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Physicochemical changes and plant growth effect on
composting of spent mushroom substrates
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ABSTRACT: This study aimed to assess the feasibility of composting spent mushroom substrate (SMS) materials of Lentinula
edodes (Le), Hericium erinaceus (He), and Pleurotus ostreatus (Po). The different SMSs were composted for 7 to 10 days at high
temperatures over 50°C; the composting procedure was completed in 30 days. A maturity test was conducted using the radish
seed germination index and CoMMe-100. The composted SMS (CSMS) from Le and He showed gemination indices of 130% and
81%, respectively, that satisfied the criteria of maturity standard (gemination index over 70%) and the CoMMe-100 analysis. The
physicochemical changes of CSMSs included an increase in the pH range from 4-5 to 6-7, slight reduction in the EC to 1-1.4
dS/m, and an organic content of 36.9% in LeCSMS. In LeCSMS, the contents of N, P and K were 1.2%, 2.3%, and 0.77%,
respectively, and heavy metals were detected below the standard value in all CSMSs; the Ca and Mg contents in the CSMSs were
increased from 30% to 60% when compared to those in the SMSs. The C/N ratio (from 26-33) in LeSMS and HeSMS decreased
to 15.3-15.9 in CSMSs. The growth effect of LeCSMS treatment on pepper seedlings was 60% higher than that in the control
groups , one of which was treated with commercial organic compost; the former showed a superior growth effect on the leaf
width, leaf length, and leaf number compared to other control groups. In conclusion, LeCSMS and HeCSMS could be utilized as
compost resources capable of efficient soil amendment and plant growth promotion.
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SMS+= HAle] Aikshe 744 } =24 Fel 24 2

2 A7} IshE L FA 7
chld | 3, A, 91/dEo]
a4,
‘rr7]7” H| 59} m]&
= W ozt E"bo‘gu‘, RS
Al 4 Sth(Suess and Curtis, 2006). AR=E}2]H]
(Pleurotus pulmonarius)®] SMS7} @3}, EvlE, 3L
o] HAEXE 91T EXHAR o] &3t AE WS
Z g3 R S ¥} lck(Jonathan ef al., 2011). 221
SMSell 23HE U FA] o]&she AL v s
e H<& S Ax SMC  (spent  mushroom
compost)E #-&sh= Z°] tlS Aot} (Lou et al.,
2017; Paula et al., 2017).

SMSE o] &3 A=A EIHA SMS, HolwAl B
ulES} WEA L] A8 gk vl lom gEo] SMSE ©]
&3t 2bF, Al 5 HAule] {714 HlER AR ©
vb AtH(Uzun, 2004). A5l 28] AMREE 7SERns
F2 AEE AZ3 HHl= ExH 7 Ui Bzl B
dito]l AZEEHIL U] F7IEANEA S 75 AL H
3 Atk SMSe Fu5, HRERS A9 Al 971
izl f71s ERiAze] f8&skAl A&l 7hseith
(Kim et al., 2007). %], =], AFo] T2 13| #fﬂ
5 SMSE WEH7] wiol] wixAESl, I, vlE
, 228, mA, vEHE wddr 5o 77] {7]H OJ
] HAL Al o= 80% 1 Hob o] {718 EH]

224 747} =tH(Kang, 2019).

%ﬂ"ﬂ’ﬂ’: ol SMS$F X= Z/\EV] 7, U
3 5 A AALE et H5AA EHs O“‘:rL*E—
o) g v EAU}(Gonzélez—Marcos et al., 2014; Said-
Pullicino et al., 2007). =HlolA = EIIHA SMSE} FIE
RS Efete] HHlAlZR WES A ¢ vk 2lor
(Kim et al., 2016), Lee 5(2009)> SMSZ Qlﬂﬁ} &od
oG ER &8 g vf Tk

Ao F3L, =g o], =eHA WAl 5
T A (SMS)E &8sl F<oll o3 Hulsks st
now EH|stE SMSO] =g 3}8HH W3l AEASE
& FHste] B kst gk
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HA Tl X| o] F=55]

