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FROM ON-SITE TO IN-LAB: MICROSCOPIC
OBSERVATION OF FUNGAL PROLIFERATION
ON 17" CENTURY MURAL PAINTINGS

ABSTRACT: The fungal community of biodeteriorated 17" century mural paintings
within the nave and altar portion of the old Church of the Holy Ascension (Veliki Kréimir,
Nisava District, Serbia) has been studied via an array of microscopic analyses in order to
detect actively growing fungi and assess their potential damage to the painted layer and
mortar. In situ microscopy, performed with portable microscopes, together with optical and
scanning electron microscopy, has revealed impairments of the painted layer in the form of
cracks and biopitting, along with surface salt deposits and hidden, symptomless fungal
growth. Various structures, such as fully developed fruiting bodies and melanized mycelia,
clusters of microcolonial fungi and lichen soredia, as well as a conidial apparatus and numer-
ous conidia in mass have been observed, all attesting to the presence of actively growing
fungal community on the surface of the painted layer and in the interspaces between the
painted layer and mortar. Based on the observed reproductive structures, the main agents of
biodeterioration have been identified as fungi of Chaetomium and Cladosporium genera.
The documented deterioration symptoms are most likely due to hyphal penetration and
formation of fruiting bodies and other fungal structures.

KEY WORDS: biodeterioration, Chaetomium, Cladosporium, conservation, fungi, in
situ microscopy, mural paintings, SEM, optical microscopy

INTRODUCTION

Fungal-induced deterioration of mural paintings, as one of the oldest and
most important landmarks of humankind, has received much worldwide attention

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



in the last several decades with considerable number of published papers (Garg
et al., 1995; Pepe et al., 2010; Stupar et al., 2014; to name a few). The porous
nature and mineral composition of mortar, as well as the abundance of nutrients
in form of adhesives admixed with mineral pigments in the painted layer,
provide a variety of ecological niches for fungi. Many of them are known to
induce structural and esthetic impairments, such as discoloration, exfoliation,
cracking, paint blisters, etc., as a result of growth and metabolism in this unique
habitat. Fungi, as ubiquitous organisms, are therefore usually referred to as the
main biological agents of deterioration of mural paintings and other cultural
heritage objects (Sterflinger, 2010).

To provide conservators and restorers with indications and suggestions
necessary for the formulation of an efficient and long-term restorative plan-
of-action it is mandatory to gain better understanding of fungal capabilities to
colonize and subsequently induce deterioration of these valuable works of art.
Use of multimicroscopical approach as the indispensable first step in a survey
of fungal-induced decay of mural paintings is emphasized by several research
groups (Rios and Ascaso, 2005; Rosado et al., 2015). In view of this, the main
aim of the study was to analyze fungal communlty established on the surface
of biodeteriorated 17" century mural paintings in the nave and altar portion of
the old Church of the Holy Ascension (Veliki Kr¢imir, Serbia) via various micro-
scopic techniques (in situ, optical and SEM) to detect and identify actively
growing fungi and assess their potential damage to the painted layer and mortar.

STUDY SITE

Research was carried out on mural paintings decorating the nave and the
altar area of the 17" century Church of the Holy Ascension located in the vil-
lage of Veliki Kréimir (Gornje Zaplanje, Gadzin Han, Serbia). These preserved
fragments of mural paintings with scenes from the Old and New Testaments,
dating back to 1629, are a very valuable expression of Serbian fresco painting
of the late 16™ and early 17" ¢ century (Deljanin, 1995; Vuckovi¢, 2008). This
oldest temple of the Eparchy of NiS is categorized as a cultural monument of
great importance and is managed by the Institute for Protection of Cultural
Monuments of Ni§ (SK305, Official Gazette of RS No. 28/83).

MATERIAL AND METHODS
In situ microscopy

Direct observation of surface impairments and fungal growth on eight
sampling points of the nave and altar mural paintings was performed using two
portable digital microscopes: Dino-Lite Edge AM7915SMZTL (Figure 1) coupled
to ASUS X540u notebook and Nikon ShuttlePix P-400R. Image processing
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and measurements were achieved using DinoCapture 2.0 v1.5.39.A software
and Nikon ShuttlePix Editor v3.4.0.2 software, respectively.

Figure 1. In situ microscopy using Dino-Lite Edge digital microscopes
in the altar of the old Church of the Holy Ascension
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Optical microscopy

For optical microscopy, samples were collected from all sampling points
via adhesive tape method (Urzi and de Leo, 2001). Sample strips were stained
with Lactophenol Cotton Blue and put on slides to be analyzed with Zeiss
Axiolmager M.1 microscope, using AxioVision Release 4.6 software.

Scanning electron microscopy

Samples for scanning electron microscope (SEM) were taken from the
surface of the painted layer by means of adhesive carbon tape on aluminium
cylinders. Analysis was performed at the SEM laboratory of University of Bel-
grade, Faculty of Mining and Geology, using JEOL JSM—6610LV microscope
with a W filament gun. Sampled fragments of painted layer and mortar were
gold coated using Leica EM SCD005 sputter coater (d=15 nm, p=19.2 g cm™).
Secondary electron and backscattered electron images were obtained at 20 kV
acceleration voltage in high-vacuum mode (15-30 pPa), with magnifications
from 150x to 30,000x.



RESULTS AND DISCUSSION

In situ microscopy of mural paintings, performed via two portable micro-
scopes, revealed abundance of surface salt efflorescence in form of white
crystal tufts scattered on the deteriorated painted layer (Figure 2A,B). Observed
salt is presumably calcium sulfate (CaSO,) as its presence was previously
documented on mural paintings of the investigated church (Unkovi¢ et al.,
2016). It is considered one of the most damaging salts for mural paintings that
tends to crystallize and re-crystallize on exterior surfaces due to changes in
physical parameters, mainly temperature and humidity. Throughout the crys-
tallization process salts accumulated in pores induce additional pressure caus-
ing cracking and exfoliation of mural surface, as well as the loss of fragments
(Pérez-Alonso et al., 2004; Sterflinger and Pinar, 2013; Ettenauer et al., 2014).
Furthermore, visible strucutral alterations, in form of biopitting, loss of mural
fragments and cracks filled with organic and inorganic deposits (Figure 2C,D)
were evident. Biopitting phenomenon is known to be mainly induced by the
mechanical and chemical activity of microcolonial fungi — MCF (Sterflinger
and Pifiar, 2013). Presence of these fungi was observed in the adhesive tape
samples in form of melanized cell clusters (Figure 3C).

_—

Figure 2. In situ micrographs of deteriorated mural paiting surfaces: A, B. white salt
deposits with black fruiting bodies; C. symptoms of biopitting; D. surface crakes fiilled
with organic and inorganic deposits; fs — fungal structures, se — salt efflorescence,
bp — biopitting; cr — cracks
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Optical microscopy of adhesive tape samples showed presence of a mi-
crobial community dominated by melanized micromycetes. In all of the ana-
lyzed samples, a significant part of the fungal structures documented between
painted layer and mortar support were melanized hyphae, chlamydospores,
and conidial chains of microfungi and dark brown clusters of rock inhabiting
microcolonial fungi. Four dominant features were detected: perithecia, chaetae,
and ascospores of Chaetomium globosum (Figure 3A), fragmented melanized
mycelia (Figure 3B), numerous clusters of dark microcolonial fungi (Figure
3C) and abundant lichen vegetative propagules — soredia (Figure 3D).

Abundant presence of Chaetomium structures, prominent cellulolytic
ascomycetes, was expected as previous conservation interventions on mural
paintings included cellulose compresses for salt extraction. Such nutrient input,
in combination with existing organic matter in the painted layer, plaster, and
surface dust deposits, permits proliferation of melanized fungi and formation
of dark discolorations on the mural paintings surfaces. In conservation practice,
removal of strong dark-pigmented stains that conceal mural motifs is problem-
atic due to a strong melanization and thick cell walls of melanized fungi which
makes them highly resistant to physical stress and biocide treatment (Ciferri,
1999; Sterflinger, 2010).

3 o
Figure 3. Optical micrographs of adhesive tape samples: A. perithecium of Chaetomium
globosum; B. fragmented melanized mycelia; C. clusters of microcolonial fungi;
D. lichen soredia
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SEM analysis of studied mural fragments has indicated the main agent of
deterioration. Interspace between painted layer and mortar support was heavily
permeated with hyphal network with numerous conidiophores and conidial
mass of Cladosporium cladosporioides (Figure 4). In addition to various fungal
structures, deteriorated material was documented. Abudant presence of Clado-
sporium structures is in accordance to previous investigations which suggests
that species of this genus are the one of the most common inhabitants of mural
paintings since they possess the ability to not only withstand, but also thrive in
a very wide value range of several environmental factors (Ciferri, 1999). Nowa-
days, Cladosporium species are recognized as the the main agents in the process
of biodeterioration of mural paintings (Ciferri, 1999; Unkovi¢ et al., 2016).

Figure 4. Scanning electron micrographs of Cladosporium cladosporioides on carbon
tapes: A, B. deteriorated mural fragment permeated with mycelia and conidial chains;
C, D. details of various C. cladosporioides structures

CONCLUSION

Conducted microscopic analysis of mural paintings decorating 17" century
Church of the Holy Ascension (Veliki Kréimir, Serbia) has revealed the main
agents of biodeterioration, i.e. fungi from Chaetomium and Cladosporium
genera, and microcolonial fungi. Documented deterioration sypmtoms, such
as biopitting, cracks and loss of mural fragments, are most likely formed due
to hyphal penetration and formation of fruiting bodies and other structures by
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these fungi in the interspace between the painted layer and mortar support. This
research emphasizes the importance of application of microscopic methods for
the identification of actively growing fungi, as the causative agents of deterio-
ration process. This information is necessary for formulation of conservation
plan, adequate biocide selection and application, and eventual stain removal.
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OPUTUHAJIHU HAYYHU PA{

O] UCTPAXXNBAHOI JIOKAJIUTETA J10 JIABOPATOPUIJE:
MUKPOCKOIICKA AHAJIU3A IIOPACTA I'JbBMBA HA 3UTHUM
CJIIMKAMA 13 XVII BEKA

Mununa B. JbAJBEBUR I'PBUR', Musom Y. CTYTIAP!, Kessko /. CABKOBUR',
Anekcanmap 3. KHE)KEBI/I"Fl1 WBnna 3. )II/IMKI/I"Fl1 Janes J. KOCEJI?,
Upromup M. TAB3EC?, Huxona JI. YHKOBUR'

"'Vuusepsuret y Beorpany, buosnomku dakynrer,
Crynentcku Tpr 16, beorpazn 11000, Cpouja
2VIHCTUTYT 32 3aIITHTY KyJITypHE Gawrrue Crosenuje,
[Mospancka necra 40, Jbyossana 1000, CoBeHuja

PE3UME: IIpumMeHOM pa3nuuuTUX MUKPOCKOIICKUX TEXHHUKA aHAJIM3UPAHA je
3ajeJHMLIA TJbMBA HA 3UAHUM CIIMKaMa Haoca 1 onrtapa ctape L{pkse CeTor Baznecema
Tlocrionmwer (Benuku Kpunmup, Humascku okpyr, CpOuja) y uiby IETEKIIHje aKTHB-
HO pacTyhHX MUKpPOTJbUBA U MPOIIEHE OTEHIMjaTHO ITETHOT YTHIIaja Ha OOjeHH CIIO0]
u MaaTep. JupekTHa MUKPOCKOIIM]a, CIIPOBEJeHa Ha TEPEHY IPUMEHOM IPEHOCHUX
JUTATATHUX MUKPOCKOIIA, 38j€THO Ca ONTHYKOM M CKEHUHT €JICKTPOHCKOM MHKPOCKO-
ITHjOM yKa3aJia je Ha IprcycTBo omTtehema y popMu MyKOTHHA U CUMIITOMa (heHOMEHa
biopitting, Kao ¥ MOBPIIWHCKHX JCMO3UTA COJTM U CKPUBEHOT pacTa IJbHBa. 3a0eeKeHe
Cy pasnuuuTe QyHranHe CTpyKType, Kao LITO Cy NOTIYHO (pOpMUPaAHA IIIOAOHOCHA
Tesa, MeNaHU30BaHa MULIENH]a, KJIaCTePH MUKPOKOJIOHUJAIHHX [JbUBA, COPEM]e JIUIIa-
jeBa, KOHUIMjaJTHU anlapaTH U KOHHUJIM]je Y MAcCH, IITO YKa3yje Ha MPUCYCTBO aKTHBHO
pactyhe 3ajeqHUIE TJbMBA HA MOBPIIUHU 6ojeH0r ClJI0ja M Ha MECTY KOHTaKTa 00jeHor
cloja U ManTepHe noxjore. Ha oCHOBY 1€TEKTOBaHHMX PENPOAYKTUBHUX CTPYKTypa
Kao IJIaBHU y3POYHUIIM Ipolieca OHoaeTepropanumje cy naeHTUPHUKOBaHE IJbHBE POIO-
Ba Chaetomium u Cladosporium, i 3aKJbyY€HO je J]a Cy IPUCYTHU CUMIITOMH ornTehema
3UJIHUX CJIMKA IIpe CBera JbyClame U I'yOuTaK (hparMeHara rnocjieaAnna npogupama
TyprecueHTHUX Xu(a y cyncTpaT 1 GopMupama INIOZOHOCHUX TeJla ¥ APYrux (yHral-
HUX CTPYKTYypa.

KJbYUYHE PEYU: 6uonerepuopanuja, Chaetomium, Cladosporium, ripuBe, u-
pPEKTHa MUKPOCKOITH]a, 3UIHE CITUKE, KOH3epBallija, onTHudka Mukpockonuja, CEM
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HEMOLYTIC POTENTIAL OF BIOAEROSOL-DERIVED
Aspergillus, Penicillium AND Talaromyces
MOULD ISOLATES

ABSTRACT: Aspergillus, Penicillium and Talaromyces species are frequently cited
as contaminants of various substrata and are often associated with indoor environments.
The main purpose of this study was to assess the potential pathogenicity of aerosol-derived
fungi from Aspergillus, Penicillium and Talaromyces genera, isolated in the rooms for con-
servation of cultural heritage artefacts, via estimating hemolytic activity. Hemolysis was
detected in 20.58% of tested isolates at 37 °C (11.76% partial and 8.82% complete) and 64.71%
at 25 °C (38.24% partial and 26.47% complete). The majority of isolates that caused a he-
molysis led to the significant oxidation of hemoglobin iron with methemoglobin content in
blood agar medium, higher than 80%. Aspergillus melleus was the only tested fungi that
caused formation of ferry hemoglobin after the incubation at 25 °C. Obtained / values (index
of activity for hemolytic exoenzymes) for a hemolysis were in range of from 0.13 to 0.60 for
37 °C, while for the temperature of 25 °C values were in range of from 0.08 to 0.50. The same
values for f hemolysis were in range of from 0.03 to 0.08 (37 °C), i.e. 0.06 to 0.49 (25 °C).
Monitoring of pathogenic airborne fungi in indoor environments and estimation of their
virulence is essential for the adequate assessment of human health risks.

KEYWORDS: fungi, blood agar, hemolysis, pathogens, virulence

INTRODUCTION

Aspergillus, Penicillium and Talaromyces propagules (mostly conidia,
rarely ascospores) are very light, with dry cell walls and therefore able to easily

* Corresponding author. E-mail: zsavkovic@bio.bg.ac.rs
+ We are sad to report that the author Jelena Vukojevic is deceased.

15



detach from conidiogenous apparata and cleistotecia, respectively (Samson et al.,
2010; Viegas et al., 2015). This makes them highly dispersible through the air
where they are an important component of bioaerosol. Indoor environments,
when overloaded with spores and other fungal propagules, could be regarded
as serious health risk for anyone who spends a lot of time within (Unkovi¢ et al.,
2018). Hence, nowadays, indoor air fungi are considered one of the major
culprits for sick building syndrome (SBS) which includes such symptoms as
headache, dizziness, distraction, running nose, dry or sore throat, fatigue, and
skin irritation (WHO, 1990). The role of mould fungi from genera Aspergillus
and Penicillium in SBS is linked with their ability to produce toxic metabolites
and cause severe allergic reactions (Flanning et al., 2001).

Furthermore, hemolityc activity is regarded as virulence factor for many
pathogenic microorganisms (Aktas and Yigit, 2014). In that sense, Vesper and
Vesper (2004) hypothesized that fungal hemolysins, enzymes responsible for
hemolityc activity, have a crucial role in developement of some SBS symp-
tomes. The process of hemolysis is defined as the rupturing of erythrocytes
and the release of their content into surrounding environment. Two types of
hemolysis are described: (I) complete (£) hemolysis, which represents total
erythrocyte destruction by extracellular metabolites of microorganisms, and
(IT) partial () hemolysis as a result of the oxidation of hemoglobin (Fe*") to
methemoglobin (Fe*") and ferry hemoglobin (Fe*"); while absence of hemolysis
is self-contradictory called y hemolysis (Buxton, 2005). Upon erythrocyte lysis,
free hemoglobin and/or heme are released from the cell and pathogens employ
various mechanisms to utilize iron contained in these molecules (Bullard et al.,
2012; Subramanian et al., 2014). The ability of pathogens to acquire iron has been
documented to be of the upmost importance for their survival within the mam-
malian host cells, and further, ability to cause infection (Aktas and Yigit, 2014).
Therefore, the presence of potential pathogens, especially in indoor environ-
ments, where different human activities may occur, must not be neglected.
Bearing all this in mind, the main purpose of this study was to evaluate the
potential virulence of selected airborne Aspergillus, Penicillium and Talaro-
myces species by testing their hemolytic activity and ability to grow at human
body temperature.

MATERIAL AND METHODS
Tested fungi

A total of 34 mould fungi belonging to Aspergillus, Penicillium and Tala-
romyces genera were selected from the culture collection of the University of
Belgrade — Faculty of Biology (BEOFB) for screening of the hemolytic activity.
All tested fungi were bioaerosol isolates (airborne fungi) obtained from rooms
designated for conservation and safeguarding of cultural heritage artifacts in
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Belgrade (eg. ateliers for the conservation of stone artifacts; ateliers for the
conservation of paintings; ateliers for the conservation of textile). Prior to the
experiment, isolates were identified based on macro- and micromorphological
characteristics of 7 days old colonies as described previously (Samson et al.,
2010). Additionally, morphological identification was confirmed by /7S and
[-tubulin gene sequencing (Savkovi¢ et al., 2019). All isolates were maintained
in cryovials filled with 1.5 ml glycerol (30%) and stored at -80 °C.

Screening of hemolytic activity

The hemolytic activity of the isolates was evaluated by a qualitative meth-
od. The selected isolates were inoculated on blood agar (BA) prepared with
5% defibrinated sheep blood (Torlak, Serbia) according to protocol proposed
by Buxton (2005). Two incubation temperatures were chosen: human body
temperature (37+1 °C) and room temperature (25+1 °C) as a control according
to a modified protocol by Pakshir et al. (2016). Inoculated plates were incu-
bated in thermostat (UE 500, Memmert) during 7 days. After the incubation
period, the formation of distinctive halo around the colony was observed and
three types of hemolysis according to Buxton (2005) were distinguished: o
(partial) — the appearance of green or brown halo around the colony; f (com-
plete) — the appearance of transparent halo around the colony; y (absence) —
positive growth without forming a halo around the colony. Degrees of a he-
molysis were assessed determining the methemoglobin and ferry hemoglobin
content using the percent color charts according to Paton et al. (2016) and
Kanias and Acker (2010), respectively.

Then diameters of colonies and of the distinctive halos were measured
and index of activity for hemolytic exoenzymes (/) was calculated according
to the formula:

I=1-D.D,"

where D, and D,, are the diameters of the colony and halo of hemolysis, respectively.

RESULTS

After 7 days of incubation at 37 °C and 25 °C, growth of tested fungi were
documented, and both a and f hemolysis were detected (Figure 1). The growth
at human body temperature has been observed for 10 isolates (five Aspergillus,
three Penicillium and two Talaromyces species) out of 34 tested, and the oxida-
tion rate of hemoglobin in BA was significant at 37 °C, confirmed by the
presence of green ferry hemoglobin (Fe*") (Figure 2). Partial (&) hemolysis,
following the incubation at 37 °C, was documented for four isolates (all of them
caused the oxidation of hemoglobin to ferry state) while three isolates displayed
complete (f) hemolysis.
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Figure 1. Hemolytic activity of Aspergillus protuberus (left) and Penicillium chrysogenum
(right) on blood agar medium: « — partial hemolysis; f — complete hemolysis; fg — fungal
colony growth.

Fe' 0% Fe? 20% Fe* 40% Fe® 80% Fe* 80% Fed

...e M

Figure 2. Percent methemoglobin (Fe**) and ferry hemoglobin state (Fe*") on inoculated
BA medium after 7 days of incubation, modified according to Paton et al. (17) and
Kanias and Acker (18). Numbers in circles correspond to isolates’ number given in

Table 1. Asterisk indicates state on both tested temperatures.

Only five Aspergilli isolates (A. domesticus, A. penicillioides, A. proliferans,
A. pseudoglaucus and A. versicolor) were not able to grow on BA at 25 °C
(Table 1). Total of 22 isolates (approx. 64.71%) displayed hemolytic activity
when being incubated at 25 °C. Among them, the ability of f hemolysis was
documented for 9 isolates while a hemolysis was detected for 13 isolates (Fig-
ure 3). The majority of isolates that caused a hemolysis (69.20%), led to the

significant oxidation of hemoglobin iron with methemoglobin content in BA
higher than 80%.
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Table 1. Hemolytic activity of tested bioaerosol-derived fungal isolates at 37 °C and 25 °C

Hemolysis at

Hemolysis at

Hemolysis at

Hemolysis at

No Isolate 37°C No Isolate 25°C
Index Index Index Type* Index
Aspergillus Penicillium
1 amstelodami - - 18  brevicompactum - a 0.08
BEOFB3160m BEOFB1102m
Aspergillus o
e Penicillium canescens
2 calidoustus 0.06 0.19 19 - B 0.27
BEOFB3220m BEOFB11180m
Aspergillus creber Penicillium carneum
3 BEOFB3250m ) = | 2 BREOFBI1150m - a 028
Aspergillus e
4 domesticus - - g‘gé’;}ig’:‘l”;z”gg“"ge"””’ 008 B 036
BEOFB3270m
Aspergillus PPN . .
Penicillium citreonigrum
5 europaeus - 0.30 22 - \% -
BEOFB382m BEOFB11190m
Aspergillus flavus Penicillium citrinum
6 BEOFB315m B ° 3 BEOFB11110m 0.49 b 0.15
Aspergillus e . )
7 jensenii - 041 | 24 Leneition documbens - B 006
BEOFB3200m
Aspergillus e ..
8 melleus 0.57 026 | 25 Lenceitim digiatum - v -
BEOFB3180m
Aspergillus niger Penicillium expansum
9 BEOFB345m 0.03 0.14 ) 26 BEOFB11130m - a 0.09
Aspergillus o
PR Penicillium glabrum
10 penicillioides - - 27 - a 0.24
BEOFB3190m BEOFB11100m
Aspergillus L By
11 proliferans - - 28 g;’g}zg{l lrfi;gggmﬂuum - B 0.13
BEOFB3280m
Aspergillus s .
Penicilliumsolitum
12 protuberus - 0.46 29 - \% -
BEOFB3240m BEOFBL190m
Aspergillus C s .
Penicillium ulaiense
13 pseudoglaucus - - 30 - a 0.50
BEOFB3170m BEOFB11140m
Aspergillus ruber Penicillium viridicatum
14 BEOFB3150m ) = | 3 BEOFB11200m - a 0.50
Aspergillus .
15 sydowii - 007 | 32 [uaromces amestolkiae 060 a 035
BEOFB3142m
Aspergillus e
16 tabacinus - 049 | 33 [atarompconauliensis 013 o 026
BEOFB3260m
Aspergillus Talaromyces
17 versicolor - - 34 verruculosus - a 0.38
BEOFB3133m BEOFB2620m

* (a) — partial hemolysis (8) — complete hemolysis, (y) — growth on BA without visible

clearance zone, (-) — no growth
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Figure 3. Hemolytic activity of tested airborne isolates on blood agar medium at 25 °C,
7 days: a) Aspergillus protuberus; b) Penicillium canescens; c) P. chrysogenum;
d) A. melleus; e) P. glabrum; t) Talaromyces amestolkiae; g) A. creber; h) P. citreonigrum;
i) A. ruber (a-c. complete () hemolysis; d-f. partial («) hemolysis; g-i. y-hemolysis).

