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Potato late blight caused by Phytophthora infestans Cooke is one of the major diseases in the cultivation of
potatoes in Korea. Effect of chitosan preparations (SH-1 and SH-2) was evaluated on the inhibition of
mycelial growth of P. infestans, and protective activity using detached potato leaf assay both in vivo and in the
field test. SH-1 and SH-2 were showed protective activity of young plant with control values more than 95%
potato late blight by inoculation with pathogens under growth chamber conditions. Mycelial growth was
inhibited the radial growth over 74% at a concentration of 300 pg/ml of both SH-1 and SH-2. Spraying with
SH-1 and SH-2 on the leaves for detached leaf assay reduced disease development. The content of total
polyphenol in stem was significantly increased by SH-1 and SH-2 application in the field. In field experiments,
foliar application with both SH-1 and SH-2 were significantly reduced the development of late blight on
potato plants. Control of late blight disease was obtained with control values of 72% and 53% by application
of 1% SH-1 and SH-2, respectively, with 4 times at 7 days interval, and reduced with similar disease control
values by application with 3 times at 14 days interval compared with untreated control. SH-1 and SH-2
applications increased the fresh weight of potato, and higher grade potatoes were also increased. The results
showed that SH-1 and SH-2 applications can be used as eco-friendly natural fungicide for organic farming for
the increase of yields and control of late blight.
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N B o A3 2715 viEA st AP E I E F
32 JtH(Giddings3} Berg, 1919).

A2 AAANA AujE L e AAF R Fag A2 AW WAE flete] AEHR1 HFA Ao AL
A FzERA A Aol A 7H EAVE He B &2 AR el tid S EAIA oA AL
Phytophthora infestans®l| 2|3 A= Ay oltyt & 347F FAxF Fokeh v, i = Hojx| A, o2 <l
(GiddingsZ} Berg, 1919). 2] Phytophthora 42 & g S H T FAE oF7IA713 ATHGoodwin 5,
FHAE HAFOoRmA ey AAFe F2 I E F 1996)
= Hlete] b AW A Ao AA ol 2 o]e} Zro] s}kEofe] ARl tidh FH 0 AS Fo)7]
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7}8tal ATH(Chang, 2009). # = 21873 7HAAAHS 93
A A 2l HAE 913 sheksek oA EEE &
7| EARS o] &gk Ak WA & (Choi 5, 2011)
o 7|ELLS o] &3t oy A& A W WA a9t B
o] dth(Badawy, 2010).

71 E4H(B-1,4-D-glucosamines) AFAA A E31A &
Ashs £ 71918 YolMEslste] vhe i) o
A FEZ @A glucosamine®] 5,00071 o] A4
o] Sle M8 SR Aol 100vre] et 71E
Ak wrte] bkl wet FEAVIEAN, AEATIEAN Y
F|EAr e 8 FEeh=tl, 48/37] B4R glucosamine
gol 5010071, AEATF|ELRS 10050071, LEATE
F2 50070 o]/l RS ettt S A7 EARS A
7N EANS Ao FHE o e do] 2-107] ¥
Sk Zo g Hg B 33 nvh2-5kDa)l 2 &
ojn], A0 7 kst 4] gl frlEHelth
(Kendra¥ Hadwiger, 1984).

FIEARS 213, o)oF 2 w98 T FHA AREEHI
O}, Exlo] 209+ w7kl (107-30 kDa) A H-AF7] EAkx}
S AT EARE oY ZHEdA B UA 23, eSS
223 9 AL Ao ARTNE A= 2
7} Sl th(Badawy3} Rabea, 2009; Badawy, 2010; Chang,
2009; Meng 5, 2008).

