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COMPARISON OF FUNGICIDAL PROPERTIES OF GERANIUM AND TEA TREE OILS

Summary

The aim of laboratory analyses was to compare ffeeeof geranium and tea tree oils on linear groylsiomass increment
and sporulation of phytopathogenic fungi: Fusariooimorum (W.G. Smith) Sacc., F. solani var. coemigSacc.) Booth
and Sclerotinia sclerotiorum (Lib.) de Bary, Botsytinerea Pers. Ex Nocca and Balb. The fungi weréured on PDA
medium with oils added in various concentratiomsedpective of the applied concentration, geranioinrevealed very
strong fungistatic effect toward the tested fummces. It was seen as the total inhibition ofitiserface growth, inhibition
of biomass increment between 70% and 85.29% aattmcking of sporulation process in S. scleratior and B. cinerea.
The response of individual fungi species to tea tiépresence in the medium depended on the pdesttration. The high-
est concentrations (1.00 and 0.80 fheaused the 100% inhibition of linear growth of sppecies colonies, spore produc-
tion by S. sclerotiorum and reduced (64.7-98.4%j)rthiomass increment.

Key words plant oils, pathogenic fungi

POROWNANIE FUNGICYDALNYCH WLA

SCIWO SCI OLEJKU GERANIOWEGO

| OLEJKU Z DRZEWA HERBACIANEGO

Streszczenie

Celem bada laboratoryjnych byto poréwnanie oddziatywania &l geraniowego i drzewa herbacianego na rozrest li
niowy, przyrost biomasy oraz zarodnikowanie grzyfitaspatogennych: Fusarium culmorum (W.G. Smith)cSaF. solani
var. coeruleum (Sacc.) Booth oraz Sclerotinia stierum (Lib.) de Bary, Botrytis cinerea Pers. Egdda i Balb. Grzyby
hodowano na podfm PDA z udzialem olejkéw wardych sgzeniach. Olejek geraniowy niezatee od zastosowanegagst
zenia wykazywat bardzo silne oddziatywanie fungystzte w odniesieniu do testowanych gatunkéw grzyWimerato sie

to catkowitym zahamowaniem ich rozrostu powieramivapo,

hamowaniem przyrostu biomasy w zakresi®abh B5,29%

oraz zupetnym blokowaniem procesu sporulacji ®retibrum i B. cinerea. Reakcja poszczegélnychmadw grzyboéw na
udziat w podtéu hodowlanym olejku drzewa herbacianego zatte od zastosowanegaoestnia. W najwyszych stzeniach

(1.00 i 0.80 mr) olejek ten w 100% hamowat wzrost liniowy kolamsizystkich gatunkéw, wytwarzanie zarodnikéw przez
S. sclerotiorum oraz ograniczyt (64,7-98,4%) prafrich biomasy.

Stowa kluczoweolejki roslinne, grzyby chorobotwércze

1. Introduction

In search of new substances useful for plant ptiote
against harmfull organisms, considerably more &tians
paid to biological compounds, produced both by ouocr
ganisms and plants. The preparations based onahathm-
pounds may decrease the level of chemicals usepldot
protection. Moreover, they contribute to the ndt@avi-
ronment protection owing to easier biodegradatiah p4].

Compounds synthetized from plants differ from ane
other by their chemical structure, activity towanokstho-
genic microorganisms and pest insects [2, 26, Bhgse
compounds comprise phenol derivatives, alkaloidg; g
cosides, saponins, essential oils and others. Aetgprto
takota et al. [26] the quantity and quality of cayopds
accumulated in plants depend on many factors ([Hpat
cies and development phase, the weather and sedi-co
tions). Moreover, some of them are characterizedaby
broad spectrum of action, other reveal a higheiviact
against facultative than specialized microorganisimdit-
erature, the issue of inhibitory effect of somenplavater
extracts towards phytopathogenic fungi has beemeaddd
by many authors [3, 4, 6, 7, 27, 32]. There aresfepapers
discussing potential applications of anti-bacteaat anti-
fungal properties of essential oils from aromatiengs [1,
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5, 8, 18]. In previous investigations geranium anld tea
tree oil were used for combating microorganismshsas:
Staphylococcus aurepEscherichia coliLactobacillusspp.
and Candida albicang15]. Moreover, since 2010 tea tree
oil (as the active substance) has been registereapplica-
tion on organic farms for plant protection agaissime
pathogenic fungi. On the other hand, we lack sgidie ge-
ranium oil effect on plant pathogenic fungi.

