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Feasibility Study on Utilizing Spent Mushroom Substrate
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Abstract

Spent mushroom substrate (SMS) is a waste material from the mushroom cultivation industry that
increases annually. This study aimed to evaluate the feasibility of utilizing SMS from mushroom farms in Pathum
Thani Province as a growing medium for chili (Capsicum frutescens L., cv. Super Hot 2) seedlings compared with
peat moss and mixed soil. Nine growing media groups, including seven SMS samples from different farms in
Pathum Thani Province, mixed soil, and peat moss, were analyzed for physical, chemical, biological properties,
and heavy metal contents. These materials were then used to grow chili seedlings. Data on germination rate,
root length, seedling height, number of leaves, and fresh weight were collected. Results showed that SMS had
physical properties similar to peat moss but had higher pH (7.74-8.53), lower nitrogen content (0.48-0.69%), and
higher C:N ratio (58:1-124:1) than peat moss. The germination rate of SMS-grown seedlings ranged from 78.3 -
95.0%, lower than peat moss (96.7%, p<0.05) but still within acceptable levels. Seedling growth parameters
(root length 3.97-4.48 cm, seedling height 3.86-4.60 cm, number of leaves 0.88-1.02 leaves/plant, and fresh
weight 0.70-0.89 ¢/20 plants) were significantly lower than those of peat moss (p<0.05) but did not differ from
mixed soil. Heavy metal contents in all growing media were low compared with Thai soil standards. The findings
demonstrate that SMS from Pathum Thani Province has potential as a component of growing media for chili
seedlings with improvements in chemical properties. Utilizing this waste material could reduce production costs
and support sustainable agriculture systems in the future.
Keywords: spent mushroom substrate, organic nursery substrate, properties of growing media, chili seedlings,
sustainable agriculture
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Table 1 Physical and chemical properties of the spent mushroom substrates from various sources

Substrates Bulk  Total Air-filled Water holding pH EC1:5 OM N P,O; KO CN
density porosity porosity capacity 1:1 (dS/m) (%) (%) (%) (%) ratio

(g/cm?®) (%) (%) (% v/v)
T1: MP 0.20 92.4 5.29 115 8.51 4.66 579 064 029 078 58
T2: KL1 0.22 91.6 3.05 120 8.44 227 80.9 061 020 043 74
T3: KL2 0.19 92.7 7.24 134 8.53 1.88 89.7 067 0.11 043 76
Td: NS1 0.21 91.9 4.60 108 7.92 2.38 918 048 0.12 043 124
T5: NS2 0.21 92.1 4.86 110 7.74 2.54 945 068 008 043 91
Té: LK1 0.19 92.7 6.17 148 8.05 3.09 90.3 069 021 049 81
T7: LK2 0.17 935 5.13 144 8.50 2.65 858 062 029 055 97
T8: MS 0.29 89.2 1.48 186 6.71 1.84 253 022 007 122 67
T9: PM 0.20 92.5 3.74 83.9 5.97 1.86 854 156 009 024 29

MP = Muang Pathum Thani, KL1 = Klong Luang 1, KL2 = Klong Luang 2, NS1 = Nong Suea 1, NS2 = Nong Suea 2

LK1 = Lat Lum Kaew 1, LK2 = Lat Lum Kaew 2, MS = Mixed soil, PM = Peat moss, OM = Organic matter (%)

pH (1:1) = Potential of Hydrogen ion : 4.5-5.0 = very strongly acid, 5.1-5.5 = strongly acid, 5.6-6.0 = moderately acid,

6.1-6.5 = slightly acid, 6.6-7.3 = neutral, 7.4-7.8 = slightly alkaline ,EC = Electrical Conductivity (dS/m) : 0-2 = non-saline, > 2 = very

