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(Abstracts)

Improvement of Mushroom Cultivation Project was conducted from October 2016
to September 2020. It took place at Regional Research Center, Department of Agriculture,
including Biotechnology Research and Development Office, Chiang Rai Horticultural
Research Center, Office of Agricultural Research and Development Region 8: Songkhla and
Songkhla Center of Agricultural Research and Development. The project was divided into six
following experiments: 1) enrichment of the antioxidant (selenium) in Pleurotus sp. from
Bhutan and Macrocybe crassa, to add antioxidant (selenium) in the mycelium and
cultivated fruit bodies of mushrooms 2) study on Astraeus odoratus cultivation, to test the
cultivation method by using Dipterocarpus alatus seedlings as host plants in greenhouse
and D. alatus trees in the field 3) classification of bamboo mushroom by using
morphology and biomolecular techniques, to collect and preserve the strains of the
bamboo mushroom in the southern area and were classified using morphology and
biomolecular techniques 4) study on cultivation technology of bamboo mushroom suitable
for the southern region; to develop appropriate cultivation technology by using agricultural
materials in the southern region 5) using coffee waste for making spawn of straw
mushroom, to wuse coffee bean grounds as an alternative material in the spawn
preparation of straw.mushroom for higshland farmers growing arabica coffee 6) evaluation
of casing materials made from organic fertilizers for Lentinus giganteus Berk. cultivation,
to test method for cultivating high productivity
for mushroom by adding an appropriate oreanic fertilizer ratio in the casing soil.

It was found that for the selenium enriched in Pleurotus sp. from Bhutan (Hed
Bhutan 2 and Hed Bhutan 3) and Macrocybe crassa (Hed Tin Raed 1 and Hed Tin Raed 2),
the optimum of sodium selenite concentration in the medium (Difco) for growing mycelium
of all mushrooms was 5 mg/l. The optimum sodium selenate concentration in the medium
for erowing mycelium of Hed Bhutan 2 and Hed Tin Raed 2 was 100 mg/l whereas for Hed
Bhutan 3 and Hed Tin Raed 1 were 75 and 25 mg/l, respectively. The mycelium of



mushroom cultured on enriched media, with either sodium selenite or sodium selenate was
found to have higher selenium content in the mycelium than that of the control ones,
while simultaneously increasing at the same as its concentration in both liquid and PDA
media (Difco). Both sodium selenite and sodium selenate were shown as a good selenium
sources for its absorption by mycelium. In cultivation to increase selenium in the fruit
bodies of mushrooms, the optimum sodium selenite concentration of enriched substrate of
5 and 25 mg/kg was observed in Hed Bhutan 2 and Hed Bhutan 3 cultivation, respectively.
The amount of selenium in the fruit bodies was increased and g¢ave a good benefit in
return compared with other selenium concentration. However, the rate of 5 mg/ke could be
used for cultivating Hed Bhutan 3, which reduced costs and still got-a good benefit in
return. Similar to the sodium selenate type, the optimum concentration of substrate for
cultivating both mushrooms were 5 mg / ke. For Hed Tin Raed 1 and Hed Tin Raed 2
cultivation, the enriched substrate with 5 mg/kg of sodium selenite or sodium selenate was
able to produce the fruit bodies of which had selenium content more than non-enriched
substrate. Using sodium selenite as a selenium source-had a lower material cost per bag
than using sodium selenate.

Study on cultivation of Astraeus. odoratus could obtain the pure cultures on
potato dextrose agar (PDA) which. were isolated from fruit bodies collected from
Dipterocarp forests in Chiang Rai,"Phayao, Chiangmai, Lamphun, Lampang, Mae Hong Son
and Uttaradit during rainy season from May to July. Number of pure cultures which were
isolated in 2017, 2018, 2019-and 2020 were 11, 6, 5 and 8, respectively. Growth of 19
isolates of those collected in 2017-2020 were compared on PDA by measuring of colony
diameter after. 20 days growing at room temperature. It was found that there were
significant differences in growth rate and mycelial characteristics of each isolate. Three
isolates of A. odoratus : Samoeng 60, Pai 60 and Lamphun 60 were tested on different five
media including Modified Melin Norkans medium (MMN), Pachlewski medium (PACH), Ferry
& Das (FDA), Fries medium and PDA. All isolates grew well on PDA and Fries media. Three
types of inoculum including dried sporocarps with spores, liquid inoculum and soil
inoculum were applied to Dipterocarpus alatus seedlings in greenhouse and 2-year old D.
alatus trees in the field. Mycorrhizae were found on roots inoculated with all types of
inoculum. Infection percentages of A. odoratus on roots were examined using microscope.