The research was conducted to learn the effegtinf
ous concentrations of geranium and tea tree oilin@ar
growth, biomass and sporulation of phytopathogé&mgi:
Fusarium culmorunfW. G. Smith) SaccF. solanivar. co-
eruleum(Sacc.) Booth an&clerotiniaSclerotiorum(Lib.)
de Bary,Botrytis cinereaPers. Ex Nocca and Balb. in
vitro conditions.

2. Material and methods

Laboratory tests were conducted on essential Dits,
Beta series - made by Pollena Aroma. Geranium ai w
obtained fromPelargonium graveolenand tea tree oil
from Melaleuca alternifolia According to Procyk [28], the
main components of geranium oil are: geranioloci#llol,
linallol, terpineol and alcohols. In the opinion Rézanski
[29], geraniol constitutes between 25 and 26% isfdh, cit-
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ronellol 27-49%, whereas the other components harealler
share. According to Carson and Riley [16], tea titds a

spore suspension was placed in Thom haemocytometer
spore number was counted under a light microscope.

mixture of about a hundred hydrocarbon compound$ an

terpens. The components of this oil have very gtranti-

bacterial and antiseptic propertiegdKia et al. [19] think that
the main component of fresh tea tree oil is terpihel, in

proportion of between 29 and 45%. Similar compousds
present in slightly lower proportions [19, 29].

The plant oils were tested on pathogenic fungnfitbe
own collection of the Department of Agricultural \Ermon-
ment ProtectionFusarium culmorum{W. G. Smith) Sacc.,
F. solani var. coeruleum (Sacc.) Booth andclerotinia
Sclerotiorum (Lib.) de Bary, Botrytis cinereaPers. EX
Nocca and Balb. In the laboratory, culturing mediere
prepared with an addition of geranium and teaditse The
plant oils (dissolved in1ml of 5% ethyl alcohol) weadded
to a standard Potato Dextose Agar (PDA) medium whi¢h

temperature of 45s0 that their concentrations in the cultur-

ing medium were 0.10; 0.25; 0.50; 0.80 and 1.00%cm.
The media prepared in this way were then inoculatid

3. Results and discussion
3.1. The effect of plant oils on linear growth of pytopa-
thogenic fungi

The conducted research demonstrated that in the fi
place the kind of applied plant oil was the factwrdifying
surface growth of the tested fungi. Irrespectivefiyhe ap-
plied concentration, very strong fungistatic effeftgera-
nium oil was revealed towards the tested fungi igsec
(F. culmorum, F. solanvar. coeruleum, S. sclerotiorum i
B. cinerea) Mean growth inhibition coefficients for all
concentrations of this oil was 100% (fig. 1-4). @hbed
values of the coefficients evidence a total inldlitof the
tested mycelium hyphae in all concentrations. Géeslal.
[13] obtained similar results for another fungus@ps. Ge-
ranium oil, which they tested, also inhibited grbwof
Trichoderma harzianumirrespectively of its concentration

Smm agar disc overgrown with mycelium of the testedn the medium. Kdzia [20] revealed great sensitivity of

fungi species. Petri dishes with medium without diks
were the control. Culturing was conducted in a rifastat
(23°C) in five replications. From the moment of mycaiiu
increments appearance, the colony diameter wasunegeis
daily until the whole surface of any petri dish veagrgrown
with mycelium. The effect of individual plant oitan linear
growth of tested phytopathogenic fungi was preseagthe
difference between the diameter of the fungus go@ncon-
trol petri dishes and the diameter of the fungusmyoon petri
dishes with oils in respective concentrations. Tdmilt was
converted into the inhibition-stimulation coeffioteexpressed
in percentage, according to Abbot formula [22]:

1= K= A0,

K

where:
| - coefficient of mycelium linear growth inhibitig
K — mean of fungus colony on control petri dish,
A — diameter of fungus colony on petri dish withtate
mined plant oil concentration.

