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SUMMARY

. Title
Development of triple integrated system for the pest control in postharvest facilities

. Objective

Chemical fumigants have been used for the control of stored-product pest insects, but its use has
been restricted due to the safety on health and environment, and increased resistance. Our
object 1s to develop improved alternative techniques wusing the combination of
heat-phosphine—-carbon dioxide-diatomaceous earth (DE) for the control of stored-product
pests. We analyzed the physiological mechanism of the triple integrated system and
determined those control efficacy in the various facilities which used for the storage and
management of agricultural products.

. Experiments

Analysis of the control efficacy and the physiological and molecular mechanism of the combined
treatments of heat-phosphine-carbon dioxide-DE on stored-product insects

Determination of the optimum control system of the combined treatments on the basis of the
results of different combination of heat—phosphine-carbon dioxide-DE

Development of control techniques of stored-product and sanitary pests using the combined
treatments of heat-phosphine—carbon dioxide-DE

Development of practical application systems of the combined treatments in various facilities
which used for the storage and management of agricultural products

. Results

The combined treatments of sublethal levels of heat-phosphine-carbon dioxide-DE induced
synergistic effects on the mortalities of Plodia interpunctella, Tribolium castaneum, Sitophilus
zeamais, and Periplaneta americana.

Gene expression analysis of the heat shock protein genes of the wandering larvae of Indianmeal
moth indicated that stress responses of each element was different each other.

There is no quality problem, when the heat treatment to 55C in flour.

The optimum conditions of the combined treatments for the practical field application were the
combination of 50ppm Phosphine, 2% CO», 0.5mg/L DE at either 40 C or 45 C.

The control efficacy in the storage contaner showed that complete mortality of 7rbolium
castaneum was within 12 h and 9 h post-treatments at 40 C and 45 C, respectively.

The control efficacy in the mill facility showed that complete mortality of 7izbolium castaneun
was within 12 h and 9-12 h post-treatments at 40 C and 45 C, respectively.

. Future plans

Outcome of this research was publication of 4 SCIl-level papers and 1 domestic patent, and
financial support of 1 graduate student for her master degree. The results of this research, the
combined treatments of heat-phosphine-carbon dioxide-DE, can be used for the practical
application of stored-product pest insects in various facilities which used for the storage and
management of agricultural products.
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< ABRESAA L] B4AA0TC+20ppm=) Gl wE AT ast >

{Mortality (%)}
Conc. 05h | 1Th | 2h | 3h | 4h | 5h | 6h | 24h | 36h | 48h | 72h
40C 0 0 0 0 0 0 0 10 | 4 | 70 | 100
40°C +20ppm(PH3) 0 0 0 0 | 20 | 60 | 100
40C+20ppm+22%(CO2) 0 0 0 0 20 | 70 | 100
40°C+20ppm+5% 0 0 0 0 40 | 90 | 100
40°C+20ppm+10% 0 0 0 0 40 | 80 | 100
40°C +20ppm~+0.2mg/L(DE) 0 0 0 30 60 100
40°C+20ppm+0.5mg/L 0 0 0 10 60 100
40°C +20ppm+1mg/L 0 0 0 40 | 70 | 100
40°C +20ppm+2%+0.2mg/L 0 0 0 30 50 100
40°C+20ppm+2%+0.5mg/L | 0 0 40 | 70 | 100
40°C+20ppm+2%+1mg/L 0 0 0 40 | 70 | 100
40°C+20ppm+5%+0.2mg/L 0 0 0 40 70 100
40°C+20ppm+5%+0.5mg/L 0 0 0 40 ) 100
40°C+20ppm+5%+1mg/L 0 0 0 30 | 80 | 100

< AAEESAA Y] B3A 2 (40TC+50ppmE7) Gkl wE dFa >

{Mortality (%)}
Conc. 0.5h 1h 2h 3h 4h 5h 6h 24h | 36h | 48h | 72h
40T 0 0 0 0 0 0 0 10 | 40 | 70 | 100
40°C +50ppm(PH3) 0 0 40 70 100
40°C +50ppm+2%(CO2) 0 0 | 40 | 60 | 100
40°C+50ppm+5% 0 | 20 | 50 | 8 | 100
40°C+50ppm+10% 0 10 50 | 70 | 100
40°C +50ppm+0.2mg/L(DE) 0 30 50 100
40C +50ppm+0.5mg/L 0 40 70 100
40C +50ppm+1mg/L 0 60 80 100
40°C+50ppm+2%+0.2mg/L 0 30 30 100
40°C+50ppm+2%+0.5mg/L | 1 40 70 | 100
40°C +50ppm+2%+1mg/L 20 | 50 | 70 | 100
40C +50ppm+5%+0.2mg/L 0 40 70 100
40°C +50ppm+5%+0.5mg/L 0 40 30 100
40C+S0ppm+52%+1mg/L | 19 | 60 | 70 | 100
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U, B3 UsT+E 2+t 7| 2ol w2 gk

< AABEEAA Y] E3{A(45C+20ppmz ) Gl e FFa >

{Mortality (%)}
Conc. 0.5h 1h 2h 3h 6h 12h 18h 24h
45T 0 0 0 0 0 40 90 100
45C +20ppm(PHs;) 0 20 100
45T +20ppm+2%(CO-) 0 20 100
45C +20ppm+5% 0 20 100
45C +20ppm+10% 0 0 100
45C +20ppm+0.2mg/L(DE) 0 60 100
45C +20ppm+0.5mg/L 0 60 100
45C +20ppm+1mg/L 0 40 100
45C +20ppm+2%+0.2mg/L 0 0 50 100
45C +20ppm+2%+0.5mg/L 0 0 50 100
45C +20ppm+2%+1mg/L 0 0 60 100
45C +20ppm+5%+0.2mg/L 0 0 100
45C +20ppm+5%+0.5mg/L 0 20 90 100
45T +20ppm+5%+1mg/L 10 20 100
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< ABRESAA L] BHA A5 T+0ppm=) Gl wE AT ast >

