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Study on the Treatment Schedule of Methyl Iodide fumigation for Stored Grains Infested with Granary Weevil,
Sitophilus granarius (L.).Yukari Arai, Takashi Kawai, Yusuke Hoshikawa, Makoto Saito", Toshiyuki Akagawa,
Yasuhiro Ishige” and Hiromitsu Naito” (Research Division, Yokohama Plant Protection Station, 1-16-10, Shin-
yamashita, Naka-Ku, Yokohama, 231-0801 Japan. "Ministry of Agriculture, Forestry and Fisheries, Food Safety and
Consumer Affairs Bureau, Plant Protection Division. *Narita Airport Sub-station, Yokohama Plant Protection Station.
»Haneda Airport Sub-station, Yokohama Plant Protection Station). Res. Bull. Pl. Prot. Japan. 58: 1-7 (2022).
Abstract: Methyl Iodide fumigation tests were conducted to investigate the treatment conditions for stored grain
infested with the granary weevil (Sitophilus granarius (L.)). After estimating the treatment conditions from sorption
tests on stored grain and fundamental tests of the granary weevil, tests to confirm the mortality of the granary weevil
in stored grain were conducted. Those tests demonstrated that granary weevils in stored grain were killed completely
at dosages of 18mg/1 with a loading factor of 0.3 kg/l, 30 mg/l with a loading factor of 0.65kg/1 at 5-10°C, 11 mg/l
with a loading factor of 0.3 kg/1, 22 mg/1 with a loading factor of 0.3 kg/l at 10-20°C, 7mg/l with a loading factor of
0.3kg/1 and 13mg/l with a loading factor of 0.65kg/1 at 20-35C for 24 hours.

Chemical injury to the stored grain due to Methyl Iodide fumigation was examined under more severe conditions,

as mentioned above. No injury to the stored grain was seen as a result of observing the weight loss and external and

internal appearances after fumigation.

Key Words: Sitophilus granarius, Methyl lodide, stored grain, mortality, injury
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MHRUFE

1. FRHEER

73N T AT A0, ) MAUKFECABIZL DK
HERBRIC B W THE LB OB L 1) 100% & B VEE 74
BREMDERR D Z LG SN TV D (h5.,2016), 22T,
AAFPNO ATEOFH (A LF, F446F, Py ERIY
&w%u:>>’mmm&%¢§@ FAEBEEICT AT
W AFIZ L BRI RETER L 72,

it‘ﬁwg(mn>i:A$ EF A 7z ] B oo #% R
B 10C U ECTHEML TWBA, X ) IRIEOSME TR
HEPMERR T B 720, T A FICHAE S B EE SCo4
T AFEL, BRI 720
(1) #&ElED
AEEAE X, CABL (2021) TZ 54 7 a7 AT REE
TLBRETH > T, MAED LRI (RMKES. 2020) &
L7260 2016 fEICENZENTHH PO AF LI AT, 714 4F,
FAAF (Plk, HAE), bvEOaY (£ ¥ FARYTRHE)
EUOEUaY (F—=ZAMF)THE) OSmBEMRLA.

(2) #ahR
75%U7:7V7A&@\mmi’4¥0x#%@iﬁ
Bl N A wizear (B ESIWFZeB S8 N B3E - st
&mﬁnﬁnﬁﬁﬁmﬁ BT A &, 2002 412 M T
FAEWFZEE IS i S N BRRATH  (25°C. 60%R.H., 16L:8D) L
TWo b0 (BMKEZTES 12 A8 336 ) & 7z,

PO L AERBORE LT, KT IAF v 7 5% (N
FE15% 55 & 8.5cm) 12T A F LSO 4 B * e
150g AL, #R 5 (2016) A3 L 723tk & AR ICAF@ 754 ©
HDATAFRNT A LTI 600 ~ 700 58 %, 482 F
ThHWIYET Y ROED I VI E 1,200 ~ 1,400 B % A
M. 3 HEEEIN S 725, IR EZTD Rz, @EINfR. H %
FFCHALAFIE26~29H, I4 4F1E31~33H, bYE
0330332 ~33 H, EO 33334 HIEE LIRS 87z, &
NS T I ATy 7 Eiah b ERE T WH X R ORHX L L
T AFAFRUTA AFIE20g, by ETIIRPEDTT Y
13 30g 2 M7 7 AT v 7 4545 (N 8 & & 4.5em) IR L
CAZERTH 2 SEIRZEN T, IR 20C IR L 72,

