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Importance of old and local apple cultivars
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Apples areamong the most consumed fruits in the world. After China, the European Unionis one of the biggest producers
of apples. Due to the appropriate soil and climatic conditions, Poland is a leading producer of these fruits in the world
and the European Union. Currently, the cultivar structure on the European market is limited to about 12 varieties.
This leads to the genetic impoverishment and loss of many local cultivars, which, due to the unattractive external
appearance of apples or the alternation of fruiting, are losing to the currently popular standards. The breeding of new
cultivars is based on a limited number of ancestors, which poses the risk of reduced genetic diversity of the cultivars.
The decline in biodiversity is also due to crop specialization. In every region of the world where apple cultivation
has developed, there are many cultivars of unknown origin, which are referred to as local cultivars. They often have
unique nutritional values or traits that enable them to survive. The preservation of these cultivars is justified due to
the possibility of their use in breeding new cultivars, including those resistant to diseases. They can also be used in
the food industry for the production of juices, cider, and high-percentage distillates, as well as a functional food. In
addition, due to the higher content of some health-promoting ingredients, they are suitable for the production of, for
example, anti-aging cosmetics. There are few native old cultivars in Poland. Before World War II, apple trees of English,
French, German, Italian, Dutch, Belgian, Czech, Russian, and American origin predominated in Polish orchards. Old
and local cultivars have remained only in home orchards, but due to the relatively short life of apple trees, they are
in danger of becoming extinct. Poland undertook the protection of old and local cultivars by ratifying the Convention
on Biological Diversity of Rio de Janeiro in 1992. The collection and preservation of these apple cultivars are carried
out by research centres and Botanical Gardens, among others in Warsaw, Poznan, Bolestraszyce, Drawa, and Lublin.
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Introduction

The volume of apple production in the world
and Poland

Apples are among the most consumed fruits in the
world. After China, the European Union (EU) is
one of the biggest producers of apples. Inside the
EU, the biggest producers are Poland, Italy, France,
and Germany (Jakobek et al, 2020). The dominant
cultivars are Golden Delicious (21%), Gala (11%), and
Idared (9%). Due to the appropriate soil and climatic
conditions, Poland is a leading producer of these fruits
in the world and the European Union. Apple is the
national fruit of Poles due to its production volume and
availability throughout the year. It is one of the most
eaten fresh fruit and is a valuable raw material for
processing. Apple yields in Poland amount to 83% of all
fruit crops, and the area dedicated to apple cultivation
is 62% of the area of all fruit plants. This makes apple
cultivation monoculture, attracting the accumulation of
harmful pests, especially those with a narrow range of
hosts such as Laspeyresia pomonella (codling moths),
Aphis pomi (apple aphid) or Venturia inaequalis fungi -
the culprits of apple scab and Podosphaera leucotricha
causing apple mildew. This is also intensified by the
introduction of new, nobler cultivars, which often lack
the defense mechanisms of their wild ancestors. The
cultivar structure in the European market is limited to
about 12 varieties (Hecke, 2006). Donno et al. (2012)
stated that in Italy, ‘Golden Delicious’ is dominant
in over 70% of the orchards. This leads to genetic
impoverishment and the loss of many local cultivars,
which, due to the unattractive external appearance
of apples or the alternation of fruiting, lose to the
currently popular standards (Jemri¢ et al., 2013).

The history of apple domestication

All apple cultivars belong to the conventional apple tree
species (Malus x domestica Borkh.), which does not
occur in its natural state. It was created to systematize
the cultivars developed over the centuries. Initially,
the species found in the Caucasus was considered to
be the ancestor of apple trees: M. pumila Mill. (Figure
1). and common throughout Europe M. sylvestris Mill.
It is currently believed that many apple cultivars arose
from the hybridization of the mentioned species with
M. sieversii (Ledeb.) M.Roem., M. orientalis Uglitzk. and
M. baccata (L.) Borkh.

Plants from the rosacea family (Rosacae), and the
pome subfamily (Pomoideae), to which the apple tree
(Malus) belongs, did not differentiate for 50 million
years of their existence (DeVore and Pigg, 2007). The

Figure1  Apple fruits of Malus pumila Mill.

first differentiation took place only in the Oligocene
(Xiang et al., 2016), and large-fruited forms Malus,
Pyrus, and Cydonia evolved only in the late Miocene,
i.e. 11.6-5.3 million years ago. Climate changes from
the late Miocene to the Pleistocene caused fluctuations
in the range of many plant species. The trees were
not allowed to cross the glacier barriers during the
peak ice age. The northern temperate apple tree has
a very fragmented population, limited to its place
of occurrence, as many of its seed distributors have
ceased to exist as a result of glaciation (Pollegioni et
al,, 2017). Spreading of genetic form of apple trees is
more effective by dispersing the seeds than pollen.
Pollen may be carried up to a maximum of 10.7 km
from the mother plant (Reim et al., 2015). Thus, the
spread of apple trees was favoured by the development
of fruit-eating megafauna: bears, deer, and humans.
A breakthrough stage in the formation of the
present apple tree cultivars was the beginning of the
migrationrelated to the Silk Road in the late Holocene.
Migrant people began to carry apples or apple
seedlings, which caused different apple populations
to spread across two continents. Hybridization of
species was made possible by pollinating insects, and
humans, through the selection of valuable plants and
their further vegetative reproduction, contributed to
the emergence of M. x domestica. Thus, the emergence
of over 10 thousand existing apple cultivars took about
3,000 years (Splenger, 2019).

