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Abstract
Background and Objectives
The tomato fruitworm Helicoverpa armigera (Hubner) is a highly versatile pest found
worldwide. Due to its high mobility, short growth period, and high reproduction rate, it has
become a highly damaging agricultural pest in various regions. One effective and long-lasting
strategy for managing pests, like the tomato fruitworm, is to utilize a combination of chemical
insecticides and other control methods in an integrated pest management program. Insecticides
have direct effects on mortality rates and indirect effects by altering the physiological or
behavioral characteristics of the target pest. In a sustainable agriculture strategy, it is crucial to
assess the direct and indirect effects of insecticides on the biological parameters of the target
pest. This study aimed to investigate the lethal and sublethal concentrations of thiodicarb,
pyridalyl, and chromafenozide on the life table parameters of the tomato fruitworm.
Materials and Methods
The bioassay of insecticides on the second instar larvae of the tomato fruitworm was conducted
by adding the insecticides to the artificial diet. In control, distilled water was used instead. To
study the sublethal effects of thiodicarb, pyridalyl, and chromafenozide insecticides, 200
tomato fruitworm larvae of second-instar were selected from the laboratory population from a
growth chamber and then transferred to containers. After three days, 70 alive larvae were
randomly selected and transferred to individual rearing containers containing an insecticide-
free diet in each treatment. All demographic parameters were measured individually in each
treatment. The data related to the mortality of the tomato fruitworm larvae was analyzed by the
probit method in a bioassay. For each insecticide, the dose response line and the LCso slope
were estimated at a 95% confidence level. One-way analysis of variance was used to evaluate
the sublethal effects of the tested insecticides on the duration of immature stages and the
developmental rate. A comparison of means was done with Tukey's test at a 5% probability
level. The sublethal effects of the insecticides on the demographic parameters of pests were
analyzed using the age-stage-specific bisexual life table theory.



Results

According to the bioassay tests on the tomato fruitworm larvae, the estimated LCso values for
thiodicarb, pyridalyl, and chromafenozide, were 209.62, 48.09, and 2.74 mg a. i. /L,
respectively. The results of the sublethal effects showed that LCso values of insecticides could
alter the pest's biological and life table parameters. The lowest length of embryonic, larval, pre-
pupal, pupal, immature, pre-, and post-oviposition periods was recorded in the control
treatment. On the other hand, the longest time of these parameters was observed in the
chromafenozide and pyridalyl treatments. The highest lifespan of males and females and the
maximum fertility of pests were observed in control. However, the lowest of these parameters
were observed in the chromafenozide and pyridalyl treatments. None of the insecticides had a
significant effect on the sex ratio of the tomato fruitworm (1:1). The highest value of net
fecundity rate (Ro), intrinsic rate of increase (r), finite rate of increase (1) were observed in the
control treatment and the lowest values of these parameters were observed in the
chromafenozide and pyridalyl treatments. The lowest average value of total generation period
(T) and doubling time (DT) was observed in the control treatment, and the highest value of
these parameters was observed in the chromafenozide and pyridalyl treatments.

Discussion

After conducting tests to evaluate the lethal and sublethal effects of insecticides on the
biological parameters of tomato fruitworms, it was found that pyridalyl and chromafenozide
had shown more effects than that of thiodicarb. It can be concluded that pyridalyl and
chromafenozide insecticides are more effective on the tomato fruitworms than thiodicarb.
Therefore, it is recommended to use pyridalyl or chromafenozide insecticides along with the
other control methods in an Integrated Pest Management (IPM) approach for the tomato
fruitworms.
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Table 1. Bioassay results of tested insecticides on the second instar larvae of the tomato fruitworm
Helicoverpa armigera at 72 hours after treatment.

Insecticides No. insects  Slope+SE X3(df) Concentrations (mg a.i./L) CL95%

LCso (CL95%) LCzo (CL95%)
thiodicarb 315 1.67 0.27 5.97(16) 209.62(154.6-269.91) 101.84(60.04-140.52)
pyridalyl 315 2.290.35 3.93(16) 48.09(37.94-58.3) 28.36(20.07-35.46)
Chromafenozide 315 2.04 0.31 3.62(16) 2.74(2.15-3.4) 1.52(1.02-1.96)

6- Mx 1- ANOVA one-way
7- Lxmx 2- TUI_(ey
8- fii 3- Chi square
X 4- Bootstrap test
9- ex

5- Ix
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Table 2. Sublethal effects of the tested insecticides on the duration of the immature stages of the tomato
fruitworm, Helicoverpa armigera, when the second instar larvae of its' previous generation were exposed to
LCaso of insecticides.