F 7o, RIRTO L AZERBROBENL. TERS (2017) Ok
(ZHE DA A O A F 2 MBI ORI & b 1 IXd 72 ) 10g &
MO 77 AF v 7 758 (N 8x & & 45cm) 1AL, <
AFERTH?H A ¥ F 2 =% — (MIR-254, PHC #) T, 5C
TN L 720
(3) A%

B C AZHBRIL, WER 29507 7 ) VB AZE
O AEAL B RIELE &) 2T 7 X T OV HEALE
1.2, 1.6 LU 2.0mgl, 20T, 24 KR O &0 CTiT - 720
CAZERFIZIE, BB ANZBHOFEEINL. AZHHITNE
L7zo B3, 77 AJREEMISE BRI OV 72 127 I 5 (2017)
D FEICHEL 72,

IR { AZERERIT . NERR 60 07 7 VIV AZRFE (7

A P RIGLE &) & A, 3K
I, ST, 4 FHOFEMTL AL, AZERIZIE,
B2 ANTBHROFELZIL. CABFHEIZNE Lz, AZEFEN
2B DI CNER A TRFR L 720 B8, H AREEHIE I IR &
(2017) OFFFEIZHE T, IEHIEIR. VAV L AT =%
07— (RTR-7L:T & DAEE) 12X D) 545 @ICFHI L 720 W<
ATERBGHE T . BB AFERZEEIC L D 1 REIFES (3 0/
min) L7z, F7z, alBRIZ3 ~ 5 RESEMKL 72

ZilBE D AR ERE RS, AP CTE (mg-h/1)
ZUToRICIER L2,
CT fi (mg-h/1) = (15C;, +45Cg, +60C, 50+ 120C 5 +630Csq0 +
540C,,0) /60
Cn: $F1% n 47 O I AJEE (mg/l)

(4) BHEHROMHER

S AFER, BRI K O R IX oMt i A HE 40T T 40
HARE LT THEB R R & A fr i & L TR, B L7z
AT X O TR R A R TIC L DR L. &
B, WMoOAMERBEHET 27200 FHEIKI2IE, WX L
BRICH A S KM (24 X3 5e. T4 LFRTT 1 4
FiL10g, MyEOIYRFETTIF15g) B AEKHIC
FUHALEE L, RH UL T, bR MR L 72,
R e (%) = (1 — ALBE LKL i E 3, k) HE X HE 1 40 % 100
IfbEE (%) = (% 27 BEEL) ¥ 100

3.80,4.96 [ U~ 6.08mg/

2. INERER

SAEP, S ABET AN AFYTH D BIANIGE S,
CAFEENO N AREPMET T 5, ZOTAREOKTOES
Wi, BEOMEE, WA L7-#ZEH0om L ARBOFEOIR
EIZE o TEALT 2 EDHENT VD, b, FHRFIRE
BT 2 b, BEOME, NEER O AZREIC X
0 AFEHR 0I5 R BE D PRI & HERE L 720
(1) #HEED

MR L FRIC T A F, A FLF, FALF, hvEOa
PROERITOS mHEMRA L, T byEDmaTIIo
WL, 2020 SRS AF L2 A v FEL I L 72,
(2) <AE

CAZKIE, WEBH SO I ZRAEC 2 EH L, 1L
72 1) BEEAEY) % 0.65 T U 0.3kg (INZ 1L 0.65 T U8 0.3kg/l) AL,
CAZERHP S A v 2_—%— (MIR-254, PHC #L#) AT
& AKREEIZIEIL L. DF D AZESMT. 2eheh 2 i
FEhi L 72,