The biomass of tested fungi was inserted in 30Eml
lenmayer flasks on 100ml of modified PDA mediumttwi
out agar) with added plant oils in the above mewtibcon-
centrations. Inoculum of the pathogenic fungi wasok-
duced to the prepared medium and the flasks weteged
with aluminium foil. The culturing was conductedr f21
days at the room temperature of aboli2After that time
the culturing liquid with mycelium was filtered thugh fil-
ter paper discs with 150mm diameter. Subsequettiky,
mycelium was dried on sterile glass at the tempegabf
85°C and weighed until constant weight. The obtained r
sults of research on the increment of the testedifbio-
mass were subjected to the analysis of variance. sidgr
nificance of differences between mean values wer#ied
by t-Student test on the significance lexeD.5.

yeast-like fungiCandida albicans, C. krusi, Geotrichum
candidum)and mould fungi Aspergillus niger, Alternaria
solani, Penicillium digitatum}o geranium oil. It was em-
phasized in the paper that geraniol was primagkponsi-
ble for strong anti-fungal properties of this oil.

On the other hand the Authors’ own investigations
demonstrated a variable sensitivity of the testedyif spe-
cies to the presence of tea tree oil in the culturnedium.
Among the tested specids, culmorumandsS. sclerotiorum
were characterised by a very strong sensitivityapplied
tea tree oil. Mean values of the coefficient ofseadungi
surface growth were on the same very high, 90%l léve
Fig. 1, 2). On the other hand, the oil slightlysledfected
the surface development of tBe cinereaand F.solani var.
coeruleuncolonies. Coefficients of linear growth inhibition
for these fungi were, respectively 70% and 75%.(Big}).

In the opinion of many authors [9-12, 21] the sarae
searched factor unden vitro conditions may differently
affect even phytopathogenic fungi which belong be t
same species. Usually, also changes in phytopatimge
fungi response are observed within the same species
(strains, special pathogens).

Unlike in case of geranium oil, the strength of tece
oil effect on the coefficient of surface growth ilition in
the tested fungi depended on its concentrationiglova et
al. [5] were of a similar opinion. In the Autho®n inves-
tigations, the 1.00, 0.80 and 0.50 fhtea tree oil supple-
ment in the culturing medium totally inhibited sacé
growth of Fusarium culmorum(Fig. 1). Slightly lower in-
hibition coefficients (88.4% and 62.9%) were registl on
the media with the 0.25 and 0.10 fraddition of this oil.

A similar sensitivity to the share of individuabricen-
trations of tea tree oil in the culturing mediunacdcterised
S. sclerotiorumfungus (Fig. 2). In this case, similarly the
lowest concentrations of this oil caused a reduactb the
colony growth between 57.6% and 94.5%, wheRasne-

Spore number was assessed on each dish. Fivedliscsrea revealed a bigger resistance to tea tree oil.| Tioltébi-

medium overgrown with mycelium were cut out usimgm
cork borer of petri dish with the phytopathogeniodi spe-
cies. The discs were then transferred to test tabdssub-
merged in 10ml of sterile distilled water. Follogia thor-
ough crushing and shaking, the whole content wtesdd
through a three-layered gauze. Subsequently, aledrop
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tion (100%) of its mycelium growth was registeredyoon
the media with the highest oil concentrations (1afé 0.80
mm?®) (Fig. 3). This oil concentration of 0.50 mimhibited
the development of mycelium hyphae almost twicergjer
(86.2%) than the 0.25nimconcentration. On the other
hand, the lowest concentration of the tea tree dala
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slight degree (18.4%) reducd®l cinereacolony growth.
This oil modified the surface growth inhibition dheient

also inF. solanivar. coeruleum(Fig. 4). Lower concentra-
tions (0.25 mmand 0.10 mr) of tea tree oil caused the

inhibition of F.solanivar. coeruleuncolony on the levels,
respectively 51.1 and 22.8%. The same oil apphidudher

concentrations (1.00, 0.80 and 0.50 #hoontributed to the
total inhibition of this fungus colony surface gribn

3.2. The influence of plant oils on biomass of theested
fungi

The tested plant oils to a various degree affetied
mass increment of the tested fungi. The phenomehalir
versified effect of oils on plant phythopathogenieroor-
ganisms is connected with the specific characterheimi-
cal compounds forming a part of these oils, theimplex
effect and sensitivity of the phytopathogen. Dafer{8]
and Lo Cantore et al. [25] also reported the flcthe Au-
thors’ own investigations, generally the oils irtek the

increment of the tested fungi biomass in comparisith
the control (Fig. 1). However, the geranium oil @hin the
analysed concentrations totally inhibited surfacewgh of
the fungi colonies, also significantly stronger ueeld the
biomass increment (from 70 to 85%) of the testegtqpa-
thogens than the tea tree oil.

