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Abstract. The paper presents the results of a two-year (2016-2017) study on major phenological (flowering and
ripening time) and pomological (morphometric, chemical and organoleptic) properties and productivity of new
plum cultivar ‘Divna’ (‘Stanley’ x ‘Ca¢anska Rana’), developed at the Fruit Research Institute, Catak, compa-
red to the charactertistics of standard cultivar ‘Stanley’. According to the obtained results, ‘Divna’ is characteri-
zed by late flowering and very late ripening time, excellent abundance of flowering and good cropping. Fruits of
the cultivar ‘Divna’ are medium-sized, with elliptical shape, violet blue skin colour and heavy bloom. The fruit
flesh is yellowish green, firm, aromatic and tasty. Owing to the late ripening time, good productivity and fruit
quality, ‘Divna’ is recommended for commercial production, and also has the potential to be used for future plum

breeding programmes

Key words: Prunus domestica L., flowering and ripening time, morphometric, chemical and organoleptic pro-

perties of fruit, cropping

Introduction

Fruit Research Institute, Cacak has a seventy year old
tradition in breeding of temperate zone fruit species.
The most important results have been achieved in the
breeding of European plum (Prunus domestica L.). So
far, 17 plum cultivars have been named and released at
the Institute, i.e. ‘Boranka’, ‘Catanska Rana’, ‘Valeri-
ja’, ‘Cacanska Lepotica’, ‘Timocanka’, ‘Cacanska
Najbolja’, ‘Nada’, ‘“Zlatka’, ‘Jelica’, ‘Mildora’, ‘Ca-
¢anska Rodna’, ‘Krina’, ‘Valjevka’, ‘Cacanski §ec’er’,
‘Pozna Plava’, ‘Divna’ and ‘Petra’ (Lukic¢ et al.,
2016a). Some of these cultivars are grown not only in
Serbia, but also in many other European countries as
well (Blazek & Pistekova, 2009; Molnar et al., 2016).
What is more, cultivars such as ‘Cacanska Lepotica’,
‘Cacanska Najbolja’ and ‘Cacanska Rodna’ were used
as parents in many plum breeding programs in the
world (Jacob, 2002; Hartman & Neiimuller, 2006).

The main objectives of current plum breeding work at
the Fruit Research Institute, Cacak include: large fruit
size, high fruit quality, very early to early or very late
to late fruit ripening time, regular and high cropping,
resistance or tolerance to Sharka virus (Plum pox vi-
rus) as well as to causal agents of the most important
fungal diseases [Polystigma rubrum (Pers.) DC, Puc-
cinia pruni-spinosae (Pers.:. Pers.), Monilinia laxa
(Aderhold & Ruhland)], reduced vigour, moderately
dense and open crown (Lukic et al., 2016b). The ne-
west plum cultivars ‘Divna’ and ‘Petra’ have been re-
cognized in 2018, by Decisions of Ministry of Agri-
culture, Forestry and Water Management of the Repu-
blic of Serbia (No. 320-04-00841/2011-11; No. 320-
04-00840/2011-11, respectively).

This paper provides a comparative analysis of
major phenological (flowering and fruit ripening) and
pomological traits (morphometric, chemical and orga-
noleptic properties of fruits), and productivity of the
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new cultivar ‘Divna’ (‘Stanley’ x ‘Cacanska Rana’),
and the standard cultivar ‘Stanley’.

Materials and Methods

Plant material and experimental design. During a two-
year period (2016-2017), a comparative study on ma-
jor biological and pomological characteristics of new
and standard plum cultivars ‘Divna’ and ‘Stanley’ was
performed. The experimental plum orchard was esta-
blished at the Ljubic facility of the Fruit Research In-
stitute, Cacak (43°53°N, 20°20’E, 250 m a.s.l) in
spring 2011, using standard one-year-old nursery trees
grafted on Myrobalan (Prunus cerasifera Erhrh.) se-
edlings and planted at the 5 m x 3 m distance (666 tre-
es ha!), using the randomised block system with five
trees in three replications. Experimental trees were tra-
ined as a pyramidal crown. Standard cultural practices,
except irrigation, were performed in the orchard.

