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Amephana dalmatica (Rebel, 1919) (Lepidoptera: Noctuidae)
FOUND IN THE NATURE PARK “GOLIJA” — A NEW SPECIES
IN THE FAUNA OF THE REPUBLIC OF SERBIA

ABSTRACT: Inventorying the diversity of entomofauna is the first stage in a consist-
ent approach to its conservation. The diversity of Lepidoptera in Serbia, although impressive
in terms of the number of inventoried species, is far from complete. This paper describes
the first finding of the species Amephana dalmatica (Rebel, 1919) in the Republic of Serbia.
Moreover, for the first time, a species from the genus Amephana Hampson, 1906 is recorded
in the fauna of Lepidoptera of Serbia. 4. dalmatica is a Ponto-Mediterranean species. It occurs
in the Southern Europe (western and southern parts of the Balkans, north to Dalmatia), as
well as in the western and southwestern parts of European Turkey. Here are presented the
basic anatomical-morphological and taxonomic characteristics of the species A. dalmatica,
its distribution and flight period. The three out of the eight research objectives on the Lepi-
doptera fauna in the Republic of Serbia were implemented in this research, presented in the
“General Plan of Lepidopterological Research for the Achievement of Defined Goals in the
Republic of Serbia with a Focus on Climate Change, Allochthonous and Migratory Species™:
Golija is one of the highest mountains in the Republic of Serbia, it is a protected area and 4.
dalmatica is a rare Lepidoptera species in the Republic of Serbia, which speaks of the im-
portance of this study and the research area.

KEYWORDS: Amephana dalmatica, diversity, entomofauna, Lepidoptera, Noctuidae,
Nature Park “Golija”

INTRODUCTION

The genus Amephana Hampson, 1906 consists of two distinct phyletic lines
which are interpreted as subgenera (Amephana and Trigonephra). It contains
only four species, three of them from the southern parts of Europe. Within the

* Coresponding author. E-mail: dejanstojanovic021@yahoo.co.uk



subgenus Amephana, the species anarrhini (Duponchel, [1840]) is present in
Europe. Within the subgenus 7rigonephra Berio, 1980, the species aurita (Fab-
ricius, 1787) and dalmatica (Rebel, 1919) are known in Europe. Beshkov (2000),
Hacker (1989), Karsholt & Razowski (1996), Kornosor & Lodl (1990), Leraut
(2019), Ronkay & Ronkay (1995), gave the data and records of 4. dalmatica in
Croatia, Montenegro, Greece, Albania, Macedonia, Bulgaria and western and
southwestern parts of Turkey. Beshkov & Nahirni¢ (2016) announced that species
A. dalmatica might exist in southern Serbia. In their research, Fibiger & Sarto
and Monteys (2003) point out the differences between the sister species A.
dalmatica and A. aurita (Fabricius, 1787) and confirm the finding of A. aurita
in Spain (Balearic Islands).

In the Republic of Serbia, A. dalmatica was not recorded in the previous
studies (Vasic 2002; Zecevié, 1996; Zecevic, 2002). A. dalmatica was also not
registered in the more contemporary long-term research (Stojanovi¢, 2012;
Stojanovi¢ & Sumarac, 2020; Stojanovi¢ & Sekler, 2022). Furthermore, 4.
dalmatica is neither presented in the comprehensive study on diversity of noctuid
moths in Serbia (Stojanovi¢ & Curgi¢, 2011), nor in the Red List of Noctuidae
of Serbia (Stojanovi¢ et al., 2013).

A. dalmatica is a Ponto-Mediterranean species. A xerophilous species is
typical for Mediterranean maquis and sclerophyllous forests of the lower and
medium altitude zones of the Balkan Peninsula and Asia Minor, absent or very
rare at higher altitudes. It is local but numerous and strongly attracted to light.
The flight period is the end of May and June. The early stages of development
and the host plant are unknown (Ronkay & Ronkay 1995).

MATERIAL AND METHODS

The research was carried out in the Nature Park “Golija”, in the location
of the Monastery Gradac (UTM square DP 60; Figures 1 and 2) during June,
2022. The altitude of the locality is 550 m a.s.l.
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Figure 1. Map with locality of finding of species Amephana dalmatica in Serbia with
UTM grids



Figure 2. Map with locality of finding of species Amephana dalmatica
in the “Golija” Nature Park with UTM grids

The samples were collected by the author with a light source (250 and 400 W
Philips Ml mercury lamps) behind which a cotton cloth was placed.

The collected adults were prepared, labeled, determined, photographed
and stored as dry specimens in entomological boxes in the author’s private
collection. The chitinous armatures of their genital apparatus were dissected,
identified, photographed and permanent microscopic preparations were made
from them stored in the collection of microscopic preparations, located in the
author’s private collection. Identification was carried out according to Ronkay
& Ronkay (1995) and Fibiger & Sarto and Monteys (2003).

Photographs of the site were taken using a Canon EOS 5D Mark I1I digital
camera, equipped with a CANON EF 50 mm, 1:1.8L lens. Photographs of insect
specimens and genital armature were taken with the same digital camera,
equipped with a CANON macro lens EF 100 mm, 1:2.8L. The photographs of
the prepared specimens given below were taken in the laboratory of the Institute
for Lowland Forestry and the Environment of the University of Novi Sad.
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RESULTS AND DISCUSSION

Two males of A. dalmatica were found on 23" of June, 2022. The species
was discovered in the Nature Park “Golija”, in the locality the Monastery
Gradac (Figure 3), that is under the protection of 3 level regime.

Figure 3. Locality of finding, Monastery Gradac (photo: Stojanovi¢, DV)

Wingspan of A. dalmatica is 19-27 mm. It is highly similar to 4. aurita
but distinguished by the antemedial line which is much less sinuous, without
deeper angles below cell and at inner margin. Therefore, the median zone is
broader and less constricted at its lower third (Ronkay & Ronkay, 1995). Habitus
of male is shown on Figures 4-5.

Male genital armature (Figures 6—7): The chitinous armatures of the male
genital apparatus differ from the sister species 4. aurita by the clasper, which
is spatulate at the tip. Harpa is thickened at base, less pointed at apex. Juxta is
convex at top. Aedoeagus is large, with thickened cornuti. Vesica is bent at an
angle of 120 degrees, like an Aboriginal boomerang.

11



Figures 4-5. Amephana dalmatica, habitus of male; 4 — with spread wings (dorsal view);
5 — with spread wings (ventral view) (photo: Stojanovi¢, DV)

12



Figures 6—7. Amephana dalmatica male genital apparatus; 6 — male genital armature;
7 — aedoeagus (photo: Stojanovic, DV)
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There are eight objectives of Lepidoptera fauna research in the Republic
of Serbia presented in the “General plan of lepidopterological research for the
achievement of defined objectives in the Republic of Serbia with reference to
climate changes, alien and migratory species” (Stojanovi¢ & Konjevié, 2023).
Three out of them were realized in this research: Golija belongs to the highest
mountains in the Republic of Serbia, it is a protected area and 4. dalmatica is
a rare species of Lepidoptera in the Republic of Serbia, which speaks of the
importance of this study and the researched area.

CONCLUSION

The discovery of A. dalmatica in the “Golija” Nature Park (southwestern
part of the Republic of Serbia) represents the first finding of this species in the
Republic of Serbia.

Public Company “JP SrbijaSume” manages the sustainable protection of
natural values in the third level of protection of the “Golija” Nature Park, where
A. dalmatica was found. Due to the importance of the discovery, it is necessary
to establish monitoring, population control and conservation measures for the
very rare species, 4. dalmatica in the “Golija” Nature Park.

It is necessary to determine the probability of endangerment and under-
take appropriate, practical conservation measures aimed to protect this rare
species as well as its habitat. It is recommended to establish and present A.
dalmatica as a national treasure of the Republic of Serbia, a tourist attraction
and a kind of brand of the “Golija” Nature Park.
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OPUI'MHAJIHU YJIAHAK
IIpumiben: 14. 9. 2024.
Ipuxsahen: 4. 3. 2025.

Amephana dalmatica (Rebel, 1919) (Lepidoptera: Noctuidae) [IPOHABEHA
VY ITAPKY ITPUPOJIE ,,'OJIMJA” — HOBA BPCTA Y ®AYHU CPBUJE

JEJAH B. CTOJAHOBUh
VYuausepsuteT y HoBom Cany,

WHCTUTYT 32 HU3MJCKO IIyMapCTBO M dKUBOTHY CPEIUHY,
Amntona Yexona 13, Hoeu Caz 21000, Cpouja

PE3UME: NuBeHTapu3anuja 1uBep3uTeTa eHTOMOdayHe je mpBa ¢asza y KOH3H-
CTEHTHOM IIPUCTYIY HKEroBor ouyBama. JluBep3urtet Lepidoptera y CpOuju, nako
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MMIIPECHBAH 110 OPOjy NHBEHTAPUCAHUX BPCTA, AAJICKO j€ O/ IOTILY HE HCTPaXKEHOCTH.
Y pany je onucaH npsu Hanas Bpere Amephana dalmatica (Rebel, 1919) y Pery6nuun
Cp6uju. raBue, npsu nyT je 3abenexena Bpera u3 poga Amephana 'y payun Lepi-
doptera Cpouje. 4. dalmatica je MOHTO-MeUTEepaHCKa BpCTa. JaBiba ce y jykHoj EBpo-
1 (3ama/iHu U jy>KHU AejoBH bankana, ceBepHo o Jlanmaruje), Kao v y 3amajHuM U
jyrozamaaHuM JIeJIOBHMA €BPOIICKE TprKe. OBrie cy NpeACTaBJbEHU OCHOBHH JTHjarHO-
CTHYKU KapaKTepH, TUCTPHOYIIHja U IIepHOI JieTa oBe BpcTe. O ocaM IHJbeBa HCTpa-
xuBama QayHe Lepidoptera y Peny6uunu CpOuju koju cy peicraBibenu y ,,Onmrem
IUTaHy JICTHAONTEPOJIOMIKIX HCTPaKMBarha 32 OCTBApUBALe Je(UHICAHUX IJbEBa
y PenyGunin Cp6Ouju ca OCBpTOM Ha KJIMMAaTCKE IIPOMEHE, aJIOXTOHE ¥ MUTpaTOpHe
BpcTE”, Y OBOM HCTpaKUBamby pean3oBaHa cy Tpu: ['onnja criafa y HajBUIIIC TUTAHITHE
y PenyOnun CpOuju, y nutamy je 3amruheHo noapyyje, a A. dalmatica je petka BpcTa
Lepidoptera y PerryGunin CpOuju, IITO TOBOPH O 3Hauajy OBE CTYIH)E H HCTPAXKHBAHOT
oapy4ja.

KJbYYHE PEYUU: Amephana dalmatica, nuBep3utet, earomodayHa, Lepidoptera,
Noctuidae, [Tapk nmpupone ,,['onuja”
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Thymus praecox subsp. polytrichus: ANTIMICROBIAL AND
ANTIDIABETIC ACTIVITY OF ETHANOL EXTRACTS

ABSTRACT: Thymus praecox is one of the most widespread species in the Euro-Si-
berian region. This study was conducted to determine the in vitro antimicrobial and anti-
diabetic activity of its plant extracts prepared with 70% and 96% ethanol, with and without
pretreatment with n-hexane, using the Soxhlet apparatus. The MICs and MBCs ranged from
0.035 to 0.150 mg/mL and from 0.075 to 0.300 mg/mL, respectively. Both 96% ethanol extracts
showed the most promising antibacterial activity, especially against Bacillus cereus, Entero-
bacter cloacae and Salmonella Typhimurium. The pretreated 96% ethanol extract also showed
remarkable antimicrobial activity against Staphylococcus aureus. Bacteria B. cereus, S.
aureus and S. typhimurium were also sensitive to the pretreated 70% ethanol extract, while
70% ethanol was most effective against S. aureus and Escherichia coli. The MICs and MFCs
varied from 0.017 to 0.30 mg/mL and from 0.035 to 0.70 mg/mL, respectively, with Aspergillus
versicolor and Trichoderma viride being the most sensitive. The ICs values ranged from 0.94
to 1.40 mg/mL for a-amylase and from 76.10 to 610.2 ug/mL for a-glucosidase. The 70%
ethanol extract, especially with the hexane pretreatment, showed the highest enzyme inhibi-
tory activity in the a-glucosidase assay (76.10 pg/mL), even higher than the control, acarbose/
glucobay (20.46 ng/mL). The highest a-amylase inhibitory effect was obtained for the 96%
ethanol extract. The results show that the extracts of 7. praecox subsp. polytrichus have
significant antimicrobial and antidiabetic potential and can be used for food preservation
and phytopharmacy.

KEYWORDS: Thymus praecox subsp. polytrichus, extracts, antimicrobial activity,
antidiabetic activity

* Corresponding author. E-mail: sgrujic@bio.bg.ac.rs
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INTRODUCTION

Today’s lifestyle, characterised by constant stress, limited mobility and
inadequate nutrition, causes oxidative stress and leads to the development of
numerous chronic diseases: cardiovascular, neurodegenerative, inflammation,
cancer and diabetes (Kangralkar et al., 2010; Chikezie et al., 2015).

Diabetes mellitus (DM) is a metabolic disease characterised by various
symptoms: an elevated level of glucose in the blood (hyperglycaemia) and
insufficient production or action of insulin produced by the pancreas (Maritim
et al., 2003; Moussa, 2008). Diabetics are considered immune compromised
patients and are therefore more affected by microbial infectious diseases and
have a higher risk of developing serious complications as a result (Uzunovi¢,
2016). On the other hand, many microorganisms become resistant to existing
antibiotics over time due to their excessive and inappropriate use. Therefore,
it is necessary to search for new effective medicines and herbs that have anti-
microbial effects or could be a good source of them.

The genus Thymus L., which belongs to the Lamiaceae family, is widespread
in the Old World and has been used in traditional medicine for numerous cen-
turies due to its antioxidant, anti-inflammatory, enzyme-inhibitory and anti-
microbial properties (Stahl-Biskup, 2002; Jari¢ et al., 2007; Kindl et al., 2015;
Markovic et al., 2020; Sener et al., 2021). For instance, 7. praecox ssp. polytrichus
(A. Kern. Ex Borbas) Jalas distributed in south-eastern and western Serbia and
Kosovo, in meadows, pastures, on rocks, on limestone in the subalpine and alpine
zones (Dikli¢, 1974), has various biological activities and is therefore used in
folk medicine (Jari¢ et al., 2007, Kindl et al., 2015; Markovi¢ et al., 2020).

Considering the traditional use of species of the genus Thymus, our idea
was to obtain different extracts from 7. praecox ssp. polytrichus using the
Soxhlet apparatus and to investigate their antimicrobial and antidiabetic po-
tential in vitro, with the ultimate goal of their possible commercialisation in
various applications, in medicine, as food additives or for food preservations.

MATERIALS AND METHODS
Plant material
The aerial parts of 7° praecox subsp. polytrichus were collected in July 2022
on Pasjacki Vis (mountain Pasjaca), Serbia, in full inflorescence and air-dried
in the shade. A voucher specimen, no. 16881, was deposited in the Herbarium of

the Institute of Botany and Botanical Garden “Jevremovac”, Faculty of Biology,
University of Belgrade, Serbia (BEOU).

Preparation of plant extracts

Aerial plant parts of 7. praecox subsp. polytrichus were pulverized and
15 g of plant material was extracted using Soxhlet apparatus with 250 mL of
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n-hexane for 1 h. The solvent was removed by rotatory vacuum evaporator
(Btichi rotavapor R-114). Then, the plant material was dried and extracted again
in Soxhlet with 70% and 96% ethanol for 4 h, filtered with filter paper Whatman
no. 1 and the solvent was removed by rotatory vacuum evaporator. The other
two samples (15 g of aerial plant parts of each) were extracted without previous
treatment with n-hexane. Prepared extracts were kept in the fridge at +4 °C.

Evaluation of antimicrobial activity using micro-well dilution assay

The antibacterial and antifungal activity of 7. praecox subsp. polytrichus
extracts was analyzed using the microdilution method according to Sokovi¢
et al. (2009) and Kosti¢ et al. (2017). For this purpose, 4 gram(+) (Bacillus
cereus (clinical isolate), Microccocus luteus ATTC10240, Staphylococcus aureus
ATCC6538, Listeria monocytogenes NCTC 7973), 4gram(-) bacterial strains
(Escherichia coli ATCC35210, Pseudomonas aeruginosa IBRS P001, Entero-
bacter cloacae ATCC 35030, Salmonella Typhymurium ATCC 13311) and 8
mycromycetes (Aspergillus fumigatus (clinical isolate), Aspergillus versicolor
ATTC 11730, Aspergillus ochraceus ATTC 12066, Aspergillus niger ATCC 6275,
Trichoderma viride 1AM 5061, Penicillium funiculosum ATCC 36839, P. ochro-
chloron ATCC 9112, P. verrucosum var. cyclopium (food isolate)) were used.
The working solutions of the studied extracts of 7. praecox subsp. polytrichus
were prepared in 30% ethanol. Serial dilutions for testing antibacterial/anti-
fungal activity in tryptic soy broth/malt broth were prepared in 96-microtiter
plates. Microbial inoculum was added to each well, except the negative control,
at a concentration of 1 x 10° CFU/mL to obtain the desired concentrations of the
mixture. The microtiter plates containing bacterial inoculum were incubated
at 37 °C for 24 hours, while those containing mycotic inoculums were incu-
bated at 28 °C for 72 hours to measure the minimum inhibitory concentrations
(MICs). Serial re-inoculations with 10 uL / 2uL of bacterial/fungal inoculum
in 100 pL of appropriate sterile broth were performed to estimate the minimum
bactericidal/fungicidal concentrations (MBCs/MFCs). The antibiotic ampicillin
and the antifungal ketoconazole served as positive controls, and 30% ethanol
served as a negative control.

