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Screening of Potato Cultivars for Infestation by
Selatosomus puncticollis Mot. (Coleoptera: Elateridae)
and Analysis of Factors Associated with Resistance

: Hool-ufds . gAY - ABE!
Min Kwon, Cheon-Soo Park, Young-Il Hahm and Yong-Joon Ahn!

Abstract - In a previous report, 50 potato cultivars were screened for infestation levels by the coppery
click beetle (Selatosomus puncticollis Motschulsky) in the field. Subsequently, we selected 10 potato
cultivars (Anco, Atlantic, Bintje, Dejima, Denali, Jopung, Irish Cobbler, Namsuh, Shepody, and Superior)
to evaluate feeding preferences by wireworms, and to analyze some factors associated with resistance.
The injury rates and number of holes in potato tubers damaged by larvae of S. puncticollis were checked
in the field and laboratory. Additionally, some of their chemical characters (contents of glycoalkaloids,
total-nitrogen, Ca, K, Mg, sugars, and starch) were quantified. And finally correlation analysis was
conducted to see whether there is a possible relationship between these characteristics and the damage
level. The tuber injury rates by S. puncticollis larvae were generally high showing 19% to 73% of damage
level. The highest number of tuber hole damaged by S. puncticollis larvae was found on cv. Namsuh, but
generally fewer on cvs. Anco, Atlantic, Bintje, Denali and Superior. No activities for a-chaconine, a-
solanine and a-tomatine at a concentration of 2,500 ppm were found to S. puncticollis larvae. The
contents of glycoalkaloids in tuber were different depending on cultivars. In tubers, cv. Superior
contained the highest level of 18.8 mg%, but cv. Irish Cobbler had the lowest level of 6.39 mg%.
Concentrations of reducing sugars and total free sugars in tubers of cv. Namsuh were 0.71% and 2.95%,
but 0.26% and 1.77% in those of cv. Dejima, respectively. For the content of potato starch, cvs. Bintje,
Dejima and Irish Cobbler showed higher level, but cvs. Jopung and Shepody lower. The highest contents
of total nitrogen, Ca, K and Mg in tuber were found on cvs. Anco, Atlantic, Anco and Jopung, respec-
tively. From correlation analyses, injury rate by S. puncticollis larvae was correlated with total nitrogen
content (r = —0.71435%*) and total sugar content in tuber (r = 0.78018*). Such information will become
essential in developing integrated pest management programs and also in breeding new potato cultivars
resistant to the wireworms.

Key Words - Potato, Selatosomus puncticollis Motschulsky, Infestation level, Glycoalkaloids, Total
sugars, Starch, Total nitrogen, Ca, K, Mg
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wa F5Y s Aolo] AT WYL FHLA Al FHD A HEE (glycoalka-
loids, = A%, WAL, Ca, K, Mp)®] && 243kelch. A5uolle] f30 AT 107 F52
2R AN A EE 19-13%2 gokoh AMAA A3t Aupebta 300 €% N FAAE @
A FFOIA wkevt, 421, ¥ A, Anco, Bintje, Denali £%-2 Afd 2oz gt =3} o
%o 938 a-chaconine, a-solanine, a-tomatine2] 48 AV A HAJ 23}, 2,500 ppm &=
A ojud @A FAFR gkt F A 2] glycoalkaloids §#-2 FFHE 2lelr} wWoted, £
F52 1883mg% 2 7MY el TRt ot F 52 639mg%E M A AA S Y
23 2o ke G EFAM A 071%} 2.95%F o}, WA FEL2 0.26%2 1.77%A
HE 2 oA, F3t, Bintje EFFo] BUW ¥ 2F 3 AFE FFAME HFd9. JA4F: A4
2, K 7H @eo] &3 EFFL2 Anco £50|% 1, Ca M EF Mge 2F F30 74
waket. o8 g A vigtozw FHE 3o Tzl A3 AW [AE AU S BAH
g A3, Apulopdd f3 93 Y&l AAF AAA ke 5o A (r=-0.71435%)9]
et HAAF 23 dFAe A AT (r=0.78018%)F RH o|2|F AAE s|FEPuA]

