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CHARACTERIZATION OF PELTATE TRICHOMES
OF COMMERCIALLY IMPORTANT Lamiaceae SPECIES
GROWN IN SERBIA

ABSTRACT: Peltate trichomes have been the focus of botanical research for decades
as the main secretory structures responsible for the production of essential oil and other
specialized metabolites. For this study, samples of the plant material were obtained from the
collection of the Institute for Medicinal Plant Research “Dr. Josif Panci¢”. This study was
conducted to perform morphological characterization, determination of the diameter and
analysis of the distribution of peltate trichomes on leaves and calyces of selected commercial
Lamiaceae species. In addition, the density of peltate trichomes on the leaves was determined.
The analyses were carried out using a stereomicroscope and a scanning electron microscope.
The leaves of all plant species bear peltate trichomes on the adaxial and abaxial leaf sides,
with the highest density observed in Origanum heracleoticum (24.3 and 17.4 per mm?, re-
spectively). Density was generally higher on the adaxial surface, with the exception of
Mentha % piperita (higher density on the abaxial side) and Satureja montana (equal density
on both leaf sides). The largest diameter of peltate trichomes was observed in leaves and
calyces of S. montana (88.79 pm and 90.57 pum, respectively), while the smallest diameter
was noticed in Origanum vulgare (about 65.00 pm). The plant species studied differ in app-
earance, diameter, distribution and density of the peltate trichomes. The results obtained
indicate that micromorphological features could be valid parameters for the microscopic
authentication of aromatic plants of which the representatives of the Lamiaceae are of par-
ticular commercial importance.

KEYWORDS: aromatic plants, Lamiaceae, leaves and calyces indumentum, peltate
trichomes, scanning electron microscopy
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INTRODUCTION

The mint family (Lamiaceae) is the sixth-largest family of flowering plants
and includes over 7,000 species (Drew and Sytsma, 2012). Due to the production
of secondary metabolites, the Lamiaceae are considered one of the most eco-
nomically important plant families. Certain taxonomic groups in the Lamiaceae
family are rich in essential oils, which have a wide range of biological functions
in plants and a high level of pharmacological activity (Dhifi et al., 2016).

The indumentum of Lamiaceae taxa, especially their leaves and floral parts,
bear glandular trichomes that produce various useful secondary metabolites.
Peltate trichomes, characterized by a short stalk and a broad secretory head
consisting of 4-16 cells arranged in a single disc, are classified as long-term
glandular hairs; the secreted substances were continuously accumulated as lipo-
philic droplets during the growth of the organ, and released after the cuticle
ruptured (Werker, 1993). The density and diameter of peltate trichomes vary over
a wide range depending on the species (Svidenko et al., 2018), plant origin and
population (Fialova et al., 2015; Hanafy et al., 2019), and ecological or cultivation
conditions (Kokkini et al., 1994; Bosabalidis and Kokkini, 1997; Shafiee-Haji-
abad et al., 2014; Kosakowska et al., 2020; Stefan et al., 2021).

Table 1. Previous studies on the trichomes of selected Lamiaceae species

Species Plant parts”  Glandular  Place of collection Reference
trichomes”
Hyssopus officinalis L. L,S,Ca,Co NG, C,P ltaly Venditti et al. (2015)
(hyssop) L,S,Ca,Co NG,C,P Ukraine Kotyuk et al. (2016)
L P Grown in Ukraine ~ Svidenko et al. (2018)
Lavandula angustifolia L,S NG, C,P (L) Romania Stefan et al. (2021)
Mill. (lavander) L, Ca, Co NG, C,P  Italy Giuliani et al. (2023)
Mentha x piperita L. L P Slovakia Fialova et al. (2015)
(peppermint) L NG, C,P  Grown in Australia Hanafy et al. (2019)
Ocimum basilicum L. L P Grown in Ukraine ~ Svidenko et al. (2018)
(basil) L NG,C,P  Egypt Azzazy (2019)
L,S NG, C,P India Sanoj and Deepa (2021)
Origanum heracleoticum L,Ca NG, C,P  Greece Kokkini et al. (1994)
L. (Greak oregano) L P Greece Bosabalidis and Kokkini (1997)
Origanum vulgare L. L,Ca NG, C,P  Greece Kokkini et al. (1994)
(common oregano) L NG, C,P  Grownin Germany Shafiee-Hajiabad et al. (2014)
L NG, C,P  Grown in Germany Bosabalidis and Kokkini (2014)

Rosmarinus officinalis L. L NG, C,P  Grown in Serbia ~ Marin et al. (2006)
(rosemary) L NG, C,P  Grown in Brasil Boix et al. (2011)
Salvia officinalis L. L,Ca NG, C, P Corsi and Bottega (1999)
(sage) L P Grown in Ukraine  Svidenko et al. (2018)
Satureja montana L. L,S, Ca NG, C,P  Croatia Marin et al. (2012)
(winter savory) L P Grown in Ukraine  Svidenko et al. (2018)
Thymus vulgaris L. L P Grown in Ukraine ~ Svidenko et al. (2018)
(thyme) L NG, C, P Kosakowska et al. (2020)

"L —leaf, S — stem, Ca — calyx, Co — corolla “NG- non-glandular trichomes, C — capitate trichomes,
P — peltate trichomes;
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Data on micromorphology of many commercially used Lamiaceae species
can be found in the literature (Table 1), but data on plants grown in Serbia are
lacking. Since the aerial parts, which include leaves and inflorescences, are
most commonly used as herbal remedies, the aim of this study was to morpho-
logically characterize, determine the diameter and analyze the distribution of
peltate trichomes on leaves and calyces of selected Lamiaceae species grown
in Serbia. In addition, the density of peltate trichomes on the leaves was de-
termined.

MATERIAL AND METHODS
Plant material

The plant material of ten commercial Lamiaceae species was obtained
from the collection of the Institute for Medicinal Plant Research “Dr. Josif
Panci¢”. The leaves and calyces were collected at the flowering stage, air-dried
and carefully stored in paper bags until microscopic analysis.

Stereomicroscopic analysis

The dried leaves and calyces (N=10) of each species studied were sepa-
rated and analyzed using a Nikon SMZ18 stereomicroscope (Tokyo, Japan).
As for the peltate trichomes, photographs were taken of both the adaxial and
abaxial sides of the leaf and the outer side of the calyx. The photos were
evaluated with respect to the color and distribution of the trichomes. The di-
ameter of the peltate trichomes and their density were determined using
Digimizer 4.3.4 and presented as mean =+ standard deviation.

Scanning electron microscopy (SEM) analysis

The adaxial and abaxial leaf side as well as the outer side of the calyx were
coated with a thin gold layer (BALTEC SCD 005 Sputter Coater, 100 seconds,
30 mA) and then analyzed and photographed with JEOL JSM — 6390W.

RESULTS AND DISCUSSION

Glandular hairs, including those of peltate type, are distributed on the
aerial vegetative and reproductive organs of Lamiaceae representatives (Werker,
1993). The results of the study confirmed that the plants grown in Serbia also
had peltate trichomes on both the adaxial and abaxial sides of the leaves and
on the outer side of the calyx of all the species studied (Table 2). In the current



study, peltate trichomes were observed under the stereomicroscope as yellowish
to brownish globular structures (Figures 5, 7, and other figures indicated by odd
numbers), depending on the stage of trichome growth (Svidenko et al., 2018).

Table 2. Presence, diameter and density of peltate trichomes on the investigated species

Leaves Calyxes
Species Pr. Diameter (um)”  Density (per mm?)™  Pr. Diameter (um)
ad ab ad ab

Hyssopus officinalis + + 81.74+2.23 7.90+1.80 nd +  78.00+4.63
Lavandula angustifolia + +  66.43+2.91 nd nd + nd

Mentha x piperita + +  79.11+4.82 9.80£1.20 23.30+1.90 +  85.37+4.28
Ocimum basilicum + +  78.89+5.46 nd nd +  81.25+6.46
Origanum heracleoticum + + 82.34+£3.34  24.30+1.30 17.4«£1.70 + 88.84+4.75
Origanum vulgare + + 62.45+1.19 nd nd +  65.00+4.26
Rosmarinus officinalis ~ + + nd nd nd + 73.68+1.37
Salvia officinalis + +  73.26+4.33 nd nd +  76.99+2.66
Satureja montana + + 88.79+2.80 11.30£1.80 11.80+2.20 + 90.47+3.36
Thymus vulgaris + +  66.89£2.04  16.00£3.70 6.50£1.90 + = 66.83+4.21

*Obtained by measuring peltate trichomes on the adaxial leaf side and expressed as meantstandard
deviation; “Obtained by counting peltate trichomes on abaxial leaf side of leaves; Pr. — presence;
nd — The density and diameter of the peltate trichomes were not determined in the samples with
the dense non-glandular trichomes in the indumentum.

The highest density of peltate trichomes was observed in the leaves of O.
heracleoticum (Table 2; Figures 9—10 and 29-30). Our sample showed sig-
nificantly higher densny compared to O. vulgare subsp. viridulum (syn. O.
heracleoticum) (1.5 and 1.2 per mm?, respectively) (Bosaba11d1s and Kokkini,
1997) and O. vulgare subsp. vulgare (97 and 6.3 per mm?, respectively) (Sha-
fiee-Hajiabad et al., 2014). Density was generally higher on the adaxial surface,
except for M. X piperita (peltate trichomes were denser on the abaxial than on
the adaxial side) and S. montana (equal density on both leaf sides) (Table 2).
Interestingly, the abaxial 51de of M. x piperita had a density of peltate trichomes
as high as 23.30 per mm?, which was almost more than twice the density of
the adaxial leaf side. The results of previous studies (Fialova et al., 2015; Hanafy
et al., 2019) also showed that the density on the abaxial than on the adaxial leaf
surface of M. x pzperzta was significantly higher, ranging from about 8 to 16
peltate trichomes/mm?. The adaxial side of Th. vulgaris leaves had more than
twice the den51ty of the abaxial (Table 2). Similar results were obtained for T%.
vulgaris grown in Ukraine, with values of about 15 and 6 trichomes/mm?,
respectively (Kosakowska et al., 2020).
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Figures 1-20. Peltate trichomes on the adaxial leaf side of investigated commercial La-
miaceae species': 1-2. H. officinalis (135x); 3—4. L. angustifolia (100x); 5-6. M. X piperita
(135x), 7-8. O. basilicum (135x); 9-10. O. heracleoticum (135x); 11-12. O. vulgare (135x),
13-14. §. officinalis (135x); 15-16. S. montana (135x); 17-18. Th. vulgaris (135x); 19-20.
R. officinalis (80x).

The largest diameter of peltate trichomes was observed in leaves and
calyces of S. montana (88.79 um and 90.57 pm, respectively). Relatively large
peltate trichomes (>80 pm diameter) were observed on the adaxial leaf side of
O. heracleoticum and H. officinalis, and on the calyces of O. heracleoticum,
M. % piperita and O. basilicum. The smallest diameter was found on leaves
and calyces of O. vulgare (62.45 pm and 65.00 pm, respectively), followed by
Th. vulgaris (about 67 um for both plant parts) (Table 2). In general, the peltate

' Odd numbers are for the photographs obtained by stereomicroscope (magnification in
brackets), and even numbers by SEM at magnification of 500x.
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trichomes were slightly larger on the calyces than on the leaves of the corre-
sponding species. As already indicated by Svidenko et al. (2018), the leaves of
Hyssopus angustifolius, H. officinalis and S. montana bear the largest peltate
trichomes among the Ukrainian Lamiaceae plants studied. Compared to our
results, Kotyuk et al. (2016) found smaller and denser peltate trichomes (47.82
um and 13.6 per mm?, respectively) on the adaxial leaf surface of H. officinalis
grown in Ukraine.

> )ﬁmk 100um

X150 100pm F, 10KV X707 2004

" @ 0,5

y

1sky. X100 | 400um % . T \«;ﬂu 100,

Figures 21—40. Peltate trichomes on the calyces of investigated commercial Lamiaceae
species’: 21-22. H. officinalis (60x and 100x); 23-24. L. angustifolia (50x and 150x); 25-26.
M. x piperita (50x and 500x); 27-28. O. basilicum (10x and 150x); 29-30. O. heracleoticum
(30x and 200x); 31-32. O. vulgare (30x and 200x); 33-34. R. officinalis (30x and 150x);
35-36. S. officinalis (30x and 70x); 37-38. S. montana (50x and 100x); 39—40. Th. vulgaris
(60x and 200x)

2 0dd numbers are for the photographs obtained by stereomicroscope, and even numbers by
SEM (magnification in brackets).
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In contrast, Svidenko et al. (2018) observed peltate trichomes with a larger
diameter on the S. montana leaves (as much as 105.12 pm). These authors also
found that Th. vulgaris bear larger peltate trichomes compared to our sample.
The diameter of peltate trichomes of M. x piperita determined in this study
was in agreement with results reported for populations from Slovakia (Fialova
et al., 2015) and the plants grown in Australia (Hanafy et al., 2019). The diam-
eter of the subcuticular chamber of peltate trichomes observed on the adaxial
leaf side of O. vulgare subsp. viridulinum had a lower value (70.27 um) (Bosa-
balidis and Kokkini, 1997) than that determined for our sample. The size of the
peltate trichomes on O. vulgare was in agreement with the value determined for
the adaxial leaf side of O. vulgare subsp. vulgare grown in Germany (58.7 pm).
The density and diameter of the peltate trichomes were not determined in the
samples with the dense non-glandular trichomes in the indumentum, such as
R. officinalis (Figures 19-20 abd 33-34) and L. angustifolia (Figures 3—4 and
23-24).

In most of the specimens examined, the peltate trichomes are observed
in the secretory phase. The number of head cells varied from four cells in one
cycle in O. basilicum (Figure 8) to 12 cells in O. vulgare (four in the inner and
eight in the outer cycle) (Figure 12). The secretory head of various Origanum
taxa consisted of four, occasionally two, central and eight to twelve peripheral
cells (Shafiee-Hajiabad et al., 2014). Similar observations were made in the leaves
of S. officinalis (Corsi and Bottega, 1999) and S. montana (Marin et al., 2012).
The eight-celled secretory head was observed on the leaves of Mentha spp.
(Fialova et al., 2015) and R. officinalis (Boix et al., 2011).

CONCLUSIONS

In this study, peltate trichomes in leaves and calyces indumentum of com-
mercial Lamiaceae species grown in Serbia were examined for their density,
diameter, distribution and morphology. The highest density of peltate trichomes
was observed on the adaxial leaf side of O. heracleoticum and the largest di-
ameter on leaves and calyces of S. montana (about 90 pm). The number of head
cells varied between four and twelve, each arranged in one to two cycles. In
addition, the results of this study suggest that differences in the size, density,
appearance and distribution of peltate trichomes could be used for both mac-
roscopic and microscopic authentication of aromatic Lamiaceae taxa.
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KAPAKTEPU3AIIMNJA ITEJITATHUX TPUXOMA
KOMEPIIUJAJIHUX BPCTA YCHATULIA TAJEHUX YV CPBUIN

Amna 3. ATUMITM'R APAJICKU", Cmusana M. JAHKOBUR!,
Hejan C. IIJbEBJbAKYIINR?, Karapuna I1. ITABUKHWH?,

[Coma H. IVJIETUR JAVIIEBUR!, Terap Jl. MAPUH!

''Vausepsurer y beorpany, buonomku daxynrer,
WHctnTyT 32 60oTanuky u borannuka 6amra ,,JeBpemonair’,
Crynentcku Tpr 16, beorpaza 11000, Cpouja
>MHCTUTYT 3a IpOyUaBame JeKOBUTOT Ousba ,,JIp Jocud IMamuuh”,
Taneyma Komwhymika 1, beorpax 11000, Cpouja

PE3UME: Kao Haj3HauajHUje CEKPETOPHE CTPYKTYPE OATOBOPHE 32 MPOAYKIIH]Y
€TapCKUX yJba U APYTUX CHELHjaTM30BaHUX METa00IUTa, [IeJITATHE TPUXOME Cy AeLe-
Hujama y hokycy OOTaHHUYKUX UCTpaKUBamwa. 3a I0Tpede OBOr paja, y30pLy OUJbHOT
MaTepujaia cy J00ujeHu u3 Koyeknuje MHcTuTyTa 32 TpoyYyaBame JIEKOBUTOT OHIba
»Ap Jocud [arnuuh”. OBo HcTpakuBame je CIPOBENCHO Y UJbY MOP(OJIOIIKE KapaKTe-
puzanuje, onpehuBama ArjaMeTpa U aHaJIu3e JUCTPUOYIIH]e MeITaTHUX TPUXoMa Ha
JINCTOBMMA W 4amuiamMa ogadpaHnx KoMeprujainux Bpcta pamunuje Lamiaceae.
[open Tora, ogpeheHa je TycTHHA MEATATHUX TPUXOMA HA JIMCTOBHMA. AHAJIHU3E CY
crpoBeeHe KopulthemeM OMHOKYyIapHe JIyTie U CKeHUpajyher eleKTpOHCKOT MUKPO-
ckorna. JINCTOBY CBUX UCIIUTHBAHUX BPCTa HOCE NENTaTHE TPUXOME Ha aJaKCH]jaJIHO]
n abakcujaliHOj CTpaHU, ca HajBehoM I'yCTMHOM yTBpheHOM Koj juctoBa Origanum
heracleoticum (24,3 onsocro 17,4 mo mm?). I'ycTHHA ENTaTHAX TPUXOMA je TeHEPATHO
Ouia BUILA HA aJlaKCHjaTHO] CTPaHH, ca U3y3eTKoM Mentha X piperita (BUILia TYCTHHA
Ha a0akcHjaHoj cTpanu) u Satureja montana (OJjeHAKa TYCTHHA HAa 00€ CTpaHe
nucta). Hajpehu nujamerap nenraTHUX TPUXOMa YOUCH je Ha JTUCTOBMMA M Yalruiiama
S. montana (88,79 um, ogHocHo 90,57 um), 10K Cy HajMamer AujaMaTpa ouie koa Ori-
ganum vulgare (oko 65,00 pm). ['ycTuHa ¥ AMjaMeTap MeATATHUX TPUXOMa HUje OUIIo
Moryhe oapeauTH KoJl y30paka ca I'yCTHM HerJIaH1yJIapHUM TPUXOMaMa y HHAYMEHTYMY.
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[Ipoy4aBaHe BpcTe Cy Ce pa3IHKoOBaJIe O U3ITIeAY, AUjaMeTpy, TUCTPUOYIIHjH U TYCTH-
HU MENATaTHUX Tpuxoma. Jlo0ujeHn pe3yiaTaTu yka3yjy aa Ou MUKPOMOP(OIOMIKH
KapaKTepy MOTJIH Jia Oy/1y BallUJIHUA TTApaMETPH 32 MUKPOCKOIICKY ay TEeHTU(UKAIIN]Y
apOMaTHYHMX BPCTA YCHATHUIIA, OJ KOjUX Cy HEKE O] BEJTMKOI KOMEPIMjaJIHOT 3Hauaja.

KJbYUHE PEUU: apomaTrune OMsbKe, MHIYMEHTYM JIMCTOBA U yamuna, Lamia-
ceae, IeJITaTHE TPUXOME, CKeHUpajyha eleKTpoHCKa MUKPOCKOIINja
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ABSTRACT: In this paper we present results of the botanical research performed from
October, 2022 to October, 2023 in SNR “Titelski breg”. The Reserve has been legally pro-
tected from 2009 and ever since, active conservation measures, including mowing, grazing
and removal of invasive plant species, have been implemented. Titelski breg is an isolated
ellipsoid loess hill situated in the northern Serbia, between the Tisa River and several set-
tlements. Flora and vegetation of the hill have been thoroughly studied in the past since 1896,
and most of the data were published in the period 1980—1990. Our botanical research was
conducted at 11 localities, which were previously prioritized, based on the number of pub-
lished data on vasular plants and answers given by managers of the Reserve in the question-
naire. The collected plant samples were preserved, identified and stored in the herbarium of
the University of Novi Sad (BUNS). After that, data on vascular plants were compared with
a database compiled with available and relevant floristic and phytocoenological literature
published between 1972 and 2022. As a result, there were 18 new vascular plant species, five
new subspecies and one new variety. These results contribute to the general knowledge on
their distribution and floristic diversity of Serbia, and are crucial for the evaluation of the
protection and management in the Reserve.

