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Abstract. The fungal pathogen,Diplocarpon rosae, infects only roses (Rosa spp.) and leads
to rose black spot disease. Rose black spot is the most problematic disease of outdoor-
grown roses worldwide due to the potential for rapid leaf chlorosis and defoliation.
Eleven races of the pathogen were previously characterized from isolates collected in
North America and Europe. Isolates ofD. rosae obtained from infected leaves of the roses
Brite EyesTM (‘RADbrite’; isolate BEP; collected in West Grove, PA) and Oso Easy�

Paprika (‘CHEwmaytime’; isolate PAP; collected in Minneapolis, MN) proved to have
unique infection patterns using the established host differential with the addition of
Lemon FizzTM (‘KORlem’). The new races are designated race 12 (BEP) and race 13
(PAP), respectively, and Lemon FizzTM should be included in the updated host differ-
ential because it distinguishes races 7 and 12. Additionally, inconsistent infections and
limited sporulation were found in the host differential KnockOut� (‘RADrazz’) for races
7 and 12. Expanding the collection of D. rosae races supports ongoing research efforts,
including host resistance gene discovery and breeding new rose cultivars with increased
and potentially durable resistance.

Rose black spot disease is caused by the
hemi-biotrophic fungus Diplocarpon rosae,
and this pathogen solely infects roses
(Debener, 2019). Rose black spot is consid-
ered the most problematic and widespread
disease of outdoor-grown roses in humid/wet

climates due to the potential for rapid defo-
liation of susceptible cultivars. Repeated de-
foliation events can weaken plants, leading to
diminished aesthetics; in severe cases, they
can contribute to plant death (e.g., winterkill).
Outdoor-grown roses are particularly vulner-
able to this disease due to the frequent
occurrence of environmental conditions that
are conducive to infection. Spores need sev-
eral hours of water on the surface of a
susceptible rose host for infection to occur
(i.e., common with rain and dew events).
Additionally, spores typically spread to un-
infected tissue through rain splash.

The life cycle of D. rosae includes an
asexual stage (which predominates) and a
sexual stage that is seldom observed
(Debener, 2019). Repeated infection of re-
cently emerged foliage of susceptible culti-
vars can occur throughout the growing
season. Conidia overwinter on leaf debris
and stem tissue and serve as inoculum for

the continuation of the asexual stage the
following growing season.

Isolates of D. rosae have been collected
and preserved by growing them on fresh leaf
tissue of susceptible host cultivars or cultur-
ing them on artificial media (Whitaker et al.,
2007b). Single spore isolates are commonly
prepared to ensure each isolate is a single
genotype. Over the years, multiple research
groups have collected isolates within their
geographic region and classified them into
physiological races based on virulence on a
set of independently chosen host cultivars
(Bolton and Svejda, 1979; Debener et al.,
1998; Whitaker et al., 2007b; Yokoya et al.,
2000). Unfortunately, many of these isolates
have not been effectively preserved and are
no longer available.

Whitaker et al. (2010b) obtained and fur-
ther characterized isolates of D. rosae that
had been classified into races by researchers
in North America and Europe with the goal of
establishing and preserving an international
race collection with unified nomenclature.
Isolates from these different research groups
were resolved into 11 unique races and des-
ignated races 1 to 11. The international D.
rosae isolate collection is cryopreserved at
the University of Minnesota, and isolates
have been made available to researchers on
request and with appropriate permits.

Characterized isolates of D. rosae have
been useful for multiple research applica-
tions. Practical applications of characterized
D. rosae isolates have included studying
geographical race distribution (Werlemark
et al., 2006; Whitaker et al., 2007c), charac-
terizing race-specific and nonrace-specific
resistance in specific rose cultivars (Zlesak
et al., 2010), and the discovery and charac-
terization of resistance genes (von Malek and
Debener, 1998; Whitaker et al., 2010a; Zurn
et al., 2018, 2020).

