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SUMMARY

Twenty-two essential oil samples from Germany and Albania were assayed to test their
inhibitory and fungicidal activity against Cryphonectria parasitica (Murr.) Barr,, the major causal
agent of chestnut blight on chestnut trees, using the fumigant macrodilution method. Test
concentrations of the oils in air phase were: 0.02, 0.04, 0.08, 0.16 and 0.32 ul ml', and minimum
inhibitory and fungicidal concentrations were determined. The strongest activity was shown
by two samples of mint oil from Germany and Albania, and black pine at the concentration
of 0.02 pl mlI”" of air for both test isolates (M1 and 4S). The tested plant essential oils also
included: eucalyptus, sage, silver fir and cade. Only three samples of EOs (mint (2) and black
pine) were lethal to both isolates. Sage and silver fir oils were more toxic to the M1 isolate,
while cade and eucalyptus oils were more toxic to the 4S isolate. Fifteen oils: mint (2), black
pine, cade, eucalyptus, silver fir, sage, pine (4), oregano, lavender, and rosemary (2), inhibited
the growth of Cryphonectria parasitica, and seven oils (two samples of mint, eucaliptus, black
pine, sage, silver fir and cade) showed fungicidal effects on the pathogen.
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American chestnut (Castanea dentate (Marsh.) Borkh.)
and European chestnut (Castanea sativa Mill.), as well

The major causal agent of chestnut blight on chestnut
trees is Cryphonectria parasitica (Murr.) Barr. The
pathogen belongs to Sordariomycete (ascomycete) fungi
in the family Cryphonentriacae. Its major hosts are
species in the genus Castanea (Fagaceae), particularly the

as Chinese and Japanese chestnuts (Castanea mollisima
Blume and Castanea crenata Siebold and Zucc.) (Roane et
al,, 1986). Other hosts include mainly oaks (Quercus spp.),
maples (Acer spp.), European hornbeam (Carpinus betulus
L.) and American chinquapin (Castanea pumila L.)
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(Diller, 1965; Radocz & Tarcali, 2009; Tziros et al.,
2015; Rigling & Prospero, 2018). Chestnut blight was
introduced in Europe (first detected point was near
Genova, Italy) from North America in 1938, thus
endangering the survival of European sweet chestnut
(Dutech et al., 2012). In Serbia, the pathogen has spread
to sweet chestnut trees in the environs of Krusevac,
Vranje, Vria¢ki Breg and Kosovo (Marinkovié &
Karadzi¢, 1985; Karadzi¢ & Milenkovi¢, 2013; Karadzi¢
etal.,, 2019). In 2012, C. parasitica was first identified
on sessile oak (Quercus petreae (Matt.) Lebl.) trees in
Serbia (location Vr$agki Breg) (Karadzi¢ & Milenkovi¢,
2013; Karadzi¢ et al., 2019).

The fungus C. parasitica is a bark pathogen, which
causes perennial necrotic lesions (so-called cankers)
and infects stems, branches and eventually twigs.
Manifestation of symptoms induced by the pathogen
on susceptible hosts varies depending on the virulence
of a particular C. parasitica strain and the age of infected
tree parts (Prospero & Rigling, 2013; Rigling & Prospero,
2018). Bark cankers on smooth-barked young stems/
branches are orange to reddish-brown on the surface. The
pathogen is hard to discern on older stems/branches with
thick bark until longitudinal splits appear in the bark
(Diller, 1965). Chestnut blight cankers are characterized
by mycelial fans and fruiting bodies of the pathogen. The
tree may react to canker by producing epicormic shoots
below it. Non-lethal, superficial or callusing cankers
on susceptible host trees are usually associated with
mycovirus-induced hypovirulence (Bryner et al., 2013).

