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ABSTRACT

The present study was carried out at the research field of the Department of Entomology, Bangabandhu Sheikh 
Mujibur Rahman Agricultural University, Gazipur, Bangladesh, during the tomato (Solanum lycopersicum L.) growing 
seasons of 2021 and 2022 to evaluate the pest management benefit of 4 insecticides, viz. Karate 2.5 ec (λ-cyhalothrin), 
Ripcord 10 ec (cypermethrin), Marshal 20 ec (carbosulfan), and Shobicron 425 ec (profenofos Q + cypermethrin) 
against sucking insect pests (aphids, jassids, whiteflies and thrips) of tomato. The abundance of the sucking pests 
was significantly lower in the insecticide treated plots compared with the untreated control. During both the years, 
carbosulfan was the most effective insecticide against aphids (3.1 and 0.8 aphids/3 leaves, respectively), jassids (0.1 
and 0.7 jassid/3 leaves, respectively), and thrips (1.9 and 1.1 thrips/3 leaves, respectively), whereas the profenofos Q 
+ cypermethrin decreased the abundance of whiteflies (1.4 and 2.0 whiteflies/3 leaves, respectively). However, these 
insecticides had negative effects on the pollinator insect and natural enemies of sucking pests in tomato fields. The 
insecticide-treated plots showed a significantly lower number of predators and pollinator than the untreated control 
plots. In the 1st and 2nd years, plots treated with cypermethrin (1.1 predators/plant) and λ-cyhalothrin (1.2 predators/
plant), respectively, showed the highest abundance of predators. Among the insecticide-treated plots, profenofos Q 
+ cypermethrin treated plots showed the highest abundance of pollinator in both years (1st year: 0.7/ plot and 2nd 
year: 0.9/ plot). Carbosulfan treated plot showed the highest mean yield (58.7 tonnes/ha) with the highest marginal 
benefit-cost ratio (5.1).
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Tomato (Solanum lycopersicum L.), a member of the 
Solanaceae family, is one of the commonly grown vegetables 
worldwide. In Bangladesh, the total tomato production in 
2020 was 447,815.4 m tonnes and the area of cultivation 
was approximately 29,492.9 ha (BBS 2021). The yield of 
tomato in Bangladesh is very low because of the infestation 
of sucking insects. The major sucking insects of tomato 
are thrips (Scirtothrips dorsalis), aphids (Aphis gossypi), 
whiteflies (Bemisia tabaci), and jassids (Amarasca biguttula 
biguttula). These insects suck sap from infested plants using 
their piercing and sucking type mouthparts, resulting in the 
curling and withering of leaves, followed by leaf and fruit 
drop. These pests can transmit different types of viruses 
that cause the leaf curl disease. Yield losses in tomato due 
to the direct and indirect damages caused by whiteflies and 
thrips were reported 20–100% and 23.7%, respectively, in 

Ethiopia (Agegnehu et al. 2014). The tomato yellow leaf 
curl virus (TYLCV) has been found to significantly reduce 
tomato production in Bangladesh with yield losses of 93.95% 
(Alam et al. 2016).

Tomato growers depend on synthetic insecticides to 
combat sucking insect pests. Insecticide use affects insect 
predators. In addition, synthetic insecticides can cause 
serious harm to pollinator insects as they are delicate and 
vulnerable organisms. Thus, the frequent application of 
insecticides negatively affects crop production by reducing 
natural insect pollination and pest controlling agents. 
Furthermore, continuous and indiscriminate use of synthetic 
insecticides results in the development of insecticidal 
resistance in insect pests; thus, regular analysis of the 
efficacy of these insecticides is essential. So far, only a 
few studies (Jha and Kumar 2017, Wagh et al. 2017) have 
assessed the effectiveness of insecticides against sucking 
pests of tomato, and studies on their negative effects on 
beneficial insects visiting tomato fields are scarce. Therefore, 
in the present study, we aimed to determine the efficacy of 
some selected insecticides against sucking insect pests of 
tomato and to evaluate the effects of these insecticides on 
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the incidence of pollinator insects visiting tomato crops and 
the natural enemies of sucking insect pests.