Estimation of enzyme-inhibitory activity in vitro

The inhibitory activity of a-amylase was estimated according to Aposto-
lidis et al. (2011). The amount of 50 puL of the plant extracts concentrations
(25-1,000 pg/mL) were mixed with 50 pL of 0.5 mg/mL a-amylase/20 mM
phosphate buffer (pH 6.9). The mixture was incubated at 37 °C for 10 min and
then 50 pL of 1% starch/20 Mm phosphate buffer was added. After 10 min of
incubation at 37 °C, 100 pL of coloring reagent (1% DNS in 0.4 M NaOH/ddH,O
of 12% KNaC,H,04 x 4H,0/ddH,0) was added and incubated at 100 °C for
15 min. Finally, the total volume was made up to 1.25 mL with ddH,0, and
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the absorbance was measured at 405 nm. The a-glucosidase inhibitory activity
was estimated as described by Wan et al. (2013). Different concentrations of the
sample in a final volume of 120 pL were pre-incubated with 20 uL of a 0.6 U/mL
a-glucosidase solution in 0.1 M phosphate buffer (pH 6.8), in 96-well microtiter
plates at 37 °C for 15 min. Twenty puL of a 3.5 mM p-nitrophenyl-a-D-gluco-
pyranoside (PNPG) solution in 0.1 M phosphate buffer (pH 6.8) was added to
initiate the reaction. After 20 min of incubation at 37 °C, the reaction was
stopped by the adding 0.2 M sodium carbonate (Na,CO;) and the absorbance
was measured at 405 nm. The results obtained in both tests were expressed as
IC5 values (mg/mL). Glucobay, an official medicine, was used as a positive control.

RESULTS AND DISCUSSION

Antimicrobial activity of Thymus praecox subsp. polytrichus extracts

The results of the antibacterial activity of the ethanol extracts of 7. prae-
cox subsp. polytrichus are presented in Table 1. The examined extracts were
active against the gram(+) and gram(-) bacteria tested, even more than the
commercially used antibiotics, streptomycin/ampicillin. The MICs and MBCs
were ranged from 0.035 to 0.150 mg/mL and from 0.075 to 0.300 mg/mL, re-
spectively. The 96% ethanol extracts were most active against B. cereus, E.
cloacae and S. typhimurium. Pretreated 96% ethanol extracts exhibited also
notable antimicrobial effects against S. aureus. Bayoub et al. (2010) previously
proved susceptibility of L. monocytogenes to Thymus sp. ethanol extracts. More-
over, T. serpyllum and T. vulgaris ethanol extracts affected growth of other
pathogenic bacterial strains such as S. aureus, E. cloacae, E. coli and Acineto-
bacter baumannii. Lauk et al. (2015) also reported antimicrobial effects of
methanol and hexane extracts of Thymus spp. against 17 pathogenic bacteria.
The T. quinquecostatus ethyl acetate fraction was active against Kocuria rhiz-
ophila and S. epidermidis (Hyun et al., 2014), while the acetone extract of 7.
praecox subsp. grossheimii var. grossheimi was most potent against Bacillus
cereus (Ozkan et al., 2016). The methanol extract of 7. praecox subsp. skorpilii
var skorpilii also showed strong antibacterial effects against the S. epidermidis
strain, which was explained by high phenolic content (Taskin et al., 2019). Thymus
praecox showed antibacterial activity, especially against S. aureus, which sup-
ports the results presented herein (Sener et al., 2021). Petrovi¢ et al. (2016b)
found the hexane/ethanol extract less effective against examined bacterial
strains than essential oil obtained by supercritical extraction due to lower
amounts of thymol.

The examined extracts showed antifungal activity against pathogen fungal
strains tested, which was slightly lower than the antibacterial activity, but still
higher than the positive control, bifonazole/ketoconazole (Table 2). The MICs
and MFCs varied from 0.017 to 0.3 mg/mL and from 0.035 to 0.7 mg/mL,
respectively. A. versicolor and T. viride were the most affected by examined
extracts among fungal strains tested. Centeno et al. (2010) previously reported
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ochraceus. The antifungal effects of 7. capitatus extracts against phytopatho-
genic fungi of Citrus sinensis were previously confirmed by Tabti et al. (2014).

The promising antifungal effects of Thymus species extracts were usually
explained by the presence of major oxygenated monoterpenes, particularly

thymol and carvacrol, but also to synergism with other constituents repre-

notable antifungal activity of 7. vulgaris extracts against A. flavus and A.
sented in lower amounts (Centeno et al., 2010; Petrovi¢ et al., 2016a).
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In vitro antidiabetic activity of 7. praecox subsp. polytrichus
ethanol extracts

The a-amylase and a-glucosidase inhibitory activities of investigated
ethanol extracts of 7. praecox subsp. polytrichus were determined using acar-
bose (Glucobay), a clinical drug, as a positive control. As shown in Table 3,
the ICs, values for a-glucosidase inhibitory activity of examined Thymus ex-
tracts were in a range from 76.1 to 610.16 pg/mL. The 70% ethanol extract,
especially those previously treated with hexane (76.1 pg/mL), showed better
activity in inhibiting a-glucosidase. On the other hand, the ICs, values for
a-amylase inhibitory activity were in the range of 0.941-1.398pug/mL. The
results of the a-amylase inhibition test show that pretreatment of the samples
with hexane do not contribute to an increase in activity. The 70% ethanol
extracts also showed the best enzyme inhibitory activity (0.941 pg/mL), while
the 96% ethanol extracts, both pretreated with hexane and untreated with hexane,
showed close values (1.352 pg/mL and 1.398 nug/mL, respectively).

Despite the increasing interest in medicinal plants, as potential new sources
for the development of drugs with fewer side effects than hypoglycemic agents
currently used in the treatment of diabetes mellitus, there are no data in the
literature on the antidiabetic effects of extracts from 7. praecox subsp. polytri-
chus. The potential antidiabetic role of other 7/ymus species through inhibition of
a-amylase and a-glucosidase, key enzymes involved in the hydrolysis of carbo-
hydrates and their absorption, has been confirmed earlier by several authors (Hyun
et al., 2014; Lauk, 2015; Cam et al., 2017; Ekin et al., 2019). The crude metha-
nol extract and its ethyl acetate fraction from 7. serpyllum possessed strong
antidiabetic activity, which the authors attributed to the presence of various
phenolic compounds such as catechin, rutin, chlorogenic and rosmarinic acid,
while the a-glucosidase inhibitory activity of the hexane fraction of 7. vulgaris
was positively associated with thymol (Hyun et al., 2014). Thymus vulgaris
extracts significantly reduced the blood glucose levels in diabetic rabbits, and
the authors suggested their use alone or in combination with insulin to manage
DM and its associated complications (Mushtaq et al., 2016). Similar to our
results, Dessalegn et al. (2019) showed higher a-glucosidase than a-amylase
inhibitory activity of 7. shimpery and T. vulgaris. They also demonstrated the
influence of solvent polarity on the revealed antidiabetic properties.

Table 3. In vitro a-amylase and a-glucosidase inhibitory effects of examined 7. praecox
subsp. polytrichus ethanol extracts.

o-amylase o-glucosidase

ICso (ng/mL) ICso (ug/mL)

Ethanol 70%* 1.300 + 0.26 76.10 + 18.35

Ethanol 96%* 1.398 +0.58 610.16 +28.28
Ethanol 70% 0.941 +£0.35 121.26 +£5.12

Ethanol 96% 1.352 +£0.68 449.26 +22.15
Acarbose/Glucobay 3.40+0.92 20.46 +2.91

* pratreatment with n-heksane
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CONCLUSION

In this study, extracts of 7. praecox subsp. polytrichus were found to have
valuable antimicrobial and antidiabetic potential, and could therefore be ex-
ploited as a new source of bioactive ingredients in antidiabetic supplements,
in products for the treatment of infectious diseases and as food preservatives.
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OPUTMHAJIHU YJIAHAK
Ipumssen: 15. 11. 2023.
TIpuxsahen: 8. 5. 2024.

Thymus praecox subsp. polytrichus: AHTUMUWUKPOBHA U
AHTUIMIJABETUYHA AKTUBHOCT ETAHOJIHUX EKCTPAKATA

Cnasuua M. TPYJUR', MBona 3. BEJIMUKOBUR!, Mapuna /1. COKOBI/Il’l2
Cn06oz[aH C.IETPOBUTR’, Hazxa B. HETPOBI/ITl

! Vausepsuter y Beorpany, buonomxku pakynrer,
WucTnTyT 32 60oTanuky u borannuka 6amra ,,JeBpemonarr’,
Takoscka 43, beorpan 11101, Cpouja
? Vuusepsutet y beorpany, MHCTUTYT 32 6H0nom1<a HACTPaKUBamba
,.,Cunnma CrankoBuh”,

WHCTUTYT 01 HAIMOHAJIHOT 3HaYaja 3a Penyonuky Cpoujy,
Bynesap necriora Credana 142, beorpan 11108, Cpouja
3 PasBojuu u npoussoanu nentap BIOSS-PS u octanu,
Bonepap ocinobohema 401/i, beorpan, Cpouja

PE3UME: T. praecox subsp. polytrichus jenHa je o HajpaclpoCTpambEHUJUX OUJb-
HUX BPCTa y €BpO-CUOUPCKOM PETHOHY. Y 0BOj CTYIUjH je TECTUPAHA in Vitro aHTU-
MHUKpOOHA M aHTHINja0CTHYHA AKTUBHOCT EKCTPaKaTa KOju Cy ImpurpeMibeHu y Soxhlet
anapary xopuirhemem 70% u 96% etaHona, ca u 0e3 MpeATpeTMaHa XeKCaHOM. MUHU-
MaliHe nHXxuoutopue konrentpanuje (MHUK) n MmunnManue 6akTepuIliaHe KOHICH-
tpanuje (MBK) 6uze cy y oncery on 0,035 mo 0,150 mg/mL u oz 0,075 no 0,300 mg/mL,
penocnenom. O6a 96% eraHoNHA EKCTpaKTa Cy ITOKa3aa 3Ha4ajHy aHTHOAKTEPHjCKY
aKTUBHOCT, IoceOHO Ha Oaktepuje Bacillus cereus, Enterobacter cloaceae v Salmonela
Typhymurlurn Excrpakt 96% eranona KOjH je TIPETXOAHO TPETHPaH XeKCAaHOM, Takohe
Jj€ HMCIIOJbHO 3HauajHy aHTHOAKTepHjCKy aKTUBHOCT Ha Staphylococcus aureus, B.
cereus, S. aureus n S. Typhymurum cy Takohe Owie ceHsuTuBHe Ha 70% eTaHOIHH
eKCTPAaKT (Ca MPeATPETMAHOM XeKCaHOM), JIOK je 70% eTaHOIHH eKCTPaKT 0e3 mpenTpeT-
MaHa XeKcaHOM O0uo epeKTUBHUjU TPOTUB S. aureus u Escherichia coli. Muaumaiue
nuxubuTopHe (MUK) n muanmanue pynrunuane konnearpanuje (M®PK) owe cy y
orcery oj 0,017 mo 0,300 mg/mL u ox 0,035 no 0,700 mg/mL, penom, npu 4emy cy
Aspergillus versicolor u Trichoderma viride noka3zane Hajsehy oceTsbuBOCT. BpenaHo-
ctu naxudbuTopux konueHtpamnuja (ICsy) cy Bapupane uzmehy 0,94 u 1,4 mg/mL y
a-amunasa recty u nsmehy 76,1 n 610,2 pg/mL y a-riykosniasHoM Tecry. Cez[aMz[ece-
TONPOLCHTHU CTAHOIHH CKCTPAKTH, moce6Ho OHAj IPEATPETHPAH XCKCAHOM TI0Ka3a0
j€ U3pa3nuTo BUCOKY €H3UMCKY HHXUOUTOPHY aKTHBHOCT Y O-TJIIYKO3UAa3HOM TECTY
(76,10 pg/mL), 60sby yak u y ogHOCy Ha KoHTpouy (glucobay 20,46 ug/mL). Hajsehu
HHXUOUTOPHHU eexaT y a-aMuiIa3a TecTy je 1oka3ao 96% eTaHoIHU ekcTpakT. [lodu-
JCHH pe3yNTaTi MoKa3yjy Aa eTaHOJTHU eKCTPakTH 1. praecox subsp. polytrichus ncro-
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JbaBajy 3HauYajaH aHTUMHUKPOOHH M aHTHUIMja0C THYHH TIOTSHLIUjaJl H MOT'Y C€ KOPUCTH-
TH y puTodapmMauju 1 Mpe3epBaLuju XpaHe.

KJBYYHE PEUU: T praecox subsp. polytrichus, eKcTpakTH, aHTUMUKPOOHA aKTHB-
HOCT, aHTUI1ja0CTHIHA AKTUBHOCT
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CERIUM AND HIGHER PLANTS

ABSTRACT: Rare earth elements (REEs) or terrae rarae (TR) are a group of 17 heavy
metals which include 15 elements belonging to the lanthanide (Ln) group, as well as scan-
dium and yttrium. REEs are very similar in chemical and physical properties. Lanthanides
are considered as rare micro elements, which is not entirely true. Namely, the amount of
cerium (Ce) in the Earths crust is slightly higher than the amount of Cu, Pb or Zn. Except
for Eu (+2 and +3) and Ce (+3 and +4), REEs usually form trivalent cations. Studies of indi-
vidual REEs elements are mostly focused on the effects of Ce and La. Cerium is nowadays
used in agriculture, as a microfertilizer. However, it is not essential for higher plants. The
effects of Ce on life processes of plants range from stimulation to inhibition, depending on
its concentration (hormesis), plant species, the stage of development, method of application
and ecological factors. Lower concentrations and amounts of Ce can be beneficial for nutri-
ent uptake, seed germination, photosynthesis, growth, dry matter accumulation and for al-
leviating different kinds of stress in plants. Cerium decreases oxidative stress and increases
antioxidative capacity of plants. Higher concentrations of Ce reduce plant growth. Excessive
amounts of Ce have cytotoxic and genotoxic effects. The available literature on the influence
of lower concentrations of Ce on life processes in plants suggests positive outcomes. How-
ever, further fundamental investigations shall lead to better understanding of the physiolog-
ical mechanisms of the impact of Ce on plant metabolisms.

KEYWORDS: cerium, ion uptake and interactions, photosynthesis, seed germination,
growth, phytotoxicity, stress alleviating

INTRODUCTION

Cerium is one of the rare earth elements which are present in small con-
centrations in all parts of the biosphere (Turra, 2017). The average abundance of
Ce in the Earths crust is 66 pg/g (Tyler, 2004). In the soils worldwide, it ranges
from 13 mg/kg to 273 mg/kg (Ramos et al. 2016) and in various terrestrial plants
from 250 ppb to 16,000 ppb in dry matter (Bowen, 1979). Concentration of Ce
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in plant species is different. According to Kabata-Pendias (2000), the Ce con-
centration in plant species and organs is different. In lichens and Briophytes it
spans from 600 to 5600, cheatgrass (Bromus tectorum) 300, vegetables from
2 to 50, rice straw 174, blueberry tops from 210 to 740 and in pine needles 370 ppb
in dry matter. Global production of REEs has increased exponentially in the
recent decades. REEs found application in numerous areas of human activity
(Kovarikova et al., 2019), thus Ce enters the biosphere. REEs are also used in
agriculture as a mineral fertilizer or stimulator, primarily in China (Ren et al.,
2016; Kastori et al., 2023). Mineral phosphorus fertilizers are characterized by
a higher content of Ce (Moreira et al., 2019), as a result of which their applica-
tion can lead to an increase in its concentration in arable soils. Cerium can
enter plants via both root and aboveground parts. The transfer factor (soil-plant)
for Ce is low (Mesa-Pérez et al., 2018). This fact, as well as the fact that Ce
mainly accumulates in the roots (Liu et al., 2012), indicates that its entry into
the food chain is limited, since the aerial parts of plants are most often used
in nutrition. The exception are hyperaccumulator plants in which it accumulates
in the above-ground organs. Cerium has synergisms and antagonisms with
essential and other elements (Ramos et al., 2016). In this way, Ce influences
the nutrimental status of plants. Low concentrations of Ce can in some cases act
as a biostimulant in seed germination and initial growth of seedlings (Ramirez-
Olvera et al., 2018) and have positive effects on photosynthesis.

Treatment with higher concentrations and doses of Ce adversely affects
the life processes of plants and thus their growth, development and organic
production. The phytotoxic concentration and dose of Ce decrease mitotic
index, with increased mitotic aberration (Kotelnikova et al., 2019) and provoke
leaf yellowing and necrotic damage and some structural alternations in leaves
(Rodrigues at al., 2019). Abiotic and biotic stress conditions can cause an in-
crease in accumulatlon of reactive oxygen spec1es (ROS) in plants. Cerium is
able to suppress accumulation of oxidative species and elevate the level of
antioxidant enzymes (Liu et al., 2012; Li et al., 2021). Cerium may help to
relieve the inhibition under some kinds of stress: potassium deficiency, cad-
mium toxicity, high level of UV-B radiation, drought, acid rain and salt stress.