The primary method of apple domestication was by
moving plants with valuable traits to the neighborhood
of homes. Over time, humans have learned to reproduce
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plants vegetatively through grafting or budding. They
described the techniques of grafting in their tracts:
Hippocrates 424 BC (Mudge et al., 2009), Theophrastus
(371-287 BC), Katon (234-149 BC) and Pliny the Elder
(234-149 BC) (Juniper and Mabberley, 2006). The
Greeks and Romans spread the “domesticated apples”
across the European continent (Coart et al, 2006).
The simplest breeding method was the selection of
seedlings obtained by natural pollination. Then, man
learned to cross-breed or search for mutations. Some
of the cultivars were grown locally, while others were
distributed over larger geographic areas in Europe
(Hartmann, 2015).

The greatest diversity of apple cultivars occurred
in Europe in the 19" century, where, with intensive
cultivation, various cultivars were cultivated in many
small orchards. At that time, over 2500 cultivars were
known in England, and in the Soviet Union countries,
there were 6000. Also on the American continent,
starting from the 18" century, the breeding of apple
cultivars began on a large scale (Dziubiak, 2006).
Before Europeans conquered America, this continent
was inhabited by wild forms of apple trees. The first
apple trees from Europe are believed to have been
planted in Jamestown, Virginia in 1607, and others -
in 1629 - in the Massachusetts Bay Colony. From the
first half of the 17% century, the production of apples
increased and it was immediately accompanied by
the production of cider. One of the American folk
heroes, Johnny Appleseed, traveling around America
in the years 1792-1842, spread apple seeds, thereby
increasing the biodiversity of this species, some of
which were characterized by prominent productivity.
However, the selection of these cultivars was focused
on the production of cider, so the taste and appearance
of the apples were of secondary importance (Juniper
and Mabberley, 2006; Goncharovska, 2021, 2022). In
the years between 1804 and 1904 in the United States,
more than 7,000 apple cultivar names were recorded,
although some of them may be synonyms. Gayle and
Henk (2016) report that 56% of the old cultivars found
in the United States (before 1830) come from wild
seedlings there. The other varieties come from England
(27%), France (7%), Germany (3%), and Russia (3%).

Classification of apple cultivars

People differ in their preferences regarding the taste
and appearance of apples (Bonany et al, 2014),
but nowadays taste and crumbly flesh are the basic
features that prove their high quality (Yue and Trong,
2011). Intensive breeding work over the centuries
contributed to the creation of over 10 thousand

cultivars. Pomologists tried to systematize them.
The different cultivars can be distinguished by their
typical external and internal characteristics. The Diel-
Lucas classification, popular at the turn of the 19®
and 20" centuries, was based on the morphological
features of apples and distinguished 15 classes
(Lucas and Medicus, 1878). The aforementioned
classification was based, for example, on the shape
of apples, so in the Calvia class there were cultivars
with a characteristic narrow ribbing around the calyx,
renets had a dry russet skin and coarse-grained flesh
with a wine taste, and the Rambury's were large,
flattened and asymmetrical. With time, many new
cultivars were created, especially the American ones,
for which the Diel-Lucas classification was outdated.
Also, the development of nursery techniques and the
introduction of dwarf rootstocks have led to major
changes in the morphology and physiology of the
cultivars improved on them. It is also influenced by the
climatic and soil conditions as well as the cultivation
treatments used in orchards. Moreover, it is difficult
to introduce specific systematics here, because all
cultivars constitute the same botanical species.
Currently, pomologists classify cultivars according to
the date of ripening and shelf life (Rejman, 1994).

