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Downy mildew caused by Plasmopara halstedii (Farl.) Berl.
& de Toni is one of the major diseases of sunflower (Helianthus
annuus L.) (25). It is known to occur almost everywhere in
the world where sunflower is grown extensively except in
Australia, South Africa, and possibly parts of North Africa
(16). Detailed reviews of the disease have been published
(12,16). The number of known or postulated genes for resist-
ance to downy mildew has increased from two to nine since
1980, and others are certain to be discovered (11). In order
to make the naming of races that can be distinguished in a
gene-for-gene system useful to plant breeders, epidemiologists,
and others anywhere in the world, we propose that the desig-
nations be based on the genes for resistance that the respective
races can overcome, and we present information on the genes
and races already described.

Resistant varieties have given control of downy mildew in
Europe since the widespread adoption of hybrid sunflower
carrying the Pl; and/or Pl, genes for resistance, and in north-
central North America until the occurrence of new races of
P. halstedii there in 1980 and subsequent years (2,6,7). The
number of races that can be distinguished depends on the
number of distinct genes for resistance. When the gene-for-
gene relationship applies, as it has been shown to do for many
obligate parasites, the maximum number of races is 2", where
n is the number of resistance genes (4,13). The known genes
for resistance of sunflower to P. halstedii are listed in Table
1.

Only two races of P. halstedii had been identified prior to
1980. Race 1, the “European race,” was prevalent in Europe
and in a small area in the province of Quebec, Canada. It
appears able to affect only those sunflower genotypes with
no known genes for resistance. Race 2, the “Red River race,”
was prevalent in the Red River Valley of north-central United
States and adjacent areas in Canada. Race 2 was also known
or suspected to occur in small areas in several countries of
Europe, in most cases confined to experiment stations (16).
It induces typical systemic infection in sunflowers carrying
the P, gene for resistance, but not in those with gene P,

Race 3, the “new race,” was first recognized in the north-
central United States in 1980, affecting sunflowers resistant
to race 2, and was considered the dominant race in the Red
River Valley of the United States and Canada (2,7). Since
the development of sunflower lines carrying both genes Pl
and PIs, conferring resistance to races 2 and 3, races 4 and
5 have been identified in the Red River Valley (6,9). Races
2 and 3, and possibly others, have appeared recently in farm
fields in the Indres region of France (18; Gulya and Sackston,
unpublished).

Plant breeders attempting to discover and incorporate genes
for downy mildew resistance into sunflower lines for produc-
tion of hybrids must know what races are present in the areas
where those hybrid varieties are likely to be grown. Identifi-
cation of the races by names or numbers may be adequate
when only a few resistance genes and races are known. With
the recent increase in number of identified and postulated

© 1990 The American Phytopathological Society

Table 1. Genes for resistance to downy mildew of sunflower

Gene Source Description and history
Pl Encountered in lines at Conferred resistance to
Morden, Canada, from downy mildew in field
crosses of sunflower tests in eastern Canada
with wild annual (14) and in seedling
species in Texas and tests (5). Shown in
California (15). Romania to be single
dominant gene linked
with gene R, for rust
resistance; named Pl
(21). Ineffective
against downy mildew
in Red River Valley of
north-central United
States and adjacent
Canada (23,24).
Pl Encountered in line Conferred resistance to
HA 61 developed in downy mildew in
Texas from Canadian Red River Valley
line 953-88-3 area of United
carrying gene R, for States and Canada;
rust resistance (27). named Ply; synony-
mous with one of H,
or H, reported to be
present in HA 61 in
France (20,26,27).
Pl Encountered in line One of the two genes in
HA 61 in France (20). HA 61 reported to
confer resistance to
downy mildew in
France (20), distinct
from Pl, (27).
Pl, Encountered in line Conferred resistance to
HIR 34 derived in downy mildew in
France from cross of France: apparently
cultivated sunflower different from genes
with H. tuberosus (19). in HA 61 (19);
conferred resistance to
downy mildew in the
Red River Valley of
United States but was
not distinguishable
from Pl, (24).
Pl Encountered in the line Named Pls by Vranceanu

RF-S 11-5566-74
derived in Romania by
Vranceanu and
Stoenescu (22). Also
encountered together
with gene Pl in lines
DM 2 and DM 3
derived in North
Dakota from cultivars
Novinka and Progress
produced in USSR
from crosses of
cultivated sunflower
with H. tuberosus (10).

and Stoenescu (22).
Confers resistance only
to downy mildew race
3. Distinct from gene
Pl (10).