MATERIALS AND METHODS
Study site and condition: The present study was carried 

out in the crop fields of the Department of Entomology, 
Bangabandhu Sheikh Mujibur Rahman Agricultural 
University, Gazipur, Bangladesh during tomato growing 
season of two consecutive years (from December 2020 to 
March 2021 and October 2021 to February 2022). The site 
is located at 25°25′ N and 89°5′ E and has mean maximum 
temperature of 36.0ºC, mean minimum temperature of 12.7ºC, 
65.8% relative humidity, and 237.6 cm annual rainfall.

Experimental materials: Four insecticides, namely, 
λ-cyhalothrin (Karate 2.5 ec: Syngenta, Switzerland) 
cypermethrin (Ripcord 10 ec: BASF Canada Inc), carbosulfan 
(Marshal 20 ec: FMC Insecticide, India) and profenofos Q 
+ cypermethrin (Shobicron 425 ec: Syngenta, Switzerland) 
which are frequently applied in the tomato fields of 
Bangladesh, were used in this study (Table 1). The variety 
BARI Tomato-14 was cultivated for this experiment, and its 
seeds were procured from the Horticulture Research Centre, 
Bangladesh Agricultural Research Institute (BARI), Gazipur, 
Bangladesh.

Experimental design: The 30-days old seedlings were 
transplanted to the field on December 24, 2020, in the first 
year and on November 10, 2021, in the second year. Owing to 
unfavorable weather conditions, crop cultivation was delayed 
in the first year. The plants were cultivated in a randomized 
complete block design with a plot size of 3.0 m × 2.0 m in 
three replicates. The spacing between blocks and between 
plots was 1.0 m. The spacing between plants and between 
rows was 60 cm and 66 cm, respectively. There were 225 
plants in the experimental field (15 plants per plot). The 
untreated control plots did not receive insecticidal treatment.

Observation of sucking pests, their predators and 
insect pollinator: After the build-up of the sucking pest 
population on tomato plants, insecticides were sprayed on 
the experimental field three times at 10-day intervals. The 
insecticides were sprayed ensuring thorough coverage of 
the foliage by using knapsack sprayers. Three plants from 
each plot were randomly selected for data collection. The 
abundance of the insects was observed on three randomly 
chosen leaves (from the top, middle, and bottom positions 
on the selected plants) for each of the three replicates. Data 
were collected 3, 7, and 10 days after the insecticidal spray 
during both the years. Predators were counted per plant, 
and pollinator was counted per plot after 3, 7, and 10 days 
of insecticidal sprays. For efficacy evaluation, the per cent 

reduction in the abundance of insects over the untreated 
control was estimated.

Calculation of yield and marginal benefit-cost ratio: 
During both the years, the first harvest of tomato fruit was 
obtained 8 weeks after flowering. Healthy and marketable 
mature fruits from each plot were handpicked and their 
weights were measured. The yield of each plot was converted 
into tonnes/ha. The economic analysis and marginal benefit-
cost ratio (MBCR) calculation were performed using the 
total expenditure for each treatment and the total return per 
hectare, were based on the pooled data of two years. The 
total expenditure for treatment indicates the costs of labour 
and inputs. The gross return of the treatment was the total 
price obtained from the total yield of the treatment. The 
net return was calculated by subtracting the expenditure on 
treatment from the gross return. The adjusted net return of 
each treatment was calculated by subtracting the net return 
of the control from the net return of the treatment, and the 
MBCR was calculated as:

MBCR =
Adjusted net return

Total cost
Data analysis: Data on the effects of different treatments 

on abundance of sucking pests, their predators, insect 
pollinator and crop yield were analyzed using one-way 
analysis of variance (ANOVA). Mean values were separated 
according to Tukey’s HSD posthoc test at a significance level 
of 5%. T-statistics was used to compare the abundance of 
sucking pests, their predators and pollinator insects between 
the years. All analyses were performed using IBM SPSS 
20.0 software (IBM SPSS statistics v.20.0, Georgia, USA).

