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Abstract 

Blažek J., Zelený L., Křelinová J. (2018): Long term cropping and selected parameters of 15 apple tree cultivars. Hort. 
Sci. (Prague), 45: 11–17.

Fifteen apple cultivars registered in the Czech Republic were included in this comparative study. The most productive 
after eight years of cropping was ‘Rucla’, which had a mean yield of 50.9 t/ha. This cultivar was also the most tolerant to 
late spring frosts. In order of decreasing yields, it was followed by the cultivars ‘Rubinstep’, ‘King Jonagold’ and ‘Šampion’. 
The lowest yield was found for the cultivar ‘Fuji Nagafu’ (23.7 t/ha) followed by ‘Golden Delicious’ and ‘Rubinola’. The 
largest canopy volume in 2016 was achieved by ‘Rubín’ at a level of 2.74 m3, followed in decreasing order by ‘Rubinola’, 
‘King Jonagold’ and ‘Meteor’. According to the final tree canopy volume, the least vigorous was ‘Selena’ with a mean of 
1.50 m3. The largest canopy of 2.74 m3 was exhibited by ‘Rubín’. The ‘Braeburn’ cultivar exhibited the highest degree of 
spur bearing, followed by ‘Lady Silvia’ and ‘Vysočina’. In contrast, the poorest spur patterns were observed in ‘Rubín’ 
and ‘Fuji Nagafu’. ‘Meteor’ was characterised by the densest canopy, whereas the ‘Rubín’ cultivar was the least dense. 

Keywords: Malus domestica Borkh.;  tree vigour; yield efficiency; tree performance; spurring habit

This paper describes the continuation of a study 
published four years ago (Blažek, Křelinová 
2013). From the 22 cultivars bred in Holovousy and 
described in the original study, we here consider 
only the eight that we regard as the most impor-
tant. On the other hand, four well-known cultivars 
that originated and are presently widely grown 
in the Czech Republic, two apple cultivars with 
worldwide importance and one novel domestic 
cultivar were newly included in the present study. 
Besides cropping and tree vigour, some tree canopy 
characteristics were also evaluated. 

Previously, the vigour of apple trees on M9 root-
stock was evaluated in 35 orchards located in differ-
ent climatic conditions of the Czech Republic dur-
ing the period 1996–2000. In total, 31 commonly 
grown or novel cultivars were ranged according 
to their synthetic growth index based on their in-
creases in trunk cross-sectional area, canopy vol-
ume and mean shoot length. The cultivar with the 

lowest degree of tree vigour (‘Braeburn’) grew more 
than 50% weaker than the most vigorous cultivar, 
‘Rubin’ (Blažek and Varga 2001).

Cumulative yield and yield efficiency of the ‘To-
paz’ cultivar on M9 was recently studied using 
different slender spindle forms and pruning (Mé-
száros et al. 2015). The increase in tree canopy 
was highest on a slender spindle with additional 
summer pruning. The lowest increase in crown 
volume was observed on modified spindle without 
summer pruning.

Very significant differences in a range of growth 
and yield characteristics were found in a large-scale 
trial of 23 apple cultivars that was carried out in 
the period 1999–2004 in the USA (Crassweller 
et al. 2007).

The effects of dwarfing and semi-dwarfing apple 
rootstocks on canopy size and tree cropping were 
studied in two experimental orchards established 
in the Research and Breeding Institute of Pomol-
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ogy, Holovousy, using the ‘Golden Delicious’, ‘Mel-
rose’, ‘Jonagold’, ‘Rubin’ and ‘Florina’ cultivars. A 
strong negative correlation was observed between 
tree size and yield efficiency (Kosina 2010). 

Lauri and Laurens (2006) realised basic ar-
chitectural studies on apple tree canopies with a 
special emphasis on the relationships between veg-
etative architecture and fruiting. This classification 
is based upon the “basitony” – “acrotony” canopy 
gradient and the bottom angle of scaffolds that 
were used by Lespinasse and Delort (1986).

In a trial of four supported apple orchard systems 
(Tatura Trellis, Güttingen V, Double-row and HY-
TEC), ‘Fuji’ was tested on M9 and ‘Braeburn’ on M26 
rootstock in Wenatchee, USA. There, the cumulative 
yield efficiency (kg/cm2) of Tatura Trellis trees was 
higher than that of the three other orchard systems 
due to the smaller size of trees (Barritt et al. 2008).

