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In tro duc ti on

Ap ple (Ma lus do me sti ca Borkh.) is the ma in pe ren ni -
al fru it spe ci es of tem pe ra te cli ma tes of the world,
with an an nu al pro duc ti on of mo re than 86 mil li on
ton nes in 2020 (FA O STAT, 2022). In ad di ti on, ap ple

is al so one of the ma jor fru it spe ci es in the Re pu blic of
Ser bia, with ave ra ge pro duc ti on of 445,705 ton nes
(2016‡2020) that in the sa me pe ri od re ac hed the pro -
duc ti on of plum (474,740 ton nes) as the ma in fru it in
the co un try. The re are mo re than 10,000 de scri bed ap -
ple cul ti vars wor ldwi de (Way et al., 1991), tho u sands
of which are cu ra ted in na ti o nal re po si to ri es, espe ci -
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Preliminary results of in situ characterisation of autochthonous apple

genotypes originated from the central and southwest Serbia region
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Ab stract. The pa per pre sents the ma in bi o lo gi cal pro per ti es of 17 in si tu old lo cal ap ple cul ti vars and lan -
dra ces grown in the re gi ons of cen tral and so ut hwe stern Ser bia: ‘Ilin ja ~a’ (Je zdi na), ‘Kral ji ca’, ‘Vi do va -
~a’, ‘Ilin ja ~a’ (Tr na va), ‘J-GM/1’, ‘Pran ci ja’, ‘Stre kin ja’, ‘Le po cvet ka’, ‘J-LuN/1’, ‘Pran ci ja Slat ka’,
‘D`u mur ka’, ‘Slat ka Ka du ma na’, ‘Lu ben ja ja’, ‘J-^aO/1’, ‘Se na bi ja’, ‘Bu dim ka’ and ‘Ko la ~a ra’. The fol -
lo wing cha rac te ri stics of the se ge notypes we re as ses sed: flo we ring phe nop ha se, harv est da te, po mo lo gi cal
pro per ti es (physi cal and che mi cal, in clu ding bi o ac ti ve com po unds) and di se a se su scep ti bi lity to scab [Ven -
tu ria ina e qu a lis (Co o ke) Wint.] and fi re blight [Er wi nia amylo vo ra (Bur nill)]. The ave ra ge flo we ring ti me
was du ring the third de ca de of April, whilst the pre do mi nant harv est da te was from mid-Sep tem ber to mid-
Oc to ber. The hig hest fru it we ight was de term i ned in ‘Ilin ja ~a’ (Tr na va), whi le the lo west was in ‘Vi do va -
~a’ (262.99 g and 29.23 g, resp.). The best fru it qu a lity among the as ses sed ge notypes, me a su red by the
fru it che mi cal com po si ti on, was fo und in ‘Se na bi ja’ (so lu ble so lids con tent – 17.05%; to tal and in vert su -
gars con tent ‡ 12.70% and 9.66%, resp.). The cul ti var ‘Stre kin ja’ and lan dra ce ‘J-^aO/1’ we re cha rac te ri -
sed by the hig hest con tent of to tal phe nols and ant hocyanins, re spec ti vely. In terms of fru it at trac ti ve ness,
‘Le po cvet ka’, ‘J-^aO/1’, ‘Se na bi ja’ and ‘Bu dim ka’ co uld be sin gled out. All of the stu di ed ge notypes sho -
wed re si stan ce to fi re blight and a re la ti vely nar row ran ge of su scep ti bi lity to scab un der fi eld con di ti ons.
Ove rall, Ser bi an au toc htho no us ap ple ge notypes ap pe ar to ca rry use ful cha rac te ri stics that co uld be im por -
tant for cur rent/fu tu re bre e ding work and com mer ci al gro wing su i ta ble for fresh con sump ti on, in du stri al
and do me stic pro ces sing.

Key words: Ma lus  do me sti ca Borkh., in di ge no us ge notypes, phe no lo gi cal pro per ti es, po mo lo gi cal pro -
per ti es, re si stan ce
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ally in Eu ro pe and the Uni ted Sta tes of Ame ri ca (Pe a -
ce et al., 2019). Li ke wi se, a lar ge num ber of cul ti vars
are al so ma in ta i ned by pri va te in sti tu tes or as so ci a ti -
ons, as well as ac ti ve ama te ur net works. The num ber
of ap ple cul ti vars is pre su mably un de re sti ma ted be ca -
u se many lo cal lan dra ces ha ve not be en ac cu ra tely do -
cu men ted. On the ot her hand, con stra i ned num ber of
cul ti vars do mi na ted as pa rents in ear li er bre e ding pro -
gram mes i.e. ‘Cox’s Oran ge Pip pin’, ‘Gol den De li ci o -
us’, ‘Jo nat han’ and ‘McIn tosh’ (No i ton & Al spach,
1996), as well as in mo dern bre e ding work wit hin
which ‘Ga la’ and ‘Fu ji’ ap pe ar as fre qu ently used pa -
ren tal cul ti vars in re cent years (de Al bu qu er que Jr. et
al., 2011). The re fo re, for de ve lop ment of new ap ple
cul ti vars with a wi der ge ne tic ba se it is es sen ti al that
bre e ders ha ve ac cess to a di ver se ar ray of ge notypes ?
ma inly in ter na ti o nal cul ti vars, lo cal cul ti vars, lan dra -
ces and wild spe ci es. Bra mel & Volk (2019) re por ted
that lo cal cul ti vars and lan dra ces en com pass ge -
notypes that ha ve hi sto ri cal, cul tu ral, eco no mic and
he ri ta ge va lue. Ma ri} et al. (2016a) al so po in ted that
au toc htho no us ge notypes ca rry use ful tra its and re pre -
sent va lu a ble ger mplasm for fu tu re ap ple bre e ding
pro gram mes as so ur ces of new tra its and lo cal adap ta -
ti on. 

