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SUMMARY

This study was carried out to investigate the effect of chitosan
derivatives on the accumulation of nitrate and induction of
pathogenesis-related proteins in plants. Five types of partially or fully
deacetylated chitosan derivatives (HS: high viscosity chitosan, LS: low
viscosity chitosan, LT: low viscosity chitin, OS: oligo chitosan and
OT: oligo chitin) were used.

Among the tested five types of chitosan, only LT reduced nitrate
content in lettuce when the chitosan solution was foliar—applied
together with molybdate. The nitrate content was decreased with
increase of LT concentration over the range of 25 - 200ppm and the
degree of nitrate reduction at 200ppm of LT was 199 compared to the
control. No significant reduction of nitrate was observed until 3 days
after LT treatment, however nitrate was reduced up to 35% at 9 days.

Effects of chitosan derivatives on pathogenesis-related(PR) proteins,
chitinase and B-1,3-glucanase, induction were analyzed in tomato and
pepper. Of the tested 5 types of chitosan, only OT elicited PR proteins,
chitinase by 1.5 folds and B-1,3-glucanase by 1.3 folds compared to
the control.

In the time-course experiments, OT-treated leaves showed increase
of peroxidase, B-1,3-glucanase and chitinase activity. Compared with
control, peroxidase activity was increased in tomato by 429 ~79% at 3

to 5 days after OT spraying. But no peroxidase was induced in

pepper.



The activities of p-1,3-glucanase at 1, 3 or 5 days after OT
spraying were increased by 28%, 17% and 162, respectively in tomato
leaves. In pepper leaves, the highest increase, 329, of p-1,3-glucanase
activity was observed at 3 days after OT spraying.

Compared with control, chitinase activity in tomato was increased by
34% at 1 days after OT spraying. OT spraying at 1, 3 or 5 days
before sampling increased chitinase activity in pepper leaves by 54%,
206% and 105%, respectively.

These results implied that certain chitosan derivatives might be
used for the reduction of nitrate content in vegetables and for increase
of plant resistance against biotic or abiotic stress through PR-proteins

induction.



7)€l (chitin)& N-acetyl-D-glucosamine(GlcNAc)o] p-(1-4) ZAgto =
THE L&A AR AAAE, 259 gAY dAlTE, w30l 5o Ax
W g Edoln, 7|EANS 71'|E golMdstd ASs @kt 'Chitin’ ©f
g 8ol Greek Al “chiton”(coat of mailoll A sk 1811
Bradconnotel] 93] Hx= AFEE AT 7]EAFS Rouget(1859)01] 2ol *]
S HuEQa, 7IdezRE J)EAe] A Z(Ribgy) % 7|EALS] AAH S
zo #3k Wi (Clark, Smith)7} 17-¢] AlZ=%vh 71 EARS 1960~1970d
d H7lE Ay 2ol A AAPH ol &o] BAX R AT AlZtslel e
AAA oz FHA SAL E ol QAo ik Ao o
18144 54 d&ol 571 7153 H A oS0
of ek thFgt 71sdol e XA A7 H &8
o WAl ATHLi 5, 1997).
7IR/71EAE] 5 el ol8dE F e dEA] Vs EE
™, A= A7) wol &A4st 7l HulE &5 X 71sel vk
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Ae By o] (Allan &, 1979), Rhizopus stolonifer, Botrytis
cinerear, Pythium ultimum, Rhizoctonia solani, Fusarium graminearum
5o WAl W= JIEARS] &t @37 2<% I HHEL-Ghaouth
S, 1992; Stossel &, 1984; Shahide 5, 1999).

