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FLE o o ol 53 5 ST dwl (5658
Sila Sl o spi e ol 1y Ks ST
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5. Azadirachtin
6. Cyclooxygenases (COX)
7. Lipoxygenases (LOX)

doNdo

Helicoverpa armigera Hubner . oj 3 S
ol il (25 SV gaamms Lo 5 4y e BT 1S
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gl 4 i BT pl SRS sl AVl 5 e
el & (Matthews, 1999) wisi oo (Sl Calibes
5 0Ll 3 Caltee (Slassloy ¢ dame o (sla ST
Sehip da o g dide Ol ie 5 Oyl 8l B, o )
.(Sharma and Singhvi, 2017)
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SUle 5, 5L opl slaes, sl 3 (Carriere et al., 2015)
ST ObeSIndl ade S Ophe i o
3p3m GOl N g 5 S 0655518 Y puames
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R b el dim S5 O I bl 5 6T

1. Diapause

2. Diptera

3. Lepidoptera
4. Coleopteran
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X. &, carpocapsae

Spodoptera exigua (Lepidoptera: .3 ;i i
BZA & i Olge G opl 5 .4,0s |, Noctuidae)
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3. Hemocyte lysis

de 3 iaslaST 3 0T Lleds 58 5 bl
Sz 025k OSTE 5 el plnl iNVItro gls sl 3T
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0556 (Stanley, 2011) col Sl s e T
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Gobw Syse 4 LI5L s Pro-tyr 5 Pro-Tyr-OH

Acetylated Phe-Gly-Val (Ac- 5 ol 5540

1. Dexamethasone
2. Non-steroidal anti-inflammatory drugs
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2. Cannibalism

o) -(Sajjadian and Kim, 2020) 5,5 . Jw BtK
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1. Bacterial-induced intestinal dual oxidase
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6. Macromolecules
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1. Approximate Digestibility AD%)

2. Efficiency of Conversion Ingested food (EC1%)
3. Efficiency of Conversion Digested food (ECD%)
4. Relative Growth Rate (RGR)

5. Relative Consumption Rate (RCR)
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Table 1. Data related to the estimation of lethal concentrations (ml/kg diet) of Biolep® under the
influence of different oxindole concentrations against the 3 instar larvae of Helicoverpa
armigera after 48h

Oxindole Biolep® Lethal concentration (ml/ kg diet)
H 2
co/rcheEFra;tlon LCuo LCuo LCos Slope £ SE X2 (df)
(g/kg diet) (95% CL) (95% CL) (95% CL)
1.84 6.14 117.37

Control (1.12-2.72) (4.259.02)  (61.32-306.47) ~ 100%011  1315(8)
147 4.19 54.19

0.05 (0.94-210)  (3.00-5.85)  (31.89-11541)  L15%012  4419(8)
0.85 2.39 30.01

0.1 (0.51-1.24) (1.68-331)  (1825-61.05)  -1/*013  6384(8)
0.74 2.16 29.99

0.5 (043-110)  (1.49-3.03)  (18.02-6227)  L12*012 5102(8)

LC= lethal concentration (ml/ kg diet), CL= confidence limit, SE= standard error, X2 = chi-square, df = degree of freedom

Sy Jsts B Calisen laclale 36 o Iyl LCo0 oo 5 (cpl) SaizS" (gl SN R ESTIRTER QUPNES
Helicoverpa armigera 4., ¢ 58 oS s o 50Y

Table 2. Estimation of lethal time values (hour) in the toxicity of Biolep® (at LCso) under the influence
of different oxindole concentrations against the 3" instar larvae of Helicoverpa armigera

Lethal time (hour)

Treatment
(concentration) LT L Tso Slope £SE  X*(df)
(95% CL) (95% CL)

Biolep® 36.77 49.88

(LCs0) (30.78- 41.80) (43.99-57.61) 396064 0568(4)

Biolep® & Oxindole 34.22 46.52

(LCso & 0.05 g/kg diet) (28.41-39.03) (40.95- 53.30) 393:061  0839(4)

Biolep® & Oxindole 28.39 37.31

(LCso & 0.1 g/kg diet) (23.65-32.33) (32.82- 41.89) 422059 1881
. .

