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1. BACKGROUND OF THE RESEARCH AND OBJECTIVES

The oyster mushroom growing is considered a yosector within the horticulture,
therefore the development of the intensive culibratechnology has still been happening.
Till the middle of the nineties the oyster mushrogrwing was in the focus of scientific and
practical interest. As result of it Hungary gaineternational honour. The structure of the
sector changed a lot in the nineties. In oysterhmagn cultivation nowadays there is a need
arising to modernize the earlier professional krealge as an effect of the new technological
and economical problems.

The cultivation of hybrids grew prevalent, moredanore hybrids are appearing beside
the reliable HK35 hybrid of Hungarian improvemeht.the other hand oyster mushroom
growers normally do not use specified growing tetbgy irrespectively which variety is
grown. This fact can come from the situation thathvave enough available knowledge of the
growing conditions at only species level but vaegt hybrids level. Respectively the
application of optimalised growing technology fagbhids can increase the yield significantly.

Different pathogens cause great crop losses iroysger mushroom cultivation time by
time. A group of these pathogens is “green moldayl the most aggressive causative agents
are theTrichodermaspecies within the groug.richodermaspecies can cause smaller and
severe damage depending on the virulence of thstcausing the infections. A consortium
with members of Hungarian research institutes andeusities involved in the research of the
Trichodermainfections, the identification of the causativeeaty and the development of
biocontrol technology against them since 2004, @ssss remarkable scientific results in this
field.

Beside green molds, the oyster mushroom cultisaten be infected by heavy crop loss
resulting bacterial blotch disease caused by d@iffepathogen bacteria (@i, 1989; Cha,
2004). even thougRseudomonas tolaasg mentioned as the main causative agent in regards
of the literature. Probably other fluorescdPseudomonasspecies (pl.P. agarici a P.
reactansandP. ginger) can cause similar symptoms (Rainey, Brodey armhstone, 1992;
Bessette, Kerrigan and Jordan, 1985; Munsch e2@02; Szili, 2008). It is possible that
mixed infections of somé&seudomonaspecies cause the bacterial blotch disease (Cha,
2004), but all pathogens can be related to thes@®yms have not been identified yet.

Although there’re a lot of known pathogens in nmosim cultivation, it is difficult to
maintain efficient mushroom protection in mushrograwing than in other crops. The origin



of the problem is that mushroom growing is a mabfield within agriculture; therefore the
huge international pesticide companies have no@uaninterest in developing chemicals for
mushroom growing. Recently few fungicides and itisgtes can be applied in Agaricus
growing, but it is not allowed to use any chemidalsoyster mushroom growing.

The oyster mushroom growing is absolutely not mteid from bacterial blotch disease
because of the lack of pesticide, therefore oystashroom growers sometimes have to
endure severe crop loss. Effective biological adragainst bacterial blotch is not known yet.
The first step to develop effective biological aqwoihtis to identify and characterize all

pathogen strains causing the disease and themdeéetheir ecological needs

The objective of my research work is, for thisywerason, the examination of cultivation
technology for the oyster mushroorl€urotus ostreatyshybrids currently being used in
commodity production, including the optimizatiomprovement of efficiency. | aimed to
establish variety-specific technology and recomnaéind for the practice use in support of

economically efficient growing of marketable fresyster mushroom with high value.

During my research the development Bfeurotus hybrids cultivation has been
approached in three different ways, therefore lehdstermined three different goals of my
research:

1. To investigate the structure of greatest oysteshroom growing region by primer
data collection, to define the typical unit sizeg technological development of the
growing units and the growing parameters used bwers.

2. To examine the following aspects of the mostiagdghree hybrids in the intensive
mushroom production (HK35, 357 and P70) in the &awh laboratory and low-
scale plant experiments:

» the effect ofincubation temperature on the rate of mycelial growth and
yield,

* the correlation between th@me period of incubation (vegetative growth)
and the harvesting yield,

» the effect ofprimordium development and fruiting temperature on yield,

* thepH changein the substrate during mycelial growth,

» the effect oftemperature and humidity on the growth of oyster mshroom
cap.



3. To expand our knowledge about oyster mushrodatec bacterial blotch disease
which presence is increasing in oyster mushroommgaiherefore it is important
to examine some environmental factors affecting ghewth of Pseudomonas
species isolated from decaying oyster mushroom.ifestigated factors were the
following:

* pH of substrate,
* temperature,
» gsalt tolerance,

* and copper sensitivity.

