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Infestation of Potato Cultivars by Potato Aphid, Macrosiphum euphorbiae
Thomas, and its Infestation-related Factors

Min Kwon*, Dong—Chil Chang and Young—Joon Ahn'

Environment Management Division, National Institute of Highland Agriculture, Rural Development Administration, 232-955, Pyeongchang,
Gangwon, Korea

' Applied Biology Division, Department of Applied Biology and Chemistry, College of Agriculture and Life Science, Seoul National University,
151-818, Seoul, Korea

ABSTRACT : Fifty potato cultivars were screened for potato aphid, Macrosiphum euphorbiae Thomas
infestation degree in the field. Aphid honey dew secretion and contents of foliar substances (glycoalkaloids,
total nitrogen, Ca, K and Mg) of the cultivars were measured in the laboratory to analyze the correlation
between infestation degrees and those factors. The number of aphids ranged from 4.1 to '31.4 per five
leaves. The lower density (less than 5 aphids) was found on cvs. Jidose, Recent, and Sebago. The aphid
secreted highest (40.3 droplets) and lowest (15.7 droplets) honeydew on cvs. Jopoong and Anco; respectively.
Degree of infestation is positively correlated to glycoalkaloids and total nitrogen contents of the potato
leaf.

KEY WORDS : Potato aphid, Potato, Glycoalkaloids, Total N content

Z F: A Solanum bersum L)) F8 %) shuiel A=A XA E(Macrosiphum euphorbiae
Thomas)of] 2|g 507 ZAxt EFE A =E TR A AAst Aol wjAd 249 A8
Ul “d&(glycoalkaloids, total N, Ca, K, Mg) & &34 E B3l aazolo] AL A
5070 S5l st AP AYUEY T4 SPUE HYL 59T 4.1~31 47515 o, Jidose, Recent,
Sebago &F & 5utE] o] W2 b= E Holrh £ wjA ZH24E Jopoongo A 403742
7 To ”E_xﬂ j. %o] Superior= 37.770%ich 71 A& Z22 Anco9}t Shepodyi 247+ 1577, 16770
oh AR AUAIY 3k 7 AR gebdE *wr 24T A, ZAHARE 23t gsf=
glycoalkaloids ¥grolut A4 dhefat o) AHE By, U] &4 HEgdeas oudt 4ne
Holz] oFgket.

HHO| : ZAFFARE, A7, glycoalkaloids, H 22 ek
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AATF XD E( Macrosiphum euphorbiae Thomas)-2
EololA fefste] A= A AA Bxdhs Fold,
200 oo 7|FAEE EEUIEIRE A27HA] 40%
olAf] 412 ol AS WApEHE Aoz geHon
(Salazar, 1996), &3] 7R Solanum tubersum L)E A3
517] wholl A8 XAk YA Aaks HEsk= 89
o] shpoltt. HRHARES WAlsh= o] 71X] W
7hed A AR FEE sl Aulshe AL 34
off ti3t FEE SolHA 71 aldt AntE Yehye
o defA Qick dfiFel AAE vehiiEs EeiF
Aol 35y EAS 7 B350 A SHS 3
227} glole fgo] 7hgstr)o) w7kt AEHA &
il FH2 sk vk ey iR A E5e
A71H o2 diFol sl FURERE R Ak
7Ihst7] of37] el M2 A EF e st
FHeE =go] o]FojAuL it

2212 749 2,00004%F oike] W opE 7Rt Yl
A SlEtl(Rowe, 1993), ol2igt op¥FE ZAte] g2
ol 78k} WS Bl 25 A L3 st g
AR QAE 2R3 Qe ALE gEA 9k
HEHQ Ao op¥FE ALY Yof go] EAsh=
trichome} 13} 17 Foff Zx)5l= glycoalkaloidso|ch
(Tingey and Sinden, 1982; Sinden et al., 1986). Glyco-
alkaloids @] 4184 Ul g2 P, BEA, HIE, 7%,
ke, 37 371, 7], s, 25 Sl wet wolrt
Astd, 7730l Bl FAE FAU Al Sol e
solanine©| T}eF &&E 7FsAlo] 9)3(Fatzpatrick et al.,
1977), ©]2{3} glycoalkaloids+= da FFGEZo|BZ 3
2AMFE TR 2 28-S sk, dh FPA
glycoalkaloids HdHFE Fol=th= U= UrKLove
et al., 1994).