Yield efficiency for nine apple cultivars grafted 
onto rootstocks was very recently evaluated in Bra-
zil (Fioravanfo et al. 2016). There, the cumula-
tive yield efficiency of the most productive cultivar 
‘Royal Gala’ on M9 was 5.12 kg/cm2 of trunk cross-
sectional area, whereas the lowest efficiency was 
observed for the ‘Mishima’ cultivar, which amount-
ed to only 2.78 kg/cm2. 

MATERIAL AND METHODS

All cultivars were evaluated in experimental or-
chards established in Holovousy in spring 2003 using 
M9 rootstock and a tree spacing of 4 × 1 m. For each 
cultivar, a minimum of three trees were planted with-
out replication. Most frequently, however, a greater 
number of trees per cultivar were planted in two or 
three replications. The location is characterised by an 
average yearly temperature of 8.1°C, average rainfall 
of about 650 mm and altitude of about 300 m. The 
orchards were maintained with clean herbicide strips 
under the tree canopies and with mulched grass along 
the alleyways. Trees were trained as slender spindles 
and canopies kept at reasonable densities and sizes 
using pruning, both in winter and summer. In some of 
the more vigorous cultivars somewhat greater canopy 
volume was allowed to develop during the last years 
if necessary. Fertilising and spraying (based on inte-
grated apple orchard protection guidelines) consisted 
of normal commercial practices.

Every year from 2004 onwards, yield per tree was 
recorded as a mean of all trees for each cultivar. At 

the end of the growing season in 2016, trunk cross-
sectional area (TCSA) and canopy volume were 
evaluated. TCSA was calculated from trunk circum-
ference measured at 20 cm above the graft union.

Canopy volume was calculated following the 
measurement of canopy height, latitude and lon-
gitude. Further, three growth characteristics were 
rated using rating scales ranging from 1 to 9. The 
measured parameters included spurring habit, can-
opy density and canopy shape. In the rating scales 
of spurring habit and canopy density, 1 designated 
the minimum and 9 the maximal score, whereas for 
canopy shape 1 was the most upright and 9 the most 
drooping. The years 2011 and 2016, with very high 
flower damage caused by late spring frosts, were not 
included in the evaluation of cultivar productivity. 

RESULTS

Overall tree yields 

The total apple yield per tree for all years of eval-
uation is given in Table 1. The most productive cul-
tivar was ‘Rucla’ with a total yield of 209.5 kg. In de-
scending order, it was followed by the ‘Rubinstep’, 
‘King Jonagold’, ‘Rubín’, ‘Vysočina’ and ‘Angold’ cul-
tivars. The least productive cultivar, on the other 
hand, was ‘Fuji Nagafu’ with a cumulative yield of 
only 92.6 kg. In increasing order, it was followed by 
‘Rubinola’, ‘Golden Delicious’ and ‘Meteor’. 

The most precocious in fruiting was the ‘Lady Sil-
via’ cultivar, which produced 20.3 kg of fruits per 
tree in the first three years, followed by ‘Golden 
Delicious’, ‘King Jonagold’ and ‘Rucla’. In the first 
year, onset of fruiting was most pronounced in ‘Ru-
binstep’ and ‘Rucla’ (above 1 kg/tree). In contrast, 
the least precocious in this set was ‘Šampion’, fol-
lowed by ‘Fuji Nagafu’, ‘Braeburn’ and ‘Selena’. The 
highest relative output of fruits in 2016 was exhib-
ited by ‘Golden Delicious’, with an average output 
of 10.3 kg per tree. The highest tendency for bien-
nial bearing was found in ‘Fuji Nagafu’, followed by 
‘King Jonagold’ and ‘Topaz’. 

