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ABSTRACT: The toxicity of different insecticides was assessed against Aenasius arizonensis (Girault) (=Aenasius bambawalei Hayat) 
(Hymenoptera: Encyrtidae), a key endoparasitoid of Phenacoccus solenopsis Tinsley (Hemiptera: Pseudococcidae) on Bt cotton under 
semi-field conditions at the Entomological Research Farm, Punjab Agricultural University, Ludhiana during kharif, 2015. Eight insec-
ticides, viz. profenophos 50 EC, thiodicarb 75 WP, buprofezin 25 EC, imidacloprid 17.8 SL, flonicamid 50 WG, spiromesifen 240 SC, 
diafenthiuron 50 WP and sulfoxaflor 24 SC were sprayed at recommended field doses on potted cotton plants having parasitized mealy-
bugs (mummies). Based on the per cent reduction in adult emergence over control, spiromesifen (11.11 %), buprofezin (11.11 %) and 
flonicamid (12.11 %) were categorized as harmless; imidacloprid (28.28 %) as slightly harmful; diafenthiuron (55.56 %) and thiodicarb 
(70.70 %) as moderately harmful, whereas, profenophos (100.0 %) and sulfoxaflor (100.0 %) were highly toxic to the parasitoid. Insecti-
cides like spiromesifen, buprofezin and flonicamid can be viable option for use in integrated pest management strategies against sucking 
insect pests in cotton ecosystem.
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INTRODUCTION

Solenopsis mealybug, Phenacoccus solenopsis Tins-
ley has emerged as a serious threat to cotton cultivation in 
India over the past decade. It was first documented as a pest 
of cotton in Texas, United States (Fuchs et al., 1991) and 
now has been widely distributed in various ecological zones 
of the globe (Ben-Dov and Miller, 2016).  Phenacoccus so-
lenopsis, which was hitherto not reported to occur in India, 
is an exotic species and now widespread on cotton in almost 
all the cotton growing states of the country (Nagrare et al., 
2009). In Punjab, it appeared in a few pockets of Bathinda, 
Ferozepur and Muktsar districts during 2006, but in 2007, 
it also spread to other cotton growing areas of Punjab and 
emerged in a serious proportion causing 30 to 40 per cent 
losses in the yield of cotton (Dhawan et al., 2007). Due 
to waxy material covering the mealybug body and its high 
rate of reproduction, it becomes difficult to manage this 
pest with insecticides. As an alternative, biological control 
of mealybug has been found to be one of the most effective 
means of its management (Ram and Saini, 2010). 

Encrytids are the most successful natural enemies 
used in the biological control programs against mealybugs 
(Noyes and Hayat, 1994). Among these, an endoparasitoid 
Aenasius  bambawalei is the most prominent and key mor-
tality factor of P. solenopsis under field conditions across 
India (Dhawan et al., 2011; Kumar et al., 2009; Ram and 
Saini, 2010). Field parasitization to the extent of 90 per cent 
has been documented in P. solenopsis by this parasitoid 
(Ram et al., 2009).  It was first time reported by Mahmood 
(2008) in Pakistan and later, was described and named as 
A. bambawalei by Hayat (2009). However, Fallahzadeh et 
al. (2014) from Iran reported that this species falls closer to 
A. arizonensis (Girault) and reported A. bambawalei to be 
junior synonym of A. arizonensis.

Adoption of Bt cotton has led to significant decrease 
in insecticide usage in cotton ecosystem, but it is still re-
ceiving insecticidal sprays against sucking insect pests in-
cluding mealybugs. Insecticides belonging to three major 
groups, viz. organophosphates (profenophos, acephate, 
chlorpyriphos and quinalphos), carbamates (thiodicarb and 
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carbaryl) and insect growth regulator (buprofezin) have 
been recommended the management of cotton mealybug 
in Punjab (Anonymous, 2015). Apart from these, insecti-
cides from neonicotinoids, pyridine carboxamid, spirocy-
clic tetronic acids and thiourea derivative groups are also 
being used in the cotton ecosystem against other sucking 
insect pests like whitefly and leafhopper. However, the use 
of these insecticides may have disruptive influence upon the 
parasitoid. Enhancing the role of biological control within 
insecticide dominated management systems requires insec-
ticides that have little and/or no impact on natural enemies. 
Hence, present study was conducted under semi-field con-
ditions to identify safer insecticides against A. arizonensis 
which may ideally fit in integrated pest management pro-
gram against sucking pests in the cotton ecosystem.

MATERIALS AND METHODS

The experiment to assess the safety of different insec-
ticides to Aenasius  arizonensis was conducted under semi-
field conditions at the Entomological Research Farm, Pun-
jab Agricultural University (PAU), Ludhiana during 2015. 
Eight insecticides representing different insecticidal groups 
(Table 1), recommended for the control of various suck-
ing insect pests in Bt cotton were selected for their toxicity 
against the parasitoid. 