OFEH 9Img/l, JE 35T, 24 BER < AZE, IUESH 0.3 kg/l
@%H: 20mg/l, i 35T . 24 BEf < AZE. INZEH 0.65kg/]
@ 1mg/l, IRJEE 20T 24 B < AZE, I L 0.3kg/l
@ 25mg/l, IREE 20T, 24 R < AZE, JUFE I 0.65kg/]

®FH 41mg/l, JFE 5T, 24 B < AZE, IUEEH 0.65kg/1
DToRBXICOWTIE by Euasoizfil, Lo
SERIX L0 O FICHE R A L2 LT HE 2 K AKAE
= Ehiti L 720

®#%4 Tmg/l, R 35T, 24 B AZE. U 0.3kg/l
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FHS . FTAFIVLARICLABENCHFE L7 TF) 727y LY OFREoOET 3

D& 22mg/l, WJE 20T, 24 KR < AZ, I 0.65kg/]

L, WAL EICE ==V (oK) =51
VA%E 8Bem IZEI W - 72b D) #EE, FOEISHKY — b
(12x21.5em: ¥ 27 4 7. HARBEMKZ 72 7HE) 1 B2 BEE
FSem DL L B L) MO bDEHREL, (AKRLE L%
HHL T, Wkoa b xFov Gl 99.5% Dbk, 147 1
LFEHSE T2 2PTES~A 702 v VTR L, BT
WREEIZ L2 AEE DXL T4 FIZHT L TITo 720 33
BIFEHIZEIEICR L.  AZBE Y NDES & T A5k (NEHR
#40ml) T 7 7HFE) (R 30 |1/ 45) TIEBR L 72,

HAEEOREIL, I 0.5, 1, 2, 3, 6 KU 24 BRI T2
CAEC VNDOZBHEP S H AT ALY A b3 v P THREL
L. FID BB ET Az 0~ b 757 (GC2014 © JSEFE
) 2 V- TiTo 720 K AZEHROIREEEIZ. 74 Y L AT —
Zud— (RTR-71 : T&D #:H) 12XV 5 53HI/T- 720

CAFERTIRIZ, CARE Y 2L v Fax—F =250 1
LCHAPHEBEO VY 2 v F 2 — 7128 L T, 1 ERPER
(#7 30 /min) L7z,

3. BHHE (FERHER)

A R L O SR & HERE L 7 BRSO R 1 % TR
FT2720, BEAINELLKECTSIF) 7307 Y AV O
AR A S0 L 72,

(1) #HEUHEMROHER

HESHE I Z DS REROFE . H ARE DT AR D KE Do
725 D& W72 BRI K 0 PEERABROAE R o 72720,
35T, WAL 0.65kg/l I3 ET Ty, FRUAORERKX T
7EW IV RV,

B IS RIERBRIC B VT, FAE SR O I &
HRBBOEBIZEAEARON o7 &6, TIAFILEH
ESECTHE LI ) T7ar Ty aviiit vz, 5k
ELT, 7I9AFT v rEE (RE15<HE 8.5cm) WO I LF
150g & 7= 1) 600 ~ 700 BE OB % 3 H [ sl L I, filE
ST T30 UM L 72w dE o & F 2 BRI H W72, L
FEX X, ATy 7 (9.5x7.0cm) 12 1483 72 1) 3F 15¢
ANT=b DEHNBFER SL DO AZEE YO FEEOTHO 2 4
B 1O A A, SBRICHE L 720 RIRIXIEHUE 15g %
TIAFy 75 (WS WS 4.5em) ICANTHEEL 720
(2) <AZE

DT o&fETENZN 1 ~ 4 KEERL 72,

O 14 )00 18mgl,  JiE 5T, 24 KR < AZE. IIUE L 0.3kg/
(@ 22, 25 U 30mgll, G 5T, 24 IR < AZE, I L 0.65kg/
(R 11 L0 18mg/l,  IREE 10T, 24 IR < AZE,. A 03kgll

(DHER: 22 J2 08 30mg/l, T 10T | 24 R < AZR, I 0.65kg/l
G Tmg/l, ILEE 20°C , 24 g < A8, LA 0.3ke/l

O34 13 0 20mg/l,
(3) FZRUROMER

CAZERLIRX (30g) M OSKHERIX (15g) OFMEBLHIRH (4
i) ORI ERER L [/ Uk TIT o 720 oftRilis
HeET 2720, AR R B O LR 2 fERR L 72 L1,

THJE 20, 24 B5H] < AZE. IIUEHE 0.65kg/l

CAZEBHIZHED L F 7.5g 2 o EL L, R H OB LHERE L
720 MO AR IEZ S LICUTDEBYIT- 72
B WL (%) 13, FRIEEE RIRICSH L.