2 AN e A 25 AT ES] HA
EE ZARA 2Absla, FE5E AR A=E A
A ZARSIGT A o] 7S gothEy) $ste]
A W Z=5 A (glycoalkaloids, total N, Ca, K, Mg) 3+
< BAs 5 g3y S E45kth

-
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ol

AMPEZNN ARE sPetget 1Z 2 5Hd
ASFAFANA Fopl 507] E5(A Ax)
2 25 cm x 75 em 7HE O & A WA} 32~80FE
I 3kE wF(107) F5-2 65HE)SI L, ahERE
AL FRTIA) AZA YA AEiA] ook, mEzS.
of AlzA 18] Azjel At FAE Y3l oz
Z2IOHo 42 A AEE 5 3 MBS O
o]o] RE AB|Q} Aulird2 U¥bs7ke] ol F3)o]
AGstPeh Toes AR A #3710 33 2A
ALY AA-ARNRAES =5 F5EZ 2RI
o} 7t AlEe) Fopol YT O] 1078 Hjel Fo
A9) 590l WA ANSAURE 48 ZARIATE

A

+ B

oy

sz duAy

ol
Of#h

RN AR AR E ] i Haf=r} vlw
juj

B2 AR W ) EF 9 U T ARES

= AdoilM Y siFaleie Ao ol gstATh At %
F). AFEFE 19973 69 sy Al EZA oA As)
of T2ARSALE 24+1°C, F37) 8L : 16D, A&
80£5%)0llA] FiARS S S o83t FoiARS
o]-§5t HoAEL A4 ZEA S 4R} 107) EE
o] BHS ATt Aol o AREe] 72 ujdwk
v WK Nilaparvata lugens)oll A AEdh= W
(Heinrichs et al., 1985)2 #8315+, ATA(AA 9
cm, No. 2)& 0.01% ninhydrin (in acetone) -2-Hof| ZAl
% acetoned A3 FAAZ] the ZF 229 744} B
£7] Eoll 7181 Al HATAIRLE 20012 S A
FoIth(Fig. 1). IREZQ) A= wjdwfe mjujsoit &
TAE theko] ofyet A o= AvFo| B2 Heinrichs
et al. (1985)°) HPS 28a1717} oleisich. wetA ofzt

Filter paper (® 9 cm) soaked in
0.01% ninhydrin in acetone

N N ¥ Petri dish with a hole (y 5 mm)

) > Hzo

Fig. 1. Laboratory setup for estimating the amount of honeydew
excreted by M. euphorbiae on filter paper treated with 0.01%
ninhydrin in acetone (Modified from Heinrichs et al., 1985).
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Ao Aeldhe ninhydrin®] FEE 0.01%%2 2A|sto] 1]
o] Zraete. Wijo] 7H53teE 3t o, WE LE
Al Aukes g AR BEYshE 22 AepA 2ol g1
£ P02 FchFig 1), 2t 9B 54 6A17F
o Auma ol Yt 7] 8ol AAJ8] ZR|7] AJ&kst
o] 10A17F A7) AU 2bds| ZebA ves A=
HYou), B AFolAE E5719) Aol TR %1
U o2 HF 2447 Fo| RS S5k Ax}
SHAREL HEY FA FFT 5 s A9
EQ4317] Hof| 24A17F Bt A4S FAAN R 24A)17F
A% o] o] &7 Hepd spot 5 ZAFSH] ZEEf
A A=E FAE0 33 A £ Aol &
B7}ahet.

