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Effect of spent mushroom substrates on Phythopthora Blight
disease and growth promotion of pepper
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ABSTRACT: Water extracts from spent mushroom substrate (SMSE)of edible mushrooms, Pleurotus eryngii, Hericium erinaceus and
Lentinula edodes promoted growth of pepper seedling. Mycellial growth rate of Phythopthora capsici and Fusarium oxysporum
was dramatically inhibited by 100% and 70% on PDA added with SMSE of H. erinaceus. SMSEs from H. erinaceus, R eryngii, and
L. edodes effectively reduced the disease severity of Phytophthora blight of pepper caused by Phytophthora capsici to 75%, 10%
and 35%, respectively. These results suggested that SMSE from the mushrooms have dual effects that suppress phythopthora blight

disease and promote plant growth of pepper.
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AlA 2] MAAARRFE 200808 71502 348F 9| o]=
™ opAlotel S SR AiELL Utk S F
AR A7 F AARES 173,354E (20139) 28 =
LAl (Pleurotus ostreatus), Z=EF2IMA (P, eryngii),
sy oWl (Flammulina velvtipes)©] WA Aakeke] 88% S
A G (EH A F, 2013).
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Aejgdo] 23hd 71578 WAESS Aol JH
W HFEHA =FFOIHA (Hericium  erinaceum)©]
W B BAANE AuHA ] sojubal ok BHAL
(Lentinula edodes) =THHAl = L] 20%E 2]
star qlom AEAfujol A IFHiAE &3 AfuirHol

w40l St Jnk. dWbH o2 WAL | kg ARtel WA
HjA] 7} 5 kgo] AH|E= o2 B u) s WAl 3 &

¥l A] (spent mushroom substrate, SMS)= d7F 2007H=
o)go] AitE]= Ao g FHHr.
SMSE F7ME, §¥Y], 98, 34 QLAEAAGIEE

A, AEAA), 7I5ALE B HARRZ 71 she] AAL
& 5 tekeAl AR H30 Qltk(Suess, 2006). Suay 5

(2000) EAF 204% 317dFE o]-&3ko] Aol tigh
a2 GAste] 109 species’t A2 =3o]2] A
A Asshe ool Jde AR B g b glo
), @A) A A e FerEde] £, 58
stof BAL sl ot th-e] A A el H5
o} Yt} (Alves et al., 2012). A A-&WAl 2 vl
oJoll-g o] gate] AlFAEHUA FFo|9 AEH UM
o] A7l oF gk I A 1 Ao A8-9 A
7} B3% vb 9ok (Chen and Huang, 2010). 22y} &



AHA B A dS 2] A&7l fsie ol
2l FgH]go] a5
. 28U SMSE
FZaguteow 28715 &)
A Bl ® 3 HIER e {824

Holx 844l Ak, SMS
= B-glucosidase, cellulase 59| Th¥sh a0} 2 EAS

X FEAAE, e, ¥ A e 5o g
olattiARbEel EFE e Ao dHA U

(Hautzel and Anke., 1990; Lim et al., 2012; Parada et
al., 2012; Suess, 2006). 53] 2]-8HA SMSH =2
o]g3t A& W WA= AAFEES AAH R Actkst
3z 3 AR o8 T k. 28 SMSE ¢
sk A& W gAY oy Tkl Eelal ulelA =
A= ek Aol
VEE LA HATHOZT 44,817hae] WH o]
A E L lom W7k 117, 32420] AAE T e A
A Aotk (Kang ef al., 2011). 3150
WA= IFAWHL Phythopthora capsicioll 2]t €
Qo] = e 7P & JslE F= Aze golt
(Kang ef al., 2011). w2hA] £ A4s A F=2 A
Lbel e SrEwAl, 2aHA, =FgdolmAl Fof 24
SHA SMSe] & FE9E o]83st AF FE AS
I aFAY ] A EHRE 2AF e o A9E B
S ia =