A HER (%) = (1 — AUERDGE B O BRIKBE B B R <2) ) <100

4. EEHRR

LA FVHBING 2 5 BOF IOV THERT 572
. BEERERE EiEL 72,

(1) #EiEm

2020 FFCH PO AT Lz (HARE) A4 2% (F—
ANTVTE) T4 LF CREE), vyETaY ([0 FE)
ROEOaY (=AY THE) OS5 REEEMERL,
(2) <AE

e FERaER) oE. 797073277 AVIED
100% ¢ HUASHERR & N7z 38 CINAE L & b L 72 DU o &k
AZER 3 AEER L 72,

OFEH 18mg/l, I 5T, 24 B < AFE, U7 0.1kg/l
@ Tmg/l, JREE35°C, 24 B < AZE, IUZSH 0.1kg/l

CAZIFINETER SLOH T AB L AKE Y 2R L, i3
BHE AN, CAERIHIZA ¥ F 2= — (MIR-254, PHC
B NTH AL L 72, #3E, 7 AMREME, #]
R ONREEAIE . DEERBR L W U CiTo 720 AT
BT EHICH APREEE I L) 1 RIS (8 30/min) L7,
(3) BEEDOHER

CAFERH, BWE. 4 v F 2 xX—%— (MIR-252 % U¥ MPR-
214FS : PR 12X )., AKEEEF UEE 5°C KD
35°C) T 14 HIEMRE L7z,

BEEOMERRIL, EElw K OHEEE (e, B %, <
AFETT, CAZERTER, CAZETRU 14 HRISTHEK &
HE L7 e, A4 HEOVMBIIA L, DTG
(R AFR— IV P )~ AWML 1280 S ik~
Smm) L72dDIZOWTHHERL 720

BRRUER

1. FZBRHER
FRBEIIHFESELTIFIUT AT AYOEEYIRE
20T, 24 B DT I b A TV AL 7255 R % Table 1
IR U720 e, TS (2017) 12X 0, 4 FOEEAHE
ENTVE T ENPLRITHFE L 720 100% FH S /-3 1L,
T AFTLomgl, ILF, FA4ALF, PYEUITROE
03 T20mg/l k7% o7z, HE20mglIZX ) ETORBT
100% FH 8722 & ZRERR L 72,

F7o, TAFIIHES - F B AR ST, 24 KM 040
T CHEM L 7 B ORE $ % Table 2 278 L 720 100% &
N7-3E1L 6.08mg/l & 72 - 72,

2. INEHRR
I IAL A F N D H AWEEE DAL % Figl IR L7 A
BEE, ATEREROCNERLRNZENENE L B HDIHE,
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ABEDOETIREL ol BEHTIE, EUI T RO bY
TUILOHN AEEE T SMoOBE I LK E L, I T
LVOWEENL N LD brol, O s, RO
EMBICBWTT I F )T a7 L VIO 100% OF =R
ZWERT L2012, FHREEE by oo s B ICEE L2
BR A& ATV 100% O BRI S NS L AZESEMZ RIS IR
W2 e,

Table1 Mortalities of pupae of S.granarius fumigated with

Methyl iodide for 24 hours at 20C.

Mortality (mean% + SD)

Grains  Replicate N Dosage (mg/l)
1.2 1.6 2.0
Wheat" 3 544 97.1£2.6 98.7+12 100
Sorghum 3 884  94.6+2.098.6+0.7 100
Corn 5 219 964+£3.699.6+1.0 100
Rye 3 932 96.7+3.1984+1.6 100
Barley 3 753 99.8+03 100 100

DMortality tests on wheat are quoted from Nishizaki et al. (2017).

