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ABSTRACT

Melaleuca alternifolia (tea tree), Thymus vulgaris (thyme), Laurel nobilis (laurel), Mentha x
piperita (peppermint), Origanum vulgare (oregano), Syzygium aromaticum {(clove) and Fesmarinus
officianalis (rosemary) essential oils were tested for their antifungal activity to investigate the
possibility of their use for legumes seed treatment. The ability of the seven cils to inhibit mycelial
growth was studied by in-vitre assay on agar medium containing different concentrations of the
essential oils. Six seed-borne pathogen fungi of large interest Fevronellaea pinodella,
Pevronellaea pinodes, Diaporthe phaseolorum var. caulivora, Phomopsis longicolla,
Ascochyia lentis and Colletotrichum gloeosporicides were transferred on the modified medium in
order to test the ails antifungal activity, by calculating the percentage of Mycelial Growth
Inhibition (MGI) and the Minimum Inhibitory Concentration (MIC). Results showed a clear
reducing effect of the oils on fungal growth, that was dose-dependent and it differed depending on
the fungal species. The most effective were thyme, clove, peppermint and oregano oils. Therefore,
the essential oils tested can be considered very interesting for developing alternative natural
fungicides to the synthetic chemicals and can be potentially used in organic agriculture to prevent
and control seed-borne diseases for safe and low environmental impact seed treatments.

Key words: Ol efficacy, mycelial growth, minimum inhibitory concentration, organic farming,
seed treatment, antifungal activity

INTRODUCTION

In order to reduce the problems associated with the use of synthetic fungicides such as pollution,
phytotoxicity and selection of resistant pathogen populations, scientific research is undertaken to
evaluate the effectiveness and reliability of different techniques to contain pathogens of crops and
seeds like agronomics, physical methods, biclogical agents and chemicals with low environmental
impact such as essential oils (Tinivella ef al., 2009). Kssential oils are products extracted from
various parts of aromatic plants, in particular from the flowering tops, leaves, fruits, roots and
rhizomes. They contain aromatic essences produced by plants to carry out allelopathic, antimicrobial
and attraction of pollinator functions. These substances have long been studied for their
characteristic bactericidal and fungicidal properties due to the presence of active compounds

classifiable among alkaloids, phenols, flavonoeds, monoterpenes, sesquiterpenes and isoprenoids)
{(Alilou et al., 2008; Barrera-Necha et al., 2008; Kalemba and Kunicka, 2003; Scarito et al., 2002;
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Zaccardelli ef al., 2006; Zambonelli et al., 1996; Elisabeth et @l., 2008). In particular, tea tree ol
(Melaleuca alternifolia Cheel), thyme oil (Thymus vulgaris Linnaeus), laurel oil (Laurel nobilis
Linnaeus), peppermint. cil (Mentha x piperita), oregano oil (Origanum vulgare Linnaeus), clove oil
(Syzygium aromaticum Linnaeus) and rosemary oil (Resmarinus officianalis Linnaeus) have been
reported to possess antifungal activity (Carson and Riley, 1995; Dzamic et al., 2008; El-Mougy,
2009; Korukluoglu et al., 2009; Ozcan and Chalchat, 2008; Pina-Vaz et al., 2004; Pinto e¢f al., 2006;
Pintore et al., 2002; Salamone et al., 2002; Scarito et al., 2003; Simic ef al., 2004; Sipailienee et al.,
2006; Soto-Mendivil ef al., 2006; Terzi et al., 2007; Viuda-Martos et al., 2007) and are considered
to be potentially important for the agriculture, thanks to their effectiveness, non-toxicity to
humans, bicdegradability and easy availability (Nguefack et al., 2008),

In many crops, including legumes, the problem of seed-borne diseases 1s one of the most
important threats for the success of the production, as it can cause low germinability, seedlings
blight and reducing yields (Tivoli and Banniza, 2007). Therefore, the control of pathogen organisms
present onfin seeds is of vital significance especially for the organic production, where less efficient.
plant protection agents are available for managing plant diseases. In this work, some
seed-borne pathogen fungi of large interest on legume (soybean, lentil, pea, lupin) crops were
studied: Ascochyta lentis (Vassiljevsky), Colletotrichum gloeosporioides (Penzig) Saccardo,
Pevronellaea pinodella (LK. Jones) Aveskamp, Gruyter and Verkley (syn. Phoma medicaginis
var. pinodella (1..K. Jones) Boerema), FPeyronellaea pinodes (Berk. and A. Bloxam) Aveskamp,
Gruyter and Verkley (syn. Mycosphaerella pinodes (Berk and A. Bloxam) Vestergr.),
FPhomopsis longicolla (Hobbs), Diaporthe phaseolorum var. caulivora (Athow and Caldwell).