RESULTS AND DISCUSSION
Incidence of sucking insects on tomato: The insecticide-

treated plots showed a significantly lower number of sucking 
insects than the untreated control plot (Table 2). The Marshal 
20 ec-treated plot showed the lowest (1st year: 3.1 aphids/ 3 
leaves, 2nd year: 0.8 aphid/ 3 leaves) mean aphid abundance 
among the treatments in both the years. T-statistics showed 
that there was a significantly lower aphid population in the 
second year than in the first year.

According to the current findings, Marshal 20 ec 
containing carbosulfan resulted in the highest aphid 
population reduction, which is consistent with previous 
research findings. Faheem et al. (2016) reported that 
carbosulfan significantly lowered the population of wheat 
aphids in Pakistan. Saad et al. (2007) also found that 
carbosulfan is effective against bean aphids in Egypt.  
El-Dewy et al. (2018) reported that carbosulfan was 
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Table 1  Details of insecticides used in the experiment for their comparative effectiveness

Trade name Active ingredient Mode of action Recommended dose (ppm)

Karate 2.5 ec λ-Cyhalothrin Contact 1000

Ripcord 10 ec Cypermethrin Contact and stomach action 1000

Marshal 20 ec Carbosulfan Contact and stomach action 3000

Shobicron 425 ec Profenofos Q + Cypermathrin Contact and stomach action 2000
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moderately effective against cotton aphids (77.47% 
reduction in population). 

In both years, Marshal 20 ec-treated plots showed the 
lowest mean abundance of jassids (0.1 and 0.7 jassid/3 
leaves, respectively). T-statistics showed that the abundance 
of jassids in the two different years was different and 
significantly higher in the second year than in the first year.

In the present study, carbosulfan was very effective in 
managing jassid infestations in tomato. These results are 
similar to the findings of Asif et al. (2017), who observed 
that carbosulfan reduced the highest number (by 42.06%) 
of jassids in cotton fields. Bisht et al. (2017) found that 
Karate 2.5 EC (λ-cyhalothrin) (3.42 jassids/3 leaves) was 
the least effective against jassid in okra fields, which is in 
line with the present findings. 

All insecticide-treated plots showed statistically 
significant differences and lower whitefly abundance than 
the untreated control plot. T-statistics showed that the 
abundance of whiteflies in the two different years was 
significantly different. However, Shobicron 425 ec-treated 

plots showed the lowest mean abundance of whiteflies in 
both the years (1st year: 1.4 whiteflies/ 3 leaves; 2nd year: 
2.0 whiteflies/ 3 leaves).

Present study showed that Shobicron 425 ec, which 
contains profenofos Q + cypermethrin was effective against 
whiteflies. Jha and Kumar (2017) also found that profenofos 
+ cypermethrin (42.20%) was effective against whiteflies in 
tomato fields. Sinha and Nath (2009) reported that polytrin 
(profenofos 40% + cypermethrin 4%) was effective against 
whiteflies on okra. On the other hand, Kady and Devine 
(2003) found that whiteflies showed resistance to carbamates 
(carbosulfan), which is in contrast to the present findings. A 
recent review of insecticide control and resistance levels in 
whitefly populations worldwide showed that resistance to 
carbamates, pyrethroids and organophosphate insecticides 
has been documented for parts of Asia so overuse of these 
compounds is not recommended (Horowitz et al. 2020).

In the first year, the Marshal 20 ec-treated plot showed 
the lowest abundance (1.9 thrips/3 leaves), and in the second 
year, both, plots treated with Marshal 20 ec (1.1 thrips/3 

Table 2  Effects of different insecticides on the abundance (number/three leaves) of sucking insects on tomato plant

Treatment Abundance of aphid 
1st year Mean 2nd year Mean T statistics 

(df)
P value

3 DAT 7 DAT 10 DAT 3 DAT 7 DAT 10 DAT

Karate 2.5 ec 2.9 ±0.2bc 5.8 ±0.8b 6.8±0.7ab 5.1 0.9±0.2ab 1.9±0.2bc 2.3±0.6ac 1.7 4.2 (8) <0.01

