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Table 1. Probit analysis of the effect of different concentrations of Bacillus thuringiensis subsp.
kurstaki on second instar larvae of Spodoptera exigua after 48 and 72 hours under laboratory

conditions

Treatment Con. Time  Slope = SE Intercept X2 (df) LC2s (95% CLs) LCso (95% CLs)
(ppm) (h)

Btk 300.00 48 2.81+0.48 -3.611 0.79 (3) 661.93 1149.62
725.00 (470.58-816.64) (950.45- 1402.34)
1150.00
1575.00 72 2.09+0.39 -0.976 3.56 (3) 346.48 729.13
2000.00 (180.58- 485.94) (531.89- 925.63)
Control

B 3190 L ol yod (6 551yl (F5eilon (59) RiReljglo anidl 5 U
S Wala b anslie 55 (Bl o150 Lol jon (6 S gl (G542 (555 Siuelisle andl S0 I Juol il sls 4
YU Sl bl ool glls U I el iyl (65 gmn LoDl Aals b Lo jLos dan 45 3l 0L (iblim 5150 36
(Y dpder) oL oo bajlad bl g S
Skl y ke andl 56 Lo bli olge Lol jan (6 5L ) sl (554 Ao ys =Y gl

Table 2. The percentage of bacterial spore germination with protective substances under the influence
of ultraviolet ray

Treatments Spore germination %

12 h 24 h 36 h 48 h
Btk+Graphene oxide 66.67+1.67° 60.00+2.89° 49.67+0.88° 40.67+0.67°
Btk+Nano graphene oxide 70.00+0.00° 63.33£1.67° 48.33+1.67% 44.00+1.00°
Btk+Active charcoal 86.33+0.88? 80.00+0.00* 68.33£1.67* 62.67+2.332
Btk (control) 56.67+£3.33¢ 46.67+3.33¢ 40.00+2.89¢ 28.33£1.67¢
F(3,8) 41.42 33.83 38.00 83.44
P 0.001 0.001 0.001 0.001
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Table 3. T-test analysis of the effect of Btk with UVC radiation treatment and bacteria without
radiation treatments on the mortality of second instar larvae of Spodoptera exigua after 48 and 72
hours in laboratory conditions

Time (h) Treatment % Mortality + SE” T (df) P

48 Btk-UV 21.70+ 2.41° -3.464(5) 0.018
Btk 41.70+ 3.172

72 Btk-UV 40.00+ 3.63° -15.492(5) 0.001
Btk 80.00+ 4.63%

sl o by led (5513 gnn L alie b Sy b e 5 S5 e s
X8in oS Wl 93 o $Uha, 59y UVC ansil Jlhe 53 Bik (6,551 3,Shos 5 Ui lge G
(Pialojl byl s 3

a0 als sl 5 bl o3le Oty e b alin 13 BHK (6 557 5 Shas jy blis 3150 36 457 sl 0L il ylg 4 525
Fa, 5Fa 20=164.071; P=0.001 5 54) Sl 513 sine 30t ol VY 3 FA 31 ey 155 s il 5 05 oo slas Y
.(30=77.89; p=0.001
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Figure 1. Comparison of the mortality percentage of the second instar larvae of Spodoptera exigua
under bacterial treatments mixed with protective substances, bacteria without protective substances

and the control after 48 and 72 hours, with a 5% probability level by Tukey test. The columns with the
same letters indicate non-significant difference between treatments.
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Figure 2. Comparison of the mortality percentage of the second instar larvae of Spodoptera exigua
under bacterial treatments mixed with protective substances, bacteria without protective substances
and the control after 48 and 72 hours in field conditions with 5% probability level by Tukey test. The
columns with the same letters indicate non-significant difference between treatments.
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Figure 3. Comparison of leaf chlorophyll index under the influence of sunlight rays and control

treatment (without sunlight rays) after one, two, and three days at the 5% probability level by Tukey
test. The columns with the same letters indicate non-significant difference between treatments.
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Abstract

Bacillus thuringiensis serves as an effective biopesticide in controlling specific pests. Nonetheless,
exposure to solar ultraviolet (UV) radiation is a significant factor that contributes to the degradation of
the spores and crystals of this bacterium. Therefore, research on protective compounds against UV
radiation is essential. In this study, the effects of activated charcoal, graphene oxide, and nanographene
oxide in preserving the pathogenicity of B. thuringiensis var. kurstaki (Btk) against ultraviolet radiation
on the beet armyworm, Spodoptera exigua (Hiibner) were investigated under laboratory and field
conditions. The probit analysis of concentrations of Btk on second-instar larvae of the S. exigua after 48
and 72 hours in the laboratory showed that LCso was 1149.62 and 729.13 ppm, respectively.
Additionally, the study examining the impact of UVC on the pathogenicity of Btk indicated that larvae
exposed to UVC-treated Btk experienced lower mortality rates compared to those exposed to the non-
irradiated bacterium. The variance analysis regarding the impact of UV radiation on spore germination,
when using protective agents in comparison to the control group, demonstrated that activated charcoal
showed the more effective results. Additionally, an analysis of variance regarding the UV-protective
properties of the treatments in preserving the effectiveness of Btk against second-instar larvae conducted
under both laboratory and field conditions revealed that activated charcoal had a higher protective effect
compared to other treatments. Based on the results, activated charcoal is recommended for use with Btk
against this pest. Activated charcoal can be suggested for inclusion in formulations of this biopesticide
to protect it from solar UV radiation.
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