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Abstract: Evaluation of the fungicidal properties of essential oils from Leptospermum scoparium and 

Azadirachta indica in relation to selected fungi causing wood decay. The publication presents the results of 

evaluation of the fungicidal effect of two essential oils from Leptospermum scoparium (manuka) and 

Azadirachta indica (neem) on fungi that cause the decomposition of Trametes versicolor and Coniophora 

puteana wood. Research results indicate that the growth of the tested fungi is clearly inhibited with the 

participation of the highest concentrations of essential oils used. At the same time, it was found that the action of 

neem oil was stronger compared to the Traetes versicolor fungus. In contrast, manuka essential oil has a stronger 

inhibitory effect on the growth of Coniophora puteana. 
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INTRODUCTION 

 The durability of wood and wood-based materials depends primarily on the conditions 

of its exploitation. Under improper conditions of use, the service life of wood as a utility 

material drops sharply. One of the conditions for long-term use of wood is protection against 

biocorrosion by appropriate wood preservatives. Both the right choice of biocides and wood 

preservation methods determine the resistance of wood to the destructive effects of biotic 

agents. Wood preservatives are chemical impregnates that contain active substances that show 

biocidal activity against wood-destroying organisms (Krajewski and Witomski 2003, Piontek 

and Lechów, 2013). The use of chemicals to protect wood, protects the material from 

biocorrosion, but always remember that these substances can negatively affect the ecosystem. 

These are the issues of environmental, human and animal safety, contained in Directive 

98/8/ EC of the European Parliament and of the Council concerning the placing of biocidal 

products on the market (Directive 98/8/EC, 1998), and then repeated in Regulation 

No 528/2012 of the European Parliament and of the Council on the provision and the use of 

biocidal products (Regulation (EU) No 528/2012, 2012) imposed tight restrictions on the 

marketing of wood preservative products. Those are commonly used and effective against 

fungi that cause deep wood decomposition, chemicals containing chromium, arsenic, or 

fluorine compounds, phenols, naphthalenes and numerous products of distillation of crude oil 

have been withdrawn from trading. The current state of active substances allowed for use in 

wood preservatives in the European Union is 45 active substances, including: propiconazole, 

boric acid, IPBC, permethrin, didecyl dimethylammonium chloride, copper oxide, copper (II) 

hydroxide copper (II) (1: 1), cypermethrin, K-HDO, Cu-HDO, fenoxycarb, sulfuryl fluoride 

(echa.europa.eu/pl/information-on-chemicals/biocidal-active-substances). Despite numerous 

restrictions, Regulation 528/2012 provides for the possibility of research into new chemicals. 

The formal requirement for the approval of such substances for use in the protection of wood, 

besides the guarantee of effectiveness against declared organisms, is to meet the criteria 

related to toxicological and ecotoxicological safety. That is, it should be demonstrated by 

appropriate tests that the new active substances proposed for use are safe for humans, animals 

and the environment, during the use of impregnating agents and when using impregnated 
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wood. Issues related to new active substances, safe for the environment appeared in scientific 

discussions already in the 60s of the last century (Shelds and Atwell, 1963); however, detailed 

research and analyzes presented on the world stage have been intensified in the world of 

science after 2000. At the 2007 international conference of the International Research Group, 

scientific reports on the use of substances of natural origin in wood protection were presented. 

The authors of the presentation presented interesting results of the use of plant extracts such 

as essential oils in protecting wood against blue stain, as well as attempts to combine caffeine 

with propiconazole to strengthen the bio-protective effect against fungi causing wood decay 

(Kundzewicz 2007).  

Plant extracts rich in various chemical components of antimicrobial importance can be 

used to protect numerous materials (Nuzhat and Vidyasagar 2013, Stupar et al. 2014, 

Kharbach et al. 2019). Attempts to use plant extracts to protect wood have been presented in 

numerous publications (Chittenden and Singh 2011, Mohareb et al. 2013, Pánek et al. 2014, 

Mansour and Salem 2015). Ahmed et al. (2020) assessed the effect of oils derived from 

linseed, eucalyptus, neem and jojoba on the effectiveness of protecting three species of wood 

against termites. In the presented research they showed that all oils, except eucalyptus, 

effectively protected the wood against decay caused by termites. In the research of Yildiz et 

al. (2020) were presented the biocidal properties of mistletoe leaf extracts and Usnea 

flipendula lichen on Copniophora puteana. An interesting issue was the assessment of the 

protection of Scots pine wood with a solution of propolis against decay caused by Coniophora 

puteana (2020). The authors of the study showed that the weight loss of wood impregnated 

with natural biocide was tewnty-one times lower than that of control wood. The fungistatic 

properties of propolis have been demonstrated even against such fungi species as Penicillium 

italicum, Aspergillus niger, Trichoderma viride, and Colletotrichum gloeosporioides 

(Garedew et al. 2004, Meneses et al. 2009, Peng et al. 2012). Essential oils are the most 

popular group of active compounds of natural origin with significant fungistatic or fungicidal 

properties. The strong fungicidal action of oils derived from distillation from the aerial parts 

of Thymus bleicherianus and Thymus capitatus was determined by El Ajjouri et al. (2008). 

