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ABSTRACT

The study concerned the progeny of ten medium- and late-maturing strawberry
cultivars (‘Pandora’, ‘Vicoda, ‘Vikat’', ‘Pegasus, ‘Elkat’, ‘Marmolada’, ‘Filon’,
‘Segal’, ‘Sophie’ and ‘Camarosa’), which were crossed in 1999 in a complete diallel
design in accordance with Griffing's fourth method. In 2001-2002, 2700 plants of the
dialel progeny were individually assessed in terms of the following traits. plant
growth habit, growth vigour, fruit ripening time, marketable yield, fruit weight and
fruit susceptibility to grey mould, as well as plant susceptibility to white leaf spot, |eaf
scorch and powdery mildew. The obtained results were evaluated dtatistically by
means of an analysis of variance in accordance with the Griffing's fixed- effect model
and Bonferroni’ s t-test.

It was found that the general and specific combining ability effects (GCA and
SCA) differed significantly for most of the traits, which means that the both types of
effects are very important in the genetic determination of those traits in progeny. On
the basis of the estimates of the GCA effects it was found that among the parental
cultivars under assessment the highest usefulness for breeding late cultivars was
shown by ‘Pandora’, ‘Vicoda', ‘Vikat' and ‘ Sophie’. However, ‘Pandora’ and * Vikat’
can also contribute to a reduction in fruit size in progeny. ‘Pandora passed on to its
progeny low susceptibility of fruit to grey mould, but also high susceptibility to the
two leaf diseases, i.e. white leaf spot and leaf scorch. The cultivars ‘Segal’ and
‘Camarosa’ show high usefulness for breeding large-fruited cultivars of relatively
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early maturity. Moreover, the cultivar ‘Segal’ is a donor of low susceptibility to
powdery mildew.

Significantly positive SCA effects for marketable fruit yield were found in two
families (‘Pandora’ x ‘Filon’ and ‘Vikat’ x ‘Marmolada’), for fruit size in eight
families (‘Pandora’ x ‘Vikat’, ‘Pandora x ‘Elkat’, ‘Pandora x ‘Marmolada,
‘Vicoda x ‘Segal’, ‘Vicoda x ‘Camarosa’, ‘Marmoladad x ‘Camarosa’, ‘Segal’
X ‘Camarosa’ and ‘Sophie’ x ‘Camarosa’), and for late fruit ripening also in eight
families (‘Pandora’ x ‘Filon’, ‘Pandora’ x ‘Sophi€’, ‘Vicoda x ‘Pegasus, ‘Vicoda
x ‘Marmolada’, ‘Vicoda x ‘Sophie’, ‘Vikat' x ‘Elkat’, ‘Marmolada’ x ‘Sega’ and
‘Filon’ x ‘Camarosa’).

Key words: strawberry, general combining ability (GCA), specific combining ability

(SCA), parental form
INTRODUCTION

The main aim of the breeding
programme in strawberry carried out
a the Research Indtitute of Pomology
and Foriculture in Skierniewice is to
obtain new cultivars of high fruit
quality (large, shapely, firm and tasty
fruits, with bright-red skin and high
gloss) and varied fruit ripening time,
that is, cultivars that in field conditions
of moderate climate would ripen from
May to September. In order to obtain
desired cultivars quickly, it is neces-
sary to carry out cross-fertilization
programmes based on a thorough
knowledge of the breeding value of
the parenta genotypes. Breeding vaue
of aparenta genotype (parental form)
is usualy described by means of the
general and specific combining
abilities (GCA and SCA) of the
parental forms for the important
horticulturd traits.

The general combining ability of
a given parental form in respect of
the quantitative trait under consi-
deration is the average level of that
trait in the progeny (in half-siblings)
of the parental form being considered.
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It is a measure of the additive action
of genes on the trait in question
(Griffing, 1956ab). It describes the
general usefulness of the parental
form in terms of that trait for creating
new cultivars. The most valuable
hybrid progeny in terms of a trait of
interest is obtained as a result of
crossing those parental forms that are
marked by favourable values of the
general combining ability effects for
that trait.

The specific combining ability
for a trait under consideration pertains
to a pair of parenta forms and repre-
sents the interaction (joint action) of
both parents that manifests itself in
the preservation of that trait in their
progeny. SCA is a result of the non-
additive action of genes (domination
and epistasis). A considerable varia-
bility in the effects of the specific
combining ability for a trait within
the studied cross design is a proof of
the great importance of the joint
action of the genes of the pairs of
parental forms in determining that
trait in the hybrid progeny (Baker
1978). SCA usualy emerges in some
cross combinations only and may
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increase or decrease the biologica
and horticultural values of the hybrid
progeny. In general, the occurrence
of a considerable variability in SCA
effects for a given trait in the starting
materia for breeding is unfavourable
because it increases the probability
of obtaining hybrid progenies with
an average value of that trait, which
is less desirable than it would appear
from the sum of the GCA effects of
both parents. SCA can aso make the
mean vaues of a trait in some
hybrids less desirable in relation to
the sum of the GCA effects of both
parents.

In order to determine which
genetic effects (additive or non-
additive) have the predominant
importance in the inheritance of
agiven quantitative trait by the
progeny under study, the mean square
retio for GCA and SCA (s2.,/si,)

is usualy used in the analysis of
variance according to the fixed
model for datain adialel or factoria
cross design (Hortynski, 1987,
Zurawicz et a., 1995; Cho and Scott,
2000; Lopez-Sese and Staub, 2002;
Mwanga et a. 2002; Lagunes-
Espinoza et a., 2003). A high value
of the ratio s’ /s2., indicates that

additive genetic effects have an
advantage over non-additive effects
in determining that particular quanti-
tative trait in the progeny under
consideration. In such a case there is
a relatively high probability of
achieving progress in breeding for
that trait in cross-breeding within the
gene pool represented by the parental
forms studied. In the studies by
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Zurawicz et al. (1995), the estimates
of a low value of the ratio
s&e, 152, for susceptibility to grey
mould and of a high value for fruit
size indicate low effectiveness in
breeding strawberry cultivars that
would be low-susceptible to grey
mould and a much higher probability
of producing strawberry cultivars
with large fruits. The studies by
Simpson and Sharp (1988), carried
out on the progeny of strawberry
genotypes of short-day and ever-
bearing types, indicate that GCA
effects are of relatively high signi-
ficance for blooming and yield-
related traits, whereas SCA effects
are rdaively important for the ability to
form runners. In the inheritance of
resistance to powdery mildew, both
the genera and specific combining
abilities are important (MacLachlan,
1978; McNicol and Gooding, 1979).

The most useful mating design
for assessing GCA and SCA effects
of parental forms is the diallel cross
design. This design is most often
used in quantitative genetics and in
breeding agriculturd and horticultura
plants, both annud and perennia
(Hortynski, 1987; Zurawicz, 1990;
Zurawicz et a., 1995, Dias and
Kageyama 1997, Zhang and Kang,
1997; Cilas et a., 1998; Cho and
Scott, 2000, Bourion et a., 2002;
LOpez-Sese and Staub, 2002,
Mwanga et al., 2002; Boros, 2003;
Lagunes-Espinoza et al., 2003; Ray
et a., 2003; Anido et al., 2004; Ledn
et a., 2004).