WA 8 & =] (SMS) EH|3} A1dS 5t ‘ﬂ
7¥ll A FAE EASMS, =FF0] SMS, =El2] SM
ARESIATE SMSE ¢F 158 = AZst i‘ﬂo](
2mx 4o] 2mx 0] 1m)ol] FY3Z A5 2=

X o Nlm OI-F

= g&

ok

FalAle] Euiste] whe Ee] sheby Wst 9 424 & 269

ot

ol
iz A% s, 271%
e Edlo] stEl 37] BY B Aste] Pzei=
2R ASR 158 3718 FASEon 1599 13
102 37158 skl Hu FH71E Fassn,

(Yokogawa, Japan)E 3320l Ax|3t] SMSH-<
Uehte 25¥stE AR

HH] F=% Kit (Kit A, Kit ByE
AFLoA  30%7F HRZA|ZTH, HE

=
CoMMe-1009] Y3 EH] 1&=2 =459t} fors
Haw A5 (Hue B4eg), H457)(F0]e] Ho)
Aol BU R ), 4TI (H4712ke] B Badhy
B, Fsz7] (o] R E= 27) dH), S (ol
7] PR ek= AR H7) Tt Pewrt gEd
¥, =FFddo], “Elg] SMSE LeCSMS, HeCSMS,

PoCSMSZ EA] 311t

LeCSMS, HeCSMS, PoCSMS¢] FApdol&H4e

Kim 5 (2016)° <8te] Harsh whHol| Fale] 281
o 271el CSMSAR 10g9) SR somid 7hste]

80°CollA 2A17F A= i%«ﬂ 845 3 M paperol] o35}
o ETES AlAT FE8Y 10 m1~ 2uj o] 3|7} 2
& 90 mm petri dishll Z4 H7Vekal T35 A (Raphanus sativus
L.) 309S go] 25°CollA] 597 vl Fste] dol&3} B
AolE AT HxTe SFTE ol&siith. T4
dlolx] 4= (Germination Index, GI)& ¥oF& (Germination
rate, GR)3} ¥-2]Z o] (Root extension, RE)S ©]-83}o] %]
T3} 3 o' thae] 4% o] &5k th(Lee ef al., 2015).
GI = (GR x RE)GR = (o} / tj2F 2o}&) x 100, RE
sre)dol] / iz el dol) x 100.

E[H] HAStHlX|2| 22| S5t 24

st HAFEFHA] A B (CSMS)E HHEEF
AAE D F71EGARA A1@7130E AGH oolE] &4
Aol oF|ste] A8t 3 (Kjeldahl
method; Bremner, 1965), X134 Fo] K+, Ca2+, Mg2+
(1IN NH4-acetate pH 7.0, AAS, atomic absorption
spectroscopy), +2.¢14+He] -2 Lancaster ¥ (2 ©]-&3}
o A5 FEE sEE
2] & ICP(Inductively coupled plasma spectrometer)Z
S8t pHeE A7HAEE (EC)= A58 /T8 7+
7k 1 10(wiv)e 2 Egtate] 1A% wik & S48t}
71& 542 3|31 (Ben-Dor and Banin, 1989)2 ©]-&
SHAL ™ 600°ColA oF 2417 71 dE - o] FE A
sk o= ALl

FAx

nitric—hydrochloric acid
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ElH| HATEFHIX|o| AESYS S3f

