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ABSTRACT

Sixteen Pleurotuseryngii isolates, mostly of Hungarian origin, were cultivated on lignocel lul ose substrate containing soy
bean based enrichment. Composition of the substrate: 65% beech sawdust; 17% bran; 9% beech woodchips; 3.5%
gypsum; 5.5% soybean supplement (Promycel 480). Water content was adjusted to 60%, and then the mixturewasfilled
into plastic bags, sterilized and spawned. The blockswere cased by peat-based commercial Agaricuscasing soil. We
determined theamount of yield, number of fruiting bodies, period of flushes, average weight of fruiting bodies, biological
efficiency (BE, %) and productivity (P, %) for each strains. Theamount of yield wasgiven for 100 kg of substrate. The
highest yield was produced by the Ple-4V (41.5 kg/100 kg) and Ple-5V (39.5kg/100 kg) strains, whereasthelowest yield
wasfoundin case of the PEL (9 kg/100 kg) and PEG (11 kg/100 kg) strains. Theaverageyield of the strainswas 27,53
kg calculated for 100 kg substrate. The number of fruiting bodieswas 1488 pcs, the average weight of fruiting bodies
(concerning the species) was 19.95 g. Very high biologicd efficiency wasproduced by the Ple-4V (156.2%) and Ple5V
(140%) strains. Thelowest efficiency wasfound at the PEL (28.5%) and PEG (37.8%) strains. Theaverageyield was
over 25 kg/100 kg spawned substrate.
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INTRODUCTION

Pleurotus species can befound on the northern hemisphere between I atitude 30 and 50, mainly in steppes, inarid grasdands
or sometimesin mountainousareas, and awaysin association with umbelliferousplants[1, 2]. Intheir natura habitat, taxa
of the speciescomplex arefacultativebiotrophs, whiterot fungi of certain plant speciesbelonging to thefamilies Apiaceae
(Umbelliferae) and Asteraceae (Compositae) [1, 3-8]. In spite of the fact that fruit bodies are primarily formed in
association with umbelliferous plants, in cultivation they do not need the presence of these plant species. A number of
lignocellul ose based substrates can be used for intensive cultivation [9-13]. Numerousvarietiesarelisted inthe P. eryngii
speciescomplex: var. eryngii (DC.: Fr) Quel.; ferulae Lanzi /syn.: P. fuscusvar. ferulae/; elaeoselini Venturellaet al.;
nebrodensis (Inzenga) Sacc.; tingitanusLewinsohn et al.; tuolienss C. J. Mou; P. hadamardii Constantin; P. fossulatus
(Cooke Sacc)) [1, 6-8, 14-16].

NowadaysP. eryngii iscultivated in several Asian countriesand in many European mushroom farms, anditispresentinthe
European marketsaswell. Inthe USA P. eryngii var. eryngii isgrownsince 2000 [2]. Pasteurization and sterilizationare
the common proceduresin substrate preparation. The substrateisthan filled into bags, blocks, PP bottles or boxes. For
achieving higher yieldsit ispossibleto apply peat-based casing, but the mushroomisableto grow onthe surface of the
lignocellulose substrateitself aswell [2, 17, 18].

Different internationd sourcesreport awiderangeof biologica efficiency depending on the substrate composition, gpplication
of casing and quality and quantity of supplementation. According to Sonnenberg et al. [19], the biological efficiency in
Germany and inthe Netherlandsisrather low (10-15 %), but in their experimentsthey could achieve 20-25 %. Kirbag and
Akyuz [20] used different agricultural byproduct based substratesand reported 45 % biological efficiency. Rodriguez et
al. [21] succeeded179 % with applying different combinations of supplementation and casing.
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Nowadays spawn producing companiesusewild strains sel ected by growers, but in the future breeding will hold thekey
for P. eryngii production. From the speciescomplex, P. eryngii isan exceptional choicefor cultivation, asitisconsidered
to havethebest tasteamongst all oyster species[21]. Itisrelatively easy to cultivate, hasafairly long shelf life, it dso has
areduced sporeload and aquite high price onthemarket [ 22]. Our aim wasto conduct acomparative growing experiment
of different, mainly Hungarianisolatesof P. eryngii toidentify thegrowing propertiesand thebiologica efficiency of the 16
isolates under the sameambient conditions, on the same substrate.

