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i, B04FHTIE T F =) M8EILLLE DTV
0, ZOh~—7 v MDD ORI BRI X Thh
FENBTREI, BED (B F =] O =T IE1E
UTFIZRoTWAEDZ & ThHD, GermicopaldNF
FRLTZBEE A/ PRI CRW [y tmy b ) i
I, /IRITHLREIENLTH I XML LT
=y NRTELELL TS LD ETHD,

(2) GpiEmMEMIBBOERIZONT

Germicopa TlXS. tuberosum L. ssp. andigena,
S. vernei, S. spegazzinii, S. sparsipillum, S. gourlay
FEDUTRRMEIZH KT HPCNERIUE B+ 2R A L
TWe, B35 X918, ARIEEELESL T
HIEPEBRB T H D720, b OETOHE
PEEAR T2l & U CERPBICHI fTRE 72 K HE I
FEE L TV DD TIRARWERER, 227 %<0
BEEREZFH LR EEZED TS, o
DH CTGermicopall BT, GpfkbilEihfE D F %I
ELFHENTWDHDIES. verneil D Z & Th D,
GermicopaDIPIMEBIZEIRIL, EIZ7 7 A[ET
JEFREFERT (INRA) 22 BEA LTV DA, Zhbsth
WICHKEOY— N7 b bR ZE AL, FIH
ME BTV, ZHESARR IR T 2R H
T5HZ LIV EIMEORELSE W) Z &k,
K0 RV IKIEDIRFINE O B O FEAR I HE TI0% LA
b FHEEEICOWTITRE) ARETLZExR
e LTuWb, S. sparsipillumdcH i IZ W T
Caromel & (2005) A3 L TW2D X 21T, 200D
PR T 22 2 & The D sRWRFIEZ 57
HTENTE, BEFIIDNA— I —bFIHTE D
O, ZOWPHEOBEANZHED TNDLHN, RRIFHE &
DA B D 1= OEIFI DR LR M Z 1T 70
BT, EFEEHMBMBIIFHTE W RNnED D
Lot F£72, S verneiDIEH LAV —FFERD
TEREEC IR B 5 03, ~L—H e OEREEC
VI NN DT L, S, sparsipillumd #EH M 1%
—n X TOEERE T TR, ~b—HdLE
DOIEAEBEC SRR B D70 &, M8 MEREEC A %)
ThorlDZ LTEoTz,
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Germicopa CTIXGpIEPIMEIZ DWW TIX, DNA~—H —
FHAL TR 6T, REBIZ X 58K I I 41T
Wiz, GpEEPUMEIX BRLER BRI TIIl v THIEIC &
DAt L, BRI TR TOR v Mk
BRIZE DRI 21T > T, Iy PREILGrilkbitE
DR L [F CEMEEME (KRN H6FEE) 2B\ T4
~I0RETHERMmL TEHY (F2R), 10HO A &
EAE, REE Lo R B EIBELL EER S e b D
EREMEEHEL TS EDZ Loz, 7277 LGr
PRI MAETH D5, Gkt IsA Tidn e
DZEEolz, 7T AR ELTNDGpD /NI X
A F1FPa3Th D72, HEFRIZITPa3D o T b I8N
WE DK X\ Chavornay & W 9 [EATERS FHWH LT
Wi, ARy MRERTIE, I—v v SEREL L RO
FiETH DN, fER%Relative Susceptibility T
FR<MBAORETH LU TORIZL > TEMNLD
[% of Resistance] (&> T L TV,

% of Resistance=(1-T,y/T.oniror) X 100
Ty d6 KO o VAR E SR AL IS J OVESE M FR AL A |
TOGpDIEHEEEPT 2T GHREGI & H5R TR
T)o TOMENBO%L EEIFUEDO HEEL LTV
EDZEThol, ZHIFI—u v ERELETOL
U EOBFMEICHEYSY T 26D TH D,