7| EARS B7)9] WS B Re F3o]
22 WE oAU #AMISS JAlske 5 AFA
atedo] AtkBengamoudt Theriault, 1992; Bohland 5,
1997; Eikemo %, 2003; Kendra3} Hadwiger, 1984). &7]
o AdlFsFoly I Rhizopus sp.oll ot FEH 7Y
WAehe adel e dshs @371 th(Ben-Shalom
, 2003; Romanazzi 5, 2000). 2] 317 E4H oligochitosan)
Ay 2 EvtE e gt 3t 47 W gA
#7} 2 BH(Choi 5, 2011). Chang(2009)8 7] EAk} &

TN EARS Z9eE A A o] EntE oy
Al 37t Yol BI85, Falcon $(2008)2 whij
Ao gt WwAETet ¥ A S fFEghal s

23} Q01X Botrytis cinerea®l| 23 Algo|o o
I WA @971 loh(Ben-Shalom &, 2003).
F|EAqto] H kAol gk 2H8- 712k
g AHAA g Qor W APHS
Q1 Wofukg- A|28]-S 2}=38AH U (Cheah 5, 1997; Eikemo
s, 2003; Vasiukova %, 2001), TFat &2 k3ol
U fFHHoz doa 255 Huyls A3 gk Aol
TH(Vasiukova 5, 2001; Wade®} Lamondia, 1994).
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d& F A ZIth(Benhamou &, 1994; Chen &, 2006;
Jayaraj 5, 2009; Vasiukova &, 2001). 2] & A 34
< Ueh= AsehEQl whgo] Fxf, 3 E oA &
7} E&d(Benhamou 5, 1994), +XH 02 A E-Y
o] HAsE =AY, Hol=d Akl tid 24
fFedhes 9 shtl(Barber 5, 1989; Bhaskara Reddy
%, 1999; Hirano3} Nagao, 1989). Hadwiger?} Beckman
(1980)2 ¢H73F AEw WAL Fusarium solani®l
3te] phytoalexing FE3TFL XS HILSE o]F o
A=A W AREE FEATIE B2 24 S
Z1t}aL dtl(Benhamou &, 1994; Chen 5, 2006; Jayaraj
5, 2009). |7 EALS Al Eo|A] Wofulkg, AlEe] 4
sAY #AHE FH47 5o WY 71AE FETFH(Yin
5, 2010). Nitric oxide®} 2] EA oA o] A= 2]
EZ4 522 jasmonic acid, salicylic acid, abscisic acid
4% &443}1)7]3, protein kinaseE =3}
F|EAke] Ho1Hel a2 e EnfEE H|E3 oy 2}
Eo] As S g S 2 FPH = a3
7} 21 tH(Chang, 2009; Benhamou %5, 1994; Khan %,
2002). ZH B2 7| EARS W kALt
M- AE EFAE sho] 71EAE

WA &7 frd stok(Chang, 2009).

B AT X3 ¥ UAE o2 ARATEA &8
AN EARS ZFste] /) @d SH-13 SH-2 A4 AF S
o]gste] AAISH Ma AlFeA] EntE ooy
3 @37t ASH LT AP LS o] &she] ARy W

|

)

Aol thek ¥ WA ax 2 A Aakege)] vxe a3 &
S AAsle] 3187 ZAARARS 3 AdF el A F A
2 oo 7xAER &8st} st}
=R
FIRA A¥,

Alglo] AME-3E 71 EAF A F el SH-12
SH-2= APAE EntE dagoly WA a3 Aol
A AFEE 5D A S 2 (Chang, 2009), A EA 7] EAR}
ST ELY] AR E Ziete] Ao R JfEEgen,
F9E Aol 7k Aok AEA 71 EARS Tgol
50-100%= ek A= wApe] =7)7F 205 v}l
H| #8402 "ol g3t7} 98%(Total glucosamine)El
AEE ARSI, ST EARS @e] 2-109S &



fret Zo® Wt EAF] 3[R FEA oW, FAHAE
o] k2 60%(Total glucosamine)S AH&-3FATh F A
B Axe 71BN ST EANS B3 A
Zo v s Balet] ¥ F Aol 30d47F
FE3 A AGFEANE ARE-ste] g3t shelnh. SH-1
o] FAE2 F glucosamine & &2 130,000 pg/mle] 32,
SH-29] % glucosamine %2 70,000 pg/ml ©]tH(Chang,