Parameters control thiodicarb pyridalyl chromafenozide df F P
(days)

Embryonic period 2.23+0.08d 3.17+0.10c 4.61+0.12a 3.93+0.11b 3,262 111.34 0.0001
Larval period 12.47+0.31c 15.15+0.37b 16.38+0.39% 17.04+0.41a 3,217 35.82 0.0001
prepupal period 1.54+0.09¢ 1.98+0.10b 2.27+0.13ab 2.43+0.11a 3,197 1535 0.0001
Pupal period 11.35+0.15¢ 12.11+0.18b 12.76+0.21b 13.32+0.27a 3,150 225 0.0001
total immature 27.33+0.35¢ 32.24+0.40b 35.86+0.46a 36.39+0.51a 3,150 117.39  0.0001
period

Means with the same letters in each row are not significantly different based on Tukey's test (P>0.05).
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Table3. The sublethal effects of the tested insecticides on the lifespan of male and female insects and the

total fertility of the tomato fruitworm, Helicoverpa armigera, when the second instar larvae of the previous
generation were exposed to LCso of insecticides.

Parameters control Thiodicarb pyridalyl chromafenozid df F P

e
?é'g}'/es)'onge‘“ty 15.7120.44a 12.95$0.51b  12.13+056b  11.76:048b 379 1538  0.0001
Pre-oviposition 2.79+0.14a 2.94+0.23a 3.08+0.21a 3.00£0.25a 3,67 1271 0.0001
period (days)
8‘;‘}'?5‘)’5'“0” period 9.21+0.36a 6.64+0.42b 5.46+0.47hc 467+053c 3,67 23.68 0.0001
Post-oviposition 1.72+0.16b 2.18+0.21ab 2.23+0.26ab 26740238 367 374 002
period (days)
(Fde;‘;z‘)'e longevity 13.72+0.3% 11.76+0.48b  10.77+0.53bc  10.33+0.46c 3,67 1271 0.0001
Fecundity 710.31#31.95a  402.53+37.51b  204.92+452.20  236.08+10.4c 3,67 36.66  0.01
(eggs/female)

Sex ratio 0.93 0.85 0.81 0.75
.Means with the same letters in each row are not significantly different based on Tukey's test (P>0.05).




5 VE ¥ Olls oY oples PV o (55518 ke alows) (S 50lE

(S it oS b Sy Y e 53 Gloo) Sl iSo o oS 5 SIS 4 by sla o
Obe 53 5 el s & dals 3 03be 5 5 oS O i (Sx) do o=y 0305 Slookiy &5 s5) Rl 355
S oo Sl (b 355 la 25T ke Ssleg aon 53 dads 0L K par £ 5l s p S
Sl e L1558y ST I o sl sled 5 RalS Ry e B P I - S LIS Y %
235 Ol Glaolij #5038 sl il ol 3 1, 2> Sslize iy 55 Kl ol & )l sy S sean
(VK8 5 g 3le Sl i 3l ti b jled dnn Fr M i ol Gl it 53 05,8 5131 0L

Sz 0w £ Sl Cune Slamulp 95 bl 390 SIS0 owils n) F1 -E Jeu

A8 5 1S b 70 sio LC30 o a0 38wy Jud £90 oo (Sla9Y &7 Sy Helicoverpa armigera
Table 4. The sublethal effect of the tested insecticides on the parameters of the stable population
of the tomato fruitworm, Helicoverpa armigera,when the second instar larvae of the previous
generation were exposed to LCs of insecticides.

Parameters control Thiodicarb Pyridalyl chromafenozide
Net reproductive rate (Ro) 334.71+78.85a  105.28+23.94b  65.04+11.34bc 47.22+8.95¢
(individual/generation)

Intrinsic rate of increase (r) (day™?) 0.183+0.012a 0.125+0.006b 0.102+0.007c 0.090+0.007¢c
Finite rate of increase (A) (day™) 1.201+0.015 1.133+0.007b 1.10740.007c 1.094+0.008c
Mean generation time (T) (days) 31.69+0.78d 37.27+0.63c 40.91+0.72b 42.85+0.47a
Doubling time (DT) (days) 3.78+0.26¢ 5.56+0.30b 6.79+0.54a 7.71+0.76a

Means with the same letters in each row are not significantly different (paired bootstrap test (with 500,000 samples, P > 0.05)
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Figure 1. The sublethal effects of the tested insecticides on the age-stage specific survival rate (Sxj) of the

tomato fruitworm, Helicoverpa armigera when the second-instar larvae of the previous generation were
exposed to LCso of insecticides.
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Figure 2. The sublethal effects of the tested insecticides on the age survival rate (Ix), Age specific fecundity rate (mx),
Age specific maternity rate (Ilk.mx), Age-stage specific fecundity rate (fxs) of the tomato fruitworm, Helicoverpa
armigera when the second-instar larvae of the previous generation were exposed to L Cso of insecticides.
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Figure 3. The sublethal effects of the tested insecticides on age-stage-specific life expectancy (ex)
of the tomato fruitworm, Helicoverpa armigera when the second-instar larvae of the previous
generation were exposed to LCsp of insecticides.
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Figure 4. The sublethal effects of tested insecticides on age-stage-specific reproductive value (V) of the

tomato fruitworm, Helicoverpa armigera.
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