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Table 1. Mean immediate mortality% (+ SE) of T. granarium small larvae exposed on mosaic treated with
three different insecticides and insecticides-loaded SNPs

Formulations Concentration Time (day)
(9(a.i)im?) 1 3 7 Fy 24P
Insecticide  Deltamethrin 0.0025 0.0£0.0Bc 7.7£1.5BCDb 30.3+2.3FGa 94.2; <0.01
0.005 0.0£0.0Bc 12.242.2ABCbh  41.1+4.8DEFa 47.0; <0.01
Pyriproxyfen 0.001 0.0+£0.0Bb 0.0+£0.0Db 10.0+1.7Ha 36.0; <0.01
0.01 0.0£0.0Bb 3.3£1.7CDb 15.5+2.4Ha 18.4; <0.01
0.1 0.0+£0.0Bb 3.3£1.7CDb 33.3+2.9EFa 91.0; <0.01
Chlorpyrifos 0.01 0.0+£0.0Bc 7.7£2.7BCDb 40.0+3.3DEFa 71.6; <0.01
0.2 0.0+£0.0Bc 7.7£2.7BCDb 44.4+2 9DEa 124.4; <0.01
In-SNP Deltamethrin 0.0025 0.0+£0.0Bc 13.3+2.3ABb 67.7+3.2Ba 241.0; <0.01
0.005 2.2+1.5ABc 20.0+2.3Ab 83.3t1.7Aa 519.6; <0.01
Pyriproxyfen 0.001 0.0+£0.0Bb 0.0+£0.0Db 14.4+2.4Ha 35.5; <0.01
0.01 0.0+£0.0Bb 2.2+1.5Db 17.8+2.8GHa 28.5; <0.01
0.1 0.0£0.0Bb 3.3£1.7CDb 30.0+1.7FGa 146.0; <0.01
Chlorpyrifos 0.01 0.0£0.0Bc 8.9+2.0BCDb 47.8+2.8CDa 165.1; <0.01
0.2 4.4+1.7Ac 12.242.8ABCh  60.0+4.0BCa 98.8; <0.01
F13110;P 4.41; <0.01 8.26; <0.01 55.0; <0.01

Means followed by the same lower case letter in each row and upper case letter within each column are not significantly different using
Tukey’s post hoc Honestly Significant Difference (HSD) test at P > 0.05.
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Table 2. Mean delayed mortality% (+ SE) of T. granarium small larvae exposed on mosaic treated with
three different insecticides and insecticide-loaded SNPs

Formulations Concentration Time (day)

(g(ai)ym® 1 3 7 FouP
Insecticide Deltamethrin ~ 0.0025 6.6+2.3CDEc 15.5+2.4BCDb 27.8+2.8DEa 17.6; <0.01
0.005 14.4+3.8ABCb 21.1+2.6ABCb 40.0+2.9BCa 17.9; <0.01
Pyriproxyfen ~ 0.001 0.0+0.0Eb 1.1+1.1Eb 10.0+2.3Ga 13.3; <0.01
0.01 1.1+1.1DEb 3.3+1.7Eb 15.5+2.9FGa 14.3; <0.01
0.1 3.3+1.7DEb 8.8+2.6DEDb 21.1+3.5EFGa 11.3; <0.01
Chlorpyrifos  0.01 7.7+2.2BCDEDb 12.2+3.2CDEb 23.3+2.3EFa 9.17; <0.01
0.2 7.7+2.2BCDEc 21.1+2.6ABCb 41.1+3.0BCa 39.6; <0.01
In-SNP Deltamethrin ~ 0.0025 0.0+0.0Ec 17.7£1.5ABCDb 38.9+2.6BCDa 127.0; <0.01
0.005 7.7+2.2BCDEc 26.6+£1.7ABb 46.7+1.7ABa 108.1; 0.064
Pyriproxyfen ~ 0.001 6.6+2.3CDEc 15.54+2.4BCDb 32.2+1.5CDEa 37.1;<0.01
0.01 11.143.0ABCDc  20.0+2.3ABCDb 43.3+1.7BCa 46.4; <0.01
0.1 18.9+2.0Ac 27.7+1.5Ab 55.5+£1.7Aa 118.5; <0.01
Chlorpyrifos  0.01 10.0£3.3ABCDc  23.3+3.3ABCb 38.9+2.6BCDa 21.6; <0.01
0.2 17.8+1.5ABc 26.6+£2.3ABb 45.5+1.7ABa 55.8; <0.01