Aspergillus melleus was the only one that caused formation of ferry hemo-
globin after the incubation at 25 °C. Methemoglobin content in BA cultures of
A. jensenii and P. expansum isolates was 60%, while T. verruculosus ability
to cause a hemolysis was the lowest with 20% of methemoglobin (Figure 3).

A total of 7 isolates displayed hemolytic activity both on 37 and 25 °C: 4.
calisoustus, A. mellus, A. niger, P. chrysogenum, P. citrinum, T. amestolkiae and
T' sayulitensis. Documented / values for o hemolysis were in range of from
0.13 to 0.60 for 37 °C, while for the temperature of 25 °C values were in range
of from 0.08 to 0.50. On the other hand, obtained values for f hemolysis were
in range of from 0.03 to 0.08 (37 °C), i.e. 0.06 to 0.49 (25 °C) (Table 1).
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DISCUSSION

Potential virulence of selected Aspergillus, Penicillium and Talaromyces
airborne isolates was estimated through hemolytic potential and the ability to
grow at human body temperature. The colony growth on BA is usually used for
defining hemolytic activity of bacterial species and absence of this activity was
regarded as a lack of virulence for tested bacterial strains (Hof, 1984). How-
ever, BA is seldom used for the testing of fungal hemolytic potential (Juntachai
et al., 2014), and in most cases virulence of clinical Candida isolates was es-
timated through the ability to grow on BA and to form halo around the colony
(Rossoni et al., 2013; Pawar et al., 2014). Also, Aktas and Yigit (2014) used this
method to estimate hemolytic activity of dermatophytes isolated from clinical
specimens.

Most tested Aspergillus and Penicillium species are frequently cited as
human pathogens, allergens and mycotoxins producers (Samson et al., 2010),
but reports regarding their hemolytic potential are rather scarce. However, first
records regarding hemolytic activity in Aspergilli dated from 1939 by Henrici,
who proved this activity for A. fumigatus and A. flavus using experimental
animals (Henrici, 1939). However, there are only limited reports regarding the
growth of airborne filamentous fungi on BA (Bogomolova and Kirtsideli, 2009;
Anaya et al., 2016; Borrego et al., 2017). Anaya et al. (2016) highlighted the
hemolytic potential of fungi isolated from indoor air in variety of rooms of
National Archive of the Republic of Cuba. These authors demonstrated hemo-
lytic activity of 4. flavus, A. niger and P. chrysogenum, which corresponds
with results presented here. On the contrary, in the research of Bogomolova
and Kirtsideli (2009), 4. niger and P. chrysogenum isolated from the indoor
air of metro stations in St. Petersburg, did not show hemolytic activity. These
discrepancies could be explained through the different physiology of tested
isolates and different experimental conditions.

Some fungal pathogens are thermophiles and their optimal temperature
for growth and proliferation is higher. According to Krijgsheldi et al. (2013)
the temperature optimum for 4. niger ranges from 35 to 37 °C. Hedayati et al.
(2007) reported 37 °C as optimal growth temperature for 4. flavus, which cor-
responds with the human body temperature. Growth on this temperature is a
prerequisite for hyphal proliferation on epithelium and endothelium, including
blood vessel cells (Borrego et al., 2017). Hemolytic activity along with ability
to grow on human body temperature are therefore considered to be significant
virulence factors for human pathogens and hence are of a great importance in
medical mycology researches (Schaller et al., 2005; Bogomolova et al., 2007).
However, it should be emphasized that this type of testing can only roughly
indicate the degree of virulence of the fungi and that a study in experimental
animals should be applied for a more adequate assessment (Bogomolova and
Kirtsideli, 2009).

Many of the hemolytic agents previously isolated from fungi are peptides,
proteins (Greenhill et al., 2010) and specific enzymes involved in hemolytic
activity classified as hemolysins (Lineras et al., 2007). Hemolysins have been
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defined as exotoxins, capable of lysing erythrocytes as well as nucleated cells,
and these compounds are able to interact with specific ligands on the surface
of various target cells (Nayak et al., 2013). During the lysis of red blood cells
the iron is released, which is an important growth factor for microbes espe-
cially during infection (Subramanian et al., 2014). For some fungal isolates which
display positive hemolytic activity in this study, the hemolysins have been dis-
covered and characterized. For P. chrysogenun and A. niger isolates, which both
exhibited complete (/) hemolysis in this research, Donohue et al. (2005; 2006)
isolated and described hemolysins named chrysolysin and nigerlysin, respec-
tively. Aspergillus niger is considered as a potential strain for acid protease
production and hemoglobin degradation with the aim of implementation in
biotechnological processes (Li et al., 2019). Other authors identified aspergil-
loglutamic peptidase as one of the compounds responsible for hemolytic action
(Shi et al., 2015). Based on a number of characterization and mechanistic stud-
ies, several fungal hemolysins have been proposed as fungal virulence factors
(Rementeria et al., 2005). Since, all the tested isolates originated from indoor
air of cultural heritage conservation premises, where the presence of conservators
for a long period of time is often required, hemolytic activity of 47.05% tested
isolates as potential health risk factor must not be neglected. The potential role of
hemolysins as potential causative agents of SBS has been discussed by Vesper
and Vesper (2004). These authors concluded that fungal hemolysins may cause
SBS symptoms, and also could be useful as biomarkers of exposure to airborne
fungi in indoor environments, since they can be measured in bodily fluids and
compared with environmental samples.

CONCLUSION

This study reflects the preliminary assessment of the virulence of indoor
air fungal isolates. Given that some species isolated from frequently occupied
premises have been confirmed human pathogens (4. calidoustus, A. niger, A.
flavus) and along with hemolytic activity and ability to grow on human body
temperature in vitro, their potential effect on human health should not be ne-
glected. The presence of these species must be monitored in those environments
along with estimation of their virulence. However, it is important to emphasize
that potential hemolytic activity must be observed in the context of fungal
species propagules number and immunity status of exposed individuals.
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OPUTMHAJIHU HAYYHU PA{

XEMOJIMTUYKA AKTUBHOCT U30JIATA Aspergillus, Penicillium
WU Talaromyces 13 BUOAEPOCOJIA

XKemxo JI. CABKOBUR', Munomr Y. CTYIIAP™!, Hukona JI. YHKOBHR!,
Ana 3. CTAHUUR?, Jenena b. BYKOJEBUR)', Munuua B. JbAJbEBUR 'PBUR'

! Vuupepsuter y beorpany, Bruonomku paxysirer,
WHcTuTyT 32 O0TaHUKY M O0TaHWYKa Oainra ,,JeBpemoBair”,
Crynenrcku Tpr 16, beorpazn 11000, Cpouja
2 VuusepsuteT y beorpay, MHCTUTYT 3a MeMIIMHCKA HCTPaKUBaba,
Jlaboparopuja 3a IMYHOOHOIIOTH]Y,

Hp Cy6otuha 4, beorpax 11129, Cpbuja

PE3UME: Bpcre ponoBa Aspergillus, Penicillium u Talaromyces 4ecto ce HaBoje
Ka0 KOHTAMHHAHTH Pa3IMYUTUX CYyIICTPaTa U YECTO CE M30IIYjy U3 Ba3ayxa 3aTBOpe-
Hux npoctopa. OCHOBHU LI1Jb UCTPaXKUBakba OuJla je MpolLeHa MOTeHIIMjalHe IaTore-
HOCTH TJbMBa ponioBa Aspergillus, Penicillium v Talaromyces, n3010BaHUX U3 a€poCoIIa
IIPOCTOpHja CIICIINjaIM30BAHNX 32 KOH3EpBallH]jy 00jekaTa KyJITypHe OallThHE, Ha OCHO-
BY CLIOCOOHOCTH J1a BPILIE XEMOJIN3Y. XEMOJIUTHYKA aKTUBHOCT Ha TeMIieparypu ox 37 °C
je 3abenexena koa ykynHo 20,58% tectupanux nsonata (11,76% aenumudne (o) XeMo-
nuze, 1 8,82% notmyHe () xemonuse) u ko 64,11% u3onara Ha Temneparypu of 25 °C
(38,24% nenumuune u 26,47% nornyne). Kon Behnae MukpoMuiera Koj KOjuX je
3a0emnexeHa o XeMoJin3a JIONUIO je /10 3HaYajHe OKCUJAIH]je XeMOTIIOOMHCKOT TBOXha
JI0 METXeMOIJI001MHa y MelujyMy KpBHoOT arapa (Behem ox 80%). M3onar Aspergillus
melleus je jennHM MOKa3a0 crocoOHOCT PopMHpama GepriIXeMoriIoonHa HAKOH HHKY-
Oanuje Ha 25 °C. JlokyMeHTOBaHE BPEIHOCTHU HH IeKca getepuopanuje (/) za o xemo-
3y ¢y oune y orcery oxn 0,13 1o 0,60 (37 °C), ok cy Ha Temmnieparypu oz 25 °C Bpe-
HoctH Oue y onicery o7 0,08 no 0,50. Mcre BpegHOCTH MH IEKCA 3a f XEMOJIN3Y U3HOCHIIS
cy o1 0,03 1o 0,08 (37 °C), 1j. o1 0,06 o 0,49 (25 °C). MOHUTOPHHT PUCYCTBA TOTEH-
[jaJIHUX AePOTCHUX MATOTCHHX IJbHUBA Y 3aTBOPESHUM CpeIMHAMa 1 oJjpehuBame mu-
XOBE BUPYJICHIIH]E j€ HEOITXO/THO 32 aJICKBaTHY POIICHY PH3HKA 38 JbYJICKO 31paBJbeE.

KJbYUYHE PEYMU: Bupynenuuja, ribuBe, KPBHU arap, IMaTOTeHH, XEMOJIH3a
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CONTAMINATION OF DURUM WHEAT LINES
KERNELS WITH Fusarium SPECIES AND
DEOXYNIVALENOL

ABSTRACT: Fusarium infection and deoxynivalenol (DON) contamination in seven
durum wheat lines kernel (six domestic durum lines ZP 16, ZP 34, ZP 41, ZP 74, ZP 120,
ZP DSP 66, and one international durum line Cimmyt 7817) during two harvest seasons
(2015-2016) has been studied. The four Fusarium species, F. graminearum, F. proliferatum,
F. sporotrichioides, and F. verticillioides, were identified in 2015. A different structure of
the Fusarium population, which in addition to F. graminearum, F. sporotrichioides and F.
verticillioides, also comprised F. poae, F. semitectum, and F. subglutinans, was identified
in 2016. F. graminearum was the predominant species in the durum wheat lines kernels and
the potential producer of DON. The other Fusarium spp. were isolated sporadically and with
a low incidence in the kernels. The incidence of F. graminearum and DON levels were
significantly affected by the wheat genotypes and studied years and these parameters were
negatively correlated. The incidence of F. graminearum was significantly higher in 2015
(75.86%) than in 2016 (63.43%), while the level of DON was significantly higher in 2016
(3.636 mg kg') compared to 2015 (1.126 mg kg™'). Statistically, there was a significantly
higher incidence of F. graminearum in ZP DSP 66 (73.00%) and ZP 120 (72.75%) durum
wheat lines than in the other durum genotypes. DON level was the highest in durum wheat
line ZP 120 (3.854 mg kg™). Considering all treatments tested, the mean DON level was
2.381 mg kg™, while the mean incidence of F. graminearum was 69.64%. Tested durum
wheat lines showed susceptibility to F. graminearum, resulting in high DON levels in kernels.
The results obtained suggest the importance of using the lines with improved resistance to
Fusarium head blight in the breeding programs for new durum wheat cultivars.

KEYWORDS: Fusarium spp., deoxynivalenol, durum wheat lines
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INTRODUCTION

In Europe, durum wheat (7riticum turgidum var. durum) is grown on 3
million hectares, mainly in the Mediterranean countries (Italy, Greece, Spain,
and France), with an average yield of around 5 t/ha to 6 t/ha. Other European
countries have low productivity and quality of durum wheat crops, and they
intend to improve breeding processes by focusing on increasing yield and
quality features (Gorczyca et al., 2018). In Serbia, an average yield of 2.2 t/ha
was reported, which is 30% of the total average yield of bread wheat (7riticum
aestivum L.) (Puri¢ et al., 2019).

Fungal pathogens from the genus Fusarium cause Fusarium head blight
(FHB), one of the most severe diseases of wheat worldwide. Severeal Fusarium
spp. participate in pathogenesis FHB of which F. graminearum is the most
predominant. F. graminearum is a member of the F. graminearum species com-
plex (FGSC) also called F. graminearum sensu lato, which includes at least 16
phylogenetic distinct species (van der Lee et al. 2015) It is a monophyletic
species complex in which species are localized in different geographical re-
gions, for example, F. asiaticum is responsible for FHB in some parts of Asia.
However, the term F. graminearum sensu stricto is retained for the species
most commonly associated with FHB worldwide (Toth et al., 2005). In Serbia,
besides F. graminearum strains, one strain of F. vorosii was isolated as a
member of FGSC and showed pathogenicity on wheat spikes (Obradovi¢ et al.,
2022). In general, F. graminearum, F. culmorum, F. avenaceum, F. sporotri-
chioides, F. langsethiae, and F. poae are the most common FHB pathogens
(Pancaldi et al., 2010; Karlsson et al., 2021). F. graminearum and F. poae appear
to cause FHB in humid, warm and dry environments, while F. culmorum, F.
avenaceum F. sporotrichioides, and F. langsethiae are mostly found in cool
and wet agroecological conditions. The distribution of FHB is affected by both
the genetic diversity of the pathogens and environmental factors (Nielsen et
al., 2011; Zhang et al., 2011).

F. graminearum overwinters as a saprobe on the crop residues. The pri-
mary inoculum consists of ascospores and macroconidia. Ascospores (sexual
spores) develop from perithecia during the flowering wheat stage. Macroco-
nidia (asexual spores) develop from mycelia on the plant infected with F.
graminearum and can be water splashed onto the adjacent plants and their
developing spikes. In general, the most susceptible wheat stages for Fusarium
infection are from anthesis to soft dough phenophase. Durum wheat is ex-
tremely susceptible to FHB and it is very difficult to make resistant cultivars
by breeding because of the lack of resistance sources. On the contrary, in bread
wheat, there is a range of resistance sources from “exotic” and “native” wheat
germplasms and large genetic variation for FHB resistance (Haile et al., 2019).

Direct economic losses of FHB disease are reduced yields and quality of
wheat kernels while indirect ones are the consequence of mycotoxin contami-
nation. F. graminearum produces trichothecene mycotoxins (the most impor-
tant are type A and type B ) and estrogenic mycotoxin zearalenone. Trichothe-
cenes are sesquiterpenoids that inhibit eukaryotic protein synthesis and cause
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numerous human and animal mycotoxicoses. They also exhibit phytotoxicity
virulence on sensitive hosts, causing necrosis and proliferation of the pathogen
(Starkey et al., 2007; Valverde-Bogantes et al., 2020). The most important
B-trichothecenes include deoxynivalenol (DON) and its derivatives [3-acetyl
and 15-acetyl deoxynivalenol (3-ADON and 15-ADON)], nivalenol (NIV) and
NIV derivative (4-acetyl-nivalenol). F. graminearum strains are also capable
of producing type A trichothecenes named NX-2. It is a separate population
of F. graminearum, named NA3 (Valverde-Bogantes et al., 2020), while NA1
and NA2 populations produce 15-ADON and 3-ADON, respectively (Foroud
et al., 2019).

In favourable climatic conditions (precipitation and temperature), parti-
cular during wheat anthesis, Fusarium species can develop and cause FHB. The
infection of kernels primarily depends on wheater conditions and the wheat
genotype. There are preventive measures to limit FHB development such as
agricultural, chemical, and biological control and choice of resistant cultivars.
Durum wheat is more susceptible to FHB and DON accumulation than common
wheat. Thus, resistance to FHB also includes resistance to DON (Scala et al.,
2016). The best timing for fungicide application during the flowering wheat
stage has a crucial role in reducing FHB and DON contamination in conducive
climatic conditions (Balducci et al., 2022).

Fusarium infection and deoxynivalenol contamination of wheat are the
two main constraints for wheat safety worldwide. Fusarium species as causers
of FHB represent the most dangerous wheat pathogens. Consequently, there is
a high risk of DON accumulation in wheat production. Since there is almost
no data about natural Fusarium and deoxynivalenol occurrence in durum
wheat kernels in Serbia, the main object of this study was to determine the
spectrum and incidence of Fusarium spp. and DON levels on kernels in do-
mestic and international durum wheat lines during two harvest seasons (2015—
2016). Data for weather conditions in the years of the study were also analyzed
because they have a significant role in Fusarium infection and DON production.

MATERIALS AND METHODS

Samples of wheat kernels from six domestic lines (ZP 16, ZP 34, ZP 41,
ZP 74, ZP 120, ZP DSP 66) and one international line (Cimmyt 7817) of durum
wheat were collected during the harvesting period in 2015 and 2016. The sample
size of each line was about 1 kg. Prior to mycological analyses, samples were
kept at 4 °C. For determining the moisture content, kernels were first milled
in an analytic mill (IKA All, Germany) and then examined on a moisture
analyzer (OHAUS MB35, USA).

In the mycological examination, sub-samples of 200 kernels were disin-
fected in 1% sodium hypochlorite solution (NaOCI) for about 3—5 min and
rinsed twice in sterile water. After drying on sterile filter paper, kernels were
plated on @90 mm Petri plates (10 kernels per Petri plate) that contained potato
dextrose agar with 1.8% salt (18 g NaCl in a 1-litre agar medium) and incubated

29



for seven days or longer at room temperature. Each sample was done in three
replicates. The species of fungi were identified using mycological keys by
Lesliec and Summerell (2006) and Watanabe et al. (2002). Kernel infection
by single fungal species was calculated as the ratio of the number of kernels
from which this species was isolated to the total number of analysed kernels,
expressed as a percentage of incidence. The base index (BI) was calculated
using the formula: BI (%) = Yi/ Yo x 100, where Yo is the lowest incidence
of F. graminearum, i.e. the lowest level of DON, and Yi is the incidence of
F. graminearum, i.e. level of DON.

The mycotoxicological examinations were performed using the Enzyme-
Linked ImmunoSorbent Assay (ELISA). Before analyses, durum wheat kernel
samples were dried for 72 h at 60 °C and then milled in an analytic mill (IKA
All, Germany). By an assay procedure of the ELISA test kit Celer DON
(Tecna, Italy), the quantitative detection of DON in samples was determined
on the ELISA reader (Biotek EL x 800TM, USA) at a wavelength of 450 nm.
Each sample was assayed in three replicates. The limit of detection for DON
in cereals (durum wheat) was 0.12 mg kg™

Statistical analysis of variance (ANOVA) (IBM SPSS Statistic 20) was used
for testing variables. Tukey’s test was used to compare means at a significance
level of 5%. Correlation analyses were performed by Pearson’s test.

Data for weather conditions (total monthly rainfall and mean monthly
temperature) in the years of study were obtained by the Republic Hydromete-
orological Service of Serbia for the Belgrade-Surcin area.

RESULTS

Data for weather conditions during vegetation in 2015 and 2016 are shown
in Figure 1. The year 2016 was wetter with total rainfall of 481.2 mm in the
period from January to July related to 2015 (362.3 mm). Total rainfall and mean
temperatures were favourable for Fusarium infection during flowering wheat
stages in May, but these factors were higher in May 2015 (90.7 mm and 18.5 °C)
than in May 2016 (63.4 mm and 17 °C). However, during the maturity stage,
in June 2016 total rainfall was very high (156 mm), five and a half times
higher than in June 2015 (28.3 mm). In July, the harvest period was also wetter
in 2016 (34.7 mm) than in July 2015 (6.5 mm). In both years, the mean tem-
peratures in June and July were above 20 °C.

The mean moisture content of tested durum wheat kernel samples at har-
vest was 10.44% in 2015 and 14.43% in 2016. By mycological examinations,
four Fusarium species, F. graminearum, F. semitectum, F. sporotrichioides,
and F. verticillioides were isolated in 2015. The six Fusarium species, F. gra-
minearum, F. poae, F. semitectum, F. sporotrichioides, F. subglutinans, and
F. verticillioides were identified in 2016. In both years, the incidence of F.
graminearum was the highest. Other Fusarium spp. were isolated sporadically
with low incidence in the kernels. Among other fungi, species from the genera
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Alternaria, Aspergillus, Chaetomium, Epicoccum, Nigrospora, and Penicillium
have also been identified, the most frequent being Alternaria spp. (data not
presented).
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Figure 1. Total monthly rainfall (mm) and mean monthly temperature (°C) during the
period January—July in 2015 and 2016 (Belgrade-Surcin area).