The growing application of REEs and their individual elements in industry,
agriculture and medicine will encourage further research in the field of rare
earth elements. This is indicated, among other things, by a large number of
published research and scientific works in recent decades, especially regarding
the application of Ce and La.

Uptake, transport and distribution of cerium in plants

The concentration of Ce in plants varies widely depending on the plant
species and environmental conditions. In the dry matter of the aerial part of
Brassica oleracea var. capitata, the average concentration of Ce was 0.028 /ug/g
(Bibak et al., 1999), in the leaves of Agrostis capillaries 150 /jug/g (Tyler and Olsson
2001), and in the leaves of forest species it ranged from 0.25 /ug/g to 0.55 /ug/g
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(Markert and Li, 1991). The accumulation of Ce in plants largely depends on its
concentration in the nutrient substrate. There is a significant positive correla-
tion between the concentration of Ce in the shoots (leaves and stems) of barley
and its total, water soluble and exchange forms in the soil (Kotelnikova et al.,
2020). Cerium can enter plants via both root and aboveground parts. The uptake
rate of REEs from soil solution is controlled not only by the plants themselves,
but it depends of numerous ecological factors — on their concentration, exchange-
able fractions and solubility in the soil, soil organic matter content, presence
of other elements etc. (Brioschi et al., 2013). The mechanism of Ce uptake by plants
is also insufficiently studied, therefore it is discussed here within the framework
of the knowledge gained during the studies of uptake and transport of REEs.
From the soil solution, the cell wall of the root cells adsorbs REEs, depending on
environmental conditions, via precipitation or complexation. The transport of
REE:s in the root takes place in two ways: by apoplastic and symplastic pathway,
where the role of REEs transporting proteins, endocytosis and ion channels is
considered (Wang et al., 2019; Wang et al., 2024). Acropetal transport of mi-
neral substances in vascular plants takes place in the xylem. The transpiration
stream through the mass flow generally makes possible the acropetal transport
of REEs, whereby the role of root pressure cannot be ruled out either. Acropetal
transport of REEs can be influenced by numerous factors. In the xylem vessels
of soybean, the majority of REEs are combined with ligands (Ding et al., 2007).
In the xylem saps of hydroponically grown Phytolacca americana, citric acid
facilates the migration of heavy RREs (HREEs) rather than light RREs (LREE:)
(Yuan et al., 2017). Some REEs were immobilized during migration in xylem
by chemical precipitation by phosphate particles and cell wall absorption. The
transfer factor (TF) — the ratio of the element concentration in the aboveground
part of plants or plants organs to its concentration in the soil — for certain REEs
is typically lower than 1. The value of TF depends on numeorous factors — on
the concentration of an element in the soil, the mobility of the ellement, plant
species and organs. According to Kotenikova et al. (2020), in barley leaves,
the Ce concentration did not exceed 1% of its concentration in soil. The TF
(soil- to-plant transfer factor) in rice for Ce is 0.42 and only a small portion of
taken up Ce reached the grain (Mesa-Pérez et al., 2018).

The distribution of nutrients in plants is specific for certain elements and
plant species. To find out about the distribution of elements in plants is impor-
tant from scientific and ecological point of view, since their presence in the
edible parts of cultivated plants can allow their entrance in the food chain and
thus may have, in higher concentrations, adverse health consequences. It can
generally be said that distribution of REEs in organs of cultivated plants is as
follows: root > leaf > stem > flower > fruit/seed (Wen et al., 2001), root > leaf >
husk > grain (Mesa-Pérez et al., 2018). Cerium concentrations in rice were higher
in roots than in shoots (Ramirez-Olvera et al., 2018) and it is mainly located in
the cell wall of the rice roots (Liu et al., 2012). In contrast, in the plants baring
capacity to hyperaccumulate RREs, their concentration in the aboveground parts
is usually greater than in the roots (Wang et al., 2024). In microalga Desmodesmus
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quadricauda, Ce accumulates exclusively in the chloroplast compartment
(Rezanka et al. 2016).

Interaction of cerium with other elements

Elements with similar physical and chemical properties can compete with
each other for the same binding site in cell. Cerium similarities to other important
essential macronutrients such as Ca, as well as its higher charge density, render
this element more available for absorption into plant tissues (Thomas et al.,
2014). Trivalency gives lanthanides a much higher charge to volumes ratio and
therefore they usually have much higher affinities than Ca*" for the given binding
sites. Ions of some lanthanides (La", Nd**, Ce*"), with ion radius (Ce*" 0.106 nm
Ca®" 0.094 nm) and coordinate number close to the Ca*" ions, might partly be
able to replace endogenous Ca of plants or interact positively with calcium in
various physiological functions. Lanthanides (Ce®", La*") could enter the chlo-
roplast, bind easily to chlorophyll molecule and might replace Mg”* ion and
coordinate the porphyrin ring in pheophytin to form lanthanide-chlorophyll
(Chl)-complex, Ce-chlorophyll (Rezanka et al, 2016). The influence of Ce on
concentrations of elements in plants depends on many factors, e.g. concentra-
tion, plant species, organs, features of elements etc. Appropriate concentrations of
Ce(NOs); had a positive influence on the mineral element content of the leaves
of Cyclocarya paliurus seedlings. The maximal increase at 0.20 mmol/L Ce
treatment caused the contents of K, P and Cu increase by 105.2%, 74.5% and
133.3% respectively. The contents of Mg, Mn and Fe increased with increasing
concentrations of Ce(NO;); from 0 to 100 mmol/L by 93.2%, 29.4% and 133.9%
compared to the control (Xie et al., 2015). Cerium nitrate treatment (0 to 1.5 mM)
affected differently the concentration of nutrients (K, Mg, Ca, Na, Fe, Mn, Zn,
Cu and Mo) in the roots and shoots of rice. The concentration of mentioned
elements changed in response to the concentration of Ce (Liu et al., 2012).
Adverse effect of 0.5-25 mg/L Ce on the contents of Ca, Ng, K, Cu and Zn in
wheat seedlings was reported (Hu et al., 2002). Cerium (25, 50, and 100 uM
in the form of CeCl;) did not affect the concentration of macro or micronutri-
ents in rice shoots. However, in roots, the high Ce concentration decreased the
concentrations of Ca, Fe, Mn, and Zn, while the Mg concentration increased
(Ramirez-Olvera et al., 2018). In the rice, the application of 500 mg/kg of CeO,
nano particles to the soil increased the concentrations of K and Ca in rice,
whereas concentrations of S and Fe decreased (Rico et al., 2013a).

Effect of cerium on seed germination

Cerium can influence seed germination and initial growth of the seedlings.
There are opinions that the REEs can have positive effects on seed germination
by acting synergically with phytohormones that stimulate germination (Rami-
rez-Olvera et al., 2018). The germination rate, germination index and vigor
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index of naturally and artificially aged rice seeds were significantly increased
with a maximum effect at 1020 pg/mL Ce(NO;)s. It is the result of the treatments
of aged seed with Ce(NOs); that enhanced respiratory rate and activities of
superoxide dismutase, catalase and peroxidase, and decreased superoxide O~
and malondialdehyde contents (Fashui, 2002). When applying 8 uM Ce and
12 uM CeCl;, germination percentage of rice seeds increased by 36.2%, while
with 4 uM Ce, there were no significant differences with respect to the control.
Seedlings height and root length increased significantly, by over 100%, upon ad-
dition of 4 uM, 8 uM and 12 pM Ce compared to the control (Ramirez-Olvera
et al., 2018).

In the literature, there are also many papers in which the favorable effect
of Ce application on seed germination has not been confirmed. Cerium treat-
ments did not significantly affect the rate of germination, relative seed germi-
nation and germination index (Sobarzo-Bernal et al., 2021). Nevertheless, Ce
can also reduce seed germination and seedling growth. At a low soil pH (i.e.
pH=4), Ce decreases the germination of radish and tomato seeds, which is as-
sociated with higher mobility and availability of Ce in the soil (Thomas et al.,
2014). Pre-soaking of Triticum durum seeds for 2 h and 4 h with low concen-
trations (0.01 and 0.1 mM) of light REEs (La, Ce, Pr, Nd and Gd) had no effect
on seed germination. Higher concentrations (1 mM and 10 mM) induced sig-
nificant decrease in germination compared to controls (d’Aquino et al., 2009).
Treatments by CeO, nanoparticles, in the concentration of 2000 mg/L, did not
influence germination of seeds or root length in tomato, canola, radish, and
cabbage, whereas lettuce was the only species that exhibited a slight decrease
in root length upon Ce exposure (Ma et al., 2010). According to Wang et al.
(2012), CeO, nanoparticles (0.1-10 mg/L) had no significant effect on seed
germination of tomato.

Cerium effects on photosynthesis

The effects of Ce on phytosynthesis were studied in detail. There are
publications pointing out that positive effects on photosynthesis are associated
to several physiological and biochemical indices, including synthesis and con-
tent of photosynthetic pigments, chloroplast development and structure, light
absorption, transport and conversion, as well as carboxylation activity of Ru-
bisco. The photosynthetic pigments content is one of the important factors that
effect plant growth and development through photosynthesis. Not only the
total content of photosynthetic pigments is significant, but also their mutual
relationship, the ratio of chlorophyll a/b and a+b/carotenoids (Manios et al., 2003).
Literature data indicate that application of the lower concentrations of Ce have
positive effects, while higher have negative effects on chlorophyll content and
photosynthesis. According to Liu et al. (2012) in rice seedlings, content of
chlorophyll a, b, and a + b was increased at 0.05 mM and 0.1 mM Ce(NOs)s,
but decreased at 0.5 mM, 1.0 mM and 1.5 mM Ce. In green alga Desmodesmus
quadricauda, treatment with 10 uM CeCl; caused increase of total chlorophyll

31



content and decrease of the ratio of chlorophyll a/b from 2.45 in control plants
to 1.21 in Ce-treated plants. The untreated algae contained 14.52 mg of
chlorophylls/g of DW, while those treated with Ce contained 19.86 mg/g of DW
(Rezanka et al., 2016). According to Chu et al. (1996), CeCl; could accelerate
the synthesis of chlorophyll a in Spirulina platensis. In barley, no noticeable
changes were found in the content of chlorophyll a and b pigments and their
ratio under application of up to 200 mg Ce/kg air-dry soil (Kotelnikova et al.,
2020). In spinach grown in pot culture experiments, Ce stimulated chlorophyll
formation (Hong et al., 2002). The favorable influence of some REEs elements
on the content of chlorophyll is explained by the replacement of Mg in the
center of the chlorophyll molecule with the REEs element during its formation
(Rezanka et al., 2016) and due to that fact more Mg is available for the formation
of new chlorophyll molecules. Chlorophyll and lutein in the chloroplasts are
able to form chlorophyll a-Ce, chlorophyll a-Pr and other chlorophyll-REEs
complexes. In the fern Dicpetris dichotoma, the content of Ce-chlorophyll was
19.40% (Wei et al., 2005). Ramirez-Olvera et al. (2018) reported that the ap-
plication of 100 uM Ce decreased the photosynthetic pigments chlorophyll a
and b content by over 60% in rice. Zicari et al. (2018) also reported a decrease
in the content of chlorophylls and carotenoids when higher concentrations of Ce
(0.5 and 1 mM) were used to treat in Lemna minor. Intracellular localizations
of lanthanides (Ne, Ce Gd, La) in Desmodesmus quadricauda were different:
Nd and Ce were localized in the chloroplasts, while La and Gd were in the
cytoplasm (Rezanka et al., 2016). Ren et al. (2007) also reported accumulation
of Ce in chloroplast. According to Liu et al. (2012) in the rice leaves, exposition
to 1.0 mM Ce resulted in disorderly arranged thylacoids and the chloroplast
has gained more rounded instead of ellipsoidal shape.

Cerium solution sprayed onto the leaves at a concentration of 400 mg/L
can partially alleviate the photoinhibition and during the midday depression it
increases the photochemical efficiency (Fv/Fm) and photosynthetic perfor-
mance index (PIABS) of Pseudostellaria heterophylla (Ma et al., 2022). The
optimum concentration of CeCl; in nutrient solution that enhance photosyn-
thesis in wheat seedlings was 0.2 to 0.5 mg/L, for cucumber from 1 to 5 mg/L,
and for sunflower 15 m/L (Chu et al., 1996). Liu et al. (2012) found that higher
concentrations of Ce have negative, while lower may have positive effects on
photosynthesis in rice seedlings.

The effect of cerium on plant growth

In Chinese agriculture, REEs have been used to improve the nutrition
status of cultivated plants for more than three decades (Hu et al., 2004) and
have been extended to other countries (Wang et al., 2008). The treatment with
Ce (nCe0O,, Ce(IIT) and Ce (IV)) has hormotic effect on growth and depends
on many factors — plant species and vegetative stage, the applied dose and
means of application, management conditions etc. In rice seedlings, in water
culture, the total nodal root length (at 0.05 and 0.1 mM Ce) and shoot height
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(at 0.1 mM Ce) increased significantly compared with the control whereas at
0.5 mM, 1.0 mM and 1.5 mM Ce they decreased (Liu et al., 2012). Fashui et al.
(2002a) found that Ce increases chlorophyll content and photosynthetic rate
and stimulates the growth of spinach. Root length and height of rice seedling
increased by over 100% upon application of 4,8 uM and 12 uM CeCl; (Ramirez-
Olvera et al., 2018). In Lemna minor 0.1 mM Ce increased growth, but 1 mM Ce
caused oxidative stress (Zicari et al., 2018). In Arabidopsis thaliana, Ce pro-
motes floral initiation and reproductive growth in concentrations of about 0.5
to 10 umol/L (He and Loh, 2000). Low concentrations of Ce increased the growth
of cowpeas, with the maximum enhancement (23.91% for shoot and 67.53%
for root length) observed at 17.84 uM Ce (Shyam and Acry, 2012). Cerium
nitrate at 1-15 mg/L promoted callus growth and formation of adventitious
roots on the stem of Dioscorea zingiberensis (Wang et al., 2010).

Cerium can also reduce plant growth. According to Hu et al. (2002) ap-
plication of Ce can reduce roots length and dry matter mass both of the roots
and shoots in wheat (Hu et al., 2002). According to Rodrigues et al. (2019) foliar
treatments of soybean with Ce did not affect plant height, number of leaves
and pods. Salgado et al. (2020) also did not observe a significant effect on the
growth of common bean when applying increasing doses of Ce(NOs),.

Higher concentrations of REEs can be phytotoxic. Toxicity effects of REEs
include a number of endpoints, such as cytogenetic effects, growth inhibition
and organ-specific toxicity (Pagano et al., 2015). The phytotoxicological data-
base of individual REEs is mostly confined to Ce and La. Kotelnikova et al.
(2019) found that Ce toxicity on onion evinced in reduced root growth and
mitotic index, with increased mitotic aberrations at Ce concentration 200 mg/kg
soil. Liman et al. (2019) reported that CeO, nanoparticles and microparticles
(12.5-100 ppm) had cytotoxic and genotoxic effects in onions for 4 h. The Ce**
caused deleterious effects and cell death when sweet potatoes were exposed to
20-80 mg Ce/L, in nutrient solution (Jiang et al., 2017). In hydroponic culture,
Ce exerted significant adverse effects on wheat root elongation (Gong et al., 2019).
In greenhouse conditions, foliar application of 200 mg/L and 2,000 mg/L Ce on
the leaves of the soybean provoked yellowing and necrotic damage, presented
collapsed cells and caused structural alteration to the epidermal cells (Rodrigues
et al., 2019). Foliar treatment with 80-300 uM Ce reduced the yield of horse-
radish (Wang et al., 2017). Certain plant species show different sensitivity to
the presence of higher concentrations of Ce. Sunflower and radish are highly
sensitive to Ce (Moreira et al., 2019) and maize is less sensitive than mungbean
(Diatloff et al., 1995).

Cerium role in alleviating stresses in plants

During vegetation season, plants can be exposed to unfavorable abiotic
factors, which adversely affect same physiological and biochemical processes
and in this way their growth and development. A number of abiotic, ecological
factors can cause oxidative stress in plants, i.e. disturbance in the balance that
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exists between pro-oxidative processes and the antioxidant system of plants.
Abiotic stress factors can lead to the creation of reactive oxygen species (ROS),
increase permeability of plasma membrane and decrease activities of antioxi-
dant enzymes (Liu et al., 2009). Pathogenic infection can also cause an increase
in the formation of ROS as a part of the plant's defense system (Li et al., 2021).
Reactive oxygen species are produced by reduction or activation of O, and they
are very reactive and cytotoxic in all orgamsms Reactive oxygen species like
hydrogen peroxide (H,0,), single oxygen (OZ) hydroxyl radical (OH) and
superoxide anion (O,-) cause disturbances in the growth and development of
plants, lead to damage of cellular components and peroxidation of membrane
lipids (Siddiqui et al. 2019). Numerous authors have shown the protective effect
of REEs, especially Ce and La, against oxidative stress by increasing antioxi-
dative capacity (Hong et al. 2017 Cui et al., 2019). In addition, Ce** elevated the
activities of superoxide dismutase (SOD), catalase (CAT), ascorblc acid peroxi-
dase (APx), guaiacol peroxidase (POD) and glutathione reductase (GR) (Hong
et al., 2017). Cerium nanoparticles at 62.5 mg nCeO,/L reduce the generation of
H,0, in rice roots by 75%. At 125 mg nCeO,/L, the roots showed enhanced lipid
peroxidation and electrolyte leakage, while at 500 mg/L the nCeOz increased
H202 generation in roots (Rico et al., 2013). Positive effects of Ce** on alleviat-
ing stresses are attributed to its capa01ty to enhance the antioxidant potential
of plants. Cerium solutions (400 mg/L) sprayed onto the leaves increase the
activities of SOD, POD, and CAT by 22.71%, 31.49% and 69,79% respectively,
in the leaves of perennial herb Pseudostellaria heterophylla (Ma et al., 2022).
According to Salgado et al. (2020), this mechanism is believed to be the con-
version of O,to (H,0,) by Ce*" and further oxidation of Ce3+ to Ce*". Next, Ce*"
could oxidate O, to 02, while it itself is reduced to Ce**

Calcium (Ca®") is an essential element for plant and is involved in man ly
living processes. Chemlcal properties of Ce®" are similar to Ca?", therefore Ce”"
could occupy a Ca*" position and bind to different components in plants as

“supercalcium” (Ni, 2002). Cerium added to Ca-deficient media in the spinach
plants could substitute for Ca and improve spinach growth. Fresh weight, dry
weight and chlorophyll content of spinach were increased by 39.9%, 45% and
64% compared to those of plants cultivated in Ca-deficient media (Liu et al.,
2008). Cerium improves the absorption and transfer of light and converses
efficiency of light energy in spinach chloroplasts under Ca deficiency (Huang
et al., 2008; Huang et al., 2008a). In Ca-deficiency media, Ce decreased the
permeability of plasma membrane, malondialdehyde and ROS (superoxide
radicals, hydrogen peroxide) and increased the antioxidative enzymes such as
SOD, CAT, APX, GPX and glutathione content (Liu et al., 2009). Cerium could
relieve the inhibition of Ca deprivation on nitrogen metabolism in spinach (Liu
et al., 2008).