7N EALS &g 3t tmo] A& 27 Wl Vs &A4stet ddd
T= kA dalE o] $ktH(Benhamou, 1999; Shibuya, 1998; Kuchitsu
5, 1997, Lee &, 1999; Kneer &, 1999). ¥ % (Catharanthus roseus) @E



AEe}l FFE A oM FIEAF A= AlEH AE2l callose(B-1,3-glucan) &
S S8t AE AIAHS FT7MAHL(Kauss 5, 1989), chitosan
oligomer”} Fol|A phytoalexin®] 9UF2 pisatin BAS =230+
(Kendra &, 1984). 18] WA EXE o] 83k AT oA += chitin oligomer
2] 7} momilactone A F=& FX8H 3, 3 7EA A9 FI=
of wa} phytoalexin §% ¥&o] 7}z =4 ey tH(Yamada 5,
1993). 1e]x e A EAFH el Er}t AR e BN fFEA4
= A5} S v, phenylalanin ammonia-lyase, peroxidase &4, lignin
A = 237 2ozt A TH(Vander &, 1998).

EnlE e} Fusarium oxysporum f.sp. radicis-lycopersici® 733 2}
e Ao s 71EAE Aol os) W¥Ad mAd=ES Axe Fx7F ¥
3ly)o] o] oA E L A EFZ A= phenolic-like 3}

g z2o] HAHIG FA calloses F@stA &2 FHE F56=

i
-0
Ho
i

7IEAbe] B & s9A §8o] Jted e vu#Ee F4 X3
A3k BRolth, HF B 300~50000DaS 2t FEA 7EA AR
o] HjFe} AFolA Ca FFE FHsAthKato &, 1993). ¥l
Shibuya(2000)= ZAT4FdA 71E4E A7 A=A Ca S 12%
S7HA AT AL Baskg o ek 5o HjFolA 7] B4} molybdates

A A9 Wl AEAH molybdate THES A F7HA 7] AL, AARA
Aoz FEAS Eoehs A 2RI SHAl N 7hs

2
A& Aersidth E3] AA AL E Aol A M ZF(methemoglobinemia) &4
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A7, AR = Aol A= 2, PR-proteins 2 A2 38tsto] A
S At B AFo)A =AH3I  PR-proteins< chitinase, p
-1,3-glucanase, peroxidase@®A] WHxEA 2& AIA HA FLEo|t}

(Bowles, 1990).
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Ao Abgd A5 F$ulol e A X vk (Lactuca sativa L. cv.
chungchima) A& FYste] AR&etAth Sx&5 729 Edold + @
29 TSl 24T ASAFolA ol § 35 Tt AAHT 47
1a/20000 =719 EEo 154 o]alsle] 2242 27H 6~7TF37FA] 7|3
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AR o] 2] Al A 3]aE 2g/pot I AA| Al xF vFe s H9 H|
S(Table 1) ImL/pot & FA3tAth. 18]a o] 2~3Y & 7|E4F ¢4
ARl Aol At d Ao R Yol d A7t 112 mgdE N-P-K 944 &
& B 2(Table 2)5 79 4 o2 10mL/pot, 23] &F3ATh o, “F=A
AR AL A &I AFAME vMEHLAE FAEA al
N-P-K 94 Hlg 5% o4 §F 1569 Z3 % 10mL/pot, 71EAF 4
AlB] 59 % 5mL/pot A Zk7F 13] Foste] thE Alga Alb] A7) 4
AR el zke] 7 A ATt

Table 1. Composition of micro—nutrient fertilizer

Nutrients Concentration(g/L)
FeEDTA 2.6
MnSOy - HO 0.7
HsBO;3 0.98
CuSOy - 5H20 0.056
ZnS0y - TH20 0.056
(NH4)sMo70; + 24H>0 14




A& 3~5 % FAFUHEF &HE ol &sto] dMAdS AAGH. 18
3~5 % 4 oo AHd Mg AASE 7d
ol #th 71”ol] i, 40~50 % FASUHEFRS H7bsto]l v AIZbS

HoEAEY dopAlds eyt e JEANS 45 4 dtHKnorr,
1991; Hirano, 1996). 71 EAte] &4 58 G4 &d& AHsto] 7H-E 3|
A7 71 B4 el A3 5 1998).

