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FROM STUDIES ON POSSIBILITY OF PROTECTING
BLUE SPRUCE (Picea pungens Engelm.) AGAINST FUNGI.
PART II. LABORATORY ASSESSMENT OF ANTIFUN-
GAL ACTIVITY OF SELECTED ESSENTIAL OILS

Maria Bartynska, Waldemar Mirski

Agricultural Univwersity of Cracow

Abstract. The antifungal properties of selected essential oils, i.e. lavender, mint, orange,
spruce and thyme oils, were checked in vitro to fungi isolated from blue spruce (Picea
pungens Engelm.) and its cultivar ‘Glauca’. The degree and extent of antifungal activity
for essential oils listed above were tested on the following fungi: Acremonium tubakii, An-
thostomella conorum, Arthrinium state of Apiospora montagnei, Aureobasidium pullu-
lans, Botryodiplodia rubi, Fusarium camptoceras, F. moniliforme var. lactis, Penicillium
canescens, Phoma pomorum, Rhizosphaera kalkhoffii, Ulocladium consortiale and Zythi-
ostroma pinastri. Among essential oils tested the thyme oil showed the highest antifungal
activity to all fungi under examination even at the lowest concentration used. The mint,
lavender and spruce oils demonstrated a medium activity. The lowest activity was found
for orange oil.

Key words: Picea pungens, fungi, control, essential oils

INTRODUCTION

The biological methods play more and more important role in plant protection
against diseases. In these methods both living organisms and various herbal extracts are
used to control harmful pathogens [Orlikowski i in. 2002]. The herbal extracts include
often essential oils distinguishable for its high antibacterial and antifungal activity [Géra
1997]. This depends on their chemical composition, origin, application method and use
form [Reddy i in. 1998]. Among a number of essential oils those extracted from Labi-
atae are of special interest. They show a very high activity in inhibiting growth of vari-
ous fungal species [Klimach i in. 1996, Zambonelli i in. 1996, D’ Aulerio i Zambonelli
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1997, Bartynska 1998, 1999, Reddy i in. 1998, Bartynska i Budzikur-Ramza 2001,
Budzikur-Ramza 2003, Mirowska 2003, Snieskiené i in. 2003].

The aim of this paper is to find a protection of Picea pungens against fungi by as-
sessing antifungal properties of the selected essential oils.

MATERIAL AND METHODS

The aim of in vitro tests was to evaluate the effectiveness and the extent of antifun-
gal activity of selected essential oils to fungi isolated from diseased plants. The follow-
ing commercial oils supplied by Avicenna-Oil were tested: lavender (oleum lavandula
officinalis), mint (oleum mentha piperite), orange (oleum citrus aurantium), spruce
(oleum piceae) and thyme (oleum thymus vulgaris).

The laboratory tests were carried out by using the method described by Kowalik and
Krechniak [Kowalik i Krechniak 1961]. The essential oils were used at the following
concentrations 2.5 ml'l"; 5 ml'l" and 7.5 mIT'. When selecting oil concentrations the
available data related to the degree and extent of antifungal activity to various fungal
species were taken into account [Singh i in. 1993, Klimach i in. 1996, Budzikur-Ramza
2003, Mirowska 2003]. The most frequently isolated fungi were selected for testing,
namely Acremonium tubakii, Anthostomella conorum, Arthrinium state of Apiospora
montagnei, Aureobasidium pullulans, Botryodiplodia rubi, Fusarium camptoceras,
F. moniliforme var. lactis, Penicillium canescens, Phoma pomorum, Rhizosphaera kalk-
hoffii, Ulocladium consortiale and Zythiostroma pinastri [Bartynska i Mirski 2005].

During the test essential oils were introduced directly into liquid and slightly cooled
PDA agar. After thorough mixing with the agar the obtained suspension was poured
into Petrie dishes of 70 mm in diameter. Afterwards, an agar disk with mycelium of
fungi under examination was placed centrally into each dish for each combination. The
medium without amendments with a disk of appropriate fungus was used as the control
for each combination. The test was carried out in three repetitions for each combination.
The antifungal activity of essential oils under consideration was then calculated form
Abbot’s formula [Kowalik i Krechniak 1961]:

I = €T 100
C

where: I — fungus linear growth inhibition index (percentage), C — fungus colony diame-
ter in the control combination, 7 — fungus colony diameter in combination containing
a specified essential oil concentration in the agar.