The aim of this study was to test the efficacy of the antifungal activity of seven different
essential oils against these pathogenic seed-borne fungi by in-vitre assay, in order to evaluate the
potential use of the oils for safe and eco-friendly seed treatments.

MATERIALS AND METHODS
The experiments were carry out during 2011, after having collected vils and fungal strains
necessary to run the test at the laboratory of the Plant pathology research center in Rome, Italy

(CRA-PAV).

Oils: Stocks of the following medicinal oils were purchased; Thyme il (TQ), Laurel il (LO),
Peppermint Cil (PO), Oregano Oil (O0), Rosemary Oil (RO) (Esperis s.p.a., Milan, Italy), Tea Tree
oil (TTO) (Sovimpex, Marseille, France) and Clove Qil (CO) (Cedax Srl, Forli-Cesena, Italy). The
main active components of the cils used for in vitre trials are: terpinen-4-ol (40.7%) and v-terpinene
{20.3%) for TTO, thymal (41%) for TO, eugenol (16,3%) for CO, menthol (63,4%) for PO, 1,8 cineocle
{41,8%) for RO, thymol and carvacrol (67%) for OO0, 1,8 cinecle (40%) for 1.O. The concentrations
were determined by the respective producer Companies, except for LO that was analysed by an
accredited laboratory (Agri-bio-eco s.r.l., Pomezia, Italy).

Fungi: A total of 6 fungi (F. ptnodella, F. pinodes, D. phaseolorum var. caulivora, P. longicolla,
A. lentis and C. gloeosporioides), maintained on solid PDA medium (potato dextrose agar), were
used for antifungal activity evaluation of TTO, TO, CO, LO, RO, PG and OO, The strain 1 of
P. pinodella was provided from A.T.C.C. 16235-USA, while the others belong to CRA-FPAV
collection and were isclated from lentil seed (A. lentis), chickling vetch seed (F. pinodes and
F. pinodella) soybean seeds (F. longicolla, D). phaseolorum var. caulivora) and from Banksia
serrata leaves (C. gloeosporioides).
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In-vitro activity: Mycelial growth was determined on solid PDA medium amended with different
oils at the following concentrations (v/v): 0% (control), 0.01, 0.025, 0.05 and 0.1% for TO, CO and
00, 0% (contral), 0.25, 0.5, 1 and 1.5% for LO and RO, 0% (control), 0.1, 0.25, 0.5 and 1% for tea
tree oil and finally 0% (control), 0.025, 0.05, 0.1 and 0.25% for PO, in presence of Tween 20
{0.5% viv) as emulsifying agent. The experiments were conducted twice in duplicate in 90 mm Petri
dishes containing the medium meodified and incculated with 6 mm plugs of PDA from actively
growing cultures; after inoculations dishes were kept in the dark at 24°C. Radial growth of colonies
was measured the seventh day after inoculation at two perpendicular peints along the diameter of
the plate and the means was used to calculate the mean daily radius of the fungal colony.
Percentage inhibition of mycelial growth (MGI) by the oils was calculated using the

equation:

Inhibition (%) = (CC;T)xmo

where, C and T are the average of the colonies radius values in contreol and treatments,
respectively, measured for each fungus at the seventh day after incculation, obtained in both
experiments. The Minimum Inhibitory Conecentration (MIC), that produced a 90% reduction of
growth compared with the growth of the oil-free control, was computed for each combination
of funguslcompound at the seventh day after inoculation by second-degree polynomial

regression.

Statistical analysis: Analysis of variance (ANOVA) was performed on the data obtained using
CoStat-Statisties Software version 6.4, The significance of the differences among treated samples
was evaluated using the Student-Newman-Keuls test (SNK) for multiple comparisons (significance

level 0.05).

