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Phosphine Fumigation Standards for Stored Grain Insects Using a Phosphine Generator. Michio MACHIDAY and
Yukihiro SOMA (YResearch Laboratory, Japan Fumigation Technology Association, Tokyo, 110-0016 Japan: Narita
Substation, Yokohama Plant Protection Station, Narita, 282-0004 Japan). Res. Bull. Pl. Pro. Japan 47: 11-18 (2011).

Abstract: To establish phosphine fumigation standards using a phosphine generator, susceptibility tests and large-
scale mortality tests were conducted on each stage of five species of stored grain insects (Sitophilus zeamais, T7i-
bolium confusum, Plodia interpunctella, Cryptolestes turcicus, and Callosobruchus chinensis) under conditions of dif-

ferent doses, temperatures, exposure time, and wheat loading. Phosphine evolved from aluminum phosphide tablets

in a phosphine generator was used for the test. The results showed that all stages of the insects except Sitophilus
zeamais were completely killed at 1.0 g/m® for 48 hours and at 05 g/m® for 72 hours at 25°C, at 1.5 g/m® for 48
hours and at 1.0 g/m® for 72 hours at 15°C, and at 1.5g/m® for 72 hours at 10°C, respectively. Phosphine fumigation

by a phosphine generator would be a useful alternative method for stored grains in silos and warehouses with its
extremely shorter exposure time, no mixing of the aluminum hydroxide debris into the commodity, safer application

method for fumigation operators.

Key words: phosphine, fumigation, susceptibility, mortality, phosphine generator
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Fig. 1.

Progressive gas concentrations for stored grain insects fumigated with

phosphine at 05, 1.0, 1.5, and 2.0 g/m® at 15°C for 72 hours in a 4 € glass box.
Phsphine singly packed in a cylinder was used for the test.

Table 1. CT product and CT Validipy for stored grain insects fumigated with phosphine? at
05, 1.0, 1.5, 20, and 3.0 g/m> at 15°C for 48 and 72 hours in a 4 ¢ glass box.

48 h 72h
Dose (g/m’) CTproduct? CTvalidity” CTproduct” CTvalidity”

(mg - h/€) (%) (mg - h/€) (%)
05 228 95.0 323 91.1
10 44.6 92.9 67.0 93.1
15 65.0 90.3 98.3 91.0
20 85.7 89.3 1350 93.8
30 1354 94.0 2038 944

Average - 923+24 - 927+£16

1)
)
3)
%100 X CTproduct/(dose X fumigation time).

HPOREIZL Y 10T DA TER) T, 48 K T2 <
AFELT-E EOSEEROENKREE QREDFHMH)
X, Table20:BY ThHhb,

HLAEKIZBWT, a7V AVOM, 550y
XANERFRY ) VAT T XA TOLNHE, If K% O
B, 7AFVY AR MNVIAZAZET Y ASOIN, 4
RO HIZZ N Z100%FH & 7z,

T2 LAY DOIE, 25T - 2g/m® - T2HER] ToE AR
mENZZb oD, 15CLUTFTId3g/m® - 7280 T 554
RSN dorze - JIIAR (1966) (£, U L7 =
AR ARICH LT Ay VY A YOI R DMK
<, 25T - 2g/m’ - 1200 T s SN W ED
HHIELRWELTBY., KRABRTLFAMELEREYRL.
) ALKRELSAFKICE BT T LY OEER RS %
ETHTEIINEEEE R D,

) Phosphine singly packed in a cylinder was used for the test.
912C5+24C,, +12C,5 (Cx: gas concentration after x hours.
12C5+24C,, +24Cy+12C;, (Cx: gas concentration after x hours).

LI % a7 XA ME RN RINOEZEDT R DKL - 72
75, 25T T3 10g/m® - 48[ 2 1F05 g/m® - 72 T
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20g/m> - 48 IEMH St U815 g/m® - 72 Toesfk i Sz,

MVIH 7Lt THLIIEI0CHDATERL 2. I
DFZMEA R b <L 10T - 15g/m® - 72 Tldse s
B ENTD5, 48R AFETIZ30g/m® T ek &
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Table 2. Mortalty data for each stage of five species of stored grain insects fumigated with phosphine? at 0.5, 1.0, 1.5, 2.0, and
30g/ m?® for 48 and 72 hours in a 4 ¢ glass box.