{Mortality (%)}
Conc. 0.5h 1h 2h 3h 6h 12h 18h 24h
45C 0 0 0 0 0 40 90 100
45C +50ppm(PHj) 40 80 100
45C +50ppm+2%(CO2) 0 100
45C +50ppm+5% 20 100
45C +50ppm+10% 40 100
45T +50ppm+0.2mg/L(DE) 40 100
45C +50ppm+0.5mg/L 0 40 100
45C +50ppm+1mg/L 0 0 100
45C +50ppm+2%+0.2mg/L 0 20 100
45C +50ppm+2%+0.5mg/L 0 30 100
45C +50ppm+2%+1mg/L 0 10 100
45C +50ppm+5%+0.2mg/L 0 50 100
45C +50ppm+5%+0.5mg/L 0 40 100
45C +50ppm+5%+1mg/L 0 30 100
2. o e g}

2

A5CA A of gl gutgtr] o] HH 2 (3FE% or 455 3) 5t %%Eﬂr o5 #EoF Zol yE
WAth 45T +20ppm EF2ed A By A3 o] tixza ) v wstdS o AFEAZEe] 12hrof
A 20minZ 958 A& g0 ¢ e, 45T +50ppm &= ]/\1‘: 12hrell A 10720min
2 EEE Zlo] gddn. HEgow Ay stEs Wl CO.¢F DE 932 mH]stl ot

= o P
PH; 9d&o] = & 4 AATh
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< ojgpdntel o] 59A P (45C+20ppm=) Gl wE AT ast >

{Mortality (%)}
Conc. 10m | 20m | 30m 1h 2h 6h 10h 12h
45T 0 0 0 30 60 80 90 100
45C +20ppm(PHz) 40 100
45T +20ppm+2%(CO») 50 100
45°C +20ppm+5% 30 100
45C+20ppm+10% 40 100

45C +20ppm+0.2mg/L(DE) 40 100

45C +20ppm+0.5mg/L 50 100
45C+20ppm+1mg/L 60 100
45C +20ppm+2%+0.2mg/L 40 100
45C+20ppm+2%05me/L | 40 | 100
45T +20ppm+2%+1mg/L 50 100
45C +20ppm+5%+0.2mg/L 50 100
45C+20ppm+5%-05mg/L. | 70 | 100
45T +20ppm+5%+1mg/L 0 100

< ojgdntatu) o] HhA P (45C+50ppmad) @ el ut

dEat >

il

{Mortality (%)}
Conc. 10m 20m 30m 1h 2h 6h 10h 12h
45T 0 0 0 30 60 80 90 100
45C +50ppm(PH3) 50 100
45C +50ppm+2%(CO») 40 100
45T +50ppm+5% 50 100
45T +50ppm+10% 80 100

45C +50ppm+0.2mg/L(DE) 50 100

45C +50ppm+2% ‘*’O.ng/L 40 100

45C +50ppm+2%+1mg/L 40 100

45C +50ppm+5% +0.2mg/L 60 100

45C +50ppm+5%+1mg/L 100
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3. ol ut
BTAA ol Ano] BEALNGFET or 45 RSl AERANE T& w9} 2ol
th 45C+20ppm BFEANA mE AT ol dxEH wmetde W AEAzie] 6hrel A
172hr2 959 A& g9 =

= I = qdNen, 45 C+50ppm %%U%ZjOﬂ A<= 6hroll 4 50760min=
G5s= Ao Fldy. Hgrew A sdds wel= FF= vl el eyt PH32CO,
Fol = & AAH

< oA 9] BeAH (45T +20ppmzd) G e 4253 >
{Mortality (%)}

Conc. 10m 20m 30m 40m 50m 1h 2h 6h
45C 0 0 0 0 0 20 80 100
45C +20ppm(PH3) 0 0 0 0 0 20 100
45C +20ppm+2%(CO2) 0 0 0 0 40 100
45C +20ppm+5% 0 0 0 0 40 100
45C +20ppm+10% 0 0 0 0 60 100
45T +20ppm+0.2mg/L(DE) 0 0 0 0 0 20 100
45C +20ppm+0.5mg/L 0 0 0 0 0 40 100
45T +20ppm+1mg/L 0 0 0 0 20 60 100
45C +20ppm+2%+0.2mg/L 0 0 0 0 0 60 100
45C +20ppm+2%+0.5mg/L 0 0 0 0 0 60 100
45T +20ppm+2%+1mg/L 0 0 0 0 20 80 100
45C +20ppm+5%+0.2mg/L 0 0 0 0 0 100
45T +20ppm+5%+0.5mg/L 0 0 0 0 0 100
45T +20ppm+5%+1mg/L 0 0 0 0 0 100
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< ol FutA o] BPAUST+0ppm=ED) FFoll wpe AFaw >
{Mortality (%)}

Conc. 10m 20m 30m 40m 50m 1h 2h 6h

45°C 0 0 0 0 0 20 80 100

45C +50ppm(PHj;) 0 0 0 0 60 100

45T +50ppm+2%(CO-) 0 0 0 0 40 100

45C +50ppm+5% 0 0 0 60 100

45C +50ppm+10% 0 0 0 30 100

45T +50ppm+0.2mg/L(DE) 0 0 0 0 40 100

45°C +50ppm+0.5mg/L 0 0 0 0 60 100

45C+50ppm+1mg/L 0 0 0 0 60 100

45°C +50ppm+2%+0.2mg/L 0 0 0 0 40 100

45C +50ppm+2%+0.5mg/L 0 0 0 20 60 100

45C +50ppm+2%+1mg/L 0 0 0 0 80 100

45°C +50ppm+5%+0.2mg/L 0 0 0 20 100

45°C+50ppm+5%+0.5mg/L 0 0 0 40 100

45C +50ppm+5%+1mg/L 0 0 0 40 100

4. sty

A5CAA stg=1hdol EFA2@GTEH or 4558t 245
Atk 45C+20ppm EHFZHNA HiE Ay o] o3 vl 3 A] 7k
2hr= @59 2s S0 5 o 45T +20ppm+275% HFA TN = 45
45C+50ppm HFF7AAA = 6hrol A 172hr2 @55 = Zo] Adt 53] COE AFyn