CSMS? AEAEEHAE A S8t 1FFAE
plug trayoll AEFERA 65:He}olE 35, vv)S FY5t
JAFEAE A 3F T FEE AGAAC
CSMS ZAEE CSMS 20: AE 80 vivH| &2 E3H5H]
Pot(#7d 10 cm)F%} st em 5 FEE o]4sto 45
A F 24, 9%, 95, 975 S8 IFRE
AEEAE AT 2 24 = AE(Control), Al
7 QA E (Commercial Soil Bed, CSB)E AF&3}912
o Al#EE HH] (Commecial compost, N Ab)x= CSMS
o] 5t vl FE s HES E3ste] AT

zm 2 o

A&l X[ o] R50] 2 2=t

B Ao AkgE 13, =FFdo], “Elg] SMS+
MY 7)1 ZZ2AMNA ThE WAIRS] SMSETE NPKE-=Fat
A& fFE2 AEo] vlaE rste] Akt Fig. 12
¥, el =fFdo] SMSH43 A Yepd
LEHIE Ho] T Q) s B4 6UAREH &%
7} 55°C oo = §A438] Aestr] AlEtste] 797 50°C
ol w0 fx Hrir) 8UA He EHEE 50°C o
2 37 371 AlEkste] 40°ColA] 35°CHIIR fA] = o]
EHH)slE FTESITE e SMSEH|S W= 3
o FHE 257} sl AlEkste] 1097F 50°CellA
70°Ce] o] fA A FH|s} 279 FHE = 35°C
WelZ gnjslrt s} Ho] 30 o] §7HA] 29 W)
7} §lo] EH|g} g THT. =FF o SMS EH]
3} 2xshs EISMSSF FARE S B #A
8 & R (SMS)9] F<5 sk ot mAEe] Haw
2t HEY 324 vAEe] tAF Bkso=
SMSe] f71&°] F43] EEA =™ (Paula et al.,
2017) 52°CelAl 60°C 2= W7t 712 & &S
o HA &2 4¥1A- UrH(Gonzilez-Marcos et al.,
2014). Kim $(2016)2 HA2FA 27 3 SMSE &%
sto] ERjstE 3 sllom Fast 445 50°C o
Featod 747 415 T 1449 o] FHE 40°C o]st=
A HAJATAL st B A3t fAksknh. ek}
ol SMS &3} 2EWstE A4 g v o FHH] s}
2 FHE 60°C o]/ Adssted 22k HF7] & 70°C o3
Je 3t 43k F37] St 477F 50°ColA] 60°CE L
o] fA HAJTh B 3 ub Ut} (Lee et al., 2009). ©]
T, e, HolwAle tiFE W Aul= 13
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53 Wy s o] Ao HalEA 2o WA
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o] Hol 3lo] ZelE fste] F7IRbe a2 vid=
d/do] Al He A= AlE Hrh. ey EAEA

A Wi, At g3 3-43] ¢ S AXEA oy
FEIL SMSE HIAZal7F A H o] Far FAellM 27
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Fig. 1. Temperature profile on composting spent mushroom
substrates

Table 1. Germination Index of composted spent mushroom
substrate

Germination ~ Root length ~ CoMMe-100
Treatments .
Index (%) average Maturity Index
LeCSMS 131.04 3.37 Completed
HeCSMS 80.31 3.30 Completed
PoCSMS 69.25 3.29 Completed
Water 100 4.26 -
ngEe] 7)3 Bal7]70] BEEE Ao Alg Hoh,

AE

X, =FFdo], “Elg] SMS9| Eu|FE w2 v
g T 2& o]l AEHOE {4 Ho FuaA o]
T AIRHE 30UE 3t g A ST s
= CoMMe-100WH o2 sl om BE SMSoA F&am
80% ©doE MEFFHES T St A= A%
< 93t F A Lol FE AR A3 Table 13 72
t}. LeCSMSE 131%, HeCSMSE 80.3%2] Wolx|=
Hol, vlg FAFA] FsE Lol 70% oS &
Z31 . ¥ PoCSMSE 69%9] W& Wl =g &
Apgote]] sl 7t wof En|ste] wtE =g $}ekH Wit

