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Introduction

Insect pests have always been a ubiquitous threat to 
global food production. These invertebrates cause 

untold qualitative and quantitative damage to various 
agricultural and horticultural crops all over the world 
including India and Pakistan (Arif et al., 2018; Gun-

dappa and Shukla, 2018). Almost all field and forage, 
fruit and vegetable and forest and ornamental crops 
are attacked by different sucking and chewing insect 
pests. For instance, mango mealybug (Drosicha man-
giferae Green), mango leafhopper (Idioscopus clypea-
lis Lethierry), Asian citrus psyllid (Diaphorina citri 
Kuwayama) and subterranean termites (Odontotermes 
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obesus Rambur) are among the most destructive insect 
pest species and are of great economic importance 
under agro-climatic conditions of Pakistan.

Mango mealybug (D. mangiferae) is a polyphago-
us species attacking a wide range of horticultural 
and agricultural plants. Since last few decades, this 
mealybug species has acquired a status of regular pest 
of many fruit crops including citrus and mango in 
Pakistan and causes considerable direct and indirect 
losses to these crops (Tahir et al., 2015; Mirbahar et 
al., 2017; Ghafoor et al., 2020). Mango leafhopper (I. 
clypealis) is also a major sap-sucking insect pest and 
poses a great menace to mango crop in the country 
(Gundappa and Shukla, 2016; Karar and Bakhsh, 
2018). Adults and nymphs of mango leafhopper in-
fest gregariously at the flowering stage and cause con-
siderable economic damage to mango crop each year 
( Jha et al., 2017; Karar and Bakhush, 2018).

Similarly, Asian citrus psyllid (D. citri) has been the 
challenging pest of citrus all over the world includ-
ing Pakistan. Desaping of plants by both adults and 
nymphs of this species cause severe losses to citrus crop 
(Mahmood et al., 2014). Apart from direct sap-feed-
ing, this pest is a notorious vector of citrus greening, 
a destructive disease of citrus orchards (Teixeira et al., 
2005; Razi et al., 2014; Canale et al., 2017). Similar-
ly, subterranean termites (O. obesus and other species) 
infest a number of agricultural, horticultural and for-
estry crops and damage wooden works in agricultur-
al and urban settings (Manzoor et al., 2012; Majeed, 
2012; Ahmed et al., 2013). They attack and damage 
many agricultural and fruit crops including gram, ses-
ame, maize, cotton, wheat, sugarcane, citrus and man-
go (Iqbal and Saeed, 2013; Rasib et al., 2017).

In order to combat and suppress these insect pests’ 
infestations, farmers in Pakistan rely exclusively on 
highly toxic and persistent conventional synthetic 
pesticides (Ahmed et al., 2006; Akbar et al., 2010; 
Tiwari et al., 2011; Manzoor et al., 2012; Gulzar et 
al., 2015; Ghafoor et al., 2020). Extensive and repeat-
ed use of these conventional synthetic insecticides is 
posing many non-target effects on the human health 
and environment (Edwards, 2013; Chowański et al., 
2014; Nicolopoulou-Stamati et al., 2016). Moreover, 
many of the field populations of mango leafhopper, 
mealybugs, citrus psyllids and subterranean termites 
have been demonstrated to exhibit resistance against 
these conventional insecticides (Tiwari et al., 2011; 

Tong et al., 2013; Afzal et al., 2015; Naeem et al., 
2016; Venkatesan et al., 2016; Mahapatro, 2017). 

Although synthetic insecticides have been unavoida-
ble plant protection option to ensure sustained agri-
cultural production, it is imperative to search for nov-
el insect pest management approaches which would 
be biorational and safer than the conventional insec-
ticides. For instance, there are many soft insecticides 
available in the market since last few decades which 
have a different mode of action and chemistry than 
the conventional ones, and are more target specific, 
less toxic to non-target fauna and are usually quickly 
biodegradable (Ishaaya and Degheele, 2013; Ober-
emok et al., 2015; Singh et al., 2016). This laborato-
ry work determined the comparative effectiveness of 
some available insecticidal formulations with differ-
ential chemistry against above mentioned insect pests 
using standard laboratory bioassay methods.