g AEH HaA 9 559 2 5 glvk

\I
ok

g A
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< sty 532 (45C +20ppm&E7) Gl we A4Fad >
{Mortality (%)}
Conc. 10m 20m 30m 40m 50m 1h 2h 6h
45C 0 0 0 0 0 20 50 100
45C +20ppm(PH3) 0 0 0 10 20 40 100
45C +20ppm+2%(CO2) 0 0 0 0 20 40 60 100
45C +20ppm+5% 0 0 0 0 10 30 70 100
45C +20ppm+10% 0 0 0 0 10 30 40 100
45T +20ppm+0.2mg/L(DE) 0 0 0 30 40 80 100
45C +20ppm+0.5mg/L 0 0 0 40 70 80 100
45C+20ppm+1mg/L 0 0 0 40 80 90 100
45T +20ppm+2%+0.2mg/L 0 0 0 0 20 50 100
45C +20ppm+2%+0.5mg/L 0 0 0 0 30 60 100
45T +20ppm+2%+1mg/L 0 0 0 0 20 70 100
45T +20ppm+5%+0.2mg/L 0 0 0 0 50 50 100
45C +20ppm+5%+0.5mg/L 0 0 0 10 20 50 100
45T +20ppm+5%+1mg/L 0 0 0 20 30 60 100

< Fgaruabe] BehA 2] (45C+50ppmE ) o] wE AEga >
{Mortality (%)}

Conc. 10m 20m 30m 40m 50m 1h 2h 6h
45C 0 0 0 0 0 20 50 100
45C +50ppm(PH3) 0 0 0 10 20 40 100
45C +50ppm+22%(COy) 0 0 0 0 40 50 100
45C +50ppm+5% 0 0 0 0 20 40 100
45C +50ppm+10% 0 0 0 0 10 30 100
45C +50ppm+0.2mg/L(DE) 0 0 0 0 40 80 100
45C +50ppm+0.5mg/L 0 0 0 20 80 80 100
45C+50ppm+1mg/L 0 0 0 30 80 90 100
45T +50ppm+2%+0.2mg/L 0 0 0 0 40 100
45C +50ppm+2%+0.5mg/L 0 0 0 0 50 100
45C +50ppm+2%+1mg/L 0 0 0 0 50 100
45T +50ppm+5%+0.2mg/L 0 0 0 0 30 50 100
45C +50ppm+5%+0.5mg/L 0 0 0 0 50 60 100
45T +50ppm+5%+1mg/L 0 0 0 30 40 70 100
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Table. Mortality of each instar of P. interpunctella at two different temperature conditions.

Developmental  stages 40°C 4°C
12 h 24 h 12 h
Egg 100+0.0a 100£0.0a 100+0.0a
Ist instar  larva 100+0.0a 100+0.0a 100+0.0a
2nd instar larva 100+0.0a 100+0.0a 100+0.0a
3rd instar  larva 100+0.0a 100+0.0a 100+0.0a
4th instar larva 100+0.0a 100+£0.0a 100+0.0a
Sth instar  larva (feeding 233+44b  533+11.7b 100+0.0a
stage)
Sth instar  larva (wandering 5.0429c  283+73c 100£0.0a
stage)
Pupa 100+0.0a 100+0.0a 100+0.0a
Adult 100+0.0a 100+0.0a 100+0.0a
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Figure. Effects of DE treatment on the mortality of wandering larvae at two different
temperature conditions. Both male and female wandering larvae (n=20) were brushed with
or without DE powder and incubated at 25°C (A) and 40°C (B). DE powder was brushed
once onto the body of wandering larvae using a fine brush, then larvae were kept in the
plastic box. Dead larvae were counted by observing no body movement and color change
to dark. Data was expressed as the mean + SE of 4 replicates (A) and 3 replicates (B).
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Figure. Effects of the DE treatment at various temperature conditions on larval mortality
(A) and adult eclosion (B) of P. interpunctella. At first, DE powder was put into a plastic
box and equally distributed by shaking the box. The box without DE powder was used as
a control. Wandering larvae (7-9 days old of the fifth instar) (n=20) were kept with DE
powder [4 mg/L (w/v)] at 25, 30, 35, 40, 45 °C for 2 h in a plastic box and then
transferred at 25°C. Larval mortality was determined at 7 days after treatment and adult
eclosion was determined for 30 days after treatment. Mortality was expressed as the mean
+ SE of 6 replicates. Adult eclosion data were expressed as the meant SE of 3 replicates.
Different letters in each bar indicate significant difference by DMRT (P<0.05).

_34_



4) FxEe] Fro U dAe) ELEI A
- T3 20, 0.1, 0.2, 05, 1.0, 20, 40 mg/L)e] TEES 4579 L%71(25, 30, 35,
40°C)ol Al 1097 ALS3l A A4S vl BEA 8
- WY AFES 25 30, 35°C 2 A A FUEA Foks
- JEM 40°C AN GFxES TR SNEFE 45845 T FRES AEA
B 7Y Wl 100% AEHAAT FEE 4 mg/LE AYTF F$olE 1Y e

LG aAeN HEES 8RR 0°C oo SEAA EAYelH FrEe o
wgSE 0 AEETE f i
- UgE s X EE 4 W 24X A 8] Foll Wk E ] AEW WEE fEs) 2
A3t FFET FEI E ARG Aol A S|A T R} BejE: A4S
5 = o
#ESE A
A.25°C B. 30°C
100 100
—+—  Control —+—  Control
B0 —r— 0.l mgT 80 =t 0.1mg'L
o —w— (1mgL . —v— 0.lmgl
F —— 05mgl & —— 05mgl
E‘ &0 —-—  lmgl E‘ 60 —a— 1mg/L
E —0=— Imgl = —a— Imgl
T o« —— 4mgl E o« —— dmgl
= =
] = 1
1
0 e -i .- hﬁ%_
0.8
Exposed time (days)
C.35%C
160 7 100 —D—n ~F
—e=— Contyol / T/Xf‘_/—'— Control
g0 —o— 0.lmg'l P /E 7 F —— olmgl
| ! ‘i )
—r— 02mgl . I/ f" —r— DImg/L
:5_' | —— 0imgl e I —— 03mgll
= 604 —s— lmgl = 8 ! / —=— |mgl
- & = !
£ —o— lmgl | j { —a- logl
E 0 — dmgl E w0 A —+— dmgl
E E ! I‘."
LURE | /.1'__ -4 g -/..
— :
A - == - e o
65 1 2 3 4 %8 & 1 % @ M 0% 1 2 3% 4 5 4 1 o8 9 10
Exposed time {days) Exposed time (days)

Figure. Effects of continued incubation on various amounts of DE on the mortality of
wandering larvae of P. interpunctella at different temperature conditions. At first, various
amount [0-4 mg/L (w/v)] of DE powder was put into a plastic box and equally distributed
by shaking the box. The box without DE powder was used as a control. Wandering larvae
(7-9 days old of the fifth instar) (n=20) were kept in treated plastic boxes at 25, 30, 35,
or 40°C for 10 days. Larval mortality was determined every day after treatment. Mortality
was expressed as the mean + SE of 4 replicates.