In the last 20 years, molecular tools to characterize the
diversity of apple cultivars have been implemented
(Guilford et al, 1997; Hokanson et al.,, 1998). Such
methods consist of direct analysis of DNA that can be
isolated from the plant tissue independently of the
phenological stage of the tree and is not influenced by
the environment. The most commonly used technique
is the analysis of simple sequence repeats (SSRs) or
microsatellite markers, which due to their repeatability
have been used to describe the genetic resources of
apples in many countries (Patzak et al., 2012; Baric
et al.,, 2020). Ordrige et al. (2018), used the Diversity
array technology (DarT) markers of genetic diversity
to compare 2,000 cultivars. Using the Jaccard similarity
coefficient, they proposed several new varietal origins
than were previously documented. For example, for the
cultivar James Grieve, whose origin was described as
a free pollination seedling from ‘Potts seedling’, they
indicated that it was a cross between ‘Potts seedling’
and ‘Cox’s Orange Pippin‘ Migicovsky (2016) used the
correlation of traits between individual phenotypes of
cultivars, based on which they were able to characterize
apples from the Old World or New World, with a basic
skin colour (green/yellow), used for cider or other
purposes (dessert/cooking), late (October/November)
and early (August/September). For example, New
World apples were generally larger than Old World
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apples. Old World cultivars were less red and more
russet. This proves that the breeding program of the
New World cultivars was aimed at obtaining cultivars
with larger, better-colored fruit, and less sensitivity to
russeting. They also found that the fruits of the cider
cultivars were smaller and their flesh oxidized faster
than that of dessert/kitchen apples. Although many
breeding programs have been developed since the
1920sto obtain new apple cultivars, still very important
in the structure of the current orchards, cultivars such
as ‘Golden Delicious’, Red Delicious, and ‘Granny Smith’
were created as seedlings. It is only in recent decades
that the cultivation of new cultivars, obtained through
deliberate breeding, has become more important.
However, this breeding is based on a limited number
of ancestors, which creates the risk of reduced genetic
diversity in cultivars (Noiton and Shelbourne, 1992).
Based on the available literature, Noiton and Alspach
(1996) analyzed how 439 new cultivars were created,
i.e., those that appeared in production since the 1970s.
They found that the creation of 64% of these varieties
is based on 5 clones: ‘McIntosh’ Golden Delicious’,
‘Jonathan’, ‘Cox‘s Orange Pippin’ and ‘Red Delicious" The
use of only these five valuable cultivars may be due to
a lack of information about other valuable germplasm
cultures and a reluctance to test unknown parents.

Validity of preserving old cultivars

The importance of biodiversity. As a result of crop
specialization, there has been a decline in biodiversity,
which also applies to apple trees (Fowler and Mooney,
1990). There is a decline in the number of commonly
cultivated varieties around the world. Miller (2014)
reports that out of 15,000-16,000 apple cultivars in
North America, now only 3 thousand are available
in horticulture, but also over 80% of these cultivars
are threatened with extinction. Only a few nurseries
offer the sale of these cultivars. Nowadays, many
experimental programs promote the conservation
of biodiversity. Biodiversity is the diversification
of life at all levels of an organization. Since 1992,
the protection of the natural environment and
biodiversity has been an integral part of the Common
Agricultural Policy. Biodiversity is fundamental to the
evolution and durability of life support systems in the
biosphere. The higher the biological diversity of a given
ecosystem, the more resistant it is to various natural
disasters (droughts, floods, diseases, hailstorms,
etc.) and artificial ones (chemical and radioactive
contamination, the introduction of alien species, noise,
global warming, etc.). To protect biodiversity, it is
necessary to anticipate, prevent and combat the causes

of its decline or disappearance. The importance of
biodiversity protection results primarily from the need
to maintain a balance in nature.

Old cultivars are gene pools the use of which can
be of great economic importance. Promoting the
preservation of old cultivars, as a rule, attention is
paid to the protection of genetic resources and saving
vanishing genotypes.

O Local cultivars of crops: increase the species and
varietal diversity of crops, which prevents the
simplification of crop rotation and ensures the
diversity of habitats,

O In general, they have Ilower cultivation
requirements, what allows to limit the use of
fertilization and plant protection products,

O Some of them are especially useful in extensive
production systems and for keeping agricultural
production in marginal lands.

Preserving plant gene resources is the only way to
guarantee their availability now and in the future. It
is difficult to predict changes in the environment and
all human needs, so it is necessary to maintain the
widest possible genetic variability of plants. The more
genetically diverse the plant material, the greater the
chance of finding forms with useful features in plant
breeding and plant production.

In every region of the world where the cultivation
of apple trees has developed, there are many varieties
of unknown origin, which are referred to as local
cultivars. They are often characterized by unique
nutritional values or qualities that enable them to
survive (Kirdly et al, 2020). In some countries, e.g.
Hungary (Kirdly et al, 2020), Bosnia-Herzegovina
(Stanivukovi¢ et al,, 2017), Montenegro (Bozovi¢ et al.,
2013), the United States (Miller, 2014), Iran (Damyar
et al.,, 2007), the presence of so-called local cultivars,
i.e. those that can adapt to the conditions prevailing in
a given region, is noted. For many years, they have been
grown on a small scale for local markets.

