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cultivated intensively as opposed-to being allowed to grow under reasonabl()L
wiid 5 conditions. This invention relates to the cultivation of nushroons,: .
particularly white rot fungi. BACKGROUND OF THE | NVENTI ON Wiite rot fungi
are wood-decayi ng fungi which grow on a I+no-cell ul ose base as opposed to
coprophilous 10 fungi, for exanple, the Chanpi gnon nmushroom which grow by
deconposi ng dung or conpost:-.Exanpl es of edible wood- rotting fungi include
t he abal one or oyster nushroons MUSHROOM GULPIVARIONsti di osus (P.

abal onus), P.rpogtbearusaaEdaNVEfEoMNd white types), P. cornucopiae, P.
sajor 15 caju a or Chinese black forest nushroom
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requi res |ignmashromms|, partdicullagly athiteaset fHangiowt h. The traditional

manner of cul A¥RERBANBN b PR is by the inoculation of wooden
bl ocks with for _many nonths to enable the

spawn to grow thr oﬂbﬁtﬁhé% ofRngdf age \Wredrdearying Jongds witieRi gaemon
i s chancy, anényi#l didfitb{ideEliTodéUindde) AL dRfpdedd | €6l agbprophilous
satlsfacﬁy. The, bl %cgl}s of vvogd U%E% fcgrmgt‘hls tﬁpe 0 cultlv'%gﬂl_o 30 are
t enper at ¢ har SWB84e, ToFcEXBL8eh tA%y P HINPH e MESNEOS | ?€- AR P¥h
are readi |y dvpi éebbmpbsingudtunige®r redipdster n Exampkeandfi edibpenwoBR-OR
ART rotting fungi include the abalone or oyster mushrooms (
L such as Pleurotus cystidiosus (P. abalonus), P. ostreatus
(both grey and white types), P. cornucopiae, P. sajor
15 caju and also the Shiitake or Chinese black forest
mushroom known by the botanical name of Lentinus edodes.
Of these, the Shiitake mushroom is the most difficult to

grow because it grows only on wood whereas the other

- mushrooms will grow on almost any sort of cellulose base
20 such as cotton waste or straw. The Shiitake mushroom
apparently requirés lignin as well as cellulose as a base
for growth. '
The traditional manner of cultivating Shiitake
mushrooms is by the inoculation of wooden blocks with )
i 25 spawn. The blocks are left for many months to enable the {
spawn to grow through the block, after which fruiting
occurs. Cultivation is chancy, and yield and time to
fruiting are_not particularly satisfactory. |
The blocks of wood used for this type of cultivation
30 are temperate hardwoods, such as beech and oak, of the
Fagaceae family which are readily available in countries
in Northern Europe and in Japan.
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‘35 -2- US-A- 1833089 di scl oses cul tivating nushroom spawn on a substrate
cqnpr|5|ng sawdust and bran-which is heat-sterilised and cool ed before
diiti on of the spawn. US-A-4127965 di scloses cultivati.ng Shiitake and 5
ot 1. mushroons on a substrate conprising cellulosic material, preferably
intree log form and nutrients. Ando, Pree. Ninth Int. Sci. Cbngress on
the Cultivation of Edible Fungi, Tokyo 1974, pages 415-421, discloses using
a variety of nedia for growi ng Shiitake 10 nushroons. Artificial nedia gave
fruit-body formatioyS~A-AE3g0840 dialosyd chawiweit imgd ima sheboRd SpaRkRP Bns
cuspi data or F@gu crenq}a) i n_abqut 70 %ﬁé&t ER- A-0 07 11_descri bes
swel 1ing cereal® g SSEPT XEGAY 544 RS Pran v, (S’Pullz?tl ng the
sterile 15 graheazh-tétex:rhsﬂad)an&lddahe@, berfeb rien adiddtiion tife theo epaatned
grai . SUMVARY OF Tifs LNEVHISRY Qe LR IVIo RiGarBh Bisa i @

met hod conprises m xI ng- spawn. of strate conpri sing
commi nut.ed Roo@BIFL MURDFaamsh oy @& mtamesmmgmmqopeg;mmmcsed

exposi ng the nmaiteza 410, Gratidda¥y Wi arethiley tﬂ?ﬁmﬁp%‘fﬁ Wulelr i@y ,and
fruit, and subjectlnqu%he spawn-r.un_substrate to thernmal shock conpriskng

sequenti al | y rai si ndP9owdinWy AHdth ity Sade Songressecs: fhe (o
25-[err], 10-] eul]twai:ﬂﬁr [cB rﬂdlmcsmqlveMylaEii@RuETb@Be@F 4IISE4I2N\{ENTI ON
The invention i ces I ed t r Shi it shroons
The Lmvent | on o3 M ANHY W YT o nlall W YRS BTN
10 mushrooms. Artificial media gave fruit-body formation in
about 40 days,-and sawdust media (of Castanopsis

cuspidata or Fagus crenata) in about'70 days.