Fi3112,P 7.1;<0.01 13.0; <0.01 28.0; <0.01

Means followed by the same lower case letter in each row and upper case letter within each column are not significantly different using
Tukey’s post hoc Honestly Significant Difference (HSD) test at P > 0.05.
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Table 3. Mean immediate mortality% (x SE) of T. granarium small larvae exposed on galvanized
steel treated with three different insecticides and insecticide-loaded SNPs

Formulations  Concentration Time (day)
(9@i)m? 1 3 7 Foou,P
Insecticide  Deltamethrin 0.0025 0.0+0.0Bc 18.8+1.1BCh 35.5+2.4Ga 133.7; <0.01
0.005 0.0+£0.0Bc 24.4+1.7ABb 46.6+4.4FGa 59.3; <0.01
Pyriproxyfen 0.001 0.0+0.0Bb 5.5+2.4Db 35.5+2.4Ga 93.5; <0.01
0.01 3.3+t1.7ABc  14.4+3.BCD7b 42.2+2.2FGa 54.9; <0.01
0.1 3.3+t1.7ABc  16.6+1.7BCDb 53.3+1.7EFa 241.3; <0.01
Chlorpyrifos 0.01 0.0+0.0Bb 5.5+1.7Db 34.4+1.7Ga 166.2; <0.01
0.2 0.0+0.0Bc 11.1+2.6CDb 64.4+4.1CDEa  149.8; <0.01
In-SNP Deltamethrin ~ 0.0025 1.1+1.1Bc 25.5+4.4ABb 74.4+3.4BCa 129.0; <0.01
0.005 2.2+1.5Bc 32.242.2Ab 90.0+2.8Aa 386.9; <0.01
Pyriproxyfen  0.001 0.0£0.0Bb 5.5+2.4Db 52.2+4.0EFa 112.6; <0.01
0.01 3.3£t1.7ABc  17.7+£3.2BCDb  54.4+2 ADEFa  108.8; <0.01
0.1 3.3£t1.7ABc  21.1+3.0ABCb 68.8+2.6BCDa 180.1; <0.01
Chlorpyrifos 0.01 5.5+1.7Ac 13.3+3.3BCDb  41.1+2.6FGa 49.9; <0.01
0.2 0.0+0.0Bc 21.1+1.1ABCh 82.2+4.0ABa 316.5; <0.01
F13110;P 2.8;<0.01 9.0; <0.01 35.0; <0.01

Means followed by the same lower case letter in each row and upper case letter within each column are not significantly different
using Tukey’s post hoc Honestly Significant Difference (HSD) test at P > 0.05.
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Table 4. Mean delayed mortality% (+ SE) of T. granarium small larvae exposed on galvanized steel
treated with three different insecticides and insecticide-loaded SNPs

Formulations Concentration Time (day)
(9(a.i)m?) 1 3 7 F2.04;P
Insecticide  Deltamethrin 0.0025 5.5+2.4DEc 15.5+2.9CDEb  35.5+3.4DEFa  27.0; <0.01
0.005 11.142.6BCDc  20.0£2.3BCDb  44.4+1.7CDa 57.9; <0.01
Pyriproxyfen 0.001 0.0+0.0Eb 4.4x2 AEb 15.5+4.4Ga 7.5;<0.01
0.01 2.2+1.5Ec 8.9+2.0DEb 24 4+2 4FGa 32.4; <0.01
0.1 5.5+1.7DEc 12.242.2CDEb  30.0+2.3EFa 35.2; <0.01
Chlorpyrifos 0.01 10.0+2.3CDEc  14.4+1.7CDEb  24.4+2.4FGa 7.2;<0.01
0.2 6.6+1.7DEc 17.7+3.2BCDb  33.3t4.4DEFa  22.2;<0.01
In-SNP Deltamethrin 0.0025 0.0+0.0Ec 21.1+2.6BCDb  55.5+1.7BCa 238.8; <0.01
0.005 8.9+2.0CDEc 28.9+2.6ABb 70.0+£2.3Aa 178.0; <0.01
Pyriproxyfen 0.001 5.5+1.7DEc 17.742.8BCDb  38.9+2.6DEa 48.4; <0.01
0.01 13.3£2.9BCDc  23.3x1.7ABCb  53.3+1.7BCa 93.6; <0.01
0.1 21.1+2.6ABc 34.4+1.7Ab 65.5+1.7ABa 120.3; <0.01
Chlorpyrifos 0.01 18.9+3.5ABCc  30.0+4.0ABb 46.6+3.7CDa 13.7; <0.01
0.2 24.4+2 9Ac 35.5+2.4Ab 53.3+1.7BCa 36.8; <0.01
F13110;P 12.6; <0.01 13.1; <0.01 33.5; <0.01