The background of my research presented in myodalctissertation was the research
and development program nameékhg optimization of oyster mushroom growing tecbgyl
towards the competitiveness improvemeriduring the accomplishment of my research |
have worked with the Vegetable Growing Researchitins, the Vegetable, Mushroom and
Herbs Growing Group of Horticultural Faculty of Kskemet College, and the TTIK
Microbiological Faculty of the Szeged University Siciences. The special consortium
structure gave me the ability to point out and exethree objectives built on each others, but
very different by their methods.

2. MATERIALS AND METHODS

2.1. INVESTIGATION OF THE ACTUAL SITUATION OF OYSTER MUSHROOM GROWING IN
THE SOUTH-PLAIN REGION
The aim of the survey was to find out the represtere size of mushroom farms and

growing area in the South-Plain Region, the tedingualification of the growing units,
which growing parameters are checked during gromstgto analyze the applied growing
technologies in oyster mushroom farms. For the @risurvey | have used the questionnaire
method including 18 questions. The majority of tpgestions were closed with one or
multiply answers, only in two cases | applied omkrguestions. The structure of the
guestionaire was the following:

- General questions (3)

- Questions in regard of growing units (7)

- Questions in regard of growing technology(5 db)

- Economic questions (3 db)



The questionaire included 23 mushroom farms. Thgggohical layout of the farms:
20 in Bacs-Kiskun County, 1 in Csongrad County 2ntoh Pest county. Quantitative and
gualitative methods were applied during primer datéection and the questionaire creation.

2.2. EXAMINATION OF EFFECTS OF SOME ABIOTIC ENVIRONMENTAL FACTORS ON
MYCELIAL GROWTH , PRIMORDIUM FORMATION AND FRUITING OF OYSTER
MUSHROOM HYBRIDS

Selection of hybrids

| put under examination those hybrids, which am@fmed by farms growing mushrooms
by economic purpose. These are: HK35 (Sylvan),38@.(Szili) and P70 (Italspawn).

Characteristics of HK35 (Sylvanfolour of mushroom cap temperature dependentjtand

varies from dark grey to lighter grey. Average dioap is fleshy and thick, it can be stored
well. It is fairly tolerant of temperature, the wole temperature for fruiting is between 8-
18°C, but grown on below and above of the optimum ntiishroom quality declines.

Characteristics of No. 357 (Sziliyhis hybrid is very similar to HK35 by its morpbgy

and cultivation. Fewer caps are in a cluster, tlishmoom is more “lumpish”, which feature
is liked by growers, but its yield is not as highad HK35 hybrid.

Characteristics of P70 (Italspawr§porocarps are larger than average, it can b&mngro

year around. The mushroom cap is thick, brownigyigh colour, and it develops in clusters.
The mycelial run is slower than like HK35 hybritletefore it requires longer incubation. The
hybrid has a good ability to grow in different seas, it can be grown all seasons in

climatised growing houses.

The effect of temperature on mycelial growth and yeld of oyster mushroom hybrids
| examined the effect of temperature on myceliairutinree different laboratory trials: on

malt-agar in Petri dish, on pasteurized straw satestin Petri dish and pasteurized straw
substrate in 1000 g bags. The inoculated Petredisind 1000g substrate bags were put into 6
different incubation temperatures (22, 25, 28,31,37C) with three repetitions. The actual
temperature was adjusted by thermostat. | meagheetime of the incubation till the mycelia
fully colonized the substrate. In the trial thelfablonization means, when the mycelia
reaches the side of the Petri dish, or when theucathange done and the mycelia can be
recognized in the substrate everywhere.

In the trial with 1000g substrate bags | have exachithe yield also. After incubation the

completely incubated substrate bags were placedantellar. Conditions for fruiting: the



room temperature 16-18, RH 80-90% and 300 Lux for 8 hours per day light.

Effect of time length of incubation on yield

In the trial the spawn (HK35, 357, P70 hybrids) waged with pasteurized wet straw (3
m/m %) by machine, that the spawned substrate wess@d to blocks (22 kg/block). The
blocked substrate was put into special mushroorts.téfor the incubation | have applied
different incubation periods (14, 17, 20, 23, 26 &9 days) two blocks per trial with four
repetitions. The substrate temperature was se0. After the end of the certain incubation
period | decreased the room temperature t€16set the RH to 80-90% and | gave 300 Lux
light for 8 hours per day. | examined the effectinmubation period on yield.

