RETESHREOME sl o oL o8 CEREALS O o o BT 30 BEET

KEAARGRER “BMETREZEEH” TEXEZR

DOI: 10.16210/j.cnki.1007-7561.2023.05.006

MO, WIIE, £, & SR MERPI RIS AU KR RERE DI RESZ M T AT (1], MO B SRR, 2023, 31(5): 42-52.

LIYY, HU T Y, JIANG X, et al. Simulation study on long-lasting effectiveness of S-methoprene on tribolium species and activity of
detoxification enzyme[J]. Science and Technology of Cereals, Oils and Foods, 2023, 31(5): 42-52.

S- WL 1ig Py 6 04 s F8 2Pk 2
fiFt oy I Xy 1 355 ) B

FEA, PR, £ T, kol
I3, mgﬁ”, w%i”, S, TRE

(1. BERRAY THEERFFZHRIE ARRDMHZH AT, LK 100037;
Zﬁﬁﬁzﬁxlﬁﬁ%#U,%alm%%
3. HR R KRS MR FR, HF ZM 7300705
4. PRALEDAF () ARANE, Hd Ha 570100)

W E. ASMEERIABRFAALEAREE RN BNT R T, AMEE AR ASAIFHGEFT B,
Ht, RADEACECHA S KRBT G, B 5 HFRAE 90 Rie 365 KRGy EAf,
BEFEHEABEMT RSB MS KGR, FFNE T S-H BT 5- K4 & = A0 F B0 %
., FFRLERE, AT Ak AR Ye S KBS A KRR A EE, AR S A 90 X5
B EERE, KX, REFTT 3 AR AGFMESEITBILES 0%, | FAdbT 2 Ak AR L0
B BIRACELS A 1.67% +2.04%F 0%, ssb, 68 S-HrREF 90 KJG 2 A ok fo Ze il 25 09 5
RGBT, WK R REIAAE 5 R 365 RS # FHE K KK, FLm kA%, @ Fl
ARIG T kA, T AL L LR AP A%, K AL AR BOIRAE LA — AR, 12567 365 KRG 095 F K KIEIK,
ﬁmngvmaﬁﬁi T e 0B F1 ARA 304 & TSR R ek — F #4L H g ko BEBA R
LN H B AR, SH R B Z G, WA EA L) KK A8 3 AR REEL SR T M,
ﬂ&ﬁﬁ@kkﬁ%ﬁo
K8 SH kB, Mk, Braok; R, WA
FE#SZES: TS205; S379.5 XERERIGAD: A XEHS: 1007-7561(2023)05-0042-11
W& E&BE: 2023-09-08 14:53:19
W48 B & ik : https:/link.cnki.net/urlid/11.3863.TS.20230907.1927.006

Simulation Study on Long-Lasting Effectiveness of
S-Methoprene on Tribolium Species and Activity of Detoxification Enzyme

LI Yan-yu'?, HU Tie-yuan'?, JIANG Xue'?, XIE Bing-bing'?, WANG Sen-shan®,
SONG Li-wen’, ZHANG Hong-qing'?, MU Hai-liang*, WANG Ming-liang*

WFsEEI: 2023-05-16

EEWB: g i RIS T AR 55 98 L 00 (2X2204)

Supported by: Fundamental Research Funds of the Central Research Institutes (No. ZX2204)

EE® . ZHOP, 2, 1980 4FHVE, W4, EIBFSE ST, WFR5 1 b E YRk, E-mail: lyy@ags.ac.cn

[42]




E31% 20231F FES5HA
B+ 30 BEFEET]

?ﬁ IGHEEEE

SCIENCE AND TECHNOLOGY OF CEREALS, OILS AND FOODS

(1. Institute of Grain Storage and Logistics, Academy of National Food
and Strategic Reserves Administration, Beijing 100037, China;
2. National Engineering Research Center for Grain Storage and Logistics, Beijng 100037, China;
3. College of Plant Protection, Gansu Agricultural University, Lanzhou, Gansu 730070, China;
4. Zhongbaoliang Biotechnology (Hainan) Co., Ltd, Haikou, Hainan 570100, China)

