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1. Precedents and aims set

During the latest decades sour cherry growing became of primary importance in
Hungary. As the result of the leading Hungarian sour cherry breeding, nearly all
the cultivated cultivars are of domestic origin, so they can be considered as
,hungaricums”. Fruit can be consumed either fresh or in processed form. Sour
cherries are popular raw material of the processing factories.

In addition to canned fruits, significant amount of jam is produced from this
fruit species, and the demand for deep frozen fruits is increasing, while the sweets
and liqueur factories also process high quantities. Certain cultivars are used for
making cosmetics, too. Due to it’s antioxidant content it is a component of several
medicines produced abroad (USA).

Sour cherries have been well known in Hungary since the ancient times. The
conquering Hungarians had been collecting it’s wild grown fruits, later on
propagated from suckers and seeds. The Carpathian Basin can be considered as a
secondary gene pool, because the parent species required for the sour cherries
(sweet cherry and steppe cherry) could be found here. The abundance of sour
cherry types that can be found in our country, and especially in North-Eastern
Hungary is probably the consequence of spontaneous crossings.

Sour cherries grown in Hungary gained reputation in the market of the
neighbouring countries centuries ago. This fame was established by the ‘Pandy
meggy’. The disadvantage of this cultivar is the inadequate fertility resulting from
self-sterility. The clone-group cultivation method developed by Brozik was based
on planting cultivars that flower in the same time near each other tried to solve this
problem. But in the practice it sometimes happened, that the same clone pair in
another growing site flowered in different time. Yields increased significantly after
the introduction of the self-fertile hybrids and landrace cultivars.

In the workshop of cross breeding (Horticultural Research Institute,

Budapest) several self-fertile hybrids that suit market demands ("Meteor korai’,



*Erdi bétermé’, *Erdi jubileum’, etc.) were bred. In the Eastern part of the country
the landrace selection work started, which resulted in the introduction of cultivars
like *Ujfehértéi fiirtos’, *Debreceni bétermd’ and *Kantorjanosi’ and it’s selected
clone *Kantorjanosi 3’.

The share of *Erdi btermd’ and the three selected landrace cultivars in the
Hungarian sour cherry propagation is more than 80%. The collection of canditate
cultivars and evaluation is continued at the Research and Extension Centre for
Fruitgrowing, Ujfehérto.

The success of sour cherry growing is greatly influenced by climatic factors.
The weather of the winter months and the flowering period determines the yield of
the current growing season. The weather of our region is influenced by three main
factors: the Atlantic, Mediterranean, and most by the Eastern-European effects.

In order to widely disseminate the results of our several decade long
investigations we tried to publish only the most important findings.

1. Introducing the spreading and acknowledgement of the North-Eastern
Hungarian landrace sour cherries.

2. Reviewing the growth characteristics of the cultivars.

3. Reviewing the most important phenological properties of the cultivars
(duration of dormant period, date of bud burst, beginning and length of
flowering, duration between flowering and fruit ripening, date of fruit
ripening).

4. Comparing the self-fertility and open pollination of the cultivars.

5. Evaluating the productivity of the cultivars.

6. Presenting the cultivar characteristics influencing crop safety and
analysing the climatic factors.

7. Presenting the main pomological properties of the fruits.

8. Investigating the storability and shelf life of the fruits.



2. Materials and methods

Since 1972 I am continuously doing cultivar research in my workplace,
commercial orchards, home gardens and scattered orchards. We gradually included
all the landrace sour cherry cultivars and types selected in North-Eastern Hungary
into the investigations. Observations were carried out before the state recognition
and after introducing the given cultivar to commercial production, that is a
continuous work from the first year and it is still going on.

The trees of cultivars investigated at the Research Station of Ujfehérto are
cultivated under the same conditions (growing site, tree density, canopy form,
phyto- and agro-technique, plant protection). Samples and data were collected from
a randomised block design experimental orchard accepted by the National Institute
for Agricultural Quality Control.

Data were processed with traditional statistical methods described by

SVAB, and evaluated using Microsoft Excel and SPSS 12.0 for Windows software.

2.1. Spreading and recognition of sour cherry cultivars

The commercial value of the investigated North-Eastern Hungarian sour
cherry cultivars (easiness of nursery propagation, share of propagation, spreading
in commercial production, etc.) was determined from nursery publications,
published charts, domestic and foreign statistical data, and from market analysis
published by the FruitVeB Hungarian Interprofessional Organization for Fruit and
Vegetables.

2.2. Growth properties of the cultivars

When investigating the properties determining the growing value of the
cultivars (tree size, growth characteristics, etc.) we relied on the publication of
OMFI from 1976. Trunk circumference was measured 0.4 m above soil level in

centimetres, while canopy dimensions were measured in decimetres.



2.3. The most important phenological properties of the cultivars

When determining the flowering time of the cultivars, we used the
methods described by MALIGA (1961) and NYEKI (1980). Ripening time of the

fruits is expressed in days.

2.4. Comparative study of self-fertility and open pollination of the cultivars

The degree of self-fertility (autogamy) was determined in isolated flowers,
so only own pollen could get to the stigma. Data is calculated after counting the
number of fruits before harvest; when grouping the cultivars we used the scale
elaborated by NYEKI (1989). In case of open pollination the flowers can be
fertilized by pollen originating from the neighbouring trees. It’s degree is
calculated according to the guidelines of BROZIK and NYEKI (1980).

When choosing pollination partner we rely on cross pollination results.
Before the opening of the flowers of the cultivar to be pollinated we remove the
stamina of it’s flowers, then we isolate the castrated flowers. After the opening of
the isolation bag we apply viable pollen to the stigma with a brush, and we
carefully reinstall the isolation bag. The number of fruits developing from the
artificially pollinated flowers is counted three times, and fruit set resulting from

cross pollination (expressed in %) is calculated.

2.5. Cropping potential of the cultivars

Yield was measured per tree and expressed in kilograms. Specific yield is

calculated per trunk circumference and per canopy size.



2.6. Cultivar properties and climatic factors determining crop safety

The degree of winter frost damage of the flower buds and spring frost
damage of the flowers is expressed in the percentage of intact and browned buds or
flowers. Samples were randomly collected from the four cardinal points of the
canopy and were investigated under stereo microscope.

The climatic data is originated from the premises of the Research and
Extension Centre for Fruitgrowing, Ujfehérto and was collected between 1965 and
2006. We observed the following weather data:

daily mean temperature (°C), daily maximum temperature (°C), daily
minimum temperature (°C), daily level of precipitation (mm), daily number of
sunny hours (h), daily mean relative humidity (%).

