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FRUIT CHARACTERISTICS OF RESISTANT LOCAL APPLE VARIETIES
OF TRANSCARPATHIA

Vasyl MARGITAY

In the Transcarpathian region there are favourable conditions for organic gardening. Local varieties resistant to
major diseases and adapted to local soil and climatic conditions can be used in organic gardening and breeding.
Indigenous varieties disappear and are replaced by new, popular varieties. The present study is aimed to preserve
local native varieties Shtetin red, Batul, Durnaika, Solivarske, Krasa Zakarpattia, and Ferkovania by grafting onto
M.9 rootstock and determine the main biochemical and morphometric parameters of the fruits. In the experiment ten
commercial apple varieties suitable for organic cultivation and six old varieties were included in order to compare
them. Fruit sampling in 2020-2024 was performed at technological maturity, which was determined using the starch
iodine test. The soluble solids content (SSC, °Brix) was determined with a refractometer at 20°C. Titratable acidity
(TA, % of malic acid) was determined in 30 ml of the filtrate by titration with 0,1 mol L' KOH and phenolphtha-
lein solution was used as indicator. Among the studied varieties, the highest content of malic acid was found in
the variety Batul (1.55 %) and the lowest — in Solivarske (0.28%). The highest amount of soluble sugars was in
the Orion variety (13.7%) and the lowest in the Reanda and Reglindia varieties (9.6%). The content of soluble
sugars in the fruit of old Transcarpathian apple varieties was in this range. The highest content of sugars was
found in the variety of Ferkovania (12.2 %) and Krasa Zakarpattia (11.5 %), and the lowest one — in the variety
Batul (9.8 %). The highest sugar-acid ratio was in the variety Solivarske (36.77), the lowest one in the variety Batul
(6.34); it was also low in the varieties of Krasa Zakarpattia, Orion, Red Topaz, Sirius. The high sugar-acid ratio
also have Reglindia, Durnaika and Ferkovania. Old variety Durnaika was distinguished by the largest average fruit
weight (604.5 g). Based on biochemical and morphometric parameters, the apples of all six old Transcarpathian
varieties are suitable for fresh consumption, as well as for processing.

Key words: aboriginal varieties, gene pool conservation, biodiversity protection, Ukrainian Carpathians, dry solu-
ble substances, sugars, titrated acids.
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Xapaxmepucmuka niooie cmiiikux micyesux copmis a01aynes 3axapnamms:

Mapzimait B.

