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I\R Nelumbo Nusifera Gaertn. ZMESSHL A REITVELFaD
Hirschmanniella diversa Sher ~ (Rhabditida: Pratylenchidae) ®MD4HREFH & VMEZFRY
BABREICRE9 HH3E
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Investigation of Ecology and Chemical Control Method of Lotus Root Nematode
Hirschmanniella diversa Sher (Rhabditida: Pratylenchidae)

to Damageing Indian Lotus Nelumbo Nucifera Gaertn.

Motonori TAKAGI

E2H

NABIORZFDOWNHED THA L a2 NET AL a3 E 7Y v F o Hirschmanniella diversa (LLT
LrarxE® 7)) OPBREICET B2, AFRBIT3H 2 72 ERE - BibRiE - BN & RTEBIR & A
L7,

HIR AT O L =3 x2S T 2010-2013 4E0 3 4R, Lo ar RkE 7 U OANRHARNIEAE
HWEEZHELZEZA, WTFROBAL 9 A2 —2 L LE—IoRAEZ R L, Bbhizlrar ey
U O O#tR SRR S Z O, WU 2 | B RMEROHERE ) B 2 OREIIRE 2B 5 202 LTe, T OREE,
Loar X' VIFFEAAEETHY | 4-5 AR - EIRL, 8 H-9 Ak, 11 HE Tz < OfEfE pkh
HHVNT A ISR L 72y | RS HER AT S LTS,

F 7o ALFHIBRIERRTFE DT, L a3 7 VITHNRIERORKZ TR LI ZAH, X T T HNT
ANE T T RO 3 oy DNBIFEINIACR THE TE D0 B TR AR LB 2 b, 7T
Ry 7T NI DRI bENR B AL TH -T2, T2 T, X7 T HL7 120g/10a % RIGYLEHC
FEA LC 20142017 =00 4 4R, /INFAE a0 2 Fhi L 72/ R, WIIOFEBEENME T L2 E0b,
RUTTHNTIIELERBREATHL Z EBHLNE 7257,

—J7, BRIZIZIWL oL a v OFENFET 525, A, T, AILSMIAHR Ly a2 RE7 Y O
DAARERDN 20T, S BT, LraryRE® 7 ) OEIX 1990 FAN L RICHENRESIND L O IThoTo T
EDG ETCTENORALEZERTH D Z E LD, BROL 237 Y OSARIEB L O
RRRT A S L2, TORER, VUV EEETEZ 10 IR 16 HSoL a2 TinbLra xR
FREIN, ARICELS M LTS Z EDVRENTz, £72FZODNA %, X b2 KU 7 COI &3 U CTHEHT L
72EZA ENTS oONTaZ A TRRD SN, TOEEMEOEmESNG, Ly ar xS VIMERETH S
T EDTRR SN,

F—U— B ERBEGRBR, FAEHR., (LPRBERE, SRRRET, 1Ekft

ARG SCNE, HO R TRFR TGS 2T LSRR A G (2020 45 3 ) IS —HRIBNMEIELIZb O THD.
1) BiFTE: KRR A B2 — I SRR R PERRAE T
717



AFSCTIE, NAB LV > 2 Nelumbo Nucifera Gaertn. DR BEITH D, & 2580 % “Lral”,
AR A GO A R LRFLT D,

FT1E (XLHIC

1. 1 BABIURBMEIZB T L OV EEDRMESRT

FHIRIZITE LS O AARAAL L TRY . BREM (721 4F) (oL Le MkeERAR) I2h, KIRES
TR E L OAININAPNEFT L, GERIZ, BRRKZRIZLT, HE2 2L, tpnciihizv, HdHHE,
HoOBROME B~ B EXTHRHY | LERIASN-, T72bb, “MIcAEZD L aid, B EMN
WEERDWARIZ LT, KEERNOE LOWWE 923720, Z3uEnn 2, JBIcHE LLE L, ZofEO#Er2 /&
ZIE, 2B EZAILELEVD,” (BB L AR—VIRBEIEM ., 2017) LmdshTunz, £7-. 5
MH, NAFTLaryZiF Tl NADERSLERELEINTEY (G, 2020), FHhHELLNTEL,

B L TONZFERL, JoAR (1981) 12K 2 & RERER] (1831-1835) TIXLHiEE DMl LV Bilkd Sz,
L, Ly a i RO LARWERBEETHD Z L0 h, H 2 IR KR D KRG £ Cid. )
U, KBE OV £ OEHITS OIRIBH COAREN K E 2EIA %2 5O TV, T O%EERFREL 210 2
%L HBHA OB X 0 FERMOZSTED S, #TH 7 D ABIRSES RIS U v a VAEFEILE S E LT Gok,
1981), 1972 FATITHIKIRD L o 2 AR HEfER L OHERDRE— L 720 | ZORMOERIZ B 2 Ebivd
T LA KPR E Y FREHAMEER L TV A DL, Ly 3 U NEAE CEEN R TSR A TER L TV AT
(PHB, 2018) ThdHELEZLND,

PIH S (2018) I XEFEHMHHERE2N D, 1973 4R1213 104,400 t IUHES N TV L v UATEL R L, 2015 4512
1%56,700 t EHHIHL TWD L LT\ 5D, ZOWNRE LD & RIREDSNOBERIE, BRORSEOZRIZ LY
ZTOEPERZE T, 1973 FFITxT 5 2015 ED L a2 VINERIIER IR T 30.7%. BT 31.2%., FEEET
39.5%. AT 31.0%ICE TR LTWD, —J7, ZIIRIE 21,000t 725 29,000t &AL TWD, KIRED
ZOHIMOER & LTE, LIz v a ok & BT &0 D ZEZRIED e o7 Z LT
Z. 1970 RUBEIC—RL R T 2IER L TKETL Y a v 20 D KDY (Fig. 1-1) & MEEN 5 k4 H
W, KB FTHRE AT TV, 72 B ik 45 2 L TLrar OIERRD ORERERTHH L2
VBRI L= EREWEEBEZ BN D,

TV o OBREMIC O IEE RN EE > TEY 7 LF—|Z
RN H 25 &) i (Kaneyasu et al., 2019 ; Wakugawa et al., 2020)
X2, @It (Huand Skibsted, 2002) K USWE/RIF (Tsuruta etal., 2012)
RECKITDIEDEFTE DLV ORELH Y, ZDIENTH
Ly a s Zidkx REBIERZROMEREA I TS

(Tungmunnithum et al., 2018) Z &6, A% b L a L OFERE
ANVRFEEIIRZ WAL TH D, TO—FT, KKFEOL
I AR LR LA TR Y . BREE O HEERT 60 7%
EHZCND, ZDT, HfEZ M N HREER D 577, 5718

Fig. 1-1 /KHED DR J1% KO THENHEERIE OIE A, BARNEM 2 817 5 #E
EHHY | 1757 OREHI IR & GERD 2 lbASEIT L

CHES, 2018), Lo a fEdfi-/27 = —XIIBITL TN D EE R D,

Fiz, Ly ATENGREM TH Y | ZOUEEHFRIL 59%IZ H KON GRIREFIA) | LT AT O—E A CF
#J210a) TOMULEIE 2,000 HTHAZHEZ 25 CHH D, 2018) 720, OB LV & EIRAZELTV, D720,
1986 4FE B EEOMAE - 7= A RERTTOWACR 2 Eofii-/a Lo a L pE (RS, 2014) <0, SR+
T B7eOIZ LI 22 B ITRATT D E (B2 L) | TRl Z2 & HICHEHL U Tl e st b 240 © 4=
PEEDEHIIFET D2 7 & SR b AFEILRPN A EN A CTH D, IHIT, Lo ar ONFER X
HIEClrE 8 A4 5 HETERMIMICIEY | THEPICZOE FikE L ChiHIEFHmmIC R A TS 2 &
T (Table 1-1), HAAIRHED 09 < |, HOHRBEBHASTVMEMTH S CHES, 2018),



Table 1-1 The cropping calender of lotus in Japan.

Month Jan.  Feb. Mar. Apr. May. Jun Ju..  Aug. Sep. Oct. Nov. Dec.

) b)
Greenhouse 4_

Type of clutivation®

a) This table doesn't describe open field cultivation for two years called "2nenn-bori". Because not so different tranceplanting and harvest period
with one year openfield cultivation.
b) Black squares show transplanting period, black lines show growing period and blue square show harvest period, respectively.

1. 2 Lravm2RXEER, LUavERGEE LYV ERERE

Lra, EFEICEDIREIMTZ DB THH T, TiORODWED V> 2 BAPETE D5

(B BRESNTND Z X0, BUFOFREFEROFRFIENKRE VY, gko LR ofkic 2w a
JEEOR & . KR O CRIE S 72 A 2 %W, Lo a Rk E® U v F a2 Hirschmannielladivera (LLF L
varREZ)) ICkoTHIERIENS Ly arBiRE CITREFRER) Tho,

Ly a VSO, AR T D Fusarium JEE (FEFY - 1, 1952) <0 Pythium JBH CKAR S, 2013) 70&
ICE - CHIERZ &N, R TIX Fusarium JBEIZ X 2 O30 GRA « L, 2017) . S RSCZmMIRA 2|
AL LT D R 2l > TR B0 21797 H 0> (Fig. 1-2) 47 ) Ml Gl i k&
WeShd (RHE, 2010),

JEROR OBARRIITE < MO ARERBHN LN TE - (M
JI5. 1959) 23, ZORBRNRITNT L HZE LRNZ &
B, FEMTCIIARN BB R OREEN K& RRE E 7o T &
7oo WHFIZIR ST, Ly arHEEZRICHEK L THIEAEZ
E = VTR D KBS RS R - BER, 2017) 23BH
SN, BOBIBREE HITFTVDHR, KE 97 DD
ORHANIRE SN D720, K 0 KEFE~OW I TR %
FAWTHEG7AL - 23 k72 EVRETH 5,

. o —J5. KD THLHIBIR, THERIZIBWO T, 1990 4R

Fig 1=2 LOORA (ERIIIERRED o sr pinsiex 5 £ 5 oo T 72, Fhbb, Lu
a2 OREERNAEO-BEADOREFELS (IR EMEN D) o, REAZMY (2 ZXPUER & FEENn %)
DAL S (Fig. 1-3), B L a vy BEIE THD (3 - KIE, 1996 ; B 5, 2002), THERTIE, Lrayv
HBEFIEDHRE N S RSN A ~ 2T X T VBT oY H imamuri Sher UL TA < LT XET Y LHET)
DOERGABRIC LY, Ly aryBRIEOFRNIZA ~ L7 %E7 Y L &h, LraryBERBREMmL SN (&
e, 2002), UL, AKRALR (2002) 1&, TERBIOMEESRO L 2 VINEEEETA ~ L7 %E 27U L1300
FTHY ., HdversaSher LRITEL, Ly arREZ Vv Fa iz L~ AfRETIIZNE TCOFER
B (Takagietal, 2023) 72END, AYLATREZVIZLD LT ~O%E - MEFREHTHL E LT, X
AL ar B ETLRREZ L ar XS VICRE L TRR5, FEHlITH 4, 6 B THRRT 5,

Z D%, FRRO Y OB PRI X D EE ORGERE~ORRS
0, KRS T OB DR AR R IR -T2 e EMD, L
a7 VIS AR Bl 2 7, L UiRa (SRR R
OREETIR L, A7) GER S, 2015 ; Uematsu etal., 2020) <85 L
(AARFGIKER TS, 2008) 72X THHEOWRENSND LIk
T2 bl s WEICHEMRIAN Y & RO D X 91> TE T,
F7o. KRR CIIAIRIC L AHEEIC L 0 | RS O R &
72V HHERGED—R & b2 5 FHIRRBD LN (FAL, 2017),

F T, EHELIT 2010 B LYV RES Y B LUF 2 TIZONT

Fig.1-3 Loa BEEDIER DERE - BIRIEIC B HHFZE 2 BREA L=,



1. 3 LravxET)EUFarFEL Hirschmanniella BIEHEDENR

Ly a7 UiL, Sher (1968) IZL -2 TATADAT 7 HBOI AN - LS
Hirschmanniella JED 1 FEThH 5, Lo a L FEZ VICKDHET, BHHEOIC L 3 OIS L 2 413
7RIS, AKIR Y 21T 7o D BIZERE O FHEZBES LT, 2O H I ZAHIMIE & L CHifrd 2, SNl E % il
L RIIRE ORISR IW TIREF R PEDER IR E W (BARG, 2017),

1960 FF-R0>5 1970 FARITNT T, HARDREIEAFEIZIBWTIL, A X Oryza sativa \ZTFETHAXFXET Y &
>F a9 H oryzae CATFARFET D EIET) BILOA 2T RES VK BB R S, KEEEOR
R EPEIE RN IE Z O 2 FOBBREDSE AN ST UG, 1992), 20> 2 FlTx L CiE, AREE,
EES OB, FHERRIEORTIOM, 2EPIC D-D A7z EOERERD Thiv, —EDOZEITRED 5
N=bODOIEFIIARZETIESL>ENRKE L, Tl ADEEERRITREZ R T AN ER E W HHEGL H Y | HF
FUXEX TLE-7 UG, 1992),

iz, BAROKZDOVED TIL, MWBOLERERK TH D X A € Colocasia esculenta DSNIFFHIEFR OBREZER & L
T ARXFET Y PEBEREEZRZ LTS OIRD, 2013) EHESHLTODN, BIFEETOL ZAH, A
WZXET 2B R iBRFBEIIFE SN TR, EAMCHZBT &, KR THRET 2EMCRIEE 2D
Hirschmanniella JE#FHIE, A RZHAET D4 F21ET VB LN H mucronate (Fengetal.,2016) . ¥ A E[RERIZHE:
K THEST B ¥ v A EDO—Fk C. esculenta \ 2349 5 H miticausa (Bridge etal.,2005) 72 ERZETF 65, BLW
HOTIL, BIEHOKFZEAT D H. caudacrena DS (Ryss and Karnkowski, 2010) & &5, 4 X REZ VL,
2y =R EDA R THWEOHIR TIIAEES K E VY (Winetal,,2013) & 4L, 23K (Jonathan and Velayutham,
1984 ; Prasad and Rao, 1984 ; Walia and Bhatti, 1985 ; Zhang and Ai, 1994 ; Lahan etal., 1999) | #&Hii4: 1 (Ramakrishnan
etal., 1984 ; Randhawaetal., 1992) . & A/N=7 Sesbania rostrate °F 778 /) 77 )V Aeschynomene afraspera % X1
iy & L CHWS  (Germini et al., 1985; Hendro et al.,, 1992 ; Prot et al,, 1992) 72 & & & S FE2BARRIEDS RFF ST
WHIZH BT, T A N EORTED BRRIZ2BIBREATEMME S LTV (Bridgeetal., 2005), Zi1hH
DOBBRFERITIEIE 19801990 FARUITATHOILTI Y . T BIUEICED 20-30 FHIIEL, PIBRIEIZ OV TORER
THIZEAETOIL TN RN NG, ZTREWSTHTERBT TRV E EFIENRIT o TWnbH EE X B
Do NAFET DL ar X7 VICHT 3RS, R DFERDBRAE & TS, 280551k
D7RUNVE F ERROREED HER 2 LA LT,

1. 4. AHAEOBEH

AWFZEL, BUGORBENEIT LT, BRIENTRS KD BN T DIC LB LT, BBROIEM L 725 X o 7eRe
TEROHAN T DM ENIRE P T TRV RS TWD Ly a2 7 U BEOBLRZFTIE L, B
BRI RICE T A7 T2 AR L L=,

1) BRI/~ ZARHES > & Hirschmanniella JBAR R ZEDEEL FHEL a0 3xE 7 ) ThD Z LHEHT 5 &4,
Ly a RN Ly a7 ) OFAERE - BXOZOEFRREZHLNICT 5,

2) LyaryxExZVERNT, HEEBRNOEN R OERI V—= 05, TORTHERLDEH
W CTREEEEIGRER 21TV, AMEEZ SN T 5,

3) BAREWNO VY 3 U PERD L ANAREAZEEE U, Hirschmanniella JERRROFADRMIES LOFEE . TERESEM)
HAHNNIDFAEFENTIASNNTT B, 2, BHN-EES DNA 28 L, 2 0OEIEES 23048 L Rk
BB I OHAEZH LT 5,

F2E NABHAOL Y AVREITVEUF1OOREEREETR

2. 1 [FL®HIC

Lrarx® s Uy F avid, BARTIE 2002 4RICFIA M vz OKAE, 2002), 1EMICE % A4
FAEMER B L Ui, IEGLIZ > TR A SN ETH 5, FENSHRMIC T~ A T—R/EmTh 5
ADT=DAF L 0 ERFREBEA TE LT, FOAEEICHOWTIEEE L 72 D ORAES., TETONFEHHE L
7Eb DR EN DHENRH D H DD (Liuetal., 2000 ; FFA 5, 2015 5 FAR D, 2016 5 mAD, 2017), Bikrst
FEAREET DI D O EEREER Ch A REWRER., K AT — D OEIE oA & DATERIZ OV TIT
FEAEREIN TR, 7o, R CIIEEEREZ 2725 Lo a  AIARKEmNTET 208 ) 0T B LT



EvAYRSY el

F I T, RETIERMBONAFKEERBIG ) ORI 2EE L C Hirschmanniella JERRRZ5BE L, FEREZITH
TLrarvxE® s OFEEMR L, £io, DLy a 3227 ) ORABEBIOAEFRR, bbbt
. FEUR, MM LOWEIBRE EOATRERICEb A AEEREHONCT A L2 A E LT,

2. 2 MEBIUEE

2. 2.1 HoTYUIHES

FRAS IR AT T T BE) N X (A6 36 FE 14 43, HURE 140 Ji£ 32 43) O AFEELE 2 2 (K~ B A BEL O
B L35, 1 AEK 17Tmx45m,) TBI7e-o7-, AHUIBRITE »filcrE LTl Y ., 2FET VXV (i
R 2017) 2k B L, HESBITHEER T S T A HICEEN D, HEHEMIIANANTEERTH D, &
2 B B 72 PERS A i 0D 8\ L GRS S S D, F 72 il 2RI RE &b 5 BEUEDO#E
WKRELL . ZNEFNE T2 NAOHERGERS L AEL T0D, B A BLOB OFHEEIIR /> T D
2N, BEEWEIC L VIENED L THA Z L3 EE L CO BB TH D, B A T 2010 4E05 2012 4ED
34, BB TIiL 2010 FEOHFHEEIT - T,

