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Abstract: Sucking pests of cotton (Gossypium hirsutum L.), such as thrips, or Thrips tabaci Linde-
man, and jassid, or Amrasca biguttula Ishida, are among the most threatening insect pests to young
cotton plants in Pakistan. New chemical insecticides have been trialed to control their damage in
commercial fields. Formulations that show good suppression of these pest’s populations, while
sparing bio-controlling agents, are always preferred for obtaining better crop yield. Six different
commercially available insecticides, namely Fountain® (fipronil and imidacloprid), Movento Energy®

(spirotetramat and imidacloprid), Oshin® (dinotefuran), Concept Plus® (pyriproxyfen, fenpyrox-
imate, and acephate), Maximal® (nitenpyram), and Radiant® (spinetoram) were evaluated in the
present study to shortlist the best available insecticide against targeted pests. Harmful impacts
of selected insecticides were also evaluated against naturally occurring predators, such as spiders
and green lacewings (Chrysoperla carnea). Radiant® (spinetoram) and Movento Energy®, respec-
tively, were best at controlling thrips (with 61% and 56% mortality, respectively) and jassid (62%
and 57% mortality, respectively) populations during 2018 and 2019. Radiant® proved itself as the
best option and showed minimal harmful effects on both major arthropod predators of cotton fields
i.e., spiders (with 8–9% mortality) and green lacewings (with 12–16% mortality). Movento Energy®

also showed comparatively less harmful effects (with 15–18% mortality) towards natural predatory
fauna of cotton crops, as compared to other selective insecticides used in the study. The findings of
current study suggest that the judicious use of target-oriented insecticides can be an efficient and
predator-friendly management module in cotton fields. However, the impact of these chemicals
is also depended on their timely application, keeping in consideration the ETL of pests and the
population of beneficial arthropods.

Keywords: biological control; sustainable; natural predation; habitat management; sucking pests

1. Introduction

Currently, Bt cotton, Gossypium hirsutum L., is officially authorized in Pakistan since
2010 due to its better yield and high profitability [1], which are why it is named the “golden
cash crop” of Pakistan [2]. In Pakistan, the cotton crop is attacked by a variety of insect
pests which are reported to be as many as ~162 species [3]. The major insect pests of Bt
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cotton include sap-feeding pests, of which jassid, or Amrasca biguttula Ishida (Hemiptera:
Cicadellidae), and thrips, or Thrips tabaci Lindeman (Thysanoptera: Thripidae), are more
common. As such, they have emerged as a serious threat to the crop yield for cotton
growers [4].

Most of these sap-feeding pests attack the crop at its early phenological growth
stage [5]. The insect pests of cotton usually cause a 5 to 10% percent yield loss [6,7], but
in favorable environmental conditions, they may pull down crop yield by 35 to 50% [7].
They stunt plant growth by sipping sap from soft tissues and also from the undersides of
young leaves of growing plants; they may also deface them [8]. Thrips are the first among
different sucking pests which invade cotton fields at the seedling stage of the crop and,
hence, cause an adverse effect on the overall yield of the crop. Similarly, jassids are known
as the most critical pest at the growing stage of cotton plants. They not only suck the plant’s
sap, but they also inject poisonous saliva into the plant tissues during its feeding. Early
attack by jassid reduces the photosynthetic area of plants by affecting their young leaves [9].
This may cause a 23.67% reduction in the overall cotton yield if goes unchecked [10].

Two different strategies can be used to avoid major cotton yield losses i.e., biological
and chemical control to keep these pest species below economic threshold level (ETL).
In the early phenological stages when the plants are too young to face these severely
damaging pest species, cotton growers mainly rely upon different types of insecticides,
which give them quick relief against sudden pest outbreaks. For this purpose, pesticides
worth 10 billion rupees are imported and, of these, almost 70–80% are applied to cotton
crops alone [11]. Such massive use of these pesticides results in different types of health
hazards for farmers, including environmental and soil pollution. Furthermore, insects are
developing resistance to these insecticides [12].