Materials and Methods

Culture of insect pests
Mango leafhopper (I. clypealis) adults were collect-
ed from a mango orchard of Faisalabad (73°4’44.79” 
E; 31°25’7.37” N) using aerial nets. Adults of female 
mealybugs (D. mangiferae) and Asian citrus psyllids 
were collected manually and by aspirator, respectively, 
from a kinnow mandarin orchard (Citrus reticulata) 
situated nearby College of Agriculture, University 
of Sargodha (72°41’E; 32°08’N). Subterranean ter-
mites (O. obesus) were collected along with their in-
tact nest portions from the stubbles of sugarcane crop 
(72°45’E; 32°11’N) situated at the farm area of the 
College of Agriculture. These collected insects were 
carried under cool conditions to the laboratory and 
were maintained and reared up to F2 or F3 generations 
on their respective food sources separately in insect 
rearing (Bugdorm®) cages (2×3×1.5 ft.) at 27±2°C 
temperature and 65±5% relative humidity. In all tox-
icity bioassays, only healthy and active insect speci-
mens were used. 

Insecticides procurement
Based on literature and survey of pesticides dealers in 
the grain markets of district Sargodha (Punjab, Paki-
stan), six contact and nine systemic synthetic insecti-
cide formulations with differential chemistry (other 
than conventional insecticide groups) were selected. 
Commercial formulations of selected synthetic insec-
ticides with differential chemistry were procured from 
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authenticated pesticide retailers. Details regarding the 
brand and company names, mode of action, chemical 
group and family and label recommended dose rates 
of these selected insecticides are given in Table 1.

Bioassays
A total of nine and six synesthetic insecticides (in-
cluding neonicotinoids, insect growth regulators and 
others) were evaluated against sucking insect pests 
and termites, respectively. Standard leaf- and twig-
dip bioassay methods were followed for mango leaf-
hopper, citrus psyllids and mealybugs, respectively as 
described previously (Majeed et al., 2020). For ter-
mites, standard filter paper-dip method was used. In 
brief, for sucking insect pests, 5 cm long unsprayed 
twig tips of citrus (C. reticulata) or mango (Mangifera 
indica) plants were collected, rinsed thoroughly us-
ing tap-water and then were allowed to be drained at 
28°C (prevailing room temperature). For termites, 9 
cm filter paper discs were used. These twigs and filter 
papers were dipped in insecticide solutions prepared 
according to their label recommended dose rates. 
Control treatment received clean tap-water which 
was used for preparing the insecticide solutions. Ten 
healthy and active insect specimens (nymphs or adults 
as per insect pest species) were placed on the treated 
plant twigs or filter paper discs lined in Petri-plates 
(Ø = 90 mm). These Petri-plates were stacked in plas-
tic laboratory trays and were incubated within a cli-
mate chamber set at 65±3% relative humidity, 27±2°C 
temperature and at 8h: 16h dark–light photoperiod. 
The mortality data of exposed insect specimens were 
recorded at regular time intervals i.e. at 6, 12, 24, 48 
and 72 h post-treatment. Experimental design for all 
toxicity bioassays was completely randomized (CRD) 
and each treatment was replicated six times.

Statistical analyses
Statistical interpretation of the bioassays’ data was 
done using Statistix® Version 8.1 (Analytical Soft-
ware, Tallahassee, FL) was employed for the. Before 
statistical analysis, percent mortality data of all four 
insect species were corrected using Abbott’s formula. 
In order to determine the significant effect of test-
ed insecticidal formulations on insect pests, correct-
ed mortality data were analyzed by factorial ANO-
VA (analysis of variance) taking exposure time and 
insecticides as factors. Furthermore, Tukey’s HSD 
(honestly significant difference) post-hoc test was 
used to compare the treatment means at standard 
probability level (P ≥ 0.05).

Results and Disussion

This laboratory study determined the comparative 
toxicity of different contemporary differential chem-
istry synthetic and contact insecticide formulations 
against four destructive and economically important 
insect pests i.e. mango leafhopper (I. clypealis), Asian 
citrus psyllid (D. citri), mango mealybug (D. man-
giferae) and subterranean termites (O. obesus) using 
standard in-vitro bioassay methods. 

