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aﬂwmvmaﬂﬂiaumsmhamLaua QWU’J%SH@J’MO‘US”ﬂﬂﬂLW@ﬂiUUix‘lLLa“qu’]LV]ﬂIuIaEJmiNamLL@JL‘IJBLW@U?&V]SLL@“L‘U@
Gumsﬂ,umamn%hwaaL‘Viwau% mamiﬂ'ﬁ”mﬁ%‘lulamammaumammLmaﬂam\‘iiu (SPMS Biochar) Nauaﬂummﬁ
PDA LLamnmemummwmumﬁ q naaauiuinraule 3 loluian (GA025 GAO26 WAy GAD27) HanISANEINUIN
LauiameMauaawq 3 'lolean 71a89Uue1M13 PDA + SPMS Biochar 0.1% L%mlmmlmmﬂmqmﬂﬂssmmwm Taeditdu
mumaﬂamaaw 89.18, 89.59, uay 89.68 aduns Muaau LmuaﬂwmuLauTSMuWLLuuﬂawﬂﬁmﬁmmm Iummwmau
Iamwauﬁ]am 3 IE]I“ULGGWILﬁEJﬂIuL‘UEJ‘UEHEJﬁGﬁ‘UﬂW’N + SPMS Biochar 0.1% uamwmimmmaammw 8.74, 9.90 way
9.12 uaammmmu mmimﬁlsmﬂamn’mw,aaw 8.1,8.50 way 7.05 Ju mumﬂ‘u wazdanwauridulonuiniunia
ﬂiimﬁmumm ot SPMS Biochar fisgfuanududu 0.1% -’NLUumm%mummamLLa mmuawamwaﬂiuaﬂﬂﬂu
ﬂ’liN@WLL@JL‘UE]UiﬁVIﬁLLawLLEJL‘UE]‘ZJEJ’]EJﬁ’m‘iUIM‘USmiLLaumEJVIE]@]EN@WJ’]@JEﬁLﬂ‘HGﬁﬂS
ma'm:u 1UIamimﬂﬂauL%ammm LLJJL‘UE]‘USa‘VIS LGUE]‘ZJEJ’IEJ Winnaude

Abstract

Lingzhi mushroom is the one of economically important medicinal mushrooms with high medical
properties and is extensively used for medical benefits. But the production process of mother culture and mother
spawn, some strains of lingzhi mushrooms have been suffered from slow growth mycelium and irregular colony
growth. The objectives of this study were to improve and develop technology to produce mother culture and
mother spawn of lingzhi mushroom. Three isolates of lingzhi mushrooms (GA025, GA026 and GA027) were applied
to PDA culture and sorghum media with biochar derived from spent Pleurotus mushroom substrates (SPMS Biochar)
at different concentrations. The results showed that 3 isolates of lingzhi mushrooms on PDA + 0.1% SPMS Biochar
were the high mycelium diameter non-significant difference from control at 89.18, 89.59 and 89.68 mm,
respectively. However, their mycelium was denser than control group. While 3 isolates of lingzhi mushrooms on
sorghum mother spawn + 0.1% SPMS Biochar were the highest growth rate at 8.74, 9.90 and 9.12 mm/day, total
colonization at 8.1, 8.50 and 7.05 days, respectively and they were found denser mycelium than control. Therefore,
0.1% of SPMS Biochar was the lowest concentration and recommended for the mother culture and mother spawn
production for serviceability and knowledge transfer to mushroom growers.
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UNU

\Winuaude (Garnoderma spp.) Lﬂumwmsiwwmmammammamul‘wwaﬂumﬂszjmumﬂmimLUui o1
AU LLau:umwmﬂ%ﬂidwumqmiLL‘wwaﬂuamaLstmmwﬂuﬂiummu Gu 1nmd léviu Aselus wniaude uag
Uszinelne Tuedniiandudeiduvennenuasiisaig nstdTMsnuesEuiduay iamwmﬂwuﬁmwauﬁ]amumq
wsnRauAd WA, 2528 AATINAMNIIAUNTUI39319018 nTEdUsTUURANTY mamummﬁwﬂuaﬂmaaammu
wadunids anlusunasihmaluden Jestunsidesvendulssam uiuasnausniaudeds urlsaale uastrodesnis
UPUNAU (Jong and Birmingham, 1992; Lin, 2001; Tan and Vanitha, 2004; Boh et al., 2007) Wiavdudesadudiailasu
ruflsuuazdinsiaundundadusivainvans Tnenmzluguuuunsmionaalya