Identifying and adding unique races to the
international D. rosae race collection
strengthens this valuable resource. Charac-
terizing isolates obtained from cultivars that
have not previously displayed black spot
symptoms in a region (resistance-breaking
isolates) is one method of streamlining the
identification of possible new races. Such
isolates may result from the migration of a
previously characterized race to a new region
or may represent a new race that may have
occurred through sexual reproduction or mu-
tation. Moreover, the identification of patho-
gen races within a region can provide new
insights to breeders and growers regarding
resistance gene deployment and stewardship.

Materials and Methods

Resistance-breaking isolates were ob-
tained from the roses Brite EyesTM (‘RAD-
brite’, West Grove, PA, in Sept. 2009; lat.
39.49572� N, long. 75.53001� W) and Oso
Easy� Paprika (‘CHEWmaytime’; Minneap-
olis, MN, in July 2016; lat. 44.92691� N,
long. 93.29671� W). These roses had previ-
ously been challenged and were found to
be resistant to races 3, 8, and 9 (isolates
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collected in eastern North America) (Zlesak
et al., 2010). The authors had not observed
and did not have knowledge of these cultivars
previously displaying black spot symptoms
in north central and northeastern landscapes
in the United States. A single spore isolate
from infected leaves of Brite EyesTM and Oso
Easy� Paprika were cultured and the isolates
were designated BEP and PAP, respectively.
These isolates have been maintained using
detached leaves of the cultivars from which
they were collected and also ‘Morden Blush’,
a cultivar susceptible to all D. rosae races
in the collection. The isolates were also
cryopreserved on leaf tissue and accessed
again, as needed, according to Whitaker
et al. (2007a).

Nine cultivars in the D. rosae interna-
tional host differential (Whitaker et al.,
2010b) (the first nine cultivars in Table 1)
plus ‘Morden Blush’ as a universal positive
control were challenged with isolates BEP
and PAP using detached leaf assays. Addi-
tionally, the roses Brite EyesTM, Oso Easy�

Paprika, and Lemon FizzTM (‘KORfizzlem’)
were each challenged with races 1 to 11 and
BEP and PAP. Knock Out� (‘RADrazz’)
was also challenged with isolate R6 of race
7 to confirm the report by Rouet et al. (2019)
that Knock Out� is susceptible to race 7, which
differed from a previous report (Whitaker
et al., 2010b). Inoculations were conducted
as previously described (Whitaker et al.,
2010b), with the modification of pipetting
inoculum onto leaves instead of misting to
have more controlled inoculum placement
as described by Zurn et al. (2018). To avoid
cross-contamination of isolates, sterile, dis-
posable 50-mL centrifuge tubes and pipettes
were used to prepare and distribute inoculum
and new nitrile gloves were used between
handling each isolate. Reactions were scored
as susceptible if expanding lesions with acer-
vuli were present at or before day 14 after
inoculation and resistant if at day 14 acervuli
were not present when viewed under a dissect-
ing microscope.

At least four boxes per differential host–
isolate (BEP and PAP) combination were
prepared, and each box had at least two
leaves. Two boxes of each differential host–

isolate (BEP and PAP) combination (along
with two boxes of ‘Morden Blush’ per each
isolate as a positive control and Brite EyesTM

and Lemon FizzTM) were inoculated on 15
Mar. 2020 and assessed on 29 Mar. 2020.
Inoculated boxes were grouped on a separate
section of the laboratory bench based on the
isolate and then arranged within groups using
a completely randomized design. The remain-
ing two or more boxes of leaves for each
differential host–isolate (BEP and PAP) com-
bination were inoculated during a 3-year pe-
riod (Apr. 2016 to Dec. 2019) coinciding with
routine race/isolate maintenance. The 11 races
and BEP and PAP were grown continually on
leaf tissue with inoculum prepared and trans-
ferred to fresh leaves approximately every
2 weeks. ‘Morden Blush’ was one of the
susceptible hosts used for isolate mainte-
nance, thus allowing it to serve consistently
as the positive control. Three boxes (with two
or more leaves) from susceptible host(s) (at
least one box of which was leaves of ‘Morden
Blush’) were prepared for each isolate as part
of isolate maintenance. Simultaneously, the
boxes containing leaves from the diagnostic
clones were inoculated, and boxes were pre-
pared and grouped in a unique area of the
laboratory bench by isolate to prevent cross-
contamination. Additionally, subsets of host
differential cultivars that distinguished spe-
cific races were periodically challenged during
race maintenance for added assurance that the
isolates still had the reactions expected and
cross-contamination did not occur.

