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B E [HH] oMLELpAaiemRE o 2 EARR, HoR MUCR 2 ZR A5 1 rsgm, Hhii
JEE X AL R T 2 R AR A BRI 52 AR SR 5 A8 DB TR X il (b S TR 2 % AR s, e TR
itk OB A TAESRAE Ak . [ ] DRI # Tribolium castaneum FIE5 75 i 43 ¥ Cryptolestes
ferrugineus FFh LA E HURDFSEXT S, 43I EFEIREE 20, 25 Fil 30 °CHY, ZRPIA TGS o m 43 i
R . 4hrf . 8. RHUZE 400 mU/mP LR ZE 12, 24, 36 F148 hFET- R, [ 48] 25F130 °C4
HF, SR EAERUA AL R WA R AIET 3 R R R A W4 R AR TR B S T 20 °CAR 4
TR (P<0.05) , 25 °C# 20 °C'F, BRALEEIE A i 43 5 25 USRI ] 1 1 2 4L (P<0.05)

30 °CF, Wb A E IR EFE IR AL A RSET R 5, 48 h B FET R I¥3K 5] 100%., LAk, B
V) % Tl T S B 2% R DL s 5 A i 45 M P R L 25 S AE T R HLUR 35 52 (P<0.05) , FEAATRI Y R

M 48 h JE PP E MASET R IAT] 100%. [ 4] WAL, i) B HAC EAR AT AL S T RIS e R
B I A WS 25 SR A B, PR IR R TR, DRI S ORI R A HUS SR TR 2
BFERm.
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Theinfluence of temperature on the
effectiveness of phosphine fumigation

JA Xiao-Yu YANGLi™ NIU Zi-Wen LU Shao-Hua

(School of Food and Strategic Reserves, Henan University of Technology, Zhengzhou 450001, China)

Abstract [Aim] To clarify the influence of temperature on the effectiveness of phosphine (PH3) fumigation for the control
of stored grain pests. [Methods] Two main stored grain pests, Cryptolestes ferrugineus and Tribolium castaneum, were
chosen as the research subjects. The eggs, larvae, pupae and adults of these two species were exposed to 400 mL/m® PH; for 12,
24, 36, and 48 h at 20, 25 and 30 °C, after which mortality was assessed. [Results] Mortality of T. castaneum larvae, pupae
and adults at 25 and 30 °C was significantly higher than at 20 °C (P<0.05). The duration of fumigation required to kill all
developmental stages of C. ferrugineus was significantly less at 25 °C than at 20 °C (P<0.05). The highest mortality of all
developmental stagesof C. ferrugineus and T. castaneum was observed at 30 °C. At 30 °C, 100% mortality was achieved in
48 h. In addition, fumigation duration significantly affected the mortality rates of all instars of both C. ferrugineus and T.
castaneum (P<0.05). Under the same temperature, extending the fumigation duration enhanced the killing effect of PH; on the
both pests (P<0.05), achieving 100% mortality after 48 h. [Conclusion] Temperature, duration, and their interaction
significantly influenced the mortality rates of all instars of both C. ferrugineus and T. castaneum. The mortality rates of both
pests increased significantly with rising temperature.
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FERARE A=K, R R AR B R