KEYWORDS: invasive plants, loess, management, protected area, steppes

INTRODUCTION

Titelski breg is an isolated ellipsoid loess hill in the northern part of Ser-

bia. From the eastern side it is bordered by the Tisa River, and on the southern,
western and northern side it leans against the settlements Titel, Lok, Vilovo,

* Corresponding author. E-mail: dragan.obradov@dbe.uns.ac.rs
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Sajkas and Mogorin. The plateau landform itself is 18 km long and 7.5 km
wide, with minimum 72.5 m and maximum 130 m of altitude. The Titel plateau
abruptly ends at the valley of the Tisa River, where it falls almost vertically
toward the surrounding alluvial plain (Bjelajac et al., 2016). Particular geomor-
phology of these cliffs and gullies where natural vegetation, mainly open tem-
perate grasslands, has been preserved to this day, along with the surrounding
agricultural fields, represent a unique natural entity. Some authors claim that the
Danube River separated Titelski breg from Srem loess plateau by cutting across
its meander neck, while others consider that Titelski breg has always been iso-
lated (Kos¢al et al., 2008). Even though there are still different theories about the
origin of Titelski breg, it does not call the question on its specificity. Moreover,
decades of research of the flora and vegetation, as well as geological and geo-
morphological studies of Titelski breg, have highlighted its uniqueness and ex-
ceptional value as a nature reserve. These investigations are vital and upon them
this area was declared as the Special Nature Reserve (SNR) in Serbia in 2009.

SNR “Titelski breg” belongs to the first category of protected areas of
exceptional national importance in Serbia (Anonymous, 2009, 2010a), while
according to the [UCN categorization it is recognized as an area where protection
is implemented through intervention measures. The Reserve covers an area of
496 ha, and its largest part is occupied by open grasslands such as steppes,
meadows and pastures, followed by forests and roads, while the water channel
network, reed beds and marshes are reduced to an almost negligible percent
(Butorac et al., 2011).

With its grasslands, the SNR “Titelski breg” represents an important area
for birds (BirdLife International, 2023), plants (Stevanovi¢, 2005), and it is a part
of the Ecological network of the Republic of Serbia (Anonymous, 2010b). Addi-
tionally, some of habitat types in the Reserve are evaluated as internationally
important as stated in the EU Habitat Directive (2007), in particular Pannonian
loess steppe grassland (code 6250). Furthermore, there are almost 30 plant
species marked as important for biodiversity conservation due to their relic sta-
tus (e.g. Adonis vernalis, Crocus variegatus, Prunus tenella, Sternbergia col-
chiciflora), although some of them, included in CITES convention (Anacamptis
coriophora) or in Annex Il of EU Habitat Directive (Colchicum arenarium)
have not been observed in the Reserve for 50 or 100 years (Butorac et al., 2011;
CITES Species, 2023; EU Habitat Directive, 2007). According to Jones et al. (2013),
there are several reasons for long-term monitoring of biodiversity: 1) to improve
understanding of complex interactions in natural systems, 2) to detect unex-
pected changes, 3) to raise awareness among the public and policy makers, 4)
to audit management actions and 5) to inform management decisions. Moreo-
ver, Schalaepfer (2018) emphasized that biologists should include not only
native species, but also non-native species in the monitoring plan. Overall,
given the potential ecological and economic effects on biodiversity and eco-
system-services, a top priority of biodiversity research should be to collect, com-
pile, and evaluate biodiversity data in space and time (Hines & Pereira, 2021).
The best way to perform that in SNR “Titelski breg” is through thoroughly
planned botanical research on previously defined localities.
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Biogeographically, Titelski breg belongs to the Pontic-South-Siberian
steppe region (Stevanovi¢, 1992). Grasslands, such as steppes, pastures and
meadows are under severe threats from ongoing degradation, undermining their
capacity to support biodiversity, ecosystem service and human well-being. Yet,
they are largely ignored in sustainable development agendas (Bardgett et al.,
2021). Due to the negative effects of climate change, the spread of invasive
plants and high nitrogen content in the substrate, these habitats are largely
fragmented and altered, making less than 10% of the global area of terrestrial
ecosystems (Henwood, 2010; Beck et al., 2015). Moreover, grasslands provide
a wide range of ecosystem services, including biomass production, carbon
storage and sequestration, water infiltration, purification and storage, erosion
prevention and recreation, food for herbivores and other animals, as well as
food and home for pollinators and birds (Torok et al., 2020).

The flora and vegetation of the hill were thoroughly studied in the past,
and botanical research can be divided into two periods. The first period covers
the end of the 19" century and the beginning of the 20™ century, while the
second extends to the end of the 20™ century, with the most active period from
1980 to 1990. In the former period, Prodan and Zorkoczy, stand out among the
researchers, while in the latter Butorac, Igi¢, Stanojev and Stojanovi¢ must be
highlighted. Owing to these systematic investigations (Zorkoczy, 1896; Prodan,
1915; Butorac and Igi¢, 1995; Butorac et al., 2008; Igi¢, 1988; Igi¢ et al., 2019;
Stanojev, 1981, 1983; Stanojev & Boza, 1984; Stanojev & Obradovic, 1983, 1986;
Stojanovi¢, 1979, 1981) Titelski breg is considered a well-known floristic area
in Serbia. However, there have been almost two decades since the last solid
botanical investigation in the Reserve. Considering the time interval since the
last floristic study, modern research approach was designed to assess the flo-
ristic richness, necessary for making a complete list of vascular plants of the
Reserve, as well as to provide recommendations for sustainable conservation
management planning in the future.

On the basis of these statements, the aims of this research were defined
as follows: 1) to build a database with literature data on vascular flora published
for the SNR “Titelski breg” in the period 1972-2022, 2) to design and conduct
a questionnaire with the employees of the SNR “Titelski breg” about manage-
ment measures that have been conducted in the past 20 years, 3) to define lo-
calities that are priorities for floristic research due to differences in manage-
ment practice and existing floristic data, and 4) to perform botanical research
and to evaluate floristic diversity on these localities.

MATERIALS AND METHODS
Design of the database and the questionnaire

Database of literature data was designed in Excel for Windows (Microsoft
Office, 2007). It included floristic and phytocoenological data from the relevant
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references sources for the Titelski breg: Anackov (2003, 2009), Butorac & Igi¢
(1995), Butorac et al. (2008), Igi¢ (1988), Igi¢ et al. (2019), Josifovi¢ (1972-1976,
1977), Kosti¢ (2005), Peri¢ et al. (2018), Rat (2019), Sari¢ (1992), Sari¢ & Dikli¢
(1986), Stevanovic¢ (2012, 2022), Stanojev (1981, 1983), Stanojev & Boza (1984),
Stanojev & Obradovi¢ (1983, 1986) and Stojanovi¢ (1979, 1981). Although
Titelski breg had already been botanically studied before 1972, this year was
chosen as the “0-point” because it is the year when the first edition of the
Flora of the Republic of Serbia, volume 3, was published. All the earlier bo-
tanical data on this area should have been summarized in this paper. The data
extracted from the literature are distributed over 6 general variables (e.g. sys-
tematics, locality name and position, habitat, ecology, collection date and co-
llector, and publication). After reviewing the literature, the data were critically
analyzed and harmonized. Plant family affiliation is given according to the
APG IV (2016), while the names of the vascular plant taxa were harmonized
with the POWO (2023) and Euro+Med (2006+). Database of the literature data
on the SNR “Titelski breg” includes 7.361 floristic records in total, for 672
recorded vascular plant taxa, which existed in the Reserve. Furthermore, almost
30% of data are imprecise, and are related to Titelski breg as a whole. After
that, the questionnaire (Table 1) was made in order to get information about
management measures that have been implemented in the Reserve for the past
20 years. Finally, the database and questionnaire were constructed with the
purpose of designing botanical study on localities that can be labeled as “pri-
ority”, as well as to compare new results with the previously published ones.

Table 1. The questionnaire about management measures that have been conducted in the
Reserve for the past 20 years.

Measure Grazing

Question 1  Are there localities in the Reserve where grazing with sheep is conducted?
Question 1.1 If YES — which are those localities?

Question 1.2 If YES — how large are those localities?

Question 1.3 If YES — how many sheep are there?

Question 1.4 If YES — in which period of the year grazing with sheep is conducted on those
localities?

Question 2 Are there localities in the Reserve where grazing with cows is conducted?
Question 1.1 If YES — which are those localities?

Question 1.2 If YES — how large are those localities?

Question 1.3 If YES — how many cows are there?

Question 1.4 If YES — in which period of the year grazing with cows is conducted on those
localities?

Measure Mowing

Question 3  Are there localities in the Reserve where mowing is conducted?

Question 3.1 If YES — which are those localities?

Question 3.2 If YES — how many times per year the mowing is conducted on these localities?

Question 3.3 If YES — how large are those localities?
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Definition of the localities as priorities
for botanical research

During the prioritizing process concerning localities, there were three
criteria to make decisions: 1) zone of protection (1%, 2" and 3'%), 2) number of
previously published data on vascular plants, and 3) type (no measures, grazing
by sheep, grazing by cows and mowing) and number (0, 1, 2 or 3) of manage-
ment measures (Table 2). Different types of management measures were taken
into account, because it has been proven that they have positive or negative
effect on floristic diversity, as well as population size and abundance of grass-
land plants (e.g. Beck et al., 2015; Molina et al., 2020; Smith et al., 2018; Talle
et al., 2016; Zhang Y. et al., 2017; Zhang M. et al., 2023), and consequently
affect other organisms. Additionally, the same long-term management measures
may affect invasive plants (Porensky et al., 2020; Smart et al., 2017), which
would be essential for future conservation steps in the Reserve. As for the
number of previously published data on vascular plants, only those that can be
certain were taken into consideration, i.e. when locality was named precisely,
with or without coordinates. All data referred to larger area, cited with dash
or hyphen (e.g. Lok—Vilovo, Vilovo-Titel, Sajkas—MoSorin), could not be tak-
en into account.

Upon given answers in questionnaire (Table 1) and floristic data on SNR
“Titelski breg” in the database, 11 priority localities for botanical study were
selected. There are three localities in the 1% zone of protection, where manage-
ment measures are forbidden: Demljankov gully, Dukatar and Fokini oraji and
only one locality in 2™ and 3" zone of protection where management measures
are not implemented — Sajkas. The rest of priority localities (7) are in the 2™
and 3™ zone of protection and these localities can be divided into three groups:
1) locality with only one management measure (grazing by sheep) — MoSorin,
2) five localities with two management measures (grazing by sheep and mowing)
— Vilovo, 1* gully from Topola to Vilovo, Grac, Kapetanov gully, Topola and
3) just one locality with three management measures (grazing by sheep and
cows, and mowing) and small number of previous botanical data — pasture
“Vodice” (Figure 1).
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1)

Table 2. Localities selected as priorities for botanical research in SNR “Titelski breg’
during 2022-2023 with important characteristics

No pbreviation  Locality name Oy literature data  measures
1 FO Fokini oraji 39

2 DEM Demljankov gully Ist 63 n. a.

3 DUK Dukatar 56

4 MOS Mosorin 827 grazing — sheep
5 SAJ Sajkas 1 no measures

6 VIL Vilovo 232

7 KAP Kapetanov gully

8 GRA Grac ond 51 3 " grazing — sheep,
9 1 TOP-VIL tl;‘ \g]?llg/ 0from Topola mowing

10 TOP Topola 2

11 VOD Vodice 0 grazing —sheep

and cows, mowing

Legend: n. a. — not applicable because the measures are forbidden in the 1% zone of protection;
" it cannot be determined precisely

Legend
@ 15t zone of protection, no management measures

() 2nd and 3rd zone of protection, grazing by sheep

¢ 2nd and 3rd zone of protection, grazing by sheep and mowing

() 2nd and 3rd zane of protection, no management measures

@ 2nd and 3rd zone of protection, grazing by sheep and cows, and mowing

Google Earth

Figure 1. Study area with marked localities chosen as priorities based on defined
criteria (Numbers of the localities follows legend given in the Table 2)
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Botanical research

Botanical research included inventory on vascular plant taxa in 11 se-
lected priority localities from October 2022 to October 2023. The research was
performed in 25 m? sites, which were randomly chosen in each priority locality.
Depending on the size of locality, number of sites varied from one to four. The
vascular plant taxa were collected, herbarized by standard methods (Anackov,
2021) and identified by relevant keys (Josifovi¢, 1972—1976; Nikoli¢, 2020;
Sari¢, 1992; Stevanovi¢, 2012, 2022; Tutin et al., 1964—1980) and iconographies
(Javorka and Csapody, 1975; Kiraly et al., 2011). Plant specimens were deposited
in Herbarium of the University of Novi Sad (BUNS). Plant family affiliation
is given according to the APG IV (2016), while the names of the vascular plant
taxa were harmonized with the POWO (2023) and Euro+Med (2006+).

In order to get a list of new taxa that have not been recorded in the SNR
“Titelski breg”, all vascular plant taxa from our research were compared with
the database. Since the study was performed on the territory of the nature
reserve, all alien plant taxa are considered invasive according to IAS Regulation
(EU 1143-2014). List of invasive plant alien taxa was determined in comparison
to Anackov et al. (2013) and Lazarevic et al. (2012). Names of collectors of plant
material are presented with abbreviations: Bojana Boki¢ (BB), Kristina Pordevi¢
(KB), Dragan Obradov (DO), Jovan Peskanov (JP) and Aleksa Viku (AV).

RESULTS AND DISCUSSION

After comparing the data obtained during our botanical research at 11
priority localities, with the previously formed database, presence of 24 vascular
plant taxa that were not previously recorded for the SNR “Titelski breg” was
determined. Within this this number, 18 new species, 5 subspecies and 1 variety
were found. Plant taxa names are listed alphabetically with name of plant family,
locality, coordinates, collectors and dates (Table 3).

Table 3. New vascular plant taxa recorded in SNR “Titelski breg” during the botanical
research in 2022 and 2023

No. Taxon and family Data on locality, collection date and legators
Adonis flammea Jacq. 1776
(Ranunculaceae)
Ailanthus altissima (Mill.)

2 Swingle 1916* (Simarou-
baceae)

Fokini oraji (N 45.23348, E 20.30181, leg. JP & DO, 11.05.2023.)

Vilovo (N 45.249265, E 20.162671, leg. JP, AV, Kb & DO,
16.11.2022.)

Dukatar (N 45.28312, E 20.24219, leg. AV & DO, 05.06.2023.),
Fokini oraji (N 45.23348, E20.30181, leg. JP & DO, 11.05.2023.;
N 45.23348, E 20.30181, leg. AV & DO, 05.06.2023.)

Althaea hirsuta L. 1753
(Malvaceae)
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Arabidopsis thaliana (L.)
Heynh. 1842 (Brassicaceae)

Kapetanov gully (N 45.23557, E 20.18295, leg. AV & DO, 31.03.
2023), Demljankov (N 45.25389, E 20.28528, leg. AV & DO,
30.03.2023), Dukatar (N 45.28668, E 20.23276, leg. AV & DO,
30.03.2023), Mosorin (N 45.29586, E 20.19861, leg. AV & DO,
31.03.2023), Sajkas (N 45.27992, E 20.12816, leg. AV & DO,
31.03.2023)

Ballota nigra L. 1753 subsp.
5 foetida (Vis.) Hayek 1929
(Labiatae)

Topola (N 45.223229, E 20.214645, leg. JP, AV, Kb & DO,
10.11.2022), Kapetanov gully (N 45.23741, E 20.185061, leg. JP,
AV, KD & DO, 10.11.2022), Vilovo (N 45.249214, E 20.159358,
leg. JP, AV, Kb & DO, 16.11.2022), Dukatar (N 45.282786, E
20.236989, leg. JP, AV, Kb & DO, 23.11.2022; N 45.28312, E
20.24219, leg. AV & DO, 3.10.2023), Mosorin (N 45.297324, E
20.194547, leg. JP, AV, KD & DO, 23.11.2022), Demljankov gully
(N 45.25501, E 20.28314, leg. AV & DO, 05.06.2023; N 45.25501,
E 20.28314, leg. JP & DO, 28.07.2023; N45.25501, E20.28314,
leg. AV & DO, 03.10.2023)

Carex distans L. 1759
(Cyperaceae)

Vodice (N 45.21405, E 20.23321, leg. JP & AV, 28.03.2023; N
45.21405, E 20.23321, leg. KB & DO, 28.04.2023; N 45.21405,
E 20.23321, leg. KD & DO, 02.06.2023; N 45.21309, E 20.23241,
leg. JP & DO, 18.07.2023)

Centaurea calcitrapa L.
7 1753 subsp. calcitrapa
(Compositae)

Vodice (N 45.22153, E 20.21897, leg. JP & DO, 18.07.2023)

Cephalaria transsylvanica
8 (L.) Schrad. 1814 (Dip-
sacaceae)

Demljankov gully (N 45.25501, E 20.28314, leg. JP & DO,
28.07.2023)

9 Cerastium brachypetalum
Pers. 1805 (Caryophyllaceae)

Demljankov gully (N 45.26057, E 20.27886, leg. JP & DO,
11.05.2023), Dukatar (N 45.28312, E 20.24219, leg. JP & DO,
11.05.2023), Fokini oraji (N 45.23348, E 20.30181, leg. JP & DO,
11.05.2023), MoSorin (N 45.2968, E 20.19442, leg. JP & DO,
11.05.2023), Grac (N 45.23145, E 20.19616, leg. Kb & DO,
28.04.2023), Kapetanov gully (N45.23557, E20.18295, leg. Kb
& DO, 28.04.2023)

Cerastium glomeratum
10 Thuill. 1799 (Caryophyl-
laceae)

Topola (N 45.22514, E 20.21581, leg. Kb & DO, 28.04.2023),
Sajkas (N 45.27819, E 20.12843, leg. KD & DO, 28.04.2023),
Vodice (N 45.22227, E 20.21647, leg. KD & DO, 28.04.2023)

Cerastium pumilum Curtis
1794 var. glutinosum (Fries)
E. Rico 1987 (Caryophyl-
laceae)

Ist gully from Topola to Vilovo (N 45.22804, E 20.20188, leg.
Kb & DO, 28.04.2023), Mosorin (N 45.2968, E 20.19442, leg.
JP & DO, 11.05.2023), Sajkas (N 45.27992, E 20.12816, leg. KD
& DO, 28.04.2023), Topola (N 45.22589, E 20.21423, leg. KD
& DO, 28.04.2023), Vodice (N 45.22153, E 20.21897, leg. KP
& DO, 28.04.2023; N 45.21915, E 20.22819, leg. Kb & DO,
28.04.2023; N 45.22227, E 20.21647, leg. Kb & DO, 02.06.
2023)

Chamaecytisus hirsutus (L.)

12 Link 1831 (Leguminosae)

Dukatar (N 45.287079, E 20.230881, leg. JP, AV, Kb & DO,
23.11.2022)

Cirsium vulgare (Savi) Ten.

