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ABSTRACT
Parisi, L., and Lespinasse, Y. 1996. Pathogenicity of Venturia inaequalis strains of race 6 on
apple clones (Malus sp.). Plant Dis. 80:1179-1183.

About 40 cultivars derived from Malus floribunda 821 (Vf gene) are resistant to the five races
of Venturia inaequalis previously described. Race 6, recently identified, is able to overcome the
resistance of some selections carrying the Vf gene. Thirty-seven apple clones were tested for
their susceptibility to different (races 1 and 6) strains of Venturia inaequalis. These clones rep-
resented a large sample of the resistance sources used by apple breeders throughout the world
(selected clones and their ancestors). Conversely, race 6 induced symptoms on nearly all the Vf
selections, and also on Nova Easygro (Vr), on a selection carrying Va, on Jonsib, and on a se-
lection derived from Malus atrosanguinea 804. Race 6 did not attack susceptible cultivars such
as Granny Smith, three selections from different polygenic sources of resistance, Malus baccata
Jackii (Vbj), R 127.40.7A (Vr), and PI 172623 (Va). The pedigrees of three hybrids selected for
their Vf resistance were analyzed: all the resistant race 1 parents involved in these pedigrees
were susceptible to race 6, except the ancestor M. floribunda 821 and one of its F, selected
progeny (F, 26829-2-2). The other F, (F, 26830-2) was susceptible. These results confirmed the
hypothesis of a complex genetic background for resistance to Venturia inaequalis in wild spe-
cies, which has been partly lost during the breeding process. The variability of the resistance
genes introgressed in recent selections could be lower than believed, and reduced to the Vf gene
in most cases. Apple breeders should increasingly focus on finding polygenic sources of resis-

tance in order to obtain a durable resistance to scab.

Several sources of resistance have been
used in breeding for resistance to apple
scab (Venturia inaequalis (Cooke) G.
Wint.) (23). Six independent genes were
identified: Vf from Malus floribunda Sie-
bold ex Van Houtte 821; Va from An-
tonovka PI 172 623; Vb from M. baccata
(L.) Borkh.; Vbj from M. baccata jackii
Rehd.; Vr from M. pumila (L.) Mill. R127
40.7A; and Vm from M. micromalus Mak.
(12). Jonsib was also classified as a mono-
genic source of resistance. In addition to
these simple, inherited, complete resis-
tances, partial resistance was identified in
several species and cultivars. This partial
resistance is considered to be under poly-
genic control.

The most well-known source of resis-
tance, Vf, was identified at the beginning
of the program (10). Over a period of 50
years, several cultivars derived from M.
floribunda 821 were selected after succes-
sive backcrosses involving different recur-
rent parents. The first of these cultivars,
named Prima, was released in 1970. Today,
around 40 scab-resistant cultivars have
been released (2—4) but none is widely
planted due to commercial considerations.
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In western Europe, the cultivars Florina for
fresh market and Judeline for juice, derived
from M. floribunda 821, are the most
widely grown. Judeline is only grown in
the northwest of France, but Florina is cul-
tivated in France, Switzerland, Rumania,
and northern Italy.

In the last 40 years, four races have been
identified and distinguished from race 1 on
the basis of their pathogenicity on a range
of different species of Malus used in
breeding programs (20,22). Recently, a
new scab race was identified in Germany
(15). This race, race 6, is able to overcome
the resistance of the recently released Vf
cultivars and therefore could nullify the
breeding efforts of half a century.

Vf resistance has been thought to be a
complex resistance, based both on the vari-
able results of the segregations between
resistant and susceptible seedlings accord-
ing to the progenies, and also on the differ-
ent classes of symptoms that indicate a
continuum from hypersensitivity to sus-
ceptibility (1,11,19). These characteristics
suggest that the original level of resistance
was due to a group of rather closely linked
genes in addition to independent minor
genes. This resistance, effective for 50
years, was qualified as a durable resis-
tance.