E, M2 O i R ORI 2 A R B AT
SER R BUN s okl . S AN e = T
o AR B AR R o B, R HUE AR
R E A B SRR, EAE IR,
EHE S H0W AR R, ARERE SRR
g 5K S — MBI E S A, T BUEYENE
& (Rajendran, 2016 ) . #a%iil, 2EREAREH &
A AR R (R R R Y 10%-30%
fi, 2018 ) . FR{UA ¥ Tribolium castaneum Fil45
7 i 4 ¥ Cryptolestes ferrugineus 2 i A= 25 &
Gurbes W EE L, RO RE ) Ptk kR,
X LE A ) ™ FEUM (43 5 5, 2010; Nayak
et al., 2013; Campbell et al., 2022 ) ., FRILAS T
B MG EEF R, BRTREEELR. /D
2 FIVHIAS SR BV B LA ot i 25 X | g
2GR S5 7= Sh i s o (R 915, 2015; ik
kA, 2019; B RS 2022) . RIS SIS T
B A BT AT Ay 3 4 0 B G A, B A AR P 1 R
J T LA 0 5 2R R 5 S50 0 IO 1 LV, A TR A A
g ARk Rk e HNME( Sevenson et al.,
2017 ). 5 %t 4% s A MU LA /N HL B e
PETE B E S5 T o] Bl ®AT, FERRE N — B &
PRULSE d, W2 R E LI KB B G, QB
AAY, SREZEHIFREREK. I, KU
BN IR A B B A B, R R AR
Ao ffi O PR AR BRI A # . BAE L B
T s F e N RIS, EL Rk A
HEWEESNE, EAEFEMNLS (I EE
4 2013; Sutar et al., 2021 ) . Ht, HEAWFIIX
PIFRE R B TR SRS, X TR @& HA &
WL ( Phosphine, PH3) J& H A it A i [l

P R 2 AR B 7557 ( Afful etal., 2018)
PH3 R UL EERT B . Pt . 253007, &
B BB YAEIL A, FERERRE B ia Tz N
(Lorini et al., 2007 ) . & EA4EH K2 88.9%

PIfE R ] PHS BEZE RT3 U6, X H A
FEX SRR . B L THRLRIER L L S a0
T M EZE R (FRk%, 2022) . PHs R
A RBERI T AR, FiBEREIERZ),

SRERGEY BEMMKE, EHTIRN AR
FRAL o PHg B A HOAL A 455 410 1] £ Mok L sk s i
( Acetylcholinesterase, AChE ) ik, T &
WG5S (Chaudhry, 1997; FkMHEZEF KT
73, 2000) ; #RIZRAE SRV (dHEEER o
EALEE ) T ATP &A% (Kauretal., 2012) 5 F
PR E AR SR B, 0 AR Py A 3 o
( Reactive oxygen species, ROS) KEHZE, xf
20 M i 1 R AL S (Quistad et al., 2000) o FESE
FrAz =, B IR R Z B L A X PH Rk
)T, FECEEPREZE DR R T EARE

FLERM (REBHAE, 2024 )

S PH3 A HURCR I PR R A 466 5 ol SR
A5 R T ORI S T
FRI AN FEIABE R 2R IR DL e N ER
FEIXSERZE T, IREEXT PHa B 1 R Il G
(Nayak et al., 2020) . CAWFEH, AHLBE
A% HOFR 0 I R 2500 FR I TE A TRLE R Ak, BVAE—
S TR RE S RPN, 2% SEGR A) B  Bif o TR 1 T s
s (B o485 2010) o JBEFFE AT LAk
PH; SR LERHE A HIGH %, $E M ik AUk
1 WY R G P BB ROR . IR IR 52 PH;
SRBREHIIE M, TRk A RE A A ( Jagadeesan
et al., 2012) , fIRIRIAEE T PRI 5 a5
TP A PHg WG, S ECEZR RN =ik
Pretkr= A (XI4E, 2016) o M, frfbidsE
SHURRTE PH3 B 1A SR A% ORI 2 —

ARG LA AR HUA AT 7 RS 25 J 2 15 10 o 3 o
MOE . gl SRR ORI S, ERERE S
SR ZE IR S HAE AT, WA LB X AR 40048 s AN
I A ¥8 4% HUZS 58 4 BOHE I [R] AAS [A] H 25 ]
PH 3 T 52 M 52, Ay 5 G-l B i i R 5 R
F PH L IEZEE RS

1 MRERE

1.1 KRR

UG HER AT R AWK T EIRE, 558
AR AW LT FE SR Bl 250, 9 E T R
T R AR B S 3 B SRR . A4 s
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TR 4 ARy - BERE=19 : 1 (wiw) AYIR SR,

PR m A B R e A by - MR - AL WERE=
5:3:1:1 MIREME, 7RREE (30£1) °C.