Coinciding with race maintenance during
the same 3-year period, at least four boxes
(with at least two leaves each) of the follow-
ing combinations were also inoculated: Brite
EyesTM, Oso Easy� Paprika, and Lemon
FizzTM were inoculated with the 11 races
and BEP and PAP and Knock Out� was
inoculated with race 7.

Results

Resistant and susceptible reactions for the
host–isolate combinations were generally
consistent across replications and straightfor-
ward to score, with no observed evidence of
cross-contamination of isolates/races. Sus-

ceptible cultivars had multiple sporulating
lesions develop per leaf, and resistant culti-
vars did not have observable lesions. The
reactions of Knock Out� with isolates BEP
and R6 (race 7) were exceptions. There were
inconsistencies in the occurrences of infec-
tion and lesion growth on Knock Out� for
the different boxes of leaves for each of the
isolates. Due to these inconsistencies, the
boxes for each inoculation date for Knock
Out� were observed until day 25 to note
whether additional leaves developed lesions
and to watch for further development of the
lesions that did develop. No additional le-
sions developed other than those visible by
day 14, and sporulating lesions that did start
by day 14 did not noticeably continue to
expand after day 14.

BEP and R6 (race 7) shared the same
infection pattern on the original host differ-
ential (Table 1). However, adding the rose
Lemon FizzTM to the differential distin-
guished them as separate races; Lemon
FizzTM was susceptible to race 7 and resistant
to BEP. Therefore, BEP represents a newly
identified race of D. rosae and is designated
as race 12. PAP had a unique infection
pattern on the original host differential and
represents a newly identified race of D. rosae
designated race 13.

Oso Easy� Paprika shared the same race
infection pattern across the 13 races as the
host differential rose Baby LoveTM (‘SCRiv-
luv’). Both roses were susceptible to races 11
and 13 and resistant to all the other races.
Interestingly, Brite EyesTM and Lemon
FizzTM were each susceptible to only a single
race in the international race collection (race
12 and race 7, respectively).

Discussion

Isolates BEP and PAP represent two
newly identified races of D. rosae, and inclu-
sion of them in the international D. rosae
race/isolate collection helps to strengthen and
expand this important resource. Lemon
FizzTM was critical to distinguishing races 7
(isolate R6) and 12 (isolate BEP), thereby
justifying its inclusion in the D. rosae inter-
national host differential (Zlesak et al.,

Table 1. Expanded rose black spot host differential set. Disease responses are labeled as susceptible (+) or resistant (–).

