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Abstract

Searching for natural products for disease control applicable to strawberry
industry in Taiwan, this study aimed to investigate the potential of chitosan
oligosaccharides in solving strawberry disease problems. Strawberry is an important
cash crop in Taiwan. As strawberry is a temperate plant, which cannot tolerate hot
and humid summer in Taiwan, it is vulnerable to anthracnose (Colletotrichum spp.)
infection, resulting in more cost due to higher replanting rate. In addition, two
diseases, leaf blight caused by Neopestalotiopsis rosae and bacterial angular leaf spot
caused by Xanthomonas fragariae, emerge in recent years, and the most cultivated
strawberry variety Xiang-Shui is extremely susceptible to leaf blight. Such scenario
makes farmers suffer from enormous loss and the disease problem aggravate in the
strawberry industry. For a long time, chemical control is regarded as the mainstream
for disease management. However, with the rising awareness of environmental
protection and food security, it is trending to replace chemical agents with natural
materials of higher safety. Previous studies have revealed that one of the natural
biological materials, chitosan oligosaccharides (COS), has antibacterial effects, and
can serve as a pathogen-associated molecular patterns (PAMPs) to induce plant
defense response. Therefore, this study focused on the control effects of COS on
strawberry diseases, and preliminary understanding of its possible mechanism. First,
by testing the antimicrobial ability of COS on the major pathogens of strawberry
diseases, and observing its influence on the severity of anthracnose, leaf blight and
bacterial angular leaf spot, the control effects of COS on strawberry diseases were

evaluated. Finally, the activities of defense-related enzymes and the 3, 3’-
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diaminobenzidine (DAB) staining method were used to preliminarily explore the
possible defense mechanisms of COS. The results showed that COS can inhibit
appressorium formation of Colletotrichum siamense ML133 and spore germination
of Neopestalotiopsis rosae ML2411, but not growth of Xanthomonas fragariae BOO1.
Weekly application of 5000 mg/L COS to strawberry plants is recommended for a
better control effect. It can significantly reduce the severity of anthracnose and leaf
blight, but is not effective on bacterial angular leaf spot disease. The control effect
can last for two weeks for anthracnose, but diminished for leaf blight in two weeks.
After pretreatment of COS, inoculation of anthracnose induced catalase (CAT)
activity at 48 and 72 hours post inoculation (hpi), and phenylalanine ammonia lyase
(PAL) activity maintained stable, and higher than that in control plants at 72 hpi. CAT
activity was correlated with DAB staining results as reduction of H>O2 accumulation
was observed when CAT activity increased. This study provides data for the potential
of COS application on control of strawberry anthracnose and leaf blight, as well as
the appropriate application frequency and concentration. We hope that COS can be
introduced into the strawberry Integrated Pest Management (IPM) program in the
future to achieve the goal of reducing the amount and frequency of chemical

applications.

Keywords: Anthracnose, Leaf blight, Bacterial angular leaf spot, Chitosan

oligosaccharides (COS), Integrated pest management (IPM)
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BHAT T H A LA B RRRFAT 10 & RYFenspiia s £ 4
ERERBPLE O ARRF I ERERREE S (LR EAH L2
(4812 > 2018a) c X W R B &> B /T AT 5[ 80% %y

= u FAR YA { L7 2 F i 50% (Howarderal,1992); &4 %> 3 50%

FRA< A BEI AT 1G9 20% iR F R RREH 2 (Chung ef al.,

R R FRRE T FENEET RBERT T AP FEF2 (Integrated
pest management, IPM) K ¥ » A (FlF s> g5 A7 EH ﬁf[ﬁqi Sfa (4o
Bok) Bl TR EHEE TS RE R RACTIERT LA e F Y R
FLRBERFSEAKFRMATEIRAFI o ET o PP LB FRR
AR o TEEE R RS SEY B 2 S E R R A
BHp T e d W RBBAEL 24 2T T GEd b oA B ok
g BT SRR 0 T R 50-86% e tRIE A (4EfrE 0 2018a) o AT
PG R RBRPR A EF B R L AN T B
HF e (4% 02013)0 b S TEREFLER B FIFER 0 L HRTEF

Bl E o e WL o T R T R S e S

BRI G 0 F e T fEtR Y B S ESEF%#"‘flx*JK»
FOEAANIER b R AR S e SRR (BfrE > 2020) ¥ b 3 AT
AR RETEAS AREAT PR ST R LR T ARANF TR B
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ot HREE B RS F Pk TRET PR LT FFFL L P

o (EE > 2014)

B R TR AR R A E o R s B
FER2 ok - BEFRAF R TG RRPRINRIE S &P S gl
Bo T B 24 [ PER f R E ER R MR R ﬁ%*#ﬁ“ﬁ‘lﬁiﬁ%f*iﬁ =2 i
CEOV e R AR R EL R R R RAE B AT E 02 L BT MR
BQ021) FAER o R FE LAY 0 TE S ARBHFEEEE T e
A 3,000 0 23.6% F oA ACKEA AR 3,000 0 24.9% kR
A~ AR 2,000 B 0 25% F IS A S R 3,000 & 43.7% = & SRR

B EBER > RILEWT SR > LB T R - o
(Z) ¥ FERRBLPie

T 10 # %k > Neopestalotiopsis spp. ¥ F = £+~ FF ~PTFE2 S K
Mok > ¢ 5% d# (Rebollar-Alviter, 2020) ~ ¥ & (Wen, 2019 ; Sun et al.,
2021) ~ =¥ (Ayoubi, 2016) ~ &* & (Amrutha, 2018) ~ [# $22& (Obregon, 2018)
% % R (Wyenandt, 2020) % 46 % - £ 61a 3 > 1395 Rebollar-Alviter % 4
2020 E R E > & F B & 2017 & F| 5 Neopestalotiopsis rosae 1% = ¥ & T J§ »
RELTELRTT S0% chdf4 52020 £4¢% 5 Wako VenT FHRF
s Fltopid S+ ®iE 50% kot = (Wyenandt, 2020) 5 4 4 & 2018 £ B 4
B R adk AR PF s AR ERERFRA WERR SR & 2019
302020 #pE o ppd c LARRE RGBT AR 8 { L H R 30%

HE k4T 4 (Wu et al., 2021b)
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N.rosae 5 3 BRE LM 2R EEFAT B I R R AF o~ A~
mE L T R PR S (b B4 ) PR R KRR (F
i’mm:ﬁﬁi’mm%dﬁﬁﬁiﬁivugﬁ&&@%’ﬁﬁéﬁ?u
ﬁaﬁaw’ﬁi@$%@%ﬁ%§§°$£&@*2$C%@$T&Ew%
BR B 80% 0 K¢ 1 :;:.%p}’;ﬁlg EVES SRR 4 ﬁrn*ﬁ:i #Z (Embaby,
2007) 0 B AR Y A G AT FEleop L feEr F o B E (2020) 450
BA AR ERPCERR RS LRI ieak % o R 3,000
e 25% AR AH R 1,500 6 h 25.9% @ Ik AR R 1,000
B 75 g/l & F R~ R 1,500 % a0 39.5% e F e kR~ R 400
B 80% #r&R 2 f FIRMLA A2 AR 1500 B0 62.5% FHESB RS
ﬁﬁﬁmiaﬁgﬁ$%&1’ﬁﬁ%ﬁwﬂﬁ%»%ﬂ$é§9mgu;o
e FHERBPLITARBLAFEERN S FART FL L E B LY
T A o 0 AR L ELA R En R R LA AT F AR

%ﬁf%ﬂéﬁ#Eﬁ#%ﬁﬁﬁﬁWﬂﬁ%ﬁ%%mJpé# ¥ o @mﬁ

SE TS S SRR S EEER R Ry e R RSt

HET EDic RBRE A EBDRFE T RT A ERE (L% 52021) @

—x

32m1&6417BFﬁmﬁ%iﬁg&%ifﬁ%g%%%v@*%’
i‘t-‘}fﬁ%’%ﬁi#”ﬁP P TE R MBI AR E S T AR 1,200 &9 53%
hige

&4y

P77 R A AR 3,000 160 24.9% B Ak RA - AR 3,000
B 23.6% F s ACKRA ~ HE 2,000 § e 25% F s 154 A 2 AR 2,000
%ﬁwmwa%%g BRSSO EER > RZREY AR Y > LR

f&_7%%@73¥—:’(o
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(2) ¥FwRREimpL B

d B BT F mE b arnerig S ohg R4 W RSP TH RR

@ 8-80% A €454 (Epstein, 1966 ; Roberts etal., 1997 ) -
# «‘IJ% RF (X fragariae) ¥ i r E dig A BRBRE L 0 TR § U ERBHKTR
Sl Tl R A L fhy LA & o % (Roberts ef al., 1996 ;
Gillings et al., 1998) o Z g > P I,ii}'\? B A2 i I’ii}ﬁ' o OFI g s

Bt 2 P TR 0 LB ~ BN (Schmitz ez al., 1992) -

Fopthe &3a ¢ ool RA T 1‘“”? e F RS QE s
RETEAT R A SR FREP ISR AT F wAR ipD s B2
FABERT LR o £ F o RS F ey Hakgho sr R B RS
FREPEF A FFET (F02008) F2 8 FERE S A2 LRy T
(kWA B G T REP N wE s § stk o e P A
RZARE 32 5 7 * T (Roberts et al., 1997 ; Braun and Hildebrand, 2013) -
F1456°C FokdZu th 15 A48 &t 52°C Bk R 60 4 4B BEIRFEE
MEIRISE RS I R R R AT R NG D
(Turechek and Peres, 2009) - 5 #7 3 3 . > F*f& & Lactobacillus plantarum ¥+
¥ E wm i,ﬁ]ﬁs Fr)» » ¥ iT 5 4 @ &% % (Daranasetal.,2019)° #
& P wEBA T o v REREEN L PURT N ismE s R
A ) 34—},%%%\% r~u E % ?'PEI??;}—Q“,%:%&T » 1A% iﬁ:}?a%%fi # % (van der

Wolf et al., 2018) -

e AT EFRTA L ACFLERS FETH
13
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BEARAMHE A R p g e ¥ IPM ORvE o e B R v & kg
FEREF BT FE - 995 % WERB 1 v 25 (Environmental Working Group)
32021 EEFTIRL  WE@ Y 5 #4£ T TDirty Dozen | ik thsd » v 8
REAFRIEL DB -FIUBH R F 5% 2 L3905 2 #HRE Rk DE
LR S 2L A AR OREU R RERY pARE L H Y 2T

BLERE S FETHPR Y TRELLAT - BT 27 F seeiE o

Frele P24 R ¢ PP AKRA R (2018) 22 ch2b - F P & 4 (%
EFH UG Fee LS RELAPES RETH ¢ B AE i Rk
TRRET ST HEL T B A TR AR R

N FEE R SRR SR S R A A
(=)~ &

dRIRAE A B AR KR E A R Ak S i SR et i e
B ERN o A B EE R hE R ((SH) 1% 0 S F S e e e
6 feRta e s AL WG TR R R ROpRFT S B A %
P e s o g A B2t l - i FTREA BREFAT P AL RER T
MR EEG B BB ApE R ERE A B L 5 AR
AR F AR R R AR R R $OT R X F F R EE R
AR (hfr#o 20135 355 2019) @ e BaF &l G @ % 200K E % g eh
Wt E 3 C4r o HER WHIEAE SRR FELEFAER CFHIF N E G

WRGE L ® Y (2 0 2009)

(Z)~ % &Fim & A
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AR & RS B 1800 & Fi%.%?}ﬁ»’\ B Biol §9 bmod 2T
PR A R Gl R A S0 AR S AL SA 4T (CaS) > Tkl (25 2010) ¢
LA ERE AERAG T T SR fod F 2 2 F LEIER AL
b3 R TR A4 g EF (HS)  5# 44 %8> v 10 iv % decoupler Fr+]
fesig T+ @if4a¢  cytochrome oxidase hiE* o F s f Fet T fed e (T F
M 314234 M (T* (Andreazza et al., 2018) > Fﬁmﬂ?“f TR E G BB RE
2 b - BEEIRea[ B BT AT or e FHBBIERFEY 5 2 R L ek
MoF* ERF 5 F @ d S WS M EFT AL (K {rsh 20135

