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Suppressive Effect of Water Extract from Spent
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ABSTRACT : Water extract from spent mushroom substrate (WESMS) of Pleurotus eryngii suppressed bacterial wilt disease of
tomato caused by Ralstonia solanacearum by 70% without any direct antibacterial activity against the pathogen. WESMS-treated
tomato had increased contents of free phenolic compounds (increased by 3%) and total salicylic acid (increased by 75%), and
significantly enhanced plant height, leaf number, and fresh weight compared to those of a water-treated tomato sample. These
results suggest that the treatment of tomato with WESMS can suppress bacterial wilt disease by enhancing plant defense factors

and overall plant health.
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g4 952 WA 8 5 vl x| (spent mushroom sub-
strate, SMS)E 1# & = glom o] HALS F83lal H
HAE AL 0= SSFO} FALSE 54S 7HAAL Jlo] MRS
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7HARSEE RS A o 209 E o) de] E=El2] SMS
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P FE T3 8 JAET 5 o]l e 84T} e
RO E F4E o AU
Qolol] WA == Fgo|H e} SreY, 18a
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WA ot Qo] AEAel At 79 AAaHrt
o] Freidol] ok A2l AR AEAS] W
A& =717 systemic acquired resistance (SAR) HF
S Aol 7108k ZAe® Bt FelWAl
3} & wjR|o] A0 3 vl =t AR R F
T AE A A9} vlawste] ThlEdlEFo] Yl cellulose
FeFo] gtom, Sl (Ash) 5% BE S7Fekal WAl 78
of| & &eo] 30~62% AREE Ao BuETH17].
5 3 A 4, BAAE S AXH TS tiaL A=
o] ik Ao 7 FFEH g wjA|o| 2Es= TAK
EHE O AEY FEF0] B Al FE Vs & AU
ZElE] SMS G725 SOl ofust Aol ErlE
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l

ot ok

HA 3t £ HiX] E+FEE(WESMS) HM2[of| 2 =
OlE o= ME & Hst

215-0] B Z§A] -g-o] AY3}sHA M= salicylic acid
S A5 EZ F71} phytoalexin A =R S71olH o=

(B)

WESMS

Water

Fig. 1. Suppressive effects against of bacterial wilt disease on tomato plants treated with water extract from spent mushroom
substrate (WESMS) of Pleurotus eryngii. Tomato plants was treated with WESMS, DL-3-aminobutylic acid (BABA, 0.5%) and
water and inoculated by Ralstonia solanacearum cells (5 x 10° cfu/mL). The disease severity was observed from 0 to 15 days
after inoculation (A). The tomato was totally wilted after 15 days (B). Each point represents the mean disease index (+ SE) for
three independent experiments, each containing 10 plants per treatment. Disease index: 1, 10~20% wilted plant; 2, 20~50%

wilted plant; 3, 50~70% wilted plant; 4, 70~100% wilted plant.
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Fig. 2. Content of phenolic compound on tomato plant leaves treated with water extract (WESMS) from spent mushroom sub-
strate. PE, HE and LE represent Pleurotus eryngii, Hericium erinaceus and Lentinula edodes. The WEMS indicates mushroom
substrate, which was not inoculated with mushroom spawn. Water and DL-3-aminobutylic acid (BABA, 0.5%) was used as

negative and positive controls.

< s AEeE TAE0 o dE RSV A%
7 f=ek Be] 3= Ao® HuERltH18]. wehA,
WESMS A 2]o]l the Erkee] ds 3 Hsls ARSI
o =g o] WESMS A2l #l=ehdol 35.28 mg/g
2 E AT 30.96 mg/ghth 13%2] #l= hge] Skt
o™ 31 WESMS A2 7-= 43.56 mg/g2] & AJE0]
AZE ] & APFEY 30% o1 S7HETHFig. 2). 4
=9 B A A= de] EEA 3= BABA AT
= 33.12 mg/g®] H= o] YERTh F=Ele] WESMS
AT 31.68 mg/gOE TFE WESMS A7l s}
2 wlEeEe] AEEAT-