Y 3akapnamcuokiii oonacmi icuyromos cnpuamausi ymosu 01a 6e0eHHs opeaHiunoeo cadisHuymea. Micyegi copmu,
CMIUKI 00 OCHOBHUX XB0POO i adanmosaui 00 MIiCYesux IPYHMOBO-KIIMAMUUHUX VMO8, MOJICYMb GUKOPUCTOB)-
BAMUCSL 8 OP2AHIYHOMY CAIBHUYMBI ma celleKYilinil pooomi. Abopueenni copmu NOCMYNn080 3HUKAIOMb I 3aMi-
HIOIOMbCS. HOBUMU, NONYIAPHUMU. Memor yb02o 00CHiONCeH s € 30EPelCeHHss MICYesUx AOOpUSeHHUX COpmIie —
LImemincvre uepsone, bamyn, Aypuaiixa, Conisapcvre, Kpaca 3axapnamms ma @epkosaus — WiaXom W enieHHs
ix na nioweny M.9 i usHauenHs OCHOGHUX OIOXIMIYHUX MA MOPHOMEMPULHUX nApAMempis niodis. Y docnioi Oyno
BKAIOUEHO 0eCAMb KOMEPYIUHUX COPMI6 AOMYVHI, NPUOAMHUX 015 OP2AHIUHO20 UPOWYBAHHS, MA WICMb CINAPO0ds-
HIX copmie 0nst nopienants. Biooip nnooie y 2020-2024 pokax nposoounu y ¢azi mexnono2iunoi cmueiocmi, Ky
BUBHAYANU 3A OONOMO20I0 KPOXMANbHO-UIOOHOI npobu. Bmicm pozuunnux cyxux pevosun (SSC, °Brix) euznauanu
3a donomozoro pegppaxmomempa npu 20 °C. Tumposany xucrommuicme (TA, % sabnyunoi xucromu) eusnauanu y
30 mn pinompamy winsxom mumpyearnus posyunom KOH xonyenmpayicto 0,1 mone 17" i3 ukopucmauHam ¢eHon-
¢pmaneiny six inouxamopa. Ceped 00CiONCYBAHUX COPMIB HAUSUWUL BMICTH AOIYUHOT KUCIOMU GUABTEHO Y COPNLY
bamyn (1,55 %), a navunusxcuui — y copmy Conisapcoke (0,28 %). Havsuwuii emicm po3yuHHUX YYKpi6 6i03HA-
ueno y copmy Opion (13,7 %), a natinusxcuuii — y copmie Peanda ma Peanindis (9,6 %). Buicm po3uunnux yyxkpis
Y HI00ax CMapux 3aKapnamcvbKux copmis nepedysas y yux mescax. Havieuwuii nokasHuxk emicmy yykpie mae copm
Deprosans (12,2 %) i Kpaca 3axapnamms (11,5 %), a natinuscuuii — copm bamyn (9,8 %). Haiisuwe cniggiono-
wenHa yykpie 0o kuciom 3agirxcosano y copmy Conisapcvke (36,77), natinusxcue —y copmy bamyn (6,34); nuzbki
BHAUeHHs1 makodic sio3Haweno 0 copmie Kpaca 3axapnamms, Opion, Peo Tonaz i Cipiyc. Bucoxkum cniggioHo-
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WeHHAM YYKpI6 00 Kuciom xapaxkmepusyromvca copmu Peeninois, /[ypuaiika ma ®eprosans. CmapooasHitl copm
Jlypraiixa supizuascs HAUOIIbULOI cepedrHboio Macoio niody (604,5 2). Ha ocnosi bioximiunux i mopomempuunux
NOKA3HUKIG AOIYKA BCIX WeCu CIapux 3aKapnamcoKux copmie npuOamHi K 05 CHOICUBAHHS Y CEIdCOMY 8UiA0I,
mak i 0nst nepepodku. Bemanosneno, wo 0epesa 8cix 00CHiONCeHUX ADOPULEHHUX COPMIB, WenieHi HA KIOHOBI
secemamueni niowenu M.9, aKi Haliuacmiuie BUKOPUCTIOBYIOMBCS 8 NPOMUCTOBUX cadax VKpainu, 3a6e3neyyroms
BUCOKOSIKICHULL YPOJICATL Y MPEMbOMY—CbOMOMY 8€2emAayiiiHOMY CE30HI, Wo 0a€ 3M02y WEUOKO OKYNUMU SUMPAMU
Ha 3aKAA0AHHA MaA 8UPOWYEanHs cady i ompumamu npubymox. L{i copmu maromo nepcnekmugy 6UKOPUCTNAHHSL K
8 IHMEHCUBHUX, MAK | @ eKCIMEHCUBHUX OP2AHIUHUX CAOAX.

Knrwouoei cnosa: abopuzenni copmu, 36epedicenis 2eHogondy, oxopona biopiznomanimms, ykpaincoki Kapnamu,
CYXI pO3YUHHI PEHOBUHU, YYKPU, MUMPOBAHT KUCTOMU.
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Introduction

The consumption of fruit and vegetables is very
important in human nutrition. They provide nutrients
and non-nutritive components with significant bio-
logical activity, thus contributing to a healthy diet,
with reduction of disease risk. Based on scientific
data, nutritionists suggest that increasing fruit and
vegetable consumption is one of the best strategies
to decrease the burden of several chronic diseases
(Devirgiliis et al. 2024). Scientific evidence showed
that a higher consumption of fruit and vegetables is
associated with a lower risk of all-cause mortality,
particularly cardiovascular mortality.

Apples are one of the most consumed and healthy
fruit due to their content of high value nutrients and
secondary metabolites (Sut et al. 2019; Dogan et
al. 2024). It is the most important and most popular
fruit crop in temperate climate zones, grown under
various ecological conditions across a wide range of
areas (Bolat et al. 2019). The production of apple is
increasing. The apple is a convenient fruit available in
retail throughout the world all year and it is a result of
its high storability. Their beautiful appearance, crisp
flesh, pleasant flavor, and sweetness attract consum-
ers and fetch a high price (Milosevi¢ et al. 2019).
Appearance, fruit size, uniformity, color and fresh-
ness, as well as nonvisual attributes such as taste,
aroma, flavour, firmness (texture), nutritional value
and health benefits, are components that determine
the attractiveness of the fruit to consumers (Milosevi¢
et al. 2019).