From the above data we calculated the following climatic parameters:

number of frosty days (T, < 0 °C), number of frost-free days (T, > 0 °C),
absolute minimum temperature, absolute maximum temperature, maximum length
of continuously frost-free periods, maximum length of continuously frosty periods,
number of cooling down periods, number of precipitation-free (p < 0.1 mm) days,
maximum length of continuously rainy periods, maximum length of continuously
precipitation-free periods, number of days with more than 5 mm precipitation,
number of days with relative humidity below 50%.

We investigated the changes of these variables, and calculated regression

and correlation between 1965 and 2006.

2.7. The most important pomological properties and inner quality parameters of the

fruits

The investigation of the market value (fruit size and weight, pit weight,
stipulae coverage) of the fruits of selected cultivars was carried out according to
the methodological publication issued in 1976 and titled ,,Observation method of

fruit trees in cultivar trials”. The most important inner quality parameters (dry



matter content, sugar content, vitamin C content) were measured in the accredited
laboratory of the University of Debrecen, Agricultural Centre, considering the

relevant standards.

2.8. Storability and shelf life of the fruits

Storability and shelf life of the fruits was investigated during three years, between
2005 and 2007. Freshly picked fruits were stored either in M10 boxes or in plastic
trays (0.5 kg) in different temperature and gas levels. We measured the weight loss
of the fruits, in case of non-edible fruits the share of mouldy, decayed, shrivelled

fruits and the changes of inner quality parameters during cold storage.

Storage parameters

2006 2007
02 CO2 | Chamber No. 0, | CO.
Chamber No. | Temp. ) ) Temp. ) | @)
- - - - 2 1C
3 1C | 24-34 | 0.0-08 3 2°C |3-5%|0.0%
4 3°C | 3.5-48 | 0.0-09 4 3C
5 . . 5 .
(control) 20C | regular air | regular air (control) 20C | regular air

After cold storage the fruits stored in plastic trays were kept at room temperature

(19-22 °C) for a week to investigate shelf life.

3. Results
3.1. Spreading and recognition of the North-Eastern Hungarian landrace cultivars

According to the data of the survey of fruit orchards in 2001, the share of cultivars
in the Hungarian sour cherry orchards is the following: *Ujfehértéi fiirtos’: 28.0%,
*Erdi b6termé’: 25.5%, *Kéantorjanosi’: 14.9%, *Debreceni bétermd’: 9.6%. 22% of
the total area is still covered by ’Ciganymeggy’ and ’Pandy meggy’ types and

"Meteor korai’, *Erdi jubileum’ and other cultivars (Table I and 2).



Table 1. Area of the Hungarian sour cherry orchards in 2001 (ha)

Béacs- Budapest,
Cultivars Kiskun | Heves Pegt Sz:Sz-Bereg | Other Total %
county county counties

county county
Debreceni bétermd 163.5 147.9 249.1 415.3 294.6 1270.4 9.6
Erdi bétermé 798.7 215.9 847.5 553.0 978.6 3393.7 25.5
Erdi jubileum 109.1 0.4 38.1 64.4 72.8 284.8 2.1
Kantorjanosi 56.8 75.6 77.8 1570.5 199.2 1979.9 14.9
Meteor korai 53.6 5.3 12.5 26.3 64.4 162.1 1.2
Ujfehértoi fiirtds 566.3 160.4 704.6 1285.1 1003.8 3720.2 28.0
Ciganymeggy types 198.2 88.2 2779 90.3 550.7 1205.3 9.1
Pandy 1459 | 613 2246 249 | 2636| 7203| 54
clones
Other cultivars 65.3 48.0 135.2 97.1 211.2 556.8 4.2
Total 2157.4 803.0 2567.3 4126.9 3638.9 | 13293.5 | 100.0

Source: KSH

Table 2. Share of nursery propagation between 1992 and 2005

Cultivars Produced nursery trees
pcs %

Debreceni bétermé 1698 684 18.6
Kantorjanosi 1045 155 11.4
Ujfehértoi fiirtds 2038 426 22.3
Three cultivars total 4782 265 52.3
Erdi bétermé 3037 624 33.2
Other cultivars 1329 480 14.5
Grand total 9149 369 100

Source; OMMI

Hungarian sour cherry growing is over a cultivar change. Due to the introduction
and widespread of *Erdi btermd’ (1970) and *Ujfehértéi fiirtds’ (1970) yields and
growing area had increased. The introduction of similar cultivars ("Erdi jubileum’
1980, ’Debreceni bbétermd’ 1986, ’Kantorjanosi’ 1994) provided for cultivar
innovation.

The next renewing of the cultivar usage may be accomplished by the
introduction of the new candidate cultivars (eg. ’Petri’, 'Eva’), which have

improved characteristics (e.g. cropping potential, density of bearing wood).



The North-Eastern Hungarian landrace cultivars are known in several
countries of the World. There are 400 hectares of mature *Ujfehértoi fiirtds’
orchards in Michigan state (USA), while in Germany 120 hectares of mature
orchards and 250 hectares of orchards younger than seven years. ’Debreceni
boterm6’ is included in the list of recommended cultivars, and is considered the

main cultivar for sour cherry orchard replantings in Poland.
3.2. Growth properties of the cultivars

The six cultivars investigated can be classified in three groups according to their

trunk circumference and canopy size (7able 3).

Table 3. Vigour of the North-Eastern Hungarian landrace sour cherry cultivars
(Ujfehérto, 1983-1994; 1994-2003)

Vigour Cultivar Main branches (pcs/tree) | Crotch angle
Strong | Eva(T) 6.6 510

Ujfehértoi flirtds
Kantorjanosi 3

Medium Petri (R) 6.2 440
D clone
Weak Debreceni bétermd 6.1 410

We counted the number of main branches and measured their crotch angles. While
there is no significant difference between the cultivars regarding the number of
main branches, it’s decreasing figure well describes the vigour of the tree.

Crotch angle is a much better index to describe tree vigour. Both canopy
characteristics are useful not only for the description of a given cultivar, but also
during the elaboration of phytotechnological procedures.

The density of bearing wood is of high importance for the pruning and
cropping of trees, and it is expressed by the number of bearing wood per 1 metre of

branch length (Table 4).