Glycoalkaloids &2 24

AARE 7 BEEE A EAolA AFE 24 AE
AR 7iAer BAstgict 74hxk9] Qlofl dH-H glycoal-
kaloids 2% Bushway et al. (1990)9] HHof F38}%],
2 7ER] AR Aot guf AAEE 254 gRlsl] &
FIHFig. 2). & 50 gof methanol-chloroform (2:1, v/v)
249 100 mE H& & A7|YAME vt T o7
2 A%k 5L 89 100 m2 HAES thA] $dH
ofafalal, A ofNHE 250 ml2 PHET) o|F 50
miE 45T oA 752310 25 mlZ THESL of7]¢f 0.2
N HCl £ 25 ml& 7}3F & 387} sonicationd}1l o]&
AAEE(25,000 rpm, 4T, 108} JHEL L
AR dE ik AR Aol conc. NHOH oF 25 miE
7¥sted pH 105~11.002 243t 5 70C $2oflA] 205
ZF7VE & @] 24417 W8T oAl Al
(25,000 rpm, 4TC, 102)3}e] A AL Wil HAAES
Fata, gmujol WARZE glold wizba] Aol FHA|
7tk ZAHE-L methanol (99.6%) 25 mlol| LaHA1A YAl
£2(5,000 rpm, 20C, 1023 & AL 45ColAf 7t
oF=2A)#A glycoalkaloids AAEE Utk = glycoal-
kaloids g2 HUAES FAE AR 100 g mgo 2
ghitsisich

2712(58%, Ca, K, Mg) B4

—

2L 85C dry-ovenoll A 48A|7F ] ARA7)
717N olgsto] 7FRE WEQL: Az 2EA
0 g2 Kjeldahl flasko] ¥l conc. H;SO4, 12 miE

v‘c;f_
=
W & A7jEs A A 02 180T ollA 420T 7t

1
A 7hgshA FRt HAPE 2 giziz] 8412 A% 54

HafA Tk ojgf ESiE 93 Fi=A 30% H0;, 3
mlg 6417t ubth gol £tk Ea7t 4As| FrHH
oj:Z|(No. )2 AR, FF7FE 7H6to] A=z o] 100
mi7} A shgith

e A, 7 AR 50 miE FHslo] AEELEA
A2 (Kjeltec System 1026 Distilling Unit, Tecator Co.)&
o1§3}e] ZRAAT. FHAS HABLAIS0 ml) &
2] 2% Boric acid (50 ml)2} BFSAIZ AL, oF 0.01 N(S)
9] HS0:2 AN — zuFMslo] AEF %2 &
AT,

Potato leaf, 50 g
|« Methanol : CHCl; (2:1, v/v), 100 ml added
Homogenization

Filtration (x2), mess-up 250 ml
Filtrate, 50 ml

Evaporation (45C) to 25 ml
| < 02 N HCL 25 ml added
Sonication (3 min)

Residue

Centrifugation (25,000 rpm, 4°C, 10 min)

Supernatant Precipitate
| < add conc.NH,OH, 25 ml
Boiling (70°C, 20 min)

Cooling at 4C, overnight

Centrifugation (25,000 rpm, 4C, 10 min)

|
l |
Supernatant Precipitate

NH; degassed at room temperature

|

Dissolution in methanol, 25 mi

|
Centrifugation (5,000 rpm, 20C, 10 min)
l
| |

Supernatant Precipitate

Evaporation (45C)

Total glycoalkaloids

Fig. 2. Quantification procedure used to extract and isolate total
glycoalkaloids from potato leaves (Modified from Bushway et
al., 1990).
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K, Ca, Mg 59| 27]ool& Reke, 7t Alojg €}
FHESF = (Atomic Absorption Spectrophotometer,
Z-6000, Hitachi Co.)& ©|-83}%] Cat 422.7 nm, Mg
285.2 nm, K= 766.5 nmoj|A| SZ=E ZA)5}o] ppm o
2 Bskc

dsTslce BRI AnEA

Z+ =29 39442 SASE o] 85t TukeydH(a=
0.05)0.2 vjwstglon, AQ/AUAIHe] Hsj=et 2t
A4 #A 295 7] AL SASS] PROC CORR
(SAS Institute Inc., 2003)& oJ-&3}o] EA3}L).