Table 2 Mortalities of pupae of S.granarius fumigated with
Methyl iodide for 24 hours at 5C.

Dosage (mg/l ) N (ngro;;,alilzl))
3.80 177 77.29 + 10.36
4.96 177 97.50 + 1.15
6.08 177 100

D The presumed number of insects tested were the total of three
replications.

3. ZHREHER (FEREER)

(1) BREGOMKE

BHHERTIE, TS (2017) OfFER>HIMENE 22513
LTI T AT AT ORBRIEL R D LD T,
EBHBORBR D, S WEPMKC 22128, CAZEE Y NZER
B I AR DT DR DN 7 B 720 % B LB 22 R A3
FENRIL bl edbholz, 200, 5°C DR RER
@ CT i & 10°C DYLFEFERD CT D #E A 5 5C LLE 10°C
KGO RE 2 HETH I ENTE S, LUTFREEIC 10°C D
B D CT fii & 20°C OIERERD CT EDAE K25 10C
LU F 20°C SR 0 4% di e, 20°C o #% diakER o> CT fili & 35°C
DIERERD CTOKERES, 5. Z1 21 20T Lk 35°C £
DR EHET LI ENTE D,

ESINERROFERNS, SHOBHEOI L byET Y
VFEN I THAREDETAKRELL o/l b, 20D
2RO OIERERIZ L 5 CTHOKH (Table 3) & it
BRIC L 2 CTHOM R SR B G2 EET UL, B S
i HOBHNROMERTZ LI L L% D,

Dbz ezlFzz, 79570 T7a7 0 AVig%E 100% & H
T5ZENHER S AL R DT OZ & 2B L THRE L7z

1 5°C=<AKEBE<10°C

Arlal, 10T oI B IE FENE L T2 w»2s, 5° C T 100%
Bz L 3B CT 13 134 mg-h/l Th - 720 7277
L. 20Co Mo Eu 3> ONEREL D & 22mg/1 (I
0.65kg/l) TiE CT A% 12lmg-h/l TH o722 L h 5, [HFEEE
DOHFFETHIUD, CT A 134 mg-h/1 Ll EICR b EE 2, #
22, 25 KO 30mg/l (N# I 065kg/l) TR TE L LR
L7zo FRNFERPMERCEAEIL, Z0P5BREOHER 14 KO
18mg/1 (N# I 03kg/l) THRETE D LHEEL 72,
2 10°C=<KAKEBE<20°C

20°C o by ET I ONFE R LY FEE 22mg/1 (NFE T
0.65kg/1) T CT 75121 mg-h/1. 3658 11mg/1 (X% 1 0.3kg/1)
TIF 113 mg-h/1 £ 70, 10° C OF%HERERT 100% % H % fE 72
L7 CT fii 76mg-h/1 (TEMF &, 2017) SHEMR SN TV B 2 &2
5., FE% 22mg/l (A 065kg/l) . 11mg/1 (AL 0.3kg/
) THRBTELEHEL
3 20°C=<A%RE<35°C
B°CHETITLONWERBE LY, e 20mg/1 (NFE
0.65kg/1) T CT fiiA% 73 mg-h/1. %8 Img/l (FE I 0.3kg/1)
TIE 79 mg-h/1 &£ 7% 0, 20C O RFERT 100% 5 R 2 FERR L
72 CT fli 46 mg-h/1 (TFEWF 5 . 2017) AHER ENT VB T EH 5,
$8 13 2 0 20mg/1 (UINFE I 0.65kg/1) \7Tmg/1 (A 0.3kg/1)
THEBTE L EHEEL 7,

