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Abstract

Quality and storability of three scab resistant apple cultivars of Czech origin
‘Rajka’, ‘Rubinola’ and ‘Topaz’ were investigated in 2001-2005. Pest chemical
control was applied in routine way, as in commercial orchards. Fungicides against
scab were not used, and powdery mildew was treated twice in each season. The dif-
ferences in tree growth were noticed. Tree size of ‘“Topaz’, expressed as a trunk
cross-sectional area (TCSA), was the smallest compared with the other cultivars.
Fruit size depended on the cultivar and on the season. Every year ‘Rubinola’ pro-
duced the smallest fruits whereas ‘Rajka’ - the biggest. Fruit colour depended also
on the vegetative period. The blush of “Topaz’ fruits was the most variable.

Quality of fruits (total soluble solids, titratable acidity and flesh firmness) at
harvest and after storage depended on the growing season. Regardless of the sea-
son, the apples of ‘Topaz’ had the highest titratable acidity content, as compared to
the other cultivars. The fruits of evaluated cultivars can be stored till February in
air or till April under controlled atmosphere conditions. Duration of the storage is
limited by incidence of storage disorders and diseases. For long term storage, bull’s
eye rot (caused by Gloeosporium sp.) seems most severe, especially for ‘Topaz’
fruits.

Key words: Venturia inaequalis, fruit quality, storability, total soluble solids,
titratable acidity, firmness, Gloeosporium rot

Introduction

Cultivation of scab resistant apples is important for both producers and con-
sumers in terms of economy, ecology and toxicology (Zimmer 1999). Breeding
programme should be focused on obtaining resistant cultivars of high quality com-
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parable to well known cultivars, which are highly accepted on the market. Apple
breeders mainly used single resistant genes to achieve good field resistance to-
wards scab and mildew. They originate from wild species such as Malus floribunda
821, M. zumi and M. robusta (Kellerhals et al. 2003). However, for some resistant
cultivars, in some locations this type of resistance can be overcome (Fischer et al.
2000, Scharer and Kellerhals 2000). Nowadays, the choice of suitable cultivars for
organic fruit production is becoming more and more important. In the coming
years breeders will offer cultivars with multiple disease resistance (Weibel and
Haseli 2003). Nevertheless, introducing a new cultivar to the market can be very
expensive and requires good marketing and promotion. Recently, a lot of new scab
resistant apple cultivars have been evaluated in many countries. Some of them
(especially Czech origin) seem to be very promising for commercial use.

The objective of this study was to evaluate the productivity, quality (external
and internal) and storability of three apple cultivars of Czech origin: ‘Rajka’,
‘Rubinola’ and ‘“Topaz’. They were evaluated under growing conditions of central
Poland.

Material and methods

Quality at harvest and after storage of three scab resistant apple cultivars of
Czech origin - ‘Rajka’, ‘Rubinola’ and ‘“Topaz’ (Table 1), as well as their productiv-
ity were investigated in 2001-2005. Trees grafted on M.9 rootstock were planted
in sandy soil in 1997, in the experimental orchard of the Research Institute of
Pomology and Floriculture, in a complete randomised design with four replica-
tions, consisting of three trees per plot. Trees were spindle trained and pruned
slightly in the first four years. Pest chemical control was applied as in commercial
orchards. In the experiment fungicides against scab were not used but powdery
mildew was treated twice a season. Susceptibility to diseases was assessed with
standard procedures for cultivar evaluation experiments. Scab and powdery mil-
dew symptoms were assessed twice in each season.

Trunk girth was measured annually 30 cm above the ground level. All fruits, in-
cluding drops, were harvested annually and weighted to determine total yield.
Trunk cross-sectional area (TCSA) and crop efficiency index (CEI) were calcu-
lated. Fruit size and percentage of blush were evaluated starting 2001 through
2004, based on the samples of 400 fruits (four replications, 100 fruits each).