Treatment of maize shoots with 15 pM CeCl; relieved inhibition of pho-
tosynthesis and growth as well as PSI and PSII injury caused by exposure to
potassium (K") deficiency, salt stress (80 mM NaCl) and comblnatlon of K’
deficiency and salt stress. Chemical differences between K" and Ce** are large,
therefore Ce" might not improve photosynthesis by substituting K', but might
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improve photosynthesis by preventing oxidative stress or by activating enzymes
under K' deficiency (Qu et al., 2013).

Some results suggest that Ce could partly substitute Mg2 Soaking of spinach
seeds in 15 uM CeCl; and further plant growth under Mg*" deficiency lead to
decreased MDA and ROS and increased activities of the antioxidative defense
system — the activity of SOD, CAT, APX, GPX, GR, antioxidants (e.g. carot-
enoids and glutathione), and improved overall spinach growth (Ze et al., 2009).
It was found that CeCl; promotes chlorophyll synthesis, activities of two key
enzymes in CO, assimilation (Rubisco carboxylase and Rubisco activase) and
expression of rbcL, rbcS and rca, thus leading to the enhancement of spinach
growth under Mg-deficient conditions (Ze et al., 2009a). Under Mg deficiency,
20 uM Ce in culture solution in maize can prevent inhibition of synthesis of
photosynthetic pigments, improve light energy absorption and conversion,
oxygen evolution and the activity of photo-phosphorylation and its couphng
factor Ca**-ATPase (Zhou et al., 2011). Treatment with 15 umol/L CeCl; in
spinach grown in Mg deficiency s1gn1flcantly promoted the activity of the key
enzymes of nitrogen metabolism (NR, NiR, GDA, GS, urease, GPT, and GOT)
(Yin et al., 2009).

Manganese (Mn) is an essential plant micronutrient which has important
functions in many metabolic processes. Addition of 20 uM Ce in nutrient solution
promoted maize growth through the enhancement of chlorophyll synthesis,
the activity of Rublsco and Rubisco activase, and the expression of rbcL, rbcsS,
and rca under Mn** deficiency (Gong et al., 2011). Manganese deprlvatlon n
maize may disturb photochemical reaction of chloroplasts strongly, which could
be improved by addition of 15 uM CeCl;, However, it is not clear whether Ce
affected the photochemical reaction of Mn-deprived maize seedlings (Qu et al.,
2012).

In the last decades, there have been a vast number of reports on the pres-
ence and phytotoxicity of heavy metals, such as lead, cadmium, mercury and
chromium. Lead (Pb) stress could significantly inhibit photosynthesis (Kastori
et al., 1998). The treatment by 15 umol/L CeCl; could alleviate harmful effect
of exposition of spinach to 100 umol PbCl,/L. It was found to improve light
absorption and distribution of excitation energy in both photosystems FSI and
FSII and increase activity of photochemical reaction and oxygen evolution in
spinach chloroplasts (Zhou et al., 2009). Cadmium (Cd) stress inhibits the plant
growth, chlorophyll contents, photosynthesis parameters, chloroplast develop-
ment and leads to significant alteration in antioxidant defense in rice seedlings.
In a hydroponic experiment, the growth of rice seedlings was markedly inhibited
by 100 uM Cd and the inhibition was significantly alleviated by 10 uM Ce.
Rice seedlings treated with Ce exhibited higher SOD, POD and CAT activities
compared with the Cd-stressed plants, indicating a better O~ and H,O, scavenging
ability. The mechanism of Ce action in those rice seedlings is partly related to
improved light use efficiency, increased antioxidant activity and decreased
oxidative stress (Wu et al., 2010).

Enhanced ultraviolet-B radiation (U V-B) affects some physiological pro-
cesses in plants (Wu et al., 2010). Exposition of hydroponically grown Brassica
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Juncea seedlings to two levels of UV-B radiation (0.15 W/m? and 0.35 W/m?)
decreased chlorophyll content, net photosynthesis rate, transpiration rate, sto-
matal conductance and water use efficiency, but concomitantly increased mem-
brane permeability and activities of antioxidant enzymes (SOD, CAT, POD).
The protective effect of Ce on seedling exposed to UV-B radiation was dem-
onstrated and it was superior at 0.15 W/m? UV-B (Liang et al., 2006). Cerium
alleviated the inhibition of the photosynthesis in hydroponically grown soybean
seedlings to a certain extent. The changes of photosynthetic rate were mainly
influenced by the effect of Ce on the reaction of Hill and apparent quantum
yield (AQY) at low level of UV-B radiation (0.15 W/m?) (Liang et al., 2006a).
It has been reported that Ce protected photosynthetic apparatus from UV-B
radiation by stimulating the accumulation of UV-B absorbing compounds, such
as flavonoids and carotenoids and by eliminating reactive oxygen species.

Global climate change is a present condition and a concern for the future.
Drought is a part of the global climate changes. Both the intensity and duration
of droughts are expected to increase (Grillakis, 2019). Cerium was shown to
alleviate water stress in common bean, increasing its survival rate and growth.
Cerium application increases photosynthesis rate, chlorophyll content and water
use efficiency under water stress (Salgado et al., 2020). Cerium (20 mg CeCls/L)
could alleviate water stress induced by UV-B radiation (0.15 and 0.45 W/m?) by
regulating the osmotic and metabolic absorption of water, photosynthesis and
growth of soybean seedlings (Mao et al., 2012). Cerium also effects chilling
resistance of cucumber seedlings (Li, 2010).

Acid rain is not a new phenomenon; it is created by the dissolution of acidic
oxides, especially sulfur dioxide, sulfur trioxide and nitrogen oxides. They are
the result of atmospheric pollution. In extreme cases, the pH value of acid rain
sediments can be 3.0. Acid rains increase the permeability of plant cell mem-
branes, reduce pollen germination, plant resistance to drought and diseases, etc.
Cerium can alleviate the inhibitory effects of acid rain on seed germination and
growth of barley due to the elimination of excessive free radicals induced by
acid rain and improvement of the synthesis of chlorophyll and growth of roots
(Huang et al., 2000).

Soil salinity influences plant production in many areas of the world. Salt
stress causes adverse effect on photosynthesis, energy production, lipid metabo-
lism and other life processes in plants (Kasim et al., 2016). Exposure to NaCl
(150 mM) markedly inhibited the growth on Jerusalem artichoke, declined in
the chlorophyll content and increased oxidative stress; this inhibition was sig-
nificantly alleviated by application of 0.1 mM CeCl;. Authors speculate that
reduced water stress and photosynthesis, due to applied Ce, might be associated
with its effect on growth in the present stress condition (Li et al., 2017).

CONCLUSION

Cerium is one of the rare earth elements belonging to lanthanides. Out of
the rare earth elements, the effects of Ce and La on the living world have been
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studied in most detail. Cerium is widely distributed in living and dead nature.
Thanks to its influence on the physiological and biochemical processes of
plants, it has application in agriculture. Cerium is not an essential, biogenic
element for higher plants, but at lower concentrations it can stimulate some life
processes in them: uptake of ions, seed germination, photosynthesis, growth
and development, accumulation of organic matter, chemical composition and
tolerance to some unfavorable abiotic stress conditions (higher concentrations
of toxic heavy metals, drought, deficiency of some essential elements, UV-B
radiation, acid rain, etc.). Higher concentrations of Ce are phytotoxic. Further
studies are needed to better understand the mechanisms of action of Ce on
plant metabolism in order to understand the stimulating effect of lower and
phytotoxic effects of higher concentrations of Ce.
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HEPUJYM U BUIIE BUJBKE
Pynong P. KACTOPU, UBana B. MAKCUMOBW R, Mapuna U. TYTHUK-AEJINh

VYuusepsurer y Hoom Cany, [TossonpuBpennu dakyirer
Tpr Hocureja O6panosuha 8, Hosu Cax 21125, Cpouja

PE3MME: lepujym npunana rpymnu exemMenara petkux seMasba (EP3). tbux unne
17 enemenara, 15 U3 naHTaHOM CepUje U CKAHAMJYM U UTpUjyM. EjneMeHTH peTkux
3eMajha y MaJINM KOHIICHTpaijaMa MIHPOKO CY PacIpOCTpamkeHH y mpupoau. OHKYjy
ce CIMYHUM XEMHUjCKUM U GU3HUKHM ocoOrHama. OHU Cy HaIIM IPUMEHY y OpOjHIM
001acTHMA YOBEKOBE aKTUBHOCTH, KA0 1 y OMJBHO] IIPOM3BOJIEGH Y BULY MUKPOhyOpHBa.
Ox EP3 'y Gronomikim HepaxuBarmbiMa HajIeTabHH]e | IIPOYYeHO 1ejCTBO LepHjyMa
¥ JIAHTaHa Ha XHUBOTHE IpoLece BULIMX Ousbaka. Llepujym Huje GHOreHH, HEOXOAHN
eJIeMEeHaT 3a HOPMAJIHO pacTeme U pa3Buhe Ousbaka. bribke nepujym ycBajajy mpexo
KOpeHa M Ha/I3eMHMX OpraHa, a y Hajsehoj Mepu ce Hakymba y KopeHy. Y OpojHHM
HCTpaXKMBambUMa je yTBPHEHO Ja HHIKEe KOHIICHTpaIlHje epHjyMa MOT'Y MIOBOJBHO YTH-
natu Ha oxpehene dpusmonorike npoiece (yeBajarme MojeIMHUX jOHA, CHHTE3Y (POTOCHH-
TETUYKH aKTUBHUX IUTMEHAaTa, JOTOCHHTESY, KJIMjahe CEMEHa, TOJIEPAaHTHOCT IpeMa
HETIOBOJbHUM EKOJIOIIKUM YHHHOLMMA, PACTEHE U HAKYTIJbamhe OPraHCKe MaTepHje).
Behe konnenTpainuje nepujyma zienyjy GuTOTOKCHYHO, N3a3UBajy ITUTOJIONIKE U MOP-
(donomike mpomene. [Topen OpojHUX pe3yiTaTa UCTPAXKUBAKHA O YTUIIA]Y IIEpUjyMa Ha
YKMUBOTHE IIpoLiece BUIINX OMJbaka MoTpedHa Cy 1ajba ca3Hamba Ja Ou ce leroBo MoBOJb-
HO JIejcTBO Ha (PU3UOJIOIITKE U OMOXEMHjCKe Tpoliece Onibaka 00Jbe pa3yMero u edexac-
HUj€ UCKOPUCTHUIIO.

KJBYUHE PEUYU: ycBajame 1 MHTEpaKIIHMja jOHA, KJIHjaikhe ceMeHa, (JOTOCHHTE3a,
pact, GUTOTOKCHYHOCT, yOa)aBame cTpeca
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ANTIMICROBIAL PRINCIPLES IN THE DIAGNOSIS AND
THERAPY OF CANINE PYODERMA: A REVIEW

ABSTRACT: Although bacteria are normal inhabitants of the canine skin, they play an
essential role in the pathogenesis of canine pyoderma. As this skin disease is commonly pre-
sented in the small animal practice, the use of antibiotics in its treatment is on high level, al-
though it is often misused. Consequently, excessive and irrational use of antimicrobials leads
to the growth of antimicrobial resistance (AMR) and resistant bacterial strains. Therefore, it
is necessary to follow the right therapy guidelines to provide appropriate treatment manage-
ment which is crucial in any policy for prudent and rational antimicrobial use (AMU). Hence,
this review aimed to summarize established evidence-based antimicrobial guidelines in treat-
ing pyoderma in order to help veterinarians in the fight against development of AMR and its
further growth, as one of the highest threats to the public health and topics of the global concern.

KEYWORDS: antimicrobial guidelines, antimicrobial resistance, dogs, pyoderma, skin

INTRODUCTION

Cutaneous microbiota consists of various types of bacteria that normally
live on the skin and within the ear pinna and canal (Bradley et al., 2020) and
any disturbance that results as an itch or break of the skin can provide perfect
conditions for them to multiply and cause inflammation and infection (Secker
et al., 2023). Furthermore, one of the most common inflammatory skin condi-
tions of the bacterial origin is pyoderma. In canine, clinical manifestation of
this disease can include a wide range of lesions from erythema, alopecia and
pruritus to serious cases such as deep folliculitis, furunculosis, vasculitis (Sum-
mers et al., 2014). Moreover, the division of this disease is based on depth of
the pathological lesions and implies surface, superficial and deep pyoderma
(May, 2006; Guardabassi et al., 2008).

* Corresponding author. E-mail: zorana kovacevic@polj.edu.rs
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Antimicrobial drugs are often included in the canine cutaneous infections
treatment, but in many cases this is not effective because of the antimicrobial
resistance (AMR) occurrence (Ebani et al., 2020). Furthermore, improper and
imprudent antimicrobial use (AMU) in the veterinary health care systems may
contribute to the AMR evolvement and could be responsible for the loss of
drug efficacy (Mateus et al., 2011). Generally speaking, the number of drug-
resistant (DR), multidrug-resistant (MDR) and (MR) bacteria strains has grown
over the years (Beco et al., 2013). Interestingly, the appearance of MR Pseu-
domonas aeruginosa, specifically those resistant to drug used in humans but
not that frequently used in dogs, can also be indicator of the overuse of these
antibiotics or might suggest human-to-dog transmission (Dégi et al., 2021).
Moreover, the frequent use of antimicrobials in general may be associated with
the development of MDR (Zur et al., 2016), which influences on the different
results of local susceptibility testing, due to local habits of using certain anti-
biotic. The migration effect in the modern global world, as one of the recent
One Health problems, through the global interchange of goods by human trave-
lers, migrating animals and even through the help of natural phenomena, could
cause spreading of AMR, as well (Hernando-Amado et al., 2019). The ra-
tional AMU in the veterinary medicine can prevent the development and spread
of resistance to antibiotics (especially those used in human medicine). Further-
more, it also contributes to preserving the effectiveness of antimicrobial drugs.
Therefore, records on how, why and which antibiotics are used in the common
animal practice, and the circumstances of their consumption, are required to
establish whether upgrades are needed (Murphy et al., 2012), as well in order
to monitor AMR. Hence, the aim of this review article is to present the existing
clinical and bacteriological aspects of the pyodermas to guide for the selection
of adequate antimicrobials, especially in order to combat AMR.

COMMON BACTERIAL AGENTS OF
THE SKIN INFECTIONS

The bacteria from staphylococci group are normal residents of the human
and animal skin (Hoffmann, 2017), however they are also known as the most
commonly associated pathogens with skin infections, especially to pyoderma
(May, 2006). As for the humans, the most frequently isolated pathogen from
pyoderma cases is Staphylococcus aureus (Venniyil et al., 2016). Furthermore,
MR Staphylococcus aureus (MRSA) represents a major pathogen in health
care management in humans, as well as in animals, primarily because a lot of
these isolates manifest MDR (Beck et al., 2012). However, the incidence of
MRSA was generally lower among pets than is reported for livestock (Grave-
land et al., 2011). Moreover, although these bacteria can colonize or infect dogs
and cats, they are not considered as a reservoir host of this pathogen. MR
Staphylococcus pseudintermedius (MRSP) is more substantial in the veterinary
field (Binek et al., 2019) and represents an example of how AMR has a contri-
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bution in the treatment failure (Bryan et al., 2012). Similarly to MRSA, MRSP
tends to be clonally distributed within countries, meaning that certain clones
can be isolated from epidemiologically unrelated dogs and even from veterinary
hospitals located at the distant geographical areas within the same country
(Bannoehr et al., 2007). Frequent isolation of biofilm-producing S. pseudinter-
medius strains and their resistance to antimicrobials can influence the outcome
of infection treatment (Naziri and Majlesi, 2023). Therefore, it is not surprising
that this causative agent has become one of the main topics in the modern
veterinary medicine. Apart form the mentioned, Staphylococcus schleiferi has
been registered as a frequent causative agent in animals on emerge (Davis et
al., 2013). Although it does not appear to own factors of virulence as other
staphylococci, it posses the ability to cause serious infections in some patients
(May, 2006). The increased number of coagulase-negative staphylococcal
infections is in correlation with evolving medical treatments and advances in
human and veterinary medicine (May, 2006). Furthermore, Pseudomonas
aeruginosa is a frequent canine pathogen isolated from chronic otitis externa
and media cases (Secker et al., 2023). However, it is uncommonly associated with
skin infections and usually has low incidence in pyoderma cases (Guardabassi
et al., 2008). Actually, these bacteria are presiding in chronic, suppurative skin
infections, isolated independently or in mix infections (Leonard et al., 2022;
Bradley et al., 2020). Other causative agents that can be associated with pyo-
derma are Streptococcus spp., Proteus spp., E. coli and other Enterobacterales
(Nocera et al., 2021).