The aim of this study was to
assess the genera and specific com-
bining abilities of ten medium- and
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late-maturing strawberry cultivars for
nine useful traits on the basis of data
obtained in field experiments with
hybrid progeny plants produced in
acomplete diallel cross design.

MATERIAL AND METHODS

The experiment was carried out
a the Research Inditute of Pomology
and Floriculturein Skierniewice in the
years 2001-2002. The experimenta
material consisted of seedlings of F1
progeny belonging to 45 hybrid families
obtained as a reault of crossng 10
medium- and latematuring strawberry
cultivars (‘Pandora, ‘Vicoda, ‘Vikat',
‘Pegasus’, ‘Elkat’, ‘Marmolada’,
‘Filon’, ‘Segal’, ‘Sophie’ and
‘Camarosa’) in a complete diallel
cross design according to Griffing's
fourth method (1956b; Dobek et al.,
1977; Garretsen and Keuls, 1978;
Madry and Ubysz-Borucka, 1982),
which takes into account only direct
crosses (Tab. 1). A detailed des-
cription of most of the cultivars
studied is available in the paper by
Zurawicz (2005). Crossing of the
cultivars was carried out in 1999. For

the purpose of the experiment, plants
were used which had been selected

randomly from a larger population of

seedlings obtained from the seeds
from each of the cross combinations.
The field experiment with the plants
of the hybrid families were set up in
the spring of 2000 in a randomized
complete block design with 4 replicates
of 15 plants each. The plants were
planted in a podsolic, Grade 4 soil, at
a spacing of 0.4 x 1.1 m. In total,
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2700 seedlings were planted in the
experiment.

All maintenance and plant
protection treatments were carried
out in accordance with recom-
mendations for commercid plantations
(except leaf diseases — plants were not
protected against these diseases).
During periods without rain, the
plants were irrigated at least once
aweek by means of a self-propelled
sprinkling machine Polymat 130.

In 2001-2002, individual asses-
sment of all the seedlings was carried
out. The following traits were assessed:
plant growth habit (1-3 rating scae,
where 1 — upright, 2 — intermediate,
3 — spreading); growth vigour (1-5
rating scale, where 1 — very poor,
5 very strong); fruit ripening time
(number of days from 1% January to
the first fruit harvest); marketable
fruit yield (g/plant); fruit weight (g);
fruit susceptibility to grey mould (%
of affected fruits in the total number
of fruits collected); as well as plant
susceptibility to leaf diseases, i.e
white leaf spot (Mycosphaerella
fragariae), leaf scorch (Diplocarpon
earliana) and powdery mildew
(Sphaerotheca macularis) (0-5 rating
scae, where 0 — no disease symptoms,
5 — plants withering away as aresult of
infection).

Statistical analysis. Using data
from the observations of each trait in
individual plants, means were deter-
mined for each plot. The mean
values were used in a preliminary
dtatistical analysis using one-factor
analysis of variance based on the
randomized complete block model in
which hybrid families where the factor.
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Table 1. Layout of the diallel cross design based on the Griffing's fourth method
for ten strawberry cultivars bearing fruit at different times

Maternal Paternal parent &

parent Q| Vicoda | Vika | Pegesus | Elkat Ma”;%o;‘a Filon | Segdl | Sophie | Camarosa
Pandora X X X X X X X X X
Vicoda X X X X X X X X
Vikat X X X X X X X
Pegasus X X X X X X
Elkat X X X X X
Onebor -
Marmolada X X X X
Filon X X X
Segad X X
Sophie X

The hypotheses that the hybrid
families did not differ in respect of
the mean values for the individual
traits were then verified. Because the
mean traits were found to differ
significantly among the studied hybrids,
they were subsequently subjected to the
analysis of variance for a complete
dialel cross design based on the
fixed model (Griffing, 1956b) for
Griffing's fourth method using the
algorithm developed by Garretsen
and Keuls (1978), and Madry and
Ubysz-Borucka (1982).

The fixed model of variance
analysis for the data from the diallel
cross design has the following form
(Griffing 1956b, M adry and Ubysz-
Borucka 1982):

pEmtg g ts;te
(ij = 1, 2..., p; p denotes the number

of parents included in the cross
design)

where:

Y, isthe mean of n plots of a trait
for the hybrid progeny of the i-th
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maternal parent (9) and the j-th
paternal parent (3),

m isthe general mean,

g; (g ;) isthe GCA effect of thei-th

(j-th) parent,
s.. is the SCA effect of the (ij)-th

i
pair of parents,
e, istherandom error of themean y, .

The anaysis of data according to

the fixed model of variance anaysis
for the data from the dialel cross

design consists of estimating the
GCA and SCA effects for the traits
under consideration, testing the
hypothesis that these effects do not
vary and examining the significance
of their values for each parental form
and the significance of the different-
ces among the GCA effects. Detailed
analyses of the significance of the
GCA and SCA effects were carried
out using the procedure of multiple
comparisons based on Bonferroni's
inequality (Garretsen and Keuls,
1978). This procedure was also used
in multiple comparisons of the GCA
effects for each pair of the parents.

137



A. Masny et al.

All caculations concerning the
estimation of GCA and SCA effects
in the above model, and those
concerning the variance analysis and
detailed multiple comparisons were
carried out using the DIALLEL
computer program, written in Basic
(Madry and Ubysz-Borucka, 1982;
Gorczynski and Madry, 1983).

RESULTS AND DISCUSSION

The variance analysis of the data
for the progeny in the studied diallel
cross design based on Griffing's
model revealed that in both years of
the experiment the GCA values as
well as the SCA vaues varied
significantly for most of the traits
(Tab. 2 and 3). This means that most
of the traits under assessment were
determined by both additive and non-
additive genetic effects. The values
of the GCA effects showed no
significant variability only for plant
susceptibility to powdery mildew and
only in the first year of the experi-
ment, whereas the values of the SCA
effects showed no significant varia-
bility for plant growth vigour and
plant susceptibility to white leaf spot
and leaf scorch, and to powdery
mildew (also only in one year of the
experiment).

The highest values of the mean
square ratios for the GCA and SCA
effects, ranging from 14.34 to 17.63,
were obtained for fruit ripening time.
This means that in the genetic deter-
mination of this trait the additive
effects predominate, with the trait
being highly inheritable in a narrow
sense. The lowest values of the mean
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square ratios were found for plant
growth vigour, marketable fruit yied,
and plant susceptibility to powdery
mildew. This is an indication of
agreat advantage of non-additive
(interactive) effects over additive effects
in the process of the inheritance of
those traits. Hsu et al. (1969) had
developed a hypothesis for the
inheritance by strawberry plants of
the susceptibility to powdery mildew
based on a quantitative analysis of
data. The hypothesis emphasizes that
in the inheritance of that trait the
non-additive variance is more impor -
tant than the additive variance, and
indicates particular significance of
epistatic components. The studies by
Daubeny (1961) had indicated that
sved genes took pat in  the
inheritance of susceptibility to powdery
mildew, but aso emphasized the high
importance of non-additive compo-
nents. In practice, the significant
share of non-additive effects in the
genetic determination of plant
res stance/susceptibility to powdery
mildew in strawberry means that it is
very difficult to quickly breed cultivars
that are resstant or low-susceptible to
that disease.