Table 4. Density of bearing wood in case of sour cherry cultivars
(Ujfehérto, 2002-2006)

Number of bearing In the 7th year In the 15th year
Cultivars wood (bearing wood pcs/1 m (bearing wood pcs/1 m

(pcs/1 m branch) branch) branch)
Ujfehértoi 74 183
fiirtds 5.07 ' )
Kantorjanosi 3.88 5.7 27.6
Debreceni 5.16 54 23.2
bétermd
Petri (R) 15.81 19.0 4141
Eva (T) 541 741 27.7
D clone 6.91 11.5 28.6

Date of planting: spring 1990; spring 1999

We got the most favourable figures in case of cv. "Petri’, as it had almost 16
bearing woods per 1 m branch, while the second best *D’ clone had less than 7.

In case of all cultivars there is a tendency to produce more bearing wood
during the mature years, apparently due to the evolvement of the
vegetative/generative balance.

During the elaboration of cultivar-specific pruning methods the knowledge

of bearing wood types and their share is of great importance (7able 5).

Table 5. Distribution of bearing wood types in trees of sour cherry cultivars
(Ujfehérto, 2006)

Share of bearing wood types (%)
Multi- Mid-
Cultivars, b Nu_rnber Ofd bud Shqrt length Lor_1g
clone earing woo spurs bearing bearing bearing
investigated (12 shoots shoots shoots
cm) (2-3cm) (312 cm) (>12 cm)
fU.er..he”O' 209 622 | 57 9.1 230
Urtds
Kantorjanosi 196 62.3 4.6 7.1 26.0
E?brecf’"' 236 513 | 144 72 27.1
Gtermd
D clone 205 69.8 2.9 44 22.9
Petri (R) 373 82.0 54 21 10.5
Eva (T) 199 734 2.0 15 23.1

Date of planting: spring 1999



It is to be noted, that the density of bearing wood influences the share of
multi-bud spurs greater than tree vigour. We measured the highest share of multi-
bud spurs in case of cv. ’Petri’, but in case of the weakest "Debreceni bétermd’ it’s
share was only 51%. Theoretically the highest share of long bearing shoots is
expected from the most vigorous cultivars, that is the cultivars producing the
longest shoots (too). Contrary, the measured data demonstrate, that the weakest
’Debreceni bétermd’ produced the most, and ’Petri’ produced the least long
bearing shoots.

The most vigorous 'Eva’ produced long bearing shoots only moderately
(23%). All the above mentioned observations attract the attention that neither
growth characteristics should be exclusively taken into consideration for the
elaboration of cultivar-specific pruning and phytotechnical procedures, but all the
parameters (number of main branches and their crotch angle, type and density of
bearing wood, etc.) should be considered. In any case, it is a fundamental rule, that
during the pruning of trees of cultivars producing more multi-bud spurs — similar to
sweet cherry cultivars — we have to form a tree with adequate number of laterals
sooner, and we can not carry out a strong bearing wood thinning pruning hastily

early.

3.3. Most important phenological properties of sour cherry cultivars

There was no significant difference between the cultivars concerning the length of
period between bud burst and beginning of flowering (32-33 days). We observed a
slight difference in the average duration of flowering, but it was not significant
either. It means that the investigated North-Eastern Hungarian sour cherry cultivars
belong to the same group according to the time of flowering, and they do not differ
neither in the beginning nor in the duration of flowering. On the one hand it makes
possible the mixed planting of them to enhance fruit set, on the other hand they can
substitute each other when looking for pollinators, if they meet the other criteria.

The data of Table 6 also demonstrate, that there is no significant difference



between the ripening time of fruits, since it takes 63-66 days on average from

flowering until the beginning of harvest.

Table 6. Duration of three main phenological stages in different sour cherry ultivars
(Ujfehérto, 1983-2005)

Duration between bud burst and

Duration of

Duration between the end of

Cultivars beginning of flowering (days) flowering (days) flowering igg;;"t ripening
Ujfehértoi 329 10.1 66.1
fiirtds
Kantorjanosi 324 10.9 66.1
Debreceni 320 1.0 63.8
bétermd
Petri (R) - 9.9 64.2
Eva (T) - 11.1 64.4
D clone - 9.6 63.1
n.s n.s n.s

Note: n.s. = no significant difference

Based on the yearly investigation of the time of beginning and end of flowering we
concluded, that the beginning of flowering is three days earlier, and the end of
flowering is five days earlier when compared to 1983 (Fig. 1).



y=-0.2252x+ 123.8

130
> A R?=00701
S 125 7N~/
c
g0 Y P
—
115 |
3 #u_ W\
% 110 \ V
© 105 \
©
2 100 4 =.0.1744
5 y=-0. x+112.73
g 95 R%2=0.0319
90 T T T T T T T T T T T T T T T T T T T T T T
™ n N~ [¢)] — [s2] n N~ [e] - [a2] wn
0] © © [e0] (2] (2] (o)) (2] (2] o o o
()] [e)] [e)] [e)] [e)] [e)] (o)) [e)] [e)] o o o
— — — — — — — — — N N N

Fjg. 1. Average time of beginning and end of flowering of sour cherry cultivars
(Ujfehérto, 1983-2005)

The date of full bloom is also five days earlier when compared to 1983. In our
opinion, these changes in flowering time are attributed to the climate change and it

may increase the risk of fertility problems (Fig. 2).

130

>

g 125

S5

8 i

o \

® 115 :

S0l \ AW«

(]

=

S 105 y = -0.2059x + 117.18 A

Z 100 1 R? = 0.0539

=2

95 T T T T T T T T T T T T T T T T T T T T T T

(42} n N~ [e)] - [a0] n N~ (o)} - [e0] n
0] [ee] [ee] [ee] (@] ()] (@] (@] [e2] o o o
[0} [e)} (o)} o [e)} (o] [e)} e} [e)} o o o
— — — — — — — — — N N N

Fig. 2. Average date of full bloom of sour cherry cultivars (Ujfehérté, 1983-2005)



3.4. Investigating the self-fertility and open pollination of the cultivars

The degree of self-fertility is highest in case of cv. ‘Petri’, it surpasses the desired
level of 10% required for safe fruit set. In case of other cultivars the average degree
of self-fertility is between 3 and 6%. According to the degree of self-fertility we
can classify the cultivars into three groups. The average degree of open pollination

is 16-28%. We classified the cultivars into three groups, also (Table 7).