The divergences between linear growth and biorimass
crement often happen in thevitro research [9-11, 17, 31].
In the Authors’ own investigations, the fungi culhg in
the presence of oils lasted for three weeks. Irfiteedays
the growth inhibition was observed, but later thagy
adapt themselves to the environment conditionsh See
sponse of fungi has been noted in papers by othtéoes
[23].

In the Authors’ own studies only. culmorumandF.
solanivar. coeruleunrevealed significantly higher biomass
in the presence of tea tree oil in comparison \géhanium
oil. S. sclerotiorumfungus responded differently, whereas
B. cinereamass did not markedly depend on the kind of the
oil used for the experiment.
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Fig. 1. Influence of plant oils concentration omfage growth of-. culmorum
Rys. 1. Wplyw gtenia olejkéw rélinnych na rozrost powierzchniowy F. culmorum
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Fig. 2. Influence of plant oils concentration omfaoe growth ofS. sclerotiorum
Rys. 2. Wplyw gtenia olejkdw rélinnych na rozrost powierzchniowy S. sclerotiorum
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Fig. 3. Influence of plant oils concentration omfaoe growth oB. cinerea

Rys. 3. Wplyw gtenia olejkéw rélinnych na rozrost powierzchniowy B. cinerea
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Fig. 4. Influence of plant oils concentration omface growth of-. solanivar. coeruleum

Rys. 4. Wplyw gtenia olejkdw rélinnych na rozrost powierzchniowy F. solani varendeum

Table 1. Effect of plant oils on the tested funiginbass
Tab. 1. Wplyw olejkéw gtinnych na biomaggrzybow testowych

Plant oil Biomass [g
F. culmorum F. solani var. coeruleum S. sclerotioru B. cinerea
Control 0.31c* 0.30c 0.63 ¢ 0.34b
Geranium 0.07 a 0.08 a 0.16 b 0.05a
Tea tree 0.11b 0.11b 0.10 a 0.05 a

*Values in columns marked with the same letteradodiffer significantly
*Wartosci w kolumnach oznaczone tymi samymi literami niaitsie istotnie

Source: own work Zrdlo: opracowanie wiasne

In the Authors’ own investigations the fungi biosea versified biomass of these fungi. In caseFofculmorum
exceptB. cinereasignificantly depended on the applied oil only the highest tea tree oil concentration in ¢dturing
concentration (Tab. 2). Geranium oil concentratifnesn ~ medium (1.00 mr) considerably reduced its biomass. On
1.00 to 0.25 mrin the culturing medium, markedly the other handfF. solani var. coeruleumbiomass was
stronger inhibited the increment Bf culmorum F. solani markedly inhibited by this oil concentrations frdn00 to
var. coeruleum, S. sclerotiorurniomass in comparison 0.50 mni, whereasS. sclerotiorumby the concentrations
with the lowest, 0.10 minconcentration. On he the other from 1.00 to 25 mrh
hand, tea tree oil concentrations significantlyostrer di-
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3.3. The effect of plant oils on fungi sporulation

centrations, the number of macroconidia was lolwantin
the control, whereas microconidia formation By solani

Microscopic fungi produce spore of various kinds,var.coeruleumwas stimulated at the two first oil concentra-

which guarantee the continuation of the speciess la
common opinion, that in plant phytopathogenic furai
limited growth of hyphae occurs under unfavouradaei-
ronmental conditions, whereas spore formation Eeee
intensify [17]. The tested plant oils, beside arsty influ-
ence on mycelium hyphae development, also modifiet
sporulation process. Results of Authors’ own stsidiee-
sented in Table 3 evidence that geranium oil, jreetvely
of the applied concentration totally blocked therspfor-
mation process iB. cineraandS. sclerotiorumA similar
reaction was observed alsoRn culmorumi F. solani var.

tions. Moreover, culturing of this pathogen on thedium
containing 0.25 mifcm® of tea tree oil favoured produc-
tion of macro- and microconidia by the fungus.

