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Abstract. The paper presents the main biological properties of 17 in situ old local apple cultivars and lan-
draces grown in the regions of central and southwestern Serbia: ‘Ilinjaca’ (Jezdina), ‘Kraljica’, “Vidova-
¢a’, ‘Ilinjaca’ (Trnava), ‘J-GM/1’, ‘Prancija’, ‘Strekinja’, ‘Lepocvetka’, ‘J-LuN/1’, ‘Prancija Slatka’,
‘Dzumurka’, ‘Slatka Kadumana’, ‘Lubenjaja’, ‘J-CaO/1’, ‘Senabija’, ‘Budimka’ and ‘Kola¢ara’. The fol-
lowing characteristics of these genotypes were assessed: flowering phenophase, harvest date, pomological
properties (physical and chemical, including bioactive compounds) and disease susceptibility to scab [Ven-
turia inaequalis (Cooke) Wint.] and fireblight [Erwinia amylovora (Burnill)]. The average flowering time
was during the third decade of April, whilst the predominant harvest date was from mid-September to mid-
October. The highest fruit weight was determined in ‘Ilinjaca’ (Trnava), while the lowest was in ‘Vidova-
¢a’ (262.99 g and 29.23 g, resp.). The best fruit quality among the assessed genotypes, measured by the
fruit chemical composition, was found in ‘Senabija’ (soluble solids content — 17.05%; total and invert su-
gars content — 12.70% and 9.66%, resp.). The cultivar ‘Strekinja’ and landrace ‘J-CaO/1’ were characteri-
sed by the highest content of total phenols and anthocyanins, respectively. In terms of fruit attractiveness,
‘Lepocvetka’, ‘J-Ca0/1’, ‘Senabija’ and ‘Budimka’ could be singled out. All of the studied genotypes sho-
wed resistance to fireblight and a relatively narrow range of susceptibility to scab under field conditions.
Overall, Serbian autochthonous apple genotypes appear to carry useful characteristics that could be impor-
tant for current/future breeding work and commercial growing suitable for fresh consumption, industrial
and domestic processing.
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Introduction

Apple (Malus domestica Borkh.) is the main perenni-
al fruit species of temperate climates of the world,
with an annual production of more than 86 million
tonnes in 2020 (FAOSTAT, 2022). In addition, apple

is also one of the major fruit species in the Republic of
Serbia, with average production of 445,705 tonnes
(2016-2020) that in the same period reached the pro-
duction of plum (474,740 tonnes) as the main fruit in
the country. There are more than 10,000 described ap-
ple cultivars worldwide (Way et al., 1991), thousands
of which are curated in national repositories, especi-
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ally in Europe and the United States of America (Pea-
ce et al., 2019). Likewise, a large number of cultivars
are also maintained by private institutes or associati-
ons, as well as active amateur networks. The number
of apple cultivars is presumably underestimated beca-
use many local landraces have not been accurately do-
cumented. On the other hand, constrained number of
cultivars dominated as parents in earlier breeding pro-
grammes i.e. ‘Cox’s Orange Pippin’, ‘Golden Delicio-
us’, ‘Jonathan’ and ‘McIntosh’ (Noiton & Alspach,
1996), as well as in modern breeding work within
which ‘Gala’ and ‘Fuji’ appear as frequently used pa-
rental cultivars in recent years (de Albuquerque Jr. et
al., 2011). Therefore, for development of new apple
cultivars with a wider genetic base it is essential that
breeders have access to a diverse array of genotypes ?
mainly international cultivars, local cultivars, landra-
ces and wild species. Bramel & Volk (2019) reported
that local cultivars and landraces encompass ge-
notypes that have historical, cultural, economic and
heritage value. Maric et al. (2016a) also pointed that
autochthonous genotypes carry useful traits and repre-
sent valuable germplasm for future apple breeding
programmes as sources of new traits and local adapta-
tion.

Apart from developing new cultivars, the asses-
sment of genetic variability in autochthonous apple
material is in the tradition of the Fruit Research Insti-
tute, Cadak (FRI). Within the past two decades, the
work on collection and evaluation has been intensified
by the institutions involved in maintenance of apple
genetic resources in the Republic of Serbia (RS), ai-
ming to reveal the richness and diversity in biological
properties of the autochthonous genotypes (Mratinic,
2005; Mratini¢ & Fotiric AkSi¢, 2011; Maric et al.,
2013, 2016a, 2016b; Kori¢anac et al., 2020). Although
remarkable efforts have been made to conserve apple
germplasm in the RS to date, it is essential to co-ordi-
nate both genotypic and phenotypic characterisation in
order to detect new sources of diversity. The genotypic
characterisation of autochthonous apple local cultivars
and landraces has been initiated at FRI through the
study of genes involved in ethylene biosynthesis and
perception, i.e. ACSI, ACOI and ETRI genes (Mari¢
et al., 2005, 2007, 2021a, 2021b).

The FRI work on characterisation of autochtho-
nous apple material has mainly been focused on ge-
notypes that exist in its ex situ collection. Aiming to
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document, preserve and encourage the use of Serbian
autochthonous material, it is indispensable to continue
with collection and characterisation of the available
apple accessions. Therefore, this work was undertaken
primarily to study phenological (flowering phenopha-
se and harvest date) and pomological (physical and
chemical, including bioactive compounds) characteri-
stics, and resistance to major causal agents of econo-
mically important diseases in seventeen in sifu apple
genotypes grown in different regions of central and so-
uthwestern Serbia.