Apart from de ve lo ping new cul ti vars, the as ses -
sment of ge ne tic va ri a bi lity in au toc htho no us ap ple
ma te ri al is in the tra di ti on of the Fru it Re se arch In sti -
tu te, ^a ~ak (FRI). Wit hin the past two de ca des, the
work on col lec ti on and eva lu a ti on has be en in ten si fi ed
by the in sti tu ti ons in vol ved in ma in te nan ce of ap ple
ge ne tic re so ur ces in the Re pu blic of Ser bia (RS), ai -
ming to re ve al the ric hness and di ver sity in bi o lo gi cal
pro per ti es of the au toc htho no us ge notypes (Mra ti ni},
2005; Mra ti ni} & Fo ti ri} Ak {i}, 2011; Ma ri} et al.,
2013, 2016a, 2016b; Ko ri }a nac et al., 2020). Alt ho ugh
re mar ka ble ef forts ha ve be en ma de to con serv e ap ple
ger mplasm in the RS to da te, it is es sen ti al to co-or di -
na te both ge notypic and phe notypic cha rac te ri sa ti on in
or der to de tect new so ur ces of di ver sity. The ge notypic
cha rac te ri sa ti on of au toc htho no us ap ple lo cal cul ti vars
and lan dra ces has be en ini ti a ted at FRI thro ugh the
study of ge nes in vol ved in ethyle ne bi osynthe sis and
per cep ti on, i.e. ACS1, ACO1 and ETR1 ge nes (Ma ri}
et al., 2005, 2007, 2021a, 2021b). 

The FRI work on cha rac te ri sa ti on of au toc htho -
no us ap ple ma te ri al has ma inly be en fo cu sed on ge -
notypes that exist in its ex si tu col lec ti on. Aiming to

do cu ment, pre serv e and en co u ra ge the use of Ser bi an
au toc htho no us ma te ri al, it is in di spen sa ble to con ti nue
with col lec ti on and cha rac te ri sa ti on of the ava i la ble
ap ple ac ces si ons. The re fo re, this work was un der ta ken
pri ma rily to study phe no lo gi cal (flo we ring phe nop ha -
se and harv est da te) and po mo lo gi cal (physi cal and
che mi cal, in clu ding bi o ac ti ve com po unds) cha rac te ri -
stics, and re si stan ce to ma jor ca u sal agents of eco no -
mi cally im por tant di se a ses in se vente en in si tu ap ple
ge notypes grown in dif fe rent re gi ons of cen tral and so -
ut hwe stern Ser bia.

Ma te ri al and Met hods

Plant ma te ri al. Se ven te en au toc htho no us ap ple ge -
notypes (Tab. 1), cor re spon ding to old cul ti vars or lan -
dra ces of unk nown ori gin, we re analysed/sam pled in
in di vi du al gro wers’ or chards du ring 2020/2021 in cen -
tral and so ut hwe stern Ser bia, i.e. the re gi ons of ^a ~ak
(vil la ges Je zdi na and Ostra), U`i ce (vil la ge Tr na va),
Kral je vo (vil la ge Sa ma i la), Lu ~a ni (vil la ge Ne gri {o ri),
Gorn ji Mi la no vac (town) and Aran |e lo vac (vil la ge
Pro go re o ci). The gi ven na me of a par ti cu lar ap ple lan -
dra ce (‘J-GM/1’, ‘J-LuN/1’ and ‘J-^aO/1’) was ba sed
on ge o grap hi cal de term i nants (city, mu ni ci pa lity and
vil la ge) and num ber (re la ted to the harv est da te of the
ge notype in the spe ci fic re gi on).
Phe no lo gi cal cha rac te ri stics. The flo we ring phe nop -
ha se was as ses sed ac cor ding to Wert he im (1996), by
mo ni to ring the on set, full and end of flo we ring (10%
fully open flo wers, 80% fully open flo wers and 90%
worn flo wers, resp.). The sam ples of 20 fru its in three
re pli ca ti ons per ap ple ge notype we re harv e sted ran -
domly when the fru its re ac hed ea ting con di ti ons (se ed
ma tu rity and se pa ra ti on of the fru it stalk and branch
we re al so mo ni to red). 
Po mo lo gi cal cha rac te ri stics. Stan dard met hods [u sing
tec hni cal sca le Adven tu rer Pro AV812M (Oha us Cor -
po ra ti on, Swit zer land) and di gi tal ca li per (Kro nen,
Germ any)] we re ap pli ed for the de term i na ti on of the
ma in physi cal cha rac te ri stics ‡ fru it we ight (FW), he -
ight (FH) and width (WF). The fru it che mi cal com po -
si ti on, in clu ding bi o ac ti ve com po unds, was de term i -
ned on the ba sis of the fol lo wing pa ra me ters: so lu ble
so lids con tent (SSC) ‡ using the por ta ble re frac to me -
ter (Han na In stru ments, Germ any); to tal and in vert su -
gars con tent (TS and IS, resp.) ‡ ac cor ding to the Luff-
Scho orl met hod (Egan et al., 1981), ex pres sed in %;
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suc ro se con tent (SUC) ‡ cal cu la ted as the dif fe ren ce
bet we en the to tal and in vert su gars, mul ti pli ed by co -
ef fi ci ent of 0.95; to tal acids con tent (TA) ‡ ex pres sed
in % ma lic acid (ti tra ti on with 0.1 N Na OH in the pre -
sen ce of phe nolphtha le in as in di ca tor); pH va lue of the
fru it ju i ce (pH) ‡ using the Cyber Scan 510 pH me ter
(Eu tech In stru ments Pte Ltd, Sin ga po re); to tal phe nol
con tent (TPC) ‡ by the spec trop ho to me ter (Jen way
6300, Uni ted King dom) ac cor ding to the Fo lin‡Ci o -
cal teu met hod (Sin gle ton & Ros si, 1965), using gal lic
acid as the stan dard [ex pres sed as gal lic acid equ i va -
lents per 100 g of fresh we ight (mg GAE 100 g-1

FW)]; an ti o xi dant ac ti vity (AA) using DPPH (2,2-dip -
henyl-1-pi crylhydrazyl) as say re por ted by (ex pres sed
as % in hi bi ti on of the DPPH ra di cal); to tal ant -
hocyanin con tent (TAC) ‡ by the pH dif fe ren ti al met -
hod [ex pres sed in mg of cyia ni din-3-glu co si de per
100 g of fresh we ight (mg C3G 100 g-1 FW)].