The emergence of race 6 is a major
event for the breeding programs. The path-
ogenicity of this new race must be studied
before new breeding strategies can be de-
termined. Studies need to clarify the reac-
tion of the main scab-resistant cultivars to

race 6 and also the reaction of ancestors up
to M. floribunda 821 itself. It is also im-
portant to know the behavior of the other
independent monogenic or polygenic
sources of resistance. This work will be
very helpful in defining new breeding
strategies that take race 6 into account.

This study concerns the pathogenicity of
race 6 strains compared with a reference
strain of race 1 on several Malus clones,
representing most of the resistance sources
used in the breeding programs for scab re-
sistance.

MATERIALS AND METHODS

Strains of V. inaequalis and inoculum
preparation. Six monoconidial strains
were tested. Their origin and characteris-
tics are described in Table 1. The method
employed to characterize the pathogenicity
of the strains was described by Parisi et al.
(16).

For each strain, a conidial suspension
was first obtained with Keitt and Palm-
iter’s technique (13). This conidial suspen-
sion was applied to young seedlings from a
cross between two susceptible cultivars,
Golden Delicious and Granny Smith. For
each strain, leaves with abundant sporula-
tion were collected, dried at laboratory
temperature, and frozen at —18°C. A con-
idial suspension was obtained from these
leaves and adjusted at 2 to 2.5 x 10° con-
idia/ml to inoculate grafted plants.

Source of plant materials and meth-
ods for assessing pathogenicity. Scion-
wood was collected from the INRA re-
pository and grafted onto seedling root-
stock. As a whole, 37 clones were grown
in pots in the greenhouse (Table 2). Only
plants with growing shoots and young
leaves were inoculated. The mean number
of leaves per shoot was 10 to 13 when in-
oculation was performed.

All experiments were carried out in a
growth chamber. Conidial suspensions
were applied to runoff with a manual
sprayer (Clause, Brétigny-sur-Orge,
France). Plants were incubated for 48 h in
the dark at 18°C, with constant leaf wet-
ness maintained by a plastic sheet or a hu-
midifier. After incubation, the plants were
grown at 17 to 19°C, under a 16-h photo-
period of 70 UE s™' m? with relative hu-
midity (RH) 85 to 95%. Temperature and
RH monitoring was performed with a
thermohygrograph (Jules Richard & Pékly,
Argenteuil, France). Symptoms on potted
trees were assessed 14 days after inocula-
tion. Disease severity was assessed on all
leaves on each shoot, according to a previ-
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ously published grading scale (15) derived
from those of Croxall et al. (5). Disease
severity was determined for each potted
tree by the median obtained from the
scores of all scabbed leaves; disease inci-
dence was the percentage of scabbed
leaves. For each strain, an average of four
trees was evaluated (representing 5 to 14
shoots and 52 to 182 leaves per clone).

Experimental design and statistical
analysis. The incidence of disease on the
different clones was transformed in arc-
sin\/percentage. The homogeneity of vari-
ances was tested by Bartlett’s test. When
possible, an analysis of variance was made
and when F values were significant, means
were compared by Duncan’s multiple
range test at P = 0.05.

Because of plant availability and growth
chamber size, it was not possible to test

more than two strains on the apple clones
each year. The experiments were carried
out principally in 1992 and 1993, and some
recently introduced clones were tested in
1994. Each year, the Golden Delicious

cultivar was tested as a reference scab-

susceptible control of the repeatability of

the results.

RESULTS

The pathogenicity of the reference strain
of race 1 and two race 6 strains (302 and
305) was first evaluated on 28 apple
clones, representing a large sample of the
resistance sources used by apple breeders

throughout the world (Table 3). The set of

clones also included some cultivars repre-
senting different ranges of susceptibility to
scab in French orchards (17), and the dif-
ferential host range of the five other scab

Table 1. Origin and characteristics of the six Venturia inaequalis strains tested on apple cultivars

Strain Origin Host cultivar or hybrid Characteristics
104 Saint Lézin, France,1978 Golden Delicious Race 1 reference strain
302 Ahrensburg, Germany, 1988 81/11-222 Race 6