HA =& £ iX|e| E F=

SFrelHA, A, =fgHoHAle] SMSE F
7= AT Al URE A E T B Rlo} 2185}
At SMSERE {FIEAAES F=317] $lste] SMS
100gS A 430 75 300 mlE 7t sk 2417
Bt A2A 200 rpmollA 1" viEF SFATE. SMSE
Fole 279 mEgaE 22 A2 10,000 rpmolA] 10
Bzob 4 Baste] SMSTES HAAA sta A
A& SMS water extract (SMSE)ZE 3o A& o]
SHATE.

oo o

Table 1. Effect on pepper growth of spent mushroom substrates

AFsE7) 918te] IFFAE plug tray

oF FEE AR AL

o AM&- 3}9ith. SMCE

ElEde] Akl 2
Z

2, 9, 9, A, A, 9] dols 34 sk
FEAEEZ a3 AFE AL I TH(Table 1), ti2+

a3t

£l
=
0x

T AFE N S Bt

LAY (Phythopthora capsiciy® Fusarium oxysporum
< FESH F9sdAdANA 2 ol ARE- B3
o =FFdo|HAl SMSEE 28] HEe= 3H] 8|43}
PDA(potato dextrose agar)9} E3sla ¢ Atsio]
Petri disholl &53le] SMSEE3 PDAE ¥E3Uth.
SMSEE% PDAHIA] F-ell ml2] PDA%ONA 373t +
AR 273 5 mm S HESAL 149 Tl FARE o

A

FAd FAFEE Y5t 10% V8 HiA] Aol 57 %4
of 2k HEY UGB mm)S FLg Al HE3HA
th 24°C & 27X 595t vt 2= FAAE
HHA(F A7 10 mm)stL A5 20 mIE F7ste] 53
S ZARSFAA 24°CollA] ThA] 29 7F v <etaict.
A FAARE TulE(X400) F3FAT7 (Zeiss Axio
imager) O 2 BRI%H F 4°C WAL 60%7F WA 4
2o 3027t ol Ak fEe A= F A=2FRs
Z Filterationd}] A= AF skt A
S|rAlel ERIEE ARESElo] 10°mL! 2 HAFE 24 8
ATk FAqWol g SMSES] WA ZHE AL &17] ¢
ste] LE (A7 10 em)H o] FENA 309 B4A2 AL
o £2€l2] SMCE 50mlAg] &t} 39 A3 3 2
FrE WS Aot sl vF9Y 454 £ (10°mLY)
HEtelof] HA|ZL £Eo| o]2 3t SMSES %o
ARSI 50 ml #FE A Sorn 59740 R 33
2] kA ¥ i AxE 3 s

o=
=211

L 1o v Jo
o

SMSEs Plant height  Leaf length Leaf width Leaf number Internode
(cm) (cm) (cm) (numbers) Number (numbers) length(cm)
Hericium erinaceus 40.53+t1.58a 5.97%0.19b 3.16+0.32a 24+1.83a 12.1+0.69a 3.84+0.21a
Pleurotus eryngii 41.50%+1.85a 6.2410.18a 3.10+0.22a 23+2.45a 11.9£0.58a 3.7310.26a
Lentinula edodes 36.68+1.46b 5.49£0.23¢ 3.08%0.11a 24+1.20a 12.0+0.56a 3.9240.25a
Bed soi (negative control)  32.63£2.12¢ 5.21+0.30d 2.64+0.22b 14+1.70b 10.6£0.69b 3.4410.16b

