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Breeding for scab (Venturia inaequalis Cooke) resistance is the main objec-
tive of most apple breeding programs around the world. It is important
to combine in new cultivars a higher tolerance to powdery mildew (Po-
dosphaera leucotricha Ell. et Ev.) and apple blotch (Phyllosticta mali E. et E.)
with scab resistance and use them for ecological fruit production.

In our study, for controlled crosses three scab-resistant apple cultivars
(‘Arbat’, ‘Florina’ and ‘Prima’) were used as male and eight as female
(“Tellissaare’, ‘Sylvia’, Staris’, ‘Auksis’, ‘Aktiubinskoye’, ‘Discovery’, ‘Lodi’
and ‘Quinte’) cultivars. In 1995 the seedlings were planted in orchard in
four replications. Disease injuries were estimated by using a 0-5 scale: 0 —
no injuries on leaves, 5 — more than 75% of leaf area is injured. Significant
differences in resistance to scab, powdery mildew and apple blotch were
found among the crosses. General combining ability (GCA) and specific
combining ability (SCA) were highly significant, except GCA for resistance
to apple blotch of testers. The significance of GCA for scab, powdery
mildew and apple blotch resistance shows that genetic variability exists for
these traits and selection should result in genetic progress, because the
mean square for GCA was larger than that calculated for SCA. This means
that disease resistance is controlled predominantly by additive gene action.
Therefore selection of parents by their phenotype should be effective for
development of resistant apple cultivars. The significant SCA estimates
indicate that a large number of resistant seedlings from particular crosses
should be selected.
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INTRODUCTION

mildew to find new donors and get a stable and broad
base for resistance [5]. It was reported that the resis-

Apple scab (Venturia inaequalis Cooke) and powdery
mildew (Podosphaera leucotricha Ell. et Ev.) are the
most harmful fungal diseases of apple in Europe and
around the world. In Lithuania, apple trees need to be
sprayed in nursery with a fungicide for powdery mil-
dew control, because orchard plants usually have no
disease symptoms. Apple blotch (Phyllosticta mali
E. et E.) appears during epiphytoty in some years in
Lithuania. Nevertheless, it is important to combine in
one genotype resistance or high tolerance to these disea-
ses. Apple breeding programs aimed at obtaining new
cultivars with multiple resistance to fungal diseases
were initiated in many countries around the world [1-
4]. In Germany, Malus species were involved in cros-
ses as a source of resistance to scab and powdery
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tance determined by the dominant gene V, (derived
from M. floribunda clone 821) was overcome by new
races of V inaequalis [6]. Therefore, two or more do-
minant genes or genes with additive effects should be
combined in one cultivar to ensure a higher stability
of resistance. There are great differences between cul-
tivars and selections for resistance to apple scab and
powdery mildew [7]. Inheritance studies indicate that
a polygenic control mode of inheritance exists in pro-
genies of mildew-tolerant apple cultivars [8, 9].

The objective of the current study was to evaluate
the resistance to scab, powdery mildew and apple
blotch in progenies of scab-resistant cultivars and to
determine the mode of inheritance to these fungal di-
seases in the group of the cultivars studied.
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MATERIALS AND METHODS

Apple cultivars were crossed according to the topcross
mating design [10] when 8 cultivars (“Tellissaare’, ‘Syl-
via, ‘Staris’, ‘Auksis’, ‘Aktiubinskoye’, ‘Discovery’, ‘Lo-
di’ and ‘Quinte’) were used as female and 3 (‘Arbat’,
‘Florina’ and ‘Prima’) as male. Seedlings of 24 crosses
were placed in orchard according to a randomised
complete-block design with 4 blocks. Disease injuries
were estimated by on a 0-5 scale: 0- no injuries on
leaves, 5 — more than 75% of leaf area injured. Com-
bining ability was calculated by the method described
by Khotyliova [10].