305 Ahrensburg, 1988 81/11-22 Race 6

312 Ahrensburg, 1988 81/11-22 Race 6

600 Ahrensburg, 1990 81/11-3® Race 6

635 Ahrensburg, 1990 81/11-3 Race 6

4 Tree No. 22 of the progeny Prima x A143/24.
b Tree No. 3 of the progeny Prima x A143/24.

Table 2. Characteristics of 37 apple clones inoculated with race 1 and race 6 strains of Venturia inae-

qualis

Clone Name or code number Characteristic reaction

X 2836 Akane Scab susceptible

X 4712 Gala Scab susceptible

X972 Golden Delicious Scab susceptible

X 3069 Granny Smith Scab susceptible

X 1725 Reinette Clochard Scab susceptible

X 7187 Antonovka Polygenic resistant

X 4732 Generos Polygenic resistant

X 4442 TN 10-8 Polygenic resistant

X 7217 PI 172623 Va resistant

X 2594 CCR3T11 Va resistant, seedling from PI 172633
X 7218 Malus baccata jackii Vbj resistant

X 6518 Malus floribunda clone 821 Progenitor of the Vf selections

X 6771 F, 26829-2-2 F, selection from M.floribunda 821, Vf resistant
X 6772 F, 26830-2 F, selection from M.floribunda 821, Vf resistant
X 2881 Coop8 Vf resistant

X 4205 Coopl1 Vf resistant

X 2596 Prima Vf resistant

X 6607 Ahra Vf resistant, seedling from Prima

X 6608 81/19-64 Vf resistant, seedling from Prima

X 2814 Priam Vf resistant

X 2774 Judeline Vf resistant, seedling from Priam

X 2033 ORS53T52 Vf resistant

X 2775 Florina Vf resistant, seedling from OR53T52
X 4982 P6R28A39 Vf resistant, seedling from Florina

X 2042 054T184 Vf resistant

X 4638 TNR 11-62 Vf resistant, seedling from 054T184
X 6688 K1R27-18 Vf resistant

X 2241 Malus pumila R 127.40.7A Progenitor of the Vr selections

X 4077 Nova Easygro Vr resistant

X 2369 Evereste Scab resistant, ornamental crabapple
X 7188 Jonsib Scab resistant

X 7125 P35R11-34 Selection from Jonsib, scab resistant
X 1926 ORA45T132 Scab resistant from Malus atrosanguinea 804
X 2250 TSR34T132 Differential host for race 2 (h2)

X 2253 Geneva Differential host for race 3 (h3)

X 2249 TSR33T239 Differential host for race 4 (h4)

X 2225 9-AR2T196 Differential host for race 5 (h5)
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races previously identified (20,22). For this
experiment, the Bartlett test indicated that
the variance values were not homogene-
ous; the analysis of variance was not pos-
sible with all the values. Only the values
obtained with Golden Delicious and Gala
were compared. The results showed no
significant difference with the Golden De-
licious control cultivar tested in three dif-
ferent years, indicating the reproducibility
of the results. Golden Delicious appears
significantly less susceptible than Gala to
the two strains 104 and 302 (Table 3).

The results showed that the race 1 strain
104 only induced symptoms on Gala,
Golden Delicious, Reinette Clochard, and
TN 10-8, a polygenic resistant hybrid. Un-
like strain 104 (race 1) the two race 6
strains induced symptoms not only on
Gala, Golden Delicious, and nearly all the
Vf recently released cultivars, but also on
Nova Easygro (Vr resistant), on a Va-
resistant hybrid, on Jonsib, and on a selec-
tion from M. atrosanguinea 804 (OR
45T132). But many other cultivars or hy-
brids remained resistant to the race 6
strains: Akane, Granny Smith, Reinette
Clochard, Antonovka, TN 10-8, X7218
(Vbj resistant), 91/19-64 (a selection from
Prima), and P35R11-34 (a selection from
Jonsib). In addition, M. floribunda 821,
Evereste, M. pumila R127.40.7A, and the
clone PI 172623 were also resistant to the
two race 6 strains (Table 3). The three
strains tested in this experiment could not
induce symptoms on the range of differen-
tial hosts used for races 2 to 5.

