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Abstract: In order to clarify the controlling effect of different packaging materials on common storage pests,
the penetration and survival of 7 kinds of high density polyethylene films with different concentrations of
deltamethrin by the larvae of 3 common species of stored grain pests (Tribolium castaneum (Herbst),
Tribolium confusum Duval and Lasioderma serricorne (Fabricius)) were investigated after being treated by
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two penetration methods for different times at 27~29 °C and 70%~80% RH. The results showed that all the
tested new insect-proof films had certain insect resistance capabilities, which were different based on species

of stored grain insects. In addition, the insect resistance capability of the 6 kinds of new films containing
chemicals was higher than that of the control films after 9 days of treatment, and the anti-penetration rate of
1% A (HDPE particle containing 5% deltamethrin by mass) film, 3% A film, 1% B (HDPE particle
containing 5% deltamethrin and 2% isoethers by mass) film and 3% B film was 100% under two
penetration modes. The survival rate of all three species larvae decreased with increasing treatment time.

After 9 days of parallel penetration treatment, the survival rate of three species of larvae on 3%B film was
significantly lower than that of other films, and the survival rate of L. serricorne larvae reduced to 10% at the
lowest. According to the penetration resistance and larvae survival rate of the test insects on the films, 3% B

film had the best insect control effectiveness.

Key words: stored grain insects; insect-proof packaging; penetration; packaging material

FERR B A 77 20 08 45 A BT B DA R
A s T EAR SR SRS BRI S s
R AR E R D BRAE N E R, gl
TR . AR, AN AR 2GR B IR g R
Fol, ERIMKEBL Rk T ik 2 R, g
(EUNNEASS R SEANEE QNI E S S5 4 A1 Y T BIeE (o9 8

1o B B R LI B M A T Y R A Ak
G, BARBEkERE . HUWEE RS
TR A s T I e I 28 i A% U A B ) 4
Al R Wy B BRSPS 3 B At
A, 2 fh ) o o B BREOBEL o L e
B sk SR A i . TR IR — 1 R
MR d g R R 2, BN . SR RER Y
L, TERAR T T2 AER PR . YIRS T
YRR B R AL 25 0 S A 6 e, = 3 gl
BB IR RO GE . LR L, AR dugh i
B A0 f B R, T e S L4 R
M 3, R R RSN, BORTERR, R
T Y S R BH ESR R AT oA

A5 8 2k R A R i T 7 R AN )
Er IR F R = R ORI, e 3 R
WL MERIR AR T R B RS 4, DT
TIEA ) ) v 8 B R L A R X R, R AE
FhgEm T AREE 1, 3. 5. 7. 9 d IS
IFi) L B ) B e 1 100 R SAA TR A 0, WG 2 i
MR B R T AT, WIBAAS A AL R X
3 Fhfigoh 3 s gy AU B SR, DA I R Y
B AL AR LR 2= 4

1 #wRlER=E
11 #HiKER

REEPOR A . R HEH 3 Fp
B UL E B AR E R OB RS . BT R
TET Tl R A it 5 By i S g s N T4l k1]
7% 3L E . 3 i 7E 27~29 °C . 60%~70% #H
YR (RH) . 2T LId 80 Hifi©42
SRR R L 19 ¢ 1 ) HeBIR A S AR R iR A
Fro AR ISR, Jet% 1 000 ki H
ALHEA 200 g A2k iR 24 h, $5H] 30 H i
P I 2 UL, R T 5 A ] 07 10 e B e T
FAEAR SR 15d, A H 60 HifiBR L &2 8,
132 R g A
1.2 R

1o B R SRR EA I RAR SR A
PR F] s A BURL (% 5 570 45 5%TR HUAG TR 1Y) a1 2
JER AR ) | B UL (75 i 4 L 5% H A
it 7R BT o 3 50 290 1 398 ATk 1) o 9 BE SR L 0 T
K)o TR TR E L
1.3 RIS

FBV1-20/28 RYWTHEHL : ) 7 3 7] S 55 3 A
IS PR 7] 3 SPX-250BX A= A 5% 5544 . 101-E
RV E TR ST AR . JE Rt A BRI
J7; SZN RUELLAREARAL ARG . SR TR
FIRAF; LYWSDO3MMC BRI EH . dbai/)h
KB BRTFAT A @ FS150 AP, kT
R PR A ]

196



325 2024F FE3H

- - °®
. R HBnalHk
6 iR BB il
SCIENGE AND TEGHNOLOGY OF GEREALS 0ILS AND Fa0DS

CiER

1.4 RIFHE
1.4.1 a0 T Y o A%

SrHIFRIC AL B 2G5SR, IR 0.5%. 1%.
3%I1 o1 S BUM A R 3 3R LR BURL AL 1 kg
RERE, MR EUAE IRV 243701 0.25. 0.5, 1.5 g/kg,
ARSI . WIBEHLYLE B 4350 185,
200, 200 °C, %3N 15.17 rimin, #53k 76 5 2 51
v 210, 218 °C, [aPELS|Him ACKERL I b w i v
FE o 5 B A N TR v 25 700 1) VR R 3 i 44 M 28 1
Xif BRHEIE | 0.5% A S 1% A TR . 3% A T
0.5% B i, 1% B # . 3% B i,

