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MILDEW RESISTANT SUNFLOWERS AND
THEIR ROLE IN EPIDEMIOLOGY
OF DOWNY MILDEW

Downy mildew (Plasmopara halstedii Berl.
et de Toni) of sunflower (Helianthus annuus L')
was first recognized in the south of Spain in
1972 (R. Jimener-Diar, 1973). Although commer- -
cial production of oilseed sunflower began re-
cently in Spain, large-seeded types for confec-
tionery use have been grown for many years
(R. Lopez de Haro, 1975). It is probable that
downy ‘mildew was introduced many years ago
but was not noticed in the small-scale product-
ion of the old varieties, ‘Judging by its distri-
butien in 1972, mildew had been present in
the south of Spain for at least two or three
years before being recognized. The pathogen
originated in North America, the centre of sun-
flower evolutlon, and spread from there with
the seed (E.E. Leppik, 1962). Its ability to per-
sist in "latent" infections in symptomless plants
from infected seed for one and sometimes two
generations, meanwhile infesting the soil with
- oospores produced on and in the roots, made
it difficult to recognize and prevent this seed-
borne dissemination to. most countries where
sunflower' is .grown (V.- Cohen, W.E, Sackston,
1974; D. Delanoe, 1972 N.S. Novotelnova, 1963;
O.l.. Tikhonov,’ 1973) The disease is of major
importance in many countnes where tempera-
ture and moisture conditions are favourable, ahd
has become a limiting factor in some areas.

The only effective control is the breeding
. of mildew-resistant varieties and hybrids., Plant
breeders in most sunflower-growing countries
are uszng sources . of mildew" res1stdnce derived
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from wild annual sunflower species from North
America, and in a few instances, from inter-
specific crosses with H. tuberosus L. (_p-gLe‘?' :
lercq, V. Cauderon, M, Dauge, 1970; E.V,,Pus‘to.. .
voit, LA. Gubin, 1975; V. Vranceanu, F. Stoe-
nescu,. 1970; D.E, Zimmer, M.L, Kinman, '19?2)°
At least three, and probably four genes have
been shown fo govern resistance, which ap-

- pears to be inherited as a simple dominant
factor (F, Vear, 1975; F. Vear, P. Leclercq, 1971;
D.E. Zimmer, G.N. Fick, 1975). "Horizontal" or
non-specific resistance may be present in
some selections (F. Vear, 1975). It would be
highly desirable to incorporate such resistance,
in view of the occurrence of the "Red River"
race of the pathogen in North America, which
attacks two of the resistance genes effective
in Europe (D.E. Zimmer, G.N. Fick, 1975), the
apparent appearance of a similar race in the
south of the USSR (B.K. Pogorletsky, '

E.E. Geshele, 1975), and its probable future
appearance elsewhere (W.E. Sackston, 1975). -
Incorporation of two or more distinct and pre-
viously unused resistance genes in any new
variety ‘of hybrid should reduce -greatly the
probability of new, more virulent races arising.

. by ‘mutation, and should thus extend the useful
"life" of such resistant varieties (W.E. Sackston,
1975; F. Vear, 1975). . :

The most resistant lines and hybrids produ-
ced are not immune from infection, although the
term "immunity" is used in some countries to
signify resistance. Mycelium of the pathogen
was observed in incculated seedlings of re-
sistant lines in the lower hypocotyl (D. De-
lanoe, 1972), and as high as the cotyledonary
node (F, Montes, W.E, Sackston, 1975), Seedl-
ings in which the pathogen sporulates to a

~limited extent on the cotyledons, but not on the
true leaves, may be Classified as resistant in
genetic studies (Véar, ‘personal communication).
Oospores of the fungus are formed in the basal
tissues of inoculated resistant as well as sus-
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ceptible seedlmg,s w.lthm six days (Sackston,
unpubhshed)

Although sporulatxon of the pathogen on and ’
‘within resistant seedlings is less than in sus-
ceptible plants, ‘it may serve to maintain and
disperse 1noculum in the field and in the soil.
This inoculum may’ be particularly .dangerous. As.
it is produced -on resistant plants, a mutant for-
pathogenicity at the appropriate loci would “be"
ideally situated :to infect more tissues and to
spread. This makes it even more important that
‘any sunflower varieties or hybrids released °
for widespread sowing, possess - at least two ge-
nes for resistance not previously widely used in
the area. The identification and. incorporation of -
genes for generalized or "horizontal' resistance
would. provide additional assurance that the .°
mildew  resistance in such varieties would re-
main  effective for a longer period of years.

It would also be extremely useful to be able
»to protect sunflower from mfecuon, or to destroy
the pathogen in the host after infection occur-
red, by treating with fungicides., Given the rela-
tively low value per unit area of field crops such
as sunflower, the ideal treatment would be one ‘
applied to the seed. It should be effective
against inoculum on and in the seed, should be
systemic, and should be effective against sub-
sequent infections at least until the seedlings
reach the six leaf stage. : :

Various standard seed treatment fungicides
have been tried at Cdérdoba, and in earlier work
in Canada (Sackston, unpublished). None gave
significant protection against soil-borne inocu -
lum, or against later secondary infection. Seve-
ral systemic fungicides submitted for test by
chemical companies, and applied as seed treat-
ments, also failed to protect the seedlings agaunst
subsequent infection by the pathogen.

Some of our current work with new fungici-
des is giving interesting results. Two. systemic
fungicides, Nurelle and Prothiocarb, which pro-
ved ineffective when applied as seed treat-
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ments, appeared to eradicate the pathogen in
inoculated pre-germinated seedlings if they were
applied within four days after inoculation. Nurel-
e, a product of Dow Chemical, is 2-chloro-6
methoxy- 4-(trichloromethyl) pyridine. Prothiocarb,
produced by Schering AG, is 1-(prophyldime-
thyl amino), 2- ethyl-thiocarbamate.  Sporulation
was observed on 25% of seedlings treated with
Prothiocarb on the 5th day after inoculation,
on 50% of seedlings treated on the 6th day,.
and on 95% of seedlings treated on the 7th day’
after inoculation. Sporulation was  observed on 5
to 10% of the seedlings treated with Nurelle 5
to 7 days after inoculation. V :
We are now investigating the method of -
action of these fungicides, the duration of any
possible protective eff=ct, the concentration re-
quired to control the pathogen, phytotoxicity,
etc. As far as we are aware, this is the first
report of control of Plasmopara in infected sun-
flowers by a systemic fungicide. Although it
may not prove feasible to control the disease
in the field with either of these products, the
fact that two dissimilar chemicals are effective
against it indicates that products combining the
necessary characteristics may be discovered in
the near future..
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