In a second experiment, several steps of
the long breeding process from the first
cross between M. floribunda 821 and
Rome Beauty and the recently released Vf-
resistant cultivars were tested with the
same three strains. This experiment in-
cluded the two F, hybrids derived from the
first cross (Fig. 1A), and some hybrids
from the genealogy of Florina (Fig. 1B),
K1R27-18 (Fig. 1C), and Judeline (Fig.
1D). For this experiment, the analysis of
variance indicated that no significant dif-
ference existed between the results of the 2
years with the Golden Delicious clone
(Table 4). The comparison of incidence
values obtained with the other clones is
indicated in Figure 1.

All the hybrids or cultivars tested, ex-
cept Golden Delicious, were resistant to
the race 1 strain. With the race 6 strains,
only the progenitor M. floribunda 821 and
the F, 26829-2-2 were resistant (Fig. 1B);
all the other clones were susceptible to dif-
fering degrees. Nevertheless, the compari-
son of the incidence values obtained at
each step of the breeding process with
strain 302 showed that significant differ-
ences were obtained only on the pedigree
of K1R27-18 (Fig. 1C).

The differential susceptibility of the two
F, hybrids from the cross M. floribunda
821 x Rome Beauty was confirmed by the
test with three other race 6 strains (312,



600, and 635). The F, 26829-2-2 was re-
sistant and the F, 26830-2 susceptible to
these three strains (Table 5).

DISCUSSION

This work showed an important differ-
ence in pathogenicity between the two race
6 (302 and 305) strains principally studied
and the reference race 1 strain 104. These
differences concerned not only the culti-
vars or hybrids carrying the Vf gene, but
also several other sources of monogenic
and polygenic resistance and even some
cultivars known as susceptible, based on
their orchard behavior (Table 3).

The first experiment showed that Golden
Delicious was less susceptible than Gala to
two of the three strains tested. This result
is consistent with orchard observations
(17). No significant difference in aggres-
siveness was noted between the two race 6
strains and race 1 on these susceptible cul-
tivars. Akane, classified as slightly sus-
ceptible to scab in field evaluation (17),
appeared resistant to the three strains in
this experiment; this could be interpreted
as an expression of its polygenic resis-
tance. Granny Smith was resistant to both
strains 302 and 104, and Reinette Clochard
susceptible to race 1 and resistant to race 6
strain 302. This last cultivar is considered
slightly susceptible and Granny Smith
moderately susceptible to scab (17). Sie-
rotzki et al. (21) have recently demon-
strated that most of the V. inaequalis
strains from a cultivar were unable to in-
fect some other susceptible cultivars. Al-
though not formally demonstrated, this
could be the result of the interaction be-
tween V. inaequalis unknown avirulence
genes and ephemeral resistance genes of
apple (8). Our strains were isolated from
Golden Delicious and from Prima seed-
lings, and therefore could be specially
adapted to these hosts and not to Granny
Smith and Reinette Clochard, which were
perhaps not present in their original or-
chards. Nevertheless, in a previous study,
when the progeny of the Granny Smith x
Golden Delicious cross was inoculated
with both strains 104 and 302, we observed
that all the progeny was susceptible to
these two strains (16). Therefore, the re-
sistance of Granny Smith to these two
strains cannot be explained by the presence
of a single resistance gene. Perhaps this
phenomenon of adaptation between the
scab population and the host has a more
complex genetic background or involves
genes not expressed at the seedling level.