2. 2. 2 Hirschmanniella [BRRDY 2 T) U5 E L UVURBERE

INAHHRROEEEIX, i A TIL2010 426 A5 12 HE T, 2011 B L2012 FE 5 A 10 HE T, 2
~4 BN 1 B To7, FE¥B TIZ20104E 6 H2>5 2011 4E2 H £ T, [FREIC 2~4 BRI 1 BEEEIT -7,
PN 1 [ENCD & WO & FEl B NADIRZHT Z & 3 ALL FEREE U7, B8R U7 Bl S MRIL, ZKiEK
AL CTESAKEL, 5 L HEEEE Uiz, MRISAKE L7=0BEiZ2810 B LTy 5Kk %28) > T Smm 2
FEICHIKT L, L <IBRILTH D 5g 20 & > Tk~ 9 (Baermann, 1917) 12 L7-, ~Ub~ L 1E1T 25°C
DEMET 48 TV, MRHEEA EE L7, 10 A6EF 2 A £ COAMNTIE, (KROFENC X D8 D Sy
FX T EBGIET B2, = ARG T D RNTHIR 2 B =— S AN T 25°CONTEGET 2 HIFEHR
B LT~ B L= 7 UE, B LD BT 5 TACTIRIE LT, S BIT, RENDOIIE
WeER T 257, WE~7 7 >4 (McBethetal, 1941) (2K WARZ YL LT,

2. 2. 3 Hirschmanniella B4R R D578 & 515

SyBEL 7oL, Sher (1968) DRtz KT LT, JFBMEE T (BX-50, Olympus Co,Japan) T A AR
A&7 & OFERIRHED D Hirschmanniella J& & Z VSN ORI 53T 72, D%, Hirschmanniella JEHR 211X
BRI 7Y A T L IHERER 3 L O U TR L T2,

2. 2. 4 rRNA O 28S 8l & R\ = Hirschmanniella &R 7€
Hirschmanniella JEFRROFEZFFET D728, Bl A B L OB 0> LEEE U7z Hirschmanniella JERR RO D52

NEN3ERZE T &7 MR, Tanakaetal. (2012) DJF5ik% VT, ISOHAIR (Nippon Gene Co., Ltd., HAS)
(X VR L7z, 20 DNA 2§ & LT rRNA @ 288 #{nT 10> D2-D3 A iiE L7z, 771 ~—(L D2a

(5-ACAAGTACCGTGAGGGAAAGT-3’) & D3b (5-TGCGAAGGAACCAGCTACTA-3’) (Nunn, 1992) #%
V7=, PCR /% Go Taq® Green Master Mix (Promega Corp., USA) % F\ T, Bio—Rad TI00TM thermocycler (Bio—Rad
Laboratories Inc., USA) |Z & V1T > 72, FUSSAFEE L FIZR T, 94°C2 75 % A 7 VRTOBEM 21T > T2 D5 | 94°C30
R OEGENE, 50°C30 DT =—1U 7 72°C1 53 DMRIUEZ 35 [l 0 3K U SR BUGRIL 72°C5 4y & LTe,
PCR 7PE¥)i QIAquick PCR Purification Kit (Qiagen, Germany) % HVNTHEH%, BigDye™ Terminator v3.1 Cycle
Sequencing Kit (Thermo Fisher Scientific K.K., USA) # MW\ T —7 U AL EIT>728 & ABI PRISM® 3100
Genetic Analyzer (Thermo Fisher Scientific K.K., USA) % F\ N CHEFERRS & fifgae L 7=, HEAEAC%1iZ DNADynamo (Blue
Tractor Software Ltd., UK) % FH\\CT7 > 7 /L%17\ ), NCBI (http:/www.ncbinlm.nih.gov/) C 28S iEfx1-DFH
[FPERR 21T o 7,



2. 2. 5 BXEMEDRAE

Va3 Vo FavOitHiE Th D Sher (1968) 13, AFEOMEREDOTFAEZ 7R LR THAE L CW0D, £
7o RV Ay R 7 ) MR O IR DS T Tl STV DER T A BIZER L Q0D Z LD AR
HFECod D L& Z DAL, WPEATEORR RIL, PR O +OA B2 BI533 5 2 LI XL 0 AFRIEBIR 2 755
T 545 (Otronenetal., 1997 ; Murray etal., 2011) Z &5, AFEIZIHBWTHAPFEEZ kG L CRET S Z &I
KO, FESIDORIN TR TE D LB NI, LFOFEZITo72, 2012 D 1 A6 12 HET, 1
H13H,3H1H,4H24H, 5H24H, 6 H29H, 7TH23H, 8 H17H, 9H7H, 10H24 H, 11 H22
ABLWN12 A 13 BIZ, ABEO L a AR LTZ L 2 3T 7 ) MEHERELEIL 30 BRAFHA L,
ZOUTREENEOR ORI OEERZRBMERAEH L, 72720 1 A4 A, WAL 12 Aldryrarm
WCHEESNTZ L a UAREIRIED D, 5 A0S 10 AIXEEETo Ly a U iRgnroLrryarrxe7 ey Fay
T LTz,

2. 2. 6 LYavRrESUEUFa1I9HROBIHE L VEHEROHTE

YU F 2O EFER LI ORSEICIIAERERH S Z L 3E 5N TV 5 (%8, 1970 ; Halbrendt and Brown,
1992), ZDZ EMD, S8 LT= Hirschmanniella J&D N EHE S AEZFHNI L, W& ORIE LA IEEERIE 2 HEE
L7z, 2010 FFOEZ A RBIOBD6 A15H, 7THI13H, 7H27H (BHADOH), 8 H10H, 9H 14 H, 10
ARBBECNASHIZHBHELI-L Y a e UMD, AR L0 —EHOEER (A BT 52, 32, 30,
43, 59, 67 BLU56 fER, B [GIE 33, 47, 50, 91, 67, 64 ffil{K) %7 X LR, A5F 692 BHO NEHE
BELOEEZREL, Sl ZHE L, 728, BURITATRG bR L, MEREZ 5 CIEZETT 272,

ZOMET, Ly arrE® 7V OMEHEENZREOA R LS RAEIC LV AlReE oo 7272, OEtE
ZAA Lz BANCRIT DIEIHEE 21T\ ). Z Ol DR 2 FATEREI:Y TiD T, IO EE 2 HER L7,
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Fig. 2-1. Seasonal occurrence of Hirschmanniella diversa in lotus roots between 2010 and 2012 lotus cultivation
seasons in field A and field B in Ibaraki Prefecture.



2. 3 R
2. 3. 1 NRBEBIZETS Hirschmanniella B RDETE EHREEE

A B L OB B0~ AR 5 458 X 372 Hirschmanniella JBRREOREH 41 HEAFTIE L& 2 A, (KEIX
1,733-2,600um, M#HEi% 21.7-24.7 OFPAIILE 572, T D OTERERFHEIL, Sher (1968) 12 &L - Tt &
L rarzxEw sV OKE (1740-2850um) BILOHEHE (22-25um) O & IFIF—E Lz,

X BT, BEX Iz Hirschmanniella JBREE O TG S —2r A LUT= 3 fE{A®D D2-D3 fEI O LRSI 4 T—
L7, HHERSZ NCBI ECHIFMERBE LIz ZA, LyrarxEl VB Fav b LTHREIN TN
Accession No. JX144359 & {425 100% —E L7z, JX144359 [%, 2012 4EiC L > a RE 7 U OF4M4E TH
B IKABRIZ K o TGRS NI RIR AT T OMEETH 5, Licho TARREEIT o7 2 DONABESH D
SNnEBBIEL Y arxE S Y THDHI ETRENT,

A BGE X OB B 20102012 @ 3 FMOFEIZIBN T, NAFRNOOEES D Ly a e 7D ER
B, B BT 10-12 AT THIEHA &t 3 5 LA DOD BB N S OO, WTNOFTHETH 8 His X
N9 AZEE—27 235 1 1EORENEEZR L (Fig. 2-1), 10 A2H34E 1 A £ TOMIM, SEishsL >
a7 OBITEAD LS, ZHUTRIEME T E AR EEARIEL TS Z ENFELTND EEZD
s,

Lrarxe s Vi RE, DR EAFHGROFERICESNT, 4 DOV T AX—Z3F bz (Fig 2-2),
7 T AZ—IVIZATEG RO N Z En b TH Y | A#HRIX 20.3-25.0um, &I 1,800-2,750pm O
W E o 72, AFHERDIRNED D 3 DD T A X —OREEIL, 7 7 AZ—I B, HEHE 11.0-133um, KE
300-700um T, 7 7 A Z —I1 %, A$#HR 14.3-18.7um, A& 583-1,133um, 7 7 A& —l %, AEHRAS 17.3-22.7um,
REDY 1,083-2,150um Th o7z, ZOFRERNOEMEREZEZH &, 77 A% —1, 11, MITZNEN "8, =81
WIS RIS N T D B2 BN, 7 TAX—I &7 T AX—IV I—8 EHET 53, iR & IS R i3 AR
DODEETHEG RN AETH DL Z LD, AfHRE AR AHE T, Z L TSIV arx2 7V DAT
—UNERITE L EB T,
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Fig. 2-2. Relationship between stylet length and body length for a population of
Hirschmanniella diversa individuals isolated from lotus roots in 2010 survey (n=692)

from field A and B.

2. 3. 2 LyavxEJTOBRXEMHESHTS

Ly a7 ) MR R OITIE RN OR T O BEZ A LR, 5 A2 —2 L9 5 —[iigoif (Fig
2-3) ZRLTz, 14 HB XU 10-12 AICITIPREFENENICR T2 R o T ooz, 2072,
Va7 VT4 ABLIONS BIZRRBEITV., EIC6 ABIONT Bl CEIIT 5 &EE 2 b,
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Fig. 2-3. Periodical change in the ratio of Hirschmanniella diversa females
having spermatheca filled with sperms in 2012 study from field A and B. n=30
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Fig. 2-4. Age structure of Hirschmanniella diversa individuals in lotus roots, estimated by the
body and stylet lengths from fields A and B in 2010 study.

2. 3. 4 L2aVHET) OBEROHTS
LoarxE® s ) O A BEOB BT EMEROHERE % Fig. 2-4 IR L2, 6 ABXON7 AL, MUHi%h
BB LURBREERTH o223, ZHIShBA 8 AICHELL, B —2713E L, BT =Mighhn 9 Hlcy—2 %24



Z Tz, “Hghi L ZHIgh o B —2 131 » ARETH O, WIS REB X O kT Alce—2 28z, %
DOtk 10 A Uiz, “HishduE 10 AUBIIERO e, Z#ighhoEE S 10 AUBIIE T Lz, —H,
PUMASHEIE 10 A D 11 AT TR L7e, B B @ 11 A IXPUEASh R o#hnc L v 0B R EF- L
23, WAL CORMEROBEMIXIZEFREETH - 72,

2. 4 EE

KA O Lo o MR D S4B U T2 Hirschmanniella JERR B %, Sher (1968) 12 X ATEREFEHTFIEB X
N, tRNA D 28S FHIRO /5 FAEM P FEIC L D RE LRR, EbobARBNRL a2/ ) THHZ L
XL, 20D, KIRBO LV a3 NI EE 5 2 D7 Hirschmanniella JEFRBRIZ, Lo a2 E7 )T
DI EPHALNEIRSTE,

AENE, LrarxE® 7Y OREEEBLOVERERZAONIT 2720, LryaryxE7Y EFRBTHY, L
VAU rHERETAMEICAER LT, EKBICEET LA RFRETVBIOA, v LT RES Y ZHlktg b
L7z, MRS FOERTHD Z LG, HAT 19601970 FAUIHNT TE L OAFEN 2SN TEY | BEHE
EAERBRIZOWTHIEIN TV D (BB, 1969 5 Fmia - LA, 1970 ; S - HRE. 1970 ; S, 1970), i
FEIL, A ROBHEDIEE S LIEENZ B L TIRIIEA L. ELRKICHIT THHRENE—21ET 5 (&a - 1
A, 1970), LU, 2 FEREIZIZNO < DO EREFRIEORH Y | AR HARDOEREHIZN LI, £~ 4
FTREZ VTV, A 22T VT 121btEE ShTnd (&R - U, 1970 ; ZJF - IRE. 1970), 1
~ L TZFXEZ VL, BhEET ICA ROBIRA L, BHEEK 54 B E TITRPNIZEIN L, IFZ5% L Cilchio
ADBEET S 725D, HRO DR EES DRI < . BN SRS A GIRObND GER - .
1970), —J7. A FFEZ VIiE, FEHPIARNICIEE Y . EORIIC S RO R, SO R
HEHBIL, 1 =R 12 FEIIT S (R - E, 1970), Ly arRE®BZ7 VL, ARIOMRETIE 1 IS
1ETH D EEZ D, EORNC AR —ERk b3 TOWHISh BN ERT 5 LW ) A v AT RETY
LA RFETY L —EE, —FHER D EWHIHB DA REF o CWD EEZ LN, A 23T VAL
HEIE 72 E OFRGHCIE BN, TUi 72 EoiRREM I 2 b & & K 0 EERZE 45 (EA - 1A, 1970 ;
ZJE - HRE. 1970) Z &6, RIBLAREOIUN 2 ETITE 2k L R B A[REME b 8 D 2 & D, B DT
TELMELEZ HLD,

T2, NAOFEEOERRT- EMEEZIIE, VWHSRB X OO 2 27—V OANEEIN-72H, Lo
VAEZ VTV A OfER, LD D AT — U TOMRENEA D SR T & 7=, LIS OSHT, P To
AT, B - IUAR (1970) WA XX ET Y A~ AT FES ) OKBHEFTOBLEZHEL TN D, Lo
VAEZ U TR ABLIOBESIDERNDAFTIC L a xS Y N EEN G GBS NLTO D (BARD,
KFEH) T2, HEPTOBLLITR-o TN DHEBZxOLND, BT, LyarrEZ VIide =, I X7 4 A
72 EKBDEDHEEIZ b FET S WL S, 2015 ; BARD, 2016) 72, T DO THHIATLHEExLND, D
FO LR Es VI, UG R EZIFECR T, JEEMER, TS JON RO Clli43 5 2 L B
272 o7,

Lyary xBTS VDAREEZE LD DL A LIV a2 RE2 Y O HUIL, FOITFESENE 7 OEH) S
4 AD 5 BIZT TREZEITV, 6 A0 7 AIZINZ e B2 BiD, £D% 8 HE TREIISNLIZIinD —
WAL, 6239 AIZIZ=Wighii b 720 | IRENEEN E— 72T D, 0% 10 AR, =
HSh RIS B do HUNIRLIR &2 0 | Lo a1 7Y ORRENEAREN 3~ A OREFEIZ X 0 REBIT T 5,
HIFE BRI BAT AL b AUV NI HIE, L a s DIRICEDEFEE S0, & D WIFHHEEICEEL L .
AT EEZLND,

% (1970) 12X DL A XFEZVBLUOAS v AT XET Y OIEEBEOBRNL, AaE (EFEaREEL) |
AEHRE. BIOMKRIZEASWNTT) ZERARETHH & LTWD, AFZETIE, B2 FERICL >y aryxEes
U ORHEME S N#HRE & RRB LOVEGREOABIZ LV il cE 5 &2 bk,

AWFFETIL, AIEBRAIET D ECIFFICEETHA LY a L 3E 7 Y OFHTONTIL, ~L~ IETIIIINS
BECE WO TE o Te, @A - IR (1970) 1%, Bk~ 7 21k (McBeth etal., 1941) ZfEH LT,
A XOROIFERELIOEEL, 1 FF TV BIUOA v AT RES Y OAEREZHETE L T 5, ARBRT
b BRI THERI L= FESRIRI T 5 5 AE 7 HIT/T T, IIZHERT A0 E LIz L ar Ok %



Yt L7, BIEESIIII L a v RE 7 ) OFWRRHR L ZO%RO W OFAENL TSNS K1
HIEFIA e o7 (Fig 2-5), BEWEOWNEREEMERR R (%7 Lt > F 2 UHH Pratylenchus spp.72 &) 12X
HEEINL, WFAEY) OMEHEREAN & 5V NTEFEO T i1 (Mamiya, 1971), R 7 L& T o UFEERL
ICEEIMEDONE FAEMRIB TH L L a2 7 U bRREOEIERZ & > TV D ATREMER RV, Bl S
TN D Ieino e i & LT, NARHIBOPE ClidZe HIRE M. HDVNIFEFREREILME (RS,
2015 ; MR B, 2016) CAIEHITPEINL | REBND A2 Gud 5 HIETITBIE TE RS2 REME D B Z B D,
St X VFEMRHENNE TH D, Ak, EINGET, FEIM FEIIHIMB KO Y A I v 7 E ol &£
EERZ A DMNNCT D7 DICUNETH D0, AR TIEE ZEHA LT HZ LIXTER Mol LYy a v RES
U®%Eﬁ§k$ﬁﬁ@%ﬁkhf\ﬁﬁ%fﬁ%VAfi%f)%i@4**%7)@%M%WE@F%k
Fol: U ClRmE R LR OHEE 72 E 24T o 723, ERRIC L o a U XE 7Y OERBE RIS 2 572012, &
WRBICR COfH R ENME L 2D,

RERO@Y | Lrrarxe7 VIiE, boa BN JOVEICHEAT MRS FAE, T2, Afmn
BR< | BERVEOMENTL L TV DM, LI LITHRRET S & W= RO ENERE R OMEZICER &4 b (Cobb
et al., 1985 ; Karakas, 2004 ; Kothari et al., 2005), L > =t %27 VITBWTCIREAGHE CEAEMEOE D> T2 A
X B Echinochloa crus—galli var. echinate Honda I%, t =JADFETEIENIEH CE 5720, BEEHBRICAEZET

borLEBEZXOND, Flo, T INTNAOEMEARER (. M3 ZHWLZ L2k, HELY
HIERER AR LN TE LR b S D, 20 X 2 RENFEROMNLIZ LV EIMR R BN E 72D |
Loarx w7 ) OEBMIICEIRTE 2 B2 615, AHETIEL, FEIID 2-3 » A%ICHTZH 9 HET
THIShHERO b DT L BEINE LOVEBRIC 2 (LMD R EZ SEAICEE TE RV RR b0 | Ak
ERLMCTD20IEE D L TR TO R ERE S OVNERH L L EZ D,

FTI3E LYaAVRESTEIFaIIIxT HILFHIBERREDRET

3. 1 [FL®HIC

Loar 7 VI, Tk CTARBRICEET 2T Thoiv TR - T2 L [RIREZ, 2 OBSBRE S BIF 3N T
W5, 85, FARERIGE UTZIRGERE (BRIED . 2012 ; @R D, 2013 : @R D, 2014) <2, KBGZEA L1287
ik (Katan, 1981 ; (R « PG, 2017) 72 EDRRTSNIZH OO, IR A R EDOSMNS 2D FETE



WCIEH SN & 13> Ty (EARDL, 2017),

—Ji. ARERIL, LrarxE®Z VKT 2 —EOBRHIENRHA LN 72oTEY FIAL, 2017), /-
BUREARTL a2 27 VIS L THEHATE AME—DEEK L 75T D, AIKEFRITNEEHOME & R
B OBM T, TOFENIAN T T LT F I RTHY, BT 5 LT BT RRERORBE~LELE
{fbL, EFREIEEE LTRSS, AIKEHRO LY 2 TORESSEESRE (B HOM B T8
1%50-100kg/10a TH Y, ED H 5 2021 % DEHRGEELeT- O AIKERZ AT 5 & 1 [0k T 10-21kg/10a
DEFN L a BN SIS,

— 0 NANIFERRFIERME, TRbOKENEE T, AREAZ REICEATCEN TE HRZ VB L 3 51
5 IR INCIT e TR S b, il L72 & 91, BAR TR S K& A OAFEMIIARIRIRES » TR O 8
WIERICAETE L, 9 1,800ha (2SR E RERAE > TWD, & AN, BB HiE 1970 4806 KB T 23R
DR RORBEFRREOESEFRR LT DT A aDIRAER ST E SNz, BIR T B HEREE
Bt o2 —" OESC, Bl 3 R T BB IR DA ER SR 2 RET 570 8 KEF b ~DOFREmI
IRRBIR ST D (IR, 2016 ; Soma etal., 2016).