The furt her sen so ri al fru it cha rac te ri stics such as
sha pe (FS), at trac ti ve ness (FA), gro und co lo ur (GC),
over co lo ur (OC), flesh co lo ur (FC) and firm ness (FF)
we re as ses sed ac cor ding to the Ap ple De scrip tors of
the In ter na ti o nal Bo ard for Plant Ge ne tic Re so ur ces
(IB PGR, 1982) and Ap ple (Fru it Va ri e ti es) ‡ Gu i de li -
nes for the Con duct of Tests for Dis tin ctness, Uni -

form ity and Sta bi lity (TG/14/9) of In ter na ti o nal Uni on
for the Pro tec ti on of New Va ri e ti es of Plants (UPOV,
2005).
Su scep ti bi lity to ca u sal agents of the eco no mi cally
most im por tant di se a ses un der fi eld con di ti ons. The
su scep ti bi lity to ca u sal agents of scab [Ven tu ria ina e -
qu a lis (Co o ke) Wint.] and fi re blight [Er wi nia amylo -
vo ra (Bur nill)] was de term i ned in ac cor dan ce with
Ap ple De scrip tors (IB PGR, 1982), on the sca le from 1
to 9 (whe re 3 is low, 5 is me di um and 7 is high su scep -
ti bi lity): 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 sca le cor re sponds to the
Van der Zwet sca le and the por ti on of the tree blig -
hted).
Sta ti sti cal analysis. The analyses we re per form ed
using SPSS sta ti sti cal soft wa re pac ka ge, Ver si on 8.0
for Win dows (SPSS Inc., Chi ca go, IL). The one-way
analysis of va ri an ce (ANO VA) was used for esta blis -
hing the im pact of ge notype on the fru it physi cal pa ra -
me ters and bi o ac ti ve com po unds. In the ca ses when
the F test was sig ni fi cant, te sting of arit hme tic me ans
was per form ed using the test of Le ast Sig ni fi cant Dif -
fe ren ces (LSD test) for sig ni fi can ce thres hold of
P < 0.05.
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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__________________________________________________________________________________________________________________ 

Lo ca lity Ge notype Co or di na tes and al ti tu de Harv est da te 
Lo ka li tet Ge no tip Ko or di na te i nad mor ska vi si na Vre me ber be__________________________________________________________________________________________________________________ 

Je zdi na ‘Ilin ja ~a’ 43°51’681“N; 20°18’254“E; 396 m July 07th

Pro go re o ci ‘Kral ji ca’ 44°20’380“N; 20°24’814“E; 184 m July 23rd

Je zdi na ‘Vi do va ~a’ 43°51’662“N; 20°18’311“E; 386 m July 28th

Tr na va ‘Ilin ja ~a’ 43°57’476“N; 19°53’987“E; 532 m Au gust 19th

G. Mi la no vac ‘J-GM/1’ 44°01’193“N; 20°24’916“E; 197 m Au gust 20th

Je zdi na ‘Pran ci ja’ 43°51’649“N; 20°18’090“E; 383 m Au gust 21st

Pro go re o ci ‘Stre kin ja’ 44°20’412“N; 20°24’090“E; 203 m Au gust 26th

Sa ma i la ‘Le po cvet ka’ 43°46’010“N; 20°30’044“E; 266 m Sep tem ber 11th

Ne gri {o ri ‘J-LuN/1’ 43°50’282“N; 20°10’581“E; 333 m Sep tem ber 13th

Je zdi na ‘Pran ci ja Slat ka’ 43°51’090“N; 20°17’992“E; 441 m Sep tem ber 15th

Tr na va ‘D`u mur ka’ 43°57’545“N; 19°53’981“E; 539 m Sep tem ber 15th

Tr na va ‘Slat ka Ka du ma na’ 43°57’514“N; 19°53’993“E; 534 m Sep tem ber 15th

Je zdi na ‘Lu ben ja ja’ 43°51’140“N; 20°17’917“E; 446 m Sep tem ber 17th

Ostra ‘J-^aO/1’ 43°55’713“N; 20°29’679“E; 319 m Sep tem ber 21st

Je zdi na ‘Se na bi ja’ 43°51’018“N; 20°18’154“E; 499 m Oc to ber 10th

Je zdi na ‘Bu dim ka’ 43°51’653“N; 20°18’200“E; 397 m Oc to ber 15th

Je zdi na ‘Ko la ~a ra’ 43°51’640“N; 20°18’175“E; 401 m Oc to ber 18th
__________________________________________________________________________________________________________________ 
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Re sults and Di scus si on