2) 7T VRIZEITBHGBABRMERIZDLNT

7 T A TIE19604E 0% - ICPONDICHERR S 4L, Gr
EHEMFEOE R & & I A HER SIS & D
272> TE TV D, LARNE1969F 2% ) S #U72EEC
FE569/465/EECIZ D  Fli A A FEF B A i L T
WA, BIUETIXEURE42007/33/EC (#3k) (23
WTEE X 725t BT b T D, Gpli KBH IE R 136r
JERBGIESR EFEECTH Y, RAEMIZRELY flA N EHE
THDHEDZ L ThoTo, BAEFEKRED T
LA ¥ a DS OVEMIC SN T S AREE S L7 1 % fif
D&, AFIEAMERF T2 &, PONOFF L 72
0152 2 TOEMOR X AHT RN HERZ 217 51k
ﬁéﬁiﬁé_&,ﬁmx@%%%ﬁmﬁﬁmﬁm
PONOFEAEDHIEZ BEICHER T 5 ENHETH
b FlT7 T UATIEINY OIS CREMAEAIEL,
A 134 EEHM L 7-Germicopa breeding station
EEDMERTEEINTVWLEDZ ETHY, &
JHOPEH & Fli A € O PEMI & k1T 531 % 2 & 23PCN
DYERBIIEICHR B EETH D 9: D ETH-T,
5 CPOND R DGR S NG EITIE, R84

MCP7R DGr7e DNV E HMFESNEEL TV DH D
Dy, FTRAEEE & e I RS D Z & BRI
DItk D ETEHERFRIZRL DL TH
Do O ETHEREERZREMERFL, NS RAE
LD OFs, RAR A O % & SE0E L C
W5, BAEL TV DHEICE DY TR S FE Ok
Db A2 TFETH D08, EPrEinfE 2 Enic
ERP T35 &, 26 28T 24E M O HBL 2 7%
LT W, iR e OB ITNEE L
WD LThoTo,

3. NAK(de Nederlandse Algemene Keuringsdienst :
The Dutch General Inspection Service) &
& U'SASA(Science and Advice for Scottish
Agriculture)
NAK (A Z %) BIUSASA (Aay kT R)
%, & DTS OB RIEWE ROMmZ, XK
?‘ﬁ%&éﬁ%ﬁi/ﬁﬁﬁﬁéfﬁf%é MRS C LN
RIFEKRTHoTZ &b, —fELTEDELD
o
NAK (ZB7H)
Ff  f{£ : Randweg 14, Postbus 1115, 8300 BC
Emmeloord, The Netherlands (7 AAT/LH
A DOILHFISOkmD T A 17—/ HiPNIZ 7 HH)

AR @Eﬂ/ﬁ WBHE RIS &, N OFE
HRAT - GRAE, WERORZ, PIESREITD
/\ﬁ&}\f%éo (d=CEZN ﬁ%ﬂﬂ%&ém% i
Z, E& L THGHRA - s HEsige
FhE T 2 IEFEMEN 1004 D EHE T 5, KRE
BEEEZD, MUREIZL > TEE I TW
Do NUAva DA TAEFEIT TEER L
o TWB,

JoXt# : Jaap Haak[G (Technische coordinator

keuringen, MEHAT=—7F 1 Rr—%—)

SASA (558[])

T 7F : Roddinglaw Road, Edinburgh EH12 9F], UK
(P2 R TR B T ITHI10km DRI ST H1)

FHRREEL . 22y BT 0 FEUNO BB TH Y, Hil
Wb, FEEAPEER, A OReME R (R
HOFRENE) 70 8 &40 5, NAKIRIERICFlA 5
HRZIIEEEE L 2> T D,

Jkt 3 : Jon Pickuplk (Head of Virology &

Zoology) , David Kenyonk (Head of
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Diagnostics, Wildlife & Molecular
Biology) , Kim Davielk (Nematologist)