Ripcord 10 ec 3.5 ±0.3b 6.2 ±1.2b 6.4±0.7ab 5.4 0.9±0.1ab 3.2±0.3ab 2.8± 
0.3ab

2.3 4.5 (8) <0.01

Marshal 20 ec 1.7 ±0.2d 3.4 ±0.1b 4.2±0.2b 3.1 0.7±0.2b 0.7±0.2c 1.0±0.3c 0.8 6.3 (8) <0.001

Shobicron 425 ec 2.2 ±0.2cd 4.4 ±0.3b 5.1±0.3b 3.9 0.7±0.3b 0.9±0.1c 1.2±0.5bc 0.9 6.0 (8) <0.001

Control 5.2 ±0.4a 12.3a±1.2a 8.3±1.0a 8.6 2.0±0.5a 3.9±0.6a 3.9±0.4a 3.2 5.8 (8) <0.001
Abundance of jassid 

Karate 2.5 ec 0.6±0.2ab 0.9±0.4ab 1.0±0.3ab 0.8 1.2±0.2b 1.5±.2b 1.3±0.2b 1.3 -2.4 (8) <0.05

Ripcord 10 ec 0.6±0.2ab 0.4±0.2bc 0.8±0.2ac 0.6 1.0±0.0bc 1.3±.1b 1.4±0.2b 1.2 -5.0 (8) <0.01

Marshal 20 ec 0.1±0.1b 0.04±0.0c 0.06±0.1c 0.1 0.2±0.1c 0.9±.1b 0.9±0.2b 0.7 -4.3 (8) <0.01

Shobicron 425 ec 0.2±0.1d 0.2±0.1bc 0.3±0.2bc 0.2 0.7±0.2bc 0.9±.1b 1.2±0.1b 0.9 -6.0 (8) <0.001

Control 1.3±0.3a 1.5±0.2a 1.3±0.2a 1.4 2.1±0.4a 2.3±0.3b 2.3±0.2a 2.2 -2.8 (8) <0.05
Abundance of whitefly 

Karate 2.5 ec 2.1±0.2b 2.2±0.2b 2.2±0.3b 2.2 2.1±0.2b 3.8±0.5b 3.9±0.5bc 3.3 -2.9 (8) <0.05

Ripcord 10 ec 1.8±0.2bc 2.0±0.4b 2.3±0.2b 2.0 2.3±0.3b 3.9±0.4b 4.7±0.5b 3.6 -2.9 (8) <0.05

Marshal 20 ec 1.7±0.2bc 1.9±0.2b 1.6±0.3b 1.7 1.6±0.3b 2.5±0.2bc 2.9±0.3bc 2.3 -2.7 (8) <0.05

Shobicron 425 ec 0.9±0.1c 1.7±0.3b 1.7±0.2b 1.4 1.8±0.3b 2.1±0.2c 2.1±0.3c 2.0 -2.7 (8) <0.05

Control 3.8±0.4a 3.4±0.4a 3.6±0.3a 3.6 7.1±0.6a 7.7±0.5a 7.8±1.0a 7.5 -6.5 (8) <0.001
Abundance of thrips 

Karate 2.5 ec 1.2±0.3b 3.3±0.9b 3.2±0.8b 2.6 1.1±0.3b 1.2±0.1ab 1.8±0.4ab 1.4 2.8 (8) <0.05

Ripcord 10 ec 1.3±0.2b 1.6±0.2b 3.1±0.5b 2.0 1.0±0.3b 1.2±0.3ab 1.9±0.3ab 1.4 2.8 (8) <0.05

Marshal 20 ec 0.8±0.1b 2.3±0.3b 2.8±0.4b 1.9 0.8±0.4b 0.9±0.1b 1.7±0.2b 1.1 3.6 (8) <0.01

Shobicron 425 ec 1.3±0.2b 1.7±0.2b 4.3±0.8b 2.4 0.9±0.2b 1.1±0.1b 1.3±0.3b 1.1 2.7 (8) <0.05

