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ABSTRACT

The relative susceptibility of lifestages of seven Bemisia tabaci (Genn.) populations from major cotton 
growing regions in India to pyriproxyfen has been studied. The results revealed that adults were unaffected 
at significantly high concentration ie., 200 mg/ l (field recommended dose, <10% mortality), hence adult 
bioassay was not done. Indore and Amravati populations were the most and least susceptible ones for both 
egg and nymphal stages; and all the populations were found susceptible to pyriproxyfen with RR ratio 
of <5, except for Amravati one, revealing low level of resistance with RR ratio (5.04- egg; 5.09- nymph) 
computed deploying the LC90 and LC50 values. 

Key words: Bemisia tabaci, pyriproxyfen, bioassay, LC90, LC50, adults, egg, nymph, juvenile hormone analogue, 
relative resistance ratio

The cotton whitefly Bemisia tabaci (Gennadius) is a 
pest of global significance affecting wide range of crops 
including field, vegetable, fruit and ornamental crops 
(Kanakala and Ghanim 2019; Horowitz et al., 2020). 
Indirectly B. tabaci affects crops through vectoring 
more than 114 virus species (Simon, 2003). Use of 
insecticides is the major control measure against B. 
tabaci, although the rapid development of insecticide 
resistance by B. tabaci has resulted in frequent pest 
outbreaks. It has evolved resistance to most of the 
commonly used insecticides (Basit 2019, Horowitz et 
al., 2020; Mota-Sanchez and Wise, 2019). Involvement 
of biorational insecticides in the spray schedule reduces 
selection pressure and encourages natural enemies. 
Juvenile hormone analogues (JHAs) are the synthetic 
analogues of juvenile hormone, and these are considered 
to be effective and environment friendly (Mohandass 
et al., 2006). Pyriproxyfen is a pyridine based juvenile 
hormone analogue ie., 4-phenoxyphenyl (RS)-2-(2-
pyridyloxy) propyl ether, it targets JH binding site 
receptors in insects by mimicking the action of juvenile 
hormone and thus keeping it in the immature stage 
(Sullivan and Goh, 2008). Pyriproxyfen has been 
proven as an effective molecule for managing B. tabaci 
with strong ovicidal action, inhibiting adult emergence 
and translaminar activity against eggs; and the egg 
hatchability of the treated female gets suppressed 
(Ishaaya and Horowitz, 1992). In this study the relative 
susceptibility of seven B. tabaci populations from 
cotton growing regions of India to pyriproxyfen has 
been evaluated. 

MATERIALS AND METHODS

Bemisia tabaci populations were collected from 
seven cotton growing locations and reared on cotton 
(Gossypium hirsutum L.) in the Insect Proof Climate 
Control Chamber, Division of Entomology, IARI 
(27±20C, 60-70% RH, and photoperiod 14:10- L:D). 
The whiteflies collected from Leucaena leucocephala 
from Pusa campus, reared under laboratory condition, 
served as the susceptible check. The details of 
populations are- Amravati (21.02°N 77.48°E), Guntur 
(16.22°N,80.30°E), Hisar (29.09°N, 75.87°E), Indore 
(22.8°N,75.73°E), Ludhiana (30.54°N, 75.48°E), 
New Delhi (28.64°N,77.17°E), Sriganganagar 
(29.54°N,73.54°E), and susceptible (laboratory- 
28.38°N 77.09°E) one. Commercial formulation of 
pyriproxyfen 10 EC (Lano®, Sumitomo Chemical 
India) procured from the market was diluted with 
deionized water to make 1% stock solution for use in 
bioassay. Seven concentrations with three replications 
were set and studies carried out following the modified 
Insecticide Resistance Action Committee (IRAC) 
protocols (https://irac-online.org/). All the important 
lifestages viz., egg, nymph (N2) and adults were used; 
lethal effects in egg and nymphal stage (2nd instar) were 
tested following the IRAC method No. 016 (formally 
method No 12c) (https://irac-online.org/), whereas 
adults were tested with leaf dip bioassay- modified 
IRAC method by Naveen et al. (2017). The estimates 
of lethal concentrations and 95% confidence intervals 
were determined by log–dose probit analysis using 
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PoloPlus 2.0 (LeOra Software, Petaluma, CA). Relative 
resistance ratios were computed to classify these- 5.0 
< RR ≤ 10.0, as low level of resistance; (10.0 < RR ≤ 
40.0) as moderate level;  and RR ≥40.0 as a high level 
of resistance (Liu et al., 2010). Correlation coefficient 
was worked out to understand the relationship between 
RR and slope of the equation.