4. Conclusions

1. Underin vitro conditions plant oils strongly influenced
the colony surface growth, biomass and intensitgpafru-
lation in phytopathogenic fungifusarium culmorum
F. solanivar. coeruleumSclerotinia sclerotiorunorazBo-
trytis cinerea.

coeruleumfungi on culturing media with 1.00, 0.80 and 2. Irrespective of the applied concentration, geranaim
0.50mnf? of this oil. Moreover, a lack of conidia was alsoin comparison with the tea tree oil, caused a fotzibition
observed irs. sclerotiorunon the culture media containing of the tested fungi surface growth, inhibited biesancre-
1.00, 0.80 and 0.50nihof tea tree oil. Moreover, lower ment in between 70 and 85.29% and totally blockshs

concentrations stimulated sporulation in this fungpecies.
On the other hand, all concentrations of tea tieeeduced

lation process ifs. sclerotiorum B. cinerea
3. Response of individual fungi species to the tea ti

the number ofF. culmorummacroconidia - a greater de- supplement in the culturing medium depended sicpuifily

crease in their number was observed with growihgai-
centration. However, the number of microconidia was
creasing. The effect of individual concentratiofdea tree
oil on spore formation process ki solanivar. coeruleum
proved complex. At the highest concentration a lafcloth

on the applied concentration. In the highest cotmaéans

(1.00 and 0.80 mM the oil inhibited 100% of all fungi
species linear growth, while it reduced their bismacre-

ment in 64.7-98.4% an@. sclerotiorunsporulation.

4. Among the tested plant phytopathogenic furgi,scle-

both macro- and microconidia was noted. On the rothaotiorum and B. cinereaevealed the greatest sensitivity to

hand, on the medium with 0.80, 0.50 and 01.8raihcon-

the analysed oils.

Table 2. The influence of plant oil concentratiemsfungi biomass [g]
Tab. 2. Wplyw gteri olejkdw rglinnych na biomasgrzybow [g]

. Oil concentration (mricnt culture medium)

Tested fungi Control 75 0.10 0.25 0.50 0.80 1.00] “SPoos

E_ culmorum 0.31 A 0.13 0.09 0.08 0.07 0.07 0.03
B 0.17 0.13 0.11 0.11 0.08 0.04

F. solani 0.30 A 0.27 0.04 0.06 0.04 0.02 0.04
var. coeruleum ’ B 0.26 0.22 0.10 0.05 0.08 0.09
S. sclerotiorum 0.63 A 0.61 0.02 0.07 0.04 0.07 0.05
B 0.40 0.01 0.03 0.03 0.02 0.08

B. cinerea 0.34 A 0.03 0.08 0.07 0.06 0.02 n.s.
B 0.09 0.04 0.04 0.04 0.02 n.s.

A — geranium oil; B — tea tree oil; n.s. - non sfgpaint

A — olejek geraniowy; B — olejek drzewa herbacianegtnica nieistotna

Table 3. Influence of plant oils on test fungi sdation

Source: own work Zrodlo: opracowanie wlasne

Tab. 3. Wplyw olejkéw gtinnych na zarodnikowanie grzybéw testowych

. Oil concen- Spore numer in 1ctr [107]
Plant oil . .
tration F. culmorum F. solani var. coeruleum .
3, 3 - - - —'S. sclerotio- .
[mm®/cm Macroco- | Microconi- | Macroco- | Microconi- B. cinerea
. - . . . rum
medium] nidia dia nidia dia
1.00 ¥ - - - - -
Geranium 0.80 - - - - - -
0.50 - - - - - -
0.25 - - 6.71 56.38 - -
0.10 2.06 14.05 25.21 18.6 - -
1.00 0.03 23.15 - - - 2.09
0.80 0.05 12.28 7.25 66.18 - 4.38
Tea tree 0.50 1.18 10.25 8.09 32.65 - 10.00
0.25 5.28 6.10 24.76 29.9 4.93 2.61
0.10 7.63 3.93 10.53 13.13 5.48 3.5
Control - 8.5 12.25 18.41 22.28 3.68 7.3

* (-) denotes lack of sporulation/-) oznacza brak zarodnikowania
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