The two polygenic resistant hybrids
(Antonovka and Generos) included in this
study remained entirely resistant to the
three strains tested (Table 3). The third, TN
10-8, was moderately susceptible to the
race 1 strain and resistant to the two race 6
strains. It is known that the expression of
polygenic resistance is influenced by cli-
matic conditions and inoculum pressure,
and that leaf resistance is not always per-

fectly correlated with fruit resistance (14).
Nevertheless, we consider these results to
be a good indication of the interest in
planting polygenic resistant hybrids in ar-
eas where race 6 is present, and of their use
in breeding programs for scab resistance.
The resistance of Generos to race 1 and
6 strains should also be underlined. Gen-
eros is a cultivar from Rumania, with M.
kaido in its parentage. It is slightly sus-

ceptible to scab in field conditions in
Rumania (N. Braniste, personal commu-
nication). But in other experiments car-
ried out in our research program, the
study of Generos progeny segregation
indicated that this cultivar did not exhibit
a polygenic resistance. In the greenhouse,
its resistance is expressed by a very clear
hypersensitive response, and could be
coded by two major genes (F. Laurens, Y.

Table 3. Pathogenicity of race 1 and race 6 of Venturia inaequalis strains on 28 clones of apple

Strain 104 (race 1) Strain 305 (race 6) Strain 302 (race 6)

Clones Incidence Severity Incidence Severity Incidence Severity
Akane 0 0 0 0 0 0
Gala 479 a¥ 2 NT? NT 61.2a 5
Golden Delicious

1992 226b 4 215b 3 NT NT

1993 257b 3 145b 35 30.7b 3

1994 30b 2 NT NT 25.7b 2
Granny Smith 0 0 NT NT 0 0
Reinette Clochard 15.1 4 NT NT 0 0
Antonovka 0 0 0 0 0 0
Generos 0 0 0 0 0 0
TN 10-8

1992 2.3 1 0 0 NT NT

1993 0 0 NT NT 0 0
PI 172623 0 0 0 0 0 0
CCR3T11 0 0 57 2 11.1 2
M. baccata jackii 0 0 0 0 0 0
M. floribunda. 821 0 0 0 0 0 0
Coop 8 0 0 NT NT 6.2 3
Coop 11 0 0 NT NT 24.1 4
Prima 0 0 19 3 244 3
Ahra 0 0 13 2 30.8 3
81/19-64 0 0 0 0 0 0
M. pumila R 127.40.7A 0 0 0 0 0 0
Nova Easygro 0 0 18.8 2 28.8 3
Evereste 0 0 0 0 0 0
Jonsib 0 0 16.5 2 355 2
P35R11-34 0 0 0 0 0 0
OR45T132 0 0 17.8 3 24.7 3
TSR34T132 (h2) 0 0 0 0 0 0
Geneva (h3) 0 0 0 0 0 0
TSR33T239 (h4) 0 0 0 0 0 0
9-AR2T196 (hS) 0 0 0 0 0 0

Y Percentages followed by the same letter are not significantly different according to Duncan’s multi-
ple range test (P = 0.05); only the cvs. Gala and Golden Delicious have been compared.

z Not tested.

Table 4. Pathogenicity of race 1 and race 6 of Venturia inaequalis strains on 12 clones of apple

Strain 104 (race 1) Strain 305 (race 6) Strain 302 (race 6)

Clones Incidence  Severity Incidence  Severity Incidence  Severity
Golden Delicious

1992 38.1 aY 4 NT? NT 38a 5

1993 338a 3 242a 3 NT NT
M. floribunda. 821 0 0 0 0 0 0
F, 26829-2-2 0 0 0 0 0 0
F, 26830-2 0 0 NT NT 22.6 3
Priam 0 0 NT NT 19.3 3
Judeline 0 0 2.1 1 273 3
ORS53T52 0 0 6.7 3 269 3
Florina 0 0 9.9 1 27.1 3
P6R28A39 0 0 13.7 3 38.6 3
054T184 0 0 6.1 2 18.6 3
TNR 11-62 0 0 44 1 0 0
K1R27-18 0 0 3.6 1 8.7 4

Y Percentages in rows followed by the same letter are not significantly different according to Dun-
can’s multiple range test (P = 0.05). Only the comparison of the results with the Golden Delicious
clone is indicated; for the other susceptible clones, see Figure 1.