Abstract: In view of the prevailing insecticide resistance and increasing safety and health concerns, there is
an urgent need to develop effective and environmentally friendly methods to control stored-product pests.
S-methoprene, a microbial volatile compound with insecticidal properties, has been identified as a potential
candidate for this purpose. However, its efficacy against storage pests is not well understood. In this study,
wheat was treated with S-methoprene at a rate of 5 mg/kg and stored in ambient conditions within a grain bin.
Samples were collected after 90 and 365 days, and bioassays were conducted on 20 mixed-sex developmental
stages of Tribolium castaneum and T. confusum. S-methoprene showed significant ovicidal, pupicidal, and
adulticidal activity against 7. castaneum and T. confusum. The efficacy of S-methoprene was found to be
influenced by the developmental stage of the pests and the timing of its application. In the 90-day treatment
group, the hatching rate of three 7. castaneum strains was zero, while that of 7. confusum strains from
Guangdong and Beijing was (1.67+£2.04)% and 0%, respectively. S-methoprene treatment in the 90-day
group resulted in effective pupicidal activity against both 7. castaneum and T. confusum, with the F1
generation of adults being unable to reproduce. However, in the 365-day treatment group, the pupicidal
activity significantly decreased, and the F1 generation of adults were able to reproduce but their F1
generation pupae can not hatch. The adulticidal activity of both pests had some effects in both treatments, but
the mortality rate significantly decreased in the 365-day treatment group. The F1 generation of 7. castaneum
only consisted of larvae, while some larvae of 7. confusum were able to pupate but could not further develop
into adults. T. castaneum was found to be more susceptible to S-methoprene than T. confusum. After S-met-
hoprene induction, the activity of three detoxification enzymes in Tribolium species was affected in varying
degrees and had different variation patterns. The activity was positively correlated with induction time.

Key words: S-methoprene; Tribolium species; insecticidal activity; population growth; detoxification enzyme
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Fig.2 S-Methoprene concentration at
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Fig.3 Hatching rate of Tribolium castaneum eggs in wheat at
different application times of S-Methoprene
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Table 1 Analysis of variance (ANOVA) of strain and
application time on egg hatching rate of Tribolium castaneum

I P HmE ¥J5 F
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Fig.4 Number of offspring generation of Tribolium castaneum in wheat at different application times of S-Methoprene

— 7 B B RO AT R0 BE Y, R B AR AR
EIHAT IR A PA S B, TS AE FLAR, MM
REA MGG K . EMEH S-1 Ul 365 d J5
(R/NZZRERL T, JE AR 3 A R AR 5 0 R Ak
R A B A2 1 FL &) UE 530 ( 21.00+6.08 )
3k (7.33£3.06 ) kA (15.00£13.75) 3k, & & IH]
Z5BE (P<0.05), F, SCEE5RT KN,
T S B AT E] A 90 d 38 /& 365 d /N REAL
3 ARGBIAE FLAL S gk 0, B
S-Jis HUE X ) U PR ROR I, TR 2 &R
KEEALHAES T (B4 TRl 365 d J5 ), 158RARTR
- w2 AP B 3
223 BUREUEE

HI S WTLAE H, FEEH S-J U 90 d J5 11
INERES R, AR AR RIS 3 A5 &R
IR AL A B B AR IE LTS F 4 0 O 18.33%+
12.42% . 96.49%=4.30%H 98.33%+2.04%, ZJH
XTHRLHIY 6 155, 58 £ 59 %, REH B rym
HlVER (P<0.05) (W3 2 ), 7e)itiFH S-Ja g 365 d
JER/NZZRESR R, AR 3 A R AR LA 5
IR IEFE T R A 5 A 2.04%+5.83% . 15.17%=
6.02%71 0%, 5Tt ] S-4 g 90 d J5 i AL PHZH AH
LRI B EES (P<0.05) (WF2), S84k
RFW, BEE IR E K, S-H Hu Mg ) 2455506 o
PO s e R FHASCR AR, 17T LT st 0 1 5 )
vt ZR R UL 9 S L 1 0 o R B B