Robinson, 1924) -
() RPped éo

CRE T

‘,&\

BT Y OHRB O I o BT RASTH o ER Y &
PR SE kpIst 553 %iifas by FS R B2 Tk o (T A

-

;ﬁﬂ Fri) B pﬂ[ﬁ}f—y pﬂ/w\,.d.ﬁ

~h\t
e
[rm \
¥
$he

T Frens 3 4 Bop R FRE S+
’&_?Jlﬂ"fiﬁq*iiﬂﬁﬁi{cw’é\‘ﬁrﬁéﬂi%%{?R?%iﬁﬁ‘?‘:’ﬁiﬂ,%@ Y HETT o &
T A% - gFRY 3 R HT 2 SR T H i B RS

B v U2 sk (4R F > 2004 ; Wenneker and Kanne, 2010) »
(z)~ Hf

Fdrid ¥R IR R A p o (TR ARG R s afi b A A2
PRER FRBERFMESESEY o2 VP LIRS SET 2 &
b Ao R LA BEP R FIER T g S p RE F
S EEEEF OGO ERAF FR B EFBIST BehE e FHI W
B EF S TN G BB Rk L T SR ITR 2 T 0 F g
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E A B’?w?f’g% Z2T A4 ,ﬁfﬁﬂ%@ﬁﬂig

~=i
=
g
AN
pe
dat.
)
&
=
|

£ A58 4 (% > 2005 ; Wojdyla, 2012) -
(I) B2 &

SRR g iR A2 A R ML F R IR AL AR RS
2 ROF RSk R e e e BEA AR R S B dLE ROE 2 K it oo BT
s BRI B drdlp T e o TR S TR R m S o 3 A 4 i
FRE - ARAESEFRERF Bisock (hfrd 20135 38 % > 2014) -
Pp B TR (2021) 0 % Yk T 3245 ] Ba-BPDI ~ R VB T IE  F
CL3 fobh #7532 % 5 BF & * kprip Ao » E Ak F 1CC080/012 Al

'\?’?*il‘fm—%-‘* I]%
LA B 1 a0 S R AT
() B F A RBEES T 5@

Ao E (Chitin) p R AP 72 XSz RAFREF
T AT BB S SRRt R R R ot B o F B (Aot pR
g ) M EE Flenmre BEY (> 2003 5 5 fog 0 2010) - B E* R T
FTigd RERPFS D Bagah B > 7 4 ¢ gy (Chitin
deacetylase) *% j% > (518 70% ™ b N =hd ¢ it iv% 125 ¢4 & 87 57
4% > L2 B-1,4-linked D-glucosamine ‘e = 3% 7 H pE (Chitosan) £ >3
% 12 N-acetyl-D-glucosamine £ =¢ 57 chitin oligosaccharides & 4 <+ 3% 7 &
pEL 5 %7 K pEpe (Chitosanase) *% f#{s > ¢ ¥ ¥|)2 D-glucosamine & ¥ = ®

3 gl (& F 83 5000 Dalton) % 7 % pE (Chitosan oligosaccharide,

16
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COS ; = # % Chitooligosaccharide) (Kim and Rajapakse, 2005 ; Jung and Park,
2014) c 2 A7 RPEF REEBREZ BT BET VE KB A40NK

e >m Rk pH % 7 1+ (Guoetal, 2018 ; Bakshi et al., 2020) »

BT R e S RS T Ao g m A P
(Hernandez-Téllez et al., 2016) > { M B A g F 4~ 2 F 3zl dcd a0 F
# (Naveederal,2019)c & F 5 o287 R (e &1l o o TH)
I AR § &Y R X EcyD (Romanazzi et al., 2018) 5 ¢ b > Apgt X0 B pE
B RGET IR EES L B Arekie AR e B A (Naveed ef al.,
2019)c R ¥ > d BT RpEE B L F - BREMHET NG B R £
TAPEEEREOES RETH (Romanazzi ef al., 2018) - S~ FpE+ 1% &
HEEF AR (Alietal,2010) 2% F 2o V2 L EW ke LEEE &
(Chongetal.,2015) 2 J* B 4ok FE It #rdl £ Fid = % F K% (Menget

al,2010) % o FIA A7 B AR AR RS T Bl (R 2

AR MR oA @ LM G P A (Lin et al., 2005) - 245 Lin
FAO(2005) Ty IR WA FENBST K ﬁ%%%?:}ifmﬁ,}ﬁz R A Ee S

AF RS T RET o X Ed v R USRI HEFAR R

<l

|
e

CoR g ME AT RRAVF 7 F LAMA F RH o F T TR
(Heetal ,2018) » P A * %7 EpEpr? 3 & UEPRResn » &% 1 { 4

'%fgo
(=) BT RBeAT BRLV LR T B

IR 4 g B0 RPEHA A F R o i PRBR T Biskd o 8

PrE e 5 et £apd & F R PF R (Bautista-Bafios ef al., 2003 ; Zhu et
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al.,2008 ; Zhou et al.,2016) - fri%fd v ‘ltnﬁp‘ﬁf‘]fl ¥ 9 % W3 30% etk
3 90% HEw AL 7};}?3 BE sl R e edflic » 30 =
17 p T BeEARR (Lowe et al, 2012) > Bim 87 RPEE F Fink %9 4

i o

iR ERVAE TSR ERE LA B E T VG0t
ok fes Ep Bt # o (Ma et al, 2019) 4 7 3 K fota © kB2
[ 3] I]%% (Southern rice black-streaked dwarf virus, SRBSDV) it (Yang
etal.,2017) » $13%5h F f}fﬁﬂfr% IRk G [ T R B oodr F)fodh Eanldox
% (Ben-Shalomeral.,2003 ; Yinetal.,2013) o d g+ ¥ 8 > %7 FpEL 5 B s i

o S
() BT BpLFrEpesk

Rl o APEOY N e BRi i F MR EF BT T BT R@E B
ﬂ%ﬁ%ﬂﬂ Ni}?’q—ibﬁﬁé“‘ﬁi)@ir_‘ﬁ’—EJ W}t?‘r"‘ el o AR AR S
-NH, &t 52 FFit253% -NHy > @ 37 B@a A~ i e F 2T (Xing

etal.,2015; Naveed et al.,2019) > d ** & fF A B L fenimie 27 5 BB pEA >

-

B i FARF 3 fRF EFABERD I ¢RELaF TR
B R Flee e i em A BT R G A f R AFehded TR PERY o Tl 0§
FPERIFOET RBEAET EWRLFERRFA G EFOT AL FTAS
Er o Rop R A A G F L R e L B e R e p B TR R
B fsig = fmP# v = (Xingetal., 2015 ; Chandrasekaran et al.,2020) o p* ¢+ > & 5

Q)}}Fk A IR A rﬁ;:& gﬁéi"’ 1L iE v;?;}ip B:]r-ryﬁmﬂat‘ » 21 3 DNA 2 &
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e rdr i H A W - mRNA £ = > 2 F 3]FrFre%k (Goyeral., 2009 s Maetal.,

2017) »

A }§ %ﬁﬁ"‘ P%%*E’*’”Fﬁ i

EP k5w N R ER S ERRF R ARG
B LR B ki o #,fﬁ d L X e constitutive (continuous)

defenses 2) % 4 303 B Fp > 4o e RN B oA it A L %5 2 ¥ Y
R R BB R A S e i 1 o % s Y R RS

e g dm Pz 3R LR R BB~ B 0 25142 inducible defenses 0 3 $4E 2
230~ B R F ki {riose 425 125~ = (Freeman and Beattie, 2008) « 1&.4-
wie doG b oenfics s X 48 (Pattern recognition receptor, PRRs) & R i1 R 4
B# & + $-3% (Pathogen-associated molecular patterns, PAMPs) ¢3-9 & > %
PPRs %] 3| m T;f?li L~ PRE R - F] W PE R A B [}%% ¥ e & PAMPs
P g Tl sk R s it 3 e i /S (Mitogen-activated protein kinase cascade,
MAPK cascade) > #-13 55 d ‘mPe & 5 @3E T fmre p 0 3 F s P e

BRI TR DR BRSO LS AR A TR fE R & K

fe i o FTetqE b 354 B F) (Pitzschk er al, 2009 5 Cheong and Kim, 2010) ©

B FLL AR R e iEan s $ 005 & 1995 Epre R 4w
% general elicitor » 3% 3 f£47 ehi & F Jis (Boller, 1995) = % Tl R 125 F& %
o it @ A ST AR A AAOCE BB HE Y EfRp R L e B
pra| B4 oo FfREARY Bk ST FHEEAY SR RBEEAST B
(& #- %~ pE4g Chitooligosaccharides) » = # M #F {17 EF o 454 & 24

~EITMEEE 2 AY F 0 o7 2% (Chitinase) ~ B-1,3 § § R pE-kjz
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% (B-1,3-glucanase)~ &= & % (Pisatin)~ ¥~ Rt 2% -~ 3¢ ¥ % (Proteinase)~

‘-hk'

=% 1 & 4 (phenolic compounds) ~ *~ i % &g 4~ F (lignin-like material) % {& 4
7 % (phytoalexins) ¥ > fm #% % 4 Fup it (¥ 020105 % > 2018 5 Zeng
et al., 2010) o 7 BRI E i B I % 2353 NO fr HaOp 24 38 jo ot
PR D ST A A kA B RETES L LRSI R A

#t% I (Lin et al., 2005 ; Pichyangkura et al., 2015) -

EX SRy Sl oV A Be e 1P R S A O ’%ﬁ‘* TR A F]
T kG 0 A24R B (Pathogenesis-related, PR) 3-v »4c 1434 ¥ 01 40 M ik 5 -
i@ fxds 7 48 4] (Prasannath, 2017) « ¥ [ "%k 4 f# f= (Phenylalanine
ammonia-lyase, PAL) & % L2 [» &4pRf %% > 5 £ 4 48 phenylpropanoid *
WL P h% - BF RFEE o ¥ LB ¥ B 'Rt (phenylalanine) > & H 7% &
F Jis & p Hpe (trans-cinnamic acid) frg » @ R it - BN BA P 2 < F
phenylpropanoids #7# 4~ 2 & = » & $£7 H g fed e BEeA F % (lignin) ~ %
it % (flavonoid)~fEe 4 fa fi 32y 7 T % &a {2 el (Xingetal.,

2015) -

L4 A d R § AFNEMNE #F (Reactive oxygen
species, ROS) » i & ehjdsge 7 © H - ji§ 'Oz (Singlet oxygen) ~ 42 % f* p o
#& Oz - (Superoxide anion radical) ~ 1 ¥ i* & H>O>(Hydrogen peroxide) £ & ¥
p 4 z& - OH (Hydroxylradical) % - H #{2ikss ¥ 45 ik w?e 5 o § ROS
AZE P F VRS GRS i € S Ry SR
WA RS ERE P R WA ES X FIEA G T (Huangeral., 2019) - i
§ i ¥ (Peroxidase,POD) ¥ _% Lz i ‘A2 - B iL G a3 iy

B NBE B A BT M (2% 2010 # > 2011) - POD ™ H2O2 ¥ 5
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THEM RRS HO i2m ¥ it H & peggs~ i (Bindoli and Rigobello, 2013)-
AZ§ 1“4 L1 5 (Superoxide dismutase, SOD) & O = H" #.i* 3 H0; v

O, ¥ % “ & fi# (Catalase, CAT) R Hy02 5 H2O v O20 § #1787

—l\

i
§AC RIS KR BT BB s e g B F
‘v (Chandra et al., 2015) o £ 5 %7 7 3 IFLff\},E;/ﬁaE]” C. fragaria B 3 ¥ ¥ 15 »
g% PAL 123 SOD-~POD - CAT %4 “prd afdent < v 2y

Fiipgomp i 4§ M (Fangetal, 2012) »

AT ERpET L IE L R g+ (Exogenous elicitor) %% B4 A 4 }ﬁ,}}%
F R o kfers® B BpET 448 Fusarium oxysporum & > 2 x5 %7 & i
HERep BT EEE PAL fofif it 5% POD -~ SOD & CAT z &l
BEEH 4 Maetal,2019) = F FE3FRI-RFE 6% 87 B@EY U H
§ “f5% POD-SOD # CAT i vk B kfedis & Kfe2 Fasp
244 (Yangeral,2017)« ¥ ¢ s ook % 5 RpES 3RS S RS &
#& Rhizoctonia solani0~24~48 o 72 /| BFis crvRASE R > 2 /AT BT R
PE A4S S R PE - 8 RSL POD fr PAL fdidhis 72 | B iR
4/ TeH 4 (Divya er al., 2020) - Jogaiah < (2020) * 7 o % & 0 BE
W@ A TR ST S SR A PAL v POD & 072 o BE2 [ S 4
I E PP v § fs & i f' (Polyphenol oxidase, PPO) v & § F #% p*
(Glucanase, GLU) % = ¢t *t > B fdis ez f a2 Wm0 & § - §iv%
AT REANST RER KPR £ 8B Fusarium andiyazi 15 0 B RJR DR
§ i % SOD fr CAT & #% & 48 /| p5¢ P&+ 3 (Chunetal.,2019)