RESULTS AND DISCUSSION

The susceptibility studies were carried out keeping 
the laboratory susceptible population as the baseline. 
Pyriproxyfen did not cause significant mortality in 
adults even at very high concentration i.e. < 10 % 
mortality at 200 mg/ l (maximum field recommended 
dose) with the laboratory susceptible populations; 
hence, adult bioassay was not undertaken for the field 
populations. The LC5 against egg and nymph given 
in Table 1 reveal that control mortalities in all the 
bioassays were <7%, and the LC50 and LC90 values 
for the susceptible population was 0.018 and 0.083 
mg/ l. The RR ratio for egg was maximum for the 
populations from Amravati and Sriganganagar. There 
was no significant difference between the LC50 and 
LC90 value of laboratory susceptible population and 
field populations except for Sriganganagar and Hisar 
ones considering the overlap of 95% fiducial limits. The 
results suggest a high amount of homogeneity in the 
response of populations to pyriproxyfen at egg stage. 
In nymphal bioassay the control mortalities were <9%, 
and LC50 and LC90 values for the susceptible population 
were 0.054 and 0.176 mg/ l. The RR ratio for egg 
stage was maximum for Amravati population followed 
by Ludhiana one. There was a significant difference 
between the LC50 value of laboratory susceptible and 
field populations except for Indore one; similarly there 
was significant difference between the LC90 value of 
laboratory susceptible and field populations except for 
Indore, New Delhi and Guntur populations; and the 
overlap of 95% fiducial limits suggest the existence of 
heterogeneity in the response of these to pyriproxyfen 
at nymphal stage. Correlation coefficients indicate non-
significant values between slope and RR values for both 
egg (n=8, r=–0.265, p=0.526) and nymph (n=8, r=0.502, 
p=205) stages at p=0.05, indicating the heterogeneous 
response across individuals of the samples. According 
to the resistance level classification given by Liu et 
al. (2010), the populations studies were found to be 
susceptible to pyriproxyfen at both egg and nymphal 
stages except for Amravati population at egg stage. 

Pyriproxyfen showed limited efficacy against 

adults of B. tabaci, but maintaining the insect in its 
immature stage, with suppression of embryogenesis 
and adult formation (Ishaaya and Horowitz 1992). 
Pyriproxyfen is known to cause the external deformities 
in emerged adults such as twisted wings and legs in 
case of Plodia interpunctella (Ghasemi et al., 2010), 
apart from external deformities pyriproxyfen reduces 
the size of ovaries due to the reduction in the synthesis 
and supply of lipid and protein (Ghasemi et al., 2010). 
There are many reports of pyriproxyfen resistance 
in B. tabaci- Egg bioassays by Devine et al. (1999) 
reported very high level of resistance (6500-fold) 
among Israeli populations; low to moderate level of 
resistance (11-fold) in Chinese populations (Luo et 
al., 2010); moderate resistance from Alhassa Oasis 
(Saudi Arabia) (Hajjar et al., 2019); and high resistance 
(89.71-folds) from cotton field populations of Arizona 
(Ma et al., 2010) and Australian (96.9 fold) (Hopkinson 
et al., 2019). Similarly with nymphal bio assay studies, 
Basit et al. (2013) reported low level of resistance from 
Pakistan; moderate level of resistance (30.08-fold) 
from West Bengal, India was observed (Roy et al., 
2019); and very high level of resistance (1100-fold) in 
Israeli populations (Devine et al., 1999). Pyriproxyfen 
resistance in B. tabaci might be a case of metabolic 
resistance involving cytochrome P450 monooxygenases 
(P450s) and glutathione S-transferases (GSTs) (Ma et 
al., 2010; Ghanim et al., 2007; Nauen et al., 2015). 

The present results are in contrast with the 
resistance development data available from other parts 
of the world, as it has been observed that the Indian 
populations are highly susceptible to the pyriproxyfen 
at both egg and nymphal stages. This might be due to 
the less selection pressure exerted as pyriproxyfen is 
not among the mainstream insecticides. Another factor 
is the dominance of  B biotype of B. tabaci in the 
Indian subcontinent, as confirmed by the earlier studies 
(Ellango et al., 2015; Mandali et al., 2016). It was 
observed that cases of strong resistance to pyriproxyfen 
have been associated with the Q rather than the B 
biotype (Dennehy et al., 2005; Horowitz and Ishaaya, 
2014). This fact derives support from the data that in 
Israel considerable reduction in pyriproxyfen resistance 
was observed since 2009. Since then studies had shown 
a significant shift in the biotype ratios i.e. the B biotype 
has become predominate over the Q (Crowder et al., 
2011; Horowitz and Ishaaya, 2014). Recent studies 
involving the B. tabaci populations from major cotton 
growing regions of India revealed the LC50 values of 
52 to 956 and 26 to 194 mg/ l for imidacloprid and 
thiamethoxam; while pyrethroids viz., cypermethrin 
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and deltamethrin showed LC50 values of 10 to 1362 and 
10 to 760 mg/ l respectively. Similarly OP insecticides 
triazophos, monocrotophos and chlopyriphos showed 
LC50 values ranging from 53 to 1429, 88 to 3934, 12 
to 220 mg/ l, respectively (Naveen et al., 2017). Novel 
insecticides fipronil and flonicamid showed LC50 values 
of 6.56 to 20.80 and 23.35 to 749.91 mg/ l (Romila et 
al., 2019) and for cyantraniliprole it was 1.80 to 4.57 
mg/ l (Rajna et al., 2021). Comparison of these LC50 
values with those of pyriproxyfen from the present 
study viz., 0.018 to 0.064 mg/ l for egg and 0.054 to 
0.275 mg/l for nymph reveal the supremacy of the 
pyriproxyfen, suggesting that it can be used as a stage 
specific insecticide in IRM programmes.
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