Today, apple production focuses on regular plan-
tations established with a few highly productive culti-
vars of extraordinary quality (Mratini¢, AkSi¢ 2012),
and four of them, namely Golden Delicious, Gala,
Red Delicious, and Idared account for 48 % of global
production. This massive use of limited and related
cultivars, combined with vegetative practices based
on cuttings and grafting, has dramatically reduced
apple genetic diversity. Hence, many interesting and

Sci. Bull. Uzhhorod Univ. (Ser. Biol.). 2025. Vol. 59
ISSN: 2075-0846 (Print)

153

well adapted traditional and local varieties considered
obsolete were no longer cultivated and have been
partly lost (Contessa, Botta 2016; Farina et al. 2016;
Bassi et al. 2018; Marconi et al. 2018; Iaccarino et
al. 2019). In Ukraine production is based mainly on
intensive orchards with few commercial varieties:
Golden Delicious, Red Delicious, Gala, Fuji, Granny
Smith, Pinova.

Food and Agriculture Organization of the United
Nations highlights on almost 95% loss of varieties,
that were grown in the early 20th century. Nowadays,
genetic erosion is accelerated like never before in the
past by a change in farming practice in the country-
side and in the life of people in the country (Posolda
etal. 2019).

In the past decades we have seen that old fruit
trees from various plantations or alleys are vanishing
as well as unique and extremely variable varieties.
This leads to the disappearance of our cultural heri-
tage and a valuable source for breeding. The variety
of cultural plants is a unique and irreplaceable wealth
created by nature and later preserved by means of the
purposeful activities of man (Dokoupil 2016).

For these reasons, it is necessary to protect and
conserve genetic resources worldwide (Posolda et al.
2019).

There are numerous apple genetic resources
conservation and utilization programs that are try-
ing to establish the collections of germplasm in situ.
However, these efforts have not been enough to
compare the complete variability found in the world
(Mratini¢, Aksi¢ 2012).

Local varieties are used in breeding programmes
because of their adaptability to climatic conditions.
Their importance also lies in their adaptability to soil
conditions (Dokoupil 2016).

Some of the resistant local cultivars could be used
in the breeding programs in order to transfer the poly-
genic resistance although many of them have under-
gone genetic erosion (Mratini¢, Aksi¢ 2012).
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Apple and processed apple products contain dif-
ferent amounts of dietary fibres, sugars, acids, and
various bioactive secondary metabolites, like pheno-
lic compounds, which are responsible for most of the
antioxidant activities of the fruit (Akagic et al. 2019).

Ancient apple cultivars usually have higher nutra-
ceutical value than commercial ones (Bartolini, Ducci
2017; Lo Piccolo et al. 2019).

The trees of old apple varieties, which mainly
grow without special agricultural technology and
adapt well to changing environmental conditions, are
expected to have substantially higher content of phe-
nols and flavonoids in the peel and pulp whose pro-
duction is a result of plant response to their greater
exposure to environmental stress (Iacopini et al. 2010;
Belviso et al. 2013; Bartolini et al. 2015; Felice et al.
2015; Stanivukovi¢ et al. 2017; Akagi¢ et al. 2019;
Nkuimi Wandjou et al. 2019; Oszmianski et al. 2019).
They also differ in the content of organic acids and
sugars compared with commercial cultivars (Belviso
et al. 2013; Bartolini et al. 2015; Akagi¢ et al. 2019;
Lo Piccolo et al. 2019).

It has been well established that foods rich in poly-
phenols have powerful cardioprotective properties and
show anti-cancer activities (Lo Piccolo et al. 2019).

Soluble sugars and organic acids are crucial deter-
minants of fruit tastes which combine with aromas to
influence considerably the overall organoleptic qual-
ity of fruit (Ma et al. 2019).

The aim of the present study was to scan the sugar
and organic acid content of traditional and commer-
cial apple cultivars to select the most appropriate for
table consumption or for fruit processing industries
apple cultivars.

The objective of the study was to save indigenous
endangered apple varieties in the Transcarpathian
region, to study the basic nutritional characteristics
of fruits in order to determine the direction of use in
health and diet nutrition, and processing.

The main tasks of the research are:

— to determine the main biochemical parameters
of the fruit, such as the content of soluble solids,
sugars, titratable acids, sugar-acid ratio and compare
with the ten market available varieties for organic
gardening;

— to determine the weight, size and shape of the
fruits.

