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ABSTRACT 
 

Efficacy of sulfoxaflor was evaluated in semi-field and field trials against cotton 
mealybug, Phenacoccus solenopsis during 2008 and 2009 in Multan, Pakistan. 
A range of dose rates was tested in 2008 with a 240 SC (240 gai/l) formulation, 
and in 2009 with 50% WDG (500 gai/kg) applied alone. The results revealed that 
sulfoxaflor proved as slower acting than profenofos (Curacron) in some field 
experiments but provided a high level of control at 3-10 days after application 
at rates of 25-50 gai/ha. Curacron 50 EC (profenofos), Nurelle-D 50/500 
(cypermethrin+chlorpyrifos) and Oberon 120SC (spiromesifen) also provided a 
good level of activity. All products were safe to cotton plants, except for 
Curacron which caused a browning effect on the foliage in field trials. 
Sulfoxaflor can be considered as a very good alternative tool to manage P. 
solenopsis in cotton. 
 
KEYWORDS: Gossypium hirsutum; Phenoccoccus solenopsis; insecticide; 

Pakistan. 

 
INTRODUCTION 

 
Bt cotton varieties were introduced in Pakistan in 2006 to control associated 
lepidopteran insect pests, but this resulted in an increase of sap feeding 
insects and emergence of P. solenopsis Tinsley (Sternorrhyncha: Coccoidea: 
Pseudococcidae) as a pest. This mealybug has a wide geographical 
distribution with its origin in Central America (12, 25), followed by reports of 
the Caribbean and Ecuador (8), Chile (17), Argentina (13), and Brazil (18). 
The pest has also been recorded on cotton in China, and recently appeared 
in Australia. However, mealybug in the aforementioned countries did not 
emerge at the level as in Indo-Pak (4). 
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This insect was not known to be endemic to or a pest on cotton in either India 
or Pakistan previously and might have been introduced in the Indo-Pakistani 
subcontinent from Central America, where mealybug was reported on cotton 
since 1991 (4). This menace is a serious threat to sustainable production of 
cotton in Pakistan (15) which is widely distributed throughout the cotton 
growing areas of Sind and Punjab provinces (11, 14).  
 
Mealybugs are polyphagous and multiply on different hosts.  These have 
been recorded on 154 plant species including field crops, vegetables, 
ornamentals, weeds, bushes and trees in Pakistan (7). Important host plants 
include okra, holly hock, brinjal, potato, maize, sorghum, groundnut, pigeon 
pea, sunflower, beetroot, mulberry, Amaranthus spp, marigold and cucurbits 
(1, 3, 4). The severity of problem may be estimated from the fact that this 
insect produces as many as 15 generations per year (23). 
 
The Department of Agriculture in Punjab, Pakistan regularly monitors pest 
levels in cotton to register hot spots, the areas where population pressure of 
P. solenopsis is above economic threshold level. Percentage hot spots 
increased dramatically in 2007-2008, which caused heavy losses to cotton 
crop, and subsequently it reduced during 2009 (Fig. 1). Similar levels of 
hotspots of P. solenopsis were noted in 2009. 

 

 
 

 

The nymphs and adults of P. solenopsis suck plant sap from tender shoots, 
leaves and even hard tissues including main stem and branches and cause 
damage (4). In most cases a sooty mould develops on the honey dew that is 
secreted on to the leaves which interferes with photosynthesis. As a result of 
P. solenopsis attack, plants become stunted and in severe cases may die. 
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Since P. solenopsis is a relatively new insect pest on cotton in Pakistan and 
only first reported in 2005, there was almost no research work documented at 
that time. Farmers and scientists alike tried to find a solution to control this 
pest with existing insecticides but very few insecticides gave economic level 
control. Further, reliance only on insecticides may result in resistance 
especially to the older chemistry, and resurgence of the pests (21). However, 
insecticides belonging to different groups are the main stay of controlling this 
pest. Saeed et al. (20) reported profenofos and chlorpyrifos as the best 
insecticides for P. solenopsis control. Curacron 50 EC (profenofos) @ 1976 
ml, Supracide 40 EC (methidathion) @ 1235 ml, and Lorsban 40 EC 
(chlorpyrifos) @ 2470 ml per hectare under field conditions provided effective 
control of P. solenopsis in cotton upto 7 days after application (2). Jhala et al. 
(16) reported similar results on Bt cotton with profenofos 50 EC at 0.1% and 
chlorpyrifos 20 EC at 0.04%.  Chlorpyrifos 20 EC (400 gai/ha) reduced 62.95, 
60.32, and 61.38 percent P. solenopsis population on Bt cotton in India after 
3, 7, and 10 days of spray application, respectively (19). In another 
experiment, Suresh et al. (22) reported that chlorpyrifos (2.5 ml/l) gave 100 
percent mortality while profenofos (2.0 ml/l) provided 95.99 percent mortality 
of P. solenopsis in a leaf dip method experiment. David et al. (10) reported 
88.6 percent population reduction of P. solenopsis on brinjal with Tracer® 45 
SC (spinosad 450 gai/l) @ 90 gai/ha and imidacloprid 17.8 SL @ 50 gai/ha. 
 