Rearing of Phenacoccus solenopsis 

Phenacoccus solenopsis was reared on sprouted po-
tatoes (Solanum tuberosum L.) in an environmental cham-
ber at 27 ± 20C temperature and 70 ± 5 % relative humid-
ity (Macro Scientific Works Ltd, India). Small to medium 
sized potato tubers were washed, air dried and held at room 
temperature in the dark until sprouting. When the potato 
sprouts were 2.5-5 cm in length, they were placed in glass 
jars (4-5 tubers/ jar) of size 20 x 15 cm with moist soil at 
the base to maintain turgidity of the sprouted tubers. The 
sprouts were inoculated with gravid females with the help 

of a soft camel hair brush. The jars were then covered with 
muslin for the establishment of mealybug colonies. The 
culture of P. solenopsis was maintained for multiple gen-
erations, which was used for rearing of A. arizonensis and 
for bioassay experiment.

Rearing of Aenasius arizonensis

The parasitoid, A. arizonensis was reared on the colo-
nies of P. solenopsis maintained on sprouted potato tubers 
in glass jars. Parasitized mealybugs (mummies) were col-
lected from mealybug infested cotton, Hibiscus sp. and 
weed hosts (Abutilon sp., Sida sp. and Parthenium sp.) and 
brought to the Biocontrol Laboratory. They were kept in 
glass vials plugged with cotton wool. Naive/virgin para-
sitoid adults obtained from mummies of mealybug were 
sexed morphologically on the basis of body size and anten-
nal structure (Hayat, 2009). They were released in glass jars 
having healthy colonies of mealybug maintained on sprout-
ed potatoes. After parasitization, hard, leathery, brown col-
oured structures called “mummies” were formed. These 
mummies were collected and kept in glass vials plugged 
with cotton wool. These glass vials were provided with hon-
ey streak on a paper strip as a source of food for the emerg-
ing adult parasitoids. The freshly emerged adults were used 
for further experimentation.

Bioassay under semi-field conditions

The seeds of Bt cotton hybrid (NCS 855 BG II) were 
sown in earthen pots and plants were raised as per the prac-
tices recommended by PAU, Ludhiana except plant protec-
tion measures (Anonymous, 2015). The potted cotton plants 
were kept in net cages (90 cm x 80 cm x 70 cm) under field 
conditions. Five plants were kept per treatment in each net 
cage and single plant was considered as one replication. The 
potted cotton plants were inoculated with gravid females of 
P. solenopsis with the help of a soft camel hair brush for the 
establishment of mealybug colonies. Ten pairs of freshly 

Table 1. Insecticide treatments used for bioassay on Aenasius arizonensis under semi-field conditions

Treatments Insecticidal Group Mode of Action (IRAC*) Dose (g a.i. ha-1)

Profenophos 50 EC Organophosphate Acetylcholinesterase (AChE) inhibitors 625

Thiodicarb 75 WP Carbamate Acetylcholinesterase (AChE) inhibitors 468.75

Buprofezin 25 EC Insect growth regulator Inhibitors of chitin biosynthesis 312.50

Imidacloprid 17.8 SL Neonicotinoid Nicotinic acetylcholine
receptor (nAChR) competitive modulators

17.8

Flonicamid 50 WG Pyridine carboxamid Chordotonal organ modulators 100

Spiromesifen 240 SC Spirocyclic tetronic acid Inhibitors of acetyl CoA carboxylase 120

Diafenthiuron 50 WP Thiourea derivative Inhibitors of mitochondrial ATP synthase 250

Sulfoxaflor 24 SC Sulfoxamines Nicotinic acetylcholine receptor (nAChR) competitive 
modulators

90

Untreated control - - -
* According to IRAC (Insecticide Resistance Action Committee) MOA classification (www.irac-online.org)
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emerged A. arizonensis adults were released in each cage 
to ensure sufficient parasitization. The selected insecticidal 
solutions were sprayed with the help of knapsack sprayer 
on these potted cotton plants having parasitized mealybugs 
(mummies). After spray, all mummies were collected from 
each plant and brought to the laboratory. They were kept in 
separate glass jars covered with muslin to record per cent 
adult emergence. The per cent reduction in adult emergence 
over control was also worked out. The insecticides were 
classified into different toxicity categories on the basis of 
reduction in adult emergence under semi-field conditions 
as per Sterk et al. (1999).

Toxicity Reduction in adult emer-
gence (%)

Categories

Harmless <25 % Class 1

Slightly harmful 25-50 % Class 2

Moderately harmful 51-75 % Class 3

Harmful >75 % Class 4

Statistical analysis

The data were subjected to analysis of variance (ANO-
VA) using complete randomized block design (CRD). The 
significance of differences were tested by F-tests, and  the 
significance of differences between treatment means were 
compared using least significant difference (LSD) at 5 per 
cent probability level. The data were transformed using arc 
sine transformation and the values of 0 % and 100 % were 
substituted by 1/4n and 100-1/4n, respectively prior to sta-
tistical analysis (Gomez and Gomez, 1984). 