Phenological properties. The flowering phenophase
was investigated by monitoring and recording dates of
flowering onset (10% open flowers); full flowering
(80 open flowers) and end of flowering (fallen over
90% petals) (Wertheim, 1996). Furthermore, the abun-
dance of flowering was examined and expressed on a
scale 0-5: excellent (5), very good (4), good (3), poor
(2), very poor (1) and no flowers (0). Ripening time
was determined as a date when the fruits were suffici-
ently coloured and soft to be eaten (Funt, 1998).

Morphometric properties of fruits. Twenty-five fruits
in three replications were randomly selected and used
for determination of fruit and stone weight (g) and fru-
it dimensions (mm). Fruit and stone weight were taken
using technical scale Adventurer Pro AV812M (Oha-
us Corporation, Switzerland). Digital calliper (0-150
mm, Kronen GmbH, Kehl am Rhein, Federal Republic
of Germany) for determination dimensions of fruit
(height, width and thickness) was used. Flesh percen-
tage (%) was calculated as the ratio of the weight of
the edible part of the fruit to the total fruit mass.

Chemical properties of fruits. Six chemical properties
of fruit (soluble solids, total sugar, invert sugar, sucro-
se, total acids, and fruit pH) were evaluated in the sta-
ge of commercial maturity. Soluble solids content (%)
was determined by a binocular refractometer (Carl Ze-
iss, Germany) and fruit pH by a CyberScan 510 pH-
meter (Nijkerk, Netherlands). For determination of the
content of total sugar (%), invert sugar (%) and sucro-
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se (%) Luff-Schoorl method (Egan et al., 1981) was
used. Total acids (%) were expressed as malic acids
and determined by titration with 0.1 N NaOH up to pH
8.1, using phenolphthalein as an indicator.
Organoleptic propertieas of fruits. Organoleptic pro-
perties of fruits of the studied cultivars were evaluated
in accordance with the guidelines for testing the valu-
es for cultivation and use of a plum variety specified
by the Regulations of the Ministry of Agriculture, Fo-
restry and Water Management of the Republic of Ser-
bia. Attractiveness of fruits (0-6), as well as taste
(0-8), aroma (0—4) and consistency (0—2) were asses-
sed by positive scoring by five panellists. The overall
organoleptic score (0-20) is the total of all individual
points.

Productivity. To test productivity, yield per tree and
unit area were determined. Yield per tree (kg) was me-
asured by ACS System Electronic Scale (Zhejiang,
China), while yield per unit area (t ha-!) was calcula-
ted and represents multiplication of the yield per tree
and the number of trees per hectare.

Description of the cultivar. ‘Divna’ was described on
the base of obtained results and using the UPOV gui-
delines for the conduct of tests for distinctness, uni-
formity and stability of European plum (2002), as well
as, the methodology recommended by IBPGR (1984)
for evaluation the degree of field resistance to causal
agents of the economically most important viral and
fungal diseases.

Data analysis. The obtained results related to morpho-
metric properties of fruits and productivity were stati-
stically analysed by the Fisher model analysis of vari-
ance (ANOVA) using the software package Microsoft
Office Excel 2003. The means were separated by LSD
test at p < 0.05.

Results and Discussion

Phenological properties. In both plum cultivars, flo-
wering onset was at the end of March and duration of
flowering was ten days (Tab. 1). Considering that
‘Stanley’ was classified as a cultivar of late flowering
time (Neiimuller, 2010), ‘Divna’ had a late flowering
time compared to ‘Stanley’ in the examined period.
Also, ‘Divna’ was characterised by excellent abundan-
ce of flowering and in this respect it was in the line
with ‘Stanley’, referred to as a cultivar of high yiel-
ding potential (Misic, 2002).
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Tab. 1. Characteristics of flowering and ripening phenophases of ‘Divna’ and ‘Stanley’ cultivars (20162017, average)
Karakteristike fenofaza cvetanja sorti Divna i Stanley (2016-2017. godina, prosek)