Material and Methods

Plant material. Seventeen autochthonous apple ge-
notypes (Tab. 1), corresponding to old cultivars or lan-
draces of unknown origin, were analysed/sampled in
individual growers’ orchards during 2020/2021 in cen-
tral and southwestern Serbia, i.e. the regions of Cadak
(villages Jezdina and Ostra), UZice (village Trnava),
Kraljevo (village Samaila), Lucani (village NegriSori),
Gornji Milanovac (town) and Arandelovac (village
Progoreoci). The given name of a particular apple lan-
drace (‘J-GM/1’, ‘J-LuN/1’ and J-Ca0/1 ’) was based
on geographical determinants (city, municipality and
village) and number (related to the harvest date of the
genotype in the specific region).

Phenological characteristics. The flowering phenop-
hase was assessed according to Wertheim (1996), by
monitoring the onset, full and end of flowering (10%
fully open flowers, 80% fully open flowers and 90%
worn flowers, resp.). The samples of 20 fruits in three
replications per apple genotype were harvested ran-
domly when the fruits reached eating conditions (seed
maturity and separation of the fruit stalk and branch
were also monitored).

Pomological characteristics. Standard methods [using
technical scale Adventurer Pro AV812M (Ohaus Cor-
poration, Switzerland) and digital caliper (Kronen,
Germany)] were applied for the determination of the
main physical characteristics — fruit weight (FW), he-
ight (FH) and width (WF). The fruit chemical compo-
sition, including bioactive compounds, was determi-
ned on the basis of the following parameters: soluble
solids content (SSC) — using the portable refractome-
ter (Hanna Instruments, Germany); total and invert su-
gars content (TS and IS, resp.) — according to the Luff-
Schoorl method (Egan et al., 1981), expressed in %;
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Tab. 1. Location and harvest date of the assessed autochthonous apple genotypes
Tab. 1. Lokacija i vreme berbe ispitivanih autohtonih genotipova jabuke

Locality Genotype Coordinates and altitude Harvest date
Lokalitet Genotip Koordinate i nadmorska visina Vreme berbe
Jezdina ‘Tlinjaca’ 43°51°681“N; 20°18°254“E; 396 m July o7th
Progoreoci ‘Kraljica’ 44°20°380°N; 20°24°814“E; 184 m July 23rd
Jezdina ‘Vidovaca’ 43°51°662N; 20°18°311“E; 386 m July 28th
Trnava ‘Ilinjaca’ 43°57°476N; 19°53°987“E; 532 m August 19th
G. Milanovac ‘J-GM/1” 44°01°193“N; 20°24°916“E; 197 m August 20th
Jezdina ‘Prancija’ 43°51°649“N; 20°18’090“E; 383 m August 215t
Progoreoci ‘Strekinja’ 44°20°412“N; 20°24°090“E; 203 m August 26th
Samaila ‘Lepocvetka’ 43°46°010“N; 20°30°044“E; 266 m September 11th
NegriSori ‘J-LuN/1’ 43°50°282“N; 20°10°581“E; 333 m September 13th
Jezdina ‘Prancija Slatka’ 43°51°090“N; 20°17°992“E; 441 m September 15th
Trnava ‘Dzumurka’ 43°57°545“N; 19°53’981“E; 539 m September 15th
Trnava ‘Slatka Kadumana’ 43°57°514N; 19°53°993“E; 534 m September 15th
Jezdina ‘Lubenjaja’ 43°51°140“N; 20°17°917“E; 446 m September 17th
Ostra ‘J—CaO/l’ 43°55°713“N; 20°29°679“E; 319 m September 215t
Jezdina ‘Senabija’ 43°51°018“N; 20°18°154“E; 499 m October 10th
Jezdina ‘Budimka’ 43°51°653“N; 20°18°200“E; 397 m October 15th
Jezdina ‘Kolacara’ 43°51°640“N; 20°18°175“E; 401 m October 18th

sucrose content (SUC) — calculated as the difference
between the total and invert sugars, multiplied by co-
efficient of 0.95; total acids content (TA) — expressed
in % malic acid (titration with 0.1 N NaOH in the pre-
sence of phenolphthalein as indicator); pH value of the
fruit juice (pH) — using the CyberScan 510 pH meter
(Eutech Instruments Pte Ltd, Singapore); total phenol
content (TPC) — by the spectrophotometer (Jenway
6300, United Kingdom) according to the Folin—Cio-
calteu method (Singleton & Rossi, 1965), using gallic
acid as the standard Sexpressed as gallic acid equiva-
lents per 100 g of fresh weight (mg GAE 100 g-!
FW)]; antioxidant activity (AA) using DPPH (2,2-dip-
henyl-1-picrylhydrazyl) assay reported by (expressed
as % inhibition of the DPPH radical); total ant-
hocyanin content (TAC) — by the pH differential met-
hod [expressed in mg of cyianidin-3-glucoside per
100 g of fresh weight (mg C3G 100 g-! FW)].