Jagunquiveuazimuniin G AseiaLmATulagTanm nsAmnsinens ezmumiﬂwaﬂmumiwa W
i Trusnsisnsdieatumalulagnismisin fenenesfnuIMTIELiaYTingg 9 LLﬁUiMUﬁﬂﬂiLLuLmammsama
firuaulalunsfinwuavussyndldlulovrivsedw@aniw (Biochar) %ﬂuaﬂwmwswsum mmimm‘um 5I9@INTHN
9 16 Wiewmwinsy mumsmammLﬂuausa‘wauauLﬂjaﬁumammmww Lianaude Luaamﬂmwamawmawuﬁ wdule
WIldd mnamuwiuties uay sénvasvedaladliaiausluownsdoadeuasdovens Imaluiamimammamnmam
wdefiamamsinenslavanesiia iy Lm:ma"l,u 17l v1hed12 nzanuewin smmﬂaummm’mmaamwmﬂsumumsmu
win Falulewnsiithunyse EJﬂ@ﬂﬂumiﬂﬂmmﬁmﬂuluiaﬂmswwammﬂﬂauwammmaammaumumiL‘Wﬂummaﬂamqw
¥94n51391M151n8A5 (SPMS Biochar) Anuinesduszneuniaaiiues SPMS Biochar fidweanasagedis 2.46% uay
woavefalusnemnsesuiliitsduaiunisadyvoadulaiavansyiin 1y Wewwudaes (Agaricus b/sporus) \inana
U3 (Pleurotus florida) waziiinyls (Volvariella volvacea) ImanmaiwLauiameLaimlﬂLia famumunutiureadule
LLaquimmmammwmawu (Kamal et al, 2012)

‘Vlm‘mﬂiﬁ’]EJQWUﬂWiU’]lUI@‘U’]i%’]ﬂﬂam‘liaLMWLﬂ’]Nﬁ@Jﬂﬂ‘MﬁﬂLWWULLa?UﬁiQIuﬂﬂwaﬁamﬂL‘W@L‘W’] InENaUIaTY
Tngwuinfeuinfinaslulewsiiuunuaueu Tsnguuas samnsafnfuATAuldRTY aamaimauiammmmlmmw
nssusmvaNluszuzia 8 Ju mmmmﬂiuaﬂﬁ%’lﬂamiL‘wamLaiumﬁwim%maﬁlaLumiuﬂamamwnim (Lam et

al, 2019) ) ogslsfinn :umeswmmmm%ﬂiﬂwmaqluiamsmumiﬂiuUiqmsmuamiwaﬂwwsamaﬂumaumm

L‘waaqLaiumimmaqmamm LLmsJa"mem']&mumiﬂiuanm‘i%luia‘zmamiun’ﬁmamLLuLmanawﬁLLauLLmLﬂjammaﬂuaamm
Yiiamng 9 muumi’msﬂ,umauﬁ]ammmvmmwaﬂiuﬂiaLLavwmmmﬂIuIaamiwamLLuLﬂJammusawﬁLLavLszjasumsﬂumam
d1vsvesinnduie maﬂwsﬂivaﬂmi%‘luiasmsMﬂﬂauLﬂjammm denlusiosennuidodiuiu 9 LAZOIYNONDIA
mmi‘lﬁﬂ‘umwmnial,wwmmmaiﬂlm