21ZA]9] #lE A4E (phenolic compound)S Y3} 7]
T AeA| 7o) s atgel B A Fad 9gE
S}, vl Adu2 Tl S4o] slom AeA 2 %
SAE vlE A W AR frdll Bojske Aeg &
214 219 hydroxylbenzoic acid, coumaric acid, caffeic
acide= A=A WellX el 24} Zoleh FAMSES
Al v MR Za 845 BEstARITHi8). 53], 1
A A} 2FE2] peroxidase®} polyphenol oxidase™
lignin?} phenylalanine ammonia-lyase (PAL)C|™ ©]52
H &g AHE?] phytoalexind} H|E AJw-2] Aol X
Biasie

ZLEl2| WESMS 2|0 [HE salicylic acid &2 H5}
ZElR] WESMSE dHtEdo] giANt BEvlE u}
EH Al g BEE Y. o= EEl2] WESMSE H
&g SAR AedE EZQ salicylic acid (SA) 3l
M2 A = Eds F8E  AJ wepx] HA
WESMS A&l & ErlE 919 SA 3 oJF-5 AN}
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Fig. 3. Calibration curve of different salicylic acid concentra-
tions on liquid chromatograph mass spectrometer. Correlation
coefficient (R’).

Aot FTEE2 salicylic acid (Sigma-Aldrich)S AMS-3}
AT}, EF salicylic acid®] calibration curve= 10~50 ng/
mLoA] correlation coefficient kS ER1SH A3}, F=9
2t T2 A (R > 09999)e B o 54 A==
se131HFig, 3).

A 2 & ulix] WESMS #2]ol] w2 ErkE 919 sA
2 ARE AR fl8te] ExEe, =Fgo], FaL
A WESMSE ErEE 13t fefol] x)gfstar 96A17t 742
5 ErtEgle] sA e BA% A S| WEMS A
27 3.9 ng/mLo} & AT 3.6 ng/mLol| HISt] E=E}E]
WESMS A 2]ellA] 15.6 ng/mLOZ SAEH©] 41 o]
HEF AT (Table 1). T =F-gwdolo} 1144 WESMS
A2 ErlE 9 A5 SA gHde] 5.2 ng/mL, 9.8 ng/mLS}
Hl w3l Z=Ef2] WESMS Agl7= 2.581¢14] 1.54] SA g+



Table 1. Content of salicylic acid on tomatoes treated with
water extract from spent mushroom substrate (WESMS)

Treated Area ng/mL (ppb)
Hericium erinaceus WESMS 36,501 5.2
Lentinula edodes WESMS 68,145 9.8
Pleurotus eryngii WESMS 108,025 15.6
DL-3-aminobutylic acid (0.5%) 33,409 4.8
Pleurotus eryngii WEMS” 27,520 3.9
‘Water 25,228 3.6

“The WEMS indicates mushroom substrate, which was not ino-
culated with mushroom spawn.

o] 7= At

A& A EH AT e e ATl T TARK AlE
B9] oligosaccharide 5 & Ad&o] A= 2183l B
WolE feshe 2102 AL ITH19, 20]. 2= f %
A2 Al 85 A3} (systemic acquired resistance, SAR)
7} induced systemic resistance (ISR)©] 2™ SARE SA
OJEHX O F PR-1aE XE3JISh= pathogenesis-related (PR)
FAALe] HS FE3H[18]. ISR SA thAIEA] jasm-
onic acid (JA)$} ethylene (ET) &&4Q1 AleHdGA A=
plant defensin 1.2 (PDF 1.2)3} £ & PR A
T3 WA ZRE AEY A A=A A7= &
IHA AMA 2R A b @l Ao elicitor2
2rgatd QoS AAlsk= o= Hard uf ok
[21]. Parada 5 [22]<> Lyophyllum decaste®] SMS 119}t &
T FEES o83 o] B ¥ WA JAaHE
Bk v} =t SMS FE5-2 chitinase®} B-1,3-gluca-
nase fr3ARS Wdst Qo] AEAY AFES ST
thal et HZolle =g dolHAl 5 3 ujA] E
F==9 BErlE FulEHd gigh AaYE Bk bt
Jom FEFE ATZ SAR AEH o] ARl AdH
PR-1a¥} B-1,3-glucanase 312} W&Ho] S7}e]= RO R
ERSTH9). gRbdo g AEHAZITe] AgAdFEAle
TAA ] Al3EE Aol 231=o] 1= B-glucan, peptide
o] WEE™ SAR HRE-9] €Rl0] He Ao=E UHA
ATH16]. weEbA, AL 78 5 A= vhke] HAITARA
7} s Jon EF=E gollA dAK AlEEEZo]
WEEo] ¥ A3 FEAZ A8 F AS A= A7
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Fig. 4. Tomato plants after 15 days of treatment with water
and water extract from spent mushroom substrate (WESMS)
of Pleurotus eryngii.