Mm% 2 »PAL~POD~SOD 4v CAT # 428" EmAREEF» TF L &

e

o

fiz #
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FELERAVERL S BT AR LAY FHE s

=
i
(B

N
o,

BB it o @A S EH  frd EELTEF o7 henglocy ¥
SEFAILA AT o £ BL AT
FRfi Ak - 2A4fcx k% 29 UAEF BEPS 2 TR F L DR

2

K5iEa Z & PR LB PEE e AL T S0

FEBREIEZEFTAESF L BT ERE L RDF GREFT IR
AT 0 B NiE SR E L EATHRNS N4 FE B354 10 2400 §
B g Ao iTiE dd W asha o LAt 2 F e plst o R B E R
Bt p 25 apr o I ARG A ROR R R EAE 0 193 AR R
BORORB  RBRFF I T HUEIEFER AT SR 20 A0l
TFT LI AR TR AR A FHE SRR 2 RER
B OBERE R B R~ A0 B FF BRAE G § MR

Bk R RRIRE = A T B R A o

uﬁg? RoBEehEd o T EREF AL NRT RS DITERT —F F
Al bsims ¥ FERpB - mFR L

BT g kR R B MRk A RIY RS e E g 6
PR ER T R R F S Ak o ﬁ#-"f}%“ﬁ% TEFRHE B ARl
Labtaim s wrigagid 30% 4 > 2315 Q- & pARRRE il
$o AR UFAEAF R RE VAL PP L AR S PF kST

ESEEELE LY R EER RS sUIE S RIS SR
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R F AN RN E S R SIERTE IR G A & R RS T
PRERS T §RpR AR D RE 3 S EEH L oy aut g 0 T
RA R AR R 6 A g BB S ST 2N (B B
ERGRA) @ P ¥ A HERR LS FApARELAR I F R

ERE e R ik R bR ke -

TEHETFRERFREERTLRY > 2 REH (o Fid v F
i%ﬁﬁ%%@@)?%ﬁﬁ%%’aﬁﬁﬁﬁ\iiﬁm%ﬁﬁﬁﬁﬁig
AT L T ko i vg;uf,? FROBARFHMAT FES E@maoEy TR
PRERHRERE AMET OB FRoARTS T TR BT R o B2 RENE
L@r@® P LS leB7 B i ® WP initipd o SFE SRR

FEALENSBER BT § Fiodnck o Fp o AT hp gt s
BT EREAT R RS A REREYF IR R B R w2
A TR ST B@EDIsET B kR E T L BT Y 4
FI*RlTdg RSN TR A B E TR ﬁvﬁr}?&%ﬁﬁ%do%i{%%
RS ERERT O RTFRR AL oL AL S A LR AR

EE PR ER -
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\\\?{r
/
—
-
RS
=
4

N

- AR S

AFIRY DEFEMBL Ak AEOTRF - R () HRER
(Colletotrichum spp.) # & @5 o e ¥ E 455 (Neopestalotiopsis rosae) ¥ 5
Fo BEAFTLERIIIARL 901 W HREEI AL X FTRLL K
e GERRBAT A ALy BB Aed FrRREELR AT LREAS
B2 pp ARG £ ISP NES A 25°C kR 16 ] pF 2
w8 R RA R > FHAL S5 TTRFEKZ oA 3 Rl 2
AESATRELEEFILS  IHEER LR AR L ENE ke
12 BBCH-scalecode %15 19(3 9 % ERE) hI FHE k7 5 Hpl e

#% (Meier, 2001) o
S EERRRESE R E LA

¥FERBE I 7 (Colletotrichum siamense ML133) fr ¥ % ¥
(Neopestalotiopsis rosae ML2411) 5 d Aot R ¥ 2 B € v & % R ¥4
FHHALRAE  RERFREY 14 SLEFTERAALS LA
(Potato dextrose ager, PDA) » ¥ 3t 28°C &P 8% 7 = » FHE L 4% 3 £
BisEw e r 10mL REK X% Z AP 253 T o #p
+ R ¥k R FiE 2 Miracloth (Merck Millipore, MA, USA) g 7] 5% & H @
ﬁ?@’kﬁﬁsom;$M§ﬂo”?+%&&ﬂ$ﬁﬁﬁiﬂﬁkié
25% B3¢ -80°C rkfa iFiz i ¥ o & A A1* w3 E T B ROB R RIS KE

IR FRIERERDES 1x10° spores/mL {8 # * o
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:ﬁ%é:}ﬁq‘pﬁ# 34> 1/4PDA 7 » %> 25°C kiF#x% 2 16 | FFEPE-
B IR K fisd 14 % o B & BB FI S BIERADF e 5
Z AR BIRE I RS B 0 R FEL Miracloth #h > %57 25% 4
M 2 5%lactose P& kY T -80°C kap w * oo 2 F U a IR HE

Bkl REIREFRERAEE 1x10° spores/mL 5 # #* o

X

C R E wEl b F WA

I E wpE b B # (Xanthomonas fragariae B001) o Frcfrh £ % R ¢
AR L ERABGIOWSILE Y B R A T R A TR R

% "5 Bk 3: & X (Sucrose peptone agar, SPA) F » Bt 20°C 1% 47 8% 5

Lq

X EH BRI RARME AT B RGO 30% 4 ¢ B 80°C
kFpEF o AEREE TR EFLY o WE SRR FR ZRER
ODgoo eex % & > #-'m FR TR ERDE S ODeo = 1 (F#ks 5 1x10°

CFU/mL) {8 #% * o
T~ BT EERIE RERFAE ElepRT S E T ek

AT EERBETERFT RF 0 2 F 545 CseHiosNoOsg e 47 BT
# % 0 %z FE (Deacetylation) #2& 5 87.3% ° #3354 + £ 5 1310 Dalton - &

= gg%'a VLAY K @ - ;%%:«gm,ga ,ﬁa?gi:,\; 2g/mL &~ g%,‘%;{;},
-ﬂ'l-ﬁfﬁ’l\i&‘}i gﬁ’;ﬁ‘%i“ﬁﬁ/ﬁfiw 718 ‘%‘QIE,P |38 o

SRS T BT BRI FRE S T 88 Bk
i A W A8 % 200 mg/L ~ 2000 mg/L ~ 10000 mg/L 2 % 20000 mg/L » & iF 5

L gk b E L E R AR A HBE o S N N B EF R R
7] o
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7 % ﬁ*ﬁfﬁ’vﬁﬁ’; s X AEER T 1x10°spores/mL {6 0 £ #- Spul z 3 F R
FRBEFVRET I LRRZB T ERERBRY RE LIS T EPEERC

ik & % 100 mg/L ~ 1000 mg/L ~ 5000 mg/L 12 % 10000 mg/L = /R s 73 2
BE28°C ARGV RIFRREE AR T 24 ] PSS AR S BEARA

By 5o 8 200 33e+ » $3 2 g Y HER AN TR 0 TR
AE T ERRBRRERERNES 25°C 2 Y BREFRREAZGT 24 )

Pris > PR AT F o L L - BRRE% 0 F - RRIHEAH 3 A B -

I BT RBHTE RRR AR ER ARG L 4ribek

TREEST EEAT LG PRE R L AASE & it 1% PDA B
RAFTEEFRERFSERRR L MEAE 075 cm +F B A FE ¥ B R
Sk Tk o B SEATE ST 75 0mg/L > 100 mg/L ~ 1000 mg/L ~ 5000 mg/L 14
% 10000mg/L %R &~ %pEch PDA 2% $ ¢ &4 6% 28°C 4r 25°C
ALY RmBEE B AR 4 P ES A - XFFEL S 6 2T

Befo— Midrot - ARk F BRRDLAY 3 Rk e
SN BT EERIE R & o R

A7 B EAE L rp AL &R POREE > P 1 x10° CFU/ML
AR R A B2 kR 5 200mg/L~2000 mg/L~ 10000 mg/L 12 2 20000 mg/L
BT BRI RE R rRe? BT BRI ER S 100mg/L -
1000 mg/L ~ 5000 mg/L 2 2 10000 mg/L » ¥ 1238 & -k chim R 5% 1% 5 PR
o EEJER- 10uL jFE SPA & AP > ¥ 20°C 4 E Y 4 53

Xk Eco 2L - MRS M RBE EA 3 b R
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AT EENEFRER C ERRE wmEEsip 2 ok R
Fa

u;z@;ucgﬁiw cg,ﬁfgm—» DR FERZ ST EREKARES S N
Fuz EABEF L > S HeEn 10mL S0 Bk FHARIE ¥

i R kR T L MR F AT 5 BRE F itk

RIFT R AR L - T A AR R - ST B
PP RARERE (LIH) 5= et sk ok 3= % 0 F 3%
AT BRSO RRE- FERBRBRE G, 1W) 5 2 wE e A
itk b ST B o E R GERERRE (1LIW) xR
—HA PRI BF B EST RRE- S LR B ERBRER
Bl =R AT Bpaxl) B2W) 5 T ~ RS T EBALT LT ISRYE
RB ATk BB RBRFARS  FF 22 EIORAR DR %3 Pk
B2 M7 RPERRR o 20 psi WRDOZ F RS BEBERRF FE
Fled EHFE o B ROB R F & ﬁ%%ﬁw*ﬁ%ﬂkﬁalxw

spores/mL > ® A2 F AL IZ F RIFRPIIPRFINEF RS RIS

|

A g R AEFRE A Pl 2 I S sk F R RS a5

o

#4861 x10° CFUML shim R gk o FH R 7 B4R £ 7 » ¥ 4
£ RIOREL RS KRR i AR EIBA 100% R BRSO RRAR
P s ek Y 2822°C 2 kMR 5 16 PR -8 ) BFR A
2E 4 02 6 R Bslpipl 7 REE R AR WAL E R R
SRR BT 2342°C 2 KWL L 16 fRERE 8 Rt £

#oot 14 x Biesifepdplice S5 - W RR o LRERPEH 3 B2 R
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E R EREY & {im‘ﬁfﬁﬁ R FRE A - ek

BRA BT BEKBR  EHEHBREELRE

RS ST SN S A S SLEC O R & Tl S EEE X
EBHTEL S 6 B EMcE 0 B g (ERE P opse i <10%) 3
Lo dmr (BHRE Y pme i 4 10-25%) 3 2 &5 7 Rpdc (e fi 4
26~50%) 3 3 B ERBM (Rsae fEd 50-75%) & 4 BE M (i
AL T5% M ST ERR) S B (R ~R ) BEFREIEGY AR

LA RS0 Sk il e 6 0T 2R R
Wi Bef BoooME AL E T BE B AR E ST A 2

His pd oA dh Ty % - ot o
Bt B (%)= AT feman Beitde /(B feymdn Box i & 1K) <100 -
C b EARR AR F R

AT LE-HFEHRETEBAETF A2 IEF BT A BHD A BB TR
FOOOREFR 2 FA RN RRT LB Y (8300 o MEE B m s B
€A 5000 mg/L A7 BRI T e g Rkt HRE
(CK); m s * XA E 5 AF =%~ F %% - 87 B 38 o 308
- X BT ERPEIE - X ERAMACRRE F C siamense ML133 > X3 e ff
(Before inoculation, BI) ~ &4 t¢ 0 -] F¥ (0 Hour post inoculation, 0 hpi) ~ #4&
s 24 | p5 (24hpi)~42481s 48 | PF (48hpi) EIRFEIE T2 ] BF (72hpi) Ic
BHE S H PN CAT~SOD-POD £ PAL %3515 - gl 4 &
ko MEE 1 20 FBAFRERS Z PERE BT 10 x|

WEZERF - EF-FRLE 001 o LA S BER Y AR LR
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o4 PRI TRL R LT 301