Roots of Inoculated plants were colonized at 91.3% of sampled roots while roots of control



plants were found 14.7% colonized. Most of mycelium were external hyphae with clamp
connection. Mantle sheath and hartig net, which were special characteristics of
ectomycorrhizal symbiosis, were found on colonized roots. In 2019 and 2020 fruit body of A
odoratus hasn’t been presented underneath the host trees which were inoculated since
2018. There might be two main reasons: there was not enough of mycelia colonized on
roots, otherwise, there was not sufficient soil moisture to induce fruit body due to less rain.
However, since the experimental field is in the center, fruit body of A odoratus will be
observed in the following year.

The study of the edible bamboo mushroom in the southern region was conducted
from October 2016 to February 2020 by collecting edible bamboo mushrooms : 9 isolates
from the lower southern region of Thailand, one isolate from Biotechnology Research and
Development Office, and the other one from the commercial variety. Total 11 isolates of
bamboo mushroom were identified by macroscopic morphology and molecular technique
as either white short net stinkhorn (Phallus atrovolvatus 8 isolates and Phallus merulinus 1
isolate) or white long net stinkhorn (Phallus echinovolvata 2 isolates). Those collected
isolates were studied step-by-step in the cultivation process, (mother spawn, planting
spawn and the substrate) It was found that using Ganoderma lucidum as a material for
producing mother spawn, all isolates of bamboo mushroom mycelium grew well and had
medium to high density. For.a planting spawn, the material formula consisted of rubber
wood sawdust : fine rice-bran: lime: salt: gypsum with the rate 90: 5: 1: 2: 2 by weight,
provides the minimum incubation time of all collected isolates mycelium - averagely 32.63
days. While the substrate formula which consisted of bamboo leaves and bamboo twigs :
raw rice husk-:.coconut coir dust with the rate 50: 25: 50 by weight, was the best substrate
material for fruiting body production. The process of laying spawn and substrate was
divided into 5 layers (from bottom to top). The first layer was spread with a soil about 3
cm thick and the second layer was spread with one part of suitable substrate about 5 cm
thick. Then spread a planting spawn with completely colonized by
the bamboo mushroom mycelium as be the
third layer. The fourth layer was spread with another left part of suitable substrate 3 cm
thick and the last layer was covered with soil, approximately 2 cm thick, before watering
and cover with black plastic for 15 days. The white short net stinkhorn, Phallus

atrovolvatus (K8) was selected for forward commercial production by its high average yield



and a good benefit in return. Also the analysis of the nutritional value of 16 types in
Phallus atrovolvatus (K8) showed that the group of nutrients that stimulate immunity,
antioxidants and high volume of phytochemistry for cosmeceuticals. Meanwhile, the acute
toxicity test in laboratory animals was in the 5% safety level, according to the OECD 423
standard, which was considered to be highly safe.

Using coffee waste for making spawn of straw mushroom was found that the
mixture of coffee waste and fermented material (soya waste and cotton waste in a 1: 1
ratio by weight) at the ratio of 3:1, 1:1, 1:3 by volume could be used for making spawn and
also reduced costs. However, in the area which lack of other agricultural wastes, coffee
waste only could be used for making straw mushroom spawn. From both growing
techniques, by basket and stacking growing, the yield obtained from coffee waste spawn
did not have a significant difference compared to the producer’s one. The casing material
for Lentinus giganteus Berk. cultivation in the harvest period.120 days was found that the
appropriate organic fertilizer ratio in the casing was.20%. It ¢ave an average yield of 68.85 ¢
/ bag and the biological efficiency (%BE) was 23.74,.while the casing with 25% organic
fertilizers showed no statistically significant differences. The average yield was 65.31 ¢ / bag
and the biological efficiency (%BE) was 22.52. The casing loam alone gave the low yield of
32.71 ¢ / bag and the biological efficiency.(%BE) was 11.28.
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dindulage 1300 Tulasnsu/niu nswand@didenlutagmzimiationssiunisasyvendulaudsos
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sruuifuiuuessnenie (Elis and Salt, 2003) n1shasuddaitlenlulsunandntosazilulsslov