AR 70%+5% ., JOOGIRIGFRAE G FE . 7
SIBEALLE R A 25 5 R A BBl (2d) |
4 (14d) | i (28d) Fod (PR)S 3d)
TR

12 FEMNH/MNAFH

A B A

A% : LHS-80 BUHLHAVEERIGFRAE (RIUE
TR A IR A E] ), B, 2R,
BRFRIL, THRds, 308k, B4, HL-210-PH;
WM E A (AR EARR A IRA R ) 45,

1.3 XBF*

1.31 PHaROHI&  7EiE U R e A0
T sb . KAl AR SR N A 2 AR PH3
SR il gE PHa T, T R 3 SO IR 34
AR, A S e AR SO R AR B B <
WHEFE IR A, RN R 2 R, K TR
S /N BGH IS SRR R, IR AUEL T
FHEZ AL (Prabgkis «ilk ) , A8 FRagm
BEALAR 25 A PGB K T B A I =k, b
B PH3 i 77, 45 R i 21 PHg SURED AT 72 4R
S, FHERZR G [ 4R S0/, B AT F s e 2 e
PGS 7 PHs AR T80 .
132 PH;FRHBRME FREE T 3MEE
(20, 25 F11 30 °C) F1 4 /~HfiE] (12, 24, 36
M 48h) B L R EZE L F, USSR AR A o
IR A s T B BB 736 - Irde iRy
I 35 1 P ) 32 A AR DX 38 IR & R R X ]
(Huang et al., 2020) , H5iXPFhE A b
KEMWERN/rES (Nayak et al., 2013) , fE
S WS G i P TRLE I8 s X B 2R AR A S o S
35 R 400 mL/m3f) Sk B LR, B
R AU DI e B PR 25 1 i N, ( Kaaur
and Nayak, 2015) . M) W T8 =
F L PHa BRI TS ( Nayak et al., 2020) .
BEAILIE RS B3 RIS 2 I A HE ) B L 4 1L
BHANRLH, AT 1L B A7 AR )

HOIEH, (R S AR R B A
0.4 mL 1y PHa IR (&9 ) 400 mL/m®) ,
HEIE 2> 8 T 20, 25 Fil 30 °CrOEEFRfa s
FEMEE, il EmIEAN R 12, 24, 36 148 h
JEHUR, XA B, AR RE A& A R ]
MHE 3WER, MWRER 40 ki, MEIC R
ARV EE 5 AN [R) S22 i (e AR B AG B | &y, i An
BTG DL, 1D SRR 5 5 55 % e 45 W5 4%
HSRIPET HG . NSRS 7d, £
i Ak L2t A8 i BV R E S AET (Bell, 2020) o
WREEZE S e R SRAR T, 10 d AR P B AR
BRI 2 A %ETS ( Rajendran and Muralidharan,
2005) . ghdt S REZ S 24 h WCH iz 5)
(s 3 8 BRSO AT LR S B g ) BIVH) 2 S A6 T
(Lorini et al., 2007 ) . IHERIERT R, A5
. v, JEFEBET R - SIS
B T A
(BG4 2012) .

14 HiE4LE

K SPSS 20.0 H X E A TS T
SR IERE ) 24 HERNE ST, AF S IES
(B EA T 5 HR S I % 4 o R LRy 22
3 (One-way ANOVA ) PEH AR 2440 F
[ A ) S BB TR, SRR & 2243
B VT T RS ) X5 PH 5 2B 2 2% HUSCR Al 50
KM Z R J7 2 Hr PR e | i ) Fn g R mh 2
Xif PH3 B 288 HUMCR SR, 24 22 22 57 1 25 At
T Duncan [KHT & 25 FEE#H T Z H LT
B, 25 REKTBCE N P<0.05,