The further sensorial fruit characteristics such as
shape (FS), attractiveness (FA), ground colour (GC),
over colour (OC), flesh colour (FC) and firmness (FF)
were assessed according to the Apple Descriptors of
the International Board for Plant Genetic Resources
(IBPGR, 1982) and Apple (Fruit Varieties) — Guideli-
nes for the Conduct of Tests for Distinctness, Uni-

formity and Stability (TG/14/9) of International Union
for the Protection of New Varieties of Plants (UPOV,
2005).

Susceptibility to causal agents of the economically
most important diseases under field conditions. The
susceptibility to causal agents of scab [Venturia inae-
qualis (Cooke) Wint.] and fireblight [Erwinia amylo-
vora (Burnill)] was determined in accordance with
Apple Descriptors IBPGR, 1982), on the scale from 1
to 9 (where 3 is low, 5 is medium and 7 is high suscep-
tibility): 1 = 0-3%, 2 = 4-6%, 3 = 7-12%, 4 =
13-25%, 5 = 26-50%, 6 = 51-75%, 7 = 76—-88%, 8 =
89-99%, 9 = 100% (the 1-9 scale corresponds to the
Van der Zwet scale and the portion of the tree blig-
hted).

Statistical analysis. The analyses were performed
using SPSS statistical software package, Version 8.0
for Windows (SPSS Inc., Chicago, IL). The one-way
analysis of variance (ANOVA) was used for establis-
hing the impact of genotype on the fruit physical para-
meters and bioactive compounds. In the cases when
the F test was significant, testing of arithmetic means
was performed using the test of Least Significant Dif-
ferences (LSD test) for significance threshold of
P < 0.05.



Maric S. et al.

Vol. 56, br. 211-212, januar—jun 2022.

Results and Discussion

This study reports a phenotypic survey of important
biological characteristics (phenological, pomological
and susceptibility to major causal agents of important
diseases under field conditions) in seventeen apple ac-
cessions encompassing local cultivars and landraces
that are traditionally grown in the central and sout-
hwest Serbia.

Phenological characteristics. Flowering phenophase
of the assessed apple genotypes is shown in Figure 1.
The earliest onset of flowering was recorded in ‘Stre-
kinja’ (April 14th) and the latest in ‘Slatka Kadumana’
(April 26th). Regarding full flowering, it appeared
firstly in cultivars ‘Ilinjaca’ (Jezdina) and ‘Vidovaca’
(April 19th) and the latest in ‘Senabija’ (April 30th),
Therefore, approximately 11-day difference in full flo-
wering between the earliest and latest genotypes
was noted [genotypes ‘Ilinjaca’ (Trnava) and
‘J-LuN/1’were excluded from the calculation, since no
flowering occurred during the spring 2021]. Among
the assessed local apple cultivars from southern Ser-
bia, Mratini¢ & Fotiri¢ AkSi¢ (2011) stated a 16-day

‘Kolacara’ —
‘Budimka’ —
‘Senabija’ —
J-CaO/I”
‘Lubenjaja’ —
‘Slatka Kadumana’ —
‘DZumurka’ —
‘Prancija Slatka’ —
‘Lepocvetka’ —
‘Strekinja’ —
‘Prancija’ —
‘J-GM/1”
‘Vidovaca’ =
‘Kraljica’ =~

‘Ilinjaca’ —

difference in full flowering. Flowering time as a very
important apple characteristic has a great impact on
choice of genotypes for growing in particular conditi-
ons and using as parents in future breeding program-
mes. The late flowering apples should be preferred due
to their capacity to avoid the risk of crop loss caused
by late spring frosts (BlaZek et al., 2015), as well as to
reduce the risk of fire blight spread (Aldwinkle et al.,
1976).

Regarding the harvest date (Tab. 1), the ge-
notypes were divided into groups from early [‘Ilinja-
¢a’ (Jezdina) — July 07%] to very late (‘Senabija’, ‘Bu-
dimka’ and ‘Kola¢ara’ — October 10th, 15th and 18th,
resp.). Among the assessed genotypes, most of them
are late and very late apples. Apple fruit is climacteric
in nature, therefore its ripening is physiologically and
biochemically governed by the enzymes whose acti-
vity is triggered and coordinated by ethylene. In the la-
test study, Maric et al. (2021b) reported the results of
molecular characterisation of aforementioned sevente-
en accessions with respect to polymorphism of genes
involved in ethylene biochemical pathway (ACS! and
ACOI1 genes). The same authors pointed that

Flowering onset — full bloom
I Full bloom — end of flowering

Flowering onset — full bloom/pocetak cvetanja — puno cvetanje
Full bloom — end of flowerin/puno cvetanje — kraj cvetanja

Fig. 1. Flowering phenophase of the assessed autochthonous apple genotypes
Sl. 1. Fenofaza cvetanja ispitivanih autohtonih genotipova jabuke
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Tab. 2. Fruit physical characteristics of the assessed autochthonous apple genotypes
Tab. 2. Fizicke osobine ploda ispitivanih autohtonih genotipova jabuke