Tolerance to late spring frost

The most tolerant cultivar to late spring frost was 
‘Rucla’ with a harvest of 4.2 kg of fruit per tree in the 
most critical year of 2011 and 9.5 kg in 2016. It was 
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followed by ‘Golden Delicious’, ‘Lady Silvia’ and ‘Me-
teor’ that had harvests roughly half that level. Re-
garding 2016, the highest harvest of 10.4 kg per tree 
was obtained from ‘Golden Delicious’, followed in 
decreasing order by ‘Rucla’, ‘Rubín’, ‘Lady Silvia’ and 
‘Braeburn’. Trees of the ‘Meteor’ cultivar were prac-
tically without fruits in 2016, but this was probably 
mainly connected with its biennial habit of fruiting. 
The most susceptible cultivars to late spring frost 
were ‘Topaz’, ‘Fuji Nagafu’, ‘Rubinstep’ and ‘Selena’.

Tree vigour 

The largest canopy volume in 2016, with 2.74 m3, 
was attained by ‘Rubín’ (Table 2). It was followed in 
decreasing order by ‘Rubinola’, ‘King Jonagold’ and 
‘Meteor’. The least vigorous cultivar was ‘Selena’, 
which had a mean volume of only 1.50 m3, followed 
in increasing canopy size by ‘Vysočina’, ‘Rucla’ and 
‘Rubinstep’. 

The most vigorous cultivar according to the trunk 
cross-sectional area was ‘Rubinola’ (58.4  cm2), 

closely followed by ‘Rubín’, ‘King Jonagold’, and, fi-
nally, ‘Topaz’. 

The smallest trunk cross-sectional area was ob-
served in ‘Selena’ (28.8 cm2). In increasing order, 
it was followed by ‘Braeburn’, ‘Fuji Nagafu’ and 
‘Rucla’. 

The greatest difference between these two char-
acteristics of tree vigour was observed in ‘Topaz’ 
followed by ‘Meteor’, ‘Braeburn’ and ‘Angold’. On 
the contrary, the two characteristics were in good 
mutual agreement in the case of the ‘King Jonagold’, 
‘Rucla’, ‘Rubín’ and ‘Šampion’ cultivars.

Annual shoot length 

This tree growth parameter was largest in ‘Ru-
binola’, where it amounted to 40.9 cm on average 
(Table 2). This cultivar was followed in decreasing 
order by ‘King Jonagold’, ‘Rubín’ and ‘Meteor’. The 
shortest mean shoot length, meanwhile, was ob-
served in ‘Selena’ (22.0 cm) followed by ‘Braeburn’, 
‘Rubinstep’ and ‘Topaz’. 

Table 1. Yields of cultivars (kg/tree) in each year under evaluation 

Cultivar
Yields in years of evaluation (kg/tree)

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 ∑

Angold 0.9 0.8 10.0 0.8 14.0 12.8 24.1 0.3 25.7 12.5 26.3 33.4 2.2 163.8

Braeburn 0.0 0.4 7.0 2.0 15.8 7.5 27.4 0.4 6.8 16.9 24.0 31.1 8.1 146.9

Fuji Nagafu 0.0 0 6.4 2.4 16.6 0 14.0 0.3 5.6 15.5 9.9 20.4 1.6 92.6

Golden Delicious 0.8 2.3 14.1 4.5 11.4 6.6 23.0 2.6 11.2 16.0 17.8 19.7 10.3 140.2