For the remaining traits, the
values of the mean square ratios for
the GCA and SCA effects ranged
from 2.78 to 8.24, which means that
in the genetic determination of those
traits both additive parental effects
and interactive effects are important.
According to Sherman et a. (1967),
improvement in the values of many
traits in strawberry progeny (e.g.
yield, fruit weight, fruit firmness)
can be significantly affected by both

J. Fruit Ornam. Plant Res. vol. 16, 2008: 133-152
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Table 2. Analysis of variance of adiallel cross design of ten strawberry cultivars with different fruit ripening times for vegetative traits
and plant susceptibility to leaf diseases

So Mean sguares of deviations
of - |Degrees Susceptibility to
. of Plant growth habit Average growth vigour . Powdery mildew of
\E)Eiilrilt& freedom White leaf spot Leaf scorch srawberry
y 2001 | 2002 | Mean | 2001 | 2002 | Mean | 2001 | 2002 | Mean | 2001 | 2002 | Mean | 2001 | 2002 | Mean
GCA 9 4.95**|0.0529** 0.0315** | 2.21*  |0.0918** [0.0565** [14.13** [0.1987** |0.1832** | 4.21** [0.6111** |0.2627** | 1.28™ [0.2458** |0.0930**
SCA 35 |1.66* |0.0156** 0.0084* | 1.48™ |0.0349**|0.0298* | 2.82** |0.0241™ 0.0256** | 1.36™ [0.1063** |0.0555** | 1.29™ |0.0671** |0.0335**
gagrcrlgr 132 |0.0071/0.0087 |0.0056 [0.0254 [0.0189 [0.0175 | 0.0155|0.0168 [0.0094 | 0.0261 | 0.0362 | 0.0177 | 0.0196| 0.0255 | 0.0137
a
%ZGS;*/ 29819| 339 375 | 14932 | 263 190 |50106 | 824 716 | 30956 | 575 473 | 09922 | 366 2.78

Explanations: ** — significant differencesin effectsat p = 0.01

* —ggnificant differencesin effectsat p = 0.05

"_ differences in effects not significant at p = 0.05
[2—ratio of mean squares for GCA and SCA

Table 3. Andyssof variance of adiadld crossdesign of ten strawberry cultivars with different fruit ripening times for yield-related traits

Source |Degrees Mean squares of deviations . _

of varia- | of Fruiit ripening time Marketable yield Fruit weight Fruit susceptibility to grey
bility | freedom 55772565 T Mean | 2001 2002 Mean 2001 | 2002 | Mean | 2001 | 2002 Mean
GCA 9 [80.90**[80.3564"* |82.0003"* | 17783.35" |13690.50°* |457240°* |1594** |4.6004* |32082** [480** |122.7452"* |37.0884**
SCA 35 |459** [6.0305** |4.8421** |1027860°* |[4018.62** |517L06** |5.74**  |0.9063** |0.8765"* [LO9™ [18.7961** |5.8413**
gfg?om 132 |0.9368| 0.7064 | 05891 | 382250 | 1725.85 | 1601.20 | 0.1985 | 0.1872 | 0.1333 |1.2738 | 7.2906 | 2.3959
gz‘;f:e{ 176252| 1434 | 1693 | 17234 3.24 087 | 27770 | 5.08 366 |4.4036 | 653 6.35

Explanations: ** — significant differencesin effectsat p = 0.01

* —gignificant differencesin effectsat p = 0.05
"s—differences in effects not significant at p = 0.05
[2—ratio of mean squares for GCA and SCA
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additive and non-additive effects, but
their share in determining those traits
varies depending on the parental
formsinvolved.

The estimates of the GCA effects
of the parental forms of strawberry in
respect of the studied traits are
presented in Tables 4 and 5. These
effects describe the breeding value of
those cultivars. As can be seen, the
cultivars ‘Pandora and ‘Vikat' had
the highest, significantly positive
values of the GCA effects for plant
growth habit; therefore, plants with
a spreading habit will predominate in
their progeny. By contrast, the
progeny of the cultivar ‘Elkat’ will
be characterized by an upright habit,
because the GCA effect for this trait
was significantly negative.

The significantly positive value
of the additive effects for plant growth
vigour in the cultivar ‘Sophi€
indicates a relative ease of obtaining
progeny of this cultivar that will be
characterized by strong growth.
However, the large share of epistatic
effects in the inheritance of that trait,
arising from the low vaue of the
mean square ratio of the GCA and
SCA effects, is an indication that
breeding vigoroudy growing cultivars,
even with the use of that cultivar as
one of the parents, may be relatively
difficult.

The cultivars ‘Pegasus’, ‘Elkat’
and ‘Flon', with dgnificantly negative
values of the GCA effects for the
susceptibility of leaves to white leaf
spot (in this case they indicate low
susceptibility to that disease, and are
thus favourable from the breeding
point of view) may be a good source
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of resistance/low susceptibility to
that disease. Significantly negative
(favourable) values of GCA effects
were also obtained for the cultivars
‘Vicoda and ‘Vikat' for leaf scorch,
and for the cultivars ‘Elkat’ and
‘Segal’ for powdery mildew.

Fruit ripening time (Tab. 4) was
one of the traits for which al the
GCA effects were significantly dif-
ferent from zero (with both positive
and negative values). The highest,
statisticaly significant values of the
GCA effects, dignifying a late
ripening time, were obtained for the
cultivars ‘Vikat’ and ‘Pandora’, and
dlightly lower but also datistically
significant values for the cultivars
‘Vicoda and ‘Sophie’. The four
cultivars are thus especialy valuable
in breeding strawberry with the aim
of obtaining late cultivars. The very
high ratio of the mean squares of
deviations for the GCA and SCA
effects for that trait is an additiona
indication of the ease of obtaining
late-ripening cultivars by including
the a&bove -cultivars in breeding
programmes. The cultivars for which
the caculated GCA effects took
datigticdly sgnificant, negative vaues
(denoting a rdativey ealy fruit
ripening time) included: ‘Pegasus,
‘Elkat’, ‘Marmolada, ‘Filon’, ‘ Sega’
and ‘Camarosa. These genotypes
can therefore be used in breeding
programmes as parents for obtaining
earlier-ripening cultivars.

GCA effects sgnificantly different
from zero for marketable fruit yield
were obtained only for four out of the
ten parental genotypes studied and only
in one year of the experiment.
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Table 4. Estimates of GCA effects of strawberry parental forms with different fruit ripening times for vegetative traits and plant

susceptibility to leaf diseases

Growth habit? Growth vigour? Susceptbiliy to Powdery mildew of
Cultivar White |eaf spot® Leaf scorch® Sranberry

