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Determination and antifungal activities of laurel and fennel essential oils against fungal
disease agents of cypress seedlings

Servi fidanlarinda sorun olan fungal hastalik etmenlerine kars1 defne ve rezene ugucu yaglarinin
antifungal etkinliklerinin belirlenmesi

Merve KARA!, Soner SOYLUY", Musa TURKMEN?, D. Alpaslan KAYA?

Abstract

Fusarium oxysporum and Pestalotiopsis funerea are the most common fungal disease agents of conifer seedlings
causing root rot and shoot or tip blight diseases. In this study, chemical compositions and antifungal activities of
essential oils of fennel (Foeniculum vulgare Mill.) and laurel (Laurus nobilis L.) were determined against root rot
and wilt disease agents F. oxysporum and P. funerea in vitro conditions. Chemical compositions of essential oils
were determined by using GC-MS analysis. Antifungal volatile phase effects of essential oils were determined on
inhibition of mycelial growth in vitro conditions by using different concentrations. The effect of most effective
concentrations of essential oils on the morphology of fungal hypha was also determined by using light microscope.
GC-MS analysis of essential oils of laurel and fennel plants revealed that eucalyptol (52.88%) and a-terpinyl
acetate (11.77%) were major components of laurel; trans-anethole (81.55%) and limonene (5.88%) were major
components of fennel essential oils. Volatile phase effects of fennel and laurel essential oils were found to
completely inhibit mycelial growth of F. oxysporum at 30.0 and 50.0 ul petri concentrations, respectively.
Complete growth inhibition of P. funerea by essential oil of fennel and laurel were observed at relatively lower
concentrations (20.0 and 25.0 pl petri’ concentrations, respectively). Light microscopic observations on hyphae,
exposed to volatile phase of the most efficient concentrations of essential oil, revealed considerable structural
deformations such as cytoplasmic coagulation, vacuolations and protoplast leakage. In conclusion, our results
suggest that essential oils have the potential for use in control of fungal diseases of conifer plants.
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Oz
Fusarium oxysporum ve Pestalotiopsis funerea, kozalakli bitki tiirlerinde kok ¢iiriikliigii, siirgiin ya da ug yanikligi
olarak bilinen hastaliklara sebep olan en yaygin fungal hastalik etmenleridir. Bu ¢aligmada, rezene (Foeniculum

vulgare Mill.) ve defne (Laurus nobilis L.) bitkilerinden elde edilen ugucu yaglarin kimyasal bilesimleri ve F.
oxysporum ve P. funerea’ya kars1 antifungal etkileri in vitro kosullarda belirlenmistir. Ugucu yaglarin kimyasal

bilesimleri, GC-MS analizi kullanarak belirlenmistir. Ucucu yaglarin buhar fazinda misel gelisimini engellemesi
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tizerine antifungal etkileri in vitro kosullarda farkli konsantrasyonlar kullanarak belirlenmistir. Isik mikroskobu
kullanarak ugucu yaglarin en etkili konsantrasyonlarinin fungus hiflerinin morfolojisine etkileri de belirlenmistir.
Ucucu yaglarinin GC-MS analiz sonuglari, eucalyptol (%52.88) ve a-terpinyl acetate (%11.77)’1n defnenin, trans-
anethole (%81.55) ve limonene (%5.88)’nin ise rezene ucucu yaginin ana bilesenleri oldugunu gostermistir.
Rezene ve defne ugucu yaglarmin buhar fazinda F. oxysporum’un miselyal gelisimini tamamen engelleyen
konsantrasyonlar1 sirasiyla 30.0 ve 50.0 ul petri! olarak belirlenmistir. Rezene ve defne ugucu yaglarmin P.
funerea’nin gelisimini tamamen engelleyen konsantrasyonlarin nispeten daha diisiik oldugu gozlenmistir (sirastyla
20.0 ve 25.0 pl petri! konsantrasyonlarinda). Ugucu yaglarin buhar fazinda en etkili konsantrasyonuna maruz
kalan hifler iizerinde yapilan 151k mikroskobu gozlemleri, sitoplazmik pihtilagma, vakuollesme ve protoplazmik
igerigin hiicre disarisina akintisi seklinde ger¢eklesen dnemli yapisal deformasyonlart ortaya koymustur. Sonug
olarak elde edilen bulgularimiz, ugucu yaglarin kozalakl bitkilerde sorun olan fungal hastaliklarmin kontroliinde
kullanim potansiyeli bulundugunu ortaya koymustur.

Anahtar Kelimeler: Rezene, defne, ugucu yag, antifungal, Fusarium, Pestalotiopsis
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In recent years, the increase in environmental consciousness parallel to the arrangement of park-garden
arrangement with the importance given to the production of conifer trees are of great importance. Fungal diseases
caused by Fusarium spp. and Pestalotiopsis spp. are important factors reducing seedling production of several
conifer and cypress trees, particularly in forest nurseries. Fusarium oxysporum is the most common fungal disease
agent of conifer seedlings causing root rot and wilt diseases (Gordon et al., 2015). On the other hand, foliage blight
caused by Pestalotiopsis funerea has been also associated with root rot, shoot or tip blight, twig dieback and stem
cankers on many conifer host (Sinclair et al., 1993; Bajo et al., 2008). The complexity of these diseases and the
variety of pathogen races has led to the indiscriminate use of fungicides for their control in forest nurseries. Studies
looking for alternative options for controlling these diseases have focused on use of the plant extracts and essential
oils which possess antifungal activity.