King Jonagold 0.2 2.8 12.2 10.0 19.5 10.5 23.9 2.0 14.6 23.6 13.1 38.9 3.8 175.2

Lady Silvia 0.2 4.7 15.4 12.9 9.7 18.1 16.4 2.6 6.7 22.0 17.7 23.6 8.2 158.3

Meteor 0.2 3.4 9.6 10.7 14.3 6.5 21.1 2.4 9.4 9.0 26.2 29.1 0.5 142.4

Rubín 0.7 3.9 7.2 12.4 18.0 12.4 18.5 0.3 18.0 23.2 19.2 29.9 8.9 172.8

Rubinola 0.9 3.6 7.0 6.9 19.1 7.3 24.0 1.3 6.5 18.3 17.9 19.9 2.6 135.3

Rubinstep 1.3 3.9 8.1 10.9 21.6 15.8 28.4 0.4 8.8 22.4 24.5 36.2 1.2 183.5

Rucla 1.1 3.1 10.6 11.5 21.9 16.1 21.5 4.2 17.6 23.5 32.6 36.3 9.5 209.5

Selena 0.8 1.9 7.3 8.0 13.0 6.8 16.1 0.3 20.7 20.7 21.4 29.2 2.6 148.9

Šampion 0.0 0.6 2.3 7.7 18.4 11.7 23.9 0.6 18.9 21.4 19.0 30.7 6.0 163.0

Topaz 1.0 4.2 6.5 9.4 26.0 13.2 19.6 0 9.3 16.6 13.2 20.5 3.8 143.3

Vysočina 0 3.5 9.8 13.8 15.3 14.8 20.4 1.2 8.4 21.7 22.4 30.7 5.0 167.1

Mean 0.6 2.6 8.9 8.4 17.0 10.8 21.3 1.3 12.5 18.9 20.3 28.6 5.0 156.4

LSD; P ≥ 0.05 0.52 1.73 2.148 3.91 4.25 6.37 3.40 1.34 5.82 3.29 4.84 3.67 1.93 4.92
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Tree canopy characteristics

The ‘Braeburn’ cultivar was distinguished by the 
most pronounced spurring habit, followed by ‘Lady 
Silvia’, ‘Vysočina’, ‘Šampion’ and ‘Topaz’ (Table 2). 
The ‘Rubín’ and ‘Fuji Nagafu’ cultivars exhibited 
the poorest spurring. The ‘Meteor’ cultivar had the 
densest tree canopy, closely followed by ‘Selena’. In 
marked contrast, the ‘Rubín’ cultivar exhibited the 
most open canopy corresponding to a score of 3. It 
was followed by ‘Fuji Nagafu’ and ‘Rubinola’, which 
both received a 4 for canopy density. Regarding 
canopy shape, the most upright were the ‘Meteor’ 
and ‘Rubinstep’ cultivars, whereas those with the 
most spreading were ‘King Jonagold’, ‘Rucla’ and 
‘Šampion’. 

Selected parameters of cropping

In Fig. 1, cultivars are ranged according to can-
opy volume (m3) in 2016. They largest was ‘Rubín’ 

with a canopy volume of 2.74 m3, while the small-
est was ‘Selena’ with a canopy volume of only  
1.50 m3. 

The range of the evaluated cultivars according to 
the total harvest per tree from all the years of crop-
ping is illustrated in Fig. 2. The ‘Rucla’ cultivar was 
distinguished by the highest harvest level, which 
was 209.5 kg, whereas the lowest harvest (92.6 kg) 
was recorded in ‘Fuji Nagafu’. 

In Fig. 3, cultivars are ranged according to their 
mean annual yield efficiency in the period 2013 to 
2015. According to this criterion, the most effi-
cient was ‘Rucla’ with an outstanding total value of 
26.1 kg/m3. The least productive cultivar was ‘Fuji 
Nagafu’, with a value of only 10.6 kg/m3, which is 
only 43% of the value for ‘Rucla’. 

Ordering of the evaluated cultivars according to 
specific yield during the period 2013–2015 is pre-
sented in Fig. 4. The highest specific yield per tree 
was observed in ‘King Jonagold’ and amounted 
to 389 kg/m3), whereas the lowest yield was from 
‘Golden Delicious’ with 19.7 kg/m3. 

Table 2. Tree characteristics in 2016

Cultivar
Trunk cross 
section area  

(cm2)

Canopy 
volume

(m3)

Difference 
between 

TCA and CV 
(%)

Mean length 
of annual 

shoots 
 (cm)

Spurring 
habit 
(1–9)

Canopy 
density 
 (1–9)

Canopy 
shape 
 (1–9)