_35_



DE powder
(mg/L) 0

ETETY
SRR RERY

Figure. Photos of dead wandering larvae following various amount of DE powder
treatments. The experimental method was the same as those of Fig. 3. Wandering larvae
(n=20) were treated with 0 to 4 mg/L (w/v) DE powder for 24 h at 40°C. Representative
dead individuals at each treatment were collected by observing no body movement, color
change and dryness.
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Table. Comparison of fine sand, vermiculite and diatomaceous earth on the mortality of
wandering larvae of Plodia interpunctella at 40°C.

Mortality (%) at different times after

Treatments  Size (um) énn;unt treatments™

12 h 18 h 24 h
Control - 0 1.7£1.7¢ 1.7£1.7¢ 11.749.2¢
Fine sand  10-100 4 1.7+1.7¢c 3.3+1.7¢ 13.4£6.0c
Vermiculite 10-100 4 15.0+£5.0b 31.7£12.0b 38.3+£8.8b
Diatomaceo | 1 4 65.0£2.9a 76.7+3.1a 100+0.0a
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Elmg/L stebmur 52 | 275 | 100 | - | 6h | 45 | - | 30 -
- vlu] A& 8 | 100 - 3h - - - -
8 | +o]2k3h ek 210% c
e AR A= 875 | 100 | - | 2d | - - - -
+E2=A10ppm  [AAE 3 100 | 100 | 6h | 6h | 305 | - | 105 ]| -
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Table. Quantitative realtime RT-PCR primers of P. interpunctella

Genes Directions Sequences (5’ —  3') Products References
shsp (piac25) F CGGGACATCGGCTCGA 71 U94328
R GAGAAATGCTGCACGTCCAA
hsp70 F CTGAACGTCCTACGCATCATCA 81 EF202591
R TTTAAGTTCTTGTCGAGGCCG
grp78 F TTGGGTGGCGGTACCTTTG 71 EU556149
R AGTGTCACCATTGGTAGCAACC
hsp90 F GTACGCTGACCATCATCGACA 76 DQ9888682
R TTAGCAATCGTACCCAAGTTGTTC
rpS7 F TATGTGCCGATGCCCAAAC 71 EB828957
F GCCGCTGAACTTCTTTTCCA
o A

(1) A oAb qtxE, 29 9 o] ihsiths EgA g vd d45s &4

- sty 59 USR-S (n= 20)% dow
ol4tstEr2:(10%)5 ElEet HIE A1 L)l 515}
25°Coll A 24A13F F T2A13F % Eis

- WSS AYME0°C, 6AMh)S sHA 2 Aol ik, £453 3 oiE A S

Aee = dF ol 0%

ppm), ¥4 (10 ppm),
5°CeF 40°Coll Al 64752 gk H o

o =

- A A Ayl T 24A7bell = 35%, T2A1 el 55%E WEY. 1Hy REE 89S
Bl = A&l 66.0%, 73.0%% 57}5‘131 XaAE A2 dS 9o = 85.0%,

933%2 F7HRom otHiE EEA
- E AU opAA Y FEE P LA EEAAY
of A Aol ol EHE AR EEAYYS

E
)
ftlo
ol
o
o

=&
48.3%, 51.6% = = 7+3
5ol gl T

0} 0} O
T& M T

o
o
=
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i
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o
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)
ol
N

_48_



Table. Mortality of wandering fifth instar larvae of Plodia interpunctella against treatments of
diatomaceous earth, phosphine and CO2 at either 25°C or 40°C
Mortality (%) after treatment Mortality (%) after treatment

Treatments Amount at 25°C for 6 h* At 40°C for 6 h

24 h 72 h 24 h 72 h
Control 0 0.0+0.0c 0.0+0.0c 35.0+18.0c 55.0+12.5¢
DE 1 ppm 0.0+£0.0c 0.0+£0.0c 65.0£5.7b 73.0+£9.5b
Phosphine 10 ppm 0.0£0.0c 0.0+0.0c 85.0+£13.2a 93.3+£2.8a
CcO2 10% 0.0+£0.0c 0.0£0.0c 48.3+7.6¢ 51.6+7.4c

(2) HYA] oA qrxE, £29 B o]ibstea E8A T e LA FA HAdd

=
=
A

%

- WEAET dBls WA eR AAA ofXAREe FEE0 ppm), 2710 ppm) R
o)A EA(10%)5 1413 A glskal 25°Coll A 1212 Fol HAMAS FE8ke] oid #d7e]
TRAAYES v e

- UEFY] Al ARt -2 A0°C, I AS Aol mF A Fe] 1-30)
T7hgou 1 Al A7t Sl

- TEES S84 Aol AoA But olyet A A E 128 F= vF R
AARAZE S7h8 5. e, 2 Al ofkbe] Zpol7) 9l

- X2 EEAHT Feol AolA Buk ofyel A A 1-20) A= UlF 7
AARAZE S7h 84, 2o, T Al ofghe] Abelrt 9l

- o]atst T A2l s 1.3-821) S7hl e hspT0°] 71wl

BAE E&AEE 45
7FaS. 2y, A ElAld = 16.1-1231.29 S57Fdl o™ shsp, hsp70, grp78, hsp90<2]
Z7beo] 123120, 647.84), 15,10, 434W) 2 %3 FASA F7HE.