Table 7. Grouping of sour cherry cultivars according to fertility relations (Ujfehérto,

1985-2005)
Self-fertility Open pollination
Degree Cultivar Degree Cultivar
Adequate ) Very high .
(abovg 10%) Petri (R) (above 22%) Petri (R)
Debreceni bétermé . Ujfehért.c')i fUrltbs
Acceptable Kantorjénosi 3 High Kantorjanosi 3
(5-10%) Dl (20-25%) Debreceni botermd
clone
Eva (T)
Weak Ujfehértoi firtds Medium D clone
(below 5%) Eva (T) (15-20%)

We could not observe a strong correlation between self-fertility and open
pollination. The high dispersion of data refers to the importance of the growing
season. It reminds us that the mixed planting of the North-Eastern Hungarian sour
cherry cultivars to promote cross pollination is risky, in spite of their perfectly
simultaneous flowering. The mutual and one-sided sterile combinations support the
assumption, that not only the fruits of the investigated cultivars is similar, but the
genetic background of their fertility, too. Our data prove that cv. ‘Ujfehértoi fiirtos’
is a good pollinator for the other two varieties, but it is pollinated by neither of

them. The reasons are to be clarified (Table 8).



Table 8. Comparing the self-fertility and open pollination of different sour cherry
cultivars (Ujfehértd, 1985-2005)

Cultivars Self-fertility % | Open pollination %
Ujfehértoi flirtds 497a 2447 ab
Kantorjanosi 570a 21.10 ab
Debreceni bétermé 5.96 ab 23.30 ab
R (Petri) 11.50b 27.90 b
T (Eva) 430a 21.77 ab
D clone 7.73ab 16.77 a

Note: *: p<5 %

3.5. Evaluating the cropping potential of the cultivars

We can compare the specific indices of cropping potential only under the same
circumstances. ‘Ujfehértoi fiirtds” was the best cropping cultivar in the orchard
planted in 1980, but ‘Debreceni botermd’ was the best in the orchard planted 10
years later. When raking the six investigated cultivars, the merged data of the

different orchards were taken into consideration (7Table 9).

Table 9. Average specific yield of different sour cherry cultivars
(Ujfehérto, 1983-2003)

Cultivars Specific yield
kg/cm trunk circumference | kg/m?under-canopy area | kg/m3canopy volume
Ujfehértdi fiirtds 0.68 2.93 1.39
Kantorjanosi 0.70 2.95 142
Debreceni bétermé 0.69 2.94 1.40
R (Petri) 0.91 3.64 1.77
T (Eva) 0.90 3.73 1.65
D clone 0.51 2.50 1.29

Notes: merged investigation of two evaluation periods (1983-1984; 1994-2003)
Data of ‘D’ clone is from the measurements of 1994-2003

3.6. Cultivar properties and climatic factors influencing cropping safety

The average degree of winter frost damage of flower buds of six cultivars was

between 21 and 45% in 2001 and 2002. We observed the greatest damage in cv.



‘Eva’, but even it’s value was lower than that of the reference cultivar ‘Erdi
bétermd’.

Later on, we compared the degree of winter frost damage of the flower buds
of six cultivars in a 3-year period. We could observe differences between the
cultivars only in 2003 and 2005; due to the very low frost damage in 2006 the
differences were minimal. In 2003 and 2005 the cultivars ranked in a different
order. The flower bud damage of ‘Ujfehértoi fiirtos’ was 21% in 2001, while it was
one of the hardiest cultivars in 2005. It attracts our attention, that other factors than
cultivar properties may have a great influence on frost damage, including sampling
errors. The degree of frost damage of the North-Eastern Hungarian cultivars was

lower than that of cv. ‘Erdi bétermd’ in each year (Table 10).

Table 10. Winter frost damage of flower buds of sour cherry cultivars
(Ujfehérto, 2001-2006)

Cultivars Average of years 2001-2002 | Average of years 2003-2006 | Average
Erdi bétermé 455 43.8 446
Ujfehértdi fiirtds 214 8.1 14.7
Kantorjanosi 27.0 4.6 15.8
Debreceni 254 48 15.1
bétermd
Petri (R) 33.7 1.0 17.3
Eva (T) 39.1 11.6 25.3
D clone 33.3 2.2 17.7

The rank of cultivars based on the winter frost damage of their flower buds was
different each year. The effect of the growing season is clearly greater than that of
cultivar properties. The North-Eastern Hungarian cultivars were less susceptible to
cold periods than cv. ‘Erdi bétermé’. The earlier flowering ‘Erdi bétermé’ was

more exposed to frost risk each year.

Climatic factors

Successful sour cherry growing is greatly influenced by climatic factors. The
stability of temperature during the dormant period of sour cherries is characterized

by the number of frost-free days, and the occurrence and length of frost-free



periods. If the occurrence of frost-free periods is frequent during winter, we can
expect higher risk in the orchards, since the temperature changes may break deep
dormancy, increasing the risk of frost damage. One of the most important climatic
factors during flowering is the probability of frosts, the changes of minimum and
maximum temperature, and the occurrence and quantity of rainfall. For the
fertilization of flowers the number of days with mean temperature above 10 °C,
and relative humidity below 50% is of great importance.

Our climate has started warming up during the last 40 years. It is justified by
the increase of the number of frost-free days, and by the increase of the length of
frost-free periods during the dormant period. The number of frosty days during the
flowering period decreased, while the absolute minimum temperature, minimum
temperature, maximum temperature and number of days with relative humidity
below 50% increased (Table 11).

The direction of the arrows indicate the changes of climatic factors between
1965 and 2006. These changes indicate the warming of the climate. The risk of
frost during flowering hadn’t decreased significantly, but can be characterized by
two peak values. The probability of frost occurrence between 24-25 April is 25%,
and 33% on 28 April.



Table 11. The agro-climatical description of the dormant and flowering period based
on data from Ujfehértd (1965-2006)

Factors Long-term average Change
course degree
1. Number of frost-free days 74 days _¥ | 10days
Dormant 2. Length of frost-free period 23 days _w¥ | 10days
period 3. Average temperature 2.3°C w |0860°C
4. Number of cooling down periods 8
L n.s.
during winter
5. Probabilty of frosts 14-33% = |oasan
6. Number of frosty days 2 days ~a 3 days
7. Absolute minimum temperature 14°C /V 5°C
8. Minimum temperature 6.3°C P 4°C
9. Number of days with average
temperature over 10 °C 9 days / 4 days
10. Average of maximum temperature 18.3°C el 30C
Flowering period s
11. Precipitation 22 mm /V 30 mm
12. Daily maximum precipitation 12mm Y | 19.9mm
13. Number of precipitation-free days 7 days ~a 0.5 days
14. Number of days with precipitation
above 5 mm 1 days /v 1.4 days
15. Number of days with relative /V
humidity below 50% 1 days 2 days

3.7. Pomological properties and inner quality of the fruits

Only the ‘D’ clone had significantly bigger fruits, which clearly resulted in better
pit/fruit flesh ratio. The fruit weight, pit weight and pit/fruit flesh ratio of the other

cultivars is similar (Table 12).