The significance of the year and durum wheat line effect on the incidence
of F. graminearum and DON levels are shown in Table 1 along with the base
index values. There was a significant (P<0.01) effect of year and durum wheat
lines on the incidence of F. graminearum and levels of DON. The incidence
of F. graminearum was significantly higher in 2015 (75.86%) than in 2016
(63.43%) being an increase of 16.39% expressed by the base index. There were
no significant differences between durum wheat lines ZP 120 (72.75%) and
ZP DSP 66 (73%) and they had a significantly higher incidence of F. grami-
nearum than the other studied lines. Line ZP 34 had a 13.18% and 12.79%
lower incidence of F. graminearum compared to ZP DSP 66 and ZP 120,
respectively. On average, in all treatments tested, the incidence of F. grami-
nearum was 69.64%. The level of DON was significantly higher in 2016
(3.636 mg kg™ comPared to 2015 (1.126 mg kg™'). The ZP 120 line had the
highest (3.854 mg kg) and ZP 41 line had the lowest DON level (1.658 mg kg™)
being an increase of 132.45% expressed by the base index. Among the ZP 34,
ZP 41, ZP 74, and ZP DSP 66 lines were no significant differences in DON
level. On average, in all treatments tested, the mean DON level was 2.381 mg kg’
and was above the maximum limit of 1.750 mg kg for unprocessed durum
wheat prescribed by the European Regulation 1881/2006/EC. A statistically
significant (P<0.05) negative correlation was determined between the incidence
of F. graminearum and DON level (r = -0.31).
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Table 1. Effect of year and wheat durum line on the incidence of F. graminearum and
DON level

Factor Incidence of F. Index (%) DON Index (%)
graminearum (%) (mgkg™)
Year effect (Y)
2015 75.86° 83.61 1.126° 100
2016 63.43° 100 3.636° 32291
F-test HE - wE -
Durum wheat lines effects (DWL)
ZP 16 69.25° 107.36 2.484° 149.82
ZP 34 64.50° 100 1.7844 107.60
ZP 41 72° 111.63 1.658¢ 100
ZP 74 67.75° 105.04 2.255¢ 136
ZP 120 72.75% 112.79 3.854% 232.45
ZP DSP 66 73.00% 113.18 2.141¢ 129.13
Cimmyt 7817 68.25° 105.81 2.491° 150.24
F-test * - o -
Interactions (F test)
YXDWL K3k - K3k -
Means 69.64 - 2.381 -

Means followed by the same letter within a column are not significantly different by the
Tukey’s test at the P < 0.05 level.

ns, not significant; *significant at the 0.05 level of probability; **significant at the 0.01
level of probability.

DISCUSSION

This study represents the first report on the occurrence and contamination
of durum wheat with Fusarium spp. and DON in Serbia during the two har-
vesting periods (2015-2016). FHB populations of four (F. graminearum, F.
semitectum, F. sporotrichioides, and F. verticillioides) and six Fusarium spp.
(F. graminearum, F. poae, F. semitectum, F. sporotrichioides, F. subglutinans,
and F. verticillioides) were identified in 2015 and 2016, respectively, with F.
graminearum as the most prevalent species. This is in agreement with the
results of a survey of the main species of the FHB complex on durum wheat
kernels in Italy and Poland, in which F. graminearum was predominant (Shah
et al., 2005; Pancaldi et al., 2010; Covarelli et al., 2015; Gorczyca et al., 2018). In
Serbia, according to the previous examination of mycobiota on the bread wheat
kernels, F. graminearum was also the most isolated while F. arthrosporioides,
F. avenaceum, F. equiseti, F. oxysporum, F. poae, F. proliferatum, F. semitectum,
F. sporotrichioides, F. subglutinans, F. tricinctum and F. verticillioides were
sporadically isolated (Stankovi¢ et al., 2007; Levi¢ et al., 2008; Krnjaja et al.,
2008; 2011a,b; 2014, 2015). Furthermore, Lazzaro et al. (2015) have isolated
F. graminearum and F. poae as the main FHB bread wheat pathogens, where
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F. graminearum was predominant in organic wheat and F. poae in conventional
one. However, the dominant incidence of these species changed depending on
the vegetation season, which was influenced by differences in weather conditions
during the flowering and anthesis stages in wheat (Lazzaro et al., 2015). Other
fungi identified in tested durum wheat line kernels were species from Alternaria,
Aspergillus, Chaetomium, Epicoccum, Nigrospora, and Penicillium genera.
Depending on the applied agro-technical measures, cultivars, agro-ecological
conditions of localities where wheat is grown and the examined years, Stankovi¢
et al. (2007), Krnjaja et al. (2008, 2011a,b, 2014, 2015), and Beccari et al. (2018)
with Fusarium species, Acremoniella spp., Acremonium spp., Alternaria spp.,
Arthrinium spp., Aspergillus spp., Bipolaris spp., Cladosporium spp., Chaetomium
spp., Dreschlera spp., Epicoccum spp., Mucor spp., Nigrospora spp., Penicillium
spp., Phoma spp, Ramichloridium spp., Rhizopus spp., Stemphylium spp., and
Trichoderma spp. were also isolated from bread wheat kernels.

The Fusarium spectrum species associated with FHB on wheat kernels
are determined by weather conditions, especially during the wheat anthesis
stage (Francesconi et al., 2019). Gorczyca et al. (2018) have reported that low
water content during some tested growing seasons affects the fewer Fusarium
spectrum species. We have also isolated fewer Fusarium spp. in a drier season
in 2015 than in 2016. However, the incidence of F. graminearum was signifi-
cantly higher in 2015 than in 2016. The reason for that could be favourable
weather conditions such as the total rainfall and mean air temperatures, which
were higher during the flowering wheat stage in May 2015 (90.7 mm and 18.5 °C)
than in May 2016 (63.4 mm and 17 °C). In addition, Beccari et al. (2018) have
emphasized that the incidence of F. graminearum decreased compared to F.
avenaceum incidence due to unfavourable climatic conditions during the flow-
ering stage for FHB infection. Balmas et al. (2015) have isolated more F.
culmorum strains than F. graminearum strains in the durum wheat kernel
samples from Sardinia indicating the importance of the influence of the grow-
ing region on the spectrum of Fusarium spp. Depending on localities in Italy,
Infantino et al. (2012) have reported a low infestation (of below 2%) of bread
and durum organic wheat seed with a few Fusarium spp. of FHB complex, F.
avenaceum, F. graminearum, F. poae, and F. verticillioides of which F. poae
had the most incidence. Considering co-infection by Fusarium spp. on wheat,
Pancaldi et al. (2010) have also noticed that F. poae is becoming more common
in the FHB species complex in different European countries.

All tested lines showed susceptibility to F. graminearum, with ZP 120
and ZP DSP 66 having the highest incidence. It was in agreement with the
results of Haidukowski et al. (2005), Covarelli et al. (2015), and Gorczyca et al.
(2018), reporting susceptibility of different durum wheat cultivars to Fusarium
spp. of FHB complex. Research results by Bentivenga et al. (2021), from 35
Italian durum wheat cultivars showed that only three cultivars were evaluated as
moderately susceptible to FHB, while almost all of the other cultivars were sus-
ceptible or very susceptible. FHB resistance is a complex genetic trait controlled
by multiple genes and depends on environmental conditions, which leads to the
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conclusion that there are almost no completely resistant durum wheat cultivars
to FHB. Besides, there are not enough breeding programs for durum wheat,
probably due to growing in smaller acreage (Haile et al., 2019).

In this study, the year and durum wheat genotype effects were 51gn1f1cant
on DON levels. DON level was about three times higher in 2016 (3.636 mg kg™)
than in 2015 (1.126 mg kg™"), which is an increase of 222.91% expressed by the
base index (Table 1). This result can be hypothetically explained by abundant
rainfall during June 2016 and no positive correlation between F. grammearum
incidence and DON levels. The average DON level in all treatments (2.381 mg kg™)
was above the allowed limit (1.750 mg kg) for unprocessed durum wheat
determined by the European Commlssmn (1886/2006/EC). Line ZP 120 had
the highest DON level (3.854 mg kg"). Similarly, Gorczyca et al. (2018) re-
ported that DON synthesis in durum wheat kernels is affected by both the year
and cultivars. Scala et al. (2016) have also found higher DON Ievels in the
growing season with more rainfalls. These authors pointed out that DON levels
were significantly affected by year and location but not by the cultivars, with
low DON levels in all treatments. Shah et al. (2005) and Covarelli et al. (2015)
have established that durum wheat cultivars were more susceptible to FHB
and DON than bread wheat cultivars. Similarly, Krnjaja et al. (2015) found that
DON levels in bread wheat kernels were significantly affected by the cultivars.
Balducci et al. (2022) have established the strongest positive correlation between
FHB symptoms and DON levels in durum wheat during the wetter growing season.
However, in our study, the relationship between F. graminearum incidence and
DON level was not positively correlated.

CONCLUSION

Fusarium infection and DON contamination were high primarily due to
favourable weather conditions in both studied growing seasons and the sus-
ceptibility of durum wheat lines to FHB pathogens. Among Fusarium species,
F. graminearum was the most frequently isolated in the kernel of all tested durum
wheat lines. This species was also a predominant FHB pathogen. There was a
higher incidence of F. graminearum in wheat kernels in 2015 than in 2016. On
the contrary, DON levels were higher in 2016 than in 2015. The relationship
between the incidence of F. graminearum and DON level was negatively cor-
related. All tested durum wheat lines were susceptible to these contaminants.
Obtained results indicate the importance of improving and increasing the num-
ber of durum wheat breeding programmes. Besides chemical control, the most
important and effective agricultural measure in FHB management is sowing
less susceptible or resistant wheat cultivars. Moreover, integral strategies can
enhance FHB control in durum wheat, including crop rotation, crop residue
management, resistant cultivar, fungicide treatments and forecasting.
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OPUTUHAJIHU HAYYHU PA{

KOHTAMUWHAILIMJA 3PHA JIMHNJA AYPYM MIIEHUIE CA
Fusarium BPCTAMA 11 JEOKCMHNBAJIEHOJIOM

Becna C. KPHbAJA!, Crauua XK. CTAHKOBUR?, Ana M. OBPA JIOBUR?,
Munnna B. HUIKOJIMR?, Usa J. CABUR?, Buonera T. MAHJIU'R'!, 3opuua /.
BUJEJIUR'

'MHCTUTYT 3a CTOYAPCTRO,
AyTtonyT 16, beorpan—3emyn 11080, Cpouja
2HCTHTYT 32 KYKypy3 ,,3eMyH [Tome”,
Cnob6onana bajuha 1, beorpan—3emyn 11185, Cpouja

PE3UME: [IpoyuaBana je Fusarium wadpeknuja u neoxkcnnnsanenon (JJOH)
KOHTaMHHAIlMja 3pHa celaM JIMHKja ypyM mmenune (mect gomahux ZP 16, ZP 34,
ZP 41,7ZP 74, ZP 120, ZP DSP 66 u jenna melyynaponna xypym auauja Cimmyt 7817)
y TOKY JiBe )keTBeHe ce3oHe (2015-2016). nentudukoBane cy yetnpu Fusarium Bpcre,
F. graminearum, F. proliferatum, F. sporotrichioides, n F. verticillioides y 2015. ro-
nuHu. JIpyraduja ctpykrypa Fusarium nionynanuje 6una je y 2016. ronuHwu, jep je
nopen F. graminearum, F. sporotrichioides, n F. verticillioides, oOyxBaTtana u BpcTe
F. poae, F. semitectum v F. subglutinans. F. graminearum je 0una HajydecTaliuja BpcTa
Ha 3pHY IypyM JMHHja MIIeHnIe 1 noteHnujanau npoxyuent JOH-a. [Ipyre Fusarium
Spp. M30JI0BaHE Cy CIIOPaJUYHO U Y HUCKO] YUECTaJIOCTH Ha 3pHY UCIUTHBAHUX JIHHU]ja.
VYuecranoct F. graminearum v canpxkaj JJOH-a Ounu cy 1o 3HauajHUM yTHIAjeM
T€HOTHUIIOBA IyPyM ILICHULIE U IPOyYaBaHUX FOJUHA U OBU MapaMeTpu OMIIU Cy Y
HETaTUBHOj Kopenanuju. YuectajocT F. graminearum o6una je Beha (75,86%) y 2015.
Hero y 2016. ronunu (63,43%), 1ok je caapsxaj JJOH-a 6uo Bumm (3,636 mg kg') y
2016. y opehemy ca 2015. roqunom (1,126 mg kg). YTBpheHa je cTaTHCTHYKHU 3HAYAjHO
Beha yuecranoct F. graminearum na 3puy nunuja ZP DSP 66 (73,00%) u ZP 120
(72,75%) y onHocy Ha npyre nuHuje nypym numenuue. Hajsehu canpxaj JIOH-a nerek-
ToBaH je y 3pHy muruje ZP 120 (3,854 mg kg™'). Pasmarpajyhu cBe ncnutupase Tpet-
MaHe, Tipocedan caapxkaj JJOH-a 6uo je 2,381 mg kg™, 10k je mpocedna ydyecTtanocT
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F. graminearum ouna 69,64%. cniutruBane IMHU]E AyPYM IIICHUIIEC OUIe Cy OCETIbUBE
npema F. graminearum a pe3yytaT Tora 6wo je u BuUcok canpxkaj JJOH-a y 3pHy.
Jlobujenu pe3yntaTu ykasyjy Ha 3Hauaj kopuiihema JuHUja ca JoOpoM OTHOpHOIIhY
rpemMa (hy3apHro3Hu Kjiaca y CeJIeKIIMOHUM IIPOrpaMrMa 3a CTBapamhe HOBUX COPTHU JypyM
TIIICHUIIE.

KJbYYHE PEUU: Fusarium spp., I€OKCHHUBAJICHO, IyPyM JIMHH]E MIICHUIIE
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SEEDBORNE FUNGI ON STORED
ONION SEEDS

SUMMARY: Seed as a highly-valuable resource is preserved in collections for many
years. Although the seed is kept under optimal conditions, monitoring of germination and
the presence of fungi during seed preservation is of great importance. Therefore the aim of
this paper is to examine the seed health status and germination of 43 onion accessions kept
in the timespan for 15 years in the Institute of Field and Vegetable Crops collection. Germi-
nation of seed samples varied from 7-93%. The presence of fungi in the collection was
determined on 33 tested samples. Fungi from the genera Acremonium, Alternaria, Aspergillus,
Cladosporium, Epicoccum, Fusarium and Penicillium were developed. The following Fusarium
species identified on the seeds were F. proliferatum, F. graminearum, F. sporotrichioides,
F. solani, F. pseudograminearum and F. equiseti. Based on factor analysis, Fusarium and
Penicillium affected germination, while the occurrence of Alternaria species on onion seed
is connected to the year of harvest.

KEYWORDS: onion, seed, fungi, germination, collection

INTRODUCTION

Onion (Allium cepa L.) is an important vegetable crop grown worldwide
as well as in Serbia. In the agroecological conditions of Serbia, onion is grown
at the relatively constant production areas, due to favourable natural conditions,
tradition and daily use. The production area under this vegetable in Serbia in
2020 was 4,080 ha (Statistical office of Republic of Serbia).

* Corresponding author. E-mail: sladjana.medicpap@ifvens.ns.ac.rs
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Onion could be produced from seeds and onion sets. Production from
onion sets is typical for Southeast Europe, including Serbia (Gvozdanovic-
-Varga, 2011), therefore the main focus was on fungi attacking onion sets and
bulbs. However, special attention should be paid to storage of commercial seed
because one of the major constraints in onion cultivation is the limited avail-
ability of vigorous seeds. On the other hand, breeders maintain onion genetic
collections, also known as breeding or working collections. They contain seeds
of accessions of various biological developmental stage, different geographic
origin and genetic diversity. These collections should provide enough mate-
rial for breeding and ex situ conservation. It is presumed that the conditions
for seed preservation in breeders’ collections are optimal.

The quality of onion seeds depends on many factors, such as environmental
conditions during the growth of the mother plant and seed development, loca-
tion of seeds on the plant, time and technology of harvesting and post harvest
conditions (Dorna et al., 2013). The main reasons for the low quality of onion
seeds besides the long flowering period and storage under suboptimal conditions
are fungal infestations (Brocklehurst, 1985). However, it is known that breeders
collect seeds from healthy vigorous plants. The quality of fully developed seed
and its longevity are largely conditioned by abiotic factors in the storage (hu-
midity, temperature, oxygen), but genetic and pre-storage factors should not
be neglected, as well (Kalman et al., 2020; Solberg et al., 2020). Standardiza-
tion of packaging and keeping conditions could contribute to the satisfying
quality of onion planting (Rao et al., 2006).

Multiplication of the higher category of onion seed is expensive, labour
demand and time-consuming due to a three or two-year period of production
(Ozer and Koycu, 2004). Therefore, that process should be planned accurately,
especially if we take into consideration that there is no need for sowing all the
accessions from the seed collection every year or every second year. It is very
important to monitor the current status of seed viability in the collected samples.
The aim of this paper is to examine the seed health status and germination of
accessions kept for 1-15 years in onion seed collection in the Institute of Field
and Vegetable Crops.

MATERIAL AND METHOD

The presence of seed-borne fungi was analysed in 43 onion seed acces-
sions within the collection of the Institute of Field and Vegetable Crops (Table 1).
This survey included 13 varieties, two lines, one experimental hybrid and 11
landraces of Allium cepa. After the harvest, the seed samples were kept in the
paper bags packed in the closed metal containers in the climate chamber at
5-6 °C, during the period 1-15 years.
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Table 1. List of tested seed accessions

Biological sta-

Accession / collection Year of production Locality / .C.ountry tus of
number of origin .
accession
Kupusinski jabucar (KJ) 5 032?(2) 6(2)2705612 5);03 (;)13 Serbia variety
Holandski zuti (HY) 2004; 2005; 2006; 2013 Serbia variety
Alek (A) 200% (2)3?56128 06; Serbia variety
Srebrenjak (S) 2001 Serbia variety
Ljaskovski 58 (K 121) 2002 Bulgaria variety
Junski srebrenjak (JS) 2005 Serbia variety
Makoi bronz (MB) 2005 Hungary variety
Favorit (K 107) 2006 Hungary variety
Holland yellow (K 183) 2006, 2009 Crna bara, Serbia variety
Makoi Feher (K 45) 2007 Hungary variety
Ema (K 185) 2008 Hungary variety
Istrian yellow (K 64 Z) 2012 Croatia variety
Istrian red (K 64 P) 2012 Croatia variety
Ptujski red (K 211) 2014 Slovenia variety
Kupusinski pogacar (KP) 2005, 2009 Serbia breeding line
N° 8301 (K 37) 2007 Bulgaria breeding line
Ptujski x 185 (PT) 2010 Serbia eXpﬁ;‘b‘;‘;‘“al
K51 2007 Turopolje, Croatia landrace
K 56 2007 Kistanje — Knin, Croatia landrace
K 58 2007 Golubi¢ — Knin, Croatia landrace
K 65 2007 Istria, Croatia landrace
K76 2008 Breza — Sarajevo, Bosnia landrace
and Herzegovina
K 154 2008 Vrnjacka banja, Serbia landrace
K 134 2009 Kardeljevo — Komin, Croatia landrace
K 184 2009 Temerin, Serbia landrace
K 191 2013 Trebinjski pogacar, Croatia landrace
K 208 2014 Kupusina, Serbia landrace
K210 2014 Valpovo, Croatia landrace

In order to analyse seed mycoflora, a standard phytopathological method
was used. Onion seeds were sterilized in a 1% solution of sodium hypochlorite
(NaOCl) for five minutes. Thereafter, seeds were rinsed twice with sterile
water and incubated on a PDA medium at 25 °C in the dark. For each sample,
ten seeds in three replication were analysed, 30 seeds in total. After seven days
of incubation, fungi developed on the seed were identified morphologically by
microscopic observations. Fungi from the genus Fusarium were identified to
the species level according to the key (Leslie and Summerell, 2006). Germination
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on PDA medium was recorded. Seed infection and germination rate were cal-
culated according to the following formulas:

Seed infection rate (%) = Number of seeds infected by fungi/
Total number of seeds x 100;

Seed germination rate (%) = Number of germinated seeds/
Total number of seeds x 100.

Statistical analysis of data was done using software STATISTICA, ver. 13.2
(Dell, Inc., USA). Data obtained for germination were compared by Analysis of
Variance (ANOVA) followed by the Bonferroni test (p<0.01). Factor Analysis
was performed to reduce the number of variables and to detect relationships
between variables. Rotated orthogonal components (varimax normalized method
of rotation) with eigenvalues >1 were extracted (Kaiser, 1960) and the relative
scores were determined. The occurrence of fungi was shown by graphs in Excel.

RESULTS AND DISCUSSION

Various fungal species have been determined in onion seeds produced in
different climatic regions (Koycu and Ozer, 2007). The presence of fungi in
the IFVCNS collection was determined on 34, out of 43 tested onion seed
samples. Fungi from the genera Acremonium, Alternaria, Aspergillus, Clado-
sporium, Epicoccum, Fusarium and Penicillium were developed on the exam-
ined seeds. Species from the genus Fusarium, Botrytis aclada and Aspergillus
niger are known as onion seed-borne pathogens (Chilvers and Du Toit, 2006;
Southwood et al., 2015). The presence of numerous saprotrophic fungi from
the genera: Alternaria, Aspergillus, Cladosporium, Epicoccum, Penicillium
and Rhizopus were also detected (Tylkowska and Dorna, 2001).

Fungi of the genus Fusarium were identified in eight samples with an
infection rate of 3.3-23.3% (Figure 1). The highest number of Fusarium species,
as well as the highest per cent of the seed infection, was found in sample A
(2010). The following Fusarium species were identified on this seeds sample
F. proliferatum, F. graminearum, F. sporotrichoides, F. solani, F. pseudogra-
minearum and F. equiseti. The most frequent species was Fusarium prolifera-
tum which appeared on seven seed samples (Table 2). Haapalainen et al. (2016)
reported that F. oxysporum was frequently found in onions but only 15% of
the isolates caused growth stunting in onion seedlings, while all F. proliferatum
isolates tested were pathogenic to onion. Seed sample HY (2006) was infected
with two Fusarium species (F. proliferatum and F. oxysporum), while on sample
K37 (2007) Fusarium compactum was identified.
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Figure 1. Fusarium onion seed infection

In Serbia, Fusarium species periodically cause significant diseases of
onion, espemally death and rot of seedlings (Klokocar—Smlt etal., 1988; Levi¢
et al. 2009) Following species were reported on onion F. oxysporum, F. solam
F. prol{feratum, F. acuminatum, F. cepae, F. equiseti, and F. verticillioides (Klo—
kocar-Smit et al., 1990; Levi¢, 2008). Fusarium proliferatum was reported as
a predominant fungal species isolated from the roots and bulbs of onion plants
in Serbia (Stankovi¢ et al., 2007). Recent findings of Fusarium sp. FIESC3,
(such as members of FIESC a complex of morphologically similar species
F. equiseti / F. semitectum / F. incarnatum) as a causal agent of pre-emergence
dumping off, decay and rot of onion seed in Serbia was reported by Ignjatov
et al. (2017). Apart from F. proliferatum, F. equiseti, F. tricinctum F. sporotri-
chioides and F. poae were first described in A/lium sp. in Germany (Boehnke
et al., 2015). F. graminearum was recorded on onion sets in Turkey (Koycu
and Ozer, 1997). According to our knowledge, it is the first report of F. sporo-
trichoides, F. pseudograminearum and F. compactum on onion seeds in Serbia.
The pathogenicity of these species should be tested.