PLED XS Ittt 2ER oM, Va3 ® s VT LRIKERZTEM LR IEO 2R LT D,
B P L OMHFE e EJEKRA~DOELR N A E | KEEZIR TS EDAREMNDNH D 2 L0 b | AKERDAIC
FH O 22 W BARRIEOREEN ML TH D L EZ HD,

AWFZED HIE, JLEICHED BTN L ar x =7 VI L THIREA L, OB THEAT D Z &M
FRETH D EEZONDEEEENRBRICL > T L, TOFMEEZ EZBIGIOREZ AW THEIET 5 2
LEHE L,

3. 2 MHEBLUAEE

3. 2. 1 #EARBIUHTRA

AR LI L a7 00E, # 1 BTHWZ O LEERIS, AWRAR TR (b 36 B 14
7. HRE 140 FE 32 53) DOAREREEFHEEG OEE LTc, BIEHRONRBIGNDAZIRBEERE L~~~ 1k
(Baermann, 1917) (25°C48h) 2LV L axE7 U ENHELT, Lo arxE7 VITRBRICHET 2 £ Tk
K E & BITH T AL T AN, W (K 4°C) PICERAF LT,

AFRBRITAE ] U7 1% Table 3—1 1278 L7z, MRS K L CHARTEED B, b LI CTHRMR B
%, LS SIEER A POV IRKEREAINET 723 A =aF ) A FREER L BT %
BHIROIERMIF & A ET2NFEANT DN T & — 508k & 5kt L 7=,

3. 2. 2 LrarvxESTVIZHT 2ERNRRHEDNEAR

WEE L VRBRERNC Ly a3 7 2B H LU TRIRICEE, HiEaEE S8 7, L7235 Table
- IR LSRR L OMEZHH Uiz, #ENEREICOW T, NAHOKESHES 30cm £ T, FREAFIHE
BT A LIRELTEE L, 7, BEICHOWTIEL, I— A — &, 7= LE5YV— LR Pl Ao
A RR, v~ 874 RR, xA=aF /A FRZE, FRRITKT D EEMEOERN HE V 72 VAN O TR,
FHRADRIRENE Z BEL UCREZIRGE LT, AT 6cm 77 ZAF v 7 ¥4 — LAIZ 10ml 2172,
AR L a e 7Y O b, EEERE . KRESIHD 4 HghBRdHHW0IEMHE TH LR H
0N, RS Olympus SZH (Olympus Co., Tokyo, Japan) T Tt & W CTAZ 2F 890 BiF, vy —
VINITHEER LTz, v — b LIS DX 15~30 B2 L, BBRIX S e o7z, vy —LidEL L%
/X7 7 4V (Bemis Co., Inc., USA) T —/L L, 25°CHOANTZGHENIZ 2 FHEHE Lz, 2 BEE%., Kkiz L
YAURET N TEHTANL T M LT EEAEERE KEKTHRT D1EEE 2 [BlfR0 IR LKA bR
ELI=0b, LrarxE® 7 U ORIEEFOTZOIC 25°CT 24 WFEEE L=, 24 Ry a 32270 %
B0 H L, SHRBAMEE N CRMEHT L DRI U CAESEZfER Lo, MEH TR L CHIRERIE LWV ER Bizou
Tk, FEHICE DT, BN HIEIZ. Abbott (1925) D [MHIEFEHER (%) = { (EEALFRX DA (FR-JLFEX
DAAFR) S EABX OAEFR]) x100] &2 O CTHRIEE R R Z R Lz,

F7o, BEE S B LR T GRBR A T2 Te_U T T ONT | IVE v TRBIOVTF 2 RiZ oW\t 7
by MEZEY LCy 2R L=,



Table 3-1. Nematicides used and their mode of action and registrated application rates in Japan

IRAC CoTnmon name of s Registrated concentration of
Mode of action @ od active substance  Formulation ® percentage a « Target pest
code o a.s. (kgor L ha") in Japan
(a.s) (%)
Benfuracarb G 8.0 4 g/5 L rice nursery soil ~ Nematode
Alanycarb WP 40.0 1.5-1.6 kg Lepidoptera
Carbamete 1A Carbaryl G 5.0 1.5-3.0kg Lepidoptera
Methomyl WP 45.0 0.7-2.7 kg Lepidoptera
Carbosulfan G 3.0 1.5-9kg Nematode
Oxamyl G 0.8 0.5-4.0kg Nematode
Fenthion G 5.0 1.0-2.0kg Coleoptera
Fenitrothion WP 40.0 1.0-1.5kg Hemiptera
Trichlorfon EC 50.0 1.3-3.0L Lepidoptera
Organophosphate 1B Imicyafos G 15 2.3-7.5kg Nematode
Fosthiazate G 15 1.5-45kg Nematode
Acephate G 5.0 1.5-6.0 kg Lepidoptera
Isoxathion MGF 3.0 1.8-2.7kg Hemiptera
Phenylpyrazoles 2B Fipronil FL 5.0 0.05-0.08 L Hemiptera
Pyrethrins EC 3.0 0.06-0.09 L Lepidoptera
Pyrethroid 3A Etofenprox G 15 0.3-1.4 kg Coleoptera
Silafluofen wp 20.0 0.3 kg Hemiptera
Tiamethoxam G 0.5 0.2-0.5kg Hemiptera
Imidacloprid wp 10.0 0.2-0.3 kg Hemiptera
Dinotefuran G 1.0 0.3-2.0kg Hemiptera
Neonicotinoid 4A Clothianidin G 0.5 0.2-0.5kg Hemiptera
Thiacloprid wp 30.0 0.2-0.5 kg Hemiptera
Nitenpyram wp 10.0 0.1-0.2 kg Hemiptera
Acetamiprid G 2.0 0.6-1.2 kg Hemiptera
Avermectins and Abamectin EC 1.8 1.5-6.06 L Hemiptera
milbemycins 6 Emamectin benzoate EC 1.0 1.5-3.06 L Lepidoptera
Milbemectin EC 1.0 1.5-3.06 L Acariformes
Miscellaneous non - Metam sodium L 33.0 132.0-198.0 L Nematode
specific (Multisite) 8 DD EC 97.0 145.5-388.0 L Nematode
Inhibitor DCIP G 30.0 90.0 kg Nematode
Nereistoxin 14 Cartap hydrochlorid WP 75.0 0.8-4.5 kg Nematode
Tiocyclam WP 50.0 0.8-1.5kg Hemiptera
Tetronic and tetramic 2 Spirotetramat FL 22.4 0.2-1.3L Hemiptera
acid derivative Spiromesifen FL 30.0 0.2-1.8L Spider mite
Fluopyram G 0.5 1.0kg Nematode
Uncategorized - Lime nitrogen G D 27.5 200-1,000 kg Nematode
Morantel tartrate L 12.5 13.8-162.5 ml/pine wood =~ Nematode

a) Subgroups defined by Insecticide Resistant Action Committee (IRAC). Uncategorized pesticides are specifically not defined by IRAC

b) G: Granule, WP: wettable powder, L: liquid formulation, EC: emulsifiable concentrate, FL: flowable, MGF: microgranule fine, D: dust
formulation

¢) Registered rate during (2010-2011) which this study was perfomed. Benfuracarb and morantel tartrate registrations were not kg/ha
excepcionally.

d) 5 Targeted agriculturally important pests by the specific pesticide. In the case where the pesticide is effective against multiple pests incluing

the nematodes, nematode is listed ahead.

3. 2. 3 LravxEITYIZHRT Z2ERNFIERIEHER
RREBFIOBNR L LT, EEEOFRBNRL | BRROITENZ 4063 2 HER SR D 2 22328 F b b, ~ AW
FEERHKSETH Y | ARNLOFHECR K72 ETREBAIO HHRENBSICETH EEZBND, -, F1



HCRARZL b rarBrrar 37 VIDNEINLREINIR SN D720, IIERE O A0 heh 5%
FESED L REHFEVETE D2 L0, flRIRORNE L 2 20 DISEMEZ EE T 5028 5
D2 ENEETHD, T2 TENTHIBR AR 21T > 72,

3.2.2 LEERIC, (RAFL W e Lo a 7Y OFFBEZ 1R S 72 %5 gk U7z, BURICITER 6cm
DT TAF w7 v —VL &AL, Table 32 (R LIZBE L7225 X012, FIEREOREEZET 1%FERE;
MiZ/ERL L, 10ml 7T 2F v 7 Ty — VIZHE LT, LB ZI33EE D0 0 IR &2 RV TR ES 4
ERIL 7z, 2 LT, 2) CIRBEITIREMED W 4 HISh i d B\ TR A 30N, SERBAMEE N Ciét2 v T v
—LWNOHEE  (Fig. 3-1. X #859) 12K 50 8RR L7, Hfifgld 25 C RO CEEL LT-, BBRIL S X
B TiT7e -T2,

FHEIL, 6cm v — L% Fig. 3-1 DX 94 DD — 43T, btk 36 FEfilt4 | ERERAMEE F °& > —
T DL ar3x vV EHEL, V= T EOEIEERH L., &5, BROHIEBRHUIRIED b oRliE
RIS D70, ZRBEKERZBR < SABLERX C, il 7 A1RI2Y — 2 4 (FME) 2R EBRIEHNOE T =
7 % BEVE 21T 30~40 SERREF TR0 B CZRRIKHICHER L, 25 CREBS NICERE Lz, ' —2 4 OIMEZ Sy
i g DRRHRUTERO 72D AT LTV, FHEEIL CWD b0 & rp Lie, il 24 BRI S iEt il L
TSR L, FHEBEIERZ R Lz,

— Release point of nematode

Zone 1

Zone 2

. ——7one 3

— Each arrow show 10 mm

Zone 4 (Petri dish wall)
—
T}~ Agar + nematicide
_— :/—

60 mm

Fig. 3-1 The schema and separation of zone in the nemastatic effect experiment.
Upper is top view and lower is side view of 60 mm petri dish.

3. 2. 4 BEZESERAWN-ACISHILITOEBRSRRAER —2012 F-

Roprh L, HIRR RSt L OBREE R R E A BIE L, ARERBMBAIE L TRV T7 I AN T 2L, LY
BV B A O FRREBIE S TUL T ORBR 21772~ 7, WREEFEEIRICIE 1.62mx1.02mx & & 1.2m (S
1.65m2 7T AF w7 flaTF & iz, WNERNCIZ 2012465 H 8 HR XN 24 HIZ, R L mAHEr b
736 JE 04 47, BURE 140 FE 14 47) OKBEENOEE L HEZ2 & S 70em FTHREL, LrarxEes V%
PE LT-BIG M DEEE LT A DR (IR Y) %230k g/a> 7 AL CEY HEAERI L 7=, BREE
L7- B8 NEsEEE L (Silty Clay) (BZE, FME) THO . RROMMHELNZ L, S~ kit b+
oLy arxEe ) BERHEZIT) 2 LN TEXRNST20, RAHXIEYFRENFEREE 725 X 9 IR AR
7R EEREI Uiz, 2012 FELIRRIE, AU a7 2RO RN Dl —T — 1 a U EITV, BFERE
DY IS TGHNTIGG A A LT,

HENT, R T T ANTE100g/10a (X7 T H VT SYRkiAl 20kg/10a fHS B, N7 T HLT E LT 16.5g/



a7 F) BERU200g/10a (R 7T BT 5% 40kg/10a FHY &, 33.0g/=2> 7)) AL, 51T,
KIFREEA & L TARAF T — b % 60g/10a (RAFT7E— b 1.5%KiH] 40kg/10a FH24 &, 9.9g/=1 T F) fifX
o LB A5 L7e, 3EANE 2012 425 H 31 B, #HK OKEEK Sem) L7z = 7 IS S5 2 HlE & 5dm
L. FCRMLEZ, TO%, NSRSV 72 ar k7 U HER AR (W (25 FE) 212
VTN 6-8 AR LTz, EME%IZ6 A TH, 6 H28H, 7TAI12H, 8 H1SH, 9 H 11 HBXU'10 A 12
HIZAAHMIRE 1 27 F 006 15g LLEREE L, AP L7ZDOHIZ Smm FREEIC Y X CRlllr L C R <R L7z
e, Sg & 3T ULw gk (25°C48 i) ITfiE L, ﬂHW(D Lyarx® s o8k - HE LT,

F2 0 10 12 H, LyarofEh Y 2170, FEIZ L2 04 OS5 BFETHEEZAMHL (0 #iER L,
Bi7ewiE, 2 Bibs e nHiE, 3 B%&%%ODF@’FBZi 4 FHE T HHE) (Fig.3-2), LRIz X
WERERA RN U, #EERE= WEEEEE 2 & Ok HaEiHe<100,

OQ‘.

Index 1
Index 0

Index 2 Index 3

Index 4

Fig. 3-2 Diagram of lotus tuber damage index 0-4. 0: Not damaged, 1: Slightly damaged, little small black spots by H. diversa (less than 3
mm in diameter) on the tuber surface. No effect on the commercial value, 2: Many small black spots. Decreased commercial value, 3:
Many small and big black spots (more than 3 mm in diameter). Deformed tuber surfaces, 20% reduction in marketable quality. 4:
Critical damage to tubers. Highly deformed, many big black spots, >95% reduction in marketable quality.

3. 2. 5 [REEHEISZRAWALVISHILTOERIRIEE 20142017 F-
2014 2017 FFD 4 FfiiE, "AHTOFEHEZRE L T, BOaHENE Y R U718, TE~OWRE
RN 7 T VT 8% Fiflla -V TR A1 T78 o 7o, AR, %Rzl 20kg it & (F57 & 100g/10a)
Ot DL 15kg/10a (547 & 120g/10a, 19.8g/ =27 ) & Lz, SEAIMLELES JOVERIE Table 3-3 (27 X 9
\ATo7, Fiz, Table3-3 1T HAFIC L 2 Z4R D HLD | 2012 4 & [FERICHE S O 21T > THEETEE
EEM L,

3. 2. 6 {#HEtIE

il D ARFEBR I XA FEA Z & 1T Tukey—HSD 15, BIGERBROMR BEIIA Y 7Y > 7 HFEIZ Tukey—HSD 1k,
2012 AED L v 31 o OWEEFE 134U Kruskal-Wallis 538 LT 2014-1017 4ED L v 3 o OWEERE L, F4EZ
& |2 Mann—Whitney U #7E CHEGHUWER AT o 7, £z, HilfRREBROIECHROFERD B, Probit 1E& LT
TIHNT ANVE o TBILOVTFH I REHWT LCS0 ZRHT-, #HitiEix, R (R Core Team, 2019) Ver.
361BLURRDI T T 4 INA B —T x—AThH?%EZR (Kanda, 2013) ZHV /-,



3. 3 #ER
3. 3. 1LYaVRETVICHT IENRIERYRE
R N RRBR OFE R4 Table 32 (TR LTZ, 7= =L BT Y — LR EL AL R, XA=aF /A FE&,
T hr B IO b7 X UEHERR KOS AREERNL, MIEFERER T0%LA T & B B R AME) >
720 ZNLSOAFITIIN —3 A — h R, A U RBIORTA A RX UV URAIDOSE L BNEVERR R R Z A L
oo D—NA—=BFRTIEHRT7THNT (& 10-100 pg/ml, 77 =1V 7 (578 100 ug/ml) . /L3 L
(R B 100 pg/ml) . HLR AL T 7 (53 10 pg/ml) BEOAFH 3L (58 100 pg/ml) 25, FAkEY >
RTIE7 T4y (E 1-100pg/ml), 7==htvaFF4r (& 100pg/ml), hU 7 a7 42 (s
100 pg/ml AI) BEOA I T7HA (53 100 pgml) . 1T A A FFRTEIANAVE v 7 (55 E 50-1500
pg/ml) BEOF AT 7 T4 (s 500-1,000 pg/ml) . Z DA TITAKEROGRILS THHLTF IR
(R4 180—450 pg/ml) 23, 80—100% & i\ R HUgh B 2R L=,
LCso fllE, X7 Z VT W 546 pg/ml, B2 75 20.83 pg/ml BLOTTF I RS 89 ug/ml Th-o7-
(Probit analysis, P<0.05) ,

Table 3-2. Nematicidal effct of pesticides on Hirschmanniella diversa in the nematode dipping method

) Concentration of

Mode of action ¥ Pesticide pesticide (ug/ml) Corrected Mortality (%) bJe)
Benfuracarb 100 100
20 98
10 100
5 49
17
0.1 2
Alanycarb 100 100
10 0
Carbamete 1 0
Carbaryl 100 88
1 0
Methomy!l 100 77
10 0
Carbosulfan 10 100
Oxamyl 100 83
1 24

a) Subgroups defined by Insecticide Resistant Action Committee (IRAC) without

uncategolized. Uncategorized pesticides not defined by IRAC.
b) Corrected Mortality was calculated using Abbott’s formula (Abbott, 1925).
¢) Nematodes have been dipped for two weeks (n=5).