Investigation of effects of primordium formation and fruiting temperature on yield

I have examined the effect of different primordiémnmation and fruiting temperature on
yield. | used pressed pasteurized straw substraiek 22 kg each. | have applied four
different incubation treatments for the substrdteks (combination of two temperatures: 25
and 28C, and incubation time periods: 14 and 17 days).tke primordium formation and
fruiting | have examined five temperatures: 13, 16, 22, 25C in 3 repetitions. The
incubation and the fruiting took place in specialsimroom growing rooms. | investigated the

effect of the treatments on the yield.

PH change in substrate during mycelial run

In the first 10 days of the incubation (while tr@aur change of the substrate completes)
every second day | took 12 g substrate sample 8<substrate blocks (always from same).
| diluted the samples in 30 ml 0,1 M KCI for 2 hsuthan the pH of the filtered liquid was

measured.

Investigation of environmental factors influencingmushroom cap growth

The examination of environmental factors happenigd RHYTOMONITOR instrument.
The end-device of the instrument can be fixed ddomushroom cap, and it can register the
growth of the cap, the temperature of the substeatd the temperature and humidity of the
growing room. The goal of the trial was to examihe effect of different temperatures and
relative humidity on the growth of sporocarp. Besithe measurement of the growth of

sporocarp | have measured and registered the tatoperof the substrate in 10 cm deep, the



RH and temperature of the room. These examinati@re carried out in special mushroom
tents and cellars with HK35 hybrids on 22 kg prdsagbstrate blocks.

2.3.EXAMINATION OF SOME ENVIRONMENTAL FACTORS AFFECTING PSEUDOMONAS SPECIES
GROWTH ISOLATED FROM DECAYING OYSTER MUSHROOMS

The isolation and selection Bseudomonastrains were carried out on selective medium
for fluorescent pseudomonads. The isolates wergnatied from decaying oyster mushroom
sporocarps and substrate grown at oyster mushroammm fof Pilze-Nagy Kft. The
identification of isolates was carried out with @stigation of biochemical characteristics and
DNA analysis by TTIK Microbiology Faculty of Univsity of Szeged (Naggt al, 2008). By
the results of the identification the isolates wgmuped into seven groups. Both the
biochemical assays and the DNA analysis proofed #a@h group determines a species
(Table 1). For further investigation | have seldab@e representative isolate from each group
using random method (the selected isolates ardigingéd in the Table 1.) The ecological
characterization was carried out only with the cielé isolates. The purpose of decreasing the
number of investigated isolates was the quite mgmber of them (44 pieces). | have
examined the effect of temperature (on 5, 10, 20),48'C), pH (between 2-8 pH), NaCl
concentration (between 1-10%) and CySfOncentration (20, 40, 60, 80 and 100 pg/ml
CuSQ) on growth of isolates in liquid culture. | haveeasured the optical density of the

liquid cultures after two days incubation with sfpephotometer on 620 nm.

Table 1: Grouping isolates by species classification

| solates Species
l. group: 9,10,13, 14, 55 P. putida
Il. group: 54 P. synxantha
lll. group : 3 P. mucidolens
V. group: 56 P. mandelii
V. group: 12, 19 P. fluorescensiovar. I.
VI. group: 44, 45 P. tolaasii
VII. group: 1, 2,4,5,6,7,8, 11, 15, 16,
17, 18, 36, 37, 38, 39, 40, 41, 42, 43, 46,|47, P. fluorescensiovar. V.
48,49, 50, 51, 52, 53, 57, 58, 59, 60




3. RESULTS, DISCUSSION AND RECOMMENDATIONS

23 oyster mushroom growing farm from the South+PRegion were involved in the
primer surveying. The structure of the oyster mashr growing in the South-Plain Region
was considered to be favourable by the survey, usecahe rate of committed to oyster
mushroom growing and experienced growers is higias while the rate of new growers is
1:4, therefore the reform potential is guaranteBte mushroom growing in the region is
represented by commercial type farms (57%) anderdnated farming. It is expected on the
basis of these two features, that the practicabmecendations developed in my research
work can be easily introduced in the practice.