Finally, an effect of essential oils under examination on fungal biology (mycelium
morphology, presence of spores, sporification intensity, presence and number of chla-
mydospores) was determined.

RESULTS AND DISCUSSION

The tested essential oils showed different effect on the mycelium growth of the
fungi species under examination depending on oil type and its concentration in the me-
dium (tab. 1).

Acta Sci. Pol.



Table 1. An effect of essential oils on inhibiting mycelium linear growth (%)

Tabela 1. Wptyw badanych olejkéw eterycznych na zahamowanie rozrostu liniowego (%) grzybni testowanych gatunkéw grzybow

Fungus /I = Inhibition index — Grzyb / I = wspéiczynnik zahamowania, %

Con- , .
. . L. Fusarium Fusarium .
Essent'lal oil Ceptra— Acremo- Anthosto- Arthrinium Au‘r e‘oba— . campto- moniliforme Penicil- Rhizos- Ul(?cla— Zythio-
Olejek tion . mella state of sidium  Botryodi- . Phoma dium stroma
o nium X . ceras Sheld var. lium phaera . . .
eteryczny  SteZenie wbakii  €onorum Apiospora pullulans  plodia Wollenw. lactis (Pir. canescens pomorum. - i consortiale  pinastri
mll! (Fuckel) montagnei (de Bary) rubi Syd. . o Thiim pt (Thim.)  (Karst.)
W. Gams et et Rib.) Sopp Bubik . .
Sacc Sacc. Arnaud e o Simmons ~ Hohn.
Reinking Bilai
2.5 17.14 g* 100 a 44.29 h 100 a 52.63d 4406f  95.71b 19.22f  7536b 8598 ¢ 45.96 ¢ 28.8le
Lavender 5 100 a 100a  73.10c  100a 100a  9596b  100a  8351b  100a 100 a 100a  2524f
Lawendowy
7.5 100 a 100 a 100 a 100 a 100 a 3263 ¢ 93.10 ¢ 100 a 100 a 100 a 100 a 100 a
) 2.5 100 a 100 a 48.10 fg 100 a 58.10¢c 100 a 100 a 20.34 ¢ 63.10 ¢ 100 a 100 a 87.39b
ﬁ;g:owy 5 100 a 100 a 87.63b 100 a 100 a 94.53 ¢ 100 a 75.83 ¢ 100 a 100 a 100 a 100 a
7.5 66.67 ¢ 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a
2.5 1691 h 56.43 e 53.57e 18.61d 2571h 5.96] 1431 9.89 i 20.71¢g -8.461 643 h 8931
;)range , 5 17.63g  61.67d 47.63g 1512e 4381f 16431 3786g 12.10h 4096e -529h 2027g  7.63i
omaranczowy
7.5 22.86 f 87.86 b 69.77d 13.01 f 48.34 ¢ 23.10h 38.34 f 1.64 k 37.14 £ 397¢g 44.77d 11.67 g
2.5 31.67e 86.20 ¢ 48.57 26.32¢ 48.34 ¢ 0k 4643 ¢ 8.80j Oh 41.54d 41.67 10.96 h
SSI\:/riiiiowy 5 42.20d 100 a 100 a 88.80 b 82.39b 80.24 ¢ 31.34h 18.69 ¢ 59.29d 15.08 ¢ 78.93b 34.53d
7.5 81.20b 100 a 100 a 13.01f 29.29 ¢ 86.20d 78.10d 35.71d 100 a 88.10b  43.8le 3571c¢
2.5 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a
Thy”.“e 5 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a
Tymiankowy
7.5 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a
Control . . . . . .
Kontrola 0i of 0i Og 0i 0k 0j 01 Oh of 0i 0j

* Values marked with the same letter in columns have no significant differences at P = 0.05 (Duncan test)
* Warto$ci oznaczone takimi samymi literami w kolumnach nie rézna sig istotnie przy p = 0,05 testu Duncana
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It was found that thyme oil is the most effective in inhibiting mycelium growth at
each concentration used (photos 1, 2, 3).

