Seven-year orchard performance of eleven new apple
cultivars from Holovousy in comparison with some
commonly grown ones
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ABSTRACT: In an orchard trial that was established in the spring of 1999 on M 9 rootstock at the spacing of 4 x 1 m,
eleven new apple cultivars bred in Holovousy (Angold, Julia, Nabella, Primadela, Produkta, Resista, Rubinstep, Rucla,
Selena, Vysocina and Zuzana) were evaluated in comparison with three standard varieties (Gala, Golden Delicious and
Jonagold) and another two with resistance to scab (Rosana and Topaz). In the first three years, the incidence of scab and
mildew was evaluated under limited chemical protection. In 2000—2005 on each of 10 randomly selected trees of each
cultivar, the time of flowering and optimum harvest ripening were recorded, flower set and fruit sets were rated, yield
per tree and weight of 10 fruit samples were measured. Trunk diameter was measured between 2002 and 2005. The
early summer apple Julia had the healthiest state and it was recommended for organic growing. Selena was the most
precocious, the least vigorous and had the highest crop efficiency. The highest annual yields per tree were recorded
with Produkta, but this cultivar had the highest proportion of trees with biennial bearing. Primadela achieved the high-
est cumulative yields, whereas Angold brought the largest fruits on average. With the obtained results, the evaluated
cultivars were characterised by some important features or recommendations for growers.
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More than 50 new apple cultivars have been
bred in the Czech Republic during the last two
decades. About one third of the number originated
in the Research and Breeding Institute of Pomol-
ogy at Holovousy (BLAZEK 2004). A number of
them were characterised by detailed descriptions
(BLAZEK 1997, 1999, 2001; BLAZEK, PAPRSTEIN
1993; BLAZEK, VONDRACEK 1999; BLAZEK et al.
1995a,b; CEPICKA et al. 2000); however, most of
them are still in the stage of testing. Results of the
first trial established at Holovousy in 1995, which
included 17 new cultivars from the Czech Republic
up to that time chosen as the most promising, were
published recently (BLAZEK et al. 2003). Roughly at
the same time, new cultivars were also evaluated in
commercial orchards in cooperation with growers
that were willing to include these novelties on their
plots for prior orchard testing (BLAZEK, VARGA
2001; BLAZEK, HLUSICKOVA 2003).

Golden Delicious, with a proportion of 23%, is
presently the most commonly grown apple in com-

mercial orchards of the Czech Republic. In new
orchards established during the last 10 years, how-
ever, Jonagold and its sports have been the most
frequently used. Among the new apples with resist-
ance to scab the largest area (131 ha) was planted
by Topaz (BucHTOVA 2005), whereas Melodie and
Rosana were the most important in the country a few
years ago (BLAZEK 2004). New cultivars that have
recently been bred in the European Union are the
most frequently compared to Gala, Golden Delicious
or Jonagold (SANSAVINT et al. 2004).

The aim of this study, which was carried out be-
tween 2000 and 2005, was to evaluate orchard char-
acteristics of 11 new apple cultivars from Holovousy
in comparison with three standard varieties (Gala,
Golden Delicious and Jonagold) and another two
with resistance to scab (Rosana and Topaz). For this
purpose a special orchard that was established in
1999 in Research and Breeding Institute of Pomol-
ogy at Holovousy in the framework of the previous
EUREKA project E!'1868 was used.
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MATERIAL AND METHODS

An experimental orchard equipped with drip irri-
gation was planted using virus free one-year-old trees
on M9 (T 337) in the spring of 1999 at Holovousy. The
location is characterised by an average yearly tem-
perature of 8.1°C, average rainfall of about 650 mm
and altitude about 300 m. The plot is situated on a
gentle south-facing slope with good air flow. The soil
is medium deep, sandy clay loam, of a higher class,
and well fertilised with a pH value of 6.2. Rows of
trees at the spacing of 4 x 1 m were ranged along
contour lines in an east-west direction. The tested
cultivars were placed as single rows or as a part of
the row without replications. Trees were trained as
slender spindles. The orchard was maintained with
clean herbicide strips under the tree canopies and
with mulched grass along the alleyways. Manual fruit
thinning was applied after June fruitlets dropped if
necessary. Fertilising and spraying (based on inte-
grated plant protection guidelines) consisted in nor-
mal commercial practices. An exception to this rule
was instituted in the first three years of the orchard
evaluation, when about a half of the fungicide treat-
ments were applied only with an aim to observe the
response of cultivars to diseases that were rated in
August using a 1-9 scale (9 = no symptoms).