Mortality of mango leafhopper by synthetic insecticides
Factorial analysis of variance subjected to mortality 
percentage of mango leafhopper adults bioassayed 
against different selected systemic synthetic insecti-
cides showed a significant impact of both insecticidal 
treatments (F(8, 215) = 41.64, P < 0.001), time factors 
(F(3,215) = 76.56, P < 0.01), and their interaction (F(24, 

215) = 3.99, P < 0.001) on the leafhoppers’ mortali-
ty response (Table 2). A significant mortality of the 
exposed leafhopper individuals was recorded for all 
insecticidal treatments as compared to control treat-
ment. Maximum mortality observed at 48 h post-ex-
posure was exhibited by nitenpyram (78.67%), fol-
lowed by clothianidin, thiamethoxam, imidacloprid 
and pymetrozine (74.68% each), while the insecti-
cides buprofezin (24.25%) and acetamiprid (56.67%) 
were least toxic against leafhoppers (Figure 1).

Mortality response of Asian citrus psyllid against tested 
insecticides
According to factorial ANOVA and Tukey HSD test, 
there was a significant effect of both insecticidal treat-
ments (F(8, 215) = 95.66, P < 0.001) and time (F(3,215) = 
336.86, P < 0.05) factors and their interaction (F(24, 

215) = 10.40, P < 0.001) on the mortality response of 
psyllids (Table 2). At 48 h of bioassay, the most tox-
ic differential chemistry systemic insecticides against 
psyllids were thiamethoxam, imidacloprid, clothiani-
din and spirotetramat causing up to 85.10% mortali-
ty. While the insecticides flonicamid, buprofezin and 
pymetrozine exhibited minimum psyllid mortality 
(up to 31.67%; Figure 2). 

Toxicity of tested insecticides against mango mealybug
In case of toxicity bioassay against 2nd instar mealy-
bug individuals, again both factors i.e. insecticid-
al treatments (F(8, 215) = 70.88, P < 0.001) and time 
(F(3, 215) = 267.76, P < 0.05) and their interaction (F(24, 

215) = 9.61, P < 0.001) showed statistically consider-
able impact on the mortality response of mealybug 
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Figure 1: Percent corrected mortality (mean ± S.E.) of adult individuals of mango leafhopper (Idioscopus clypealis) bioassayed against dif-
ferent differential-chemistry synthetic insecticides at their label recommended dose rates. Different letters indicate overall significant difference 
among the insecticidal treatments (two-factor factorial analysis of variance followed by HSD test at P ≥ 0.05).

Figure 2: Percent corrected mortality (mean ± S.E.) of adult individuals of Asian citrus psyllid (Diaphorina citri) bioassayed against differ-
ent differential-chemistry synthetic insecticides at their label recommended dose rates. Different letters indicate overall significant difference 
among the insecticidal treatments (two-factor factorial analysis of variance followed by HSD test at P ≥ 0.05).

individuals (Table 2). Maximum mealybug mortality 
was caused by the insecticides spirotetramat (90.00%) 
and acetamiprid (86.67%), followed by thiamethox-
am (68.33%) and imidacloprid (58.33%), while insec-
ticides flonicamid, buprofezin, nitenpyram and pym-
etrozine were the least effective insecticides against 
mealybug individuals causing 17 – 42% mortality re-
corded at 72 h post-exposure (Figure 3). 

Effect of insecticides on subterranean termites
Bioassay conducted against O. obesus termite workers 
revealed a similar trend of insecticidal toxicity. Ac-
cording to ANOVA, both factors i.e. insecticides (F(5, 

179) = 135.79, P < 0.001) and time (F(4, 179) = 276.16, P 
< 0.05), and the interaction of both these factors (F(20, 

179) = 6.32, P < 0.001) exerted a significant impact on 
the average percent mortality of termite individuals 
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Figure 3: Percent corrected mortality (mean ± S.E.) of 3rd instar female individuals of mango mealybug (Drosicha mangiferae) bioassayed 
against different differential-chemistry synthetic insecticides at their label recommended dose rates. Different letters indicate overall significant 
difference among the insecticidal treatments (two-factor factorial analysis of variance followed by HSD test at P ≥ 0.05).

Figure 4: Percent corrected mortality (mean ± S.E.) of worker individuals of subterranean termites (Odontotermes obesus) bioassayed against 
different differential-chemistry synthetic insecticides at their label recommended dose rates. Different letters indicate overall significant differ-
ence among the insecticidal treatments (two-factor factorial analysis of variance followed by HSD test at P ≥ 0.05).

(Table 2). Most effective and toxic synthetic insecti-
cides appeared against O. obesus termites were chlor-
antraniliprole and pyriproxyfen each causing 85.00% 
average mortality observed at 72 h of bioassay, fol-
lowed by chlorfenapyr (80%). While the insecticides 
spinetoram (33.33%) and abamectin (45.20%) were 
least effective against O. obesus termite workers (Fig-
ure 4).