13 1835-1836 (Compositac)

Topola (N 45.22589, E 20.21423, leg. BB & DO, 29.09.2023),
Vodice (N 45.2213, E 20.21809, leg. BB & DO, 29.09.2023)
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Consolida regalis Gray
14 1822 subsp. paniculata

(Host) So6 1922

(Ranunculaceae)

Grac (N 45.23145, E 20.19616, leg. JP & DO, 18.07.2023; N
45.23145, E 20.19616, leg. BB & DO, 29.09.2023), Demljankov
gully (N 45.26057, E 20.27886, leg. AV & DO, 05.06.2023; N
45.26057, E 20.27886, leg. JP & DO, 28.07.2023), Dukatar (N
45.284629, E 20.237625, leg. JP, AV, Kb & DO, 23.11.2022),
Fokini oraji (N 45.23348, E 20.30181, leg. AV & DO, 05.06.2023;
N 45.23348, E 20.30181, leg. JP & DO, 28.07.2023), MoSorin (N
45.295987, E 20.197513, leg. JP, AV, Kb & DO, 23.11.2022; N
45.29674, E 20.19526, leg. AV & DO, 05.06.2023; N 45.29674, E
20.19526, leg. JP & DO, 28.07.2023), Sajkas (N 45.27992, E
20.12816, leg. JP & DO, 28.07.2023), Topola (N 45.228618, E
20.214184, leg. JP, AV, Kb & DO, 10.11.2022), Vilovo (N 45.250689,
E 20.165175, leg. JP, AV, Kb & DO, 16.11.2022)

Crepis pulchra L. 1753

15 (Compositae)

Fokini oraji (N 45.23177, E 20.30219, leg. AV & DO, 05.06.2023),
Dukatar (N 45.28312, E 20.24219, leg. AV & DO, 05.06.2023)

16 Festuca pratensis Huds.
1762 (Gramineae)

Mosorin (N 45.29674, E 20.19526, leg. AV & DO, 05.06.2023),
Vodice (N 45.21405, E 20.23321, leg. KB & DO, 02.06.2023)

Galium spurium L. 1753

17 (Rubiaceae)

Demljankov gully (N 45.25501, E 20.28314, leg. JP & DO,
11.05.2023; N 45.25501, E 20.28314, leg. AV & DO, 05.06.2023)

18 Ipomoea purpurea (L.) Roth
1787* (Convolvulaceae)

Vilovo (N 45.250597, E 20.164996, leg. JP, AV, Kb & DO,
16.11.2023)

19 Onopordum acanthium L.
1753 (Compositae)

Demljankov gully (N 45.25501, E 20.28314, leg. JP & DO,
11.05.2023; N 45.25501, E 20.28314, leg. AV & DO, 05.06.2023;
N 45.25501, E 20.28314, leg. JP & DO, 28.07.2023), Dukatar (N
45.28312, E 20.24219, leg. JP & DO, 11.05.2023; N 45.28312, E
20.24219, leg. AV & DO, 05.06.2023.; N 45.28312, E 20.24219,
leg. JP & DO, 28.07.2023), Ist gully from Topola to Vilovo (N
45.22804, E 20.20188, leg. AV & DO, 05.06.2023; N 45.22804,
E 20.20188, leg. JP & DO, 18.07.2023), Mosorin (N 45.29674, E
20.19526, leg. JP & DO, 11.05.2023; N 45.29674, E 20.19526, leg.
AV & DO, 05.06.2023), Sajkas (N 45.27992, E 20.12816, leg. KD
& DO, 02.06.2023; N 45.27992, E 20.12816, leg. JP & DO,
28.07.2023), Topola (N 45.22589, E 20.21423, leg. Kb & DO,
02.06.2023; N 45.22589, E 20.21423, leg. JP & DO, 18.07. 2023),
Vodice (N 45.2213, E 20.21809, leg. JP & DO, 18.07.2023)

Solanum nigrum L. 1753
20 subsp. schultesii Wessely
1960* (Solanaceae)

Topola (N 45.228338, E 20.213723, leg. JP, AV, KD & DO,
10.11.2022), Kapetanov gully (N 45.237223, E 20.184823, leg. JP,
AV, KD & DO, 10.11.2022), Vilovo (N 45.250818, E 20.165314,
leg. JP, AV, KD & DO, 16.11.2022), Sajkas (N 45.2789, E 20.127797,
leg. JP, AV, KD & DO, 16.11.2022), Mosorin (N 45.296404, E
20.198629, leg. JP, AV, KD & DO, 23.11.2022), Dukatar (N
45.284503, E 20.238033, leg. JP, AV, KD & DO, 23.11.2022)

Symphyotrichum lanceolatum
21 (Willd.) G.L. Nesom 1995*
(Compositae)

Vilovo (N 45.249414, E 20.162991, leg. JP, AV, Kb & DO,
16.11.2023), Kapetanov gully (N 45.237092, E 20.184707, leg.
JP, AV, Kb & DO, 10.11.2023)

Trifolium fragiferum L. 1753
22 subsp. bonannii (C. Presl)
Sojak 1963 (Leguminosae)

Vodice (N 45.2213, E 20.21809, leg. JP & DO, 18.07.2023;
N 45.21309, E 20.2324, leg. JP & DO, 18.07.2023)

23 Veronica triloba (Opiz)
Opiz 1825 (Plantaginaceae)

Grac (N 45.23145, E 20.19616, leg. Kb & DO, 28.04.2023)

24 Vulpia myuros (L.) C. C.
Gmel. 1805 (Gramineae)

Ist gully from Topola to Vilovo (N 45.22804, E 20.20188, leg.
AV & DO, 05.06.2023)

Legend: *invasive alien plant
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The majority of newly recorded plant taxa in SNR “Titelski breg” are au-
tochtonous vascular plants (Figure 2) widely distributed in Serbia. On the other
side, only for Galium spurium (Figure 2/j) and Veronica triloba (Figure 2/n) there
is not much information on their distribution (Josifovi¢, 1972—1976, 1977, Saric,
1992; Sari¢ & Dikli¢, 1986; Stevanovi¢, 2012). The explanation for the “absence*
of certain taxa that could be regarded as common (e.g. Arabidopsis, Cirsium,
Cerastium, Onopordum, Symphyotrichum, Veronica) is that the botanical inves-
tigations in the past were mostly not carried out during early spring and autumn.

Figure 2. Exsiccates of the selected vascular plant taxa recorded in the Reserve (a Althaea
hirsuta; b Ballota nigra subsp. foetida; ¢ Cephalaria transsilvanica; d Cerastium brachy-
petalum; e Cerastium glomeratum; f Cerastium pumilum var. glutinosum; g Chamaecytisus
hirsutus; h Consolida regalis subsp. paniculata; i Festuca pratensis; j Galium spurium;
k Solanun nigrum subsp. schultesii; 1 Symphyotrichum lanceolatum; m Trifolium fragiferum
subsp. bonani; n Veronica triloba; o Vulpia myuros.

At 11 priority locations, four vascular plants were determined as invasive:
Ailanthus altissima (Anonymous, 2014; Anackov et al., 2013; Lazarevi¢ et al.,
2012), Ipomea purpurea (Anackov et al., 2013), Solanum nigrum subsp. schultesii
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(Figure 2/k) (Anackov et al., 2013) and Symphyotrichum lanceolatum (Figure
2/1) (Anackov et al., 2013; Lazarevic et al., 2012). The first one originates from
East Asia, while the other three vascular plants were introduced from Ameri-
cas (Josifovi¢, 1973, 1974). Although 1. purpurea, S. nigrum subsp. schultesii
and S. lanceolatum are not included in the List of Invasive Alien Species of
Union Concern (IAS Regulation 1143/2014), they could be considered as inva-
sive plants due to their widespread distribution. Even though, Centaurea cal-
citrapa subsp. calcitrapa and Consolida regalis subsp. paniculata (Figure 2/h)
were cited as neophytes of Pannonian part of Serbia (Anackov et al., 2013),
critical review of their natural range revealed that the area of the Pannonian
Plain is also part of their natural range (POWO, 2023).

Generally, the largest number of vascular plant taxa during botanical
research conducted at 11 priority localities in 2022 and 2023 was found at
unmanaged sites in the 1% zone of protection (Dukatar and Demljankov), com-
pared to managed sites in 2™ and 3™ zone of protection, with one major exep-
tion — pasture “Vodice* (Figure 3). These results can be attributed to the fact
that Dukatar and Demljankov are gullies with preserved natural vegetation,
and more or less highly unapproachable, so less often botanicaly investigated
in the past. On the other side, locality Vodice near Titelski breg was included
within the borders of the Reserve as a buffer zone, in the first place with aim
to conserve and protect the population of small rodent (ground squirrel), and
more rarely visited by botanists, until now.
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Figure 3. Number of recorded vascular plant taxa at 11 localities which differ according to
the management measures (abbreviations of the localities follows Table 2; 1 — no measures;
2 — grazing by sheep; 3 — no measures; 4 — grazing by sheep and mowing; 5 — grazing by
sheep and cows, and mowing).
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CONCLUSION

During the recent botanical study performed in 20222023 at 11 localities,
presence and distribution of 24 new vascular plant taxa in SNR “Titelski breg”
is reported. These new records contribute to the knowledge of their general
distribution, and are important for comprehensive publications that consider
diversity of vascular flora of Serbia. Each data on vascular flora can be of great
importance not only for making a complete list on vascular plants of the Re-
serve, but also for future managment steps in the Reserve, especially those
regarding allochtonous plants. In other words, these data are crucial and must
not be ignored in future processes of evaluation of protection of the Reserve.
In the end, some areas such as Titelski breg, can be considered botanically well
investigated, yet these kinds of results indicate need for constant field research,
especially in the era of changes caused by direct and/or indirect human actions.
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OPUTMHAJIHU YJTAHAK
Tpumiben: 16. 11. 2023.
Ipuxsahen: 9. 1. 2024.

HOBU MOJAIT O TAKCOHUMA BACKYJIAPHE ®JIOPE HA
TIOZIPYYJY CIELMJAJIHOT PE3EPBATA ITPUPOJE ,, TUTEJICKY BPEL™”
(BOJBOJIMHA, CPBIJA)

Bojana C. BOKWR, paran [1. OBPAJIOB, Josar M. [IEHLIKAHOB, Anekca 3. BJIKY,
Kpuctuna B. BOPBEBUR, bopuc B. PAITAK, Mununa M. PAT, T'opan T. AHAUKOB

VYuusepsurer y Hoom Cany, [IpuponHo-maremMaTrnyku GpaxkyiaTeT,
JlemapTMaH 3a OHOJIOTH]Y B €KOJIOTH]Y,
Tpr Hocureja O6panosuha 2, Hosu Cax 21000, Cpouja

PE3UME: V oBoM pajiy npuKa3aHu Cy pe3yJiTaTd O0TaHUYKOT HCTPAKUBamba Koje
je crpoBezieHo y eproay o oktoopa 2022. no oktodpa 2023. roqune Ha noapy4jy Cre-
LIMjaJIHOT pe3epBaTa npupose ,,Iurencku oper”. OBo moapyuje je 3amruheHo 300r we-
rOBE JeIMHCTBEHOCTH M MPUPOIHUX M KYJITYPHHUX BPEIHOCTH, a HOCIEIHBUX HEKOJINKO
JielieHHja 3a1ITUTa Ce CIIPOBOJIM aKTUBHUM MepaMa, yKJby4yjyhu Koleme, ncraiy, yKia-
Hake MHBA3UBHUX OMJbaKa U KOHCTAHTHY IPOMOLIM]Y U €1yKallHjy 3aHHTEPECOBaHE
jaBHOCTH. Pe3epBar je moapydje Ba)KHO 3a OMJbKE U MTHIIE, JICO j& SKOJIOIIKE MPEXe
PenyOnuxe CpOuje, a y OKBUPY Hbera ce Haja3e U IAaHOHCKe CTele Ha Jecy, Koje Cy
HATVYPA 2000 cranumra. @nopa u Beretanuja Turenckor Opera je y IpouuiocTH
TEMEeJFHO U YeCTO OWJIa MPeIMET HCTPAKUBAA, KAKO CTPAHUX, TAKO U jomahux Oora-
uuuapa. [IpBu nomanu cexxy u3 apyre nososure XIX Beka, npu yemy je Hajehu Opoj
rojiaTaka u myonuKanuja 00jaBJbeH TOKOM TIOCIISNbUX JIBaJeceT roquHa X X Beka, a
MIPOILILIIO je& BUIIIE OJf JIBE JICLICHH]E 01 CBEOOYXBATHOT OOTAHUUYKOT UCTPAKUBAA. 300T
CBera HaBE/ICHOT, Y OBOM pajly Cy 00je/inibeHN OOTAaHHYKH TIO/ALM U3 CBUX PENICBAHTHUX
¥ Haj3Ha4ajHUjuX MyOinuKaumja Koje ce onHoce Ha Turencku Gper y Buy 6ase noxara-
ka. [Torom je y3 nomoh yripaBibada yTBpl)eH HHTEH3UTET U NIEPHOJI ClIpoBol)eba Mepa
yIpaBJbamba Ha JJOKAJUTETUMA Y PE3epBaTy, jep je Mo3HaTo Aa OHE 3HaYajHO yTUUY Ha
JUBEP3UTET U CTambe MOIyJIalija Ha OTBOPEHUM TPaBHATUM CTaHUIITHUMA. Ha ocHOBY
CIIPOBEJCHE aHKETE O IPUMEHHU Mepa U IojaTaka y KpenpaHoj 0aszu, ogadpaso je 11
JIOKAJIMTEeTa OJf 3Ha4aja 3a 6OTAHMYKO NCTPAKMBALE KOJH CE PA3INKYJy TIpeMa 30HHU
3aLITUTE, MEpaMa Koje ce CIpoBOAE U Opojy NPETXOAHUX NOAaTaka O 3a0eNeKeHnM
Onsbkama. HakoH oabupa, ClIpoBE/ICHO je G0TaHMYKO UCTPAXUBAESE, & 3aTHM H TI0pe-
heme cakynbeHHX MMojIaTaka ca MPeTX0HO 00jaBJLeHUM IMOIAIMMa KOJH CYy CHHTETUCAHH
y BUly Oa3e mojiataka, kako O ce CauMHIIIA JINCTA TAKCOHA KOjU CY HOBH 3a Pe3epar
U Kako OUCMO JIOOMIIM JIeTaJbHE MOJIATKE O IbHXOBOM PACIPOCTPACHY. YKYITHO je
3a0enexxeHo 18 BpcTa, meT NoABpCTa U jelaH BapHjeTeT KOjU JI0 cajla HUCY [TO3HATH 3a
noapyyje pezepara. OBakBHU pe3yJTaTH Cy BeOMa 3Ha4ajHU jep MPEACTaBIbajy JOKa3
0 TIOCTOjarby MOTpede 32 KOHCTAHTHUM OOTAaHMYKUM UCTPAKUBAHUMA, TOCEOHO Ha T10-
JpydjuMa Koja cy y Behoj uiu Marm0j MEpH I0J] aHTPOIIOTEHUM yTHUIajeM, KaKo Ou y
OyayhHOCTH €BeHTYaJIHO yTHULIAJIU Ha Ae(pHHUCAE aJIeKBaTHUX Mepa 3a OPKHUBO yIIpa-
BJbAE U 0UYyBambhe MPUPOTHUX BpenHoctr y Penyomuim Cpouju. Takole, oBakBH 110-
Janu Mory Outu xopuurheHu, kako 3a ceeoOyxsarHe cryauje diaope Cpouje, Tako u
3a rporec eBaiyanuje u ynpasisama y CPII ,, Tutencku 6per”.

KJbYYHE PEYU: 3amrtiheHo mojipydje, iHBa3UBHE OUIBKE, JIEC, CTEIIE, YIIPABIhakhe
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ABSTRACT: Analysis of climate change in Serbia was done using the data available
from the Digital Climate Atlas of Serbia. It includes observed climate change and future climate
change projections according to scenarios of greenhouse gases emissions, RCP4.5 and RCP8.5,
until the end of 21 century, compared to the reference period 1961-1990. According to the
main climate change indicator, change of average air temperature, climate change is accelerating.
Results showed that climate conditions in the mid-century period are known with high reliabil-
ity, while changes of climate conditions in the second half of the century depend on reductions
of global net emissions of greenhouse gases, i.e. on the fulfillment of the Paris agreement. In
this paper, the changes in climate hazards are presented. They are of highest significance for
risk increase in health and safety and in agriculture. For the mid-century period, an expected
increase of average air temperature for Serbia is about 3.1 °C. Expected frequency of extreme
precipitation is at least once per year. Each year is most likely expected to be a year with
drought. Average frequency of days per year, with temperatures above 35 °C, for the territory
of Serbia, will be in the range of 9—13, compared to one day in the reference period. In the
paper the summary of climate change characteristics in Serbia is also given, based on the
presented results and results derived from the literature, categorized into groups of climate
hazards, which cause: too warm conditions, too wet conditions, too dry conditions and storms.

KEYWORDS: climate change, climate hazards, adaptation, Serbia

INTRODUCTION

Climate change in Serbia, on national level, have been monitored over 10
years, through National Communications to UNFCCC, as well as through the
research work (MOEP, 2010, 2017; Vukovi¢ et al., 2018; Durdevi¢ et al., 2018;
Vukovi¢ Vimi¢ et al., 2022; Zivoti¢ and Vukovi¢ Vimi¢, 2022; Tosi¢ et al., 2023).
Analyses of climate change are regularly updated according to the methodo-
logy of the latest published reports of the Intergovernmental Panel on Climate
Change (IPCC Assessment Reports — ARs).

* Corresponding author. E-mail: anavuk@agrif.bg.ac.rs
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According to the IPCC Sixth Assessment Report (IPCC, 2021) average
global surface air temperature for the period 2011-2020, compared to the value
in the preindustrial period, has increased by 1.1 °C. In the period 2011-2020 with
respect to the period 1961-1990, average temperature for Serbia increased by 1.8
°C, while the average June—July—August (JJA) temperature increased by 2.4 °C
(Zlvotlc and Vukovi¢ Vimi¢, 2022). Frequency of years with drought in Serbia
has increased from one per decade during 1961-1990 to five per decade during
2011-2020 (Vukovi¢ Vimi¢ et al., 2022). Agricultural producers identified
drought, high temperatures and hail as most significant climate change risks.

Sectors with high priority for urgent planning and implementation of ad-
aptation measures have been identified in the Nationally Determined Contribu-
tions of the Republic of Serbia (a document which was revised and adopted in
2022 by the government). According to this document, and according to the Law
on Climate Change (adopted in 2021), the Republic of Serbia needed to develop
and adopt a national plan for the implementation of adaptation. The Climate
Change Adaptation Programme for the period 2023-2030 with the Action Plan
for 20242026 was adopted in December 2023 (RS, 2023). Priority sectors for
the implementation of adaptation to climate change are: agriculture, forestry,
public health, infrastructure, biodiversity, as well as water management, which
is considered as an integrated component in the risk assessment and planning
of adaptation measures in other sectors. The program also considers the impact
of climate change on the increasing risk of already existing problems with the
degradation of natural resources (air, water and soil quality degradation).

In order to enable the integration of climate change adaptation to local
level, and the application of climate change knowledge into different areas of
science and fields of expertise, a web-portal has been created with available data
for Serbia for both past and future climate analysis — Digital Climate Atlas of
Serbia (atlas-klime.eko.gov.rs). It enables easy access to data and various products
(indices) adjusted for different users (basic to advanced). Here, the analysis of
selected parameters is presented, done by using data from the Digital Climate
Atlas. Results show the main characteristics of climate change over the territory
of Serbia, including the assessments of climate hazards on the national level.
Further, a summary of climate change in Serbia has been presented, which is
compiled from various literature sources.