We observed significant diferrence in the stipulae coverage and length of
peduncles. Stipulae coverage of cv. ‘Eva’ is 30% less when compared to the other

cultivars (Table 13).



Table 12. Comparing the weight of 100 fruits and pits, and their ratio of different

sour cherry cultivars (Ujfehértd, 1983-2005)

Culti Weight of 100 fruits Weight of 100 pits | Pit/fruit flesh ratio
ultivars

()] @ (%)
Ujfehértoi fiirtds 528.5 ab 36.00 7.35ab
Kantorjanosi 538.7 ab 39.96 7.40 ab
Kéntorjénosi 3 486.0a 34.80 7.82b
Debreceni 7.19ab
bétermé 549.5 ab 36.76
Petri (R) 529.8 ab 36.36 742 ab
Eva (T) 538.5 ab 34.09 6.84a
D clone 564.2 b 36.00 691a

*% ns *kk

Note: ***: p<1%
*p<5%
n.s. : not significant

Table 13. Comparing the stipulae coverage and peduncle length of different sour
cherry cultivars (Ujfehértd, 1983-2003)

Cultivars Stipulae coverage (%) Pedurgrti:eml)ength
Ujfehértoi fiirtos 60.82 ab 4841b
Kantorjanosi 66.09 ab 48.68 b
Debreceni bétermé 71.09b 49.59 b
Petri (R) 60.80 ab 4840b
Eva (T) 48.80a 4320a
D clone 57.00 ab 49.20 b

*% *kk

Note: ***: p<1%
*p<5%

We could not observe significant difference between the cultivars regarding the

inner quality parameters of the fruits (7able 14).

We investigated the changes of the above mentioned parameters. Using

the available climatic database of 1965-2005 we distinguished warmer and wetter,

and cooler and wetter seasons. Inner quality parameters of sour cherries were

available from 1998 until 2005.



Table 14. Comparing the inner quality parameters of the fruits of different sour
cherry cultivars (Ujfehértd, 1998-2005)

Cultivars Dry matter content | Sugar content | Total acidity | Vitamin C content
(%) (%) (%) (mg %)
Ujfehértoi fiirtos 17.92 16.15 0.99 11.62
Debreceni bétermd 16.58 15.01 0.89 11.74
Kantorjanosi 17.51 15.56 1.02 11.37
Petri (R) 16.41 14.91 1.04 10.97
Eva(T) 16.89 15.39 1.01 11.66
D clone 17.25 15.53 1.10 12.04
n.s. n.s. n.s. n.s.

Note: n.s. : not significant

According to our findings, there is a strong correlation between the
maximum temperature, difference of day and night temperature, minimum
temperature and inner quality parameters of sour cherries.

The correlations were often non-linear, in most cases the fittings of second
degree were significant. Based on these correlations we could set up a model to
forecast the probable values of inner quality parameters in a given season by using

mainly climatic data.

Total acidity

Based on the linear regression we can conclude, that in case of higher rainfall the
acidity of the fruits is lower, while in dry years fruits of sour cherries have more

acidity (Fig. 3).
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Dry matter content

Higher rainfall results in the significant decrease of dry matter content. During

years with abundant rainfall the dry matter content of the fruits was lower (Fig. 4).

Sugar content

We discovered significant (at 1% level) correlation between the difference of day
and night temperature and the sugar content of fruits of cv. ‘Kantorjanosi’. The
linear regression means, that the higher the difference between the temperature of

day and night, the higher is the sugar content of the fruits of sour cherries (Fig. 5).
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Fig. 5. Correlation between the difference of day and night temperature from the
end of flowering until fruit ripening and dry matter content of fruits of cv.

‘Kantorjanosi’ (Ujfehérto, 1998-2005)

Vitamin C content

Water supply conditions play an important role in the vitamin C content of the
fruits. We can point out, that vitamin C content of the fruits is higher in those
years, when the amount of rainfall is adequate and climatic water balance has a

minor negative, zero or positive value (Fig 6).
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Fig. 6. Correlation between the climatic water balance from the end of flowering
until fruit ripening and vitamin C content of fruits of cv. ‘Debreceni bétermd’
(Ujfehérto, 1998-2005)

Juice, bottled fruit and frozen products were made from the fruits of the
investigated sour cherry cultivars. Panels evaluated cv. ’Petri’ and ‘D’ clone the

best.

3.8. Storability and shelf life of the fruits

Data obtained from the storage trial in 2005 did not indicate the values specific to
the cultivars due to the high amount of rainfall during harvest.
The observations of 2006 and 2007 are the following.

Storability is primarily influenced by storage temperature, the oxygen and
carbon-dioxide content of the storage room is less important. We got the best

results in the control chamber, where we stored the fruits in regular air at 2 °C.



Sour cherries stored in M10 boxes suffered more weight loss, and the ratio of intact
fruits were less when compared to fruits kept in small plastic trays. Dry matter
content, sugar content and total acidity decreased significantly during cold storage.

Later on it is necessary to determine the length of storage, when the
decrease of inner quality parameters does not influence considerably the enjoyment
of the fruits.

The importance of sour cherry storage will be gradually more valued, as the
ratio of fruits for fresh consumption grows, so the knowledge related to storage

will have a more important role when utilizing cultivar information.

3.9. Our most important findings are as follows:

1) We classified the investigated cultivars into three groups based on their vigour,
canopy size, number of main branches and their crotch angles. Vigorous: ‘Eva’;
medium vigour: ‘Ujfehért(')i firtds’, ‘Kantorjanosi 3°, ‘Petri’, ‘D’ clone; weak:
‘Debreceni bétermd’

2) We specified the types of bearing wood, their ratio and density that can be
utilized during phytotechnological procedures. ‘Petri’ produces the most bearing
wood, and 82% of them are multi-bud spurs.