*The different letters are significantly (p<0.05) different according to Duncan's multiple test
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SMSE 2EAe] &3S 9l I9de 23 sl
de Ao® BY FUTH(Maynard AA, 2008; Fasidi e
al., 2008). Wt SMSE7} B 7gel ojw gt d3s m
AEAE A} 59T, Table 12 SMSEA| 2o wh& 1%
FEO] 4FansE AR 202 FElWAl, 1Y
A, =FFdoluAl SMSEE EAgTol Hlsle] 2
18%, 97 12%, GF 21%, A7+ & 12%, 744] 1%
29l T 41% oA BF SUHEAT 53] dgs B4
TE et 14%e] FAE W SMSEAZTE A9
1.5u02] A7} @A E o] SMSElE A EAFE &
83 JFo] X3} 3t e AR AlE HIAUTE He
Pleurotus pulmonarius®] SMSE ©]-8&3+ L}o]z|g]ole] 4
Fo] opale] A= aFE B 3 v} 3t} (Jonathan
et al., 2011) SMSH 2] H] A 2|t H]sle] 2] EA) <]
z7go] 2ujo)ite] S FXIAFOH Y] HeE 2
Hjo] Y F7tE o] ofa| &l ko] #A 3] F7F HA
oo Skt e A Ee] S5 FEALAE T8
st 2 EA 9] oA thArg o] HAARD FAaEA] 4
EAG Fog S s £ A+ SMSEE 9434
o mW$ F8e 7lee sk o= yeht 7] By
(Jonathan et al., 2011)2} AX€ ZAAE BTt SMSE
HATARA 7F Ailsls SZE | a4 23 cellulose9}t
lignine] F3¥ Adejol] lom 7 BajitEe AE84S
Qe va H3t A Qo g FFEIA ¢ Yoyt BN
Aol 83 9T sk AeF HilEo] Ut (Suess,
2006). W 2 AGe] SMSES 23 El| A A
SAle AL EAE o7 $7]F HE e B
FAZA Ego] ks T ZoZ AR FHA

SMSES| 11FAlEo| MEEXIS T}
[e)

SMSEQ| Tt x| gt
2 AT 7] ATl eyt 4l e, 1
WA} =g olHAl o] SMSolgate] 5o te]
ABHE ZAIAT. =Fg o] SMSE AT+ A
off Hlste] 75% ol/de] WAlEHE Ho EH
Frelg] SMSEAET= 22 65%9F 25%2] X}
& WA IS HATH(Table 2). Fig. 15 ZFFH 2
A AF E ol Ft AFHF 3 T SMSE
A2 gt Aotk ] 109 Fol] tlx+= el 7
o] 9 A7t flx2== BWA o] YEREA Y SMSE A
= 43 & 3% sk Zlo] #EE o] SMSES] F
Yool tist WAl g =E g2l & & AUt

Fig. 2& =F¢o] SMSES PDA$} &§35te] #| %3k
Hiz] Aol I FARE HES 7Y Foll FA}
AFES AL g Aot =Fg o] SMSE E3iA|
£ ZFIYT FAIEES 100% oA skdou, Far
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Table 2. Effects of water extracts of spent mushroom
substrate on the disease severity of Phytophthora blight of
peppers caused by Phytophthora capsici

Mushroom species Disease severity (%)”

Lentinula edodes 35+5.3
Pleurotus eryngii 7515
Hericium erinaceus 25+4.8

? Values were means+standard deviations of four replicates for each
treatment. The experiment was repeated three times.

Fig. 1. Effect of water extract from spent mushroom substrate
(SMSE) of Hericium erinaceus on disease severity of
Phytophthora blight of pepper caused by Phytophthora
capsici. The disease symptom was observed after 14 days of
inoculation.

A EHAFOZ AMESE Fusarium oxysporum 2| 73-%-
SMSE EghifAlell o3k A A&7 10%= 3L
S tel vl vawA] WA JERTH(Fig. 2B). 27 £9)
218 ALL] v A S o] &3 A=A #AMIES
Al APeA SERIHAS 10%, FEolHAlS 23%=
IFAHo|| FARYE AAEHT A= AeE B FHof
(Chen and Huang, 2010), =FzJ°] SMSE= H¥ ¥ t}
& A SHAlET gde A gt e AR dre A
o). olgfet =& e IFGEFe] YA EHF =
FZo] SMSENA 7HE =0d A A He= 5o
AFR = AT

A AelAl AWMl Clitocybe nuda, Coprinus
comatus, Lentinula edodes®] A wWgol NS o] &3k
IFAY ] HAERE AL S9=dl C onwuda, C
comatus = ZLFGH 90%°]de] WA g7} o 1
WAL e 10%W 2] W Al adE HRlthal
3} Th (Chen and Huang, 2010). ©]<= XF9W 9] o
AR A b= Faet A3EA B A fEel ogt
A W BAlERE 34 7 Al H2elle 2
LElg] SMSEE o83 W WA|ATolA QoA+t
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Fig. 2. Inhibition of mycelial growth of Fusarium oxysporum
(A) and Phythopthora capsici (B) on potato dextrose agar
(PDA) added with water extract from spent mushroom
substrate (SMS) of Hericium erinaceus. 1: PDA added with
distilled water, 2: PDA added with water extract of SMS.