Flowering phenophase/Fenofaza cvetanja

Cultivar Flowering onset Full flowering End of flowering Abundance Ripening time
Sorta Pocetak cvetanja Puno cvetanje Kraj cvetanja Obilnost Vreme sazrevanja
'Divna’ 31 March 03 April 10 April 5 11 September
‘Stanley' 30 March 02 April 09 April 5 30 August

The fruits of ‘Divna’ ripened at the beginning of
second decade of September, on average twelve days
after ‘Stanley’ (Tab. 1). Considering ripening time and
recommended methodology by UPOV (2002), ‘Div-
na’ can be characterized as a very late cultivar, while
‘Stanley’ as a late ripening-time cultivar. Very late ri-
pening time is very important property of ‘Divna’, be-
cause better price of fruits are usually released at the
end of harvesting season (Netimuller, 2010). Also,
‘Divna’ can be used as a basis in further plum breeding
programmes, because the extension of ripening time is
known to be one of the most important plum breeding
objectives (Ognjanov et al., 2007).

Morphometric properties of fruits. ‘Divna’ had lower
average values for fruit weight (25.52 g), fruit height

and width (45.53 mm and 32.73 mm, respectively) and
stone weight (1.06 g) than ‘Stanley’ (27.87 g, 47.89
mm, 36.32 mm and 1.79 g, respectively), but differen-
ce between cultivars was not significant in the case of
fruit weight. On the other hand, ‘Divna’ had higher
average values for fruit thickness and flesh percentage
(31.29 mm and 95.83%, respectively) than standard
(30.97 mm and 93.53%, respectively). The differences
showed statistical significance only in the case of flesh
percentage. Moreover, the analysis of variance of the
fruit morphometric traits showed a statistically signifi-
cant effect of year on fruit height and fruit thickness
and significant effect of interaction between cultivar
and year on all of studied parameters (Tab. 2).

Tab. 2. Morphometric properties of fruits of ‘Divna’ and ‘Stanley’ cultivars (2016-2017)

Morfometrijske osobine ploda sorti Divna i Stanley (2016-2017. godina)

Cultivar/Year Fruit weight Fruit height Fruit width Fruit tickness Stone weight Flesh percentage
SortalGodina Masa ploda DuZina ploda Sirina ploda Debljina ploda Masa kosrtice Randman ploda
(g) (mm) (mm) (mm) (8) (%)
Cultivar (A)/Sorta (A)
‘Divna’ 25.52 +0.63 45.53+0.22b 32.73£0.34b 31.29 £0.15 1.06 £0.02 b 95.83+0.07 a
‘Stanley’ 27.87 £ 1.01 47.89+0.35a 36.32+1.07 a 30.97 £ 0.44 1.79£0.02 a 93.53+0.21b
Year (B)/Godina (B)
2016 26.72 £ 1.42 46.08 £ 0.46 b 3534+ 1.51 3048 £0.22 b 1.41 £0.18 94.78 £ 0.49
2017 26.67 £ 0.39 47.35+0.59 a 3371 £0.16 31.78 £0.08 a 1.44 £0.15 94.59 £ 0.58
Cultivar x Year (AxB)/Sorta x Godina (AXB)
‘Divna’ 2016 2435+0.37 ¢ 45.04+0.01d 31.97+0.03 ¢ 30.96 £ 0.03 b 1.02+0.02b 95.81+£0.12a
2017 26.68 = 0.69 b 46.02+£0.10 ¢ 3348 £0.11b 31.62+0.04 a 1.10£0.01 b 95.87 £ 0.10a
‘Stanley’ 2016 29.99 £ 0.66 a 47.11+£0.01b 38.71£0.02 a 29.99 £0.07 ¢ 1.80 £0.03 a 93.75 £ 0.38b
2017 26.65+£0.54 b 48.68 £ 0.07 a 33.93+£0.06 b 31.95+0.04 a 1.78 £0.02 a 93.31 £0.14b
ANOVA
A NS * * NS * *
B NS * NS * NS NS
AxB * * * * # ®
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The obtained values of the studied morphometric