Disease management strategies have focused either
on hypovirulence (biological control) or resistance
breeding. To prevent the introduction and spreading
of C. parasitica, quarantine regulations have been
adopted worldwide, affecting the movement and trade
of chestnut wood and bark, seeds and living plants.
In Europe, the European and Mediterranean Plant
Protection Organization (EPPO) still recommends
the regulation of C. parasitica as an A2 quarantine
organism locally present in the EPPO region (EPPO,
2018). After C. parasitica introduction into a new area,
erradication efforts by cutting and burning infected
trees have mostly failed (Prospero & Rigling, 2013).
Treatmant with chemicals does not seem to be a practical
option for C. parasitica control because the use of
chemicals in forests, in most countries, is restricted
or prohibited, and fungicides may be phytotoxic or
induce resistance in the pathogen. However, Trapiello
et al. (2015) showed that the application of triazole
(epoxiconazole) fungicides may be helpful under certain
management conditions, e.g. in nurseries. In Europc, the
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mycovirus Cryohonectria parasitica 1 (CHV-1) acts asa
successful biological control agent of chestnut blight by
causing the so-called hypovirulence. CHV-1 infects C.
parasitica and reduces its parasitic growth and sporulation
capacity. Hypovirulence is present in many chestnut-
growing regions of Europe, while disease management in
North America is mainly focused on resistance breeding
(Rigling & Prospero, 2018).

The antifungal properties of essential oils (EOs) and
their constituents have been reported in several studies,
most of which focused on the inhibition of fungal mycelial
growth in vitro. Essential oils, due to their very strong
activity, could be promising control agents in future
extensive research and iz vivo experiments. They could be
used as supplements to commercial products for disease
control, which would minimize the amount of fungicides
used. Iz vitro experiments have shown that the volatile
phase of certain essential oils, such as those of Scottish
pine, eucalyptus, juniper, orange, rosemary and thyme,
applied at a concentration of 0.65 pl ml"! of air, inhibit the
growth of various soil-borne pathogens: Fusarium spp.,
Rbizoctonia sp. and Pythium sp. (Tanovié et al., 2007).
The essential oils of oregano (Origanum vulgare L.) and
thyme (Zymus vulgaris L.) were found in another study
to be effective against several phytopathogenic fungi:
Aspergillus sp., Fusarium sp., Penicillium sp., Phytophtora
infestans, Sclerotinia sclerotiorum, Rhyzoctonia solani,
Botrytis cinerea, Monilinia fructicola, Rhyzopus
stolonifer, Macrophomina phaseolina and Pythium
sp. (El-Mohamedy et al., 2013). The oils of oregano,
common thyme and peppermint (Mentha piperita
L.) have demonstrated high iz vitro activity against
Trichoderma green mould, while adding tea tree oil
[(Melalewca alternifolia (Maiden and Betche) Cheel] to
oyster mushroom substrate or button mushroom casing
layer has resulted in considerable i7 vivo inhibition of
Trichoderma harzianum Rifai (Sokovié et al., 2009;
Kosanovi¢ et al., 2013). In an analysis of 22 essential
oils, those of wintergreen (Gaultheria procumbens L.),
lemongrass (Cymbopogon flexuosus Stapf.) and oregano,
demonstrated the strongest antimicrobial activity against
three bacteria that are pathogenic to common bean,
tomato and cultivated mushroom (Todorovi¢ et al., 2016),
while the oils of mint (Mentha piperita L.), eucalyptus
(Eucalyptus globulus Labilardie), black pine (Pinus nigra
L.) and cade (Juniperus oxycedrus L) showed the strongest
antifungal activity against Verticillium dabliae Klebahn,
a pathogen of pepper (Lukovié et al., 2019).

The purpose of this study was to assess the vapour
antifungal activities of 22 essential oil samples against
C. parasitica by evaluating their minimal inhibitory and
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fungicidal concentrations iz vitro, using the fumigant
macrodilution method in an attempt to promote their
use as alternative products for biological control.

MATERIAL AND METHODS

Essential oil samples

Twenty-two samples of plant essential oils (EOs)
were provided by the Institute for Medicinal Plant
Research “Dr. Josif Pan¢i¢”, Belgrade (Serbia) (Table 1).
They included 11 EOs produced by Frey & Lau, Ulzburg
(Germany). The characteristics of samples in this group
fully conformed with the quality control requirements
given by the Fifth European Pharmacopocia (Ph. Eur.

Table 1. List of tested essential oils

5.0). Of the two listed oregano oil samples, the latter was
declared nature-identical. The other samples consisted
of oils acquired from the Albanian companies Xherdo

Co. sh.p.k., Tirana, and Agroherbal sh.p.k, Mamurras.