RESULTS AND DISCUSSION

The data on the adult emergence of Aenasius arizon-
ensis that emerged from mummies after exposure to differ-
ent insecticides under semi-field conditions are presented 
in table 2. There were significant differences with respect 
to adult emergence in different treatments. Among differ-
ent insecticides, significantly higher (88.00 %) adult emer-
gence was recorded in buprofezin 25 EC and spiromesifen 
240 SC, which were statistically at par with flonicamid 50 
WG (87.00 %). The mean adult emergence in imidacloprid 
17.8 SL, diafenthiuron 50 WP and thiodicarb 75 WP was 
71.00, 44.00 and 29.00 per cent, respectively. No adults 
emerged from mummies sprayed with profenophos 50 EC 
and sulfoxaflor 24 SC. However, the adult emergence was 
highest (99.00 %) in untreated control. 

Among the insecticidal treatments, the per cent re-
duction in adult emergence over control was relatively low 
(11.11 %) in insecticides like spiromesifen 240 SC and bu-
profezin 25 EC. They were followed by flonicamid 50 WG 
(12.12 %) imidacloprid 17.8 SL (28.28) diafenthiuron 50 

WP (55.56 %) and thiodicarb 75 WP (70.70 %). However, 
the reduction in adult emergence was cent per cent in pro-
fenophos 50 EC and sulfoxaflor 24 SC. Based on per cent 
reduction in adult emergence over control, spiromesifen 
240 SC, buprofezin 25 EC and flonicamid 50 WG were 
categorized as harmless; imidacloprid 17.8 SL as slightly 
harmful; diafenthiuron 50 WP and thiodicarb 75 WP as 
moderately harmful, whereas, profenophos 50 EC and sul-
foxaflor 24 SC were categorized as harmful insecticides to 
development adults of A. arizonensis within mummies (Fig. 
1).

Table 2.  Adult emergence of Aenasius arizonensis 
from mummies of Phenacoccus solenopsis 
treated with different insecticides under 
semi-field conditions 

Treatments Dose (g a.i. ha-1) *Mean adult 
emergence (%)

Profenophos 50 EC 625  0.00  
(0.64)

Thiodicarb 75 WP 468.75  29.00  
(32.53)

Buprofezin 25 EC 312.50  88.00  
(69.80)

Imidacloprid 17.8 SL 17.8  71.00  
(57.51)

Flonicamid 50 WG 100  87.00  
(68.93)

Spiromesifen 240 SC 120  88.00  
(70.03)

Diafenthiuron 50 WP 250  44.00  
(41.52)

Sulfoxaflor 24 SC 90  0.00  
(0.64)

Untreated control -  99.00  
(85.31)

CD (p=0.05) (3.80)
*Mean of 5 replications; Figures in parentheses are means of arc 
sine percentage   transformed values.

The results thus showed that spiromesifen, buprofezin 
and flonicamid were comparatively safer to A. arizonensis, 
while, profenophos and sulfoxaflor were highly toxic to 
the parasitoid when potted cotton plants having parasitized 
mealybugs (mummies) were sprayed with different insec-
ticides under semi-field conditions. Earlier workers have 
reported the toxicity of insecticides to mummies and adults 
of A. bambawalei under laboratory conditions only. The 
present findings corroborate with the studies of Meenu and 
Ram (2014) who have also reported profenophos as harm-
ful insecticide to 2 and 5 day old mummies when these were 
exposed to different insecticides under laboratory condi-
tions. Similar findings were reported by Suh et al. (2000), 
who found that the insecticide profenophos adversely af-
fected the adult emergence of Trichogramma spp. from 
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Helicoverpa zea (Boddie) host eggs. High toxicity of pro-
fenophos to adults after direct exposure has also been docu-
mented by Nalini and Manickavasagam (2011). The studies 
by Fernandez et al. (2015) also showed that sulfoxaflor was 
the most harmful insecticide due to its non-selective nature, 
while spiromesifen and flonicamid were non-toxic to white-
fly parasitoid, Eretmocerus mundus (Mercet) which are in 
agreement with the present findings. The safety of bupro-
fezin corroborates with findings of Mgocheki and Addi-
son (2009) who also reported that it was not toxic to the 
mummies of Vine mealybug parasitoids, Anagyrus sp. near 
pseudococci (Girault) and Coccidoxenoides perminutes 
(Timberlake). Further, buprofezin has also been found safer 
to predatory complex, i.e. coccinellids, chrysopids and spi-
ders in cotton (Dhawan et al., 2012).
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Fig. 1.     Toxicity categories of different insecticides to  
Aenasius arizonensis under semi-field conditions. 
Bars followed by numbers in parentheses represents 
toxicity category as per Sterk et al (1999) - class 1 - 
harmless (<25 %), class 2 - slightly harm¬ful (25-50 
%), class 3 - moderately harmful (51-75 %) and class 
4 - harmful (>75 %).

Conclusively, buprofezin insecticide may be preferred 
as first spray to other recommended insecticides for the 
control of mealybug to conserve the parasitoid in cotton 
ecosystem. The use of spiromesifen and flonicamid in IPM 
strategies for other sucking pests like whitefly and leafhop-
per could further facilitate biologically based pest manage-
ment in cotton production system.
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