One way to preserve the old cultivars is to create
embryonic plasma repositories to prevent the future
narrowing of the genetic base (Way et al,, 1990). The
next step is to use this diverse germ plasma in breeding
programs rather than relying only on inbreeding
(Noiton and Shelbourne, 1992). In many countries,
repositories in the form of orchards are established
based on the accumulated old and local cultivars. It is
necessary to identify and evaluate genotypes based
on the morphometrical and biochemical traits in
various conditions, as evidenced by the many authors
(IvaniSova et al, 2017; Grygorieva et al, 2017a,b,
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2018a,b; Fatrcova Sramkova et al, 2019; Vergun et
al, 2020; Horc¢inova Sedlackova et al., 2020, 2021).
In England, there is an increased interest in setting
up a lot of small community orchards with 100-old
trees. The Newquay community orchard in Cornwall
was founded in 2015 with a £66,000 crowdfunding
appeal. More than 2,000 trees, including 120 local
heritage cultivars, have been planted on land donated
by the Duchy of Cornwall. In Lithuania, an attempt
was made to establish a modern orchard based on the
oldest cultivar there: Ni¢nera zemenu (Edrbeerapfel
Nitschners) and Trebi seklaudzis and Malabele, on
a semi-dwarfrootstock MM 106. Experience shows that
the tested varieties require refinement of harvesting
technology and care work. The cv. Malabele, as a late
summer variety, needs to be harvested several times.
The cv. Trebii séklaudzis, due to its strong growth,
requires a wider spacing in the row (1.5-2.0 m) and
the formation of crowns in slender spindle, as well as
thinning of buds, to improve the quality of the fruit
(Rubauskis and Borisova, 2021).

Nutritional and health-promoting
characteristics of old and local cultivars

Apple, as a fruit, provides man with many valuable
chemicals such as carbohydrates, vitamins, mineral
compounds and fibres, pectin and various polyphenols,
while it is characterized by a low concentration of
protein and fat.

Currently, in many countries, studies are being carried
out on the quality characteristics of the fruits of old
and local cultivars. Unfortunately, determining what
the old and new cultivar is not unambiguous. ‘Golden
Delicious’ in some experiments is considered an old
cultivar (Wojdyto et al., 2008; Mitre et al., 2009), and in
some as arepresentative of new cultivars (Kschonsek et
al,, 2018; Morresi et al,, 2018; Kirdly et al., 2020; Ceci et
al,, 2021). This is probably due to the fact that although
this cultivar was bred in the nineteenth century, its
share in the varietal structure of many countries is still
significant.

Oszmianski et al. (2018), while determining the
chemical composition of 22 old cultivars, noted that the
dry matter content was from 1.30 to 17.12 g.100 g?,
soluble solids content from 10.50 to 14.70 Bx, fructose
from 3.96 to 8.52 g.100 g f.w. glucose from 0.94 to
2.96 g.100 g f.w, sucrose from 0.06 to 2.72 g.100 g*
f.w, total sugar from 7.41 to 11.99 g.100 g* f.w, total
acidity from 0.17 to 1.07 g.100 g, pectin content
from 0.65 to 2.24 g.100 g'. The concentration of
polyphenols in 22 apple -cultivars ranged from
1,348.40 to 4,310.52 mg.100 g! d.m. in the fruits

of the Altlander Pfannkuchenapfel and Roter Trier
Weinapfel cultivars; triterpenoids ranged from 466.30
to 3,753.60 pg.g! d.m. in the fruits of the Gelber
Richard and Wintergoldparmane cultivars. The highest
ABTS and FRAP test values were observed for the cv.
Wintergoldparmane (124.71 and 80.15 pmol Trolox.g*!
dm) and Horneburger Pfannkuchenapfel (117.93 and
78.63 umol Trolox.g* dm).

Wojdyto et al. (2008) draw attention to the content
of health-promoting ingredients such as polyphenols,
including anthocyanins, flavanols, phenolic acids,
flavonols, vitamin C content, etc. Analysis of the
phenolic profile in apples indicates that the main
groups are procyanidins, flavan-3-ols, and chlorogenic
acid, while anthocyanins and ploridzin are the smallest
groups. The antioxidant activity of apples depends on
the content of polyphenols, especially on the content of
procyanidins/flavan-3-ols (Wojdyto et al., 2008). In the
study Kschonsek et al. (2018), the pulp of new cultivars
such as Elstar or Jonagold was characterized by a lower
content of major phenolic groups and vitamin C
compared to the pulp of old cultivars such as Ontario,
Oldenburger, Goldparmane, Berlepsch. They showed
that the antioxidant capacity depends on the content
of flavonols in the peel, not vitamin C. In contrast, in
the pulp, the content of vitamin C determines the
antioxidant properties of apples. Therefore, it is worth
consuming fruits with peel. Wojdyto et al. (2008),
comparing the content of polyphenols among old and
new cultivars, found that new cultivars such as Ozark
Gold, Julyred and Jester, were characterized by the same
or higher content of bioactive ingredients compared to
the old cultivar: Golden Delicious, Idared, and Jonagold.

Bozovi¢ et al. (2013), assessing the apples of old
cultivars growing in Montenegro, found that they
ripened from mid-July to mid-October. Extremely
large fruits were characterized by ’llinjaca” (167.50 g),
‘Dunjka’ (170.15 g) and ‘Moracka Krstovaca krupna’
(182.34 g). It is noted that early fruiting cultivars such
as ‘Sarena petrova¢a’ and ‘Ilinja¢a’ and late-ripening
cultivars such as Aleksandrija, Limunjaca and Rebraca
can be used for kitchen use. In addition, cultivars with
a high soluble solids content: Aleksandrija (16%),
Rebraca (15.5%), Jolovaca (14.6%) and Dunjka (14.5%)
can be used as dessert fruits, for direct consumption.