Genotype Fruit weight/Masa ploda Fruit height/Visina ploda Fruit width/Sirina ploda
Genotip (2) (mm) (mm)
‘Ilinjac¢a’ (Jezdina) 151.55 £ 8.54 d* 53.10+£3.55¢ 5225+445¢
‘Kraljica’ 99.30 + 3.80 fg 5435197 ¢ 68.32 £ 4.16 cde
‘Vidovaca’ 29.23+£4.28h 43.81+2.31h 41.04 £2.05h
‘Tlinjaca’ (Trnava) 262.99 £ 8.28 a 67.95 £3.01 ab 87.39+4.36 a

‘J-GM/1”

‘Prancija’
‘Strekinja’
‘Lepocvetka’
‘J-LuN/1’

‘Prancija Slatka’
‘Dzumurka’
‘Slatka Kadumana’

110.25 £ 4.34 ef
83.88+£5.63¢g
12598 + 14.27 ¢
109.43 + 12.69 ef
167.78 £5.84 d
11575+ 542 ef
159.61 +13.53d
159.31 £ 15.42d

66.50 + 3.53 be
52.82+237¢
5843+ 1.41f
60.85 + 3.31 ef
63.76 + 1.81 cd
60.96 + 0.66 ef
60.44 + 1.4 ef
65.98 + 2.66 bed

70.40 £ 1.58 bed
5891 +1.12 fg
67.63 £2.84 de
66.50 = 3.33 de
75.02 +4.88 b
66.75 £ 1.51 de
74.68 £ 1.99 bc
76.51 £2.83 bc

‘Lubenjaja’ 219.94 + 16.18 b
J-CaO/1” 165.08 £ 1.57d
‘Senabija’ 9232+0.79 g
‘Budimka’ 165.11 £6.55d
‘Kolacara’ 193.16 £ 544 ¢

71.63 +2.28 a 8293+2.74a
62.02+0.50 e 74.28 £2.23 be
4535+ 0.96 h 62.18 +0.48 ef
62.26 + 3.02 de 76.81 £0.90 b
61.10+0.49¢ 8564+ 1.05a

* The different lower-case letters assigned to columns show significant differences for < 0.05 after applying LSD test / Razlicita mala slova u
kolonama oznacavaju znacajne razlike na nivou < 0.05 primenom LSD testa

‘J-LuN/1" and ‘Kraljica’ as heterozygous accessions
for the ACSI gene (ACSI-1/2) may have an important
position in future breeding programmes. The allelic
constitutions of genes involved in ethylene biosynthe-
sis and perception in autochthonous apple genotypes
maintained in FRI ex sifu collection were reported by
Maric et al. (2005, 2007, 2021a). The authors also
emphasised that new alleles might be revealed in the
autochthonous material, citing that to date the allele d
of ETRI gene (encoding ETR1 receptor) has been
identified only in nine Serbian accessions, but not in
economically important apple cultivars. Therefore,
both in situ and ex situ autochthonous apple material
could be considered as a collection of alleles, where
each accession represents a unique combination of al-
leles.

Pomological characteristics. The studied apple ge-
notypes differed significantly in terms of FW, FH and
WF (Tab. 2) The FW varied from 29.23 g (‘Vidova-
¢a’) to 262.99 g [‘llinjaca’ (Trnava)], and the ge-
notypes were classified into groups from very
small/small to large/very large according to UPOV
(2005). The FH and WF were the highest in ‘Lubenja-
ja’ (71.63 mm) and ‘Ilinjaca’ (Trnava) (87.39 mm) re-

spectively, whilst the lowest values of both parameters
were found in ‘Vidovaca’ (43.81 mm and 41.04 mm,
resp.); these characteristics were correlated with FW.
The variability in FW, as one of the most important
characteristics, was also found in autochthonous apple
cultivars grown in southern Serbia (70.0 g to 193.3 g;
Mratinic¢ & Fotiri¢ AkSic, 2011), Bosnia and Herzego-
vina [97.90 g to 276.18 g (Gasi et al., 2011); 90.01 g
to 155.26 g (Salkic et al., 2017); 95.4 g to 168.8 g (Ku-
lina et al., 2018)] and Turkey (49.5 g to 152.2 g; Pir-
lak et al., 2003). The FW of cultivars ‘Budimka’ and
‘Senabija’ were consistent with results from Gasi et al.
(2011) and Salki¢ et al. (2017), respectively. In con-
trast, Mratini¢ & Fotiri¢ AkSi¢ (2011) reported lower
value for ‘Budimka’ (86.67 g) and Gasi et al. (2011)
higher value for ‘Senabija’ (160.10 g). However, Gasi
et al. (2011) and Kulina et al. (2018) reported signifi-
cantly higher FW for ‘Lepocvetka’ (208.12 and 158.3
g, resp.) in comparison with our result (109.43 g).
Morphometrical characteristics of ‘Budimka’, ‘Kralji-
ca’ and ‘Strekinja’ grown in FRI ex situ apple collec-
tion were stated by Mari€ et al. (2016a), whereas Ko-
ricanac et al. (2020) reported data for ‘Kolacara’ in in
situ condition. Since numerous factors affect the main
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Tab. 3. Fruit chemical composition of the assessed autochthonous apple cultivars