For mint oil, that was of lower activity than that of thyme oil, it was recorded that its
activity increased with concentration in the medium (photos 1, 2, 3). Only in combina-
tion with Acremonium tubakii in the medium of the highest concentration, the activity
of this oil was reduced considerably compared to those of lower concentrations.

Lavender oil at the highest concentration was the most effective in inhibiting myce-
lium growth in most of fungal species under examination (photos 1, 2, 3).

The effectiveness of spruce oil compared to those of thyme, mint and lavender oils
was considerably lower (photos 1, 2, 3). This oil was effective at the highest concentra-
tion tested in inhibiting the growth of some fungal species only, namely Anthostomella
conorum, Arthrinium state of Apiospora montagnei and Phoma pomorum. For Aureo-
basidium pullulans and Botryodiplodia rubi its effectiveness was reduced even at the
highest concentration in the agar.

Orange oil showed the lowest antifungal activity (photos 1, 3). In combination with
Rhizosphaera kalkhoffii this oil even stimulated the mycelium growth regardless of
concentration (table 1, photo 2).

The tests indicated very high antifungal activity of selected essential oils to all fun-
gal species under examination. The highest antifungal activity (100%) and very wide
range of application was found for thyme oil. Similar properties of this oil were found
previously by a number of other authors [Klimach i in. 1996, Zambonelli i in. 1996,
Bartynska 1998, 1999, Bartynska i Budzikur-Ramza 2001, Mirowska 2003, Motiejtn-
aité i Kalédiené 2003, Sajdak 2004].

Slightly lower activity was recorded for mint oil compared to earlier information on
its both antimicrobiological and antibacterial and antifungal properties [8], and antifun-
gal activity to the genus Fusarium [Paran i in. 1996, Sajdak 2004].

The relationship between the mycelium growth of selected fungi and lavender oil
origin and concentration was demonstrated previously [Bartynska 1998, 1999, Bartyn-
ska i Budzikur-Ramaz 2001, Budzikur-Ramza 2003, Mirowska 2003, Motiejtnaité i
Kalédiené 2003, Snieskiené i in. 2003, Sajdak 2004]. Similarly, the relationships be-
tween antifungal activity of lavender and mint oils and its concentration in the medium
have been also found [D’ Aulerio i Zambonelli 1997, Bartynska 1998, 1999, Bartynska i
Budzikur-Ramaz 2001, Budzikur-Ramza 2003, Sajdak 2004, ].

In turn, the low antifungal activity of orange oil found in this paper is inconsistent
with the results reported by Snigh et al. [1993], where they reported both high activity
and a wide range of application for this oil. The cause of such discrepancy can be as-
signed among other things to plant material and oil chemical composition [Reddy i in.
1998].

Within the scope of the effect of selected essential oils on biology of selected fungal
species it was found that oils changed morphology of hyphae and reduced or stimulated
the sporulation and chlamydospore production in some fungi (table 2) — compared to the
control cultures, presented in the Mirski research work [2007].

In the medium with thyme oil no mycelium was observed in any combination due to
100% efficiency of antifungal activity and very wide spectrum of activity for this oil.
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Photo 1. An effect of thyme, lavender, mint, orange and spruce oil on linear growth of Fusarium
camptoceras (K — control; T — thyme oil, L, — lavender oil, M — mint oils, P — orange oil
and $ — spruce oils; 1 — concentration 2.5 ml/l; 2 — concentration 5 ml/l; 3 — concentra-
tion 7.5 ml/l).