1.4.2 “PArgiEiAEs

HE IR NS BT R RE RS 5 4w SRR 1 R/
FREX 30.0 g fREEE ASRIBRIETR , A -4t 25 1
RO, BRGNS 20 SKisk i g4l Bl 7e W B O
FHEBEDER G2, H Al 4 il 7E 27~29 °C .
60%~70% RH ., 4W¥EE R 7%, 1. 3. 5. 7. 9d
Je W L 2 AR A I L, I S
R FE d g 3 Hugk, R E S 3K,

143 HHGHAE

FHAAEALR AL AR 5 cmx5 em K/)N
BEA 30 g IDBH AR AS o B A e A8 N BE T A B R}
P, (AR BT HRAAIRER , SR I SRR
P 20 Sk du gl B o # &Rg 4E 27~29 °C
60%~70% RH, 2MEFEE T HFE, 1. 3. 5. 7, 9d
Je WLEE A O (B R B B AR 0, T SR 4
AN ZE B, 0% Hokl, 1l A 3K
15 #HEstE

% H Microsoft Excel 2019 %4 % 12 16 %5 4 i3k
(TR I I W o= R ST W e i N DR v I
K, SRIGMH T IBM SPSS Statistics £ 4: %f 451 1
HIAFTE R BAE HE AT J7 225087, >R Duncan’ s i
O M 22 15 PR A5 A B ) - 404 1) 2 S5 0 4k o

Horp, 2R R AE R A (1) . (2):

P=fix100% 2 (1)

2

S=II—1><100%
2

Ab: PRFRM B ER, %; Fawl
FIRFBIPEIRECR, 1; F R R

X (2)

Bk, A SR FBAIEHATER, %; 1)
i S A IS AT A IS A (ko 2 A
WAAENG ), Sk s 1o A i g, 3k
2 ZBRERH
21 3FMERERLSBAN 7THEEMHNTER

M 1~2 FIAHL, 525 (0 R RAR H, 3 Fb
it AR T H 0y X A P R 114 2 AR . 6 TAT
TEEALE A A X RE R R 4 e
%, FibRERE N 33.33%; 3 Fhiddi4h i Iek
GEFATA A R R, TR H RS T
WD XS F BV SR A B (P<0.05)
25 AN PR AT g 3 AU IE, FE R EE N
100%. A 2550 )RR 0.5% A K. 0.5% B
HEGOR A A R g R ZEE AN, HAR
WY R s . BRORE, SAGFIR
W ELA B W B AOR, R 1% A TR
3% A IR | 1% B K | 3% B AR BT BT i —
P 2R, By PR RETEAE

F1 SHEAYAETTFELESH 9d FEHRE

BEBBHTEE

Tablel Penetration rate of larvae of three stored-product
insects to different packaging films after 9 days of

parallel penetration treatment %

TR 2 TS A 08 e

I RPOPI 0.00+£0.00a 0.00£0.00a  33.33%x57.74a
0.5% A 0.00+0.00a 0.00+0.00a 0.00+0.00b
1% A 0.00+0.00a 0.00+0.00a 0.00+0.00b
3% A 0.00+0.00a 0.00+0.00a 0.00+0.00b
0.5% B 0.00+£0.00a 0.00+£0.00a 0.00+0.00b
1% B 0.00+£0.00a 0.00+£0.00a 0.00+0.00b
3%B 0.00+0.00a 0.00+£0.00a 0.00+0.00b

W FREIE A  FRuEDE ;[ — 5 s 5 A AN
/NG R R R ) 2% A ) B K (P<0.05) .
Note: The data in the table were mean * standard error;

Different lowercase letters in the same column indicated significant
differences at P<0.05.
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Table2 Penetration rate of larvae of three stored-product
insects to different packaging films after 9 days of vertical

penetration treatment %

e — T _
FRIUR IRAUR H JH

ZSHXTIE 66.67£57.74Aa 66.67+57.74Aa 100.00+0.00Aa
0.5% A 0.00+0.00Bb  33.33+57.74ABb 100.00+0.00Aa
1% A 0.00+0.00Ba  0.00+0.00Ba 0.00£0.00Ba
3% A 0.00+0.00Ba  0.00+0.00Ba 0.00+0.00Ba
0.5% B 0.00+0.00Bb  0.00+0.00Bb 33.33+57.74Ba
1% B 0.00+0.00Ba  0.00+0.00Ba 0.00+0.00Ba
3% B 0.00+0.00Ba  0.00+0.00Ba 0.00+0.00Ba