Resistance is developed in insect pests against generally used insecticides, which
become less effective over time. To overcome this issue, the discovery of some already
existing molecules and the invention of new synthetic chemicals is an ongoing process.
Spirotetramat (Movento Energy®) is a wide-ranging insecticide suitable for all crops. Newly
developed insecticides exhibit excellent results in controlling not only thrips but other
sucking pests as well [13]. Thus, the usage of innovative chemicals molecule, such as
pyridine carboxamide and neonicotinoids is increasing. These synthetic molecules are
required in lower quantities and are also cost-effective for the regulation of sucking pests of
the cotton crop [14]. Neonicotinoids are usually applied as foliar sprays and are also broadly
used for seed treatments in Bt cotton to reduce pest attacks [15]. As with neonicotinoids,
fipronil and some other pesticides are also used as foliar sprays to control various pests
which appear at different phenological stages of the crop [16].

This study aimed to evaluate the efficacy of two comparatively newer insecticides
(Radiant® and Movento Energy®) and conventionally used formulations (Fountain®, Con-
cept Plus®, Oshin®, and Maximal®) against two of the major sucking insect pests, as well as
their impact on major natural predatory fauna. The experiments were conducted in cotton
fields under natural agricultural conditions for the evaluation of six selective insecticides
as a foliar application at their recommended field rates. Their effects on naturally occurring
bio-control agents i.e., spiders and green lacewings were also evaluated.

2. Materials and Methods

The present study was conducted at the Agricultural Research Farms of Bahauddin
Zakariya University, Bahadur Sub-Campus, located in a semi-arid zone in the Layyah
District (70.98401◦ N, 31.17979◦ E), Punjab Pakistan. The area has an elevation of 148 m
and the soil texture is sandy loam. The present experiments were conducted during
the summers of 2018 and 2019. Randomized complete block design (RCBD) was used
for the applications of selected insecticides in experimental plots. A total of 10 blocks
(10 replications) were selected for the experiment. The block size was 42.5 m × 30 m. Each
block was further divided into seven plots in which six different commercial pesticides
were evaluated, while the seventh plot was left untreated as a control. Every treatment
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plot (12 square meters) was separated from the next plot by a buffer zone area of 9 square
meters. Plant to plant and row to row distances of 23 cm and 75 cm were maintained,
respectively. Each experimental block was divided into a cultivated area, water channels
for irrigation purposes, and the paths of the experiment. A main water channel of a 2 m
width was made along one side of the field plot. Four sub-water channels (1 m wide),
linked to the main water channel, were established to irrigate every treatment plot. Three
paths, each of 1 m width, were also made. A single cotton cultivar (Bt FH-142) was selected
for evaluating the efficacy of the short-listed insecticides (Table 1). The pest and predator
data were taken before and after the application of commercial insecticides on the designed
dates. The seeds were collected from the Food Machinery Chemical Corporation (FMC),
Pakistan. Delinted seeds of Bt cotton were used at the amount of 19.77 kg per hectare.

Table 1. List of insecticides used in experimental field plots and their rates of application to the
cotton crop.

Product Name Active Ingredient (IRAC Class) Application Rate (per Acre) Company Name

(Fountain® 80% WDG)
Fipronil (GABA-gated chloride channel

blockers) + imidacloprid (nicotinic
acetylcholine receptor competitive modulators)

50 g Four Brothers Chemicals (Pvt.)
Ltd. Lahore-Pakistan

(Movento Energy® 48% SC)
Spirotetramat 12% (inhibitor of acetyl CoA
carboxylase) + imidacloprid 36% (nicotinic

acetylcholine receptor competitive modulators)
150 mL + 250 mL adjuvant Bayer Crop Science,

Karachi-Pakistan

(Oshin® 20SG) Dinotefuran (nicotinic acetylcholine receptor
competitive modulators) 100 g Arysta Life Sciences Pvt. Ltd.

