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ABSTRACT

Thecontrol of mycopathogensin mushroom cultivationisbased on the usage of very limited active substances, cultural
protection practices and sanitation precautions. Thelack of registered chemicalsisaproblem inthepractice. Integrated
disease management have been used in mushroom cultivation but thereisaneed for novel selectivefungicidesand cheap
reliable disinfectants. The main target of the present work isto find natural productswhich can betested in cultivation
againgt themgjor Agaricushbisporusfunga diseaseswith effect of prevention and/or curative methods. Inthetria essentia
oilsof aromatic plants; Bacillus subtilisand active substance prochloraz-Mn weretested in vitro. The examined pathogens
were Clabobotryum dendroides, Mycogone perniciosa, Lecanicillium fungicola and Trichoder ma aggressivum f.
aggressivum. Theeffect of essential oilson the growth of acultivated hybrid variety of A. bisporuswasa sotested: (1)
hole-test on agar plates; (2) contact test on agar plates; (3) volatilefraction test on agar platesand (4) test on mushroom
fruit bodies. Among the tested oils Cinnamonium, Mentha and Pelargonium proved to be the most effective which
completely inhibited the growth of all four mycopathogens. It can be concluded that Citrusand Tyhmuswerenot effective
inthiscase. Bacillus subtiliswere effective against all tested pathogensin contact test. Further research isnecessary to
determine correct application and concentrations, because amost all tested oilsinhibited the growth of the cultivated
mushroom hyphaeaswell. From that point of view, only B. subtilislooks prospectivein cultivation.
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INTRODUCTION

A number of pestsand diseases cause problemsin white button mushroom (Agaricus bisporus) production, asthey
significantly reduce both the quality and quantity of mushrooms. Dueto the short growing period, the special cultivation
technology and thelack of available synthetic substances, the scope of applying any chemical against pestsand pathogens
isvery limited [1].

Thereisagrowing tendency of using biologica plant protection productsin vegetabl e production (e.g. tomato, pepper and
cucumber), where high efficacy can be ensured with advanced climate control. This should serve asan examplefor
mushroom production aswell. Resi stance against registered products can be observed inmoreand more cases[ 2, 3], thus
widening therange of active substancesisan urgent task. Thediseasesregularly present and causing lossof revenuein
button mushroom cultivation arethefollowing [1]: cobweb disease (Clabobotryum dendroides), wet bubble disease
(Mycogone perniciosa), dry bubble disease (Lecanicillium fungicola) and compost green mould (Trichoderma
aggressivumf. aggressivum).

In each casethefirst step of mushroom protection isprevention. Some producers apply chemicasregularly, instead of
using them only when pestsand pathogensarereally present in the culture. To provide proper hygienic conditionsfromthe
beginning and to treat aready infected mushroom cultures, we are seeking active agentsthat are selective, easy tolicense,
inexpensive and easy to usein mushroom production. Oneof the possible solutionsistotry essentia oils, about which
somedataarealready available[4-6]. Theeffect of essentia oilsof herbson mushroom pathogens hasbeen examinedin
Serbia. Their results showed that thymol, carvacrol and cimol, which arethe main essential oil components of thyme,
significantly inhibit the growth of Lecanicilliumfungicolaand Trichoderma harzianum[7]. The oils of peppermint
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(Mentha piperita) and spearmint (Mentha spicta) could also block the growth of Trichoderma harzianum, Verticillium
fungicola and Pseudomonastolaasii [ 7]. The same effect can be observed in case of wet bubble disease [8-10]. In
another study [11] thetoxicity of lavender, anise, pard ey, chamomile, fennel, geranium, oregano and common sagewas
tested against bubbl e diseases and cobweb disease. The main component of pelargonium (geraniol and citronellol) and
oregano (carvacrol and thymol) had the strongest effect on pathogens[ 11]. Initiad studieson the post-harvest application of
essential oilsonfruitbodiesarebeing conducted [12]. However, no recommendations on components, technol ogiesor
dosageexist or availableyet. Itisespecidly important to come up with solutions since neither the sel ectivity of theseails,
nor their possibleantifungal effect onthemyceliaof the cultivated mushroomshasbeen tested sofar.