RESULTS AND DISCUSION

The number of resistant apple seedlings in crosses
involving ‘Arbat’ varied from 53.1 to 72.5%, in those
involving ‘Florina’ it reached 51.9-59.5% and in ‘Pri-
ma’ — 51.9-63.4% (Table 1). Approximately half of
seedlings in most crosses exhibited susceptible reac-
tion, which shows that the dominant gene determining
scab resistance is present in heterozygous condition in
the cultivars mentioned above. However, the propor-
tion of resistant seedlings in crosses ‘Aktiubinskoye’
x ‘Arbat’, ‘Lodi’ x ‘Arbat’, ‘Quinte’ x ‘Prima’

was higher than 60%. Lamb and Hamilton

centage of resistant seedlings (6.1%) in ‘Florina’ cros-
ses was a little higher than in crosses of ‘Arbat’ and
‘Prima’. Crosses ‘Sylvia’ x ‘Florina’ and ‘Discovery’ x
x ‘Florina’ differed more distinctly from the rest six
crosses of ‘Florina’, and the percentage of healthy plants
was 17.7% and 16.7%, respectively. There were 12.3%
of seedlings without disease symptoms in the cross
‘Aktiubinskoye’ x ‘Arbat’ and 14.8% in the cross ‘Ak-
tiubinskoye’ x ‘Prima’. Other researchers have revea-
led a moderate level of resistance within some culti-
vars [7], and a polygenic control mode of inheritance
was indicated [8]. On the average, 15.7% of apple
blotch resistant seedlings were in crosses with ‘Arbat’,
27% in crosses with ‘Prima’ and 37.5% with ‘Florina’.
The number of resistant seedlings among the crosses
with ‘Arbat’ varied from 7.0 to 34.3%, with ‘Prima’
from 14.8 to 52.5% and with ‘Florina’ from 16.7 to
47.2%. 1t is evident that both parent cultivars contri-
bute to the resistance level of their progenies.

A histogram of scab, mildew and apple blotch re-
sistance ratings in crosses of ‘Arbat’, ‘Florina’ and ‘Pri-
ma’ are presented in Figure. Segregation of seedlings
for resistance to mildew in progenies from crosses
among scab-resistant and sensitive apple cultivars
showed a continuous distribution typical of a polyge-

[11] and Rousselle et al. [12] reported that
the level of resistance determined by the V,

gene increases under the action of genes with
additive effects. Both resistant and susceptib-

le parents contribute to their progenies’ resis-

tance by transmitting ‘minor’ genes [11]. Our
results are in agreement with results of other
researches who showed that scab-resistant ap-
ple cultivars carrying V, gene give a different
proportion of resistant seedlings in crosses
with susceptible parents [11, 12]. In our case
higher percentage (about 7%) of resistant
plants was determined in progenies of ‘Ar-
bat’.

Powdery mildew resistance can be ob-
tained from oligogenic or polygenic sources.
Oligogenic resistance is determined by Pl
and P, genes. No such donors were involved
in our crosses. The proportion of resistant
seedlings of parent cultivars used in the cros-
ses was very different (Table 1). There were
0-12.3% of seedlings resistant to mildew in
crosses involving ‘Arbat’, 0-17.7% in those
with ‘Florina’ and 1.6-14.8% with ‘Prima’.
Not resistant plants were obtained in crosses
‘Quinte’ x ‘Arbat’ and ‘Quinte’ X ‘Florina’. In
general, the scab-resistant cultivars Arbat’, ‘Flo-
rina’ and ‘Prima’ are equivalent in transmitting
mildew resistance to their progenies. The per-
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Table 1. Number of apple seedlings without disease symptoms in
crosses of scab-resistant cultivars, %
Number of Powde Apple