Karachi-Pakistan

(Concept Plus® 35% EC)

Pyriproxyfen (juvenile hormone mimics) +
fenpyroximate (mitochondrial complex 1
electron transport inhibitors) + acephate

(acetylcholinesterase inhibitors)

750 mL Kanzo AG Multan-Pakistan

(Maximal®) Nitenpyram (nicotinic acetylcholine receptor
competitive modulators) 150 g FMC Karachi-Pakistan

(Radiant® SC) Spinetoram (nicotinic acetylcholine receptor
allosteric modulators—Site 1) 100 mL Dow Agro Sciences,

Karachi-Pakistan
(Untreated) Control - -

Cotton sowing was carried out on May 20th and May 15th in the years 2018 and 2019,
respectively, on ridges created through proper plowing of field plots. The recommended
fertilizers i.e., DAP, nitrogen, phosphorous, and potash were applied according to the cotton
cultivation technology [16]. Irrigation was carried out weekly or when it was required
according to field moisture conditions, but not extended to the interval of more than two
weeks. No herbicides were applied and, instead, handpicking or plowing was performed
for weed control.

Manual counting of seedlings was carried out after 15 days of cotton sowing in the
field plots. To keep the recommended plant × plant (6–9 inches) and row × row (2.5 feet)
distance, thinning was performed accordingly [17]. The treatments were applied when
thrips or jassid populations reached their economic threshold level (ETL) (the ETL of jassid
is 1 adult or nymph per leaf, while the ETL of thrips is 8–10 adults or nymphs per leaf),
after taking pre-application data. All insecticides were liquefied in water according to the
label directions before their application. For applications of treatments, a hand-operated
knapsack sprayer (UK Registered Design No. 2025702) was used. The control plot was
left untreated. Pests and bio-control agents were monitored regularly on a weekly basis
by making direct observations, and pre-application data was recorded a day before the
application of the insecticides. During each visit, adult pest populations were recorded
from three leaves of five randomly selected plants. From every randomly selected plant, the
first leaf was taken from slightly above the ground level, the second leaf from the middle
portion of it, and the third leaf from its top canopy. Similarly, data on arthropod predators
were also recorded [18].

The normality and distribution of data were checked before the statistical analysis.
A generalized linear model (GLM) under a one-way analysis of variance (ANOVA) was
performed, leading to the LSD to discern the means at p < 0.05. Correlations of thrips and
jassid populations with each other and with temperature and humidity at different dates
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were also calculated using Spearman’s correlation. The statistical package SPSS® version
16 was used for the analyses of data.

3. Results

Before the application of selected insecticides, significant differences were observed in
the populations of T. tabaci in all experimental plots during both study years (F6,63 = 2.55;
p = 0.0283 for 2018 and F6,63 = 3.39; p = 0.0059 for 2019). A significant decline in the T. tabaci
populations of all treated groups was recorded as compared to the control for both years
after first application (Table 2). Radiant® caused a maximum reduction in thrip population
(0.65 ± 0.08) two days after treatment (2 DAT) (F6,63 = 8.08; p < 0.001), as compared to
the pre-treatment during 2018. The same treatment showed the maximum population
reduction (0.50 ± 0.08) on 2 DAT (F6,63 = 8.62; p < 0.001), as compared to pre-treatment
in 2019.

Table 2. Effect of selective insecticides on number (mean ± SEM) of adult thrips per leaf on cot-
ton plants during 2018 and 2019. The data were recorded pre-24 h and 2, 9, and 16 days after
treatment (DAT).