RESULTS AND DISCUSSION

The antifungal activity of the oils was evaluated considering the percentage of MGI (T able 1)
and the MIC (Table 2-3), computed for each combination fungus/ecompound. All the essential oils
were significantly (p<0.05) active against all the fungal isolates tested at variable degree. About
TO and CO, the concentration of 0.1% was able to completely inhibit the growth of all the fungi

Table 1: Ir vitro activity of oil as percentage of mycelial growth inhibition of fungus at different. cil concentrations

Thyme oil
Fungus sp. 0.01% SD 0.025% SD 0.05% SD 0.1% SD
P. ptnodella strain 1 -2° 6.6 41° 9.9 96° 4.5 100 0.0
P. ptnodella strain 2 204 5.9 49° 7.3 9QP 3.7 100 0.0
P. pinodes 18 18.2 200 205 85* 11.3 100 0.0
D. phaseoclorum var. caulivora 73° 1.0 91° 2.4 a7t 3.9 1002 0.0
P. longicella strain 1 394 1.9 68° 1.6 92b 6.4 1002 0.0
P. longicolla strain 2 56° 5.6 760 1.2 990 1.4 1002 0.0
A lentis 36° 6.2 %4 4.3 o4° 3.9 100 0.0
C. gloeosporioides o 24.0 30° 10.7 730 4.2 1002 0.0
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Tea tree oil

Fungus sp. 0.1% 8D 0.25% SD 0.5% SD 1% SD
P. pinodella strain 1 57° 8.3 972 4.0 1002 0.0 1002 0.0
P. ptnodella strain 2 66° 5.1 100* 0.0 100 0.0 100 0.0
P. pinodes 470 211 972 4.5 1002 0.0 1002 0.0
D. phaseolorum var. caulivora 16° 7.0 48> 24.2 1002 0.0 1002 0.0
P. longicellg strain 1 20° 16.5 64° 19.4 100% 0.0 100 0.0
P. longicolla strain 2 48¢ 15.8 867 16.5 100* 0.0 100% 0.0
A lentis 60° 226 992 1.2 100 0.0 100 0.0
C. gloeosporioides 19° 10.2 49¢ 8.4 1002 0.0 1002 0.0
Clove oil
Fungus sp. 0.01% SD 0.025% SD 0.05% SD 0.1% SD
P. ptnodella strain 1 27 10.7 a7° 15.0 08* 1.1 1007 0.0
P. pinodella strain 2 25 11.1 60t 13.6 95 0.9 1002 0.0
P. pinodes & 18.5 55¢ 9.7 87e 1.2 100° 0.0
D. phaseolorum var. caulivora 15° 31.7 a7t 11.3 992 1.4 1002 0.0
P. longicolla strain 1 124 15.9 45° 25.0 71t 9.2 100° 0.0
P. longicolla strain 2 50° 38.3 a1° 7.5 97 3.3 1007 0.0
A lentis -14° 243 12° 253 70% 231 1007 0.0
C. gloeosporioides 18¢ 2.7 29¢ 8.6 82P 2.6 1002 0.0
Laurel oil
Fungus sp. 0.25% 8D 0.5% 8D 1% 8D 1.5% 8D
P. pinodella strain 1 73° 18.1 ap 9.2 98* 1.7 100* 0.0
P. ptnodella strain 2 79¢ 7.2 o91¢ 10.3 98® 4.8 100° 0.0
P. pinodes 44° 121 952 8.2 1002 0.0 1002 0.0
D. phaseolorum var. caulivora 23° 3.0 53t 10.7 952 8.8 1002 0.0
P. longicella strain 1 244 1.7 42¢ 8.0 73k 4.2 100 0.0
P. longicollg strain 2 79 15.6 80 24.7 100 0.0 1002 0.0
A. lentis 75 10.0 93° 8.1 1002 0.0 1007 0.0
C. gloeosporioides 530 7.8 95 4.0 100% 0.0 100° 0.0
Rosemary oil
Fungus sp. 0.25% 8D 0.5% 8D 1% 8D 1.5% 8D
P. ptnodella strain 1 BOF 129 81° 71 992 1.3 100* 0.0
P. ptnodella strain 2 77 3.6 95% 5.6 100 0.0 1007 0.0
P. pinodes 5OP 19.3 88* 4.6 100% 0.0 1007 0.0
D. phaseolorum var. caulivora 17 14.0 TE 10.3 992 1.0 1002 0.0
P. longicella strain 1 314 9.8 63° 1.9 a1t 6.1 1002 0.0
P. longicollg strain 2 42° 59 TE 13.3 100= 0.0 100* 0.0
A lentis 78" 104 972 29 1002 0.0 1002 0.0
C. gloeosporioides EYe 17.2 78" 2.2 100% 0.0 1007 0.0
Peppermint oil
Fungus sp. 0.025% 8D 0.05% SD 0.1% SD 0.25% 8D
P. ptnodella strain 1 1° 18.0 &0° 13.7 972 3.1 1002 0.0
P. pinodella strain 2 17 7.9 62P 8.5 992 1.5 100° 0.0
P. pinodes 2° 7.6 44° 11.4 982 4.6 1007 0.0
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Tahble 1: Continue