Apart from the fungi of the genus Fusarium and other species, Aspergillus
niger (the causal agent of black mould) can also be phytopathogenic, and its
importance is reflected in the potential transmission of infection from seed to
onion set (Koycu and Ozer, 1997). Species from the genus Aspergillus were
isolated from ten onion samples, while A. niger was isolated from eight of them.
The seed infection by 4. niger was rated from 3-20% (Figure 2). The causal
agent of black mould could be a predominant seed transmitted fungus on onion
seeds and the problem is that visual symptoms are not observed because of latent
infection (Saranya et al., 2017).
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Table 2. Fusarium species isolated from onion seed

Fusarium species on onion seed samples
(number of isolates)

KJ (2000) F. proliferatum (1) 33
F. proliferatum (2)

Variety Genotype /year seed infection (%)

HY (2006) F. oxysporum (1) 10.0
K 37 (2007) F. compactum (1) 33
K 183 (2009) F. proliferatum (1) 33
A (2007) F. proliferatum (1) 33
F. proliferatum (1), F. graminearum (2)
A (2010) F. sporotrichioides (1), F. solani (1) 233
F. pseudograminearum (1), F. equiseti (1)
K 210 (2014) F. proliferatum (2) 6.7
K 211 (2014) F. proliferatum (3) 10.0
i
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Figure 2. Aspergillus onion seed infection

Alternaria sp. were the most frequent and found on 15 onion samples.
Three samples had infection 33%, three were between 20-27% and other sam-
ples were from 3—-13% (Figure 3). Almost all samples which had Alternaria
infection above 20% were grown in 2013 and 2014. The pathogenicity of A4.
alternata species on onion is described by Bihon et al. (2015), while 4. porri
is a well-known pathogen of onion and could be seed-borne (Kim et al., 2022).
Fortunately, A. porri was not detected on the tested seed.
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Figure 3. Alternaria onion seed infection

Penicillium infected 14 samples at a rate from 3 to 13.3% (Figure 4). A
similar Penicillium seed-borne infection rate on onion seed in storage was
reported by Adongo et al. (2015), although these authors did not mention the
pathogenicity of these isolates.
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Figure 4. Penicillium onion seed infection

Seeds of K 191 (2013) and K208 (2014) had 16.6% infection with Acremo-
nium sp. and other seven samples (K 64P (2012); K 647 (2012); K 154 (2008);
K 37 (2007); KP (2009); HZ (2004) and KJ (2006)) had an infection of 3%.
Epiccocum sp. was found in three seed samples KJ (2006) 13% and A (2010)
and K (208) 3%. Cladosporium sp. was isolated from three samples P (2005),
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JS (2005) and K(208) with infection rate 3, 6.7 and 10% respectively. Tricho-
derma sp. was developed only on sample P (2005). These fungi were deter-
mined as saprophytic on onion seeds. Although these species are noted as
saprophytic, their role in seed-borne disease of onion has not been revealed
(Ozer and Koycii, 2004).

Germination of tested genotypes varied from 7-93% (Table 3). Samples
classification into homogenous groups was done according to the Bonferroni
test. The highest germination had two genotypes stored for six and seven years
(A (2007) and K 185 (2008)). Besides the high importance of environmental
conditions, storage of the tested accessions (paper bags packed in the closed
metal containers which were kept at constant temperature) strongly contributed
to the seed viability preservation. It is in the accordance with Rao et al. (2006),
who reported that the use of hermetically sealed containers, desiccants and low
temperatures improves storability as several physiological and biochemical
processes and products are being regulated during dry storage. Various authors
indicated a different period in which onion seed retained high germinability
in the storage. Doijode (1995) reported that onion seed could retain high germi-
nability up to seven years when stored with silica gel in a moisture impervious
container at 5—8 °C. Seeds with an initial germination percentage above 90%, kept
at 10 °C, keep their germination potential after 12 months (Dorna et al., 2013).

The lowest germination had samples S (2001) and A (2010) (7 and 13%
respectively). These genotypes are significantly different from those which
achieved germination above 70% (Table 3). However, the low germination in
these genotypes was caused by different factors. Genotype S (2001) had ger-
mination below 10% probably due to seed age, while sample A (2010) had 23%
of Fusarium seed infection (Table 2).

Table 3. Germination of tested seed accessions

Germination (%) Seed accessions
93 A (2007); K185 (2008)™

90 K 184 (2009)

33 K76 (2008)**

73-80 K56 (2007); K134 (2009)*<¢

67-70 K107 (2006);K65 (2007); KJ (2012)?d

K210 (2014); K183 (2009); K647 (2012); KJ (2000); HY (2013); A (2006) KJ
(2004) KJ (2013) K191 (2013) KJ (2003) MB (2005) K154 (2008) KP (2005) KJ

37-63 (2006) 15518 (2007); K37 (2007); K51 (2007); K45 (2007); KP (2009); K64P
(2012)bede

33 HY (2004); K 211 (2014); KJ (2002);JS (2005); HY (2005)°¢d<f

27-30 K 121 (2002); K208 (2014); K183 (2006);A (2004)°%f

23 A (2005), PT (2010); HY (2006)"*

13 A (2010)°"

7 S (2001)

* values with different letters in the columns differ significantly at a significance level of
p<0.05
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Besides the other factors (such as environmental conditions during and
after harvest) that were involved in germination, a genotype also influenced this
trait. Ili¢ et al. (2006) reported that seed germination depends on the variety.
On the other hand, the reduction in the germination of onion seed is attributed
to its chemical composition and fragile seed coat which favours higher lipid
peroxidation and fungal incidence (Amalfitano et al., 2019).

Table 4. Total seed infection of tested onion accessions

Total seed fungal

infection (%) Genotype/ Variety

KJ (2003); KJ (2004); HY (2005); A (2004); A (2005); MB (2005); K65

0 (2007); K56 (2007); K76 (2008); K185 (2008);

s KJ (2000); KJ (2012); HY (2004); A (2006); S (2001); K121 (2002); K107
(2006); K45 (2007); K51 (2007); K58 (2007); K647 (2012)

610 JS (2005); K37 (2007); KJ (2002); HY (2006); K154 (2008); K-184 (2009); A
(2007); K183 (2009); K64P (2012)

11-30 KJ (2006); KJ (2013); KP (2005); KP (2009); K183 (2006); K134 (2009)

33-59 A (2010); K191 (2013); PT (2010); HY (2013);

60—67 K210 (2014); K211 (2014); K208 (2014);

Further explanation of the obtained results was done through the factor
analysis. The Eigenvalues and variance explained by factors were indicated in
the Table 5. Only the first five factors were presented because Eigenvalue was
over one, and the total cumulative variance of those factors accounted 81.69%.
The values in the Table 6, indicated the contribution of each variable to the
factors. Only those factor loadings greater than 0.5 were considered important,
these values are highlighted in bold. Factor 1 was strongly associated with year,
Alternaria, Aspergillus and healthy seeds. Acremonium and Cladosporium
were strongly associated with Factor 2.

Table 5. Eigenvalues and variance of the first five factors

. % Total Cumulative Cumulative
Factor Eigenvalue . . o
variance Eigenvalue %
1 3.357 30.516 3.357 30.516
2 1.796 16.329 5.152 46.845
3 1.521 13.827 6.673 60.672
4 1.269 11.539 7.943 72.211
5 1.043 9.482 8.986 81.693
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Table 6. Factor analysis of evaluated parameters

Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
year 0.827 0.209 0.040 -0.210 0.172
Alternaria sp. 0.827 0.326 -0.130 0.156 0.008
Acremonium sp. 0.227 0.829 0.075 -0.071 0.176
Penicillium sp. 0.145 -0.220 0.872 -0.032 0.017
Epicocum sp. -0.078 0.315 0.844 0.078 0.032
Aspergillus sp. 0.797 -0.308 0.042 0.163 -0.020
Cladosporium sp. 0.086 0.790 -0.031 0.116 -0.319
Trichoderma sp. -0.021 0.055 -0.035 -0.039 -0.966
Fusarium sp. 0.289 -0.266 0.320 0.581 0.030
healthy seeds -0.849 -0.286 -0.286 -0.264 0.178
germination -0.018 -0.161 0.095 -0.923 -0.016

Based on Factor analysis (Figure 5), the main species which affected ger-
mination were Fusarium and Penicillium. This was in accordance with the results
of other authors (Palmero et al., 2012; Kintega et al., 2020) who reported that
Fusarium species are seed-borne and pathogenic species. Among the sapro-
phytic species, Aspergillus spp. and Penicillium spp. could strongly influence
the viability of the seeds during storage (Maude, 1996; Fontana et al., 2018).
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Figure 5. Biplot of evaluated traits in onion seed
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Aspergillus niger was reported to reduce seed germination, seedling emer-
gence and vigour (El-Nagerabi and Ahmed, 2001). However, samples K (210)
and K (183) with 4. niger infection 13.3 and 20% respectively, had high ger-
mination percent (67-70%) (Table 3). Additionally, the occurrence of 4. niger was
analyzed together with other Aspergillus species. Therefore Aspergillus species
were not connected with germination (Figure 5).

The occurrence of Alternaria species on onion seed was connected to the
year of harvest. The highest percentage of fungi from the genus Alternaria
was observed in 2013 and 2014 (Figure 3). Additionally, the samples with the
highest total seed fungal infection (33—67%) were harvested in 2010, 2013 and
2014 (Table 3). Meteorological conditions in 2013 and 2014 in Vojvodina, in
the period of flower stems formation and beginning of flowering (May and
June) were characterised by a doubled amount of precipitations compared to
multiyear average and frequent showers. Similar weather conditions in July
were followed by high temperatures during the period of seed filling. These
conditions such as high humidity, and high temperatures favoured the develop-
ment of Alternaria sp. However, in 2010 when there was the highest occurrence
of Fusarium species on sample A (2010) the amount of precipitation in May
and June was doubled and by 60% more than the multi-year monthly average
respectively. In August and July of 2010, the weather was warm with regular
rainfall (http://www.hidmet.gov.rs/ciril/meteorologija/agro.php). In Vojvodina,
the early onion seed harvest is at the beginning of August (Gvozdanovi¢ Varga,
2011). These conditions during the vegetation period probably favoured Fusarium
seed infection.

Acremonium and Cladosporium species grouped closely showing a clear
distinction from other traits. Such grouping of these species indicated that they
did not have any influence on the germination and health status of the seeds.
Healthy seed is segregated from other traits.

CONCLUSION

Seed storage in the breeder’s collections is a very important part of seed
preservation for a long time. The main prerequisites for quality preservation
are optimal storage conditions as well as high-quality seed. Additionally, the
year of harvest is very important due to the presence of latent fungal infection on
onion seed. Therefore the introduction of samples into the onion seed collection
should be under the accurate analysis of their health status and germination.
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OPUTUHAJIHU HAYYHU PA{

[NIOJABA I'JbBUBA HA YCKJIAAUIITEHOM CEMEHY IIPHOI' JIVKA

Cnahana C. MEJJUR-TTAII, Cowa Jb. TAHUMh-)KIIBAHOB,
Hapuo B. JAHOJEBI'h, Maja B. UT'THhATOB, Anekcauapa JI. UJIUh,
Cgernana K. TJIOI'OBALL, Jenuua M. TBO3JJAHOBUh-BAPTA

WHCTUTYT 3a paTapcTBO U MOBPTAPCTBO
Maxcuma I'opkor 30, Hoeu Cax 21000, Cpouja

PE3UME: Ceme je Beoma BaxaH pecypc KOju ce 4yBa y KOJIEKIHMjU y BUIIETO/1U-
rmbeM nepuoay. Mako ce ceme CKIIaauIITH y ONTHMaIHUM YCIOBHMA, BEOMa je BaXKHO
MPAaTUTH KJIMjaBOCT ¥ FETOBO 3[IpaBCTBCHO cTame. LIvib oBor pana je na ce ucrura
3IPaBCTBEHO CTAKE U KIIMjaBOCT YETPICCET TPH y30pKa CEMEHa I[PHOT JTyKa, KOjH CY
YyBaHM y KosieK1iuju HCTHTYTa 32 paTapcTBO U nmoBpTapcTBo 1-15 roguna. Knujasoct
LPHOT JIyKa Bapupala je y orcery 7-93%. Ha Tpuiecet Tpu y30pka je uieHTH(UKOBa-
HO IIPUCYCTBO TJbUBA U3 ceiaM poaoBa: Acremonium, Alternaria, Aspergillus, Clado-
sporium, Epicoccum, Fusarium n Penicillium. Y oxBupy pona Fusarium yTBplheHo je
npucyctBo Bpcta F. proliferatum, F. graminearum, F. sporotrichioides, F. solani,
F. pseudograminearum v F. equiseti. Ha ocHOBY (akTOpCKe aHanm3e BPCTe Koje Cy yTH-
1ajie Ha KJIujaBocT ¢y Fusarium v Penicillium, nox je nojaBa BpcTa u3 poja Alternaria
[OBE3aHa ca TOJUHOM yOupama ceMeHa.

KJbYYHE PEUU: upHuu nyk, ceme, IJbUBE, KJIINjaBOCT, KOJICKIHja, Fusarium
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DIFFERENTIAL DIAGNOSIS OF
BEES NOSEMOSIS — PROCEDURE AND
SIGNIFICANCE

ABSTRACT: For the living world, in the existing ecosystem, for the reproduction,
production and spread of plant species, bees are one of the most important parts of nature.
In the pollination of certain field and fruit-vegetable plant species, bees participate with
almost 100%. Any factor that contributes to reducing the presence of bees in nature, di-
rectly affects the fertility of the plant world, and indirectly affects the rest of the entire living
population. Nosemosis is a microorganism that has a great impact on the health of bees. In
the previous period, Nosema sp. is classified as a single-celled parasite, a protozoan, but
today it is classified as a fungus (Microsporidia). There are about 30 different species of
Nosema in nature. For the bee population, especially with regard to the European honey bee
(Apis millifera), two species of Nosema are very important, Nosema apis and Nosema cera-
nae. The correct confirmation of the type Nosema provides a better understanding of the
outcomes and consequences for the apiary in which the clinical picture of nosemosis has
occurred. The phenotypic diagnostic method, despite the present morphological differences,
does not provide the possibility of reliable confirmation of the Nosema species. For these
reasons, in order to make a differential diagnosis, it is necessary to determine which type
of Nosema is present by molecular methods. In our work, by molecular method (PCR), we
analyzed bees sampled from two administrative areas. The examination showed that Nosema
ceranae was found in the two examined areas, while the presence of Nosema apis was not
confirmed. These results may indicate that Nosema ceranae is predominant in the study area
and has completely replaced Nosema apis.

KEYWORDS: differential diagnosis, bees, nosemosis

INTRODUCTION

Beekeeping is a special branch of animal husbandry. The characteristic of
beekeeping is the fact that production is not directly related to land ownership,
but beekeepers, producers, can engage in their production even in circum-
stances when they do not own land. When producers move their bee societies,

* Corresponding author. E-mail: igor@niv.ns.ac.rs
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i.e. hives, in order to provide optimal conditions for bee grazing, depending
on the season and the vegetative phase of the most important bee nutrition,
then we are talking about migratory beekeeping. Stationed beekeeping is based
on beekeeping at one location. Both methods of beekeeping require, in addition
to the necessary equipment that allows access to areas with desired vegetation,
knowledge of legal regulations prescribing the necessary measures of health
supervision and control to prevent unwanted transmission of infectious dis-
eases from one area to another (Mutinelli, 2011).

As a segment of agriculture, beekeeping is today a very important link in
the chain of obtaining healthy food. Bees are the main pollinators of cultivated
plants, which determines the quality and quantity of the obtained crop of oil
seeds, fodder plants, fruits and vegetables (Aizen and Harder, 2009; Bradbear,
2009). The immediate benefit of bee products such as honey, pollen, royal
jelly and other products makes up to 5% of the profit, while, nowadays, their
importance can be fully seen from the aspect of the most important pollinator
in the ecosystem. In absent of bees, as natural pollinators, the Earth would be
“sterile” for plant vegetation.

The presence of certain infectious bacterial, viral and parasitic diseases
leads to health and production problems. CCD (Colony Collapse Disorder) or
HBDS (Honey Bee Depopulation Syndrome) syndrome, which in some areas
decimates bee colonies and causes great damage, can be caused by the presence
of Nosema spp. (Adl et al., 2005). Nosemosis is a disease of bee communities
that causes broad weakening and increased mortality (Botias et al. 2013).

The subject of our research was the analysis of collected bee samples from
two districts on the territory of Vojvodina. The aim of the research was to
determine, using modern molecular methods, whether Nosema apis and/or
Nosema ceranae are presented in the area of Vojvodina, which can lead to the
disappearance of bee communities (CCD).

MATERIAL AND METHODS

Microscopic examination is used to detect nosemosis. In order to deter-
mine the existence of the spores Nosema sp. it is necessary to collect a sufficient
number of bees from the hive (50—100 bees) which are later examined in sev-
eral grouped samples of 5-10 bees. With the help of laboratory equipment, the
abdominal parts should be separated from the thoracic part of the bees and
macerated. In that way, the outer cuticular part of the bee’s abdomen will be
destroyed and the digestive tract and its contents will be released. In prepared
macerate it should added 2-3 ml of water after which one drop is taken and
placed on the slides, covered with a cover glass and viewed at a magnification
of x 400 on a light microscope. Spores are seen under microscopic magnification
in the form of rice grains, 5—7 pm long and 3—4 um wide (Nosema ceranae is
slightly smaller than Nosema apis) (Fries et al., 2013).
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PCR method (Polymerase chain reaction)

In order to successfully determine Nosema apis and Nosema ceranae in
the diagnosis of nosemosis and get precisely to know which species is present
in bee colonies, the multiplex PCR method was developed. This method pro-
vides DNA extraction of the nosema and, with the help of designed primers
for selective detection of specific parts of the genome, enables accurate iden-
tification of parasites. If the causative agent of nosemosis is found in the pro-
cessed samples, the PCR method will isolate a part of the genome that is
specific only to this type of parasite, and in that way a highly specific result
will be obtained, which undoubtedly confirms the type of microorganism.

To isolate the nosema DNA, 10-20 abdominal bees are taken, which have
been determined by microscopic methods to be positive for the spores of this
parasite. They are macerated with 10 ml of sterile water. The obtained macerate
was filtered and centrifuged at 800 g/ 6 min (Khezri et al., 2018; Higes et al.,
2010). The sediment was incubated in the buffer after removing the supernatant
(0.5M sodium chloride, 0.5M sodium bicarbonate, pH 6.0 adjusted with ortho-
phosphoric acid) for 15 min / 37 °C. DNA extraction is performed using a
commercial kit (High Pure PCR Template Preparation Kit) (Bokaie et al., 2014).

The obtained DNA of the nosema at this stage of the study can not give
us an answer, which type of nosema it is, whether N. ceranae or N. apis are
present in the tested samples. In order to get an answer of the type of nosema,
specific primers will be used, which enable the isolation of a specific part of
the genome of the nosema that corresponds only to N. ceranae or N. apis. In
the process of obtaining the PCR product, a ready-made commercial Master
mix (Roche Diagnostic) kit and a protocol for amplification (increasing the
amount of the desired part of the genome) are used. The amplification param-
eters are: initial activation step 2 min. at 94 °C, followed by 10 cycles of 15
seconds at 94 °C, 30 seconds at 61.8 °C, and 45 seconds at 72 °C, then 20 cycles,
15 seconds at 94 °C, 30 seconds at 61.8 °C and 50 seconds at 72 °C, plus a 5
second elongation cycle for each successful cycle and finally a 7 minute elon-
gation at 72 °C (OIE Terrestrial Manual 2008).

For the final determination of N. ceranae or N. apis it is necessary to
determine the size of the obtained PCR product and thus determine the correct
diagnosis. Measurement of the PCR product size was determined by electro-
phoresis in 2% Agarose gel (Tris acetate-ethylene diamine tetra-acetic acid)
stained with ethidium bromide in standard TAE buffer. Color and UV illumi-
nator are used to visualize the obtained product (OIE Terrstrial Manual 2008).
Table 1 contains the characteristics of the used primers, with the help of which
a specific part of the nosema genome is extracted from the examined samples
and on the basis of which the precise diagnosis is determined, i.e. the type of
nosema is determined.
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Table 1. Selective primers for the detection of N. ceranae and N. apis

PCR product Speci-

Primers* Nosem specific sequences . o
size (bp) ficity
218MITOC FOR 5-CGGCGACGATGTGATATGAA-ATATTAA-3 218 N.
218MITOC REV 5-CCCGGTCATTCTCAAACAAAA-AACCG-3 ceranae
321APISFOR  5-GGGGGCATGTCTTTGACGTACTATGTA-3 )
321 N. apis

321APISREV  5-GGGGGGCGTTTAAAATGTGAAACAACTATG-3
*QIE Terrstrial Manual 2008.

The QIAamp DNA Mini Kit (Qiagen) was used for DNA isolation and the
HotSTARTag Master Mix Kit (Qiagen) to obtain the PCR product. For these
reasons, the amplification procedure was adjusted. In addition, we did not apply
the protocol for multiplex PCR analysis in the assay, so we did not process the
samples so that the extracted DNA of the nosema was joined simultaneously
with both primers, for N. ceranae and N. apis. In our analysis, we specifically
examined the obtained DNA with a single primer, i.e. with a primer for N.
ceranae, and especially for N. apis. In this way we obtained PCR products that
were separated, i.e. especially products for N. ceranae and especially for N.
apis. In the photographs presented in the study, the sizes of base pairs (bp) of
PCR products are obtained separately, from N. ceranae and N. apis, so it will
be presented that way. Table 2 contains the data of the amplification procedure
according to which the test was performed.

Table 2. Modified PCR amplification protocol (Qiagen kit)

Stages 1 2 3 4 5
T°C 95 °C 94 °C 55°C 72 °C 72 °C 4°C
Time 15 min 15 sec 30 sec 50 sec 10 min 0
No. of cycles 40
RESULTS AND DISCUSSION

Microsporidia, Nosema ceranae, migrated from Apis ceranae, a South
and Southeast Asian honey bee, to Apis mellifera (European honey bee) in 1994
(Klee et al., 2007). This fransfer of pathogens from one species of bee to an-
other marked the beginning of problems in beekeeping. Studies show that N.
ceranae, has a much more pathogenic effect on Apis mellifera than N. apis.
The reason for this phenomenon is the short period of cohabitation of these
two organisms. Adaptive physiological mechanisms between N. apis and Apis
mellifera, due to the longer period of time, allowed the pathogenic effects, that
affect on bee health, to be reduced and parasitism not to be expressed (Utuk
et al., 2016; Paxton et al., 2007). N. ceranae leads to energy stress, decreased
available energy levels, increased food consumption, increased appetite, and
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decreased colony numbers (Paxton et al., 2007; Martin-Hernandez et al., 2011,
Mayack and Naug, 2009). In addition to its impact on energy stress, V. ceranae
causes immunosuppression and causes secondary infections in bees (Antunez
et al., 2009).