TE: (1) RPBEE - PEE « frER;  (2) F—20%0dE
J5 A AN R RS R 3R () — R AN (7] 9 [ ) 94 0 22 S 1K )
BERF (P<0.05) , [F—F7805 A AR R/ NG F-hEE RRE—
TSN [ e A ] ) Kdfe 22 S ah B 1 K (P<0.05) , R,

Note: (1) The data in the table are mean + standard error; (2)
Different capital letters in the same column indicate the data between
different films of the same insect species significant differences at
P<0.05, different lowercase letters in the same row indicate data

between different insect species of the same film significant differences
at P<0.05. The same as below.
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Table3 Survival rate of T. confusum larvae after parallel penetration treatment through different films fordifferent times

%

MRS 1d 3d 5d 7d 9d
Ee=poi 100.00+0.00Aa 96.67+1.67Aa 78.33+1.67Ab 65.00+2.89A¢ 50.00+5.77Ad
0.5% A 96.29+1.85ABa 81.85+5.19Ba 64.26+4.82Bb 59.07+6.73ABb 55.56+5.56Ab
1% A 93.33+1.67Ba 81.67+3.33Ba 43.33+4.41Cb 48.33+9.28ABb 43.33+9.28Ab
3% A 86.67+1.67Ca 55.00+2.89DEb 43.33+3.33ABC 41.67+1.67Bc 36.67+1.67Ab
0.5% B 86.67+1.67Ca 75.00+£5.00BCab 71.67+3.33ABab 60.00+5.77Ab 41.67+8.33AC
1% B 91.67+1.67BCa 63.33+4.41CDb 48.33+1.67Chc 41.67+4.41Bc 33.33+9.28ABcC
3% B 93.33+3.33Ba 43.33+4.41Eb 30.00+2.89Dc 21.67+3.33Ccd 13.33+4.41Bd

x4 EHARBEELTFELEARARMNBEGERUSEHREETE

Table4 Survival rate of T. castaneum larvae after parallel penetration treatment through different filmsfor different times

%

AL 1d 3d 5d 7d 9d
25 D IR 98.33t1.67Aa 93.25+4.39Aa 74.47+3.35Ab 62.72+4.34ABb 37.28+7.22Ac
0.5% A 94.91+0.09ABa 81.49+4.24ABb 71.23+3.14ABb 57.63+4.33ABCc 47.46+4.33AC
1% A 89.82+0.18Ba 67.54+8.00BCab 59.12+6.55BChc 48.95+8.37BChc 40.44+10.10Ac
3% A 88.33+3.33Ba 65.00+5.77Cb 60.00+5.00Abc 53.33+3.33ABCbc 48.33+4.41Ac
0.5% B 96.67+1.67Aa 89.91+2.81Aab 76.40+4.16Abc 67.98+5.67Acd 56.14+6.14Ad
1% B 90.00+2.89Ba 65.00+0.00Cb 55.00+2.89Chc 48.33+4.41BCd 46.67+6.01Ad
3% B 93.33t1.67ABa 55.00+2.89Ch 48.33+4.41Chc 41.67+6.01Cbc 35.00+7.64Ac
x5 ZBAREBRFETFELEARNEGFEERYREFTE
Table5 Survival rate of L. serricorne larvae after parallel penetration treatment through different filmsfor different times %
TR 2 1d 3d 5d 7d 9d
75 X R 98.33t1.67Aa 94.81+2.89Aa 80.55+6.99Ab 57.04+3.53Ac 33.70+3.53Ad
0.5% A 94.91+0.09Aa 86.40+1.81Aa 59.39+4.72ABb 40.79+5.44ABCc 28.95+9.52ABc
1% A 94.99+0.14Aa 86.48+4.54Aa 62.85+8.39Bb 42.99+6.09ABCc 26.21+8.18ABcC
3% A 95.00+2.89Aa 76.67+12.02Aab 55.00+12.58ABbc 38.33+8.82BCc 23.33+8.82ABc
0.5% B 96.67+1.67Aa 90.00+£2.89Aa 70.00+5.77ABb 56.67+4.41ABc 36.67+1.67Ac
1% B 93.33t1.67Aa 85.00+£5.77Aa 61.67+1.67ABb 43.33+4.41ABCc 23.33+4.41ABd
3% B 98.33t1.67Aa 88.33+6.01Aa 53.33+4.41Bb 26.67+4.41Cc 10.00+7.64Bd
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Table6 Survival rate of T. confusum larvae after vertical penetration treatment through different
films for different times %
B 1d 3d 5d 7d 9d
23 X R 98.33+1.67Aa 95.00+2.89Aa 83.33+4.41ABab 73.33+4.41ABbc 60.00+7.64ABc
0.5% A 98.33+1.67Aa 95.00+5.00Aa 83.33+4.41ABa 68.33+3.33Bb 56.67+7.26ABb
1% A 100.00+0.00Aa 98.33+1.67Aa 90.00+2.89ABab 83.33+4.41Abc 75.00+7.64Ac
3% A 100.00+0.00Aa 93.33+1.67Ab 81.67+1.67Ac 73.33+1.67ABd 66.67+1.67ABe
0.5% B 100.00+0.00Aa 98.33+1.67Aa 86.67+1.67Ab 73.33+4.41ABc 63.33+6.01ABc
1% B 98.33+1.67Aa 90.00+2.89ABab 73.33+6.01Bbc 61.67+6.67Bcd 46.67+9.28Bd
3% B 95.00+2.89Aa 83.33+1.67Bb 73.33+1.67Bc 65.00+2.89Bcd 58.33+4.41ABd