1) A EAEEZK SR

HEOREIZBNT, ZONEEMHEDE S S FEA
EAEEOBEENMEIIIEFICRE N, 7 Z I A
> a A PEIRIFE6], 300had> 9 B, 40, 000ha7 s fEiA £ 4
FERBTHY, Aay hT U RTEALA v a4
[AIE25, 800hat> 9 b, 12, 100haA fliA £ 4 PEELE T
bo, £z, WMHKE LA N AW 2T 75
LY DFRED DI DEEMENRRD DA T
EFEIZH L TW5DH, EEINTCHAEDIZEAL
X, EUKERFENE A~ S, SEERIEEIR &
2o TWND, 2D, A EOEVEE 7 HEFF -

s

TRAET 2 Z EDNEEM S, LA NAKE K TUSASA
NHEH-STN S,

fliA EIE, B35 CTOREEBIES T A L ARG R E
ko TERD T ENTWS, 47 & Tldrkk
(FAMEERER) 2O EGHETICE L T4 H £ TS,
ZTOHIUEERD T LICSE, E, A, CERAyEN, A
2y TV RTIRIRIERERIC, BSHEE4ARE £
TTUANAZRRE LTV O %PB, 5
REETTUANARERE—EUN (T 4L AD
FREIC K> THRENRER D) Ob0ES, 2okt
REL DT ELICSE, BE T 737 &R Tn5,
A NAEDBILFEOREL, @MW T AF L
L, HIzIEY %y HAEY A ILATIESY T AN
0.02%, SEZ 7 AM30.1%, EZ T A1£0.4% & 72> Tu»

FE1E  NAK

1. NAKODO#AEL,

2. NAKOWESLA T o X OFffiA TFFICET 2L 7 F v —aH

e TR

558 SASA

1. SASA D4V,

2. SASARHRIFFDEARGE, /L bALEE R e GERPF) A 7 ERZERER O/NEFF R =
T, BB, $ILEMHERPIRIN B HdZ, SASAD John Pickuplk, EHAHFH B BRI T
B 1-AFoR AT, HREFEG, FHEEE, SASAOKim Davielk



32 JERTHERERTIE S ALRE RS EE v # — 5520675 (2017)

%, WHESHI-FEA I, ZHOHDRXRZIT LN
TERMNT Sh, FREBEFHTHD Z L 2RT
FRRET ~L (B59X) % S AU CEURNS A~ AT S 4
Al
NAKE K OVSASALX, A B4 TRICBW TR
A (BHERZ  PONZR Y, [BBMA - BRI,
ErwiniaXo 7 A /L ARIFEE O E IRV, AFEDKR
. A L AXCRalstonia) 1TV, FEE OSSN E
?my?b%ﬁbfwé NAKCIIFTIE DA & > 7
INHAETEIT> TR YSASA T BB CE
%@ﬁiﬁ%%fﬁof“é#,@%@ﬁ(%%@
DIRE) CHERIUV: ST A3y b7 v RBUFORE
BTV, SASAIX Z AUkt U CHHE & 56 L T
Al

2) S HAEVA MY Fa (PON) ®3KIZD

(ANe
(1) EU Directive 2007/33/EC (http://eur-

lex.europa.eu/legal-content/en/
ALL/?ur i=CELEX:32007L0033)

200746 A 11 HICEURSFEHI L, NIZI51T HPCND
BIERS I BRI O W T BRI H R LR E T,
B A EDOPCNK R DIEAR L 7p 5T D, B LT
BBV THE LS EXZT, PONHR DI
R o TWNDH Z b, UTICZEORKEZ £ L®
Do AEDETIE, AREBIC L 5 HEEMRZ ORUE
EPCND B IEZ R D TN D, ZDOFEIE, PONASH
RWATOREA EAELERT D2 ETHY, D
BT &7 DR FIEIC OV T b ENEA BRI
BELTWD, FERIEREIIET S &