UNDERLYING CAUSES OF THE SKIN INFECTIONS

Most skin infections are secondary to some underlying primary cause (May,
2006; Summers et al., 2012; Beco et al., 2013). Primary bacterial infections can
happen but much less frequently (Guardaba551 et al., 2008). Therefore, predis-
posing factor must occur in order for the infection to develop. Usually these
factors include allergies, skin injuries, endocrine or keratinous disorders and the
presence of inflammation or ectoparasites (Summers et al., 2012; Beco et al.,
2013). Conditions such as allergy can cause not only unpleasantness and agita-
tion to the dog, but also stress and disturbance to its owners (Miller et al., 2023).
Furthermore, prosperous management demands that these factors are ad-
dressed, so it is essential that history and clinical signs are well assessed to
determine the underlying processes (Beco et al., 2013). These infections are
more likely to happen without proper managing of the underlying causes (May,
2006). It is important to emphasize that repeated pyodermal infections caused
by S. pseudintermedius isolates have shown significantly higher resistance than
those isolated from previous cases, so identification and elimination of the
predisposing factors are crucial to avoid recurrence of infections (Holm et al.,
2002), as well as to mitigate AMR.
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ANTIBIOTIC SUSCEPTIBILITY TESTS — YES OR NO?

When a medical condition exists, it is important to obtain an accurate
clinical diagnosis whenever possible, including determining the likelihood of
a bacterial infection that warrants AMU. Isolation and identification of micro-
organisms included in the canine skin diseases are a key and elementary step
in both diagnostics and adequate treatment (Beier et al., 2015; Hillier et al.,
2006). The incidence and constancy of isolation should be taken into account
while distinguishing normal residents from the microorganisms that cause
secondary settlement and contamination instead of the infection (May, 2006).
This is essential in order to create an efficient treatment plan for a certain
causative agents based on culture and susceptibility test results, particularly
when various microorganisms are present (May, 2006).

Skin infections of bacterial origin are frequent in the canine and the em-
piric choice of antimicrobial therapy is a general approach to reduce the clini-
cal evolution (Dégi et al., 2021). In the case of empirical treatment, a rational
approach should be chosen, selecting the prudent and economically acceptable
drug that is efficient against expected microorganism (May, 2006). On the
other hand, as reiterated episodes of empirically prescribed antibiotic therapy
have been recognized as one of the most important risk factors for infections
caused by MRSA in pets, failure in therapy should always be followed by reas-
sessment, involving culture and antibiotic sensitivity tests, rather than switch-
ing to another empirically selected antimicrobial drug (Magalhaes et al., 2010).
In addition, in recurrent infections or with appearance of newly discovered
lesions regardless of the application of adequate antimicrobial, adjustments in
treatment should be made based on the culture and susceptibility data (May,
2006). In the severe cases of pyoderma, antimicrobial susceptibility should be
considered imperative (Dégi et al., 2021).

THE TREATMENT APPROACHES IN THE CANINE PYODERMA

The treatment approach for canine pyoderma differs with the deepness
of the infection (Loeffler et al., 2011). The vast majority of skin infections in
the companion animals are associated with coagulase-positive staphylococci,
especially with S. pseudintermedius. Hence, a broad spectrum of antibiotic
groups has been recommended for therapy of pyoderma caused by staphylo-
cocci based on their in vitro efficacy testing, experience from in vivo studies and
clinical trial results (Summers et al., 2012). Moreover, if inadequate smaller
doses of antimicrobials are used or length of time is too brief, staphylococcal
cultures are changing so that antibacterial-resistant isolates are selected, guiding
to chronic cases of infections (Hnilica and May, 2004).

Although there are plenty of topical antimicrobial pharmaceutical formu-
lations available and licensed for use in the veterinary practice against skin
infections worldwide, superficial pyoderma still remains a frequent occurrence
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in dogs (Loeffler et al., 2011; Mueller et al., 2012). Topical treatment by itself
should be taken into consideration, especially in cases where long-term treat-
ment is expected, such as recurrent infection of superficial pyoderma which,
due to the underlying cause, were not detected and rectified on time (Loeffler
et al., 2011).

Animals which are under antimicrobial therapy can be particularly at risk
for acquisition resistant microorganisms, considering the fact that antimicro-
bial therapy may promote the transmission of microorganisms through antibi-
otic-induced reduction of the normal inhabitant population of staphylococci
(Loyd, 2005). In addition, systemic antimicrobial treatment may not be ideal
considering an enlargement of multiresistant organisms, cost and potential side
effects (Mueller et al., 2012). Furthermore, conditions such as deep folliculitis,
furunculosis and cellulitis usually require extend treatments. While cicatriza-
tion can make it even more complicated, these lesions may also be painful and
microorganisms, such as Pseudomonas spp., E. coli or Proteus spp. may be
included, besides staphylococci (May, 2006). Thus, systemic antimicrobial
treatment is generally indicated in cases such as deep pyodermas, as well as in
cases of unsuccessful topical therapy or when it can not be applied properly
(Loeftler et al., 2011).

Beta-lactams are one of the most common classes of antimicrobials pre-
scribed in pets for systemic administration (Beaudoin et al., 2023). Rantala et al.
(Rantala et al., 2004) have established that cephalexin and amoxicillin with
clavulanic acid accounted for 60% and 15%, respectively, of all the antibiotics
prescribed for pyoderma infections, followed by clindamycin (10%). Beside
mentioned antibiotics, fluoroquinolones (enrofloxacin, marbofloxacin, di-
floxacin and orbifloxacin) are very efficient in pyoderma treatment and are
commonly used for empirical treatment in dogs because of their favorable safe
profiles and assured clinical efficacy due to proven antimicrobial activity
against S. pseudintermedius and skin distribution (Guardabassi et al., 2008).
Moreover, the “OIE List of Antimicrobial Agents of Veterinary Importance
suggest that fluoroquinolones and the 3™ and 4™ generation cephalosporins,
as critically important antimicrobials in human and animal health, should not
be used as preventive treatment and as the first line treatment unless they are
justified, while when used as the second line, they should be based on the
bacteriological tests results. The extra-label or off label use of antimicrobials
should be restricted and restrained for cases where there are no alternatives
available and should be in accordance with the applicable national legislation
(OIE, 2021).

The use of antimicrobial drugs in pets should be assessed based on infectious
disease treated in the affected population, available regulations and guidelines,
current scientific knowledge and licensed drugs available for veterinary use,
research-based knowledge and licensed antimicrobials disposed for use in
veterinary medicine (Mateus et al., 2011). The Antimicrobial Stewardship
Guidelines in pets are designed to assist veterinarian clinicians in selecting the
adequate antimicrobial therapy that will best serve their patients while mitigating
the AMR growth and other side effects (Frey et al., 2022). For instance, the
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guidelines for the treatment of canine pyoderma were already created by the
different groups of experts in this field (Table 1). These guidelines should be
followed when treating this disease. Based on these guidelines, topical treat-
ment is recommended for treatment of superficial pyoderma, whereas for deep
ones, there should be used systemic therapy based on sensitivity testing, sup-
ported by topical treatment with antiseptics. For mild, surface and/or focal
infections, topical antiseptic preparation and topical antibiotics or locally ap-
plied antimicrobials are suggested (in case topical antiseptics do not clear the
infection) (Frey et al., 2022; Beco et al., 2013). Topical antiseptic solutions can
speed up infection resolution or will significantly reduce the need for sys-
temic antimicrobials (Beco et al., 2013). In the study of Borio et al. (Borio et al.,
2015) treatment with chlorhexidine products resulted in clearing of clinical signs
of superficial pyoderma in all dogs (including those infected with MRSP).
Actually, this study indicated that topical therapy with chlorhexidine may be
as effective as systemic therapy with amoxicillin with clavulanic acid, which
supports the recommendations of existing guidelines to use topical antiseptics
alone for the management of superficial pyoderma (Borio et al., 2015).

The common fact for all guidelines is that systemic antimicrobials are
classified in three tiers (lines). First-tier usually implies broad-spectrum drugs
that are used when diagnosis is clear and risk factors for AMR do not exist,
but they are not considered less-efficient than higher-tier drugs in the correct
circumstances (Beco et al., 2013; Hillier et al., 2014). Clindamycin is one of
the first-tier drugs in all suggested guidelines (Table 1). However, recent study
conducted in Netherlands has shown the high level of resistance to clindamy-
cin in S. pseudintermedius isolated from dogs with previous antimicrobial
exposure, recommending that a bacterial culture and sensitivity test should be
carried out before prescribing these drugs and it should be regarded as the
preferred treatment option if susceptibility is confirmed (van Damme et al.,
2020). These results indicate that clindamycin might be reconsidered as tier-
two drugs which should be used when culture evidence exists. Furthermore,
tier-three drugs are very important to animal and human health, especially for
treatment of MR organisms, so they are reserved for highly resistant infections
and their use should be in consultation with specialists (Beco et al., 2013;
Hillier et al., 2014). In Table 1, it can also be seen that dissimilarities exist in
the distribution of antimicrobials through group of different guidelines. Exist-
ence of the variation in the antibiotic susceptibility patterns of pyoderma
causative agents on the local level and dissimilarities in accessibility of drugs,
legal status and cost, these all can have influence on the drugs efficiency
within various clinical populations and geographical area (Summers et al.,
2012; Hillier et al., 2014). Therefore, it is difficult to provide adequate evidence
to publish ultimate best practice guidelines for the empiric treatment of super-
ficial and deep pyoderma in dogs (Summers et al., 2012). Thus, every country
needs to implement their own guidelines for treating pyoderma cases, based on
the national and regional records. In addition, surveys that provide these details
should be conducted regularly in order to ensure valuable and updated data.
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Table 1. Available referenced guidelines for the pyoderma treatment with suggested prin-
ciples for rational antimicrobial use through their categorization

Guidelines Category Antibiotics
Suggested guidelines for us- First-line cefadroxil, cefalexin, clavulanate-amoxi-
ing systemic antimicrobials cillin, clindamycin, lincomycin
in bacterial skin infections: Second-line cefovecin, cefpodoxime, difloxacin, enro-
part 2 —antimicrobial choice, floxacin, marbofloxacin, orbifloxacin,
treatment regimens and com- pradofloxacin

pliance (Beco etal,, 2013) aminoglycosides, azithromycin, ceftazidime,

Third-line chloramphenicol, clarithromycin, florphen-
icol, imipenem, phosphomycin, piperacillin,
rifampin, tiamphenicol and ticarcillin

Australian Veterinary Pre-  First-line clindamycin
scribing Guidelines: Com- cephalexin, amoxycillin-clavulanate, tri-
panion Animals Medical Second-line methoprim-sulphonamide, doxycycline

Guidelines-Skin PRT - ; -
Third-line enrofloxacin, marbofloxacin, cefovecin

2023 AAHA Management  First-tier empiric clindamycin, cephalexin, amoxicillin-cla-

of Allergic Skin Diseases in vulanate, trimetrorim-sulfadiazine/sul-
Dogs and Cats Guidelines famethoxazole
(Miller et al., 2023) First OR second tier cefpodoxime, cefovecin
Second tier ONLY  minocycline, doxycycline, enrofloxacin,
with culture and marbofloxacin, radofloxacin, chloram-
susceptibility phenicol, rifampin
Do NOT use for amoxicillin, penicillin, nitrofurantoin
Straphylococcus
spp. infections
Guidelines for the diagnosis clindamycin or lincomycin cefalexin, ce-
and antimicrobial therapy of First-tier fadroxil, amoxicillin—clavulanate, trimeth-
canine superficial bacterial oprim- and ormetoprim-potentiated sul-
folliculitis (Antimicrobial phonamides

Guidelines quking Grgup First or second tier ~ cefovecin, cefpodoxime
of the International Society

for Companion Animal
Infectious Diseases) (Hillier
et al., 2014)

doxycycline or minocycline, hloramphenicol
fluoroquinolones (such as enrofloxacin,
marbofloxacin, orbifloxacin, pradofloxacin

Second tier and ciprofloxacin), Aminoglycosides (gen-
tamicin, amikacin), first tier drugs (clinda-
mycin, lincomycin and potentiated sulphon-
amides) may also be considered

Third tier linezolid, teicoplanin, vancomycin

FUTURE OPTIONS OF PYODERMA TREATMENT

There are several new approaches under development for the management
of skin and ear infections and inflammation. Although more clinical trials are
needed to confirm efficacy, early results (especially in vitro studies) are prom-
ising (Nuttall, 2023). For instance, natural products, such as essential oils (EOs),
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with antimicrobial properties, could represent a suitable alternative in the treat-
ment of skin infections, mainly when conventional drugs resulted not effective
(Ebani et al., 2020). The in vitro study conducted by Ebani et al. (Ebani et al.,
2020) tested antimicrobial activity of nine EOs against staphylococcal skin
isolates resulting in different antimicrobial activity degrees. Origanum vulgare
and Thymus vulgaris EOs have shown the best antimicrobial activity, indicat-
ing that pharmaceutical formulation, based on these Eos, could be promising
treatment to combat canine cutaneous infections caused by these pathogens.

CONCLUSION

As bacterial skin infections are one of the most common diseases pre-
sented in pets, responsible therapy approaches are crucial in order to prevent
overuse of antimicrobials. A correct management of antimicrobial policy
through the regular implementations of AMR patterns of the frequently isolated
microorganisms is crucial to avert needless prescriptions and further emergence
of resistant strains. Promoting responsible use of antimicrobial drugs through
guidelines will ensure tenable access to the most efficient therapy. Furthermore,
implementing best practical guidelines based on the national and regional records
will improve human and animal health, while simultaneously providing reduce
of emerge and spread of AMR.
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AHTUMUKPOBHU [TPUHITUIIN Y TUJATHOCTULIU 1
TEPAIINIU ITMOAEPME ITACA: TTPETJIE[]

Hanexna b. TELLMH, 3opana P. KOBAUEBU'h

YuausepsuteT y Hoom Cany, [lossonpuBpensan dakymnrerT,
JenapTMaH 3a BeTepUHAPCKY MEIULIHHY,
Tpr Jocuteja O6panosuha 8, Hosu Cax 21125, CpOuja

PE3MME: Nako cy OakTepuje HOpMaJIHU CTAHOBHUIIM KOXKE I1aca, OHE UMajy
CYLITHHCKY YyJIOry y matoreHesu ncehe nuogepme. Kako ce oBa koxkHa 00JIeCT 4eCcTo
jaBJpa y MpaKcH MaJIuX )KUBOTHEA, YIIOTpeOa aHTHOMOTHKA Y F-CHOM JICUCHbY je Ha
BHCOKOM HHBOY, @ YECTO C€ MOJXKE 3J10ynoTpeOuTH. CXOTHO TOME, TPEKOMEpHA U Hepa-
[UOHATHA yIOTpeda aHTUMHUKPOOHUX CpelcTaBa JIOBOIU JI0 pacTa aHTUMHKPOOHE
pesuctennuje (AMP) u pe3ucTeHTHHX cojeBa OakTepHja. 300T TOra je HeOMXOHO
MpaTUTHU UCIIPaBHE CMEPHHUIIE 3a Teparinjy Kako Ou ce 06e30enno oarosapajyhu Tpet-
MaH KOjH je KJby4aH y CBaKoOj IIOJUTHUIIH 38 pa3yMHY U PallHOHAIHY YHOTpeOy aHTUMHU-
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KpoOHuX cpeacraBa (AMY). Crora je oBaj mperiea ©Mao 3a LuJb 1a cyMUpa yTBphe-
HE aHTUMHUKPOOHE CMEpHUIIE 3aCHOBAHE Ha JOKAa3MMa Y JeUeHy MTHOoAepMe Kako Ou ce
MIOMOTJIO BeTepruHapuMa y 00pou mpoTuB pa3Boja AMP-a u meroBor nasser pacra, Kao
jenHe on HajBehuX MPETHU 3a jJaBHO 3APaBJbe U Haj3HAYAJHHJUX TeMa O]l IJI00aTHOT
3HayYaja.

KJbYUHE PEUM: anTuMuKpoOHE CMEpHHUIIE, aHTUMUKPOOHA PE3UCTEHIIH]a, TICH,
uoaepmMa, Koxa
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ABSTRACT: Biomass is increasingly employed in diverse applications to achieve and
enhance energy efficiency, owing to its carbon-neutral nature. This is attributed to the fact
that the quantity of CO, released during its combustion corresponds precisely to the amount
absorbed by biomass during its growth. The objective of this study is to assess the energy
efficiency of biomass derived from analysed clones of fast-growing willow species in co-
combustion processes with lignite at varying percentage ratios. The primary goal is to en-
hance the calorific value of lignite, optimize combustion and mitigate the harmful effects
of combustion. The obtained results indicate that the calorific value of willow is higher than
the calorific value of coal. The calorific value of coal (lignite) depends on the location of the
coal deposit (field), while the calorific value of willows depends on the type of willow.
Notably, clones 347 and NS 73/6 of white willow (Salix alba), have the highest energy po-
tential compared to clones B-44 of white willow and basket willow (Salix viminalis).
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INTRODUCTION

The process of decarbonization, which has global significance, implies
an increase in the participation of renewable energy sources (RES) in energy
production. Biomass falls within the RES category and represents organic
matter that can be of plant or animal origin. Currently, it accounts for approxi-
mately 14% of the world’s total energy consumption, with developed nations
utilizing a quarter of it for air protection initiatives. The remaining portion of
primary energy involves the direct application of biomass in underdeveloped
countries for heating in households and other purposes. Additionally, waste and
residues from the wood processing industry are employed to generate energy
in plants (Parrika, 2004).