MATERIALSAND METHODS
Srains

Themagority of the strainswere collected from the grasdandsand hillsof the eastern part of Hungary (Table 1). Following
collection of tissuesamplesof thefruit bodiesweretransferred onto malt agar, and by repeated inocul ations clean vegetative
myceliacultureswereachieved.

Table 1. Pleurotus eryngii isolates and their origin used in trial

Code Origin Cultivated/collected
PEA Toszeg; Hungary collected
PEP Eger, Pasztorvolgy; Hungary collected
PEG Toszeg; Hungary collected
PEF Demijén, Vas-tanya; Hungary collected
PEF Kecskemét; Hungary collected
PEC Eger, Pasztorvolgy; Hungary collected
Aelv Novaj; Hungary collected
Ae2v Novaj; Hungary collected
Ae3v Bogécs; Hungary collected
Aaav Heves, Hungary collected
AevV Novaj; Hungary collected
AesVv Novaj; Hungary collected
PES Netherlands cultivated
PE-SZM Maaysia cultivated
PEL Italy cultivated
PEK China cultivated

Propagation material (gpawn)
Rye-based spawn was madein case of al 16 strainsby the preval ent standard spawn production process.
Subdrate

2000 ml capacity polypropylene bags were filled with 900 g wet substrate. The substrate consisted of 65 % beech
sawdust, 17% wheat bran, 9% beech chips, 3.5% gypsum and 5.5% soy supplement (Promycel 480) (valuesreferringto
dry weight). Water content of the substrate was adjusted to 60%. The bagswere closed with paper plugsand covered by
tinfoil before sterilization inautoclaveon 121°Cfor 2.5 hours. Following cooling the substrate wasinocul ated with spawn
(20 m/m% spawn rate) in alaminar flow box.
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Samplesof fresh and spent substrate of the 16 strainsweretaken and dried to constant weight on 105 °C for measuring dry
matter content. The dry matter content of the fresh and spent substrate and the differencein water content of the material
before and after cropping were determined. Nitrogen content was measured by Kjeldahl method using aBlichi B-324
didillationunit.

Growingconditions

The bagswere placedinaroomwith 25 °C temperaturefor spawn run. Sincein case of each strain spawn run wasevenly
completed by the 10™ day following spawning, the temperature waslowered to 10 °C. On the 12" day the bagswere
opened and folded and 3 cm casing was applied using sterilized peat based button mushroom casing soil. Following
irrigation the bagswere covered by viies. Fromthisday 12-12 hourslight and dark periodswere set and relative humidity
was adjusted to 95%. On the 15" day the temperaturewasraised to 17.5 °C while keeping the surface covered and the
humidity set on 95%. By the 17" day the mycelium appeared on the edge of the surface of thefirst bags. Onthe 19" day
thevlieswasremoved, which lowered the CO, level below 800 ppm inducing fruit body formation.

After the primordiahave appeared temperature was adjusted to 19 °C for the cropping period. During cropping, the
surface of the bags, thefloor and thewalls of theroom wereirrigated daily to maintain proper humidity level. Ambient
conditionsinthe cropping cycle: 19 °C (+2 °C) growing room temperature, 95% rel ative humidity and CO, level below
800 ppm.

Deter mination of growing properties

Theyield and number of fruit bodieswere registered during the entire cropping period; thevaluesaregivenin kg and pcs
per 100 kg substrate. Theflushes, daysof picking and averagefruit body weightswere determined in case of each strain.
BE% and P% were al so measured on fresh and spent substrates[21, 22].

Corrélation and cluster analysis

Based ontheresultsof subgtrate analysisand yield va uesthefollowing questionswereformed: a) Doesthedry weight loss
of the substrate correlate with theyield? b) Doestheweight loss of wet materialscorrelate with theyield?c) Istherea
correspondence between thetotal nitrogen content and theyield? To answer these questions Pearson’scorrel ation analysis
was conducted by using SPSS 15 program. Classification of the strains based on their yields was done by Tukey’s
correlation analysisand SPSS 15 program. Theaim of the analysiswasto determine which strains bel ong to the same
group based onyields.