Species Stage” Temp. Time Mortality (%)”
(C) (b) 05g/m® 10g/m® 15g/m® 20g/m* 30g/m®
o 48 99.8 100 100 100 100
72 100 100 100 100 100
48 918 977 99.7 100 100
egg 15
72 96.0 99.6 100 100 100
5 48 14.6 31.3 86.8 90.1 95.0
72 66.8 937 100 100 100
95 48 100 100 100 100 100
72 - 100 100 100 100
. ) ) 48 987 100 100 100 100
Sitophilus zeamais larva 15
72 100 100 100 100 100
5 48 99.1 99.5 99.5 100 100
72 100 100 100 100 100
95 48 94.5 986 99.6 989 99.7
72 981 995 99.8 100 100
48 85.9 89.6 90.5 934 92.1
pupa 15
72 84.1 89.6 94.0 925 94.3
5 48 52.2 70.1 64.5 61.2 66.7
72 52.6 652 826 79.9 815
95 48 988 100 100 100 100
72 100 100 100 100 100
o 48 82.6 985 100 100 100
Tribolium confusum egg 15
72 922 100 100 100 100
s 48 832 935 972 988 100
72 989 96.9 100 100 100
- 48 100 100 100 100 100
72 100 100 100 100 100
) ) 48 100 100 100 100 100
Callosobruchus chinensis pupa 15
72 100 100 100 100 100
5 48 95.3 96.9 99.8 100 100
72 99.0 99.2 100 100 100
95 48 99.2 100 100 100 100
72 100 100 100 100 100
o 48 94.8 985 100 100 100
Plodia interpunctella egg 15
72 100 100 100 100 100
5 48 96.0 978 99.1 100 100
72 95.8 94.9 100 100 100
48 925 95.7 95.7 94.6 94.6
Cryptolestes turcicus pupa 10
72 96.1 99.0 100 100 100

Y Phosphine singly packed in a cylinder was used for the test.

2 A 100% mortality was confirmed on S. zeamais (adult), T. confusum, P. interpunctella (adult, pupa, and larva), C. chinensis, and C.
turcicus (egg, larva, and adult), respectively, in all fumigation in all fumigation lots.

¥ Mean values in three tests with 100-500 insects.
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Fig. 2. Progressive gas concentrations for wheat fumigated with phosphine at 0.5
and 15g/m® for 48 hours (15°C) and 72 hours (25°C) with 0.05 and 0.3t/m®
loading in a 1 m® stainless steel fumigation box. Phosphine evolved from alu-
minum phosphide tablets in a phosphine generator was used for the test.

Table 3. CT product and CT validity for stored grain insects fumigated with phosphine® at 0.5,
10, 15, 20, and 3.0g/m® at 5-25°C for 48 and 72 hours with 0.3 and 0.05t/m> of wheat
loading in a 1 m® stainless steel box.

48 h 72 h
Load factor Dose
(t/m?) (g/m?) CTproduct”  CTvalidity’ ~ CTproduct’  CTvalidity”
(mg - h/¢) (%) (mg - h/€) (%)
05 - - 443 1231
1.0 62.6 1304 76.7 1065
15 95.8 1331 1238 1146
0.3
20 1373 1430 1706 1185
30 189.8 1318 - -
Average - 1346 +57 - 1157 +70
05 - - 364 101.0
1.0 526 1095 79.9 1110
0.05
15 754 104.7 - -
Average - 1071 +34 - 1060+71

Y Phosphine evolved from aluminum phosphide tablets in a phosphine generator was used for
the test.

212Cy5+24C,, +12C,5 (Cx: gas concentration after x hours).

$12Cy5+24Cy, +24C,5+12C;, (Cx: gas concentration after x hours).

#100 X CTproduct/(dose X fumigation time).
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Table 4. Mortality data for the most tolerant stage of three species of stored grain insects fumigated with phosphine® at 0.5, 1.0,
15, 20, and 3.0g/m® at 5, 15, and 25°C for 48 and 72 hours with 0.3t/m® of wheat loading in a 1 m® stainless steel box.

Mortality (%)

Species Stage Temp. Time No. of
(C) (b) insects  05g/m* 10g/m’ 15g/m’ 20g/m® 30g/m’
48 1,804 - 100 100 - -
25
72 2017 100 100 - - -
48 1,562 - - 100 100 -
Tribolium confusum Egg 15
72 1,676 - 100 100 - -
48 661 - - - - 100
5
72 1,492 - - 100 100 -
48 2,055 - 100 100 - -
25
72 937 100 100 - - -
48 1,393 - - 100 100 -
Callosobruchus chinensts Pupa 15
72 1718 - 100 100 - -
48 745 - - - - 100
5
72 1,701 - - 100 100 -
48 1,351 - 100 100 - -
25
72 1,556 100 100 - - -
48 1,336 - - 100 100 -
Plodia interpunctella Egg 15
72 1,367 - 100 100 - -
48 612 - - - - 96.7
5
72 1,493 - - 100 100 -