Every year phenological data concerning flower-
ing or time of optimum harvest ripening (based on
standard indicators) were gathered, flower set and
fruit set (just before harvest) were rated, and the
yield per tree and weight of 10 fruit samples were
measured. At the end of the growing seasons 2002
and 2005, tree trunk diameters were measured and

Table 1. Mean rating (1-9) of mildew and scab resistance
between 2000 and 2002

Cultivar Mildew Scab
Angold 7.3 8.4
Gala 8.2 6.5
Golden Delicious 8.1 5.4
Jonagold 7.9 6.9
Julia 8.8 8.7
Nabella 8.5 7.8
Primadela 7.1 9.0
Produkta 8.4 8.5
Resista 6.8 9.0
Rosana 7.9 9.0
Rubinstep 8.3 7.6
Rucla 8.0 7.3
Selena 7.7 9.0
Topaz 8.2 9.0
Vysocina 7.8 9.0
Zuzana 7.9 8.0

used for the calculation of trunk-cross-section area
(TCSA). The tendency for biennial bearing was
expressed as a percentage of trees that were out of
bearing (having a flower set rated by a rank of 3 or
less).

For most of the evaluations 10 trees of each cul-
tivar were chosen by random selection, which were
measured or rated separately and used as replica-
tions. These data were tested by analysis of variance.
Cultivar means were separated by Tukey’s “least
significance difference” test at P < 0.05.
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Fig. 1. Mean time of flowering between 2000—2005
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Fig. 2. Mean time of harvest maturity between 2000—-2005
RESULTS AND DISCUSSION
Incidence of diseases

The highest mildew infection was observed on
average on Resista (Table 1). This cultivar suffered
from the disease a little more than Jonagold, which
was the most susceptible of all the standards in this
study. Higher incidence of the mildew was further
observed on Primadela, Angold and sometimes also
on Selena. On the contrary, the highest resistance to
the disease was noted on Julia, followed by Nabella
and Produkta.

All cultivars that had been released as scab resist-
ant ones carrying Vf gene (Primadela, Resista, Ro-
sana, Selena, Topaz and Vysocina) remained in this
study without any symptoms of the disease (Table 1).
A very high level of resistance against scab was also
observed on Julia, Produkta and Angold. All the re-
maining cultivars from Holovousy could be classified
as moderately resistant to scab because they scored
better than Jonagold, whereas Golden Delicious
proved to be the most susceptible to the disease.
These results with most of the cultivars comply with
our previous findings (BLAZEK 2004).

Time of flowering

The start of tree flowering fluctuated in particular
years within a three-week time span, from April
22" to May 8™. Julia was the earliest cultivar with
respect to flowering whereas Resista was the latest
(Fig. 1). The mean difference between both cultivars
was equal to 4 days on average. Cultivars Nabella,
Primadela and Vysocina belonged to the early flow-
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ering group but the majority of new varieties could
be classified as medium early ones. The length of
flowering was largely positively dependent on the
flower set.

Time of harvest maturity

Julia was in an exceptional position in this com-
parison; it belongs to a group of very early summer
apples (Fig. 2). All the remaining cultivars reached

Table 2. Tree size expressed as trunk-cross-section area (cm?)
in 2002 and 2005

Cultivar 2002 2005

Angold 13.5 22.7
Gala 17.0 30.3
Golden Delicious 16.5 28.7
Jonagold 21.7 38.1
Julia 17.1 30.2
Nabella 13.4 28.6
Primadela 18.4 31.0
Produkta 16.5 33.1
Resista 15.9 30.9
Rosana 13.8 27.5
Rubinstep 12.2 26.0
Rucla 16.4 28.2
Selena 12.7 19.2
Topaz 15.5 25.8
Vysocina 13.7 26.4
Zuzana 19.4 35.7
Mean 15.5 28.1
L.S.D.P>0.05 3.8 4.1
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optimum harvest maturity in September or at the
beginning of October. The sequence started with
Nabella, Rosana and Selena and ended with Golden
Delicious, Zuzana and Resista. Cultivars also differed
greatly in the length of maturity. The shortest length
was found in Vysocina and also in Rosana and Selena.
These cultivars had a tendency for premature fruit
drop that increased with advanced fruit ripening.
On the other hand, a longer time of harvest matu-
rity was found in Nabella, Rubinstep, Angold and
Resista, whose fruits hung well on the tree for a very
long time.