Test organism and inoculum preparation

The isolates 4S and M1 of Cryphonectria parasitica from
the collection of the Institute of Forestry were isolated from
infected chestnut trees at two locations near Vranje (Sobina
and Muhovac, Serbia) in 2010 (Karadzi¢ et al., 2019).
Conidia were harvested by flooding the plates with 10 ml
of sterile distilled water and Tween 20 (v/v 0.01%), and then
filtration through a double layer of cheesecloth. Conidial
suspension was prepared in sterile saline and adjusted to a
concentration of approximately 10¢ conidia ml!.

Essential oils Source* Designation Remark
Anise (Illicum verum Hooker) Frey &Lau S0100154 Ph. Eur. 5.0*
Cade (Juniperus oxycedrus L.) Xherdo Co. - -
Eucalyptus (Eucalyptus globulus Labilardie) Frey &Lau $0100321 Ph. Eur. 5.0*
Lavender (Lavandula angustifolia Mill.) Frey &Lau P0123527 Ph. Eur. 5.0*
Lavender (Lavandula angustifolia Mill.) Agroherbal - -
Lemon (Citrus limon L.) Frey &Lau P0119551 Ph. Eur. 5.0*
Lemongrass (Cymbopogon flexnosus Stapf.) Frey &Lau P0120241 Ph. Eur. 5.0*
Mint (Mentha piperita L.) Agroherbal No. 41/A -

Mint (Mentha piperita L.) Frey &Lau P0123884 Ph. Eur. 5.0*
Oregano (Origanum vulgare L.) Frey &Lau P0125062 Ph. Eur. 5.0*
Oregano (Origanum vulgare L.) Frey &Lau P0125412 Ph. Eur. 5.0*
Pine (Black) (Pinus nigra L.) Agroherbal - -

Pine (Maritime) (Pinus pinaster Aiton) Frey &Lau P0125332 Ph. Eur. 5.0*
Pine (Maritime) (Pinus pinaster Aiton) Agroherbal No.2 -

Pine (Scotch) (Pinus silvestris L.) Frey &Lau P0124319 Ph. Eur. 5.0*
Rosemary (Rosmarinus officinalis L.) Frey &Lau P0124476 Ph. Eur. 5.0*
Rosemary (Rosmarinus officinalis L.) Agroherbal No. 1 -
Rosemary (Rosmarinus officinalis L.) Agroherbal No. 41 -
Rosemary (Rosmarinus officinalis L.) Xherdo Co. - -

Sage (Salvia officinalis L.) Xherdo Co. - -
Silver fir (Abies alba Mill.) Xherdo Co. - -
Wintergreen (Gaultheria procumbens L.) Frey &Lau P0117394 Ph. Eur. 5.0*

*Frey & Lau, Ulzburg (Germany)
Agroherbal sh.p.k., Mamurras (Albania)
Xherdo Co. sh.p.k., Tirana (Albania)

* Conforms with requirements of the 5* European Pharmacopoeia (Ph. Eur. 5.0)
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Antifungal activity of essential oils in vitro

Antifungal activity was tested on PDA medium in glass
Petri plates (R=100 mm). The medium was inoculated
with the test fungi by pipetting 20 pl of conidial
suspension into each well cut into plate center (R=10
mm). The inoculum was then exposed to the volatile
phase of EOs for three days at 20°C. The oils were applied
as single drops onto the inner side of each plate cover at
concentrations of 0.02, 0.04, 0.08, 0.16 and 0.32 pl mI"! of
air inside Petri plates using the micropipette. The bottom
of each plate was immediately placed upon the cover. The
plates were sealed with parafilm to prevent gas exchange
with the outside environment. Oil concentrations that
completely inhibited fungal growth after three-day
exposure at 20°C were considered to be fungistatic
and the lowest of these concentrations was determined
as the minimum inhibitory concentration (MIC). The
plates were then opened and ventilated in a laminar flow
hood for 30 min in order to remove volatiles and check
fungicidal effects. Oil concentrations were considered
fungicidal if no fungal growth was observed three days
after ventilation. The lowest concentration that caused
fungicidal effect was defined as the minimum fungicidal
concentration (MFC) (Tanovié et al., 2006). Four
replicates per treatment were used and the experiment
was repeated twice.