Sulfoxaflor is the first member of a novel chemical class, the sulfoximines 
that controls a broad spectrum of sap feeding insects (24). The current study 
was undertaken to manage the mealybug of cotton with a newly introduced 
insecticide sulfoxaflor compared with registered insecticides such as 
Curacron, Lorsban, Confidor (imidacloprid), Mospilan (acetamiprid). Two new 
products belonging to chemical class of ketoenols were also tested viz. 
Movento (spirotetramat) effective against a wide range of sucking insects (9), 
and Oberon (spiromesifen) from the same class, with broad spectrum 
insecticidal and acaricidal activity.  
 

MATERIALS AND METHODS 
 

In this study 11 experiments were conducted at different locations in Multan 
from 2008-2009, to determine the effectiveness of sulfoxaflor for the control 
of P. solenopsis on cotton at different dose rates.  
 
Two formulations of sulfoxaflor were tested on P. solenopsis i.e.  240 g/L 
Suspension Concentrate (SC) and 50% (500 gai/kg) Wettable Dispersible 
Granules (WDG). Dose levels of Sulfoxaflor 240 SC formulation in 2008 were 
24-25, 48-50, 72-75 and 96-100 gai/ha in three semi-field and four field trials, 
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and 37.5-50 gai/ha in two large scale trials. Sulfoxaflor 50% WDG (500 
gai/kg) at 12.5, 25, and 37.5 gai/ha was tested alone during 2009. Other 
insecticides incorporated in one or both years, included Curacron 50 EC 
(profenofos) at 1250 gai/ha, Nurelle-D 50/500 (cypermethrin+chlorpyrifos) 
applied at 1100 gai/ha, Oberon 120SC (spiromesifen) at 60 gai/ha, Mospilan 
20SL (acetamiprid) at recommended rate (62.5 gai/ha) Lorsban ® (625 
gai/ha); Radiant ® 120SC (spinetoram 24 and 30 gai/ha), Mavento 150 ol 
(pirotetramet-94 gai/ha), Confidor 20 SL (imidacloprid-125 gai/ha), Mospilan 
20SL (acetamiprid-6.25 gai/ha) and Lorsban 400EC (1250 gai/ha). Eruca 
sativa oil was included in mixtures and alone at 0.5 l/ha. The control plots 
were not sprayed. 
 
Semi-field experiments: Insecticides were sprayed on 8-12 week old cotton 
plants (cv. CIM-496), grown in earthen pots with a hand-held sprayer (1litre 
capacity). On drying, these potted plants were infested in one trial with 15 3rd 
instar larvae of P. solenopsis and transferred to an open site on a research 
farm. In two trials, cotton mealybug larvae were placed on the leaves and 
allowed to become established, so the initial number of larvae at onset of trial 
was not uniform for each treatment. Each treatment was replicated three 
times and the pots were arranged at 0.3 – 0.4 m (plant to plant) distance 
among them. Population evolution was evaluated at 0, 1, 3, 7, 10, and 14 
DAA. P. solenopsis nymphs that failed to show movement after a gentle 
touch with a blunt needle were considered dead.  
 
Field experiments: Four field trials were conducted on Bt cotton (Bt 121) 
that was heavily infested with P. solenopsis. All treatments were replicated 
four times using a randomized complete block design with different plot sizes 
30 – 100 m2. Treatments were applied with a hand-held knapsack sprayer at 
a rate of approximately 250 l of water per hectare. Data were collected on the 
number of live adults and nymphs from 7.5 cm of terminal portion of five 
plants per plot at 0, 1, 3, 7 and 10 DAA. In two large scale trials in 2008 a 
severity index scale was also used for assessment at 10 DAA as given 
below:- 

 
Severity index Mealybug colony observed /top part of plant 

0 None 
1 Sparsely dispersed 
2 Covering half portion of infested stem and branch 
3 Covering two-thirds of infested stem and branch  
4 Completely covered and plant blackened 
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Data regarding population reduction of semi-field and field populations were 
subjected to statistical analysis using the ANOVA and M.Stat package. 
Means were compared with least significant difference (LSD) test at 5 
percent probability level.  
 