Tree vigour

The tested cultivars differed considerably in their
tree size, which was measured by the trunk-cross-
section area (TCSA) both in 2002 and 2005 (Table 2).
The values of the standard cultivars Gala and Golden
Delicious were comparable to records of WIDMER
and KreBs (2000). The most vigorous were trees
of Jonagold followed by Zuzana, Produkta and Pri-
madela. These findings in the case of Produkta and
Zuzana were quite different from our earlier obser-
vations from commercial orchards where both cul-
tivars showed below-average tree vigour (BLAZEK,
VARGA 2001). The difference could be explained by
the fact that in this trial the virus-free material was
used for the first time. The strength of growth in the
case of Jonagold was also obviously increased by a
low fruit set due to flower damage by frosts in 2001
and 2005.

On the other hand, the smallest trees were found
in Selena followed by Angold and Topaz. The weak
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growth of Selena and Angold is in agreement with
results of our previous trial (BLAZEK et al. 2003).

Flower and fruit sets

Selena was the most precocious cultivar in this
study and brought forth the significantly highest
crop in the second year after planting (Table 3). The
flower and fruit sets in 2000 also indicated Rubinstep,
Julia, Golden Delicious and Topaz as cultivars with
an early bearing capacity. On the contrary, Resista
and Angold produced very few flowers and fruits
that year, which might also be due to some mildew
infection. The poor fruit set of Rosana and Zuzana
in 2000 was preceded by damage of the flowers by a
late spring frost.

With respect to all the evaluated years, the low-
est flower and fruit sets were regularly observed on
Zuzana. This phenomenon was related to the tip
bearing habit of the cultivars that produced a very
small number of spurs on branches with a tendency
to generate “bare wood”. In the case of some other
cultivars, lower flower and fruit sets in some years
were induced by their tendency for biennial bear-
ing. The highest flower set was generally observed
on Nabella. The promotion of flower bud formation
in this cultivar was in relation to its self-thinning
ability, which protects it from the over-cropping of
the trees.

Annual and cumulative yields

The highest cumulative yield per tree (66.5. kg)
in this study was harvested from trees of Primadela
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Fig. 3. Yields (t) calculated per 1 ha
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cv. (Table 4). In 2004, this cultivar also brought the
highest value of annual crop per tree — 21.5 kg, which
corresponds to 53.6 tons per ha (Fig. 3). The second
most productive cultivar was Produkta with mean
cumulative yield per tree equal to 60.8 kg. In 2002 the
cultivar reached the highest mean annual harvest of
20.4 kg per tree, but in the following years these aver-
age yields were always lower because of the biennial
bearing of a part of the trees. Produkta had the most
trees off bearing on average (32%) from all the culti-
vars under evaluation. Vysocina cv. was placed close
behind Produkta with respect to cumulative harvest
followed by Topaz and Gala. All these cultivars pro-
duced annual yields around 40 tons per hectare.

Zuzana proved to be the least productive cultivar,
which had a cumulative yield per tree of only 34.7 kg.
The summer apple Julia also produced rather low yields
on average. It was surprising, however, that roughly the
same low level of cumulative yield was obtained also on
Jonagold, which is otherwise generally considered as a
productive cultivar. One of the main causes of the low
cumulative yield of the cultivar here was frost damage
to the flowers in 2003 and 2005, and also a certain
proportion of trees with biennial bearing.

Biennial bearing

Most of the trees off bearing on average were ob-
served in Produkta (32%), followed by Golden Deli-
cious (26.5%) and Resista (20%). A certain significant

tendency for irregular bearing was further noticed
in Angold, Selena, Jonagold and Rubinstep (Table 4).
On the contrary, Julia, Nabella, Primadela and Vyso-
¢ina were classified as entirely regular here.

The gathered data concerning the alternation of
cropping with Golden Delicious might be seen as
a bit overburdened, but both in 2003 and 2005 the
majorities of these trees were practically without any
crop. Therefore the yields of Golden Delicious were
about half the value reached in other trials (STEHR
1996). The tendency towards biennial bearing with
this cultivar is usually much lower (CRASSWELLER et
al. 2001). The main causes of the irregularity in this
study obviously were high yields of these trees in pre-
vious years and probably also certain leaf damage as
a consequence of calcium chloride applications when
the weather was hot and unfavourable conditions at
the time of floral bud development.

The results of the evaluation regarding biennial
bearing in this study mostly comply with obser-
vations of the characteristic in the previous trial
(BLAZEK et al. 2003). The proportions of trees off
bearing in the present evaluation were generally
lower. This improvement could be explained by the
use of drip irrigation here.