Biomass is regarded by the energy community as carbon neutral because
the amount of CO, released during its combustion represents the same amount
that biomass absorbs during its growth in an energy plantation (Mann and Spath,
2001; Heller et al., 2003). The implementation of energy plantations in order
to produce biomass that would be used in energy production, either indepen-
dently in power plants, or through co-combustion with lignite in order to in-
crease the calorific value, brings benefits on one hand to energy management,
and on the other to ecology.

Co-combustion of biomass and lignite can satisfy both the needs of energy
management and ecology, because, at the same time, the calorific value of
lignite can be increased, and the emitted CO, reduced. Namely, the obligation
of business entities is to perform land recultivation after the completion of
lignite exploitation in a given area. Different plant species can be used for land
recultivation, and the most suitable woody species are exactly those that are
fast-growing, such as willows (Salix L.) and poplars (Populus L.). Willows
grow on floodplains, in river valleys, usually along rivers or on marshy ground
(Parfenov and Mazan, 1986). There are a large number of willow species, with
different forms, and most often it is a tree. It can be extremely tall, up to 15
meters, and up to 1 meter in diameter, but it can also have the form of a bush
or a ground plant (Oljaca et al., 2017).

Multiple benefits of recultivation would be gained if energy plantations
would be formed in such areas using willows. They would solve the problem
of phytoremediation of heavy metals and erosion, owing to their strong root
system (Ulzen-Applah 2002; Volk, 2002; Heller et al., 2003), and at the same
time, the given area would continue to brmg ‘gains’ through the production
of biomass that would be used for the production of energy.

Willows are a species that does not require complicated conditions for
growth, as they are highly adaptable to various types of soil. Simultaneously,
they yield well, producing a minimum of 3040 tons per hectare of dry biomass
in a very short time. They can survive on floodplains, but also on polluted and
relatively degraded soil. These fast-growing woody plants, which are managed
according to the short rotation principle, possess a number of characteristics
suitable for the phytoremediation process, the most important of which are: a
strongly developed and well-branched root system, high biomass productivity,
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high intensity of transpiration, as well as genetic variability (Arsenov, 2018).
Due to all of the above, willows are very rewarding to use on the tailings of
mining pits, where, along with the simultaneous remediation of the land, they
will also provide biomass for the production of energy. Combustion of willow
and coal contributes to the reduction of greenhouse gas emissions. Biomass
obtained from willow, compared to coal, has almost no sulphur, contains less
ash and trace metals, and depending on the combustion regime and equipment,
can result in lower NO, emissions (Conn and Tillman, 2000; Hughes, 2000;
Tharakan et al., 2003a). These plantations are formed using genetically improved
cloned material, with a planting density of 15,000 plants per hectare.

The biomass obtained from willows has an exceptional energy potential
because the calorific value of willows can reach 19 MJ/kg. Willows belong to
the Short Rotation Coppice (SRC) plantations because their harvest from en-
ergy plantations is possible every other year, for the period of up to 25 years.
This is precisely why willows have been cultivated successfully for economic
purposes over an extended period. Their cultivation thrives owing to their
widespread geographic prevalence, adaptability to diverse environmental con-
ditions, and robust biomass growth (Rodzkin, 2014). Willows are able to quickly
colonize land surfaces without vegetation or places with poorly developed
vegetative cover (Morozov, 1950). Biomass produced in such plantations has
multiple applications: as fuel for the production of electricity in special genera-
tors, for the production of charcoal, for direct burning due to the low content of
ash and moisture, as well as alkali metals, or simply as a source of carbon in
atmospheric CO, (Nixon et al., 2001). Analyses of fossil fuel-based electricity
generation show that producers and consumers tend to favor non-renewable
energy over renewable energy (Fuchs and Arentsen, 2002; Unruh, 2002).
Adopting innovations in any form is only acceptable by energy producers if it
does not deviate much from the dominant technology. This is exactly why it
is considered that the production of electricity by burning willow biomass in
combination with other wood biomass or with coal in existing power plants is
the most optimal commercial option, because it does not deviate much from
the dominant technology, i.e. it does not require much investment in already
existing power plants (Tillman, 2000).

The potential of willows is recognized by many countries that use them
extensively for energy production. Co-combustion of biomass in coal-fired
power plants, with a share of 5-20%, depending on the technology and type
of biomass used, is in many cases a cost-effective option for replacing part of
coal with biomass in the production of electricity, while simultaneously reduc-
ing CO, emissions (Tillman et. al., 2012). The moderate amount of variation
in wood specific gravity can be used to select for increased energy content and
reduced transportation costs (Tharakan et al., 2003b). The yield of biomass per
hectare depends on the type of soil, specifically the method of wetting the soil
and the content of dust and clay fractions on the researched systematic units
of land (Zivanov and Ivanisevi¢, 1986), but the production of biomass from
willows and its burning as a raw material for energy production provide both
ecological, as well as rural development. Rodzkin et al. (2016) point out that clones
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of the species Salix alba L. and Salix dasyclados Wimm., as well as hybrids
S. aurita L. and S. dasyclados, represent good candidates for the production
of biomass on degraded lands. Currently, areas of fast-growing crops can be
found in almost all EU countries, as well as in the USA and Canada (Rodzkin
et al. 2015). In 2011, the area under energy plantations was, for example, in
Sweden about 13,000 hectares, in Germany about 4,000 hectares, in Poland about
9,000 hectares (Dimitriou, 2011; Mola-Yudego, 2010; Rosenqvist and Dawson,
2005; Scholz, 2002; Stenhouse, 1999; Meadows et al., 1972; van Doorn, 2006).

The aim of this work is to investigate the energy efficiency of biomass of
the analysed clones of fast-growing willow species in co-combustion pro-
cesses with lignite in different percentage ratios.

MATERIALS AND METHODS

In this work, four willow genotypes were investigated, namely: one clone
of S. viminalis and three clones (clone B-44, clone 347, clone NS 73/6) of S. alba,
which are referred to in the following text as clone 1, clone 2, clone 3 and clone 4,
respectively.

After three years of cultivation, in 2021, the willows were cut and dried
naturally for two months. Calorific values of three lignite samples and four
willow clones were determined, as well as values of the mixture of lignite and
willow biomass in different proportions (5, 10, 15 and 20% of biomass). The
first and second lignite samples (U; and U,) were taken from two localities in
the eastern part of the Kolubara MB and represent mixed samples from field
B/C and field E. The third coal sample (Us) was taken from the western part
of the Kolubara basin, at the Drobilana-Kaleni¢ loading site, and represents
mixed coal from Tamnava west field and field G.

The calorific value of each of the four tested willow clones, as well as the
three tested samples of lignite, was determined without correction, using the
IKA C 5003 calorimeter in the accredited laboratory at the Prerada organiza-
tional unit of Kolubara MB, JSC EPS.

Numerical data obtained by measuring the calorific value of three samples
of coal and the biomass of four willow genotypes, as well as by calculating the
differences between the calorific value of coal and a mixture of coal with the
biomass of four willow genotypes, were processed using descriptive and uni-
variate statistical methods. Statistical analyses were performed in the computer
program Statgraphics Centurion v. XVLI. (2009; Statpoint Technologies, Inc.,
Warrenton, VA).

RESULTS AND DISCUSSION

Based on the tested data on the calorific value of three samples of coal in
co-combustion with biomass of four willow clones (in the proportion of 5, 10, 15
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and 20%), an overview was given as to the results on the possibility of improving
the calorific value of coal with biomass.

Average calorific values for willow biomass (Table 1) ranged from 17,966.30
kJ/kg (clone 1) to 18,246.80 kJ/kg (clone 4), depending on the examined geno-
type (clone). According to Miti¢ (2018), willow stands out as the species that
has found the greatest application in the economy due to its wide ecological
valence (resistance to extreme habitat conditions), with an average calorific
value of 19,300 kJ/kg of dry biomass.

The minimum value was measured for the biomass of clone 1 and was
17,952.0 kJ/kg, and the maximum — for clones 3 and 4 (18,274.0 kJ/kg). Low
coefficients of variation (CV) values (0.08—0.11%) were found for the calorific
value of the biomass of the studied genotypes. According to the results of the
analysis of variance (ANOVA), the mean values determined for the calorific
value of the biomass of four willow genotypes are statistically significantly
different from each other (p = 0.0000), forming three homogeneous groups
(Table 1). Based on this, it can be concluded that the calorific value of willow
biomass depends on the genotype. Clone 2 is close to the values of clones 3
and 4, which is expected, given that clones 2, 3 and 4 are white willow clones,
while clone 1 is a basket willow clone and is characterized by the lowest calo-
rific value.

We can say that the S. viminalis (clone 1) showed the lowest energy poten-
tial, while the S. a/ba clones (clone 3 and clone 4) represented the clones with
the highest energy potential. Kijo-Kleczkowska et al. (2016) point out that the
calorific value of basket willow is 16,824 kJ/kg, while Karampinis et al. (2011)
point out that the calorific value of willow without drying on a “dry basis” is
18,410 kJ/kg.

Table 1. Analysis of variance for the calorific value (kJ/kg) of biomass of willow genotypes

Genotype S S o
(clone) X X) MIN MAX SD CV. (%) F )4
Clone I 17,966.30 ¢ 17,952.0 17,983.0 13.54 0.08

Clone2 18,046.30 b 18.124.3 18,028.0 18,062.0 14.86 0.08
Clone 3  18,237.60 a T O18,209.0 18,2740 20.35 0.11
Clone4 18,246.80 a 18,209.0 18,274.0  20.00 0.11

Note: Mean values with different letters within a column are statistically significantly
different from each other at the 95% confidence level.

579.79 0.0000

Average calorific values for coal samples (Table 2) ranged from 12,138.03
kJ/kg (Us) to 15,946.00 kJ/kg (U,). The minimum value was measured for Us;
and it amounted to 12,070.0 kJ/kg, and the maximum for U, (15,978.0 kJ/kg).
For the calorific value of the examined coal samples, low values of the coef-
ficient of variation were established (CV) (0,21-0,43%).

Analysis of variance (ANOVA) shows that there is a statistically significant
difference (p = 0.0000) between the mean values calculated for the calorific
value of the coal samples and three homogeneous groups are formed (Table 2).
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Table 2. Analysis of variance for calorific value (kJ/kg) of coal samples

Coal X

X) MIN MAX SD  CV. (%) F P
sample
Ul  12975.00b 12,905.0 13,0280 53.93 042
U2  15946.00a 13,686.3 159020 15978.0 33.60 021  21,461.89 0.0000
U3  12,138.03 ¢ 12,070.0 12,186.0 5176  0.43

Note: Mean values with different letters within a column are statistically significantly
different from each other at the 95% confidence level.

Accordingly, it is stated that the calorific value of coal depends on the sample,
so U, has the highest calorific value and U; — the lowest. The former (U, represents
a mixed sample from field B/C and field E, taken from location 2, while U;
represents a coal sample taken from the western part of the Kolubara Basin,
at the Drobilana-Kaleni¢ loading point and represents mixed coal from Tam-
nava west field and field G. The lower calorific value of Us; can be attributed
to the larger amount of clay present in the sample itself, compared to other
samples. The data in Table 2 also show that U, had the highest calorific value.

In addition to differences in calorific values, there are also differences in
moisture and ash content; according to these, coal U, stood out, while the
other two had identical values of these indicators (Table 3).

Table 3. Moisture and ash content of different coal samples

Sample Moisture (%) Ash content (%)
Ul 4451 254
U2 50.94 12.3
U3 44.56 25.5

Table 4 shows the statistical results of the calorific values (kJ/kg) of the
mixture of all coal samples with different proportions of biomass.

The statistical results of calorific values (kJ/kg) of the mixture of coal
with different proportions of biomass show that there are no statistically sig-
nificant differences between the clones and the proportion of biomass when it
comes to the mixture of all coal samples.

Mean calorific values for the mixture of coal and biomass ranged from
14,126.70 kJ/kg (clone 1 added to coal as 5% biomass) to 14,613.80 kJ/kg (clone
3 added to coal as 20% biomass), depending on the tested genotype as a pro-
portion of biomass added to coal. Based on the arithmetic mean (X) the calo-
rific value of the mixtures increased with the increase in the proportion of
added biomass, and for each clone, it had the smallest increase in calorific
value when adding 5% of biomass, and the largest when adding 20%. If we
look at the clones, the arithmetic mean (X) indicates that the greatest increase
in thermal value is in clone 4, and the least in clone 1. Based on these data, it
can be concluded that clone 4 is the clone with the highest energy potential. In
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second place in terms of energy potential is clone 3, followed by clone 2 and
finally clone 1 with the lowest energy potential.

Table 4. Analysis of the variance of the calorific value (kJ/kg) of the mixture of coal and
willow biomass

Share of _
Clone biomass X X) MIN MAX SD CV F p
(%0)
—_ 5 14,126.70 a 12,619.0 16,203.0 1,589.11 11.24
g 10 14,358.70 a 14.356 12,773.0 16,489.0 1,642.02 11.44
8 15 14,427.70 a ’ 13,207.0  16,359.0 1,452.90 10.07
20 14,511.00 a 13,174.0 16,365.0 1,421.74  9.80
~ 5 14,140.70 a 12,521.0 16,417.0 1,742.65 12.32
g 10 14,271.10 a 14.359 13,002.0 15,987.0 1,298.72  9.10
8 15 14,526.30 a ’ 13,121.0 16,579.0 1,559.22 10.73
20 14,498.70 a 13,259.0 16,279.0 1,350.96 9.32 010 10000
cn 5 14,147.20 a 12,6170 16,403.0 1,708.20 12.07
2 10 14,238.90 a 14.372 12,837.0 16,289.0 1,560.49 10.96
8 15 14,490.70 a ’ 13,058.0 16,547.0 1,567.31 10.82
20 14,613.80 a 13,342.0 16,369.0 1,347.29 9.22
< 5 14,327.30 a 12,801.0 16,506.0 1,663.39 11.61
2 10 14,298.00 a 14,436 12,796.0 16,476.0 1,635.92 11.44
8 15 14,551.30 a 13,192.0 16,368.0 1,398.78  9.61
20 14,570.60 a 13,203.0 16,476.0 1,437.15 9.86

Note: Mean values with different letters within a column are statistically significantly
different from each other at the 95% confidence level.

It should also be noted that, given that there are no significant differences
between the mean values calculated for the calorific value of coal with the
addition of biomass of genotypes in different proportions, it is economically
justified to add 5%.

The minimum value was measured for coal with the addition of clone 1
biomass in the proportion of 10% and was 12,521.0 kJ/kg, while the maximum
value was measured for coal with the addition of clone 2 biomass in the pro-
portion of 15% (16,579.0 kJ/kg).

Low (<10%) to medium (10—20%) coefficients of variation were established
for the calorific value of the mixture of coal and biomass, depending on the
genotype and the proportion of biomass. Analysis of variance (ANOVA) deter-
mined that there is no statistically significant difference (p = 1,0000) between
the mean values calculated for the calorific value of coal with the addition of
biomass of genotypes in different proportions (Table 4). Based on this, it can
be concluded that the calorific value of the mixture of coal and biomass does not
depend on the genotype, as well as the proportion of biomass from 5% to 20%.
Savolainen (2003) points out that with the concept of joint combustion of biomass
and coal, it is possible to replace 5-30% of coal with renewable fuels — biomass.
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Table 5. Analysis of variance for calorific and thermal values (kJ/kg) of mixtures of coal
and willow biomass according to genotype (clone 1-4), coal sample (U;—U3) and biomass
share (%)

Coal Share of B _ Thermal Mean value
sample biomass X (X) difference ofthermal SD CV F p
P (%) (A)  differences X
Clone 1
5 13,556.00 g 581 1735 0.13
_ 10 13,804.00 ¢ 739 2700 0.20
P 15 1371400f 13767 gr9 4 9800 020
20 14,005.00d 1030 2000 0.14
5 1617900 ¢ 233 25.06 0.5
. 10 16,470.00 a 398 1735 0.1
= 15 1634400b 16334 450 388 y3u3 g4 13:168.560.0000
20 16346.00 b 524 2629 0.16
5 1264500 k 507 2358 0.19
- 10 12,802.00 664 3180 0.25
= 15 13.22500h 12903 g7 825 587 o012
20 13,182.00 i 1,044 755 0.06
Clone 2
5 13,476.00 h 551 33.00 0.24
_ 10 1373330¢g 758 2417 0.18
= 15 13859.00f 77 g34 T 2300 017
20 13,970.00 e 995 36.00 0.26
5 16,401.00b 308 1442 0.09
. 10 15.964.00d 445 2042 0.13
= 15 1656500a 16226 ¢g 539 217 007 *35420 0.0000
20 16,254.00 ¢ 786 2291 0.14
5 1254500k 407 2081 0.17
. 10 13116.00 j 978 108.0 0.82
= 15 13155005 022 o7 884 2960 022
20 13272.00 1,134 2081 0.16
Clone 3
5 1341970g 445 1405 0.10
_ 10 13,600.70 626 11.06 0.08
= 15 13.857.00¢ 371 ggo 776 755 0.05
20 14,12930d 1,154 17.16  0.12
5 16380.00 b 434 2128 0.13
. 10 16,273.00 ¢ 327 1442 0.09
- 15 1653200a 10384 45 438 1411 009 273456700000
20 1635400 b 582 13.00 0.08
5 12,64200k 504 2606 0.20
- 10 12,843.00 705 872 0.07
= 15 13083001 2981 g45 843 2170 0.17
20 13,358.00 h 1,220 1400 0.10
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Share of Thermal Mean value

sfrﬁa%e biomass X (X) difference of thermal SD CV F P
PIC (%) (A)  differences X
Clone 4
5 13,667.00 d 692 1700 0.12
_ 10 13,661.00d 669 98.09 0.72
= 15 14.08400c 3864 09 886 65.87 047
20 14,047.70 ¢ 1,073 40.50 0.29
5 16,491.00 a 376 1735 0.11
“ 10 16,422.00 ab 402 4715 0.29
= 15 16348.00b 16423 g3 452 5571 016 40503 0.0000
20 16,428.00 a 545 41.68 0.25
5 12,824.00 f 686 24.06 0.19
- 10 12,811.00 f 673 2427 0.19
= 15 1322200e 3023 04 885 3279 0.25
20 13,236.00 e 1,098 37.00 0.28

Note: Mean values with different letters within a column are statistically significantly
different from each other at the 95% confidence level.