Z Not tested.
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A
F, 26830-2 9433-2-2 (nt) Rome
(22.6a) Beauty (nt)
F» 26829-2-2(R) 9433-2-8 (nt) M, floribunda 821 (R)
B
Gala (61.2)
P6R28A3Y
(38.6a) Jonathan (nt)
Florina
(27.1a) Starking D. (nt)
ORS53T52
(26.9a) Golden D.
PR7TI19 (38a)
(nt)
F, 26829-
2-2(R)
C
Granny S. (R)
KIR27-18
(8.7b) Remnette cl. (R)
TNR 11-62
(R) Golden D. (38a)
034T184
(18.6ab) Golden D.
PR7T25 (38a)
(nt)
F. 26829
-2-2(R)
D
Golden D. (38a)
Judeline
(27.3a) Jonathan (nt)

Priam (19.3a)
Golden D. (38a)
14-126 (nt)

F, 26829-2-2 (R)

Fig. 1. Pedigrees of different apple clones and incidence (in parentheses) of the race 6 strain 302 of
Venturia inaequalis on each susceptible clone. Percentages followed by the same letter are not sig-
nificantly different according to Duncan’s multiple range test (P = 0.05). R = resistant to the strain
302; nt = not tested. (A) Pedigree of the two F, from Malus floribunda 821, from which all the re-
cently released Vf cultivars are derived. (B) Pedigree of the hybrid P6R28A39. Gala was not in-
cluded in the comparison of clones because tested in a different experiment (Table 3). (C) Pedigree
of the hybrid K1R27-18. (D) Pedigree of Judeline apple. (Golden D = Golden Delicious; Granny S. =
Granny Smith; Reinette cl. = Reinette Clochard; Starking D. = Starking Delicious)
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Lespinasse, and L. Parisi, unpublished
data).

Concerning the sources of monogenic
resistance studied, other than Vf resistance,
the main result is that the two race 6 strains
showed pathogenicity on Nova Easygro
(Vr resistant) and on CCR3T11, a hybrid
supposed to be Va resistant, but the sources
of resistance, M. pumila R127.40.7A and
PI172623, remained resistant to race 6.
Apparently, a part of the initial resistance
of the two clones has been lost during the
breeding process, and their resistance was
more complex than a single gene. One hy-
pothesis is that the two clones contain sev-
eral (at least two) resistance genes, one of
them being the Vf gene. During the selec-
tion process, most of these genes have been
lost, and only Vf kept. The resistance of
the clone R127.40.7A, for example, is
more complex than one major resistance
gene (6). From this clone originated the
two sets of seedlings si and s’i, designated
as differential hosts for race 2 and 4, which
indicates that at least three different resis-
tance genes segregate in its progenies (only
Vr was resistant to races 1 to 5) (23). But
Dayton and Williams showed that the Vr
gene was nonallelic to the Vf gene (7).
Nevertheless, random amplified polymor-
phic DNA (RAPD) molecular markers of
the Vf gene are successful in marking the
cv. Nova Easygro; with a cleaved ampli-
fied polymorphic sequence (CAPS) marker
derived from a RAPD marker of the Vf
gene, Gianfranceschi et al. (9) studied the
progeny of the Florina x Nova Easygro
cross and showed that these two genes are
tightly linked, or may be the same gene.
Only molecular markers could answer the
question of the presence of the Vf gene in
the clone R127.40.7A

A similar but more speculative hypothe-
sis concerns the Va resistant clone. In fact,
it is not clearly demonstrated that the pa-
rental clone PI172633 possesses the Va
gene of resistance. It is the clone PI1172623
that was named Va resistant; the two
clones gave the same resistance reaction in
greenhouse tests (E. B. Williams, personal
communication). The genetic background
of this clone resistance is therefore not
clear. The use of molecular markers will
also be useful in clarifying this situation.

Another monogenic resistance, that of
Jonsib, was overcome by race 6 strains.
Interestingly, a descendant of Jonsib, the
clone P35R11-34, recovered a resistance to
the race 6 strains. P35R11-34 originated
from an open-pollinated descendant of
Jonsib, the clone PI12171, crossed with
Empire. Therefore, this clone may have
one or several resistance genes from its
unknown male parent, different from that
of Jonsib, which explains its resistance to
race 1 and race 6.