Treatments
Pre-24 h 2 DAT 9 DAT 16 DAT

2018 2019 2018 2019 2018 2019 2018 2019

The first application (1 July 2018, and 26 June 2019)
Fountain® 2.08 ± 0.25 ab 1.78 ± 0.21 ab 1.10 ± 0.13 bc 0.94 ± 0.11 bc 1.33 ± 0.16 ab 1.14 ± 0.13 ab 1.83 ± 0.23 ab 1.57 ± 0.19 ab

Movento
Energy® 2.66 ± 0.43 a 2.61 ± 0.40 a 1.15 ± 0.19 bc 1.13 ± 0.17 bc 1.46 ± 0.24 ab 1.43 ± 0.22 ab 2.13 ± 0.35 ab 2.09 ± 0.32 a

Oshin® 1.87 ± 0.20 ab 1.72 ± 0.19 ab 1.19 ± 0.13 bc 1.09 ± 0.12 bc 1.38 ± 0.15 ab 1.28 ± 0.14 ab 1.75 ± 0.19 ab 1.62 ± 0.17 ab

Concept Plus® 1.27 ± 0.24 b 1.18 ± 0.22 b 0.61 ± 0.11 c 0.56 ± 0.56 c 0.76 ± 0.14 b 0.71 ± 0.13 b 1.05 ± 0.20 b 0.98 ± 0.18 b

Maximal® 2.61 ± 0.47 ab 2.39 ± 0.44 ab 1.50 ± 0.26 ab 1.37 ± 0.24 ab 1.80 ± 0.33 a 1.65 ± 0.30 a 2.35 ± 0.43 a 2.16 ± 0.39 a

Radiant® 1.70 ± 0.22 ab 1.32 ± 0.22 b 0.65 ± 0.08 c 0.50 ± 0.08 c 0.88 ± 0.12 b 0.68 ± 0.11 b 1.27 ± 0.17 ab 0.99 ± 0.16 b

Control 2.35 ± 0.28 ab 2.14 ± 0.26 ab 2.07 ± 0.24 a 1.89 ± 0.23 a 2.15 ± 0.25 a 1.96 ± 0.24 a 2.30 ± 0.27 a 2.09 ± 0.26 a

The second application (20 July 2018, and 15 July 2019)
Fountain® 1.71 ± 0.24 bc 1.72 ± 0.24 bc 0.90 ± 0.12 bc 0.91 ± 0.12 bc 1.09 ± 0.15 bc 1.10 ± 0.15 bc 1.51 ± 0.21 bc 1.52 ± 0.21 bc

Movento
Energy® 2.31 ± 0.24 bc 2.33 ± 0.24 bc 1.00 ± 0.10 bc 1.01 ± 0.10 bc 1.27 ± 0.13 bc 1.28 ± 0.13 bc 1.86 ± 0.20 bc 1.87 ± 0.20 bc

Oshin® 1.99 ± 0.40 bc 2.00 ± 0.40 bc 1.26 ± 0.25 bc 1.26 ± 0.25 bc 1.47 ± 0.30 bc 1.49 ± 0.30 bc 1.87 ± 0.38 bc 1.88 ± 0.38 bc

Concept Plus® 1.56 ± 0.22 bc 1.57 ± 0.22 bc 0.75 ± 0.11 bc 0.75 ± 0.11 bc 0.94 ± 0.13 bc 0.95 ± 0.13 bc 1.30 ± 0.19 c 1.31 ± 0.19 c

Maximal® 2.85 ± 0.37 ab 2.87 ± 0.37 ab 1.64 ± 0.20 b 1.65 ± 0.21 b 1.97 ± 0.25 b 1.98 ± 0.25 b 2.57 ± 0.33 b 2.59 ± 0.34 b

Radiant® 1.35 ± 0.07 c 1.36 ± 0.07 c 0.52 ± 0.02 c 0.52 ± 0.03 c 0.70 ± 0.03 c 0.71 ± 0.03 c 1.01 ± 0.05 c 1.02 ± 0.05 c

Control 4.16 ± 0.48 a 4.19 ± 0.48 a 3.67 ± 0.43 a 3.70 ± 0.43 a 3.80 ± 0.44 a 3.83 ± 0.44 a 4.07 ± 0.49 a 4.10 ± 0.49 a

Note: The values in the columns with different superscripts are significantly different when compared by LSD.