Table 1
Scab resistant apple cultivars tested in the experiment
Cultivar Parentage
‘Rajka’ ‘Sampion' X ‘Katka’ (‘Jolana’ x ‘Rubin’)
‘Rubinola’ ‘Prima’ X ‘Rubin’
‘Topaz’ ‘Rubin’ X ‘Vanda’ (‘Jolana’ x ‘Lord Lambourne”)
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At harvest, the percentage of blush, internal ethylene concentration (IEC), fruit
firmness, starch index, total soluble solids (TSS), and titratable acidity (TA) were
measured. Internal ethylene concentration was measured using HP 5890 1II gas
chromatograph. Fruit firmness was measured on the opposite sides of a fruit
(blushed and unblushed) using an EPT-1R pressure tester (Lake City Technical
Products, Canada), equipped with 11.1 mm tip. Starch index was determined ac-
cording to 10-point scale in the standard iodine test (1 — black, 10 — white). TSS
was measured in juice collected from individual apples with digital refractometer
(ATAGO, PR-101, Japan). TA was measured using an automatic titrator (Mett-
ler-Tolledo, DL 21, Swiss), standard titration method, 0.1 N NaOH, pH 8.1, end
point.

Fruits were stored at 2°C under normal and controlled atmosphere (2% O, +
2% CO,) until February and April, respectively. The fruit firmness, total soluble
solids and titratable acidity were measured directly after storage and after addi-
tional seven days of keeping apples at 20°C. Due to the limited number of fruits, it
was not possible to calculate the percentage of fruits with diseases and disorders
after storage, though, the occurrence of storage disorders and diseases was noticed
(and assessed).

The data were analysed using analysis of variance, with differences between
means estimated by LSD at o = 0.05.

Results

The investigated cultivars were not very susceptible to powdery mildew (data
not presented). With a limited control programme against the disease used, only a
few symptoms occurred on shoots of all the cultivars under study. After five years
of observation the symptoms of scab were not noticed on any of the cultivars.

Differences in tree growth were distinct (Table 2). Tree size of ‘Topaz’, ex-
pressed as trunk cross-sectional area (TCSA), was significantly smaller, as com-
pared with the other cultivars. ‘Rajka’ achieved the highest cumulative yield per
tree (no significant differences). Crop efficiency index was highest for ‘Topaz’. The
fruit size varied among the cultivars and depended on the growing season (Tables
3, 4). Fruits of ‘Rubinola’ were smallest in all seasons, whereas ‘Rajka’ produced

Table 2
Tree size, cumulative yield and crop efficiency index

Culi TCSA (2004) | Cumulative yield per tree (1999-2004) | Crop efficiency index
ultivar 2 P

(cm’) (kg) (kg/cm”)
‘Rajka’ 435 88.0 2.1
‘Rubinola’ 35.6 82.9 2.4
‘Topaz’ 20.1 65.2 3.3
LSD a = 0.05 10.6 22.7 0.5
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Table 3
Average weight of 100 apples (kg)

Cultivar 2001 2002 2003 2004
‘Rajka’ 19.1 20.0 19.9 18.9
‘Rubinola’ 17.1 17.1 16.7 16.2
“Topaz’ 23.4 17.3 16.7 17.8
LSD o = 0.05' 2.5
LSD a = 0.05 2.2

'Between years within cultivar.
*Between cultivars within year.
Table 4
Apples with diameter over 70 mm (%)

Cultivar 2001 2002 2003 2004
‘Rajka’ 96.2 93.6 99.1 96.2
‘Rubinola’ 95.8 100.0 96.9 94.1
‘Topaz’ 99.5 97.0 91.8 96.1
LSD o = 0.05' 5.9
LSD o = 0.05 5.3

"? — see explanation under Table 3.

the biggest ones (except for 2001). Moreover, the apples were the most uniform in
size, as compared with ‘Rubinola’ and ‘Topaz’. Fruit colour also depended on the
growing season. In all seasons cultivars under study were well blushed but ‘Rajka’
displayed the highest percentage of well coloured fruit, regardless of the season
(Table 5).

Taking into consideration the internal ethylene concentration and starch index,
it may be concluded that all the evaluated cultivars should be harvested when the
starch index is between 5 and 7 (10-point scale, data not presented). Fruit quality
of all tested cultivars, at harvest and after storage, depended on the growing sea-
son. Total soluble solids (TSS) content at harvest varied from 11.7 to 14.1% for

Table 5
Fruits with blush over 50% of surface (%)

Cultivar 2001 2002 2003 2004
‘Rajka’ 99.6 99.2 95.1 92.2
‘Rubinola’ 100.0 100.0 98.7 87.6
“Topaz’ 100.0 99.5 79.2 79.3
LSD a = 0.05' 9.2
LSD o = 0.05 7.8

