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Abstract In order to investigate the efficacy of ozone against major stored-product insects and its relationship
with phosphine-resistance, five stored-product insects, Tribolium castaneum (Herbst), T. confusum (Jac. du
Val.), Sitophilus zeamais (Motschulsky), Cryptolestes ferrugineus (Stephens) and Rhyzopertha dominica (Fab-
ricius) were exposed to ozone at concentration of 0.84 g/m® by using an ozone generator. The toxicity of ozone to
T. castaneum (Rf 1.7-862.7) and T. confusum (Rf 2.3 -144.7) with different phosphine-resistance were stud-
ied. Finally, the differences of behavioral state of the insects in different observation time after ozone fumigation
for 1 h were evaluated. The results indicated that the five pests were sensitive to ozone, and their LT;, ranged
from 0.58 h to 1.53 h, of which R. dominica was the most resistant to ozone at tested concentration. There is no
significant difference in the sensitivity to ozone among different phosphine-resistant strains of 7. castaneum and
T. confusum and there is no cross-resistance between the resistance to phosphine and ozone. After being fumiga-
ted by ozone for 1 h, the insects showed three behavioral states, including normal crawling, abnormal crawling
and death. A large proportion of the test insects (24%—66% ) were in an abnormal crawling state and lasted for a
long time. After about 10 days, the part of the test insects returned to normal or died. The results showed that
ozone fumigation is highly efficient and broad-spectrum for stored-product insects, and there is no cross-resistance
between the resistance to phosphine and ozone. Ozone has the characteristics of controlling stored grain pests and

phosphine-resistance treatment.

KREEE: 2019-03-19 &iTEH®: 2019-06-04
HETH: EFEAHRITRI (2016 YFD0401004-04, 2017 YFD0401003-5) 3 VT 9548 B 1 [ SR FH 2 WF 33 L300 H (17KJB210005) ; 7T
ANKAA i ZIRAA T H (NY-057) s i A 25 HAT LRI & 101 (201413007-2, 201513002-5-3) s VLA MR L 2 Bk i %
TR VLA O AR RO 5 SR BB R (KYCX18_1421)
* JW{E1FH  E-mail; tangpeian@163. com



£ 292 - 1495 44 47 2020
Key words stored grain insect; fumigant; ozone; phosphine-resistance; mortality
FUAG . AR T R B 2R IBRAL A A HON R USRI 22 57 S R S TR 26 e B L)

(PH;) FLZZ sl A HLBE AR 48 (CEhhr g s . R WA L H 2
R BN R T N G L 2 i W
Horp, PH, AEA#RR T BUBIT Y6 b4 6 R O E 2R A
. AT KW ER—fdi ] PH, © 280t FaE &
BB E B (RIS E Tribolium castaneum | 45 5
Rhyzopertha dominica . 5 7% Jii 4+ ¥ Cryptolestes
ferrugineus SN PHy 715 1 43 P H BT 254,
PRI T 24 B AN HE AN, 25 AR S R B SR B KR T 5 MR
BRENNEZEWZ RN E M. PH, 0

BT P TR A IE R PH, 1 SR 2850 i 24
AT R

RO Re— it S AL 78 2 AP R 5 0
AR SRR R A B R R AR Bk
ANE B KAE T AR T HAB R BUR] R TC R
B R DE  ELE—E FEE T R A MR £ 3 I 5k
A MU A DL AR AR 2 e — Pl R AR 10 R A9 2%
FPRARA S . CA IR AR A d iy i
WA IS A BRI RE RA — 5 B I HLREAE — €
MR ARFEA R SR L IR S5
RRAD TR I I 5 S0 w8 K 2 MR R4 1 B 2 K
A xFih g b A R R R B B B R R DD BE
DRI » SR 4 fif R A A AR R Bl 2 i )i
M2 SR TERIBETE . AN SCE BT IE R AR F2 5
AR AU B 07 JF R A H AN [A] PH HTdE bl &R

