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Abstract

From among 18 strains of Bacillus subtilis and 24 strains of Pseudomonas spp.,
three strains of Pseudomonas and two strains of B. subtilis showed good antagonistic
activity against Trichoderma viride, the causing agent of green mould of Pleurotus
ostreatus. Neither the bacteria cultures in in vitro tests, nor their biopreparates in-
hibited the growth of P. ostreatus mycelium.
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Introduction

Pleurotus ostreatus (Jacq.: Fr.) Kummer is a saprotrophic species — optionally par-
asitic, particularly on beech wood (lignin-cellulose substrate). The species has a
complex enzymatic system, which confers the possibility to degrade lignin and
other lignin-cellulose offall (Seaby and McCracken 1986). Lignin is not the main
carbon source, Pleurotus requiring for its growth cellulose and hemicellulose,
which could be easily decomposed to carbohydrates of smaller molecular weight.

Another important factors involved in Pleurotus growth and fruit body produc-
tion are oxygen (the majority of the degradative mechanisms being oxidative), and
incubation temperature with the optimum between 20-26°C.

A threat to P. ostreatus fruit body production is Trichoderma viride Pers., the caus-
ing agent of Pleurotus green mould. Practical considerations regarding the Tricho-
derma invasion in growth substrates used for edible mushrooms were presented by
Grogan et al. (2000), Milenkovic et al. (2000), Samuels and Doss Sarah (2002).
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Presently the researchers take great efforts to find in the microbiocenose beneficial
microorganisms that could be used for biopreparate production (Anderson et al. 2000).

The advantages of using biopreparates consist in: pollution reduction in crops
and environment, skip the gain of resistance to chemicals in pathogen populations,
total security for workers, sustainable use of the beneficial natural resources from
the agricultural systems unexploited till now.

Materials and methods
Fungi

Trichoderma viride strain Tds, from the collection of the Mycology Laboratory of
the Research-Development Institute for Plant Protection, Bucharest, and P.
ostreatus from Agaricus SRL Company were used for the in vitro tests. Trichoderma
viride strain Tdsywas isolated from bean seeds and tested against P. ostreatus proved
pathogenic.

Bacteria

A number of 18 Bacillus subtilis Ehrenberg strains and 24 of Pseudomonas spp.
Migula (bacteriology laboratory collection — RDIPP) isolated from cultivated soil
(sugar-beet and wheat crops) and from the rhizosphere of various plants (lettuce,
onion, sunflower) were analyzed for their antagonistic capacity against T. viride
(Tdsp) in vitro and at the same time for their biological effect on P. ostreatus.

The medium used for the test was potato dextrose agar (PDA) because both
fungi and the bacterial species studied grew well on the medium.

24 h before using the bacteria and 72 h before using T. viride, these were re-
freshed on PDA in order to obtain pure colonies and to have a uniform growth of
the mycelium.

Biopreparations

The selected microorganisms were conditioned on alginate support with granu-
lar form. The strains of B. subtilis were grown on PDA and Pseudomonas sp. on OK;
media, and incubated at 27°C for five-six days, in order to obtain an abundant bio-
mass.

The formula of OK; medium: K,HPO,-0.15 g, MgSO,-0.15 g, CaCl,-0.02 g,
glycerine — 4.76 ml, autolysed yeast — 1.5 g, distilled water — 1000 ml, pH 7.0.

The conditioning: mixing five parts of microorganisms suspension at 10° colony
forming units (cfu), three parts of sodium alginate solution 5%, one part of yeast
plasmolizate, four parts of kaolin and one part of degreased powder milk (v/v).

The obtained mixture was thoroughly homogenized and dropped in 0.25 M
CacCl, solution. The granules were dried in air at 18-20°C.
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The tests were performed with the double microorganism culture method. The
strains of bacteria and the fungi (T. viride and P. ostreatus) were inoculated simulta-
neously on PDA medium in Petri plates and incubated at 27°C. The bacteria were
stripped at 3 cm distance from the fungal mycelium plug (5 mm in diameter). After
24, 48 and 72 h the plates were examinated for clear inhibition zone. If the clear
zone was present, the distance between the two microorganisms in the middle of
the Petri plate was measured.

The same method was used for the biopreparate test against the analysed fungi.

Each strain was tested in three replicates.

Results

The in vitro tests for antagonistic capacity of Pseudomonas spp. and B. subtilis
against T. viride (Table 1) showed that Pseudomonas sp. P12 had the greatest antifungal
activity (inhibition zone — 6 mm), followed by B. subtilis B48 and BOO1 (4 mm).