METHODOLOGY

Analysis of the climate change in Serbia has been done using the observed
daily data form the EOBS database, which provides interpolated daily tem-
perature and precipitation at a resolution of about 10 km, and the data from an
ensemble of 8 climate models form the EURO-CORDEX database. All data
are also included in the web-portal Digital Climate Atlas of Serbia (atlas-klime.
eko.gov.rs), where details of the sources of data can be found. Climate change
analysis was done for the near past climate period 2011-2020 and for the decade
2011-2020 (because of the increasing rate of changes), and for the future climate
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periods: near future 2021-2040, mid-century 2041-2060, and end of century
2081-2100. Observed and future changes of selected parameters are represented
with respect to the values obtained for the reference climate period 1961-1990.
Future climate change is considered according to the two scenarios of greenhouse
gasses emissions RCP4.5 and RCP8.5 (IPCC, 2021).

There are many climate indices which show different aspects of climate
change and changes in climate hazards in Serbia. In order to systematize the
representation of the results, four groups of climate hazards have been made,
according to the conditions they contribute to. It is important to understand that
some changes of climate conditions can contribute to different groups of climate
hazards (for example, increased climate variability can contribute to more humid
and to more dry conditions). Table 1 presents groups of climate hazards and cli-
matic impact-drivers identified to contribute to these four groups. Group “excess
of heat” shows the changes which cause, under climate change, too warm
conditions in average for some period or during an extreme event, compared
to the reference period. Group “excess of precipitation” shows the changes over
shorter or longer period which cause problems with too much water/moisture
and includes changes in intensive precipitation and accumulated precipitation
over some period. Group “too dry” shows the changes which indicate the defi-
cit of precipitation in some period, which causes problems because of lack of
water/moisture. Group “storms” includes information about severe and short-
in-duration weather events which cause hazards related to wind gusts and in-
tensive precipitation including hail. In the Table 1 there are marked parameters
which are analyzed in this study, while for other information they are derived
from the literature. Analysis and representation of data by group of hazards
follow the methodology of the IPCC AR6 (IPCC, 2021; IPCC, 2022).

Table 1. Groups of climate hazards and climatic impact-drivers which contribute to each group.

Group of climate hazards Climatic impact-drivers

Too warm
(excess of heat)

Increased climate variability

Increase of average temperatures*

Increase in frequency/intensity of heat waves,
increase in frequency of extreme (high) temperatures*

Too wet Increased climate variability

(excess of water/moisture) * Change in annual distribution of precipitation
Change in distribution of precipitation by intensity,
Increase in extreme precipitation®

Increased climate variability

Change in annual distribution of precipitation
Droughts*

Level of aridity/dryness of climate

Change in distribution of precipitation by intensity

Too dry
(deficit of water/moisture)

Storms

* Climatic impact-drivers which are analyzed on the national level in this study. For the
frequency of the extreme high temperatures, analysis is done using the information on
the number of days with temperatures above 35 °C. For the analysis of changes in extreme
precipitation, data on days with precipitation above 30 mm have been used. For drought
indicator is used SPEI6a (Standardized Precipitation Evapotranspiration Index, for 6 months,
ending with August).
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RESULTS

Figure 1 shows anomalies of the observed surface air temperature, averaged
for Serbia, compared to the 1961-1990, and the ranges of their values for the
future periods compared to the same reference period, derived according to
the scenarios RCP4.5 (red lines) and RCP8.5 (purple lines). For the future
periods, values from the results of the ensemble of models are given: median
value (bold lines), lower (25" percentile) and upper (75™ percentile) thresholds
of the most probable range (thinner lines). Most probable expected outcomes
for the mid-century period are marked as green circles. These values are con-
sidered as most probable, if observed trends of changes are considered. In the
assessment of the average temperature, they correspond to the 75" percentile
of the climate models ensemble. In the period 2001-2020 the average tem-
perature was 1.4 °C higher than the average for 1961-1990, while in second
decade of this period 2011-2020 increase was 1.8 °C. Most probable increase
in the future periods compared to the same reference period are: 2.1 °C (1.9-2.1)
for the period of near future 2021-2030, 3.1 °C (2.5-3.1) for the mid-century
period 2041-2060 and in the range 3.2-5.8 °C (most probable according to
RCP4.5 and RCP8.5) in the period end of the century 2081-2100. Significant
difference between outcomes according to the different scenarios is in the
second half of the 21* century, when global reductions of net greenhouse gasses
emissions are expected to have larger effects.
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2001-2020 2011-2020 2021-2040 2041-2060 2081-2100

Figure 1. Anomalies of average surface air temperature for Serbia for different periods,
compared to the reference period 1961-1990. For the future climate periods, values are
presented according to the RCP4.5 (in red) and RCP8.5 (in purple), with bold line for models
ensemble median values, and with thinner lines values for 25" and 75" percentiles. With
green circles are highlighted most probable values assessed for the mid-century period.

Significant change of average annual accumulated precipitation is not
expected, but there is a change in the precipitation distribution by intensity,
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with an increasing frequency of extreme precipitation (here defined as days
with precipitation over 30 mm). Figure 2 shows observed and future values in
the average number of days per year with extreme precipitation, for the terri-
tory of Serbia, for the observed (past) periods and future periods according to
the different scenarios. These events were rare during the reference period.
Their frequency in 1961-1990 was 0.4 (the number of appearances, on average,
was less than every second year). In the period of near past their frequency
increased (+0.4 for 2001-2020 and +0.5 for 2011-2020) and reached the values
of 0.9 in the decade 2011-2020. For the future, all models according to both
emission scenarios show a trend of increase for this index, but mainly under-
estimate the intensity of change, meaning that observed changes exceed the
values projected for the future according to the median of the models ensemble.
In the mid-century period, most probably, the average frequency of days with
extreme precipitation is expected to be 1.4 (if observed trends are considered),
meaning that this climate hazard can be expected to happen every year, at least
once and possible more than once per year.

2
1.8
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1.4
12
1 0.9
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0.6
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0.2
0

Average number of days per year with
precipitation above 30mm for Serbia
(value for 1961-1990 is 0.4)

2001-2020 2011-2020 2021-2040 2041-2060 2081-2100

Figure 2. Frequency of days with extreme precipitation, averaged for Serbia, for different
periods with respect to the reference period 1961-1990. For the future climate periods,
values are presented according to the RCP4.5 (in red) and RCP8.5 (in purple), with bold
line for the median values of the models ensemble, and with thinner lines for the values
of the 25" and 75™ percentiles. Most probable values assessed for the mid-century period
are highlighted with green circles.

Frequency and intensity of droughts in Serbia are increasing. SPEI6a has
been selected as an indicator for drought in this study because its values cor-
respond well with dry conditions which caused damages and losses in Serbia
(Purdevi¢, 2020). Using the average SPEI6a value for the territory of Serbia,
the following categories are introduced: a value below -0.5 means that the
“conditions are drier” (to which level depends on following categories), a value
bellow -1 means that “year was with drought” in Serbia, a value bellow -1.5
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means that “year was with severe drought”, and a value below -2.0 means that
“year was with extreme drought”. Frequency of years per decade for different
periods in the past, defined according to the adopted categorization of SPEI6a
values, are given in Figure 3 — left. In the period 1961-1990, a “year with
drought” was happening once per decade, while more extreme drought condi-
tions (SPEI6a values bellow -1.5) were not recognized in average for Serbia or
were very rare events. In the period 2001-2020, the frequency of “years with
drought” per decade was four, out of which three years per decade were with
severe drought, and one of them had extreme drought. In the second decade
of this period (2011-2020), the frequency is larger, meaning that five years
were with drought, four years were with more intensive drought conditions
and two of them were with extreme drought. Those years were 2012 and 2017,
when the largest losses were recorded in agriculture (for these two years about
3.5 billion US dollars; Vukovi¢ Vimi¢ et al., 2022). Observed and future fre-
quency of years with drought per decade are presented in Figure 3 — right.
Future increase in the frequency of “years with drought” in Serbia is highly
probable because all models, according to both scenarios, show an increasing
trend. It is expected to reach maximum in the mid-century climate, meaning
that drought can be expected each year. By the end of the century, a high risk
of drought will remain according to both scenarios.
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Figure 3. Frequency of years per decade with values of average SPEI6a for Serbia bellow
different thresholds, for different past periods (panel left), and the frequency of years with
drought (SPEI6a < -1) in the period of near past and in the future climate periods according
to the different greenhouse gasses emission scenarios (panel right). For the future climate
periods, values are presented according to the RCP4.5 (in red) and RCP8.5 (in purple), with
bold line for the median values of the models ensemble, and with thinner lines for the
values of the 25™ and 75 percentiles. Most probable values assessed for the mid-century
period are highlighted with green circles.

Average number of days with maximum daily temperatures above 35 °C
per year, averaged for Serbia, was chosen as an indicator for the analysis of
change of the high temperature conditions. Average value for Serbia was cal-
culated as an average of the frequency derived for all points in Serbia, including
areas at lower altitudes, as well as mountain areas. According to the values of
this indicator we define: values over 1 — there is a risk of extremely high tem-
peratures, over 2 — high risk, over 5 — very high risk, over 10 — extremely high
risk. Frequency of years per decade defined according to the given criteria are
presented in Figure 4 — left. In the period 1961-1990 there was, in average, one
“year with risk” of high temperatures per decade, but years with very high/
extreme levels of risks did not exist (or were very rare, with an average fre-
quency equal or close to 0). In the period 2001-2020, in average, four years
per decade had “high risk”, out of which two had “very high” and one of them
had “extremely high risk”. In the second decade of this period (2011-2020),
five years were with “high risk”, out of which three were with “very high risk”
(two of them had “extremely high risk™). Years with extremely high risks in
the period 2001-2020 were 2007, 2012 and 2017. In these three years record
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Figure 4. Frequency of years per decade with values of average number of days with tem-
peratures above 35 °C for Serbia above different thresholds, for different periods in the past
(left panel) and average number of days per year with maximum daily temperature above
35 °C for Serbia in the period of near past and for the future periods according to different
emission scenarios (right panel). For the future climate periods, values are presented ac-
cording to the RCP4.5 (in red) and RCP8.5 (in purple), with bold line for the median values
of the models ensemble, and with thinner lines for the values of the 25" and 75™ percentiles.
Most probable values assessed for the mid-century period are highlighted with green circles.
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high temperatures were measured at meteorological stations in Serbia (RHMSS
annual reports available at https://www.hidmet.gov.rs/ciril/meteorologija/kli-
matologija_produkti.php, in Serbian). In Figure 4 (right panel) there are pre-
sented values of the average number of days per year with maximum daily
temperature over 35 °C, for Serbia, for the near past and the future climate
periods, according to different emission scenarios. As mentioned before, for
the reference period 1961-1990 the value of this level of risk was one. For the
period 2001-2020 it was four and for 2011-2020 it was five. In the future,
further increase of this indicator is certain because all models according to
both scenarios show an increasing trend. In the mid-century period, 2041-2060,
expected values are in the range 9—13 (more probably 13), while at the end of
the century according to RCP8.5 is expected to be over 30. This means that
frequency of years with very high and extremely high risks will most probably
reach maximum values in the mid-century period (they can be expected each year).

DISCUSSION

Presented results additionally confirm increasing risks of the climate
hazards caused by climate change, which are also recognized in the previous
studies. Results are given for the national level, but it is important to understand
that the assessments of risks of climate hazards, in order to develop and imple-
ment effective adaptation measures, should be done at the level of implemen-
tation (local level). Short summary of collected information on climate change
in Serbia, derived from presented results and comprehensive analysis done
within the National Communications, studies and scientific research (Durdevi¢
etal., 2018; Rédler et al., 2019; Vukovi¢ Vimi¢ et al., 2022; Zivoti¢ and Vukovic¢
Vimi¢, 2022; Vujadinovi¢ Mandi¢ et al., 2022), classified into the groups of
climate hazards (as in Table 1) is presented in Table 2. Changes are presented
with respect to the values in the reference period 1961-1990. Review is given
here only for the mid-century period (2041-2060) because for this period out-
comes are known with high reliability, and afterwards climate change will
stabilize in case of RCP4.5 or will further increase according to RCPS.5, so
the ranges of possible outcomes are wide.

Climatic impact-drivers, which are presented in this study, as other de-
rived from different literature in Table 2, also show the favourable conditions
for increasing risks of other hazards, such as land degradation, floods, land-
slides, fires, etc. (with more details given in MOEP, 2023). In planning adapta-
tion measures, it is important to consider the nexus of climate-water-land,
meaning that impacts on water resources and land degradation should be con-
sidered when finding the solution for mitigation of negative impacts.
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Table 2. Short summary on information on climate change in Serbia distributed in the
main climate hazards groups

 Group of 2001-2020 (2011-2020) 2041-2060
climate hazards
Too warm Average temp. increase +1.4 °C (+1.8 °C). | Average temperature increase: +3.1 °C
(excess of heat) |Highest increase in temperature in JJA. |Highest increase during JJA.
High risk of high temperatures in four|High risk of high temperatures
years per decade (in five years). expected each year.
Extremely high risk of high temperatures
in one year per decade (in two years).
Too wet Shift of annual maximum of precipitation | Events with high precipitation con-
(excess of toward earlier period in the year. tinue to increase.
water/moisture) | Larger amount of precipitation falls in|Increase of average number of
form of intensive precipitation. extreme precipitations per year +1.
Average number of days with extreme pre- | Level of risk of extreme precipita-
cipitation per year increased by +0.4 (+0.5). | tion increases, and larger area of
Serbia is under risk of these events.
Too dry Drier and warmer JJA. Further drying and heating of JJA.
(deficit of Increased frequency of years with drought | Years with drought in Serbia can be
water/moisture) | per decade: +3 (+4). expected each year.
Increased intensity of droughts. In average for Serbia, climate is dry
Increasing level of aridity of climate con- | sub-humid.
ditions, mainly because of the increase of
temperature.
Storms Increase of events with very high and extreme precipitation — shows the increase

of events with wind gusts and hail. Increase of average size of hail and of the
area affected is expected.

CONCLUSION

Climate change is identified through the values of slowly evolving changes,
like changes in average values of temperatures and accumulated precipitation,
and through changes in the intensity and frequency of extreme events, both
contributing to the increasing risks of climate hazards. This means that gene-
ral characteristics of climate conditions are changing, which implies average
temperatures increase and change in annual distribution of precipitation, so
that general climate conditions shift toward the characteristics of a subtropical
climate, with longer and drier summers and annual precipitation maximum
shifted toward colder part of the year. Because of the large increase of tem-
perature expected in the future, significant change in the level of aridity will
happen. This could lead to persistent problems with water deficit and land
degradation caused by climate change could become permanent, if not managed
properly. Addressing the increasing frequency and intensity of climate hazards
(heat waves, and especially of increasing risks of high summer temperatures,
extreme precipitation and storms, droughts, and consequently floods, fires,
etc.) is the priority for mitigation of impacts in planning of adaptation measures,
in order to reduce damages and losses and to enable the implementation of
sustainable process of adaptation in the future changing climate.

42



Analysis presented in this paper, as well as in other literature which deals
with assessments of climate change and its impacts in Serbia on the national
level, including the Programme for Adaptation to Climate Change of the Re-
public of Serbia, shows that the increasing risks by the mid-century are certain
for high temperatures, drought, extreme precipitation and storms (with wind
gusts and hail). These increasing hazards have already been identified to have
impacts on agricultural producers. Level of risk for different climate hazards
varies depending on the location (characteristics of the terrain, population
density, economic activities, etc.). Therefore, it is strongly recommended to
conduct climate change risk analyses on the local level, with the engagement
of local self-governments and other interested parties (producers, contractors
from different sectors, the general public, etc.).
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TIpumiben: 26. 10. 2023.
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JUHAMUKA ITPOMEHE KIIMMATCKUX YCJIOBA
N EKCTPEMHUX BPEMEHCKUX I[IOJABA YV CPBIN

Ana BYKOBU'h BUMUh, Mupjam BYJAAMHOBU'Hh MAH/IUh

Yuusepsutet y beorpany, [lossonpuspenuu dakynrer,
Hemammuna 6, beorpax 11080, Cpbuja

PE3UME: Ananu3za knumaTckux npomeHa y Cpouju ypahena je kopunrhemem
nojaraka 10cTynHux u3 Jlururansor ataca kiume Cpouje. YKbydyje youeHe Kiu-
MaTcKe mpoMeHe u Oyayhe mpojeknnje KIMMaTCKUX IPOMEHa MpeMa ClleHapHjuMa
emucHje racoBa crakiieHe 6amre, PII14.5 u PIII18.5, no kpaja 21. Beka, y nopehemwy
ca pedepentHum nepuogom 1961-1990. Ilpema rmaBHOM UHIUKATOPY KIMMATCKUX
IIPOMEHA, a TO je IPOMEHa IPOCeUHe TeMIlepaType Ba3lyxa, KIMMaTcKe IPOMEHe ce
yOp3aBajy. Pe3ynTaru cy nokasayiu 1a Cy KJIMMAaTCKU YCJIOBU CPEIMHOM BeKa O3HATH
ca BEJTMKOM IM0y3JIaHoIIhy, TOK IPOMEHE KIIMMATCKUX YCJIOBA Y APYTOj OJOBHHU BEKa
3aBHCE O] CMambCHa MI00AHE HETO EMHUCH]E TacoBa CTaKJICHe OalTe, OJJHOCHO O]
ucnymema [lapuckor ciopazyma. Y oBoM pally cy NpHKa3aHe MPOMEHE KIIMMATCKUX
xaszapyia Koje Cy oj1 Hajeher 3Hauaja 3a moBehame pu3nKa 1o 3paBibe U 0€30€THOCT, Kao
1 y MOJbOIIPUBPEIH. 32 MEPHO]] CPEAMHE BeKa, OYeKHBaHO NOBehame mpoceyHe TeM-
neparype Bazayxa 3a Cpoujy je oxo 3,1 °C. O4yeknBaHa y4ecTaiocT eKCTPEMHHUX Ta-
JaBHHA je HajMame jeIHOM rofuinme. HajsepoBatHuje ce oyekyje na he cBaka roguna
Ourn roguna ca cyuom. [Ipocedna yuecTanocT faHa y FOAMHH, Ca TeMIICPaTypOM H3Hal
35 °C, 3a Tepuropujy CpOuje 6uhe y pactony ox 9-13, y onxocy Ha jena 1aH y pege-
PEHTHOM Iepuofy. Y pajay je JaT U CakeTak KapaKTepUCTHKA KIMMAaTCKUX IPOMeHa
y CpOuju, Ha OCHOBY NIPUKA3aHUX pe3yJITaTa U pe3ysiTaTa U3BEACHUX U3 JUTEepaType,
KaTeropucaHux y Ipylie KIIMMaTCKUX Xa3apa, Koje U3a31Bajy: PEeBULIE TOILIN YCIIOBH,
MPEBHUIIIC BIAKHH YCIIOBH, CYBHUIIIEC CYBH YCIOBH U OJIYj€.

KJbYYHE PEUU: knumaTcke mpoMeHe, KITMMaTCKA Xa3zapan, aganranuja, Cpouja
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BIOSTIMULATORY ACTIVITY
OF ROOT-ASSOCIATED BACILLUS ISOLATES
FROM NETTLE (Urtica dioica L.)