Materials and methods

Due to the screening of the assortment of apple
varieties in Transcarpathia, ancient local native vari-
eties were selected: Shtetin red, Batul, Durnaika,
Solivarske, Krasa Zakarpattia and Ferkovania.
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The experiment was conducted in an apple orchard
located in the village of Storozhnytsya (48°3528.3"N
22°10'35.3"E, 106 m a.s.1.) near the town of Uzhhorod
(Western Ukraine, Transcarpathian region). Apple cul-
tivars grafted onto M.9 rootstock were used. During
the year 2016, Summer budding was carried out on
M.9 rootstocks in the nursery of “Konik” farm. The
grafting was carried out at the height of 25 cm from
the soil level in August. The orchard was established
in the spring of 2018. Planting distance was 3.3 x 0.7
m or 4329 trees ha'. Trees were trained to a vertical
axis system. Tree vigor was controlled by root prun-
ing. Root pruning was carried out in early spring on
one side of a row of trees at a distance of 30 cm and an
angle of 30 degrees. Standard cultural practices were
used (winter prunning, soil management, pest and
disease management, weed control, drip irrigation).
Orchard floor management involved grass alleyways
and 1-m-wide grass-free strips in the tree rows.

The soil was sod-podzolic, heavy, acidic on allu-
vial deposits of the river Uzh, in a foothill zone of
Transcarpathian region. Humus content was 2.1 %.

Fruit quality studies were conducted in 2020-2024.
Ten trees per cultivar were selected according to simi-
lar crop load. In the experiment ten commercial apple
cultivars and six old cultivars were included. Fruit
sampling was performed at technological maturity,
which was determined using the starch iodine test.
Fruits from all apple cultivars were picked from the
outer layer of the trees, avoiding the tops and bottoms.
Samples of 30 fruits per variety were collected.

The soluble solids content (SSC, °Brix) and total
soluble sugars (TS) were determined with a refrac-
tometer at 20°C. Titratable acidity (TA, % of malic
acid) was determined in 30 ml of the filtrate by titra-
tion with 0,1 mol L' KOH and phenolphthalein solu-
tion was used as indicator. The sweetness index was
calculated as the TS/TA ratio.

Statistical evaluation. All data were analyzed using
the Microsoft Office Excel software package. The mean
value (M) and standard error (m) were calculated.

Results

A collection of endangered apple varieties of the
Transcarpathian region was created. The important
characteristics of fruits of selected varieties were
investigated.

The amount of soluble sugars among the stud-
ied varieties is highest in the Orion variety (13.7 %),
which is marketed as a sweet apple. The lowest in the
Reanda and Reglindia varieties (9.6 %). The content
of soluble sugars in the fruits of old Transcarpathian
apple varieties is in this range. The highest content
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of sugars was found in the variety of Ferkovania
(12.2 %) and Krasa Zakarpattia (11.5 %), and the
lowest one — in the variety Batul (9.8 %).

Among the studied varieties, the highest content of
malic acid was found in the variety Batul (1.55 % by
weight), and the lowest one in the variety Solivarske
(0.28 %). This is 5.54 times lower than in the Batul
variety. The remaining varieties, including 10 com-
mercial resistant ones, are in this range (Table 1). The
high content of malic acid was also found in the vari-
ety Orion (1.32 %) and Krasa Zakarpattia (1.11 %).

The fruits of the varieties of Shtetin Red and
Ferkovania have a malic acid content almost the same
as those of Rosela, Luna, Remo.

The sugar-acid ratio is the highest in the variety
Solivarske (36.77), and the lowest one in the variety
Batul (6.34). The high sugar-acid ratio is also found in
Reglindia, Durnaika and Ferkovania varieties. These
are apple varieties that have a sweet and sour taste. It
is low in the varieties of Krasa Zakarpattia, Orion, Red
Topaz, Sirius.

The highest average fruit weight has the Durnaika
variety (604.5 g). This is the distinctive feature of
this variety. According to the method of pomological
description of varieties by size, this fruit is very large,
by weight it is exceptionally large (Table 2).

Shtetin Red and Ferkovania produce large fruits,
with above-average weight.

Krasa Zakarpattia has the smallest fruit among the
studied varieties, nevertheless, the fruit of this variety
belong in size to the middle, as well as fruit of the
variety Batul. The Solivarske variety has big fruit.