(continued on next page)
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Table 1. (continued from preceding page)

Gene Source

Description and history

Plg+? Encountered in lines HA Conferred homozygous
335 and 336 derived in resistance to downy
North Dakota from mildew races 1, 2, 3, 4,
backcrosses to 5, and 6 in tests in
cultivated sunflower North Dakota.
with crosses of wild Resistance to race 4 is
H. annuus 423 and 432, controlled by a single
respectively (11). gene (11).

Pl, +?  Encountered in lines HA Conferred homozygous
337, 338, and 339 resistance to downy
derived in North mildew races 1, 2, 3, 4,
Dakota from back- S, and 6 in tests in
crosses to cultivated North Dakota. Resist-
sunflower of crosses ance to race 4 is
with H. praecox 417, controlled by a single
419, and 424, gene (11).
respectively (11).

Plg +? Encountered in line RHA Conferred homozygous
340 derived in North resistance to downy
Dakota from back- mildew races 1, 2, 3, 4,
crosses to cultivated S, and 6 in tests in
sunflower of crosses North Dakota. Resist-
with H. argophyllus ance to race 4 is con-
(11). trolled by a single

gene (11).
Ply Encountered in line Different from PI,, also

present in RHA 274,
which confers resist-
ance to race 6 (J. F.
Miller and T. J. Gulya,
unpublished).

RHA 274 developed
in North Dakota from
line HA 61 (3).

Table 2. Races of the downy mildew pathogen of sunflower

North Apparently Apparently Proposed
American effective ineffective international
race resistance resistance race
designation genes genes designation
1 Pl,, Pl,, Pl,, Pl,, None 0
Pls, Plg+7*
Pl + 7, Ply+?
2 PL, (Ply), Pl (PL) 1
PL + PI°
Plg+ 7, Pl + 2,
Pl +7
3 Pl, + Pls, Pl +, Pl (Phy), 1,2
P+, Plg+? Pl (PL)
4 Plg+ 7, Pl + 7, Pl, (PL), 1,2,5 (CL)
Pl +? Pl (PLy),
Pl, + PIs
(CL)
5 Plg+1?, Pl +, Pl (PLy), 1,2,5
Pl +? Pl (PL),
Pl + Pl
6 Ply, Plg+ 1, PI, (PL), 1,9
P+, Pl +? Pl

“+ ? = More than one unidentified gene may be involved.
®Pl, and Pl present in genotype, Pls not yet isolated.
‘CL = Cotyledon-limited infection.

resistance genes to nine (11), and the consequent increase in
the number of races theoretically distinguishable to 512, a more
informative and useful system of designating races is required.

A comparable situation with sunflower rust (Puccinia
helianthi Schw.) led to the adoption of an international system
of naming races on the basis of the genes for resistance that
they could overcome (1,8,17). We propose that a similar inter-
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Table 3. Resistance genes and sources for differentiating “interna-
tionally designated” races of Plasmopara halstedii

Resistance genes Possible differential lines

0 Peredovik, Krasnodarets, IS 003,?
HA 89, HA 300

Pl CM 5RR, CM 90RR, HA 60, R 18,
RHA 265, RHA 266

P, RHA 274, IS 7000

PL(=PL?) HA 61? with Pl,

Pl,(=PL?Y HIR 34

P With P, in DM 2, DM 3, IS 2000, IS 3003

Plg+ 7 HA 335, HA 336

PL+? HA 337, HA 338

Pl +? HA 340

“IS genotypes are proprietary lines or hybrids of Interstate Seed Co.,
Fargo, ND, used by the second author but not available for distri-
bution.

®+ ? = More than one unidentified gene may be involved.

national system be adopted for naming races of P. halstedii.
Pathologists and plant breeders in any country could continue
to use any convenient or familiar designation for the isolates
or cultures important in their areas or encountered in a given
season. All such isolates, however, should also be identified
by listing the genes for resistance that each isolate can overcome
in aninternationally agreed standard series of differential hosts.
Such identification should include also any resistance genes
that have been shown to be effective against the particular
isolate or culture. The system is flexible. For example, if genes
Ply and Pl are confirmed as being distinct from Pl; and P,
respectively, designation of the races that attack them would
be changed by the addition of the appropriate numbers.

The races we already know, with their current and recom-
mended designations, are listed in Table 2. Some lines currently
available and suggested as differentials, and their respective
resistance genes, are listed in Table 3. Addition or substitution
of differential lines on a continuing basis could be arranged
by an ad hoc committee meeting during the International
Sunflower Conferences, held every 3 or 4 years. The next is
scheduled for Pisa, Italy, in 1992.