Means followed by the same lower case letter in each row and upper case letter within each column are not significantly different using
Tukey’s post hoc Honestly Significant Difference (HSD) test at P > 0.05.
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Table 5. Mean immediate mortality% (x SE) of T. granarium large larvae exposed on mosaic treated
with three different insecticides and insecticide-loaded SNPs

Formulations Concentration Time (day)
(g(a.i.)/m?) 1 3 7 Fa2uP
Insecticide Deltamethrin  0.0025 0.0+0.0Bc 7.742.2ABCb  18.8+2.0DEFa 30.2; <0.01
0.005 0.0£0.0Bc 11.1+2.6Ab 22.2+2.2DEa  31.5; <0.01
Pyriproxyfen 0.001 0.0+0.0B 0.0+0.0C 0.0+00H -
0.01 0.0+£0.0Bb 0.0+0.0Cb 5.5+1.7GHa 10.0; <0.01
0.1 2.2+1.5ABb 2.2+1.5BCh 17.7+6.1DEFa 5.6; <0.01
Chlorpyrifos  0.01 0.0+£0.0Bb 0.0+0.0Cb 6.6+1.6FGHa 16.0; <0.01
0.2 0.0+£0.0Bb 0.0+0.0Cb 30.0+3.7CDa  64.0; <0.01
In-SNP Deltamethrin  0.0025 0.0+£0.0Bb 2.2+1.5BCbh 56.6+3.3Ba 232.8; <0.01
0.005 0.0+£0.0Bb 2.2+1.5BCbh 68.8+2.6Aa 513.6; <0.01
Pyriproxyfen 0.001 0.0+0.0B 1.1+1.1C 1.1+1.1H 0.6; 0.610
0.01 1.1+1.1ABb 5.5+2.4ABCb  20.0+2.3DEFa 23.1;<0.01
0.1 3.3+1.7Ac 10.0+3.3ABb  37.8+3.2Ca 41.0; <0.01
Chlorpyrifos  0.01 0.0+0.0Bb 0.0+0.0Ch 12.2+1.5EFGa 69.1; <0.01
0.2 0.0+0.0Bb 2.2+1.5BChb 36.6+2.3Ca 164.3; <0.01
Fi3112;P 2.46; <0.01 5.66; <0.01 53.2; <0.01

Means followed by the same lower case letter in each row and upper case letter within each column are not significantly
different using Tukey’s post hoc Honestly Significant Difference (HSD) test at P > 0.05. Where no letters exist, no significant
differences were noted.
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Table 6. Mean delayed mortality% (+ SE) of T. granarium large larvae exposed on mosaic treated
with three different insecticides and insecticide-loaded SNPs

Formulations Time
Concentration (day)
(g(a.i.ym?) 3 ! Fa0iP
Insecticide Deltamethrin  0.0025 4.4+1.7ABb 8.9+2.6CDEb 21.1+2.6BCDa 13.4;<0.01
0.005 4.4+1.7ABc 12.2+2.2ABCb 32.2+2.8ABa 39.1;<0.01
Pyriproxyfen  0.001 0.0+£0.0Bb 0.0+£0.0Fb 3.3+1.7Fa 4.0; 0.032
0.01 0.0£0.0Bb 0.0£0.0Fb 5.5+2.4EFa 5.26; 0.013
0.1 0.0+£0.0Bb 0.0£0.0Fb 8.8+2.6DEFa 11.6; <0.01
Chlorpyrifos  0.01 4.4+1.7ABb 8.9+2.0CDEb  14.4+1.7CDEFa 7.4;<0.01
0.2 7.8£2.2Ac 15.5+2.9ABb 26.7+29BCa 12.3;<0.01
In-SNP  Deltamethrin ~ 0.0025 0.0+£0.0Bc 10.0#2.3CDb  22.2+2.2BCDa 35.4; <0.01
0.005 4.4+1.7ABc 15.5+1.7ABb 36.7+1.7Aa 89.7; <0.01
Pyriproxyfen  0.001 0.0+£0.0Bb 1.1+1.1EFb 11.1+3.0DEFa 10.4; <0.01
0.01 0.0£0.0Bb 2.2+1.5DEFb 17.742.2CDEa 39.6; <0.01
0.1 2.2+1.5ABc 10.0£1.7BCDb  36.6+3.3Aa 61.0; <0.01
Chlorpyrifos  0.01 2.2+x1.5ABc 12.2+#1.5ABCb 18.9+2.0CDa 25.3; <0.01
0.2 4.4x+1.7ABcC 20.0+1.7Ab 32.2+3.2ABa 35.5;<0.01
Fi3112;P 4.4;<0.01 24.5; <0.01 27.6; <0.01