2009). AwA7| BT 7| ESE S (FF)R|efnte] o8l
oM FF WATH F2HL i HERH O pHE 3.0
oA AmAZE pHYF 3290 AL ARSI oH, vis
I ks FE3 599 pHe 4.0%0 As ARSI
AR A &3t A G FAF Al dig
71EAke] 35 371el7] $18ked V-8 juice agar(V-8 juice
200 ml, CaCO; 4.5 g, agar 18 g, D.W. 180 ml)°l SH-13}
SH-29] 5% & % glucosamine &F 7|F£SF 6% = (SH-
1: 75 pg/ml, 150 pg/ml, 300 pg/ml, 600 pg/ml, 1,000 pg/
ml, 1,500 pg/ml; SH-2: 35 pg/ml, 75 pg/ml, 150 pg/ml,
300 ug/ml, 500 pg/ml, 750 pg/mh = ZZ3ke] 71 EA S
F WA E ST SH-13} SH-27F H7be w= 9 V-
8 juice agar M|A| &= SH-13} SH-2S 7} = 9 d|FHE
71 B2 #FS V-8 juiceol agare} $ €& ¥ pHE EF
6.00] H== ZHg F 120°CelA 308 AFsiairh F
Aele 71Eqhs H7bsAl Stk A a2 20°C
oA B, V-8 juice agar WAl Al ul S s
A AHgITh AENe Ao PR TR EAE
5mm 2222 iAo HFste] 20°CellA TURE Wi 5
F5 AL vollo] AYAR 2 D g B
230 Ak Hatgks ARSskith. SH-13 SH-2¢
ek 8 AEE BlaLsh] flete] W] dAMES
50% A= & =(ICs,, Inhibition concentration of effective
mycelial growth by 50%)2} AR A-S $Hd38] A3t
5% (MIC, minimum inhibitory concentration)& 3}
o AP evHE o R 7 Wt Hitgks AREskATh
A2 A A AMAHNTE #FE Ao}
Ak AR AAE(%) = (1 - SH-12+ SH-2 22T Hj
Aol #Fo HAmm)/FAE wAe] #Fe] AHAA

O

- 7

(mm) x 10022 $2+319 T}

A EW At g Agat. SH-13 SH-2E ©]83)
o 759 AEHIFM =9, ¥ AFFHES, E
e AUlggoly, EntEY, UHES, BT
W g a5 ghxel| tiste] Aol FEE o83 |
A EI= Shersletd e A HYAIR | o] g ste] =
3 = ATH(Choi 5, 2011). SH-13} SH-29] AMHE =& 7+
Z} 2508 4 (SH-1: total glucosamine, 520 pg/ml; SH-2:
280 pg/ml) o & =of 3|4 ake] 2 A (Tween-20, 250 pg/
m)Z FH7iste] AEEATtHTable 1). T2 thETE 250
pg/mle] Tween 20°] T8 FF/HTE AHE3te] 2404
304 7] FAEAC] BF AES $ A4 2447
e ARAH Y. WLt HES SH-13 SH-2E A

[
19 Foll zzte] HAE PAFS WEF F

E SH-13 SH-27} 914
= 295 28] Sk A AlE =
z AA ds A AEHA
ARESE T AF T A ofojautam efale] A
A SH-13} SH-22 9 ™ol Si&s] dxsta 1~
ol AAAAZE A7l & V-8 juice agarollA] A &
o] 7bgAtE] #%2€ 5mm 7R Db Yo FH
of &3 &9t} SH-13} SH-29 AEFEs oA o
WA RS Al =9 FUsHA 871 f18te 1008] < (SH-
1: 1,300 pg/ml; SH-2: 700 ng/ml)y2 34 sfe] AE 1%
o JEE 92 9y =8 8 F20F fAE 251
Zet2yg lxo) Yotk £ fAE Yt =
vietel] detd Fol 71X 25 150 mle] AdrE

AdE U AR wa 1 9 BddS
-
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ri

2
okt
o Ml oft £ & M Ml

Table 1. Protective activity of chitosan preparations developed in this study

Treatment Control value (%)
(concentration)’ RCBP RSB TGM TLB WLR BPM RPA
SH-1 (260 mg a.i. /L) 50 5 7 98 33 0 0
SH-2 (140 mg a.i. /L) 44 5 50 95 20 0 17

*The chitosan solution was sprayed on plant seedlings 1 day before inoculation with each phytopathogens.
PRCB: rice blast, RSB: rice sheath blight, TGM: tomato gray mold, TLB: tomato late blight, WLR: wheat leaf rust, RPA: red pepper anthracnose,
BPM: barley powdery mildew.