s FEA FAREEREBIC OV TR, AR O

Lo TPONN AL TWRWD L 2RI H 2L
EREOT D,

s FEA BSOS LA g HEEBIZOWT b KD

0. 5% % KBTI BN K 2 E M 2e B3k &
FEhid 5,

« lhad 7= 0 p 7 < & 6 100H 5 2L s 5 31500ml

TIEABRER L CHAT 572, SRS 72PCNR
PHECTE L HERZEESRE, (BEO [+
Y7y 7 TERR),

« PONDSKR Y S 728135 ClIfE A =13k, =

WZERIRHE 7 E O LEOBE &2 F O (EM DFEE £
IEF OB HONT HHEIT 5,

c PONAHH SN 7-EHCTHER - MIHAL A V3

ZREET DL AT ARIEBNZRR T S Bk 7 e
7T Wi #HOT B,

c Brlm AR EARL (XY X2 A4, virulence GroupZi

E) BRAE LG ECEREMEOG I (b E
C72%a0E, EUB X OUNBAEIC@EHR, (kY
4 A 7, virulence Group : EHIIEIE AT DREK
#ﬁ&é%ﬁ@%Xﬂm% XD wAEME DAL

WS W Xy o /NY XA T Lvirulence
Groupld, X4 @%@#Eﬁé)

- EEVEICHEEUE A ALE ST, FrElCER S L

U AR 3 AR IR 4 E TR A T 5,

-%%ﬁ%#%%én ZF D% D2 TPONASHEFR

SN E, TEERY) OBREEZRYIET
(derecording ; #iR),

Accarding (o suppilers Infarmation treated with
muagumom EN IAAZALIL

ZP -d2/a6/al3

EG -PLANTENPASPOORT.

g_m-_m_._—-ﬂﬂl——-—-“—
@ BASIC !EED -
| =

aing: 30-11 2015
MM‘: onginthe Netherlands
35/55

EOR FEA EICBAF SN BEBEES AL

e i, SRR, EERBRSHFOHERNTLENTND
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(2) PCNDOELIEREZIZDUNT

LA TR L OENLUI DN LA 2 2 s
Y500, 5% 2%t L TPONLEMRZ 3 MThi, £t
NAKIS KL USASAMH - TV 5, FAETIESZ O Tk
FEAREKRELEDRWVY, [HerOTRITED A
T EN, ZEY VTN ENRINAES D70
DLRNEL I TS, WEBEOBRZFIECD
KERENIZRNAY, SASATIE X v A 72 Hidli o
AENTWNZDOT, SASATI T TW5 HER?
ZHICHE L, NAKZZ T CiThbi, B8 L5
WA DWW TIIA I FER T D, SASATO L5k
ZOFEMIXhttps://www. sasa. gov. uk/seed-ware-
potatoes/nematology/soil-testinglZ & Hg# X4 T
WD,

OxEHTY T

THERZIL, BEH»DOH LIARIZEE SN\ THEM
End, YT Y 7L, SASMC L DHHE R
72z y b7 FBUNBEBERREIZ L - TiThi
Do BRIE S BRI (—0—) &4 (10
) ZFh, WGNEZHE R0 GEPPOO EYE (100
H Pl /ha D HS2> 55F1500ml /hall |) 12 F-Su
TEHHT 5, 2 AN D 8803 Bk o v
rEN, EOHROFTICA—T—hO+HEE -2 &
Hed T~0) MRS EEERA TV T V0 X
INCLRENTWD, —F, NAKTIEFTBDO A X v
TNTES T T BT, BT IR
XN OERET D HEEQuad EMEIER DY T Y v
JHANRE— (F1X) L VRIS HERSD D,
QuadiX A K2R @S ORRN o 7 ) o 7 THR)

FI0E A—HA—&Ho TR
ToEFLMGNE SRS RN b EEARIT 5,

Loz LT, FIAEZSLIZKY WD LEoT,

oY T H HEEREE, 1hab oV 1, 500ml 53
HEARTHHN, EUERICESE, e 2Bt E »
5, Bl ZAIXTFELL EOERIEZAIT > T2 B0
B0 THERZ T A R S e o A1,
lha® 720 400mlicH > 7L BE2EOTZ N TE
5. F£1z, ZO%HEhall EOBBIZOWTIE, 4ha
R % HHE4313200ml /halZ i 692 L 3 TE 5 (6ha
DIMDBFE, 400X 4+200X2=2,000mlHL % = &I
70, ZO%EIX6har 5% L, 400ml o Y
TNESOBRIT 5), £7-, 8hall ko KinifkEE Y
TlX8haZ #2531 OVTi2400ml /hall i H 9 2
ENTEDL, 2ay b7V RTIE, HESZOKN
97%7A% T DEIHFEEIZFZ 4 LT D,