189 9UnsaluazIsng
1. msmseululavrsinaldlunisnagay

VLUIasmsmsléfﬂuﬂm/maaumaumuluiamimammﬂﬂaumammnmmaﬂamasu (inuneingu Winwiesy
GRARF] LLavmmmaa)ImaﬂmLaaﬂﬂaummmﬂuwamaml,m 3 - 4 \feu LLm&Jq"La,JWUﬂ'mJuLUaumﬂaaummummq 9 1
wnzganaafnesn uufeuinain 1 dew1lu 4 - 6 oy LLaammmﬂimmﬂuwwmmﬂmmmawmﬂ mﬂuumma
nszuumsaalulomsdemaie Pyrolysis Ingldimtanuuuimiiu® (BEBC Stove) eml,ﬂumwammnmawamLmammu
uazlulemdsziuaiaFou vuiaussq 50 ans aeldszeznan 1 Flug 15 ut AosounIsin Luaauammvmumiwamv
léfluimmmﬂﬂaumammmaﬂamﬁm 30 SPMS Biochar SmsuluTowmsnisdnfinuldvaaeuioudiondu
ulomsiinanarnnzanuznin antuhlulewdds 2 «dn ‘UmmaLﬂsawmLLmaLuﬂﬂiuam‘LmﬂumavLaam UMY
ATunsIUn 60 Mesh lauslulovsuunn 0.2 Tuaseu udrdahlulddneludunousely

a { & a a
2. n'/s‘mia&/rﬂamﬁmawa

Yideuinnaude 1w 3 la‘lmam laun GA025 L‘U‘uﬁ’]EJW‘LJG‘Uiﬂ’]'ﬁ‘UENﬂiiJ’J‘U’lmiLm%ﬁ (Wianaude-1) way ¥o
Winvaude GA026 WAy GA027 mLUumawumuwm‘Uiﬂ‘tnLLauauSﬂ‘@bmaiumemmmL%awuﬁmmmaﬂivmﬂl‘m n5u
FVINITNBAT mmamuummmamma Potato dextrose > agar mLiﬁ]ﬁJ (PDA Himedia) A1 pH 6 Uummmu 30 - 32
psraldud [Wussesian 3 - 4 Tu LLma]amiﬂhﬂﬂwﬂwumaumdu

2.1 ﬂﬂmwasuaﬂuiaﬁzmmﬂﬂauwammmaﬂamasu (SPMS Biochar) sienisiasyveadulewinnauie \iondnug
mammmawa (Mother culture)

memmﬂamma PDA w&thlunanlulownsnianisduas SPMS Biochar lusnsausisll ﬂ'ﬁ'i@J’Jﬁ‘VI 1 PDA
(Control) 5513591 2 PDA + 1UI@‘U’15‘1/1’1~‘1ﬂ’13ﬂ’1 0.2% (FauUasannssuidves Camelini et al., 2012) 135513391 3 PDA +
SPMS Biochar 0.1% ﬂiima‘w 4 PDA + SP!\/\S Biochar 0.2% ﬂiﬁﬂﬁ%‘ﬁ 5 PDA + SPMS Biochar 0.5% ﬂﬂmmﬁwﬁmmaﬂ
Lauiwummiawuummﬂ 5]s[,umul,awfuasuumLaumumaﬂma 90 Haalung awmvlﬂammmﬂﬁmaaﬂmhmm 15 -
20 fiadans dovudsaie mﬂuuﬂamﬁuamm Lmelﬂuwammu 30 - 32 perwaldua Wisuflsussesaidein
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Lﬁ]immlﬁ]’m@’lﬂ’ﬁmﬂﬂL%@iu@’]%’ﬁﬁmﬁﬁ’lﬂ 1 e danissqduledimviuie vn 9 1 3y UuwnaﬂuauauMLauiaLﬁ]ﬁmLmu
MU MAsLle dveudule LLauﬂiuLmummmmummLﬁﬂﬂﬂ Tnouvadu 3 syavde @ulolSgruiniud (+++) 1du
ToraSuunuuUIunany (+4) uag LauiaLaimﬂquLuuuaa (+) IWHUNITNABDILUY duanysal (CRD, completely
randomized design) Usznaume 5 ﬂﬁmﬁ GE sm ami']vummqaammﬂ‘[ﬂmmu IBM SPSS version 26 LU3guiigu
Aadedgisnsada Tukey HSD test mwm‘ummmauu 95 wWosldud