AR} el X187 WA
2] Yol Wkt Wute] 27 (mm) x 10002 $HAFsFITH
AEA F FodE . A E Hol Ui AR S

fFdke e o E/\}(Benhamou =, 1994; Walters
5, 2005)= SH-13 SH-2E 77} EAeA o] LAy
V‘OF‘ 7€ 19FEH A2 AFE AA ZF%Q

Edpd
PJr =710l HEgEFe] Zfolol ot dWte] AH A
= ZALEIA T SH-19} SH-29] A¥Fes EgoA 3
WA g7 A AEEet U3 5= 1009 ¢ (SH-1: 1,300
pg/ml; SH-2: 700 pg/ml)S A3 TH A3 st £7]
£ ofolxutag 2ulel & s2E B AlF F 65°CY]
Ax71AM FiEe AXE 98] 1497 Az & 23

712 ZA Bt EEHlE 248 AEE ARSI
ZYHE 48 g8t 223 %lﬁr =7 47 1g&
Fsle 80% wlElE 10mlol] ¥ & wlfisle] 70°Col A
1587+ X1"skaint. WEeRs %%%‘94 1 ml& #H3laL 7]
of 5ml¢ SHFF9 250 ug/mle] Folin-Ciocaleau reagent
(IN)S 22 & o 2o 387 A g} 23k Na,CO;
|4 1mlgt I mle] SHTE YL 25°CAA 11]7F
A2 T spectrophotometer?] I3 700 nmo A FF =
S35tk A e FHe fs x589S 2
A2k th(Jayaraj 5, 2009).

EAA A A g9 2Ry PA S fe
EAAEL d#Hol = AsdFusty 5%
A=At AR EGS AMYEH, 77} £35S FrE
J 200101] /}&] 71—;].__ Al o ° ‘6 Jq-agbﬂ-tﬂ o=z XHHH o]—)j\li]-
= AHH lt’“ﬂ ol HHX] Pﬂoﬂﬂ 7zt AT &
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=

o mﬂaﬂ«ﬂ SH 14 SH-2& A}%
A= A9 FoRl 2R E
A Th AMEEE=E SH-19F SH-2S 1004H 2 (SH-1:
1,300 pg/ml; SH-2: 700 pug/mho 2 o 34 ko] A&
stAth FAIAE I oAl AEA7I= o] WA st
7] A&kt 7° 1978 722 227 AA 232F
A 52 EF71E ol&ste] 7Y HHSE 43
oF, 149 7HAS = 33] AX S on, xEoe
WA 7120l met 104 7H4 o= 33 Axsch
ZAFE 8Y 10¥ 3 8¢ 209 2 ZASIA T o
I EE 042 AFshste] AV S, 7
0, 2 HAZo] 40.1% ©1’F2 42 AlEste] 7+ A
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F AR 22k 2AF L9l 8 2090 99 2
Al o] 7P AA wA A EE AR st
AT & 152715 AT S Ak
T NG BAFTFLE AU, NT AT
B2 TS AR FEsATE A 200 g ©]7d<]
&, 200-100 g FF 100 g PRk FEC
skt

BAEY. EE 43I SAS(Statistical Analysis System,
JUMP 6.0, 2006) 22138 o] &3t HAMYGAA &,
T s, ol e WyRke] A7), gWue 9 3t
AL A gl thate] Aok FAE o gk Fit Y
by X BdloA FAAR Fo4 A8 one way EART
21 (ANOVA: analysis of variance)>.Z F #tS 3l T-
test?} EFHZKSD), all pair 2 Tukey HSDS} Duncan’s
multiple range test(P = 0.05)2 ©]-83}] f-2]Ad9] Zol&
AR st

fe oy oy %

h k"
7%2] AE Hel U3 s JJr. Ao SH-13} SH-

28 fFHO AX 3 7E9 Fo AEHYHEES JF F 9
Wa s ZAEE 43+ Table 13 72t} EvfE 98
SH-13} SH-29] R5FolA] 95% o]A+e] ot gas w3
ofowbE, W EEe F AE B 44%2] e o 7
s HAL, EvtE AW Fgo|H-e SH241F 7ol 50%
AEAHE BT
7| B 7]
HE o]&3sh ¥ ous JJr l