Table 3-2. Continued.

Mode of action ® Pesticide

Concentration of

Corrected Mortality (%) ”°

Fenthion 100 100

10 100

1 82

Fenitrothion 100 100

10 13

1 5

Organophosphate Tri.chlorfon 100 100
Imicyafos 100 83

10 69

1 0

Fosthiazate 100 71

1 0

Acephate 10 13

Isoxathion 2.21 10

Phenylpyrazoles Fipronil 22 2
Pyrethrins 60 52

Pyrethroid Etofenprox 0.15 0
Silafluofen 100 0

Tiamethoxam 0.1 16

Imidacloprid 100 0

Dinotefuran 0.2 0

Neonicotinoid Clothianidin 0.1 0
Thiacloprid 150 3

Nitenpyram 100 0

Acetamiprid 0.4 0

Avermectins and Abamecti1.1 36 20
milbemycins Emamectin benzoate 5 69
Milbemectin 10 40

a) Subgroups defined by Insecticide Resistant Action Committee (IRAC) without

uncategolized. Uncategorized pesticides not defined by IRAC.

b) Corrected Mortality was calculated using Abbott’s formula (Abbott, 1925).
¢) Nematodes have been dipped for two weeks (n=5).



Table 3-2. Continued.

Mode of action ¥  Pesticide

Concentration of

Corrected Mortality (%) ”°

pesticide (ug/ml)
Metam sodium 108 3
Miscellaneous non 72 2
-specific 48 0
(Multisite) 24 0
Inhibitor bb 588 2
77.6 11
DCIP 10 4
Cartap hydrochloride 1,500 100
750 100
250 100
Nereistoxin >0 81
25 67
8 8
Tiocyclam 1,000 98
500 100
Tetronic and Spirotetramat 11.2 17
tetramic acid Spiromesifen 600 11
derivative 150 5
Fluopyram 0.2 4
Cyanamide 450 100
360 100
225 98
Uncategorized 180 89
90 39
45 18
Morantel tartrate 100 55
10 0

a) Subgroups defined by Insecticide Resistant Action Committee (IRAC) without

uncategolized. Uncategorized pesticides not defined by IRAC.
b) Corrected Mortality was calculated using Abbott’s formula (Abbott, 1925).

¢) Nematodes have been dipped for two weeks (n=5).

3. 3. 2 LrarvxEITVIZHT EENFHRRINERER

IR BB B D5 % Table 3-3 B LN Table 3—4 (TR LTz, HLZ » FHIRE | EiEER L O EE Tl 90%
PLEDEAEDS Zone 1 (2B E ~ 7= (Table 3-3), [EEIZ, (REEIZBWTH IVH » T LAOFITIL 50% L ED

Ly arxET VN Zonel IZHEED, IR E G U CTHEZENRD b7z (P<0.05Tukey HSD test)



P CIREIE R Ko Tot%, BRI LTIy a7 09 b AV I N & XY R AL EORE
Tb 85%LL ENIEENEZENE L7~ (Table3—4), WX v RAFTEP—rBIOA 7 RRIL, BEEME
2B\ ThE» CTIEEWEAEHE T 53R EF L7z (Table3—4), —J7. ME—_0 7 T D7 IdmieE, hilgE (Z
ALEIL 100, 10pug/ml) T HIFEMEDEIEET, HilfR bR & Bt m R A R E T HIREDNIIHEL TV D EER D
Niz, $7bb, Lyarx e/ VIS L TRy 7 T HN71E, BB L OHIBREI R A2 RETE 526
nic,

Table 3-3. Nemastatic effct of nematicide on Hirschmanniella diversa in the agar plate method

N Concerirlation of TotalNo..o frested Abundunce ratio of H. diversa (%)a)
(ng/m) H.diversa  Zone 1£SD”  Zone2+SD”  Zone3+SDY  Zone 4+ SD”
100 230 1000+ 0.0a 00+00a 00+ 00a 00+ 00a
Benfuracarb 10 227 995+ 1.0a 05+1.0a 00+ 00a 00+ 00a
1 272 743+ 6.8b 11.5+3.6b 123+ 3.7b 19+ 27a
Control - 329 143+ 109¢ 19.8+7.5¢ 00+ 0.0a 66.0 =+ 17.1b
2,500 358 993+ 1.0a 07+1.0a 00+ 00a 00+ 00a
Cartap 250 223 635+ 102b 20.7+6.2b 157+ 9.6b 00+ 00a
25 255 248+ 62¢ 18.8£6.3b 18.6+ 7.4b 37.8+ 153b
Control - 329 143+ 109¢ 198+75b 00+ 0.0a 66.0 £ 17.1c
600 249 1000+ 0.0a 00+00a 00+ 00a 00+ 00a
Fosthiazate 60 239 927+ 36a 34+25a 38+ 19b 00+ 00a
6 215 665+ 69b 224+69b 96+ 1.7¢ 15+ 1.la
Control - 329 143+ 109¢ 19.8+7.5b 00+ 00a 66.0 + 17.1b
100 253 100.0+ 0.0a 00+00a 00+ 00a 00+ 00a
Oxamyl 10 221 9.1+ 1.2a 09+12a 00+ 0.0a 00+ 0.0a
1 186 856+ 48b 122+54b 1.1+ 15b 1.0+ 23a
Control - 245 102+ 69c¢ 39+36a 41+ 28b 81.8+ 88b
100 186 97.0+ 32a 30+ 32a 00+ 00a 00+ 00a
Cadusafos 10 196 905+ 75a 84+ 56a 1.1+ 24a 0.0+ 0.0a
1 192 554+ 93b 283+11.8b 132+ 74b 31+ 2.0a
Control - 245 102+ 69c¢ 39+ 36a 41+ 28a 81.8+ 8.8b
3,000 236 100.0+ 0.0a 0.0+00a 00+ 00a 00+ 00a
) 600 217 994+ 13a 06+13a 00+ 00a 00+ 00a
Imicyafos
60 220 96.5+ 5.5ab 00+00a 09+ 12ab 26+ 58a
6 229 919+ 38b 38+£1.5b 43+ 460 00+ 00a
Control - 236 56+ 4.1c 69+29b 46+ 33D 828+ 47b

a) Individuals of H. diversa were released onto agar medium with difference concentrations of nematicide and abundance ratio was
evaluated after 48 h. Abundance ratio = numbers of H. diversa found in each zone to total numbers of released H. diversa.

b) Each zone designed in the plastic plate is described at Fig. 3-1.

c) Different letters within the same column and the same nematicide tests includeing control are significantly different (Tukey HSD
test; P<0.05).



Table 3-4. Rate of Hirschmanniella diversa individuals that resumed their activities in distilled
water after treated with different concetrations of nematicides.

Concentration of Total number of tested /. Rate of individuals that resumed their

Nematicide Al (ng/mi) divesa (individuals) activity = SD (%)a’b)
100 200 0.0+00a
Benfuracarb 10 200 0.0+ 0.0a
1 139 979 £23b
2,500 159 0.0+00a
Cartap 250 106 224 £11.2b
25 67 83.9 £ 155¢
600 216 1.0+ 14a
Fosthiazate 60 150 732 £3.8b
6 118 100.0 = 0.0 ¢
100 111 96.5 £ 35a
Oxyamil 10 140 99.0 + 2.3a
1 121 100.0 £ 0.0b
100 130 883 + 7.6a
Cadusafos 10 159 90.5 £+44a
1 110 100.0 £ 0.0b
3,000 207 1.6 £23a
Imisyafos 600 214 43 £2.6a
60 203 159 £ 12.7a
6 184 859 £ 11.5b

a) Rate (%) = number of individuals that resumed their activities to total number of tested H.
diversa

b) Different letters in the same nematicides indicate significant difference (Tukey HSD test;
P<0.05)

3. 3. 3 BHBRESBERWN=ARCISHILITDOMESRFAER 2012 &-

BAFEX O RO EHERS % Fig. 3-3 1R LTz, BEAFEX OGN ORI T, AL KOV AT
7T —h200g/10a D2 X T8 A 16 HZE—27 &L, 9 A 13 HIZEA LTI10 A 11 BITOOBINT 532 —2
ZoR L, B2 EOBGHBESORAMNE LEE Lz, Z0), ar T FHNORBEEHBIL, BIORESEOR
BERELSZTTWRNWEEZ N, EUHEXBIOEAF7E— MK, 6 H7 BB LO10 A 12 HUSVE
BN b o7z (P<0.05 ; Tukey HSDtest), — /7, X2 7 7 /L7 X% 1.0kg/10a 35 K TO* 2.0kg/10a i
EBITHRBEDE L, 6 A 7 HLUSMEEL L i U CHEZEMRRD Bt/ (P<0.05 ; Tukey HSD test) ,

FIEREIT, X7 T V7T 1.0kg/10a 35 KO8 2.0 ke/10a it & B ISR & ik L CAEREICE» - 72

(Fig. 3—3, Kruskall— Wallis test ; P<0.05) , #ELLELX & 7R 2AF 7 P — FXORNTITENGED Hieh-7-  (Fig 3-3,
Kruskall— Wallis test ; P<0.05),
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Figure 3-3. Population dynamics of Hirschmanniella diversa in the lotus root after treatment with different
nematicides in the 2012 micro-field experiment. Bars indicate standard deviation (n = 3). Different letters in
the same days indicate significant difference (Tukey HSD test; p < 0.05).

100

Damage index

200 g/10a 100 g/10a 60 g/10a

Benfuracarb Benfuracarb Fosthiazate Control

Figure 3-4. Effect of two of nematicides, benfuracarb at 100 and 200 g 10a-! and fosthiazate at 60 g 10a-!, on
damage in lotus tubers caused by Hirschmanniella diversa in the 2012 micro-field experiment
(n=3).Benfuracarb and fosthiazate formulations were granule and the percentage a.s. were 5% and 1.5%,
respectively. The damage index was evaluated based on Table 5. Different letters indicate significant difference
among the treatments (Kraskall-Wallis test; p < 0.05)

3. 3. 4 REEREISZERW=AR2UI75HILTDHBERMNEFEE —2014-2017 &F-

20142017 FEE TORU 7 T J1V T 8% K 1.2kg/10a Jiti FH OHEFEEL % Table 3-5 1R LTz, XU 7T H LT
RIAREH XKL, 2 CTHEAR LY A EICHEEEIMET L7z (Mann—Whitney U test; P<0.05).



Table 3-5. Effect of benfuracarb on damage to lotus tubers caused by Hirschmanniella diversa in microfield experiments

No. of No. of tubers in each damage index ”
Year Nematicide® Application date Survay date mvestigated Damage index”
lotus tubers 0 1 2 3
Benfuracarb 12th June 42 5 22 12 3 0 32.7a
2014 15th Octorber
Control - 123 0 15 93 15 0 50.0b
Benfuracarb 8th May 28 13 11 3 1 0 17.9a
2015 29th September
Control - 30 1 8 8 13 0 52.5b
Benfuracarb 20th June 37 31 6 0 0 0 4.1a
2016 20th September
Control - 36 17 8 11 0 0 20.8b
Benfuracarb 25th May 55 34 15 6 0 0 12.3a
2017 5th Octorber
Control - 61 11 17 18 14 1 40.6b

a) Benfuracarb formulation was 8% granule. The applied amount of a.s. was 120g/10a

b) Damage index: 0: Not damaged, 1: slightly damaged, little small black spots by H. diversa (less than 3 mm in diameter) on the tuber
surface. No effect on the commercial value, 2: Many small black spot. Decreased commercial value, 3: Many small and big black spots (more
than 3 mm in diameter). Deformed tuber surfaces. Border of no commercial value, 4: Critical damage to tubers. Highly deformed, many big

¢) (Ax0+Bx1+Cx2+Dx3+Ex4)/(4xN)x100. A, B, C, and D: No. of tubers with the damage level 0, 1, 2, 3, and 4, respectively. Different
letters after damage index in the same years indicate significant difference (Mann- Whitney U test; P<0.05)

3. 4 £

TNET, A RXFEL VIR EDA RIZEHET D Hirschmanniella JEFRHEITE L TIE, VR T T 0 ORENRE
AL (Eissaetal, 1986 ; Lahanetal., 1999 ; Prasad and Rao, 1984) <>, ¥zl L C® DD A% (Iyatomiand Nishizawa,
1970) OFEFAIREF SN TN D, L LN S, ANZTORBEBLEROER Y MLm= A FH 7R, R
KGO ANAHTIE, DD 22 EDOH AU L TR ERFT 2 5 A T DWiod 5 HHEEZEFIL, Befp B ks
TERNEZZ LI T2, AWFFECIIIELBIEAA 2 O TRE UT, B BZhRIC Wi, Mgl LT
OFEANSN TV W ELARA R, FA=aF ) A Rl EED, %< ORKORI TR 21T/ -7, £,
AR D K 5 IZKHR TOMAITARE S TOZRWHEEZEFICOWT S —AF MU 7 A8 (metam sodium)
WZOWCIIKIRIK COBMENIIFCE D (A, FME) LDZ Linh, DD 280 T HRE CRERZIT o712,

R HZHRFABRI TN T, 9 1-10 pgiml - (7272 LR T A A R X2 U3AIOERRIRER V5 T 75%,
FA T T I 50% & MF & g U TR, i B thA & B B2, EAREEE 1-50pg/ml & L)
D HFLEFEFULAHIGF TE DIBE THIIESE TR 70% L 8D SN -HANL, W< 2 ORMICR STz,
F7ebh, IRAC (2019) TERINIFTIEI— A — R, AV VR, X744 AR URBIOZOM
RO TF I R T D, S, TINATF o IR RTHDLTNA T F AL, EikE 36 pg/ml)
WZBWTEH 20% EIRVIERZEEZ R LTz, TXA T F D LCs 1d, VY ~AERT T TF 2T Meloidoyne
incognita @ 2 ¥ShmI L WN=t 7 7 v F =7 Rotylenchulus reniformis GRER CIIAT — U RHE— ST
V) TIEZENZEIL 1.56 pg/ml & 32.9 pg/ml &5 ST % (Faske and Starr, 2006), ARk & Faske and Starr
AL, BEERA TN 2 BB LN 24 B THh D Z L 7e &L LCs DHEMIARHEII TE 208, 2 #HEiR
BOFPFRRITEL 2D N TRHRINLT2D, D7e &b Z0 LCs il NHli CldieneBx bhb 2 &
Mo, Ly ar RE s U IR & il U TR MM & B2 BT, TNA 7 F AT AARESN TR A &
L TR H Y | kD ST % (Deuneretal.,2019) 723, L2 arxE7 VITITFEHZNR N HIFFCE 722
WEEBZ BN, &5, BAEZEDEZ OETRa 7w Fa v, 27V L FavEBLOV A ey
F o VRICH U CRRIBAIE LTEASN TV D, AHY VR THLHA IV THRA, AAFT7E— FCTHilR%E
1TheoT=, /MG (1998) X, RAFTE— FOMBFUHT D LCoE (Ra7 v Fa v, X7ty
F o VHER LTS EEDID) 1305-1.0ugml & LT\ 5, EHEEGOEND, 4 VT HRARITHHELIL
TEIC D EEXBND, LnL, LyrarREZ TR, ZRHOAIOERER (100 ug/ml) 2B\ T HEEHR



RN T1%-83% Th V) . BZMMENEEZ bz, ZHHDOANTHONTIE, BHROEA. BitErED T2 <
RO bR BRI L TR Y . WEZ 000 GHET 248035 2703, ARBRT AL 2 Bk <
BY., BEOHZLTRATHIEANZRN L TND EEZ LR, WE L LIMEATE WD EEZ BN,

Bl A RROXRA=aF /4 RRERKIIZNECIVRCRIIEA L, L RAuA FRERIIMREES ]
% Na F¥ RUHER L CRFBEIE A - S8 528, BAEIZIE Na F v RARFELRNZ End (R - 7R
2013) . RRFOIEMENEEZ Bz, Fio, A =aF /A FRERL, REEWETHLTET L2
VorD=aF AT Fral) 25K mAChR) ICHE L, RFHEZ S EE 24, fllZ X > T nAChR O
ERRRY | xA=aF ) A RREIOBFMENR 2D 2 Lind | BEMOERNEL S, x4 =aF /1 FZA|
VIR BRI A7 nACHR EFEST 5720, FHEEW CI3 R R & i LR MMV & &5 (Tomizawa and
Caside, 2004) , & BB T [EEROBR GV TN D b D EEZ BD,

HEEARANTH D I —/35F 8 7 AHEB L ONDD IZHOWTE, AL LRV VK CORMRITE )~ T, I —
NETF R T AT, KEE THIUIADIRG THDATNA Y F AT F—h (MITC) (oS i, ik
PRGN D & DOIFEHRR D - T223, I—/35F h U o LR MITC (22T 572 DIIZ HEOFENLET
HD (BEAMEDBGER . 2016) Z EnD, ARBR CIIIEMICFHE CE o 7o alREEN S 5, WU LT
b, THYEZERIACR T AL L7220 9 2, ACRIZHEH L7238 QRN EN D £ | ~NATOME XA
DPED Z LRI D, BUERBIENE L, BE L TW D HERFINMEH CE RN W) Z 2 iE, vra
VREZ ) OFERRREETH DFEROKE RBEHEO—>TH D, AT 57201203, A ZEZFR{E LT,
Wt U2 ECHE AR 2 T 2 NEN D D, T D7 DI AHIE L itk B0 iE =g n &, R
RRIFRE EAT O MER DD O 2, ML TIRIFENZE < 72D & F i D BHUR~Dx R % RIRHIIFZE L T <
VLIRS D,