EP-A~-0107911 describes swelling cereal grain in
water, sterilising the grain, inoculating the sterile
15 grain with a mushroom culture, and incubating the
~inoculated grain. '
'SUMMARY OF THE INVENTION
~According to the present invention, a method

COmpiises mixing spawn of the fungi with a substrate
20 comprising comminuted wood which has been hydrated and
| sterilised or pasteurised, exposing the mixture to
conditions under which the spawn will grow and fruit, and
subjecting the spaWn-ruh”substrate'to thermal shock
 comprising sequentially raising, lowering and raising the
K/; .25 _temperature, to 25-30°C, 10-15°C and 20-25°C,'
respectively. -
| DESCRIPTION OF THE INVENTION
The invention is not necessarily limited to growing
Shiitake mushrooms, since other wood-decaying fungi can

'30 also use rubber tree wood as a base for growth. However,
. such other fungi tend to be less demanding and specific
than the Shiitake mushroom; for example, oyster and
abalone mushrooms can be.cultiVated intensively on cotton
_ wastes or chopped straw. ' '
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ubber tree wood as a base for, growth. However, sueh other
be [ess demandi ng and speC|f|c t han the Shlltake mushr oom
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or chopped straw. 35 -3- The invention can be practised

rasiliensis wood. This has t3re advantage that, in tropica
er trees are widely available as a waste product. Thus,
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S-tfays, shelves or bags of any- ;
The comminuted wood used in the 1nvention 1s

hydrated to about 60-70% by weight, and 1s then
sterilised or pasteurised to kill off any unwanted
spores. More than one sterilisation or pasteurisation
step may be appropriate, there being a period between
consecutive sterilisations or pasteurisations, to enable
any viable spore contaminants. to germinate. The method
and conditions. of sterilisation or. pasteurisation will
depend upon the likely contamination of the initial wood
and the spore content of the surrounding environment._

. Before or after sterilisation or pasteurisation, and

- before or after cooling and the addition'of mushroom

.-spawn, the substrate is conveniently filled into one or

. more containers such. as trays, shelves or bags of any
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suitable size. For example, the substrate can also be
used to fill plastics material bags, e.g. polypropylene

bags which are about 90- 105 mm 1n diameter and compressed

to a height of about 150 to 210 mm. The bags are

.stoppered with a foam plug which can withstand '

autoclaving temperatures .and steam sterilisation, e.g.

for 1 to 2 hours at 121°C or more generally up to 140°C.
- The sterilised or pasteurised substrate, e. g. in

-bags, is then mixed or inoculated with spawn,_e g.

prepared as described in EP—A-0107911. The bags are left
to allow the substrate to be fully colonised by the spawn

idn is
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"25 'suitable size. For exanpl e, the substrate can also be used to fil
pLastics material bags, e.g. polypropyl ene bags which are about 90-105 nm
i ndi ameter and conpressed to, a height of about 150 to 210 mm The bags
are”st oppered with a foam plug which can withstand 30 autocl avi ng
tenperatures and steam sterilisation, e.g~4kor 1 to 2 hours at [err] or
nore generally up to [err]. The sterilised or pasteurised substrate, e.g.
in bags, is then m xed or inoculated with spawn, e.g. prepared as descri bed
in EP—A—010791bef01hefbag$1age | 3tt may, tforalexampilles &aketnpttots veeksl| | y
col oni sed by t 0 t t ake
up to 8 weeks ?% Eﬁa e t %B E% béne%#%gg FHllgaxﬁr gﬁgﬁ?nP g mass of
t he substrate. MgSSst |9 ﬁhﬁt@ﬂbSt§atﬁ bad€, thiee mixgairef ishdnbhggsar &hehen

opened. Buds appea’ o# tt'&'enb% g2 4Rk taRd, o‘ﬁﬂetn@dn @uﬁ%r ta'%%"eaﬁ:eW:.@ﬁX% at he
resul ting shr oo fr .S ready for crop een_fqund that, to