parameters of the fruits of examined plum cultivars in
this research are slightly lower than the results repor-
ted by Milosevic et al. (2016), which could be the con-
sequence of different meteorological conditions and
yield. Fruits of ‘Divna’ can be classified as medium-
sized (MiSié, 1996). In addition, the new cultivar is
characterized by a lower fruit size compared to both
parent cultivars (‘Stanley’ and ‘Ca¢anska Rana’). This
can be explained by quantitative inheritance of fruit
weight (Crisosto et al., 2004), which is in accordance
with the results of Paunovic et al. (1968) who reported
that the parent with large fruit size have descendants
that are mostly characterized by smaller fruits. Also, in
the present study, smaller fruit weight of ‘Divna’ com-
pared to ‘Stanley’ could be related with higher yield of
new cultivar (Tab. 5).
Chemical properties of fruits. The chemical composi-
tion of the fruits varies by cultivar and year of study
(Tab. 3) (Usenik et al., 2014). Compared to the stan-
dard, the fruits of ‘Divna’ characterized by the higher
values of soluble solids, total sugar, sucrose and total
acids (19.70%, 12.45%, 5.08% and 0.91%, respecti-
vely) and lower values of invert sugar and pH of fruit
juice (7.10%, 3.69) in the first year of study. In con-
trast, in the second year higher values of all the studi-
ed parameters, except total acids, were determined in
fruits of ‘Stanley’.

The previous results (Milosevic et al., 2016) po-

int to a somewhat higher value of the parameters of the
chemical composition of fruits of ‘Divna’, which may
be due to the different time of harvesting (Casquero &
Guerra, 2009), applied agrotechnical measures (Day et
al., 1992) and climatic conditions (Mitrovi¢ et al.,
2006). The content of soluble solids play important ru-
le in consumer acceptance of some plum cultivar (Cri-
sosto et al., 2004). Neiimuller (2010) stated that late ri-
pening cultivars should have more than 17% of solu-
ble solids and therefore could be concluded that ‘Div-
na’ meets the criteria in this regard.
Organoleptic properties of fruits. Fruit quality is a
combination of physical and chemical properties (Kra-
mer & Twigg, 1966) evaluated by consumers based on
observation of the attractiveness, taste, aroma and con-
sistency (Abbott, 1999). In the final assessment of the
acceptance of a cultivar, besides its quality, the subjec-
tive perception of the consumers is of great importan-
ce (Crisosto et al., 2007).

The plum cultivars tested in our research showed
the same results regarding the fruit attractiveness,
which was expected because of similarity in terms of
fruit weight and fruit dimensions (Tab. 4). The fruits
of analysed cultivars did not differ in terms of aroma
though differences in terms of taste and consistency
were found. Flesh of ‘Stanley’ fruits had better taste in
the second year of study, while the flesh of ‘Divna’
fruits had better consistency during both years.

Tab. 3. Chemical properties of fruits of ‘Divna’ and ‘Stanley’ cultivars (2016-2017)

Hemijske osobine ploda sorti Divna i Stanley (2016-2017. godine)

Soluble solids

Sugar content/Sadrzaj Secera (%)

Total acids

Cultivar Year RSM Total Inverted Sucrose Ukupne kiseline
Sorta Godina (%) Ukupni Invertni Saharoza (%) pH
‘Divna‘ 2016 19.70 12.45 7.10 5.08 0.91 3.69
2017 17.70 12.25 8.23 3.71 1.01 3.63
‘Stanley* 2016 18.80 12.70 7.35 5.08 0.83 3.89
2017 22.50 15.45 8.85 6.27 0.70 4.17
Tab 4. Organoleptic propertieas of fruits of ‘Divna’ and ‘Stanley’ cultivars (2016-2017)
Organolepticke osobine ploda sorti Divna i Stanley (2016-2017. godine)
Attractiveness Flavour Aroma Consistency Total
Cultivar Year Atraktivnost Ukus Aroma Konzistencija Ukupno
Sorta Godina (0-6) (0-8) 04 (0-2) (0-20)
‘Divna‘ 2016 5.00 6.00 1.00 4.00 16.00
2017 5.00 6.00 1.00 4.00 16.00
‘Stanley* 2016 5.00 6.00 1.00 3.00 15.00
2017 5.00 7.00 1.00 3.00 16.00
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Tab. 5. Yield of of ‘Divna’ and ‘Stanley’ cultivars (2016-2017)
Prinos sorti Divna i Stanley (2016-2017. godina)