2.2 ﬂﬂmwamaaluiaﬂuﬁmﬂﬂaul,ﬂuammLmaﬂamﬂm (SPMS Biochar) siensiasgueadulefinnauie \iondn
Fovene (Mother spawn)

wissuAagIsANEN LmeiﬂmauiuiasmmamsmLLau SPMS BuocharIuamswmu‘lmammﬂmu n333357 1
412919 100% (Control) 393357 2 4 + lu‘la‘msmamﬁm 0.2% n533359 3 ‘U’]’JW’N + DOA SPMS Biochar 0.1%
n5533371 4 4199119 + SPMS Biochar 0.2% mimﬁ‘w 5 919919 + SPMS Biochar 0.5% mﬂuumsﬁ]Luamanﬂuammﬁ
6] adurinuiisinavinay 100 ndu tildiendelundeiauiuil 15 Yeuddonissil gungil 121 aqmmamaa
Wuan 40 undl Uaaal”ﬂmau 11 Cork borer vualduRIUAUGNAT 1 LwURlUAT LAY UmmﬂmmaﬂwaumLﬁuamm
naule SLEUUUIIL‘UEJEJ’]E’JLGUEJL'VTGWiau‘\]EJﬁQI“lJ‘U’JWU’DW’NﬁG]W]’N 9 fngouly LLaauwiﬂuwammu 30 - 32 p3FLwaLTeE
WU UseY nmwwmmmwmummmaWNammq 6]Tﬂmmmimmamﬂamwamam 9 2 Ju Juinduiu
auw,auiamml,mmmﬂmwm asuaal,auia LLauUsvLuummwumuumamﬂa Tnouvalu 3 seavde W@ulowuudud
(+++) @ulonuinuuliunany (+4+) way Laﬂﬂ,wumuuuaa (+) ’mLqumimaaqLLU‘UamuUiﬁu (CRD, completely
randomized design) Usznaume 5 ﬂiiinﬁ 9 ay 4 sm aLﬂiWﬂWﬂANﬁﬂ@MﬂMiLLﬂiy IBM SPSS version 26 3sutiigy
Aadedeinseda Tukey HSD test fiszupnuidesiu 95 Wedidud

AANT1INANADY

1. ﬁnw')mwaavaammmnamﬁ‘ammmaqauww (SPMS Biochar) sian1sia3gveuduleiiavauie tilondnuside
Li/iﬁlUimflﬁ (Mother culture)

mamﬁﬂmsnmimmamaulamwamam 3 lelolanfio GAO25 GAO26 uaz GAO27 uuewnsiuvila PDA finay
luiamﬂuivmmmmmumq q Wi Wenrauie GAO25 fleng 5 %u Usiigamadl 30 - 32 swnwades 1dulelunssuds
1, 2, 3 wag 4 1W3gled lafimnuusnanesiunsads ImamumLaumuﬁumamaaw 89.50, 88.75, 89.18 Laz 86.46
fiadiuns muady wavnanmsUssfiuaumuwiuveaduls wui nssaisd 2 uae 3 dilevuuduind lunssuisi
1uag 4 Tuauefingsuisa 5 (PDA + 0.5% SPMS Biochar) Lausl,wmﬁuié’lmammma IrﬂstmmLaumummamaaauaa
figedl 74.75 fediuns uazfienuvuiuviuies (+) (Table 1, Figure 1A) dmsuideinnauie GAO26 ey 6 Yu wuin W
Tolunssadaii 3,4 uag 5 muwmaumumaﬂmaLaaamlml,mﬂmaﬂumaaaaﬁ 89.59, 90.00 uaz 89.71 MuAAU wadl
dnuaizvanduloniymunuiud (+++) semanAenssuiai 1 mmmaumum&mamaaw 82.12 fadAs warnssuisd
2 (PDA + 0.2% Commercial biochar) mmmLaumuﬂusﬂamaa&mawaw 75.03 fafiwns wWuledinnumuududes (+)
wazdulewsalaldaiaue (Table 1, Figure 1B) dwideifiavauie GA027 o1y 6 u wui1 Tunssudsi 13 4 uag 5
Lauiamz:ulm Laiumndnafunsadd neflvunaduriugudnaiaade 89.62, 89.68, 89. 34 way 89.65 AN MuAIRY
WarANYLIOUAUlIRIYNUILUUA (+++) ) Tuvaueingssiad 2 fvunadurinuguinaraadetiosdign Ae 80.18 fiadiuns i
amumukureadulotes (+) wiyldaiiaue wazdauunnieguideddymeadiannssuisauau (Table 1,
Figure 10)

Table 1 Effect of different concentrations of SPMS Biochar on mycelial growth of lingzhi mushroom strains for
mother culture production