Cross plants Scab mildevl;ly blgltoch
Staris x Arbat 172 65.1 35 8.7
Auksis x Arbat 124 62.9 9.7 234
Tellissaare x Arbat 181 58.6 44 343
Aktiubinskoye X Arbat 382 72.5 12.3 24.1
Lodi x Arbat 80 67.5 1.3 7.5
Quinte x Arbat 43 53.5 0.0 7.0
Sylvia x Arbat 156 53.8 9.0 11.5
Discovery x Arbat 49 53.1 35 8.7
Average 62.4 5.5 15.7
Staris x Florina 188 52.1 3.7 43.6
Auksis x Florina 172 52.9 3.5 37.2
Tellissaare x Florina 319 57.4 22 43.3
Aktiubinskoye x Florina 163 59.5 1.2 472
Lodi x Florina 87 55.2 34 23.0
Quinte x Florina 44 59.1 0.0 43.2
Sylvia x Florina 79 51.9 17.7 45.6
Discovery x Florina 12 583 16.7 16.7
Average 55.8 6.1 375
Staris x Prima 84 56.0 4.8 22.6
Auksis x Prima 191 53.9 52 24.1
Tellissaare x Prima 182 53.8 1.6 20.9
Aktiubinskoye % Prima 108 56.5 14.8 39.8
Lodi x Prima 106 53.8 4.7 18.9
Quinte x Prima 41 63.4 4.9 22.0
Sylvia x Prima 27 51.9 3.7 14.8
Discovery % Prima 118 534 5.9 52.5
Average 55.2 5.7 27
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Figure. Frequency of apple seedlings with different resis-
tance to scab, mildew and apple blotch in progenies
involving: a — ‘Arbat’, b — ‘Florina’ and ¢ — ‘Prima’

nic control of the trait. The results presented in this
paper showed susceptibility to mildew in the progenies
of scab-resistant donors such as ‘Arbat’, ‘Florina’ and
‘Prima’. It is the result of selection law pressure to-

ward this character during development of these cul-
tivars in previous generations. An insignificant number
of mildew-tolerant and scab-resistant seedlings was ob-
tained, so progress is possible but the number of pro-
genies should be large enough. It is more effective to
use in a breeding program donors carrying the domi-
nant genes of both traits [2, 12]. The distribution of
seedlings for resistance to apple blotch showed that
except the genes with additive effects, the dominance
and epistasis take place in expression of this trait.
Significant differences in scab, mildew and blotch
resistance were found among the crosses (Table 2).
General combining ability (GCA) and specific combi-
ning ability (SCA) were highly significant, except GCA
for resistance to apple blotch of testers (male). The
mean square of SCA was 1.2-1.6 times higher than the
GCA mean square for scab resistance. This difference
can be explained by the fact that in crosses as male
parents (testers) were involved apple cultivars carrying
the dominant gene. The variance due to GCA for
mildew and apple blotch resistance was more impor-
tant than the variance due to SCA, except GCA va-
riance for male. The GCA mean squares were 1.6-2.4
times higher than those calculated for SCA for mildew
resistance and 4 times for apple blotch (female). The

Table 2. Analysis of variance for scab, mildew and apple blotch resistance
Source Scab Mildew Apple blotch

d¢ | ™Ms | F a¢ | Ms | F d¢ | MS | F
Crosses 23 15.16 6.42** 23 1.13 11.13** 23 0.15 5.57**
GCA (female) 7 14.13 5.98** 7 1.37 13.49%* 7 0.32 11.97**
GCA (male) 2 10.01 4.24* 2 2.07 20.42%* 2 0.08 0.29
SCA 14 16.42 6.95%* 14 0.87 8.62%* 14 0.08 3.13**
Error 69 2.36 69 0.10 69 0.03
*,** F value is significant, P < 0.05 and 0.01, respectively.
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results suggest that the effects of genetic factors con-
trolling mildew and apple blotch resistance are predo-
minantly additive. Therefore selection of parents by
their phenotype should be effective for development of
resistant apple cultivars. The significant SCA estimates
indicate that a large number of resistant seedlings from
particular crosses should be selected.