Yield per tree Yield per unit area

Cultivar/Year Prinos po stablu Prinos po jedinici povrsine
Sorta/Godina (kg) (t ha'!)
Cultivar (A)/Sorta (A)
‘Divna’ 1795+ 137 a 1195+ 092 a
‘Stanley’ 16.62+ 091 b 11.06 £ 0.61 b
Year (B)/Godina (B)
2016 14.82£0.14 b 9.87£0.96 b
2017 19.75 £ 0.66 a 13.15+0.44 a
Cultivar x Year (AxB)/Sorta x Godina (AXB)
‘Divna’ 2016 1490 £0.21 ¢ 9.92+0.14c¢
2017 21.00 £ 0.15a 1398 £0.10 a
‘Stanley’ 2016 1473 £0.23 ¢ 9.81£0.16 ¢
2017 18.51£0.76 b 1233 £0.51b
ANOVA
A * ¢
B * E3
AxB * *

Productivity. Yield per tree and per unit area signifi-
cantly differed between experimental cultivars, as well
as between experimental years (Tab. 4). On average,
‘Divna’ had higher yield per tree (17.95 kg) and per
unit area (11.95 ¢ ha!) compared to the ‘Stanley’
(16.62 kg and 11.06 t ha!, respectively), which was
referred as a good donor for high yield (Misic, 2002;
Neiimuller, 2010). Also, ANOVA showed significant
impact of cultivar and year interaction on investigated
parameters of productivity.

Description of the cultivar. ‘Divna’ (‘Stanley’ x ‘Ca-
¢anska Rana’) is a vigorous cultivar with dense crown.
Flowering time is late, similar with ‘Stanley’. It starts
bearing early, in the second or third year after planting.
It is a regular and heavy bearer. In the field conditions
it shows tolerance to Sharka virus (Plum pox virus), as
well as to causal agents of economically most impor-
tant fungal diseases [Polystigma rubrum (Pers.) DC,
Puccinia pruni-spinosae (Pers.: Pers.), Monilinia laxa
(Aderhold & Ruhland)]. The ripening season is very
late, at the beginning of second decade of September.
The fruit is medium-sized, of elliptical shape, violet
blue skin colour and heavy bloom. The flesh is yello-

wish green, firm, aromatic and tasty. The fruits are su-
itable for fresh consumption and various types of pro-
cessing.

Conclusion

The results of the two-year comparative study of the
most significant phenological, morphometric, chemi-
cal and organoleptic properties, and productivity of the
newly released plum cultivar ‘Divna’, and standard
cultivar ‘Stanley’ indicate that ‘Divna’ deserves to be
included in the existing plum assortment in the Repu-
blic of Serbia. Due to the many positive biological and
production characteristics, especially late ripening ti-
me and productivity, this cultivar is an important sour-
ce of genetic variability for future plum breeding pro-
grammes.
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DIVNA - NOVA SORTA SLJIVE (PRUNUS DOMESTICA L.) STVORENA U INSTITUTU ZA

VOCARSTVO, CACAK

Ivana Gligi¢, Nebojsa Milosevi¢, Zaklina Karaklaji¢-Staji¢, Milena Pordevi¢, Milan Lukic

Institut za vocarstvo, Cacak, Kralja Petra I 9, 32000 Cacak, Republika Srbija

E-mail: iglisic @institut-cacak.org

Rezime

U radu su prikazani rezultati dvogodis$njih (2016
—2017. godine) uporednih proucavanja najznacajnijih
fenoloskih (fenofaza cvetanja i sazrevanja) i pomolo-
$kih (morfometrijske, hemijske i organolepticke) oso-
bina i rodnosti nove sorte §ljive Divna i standard sorte
Stanley. Divna je stvorena u Institutu za vocarstvo,
Cacak iz ukritanja Stanley x Cacanska rana. Opleme-
nivaci su dr Dobrivoje Ogasanovic, dr Darko Jevremo-
vi¢ i dr Ivana Glisic.