This study re ports a phe notypic surv ey of im por tant
bi o lo gi cal cha rac te ri stics (phe no lo gi cal, po mo lo gi cal
and su scep ti bi lity to ma jor ca u sal agents of im por tant
di se a ses un der fi eld con di ti ons) in se ven te en ap ple ac -
ces si ons en com pas sing lo cal cul ti vars and lan dra ces
that are tra di ti o nally grown in the cen tral and so ut -
hwest Ser bia.
Phe no lo gi cal cha rac te ri stics. Flo we ring phe nop ha se
of the as ses sed ap ple ge notypes is shown in Fi gu re 1.
The ear li est on set of flo we ring was re cor ded in ‘Stre -
kin ja’ (April 14th) and the la test in ‘Slat ka Ka du ma na’
(April 26th). Re gar ding full flo we ring, it ap pe a red
firstly in cul ti vars ‘Ilin ja ~a’ (Je zdi na) and ‘Vi do va ~a’
(April 19th) and the la test in ‘Se na bi ja’ (April 30th).
The re fo re, ap pro xi ma tely 11-day dif fe ren ce in full flo -
we ring bet we en the ear li est and la test ge notypes
was no ted [ge notypes ‘Ilin ja ~a’ (Tr na va) and
‘J-Lu N/1’we  re ex clu ded from the cal cu la ti on, sin ce no
flo we ring oc cur red du ring the spring 2021]. Among
the as ses sed lo cal ap ple cul ti vars from so ut hern Ser -
bia, Mra ti ni} & Fo ti ri} Ak {i} (2011) sta ted a 16-day

dif fe ren ce in full flo we ring. Flo we ring ti me as a very
im por tant ap ple cha rac te ri stic has a gre at im pact on
cho i ce of ge notypes for gro wing in par ti cu lar con di ti -
ons and using as pa rents in fu tu re bre e ding pro gram -
mes. The la te flo we ring ap ples sho uld be pre fer red due
to the ir ca pa city to avo id the risk of crop loss ca u sed
by la te spring frosts (Bla ̀ ek et al., 2015), as well as to
re du ce the risk of fi re blight spre ad (Ald win kle et al.,
1976).

Re gar ding the harv est da te (Tab. 1), the ge -
notypes we re di vi ded in to gro ups from early [‘Ilin ja -
~a’ (Je zdi na) ‡ July 07th] to very la te (‘Se na bi ja’, ‘Bu -
dim ka’ and ‘Ko la ~a ra’ ‡ Oc to ber 10th, 15th and 18th,
resp.). Among the as ses sed ge notypes, most of them
are la te and very la te ap ples. Ap ple fru it is cli mac te ric
in na tu re, the re fo re its ri pe ning is physi o lo gi cally and
bi oc he mi cally go ver ned by the enzymes who se ac ti -
vity is trig ge red and co or di na ted by ethyle ne. In the la -
test study, Ma ri} et al. (2021b) re por ted the re sults of
mo le cu lar cha rac te ri sa ti on of afo re men ti o ned se ven te -
en ac ces si ons with re spect to polymorp hism of ge nes
in vol ved in ethyle ne bi oc he mi cal pat hway (ACS1 and
ACO1 ge nes). The sa me aut hors po in ted that
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Flowering onset ‡ full bloom/po~etak 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

‘Kola~ara’

‘Budimka’

‘Senabija’

‘J-^aO/l’

‘Lubenjaja’

‘Slatka Kadumana’

‘D`umurka’

‘Prancija Slatka’

‘Lepocvetka’

‘Strekinja’

‘Prancija’

‘J-GM/1’

‘Vidova~a’

‘Kraljica’

‘Ilinja~a’

Apr-1
4

Apr-1
6

Apr-1
8

Apr-2
0

Apr-2
2

Apr-2
4

Apr-2
6

Apr-2
8

Apr-3
0

May
-02

May
-04

May
-06

Flowering onset → full bloom
Full bloom → end of flowering



‘J-LuN/1’ and ‘Kral ji ca’ as he te rozygo us ac ces si ons
for the ACS1 ge ne (ACS1-1/2) may ha ve an im por tant
po si ti on in fu tu re bre e ding pro gram mes. The al le lic
con sti tu ti ons of ge nes in vol ved in ethyle ne bi osynthe -
sis and per cep ti on in au toc htho no us ap ple ge notypes
ma in ta i ned in FRI ex si tu col lec ti on we re re por ted by
Ma ri} et al. (2005, 2007, 2021a). The aut hors al so
emp ha si sed that new al le les might be re ve a led in the
au toc htho no us ma te ri al, ci ting that to da te the al le le d
of ETR1 ge ne (en co ding ETR1 re cep tor) has be en
iden ti fi ed only in ni ne Ser bi an ac ces si ons, but not in
eco no mi cally im por tant ap ple cul ti vars. The re fo re,
both in si tu and ex si tu au toc htho no us ap ple ma te ri al
co uld be con si de red as a col lec ti on of al le les, whe re
each ac ces si on re pre sents a uni que com bi na ti on of al -
le les.
Po mo lo gi cal cha rac te ri stics. The stu di ed ap ple ge -
notypes dif fe red sig ni fi cantly in terms of FW, FH and
WF (Tab. 2) The FW va ri ed from 29.23 g (‘Vi do va -
~a’) to 262.99 g [‘Ilin ja ~a’ (Tr na va)], and the ge -
notypes we re clas si fi ed in to gro ups from very
small/small to lar ge/very lar ge ac cor ding to UPOV
(2005). The FH and WF we re the hig hest in ‘Lu ben ja -
ja’ (71.63 mm) and ‘Ilin ja ~a’ (Tr na va) (87.39 mm) re -