\m

Lo EE L Bk - RIBEA 3 =
Wz g

1 30 F 5Bl

&7 BERE (H005g) %~ SmL Edpuge > 5 Fg3ar 552
Fo4mm gTRis 0 23 d R 25T (LAWSONDHF-24) 7 1.5 A 45
£ LA ot x5 3 08 puL NaEDTA (05 M) ~2 ul ¥9 Affad
phenylmethylsulfonyl fluoride (0.1 M) 2. 2 mL sodium phosphate buffer (50 mM,
PH 7.0) > #7kip T £ % BT R 2 A MME B B o & 4°C T i
12,000 xg &t~ 20 ~ 48 B b S pE AR F PR o B R F PR 2 e
Fé &R AP fikie Bradford (1976) = i & {7 kv FRI 2o 1Y
sodium phosphate buffer (50 mM, pH 7.0) fe @& % kR 5 0~20 40~ 60 ~ 80
fr 100 pg/mL 2. £ % F4d F-v  (bovine serum albumin, BSA) %73 % - ** 96
FUHEE SR 4o r B0 UL E kR BSA ERER RS E PR o HR P Y
sodium phosphate buffer (50 mM, pH 7.0) B~ e B &7 F & » £ 4 > 20
nL Bio-Rad Protein Assay Dye Reagent Concentrate % %] > ;2 £353 {6 > &3 R
TEEF R 10 24 e kR R (SpectraMax®iD3 Multi-Mode Microplate
Readers) #] k£ 595nm sk Eo /g Bl % € 3o TR d 5> 2 BSA #
BAZaFEgUTE Fd FoolBd Mo up L2 X Bp Y o

;ug\w F‘Z’&o
2. % i“aps

CAT 2 Fip % %+ Kato f Shimizu (1987) 2 Ma % 4 (2019)

% o HoOr £ 240 nm ¥ #F ke o i % 58 » CAT s BL1* HoOp 0 8 20 4
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24 H0 fr Oz Tt § CAT iE D pE - HoOr 73 £ & (Ano) € 5EF

B PE R @ fE L TR T U A bR 2R E 0 CAT avE i o
5

P~ 0.2mL f%2 e 5 P-% > 4v ~ 2.7 mL sodium phosphate buffer (100 mM,
pH7.0) 2 0.1 mLH202(1 M) 7 ¢ #Pe %2 sodium phosphate buffer #* &
Bk o3 96347 15 UV T R4 ¢ 4 0 200 pL AR e 22 41 PR fe & &) > 1L A
% & & 3+ (SpectraMax®iD3 Multi-Mode Microplate Readers)# & 30 #)3f B~—

AR 240nm 2 R E 0 K[ E 20 A4 e

# 8> CAT p2 %1 (Unit,U) & 55 248 Ay %1 010 H 25540
T I CAT &4 (Usmg! protein) 3 AAno x Vi/(0.1 x Vs xtxPW)e H ¢ »
AAog 5% 0 #4313 % 20 ARz HREEHARLENLE;V, 54
FBp A (mL); Vs 3P LB e F B R R A (mL)st SR R pER
PW 5 3T#HAY 346 T2 & (mg) > T AAso=20mins X2/ [0.1%(0.2%0.2/3)

x 20 x PW Jo
3. ATF I guk g

Az ¥ v it s (0 .44 Beauchamp {e Fridovich (1971) 2 m %
L (2008) s 2 - SOD § i 'pHE Y iz ¥ iRg+ pd A (07 ) #h#R G
HyO2 2 Oz plE > 2 41* SOD #r#|# & & § v (Nitroblue tetrazolium,
NBT) ‘e .muy ™ anf R (7% > malfeadniit o g § 5 73 pF > £
AR % % (Riboflavin) # MAA X R ROREBROPE Z 2 F i TR

B3t a A4 RF I8 pd AoAed g3 pd AV A AT § s

?1
e
=
FII

¥ ¢ ¢ Formazan i* &4 > fjd & 560nm fgd =+ e - 3 SOD #Fl:

B RV rsAZE IS4G pd A 0 i@ ¥l EJ Formazan 1 £ 4 i) S o
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SH

f_]x,“‘ » kiR @F@lb ’ Ff'@;/]’:?i ¢ \_}/#’ l*%\ﬁf'%/’é’]“i,ﬁ (1 ﬁ?‘%/’é’]&.

o

<l

&

# 0.025mL Z45-k ~ 0.25 mL sodium phosphate buffer (150 mM, pH 7.0) »
0.075 mL methionine (130 mM) ~ 0.075 mL EDTA (1 mM) ~ 0.075 mL Nitro blue
tetrazolium (NBT, 0.63 mM) 4= 0.15 mLriboflavin (7.5 pM) R & 1 » £ 4 » 0.1
mL [fi% % e 5 P~% &4 ¥ 4c » sodium phosphate buffer ¥ 5 5 v ¥ % - 3t p Xk
BETFE R 15 A4is > N2 HF RERLE o A ulilig e 200 ul AIT g 4t

PRk B4 ~ 96 L jcE 53

?oooau Lk sk B 2 (SpectraMax®iD3 Multi-

R

Mode Microplate Readers) B] TJf & 560 nm 2wk i@ o

% - H = SOD f## & (Unit, U) % & 55 ] pF SOD #r4] 50% NBT
BRidF 4w H3E 258407 1 SOD E4E (Uemg! Protein) 2 (Ao— As) %
Vix 60 (5 48)/(0.5xAgx Vs x t xPW) e H ¢ 5 Ag 5 %506 $HpBEskE ; Ag
FRABEE Ve GEEPRAMA (mL); Vs &R T FATB e B i
# (mL); PW 3378 HHY 36 F 2 € (mg) T AAseo=inx2 %60/ (0.5 x

Ao x(0.2x0.1/0.75) x 15 xPW J e
4, 3 *ps

POD # 1 %+ Hammerschmidt % % (1982) {3 & £ (2007) 0 & o
POD ¥ & HyO2 & Oy w e {efipF » Il >r A%y Tl 2+ 81k
—‘ﬁi it (Pandeyetal,2017) » > pt B E R > —‘Fﬁ‘ﬂf']?’f &3 HaO2 P> ﬁ,lj.‘}&}
5 (guaiacol) € POD § it A& % Ak £ 470 nm fuf 5 % o o 33"
Dimethoxy-4,4'- biphenoquinone ° F]#* & F ik Ao ¥k BAXF » N & F F o

ER® T POD F4LF 0 T LR N POD S -
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#3# ¥ 4r » 1 mL potassium phosphate buffer (50 mM, pH 7.0) ~ 1 mL ﬁ'J-*}E],
A fs guaiacol (21.6 mM) % 0.9 mL H2O2 (39 mM) > & & {4 >~ 0.1 mL %
% fe 5 P~ & §_4c » sodium phosphate buffer i 3 7 v ¥ P8 % o ik B-F BIR

R L5185 B 200l AIR B BT PR anE iR b 2 96 VAR At

-szg

Ak kR 2 (SpectraMax®iD3 Multi-Mode Microplate Readers) 8] 2 ik

470 nm vk iE > BpIEFERF L 1 A4

+ H = POD f¥Z %1 (Unit,U) & 55 ~ 48 Ago BcEH 4 0.01 - H
23740 D PAL # 1 (U e mg! Protein) = AAs70 X Vi/ (0.01 X Vg x t x PW) » H
P AAyg FEBRESRASEEDLE Ve A EIEREMA (mL); Vs
SR EPEATE- e B 48 (mL) st AR EPFR (min); PW 5 AT#E LR

30 F 5 E (M) T AAgocimin ¥ 2/ (0.01x(0.2x0.1/3)x 1 x PW ]
5. F [ e A R

PAL =Pl % 4% Hyodo £ Fujinami(1989) =1 ;2 « PAL # 12 i it ¥
fi " ¢ (phenylalanine) » @& H " F {8 & F ;N p fHp oo 5 S
phenylpropanoids #72 12 & & @ fSih% - H 3 - F N p B A& 290 nm

F oA s Fpt o T AR T iR Agg BRI S E PAL 2 B e

FAB 005 LA X FERYF LR eHIST (LAWSON DHF-24)
1.5 & 48 0 4v > 2 mL N-(2-Hydroxyethyl) piperazine-N’-3-propanesulfonic
acid (EPPS) buffer (50 mM, pH 8.5) **/kis & £ st #-3 P P B30 o & 4°C
T 12,000xg dres 20 A48 H P FRTLIEARIER B 05mL B
AEPR I EFE P ¥4 r 0.5 mL EPPS buffer (100 mM > pH 8.5) 2 0.5

mL L-Phenylalanine (30 mM) » 2_ {5 ¥ * 40°C 2 -RipH ¥ 4e#h 60 #4537 ¥
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P8 202 0.5 mL EPPS buffer A% 2 e 33k o #-200 uL AJE 2 22 $4PR 2
F R4~ 96 3L iR S e Bk R (SpectraMax®iD3 Multi-Mode

Microplate Readers) ] 2 4 & 290 nm *% 3k i@ o

+ H = PAL p¥% &1L (Unit, U) 2% 5 5 ] BF Agpo 3 +4r 0.01 > H 2 5%
4rF D PAL # 1 (Uemg!Protein) 3 AAzoxVi/(0.01 xVsxtxPW)o H ¢ >
AAywo L ¥REEF AR KLEDLE Ve 5 FERAHA (mL); Vs 58
YPET B e PR A (mL) st GBI ER (h) PW Z ATE#HALY Fd

78 (mg) > T AAxo=inx2/ [0.01 x(02x0.5/1.5)x1xPW -

14 ~ 12 3,3’-diaminobenzidine (DAB) & 7% * & (H,0,) % ¢

J
et
=
&
\\‘é‘:.
e
(\x
il
=g
(s
o
I
Ay
e
8
|
et
w
UJ
e
)
3.
=
o
on
o
=S
N,
&
=
('D
o
>
=
_&*
Qe

H e X EWTHE 3 HE BT 5000mg/l 0 Bk A EEK (HE
) - FRBBACRRF T ARMA BD) fERMAEE 0224248 f¢ 72
eE X FEREFT DAB ¢ "BREFEF EF LI PR HFoEREF RS 4
iR E ¥ o DAB % ¢ ;2 %% Thordal-Christensen % 4 (1997) -~ 3% % 4
(2009) {3835 (2010) % - 2 HCl A% pH @3 3.8 & DAB 3% fie
HWEkR L 05mgmL 7 DAB Bk o b PRERRT > 5 Y ERZEE

A

FEPTHAELREY 221 DAB 327 L BIE TN EENE

—

—

MF o FRFLR 0 A BRFIFEREFC ORBREZRE LGB I RS
£ DAB AHAAie » m% WK » FFwkze DAB 3k 8 3 16 |
P oo RS 3 AR ﬂﬂz—ﬁ)?lu»/?"‘ 95% /fg]‘ﬁ' E 3 80°C }\/{."F% ¢ g T

Wd o e dR 1S N %‘K\;ﬂfﬁ«? IF‘ET?},\ 95% /f“]ﬁ: 5% s 4 ¢ -DAB £ H,O»
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Fleis g A2 frad ikt » Flp 3 d 28 Nz mBR 47

HyOr ei3 o 2t 5 - Jh2 8% A% EA4F 3 b2 % o
e —F\,LAJ\,H_

Herd bR T anlicdy T A>T Microsoft Excel i 7 3o 4522 B3RS > 1)
GraphPadPrism 8 #r#8 @@ - f/* SAS94 ¥ > 272wk L EFTHw
% 2 #it> 47 (One-way Analysis of variance, ANOVA) » &~ 7% % &1 & 27
£ 3 £% > Rl Tukey’s studentized range test (Honestly significant difference,
HSD) 753 A4 et Rl e B R e LR ¥ -5 P<0.05 1

* AT AL HEEFLAREP<00] Bl M AFHESIREEFLR o
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s

2
2

-

— s BT RBHEE AR EL AR

TR T R EE AR Fee ek 0 A RS T B AR

IR gyt s HFFALRBOF TR LA Y

B (P<0.05) ¢ fB s+ RifiR 58 1000~ 5000 f= 10000 mg/L %

ERARILE > Y LA A4 REguz+ ¥ (Hyphaconly) & H s g2 e [F 5
Byi

ALy ke (Omgl) FEG BEF LENLE (P<0.0D)[B- (A)]-

s mE T Y A4 RBaI S g (Appressorium) 0 2 ER ST R pE

gt d J oAt a R IERT u’F '5 2 g2 B> K3 5 (No germination) ~

Q.