"? _ see explanation under Table 3.
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Table 6
Total soluble solids of ‘Rajka’, ‘Rubinola’ and ‘Topaz’ apples at harvest (%)
Cultivar 2001 2002 2003 2004
‘Rajka’ 13.7 13.0 13.1 13.0
‘Rubinola’ 13.1 13.2 13.6 13.1
“Topaz’ 11.7 13.7 13.7 14.1
LSD o = 0.05' 0.5
LSD o = 0.05 0.5
"? _ see explanation under Table 3.
Table 7
Titratable acidity of ‘Rajka’, ‘Rubinola’ and ‘Topaz’ apples at harvest (%)
Cultivar 2001 2002 2003 2004
‘Rajka’ 0.801 0.597 0.816 0.599
‘Rubinola’ 0.695 0.613 0.655 0.557
‘Topaz’ 0.933 1.053 1.054 0.962
LSD o = 0.05' 0.051
LSD o = 0.05° 0.054

"? _ see explanation under Table 3.

‘Topaz’ in 2001 and 2004 respectively (Table 6). During storage the changes of TSS
were imperceptible.

Regardless of the season, the ‘Topaz’ apples had the highest titratable acidity
(TA) which at harvest could exceed 1% (Table 7). It is well known that during stor-
age TA decreases. The rate of decrease depends on storage conditions. Apples
stored under controlled atmosphere (CA) were characterized by higher TA in com-
parison with those stored in air (normal atmosphere, NA). Generally, after five
months of storage in NA or after seven months of storage under CA, titratable
acidity of ‘Rajka’ and ‘Rubinola’ ranged from 0.4 to 0.5% and for ‘Topaz’ from 0.6
to 0.7%, regardless of the season (Table 8).

Fruit firmness at harvest depended on cultivar and the season (Table 9). During
storage fruit firmness decreased. The retention of firmness depends on storage
conditions and fruit maturity at harvest (Table 10). After five months of storage in
air or seven months under CA, fruit firmness for all tested cultivars was above 50
N. The duration of storage was limited by incidence of storage disorders and dis-
eases. Bull’s eye rot (caused by Gloeosporium sp.) seems most severe, especially for
‘Topaz’ fruits.
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Table 8

Titratable acidity of ‘Rajka’, ‘Rubinola’ and ‘Topaz’ apples after five months
of storage under normal atmosphere (NA) and seven months
under controlled atmosphere (CA) (%)

Cultivar 2001/02 2002/03 2003/04 2004/05
NA (CA) NA (CA) NA (CA) NA (CA)
‘Rajka’ 0.473 (0.478) 0.475 (0.523) 0.513 (0.534) 0.358 (0.443)
‘Rubinola’ 0.412 (0.483) 0.559 (0.565) 0.467 (0.513) 0.424 (0.439)
“Topaz’ 0.599 (0.608) 0.686 (0.707) 0.724 (0.708) 0.599 (0.667)
LSD o = 0.05' 0.032 (0.047)
LSD o = 0.05 0.033 (0.037)

"% _ see explanation under Table 3.

Table 9
Flesh firmness of ‘Rajka’, ‘Rubinola’ and ‘Topaz’ apples at harvest (N)
Cultivar 2001 2002 2003 2004
‘Rajka’ 77.1 61.2 66.4 63.7
‘Rubinola’ 80.0 72.5 83.1 75.2
“Topaz’ 79.2 79.6 84.2 81.1
LSD a = 0.05 3.3
LSD o = 0.05° 3.4
"? _ see explanation under Table 3.
Table 10

Flesh firmness of ‘Rajka’, ‘Rubinola’ and ‘Topaz’ apples after five months
of storage under normal atmosphere (NA) and seven months
under controlled atmosphere (CA) (N)

Cultivar 2001/02 2002/03 2003/04 2004/05
NA (CA) NA (CA) NA (CA) NA (CA)
‘Rajka’ 54.9 (57.6) 50.3 (50.1) 52.4 (53.1) 50.0 (51.9)
‘Rubinola’ 53.9 (55.9) 55.9 (64.7) 58.3 (71.1) 53.8 (54.5)
“Topaz’ 59.8 (62.1) 57.7 (60.1) 63.0 (66.7) 57.5 (58.5)
LSD a = 0.05' 4.4 (3.6)
LSD o = 0.05° 4.5 (3.4)