RESULTS AND DISCUSSION 

 
Semi-field experiments 

 
All products tested reduced P. solenopsis population one day after 
application (Table 1) as compared with the untreated pots. Sulfoxaflor 240 
SC at 75 gai/ha, Movento 150 OD + Eruca sativa oil at 94 gai + 500 ml/ha, 
and Mospilan 200 SL at 62.5 gai /ha provided statistically significant 
reductions. At 3-14 DAA all treatments except Eruca sativa oil proved very 
effective. Similar patterns of P. solenopsis population reduction were 
obtained in two other experiments, although the knockdown activity for all 
treatments was significantly better as compared to the untreated control 
(Tables 2 and 3). Sulfoxaflor at all dose rates with or without E. sativa oil 
provided very good control in potted cotton upto 14 DAA. Addition of 
spinetoram did not enhance the activity of sulfoxaflor. Nurelle-D® @ 1100 
gai/ha proved to be very quick in reducing P. solenopsis populations (Tables 
2 and 3), whereas Radiant® 120 SC applied at 24 gai/ha with the plant oil 
was very weak and 30 gai/ha provided a moderate degree of activity in both 
trials (Table 2 and 3). Movento 150 OD tested at 94 gai, with or without E. 
sativa oil, also provided a good level of control in two trials (Table 1 and 3) 
upto 7DAA and 14 DAA, respectively, although in one trial without oil (Table 
2) it was very weak. Confidor at 125 gai/ha also recorded very good activity 
alone and in combination with oil (Table 1).  
 
Field experiments 

 
During 2008, P. solenopsis populations remained high throughout the trial 
period and increased significantly at 7-10 DAA due to appearance of newly 
emerged crawlers from ovisacs (Fig. 2). The four field trials showed that 
sulfoxaflor 240 SC did not demonstrate a good knockdown effect on P. 
solenopsis at 12-48 gai/ha (Fig. 3). At 3 DAA, efficacy increased for all 
sulfoxaflor treatments with a shallow dose-response of GF-2032 applied 
alone @ 36-48 gai/ha at 70 percent plus level (Fig. 4). Sulfoxaflor at 24 – 48 
gai/ha  improved  efficacy  at 7  DAA,  but  at 10  DAA, only the 48 gai/ha 
rate  maintained  a  high  and  more  consistent  efficacy  and was at par with  
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Curacron, which also provided excellent knockdown performance of 
P.solenopsis (Fig. 5 and 6). Mospilan at 62.5 gai/ha was highly variable and 
provided activity at par only with sulfoxaflor at 12 gai/ha, whereas Nurelle-D® 
at 1100 gai/ha was inconsistent providing occasionally excellent knockdown 
and residuality (Fig. 3-6). Lorsban® at 1250 gai/ha recorded a intermediate 
activity at all assessments, but did not have any adverse effects on the crop. 
 
In two large scale trials conducted in 2008, Sulfoxaflor 240 SC at 37.5-50 
gai/ha recorded more than  90  percent  control  of  mealybug, but less than 
Curacron @ 1250  gai/ha (98%)  at 10  DAA  based on nymph counts (Fig.7). 
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The severity index assessments showed a similar trend, with sulfoxaflor 
treatments showing mealybug colony appearance on a small part of the stem 
and branch of each plant, whereas Curacron was highly effective to protect 
against P. solenopsis re-infestation (Fig. 8). These results of Curacron 
(profenofos) agree to those of Jhala et al. (16) and Saeed et al. (20) who 
reported excellent control of P. solenopsis on cotton crop.  Curacron once 
again demonstrated a browning effect on the cotton plants. 
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In 2009, populations of P. solenopsis also remained at a high level 
throughout trials, with a slight decline at 7-10 DAA (Fig. 9). All Sulfoxaflor 
50% WDG rates failed to give a satisfactory knockdown activity at 1 DAA 
against P. solenopsis, but demonstrated good efficacy from 3-10 DAA at 
12.5-37.50 gai/ha with 70-85 percent control level (Fig. 10). All reference 
products provided a similar knockdown and the highest level of control was 
obtained with Curacron  and  Nurelle-D®  at  par  with  sulfoxaflor  at  25-37.5  

 



Lysandrou et al.  

J. Agric. Res., 2012, 50(4) 

504

 
 

 

 
 



Management of mealybug in cotton 

J. Agric. Res., 2012, 50(4) 

505

gai/ha. Oberon (spiromesifen) at 60 gai/ha demonstrated a similar level of 
activity, whereas Lorsban at full rate recorded only moderate protection 
mealybug at 7 DAA. All products in the trials were safe to cotton plant except 
for Curacron which caused injury in the form of a browning effect on foliage. 
This injury was a common theme in commercial fields treated with the 
product in 2008 and 2009. 

CONCLUSION 
 
The study concludes that sulfoxaflor is a very promising new tool for the 
management of P. solenopsis in Pakistan. Both formulations of sulfoxaflor 
(SC and WDG) are slower acting initially than profenofos, but offer a very 
consistent and high level of activity at 3-10 DAA @ 25 to 50 gai/ha. 
Sulfoxaflor was also safe to two cotton varieties (CIM-496 and BT-121) tested 
based on the absence of any negative foliar effects. Curacron overall, 
recorded the highest level of control and protection from the re-infestation of 
cotton mealybug but was detrimental to cotton crop and it caused a browning 
effect of cotton leaves. Lorsban® @ 1250 gai/ha showed a moderate level of 
control, but Nurelle-D can be considered as a good alternative to Curacron.  
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