The clinical finding in bees that have suffered from the acute form of
nosemosis, especially in early spring, is the presence of brown feces, which is
found in large quantities on the honeycomb and frames in the hive. The find-
ing of an increased number of dead bees can in some cases be associated with
the lethal effects of some insecticides. For these reasons, it is necessary to
determine whether it is nosemosis.

During one year, we examined a total of 494 bee samples for the presence
of parasites. The tests aimed at determining whether the samples contained
parasites and which species were involved. The analyzes were performed by
the method of microscopy by making a native preparation and a clinical ex-
amination of honeycombs and bee colonies. Out of the total number of samples
examined, the presence of Nosema sp. was determined in 114 samples (23.07%).

Microscopic examinations of bee samples in Iran (Khezri et al., 2018), in
ten different areas, showed that, taken from a random sample of material, the
infestation of bee colonies was 0—50% (on average 25%). This finding corre-
sponds to the results of our research. Similar studies conducted in Saudi Arabia
(Mohammad et al., 2017) showed that microscopic examination revealed the
presence of Nosema spp. in 20.59% of the analyzed samples. Microscopic
examination of bee colonies in Turkey in 2016 showed that 16 of 95 bee colonies
(16.8%) were infected with Nosema spp. (Utuk et al., 2016). Our tests, which
were determined by microscopic examination, found that out of the total number
of processed samples, 23.07% were positive on Nosema spp. and that is fit into
the findings of other authors. Microscopic examination is a quick and easy way to
diagnose nosemosis but does not provide the possibility of differential diagnosis
(Szalanski et al., 2022).

The differential diagnosis of nosemosis provides the insight into the presence
of N. ceranae, which as a “new” parasite, by transferring to the European honey
bee, has created a major health problem for beekeepers. Whether it is important
to differentially diagnose the causative agent in clinically manifested nosemosis
remains a question and a topic for further research. It is very unclear, how-
ever important to determine, which types of Nosema are present, when the
causative of nosema agents are in bee intestines, but there are no clinical
symptoms (subclinical nosemosis). This question can be posted for a reason,
due to the already mentioned reduced physiological adaptation of the Euro-
pean bee to N. ceranae. Problems related to the diagnosis of nosemosis, as well
as the monitoring of clinical symptoms of the disease are also related to deter-
mining the degree of infection of the bees and/or society. Determining the
number of spores and types Nosema spp. in bees, depending on the season, it
allows giving a prognosis of the outcome of the infection. However, due to the
fact that the burden of bee colonies with N. apis or N. ceranae does not give a clear
picture of the assessment of the outcome of the disease, differential diagnosis
will be the “golden key” to giving a prognosis of the disease.
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In our research, which referred to molecular tests of bee samples for the
presence of the cause of nosemosis, we analyzed two groups of beehives, one
from the South Backa district, and the other from the Srem district. The attached
photos show gels that show the results of molecular diagnostics.

Photo 1. Gel electrophoresis. Example for Nosema ceranae (218Mitoc F, R)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Column: 1. marker, the upper arrow shows the path100bp, the lower arrow shows the path
200bp, 2. negative control, 3. positive control, 4. sample 1/18, 5. sample 2/11, 6. sample 2/15,
7. sample 4/33, 8. sample 6/7, 9. sample 6/12, 10. sample I/3, 11. sample 81/4, 12. sample
185/2, 13. sample 22/4, 14. sample 3/30, 15. sample 5/1, 16. sample 5/1k, 17. sample 3/30k.

Photograph 1 shows bands of processed bee samples that were tested for
the presence of nosemosis and that were obtained according to the PCR pro-
tocol with primers that isolate the 16STRNA gene corresponding to N. ceranae.
The photo shows that 5 PCR products obtained from isolated DNA have a
weight of 218bp (the lower arrow in the marker column shows where it is 200bp)
and that according to the data in Table 2 the weight of base pairs (bp) found in
N. ceranae. Columns that do not have bands in a position corresponding to the
weight of bp for nosema, are samples in which the presence of nosema spores
in a very small number (1-2 spores in the field of view) was determined by
microscopic findings. A possible explanation for the absence of the presence
of PCR products in bands where samples with a small amount of spores were
found lies in the fact that during filtration in the phase of preparation of sam-
ples for PCR analysis, this small amount of nosema DNA was retained. On the
other hand, you should know that after the entry of Nosema spp. in the diges-
tive tract, their development and maturation in enterocytes, microsporidia are
secreted into the intestinal lumen. During the passage through the digestive
tract, spores can reinfect the bee so that empty spores of the nosema can be
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found in the feces after excretion (Higes et al., 2007; Higes et al., 2009). Mi-
croscopic examination, without staining, makes it difficult to distinguish live
from empty spores, and therefore, later molecular examinations can yield an
unexpected finding.

Photo 2. Gel electrophoresis. Primer for Nosema apis (321Apis F, R)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Column: 1. marker, the upper arrow shows the path 100bp, the lower arrow shows the path
200bp, 2. negative control, 3. positive control, 4. sample 1/18, 5. sample 2/11, 6. sample 2/15,
7. sample 4/33, 8. sample 6/7, 9. sample 6/12, 10. sample 1/3, 11. sample 81/4, 12. sample
185/2, 13. sample 22/4, 14. sample 3/30, 15. sample 5/1, 16. sample 5/1k, 17. sample 3/30k.

In photo 2, it can be seen that at the place where the lower arrow denoting
200bp is, there are no bands that would testify that the DNA isolate contains
a part of the genome that corresponds to N. apis. This means that the N. apis
gene was not detected with the specific primer 321APIS, and could not be
found as a PCR product.

The first data on the presence of N. ceranae in Europe were reported in
the paper (Higes et al., 2006) from 2006. Microscopic examination showed that
N. ceranae is slightly smaller than N. apis with 23-30 polar filaments. Mo-
lecular methods found that N. ceranae was present in 11 out of the 12 samples
examined. Molecular tests involving Spain, France, Switzerland and Germany
found that 30.3% of the 290 samples analyzed were negative for the presence
of N. apis and N. ceranae, in 53.8% were positive for N. ceranae, while only
9.3% were positive only for N. apis and mixed infection with both pathogens was
found in 6.6% (Martin-Hernandez et al., 2007). In Turkey, molecular methods
found that out of the 84 samples examined, three found N. ceranae and four found
N. apis (Whitaker et al., 2011). It can be observed that the number of positive
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samples did not exceed 10%. Molecular tests of honey samples in Bulgaria
revealed the presence of only N. ceranae. Out of a total of 20 examined honey
samples, the presence of nosemosis was confirmed by molecular methods in
30% (Salkova et al., 2022).

CONCLUSION

Microscopic examination revealed the presence of Nosema spp. in 23.07%
of the samples. The finding of nosema with this method was higher in relation
to molecular tests. That can be explained by the procedure of purification of
samples for molecular tests, as well as due to the fact that positive microscopy
findings of nosemosis included different degrees of infection of bee colonies.
It can be assumed that, when microscopic examination revealed the presence
of nosema in small numbers (amount), during the processing of samples for
molecular tests, a very small amount of DNA remained in samples or DNA was
completely degraded.

The complete prevalence of Nosema cearane in the examined samples may
mean that in the examined area this species completely suppressed (replaced)
Nosema apis. This finding may indicate that N. ceranae has some other char-
acteristics that are not related only to the physiological adaptation mechanisms
of A. melliferi, i.e. that the possibility of replacing one species of nosema to
another is correlated with some other factors that have not been analyzed.

Differential diagnosis of the cause of bee nosemosis is of great importance
from the aspect of knowing the type of nosemosis present in bee colonies, but
the question is whether it is important in circumstances when clinical symptoms
occur and when societies enter in the clinical picture of nosemosis. This dilemma
is primarily related to therapy. If clinical signs of nosemosis occur, then it can
be assumed that it does not matter whether N. apis or N. ceranae is treated.

On the other hand, it is more important to establish a differential diagnosis
in the phase when the clinical picture has not appeared yet. It is known that N.
ceranae leads to energy stress and consequently reduction of bee protective
mechanisms. That leads to depletion of bee colony and accelerated decay. In such
a situation, therapy could be preventive too. The answer to the question is, yes,
it would be better to find out which Nosema is presented in bees colony before
the clinical symptoms occur.
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OPUTUHAJIHU HAYYHU PA{

JUOEPEHIIMIAJIHO JUJATHOCTUKOBAKBE HO3EMO3SE ITHEJIA —
MNOCTVYITIAK U 3HAYAJ

Wrop M. CTOJAHOB, Pagomup JI. PATAJALL, Usau M. IYILLIUR

Hayunu uncTUTYT 3a BeTepuHapcTso ,,HoBu Can”
Pywmenauxu myT 20, HoBu Can 21000, Cpbuja

CAXETAK: ¥ nocrojehem exocuctemy, 3a >KMBH CBET, 33 pAa3MHOXKaBahE, IIPO-
M3BOJIGY M MIMpere OMIBPHNX BPCTA, ITUETIe MPEACTaBIbajy jelaH Of HajBaXHUjUX Je-
JIOBa ITpUpoZe. Y OMpalluBamy M0jeANHUX paTapcKUX 1 BONapCKO-MOBPTAPCKUX OMIBHUX
BpcCTa Imuese yuecTByjy ca ckopo 100%. buio koju hakTop Koju JOIPUHOCH CMahCHY
mprcycTBa Opoja muena y mpupoiu, TMPeKTHO yTH4e Ha GepTHIIHOCT OUJFHOT CBETa,
a MHIUPEKTHO U Ha OCTaTakK 1IeJOKyIHe kKuBe nomnynanuje. Hozemosa je Mukpoopra-
HHU3aM KOjH IMa BEIMKH YTHI] HA 3APABCTBECHO CTALE ITUYeNA. Y MPETXOIHOM NICPHOTY
Nosema sp. je knacupukoBaHa Kao jeTHONeNHjCKH mapa3uT (IpoTo30a), aliv je TaHac
cBpcTana y ripuBune (Microsporidia). Y npupoau noctoju oko 30 pa3nmuauTux BpcTa
Hozema. 3a momynanujy myena, moroToBo Kaj je y MUTamy eBPOIcKa MEIOHOCHA Iue-
na (Apis millifera) nBe Bpcte Ho3zeme Beoma cy BaxkHe: Nosema apis u Nosema ceranae.
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Tauna noTBpAa 0 K0joj ce BpcTu Nosema sp. paau omoryhasa 60sbe pazyMeBambe HCXO-
Jla U TOCNeInLia 3a MYeINBbaK y KOM je JOIIJIO 10 KIMHUYKE ciiuke HoceMoce. DeHo-
THUTICKH JIMJaTHOCTHYKH METOJ, U TTOPE]] TPUCYTHUX MOPOQOIIONIKUX pa3InKa, He Jaje
MoryhHocT curypHor notpshusama Bpcte Nosema. 13 Tux pasinora na 6u ce 10110
JI0 TUdepeHIinjaIHe TUjarHo3e MoTPEOHO je MOJICKYJIapHUM METo/[aMa YTBPIAUTH KOja
Bpcra Nosema je mpucyTHa. Y 0BOM pafy, MonekyiaapHom metonom (I1LIP), ananuzupa-
JIM CMO IT4eJIe Yy30pKOBaHe U3 [Ba aJMHHHUCTpaTUBHA NoApydja. McnutuBame je mno-
Ka3aJo Jia ce Ha JIBa HCITUTHBAHA MMOJpyYHja HaJa3u Nosema ceranae, JOK IPHCYCTBO
Nosema apis uuje notspheno. OBakBU pe3ysITaTH MOTY yKa3aTH Ha YHICHUILY Ja je
Ha UCITUTHBAHOM NIOIpYuHjy Nosema ceranae NpelOMUHAHTHA ¥ 14 j¢ Y TIOTITYHOCTH
3ameHuna Nosema apis.

KJbYYHE PEUM: nudepHumjanna nujarnoctuka, Hozemosa, muene, Nosema apis,
Nosema ceranae

63






30opHuKk Matuie cpricke 3a mpupoane Hayke / Matica Srpska J. Nat. Sci. Ne 143, 65—72,
2022

UDC 582.991.131:579.8
https://doi.org/10.2298/ZMSPN2243065M
ORIGINAL SCIENTIFIC PAPER

Dragana P. MILJAKOVIC®, Dragana N. MILOSEVIC,
Maja V. IGNJATOV, Jelena B. MARINKOVIC,
Gordana D. TAMINDZIC, Branislava B. TINTOR,
Zorica T. NIKOLIC

Institute of Field and Vegetable Crops,
Maksima Gorkog 30, Novi Sad 21000, Serbia
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ABSTRACT: Bacillus spp. are well known to protect plants from seed or soil-borne
pathogens by the synthesis of various metabolites with antimicrobial activity, such as hy-
drolytic enzymes and antibiotics. This study aimed to select the most effective Bacillus spp.
from a group of ten antagonistic strains by antifungal activity assay. Bacillus strains were
primarily isolated from the soil and identified as B. safensis, B. pumilus and B. subtilis by
16S rDNA sequencing. The four analyzed fungi: Macrophomina phaseolina, Alternaria
alternata, Cladosporium cladosporoides, and Sclerotinia sclerotiorum, were obtained from
sunflower seeds and identified using PCR analysis and primers specific for ITS region. The
antifungal activity of bacterial strains was examined in a dual plate assay. Bacillus spp.
demonstrated the highest antagonism against S. sclerotiorum, followed by C. cladosporoides,
M. phaseolina, and A. alternata, with an average percentage of growth inhibition (PGI) of 77%,
70%, 64% and 59%, respectively. Overall, Bacillus spp. included in this study demonstrated
a rather strong biocontrol potential, although the effect of particular strain varied depending
on the tested fungi. The highest antagonistic effect toward M. phaseolina and A. alternata
was exhibited by B. safensis B2 and B. pumilus B3. B. pumilus B11 and B. subtilis B32 were
the most efficient against C. cladosporoides, whereas B. pumilus B3 and B. subtilis B7 had
the highest antifungal activity against S. sclerotiorum. Findings point to the fact that the
most effective Bacillus spp. could be used as potential biocontrol agents for improving plant
health and productivity.
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INTRODUCTION

Sunflower is one of the most important industrial crops in the world,
cultivated in more than 70 countries, with a total production of 50 million
tons and average yield of 1.8 tons per hectare (FAOSTAT, 2020). In Serbia,
sunflower is grown on 230,000 hectares, with total production of about
700,000 tons and average yield of 3.1 t/ha (Statistical Yearbook of RS, 2021).
Plant diseases are the main limiting factors in sunflower production (Tan01c
Zivanov et al., 2021). So far, more than 30 different economically important
sunflower pathogens have been identified worldwide (Skori¢, 2016). Phyto-
pathogenic fungi are major pathogens that infect sunflower and cause even
80% diseases responsible for high yield reductions, which, depending on
environmental conditions, may range from 30% to 50% (Jurkovi¢ and Cosi¢,
2004).

Due to environment and health issues related to the chemical pesticides,
efficient management strategy should be based on preventive measures. It is
important to identify pathogen, limit its spread and conditions favorable for
a disease. Disease control implies cultural, physical, biological and chemical
measures such as site selection, sanitation, soil, rotation and water manage-
ment, using of resistant varieties and healthy seeds, as well as promotion of
plant growth and health through proper fertilization and biological control
(Poleatewich, 2018). Biological control is defined as the use of beneficial
organisms or biological control agents to mitigate the negative effects of plant
pathogens (Lazarovits et al., 2014). The most common approach to biological
control involves isolation and identification of biocontrol agents, evaluation of
biocontrol potential of strains in laboratory, greenhouse and field, bioprocess
engineering of selected strains, and development of biopesticides (Poleatewich,
2018).

Bacillus species are among the most investigated biocontrol agents and
plant growth-promoting bacteria (PGPB). They are dominant soil, rhizosphere,
and endophytic bacteria, able to produce bioactive metabolites and extremely
tolerant endospores. Bacillus-based biopesticides are developed worldwide and
usually contain beneficial strains of B. subtilis, B. amyloliquefaciens, B. pumi-
lus, B. licheniformis, B. velezensis, and B. thuringiensis (Mazzola and Freilich,
2017). Inhibition of pathogen growth by Bacillus entails the mechanisms such
as competition for nutrients and space, production of antibiotics, hydrolytic
enzymes, siderophores, and inducing systemic resistance (ISR). Moreover,
Bacillus spp. facilitate the uptake of nutrients from the environment via nitro-
gen fixation and phosphate solubilization, or provide the plant with certain
compounds such as plant hormones (Aloo et al., 2019).

The objective of this study was to select most effective antagonistic strains
of Bacillus spp. against four phytopathogenic fungi affecting sunflower.
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MATERIAL AND METHODS
Phytopathogenic fungi

The phytopathogenic fungi were obtained from culture collection of
Laboratory for Seed Testing (Institute of Field and Vegetable Crops Novi
Sad, IFVCNS). The fungi were originally isolated from sunflower seeds us-
ing filter paper method (Mathur and Kongsdal, 2003). Seeds with symptoms
were transferred on potato dextrose agar (PDA). After morphological iden-
tification, confirmation of pathogenicity was conducted on seedlings using
Knop’s agar test tube method (Tuite, 1969). Molecular identification was done
using PCR analysis of ITS region and ITS1/ITS4 primers (Takamatsu and
Kano, 2001). The four analyzed fungi were identified as Macrophomina
phaseolina, Alternaria alternata, Cladosporium cladosporoides, and Scle-
rotinia sclerotiorum. Sequences of analyzed fungi are available in the Na-
tional Center for Biotechnology Information (NCBI) GenBank Database
(Table 1).

Table 1. Phytopathogenic fungi used in the study

Isolate code Isolation source Species NCBI
14Sun Sunflower seeds Macrophomina phaseolina MH496040
45Sun Sunflower seeds Sclerotinia sclerotiorum MH496034
54Sun Sunflower seeds Cladosporium cladosporoides MH496035
82Sun Sunflower seeds Alternaria alternata MH496037

Antagonistic Bacillus spp. strains

Antagonistic strains of Bacillus spp. were obtained from culture collection
of Laboratory for Microbiology (IFVCNS). In brief, bacterial strains were
isolated from soil samples collected in several locations in Serbia, using serial
dilution and streak plate methods on nutrient agar (NA) (Bjeli¢ et al., 2018).
Morphologically different colonies were recultivated on the same medium to
obtain pure cultures. After microscopic observation, strains were selected for
molecular identification using 16S rDNA sequencing and universal primers
27F and 1429R (Weisburg et al., 1991). Ten antagonistic strains were identified
as B. safensis (B2), B. pumilus (B3, Bl1, B21, B22, B23) and B. subtilis (BS,
B7, B13, B32). Sequences of the examined Bacillus spp. were deposited in the
NCBI GenBank Database (Table 2).
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Table 2. Antagonistic Bacillus strains used in the study

Isolate code Isolation source Species NCBI
B2 Non-agricultural soil Bacillus safensis KU953932
B3 Rhizosphere (wheat) Bacillus pumilus KU953923
BS Rhizosphere (sunflower) Bacillus subtilis KU953925
B7 Rhizosphere (maize) Bacillus subtilis KU953927
Bl1 Non-agricultural soil Bacillus pumilus KU953931
B13 Rhizosphere (maize) Bacillus subtilis KX444639
B21 Agricultural soil Bacillus pumilus KX444647

B22 Rhizosphere (maize) Bacillus pumilus KX444648
B23 Rhizosphere (wheat) Bacillus pumilus KX444649
B32 Non-agricultural soil Bacillus subtilis KX766373

Antifungal activity assay

Antifungal activity of ten antagonistic Bacillus spp. strains against four
phytopathogenic fungi was examined in a dual plate assay, which implies the
simultaneous cultivation of bacterial and fungal culture on PDA. Prior to con-
frontation, Bacillus spp. were cultivated overnight in nutrient broth (NB), while
the fungi were grown on PDA for 7-10 days, depending on the fungal species.
Bacillus strains were streaked by bacteriological loop on PDA along the edge
of the Petri dish (R = 85 mm), while fungal discs (6 mm in diameter) were
placed on the opposite side. After incubation for 7 days at 25 °C, the fungal
growth (in mm) in the control (C) and treated dishes (R1) was measured, and the
percent of growth inhibition (PGI) was calculated according to the following
formula: PGI (%) = [(C-R1)/C] x 100 (Dimki¢ et al., 2015).

Statistical analysis

Data was subjected to analysis of variance (ANOVA) using software STA-
TISTICA 12.6 (Statsoft, Tulsa, Oklahoma, USA). Means were separated using
Tukey’s HSD (honest significant difference) test at the P < 0.05 level.

RESULTS AND DISCUSSION

Bacillus spp. are able to control fungal growth and prevent fungal disease,
while simultaneously enhancing plant growth and yield (Radhakrishnan et al.,
2017). This study confirmed that examined bacterial strains possess very strong
potential for the biocontrol of phytopathogenic fungi (Table 3). Antifungal
activity assay showed that Bacillus spp. exhibited the highest antagonistic effect
against S. sclerotiorum, with an average PGI of 77%. Moreover, PGI obtained
via confrontation of Bacillus spp. with C. cladosporoides, M. phaseolina, and
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A. alternata, was 70%, 64% and 59%, respectively. The results also showed
different effect of particular strain depending on the tested fungal species. The
highest inhibition of M. phaseolina and A. alternata was recorded by B. safensis
B2 and B. pumilus B3. Strains B. pumilus B11 and B. subtilis B32 had the highest
antagonistic effect on the growth of C. cladosporoides, whereas B. pumilus B3
and B. subtilis B7 showed the largest decrease in growth of S. sclerotiorum.
Similarly, Dimki¢ et al. (2015) reported different sensitivity of analyzed fungi
in antifungal activity assay using Bacillus strains.

Table 3. Antifungal activity of Bacillus strains

Fungal isolates

Baci . Macrophomina Alternaria Cladosporium Sclerotinia
acillus strains . . .
phaseolina alternata cladosporoides sclerotiorum
PGI (%) — Percent of growth inhibition

B. safensis B2 70.83% 65.00* 69.17°¢ 77.50*
B. pumilus B3 70.83% 65.00° 71.67% 80.837
B. subtilis BS 65.00° 60.00° 68.33% 76.67
B. subtilis B7 65.00° 61.67* 65.83% 80.83"
B. pumilus Bl11 64.17° 62.50° 76.67 76.67
B. subtilis B13 67.50° 63.33° 74.17% 79.17°
B. pumilus B21 68.33% 60.83* 73.33% 78.33%
B. pumilus B22 70.00° 55.00% 66.67 78.33¢
B. pumilus B23 35.83° 33.33° 62.50° 65.83°
B. subtilis B32 65.00* 63.33° 75.00%° 75.83*
Average 64.25 59.00 70.33 77.00

Mean values (n = 3) of fungal growth inhibition are shown. Values followed by the same let-
ter within columns are not significantly different (P < 0.05), according to Tukey’s HSD test.