Control 3.9±0.6a 6.6±0.9a 8.0±1.5a 6.1 2.8±0.4a 1.8±0.2a 3.1±0.5a 2.6 4.0 (8) <0.01

Data are expressed as mean ± S.E. Means within a column followed by no common letter(s) for each of the sucking insects are 
significantly different by Tukey’s post hoc test at P≤0.05. DAT = Days after treatment.
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leaves) or Shobicron 425 ec (1.1 thrips/3 leaves) showed 
the lowest and statistically comparable mean abundance 
of thrips. T-statistics revealed that the abundance of thrips 
was significantly different between the years and showed 
a decrease in the second year.

Asif et al. (2017) observed that carbosulfan reduced 
56.60% of the thrips population in cotton fields. Khoso et 
al. (2017) also found that carbosulfan was effective against 
onion thrips (97.79% reduction in population). The findings 
of the present study showed agreement with these findings, 
as Marshal 20 ec containing carbosulfan was effective in 
controlling thrips on tomato.

Effects of insecticides on beneficial insects (predator and 
pollinator): The abundance of predators (ladybird beetles 
and spiders) and pollinator (carpenter bees) in different 
insecticide- treated plots 3, 7, and 10 days after spraying 
was statistically different in both years (Supplementary 
Table 1). All insecticide-treated plots showed a statistically 
lower number of predators than the untreated control 
plot. Among the different insecticides, Ripcord 10 ec (1.1 
predators/plant) and Karate 2.5 ec (1.2 predators/plant) 
resulted in the highest mean abundance of predators in the 
first and second year, respectively. T-statistics showed that 
the abundance of predators in the two different years was 
not statistically different.

All insecticide-treated plots showed a statistically lower 
number of pollinator than the untreated control plots. Among 
the different insecticides, Shobicron 425 ec (1st year: 0.7/
plant; 2nd year: 0.9/plant) resulted in the highest mean 
abundance of pollinator in both the years. Furthermore, 
T-statistics showed that the abundance of pollinator in the 
two different years was not statistically different.

Chemical insecticides negatively affects both beneficial 
and pest insects. El-Dewy et al. (2018) found that carbosulfan 
was moderately harmful to predator insects and reduced 
their population in cotton by 31.7% in 2017 and by 44.3% 
in 2018. Kenko et al. (2023) observed that cypermethrin 
and lambda-cyhalothrin were highly risky for bees. In the 
present study, we also found that the insecticide-treated 
plots showed a lower abundance of predator and pollinator 
insects than the untreated control plot.

Marginal benefit-cost ratio (MBCR): Yield, details of 
total variable cost and MBCR analysis of different treatments 
against the major sucking pests of tomato are presented in 
Table 3. The insecticide-treated plots showed higher yield, 
gross and net returns than the untreated control plot. Marshal 
20 ec-treated plots showed the highest yield (58.7 tonnes/ha). 
The highest and lowest adjusted net returns were obtained 
from Marshal 20 ec (216,700 BDT) and Karate 2.5 ec  
(102,610 BDT) treatments, respectively. Again, Marshal 20 ec  
and Karate 2.5 ec had the highest (5.1) and lowest (2.7) 
MBCR, respectively.

Although similar insecticides were applied in both 
years, the abundance of insects differed between the years. 
This might be due to variations in the planting time and 
weather conditions. In the first year, planting was performed 
late in the season, whereas in the second year, planting was 
performed early. As a result, tomato plants experienced 
different weather conditions during the two years, which 
might have influenced the abundance and infestation of 
sucking insect pests on tomato. 

From the present study, it is concluded that the studied 
insecticides, Karate 2.5 ec, Ripcord 10 ec, Marshal 20 ec 
and Shobicron 425 ec, reduced the abundance of sucking 
insect pests of tomato where Marshal 20 ec and Shobicron 
425 ec were more effective. However, all of the tested 
insecticides negatively affected the abundance of pollinator 
insects and natural enemies of the pests, resulting in their 
lower abundances in the insecticide-treated plots than in 
the untreated control plots.
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