Tab. 3. Hemijski sastav ploda ispitivanih autohtonih genotipova jabuke

Soluble solids content Total sugars Invert sugars Sucrose Total acids

Genotype Rastvorljive suve materije Ukupni Seceri  Invertni Seceri  Saharoza Ukupne kiseline pH value of the fruit juice
Genotip (%) (%) (%) (%) (%) pH vrednost soka ploda
‘Ilinjaca’ (Jezdina) 10.15 5.28 4.62 0.63 1.52 2.94
‘Kraljica’ 13.60 9.36 5.98 3.21 1.09 3.06
‘Vidovaca’ 15.30 9.48 5.85 3.45 0.23 4.28

‘Ilinjaca’ (Trnava) 10.90 8.16 5.66 2.38 0.70 3.29
‘J-GM/1’ 11.60 7.92 4.44 3.30 0.67 3.09
‘Prancija’ 12.70 8.64 6.54 2.00 0.33 4.14
‘Strekinja’ 11.60 7.32 6.10 1.16 0.91 3.13
‘Lepocvetka’ 12.95 9.33 5.85 3.31 0.15 4.00
‘J-LuN/1” 11.15 8.16 5.10 291 0.61 3.16
‘Prancija Slatka’ 11.25 9.48 7.10 2.26 0.16 4.52
‘Dzumurka’ 13.10 8.88 5.48 3.23 0.82 3.20

‘Slatka Kadumana’ 12.00 8.88 5.72 3.00 0.17 4.22
‘Lubenjaja’ 12.95 9.48 7.10 2.26 0.16 4.52
J-CaO/1’ 9.90 6.48 5.42 1.03 1.42 327
‘Senabija’ 17.05 12.70 9.66 2.09 0.86 3.28
‘Budimka’ 14.10 9.95 6.10 3.66 0.54 3.54
‘Kolacara’ 12.00 8.16 5.35 2.67 0.64 3.38

physical characteristics, distinctions in the published
results could be the consequence of different environ-
mental conditions and applied cultural practices (in si-
tu and ex situ).

The results of fruit chemical composition in the
assessed autochthonous apple genotypes are shown in
Table 3. The highest SSC, TS and IS were found in
‘Senabija’ (17.05%, 12.70% and 9.66%, resp.), where-
as SUC was the highest in ‘Budimka’ (3.66%). The lo-
west SSC was defined in landrace ‘J-CaO/1’ (9.90%),
whilst the cultivar ‘Ilinja¢a’ (Jezdina) was characteri-
sed by the lowest content of TS (5.28%) and SUC
(0.63%), as well as the highest content of TA (1.52%),
accompanied by the lowest pH value of the fruit juice
(2.94%). Slightly higher values for SSC in some au-
tochthonous apple genotypes collected in southern
(>16%, except for the cultivar ‘HadZzi Sinana’ —
12.55%) and western (>15%) Serbia were reported by
Mratini¢ & Fotiri¢ AkSi¢ (2011) and Koricanac et al.
(2020), respectively. Kulina et al. (2018) also stated
the higher value of SSC for ‘Lepocvetka’ (16.15%) in
comparison with result obtained in our study for this
cultivar (12.95%). Moreover, for the autochthonous
genotypes grown in FRI ex sifu apple collection, Ma-
ric¢ et al. (2016a) found that ‘Kraljica’ and ‘Strekinja’
had higher SSC, whereas in ‘Budimka’ SSC was lo-
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wer. Based on the fact that the balance between sugars
and acids influences the eating quality and consumers’
decision-making, genotypes ‘Vidovaca’, ‘Prancija’,
‘Lepocvetka’, ‘Prancija Slatka’, ‘Slatka Kadumana’
and ‘Lubenjaja’ might be recommended for fresh con-
sumption, while the other genotypes that have TS/TA
lower than 20 are suitable for industrial and domestic
processing.

According to Lattanzio (2003), phenolic compo-
unds encompass natural secondary metabolites that
determine colour, appearance, flavour and health-pro-
moting properties of fruits. Apple as one of the most
popular fruit species is available all year round, and
can be considered as a major functional food resource
that have beneficial effects on human health. Therefo-
re, the assessment of TPC, AA and TAC in insuffici-
ently documented Serbian autochthonous apple ge-
notypes is very important in order to recognise them as
a valuable source of health-promoting compounds. In
our study, TPC, AA and TAC varied greatly among
the studied autochthonous genotypes and the obtained
results are shown in Table 4. The values for TPC ran-
ged from 117.00 (‘Prancija’) to 337.50 (‘Strekinja’)
mg GAE 100 g-'! FW. The cultivar ‘Vidovada’ was
characterised by the highest AA (89.84%), whilst the
lowest value of this parameter was observed in ‘DZu-
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Tab. 4. Content of bioactive compounds in the fruit of the assessed autochthonous apple cultivars

Tab. 4. Sadrzaj bioaktivnih komponenti u plodu ispitivanih autohtonih genotipova jabuke