Vol. 39, No.3

Teode HYsn v Ase 434 BRI S40 xxtast @ Aes G
HMO - 717, A)obas) §3, 98 =, glycoalkaloids, 25, A&, A& 4, Ca, K, Mg

FUlA ZAALE 713 dES 75 183 4049 F
o=z B Ee] glom (Kwon et al., 1998), 7L FolA]
ofd wAje] wrel Il Z 2 o 109F0 =,
Z+Z ulo]HAE wh 3t AQEF, AFEE S
GEA A FHZ sl Z s F3 Ue
20| &A1 8 (Thrips palmi Karny)$} o}l 2]7}d 25}
2] (Liriomyza trifolii Hiibner), F2-X|ul-& FA402 )
w2l ZAkel Audie] xAEel Zhate] HIE F
= Z}R1e b} (Phthorimaea operculella Zeller), =7
oz whd dAe] ErlEl= AQE JHeEe B A
A a) e} (Spodoptera litura F.), spahJu} (Spodoptera
exigua Hiibner), 2874} o] -3 ¥ (Henosepilachna
vigintioctomaculata Motschulsky), Eof&ell A 273 &
Pshahe PobleF Folch.

A= A3 AE GFHAAA AAAE 7] 9
Foll, 2 wlopHHF f-&, F ol F, AA
7 5 59 sFLAe] wWeold AS AAArY] Aol
Qolx FfolAje] AAgke] H7AL Fiuol| A&
Zo} (Onsager, 1975; Toba et al., 1981). v}opHe {3
(wireworms)< B&rol A 74x1e] #7Ag 33 £}
Al st=d HAR Y 2 2% S PriE=,
IFE E3le EokudFe] AYstH 234 I&E
F7)1= e} 98] vl AR F2 ARl s
800m B9 Hf#A3 o= 1980dHFE A%
ulo} &) (Selatosomus puncticollis) F-%l 213t I3
A2 w7 g g FUI8la A, FTdlE B
ZA A2 5o WAxHE 7oA o FAAEAR
A e 50% o]43e] AT &) EAYsT ] A
=z} AAabel) 2 o]8-2-& ZA 3 9l (Kwon et al., 1997).
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Ak, ZAARe] FQ2 M FEo W FE2 A A =
zlol o} WEAe AAE A, ZE|A EAJo| A
A= A3l o2 =Y4EFY A4S =7t
FA A= s el At T oFAdeolvt A A
Lele] Hgt A3 o] o]Fe|A )X]qk(Hibbs er
al., 1964; Gibson and Valencia, 1978; Carter, 1987; San-
ford et al., 1992; Jonasson and Olsson, 1994), $-2]1}e}
A &AT FF Aol W A s Fol A3
)3 £2] ool st AT wju]|dt A ol

B d3E EUFAAA A AL sHEiEke A
el e 3o A3k AR F8 AeERe] =
£ HAAsG, 2o AP AP Q&S 73
o, A5 WA EZ/ALE Y3 258 AAE
31 olrp A Fe S AA}E 4% 72
ARE AF3 AL AABkg

Mz A Y

FEALE 9
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P EEE Ao 1998904 199997k1) 22k

A ARG Al ZA oA 33
Z2ke] R ZAAE 25 ecmX75cm ZHH R AT
32-8078 32 RFagT, F3rE 2AFEA
72 AEAlE dA A=EA] gokar, E3E] Fel A
24 13 el A9y A 8 gydE =
2] whs AFA ATE 4 3] AT L
9j9) wE Auiel Aujuby e Unbgrle] #3fe) &
slod A4t Al Al FF 23 Ao} 33
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74 x100)& AHEsE . D A& wopdd &
Zol 93 ALTHY FFEH BAIY T, st
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Table 1. Country of origin and tuber characteristics of 50

potato cultivars tested

Korean J. Appl. Entomol.