In vitro assay is a good method to examine the antagonistic effect of a large
number of strains and provides insight into potential candidates for biological
control that need further testing. However, most strains that are effective in
vitro are not able to inhibit pathogens under environmental conditions, most
often because they cannot survive under specific conditions and colonize plant.
As spore-forming bacteria, Bacillus spp. easily survive and adapt in all habitats,
including soil and plant rhizosphere or phyllosphere (Wu et al., 2015). Biocon-
trol action of Bacillus spp. is mainly based on their ability to synthesize anti-
fungal peptides such as surfactin, iturin, fengycin, pumilacidin, mixirin, and/
or hydrolytic enzymes such as chitinases, glucanases, cellulases, etc. Due to
these antifungal metabolites, bacilli cause changes in the fungal cell wall, cell
membrane and intracellular structures. Baciillus spp. involved in this study
produced various lytic enzymes, while four strains (B5, B7, B13, B32) also
produced lipopeptide surfactin (Bjeli¢ et al., 2018). In addition, these antago-
nistic strains demonstrated broad antifungal and anitbacterial activity against
species of Fusarium, Alternaria, Diaporthe, Xanthomonas, and other plant
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pathogens (Bjeli¢ et al., 2017; Bjeli¢ et al., 2018; Spremo et al., 2018; Miljakovié¢
et al., 2022). Successful biological control depends primarily on the interactions
between plants, antagonists and pathogens, as well as the environment. There-
fore, it is necessary to evaluate the activity of the most effective antagonists in
planta, after inoculation of pathogens directly into plant tissue and monitoring
the development of infection on plants.

CONCLUSION

Findings point to the fact that the most effective Bacillus spp. could be used
as potential biocontrol agents for improving plant health and productivity.
Furthermore, different sensitivity of the analyzed fungi to the action of indi-
vidual Bacillus spp. indicates the possibility of selecting the strain appropriate
for each disease and its causative agent. Further evaluation of effective Bacillus
strains in greenhouse and field experiments is needed to determine their ef-
fectiveness in disease suppression and growth promotion of sunflower and/or
other field and vegetable crops.
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OPUTUHAJIHU HAYYHU PA{

HUCITUTUBABE Bacillus spp. KAO IIOTEHIITMJAJIHUX ATEHACA
BUOKOHTPOJIE ITATOI'EHA CYHIIOKPETA

Hparana b. MMJbAKOBUR, Iparana H. MUJIOIIEBUh,
Maja B. UTTBBATOB, Jenena 5. MAPUHKOBUh, lNopaana JI. TAMUWHIING,
Bbpanucnasa b. TUHTOP, 3opuna T. HUKOJIMh

WHCTHTYT 3a paTapcTBO U IIOBPTAPCTBO
Maxcuma T'opkor 30, Hosu Cazn 21000, Cpbuja

PE3UME: Bacillus spp. cy30ujajy puTOonaroreHe CHHTE30M pa3IM4UTUX METa-
OomnuTa ca aHTUMUKPOOHUM JICTIOBAKEM Ka0 LITO CY IUTUYKH CH3UMHU M aHTHOMOTHIIH.
[{nsb oBUX HCTpakuBama Ouia je cenekiuja HajepekTuBHUjUX Bacillus spp. U3 rpyrme
AQHTarOHUCTUYKHX COjeBa HCIINTHBAKEM IbHX0BE aHTH(YHTATHE aKTUBHOCTU. Bacillus
COjeBHU CY IIPBOOMTHO M30JIOBAHU M3 3€MJBHUINTA U UACHTH(OUKOBAHH Kao B. safensis,
B. pumilus n B. subtilis cekBennupameM 16S rDNA. Ananuzupane risuse, Macropho-
mina phaseolina, Alternaria alternata, Cladosporium cladosporoides n Sclerotinia
sclerotiorum, n3om0BaHe Cy ca ceMeHa cyHIoKkpeTa U uaentudukosane PCR ananmzom
y3 IpuUMeny npajmepa cnenuduaaux 3a TS pernoH. AHTH(YHTaIHA aKTHBHOCT OaK-
Tepuja mpemMa (pUTOMaTOreHNM TJbUBaMa HCIUTaHa j€ METOJIOM JIBOjHE KYJITHBAIIH]E.
Bacillus spp. ucniosbuiu ¢y HajBehu antaronuszam npema S. sclerotiorum, 3atum C.
cladosporoides, M. phaseolina n A. alternata, ca mpoce4HNUM NIPOLEHTOM HHXUOUIIH]je
pacta 77%, 70%, 64% u 59%. UcnutuBanu cojeBu Bacillus spp. mokazaiu cy Beoma
Jjak OMOKOHTPOJIHU MOTEHIM]a, HaKo je edexat ojpelheHor coja Bapupao y 3aBUCHOCTH
on ucnutuBaHe TJbuBe. Hajehu antaronuctuuku edexar npema M. phaseolina u A.
alternata nmanu cy cojeBu B. safensis B2 u B. pumilus B3. HajedexTuBHUjU cojeBH
npotuB C. cladosporoides 6unw cy B. pumilus Bl1 u B. subtilis B32, nox je najseha
aHTH(yHTaIHa aKTUBHOCT TIpema S. sclerotiorum yTBpheH npuMeHoM cojeBa B. pumilus
B3 u B. subtilis B7. Pesyaratu oBUX UCTpa)xkuBama I10Ka3yjy Jla ce Haje(eKTUBHU]U
cojeBu Bacillus spp. MOTY KOPHCTHTH Ka0 MOTCHI[UjAaJIHA areHCH OMOKOHTPOJIE 3a
MO0OJBIIARE 3/[PaBJba U IIPOAYKTUBHOCTH OMJbaKa.

KJbYYHE PEYU: Alternaria, antTudyHraiina akTHBHOCT, Bacillis, GMOKOHTPO-
na, Cladosporium, Macrophomina, Sclerotinia, cyHuokpet
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POLYPHASIC IDENTIFICATION OF DECAY AGENTS
OF LEMON FRUITS IN SERBIA

SUMMARY: Lemon fruits are an important source of vitamin C, potassium, folate,
carotenoids, polyphenols, coumarins and terpenes. These lemon compounds have antioxidant
and anti-inflammatory properties which have beneficial effects on human health. This re-
search aimed to elucidate the etiology of blue and green molds detected on lemon fruits in
Serbia. Using integrative identification approach, the obtained isolates were characterized
from morphological, physiological, molecular, phylogenetic and pathological aspects. Col-
ony growth and morphology were examined on Czapek yeast autolysate agar (CYA), Malt
extract agar (MEA) and Creatine sucrose agar (CREA), and on CYA at two additional incu-
bation temperatures (5 and 37 °C). For molecular identification, ITS and partial B-tubulin
(BenA) genes were sequenced. Phylogenetic relationships were investigated using maximum-
likelihood method. A pathogenicity test was carried out and the possible difference in path-
ogenicity among isolates was assessed with analysis of variance (ANOVA) and subsequent
Tukey’s test. Four species were identified: Penicillium expansum, Penicillium digitatum,
Penicillium polonicum and Talaromyces rugulosus. All four species proved to be patho-
genic on lemon fruits, producing symptoms similar to those observed on naturally infected
fruits. The results of this study are the first records of the beforementioned Penicillium/
Talaromyces species as postharvest pathogens on lemon fruits in Serbia and the first world
report of 7. rugulosus as phytopathogenic on the same host.

KEYWORDS: Citrus limon, morphological analysis, molecular characterization,
multilocus phylogeny, pathogenicity, Penicillium, Talaromyces

INTRODUCTION

Lemon (Citrus limon (L.) Osbeck) is an evergreen plant from the family
Rutaceae with leathery, lanceolate leaves, and yellow, edible berry fruits. The

* Corresponding author. E-mail: stefan.stosic@gmail.com
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inner part of the fruit is divided into segments which are full of juicy pulp.
Exocarp of the fruit contains carotenoid pigments and oil vesicles (Klimek-
-Szczykutowicz et al., 2020). Lemons are probably the result of crossbreeding
two other Citrus species — bitter orange (C. aurantium) and citron (C. medica)
(Wu et al., 2018). Although the originating habitat of the lemons is not known
precisely, it is considered that the first growing areas of this plant were north-
west and northeast India (Klimek-Szczykutowicz et al., 2020).

Lemons are popular and widely utilized fruit throughout the world. They
are consumed in fresh form or used in processed food such as juices, jams,
jellies, molasses etc. (Gonzalez-Molina et al., 2010). Beside the usage in food
production, lemon fruit and its extracts are important compounds in cosmetic
and pharmaceutical industry (Klimek-Szczykutowicz et al., 2020).

Lemon fruits are an important source of vitamin C, potassium, folate,
carotenoids, flavonoids, phenolic acids coumarins and terpenes. These lemon
compounds have antioxidant and anti-inflammatory properties which have
beneficial effects on human health (Klimek-Szczykutowicz et al., 2020).

Some of the major fungal pathogens of citrus trees and fruits (including
lemons) are: Alternaria alternata, Colletotrichum acutatum, Diaporthe citri,
Elsinoé fawcettii, E. australis, Zasmidium citri (=Mycosphaerella citri) (Tim-
mer et al., 2004). Beside mentioned, other fungi are important as decay agents
of citrus fruits in the postharvest phase — Penicillium digitatum, P. italicum,
Geotrichum citri-aurantii, Aspergillus niger, and A. flavus (Wang et al., 2022).

World production of this crop rise every year reaching 21,353,502 t in
2020 (FAOSTAT, 2022). Serbian annual import of this crop in 2021 was 30,366
t and it has an increasing trend in the last ten years according to the data of the
Republic Statistical Office (2022).

To our knowledge, there are no literature records on postharvest fungal
pathogens of lemon fruits in Serbia. Considering the amount of import of
lemon fruits to our country and the possibility to introduce new phytopatho-
genic fungi with them, the aim of this research was to explore the etiology of
blue and green mold causal agents on this crop.

MATERIAL AND METHODS
Isolation procedure and fungal cultures

Samples of lemon fruits with Penicillium-like symptoms were collected
from supermarkets and open markets in Serbia as part of a broader study, dur-
ing 2015-2021. Isolation of the fungi was achieved following standard phyto-
pathological procedures. Small parts of the fruit tissue (on the line healthy-
diseased tissue) were removed with sterilized scalpel, immersed in 1% NaOCl
for 3 min and then rinsed three times with sterile distilled water. Rinsed tissue
pieces were placed on Malt extract agar (MEA) and incubated for 5 days at 25 °C
in the dark. Developed cultures were examined and only clean, uncontaminated
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cultures were chosen for further subculturing and monosporial isolate produc-
tion (Crous et al., 2009). Isolated fungi were deposited in the Fungal collection
of the Institute for Plant Protection and Environment (Belgrade, Serbia). The
polyphasic approach was employed in identification of the recovered isolates
which represents a combined use of morphological, physiological, molecular
and phylogenetic methods.

Morphological and physiological studies

Phenotypic appearance of the colonies was studied on Czapek Autolysate
agar (CYA), MEA (Malt extract agar) and Creatine sucrose agar (CREA), after
incubation for 7 days at 25 °C. Growth of the cultures was tested on two ad-
ditional incubation temperatures (5 and 37 °C), on CYA. Micromorphological
observations were carried out from isolates grown on MEA, using Olympus BX51
microscope equipped with an Olympus camera (model E620). Quick Photo
Software program (Promicra, Czech Republic) were used for photographing
and measuring fungal reproductive structures. Media composition, inoculation
methods, preparation of media and microscopic slides, and evaluation proce-
dures followed instructions described in Visagie et al. (2014).

Molecular identification and phylogenetic analyses

Genomic DNA was extracted with DNeasy Plant Mini Kit (Qiagen, Ger-
many) from 7 day-old cultures incubated at 25 °C on MEA. The extracted DNA
was preserved at -20 °C. Two genetic loci were amplified and sequenced — par-
tial ITS and B-tubulin (BenA), using primers VOG/LS266 (ITS) and Bt2a/Bt2b
or T10/Bt2b (for BenA). DNA extraction procedure, PCR conditions and com-
pound volumes were the same as in one of our previous study (Stosi¢ et al.,
2020). Bidirectional sequencing of the amplified products was completed in
Macrogen Europe commercial sequence service facilities (Amsterdam, the
Netherlands). FinchTV software (Geospiza) served for visual inspection of the
sequences’ quality and assembly of the consensus sequences was achieved
using ClustalW algorithm (Thompson et al., 1994) implemented in MEGA7
program (Kumar et al., 2016). The obtained sequences were compared with
previously deposited sequences in the NCBI GenBank database with BLASTn
algorithm.

Phylogenetic relationships were inferred by constructing maximum like-
lihood tree with combined ITS and BenA sequences (Table 1) in MEGA7
software (Kumar et al., 2016). “Find best model” option in the same computer
program was used to analyze and propose the best model of nucleotide substi-
tution. Construction of the tree was based on Kimura 2-parameter model with
5 discrete gamma categories. The robustness of phylogeny was tested by perform-
ing 1000 bootstrap replicates and the sequences of Neocosmospora phaseoli
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(isolate CBS 102429) were used to root the obtained tree. Adobe Illustrator
CS6 (Adobe, USA) served for visual editing of the tree.

Table 1. GenBank accession numbers of the sequences of Penicillium and Talaromyces
species used in phylogenetic analysis, isolates in bold are from this research

GenBank accessions

Substrate and

Species Strain/isolate . .
origin ITS BenA
Neocosmospora
phaseoli CBS 102429 Tree bark, Australia KM231808 KM232069
(=Fusarium
solani)
P. allii IBT 3056=CBS 188.88 Food item, U.K. AJ005484  AY674333
FRR 1669 = CBS 115503 = Lemon fruit, Aber-
P. crustosum IMI 091917 deen, Scotland, UK AY373907 AY674353
21-7 Lemon fruit, Serbia - ON988101
P. digitatum
CBS 112082 Lemon, Italy KJ834506  KJ834447
LiP/4 Lemon fruit, Serbia - ON988099
CBS 325.48 = ATCC 7861  Apple fruit, U.S.A. AY373912  AY674400
P. expansum S P——
ugar beet root,
F758 Idaho, U.S.A. MG714838 MG714864
CBS 339.48 Citrus fruit, River- -y 1034500 AY674398
P. italicum ’ side, CA, U.S.A.
SFC20140101-M724 = 5340 Unknown KJ527447  KJ527412
LiP/4 Lemon fruit, Serbia - ON988100
. CBS 222.28=NRRL 995  Soil, Poland AF033475  AY674305
P. polonicum S 5
ugar beet root,
F775 Idaho, U.S.A. MG714841 MG714868
P. solitum CBS 424.89 = FRR 937 Unknown, Germany AY373932  AY674354
o CBS 390.48 = DTO 005-C9 Air, Washington DC,
P.viridicatum — _ FRR 963 USA. AY373939  AY674295
Unknown, New
T. flavus CBS 310.38 JN899360  1X494302
Zealand
T islandicus ~ CBS 338.48 Unknown, Cape  y pogees K F984655
Town, South Africa
L CBS 642.68 Unknown JN899346  KF114799
T. minioluteus
CBS 270.35 Zea mays, U.S.A. KMO066172 KMO066129
LiP/1 Lemon fruit, Serbia - ON988098
Rotting potato tubers
CBS 371.48T (Solanum tuberosum), KF984834  KF984575
T. rugulosus US.A.
Type of P. tardum &
CBS 378.48 =NRRL 1073  P. elongatum, decay- KF984832 KF984579
ing twigs, France
T trachyspermus CBS 373.48 Unknown, U.S.A. JN899354  KF114803
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Pathogenicity test

Pathogenicity of the isolated Penicillium/Talaromyces species was tested
on healthy, uninjured lemon fruits. Each fruit was surface-sterilized by thor-
ough wiping with paper towel soaked in 70% ethanol and left to air dry. Spore
suspensions of all isolates were prepared in 1 ml of sterile distilled water from
14-day-old MEA cultures. The final desired concentration of suspensions (1
x 10° spores/ml) were achieved through serial dilutions. A small wound on
fruit rind was made using sterile needle and 50 pl of the pathogen conidial
suspension were inserted into the wound. Control fruits were inoculated with
the same volume of sterile distilled water. Three replicates per isolate/control
were used. Incubation of the inoculated fruits was in covered plastic boxes, at
25 °C and 95% relative air humidity. Disease symptoms were evaluated seven
days post-inoculation. Width and height of develepod lesions were recorded
and reisolations from those lesions were conducted to verify Koch’s postulates.

Statistical analysis

Three replicates for each isolate were used in all assays. Descriptive sta-
tistics was calculated (mean value and standard deviation) for each colony,
conidia and lesion radiuses. One-way analysis of variance (p<0.05) and Tukey’s
test were used to determine degree of differences in lesion diameters.

RESULTS AND DISCUSSION

Symptoms on the originally collected lemon fruits varied — discoloration
or browning of the infected fruit surface, sometimes followed by development
of white mycelia and substantial production of blue and green conidia. On some
fruit samples tissue was soft and watery. Twelve isolates were obtained from
the diseased fruits, and four representative isolates (LiP/1, LiP/2, LiP/4 and
21-7) were selected for in detail analysis.

Using the polyphasic approach, four species were identified: Penicillium
expansum, P. digitatum, P. polonicum and Talaromyces rugulosus. In morpho-
logical assays, all isolates exhibited moderate to intensive growth on CYA,
MEA and CREA, except isolate LiP/1 (determined as 7. rugulosus) which had
weak growth on these media. Isolate LiP/2 (identified as P. expansum) had the
most intensive growth of all species on three tested media. The only isolate
that did not form any colonies on CREA was 21-7 (subsequently identified as
P. digitatum, Figure 1). Radial segmentation was noticed in LiP/4 (identified as
P. polonicum) and isolates of P. expansum on CYA, whereas P. digitatum and
T. rugulosus had compact colonies. Velutinous cultures were observed in all
species excluding P. expansum where the variation of the textures was re-
corded — from fasciculate to synnematous. Intensive spore production was
present in all species on CYA and MEA, with different conidial colors (Table 2).
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Acid production on CREA was present in cultures of P. expansum and P.
polonicum and lacked in the other two species.
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Figure 1. Mean colony diameters of Penicillium and Talaromyces isolates on three tested
media (7 days of incubation, 25 °C). Vertical error bars represent standard deviation of
the mean (SD).

In microscope examination, typical features for each of the isolated spe-
cies were recorded (Table 2). Conidiophores’ branching was: terverticillate in
P. expansum and P. polonicum, biverticillate in 7. rugulosus and irregular in
P. digitatum.

Table 2. Conidial characteristics of Penicillium / Talaromyces isolates from this study

Cell wall  Color en
Shape ornamen- mass
tation (MEA)

Dimensions, pm

Species (Isolate) (minimum — average — maximum)

ellipsoidal to

P. digitatum (21-7)  3.62—6.52—7.75 x 3.04-3.47-3.98 cylindrical

smooth  olive green

P. expansum (LiP/2) 2.75-4.23-5.00 x 2.75-4.06-5.00 SuPglobOse b green
or ellipsoidal

. . 227 22a green with
P. polonicum (LiP/4) 2.75-3.37-3.75 x 2.75-3.35-3.75 subglobose = smooth a blue shade

T rugulosus (LiP/1) 2.50-3.03-3.75 x 2.50-2.77-3.75 ellipsoidal roughened dark green

When incubated at 5 °C, only P. expansum and P. polonicum formed
colonies with P. expansum having higher values of mycelial growth. The ab-
sence of growth was observed at 37 °C for all species. Temperature of 25 °C
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was the most optimal for fungal development, as expected (Figure 2). The
phenotypic appearance of the isolates, growth on tested media and temperatures
and micromorphological traits were in agreement with previous species de-
scriptions (Frisvad and Samson, 2004; Pitt and Hocking, 2009; Samson et al.,
2010; Visagie, 2012; Yilmaz et al., 2014).
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Figure 2. Mean colony diameters of Penicillium and Talaromyces isolates on three tested
incubation temperatures (7 days of incubation, CYA). Vertical error bars represent
standard deviation of the mean (SD).

BLAST search of sequences obtained in this study showed that the nu-
cleotide identities with GenBank sequences were in the range 99.62%-100%
for BenA (all isolated species) and 100% for ITS (3 species). The only exception
was the BLAST comparison of Serbian P. polonicum 1TS sequence which
yielded inconclusive results. Variety of species were listed in the search results,
proving again that ITS is not powerful enough to discriminate species of Pen-
icillium (Visagie et al., 2014). BLAST search of BenAd sequence of this isolate
revealed that it belongs to P. polonicum, confirming preliminary identification
in morphological and physiological experiments.

Construction of the multilocus phylogenetic tree began with separately
aligned sequences of ITS and BenA4 which had lengths of 430 nucleotides (nt)
and 298 nt, respectively. A combined, aligned set of ITS and BenA (728 nt long)
was utilized for final analysis and it involved 24 sequences of representative
species of Penicillium and Talaromyces (Table 1). Multilocus phylogenetic
analysis based on the abovementioned molecular markers revealed clustering
of the isolates from this study with the other isolates of the corresponding species
(Figure 3), confirming the identity of the obtained isolates.
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Figure 3. Maximum likelihood phylogenetic tree based on combined ITS and BenA
sequence alignments of selected Penicillium and Talaromyces isolates. Tree was rooted
with Neocosmospora phaseoli (=Fusarium solani). Bootstrap values >70% are displayed

near to the corresponding nodes and isolates from this study are highlighted in bold

text and with a black circle.

In pathogenicity assay, seven days after inoculation recorded symptoms
varied among species — from small, spot necroses caused by 7. rugulosus and
P. polonicum, or dark brown spots induced by P. expansum, to complete cover
of the inoculated fruits with heavy conidial mass (P. digitatum, Figure 5).
Longitudinal cross-sections revealed that all pathogens, despite small outer
lesions, induced typical softening of the inner tissues of the fruits (Figure 5).
This phenomenon was followed with brightening of the diseased inner fruit
tissue, making it more distinct and easy to detect. On cross sections it was also
possible to notice that all four species were able to sporulate inside the fruit.
Statistically significant differences (p<0.05) in virulence have been determined
between species — P. digitatum was the most virulent, P. polonicum and T.
rugulosus were the least virulent, while P. expansum virulence was moderate
(Figure 4). Fullfilment of the Koch’s postulates was completed by isolating the
MEA cultures which resembled to the cultures recovered from the originating
hosts.
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Figure 4. Average lesion diameters of Penicillium and Talaromyces isolates in pathogenicity
test on lemon fruits. Different letters indicate values that are significantly different in
Tukey’s test (p<<0.05), and vertical error bars represent standard deviation of the mean (SD).