spec ti vely, whilst the lo west va lu es of both pa ra me ters
we re fo und in ‘Vi do va ~a’ (43.81 mm and 41.04 mm,
resp.); the se cha rac te ri stics we re cor re la ted with FW.
The va ri a bi lity in FW, as one of the most im por tant
cha rac te ri stics, was al so fo und in au toc htho no us ap ple
cul ti vars grown in so ut hern Ser bia (70.0 g to 193.3 g;
Mra ti ni} & Fo ti ri} Ak {i}, 2011), Bo snia and Her ze go -
vi na [97.90 g to 276.18 g (Ga {i et al., 2011); 90.01 g
to 155.26 g (Sal ki} et al., 2017); 95.4 g to 168.8 g (Ku -
li na et al., 2018)] and Tur key (49.5 g to 152.2 g; Pir -
lak et al., 2003). The FW of cul ti vars ‘Bu dim ka’ and
‘Se na bi ja’ we re con si stent with re sults from Ga {i et al.
(2011) and Sal ki} et al. (2017), re spec ti vely. In con -
trast, Mra ti ni} & Fo ti ri} Ak {i} (2011) re por ted lo wer
va lue for ‘Bu dim ka’ (86.67 g) and Ga {i et al. (2011)
hig her va lue for ‘Se na bi ja’ (160.10 g). Ho we ver, Ga {i
et al. (2011) and Ku li na et al. (2018) re por ted sig ni fi -
cantly hig her FW for ‘Le po cvet ka’ (208.12 and 158.3
g, resp.) in com pa ri son with our re sult (109.43 g).
Morp ho me tri cal cha rac te ri stics of ‘Bu dim ka’, ‘Kral ji -
ca’ and ‘Stre kin ja’ grown in FRI ex si tu ap ple col lec -
ti on we re sta ted by Ma ri} et al. (2016a), whe re as Ko -
ri }a nac et al. (2020) re por ted da ta for ‘Ko la ~a ra’ in in
si tu con di ti on. Sin ce nu me ro us fac tors af fect the ma in
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Tab. 2. Fruit physical characteristics of the assessed autochthonous apple genotypes
Tab. 2. Fizi~ke osobine ploda ispitivanih autohtonih genotipova jabuke__________________________________________________________________________________________________________________ 

Ge notype Fru it we ight/Ma sa plo da Fru it he ight/Vi si na plo da Fru it width/[i ri na plo da
Ge no tip (g) (mm) (mm)__________________________________________________________________________________________________________________ 

‘Ilin ja ~a’ (Je zdi na) 151.55 ± 8.54 d* 53.10 ± 3.55 g 52.25 ± 4.45 g
‘Kral ji ca’ 99.30 ± 3.80 fg 54.35 ± 1.97 g 68.32 ± 4.16 cde
‘Vi do va ~a’ 29.23 ± 4.28 h 43.81 ± 2.31 h 41.04 ± 2.05 h
‘Ilin ja ~a’ (Tr na va) 262.99 ± 8.28 a 67.95 ± 3.01 ab 87.39 ± 4.36 a
‘J-GM/1’ 110.25 ± 4.34 ef 66.50 ± 3.53 bc 70.40 ± 1.58 bcd
‘Pran ci ja’ 83.88 ± 5.63 g 52.82 ± 2.37 g 58.91 ± 1.12 fg
‘Stre kin ja’ 125.98 ± 14.27 e 58.43 ± 1.41 f 67.63 ± 2.84 de
‘Le po cvet ka’ 109.43 ± 12.69 ef 60.85 ± 3.31 ef 66.50 ± 3.33 de
‘J-LuN/1’ 167.78 ± 5.84 d 63.76 ± 1.81 cd 75.02 ± 4.88 bc
‘Pran ci ja Slat ka’ 115.75 ± 5.42 ef 60.96 ± 0.66 ef 66.75 ± 1.51 de
‘D`u mur ka’ 159.61 ± 13.53 d 60.44 ± 1.44 ef 74.68 ± 1.99 bc
‘Slat ka Ka du ma na’ 159.31 ± 15.42 d 65.98 ± 2.66 bcd 76.51 ± 2.83 bc
‘Lu ben ja ja’ 219.94 ± 16.18 b 71.63 ± 2.28 a 82.93 ± 2.74 a
‘J-^aO/1’ 165.08 ± 1.57 d 62.02 ± 0.50 e 74.28 ± 2.23 bc
‘Se na bi ja’ 92.32 ± 0.79 g 45.35 ± 0.96 h 62.18 ± 0.48 ef
‘Bu dim ka’ 165.11 ± 6.55 d 62.26 ± 3.02 de 76.81 ± 0.90 b
‘Ko la ~a ra’ 193.16 ± 5.44 c 61.10 ± 0.49 e 85.64 ± 1.05 a__________________________________________________________________________________________________________________ 

* The dif fe rent lo wer-ca se let ters as sig ned to co lumns show sig ni fi cant dif fe ren ces for < 0.05 af ter applying LSD test / Raz li ~i ta ma la slo va u
ko lo na ma ozna ~a va ju zna ~aj ne raz li ke na ni vou < 0.05 pri me nom LSD te sta
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physi cal cha rac te ri stics, dis tin cti ons in the pu blis hed
re sults co uld be the con se qu en ce of dif fe rent en vi ron -
men tal con di ti ons and ap pli ed cul tu ral prac ti ces (in si -
tu and ex si tu). 

The re sults of fru it che mi cal com po si ti on in the
as ses sed au toc htho no us ap ple ge notypes are shown in
Ta ble 3. The hig hest SSC, TS and IS we re fo und in
‘Se na bi ja’ (17.05%, 12.70% and 9.66%, resp.), whe re -
as SUC was the hig hest in ‘Bu dim ka’ (3.66%). The lo -
west SSC was de fi ned in lan dra ce ‘J-^aO/1’ (9.90%),
whilst the cul ti var ‘Ilin ja ~a’ (Je zdi na) was cha rac te ri -
sed by the lo west con tent of TS (5.28%) and SUC
(0.63%), as well as the hig hest con tent of TA (1.52%),
ac com pa ni ed by the lo west pH va lue of the fru it ju i ce
(2.94%). Slightly hig her va lu es for SSC in so me au -
toc htho no us ap ple ge notypes col lec ted in so ut hern
(>16%, ex cept for the cul ti var ‘Had ̀ i Si na na’ ‡
12.55%) and we stern (>15%) Ser bia we re re por ted by
Mra ti ni} & Fo ti ri} Ak {i} (2011) and Ko ri }a nac et al.
(2020), re spec ti vely. Ku li na et al. (2018) al so sta ted
the hig her va lue of SSC for ‘Le po cvet ka’ (16.15%) in
com pa ri son with re sult ob ta i ned in our study for this
cul ti var (12.95%). Mo re o ver, for the au toc htho no us
ge notypes grown in FRI ex si tu ap ple col lec ti on, Ma -
ri} et al. (2016a) fo und that ‘Kral ji ca’ and ‘Stre kin ja’
had hig her SSC, whe re as in ‘Bu dim ka’ SSC was lo -