RESULTS
Yields

Yield quantity of strains and similarity

Thehighest yieldswereregisteredin case of StrainsPle-4V
(41.5kg/100 kg) and Ple-5V (39.5 kg/100 kg), whilethe
lowest in case of strains PEL (9 kg/100 kg) and PEG (11
kg/100kg). Based ontheresultsof thisexperiment P. eryngii
can be characterized with an average 27.53 kg/100 kg yield,
atotal number of 1488fruit bodiesand an averagefruit body
weight of 18.5-19.95¢ (Fig. 1). Fig. 1 dso showsthat based
ontheTukey cluster andysisonly two strains (PE-SZM and

groups

Yield (kg/ 100 kg)

PES) could be placed in the same group, the others had
variousyieldsfromlower to higher vaues.

In our opinion high yields (besides being genetically
determined) wereinfluenced by thefollowing factors: casing

Figure 1. Yields of strains calculated for 100 kg substrate (kg),
average weight of fruiting body (g), value of similarity and
dissimilarity between strains. (The moreidentical charactersinthe
name of the strains mean higher degree of similarity, while less
identical character refersto lesssimilarity).
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prevented thedrying of thelignocd lulose subsirate, provided equdized water supply and congtant humidity for themushrooms
onthesurface of thebags. The 12-16 dayslong spawn run described [21] was shorter (only 8-10 days) in our experiment
dueto the higher (10%) spawn rate. According to Stamets[22] thefirst flush isto be expected on the 20-29" day, but in
spiteof the shorter spawn run, we could not pick fruit bodiesof thefirst flush sooner than 27-28 days. It hasto be noted
that others only picked onthe 38"[20], or even on the 37-54" days[ 19] from different substrate compounds.

Biological efficiency and productivity

When taking the spent compost weight into account, relatively high biological efficiency can bereported in case of most
strains. Especialy high BE% was observed for instance by strainsPledV (156%) and PlebV (140%), whilethelowest by
PEL (29%) and PEG (38%). Theaverage biological efficiency was 98% (based on spent substrate weight) and average
productivity was44%. If BE% and P% are cal cul ated based on fresh materials, both valuesarelower (26% and 17%)
because of theforthcoming wel ght changesduring cultivation. Inour opinionitisimportant to ca culate these parametersin
case of both thefresh and the spent substrates, sincein international research papersit isnot stated whether the presented
BE% and P% val ues are cal cul ated based on measurementsbefore or after cropping. Thisfact might bethereason of the
significant differences experienced in various researches. Table 2 showsthe number and averageweight of fruit bodies,
biological efficiency and productivity (calculated for 100 kg substrate).

Table 2. Important data of comparative cultivation experiments, cal culated for 100 kg substrate

Srains Yidd Total no. of Av. weight BE (%) P (%) 3BE (%) 5P (%)
(kg/100 kg) fruit bodies of fruit bodies (spent) (spent) (diff.) (diff.)
(pcs/100 kg) )
FEL 9 1050 86 2852 nn 48 21
FEG u 1500 73 37.82 1429 89 329
PEP 185 550 336 56.31 2056 76 206
ResVv 2035 1050 194 7435 282 208 1247
PEH 2 1100 20 7229 3165 144 9.65
RelVv % 1400 186 97.33 4483 289 1883
PEC 275 1600 172 100.28 4545 279 1795
Pe2v 276 1400 197 104.38 45.62 3L7 1802
Pe3v 305 2450 124 10943 5865 21 2815
PES a 1500 27 112 43.06 296 1206
PE-SZM a 2150 144 120 55.36 3384 24.36
PEA 385 1700 197 11844 4553 302 1208
PEF K3 1400 5 1197 5344 275 1844
PEK 365 950 B4 12826 65.18 3R2 2868
Pesv 395 1400 282 14003 65.29 K3 2579
RedVv 415 2600 16 156.18 76.85 469 3H3H
Mean (species) 2753 1488 1995 9841 44.36 259 16.83
Deviation 9401 541.140 8258 3B.773 18640 11.713 9973

aBEY (diff.): BE% calculated to spent substrate — BE% calcul ated to fresh substrate.
bP9% (diff.): P% calculated to spent substrate — P% calculated to fresh substrate.
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Correlation analysis