A AR R 0T S i L

44

E4

&

R 5

2/

AR Renae T BB [ AFT A

# 7 e x ARE (Hyphae only) ™ % % 7 {5 %5 2 2 B E (Appressorium) 2
FEFTIALREA B L T70.2%:
@3 100 ~ 1000 ~ 5000 = 10000 mg/L &7 % EASLE » o ¥ # ¥ 5 A
BT 57.1%~154%~0.5% % 0.002% [ ]

- (B)]-

BT B@7 il e pFFEFE T AL RE BT RBHFHAST
BT a4l B FL F A Ko F 2 X BBFEE A LS ERIFE A
o BEFRFTE 6 R DDARRIE RJILEEHBENRT A ) LF

Zw L d (Bl=)-

S BT RBED ST E Rtk
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(<)~ BT REPIEEEFRBBL YRR (¥ e fn £ )

-:ﬂ

d T BpEa G ooadrdle T A BT L g2 g AR F RS
BTERTRAREETIEFEIF RBROF LY 50 7 EET BT N

T E QB 5 BT R TR ARG kA dufbene v 2 S5 kR

-

ANER BRI G ET T Pk
FY - A AT B IR ) A (1, 1H)

A H ST R BE > AR RSRET REARTE 81.2% AL
100 ~ 1000 ~ 5000 fr 10000 mg/L % = % pEenfi th - RE 5 3 B R AR
Mo A ul s 71.7% ~ 60.4% ~ 48.6% v 51.5% < H ¢ > 5000 ¥ 10000 mg/L 2
IR R RmE R RS R EFLE (P <005 %% 5000

mg/L ST BRERHE R > TR 326% HERER (B2 (A)]
2. @z AT RME S - GiE (G, 1W)

de B g2 i phEpepr g e 50 (TR SBETER
SN s BT REEOMER R L Ak - S0 T 2o BT A
AT EEOHRERTRERFE 79.0% 5 £AIZ 100 ~ 1000 ~ 5000 fr
10000 mg/L A7 EpEertith > pd L A % KB H = bz pm T
ot a wE_57.5%43.5%36.1% = 51.7%:- &2 1000~5000 £ 10000 mg/L
ZHTREREHE O FHEFLE (P<005); 27 > % 5000mg/L

TRtk BT BREREHRER S > B FE 429% [z B)-

- AT R - FERA (1, 1W)
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ﬁjﬁ%%@%@ﬁ;i%ﬁiiﬁ“%%?ﬁ¥ﬁ§ﬁﬁﬁﬁ¢%’§
TEfEE S - BT FEATE YT E D sk T BT R R
BERBT - - A8 R RBIRBABRFACHBT RERADRE.
SRR 0 TR 5000 22 10000 mg/L A7 F pEeiE bk T BRE R 4 HRR
e 3 BEFAR (P<005) - fRefith > 2B RERF C siamense ML133
BEA BT REARR S 942%; &L 10010005000 £ 10000 mg/L
BTEBEL RERH T RERAS B KL 86.0%82.8%76.8% - 75.4%:
B s@gmiedpit ot 10000mg/L 787 R aJL e MRS 18.8%

BRETRELEAR [B= (O]
(=) A~ %ﬁ’*}‘ﬁ/éfffhfé}% Pk B (EE AT W)

dove BfifEcfiy f s A X H AT o Pt 5 k- e BaE ok 6o
B bR A B AR T 2 AT A E BB A e R pisonk
FOFaE ¥ B RIREREF AL TR BT R LTV Bis RBERBL S

WA ET BT RPELERER -
R - AT R - L ERA (1, 1H)

WA T TR RRE R AR RFREEET L BHREL
2 BE R (72.1%) 100~ 1000~ 5000 fr 10000 mg/L AST ‘e 4 & % T %
H = R ToE A B H55.7% ~49.5% ~ 48.5% £7 43.9% 2 4HPR EAp it A

iR D 16.4% ~ 22.6% ~ 23.6% Fr 28.2% [Elz (A)] -

2. @Y=M B@E - EEE 3, 1W)
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SR E R T RER 75.9% 4pvt 0 @ 5000 {10000 mg/L
TR BT RERAKE TR 2 A BT A B A

46.0% fr 44.5% FFHPR 2R S 29.9% v 31.4% S d LA [Rlz (B)]
(E) BT E@EP IR F RBFEL Y TR

PRI FAST BEEETNEFR I RERLN TR L EER R
wAA T % * 5000 & 10000mg/L S BpEaAsLe 0 HE 2 X R
i d RE RSB S HF LA CGRRT B ek L e P
HRE2 BT RER S 852% A %% 5000 £ 10000 mg/L &7 % ke e
2tk BT BRERA G 52.3% v 59.5% 0 v H R m T B R A B
329% fv 25.7%[MI (A)]- § A ETEFREF  HREL BT RLR S
77.7% > & % % 5000 £ 10000 mg/L &7 % pE2 AL e fitk o i RE AR A
B A 42.9% Ao 49.7% 0 REHR L2 BT FER A NFE S 348% fo 28% [H]

(B)]

[3X)

() BT BRI F RBERZ kTR

AT RS T BBET LG SR EF RRRACE B EHT AL

o PR R ST Bk A

&

i

|

(\x
3
R
i
[N
W
1%
beiis

=

b
=
E=)
il

4

FLR Hn - DRERRBBES 5 BT BRI R IHIRAE R
C BT ERHEE ERR A AR

BTRETEATEELE L RFHTEFERBRHIE S E T A AN

£ o3 % 100~1000~5000 & 10000 mg/L 7 % pEAd® o2 3% 3 5 ¥ 5%
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BA G AT BB (CK) 1pr 3R> 2 ¥ 24 REFLE (P<0.01)
[Bl- (A)]-$pReadied 395 55 988% m"EXFAIL NS EFERARE -
A5 F9e 4 7 S 48005 AIZ 100 ~ 1000 ~ 5000 fr 10000 mg/L 5~ %

o wrIFTEIRAUEL 65.7% 17.3% ~ 0.58% f= 0.08% [E= (B)]

L FEIATEELEFHERBALANLE F 2 T RR-
:Eﬁ%i%‘f%ﬂ/’ E‘%ﬁ%‘_ﬁ_‘ Ei%g:"i‘]’%f_—ﬁé@f_mﬁﬁ
FEERDZZIHFLE (M) & pE B e A2 R

dbabgk @ BT BT 3 oI X R ERRRE S ET 0 LR
FIHFS2 L d LT RRIBTEMHT R LRGET AP Efpag Lt o
FORBAT EBAT R Up X F R B E B AR 2 AR
SR LA B P FREF OB EEE 20 T - BT R
GRBBRE RN 2B BEL Y - G ERAERE RS

EOED i E Rk o
R - AT R - L ERA (1, 1H)

FJZ 5000 £ 10000 mg/L etttk pd R R 0 B A B K pEangt
Ridprs > 5 BF (P<0.05) & EEF (P<0.01) 3 - HlkP iR ei
Moo R ESETRER S 93.5% A AIZ 100~ 1000 ~ 5000 f= 10000 mg/L
BT ROt = b BFROp T R AT IEELS WAL 91.0% ~ 77.1% »
52.6% fr 38.1% - B2 4+pR 2 Apit > %% 5000 fo 10000 mg/L %~ EpEs - F

VLA 40.9% ¢ 55.4% X FERBERLR (B4 (A)]-
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2. A =BT R - FEA (3, 1W)

B $HRE ARt 0 5000 £ 10000 mg/L A AL e 2 g5 d Bed R EMF L
£ (P<0.01)° AZZ 100 ~ 1000 ~ 5000 f= 10000 mg/L %~ % pEenfith » H &
EERpOBETRERZ AL T 0E A B 82.4%79.6% ~ 53.1% v
515% @ ¥R 25 86.5% ¢ £ ¢ » %% 5000 & 10000 mg/L &~ % pE ke

SLin g $E e s g B AR 0 A MRS T 334% & 35.0% (W4 (B)] -
3. B =S RpE RS FEME (3,2W)

SR T L EREFE R ST BER BT F R g &
- AR pE RERSHE LA F REFLE (FL) HREE G

BURMA HERE A L HTFE R ik o

%

N

Ll s @ B0 E@Y Y ko X F Eep 0 kA Y 5000mg/L
e 10000mg/L % & > gt = JR RT3 — | PES I A F Rk o = g
WZ A OFERT - R B X EERRAt D h Ra o KA

EiefAmlEo plEE I Rk o
I~ BT EBEHYF oA LR A PR

BT ERBEHEE wA L F RS T o - AL F K
TEHREaEFLR (B -) BT BREAZ RS s F

-}

o

b

A BT EREP IR F wFLE 2 otk TR
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BEARAST REERGE BRI mER b E2 Lo Rd N F LT A
TREREY S ESEERS I E F@uﬁﬁmﬁﬂﬁ (Jiaetal.,2018) > F|* #&
TR{DRME T EFEEY NI RER RS BRI H AL o
Fiertk s ERp 2 MRS R ARG R e RER
WFERE S 2 AHFEPPIoFRG 00 3% > N ER% Tt - 28
TR I FRARRALGET Y Z X80 BB - SURBRRE T

R E eI R
R - ST R IR- ] EEAE (1, 1H)

B2 R ERAS T ERESY N T F A vt FRANEL L
i 7]

11)&

;\'T}]%E] X. fragaria BOO1 o 3% % 4r@] -t = #77 » R & 2 gJ2 s 3 e

Rt oakFxFid R-- A)]-
2. =BT BpE IR FERMA G, 1IW)

BTORETEGGFe - o wr 232 RRRGE T BREC -
BABRE -3 BF7T I RS LASToFpT ERY R F LR

[#-+= B)]-

FEIERET B E B0 EEEN I E wE L sp T Rk
Fod WA BRHEGFORBROTEEFLE A FRAES TR

PE¥IF o mFE & B % 2 AR
s B EARRE ALY U EE R ERRI T

AT RS BT RPEE T B R T ROB R F 1R AR M ALF
CEER A o d BEF L% 5000 mg/l &7 RBEAST SR E
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At o B mArdk e 24 P pFER O CAT FHRILG PARGOLE > ARl
48 v 72 ]l PEEMEFR D o RS 48 [ EHREE EI2 w2 CAT T35
7t w] €783 fr 122.5 Units » mg! protein » 44815 72 /| PR A B 5 55.2
e 137.7 Units « mg"' protein (K =) « SOD /& 43¢ 548 B s B 0 14 % 1
Fho 5 EIFEIENS T B SOD FEHBEL A %o R e {o¥ R e L
BB o 2 3 - POD e B R ¥ ROB R R $ B EARA %
fp EBR R AR R BT B e Re B R AR Ror B

§HPEER L RRBRFE > SOD {v POD 2 E4 (B -+ - B+
T)edm PAL Bl LG 7 # R RBEH AR 416 PAL B g E7 4
g RS T2 ) PFREIHBES I LR PAL FELIER X O ke
AT BREfidk o R A8 72 5 PAL chE P Reipt F EF LR
% 11 31769.6 Units « mg! protein (Bl - = ) ° ¥ & F it 2% ¥ & > 2 5000 mg/L
BT ERERSLEF 2L R RBERBE RSB A EERAL CAT & PAL- #
AR AR -

N BT EBAEREF LR N0, AR EE:

0 EiE 5000 mg/L A7 B ERILE O F AR A o AR OB R ) 6 2
WA E CAT et 488~ BPET 7 188 CAT i %'k R AR
FerA2 e HoO2o 57 EF @B T acdt o 2 DAB #-E » 474 > miling i

FER LR GERY > LRRERESE Y Y 2 H0r R AR -

d DAB %49 2% 7 L affpRleasy ¢ fh[‘aJ,‘ﬁ ’éﬁ'#&ﬁ%& 24 ) pFER
WA HOr AT S iR ] B BB 48 fo T2 [ AP

Bep HoOy R4 mdfis 24 (| FFeanE P Y 5 57 %4 R HMB1E
f
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72 )i —'-F'B”’I‘F'FIJ%)‘T Foom a2 5000mg/L ¥7 ERESEILeE S P
FORRAR F 24 ) PG RIF H0y #rig S ehifdhd A b AP
BB TG R IFEES L B e (RS (A)]ed BT B AL e T
15 48 P CAT GEHLBTFE =10 Rl 4ol - P Bhh HaO R4
Ao HE R R ATHERAFT PG IHE LG P HO @& & mhiRs
§RAER O AR AP R (RS (B Ak dAEE T2 ) B
AL e PR E R T AHB R BRI o f e e E