3) We proved, that the genetically closely related North-Eastern Hungarian sour
cherry cultivars have the same flower phenology and fertility properties, that are
favourable in terms of simultaneous flowering when combining various cultivars to
be planted in a new orchard, but is a drawback for cross-pollination.

4) For the first time we publish the indices suitable for the agro-climatical
description of the dormant and flowering period.

5) We determined the susceptibility of flower buds to the winter frosts. The degree
of frost damage of the North-Eastern Hungarian cultivars was lower than that of

cv. ‘Erdi bétermd’ in each year.



6) We determined and described the most important pomological properties (fruit
size, pit ratio, stipulae coverage, inner quality parameters) of sour cherry cultivars
selected and investigated by us.

7) We determined the incidence of stipulaec on the peduncles of fruits for each
cultivar, and demonstrated a correlation between the length of peduncles and the
degree of stipulae coverage.

8) We determined the storage potential and shelf life of the North-Eastern
Hungarian local cultivars. Storability is primarily influenced by storage

temperature, the gas levels of the storage room are less important.

4. Conclusions, recommendations

The North-Eastern Hungarian landrace sour cherry cultivars contribute to more
than half of the sour cherries produced in Hungary. The utilization of this rich gene
pool will enable not only further research, but also the enrichment of the domestic
sour cherry production. With our work we would like to contribute to the adequate
efficiency of the exploration and utilization of this gene pool.

The three vigour groups will enable the classification of cultivars to be
selected in the future.

During the pruning and cropping of sour cherries the type and density of
bearing wood is of great importance. Or results show, that all the parameters
(number and crotch angle of main branches, types and density of bearing wood,
etc.) should be taken into consideration while elaborating cultivar specific pruning
methods and other phytotechnological procedures.

During the pruning of trees of cultivars producing more multi-bud spurs
we have to form a tree with adequate number of laterals sooner, and we can not
carry out a strong bearing wood thinning pruning hastily early.

The investigated cultivars belong to the same flowering group, so their

mixed planting is favourable for cross pollination. The investigated cultivars do not



fertilize ‘Ujfehértéi fiirtds’ (reasons to be clarified), so it is better to plant it on the
side of the orchard in wind direction. The degree of self-fertility is highest in case
of cv. ‘Petri’, it surpasses the desired level of 10% required for safe fruit set.
However, crop safety is better when it is planted mixed with other cultivars.

The changes in the investigated climatic factors indicate warming up,
consequently the flowering dates have changed. Earlier flowering increases the risk
of fertilization problems, so the promotion of flower bud formation should be of
primary importance while carrying out different agro-technical procedures.

The degree of winter frost damage of flower buds is different each year.
Probably it is in connection with the warming up of the dormant period. It can be
decreased by keeping the orchard in good condition.

We could not observe significant differences between the -cultivars
concerning fruit size, except ‘D’ clone, where the bigger fruit size is accompanied
by smaller pits.

The cropping potential of ‘Petri’ and ‘Eva’ was the best. According to the
results of the panel tests, fruits of cv. ‘Petri’ were the best for processed products.

We could not observe significant differences between the -cultivars
concerning inner quality parameters of the fruits. The comparison of certain inner
quality parameters with the indices of the climatic database revealed a strong
correlation. It is important, because based on these correlations we could set up a
model to forecast the probable values of inner quality parameters in a given season
by using climatic data.

With the increase of fresh consumption, storability and shelf life of sour
cherries will become more important. We have not heard about such storage trials
yet. The data of our experiments may contribute to the successfulness of future

storage trials.



Most important publications related to the subject of the thesis

Publications in journals

BUBAN T., SZABO T., KOKENDYNE INANTSY I. (1978): Sour cherry fruit set resulting from growth
regulators treatments. Gartenbauwiss, 43 (5) 235-236. p.

BUBAN T., KOKENDYNE INANTSY I, SZABO T. (1981): Férderung des Fruchtansatzes der
Sauerkirschen ,, Pandy” bei Anwendung Synthetischer Wachstunsregulatoren. Tagungsberichte. 177:
255-258. p.

SZABO T. (1988): Uj meggyfajta a Debreceni bétermé. Kertgazdasdg, 20 (3) 37-39. p.

SZABO T. (1995): Results of sour cherry clone selection in the North-Eastern region of Hungary. Int.
Journal of Horticultural Science, 27 (3-4) 28-33. p.

SZABO T. (1998): A cseresznye és a meggy gyiimélesmindségét kifejezé mutaték és jellemzék. Az
,,AGRO-21" Kutatasi Programiroda, Budapest. 25. 79-86. p.

BENEDEK P., NYEKI J.,, SOLTESZ M., ERDOS Z., SKOLA I, SZABO T., AMTMANN I., BAKCSA F.,
KOCSISNE MOLNAR G., VADAS Z., SZABO Z. (2000): The effect of the limitation of insect pollination
period on the fruit set and yield of temperate-zone fruit tree species. International Journal of
Horticultural Science,

6 (1) 91-95. p.

NYEKI J,, SZABO Z., SZABO T., SOLTESZ M. (2000): Morphological and phenological properties of
sour cherry varieties grown in Hungary and their inter-incompatibility relations. International Journal of
Horticultural Science, 6 (1) 114-117. p.

BENEDEK P., SZABO T., NYEKI J. (2001): The effect of the fruit set on the mean mass of sour cherry
Sfruits. International Journal of Horticultural Science, 7 (1) 17-19. p.

NYEKI J., SZABO T., SZABO Z. (2002): Blooming phenology and fertility of sour cherry cultivars
selected in Hungary. International Journal of Horticultural Science,
8 (2) 33-37. p.

NYEKI J., SZABO T., SZABO Z. (2003): Flowering phenology and fertility of sour cherry (Prunus
cerasus L.) cultivars selected in Hungary. Journal of Agricultural Science, 47 (1) 51-58. p.

NYEKI J., SOLTESZ M., PAPP J., KALLAY T.-NE, SZABO T., SZABO Z. (2003): Hungarikum
gyiimolesok és gyiimolcstermékek. Kertgazdasag, 35 (2) 66-74. p.

SZABO T. (2003): A tdjfajtdk szerepe a gyiimélcstermesztésben. Szabolcs-Szatmdr-Beregi Szemle, 38
(1) 27-30. p.

SZABO T., NYEKI J., SOLTESZ M., RACSKO J., HARSANYI G., SZABO Z. (2005): A hazai
meggytermelés biztonsdaga és befolydsolo tényezdi. ,,AGRO-21" Fiizetek, 39. 139-154. p.