Tok i trajanje cvetanja ispitani su putem beleZe-
nja datuma pocetka (otvoreno 10% cvetova), punog
(otvoreno 80% cvetova) i kraja (otpalo preko 90%
kruni¢nih listica) cvetanja. Obilnost cvetanja je izraZe-
na ocenama: odli¢an — 5, vrlo dobar — 4, dobar — 3,
slab — 2, rdav — 1 i nije bilo cvetova — 0. Vreme sazre-
vanja je obeleZeno datumom kada su plodovi bili ade-
kvatno obojeni i postigli najbolji kvalitet za potroSnju.
Primenom standardnih morfometrijskih metoda na
uzorku od 25 plodova u tri ponavljanja odredene su
masa ploda i koStice i duZina, Sirina i debljina ploda.
Prinos po stablu je izmeren uz pomoc elektronske va-
ge ACS System Electronic Scale (Zhejiang, China).
Randman ploda i prinos po jedinici povrSine su dobi-
jeni racunskim putem. Ispitivanje hemijskih osobina
obuhvatilo je: sadrZaj rastvorljivih suvih materija —
RSM (binokularnim refraktometrom Carl Zeiss, Ne-
macka), sadrzaj ukupnih i invertnih Secera i saharoze
(volumetrijski po Luff-Schoorl-u), sadrzaj ukupnih ki-
selina izraZen u jabucnoj kiselini (titracijom sa 0,1 N
NaOH uz prisustvo fenolftaleina kao indikatora do pH
8,1), pH vrednost soka ploda (pehametar CyberScan
510, Singapur). Organolepticka ocena ploda je odrede-
na metodom pozitivnog poentiranja izgleda (0-6),
ukusa (0-8), arome (0-2) i konzistencije ploda (0—4).

Dobijeni podaci vezani za morfometrijske osobine
ploda i prinos su statisti¢ki obradeni primenom FiSero-
vog modela analize varijanse (ANOVA) i LSD testom
za prag znacajnosti od P < 0,05. Na bazi dobijenih re-
zultata i medunarodnih deskriptora za §ljivu dat je opis
sorte.

Sorta Divna se odlikuje bujnim stablom i gustom
krunom. Cveta kasno, istovremeno sa sortom Stanley.
U periodu ispitivanja odlikovala se znacajno viSim pri-
nosom po stablu i jedinici povrSine (17,95 kg i 11,95 ¢
ha1) u odnosu na standard sortu Stanley (16,62 kg i
11,06 ¢ ha!). Vreme sazrevanja nove sorte je veoma
pozno, na pocetku druge dekade septembra, u proseku
12 dana posle standard sorte. Plodovi sorte Divna su
srednje krupnoce (prosecno 25,52 g), eliptinog oblika
(duZina — 45,53 mm; Sirina — 32,73 mm; debljina 31,29
mm), ljubicasto-plave boje pokoZice sa obilnim pe-
peljkom. Prema rezultatima dobijenim u ovim prouca-
vanjima masa i debljina ploda nove sorte su u nivou
standard sorte Stanley, dok su duZina i Sirina ploda,
kao i masa koStice znacajno manje, a randman ploda
znacajno veci. Mezokarp ploda sorte Divna je Zuto-ze-
lene boje, ¢vrst, ukusan i aromatican. U zavisnosti od
godine sadrzi 17,70-19,70% RSM; 12,25-12,45%
ukupnih Secera; 7,10-8,23% invertnih Secera;
3,77-5,08% saharoze i 0,91-1,01% ukupnih kiselina.
Plodovi su pogodni za upotrebu u sveZem stanju, kao
1 za razlicite vidove prerade. U prirodnim uslovima za-
raZavanja ne ispoljava simptome krakteristicne za eko-
nomski najznacajnije gljivicne bolesti §ljive. Tolerant-
na je na virus Sarke Sljive.

Kljucne reci: Prunus domestica L., fenofaza cvetanja

i sazrevanja, morfometrijske, hemijske i organoleptic-
ke osobine ploda, rodnost
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