Essential oil analysis

Analyses of the essential oils were performed by
gas chromatography (GC) using two detector types.
Analytical gas chromatography (GC/FID) analysis of
the oils was carried out on a Hewlett-Packard HP-5890
Series IT GC device equipped with a split-splitless injector
and automatic liquid sampler (ALS), attached to an HP-
5 column (25 m x 0.32 mm, 0.52 um film thickness) and
fitted to a flame ionization detector (FID). Carrier gas
flow rate (H,) was 1 mL min, split ratio 1:60, injector
temperature was 250°C, detector temperature 300°C,
while column temperature was linearly programmed
from 40-260°C (at a rate of 4°C min™!). Solutions of
essential oil samples in ethanol (~1%) were consecutively
injected by ALS (1 pl, split ratio=1:20). Area percent
reports, obtained as a result of standard processing of
chromatograms, were used as a base for quantification
purposes. The same analytical conditions as those
mentioned for the GC/FID were employed for gas
chromatography/mass spectrometry (GC/MS) analysis,
along with column HP-SMS (30 m x 0.25 mm, 0.25 pm
film thickness), using a Hewlett-Packard HP G 1800C
Series IT GCD system. Instead of hydrogen, helium
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was used as the carrier gas. Transfer line was heated to
260°C. Mass spectra were acquired in EI mode (70 V),
in /% range 40-450. Sample solutions in ethanol (~1
%) were injected by ALS (200 nl, split ratio=1:20).
Oil components were identified by comparison of their
mass spectra to those from Wiley275 and NIST/NBS
libraries, using different search engines. The experimental
data on retention indices were determined by using
calibrated Automated Mass Spectral Deconvolution
and Identification System software (AMDIS ver.2.1.),
compared to those from available literature (Adams, 2007)
and used as an additional tool to approve MS findings.

RESULTS

The growth of C. parasitica isolate M1 was inhibited
by 11 essential oils (EOs), while isolate 4S was inhibited
by 14 out of 22 tested oil samples, which were applied in
arange of concentrations from 0.02 to 0.32 ul ml of air
(Table 2). Eleven oil samples showed neither inhibitory
nor lethal effects on isolate M1, while eight oil samples
had neither inhibitory nor lethal effects on isolate 4S.
Growth inhibition of the test pathogen after three days
was achieved by both mint oil samples, eucalyptus, black
pine, cade, sage, silver fir, three samples of pine and one
sample of oregano against isolate M1 and two samples of
mint, eucalyptus, black pine, cade, sage, silver fir, three
samples of pine, one oregano sample, a sample of lavender
and two samples of rosemary against isolate 4S. Three
oil samples (two mint samples and one of black pine)
exhibited lethal effects on both pathogen isolates. In
addition, two more EOs (sage and silver fir) had lethal
effects on isolate M1 and two EOs (cade and eucalyptus)
on isolate 4S. The strongest growth inhibitors of C.
parasitica were two samples of mint (from Germany and
Albania) and the black pine EO, having MIC and MFC
values of 0.02 pl ml! of air for both isolates. Sage and
silver fir were the next most effective EOs against isolate
M1. Their MIC and MFC were 0.02 pl mI" and 0.04
ul ml, respectively. Cade and eucalyptus EOs showed
antifungal activity against isolate 4S, having MIC values
of 0.08 and 0.16 ul ml", respectively, and MFC of 0.32
ul ml? of air. The following oils also demonstrated good
inhibitory effects against both isolates: oregano, three
pine samples, lavender and rosemary, having different
MICs, and MFCs exceeding 0.32 pl ml! of air (Table
2). Fungicidal effects were shown by seven samples of
oils (two samples of mint, black pine, sage, silver fir,
cade and eucalyptus), having different MFCs (0.02,
0.04 and 0.32 pl ml"! of air) after four-day exposure.
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Table 2. Effective concentrations of essential oils (ug ml! of air) against two isolates (M1 and 4S) of Cryphonectria parasitica