1

'? — see explanation under Table 3.
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Discussion

Scab (Venturia inaequalis) resistance of some apple cultivars with the V; resis-
tance factor (form M. floribunda 821) was overcome at different degree in various
locations (Fischer et al. 2000). During the experiment scab infestation did not oc-
cur on leaves or fruits of the evaluated cultivars. It means that the resistance was
not conquered in Polish conditions, and the cultivars could be recommended for
organic fruit growing. The same recommendation was given by Wurm (2003) and
Kiihn (2004), though Scharer and Kellerhals (2000) found scab symptoms on ‘To-
paz’ grown in Swiss conditions. In our experiment, the investigated cultivars
proved not very susceptible to powdery mildew (Podosphaera leucotricha), either.
Using a limited control programme against the disease only a few symptoms oc-
curred on shoots of the all tested cultivars. The same results were obtained by
Blazek et al. (2003). In experiment conducted by Kiithn (2004) ‘Rajka’ and
‘Rubinola’ showed low susceptibility to powdery mildew. Nevertheless, a limited
crop protection programme is recommended for commercial practice. Kellerhals et
al. (2003) reported that a small scab protection routine is still essential to avoid a
selection of resistant scab and powdery mildew populations.

Blazek et al. (2003) reported that ‘Rajka’ and ‘Topaz’ achieved higher yield per
tree as compared to ‘Rubinola’. In our experiment ‘Topaz’ trees grew weaker and
the yield was lower compared with ‘Rajka’ and ‘Rubinola’ but the crop efficiency
index was the highest for ‘Topaz’. Similar relations were described by Sosna and
Gudarowska (2001). Blazek et al. (2003) claimed that ‘Rajka’ produced bigger and
most uniform fruits as compared with ‘Rubinola’ and ‘“Topaz’. Their results are in
agreement with those obtained in our experiment. Fruit colour is an important
quality factor which can change from season to season and depends on cultivar.
Results obtained in this study showed that this parameter was very stable for
‘Rajka’ and the most variable for “Topaz’.

Apple fruit quality (total soluble solid content, titratable acidity and firmness)
depends on cultivar, growing region and vegetative season conditions. Kellerhals
et al. (2001) reported that for ‘Rajka’, ‘Rubinola’ and “Topaz’ TSS was below 14%.
Yet, Godec (2004) found TSS content higher than 15% for ‘Rajka’. In our study
TSS of the evaluated cultivars at harvest and after storage was above 12%. From
among the cultivars tested “Topaz’ apples displayed the highest titratable acidity.
The same relation was described by Godec (2004). The decrease in firmness and
titratable acidity in stored apples described in this paper was natural, as it is a well
known process in long term stored fruits under normal and CA atmosphere. In our
experiment after five months of storage in air or seven months under CA, fruit
firmness and TA were accepted by panellists in a preliminary sensory test. The
high eating quality of the cultivars in question was reported by Zimmer (1999),
Kiithn and Thybo (2001) and Jonsson (2004).

Duration of storage of apple fruits can be limited by incidence of storage disor-
ders and diseases. For long term storage bull’s eye rot (caused by Gloeosporium sp.)
seems the most serious problem, especially for ‘Topaz’. Similar results were ob-
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tained by Bryk and Kruczynska (2005). Depending on the season, they found al-
most 80% of rotten fruit of ‘Topaz’ after six months of storage under normal
atmosphere. The symptoms of the disease occurred in overripe fruits. The ripening
stage of fruits after storage depends on maturity at harvest and storage conditions
as well. Harvesting apples at proper time and storing them under optimum condi-
tions (time of storage, temperature and relative humidity) are very important in
delaying the development of bull’s eye rot. Starch test could be a good indicator of
the harvest date. Godec (2004) claims that starch index at optimum harvest time
for all tested cultivars should range from 6 to 9 but according to our results it
should range from 5 to 7. Starch index between 8 and 9 might be accepted, how-
ever, the storage period for more ripen fruits must be shorter than for those har-
vested at optimum stage.

Conclusions

The new scab resistant apple cultivars of Czech origin: ‘Rajka’, ‘Rubinola’ and
‘Topaz’ are promising for commercial cultivation considering their resistance to
diseases and good fruit quality.

The fruits of evaluated cultivars can be stored till February in air or till April un-
der controlled atmosphere conditions.
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