These were followed by B38, B30, B36, B45a and BOO5 strains, which produced
an inhibition zone of 3 mm. Testing the bacteria against P. ostreatus revealed no an-
tagonistic activity, which was important from the point of view of biopreparate
production.

The in vitro test of the biopreparates based on Pseudomonas and Bacillus against
T. viride and P. ostreatus showed that the biopreparates had no inhibiting effect on P.
ostreatus growth and in some combinations Pleurotus mycelium covered bacteria
colonies (Table 2, Phot. 1).

From among the biopreparates tested, those based on strains BOO5 and B48
showed the highest antagonistic activity against T. viride displaying, at the same
time, no inhibitory effect on P. ostreatus growth.

Conclusions

1. Among the tested Pseudomonas strains the best antifungal activity in vitro
against T. viride displayed P12 (inhibition zone 15 mm), P8s and P13 (10 mm).

2. Among Bacillus subtilis strains the best results in vitro were obtained with B.
subtilis B48 and B0O1 (inhibition zone 4 mm).

3. The biopreparates had no inhibiting effect on Pleurotus ostreatus mycelium
growth and the vizualization of the plates at 30 days revealed that in some com-
binations Pleurotus mycelium covered the bacteria colonies.

4. The biopreparates had a good antagonistic activity against Trichoderma viride
Td

50°
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Table 1

Inhibition zone after 72 h in the in vitro test of the bacterial strains against
Trichoderma viride Td,, (mm?*)

Pseudomonas sp.

Bacillus subtilis

strain code

inhibition zone

strain code

inhibition zone

P7s 0 B12 0
P8s 1 B26 0
P9s 2 B38 3
P12 6 B1.98 0
P13 2 B98 0
P14 0 B57 2
P15s 0 Blobl 0
P16 0 B30 3
P17 0 Bsal 0
P17s 0 B36 3
P18 1 B48 4
P18s 0 B49 2
P19 0 B0OO1 4
P19s 0 BCIC 2
P20 1 B45a 3
P20s 0 B45c 1
P26 2 B005 3
P27s 0 Bce2 0
Plp 0 T. viride Tds, 70
P2p 0

Plv 0

P2v 0

P5v 0

P6v 0

T. viride Tds, 70

*Each value represents the mean of three replicates.
Table 2

Inhibition zone after 72 h in the in vitro test of biopreparates against
Trichoderma viride Td,, and Pleurotus ostreatus (mm)

Biopreparate Biopreparate vs. T. viride Tdg, Biopreparate vs. Pleurotus ostreatus
P12 10 40
B48 13 48
B0O1 10 51
B005 15 51
Control 77 -
Pleurotus ostreatus - 29
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Phot. 1. In vitro interactions between Bacillus subtilis BOO5, Pleurotus ostreatus and Trichoderma
viride Td,: A — B. subtilis BOO5 (left)/Td,, (right), B — P. ostreatus (left)/B. subtilis BOO5
(middle)/Td,, (right), C — B. subtilis biopreparate after five days of incubation on PDA media,
D - P. ostreatus/B. subtilis BOO5 biopreparate/Td,, (photo by T.E. Sesan)

Summary

Strains of Bacillus subtilis (18) and of Pseudomonas spp. (24) were analyzed for
their antagonistic capacity against Trichoderma viride (Tds) in vitro and, at the same
time, for their biological activity against Pleurotus ostreatus. Conditioning form of
the bacteria was also studied in order to obtain a biopreparate.

Three strains of Pseudomonas (P12, P8s and P13) and two strains of B. subtilis
(B48 and B001) revealed good antagonistic activity.

The bacterial biopreparates in in vitro tests with P. ostreatus showed no inhibi-
tion effect on its mycelial growth.
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Streszczenie

BIOLOGICZNA OCHRONA PRZED ZIELONA PLESNIA
(TRICHODERMA VIRIDE) BOCZNIAKA (PLEUROTUS OSTREATUS)
ZA POMOCA BACILLUS SUBTILIS 1 PSEUDOMONAS SPP.

Izolaty Bacillus subtilis (18) i Pseudomonas spp. (24) zostaly przebadane pod
wzgledem antagonistycznego oddzialywania wobec Trichoderma viride (Tds) in vitro
oraz, rownoczesnie, pod wzgledem biologicznego oddziatywania na Pleurotus ostre-
atus. Badano réwniez sposéb formulacji bakterii w celu wytworzenia biopreparatu.

Trzy izolaty Pseudomonas (P12, P8s oraz P13) i dwa izolaty B. subtilis (B48 oraz
B001) wykazaly dobrg aktywno$¢ antagonistyczna.

Biopreparaty bakteryjne w testach in vitro wobec P. ostreatus nie wykazaly ogra-
niczajacego wplywu na wzrost grzybni.
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