a a

sasranensrntasululSunanuinifulasduivle  Usunuaisensdaiesiasuysedriudmsu

Aulngvesdinlaruinis nsuewnde (2563) deeil “ USunugeanves@iileunsulaluudasiu lu

Useinelny dilifideyanediulsunngegnvesidiflounsulaluusasiu [Tolerable Upper Intake

1
v o =

Level (UL)] Audlaaldlagliifudunsoiesinie fiu Sedddeyavesszimaanigondniuas
uALe SsimunUTinageaavestaidoniisulaluudas Sudmiuglngwiniu 400 lalasnudetu
Tngeilldinanadaideuiiviloaldlagliiinn1e@8luga nqufoman o1y 0-5 Wou Usunigean
vosTAfloansuld 45 lulasnsusietu o1y 6-11 ey wiriu 60 lulasniusetu naufoiin o1y 1-3
U wiriu 90 lulasnSusiodu o1y 4-8 U wirdu 150 lulasniusiedu nquissumends ey 9-12 U
wiriu 280 Tulasnsusiedu o1y 13-18 U wirdiu 400 Tulasnsusiedu naudlvgjurends 1g 19-70 U

1
IS4 L3

, 018 > 71 U, wijasanssauasndsliunyny USunagegavesdalloudisuld 400 lulasniusiedy 7

o

(]

dnsuusunudadeuluiia dsn1e9ruvee Deepalakshmi and Mirunalini (2014) s1891uUSUu
Fadeuludinuiasy (Pleurotus ostreatus) SiUszanas 0.011-8a8054/100 n3u luvauedi Quarcoo
et al. (2018) euliuraddidsnludiauissufimig@es (Pleurotus ostreatus) fiuszunay
466.12 faandu/Aland wenannil Bhattachariya ef al. (2015) 1eaudsunadadonludinuissud
W1zLA84 (Pleurotus ostreatus) Uutanumagtidasannlddisydafy fussuin 4.67-6.77
fladn%u/100 ¥ Stajic et al. (2002) Apwinisiasadulofinuiesy (Pleurotus ostreatus) Uy
onsinanddideuiiensiaasusnsimsiatguenduly wazanuannsaveaduleinlunisgadu
Fadey FmuihenududuvedddenildhinasenisaiyrendulussrdmaudeSsuiisusu
Guilosiguuomnsildiumuauisnuiiinsarauvesdfidougdudulofidosuuemsiina
aulow Stajic et al. (2005) Anwnsidsduleifiauiasy (Pleurotus ostreatus) 9 aneRuguy
o sfinand A deufiuiannainguuuuldun Sodium selenite (Na,SeO;) Sodium selenate
(Na,SeO,) wag-Selenium dioxide (Se0,) Tumududuiiunnsneiy nuinfeutmunuesnssuisn
ﬁmsmLﬁuiaLﬁmmﬁuﬁmi@méﬁuLLazLﬁuazam%&ﬁaﬂﬁﬁlﬁaﬁf Na,SeO; wag SeO, WuwraadaLiey
Silva et al. (2013) ﬁﬂwmmﬁmlﬁﬂ&ﬁ@ Pleurotus ostreatus way Pleurotus eryngii UM
nanddflon wudinisnandddeusyduainududugs naandasinisiasyvendulein
Gurhaudnandlaladidulefirnufinunfives septum uaglalafiduloiaudoud suuiieuguues
naundenszifisuiiinunntumudndiuvesseiuaududure ey wasdmuinduloia
Pleurotus eryngii finNunUNuABan1nn1sallaanIwina Pleurotus ostreatus  Milovanovic et
al. (2014) lg@nwwiia Pleurotus ostreatus wuindulewiniaseylas luanududuresddiiousin