wer. Ba sed on the fact that the ba lan ce bet we en su gars
and acids in flu en ces the ea ting qu a lity and con su mers’
de ci si on-ma king, ge notypes ‘Vi do va ~a’, ‘Pran ci ja’,
‘Le po cvet ka’, ‘Pran ci ja Slat ka’, ‘Slat ka Ka du ma na’
and ‘Lu ben ja ja’ might be re com men ded for fresh con -
sump ti on, whi le the ot her ge notypes that ha ve TS/TA
lo wer than 20 are su i ta ble for in du stri al and do me stic
pro ces sing.

Ac cor ding to Lat tan zio (2003), phe no lic com po -
unds en com pass na tu ral se con dary me ta bo li tes that
de term i ne co lo ur, ap pe a ran ce, fla vo ur and he alth-pro -
mo ting pro per ti es of fru its. Ap ple as one of the most
po pu lar fru it spe ci es is ava i la ble all year ro und, and
can be con si de red as a ma jor fun cti o nal fo od re so ur ce
that ha ve be ne fi ci al ef fects on hu man he alth. The re fo -
re, the as ses sment of TPC, AA and TAC in in suf fi ci -
ently do cu men ted Ser bi an au toc htho no us ap ple ge -
notypes is very im por tant in or der to re cog ni se them as
a va lu a ble so ur ce of he alth-pro mo ting com po unds. In
our study, TPC, AA and TAC va ri ed gre atly among
the stu di ed au toc htho no us ge notypes and the ob ta i ned
re sults are shown in Ta ble 4. The va lu es for TPC ran -
ged from 117.00 (‘Pran ci ja’) to 337.50 (‘Stre kin ja’)
mg GAE 100 g-1 FW. The cul ti var ‘Vi do va ~a’ was
cha rac te ri sed by the hig hest AA (89.84%), whilst the
lo west va lue of this pa ra me ter was ob serv ed in ‘D`u -
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Tab. 3. Fru it che mi cal com po si ti on of the as ses sed au toc htho no us ap ple cul ti vars
Tab. 3. He mij ski sa stav plo da is pi ti va nih au toh to nih ge no ti po va ja bu ke__________________________________________________________________________________________________________________ 

So lu ble so lids con tent To tal su gars In vert su gars Suc ro se To tal acids
Ge notype Ras tvor lji ve su ve ma te ri je Ukup ni {e }e ri In vert ni {e }e ri Sa ha ro za Ukup ne ki se li ne pH va lue of the fru it ju i ce
Ge no tip (%) (%) (%) (%) (%) pH vred nost so ka plo da__________________________________________________________________________________________________________________ 

‘Ilin ja ~a’ (Je zdi na) 10.15 5.28 4.62 0.63 1.52 2.94
‘Kral ji ca’ 13.60 9.36 5.98 3.21 1.09 3.06
‘Vi do va ~a’ 15.30 9.48 5.85 3.45 0.23 4.28
‘Ilin ja ~a’ (Tr na va) 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
‘Pran ci ja’ 12.70 8.64 6.54 2.00 0.33 4.14
‘Stre kin ja’ 11.60 7.32 6.10 1.16 0.91 3.13
‘Le po cvet ka’ 12.95 9.33 5.85 3.31 0.15 4.00
‘J-LuN/1’ 11.15 8.16 5.10 2.91 0.61 3.16
‘Pran ci ja Slat ka’ 11.25 9.48 7.10 2.26 0.16 4.52
‘D`u mur ka’ 13.10 8.88 5.48 3.23 0.82 3.20
‘Slat ka Ka du ma na’ 12.00 8.88 5.72 3.00 0.17 4.22
‘Lu ben ja ja’ 12.95 9.48 7.10 2.26 0.16 4.52
‘J-^aO/1’ 9.90 6.48 5.42 1.03 1.42 3.27
‘Se na bi ja’ 17.05 12.70 9.66 2.09 0.86 3.28
‘Bu dim ka’ 14.10 9.95 6.10 3.66 0.54 3.54
‘Ko la ~a ra’ 12.00 8.16 5.35 2.67 0.64 3.38__________________________________________________________________________________________________________________



mur ka’ (48.68%). The hig hest TAC was fo und in lan -
dra ce ‘J-^aO/1’ (11.27 mg C3G 100 g-1 FW), which
was ex pec ted be ca u se of its red flesh as a di stin gu is -
hing fe a tu re. The lo west va lue for TAC was iden ti fi ed
in ‘Pran ci ja Slat ka’ (0.21 mg C3G 100 g-1 FW). In
com pa ri son with the re sult of TPC ob ta i ned for ‘Ko la -
~a ra’ in our study, Ko ri }a nac et al. (2020) re por ted lo -
wer va lue of this pa ra me ter. In te re stingly, the sa me
aut hors al so po in ted out that au toc htho no us cul ti vars
had sig ni fi cantly hig her TPC com pa red to com mer ci al
ones. Si mi lar re sults we re sta ted by Dja po et al.
(2016), who exa mi ned TPC in fi ve au toc htho no us and
two com mer ci al cul ti vars. Ad di ti o nally, Pan zel la et al.
(2013) re por ted that tra di ti o nal ap ple cul ti vars from
So ut hern Italy co uld be con si de red as a rich so ur ce of
phe nols with su per i or an ti o xi dant ac ti vity, sin ce ex hi -
bi ted from two- to se ven-fold hig her phe nol con tent,
as well as from one and half- to fo ur-fold hydro gen do -
nor ac ti vity than wi dely con su med cul ti vars. 
Sen so ri al cha rac te ri stics. The qu a lity of ap ple fru it is
a com plex phe no me non, con di ti o ned by the ap pe a ran -
ce and the fla vo ur (ta ste and aro ma). Bar rett et al.
(2010) re por ted that con su mers firstly eva lu a te the vi -
su al ap pe a ran ce and co lo ur, fol lo wed by the ta ste, aro -