This laboratory work compared the effectiveness of 
nine contemporary differential chemistry systemic 
insecticides against mango leafhopper (I. clypealis), 
mealybugs (D. mangiferae) and citrus psyllids (D. cit-
ri) and six contact insecticides against subterranean 
termites (O. obesus). Bioassay results revealed that the 
insecticides nitenpyram, clothianidin, thiamethoxam 
and imidacloprid were most effective against mango 
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leafhopper (I. clypealis) which exhibited about 74 – 
79% cumulative mortality of leafhopper adults with-
in 48 h of exposure. These findings substantiate the 
findings of Qureshi et al. (2011), Kaushik et al. (2014) 
and Kumar et al. (2019) showing the effectiveness of 
imidacloprid and thiamethoxam against leafhoppers 
and other sap-sucking insect pests of mango trees. 
Neonicotinoids are systemic insecticides which have 
always been effective chemical tools against different 
species of sap-feeding insect pests including I. clypea-
lis (Elbert et al., 2008).

Similarly, most effective differential chemistry insec-
ticides against Asian citrus psyllids (D. citri) were thi-
amethoxam, imidacloprid, clothianidin and spirote-
tramat causing 78 – 85% mortality of psyllids in 48 h 
of bioassay. These results are consistent with the find-
ings of some previous works (Stansly and Qureshi, 
2007; Khan et al., 2013; Byrne et al., 2017; Fiaz et al., 
2018a). These insecticides have been shown effective 
under field conditions against D. citri and many other 
sap-feeding insect pests (Nazir et al., 2017; Fiaz et al., 
2018b; Ghafoor et al., 2019; Iqbal et al., 2020).

In mealybug bioassay, insecticides spirotetramat, 
acetamiprid and thiamethoxam were found as the 
most effective against 2nd instar mealybug nymphs 
causing 68 – 90% average mortality in 72 h. These 
results are consistent with the those of Ghafoor et al. 
(2019) which demonstrated about 62 and 53% mor-
tality of 2nd instar mealybug nymphs by spirotetramat 
and thiamethoxam, respectively. These insecticides 
appeared also effective against mealybugs under the 
field conditions (Ghafoor et al., 2020). Apart from D. 
mangiferae, spirotetramat insecticide was found effec-
tive against other mealybug species such as against 
pink hibiscus mealybug (Maconellicoccus hirsutus) and 
cotton mealybug (Phenacoccus solenopsis) under field 
and laboratory settings (Dhawan et al., 2009; Ganjis-
affar et al., 2019; Sequeira et al., 2020).

Against subterranean termites (O. obesus), chlorant-
raniliprole, pyriproxyfen and chlorfenapyr were the 
most effective insecticides causing 80 – 85% mortality 
of termite workers in 72 h of exposure. These results 
are consistent with some previous studies showing 
effectiveness of chlorantraniliprole, chlorfenapyr and 
pyriproxyfen against different species of subterrane-
an termites (Spomer et al., 2009; Mao et al., 2011; 
Manzoor et al., 2012; Neoh et al., 2012; Ma and Sui, 
2013; Du et al., 2020). Moreover, our study findings 

substantiate the outcomes of a research work done 
by Akbar et al. (2019) which demonstrated 100% 
mortality of O. obesus termite workers by chlorantra-
niliprole, chlorfenapyr and pyriproxyfen within 48 h 
of exposure. Moreover, these three differential chem-
istry insecticides were also found comparatively effec-
tive against subterranean termite infestations under 
field conditions ( Jones et al., 2017; Du et al., 2020; 
Akbar et al., 2021). 

Conclusions and Recommendations

It is concluded from the overall study results that ne-
onicotinoid insecticides thiamethoxam, imidacloprid, 
clothianidin, nitenpyram, and tetramic acid-based 
insecticide spirotetramat were the most effective sys-
temic insecticides against mango leafhoppers (I. cl-
ypealis), mealybugs (D. mangiferae) and citrus psyllids 
(D. citri), while the insecticides chlorantraniliprole, 
pyriproxyfen and chlorfenapyr were most effective 
against subterranean termites (O. obesus). Hence, 
these above mentioned biorational non-convention-
al and differential chemistry insecticides are recom-
mended to the local farmers combating infestations 
of these insect pests.
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