NYEKI J., SZABO T., SOLTESZ M., LAKATOS L., SZABO Z., THURZO S., RACSKO J. (2006):
Environmental conditions influencing blooming and fruit set in sour cherry varieties. Adv. Hort. Sci, 20
(4) 308-316. p.



BENEDEK P., SZABO Z., SZABO T., NYEKI J. (2006): Flower characters and self-fertilization
capacity in relation to the bee pollination at sour cherry cultivars. International Journal of
Horticultural Science, 12 (2) 121-132. p.

SZABO Z., SZABO T., GONDA I, SOLTESZ M., THURZO S., NYEKI J. (2006): The current situation
of sour cherry production and possibilities for development. Hungarian Agricultural Research, 15 (3)
4-12. p.

Publications in conference proceedings

KOKENDYNE INANTSY 1., SZABO T., BUBAN T. (1978): Histochemical properties of the embryo and
fruit set in sour cherry following treatments by growth regulators. Acta Horticult., 80. 153-156. p.

SZABO T. (1993): Result of Sour Cherry Clone Selection in the North-Eastern region of Hungary.
ISHS International Cherry Symposium. 14-18. June 1993. Budapest. Abstract. 11. p.

SZABO T. (1994): Uj, mindsitett alma- és meggyfajtik az Ujfehértéi Kutaté Allomdson.
Novénynemesitési Tudomadnyos Napok '94. eléadasainak és posztereinek dsszefoglaldja. 1995. januar
16-17. 102. p.

SZABO T. (1996): Results of sour cherry clonal selection in the north-eastem region of Hungary.
Proceedings of the International Cherry Symposium. Acta Horticulturae, 410. 97-100. p.

NYEKI J., SZABO Z., SZABO T., KOCSISNE MOLNAR G. (1997): Morphological and phenological
properties of sour cherry varieties grown in Hungary and their interincompatibility relations. Third
International Cherry Symposium. 23-29. July 1997. Ullensvang, Norway-Aarslev, Denmark.
Programme and Abtracts. 76. p.

NYEKI J., SZABO Z., KOCSISNE MOLNAR G., SMITH J., SZABO T. (1997): Chemical analysis of the
pollen of the sweet and sour cherry varieties. Third International Cherry Symposium. 23-29. July 1997.
Ullensvang, Norway-Aarslev, Denmark. Programme and Abtracts. 130. p.

NYEKI J., BROZIK S., SZABO Z., SZABO T., SOLTESZ M., APOSTOL J. (1998): New results in the
biology of reproduction of sweet- and sour cherries under Hungarian conditions. Anniversary
Conference of the Hungarian Sweet Cherry Breeding. 17-19 June 1998. Budapest. Abstracts. 4. p.

NYEKI J., SZABO Z., ANDRASFALVY A., SZABO T., SCHMIDT J., KOCSISNE MOLNAR G. (1998):
Chemical analysis of the pollen of sweet and sour cherry varieties. Third International Cherry
Symposium. 23-29. July 1997. Norway - Denmark. Acta Horticulturae, 468. 629-634. p.

NYEKI J., SZABO Z., ANDRASFALVY A., SZABO T., SOLTESZ M., KOCSISNE MOLNAR G. (1998):
Morphological and phenological properties of sour cherry varieties grown in Hungary and their
interincompatibility relations. Acta Horticulturae, 468. 596-602. p.

OROSZ-KOVACS ZS., FARKAS 4., KATONA G., NAGY TOTH E., BUBAN T., SZABO T. (1999):
Floral biological properties deciding in productivity of sour cherry cultivars. Eucarpia Symposium on
Fruit Breeding and Genetics. 6-10. Sept. 1999. Dresden, Germany. Fruit Breeding Section. Abstract.
749. p.

SZABO T. (1999): Results of sour cherry clone selection in the North-Eastern Hungary. Proceedings of
the Anniversary Conference on the Hungarian Sweet Cherry Breeding. Research Institute for
Fruitgrowing and Ornamentals. Budapest. 118-121. p.

NYEKI J., BROZIK S., SZABO Z., SZABO T., SOLTESZ M., APOSTOL J. (1999): New results in the
biology of reproduction of sweet and sour cherries under Hungarian conditions. Proceedings of the



Anniversary Conference of the Hungarian Sweet Cherry Breeding. Research Institute for Fruitgrowing
and Ornamentals. Budapest. 22-27. p.

SOLTESZ M., BENEDEK P., NYEKI J., SZABO Z., SZABO T. (2000): Flower visiting activity of
honeybees on fruit species blooming subsequently. The 8th International Pollination Symposium. 10-12.
July 2000. Mosonmagyarovar. Abstracts. 51. p.

SZABO T., INANTSY F. (2001): Evaluation of new sour cherry clones orginated from North-Eastern
Hungary. 4th International Cherry Symposium. 24-29. June 2001. Hodd River, Oregon and Richland,
Washington. Program and Abstracts.

BENEDEK P., NYEKI J., SZABO T., SZABO Z. (2001): Both Self sterile and Self-fertile sour cherries
need insect (bee) pollination. 4th International Symposium on Cherry Production. 24-29. June 2001.
Hood River, Oregon and Richland, Washington (USA). Program and Abstracts.

NYEKI J., SZABO Z., SZABO T. (2001): Fertility of sour cherry varieties selected in Hungary. 4th
International Symposium on Cherry Production. 24-29. June 2001. Hood River, Oregon and Richland,
Washington (USA). Program and Abstract.

NYEKI J.,, SZABO T., SZABO Z. (2002): Flowering phenology and fertility of sour cherry cultivars
selected in Hungary. 2nd. European Scientific Apicultural Conference. 11-13. September 2002.
Balatonlelle. 29. p.

KLINCSEK P., SZABO T. (2002): Fungi resistant sour cherry varieties. 14th IFOAM Organic World
Congress. 21-24. August 2002. Canada. Abstract

VERES ZS., SZABO T., SZABOLCSI E.D., HOLB I, SOMOGYI N., GLANT Z., NYEKI J., SZABO Z.,
FARI, G.M. (2004): Data On The Fruit Quality Parameters Of Sour Cherry Clones Orginated From
Home-Gardens And Cultivars Effecting Human Health And Industrial Processing. 2nd Central
European Congress on Food. 26-28. April 2004. Budapest. Programme and Book of Abstracts. 129. p.