2 AF AFEH 7IEA FREAlE (F)AFHke] 2ol A AlE g 3
d7te] 2 (pH 1DelA FFZ24E vhgo o) dolMdsies WstAl A
e B 2FS x2S 5EFAHTable 3). (F)AFvto] oA A5

I =g geste aEA 7IEA 23 F(HS: high
viscosity chitosan, LS: low viscosity chitosan)®} &2} 7| EAMS &4
st AL 71EAF2E 19(0S: oligo chitosan)ol Attt 18l AH=
A 7| EAM S 7| EANE S ofAEH o)A RESAIA GolA " st e
7F 50 % A5 F T 7I9E dem o AR 3AHE Fig 194 2
RTHx F >, % Py v HsEE, 1991). 7IEAF FREAY] golAdEEs
0.0025N &8 d 3845 (Wako chemical.) AloFS o] 831 F4 A TH X
F % b gEE, 1995).

Table 2. Composition of macro—nutrient fertilizer

Nutrients Concentration(%)
NH4NO3 2.85
KH>PO, 1.92

KCl 0.53
MgSO, - TH20 0.50
Water 94.20
Total 100




Table 3. Chitosan derivatives used in experiments

Type Derivatives Visfé);)ityn I?Q? Origin
HS | High viscosity chitosan 1980 90 Kunpoong Bio.
LS | Low viscosity chitosan 30 91 Kunpoong Bio.
LT | Low viscosity chitin - 54 | From LSY
OS | Oligo chitosan - 88 | Kunpoong Bio.
OT | Oligo chitin - 48 | From 0S”

1) Viscosity of 1% chitosan solution dissolved in 0.5% acetic
acid.

2) Degree of acetylation determined by titration method with
potassium polyvinyl sulfate solution

3) Acetylation of chitosan with acetic anhydride

196 solution of LS or OS dissolved in 0.5% acetic acid solution

(97.23¢g)

l
Addition of 10% KOH solution

(2.54¢)

l
Acetylation reaction by dropping of acetic anhydride

(0.23¢g)

l

Heating at 100C for 3 min. to remove unreacted acetic anhydride

Fig. 1. Acetylation of chitosan
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((NH4)sMo7Oz - 24H20)2 Mo &3 05% &H(“&< 27 EHlskal
7~8F ® ZFol &4 12 S0ppme] HE=F 2000 2Ajstal, & 2=
1008} 2 Alste]l 50ppm =7t HEE S 3 ¥ HII]E olf AT
S50ml AE=e] Fow el mEA ALsGth AT Gue]
THE S SN 717] & AMEAd A9l Tween-80S 0.03% s==Z H7t
AT o] AlgelME dEzTE &9 22 1008 843 &9 (50ppm Mo)
= T4 URor Agste] Bl

“TVEA F2AZ v A4 Ad® LT7F Moo &3 2o
o4t Ferdds sdstr] As FA2 AT, Mo &= A2+, LT @5

TIEAY FEAZE v AP e LT AH] ke e dad
AL A B dotrr] s 3)-(DlA AREE 8 175 4004

(25ppm), 20081 (50ppm), 100®H (100ppm), 50 (20ppm) = Z+zZF 3] A 3} <]
Mo¥ &3 Alv|stth AW 3)-(D)el A&sd A} LA 73
st o e 224 Mo @A 5 FAh
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Sl wAstgom, BAYTS gETRA Mo BE AT E T 5
Se A F 39, 69, 99 2 AFTEE AR AR

BATE ST AT 54 F A=AE 710CoAH S23] A=xA]

7 % vhdabel A RaEke] 60meshE AE A AmE AN

dgs 43 Hstel 10mL SF/FSE #7138 $ shaking incubator

o

oA 45C=E 1AZF &S FESAT. FEHALS A4 Ad
Advance 5C oFHA = sttt o2 50x00] 0.2mL salicylic £
(5% solution(W/V) in conc. HoSO4)S F7Fske] Aol A 20i7F WA
St 22]3 2N NaOH &9 475mL Y3 538t A=olA 23 &
3434 =7 (Shimazu UV-1601PC, JAPAN)E ©]&3}lo] 420nmollA &%