The mean calorific values of the mixture of coal and willow biomass
ranged from 12,545.00 kJ/kg (coal sample 3 with 5% biomass of clone 2) to
16,565.00 kJ/kg (coal sample 2 with 15% biomass of clone 2) depending on
examined genotype (clone), coal sample and biomass share. For the calorific
values of the examined mixtures of coal with biomass, low values of the coef-
ficient of variation were established (CV=0.05—-0.82%). According to the results
of the analysis of variance (ANOVA), the mean values determined for the
calorific value of the mixture of coal samples with the biomass of willow clones
are statistically significantly different from each other (p = 0.0000) (Table 5).

It can be stated that the improvement of the calorific value of coal with
willow biomass depends on the genotype, coal sample and biomass share, so the
mixtures of coal sample 2 with 15% biomass of clones 2 or 3 have the highest
calorific value, and the mixture of coal sample 3 with 5% of clone biomass 2 —
the lowest calorific value. At the same time, the addition of only 5% of biomass
of clone 4 to coal sample 2 gives a solid improvement in the calorific value,
because the addition of three times less biomass of this clone to coal sample
2, compared to clones 2 and 3, only gives a minor 0.2—0.4% improvement in
the calorific value of coal. With the addition of biomass, the calorific difference
increased, with an increase in the amount of added biomass from 5-20%.

By analysing table 5, the greatest heterogeneity was obtained in clones
1,2,3, where there are 11 groups of variability, and the least in clone 4, with 7
groups of variability. When it comes to the type of coal and the share of bio-
mass, the smallest dependence on the amount of biomass and type of coal is
observed in clone 4, while coal U2 is the best and takes first place (a) regardless
of the clone.

Thermal values of coal and willow clones clearly show that there are dif-
ferences both between the types of coal and the willow clones (Table 6).
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Table 6. Mean value of calorific differences (X) of coal types and willow clones regardless
of the proportion of willow biomass (kJ/kg)

Type of coal Clone 1 Clone 2 Clone 3 Clone 4 X
U, 794 797 776 886 813
U, 388 539 438 452 455
Us 825 883 843 885 859
X 669 740 685 741 -

The type of coal contributes the least to the increase in calorific value
when willow clones are added, which is understandable considering that it is
the best coal in terms of calorific value. Among the willow clones, clone 4 and
clone 2 stand out, the other two are similar. The addition of willow biomass to
coal is most effective with U3, which is the worst thermally; then with Ul and
finally with the best quality coal U2, the thermal difference is 455 (kJ/kg).

CONCLUSION

The application of biomass in co-combustion with lignite could success-
fully increase the calorific value of coal and thus save coal in the production
of energy, but also reduce the carbon taxes that will be present in the future,
thus properly following the path of decarbonization, with the aim of protecting
and preserving the environment.

Based on the results obtained in this paper, the following can be concluded:

— The calorific value of the mixture of coal and biomass depends on the
type of coal, as well as on the genotype and the proportion of the willow biomass.
The basket willow, Salix viminalis, showed the lowest calorific potential com-
pared to the examined white willow genotypes (Salix alba);

— Clones 347 and NS 73/6 (clones 3 and 4) of white willow showed the
greatest energy potential compared to clones B-44 (clone 2) of white willow and
basket willow (clone 1);

— The lignite sample taken at the Drobilana-Kaleni¢ loading site, which
represents mixed coal from the Tamnava west field and field G, is the coal
sample with the lowest calorific value (U3), followed by sample U; which
represents a mixed sample from field B/C and field E, while sample U, has the
highest thermal value, which represents a mixed sample from field B/C and
field E, but was taken from a different location compared to the sample Uy;

— With an increase in the proportion of willow biomass (5-20%) in coal,
regardless of the genotype, the calorific difference (A) of coal increases and it
is generally the largest with the highest proportion of willow biomass;

— The addition of willow biomass to coal is most effective with U3, which
is the worst calorically, then with Ul and finally, with the best quality coal U2,
the thermal difference is the smallest, so the most optimal is the co-combustion
of biomass and low-calorie lignite;

— Although the thermal value of the mixture of biomass and coal increases
with the increase in the proportion of willow biomass, it is economically justified
to add 5-10% of biomass.
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OPUTMHAJIHU YJIAHAK
TIpumiben: 31. 1. 2024.
IMpuxsahen: 27. 2. 2024.

IMPUMEHA BMOMACE PA3JIMYNTUX KJIOHOBA U3 POJIA Salix L.
Y ITPOLIECY AEKAPBOKCHITAITMIE ITPU ITPOU3BOAHBU EHEPI'MIE

Jenena JI. YPOLLIEBUR', Anex . POJ3KUNH?, ®unun A. JOBAHOBUR?,
Bojun M. TAJIUR?, Topan B. TPUBAH?, JIparuna M. CTAHKOBUR?

! Enexrponpuspena Cpouje AJl, Orpanak PB Kony6apa,
CBeTor Cage 1, JIazapesan 11550, Cpouja
Benopycxn JIp’)KaBHU yHUBEP3UTET,

MebhyHnapoqHu HHCTUTYT 32 )KHBOTHY CpeauHy ,,A. JI. Caxapos”,
I[onr06p0;[c1<a]a 23/1, Munck 220070, bemopycuja
I/IHCTI/ITyT 3a IIyMapcCTBoO,

Knesa BnmecnaBa 3, beorpan 11030, Cpbuja

* Enextponpuspena Cp6ouje AJl,
bankancka 13, beorpan 11000, Cpouja
° Yuusepsutet y Beorpany, UHCTUTYT 32 MyNTHMCIUIIMHAPHA UCTPAKUBAbA,
Kuesa Bumecnasa 1, beorpan 11030, Cpouja

PE3UME: buomaca ce cBe BHIIIe KOPUCTH y pa3HUM BHJIOBUMA JIOOH]jarha HITH TIO-
Behama eHepreTcke eUKacHOCTH jep je KapOOHCKU HEyTpasiHa, OTHOCHO KOJIMYHMHA
CO; koja ce 0co00aH MPUITMKOM HBEHOT CaropeBama IMpeICTaBIba UCTY OHY KOJTHUUHY
Kojy Omomaca ancopOyje TOkoM cBOT pacta. L{nb oBOr paja je 1a ce ucruTa Kaksa je
eHepreTcka eukacHOCT OMoMace aHallM3upPaHUX KIOHOBa Op3opactyhux Bpcra BpOa
y IPOLIeCHMa KOCAaropeBamba ca JUTHUTOM y Pa3IHYUTHM [POLCHTYaTHUM OJHOCUMA,
a cBe y by noseharba KaaopHjcke BPEIHOCTH JIMTHUTA OOJbEr caropeBarmba i CMarbe-
1ha WTETHUX edekata caropesama. JloOnjeHy pesynTaTi yKasyjy Aa je Kalopujcka
BPEIHOCT BpOa BHLIA O/ KAJIOPH]jCKUX BPEAHOCTH yIiba. Kanopujcka BpeiHOCT yIiba
(‘TMTHHTA) 3aBHCH O HAJIA3UINTA YTJba (110Jha), JOK KaJIOPHjCKa BPEITHOCT BpOa 3aBUCH
oz BpcTa BpOa. YrBpheHo je na kionosu 347 u NS 73/6 6ene Bpoe (Salix alba), nocenyjy
HajBehM eHepreTCK MOTEeHIHjall y opehemy ca kioHoBrMa B-44 Gene Bpbe n koma-
pauke BpOe (S. viminalis).

KJbYUYHE PEYM: 6uomaca, BpOe, AekapOoOKcHIaliija, eHEPreTCKHU MOTSHIIH]al,
KOCaropeBame, yrajb
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EFFECT OF PEG-INDUCED DROUGHT STRESS ON
SEED GERMINATION AND INITIAL GROWTH OF
THREE CUCUMBER CULTIVARS

ABSTRACT: As the most common abiotic stress, drought seriously affects crop produc-
tion. Since the impact of drought stress varies among species, this study aims to evaluate drought
tolerance of domestic cucumber cultivars in the initial stages of growth under PEG-induced
drought conditions. The germination assay was performed using three different cucumber
varieties (Tajfun, Suncani Potok and NS Kir) at four different drought levels (0, -0.15, -0.49,
and -1.03 MPa). The results demonstrated that all the tested cucumber cultivars are sensitive
to drought during germination and initial plant growth, while the osmotic potential of -0.49
MPa can be considered the tolerance threshold for cucumber.

KEYWORDS: Cucumis sativus L., initial seedling growth, PEG-induced drought,
seed germination, seedling vigour index

INTRODUCTION

Drought is one of the most common abiotic stresses that adversely affect
agriculture and food security in the era of climate change. Due to global warming,
water loss occurs both in the soil and at the plant level (Seleiman et al., 2021).
According to current estimates, one-fifth of the world’s population will be af-
fected by a serious water deficit as the air temperature increases by an esti-
mated 2 °C above the current level (Ray et al., 2019; Seleiman et al., 2021). The
severity of drought is determined by many factors, including the amount of
rainfall and its distribution, soil moisture-holding capacity and evaporative
requirements (Khan et al., 2018). According to Radi¢ et al. (2018), up to 70% of
the total arable land is affected by drought.

* Corresponding author. E-mail: gordana.tamindzic@ifvens.ns.ac.rs

71



The impact of drought on crop production depends on the plant species and
the growth stage. Many crops are highly vulnerable to water deficit if it occurs
at germination or seedling growth. Since seed germination is related to vegeta-
tive and generative plant growth in later stages, low moisture availability during
seed germination impedes plant distribution and diversity (Lu et al., 2022). Pre-
vious studies demonstrated that drought may have detrimental effects on the
seed germination and vegetative growth of rice (Evamoni et al., 2023), maize
(Radic et al., 2018), wheat (Bayoumi et al., 2008), carrot and watermelon (Steiner
and Zuffo, 2018) and other species, with significant differences between the
tested varieties. Different taxa may exhibit distinct adaptation methods of
survival under drought stress (Bhatt et al., 2020; 2022). Assessment of plant
drought tolerance during seed germination can give insights into the patterns
of population persistence and community assembly, as well as clarifying the
potential effects of climate change on these attributes (Bhatt et al., 2022).

However, establishing and preserving pure water potential in soil, in order
to assess drought tolerance, is almost impossible (Hellal et al., 2018). One of the
most effective ways to examine the effects of drought stress on germination is
to induce osmotic potential using various osmotic materials, such as polyethylene
glycol (PEG), mannitol or salt treatments. Polyethylene glycol (PEG-6000), a
harmless, non-ionic polymer with a defined molecular weight, causes drought
stress without affecting cells or causing physiological injuries (Qi et al., 2023).
PEG 6000 is often used in this type of research because it has excellent water-
absorbing properties and may simulate drought stress by dehydrating plant cells
(Murillo-Amador et al., 2002).

Cucumber (Cucumis sativus L.) is one of the most significant vegetable
crops in the world. According to Campobenedetto et al. (2020) and Das et al. (2024),
cucumber is the most cultivated vegetable globally and the fourth vegetable
most frequently consumed in salads. As reported by Liu et al. (2016) and Kim
et al. (2019), cucumbers have a high transpiration rate and sensitivity to drought.
Plant growth and fruit yield of cucumbers are adversely affected by exposure
to soil water deficits, which may also result in decreased fruit quality (Farag
et al., 2019). Different osmotic potentials of PEG solution, which represent the
tolerance threshold of cucumber, vary depending on the genotypes and range
from 0.5% to 10% PEG solution (De Suoza Neta et al., 2024; Li et al., 2022).
In Serbia, information about drought sensitivity and drought tolerance threshold
for domestic cucumber cultivars is currently lacking. The study aims to iden-
tify the tolerance thresholds for domestic cucumber cultivars and investigate
their susceptibility to drought.

MATERIALS AND METHODS
Experimental (Plant) materials

The seeds of three different cucumber cultivars (Tajfun, Suncani Potok,
and NS Kir) were obtained from the Department of Vegetable and Alternative
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Crops, Institute of Field and Vegetable Crops, National Institute of the Republic
of Serbia, Novi Sad. Seeds of all the examined cucumber cultivars were produced
at the Rimski Sancevi experimental field of the Institute of Field and Vegetable
Crops, Novi Sad, in 2023.

PEG-induced drought

Three different polyethylene glycol (PEG 6000) (Sigma Aldrich, St. Louis,
MO, USA) treatments, -0.15, -0.49, and -1.03 MPa, were used to assess the
response of cucumber cultivars to artificial drought. The respective solutions
were prepared according to the procedures set by Money et al., (1989). Distilled
water was used as a control.

Germination assay

Prior to the germination test, cucumber seeds were disinfected with 5%
(v/v) sodium hypochlorite for 5 minutes and then rinsed thoroughly with distilled
water thrice. Working samples consisted of 3 x 100 seeds. The cucumber seeds
were placed in plastic boxes (240 x 150 mm) with filter paper moistened with
the respective solutions. The samples were incubated for eight days in a germi-
nation chamber at 25 °C (ISTA, 2024). Germination energy, i.e. germination first
count, was determined four days after seed placement in the germination cham-
ber by counting the normal seedlings with well-developed essential structures.
Final germination, abnormal seedlings, shoot and root length, and fresh seed-
ling weight of the 10 normal seedlings were determined eight days after seed
placement in the germination chamber (Conviron CMP 4030, Winnipeg, Canada).
Dry weight of the cucumber seedlings was determined after drying the seedlings
in an oven at 80 °C for 24 hours (Tamindzic¢ et al., 2023).

The seedling vigour index (SVI) was determined according to the procedure
of Abdul-Baki and Anderson (1973) and calculated using the following formula:

SVI = Final Germination (%) x Seedling Length (cm)

Following the procedure of Channaoui et al. (2019), the shoot elongation
rate (SER) and root elongation rate (RER) were determined using the following
formulas:

Shoot length on the 8" day — Shoot length on the 4™ day

SER = . .
Time duration between two measurements (days)

Root length on the 8" day — Root length on the 4™ day

RER = - .
Time duration between two measurements (days)
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Statistical analysis

The statistical software Statistica 10 (StatSoft, Inc., 2007) was used to
perform an analysis of variance. Duncan’s multiple range test was employed
to separate the mean values at the probability level of p<0.05.

RESULTS AND DISCUSSION

The results showed that cucumber cultivars differed in their response to
drought stress (Table 1). As confirmed by the analysis of variance, drought
level significantly altered all the tested parameters of the different cucumber
cultivars. Moreover, all the tested parameters were significantly affected by
the cultivar and cultivar x drought interaction.