ABSTRACT: The objective of this research was to isolate bacteria belonging to the
genus Bacillus from the nettle rhizosphere, conduct biochemical and plant-growth-promoting
(PGP) characterization of isolates, and examine their biostimulatory effects on the seeds of
medicinal plants. Microorganisms were isolated using the agar plate method for bacterial
isolation. Biochemical characterization involved evaluating the isolates’ ability to produce
enzymes such as lipase, amylase, pectinase, protease, cellulose, urease and gelatinase. Plant-
growth-promoting (PGP) characterization included evaluation of indole-3-acetic acid (IAA),
siderophore and hydrogen cyanide (HCN) production, as well as the ability to mineralize
organic phosphorus compounds and solubilize phosphate. The impact of isolates on seed
germination and plant growth was studied using summer savory (Satureja hortensis L.) and
parsley (Petroselinum crispum L.) seeds. The experiment was conducted under laboratory
conditions. The number of germinated seeds, the shoot and root length of seedlings, vigor
index and root and shoot length of the plant were measured. According to the morphological
description of the colony and cells, five Bacillus bacteria (denoted as Bac4, Bac5, Bac6,
Bac7, Bac8) were selected for further examination. All isolates showed good PGP potential.
The isolates that stand out are isolates Bac5, Bac7 and Bac8. The best effect on the seed
germination was exerted by B5 and Bac8 isolates. Isolates Bac7 and Bac8 had the greatest
stimulatory effect on seedling and plant growth. Having great PGP traits, these isolates may
represent a biological alternative for the application of harmful pesticides and chemical
fertilizers in the production of summer savory and parsley.

KEYWORDS: inoculation, medicinal plants, microorganisms, plant-growth-promoting
rhizobacteria
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INTRODUCTION

The rhizosphere serves as a dynamic habitat for a diverse range of micro-
organisms. A large number of these microorganisms play a crucial role in
supporting plants growth by suppressing pathogenic invasions and facilitating
nutrient uptake from the soil (Leach et al., 2017). The diversity and composition
of the rhizosphere bacterial community are influenced by both plant species
and soil properties (Vorholt et al., 2017). Although different plant species or
genotypes tend to assemble relatively distinct rhizobacterial communities (Mat-
thews et al., 2019), these communities can be largely similar even in different
environments across geographical regions.

A specialized group of bacteria residing in the plant rhizosphere is called
plant growth promoting rhizobacteria (PGPR). These are bacteria that pre-
dominantly exist in the rhizosphere, rhizoplane or between cells of the root
cortex (Bhattacharya and Jha 2012). They include bacteria from genera like
Agrobacterium, Azotobacter, Bacillus, Caulobacter, Chromobacterium, Pseu-
domonas, Rhizobium, Streptomyces, etc. (Gray and Smith 2005). A significant
number of these bacteria enhance the growth of plants through various mecha-
nisms, including nitrogen fixation, phosphate solubilization, production of
siderophores, phytohormones, enzymes, etc. (Zhang et al., 2013; Whang et al.,
2014).

The study of rhizosphere bacteria from important medicinal plants is
crucial (Bafana and Lohiya, 2013). Medicinal plants host a unique microbiome
due to their distinct and structurally divergent bioactive secondary metabolites,
likely responsible for the high specificity of associated microorganisms (Rios
and Recio, 2005). The diversity and richness of rhizosphere microorganisms
are closely related to medicinal plants, impacting their growth, development,
yield, quality and resilience (Peng et al., 2020).

Nettle (Urtica dioica L.) is a perennial herbaceous plant with spiny leaves,
belonging to the nettle family Urticaceae. Utilized as a wild vegetable for cen-
turies, it is renowned for its medicinal properties, antiviral activity, antioxidant
effects, and pharmacological properties (Bhusal et al., 2022). Despite the sig-
nificant importance and potential of nettle, our findings suggest that the rhizo-
sphere microbial community of nettle has been insufficiently researched to date.

Among medicinal plants, summer savory (Satureja hortensis L.) and pars-
ley (Petroselinum crispum L.) hold significant importance. Natural products
derived from summer savory, such as extracts and essential oils, are rich in
polyphenols and flavonoids, which contribute to their wide array of beneficial
properties including antioxidant, antimicrobial, antiparasitic, pesticidal, anti-
inflammatory, analgesic, hepatoprotective and anticancer effects, among others
(Fierascu et al., 2018). Parsley is notable for its pharmacological uses, which
encompass hepatoprotective, nephroprotective, antiurolithiatic, neuroprotective,
cardioprotective and antineoplastic effects as evidenced by animal and cell-
based studies (Bahramsoltani et al., 2024).

Therefore, the objective of this research was to isolate bacteria belonging
to genus Bacillus from the nettle rhizosphere, conduct biochemical and PGP
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characterization of isolates and examine their biostimulatory effects on seed
germination and initial growth of summer savory (Satureja hortensis L.) and
parsley (Petroselinum crispum L.).

MATERIAL AND METHODS

Microorganisms were isolated from the rhizosphere of nettle (Urtica dioica
L.) using the agar plate method for bacterial isolation. For this purpose Nutrient
agar (HIMEDIA) was used.

Biochemical and PGP characterization

Enzyme production (lipase, amylase, pectinase, protease, cellulose, urease
and gelatinase) was assessed following established protocols outlined in Benson
(2002). For this purpose, isolates were cultivated on the appropriate medium.
After 48 hours of inoculation at 28 °C, changes appeared in the medium around
the colonies of the isolates, such as the presence of transparent or cloudy zones
and changes in the color or consistency of the medium, indicating the isolate’s
capacity to produce specific enzymes.

The characterization of PGP traits included the determination of indol-
3-acetic acid (IAA), siderophores and hydrogen cyanide (HCN) production,
as detailed by Slimani et al. (2023). The ability to mineralize phosphorus or-
ganic compounds was evaluated using Menkina medium (Liu et al., 2011),
while inorganic phosphate solubilization capacity was examined through
Pikovskaya’s agar plates (Wahyudi et al., 2011).

The effect of isolates inoculation on seed germination

The impact of isolates application on seed germination and plant growth
was studied using summer savory and parsley seeds. The experiment was
conducted under laboratory conditions. Fifty seeds were submerged for 20
minutes in the bacterial inocula (medium Nutrient broth HIMEDIA), titer 10°
CFU/ml, and then placed on filter paper and put in a thermostat at 22 °C for
germination. The seeds in the control were not treated with bacterial inocula.
The effects of selected isolates on seed germination and initial growth were
measured after seven days, while on the plant growth after 14 and 21 days.

Statistical analysis
Statistical analysis was performed using Statistics 13.3 software (TIBCO

Software Inc.) and the significance of differences between applied treatments
was determined using Fisher’s LSD test.
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RESULTS AND DISCUSSION

From the rhizospheric soil of nettle, twelve bacterial isolates belonging
to Bacillus genus were isolated. According to the morphological description
of the colony and cells, five Bacillus bacteria (denoted as Bac4, Bac5, Bac6,
Bac7, Bac8) were selected for further examination.

The results of the examination of the isolates ability to produce lipase,
amylase, pectinase, protease, cellulase, urease, and gelatinase are presented in
Table 1.

Table 1. Enzyme production of Bacillus isolates from nettle

Isolates Lypase!  Amylase Pectinase Protease Cellulase  Urease  Gelatinase

Bac4 + - - - T + +
Bac5 + + - - + + +
Bac6 + - + - + + +
Bac7 + + + - + + +
Bac8 + + + - + + +

! (+) positive reaction / produces; (-) negative reaction / does not produce

It was found that all isolates had the ability to produce lipase, cellulase,
urease, and gelatinase. The production of amylase was detected in isolates
Bac5, Bac7 and Bac8. Proteolityc enzyme was not detected in any of the iso-
lates, while pectinolytic enzyme was identified in isolates Bac6, Bac7 and
Bacs.

Microorganisms that produce hydrolityc enzymes have a significant role
in the formation and maintenance of soil fertility. These enzymes hydrolyze
complex compounds such as polysaccharides, proteins and urea into simpler
forms, positively influencing soil fertility (Reddy et al., 2022). Besides improving
soil fertility, hydrolytic enzymes can also induce the death or at least paralysis
of the pathogenic microorganisms, particularly fungi (Panicker and Sayyed,
2022). Thus, microorganisms capable of producing hydrolytic enzymes may
have a crucial role in suppressing various plant-pathogenic fungi and bacteria
(Tasnim et al., 2020). In this research, isolates Bac7 and Bac8 produced the
highest number of tested enzymes, suggesting that these isolates could be
further investigated as potential bioagents for promoting plant growth and
controlling phytopathogens.

Isolates were observed to possess multiple plant growth promoting traits
such as production of IAA, siderophores, HCN and mineralization and solu-
bilization of phosphates (Table 2).
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Table 2. Plant growth promoting characteristics of the isolates

Isolates TAA! Siderophores HCN Mineralization of phosphorus Solubilize phosphates

Bac4 + - + + T
Bac5 + + + - +
Bac6 + - + + +
Bac7 + + + + -
Bac8 + - + - +

' (+) positive reaction / produces/ performs decomposition; (-) negative reaction / does not
produce/ does not performs decomposition

In these studies, the ability to produce IAA and HCN was determined in
all isolates. One of the most important PGP properties is the ability to produce
IAA, a hormone from the auxin group. This hormone produced by microorga-
nisms in plants can increase the number of root hairs and the size and number
of adventitious roots in plants (Ribeiro and Cardoso, 2012). It can also control
various physiological processes, including cell elongation, tissue differentiation,
and response to light, gravity and stressful environmental conditions (Gupta
et al., 2015). It has been found that isolates from the rhizosphere are more ef-
ficient auxin producers than isolates from the bulk soil (Antonius et al., 2016).
According to the research by Datta et al. (2011), the production of HCN by
microorganisms has a favorable impact on plants. HCN is volatile product that
exhibit antifungal action by playing essential role in the biological control of
plant pathogens or acting as inducer of plant resistance (Agustiyani et al., 2022).

The isolates Bac 5 and Bac7 were found to have the ability to produce
siderophores. Iron is an essential element for the growth, metabolism and sur-
vival of most cell types on Earth. Although it is the fourth most abundant ele-
ment in the soil, it rarely occurs in a free form. There is sufficient evidence
regarding iron uptake by plants through microorganism-produced siderophores,
which convert the insoluble form of iron into a soluble form (Prasad, 2022). In
addition to aiding plant iron supply, siderophores produced by microorganisms
also play a significant role in the biocontrol of numerous plant diseases caused
by phytopathogens, especially phytopathogenic fungi (Prasad et al., 2019).

Isolates Bac4 and Bac6 are the only isolates that demonstrated the ability
to mineralize and solubilize phosphates. Other isolates possessed at least one
of these abilities. Phosphorus (P) is an essential nutrient for plant development.
Microorganisms play a crucial role in enhancing the accessibility of inor-
ganic phosphorus by producing protons, organic acids and ligands. These
components are commonly found among rhizosphere microorganisms special-
izing in phosphorus solubilization (Hinsinger et al., 2011). Additionally, they
facilitate the mobilization of phytate (organic P), likely through the production
of phytase (Jorquera et al., 2008).

The data in Table 3 revealed the potential of the isolates to increase the
degree of seed germination, root length, shoot stem and vigor index (VI) of
summer savory and parsley seeds after seven days.
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Table 3. The effect of isolates on seed germination (No, %), root and shoot length (mm),
and VI (%) after 7 days

Isolates Summer savory Parsley Summer savory Parsley Summer savory Parsley
seed germination root and shoot length VI
No.! % No. % root  shoot root shoot
Bac4 133 66.5 15.6% 78.0 77° 18.8¢ 954 2471¢ 1762 2620
Bac5 147 735 143 715 85> 1954 91¢ 16.2° 2058 1809
Bac6 10.3° 515 143 715 61°  14.6° 147 26.2° 1066 2924
Bac7 113> 565  13.04 650 91° 251° 121" 234 1932 2307
Bac$ 10.0° 500 173> 865 11.2*  30.0° 9.5¢ 22.1° 2060 2733
Control 97° 485  40° 200 38 75° 46° 11.0° 548 312

! Number of germinated seeds
Values in the same row followed by different letters indicate significant differences (p <
0.05) between the means

Seven days after the inoculation of summer savory and parsley seeds,
there was an increase in seed germination in all variants for both plants. The
highest germination percentage for summer savory seeds (73.5%) was observed
in the variant where isolate Bac5 was applied, while for parsley seeds, this
effect was achieved with the application of isolate Bac8 (86.5%).

For summer savory, all applied isolates led to a statistically significant
increase in root and shoot length, with the best effect achieved through the
application of isolate Bac8 (Figure 1).

Figure 1. The Influence of Isolates Bac8 and Bac7 on the initial seedling growth in
summer savory

In parsley, seven days after inoculation, a statistically significant increase
in root and shoot length was observed in all variants, and the best effect was
achieved with the application of Bac6 (Figure 2).

All isolates contributed to increased seedling vigour. The highest response
for vigour index was observed with isolates Bac5 and Bac8 for summer savory
and Bac6 and Bac8 for parsley.

The effect of isolates on root and shoot length of summer savory and
parsley after 14 and 21 days are presented in Table 4.
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Figure 2. The influence of the Bac6 isolate on the Initial Seedling Growth in parsley

Table 4. The effect of isolates on root and stem length (mm).

Isolates Summer savory Parsley Summer savory Parsley
14 days 21 days

root shoot root shoot Root shoot root shoot
Bac4 8.2° 26.5¢ 13.2¢ 28.2% 15.5¢ 4514 17.1F 41.2°¢
Bac5s 9.1° 19.7° 18.7° 17.4° 9.5° 4434 30.2° 21.3¢
Bac6 7.5¢ 23.4¢ 19.5¢ 35.1° 9.2° 42.2° 23.7¢ 38.8°
Bac7 10.6° 34.6° 28.2° 35.8° 16.0° 4434 35.5° °2.1°
Bac8 15.3% 38.2¢ 25.5° 34.5¢ 16.4° 55.2% 26.6° 48.2%
Control 424 14.4 16.0° 17.1° 5.0% 16.1° 21.1¢ 19.0¢

Values in the same row followed by different letters indicate significant differences (p < 0.05)
between the means

After 14 days from inoculation, all applied isolates showed a statistically
significant increase in both root and shoot lengths for summer savory. Notably,
Bac8 exhibited the most significant impact on root length, while Bac7 and
Bac8 had the highest impact on shoot length. For parsley, a significant increase
in root length was observed in all variants, except when Bac4 was applied,
resulting in a statistically significant decrease. The optimal effect on parsley
root length was achieved with Bac7. Parsley shoot length significantly increased
in all variants, except in the case of Bac5 isolate, where the increase was not
statistically significant.

After 21 days, for summer savory, all applied treatments led to a statisti-
cally significant increase in root and shoot length. The best effect on root and
shoot length was observed with isolate Bac8. Parsley root length significantly
increased in all variants after 21 days, except when isolate Bac4 was applied.
The best effect was achieved with the application of Bac7, where a 168% in-
crease in root length was observed. The shoot length of parsley was statisti-
cally significantly increased in all variants. The best effect was observed with
the application of isolate Bac8.

The obtained results in this study align with the conclusions of other re-
searchers, indicating that the effects of PGP bacteria depend on the nature of the
isolate, its population, inoculum concentration and plant-bacteria interactions
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(Dobbelaere et al., 2002; Sahin et al., 2004). Furthermore, the results of this
research are consistent with those of Cappellari et al. (2013) and Cakmake1
(2016), who observed a positive effect, namely an increase in the biomass of
shoots and roots of various medicinal and aromatic plants inoculated with PGP
bacteria. The results of present study suggest that isolates labeled as Bac5,
Bac7, and Bac8 could serve as bioagents in the production of summer savory
and parsley.

CONCLUSION

In this study, every Bacillus isolate derived from the nettle rhizosphere
exhibited significant potential as a plant growth promoter. The isolates that
stand out are isolates Bac5, Bac7 and Bac8. The isolate Bac5 had the most
significant impact on summer savory seed germination, while the application
of the isolate Bac8 led to the highest increase in both root and shoot length of
summer savory during all three measurements. Concerning the improvement
of parsley seed germination rate, the application of the isolate Bac8 had the
most significant effect. On average, for enhancing root and shoot length of
parsley across all three measurements, the Bac7 and Bac8 isolates showed the
greatest influence. Having great PGP traits, these isolates may represent pre-
cious biological alternative for harmful pesticides and chemical fertilizers
application in the production of summer savory and parsley.
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BUOCTUMYVYIJIATOPHA AKTUBHOCT M30JIATA BALITUJIYCA
N3 PUBOCDEPE KOITPUBE (Urtica dioica L.)

Jparana P. CTAMEHOB!, Tumea . XAJHAJI-JA®APH!,
Cumonuna C. T)yPI/Ihl Juno . XACAHATUR?

! Vuupepsuter y HoBom Cany, ITossonpuspeanu paxyirer,
JenapTMmaHn 3a paTapcTBO U TOBPTapCTBO,
Bbynesap ocureja O6panosuha 8, Hosu Can 21000, Cpbuja
VYuusepsuret y bamwanymu, [Ipuponno-maremarnuku GpakynTeT,
Minanena Crojanosuha 2, bamayxka 78000,
Penry6nuka Cpricka, bocHa n Xeprerosuna

PE3VME: I{usb oBOT HCTpaxuBamba OMO je H30JI0BaTH MUKPOOPTaHNU3ME U3 PH30-
cdepe xorpuse, cruposectn onoxemujcky u I1I'T1 kapakTepuzaryjy u30saTa 1 UCIIUTa-
TH HBUXOBO OMOCTHMYJIATHBHO JICjCTBO HA CEME JICKOBUTOT OMJba. MUKPOOpPraHU3MH
CY M30JI0BaHU METOJIOM arap IJiovue 3a H30Jalujy OakTeprja. broxeMujcka KkapakTepu-
3a1dja je yKJbyYrBalia IPOoIeHY CIOCOOHOCTH M30J1aTa Ja MPOAYKY]y CH3HME Kao IITO
Cy nunasa, amuiasa, IeKTUHa3a, IpoTeasa, 1eayao3a, ypeasa u xkenatunasa. [1T'T1
KapakTepu3allija je yKJbyunBaia HCIIUTHBAkE CIOCOOHOCTH M30J1aTa Ja IPOAYKY]Y
uHjon-3-cuphetny kucenuny (MAA), cunepodope 1 11jaHOBOIOHUK, KA0 ¥ CIIOCO0-
HOCT MUHEpaliu3aluje opranckux GochopHHX jequbera i conyonnusanuje Gpocdara.
YTuuaj u3onara Ha KJIUjaBOCT CEMEHA U pacT OMJbaka HCIUTUBAH je KopuinhemeM
cemena uyopuue (Satureja hortensis L.) u nepiiyna (Petroselinum crispum L.). Excrie-
PUMEHT je crpoBe/ieH y TaboparopujckuM ycrnouMa. Onpehusan je Opoj nmpokiinjanor
CeMEeHa, 1y)KMHA M31aHaka i KODEHKa, BATOP HH/IEKC, KAo 1 y)KHHA KOPEHa 1 cTabia
GrIbaKka. [Tpema MopdoonrkoM onucy KojloHHje U henuja, 3a 1ajbe UCITUTUBAE j&
onabpano niet Bacillus 6axrepuja (03HaueHUX kKao Bac4, Bac5, Bac6, Bac7, BacS§). Ceu
n3onaru cy nokasanu no6ap II'TI morenmujan. M3omarn KOjI/I ce H321Bajajy Cy u30Ja-
tn Bac5, Bac7 u Bac8. Hajoospu yTHIIaj) Ha KITHjaBOCT CeMeHa MMaJIH Cy u3onaru BacS
u Bac8. Hajsehu crumynaTuBHE edekaT Ha pacT pacaja UMalid cy u3onatu Bac7 u
Bac8. Ca omymmunum cojctuma [11'TI-a, OBM H3071aTH MOT'Y MIpeCTaBIbaTH OHOJIOMIKY
aJTepHATHBY 3a IPUMEHY MITETHUX NECTHLIH/A U XEMHUjCKUX hyOpuBa y MpOU3BOIHH
yyOpulle 1 nepuryHa.