FA} ol 9 713 Ao AR Bk,

HAESHIX| 2| EH|sto] L2 S2| 35 Ha}

®a, =FFdo], el SMSe H&3k Hy]
LeCSMS, HeCSMS, PoCSMS 7te] &3] 3184 w3l=
ZAVBIATH(Table 2). 8 2AMES pH, EC, 54,
NPKS} Mg @ Ca 3o &1%ch. LeSMS, HeSMS,
PoSMS9] pHE 4.1, 4.8, 5.8% A3} o] lloy ¥
H]3} LeCSMS, HeCSMS, PoCSMSE pH 6.9, 6.8, 7.9%
A Wl SMSE] W2 pHE MA #AR 9] 8ij#]
AE B8l Al AREE I A AFE oy
CSMS®] pH Jsadh= 75 vAES] thitabg oA 2
Ashs AR & FAkoldd mE gkl REg] 719l
H Aoz Alg "ok WA AR A Z]1- RS o]
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Table 2. Physicochemical changes on composting of spent mushroom substrates

Materials Le SMS Le CSMS He SMS He CSMS Po SMS Po CSMS
pH 4.1 6.9 4.8 6.8 5.8 7.9
EC(dS/m) 2.02 1.48 1.89 1.34 1.32 1.06
Organic matter (%) 53.7 36.9 73.0 53.6 57.5 53.5
As(mg/kg) ND ND ND ND ND ND
Cd(mg/kg) ND ND ND 0.13 ND ND
Hg(g/kg) ND ND ND ND ND ND
Pb (mg/kg) ND ND ND ND ND ND
Cr (mg/kg) ND 6.17 ND ND ND ND
Cu (mg/kg) 4.01 15.1 ND 17.3 ND 3.08
Ni (mg/kg) 0.19 2.52 ND 3.40 ND ND
Zn (mg/kg) 253 69.9 11.9 52.1 81.0 10.0
Nitrogen ratio in Organic 45.1 26.5 58.4 27.65 39.7 55.7
Moisture(%) 39.7 55.3 24.1 41.2 39.7 42.7
Maturity - completed - completed - completed
Total Carbon(%) 31.1 214 423 31.0 333 31.0
Total Nitrogen(%) 1.19 1.39 1.25 1.94 0.71 0.96
C/N ratio 26.1 15.3 33.8 15.9 46.9 32.2
Total Phosphorus(%) 1.54 2.03 0.74 1.50 0.2 0.23
Total Potassium(%) 0.84 0.77 0.68 1.33 0.3 0.46
Ca (%) 1.19 2.01 0.36 0.63 0.68 0.79
Mg (%) 0.29 0.46 0.23 0.45 0.09 0.12

ND: Not detected.

A Ha) aie] HA wks 278 pH 4004 pH
Zo2 WA B ] 2dste wlA] As)shE
oz J|EEs ool e AeE gHA ATt
(Kang et al, 2017). 53] ®3 SMSE thEe] {74t
oxalic acid® X&3F t2] f7]4te] AE = o] (Kwak
et al., 2016)H]A]2] AHAsle)| 7]Q1%= AeZE B # uf
AT

ECS CSMSU¢] HEEEE Wdsly & dEsEE
Bk A EA 0 o FUdS LB AT #
3, =FFdo], “Elg] CSMSE 1.48, 1.89, 1.32 ds/m=
H| w4 w2 EC 3+ YRS EH1e] EC 3] 6 ds/
mo|a7t EH|Z o]§ 7hsd Z1e®E HI Ho(Brady,
1990) ¥ A72] CSMS+= 71X #e 5390 771
2 oA LeCSMSE 36.9%, HeCSMSE  53.6%,
PoCSMS+= 53.52 Yeht EHle] {7148 & 71EX &
53 o)y gt CSMSe] 713 % Thae F5 3
Aol PAE A4 93 frIEEs7E DA A=
ALE H}

EH]¢] NPK$HHo] %903 Qolt),
LeCSMS2] & AATES 139%E =F-Fuo] HeCSMSQ)
1.94%X 0} Wekon} “El] PoCSMSE] 0.96%5.tF =34T}.