Fot. 1. Wplyw olejku tymiankowego, lawendowego, migtowego, pomaranczowego i $wierko-
wego na rozrost liniowy Fusarium camptoceras (K — kontrola; T — olejek tymiankowy,
L — olejek lawendowy, M — olejek mictowy, P — olejek pomaraniczowy, § — olejek
Swierkowy; 1 — stgzenie 2,5 ml/l; 2 — stgzenie 5 ml/l; 3 — stgzenie 7,5 ml/l)

Hortorum Cultus 6(4) 2007
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Photo 2. An effect of thyme, lavender, mint, orange and spruce oil on linear growth of Rhizos-

Fot. 2.

phaera kalkhoffii (K — control; T — thyme oil, L, — lavender oil, M — mint oils, P — or-
ange oil and S - spruce oils; 1 — concentration 2.5 ml/l; 2 — concentration 5 ml/l;
3 — concentration 7.5 ml/l)

Wptyw olejku tymiankowego, lawendowego, migtowego, pomaranczowego i $wierko-
wego na rozrost liniowy Rhizosphaera kalkhoffii (K — kontrola; T — olejek tymiankowy,
L — olejek lawendowy, M — olejek mictowy, P — olejek pomaranczowy, § — olejek
swierkowy; 1 — stezenie 2,5 ml/l; 2 — stezenie 5 ml/l; 3 — stgzenie 7,5 ml/l)
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Photo 3. An effect of thyme, lavender, mint, orange and spruce oil on linear growth of Ulocla-
dium consortiale (K — control; T — thyme oil, L, — lavender oil, M — mint oils, P — or-
ange oil and S - spruce oils; 1 — concentration 2.5 ml/l; 2 — concentration 5 ml/l;
3 — concentration 7.5 ml/l)

Fot. 3. Wptyw olejku tymiankowego, lawendowego, migtowego, pomaranczowego i §wierkowe-
go na rozrost liniowy Ulocladium consortiale (K — kontrola; T — olejek tymiankowy,
L - olejek lawendowy, M - olejek migtowy, P — olejek pomaranczowy, § — olejek wier-
kowy; 1 —stegzenie 2,5 ml/l; 2 — stgzenie 5 ml/l; 3 — st¢zenie 7,5 ml/l)

Hortorum Cultus 6(4) 2007



Table 2. An effect of essential oils on some features (spore and hyphae appearance, sporification intensity, presence of endosporous forms) of the
tested fungal species compared to those of the control cultures.

Tabela 2. Wptyw badanych olejkéw eterycznych na niektdre cechy testowanych gatunkéw grzybéw (wyglad zarodnikéw i strzgpek grzybni, obfitosé
zarodnikowania, obecno$¢ utworéw przetrwalnikowych) w poréwnaniu do kultur kontrolnych.

Essential oil and its concentration — Olejek eteryczny i jego stezenie, in ml1" / fungus features

Fungus R - - - T
Grzyb lavender — lawendowy mint — migtowy orange — pomaranczowy spruce — $wierkowy thyme— tymiarkowy
2.5 5.0 7.5 25 5.0 7.5 2.5 5.0 7.5 2.5 5.0 7.5 25 50 175
no
1*  sporifica- no sporification .
. . . . . . no mycelium growth
Acremonium tion no mycelium growth in the medium with R . .
. _— in the medium with
tubakii less amendments less amendments
2* chlamydosp chlamydo- no differences less chlamydospores
ores spores
Athostomella 1 . . . . no perithecium, upper[ecl stage ho no mycelium growth in the medium with
no mycelium growth in the medium with amendments formation perithecium
conorum  —— - amendments
2 no differences
1 stimulated sporification no stimulated sporification
Arthrinium state mycellum . . . .
. growth in . . . . no mycelium growth in the medium with
of Apiospora . . thinner thickened thinner thickened
montagnei no differences the medium hyphae hyphae hyphae hyphae amendments
2 with amend- P P P P
ments
Aureobasidium 1 no mycelium growth
no mycelium growth in the medium with amendments no differences in the medium with
pullulans 2
amendments
1 o no mycelium growth in no less no pycnidum less no pycnidum no mycelium growth
Botryodiplodia pycnidum Y m grov pycnidum . pycnidum Py pycnidum Py 10 my m grov
Jubi thickened the medium with \hinner no pycnidum o in the medium w'nh
2 amendments . thickened hyphae no differences amendments medium
hyphae hyphae differences
chlamy.do‘- stimulated
no spore within . . . .
. . no differences . . reduced sporification sporifica- .
. differences macroconi- no mycelium growth in . no mycelium growth
Fusarium . . . . tion no . . .
dia the medium with no differences . in the medium with
camptocerans differences
amendments o more o amendments
2 no differences differences chlamydo- differences

spores




Essential oil and its concentration — Olejek eteryczny i jego stezenie, in ml1" / fungus features