Jakobek and Barron (2016) found that the polyphene
profile of several old Croatian cultivars was similar to
the American cultivars (Cortland and Russet). Some of
the old autumn cultivars like ‘Zimnjara’ can be a good
source of polyphenols due to the particularly high
content of total polyphenols and dihydrochalcone
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content. The cv. Adamova zvijezda was characterized by
the highest values of quercetin derivative and flavanol
content in the skin. They observed that parenchymal
cultivar with a high proportion of phenolic acid is
characterized by a low content of flavanol and vice
versa.

Passafiume et al. (2021) compared the quality of fruits
of old and new cultivars bred in Italy and grown in
the mountainous conditions of Sicily. They found that
both old and new clones are characterized by high
fruit quality. The new clones are more attractive in the
dessert fruit market, where the consumer is looking for
apples that are better coloured and sweeter. However,
the old genotypes had more vitamins: thiamine, B, B,,
E and C, so they can satisfy not only the niche market.

Donno etal. (2012) compared 9 local ancient cultivars:
Bella di Barge, Buras, Contessa, Dominici, Gamba Fina,
Grigia di Torrian, Losa, Magnana, and Runse with the
control cv. Golden Delicious found that they were
characterized by a higher content of vitamin C, total
polyphenols and antioxidant activity.

Morresi et al. (2018) report that old cultivars of apple
trees from the Marche region of Italy are characterized
by high variability. They proved that a 150 g apple
can provide, depending on the variety, from 12.5 mg
(cv. Gelata) to more than 500 mg (cv. Calville White
Winter) of total polyphenols.

Cecietal. (2021), comparing the chemical composition
of old cultivars, commonly grown (commercial), noted
that the old cultivars were distinguished by the content
of polyphenolic compounds and higher antioxidant
capacity.

Sometimes apples can cause allergies, but it has been
found that old cultivars are better tolerated by people
who have developed intolerance compared to new
cultivars (Kschonsek et al,, 2019).

Apples of old cultivars contain higher amounts of
dihydrochalcones than commercial cultivars. These
compounds have the potential to lower blood glucose
levels, which may hel prevent diabetes (Kobori et al.,
2012; Mei et al., 2016).

Possibilities of using old cultivars of apple trees

Breeding cultivars resistant to diseases and pests.
Perennial cultivation of apple trees in large areas
caused the accumulation of diseases and pests. The
most dangerous diseases include apple scab (Venturia
inaequalis Cke.) and powdery mildew of apple
(Podosphaera leucotricha Salm.), and pests: aphids,
especially aphis pomi (Aphis pomi) and codling moth

(Cydia pomonella). Until now, most resistance breeding
has been based on the Malus floribunda type 821 x
Rome Beauty cross, followed by reverse crosses with
noble varieties to give the new variety valuable quality
characteristics (Crosby et al.,, 1992).

The presence of specific phenolic compounds can
cause low susceptibility of apple fruits to the most
important diseases. One such compound is phloridzin
(a derivative of chalcone) which is a characteristic
apple polyphenol. It is a phytolaexin that provides
resistance to pathogens - Venturia inaequalis and
Erwinia amylovora (Petkovsek et al, 2010). Other
researchers (McClure et al, 2019) emphasize that
flavan-3-ols are responsible for increasing resistance
to Venturia inaequalis.

Old cultivars, due to their resistance to diseases,
especially scab and powdery mildew, can be used in
the expansion of such breeding programs. In addition,
due to the high field resistance to these diseases,
they are suitable for organic cultivation. Papp et al,,
2015 studying resistance to apple scab, powdery
mildew and fire blight among the old -cultivars
accumulated in Hungary distinguished those that
can be recommended for organic cultivation: ‘Batul,
‘Vilmos renet’, ‘Ponyik’, ‘Sikulai’, “Tordai piros lalvil’ and
‘Szabadkai szeresika’ The old ‘Batul’ cultivar from the
Carpathian Basin probably contains genes responsible
for inheriting resistance to fire blight FB_MR5 and
Scab Vh4Vh4. These observations are consistent with
Halasz et al,, 2011, who indicate that the cv. Sikulai,
Tordai piroskalvil, Batul, Vilmos renet, Z6ld sévari, are
resistant to Ervinia amylovora and apple scab. They
have S2 or S3 alleles (Broothaerts and Van Nerum,
2003). Some of these cultivars have been known in
the Carpathian Basin for more than 200 years, and
even date back to the time of the Turkish occupation of
Transylvania. Militaru et al. (2015), comparing a dozen
or so attics of Romanian cultivars, distinguished the cv.
Gustaw durabil as resistant to apple scab, cv. Botane -
resistant to apple mildew. In addition, the cv. Gustaw
durabil and Patul were not attacked at all by the aphis
pomi, while cv. Verzi de Radaseni, Domnesti, Rosii de
Geoagiu, Calugdresti - by the codling moth.