CR=I AT S THE S

SH-17} SH-243
o A 7F9] F8 *‘gtﬂ
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% 359 AEHAA drasdyh gl Choi 5(2011)
T2 71EA SEES o] &3 T3 ol Al elA
IF BAY, B =gy, EvlE o9y 9 g Homy o
ot g tol] =2 BFS AT Hsgl o), Al
Adeks & zolE BEAUTH AR Zgo] e F AF2
75 Fa A Foll R EvtEEAAR =
AE 25 95% o]de] dyass Bt o= SH-13%
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3 71e] Zjo|= B &= Itk (Mauch 5, 1988). Choi 5(2011)

& S IINEARS 7Rt} EntEe Sk in vitro AT
1 94% o)/l oy adke= Siglou, EvtE ool o

s F5ade A ATk sttt
2 Aol AHEF SH-13} SH2= FH8o2 Aite]

S e APor EntE dggelwyol

S

7 Ela
A Y WA E, B ARAT G R AT &

2 ok

F7F AAHChang, 2009). SH-12 227 EARe] &3
o] &L whA SH2E H|F8A AEAT|EALe] Thako)
Eom Exolyl ¥njd o] gt xlo]7} k. Bx
2}

M} 7| EARS H|F8A 7| B4R Bl SEhoIA =
AEE Falldhe 242 ARSI tH(Chang, 2009). &3
He FZ A wet FAEES] Tl Zole A
A%t alkaloid, terpenoid, phenol ¥ FFA&E3 2E59] #
TAE AME FRol wpEhA ksl g, AEA 3 B
ASER T Adl(Lee 5, 2004), T2 9} &
ZHe AE ASFH a37F A, AFAA ¥ W

A &3= gl Nam#}F Kim, 2002).

| A S fFdsle 298 aTS 7o A
71 2, 4,10 2 20 Aol 7]|EAK100 ug a.i/mlyS 2+
I e HE 204 o 7| EakS AET 2
TollA W o] 7P witom, A FE7F =2 1000 pg
ai/mlo|A T Eo] W th(Eikemo &, 2003).

AR A &3 R Gre] FAME Al digh
Hk-3-2 SH-13} SH-27} $H-f-% V-8 juice agar Wl %] ol A
At 7] 712 2AFSE A= Fig. 13 2t SH-
13+ SH-2& gk wiA] oA FAME Al a37F AU
t}. SH-1A1E- 75 pg/ml F55E, SH2AE S 35 pg/ml
TENEH TRVt FoHAFE #AME JAEHTE =%
ou F AF e SAAR 74784 Aol 1T
(Fig. 1A). SH-12] ICs) F=E 104.9 ug/mlo| A 32, SH-22]
IC5) =5 93.6 pg/mlo] ATH(Fig. 1B). SH-12] MICE
93.0-118.4 ug/mlo] 22, SH-22] MICE 90.4-113.9 pug/mle]
Atk

A2 qHsto] g FAMIEA A &3+= SH-137 SH-
AR S AN FNA ALEshe SRR 18] B 3]
AE 75 ug/mlet 130 ug/mloll A AR o] 479} 74% o]
AR & o EZANA B A aHE A5 F
ANTE T EARS] P82 7| EALY] T} A
7} 9 tH(Cheah %5, 1997; El Ghaouth &, 1992; Wade=}
Lamondia, 1994). 71EA4F] X7} S7FEHFE(0.75-6.0 mg/
ml) Alternaria alternata, Botrytis cinerea, Colletrotichum
gloeosporioides 2 Rhizopus stolonifer] %2 7ol 7+
A8kl EAPOLE A8 S H(El Ghaouth 5, 1992),