P. polonicum and T. rugulosus caused small outer visible necroses on the
lemon fruits in this study (~3 mm). This may seem insignificant at first, so it
is plausible to ask about the magnitude of the economic damage that these
species could cause. Nevertheless, softening of the tissue and fungal sporula-
tion were noticed on cross-sections of the inoculated fruits. These phenomena
surely decrease quality of the infected fruits making them undesirable for
market placement. At the same time, produced spores could easily spread to
the neighbouring fruit of this, or the other, more susceptible hosts.

P. expansum is not usually associated with citrus fruit decay — that place
is reserved for P. italicum and P. digitatum which are considered the primary
Penicillium pathogens on these crops (Frisvad and Samson, 2004). However,
P. expansum is recently isolated and reported as rot agent of lemon fruits in
Egypt (El-Dawy et al., 2021) and China (Khokhar et al., 2021). Pathogenic
potential of this species on citrus fruits has been recorded earlier in the litera-
ture, but the hosts or substrates from which the isolates were obtained were
not citrus fruits or in some studies the artificial inoculation was chemically
assisted (Louw and Korsten, 2015; Macarisin et al., 2007; Vilanova et al., 2012).
This is a very expansive species (as its Latin name suggests), with worldwide
distribution, capable to invade and reside on a number of different plant hosts
(Neri et al., 2010; Pitt, 1979; Pitt and Hocking, 2009).
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Figure 5. Pathogenicity test of the isolated species on lemon fruits



P. polonicum is also not considered a typical lemon fruit pathogen. Never-
theless, like P. expansum, it has been recently detected on this host, together with
other citrus fruits such as tangerines and oranges (El-Dawy et al., 2021). In the
cited study P. polonicum virulence was not tested on lemon but on orange
fruits, thus the comparison to our results is not possible. This species has also
been isolated from citrus fruits in the studies of Kim et al. (2008) in Korea and
Chen et al. (2017) in China but with no further details about the species of
citrus fruits.

One of the pathogenic species on lemon fruits determined in this study was
P. digitatum, which is in agreement with earlier findings (Holmes and Eckert,
1999; Louw and Korsten, 2015; Palou, 2014; Raper and Thom, 1949; Smilanich
et al., 2006). This species was the most potent pathogen in our research when
compared to the other three identified species. It completely covered the arti-
ficially inoculated lemon fruts with characteristically green spores. Sporulation
was also present inside the fruit, coupled with evident water loss, which would
lead to mummifying of the infected fruit. Mummification could serve as one
of the diagnostic characters to differ the P. digitatum and P. italicum infection
on citrus fruits (Smith et al., 1988). This species and P. italicum are typical
pathogens of lemon and other commercial citrus fruits, but also related genera
like Fortunella, Poncirus and Citrofortunella. Alongside fruits, P. digitatum
is a common resident of soils where citrus plants are grown (Palou, 2014).

Pathogenicity of 7. rugulosus on lemon fruits has been confirmed in our
research, which is the first report on this type of fruit in the world. This species
can survive on various plant hosts and can cause decay but in most of the studies
procedure of the confirmation of the Koch’s postulates is not complete (Ami-
ri and Bompeix, 2005; Dugan and Roberts, 1994; Norin and Rumpunen, 2003;
Radenkovs and Juhnevica-Radenkova, 2018). The exceptions from the men-
tioned studies represent research by Vismer and co-workers (1996) and Straus-
baugh (2018) who isolated 7. rugulosus from apple fruits and sugarbeet roots
(respectively) but the fungi were not pathogenic on these hosts. Barkai-Golan
(1974) conducted a research in Israel and confirmed this species as capable to
cause lesions on fruits of apple, pear, grape and tomato. In one of our previous
studies (Stosic¢ et al., 2021) we identified 7. rugulosus as spoilage agents of
stored pear fruits in Serbia. Pitt and Hocking (2009) claim that this species
could be pathogenic on plants probably more then the current data suggest.

The results of our study are the first confirmations of the beforementioned
Penicillium/Talaromyces species as postharvest pathogens on lemon fruits in
Serbia.

CONCLUSION

Four species of Penicillium and Talaromyces were identified and con-
firmed as pathogens of lemon fruits in Serbia: P. digitatum, P. expansum, P.
polonicum and T. rugulosus, using polyphasic approach. To the best of our
knowledge, these are the first records of the mentioned species as pathogens
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of lemons in our country, as well the first world report of 7. rugulosus as decay
agent on the same host.
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OPUTUHAJIHU HAYYHU PA{

MOJINDPAZHA UAEHTUDOUKALMNIA ITPOY3POKOBAYA TPYJIEXU
IJIOAOBA JIMMYHA Y CPBUJU

Credan C. CTOIINR!, {ymmuua U. JEJUR?, Ceernana T. )KUBKOBUR!

'MHcTuTyT 32 3aITHTY GMIbA U KMBOTHY CPEIUHY,
Teomopa [pajzepa 9, beorpan 11000, Cpouja

2VIHCTUTYT 32 3eMJBHINTE,
Teomopa dpajzepa 7, beorpax 11000, Cpouja

PE3UME: [1nonoBu nuMmyHa cy Baxkan uzBop Lle BuramMmuna, xanujyma, (bonaTa
KapOTEHOM/1, oNu(eHona, KymMapuHa i Tepresa. OBH CacTojLM JTMMYHA UMajy aHTH-
OKCHIaTUBHO U MIPOTHUBYIIAIHO JICjCTBO LITO CY MO3UTUBHU e(EKTH Ha 3/1paBIbE JbY/IH.
[{usb OBOT UCTpaKUBaKHa OHO je JIa OJITOHETHE €THOJIOTH]Y IJIABUX U 3€JICHUX TIJICCHU
Ha rtogoBuMa tuMyHa y Cpouju. Kopunthemem HHTErpaTUBHOT IPUCTYTA Y HACHTHU-
¢bukanuju, 100MjeHN U30JIaTH CYy OKAPaKTEPUCAHH ca MOPQOIIOIIKOT, (PU3HUOIIOIIKOT,
MOJICKYJIapHOT, (PHIJIONEHETCKOT U MATOJIONIKOT acnekTa. Pact u mopgdosoruja koiaoHuja
je ucnuTana Ha YanekoBoj ay TOJIM3aTHO] MOAIO3H ca noaaTkoM kBacua (CYA), arapy ca
cnagaum ekctpaktToM (MEA), kpeatun-caxapo3nom arapy (CREA), kao u na CYA Ha
JBe nozgatHe Temreparype nakyoaruje (5 u 37 °C). CekBeHUIHpaHy Cy HHTEPHH TPaHC-
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kpuboBanu peruoH (ITS) u ren 3a Oeta-TyOyHH pagn MOJIEKyIapHe HACHTH(UKALK]e
n3onata. OUIOreHETCKN OJHOCH UCIIUTAHU Cy KOPHIINEHEeM METO/Ia MAaKCUMAaITHE
BepoBaTHohe. YpaleHa je u mpoBepa MaToreHOCTH a MOryhe pasiuKe y maToreHOCTH
onpeheHnx uzonarta nopeheHe cy mpuMeHOM jeHO(GaKTOPCKe aHalln3e BapujaHce
Tukey TectoM. UneHTUPHUKOBAHO je YKYIIHO YeTHPH BpcTe: Penicillium expansum,
Penicillium digitatum, Penicillium polonicum wn Talaromyces rugulosus. CBe yeTupu
BpcTe MOTBpheHe cy Kao MaToreHu II0A0Ba IMMYHA, H3a3UBajyhn clinyHe cCHMIITOME
Ka0 Ha IIPUPOIHO HHOUIMPAHUM ILIOJ0BUMA. Pe3ynTatu oBe cTyauje cy IpBU HaJla-
34 HaBeneHUX Bpcta Penicillium | Talaromyces xao CKIIAAUIIHUX MaTOTeHA MJI00BA
numyHa y Cpouju u nipBu Hanas 1. rugulosus kao gutonaroreHa Ha HICTOM OMJBHOM
nomahuny.

KJbYUHE PEYM: Citrus limon, Mopdoiolika aHain3a, MOJIeKyJapHa KapaKTepH-
3amMja, MyJITHIOKYCHA (DMIIOTEHH]ja, TaTOreHocT, Penicillium, Talaromyces

87






30opHuk Martwuie cpricke 3a mpupoane Hayke / Matica Srpska J. Nat. Sci. Ne 143, 89—99,
2022

UDC 630*0:63
https://doi.org/10.2298/ZMSPN2243089G
ORIGINAL SCIENTIFIC PAPER

Milica M. GALIC"*,'Jasmina LJ. CILERDZIC,
Mirjana M. STAJIC

University of Belgrade, Faculty of Biology,
Takovska 43, Belgrade 11000, Serbia

DEGRADATION OF PRETREATED AGROFORESTRY
RESIDUES BY SELECTED MICROMYCETES

ABSTRACT: Nowadays, there are huge amounts of lignocellulosic materials left in
agroforestry practice, which can be transformed into useful products. Biomass exploitation
could be aiming not only at replacing conventional energy sources but also at preserving
biodiversity and natural ecosystems. Five micromycetes were studied with goal to determine
their potential to produce active cellulases as well as the ability to decompose pretreated
wheat straw and oak sawdust after seven days of solid-state fermentation. Wheat straw was
better lignocellulosic substrate than oak sawdust for the production of cellulases in all five
micromycetes. Thus, Penicillium solitum BEOFB 1190m has shown to be the best producer
of highly active forms of xylanases (7532.36 + 89.37 U/L). The most active endo- and exocel-
lulases (2299.70 + 72.17 U/L and 195.66 + 4.64 U/L, respectively) were produced by Tricho-
derma harzianum BEOFB 1230m, while the maximal value of 3-glucosidase activity (215.69
+ 3.13 U/L) was detected after Fusarium graminearum BEOFB 820m cultivation. T. harzi-
anum also showed high efficiency in wheat straw cellulose and hemicellulose depolymeriza-
tion (23.90% and 33.00%, respectively), which resulted in the highest dry matter loss
(36.25%). The results of the study showed great potential of tested micromycetes to synthesize
cellulolytic enzymes and consequently transform abundant, low-cost plant residues such as
wheat straw into useful products including biofuel.

KEY WORDS: agroforestry residues, cellulolytic enzymes, depolymerization, micro-
mycetes, plant residue

INTRODUCTION

The high standard of living in modern society depends on the availability
of natural energy resources but its long-term overexploitation generated its ex-
tensive deficit. Therefore, there is a growing need for the reduction of enormous
volume of waste, energy consumption and water usage and unless we manage
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and control resources in a sustainable manner its deficit will grow constantly
(Lampert, 2019). As a consequence of increased environmental awareness, bio-
technological applications came in front of both chemical and physical methods
in numerous industrial processes (Viikari et al., 2009). According to Deng et al.
(2015) and Terrone et al. (2018) biomass degradation is of great significance because
it allows the reuse of lignocellulosic waste generated in agriculture and for-
estry, food industry as well as municipal waste, and the rational usage of the
degradation by-products. Particularly, International Renewable Energy Agen-
cy (IRENA) estimated that biomass will remain major renewable energy source
beyond 2030 in the European Union (IRENA 2018). Despite the abundance of
lignocellulosic biomass and its great potential as a resource for the production
of food, feed, biofuels, chemicals and many other industry related products,
this material is still improperly deposited and presents serious ballast in nature
(Deng et al., 2015; Garcia-Torreiro et al., 2016; Cilerdzi¢ et al., 2017). Although
chemical, physical and physico-chemical methods for biomass degradation are
widely used, they are characterized by numerous drawbacks in commercial
applications which make them unsatisfactory for preserving the natural environ-
ment (Cilerdzi¢ et al., 2017; Kumar et al., 2019). Thus, the development of high
performance biological methods for biomass delignification, hydrolysis and
other industrial applications has become a research priority (Chulalaksananukul,
2014).

Wheat is the world’s most widely grown crop and according to its abun-
dance with an annual yield of 170 million tons takes the first place in Europe.
It presents the cheapest and one of the main lignocellulosic substrates bio
converted to ethanol in Europe and North America (Talebnia et al., 2010; Ghaffar
et al., 2015; Cilerdzic et al., 2017). An attractive alternative is also the use of other
residues from agriculture and forestry which are widely distributed in numerous
regions of the world but still remained unexploited (Ghaffar et al., 2015). How-
ever, the development of new methods in seeding technology and increased costs
of transportation have negative consequences on the utilization rate of these
materials (Xu et al., 2020). Talebnia et al. (2010) and Kucharska et al. (2018)
reported that wheat straw cell wall has a complex organizational structure
composed of lignin, cellulose and hemicellulose as three main components
and their relative abundance depends on species, soil, and climate conditions.
Likewise, as these components form an interlinked hetero-matrix, which greatly
affects (in)accessibility of its individual components, the transformation of
lignocellulose remains a challenge (Dashtban et al., 2009). Nowadays, there is
no report for a simple enzymatic scenario for lignocellulose depolymerization but
according to Horn et al. (2012) numerous studies showed that fungi are extremely
efficient in the degradation of these materials. Likewise, Varnai et al. (2011)
reported that enzymes such as xylanases have an important role in enzyme
cocktails for lignocellulose mineralization since hemicellulose structure can
increase the recalcitrance of cellulose. According to Sajith et al. (2016) and
Xue et al. (2020), commonly used commercial enzyme cocktails are produced
by Trichoderma spp., Aspergillus spp., Penicillium spp. but since species of the
genus Trichoderma synthesize larger amounts of cellulases as reported in the
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study by Horn et al. (2012) and Pandey et al. (2015), they are the most exploited
in lignocellulosic biorafineries. The production process of cellulases is quite
expensive and therefore it is necessary to search for organisms that have a
potential for high yield of cellulases as well as the use of available and cheap
substrates (da Silva et al., 2012). Thus, Gao et al. (2008) and Gautam et al. (2011)
reported that the carbon source and the productivity of fungal enzymes are
tightly associated with the cost of cellulases production.

Based on everything mentioned, five micromycetes were studied with
goal to determine their potential to produce active cellulases as well as the
ability to decompose pretreated wheat straw and oak sawdust after seven days
of solid-state fermentation.

MATERIALS AND METHODS
Organisms and cultivation conditions

The cultures of micromycetes are maintained on Malt agar medium (NEO-
GEN Culture Media) at 4 °C, in the culture collection of the Institute of Botany,
Faculty of Biology, University of Belgrade (BEOFB) (Table 1).

Table 1. Studied species

Species Code Origin
Aspergillus terreus BEOFB 352m  Resistivity of various materials OP2 (PQMD, 82j)
Chaetomium globosum ~ BEOFB 740m  Serbia, Belgrade, National Bank

Serbia, Belgrade The central Institute for
Conzervation, air

Serbia, Belgrade The central Institute for
Conzervation, air

Trichoderma harzianum BEOFB 1230m  Serbia, Belgrade, Roman stelae

Fusarium graminearum  BEOFB 820m

Penicillium solitum BEOFB 1190m

The inoculum preparation was performed by inoculating 100.0 mL of the
synthetic medium (glucose, 10.0 g L™'; NH,NOs, 2.0 g L; K,HPO,, 1.0 g L
NaH,PO4-H,0, 04 g L'; MgSO,7H,0, 0.5 g L''; yeast extract, 2.0 g L''; pH 6.5)
with 25 mycelial disks (@ 0.5 cm) of seven-days-old culture. The incubation
was performed on Stuart incubator S1600C rotary shaker (22 + 2 °C, 160 rpm)
during seven days. The obtained biomass was washed three times using sterile
distilled water (dH,O) and then homogenized with 100.0 mL of dH,0 in a
laboratory blender (Waring, USA). Solid-state fermentation by selected species
was carried out in 100 mL flasks containing 2.0 g of agroforestry residues (wheat
straw and oak sawdust) previously pretreated with Pleurotus pulmonarius HAI
509 and 10.0 mL of the modified synthetic medium (without glucose) at 25 °C
in the dark. Thus prepared flasks were incubated with 3.0 mL of homogenized
inoculum and the samples were harvested after seven days of cultivation (Staji¢
et al., 2010).
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Assays of enzyme activity and total protein production

The cellulolytic enzymes were extracted by sample stirring with 50.0 mL
of dH,O at 4 °C for 10 min. The obtained supernatant after extract centrifuga-
tion in Hettich Zentrifugen, Universal 32 R (4 °C, 3000 rpm, 15 min) was used
for measurement of the activity of exo-, endocellulases, B-glucosidases, and
xylanases by a spectrophotometer (BioQuest CECIL CE2501, UK). The activi-
ties of exo- and endocellulases were determined according to the methods of
Bernfeld (1955) using microcrystalline cellulose (1%) and medium viscosity
carboxymethyl cellulose (1%), respectively, as the substrates, with glucose as
a standard. The activity of B-glucosidases was estimated using 4-nitrophenyl
B-D-glucopyranoside and p-nitrophenol as a substrate and standard, respec-
tively, while the activity of xylanases were determined using birchwood xylan
(1%) as a substrate and xylose as a standard. One unit of exo-, endocellulase
and xylanase activity was defined as the amount of enzyme required to produce
1.0 umoL of glucose or xylose per min at 39 °C (Gruji¢ et al., 2015).

According to the method of Silva et al. (2005) the total protein content
(mg/mL) was determined by measurement of Bradford’s reagent color change
at A =595 nm induced by sample. The bovine serum albumin was used as the
standard and further for calculation of the specific enzyme activity (U/mg).

Determination of hemicellulose, cellulose and lignin contents

The loss of substrate dry matter (%) was determined by the formula (Mi
— Mf)/Mi x 100, where Mi represents the initial lignocellulosic mass and Mf’
is the mass after fermentation by the studied species.

The determination of hemicellulose, cellulose and lignin contents was
performed using the modified methods of Kirk and Obst (1988) and Van Soest
et al. (1991). A 1.0 g of dried ground sample was treated with neutral detergent/
Na,SO; mixture under refluxing conditions to remove soluble sugars, proteins,
lipids, and vitamins and the obtained biomass presented neutral detergent fibers
(NDF). Acidic detergent fibers (ADF) were obtained by treatment of these samples
with acidic detergent. The difference between obtained fibers represented the
hemicellulose content. The lignin content (LC) was defined after ADF incubation
with 72% H,SO, at 30 °C and its hydrolysis at 120 °C, and expressed as the
percentage of quantity present in the initial sample. The difference between
ADF and LC was determined as the cellulose content.

Statistical analyses

All the experiments were done in three replicates and the results were
expressed as mean =+ standard error. One-way analysis of variance (ANOVA) and
Tukey's test were performed using STATISTICA, version 6.0 (StatSoft, Inc., Tulsa,
USA) to test any significant differences among means. Statistical significance
was declared at p<0.05.
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RESULTS AND DISCUSSION

The obtained results showed that wheat straw was much better inducer of
cellulolytic enzymes than oak sawdust in all selected micromycetes which
demonstrated a significant interspecific diversity in enzymes production after
seven days of solid-state fermentation of both substrates (Figures 1, 2).
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Figure 1. The activity of cellulolytic enzymes after wheat straw fermentation
by selected micromycetes

Wheat straw caused the highest xylanase activity of 7532.36 + §9.37 U/L
in Penicillium solitum and 7421.35 + 152.72 U/L in Aspergillus terreus, while
the lowest activity was noted in Fusarium graminearum (2155.91 = 166.66 U/L)
(Fig. 1). Moreover, T. harzianum was the best producer of highly active forms
of endo- and exocellulases on wheat straw (2299.70 + 72.17 U/L and 195.66 +
4.64 U/L, respectively). On the other hand, this residue was weaker stimulator
of exocellulase and B-glucosidase synthesis (Figure 1). Although the lowest
values of xylanase and exocellulase activities was noted after wheat straw
fermentation by Fusarium graminearum (Figure 1), this species produced the
most active isoforms of B-glucosidases (215.69 + 3.13 U/L).

Contrary to fungal cellulases, as expected, commercial enzyme cocktail
Cellulase from Trichoderma reesei (Sigma-Aldrich) was more efficient in
endo-, exocellulase and xylanase activities and even weaker than obtained
B-glucosidase activities by micromycetes (Figures 1, 2).
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Different profile of enzymes activity was observed on oak sawdust (Figure 2).
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Figure 2. The activity of cellulolytic enzymes after oak sawdust fermentation by se-
lected micromycetes

Namely, the maximal value of xylanases (2645.62 + 55.07 U/L) was noted
after oak sawdust fermentation by A. terreus. The highest activity of endo- and
exocellulases (835.39 + 22.66 U/L and 50.03 + 0.20 U/L, respectively) was
detected after 7. harzianum cultivation, while F. graminearum secreted the
highest active B-glucosidases isoforms on this substrate (119.81 + 1.94 U/L)
(Figure 2).

The fungal species as well as the plant residues used in this study af-
fected the protein production which consequently affect the specific enzyme
activities. Thus, the highest protein content after fermentation of both substrates
was detected in 7. harzianum (3.10 mg/mL after oak sawdust and 1.31mg/mL
after wheat straw) while the lowest protein contents after wheat straw and oak
sawdust fermentation were noted in F. graminearum (0.18 mg/mL) and in 4.
terreus (0.01 mg/mL), respectively. The highest values of xylanase and endo-
cellulase specific activities were detected after P. solitum cultivation on wheat
straw (30.13 £ 0.12 U/mg and 3.29 + 0.02 U/mg, respectively), while specific
activities of exocellulase and B-glucosidase were noted with F. graminearum
after fermentation of the same substrate (1.23 £+ 0.02 U/mg and 0.18 = 0.01 U/mg).

Contrary to results obtained by Kurbanmuratovich and Ismailovna (2018)
and Vazquez et al. (2019) all tested species in our study produced significantly
more active isoforms of cellulases on both substrates. Namely, 7. harzianum strain
in the study of Kurbanmuratovich and Ismailovna (2018) produced enzymes with
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activity of only 0.84 U/mL after six days of fermentation of filter paper, while
Vézquez et al. (2019) reported extremely low endo- and exocellulase activities
(0.002 U/mL and 0.06 U/mL, respectively) after wheat straw fermentation by
the same species. On the other hand, species profiled in this study has shown
lower cellulolytic enzymes activities compared to some previous reports. Thus,
many-fold higher activities of all four enzymes were detected only after seven
days of wheat straw fermentation using Aspergillus niger strain. In the study
by Narra et al. (2012) and Pensupa et al. (2013) it is showed that rice straw as
a carbon source stimulated the synthesis of highly active exocellulase isoforms
in A. terreus strain (10.96 U/g), while Igbal et al. (2010) demonstrated high
activity of endocellulases (278 U/mL) produced by 7. harzianum cultivated on
chemically treated wheat straw. However, despite the fact that chemical treat-
ment modifies the surface of fibers by removing a certain rate of lignin and
hemicellulose and thus promotes the hydrolysis of cellulose, the advantage of
using fungal enzymatic cocktails is the absence of polluting stages during
industrial processes that have harmful effect on the environment (Pandey, 2008;
Gupta and Verma, 2015).