FIAREZ AT O . AETEIR AT T - Bk 5L 4 fi
R A KT B AR T SR 9 2 B HGE P 45 1
DRI R v AR T A R T BT R 4R A Y
58

1 #RIngE

L1 g
1L.1.1 B R &

PR HCR AR AR VR RN A A
EAFG X, I C R M Rkl s 5
TRR2E BEff R 3 S 5 1 R4 10 AR (5 R W ) e
A 2570045 A BRSO 2% 1. R iy s A St
PE R B R A ER A Al HZ (FAO)
HEAF Ry ik Bl s T BB 2 78 30°C AR X R
JE 75 Y0 IR IR R R A vh % A B AR 20 h, AR
R 1 h JE B a0 B TS DR Y 85 5 L
FE 3 d JRge it AE T AR Il sk AR R TR R L
FETHCS S IR U 28 B REURD
=R AR LGy /USSR R LGy o B R B
FELL FAO PHERE(E B P i A 18 00 A 4 R
HEAAAUAT B 1) LCso 4391 24 0. 009,0. 011 mg/L),
AR TP Vs i & CKTea 19 PH, Hio i 25005 F
TP B AR BTk RO A S5 =
DU AH R R 2R

R 1 PHAEIRE R AR B R ER B R SkR

Table 1 Species, strains, time and locations of stored grain insects

& Species AL PR  Strain  RERE/4E-H  Time RAEH S  Location Ptk &5 RS
TP s Tribolium castaneum XKTca 2016 - 08 YLIE BT DA 1.7
TLTca 2015 - 09 ENIINTE & 7R N 3.0
CKTca 2016 - 08 1 A R A R AR 5. 50141
QHTca 2015 - 01 AR AR SR R AN 60. 8
HKTea 2015 - 12 8 e A 1 AR R A e 38.0
SZTca 2016 - 08 I A YR B it 45 PR 862.7
F AW T, confusum FXTco 2016 - 07 M T AR B A 2.3
ZYTco 2016 - 08 IR LA T 25T 4.3
GZTco 2015 - 12 JZRAE ) MR I 144.7
FoKG: Sitophilus zeamais CDSz 2017 - 12 DU 148 A iRk /
RS Cryptolestes ferrugineus WILCf 2015-12 iR 11.5
2% Rhyzopertha dominica SMRd 2015-12 R — IR B AR 21.0
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Table 2 Toxicity of ozone to different stored grain insects

LA (95 % BAFBR /h

= i 3] 2
Uk ik s fE Lethal time(95%CD £ df

Species Strain Intercept Slope

LTso LTy

IR ES Tribolium castaneum QHTca —1.70%+0.19 13.3440.96 1.34(1.28~1.40) 2.96(2.69~3.36) 10.47 13
Ze i ws T. confusum FXTco —2.3440.21 12.7340.85 1.53(1.46~1.59) 3.50(3.17~3.95) 18.27 16
F K4 Sitophilus zeamais CDSz —2.85+0.28 16.35+1.25 1.49(1.31~1.66) 2.85(2.32~4.77) 98.18 13
FIRRA T Cryptolestes ferrugineus WLCS 1.540.13  6.4540.54 0.58(0.50~0.65) 2.98(2.30~4.43) 17.60 12
28 Rhyzopertha dominica SMRd —0.59+0. 11 6.6740.44 1.26(1.09~1.35) 5.98(4.62~8.83) 36.26 16
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Table 3 Toxicity of ozone to Tribolium castaneum and Tribolium con fusum strains with different phosphine-resistance levels
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Species Strain Intercept Slope ‘
LTs LTy

TP T. castaneum XKTca —1.3420.18 14.52£1.07  1.24(1.18~1.29) 2.56(2. 34~2. 89) 6. 76 13

TLTca —1.0540.17 14.7741.16  1.18(1.13~1.23)  2.41(2.19~2.75)  7.26 12

CKTca —1.7140.26 14.97-1.42  1.30(1.23~1.37)  2.64(2.36~3.09)  3.92 13

QHTca —1.7040.19 13.34240.96  1.34(1.28~1.40)  2.96(2.69~3.36)  10.47 13

HKTca —1.0340.17 14.23+1.06 1.18(1.13~1.23)  2.49(2.26~2.82) 12.75 13

SZTca —0.9740.18 19.11+1.68  1.12(1.08~1.17)  1.96(1.79~2.21)  3.69 12

ZA s T. con fusum FXTco —2.3440.21 12.7340.85 1.53(1.46~1.59)  3.50(3.17~3.95) 18.27 16

ZYTco —0.6940.17 20.46+2.02  1.08(1.04~1.12)  1.81(1.66~2.06)  1.73 12

GZTco —1.34740.17 12.1140.90  1.29(1. 14~1.43)  3.09(2.47~4.79)  52.38 12
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Table 4 Changes of mortality of Tribolium castaneum and T. con fusum strains after ozone fumigation for 1 h
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Fig. 1 Changes in the proportion of insects in abnormal crawling state after ozone fumigation for 1 h
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