strongly saline
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ImaaiwmmLWﬂﬂuuaﬂwmnau U594 wag amn mmﬂ"l,mamammu Lsuu TanANAANAULTT 1 muaummmadmw
90 L"daiwum mﬂwmmwumuusmm mmwwimLl,aummmzmaammaa msﬂ,ﬁiﬂiqaswmwauummsau‘lﬂia
wim“’maﬂﬁLﬁ]iiUﬁUEJﬁ”UUﬁﬂﬂmW‘iﬂ?lvm (Asadathorn et al., 2016; Bernal et al., 2009; Bethke, 2023; Osotsapa et
al,, 2011) Lmeumawmim CN ratio wudananuueude 1 wideiidunigingguusiiinisaateditiiionin CN
ratio g4 (124:1) mmwwﬂmamlﬂwumuﬂi ﬂaULUmaﬂaumwummq 9 WU YENENIT WNaudy visewliwadeduvsy
ARG 9 1Y ‘LJEJﬂ@ﬂ‘VTiEJ“LJ‘EJW,JﬂiJIJiiJ’lmEJUVliEJ’JGmﬂEJwU’Nﬁ& mmammmwaﬂamﬂﬁ]vﬂamﬂaaammmmiaaﬂmslw
WGUVLﬂGL‘ZIﬂSUI‘&JGU"LﬂG]LLaulﬁﬂa‘LWl‘iE’Jﬂduﬂiﬂﬂ‘lf‘lﬂumumnwu%aJ’JNEUENmﬁw‘LﬂEJUW syuigeMIALaT TR URnALTY
1o LmeswamamawsamLﬂumaammmmmmmszﬂ,umiLmuamaasmwmuaamﬂmﬂmﬂimmaummmaa n1380
Lﬂ’]usUBQS’]ﬂW‘UEJ’I’R]Q.J{]ﬁUW]Lu@dﬁ]’]ﬂﬂ’li‘wﬂLLﬁuﬂ’ﬁWEJW]TUEJJ’Jﬁ@@‘u%i‘ﬂ‘\]’]ﬂﬂ’]‘ﬂ@]‘iﬂﬂ’ﬂﬂsﬂu wﬂmmwwmwmmiﬁlu
uumwﬂwmNamammimmdmmwsﬂm (Osotsapa et al., 2011) mamﬂmiamiwmmmmﬂu Table 1 WUl Wndead
A pH 5. 97 lulmsiau 1.56 Wesidud P,0,0.09 Wasidus wag K0 0.24 1asidud @ Faei pH Rns129Ale (5.97) denndes
ﬂumwmwamwu (pH = 6.0) agelsAnm m"l,uimwwmamLm’wﬁléﬂuiﬂLﬂaﬁL%umummmﬂﬁmmmwmam:u
ﬁiimmiu‘wwmlﬂ (05-1.0  wWesidud) maamﬂaaqnumauammmmammvmmmiLaimluiml,amli‘lu’samwwu
(Klasmann-Deilmann, 2018; 2023) mm‘uﬂimmiwLmamauua“mamia mﬂmsalmwvﬁ’luiﬂ P205 kay K,0 ‘W‘U’J’]‘W
'vmaamJimmﬁmmﬂm’mauwmmmaumammm desnlufoudeowinge mammmu W Alnde Yun ve d maaa
‘VﬁEJ’JE‘W]Lﬂwmiﬁ/ﬂsﬁumiLW%LMﬂWﬁJW@ﬁW@iﬁLLawI‘WLLVlﬁL‘liEJiJGmWNEJ‘&maQﬂ’IiLﬂULﬂEJ’JL‘Vm (Phothltlrat, 1989) @4
WaaWaaiaIuﬂauL-vawmLmummuwaaiuaummmua muwaaiusﬂvxlamﬂmauuma WY uraleunedn  uay
WE]?ILWW%@W%UUuﬂEJﬁﬁEJEJ@EJu%iEJ i mmaimﬂuﬂaaummmas 9 amaumaﬂamﬂaaaaaﬂmLUuWaaLmeWﬂ%’lm
LLafLwLmamammﬂumwﬂuiﬂmaaauumwaumauﬂmm LLaﬂmﬂmmmﬁﬂimauaumaLaﬂuaa wﬂ,mmaﬂmma
mmamiaﬂmmaaaauakuimmaL%ﬂuﬂimmm maamaaammmsuﬂvﬂﬂw (EQ) maﬂuﬂauwammmwma
P RIIAN ﬁmmmsmmmmmaumaﬂamaaaamasm 9 LmamﬂaumammmﬂmﬂmamL‘Wﬁvmaﬂaauma Vinloude
mmmammﬂmmaﬂ N-P- K‘wamuaummuaqmimuLﬂmmm (Ahlawat and Sagar, 2007; Verma et al., 2017)