The minimum population reduction was recorded by the Oshin® on 2 DAT (1.19 ± 0.13
and 1.09 ± 0.12 for 2018 and 2019, respectively) as compared to the population before
treatment (1.87 ± 0.20 and 1.72 ± 0.19 for 2018 and 2019, respectively). A similar trend was
also recorded against the second application of insecticide treatments on 20 July 2018, and
15 July 2019. The differences in the populations of T. tabaci at 9 DAT (F6,63 = 5.30; p = 0.0002)
and 16 DAT (F6,63 =3.26; p = 0.0074) of 2018 and 9 DAT (F6,63 = 5.92; p = 0.001) and 16 DAT
(F6,63 = 4.04; p = 0.0017) of 2019 were also statistically significant.

After the application of various insecticides, a significant reduction in the jassid
population was observed in all treated plots. The results given in Table 3 showed mean
population reduction in jassid by various insecticide treatments in both applications during
the years 2018 and 2019. The data indicated that maximum mortality (0.87 ± 0.09 and
0.56 ± 0.05) was recorded with the Radiant® at 2 DAT (F6,63 = 20.4; p < 0.001) in 2018. A
similar trend was also recorded at 2 DAT (F6,63 = 21.6; p < 0.001) for the year 2019. In the
second application, the difference at 9 DAT (F6,63 = 5.71; p < 0.0001) and 16 DAT (F6,63 = 3.38;
p = 0.0059) of 2018, and 9 DAT (F6,63 = 5.58; p = 0.0001) and 16 DAT (F6,63 = 3.29; p = 0.0071)
of 2019 were also significant.



Agriculture 2022, 12, 1341 5 of 10

Table 3. Effect of selective insecticides on number (mean ± SEM) of adult jassids per leaf on
cotton plants during 2018 and 2019. The data was recorded pre-24 h and 2, 9, and 16 days after
treatment (DAT).

Treatments
Pre-24 h 2 DAT 9 DAT 16 DAT

2018 2019 2018 2019 2018 2019 2018 2019

The first application (1 July 2018, and 26 June 2019)
Fountain® 1.48 ± 0.17 c 1.53 ± 0.18 c 0.79 ± 0.09 c 0.81 ± 0.09 c 0.95 ± 0.11 c 0.98 ± 0.11 c 1.30 ± 0.15 c 1.35 ± 0.15 cd

Movento
Energy® 2.85 ± 0.40 bc 2.94 ± 0.41 bc 1.24 ± 0.18 bc 1.28 ± 0.18 bc 1.57 ± 0.22 bc 1.62 ± 0.23 bc 2.29 ± 0.33 bc 2.36 ± 0.33 bcd

Oshin® 3.39 ± 0.49 ab 3.49 ± 0.50 ab 2.15 ± 0.31 b 2.21 ± 0.32 b 2.51 ± 0.36 b 2.59 ± 0.37 b 3.18 ± 0.46 ab 3.28 ± 0.48 ab

Concept Plus® 1.52 ± 0.19 c 1.58 ± 0.20 c 0.73 ± 0.09 c 0.76 ± 0.10 c 0.91 ± 0.12 c 0.95 ± 0.12 c 1.26 ± 0.16 c 1.32 ± 0.17 d

Maximal® 3.13 ± 0.36 bc 3.23 ± 0.37 abc 1.79 ± 0.20 bc 1.85 ± 0.20 bc 2.16 ± 0.25 bc 2.23 ± 0.25 bc 2.82 ± 0.32 bc 2.91 ± 0.33 bc

Radiant® 2.29 ± 0.24 bc 2.36 ± 0.25 bc 0.87 ± 0.09 c 0.90 ± 0.10 c 1.19 ± 0.13 bc 1.23 ± 0.13 c 1.71 ± 0.18 bc 1.77 ± 0.19 bcd