Cropping efficiency

Taking into consideration yields in relation to
tree size, the most efficient in cropping was Selena

Table 4. Annual and cumulative yields in kg per tree and mean percentage of trees with biennial bearing

% of trees

Cultivar 2000 2001 2002 2003 2004 2005 Total with BB
Angold 0.3 2.9 8.1 11.1 11.8 13.5 47.9 19.1
Gala 1.1 5.8 12.3 9.6 17.3 10.2 56.1 24
Golden Delicious 2.2 3.5 17.8 2.4 20.1 3.8 49.7 26.5
Jonagold 1.7 3.5 12.6 5.0 13.1 6.5 42 .4 16.6
Julia 0.8 4.0 9.3 8.6 12.9 5.6 41.2 0
Nabella 0.9 5.3 7.5 9.9 7.7 12.5 43.8 0
Primadela 0.5 7.4 13.3 9.4 21.5 14.5 66.5 0
Produkta 1.3 2.3 20.4 5.7 17.5 13.7 60.8 32.0
Resista 0.2 3.0 13.9 6.4 19.9 9.5 52.9 20.0
Rosana 0.5 6.4 11.1 8.9 13.7 7.6 48.2 6.7
Rubinstep 2.1 4.1 10.3 9.0 14.8 14.8 55.0 12.0
Rucla 0.9 1.9 12.0 9.1 14.1 17.1 55.2 52
Selena 3.5 3.3 10.1 9.0 11.6 11.1 48.5 17.1
Topaz 2.2 4.8 11.9 9.3 16.1 12.0 56.3 15.5
Vysocina 1.1 52 13.5 10.4 13.5 15.5 59.2 0
Zuzana 0.2 2.6 5.1 6.9 10.3 9.4 34.7 1.3
Mean 1.2 4.3 11.8 8.2 14.7 11.1 51.3 10.9
L.S.D. P> 0.05 0.8 1.9 5.0 3.7 4.3 52 6.8
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Table 5. Tree size, cumulative yield and cropping efficiency
index

Cultivar i?ei?g5 2000-2006  index
(kg/tree) (kg/cm?)
Angold 22.7 47.9 2.1
Gala 30.3 56.1 1.9
Golden Delicious 28.7 49.7 1.7
Jonagold 38.1 42.4 1.1
Julia 30.2 41.2 1.4
Nabella 28.6 43.8 1.5
Primadela 31.0 66.5 2.1
Produkta 33.1 60.8 1.8
Resista 30.9 52.9 1.7
Rosana 27.5 48.2 1.8
Rubinstep 26.0 55.0 2.1
Rucla 28.2 55.2 2.0
Selena 19.2 48.5 2.5
Topaz 25.8 56.3 2.2
Vysocina 26.4 59.2 2.2
Zuzana 35.7 34.7 1.0
Mean 28.1 51.3 1.8
L.S.D.P>0.05 4.1 6.8 0.5

with an index value of 2.5 kg per 1 cm? of TCSA
(Table 5). The same rating of the cultivar was also
observed in the previous trial (BLAZEK et al. 2003).
Higher values of the index were further found in
Topaz, Vysocina, Angold, Primadela and Rubinstep.
The lowest value of the index, on the contrary, was
found in Zuzana - equal to 1 kg per 1 cm? of TCSA
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Fig. 4. Mean weight of fruits between 2000—-2005
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only. Practically the same unsatisfactory level of the
cropping efficiency was also noted in Jonagold.

Fruit size

Angold had the largest fruits in this evaluation
with mean fruit weight equal to 221.5 g (Fig. 4). This
observation is fully supported by earlier findings
(BLAZEK et al. 2003). The second cultivar in this re-
spect was Jonagold, which had fruit weight equal to
207.7 g and the third was Produkta (202.3 g). Mean
fruit weight of Jonagold was the same size level as
recorded in literature (ANDZIAK, ToMALA 2000).
The most variable in the size of fruits was Zuzana, in
which mean fruit weight of 237 g was noted in one
year and only 161 g in another. The summer culti-
var Julia had the smallest apples of a mean weight
141.8 g, followed by Rucla (157.7 g).

Remarks and conclusions on cultivars
from Holovousy

— Angold was resistant to scab but needed more
protection against mildew. Early fruit thinning
and additional foliar nutrition that could remove
biennial bearing and improve the flower set (for
obtaining smaller fruits) were also needed.