Essential oils have been used in many fields scientifically and commercially for many years. Cosmetic,
pharmaceutical, food industry, aromatherapy and phytotherapy are the most important areas of their usage (Isman,
2000). The antimicrobial activities of some plants containing essential oil have been demonstrated in several
studies (Isman, 2000; Bakkali et al., 2008; Nazzaro et al., 2017). The antimicrobial activities of the essential oils
of plants are mainly due to phenolic and terpenoid components found in their structures (Pirbalouti et al., 2013).
Plants rich in these components are also used as an alternative to chemicals in the treatment of many plant, animal
and human diseases (Bakkali et al., 2008). Laurel (Laurus nobilis L.) is an evergreen plant in the form of trees or
large shrubs belonging to the Lauraceae family (Chahal et al., 2017). In Turkey, this plant is widely grown naturally
along the Mediterranean, Black Sea and Aegean coasts. The fruits and leaves of laurel plant are utilized (Pinheiro
etal., 2017). In recent years, it has also become widespread as ornamental and hedge plants. Turkey is one of the
main producers and suppliers of laurel leaves (Demir et al., 2004). The essential oil obtained from wet and dried
leaves of laurel is widely used in food, perfumery, medicine and liquor industry. Fennel (Foeniculum vulgare Mill.)
is a plant belonging to the Umbelliferae family, mostly used as a spice or in folk medicine for stomach disorders,
gas expectorant and milk enhancing effects. Antibacterial, antifungal and insecticidal activities of essential oils
and extracts of medicinal plants, including fennel and laurel, were reported against several insect, plant pathogenic
fungal and bacterial disease agents (Sertkaya et al., 2010; Rather et al., 2016; Kaya et al., 2018; Aktepe et al., 2019;
Karabiiyilk and Aysan, 2019). Antifungal activities of essential oils of different plants against Fusarium spp. and
P. funerea has been reported (Ozcan et al., 2006; Cheng et al., 2011; Ho et al., 2012; Park et al., 2017; Soylu and
Incekara, 2017; Bayar et al., 2018). Although antifungal activities of laurel and fennel were investigated against
Fusarium oxysporum, there is no study reporting antifungal activities of these essential oils against Pestalotiopsis
funerea.

In this study, with the objective of finding alternative and environmentally friendly strategies to control fungal
diseases in conifer seedlings, chemical compositions and antifungal activities of essential oils obtained from seeds
of fennel (F. vulgare) and leaves of laurel (L. nobilis) were determined on mycelial growth of fungal disease agents
F. oxysporum and P. funerea in vitro conditions.

Material and Method
Extraction of plant essential oils

Air-dried leaves of laurel and seeds of fennel plants (200 g, each) were used to extract essential oils. These
materials were collected from the plants growing in Hatay Province of Turkey and identified by Prof.Dr. I. Uremis.
Essential oils used in this study were extracted by steam-distillation for 3 h with Clevenger’s apparatus, according
to European Pharmacopoeia method (Council of Europe, 1997). The oils were separated, dried over anhydrous
sodium sulphate and stored in an amber bottle at 4°C until used.

Characterization by GC-MS of essential oils
The components of the essential oils of the plants were determined by gas-chromatographic method.

Determination of essential oil components was carried out with Thermo Scientific ISQ Single Quadrupole model
gas chromatographic device under the following conditions. TR-FAME MS model, 5% Phenyl Polysilphenylene-

266



Kara & Soylu & Tiirkmen & Kaya
Determination and antifungal activities of laurel and fennel essential oils against fungal disease agents of cypress seedlings

siloxane, 0.25 mm inner diameter x 60 m length, 0.25 pm film thickness column was used. Helium (99.9%) was
used as the carrier gas at a flow rate of 1 mL / min. The ionization 22 energy was set at 70 eV, the mass range m/z
was 1.2-1200 amu. Scan Mode was used for data collection. The MS transfer line temperature was 250°C, the MS
ionization temperature was 220°C, the injection port temperature was 220°C, the column temperature was initially
50 ° C and the temperature was increased to 220°C with a rate of heat increase of 3°C/min. The structure of each
compound was identified using mass spectra with the Xcalibur program (Wiley 9).

Isolation of fungal disease agent

Fungal disease agents F. oxysporum and P. funerea were isolated from roots and stems of infected seedling of
Cupressus macrocarpa growing in forest nursery in Hatay province of Turkey. Fungal disease agents F.
oxysporum and P. funerea were tested for pathogenicity on 1-year-old and 4-year-old pot-grown Cupressus
macrocarpa saplings (Kurt et al., 2017), respectively and identified based on morphological characteristics
(Mordue, 1976; Leslie and Summerell, 2006) and MALDI-TOF analysis (Duman and Soylu, 2019). Fungal disease
agent F. oxysporum caused typical root rot and wilting and P. funerea was found to be highly virulent on 4-year-
old pot-grown Cupressus macrocarpa saplings five weeks after inoculations by causing bark necrosis or small
cankers (1.0 to 2.5 cm long) on inoculated stems.