Cultivar gr?;in;ry of :};zg Skin color Remarks

AK-Red USA Round Pale red

Alamo USA Oval White

Allegany USA Oval White

Anco Germany  Oval Pale yellow Selected

Atlantic USA Oval White Selected

Bintje Netherlands Oval Yellow Selected

Cardinal Netherlands Oval White

Carhon USA Oval Yellow

Corine Netherlands Long oval Yellow

Dejima Japan Oval White Selected

Denali USA Oval Pale yellow Selected

Desiree Netherlands Oval Pale red

Eigenheimer USA Oval Pale red

Epicure Australil Oval Pale red

Hatsuhubuki Japan Oval Pale yellow

Irish Cobbler USA Oval White Selected

Isola Germany  Oval Pale yellow

Jidose Japan Oval White

Jopung Korea Oval White Selected

Kumsisuh  Japan Oval Pale red

Marijke Netherlands Long oval Pale yellow

Maritta Australia Oval Pale yellow

Namsuh Korea Oval Yellow Selected

Nicola Germany  Oval Yellow

Norgold Russet USA Oval Dark yellow

Norin#2 Japan Oval Yellow

Norland USA Oval Pale red

Ojiro Japan Oval Pale yellow

Penobscot ~ USA Oval White

Pentland Envoy Newzealand Oval Pale yellow

Recent Netherlands Round Pale yellow

Red LaSoda USA Oval Red

Red Pontiac USA Oval Pale red

Renemahue CIP Oval White

Rosa USA Oval Yellow

Russet Norkotah USA Oval Purple

Sandra Canada Oval Pale yellow

Sebago USA Oval White

Shepody Canada lVery White Selected
ong oval

Shimabara  Japan Oval Yellow

Shinyuseo  Japan Oval Pale red

Sieglinde Germany  Oval Pale yellow

Snowchip USA Round Red

Some Miore England Oval Yellow

Spunta Netherlands Long oval White

Superior USA Oval Yellow Selected

Toyoshiro  Japan Oval White

Warba USA Oval Pale yellow

Wheeler Japan Oval White

Whitu Newzealand Oval White
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A7l el 7ol glolw shtel a3
o7 FIHAH.

ANZAA N AT §F2 $87) A A AH
slgdoer 15cm FAS EF3 &4 {247 (¢30cm
x25cm)ol] Fol F74E& 931 AIF7|7HEE A A7)
HA A¥e) o]&3ldet Ax2E =] 8 15Y0te
B¢ 2F 2FE AddE 58T AEE A &
et 4 FEHzE dloz Ao o Y AL A
ol o)g3lH, MAS F& vl 7 Eehad 47
(p30cm) &ol ATAE i Y3 43 200k
& AE ¥ Yol BorkA g=d 98 T Yol ¥
Aok AEE AAE Ade) 53l AT sl R4
g 2% 2k E27 AolE Aokt old A
e EAY wolx m2=8} A AgolE AT
3, &eto s HWola AT o] FIR Aol 7
ez 73l

Agutopdd -3 W3t glycoalkaloids®] ¥Ad&
A3l 9%, 5% solanine (95%, Sigma), cha-
conine (95%, Sigma), tomatine (98%, Sigma)& meth-
anole]] e 1,000ppm=} 2,500 ppm =2 LHoz
A8t A o] &3t AFobdd & A
Aoz Helr 7+ Lo FAE A3 FFHH7t
2 Al ¥4 F AR (2F)e] £ sEY
Al (p9cm)el] Supe]R A FEdhed 24A|7HFo)| AYALES
ZAtE o). F-x]8]lx= methanolel] A3l w, =
Age sBo e s

el

2 AN HE B4

7+ E2 FAL 58X (°98.9.3)) H#H 2ol 3]
7t sl Ag sl FA] APz A9 2
AT F FAAER o] 43ty

# Glycoalkaloids ¥

72 #| 7 F glycoalkaloids2 NH,OH= F A A)A
a&PAl B2 AR 3= Bushway et al. (1980)2] 4}
ol F3le] 3315, /M4 Alm A9 49 AlA
2e 234 gl FZ39v) I A8l metha-
nol-chloroform (2: 1, v/iv)& 23 v}, 4% 02N
HCIZ 7}3F % 387} sonicationd}iz 41822 (25,000
rpm, 4°C, 1083}l et. AR Yol NH,OHE Yowi
pH 105~11 022 FAHIE, 70°C A 2087
HF P50 244120 WA skt oA
QA EE (25000 rpm, 4°C, 103 A& FAF,
methanol (99.6%)ell &3l A7 UAIE=] (5,000 rpm,
20°C, 10%) ¥ AP A& 45°CellA ZIshs3A1A gly-
coalkaloids A E& At} & glycoalkaloids 3ef2-
A B9 ZAE A5 100g% mge g $HAslgi o).
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L]
|73 Al &l 85% methanol& Y1 u}sj % 85°C 4=