T TG R R 7T RS R
i Ak B[] SEE < 4004 5 4l A O R I S AR
(P<0.05) . ZU 4 HoEAA I 7d )5,
AN ) o A JHE R 22 ) 7 4 37 TG I 3 1 22 5 ((dff =6,
F=2.79, P>0.05) . 7EAH[FIALHITEIPY, 224
YA I O d 5 TG IR BN ERAL, Hh 1% B #
B FAFTG R Ak, R 46.67%.

HI 7 AR, SRS SIS R Kb B P TR X SR AP0 A
P4y TG SR I B R AR T R
B Ak 2 [) S K AR DL AT 5 41 A R I IR

(P<0.05) . 7EAHIRIALFRSE] N, FRAA # 4l d
AbFR O d JEAAIE AR B A, Hrp 0.5% A R
TR R AK, M 38.33%; 45 [0 IR AR 7735 R
e, N 65.56%:

FH R 8 FIH, T RS R Ak 3L s ) o AR 2 HH
LIRS OFSRTE S AU RSP BTN
B Ak 3B ] SE K AR B HT 4 A O R I R AIG
(P<0.05) . fEA[IALEAS[A] Py, 465 &)y B dh
PO d J5 471 2k B e 1%, Horh 1% B iR b e fk,
“} 65.00%.,

R7 ERAREEEEFELERRRBEEHR NSRS RFEFER

Table7 Survival rate of T. castaneum larvae after vertical penetration treatment through

different filmsfor different times %

AR 1d 3d 5d 7d 9d

25 X IR 98.33+1.67ABa 92.78+1.95ABab 82.04+2.18Abc 74.82+4.12Acd 65.56+7.40Ad
0.5% A 98.33+1.67ABa 88.33£6.01ABa 70.00+5.00Ab 51.67+1.67Cc 38.33+4.41Bd

1% A 98.33+1.67ABa 90.00+2.89ABab 81.67+1.67Ab 68.33+1.67ABC 56.67+4.41ABd
3% A 95.00+2.89ABa 90.00+5.77ABab 78.33+6.01Abc 68.33+3.33ABcd 61.67+3.33ABd
0.5% B 100.00+0.00Aa 96.67+1.67Aa 81.67+1.67Ab 66.67+1.67ABC 55.00+2.89ABd
1% B 95.00+2.89ABa 85.00+5.77ABab 73.33+6.01Abc 61.67+7.26BCcd 48.33+6.01BCd
3% B 91.67+1.67Ba 76.67+7.26Bb 71.67+4.41Ab 56.67+1.67BCc 48.33+1.67BCc

%8 ZBARHEBREEFELEARMNEGFEERYREFE
Table8 Survival rateof L. serricorne larvae after vertical penetration treatment through
different films for different times %

LS 1d 3d 5d 7d 9d
75 X IR 100.00+0.00Aa 100.00+0.00Aa 95.00+2.89Aab 88.33+4.41Abc 83.33+t4.41Ac
0.5% A 100.00+0.00Aa 96.67+1.67ABab 93.33+1.67ABb 85.00+2.89ABC 83.33+1.67Ac
1% A 98.33+1.67Aa 90.00+5.77ABab 85.00+2.89Bab 76.67+4.41ABbc 70.00+£5.77ABc
3% A 100.00+0.00Aa 89.44+3.38Bbc 84.26+3.55ABbc 80.74+5.15ABc 77.04+8.47ABc
0.5% B 100.00+0.00Aa 95.00+2.89ABab 91.67+3.33ABab 86.67+3.33ABbc 80.00+2.89ABcC
1% B 96.67+1.67Aa 95.00+2.89ABa 85.00+£2.89ABb 75.00+2.89Bc 65.00+2.89Bd
3%B 96.67+1.67Aa 95.00+0.00ABa 83.33+4.41Bb 75.00+2.89Bbc 70.00+5.00ABc
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