F, 1EOMGESEL THRZTH52LHT
%, b L TPONAHEREINTY, HFEILi-ftho
X G S 072 1 AU o0 K 58 A [ 45 i E &
HBNDZEINTE D, SASADEE, HEITE HH/N
HifZI34haTH Y, 10haD B OEEZ1X4ha & 6has
7ol3bha X 272 T3 T2 FEi &2 g T& %, 40
FHEPFICRBZEIT) 2L L TE DA, b LPONAH
H &N Ha B 2mN B AEBBICEES LD,
PCNO IR AL S O —IZm D 2 L RS2 &
2D, KPS CIX I < —# s AE L b amn
BRI E ST LEY, EEENRZD ) A
IDRHEFITENT BT H72DDORETH D,

QFAEIR b+

AR MITANTRFAETH D, 400mld+
ERERORERNM 72> TEY, ZRICERDIE

#11 T IEFREE/ A X —Quad

Quad T Z EITTHZ LIC L VIAKRRESETHR
WYY XD,
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AIZ13. 8148 > K ($91, 750) /400ml & 72> T
%, LTl -7T, 1500ml/haifit D4, EERIZIT
1600mI RIS N TIAE T 2 DT, 13.81 X4H L=
55. 247K K (K97,000M) 23085,

MEHF L — MIIAR Y F=126. 7TH (20164E11H3H

IRf )

QtERZOFIE (F12X)

i) LHEA3TCC2AMEE (BB12-1)

i) BN D 56, RO R T (B12-2
B, NAKTIEZ 7 L AR ER S TnWie) o &
NaeZxzoAy 7BV BT 5, ALRETIE
NAK & SASAH - H i 2 B E (carousel)
ZHWTEY (F12-3~11K), ERRIcLY 7
VOB AREIC LTz, 20104EBARINE F1ESE

DEELTHY, KL, a X MRpdol
23, carousel ME AT KIE 72 hR A2 Al HEIZ 72 o
e biZot-, REBETIE, HEZHICH
AT HBRENBESNT-Y R D &2FENS A~
BRORD ZNTU A NBEPTA D, FlESET
VA MR LA HEELTE, T Ay
JHOENEY BN, NEHOKN A ——7

0—75L9lm>TEY, YA NEMEIHHE
T 57O TRBEEFTI I STV,

iii) NAKTIEAM EICE O 7= 0B & B 225
HZ Lo T, PONV R FOFEAFE L TV
7o ARCHEMIRTRR 22 & OIMEM D AT,
kay%m’;ofﬁ%%%mwﬁ<1&ﬁﬁ
BT A RTAHAA E N TV (B 12-12X),

A NN EOo T28A1X, PCRIZ JZO’C@%?#U/DJ'
T2,

—7J7, SASATIIRERSF DY o T AT DN TIHEE
MEEBET 52 L7, LUFO X S ICDNAZ fliH]
L, U7 /%A LPCRIZE - TGr&Gp& Bl &~ 12k
ML, BBLXZEOBELVLVHEFEL TV 5, 7=
2L, WD TANEBEIIC L 2REEZZTDHAC
derecording® 7= O DA DLGAEIZ1E, PCRIZK 5
W ORISR AEEZIT 5 2 EBRD LT
L, FF, AHITEDTH %%%&@L,gﬁm
a— NG S 722ml T = — 7 2RI ARLD
(512-13~15), ZOFRIZIE, F=2—T7DOHEIT
R SN TRt a— R&EFHHRAA, VT S
BHZEICEY, PUTANRBIHERIRL T
%, FEgEYRL, BT o Eick I
TVEY EZ OB IERNFEBK BTN D (5