* Phosphine evolved from aluminum phosphide tablets in a phosphine generator was used for the test.
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Mo tze T2HEM { AFEDOIF - 03t/m® TIZFEIH1157%
T, WAEL005t/m® DF391060% & 0 b 92%7 < . 48K
M < AZRIZHRTCTRIEDEN/NE D> 720

INOORRIZ, NEXNET L LIZLY, 72, &
DOPEAE NI E T ARELSEH R L. CTHEDE <
A ERRLTWA, ZHUE, U AbKFIZ L AEDIC
x3 B UEEARD TR SNV &, WO AE < %
HZETHARENEL 20 BEEIIH LTI AZER
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W) VART TAATOIBE L MNV AR T A AT LY
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Table 5. Mortality data for the most tolerant stage of three species of stored grain insects fumigated with phosphine” at 0.5, 1.0,
15, and 3.0 g/m?® at 5, 15, and 25°C for 48 and 72 hours with 0.05t/m® of wheat loading in a 1 m® stainless steel box.

Mortality (%)

Species Stage Temp. Time No. of
Q) (B) msects  05g/m*  10g/m®  15g/m®  30g/m’
48 1,081 - 100 - -
25
72 1,032 100 - - _
48 767 - - 100 -
Tribolium confusum egg 15
72 674 - 100 - _
48 352 - - - 100
5
72 436 - - 100 -
48 506 - 100 - _
25
72 455 100 - - _
48 462 - - 100 -
Plodia interpunctella egg 15
72 480 - 100 - _
48 82 - - - 100
5
72 210 - - 100 -
48 653 100 - - _
25
72 1,200 100 - - _
egg, 48 1,696 - - 100 -
larva, 15
adult 72 2,109 - 100 - -
48 863 - - - 100
5
. 72 1417 - - 100 -
Cryptolestes turcicus®
48 118 - 100 - _
25
72 74 100 - - _
48 292 - - 100 -
pupa 15
72 389 - 100 - _
48 205 - - - 95.1
5
72 508 - - 978 -

Y Phosphine evolved from aluminum phosphide tablets in a phosphine generator was used for the test.
2 All stages were used for the test because there was no susceptibility data in the basic test.

125C D &) ZRIE T CldEZ MRV D EE 2 b,
PLE. 15C R 0°25C Tl sz ik & Rk O & R 2515
Shzz, 5T - 30g/m’ - 48HFI C AFETIZ ) Y AR Y
FAAHOPREINNVTH T AT H LY DD, 5C -
15g/m® T2 AT MVIAZ LA LTI I LT D
WA ENZNZERRENLE DT,

3. ENREREAVAREEHOY AMLKRARKEE
DLbEA s, HEAHFEDES I WAL 005t/m® ®
SEERMHEIABO T — ¥ SO &, ) LTIV I DY
LHIESMESE R W B EE RIS 5 ) v fEkFEL A
HEMWEZENTH E Table 6D EBY) TH 5D,
a7 AT OEY) AKFEITH L THRRRI IR
PENZ LD, REAREORRERDSBEILZ, <

AZERIEI0C U EDOS &R, a7 V7 a Y KR ER
DB RN Ve 2R RO R 20 F F Ot
SR, CAERMENSCOSGEIZ. Mvas s atre T
& B H15g/md. T2EEOSETRERR SN P> 72
e, BENSHEN L, T2 brvas s stk
5 L DA OERITR L TORIR TR EAMR N T &8
ERONHI NS, REMEZEL THEEE20g/m® (2
B 7z,

Mg AT, KEMEOEWAE Y A 03l &
. F A B TIREE OS5t/ mP UL E TR E SN S, L
7ehio Ty L ABEPIEEICEVIREN R S ND 20, K
FH L) BHEROREREPETH L LEZ D,

VATV I = AFIESMEEER L, BEIC 2T OEH
FEATESE (KDC. 2003 ; 7 AL (Bt B3 ), 2004)
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Table 6. Phosphine fumigation standards for stored grains.

Commodities and Temperature Exposure time Dosage Remarks
insects (°C) (h) (g/m’)
72 0.5 - Warehouse and
25 or above 48 10 silo classified as
Wheat. maize. etc : Superior and A are
infected with stored 72 10 used for. fumigation.
. 15-24.9 - Phosphine evolved
grain insects (except 48 15 .
. . - from aluminum
for Sttophilus spp.) . .
10-149 72 15 phosphld_e tablets is
’ : dosed using a
5-99" 72 2.0 phosphine generator.

U Not applicable to Cryptolestes turcicus.
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Fig. 3. Diagram of stored grain fumigation with phosphine by a phosphine generator.
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