The shape index (the ratio of the height of the
fruit to its diameter (L / D ratio)) is a relatively stable
pomological characteristic of the variety and allows
to estimate the shape of the fruit. According to this
index, the fruits of most varieties (Krasa Zakarpattia,
Durnaika, Ferkovania, Batul, Solivarske) can be clas-
sified as flattened-rounded. And the fruits of Shtetin
red variety belong to flat-rounded.

All varieties are high-yielding, produce good-
quality fruit, and are resistant to scab. All these

Table 1. Biochemical parameters of fruits at harvest time (average of 2020-2024 years), M+m

Variety name Soluble solid content | Total soluble sugars | Titratable acidity Sugars/acids ratio
(SSC) [%] (TS) [%] (TA) [%] (TS/TA)

*Batul 14.00 £0.19 9.83 +£0.36 1.55+0.47 6.35+0.31

*Krasa Zakarpattia | 16.38 = 0.72 11.49 £0.51 1.11 +0.37 10.37 +0.93
*Solivarske 14.67 £ 0.66 10.29 + 0.46 0.28 £ 0.05 36.77 £0.27
*Durnaika 1531 +1.12 10.75+0.79 0.37+0.07 29.13 £ 2.86
*Shtetin red 15.20 +1.03 10.67 £0.72 0.54 £ 0.03 19.93 £1.13
*Ferkovania 17.33+0.49 12.16 £ 0.23 0.57+0.04 21.43 +1.63
Orion 19.46 £ 0.34 13.65+0.14 1.324+0.06 10.33 £0.48
Red Topaz 14.86 +0.78 10.43 £0.18 1.04 +£0.28 10.04 +0.45
Sirius 14.97 £ 0.46 10.51 +£0.44 0.95 +0.09 11.08 +0.44
Rosela 14.97 +0.08 10.51 £ 0.09 0.56 +0.06 18.88 +1.30
Luna 17.14 £ 0.07 12.03 £ 0.05 0.60 £ 0.03 19.94 £ 0.08
Revena 15.69 £ 0.24 11.01+0.17 0.70 £ 0.07 15.93 +1.59
Remo 16.49 £0.13 11.57 £ 0.09 0.65 +0.01 17.93 £0.50
Reanda 13.68 = 0.05 9.60 +0.04 0.77 £ 0.06 12.53 +0.95
Relinda 17.14 £ 0.51 12.03 £0.36 0.91 +£0.04 13.31 +0.87
Reglindia 13.64 +2.05 9.50+1.44 0.32+0.02 30.02 +3.33

Note: * — Old apple varieties of Ukrainian Carpathians

Table 2. Morphometric parameters of fruits at harvest time of old apple varieties of Ukrainian Carpathians (average

0f 2020-2024 years), M+m
Variety Fruit weight [g] Fruit length [mm] Fruit diameter [mm] L/D ratio
Batul 135.17 = 20.88 56.50 +3.39 66.67 £5.28 0.85+0.08
Krasa Zakarpattia 126.00 + 5.96 53.00 £6.16 63.60 +5.13 0.83 + 0.04
Solivarske 155.20 +27.44 60.70 £2.98 71.90 £4.65 0.85+0.06
Durnaika 604.50 + 155.18 98.75+4.79 126.25 +10.31 0.78 £ 0.04
Shtetin red 217.75+37.19 74.63 £5.18 84.88 + 6.64 0.88 +0.10
Ferkovania 183.00 + 30.75 67.64 +£4.39 81.36 £5.16 0.83 +0.05
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varieties are resistant to major diseases, including
scab, and partially to powdery mildew and cancer.
The results of study by Papp et al. (2016) showed,
that Batul has good disease tolerance against fungal
diseases and can be grown in organic orchards where
synthetic pesticides are prohibited. Batul might pos-
sess polygenic resistance or maybe new major scab
resistance genes. According to investigation of Kasa
et al. (2004) the Batul is moderately resistant to the
fire blight, and Sikulai (Krasa Zakarpattia) is highly
resistant. They can be used as sources of resistance to
fireblight (Hevesi et al. 2004).

It was found that trees of all studied aboriginal
varieties grafted on clone vegetative M9 rootstocks,
which are most commonly used in industrial orchards
in Ukraine, are producing a high-quality harvest in
the third-seventh growing season, which makes it
possible to quickly recover the costs that was spent
on planting and growing a garden and make a profit.
These varieties have the perspective of using in
intensive and extensive organic orchards.