(2) #%BHER (FERHR)
BHEREBROREREE Table 4 1R Y . 97077 T LY
75 100% #7245 bd, PO EBY) ThH b, b, 3
wIX A BEEE L2 0l 100% FH S 7z bRV SR X
DA EFLHE L 72,
e 18mg/l, i 5C. 24 B < A, N 0.3kg/1
@4 30me/l. i 5C. 24 B < A%, I 0.65kg/
@FEE 11mg/l. HE 10C. 24 B < AZE, U 0.3kg/]
@FEE 22mg/l, HE 10T, 24 B < AZE, LA H 0.65kg/]
G#E Tme/l. IREE20C . 24 B < AZE, IUE T 0.3kg/]
©# 5 13mg/l. IREE 200, 24 B:f < A%, YUE I 0.65kg/1

4. BERR

CAFET JL N 14 BIRI2 B 2 ERHEORK R % Table 5, 14
H % DHMBIZ DT Fig2 127577,

BEEIZOWT, FEWE L STIHE WM. 35°CIdMd L
TV7zo ZAURIREELC £ 2 8 O IR O B hN<e /K 551 0 By Ik
Pk, 1975) PERE L TEZON, WHOEEIZLDL D
LIXEZ BN otz Tz MIBIX & AUHX T3 IE 2 B
BWIEFRD 5T, AHRICOWTH, L2 D2 &), 2,
EM e & DOZEAIE. BRO SN b .

SHOBEE LT, ARlETORBRIZB W THED I 7L A
F O W CTHRIEL 22725, iR BT 5 3 b2 F Lok Lx
EAL72RER, STTIIR 9 ~98% TH -7 (RIS, &
KF)o EBICCAEBTHHSNLAERY A 012id, 371t
AFNP—FRENETHEE2 LN, GH, TIN50 L%
ER L ECRBEICEAE LTI T T a sy LY O
xR BETLUNEND D,
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Table3 CT products of two stored grains fumigated with
Methyl iodide for 24 hours with loading factors of 0.65
and 0.3kg/l on sorption tests.

.. Temparature Loading Dosage  CT product?
Commodity o 0 "
(C) factor (mg/1) (mg-h/1) 5°C + Ml dose 41mg/I
Loading factor 0.65kg/I
0.65 20 73
Sorghum 79 %0 —e— Wheat —=— Sorghum
3 5 —A— Rye Corn
0'3 80 &é w0 Barley
69 5
25 146 £
Corn 0.65 <
20 22 121 2
o
0.3 11 113 =
5 0.65 41 238
D CT product is average of two replications
CT (mg-h/l) = (15C;y+45C4,+60C,,y+120C 4o+ 630C,4,+ 0 .
540C )/60 0 3 6 9 12 15 18 21 24
1440
. .. Duration (h
(Cx: gas concentration after X minites) uration (ho
7 20°C - Mi dose 25mg/!| . 35°C « Ml dose 20mg/I
Loading factor 0.65kg/I Loading factor 0.65kg/I
25 & 25 4
—e— Wheat —m— Sorghum —e— Wheat —m— Sorghum
—A— Rye Comn —A— Rye Comn
ERE Barley S i Barley
€ E
H H
% 15 % 15 4
> ] > 0
= =
54 54
0 T T T d 0 T T T T T T T d
0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Duration (hr) Duration (hr)
" 35°C + Ml dose 9mg/I " 20°C « Midose 11mg/I
Loading factor 0.3kg/I Loading factor 0.3kg/I
124 —e— Wheat —&— Sorghum 124 —e— Wheat —&— Sorghum
—&— Rye Corn ° —&— Rye Corn
= Barley = Barley
i= o
£ E
$ 8 °1
2 2
S S
= =
3]
0 T T T T T 1 0 T T T T T T T 1
0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Duration (hr) Duration (hr)

Fig.1 Progressive gas concentrations during sorption tests on stored grain fumigated with Methyl iodide (MI) with a loading factor of 0.65

and 0.3kg/l.

YMethyl iodide concentration is not a full vaporization, vaporization is 95% gas concentration at 5C .
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Table 4 Mortalities of pupae of S.granarius fumigated with Methyl iodide by loading factors of 0.65 and 0.3kg/I for 24 hours.