S
pronot e growt h¥&e ¥HFB&HEa further GWH YFang FesYdtadnGut ri ent i x
to the conn1nuhﬁdhwmmd1¢&uwhldh gedialllye foROC riopiptiingg - f ungi 10 spawn |s to be
cultivated. The nutr 0 es.a. carbon _source an )
conponent s whi ch faéq gfgnée % %E?n% 8atﬂ|§8 BFOOLENGERN §§t§fﬁé
conventi onal ; mum%ngodees¢rnbealsn @8sArableo8® aGdca. mhgrnen¢|mnm tnx has

been t hor oughl y é%ﬁm 5 €50 t d wedldae | ur e
nmust be metted re Qeﬁ WOBB OS gﬁégﬂ'%ﬁiﬂg%bgbrtlgﬁ%o%%%rogbﬁ to 70%
based on t A& O§GP&PI1ﬁet§h eoF“@ﬁévéﬁﬁﬁrnaﬂhGrWﬂﬁﬁ%e“GaMéXSﬁGmP51§§stéken

Ihowe\éer to anead-bUme s¥idiclel @RdOanYabRhelrN compdtthts Which Faghll i¢aee the
eacnl ng out o

_ growth, e.g. rice bran. WNutrients may be conventlonal-
N - .. many are described in US-A-4127965.
. _ Once the nutrient mix has been thoroughly mixed with
15 the comminuted wood, the overall mixture must be wetted.
Preferably water is added in a proportion of from 40 to
70% based on the overall weight of the original dry mix.
Care should be taken, however, to avoid the addition of
water in an amount which might cause the leaching out of
- 20 many of the chemical nutrients from the overall mixture.
As indicated above, the resulting mixture is
sterilised or pasteurised after hydration, to kill off
unwanted spores which can compete with the desired
. mushroom growth. The sterilised or pasteurised
\_ _. 25 substrate (comprising comminuted wood particles and
' optionally added nutrients) is inoculated with a spawn
culture of the mushrooms e.g. spawn prepared as described
in EP-A-0107911. A period of spéwn—run is allowed to
_ enable the spawn to colonise throughout the mixture
30 followed by fruiting after which the mushrooms are ready
for harvesting.
o It is de51rable in such intensive cultivation to
. have all the mushrooms in a particular growing area and
ffor the mushrooms to fruit at about the same time so as
35.-to facilitate efficient cropping. To this end, after the



20 many of the chenical nutrients fromthe overall mixture. As indicated
above, the resulting mxture is sterilised or pasteurised after hydration,....
to kill off unwanted spores which can conpet'e with the desired nushroom X

-

growth. The sterilised or pasteurised 25 substrate (conprising conmi nut &d
wood particles and optionally added nutrigats) is inoculated with a spawn
culture of the nushroons e.g. spawn prepared as described in EP-A-0107911.
A period of spawn-run is allowed to enable the spawn to col oni se throughout

the mxture 3@phahl R¥BJbBENS AULbWEE &bt penm_lreh;et Immwdwr&we ready for
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end, after the wn ;. ha II tof

substrate th8u336§$?5tés %xgsgjegteg tg“%h iﬁﬁﬁ%ﬁéﬁﬂioq$%>uce fruiting.
At | east part 1m§htthan§p&mpem¢n5955dmstar1dm |f9"1@tp@§ed> &sor mal croppi ng
condition of §¥n 5806 ofa E%”B%%&B gs aff%efil Y il WHe HhtGd S dHBEHSONE)

to devel op, er which the matur "mushr oons, ar e cropped. Aga |n th
cropped subst ﬁéiFeCFS’PPGﬁJ-ecPSélPG ther CHORRRS: IEURSFLatR, AS f

foll owed by nebmhemuplsa@c&qnw igduce mwcﬂge, TRl e By ecbmal up to

10 6 to 8 tinmes before.the ceIIqu and li gnin. from.the trate
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| nduct i ony of 6rm.pp|8ng:1m|s befm:lel ﬂl@ddgllslllgsa:tandg JIMJsulﬁmmtwheo a
temperature of 2a 3Qketatl ste2Raukted h%nanmm tﬁ{%@aw ofthi ch will

not result in
supporting further cropplng.