a3

A% &5 AE molx

Seuet 7T A S TRt F 507 EFl g
AABAR Y 24 ST HolE= 5T 4.1~31.4
Aegch @& AU E B9 EE52 Jidose, Recent,
Sebago #F -2 SufE| o]a} WAFEIYLL Desiree FF
2 30ute] o] w2 WAFE EHTable 1). 107)
A B AANS F5S AAEAREY A=
A Z4AHH o)A Ninhydring A2]3t ojapx|of Uepd
Hap g 9] 4= Jopoongoll 4] 403712 7H B3k,
1 theo] Superior® 37.770TE 7F e EEO Anco
9} Shepody 2 Z+z} 15.771, 16.77§%cH(Table 2). 2 A
Aol ATE TAoIel WHUE} AT Baar

Table 2. Number of honeydew spots secreted by M. euphorbiae
aphid by 10 potato cultivars
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Table 1. Comparative infestation level of M. euphorbiae with
50 potato cultivars in the field

Cultivar No. of purple spots (M*SD)
Anco 15.7+1.2 €'
Shepody 16.7£1.5 e
Bintje 21.742.1 de
Irish Cobbler 25.0£2.7 cd
Denali 25.043.0 cd
Atlantic 27.3£1.5 bed
Namsuh 32.7£3.5 abe
Dejima 33.3£3.2 ab
Superior 37.7+2.5 a
Jopoong 40.314.2 a

Maturing . No. of aphid per 5 leaves
type Cultivar (M=SD)
Anco 8.3£0.7 nopgrs'
Shepody 8.4+0.7 mnopqrs
Irish Cobbler 9.2+2.4 Imnopgqrs
Maritta 13.5+1.2 ijkim
Sandra 14.3+1.1 hyjkl
Early Warba 14.9+1.6 ghijk
Namsuh 15.9+2.9 fghi
Carlton 22.2+3.0 bede
Superior 23.4+2.7 bede
Jopoong 27.1£1.8 ab
Desiree 31.4+0.8 a
Norgold Russet 5.7£0.6 qrs
AK-Red 8.2+0.2 nopgqrs
Norland 9.7+0.5 klmnopgr
Russet Norkotah 10.3+1.1 jklmnopq
Shinyuseo 12.2+0.8 ijklmno
Mid Nicola 12.4x1.3 ijkimno
Penobscot 14.8+0.8 ghijk
Denali 18.8+2.2 efgh
Toyoshiro 19.7+1.5 efgh
Epicure 20.2£1.2 ef
Alamo 20.4+19 def
Jidose 41203 s
Recent 44409 s
Sebago 4.8+0.6 s
Allegany (NY72) 6.9£0.2 pqrs
Shimabara 8.0£0.4 opqrs
Ojiro 8.0£1.5 opqrs
Isola 8.4+0.4 mnopqrs
Red LaSoda 11.2+0.6 ijklmnop
Red Pentiac 11.5£1.1 ijklmnop
Marijk 11.6£1.0 ijkimnop
Some moire 11.9+1.6 ijklmnop
Rosa 12.2+2.6 ijklmno
Dejima 12.7+2.7 ijklmno
L Atlantic 12.942.4 jjklmno
M Sieglinde 13.0+1.0 ijkimno
Whitu 13.2£1.2 ijklmn
Cardinal 13.9+1.2 hijkl
Corine 14.5+0.7 ghijk
Enignheimer 14.5+1.1 ghijk
Norin#2 15.4+0.9 fghy
Pentland Envoy 19.0£1.0 efgh
Snowchip 21.6+1.8 cde
Hatsuhubuki 21.942.6 bede
Spunta 23.4+2.4 bede
Wheeler 23.7+1.9 bede
Renemahue-9 25.541.7 bed
Bintje 25.7+£1.6 be
Kumsisuh 26.4+1.3 abc

I a column, means with the same letter are not significantly
different by Tukey’s Studentized Range Test, p =0.05.