100 - 4 A
O #FRMTC
80 B pRERTC
X & FFMTC
¥ 60r
g
B 40f
&
20t
o B B B
CK (&%) 90 d (&%) 365 d (%)
-20
a2t i) /d
B s MAS-HAE/NEARRMETHRNSG
BRARKIEET R

Fig.5 Corrected mortality of adult Tribolium castaneum in
wheat at different application times of S-Methoprene
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Table 2 Analysis of variance (ANOVA) of strain and
application time on corrected mortality of adult

Tribolium castaneum

B I RFIrEm AmE ¥ior F e
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Fig. 6 Offspring population size of different 7Tribolium castaneum strains at different S-Methoprene application times
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Fig.7 Hatching rate of Tribolium confusum eggs in wheat at
different application times of S-Methoprene
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Table 3 Analysis of variance (ANOVA) of strain and
application time on egg hatching rate of Tribolium confusum

P I RER AmE By F M
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A BB AR (14.67+1.53) kA1 (14.00+
4.36) oo PRALERA ]2 RN, HE 5%
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Fig.8 Number of offspring generation of Tribolium confusum in wheat at different application times of S-Methoprene
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Fig.9 Corrected mortality of adult 7ribolium confusum in
wheat at different application times of S-Methoprene

R4 RATEZRENRUSHERBRELTENTTEST
Table 4 Analysis of variance (ANOVA) of strain
and application time on corrected mortality of adult
Tribolium confusum

B I PR AR ¥ F T2
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Fig. 10 Offspring population size of different Tribolium confusum

strains at different S-Methoprene application times
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Table 5 Analysis of variance (ANOVA) for insect species effect on different stages control
of Tribolium castaneum and T. confusum

I SE bt I Z55F-J5 Fn A ¥ F EM
Hfp 8 598.408 1 8 598.408 6.444 0.025
AR IEAE T 3 R 17 345.832 13 1334.295
Bt 60 529.205 15
Hifh 176.4 1 176.4 11.861 0.004
LR AR AW 2 193.333 13 14.872
Bt 1714 15
H 0.4 4 0.1 0.75 0.58
F— AR R W 1.333 10 0.133
Bat 2 15
i Fif 2.5 1 2.5 1.56 0.234
UL S W 20.833 13 1.603
Et 25 15
F6 MEMNFMUSEARARBSHERRNAESTE
Table 6 Analysis of variance (ANOVA) for insect strains effect on different stages
control of Tribolium castaneum and T. confusum
o LS bt I 257 J5 F A H B ¥y F BE
ES 12 511.862 2 6255.931 53.072 0
AL IEAET- % w2 707.254 6 117.876
s Eaﬁ 58 654.881 9
& 100.667 2 50.333 6.969 0.027
LR AR Wi e W% 43.333 6 7.222
it 544 9
RES 403.604 1 403.604 4216 0.109
AL IEAET- % w2 382.883 4 95.721
P Eaﬁ 1 874.324 6
& 6 1 6 0.554 0.498
LR AR Wi e W 43.333 4 10.833
Bt 1170 6
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11 S-EHREEXNFUESE (BE) S RESEHIZMm
Fig.11 S-Methoprene effect on detoxification enzyme
activity in Tribolium castaneum larvae (Chengdu)

B FRRME ZRWRE, SRR ELERDE .

Note: ** shows significantly different at <0.01 and * shows
significantly different at P<0.05.
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Fig.12 S-Methoprene effect on detoxification enzyme
activity in Tribolium confusum larvae (Beijing)
il PRRNHE EFMEE, CRAHELERRE .
Note: ** shows significatly different at P<0.01, * shows
significantly different at P<0.05.
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Fig.13 S-Methoprene effect on detoxification enzyme activity
in Tribolium confusum larvae (Guangdong)

HE: SRR EERWRE, *RRWHEEFLE,

Note: ** shows significatnly different at P<0.01, * shows
significantly different at P<0.05.
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