2 HREHH

21 REX PH; ERFFHA T E HSBIRIIZIT

IR FREE T PHg ZEZE X AR A B4R IE
FET-H (R “BET-H” ) R, &R T
1 BEZR IS )G N BB = PHa AR HUASCR o 2R,
FEAH ) I B R S ZE R (B 45 F T, PHa X 4% A 1Y)
WT-HRAEREZER (P<0.05) . HEERHK N
12hif (E 1: A) , FHREFIET R SEET

100%
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Fig. 1 Effectsof temperature and duration on the mortality rate of Tribolium castaneum with phosphine fumigation

A, IREEXT PH3 B RUA B4 RS 12 h RCRAGSEIR 5 B. RBEXT PH3 SRR UA B34 105 24 h ORI ; C. iRE
Xf PHg SRR B2 45 IS 36 h CRAYSZNT ;. D. I EEXNS PHg BRI B8 45 IS 48 h ORI . 1 h &t -
Bpfabriin . M EAR/NG FRERR 225 3% (P<0.05, Duncan [RZH WG ) o FEIH.

A. Effect of temperature on 12 h PH; fumigation efficacy against T. castaneum at different life stages; B. Effect of
temperature on 24 h PH; fumigation efficacy against T. castaneum at different life stages; C. Effect of temperature on 36 h
PH; fumigation efficacy against T. castaneum at different life stages; D. Effect of temperature on 48 h PH; fumigation
efficacy against T. castaneum at different life stages. Data in the figure are mean+SE. Different lowercase |etters above bars
indicate significant difference (P<0.05, Duncan’s multiple range test). The same below.

R R F AL (P<0.05) . PHy %4 HZSHISE
TR FAE 20 CCAMET R L H>H) > B> 5
FE 25 CHAF T s il ~ 4y B>l >0 5 78 30 °C
ZMET R s B ~ 2l A SO>S, JE K B 2R A [A]
24 h 5 (E 1: B) , %, BEFISHAE 25 i
30 CHYFET-H i 2w THAE 20 CHIRFET
( P<0.05 ), PH3 %45 A HIBET - HEF7E 20 °C
AT R BLHSH RSO 7E 25 A1 30 °C 4%
PEFR: BUR>S SO>I, BEARRK Y 36 h
B (1. C) , BRRIRAAET R SR T A
WEIEAME (P<0.05) , HAHAE 25 F1 30 °C
FIZET- Ik H] 100%., PHs X4 RS IIET: %K
PP AE 20 °C A R BLA>S) H ~ i ~ B

TE 25 °CHAF T 0 Ll >l Hi>ti ~ b s 75 30 °C

STy BUR =~ g SO>S, 2R KR 48
hih (1. D), BITE 30 °CH&AF FIET-FiE3
100%, . % HAIRHAE 20, 25 F1 30 °CHISE
T- %33k 5] 100%,

22 mEX PH; ERXRFHRREESTRTHRE

B

R FRE T PHg B2 2806455 o i 43 H5 4L
TR, R IR BT . TR 2RI ] A e
g IR A HAUR (P<0.05) . {HAEHH A 2
BRI AT, PHa X HUSAET S RAFAE
EE5 (P<0.05) . HZERK N 12h &) ([ 2:
A) ., SRR RFET 3 5 E T 2 B IR AR

(P<0.05) , H4HWAHRTE 25 F1 30 °CHIL
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T2 E T HAE 20 CHRFET 3 (P<0.05) -
PH3 X4 HUS I SE T 2 HE ¥ 7E 20,25 Fl1 30 °C5%
P 0 s MR SZ A SO>I, JE K S 2R A [A]
24 hjg (Kl 2: B), B0, #idifdizer-5
5T A 2 IE ARG (P<0.05) , Hifi7E 30 °C
MIFET-Z 2 5 T HAE 20 Al 25 CHYBET %
(P<0.05) ., EZERHK N 36 hiEf (K 2: C) ,
BT A 1 AT T R SR E T AR S IE A G
(P<0.05) , H#HFRHRAE 25 F1 30 °CIYAE
T35 %] 100%, HEZERK N 48hif (K 2: D),
GUFE 30 CHMFFAET- %A% 100%, W, 44
FUR HUAE 20,25 F1 30 °CHYFET % 134 3] 100%.,
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Fig. 2 Effectsof temperatureand duration on the mortality rate of Cryptolestes ferrugineus with phosphine fumigation