Antifungal effect of essential oils on mycelial growth

The in vitro antifungal volatile phase effects of laurel and fennel essential oils against F. oxysporum and P.
funerea was determined towards mycelial growth of both fungal disease agents as decribed before (Soylu et al.,
2010). The single spore-culture of each fungal isolates were grown on Potato Dextrose Agar (PDA) medium at
25°C for 3-5 days. Sterile PDA was poured into sterile 90 mm glass Petri plates (20 ml/plate). Different
concentrations of essential oils were dropped on the inner surface of each petri lids. PDA disc (6 mm) from the
edge of a 5-days old test isolates were placed at the center of each plate. In order to prevent loss of essential oils
from the plates, inoculated petri plates were immediately sealed with parafilm and subsequently incubated at 25°C
in incubator. Inhibitory effect of each concentrations of essential oils were monitored and fungal colony diameter
were measured daily. PDA plate without essential oil was used as control. The mean growth values were obtained
and then converted in to the inhibition percentage of mycelial growth in relation to the control treatment by using
the formula, MGI (%)=((dc)dt)/dc)x100, where dc and dt represent mycelial growth diameter in control and treated
Petri plates, respectively. In addition, the effect of most effective concentrations of essential oils on the morphology
of fungal hypha was also determined by using light microscope as described before (Soylu et al., 2007).

Statistical analysis

In vitro antifungal experiments were performed twice with at least three replications of each oil concentration.
SPSS statistic program (version 17, USA) was performed for all calculations and statistical analysis. Analysis of
variance was used to assess treatment effects. The significant differences between concentrations were determined
by means of Duncan’s Multiple Range Test (P<0.05). The efficient concentration (ECso) values for each essential
oil were estimated by using Probit analysis.

Results and Discussion
Chemical compositions of essential oils

The average yields of essential oils obtained by steam distillation from fennel seeds and dried laurel leaves
were determined. Laurel leaves had considerably had higher yield in essential oil (3.4%) compare to that obtained
from fennel seed (2.15%). The percentage of fennel oil yield reported by Kan et al. (2006) was between 2.90-
3.20%. In our study. the rate of essential oil obtained from fennel seeds was determined between 1.70-2.60%. The
percentage of laurel leaf oil yield reported by Uyar (2014) at different harvest times ranged from 0.60% to 5.87%.
while this rate was determined to be between 1.80-5.00% in our study.
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The chemical components of essential oil from fennel seeds and laurel leaves were identified by GC and GC-
MS analysis. The chromatograms of the both essential oil components is given in Figure 1, list of compounds
determined are given in Table 1.

A total of 34 components were detected in fennel essential, representing 99.18% of the total essential oil.
Among the component, trans-Anethole (81.55%) was determined as the most abundant compound which was
followed by limonene (5.88%) and estragole (4.75%) respectively (Table 1). Following GC-MS analysis, a total
of 48 components, representing 99.86% of the total essential oil, were detected in laurel essential oil (Table 1).
Eucalyptol (52.88%) was determined as the major component which was followed by a-terpinyl acetate (11.77%),
sabinene (8.05%), a-pinene (5.32%), B-pinene (3.65%) and terpinen-4-ol (2.83%).
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Figure 1. The chromatograms of the essential oil of seeds of fennel (A) and leaves of laurel (B).
Table 1. Chemical compositions of essential oil of fennel seeds and laurel leaves.
RT Compound Name sl RSl Laurel _ Fennel
Area % Area %
3.88  a-Pinene 985 993 5.32 0.53
4.64  Camphene 956 980 0.22 -
550  pB-Pinene 751 906 3.65 0.16
5.81  Sabinene 939 979 8.05 0.20
6.91  B-Myrcene 948 964 0.67 -
7.33  o-Terpinene 932 963 0.35 -
759  1.8-Epoxy-p-menth-2-ene 816 896 0.29 -
7.89 Limonene 987 992 1.33 5.88
8.09  Eucalyptol (1,8-cineole) 927 978 52.88 0.30
8.16  pB-Phellandrene 769 922 - 0.05
9.06  cis-Ocimene 948 977 0.09 0.26
9.36  y-Terpinene 847 936 0.56 0.09
10.22  0-Cymene 957 968 1.99 0.26
10.58  o-Terpinolene 867 927 0.14 -
14.27  3-Hexen-1-ol 870 972 0.13 -
14.65  Fenchone 985 985 - 153
17.02  cis-limonene-1,2-epoxide 560 825 - 0.04
17.26  trans-Sabinene hydrate 922 968 0.28 -
18.30  Hexadecatrienoic acid, methyl ester 654 681 - 0.04
19.11  Camphor 653 872 - 0.04
20.45  cis-Sabinene hydrate 855 954 0.19 -
20.60 Linalool 962 979 0.79 -
21.03  Terpineol 691 880 0.12 -
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21.15  Pinocarvone 725 871 0.13 -
21.62  Endobornyl acetate 876 937 0.15 -
21.99 B-Elemene 947 963 0.58 -
22.12  trans-Caryophyllene 969 981 0.92 -
22.55  Terpinen-4-ol 543 722 2.83 0.05
22.72  Hexadecadienoic acid, methyl ester 473 562 - 0.04
2343  Myrtenal 820 926 0.20 -
23.55  Verbenol 816 886 0.28 0.04
2431  B-Fenchyl alcohol 840 888 0.55 -
24.46  trans-Pinocarveol 900 947 0.20 -
24.83  o-Humulene 772 833 0.09 -
25.16  L-a-Terpineol 857 934 0.42 0.07
25.23  Estragole 989 992 - 4.75
25.75  Heptadecen-8-ynoic acid, methyl ester 488 564 - 0.04
26.03  o-Terpinyl acetate 983 994 11.77 -
26.30  Germacrene -D 899 974 0.29 -
26.64  B-Chamigrene 800 852 0.15 -
26.85  a-Selinene 617 790 0.11 -
27.22  y-Elemene 851 905 0.38 -
27.38  Carvone 970 982 - 0.94
27.50  Limonene oxide 626 785 0.14 -
28.13  Pleiocarpamine 466 510 - 0.04
28.22  Germacrene A 925 972 0.56 -
28.84  o-Humulene 865 885 0.23 -
29.51  Myrtenol 811 914 0.13 -
29.74  Dotriacontane 495 561 0.08 0.03
29.91  Hexadecatrienoic acid, methyl ester 599 631 0.12 -
3091 trans-Anethole 990 995 0.77 81.55
31.10 trans-Carveol 679 863 - 0.04
31.62  Colchifoleine 466 509 - 0.03
35.72  Caryophyllene oxide 898 958 0.28 -
35.97  Butanoic acid, heptafluoro-, methyl ester 617 669 - 0.03
37.51  Benzaldehyde, 4-methoxy 983 987 0.71 1.76
40.40  Spathulenol 827 866 0.13 -
40.70  Lutein 335 450 - 0.03
41.49  2-Propen-1-ol, 3-phenyl-, acetate 577 685 0.08 -
4158  Anisyl acetone 800 934 - 0.08
41.99  Phenol, 2-methoxy-4-(2-propenyl) 895 920 0.32 -
43.20  Propanone, 1-(4-methoxyphenyl) 762 880 - 0.10
43.48  Ascaridole epoxide 488 687 - 0.06
4356  B-Eudesmol 665 882 0.13 -
47.46  Dillapiole 455 648 - 0.06
47.67  Astaxanthin 400 418 - 0.03
50.75  Heptanoic acid, docosy! ester 347 383 - 0.03
55.50  Octadecanoic acid, ethyl ester 469 500 0.08 -