Fig. 2 showsamorenotable weight |oss of the substratesin
caseof strainswith higher yields. It can be concluded that
productive strainshave more efficient enzyme systemsthat
are capabl e of degrading and utilizing the substrate more
efficiently uptoacertain point. Themost likely explanations
of theweight lossof thefresh subgtrate are: @) themushroom
utilizesthecomponentsof thesubgtrateto builditsown* body”
and we remove this massfrom the system by picking the
mushrooms; b) themushroom oxidizesthe substrateand the
carbon compounds (originating primarily fromthesubstrate)
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Figure 2. Differences between dry mass of substrate before and
after cultivation (dry mass loss of substrate) and changesin the
yield.

leavethegrowing materid in CO, form which leadstotheweight lossof the substrate. The averageweight lossis 9.6 kg/
100 kg (lowest: PEP—5.126 kg/100 kg; highest: PE-SZM —12.15kg/100 kg). After acertain point the strainswith higher
yidldsarenot ableto amoreintense degradation, regardlessto thefact that theyield continued toincrease. Thisisprobably

explained by other genetic differencesof thestrains.

Thedecreasein dry substrate mass and theyield was analyzed with Pearson’s correl ation. The Pearson’s correlation
coefficient of the 16 samples showed that thereisapostive corrdation (r = 0.542) between theweight lossand theyields
by 5% significanceleve, thusthe correlation issignificant (0. = 3%). Thereisalinear connection between weight lossand

yidds
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Figur e 3. Differences between wet weight of substrate before
and after cultivation (weight loss of wet substrate) and changes
intheyield

SinceP. eryngii has sufficient quantity and quality crop on
supplemented substrate, wewere|looking for aconnection
between thetotal nitrogen content and yields. Theresults
areshownonFig. 4.

The Pearson’s correl ation coefficient of the strains showed
that thereisa so aggnificant correlaion between thenitrogen
content andtheyield. Thecorreaionisnegative (r =-0.593),
theleve of Sgnificanceisat least 5% (01 = 1.5%). According
totheresultsstrainswith lower yields had higher nitrogen
levelsintheir spent substrates, whilein case of thestrains
with higher yieldsthenitrogen level waslower.

Similar results can be seen on Fig. 3wherethe connection
between yields and the wet weight change of the substrate
beforeand after cultivationispresented. Besidesthepicking
of themushrooms, other factors could serveasreasonsfor
theweight lossof thewet subdrate: 8) intensity of evgporation,
influenced by ambient conditions (primerily relativehumidity
and airflow); b) thicknessof casing gpplied; ) water content
of the casing soil; d) water transport from the casing soil
towardsthefruit bodiesand evaporation intendty of thefruit
bodies. For P. eryngii it isnot yet known whether thereisa
water transport from the casing soil to thefruit bodieslikein
caseof button mushroomsandif thereissuch, inwhat extent.
Another questionishow much doesthe evaporation capacity
of thedifferent Srainsvary?

Nitrogen content of the spent substrate and yield
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Figure 4. Correlation between total nitrogen content of substrate
and amount of yield

341



Proceedings of the 8" International Conference on Mushroom Biology and Mushroom Products (ICMBMP8) 2014

Qualitativeand quantitativeelements

Theresults presented above mainly refer to physiological features and yields of the strains and the species. For the
morphological and qualitative eva uation aphoto documentation and adetailed cultivation guidewas prepared, fromwhich
thefollowing elements should be highlighted. Based on the days necessary to form thefirst flush and fruit bodiesthe
quickest strainsare: Ple-3V, Ple-4V, Ple-5V, PES and PEA. Thefirst maturefruit bodies of these strains could be picked
on the 27-28" day. The mushroomsreached mature state on the 30-31 day in case of strains PEP, PEC, PE-SZM, Ple-
1V, Ple-2V and Ple-6V; 32-34" in case of PEK, PEF and PEF-i and 37" for strains PEL and PEG,

Strain PEC had the most intense devel opment in the vegetative state, but its mycelium was apt to become stoma-like.
Despite thisphenomenon, numerousfruit bodieswereformed inthe ssomarlike areasaswell. Somedistorted mushrooms
appearedin caseof strainsPle-1V and Ple-2V. PEL and PEG werethetwo strainswith thelowest quality and quantity
features. Strain PEL formed only afew regular but small fruit bodies, while PEG had pencil-shaped, curved fruit bodies
without caps. These strains should be excluded from future breeding material s. By using sterilized substrate and providing
maximal hygienic conditionsno mycoparasites, competitor mouldsor pestsappeared in the course of the experiment. Only
inonecasedid high relative humidity causebacteria (Pseudomonas sp.) spotsto form on the cap of asinglefruit body of
Pe5V.