Biolep® & Oxindole 26.64 3452 466 + 061 47142 (8)

(LCso & 0.5 g/kg diet)

(19.26-32.14)

(27.80- 41.10)

LT= lethal time (hour), CL= confidence limit, SE= standard error, X? = chi-square, df = degree of freedom
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Table 3. The effect of sublethal concentration (LCso) of Biolep® and different oxindole concentrations
on feeding indices (mean + SE) of the 3" instar larvae of Helicoverpa armigera

Treatment

. AD% ECD% ECI% RGR RCR
(concentration)

Control 47.61+301° 548+035°  4.4640.62°  4.023+0.09% 1.19+0.16°
Biolep® b a a b b
o e diet) 64.63+428° 12.95+159% 75040442  213+0.27°  1.91%0.07
Biolep® & Oxindole b a a b b
o 005 glkg diey 6779%232°  1275:100°  750:040° 214:033°  196:0.23
Biolep® & Oxindole b a a be ab
o Ot gy 6301%202°  1271125%  751:041°  189:0.10%  207:0.27
Biolep® & Oxindole 78.44+398°  1231+133%  7.52+#048°  1.402+015° 2.60£0.22

(LCso ml/kg diet + 0.5 g/kg diet)

Means followed by the same letter in each column do not differ significantly (Tukey, P< 0.05)
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Figure 1. The effect of sublethal concentration (LCso) of Biolep® and oxindole concentrations on
glycogen content (mean + SE) of the 3" instar larvae of Helicoverpa armigera
Means followed by the same letter do not differ significantly (Tukey, P< 0.05).
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Figure 2. The effect of sublethal concentration (LCso) of Biolep® and different oxindole concentrations
on protein content (mean + SE) of the 3 instar larvae of Helicoverpa armigera
Means followed by the same letter do not differ significantly (Tukey, P< 0.05).
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Figure 3. The effect of sublethal concentration (LCso) of Biolep® and different oxindole concentrations
on triglyceride content (mean + SE) of the 3" instar larvae of Helicoverpa armigera
Means followed by the same letter do not differ significantly (Tukey, P< 0.05).
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Figure 4. The effect of sublethal concentration (LCso) of Biolep® and different oxindole concentrations
on a-amylase enzyme specific activity (mean + SE) of the 3" instar larvae of Helicoverpa armigera.
Means followed by the same letter do not differ significantly (Tukey, P< 0.05)
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Figure 5. The effect of sublethal concentration (LCso) of Biolep® and different oxindole concentrations
on lipase enzyme specific activity (mean + SE) of the 3" instar larvae of Helicoverpa armigera.
Means followed by the same letter do not differ significantly (Tukey, P< 0.05)
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Figure 6. The effect of sublethal concentration (LCso) of Biolep® and different oxindole concentrations

on protease enzyme specific activity (mean + SE) of the 3" instar larvae of Helicoverpa armigera.
Means followed by the same letter do not differ significantly (Tukey, P< 0.05)
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Figure 7. The effect of sublethal concentration (LCso) of Biolep® and different oxindole concentrations
on a- glycosidase enzyme specific activity (mean + SE) of the 3" instar larvae of Helicoverpa
armigera.

Means followed by the same letter do not differ significantly (Tukey, P< 0.05)
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Figure 8. The effect of sublethal concentration (LCso) of Biolep® and different oxindole concentrations

on B - glycosidase enzyme specific activity (mean + SE) of the 3" instar larvae of Helicoverpa
armigera
Means followed by the same letter do not differ significantly (Tukey, P< 0.05)
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Abstract

Oxindole is an inhibitor of the eicosanoid signal leading to inhibiting the immune system of
insects. One of the important problems of using biological agents such as Bacillus thuringiensis
Kurstaki (BtK) is their low efficiency and slowness of effect. In this research, the effect of oxindole
and Biolep® based on BtK, were investigated on toxicity, feeding indices, energy reserves, and
digestive enzyme activity of Helicoverpa armigera Hubner (Lep.: Noctuidae) larvae. The results
showed that oxindole increased larval mortality and decreased LCso and LTso values of Biolep®. The
feeding indices of cotton bollworm were changed under the influence of sub-lethal concentrations of
bacteria and oxindole. At the concentration of 0.5 g oxindole/ kg diet the relative growth rate (RGR)
decreased and the approximate digestibility (AD%) increased compared to the absence of oxindole.
The use of oxindole along with bacteria also decreased lipase activity. Glycogen as an energy reserve
was adversely affected by simultaneous application of oxindole concentrations of 0.1 or 0.5 g.kg* and
the sub-lethal concentrations of Biolep® compared to sub-lethal concentrations of Biolep® only. The
results of this research showed that by adding oxindole as an inhibitor of eicosanoid signal and
immune system to the diet of cotton bollworm, the effectiveness of Biolap® increased and the feeding
physiology of the pest was affected.
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