=439

off
2

g

Mo &#& A2AEsiH(dry ashing method) o2 F&33+=d 3|3t=
ANA 1go A=E ¢d3d] 3N F IEES 11 FAF SmLel Folx
50mL 7HA] SFF2 QY o] €98 ICP(Inductively Coupled Plasma,
JY70C, FRANCE)® #4ste] Mo &S A&ttt
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2 EvlESl ol WA BE By fx 4

D AEA FH

B Alg o Atg¥ EvnlE(Lycopericicum esculentum Mill cv. pinkle) <}
13 (Capsium annuum L. cv. miraegochu)= 22 A& H o} Hels R
ANA Fvsts FAE AlTOAA THE] AT A4 FAE 2T E
olol 9 2HA Fsto] 24T AFAlA Wopa| 7l = 35 F<F A%
A AT 452kl 12/20000 =71¢] EEC] 154 o]4ste] 24d= %A 10
Adste] Al Eel ARgSATH

FANA A& F AFe] F5H 4B

il

g Blooj Ao AMRH FEE FHIE(E)CdA At s ‘dds
FETE ol &Stk Albl= o)A Al {3 AE 2g/potdt AHA] Al x7E v
84 HIPH|E(Table 1)E 1mL/pot T3 18] N-P-K 4%
53 v 5 (Table 2) 109 2tAS = 10mL/pot A 7| EAE A Aol F

A ARRE JEA FEAY TR A wAS A dEAs
2 A gl oy 71EA A8 EEE glucosamine ¥ 7|Eo R

1000ppme] AL thETE 10mM DL-B-amino-butyric acid(®]3 BABA)
AYTE F. BABAE o]7] elicitor® 4#% &E#(Oostendorp &,
200D)el™ Z1EAF Aegatet W @wE(o]st PR-proteins) %
e M2 vusty] el ALk
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3) BAGAH AL

O AEA AH
F|EA § 5327 PR-proteins % £ 3¢ A FoA= EnlE A
FIEAb A 24A7F A3 F 4~5 B T s A" A 3~4uE A

5 AHA3AT OT A glel 93 PR-proteins %= &3 2 Al gl A
EvlE 1% FEAHOR JEA Ad 19, 3¢, 5¢ A F U3 92

ARE AR F oo AADLE o gate] WRALAA Hhasa
70T H3Aste] FE& gt A2 o] &sl¥ Yk Chitinase9t B
-1,3-glucanase &4+ homogenizer(Tissue Tearor , BioSpec Products, Inc.)
& o]&3sle] Alm 2~25g& 100mM acetate buffer(pH 5.2, ImM EDTA,
10mM  mercaptoethanol, 50mM sodium ascorbate, 0.02M sodium

x

metasulfite, 5% polyvinylpolypyrrolidone(PVPP)) 3mL& 3F%3}%it}.
=2 20,000g oA 203t AL PVPPE AlAsAT 281
Uw ] AR ES AASH] $18] 20,000 A 201 AAlEE st A
NE Hst] 48 FAHol| AME3ITE Peroxidase 4+ A% 1gs
50mM K-phosphate buffer(pH 7.0, ImM EDTA, ImM dithiothreitol, 5%