Fungus R - - - T
Grzyb lavender — lawendowy mint — migtowy orange — pomaranczowy spruce — $wierkowy thyme— tymiarkowy
2.5 5.0 7.5 25 5.0 7.5 2.5 5.0 7.5 2.5 5.0 7.5 25 50 175
reduced no reduced
Fusarium 1 spornﬁca- mycellum spopﬁca- ) ) ) no sporification few spores no sporification no mycelium growth
e tion growth in tion no mycelium growth in the medium R X .
moniliforme var. . . - in the medium with
. the medium with amendments slightly
lactis colorless : colorless . amendments
2 with amend- no differences colored colorless hyphae
hyphae hyphae
ments hyphae
1 no
mycelium
Penicillium growth in o no mycelium growth in no mycelium growth
) no differences the medium . the medium with no differences in the medium with
canescens 2 . differences
with amendments amendments
amendment
s
no no .
differences . . differences . . no differences
- no mycelium growth in —————— no mycelium growth in - . . .
Phoma thinner . . . . thinner no mycelium growth in the medium
the medium with more the medium with . .
pomorum hypha, more hyphae, no thinner hyphae, more with amendments
2 amendments chlamydo- amendments more chlamydospores
chlamydo- spores chlamydo- chlamydospores
spores P spore
1 no no mycelium growth
Rhizosp hae'ra dlffe%rences no mycelium growth in the medium with amendments no differences in the medium with
kalkhoffii thinner
2 amendments
hyphae
no stimulated
Ulocladium 1 sporifica- sporifica- no mycelium growth
consortiale tion no mycelium growth in the medium with amendments tion no differences in the medium with
’ 2 thin hyph no amendments
1n hyphae differences
1 no more no no 16 pyenidum
pycnidum pycknidums mycelium _ pycnidum  no mycelium growth in py 1o mycelium erowth
Zythiostroma growth in the medium with 10 my m grov
pinastri . . the medium  thickened amendments. . . . in the me(;:hum with
2 thickened or thin hyphae with amend-  hyphae Thickened hyphae thickened hyphae thin hyphae thickened hyphae amendments
ments

* 1 — sporification; 2 — hyphae appearance
* 1 — zarodnikowanie; 2 — wyglad strzgpek
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In turn, in the medium treated with lavender oil various biology reactions were noted
for fungi under examination. In combinations with the following species: Ac. tubakii,
B. rubi, Ph. pomorum, U. consortiale and Z. pinastri — there were no sporification; for
F. moniliforme var. lactis — sporification was highly reduced; for Arthrinium state of
Apiospora montagnei — sporification was stimulated. In addition, it seemed that laven-
der oil stimulated the chlamydospore production in Ph. pomorum and chlamydospore
production within macroconidia in F. camptoceras. In combinations with Ph. pomorum
and Rh. kalkhoffii this oil caused that hyphae were significantly thinner that those of the
control, while thickened hyphae in B. rubi and U. consortiale.

In the medium with amendments with mint oil no sporification was found in fungi
Ac. tubakii, Ph. pomorum and Z. pinastri, while sporification stimulation was recorded
for Arthrinium state of Apiospora montagnei. In addition, an increased number of chla-
mydospores was recorded in Ph. pomorum, and reduced number for Ac. tubakii.