Fo BRICKH L TCOERH D L MESNTWARAEY R T I~ M IEMEN -7, ZHUIAE R T RS
R AR OIIRCHH BT 5 U TR @ Z &0, ANIZAY A e T T~ b=/ — U RE# S D LR
23 E S (Shirleyetal.,, 2019 ; Vangetal,2016) Z L2 EREURL TWD EEZ LT Eonb, IR
A2 U CORRL L& BRI 2 %R’ HDH B Z bz,

T =T AT lpgml OPRFETH 82.0% & @VERRBSIRAZ R Lo, LvL, 7 = v F A KBRS,
WB O 53788 < (Extension Toxicology Network, 1996) . HASTIE 2011 4RI /KFgA & 9% < DIE
W COBERDRE ST, 2010 FEORGR R R BRI I I ER DO FIREME N B o T2 b DD NAFEEFXIF UK R
TITOITND ZEND, WEADMANEES 2 5 L BETREMEDNRWV EHWT L, 7 = v F A U3 D% ORER
MR LT, SBERED(L G 2D, X0 BTt L TR R B OB i S hu 5,

Table3—2 2BHEH L7z LCs ZTNENORI DR E L THE T & _U 7 7 v 7HiAl (o 8%)
T30.1kg/10a, H/LZ > 7 KR (5 a8 75%) T 8.4kg/10a, 77 3 FhiAl (& 27.5%) T 100kg/10a
Lol HIVE o TR E @ KB THH SR TW D L E » FRiA] (568 44%) THET 5 & 1,565
kg/l0a L7020 ZOEITI A MW INTBLIMNELS | D2 > TIXHERAN TR LT,

TR (AIRER) TR OLIEREEIO—DTH LN, BARTOREIREGO FIRIX 100 kg/10a TH Y |
MNZMNZZ DOEEFRAT D & HERE Tl 400 pg/ml & 720 | BHHE TH % 7KE PEC 670 pg/ml (ZITVWMEE 72> T
LE9 EREEE. 2010) Z &, EHEEZNLL EOBGIEKITRFARETH 5,

NADFEFNIRMIMICIED | SEHORE: CI3RE CEM% 120 H, RV HOTIE 300 HUL EERI L Tnvd, —
05 BERFIASHEF ATREZR Z A 2 ZITERERNCIR OGN D Z LD, Ly a3 E 7Y RO O HIZiEHE)
HEEHTLNEIDTEETH D, ZO7=8, AR CIIRRR RN & HilfR RS2 BRI BRET L7z, fil#R R
REEEL LA LT R T TIVTBIOINY v IV a3 7 VT T DR RIRNE < K
FRDA X T VT 27 Aphelenchoides besseyi \ZWEI\ Gk a2 H LT\ H Z L bisehk Lz, iz, 4593
Ny HAPHRA, RAFTE—MBIOS I VT HA%Z, BRTEIIFEAINTODRRAIE LR L., Bk
Wz, ZORER, B o TR N R bR o 7o, AF L, BXPERABLOEAFT7E— |
., BRI IR D o T2 b O OFRR ORI D ETREWEEZ IR R LTz, 7o, INVF v TEBLOA IV T
AL R 3 ALY bREERIIE->72b 00, BEIESF L OEIMEZ IV E LT, X7 700713
TREIFEBRRMEL | BOEIRNEWE B2 DN 2 D, ARBRCIIAR R bAIcHD L& 2 B, HilfR
HENRD BN EWFEANZ SN TE, NRIKTT D L ar 3287 ) OIERSRRIA S E 720 | 2 OHRI2VE



MTH-T=BAIT, FlH & L TEOBOMER$T% 2 L TLrar xE8 7Y OWERIKHE T 5 afettn
H5,

Y EDBIZEN G, X7 7 V7 I3 R R, RS R A O b b, IR RRBRIC OV T b R
T 1.0kg/10a 35 LU 2.0kg/10a S TR Z D S, Do EREA IR C& 7o, £/, AIEEEZ TORGY
BT & 1.2kg/10a SEAIZBW T, 4 FFERICIES CLE LIRS ERE L2 L n, EEBICBOTHLAE
EDNHIRF CX DB TH D, SRITAKNOEEAELOEIRD & 5 L/ % O3B 21T, frids LOWE
FHEIHT DB R A AT D TETH D,

BRI EN TWAYTF Rliaz, XTI HNVTMERATEL L)ooz LTH, X7 T h LT
BLOZEOREMFEW THDHHINRT T OFRREEEFILL > 20T 00lppm & IEFIIRNER RSN TED .
BT BE FEYE 2T 7= 977 O\ IUHERTT B 003 180 H &t DFEN Il L CRIIC T - T D (BAG 4. 2020),
F72, 1.2kg/10a &0 ) SR, KRG COMENEE & 80g/10 a (10a 7= 0 FEifh 20 Keafi i Lz L 48w &
PR U CHAEE MZ S < | BUKERIC L 2 RRCBRE A~ DO U A 7 72 EIZBEEVNC @ 72D 2 &b | AFERIZIT
PRARRIR 72 8% T RIC U CTEEICHERT 2 Z LRk bh, #IERE S K&l E 705, £72. 2N HRBA O
N X 2 FEAN R OBAE Y E O %52 (Karpouzas et al., 2005 ; Pantelelis et al., 2006) <CHHTIMED ¥ (Viglierchio
and Brown, 1989 ; Yamashita and Viglierchi, 1987) 25250, T HBIRAEL D AREMNH D Z LD, Tk D
AXREZ VBT 27 THEINTND L) RIEPHELFEOSEY (Ramakrishnan etal, 1984) . #z2H L% 12 113
fEZ %479 (Iyatomiand Nishizawa, 1970) 72 & OFFRERIPIFRIEC, ABERE (BT 5, 2018) 72 L, IPM @
B2 T LY SRR FEEBRGT L TS MERH L EE X Hd,

F4E L2arvREISUEIUF1IOOLEMS IR L RFREZR
4. 1 [FL®IZ

AT E Tl KRN O L a v X7 ) ZHWTHIRZITo TE TR, LrarREBZ YO L a pEIC
BT B0 ORI E BIRIROMIZ I 3FEE R (Koyamaetal,. 2013) , £ 1B GERA 5 2015) 38 L OB R (Kurashita
etal,2021b) TUL2WHA SALTUVRUY,

FIEIRTDONAND Hirschmanniella JEFRBROFE « MEFEHIIH D HOD, TOMBEFEIIA~ LT RETY
& E, A BEEBITHON TV D (Z3 - kI, 1996 ; =5, 2002), LovL, Lo o AZEF AT D Hirschmanniella
BRI, I, EERBLIOTETIIL a2 B U NEERTH D LT KA 2002) OEIREE TRV ES
TWb, THZh, =k (1996) ONRZHFETHA~LTHRET Y OfLTIE, LyrarxE7 VLA
ARFFE L TR DL | SSCICEHE SN DR COFENED Ly a2 o RE 7 VIV (KETHIR) = &
5. YHFEE LA L a 227 ) ORIE CTh - aliEtE b H 5, — . ZNE TORBIETOEAD
2017). E)INETORMRD (2015) OFETIL. FHE L7z Hirschmanniella BRIV a2 ) THY .,
AR LTRET VT 2T OARFEYTORAETED B TRV, —77 Koyamaetal. (2013) 35 & UV Kurashita
etal. (2021b) 1%, FEEB L OEIEONZMAESE U 7V H A L PCRIETHE L, PN bA ~ LT FESY
YU T2V DIFEEMHR LTINS, Lo T AV LATXET VT 2 URARTHFET 00, Mgz k-~ T
TINATELE L TCWDONR XA BNE 72> TR,

Fo, L a BRI O CRERRIFARIE & 2o TE O 1990 ELFE (257 - kg, 1996) THY
ZLARTOSCHR « FEdR I REROFHENS O, KD BRI L L-DiE, fik (13 OLBY
1970 4548 (Buili, 2010 5 FH 5, 2018) TH o722 Lovh, MBBICIEZTEVEE L7z “HnLral” L)l
EOENUCITREIRAEBEIC 72 LRI DB SN TR Y, D72 &% 1970 45 1990 4% TO 20 HDfH,
BREBPEEIIME E 7259, “An Ly al” [ TR L 7Z PRI, B CTHREORA TH D “GiR”
EPHIN D BHHEIL, 1985 AEOET 1 o OmfsEk (5K, 2010 ; ER G, 2016) LAEZ OFREmAE % S
JER U, ZIRECIIAET O B2 56D D25REL 7o > TN D (RIR RIS R < B KB
), NAFZINE CREBEEZDMEERAFESI L, FEE S ES T EEE AR (L5 HTX)
DBV Z1TH 2 b, MEOEIEZE) ZEDNRETH D, S DITFHENAREEELES Z &b, BB X
OEAMTE Lok Sk 28 L, HH2 0 LR EROBEN) 27 @0, Ko THARO Mg TRA L
TWEL Yy ayXE 7 RFEL v o Tl R U TR > 72 ATREMES, BRI EA S - hERRGE A 8 ofh
Eooffi GRS, 2016) ITRAL, TOBIARIEALZAREEDEZ X DD,



F 2T, B TITLESHONZANSRE TV v oF o U Hirschmanniella DO F a7 %207
7L, FPREFR L OV A TFEC L AREZITV, LyrarxE7 ) OENTOSMRRB IO, v 47
FET Y DNASDFEDFEANONITHZ L2 BIET, SO, BELIZL Y aXES U DDNA
—/7 A LT 1RNA 8L mCOI DHFHEFHNZRE L, ENTOL a2 7 U T o v ORGEHREH
HNCT D, MA T, NAEHBIRER D 2R OMEIZAER L, A0 CHARREO G & L THWTY
HAXZXET Y AT LTI ET ) MDA XN OEE L THIET 2 2 & T, [ARfhfEE O A1TV), Lo
T ORFH] - ZERPIEREH BT 5 2 &2 BT,

4. 2 MHEBIUAE
4. 2. 1 Hirschmanniella spp.DY > T1) 05 & ik

Hirschmanniella JE{RH (L2 a 3227V A~LT7FETY) ZoBET 572012, 10 | 16 HuSns L2
VEBRR U, FERC, A 3REZ Y 208572012, 6 [ 9 #Hm02B A R O.sativa DIRZHI L=,  (Fig.
4-1, Table4—1, Tabled-3), FHULTIIL > a | A X&KL AR LT, L2 = XHROMIR 27K



EAKRTELSBSF LT, LERE LK, FHULT EITREZ £ O TUREGDE, N2 VT Smm (ZEET L
THF L7z, BEE~L~ 2 im2HE (Baermann, 1917) 2V, A ¥ 2 _X—X —NT25C, 48 FffilfTo72, A
FORIZDONTH FEERDOFIATIT > 72,

4. 2. 2  Hirschmanniella spp. DA REFHIFRAT

Lo ar B D WK BB LTI, 2 LRV K 912 60°C T 500N BGE L KA - 3k, 2014) .
H ST BX-50 (Olmpus Corp., Tokyo, Japan) % HU T, TERERIRFHEIZ IS\ T Hirschmanniella JE#R B & o>
A3 T2, & B2, Hirschmanniella JEOMERL B 240 12-20 JEASEOY, 2O OEHEZHI7E L, Sher (1968)
BLO=W kI (1996) BoRLizbyrarRET ), AATRETVRBILOAS XZRESZ Y OME LR L,
Z[EE L7 (Table4-3),

4. 2. 3 DNA#t. PCR & & IEEFRFIDRTE
1S B 53BE L T2 Hirschmanniellaspp. @ 96 3-5 &z 7Y 7 L, ififlk® DNA fliftti= >~ k| ISOHAIR
(Nippon Gene, Toyama, Japan) % V> Tanakaetal. (2012) DF5iE% VT DNA it 217 -72, £72, LLFD
TTA~—%H T, rRNA @ 18S fHisk (LLT 18S). rRNA ¢ 28S N D2-D3 fffsk (LAF D2-D3), I h= K
VT b7 nmb e iRy 7 2=y b1 (mtCOI B2 HiE L7=, rRNA O 18S fHIZ DWW TIE, 771~
— F7(5-AAAGATTAAGCCATGCATG-3") 35 . TNR26 (5—-CATTCTTGGCAAATGCTTTCG-3") (Floyd etal.,2002)
% FH\ 7=, IRNA @ 28S WD D2-D3 fEIIZ DV Tid, 774 ~—D2a (5-ACAAGTACCGTGAGGGAAAGT-3")
B ILO'D3b (5-TCGGAAGGAACCAGCTACTA-3') (Nunn, 1992) % H\ 7z, mtCOI\ZHOWTCIE, 77 A ~—IB3
(5~TTTTTGGCATCCTGAGGTTTAT-3') ¥ LT IBS (5-AGCACCTAAACTTAAAACATAATGAAAATG-3')
(Derycke et al., 2010), PCR )izt Go Taq® Green Master Mix  (Promega, Wisconsin, USA) ¥ 723 KOD —PLUS-
Ver.2 (Toyobo Co. Ltd, Osaka, Japan) % v >C Bio—Rad T100TM Thermal Cycler (BIORAD, California, USA) F7=
I% TaKaRa PCR Thermal Cycler Dice® Gradient (TaKaRa Bio., Shiga, Japan) |2 C{T>7-, 18S & D2-D3 DOHEESAE
13, 94 CT2 B L 72D B, 94°C T 30 MR DEZENE, 50°CT 30 DT =—V 7 72°CT 1 /3o
FO&7% 40 YA 7 VAT, Z D1 72°CT 5 3R AT » 7 2AT o 7, mtCOI DHESATIL, 94°CTD 2 43
BEL L 7=, 94°CTO 1 43I OEIENE, 48°CTD 2 3T =—Y 7 68°CTD 3 SR % 35 %1
7T, EDH 712°CT S iR 247 -72, PCR E®IE QIlAquick PCR Purification Kit (Qiagen, Tokyo,
Japan) Z FHWCREEE L S8 L 72 PCR E)IE ABI PRISM® 3100 Genetic Analyzer (Applied Biosystems, Tokyo, Japan)
& BigDyeTM Terminator v3.1 Cycle Sequencing Kit (Life Technologies Japan, Tokyo, Japan) % FHU N CTRIAIATRE L
7

4. 2. 4 RHEENT

EoN-ESiE. DNADynamo (Blue Tractor Software Ltd, UK) T7 &> 7L L, MEGA ver. X (Kumar et al.,
2018) DF 7 4L k8T A—4 ZJINT MUSCLE (Edgar, 2004) ZH\VTT I4 v A Y hafTote, T4
A MEIX. MEGAver. X Ol bl FV Tt L7=, 18S (i, Kimura—2, D2-D3 (2% Kimura—2+G, mtCOI
|Z1% General Time Reversible +1 D737 A —X E7 V%5 L1z, BHONTRFBTORIND 7 NV—TE L T DIE
FEME AR 272012, 1,000 RIOKEIZL DT — A N T v T2 EiE L=, F7=. &Rt osNEEL.
Hirschmanniella J& & Pratylenchus J&DOBEHT — % % = (DeLey etal., 2005 ; Tandingan De Ley etal., 2007 ; Bert
etal., 2008 ; denBergetal.,2009 ; Majd Taherietal.,2013 ; Fengetal.,2016 ; Arayaetal.,2016 ; Liuetal.,2017 ; Kuroda
etal.,, 2021),



Table 4-1. Location in Japan of Hirschmanniella diversa collected from lotus roots and accession number of obtained sequences in this study.

Region  Prefecture

Location

Code

Accession No. of sequence obtained in this study

18S rDNA D2-D3 of28S rDNA mtCOI
Kanto Ibaraki Omitama City 1 LC701769 LC701808 LC701848
LC701805 LC701849
LC701807 LC701847
LC701806
Ishioka City 2 A LC701833 LC701876
LC701834 LC701877
LC701835 LC701878
Tsuchiura City - - LC701870
Kasumigaura City 4 - LC701836 -
LC701837
Inashiki City 5 LC701771 LC701781 LC701841
LC701782
LC701783
LC701785
LC701784
Namegata City 6 LC701770 LC701788 LC701842
LC701786
LC701787
Chiba Chonan Town 7 - LC701790 LC701869
LC701792 LC701868
LC701793 LC701867
LC701789 LC701866
LC701791
Chubu Niigata Nagaoka City 8 LC701773 LC701799 LC701865
LC701772 LC701800 LC701864
LC701801
Ishikawa  Kanazawa City 9 LC701777 LC701802 LC701873
LC701803 LC701874
LC701804 LC701875
Aichi Aisai City 10 - LC701811 LC701850
LC701809 LC701851
LC701810 LC701852
LC701853
Chugoku Okayama  Kurashiki City 11 - - LC701844
LC701846
LC701843
LC701845
Hiroshima  Higashihiroshima City 12 - - LC701854
LC701861
LC701860
LC701856
LC701855
Fukuyama City 13 - - LC701859
LC701858
LC701857

a) - Data not available.



Table 4-1. (Continued)

Accession No. of sequence obtained in this study

Region  Prefecture  Location Code
18S tDNA D2-D3 of 28S rDNA mtCOI
Yamaguchi Iwakuni City 14 LC701774 LC701815 LC701863
LC701812 LC701862
LC701813
LC701814
Shikoku  Tokushima Naruto City 15 A LC701795 LC701871
LC701797 LC701872
LC701794
LC701796
LC701798
Kyushu  Saga Siroishi Town 16 LC701775 - LC701838
LC701776 LC701839
LC701840
Total 9 40 41

a) - Data not available.

Table 4-2. Location in Japan of Hirschmanniella oryzae collected from rice roots and accession number of obtained sequences in this study.

Accession No. of sequence obtained in this study

Region Prefecture  Location Code 185 RNA D2-D3 miCOL
of 28S rRNA
Kanto Ibaraki Mito City 17 A LC701822 LC701882
LC701823 LC701883
LC701826 LC701884
LC701825
LC701824
Tsuchiura City 18 - LC701832 -
LC701831
Tsukuba City 19 LC701778 LC701821 LC701879
Kasumigaura City 20 - LC701816 -
Chiba Chonan Town 21 LC701779 LC701830 LC701885
LC701780 LC701829 LC701886
LC701828 LC701887
LC701827
Chugoku  Yamaguchi - 22 - LC701819 -
Shikoku  Ehime Matsuyama City 23 - LC701817 LC701880
Kyushu  Nagasaki Kawatana Town 24 - LC701818 LC701881
Miyazaki ~ Miyazaki City 25 - LC701820 -
Total 3 17 9
a) Data not available.