A
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Fig. 1. Effect of mycelial radial growth in V-8 juice agar medium
amended with SH-1 and SH-2 after 10 days of inoculation (A)
and Control value of mycelial radical growth (B). SH-1 was
amended with 75 pg a.i./ml (Total glucosamine) to 1,500 pg a.i./
ml in V-8 juice agar and SH-2 was amended with 37.5 pg a.i./ml
to 750 pg a.i./mlin V-8 juice agar. The ICs, value of SH-1 was at
102.3 pg a.i/ml and SH-2 was at 105.3 pg a.i./ml. Error bars
indicate standard deviation and different letter indicates significant
difference at P = 0.05 level according to Duncan’s multiple range
test.

FEIt 1-4%=2 S7YESE Sclerotinia sclerotiorum®]
%9 o] I = U tHCheah 5, 1997). thE Aol A
= 7184k F57F 0.5-6.0 mg/mlE S7184E Rhizoctonia
solani®] A7AS ZFAA ZtH(Wade?} Lamondia, 1994). &
vl o] FAMEL 71EAR 250 mg/ml =0l A]
kds] Ao, GopEsizt @ | 71EARS 1,000 ml/
ml FZoA FARYS-o] 23] A = X tHArlorio 5,
1992).
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Fig. 2. Disease development and colonization for potato leaves
treated with SH-1 (1,300 pg a.i./ml), or SH-2 (700 pg a.i./ml), an
hour before inoculation with Phytophthora infestans, compared
with a nontreated. Sampling leaves was 90 days old (Aug. 20,
2010) collected from field after planting. Numbers are means of
three blocks (five leaves in each) in each of two trials. Error bars
indicate standard deviation and different letter indicates significant
difference at P = 0.05 level according to Duncan’s multiple range
test.

2 E S Wl a7 = SCHEL Ghaouth &5, 1999). 7)1 EAF
< WA Bl FFe XY 7IEAS Aed o
AVE dvF o R #&st A} Trichoderma longibrachiatum
9] #AF £ A7 FAA =92 ((Ben-Shalom 5, 2003),
F oxysporum f. sp. radicis-lycopersici, R. stolonifer and
S. sclerotiorum> dA 8] 7FA 7} oAl gobA| AL
o] 7]8o] B @Ale] 2717} HolA7 1 siirh(Benhamou
3} Theriault, 1992; Cheah 5, 1997; El Ghaouth 5, 1992).

Rk

Ay elL- o] 835t AEAA. ELAA] AH 3 Yo SH-1
(1,300 ug/ml)3 SH-2(750 pug/mlyS A2 & P+ 3

of ot Wute] A7)E AN A3 Fig. 294 2t} SH-
13} SH-2 A2 W ddo] dAHe a7t SA4 R
oAl zpolE BTt SH-13} SH-2 A¥ 2 | wgo
=717} 937 mm# 9.98 mm=E A2 12.19 mmol] H]
3 FH R JAE= a7 AU
7];}\}01 /\l‘joﬂ}ﬂ ix._o/] H]—Iﬂ—oﬂ u];(]‘_
gk WS AL T

iy
3]

3 kol T
71ol &t A} A o)

A3, 1%2] 7)1 ELHA
o] =d 740; ZAFE S
% = 0 ;GZ_
}fz J+ I B2
uke] s 7} 80%

1811
Al BEAH S
38 AEle oA e wy
o X% 8 ety 7|EAE
0}04 e wdo] g e S
20 g/L(0.2%) o= &g AolA =
} Zo] 59 3(Chen =, 2006), 1ol 71E4F 0.1%
5 B. cinereas {53 oA He] I7|7F &
ks =8 A ke, 3ol 27184
‘Rﬂlﬂr(El Ghaouth 5, 1992).
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Fig. 3. Polyphenol contents for potato plants treated with SH-1
(1,300 pg a.i./ml), or SH-1 (700 pg a.i./ml) in the field, Sampling
leaves and stem were collected from on Aug. 20, 2010.
Application was applied with 4 times at every 7 days from July 1
to July 21, 2010. Error bars indicate standard deviation and
different letter indicates significant difference at P = 0.05 level
according to Duncan’s multiple range test.
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5, 1994). = W AP fFrste dF FHAA