'Means with the same letter are not significantly different by

Tukey’s Studentized Range Test, p=0.05.
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Table 3. Contents (M£8D) of total glycoalkaloids (GA), total nitrogen, Ca, K and Mg in potato leaves

Cultivars  GA (mg/100 g fresh) Total-N (%, dry wt)  Ca (ppm, dry wt.) K (ppm, dry wt) Mg (ppm, dry wt)

Anco 3.5£0.3f 5.240.3¢' 190.8+6.5bc 901.6+13.0b 78.4+1.3cd
Atlantic 4.7+0.1de 5.7+0.2abc 142.0+14.6¢ 1204.0+12.7a 80.8+3.9¢d
Bintje 5.5£0.2d 6.0£0.3ab 185.2+9.0bcd 1184.0£70.4a 103.2+5.3ab
Dejima 4.6+0.2def 5.8+0.4abc 197.6+6.9b 1133.6+69.6a 96.8+8.3abc
Denali 15.7+0.9a 5.3+0.1bc 240.8+25.0a 906.4+28.2b 113.6+11.0a
Ir-Cobbler 3.8+0.3ef 5.440.1bc 169.243.2bcde 1200.8+12.6a 88.8+10.5bc
Jopoong 7.0+0.3¢ 6.3+0.2a 158.4+4.1de 1154.4+184.9a 109.6+9.0a
Namsuh 12.240.4b 5.8+0.2abc 160.4+3.9de 922.4+11.0b 94 4+4 3abe
Shepody 3.6+£0.1f 5.3£0.1bc 163.6+5.8cde 907.2+7.0b 83.2+5.7bcd
Superior 6.9+0.6¢ 5.5+0.4bc 150.4+4.4¢ 767.2£18.3b 65.6+2.6d

In a column, means with the same letter are not significantly different by Tukey’s Studentized Range Test, p = 0.05.

Table 4. Correlation between infestation level of M. euphorbiae in the field and laboratory test and possibly resistance-related factors
of potato cultivars. Values represent Spearman’s rank correlation coefficient

Correlation coefficient’  Field test Lab. test  Glyco-alkaloid  Total N Ca K Mg
Field test - 0.61 0.81%% 0.72* -0.27 0.12 0.50
Lab. test - 0.57 0.65* -0.46 0.09 0.17

*Asterisks indicate significant differences at 95% significant level (Kendall tau-b). * and ** indicates P <0.05 and P < 0.01, respectively.

23 A o] Aol Sl= A= yEkth ojuf MAA T Ao A B, U AEA
AEte FoR AEEATE YUK Table 4).

Glycoalkaloids &H&f

A7 F5E @ W glycoalkaloids®] Fke 2ARGH A3,
Denali®} Namsuh 52 AAFTE 10 mgh o] &2
L REom, Anco?} Irish Cobbler EF2 4 mg¥%

ol3te] we e RATKTable 3). A AARES] AR 59T 100k ofsp7L LAY

E5L Jidose, N-Russet, Norland, Recent, Sebago S 13
02 giFE FUFolglon, 713 o] A%t E5
L ZAFS] Desiree 2 31.40}e]7} WhAYSGtHTable 1).
912} B HHL JopoongolH 7 BSLTL Ca fF ERHHOE Superiorgh 24F0] Russet Burbank 22

2Iig @ ofolicgt B2

© Denali Z20|H ASZT 2408 ppm oj- =gty WATED AW A A= 49A e, ol
K $po T B7] o] YAS) uja) Agros  WASL IFe] BAE olFol= A o] Ahtag
wo] 39317 9%t UME Superior XS Aol °lFl SiFl s AN HIHFE BT 5 ) RS
Shis RE E20) 9o] 900 ppmolAte] TS50 9l9l 2 g M =lch(Ferro and Boiteau, 1993). Kwon et al. (1997)

2] 3T o]

17, Irish Cobblerol= 216.8 ppm o2 7} ZA &83k= < AAEANA AREL] dxrt 7P B EEL
Ao UEhgth Mg 3HF2 Joopong EEof wWorw,  Superior@Thil B0, of TG HE WRE

Anco E%2 7| 39319 Table 3). & 2ARE Aol B2 ARG EY 2AS 2 AlY
e ool Apol7h Qloal Ajzket

sismsizel A 20 7t AmeA AR}t Entzol| =2 3 glycoalkaloids= a4

ot FE 23} SFhEEA, alkaloids]) o] B 72

AT AUAE 2TE 74 adER JHEAT 2 sl 9lon XS el R R 137] Fe
Axl, A AARE 28 g3f= glycoalkaloid 33 o]tHOsman ef al., 1991). Gregory et al. (1981)2 167}
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YT A P B