12-14~16[), WICH T AT L T1—31 FE—
R (F512-171X) Z - THE-AET 5 (Retsch DAl
fE, 2mlF 2 —79642% v b & [RIFHCALELCTX
5. H12-18, 191%), Qiagen®F v b &MagMax
HEhb s 27 & (5512-20[X]) TDNA % H B H - K5
B (245 CR®AIRE), U 7L ¥ A APCRIZE -
f@ﬁ#é@w%m~%mu DYV AT AT
X -, BHEMIZL 000% > 7V OFAE N FEETH
Do

v) M2AERIE, BEMICT — ¥ X—XICEES
n, B~y 7l blizT— 5’7)>%§£?ééh, itk
DOFRARD EBRIRAICIE TE D L 910k -
Tz,

@EUESH S UHET L UL E1EREZ 2 R T L (carousel,
DNAZZ ) EADIER

BUFE A 1320074EICHH S =28, A=y b v R
EUFBRICHE L T2 ICKIG TE D K ) I o =D
ﬁbwi%#w/X?A%%ALk%mﬁu%f%
%o EURRBICRI L7282 v A7 28 ALY, 3
ﬁ#vcm@ﬁiﬁﬂﬁu,ﬂv&ﬂkim%%%:ﬁo
Too TOFESR, PONAMH S 415 BISGEIT R & < #Y
mu, %é@%ﬁ%iﬁf%EﬁWMLTwéo:
D EIISASATIER YT 4 7% TFIEH LN TE
D, TR BEBEOL~LE LD ELT5HT
LR TX, derecording®H|THELEmLS TEX/-E
Ez2 LTV,

F7z, EUERICR VA LS DAL A o 2 ik
BIZIZOWTHLRZE{ToTW\DH, Ay hT v
FCIEgk sz mfE (15, 000ha) 0>0. 5% (4hafi & o [

S CHITHKI20%E) 2T 0 X HITEY (1ES/ 12
F), RELTWD, Tk TS D 33% TPCN
DEOMY, GpMEEFETH > 7=,

OTEFERZHERM SR H6r —GpFAEHTS

A3y hZ 2 RTIE, Grid Ny Z A TRol7ZT N
FAELTBY, HIZFE WP FEOREIC L -
TR TRE T H D, T OEEPUME SR DL K (2 ff
VY, CrOFEAEERITIFE T LTV DA, GpdFE
AEBERITGRA ICER L TRBY, HERZ CHR
NAROEIGIEMENZIERFIC/R > TETND,
CAVTHUERG TS FE ORI LV Gpsi#ik = T

5 Z LR, Gplaxtd 2RI ANIE & A Lk
BEINTHWR2NWI ERREARBERLEZS 2 LA TH
Do



Ty HAET YA M T 2 VR RITAR DI IR A

35



36 SRR IS AniRE RS v ¥ — 552065 (2017)

F12K TERZOFIE

I B (37°C, 28/M), 2. HEZ = VRIZAN, EREARAOETHRT S, 3. FEHBH X Ry
HEtE B carrousel, 4. VNSNS NR—a— RRT-ULEZFHN L, I () ICHfMd 5, 5.7
WD % carrouse LI AT 5, 6. THEEIZANBWESEASNDS, 7. BB KEBHETOHZIRED,
S. I KEZFEANLEBELZS TS, 9. 720 A v 7 EORENIED LN, NEOKE 4 —N"—T7 0 —&
H, VlEY A ERICHE LiATe, 10 25 BRI BUK LEs B AP35, 11, fiZcarrousel B ED AL, AF
WL TR AR B LIAEND, 12, DB I KM N S WV GEIET B iz kD v 2 &2 HSD
BET 5, 13 DB EZ RS E, 2nlF 2 — T 2R~ T S, 4. Fa—T~AhbREDY T,
16. Fa—T7 OB SNV U TVBIHO —“kota—F, 16, O "kt a— R Fa—7 0O KT
a— REGARY, V7385, aEa—F—FHTFTOMWENE NS RN /ot 2 — RiiAin &
B, 1. Fa2—THICRZ T AT E—ANMASTWAS, 18. Fa—T50Or—A 25, 19, it
By b UCHET 5, 20 MagmaxiZ X WDNAZ HEN#HH S5, 21 PCRY-> 7V HEhFREM, A#fCTY 7
N T U A NIHEEEL, Vo VONEIC K DERBREZENCE S, 22 7 VHBHEME CHRE LY
YINEY T IVE A LPCREE THNTT 5, 23 fEROH N, THEEHFITPONAWIZEGEPCREEM A T S v
Do
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EPCNAHER S NT-HEDEE