Negative GCA effects mean that a parent cultivar
transmits disease resistance to their progenies (Tab-
le 3). The highest GCA effects among the female cul-
tivars were shown by ‘Staris’ (-1.00) and ‘Lodi’ (1.07).
The GCA effects of ‘Auksis’ and ‘Discovery’ were so-
mewhat lower (-0.74 and —0.66, respectively). Among
male cultivars distinguished ‘Arbat’ and ‘Florina’, they
showed the strongest negative GCA effects (-0.32).
The high negative GCA effect for mildew resistance of
‘Auksis’ (-3.77), ‘Discovery’ (-2.77), ‘Sylvia’ (-2.52)
and ‘Lodi’ (-1.77) indicates that these parents contri-
bute to mildew resistance in their progenies. ‘Arbat’
and ‘Prima’ showed the strongest GCA effects among
male cultivars. The GCA effects were the strongest for
female cultivars ‘Sylvia’ and ‘Quinte’ (-1.69 and —
1.27). Male cultivars did not differ from each other.
‘Sylvia’ and ‘Discovery’ showed negative GCA effects
on all three diseases. The latter two cultivars and ‘Ar-
bat’ could be involved into the apple breeding pro-
gram as parents to improve the resistance and obtain
the individuals with complex resistance to scab, mil-
dew and apple blotch.
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Table 3. General combining ability effects (g), of apple
cultivars on scab, mildew and apple blotch resistance
&
Parent
Scab Mildew | Apple blotch

Female
Tellissaare 0.84 6.15 0.23
Sylvia -0.32 -2.52 -1.69
Shtaris -1.00 1.48 -0.35
Auksis -0.74 -3.77 3.56
Aktiubinskoye 1.43 0.31 -0.19
Discovery —0.66 =2.77 -0.85
Lodi -1.07 -1.77 0.56
Quinte 1.51 2.90 -1.27

Male
Arbat -0.32 -1.44 -0.07
Florina -0.32 2.94 -0.10
Prima 0.64 -1.50 0.18
LSD, female 0.83* 1.71%* 0.88%**
male 0.44* 0.927%* 0.47
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RAUPLEMS ATSPARIU OBELU VEISLIU
PALIKUONIU ATSPARUMO MILTLIGEI IR
FILOSTIKTOZEI PAVELDEJIMAS

Santrauka

Vienas pagrindiniy obely selekcijos tiksly yra atsparumas
raupléms (Venturia inaequalis Cooke). Svarbu iSvesti veis-
les, kurios buty atsparios miltligei (Podosphaera leucotricha
Ell. et Ev.), filostiktozei (Phyllosticta mali E. et E.) bei
raupléms.

Kontroliuojamy kryzminimy topkrosingje schemoje
trys veislés (‘Arbat’, ‘Florina’ ir ‘Prima’) naudotos kaip
tévinés (testeriai) ir astuonios — kaip motininés (“Tellis-
saare’, ‘Sylvia’, Staris’, ‘Auksis’, ‘Aktiubinskoje’, ‘Discove-
ry’, ‘Lodi’ ir ‘Quinte’). 1995 m. séjinukai pasodinti selek-
ciniame sode. Ju paZeidimas ligomis jvertintas pagal pen-
kiy baly skale: 0 — lapai sveiki, 5 — pazeista daugiau nei
75% lapo pavirSiaus. Pagal atsparuma ligoms tarp kom-
binacijy nustatyti patikimi skirtumai. Gauti patikimi ben-
drosios ir specifinés kombinacinés galios (BKG ir SKG)
skirtumai visiems pozymiams, iSskyrus testeriy BKG at-
sparuma filostiktozei. Atsparumo raupléms BKG viduti-
niai kvadratai buvo mazesni uz SKG vidutinius kvadratus,
nes testeriai turéjo atsparuma determinuojancius do-
minantinius genus. Atsparumo miltligei ir filostiktozei
BKG didesni vidutiniai kvadratai uz SKG vidutinius kvad-
ratus rodo, kad atsparumas dazniausiai determinuotas
geny su adityviniais efektais. Tévy parinkimas pagal feno-
tipa turéty biti efektyvus, o patikimos SKG reikSmés
rodo, kad jvairiai kryZminant galima gauti didelj kieki
atspariy augaly.