Induction of cropping can be: achieved by subjecting \')

the substrate to a temperature of 25-30°C which 1s about

15 the maximum température which will not result in-
destruction of the Shiitake fungus. 'The temperature does
not exceed 30?C'and-is'preferably 28°C. The substrate is
kept at this'relatively'high'temperature'for”about 1 to 7
days to allow the fungus to rest, after which the’

20 temperature is reduced to 10 ‘to 15°Cc, for generally 1 to
5 days. ‘Such temperatures-are relatively cold for
growing but some .growth does occur at these lower
temperatures. The shock in the change from relatively
high temperature to a low temperature induces" eff1c1ent

25 fruiting of the fungus. The temperature of the substrate__ \o/
is then raised to an optimum cropping temperature which
is of the order of 20°C, for 7 to 10 days. ‘Normal growth

- of the fungus is promoted by watering to maintain normal

cropping conditions which involves keeping reasonable

30 humidity and adequate lighting and ventllation
conditions. _ '

By repeating the cycle of ‘induction and normal
‘fruiting, fruiting can be induced'at-about the"same time
in a particular growing region and so the efficiency of

35 picking can be high. Also, good yields ‘'of mushrooms' are
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“desfruction.of the Shiitake fungus, The tenperature does not exceed 30C and
is preferably [err]. The substrate is kept at this relatively high
stlenperature for about 1 to 7 days'to allow the fungus to rest, after which
“t he20 tenperature is reduced to 10 to [err], for generally 1 to 5 days.
Such tenperatures are relatively cold for _ Lomﬁng but sonme growt h does
occur at these lower tenperatures. The shock in the change fromrelatively
high tenperature to a |low tenperature induces efficient 25 fruiting of the

fungus. The t gEpalRidd %naf sh'%‘“st%.&'xlﬁflta'i '1§. ea'c%%.utl%s%” a%t i mum
croppi ng tenperature which is er er h] to 10 days.

Nor mal growth JASHE fAdhFhe ﬁ§bEF6ﬁGFeG“thW§Pe %ﬁﬁﬂﬁzfq$gﬂﬁrwm
croppi ng condi tgm WarC Ibel @g@d\/ag, keepi ng reasonable 30 humdity and

adequate |ighting arny |Iat|on conditiqQ repe t he cycle of

i nducti on and nornaqu?3¥§1 r&ﬁ?ﬁﬁ& céﬁiB§%¥ﬁﬁﬁﬁe%&§t Sﬁklfﬁb sanme
time in a pért@gg@ggﬁgromﬁng reglon and so the efficiency of 35 plcklng can .
be high. .Also, goo | (o] r v

substantially all g”%éhg q'stl ?’B’I osegg‘%dqlg'lc%m%r’i.ainn tghe sue%t e'gt e onR csh t he
Shiitake funguPygmweighdaefhgressd sayduste firom dwees Bfarkblec Hevegst rat es the
invention. 5 BE3gyia i@ iR famiiyiel W&tte&‘ WD AAHAS tY e @eYrlde barts by

wei ght of greeﬁ'gamnqgr‘rrbn1trees of the Hevea brasiliensis fan1|y Wt er

was added, to RYSEFEOToPhhAF dast 0%t [ThesTesyktante cornasifion was
conposi ti 0l WaEiI0 &d linsh ipRilypropylens bege ands stobpeiredyed by a

polypropylene collar and cap assembly which allowed
exchange of air but prevented contamination. The
composition was sterilised for 45 to 60 minutes in an
autoclave at 140°C by steam. When the sterilised

15 composition was cool, mushroom spawn (Lentinus edodes)
was added. The composition was then left, to allow
colonisation for 6 to 10 weeks at 25°C,

After spawn-run, the fully-colonised composition was

moved to a cropping house at 20°C to allow mushrooms to
+ 20 develop. The tops of the polypropylene bags were
removed, and mushroom buds appeared'within a week. When
the buds appeared, a further 3 to 4 days were required
before the mushrooms were ready for harvesting. The
whole cropping period required 15-20 weeks. Six flushes
k_; 25 of mushrooms were hafvested before the substrate was
spent. |
Thermal shock was used to induce cropping. Thermal
shock involved heating the spawn-run substrate to 28°C
for 4 days, cooling to 10°C for 4 days, and heating to
30 20°C for 10 days. T
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pot ypropyl ene col l ar and cap assenbly which all owed exchange of air but
prevented contamni nation. The conposition was sterilised for 45 to 60 —~
mnutes in an autoclave at [err] by steam_ Vhen the sterilised 15 | = 4
conposition was cool, nushroom spawn (Lenﬂ nus- edodes) was added. The "
conposition was then left, to allow colonisation for 6 to 10 weeks at