Temparature . Loading factor Dosages n . Mortality
(C) Commodity (ke/l) (mg/l ) N Replicate (mean% = SD)
13.0 1254 4 100
0.65
20 Corn 20.0 2134 3 100
0.3 7.0 1802 4 100
22.0 2002 4 100
065 30.0 1322 3 100
10 Corn
03 11.0 1634 4 100
' 18.0 1408 4 100
22.0 250 1 99.62
0.65 25.0 298 1 98.66
5 Corn 30.0 1154 3 100
03 14.0 846 3 99.33+0.95
' 18.0 1360 4 100
D The number of insects tested were total of replications.
Table 5 Changes in weight of stored grain fumigated with Methyl iodide for 24 hours by loading (0.1kg/l) and control.
Changes in weight (mean%=+SD)
Tempetature Dose .
o Commodit 7days
(C) (mg/D) Y Y
Control Fumigation Control Fumigation
Wheat 100.6 £+ 0.05 100.2 +0.05 100.8 = 0.09 100.3 +0.05
Barley 100.5+0.05 100.1 +£0.05 100.7 = 0.05 100.2 +£0.05
5 18.0 Rye 100.3+0.29 100.1 +0.17 100.6 +0.37 100.3+0.28
Corn 100.6 +0.05 100.2 £ 0.05 101.0 +£0.09 100.5 +0.05
Sorghum 100.6 +0.08 100.2 +0.12 100.9 +0.05 100.5 +0.09
Wheat 94.1 +0.60 95.6 +£0.37 93.1+0.69 93.8 +£0.54
Barley 94.2 +1.06 95.3+0.29 93.0 +£0.62 93.6 +0.37
35 7.0 Rye 93.8+1.26 95.1+1.03 92.8+1.25 93.5+1.26
Corn 95.3+0.63 96.2+0.45 94.4 +0.57 95.0 +£0.49
Sorghum 94.7+0.99 95.9+0.85 94.4 +0.80 94.6 +0.79
= 5 RA3CER
BH (IAX, A FLF, FALF, PYEUITRNVEU CAB International (2021) Crop Protection Compendium on internet.

IY) NWZHKELT T F) T A s AYORINEAT -V T
H BT B T AL A T IV AZRIC & BIERER K O K FE 5%
HEBR AT o 7ok B, Ao h sz, DWTFTotsh)THhob

CERMER LT

DIREE 5~10C. IUZS I 0.3 ke/l i, 24 R < AZE,
@iE 5~10T. U4 0.65kg/ A, 24 B < AZE,
QUL 10~20T . AL 0.3 ke/l K, 24 R < AZE,
DIRFE 10~20C , IUZLHL 0.65ke/l Kditi, 24 B3R < AZE,
GREE 20C L, IUZE I 03 kg/l i, 24 B < A,
O EE 20T LI b, JUZEH 0.65kg/l Aedifi, 24 B3 < A,

F7o, BEERBICLY . LBROMB G TIREE

Z MR E T,

A 18mg/l
#H5 30mg/l
St 11mg/l
3 22mg/l
i Tmg/
e 13mg/l
AL

Wallingford, UK.(online), available from <http://www.cabi.org/
cpe/>, (accessed 2021-9-6).

AT - PHIEHERY - PIERIOG - R)ITBEE (2016) ) ALK
X% 2755073 A (Sitophilus granarius (L.)) Wi
D 100% F G0 Ar. P 52: 7-10.

AR - VAWEERD - RGE - rAGnEL - AR AR - R
6 (2017) 775 ) 7 3 7 7 L (Sitophilus granarius (L.))
AT BB T 5 ) SALKkFHE  AZMBLSEAF O
& . ARG 53: 19-24.

PEIRFEER - A A nEE - NG - 4 BREE - NS (2017)
ATV AEICE DT T F) T Az Iy LAy OfFH
SR . RER R 53: 47-49.
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Fig.2 Appearance of stored grain after 14 days fumigation with Methyl iodide and non-fumigated control on chemical injury test. (Left:

External, Right: Crushed (internal))

4 (2020) FEYIBFERT 2020 SEREYMIERRT (4 > T A
AT <http://www.maff.go.jp/pps/j/tokei/index.html >,
(B 2021-9-6).
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