The authors of the study have identified that phenolic and aldehyde compounds contained in 

oils have a strong fungicidal effect. Fungicidal properties of chemical compounds from the 

group of phenols (isoeugenol, eugenol, resorcinol, 2,6-dimethoxyphenol, pyrogalol) in 

relation to selected species of Basidiomycetes were the subject of studies by Zarzyński and 

Andres (2009, 2010a, 2010b). The effect of essential oils and plant extracts on the growth of 

Trametes versicolor and Tyromyces palustris was anazlialized by Kartal et al. (2006).  

The purpose of the research presented in this article was to determine the effect of the 

addition of various concentrations of essential oils from the Indian Honey tree (Azadirachta 

indica) and the Manuka shrub (Leptospermum scoparium) on the growth of fungi causing 

wood decay: Trametes versicolor and Coniophora puteana on maltose-agar medium. 

 

MATERIALS AND METHODS 

Studies on the fungicidal action of essential oils in relation to fungi that cause deep 

wood decay were prepared based on the methodologies described by Gniewosz et al. (2012), 

Betlej and Andres (2019) and Nenoff et al. (1996). 

Fungi-inhibiting factors were plant oils derived from Azedirachta indica A.Juss. 

(called neem) and Leptospermum scoparium J.R.Forst. & G.Forst. (called manuka), obtained 

in the form of essential oils (Pollena-Aroma, Nowy Dwór Mazowiecki, Poland). The 

assessment of fungicidal activity was carried out on two fungi causing deep wood 

decomposition - Coniophora puteana (Schumach) P. Karst., Strain EB97 and Tramestes 

versicolor (L) Lloyd, strain 30. The organisms tested came from the fungi collection of the 

Department of Wood Science and Wood Protection. The selection of the indicated species 
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was dictated by the fact that, according to the EN 113: 2000 standard, these are the main 

species of test fungi, used in biological tests to determine the effectiveness of protecting wood 

against decay.  

The evaluation of the fungicidal effect of selected essential oils was started by re-

transferring fungi starting cultures from the collection in order to obtain microorganisms with 

high physiological activity. These microorganisms were grown in a medium containing 

maltose as a carbon source. On the 10
th

 day fungi cultures were used for the analysis. A 

number of dilutions of essential oils in ethanol were prepared before starting the main tests. 

These oils in an amount of 1ml were added to a Petri dish (Ø90mm), on which 9ml sterile 

medium containing 2.5% maltose extract (Biomaxima, Lublin, Poland) and 2.5% agar (Difco, 

New Jersey, USA) was dosed. The final content of oils in the medium was 0.1, 0.5, 1.0 5.0, 

10 and 50µl/l. At the same time, two control trials were prepared, defined as treatment and 

non-treatment control. The treatment control contained in its composition, apart from the 

medium, also ethanol, in the same amount that was added to the research tests. The 

preparation of such control was aimed at identifying whether the determined fungicidal effect 

was derived from plant extracts or was also the result of the action of ethanol. The non-

treatment control contained only maltose medium. 

The tested fungi were centrally inoculated onto the solidified medium. The inoculum 

size was about 5mm. The cultures prepared in this way were incubated in laboratory 

incubators at temperature and humidity conditions of 23 ± 2˚C and 66 ± 5%, respectively. The 

evaluation of the inhibitory effect on the growth of the studied fungi by the applied essential 

oils was made by measuring the diameter of the fungal colony in two opposite directions. The 

studies were conducted at 48h intervals until the medium in the non-treatment control was 

completely overgrown by test fungi. All tests were performed in triplicate.   

 

RESULTS 

 Based on the obtained results, it was found that the addition of essential oils from 

Leptospermum scoparium and Azedirachta indica to the substrate affects the growth of test 

fungi. However, it should be noted that the degree of inhibition of fungal growth depends on 

the proportion of the substance in the culture medium. Comparing the fungicidal activity of 

the examined essential oils, it was found that the oil from A. indica has a stronger fungicidal 

effect in relation to the T. versicolor fungus than the oil from L. scoparium.  