[ £ a

Sodium selenite 91 5, 10 wag 20 fadnsu/ans JndudedrdndaaiinisdndoniUosdunauwieinu

o

<@ =

seauANTuYesERideuivinrauagldlun1sndnin@aideugs Rodriguez et al. (2009)
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Anwin1singiiia Pleurotus eryngii var. eryngii Uui’a@mwﬁmamé’w sodium selenite (Na,SeOs)
Tnglvfiuuinves@diidon 5 waz 10 lulasndu/ndu uagnuimeniiniugnisdildinzazan
Faudenls 4.6 uay 9.3 lulasniu/nsu  Savic et al. (2009) Anwinisiwziiia Pleurotus ostreatus
Uu"’s’a@wazfﬂjﬁaaLa%mé’w%ﬁl,ﬁaﬂugﬂ Na,SeO, wag Na,Se0; nuineniinavaudaiioulasyning
120 -150 fadnduw/Alandy druneniindimzuuannzdidoslallinaudeda donnu Ui 1
findn¥u/Alan3u Duletic-Lausevic et al. (2005) Anwinaidsaduloifanduievuemisansaia
Ieurosiidte uazermsueaviadaiinandidenlugy sodium selenite (Na,Se0;) nuinduleidia
yaudouuemsfitienandadouiinigaduuasfvavauldfniduledssuemmaseayiartaluyn
mnuitutuvesdAideninanentiufinnadudu 1.3 fadniudedns wasTundaidougeaaiinuly
GulowaideswuemsniaeswiafinandBideniiaududy 1 woe 1.3 fadnfudodns  Sram
(2549) lesosuinaeniiinduuse Sslutiaqtuiiteinenmansin Maciocybe crassa (Berk.) Pegler

& Lodge #la133aiilgu (Selenium - Se) ag38ning 35 -180 lulasnsusanoniiandsilansy in
FuusaduadinuldvnaiavesiveuasUssmamioutulndifes SnnuiRauuiufuiiluliyiuou
auyjav U Unluse dnagiang LLazLﬁmmﬂimmq@Nuﬁﬁﬂaﬂm%uﬁuﬁwﬁLaﬁEJsuaa‘Uiimmﬁ
Uszunad 70 % aaungieng 28-30% aziinnenlad uad1eaniaduazysinnisasyiivle (§aas
waz Juiid, 2551) n1sunivsunadddenlyie ddaidenarenguiinisdnwivazldmaia
inductively coupled mass spectrometry (ICP-MS) Tun15itaszsinUsuadaiien Gezer et al.
(2015) T guTinusmsevaesInTsaideudglufiatfutssmuldvarsviavesnsi
Tie et al. (2014 ; 2017) AwnszidSuadailouludin Cordyceps militaris way Flammulina
velutipes waziln1sluimatia Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-
OES) FwmsevimUsunaddifosludiade (Siwulski et al, 2017) msAnwiileRwuINsINELin

=
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oA Y & A i A X o o a P A $ oqvd o a
9197 rglminindinuamalaruinmsiinfudmiunisusiaadieguain anvivinliiindloniaiiiy
yaruaznanouLnuanmsimasdedld Wunadentigliinuasnsiiseliiinduannsneg
Junisn
g AL a [ ¥ ! = =3 = P o ! ]
WianvumsssITAkazSuUsemuld  luwsasUasgninuniiveuslaauazdviievianen
! = & o v §f & A& A A 2 X a o
gouuazaanundulumsiateiugiin - UenaNUNSNHUTUNINULTRTUANNS TSN ATUAAGIRIN
msungniBsiliunnisniinlianasiusag M3ERINUIST IR IR WD