Treatment Colony diameter (mm)" Density of mycelium?
GA025 GA026 GA027 GA025 GA026 GA027
1. PDA (Control) 89.50a 82.12bc 89.62a ++ +4++ ++
2. PDA + 0.2% Commercial biochar 88.75a 75.03¢c 80.18b +++ + +
3. PDA + 0.1% SPMS Biochar 89.18a 89.59ab 89.68a +++ +++ +++
4. PDA + 0.2% SPMS Biochar 86.46a 90.00a 89.34da ++ +++ +++
5. PDA + 0.5% SPMS Biochar 74.75b 89.71ab 89.65a + +++ +++
F-test * * *
V. (%) 9.25 11.40 5.13

Y Different letter were significantly different by Tukey HSD test., * = significant at p<0.05
? 4, ++ and +++ denote density of mycelium as dense, denser and much denser growth.
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PDA (control) PDA + 0.2% PDA + 0.1% PDA + 0.2% PDA + 0.5%
Commercial DOA Mushchar DOA Mushchar DOA Mushchar
biochar

Figure 1 The mycelial growth and density of lingzhi mushroom on PDA supplemented with SPMS Biochar at
different concentrations; (A) GA025 at 5 days, (B) GA026 at 6 days, and (C) GA027 at 6 days

2. Anwwaveslulovrsandoudaiamianaurssu (SPMS Biochar) Aansiasgvasinnaude tiondaiavere
(Mother spawn)

Worfanause U 3 Tolwian Lmaummmaawi“awﬁmwmaﬂdamimmmimamﬂﬂmwamaLwamam
Foveneluwdndaing ‘umammu 30 - 32 aqmmawaa WU L‘ziamwama GA025 Tunssuiait 3 was 4 S6ns1ns
Lﬁ]imsuaﬁLauiaaﬂamw 8.74 WAy 8.59 Hadluns/ U smaammiimﬁau 5 ag1iltpd1AYN19ai@ (Table 2, Figure 3A) Ty
Lﬁ‘LfLEJLaimﬂamLmamﬁum/\mlmLia‘mamLLaulaJLmﬂmﬂﬂwawmmamu 8.1 uay 8.3 1u Uazidnvazvaadulelasynuiuniug
(+++) (Table 3, Figure 2A) s0%a9AD N350335 1 (Control) uamwmimmamﬂw 8.02 uaamm/m drudulely
N33U3FN 2 uag 5 Fdnsnsasguenduletanuay Luﬂﬂmamﬂmimammmmmuaammmaaamw 6.84 uaz 5.97
Haans/Ju (Table 2, Figure 3A) mmmaﬂﬂumamsm 12uag 5 mmmmmﬂammamnﬂwiwawmammu
10.25 11.15 uag 14.15 U AUAINU Lau‘[,aummmmu,uuﬂ’mﬂaw (++) WAZANMUNUIULLUULDY (+) (Table 3)

Lﬁaamwau% GA026 WU 550337 3 waw 4 Lﬁjammmmimmmam Imamamimﬁmwmmuawaw 9.90 uag
9.49 HadlunT/TU szmaqm'mimaau ‘Lammuaamwmﬂaam (Table 2, Figure 3B) ImaLau%mmmLﬁ]imﬂammamn
WWQI@LS’JW&@LL&‘“VL@JLLG]ﬂG]’NﬂmﬁaQUQJL‘UBU’m 7.05 waz 7.60 1u wazldnwuzvoudululasyuiwuud (+++) (Table 3,
Flgure 2B) imaqmm ulelunssudsi 1 Control) was 2 mamwmmimamﬂaLaasﬂ,mmﬂmmum 8.81 Ladluns/
S waznssuisd 5 uaamﬂ'ﬁmzymam,auiasmmqw 7.73 $iadlun /U (Table 2, Figure 3B) Tnedulelunssiisd 1 2 uas
5 mmamsﬁmﬂauL@Jﬁﬂsﬁm\lwiﬁwé’qﬂumu 9.55 9.75 Lay 12.05 Tu auaisu warilauunuduveaduleluseaudiy
a9 (+4) ‘vm 3 55375 (Table 3)