A. R BEXT PH3 JEREE A 43 B8 45 S 12 h FCRISEIA s B, EEXS PH SR 5o i 48 745 U2 24 h RCR BRI 5
C. il BEXT PH3 JERAS A i 43 W5 45 HUAS 36 h ACR AR s D, IRBEXT PH3 JER S A i 45 545 IS 48 h R
A. Effect of temperature on 12 h PH3 fumigation efficacy against C. ferrugineus at different life stages; B. Effect of
temperature on 24 h PH3 fumigation efficacy against C. ferrugineus at different life stages;
C. Effect of temperature on 36 h PH3 fumigation efficacy against C. ferrugineus at different life stages;
D. Effect of temperature on 48 h PH; fumigation efficacy against C. ferrugineus at different life stages.

L BT IR EE . IR AN AR AE
HAEAX PH3 R AR A (£ 2)
TR AR R PH3 BE R 3 U & iU B B

E5m) (P<0.05) 5 FEHFRZEXT PH3 B AR FE
RO . ORI RG B S (P<0.05)
SN AN B3 (P>0.05) ; JEEE S A .
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R 1 WEEAESTREMBEIMNZE(ERATN PH; R HM RN
Tablel Interaction analysisthe effects of temperature and duration on
insecticidal effect of phosphine by two-way ANOVA analysis
AU ¥ T. castaneum BN AT ¥ C. ferrugineus
Ziiﬁ:‘ﬁjl\& N=Ni:g N VB BE % [sF I N N
Development stage Ten{wmgr:atur s Téﬁr;e:jtzlz x i ol I 5 A1
P Duration pera Temperature Duration Temperature X duration
duration
59 Egg <0.001 <0.001 0.005 <0.001 <0.001 <0.001
I Pupa <0.001 <0.001 0.019 <0.001 <0.001 <0.001
#hH Larva <0.001 <0.001 <0.001 <0.001 <0.001 0.387
ALHL Adult <0.001  <0.001 <0.001 <0.001 <0.001 <0.001

IHLY PR R 2253 W3 (P<0.05) , MUK ZEJr 22504 ( Duncan [RZH LA ) o % 2[F.,
Bolded P-values are significant difference (P<0.05), Two-way ANOVA (Duncan’s multiple range test). The same for Table 2.

R2 SEURSMEE. HEMERMENZEERX PHy R HBRB M

Table2 Interaction analysisthe effects of temperature, duration and species on
insecticidal effect of phosphine by multivariate analysis
P{E P-value
KA BB i B2 o ] > 3 He o
YE BE s I} N=gi:d il By =
stage Temperature Duration  Species Temperature x Temperature x  Duration x T N
P duration species species emperafure >
duration x species
i Egg <0.001 <0.001 0.085 <0.001 <0.001 <0.001 0.570
1 Pupa <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.047
%o Larva <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
A Adult <0.001 <0.001 <0.001 0.012 <0.001 <0.001 <0.001

TR 5 RURR S | AR 5 ORI 3 X A E
VR4 S BAT i 3520 ( P<0.05 ) 5 T .
I [ 13 e A 28 %) 22 B A 83 % B 19 5 T S B
% (P>0.05) , X, 4 AEL UG 2 2 2
W E 0 (P<0.05) o 33X 3 B EE A [ % PH3
T 2R 2R U () S M 2 ARARLE T A ) 7 3
FIBF RIS, 3PP PH3 BEZE % AR
ISR .