Means followed by the same lower case letter in each row and upper case letter within each column are not significantly
different using Tukey’s post hoc Honestly Significant Difference (HSD) test at P > 0.05.
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Table 7. Mean immediatemortality % (= SE) of T. granarium large larvae exposed on galvanized
steel treated with three different insecticides and insecticide-loaded SNPs

Concentration Time (day)
; 1 3 7
Formulations (@@i)md) FrriP
Insecticide  Deltamethrin ~ 0.0025 0.0£0.0Bc 14.4+1.7ABb 30.0+3.3EFa 47.5; <0.01
0.005 0.0+£0.0Bc 15.5+1.7Ab 455+3.4CDEa  110.9; <0.01
Pyriproxyfen ~ 0.001 0.0+0.0Bb 0.0+0.0Db 8.9+2.6Ga 11.6; <0.01
0.01 0.0+0.0Bb 0.0+0.0Db 6.6+2.3Ga 8.0; <0.01
0.1 0.0+0.0Bb 2.2+1.5CDb 21.1+3.9FGa 23.3; <0.01
Chlorpyrifos  0.01 0.0+0.0Bb 4.4+1.7CDb 36.6+2.3DEFa  139.0; <0.01
0.2 0.0+0.0Bc 11.1+2.6ABCb  54.4+5.8ABCa  61.4;<0.01
In-SNP Deltamethrin ~ 0.0025 0.0+0.0Bb 3.3+1.7CDb 55.5+3.7ABCa  205.1; <0.01
0.005 1.1+1.1ABb 5.5+1.7BCDb 67.7£3.2ABa 281.3; <0.01
Pyriproxyfen  0.001 0.0+£0.0Bb 0.0+£0.0Db 10.0£2.9Ga 12.0; <0.01
0.01 0.0+0.0Bb 5.5+1.7BCDb 34.4+1.7EFa 166.2; <0.01
0.1 3.3t1.7Ac 14.4+3.7ABb 52.2+3.6BCDa  65.1; <0.01
Chlorpyrifos  0.01 0.0+0.0Bc 7.7422ABCDb  41.1+2.6CDEa  122.0; <0.01
0.2 0.0+0.0Bc 16.7+1.7Ab 70.0+4.7Aa 160.4; <0.01
F13'112;P 29, <0.01 107, <0.01 374, <0.01

Means followed by the same lower case letter in each row and upper case letter within each column are not significantly different using
Tukey’s post hoc Honestly Significant Difference (HSD) test at P > 0.05.
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Table 8. Mean delayed mortality% (x SE) of T. granarium large larvae exposed on galvanized steel treated with three different