RT: Retention Time; SI: Similarity Index; RSI: Reversed Search Index.

The essential oil of medicinal and aromatics plans has been reported to contain a wide variety of compounds,
such as phenolics, nitrogen compounds, vitamins, terpenoids, and some other endogenous metabolites, which
possess antimicrobial and antioxidant activities (Pirbalouti et al., 2013). A number of studies on the chemical
composition of the essential oils obtained from different parts of fennel and laurel growing in various regions
including Turkey were published. Trans-anethole and estragole are the major constituents of the essential oils of
different fennel chemotypes. Trans-anethole differs from its isomer estragole in the position of the double bond of
prophenyl chain as reported (Gross et al., 2002; Ahmed et al., 2019; Wodnicka et al., 2019). High presence of
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trans-anethole in our sample clearly reveals that our sample is trans-anethole-rich chemotype of fennel. Although
some differences observed, the chemical composition of the fennel essential oil agrees with same species from
different countries including Turkey (Yamini et al., 2002; Mimica-Dukic et al., 2003; Ozel et al., 2019; Kalleli et
al., 2019). There are a many studies on chemical compaositions of the EO obtained from the leaves of L. nobilis
from different locations of the world. Very recent study, conducted by Elkiran et al. (2018), investigated chemical
compositions of essential oils from seeds and leaves of laurel (Laurus nobilis L.). According to results of GC-
GC/MS system, monoterpenoids such as eucalyptol and o-terpinyl acetate were determined in the highest
concentrations within both essential oils. Similar results were also reported essential oils of laurel grown in
different parts of Turkey (Sangun et al. 2007; Yalcin et al., 2007; Perez et al., 2007; Ozcan et al., 2010, Yilmaz
and Deniz, 2017). Isoeugenol, a-pinene and linalool were also reported as the main components of essential oils
of leaves of L. nobilis from other countries which is in contrast with the results of the present study (Bozbouita et
al., 2003; Choudhary et al., 2013; Peixoto et al., 2017, Pinheiro et al., 2017, Chahal et al., 2017). According to
previous reports, the yield and composition of essential oil varies with genetic and environmental factors, as well
as developmental stage and extraction methods like steam distillation, hydro distillation and soxhlet extraction
(Woolf, 1999).

Antifungal activity of essential oils against mycelial growth of fungal isolates

The volatile inhibitory effects of different concentrations of essential oils against two tested fungal disease
agents P. funerea and F. oxysporum are given in Table 2 and 3. Both essential oils inhibited mycelial growth of
fungal disease agents in a dose dependent manner (Figure 2). Complete mycelial growth inhibition by fennel and
laurel essential oils against P. funerea were observed at 20 and 25 ml/petri concentrations, respectively (Table 2,
Figure 2). The efficient concentration (ECso) for fennel and laurel essential oils were estimated 5.66 and 4.31
ml/petri concentrations, respectively.