Hr}. 53] £ ATl E=Elg] SMSe= thE HAISMSE
o A8 BrlE Folgs AP feE S8k Ao
2 Yept 5 W A3 A4 due] AA F A

71247} FREE B AA1kE 29T
WAA] 7ol F-831] o8-8 4= S Aoz HYEH.

SLEl2| WESMSS| AlSME=X| 51}

ZrElE] 78 £ A E55EY (WESMS)S EVLE
ol I Agshal 208 Foll 2%, G, 4F, 45}
AA S A5 A F a5 ARSI Table 2
= 1 232X Z=elg] WESMS *E] ErlE fHE X%
Aol 31.25 cmEA] & 8] FH 17.30 cmell HISt 47%
oo xAo] Z7IEAt. Z=Ele] WEMSH 2|79} Blal
St 2o] 22% ol F7HEUTH. WESMS A&7+
=3 WEMSAH T Hlste] 39 g9 B9= 15~
25%, AT 30~40%7} S7FeFATH F=E2] WESMS A
g7 & AR ErfE AAFo] 85% ol STt
Rom WA FEE 70% o) 7=t Fig. 4= T=
El2] WESMS A&7} & Ag]7-2] ErfEASAEE v

Table 2. Growth promotion of tomato plants treated with water extract from spent mushroom substrate

Treated Plant height Leaf length Leaf width Leaf number Fresh weight (g)

(cm) (cm) (cm) Shoot Root
Pleurotus eryngii WESMS 31.25 + 1.74b 5.63 £ 0.30a 2.94 + 0.29a 51 + 1.47a 1.66 + 0.31 0.21 + 0.04
Pleurotus eryngii WEMS 2529 £ 2.17¢ 4.55 + 0.24a 2.16 + 0.30b 30 + 2.08b 0.82 £ 0.23 0.11 £ 0.03
Water 17.30 + 1.85d 3.69 + 0.33a 1.73 £ 0.24c 28 + 1.65¢ 0.30 £ 0.11 0.05 + 0.02

The different letters are significantly (p < 0.05) different according to Duncan's multiple range test. The water extract of mushroom sub-

strate (WEMS) and water was used as controls.



328 Folul . oI - A3t

WE A C 2 FElE] WESMSA|A &
= BEE Qo

Pleurotus pulmonarius SMSE- ©]-&3+ Ljo]x|g|o}e] 4%
o] o] A4 7 &3} Halo] W= SMSHE| TR 1]
A2l Hlste] A&A] o] 7o) 2vf o el e =X
AZeH el e ujold ST o ok A=) 4
sJago] FAI3] Z/1EIITk (23] So] B ATANe FA}
s

SMS= HAle] Akshe e 5 Ba aAggoR
WA} S AL} el A E Akste) Tl
A, 3, A, ) o] 2T AV, 2, 2, A
E2oot adozH A% ARSI 83 712 4
& ol X 7). ol H8% BEE 48
o WS EA5T A% ATAE AR TozA

o] ZHEIe Ak YL A0 AZHEL. BEY
o2 B Q7o) Tirle) sMse] EARE FokEH SR
SR A R, HE AR RIS 719
S Ao A7kt WA 5 F ulA WA e

AN A T A2 24 E49 WATAAE T
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23 A4S 919 F89 ARE o188 - 8 HoE 7]
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ST A

A o
b | L

FE}2IHA (Pleurotus eryngii) 5 ¥ B <] (spent mu-
shroom substrate, SMS)2] & —;r(%o—“' (WESMS)= A& gt
ErlE ARAE B FLEEE 0% o) SAERC.
‘1] H= d1(3%) 2 salicylic acid 5]"“*0] Z7F=I ek gk

Frele] WESMS A7 EvlEE, 2%, 9%, 94, 44,
Eﬂﬂ"r A oM & Z%E] 2 FelHA Bjx]
TS ARES thEarol] HIsk] =2 A £ 8395 B
t}. o= F=Etg] WESMS7} ¥ Xﬁzﬂ' It 55319
EnE B3ly)sAdo 2 SE%13A FulEd vlAd -8
sHl &8E ¢ o= vERdTh
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