Total phenol content

Antioxidant activity

Total anthocyanin content

Genotype Ukupni fenoli Antoksidativna aktivnost Ukupni antocijani
Genotip (mg GAE 100 g'! FW) (%) (mg C3G 100 gl FW)
‘Ilinjaca’ (Jezdina) 313.00 +£9.00 ab™ 86.92 +£2.62 ab 0.63 + 0.63 fg
‘Kraljica’ 297.00 £ 11.5 be 80.42 £ 4.41 be 2.09 £ 0.62 cde
‘Vidovaca’ 253.50 £ 6.00 d 89.84+£0.89 a 543+0.10b
‘Ilinjac¢a’ (Trnava) 15550 £ 11.5 gh 63.71 £ 6.80 de 1.25 + 0.83 defg
‘J-GM/1” 151.50 + 10.5 gh 55.92 + 6.07 ef 271+ 1.04¢c
‘Prancija’ 117.00 £ 8.00 h 52.26 £4.40 ef 2.09 £ 1.25 cde
‘Strekinja’ 33750+ 8.5a 89.25+0.90 a 0.83 £ 0.83 efg
‘Lepocvetka’ 156.00 + 8.25 gh 62.54 £ 4.43 de 0.83 £0.12 efg
‘J-LuN/1” 206.00 + 3.00 e 78.04 + 4.52 bc 250+ 1.25¢cd
‘Prancija Slatka’ 148.50 + 12.5 gh 64.88 +5.53d 021+£032¢g
‘Dzumurka’ 132.00 £ 2.00 hi 48.68 £0.54 f 292+1.25¢
‘Slatka Kadumana’ 136.50 £ 5.50 hi 63.40 £ 0.62 de 1.04 £ 0.21 efg
‘Lubenjaja’ 172.00 + 10.00 fg 7623 £12.57 ¢ 042+0.14 ¢
J-Ca0/1’ 288.00 £ 13.50 cd 86.68 £ 0.54 abc 1127+042a
‘Senabija’ 193.00 + 13.20 ef 68.37£5.83d 1.67 + 1.68 cdef
‘Budimka’ 197.50 £ 12.5 ef 76.95 £ 6.54 ¢ 0.63 £0.21 fg
‘Kolacara’ 202.00 + 12.00 e 78.12 £ 6.77 be 0.63 £0.13 fg

* The different lower-case letters assigned to columns show significant differences for < 0.05 after applying LSD test/Razlicita mala slova u
kolonama oznacavaju znacajne razlike na nivou < 0.05 primenom LSD testa

murka’ (48.68%). The highest TAC was found in lan-
drace ‘J-CaO/1” (11.27 mg C3G 100 g-! FW), which
was expected because of its red flesh as a distinguis-
hing feature. The lowest value for TAC was identified
in ‘Prancija Slatka’ (0.21 mg C3G 100 g'! FW). In
comparison with the result of TPC obtained for ‘Kola-
¢ara’ in our study, Koricanac et al. (2020) reported lo-
wer value of this parameter. Interestingly, the same
authors also pointed out that autochthonous cultivars
had significantly higher TPC compared to commercial
ones. Similar results were stated by Djapo et al.
(2016), who examined TPC in five autochthonous and
two commercial cultivars. Additionally, Panzella et al.
(2013) reported that traditional apple cultivars from
Southern Italy could be considered as a rich source of
phenols with superior antioxidant activity, since exhi-
bited from two- to seven-fold higher phenol content,
as well as from one and half- to four-fold hydrogen do-
nor activity than widely consumed cultivars.

Sensorial characteristics. The quality of apple fruit is
a complex phenomenon, conditioned by the appearan-
ce and the flavour (taste and aroma). Barrett et al.
(2010) reported that consumers firstly evaluate the vi-
sual appearance and colour, followed by the taste, aro-

ma and texture. Therefore, the fruit attractiveness de-
fines the first consumers’ opinion, but the flavour en-
sures their preference and a repeat purchase. The re-
sults of fruit sensorial characteristics in the assessed
autochthonous apple genotypes are shown in Table 5.
Based on fruit shape, the genotypes were divided into
seven groups, from globose, flat, conical to ovate. Na-
mely, the predominant fruit shapes in this study were
flat (eight genotypes) and globose (three genotypes).
The evaluated genotypes were mostly classified as in-
termediate (11 genotypes) in terms of fruit attractive-
ness. Good attractiveness was observed in ‘Lepocvet-
ka’, ‘J-Ca0/1’, ‘Senabija’ and ‘Budimka’. The predo-
minant ground colour was whitish green (10 ge-
notypes), whereas yellow green and green were ob-
served in one and six genotypes, respectively. Orange
(three genotypes), light red (one genotype), red (nine
genotypes) and dark red (three genotypes) were de-
termined over colours with stripes and flushed pat-
terns; no over colour was observed in ‘DZumurka’.
Most of the assessed genotypes were non-russeting,
viz. fine russet was observed on the fruit surface of
‘Dzumurka’. White flesh colour was predominant (13
genotypes), whilst on the basis of this characteristic
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Tab. 5. Fruit sensorial characteristics of the assessed autochthonous apple genotypes
Tab. 5. Senzoricke karakteristike ploda ispitivanih autohtonih genotipova jabuke