Race

1 2 3 4 5 6 7 8 9 10 11 12 13

Isolate

Hostz HSN 2402 E1 GVH D€u A3 B 005 Dort E4 R6 ACT IGWA KOMN CW1 BEP PAP

‘Pariser Charme’ – + + + + + + + + + + + +
HoneybeeTM (‘ZLEhoney’) – – + + + + + – – + – + +
Sexy Rexy� (‘MACrexy’) – – – + + + + + + + + + +
Surrey (‘KORlanum’) – – – – – + + + + + + + +
Love and PeaceTM (‘BAIpeace’) – – – – – – + + + + + + +
‘George Vancouver’ – – + – – – – – + + + – –
Knock Out� (‘RADrazz’) – – – – + – +y – – + – +y +
Baby LoveTM (‘SCRivluv’) – – – – – – – – – – + – +
‘Hansa’ + – – – – – – – – – – – –
Lemon FizzTM (‘KORfizzlem’) – – – – – – + – – – – – –
zCultivar name or trade name with the cultivar name in parentheses.
yKnockOut�was originally scored as resistant to isolate R6 (race 7) byWhitaker et al. (2010b); however, it was found to be inconsistently susceptible in this study
and susceptible by Rouet et al. (2019). Knock Out� displayed a similarly inconsistent susceptible reaction with BEP (race 12) in this study.
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2017). As demonstrated in this study, as more
hosts are added to a differential set, there is
the possibility of discovering hosts that can
separate isolates previously grouped as a
common physiologic race into different races
(Debener, 2019). A small differential set that
does not produce robust phenotypic results
risks underestimating the number of races
from a collection of isolates.

Rouet et al., (2019) found that Knock
Out� was susceptible to race 7 (isolate R6),
in contrast to the results of Whitaker et al.
(2010b), who reported it to be resistant. In an
attempt to address this discrepancy, we chal-
lenged eight boxes of leaves of Knock Out�

over three separate dates with the same iso-
late of race 7 as reported by Rouet et al.
(2019). Interestingly, the reaction was incon-
sistent over the inoculation dates and be-
tween replications within dates. We found
similar inconsistencies between Knock Out�

and BEP, with only some leaves developing
sporulating lesions; the lesions that did de-
velop were relatively small and had limited
acervuli. These discrepancies may be due, in
part, to the relatively strong partial black spot
resistance documented in Knock Out�. When
Knock Out� is infected in landscape settings,
black spot development occurs much more
slowly than it does on other susceptible cul-
tivars (Colbaugh et al., 2005). Whitaker et al.
(2010b) reported that for the races Knock
Out� was susceptible to, lesions typically
stopped expanding in size by day 14 after
inoculation. In our experience, isolate R6
has been a relatively slower- and weaker-
growing isolate across susceptible hosts,
which may contribute to the inconsistencies
in infection when placed on Knock Out�.
Additionally, continually growing the iso-
lates on rose leaves for years may have
strengthened the virulence of R6. Regardless
of the reason for inconsistent infections of
some races on Knock Out�, our results sup-
port those of Rouet et al. (2019), who re-
ported that Knock Out� should be designated
as susceptible to race 7 because sporulating
lesions are frequently possible. However, we
caution that false-negative results may peri-
odically occur using Knock Out� due to
inconsistencies in infection incidence and
lesion development; these inconsistencies
may be more problematic with some isolates
than with others. More work is warranted to
gain a better understanding of the resistance
mechanism(s) of Knock Out�; because of
those results, removing it from the host dif-
ferential should be considered. Fortunately,
the other cultivars in the host differential

have repeatable and distinct infection reac-
tions.

Rouet et al. (2019) recently identified D.
rosae isolate VSKO4 as a unique race due to
its infection pattern on the international host
differential and tentatively named it race 14.
Calling this isolate race 14 is warranted
because it is different from race 12 in that
‘George Vancouver’, Knock Out�, and Baby
LoveTM are resistant to race 12 and suscepti-
ble to race 14. It is also distinguished from
race 13 (PAP) in that ‘George Vancouver’ is
susceptible to race 14 and resistant to race 13.

Including D. rosae isolates classified as
races 12 and 13 of D. rosae in the interna-
tional isolate collection and including Lemon
FizzTM in the differential host set will expand
the usefulness of these resources for the
scientific community. Efforts are ongoing to
identify and characterize isolates potentially
representing new races from numerous re-
search teams and to expand the host differ-
ential set as warranted. The primary use of
the international race collection to date has
been host resistance gene discovery, charac-
terization, and marker development (Terefe
and Debener, 2011; Zlesak et al., 2017; Zurn
et al., 2018, 2020). Such markers can be used
in marker-assisted parental and seedling se-
lection (MAPS and MASS) approaches to
develop roses with durable resistance to rose
black spot disease.
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