Generally, the dry matter loss was affected by both substrate type and the
tested species. Thus, higher loss of dry matter was observed for pretreated wheat
straw where the level of reduction ranged from 16.26% with F. graminearum
to 36.25% with T. harzianum, while the highest mass reduction of 20% was
noted for oak sawdust. The same effect was noted in the case of cellulose and
hemicellulose loss (Table 2).

Table 2. The extent of agro-forestry residues depolymerization by micromycetes

M s e Bty dgrinon O
restine samples (@  Lignin Cellulose Hemicdlulose :‘;“_; Lignin  Cellalose  Hemicellulose
Control* 0gn 4640 124,00 88,00 r ]
T. harziaram 051 43.10 &4 40 59,00 g2 TP 23.00F 33.00°
T = F_grepwinearon a7 45,40 135,10 67.20 16.26" o, O 23.60°
25 A werem 0.53 43.10 7520 6630 3378 .00 39.30° b e
% b ol 068 40.40 138,90 7300 1875 1290 000" 17.00"
Ch, globoran 0.54 33.50 107,50 53.50 A 2780 13.30" 930"
Control* 100 10650 22260 7270 i i
T, hea=ferumm 0.82 S0.00 19580 57.20 1500 15.50° 12.10% 0.00"
w  Fgrowineaum (084 9220 21910 32,10 16000  13.40° 160" 4380
Ky e 084 8640 21560 6290 600" 1850° 3000 0.00"
= ; P solitim 084 8200 22010 3790 16000 23000 110" .20
Ch, globasian 0.80 9520 164.00 0,00 00 1060 17.30° 0,108

The most effective mineralizators of wheat straw cellulose were A. ferreus
and T. harzianum (39.3% and 23.9%, respectively) where depolymerization
degree was in positive correlation with the level of enzymes activity, while Ch.
globosum and T. harzianum were the best degraders of hemicellulose (39.3%
and 33.0%, respectively). In the case of oak sawdust, the maximum of holocel-
lulose loss was obtained by Ch. globosum and F. graminearum (17.3% cellulose
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and 43.8% hemicellulose, respectively). Although a significant percentage of
lignin was removed during pretreatment of wheat straw and oak sawdust with
white-rot fungi, micromycetes showed the ability to mineralize lignin as well
(Table 2).

According to Varnaité and Raudoniené (2008), Ch. globosum was highly
effective mineralizer of rye straw hemicellulose as 87% was degraded after 30
days and 94% after 60 days. Some previous reports showed high ability of
Trichoderma species to degrade wheat straw cellulose. Namely, 83% of cellulose
loss was detected after 7. viride cultivation on this residue (Nawaz et al., 2018).
Comparing the capacity of Aspergillus fumigatus and Trichoderma sp. to min-
eralize manure reported in the study by Zulkifli et al. (2018), A. terreus and
T. harzianum in our study had similar capacity to degrade wheat straw hemicel-
lulose and even better in cellulose depolymerization. Singh et al. (2008) showed
the ability of Trichoderma citrinoviride to delignify sugar cane straw but the
observed lignin loss of 8% was significantly lower than that obtained in this
study after Ch. globosum and P. solitum cultivation on both substrates.

CONCLUSIONS

The results of the study showed that tested micromycetes have a great
potential of cellulolytic enzymes production and therefore can be used as a
potential source of these enzymes for biomass conversion. However, further
research is needed to exploit their full potential such as employing manipula-
tion of enzymes at a gene level, protein engineering etc. The use of abundant,
low-cost agroforestry residues as substrates also showed to be a promising
alternative for the transformation into numerous useful products.
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OPUTMHAJIHU HAYYHU PA{

MMOTEHLIMNIAJ OTABPAHUX MUKPOMMLIETA JIA PA3TPAJIE
TIPETPETUPAHE OCTATKE 13 ITOJLOITPUBPEJIE 1 ITYMAPCTBA

Mununa M. TAJINR, Jacmuna Jb. AMJIEPIIMH
Mupjana M. CTAJU'h

VYuusepsuret y beorpany, bruonomku daxynrer,
Takoscka 43, beorpax 11000, Cpouja

PE3UME: V arpomrymapcTBy Cy JaHAC MPUCYTHE OIPOMHE KOTUYUHE JINTHOLIETY-
JIO3HOT OTIAaJa KOjU UMa BEJIMKH IOTEHLIHjall Ka0 CUPOBHHA 3a IIPOU3BOIbY XpaHe,
XpaHuBa, Onoroprsa uta. EkcruioaTanuja 6nomace Moriia O 3a IiJb JIa IMa He CaMo Jia
3aMEHU KOHBCHIIMOHAJIHE U3BOpe eHepruje Beh 1 J1a uma BaXKHy YJIOTy y 04yBakby Ono-
JUBEP3UTETA U MPUPOAHUX exocucTema. Kako Ou ce yTBpaAnUO IBUXOB NOTEHIUjal 3a
CHHTe3y LieJlyJla3a Kao ¥ CIOCOOHOCT J1a BpILe IeNOIMMEpU3aLiijy IPeTpeTUpaHe Iiie-
HUYHE ClIaMe U TUJhEBUHE XpacTa HAaKOH 7 JJaHa YBpcTe (hepMEeHTAIHje 01a0paHo je netT
BpcTa MUKpomHuLeTa. [limeHndHa ciama je Ouiia morogHMj| CYIICTpaT Ofl MUJbEBHHE Xpa-
CTa 32 CHHTE3Y TECTUPAaHUX €H3MMa KOJ] CBUX 01a0paHuX BpCTa MUKpoMmHuIeTa. Tako ce
Penicillium solitum BEOFB 1190m noka3ao HajO0JbUM IPOIYLEHTOM KCHJIaHA3a YH]ja
j€ aKTHBHOCT Ha IMIICHUYHO] ClIaM¥ U3HOocHIIa yak 7532,36 + 89,37 U/L. HajaktuBHUje
eHJ10- u er3ouenynase (2299,70 + 72,17 U/L ogrocHo 195,66 + 4,64 U/L) nponykoBaia
je Trichoderma harzianum BEOFB 1230m, nox je Fusarium graminearum BEOFB 820m
CHHTETHCAa0 30(opMe HajBHIE aKTUBHOCTH B-riryko3unasa (63 =3 U/L). T. harzianum
je, Takohe, oKa3ao BUCOKY €(PHKACHOCT Y JICTIOITMMEPH3AIIH]H LIENTYII03€ U XeMUIICITYJI03¢
(23,90% oanocHo 33,00%) TokoM Jierpaaiyje MueHUuYHE CIaMe IITO j& Pe3yJITHPAIOo
Hajsehum rybutkom cyse mace (36,25%). Pesynraru oBe crynuje cy nmoka3ain BUCOK
MOTEHIIM]jajl ofadpaHUX MUKPOMHULIETA J]a CHHTETHILY LIETYJIOJUTHYKE EH3UME U THME
BpIIIC KOHBEP3H]Y JEPTHHOT U JIAKO JOCTYITHOT OMJBHOT OTIIA/Ia MOy T MIIICHUYHE CJia-
Me JI0 CHPOBHHA K0 IITO je OMOTOPHBO.

KJbYUHE PEYU: nenonumMepu3aiiyja, TMrHOLETYI03HH OTIIA]l, MUKPOMHUIIETE,
ocTaly U3 OJbOIPUBPEE U LIyMapCTBa, LEITYI0JUTHIKN €H3UMHU

99






EDITORIAL POLICY

The journal MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES is
dedicated to publishing original scientific papers presenting new results of funda-
mental and applied research, review articles as well as brief communications from
all scientific fields as referred to in the title of the journal. Review articles are pub-
lished only when solicited by the editorial board of the journal. Manuscripts that have
already been published in extensor or in parts or have been submitted for publication
to other journal will not be accepted. The journal is issued twice a year.

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 vnikolic@maticasrpska.org.rs and enclosed with the author’s written consent
for the publishing of the manuscript.

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 noti-
fied about the manuscript reception within seven days and about the reviewers’ opinion
within two months from submission. All submitted manuscripts are reviewed and proofread.

MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES is an Open Access
journal.

Contributions to the Journal should be submitted in the English language, with
an abstract also in Serbian.

MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES is available in
full-text at the web site of Matica Srpska and in the following data bases: Serbian
Citation Index, EBSCO Academic Search Complet, abstract level at Agris (FAO),
CAB Abstracts, CABI Full-Text, Thomson Reuters Master Journal List and DOAJ
(Directory of Open Access Journals).

Editorial responsibilities

The Editor-in-Chief and the Editorial Board are responsible for deciding which
articles submitted to MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES
will be published. The Editor-in-Chief and the Editorial Board are guided by the
Editorial Policy and constrained by legal requirements in force regarding libel, copy-
right infringement and plagiarism.

The Editor-in-Chief reserves the right to decide not to publish submitted manu-
scripts in case it is found that they do not meet relevant standards concerning the
content and formal aspects. The Editorial Staff will inform the authors whether the
manuscript is accepted for publication within two weeks after receiving from authors
manuscript revised following reviewers comments.

The Editor-in-Chief and members of Editorial Board must hold no conflict of
interest with regard to the articles they consider for publication. If an Editor feels that
there is likely to be a perception of a conflict of interest in relation to their handling
of a submission, the selection of reviewers and all decisions on the paper shall be
made by the Edittor-in-Chief.

The Editor-in-Chief and members of Editorial Board shall evaluate manuscripts
for their intellectual content free from any racial, gender, sexual, religious, ethnic, or
political bias.

101



The Editor-in-Chief and the Editorial Staff must not use unpublished materials
disclosed in submitted manuscripts without the express written consent of the authors.
The information and ideas presented in submitted manuscripts shall be kept confi-
dential and must not be used for personal gain.

The Editor-in-Chief and members of Editorial Board shall take all reasonable
measures to ensure that the reviewers remain anonymous to the authors before, dur-
ing and after the evaluation process.

Author’s responsibilities

Authors warrant that their manuscript is their original work, that it has not been
published before, and is not under consideration for publication elsewhere. Parallel
submission of the same paper to another journal constitutes a misconduct, and elim-
inates the manuscript from consideration by MATICA SRPSKA JOURNAL FOR
NATURAL SCIENCES.

The Authors also warrant that the manuscript is not and will not be published
elsewhere (after the publication in MATICA SRPSKA JOURNAL FOR NATURAL
SCIENCES) in any language without the consent of the Editorial Board.

In case a submitted manuscript is a result of a research project, or its previous version
has been presented at a conference in the form of an oral presentation (under the same
or similar title), detailed information about the project, the conference, etc. shall be pro-
vided in Acknowledgements. A paper that has already been published in another journal
cannot be reprinted in MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES.

It is the responsibility of each author to ensure that papers submitted to MATICA
SRPSKA JOURNAL FOR NATURAL SCIENCES are written with ethical standards
in mind. Authors affirm that the article contains no unfounded or unlawful statements
and does not violate the rights of third parties. The Publisher will not be held legally
responsible should there be any claims for compensation.

Reporting standards

A submitted manuscript should contain sufficient detail and references to permit
reviewers and, subsequently, readers to verify the claims presented in it. The deliber-
ate presentation of false claims is a violation of ethical standards. Book reviews and
technical papers should be accurate and they should present an objective perspective.

Authors are exclusively responsible for the contents of their submissions and must
make sure that they have permission from all involved parties to make the data public.

Authors wishing to include figures, tables or other materials that have already
been published elsewhere are required to be referred on the reference used, or to have
permission from the copyright holder(s). Any material received without such evidence
will be assumed to originate from the authors.

Authorship

Authors must make sure that only contributors who have significantly contrib-
uted to the submission are listed as authors and, conversely, that all contributors who
have significantly contributed to the submission are listed as authors. If persons
other than authors were involved in important aspects of the research project and the
preparation of the manuscript, their contribution should be acknowledged in a footnote
or the Acknowledgments section.

Acknowledgment of Sources
Authors are required to properly cite sources that have significantly influenced their
research and their manuscript. Information received in a private conversation or corre-

102



spondence with third parties, in reviewing project applications, manuscripts and similar
materials must not be used without the express written consent of the information source.

Plagiarism

Plagiarism, where someone assumes another’s ideas, words, or other creative
expression as one’s own, is a clear violation of scientific ethics. Plagiarism may also
involve a violation of copyright law, punishable by legal action.

Plagiarism includes the following:

* Word for word, or almost word for word copying, or purposely paraphrasing
portions of another author’s work without clearly indicating the source or marking
the copied fragment (for example, using quotation marks);

+ Copying equations, figures or tables from someone else’s paper without prop-
erly citing the source and/or without permission from the original author or the copyright
holder.

Please note that all submissions are thoroughly checked for plagiarism.

Any paper which shows obvious signs of plagiarism will be automatically re-
jected and those authors will not be permitted to submit papers to MATICA SRPSKA
JOURNAL FOR NATURAL SCIENCES for three years.

In case plagiarism is discovered in a paper that has already been published by the
journal, it will be retracted in accordance with the procedure described below under
Retraction policy, and authors will not be permitted to submit papers to MATICA
SRPSKA JOURNAL FOR NATURAL SCIENCES for three years.

Conlflict of interest
Authors should disclose in their manuscript any financial or other substantive
conflict of interest that might have influenced the presented results or their interpretation.

Fundamental errors in published works

In the event that an author discovers a significant error or inaccuracy in his/her
own published work, it is the author’s obligation to promptly notify the journal Editor
or publisher and cooperate with the Editor to retract or correct the paper.

By submitting a manuscript the authors agree to abide by the MATICA SRPSKA
JOURNAL FOR NATURAL SCIENCES’s Editorial Policies.

Reviewer responsibilities

Reviewers are required to provide written, competent and unbiased feedback in
a timely manner on the scholarly merits and the scientific value of the manuscript.

The reviewers assess manuscript for the compliance with the profile of the
journal, the relevance of the investigated topic and applied methods, the originality
and scientific relevance of information presented in the manuscript, the presentation
style and scholarly apparatus.

Reviewers should alert the Editor to any well-founded suspicions or the knowl-
edge of possible violations of ethical standards by the authors. Reviewers should
recognize relevant published works that have not been cited by the authors and alert
the Editor to substantial similarities between a reviewed manuscript and any manu-
script published or under consideration for publication elsewhere, in the event they
are aware of such. Reviewers should also alert the Editor to a parallel submission of
the same paper to another journal, in the event they are aware of such.

Reviewers must not have conflict of interest with respect to the research, the
authors and/or the funding sources for the research. If such conflicts exist, the review-
ers must report them to the Editor without delay.

103



Any selected referee who feels unqualified to review the research reported in a
manuscript or knows that its prompt review will be impossible should notify the
Editor without delay.

Reviews must be conducted objectively. Personal criticism of the author is inap-
propriate. Reviewers should express their views clearly with supporting arguments.

Any manuscripts received for review must be treated as confidential documents.
Reviewers must not use unpublished materials disclosed in submitted manuscripts
without the express written consent of the authors. The information and ideas pre-
sented in submitted manuscripts shall be kept confidential and must not be used for
personal gain.

Peer review

The submitted manuscripts are subject to a peer review process. The purpose
of peer review is to assists the Editor-in-Chief, Editorial Board and Consulting Editors
in making editorial decisions and through the editorial communications with the
author it may also assist the author in improving the paper. Scientific papers, review
papers, short communications are subjected to the review process.

Reviews are anonymous (single-blind procedure), and at least one positive review
should be obtained for a positive decision — acceptance of the paper after minor or
major revision. In case MAJOR changes are demanded by reviewer(s), the revised
version of the paper will be sent again to the reviewer(s) for their FINAL OPINION.
Reviewers are not paid for their reviews.

The choice of reviewer(s) is at the discretion of the Editor-in-Chief and members
of Editorial Board. The reviewers must be knowledgeable about the subject area of
the manuscript; they must not be from the authors’ own institution and they should
not have recent joint publications with any of the authors. Editors and the Editorial
Staff shall take all reasonable measures to ensure that the reviewers remain anony-
mous to the authors before, during and after the evaluation process.

All of the reviewers of a paper act independently and they are not aware of each
other’s identities. If the decisions of the two reviewers are not the same (accept/reject),
the Editor may assign additional reviewers.

During the review process Editors may require authors to provide additional
information (including raw data) if they are necessary for the evaluation of the schol-
arly merit of the manuscript. These materials shall be kept confidential and must not
be used for personal gain.

The Editorial team shall ensure reasonable quality control for the reviews. With
respect to reviewers whose reviews are convincingly questioned by authors, special
attention will be paid to ensure that the reviews are objective and high in academic
standard. When there is any doubt with regard to the objectivity of the reviews or the
quality of the review, additional reviewers will be assigned.

Procedures for dealing with unethical behavior

Anyone may inform the editors and/or Editorial Staff at any time of suspected
unethical behavior or any type of misconduct by giving the necessary information/
evidence to start an investigation.

Investigation

¢ Editor-in-Chief will consult with the Subject Editors on decisions regarding
the initiation of an investigation.

* During an investigation, any evidence should be treated as strictly confidential
and only made available to those strictly involved in investigating.

104



* The accused will always be given the chance to respond to any charges made
against them.

o If it is judged at the end of the investigation that misconduct has occurred, then
it will be classified as either minor or serious.

Minor misconduct

Minor misconduct will be dealt directly with those involved without involving
any other parties, e.g.:

» Communicating to authors/reviewers whenever a minor issue involving mis-
understanding or misapplication of academic standards has occurred.

* A warning letter to an author or reviewer regarding fairly minor misconduct.

Major misconduct

The Editor-in-Chief, in consultation with the Subject, and, when appropriate,
further consultation with a small group of experts should make any decision regard-
ing the course of action to be taken using the evidence available. The possible out-
comes are as follows (these can be used separately or jointly):

* Publication of a formal announcement or editorial describing the misconduct.

* Informing the author’s (or reviewer’s) head of department or employer of any
misconduct by means of a formal letter.

* The formal, announced retraction of publications from the journal in accord-
ance with the Retraction Policy (see below).

* A ban on submissions from an individual for a defined period.

* Referring a case to a professional organization or legal authority for further
investigation and action.

When dealing with unethical behavior, the Editorial Staff will rely on the guide-
lines and recommendations provided by the Committee on Publication Ethics (COPE).

Retraction policy

Legal limitations of the publisher, copyright holder or author(s), infringements
of professional ethical codes, such as multiple submissions, bogus claims of author-
ship, plagiarism, fraudulent use of data or any major misconduct require retraction
of an article. Occasionally a retraction can be used to correct errors in submission or
publication. The main reason for withdrawal or retraction is to correct the mistake
while preserving the integrity of science; it is not to punish the author.

Standards for dealing with retractions have been developed by a number of li-
brary and scholarly bodies, and this practice has been adopted for article retraction
by MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES: in the electronic
version of the retraction note, a link is made to the original article. In the electronic
version of the original article, a link is made to the retraction note where it is clearly
stated that the article has been retracted. The original article is retained unchanged;
save for a watermark on the PDF indicating on each page that it is “retracted.”

Open access policy

MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES is an Open Access
Journal. All articles can be downloaded free of charge and used in accordance with
the Creative Commons Attribution-NonCommercial-NoDerivs 4.0 International (CC
BY-NC-ND) licence.

The MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES journal is
funded by Matica srpska and does not charge any fees to authorsis free of charge for
authors.

105



Self-archiving Policy

The MATICA SRPSKA JOURNAL FOR NATURAL SCIENCES allows au-
thors to deposit Author’s Post-print (accepted version) and Publisher’s version/PDF
in an institutional repository and non-commercial subject-based repositories, such as
arXiv or similar) or to publish it on Author’s personal website (including social net-
working sites, such as ResearchGate, Academia.edu, etc.) and/or departmental web-
site, at any time after publication. Full bibliographic information (authors, article title,
journal title, volume, issue, pages) about the original publication must be provided
and a link must be made to the article’s DOI.

Copyright

Authors retain copyright of the published article and have the right to use the
article in the ways permitted to third parties under the — Creative Commons Attribu-
tion-NonCommercial-NoDerivs 4.0 International (CC BY-NC-ND) licensce. Full
bibliographic information (authors, article title, journal title, volume, issue, pages) about
the original publication must be provided and a link must be made to the article’s DOI.

The authors and third parties who wish use the article in a way not covered by
the Creative Commons Attribution-NonCommercial-NoDerivs 4.0 International (CC
BY-NC-ND) licensce must obtain a written consent of the publishercopyright holder.
This license allows others to download the paper and share it with others as long as
they credit the journal, but they cannot change it in any way or use it commercially.

Authors grant to the publisher the right to publish the article, to be cited as its
original publisher in case of reuse, and to distribute it in all forms and media.

Disclaimer

The views expressed in the published works do not express the views of the
Editors and Editorial Staff. The authors take legal and moral responsibility for the
ideas expressed in the articles. Publisher shall have no liability in the event of issuance
of any claims for damages. The Publisher will not be held legally responsible should
there be any claims for compensation.

EDITOR IN CHIEF

Ivana MAKSIMOVIC, University of Novi Sad, Faculty of Agriculture, Novi Sad,
Serbia

E-mail: ivanam@polj.uns.ac.rs

EDITORIAL BOARD

Goran ANACKOV University of Novi Sad, Faculty of Sciences, Novi Sad, Serbia
Livija CVETICANIN University of Novi Sad, Faculty of Sciences, Novi Sad, Serbia
Slobodan CURCIC, University of Novi Sad, Faculty of Sciences, Novi Sad, Serbia
Slavka GAJIN, University of Novi Sad, Faculty of Sciences, Novi Sad, Serbia
Darko KAPOR, University of Novi Sad, Faculty of Sciences, Novi Sad, Serbia
Rudolf KASTORI, University of Novi Sad, Faculty of Agriculture, Novi Sad, Serbia
Milan MATAVULJ University of Novi Sad Faculty of Sciences, Novi Sad, Serbia
Marija SKRINJAR, University of Novi Sad, Faculty of Technology, Novi Sad, Serbia

CONSULTING EDITORS

Atanas Ivanov ATANASOV, Bulgarian Academy of Sciences, Sofia, Bulgaria

Bettina EICHLER-LOBERMANN, University of Rostock, Faculty of Agricultural and
Environmental Sciences, Rostock, Germany

Laszl6 ERDEI, University of Szeged, Department of Plant Physiology, Szeged, Hungary

106



Zed RENGEL, University of Western Australia, School of Earth and Environment,
Perth, Australia.

Aleh Ivanovich RODZKIN, International Sakharov Environmental University, Minsk,
Belarus

Kalliopi ROUBELAKIS-ANGELAKIS, University of Crete, Department of Biology,
Heraklion, Crete, Greece

Stanko STOJILJIKOVIC, National Institute of Child Health and Human Development:
Bethesda, Marylend, United States of America

Accursio VENEZIA, Ministry of Agricultural, Food and Forestry Policies, The Research
Centre for Vegetable and Ornamental Crops, Pontecagnano, Italy

Articales are available in full-text at the web site of Matica Srpska, Serbian Citation
Index, CABI, EBSCO, Web of Science Master Journal List, AGRIS FAO (abstracts)

107



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 vnikolic@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 % 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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