PVPP) 3mLE ©¢]-&ste] FEstded 5442 99 24 stdvh 2
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Chitinase : Chitinase &4 &4 =4 Jeuniaux(1966)2] WHS ¥
ato]l AAsTh ARBTNE (X F >, % by HI%EE, 1991)S 7142 10mg,
F& 459 06mL 283 2849 05mLE &3t 37C3slelA
2AIE Eo RESAIATE 100TC 3ol 33F WA|ste] weS TAAI A 3
24 2% = 10,000rpm &= 103t kA7 e
#H3slo] WA E N-acetylglucosamine(NAG) 9] 33 Reissig(1955)¢] "W
of 93] FA3stArt NAG F42 A5 05mLel 0.ImL sodium tetra
borate -&H(0.8M)= F7Fste] 100TelA 28 &<k WA gk 5 ALollA 2
Hrk o] £ 1% DMABE-9(p-dimethylaminobenzaldehyde, 1%

fo
0%

—_—

Oll
o

A2

concentrated HCI in glacial acetic acid) 3mLE % 7}slo] 37TColA 204

3

ZF AT & 5A0nmoll A FFE=E 5435 th Chitinasee] &4 3
TN 1A B 1ug N-acetylglucosamines AAstE T2 %FS

FSA k.

i

o

lunit=

f-1,3-g
HS X WEsle] ALRES] o™, laminarin(Sigma-Aldrich chem.)& 712

2 oshel WM ¥ oA4HE BU9e AIFgoz AU 2%

lucanase : B-1,3-glucanase &4 42 Reuveni &(1997)2] W

laminarin £ < 75ulol Z& A 2505 E3sEe] 40T A 60% F<F
HES A 7o wks =4S 98] 40040 3,5-dinitrosalicylic reagentS A 7}3F
5 100Cstell A Ags] 10&3F HAsA. A2olA A3 5 F/FF
25mL  H7bste]l  gAg §  Hd0nmeolA FFEE SAHSAC B
-1,3-glucanased] AL 40TCoA 18 H<F 1ug? glucoseEs A=

BAES lunit® 39t}

Peroxidase : Peroxidase &4 &4 guaiacol(Sigma-Aldrich chem.)&

_14_



7123t 470nmeol A1 9] F3% WEE 453 th(Hammerschmidt
5, 1982). 71424 13mM guaiacol £ 2mL, ¥S$/HAE 93 1mM
H:0; &9 0.lmLel Z&E 49 01mLE H7He & 204 30x H42
2 5% &9 470nmolA FFE WIE SAA T Peroxidased A2
1% &2 470nmoll Al F3E 00175 ¥sA7|= E42%FS lunit® 319

.

F WA Bradford(1976)H & o] &3t%i, t+=4 = bovine serum

albumin(Sigma-Aldrich chem.)S A}F&3}91 T},
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Table 3. Effect of foliar application of chitosan derivatives on the fresh

weight, nitrate and Mo content in lettuce edible part

Fresh weight Nitrate content Mo
Treatment
(g/plant) (%,Dry wt.) (mg/kg)

Control 24.1+2.3 2.48+0.17a -
MO 26.0+2.6 2.23+0.21a 5.09£2.00c
HS 25.7+3.0 2.24+0.18a 13.87+3.26b
LS 23.1+3.0 2.23+0.11a 25.47+5.25a
LT 23.7+2.0 1.98+0.16b 8.58+1.43bc
ON} 23.1£24 2.28+0.11a 9.17£1.43bc
oT 22.9+3.0 2.36+0.11a 7.88+1.63c

MO : Mo only, HS @ High viscosity chitosan + Mo, LS : Low viscosity chitosan + Mo,
LT : Low viscosity chitin + Mo, OS : Oligo chitosan + Mo, OT : Oligo chitin + Mo
Each value represents means of triplicates * standard deviation

Mean separation within columns by Duncan’s multiple range test at
P=0.05

- Not detected

2) LTS Mo &3 18] &3}

AW H gk A3k Table 494 29kt
A A g2 FA ol mlsl Mo, Mo+LT Z12]al LT A 2]+l
A BEF AERe™ LT+Mo A elA 7Hg  wkekrh. 1831 Mo7t