2001 | 2002 | Mean | 2001 | 2002 | Mean | 2001 2002 Mean 2001 2002 Mean 2001 2002 Mean
Pandora 0.09* | -0.03 | 0.03 | 0.03 | 0.29* | 0.11 | 0.31* 0.28* 0.29* 0.27* 0.35* 0.31* 0.02 0.12 0.07
Vicoda 0.00 | 0.06 | 0.03 | -0.02 | -0.07 | -0.04 | 0.07 0.16* 0.12* -0.03 | -0.21* | -0.12* -0.05 0.01 -0.02
Vikat 0.04 | 0.18* | 0.11* | 0.01 | -0.23 | -0.06 | -0.18* 0.05 -0.07 -0.11 | -0.57* | -0.34* 0.02 0.18* 0.10
Pegasus -0.03 | -0.01 | -0.02 | -0.09 | 0.02 | -0.03 | -0.08 | -0.27* | -0.12* | -0.02 0.01 -0.00 0.06 0.20* 0.13*
Elkat -0.13* | -0.07 |-0.10* | 0.06 | 0.06 | 0.06 | -0.25* | -0.24* | -0.24* | -0.01 -0.16 -0.09 -0.06 | -0.20* | -0.13*
Marmolada 0.02 | 001 | 002 | -0.10 | -0.05 | -0.08 | 0.11 -0.08 0.01 0.11 0.25* 0.18* 0.09 0.16* 0.13*
Filon -002 | -004 | -0.03 | 002 | 001 | 001 | -0.23* | -0.13* | -0.13* | -0.14 -0.09 -0.11 -0.03 0.01 -0.01
Segal -0.02 | -0.03 | -0.03 | 0.04 | -0.07 | -0.02 | 0.09 0.05 0.07 -0.08 0.26* 0.09 -0.09 | -0.27* | -0.18*
Sophie 0.08 | 0.05 | 0.07 | 0.16* | 0.15* | 0.15* | -0.03 0.02 -0.00 0.01 0.00 0.00 0.04 | -0.22* -0.09
Camarosa -0.04 |-0.11* | -0.07 | -0.11 | -0.11 | -0.11 | 0.09 0.05 0.07 -0.01 0.16 0.08 0.00 0.01 0.00
Total mean 242 | 247 | 244 | 3.06 | 3.60 | 3.33 1.85 0.89 1.37 1.09 1.73 141 181 191 1.86
SE(g) x2.85 [0.0855| 0.09 | 0.09 [0.1425| 0.14 | 0.11 | 0.1140 | 0.11 0.09 |0.1425 | 0.17 0.11 0.1425 0.14 0.11
SE (g'gsgl) X 10.1332| 017 | 0.13 |0.2664| 023 | 023 | 0.1998 | 0.20 0.17 |0.2664 | 0.33 0.23 | 0.2331 | 0.27 0.20

Explanations: ' — rating scale, where 1 — upright, 2 — intermediate, 3 — spreading habit

2_rating scale 1-5, where 1 — very weak, 5 — very strong growth
3_ rating scale 0-5, where 0 — no symptoms, 5 — pathogen-affected plants withering away
* — GCA effects significantly different from zero (positive or negative) according to Bonferroni’st-test at p = 0.05
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Table 5. Estimates of GCA effects of strawberry parental forms with different fruit ripening times for yield-related traits

Fruit ripening time Marketable yield [g] Fruit weight [g] Fruit susceptibility to grey mould
Cultivar (%]

2001 | 2002 | Memn | 2001 | 2002 | Mean | 2000 | 2002 | Mem | 2001 | 2002 | Mem

Pandora 354+ | 462 | 400¢ | -4332 | 5172+ | 420 | 068 | -117¢ | -092* | -075 | -925¢ | -5.00*
Vicoda 266 | 276* | 271* | 5085 | -1388 | 1848 | 062* | 004 | 029 058 | -205 | -073
Vikat 574+ | 574 | 574* | 57.14 | -7853* | -1069 | -0.79* | -146* | -112* | 160* | 154 | 157+
Pegass 235+ | -225¢ | 230 | -4936 | 913 | 2011 | 022 | o044 | 033 | -056 | -161 | -109
Elkat 335+ | -353 | -344% | 792 | 3837 | 2362 | -094* | 015 | -040* | -030 | 324 147
Mamolada | -227* | -173* | -201* | -5555 | 631 | -2461 | 070+ | 040 | 055+ | -073 | -204 | -139
Filon 133+ | 226 | -179* | 3056 | 5234* | 4145¢ | -018 | 013 | -003 | 015 | 154 0.69
Segdl 224+ | 241 | 233 | 1854 | 542 | -1199 | 067 | 044 | os5+ | 042 | 361+ | 159
Sophie 121 | 135* | 128+ | 6122* | 3611 | 1256 | -004 | 008 | 002 | 137 | 314+ | 225
Camarosa 161% | -220+ | -1.95¢ | -4091 | 2493 | 3200 | 042 | 104+ | 073 | -083 | 188 0.62
Total mean 17199 | 15698 | 16448 | 680.00 | 477.75 | 57887 | 11.16 | 835 | 975 479 | 2057 | 1269
SE(g)x285 | 09120 | 080 | 074 | 50100 | 3070 | 3825 | 04275 | 043 | o034 | 1080 | 259 148
SEQ@ 9 | 150 | 14 127 |1048284| 6913 | 67.77 | 07326 | 073 | o060 | 18648 | 450 256

Explanations: % — percentage share of rotten fruitsin the total number of fruits collected
* — GCA effects significantly different from zero (positive or negative) according to Bonferroni’ st-test at p = 0.05
SE (.) — standard error of the estimates of GCA effects or their differences
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Significantly positive GCA effects
for that trait were found in 2001 for
the cultivar ‘ Sophi€’, and in 2002 for
the cultivars ‘Pandora and ‘Filon'.
This means that the three cultivars
may be useful for breeding highly
productive progeny.

The GCA effects estimated for
fruit size were statistically significant
for most of the parental genotypes.
Only the GCA effects for the
cultivars ‘Filon’ and ‘Sophie’ took
values close to zero. The highest,
statisticaly proven vaues of the
GCA effects were obtained for the
cultivars ‘Segal’ and ‘Camarosa’ in
both years of the experiment, and in
one year for the cultivars ‘Pegasus
and ‘Marmolada. This means that the
four genotypes show high ussfulness
for breeding large-fruited cultivars.
Quite usdess for this purpose, however,
are the cultivars ‘Pandora, ‘Vikat’
and ‘Elkat’, for which the GCA
effects for that trait were found to be
significantly negative.

For five out of the ten genotypes
studied, the GCA effects were found
to be significantly different from
zero for the trait of fruit suscepti-
bility to grey mould, but only for one
of the cultivars (* Sophie’) the obtained
effects were dggnificant in both years
of the experiment. The GCA effects
with significantly negative values
(favourable from the breeding point
of view, as they denote low suscepti-
bility of fruit to that disease) were
estimated only for the cultivar
‘Pandora’, which means that that
cultivar is a valuable donor of low
fruit susceptibility to grey mould.
The cultivars ‘ Sophi€, ‘Segd’, ‘Vikat'
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and ‘Elkat’, with sgnificantly positive
(unfavourable for breeding) GCA
effects for fruit susceptibility to grey
mould, are completdly usdess for
breeding for resistance, as they would
pass on to their progeny high
susceptibility to that disease. The
relatively high ratio of the mean
squares of deviations of the GCA and
SCA effects for fruit susceptibility to
grey mould, caculated earlier
(ranging from 4.40 to 6.53 — Table
3), indicates a significant share of
both additive and non-additive
effects in the expression of that trait
in the progeny. Zurawicz (1990), in
his experiment on ten other strawberry
cultivars, also found a highly signi-
ficant share of additive and non-
additive variance in the genetic
determination of that trait and
pointed out a much greater difficulty
in breeding cultivars that would bear
fruit with low susceptibility to grey
mould in comparison with breeding,
for example, large-fruited cultivars,
as a consequence of low inheri-
tability of that trait.