Ad

insecticides and insecticide-loaded SNPs

Formulations Time (day)
Concentration
(g(ai)im?) ! > ! FouP
Insecticide Deltamethrin 0.0025 4.4+1.7ABCc 11.1+2.6CDEFb 28.9+2.0BCDa 34.5; <0.01
0.005 4.4+1.7ABCc 20.0+2.3ABCb 38.9+2.6ABCa 57.8; <0.01
Pyriproxyfen 0.001 0.0+0.0Cb 0.0£0.0Fb 13.3+3.3Fa 16.0; <0.01
0.01 0.0+0.0Cb 0.0£0.0Fb 15.5+1.7EFa 52.3; <0.01
0.1 0.0+0.0Cb 0.0£0.0Fb 20.0+1.7DEFa 144.0; <0.01
Chlorpyrifos 0.01 6.6+1.7ABCc 14.4+2 9CDEb 32.2+2.2BCDa 31.4; <0.01
0.2 11.1+3.5ABb 17.8+4.0BCDb 37.8+4.6ABCa 11.5; <0.01
In-SNP Deltamethrin 0.0025 5.5+1.7ABCc 13.3+1.7CDEb 31.1+2.6BCDa 40.6; <0.01
0.005 7.7£2.2ABCc 17.7+1.5BCDb 47.7+2 8Aa 87.7;<0.01
Pyriproxyfen 0.001 0.0+0.0Cc 5.5+2.4EFb 13.3+2.3Fa 11.8; <0.01
0.01 0.0+0.0Cc 6.6+2.3DEFb 26.6+2.3CDEa 52.0; <0.01
0.1 3.3¢1.7BCc 15.5+3.4BCDEDb 37.7£2.8ABCa 41.7;, <0.01
Chlorpyrifos 0.01 10.0+1.7ABc 26.6+2.9ABb 41.1+3.0ABa 35.1; <0.01
0.2 12.242.2Ac 31.1+2.0Ab 45.5+2.4Aa 56.5; <0.01
F13110;P 6.8; <0.01 17.0; <0.01 18.3; <0.01

Means followed by the same lower case letter in each row and upper case letter within each column are not significantly different using Tukey’s post hoc
Honestly Significant Difference (HSD) test at P > 0.05.
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Abstract
Introduction
The incidence of pests’ resistance to pesticides, adverse effects of pesticides on non-target
species, and environmental hazards have increased the tendency of applying various pests
control techniques. Nanopesticide formulations are thus considered as one of the recent
techniques in controlling pests. Using this technology increases the effectiveness of
pesticides under various environmental conditions, including light and hot situations. Indeed,
it decreases the amount of pesticide use and ultimately decreases the chance of pests’
resistance to insecticides.
Materials and Methods
In the current study, the silica nanoparticles were prepared using the sol-gel method and
loaded with deltamethrin, pyriproxyfen, and chlorpyrifos. The mosaic and galvanized steel
surfaces were treated with either deltamethrin (0.0025 and 0.005 g(a.i.)/m?), pyriproxyfen
(0.001, 0.01 and 0.1 g(a.i.)/m?) and chlorpyrifos (0.01 and 0.2 g(a.i.)/m?) alone or loaded in
nanosilica. The experiments were carried out at 3 replicates, and 3 sub replicates. In each
replicate, 10 small or large larvae of Trogoderma granarium Everts (Coleoptera:
Dermestidae) were introduced, and 2 g wheat Chamran variety was utilized as food source.
All experiments were conducted at 30+1 °C, 655 % RH, and darkness. The initial mortality
of small and large larvae of T. granarium was counted 1, 3, and 7 days after exposure, and
delayed mortality was assessed 7 days thereafter. For each larval group, the variance analysis
of initial and delayed mortality was subjected to the factorial test (concentration and time as
main effects). Means were separated by Tukey Kramer HSD test at P =0.05 using SPSS
software version 16.
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Results and Discussion

Results indicated that initial and delayed mortality increased by raising concentration levels
and exposing time to each concentration in all experiments. In all cases, the small larvae of
T. granarium were more sensitive than large larvae. Deltamethrin, followed by chlorpyrifos,
was the most toxic to the larvae of T. granarium. Due to our findings, the mortality was
dramatically higher in galvanized steel than the mosaic one. It could be attributed to the
steel's flat surface, reducing insecticide residues' absorbance within the surface. Moreover,
the insecticidal efficacy of nanosilica loaded with insecticides was significantly greater than
the application of insecticides without nanosilica. Utilizing nanoparticles, we found an
increase in the ratio of surface area to volume of insecticides, resulting in more insect
contact to insecticide particles and eventually improved the mortality rate of insecticide.
Conclusion

It is therefore concluded that the application of loaded insecticides in silica nanoparticles
significantly increased T. granarium larvae's mortality rate. Furthermore, silica nanoparticles
can be introduced as the carrier of insecticides to control T. granarium in the stored wheat
efficiently. Besides, deltamethrin loaded SNPs is potentially recommended as one capable
component that can be effectively conducted during pest management programs in terms of
stored products pest control.

Keywords: Carrier, Stored products, Nanoparticles, Trogoderma granarium