Zolq 1087 ® g Asc) B 2
28] AlmNell DNSA]F(2M NaOH, 20 ml+3, 5-
dinitrosalicylic acid, 1 g+ Na-K-tartrate, 30 g+ 354,
100ml)€ Y1 oA 85°C 4z:oM 427 Ba F
&A% YA HH. 7)o FF5=2 A3 F spec-
trophotometer (U-2000, Hitachi Co.)E& o]&-3}e] 570
mmel| XN FR=E AN 27 FAHE AH, AR
o] 0.1NHCIE& ¥ 85°C $ZelA] 1087 &<
F 399 243} 59 ez Asud. 4
S 93 #FFAAL 04% d-glucoseS stock
solution© 2 o] &-3led z}AIE}g] 7, W3l A EA)
YAZ %2 BASH.

HE

AN B 2280 (45% HCIO)-E Y3 w}s, o
H% Aol 2FP2 Bl Aadlez oga
Aok g 1mlel 3mle FH5SE Y1 F4L
(KI 667 mg+1, 333 mg+ZF4> 100ml) 5mlS )3}
F AA EEe] & % #A F997], spectrophoto-
meter (U-2000, Hitachi Co.)& 550 nmol|A] FI =2
ZA3 o AFEAE A BFEFAAL 003%
potato starch@ stock solution© & o]-&3}e] =FAle}y
T ARYFE NBA AT %2 DA,

2712 (Total Nitrogen, Ca, K, Mg) &%

A7 4L #1738 85°C dry-ovenel| A 48A17F gbA
3 AxAZ F AZIRAIE 0|43l JtRE U
A} Az EdAlg = Kjeldahl flaskol] ¥ 3 H.SO.E
22 F AV Es A e oz 420°C7A] 7+
A 3 A7 d @R AL AR AA
o 287 #ud A 3A] (No. )2 H2W, /95
go} HAsled EAL AlRdez o sl WAL
e, Algd 50mlE #H3le AFAREAAZ
(Kjeltec System 1026 Distilling Unit, Tecator Co.)E ©]
43ty FF3ted, ZFAE 2% Boric acide} ¥H-AI R
31, o]8 0.IN HoSO42 A (A - T FA)3}o]
AEF %2 $ABIAY. K, Ca, Mg 342 Alade
A A EFE533 5 4] (Atomic Absorption Spectrophoto-
meter, Z-6000, Hitachi Co.)& o]&3}ed Calx 4227
nm, Mg2 2852 nm, K¥= 766.5mmelAy FI4=5 =
3ol ppmoz AFSISITH.

3. ApEA

7 539 §94e SASE ol4ste] TukeydH (a
=0.05)c.2 u|watgon, AL/AAFPe w5 =9}
ZF A AH 2lEzre] AR E BAEY) SlE)
SAS2] PROC GLM (SAS Institute Inc., 1996)& o] £
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1. Sosiz HY

Agwopdd {3 & AT AT =
Fe] s Loz S, o2 HAANTFH) Sx
3o met 2 Aolg wych TAUR AR ol
FEL 20% ol3te] 22 AAIIHNE(R)& By,
ZF. WA F5E 50% o149 & AN EE
e}l ¢) o} (Table 2).