 

 
The growth of T. versicolor on a medium with 

neem essential oil on the 6th day of culture 

 
The growth of C. puteana on a medium with 

manuka essential oil on the 8th day of culture 

Figure 1. Visual growth of test fungi on the medium with the addition of the essential oils tested  

 

The data presented in Figures 2 and 3 shows that the average percentage of 

overgrowth of T. versicolor mycelium on medium with manuka oil on the 6th day of culture, 

for most of the tested concentrations ranged from 85 to 100%. Only in the case of the addition 

of 50µl/l manuka oil to the medium, a strong inhibition of fungus growth was observed, 
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whose percentage degree of growth on the medium, on the 6th day of culture was less than 

13%. When assessing the effect of manuka essential oil on the growth of C. puteana on the 

6th day of the experiment, it was found that the oil has a stronger effect on the growth of the 

tested fungus than the neem essential oil.  

A visual assessment of the growth of T. versicolor and C. puteana fungi on the last 

day of culture on media containing the oils tested was presented in Figure 1. 

 

 
Figure 2. Percentage of growth of the medium with the addition of various concentrations of manuka essential oil by 

T. versicolor, at different breeding times (a-non treatment control, b-50, c-10, d-5.0, e-1.0, f-0.5, g- 0.1µl/l)  

 

 
Figure 3. Percentage of growth of the medium with the addition of various concentrations of neem essential oil by T. 

versicolor, at different breeding times (a-non treatment control, b-50, c-10, d-5.0, e-1.0, f-0.5, g- 0.1µl/l) 

 

When assessing the effect of neem essential oil on the growth of the fungus that causes 

white wood decay, it was noticed that this oil inhibits the growth of the species of fungus 

more strongly than manuka oil. On the 6th day of culture, no mycelial growth of the medium 

by 100% was achieved in any experimental variant. The most visible fungicidal effect was 

found for the highest concentration used. At the same time, it should be noted that when 

comparing the effects of the highest concentrations of manuka and neem oils on the growth of 

the test fungus, manuka oil showed a stronger fungicidal effect. 
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When assessing the effect of neem essential oil on the growth of C. puteana in the 

final stage of the experiment, it was found that only a concentration of 10 and 50µl/l in the 

culture medium inhibits the growth of the test fungus (Figure 4). The determined mycelial 

growth in the medium on the 6th day of culture was 47% and 92% with the addition of 50µl/l 

and 10µl/l, respectively. Manuka essential oil strongly influenced the growth rate of C. 

puteana. On the 6th day of the experiment, no full growth of the substrate was achieved in 

any of the tested samples (Figure 5). The smallest mycelium growth on the medium was 

found when the 50µl/l oil was added to the medium. 

 

 

 
Figure 4. Percentage of growth of the medium with the addition of various concentrations of neem essential oil by C. 

puteana, at different breeding times (a-non treatment control, b-50, c-10, d-5.0, e-1.0, f-0.5, g- 0.1µl/l) 

 

 
Figure 5. Percentage of growth of the medium with the addition of various concentrations of manuka essential oil by 

C. puteana, at different breeding times (a-non treatment control, b-50, c-10, d-5.0, e-1.0, f-0.5, g- 0.1µl/l) 

 

Small differences in growth diameter were found on the treatment and non-treatment 

control samples. In the treatment control, the growth diameter of the test fungi was 3-6mm 

smaller than in the non-treatment control. This result led to the conclusion that the effect of 

ethanol on inhibiting the growth of fungi is minimal. 
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CONCLUSIONS 

Analyzing the obtained test results, it was found that neem and manuka essential oils, 

at certain concentrations, have inhibitory effects on the growth of fungi causing wood decay. 

The tested fungi species react differently to the presence of essential oils in the culture 

medium. Manuka essential oil has a stronger fungicidal effect on the C. puteana fungus than 

neem essential oil. An inverse relationship was found in the test using the T. versicolor 

fungus. 
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Streszczenie: Ocena właściwosci grzybobójczych olejków z Leptospermum scoparium i 

Azadirachta indica w stosounku do wybranych grzybów powodujacych rozkład drewna. W 

publikacji przedstawiono wyniki oceny działania fungicydowego dwóch olejków eterycznych 

z L. scoparium (manuka) i A. indica (neem) na grzyby powodujące rozkład drewna Trametes 

versicolor i Coniophora puteana. Rezultaty badań wskazują, że wzrost testowanych grzybów 

jest wyraźnie hamowany przy udziale największych z zastosowanych stężeń badanych 

substancji chemicznych. Jednocześnie stwierdzono, że działanie olejku neem było mocniejsze 

w stosounku do grzyba T. versicolor. Z kolei olejek manuka działał silniej inhibujaco na 

wzrost grzyba C. puteana.  
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