mamiamwvﬁiumm%u WU wmaaw%um C:N ratio Wity 29:1 uasdllulasiausiy 1.56 Wesidud @ ezmaa
1umw1LaamamiﬂaSaawaummmdmmauma \losanA1 CN ratio Uszanas 25-30:1 aat.ﬂumwmmuamami
¥euYes9ium3d (Comell Waste Management Institute, 1996) yhlsilulasiauegluguussiluiijos (NH4 ) uaglumm
(NO5) mwmmﬂmmw mmaiwwsnwu:uumuﬂammmm ’Lusumvmaml,wwvmmmaamw 9 saummuwamm C:N ratio
#4171 30:1 mmmmmammmmmwiuimwmmwm immawmﬂuﬂamamwaumaaamalmﬂ Luaammaumwm
1uimwummuai’ml,au1muLszjaaLaa ﬂﬁﬂiwimawm C:N ratio aamlé’ﬁmmsmﬂaluimwu (EJLiEJ/‘lJEJﬂE]ﬂ) L‘wam
NILOUEATY LU ’mmmﬂmwamm 2 (C:N 97:1) maﬂi‘uﬂiamamswau‘daﬂamwaamamwa'gﬁlﬁiﬂamm 30:1 &aen
C:N ratio L‘UummmmmamaivmmatJimmmiuauLLa%uimmuimamL‘wwwﬂm‘wszj wagiinananssuIuNISLoUEaNY
wmnm‘wLLavmiﬂamﬂaaaﬁmmmi mvmumimammwaaumsﬂumumaqmi CN ratio Uszues 25:1 dmsunis
gogaany aJani CN ratio gandy 30:1 fﬂvmmmuvaaumaLLvauImwumﬂwu wazsnA1 CN ratio i1 (<30:1) 9z4Ain
miﬂsumumiﬁamﬂaaeluimmuaaiumuﬂiumumi mineralization JaMMIzaIRsgIUASHAT CN ratio 20-30:1
(Asadathorn et al., 2016) aamwaaaamwmm C:N ratio Tuaine 25-35:1 (Bernal et al., 2009)

Tusudinm aammﬂﬂauwammmemmmmﬂmimammvUam 31°luﬁvmuaam'1wmuaaLLavmuwamamd
TaLau Immawumﬂmwamm 1 aAvauui 2 LagUED 2 mmmmwmﬂmiwmLﬁzja"LmIﬂLmimﬂuﬂiumumi
‘iniﬂﬂaumamm u,avmmLLmﬂmwammmmmu maamumﬁamm'ﬂsawawmmiul,ma%ma Snwariaonndesty
sreuiinuin ﬂauLﬁuawmLmummmmﬂwmasuawaumamuavumjaaaumamUiviaénumawsummumﬂ (Ribas et
al., 2009; Moraes et al,, 2020)

Tugudsnansuuideulansuin annsiesiesdlduandy Table 2 mﬂmmmmmnamL‘W’lmmamu
mmwﬂamwuﬂwmaﬁuum memmLﬁumumsﬂmmmmwmmmmuﬂmmwmmmummwmammﬂsumvﬁima&ma
TaLau LLaummﬁuﬂU%ﬁm’lmﬂLimuwwmamiwim‘umwﬁmﬂ (Long et al., 2003; National Environment Board, 2021;
Ryzhenko et al., 2017) ﬁ]ammmaiﬂlmnamwaumﬂemmasﬂul,ﬂmwwsummiauﬂiﬂiﬂmiﬂwﬁlm WU d3ned (Zn)
Iu’mﬂLW’MJﬂ’lG]’Nﬂ‘LJ@J’]ﬂGNLLG\ 2.19-54.4 uaaﬂiu/ﬂlaﬂiu szmamwaumﬂﬂaumammmL@Jaqﬂmmuummmamam
Wwindu 54.4 faansu/Alansu quum.umaﬂwaumﬂﬂauwammmﬂaawaw 1 ummamm*mu 219 Sadndy/Alansy
mﬂuﬁNUVlU’WlﬁﬂﬂmlumiL‘i]’iiULG]UIWUENW‘UI@EJLa‘W’lﬂumimLﬂi’]y'ﬂﬂimmmuL@ul‘lmLLGWﬁﬂE‘NLﬂulﬂmf\]ﬂ/lﬂmﬂﬂww
sofy Usinauaatiisy (Cd) Usen (Hg) naduas (Cu) Tasidew (Cr) wazaza (Pb) I@EJ?’J&I?JEJIU?”@UW]LlJ’eJL‘diEJ‘UL‘V]EJUﬂU
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Lﬂm%ﬂaamﬂamadﬂixl,wﬂlwa (National Environment Board, 2021)
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Table 2 Biological properties and heavy metal contents in the spent mushroom substrates from various sources