Table 4-3. Female stylet length of Hirschmanniella diversa isolated from lotus roots in Japan and comparison with that of other
Hirschmanniella species.

Number of measured ~ Average (Min.-Max.)

Species Resion Prefecture Location Code individuals stylet length (i)
H. diversa  Kanto Ibaraki Omitama City 1 20 24.1 (22.3-25.8)
Ishioka City 2 20 22.7 (20.4-25.5)
Tsuchiura City 3 20 229 (21.1-24.7)
Kasumigaura City 4 20 23.5(22.0-25.8)
Inashiki City 5 20 23.5 (22.1-25.3)
Namegata City 6 19 23.7 (22.0-25.9)
Chiba Chonan Town 7 20 24.2 (22.2-25.8)
Chubu Niigata Nagaoka City 8 12 22.9 (20.7-24.9)
Ishikawa Kanazawa City 9 20 24.1 (22.0-25.6)
Aichi Aisai City 10 20 23.6 (20.2-25.7)
Chugoku Okayama Kurashiki City 11 18 22.0 (20.3-24.9)
Hiroshima Higashihiroshima City 12 20 23.8 (21.1-25.8)
Fukuyama City 13 20 23.7 (21.7-25.3)
Yamaguchi Iwakuni City 14 17 23.5 (21.8-26.1)
Shikoku Tokushima Naruto City 15 20 23.2 (20.3-25.5)
Kyushu Saga Shiroishi Town 16 19 24.0 (22.0-25.8)
H. diversa® - - - 20 24.0 (23.0-25.0)
H. imamuri® - - - 15 30.0 (29.0-32.0)
H. oryzae® - - - 17 17.0 (16.0-19.0)
H imamuri® Chiba Chonan Town - 25 25.6 (23.8-30.0)
a) Sher (1968)
b) Mihira & Nagai (1996)
4. 3FER

4. 3. 1 NADSRBESNT= Hirschmanniella spp. DT REFHIE TE
INAFEME 10 B OE4E LT Hirschmanniella JEOMERC RO NEHRIX, H/ R KEA 20.2~26.1um Th 72
(Table 4-3), ZfiiE, Sher (1968) AL Lzl arxE7 U olfioOétE (23-25um) SIRE—EKL.
Sher (1968) 23S L7cA v AT RESY OO AEHE (29-32um) EITHALNCE -7z, L7z3> T, NA
7> 545l S 3U7- Hirschmanniella JBARROSEKIZ L a2 7Y ERIESN-,

4. 3. 2 LYaVRETIEIUA RIREST ) ORHHE
4. 3. 2. (1) rRNA O 18S FEIEH D ZR it

Va7 ) OFHECS) 9 S L O 2 xE 7 ) OFHRES 3 HaEte, 29 FED Hirschmanniella JERRH
DOEEHNZ VN, 188 DRFMZ1ERR L7z (Fig.4-2), A ~LT7XEZVIZHOWTIE, BADA byl shi
BEEROMEMA (Accession No. LC554212) (Kuroda et al., 2021) OXERECH] 1 DB AWz, BIFFE T —4 L R
LizLrar B0 RB0EE LT Hirschmanniella JEREHRIZA <~ 5T 32E T U OEFNIZERD Bz o7,
Lrary e sV o 188 BAIOENERIL 0-03% (02bp) THY., £ FFEZ VX 0-0.75% (0-5bp) ThH
o7z, Khun et al. (2015) DOSYEIZHEV N, Hirschmanniella JE##H % 3 SO 7 L— RIZGpHELIZL A, Lray
FEZVBIOA LT 3RES VL Clade 112, A FXFEZ UL Clade Il IZJE L7,

4. 3. 2. (2) rRNA M 28S. D2-D3 4B Riftet



Ly a3 E® 7Y OS] 40 3 T OA 2 3E 27U OFBCS 17 1% E L0 66 14D Hirschmanniella JE#R R OEL
F|Z VT, D2-D3 IZoWCORKM A 1ER L7z (Fig.4-3), Lr a3/ Y OFENESIZERIT 0-04% (0-
2bp) THYH ., A XFEZ VI 17 R TH—FESITH o7, 188 L[FEEKIZ Khun et al. (2015) DZJEITHEN,
Hirschmanniella JE# 1% 3 DOV L— R LTI L ZA, LraryxE7 VBLOAS XXEZ VL, ENEN
CladeI & Clade I IZ)@ L 7=,

4. 3. 2. (3) mCOI BILFD Rttt

Loy ') OS] Al B LA X3 E T ) OB 9 HEETe 53 4D Hirschmanniella J&DES % FV
T, mtCOI DFFuM ARk L7z (Fig. 4-4), mtCOI DFENZERIL, L a €7 Y TiX 02-53% (1-21bp).
A XTI VIFESINFZRIZ—E LTz (0bp), A RXFETZV &Ly arvxET VIR T 7 FIT0Tbh
2o Ly a7 ) OMWNRHMIL, 4 DD7 L—RE 5 o0ONTaX A 708067 (Fig 4-4), 5250
NTa g AT OGN E T 5 L 29 OBESNERNTRD Gl (Tabled—4), F7o. BLANZIFFHASK KT
LIV ST, Lrar e b4 XRES Y OMEMBESNIERIE 24.7-25.7% (91-95bp) & KRE ) -7 (Table
4-5),

Ly aryxE® 7V O mtCOIZIESLS 5 5DONTaZATDIEHEDH 6, ~NTaZA7 1iTlnk, KR,
B, A)IENS . AT e & A7 2 13RI, IRER, FBE. AIIRNG, ~Ta 2 A 73 3R (Fiik
TR THER, BHRNG, N7 ad A7 4 3MILER, 8RR, T a2 A7 5 13RWIR FEhR) &
FEEROY T bt Sz (Fig 4-1, Table4-5),






H. diversa (LC701836 lanan Ibaraki Kasumigaura-1)
H. diversa (LC701837 Japan Ibaraki Kasumigaura-2)
H. diversa (LC701835 Janan Ibaraki Ishioka-3)
H. diversa (LC701834 Japan Ibaraki Ishioka-2)
H. diversa (LC701833 Japan Ibaraki Ishioka-1)
diversa (LC701815 Japan Yamaguchi Iwakuni-1)
diversa (LC701814 Japan Yamaguchi lwakuni-4)
diversa (LC701813 Japan Yamaguchi Iwakuni-3)
diversa (LC701812 Japan Yamaguchi lwakuni-2)
diversa (LC701811 Japan Aichi Aisai-1)

diversa (LC701809 Japan Aichi Aisai-2)

diversa (LC701807 Japan Ibaraki Omitama-
diversa (LC701806 Japan Ibaraki Omitama-
diversa (LC701805 Japan Ibaraki Omitama-
diversa (LC701804 Japan Ishikawa Kanazawa-
diversa (LC701803 Japan Ishikawa Kanazawa-2)
diversa (LC701802 Japan Ishikawa Kanazawa-1)
diversa (LC701800 Japan Niigata Nagaoka-2)
diversa (LC701799 Japan Niigata Nagaoka-1)
diversa (LC701798 Japan Tokushima Naruto-
diversa (LC701794 Janan Tokushima Naruto-
diversa (LC701792 Japan Chiba Chonan-2)
diversa (LC701791 Japan Chiba Chonan-5)
diversa (LC701790 Japan Chiba Chonan-1)
diversa (LC701784 Japan Ibaraki Inashiki-5)
diversa (LC701783 Japan Ibaraki Inashiki-3)
diversa (LC701781 Japan Ibaraki Inashiki-1)
diversa (LC701782 Japnan Ibaraki Inashiki-2)
diversa (LC701785 lanan Ibaraki Inashiki-4)
diversa (LC701786 Japan Ibaraki Namegata-
diversa (LC701787 Japan Ibaraki Namegata-
diversa (LC701788 Japan Ibaraki Namegata-
diversa (LC701789 Japan Chiba Chonan-4)
diversa (LC701795 Japan Tokushima Naruto-
diversa (LC701796 Japan Tokushima Naruto-
diversa (LC701797 Japan Tokushima Naruto-
diversa (LC701801 Japan Niigata Nagaoka-3)

diversa (LC701808 Japan Ibaraki Omitama-
diversa (LC701810 Japan Aichi Aisai-3)
diversa (JX144359 Japan)

H. diversa (LC701793 Japan Chiba Chonan-3)
H. halophile (EU620465 Germany)
99 H. pomponiensis (DQ077795 USA)

Clade |

91 [ |

ITTITITITITTITITTITITITITITITITITTITIT T |

99 | 60] |

99

TTITzrTTTTITITX

55

I—H. santarosae (EF029859 USA)
99 [ H. kwazuna (EU620466 Sauth Africa)

95 I— H. loofi (EU620469 Belgium)
H. mucronata (KR780066 China)
— H. belli (EF029860 USA)

99 H. orvzae (JX291141 Mvanmar)

. oryzae (LC701816 Japan Ibaraki Kasumigaura)
. oryzae (LC701818 Japan Nagasaki Kawatana)
. oryzae (LC701817 Japan Ehime Matsuyama)
. oryzae (LC701819 Japan Yamaguchi)
. oryzae (LC701820 Japan Miyazaki Miyazaki)
oryzae (LC701821 Japan Ibaraki Tsukuba)
oryzae (LC701822 Japan Ibaraki Mito-1)
oryzae (LC701823 Japan Ibaraki Mito-2)
oryzae (LC701824 Japan Ibaraki Mito-5)
orvzae (LC701825 Janan Ibaraki Mito-4)
. oryzae (LC701826 Japan Ibaraki Mito-3)
. oryzae (LC701827 Japan Chiba Chonan-4)
. oryzae (LC701828 Japan Chiba Chonan-3)

nrvzae (IC701829 lanan Chiba Chanan-2)
. oryzae (LC701830 Japan Chiba Chonan-1)
. orvzae (LC701831 Janan Ibaraki Tsuchiura-2)
. oryzae (LC701832 Japan Ibaraki Tsuchiura-1)
_| Pratylenchus vulnus (EU130885)

Pratylenchus thornei (EU130879)

Clade I

99

CladeIl

97

IIITITIIIIIIIIIIIIT

0.05

Fig. 4-3. Phylogenic tree inferred from the D2-D3 region of 28S rDNA gene sequences of Hirschmanniella spp. by the maximum
likelihood method. Numbers adjucent to branches show the bootstrap values (higher than 50%) of 1,000 replicates. The bar
represents the phylogenetic distance.






sle 4-4. Variable nuclectides of Hirschmanniella diversa among haplotypes based on the meCOf .
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4. 4 £

ENODO L v a L hsbAEES V= Hirschmanniella JERRH 305 A%, TERESHIZREHE, &
ROLAFRICEVEELZE ZA, T_XTLrarvxEl ) Tholz, EBHIT, Lray
MBS T 56 ik Z L —/r A LT E 2 A, IRNA B LN mtCOI _EDOYGIFEA 54
Tl raryxE7 VIEESI, Koyamaetal. (2013), J&& F 5 (2018) 33 4 U8 Kurashitaetal.

(2021b) 1%, NAHICAET D Hirschmanniella J&g% ) 7V 4 A 2 PCR {EIZ L VAL T
WA, ZORFEFIL A RETY THD AL TXEZVITENTHD EHEL T
Do ZINHDOFRERNG, BRD VY I AZFAET D Hirschmanniella J&i%, Vo a L rET
UMMEL LD EisRST
BT, i (1969) °FJ - IRE (1970) OKHENOTHEIZE DL, A ~LTFES VT
A XDEBHIINCORFFA L, 7 HIZZESRCRRDMR S T~ BT 5720, 8 H
PIBRIZITARDN S DB I TE RV & STV D, ARWFSECld, Hirschmanniella J@#R B D5y
& LT 8 AUBRICEMR SN Ly a U HilfOHIREZ S H W eifoh, A ~ATRET V&
SEET DI T TR B o AR L E SN, L LR D,
Hirschmanniella JEFR P X D NA~OHEIL, 7 A LIBEONABIEDO R B CHE S b
DL ENDL (FARDL, 2017), AALATFEZVICLD LYy ar~oOfEL, Lrarx
E 7 VN L DHEITHA TR & PR S,

e gk (1996) X TEER O N AESEAN D Hirschmanniella B % 5FEL. A~ LT RET
U LRIE LTz, ARFIETIE, =3« kH (1996) & [R UESA>D Hirschmanniella JEE{AR % £
B L, RSB L O AR Lo a2 7)) LIRIGE LT, TRRESRB L O 14
WEHIRRRT ClIA ~ 57 RE 7 VIR S e d o 7e, =3« kH: (1996) 1314~ LT RE
7)) OMfERE RO O8HE % 25.6 (23.8-30.0) pm & LT\ 5, Z4Uid Sher (1968) DFtfk
LizbraryxE7 Y (240 (Max—Min.:23.0-25.0) pm) (2T, A ~LT7FEZ YU (30.0

(Max.—Min. 29.0-32.0) pm) ¥ H4\ (Sher, 1968), L7=23->T, =« kI (1996) 73
HELTEEEROIZEEA LIV a3 ) ThHhoTm L EZ B,

Lyarx®Z VX100 R 16 s T oY v Lz arofet oI anbmtiEn
7o ZO10RIZHEIT DL a L OEERIT, ARDEAEERED 90%Z 2 TS (EHoK
FEA. 2020 4F), ZD7zh, Ly arRxES Y v F o UIX BAROEE o A 2
WANZITA L TND Z ERAL N2,

A EWERL UT= Hirschmanniella J& DR, Ly a2 27 Vi34 2 32E7 Y & 11Es
ICEENLCTRBY . TNENZ L—RIE 7 L—RIITHDH Z EWRENTZ, —FH, A ~LT
FEZ VIZOWTIE, GenBank (28GRI TV 5 18S rtDNA FEF! LC554212 (Kuroda et al.
2021) OEHFLHNG, LralxE®TVEA~LTFETVIEFELYZ L— RUZE LT,
Hirschmanniella JE## RIITCRIZREFIIRHE Y Z LV (Anonymous, 2009 ; Sher, 1968) Z & C
oL, SEFAE LIV ar eIV A ATXET Y A XXEZ Y O3 FE, Ot
FOR SV OEREFANIFHEITELL £ 7213 8HE LT 7z (Sher, 1968) 23, HEEAFNIEA *
FEZVE, Lya B VBIOA v ATRET Y EOMTIIRERLBEDNDRRD B
77

AFETIE, L arxEZ U O rRNAILSS 88, rRNA28S, D2-D3 fHIEES L OV meCOI 12
BUWTRREITRZ2 D H OOFENE R NEHIZL ShT-, Vovlas etal. (2015) <° Sekimoto etal. (2017)
i3, A MU TF 2T D Heterodera J&TiL, RNA KV & mCOI \ZFENAFEOZARME AR
B, FENOBFNEI I mtCOI MEN TN D EIRRTN D, LrarrEZ VIZBWTYH
FEPIRCAIZERIT, 18S TRNA & 28S rRNA @ D2-D3 fEl Tl 1% K0 &K —J7, mCoI T
1% 02-53%DERIGED BT Z D, mCOINITRNIEE DXL L TENTWD Z &
DWREB ST, £72. A FFEZ ) TlE RNA B L meCOI T & FRENAIAIZE BT 12/
otz (<1%),

Lo a7V TIE28SIRNA O D2-D3 ([ZFES T a X A4 T4 XA 7 mCOIZIES



NTaHA TS XA TEEINT-, D2-D3 & mtCOI DYFFAHNIIBIRIEITERD Spns->7=, 7. D2-D3
OEFITTOTH (02 bp, 0-04%) Tho7-7=8, Ry T 7T 7 Tidil Uiz X 5 ITFENAE BRI ZIE meCOl 3
BN TS EEZ BN, 22T mtCOI DANT 1 XA FIZONTDOIIRARD, AL, R AT a2 A
TN LTI L Qs (384-3), NI XA T L2 1EHE (2 —R8,9) mHHER; (a—FR
11-14) ETIE G LTV, T ay A 75 38FHT (a— R 14,6) SJUNHT (Z— R 16) 1209 LT
Wz, N E A7 3 FRRMT (72— R5,7) EEHIR (22— R 10) 25 LT\ e, AT aZ AT 4 3 LR
(m—FK11) LEBE (2—F15) IZORGH LT, ~NTad A7 1 L 2ITRER (2— 112, 13), fA)I1E
(z—F9), FAE (2—K8) THMFL, "TuXA72 L4 1FMLE (=2—R11) THEL TV,

Table 4-5. Sequence variation and nucleotide difference of Hirschmanniella

spp. based on mtCOI gene.a)

Species, haplotype No. 1 2 3 4 5 6
H. diversa - - - - - -
1. Haplotype 1 - 0.2 1.5 4.3 4.6 25.5
2. Haplotype 2 1 - 1.3 4.6 4.8 25.2
3. Haplotype 3 6 5 - 53 5.1 25.7
4. Haplotype 4 17 18 21 - 3.8 24.7
5. Haplotype 5 18 19 20 15 - 25.2
6. H. oryzae 94 93 95 91 93 -

a) Above diagonal shows the % of nucleotide variation and below diagonal shows
the number of nucleotide differences. Box shows H. diversa intra-spesific
variations.