Raw material in the food industry

The current consumer is looking for food produced and
processed sustainably, making it safe, fresh and natural
(Putnik et al., 2018). Many consumers appreciate the
unique taste of old cultivars and are aware of their
nutritional and health-promoting values. Thanks to
this, old cultivars can be restored to the dessert fruit
market. Donno etal. (2012) created a sensory profile of
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ancient cultivars and distinguished several interesting
features based on a sensory analysis. They found that
old cultivars such as Buras, Contesse, Grigia di Torriana
and Runse show good organoleptic quality, so they
could expand the local apple market. Oszmianski et
al. (2018) found that some old apple fruit cultivars,
especially Roter Trier Weinapfel, Wintergoldparmane
and Horneburger Pfannkuchenapfel, are characterized
by the highest amount of bioactive compounds and
antioxidant properties. They can therefore be chosen
for their potential use in commercial cultivation for the
production of fruits with a valuable health-promoting
nutritional effect on human health. Therefore, old
apple cultivars can be a promising source of health-
promoting compounds with potential health benefits.
Mitre et al. (2009), assessing the yield and quality
of fruits of several old cultivars: Golden Delicious,
Jonathan, Starkrimson, Wagener, Kaltherer B6hmer
in Transylvania conditions, concluded that due to the
abundance of yield and high quality of fruits, they should
continue to be maintained in commercial orchards.
On the other hand, Jeremi¢ et al. (2013) examined
the usefulness of 9 old cultivars: Gelber Bellefleur,
Carevic, Celenka, Crvena Jesenska Rebraca, Paradija,
Paulaner Weinapfel, Perovnjaca, Winter Banana, and
Zuccalmaggio, on the MM 106 rootstock, in Croatian
conditions found that they are characterized by too little
weight (80-120 g) and without special treatments such
as fertilization, cutting and thinning, they do not meet
market standards. Horc¢inova Sedlackova et al. (2020,
2021) stated that some local cultivars in Slovakia, that
grow wild and represent spontaneous seedlings from
free pollination have a set of economically important
traits and are ready to be used as potential genetic
resources for a breeding program.

Apples of old cultivars are suitable for the production
of valuable juices (Jakobek and Barron, 2016). Many
valuable ingredients characteristic of apples are also
found after their processing in juice. laccarino et al.
(2019) studying the chemical composition of juices
from ancient cultivars found that it is similar to popular
apple juices. The extract content ranged from 8.1 to
14.2 3 gL'. The predominant sugar was fructose (from
30.1-78.3 gL!). The glucose content was 5.4-20.7 gL
and sucrose from 8.5 to 63.2 gL.'l. The dominant acid
was malic acid (on average 8.8 gL.!). The ratio of sugars
to acids ranged from 5.5-33.1, with the values of this
coefficient of 15-16 being shown to give the desired
balance of sweet taste and acidity. The juice of four
cultivars: Gadeskoveaeble, Ingerszeble, Bodil Neergaard,
and Barritskov Madable were particularly rich in
polyphenols, while apple juice of the cv. Mormorsaeble

and Antonius were characterized by a very specific
smell and taste like apricot and peach. Thus, cultivars
distinguished by special taste qualities can be used for
the production of single-variety juices, the so-called
‘vintage’, which diversify the juice menu in restaurants.

Recently, the processing industry in Poland has been
dynamically developing, in the production of cider.
In Poland, the intensive development of this industry
took place in 2013, when the Association of Fruit
Growers of the Republic of Poland began to look for
ways of developing industrial apples other than apple
concentrate. The refinement of the Excise Tax Act,
which reduces excise duty on low-percentage alcohol,
encouraged many entrepreneurs to develop apples in
the form of cider. The embargo introduced by Russia
on Polish apples in 2014 meant that the production of
these beverages amounted to 800,000 litres in 2013, in
2014 increased to 2 million litres, and in the following
year to 15 million litres (Nosecka and Bugata, 2019).
The development of cider production in Poland may
be affected by a change in taxes, which assumed a 10%
increase in excise duty on wine, beer and vodka from
January 1, 2020. According to the EU Agriculture
Outlook (EC 2019), there may be an increase in cider
consumption in new markets from Central and Eastern
Europe. Craft ciders focused on consumers looking for
innovative and unique flavours have great potential
(Reiss etal,, 2012). The quality of cider largely depends
on the quality of the apples. It is assumed that the juice
for the production of cider should contain about 15%
sugars, 0.2% tannins and 0.3-0.5% acids. Therefore,
in Poland, different cultivars of apples are mixed to
obtain the expected chemical composition of the
juice. To increase the acidity of the juice, 20% juice of
wild apples is added to the basic apple raw material.
You can also reach for older cultivars of apples with
a sour aftertaste, with a hint of bitterness, such as:
‘Berner Rose’, ‘Reneta Landsberska, ‘“Zelezniak,
‘Sztetyna Czerwona), ‘Kardynalskie’, ‘Kalwila Czerwona,
‘Kazachstanskoje Jubilinnoje’. Jemri¢ et al. (2013)
studying the quality of old apple cultivars indicated the
cv. Perovnjaca characterized by the highest acidity and
less than 20 SSC:TA ratio, which makes it suitable for
cider production.