(Murr.) Barr.
o Isolate M 1 Isolate 4S

Essential oils

MIC? MECP MIC? MECP
Anise S0100154 >0.32 >0.32 >0.32 >0.32
Cade Xherdo Co. 0.16 >0.32 0.08 0.32
Eucaliptus S0100321 0.16 >0.32 0.08 0.32
Lavender P0123527 >0.32 >0.32 >0.32 >0.32
Lavender Agroherbal >0.32 >0.32 0.32 >0.32
Lemon P0119551 >0.32 >0.32 >0.32 >0.32
Lemongrass P0120241 >0.32 >0.32 >0.32 >0.32
Mint No. 41/A, Agroherbal 0.02 0.02 0.02 0.02
Mint P0123884 0.02 0.02 0.02 0.02
Oregano P0125062 >0.32 >0.32 >0.32 >0.32
Oregano P0125412 0.16 >0.32 0.16 >0.32
Pine (Black) Agroherbal 0.02 0.02 0.02 0.02
Pine (Maritime) P0125332 0.32 >0.32 0.32 >0.32
Pine (Maritime) No. 2, Agroherbal 0.16 >0.32 0.32 >0.32
Pine (Scotch) P0124319 Ph. 0.32 >0.32 0.32 >0.32
Rosemary PO124476 >0.32 >0.32 0.32 0.32
Rosemary No. 1, Agroherbal >0.32 >0.32 >0.32 >0.32
Rosemary No. 41, Agroherbal >0.32 >0.32 0.32 >0.32
Rosemary Xherdo Co. >0.32 >0.32 >0.32 >0.32
Sage Xherdo Co. 0.04 0.04 0.04 >0.32
Silver fir Xherdo Co. 0.02 0.04 0,02 >0.32
Wintergreeen P0117394 >0.32 >0.32 >0.32 >0.32

*Minimal concentration of essential oil causing complete inhibition of pathogen growth after tree-day exposure (minimum inhibitory

concentration)

"Minimal concentration of essential oil showing lethal effect on the pathogen (minimum fungicidal concentration)

Only three EO samples (two of mint, and black pine)
were lethal to both isolates. Sage and silver fir oils were
more toxic to isolate M1, while cade and eucalyptus oils
were more toxic to isolate 4S. Eight oils (anise, lemon,
lemongrass, two samples of rosemary, a sample of lavender
and wintergreen) did not inhibit pathogen growth at
all. Three more samples (one of lavender and two of
rosemary) did not inhibit the growth of isolate M1.

DISCUSSION

The results of this study indicate that some of the
tested essential oils have the ability to suppress the growth
of C. parasitica in vitro. Of the 22 essential oil samples
analyzed, 14 (two mint samples, cade, eucalyptus, black
pine, silver fir, sage, lavender, oregano, four samples of
pine and rosemary) inhibited the growth of C. parasitica,
while seven oils (two samples of mint, eucalyptus, black

pine, silver fir, sage and cade) had fungicidal effects on
the pathogen.

Analyzing the same 22 essential oils from Germany
and Albania, Todorovié et al. (2016) found those of
wintergreen, lemongrass and oregano to demonstrate
the strongest antimicrobial activity against three
pathogenic bacteria: Xanthomonas campestris pv. phaseols,
Clavibacter michiganensis subsp. michiganensis and
Pseudomonas tolaasii, the pathogens of common bean,
tomato and cultivated mushroom. On the other hand,
mint oil samples showed the strongest activity at 0.02
ul ml! of air, followed by eucalyptus, black pine and
cade in a study against V. dahliae (Lukovi¢ et al., 2019),
all oils being lethal to the tested fungus. Similar results
were obtained in the current study, where the strongest
activity towards two isolates of C. parasitica was shown
by two samples of mint oil and black pine at 0.02 ul ml!
of air, followed by eucalyptus, black pine, cade, sage and
silver fir, which were also lethal. Lee et al. (2008) tested
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11 Myrtaceae plant essential oils, using the fumigation
method, and found that Leprospermum petersonii EOs
had the most potent antifungal activity against three
phytopathogenic fungi (Phyprophtora ramorum, C.
parasitica and Fusarium circinatum). Inhibition rate of
C. parasitica by Eucalyptus citridora EO was 29.4%, while
Leprospermum petersonii EO achieved 98.5% inhibition.
Lee et al. (2008) also tested the antifungal activity of
several identified compounds of Myrtaceae plant essential
oils. In a test with C. parasitica, the inhibition rates of the
compounds nerol and geraniol were 61.7% and 68.9%,
respectively, at concentration 28 x 10~ mg ml"! of air. An
analysis of essential oils obtained from 40 plant species
against three phytopathogenic fungi in another study
showed that the inhibition rate of patchouli (Pagostemon
patchouli) essential oil was 51%, while the other oils had
weak activity against C. parasitica (Lee et al., 2009).
In vitro experiments have also shown that the volatile
phase of certain essential oils, such as those of Scottish
pine, eucalyptus, juniper, orange, rosemary and thyme,
applied at the concentration of 0.65 pl ml! of air,
inhibited the growth of some soil-borne pathogens:
Fusarium spp., Rhizoctonia sp. and Pythium sp. (Tanovi¢
etal., 2007). In another study, eucalyptus and clove oils
showed fungistatic effects on Fusarium culmororum and
Alternaria alternata (Byron & Hall, 2002). Moreover,
the essential oils of oregano and thyme were effective
against several phytopathogenic fungi: Aspergillus sp.,
Fusarium sp., Penicillium sp., Phytophtora infestans,
Sclerotinia sclerotiorum, Rhyzoctonia solani, Botrytis
cinerea, Monilinia fructicola, Rbhyzopus stolonifer,
Macrophomina phaseolina and Pythium sp. (El-
Mohamedy et al., 2013). Essential oils of mint, thyme
and oregano have demonstrated high i% vitro activity
against Trichoderma green mould, while tea tree oil added
to oyster mushroom substrate or button mushroom casing
layer has resulted in considerable i7 vivo inhibition of
Trichoderma harzianum (Sokovi¢ & Van Griensven,
2006; Kosanovi¢ et al., 2013; Durovié-Pejéev et al,,
2014). Burovié-Pejéev et al. (2014) analyzed six essential
oils, and found only the oil of peppermint to exhibit
lethal effect on Trichoderma aggressivum f. europaeum.
The EOs of mint, black pine and eucalyptus were some
of the most successful oils tested in the current study in
terms of their highest inhibition and lethal activity. A
previous study had shown that the main components
of mint essential oil were: menthone (37.02%), menthol
(29.57%) and isomenthone (9.06%) (Purovié¢-Pejéev
etal., 2014). The composition of black pine EO was
analyzed by Koutsaviti et al. (2015). P. zigra EO was
dominated by a.-pinene (24.9 — 28.9%) and germacrene
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D (20.3 - 31.9%). In the study by Lukovié¢ et al. (2019),
1.8-cineole was identified as the dominant oil component
of eucalyptus essential oil (82.8%).