It was found in this paper that orange oil shown a low mycelium growth inhibiting
activity for fungi under consideration and had only an effect on sporification intensity in
some fungal species, namely. Ac. tubakii, F. moniliforme var. lactis, Ph. pomorum and
Z. pinastri. In addition, this oil eliminated perithecium formation in An. conorum thus
causing that this fungus was in imperfect stage only. Orange oil led also to thickening
hyphae in B. rubi and Z. pinastri, while hyphae in Arthrinium state of Apiospora mon-
tagnei were considerably thinner than those of the control.

Spruce oil eliminated completely the sporulation in Ac. tubakii, An. conorum,
F. moniliforme var. lactis and Z. pinastri. In combination with B. rubi and F. campto-
ceras this oil reduced sporification, while stimulated sporification in Arthrinium state of
Apiospora montagnei (2.5 mlT") and F. camptoceras (5 mlT"). For Ac. tubaki this oil
reduced chlamydospore production, while increased the number of chlamydosphores in
F. camptoceras and Ph. pomorum. In Arthrinium state of Apiospora montagnei and
Z. pinastri (5 mlT") spruce oil thickened hyphae, while in Ph. pomorum and Z. pinastri
(2.5 ml1™") hyphae were significantly thinner.

The results presented in this paper have indicated that selected essential oils can be
used in practical protection of blue spruce against fungi. In particular, this would be
highly advantageous in urban green areas, where contrary to forest environment, the
mycobiose of these trees is more diversified. Thus, the trees may require an intensive
protection against diseases caused by fungi.

These oils showed however an adverse effect on some tested fungi considered to be
saprobionts of advantageous impact on plants, e.g. Au. pullulans [Kowalski i Sadtowski
1993, Patkowska 2003] and fungi belonging to genus Penicillium [Pigta i in. 2002,
Patkowska 2003] and P. canescens described in this paper.

CONCLUSIONS

1. It would be justified to implement essential oils into practical protection of blue
spruce against fungal pathogens, especially in urban green areas.

2. Among essential oils tested in vitro, only thyme oil shows 100% efficiency of an-
tifungal activity to all fungi under examination. Lavender and mint oils shows slightly
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lower activity. Spruce oil is of significantly lower antifungal activity and narrower
range of application, while orange oil shows the poorest properties.

3. It seems that reaction of tested fungi to essential oils used is selective and vari-
able. This indicates a destructive effect of these substances on fungi as demonstrated by
stimulating or reducing some life-processes in fungi.
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Z BADAN NAD MOZLIWOSCIA OCHRONY SWIERKA KLUJACEGO
(Picea pungens Engelm.) PRZED GRZYBAMI. CZESC II. LABORATORYJNA
OCENA SKUTECZNOSCI GRZYBOBOJCZEJ WYBRANYCH OLEJKOW
ETERYCZNYCH

Streszczenie: W warunkach in vitro badano wlasciwosci grzybobéjcze wybranych olej-
kéw eterycznych, tj. lawendowego, migtowego, pomarafnczowego, §wierkowego i ty-
miankowego, w stosunku do grzybéw wyizolowanych z roslin $wierka ktujacego (Picea
pungens Engelm.) i jego odmiany ‘Glauca’. Stopien i zakres dzialania grzybobdjczego
wyzej wymienionych olejkéw przetestowano na grzybach: Acremonium tubakii, Antho-
stomella conorum, Arthrinium state of Apiospora montagnei, Aureobasidium pullulans,
Botryodiplodia rubi, Fusarium camptoceras, F. moniliforme var. lactis, Penicillium cane-
scens, Phoma pomorum, Rhizosphaera kalkhoffii, Ulocladium consortiale 1 Zythiostroma
pinastri. Wsréd przebadanych olejkéw eterycznych bardzo wysoka aktywnoscia odzna-
czat sig olejek tymiankowy, bo juz przy najnizszym zastosowanym stg¢zeniu i w stosunku
do wszystkich testowanych gatunkéw grzybéw. Srednia aktywno$é grzybobéjcza wyka-
zaly olejki: migtowy, lawendowy i §wierkowy. Najmniej skuteczny okazat sig olejek po-
maranczowy.

Stowa kluczowe: Picea pungens, grzyby, zwalczanie, olejki eteryczne
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