Table 2. The inhibitory effects (%) of different concentrations of volatile phase of essential oils of fennel and laurel on the mycelial growth
(mm)? of Pestalotiopsis funerea

Essential oils, mycelial growth (mm) and inhibitory effect (%)

Concentrations

(u/petri) Fennel % Inhibition Laurel % Inhibition
0.0 81.00d - 81.0e -
5.0 41.33¢ 48.97 33.33d 58.85
10.0 21.66b 73.25 20.67¢ 74.49
15.0 18.0b 77.78 14.66b 81.89
20.0 0.00a 100.0 10.0b 87.65
25.0 0.00a 100.0 0.00a 100.0
ECs" 5.66 431

2 The mean mycelial growth of fungal agent determined was based on the measurements of 3 replicate plates, recorded at 7 days after inoculation.
Mean values within the column followed by different letters are significantly different according to Duncan Multiple Range Test (P<0.05).
® The estimated efficient concentration (ECs) values (ml petri™) for each essential oil were estimated by using Probit analysis.

Complete mycelial growth inhibition by fennel and laurel essential oils against F. oxysporum were observed at
30 and 50 ml/petri concentrations, respectively (Table 3, Figure 2). The efficient concentration (ECso) for fennel
and laurel essential oils were estimated 10.98 and 15.04 ml/petri concentrations, respectively.
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Table 3. The inhibitory effects (%) of different concentrations of volatile phase of essential oils of fennel and laurel on the mycelial growth
(mm)? of Fusarium oxysporum

Essential oils. mycelial growth (mm) and inhibitory effect (%)

Concentrations

. Fennel % Inhibition Laurel % Inhibition
(nl/petri)

0.00 84.67f - 82.33j -
5.00 70.0e 17.33 63.33i 23.07
10.00 46.67d 44.88 54.33h 34.01
15.00 30.00c 64.57 45.67¢g 44.53
20.00 25.00c 70.47 36.67f 55.46
25.00 16.33b 80.71 30.67¢ 62.75
30.00 0.0a 100.0 24.33d 70.44
35.00 0.0a 100.0 20.67cd 74.90
40.00 0.0a 100.0 16.67¢c 79.76
45.00 0.0a 100.0 10.67b 87.04
50.00 0.0a 100.0 0.0a 100.0
ECs 10.98 15.04

2 The mean mycelial growth of fungal agent determined was based on the measurements of 3 replicate plates, recorded at 7 days after inoculation.
Mean values within the column followed by different letters are significantly different according to Duncan Multiple Range Test (P<0.05).
® The estimated efficient concentration (ECso) values (ml petrit) for each essential oil were estimated by using Probit analysis.

Figure 2. The antifungal activities of different concentrations of volatile phase of fennel (A and B) and laurel (C and D) essential oils on the
mycelial growth of Fusarium oxysporum (A and C) and Pestalotiopsis funerea (B and D).

In previously published studies, there are many reports on concentration-dependent antifungal activities of
essential oils whereby the mycelial growth suppressed with increase in the concentration of essential oils from
taxonomically different medicinal plants, including fennel and laurel, against several subspecies of Fusarium spp.
The antifungal activity of the essential oils of Laurus nobilis plants inhibited in vitro mycelial growth of Fusarium
oxysporum f. sp. radicis-lycopersici (Bayar et al., 2018), Fusarium oxysporum f. sp. radicis-cucumerinum (Soylu
and Incekara, 2017) in a dose-dependent manner. Similarly, fennel essential oil was also reported to inhibit in vitro
conidial germination and mycelial growth of F. oxysporum f. sp. fragariae (Park et al., 2017), Fusarium oxysporum
f. sp. radicis-cucumerinum (Soylu and Incekara, 2017), Fusarium subglutinans, F. vertricilioides, F. oxysporum,
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F. tricinctum, F sporotrichioides, F. equiseti, F. incarnatum and F proliferatum (Ozcan et al., 2006; Starovic et.
al., 2016).

Comparison to antifungal activities of essential oils against Fusarium spp., very few studies were, however,
conducted to determine antifungal activities of essential oils against Pestalotiopsis spp. Essential oils of ginger
oleoresin (GO) against olive fruit rot disease agent P. microspora (Chen et al., 2018), Cymbopogon citratus and
hydrolate soursop (Annona muricata) against Pestalotiopsis sp. (Bibiano and Saber, 2017), Chamaecyparis
formosensis and Cunninghamia konishii against Pestalotiopsis funerea (Cheng et al., 2011; Ho et al., 2012) were
reported to have strong inhibitory effect on mycelial growth of the fungal pathogen. To best of our knowledge,
this study was the first study to show that essential oils of fennel and laurel have antifungal activities against
Pestalotiopsis funerea.

Moreover, microscopical observations of essential oil treated fungal hyphae clearly revealed significant
alterations in the both fungal hyphae (Figure 3 and Figure 4). Volatiles compounds of each essential oils damaged
to plasma membrane and changed the morphology of fungal hyphae, which were resulted in distortion, sunken and
shriveled fungal mycelia of the disease agents (Figure 3 and 4). Shrivelled hyphal aggregates, reduced hyphal
diameters and lyses of hyphal wall were commonly observed in fennel oil treated mycelium, compared with thick,
elongated, normal mycelial growth in controls. Laurel oil mainly caused marked deformations, cytoplasmic
coagulations and necrosis. This kind of modifications may be related to the effect of the essential oil as enzymatic
reactions regulating wall synthesis (Rasooli et al., 2006).