Control 4.88 ± 0.69 a 4.92 ± 0.65 a 4.29 ± 0.60 a 4.33 ± 0.57 a 4.46 ± 0.63 a 4.50 ± 0.60 a 4.76 ± 0.67 a 4.80 ± 0.63 a

The Second application (20 July 2018, and 15 July 2019)

Fountain® 1.59 ± 0.16 ab 1.75 ± 0.17 ab 0.85 ± 0.09 cd 0.93 ± 0.09 bcd 1.02 ± 0.10 bc 1.12 ± 0.11 bc 1.40 ± 0.14 ab 1.53 ± 0.15 ab

Movento
Energy® 1.70 ± 0.27 ab 1.85 ± 0.29 ab 0.73 ± 0.11 cd 0.80 ± 0.12 cd 0.94 ± 0.15 c 1.02 ± 0.16 c 1.36 ± 0.21 b 1.48 ± 0.23 b

Oshin® 1.80 ± 0.20 ab 1.95 ± 0.22 ab 1.14 ± 0.13 abc 1.24 ± 0.14 abc 1.33 ± 0.15 abc 1.45 ± 0.17 abc 1.69 ± 0.19 ab 1.83 ± 0.21 ab

Concept Plus® 1.83 ± 0.25 ab 1.98 ± 0.26 ab 0.88 ± 0.11 bcd 0.95 ± 0.12 bcd 1.10 ± 0.15 abc 1.19 ± 0.16 abc 1.52 ± 0.21 ab 1.65 ± 0.22 ab

Maximal® 2.46 ± 0.27 a 2.66 ± 0.29 a 1.41 ± 0.16 ab 1.53 ± 0.17 ab 1.70 ± 0.18 a 1.84 ± 0.20 a 2.22 ± 0.24 a 2.40 ± 0.26 a

Radiant® 1.47 ± 0.12 b 1.60 ± 0.13 b 0.56 ± 0.05 d 0.61 ± 0.05 d 0.76 ± 0.06 c 0.84 ± 0.07 c 1.10 ± 0.09 b 1.20 ± 0.10 b

Control 1.80 ± 0.23 ab 1.96 ± 0.25 ab 1.58 ± 0.20 a 1.73 ± 0.22 a 1.64 ± 0.21 ab 1.79 ± 0.23 ab 1.76 ± 0.23 ab 1.92 ± 0.26 ab

Note: The values in the columns with different superscripts are significantly different when compared by LSD.

The preliminary data analysis showed an almost similar trend of both predator (green
lacewings and spiders) densities during both years of the study period and, hence, the
data was pooled together for further statistical analysis. The selected insecticides affected
both green lacewings and spiders in the following trends i.e., Oshin® > Maximal® >
Fountain® > Concept Plus® > Movento Energy® > Radiant®. The results indicated that
maximum population reduction in the beneficial arthropod, C. carnea was recorded against
the application of Oshin® before pre-treatment (0.649), (F6,63 = 0.85; p = 0.5348) followed by
post-treatment i.e., 2 DAT (0.189), (F6,63 = 24.7; p = 0.0000) in 2018, which caused maximum
mortality among all treatments. Radiant®, on the other hand, caused minimum mortality
of the C. carnea (pre-treatment, 0.656 ± 0.0741 and post-treatment, 0.577 ± 0.0645) having
ANOVA values (F6,63 = 0.85; p = 0.5348) and 2 DAT (F6,63 = 24.7; p = 0.0000), and spiders
(pre-treatment, 1.062 ± 0.0783 and post-treatment, 0.987 ± 0.0745) with ANOVA values
(F6,63 = 3.27; p = 0.0073) and 2 DAT (F6,63 = 35.1; p = 0.0000), during the year 2018. The
varying effect of these insecticides on these beneficial arthropods was also revealed by
post-hoc test results (Figures 1 and 2).
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4. Discussion