Estimates of SCA effects for the
traits under assessment are given in
Tables 6 and 7. Significantly positive
values of the SCA effects on plant
growth habit were obtained only for
the family ‘Marmolada’ x ‘ Camarosa
in 2001. It means that the progeny
plants obtained as a result of crossing
the two cultivars were characterized
by a spreading growth habit.

For plant growth vigour, the
significance of the SCA effects was
statistically proven for two families:
‘Vicoda x ‘Sophie and ‘Elkat’
X ‘Sophie, with the SCA effect taking
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Table 6. Estimates of SCA effects of cross combinations of strawberry parental forms with different fruit ripening times for
vegetative traits and plant susceptibility to leaf diseases

o — “ . , Susceptibility to

Crosi)fc?)r;rgﬂqgnons rout "t rowth vigour White leaf spot® Leaf scorch® Powgfra\);me;rI?yeg\N of

2001 | 2002 | Mean | 2001 | 2002 | Mean | 2001 | 2002 | Mean | 2001 | 2002 | Mean | 2001 2002 | Mean
Pandorax Vicoda 0.01 [-0.00 | 0.01 015 [ 023 | 019 | -007 | 005 |-0.01 |-001 |-0.00 |-0.00 | -0.13 |-0.04 |-0.09
Pandorax Vikat 0.10 |[0.02 | 0.02 0.05 | 0.15 | 0.10 0.19 | -0.04 | 0.08 0.17 | 051 0.34 -0.03 | -0.14 | -0.09
Pandorax Pegasus 0.05 [-0.02 | 0.02 -0.09 | 0.01 | -0.04 0.21 | -0.13 0.04 0.20 0.18 0.19 -0.10 0.06 -0.02
Pandorax Elkat -0.02 |-0.15 | -0.08 |0.09 | 0.02 | 0.06 0.07 | -0.02 | 002 |-0.10 |-0.05 |-0.08 | -0.08 |-0.23 |-0.16
mﬂ?; a -0.02 | 0.05 | 002 |-0.10| 003 | -0.03 | -0.13 | -0.05 | -0.09 | -0.08 | -0.03 | -0.05 | -0.04 0.16 0.06
Pandorax Filon -0.08 |-0.01 | -0.04 0.37 | 0.07 | 0.22 -0.06 | 0.12 0.03 |-005 |-037 |-0.21 0.07 0.14 0.10
Pandorax Segd -0.03 | 0.01 | -0.01 |-0.16 |-0.06 | -0.11 -0.08 | -0.13 | -0.10 |-0.03 | -0.00 | -0.02 -0.17 | -0.08 -0.12
Pandorax Sophie 0.07 |-0.03 | 0.02 |-0.26 |-0.10 | -0.18 019 | 021 0.20 0.13 | 0.04 0.08 0.36 0.17 0.27
Pandorax Camarosa | -0.07 | 0.13 | 003 |-0.04 |-0.35 | -0.20 | -0.32 | -0.01 | -0.17 |-0.25 |-0.27 |-0.26 012 |-0.03 0.04
Vicodax Vikat -0.05 | 0.05 | 0.01 0.09 |-0.11 | -0.01 -0.22 | -0.22 | -0.22 0.08 0.12 0.10 -0.08 | -0.28 -0.18
Vicodax Pegasus 0.12 | 008 | 010 |-0.15 |-0.10 | -0.13 021 | 0.18 019 |-0.05 |-002 |-0.03 | -0.14 |-0.25 |-0.20
Vicodax Elkat 012 [011 | 011 0.07 | 0.02 | 0.04 0.29 0.23 026 |-020 |-0.24 | -0.22 -0.02 | -0.26 -0.14
Vicodax Marmolada| -0.11 | 0.05 | -0.03 | 0.29 | 0.05 | 0.17 | -0.39*| 0.03 |-0.18 |-0.19 |-0.38 |-0.29 | -0.04 |-0.11 | -0.08
Vicodax Filon -0.05 |-0.06 | -0.06 |[-0.33 |-0.06 | -0.20 026 | 0.04 0.15 0.12 | 0.61 0.36 -0.03 0.06 0.01
Vicodax Segd -0.02 |-0.21 | -0.12 0.08 | 026 | 0.17 0.09 | -0.17 | -0.04 0.22 0.15 0.18 0.28 0.45 0.37*
Vicodax Sophie 007 |011 | 009 |-0.30 [-0.41*|-0.36 | -0.19 | -0.09 | -0.14 | 0.06 |-0.19 | -0.06 0.14 0.05 0.09
Vicodax Camarosa | -0.08 |-0.13 | -0.11 012 | 013 | 0.12 0.02 | -0.05 | -002 |-0.04 |-0.04 |-0.04 0.03 0.38 0.20
Vikat x Pegasus -0.05 | 0.17 | 0.06 0.18 |-0.12 | 0.03 -0.16 | -0.02 | -0.09 |-0.30 |-0.49 | -0.39 -0.15 |-0.38 -0.26
Vikat x Elkat 007 |006 | 007 |-0.29 |-0.21 | -0.25 024 | 0.16 020 [-0.07 | 011 0.02 0.07 0.08 0.08
Vikat x Mamolada | -0.08 |-0.26 | -0.17 | 0.13 | 0.20 | 0.16 0.30 | 0.36 0.33* | 016 | 043 0.30 0.05 |-0.20 | -0.08
Vikat x Filon 0.13 | 0.01 | 0.07 -0.17 [-0.12 | -0.14 -003 | -0.16 | -0.09 |-0.10 |-0.21 | -0.15 0.04 0.23 0.13
Vikat X Sega -0.04 |-0.03 | -0.03 0.06 | 0.04 | 0.05 0.05 0.20 0.13 0.09 0.09 0.09 -0.01 0.28 0.14
Vikat x Sophie -0.05 |-0.03 | -0.04 |-0.01 | 0.01 | 0.00 -014 | -014 | -0.14 |-0.01 | -0.10 | -0.05 0.15 0.28 0.21
Vikat x Camarosa -0.03 [ 0.02 |-0.00 |-004 | 015 | 006 | -024 | -0.16 | -0.20 |-0.03 |-046 |-024 | -0.03 0.12 0.05
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Pegasus x Elkat 007 [-017 [-005 [016 [043 | 015 | 012 [-002 | 005 | 027 | 046 | 036 | 013 |-004 | 0.04
PegasLs x -0.09 |-0.19 | -0.14 |-002| 007 | 003 | -0.10 | -014 | -012 | 003 | 050 | 027 | 007 | 024 | 015
Marmolada
Pegasus x Filon 011 [-012 [-012 |004 | 011 [ 008 | -007 | 008 | 000 |-011 [-011 |-011 | 012 | 0.00 | 0.06
Pegasus x Segd 007 [015 [ 011 |-0.25 [-0.08 | -0.17 | -0.17 | -014 |-015 | 000 |-042 [-021 | 026 | 053 | 0.39*
Pegasusx Sophie | -0.20 [-0.10 | -015 | 0.28 [ 012 | 020 | 004 | 022 | 043 |-037 |-030 |-033 | -032 |-002 |-017
Pegasusx Camarosa | 014 [ 021 | 017 [-0.14 [-014 | -014 | -0.08 [-003 |-005 [ 031 | 021 | 026 | 012 [-014 [-0.01
Elkat x Marmolada | -0.10 [ 0.08 | -0.01 [-0.14 [-0.10 | -012 | -0.06 [-0.16 |-011 [ 003 | 004 | 003 | 008 [-006 | 0.01
Elkat x Filon 003 [014 [ 008 |-0.10 | 005 [ -003 | -0.16 | -0.14 | -015 |-015 |-032 |-023 | 000 | 032 | 0.16
Elkat x Segd 008 [ 009 | 000 [-012 |-020 | -016 | -028 | -001 | -014 |-017 [-021 |-019 | -006 | 016 | 0.05
Elkat x Sophie -002 |-017 [-0.10 | 036 | 0.47*| 042* | -024 | -010 | -017 | 0.23 [-001 | 011 | -007 | 0.04 |-002
Elket x Camarosa | -0.07 | 0.02 | -003 [-003 [-0.19 [ -011 | 001 | 006 | 004 | 017 | 023 | 020 | -004 |-0.01 |-0.03
Mamoladax Filon | -0.05 [ 012 | 003 | 0.00 |[-015 | -008 | -0.10 [ -0.04 | -007 | 000 |-042 [-021 | 003 | 009 | 0.06
Mamoladax Segdl | 0.14 [-0.01 | 006 [-0.03 [-011 | -007 | 017 [ 018 | 018 [ 019 |-016 | 001 | 016 [-014 | 0.01
Marmoladax Sophie| 0.06 | 0.18 | 012 |-0.18 [-023 | 021 | 0.27 |-0.01 | 013 [-009 | 0.07 |-001 | -023 | 002 [-0.10
Mar m"gax 027+ |-002| 012 | 004 | 0.25 | 014 | 003 | -020 | -0.08 | -0.06 | -0.04 | -0.05 | -0.08 | 0.01 | -0.04
Filon x Segd 004 [ 005 | 000 |08 | 006 | 012 | -012 | 003 | -005 |-019 | 011 |-004 | -028 |-039 |-033
Filon x Sophie 023 [-001 | 011 |-011 |-006 | -009 | -0.12 [-012 |-012 | 014 | 011 | 013 | -009 |-039 |-0.24
Filonx Camarosa | -0.06 |-0.12 | 009 | 0.14 | 011 | 012 | 039°] 019 | 029 | 033 | 0.60* | 047* | 014 |-005 | 0.04
Segd x Sophie 003 005 | 001 |026 [013 | 019 | 016 [-006 | 0.05 | 011 | 052 | 0.32 | 006 |-0.34 |-0.14
Segd x Camarosa | 0.04 |-0.10 [ -003 |-0.01 |-0.04 [ -002 | 016 | 011 | 013 |-023 |-007 |-015 | -0.25 |-0.48* | -0.36*
Sophiex Camarosa | -0.13 [-0.01 | -007 |-0.04 [ 008 | 002 | 003 [ 008 | 006 [-021 |-015 [-018 | -001 | 020 | 0.10
SE(s)x333 | 02331027 | 023 0.4662] 040 | 040 [0.3663] 037 | 030 |0.4662] 057 | 040 | 0.3996] 047 | 0.33