Apples can also be used to make fruit distillates. Fruit
distillates are popular spirits because of their unique
taste. The taste of fruit distillates depends primarily
on the fruit (primary taste), fermentation (secondary
taste), distillation (tertiary taste) and ripening
(quaternary flavour). Very important is the presence
of suitable volatile organic compounds that affect the
overall sensory characteristics of the product. Spaho
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et al. (2021) studied in Bosnia and Herzegovina the
suitability of old cultivars for the production of fruit
distillates found that products from the cv. Prijedorska
zelenika and Masnjaca had an intense fruity-sour
aroma that surpassed the control cv. Golden Delicious.
In contrast, distillates from apples of the cv. Zuja in
terms of chemical composition and sensory quality
were similar to those of the cv. Golden Delicious. The
alcohol obtained from the apples of the cv. Sarenika
was distinguished by its aroma, but it still needs to be
specially purified during distillation. Apples of the cv.
Samoniklica, due to the high content of terpenes, can be
a valuable flavouring additive. However, apples of the
cv. Ljepocvjetka, Bobovec and Sarija are not suitable
for the production of distillates due to the lack of an
aromatic contribution.

Old cultivars, due to their outstanding health-
promoting properties, can also be a raw material
for the production of functional food (Duralijo et
al., 2021). The consumption of such foods as part of
a varied diet has beneficial effects that go beyond the
basic nutritional values. An example of such products
is functional drinks, which are, for example, a mixture
of apple juice and tea (De Souza et al., 2020). Thanks
to improved physicochemical properties, increased
nutritional or health-promoting properties and sensory
attractiveness, they can find interest among athletes,
convalescents, etc. There are attempts to create flour
from apple pomace, as a gluten-free product that would
replace wheat flour for people with celiac disease.
Flour with has a lower protein content (1.25%) and
more fibre (56%) than wheat and rice flour. The total
phenol content in apple flour is 4 times higher than in
wheat and 7 times higher than in rice. Cakes made of
such flour, despite being harder, meet the expectations
of consumers (Azari et al.,, 2020).

Due to the high content of polyphenols, apples can also
be used in the production of anti-ageing cosmetics.
Morresi et al. (2018) proved that glycoxidation is
responsible for skin ageing, and the polyphenols
contained in apples of old varieties effectively
prevent this. Barreira et al. (2019) suggests that
phenolic compounds from apples can be used in skin
preparations due to several beneficial properties such
as antioxidant or antimicrobial effects.

0ld cultivars in Poland

In Poland, horticulture developed thanks to monks
and gardeners working in castle gardens. In the
Middle Ages, several noble varieties of apple trees
were grown, imported mainly from Germany and
France. The travelling nobility also brought interesting

i

Figure 2  Cultivar Rapa Zielona

plant specimens from foreign countries. Soldiers
returning from wars smuggled valuable plants. From
the mid-nineteenth century, when the commodity
production of apples in peasant farms began to
develop, it was modelled on German and French fruit
growing and apple cultivars were still imported from
these countries. However, in Poland, due to the lack of
schools focused on the development of horticultural
sciences, purposeful breeding did not develop
(Jankowski, 1923). Records of nursery catalogues from
the early 30s of the twentieth century indicate Polish
cultivars: Bukéwka, Bursztéwka Polska, Kalwaryjska,
Kosztela, Ksaweréwka, Papierdwka Podlaska, Piekna
z Rept, Profesor Jankowski, Rapa Zielona (Figure
2), Rarytas Slaski, Tyrolka Krynicka, Wegierczyk,
Ztota Kwidzynska. The cv. Kosztela is associated with
a legend explaining the origin of this name. Kosztela
was probably bred by the Cistercians in the sixteenth
century in Czerwinsk as Wierzbéwka Zimowa. Planted
in the palace garden of Jan III Sobieski in Wilandw, it
bore fruit alternately. In the year of poor yield, Queen
Marysienka, collecting fruit from under the apple tree,
assessed the crop as “kosz tylko?“ (the basket only).
With time, Wierzb6wka adopted the name Kosztylka,
and finally Kosztela (Smardzewski, 1917-1932).