)
R G R

2l FHEFS LeCSMSOIA 2.03%= 7H A Uehate

ZEFFE =Fgdo] HeCSMSOIA 13302 71 =
Al vt A Aol ol =ERIWAl(4)RIER
3 otal 2ol A7A71E E5tste] HuskE AAls)
Fom F NPK gFo| 1.7, 1.3, 0.7%= et
(Gonzalez-Marcos, et al., 2014). WA SMS9} A4
FobEake] E31sE Hu|gl Atolx] EFHgo] mE A
28heko] 1.7%914 1.9%% ¥ ¥ bt Itk (Kim ef al.,
2016). 71EALE W g At FFolA 2 AT LeCSMSt
HeCSMS$} o217 A9 §le 202 vesttt. EH]st
271 5 CNHl= A E Ao F83t rteltt. nAlE
A&l g3k C/NB]E 25~350]1 ojBt}h vhe AL 2
27 gEUol kAR JEM 50 o] Fo R HEsH =
< 735 Aazleprb WA mAEe] &Fo] ATt
(Kim et al., 2016). LeCSMS2} HeCSMS®| C/NH|= 15
Z Kim (2016)52] EHH] Alge} 18 295 AU}
LeCSMS, HeCSMS, PoCSMS?| %34 (As,Cd, Hg, Pb,
Cr, Cu, Ni, Zn)g&d2 218 A3} g2 HEEA] 2%
om Algd wEt 2 T/ TE5e] HE HUAT 7w
2] olslz EAI7} gle ASZ Yehth(Table 2). = 5ol
Ca?} Mg SMSAIE Hrt} LeCSMS, HeCSMS,
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Table 3. Growth promotion of pepper plants treated with composted spent mushroom substrate substrate (CSMS).

Treatments Plant height (cm) Leaf length (cm) Leaf width (cm) Leaf number
PoCSMS 8.2+0.50d 3.81+0.19d 3.6x1.71b 3.710.21c
HeCSMS 24.4+2.01bc 11.4+0.67b 6.0£0.28ab 8.2+0.57b
LeCSMS 41.0+£2.50a 13.8+0.66a 6.1£0.30a 12.8+1.17a
Control 20.3+0.47¢ 9.7£0.45¢ 4.940.23ab 9.8+0.36b

CSB 26.3+0.73b 11.7+0.47b 5.940.23ab 8.5+0.27b
CC 25.5+2.09b 12.2+0.92ab 6.2+0.51 10.0+0.93b

The different letters are significantly(p<0.05)different according to Duncan's multiple. Control (Peatmoss 65:pearlite 35, v/v), CSB(Commercial

soil bed) and CC(Commercial compost, N company)

PoCSMSA|Zo114 60% ©]’d =71 = ATh

EH] Az Aol H AlES X3 SAHERTE 4 Bl
2 A7k wet Alek ofF7F A sk SARE ] A
A= late] EH] Yof] Fofo] HEHo wet /7] A
Sgof BAFH o7 Hzt 3 Q). B Aol AlEEE
f71E0He] Fof S AP g A3} Cypermethrin,
Piperonyl butoxide 52 247} 7]532] o] AZEEHI L
U B AT cSMSelME o] AF HA] 99k
(Data not shown). W&k CSMS EHY|:= 318 FAA=