ANAOYZEITE O 3 DL ENT TR A RBLL ()1 - 78RR, 1962) . 1 #K1E 20m? DL EIZIR3 % (Fe) 1 -
TERE. 1962), NADOEREITIZIAKRRME & R TT@ BB 7272, FESt-CBI A ERICBE G35 2 &
T EAERN, BATRLZHE SN TS 4 OMFERHT. b b ETEROSIRK LV ) BREFIC
FoTEREINZHDT, %15 (B3, 2010) NHE—DOBEELETHD, %15 1 3395
FC, SFEIERMFECRFZ ARG L THER SN (B3, 2010), KRR CTHE SN TV B 2o fMFEE,
OTeBlons’ P RU—"" 2 8 N KRELU ) EW RETHDH, ZHDDMFEITEFIZ L > TOHAES,
9B, BRFEAMTOI TN D, F 72 2D ORI L, MR %2 EICEFIC L > TBEIL, AWVIZARBELSUTn
% (TR, 2016), ZDO XD 7RERNG, NADOIFEREOERZBH 25 2 L3R TH 5,

NTadA 75k, HEIZEE COAEER (2— K 16, &I S RENOLERIN: CSBARE

) EHIE (m— R 1-4,6) LW O HERACEEN Z BT TS s, ZORRIE. L arRE® T REA
L7 A 28 L7 FTREEZ R LTV D, Lo ay RE 7 U o7 m X A 7 O53AR IR rHE
LIZGITIZIR U X A TR L TS Z RS oTe, Fio, LyrarxE 7 V0 5 7 ad A TOSEMER
AFRFESZ Y LW U CIEFITEm DT, LOLARRL, BRIZBIT A N7 v ¥ A4 7OHIRD 25835
L. S TR L9 il E 30~40 LW ITORAFETIZARWZ EAVRENTZ, BUED L2 o fffilE,
1876 4RI HED HEA SN PEREORRE (RPEEE. 1891) ICHSET 2 HOBZM, 1876 FEDRAEUE
Liz & LCHOARME TR SN AT 0¥ A TOSFEEETHT 5 2 LIIRE#ECH D, LR -T, Lrarx
E7 VIIERMEE L CORMBEMEREWZ EAVRIB STz,

Loy kw7 ) N HUIERZ ED X DITBEIT A0 0 D RIBEIXE ST STV, A% O
LTI, NADFFECRFHOBEN DN T I HICFHE LWOTREZED 52 0EN D 5, £z, HARTITIRO BHR0M
W EITAAPBER E LTRSS ZENRZVN, 2D ORI IEFBREFOHAD N0 EBEST
HZEMD, ZNHDONRIFHAET HMBERET D UERDH D, £To. HAROMFEEROBEERE L TEA



SNTZHEREEDONAANL Ly arXE 7 U EGHE- T L, AAROL 2 xE7) LHIRTHZ LTI
DOKRBERHALMN AL H D B2 D,

Fo A XXV OBEFEESNT, LorarRrE® s ) ORI & g U CRE L72BFIDOZERESMENZ &
DB Ie 5T, A ROFEITHLEE LTORIE CHI A B8 5720, 4 XOFEFITERE L T RRET VR
AL TRETVNERIE LT 5 Z L3, £07= 2 fE L ERHOZERWIERIIREE S &2 5, T
LA HESKOBEN 21 U CTHEBRD - W LIER>TN EEZXBND, HRSGET T, 4 RICEFET D2
FEITHUA) PRI S U2 ATREMED @ < L R @ Z D I PRI NS M3, BEEICHA L CRGICE A # 217
ILrarxE®Z ) LD bAoA FFRES Y OFENSAEEIMEN 2 & IFEE,

FEHE LEER

NI BRI BB CTH D & RIFFC, (ABCIIRENRY VARV E LTOERAWERHLEDET
WD ZEND, FEREETTFRER ETAEDOLOREINMER SN TS, £o, ANADIIFZOELEINHEL
MOEEBEOXG L 70 ) | AEECIEFR OB D2 52 < OBEHMENR B S, F7o hHEER & Chioé
Ml LTHHWLATEY (L, 1994 72L) b2 5 &> THARANDEMI I bR L T
W5, £z, IFEIET V3 OBREMER S ~DFE L - 1EH  (Nishiborietal,, 2012 f) ©&H V. EOEIGEM: L7
BOREME CHEG, 2018 72 L) b, AR LU S A1EMTH D,

FRIIRIT 1970 R 5 TEHOR OBLBR & S84 EMEOUGEED T2 OIS LOVKIR Y &9 ApERR %
WHREAL, RN EAEFEREZILR L TE 72 CHE G, 2018 ; Huli, 2010), UL, KV B L OZDH%
DOULHE OV X 0 . AL TEDR RO &0 5 MBIV A IS 5- 2. iz, & O7= DIZ/MELE D E
WAL, BEETOL ZA Y ORI CIIZUE ERE R L 72> T L= AR BUR AN, BRI
IR GBI B EZ KRE RO L V) FRRICHAICLER > TLE o7, A%, ERNTIEED LT HEE
DFZDITA NG L 0 EE 95 Z &R0, 3R D ORERA @A pEME O BB Rt~ i 2 <037
DITIRZNIKIED ~E DY D205 DKW 5, BERHICKT DBBRER O =— X3 L T\ b D & 2
DL, AFRIIZDT-DOHEMEL Db D EHEZ BIND,

2ETIE, RMRICBIT DLy arxE7 ) ONABTNICEIT 2 REMEEZRE L, 2205, KA
BRERCAS RN AR A HEEL L=, FTIEAINE O L > 2 3E 7 U 5HE T h 5 AT OB T, A
INDSBES VT Hirschmanniella JBRHN L a L 2T THHZ L HTERER)., HFHEWFANGEH L=, F
7o AR CEEEICIE D BATHE 2T L, £ OBREDELIT 5 2 & 2R Uiz, ZRRITHRRAKIRD ST,
NANERESNDRIHERICHT=D 4 A5 AT TITbnbd Z L& Lz, S5I2, NEHR EAEHBOFmE LY
LyarxE®s ) OMENIECE LI AR LI, EbibrarxE7 VI MEYCRELE 25y~ A
BRI BT 2 Mincognita 75 E L IXFR Y | HIEROKIRR EOFRFE S ZEZ TS THEIHTE 5
FTIEZR < AEREIOFAE (1 BE) THD 2 LRSI T, BT R & 5 WA T T 5 723,
Z VIR FAET D Hirschmanniella JED 2 fi, A FFREZVBIOA < LT XTSIV OMEIEE (G - 11
AR, 1970) LEEETH -T2, WODEEREZELDD L NABHFIED 4-5 A, FANAREHEIND &R
132 R CHOMNIC L a U ORERNICEEA L (AR, R3HK) . FRICRRZTTH, 0% 6-7 AlT)
T TCNADIREN 72 EIZEEINZ T o 72D 5, 7T-8 AIZT TEE F SO b L, 8 o722 Sk L=
R TIRESN OB I E— 7 2T D, Z0% 9 HIZ/R5 & “HIshBAE L C=8ishh & 7220 0 10 H-11 A
N TIRA ISR OFIE D72 < 72 0 | UBASh IR L RS R E 22D, NABRFET DL a s xES
VIR i HEPICRE L., —EIEEDFEE L ar OBENT, —E8idr 4 X /e oK BAHMEE a5
2015 ; BARD, 2016) BIXUOHEFCHAT L EEZLND,

ARRBN L > 3 NCRBER 2 5 & 23 A = X NIRAZ SN N, AFSE (Takagietal., 2019) . AR &
(2016) . Uematsuetal. (2020). J&& F & (2018) 3L Kurashitaetal. (2021b) DOHFZENG, U FD X HIcE X
b5, LraryxE® 7 VBT NAAOMREZERE L, TOMBNEZERE LR OBEH L TW\D RS,
2016), Ly arREZVIIL U arOEFELINEL, EORMBMICERRE CHESK Imm £ TEITT 5, &
TR I R R DR L 25 2 DDA TEMENFRD Hivsd  (Uematsuetal., 2020) , FERESHEMECTIL, HIEOE
OILADNEREF DL > 2 /21F, BV a2 B2 7 VICEDMEENPRO LN Z LD (@AL, K3
), LyrarxE®7 VLD Ly arOMETRERFEOFEFORICKEZ - THhY, EBRICK > THRELE



Ly al ks . ZORIESOEBT RS v v 70 2 XPUER” ORI THLEEDOMME 25 L EZ DD,
F 7o OMEBFIRIZ RIS 72 EN DD ME BRIV TS F T 4 VL EET, EET A b
Fes(PO4), * 8H,0 72 E OEEWE N ILAET D (& F 5. 2018 ; Kurashita etal., 2021a) Z & 230202> Tk, Zi
HEFBIZL Y RENELET D IVER” 2ECDHEE2 LD,

IO DEREFHRND, Fra L a X7 VT DRED E » b3ME LIV, — 5T TITHBRIER D
ARG, 2017 ; @R D, 2020) (2, REFF OKBHEREDIBRIS K OB OB /R &L LTHTRY Anb il
TWb, £/, F 1T HIC TS HEL U TRENBEN EAT5 2 L7280 5, 8 ALY BLY &
1ToTRIBZNIRTHZ LIk Y BEAZEMIER2WVR R EBETE 5, 4%, s o 5%
AHER LOERROTE, oL 2 o OR 82 W T-EERERC X 2 sEINEL FEIMERTOfRIAZ &
DOAREE IR & Iz, LMY L~V COAREERZTEA LR E2 R L WS MERH D,

3 ETIE B TR LIRS KO SN HBMIED —>TH HLFHIERE, T7ebbEIRIC O\ TG E1T-
Zo MNAVIEEARMNCHIK SITIRBECIEEMM TOIL, KEG)> CUHERTT 5 TR0 O INHELISLO/ES
ITETEKSINIREETIT Y, £io, AAEIEH, B X OMER EOACRIZER L, fEH S5 238220 Tl
ZOAFNESPCEREA~DOREBIZ OV TREOREZ T2 MNEND D, FHIKMIRIIANA B DL < 2NHE R A A
% 2 MO HEICAFAE L, NARITRHER R ERNE r HOKEBERO—KE LTEFOND Z b,
ITBCS B 7 AR DIE KR E R ARl G 7 W) (R, 2016) 72 EaRE L, KEM LIS TH 5.
ZO LD IR OH | BIEME— R TE DMBFINAIKERTH D, L, AIKERITRBRR D TH D
VT RICEHR G, RBREAEAITHD LRI, ZBHEEN 20%aDEFELEIEEE LTizb 2 &
no, ZHTLZ LIFE A HOKERNCET D B2 bLD,

F72. AIKZEHED 100kg/10a LD L TIEL > a2 E 7Y 58RI HIIEBEL VW EEZBNS ()
Kb, 2017) Z &b, KB B ATRETH D &8 2 BN DIEFIRANS A 7 DAL L O R&EKR1EY
\EIBGRO B DAL E LTl a3 7 VITx L CROE ORI AR LT, BRI, BMiRE
WVER - F - B s B & & B IC, MR A R S BRI~ DRAZ T2 “HRRRIER” bR L
Too SOITERKLIEAZ, Lrar el ) OSSN 18 E2 S LIRS T 2 F » 7 Bk VT2 8740 %
DR TE DB AT LT,

FEHNTORZ V== 7LD =" A— bR, A VR, X7 A A R U ROIERID AR NS
ATz, Fiz, TR BZIEITR T A X R 2 RUSNDIAITEI S T2y, X7 T T VT DS OSEFN LT E)
PERETIEE b RENoT, DLy arxe8 7 VICHd 2808 L | BIOBREF COFFRFHMEZMAIZE
L, X7 T NTRAIEGREEA L U8R LT, N7 7 V7 % 2.0 ke/10a & 5\ NE 1.0kg/10a FH24 &,
INARE Z AT R AR HEEEF U CHE 2 AHT L2 & 24, AR L OSSO R AF 72— b 0.6kg/10a #
LR L CLrarx® 7Y 0B LOWEEMEIMZ SN, WEE LR~ R, 7T
IV 7 % 1.2kg/10a FRY B AR AT R U, g4 B b 4 bz D ik L7z & 2 A, 2 TOFETH
EREPMEINZ B, BIRRIENZRD STz, ZDOZEMND, XU T THLT LB L arxEw 7Y ~OE
RIS Tz,

L a7 AN Hirschmanniella JERRHRIX, A 2% O. sativa 0% 71 A € C. esculenta 75 ETBHIH OREY) %
If A (Jeger, 2018) . EAEMIOHF TlIA F~DA XXEZ Vo F 2V (H oryzae 7205 T2 < H. imamuri, H.
mucronata 72 ERBIED A RITITFAET D) OWENRKORENE SN TWD, RAVLHEEITEE O 2 HifEH
fi7e LR EETTRAT D720, FISREFZRIH D S ARBISHT D ILFRBRTFBIIE A ST
(Bridge etal.,2005), A RIORBRIC LY, HATT CTICEEEREEZBIG L QN DHE_U 7 T HLTIZONT, L
A FET VKT DAIERH SN2 2 D, Ly ary TOXRES Y BT o VHEHITHT 5 EHE
FRICOWTFRE T L TR Y . WHEIMHEZEZB S CRIGHEE () RIS ZATHS (WK
BIEERES, 2019), 12kg/10a ORI, BFEMICITHIEERICZITANLND LUV THD, L
LD, R 7707 1.2 ke/10a O X, BIEEEEZ 30em & L7IEEOL > a U REZ U @ LDsfEE L V)
B/NSUVMETHY . N TFHATORTL Y AL RES ) 5T 5 2 LIIRReTh 5,

ZDH, INETICLrarrx e VICHHERBOG 5 AKER LR 7T VT A E OB
K VALEAIBERRIEZ AR T D & & HI, oPHER, WEIERE (BAD, 2017) Z@UNHAG DY, L
I RET Y RN ETFRAKELL FIZHIHT 5 & S IR EBLBRIE IPM) OHEEN R RO IS (FA D,



2020),

ST, HEE AN TH— 5T N Y U BERAIOF RN SEEAT 5 72 & AlORHEICH O THEIC
AR A7 ) —= 7 U ALFIBRFEO S A D 5 & & b, IRPTMESEM ORSRC, BoH ke &8
FER - WERIBGBR T b IE) L TR 2D T BN B 5, Z OB, By BRSO E LR L)
D, EPELBREE L OFFN A Y 723 B EMACAHEE LUt 72 5700 (Takagi etal., 2019),

WATETIE, Ly a8/ VU IERRE, THERB IO IR EO—Elsl CII AN R ST D H 0
D, ZOMEM TORIRINATHTH -7z, Fio, BEICTETL Y a UV CBERES SR TOEA v LT
FEZVTHD (ZF, 2002) EOWELINTNDEI EnD, RENONAAZIELCL a7 UV EBL
O v LT RET Y ORI Z T LTz, HbE T, FHENDIEE LT L a T 7Y OEERLS 2R E
L CEDRFREAER L, A FFETVBLOA v AT RET VR EOURFEE OHHRe, Lo a3 E 7V FE
N RHRRD 21T 72,

A TIE, 10 I 16 8500~ A 055 Hirschmanniella JE# %558 U, FERESA)TET 305 ik, /10
BIFIET 56 RDRIEZAT 7208, & TCLraryxE® 7Y Thote, =« kit (1996) RN aicdit+
LOIFA LT XTIV THD, EWE LZBE O 08 U2 Hirschmanniella JEFRR . ARETIIETL >
aUREZV EREEIN, 0D, 1996 FITHE S-S, 2L raryxE 7 ThoTm B x
B, UEXD ., ENOANRTITE ORI T Hirschmanniella JERERDNEHELTBY ., LryaryxE2 7 UM
EELTWDEW) ZERHLMNTRoT,

Lrarx®7 YD DNA O 18S (18S L&), 28S Eod D2-D3 fElk (D2-D3 & Ms3) LT mtDNA £
COI Tl (mtCOI L&) OHFFERISNZPTE L, ket & 2 WITFEN COERZ T Lo, W omkic>
WTH Ly arrxEZ VEA 33T ) L3 7257 L— K (18S, D2-D3 CTldZEhEh7 L— R 1 BXUIM
(Khunetal., 2015), mtCOI Ti%7 L— RIEBLON) (28 L, WL Hirschmanniella J&D W C 4 HeigniEn 7254
RIZHD Z EBRH LMo T, AT FEZ VITERD 188 LEIAEGIN TE /2o 7oid, Lrarx
7V LRI L—FRLIZE LT,

L ary w7 Y OFNEROMTIL, RNA L0 EROKE UV mtCOI Z T 500K b L T\hb &
EZz bz, mCOI DHERZ LY, LoarzxE 7Y OENEEEIL4 SO 7 L—REEKL, 5 >ONT X
A THERD SNTZ, FBNOWIEFET 121 HIETH o7, 1| DDOAT 1 Z A F SR B - ST HER
HZEbHY, BARDITERNDL L arRET Y OHGHUCEG L TNWD Z EBRHERE SN, 7o, TxfED A
FRETY EWT 5 EEBOSZEMENIEFICRKE L 2EELS AR Z Enb, LYy aryxE7
TR LA IR < L i< m s BRI L CWAESRRE Ch 2 ATREME S @, — 5, A~ A IFES:
DB EIR 2 RIS L CHEREIMTON TV 2 L EEIANCIEY | AR BEMMNS L a ke S
UDNEASNTZAREME IRV RN OB X b b Tod, BB OREIEL SO TORENRLELZ X b
(Takagi et al., 2023) .