Peppermint oil
Fungus sp. 0.025% SD 0.05% 8D 0.1% 8D 0.25% SD
D. phaseolorum var. caulivora 38° 17.4 46° 7.2 1002 0.0 1002 0.0
P. longicolla strain 1 20° 19.4 49° 17.4 962 5.6 100 0.0
P. longicolla strain 2 & 17.7 53b 15.3 992 1.0 100 0.0
A lentis 30 18.0 69t 14.0 972 3.0 1002 0.0
C. gloeosporioides 45¢ 17.1 57t 23.1 90 6.5 1002 0.0

Oregano oil

Fungus sp. 0.01% 8D 0.025% SD 0.05% 8D 0.1% SD
P. pinodella strain 1 2 20.3 35 9.4 992 1.2 1002 0.0
P. ptnodella strain 2 & 19.3 40° 13.0 99° 1.4 100° 0.0
P. pinodes -45 42.0 5P 10.7 99° 1.2 100° 0.0
D. phaseoclorum var. caulivora 37 25 6a° 6.2 990 0.9 100= 0.0
P. longicella strain 1 260 7.8 45> 16.5 990 0.8 100= 0.0
P. longicolla strain 2 32k 26.4 43k 14.8 1002 0.0 1002 0.0
A lentis 36 9.1 47 9.7 982 25 1002 0.0
C. gloeosporioides 48° 231 a4b 18.7 96* 1.6 100* 0.0

Hundred walue refers tocomplete inhibition with no mycelial growth, SD: Standard deviation, a-d: Significance differences by Student-
Newman-Keuls test (p<0.05), Value followed by the same letter within the same row do not differ significantly

Table 2: Minimum inhibitory concentration of oils at the 7th day after inoculation

Fungus sp. TO cO 00 PO

P. ptnodella strain 1 0.05 0.04 0.07 0.09
P. ptnodella strain 2 0.05 0.04 0.07 0.08
P. pinodes 0.06 0.05 0.07 0.09
D. phaseoclorum var. caulivora 0.03 0.04 0.06 0.09
P. longicella strain 1 0.05 0.07 0.06 0.09
P. longicolla strain 2 0.04 0.05 0.06 0.09
A lentis 0.05 0.07 0.07 0.08
C. gloeosporioides 0.07 0.06 0.06 0.11

TO: Thyme, CO: Clove, PO: Peppermint and OO: Oregano

Tahble 3: Minimum inhibitory concentration of oils at the Tth day after inoculation

Fungus sp. TTO RO LO
P. ptnodella strain 1 0.30 0.77 0.68
P. ptnodella strain 2 0.28 0.65 0.67
P. pinodes 0.31 0.72 0.71
D. phaseoclorum var. caulivora 0.48 0.86 0.98
P. longicella strain 1 0.40 1.02 1.25
P. longicolla strain 2 0.34 0.78 0.70
A lentis 0.28 0.61 0.64
C. gloeosporioides 0.46 0.80 0.70

TTO: Tree cil, RO: Rogsemary oil and LO: Laurel oil
tested. For some fungal strains, even the lower concentration of 0.05% was sufficient to ensure a

complete inhibition statistically comparable (p<0.05) to the higher concentration, in particular:
F. pinodella strain 1, F. pinodes, F. longicolla strain 2 for each cils, D. phaseolorum var. Caulivora,
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F. ptnodella strain 2 and A. lentis for CO. PO and OO gave steady results as they induced the total
inhibition of growth for all fungi tested, at the concentration of 0.1 and 0.05%, respectively. TTO
provided a total inhibition of fungal growth at concentrations much higher, achieving maximum
results against all isclates at the concentration of 0.5%. For some fungi like P. pinodelia,
F. ptnodes, P. longicolla strain 2 and A. lentis even the lower concentration of 0.25% was effective
(Table 1).

The results regarding LO showed a different effectiveness among two different strains of
F. longicolla, as they showed a different behavior in presence of the same oil, demonstrating a
possible variability intra-species: for P. longicolla strain 1, the percentage of maximum inhibition
(100%) was 1.5%, while for P. longicolla strain 2 was 1%, but no statistical differences were found
up to 0.25% of LO; for all other 1sclates the optimum concentration was 0.5% (Table 1).