The technical furnishing of the growing units is moderate, enough to serve the
environmental needs of mushrooms, but falls awaynfrthe automatic climate control
systems. It means that the growing units are ndalde for setting the environmental
parameters precisely, and their operation needsncmus labour control. Measurement and
regulation for CQ is almost unknown in oyster mushroom growing, wfhilhas been part of
the climate control systems in Agaricus growingsidecades (Kovacs, 1998).

The technical parameters of growing units makedsible to grow oyster mushroom year
around. However the partial climatization is notoegh to create climate inside in the
growing room independent from the outside weatlmerditions. The result of it is that the
summer and winter growing parametersdiffer significantly. In accordance with it we can
speak of winter and summer oyster mushroom grovéonology (Kovacsné-Gyenes, 1998).
Inside in the growing unit the air temperature caach 18-25C in the summer, while in
wither it is 10-12C. These values compared with the results of tfexiebf the temperature
on the growth experiment and optimum temperatuth@igrowth ofTrichoderma pleurotum
and somé>seudomonaspecies, | have to point out the following:

1. The HK35 hybrid optimal temperature of cap growshbetween 15-I&€ with
70% relative humidity concerning the quality alddeither the winter nor the
summer growing conditions meet these requiremergsiately.

2. With the summer growing conditions (18- applied in practice the oyster
mushroom fruit body develops fast, but it is impattnot to increase the room
temperature over 1€, because higher temperature, decrease the qoélitye
fruit body. High temperature like 26 is favorable for the growth of pathogens; it
can be the explanation of the phenomenon that ensttmmer hot temperature



conditions there are a lot of green mold and bedtenfections in oyster
mushroom growing.

3. The winter growing temperature applied in pract{d®-12’C) is below the
temperature optimum of the mushroom cap growth K8%hybrid, therefore the
growth speed of the fruit body decreases with dmeht which means that the
growing circle takes longer. Advantage of the wintgrowing is, that
microorganisms, pathogens among them show vely gitbwth at 10C, specially
Trichoderma pleurotundoes not grow at IC (Kredicset al, 2009) and the
growth of examinedseudomonaspecies is inhibited at this temperature.

Oyster mushroom growers in the South-Plain Regicihé present growing units have to
work in a very narrow temperature zone in summelr\aimter in order to grow good quality
and marketable oyster mushrooms. Therefore itrg weportant to get the full climatization

in the oyster mushroom growing to happen, likeait be observed in the Agaricus growing.

During the examination of theffect of incubation temperature on mycelial growthl
have not noticed significant difference among tlybrids. The mycelial growth was the
quickest at 25 and 28 °C both on agar and on sttshstrate in Petri dishes. The optimum
temperature of mycelial growth was 28 °C in 1000fstrate bags. Temperature over@G1
inhibits the mycelial growth of all investigateddmds (Figure 1). The optimum temperature
of mycelial growth ofPleurotus ostreatusletermined in the literature is very close to the
temperature values | observed in my research (CaaddViles, 2004; Szab6, 1986; Zadrazil,
1974). Almost half of the growers (48%) keep 320lCmore temperature in the substrate
during the incubation by the results of the suryeymy trials | have never observed mycelial
growth at these high temperatures, therefore tgoseers, who follow this kind of practice,
inhibit the mycelial growth in the core of the strate block. For the competitiveness of the
oyster mushroom growing it has to analyze while fractice deviates from the ideal

temperature of the mycelial growth of the hybrids.
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Figure 1. Mycelial run rate of oyster mushroom hybrids orietént temperature
in 1000 g substrate bags

In the trial, where thetemperature requirement of the mycelial growth was
investigated by yield | have got significant differences among the [dd&rwhich can come
from variety-specific feature. The incubation temgpere of 25C gave the highest yield
significantly at all investigated hybrids, whilecheasing the temperature up to 28 °C
decreased yield by 25-30%. It has to be pointedlmdause the mycelial run was quickest on
28 °C. In case of P70 hybrid, both 22 and@3ncubation temperature resulted high yield,
which means that the P70 hybrid can tolerate dobier incubation temperature but the two
other hybrids. In case of hybrid No. 357, the terapge optimum for incubation is 25 °C, but
this hybrid is sensitively reacting onto the ingeaf substrate temperature, and the yield is
decreasing by 50% already at 31 (Figure 2). Almost half of the oyster mushroom geosv
in the South-Plain Region apply a kind of incubatioractice, which decrease the yield
significantly by my research. Because tR&eurotuspathogenicTrichoderma pleurotum
(Kredicset al, 2009) and the testd@lseudomonaspecies show maximal mycelia growth at
25-30°C, therefore the incubation temperature of oystashmoom resulting the highest yields

serves the growth of microorganisms, pathogensxXample.
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Figure 2: Yield of oyster mushroom hybrids incubated on m@iffetemperature