Be S04 H0 R [RL- (O
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L

BT R i o det BT RPEAeS T BP0 T RS mRAPM 4 3 S
(Pathogen-Associated Molecular Patterns, PAMPs) % 42 4 & 2 Fufd i ﬁr;)}%
T B 4 (Sharp,2013 ; DeTenderetal.,2021) - "f g2 ks BT ERETE G OE &
¥ Fe0%* 2T (Alburquenque ef al., 2010; Rahman et al., 2015; Goya et al., 2016) °
Flt o AT ST BPEA LS A 2 U S L BPrlp R ol ©
TN RIS EE BT QMR 0 BT BT I RER AR S

R EERRBFI S E T LR RAERATTERBRORSLE
EEFrilmAlt d sp Frd & o 2R RREFER BT FHET NP IS RE
REERR > CHOAM LRI ik o B IERMAEE SRR B
BEEAERFR 48 0 72 1B KEST FRIFRILEIRY o CAT #Fit
PRAFE Y 72 JFET BFRER LR D PAL F o &DAB % 4

SEVURZRIIRERFALFE §FF DO chidd & A L™ %

o

FIZHE Y H0, RAFETHE T A ST BRI CAT EE&s% G M

BEEZOS B (ot RBREF) T ET R R g T
MAFEXWR Y NEREr»F L e AT FRY T BEY I A
B Fie+ A2 BRE 22w ke i 1A 7 (Pyricularia oryzae) %27 ¥
BRI BT 5 *EXINBT RPEFrAISE e < 1]%#;1 LIRS 27
BpEFOREL S XD R@EPrdl Rk £ 0BT R Ay
# (germtubes) #0 x4 & f# (Kurokieral,2017) > i&m i 2 L > @ fsps
el F2 fEf Y 24 (Camacho ef al., 2017 ; Lopez-Moya et al., 2017) » %]
PR REY B J F 4 £ k8 (Federico ef al.,, 2021) c R X7 EpEE
T A1 Bl S BRELS LA FT IS ERRES T EHATER
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NESE R T DR AR o 2t B ST > T R
a2 1000 2 5000 mg/L A7 E@AIL e HIe 3 RES PR DR %

(10000 mg/L jed@ e -2 5 BREZ 2)(HE-) -

BEAR ST B ROR R Fjeie B T LG B E xRk i E e
Flred g 7% VARG T EMEART  ERRRATET I P EOT

"# A8%. o Palma-Guerrero % 4 (2008) ' # % 7 R@REH F 2L F#e 5 ¥

TR F o AR EE AEAS T RpEAR A B MV s 2. %] 5 chitosanase # %
shf B > 323 A& 4 ¢h chitosanase & A%< > T R PEendrdlARac o d M

RN A EFRHATERESS %‘xﬁ% e ke AR (El Ghaouthetal., 1992 ;
Hassan and Chang, 2017) > @ ™ S~ E@Efrdlie 3 #5703 > FhESHET £

WA RBRFL AR TR S A EEF KRS B M

AR RSB HERY RBRKAS ERBARSL LY B
¥ AL PR > & El Gueddari % 4 (2002) s 348 c AT %8R 87
RHEHERAA L DRNF 3 RF L3R r B ¥ S8R
Puccinia graminis f. sp. tritici w* k&% % > #8547 11 & 4 chitinases 4 f% *55]
Smee B b BT BB REE Heie 3 8 T RESA L R &
4% Palma-Guerrero % 4 (2008) ek 2 % 4pid - 2 75 77 B ¥ iF4p
Fok gp 7 Rk RES HEKE L H T 7 Fusarium oxysporum f. sp.
ciceris Race 1 (Focl) sk endrd|»cs { 5 P & (Narula et al., 2020) o d ** 3% &
TETAKRELTED ﬁ'fﬁo"]‘ e AT BRI RISHRB RS IR e pH B
Rl AT RFZ AT RPEA Ao A3 0BT BRET L E B TR
BiREoRBR pH BEP A7 REF LR RBZ FIES T RPEE

B#RF - AL ES pH &AM Fla g S FU2 L L e a0 pH By
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HH fg’\}@i H;X'\ﬁ% }\/pn f”#"’ﬂﬂ B:]B:]l/:;_wﬁ"gi%fﬁ;z v P IR A PF'.,E
FIE AT BpEaace B £ & 4~ ¢ Fusarium oxysporum f. sp. radicis-lycopersici

15k A £ P RE S B A T R pESrd] o Pythium ultimum B Y F 2k B kR e

EY

e 2mgmL) ¢ ¥ L¥rd)scdk (Palma-Guerrero ef al., 2008) o

R RB R R OB EL S E R R T ek E BT %
PR mFIL b o 2 £ e dpek 2 e g @ )r%:}% o Ap T Prd] e
FTRERF BT RFEOH o FOREEY WY 2 a7 (Kongeral., 2010) -
FARETRER AT RFEHE F B EE (Gram-positive Bacteria) ]
rrk i i L1512 (Gram-negative Bacteria) i (Tayel et al., 2010 ; Lee and
Je,2013) » & d Mo BEGHE DT b oo L E S F S 2 AR £
R0 R TSR PE e BE B b - B2 R R D dove B b TR
Rl G 7 adFd ot BRI FABEFA L FAEERALT EA Y

*
“p

—4

#"\;’nb Flptde Forereg BT EpEED e ”ﬁ’?ﬁ’ (Xingetal.,2015) > @ = 5

TR PEY m;ﬂ]ﬁ‘ ﬁ.,ﬁ[ﬁ[ﬂ#mﬁ |32 % * iR Fl2o— o

é%%ﬂ%%?u%ﬂﬁ@@ﬁﬁi@%ﬁ%&ﬁﬁﬁ@ﬁﬁiﬁ%?’
fegzdrdlH FS2 & TR BT BB AR F I RE LTI RT D
PREAE o F B Ap R AR e BT R BT RS R TR
THEORRE  AERBZTRBNBERFFRY F T - e
ZH2ZERE-FREANS T BN N B SFEF 0§ ¢ 2 0 5000
mg/L 7 FHARIZT BE 429% BFind @ R - fp- o] BRRAE Y
PSR- A i S S A A e R T L BRI HF A
P o BEE-HenE B F e 10000mg/L BT EFE o s KB eap

LR EFLE TR LT AR S AR CREN RS AT E Y AL
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A CHRZ ) R ETREMG O RFERFL P~ RE A TR PRI
A TR > 10000 mg/L A7 EpEp gt 2 €5 FLT R F
PR REIET 9 g B ROR R hb itk 0 ok 2% 5000 mg/L 4
o HAFISRRER DR L G AR YA AERY A 5w H e
RADORBRREFFEORFZF%T BT BRIk BT -
Z BT EPES000 mgL BT BN AL w AR R DG F L B
29.9% £ 194%° 88 F M AT BPERT L TAECY L 3 0 g o R
IR e BT RPEL A LERERE RO R N R R f
A FiniE s & & (Chongetal,2015) o pt#h > 87 BEET UFE T 2 2w
BH A G (A RT A FfATR) &6 S RER
(Kumaraswamy et al., 2018) = 5 5% 7 F LT ¥ i Fl 2 4 Bk B
AT TR ST RMEENES {5 200 8 A E RIHIEE KRR

Flir o g > Flm 5 A B WA F sk o

d PR R e BT BEAY T VLR S TR AT BELE T
TR iR MaBd > ARBRCBR R FERT S Z X ARpM £ B
TEMEKAR D BET L T EYT EERESF D 20000 mg/L > &2 4
Bldpst > 02 EAEF AR o Tt AT BREAR EE o fpRotia R A
PR A TEL A RO ST A 2 0 ABRAR R AT A B
TR VR RTEREF L > A 2L fEm R F S 1% % (Ben-Shalom et

al.,2003 ; Yinetal., 2013 ; Yang et al.,2017 ; Maet al., 2019) -

FERATEBA B VA OBIAE Y LA B S ehhd gy &
HYES A 3®pT 0 e F R o A E o ARBIER Y > 5000 mg/L

2 10000mg/L 87 EHASLY S A MERBOREAR S AwFld
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ﬁ@ﬁwﬁﬁéﬁﬂ’%¢W$wﬁﬂ%%%aéﬁwﬁﬁ&ﬂ%ﬁwwwa
4P RS o gt rh > B kBT FIR > 10000 mg/L AT BpERZ e (51

EwEL i mp itk BELSAF FFEY ",f AT S VIR

ETS
<l
¥

SR AR e N Ad F AR Epe (R Z ) o 48R T A AR G
RS EMESET R wFE G e S Lol iR BERT AT
AP BT R A KR L T RRARS A RARE g E AN
Xanthomonas sp. ¥ 11 & # chitinase (Sakka et al., 1998) > & & A wH § F

A

A 2 chitosanase » B m X 3 Enterobacter sp. v Bacillus sp. &5 J ihin Fik

¥ 114 2 chitinase ¥ chitosanase (Zhu ef al., 2007) °

BRI T OOBED aH oo TR AT B E R ER
P VO AR ST BV MAE G LR RFA LS i (%0
2018 ; Zengetal,2010) « iT& % » & § % w;%#;] Ao MU RS E AR
T 255 % hd B e+ (Immunity elicitor) » 55 7 % fEE AL Sl A7 1L F
PR a4 ok JRES A PR PR (RIS TR R
(Bonin et al., 2020 ; Jiaetal.,2020) = 5 7 FEin ST B@EE S ¥ F kb
R R ASE A T B BARRRFL X F D EARM A E 2
dRRT A A ARMARE AT FAILS T % pESvIL e fodf B e ch CAT
SOD~POD # PAL jFitiilf BF AR RBRHERFE 72 )P Ll
e PAL e HBeip DREFLR oA A4REL 48 2 T2 B
e CAT Ffs WHBREF P 2 BEFLE d g PEEeE

I &% B (Kim and Hwang, 2014 ; Sharma and Ahmad, 2014) » ]yt gt & % %
F g

i

-‘\;{w

TEMETHAELFALPIES B4 B o AUl A1 48 )

PFen CAT EHRmEHRes > &L ¢1§Liéﬁ“§’ BREFT IR BPE A
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* X RPES > R BRAE Fusarium andiyazi > 2 CAT e Fl4 A 48

PP PR A (Chuneral,2019) -

FHp Q% GRP S § B4 ROS: 4e HiO20 @ ROS § 54 fwizéind 2

>

FR 4o @3 s34 B wmie (Programmed cell death) friEac{tF &
(Hypersensitive reaction) * % o B F (£ 4 88) ¢ %+ 22 ROS

i LB A, EREICEF VRS S RESFIRIF o BT RKET
eGSR T RFIS BT TR ST R L op R Fe e Brahle
R FATHFAEB T FI LS ST B BRI T g R
PR R R B A B R e ) fER R BT BB
"ok e CAT k> it HOr # 5 HoO fr Op> i&d ol § R4 < 3%
d DAB #9¢ ZRREIFERE Y HO A HELErs s RkingFm
L bR RBREAKE 0 fr 24 B 7 L HOy R4 w1 48 fv 72
AP T L HOr ek T TR S HRE AR R R ff’?l?]lﬂv 24 ] gV
g AP AR HoOr R Aff 0 BdRAE(S 48 2 T2 [ PF BESLEAP 0 R
Savlhd RAEF 0 T LRI % CAT SRl T E%T4pe & o d iR

MR T EEE HOy ¢ 257 e B FpE R HOr R ford & en

<
ko

i TL (34

RS R IAYE R Efepaon o g 3 s

RpEofitkip 2 FLEFEMAoAAFER (5000 f- 10000mg/L) A~ %

FESY T O RBERT T ALk RN ERRBT AT 0 AT

POEHREREFLL T Ao B b F WY AT RBHFE T LA
%

PEo EFRERIED RERE ERRpR o RIERESST &
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d BT REP ISR E R E LRk RET Lok R B PP
Ao EpELEr kR Y ¥iHEF dose-dependent effect » & 3 A is B }?a
LERR AT B SFEER (0-10000mg/L) #4eh § 4T3k F oA &
3R A ERARE R AR B E A ST BT S T G AR B s
Pk L AFZ K% 10000mg/L AT RS TE R DREHRG T G
Ko A EEE T ERF s d A B o F O BIsEE RBEE Eie
EHEEE YRR NS 5000 mg/L ST BEEkB R T U MEE BB
5 429% FERZ e 334% LR -