The Red River Valley of North Dakota, Minnesota, and
Manitoba at present appears to be a center of rapid changes
in the population of P. halstedii. All but race 1 of the known
races have been identified there. The Oilseeds Research Unit
of the U.S. Department of Agriculture currently develops and
releases germ plasm lines to sunflower breeders throughout
the world and identifies and stores new races of the pathogen
as they are discovered. It may therefore be a suitable
clearinghouse for information on race identification and for
distributing seed of differential lines for identifying races of
P. halstedii elsewhere.
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Salute to APS Sustaining Associates

This section is designed to help APS members understand more
about APS Sustaining Associates. Information was supplied by
company representatives. Each month different companies will
be featured. A complete listing appears in each issue of
Phytopathology.

Abbott Agricultural Research Center. Contact: Bruce
Kirkpatrick, 6131 RFD (Oakwood Road), Long Grove, IL
60047;708/367-2905. From its inception, Abbott Laboratories
has operated under two guiding principles: to perform superior
research and to manufacture top-quality products. Following
these principles, the Chemical and Agricultural Products
Division has become a world leader in biological pesticides
and fermentation technology. Its main interests are in the fields
of mycoherbicides, bioantagonists of plant disease, plant
growth regulators, biological insecticides, and natural products
from fermentation. Its mission is to conceive, research, and
develop new agricultural technologies for the production and
protection of crops.

Agriculture Canada. Contact: Librarian, Research Station,
Vineland Station, Ontario, Canada LOR 2E0; 416/562-4113.
The Agriculture Canada Vineland Research Station, one of
over 40 research establishments of the Research Branch of
Agriculture Canada, was built in 1967 and was formed by
amalgamating the Dominion Entomological Laboratory at
Vineland and the Plant Pathology Laboratory in St. Cath-
arine’s. A comprehensive program of crop protection research
serving the horticultural industry is carried out at the Vineland
Research Station. A multidisciplinary approach is adminis-
tered, applying entomology, toxicology, acarology, nematol-
ogy, virology, mycology, computing science, and residue chem-
istry expertise to the pest and disease problems of various
horticultural crops. Pest and disease management programs
at the station include research on tree fruits, vegetables, grapes,
glasshouse ornamentals, small fruits, and woody ornamentals.
Some work is also performed on forage crops and tobacco.
The diversification of plant protection research supports a wide
range of horticultural industry problems.

Agri-Diagnostics Associates. Contact: E. B. (Steve) Banegas,
President, 2611 Branch Pike, Cinnaminson, NJ 08077; 609/
727-4858. Agri-Diagnostics is dedicated to improving the man-
agement of agronomic practices through diagnostic products
that provide reliable, rapid, and economical detection of plant
pathogens, chemicals, and plant components.

Alf Christianson Seed Co. P.0. Box 98, Mt. Vernon, WA
98273; 206/336-9727; facsimile: 206/336-3191; telex: 4945728
ALF UL Alf Christianson, founded in the late 1920s by the
grandfather of the present principals, Ken Christianson,
president, and David Christianson, vice-president, grows vege-
table seeds for the wholesale seed trade worldwide. Production
is largely divided between the maritime counties of Puget
Sound and the Columbia River Basin of Washington State.
The principal seed crops are beet, cabbage, carrot, collards,
herbs, kale, mustard, radish, rhutabaga, spinach, swiss chard,
and turnip. Alf Christianson is a member of the American
Seed Trade Association, The Federation of International
Seedsmen, and a number of state and local seed trade organi-
zations. It firmly supports state agricultural extension and
research units, appropriate federal agricultural programs, and
farmer causes of merit.

American Cyanamid Company. Contact: Allen B. Kingman,
Agricultural Research Center, P.O. Box 400, Princeton, NJ
08543-0400; 609/799-0400. American Cyanamid is a global,
high technology, research-based company founded in 1907,
and it currently ranks among the 100 largest industrial firms
in the United States. Annual sales exceed $3.5 billion from
agricultural, medical, chemical, and consumer product lines.
The Agricultural Group serves crop and livestock producers
and public health programs worldwide with technologically
advanced, environmentally acceptable herbicides, insecticides,
animal nutrition, and health products and fertilizers. Cyanamid
recently introduced the first in a series of new chemical herbi-
cides, the imidazolinones, which represent an entirely new class
of chemistry. An expanding global agricultural research and
development program has a number of additional significant
new products under development.
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