Genotype Fruit shape Fruit attractiveness Ground colour Over colour Flesh colour Flesh firmness
Genotip Oblik ploda Atraktivnost ploda Osnovna boja pokoZice Dopunska boja pokoZice Boja mezokarpa Cvrstina mezokarpa
‘Tlinjaca’ globose-conical very poor whitish green red white soft
(Jezdina) okruglasto-konican  veoma loSa svetlozelena crvena bela mek
“Kraljica’ flat intermediate whitish green/ red yellowish medium
spljosten srednja svetlozelena crvena bledozuta srednje ¢vrst
“Vidovaca® conical intermediate green dark red white soft
konican srednja zelena tamnocrvena bela mek
‘Ilinjaca’ flat intermediate whitish green orange white medium
(Trnava) spljosten srednja svetlozelena narandZasta bela srednje ¢vrst
J-GM/1° globose intermediate whitish green orange yellowish soft
okruglast srednja svetlozelena narandzasta bledozuta mek
“Prancija’ globose intermediate whitish green red white firm
okruglast srednja svetlozelena crvena bela cvrst
‘Strekinia® flat intermediate green light red white firm
trekinja L . .
spljosten srednja zelena svetlocrvena bela cvrst
‘Lepocvetka’ long-conical good whitish green red white flrm
kupast dobra svetlozelena crvena bela cvrst
JLuN/1° flat intermediate whitish green orange white firm
spljosten srednja svetlozelena narandzasta bela cvrst
‘Prancija Slatka’ f.]avt 1nteme§1ate whitish green red white fvlrm
spljosten srednja svetlozelena crvena bela cvrst
‘Dyumurka’ f.lavt po?r green no over colour. white fvlrm
spljosten losa zelena bez dopunske boje bela cvrst
‘Slatka Kadumana’ f.lavt 1nteme§1ate green red yellovxvqsh fvlrm
spljosten srednja zelena crvena bledozuta cvrst
‘€L L, flat intermediate green red white firm
ubenjaja . . M
spljosten srednja zelena crvena bela cvrst
T-CaO/1” ovate good whitish green dark red crvena firm
duguljast dobra svetlozelena tamnocrvena reddish cvrst
‘Senabija’ ' short-globose- o good green red white tlrm
conicallokruglasto-spljosten dobra zelena crvena bela cvrst
‘Budimka’ ovate good/ yellow green red white firm
duguljast dobra Zuto-zelena crvena bela cvrst
. s globose intermediate whitish green dark red white medium
Kolacara . Ly
okruglast srednja svetlozelena tamnocrvena bela srednje ¢vrst
the landrace ‘J-CaO/1’ belongs to the red-fleshed ap- Susceptibility to causal agents of the economically
ples. As for flesh firmness, the genotypes were classi- most important diseases under field conditions. All of
fied into three groups: soft (three genotypes), medium the assessed autochthonous old apple cultivars and
(three genotypes) and firm (11 genotypes). landraces showed resistance to fireblight (rated 1 on
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the scale) and a relatively narrow range of susceptibi-
lity to scab under field conditions (Fig. 2). With regard
to scab susceptibility, the genotypes can be classified
into three groups, from 0-3% (1 on the scale) to
26-50% (5 on the scale). Fifteen genotypes showed re-
sistance and low susceptibility to scab (ranging from 1
to 3 on the scale) under field conditions, whereas
‘Kraljica’, ‘Strekinja’, ‘DZumurka’, ‘J -Ca0/1” and
‘Senabija’ displayed the best performance in terms of
resistance to Venturia inaequalis (Cooke) Wint. Medi-
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um scab susceptibility was observed in two genotypes
(ranging 5 on the scale), i.e. ‘J-GM/1’ and ‘Kolacara’.
Field resistance to fireblight of autochthonous apple
genotypes from FRI ex situ collection was reported by
Mari€ et al. (2016a, 2016b). Our result for scab su-
sceptibility of ‘Budimka’ was in agreement with those
reported by Maric et al. (2016a), where the same aut-
hors stated medium scab susceptibility for ‘Kraljica’
and ‘Strekinja’ in ex situ condition.

O Venturia inaeqalis (Cooke) Wint.

m Erwinia amylovora (Burnill)

—
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s & & ¢ T & &
@ TN & & 2N & ) &
&‘b'
S

Fig. 2. Susceptibility of the assessed autochthonous apple genotypes to scab and fireblight under field conditions
SL. 2. Otpornost ispitivanih autohtonih genotipova jabuke na prouzrokovace cadave pegavosti lista i krastavosti plodova, kao i bakteriozne

plamenjace u poljskim uslovima

Conclusion

This study has revealed richness and diversity of the
biological characteristics in the Serbian autochthonous
apple material. Further studies should aim to continue

research in the field of collection, genotypic and phe-
notypic characterisation, and utilization of these acces-
sions for different purposes. Changing climatic condi-
tions, new pest and disease pressures, and the fruit
production with fewer chemical inputs to meet consu-
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mer demand will result in the need for well adapted lo-
cal apple genotypes with higher levels of resistance to
abiotic and biotic stresses. Meeting these challenges
will depend on the genetic diversity of apple ger-
mplasm which will be available for the long-term use.
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PRELIMINARNI REZULTATI in situ KARAKTERIZACIJE AUTOHTONIH GENOTIPOVA JABUKE
NA PODRUCJU CENTRALNE I JUGOZAPADNE SRBIJE
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Dordevic, Sanja Radicevic¢