F 1A FE % 5000 mg/L BT BRI REpIrERE 0 FAE
RAOF 10mL A7 FpEAR 0 1kg 7 BB X 93758 2600 ~ (HR
BRF LRGP E 4B 5000 HREF KE > %% 5000 mg/L
AT RPEN - AR OTERF - G ST BT AL AT 5% 650
A AR E U R ERE (TGAP) - § 7 &M ¥ ST maph > B divs i
FEHEIR T AGE-FodFzx o A0 FRflfer e L
10 fOBOp S0EEA  MUARFR 3000 & en kA (FF 510 B © Syngenta) B &
BT AU EAB S AGFTATLN 140 A o R EL{IOR N ST B
MARFS BT EmE G PLEALLRE N T RS IPM 2R

FrEERIHERY > Fp g A EES o

X ERKE T b B RS A N R AN P B b
Ak S BT RBE T OGIP AL R o d R SAEH R R
B A RS fiseia p g REREAR B AL BRER BT
EREVCEE RBE R A G skt o Bt R MBS B E AL

Bk hp B E BT I B0 BT A FR T RER L
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IT rovs i BRG] B e TR R R FEE S R BT R

LRERe B3 T AL
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BAHT o5 REA R L EER RS TRE S LFATESPAY
4GB BE Bl 5 4] SEFHIE RS ER R LR

BOREE T AR REREEL > T G B ARp R ERE LA
ZipmFl by $RBERFOREL S B ERpFgE I ET A o
BTERERIRBEF RN B BT BT s B E R .
preb s BT EEE GRS ROS AT FEFL A iﬁﬁﬁﬁJ’?H%ﬁﬁ

M AR ey PR AR 12§ DAB A4 WIER -

ATEREFORETBREEE AIREPIGRT DATER > 7T L

L
v

ik

IPM & - F L £ ERPFRR T c ARFL T PR A FPiom R T >0
THFFET T B EMEP LA AL TR ERY 2 RERE S K
SROERR TR AR MG AT LT TS ek
A Fe R X mE b s F o RIRRE BT BT EREE AR det - Ko
FFNULIEERLBERF I AFLEDPRE- ot o
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Table 1. Symptoms of each severity scale in a 6-scale scoring system used for

assessment of disease severity of anthracnose on strawberry seedlings.

Scale Symptom Severity

Anthracnose % of lesion

Healthy

0

1~10% leaf area with lesions
1

11~25% leaf area with lesions
2

25~50% leaf area with lesions
3

50~75% leaf area with lesions
4

75~100% leaf are with lesions
5
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Table 2. Symptoms of each severity scale in a 6-scale scoring system used for

assessment of disease severity of leaf blight on strawberry seedlings.

Scale Symptom Severity
Leaf blight % of lesion
Healthy
0
1~10% leaf area with lesions
1
11~25% leaf area with lesions
2
25~50% leaf area with lesions
3
50~75% leaf area with lesions
4
75~100% leaf are with lesions
5
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Table 3. Symptoms of each severity scale in a 6-scale scoring system used for

assessment of disease severity of bacterial angular leaf spot of strawberry seedlings.

Scale Symptom Severity

Bacterial angular leaf spot % of lesion

Healthy

0

1~10% leaf area with lesions
1

11~25% leaf area with lesions
2

25~50% leaf area with lesions
3

50~75% leaf area with lesions
4

75~100% leaf are with lesions
5
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Figure 1. Effect of chitosan oligosaccharide (COS) at different concentrations on spores
germination and appressorium formation of Colletotrichum siamense ML133.

The number (A) and the percentage (B) of ungerminated spores (No germination) and
germinated spores without (Hyphae only) and with appressorium (Appressorium) of C.
siamense ML133 in 200 randomly-picked spores after 24 hours treatment with different
concentrations of COS. Data were analyzed by the analysis of variance (ANOVA) with
P <0.01. Three independent experiments were performed with three replicates for each
treatment (n = 3). Asterisks “*” and “**” indicate statistically significant difference at
P < 0.05 and P < 0.01 between control and COS-treated groups, respectively,
determined by Tukey’s studentized range test (Honestly significant difference, HSD).
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Figure 2. Effect of chitosan oligosaccharide (COS) at different concentrations on hyphal
growth of Colletotrichum siamense ML133.

The hyphal growth inhibition assay of COS was performed on potato dextrose agar
(PDA) supplemented with different concentrations of COS. A 0.75 cm-diameter agar
plug cut from the edge of C. siamense ML133 hypha was inoculated at the center of
each plate. The hyphal diameter was measured 6 days after incubation at 28 °C under
dark. Data were analyzed by the analysis of variance (ANOVA). Three independent

experiments were performed with four replicates for each treatment (n = 4).
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Figure 3. Effect of pretreatment of chitosan oligosaccharide (COS) at different
concentrations on strawberry resistance against Colletotrichum siamense ML133 using
micropropagated strawberry seedlings.

Disease severity caused by C. siamense ML133 on 5-week-old strawberry plants
pretreated with COS 1 hour (A) and 1 week (B and C) before spray inoculation of C.
siamense ML133. Different concentrations (100, 1000, 5000 and 10000 mg/L) of COS
were sprayed once (A and C) or 3 times with 1-week interval (B) on micropropagated
strawberry seedlings. ddH,O was used as control (CK). One hour or one week after
pretreatment of COS, strawberry plants were inoculated with spore suspension (1 x 10°
spores/mL) of C. siamense ML133. Disease development in a humid chamber under
controlled conditions (16/8h light/dark photoperiod, 28+2 °C) was monitored every day,
and disease severity was recorded at 6-day post inoculation. Data were represented as
mean and standard deviation (SD) (n = 5), and analyzed by the analysis of variance
(ANOVA). Three independent experiments were performed with five replicates for
each treatment. Asterisks “*” and “**” indicate statistically significant difference at P
<0.05 and P <0.01 between control and COS-treated groups, respectively, determined
by Tukey’s studentized range test (Honestly significant difference, HSD).
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Figure 4. Effect of pretreatment of chitosan oligosaccharide (COS) at different
concentrations on strawberry resistance against Colletotrichum siamense ML133 using
strawberry seedlings from runner.

Disease severity caused by C. siamense ML133 on strawberry plants pretreated with
COS 1 hour (A) and 1 week (B) before spray inoculation of C. siamense ML133.
Different concentrations (100, 1000, 5000 and 10000 mg/L) of COS were sprayed once
(A) or 3 times with 1-week interval (B) on strawberry seedlings from runners. ddH>O
was used as control (CK). One hour or one week after pretreatment of COS, strawberry
plants were inoculated with spore suspension (1 x 10° spores/mL) of C. siamense
ML133. Disease development in a humid chamber under controlled conditions (16/8h
light/dark photoperiod, 28+2 °C) was monitored every day, and disease severity was
recorded at 6-day post inoculation. Data were represented as mean and standard
deviation (SD) (n = 5), and analyzed by the analysis of variance (ANOVA). Three
independent experiments were performed with five replicates for each treatment.
Asterisks “*” and “**” indicate statistically significant difference at P < 0.05 and P <
0.01 between control and COS-treated groups, respectively, determined by Tukey’s
studentized range test (Honestly significant difference, HSD).
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Figure 5. Evaluation of validity of pretreatment of chitosan oligosaccharide (COS) at
different concentrations on strawberry resistance against Colletotrichum siamense
ML133 using micropropagated strawberry seedlings and strawberry seedlings from
runner.

Disease severity caused by C. siamense ML133 on strawberry plants pretreated with
COS 2 weeks before spray inoculation of C. siamense ML133. Different concentrations
(100, 1000, 5000 and 10000 mg/L) of COS were sprayed 3 times with 1-week interval
on micropropagated strawberry seedlings (A) and strawberry seedlings from runners
(B). ddH>0 was used as control (CK). Two weeks after pretreatment of COS, strawberry
plants were inoculated with spore suspension (1 x 10° spores/mL) of C. siamense
ML133. Disease development in a humid chamber under controlled conditions (16/8h
light/dark photoperiod, 28+2 °C) was monitored every day, and disease severity was
recorded at 6-day post inoculation. Data were represented as mean and standard
deviation (SD) (n = 5), and analyzed by the analysis of variance (ANOVA). Three
independent experiments were performed with five replicates for each treatment.
Asterisks “*” and “**” indicate statistically significant difference at P < 0.05 and P <
0.01 between control and COS-treated groups, respectively, determined by Tukey’s
studentized range test (Honestly significant difference, HSD).
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Figure 6. Therapeutic effectiveness of chitosan oligosaccharide (COS) at different
concentrations on strawberry resistance against Colletotrichum siamense ML133 using
micropropagated strawberry seedlings.

Disease severity caused by C. siamense ML133 on 5-week-old strawberry plants treated
with COS after spray inoculation of C. siamense ML133. Different concentrations (100,
1000, 5000, 10000 and 20000 mg/L) of COS were sprayed once after the symptoms of
anthracnose appearing on micropropagated strawberry seedlings. ddH>O was used as
control (CK). Strawberry plants were inoculated with spore suspension (1 x 10°
spores/mL) of C. siamense ML133. Disease development in a humid chamber under
controlled conditions (16/8h light/dark photoperiod, 2842 °C) was monitored every day,
and disease severity was recorded at 6-day post inoculation. Data were represented as
mean and standard deviation (SD) (n = 5), and analyzed by the analysis of variance
(ANOVA). Three independent experiments were performed with five replicates for

each treatment.
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Figure 7. Effect of chitosan oligosaccharide (COS) at different concentrations on spores
germination of Neopestalotiopsis rosae ML2411.

The number (A) and the percentage (B) of ungerminated spores (No germination) and
germinated spores (Germination) of N. rosae ML2411 in 200 randomly-picked spores
after 24 hours treatment with different concentrations of COS.

Changes were analyzed by the analysis of variance (ANOVA) with P < 0.01. Three
independent experiments were performed with three replicates for each treatment (n =
3). Asterisks “*” and “**” indicate statistically significant difference at P < 0.05 and P
< 0.01 between control and COS-treated groups, respectively, determined by Tukey’s
studentized range test (Honestly significant difference, HSD).
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Figure 8. Effect of chitosan oligosaccharide at different concentrations on hyphal
growth of Neopestalotiopsis rosae ML2411.

The hyphal growth inhibition assay of COS was performed on potato dextrose agar
(PDA) supplemented with different concentrations of COS. A 0.75 cm-diameter agar
plug cut from the edge of N. rosae ML2411 hypha was inoculated at the center of each
plate. The hyphal diameter was measured 6 days after incubation at 25 °C under dark.
Data were analyzed by the analysis of variance (ANOVA). Three independent

experiments were performed with four replicates for each treatment (n = 4).
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Figure 9. Effect of pretreatment of chitosan oligosaccharide (COS) at different
concentrations on strawberry resistance against Neopestalotiopsis rosae ML2411 using
micropropagated strawberry seedlings.

Disease severity caused by N. rosae ML2411 on 5-week-old strawberry plants
pretreated with COS 1 hour (A) and 1 week (B) before spray inoculation of N. rosae
ML2411. Different concentrations (100, 1000, 5000 and 10000 mg/L) of COS were
sprayed once (A) or 3 times with 1-week interval (B) on micropropagated strawberry
seedlings. ddH>O was used as control (CK). One hour or one week after pretreatment
of COS, strawberry plants were inoculated with spore suspension (1 x 10 spores/mL)
of N. rosae ML2411. Disease development in a humid chamber under controlled
conditions (16/8h light/dark photoperiod, 23+2 °C) was monitored every day, and
disease severity was recorded at 14-day post inoculation. Data were represented as
mean and standard deviation (SD) (n = 5), and analyzed by the analysis of variance
(ANOVA). Three independent experiments were performed with five replicates for
each treatment. Asterisks “*” and “**” indicate statistically significant difference at P
<0.05 and P <0.01 between control and COS-treated groups, respectively, determined
by Tukey’s studentized range test (Honestly significant difference, HSD).
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Figure 10. Evaluation of validity of pretreatment of chitosan oligosaccharide (COS) at
different concentrations on strawberry resistance against Neopestalotiopsis rosae
ML2411 using micropropagated strawberry seedlings.