— Julia with resistance to both diseases seems to be
the best suitable for organic growing. The tree
needs early thinning by pruning for improvement
of light penetration into the canopy and enough
regeneration of new shoot growth.

— Nabella with respect to disease resistance seems
to be also suitable for organic growing. The trees
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would require better pollination for the improve-
ment of fruit set but they need no fruit thinning.

— Primadela was remarkable for high and regular
productivity but despite being resistant to scab,
it needs protection against mildew. In some years
better fruit thinning may be desirable for the im-
provement of size and regularity of fruits.

— Produkta was remarkable regarding its resistance
to both diseases. The tree would need early fruit
thinning as a protection against biennial bearing
and in some years also more summer pruning for
restriction of its growth.

— Resista needs protection against mildew. The tree
requires more care in the first years for the im-
provement of bearing and restriction of excessive
growth. Later on, more pruning and early fruit
thinning are needed for removing the tendency
for biennial bearing.

— Rubinstep, with a compact growth habit and tip
bearing, required special care for the training of
trees in the first years for the improvement of
cropping. With more aging of the trees, however,
yields became satisfactory.

— Rucla required better protection against mites,
as it is very susceptible to the pest. In some years
the flower set was frequently too low. Therefore,
additional foliar nutrition is recommended for the
cultivar and also spraying with calcium.

— Selena being the most precocious and cropping ef-
ficient required more care for the preservation of
regular bearing. For this purpose more severe winter
pruning, early fruit thinning and additional nutri-
tion are recommended. The use of a more vigorous
rootstock or more dense tree spacing should also be
helpful. Symptoms of magnesium deficiency were also
often observed on leaves of the cultivar indicating its
greater demands for a higher content of the element.

— Vysocina proved to be well and a regular cropping
cultivar with resistance to scab and with moderate
susceptibility to mildew. The only problem observed
with it was some premature dropping of fruits.

— Zuzana had rather unsatisfactory performance in
this trial mainly because of poor cropping. This
was related to an upright compact growth habit
and excessive vigour of the trees that were not
suitable for the training of slender spindles. Some
improvement could be expected if more dwarf
rootstocks (M 27?) were used.
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Sedmileta péstitelska charakteristika jedenacti novych kultivara jabloni
vyslechténych v Holovousich v porovnani s vybranymi rozsifrenymi odridami

ABSTRAKT: V pokusném sadu zalozeném na jare roku 1999 ve sponu 4 x 1 m na podnozi M 9 bylo hodnoceno 11 no-
vych odrud jabloni (Angold, Julia, Nabella, Primadela, Produkta, Resista, Rubinstep, Rucla, Selena, Vysocina a Zu-
zana), vyslechténych ve Vyzkumném a $lechtitelském tstavu ovocnérském Holovousy, s. 1. 0., ve srovnani se tfemi
vyznamnymi péstovanymi odriadami (Gala, Golden Delicious a Jonagold) a dal$imi dvéma odriidami rezistentnimi
vaci strupovitosti (Rosana a Topaz). V prvnich tfech letech byl v této vysadbé u odriid hodnocen vyskyt strupovitosti
a padli v podminkdch omezené chemické ochrany. V letech 2000—-2005 byla u kazdého z deseti ndhodné vybranych
stromd jednotlivych odriid zaznamenavana doba kveteni a doba optimalni skliznové zralosti, ddle nasada kvétdg,
nasada plodit a hmotnost vzorku deseti plodi.. Primeér kment byl méren v letech 2002 a 2005. Odriida letni jabloné
Julia méla nejlepsi zdravotni stav a je proto doporucovéna pro biologické péstovani. Odruda Selena se vyznacovala
nejranéj$im ndstupem stromt do obdobi plodnosti, jejich nejslabsim rastem a nejvyssi specifickou plodnosti. Nej-
vyssich roénich vynost u jednotlivych stromt bylo dosahovéno u odrtady Produkta, av$ak tato odrtada se zaroven
vyznacovala nejvy$$im primérnym podilem stromda se stfidavou plodnosti. Primadela dosdhla nejvy$si drovné ku-
mulovaného vynosu, zatimco odrtida Angold méla v priméru nejvétsi plody. Na zakladé vSech dosazenych vysledka
jsou hodnocené odridy charakterizovany dilezitymi vlastnostmi a doporucenimi pro péstitelskou praxi.

Klicova slova: jabloné; odrudy; vynos; velikost plodd; vzriistnost strom; nasada kvétl; doba kveteni; doba sklizné;
specifickd plodnost; stfidava plodnost; strupovitost; padli
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