In this work, 13 Vf-resistant selections,
plus their progenitor and the two F, hy-
brids from their pedigrees were tested. The
results obtained with the two monoconidial




Table 5. Pathogenicity of a race 1 and three race 6 strains of Venturia inaequalis on the two F, hy-
brids derived from the cross Rome Beauty x Malus floribunda 821 apples

Strain 104 Strain 312 Strain 600 Strain 635
(race 1) (race 6) (race 6) (race 6)

Clones r Sz S I S I S
Seedlings from the cross 44.1 4 40 5 66.6 5

Golden Delicious x

Granny Smith
F, 26829-2-2 0 0 0 0 0 0 0
F, 26830-2 0 0 2 352 4 18.8 2
¥ Incidence.
z Severity.

race 6 strains confirmed the first results
obtained with a mixed inoculum called
Ahrensburg (15). Nearly all the recently
released Vf selections were susceptible to
race 6; the only exception was the clone
81/19-64, a descendant of Prima selected at
IZZ (Ahrensburg, Germany). The resis-
tance of the progenitor M. floribunda 821
was also confirmed. Its original resistance
was eroded or lost during the breeding
process. The study of the behavior of the
two F, hybrids with the race 6 strains
clearly showed that one of them was resis-
tant and the other susceptible. Nearly all
the recently released selections originated
from the resistant one, the F, 26829-2-2.
So, the original resistance was eroded or
lost after this step. The study of all the
available parents involved in the pedigree
of three Vf-resistant hybrids showed that
the resistance was always lost after the
second backcross (Fig. 1); race 1 resistant
selections from the first backcrosses were
definitively lost. Furthermore, on the pedi-
gree of the hybrid K1R27-18, a partial re-
sistance is recovered after two backcrosses
with the cvs. Granny Smith and Reinette
Clochard, both being resistant to the race 6
strain 302. In the other pedigrees, no sig-
nificant difference of susceptibility to the
strain 302 was noticed between the differ-
ent steps of the breeding process. From the
race 6 susceptible F, 26830-2, only three
Vf-resistant selections were obtained; two
of them, Coop 8 and Coop 11, were sus-
ceptible to race 6 strain 302 in our study.
These results showed that not only the
Vf gene of the recently released selections,
but also the Vr, Va, and Jonsib genes were
overcome by the race 6 strains from the
Ahrensburg orchard. Nevertheless, this
work points out two other findings. The
first is that the resistance to scab of three
different progenitors used in breeding pro-
grams was more complex than a single
gene and partly lost during the breeding
process. The second is that the genetic
background of the selections’ resistance to
scab is not always well known, and when
the resistance is supposed to be monogenic
the resistance gene itself is not always
identified. This situation needs to be clari-
fied for the efficiency of the breeding pro-
grams. In fact, the variability of resistance
genes that are introgressed in modern cul-
tivars may be lower than supposed. In ad-

dition, the high level of resistance of the
progenitors has been lost.

This work also showed the continuing
effectiveness of several polygenic resistant
hybrids and commercial cultivars consid-
ered susceptible to the disease. If con-
firmed by other tests, these results should
encourage breeders to take greater account
of host variability in their programs. These
cultivars or hybrids can confer a very in-
teresting partial resistance level to scab,
which could be associated with major re-
sistance genes.

This work concerned only a small part
of the variability of the fungus. Recently,
Roberts and Crute (18) showed that the
resistance of M. floribunda 821 was over-
come by V. inaequalis strains different
from race 6 in their pathogenicity. On the
other hand, we have no data on the fre-
quency of race 6 virulence in V. inaequalis
populations. This basic work needs certain
tools that are not yet available in our
model, i.e., test of pathogenicity on a small
scale, and identification and molecular
marking of avirulence genes. When avail-
able, these tools could be useful for epide-
miological work on the occurrence, distri-
bution, and speed of emergence of viru-
lences in V. inaequalis populations. Also,
these data could provide valuable informa-
tion to establish breeding strategies aimed
at obtaining a durable resistance to scab.
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