Disease severity caused by N. rosae ML2411 on 5-week-old strawberry plants
pretreated with COS 2 weeks before spray inoculation of N. rosae ML2411. Different
concentrations (100, 1000, 5000 and 10000 mg/L) of COS were sprayed 3 times with
I-week interval on micropropagated strawberry seedlings. ddH>O was used as control
(CK). One week after pretreatment of COS, strawberry plants were inoculated with
spore suspension (1 x 10® spores/mL) of N. rosae ML2411. Disease development in a
humid chamber under controlled conditions (16/8h light/dark photoperiod, 23+2 °C)
was monitored every day, and disease severity was recorded at 14-day post inoculation.
Data were represented as mean and standard deviation (SD) (n = 5), and analyzed by
the analysis of variance (ANOVA). Three independent experiments were performed

with five replicates for each treatment.
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Figure 11. Effect of chitosan oligosaccharide (COS) at different concentrations on
bacterial growth of Xanthomonas fragariae B0O1.

Cells of X. fragariae were collected from 5-day culture, washed and adjusted to O.D =
1 (1 x10° CFU/mL). Serial dilution was carried out and aliquot of each dilution was
plated on sucrose peptone agar (SPA) supplemented with different concentrations of
COS. All plates were incubated at 20 °C for 5 days and bacterial number grown on each
plate was calculated. Data were represented as mean and standard deviation (SD) (n =
4), and analyzed by the analysis of variance (ANOVA). Three independent experiments

were performed with four replicates for each treatment.
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Figure 12. Effect of pretreatment of chitosan oligosaccharide (COS) at different
concentrations on strawberry resistance against Xanthomonas fragariae B001 using
micropropagated strawberry seedlings.

Disease severity caused by X. fragariae BO0O1 o on 5-week-old strawberry plants
pretreated with COS 1 hour (A) and 1 week (B) before spray inoculation of X. fragariae
B00O1. Different concentrations (100, 1000, 5000 and 10000 mg/L) of COS were
sprayed once (A) or 3 times with 1-week interval (B) on micropropagated strawberry
seedlings. ddH>O was used as control (CK). One hour or one week after pretreatment
of COS, strawberry plants were inoculated with bacterial suspension (1 x10° CFU/mL)
of X. fragariae BOO1. Disease development in a humid chamber under controlled
conditions (16/8h light/dark photoperiod, 23+2 °C) was monitored every day, and
disease severity was recorded at 14-day post inoculation. Data were represented as
mean and standard deviation (SD) (n = 5), and analyzed by the analysis of variance
(ANOVA). Three independent experiments were performed with five replicates for

each treatment.
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Figure 13. Effect of chitosan oligosaccharide (COS) pretreatment and after inoculation
of Colletotrichum siamense ML133 on the catalase (CAT) activity in micropropagated
strawberry seedlings.

One week after pretreatment of water (CK) or 5000 mg/L COS (COS) 3 times with 1-
week interval, strawberry plants were sprayed with water or spore suspension (1 x 10°
spores/mL) of C. siamense ML133. Disease developed in a humid chamber under
controlled conditions (16/8h light/dark photoperiod, 2842 °C) and leaves were collected
before inoculation (BI) and 0, 24, 48 and 72 hours after C. siamense ML133 inoculation
Data were represented as mean and standard deviation (SD) (n = 5), and analyzed by
the analysis of variance (ANOVA). Three independent experiments were performed
with five replicates for each treatment. Asterisks “*” and “**” indicate statistically
significant difference at P <0.05 and P <0.01 between control and COS-treated groups,
respectively, determined by Tukey’s studentized range test (Honestly significant

difference, HSD).

80

doi:10.6342/NTU202101589



8000
CK

T = COS

=)
>
=
(=]
|

l | i
1

SOD activity
U -mg’1 protein)

[ =
> (=]
[— [
= <

| |

0 T T 1 T 1
BI  Ohpi 24hpi 48hpi 72 hpi

Hour post inoculation
Bl-r o~ SRR Ae ALy EMERARERAHT F g Cpriasy
ook A 2 BB
Figure 14. Effect of chitosan oligosaccharide (COS) retreatment and after inoculation
of Colletotrichum siamense ML133 on the superoxide dismutase (SOD) activity in
micropropagated strawberry seedlings.
One week after pretreatment of water (CK) or 5000 mg/L COS (COS) 3 times with 1-
week interval, strawberry plants were sprayed with water or spore suspension (1 x 10°
spores/mL) of C. siamense ML133. Disease developed in a humid chamber under
controlled conditions (16/8h light/dark photoperiod, 2842 °C) and leaves were collected
before inoculation (BI) and 0, 24, 48 and 72 hours after C. siamense ML133 inoculation.
Data were represented as mean and standard deviation (SD) (n = 5), and analyzed by
the analysis of variance (ANOVA). Three independent experiments were performed

with five replicates for each treatment.
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Figure 15. Effect of chitosan oligosaccharide (COS) pretreatment and after inoculation
of Colletotrichum siamense ML133 on the peroxidase (POD) activity in
micropropagated strawberry seedlings.

S One week after pretreatment of water (CK) or 5000 mg/L. COS (COS) 3 times with
I-week interval, strawberry plants were sprayed with water or spore suspension (1 x
10° spores/mL) of C. siamense ML133. Disease developed in a humid chamber under
controlled conditions (16/8h light/dark photoperiod, 2842 °C) and leaves were collected
before inoculation (BI) and 0, 24, 48 and 72 hours after C. siamense ML133 inoculation
Data were represented as mean and standard deviation (SD) (n = 5), and analyzed by
the analysis of variance (ANOVA). Three independent experiments were performed

with five replicates for each treatment.

82

doi:10.6342/NTU202101589



150000

CK
-2 COS
100000 T\f// T

50000+

PAL activity
(U -mg" protein)

0 1 | I 1 1
BI  Ohpi 24hpi 48hpi 72 hpi

Hour post inoculation

B2 s 2SR Ly iadly” EMERBRERARIFF EHREE FH %
fap fapr a2 B F

Figure 16. Effect of chitosan oligosaccharide (COS) pretreatment and after inoculation
of Colletotrichum siamense MLI133 on the phenylalanine ammonia-lyase (PAL)
activity in micropropagated strawberry seedlings.

One week after pretreatment of water (CK) or 5000 mg/L COS (COS) 3 times with 1-
week interval, strawberry plants were sprayed with water or spore suspension (1 x 10°
spores/mL) of C. siamense ML133. Disease developed in a humid chamber under
controlled conditions (16/8h light/dark photoperiod, 2842 °C) and leaves were collected
before inoculation (BI) and 0, 24, 48 and 72 hours after C. siamense ML133 inoculation
Data were represented as mean and standard deviation (SD) (n = 5), and analyzed by
the analysis of variance (ANOVA). Three independent experiments were performed
with five replicates for each treatment. Asterisks “*” and “**” indicate statistically
significant difference at P <0.05 and P <0.01 between control and COS-treated groups,
respectively, determined by Tukey’s studentized range test (Honestly significant
difference, HSD).
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Figure 17. Pretreatment of chitosan oligosaccharide (COS) can reduce H>O;
accumulation in strawberry leaves inoculated with Colletotrichum siamense ML133.
Micropropagated strawberry seedlings were sprayed with water (CK) or 5000 mg/L
COS (COS) once a week for 3 weeks. One week after the last application of COS,
strawberry plants were sprayed with water or inoculated with spore suspension (1 x 10°
spores/mL) of C. siamense ML133. Disease was developed in a humid chamber under
controlled conditions (16/8h light/dark photoperiod, 28+2°C), and leaves were
collected at 0, 24, 48 and 72 hours after C. siamense ML133 inoculation and before
inoculation (BI) for checking H>02 accumulation (A). The third leaf of each plant was
excised and the presence of hydrogen peroxide (H20O.) was evaluated by a 3, 3’-
diaminobenzendine (DAB) staining method. Magnified images of leaflets from plants
48 hours (B) and 72 hours (C) after inoculation of C. siamense ML133 and stained with
DAB.
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Supplementary Figure 1. Treatment of chitosan oligosaccharide (COS) on
Colletotrichum siamense ML133 spores caused deformation of the appressoria.
Spores of C. siamense ML133 24 hours after treatment without (A) and with 100 (B) ~

1000 (C) and 5000 mg/L (D) of COS. The deformed appressoria were indicated by

arrows.
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Supplementary Figure 2. Scorch-like symptoms on leaves of micropropagated
strawberry seedlings treated with 10000 mg/L chitosan oligosaccharide (COS) once a

week for three times.
This photograph was taken 7 days after the last application of COS.
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Supplementary Figure 3. Symptoms of strawberry leaves pretreated with 10000 mg/L
chitosan oligosaccharide (COS) three times after inoculation of Xanthomonas fragariae
BOO1.

10000 mg/L COS was sprayed on micropropagated strawberry seedlings once a week
for three weeks. Plants sprayed with water were used as control (CK). One week after
the last application of COS, strawberry plants were inoculated with 1 x10° CFU/mL X.
fragariae BOO1. The photographs were taken 14 days after inoculation of X. fragariae
B0O01. Bacterial ooze can be observed on the abaxial surfaces of the inoculated leaves
of strawberry plants pretreated with 10000 mg/L COS (A), but not with water (CK) (B).

88

doi:10.6342/NTU202101589



Chitosan oligosaccharide concentration (ppm)

CK 100 1000 5000 10000

R FEFEERRGIEET A RRREES AT ERELE OB R
W R R

Supplementary Figure 4. Effect of pretreatment of chitosan oligosaccharide (COS) at
different concentrations and frequencies on strawberry resistance against
Colletotrichum siamense ML133 using micropropagated strawberry seedlings.
Different concentrations (100, 1000, 5000 and 10000 mg/L) of COS were sprayed once
(1, IH and 1, IW) or 3 times with 1-week interval (3, 1W and 3, 2W) on 5-week-old
micropropagated strawberry seedlings. ddH>O was used as control (CK). One hour (1,
1H) or one week (1, IW and 3, W) or two weeks (3, 2W) after pretreatment of COS,
strawberry plants were inoculated with spore suspension (1 x 10° spores/mL) of C.
siamense ML133. Disease development in a humid chamber under controlled
conditions (16/8h light/dark photoperiod, 28+2 °C) was monitored every day, and the
photographs were taken at 6-day post inoculation.
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Supplementary Figure 5. Effect of pretreatment of chitosan oligosaccharide (COS) at
different concentrations and frequencies on strawberry resistance against
Colletotrichum siamense ML133 using strawberry seedlings from runner.

Different concentrations (100, 1000, 5000 and 10000 mg/L) of COS were sprayed once
(1, 1H) or 3 times with 1-week interval (3, 1W and 3, 2W) on strawberry seedlings from
runner. ddH>O was used as control (CK). One hour (1, 1H) or one week (3, 1W) or two
weeks (3, 2W) after pretreatment of COS, strawberry plants were inoculated with spore
suspension (1 x 10° spores/mL) of C. siamense ML133. Disease development in a
humid chamber under controlled conditions (16/8h light/dark photoperiod, 2842 °C)

was monitored every day, and the photographs were taken at 6-day post inoculation.

90

doi:10.6342/NTU202101589



Chitosan oligosaccharide concentration (ppm)

CK 100 1000 5000 10000

1, IH

3, 1W

3,2W

RS FFERR AT 3 RRREEF ST EHHTF E iR
W R

Supplementary Figure 6. Effect of pretreatment of chitosan oligosaccharide (COS) at
different concentrations and frequencies on strawberry resistance against
Neopestalotiopsis rosae ML2411 using micropropagated strawberry seedlings.
Different concentrations (100, 1000, 5000 and 10000 mg/L) of COS were sprayed once
(1, 1H and 1, 1W) or 3 times with 1-week interval (3, 1W and 3, 2W) on 5-week-old
micropropagated strawberry seedlings. ddH>0O was used as control (CK). One hour (1,
1H) or one week (1, IW and 3, 1W) or two weeks (3, 2W) after pretreatment of COS,
strawberry plants were inoculated with spore suspension (1 x 10° spores/mL) of N.
rosae ML2411. Disease development in a humid chamber under controlled conditions
(16/8h light/dark photoperiod, 23+2 °C) was monitored every day, and the photographs

were taken at 14-day post inoculation.
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