Explanations. * —rating scale, where 1 — upright, 2 — intermediate, 3 — spreading habit
% _rating scale 1-5, where 1 — very weak, 5 — very strong growth

® _rating scale 0-5, where 0 — no symptoms, 5 — pathogen-affected plants withering away

* — SCA effects significantly different from zero (positive or negative) according to Bonferroni’ st-test at p = 0.05
SE (sj) — standard error of the estimates of SCA effects
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Table 7. Estimates of SCA effects of cross combinations of strawberry parental forms with different fruit ripening times for yield-

related traits
Cross combinations of Fruit ripening time Marketable yield [g] Fruit weight [g] Fruit suscept bl[lol/(t)i/ to grey mould
parents 2001 2002 | Mean | 2001 2002 Mean 2001 2002 Mean 2001 2002 Mean
Pandorax Vicoda -2.06 -2.70* | -2.38* | -16.15 -2.41 -6.90 | -0.86 -0.43 -0.65 -1.07 248 0.70
Pandorax Vikat -2.99* | -2.96* | -2.97* | -60.92 74.95 7.02 0.13 1.28* 0.70 0.04 -3.42 -1.69
Pandora x Pegasus -0.50 035 | -007 | -21.04 | -1595 | -1851| -0.36 0.28 -0.04 0.28 155 0.92
Pandora x Elkat -1.11 -1.87 | -1.49 40.96 55.61 48.31 1.34* 0.13 0.73 -0.49 0.02 0.24
Pandorax Marmolada | -0.44 -2.04 | -1.23 | -6493 | 2422 -20.38 1.81* 0.89 1.34* 0.49 431 240
Pandorax Filon 4.03* 450* | 4.26* 37.24 -0.02 -0.56 -0.29 0.52 -3.25 -1.36
Pandora x Segal 1.74 0.16 0.96 -8.16 -32.95 | -2055 | -0.07 0.12 0.02 0.57 0.12 0.34
Pandora x Sophie 1.86 4.22* | 3.04* - -96.49 - -0.81 -0.57 -0.66 0.37 -4.77 2.20
Pandorax Camarosa | -0.55 034 | -0.11 | 113.08 | -49.04 3201 | -117 -1.14 -1.16* -0.71 297 1.13
Vicodax Vikat -2.26 -2.69* | -2.48* | 49.96 -1.82 2407 | -051 -0.08 -0.29 0.47 1.42 0.95
Vicoda x Pegasus 2.39 3.56* | 298 | -52.67 | -37.30 | -44.99 | -0.52 -0.24 -0.38 -0.27 -3.02 -1.65
Vicodax Elkat 1.90 -0.27 | 081 | 149.73 24.99 87.40 0.58 101 0.80 0.56 8.02* 4.29
Vicodax Marmolada | 2.16 251* | 234* | 91.68 | -25.08 3329 | -0.85 -1.03 -0.94 0.50 3.06 1.78
Vicodax Filon -1.35 -167 | -1.51 |-148.36 -9.63 -79.03 0.81 0.65 0.73 -2.06 -2.26 2.16
Vicodax Segd -1.22 0.87 | -0.17 57.67 70.83 64.29 179* | 0.28 1.04 0.27 -2.05 0.89
Vicodax Sophie 3.20* 3.72* | 3.46* |-15559 | -57.79 | -106.71 | -1.52* | -1.33* -1.43* 1.17 -7.80 3.32
Vicodax Camarosa -2.78 -3.33* | -3.06* | 23.73 33.39 2858 | 1.07 1.18 1.13* 0.43 0.15 0.29
Vikat x Pegasus 151 244 197 66.89 |-112.50 -22.82 | 0.82 -0.83 -0.00 0.51 7.62 4.07
Vikat x Elkat 0.84 298 | 191 -92.44 | -68.82 -80.60 | 1.45* 0.25 0.85 0.02 -2.53 -1.26
Vikat x Marmolada -0.64 -0.25 | -0.44 | 114.18 -0.65 -0.36 -0.51 -1.96 -6.01 -3.99
Vikat x Filon 2.33 -167 | 033 |[-131.31 | -99.01 | -115.15| 0.04 0.37 0.20 0.00 4.73 2.36
Vikat x Segal 1.30 161 1.46 4.20 5.43 481 | -0.87 -0.48 -0.67 -1.35 -3.05 2.20
Vikat x Sophie 0.18 0.35 0.26 75.61 39.21 5741 | -0.71 -0.37 -0.54 0.70 -3.02 -1.16
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Vikat x Camarosa -0.28 020 | -0.04 | -26.16 6.34 -9.93 | 0.30 0.23 0.27 1.58 4.27 2.92
Pegasus x Elkat 0.81 0.59 0.70 62.69 74.17 68.46 | 0.29 0.67 0.48 -1.29 -2.30 -1.79
Pegasus x Marmolada | -1.16 -1.96 | -1.55 14.53 16.14 1535 | 0.23 0.74 0.49 -0.12 -0.49 0.30
Pegasus x Filon -2.12 -2.62* | -2.37* | -25.13 | 31.05 294 024 0.23 0.24 2.07 -0.73 0.67
Pegasus x Segal -1.05 -1.73 | -1.38 | -52.53 16.97 -17.75 | -0.38 -0.23 -0.30 -1.54 -6.18 -3.86
Pegasus x Sophie -1.67 -218 | -1.93 93.69 66.50 80.08 | 0.69 043 0.55 -0.01 555 277
Pegasus x Camarosa 1.77 155 1.66 -86.43 | -39.07 -62.76 | -1.01 -1.05 -1.03 0.37 -2.01 0.82
Elkat x Marmolada -151 -058 | -1.04 | -79.39 | -87.65 | -8350 | -0.81 0.07 -0.37 -1.15 -3.17 2.16
Elkat x Filon -1.23 -0.35 | -0.79 | -90.11 -8.06 -49.07 | 0.09 0.24 0.16 1.93 3.49 271
Elkat x Segal -0.37 -0.35 | -0.36 | -91.08 | -54.30 | -72.90 | -2.89* | -1.65* -2.27* 1.61 1.13 1.37
Elkat x Sophie 0.75 0.17 046 | 103.14 84.64 93.92 | 0.86 0.21 0.53 0.24 -0.44 0.10
Elkat x Camarosa -0.09 -0.33 | -0.21 -3.51 | -20.59 -12.02 | -0.90 -0.93 -0.92 -1.42 -4.21 2.82
Marmolada x Filon -3.12% | -231 | -271* | 11.44 | -11.50 -0.01| -0.78 -0.13 -0.45 -0.88 0.53 0.18
Marmolada x Segal 3.29* 3.98* | 358 |-109.36 | -11.23 | -60.26 | 0.64 -0.34 0.15 0.95 -2.48 0.77
Marmolada x Sophie 0.20 -0.71 | -0.25 -2.67 | -58.67 -30.69 | -0.61 -0.95 -0.79 -0.40 194 0.77