& 7Fsat o fle EHRIE A wjEt) sl #-8

0}71] 48 s Ao R Agdrh

HAATESHIX| ElH|2] ASME ST}

Table 1914 %32, =FZo], =E}g] CSMSE= SMSH
o} theFst HlEAEC] S Ae I ATt
Table 3-& CSMSHgol W& 15 FR AXaHE Z
ARE 2102 %Y LeCSMS =F3F o] HeCSMS9} -t}
2] PoCSMSE H| &% thE A2l Hlate] i%}, A4,
AE, 4 FAM 2R ¢ AsadE B ®
LeCSMSA 8] -+ &) 41 cm=Z =FZ°] HeCSMS
2] T 24 ecmeF PoCSMS* 2] T+ 8.2 cmX U} €%53] =
2 NENLES BHIoH 53] A9k HH] i%ﬂ?(cc
NADSF AlPHE- A& A RO 75§85 A5 ¢+ &
= BT} Fig. 28 F3 LeCSMS©) A& A=A f=
%zlo] _EZH g TS A]A]—‘&]—]:]- ‘ﬂoﬂ PoCSMS*]| ]
T AIF S AEE veile 2%, 95, 94, 4
TFoA e ATl Hlste] dA A A5eA E?«E
Hol Ha el Beke] Ias o7 Al HUT. §F
H, 3 SMS$} =Fgdo] SMSAHHALZ A8 73
% Qo] "oz Qo] F8A H= s 7F FakE o]
ol AR olojA FRIEA HEA] X3k AL
Z 2l = Ath(Data not shown). ©]= HA *ﬂ%ﬁrﬂ =
SMSH 29 o]iksterAs} {714k Tl oJg w2 pH
ol A=l gt 28-S sk oE FPE

SMSE= WAIFAAIZE Adteles 52 &2 24=
cellulose®} lignin®] 23l € AHloll glom ol AEd%

Le-CSMS cc Control

Fig. 2. Growth effect of pepper seedlings on composted
spent mushroom substrate of Lentinula edodes (Le-CSMS).
Control (Peatmoss 65:Pearlite 35), CC(Commercial compost,
N company).

FH3 O Lot £

< A% A A3 FAadoe=
S Ao 7 AZIE T A TH(Suess,

Mol Fodt AL she %
2006). Z#H Y Lou 5 (2017)2 SMSoll ¥3+d JUH &
3] At AEAW FTE5 98 &k LTkl &
Rom HH| SMSe| A FHF T 10.8% Rho] A4t}
PEYE FEZ 2 Eo] o]§d F don EY Fo F
=5 Foke] AA 8] HEETAL ST

AzAoz B Ao EH|3 & HI LeCSMS9}
HeCSMSE NPK/ZH-9] 571 5 &2 g5 oz Hu|d
A2l W= o] A=A S H% %#‘J 2HE BHo

A

43 Ep|Rdoe s &8 7}— 2 Awec), g3
1 SMSE THo= = F H% el % o], e},
] sMssle] ERAEIe #4 5 uhg Fajel A

o
49l SMSHY] Al $2E ARE AT 5 9E 2

o=z 7|hE ),
XA O
b | el

¥ (Lentinula edodes), =3 3| (Hericium erinaceus),
“el2] (Pleurotus  ostreatus)®]  WA5E-502] (spent
mushroom substrate, SMS)E E |3} &85t} Y]
3} 2LERskE 50°C ol dellA TLeM 109 FQF A&
o] 30l F&o] AREHIJTE EHH|SE E LeCSMS,
HeCSMSE 130%, 80% FEXol] thsl 4} wolx|45



HAlE gl o] Hu| st

Ho H& o g A Yol FE FFITh. HY]
slol| w2 Ee] 3}5H4 WelE AL 3 bl pH WL 4-5
A 6-72 Z7} FQL ECE 1-14 dS/mE AF A
o 714 e LeCSMSOIA 36.9%= SMSell
H|3t 60% o 71 & Zo=2 744 FHUTH LeCSMS
2 71F2 2 N (1.2%), P(2.3%), K(0.77%)3 o] 21
Qo FFEL RE CSMSOA 71F3] o]81g.oH Ca,
MgE 30%14 60%2]% Z7F6t3iTh. C/NH]E= LeCSMS,
HeCSMSOIA 15% S9kO1t PoCSMSOllA] 32%= =7
YERETE LeCSMS Aol W& 315 B AS8e
Al f71EH] AT 5 o ol Hlste] 27g0] 60%
o =A Ao AX, A, Aol ThE Ulx
o Hlgte] B -5t S a5 BT

zMel =
2 A7e FETE71E719%7H (IPET) f-85
=]
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