nMsfinwmadansinzidesinlusssuya Toyanlaannsanyasidunwimadunisugniiia
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USinauialusssugnfuaraunsonmuinisndadaludondsdgdeld  Snvaiiensedulinuasns
Ugntnifieldasauazasneneldnnnisnzinlulisssunnd  wWiawnznida (Astraeus odoratus)
~ N < 2 & aa o 1Y) = o = =
welunawiesen  Winneulluwinnfensuusemuiuinnlumamiewaznianyiueenideanile
Usnfazduludifsissiugaruwazisiaunann  lnganggiemuggessgsiagadnlaniuas
700 UW  WanzuendInIzdLindnuUgemsudadianunsaiuganilaen1skussuiuuusey
nszdes Yagtudilianunsaviinisimizidesld (th.wikipedia.ore/wiki/Wiawns 3 Wwnew 2557) i
wzegluaed  Lycoperdaceae dniluinussinnonlnluneslssn (ectomycorrhiza @ ECM)
AudiusL Uit de futusinivdugalagagasiuduleauiuvieiuusinuiivessinuuusd
[ [ 1 a 1 1 a £ ~ [y Y 1 ! 3 g
anuauzdulruE NI UELLIWTR (mantle sheath) t@uleianuiuunsndegsenitusansinluty
Aasing undn e1sinda (hartig net) iduleusdiubusenuensindislunIsantiuays1ne1ms
Tiunfly Fageiinvzdinnuamziaizasiundes (rootlets) veafivade , Tanunsaumzideddi
2 & vy o ¢ 2 o ' v L S P4 a o '
Juneninlauuemnsdunsien  wamngnddmihsluriowanluinidunusssuys - deluud
avUaggniiuuiieuilnauazdniievinensounasaenin . aduprsvianeiugmiadieannddly
1% s v s & A& A 2 v = & W < & a o
aivavesivevensiug  uonanlinsniunUfes@aduthinuinmnsdunuss s Atuanas
1 a o v A < t9 =2 1 1
nmsynintr  Beiliuinsmvaizanadliaig e Audnealalureslsmazliaunse
wnzidesliduneniialiuuemsdunsziuafdusaueniiousandaneeniialiuuens
FUA919 U MMN (Modified Melin Norkans medium: a8 Marx, 1969) FDA (Ferry & Das,
1968) 430 PACH (Pachlewski medium: Iag Pachlewski and Pachlewski, 1974) Wuduy mi‘dgﬂ
warealnluaeslsnaddunaliausailaniussauiesujiansluanmiasniiio  visenaniye
TudSinanniiveldUgniieasnailil - n1sugniveECM lTuan wdasadevilalaenisideatioECM u
& & o B lw A Al vo & da e v & & da v
91sihssdanasiiudniusianlasun1sddeNiudnuaauuemsas e Ndulsves
ECM W@3gyey Llasinfiwteneandnwanuaisiniazuasiuiie ECM laenss (Brundrett et al,
1996) n1suane ECM TudSunaunn deundaieldugniveadunaildl {2 sUuuy fie e
naves wag wadeanidule nisldavesifuiidemunydmsu ECM Nlnendinauinlug
Pisolithus wag Scleroderma (Castellano, 1994) ¥lagAunnAniuILLANAIINGTTUYIRUNRILA
v an 1 a = & & o o v a = v A& 1%
wisigaumiiliiiu 35 ssrwal@ea nnduiihnenauitldlugeanainuas Tulilududngie
- 9 v A o | = = ] PPN o o & ¢ o %
fin (WlHeIeaundiegnalioaninenrasiinarennuiidinvesales) Mivealasihilulanasuund,
Wlsvaneguuuuy  avargluduasihluseadundld  wieesazihlunauivaisosuazyindu
do dwsusesiunauluvasdgnndldiidudu nsndaiidelugdulevilalaewenlilimduly
U3gndes ECM waziiiuusinasduleluomsdaunsisi anuuidnduleunldduigelaenss vise
919LABINANNUATDU WU hydrogel, peat-vermiculite ¥39 wanSywuswlln (Marx and

Kenney, 1982) Wufifluazatiz (2552) T894 TORENTDITIAAULA LA VUL OAIUUNAAT
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auaztluugnassinuesiu ugnentiuaznunendiindusiindagnigeliua 3 U nsfnwises
srihbinsuiavedanisndaiidominmng  Bnsuazimaianmsmsideiamizaddunald 13
asuuiuiiaveainzuusIniivends  anmwedenimiunzauuasdniiliinneniin &
v &g & v A 1y A4 o a a <