KJbYYHE PEYU: Mukpoopranu3Mu, HHOKYyJIalHja, IEKOBUTE OUIbKe, pU300aKTe-
pHje mpoMoTOopU-OUIBHOT-pacTa
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IMPORTANCE OF NEW GRAPEVINE CULTIVARS
IN MITIGATION OF NEGATIVE EFFECTS
OF CLIMATE CHANGE

ABSTRACT: The aim of this work was to investigate the differences in yield and
grape quality among three grapevine cultivars Dionis, Morava and Panonia during the pe-
riod 2015-2022. The results suggest that season highly affects grape quality of all tested
cultivars. Among the all tested cultivars, Morava had the lowest variation in bunch weight,
while the lowest variation in acidity was demonstrated by Panonia. On average, these culti-
vars had satisfying yield (0,91-1,41 kg/m?) and even the production was performed according
to ecological principles, without the use of pesticides. Colored cultivar Dionis and its parent
Panonia, showed high sugar content in the grape must. Panonia and Morava had signifi-
cantly higher acidity of the must (8.4 and 7.8 g 1""), compared to Dionis (6.30 g I'").

KEYWORDS: climate conditions, phenology, grape quality, new cultivars, yield

INTRODUCTION

For successful grapevine production, it is highly important to grow a proper
cultivar in a given wine region. However, climate change makes it difficult to
select suitable cultivars for growing in a given wine region (Bai et al., 2022).
Climate conditions highly affect the incidence of fungal diseases and insects
which is dependent on the amount and frequency of rainfall during the season.
Cultivars such as Pinot blanc and Chardonnay are rather sensitive to pathogens
and therefore new cultivars should be cultivated.

* Corresponding author. E-mail: dragoslav.ivanisevic@polj.uns.ac.rs
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The main goal of grapevine breeding programs in different countries
around the world is creation of varieties that are resistant to fungal diseases
while yielding adequate grape quality. In the vineyards of the resistant grape-
vine varieties, only few spraying treatments are required to prevent diseases.
Therefore, these varieties minimize the long-term risk of environmental pol-
lution and human health hazards. The first resistant varieties obtained through
traditional breeding carried a high percentage of non-Vitis vinifera varieties in
their genetic background and were considered as interspecies hybrids. Multiple
backcrossing with Vitis vinifera varieties allowed subsequent development of
resistant varieties that retained more than 85% of the Vitis vinifera genes. Three
resistant white varieties released in Serbia (Panonia and Morava) and one
colored skin variety (Dionis) have high percentage of Vitis vinifera genes and
should therefore not be considered as hybrids. Panonia yields full-bodied wines
similar to Riesling while the wine of Dionis is similar to the wine of Cabernet
franc. At present, the grape quality of these varieties is at the level of Vitis
vinifera. Unfortunately, these wines are still not fully embraced by consumers,
suggesting that further effort is required in both production and marketing.

The aim of this study was to examine the grape quality of three grapevine
cultivars Dionis, Panonia and Morava during seven consecutive years (2015—
2022) in ecological production.

MATERIAL AND METHODS

The experiment was conducted at the Experimental field for viticulture,
University of Novi Sad, Faculty of Agriculture, situated in Sremski Karlovci
(45°10° N; 20°10” E) during seven years (2015-2022). All vines were pruned
to Karlovac training system (modified Guyot, one arched cane of 12 buds and
one spur of 2 buds), with an average of 14 buds per vine. Rows had an E-W
orientation. The vines were trained ecologically i.e. without use of pesticides
and mineral fertilizers. Grass mixture was established as cover crop in between
the rows. Every second row was ploughed. Weeds in between the vines were
controlled mechanically. Fifteen vines were included in the treatment of each
cultivar, with three replicates per treatment.

Phenological observations

Phenological observations were performed at three specific moments, i.e.
the most important grapevine phenological stages: (BBCH scale — stage 07)
beginning of bud-burst, (BBCH scale — stage 60) beginning of flowering and
(BBCH scale — stage 80) beginning of veraison — when cultivars develop their
characteristic berry color (Coombe, 1995).
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Yield and grape quality

Yield was determined at harvest by weighing all harvested bunches of
each replicate. Average bunch weight was obtained by dividing the weight of
all bunches by the number of bunches per replicate. After crashing, the sugar
content in the grape must was measured with Oechsle hydrometer. Titratable
acidity was measured by titration of grape juice sample (10 ml) by adding 0,1
M NaOH, drop by drop, in the presence of bromothymol blue as an indicator.

RESULTS AND DISCUSSION

In Serbia, there have been extreme weather conditions in recent years
affecting grape production: the year of 2014 was very rainy which reduced
yield and quality of some Vitis vinifera L. cultivars (Ivanisevi¢ et al. 2020). In
2017, sunburn damages on the berries were observed in the field due to hot
weather conditions (Kuljanci¢ and Bozovi¢, 2018). Extreme climate events in
second decade of the XXI century and the negative effects of climate change
on grapevine cultivars were also observed in Germany (Topfer and Trapp,
2022). In most of the examined seasons (5/7), June (2016, 2017, 2019, 2021 and
2022), July (2015, 2017, 2020, 2021 and 2022) and August (2015, 2017, 2018,
2019 and 2022) were hotter compared to the average temperatures for these
months during the period 20002022 (Figure 1/1a).
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Phenology was highly affected by the weather conditions. On average,
bud-break was observed at the beginning of April (Table 1). The first occur-
rence of bud-break in Sremski Karlovci was observed in 2017 in the vineyard
of Dionis (27" March), while in 2021, bud-break occurred very late in the
vineyard of Morava (18" May). The highest shift in phenology was observed
in 2018, when flowering occurred 20 days earlier compared to average 2015—
2022. An earlier occurrence of flowering in 2018 was a consequence of hot
temperatures during April and May (Figure 1). The beginning of veraison i.e.
the beginning of ripening was recorded at the end of July for all cultivars with
high variations from year to year.

Table 1. Phenology of examined cultivars during 2015-2022.

Beginning of Beginning of Beginning of
Cultivar Year bud-break flowering veraison
(Day of year) (Day of year) (Day of year)
2015 105 144 201
2016 91 147 203
2017 86 146 204
2018 92 128 191
Dionis 2019 92 150 212
2020 94 143 216
2021 107 160 215
2022 88 151 218
4 14 2
Average 2015-2022 (02.04) (26.85) (26(.)077)
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2015 106 145 207

2016 93 147 208
2017 88 146 206
2018 93 128 195
Morava 2019 93 155 216
2020 08 148 220
2021 108 160 227
2022 92 153 217
% 147 212
Average 2015-2022 (06.04) (27.05) (31.07)
2015 105 145 199
2016 92 147 199
2017 88 145 197
2018 93 127 190
Panonia 2019 92 154 207
2020 08 143 206
2021 107 160 209
2022 91 154 213
% 147 202
Average 2015-2022 (06.04) (27.05) 21.07)

On average, these cultivars had satisfied yield, despite the fact that the
production was performed according to ecological principles, without the use
of pesticides. Panonia and Morava had higher yield compared to Dionis (Table
2). Standard deviation values calculated for yield of these fungus tolerant cul-
tivars are similar to the values calculated for several Vitis vinifera L. cultivars
(Cindri¢ et al., 1992; Cindri¢ et al., 2000).

All cultivars had the lowest bunch weight in 2020 (Table 2). Panonia and
Morava had significantly higher bunch weight compared to Dionis.

Sugar content in the must of Dionis and Panonia exceeded 20% in all
seasons (Table 2). In 2015, sugar content in the must of Morava was below
20%. The highest variation in the sugar content in the must showed Dionis,
while the lowest was observed in Panonia.

Table 2. Yield and grape quality of examined cultivars during 2015-2022

Cultivar Year Harvest Yield Bunch Tota} soluble "ljit'ratable
date (kgm?)  weight(g) solids (%) acidity (g 17
2015 01.10. 1.01 160.0 23.3 47
2016 10.10 1.02 160.8 21.7 4.7
2017 01.10 1.24 183.4 247 6.9
Dionis 2018 11.09. 1.06 186.8 22.3 6.8
2019 25.09. 0.60 125.0 24.1 6.2
2020 01.10. 0.53 87.4 26.8 5.3
2021 05.10. 0.55 142.9 27.9 8.3
2022 15.09. 1.32 152.3 24.1 7.5
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2015 20.09. 1.49 267.0 18.9 8.1

2016 25.09. 2.57 240.2 20.5 9.7
2017 25.09. 1.05 210.3 227 4.6
Morava 2018 06.09. 0.90 209.7 20.4 7.0
2019 20.09. 1.31 180.4 21.2 7.4
2020 30.09. 1.47 165.8 21.5 77
2021 05.10. 1.05 150.0 22,3 9.5
2022 15.09. 1.11 200.3 20.9 9.1
2015 01.09. 0.97 240.3 24.0 8.4
2016 07.09. 1.54 156.7 24.9 9.4
2017 23.08. 1.54 186.7 24.1 7.8
Panonia 2018 20.08. 1.05 241.7 25.6 6.9
2019 28.08. 1.14 176.1 22.4 8.0
2020 31.08. 1.21 141.9 23.2 8.8
2021 06.09. 1.82 182.2 24.9 9.1
2022 12.08. 1.31 164.1 26.3 9.0
Dionis 2015-2022 27.09. 0.91 149.6 244 6.3
Morava  2015-2022 22.09. 1.41 209.0 21.1 7.8
Panonia  2015-2022 28.08. 1.31 186.2 244 8.4

Panonia and Morava had significantly higher acidity of the must, com-
pared to Dionis (Table 1). The lowest variation in acidity showed Panonia
(below 1.0) (Table 3). Cindri¢ et al. (1992) observed that grapevine cultivar
GraSac during the period 1968—1980, had standard deviation for titratable acidity
only 0.7. The same author (Cindri¢ et al., 1992) observed that Cabernet franc,
the parent of Dionis, also showed high variation in acidity (SD=1.3).

Table 3. Standard deviation of examined cultivars during 2015-2022 (average)

Cultivar Yiel(_l2 Bunch Tota.l soluble .TiFratable_I
(kg m™) weight (g) solids (%) acidity (g L)
Dionis 0.32 323 2.11 1.32
Morava 0.51 32.1 1.29 1.57
Panonia 0.29 36.7 1.27 0.83
CONCLUSIONS

New cultivars released in Sremski Karlovci, Dionis, Morava and Panonia,
grown without the use of pesticides, showed low variation in yield despite
variable climate conditions. In all seasons, Dionis and Panonia accumulated
more than 20% of sugars in grapes at harvest. These cultivars are suitable for
growing in such a modified and unpredicted climate conditions in Serbia,
particularly in FruSka Gora wine region.
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3HAUAJ HOBUX COPTU BUHOBE JIO3E V YBIIAXKABABY
HEI'ATUBHUX EGEKATA KIIMMATCKUX ITPOMEHA

Hana C. KOPAR, Iparocnas M. UBAHUIIIEBUR, Mnanen 1. KAJIAJIIMH

VYuusepsurer y Hoom Cany, [TossonpuBpenau dakynrer,
JlenaptmaHn 3a BohapcTBO, BHHOI'PAZAapCTBO, XOPTUKYIITYPY U M€j3aXKHY apXUTEKTY Y,
Tpr Hocureja O6panosuha 8, Hosu Cax 21000, Cpouja

PE3UME: L{usb oBoOT paja je aa ce UCIUTA pa3iifKa y IPUHOCY H Yy KBAJTUTETY
rpoxba coptu Jlnonuc, Mopasa u Ilanonuna, Tokom nepuoza ox 2015. 1o 2022. ronu-
He. PesynTaru cy nokasaiu Ja je ToquHa HCOUTHBAba 3Ha4ajHO yTHIIAIa Ha KBaJIUTET
rpoxha Koz cBux ucnutuBanux copru. Ilopehewem ncnurnsanux copru, Ilanonua
Ce M3/(BOjUIIa KAO COPTA KOja je MMaJla HajMarhe BapHjaliHje y Mach rpo3za, 10K je Haj-
Mama Bapujaluja y caapikajy KucelnHa y IupHu Taxkole 3adenexena kox copre Ilano-
HHA. Y [POCEKY, CBE HCIIUTHBAHE COPTE MMAJIe Cy 3a10BosbaBajyhu mpuroc (0,91-1,41
kg/m?) mako je Mpou3BOIHa 3aCHOBAHA HA EKOJIONIKUM MPUHIIUIINMA, 6e3 TpuMeHe
nectuiuaa. lipHa BuHCKa copra J{MOHKC 1 BeH poanTesb [lanon#a, MM Cy BUCOK
cagpxaj mehepa y mmpn. Copre Ilanorna 1 MopaBa nMase cy 3HadajHO Behu canpxcaj
kucenuna y mupu (8,4 u 7,8 g L) y mopehemy ca coprom Juonuc (6,30 g L™).

KJbYYHE PEYN: cpeHonorHJa KJIMMAaTCKH YCIIOBH, KBJIMTET rpoxkha, mpHHOC,
HOBE COpTe
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PRIORITY MEASURES OF ADAPTATION TO CLIMATE
CHANGE IN THE VITICULTURE SECTOR IN SERBIA

ABSTRACT: Viticulture production, like the entire agriculture, is subject to climate
changes related to a significant increase in air temperature. High air temperatures during
the ripening period negatively affect the yield and quality of grapes. Apart from the increase
in air temperature, grape production is also affected by rainfall and the frequency of extreme
events. Climate projections for the future predict a further increase in air temperature and
a change in the most important viticultural indices. The analysis shows that there has been
a change in the climate category according to WI and HI values, and in some areas also CI.
The Drought Index (DI) does not show significant changes in the first two periods (2021—
2040; 2041-2060), in contrast to the increased frequency of droughts and the extension of
the duration of the dry period during the year. Since the most significant risks in viticulture
come from high temperatures during the grape ripening period and from hail and stormy
weather during the growing season, appropriate adaptation measures are needed.

KEYWORDS: adaptation, exposure, climate change, viticultural indices, vulnerability,
risk

INTRODUCTION

Gases with the greenhouse effect as a consequence of the irrational use
of natural resources and the linear economy (take — make — use — throw away)
cause climate changes that manifest themselves to a significant extent in Serbia,
causing great damage in all spheres of the economy with a particularly negative
effect in the sector of agriculture. The European Environment Agency (EEA),
announced that agriculture directly contributes to around 10% of greenhouse
gas emissions (GHG) in the EU (EEA, 2022). However, when all emissions
related to food production are taken into account, it is estimated that this pro-

* Corresponding author. E-mail: zoricarv@agrif.bg.ac.rs
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duction is responsible for around 21-37% of global emissions (IPCC, 2019).
Viticulture production, like the whole agriculture, is vulnerable to climate
change due to a significant increase in air temperature, which amounted to 1.2 °C
in Serbia for the period 19962015 compared to the period 1961-1980 when the
largest increase in summer maximum daily temperature was 2.2 °C (Vukovi¢
Vimi¢ et al., 2018, 2022). As already confirmed in large number of works as
well as in various projects, high air temperatures during the ripening period
adversely affect the yield and quality of grapes (Rankovi¢-Vasi¢ et al., 2014;
Rankovi¢-Vasi¢ et al., 2022a; NAP, 2022; IAPS, 2022; FAO, 2023). All pheno-
logical stages of grapevine development are subject to the effects of changes
in air temperature. Flowering, the ripening and harvesting of grapes were
significantly shifted, while a smaller change was observed in bud burst devel-
opment (Ruml et al., 2016; Vujadinovi¢ Mandic¢ et al., 2020). In addition to the
increase in air temperatures, the precipitation and frequency of extreme events
also affected agricultural production and food security over the last few decades
(Vyjadinovi¢ Mandi¢, 2022). Climate projections for the future predict a further
rise in air temperature both globally and in Serbia. In the second half of the
21% century, in the period 2081-2100, compared to 1961-1980, the average
increase in air temperature in Serbia will most likely be over 2.5 °C according
to the RCP4.5 scenario (lower risk assessment scenario) and over 5 °C according
to RCP8.5 (higher scenario) (Vukovi¢ Vimi¢ et al., 2018). The probability of
number of days with a temperature higher than 35 °C will increase significantly
in the future (Rankovi¢-Vasi¢ et al., 2022b). As the negative impacts of climate
change are already expected to intensify in the future, especially in the viti-
culture sector, adaptation measures should be mandatory, not an alternative.

MATERIALS AND METHODS

For the analysis of climate changes in Serbia, there were used observed
data from the EOBS database of daily temperature and precipitation at a reso-
lution of about 10 km and the results of an ensemble of 8 regional climate
models selected from the EURO-CORDEX project database (https:/www.
euro-cordex.net/), included in the Digital Climate Atlas of Serbia (atlas-klime.
eko.gov.rs). In this work, the RCP 8.5 scenario was chosen (Relative Concen-
tration Pathway) from the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC, 2014), for the analysis of climate change in
the future. In accordance, the three twenty-year future periods, 2021-2040,
2041-2060 and 2081-2100, were selected. Chosen bioclimate viticultural in-
dices for analysis are: Mean temperature during the vegetation period (Tweg
— Average mean daily temperature for the standard vegetation period from 1
April to 31 October), Winkler Index (WIN, Winkler et al., 1974), Huglin Index
(HI, Huglin, 1978), Cool Nigth Index (CI, Tonietto and Carbonneau, 2004),
Drought Index (DI, Riou et al., 1994), High summer temperatures (N35 — Num-
ber of days with a maximum daily temperature higher than 35 °C). Exposure,
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vulnerability and risks from high temperatures and hail are analyzed in this
paper. Exposure assessment means estimating the frequency, i.e. how often
the defined potential hazards occur related to climate change and extreme
weather events in the past and future. The scale of probability and frequency
of occurrence of hazards is: Probability of event: Small — Frequency of occur-
rence: once in 20 years; Probability of event: Moderate — Frequency of occur-
rence: once in 10 years; Probability of event: High — Frequency of occurrence:
once in 4 years; Probability of event: Very high — Frequency of occurrence:
once in 2 years. Vulnerability assessment involves assessing the severity of the
socio-economic consequences that defined hazards may have according to the
scale: Vulnerability: Small — Degree of consequence: with little or no negative
consequences; Vulnerability: Moderate — Degree of consequence: with negative
consequences that can lead to smaller economic losses; Vulnerability: Great
— Degree of consequence: with negative consequences that may lead to sig-
nificant economic losses and/or may affect certain social categories. The risk
quantification is performed based on assessments of exposure levels and vul-
nerabilities. Low risk are those events that occur with low or moderate pro-
bability and cause small or moderate consequences. Moderate risk are those
events that occur with low or moderate probability and cause large or critical
consequences, as well as those that occur with high or very high frequency, and
cause small or moderate consequences. High risk are those events that occur
with a high or very high probability and cause great or critical consequences.