In the trial ofcorrelation between incubation time and yieldl observed no significant
difference considering 95% probability level inuf@ation periods of 20-23-26 days in case of
the HK35 hybrid, incubation periods of 20-23-26-@8ys in case of No. 357 hybrid and
incubation periods of 20-23-26 days in case of Rytfrid, which means that the difference of
values is not proofed to be resulted by the treatsn@-igure 3).

B HK35

kg/blokk
N
(9,

m 357
= P70

14 17 20 23 26 29

Atszovetés id6tartama (nap)

Figure 3: Yield of oyster mushroom hybrids correlation withubation time period

It can be concluded by results, that the No. 353ridycan tolerate the incubation period
change in the widest spectrum considered the weldng the three examined hybrids. In the
point of variety-specific growing technology it isiportant to keep in mind the following
differences: in case of the HK35 and P70 hybrigsititubation period has to reach 20 days,
but not more than 26 days to receive the highedtlyiThe examination of No. 357 hybrid
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resulted different profile from HK35 and P70 hylsridch the trial of correlation between

incubation time and yield. In the trial | was nbteto determine the maximum of the optimal
incubation periods, because there was still noifstgnt difference in the highest examined
value, 29 days and 20-23-26 days. By the resulthefprimer survey the 57 percent of the
mushroom growers incubates the substrate for 18ag5, in accordance with my experiment.
However 32 percent of the growers differ from thgimal incubation period, while the

application of not optimal incubation period carcrdase the yield of hybrids by 30-50

percent.

The vyield is greatly affected by fact how the mimehas been prepared to develop
primordium in the fruit body induction phase, ar ttemperature has a key role in it.
Significant differences were found amoRfgurotushybrids in theeffect of induction of
fruit body development and fruiting temperature onyield. | put in Table 2. the fruit body
development and fruiting temperature optimum valudsthree examined hybrids in
consequence with the four incubation treatmertave excluded those incubation treatments
where | have not found significant differences I tfruit body development and fruiting
temperatures. | have highlighted the temperatudeegaof fruit body development and

fruiting given the highest yield in comparison with incubation treatments.

Table 2: Primordium formation and fruiting temperature aptims of examined hybrids
related to best yield geared to incubation treattaen

25°C /14 days 25C /17 days 28C /14 days 28C /17 days
°C kg/block | °C | kg/block °C kg/block | C kg/block
16 16 16
HK35 3,93 (19) 3,96 (19) 3,36
16 16 19
357 (19, 22) 2,95 (13, 19) 3,02 22) 3,50
13 19
P70 (16, 19) 2,92 (13, 16) 2,53
() temperature value significantly not differs frone thighest yield giving value
[ there is no significant difference among values

] treatment resulting highest yield
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In case of HK35 the temperature optimum of primendiformation and fruiting is T€

respectively (Table 2, Figure 4).
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Figure4: Yield of HK35 hybrid on different primordium forrwat and fruiting temperature
according to incubation treatments

In case of No. 357 the temperature optimum of prdiuon formation and fruiting is a bit
higher: 19-22C serves the highest yield for this hybrid (Tabl&@ure 5).
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Figure5: Yield of No. 357 hybrid on different primordiumrfationand fruiting temperature
according to incubation treatments

ke/blokk

In case of P70 the temperature optimum of primandiarmation and fruiting by yield is
between 13-1C, and considering the quality of the mushroom chyyer fruiting
temperature, 13 °C is advised (Table 2, Figure 6).

14



L ,
X 25 I II . H25C/14 nap
2 ) IL | | + 25°C/17 nap
E 15 I | 28C/14 nap
' T 1 28°C/17 nap

0,5 | 1 .
22 25

13 16 19

Hémérséklet’C

Figure 6: Yield of P70 hybrid on different primordium fornmatiand fruiting temperature
according to incubation treatments

It can be concluded that with using variety-speatfiowing technology the yield can be
increased by 30-50%.