Fouinnauie GA027 wuin nssuiad 4 mammﬁmwmaumaw 9.69 adns/Tu Fauanaeannssuds
mumamwuamﬂmmmam Tuvasfidulelunssudsd 3 uamwmimmmum 9.12 fiadiuns/u Felsiumnansaeedl
uamﬂmmaammﬂﬂﬁmﬁm 1 (Control) uaz 4 (Table 2, Flgure 30) Inewdulelunssiisd 3 uas 4 AT UAANIIER
Frinelaldunnaneiu mawma&mau‘[ﬂmu 8.50 wag 7.50 Tu wazdanwazvroudulelasynuuuud (+++) (Table 3,
Flgure 20) Sosa%NAENIINITT 1 mamwmsmmﬁuaqt,au’i,maaa 8.65 Haaluns/1u LauiammmLﬁ]imﬂammamnmwm
UJJL@ENL‘U@H’]‘N 10.30 ¥u wazilsyiuanumusdureadulouiunans (++4) @unssudsi 2 uas 5 mmﬂmimmauau‘m
froutieduay u,mﬂmﬂmﬂﬂﬁmﬁmmmammuaammmqaam Tnenssudsd 2 mamwmimimauaﬂmaaa 7.40
Haduns/u Lauiaamwsmmmﬂa:umamn%hmaw:uLammjamu 13.05 Tu Laﬂammuumuu@ (+4+4) waznIsuIET 5
uamwmimmauaﬂaLaamﬂaw 5.62 Hadluns/1u LauiaﬂauLmammw\hwmwLamlfuamu 19.35 Tu AWMLV
wWulosyuunduliunans (++) (Table 3)
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Table 2 Effect of different concentrations of SPMS Biochar on mycelium growth rate (mm/day) of lingzhi mushroom
strains (GA025, GA026, and GA027) for spawn production

Mycelium growth rate (mm/day) ¥
Treatments GA025 GA026 GA027
1. Sorghum (Control) 8.02+0.30b 8.81+0.36b 8.65+1.05b
2. Sorghum + 0.2% Commercial biochar 6.84+0.29¢ 8.81+0.65b 7.40+0.85¢
3. Sorghum + 0.1% SPMS Biochar 8.74+0.11a 9.90+0.21a 9.12+0.82ab
4. Sorghum + 0.2% SPMS Biochar 8.59+0.25a 9.49+0.46a 9.69+0.39a
5. Sorghum + 0.5% SPMS Biochar 5.97+0.45d 7.73+0.98¢ 5.62+0.95d
F-test * * *
C.V. (%) 14.57 10.57 20.70

Y Different letter were significantly different by Tukey HSD test, * = significant at p<0.05

Table 3 Number of days for total colonization of sorghum grains and mycelia density

Treatment Total colonization (days)" Density of mycelium?
GA025 GA026  GA027 GA025 GA026 GA027

1. Sorghum (Control) 10.25b  9.55b 10.30b ++ ++ ++
2. Sorghum + 0.2% Commercial biochar 11.15c¢  9.75b 13.05¢ +++ ++ +++
3. Sorghum + 0.1% SPMS Biochar 8.1a 7.05a 8.50a +++ +++ +++
4. Sorghum + 0.2% SPMS Biochar 8.3a 7.60a 7.50a +++ +++ +++
5. Sorghum + 0.5% SPMS Biochar 14.15d  12.05c 19.35d + ++ ++
F-test x * *
CV. (%) 12.52 10.61 15.73

Y Different letter were significantly different by Tukey HSD test, * = significant at p<0.05
? 4, ++ and +++ denote density of mycelium as dense, denser and much denser growth

Figure 2 The mycelial growth and density of Lingzhi
mushroom on sorghum supplemented with
SPMS Biochar at different concentrations;
(A) GAO25 at 8 days, (B) GA026 at 7 days, and

Sorghum Sorshum+  Sorghum+  Sorghum+  SOrgshum+
0.2% 0.1%DOA  0.2%DOA  0.2%DOA
Commercial  Mushchar  Mushchar Mushchar (O) GA027 at 7 days

(Control)

biochar
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Figure 3 The mycelial growth rate (mm/day) of lingzhi mushroom on sorghum supplemented with SPMS Biochar
at different concentrations; (A) GA025 at 8 days, (B) GA026 at 7 days, and (C) GA027 at 7 days
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