- %, geAel 0@ sl AEds o] FREY ¥ae] e oka
depou olbtslaiae] E8AA 343 S0 BT Aol 0@ AFge] Ao}
W) 2 oue] AAYA FERE D ¥aue] EeAddE A0 Zrgo
olabsiele EAGE AF g0 B A YR F, AATA olaksieas E8A e
S zEdS A% FAR FAHE Aste] FFIge] ME L 2L wEsE
Aag oA HE&o F/EA G Ao By, ot tpd Aelol U 4
PR EgAeel o
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Aoy R A AL A 2e-FF-t7|2A HAe dHE Fo A== 2 NS
of A5aAE B8 ol X% A= disholl ARRE=SAAY FF, ofeldntyv] 4F, 3t
gl 5 50mkE] ol @t é% 20mkel . F) § 2 45T+CO; 2%, =% 45T+ PH;

S0ppm, &% 45C+ DE 0.5mg/L & AAREFAA O 405 +50ppm(E)+2%(CO2)+0.5g (1),
455 +50ppm(E)+2%(CO2)+0.5g () s ol A AFEYHLTI0)E AlbEE FAste] AP st
T3k Drager x-am 70002 AFg&3le] PHzob CO.9 FEE& FA8H, 3= HolZ5 S
o]-§sto] HHste] H3S Pkt
DO &% X]'A]' AR NG DF7) (AL vl 1o 7]
ARt ART AR wHEstd

@ PH; : 2835 Abdel Petri dishg AXsta 1 fof I FS AA 5= 9

1L Drager x-am 7000 /‘}*9“0}04 TEE A
@ COz @ A&l COaHlFTi A F=d StA ALFAE glste] A&

Drager x-am 70002 /‘}%3}@] TEE FAE A8 F7F CO, FH.
dF7] ol AR wEe Bte FAY REE 7 vkl ofs) dAF gt
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1. ®=(45T71+)

A 2=x=7F 74 =1L

A 3]

(<))
=

40X ZE7FA] 45 ol A

ok
=1

— A} — i}

30

20

10

Time{hr)
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2. PH3(50ppm)
%k 6417744 PH3 § =7k 50ppmell =datgdar oF 0MZAA AAE FARAYAT FE
AeA fA H ek

fr

1A 2%t 3AF

o 10 20 30 40 50
Time[hr)

3. CO2(2%)
oF A 7M7HA] CO2 B E7} 2%0] T2 ar oF 401744 CO2E 718 o7 F9)

g 94l §4 s

bl 5

ol

1 xi 2 :.l:!- — ]l:'-

25

E 15
=

3 1

0.5

4]

4] 10 20 30 40 50
Time(hr)

O Aol ARRBHNEF BAAYA FEY 24}

1. AR REEAA

7). 45°C+PHgol wE g

A5CAA AABEEAAT S PHE 50ppme] HA A2 @ Te ofg] el wo] 3urEalol

|
AZadE YRy dxzaty vas s w AFEAIZHLTI00)¢] 36hr — 12hro 2 24hr
dxEug AEgart F
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{Mortality (%)}

PH; Conc,(ppm) Oh 1h 3h 6h 9h 12h 18h 24h 36h
O(control) 0 0 0 12 30 o4 68 86 100
50-D 0 0 18 54 86 100
50-@ 0 0 10 38 76 100
50-® 0 0 14 50 88 100

th. 45CT+CO0l wE JF
BTAN ARAZEZFAA L COE 2%7F HA FA7F ths ofll e} 2o 3ukaste] &3
adts yeEpde diEzaat va shele W APEAIRHLT100)°] 36hr — 36hr, 24hr2 A}
12hr @5¥ R om, s}t Agfato] ApEAZ o] e Bt AFARE 24hro] AETES
et k2t 86, 98%= 12% zkel7k vrw wiusAl AdFadrt &S &9l

B

{Mortality (%)}

CO, Conc,(%) Oh 1h 3h 6h Sh 12h 18h 24h 36h
0O(control) 0 0 0 12 30 54 68 86 100
2-@ 0 0 0 28 o4 74 86 100
2-©@ 0 0 0 26 56 72 30 100
2-® 0 0 0 28 43 76 90 938 100

t} 45C+DE° W& g
45TCAM ARAEE=FAA A DEE 0.5mg/L7F ¥ A Fod thg obe xeb o] 3utEslo]
dEadsE Uetdidd. gz vlusile . AFE A ZHLT100)0] 36hr — 24hr © 2 12hr
5ol o dFa At A+

{Mortality (%)}

DE Conc.(g/m?) Oh 1h 3h 6h Sh 12h 18h 24h 36h
O(control) 0 0 0 12 30 54 63 86 100
05-@® 0 0 8 30 50 62 90 100
05-©@ 0 0 0 26 52 68 9 100
05-® 0 0 4 32 44 72 86 100

2. ol g &nt71

7h 45C+PHzell W& 9%
A5Co A olgjgdut+tulo] PHyE S0ppme] WA A edk thg ofefl Fef o] 3wkEste] 45
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23E Yeg o gz ¥ast S w AFE A ZHLTI100)¢] 36hr — 3hr, 6hro 2 33hr,
30hr =5z =gt F
{Mortality (%)}

PH; Conc,(ppm) Oh 1h 3h 6h %h 12h 18h 24h 36h
O(control) 0 0 0 14 36 50 76 94 100
50-@ 0 76 100
50-@ 0 70 96 100
50-® 0 78 100

Lt 45CT+COz0 W& J3F
S5CANA ol T o] COE 2067k SIA Fol @ The ofdl Heh 2ol 3uRshel AF il
E YA dxza3 vl skls w APEAIZHLTI00)©] 36hr — 18hr® 18hr T5% 2=
dEEAL 2

{Mortality (%)}

CO; Conc,(%) Oh 1h 3h 6h Sh 12h 18h 24h 36h
O(control) 0 0 0 14 36 50 76 94 100
2-@® 0 3 24 38 50 82 100
2-@ 0 4 28 50 58 78 100
2-® 0 12 20 40 52 76 100

t} 45C+DEd| W& g

45T A o] &utgmle] DEE 05mg/L7t A Foldh vt ofgl] x 9 Zo] 3WkEsto] A5
2945 Yehiddeh izt Blastd S AFE A ZHILT100) 0] 36hr — Shr &2 27hr ©50]
o] AFazrt &

{Mortality (%)}

DE Conc.(g/m?) Oh 1h 3h 6h Sh 12h 18h 24h 36h
O(control) 0 0 0 14 36 50 76 94 100
05-@® 0 22 48 78 100
05-@ 0 18 42 66 100
05-® 0 12 36 64 100

7h. 45 C+PHgoll W& 93
45°CelA stg= 5ol PHyE S0ppmel A A& ths ofef Eof #Zo] 3wksie] 4
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saYsE el dxa vasslE w AFEAIZKLTI00)0] 12hr — 6hro.=2 6hr =
Hruw dFairt 5.