ANAA A= JMEZAA sl 7o 571 7}
Z} 9] ew, 41|, Bintje, Denali, Anco, 33} 59] £
Fx A7 ) o5 AHrYse ngch Teit
HA, 2F, AF 52 webHd {3 9% I8
a7t w@skeh (Table 2). A FHbopde] {3 A=
solanine, chaconine, tomatine 1,000 ppm3} 2,500 ppm

o}

Table 2. Comparative injury rates in the field and numbers
of hole in the laboratory damaged by S. puncticollis larvae
to 10 potato cultivars in 1998~1999

. Korean Injury rate, %  No. holes damaged

Cultivar - e MLSD) - (MaSD).
Anco - 422+643bcd* 4.3 £+1.26cd
Atlantic Daeseo 57.5+7.11ab 3.0x1.41d
Bintje - 46.6+4.05bc 3.3+1.50cd
Dejima Daeji 3934+422bcd  6.5+0.29bcd
Denali - 274x2.67de 3.8+1.71cd
Irish Cobbler Namjak  41.34+138bcd 5.0+0.82bcd
Jopung Jopung 435+£491bcd 8.3+2.22b
Namsuh Namsuh  72.6+1370a 13.8+2.50a
Shepody Shepoong 312+7.33cde 7.0+1.83bc
Superior Soomi 19.1x4.17¢ 3.3+£0.96cd

2Means with the same letter are not sifnificantly different by
Tukey’s Studentized Range Test, a=0.05.

Table 3. Effects of solanine, chaconine and tomatine on
behavior of S. puncticollis larvae

Chemicals Conc. No. holes damaged No. larvae died
(ppm) M=SD) (M=xSD)
solanine 2500 6.0+0.82 1.0+£1.82
1000 6.3+1.71 0.3+0.50
chaconine 2500 6.5+1.29 0.8+0.50
1000 63+1.71 0.0
tomatine 2500 6.8+0.96 0.3+£0.50
1000 7.01+0.82 0.0
Control (methanol) 68+1.26 0.3+£0.50
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Table 4. Contents (mg/100 g fresh wt.) of total glycoalkaloids in tuber of 10 potato cultivars. Tubers were grouped by sizes as

medium (M, 100+ 10 g) or small size (S, 5010 g)

Tub Cultivar Anco Atlantic Bintje Dejima Denali Irish Cobbler Jopung Namsuh Shepody Superior
uber

Medium 4.22 12.55 2.14 10.42 8.45
Small 1881 1253 14.63 10.40 12.54

12.51 16.73 14.63 1043 14.67
6.39 14.66 8.48 8.42 18.83

Table 5. Contents (%, fresh weight) of free reducing sugar,
free total sugar and starch contents in tubers of 10 potato
cultivars

Cultivars Reducing sugar  Total sugar  Starch
Anco 041 291 358
Atlantic 0.40 204 5.63
Bintje 048 1.89 6.11
Dejima 0.26 1.77 723
Denali 0.26 192 4.66
Irish Cobbler 0.37 1.74 7.63
Jopung 0.38 2.19 1.58
Namsuh 0.71 295 5.10
Shepody 0.64 203 2.58
Superior 0.45 207 4.14

ges) wAE 24T B3 43 gAY 37
59 @%o] A& T AT ANHLE E A
o2 FALE ﬁ\i}(Table 3.

2. YZWH NE &M

% glycoalkaloids #2f

% glycoalkaloids §F2 ¥4, 974 =v|d=z
)7} AAch. 50g 9o A¥HAHL JF 12.57mg/100
g (AAF), 100 g H ¢ -6—%*474 HF 10.68
mg/100 g& FH3don, F3Ha2e v, 2F,
Anco F¥e| Wsk: Binge, 3% ol HA FHY
Aoz #2AFE 9t} (Table 4).

o g

A7 F A e G AF FFAAM gt
o, “H?‘]ﬂ} Denali 52 Ao 933 dA
E5OA 7 wsked, @2te 1] F22 Ad
(Table 5). -2 F5HZ WHelrl ’Hi‘i\_ﬁﬂ, EE
I A FFol *314] 2 7% 14& FR3kx U
o, ¥} HFE FFL 3% o]8l= Fofr)(Table 5).