NPR-13} PR-1 7=} peroxidases, polyphenol oxidase,
phenylalanine ammonia-lyase, chitinase, p-1,3-glucanase %
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o)t AN WAE 918 e Akl 0.25% 71 E

A A A 2F A W A fE EEY
2o =4kskAl, flavonoid e 2ol gl2de] Aol
=718 tH(Xiao-juan 5, 2008). EVlE ZZ = 7| EA
S Axdy W A 80| F718H 3 (Vasiukova 5,

2001), chitinases®} glucanases®] 232 W2 F3Folol O
ste} o] &R0 2 938 m (Mauch =, 1988), 72 o
G AES e 2T EANOIY glucansS °]E &4
&4 A F7H It (Jayaraj 5, 2009).

Entgo 7B N} S| EANS AR et o] +F
o] 7ol A&AS Fedhe wlEo] 33253, phytoalexin
I Iksra B RS W AP i EAQ salicylic
acidE #2344 phytoalexinS * 2 O]-E AET =26
(Vasiukova &, 2001; Yin 5, 2010), = d= IF 5

3
< Wolste FHtel a4 STt ;q ol¥ = o] T
A F7tete AL 71EARS Aee AEdA 24 =7
yebdth(Vasiukova 5 ?, 2001). o]} o] 71ELbo] A&
oA W] WhgE FEdhe A FE B4 v
Hddol ok oA AFellA FIEARS Wite] 2 d
715 ZF oy 713 A ofsf| W aae] Aol o]k
chitinases, B-1,3-glucanases 2 phenol 3}3& 2] =3 o]

o’Iu—ﬁ

%zlﬁl,o - 1::1 phytoalexms«] rsL}\-I 0 iﬁl-o].o:] 7]Z
odk-g-2] 914 fAZA HIEo] lthH(Arlorio 5, 1992;
Bhaskara Reddy 5, 1997).
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A AEE G WA a2 SAFHSE {89 At
o]7F A THFig. 4A, B).
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Fig. 4. Disease severity for potato plants treated with SH-1 (1,300
pg a.i/ml), or SH-1 (700 pg a.i./ml) in the field, (A) SH-1 and
SH-2 was sprayed 4 times at every 7 days from July 1 to July 21,
2010; (B) SH-1 and SH-2 were sprayed 3 times at every 14 days
from July 1 to July 28, 2010. Disease severity was rated on Aug.
10,2010 and Aug. 20 2010. Error bars indicate standard deviation
and different letter indicates significant difference at P = 0.05
level according to Duncan’s multiple range test.
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2009). 71 &S B cinereadl 2]3F QoM Hl oW &
9] (Ben-Shalom 5, 2003), ErFES] AW FFo]H (Liu
5, 2007)= HIEst o9 ﬂ%cﬂw He Rt EY

Bz 2-gAel B4 @37} 9t} A2 7 Brassicas

FTEHE 2% 71EAN 844 AR & F28 3t B
ol Plasmodiophora brassicae®l €3t F-AMHH S ®HA|

AV FAFA L] A7) F0]3L(Cheahd} Page, 1997),
a2 9] FEIAHS TevHE = WA St 7
EARS 0.1-0.01%A& 2 Aol AEsh wage] g
A& &0°|3(Giannakis 5, 1998), B. cinerea®l €3+ E%
FolH g Aol st EApdolE AL FAF
&S Aslistd 2NN AFH R W WA &3t

TH(Reglinski &, 2010).
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Fig. 5. Yield and weight degree of potato plants treated with SH-1
(1,300 pg a.i/ml) or SH-1 (700 pg a.i/ml) in the field. (A)
Average yield of potato with fresh weight; (B) degree of fresh
weight (HQ: over 200 g per potato; MQ: 100 to 200 g; LQ: below
100 g). SH-1 and SH-2 were sprayed 4 times at every 7 days from
July 1 to July 21, 2010. Potato was harvested on Aug. 20, 2010.
Error bars indicate standard deviation and different letter
indicates significant difference at P = 0.05 level according to
Duncan’s multiple range test.
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