(Collectotrichum orbiculare)®l 85% WA &7 U= A
©2 W Hoj(Parada er al., 2012), Z=E}l2] SMSE¢]
A de] gk ¥ gAEHTE 21 H ATt stEHAA
WA (Lyophyllum decastes )2] I3 SMSEE 2.
oJERA| W] AE AN FAA WIS FHNT=
Aoz A=l (Parada er al., 2011), o= AP+
FHM FE2EHe ¥ AE FE=EAdwd 7IRlE=
ZOF B FHIUTh AE-AEHYRTo] FEAgAT
N WA FAA ] SrshE A EAbEge] whild o]
el W AEE freste A3 FEA (elicitor)=
2## Tt (Shibuya and Minami, 2001). 2] & 484
ol A elicitorg 12 ™ salicylic acid(SA)Y} jasmonic
acidJA)}F 72+ W A3 = AlsdgEdo] ¥ A3
A2 S f 5 ot W A3 vhgo] yEhA |t
A HAE 548 (systemic acquired resistance,
SAR)¥} induced systemic resistance (ISR)°] 1o
SARE SA oJ£ZHOZ PR-1aE ¥ §3l= pathogenesis-
related (PR) f2ke] 2&E F=gth. ISR SATHAIE)
2] Jasmonic acid (JA)9} ethylene (ET)2]E2%]2] A&
A AZ plant defensin 1.2 (PDF 12)3% 72+ ©2 PR
FRAAE FE=H(Minami ef al., 2011). SMSE ©]-8-3F
elicitor 7= Lyophyllum decaste®] 3} a+3s SMSE
7F AHE-E b 9=t SMSES AH2|gh Qo]olA SARHE
o] WA PR-1FH Ho] F7isEe 202 gl
ste] SMSO] A=W A FEAZA S 715S AA &
SAtH(Parada ef al., 2011). WAL =0l F-824 Ee= 7]
AR o7 Fho HAZH QA4S VA o SMSel| &
Ashes L= dARE FEA it A ko]

Table 3. Effects of the water extract from spent mushroom
substrate of Hericium erinaceus on mycelial growth of six
plant pathogens

Plant Pathogens Inhibition of mycelial growth (%)

Alternaria solani 65.2
Botrytis cinerea 20.5
Corynespora cassiicola 56.4
Fusarium oxysporum 66.8
Phytophthora capsici 99.8
Rhizoctonia solani 16.3
Sclerotinia sclerotiorum 42.6

g 5 ok FIWMAoZRE A EAF elicitor7t I

EElEo] 5S4 & vl UTH(Di Piero ef al., 2006).
AFAHE AFAE gl T 2 SRS 7HA

o= Qow JelA Ak 3 gwe] Al PHeEe
2+ = tlokst A2 vbA| WhHo] saEo] gkom n)

a2 5 S 59 O [
BEAAE o] &3 A4 WA, 9 AFE F5540

F 5 SMSEH] B APA FEAS Pt
By RE AR AR W PR A% 7)EAE
shu e o AASE el gl A e of

bl
kO

FE}2] (Pleurotus eryngii), 3L (Lentinula edodes ),
wFFo| (Hericium erinaceus ) WA 3 5 ujx|
(spent mushroom substrate, SMS) & %< (SMSE)<]
IFAFERT IFAYA A aHE AT F=
AL, A B =R dolHAl SMSEE +EA
AAlell 9 1, 24, A7k, A5 TollA il H
slo] BE 11~41%E B 20% o] =2 Afa=rt
ARom = A 1.5 =A YERTH =FF
o] SMSEE3 PDAMIA|= 259G WAL A4S 79
99-100% <JAlstAtt. F=Ee], EAHA Bl =T Yol
SMSE= 2341l thstod Z}2t 25%, 65% 75%°1732]
A g 3E B
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