PLED LS, A TIE L a3 E 7 ) OERE, BiFRIERS JOAR < RERIZ DWW T O E T o 72,
Hirschmanniella J& L., T EAMHERR O TH )~ A F—723H1ICADRRRTH Y | AF5E0 i) 7e ST
WD HDIFA RZFET DA XK EZ Y THD, LL, HRTIEHA RTHT D4 FHRES U OWEIZHT D
MO FER LY AN S < EI2EOREIOZ% TR T T EORER FETORETHY | {bF:
FOS RIS DS RER s DB AREECTH D WO BERM S . Hirschmanniella J&~DWIFEI XM ORE BkE & Bl L
TTKAIZ>TWB,

L LANS, Lryarxe 7 VITRARD LY 3 OERE FIEFICRE B L R DMBTHY | EEEDS
R0, FBRREE O A PR & LT, S %K D OHUEASERNCHII L, Lo 3 T2 OERKIR
DS OFEHT BT LT 2 FIREMED b 5 720D, RAICKIL T REMEY T/ MR B OEIH TH L L B2 DD, -
U, BIRO L3I0 | NARITAR & EHEICEE LA, FRIARMIR O 7 IR PE L BRBEORMET b i
AR CH D, NALBREL L OmNAZIE, NARANLOREFR - U VRSB E oW (RE S, 2010 ; LR 5,
2013 ; Manuel, 2014) <°, BiS% Y MO SOMEMEME BHAEG. 2011) 7 Kk~ 2ens b OFERER D
FETHY | NAHSOBBEFIOTEH S & H A ARG TIEZR,

— T, Ly arxE® ) OWEITFIAMBIE O T &0 ) ISR B, M Tz e A SR E 72 57,
FZENTHAIED ORARBERTRRTO L > a U AFE TR O EENRKE <, Y oM TIZBMREIZE



BIRE & 72> TRV, D720, BRI IR B~ MR 2RI L, voarfignLrrarxe 7)o
WELHARETRTHIE T ABERERED R RN EHAEETE L2 D, AFEER L OVERE
PO BRGSO CHBE/LBWR AR O EEZ BV,

F6E BHE

6. 1 [XL&HIZ

L v 2 Nelumbo Nucifera ZNETH1L >y ar3xE87 VrFay CAFLYyarxE7 V) Hirschmanniella
diversa 1%, WRETHD L a U JEREDORL ZNNE L CHEMMHEEZ IS T S8 5, FOWEEITRFINIERIC
KEZpA X7 Naekib, fFEORKE 2B TIIHE L7z Ly a VIEREDIZFE TR AL & 720 . BHE
BRRDIRTFRORMERGEDFR & © 72> TS, L LARRD, Lyar3xE 7 VICkAWENRMEL > T T
DR 2010 FRTH Y . ABBROWFFEIHT DELITELS . 2L OWOBAHTH S,

—F. LIRS E o CREEEREEY CH Y . TOEFERME, INHEREITZ N4 1,630ha, 29,500t

CERL29 ) Th D, ZOEMEIE. BEO V3 UAEFEDR) 50%ITHY L, KR THRAARD L 2 U HE &
ZIERFH ST D, Lo i3k aTRe /e HHISER 502 72 Mg H 28 L, WSR3 E < FstEsE 20
B ThD, EDH, LraryE®7 VST HBBRFEIIZ S OEEFENLRD LTS,

T, AFETIEL 3R E T OFBRIIRICET 5720, OO L2 3 AN CTORAENEER, 4
IEER AR L, OMABEOBRTE L L TRbE NN TIAERA SN TS, BRI X AEFIBEREIT 5 7200
JEANERPGRR 2TV, FOFIMELZTE LT, IHIC, QKRBIRTIIL a3 E 7Y RRE B E 725 T
LM, BARDDO L a UEERTIZE D X 1290 LTV D 0, £72F DAl o) m— g
AETDHZLICED . EOLITHIRLIZDD, F AR DI SRFR A D) ZWEE LTz,

6. 2 LYarvxrEJTYDOREER. £FROFE.

2010 472305 2012 FETHNT TO 34/, KIRRAT T O 2 DO Lo a2 U HEEH T T OR&EZIT -7, 2 %D
Lrarlmnb, Ly arRE S ) OFEM TH D L v a AR EZ ERIFIICERE L, SR 208 L7-0biEE
PR RIEEITO RN OB ZRHR, IHORSBIORELZTA L, BAEMERB L OEFRREZ THIL =,
ZORER, MEESHIRARIIL Y ar x2S ) N ETH -2, RENEEIL, 8 A FAIG 9 A BaichiF Ty
— 7 Hlz, FOREFRINT TR Lz, £z, REFRT4 H-5 AT T0%-100% & 720 . ZD
B Uiz, OSHREEARENO AT —VOTFHINARETH D LB X L), BAEBRICAT — VTl Z
AND EAEREE N EHET 25 8 A0S 9 AT T 2 #1-3 HISh DN L L 720 . 2Dtk 4 Hl-pkiOFIAH
MUz, DLEND, LrarxE® 7 VIE& Lophns 4-5 AICRRE - EEN L, 8-9 Ak, 11 HETic%
< OEED RS DN 4 HIshi & 7p 0 | R LT cli& T2 L T EnT,

6. 2 L2a HREITVIZHLTEDGEFIOEREBISTOMR

KWRoOLvaryHBRO L arxE= 7Y USRS IO R E AW CGREREZ1To72, HEARTHATE S
B 37 AlAEPER L T a R VICKHT AR B R AT L, S OICHIRB2R A, kA AT
FREMIZ L a7 2T D 2L THA L, TORE, AL LT 77170 LD50 73
546pg/ml (P<0.05) &, FHBENHHE CEMINRAFE LI, T T, XU T T HVT2FEME LTS
FGAF 7 AT RO EBSHGEWERETO L a2 E 7Y BRREBR AT 572, 2012 4RI 75 H
JL7 D 100 g/10 a 3 KT 200 g/10 a flfFaiiamfe H HEEERIC X 2 HRER A T o7 & 2 A, MERkR & bk LT
FRIBHEEB LV v a VIEREAS~OWELZARIL T SEH 2 LN TE, £i2, 2014 4F0 5 4 FEICHZ0 |
SYRIAND> B 228 2 K G L0970 8%RANC 0 120g/10a UEROFER 21T o712 & 2 A, & TORER
THNF LY OABICWEEZR FTSELZENTE, LEDR->T, U7 TN T I rarxx 70 O
BRIZ & > THNRBEBRTR L 720 9 5 2 EAVRE Tz,

6. 3 LYarvxES)DOBRIZEITE9EZF0OZRMH

Ly ary R EBTVICEAWEILZ Z 1012 8 TEEIL L TE 2720, BARTORAIRDUIIHE ST,
BT, ZOHRIZOWTHARBRSNE N, 22T, HROFES Lo a g, T77b bR (R,



A, Il TAR D B RRl, 174) . TEER, R, AR, EmiR, MILR, KSR GURE, fEIL) .
(TR RS LOEEIRD 10 B 16 # iDLy a s btk 258 L. IR O W12 |F]
ExATIR T, TROLA#EZRIET S & & b2, tDNA O 18S fEE (18S &1%) . 28S ¢ D2-D3 #Ei (D2-D3
LK) BEI = RU 7 DNA @ COI fEI% (mtCOI) %> —7 o AL CHRIEL, Rl EERk L7, 0
FER. 16 » FTO L2 2 5134 C Hirschmanniella JERR RN 3EES I, [RE LRI TE, o14E
MFRTFEE BIZETL Yy arxEs ) Tholo, JHBIEER LA XRET VB Fa v i LizE Z A,
Ly arxEs VO 18S 38 KU D2-D3 fEIEI I L1070 < . mtCOI TR LIS AR D SR STV D 728
(T2 £ B2 Bivlc, mCOI DEHIFREN G, ERNDO L arREe7 VT4 207 L—RZpT b, 5
DONTBEATRBO LN, —FH, A FXFEZ VIFESIDIZEFE CTH Y, ~NTa XA TRRD LR
2o DFED, Ly ar xSV IRROA XXTZ Y LI L CTHENERNKRE LS, g7 ey (47
IEIR 2 = Lo, REIICANATEBINAAE L TWD Z E D, ITEE A LA TILAR UV ATREMEAN R < 7R
STz, Loy Lilrskn EEEMES O DR ADFHREM N H 5720, ES O LY a L xE 7 U OFES, A
DKELR EDIFRENET D HENB 2 b,

IS EHOMIZEIC L > TELNTZHMAND, L arxE® 27U OARE, BIikRiER X O% ORI &35
A ONZe o7z, ZNHOHAIT, AH%OL a3 TS OB L OVBRIECE T2 D L EXD
N5, 5%IIVrar3xEe 7 ) OFEIME, REERER EOERER, AIMEOH LN IR T2 7T HNT D
EIBGROTUS, AIRER LT T VT & OFEVBRIE. WSO L a e 7 ) ORARIE A RO
B L DORMBIR & RSN BRI IS T D720, Fbad—2—D27 U7 LTS ZEMN
LEND,

HiE

KIFFREAT I DT < DF 2 \ZEER TG, s, ZWhhzho, ROEHOEEZERLET,
FT. AW DTz o THFREZ - 7o FULE TR R QBRI E OfRE3E & LT a0 iseiss
EIRMEGDY £ L, LT, BIELWEKHMZENWTT RS AL TFE D728, HICEE~DOZHELE D
WY % L7z, F7=. University of Hertfordshire, Professor Roland N. Perry (Z(%, i CICBEd 2 HE CEEART
RS RB N2 EE L, SEATEROEZR LET,

Flo, B EBITC LOPRRFA L W2 & E LR TRFAEY S AT 2IGHBAI O AR
EARSGARHENERSR, R —2d%. [F U RPN ORMEREZRIIT, REILH L LI Ed,

FTo AR EHED HIZHT2 D JA FTOT= L OAEREFR DERR, JA KO ITDEPEE OEEZITI LD & Lz,
FIIRD L o 3 AEREFR O FF 2\ REBHER A0 0 £ Uiz, FrCRIFERICITEE TZ o a7
N fEfit U TIHE & Lie, A)IIRRE ORI 8 F0RR. S B A Ofa g Rk, 185 RIE DR
HSC R, [BIRESZRR. PR IS, PR =k, KRAGIRETE L, B RE O B LB LSRR, (L0 RS
DHEIAETRE, RIS OB A, THERBRE O = FaEkE, TIEROSIRIEZRE, IR T30
ZERTOIEFHFE L ISR (BRI SER G o Z—) O-ILETR, KR REZERTORES
Bk, TEER BAuimE) B SZERCIE, o 7V ORBEEMOIE R £ fhx 2R CRHERC R £ L,
BONESTINE LT, OAT 77 VA (K OfRSuEdsRZ L & Lo BRI, SEARBRICE 27 RN
A ARFHY T NAORM L L ar ORFBRIGEO T OICHIA & 2 TEREWIZIEE E LI,

(EWF) @ C4E) o, KARBEZ L (B A A0 I )0 I, KRR ERIEATEH LT
Lo a3 7 ORGIT AT —~ & UTHHE L72BRIC, B TERIC—20 T8 > 7 B fsuieBilze &
a2 AR— P 2IHE L Lz, MU, PRpif Chiy) ORASSTR L Bl BIEEmPER) (2, 57E
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Investigation of Ecology and Chemical Control Method of Lotus Root Nematode
Hirschmanniella diversa Sher (Rhabditida: Pratylenchidae)

to Damageing Indian Lotus Nelumbo Nucifera Gaertn.

Motonori TAKAGI!

Summary

The lotus root nematode Hirschmanniella diversa causes damage to lotus Nelumbo nucifera tubers and thereby decreases
the latter’s economic value. The impact of damage by H. diversa can be so high that farmers are forced to halt lotus
cultivation in heavily infested fields. Few studies have elucidated the life cycle of H. diversa, which is essential to optimizing
control methods.

This thesis consists of three themes: 1. Seasonal occurrence of H. diversa and its life cycle in the lotus root, mainly the part
parasitized by H. diversa; 2. Sensitivity of pesticides and determination of control potential of the benfuracarb selected as an
effective nematicide in lotus micro-field conditions; 3. Geographical distribution of H. diversa in different lotus cultivated
regions in Japan and their phylogenetic relationship.

1. H. diversa were collected from lotus roots between 2010 and 2012 in Ibaraki Prefecture. Periodical observation of
individuals and their spermatica showed that overwintered adult H. diversa mated between April and May, and second-stage
juveniles emerged at the beginning of August and continued developing thereafter. The results suggest that H. diversa
females may lay eggs around June and fourth-stage juveniles or adults overwinter in the lotus roots, weed roots, or soil.

2. Fourth-stage juveniles and adults of H. diversa sampled from a lotus paddy field in Ibaraki Prefecture were tested for in-
vitro nematicidal and nematostatic effect against different pesticides. Benfulacarb was effective against H. diversa at the
registered dosages and implemented in micro-field tests for 5 years. As a result, benfuracarb consistently decreased the
damage levels of lotus tubers every year. Benfracab is thus a useful nematicide to control H. diversa in lotus production.

3. The geographical distribution in Japan and source of H. diversa has not been investigated. Therefore H. diversa were
isolated from the lotus roots collected from the main lotus tuber cultivation areas in Japan and sequenced in the D2—D3
region of rRNA and COI region of mitcondrion DNA (mtCOI). Nematodes belonging to the Hirschmanniella genus were
isolated from all collected areas and 97% were H. diversa. Intraspecific differences were higher than those in closely related
species (H. imamuri and H. oryzae) and different variations were observed in H. diversa from each area, suggesting that H.
diversa widely distributed in Japan has evolved locally. The results indicated that H. diversa did not qualify as an invasive
species..

Keyword : Renkon—Kurokawa—Sentyu—Byou, seasonal occurrence, chemical control, phylogenic analysis, native
species.

1 Address:Horticultural Research Institute, Ibaraki Agricultural Center, 3165—1 Ago, Kasama,
Ibaraki 319—0292, Japan
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Clarification of Varietal Differences in the Degree of Soybean Seed Coat Cracking

and QTL Analysis

Satoshi OKOSHI', Takumi MATSUI, Masao IWAHASHI,
Kazuyuki OKAMOTO and Katsunori OKANO

Summary

In order to breed soybeans that are less susceptible to seed coat cracking caused by steaming, which is a problem that occurs
during natto processing, we investigated the varietal differences in the degree of seed coat cracking, including in raw and
steamed states, for 56 domestic soybean cultivars and lines, and revealed that some cultivars such as ‘Suzukaren’ or
‘Shoryusenbatsukei’ are less susceptible to seed coat cracking. In addition, a linkage map was constructed using a population
of 153 recombinant inbred lines derived from a cross between ‘Suzukaren’ and ‘Hitachi4’, a line which is highly prone to seed
coat cracking; the resulting linkage map consisted of 30 linkage groups and covered 704cM in genetic distance. Furthermore,
QTL analysis was performed and we detected two QTLs that are presumed to be related to the degree of total seed coat
cracking. For both QTLs, the ‘Suzukaren’ genotype reduced seed coat cracking, with contribution rates of 8.7% and 12.0%,
and they were estimated to be located on chromosomes 6 and 10, respectively.

Keywords: soybean, tolerance to seed coat cracking, QTL analysis

1 Address: Agricultural Research Institute, Ibaraki Agricultural Center, 3402 Kamikuniichou, Mito, Ibaraki 311-4203, Japan
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Establishment of Shape Evaluation Indices for Edible Lotus Breeding and Their

Application in Small Container Cultivation

Chikashi NAGAYAMA! Yuu KASHIWAGI,Yuki HIRAMATSU,Takaori ODERA,
Maki KUZUYA and Tomoko ISHIKAWA

Summary

To evaluate the shape of domestically-produced edible lotus (Nelumbo nucifera), the second internodes of enlarged stems
from 23 varieties and lines were analyzed using “SHAPE”, a piece of shape analysis software, through principal component
analysis. The results revealed that the first principal component had an extremely high contribution rate of 95.2% and showed
a strong correlation (> = 0.99) with the rhizome enlargement index (maximum diameter of the enlarged stem/internode length).

Furthermore, four lines classified into three enlarged stem shapes (short, medium, and long internodes) were cultivated in
small circular containers of 21 L and 105 L, and the rhizome enlargement index of the second internode was compared with
that of field-grown edible lotus. The results suggested that the differences among lines observed in field cultivation could also
be evaluated using either of the small containers.

These findings indicate that the shape of the enlarged stem in the second internode can be estimated using the rhizome
enlargement index, calculated from the maximum diameter and internode length, based on plants cultivated in small containers
holding 21 L and 105 L.

Keywords: lotus root, breeding, rhizome enlargement index, principal component analysis, small container

1 Address: Environmental Management Division,Department of Residential and Environmental Affairs, 978-6 Kasahara-
cho, Mito, Ibaraki 310-8555, Japan
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Effects of Single-Branch Row Planting and Lateral Root Zone Restriction on
‘Kosui’ Variety of Japanese Pear

Kaho ISHIKAWA, Takafumi YAMAGUCHI, Keisuke KAGAWA, Sizu TANAKADATE
and Iwao TERAKADO

Summary

In Japanese pear cultivation, there is a need for a new planting technique that does not inhibit growth after seedlings are
replanted and that can ensure early yield. Since the raising and jointing of seedlings is time-consuming, a simpler method
was verified. In this study, when first-year plants were planted at 1.0 m spacing with a single main branch, a converted
yield of 2.0 t/10a was obtained in the fifth year after planting, indicating that this technology can be expected to ensure
an early yield. However, attention must be paid to the training of lateral branches, branch distribution, and adjustment
of the number of fruits produced set. In addition, when the lateral root zone is restricted by a root barrier sheet, the same
effects as those of general root zone restriction are observed, and it is possible to obtain yields in fields where it is
difficult to secure irrigation.

Keywords: Japanese pear, early yield, fruit quality, root zone limitation

1 Address: Horticultural Research Institute, Ibaraki Agricultural Center, 3165-1 Ago, Kasama, Ibaraki 319-0292, Japan
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The Effect of Using Biodegradable Plastic Mulch and Different Spraying Times
of “PaE” Biodegradable Plastic-Degrading Enzyme Solution on the Time
Required for Material Cleanup after Summer/Autumn Tomato Cultivation in

Greenhouses

Kazumi TOMITA, Hiroko KITAMOTO!, Hirokazu UEDA!, Yuka YAMASHITA!, Akihiko
TAKEUCHI ', Momoko FURUYA and Yutaka FUJITA

Summary

We examined the effects of using biodegradable mulch and different spraying times for PaE solution (a biodegradable
plastic-degrading enzyme) on shortening the time required to clean up materials after summer/autumn tomato cultivation in
greenhouses, which typically uses mulch for a long period of time.

When the time required to recover irrigation materials was compared between biodegradable mulch sprayed with PaE
solution, untreated biodegradable mulch, and conventional polyethylene mulch, the untreated biodegradable mulch required
the shortest total work time. When the PaE solution was sprayed one month after tomato planting when the average daily
temperature inside the greenhouse was 30-40°C, the mulch rapidly deteriorated and the time required to recover the irrigation
materials was the shortest. However, due to the addition of the PaE solution spraying process, the overall working time was
longer than that of untreated biodegradable mulch.

Compared to conventional polyethylene mulch, the use of biodegradable mulch makes it possible to save labor in cleaning
up the mulch and irrigation materials, and further improvements can be anticipated if a method is developed to shorten the
time required to spray PaE solution.

Keywords:greenhouse cultivation,tomato, biodegradable plastic mulch, biodegradable plastic-degrading enzyme

1 Address : Institute for Agro-Environmental Sciences, National Agriculture and Food Research Organization(NARO),3-
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