Institut za vocarstvo, Cacak, Kralja Petra 1/9, 32000 Cacak, Republika Srbija

*E-mail: smaric @ institut-cacak.org
Rezime

Intenziviranjem procesa urbanizacije, odnosno pre-
vashodno poljoprivredne proizvodnje kao njene
funkcionalne komponente u skladu sa zahtevima glob-
alnog svetskog trziSta, dolazi do neminovnog zapos-
tavljanja autohtonog materijala, §to za posledicu moZe
imati drastic¢an ili nepovratan gubitak ovog dela drago-
cenog genofonda vocaka. Institut za vocarstvo, Cacak
ima dugu tradiciju kolekcionisanja, proucavanja i
usmerenog koriScenja divergentnosti autohtonog geno-
fonda za oplemenjivacke programe, kao i programe
direktnog uvodenja u proizvodnju. U cilju odrZavanja
kontinuiteta proucavanja autohtonog materijala, u radu
su prikazani rezultati ispitivanja najznacajnijih
bioloskih osobina 17 in situ genotipova jabuke gajenih
na razli¢itim lokalitetima teritorijalnih jedinica cen-
tralne i jugozapadne Srbije: Ilinjaca (Jezdina), Kraljica,
Vidovaca, Ilinjaca (Trnava), J-GM/1, Prancija,
Strekinja, Lepocvetka, J-LuN/1, Prancija slatka,
DZzumurka, Slatka kadumana, Lubenjaja, J—éaO/l,
Senabija, Budimka i KolaCara. Primenom
medunarodno  priznatog  deskriptora  (Apple
Descriptors, IBPGR) i tehnickog uputstva za jabuku
(TG/14/9, UPOV), kao i koris¢enjem standardnih lab-
oratorijskih metoda ispitane su sledece bioloske
osobine: fenofaza cvetanja, vreme berbe, pomoloske
osobine (fizicke i hemijske, ukljucujuci i sadrzaj bioak-
tivnih jedinjenja) i otpornost na prouzrokovace ¢adave
pegavosti lista i krastavosti plodova [Venturia inae-
qualis (Cooke) Wint.], kao i bakteriozne plamenjace
[Erwinia amylovora (Burnill)] u poljskim uslovima.
Prosecno vreme cvetanja ispitivanih genotipova bilo je
tokom trece dekade aprila, dok su plodovi sazrevali od
07. jula [linjaca (Jezdina)] do 18. oktobra (Kolacara).
Najsitnijim plodom odlikovao se genotip Vidovaca
(masa — 29,23 g, visina — 43,81 mm i Sirina — 41,04
mm), dok je najvecu masu (262,99 g) i Sirinu ploda
(87,39 mm) imao genotip Ilinjaca (Trnava), a najvecu
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visinu ploda genotip Lubenjaja (71,63 mm). U pogledu
hemijskog sastava ploda, najvisi sadrzaj rastvorljivih
suvih materija (RSM), ukupnih i invertnih Secera
(17,05%, 12,70% i 9,66%, po redosledu) utvrden je
kod genotipa Senabija, dok je najvisi sadrzaj saharoze
odreden kod genotipa Budimka (3,66%). NajniZim
sadrzajem RSM odlikovali su se plodovi genotipa J-
Ca0/1 (9,90%), dok su se plodovi genotipa Ilinjaca
(Jezdina) karakterisali najnizim sadrzajem ukupnih
Secera (5,28%) i saharoze (0,63%), uz istovremeno
najvisi sadrzaj kiselina (1,52%) i najnizu pH vrednost
soka ploda (2,94). Sadrzaj ukupnih fenola u plodovima
ispitivanih genotipova kretao se u intervalu od 117 do
337,50 mg galne kiseline na 100 g sveZe mase ploda
(Prancija i Strekinja, po redosledu). Plodovi genotipa
Vidovaca su se odlikovali najviSom antioksidativhom
aktivnoscu (89,84%), dok je najniza vrednost ovog
parametra utvrdena u plodovima genotipa DZumurka
(48,68%). Sadrzaj ukupnih antocijana varirao je od
0,21 do 11,27 mg cijanidin-3-glukozida na 100 g sveZe
mase ploda (Prancija slatka i genotip crvenog mesa
ploda J-CaO/1, po redosledu). U pogledu atraktivnosti
ploda, izdvajaju se genotipovi Lepocvetka, J-CaO/1,
Senabija i Budimka. Simptomi karakteristi¢ni za
prouzrokovaca bakteriozne plamenjace nisu uoceni u
periodu proucavanja kod ispitivanih genotipova, dok
su najvisi stepen otpornosti na Venturia inaequalis u
poljskim uslovima ispoljili genotipovi Kraljica,
Strekinja, Dzumurka, J-CaO/1 i Senabija. U celini pos-
matrano, autohtoni genotipovi jabuke na prostoru
Republike Srbije koji se odlikuju pozeljnim bioloskim
osobinama obogatice kolekciju pocetnog materijala za
buduce oplemenjivacke programe, kao i za programe
uvodenja u proizvodnju genotipova izvanrednih osobi-
na namenjenih kako za sveZu potroSnju, tako i za
industrijsku i domacu preradu.

Kljucne reci: Malus x domestica Borkh., autohtoni
genotipovi, fenoloske osobine, pomoloske osobine,
otpornost