PCNANJE L S AL 7= [ 55 TlaHE A & D A pE I AR Ik
END, HFEMTHALA S 39 QBT AHRES
7%, PONBhBREFEIZ1ERC L, 298RS (SG-AFRCD :
Scottish Government Agriculture, Food and
Rural Communities Directorate) DA% 31T,
ENEEMTHZ EDROLND,

@ HEREISIEEMER (derecording)

THBRBZICL > TPCNB R 22D & AR
(infested) & L CBERI DAY, PONAFE R I T
B, ETTHIE DNV A 2 a LD < &b
BAEfIRAE L, TEEMZ (1500ml/had ¥ 7Y v 7
FEHUE) (I VNV TPONA o2 B 22 1 AU, F8AERE SO
FRENRRES D, ZHUT X > THEEL L OREN
FREMEBR (derecording) &AL TV 5, 7272 LITFIX
FREMER S0 2 W5 I3 B IC 5 5,

(3) PCNBAB&# T

Y22 EEOMEREOE RIT X OBREZ KT 5 2
EDREARNRBRAR E S, A3y FF 2 RTIE
64F, 4T A TIXSEDIELHELIE L TS, £
7=, EFUERE ORI HIZOWTIE, Grikfirk L fEx
2 HV, 2ay T FTEBLEEEOMET
FrE STV DD, GptRBUPE S FRITA 72 < 10%FE &
Tl STy, 7 X TIETASAR
BHH AN LA a2 0% < 36pIRPitE L FEIZ B 0 B -
TWDN, AR - LA OWTE S &3 A T
R, FEREMICOWTIA T XTI FRAE
DR SN TS, a2 MESCHE M EoRE

NohEVRHIN TR, A2y FT7 2 RT
X, N TR S TR R S L Tn
RNZ ENBRIRIFHERER SN TWehoTo, £,
ZDIENIT HIEZMED ANV A 3 3 2R 2 AT T40H
MR HET L, PONDS 5B L TR A LTZEHIC
TUYRT v T BT D0, HEICT &AL D
LIk AL A azhin L, RADPONZ FER S
W% J7#E (Trap cropping) b#EIT Iz, LavL
RNDZDOIFEEAT A TH ATy h TV RThH
FEAEFIHENTHZ2NE S Thotz (Ziudn
LA v a ki S D Rl 27k 5 & PONOD AR R
RN o720, HTHEMSEZY LTLE
W, FIABREE LW ThEEELZLND) . F
7o, Wit & b B FURIAIRC < AZEEI A VT bRy
BIBR AT TN DD, Bl BURIAI D354 13U &
EEECE D HDOD, HRBAIOBFE G T RAR
HREZFZS 720, BEEBICIIZIRZ W TE 220
EDZ Lot < AZEKNE, HURS K S
BIZL o THRBARLZETHD LI, IHIZED
PEEEDIE ==L~ L TFRLELEDZ Lo
77

4. James Hutton Institute (F13[)
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for Potato Cyst Nematodes in European Countries
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Summary

In August 2015, the pale potato cyst nematode (Globodera pallida) was found for the first time in several fields in
Hokkaido Prefecture, Japan. Potato cyst nematodes (PCNs, G. pallida and G. rostochiensis) are pests under quarantine
control worldwide because PCN infection causes considerable yield losses by inhibiting potato growth. In addition, the
tough cuticular wall of the cyst stage of the PCN lifecycle enables the nematode eggs inside the cyst to survive for
more than ten years, even in conditions of flooding, extreme drought, and low temperatures.