Description of strain PES

Onthe 23 day, next to the edge of the bags anumber of nice pea-sized, sometimewalnut-sized fruit bodies devel oped.
Onthe 26" and 27" day spherical, brown-greyish, marble patterned fruit bodieswith curled up edges appeared. Thefirst
flushwasready to be picked on the 28" day. The cap of theimmaturefruit body ishemisphericd, theedgeiscurled up at
firgt, thenit becomesflat andintheend funnel like, withasmall lumpinthemiddle. Thecolor of the capisbrown-grayish
withahint of purpleinit; thesurfaceisradialy filamentous, moderately felty and drily matt. By timethe edgeof thecapis
lessproneto discoloration (yellowing). Thestemisusudly centered. The gillsare quite dense, whitish when young, then
turn greyish. Thegillsrun down onthetop third of the stem and then continue asveins, fiberstowardsthe base. The spore
iswhite. Thestrain (Fig. 5) isrecommended for commercia use. Picking dates: day 28, 30, 32, 37, 47, 56 and 60". Other
features: BE% = 111.2; P% = 43.06; averageyield: 31 kg/100 kg; average number of fruit bodies: 1500 db/100 kg;
averagefruit body weight: 20.7 g.

Figure5. Fruiting bodies of PES strain that was found to be appropriate for cultivation
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Description of strain PEF

Thefirgt flushwasready to be picked on the 34" day. At first the cap ishemispherical, thenisflattensand becomefunnel
like. Ontheolder fruit bodiestheirregular, wavy edgeisclearly apparent. The color isbrownishwith adight grey shading,
lighter onthe edge. The surface of the cap isradially filamentous and matt. The stem iswhite, centered or eccentric,
sometimesflattened on thesides. Thegillsarewhitewhen young, then becomegreyish. Thegillsarequitedenseand run
down deep onthe stem. The sporesarewhite. Thefruit bodiesgrow in groups. The groups are sometimes big because of
both the number and the size of thefruit bodies (Fig. 6). In spite of thefew dayslonger growing period, thisstrainishighly
recommended for cultivation. Picking dates: day 3, 47 and 56". Other features: BE% = 119.7; P% = 53.44; averageyidd:
35 kg/100 kg; average number of fruit bodies: 1400 pcs/100 kg; averagefruit body weight: 25 g.

Figure 6. Fruiting bodies of PEF strain that was found to be appropriate for cultivation

CONCLUSION

Futureimprovementsof cultivation technol ogies should focus on thefollowing problems. Besidesusing selected wild
strains, breeders should produce hybridsfor theindustry. It would be advised to find the proper supplementation process
andto adapt heat treatment proceduresto the P. eryngii substrate. Another possibleway of improving cultivation technology
isto definethe exact specific ambient conditions of the speciesor eventhestrains.

Nowadaysthe mushroomsin thefruit body stage ready to be picked are not evenly mature and so the picking date hasto
be adjusted the smaller fruit bodieswould better beleft onthe bagsto grow and most mature mushrooms can be plucked.
If wejust pick the big mushroomsand leaveall the other onthe bag, in most casesthe remaining piecesof thegroup die.
It would be necessary to find away to synchronizefruit body devel opment to have mushroom groupsthat are evenly
meture.

During fruit body induction ahigh number of primordiaappear, but only afew becomefull-grown mushrooms. Theremaining
fruit body initialsdieand serveasground for bacterial and fungal diseases. Animproved way of fruit body induction should
befound to reduce primordiasize and to promote equali zed devel opment. To prevent mushroom groupsto form and to
achieveuniformfruit body devel opment, growersshoul d try ruffling (atechniqued reedy used in button mushroom cultivation)
incaseof P. eryngii aswell. Another solutionisto apply aform of CACing, wherekind of a‘ Phaselll. substrate’ or casing
spawnismixedintothecasing soil.
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