The results of this study show that mint, eucalyptus,
black pine, silver fir, sage and cade essential oils qualify,
based on their potentials, for further iz vivo experiments
against C. parasitica. The strongest inhibitory and
fungicidal effects were displayed by the oils of two
samples of mint, black pine, eucalyptus, silver fir and
cade. It will be of great importance in further research
to test these oils 772 vivo as potential biofungicides for
the control of chestnut blight.
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Toksic¢nost razlicitih etarskih ulja
za Cryphonectria parasitica (Murr.) Barr,
glavnog prouzrokovaca raka kore kestena

REZIME

Primenom makrodilucione fumigantne metode ispitana je inhibitorna i fungicidna
aktivnost 22 uzorka etarskih ulja iz Nemacke i Albanije za Cryphonectria parasitica (Murr)
Barr, prouzrokovaca raka kore kestena. Efikasnost etarskih ulja testirana je na razlicitim
koncentracijama (0,02, 0,04,0,08, 0,161 0,32 pl mI”" vazdusne faze) ina osnovu njih su odredene
minimalne inhibitorne i fungicidne koncentracije. Najjace dejstvo ispoljila su dva uzorka
etarskog ulja nane i etarsko ulje crnog bora, sa minimalnim inhibitornim i fungicidnim
koncentracijama od 0,02 pl mI"! vazdudne faze za oba testirana izolata (M1 i 45), zatim etarska
ulja eukaliptusa, jele, Zalfije i crvene kleke. Samo tri etarska ulja (dva uzorka nane i crni bor) bila
su letalna za oba izolata. Ftarska ulja Zalfije i jele bila su toksi¢nija za izolat M1, dok su etarska
ulja eukaliptusa i crvene kleke bila toksi¢nija za izolat 4S. Petnaest od 22 ispitivana uzorka
etarskih ulja ispoljila su inhibitorni efekat: dva uzorka nane, crvena kleka, eukaliptus, crni bor,
lavanda, zalfija, jela, tri uzorka bora, origano i dva uzorka ruzmarina, dok je sedam etraskih ulja
ispoljilo i fungicidni efekat (dva uzorka nane, eukaliptus, crni bor, Zalfija, jela i crvena kleka).

Kljucne reci: etarska ulja; rak kore kestena; antifungalno delovanje; biofungicidi