{Mortality (%)}

PH; Conc,(ppm) Oh 1h 3h 6h %h 12h
O(control) 0 0 10 26 64 100
50-@ 0 34 74 100
50-@ 0 40 30 100
50-® 0 32 74 100

L 45T+CO0N e 9T

45CoA stg=d f5od COE 2%7F HA Folg vha ofgl Eh o] 3whEste] 43

2= dveEbSdv dHEad vlal skgle o AFEAZHLTI00)°] 12hr — 18hr2 23]7 6hr

S7hH ol AFadrt gl AAY A viAR sgSu fS5ol ol AsEe
o) [e)

{Mortality (%)}
CO; Conc,(%) Oh 1h 3h 6h 9h 12h 18h
O(control) 0 0 10 26 64 100
2-0 0 0 0 8 34 64 100
2-@ 0 0 0 4 20 62 100
2-Q 0 0 0 4 30 66 100

th. 45C+DE] w2 4 F
45CelA stg=td 5ol DES 05mg/L7F =7 Foleh thy obef e} o] 3wkEslo
AFa s dedgleh dees v 89S o) APEAIZHLTI00)0] 12hr — 12hr, Shrz 7
A Shra=sglon, dizwy Aol AbREARbe] 22 Fi& AFEAIRE Ohrel]l HEE
glstd 747 64, 949% 2 30% Arol7k Hr g wulshAl FSa vt das SRl

{Mortality (%)}

DE Conc.(g/m’) Oh 1h 3h 6h %h 12h
O(control) 0 0 10 26 64 100
05O 0 0 20 5 100
050 0 2 2 50 100
05-3 0 4 32 60 94 100
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o] A u}
7} A5C+PHzell w& o3&k
45T A ol dntF o] PHsE 50ppme] Al A2lg ofg ofzf e} 2o 3ukEsie] A5 gy
%»Wﬂm“ﬂ Nz ¥ wetgS w AFEAIZHLTI00)©] 9hr — 3hro 2 6hr G=HE R

{Mortality (%)}

PH; Conc,(ppm) Oh 1h 3h 6h Sh
O(control) 0 20 40 85 100
50-D 0 60 100
50-@ 0 75 100
50-® 0 75 100

L 45C+COxell W& 9%
45°Col A oldntF e COE 2%7F HA Fold v ofdf Fof o] 3wtielo] A aas

Yet Aok ) Bl skls o AFEAIZHLT100)e] Shr — 6hr® 3hr @HHE=2 45

ﬂi\

37 982 Fel,

{Mortality (%)}

CO; Conc,(%) Oh 1h 3h 6h Sh
O(control) 0 20 40 85 100
2-@ 0 50 30 100
2-©@ 0 25 60 100
2-3 0 50 75 100

th. 45C+DE°] W& g3

45T oA o] dnk o

E e eyt v

= 5

A B DEE A 2

LA

DE= 05mg/L7} A FA% s obd ek #o] 3wkEste] AFa )
ks W APEAIZHLTI00)©] Shr — Shr, 6hr® ZA 4y 3hret

Z ol A= G EFel v R skA 28

{Mortality (%)}

DE Conc.(g/m®) Oh 1h 3h 6h 5h
O(control) 0 20 40 85 100
0.5-@ 0 20 65 100
0.5-@ 0 25 60 90 100
0.5-® 0 30 75 100
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O AEHA AelE FEFA

1. 2=(45T71=)
ok 10A1774A] 45°C o] ERalgar of F oF 40Xz 45ColA e LmTF A

= A,

i
;
ol

mf"\

Cone.(C)
3]

0 10 20 30 40 50
Time(hr)

2. PH3(50ppm)
oF SAIZH7FA] PH3 &%7F S50ppmol =23t ¢F 40X 7M7FA] A A3 HAHJUA T 2=
dAstA A = Ak

1% 2%t 3%t

un
=]

5

Conc.(ppm)
S

[
Q

=
=]

=]

Time(hr)
3. CO2(2%)

oF AN A CO2 F=7F 2% =28kl o 404374 CO2E F714 o2 T8t

= T/ =
TEE dASA 7A skt
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1R} 235 e 3 K}

o 10 20 30 40 50
Time[hr)

7t 45C+PHgell w2 <3

45CoNA AABRESZAAZ Y PHsE S50ppmo] A A2 e ofs o] #ep o] 3uHEsle]
FFadE Jehdd. iz vkl AFE A ZHLT100)°] 36hr — 12hr, Shro &
24hr, 27hr =522 AE=gyrt F.

{Mortality(%)}
PH; Conc,(ppm) Oh 1h 3h 6h Sh 12h 18h 24h 36h
O(control) 0 0 0 3 32 44 64 90 100
50-D 0 0 16 58 34 100
50-@ 0 0 20 64 100
50-@ 0 0 14 56 30 100

U 45T+COzell & 93

45CAAN AABREEAAGA COE 2%7F = A Foig thg ofefl xe} #Zo] 3wk sie] A%
295 etk dixzatd vl sk wWl AFEAIZHLTI00)©] 36hr — 24hro 2 12hr @5
Heg dFaart 5.
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{Mortality (%)}

CO, Conc,(%) Oh 1h 3h 6h Sh 12h 18h 24h 36h
O(control) 0 0 0 8 32 44 64 90 100
2-@ 0 0 0 20 50 76 88 100
2-@ 0 0 0 20 o2 68 84 100
2-® 0 0 0 28 o2 74 90 100

th. 45C+DE°] w& <d3F
45Cel M ARARE=SAA Y DEE 0.5mg/L7F S A Folgh tha ot #eof o] 3utEs}o]