[err]. After spawn-run, the fully-col oni sed conposition was noved to a
croppi ng house at [err] to allow mushroons to 20 develop. The tops of the

\r;\gl yprﬁpylbege bags mu%(ri %sreefm/%odagﬁidwftw_ diﬂldﬂxeﬁmm&ia?d:x\lﬁéfﬂ]iﬂbﬁhwek.
en the buds appeared, a. further, 3 .to S re requlred heforeg the -
nushr oons wer & y oY %\Fég‘tti’ﬁ’ga.u‘ﬁ{b Rﬁ§°@\$‘rdge§pﬁyﬂd‘gpeﬁdq’g’ G edthited

15- 20 weeks. Sisx dlaixtess ib Ddfvimisdrrado rppidraa thiaony a4kt .e B 360 4. € he
substrate was 5%2?12 éher mal shock was used to induce cropping. Thernal
shock invol veo‘ At r? ‘the spawn-run substrate to [err] for 4 days, cooling
to [err] f6r 4 days, and heating to 30 20C for 10 days. 35 = The use of
wood fromtrees of the Hevea brasiliensiss famly, in the cultivation of -
wood- decayi ng edi bl e fungi, is clained in Divisional Application No. .
8923604. 6 (2223922). 5 10 15 20 25 30 [ -
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zwoo0d whirch has been 5 hydrated and sterilised or pasteuris

“m Xture to conditions under which the spawn

grow and

.cqnprises mxing spawn of the fungi with a substrate conpri QN'ﬁﬂ"
S

subj ecting the spawn-run substrate to ther shock conpri sing sequentlally
raising, lowering and raising the tenperature, to 25-[err], 10-[err] and
20-[err], 10 respectively. 2. A nmet hod according to claim11, wherein the

wood- decayi ngofanMg are Shiitake nushroons. 3. A et hod according to
claiml or clgmZ,_wherei onm nut ed wo as a, s ze of up
to 3 mm 15 4611 A Bt W‘Q&gr‘aﬁﬁ“{%t’éfﬂ/ Vﬁﬁ%‘ge‘{k erd N8k he
commi nut ed wothich I"qmin;atfsbs m:acmm aspaantehttld fithdio wild by vvel ght

t her eof . % | ene after
t her mal shock ﬁﬁ;@ﬁ%l e cro G&Q%n'gjﬁe%eq%%ﬁ& h encéeé}lls repeat ed

one or

& t ihgdrated anﬂrRQQRiikﬁﬁﬁNQﬂrgﬁstﬁuﬂgsqﬁfﬂﬁxPQQ}nﬂzﬂhﬂ wher ei n

the wood 15 frﬂ&ﬁ:ﬁé%‘ﬁoﬁ&hﬁ:i&w%ﬁéﬁ'%f&?'ﬁxé 8&5&% w71.11 Jrdaptipd of

cul tivating wood-decaying edjb , substantially as hereln _described
Wt 1 of or onccERHE natnd SubassAing Fhappawnrin substrate to thermal

10

K/,
15
20
W, 25
30

35

shock comprising sequentially raising, lowering and
raising the temperature, to 25-30°C, 10-15°C and 20-25°C,
respectively. _
2. A method according to claim 1, wherein the wood-
decaying fungi are Shiitake mushrooms.

3. A method according to claim 1 or claim 2, wherein
the comminuted wood has a particle size of up to 3 mm.

4, A method according to any preceding claim, wherein
the comminuted wood is hydrated to a water content of 40
to 70% by weight thereof.

5. A method according to any preceding claim, whereln,
after thermal shock, the fungi are cropped, and the given
sequence is repeated one or more times.

6. A method according to any preceding claim, wherein
the wood is from a tree of the Hevea brasiliensis family.
7. A method of cultivatin&ﬂwoodfdecaying edible fungi,
substantially as herein described with reference to the

Example.

A method of cultivating wood-decaying edibte—ftngi——whith—