Marmolada x 122 1.37 1.30 2451 -2.45 1102 | 1.04 112 1.08* 2.57 2.32 245
Filon x Segal -0.81 040 | -0.20 | 143.23 | -32.59 55.35 | -0.01 0.55 0.27 0.08 4.94 251
Filon x Sophie -1.26 -0.52 | -0.89 -841 | -1483 | -1163| 0.66 1.03 0.84 -0.51 0.15 0.18
Filon x Camarosa 3.54* 425 | 3.89* | 2422 | 107.32 65.75 | -1.02 -2.38* -1.70* -1.15 -7.60 4.38
Segal x Sophie -1.66 -2.97* | -2.31* | 113.47 55.58 8456 | 0.77 0.17 0.47 -0.24 5.93 2.85
Segal x Camarosa -1.22 -198 | -159 | -5745 | -17.74 | -3755| 1.02 1.58* 1.30* -0.34 1.65 0.65
Sophie x Camarosa -1.62 -207 | -185 | -1198 | -18.06 | -1510 | 0.68 1.38* 1.03 -1.33 247 0.57

SE (s4) x3.33 28305 | 2.46 2.26 18158 | 122.01 | 117.52 | 1.2987 127 1.07 3.3300| 7.93 4.56

Explanations: % — percentage share of rotten fruitsin the total number of fruits collected
* — SCA effects significantly different from zero (positive or negative) according to Bonferroni’st-test at p = 0.05
SE (sj) — standard error of the estimates of SCA effects
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anegative vaue for the former, and
apositive value for the latter family.
It should thus be expected that the
progeny of the family ‘Vicoda
X ‘Sophie’ will aways be charac-
terized by weak growth, whereas the
progeny of thefamily ‘Elkat’ x ‘ Sophie
will show a tendency towards vigorous
growth.

Three SCA effects, with values
significantly different from zero,
were detected for plant susceptibility
to white leaf spot. In the case of two
hybrid families. ‘Vikat' x ‘Marmolada
and ‘Flon’ x ‘Camarosa, the vaues of
the SCA effects were significantly
positive (unfavourable from the
breeding point of view). The high
susceptibility of their progeny to
white leaf spot, especially in the case
of ‘Filon’ x ‘Camarosa hybrids, is
aresult of the interactive effect of
both parents revealed only in the F;
progeny, since the cultivar ‘Filon’
normally passes on to its progeny
low susceptibility to that disease (the
GCA effects for that trait were found
to be sgnificantly negative (favourable)
in both years of the experiments —
Table 4).

The progeny of the family ‘Filon’
X ‘Camarose’ will aso show high
plant susceptibility to leaf scorch, as
evidenced by the significantly positive
(unfavourable) values of the SCA
effectsfor that trait.

Two families: ‘Vicoda x ‘Segad’
and ‘Pegasus x ‘Segal’, were found
to have dSgnificantly positive
(unfavourable) values of the SCA
effects for plant susceptibility to
powdery mildew of srawberry,
indicating susceptibility to that disease
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in the progeny of both families
Although the cultivar * Segal’ is known
to have high breeding value for that
trait (dgnificantly negative, that is
favourable vaues of the GCA effects),
when it is crossed with the cultivar
‘Vicoda' or ‘Pegasus, the interactive
effect of the parents becomes apparent
in the progeny, resulting in an increased
susceptibility to that disease in
comparison with either parent.

Many hybrid families had sta-
tigticaly significant values of the
SCA effects for such traits as fruit
ripening time, marketable yield and
fruit size. Significantly positive values
of the SCA effects for fruit ripening
time were found for eight families:
‘Pandora x ‘Filon’, ‘Pandora
x ‘Sophie’, ‘Vicoda x ‘Pegasus,
‘Vicoda x ‘Marmolada’, ‘Vicoda
X ‘Sophi€’, ‘Vikat' x ‘Elkat’, ‘Marmo-
lada’ x ‘Segal’ and ‘Filon’ x ‘Cama-
rosa . This means that the fruits of
the hybrids bedonging to these
families ripen later than the fruits of
the progenies of the other hybrid
families. Also dtatistically signi-
ficant, but carrying a negative sign,
were the SCA effects for fruit
ripening time obtained for seven
families ‘Pandord x ‘Vicodd,
‘Pandord x ‘Vikat', ‘Vicodd x ‘Vika',
‘Vicodd x ‘Camarosd, ‘Pegasus X
‘Filon’, ‘Marmolada x ‘Filon’ and
‘Segal’ x ‘Sophi€'. For the progenies
of these families, the earlier ripening
time in comparison with the previoudy
listed hybrid families is a consequence
of the effect of interaction between the
parents because four of the listed
parenta genotypes (‘Pandord , ‘Vicodd,
‘Vikat' and ‘Sophie’) are known to be
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of a high breeding value for late fruit
ripening time (Zurawicz et al., 2006).