ma and tex tu re. The re fo re, the fru it at trac ti ve ness de -
fi nes the first con su mers’ opi ni on, but the fla vo ur en -
su res the ir pre fe ren ce and a re pe at pur cha se. The re -
sults of fru it sen so ri al cha rac te ri stics in the as ses sed
au toc htho no us ap ple ge notypes are shown in Ta ble 5.
Ba sed on fru it sha pe, the ge notypes we re di vi ded in to
se ven gro ups, from glo bo se, flat, co ni cal to ova te. Na -
mely, the pre do mi nant fru it sha pes in this study we re
flat (eight ge notypes) and glo bo se (three ge notypes).
The eva lu a ted ge notypes we re mostly clas si fi ed as in -
term e di a te (11 ge notypes) in terms of fru it at trac ti ve -
ness. Go od at trac ti ve ness was ob serv ed in ‘Le po cvet -
ka’, ‘J-^aO/1’, ‘Se na bi ja’ and ‘Bu dim ka’. The pre do -
mi nant gro und co lo ur was whi tish gre en (10 ge -
notypes), whe re as yel low gre en and gre en we re ob -
serv ed in one and six ge notypes, re spec ti vely. Oran ge
(three ge notypes), light red (one ge notype), red (ni ne
ge notypes) and dark red (three ge notypes) we re de -
term i ned over co lo urs with stri pes and flus hed pat -
terns; no over co lo ur was ob serv ed in ‘D`u mur ka’.
Most of the as ses sed ge notypes we re non-rus se ting,
viz. fi ne rus set was ob serv ed on the fru it sur fa ce of
‘D`u mur ka’. Whi te flesh co lo ur was pre do mi nant (13
ge notypes), whilst on the ba sis of this cha rac te ri stic
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Tab. 4. Con tent of bi o ac ti ve com po unds in the fru it of the as ses sed au toc htho no us ap ple cul ti vars
Tab. 4. Sa dr ̀ aj bi o ak tiv nih kom po nen ti u plo du is pi ti va nih au toh to nih ge no ti po va ja bu ke __________________________________________________________________________________________________________________ 

To tal phe nol con tent An ti o xi dant ac ti vity To tal ant hocyanin con tent
Ge notype Ukup ni fe no li An tok si da tiv na ak tiv nost Ukup ni an to ci ja ni 
Ge no tip (mg GAE 100 g-1 FW) (%) (mg C3G 100 g-1 FW)__________________________________________________________________________________________________________________ 

‘Ilin ja ~a’ (Je zdi na) 313.00 ± 9.00 ab* 86.92 ± 2.62 ab 0.63 ± 0.63 fg
‘Kral ji ca’ 297.00 ± 11.5 bc 80.42 ± 4.41 bc 2.09 ± 0.62 cde
‘Vi do va ~a’ 253.50 ± 6.00 d 89.84 ± 0.89 a 5.43 ± 0.10 b
‘Ilin ja ~a’ (Tr na va) 155.50 ± 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 2.71 ± 1.04 c
‘Pran ci ja’ 117.00 ± 8.00 h 52.26 ± 4.40 ef 2.09 ± 1.25 cde
‘Stre kin ja’ 337.50 ± 8.5 a 89.25 ± 0.90 a 0.83 ± 0.83 efg
‘Le po cvet ka’ 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 2.50 ± 1.25 cd
‘Pran ci ja Slat ka’ 148.50 ± 12.5 gh 64.88 ± 5.53 d 0.21 ± 0.32 g
‘D`u mur ka’ 132.00 ± 2.00 hi 48.68 ± 0.54 f 2.92 ± 1.25 c
‘Slat ka Ka du ma na’ 136.50 ± 5.50 hi 63.40 ± 0.62 de 1.04 ± 0.21 efg
‘Lu ben ja ja’ 172.00 ± 10.00 fg 76.23 ± 12.57 c 0.42 ± 0.14 g
‘J-^aO/1’ 288.00 ± 13.50 cd 86.68 ± 0.54 abc 11.27 ± 0.42 a
‘Se na bi ja’ 193.00 ± 13.20 ef 68.37 ± 5.83 d 1.67 ± 1.68 cdef
‘Bu dim ka’ 197.50 ± 12.5 ef 76.95 ± 6.54 c 0.63 ± 0.21 fg
‘Ko la ~a ra’ 202.00 ± 12.00 e 78.12 ± 6.77 bc 0.63 ± 0.13 fg__________________________________________________________________________________________________________________ 

* The dif fe rent lo wer-ca se let ters as sig ned to co lumns show sig ni fi cant dif fe ren ces for < 0.05 af ter applying LSD test/Raz li ~i ta ma la slo va u
ko lo na ma ozna ~a va ju zna ~aj ne raz li ke na ni vou < 0.05 pri me nom LSD te sta
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the lan dra ce ‘J-^aO/1’ be longs to the red-fles hed ap -
ples. As for flesh firm ness, the ge notypes we re clas si -
fi ed in to three gro ups: soft (three ge notypes), me di um
(three ge notypes) and firm (11 ge notypes).