Figure 3. Effect of essential oils of laurel and fennel on hyphal morphology of Fusarium oxysporum. (A) Hyphae growing on control petri
plate without essential oil. Volatile phase effects of laurel (B) and fennel (C and D) essential oils, respectively, on hyphal morphology. Note
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cytoplasmic coagulation, vesiculation (arrow) in plate (B) and hyphal shrinkage and outflow of cytoplasmic content (arrows) following lysis
of hyphal wall in plate (C and D). Bar=20 um

Figure 4. Effect of essential oil of fennel and laurel on hyphal morphology of Pestalotiopsis funerea. (A) Hyphae growing on control medium.
Volatile phase effects of laurel (B) and fennel (C and D) essential oils, respectively, on hyphal morphology. Note cytoplasmic coagulation and
vesiculation (arrow) in plate (B) and hyphal shrinkage and necrosis (arrows) following lysis of hyphal wall in plate (C and D). Bar=20 um

The observations made with light microscopy are in accordance with previously published studies which
verified that essential oils of medicinal plants caused the morphological alterations on the fungal hyphae of
taxonomically different plant fungal disease agents (Bianchi et al., 1997; Fiori et al., 2000; Soylu et al., 2007).

Conclusions

In conclusion, our results suggest that essential oils have the potential for use in control of soil borne fungal
disease agents such as F. oxysporum and P. funerea used in this study. The essential oils tested in this study could
be considered as potential alternatives for synthetic fungicides with modification as their structures could lead to
the development of new classes of antifungal compounds.

273



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2020, 17(2)

References

Ahmed, A.F., Shi, M.J,, Liu, C.Y., Kang, W.Y. (2019). Comparative analysis of antioxidant activities of essential oils and extracts of fennel
(Foeniculum vulgare Mill.) seeds from Egypt and China. Food Science and Human Wellness, 8: 67-72.

Aktepe, B.P., Mertoglu, K., Evrenosoglu, Y., Aysan, Y. (2019). Farkli bitki ugucu yaglarin Erwinia amylovora’ya karsi antibakteriyel etkisinin
belirlenmesi. Tekirdag Ziraat Fakiiltesi Dergisi, 16(1): 34-41.

Bajo, J., Santamaria, O., Diez, J.J. (2008). Cultural characteristics and pathogenicity of Pestalotiopsis funerea on Cupressus arizonica. Forest
Pathology, 38: 263-274.

Bakkali, F., Averbeck, S., Averbeck, D., Waomar, M. (2008). Biological effects of essential oils-A review. Food and Chemical Toxicology,
46: 446-475.

Bayar, Y., Onaran, A., Yilar, M., Gul, F. (2018). Determination of the essential oil composition and the antifungal activities of bilberry
(Vaccinium myrtillus L.) and bay Laurel (Laurus nobilis L.). Journal of Essential Oil Bearing Plants, 21: 548-555.

Bianchi, A., Zambonelli, A., Zechini D’aulerio, A., Bellesia, F. (1997). Ultrastructural studies of the effects of Allium sativum on
phytopathogenic fungi in vitro. Plant Disease, 81: 1241-1246.

Bibiano, H.D., Saber, M.L. (2017). Mycelial growth inhibition of plant pathogenic fungi by extracts. Revista Agrogeoambiental 9: 61-71.

Bouzouita, N., Nafti, A., Chaabouni, M.M., Lognay, G.C., Marlier, M., Zghoulli, S., Thonart, P.H. (2001). Chemical composition of Laurus
nobilis oil from Tunisia. Journal of Essential Oil Research, 13: 116-117.

Burt, S. (2004). Essential oils: Their antibacterial properties and potential applications in foods — A review. International Journal of Food
Microbiology, 94: 223-253.

Chahal, K.K., Kaur, M., Bhardwaj, U., Singla, N., Kaur, A. (2017). A review on chemistry and biological activities of Laurus nobilis L.
essential oil. Journal of Pharmacognosy and Phytochemistry, 6: 1153-1161.

Chen, T.W,, Lu, J.,, Kang, B.B., Lin, M.S., Ding, L.J., Zhang, L.Y., Chen, G.Y., Chen, S.J., Lin, H.T. (2018). Antifungal activity and action
mechanism of ginger oleoresin against Pestalotiopsis microspora isolated from Chinese olive fruits. Frontiers in Microbiology 9: 2583.

Cheng, S.S., Lin, C.Y., Gu, H.J,, Chang, S.T. (2011). Antifungal activities and chemical composition of wood and leaf essential oils from
Cunninghamia konishii. Journal of Wood Chemistry and Technology, 31: 204-217.

Choudhary, D., Kala, S.P., Todaria, N.P., Dascupta, S., Kinhal, G., Kollmair, M. (2013). Essential oil from bay leaves in India and Nepal: An
analysis for quality oriented value chain development. International Journal of Medicinal and Aromatic Plants, 3: 11-17.