Soluble solids, which include mainly sugars
(approximately 20%-70%) and smaller amounts of
organic acids, vitamins, proteins, free amino acids,
essential oils, salts, and glucosides (Wills et al. 1983),
are good indicators of the sugar content of apples
and presumably of sweetness (MiloSevic¢ et al. 2019).
Sweetness is an important edible quality of fruit, which
directly affects consumer preferences and purchasing
behavior. The sweetness of apple fruit is mainly deter-
mined by soluble sugar contents, including mainly
fructose, glucose and sucrose (Wei et al. 2020).

For people with diabetes the content of readily
soluble sugars in food is important. Among the old
Transcarpathian varieties the lowest sugar content is
in the varieties Batul (9.83) and Solivarske (10.29),
whereas among the commercial varieties for organic
production the lowest sugar content is found in the
varieties Reanda (9.60) and Reglindia (9.50). Therefore,
they can be recommended for patients with diabetes.

Varieties with a high content of malic acid Batul,
Krasa Zakarpattia may be suitable for the production
of dried fruit, fruit chips, pastila, cider, as well as for
fresh consumption for patients with diabetes and low
acidity of gastric juice. It should be noted that accord-
ing to Korobka et al. (2018) when apples are dried, the
content of dry substances and sugars in the product
increases, and the content of organic acids decreases.
Therefore, the low sugar-acid ratio of these two old
varieties makes them ideal for drying.

Sugar-acid ratio is used by some authors for the
classification of apple cultivars (MiloSevi¢ et al.
2019). Specifically, apple cultivars with TS/TA ratios
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below 20 are acidic and suitable for processing and
cider production, while cultivars with TS/TA ratios
above this value are sweet and suitable for direct
consumption. Therefore, it confirms that Batul with
TS/TA 6.35 and Krasa Zakarpattia with TS/TA 10.37
are the best for processing and cider production.

Varieties with a low content of malic acid and
high sugar-acid ratio, such as Solivarske, Durnaika,
Reglindia are suitable for fresh consumption in the
diet of patients with high acidity of gastric juice. In
addition, because of its green skin and white flesh
in the Durnaika variety, the fruits of this variety are
hypoallergenic and can be used for baby nutrition and
for the diet of people with allergic reactions.

The content of sugars and organic acids, which
depend on the plant genotype (Akagi¢ et al. 2019) is
also influenced by environmental factors and by horti-
cultural practice undertaken in an orchard. For exam-
ple, Milosevic et al. (2019) reported effect of fertiliza-
tion on the accumulation of sugars and titratable acids
in apple fruit.

Our results are in agreement with Akagi¢ et al.
(2019), which reported higher level of total organic
acid in local apples than in commercial cultivars.
Probably this is due to the fact that modern cultivars
are selected for less acid taste.

Similar to other authors who studied old varieties
in their localities we found that the old varieties of
apples in Transcarpathia are well adapted to soil and
climatic conditions in which they produce high-qual-
ity fruits with good organoleptic properties and high
concentrations of nutrients, so they can be a source of
genes for selection.

Conclusions

As a result of screening of the assortment of
apple varieties in Transcarpathia, old local native
varieties were selected: Shtetin red, Batul, Durnaika,
Polovanya, Solivarske, Krasa Zakarpattia and
Ferkovania. A collection of seedlings of these varieties
has been created, and they have good compatibility
with the M.9 rootstock.

The main biochemical parameters of the fruit,
such as the content of soluble solids, sugars, titratable
acids, sugar-acid ratio was determined and compared
with ten market available varieties for organic garden-
ing. Also the weight, size and shape of the fruits were
established.

The highest average fruit weight has the Durnaika
variety (604.5 g). This is the peculiarity of this vari-
ety. According to the method of pomological descrip-
tion of varieties by size, this fruit is very large, by
weight — exceptionally large.
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Based on biochemical and morphometric parame-
ters, the apples of all six old Transcarpathian varieties
are suitable for fresh consumption as dessert apples,
as well as for processing into juices, purees, dried
fruits, chips, and pastila. Some of them, Batul, Krasa
Zakarpattia, are suitable for processing into cider due
to the high content of organic acids.

The good fruit quality characteristics of these vari-
eties represent an important reference in selection of
materials for breeding programs aimed at improving
the characteristics of the domestic apple germplasm.

Moreover, farmers focusing on local and niche
markets may be interested in these local varieties to
promote their valorization.
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