_17_



A @2 LT Aoz Aak 24 JdFo] vety Mot the

=

oz 7By fEAZL AWAAL Ol dFE VAL Aoz Bv

ke

Ak 7EAS ¢ T 954 S S AR o d7(E F,
2001 ; Chibu, 19994 #3x a1 gl&=d], 7|EAte] F{A T3 242
A #9le] Bad ouxdy Az 2 THFIYNNADH)Q AL

Qs =1

()

423 FowM Wi T4l dP2 VA F d= Aoz 47H

R =

th. = Mo &d° 93 xa4ro ¥FI 7EAY B =2 2L uy
g F5 3 VEl AR A AES B AEAU At gs Fo
= Aog JH

Table 4. Effect of combined foliar application of LT and molybdate on

nitrate reduction in lettuce edible part

Fresh weight Nitrate content
Treatment
(g/plant) (mg/g,Dry wt.)
Control 41.1£7.1 7.54%1.30
MO 38.2+6.5 6.58+1,05
LT 41.0£0.6 6.79+0.57
LT+MO 44.2+3.1 5.59+0.57

MO=Mo only ; LT=Low wviscosity chitin only ; LT+HMO=Low viscosity chitin +

Mo
Each value represents means of triplicates * standard deviation

12k Aol A Addte 71EAE =4 LTS AW =9 Ag 5 3
71 whe AL e AT LTS s 242 25, 50, 100,
200ppm o2 ko] AjH|Ekl=dl, A d A dd A FFS Table 59

Aokok 18l LT AHe 3,6 283l 99 5 A5E AFAste] A 7]
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Table 5. Effect of concentration of LT application on fresh weight

and nitrate accumulation in lettuce

Treatment Fresh weight Nitrate content
(g/plant) (mg/g,Dry wt.)
Control 36.8+5.1 7.31+0.77a
MO 36.3+3.8 7.13+0.76ab
25 32.2+3.2 6.92+0.77ab
LT 50 36.2+5.5 6.26£0.17bc
(ppm) 100 31.6+3.9 6.99+0.56ab
200 37.6+4.9 5.91+0.60c

MO=Mo only;, LT 25~200=Low viscosity chitin 25~200ppm + Mo
Means * standard deviation(n=4)

Mean separation within columns by Duncan’s multiple range test
at P=0.05

Table 6. Time course change of fresh weight and nitrate accumulation

after LT treatment in lettuce

Treatment Time after Fresh weight Nitrate
treatment(days) (g/plant) (mg/g, dry wt.)
Control 3 29.6+2.1 16.41+8.03
LT+MO 30.1+1.5 19.10+9.73
Control 6 32.6+2.0 25.61+3.95
LT+MO 35.7+4.9 21.15+2.51
Control 9 50.3+2.4 8.30+0.76a
LT+MO 52.5+4.3 5.36+1.18b

LT+MO=Low viscosity chitin 50ppm + Mo
Means * standard deviation(n=4)
Mean separation within columns(9 days after treatment) by Duncan’s

multiple range test at P=0.05
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1t 5 BABA Aol A 43%, OT Al FollA 28% a4 4ol
FoAd A F7FsFATHP<0.05). EvtE(Cohen 5, 1994),
T, 1997), zEar AF(Pajot T, 200Dl BABA  AHEl Al B
-1,3-glucanase &4 &4do] F7ksthal B s o},
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Fig. 2. Activity of chitinase in tomato leaves treated with different
chitosan derivatives.

CON : Control, BABA : B-Amino-butyric acid, HS : High viscosity
chitosan, LS : Low viscosity chitosan, LT : Low viscosity chitin, OS :
Oligo chitosan, OT : Oligo chitin

Values are means *+ standard errors

Bars with different superscripts are significantly different from each

other, p<0.05, n=3.
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Fig. 3. Activity of PB-1,3-glucanase in tomato leaves treated with
different chitosan derivatives.

CON : Control, BABA : B-Amino-butyric acid, HS : High viscosity
chitosan, LS : Low viscosity chitosan, LT : Low viscosity chitin, OS :
Oligo chitosan, OT : Oligo chitin

Values are means + standard errors

Bars with different superscripts are significantly different from each

other, p<0.05, n=3.