Cotton growers used a wide range of commercially available insecticides against
sucking pests but, due to their regular usage, pests can develop resistance against these
insecticides, meaning that they become less effective in controlling pests [19]. Moreover,
their impact on beneficial fauna like common predators including beetles (coccinellids),
green lacewings, ants, and parasitoids (wasps), along with environmental contamination,
are major issues related to the unjust usage of these broad-spectrum insecticides [20].
Therefore, there is a need to evaluate and select those insecticide formulations and active
ingredients which are more target-specific in their mode of action against sucking insect
pests of cotton and are friendly towards the environment and beneficial predators. Recently,
it has been proposed that controlling these pests biologically is eco-friendlier than using
synthetic insecticides [21].

Results of the present study showed that all selected insecticides imposed a significant
reduction in the populations of two major sucking pests (thrip and jassid) in treated field
plots of respective treatments when compared to the pest populations found in untreated
control plots, suggesting their efficacy. However, Radiant® proved itself as the most bio-
friendly insecticide among all the selected chemical insecticides for the study. All selected
treatments work efficiently and showed a reduction in T. tabaci populations for both years of
study as compared to control (untreated). Radiant®, Movento Energy®, and Concept Plus®

showed more of a reduction in T. tabaci populations at their first and second applications
as compared to other insecticides during the years 2018–2019. Chloridis et al. [22] also
reported that spinetoram proved more efficient against many insect pests as compared to
the plots sprayed with spinosad formulations.

Maximum mortality (percentage) of thrips was observed in the field plots treated with
Radiant® after 2 DAT (61.76% and 61.48%) to 16 DAT (25.29% and 25.18%) after its first and
second application, respectively, during the experiment year 2018 (Table 2). Spinetoram
was described by Dripps et al. [23] as an active ingredient of a semi-synthetic nature that
demonstrated higher levels of efficacy than spinosad, especially against lepidopteran larvae,
thrips, and leaf miners on a variety of crops and horticultural plants. Waters and Walsh [24]
reported spinetoram as an efficacious insecticide against onion thrips, while spirotetramat
provides satisfactory control of the thrip population. Ghelani et al. [25] also evaluated the
effectiveness of different insecticides of both chemical and botanical origin and documented
that all of the evaluated botanicals and insecticides were effective against thrips and other
major sucking insect pests.

All of the six tested insecticides showed significant mortality in jassid populations
observed post-treatment for both experimental years 2018–2019. However, two insecticides,
namely Radiant® and Movento Energy®, gave the highest mortality ratios of jassid. Gogi
et al. [26], also mentioned that, in cotton fields, rapid control of different pest species
through chemical insecticides is the best strategy, and it plays an important role in different
integrated pest management (IPM) programs. In the present study, all selected chemical
insecticides showed control against the major sucking pests of the crops.

All of the selective insecticides reduced the total number of beneficial fauna (non-
target) to almost one-half of their total population. However, in the present study, Radiant®

proved to be the much more friendly option towards the beneficial fauna of the crops,
especially towards green lacewings and spiders. Some new insect growth regulators, such
as buprofezin and pyriproxyfen, proved themselves to be quite target-specific and showed
minimal impact on beneficial predatory fauna [27].

5. Conclusions

At the vegetative stage of the cotton crop, a repeated spray of chemical insecticides
for controlling different sucking pests, especially jassid and thrip, is of great importance.
However, to provide a safeguard for the environment, beneficial predatory fauna, as
well as cotton growers, safe and more specific insecticides should be developed and
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tested regularly. The results of our tested chemicals showed that two bio-based chemical
insecticides, namely Radiant® and Movento Energy®, showed less harm to beneficial
predatory fauna while controlling the sucking pest populations. These insecticides could
be selected as the first choice for future IPM strategies and also in places where usage
of conventional insecticides is restricted, for example in organic farming land areas. The
findings of pests’ resistance against commonly practiced broad-spectrum insecticides, such
as neonicotinoid and acephate, show the need for their low usage, and also the need to
integrate them with some milder insecticides.
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