The main target of the present work isto find natural products which can be tested in cultivation against the major
A. bisporusfungal diseases, with effect of prevention and/or curative methods. Inthetrial essential oilsfrom aromatic
plants; Bacillus subtilisand active substance prochloraz-Mn weretested in vitro to compare the commonly used active
substanceswith novel ingredients.

MATERIALSAND METHODS
1. Materials

Inthisstudy the pure essential oilsof an essential oil producing company (Aromax) were used. To compareefficiency a
licensed active substance (prochloraz-Mn complex) and abacterial product were applied parallel to the essentia oils
(Tablel).

Table 1. Essential oils and other active substances used for in vitro tests

Complex essential oils of Other activesubstances
Cinnamonium zeylandicum (cinnamon) BacillussubtilisQST 713 strain (' Virtuoso')
Citrus aurantium (bitter orange) Prochloraz-Mn, 50% (* Sporgon 50WP')

Matricaria chamomilla (chamomile)
Mentha spicata (spearmint)
Pelargonium graveol ens (geranium)
Salvia officinalis (common sage)

Thymusvulgaris (common thyme)

The pure pathogen cultures of the culture collection of the CorvinusUniversity of Budapest, Department of Vegetableand
Mushroom Growing were used for the purpose of thisstudy. Thetested pathogenswerethefollowing: Cladobotryum
dendroides; Mycogone perniciosa; Lecanicillium fungicola; Trichoderma aggressivum f. aggressivum. Agaricus
bisporus‘A15’ wasused ascontrol for testing selectivity.

2. Methods
Hole-test

PDA media(Biolab, 39 g/l) were poured into petri-dishes (90 mm diameter), than with acorkborer (5 mm) 3 holeswere
cutin media. One holewasfilled with 150 pl essential oil (0.01% concentration) whilerest two holeswith 150 il sterilized
DW. Other petri-disheswerefilled with 150 pl prochloraz-Mn (0.5 g/l) solution or 150 pl Bacillussuspension (2g/l). Each
treatment had 4 replicatesand were placed on 25 °C. After 10 daysincubation apicturewastaken with the characteristics
of thedeveloped mycedlia
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Contact test

Intothe PDA media(Biolab, 39 ¢/l) after autoclaving (121 °C, 20 min) chemicalsweremixed till inliquid phase:
o Control: 1 drop Tween-20

o Essential oils: cc. 150 pi/l + 1 drop Tween-20

o Prochloraz-Mn: 0.5¢/l

o Bacillus: 29/l

After solidificationin petri-dishes, 5 daysold puremycelial culture (diameter 7.5 mm) wasplaced into the center.Every
treatment had four replicates. The petri-disheswereincubated on 25 °C for 10 daysthan colony diameterswere measured.

Volatilefraction test

PDA media(Biolab, 39 g/l) were poured into petri-dishesthan inocul ated with 10 days old pure myceliacul tureand turned
down. Intothelid asterilized paper waslaid and sprayed with 500 il essential oil in 0.01% concentration. Asanegative
control 500 pl of prochloraz-Mn (0.5¢/1) solution was a so tested, sterilized ditilled water was used as positive control.
500 Wl of Bacillus(2 g/l) wasd so tested. Every treatment had four replicate. The petri-disheswereincubated at 25 °Cfor
10 daysthan colony diameterswere measured.

Test on mushroom fruit bodies

Theeffect of thetested material swasa so studied on fruitbodies. 100 pl of essential oilsintwo concentrations(cc., 1000x
dilution); Bacillus (2 g/l) and prochloraz-Mn (0.5 g/l) aswell in two concentrations (cc., 1000x dilution) were pipetted
onto mushroomsthan incubated 24 hours on room temperature and lesionswere noticed.

RESULTSAND DISCUSSION
Results of Hole-test

The developed myceliadid not show thetypica concentric shape, but it wasdistorted oppositethe essential ail (figurenot
shown). Inthistypeof test no differencesin efficacy wereregistered, sinceall theessentia oilsdiffusedinthemediaand
inhibited mycelia growth. The sameeffect was seen not only by each pathogen, but in case of the button mushroom aswell.
Thisresult could mean that in practicean even moreintensivetrand ocation of the oils can be expected, sincethe cultivating
mediaislesscompact.