The Polish people often cultivated cultivars from
neighbouring countries, such as Lithuanian: Pineapple
Berzenicki, Cukrowka Litewska, Malindwka Berzenicka,
Reneta Litewska, Strumitéwka, Smietankowe; Russian:
Antonéwka zwykla, Antondéwka Péttorafuntowa,
Antonéwka Kamienna (Figure 3 (A)), Antondwka
Kotowa (Figure 3 (B)), Chartamowska, Kandil Sinap
(Figure 3 (C)); Ukrainian: Aporta; German: Kaiser
Wilhelm, Grochéwka (Figure 3 (D)), Zelezniak
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E

Figure 3  Cultivars of apples _
A - Antonéwka Kamienna; B - Antondéwka Kotowa; C - Kandill Sinap; D - Grafsztynek Inflancki; E - Grochéwka; F - ZeleZniak
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(Figure 3 (E)), from the Baltic countries: Grafsztynek
Inflancki (Figure 3 (F)), Oliwka Inflancka, Glogieréwka
(synonym Pepina Litewska).

As a result of the search for valuable cultivars before
World War 1], cultivars of apple trees of English, French,
German, Italian, Dutch, Belgian, Czech, Russian and
American origin prevailed in Polish orchards. Cultivars
of apple trees imported from other countries often had
names that were difficult to mention and spell, so they
were changed to more familiar-sounding ones. For
example, Kronselska (Figure 4a A) with the foreign-
language name Pomme de Croncels or Transparente
de Croncelles has settled in Poland. Other old cultivars
from countries not directly bordering Poland are:
Grafsztynek Prawdziwy, Fameuse (Figure 4a B),
Hibernal, Glockenapfel (Figure 4a C), Golden Delicious,
Granny Smith (Figure 4a D), Jonatan, Kantéwka Gdanska
(Figure 4b E), Kardynalskie (Figure 4b F), Koksa
Pomaranczowa (Figure 4b ]), Krélowa Renet (Figure

4b K), Kréotkondzka Krélewska (Figure 4b L), Ksiaze
Albrech Pruski, Ksigzeca, Malinowa Oberlandzka,
Reneta Landsberska (Figure 4b M), Pepina Saffron,
Signe Tillisch, Piekna z Boskoop, Piekna of Barnak.

In the interwar period, there were several cultivars
of apple trees in commercial production, but none
came from Polish breeding. During this period, the
first American cultivars were imported, e.g. Jonathan,
and after the Second World War: McIntosh, Lobo,
Cortland, Bankroft. The dominant varieties in orchards
at that time were: Boskoop, Cesarz Wilhelm, Oliwka
76tta, Landsberska, Grochéwka and summer cultivars.
A clear breakthrough in the efficiency and quality of
apple production occurred after 1995 when most of
the trees in the orchards were replaced by cultivars on
dwarf rootstocks.

0ld and local cultivars have remained only in home
orchards, but due to the relatively short life of apple

Figure 4a Cultivars of apples

A - Koronselska; B - Fameuse; C - Glockenapfel; D - Granny Smith
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M

Figure 4b Cultivars of apples
E - Kantéwka Gdanska; F - Kardynalskie; ] - Koksa Pomaranczowa; K - Krélowa Renet; L - Krotkonézka Krélewska; N — Reneta
Landsberska
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trees, they are in danger of extinction. Poland undertook
to protect old and local cultivars by ratifying the Rio de
Janeiro Convention on Biological Diversity in 1992. The
collection and preservation of these cultivars of apple
trees is carried out by research centres and Botanical
Gardens m.in in Warsaw, Poznar, Bolestraszyce (Zygala
etal, 2011), Drawa National Park and its neighbouring
lies in a plain called Drawska Plain, which is a fragment
of the lake district South Pomeranian Lake District, in
the north-western part of Poland (Oszmianski et al.,
2018). In Lublin, in the experimental orchard of the
University of Life Sciences in Lublin, in 2021, a quarter
of about 70 old and local cultivars were planted,
where the material consists of trees budding on the
M9 rootstock, and the “slips eye” from scions from
Bolestraszyce. Also, amateur growers are increasingly
interested in planting trees of old cultivars, in home
orchards and organic farms, and the amended
regulations allow nurserymen to produce them.

Conclusions

As a result of centuries-old cultivation and breeding of
apple trees, more than 10,000 cultivars were created,
including in the common, conventional species Malus x
domestica Borkh. The greatest diversity in the structure
of cultivated cultivars was marked in the nineteenth
century, due to the intensification of the intensity of
breeding work and the cultivation of apple trees in
many small areas. However, around the world, with
the increase in the specialization of production, the
number of cultivars of apple trees decreased to about
twelve. This caused a huge risk of a decline in genetic
diversity. In every region of the world where apple
production has developed, there are many varieties
of unknown origin, which are referred to as local
cultivars. They are often characterized by unique
nutritional values or features that enable them to
survive. The preservation of these cultivars is justified
due to the possibility of their use in the breeding of
new cultivars, including those resistant to diseases.
They can also be used in the food industry for the
production of juices, cider and high-percentage
distillates, as well as functional food. In addition,
due to the higher content of some health-promoting
ingredients, they are suitable for the production of
anti-ageing cosmetics. In Poland, old and local cultivars
are preserved in collection pomological gardens, e.g. in
Bolestraszyce and Lublin, and by establishing organic
orchards based on these cultivars.
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