VERES ZS., HOLB I.J., THURZO S., SZABO T., NYEKI J., SZABO Z., FARI, M.G. (2005): High
antioxidant- and anthocyanine-contents of sour cherry cultivars may benefit the human health:
international and Hungarian achievements on phytochemicals. 5th International Cherry Symposium.
06-10. June 2005. Bursa-Turkey. Abstracts. 26. p.

HOLB I.J., THURZO S., SZABO T., SOLTESZ M., NYEKI J., DREN G., RACSKO J., VERES Z8.,
SZABO Z. (2005): Incidence of brown rot blossom blight and fruit rot of sour cherry cultivars in
organic sour cherry production in Hungary. 5th International Cherry Symposium. 06-10. June 2005.
Bursa-Turkey. Abstracts. 129. p.

SZABO T.,'INA'N TSY F. (2005): Results of the sour cherry clone selection carried out at the Research
Station of Ujfehérto. Sth International Cherry Symposium. 06-10. June 2005. Bursa-Turkey. Abstracts.
202. p.

SZABO T. (2006): Meggy fajtahaszndlat tendencidi (allandésdg és megiijulds). A magyarorszagi
meggytermesztés és kereskedelem helyzete, valtozdsainak tendencidi cimii konferencia eléadasainak
osszefoglaloja. 2006. augusztus 31. Debrecen. 20-26. p.

SOLTESZ M., DREN G., THURZO S., SZABO Z., LAKATOS L., RACSKO J., GONDA I, SZABO T.,
NYEKI J. (2007): Adaptation strategy for climate and weather change in Hungarian fruit growing. 44.
Gartenbauwissenschaftliche Tagung, Erfurt. Kurzfassungen der Vortrage und Poster. 139. p.



THURZO S., SZABO T., SOLTESZ M., BALMER M., TAKACS F., SZABO Z., NYEKI J. (2007): Bliih-
und  Befruchtungseigenschaften von Sauerkirschsorten aus Nordost-Ungarn. 44.
Gartenbauwissenschaftliche Tagung, Erfurt. Kurzfassungen der Vortrage und Poster. 62. p.

THURZO S., SOLTESZ M., SZABO T., HILSENDEGEN P., NYEKI J. (2007): Einfluss verschiedener
Lagermethoden auf die Fruchtqualitat von Sauerkirschsorten. 44. Gartenbauwissenschaftliche Tagung,
Erfurt. Kurzfassungen der Vortrage und Poster. 146. p.

THURZO S., SZABO T., TAKACS F. (2007): Eigenschaften neuer Sauer-kirschsortenaus Nordost-
Ungarn. 44. Gartenbauwissenschaftliche Tagung, Erfurt. Kurzfassungen der Vortrage und Poster. 147. p.

Publications in books

BUBAN T., KOKENDYNE INANTSY I., SZABO T. (1978): A Pandy tipusti meggy
termésmennyiségének novelése vegyszeres kezeléssel. 33-36. p. In: VIG P. (Szerk.): A csonthéjas
gyiimélesiiek fajtdi, termesztéstechnikdja és a gépi betakaritds lehetségei. Ujabb kutatdsi eredmények
a gyiimolcstermesztésben. Budapest: Gyiimolcs- és Disznovény-termesztési Kutato Intézet, 83 p.

SZABO T, PET. HO F. (1998): Az északkelet-magyarorszdgi tajfajta-szelekcié eredményei. 293-294. p.
In: SOLTESZ M. (Szerk.): Gyiimélcsfajta-ismeret és -haszndlat. Budapest: Mezégazda Kiado, 513 p.

SZABO T., PETHO F. (1998): Eszakkelet-Magyarorszdgi tajfajtak. 298-301. p. In: SOLTESZ M
(Szerk.): Gyiimolcsfajta-ismeret és -hasznalat. Budapest: Mezégazda Kiado, 513 p.

ERDOS 7., GOCZE L., HROTKO K., HUNYADI M., KALLAY T-né, MUNKACSI J., NAGY A., NYEKI J.,
PAPP J., SZABO T., SZABO Z. (2001): Gyiimolcstermesztés. 9-81. p. In: NYEKI J. (Szerk.): Kertészeti
termesztés biologiai alapjainak fejlesztése. Budapest: Agroinform Kiado és Nyomda Kft., 207 p.

$ZABO T., CSOMA ZS. (2001): Cigdny meggy. 309-310. p. In: FARNADI E. (Szerk.): Hagyomdnyok-
Izek-Régiok. Magyarorszag hagyomdnyos és tdjjelegii mezégazdasagi és élelmiszer-ipari termékeinek
gyiijteménye, 1. kétet. Budapest: Kesztler Marketing Kft., 415 p.

SZABO T, CSOMA ZS. (2001): Debreceni meggy. 310-312. p. In: FARNADI E. (Szerk.):
Hagyomanyok-Izek-Régiok. Magyarorszag hagyomanyos és tdajjelegii mezégazdasagi és élelmiszer-ipari
termékeinek gyiijteménye, 1. kotet. Budapest: Kesztler Marketing Kft., 415 p.

SZABO T., SARI ZS. (2001): Pindy meggy. 318-319. p. In: FARNADI E. (Szerk.): Hagyomdnyok-Izek-
Régiok. Magyarorszag hagyomadnyos és tajjelegii mezégazdasagi és élelmiszer-ipari termékeinek
gyiijteménye, 1. kotet. Budapest: Kesztler Marketing Kft., 415 p.

SZABO T. (2002): Meggyfajtik és alanyok. 3-23. p. In: INANTSY F. (Szerk.): Meggytermesztés
integralt médszerekkel. Ujfehérts: Ujfehértéi GYKSZ Kht., 100 p.

SZABO T. (2003): Perspektivikus északkelet-magyarorszdgi fajtajeloltek. 91-93. p. In: HROTKO K.
(Szerk.): Cseresznye és meggy. Budapest: Mezégazda Kiado, 419 p.

NYEKI J., SZABO Z., SZABO T. (2003): A cseresznye és meggy virdgzdsa, termékenyiilése és a fajtak
tarsitasa 96-118. p. In: HROTKO K. (Szerk.): Cseresznye és meggy. Budapest: Mezégazda Kiado, 419 p.

SZABO T. (2004): Meggy- és cseresznyefajtik és alanyok. 23-40. p. In: INANTSY F. (Szerk.): Integralt
novénytermesztés. Meggy, cseresznye. Budapest: Agroinform Kiado, 249 p.