_23_



2) OT A 2] ¢} peroxidase, p-1,3-glucanase, chitinase A W3}

EAZE Aol AdrE OT(Oligo chitin)& EvES 3159
of WA dlld &9 AzHA ¥istE S435H3

EvlEe} 115 ] O A™ AP 1, 3¢, 5¢ A5 A FH s}
34 G S SAHsS=d A3 Fig. 4, Fig. 58 28kt

Peroxidase @42 FA#F+= EvtEoA 19z 60.7+85, 3YA}
81.4+7.1, 5=} 118.3+8.7 unit®= YWEFEIL, 5o A= 194 115.9+19.1,
3Y =k 1196114, 5L =F 149.54.8 unitFth. EvfES} 315 EFo A AJZE
o A¥gtel wel Har Eagdo] FUkeke Ao R yEwked L ol
+ phosphate bufferoll x| F5% F @ d 9 o] A&HEH o2 7HA4sHY
A A o7 §49 B 8A(specific activity)o] =7}ste] 1 @eld] gt}
3 Azt ol A EvtETE Ao FAE FAA A7E &4
274 Wstkgo] o Hls| A vEbRT

BABA A& ErtES 115 5ol 1dXFH FA e+ iH 2z}
7} 30%, 51% ol EA ZAdo]l FUFst AL FARE whx[ P 5A Ao A =
BHAQD HlEol M =A vEy FA g ARl vl 242 97%, 147% &
7Veksth welA BABAE 113, EvlE RS54 peroxidase A
A7 A9 283 FE F49 AFAE b5 oS &
AATH

OT A7+ EntEo|A 3UARE Tzl 7o H]3] peroxidase F&
gAdo] 42% BEZ Ko UA F7Hste] 2AF mpA R 5 A A ) A
Hl&o] 79%°] ol2xlt} eAINE nFo e EntEd B3] ai &4
T a37r vulste] 2 Zpol7k e Ao 2 YEETH

rlo

|

N
4>

_24_



300

250 a
a
22
2 200
SIS
ga —o— CON
@ o 150 | —=— BABA
B3 . — 0T
oc b
S 5100 a
a T
50
0
1 3 5

Days after treatment

Fig. 4. Time course change of peroxidase activity after OT treatment
in tomato leaves.

CON : Control, BABA : B-Amino-butyric acid, OT : Oligo chitin
Values are means + standard errors

Bars with different superscripts are significantly different from each

other, p<0.05, n=3.
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Fig. 5. Time course change of peroxidase activity after OT treatment
In pepper leaves.

CON : Control, BABA : B-Amino-butyric acid, OT : Oligo chitin
Values are means + standard errors

Bars with different superscripts are significantly different from each

other, p<0.05, n=3.
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Fig. 6. Time course change of p-1,3-glucanase activity after OT
treatment in tomato leaves.

CON : Control, BABA : B-Amino-butyric acid, OT : Oligo chitin
Values are means + standard errors

Bars with different superscripts are significantly different from each

other, p<0.05, n=3.
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Fig. 7. Time course change of p-1,3-glucanase activity after OT
treatment in pepper leaves.

CON : Control, BABA : B-Amino-butyric acid, OT : Oligo chitin
Values are means + standard errors

Bars with different superscripts are significantly different from each

other, p<0.05, n=3.
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Fig. 8. Time course change of chitinase activity after OT treatment in
tomato leaves.

CON : Control, BABA : B-Amino-butyric acid, OT : Oligo chitin
Values are means + standard errors

Bars with different superscripts are significantly different from each

other, p<0.05, n=3.
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Fig. 9. Time course change of chitinase activity after OT treatment in
pepper leaves.

CON : Control, BABA : B-Amino-butyric acid, OT : Oligo chitin
Values are means + standard errors

Bars with different superscripts are significantly different from each

other, p<0.05, n=3.
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