27|28 (Total Nitrogen, Ca, K, Mg) &2

7% AAA F-2 Anco, Denali, 0] FFojjA]
33 FAM FFol 7B @odeh Ca gke] w@o] ¥
8 F52 MR, @2t 2F FF2 09 F

Table 6. Contents of total nitrogen, Ca, K and Mg in me-
dium-sized tubers (100 + 10 g) of 10 potato cultivars

Cultivars Total-N Ca K Mg
(%, dry wt.) (ppm, dry wt.) (ppm, dry wt.) (ppm, drywt)

Anco 1.88 2.65 3292 15.6
Atlantic 1.46 4.00 246.0 212
Bintje 1.64 2.04 240.8 12.8
Dejima 1.49 237 266.0 120
Denali 1.80 201 2520 28.8
Ir-Cobbler 1.55 1.35 216.8 16.0
Jopung 148 174 233.2 308
Namsuh 1.28 358 250.8 25.6
Shepody 1.44 3.08 2732 16.0
Superior 1.77 2.80 240.8 16.4

Table 7. Correlation between infestation level of S. punc-
ticollis larvae in the field and laboratory test and possibly
resistance-related factors of potato cultivars

Infestation

Factors level for TGA:® Total Total
Lab. test sugar Nitrogen
}:53‘?;;0“ 0.58642° —034405 0.63047 —0.64670
Filds  00748)  (03303) (00507)  (0.0433)
}:53?;0“ ~0.46297 0.78018 —0.71435
e (0.1778)  (0.0078)  (0.0203)
—~000949 071236
TGA (0.9793)  (0.0208)
—0.40856
Total sugar 02411)

*Total glycoalkaloids
bValues represent correlation coefficient (r), and values in paren-
theses mean P.

A {3t e FMEAH K 32 o8
7] efel& 'Li%‘“'ﬂ vl Aoz ge] g3l
I dgEd, 53] Anco FFo] 3292ppmez 7}
BT, A 5L 210~280 ppm A EE FH3
Aot Mg &3S %3} Denali %] w@skov, o
Z] ¢} Bintje %2 = glc}(Table 6).
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3. ST ze} BT Auy

AN AAY Ao 7 e AR
@ A3 JEdebdd $3o 9% Ve wdx
St 2o gue el AAF WA G| B
% e B Joz FgHer] I4F
2 s sk o) AR e 39 ol
Bers =L F7hehe Ao vehde) (Table

7).

v

&

A gulolde f-Fol 93 107 FZ9] A&
< 19.1~726% HA=HAEH, 5070 5] AR &
o] 1.1~96.6% A=HE AX (Kwon et al., 1999)2] 72
e} xpol= A HA 2 F5HE=2 Horl & A
o2 ZALF o) wropH |7} oM B Y3}
A Exdhes BA diifeoz dHEEH, I olf: =
FrEolvt &=} HWAHI AL Abite] Q= Ao
o8l 4 9o} (Lafrance, 1968). ZAMA| o)A =37} A
QR FF2 Denalig} wujgiom, 71 I8 ol
P FES 3 SAESQ FAAT A A
= I8 34t P gUdd 52 dMdEd, 3
A G EFFE B M Al F5oz AR
A 9T slom, SR Ao AgA AR
402 AAHT S A7 H oz Hel HFw
opi# 2] FaE AT 4 ol ez AAHH
O BY2EI) PR ALy fFo T &
20~30cm ZolZ Eol7} Y5 37| wEol wepd
A2 A&l s T& 4 7] wfEoloh Aguepdy &
22 B3 36 WSt A 3Ho] vl A o
L Ax S §32 EoFFo) Agst Helrt qid
g= A 71ke ZAE £ 7] wWEel oAl 9
g 2E 9 &9 7| F7] Y5} (Keaster et al.,
1975). metx] 3t Wl A el wlepd |z} AY3E7] A
zhetd 27|17 BAA 2 271 ol s Fel, i
A EE Ayt Bof AFAIE Tl AP
3= 7ol Al WAl oz UdeA gl (Park et
al., 1989).