Council of Europe (1997). European Pharmacopoeia. (3rd ed). Strasbourg: Council of Europe.

Demir, V., Gunhan, T., Yagcioglu, A.K., Degirmencioglu, A. (2004). Mathematical modelling and the determination of some quality
parameters of air-dried bay leaves. Biosystems Engineering, 88: 325-335.

Duman, K., Soylu, S. (2019). Characterization of antagonistic and plant growth-promoting traits of endophytic bacteria isolated from bean
plants against Pseudomonas syringae pv. phaseolicola. Bitki Koruma Biilteni, 59 (3): 59-69.

Elkiran, O., Akbaba, E., Bagci, E. (2018). Constituents of essential oils from leaves and seeds of Laurus nobilis L.: A Chemotaxonomic
approach. Bangladesh Journal of Botany, 47(4): 893-901.

Fiori, A.C.G., Schwan-Estrada, K.R.F., Stangarlin, J.R., Vida, J.B., Scapim, C.A., Cruz, M.E.S., Pascholati, S.F. (2000). Antifungal activity
of leaf extracts and essential oils of some medicinal plants against Didymella bryoniae. Journal of Phytopathology, 148: 483-487.

Gordon, T.R., Swett, C.L., Wingfield, M.J. (2015). Management of Fusarium diseases affecting conifers. Crop Protection, 73: 28-39.

Gross, M., Friedman, J., Dudai, N., Larkov, O., Cohen, Y., Bar, E., Ravid, U., Putievsky, E., Lewinsohn, E. (2002). Biosynthesis of estragole
and t-anethole in bitter fennel (Foeniculum vulgare Mill. var. vulgare) chemotypes. Changes in SAM: phenylpropene O-
methyltransferase activities during development. Plant Science, 163: 1047-1053.

Ho, C.L., Hua, K.F., Hsu, K.P., Wang, E.I.C., Su, Y.C. (2012). Composition and antipathogenic activities of the twig essential oil of
Chamaecyparis formosensis from Taiwan. Natural Product Communications, 7: 933-936.

Isman, B.M. (2000). Plant essential oils for pest and disease management. Crop Protection, 19: 603-608.

Kalleli, F., Rebey, I.B., Wannes, W.A., Boughalleb, F., Hammam, M., Tounsi, M.S., M'hamdi, M. (2019). Chemical composition and
antioxidant potential of essential oil and methanol extract from Tunisian and French fennel (Foeniculum vulgare Mill.) seeds. Journal
of Food Biochemistry, 43: 12935.

Kan, Y., Kartal, M., Aslan, S., Yildirim, N. (2006). Farkli kosullarda yetistirilen rezene meyvelerinin ugucu yag bilesenleri. Journal of Faculty
of Pharmacy of Ankara University, 35(2): 95-101.

Karabiiyiik, F., Aysan, Y. (2019). Bazi bitki ekstraktlarinin Pseudomonas syringae pv. tomato’nun neden oldugu domates bakteriyel benek
hastaligina antibakteriyel etkisi. Tekirdag Ziraat Fakiiltesi Dergisi, 16(2): 231-243.

Kaya, K., Sertkaya, E., Uremis, 1., Soylu, S. (2018). Determination of chemical composition and fumigant insecticidal activities of essential
oils of some medicinal plants against the adults of cowpea weevil, Callosobruchus maculatus. KSU Journal of Agriculture and Nature,
21:708-714.

Kurt, S., Uysal, A., Kara, M., Soylu, S., Soylu, E.M. (2017). Natural infection of potato by Sclerotinia sclerotiorum causing stem rot disease
in Turkey. Australasian Plant Disease Notes, 12: 39.

Leslie, J.F., and Summerell, B.A. (2006). The Fusarium Laboratory Manual. Blackwell Publishing, Ames, lowa, 388 pages.

Mimica-Dukic, N., Kujundzic, S., Sokovic, M., Couladis, M. (2003). Essential oil composition and antifungal activity of Foeniculum vulgare
Mill. obtained by different distillation conditions. Phytotherapy Research, 17: 368-371.

Mordue, J.E.M. (1976). Pestalotiopsis funerea. CMI Descriptions of Pathogenic Fungi and Bacteria, 514: 1-2.

Nazzaro, F., Fratianni, F., Coppola, R., Feo, V.D. (2017). Essential oils and antifungal activity. Pharmaceuticals, 10: 86.

Ozcan, M.M., Chalchat, J.C., Arslan, D., Ates, A., Unver, A. (2006). Comparative essential oil composition and antifungal effect of bitter
fennel (Foeniculum vulgare ssp. piperitum) fruit oils obtained during different vegetation. Journal of Medicinal Food, 9: 552-561.

Ozcan, B., Esen, M., Sangun, M.K., Coleri, A., Caliskan, M. (2010). Effective antibacterial and antioxidant properties of methanolic extract
of Laurus nobilis seed oil. Journal of Environmental Biology, 31: 637-641.

274



Kara & Soylu & Tiirkmen & Kaya
Determination and antifungal activities of laurel and fennel essential oils against fungal disease agents of cypress seedlings

Ozel, A., Kosar, I., Demirbilek, T., Erden, K. (2019). Changes in yields and volatile oil composition of fennel (Foeniculum vulgare Mill.) in
high plant populations. Italian Journal of Agronomy, 14: 147-152.