Su scep ti bi lity to ca u sal agents of the eco no mi cally
most im por tant di se a ses un der fi eld con di ti ons. All of
the as ses sed au toc htho no us old ap ple cul ti vars and
lan dra ces sho wed re si stan ce to fi re blight (ra ted 1 on
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Tab. 5. Fruit sensorial characteristics of the assessed autochthonous apple genotypes
Tab. 5. Senzori~ke 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 poko`ice Dopunska boja poko`ice Boja mezokarpa ^vrstina mezokarpa__________________________________________________________________________________________________________________ 
‘Ilinja~a’ globose-conical very poor whitish green red white soft
(Jezdina) okruglasto-koni~an veoma lo{a svetlozelena crvena bela mek__________________________________________________________________________________________________________________ 

‘Kraljica’ flat intermediate whitish green/ red yellowish medium
spljo{ten srednja svetlozelena crvena bledo`uta srednje ~vrst__________________________________________________________________________________________________________________ 

‘Vidova~a’ conical intermediate green dark red white soft
koni~an srednja zelena tamnocrvena bela mek__________________________________________________________________________________________________________________ 

‘Ilinja~a’ flat intermediate whitish green orange white medium
(Trnava) spljo{ten srednja svetlozelena narand`asta bela srednje ~vrst __________________________________________________________________________________________________________________ 

‘J-GM/1’ globose intermediate whitish green orange yellowish soft
okruglast srednja svetlozelena narand`asta bledo`uta mek__________________________________________________________________________________________________________________ 

‘Prancija’ globose intermediate whitish green red white firm
okruglast srednja svetlozelena crvena bela ~vrst__________________________________________________________________________________________________________________ 

‘Strekinja’ flat intermediate green light red white firm
spljo{ten srednja zelena svetlocrvena bela ~vrst__________________________________________________________________________________________________________________ 

‘Lepocvetka’ long-conical good whitish green red white firm
kupast dobra svetlozelena crvena bela ~vrst__________________________________________________________________________________________________________________ 

‘J-LuN/1’ flat intermediate whitish green orange white firm
spljo{ten srednja svetlozelena narand`asta bela ~vrst__________________________________________________________________________________________________________________ 

‘Prancija Slatka’ flat intermediate whitish green red white firm
spljo{ten srednja svetlozelena crvena bela ~vrst__________________________________________________________________________________________________________________ 

‘D`umurka’ flat poor green no over colour white firm
spljo{ten lo{a zelena bez dopunske boje bela ~vrst__________________________________________________________________________________________________________________

‘Slatka Kadumana’ flat intermediate green red yellowish firm
spljo{ten srednja zelena crvena bledo`uta ~vrst__________________________________________________________________________________________________________________ 

‘Lubenjaja’ flat intermediate green red white firm
spljo{ten srednja zelena crvena bela ~vrst__________________________________________________________________________________________________________________ 

‘J-^aO/1’ ovate good whitish green dark red crvena firm
duguljast dobra svetlozelena tamnocrvena reddish ~vrst__________________________________________________________________________________________________________________

‘Senabija’ short-globose- good green red white firm
conical/okruglasto-spljo{ten dobra zelena crvena bela ~vrst__________________________________________________________________________________________________________________ 

‘Budimka’ ovate good/ yellow green red white firm
duguljast dobra `uto-zelena crvena bela ~vrst__________________________________________________________________________________________________________________

‘Kola~ara’ globose intermediate whitish green dark red white medium
okruglast srednja svetlozelena tamnocrvena bela srednje ~vrst__________________________________________________________________________________________________________________



the sca le) and a re la ti vely nar row ran ge of su scep ti bi -
lity to scab un der fi eld con di ti ons (Fig. 2). With re gard
to scab su scep ti bi lity, the ge notypes can be clas si fi ed
in to three gro ups, from 0‡3% (1 on the sca le) to
26‡50% (5 on the sca le). Fif te en ge notypes sho wed re -
si stan ce and low su scep ti bi lity to scab (ran ging from 1
to 3 on the sca le) un der fi eld con di ti ons, whe re as
‘Kral ji ca’, ‘Stre kin ja’, ‘D`u mur ka’, ‘J-^aO/1’ and
‘Se na bi ja’ dis played the best per form an ce in terms of
re si stan ce to Ven tu ria ina e qu a lis (Co o ke) Wint. Me di -

um scab su scep ti bi lity was ob serv ed in two ge notypes
(ran ging 5 on the sca le), i.e. ‘J-GM/1’ and ‘Ko la ~a ra’.
Fi eld re si stan ce to fi re blight of au toc htho no us ap ple
ge notypes from FRI ex si tu col lec ti on was re por ted by
Ma ri} et al. (2016a, 2016b). Our re sult for scab su -
scep ti bi lity of ‘Bu dim ka’ was in agre e ment with tho se
re por ted by Ma ri} et al. (2016a), whe re the sa me aut -
hors sta ted me di um scab su scep ti bi lity for ‘Kral ji ca’
and ‘Stre kin ja’ in ex si tu con di ti on. 
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Fig. 2. Susceptibility of the assessed autochthonous apple genotypes to scab and fireblight under field conditions
Sl. 2. Otpornost ispitivanih autohtonih genotipova jabuke na prouzrokova~e ~a|ave pegavosti lista i krastavosti plodova, kao i bakteriozne
plamenja~e u poljskim uslovima
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Con clu si on

This study has re ve a led ric hness and di ver sity of the
bi o lo gi cal cha rac te ri stics in the Ser bi an au toc htho no us
ap ple ma te ri al. Furt her stu di es sho uld aim to con ti nue

re se arch in the fi eld of col lec ti on, ge notypic and phe -
notypic cha rac te ri sa ti on, and uti li za ti on of the se ac ces -
si ons for dif fe rent pur po ses. Chan ging cli ma tic con di -
ti ons, new pest and di se a se pres su res, and the fru it
pro duc ti on with fe wer che mi cal in puts to me et con su -
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mer de mand will re sult in the ne ed for well adap ted lo -
cal ap ple ge notypes with hig her le vels of re si stan ce to
abi o tic and bi o tic stres ses. Me e ting the se chal len ges
will de pend on the ge ne tic di ver sity of ap ple ger -
mplasm which will be ava i la ble for the long-term use.
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