B A¥eA FFH HAHF glycoalkaloids g2
2.14~18.83mg% = Wo|7} ZFom, 4337 o] £33
ZA B} glycoalkaloidsE o] 43t Qgiel. o=
7 glycoalkaloids ¥ #7 27]7} 45 vio}
Zlt}= Sanford ef al. (1995)2] H._ 119} X3} =
& ¥29 glycoalkaloids &3 4% I ==
Aike] 9l Aoz R, o83 A= gly-
coalaloids7} W&Adol| Fedsl= B ozl o8 B
2L (Hibbs et al., 1964; Sanford et al., 1992; Jonasson and
Olsson, 1994)9}= Ahabs] = A 3bgiv}. o9} wj&st 2

2

al
T

% % 3 A Vol. 39, No. 3
= A AANAM = e, chaconine, solanine,
toma-tine< 1,000 ppm3} 2,500 ppmel] A HEu}opy
g fFol Nl ojuwidt A= F2| e} (Table 3).
uropH &) 9} glycoalkaloids §FaF7ke] Algtol W3t B v
2 4], Jonasson and Olsson (1994)& ¥a]uleld &) 72
d£9l Agriotes obscurus= 7] F glycoalkaloids &
o] Fomay Fileke] vtow AjAE ymItim
atdoh. 2% A7t glycoalkaloids®] W34 HAAA-L
oH FF F& Aoz Yok g oF 4
dexz AHA vlarx & £ X9 FH e B
of ol&d A F7tA 2] ZhAbs|Fell g tomatine,
chaconine, solanidine, solanocardenine, leptine2] A
AR A o8 2333E o Al A A FeE
A42 83 947l W] F47L Ao
Haslols g (Kowalski et al., 1999). ulalr] =2
AgeA U g vigoz WSLE FHY3 29
2718t et YEA] AA o] 3 E ook & A
ojct. ¥ o A9 49} xyloseZ2 B3 o
EA #F77F M6l Feghe= M3 (Sinden et al.,
1980)o] wet, ol A H el aglycone T3]
E-A (solanidine, demissidine, tomatidine 5-)ol] T} &F A}
ERA= 279

7% F2(total sugan)¥raFz} Agulopdy #3
slsl =7kell= A2 AT (r=0.78018,n=10, P =
0.0078)& Bt} et Zhxle) A ebpslEql A
¥ (starch) =2 Tz} o} Aol 9t Ao
2 2AME A A AW 3 e TFA U] =
A, F2 HAE AT BUlk opjeg) A3t A
A Qe wl-¢ Fesiuz odeix ) geldle}
W F2] U<l Agriotes obscurus:= 3 7% glyco-
alkaloids aFe] FowA JigFe] vrow AHAE
719 3h, -2 wrepd 7} A& Adsle AL &
3= 288 3ty o)A ¢lv} (Jonasson and
Olsson, 1994).

A Ze] A& A (total nitrogen) ez} =3 =7k
= 3ol A (r=-0.71435,n=10, P =0.0203)°] 1<
o, 270l ofdl AR ek Ao A9E 4
A Aadeel Bow HPUYE Zobvche »
17 (Branson and Simpson, 1966)2}+= o}2 Ao} Y
WHes Aavad wol 79 439 Ax wol
Aok FeA govk Aae H3e A e
F+ dR allelochemicals, §3] d@2ol=F2] -4
2aE Hoz 83 PAel 3o Je vAeE 9
£ F58 471 A& Aol 53] glycoalkaloids ¥
22} A ekt A9 A% (r=0.71236,n=10, P
—00208)¢ BT, ol FAAF AhgFel 27}
4% A4 SFEQ glycoalkaloids FF= 27}
stadoh= Love ef al. (1994)2] ® 719} Ux)ghe} A4
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o= 22 K, Ca, Mg 52 33 A4z JAg n

o)A ghokeh b oz Ki oA ZAZe] ofn]

rAbelut e AlAe) AR QA WY AE

o sjFLAI Ho] Ae] e Aoz dHA Qe

dl, elell M E Fol G FxzoMe] Aye] 43

slojof @ Aoz A7),

T AEAW FUY B o AHRE e
W2 Te DAL shte] gelgtes Ag 4
g A7k B, o7 7 AR 3gHez e
gty W3AE L3 sd T geiA gl med W3
A #dede St Mg R F5E 84
A, 2HEo] #Fell dE) AP L LAY » e
A& ALE Afelle oh2 43w Aht
He M2 geAs ndfof & Heint. =3 A F7}
A AFTE 2AEe] AA HF A3 A 2gle
2 zgsteAs AR A Mad g ¥
FEE ez A AWM #lshe Aol
A4l ojol & Aelot.
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