura stlu-
mariunt).

Tras el estudio ejecutado con dos diferenciadores
AD-66 (Plr) y HA-61 (Plr) no se han pugs-to de re-
lieve difeienôias en cuanto a la patogenidad de 35

aisladas de P, halstedii cosechadas de diferentes lu-
gares de Hungria. Un estudio mâs completo de las
razas del parâsito podria realizarse por una coopera-
ci6n internacional en este dominio.

Estân apreciad,as las principales medidas agrofito-
técnicas pàra prevenir y combatir las enfermedades
del girasôI. El nivel ôptimo de nitrôgeno (NO:) se ha
situJdo entre 3?0-430 ppm, tanto para el desarrollo
de las plantas como paiâ el ataque de enfermedades'

A pesar de que los tratamientos con metalaxyl se
mostiaron muy eficaces en contra del ataque de
Peronosporales, para evitar la apariciôn de mutan-
tes resistantes del patôgeno hace falta que se encuen-
tren y se empleen también otros productos quimicos'

En el cuadro del Instituto de proteccidn de las
plantas se ha elegido el método de la combinaci6n de
àos productos sisiémicos para mejorar el- efecto fun-
eicidico. Un nuevo fungicida eficaz ha sido ya descu-
bierto y estâ en via de homologaci6n'