Substrates TBC Yeast and Zn Cd Hg Pb Cr Cu
(cfu/g) Mold (cfu/g) (mg/kg) (megskg)  (merkg)  (mg/kg) (mgrkg)  (mgske)
T1: MP 7.0x10° 1.6 x 10* 54.4 0.51 0.01 5.10 5.30 7.20
T2: KL1 7.6 x 10° 8.0 x 10* 2.19 0.16 0.01 4.36 0.21 4.23
T3: KL2 5.8x 10° 6.8 x 10* 35.8 0.25 0.01 3.31 4.60 4.03
T4: NS1 9.4 x 10° 1.5x 10* 25.8 0.16 nd 6.68 4.15 3.71
T5: NS2 4.8 x 10° 1.3 x 10* 31.3 0.21 0.01 2.19 4.23 4.36
T6: LK1 4.7 x 10° 1.2 x 10 35.1 0.27 0.01 3.48 4.64 a.17
T7: LK2 2.3 % 10° 1.9 x 10* 29.5 0.24 0.01 5.22 452 4.13
T8: MS 3.3 x 10° 3.0x 10° 324 0.04 0.01 10.5 15.6 16.4
T9: PM 3.2x 10° 3.5x% 10° 273 0.21 0.01 3.38 5.97 19.1

TBC = Total bacteria count, nd = not detected, MP = Muang Pathum Thani, KL1 = Klong Luang 1
KL2 = Klong Luang 2, NS1 = Nong Suea 1, NS2 = Nong Suea 2, LK1 = Lat Lum Kaew 1, LK2 = Lat Lum Kaew 2
MS = Mixed soil, PM = Peat moss