Angold 40.6 2.18 10.9 26.0 5 6 6

Braeburn 34.7 1.94 12.9 22.7 7 5 6

Fuji Nagafu 36.9 1.92 6.8 32.9 3 4 5

Golden Delicious 41.6 2.06 2.8 28.3 5 5.5 5

King Jonagold 52.4 2.54 0.7 40.4 5 5 7

Lady Silvia 44.4 2.02 –5.4 31.9 6 5.5 5

Meteor 43.6 2.37 13.0 35.4 5 7.5 4

Rubín 57.4 2.74 –1.1 39.8 3 3 6

Rubinola 58.4 2.70 –5.5 40.9 4 4 5

Rubinstep 41.0 1.91 –2.9 23.5 5 5 4

Rucla 38.4 1.83 –0.9 33.5 5 5.5 7

Selena 28.8 1.50 5.5 22.0 5 7 6

Šampion 42.1 2.05 1.2 24.6 6 6 7

Topaz 51.3 1.97 –24.0 23.9 6 6 6

Vysočina 41.7 1.71 –14.2 30.2 6 5.5 5

Mean 43.6 2.10 0 30.4 5.1 5.4 5.6

TCA – trunk cross section area; CV – canopy volume; spuring habit and canopy density scale: 1 – the minimum, 9 – the 
maximal score; canopy shape scale: 1 – the most upright, 9 – the most drooping 1 designated the minimum and 9 the 
maximal score, whereas for canopy shape 1 was the most upright and 9 the most drooping.
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Fig. 4. Cultivars arranged according 
to the maximal annual yield efficiency 
(kg/m3) in the period 2013–2015

 

Fig. 1. Cultivars arranged according to canopy volume (m3) in 2016 
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Fig. 2. Cultivars arranged according to the total harvest per tree in kg from 2004 to 2016  
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Fig. 3. Cultivars arranged according to the mean annual yield efficiency (kg/m3) in the period 2013–2015 
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Fig. 4. Cultivars arranged according to the maximal annual yield efficiency (kg/m3) in the period 2013–2015 
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Fig. 1. Cultivars arranged according 
to canopy volume (m3) in 2016

Fig. 2. Cultivars arranged according 
to the total harvest (kg/tree) from 
2004–2016 

Fig. 3. Cultivars arranged according 
to the mean annual yield efficiency 
(kg/m3) in the period 2013–2015
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DISCUSSION

The present results concerning the productivity 
of the evaluated cultivars are mostly in agreement 
with our previous studies (Blažek, Křelinová 
2006; Blažek 2013). This was especially true with 
respect to the most productive cultivars ‘Rucla’ and 
‘Topaz’ and the least productive cultivar ‘Rubín’. 

Our data concerning the productivity and tree 
vigour of ‘Topaz’ are also in agreement with simi-
lar recent findings from Poland (Sosna 2014). Our 
data concerning the yield efficiency of ‘Topaz’ are, 
however, considerably different from those pub-
lished by Mészáros et al. (2015). This difference 
can without doubt be explained by the much higher 
ages of the trees evaluated in our study. 

Our finding concerning the tolerance of ‘Golden 
Delicious’ to late spring frosts is fully in agreement 
with a range of previous reports (Aygun et al. 2005; 
Lipa et al. 2008). 

The relationship between trunk cross-sectional 
area and canopy volume can also be significantly 
influenced by the method used to calculate the pa-
rameter, which was different in this study to proce-
dures described previously (Wright et al. 2006). 

Our results concerning the high tendency of ‘Fuji 
Nagafu’ toward biennial bearing are fully in agree-
ment with a similar finding from Serbia (Mila-
tovic, Durovic 2012). 

The inferior productivity of ‘Fuji Nagafu’ and 
‘Golden Delicious’, which was found in this study, 
differs markedly from results from the USA (Crass-
weller et al. 2007). The discrepancy might be ex-
plained by the fact that our colder climatic condi-
tions are not suitable for either of these cultivars. 

The mean annual yield efficiency of ‘Fuji’ was 
found to be 20.4 in our study, whereas in a study 
from the US it was described to range from 0.63 to 
0.8 (Barrit et al. 2008). In another study from the 
US, mean annual yield efficiency was reported to 
be 0.45 for ‘Golden Delicious’ and 0.37 for ‘Fuji Ju-
bilee’ (Crassweller et al. 2007). Present results 
concerning productivity of evaluated cultivars 
are mostly in agreement to our previous studies 
(Blažek 2006; Blažek, Křelinová 2006). It is 
especially in comparison of the most productive 
ones  ‘Rucla’ and ‘Topaz’ to the least productive 
‘Rubín’. 

Our data concerning productivity and tree vigour 
of ‘Topaz’ are also in agreement to similar recent 
finding from Poland (Sosna 2014).
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