Wit

PH MR E o L A A THE AL R 4t
FHEM T4 BYEARALEL (Quistad et al., 2000
FREINAE, 2013) . $ 1 B U IR I G R BB A% 1
T PHs YA, 1958 PH3 1A% BURCR o IR T
1o 3 T L Y O I AR i 1 % ( Chaudhry
etal., 2004; HIEM4E, 2022) . Mk, REREY
M) PH3 A8 HUOSCR I R R 22— AR E I,
FE 25 F1 30 CAF T, PHy BZE AR B4

3

BN HU A AET R LA KA AR s 4 ¥ 20 ORI A
FIFETR, WBEET 20 CHRMU FIIFET R,
A, 25 °CF, PHg BOOLSE I A 545 LS Y
FRIAH HE 20 °C i 35466 . 76 30 C&IF T, PH3
B 7R AR AU S S O R A T S T
Rig, HFE48h 5, JET-RIEF] 100%, It
G, BEFEI B AR A U T R A s 45 IS Y
FET A7 R, A6 R 2 (B A7 A 3
) PHy BEZE AR 22 5

TR 252 PHg ZE 25 R HUBCR 1 G EE I R
2 — ( Dhouibi et al., 2015) . FiZ# L E KT E,
IRFUA 25 TN I et 45 5 45 S IO SBT3 B 35 34
o, X n]RE R TR E TR AR E T PHs P
FIE BT PHy W, [T 5R T PHa XHEAR
Tl B 30 414 ( Jagadeesan et al., 2018 ) ., IK4),
TR W E R s s, SIRAMTR
AR A, X PHS (4 W 2 T R
B, AR TR EZENIOR (Sakkaetal., 2022) .
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L, R4k PHe R RES S, A B THT1E
AR

AR RN PHg YA RO LA B35 52
Bifi 4 B ZE I (R O RE K, AR 5 IS O il 75 M 4%
HSHIET- R E W T = . FEMFRERESET,
T 7RI [ RE K R W E T PHs MR RCR,
ZEALPE 48 h J5 3 R EIET R EL IR E] T 100%,
T L ZE I ) AT AR 5 PHa Al 8 HUSOR, B
A S SERFET 25 AR F BT PH3
TR, B AN AR 004 5 i BRI &l U PH 8k
O, T R BP AY T 25 M 9 ( Rejendran and
Muralidharan, 2005 ) . 7 A [ {4 i B N 5 2% B[]
KT, AU NG IR B s 45 A AET- %
AR E S, PH X RN E U HUES HSET RHE
JPAE 25 F1 30 °CEAF T 3428 « B >4) d > B>
XA g2 TS R ANl B A QIS S A, W
AR PH3 A, T AT %) 2 BTG sh% 55, W
A PHz /> (Afful etal., 2018) . M4, HE
SR E R E R ERESCR, 20 °C
M, PR E A HUS X PHg P RRUERPERE
fiX, PET- R EEMT 25 1 30 CE&MF RN
T, Bl TR 0 T i R A S T PH;
Y ERURRE (i 2 P v, JUHOR R NGl R T %
W, 30 CAMT, PAhE s ST
ToRYIKF] 100%, KWL T Al LAHEGR PH3
(1) B ZE R

B ST 3E o PRI B L T 2R A ) R AR
PH3 ZEZ % HUCR W 52, B 1 R T s A R
Z5 I (] S K 24 i 0 2 2 5 AR UL R RN 5 O It 4%
WA HEMIET- R, (AR B E X PH;
FIRBUERPE AR 22 5% o LA, FEHRBPIZTE . e
P S BT, AT R A PR 3 S X B 2R AR
PR, I, FESEPRAERRE HBTIA T, NiLE
HHIBXEHEE, MIEESE, LIRS PH;
BTG 7KT- o AR5 AT LA E— B AR [R]
FESAME R PHa X3 d A B (R R bR A I, TR A
o RIRE S PHa/ERIMLHISC R o LAk, AT L
RRHADIAEE K 2% PH3 SR 2RI, O fitk
FRE A 255 B IR B B 4 v 1 B AR I8 A4
RIS
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