RESULTS AND DISCUSSION

Climatic factors exert their influence on the grapevine throughout the
annual cycle, mostly during the vegetation period. Based on the analysis of
projected values of temperatures for the vegetation period (7veg) it can be
concluded that in the last 40 years of this century (periods 2041-2060 and
2080-2100) there will be significant changes in these temperatures in relation
to the end of the 20™ century. Changes in the mean temperature of the growing
season have been projected, which will be higher, for the 75" percentile in the
entire wine-growing region of Vojvodina and certain parts of the wine-growing
region of Tri Morave, as well as the Nis and Nisava regions (Figure 1). Know-
ledge of phenological changes during the vegetation of the grapevine, on one
hand, and climatic factors on the other, are important factors in the selection
of cultivars in the wine-growing region. Meteorological conditions have a
greater influence on the phenological dynamics than the genetic characteristics
of cultivars (Ruml et al., 2013). According to Ruml et al. (2016), the most sig-
nificant change is the period of earlier blooming and ripening, precisely because
of the increase in air temperatures. Climate exerts the strongest effect on grape
berry composition during ripening period (Jones and Davis, 2000; Zoecklein
and Gump, 2022). The analysis shown in the Figure 1 indicates that there has been
a change in the climate category according to WI and HI values and in some
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areas also CI (Vujadinovi¢ Mandi¢ et al., 2022). It is predicted that in the next
twenty years the Winkler Index will move to the WI III zone (1668—1944 °C)
for most wine-growing regions of Vojvodina and zone I'V (1945-2222 °C) for
Belgrade and parts of Banat. In the second period (2041-2060) entire Vojvo-
dina, except for small parts of the Subotica region and parts around Fruska
Gora, will be WIN IV (1945-2222 °C), and in the last projected period of the
future (2081-2100) the region of Vojvodina, eastern and southern parts of
Serbia, the wine-growing region Tri Morave, Cer-Valjevo, Belgrade wine-
growing region, the far east and south of the contry will be in the highest WI
V zone with over 2222 °C. The Huglin Index (HI) also predicts a move towards
a warmer climate that almost all wine-growing regions will have. Thus, in the
2081-2100 period, all regions of Vojvodina, except Subotica, will be in the
HI+3 zone (> 2700 °C). Moreover, Cer-Valjevo and the wine-growing region
Tri Morave will be in this highest class, as well as parts of Nis, Nisava, the
wine-growing region of Negotinska Krajina, etc. The mean minimum tem-
perature in September (CI) in the end of the 20" century belongs to the cate-
gory of very cold nights (CI<12 °C) in the entire territory of Serbia, except for
separate parts of Belgrade, Banat and the far east where CI is 12—14 °C (cold
nights). In the near and distant future, significant changes will occur in this
index as well, so that in the 2081-2100 period in entire Vojvodina, parts of Tri
Morave, Knjazevac, Nis, Leskovac, Toplica and Vranje wine-growing regions
nights will be moderate (CI 14—18 °C, and in the same period (75" percentile),
the region of Belgrade would have warm nights (CI>18 °C). The Dryness Index
(DI) does not show significant changes in the first two periods (2021-2040;
2041-2060), in contrast to the increased frequency of droughts and the prolon-
gation of the duration of the drier period during the year.

The three viticultural climates, in the Geoviticulture MCC system (Toni-
etto and Carbonneau, 2004), are present in Serbia in the past: HI-1 DI-1 CI+2
temperate, sub-humid with very cool nights, regions: Subotica-Horgos, Srem
and NiSava-Juzna Morava; HI-1 DI-2 CI+2 temperate, humid with very cool
nights, regions: Banat, Sumadija-Velika Morava and Zapadna Morava; HI+1
DI-1 CI+2 temperate warm, sub-humid with very cool nights, Timok region
(Ruml et al., 2012). Significant changes are predicted for the end of the 21"
century (2081-2100). As already confirmed in various papers, high air tem-
peratures during the ripening period adversely affect the yield and quality of
grapes (Conde et al., 2007; Rankovi¢-Vasi¢ et al., 2014; Meggio, 2022; Ranko-
vi¢-Vasi¢ et al., 2022). Climate change is a major challenge in wine production.
Temperatures are increasing worldwide, and most regions are exposed to wa-
ter deficits more frequently. Higher temperatures trigger advanced phenology.
This shifts the ripening phase to warmer periods in the summer, which will
affect grape composition, in particular with respect to aroma compounds (Van
Leeuwen and Darriet, 2016; Gutiérrez-Gamboa and Moreno-Simunovic, 2018;
Modina et al., 2023).

70



th
The 21" century 2021-2040 2041-2060 2081-2100

- - - -
- hen b besa
- - - -
- - b b
e - - -
- haan b -
- - | -
- hasn ke hasa
. an - -
- -, - o
o hase - b

>, - - - -

T :

'E hasw e fod - e

a - L L |

é - hasw: ko hasw

z | - - N
fase ke ke ke
Az 2- |/ -
- - - -
s hesn b hesn

x

T - - - -

e}

= oo oo fasw heon

=

i - -~ e v

-

T | hasn - base
- - - -
- fasn ke "
- - - -
. - -
hase o -

5 | & -

el

= foasn foasn- o

=

L |- - -

™ foss -

o

[s] - ™ -

[w]
ks - -
- - - -

13 3

- - - -
ks foss - ke

T o - .

wv -~ - - -

")

]

c pasw s 58 Mo hask-

>

2

o e o o o
ke - oo kase
- - |

Figure 1. Values of viticultural indices (Tveg — mean vegetation temperature, WI — Winkler
Index, HI — Huglin Index, CI — Cool Night Index, DI — Dryness Index) for the period of
the end of the 20™ century and future climatic periods (2021-2040; 2041-2060; 2081-2100)
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Table 1. Exposure and vulnerability of high temperatures in grapevines (Tx > 35 °C)

Administrative Exposure .
district Present Near future Mid-century Vulnerability
2000-2019 2021-2040 2041-2060

North Banat Moderate Large Large Moderate
Central Banat Moderate Large Large Moderate
South Banat Moderate Large Very large Large
North Backa Moderate Large Large Moderate
West Backa Moderate Large Large Moderate
South Backa Small Large Large Moderate
Srem Small Large Large Moderate
City of Belgrade Moderate Large Very large Large
Danube River Basin Moderate Very large Very large Large
Branicevo Moderate Large Very high Large
Bor Moderate Large Large Moderate
Zajecar Moderate Very high Very high Moderate
Nisava Moderate Very high Very high Large
Pirot Small Large Large Moderate
Toplica Moderate Very high Very high Large
Jablanica Small Very high Very high Large
Péinja Small Large Large Moderate
Sumadija Small Large Large Moderate
Pomoravlje Moderate Very high Very large Large
Raska Small Small Small Small
Rasina Small Large High Moderate
Macva Small Large High Moderate
Kolubara Small Large High Moderate
Moravica Small Moderate Moderate Small
Zlatibor Small Small Small Small
National level Small, Moderate Large Large Moderate

The planning and implementation of adaptation measures in a particular
wine-growing region or vineyard depends on the local impacts of climate
change and risk levels of a certain abiotic factor. Table 1 shows the exposure
and vulnerability of high temperatures (Tx > 35 °C), which can significantly
reduce the accumulation of anthocyanins in the skin of the berry. This risk is
of particular importance for red wine cultivars, the quality of grapes and the
quality of the wine produced. The tendency of increasing temperatures during
the vegetation period in the grape ripening period is projected for the regions
of central, southern and eastern Serbia where the risk is assessed as very high
(Figure 2). Temperatures over 30 °C and 35 °C are especially risky. The selec-
tion of the position, use of shade nets, monitoring chemical parameters in the
bunch during ripening, shifting the harvest date are just some of the adaptation
measures that must be observed during intensive viticulture production, in
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order to obtain quality grapes and wine. Hailstorms are typically localized
events, and very little is known about their effect on crops (Petoumenou et al.,
2019). Hail is extremely dangerous in viticulture, because for various reasons
using anti-hail nets in the vineyards in Serbia is not a part of practice. Damage
from hail on the grapevine in one production year can be extremely large and
cause a decrease in the yield and quality of grapes, sometimes the loss of the
entire yield (Banita et al., 2020). Hail have a destructive effect on vineyards,
depending on the intensity, size and timing of the fall, and influence next year’s
grape production (Teodor, 2018). In addition to the use of anti-hail rockets in
breaking hailstorm clouds, on which currently fighting against hail relies, which
sometimes does not give satisfactory results, investments in the installation of
anti-hail nets, as well as appropriate conditions when insuring vineyards, must
be of state interest. The average frequency of wind gusts stronger than 25 m/s,
which can cause damage to the grapevine, in most of the territory of Serbia
during the reference period was from 0.8 to 1.2 days. For the end of the 21*
century (2071-2100), an increase in the frequency of hail is predicted in Serbia,
from 40 to 80% in Vojvodina and from 20 to 40% in the rest of Serbia for hail
larger than 2 cm in diameter (Table 2). This fact is confirmed by a study de-
signed to assess changes in the appearance and size of hail at the European
level (Radler et al., 2019). High risks from hail with a tendency to increase are
present in 5 administrative districts (Jablanica, P¢inja, RasSka, Pomoravlje and
Moravica) (Figure 3). Protecting the vineyards with the anti-hail net is an
ideal solution for table grape growers who want to obtain a high quality grape
production. The use of different anti-hail net may be an alternative of protec-
tion against hail and other storms, with no important negative effects on the
development and quality of grapes (Forte et al., 2022).

Table 2. Hail larger than 2 cm in diameter and natural disasters in vineyard. Exposure
assessment and vulnerability by regions

Exposure
Administrative district Present The end of the century Vulnerability
1971-2000" 2071-2100"
North Banat Small Large Moderate
Central Banat Small Large Moderate
South Banat Moderate Very large Large
North Backa Small Large Moderate
West Backa Small Large Moderate
South Backa Moderate Large Moderate
Srem Moderate Large Moderate
City of Belgrade Moderate Large Large
Danube River Basin Moderate Large Large
Branicevo Moderate Large Large
Bor Moderate Large Moderate
ZajecCar Moderate Large Moderate
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Nisava Moderate Large
Pirot Moderate Large
Toplica Moderate Large
Jablanica Moderate Very large
P¢inja Large Very large
Sumadija Moderate Large
Pomoravlje Moderate Very large
Raska Large Very large
Rasina Moderate Large
Macva Moderate Large
Kolubara Large Very large
Moravica Large Very large
Zlatibor Large Very large
National level Moderate Large

Large
Moderate
Moderate

Large

Large
Moderate

Large

Large
Moderate
Moderate
Moderate

Large

Large
Moderate

* reference period; *~ RCP8.5 scenario (Radler et al., 2019)

i
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Figure 3. Risk of hail in vineyards in different administrative regions in Serbia

CONCLUSION

Changes in the climatic categories for growing vines show a shift in the
optimal conditions for growing grapes, as well as the production of high-
quality wine. In the case of production optimization, viticulture can benefit
from climate change in the coming decades. The increase in the prevalence
and frequency of the risk of hail indicates a high risk of this phenomenon for
viticultural production. To use the potential for cultivation of grapevine, it is
necessary to regularly renew the viticulture zoning of Serbia, including assess-
ments of potential risks from climate change, with recommendations for the
selection of varieties, locations, methods of cultivation and various agrotechnical
measures that would ensure the quality of the yield. In areas with a high risk,
it is necessary to protect the plantings from hail, high temperatures and other
unfavourable factors. Measures for adapting viticulture to climate change at
the global level are: moving vineyards to higher altitudes, natural shading of
vineyards (cultivation on north-facing sides, setting up nets), adequate protection
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against diseases and pests due to more frequent adverse weather conditions,
adequate defense against extreme events (droughts, floods) and the appropriate
selection of varieties and rootstocks. Appropriate agro and ampelotechnical
measures such as tillage and pruning can also be applied in vineyards with the
aim of mitigating negative extreme events in the appropriate phenophases of
grapevine development and concept of organic viticulture.
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OPUTI'MHAJIHU YJIAHAK
Ipummen: 1. 11. 2023.
Ipuxsahen: 30. 1. 2024.

[MPUOPUTETHE MEPE AJJATITAIIUJE HA KIIMMATCKE ITPOMEHE V¥V
CEKTOPY BUHOI'PAJAPCTBA V CPBUIA

3opuna PAHKOBH'h BACIT'h, Ana BYKOBH'h BUMUA,
Mupjam BYJAAMHOBW'hA MAH/IU'h

YuusepsuteT y beorpany, [lossonpuBpenau gaxynrer,
Hemamuna 6, beorpag—3emyn 11080, Cpbuja

PE3MME: BuHorpaznapcka IIpon3BoO/itba, Kao | Liea I0JbOIPUBPE/a, ParbiBa je
Ha KJIMMaTCKe IIpoMeHe, Koje n3Mel)y ocrasor yciaoBibaBajy U 3Ha4ajHO NoBehame TeM-
neparype Bazayxa. Bucoke remrieparype Bazayxa y mepHoy 3permha HeraTUBHO YTHIY
Ha MPHHOC ¥ KBaUTeT rpoxkha. Ocum noBehama Temrieparype Ba3nyxa, Ha IPOU3BOIEY
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rpoxha yTudy M naJjaBuHe U y4ecTanaocT ekcTpeMHux aoralhaja. Knmumarcke npojexnuje
3a Oynyhuoct npensubajy nasbe nopehame TemmepaType Ba3ayxa i IPOMEeHY HajBaXKHHU-
JUX BUHOTPAJapCKUX UHAEKCA. AHaIM3a NoKasyje Ja je JIOILUI0 JI0 IPOMEHE KaTeropuje
kiume npema Bpeanoctuma W1 u HI, a y nexkum obnacruma u CI. Munexc cyme (DI)
HE [0Ka3yje 3HauajHuje mpoMeHe y npsa jiBa nepuoaa (2021-2040; 2041-2060), 3a pas-
UKy 0] HoBehaHe yyecTaJoCTH Cylla U IPOAY Kea Tpajamba CyLIHOT IEPUOAa TOKOM
roause. Kako ¢y Haj3HauajHUjU pU3ULHY Y BUHOI'PAAapCTBY O BUCOKUX TeMIIepaTypa
y IEpUOy ca3peBama rpoxkha Kao 1 0J] Tpajia U 0JIyjHOT BpeMeHa TOKOM BereTanuje,
notpebHe cy oarosapajyhe Mepe ajanranuje.

KJbYUHE PEYU: ananranuja, U3I0KEHOCT, KIIMMATCKE TPOMEHE, BUHOT'PAIAPCKH
WHJICKCH, PabUBOCT, PU3HK
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CHARACTERISTICS OF GRAPE MUST OF
PERSPECTIVE GENOTYPES IN AUTOCHTHONOUS
GRAPEVINE VARIETY PROKUPAC

ABSTRACT: The autochthonous, i.e. local, red wine variety Prokupac is one of the
most important varieties in Serbia. In the past, this variety was the leading one in the largest
number of wine-growing areas of our country. The Prokupac variety is currently the most
represented in the Tri Morave wine-growing region (Central Serbia), while the largest num-
ber of vineyards with this variety are located in the Zupa wine-growing subregion. Due to
its importance as an old and traditional variety, certain researches of this variety have been
initiated in recent years in wine-growing areas where Prokupac is traditionally grown.
Certain scientific activities were initiated to isolate different genotypes with improved
production and use value, all with the aim of clonal selection of this variety. In this paper,
some characteristics and quality parameters of the more promising Prokupac genotypes that
were isolated in the Zupa wine-growing subregion in the Aleksandrovac municipality are
presented. More extensive research was carried out on grapes from the harvest of 2019, 2020
and 2021 with 16 selected genotypes, namely eight genotypes from the Latkovac locality
and eight genotypes from the Drenca locality. In addition to laboratory analyses of sugar,
acid and pH content in the grape must, the theoretical alcohol content was also calculated.
Furthermore, spectrophotometric methods were used to determine colour intensity A-420,
colour intensity A-520, colour intensity A-620 and total colour intensity, as well as colour
tonality. The analyses showed that certain main quality parameters from the research are
within the value limits as in earlier research, but that the acid content is generally more
optimal for red wine varieties compared to the research of that parameter carried out in the
carlier period in other wine-growing areas (Fruska Gora and Cegar wine-growing subregions).

* Corresponding author. E-mail: stefanautvic@yahoo.com
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Moreover, in our research, the sugar content of the grape is higher than the established
values of that parameter in the grape must from the Cegar wine-growing subregion.
KEYWORDS: grape must, Prokupac, Zupa wine-growing subregion

INTRODUCTION

The Prokupac grapevine variety is a Serbian autochthonous variety
(Zirojevi¢, 1974; Radojevi¢ et al., 2013; Markovi¢ and Atanackovi¢, 2013;
Petrovi¢ et al., 2019) that, according to most authors, originates from the vicin-
ity of Prokuplje, a historic vineyard centre in Serbia (Zirojevi¢, 1974; Radojevi¢
et al., 2013). This red wine variety belongs to the Convarietas pontica group,
subconvarietas balcanica, and has numerous synonyms such as Rskavac,
Kamenicarka, Nisevka, Crnka, Prokupka, and others (Zirojevi¢, 1974; Cindri¢
et al., 2000; Jaksic¢ et al., 2019). In terms of total vineyard area, Prokupac is
the leading local and regional grapevine variety in Serbia compared to 31
other old local grapevine varieties. Additionally, when considering the distri-
bution of vineyard areas for this variety across wine-growing regions, the Tri
Morave region (Tomi¢ et al., 2019) stands out with the largest areas of this
local variety, with the Zupa wine-growing subregion being particularly notable
(Jaksi¢, 2019). The precondition for valorizing wine from local grapevine va-
rieties and expanding vineyards with such varieties is the identification of
valuable genotypes and research aimed at clonal selection of the best and most
promising genotypes of local grapevine varieties. However, one of the chal-
lenges facing contemporary scientific practice is the insufficient representation
of vineyards with local varieties. Over the years, vineyards with such varieties
in Serbia have been largely cleared, and their share in the total vineyard area
(excluding the widespread local variety Grasac) is just over 15%, with a share
in the total number of vineyards being slightly less than 34% (Jaksi¢ et al.,
2022a). For this reason, the preservation and development of local varieties,
such as the Prokupac variety, pose a special challenge to today’s domestic
science. One of the first steps in this process is the selection of promising
genotypes in old vineyards that are the subject of research for clonal selection.
Such a scientific-professional process has been initiated by the Centre for
Viticulture and Oenology in Ni§ for the Prokupac variety and other local
grapevine varieties in the Zupa wine-growing subregion and other wine-growing
areas in Serbia. Given that the analysis of current and future climate change
has shown that climate change will have a positive impact on the Prokupac
variety (Jaksi¢ et al., 2022b; Jaksic et al., 2022c), as a variety with a later grape
ripening time, special attention is paid to the selection of promising genotypes
of this variety.

The aim of this paper is to present the results of laboratory analyses of
the quality parameters of the grape must in selected individual promising
genotypes of the Prokupac variety from the Zupa wine-growing subregion.
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MATERIALS AND METHODS
Data on Vineyards with Selected Genotypes

The production vine plantations where the selection of prospective geno-
types of the Prokupac grapevine variety was carried out are located within the
Tri Morave wine-growing region, Zupa wine-growing subregion. The vineyards
are situated in two localities, within two cadastral municipalities, namely Lat-
kovac and Drenca (Map 1).

Map 1. Localities of vineyards where Prokupac genotypes were selected

The vineyard in Latkovac (Lat/Lon: 43° 27’ 57.8496” N, 21° 01’ 00.8199” E)
was planted in 1972, situated at an altitude of 543 metres, with a slope of 17.2°
and a southern exposure. The rootstock used is Rupestris du Lot, and the
vineyards follow the traditional (Zupski) training system. Promising genotypes
from this locality are marked with numbers from 1 to 8.

The vineyard in Drenca consists of two parts, Lukarevina (Lat/Lon: 43°
28’ 22.5215” N, 21° 02’ 31.9569” E) and Gubovac (Lat/Lon: 43° 28’ 36.5154”
N, 21° 03’ 26.5526” E). The genotypes marked from 9 to 13 are from the part
of the vineyard planted in 1920, while those marked from 13 to 16 are from the
section planted in 1900. This vineyard is located at an altitude of 403 metres,
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with a slope of 16.7° and a southern exposure. Similar to the Latkovac vineyard,
it also uses Rupestris du Lot rootstock and follows traditional (Zupski) vine
training system.

The methodology for preparing grape must samples

Grapes from the selected 16 genotypes, with eight genotypes from each
of the two localities, were harvested in the years 2019, 2020, and 2021. Before
harvesting, the analysis determined that the grapes were 100% healthy. After
harvesting the entire grape crop from the vines of the selected genotypes, they
were transported and temporarily stored under cold conditions. Subsequently,
the grapes were crushed, ensuring that the grape must extraction was moder-
ate. Laboratory analysis of the grape must quality parameters was conducted
at the Center for Viticulture and Oenology in Nis.