Although urgent control measures should be put in place to eradicate G. pallida in Japan, we had a poor
understanding of infestation control measures, efficient soil testing methods for detection of PCNs, and breeding
programs for potato varieties resistant to G. pallida. Therefore, we visited the potato breeding companies, the
inspection service centers for seed potatoes, and the research institution in European countries that had vast
experience with G. pallida. These institutions were namely HZPC and the NAK (Dutch General Inspection Service)
in the Netherlands, Germicopa in France, and the Science & Advice for Scottish Agriculture (SASA) and the James
Hutton Institute in Scotland. HZPC and Germicopa are the world-leading potato breeding companies. NAK and
SASA are general inspection services that conduct PCN testing, seed production, and certification. The James
Hutton Institute is a research institute for agriculture and land use. As a result of interviews with key personnel
from each company and institute, integrated management was considered the fundamental measure to control PCNs.
Integrated control includes methods such as crop rotation, use of fumigants and nematicides, and the cultivation of
resistant varieties and trap crops. In addition, to prevent the introduction and spread of PCNs, practices such as PCN
monitoring by appropriate soil testing, use of certified seed, control of volunteer potatoes, and washing of cultivating
machinery and transporter vehicles have been strictly adhered to in these countries. These integrated management
measures are already commonly employed in Japan for the management of G. rostochiensis. However, we found several
differences in the soil testing method and control system of PCNs.

In the three countries we visited, official organizations conducted soil testing based on Directive 2007/33/EC. At
NAK and SASA, an efficient and systematic cyst extraction method has been established using a “carousel,” a machine
that enables automated separation of cysts from soil samples. Extractions produced by the carousel were visually
inspected and if cysts were observed, the nematode species present were identified by PCR-based methods. At SASA,
the majority of soil samples were directly tested by PCR based methods without prior visual observation of nematode
presence. This resulted in high—throughput, rapid PCN diagnosis. If PCN was found following soil testing, the field
was recorded as ‘infested’ and no seed potatoes were allowed to be grown in the field until the field was no longer
considered infested. Ware potatoes were allowed to be grown on the infested field only if a control program that was
officially approved was carried out. If no live PCN was detected following strict soil testing and officials approved the

field as free from PCNs, the field was no longer considered infested and farmers were allowed to grow seed potatoes
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once more. In Japan, a system for the identification of cysts detected during conventional soil testing must be urgently
established. In addition, it is necessary to introduce a high—throughput soil testing system in Japan in the future.
Furthermore, it may be important to consider creating a new regulatory system that supports the efforts of the farmer
to control PCNs, such as official approval once a field is no longer considered infested.

In each of the countries visited, resistant potato varieties were considered as the most important component of an
integrated control system for PCNs. Resistance genes conferring complete resistance against G. pallida are not yet
reported, and therefore breeding of G. pallida-resistant varieties is more difficult than breeding G. rostochiensis—
resistant varieties. To develop resistant varieties, the introduction of strong resistance by the pyramiding of several
resistance genes was considered as a basic policy in breeding companies and institute. As a breakdown of PCN
resistance had been reported in Germany, the use of multiple resistance genes derived from a wide range of closely
related species was considered as a means to prevent the breakdown of PCN resistance. Variety PCN resistance
strength is scored as 1-9 based on a standard method described in the 2006 EPPO Bulletin; however, the standard
method is space—consuming and labor—intensive. Therefore, experimental genotypes were selected for PCN resistance
at each breeding company or institute using a simplified method that employed transparent plastic cups and plastic
pots that could easily be partitioned. It is important to establish a similar framework for the efficient scoring of PCN
resistance and the selection of PCN resistant genotypes in Japan.

Key word: potato cyst nematode, Globodera pallida, control method, resistant variety, soil testing