HaYeINsIIgAUlAYeIAUNAININ
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w3aaamw1muammuwmaam mLasaﬂ‘wmimmLmuimﬂuaai’mua muﬂmaaﬂmamwammamwmaaaaﬂ (Manal et
al,, 2024) dwsuludueee mﬂmiumimmi%maa Taiz et al. (2015) inTIIUﬁ/Iﬁ,ﬂﬂsUuslﬁEJLW&JWHW?ULLNLL& Lo
nsdaanginas dwalvidundudauss lad mumuﬂammﬂLﬂummmaﬁumwmmmuﬂm Wnuealnlu 3.73 Tu/du
Mﬂm'naﬂau 3.6 i1 ‘Wiﬂ‘V]L‘W’]‘“ﬂ’]EJ’JﬁﬂLW’]“’mﬂﬂamﬁa’N 1 fAnedsanuensinuiniu 4.48 wuiwes audiulen
muﬂm‘mmwﬂsmemmﬂmszmmimmmaumimmwamalwmuLLﬂJqLLﬁnwaaaﬂaﬂaﬂ A0ARARINUNUITLYDY Taiz et
al. (2015) mwmwmmma'ﬁrmwamaﬂmmmmiiﬂ,ummmjumLLawmim‘vm sasiwnanfiansauyliausonan
muﬂmwmmmwLLavLaﬁmLmim"lmmamaﬂaﬂmalﬂ Asadathorn et al. (2016) s18auintulssndalnanisidninagneu
LLaWzJmeuaawaLUusumLaem’1aﬂ’1sLmﬁmmw&uunamaﬂmmiaww"lmw WAZAINARDAUAIAT ANUNTUTIN ATY
‘Wﬁummmmﬂ LLavmmmmiasl,umiammﬁuaaaamﬁaﬂ maamﬂaﬂwwwuwumﬂamwmuwam 4:1 wagdlvunldunnu
AuUENa1e 4 fadluns mmvaumm‘umimmmuimsuaﬂmfm'mmmumunmumuamuuaUm‘muﬂiwﬂ drunsaneily
FaUsEMATEY Bernal et al. (2009) i CN ratio 25-35:1 FunanEniald a5 Weddus egdlsimumnfiansanly
mumamaﬂquﬂmmﬂwuﬂmmﬂaumjammm WU TAANIEANUVAIRARINEN 2 UWagnuasde 2 TA1 pH 7.74-
8.53 °1NLLM%”&Qﬂ’J’]“U’NV}LmJ’]‘“ﬂimﬂﬂm‘VﬁUWiﬂ (pH 6.0-6.5; Department of Agnculture 2021) UAANINULBLED 2
(7.74) ENE]EJsLﬂa‘UE]UU‘u‘UEJWNMSWﬂWiﬂﬁ”liJ’]‘iﬂﬁ]leiJﬁ”lma’]Wl‘ivaﬂ dmsuAn EC 71 1.88-2.54 Lm%mummmm ?\]G]E]EJ
Tudsfnsaudnsundfsuasfiaflnende (1.0-2.6 WATIUARBLLAS; Whipker et al, 2014) wavsnninseduditu
dswadosiondnin (>3.5 AATAREIAT, Pezo et al, 2020) Fawanauidssuesrnuasenainaualle
YaNNTA ﬂautfuammmuﬂsmmaummmm (89.76-94.45 wWasidus) MeUsuupaudinismen nesiagngli
mmmmamLLawmeﬂuﬂﬂml,aummmmwaﬂ (lulpsiau 0.67-0.68 LWadldud, loamo¥a 0.08-0.11 L‘Uaimjum
Tnuvadon 0.43 Weslgus) mmammwamamimmLmdmmﬂmmﬂwu Wesnluszes 14 Yuusn dundraziien
ﬁmmmsmavaﬂu’luLammwaﬂ (Angermann et al., 2025) ma‘lfmamwamu‘uimmmmmmﬂuimumaamuﬂmq
FafleumnyanuasUaen sy maﬂaﬂﬂuﬂmmmmmwﬂmﬂmmmwmummummﬂmmaau (Medina et al., 2009;
Sisaket Horticultural Research Center, 2022) Im&mmammﬂﬂaumamﬂmeaaqLmaqmmsaauuauumsmmwmim
vassunalausinIiinisUuUgesan  EC mamasﬂ,mmaaﬂauumﬂwiﬂwuimmLaaﬂimamaumamamimwmm
Andunse LLauLWMSW}mﬁmi LU “UEJJJuWi”l’J IJEJmJﬂ mamaam (Eudoxie and Alexander, 2011; Poonpakdee et al,,
2024)
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Table 3 Growth of chili seedlings grown in the spent mushroom substrates

Substrates Germination Root length  Plant height Leaf number Fresh weight

rate (%= SD) (cm £ SD) (cm £ SD) (no./seedling+ SD) (g/20 seedlings+ SD)
T1: MP 90.7%¢ + 9.24 3.97°+0.10  4.60° £ 0.51 1.02° + 0.03 0.79° £ 0.29
T2: KL1 79.3% + 16.8 4.48° + 031  4.34° +0.67 0.97° £ 0.08 0.87° £ 0.11
T3: KL2 91.3%¢ + 4.16 4.01° + 024  4.24° £ 0.15 0.95° + 0.00 0.88° + 0.09
Ta: NS1 84.3% 1+ 751 415+ 0.03  3.86°+0.53 0.85° + 0.13 0.89° + 0.02
T5: NS2 95.0°° + 3.00 397 +0.10 4.21°+0.23 0.88" £ 0.12 0.75° £ 0.01
Té: LK1 86.0°° + 6.93 4.19°+ 021  4.40° + 0.35 0.87° £ 0.10 0.70° + 0.02
T7: LK2 78.3° + 10.4 4.44° £ 0.19  4.39° +0.15 0.87° £ 0.19 0.72° £ 0.02
T8: MS 85.0°" + 0.00 331+ 033  4.08°+0.20 0.82° + 0.88 0.91° + 0.05
T9: PM 96.7° + 5.77 1155 £0.99  12.6°+0.82 3.73% + 0.23 9.79% + 0.25
cv, % 9.64 7.92 8.92 10.3 7.66

Values in the same column followed by the same letter are not significantly different at p<0.05, MP = Muang Pathum Thani, KL1
= Klong Luang 1, KL2 = Klong Luang 2, NS1 = Nong Suea 1, NS2 = Nong Suea 2, LK1 = Lat Lum Kaew 1, LK2 = Lat Lum Kaew 2,
MS = Mixed soil, PM = Peat moss
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