Azaae dehdch gz wustg S AP AZHLTI0e] 36hr — 36hro = AFEA
gro] ol Jgol g1S.
{Mortality(%)}

DE Conc.(g/m?%) Oh 1h 3h 6h 9h 12h 18h 24h 36h
0O(control) 0 0 0 8 32 44 64 90 100
05-@ 0 0 0 10 30 48 68 82 100
05-@ 0 0 0 8 32 48 70 86 100
0.5-Q3 0 0 0 10 40 52 60 78 100
2. ol g &n 7

7} 45 C+PHzoll| w2 J 3k

45Ce A ol g&utno] PHsE S0ppme] = Al A2 d ths oz 3ok o] 3uk&Esto] A%
292 e BEad vwsgde W AFEAIZHLTI00] 24hr — 3hro & 21hr w35
vg AzFasp =,

{Mortality (%)}

PH; Conc,(ppm) Oh 1h 3h 6h Sh 12h 18h 24h
O(control) 0 0 10 28 52 66 82 100
50-@ 0 74 100
50-@ 0 80 100
50-@3 0 70 100

Lt 45TCT+CO0l W g3k
45O ol Antulo] COE 2%7F WAl T @ the ofd me} ol 3ntEae] AEE
S Yepddeh dixzat2 vl skS wf AFEAIZHLTI100)e] 24hr — 18hr, 12hro. = 6hr, 12hr
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dEHEe 4FEA) 8L B
{Mortality (%)}
CO; Conc,(%) Oh 1h 3h 6h 5h 12h 18h 24h
0O(control) 0 0 10 28 52 66 82 100
2-® 0 8 24 38 60 82 100
2-@ 0 4 28 50 68 100
2-® 0 12 20 40 58 76 100

) 45C+DEC w2 &
45Col A ofejduttrlo] DEE 05mg/L7F ¥ Al Foi3k ot ofefl :#} 3Eo] 3whislo]
dEaHRE et iz sk S A AIHILT100) ] 24hr — 12hr, Shr & &2
12hr, 16hr @522 =3 371 F.
{Mortality (%)}

DE Conc.(g/m?) Oh 1h 3h 6h Sh 12h 18h 24h
O(control) 0 0 10 28 52 66 32 100
0.5-@ 0 6 26 48 70 100
0.5-@ 0 20 38 62 100
0.5-@ 0 10 20 64 100

3. HFIY 3

7} 45C+PHsell W& 43k
45T A st 3o PHsE S0ppmel ¥ A A2k thg ofef e} o] 3whEalo] 4
Ta4E UetdAY. fixza 3 vwsidls W APEAIZHLT100)©] 12hr — 6hr, Shr = 3hr,
6hr @ o2 AFgirt &,

{Mortality (%)}

PH; Conc,(ppm) Oh 1h 3h 6h Sh 12h
O(control) 0 0 4 26 58 100
50-@ 0 28 74 100
50-@ 0 32 30 96 100
50-®@ 0 32 70 100

Lt 45T+COxel W J&
45°CoA st 5ol COE 2%7F SAl Folgh o2 ofdf 3} o] 3ukhsio] 4%
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EHE YepdAdnh iz vl 5S W AFEAIZHLTI00)e] 12hr — 18hrE 23] 2] 6hr
S7tH el AFa At glvh AP AdH vV R sl fEl dolA AE=e]
CO= BEHE =98 ¢ F A=
{Mortality (%)}

CO; Conc,(%) Oh 1h 3h 6h 9h 12h 18h 24h
O(control) 0 0 4 26 56 100
2-0 0 0 0 0 0 22 58 100
2-@ 0 0 0 0 4 28 68 100
2-® 0 0 0 0 2 10 64 100

5l DEE 05mg/L7F =7 Fo3k b ofell 9 o] 3WHE3sle
C W Al shgle W AFEAIZHLTI00)0] 12hr — 12hro2 Fo}

SEEAT 9
{Mortality (%)}
DE Conc.(g/m?) Oh 1h 3h 6h Sh 12h
O(control) 0 0 4 26 56 100
05-@® 0 0 8 30 32 100
05-©@ 0 0 10 36 78 100
05-® 0 0 6 26 74 100
4. o] @ntH

7} 45C+PHgell w2 9k

45Col A oldntF el PHzE S0ppmeol Al A3 th& ofef e} o] 3ut&Esto] A5 a3
YEt ATtz vlast s o AFEAIZHLTI00C] Shr — 3hro® 6hr @5¥ 2=

=
=
A

$EE A} 2,

{Mortality (%)}

PH; Conc,(ppm) Oh 1h 3h 6h 9h
0(control) 0 15 35 75 100
50-@ 0 40 100
50-@ 0 50 100
50-3 0 90 100
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L} 45C+CO0l W& g3k

45°Co A oldutF el COE 2%7F HA Fold v obdf &9 #o] 3
et ATtz vl &9lS W AFEAIZHLT100)©] Shr — 6hrz 3
H7F dEe &2

= rj_/
AU
Ao

i

d

u

i

ofy

fo

{Mortality (%)}

CO, Conc,(%) Oh 1h 3h 6h Sh
O(control) 0 15 35 75 100
2-D 0 40 75 100
2-© 0 25 90 100
2-® 0 50 90 100

t}. 45C+DE°] w2 <3

45T A oldntFel DEE 05mg/L7F ¥ Al Folgh thg ofg] 9k o] 3ykEsto] A58y
S YeEidth giza 3 vl sks W AFEAIZHLTI00)©] Shr — 6hro & 3hr TEH¥H 22
ATan7t des e

= .