Three values of the SCA effects,
significantly different from zero,
were obtained for marketable fruit
yield. For two families (‘Pandora
x ‘Filon” and ‘Vikat’ x ‘Marmolada’)
these effects were greater than zero;
therefore one should expect the
progenies of these families to yield
more abundantly than those of the
other families. Negative values for
that trait were shown by the SCA
effects for the family ‘Pandord
X ‘Sophi€¢’, which means that the
hybrids belonging to that family will
not be very productive.

Eight families showed signi-
ficantly positive SCA effects for fruit
size at least in one of the two years of
the experiment. One should therefore
expect that the progenies of those
families will produce large fruits.
The families were: ‘Pandora x ‘Vikat',
‘Pandora x ‘Elkat’, ‘ Pandora x ‘Mar-
molada, ‘Vicoda x ‘Segd’, ‘Vicoda x
‘Camarosal, ‘Marmoladd x ‘Cama-
rosa, ‘Sega’ x ‘Camarosa and
‘Sophie’ x ‘Camarosa . On the other
hand, numerous hybrids producing
small fruits should be expected among
the following families. ‘Pandora X
‘Camarosd, ‘Vicoda x ‘ Sophie, ‘Elkat’
X ‘Segd’ and ‘Filon’ x ‘Camarosa, for
which the values of the SCA effects for
fruit Sze were significantly negative.

Only for one hybrid family
(*Vicoda x ‘Elkat’), and only in one
year (2002), a statistically significant
SCA effect with a positive value was
obtained for fruit susceptibility to
grey mould, which means that the
fruits of that family’s progeny will
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become more affected by grey mould
in comparison with the other hybrid
families.

CONCLUSIONS

1. In the inheritance by strawberry
of such traits as: fruit ripening
time, marketable fruit yield and
its quality, and plant suscepti-
bility to leaf diseases, both
additive and non-additive genetic
effects ae important. The
greatest contribution of additive
effects to tota genetic effects
was found in the inheritance of
fruit ripening time. In the genetic
affecting of the other traits,
significant role is played by both
additive and non-additive effects.

2. In the environmental conditions
of central Poland, the strawberry
cultivars involved in the study
were found to differ in terms of
their usefulness for development
of modern, desired cultivars.

3. Among the parental forms under
asessment, the greatest usefulness
for breeding late cultivars was
shown by ‘Pandora, ‘Vicoda,
‘Vikat' and ‘Sophie’. However,
‘Pandora and ‘Vikat' can also
contribute to a reduction in fruit
size in their progeny (signify-
cantly negative GCA effects). In
addition, ‘Pandora passes on to
its progeny low susceptibility of
fruit to grey mould, but aso
sendgitivity to such leaf diseases
aswhite leaf spot and leaf scorch.

4. The cultivars ‘Segal’ and ‘ Cama-
rosa appear to be very useful for
breeding large-fruited cultivars
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with a relatively early fruit
ripening time. Moreover, the
cultivar ‘Segd’ is a donor of low
susceptibility to powdery mildew.
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ZDOLNOSC KOMBINACYJNA SREDNIO | POZNO
DOJRZEWAJACY CH ODMIAN TRUSKAWKI DLA
NAJWAZNIEJSZY CH CECH UZYTKOWY CH

Agnieszka Masny, Wiestaw Madry i Edward Zurawicz

STRESZCZENIE

Przedmiotem badan byto potomstwo 10 odmian truskawki $rednio i pdzno
dojrzewajacych (‘Pandora, ‘Vicoda, ‘Vikat', ‘Pegasus, ‘Elkat’, ‘Marmoladd’,
‘Filon’, ‘Segal’, ‘Sophie’ i ‘Camarosa’), skrzyzowanych w roku 1999 w uktadzie
dialelicznym kompletnym wedtug IV metody Griffinge. W latach 2001-2002
wykonano indywidualna ocene 2700 roslin potomstwa diallelicznego pod wzgledem
takich cech, jak: pokrgj roslin, sita wzrostu, termin dojrzewania owocow, plon
handlowy owocow, masa owocu, podatno$¢ owocdw na szara plesn, a takze
podatnos¢ roslin na biata i czerwona plamistosé lisci oraz maczniaka prawdziwego
truskawki. Uzyskane dane opracowano statystycznie z uzyciem analizy wariancji
wedtug statego modelu Griffinga oraz testu t-Bonferroniego.

Stwierdzono istotne zrdznicowanie efektéw ogdlng (GCA) i specyficzng (SCA)
zdolnosci kombinacyjneg dla wiekszosci cech, co wskazuje na duze znaczenie obu
rodzajéw efektbw w genetycznym uwarunkowaniu tych cech u potomstwa. Na
podstawie ocen efektow GCA stwierdzono, ze sposrod ocenianych odmian rodzicielskich,
ngwieksza przydatnos¢ do hodowli odmian péznych wykazaty ‘Pandora’, ‘Vicoda,
‘Vikat' i ‘Sophie’. Jednakze ‘Pandora’ i ‘Vikat' moga przyczynia¢ sie jednoczesnie do
obnizenia wielkosci owocow u potomstwa. ‘Pandora przekazywata potomstwu mata
podatnosé¢ na szara plesn owocow, ale tez duza podatnos¢ na dwie choroby lisci, to
jest biata i czerwong plamistosé. Odmiany ‘Segal’ i ‘Camarosa wykazuja duza
przydatnos$¢ do hodowli odmian wielkoowocowych o stosunkowo wczesnym terminie
dojrzewania. Ponadto odmiana ‘Segal’ jest donorem matej podatnosci na maczniaka
prawdziwego truskawki.

Stwierdzono istotnie pozytywne efekty SCA dla plonu handlowego owocow
u dwéch rodzin (‘Pandora x ‘Filon' oraz ‘Vikat' x ‘Marmolada) dla wielkosci
owocdw U o$miu rodzin (‘Pandora x ‘Vikat’, ‘Pandora x ‘Elkat’, ‘Pandora
X ‘Marmolada’, ‘Vicoda x ‘Segdl’, ‘Vicoda x ‘Camarosa, ‘Marmolada x ‘Camarosa,
‘Segal’ X ‘Camarosa oraz ‘Sophie€ x ‘Camarosd), a takze dla pdznego terminu
dojrzewania owocdw u osmiu rodzin (‘Pandora x ‘Filon', ‘Pandora’ x ‘ Sophie’, ‘ Vicoda
X ‘Pegasus, ‘Vicoda x ‘Marmolada, ‘Vicoda x ‘Sophie’, ‘Vikat' x ‘Elkat’,
‘Marmolada’ x ‘Segd’ i ‘Filon’ x ‘Camarosa).

Stowa kluczowe: truskawka, ogélna zdolnos¢ kombinacyjna, specyficzna zdolnosé
kombinacyjna, formarodzicielska
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