Toyawmarlazilunwimslunisinemiawnsasuundiigende diethluugniiudsunandinly
sysud adausegdlalunisadinduiiomnsiiawnsdensssaunsanmuinisudnmiamnzlung

wmavdnnludausnainazlaiadusivisuardudunisiiuiuiuldne

v a g A A a

Ko = a Ao ] & a 2 A ' B
uanNUGiindudnlussINIIRBNMIUNIT LAWK YT WaLBelH (Dictyophora spp.
Synonyme :Phallus) ¥negluisd Phallaceaed! fToi3anumainratenuanvaznuiliiuilives
= a a ] Y 2 A 2 v < )

win lunadanuvesusenalng Sen Wnaaun 21l SN WaLeIg Wnuns1gninniinAaeum
Julatuazdiuvaansslusalidnwuzadieye diuinalsemaliyeisunaeil Bamboo mushroom,
Long net stinkhorn, Basket stinkhorn, Veiled lady, King of mushroom, Netted stinkhorn k& e
. = @ o | a & & Ao 2 v =
Dancing mushroom &aun1sdunanssdiumdunuinidia ddnwagaarenselusgnligainans
dielauauin adregnimanswiuszUn (Seafly, 2549) lulszmaduisondn Winsiy (King of

e Yo 1 « . 9 v ~ 1 < < 1 a
mushroom) wana1NAIN5LEAIN “stinkhorn” ey ngdie NS1ERTIdILUUEATDLAATULVAINEN
avosuasdnduwmiiu weldlunisdsuuasiugaiuuagldusslovilunisveneiuddorinniu
555u%1R (Nobuko, 1998) 91N8IAAININNAUINENAIERST kaLTINITITELTIANVDUAAT 1Y

] a o ) ' Y ~ a s & & K Ao w ,
wulniaytaidauaimisemisaeutiegs 1Ushu 15-18 Wesidud lnslanizinandfaiuy
mannitol 90.89 fadnsusau1ntindlogawite 1 N5y wazinsaezilunsndusasieniens 16 via
dnviadidendiu B 12 (Isluwlaiu) Aendegs uenanduludiuvesnisading saniing1aun wy
a15d1Aey 2 vllade Induwspmslsn waz lalolnlelnsu o war O Fudunquarsidiununlunis
Undesszuudszamldivignyianeainaisite Snvsasatinanuing1wy Galldrutelunisdadiiu
NI9NLAY LazfaduNIfinlasendnade (Hobbs, 1995 ; Wasser, 2002) 29nA15815396A3 1944
Tuusznelneloe (Feaiiy, 2549) wu 5 ¥0a Aoling1winselussendwd (. indusiata (Vent.
Pers.) Fisch.) wiins19uunselusedudani(D. duplicata (Bosc) Fisch.) 1#ins19uuninaes (D.
multicolor Fischer) 1% @ $19u v &3 (D. multicolor var.) Boome 1 @ s13unthad (D
rubrovolvata M.Zang, D.G. Ji & X.X. Liu) @1uuvi (2554) lideyaiiuszinaiudeludseinand

= a o a < ' VoA ! = v e &
n1sfnyItemalulagnismizifinsaunegndeiiaduase1iuiunit 80 U tnsaneniugininisidu
n13AEie 2 @aeWug Ae Phallus indusiata Fisch wag P. echinovolvata Zang luvagivang
Uszinanenguimuinaluladnismiziindnaw inszlinaamialasuinig wagaseengnsnig

a d' o a = I a v d' a £ a ) (Y]

FanmiidrAgannungvatesie Judududinaindanunssnisiuliuiauin dusululsewmelng
93¥e (2559) s1enunisundiiasisuneiineuwis wasUazliainin 6,500 Au Anduyaninis

PJut11aifnndn 1,500 auUm wandunsianvansanasdamasinaenles 4,498.09 faansu/Alansy
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uavansuaniilen 2.17 fadndu/Alandy FaAuAunsguiiduoygeliinisuilaanielulssme
asaundanandsiuisgndsnelfenslussmanlidunelumsasesssunmaindufineuus
W g a1 wai wazwreldlusiangn  Ariuninsudvinisinens tae drin3desiaun
waluladdinin  ddsa saumu daden wasfnwisnamnediasunaneiusineluasiiui
mewmidle uaznanansresUszmealng wuindiaiaunnsglussdugun o vimse 2.ays Mgl
uwasuuunedguden Yuinni1axenaXge widu 50x80X15 wuRiuns Winandnade 1,643 n3use
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