A3} glycoalkaloids §HFS

Hat 200~3,900 mg% o] tf-E-o] solanined} chaco-
nineo|2}xr Bustgct B Agloa E2WH glycoal-
kaloids 9+ glof| A= 3.50~15.67 mg% = WHol7} Zich.
9] glycoalkaloids EHeFol] 5}5 uXE= R/ J% B,
= ) 44 4%, s, 457 A 502 oo

] It Wilson and Frank, 19?5' Tingey et al., 1978;
Deahl ef al., 1991). B A3 Z} F=5E glycoalkaloids
st Aol e] A Fepiols Ao Aue 23
o Hoh Adzrt =5 Zlo® ddEE A g2
S Aol 251 Aoyt 49l 2ol g
Aoz Vet o]2dt dit= glycoalkaloids7| U&=
off i Zlolehs Wukael 47T HifEi aﬁ
A B AR ol4 2 AEE 5} S Rolt PukHos
ALAHERS Z716HH AEA WY glycoalkaloids §FF
= 8 S71ek=d|(Love et al., 1994), AATGEZQ]
glycoalkaloids FHego] Wiks AL AEA F dagsol
Wk Aoz 923 glw, 1o wet 3o YAHEE
7} Z7}srdo.alet AZFsk 2= 9itt. Shepody EEo)A]
= yore HAammonium nitrate) A¥]FF F7e whet
Y glycoalkaloid®} nitrate $Fgo] 715t Hil
= Qlci(Mondy and Munshi, 1990). glycoalkaloid §reFol
=0 opAE 7HA90) 8 chacoenseS AHZ ZkAtol mufs)
o] ¢lo] & %=9] leptined 353 U3 A cloneS
A7z dF9i=d|(Sanford er al., 1996), glycoalkaloid &
R ol 20 PRIl dg A4 AAT
@7 glycoalkaloid - W34 TARES 7dte] 1%
¢ Aol Baskele gz

Qo) Y2 BT AALANAE o) £7ho) =
A 9 A AR BEAA Bl ARr=071953
0.65138%)2 RSITHTable 4). Wl 239] A40] oI5
S F= 4% allelochemicals®] 4849 & ohst
chiAoju} G40 AR E ALHRE Wol FH
Sel WA Wolilkn el ok A AavlEs
ol & 249t W & Sgo] SecelRnE
(Rhopalosiphum’ maidis Fitchyo] A1 @HAst= 2 &
o FSE U Yol & AlFToflAl 36 ol @ol A
3}9iti{Branson and Simpson, 1966). AA4et= @] K
T A i vl skl acka Aoz, oo
A Sk, ol Kb AlEA| S5 ofnlilolu) 2l
%4 A7 et B Aoy f4 giolth a8 &
AgolAe oudt BAE YehtA] gt

AAA A WY F58 A= HA Sk

47¢3), September 2008

A 2N Hgst7ofle oFd7HA sjgsfor & Hol
HoRUEE I 7HA WS A= AhtEs HE 2

Ql=d), A=A Z30\91 Beauveria bassianaZ- Colorado
potato beetle (L. decemlineata)S WA|3}7] Yaf Ajeidt
Aol AlZA Wl glycoalkaloids 3Hgo] A2 %]
gfof avbzjol2tal jitk 1 off+= AR 4 glycoal-
kaloid A2 solanine¥} tomatine-2 1 ZFo]e] A&}t
Z2Y FAE AHalstr] gFo|tiCosta and Gaugler,
1989). webA 54 TR Q1S B8t A2 W3
A F5S A, AEol FiSel diel AdAS ES

e 2 Sl A S NS Aol e 583 hiat
Alte]= Ao ol = ol gk Aotk E3k X&)
A Age o] AA gl thet A aclew
Agsh=AE HAs] Feiis AEe B F555

Haro.z TR Aol Belsks ao] AgEofof
& olk
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