Results of Contact test

Fig. 1 showsthediametersof the myceliagrowth 10 daysafter inocul ation on poison agar plates. It can clearly beseenthat
cinnamon, spearmint and geranium essentid oilswereto bemost effectivein mycelia growthinhibition. Duetotheseails,
each pathogen stopped devel oping. Unfortunately the tested essential oilsare not selective enough, sincethey blocked the
button mushroom myceiaaswell. Amongst thetested oils, thymewasthe only onewith selectivity: it did not affect the
mycelia growth of button mushroom significantly, andinthe meantime bl ocked the growth of Cladobotryum, Mycogone
and Trichoderma. Thefigure showsadight but not significant (p<0.05) positive effect in case of Lecanicillium, B. subtilis
also proved to be effective. Results prove the contact effect of essential oils. They al have acertain level of strong
inhibition. Spearmint can be characterised with partid sdlectivity: it blocked myceliagrowthinal except one(Lecanicillium)
case.

Resultsof Volatilefraction test

Thistypeof setting ismost comparableto apossiblelarge scale application. The essentia oilsevaporate from the paper
stripe placed into the Petri-dish. Theinhibiting effect isjust likein case of contact application of oils mentioned above.
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Cinnamon, spearmint and geranium oils proved to be most effectiveinhibitorsin case of each pathogen. Chamomile

completely blocked themycelia growth of the button mushroomtoo (Fig 2).
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Figure 1. Influence of essential oilswith poison agar technique
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Figure 2. Influence of volatile fraction of essential oilson

mycelial colony diameter

Based ontheresultsit can be concluded that the sel ectivity of essential oilsisnot satisfying. Thoseoilsthat do not havea
inhibiting effect on button mushroom mycelium do not inhibit the pathogens growth aswell. The essentia oils(cinnamon,
mentha, geranium) with significant inhibition on pathogens bl ock button mushroom growth too. The bacterium B. subtilis
only affected Trichoderma, but the contact effect isacceptable.

Resultsof test on mushroom fruit bodies

Fig. 3and 4 show theeffect of essentia oilsinthefruitbodies. Asit can beseen on Fig. 3, each undiluted oil causesimilar
deep, dark lesions. Essentia oilsat thisconcentration damagefruit bodies so much that they cannot be used or consumed
anymore. The undiluted bacterial product caused brown lesions, whilethe active agent (prochloraz-Mn) of alicensed
product caused lighter, but distinctiveles onsonthe mushrooms.

Bacillus
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Figure 3. Effect of concentrated essential oils and active substances on to mushroom fruit bodies after 24 hour incubation
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Figure4. Effect of diluted essential oils (1000x) and active substances onto mushroom fruit bodies after 24 hour incubation

Fig. 4 showstheresultsof thetests conducted with 1000 timesdiluted oils. At thisconcentration spotswererecorded in
caseof cinnamon, chamomileand geranium. Theles ons caused by spearmint and sage oilswere smaller and not asdeep.
Thediluted bacteria product did not induce any spots, thusfrom this point of view it can be applied during thegrowing
period.

CONCLUSION

A number of studieshave examined the effect of essential oilson the pathogens of button mushroom. In somecases, the
positive effectswere proven and even the componentsresponsblefor inhibitionwereidentified. Inthisstudy 7 essentid oils
wereincluded, onwhich previously no or not completetests have been conducted. Resultsof thein vitro tests show that
cinnamon, geranium and spearmint oils have astrong inhibiting effect on the pathogens Cladobotryum, Mycogone,
Lecanicilliumand Trichoderma. It hasbeen proventhat essentia oilsnot only haveacontact effect, but also by vaporizing,
the active agents can block the vegetative growth of pathogens. Some previousstudies |8, 9] have not included button
mushroom myceliain thetested species. Our experiment showsthat since essential oilsare not selective enough and
damagethemyceliaand thefruit body of the cultivated mushroom aswell, further in vivo studiesof the above mentioned
three speciesarerecommended. Although acertainleve of yieldlossispredictable, it should be noted that already licensed
and applied productshavethe same effect too. Since essentia oilsproved to befungistatic, dternative application method
(e.g. preventivetreatment) should be considered. Based on the price and difficulty in application (rooted in the non water
soluble property of oils), essential oilsprobably will not becompetitivewith traditional disinfectant products.
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