In case of HK35 hybrid | have studied ttarrelation between the growth of sporocarp
and the temperature and humidity. The growth rate of the mushroom cap diameter is
varying between 2-8 mm/day on different temperatufiéigure 7). The optimum of the

mushroom cap growth is observed on 5€& regard with the quality.
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Figure 7: The average cap growth of HK35 hybrid correlatiothwoom temperature

Gyurké (1979) carried out experiences with the dhowate of Pleurotus ostreatus
sprocarps. It needs 10 days to get harvestable nowshcaps from the appearance of
primordia on 14-1%C temperature by his observations. The HK35 hybpdrocarp growth
rate does not differ too much froRleurotus ostreatus accordance with his findings. The
relative humidity of the growing room has also effen the quality of the harvestable

15



mushroom. The quality of oyster mushroom cap itebain lower, 70 percent of relative
humidity than on 90 percent. | have experiencednduhe surveying, that oyster mushroom
growers do not pay enough attention on settingsth@&able environmental parameters in the
growing room (temperature and humidity), but theafeu climatisation can serve the
equalized high yields, with which the economicshaf mushroom growing can be increased.

| have investigated theH change of the substratan the first 10 days of the incubation
(while the colour change of the substrate comp)etascase of all examined hybrids the pH
value of the substrate quickly decreased paraligd thhe mycelial growth, for the 9. day of
the incubation the substrate reached the pH rah§esg in all cases. By Chang and Miles
(2004) pH optimum for the mycelial growth Bleurotus ostreatuss between 5,4-6, while
Gyurko (1979) determined the pH optimum to 5,5-#8cases of all examined hybrids the
pH change during incubation reaches the optimumvplde on the 9. day. There was no
difference among the examined hybrids in the kasetif the pH change, independently of the
optimal incubation time period requirement of thditds. Oyster mushroom mycelium by
the result of the quick pH decrease in the sulestiratone hand can help to increase the
efficiency its extracellular enzymes, (Rajarathn@hashireka and Bano, 1992; Jakucs, 1990)
and in the other hand can inhibit the growtiPeeudomonaspecies investigated by niehe
pH optimum for the growth ofthe examined®seudomonaspecies is neutral or alkaline,
which means that beside the first days of inculpatiee pH value of the oyster mushroom
substrate is not preferred by the growth of ingedgdPseudomonaspecies. Kerdicst al.
(2009) has an interesting observation with the pHuirement ofTrichoderma pleurotum
Beside the pH optimum d&f. pleurotums set between 5-6 on synthetic minimal mediuns, it
not able to grow oPleurotuspowder containing medium above pH 5. It means tthatpH
value favourable to oyster mushroom is not preterog T. pleurotumin the substrate
containing oyster mushroom mycelia.

In oyster mushroom sporocarps carrying the symptonbscterial blotch disease like
in the agarics, not only. tolaasij but othePseudomonaspecies can be found. Nevertheless
only two of the isolates derived from the decayimgster mushroom fruit bodies were
identified asPseudomonas tolaasibut most of them belonged to otliRseudomonaspecies
(Table 1). It was common characteristic that mbemtone species could be isolated from any
of the ill fruit bodies; which is very importantformation for the prevention and control of
the bacterial blotch disease. | have to note thathis trial | have not investigated the
pathogenic feature of the isolates, therefore tieilence and the participation in the disease

has not been proofed.
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Based on my results the vegetative growth of tremered oyster mushroom hybrids
showed a temperature dependence similar to thaheofexaminedPseudomonaspecies
(optimum at 25-30C). By Palleroni (1984Pseudomonas tolaasian be grown on 4 and
40°C also, but the minimum and maximum temperatureevit€r and 40C for the growth of
the examinedPseudomonasspecies. The growth of examind®seudomonasspecies is
decreasing by the effect of the concentration emeeof NaCl, but the higher salt content
inhibits the primordium formation of Basidiomycetaso (Kies and Liu, 2000). The trial of
copper tolerance has showed, that some of the eeainspecies are sensitive for copper,
because the 20 pug/ml Cug@oncentration can inhibit their growth, while tbner species
can tolerate twice or three times higher valuesaAssult of it the copper containing disease
control technologies can produce suitable inhiliteifect only applying high doses, which
has an effect on mushroom growing also. | suppbae the application of copper in the
disease control of mushroom growing cannot be adyidbecause of the feature of
mushrooms, that they can intake metals and coratentinem in their fruit body. It is to be
feared, that oyster mushroom fruit bodies contain tmuch copper in case of these
concentration of CuS In conclusion of thePseudomonasexperiments, only the "H
concentration from the examined environmental domus can be used as a selective

ecological factor.