Table 1. Two-way analysis of variance for the examined parameters of three cucumber
cultivars under different artificial drought conditions

Trait Cultivar Drought level Cultivar x drought level
Germination Energy 0.0000%** 0.0000%** 0.0000%**
Final Germination 0.0000%** 0.0000%** 0.0000%**
Abnormal Seedlings 0.0000%** 0.0000%** 0.0003***
Shoot Length 0.0000%*%* 0.0000%** 0.0000%**
Root Length 0.0000%** 0.0000%** 0.0000%**
Fresh Seedlings Weight 0.0000%** 0.0000%** 0.0000%**
Dry Seedlings Weight 0.0000%** 0.0000%** 0.0000%**
Seedling Vigour Index 0.0000%** 0.0000%** 0.0000%**
Shoot Elongation Rate 0.0000%** 0.0000%** 0.0000%**
Root Elongation Rate 0.0000%** 0.0000%** 0.0000%**

*p<0.05, ** p<0.01, *** p <0.001, ns — non-significant

In general, drought caused a decrease in all the examined parameters at
a certain level (Table 2; Table 3). The control groups of the examined cucumber
cultivars showed differences in germination energy, which ranged between 87.7%
and 93.0%. The decrease in osmotic potential led to a decrease in germination
energy compared to the control. A significant decrease was observed in cv.
Tajfun and cv. Sunc¢ani Potok at -0.49 MPa, while a significant decrease in ger-
mination energy occurred in cv. NS Kir at an osmotic potential of -1.03 MPa.
Cucumber cultivars differed in their final germination as well; cv. Suncani
Potok had the lowest germination percentage of 88.0% in control, while the
highest final germination was recorded in cv. NS Kir (96.0%). Final germina-
tion decreased in all the tested cultivars with the decrease in osmotic potential.
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Compared to the control, a significant decrease in final germination was observed
under drought at an osmotic potential of -0.49 MPa, while the greatest decrease
was recorded at an osmotic potential of -1.03 MPa, which was significantly
lower compared to control and at other tested drought levels. A similar pattern
was also observed in the abnormal seedling occurrence. A significant increase
in abnormal seedlings was noted under moderate drought (-0.49 MPa), while
the highest was observed under severe drought (-1.03 MPa). Numerous studies
confirmed the detrimental effects of drought on seed germination of different
crops, such as carrot and eggplant (Steiner and Zuffo, 2018), pea (Petrovic et al.,
2021), maize (Radi¢ et al., 2018), tomato (Esan et al., 2018) and spinach (Zargar
et al., 2023), which is in agreement with the results obtained in the study. Germi-
nation is reduced under drought conditions due to reduced water infusibility
via the seed coat and hampered water absorption (Channaoui et al., 2019; Hossain
et al., 2024). Various factors, such as decreased water availability which im-
pedes reserve mobilization, hormonal and enzymatic activities, respiration and
protoplasm dilution required for effective embryonic growth, are considered
responsible for the decrease in germination percentage (Li et al., 2021; Hossain
et al., 2024).

Furthermore, initial growth was also affected by drought (Table 2). How-
ever, the response of cucumber cultivars to drought levels varied in terms of the
shoot or root length. Shoot length of cv. Tajfun significantly decreased with the
decrease of osmotic potential at -0.49 MPa and -1.03 MPa, while shoot length
decreased gradually with the decrease of osmotic potential in cv. Sun¢ani Potok
and cv. NS Kir. A similar pattern of root length decrease was observed in cv.
Suncani Potok and cv. NS Kir, where a significant reduction of root length was
observed at -0.49 MPa and -1.03 MPa, compared to the control. In contrast,
root length of cv. Tajfun decreased gradually with the decrease of osmotic
potential. Shoot and root length of the tested cucumber cultivars, as crucial
indicators of drought resistance, demonstrated that these cultivars are drought-
sensitive, especially at a lower osmotic potential of PEG-induced drought. Cu-
cumber cultivars also differed in their response to different levels of osmotic
stress, indicating different levels of resistance. These findings corroborate the
previous studies conducted on wheat (Persi¢ et al., 2022), maize (Mustamu et
al., 2023) and tartary buckwheat (Hossain et al., 2024), indicating that seedling
growth gradually declines as PEG concentration increases.
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Table 2. Germination and initial plant growth parameters of cucumber cultivars under
different artificial drought conditions

Germination Final Abnormal Shoot Root

Cucumber  Drought E L dli Leneth Lenoth
cultivar Level nergy Germination  Seedlings engt engt
(o) (o) (o) (mm) (mm)

Tajfun Control 877+15a 933+12a 50+15c 477+17a 780+2.0a
-0.1I5MPa  867+12a 930+1.0a 63+06bc 46.8+16a 752+1.0Db
-049MPa 737+12b 783+£06b 8.0+1.0b 292+£03b 503+1.0c
-1.03MPa 700+1.0c 723+£25c 123+06a 278+03b 473+0.8d

p 0.0000 0.0000 0.0000 0.0000 0.0000

Sf,‘;‘fo‘"‘l?‘ Control  823+21a 880+10a 57+12c 632+17a 577+18a
0.15MPa 820+15a 87.3+£06a 63+06c 587+13b 57.0+17a
049MPa 707+21b 743+06b 11.0+10b 393+06c 520+13b
SL03MPa  720+1.0b 727+06c¢ 147+12a 255+05d 480+13c

p 0.0000 0.0000 0.0000 0.0000 0.0000

NS Kir Control 93.0+2.0a 960+17a 17+£06b 742+08a 1143+08a
-0.15MPa  93.0+£00a 953+12a 20+10b 693+08b 113.0+10a
049MPa 903+12a 917+15b 43+06a 463+13c 707+2.6b
J1.03MPa 863+15b 90.0+10c 53+06a 38.0+£05d 583+20c

p 0.0000 0.0000 0.0000 0.0000 0.0000

Data are presented as Means + SD (n=3). Means within each trait followed by the same
letters are not significantly different (Duncan’s multiple range test, p < 0.05).

Regarding biomass accumulation, in cv. Tajfun and cv. NS Kir, an osmotic
potential of -1.03 MPa, followed by -0.49 MPa significantly reduced fresh and
dry seedling weight compared to the control (Table 3). In cv. Suncani Potok,
fresh seedling weight decreased gradually with the decreased osmotic potential,
while dry seedling weight was reduced only at -1.03 MPa. Lower reduction in
biomass accumulation during drought suggests that a genotype is more resistant
to drought. Similar results were also obtained on tartary buckwheat (Hossain
et al., 2024).

Seedling vigour index decreased gradually with the decrease in osmotic
potential in all tested cultivars (Table 3). Hellal et al. (2018) also pointed out that
seedling vigour index decreases with an increase in drought stress, which is in
accordance with our results. Additionally, Magar et al. (2019) reported that PEG
treatment up to -1.5 MPa reduced maize seedling vigour index, while Hellal
et al. (2018) also observed the same reduction in barley.

The tested cultivars responded differently to osmotic stress in terms of
the shoot elongation rate (SER) (Table 3). A significant decrease in SER was
observed in cv. Sunc¢ani Potok at -0.15 MPa and lower and in cv. Tajfun and cv.
NS Kir at -0.49 MPa and -1.03 MPa, respectively. Contrary to this, all tested
cultivars had a significantly decreased root elongation rate (RER) at an osmotic
potential of -0.49 MPa and lower compared to the control, while no significant
decrease was observed at mild stress levels. In this regard, PEG concentration
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proved to have a major impact on the histological size variations of root tissues,
including the cortex, stele and epidermis (Mustamu et al., 2023). According to
Zeid and Shedeed (2006), plant growth is a complex process of cell division and
cell growth. It is considered one of the most drought-sensitive physiological
processes due to the reduction of turgor pressure. The reduction in growth occurs
due to impaired mitosis, cell elongation and expansion caused by drought
(Wach and Skowron, 2022). Despite differences in cultivar response to certain
drought stress levels, the results of shoot and root elongation rate confirmed
drought sensitivity in all the tested cucumber cultivars.

Table 3. Biomass accumulation and growth-related parameters of cucumber cultivars
under different artificial drought conditions

Cucumber  Drought Fresh Dry Sec}dling Shoot. Root‘
Cultivar Level Sef:dllng Sef:dhng Vigour Elongation Elongation
Weight (g) Weight (g) Index (SVI) Rate (SER) Rate (RER)
Tajfun Control ~ 2.84+0.04a 0294+0001a 11729+222a 858+0.6a 12.69+0.6a
-0.15MPa  2.82+0.05a 0292+0.003a 1134.6+232b 851+03a 1204+04a
-049MPa 187+0.04b 0.185+0.001b 6228+91c 491+0.1b  748+04b
-1.03MPa  1.71+0.03¢ 0.176+0.005¢ 543.7+20.7d 4.58+0.1b 6.83+0.2b
p 0.0000 0.0000 0.0000 0.0000 0.0000
Sggf;?‘ Control  2.66+0.05a 0.206+0003a 10634=243a 125+03a 825+0.5a
-0.15MPa  2.54+0.04b 0.207+0.006a 1010.1+240b 114+03b 842+03a
-049MPa  228+0.01c 0.198+0.006a 6789+177¢ 7.60+0.1¢ 592+0.5b
-1.03MPa  1.62+0.03d 0.174+0.005b 5353+11.2d 456+01d 510£0.5b
p 0.0000 0.0000 0.0000 0.0000 0.0000
NSKir  Control  296+0.03a 0.286+0.003a 1809.5+2l.6a 979+04b 11.68+04a
-0.15MPa  2.89+0.02a 0284+0.003a 17383+198b 11.17+0.6a 1142+04a
-049MPa 2.80+0.07b 0.264+0.008b 1072.7+469¢ 827+02¢ 483x1lb
-1.03MPa  247+0.01¢ 0.224+£0.003c¢ 867.1+£227d 707+0.2d 375+03b
p 0.0000 0.0000 0.0000 0.0000 0.0000

Data are presented as Means = SD (n=3). Means within each trait followed by the same
letters are not significantly different (Duncan’s multiple range test, p < 0.05).

CONCLUSION

Based on the obtained results, it can be concluded that domestic cucumber
cultivars are susceptible to drought. All tested cultivars can withstand mild
drought in the initial phase of plant growth, such as seed germination and
initial seedling growth. However, all examined parameters of the tested cucum-
ber cultivars declined at an osmotic potential of -0.49 MPa (moderate drought),
which can be considered as the tolerance threshold for cucumber.
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OPUTMHAJIHU YJIAHAK
[pumisen: 25. 6. 2024.
ITpuxsahen: 15. 10. 2024.

YTULAJ ITET-MH/IYKOBAHE CYIIE HA KIIMJABOCT CEMEHA
W ITOYETHU ITOPACT BMJbAKA TP COPTE KPACTABIIA

T'opnana /. TAMI/IHLH/ITl1 CrobomaH A. BJ'IAJI/IT12 Byxamun B. HOHOBI/IB2
Hparana B. MUJbAKOBUR?, Jymmna JI. JOBUUNR', Z[paraHaH MI/IJ'IOIJ_IEBI/IB1
Maja B. UTHLATOB!

"MucTuTyT 32 patapcTBO M NOBPTApCTBO, JlaGopaTopuja 3a HCIUTHBAME CEMEHA,

MaKCI/IMa T'opkor 30, Hou Cazx 21101, Cpbuja

2MHCTUTYT 3a PaTapcTBO U TIOBPTAPCTBO,
Onesbeme 3a MOBPTAPCKE U alITepHATHBHE OMJbHE BPCTE,
Maxkcuma 'opkor 30, Hoeu Cag 21101, Cpouja
3 IHCTUTYT 3a paTapcTBO M MOBPTAPCTBO, O,uen,eH,e 3a JISTYMUHO3E,

Oicex 32 MUKPOOHOJIONIKE ITperapare,

Maxcuma 'opkor 30, Hosu Caz 21101, Cpouja

CAXETAK: Kao Hajuenthu abHOTHYKH CTpec, Cyia 030M/bHO yTHYE Ha TPOU3-
Boamy ycesa. C 0031upoM Ja yTHLaj cTpeca 0f cylue Bapupa Mel)y Bpcrama, oBa CTy/uja
je nMmana 3a IuJb 1a MPOLCHHU ToJepaHIMjy JoMahiuX cOpTH KpacTaBla Ha CYIIy Y I0-
4eTHUM (azama pacTa y ycJIOBHMA BelITauke cymie. JJabopaTopujcKo UCITUTHBAE je
U3BeNICHO KopuIThemeM TpH paznunante copre kpacrasia (Tajgyn, CyHuaHN TOTOK 1
HC Kup) u uwetupu paznuuura Husoa cyiue (0, -0,15, -0,49 u -1,03 MPa). Pezyararu cy
TIOKa3aJIx J]a Cy CBE HCIUTHBAHE COPTE KPAacTaBIla OCETIFHBE Ha CYITy Y (ha3u Kirjama
Y IIOYETHOT TIopacTta Oujpaka, Kao  Jia ce OCMOTCKH noteHujan ox -0,49 MPa moxe
CMaTpaTH IParoM TOJIEPAHIIHje 3a KpacTaBail.

KIJBYUHE PEYU: Cucumis sativus L., iHJIeKC BUTOpaA CEMEHA, KJIMjaBOCT CEMEHa,
rnoyeTHU nopact uznanaka, PEG-unaykoBana cyma
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INSTRUCTIONS FOR AUTHORS

1. General remarks

1.1. Matica Srpska Journal for Natural Sciences (short title: Matica Srpska J.
Nat. Sci.) publishes manuscripts and review articles as well as brief communications
from all scientific fields as referred to in the title of the journal. Review articles are
published only when solicited by the editorial board of the journal. Manuscripts that
have already been published in extenso or in parts or have been submitted for publi-
cation to other journal will not be accepted. The journal is issued twice a year.

1.2. The manuscripts should be written in correct English language regarding
the grammar and style. The manuscripts should be submitted electronically as a
separate file to npavlovic@maticasrpska.org.rs and enclosed with the author’s written
consent for the publishing of the manuscript.

1.3. Upon the reception of the manuscript, the author shall be assigned with a
manuscript code, which has to be referred to in any further correspondence. The
authors will be notified about the manuscript reception within seven days and about
the reviewers’ opinion within two months from submission. All submitted manuscripts
are reviewed and proofread.

2. Planning and preparing of the manuscript

2.1. Type the manuscripts electronically on A4 (21 x 29.5 ¢cm) format with 2.5
cm margins, first line indent, and 1.5 line spacing. When writing the text, the authors
should use Times New Roman size 12 font and when writing the abstract, key words,
summary, and footnotes use font size 10.

2.2. First name, middle initial and last name should be given for all authors of
the manuscript and their institutional affiliations, institution name, and mailing ad-
dress. In complex organizations, a full hierarchy should be mentioned (e.g. Univer-
sity of Novi Sad, Faculty of Sciences — Department of Biology and Ecology). The
institution of employment of each author should be stated below the author’s name.
The position and academic degrees should not be cited. If there is more than one
author, indicate separately institutional affiliation for each of the authors. Put the
name and mailing address (postal or e-mail address) of the author responsible for
correspondence at the bottom of the first page. If there is more than one author, write
the address of only one author, usually the first one.

2.3. Structure the text of the original articles into Abstract, Key Words, Intro-
duction, Material or Methods, or Material and Methods, Results or Results and Dis-
cussion, Discussion, Conclusion, References, Summary and Key Words in Serbian
language, and Acknowledgement (if there is one). Original articles should not be
longer than 10 pages, including the references, tables, legends, and figures.

2.4. Titles should be informative and not longer than 10 words. It is in the best
interest of the authors and the journal to use words in titles suitable for indexing and
electronic searching of the article.

2.5. The authors should submit the title of the article with last name and the
initials of the first author.
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(if the article has more than one author, et al. should be used for other authors)
and running title of not more than five words.

2.6. List up to 10 key words using words and phrases that describe the content
of the article in the best way and that allow indexing and electronic searching of the
paper. List the key words alphabetically and divided by commas.
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be a short and informative presentation of the article. Depending on the length of the
article, the Abstract may have from 100 to 250 words. Summary written in Serbian
language can be 1/10 length of the article and should contain the title of the article,
first, middle initial, and last names of the authors, authors’ institutional affiliation
and address, and key words.

2.8. Write the information about financial support, advices, and other forms of
assistance, if necessary, at the end of the article under the Acknowledgement. Finan-
cial support acknowledgement should contain the name and the number of the project,
i.e. the name of the program from which the article originated, and the name of the
institution that provided the financial support. In case of other forms of assistance
the author should submit the first name, middle initial, last name, institutional af-
filiation, and the address of the person providing the assistance or the full name and
the address of the assisting institution.

3. Structure the Review articles in Abstract, Key Words, Text of the manuscript,
Conclusion, and References; submit Summary and Key Words in Serbian language.

4. Write brief communication according to the instructions for original articles
but not be longer than five pages.

5. References

5.1. List the References alphabetically. Examples:

(a) Articles from journals: Last name CD, Last name CD (2009): Title of the
article. Title of the journal (abbreviated form) 135: 122—129.

(b) Chapters in the book: Last name ED, Last name AS, Last name IP (2011):
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accepted for publishing. Unpublished articles should be cited in the same way as
published articles except that instead of journal volume and page numbers should
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(f) Articles reported at scientific meetings and published in extenso or in a sum-
mary form: Last name FR (2011): Proceedings, Name of the meeting, Meeting organ-
izers, Venue, Country, 24-29.

(g) World Wide Web Sites and other electronic sources: Author’s last name,
Author’s initial. (Date of publication or revision). Title, In: source in Italics, Date of
access, Available from: <Available URL>. Use n.d. (no date) where no publication
date is available. Where no author is available, transfer the organization behind the
website or the title to the author space.

5.2. References in the text should include author’s last name and the year of
publishing. When there are two authors both should be cited, but in case of three or
more authors, cite the first author only and follow with et al.
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5.3. If two or more articles of the same author or authors published in the same
year are cited, designate the publishing years with letters a, b, c, etc., both in text and
reference list.

5.4. The names of the periodicals should be abbreviated according the instruc-
tions in the Bibliographic Guide for Authors and Editors (BIOSIS, Chemical Abstracts
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.

8.4. On the left margin, indicate the place of the tables in the text.

9. Electronic copy of the article

9.1. After the acceptance of the article, send a CD with final version of the manuscript
and a printed copy to facilitate technical processing of the text. Articles should be written
in Microsoft Word format and sent to the Editorial office of the Matica Srpska Journal
for Natural Sciences, 1 Matica Srpska Street, 21000 Novi Sad (Urednistvo Zbornika
Matice srpske za prirodne nauke, Matice srpske 1, 21000 Novi Sad).

9.2. Before printing, the manuscripts shall be sent to the authors for the approval
of final version. Corrections of the text prepared for printing should be restricted to
misspelling and printing errors as much as possible. For major changes of the text, a
fee will be charged. Corrected manuscript should be returned to the Editorial office
as soon as possible.
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