{Mortality (%)}

DE Conc.(g/m?) Oh 1h 3h 6h %h
0(control) 0 15 35 75 100
0.5-@ 0 25 70 100
0.5-@ 0 10 70 100
0.5-® 0 30 80 100

O ZAdoly AZI=d;T HTA A ZLFH A}

1. BFA2AOTC+FS+Ul 71 2A)el 2 gk
40CoNM AABRESAA G EetAgste] AEFaaE S xeh o] VeI ofd &

B AY o] gizatd ¥ustd S w AFEAIZHLTI00) ] 48hroll Al 12hro2 w4
Dj— 2~

ol] A ]
A% g 5 Aot

{Mortality (%)}

1h 3h 6h 9h | 12h | 18h | 24h | 36h | 48h

40%= 0 0 0 0 3 32 56 80 | 100

40=+50ppm(3£)+2%(CO2)+0.5g (71)-1 14 | 30 | 50 | 80 | 100

40%=+50ppm(3E)+2%(CO2)+0.5g (11)-2 14 | 28 | 54 | 78 | 100

S| OO O O

405 +50ppm (3E£)+2%(CO2)+0.5g (71)-3 16 | 34 | 58 | 84 | 100
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Aol EgAgste] dsadE vhs ®oF #Zo] WERAT oY %
A= W AP AIZHLTI00)°] 36hroll A4l Shr= 95¥ AS

{Mortality (%)}

1h 3h 6h Sh | 12h | 18h | 24h | 36h

455 0 0 12 30 54 68 86 | 100

455 +50ppm(3£)+2%(CO2)+0.5g (1)-1 72 92 100

455 +50ppm(3£)+2%(CO2)+0.5g (1) -2 42 72 94 | 100

o | o O O O
N
()

38 72 9% | 100

455 +50ppm(3£)+2%(CO2)+0.5g(71)-3

FAHUAOC+EST+H7124)

X ] =
= pu. O ©
40T A AABRZ=ZAAG HEgAeste] 4F5axE v 29 2ol Yediddet ok %
oA H& A o] xR HusA S w AFEAIZHLTI00)¢] 60hrollA 12hro=2 =%
A% SE + Ak
{Mortality (%)}
0 1h 3h 6h 9h | 12h | 18h | 24h | 36h | 48h | 60h
40%= 0 0 0 0 0 0 8 24 48 90 | 100
40 % +50ppm(3E)+2%(CO2)+0.5g (7F)-1 0 10 24 50 82 100
40%=+50ppm(3E)+2%(CO2)+0.5g(7F)-2 0 18 20 40 74 100
40 %= +50ppm(3E)+2%(C0O2)+0.5g(7F)-3 0 8 18 46 76 100
2. B AU TC+EFT+U7124)d e JF
A5CoA AN AABR=FZAAZ N HEAested dF5axE v F9 2ol Yedidd o &

N i A3 ol YETH wlwsge W AFRALHLTION] 36hrel A 9712hrE WEE

o 3 =~
A% FAg 9

d
¢
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100

{Mortality (%)}
90

18h | 24h | 36h

64

12h
44
100
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32
96
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4
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o8
54
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2ol

[9
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18
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14

0
0

=ol7F °F 15~30m AEZE =7
k= Zlo]l Fa

)+226(CO2)+0.5g (7F)-2
)+226(C0O2)+0.5g (7F)-3

3L

s
L

-

2o A%

]

45%=+50ppm(3E)+22%(C0O2)+0.5g (71)-1
[e)
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OMRI Status”  OMRI Product N,
Ao e

468 Page 8-2

FDA S5 =

2. 71E dAE AL 3FEFAY Al=w gAe] AAAE v

71 A WA et 3FEFA T Al~ES v 8akE ST 3T EFAE Al2Es EYAl Y]
& dAE FAol nE] 100vHdN A 96t oz Au]go] 4vkd G E u]go] H7hEGlon,
Tg WAl A o] 48AI kOl A 24X Fr O R 24413 @EE o] AN A ATV =¥ 8 AT
o] H& Atk 53], AYAY A FAE AAEr] f&) Aatekele]l WEA s=d Akt
A FEAIZro] FFF AR At o BHTS @ F Atk

AEs)Ah dF4E ARE AHEE AAZESEAAZAA %(45T)+PH3(50ppm) & &= 9}

al

2 5(45C)+PH3(50ppm)+CO2(2%) + 1 = E(0.5g) & H]

ol Ml BALE 9l AR FFAEAAM= CO

[\
i
_>\J_rl
i)
_0|L
D)
T
rlr
X
2
dt
ol
ok,
v
K
>~
>,
Al
it
=

71E 8] A 3TEFAE Al=H
A FE 2%=(557C) L2 (45T)+ PH3(50ppm)+ CO2(2%)
A A 7E 48hr 24hr

1400m3 WA tfsle] v]-8AHE
A7 7 ¢ 9F 409
A7 a3 2 A Te]E Q - oF guie = o
© A7) g ok 1008 PH3H]& @ oF 69+ » = 96%HY
CO2H & : ¢F 509+

(FE=ERE @ A&l vgol 23

23
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ARABEEAAGAA 7P =& dEEs ®H E=(45C)+PH3(50ppm) +CO2(2%) + 1+ = &
A

05058 A8 A ANSEA AT A

AAREEAA G ANA &% (45C)+PH3(50ppm)+CO2(2%)+ T+ ZE(0.5g) s =l A 7} =& 2
89S Holup L% (45T)+PH3(50ppm) 5=t Ao A zpo]l7 A9 glom CO29 = glH)
fo] 7] wio] &%(45T)+PH3G0ppm)E =S AL&3ste] HAS A=A A &dsthar A
=

)
ol

}gi~ A7 Az 9A8E ALea Wi PH3, CO2 72ES Agdt=d ojd-%
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Molecular identification of
glucose-regulated protein
78 (grp78 gene from Journal of 17,
2014 | Indian meal moth, Plodia | A7 | o144 | A} | Asia-Pacific | 303 Exd SCIE
interpunctella, and its Entomology | -309
regulation by nutrient
uptake
Synergistic effects of heat
and diatmaceous earth for Entomological 44
2014 the control of Plodia | A8} | o4 | fad5 s 130 | =9 | SCIE
. . ) Research
interpunctella (Lepidoptera: -136

Pyralidae)

Differential induction of

cellular stress responses

on the combined Journal of

treatments of heat with . <o =

2015 diatomaceous earth, Z Asia-Pacific | HA S| =79 SCIE

phosphine or carbon Entomology

dioxide on Plodia
interpunctella

o
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T
o
o
il
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&

Synergistic effects of heat

and diatmaceous earth Journal of
2015 . T g | o] E | | Asia-Pacific | Fas | =9 SCIE
phosphine and carbon
Entomology

dioxide on three insects
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