Park, J.Y., Kim, S.H., Kim, N.H., Lee, S.W., Jeun, Y.C., Hong, J.K. (2017). Differential inhibitory activities of four plant essential oils on in
vitro growth of Fusarium oxysporum f. sp fragariae causing Fusarium wilt in strawberry plants. Plant Pathology Journal, 33: 582-588.

Peixoto, L.R., Rosalen, P.L., Ferreira, G.L., Freires, l.A., de Carvalho, F.G., Castellano, L.R., de Castro, R.D. (2017). Antifungal activity,
mode of action and anti-biofilm effects of Laurus nobilis Linnaeus essential oil against Candida spp. Archives Oral Biology, 73: 179-
185.

Perez, R.A., Navarro, T., de Lorenzo, C. (2007). HS-SPME analysis of the volatile compounds from spices as a source of flavour in '‘Campo
Real' table olive preparations. Flavour and Fragrance Journal, 22: 265-273.

Pirbalouti, A.G., Firoznezhad, M., Craker, L., Akbarzadeh, M.A. (2013). Essential oil compositions, antibacterial and antioxidant activities of
various populations of Artemisia chamaemelifolia at two phenological stages. Revista Brasileira de Farmacognosia, 23: 861-869.

Pinheiro, L.S., Filho, A.A.O., Guerra, F.Q.S., Menezes, C.P., Santos, S.G., Sousa, J.P., Dantas, T.B., Lima, E.O. (2017). Antifungal activity
of the essential oil isolated from Laurus nobilis L. against Cryptococcus neoformans strains. Journal of Applied Pharmaceutical Science,
7:115-118.

Rasooli, 1., Rezaei, M.B., Allameh, A. (2006). Growth inhibition and morphological alterations of Aspergillus niger by essential oils from
Thymus eriocalyx and Thymus x-porlock. Food Control, 17: 359-364.

Rather, M.A., Dar, B.A,, Sofi, N.S., Bhat, B.A., Qurishi, M.A. (2016). Foeniculum vulgare: A comprehensive review of its traditional use,
phytochemistry, pharmacology, and safety. Arabian Journal of Chemistry, 9: 1574-1583.

Sangun, M.K., Aydm, E., Timur, M., Karadeniz, H., Caliskan, M., Ozkan, A. (2007). Comparison of chemical composition of the essential oil
of Laurus nobilis L. leaves and fruits from different regions of Hatay, Turkey. Journal of Environmental Biology, 28: 731-733.

Sertkaya, E., Kaya, K., Soylu, S. (2010). Chemical compositions and insecticidal activities of the essential oils from several medicinal plants
against the cotton whitefly, Bemisia tabaci. Asian Journal of Chemistry, 22: 2982-2990.

Sinclair, W.A., Lyon, H.H., Johnson, W.T. (1993). Diseases of Trees and Shrubs. New York: Cornell University Press.

Soylu, S., Yigitbas, H., Soylu, E.M., Kurt, S. (2007). Antifungal effects of essential oils from oregano and fennel on Sclerotinia sclerotiorum.
Journal of Applied Microbiology, 103(4): 1021-1030.

Soylu, E.M., Kurt, S., Soylu, S. (2010). In vitro and in vivo antifungal activity of essential oils of various plants against tomato grey mould
disease agent Botrytis cinerea. International Journal of Food Microbiology, 143(3): 183-189.

Soylu, E.M., Incekara, R. (2017). Biofungicidal activities of plant essential oils against cucumber root and stem rot disease caused by Fusarium
oxysporum f. sp radicis-cucumerinum. Journal of Plant Pathology, 99: 437-444.

Starovic, M., Ristic, D., Pavlovic, S., Ristic, M., Stevanovic, M., AlJuhaimi, F., Svetlana, N., Ozcan, M.M. (2016). Antifungal activities of
different essential oils against anise seeds mycopopulations. Journal of Food Safety and Food Quality-Archiv Fur Lebensmittelhygiene,
67:72-78.

Wodnicka, A., Huzar, E., Dzieciol, M., Krawczyk, M. (2019). Comparison of the composition and fungicidal activity of essential oils from
fennel fruits cultivated in Poland and Egypt. Polish Journal of Chemical Technology, 21: 38-42.

Woolf, A. (1999). Essential oil poisoning. Journal of Toxicology: Clinical Toxicology, 37: 721-727.

Yal¢in, H., Akin, M., Sanda, M.A., Cakir, A. (2007). Gas chromatography/mass spectrometry analysis of Laurus nobilis essential oil
composition of Northern Cyprus. Journal of Medicinal Food, 10: 715-719.

Yamini, Y., Sefidkon, F., Pourmortazavi, S.M. (2002). Comparison of essential oil composition of Iranian fennel (Foeniculum vulgare)
obtained by supercritical carbon dioxide extraction and hydrodistillation methods. Flavour and Fragrance Journal, 17(5): 345-348.

Yilmaz, B., Deniz, 1. (2017). The effects of cultivation area and altitude variation on the composition of essential oil of Laurus nobilis L. grown
in eastern, Western and Central Karadeniz Region. International Journal Secondary Metabolite, 4: 187-194.

275