The results about RO were more contrasting among the different isolates: F. pinodella strain
2 underwent to a complete inhibition of fungal growth at 0.25% concentration; the optimum
conecentration rose to 0.5% for A. lentis and P, pinodes and to 1% for . phaseolorum var. caulivora,
F. pinodelle strain 1, P. longicolla strain 2 and C. gloeosporicides; finally the growth of
F. longicolla strain 1 was totally inhibited at the highest concentration tested of 1.5% (Table 1).

In general, data obtained at the lower concentrations possessed higher variability other than
an unsatisfying antifungal activity; as the concentrations (and consequently the effectiveness)
raise, the standard dewviations became lower, obtaining an higher robustness of the data.
Comparing MIC values, the oils tested can be split into two distinct groups on the basis of their
activity. TO, CO, PO and OO presented a comparable effectiveness, with very low MIC values
(Table 2), while TTO, LO and RO showed MIC values around 10 times higher than the previous
{Table 3). However, the ails activity was proved to be dependent on the fungal specie and, in the
case of LO and RO, even on the strain, as reported above. The highest MIC value was 1.25% of LO
for P. longicolla strain 1 while the lowest one was 0.03% of TO for D. phaseclorum var. caulivora.

Broadly, our results demonstrated that all the cils possess a remarkable antifungal activity,
with TO, CO, PO and OO being more effective at the same concentration than TTO, LO and RO
in mycelial growth inhibition and this occurred with all the fungi tested. Previcus results
{(Dzamic et al., 2008) indicate that the antimicrobial activity of essential oils is affected by their
composition and the higher antifungal effect could be attributed to the higher amount of
compounds with the phenol structure such as thymol, carvacrol, eugenol and menthel, that are
indeed the main components of TO, CO, PO and OO,

The oils tested posses different commercial values and different velumes are needed to achieve
the highest MIC concentration effective against fungi. In order teo provide an effective and
affordable solution that combines the best effectiveness and the lowest price, the cost of 1 liter
treatment solution was calculated for each oil considering the concentration of the active
component, the efficacy (MIC values) and the value (Table 4); CO and PO seem to give the best
perspective considering the volume needed for one litre solution treatment, followed by TO and OO;
LO is the cil with less perspective because of the high cost.

Table 4: Cost of 1 litre solution treatment, calculated on the basis of its cost and the volume needed to achieve the highest MIC

concentration
Thyme oil Clove oil Oregano ail Peppermint oil Tea tree oil Rosemary oil Laurel oil
Highest MIC 0.07 0.07 0.07 0.11 0.48 1.02 1.25
Cost* €0.12 €0.03 €0.13 €0.06 €0.38 €0.50 €238

*€: Euro currency
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Many other studies were focused on the antifungal activities of essential oils against plant
pathogenic fungi of agricultural interest. In a recent paper (Riccioni and Orzali, 2011) the
antifungal activity of thyme and tea tree oil was showed against seven seed borne pathogens of
other crops: F. graminearum, F. culmorum, A. radicina, A. dauct, A. rabiei, C. lindemuthianum
and D. avenae. Velluti et al. (2004) tested cinnamon, clove, oregano, palmarosa and lemongrass oils
against F. graminearum, one of the main causal agents of the root and foot rot and fusarium ear
blight in wheat; Faria et al. (2006) investigated the activity of Ocimum grafissimum essential ol
against some phytopatogenic fungi like Botryosphaeria rhodina, Rhizoctonic sp. and
Alternaria sp. Terzi et al. (2007) reported the in vitro antifungal activity of the tea tree essential
oil and its major components against some cereals pathogen fungi as Blumeria graminis f. sp.
hordei, F. culmorum, F. graminearum, Pyrenophora graminea. Simic et al. (2004) tested the
chemical composition of some lauraceae essential oils and their antifungal activities against
17 micromycetes.

CONCLUSION

Results achieved in this study were consistent with the previous ones, confirming the essential
oils antifungal broad-spectrum efficacy and showing promising prospects for the utilization of
natural plant essential cils in crop production systems as alternative safe natural antifungal
agents, on the basis of their efficacy, non-toxicity to humans, systemcity, biodegradability, easy
availability and cost. Seed treatment against seed-borne fungi could be one of this potentially use.

However, because the in vitro effects did not always provide a good criterion for their in-vivo
performances, further investigations are needed as well as field experiments to verify their possible
phytotoxicity on plant/seed material and their effectiveness in field conditions as seed treatment.
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