The laboratory analyses

Determination of sugar content in grape must be carried out using a digital
refractometer following the method specified by the International Organization
of Vine and Wine (OIV): Method OIV-MA-AS2-02 (OIV, 2016).

Determination of total acidity in grape must was performed through titration
using a titrator in accordance with the OI'V method: Method OI'V-MA-AS313-01
(O1V, 2016).

Determination of pH of grape must was carried out potentiometrically
following the OI'V method: Method OIV-MA-AS313-15 (OIV, 2016).

The theoretical alcohol content in grape must was determined computa-
tionally by multiplying the sugar content in percentage by the factor 0.59 (fer-
mentation of 1 gram of sugar yields approximately 0.59 ml of alcohol) (Jaksi¢,
2023).

The colour intensity and colour intensity analyzed using spectrophoto-
metric methods following the OI'V method: Method OIV-MA-AS2-07B (O1V,
2016).

RESULTS AND DISCUSSION
Grape Must Quality Parameter Analysis

All the data for the selected and analyzed quality parameters of grape
must from prospective genotypes of the Prokupac variety for the period 2019—
2021 are presented in Appendix 1, Table 1. Laboratory analyses have shown that
there are certain differences in parameter values among prospective genotypes.
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Table 1. The main quality parameters of the grape musts of selected perpective genotypes
of the Prokupac variety (2019-2021)

Genotypes ?/ineya}rd Sugar content ~ Total acids pH Theoretical alcohol
ocalities (%) (gl content (%Vol.)
1 Latkovac 20.29 6.05 3.36 11.96
2 Latkovac 21.33 5.89 3.56 12.59
3 Latkovac 21.72 5.84 3.54 12.81
4 Latkovac 21.00 5.62 3.51 12.38
5 Latkovac 18.39 9.10 3.37 10.85
6 Latkovac 19.23 7.35 3.32 11.33
7 Latkovac 22.83 6.27 3.62 13.47
8 Latkovac 19.00 7.37 341 11.20
Average Latkovac 20.47 6.69 3.46 12.07
9 Drenca 22.18 6.12 371 13.08
10 Drenca 21.30 4.95 3.82 12.56
11 Drenca 20.67 5.78 371 12.18
12 Drenca 18.98 5.66 3.66 11.19
13 Drenca 20.16 7.26 3.46 11.88
14 Drenca 18.93 5.81 3.49 11.17
15 Drenca 20.08 5.60 3.65 11.83
16 Drenca 24.20 4.82 3.68 14.25
Average Drenca 20.81 5.75 3.65 12.27
Azgﬁzlge aﬁ?ﬁ‘gﬁga 20.64 6.22 3.55 12.17

Sugar Content

The average sugar content (%) in the grape must of the investigated pro-
spective genotypes of the Prokupac variety under the conditions of the Zupa
wine-growing subregion at the Latkovac locality was determined to be 20.47%,
while at the Drenca locality, it was 20.81%. Laboratory analysis revealed that
among the eight genotypes at each of the two localities, the highest average
sugar content at the Latkovac locality was found in genotype 7 (22.83%), and
at the Drenca locality, it was in genotype 16 (24.20%) (Graph 1).
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Graph 1. Average sugar content (%) in grape must of Prokupac genotypes (1-16)
(2019-2021)

Comparing the average sugar content in the grape must from prospective
genotypes at both localities, it can be concluded that this quality parameter of
the grape must is slightly better in the genotypes from the Drenca locality. This
is somewhat understandable, given that the vineyards at that locality are older
and located at a slightly lower altitude.

The results of sugar content obtained in this research are similar to previ-
ous studies, falling within the approximate range of results from earlier inves-
tigations of this grape must parameter. Specifically, the similarity of these
analyses aligns with the average sugar content in grape masts in the Cegar
wine-growing subreglon (Ni§ wine-growing region) during the period 1958—
1972 (21.06%) (Zirojevi¢, 1974) and the Fruska Gora wine-growing subregion
(Srem wine-growing region) during the period 1981-1998 (20.10%) (Cindri¢
et al., 2000). However, the sugar content in the grape must in our research is
hlgher compared to more recent studies conducted in the Cegar wine-growing
subregion during the period 2009-2010 (18.95%) (Radojevi¢ et al., 2013).

Total acidy content

Regarding the average total acidity content (g/L) in the grape must is
always expressed in grams of tartaric acid per liter, it amounted to 6.69 g/L
for the investigated prospective Prokupac genotypes at the Latkovac site, and
5.79 g/L for the genotypes at the Drenca site. The highest average total acidity
content was observed in the grape must of genotype 5 at the Latkovac locality
(9.10 g/L) and genotype 13 at the Drenca locality (7.26 g/L) (Graph 2).
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Graph 2. Average amount of total acids in grape must genotypes (1-16)
of the Prokupac variety (g/L) (2019-2021)
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The results of the research on the average acidity content (g/L) of the grape
must indicate that this parameter is higher in the grape must from the prospec-
tive genotypes of the Prokupac variety located in the Latkovac locality.

The results of the total acidity content (g/L) of the grape must obtained
in this research are similar to previous studies on this parameter, specifically
in line with earlier research conducted on grape must from the Cegar wine-
growing subregion during the period 1958—-1972 (6.97 g/L) (Zirojevi¢, 1974)
and in the period 2009-2010 (6.84 g/L) (Radojevi¢ et al., 2013). However, the
average acidity content obtained in our research is much lower compared to
the high acidity content in the grape must of the Prokupac variety determined
for the period 1981-1998 in the conditions of the Fruska Gora wine-growing
subregion (9.10 g/L) (Cindri¢ et al., 2000).

pH of grape must

The average pH of the grape must in the investigated prospective geno-
types of the Prokupac variety under the conditions of the Zupa wine-growing
subregion in the Latkovac locality was 3.46, while in the Drenca locality, it
was 3.65. Laboratory analysis revealed that among the eight genotypes at each
locality, the grape must from genotype 6 in the Latkovac locality had the lowest
average pH (3.32). In the Drenca locality, the grape must from genotype 13 had
the lowest pH (3.46) (Graph 3).
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Graph 3. Average pH of grape must genotypes (1-16) of Prokupac variety (2019-2021)

The results of the pH of grape must indicate a slightly better pH value in
the grape must from the genotypes located in the Latkovac locality compared
to the genotypes from the Drenca locality.

The theoretical alcohol content

The average value of the calculated theoretical alcohol content (%Vol.) for
future wines in the investigated prospective genotypes of the Prokupac variety
in the Latkovac locality was 12.07%Vol., while for the genotypes in the Drenca
locality, it was 12.27%Vol.

Laboratory analysis revealed that among the eight genotypes at each lo-
cality, genotype 7 from the Latkovac locality had the highest average value of
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theoretical alcohol content (13.47%Vol.), and from the Drenca locality, genotype
16 had the highest (14.25%Vol.) (Graph 4).
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Graph 4. The average theoretical alcohol content in grape must genotypes (1-16)
of Prokupac variety (%Vol.) (2019-2021)

As with the average sugar content in the grape must, the average theo-
retical alcohol content in future wines is slightly higher for the genotypes from
the Drenca locality compared to the genotypes from the Latkovac locality.

Colour intensity and colour tonality of grape must

All results of the grape must colour intensity analysis (including color
intensity — Ay, color intensity — Asyg, and color intensity — Agyo) and the colour
tonality of the grape must from the investigated prospective genotypes of the
Prokupac variety for the period 20192021 are presented in Appendix 1, Table 2.

Table 2. Color intensity and color tonality in grape musts of perspective genotypes of the
Prokupac variety (2019-2021)

Genotypes Vineygrd Color intensity Color intensity Color intensity . Colohr Colqr
localities — Ao — Asy — Ag20 intensity  tonality

1 Latkovac 1.099 0.587 0.275 1.961 1.872

2 Latkovac 1.026 0.652 0.246 1.925 1.573

3 Latkovac 0.894 0.521 0.201 1.615 1.716

4 Latkovac 0.671 0.485 0.142 1.298 1.383

5 Latkovac 1.176 0.586 0.259 2.021 2.007

6 Latkovac 0.929 0.459 0.203 1.591 2.024

7 Latkovac 0.975 0.544 0.215 1.733 1.793

8 Latkovac 1.110 0.573 0.231 1.914 1.938
Average  Latkovac 0.985 0.551 0.221 1.757 1.788
9 Drenca 1.076 0.628 0.250 1.954 1.712

10 Drenca 1.067 0.640 0.267 1.974 1.667

11 Drenca 1.024 0.554 0.231 1.809 1.848

12 Drenca 0.958 0.559 0.228 1.745 1.714
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13 Drenca 0.900 0.457 0.188 1.544 1.970

14 Drenca 0.857 0.500 0.169 1.526 1.714
15 Drenca 0.993 0.590 0.223 1.807 1.683
16 Drenca 0.817 0.629 0.194 1.639 1.300
Average Drenca 0.961 0.570 0.219 1.750 1.688

Total Latkovac

Average and Drenca 0.973 0.560 0.220 1.753 1.738

Colour intensity analysis of grape must

From 2019 to 2021, the average value of colour intensity — Ay, in the
grape must of the investigated prospective genotypes of the Prokupac variety
in the Latkovac locality was 0.985, while in the Drenca locality, it was slightly
lower at 0.961. The average value of colour intensity — Asy, in the grape must from
the genotypes in the Latkovac locality was 0.551, and in the Drenca locality,
it was slightly higher at 0.570. The average value of colour intensity — Agyo in
the grape must from the genotypes in the Latkovac locality was 0.221, while
in the Drenca locality, it was slightly lower at 0.219.

Analysis results of the grape must from individual prospective genotypes
showed that the highest average value of colour intensity — A4y within the
Latkovac locality was found in the grape must from the prospective genotype
5 (1.176), while in the Drenca locality, it was genotype 9 (1.076). The highest
average value of colour intensity — Asyo within the Latkovac locality was de-
termined in the grape must from the prospective genotype 2 (0.652), and in the
Drenca locality, it was genotype 10 (0.640). The highest average value of colour
intensity — Agyo within the Latkovac locality was found in the grape must from
the prospective genotype 1 (0.275), while in the Drenca locality, it was genotype
10 (0.267) (Graph 5).
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Graph 5. Average colour intensity of grape must genotypes (1-16) of Prokupac variety
(2019-2021)
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Analyzing the total colour intensity of the grape must from prospective
genotypes of the Prokupac variety, it can be concluded that the highest average
value of total colour intensity was observed in the grape must from genotype 5
from the Latkovac locality (2.021) and genotype 10 from the Drenca locality
(1.974) (Graph 6).

2.500
2.000

1.500
1.000
0.500
0.000
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Graph 6. The average value of the total colour intensity of grape must genotypes (1-16)
of Prokupac variety (2019-2021)

The average value of the total colour intensity of the grape must from the
investigated prospective genotypes of the Prokupac variety for the period
2019-2021 in the Latkovac locality was 1.757. This average value was slightly
lower in the grape must from the genotypes in the Drenca locality, specifi-
cally 1.750.

Results of the analysis of the colour tonality of the grape must showed
that genotype 6 had the highest average value of colour tonality (2.024) with-
in the Latkovac locality. In the Drenca locality, the grape must from genotype
13 exhibited the highest colour tonality value (1.970) (Graph 7).
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Graph 7. The average value of the color tonality of grape must of selected genotypes
(1-16) of the Prokupac variety (2019-2021)

CONCLUSION

Based on the analyses of various quality parameters of grape must from
16 selected prospective genotypes of the autochthonus Prokupac variety for
the period 2019-2021 from two localities (Latkovac and Drenca, with 8 geno-
types each), the following conclusions can be drawn regarding the overall
quality of the Prokupac grapevine variety in the Zupa wine-growing subregion.
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The average sugar content (%) in grape must of the investigated prospec-
tive Prokupac genotypes ranged from 18.39% to 24.20%, with genotype 16
from the Drenca locality showing the highest average sugar content. The aver-
age total acidity (g/L) in the grape must ranged from 4.82 g/L to 9.10 g/L, with
genotype 5 from the Latkovac locality having the highest value. The average
pH of grape must were in a range from 3.32 to 3.82. The pH values suggest
slightly better acidity levels in the grape must of genotypes from the Latkovac
locality compared to those from the Drenca locality. The calculated theoretical
alcohol content (%Vol.) of future wines from the investigated Prokupac geno-
types ranged from 10.85%Vol. to 14.25%Vol., and similar to the average sugar
content, the theoretical alcohol content in future wines was slightly higher for
genotypes from the Drenca locality. The average colour intensity — A4y in the
grape must of prospective Prokupac genotypes was 0.973, with genotype 5
from the Latkovac locality showing the highest value. The average colour in-
tensity — Asyo in the grape must was 0.560, with genotype 2 from the Latkovac
locality exhibiting the highest value. The average colour intensity — Agyg in the
grape must was 0.220, with genotype 1 from the Latkovac locality having the
highest value. Analyzing the total colour intensity of the grape must, it can be
concluded that the average value was 1.753, with genotype 5 from the Latkovac
locality showing the highest intensity.

Regarding the average colour tonality, the results indicated that this pa-
rameter was higher for genotypes from the Latkovac locality compared to those
from the Drenca locality. Genotype 6 from the Latkovac locality had the high-
est average colour tonality.

In summary, the prospective genotypes from both locations exhibited
main quality parameters of grape must that fall within general limits based on
available data from previous research in the Cegar and Fruska Gora wine-
growing subregions. However, certain main parameters have more favourable
values, and above all the acid content in the grape must, which is within opti-
mal limits for red wine varieties compared to earlier research conducted in the
Fruska Gora wine-growing subregion, when the acid content was somewhat
less favourable. In addition to this broader quality parameter, the sugar content
was higher in this research compared to the analyzed values of that parameter
determined in the conditions of the Cegar wine-growing subregion.
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OPUTMHAJIHU YJIAHAK
Tpumiben: 31. 10. 2023.
IMpuxsahen: 6. 11. 2023.

KAPAKTEPUCTUKE HHWPE ITEPCHHEKTUBHUX 'EHOTUIIOBA
AYTOXTOHE COPTE BMHOBE JIO3E IIPOKYIIAL]

Credana P. YTBUR!, Jlapko JI. JAKIIIUR!, Cama P. CABUR?,
Cama M. HETPOBI/IT12 Mutow IT. PUCTUR?,
3narta M. BI/II[AHOBI/I'Fl3 HBana C. MOIHI/IT13

' IHCTUTYT 3a IpUMeHY HayKe y HOJbONPUBPE/IH,
Bynesap necriora Credpana 686, beorpax 11000, Cpouja
YuusepsureT y Humnry, TeXHOTOMKH QakynTer,
ByneBap ocnmobohema 124, JleckoBan 16000, Cpouja
? IlenTap 3a BAHOTPaapcTBO U BUHAPCTBO,
Komonwnja En 6, Hum 18116, Cpouja

PE3VIME: AyToXTOHa, OJHOCHO JIOKaJIHA [IPHA BUHCKA COPTA BHHOBE JIO3€ UPOKY-
uay jenHa je ox HajpaxkHujux copru Cpouje. Hexana je Ta copra 6uia Boaeha copray
HajseheM Opojy BUHOrpafapekux Mnoapydyja Haie semibe. Copra ipoKyiiay je TpeHy THO
Haj3aCTyIJbCHH]a y BUHOrpagapckom pejory Tpu Mopase (Llenrpanna CpOuja), 10K
ce Hajsehu 6poj BUHOrpaja ca 0BOM COPTOM Halasu y JKyrckom BuHoropjy. 360r 3Ha-
4aja Koju MMa Kao BEeOMa CTapa 1 TPaMLHOHAJIHA COPTA, NIOCIEABUX TOJMHA Cy ITOKpe-
HyTa M3BECHA UCTPAXKHBAA OBE COPTE Y BUHOTPAAAPCKUM MOJIPYYjUMa y KOjUMa Ce
ipoxyiiay TpaaguluuoHAIHO raju. OapeheHe HaydyHe aKTUBHOCTH Cy MOKPEHYTE Ha
W3/IBajarby Pa3IuIUTUX TeHOTHUIIOBA ca MOOOJBIIAHOM TPOU3BOJIHOM U YIIOTPEOHOM
BpenHolhy, a cBe y IUJbY KJIOHCKE CEJIEKIIHje OBE COpTE. Y OBOM pajy IpeaCcTaBJbeHe
CY HEeKe KapaKTepHCTHKE, OJHOCHO MapaMeTpH KBaJUTETa IIHUPE MEPCHEKTUBHUX FEHO-
THUIIOBA COPTE UpoKyiiay KOjU Cy U3ABOjeHH Y JKyIICKOM BUHOT'OP]Y y ONIITHHH AJEK-
canaposall. Micnutuame mupe u3BpiieHo je o rpoxkha nz 6epoe 2019, 2020. u 2021.
rojauHe ca 16 N3BOjeHNX TeHOTHUIIOBA, M TO 8 TEHOTHIIOBA ca JiokajuTeTa JlarkoBai
¥ 8 TCHOTHIIOBA ca JloKanuTeTa Jlpenda. OCHM J1abopaTopHjCKUX aHaIIM3a caipikaja
wiehepa, kucenuHa 1 pH, u3BpiieH je 1 06pauyH TEOPETCKOr canpikaja ankoxouna. Ta-
kohe, cnekrpodoTomeTpujckiM MeToaama je oapeljeH uHTeH3uteT 6oje A — 420, uHTEH-
sutet 60je A — 520, uatesutet 60je A — 620 U YKYITHH HHTE3UTET 0oje mupe, Kao u
TOHAJUTET 0oje mupe. AHaIu3e Cy rmokasaje aa cy oapeheHu rimaBHU mapaMeTpu
KBaJIMUTETa IIMPE U3 HAIIMX UCTPAKMBamba y FpaHULlaMa BPETHOCTH Kao U Y paHUjUM
HCTpaKUBAKBUMA, JTH J1a je CaprKaj KUCeInHA y IIMPU ONTUMATHUJH 32 I[PHE BUHCKE
COpTe y OMHOCY Ha UCTPa)KMBarba TOT IIapaMeTpa BpILCHA y paHUjeM IIEPHOY Y APYTHM
BUHOTpaiapckum nozpyujuma (Opymkoropeko u Yerapcko BuHoropje). Takohe, canpikaj
mehepa y mupu je Behu y HalllMM UCTpa’kUBamkbUMa Y OHOCY Ha YTBpl)eHe BpeJHOCTH
TOT MapaMeTpa mupe ox rpoxha u3 Yerapckor BUHOropja.

KJbYUHE PEYMN: épokyiiay, XKyncko BuHoropje, mupa
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initials of the first author.
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Service, and Engineering Index, Inc.).

5.5. Do not translate references to the language of the article. Write the names
of cited national periodicals in their original, shortened form. For example, for the
reference in Serbian language, put (Sr) at the end of the reference.

6. Units, names, abbreviations, and formulas

6.1. SI units of measurement (Systéme international d’unités) should be used but
when necessary use other officially accepted units.

6.2. Write the names of living organisms using Italics font style.

6.3. Abbreviated form of a term should be put into parenthesis after the full name
of the term first time it appears in the text.

6.4. Chemical formulas and complex equations should be drawn and prepared
for photographic reproduction.

7. Figures
7.1. Authors may use black-and-white photographs and good quality drawings.
7.2. A caption with the explanation should be put below each figure.

8. Tables

8.1. Type tables on separate sheet of papers and enclosed them at the end of the
manuscript.

8.2. Number the tables using Arabic numerals.

8.3. Above each table, write a capture with table explanation.
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