SUMMARY OF PRACTICAL RECOMMENDATIONS

Proposition of forming variety-specific growing tetcinology

Due to the characteristic deviances, and theimdefe effects to the harvest yields, |
recommend that instead of the generally appliedeoysiushroom cultivation technology,
considering the different environmental requirersenf the hybrids determined by me,
producers should apply variety-specific technolsda the purpose of yield increase.

In case of the HK35 hybrid, during incubation, $etting the temperature measured in the
substrate, 25 °C is the recommendation; the timeoghes between 20-26 days. From
economical aspect, the shorter incubation temperasumore advantageous, so considering
cost efficiency, the recommended time period isd2ys. The optimum of temperature
primordium formation and fruiting is 16 °C, butistimportant that a temperature level being
3 °C lower than this may decrease harvesting Yagl80-50%.

In case of hybrid No. 357, the temperature optinfomincubation is 25 °C, but this

17



hybrid is sensitively reacting onto the increasesobstrate temperature, and the yield is
decreasing by 50% already at 31 °C. For the tim&geof incubation it is important to
minimally reach the 20 days, but the optimum isseloto 26-29 days. The optimum of
temperature primordium formation and fruiting is 1O, but the initiation at 22 °C still
provides acceptable results as well.

The optimal incubation temperature range of P7Qilyib 22-25 °C, and the time period,
similarly to HK35 hybrid, should anyway reach th@ @ays, but not more than 26 days.
Considering economical aspects, the 20 days rasgedommended. The optimum of
temperature primordium formation and fruiting is°3 but up to 19 °C only the quality level
is decreasing, not the quantity of produce.

I have summarized those environmental values ile tabwith which the development of
the growing technology applied in practice can beaj and variety-specific technologies can
be formed. Based on the examinations, | proposeséfasonal application of hybrids. The
HK35 hybrid can be applied well during the springg and autumn-time transitive weather
conditions, while the 357 hybrid accommodates gogbhmmer cultivation conditions than the
HK35. The P70 is a specifically winter type hybnidquiring lower temperatures both during

incubation and the period of fruit body development

Table 3: Variety-specific growing conditions of HK35, 357da70 hybrids

mycelial growth Primordium
hybrid formation and
temperature time fruiting
temperature
. 16°C
HK35 25C 20-26 days sensitive for lower
temperature
25°C .
357 sensitive for higher| ~ 20-29 days 19°C
temperaturg¢31°C)
P70 22-25C 20-26 days 13°C
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4. NEW OR NOVEL SCIENTIFIC RESULTS

1. I have defined the optimum values of some abehvironmental factors influencing
mycelial growth, primordium formation and fruitimg case of thre®leurotus ostreatus
hybrids: a HK35, 357 and P70.

2. | have determined that in the case of the threestigated hybrids the effect of
incubation temperature on the speed of mycelia tirasvnot a variety-specific feature,
while the effect of incubation, primordium formati@nd fruiting temperature on vyield
is variety-specific feature. The optimum of incubattemperature resulting the highest
yield is 25C by HK35 and No. 357 hybrids, and 2225y P70 hybrids. The optimum
of primordium formation and fruiting temperatureuting the highest yield is 16 by
HK35 hybrid, 19C by No. 357 hybrids and 13 by P70 hybrids.

3. 1 have observed that the mushroom cap grovighafaHK35 hybrid is varying among 2-
8 mm/day between £€ and +24C. | concluded that temperature optimum of HK35
hybrid cap growth is between 15-T8 with 70% relative humidity concerning the

quality also.

4. A have determined the optimal pH, temperathi@C| and CuS@concentration values
of the growth ofPseudomonaspecies isolated from yellowing oyster mushroouit fr
bodies. | have concluded that in comparison oystgshroom environmental parameter
requirement withPseudomonaspecies isolated from yellowing oyster mushroouit fr

bodies, only the pH optimum can differ, and carubed as an ecological factor.

5. I have concluded that the pH change in the satiestiuring mycelial run is not variety-
specific feature, and its kinetics is independenitnf the incubation time requirement of
the hybrids.

6. Due to my examinations | recommend that instebdhe generally applied oyster
mushroom cultivation technology, considering thiféedent environmental requirements
of the hybrids, producers should apply variety-dpetechnologies for the purpose of

yield increase.
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