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Abstract 
Citrus mealybug, Planococcus citri (Risso) (Homoptera: Pseudococcidae), is a serious pest of citrus 
plants in Pakistan which cause considerable loss to citrus crop both in terms of quantity and quality. The 
present study was conducted to evaluate the toxic effect of different insecticides at different 
concentrations against P. citri. Leaf-dip bioassays were performed to assess the toxicity of a pyrethroid 
(Cypermethrin), an organophosphate plus pyrethroid (Polytrin-C), a neonicotinoid (Imidacloprid) and a 
synthetic IGR (Buprofezin), using 3rd instar female individuals of P. citri. Data regarding mortality of 
insects was recorded at 6, 12, 24 and 36 hrs post-treatment (HAT). Maximum mortality was observed in 
case of Polytrin-C (74.84%) followed by Buprofezin (65.15%) at 36 HAT, while Imidacloprid and 
cypermethrin were least effective. In case of different concentrations of each chemical, mean maximum 
mortality was observed at 4 ppm (67.61%) after 36 HAT. Study results suggest that Polytrin-C and 
Buprofezin are effective chemicals at 4 ppm against citrus mealybug. However, non-target effects of 
Polytrin-C, such as on biological control agents and other organisms should be determined. 
 
Keywords: Citrus sinensis, Mealybugs, Pyrethroids, Synthetic insecticides, Toxicity. 
 
Introduction 
Mealybugs are one of the destructive insect pests and damage a large number of horticultural 
and agricultural crops such as citrus (Bodenheimer 1951) [9], mango (Ackonor 2002) [2], coffee 
(Staver et al. 2001) [24], and grapevine (Cid et al. 2006; Laflin and Parrella, 2004) [10, 16]. There 
have been about 175 genera belonging to 74 families of mealybugs described so far (Ben-Dov 
2007) [8]. There is sexual dimorphism in mealybugs. Males are about 1 mm long crimson 
colored flying insects with two caudal filaments, while female mealybugs are about 3 mm long 
oval-shaped wingless individuals and exhibit simple metamorphosis. Females live for about 3 
to 6 weeks while males are usually short-lived (Mahmood et al., 2014) [17]. 
Citrus mealybug, Planococcus citri (Risso) (Homoptera: Pseudococcidae), is a major pest of 
citrus in Pakistan due to its polyphagous nature. It is a sporadic pest of citrus and attacks a 
wide variety of citrus cultivars (Kerns et al., 2012) [15]. It reduces the fruit quality by sucking at 
base of fruit-stalks, calyx and fruits, and causes drop of fruits due to weakening of stalk base. 
In addition, it causes the accumulation of honeydew and sooty mold (a fungus) growth on 
different parts of plants such as on fruits and leaves (Uygun et al., 2001) [25]. It can be 
successfully controlled by the application of natural enemies such as Cryptolaemus 
montrouzieri beetles (Singh, 2004; Al et al., 2010) [3, 23]. However, mealybugs have a cryptic 
nature and development of cushiony scales on the dorsal side of female mealybugs reduces the 
exposure and absorption of pesticides into its body, resulting into poor and ineffective control 
(Bartlett and Clancy 1972; Wysoki et al., 1981) [6, 26]. 
Keeping in view the destructive nature of citrus mealybugs, the main objective of this study 
was to evaluate the toxicity of insecticides belonging to different modes of actions at different 
concentrations against citrus mealybug. 
 
Materials and Methods 
The experiment was conducted in the Laboratory of Entomology, University College of 
Agriculture, University of Sargodha. 
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Insect Culture 
Mealybug clusters were collected in early spring (March 2014) 
from the citrus (Citrus reticulata Blanco) nursery situated in 
the horticulture farm of the University College of Agriculture, 
University of Sargodha. They were brought to lab and were 
reared on 50-60 cm long potted plants of sour orange (Citrus 
aurantium L.) under 25 ± 3 °C and 60 ± 5% relative humidity. 
 
Insecticides 
Insecticides used in toxicity bioassays included a pyrethroid 
(Cypermethrin 10 EC), an organophosphate plus pyrethroid 
(Polytrin-C 440 EC; Profenofos+Cypermethrin), a 
neonicotinoid (Imidacloprid 70 WS) and an IGR (Buprofezin 
25 WP). These insecticides were purchased from the local 
pesticide market of district Sargodha and each insecticide was 
tested at four different concentrations (i.e. 0.5, 1, 2 and 4 
ppm). 
 
Toxicity bioassay 
Leaves of kinnow mandarin (Citrus reticulate Blanco) were 
collected from field and brought into laboratory of 
Entomology. Third instar female mealybug nymphs of 
homogenous age were collected from the laboratory culture. 
Leaf-dip bioassay was performed in which leaves were dipped 
into each insecticide solution for ten seconds and were air-
dried for 3 min on filter paper. Then these treated leaves were 
transferred to Petri-dish on a moistened filter paper disc at the 
base. Total 15 mealybug nymphs were released in each petri-
dish for each concentration of chemical. Each treatment was 
replicated four times. Data of mortality was recorded 6, 12, 24 
and 36 hours after releasing insects. Percent mortality was 
calculated by using Abbot’s formula (1925) i.e. [(X - Y)/X] × 
100, where X = % alive insects in control treatment; Y = % 
alive insects in insecticide treatment. 

 

Data analysis 
Apart from graphical presentation, data was subjected to 
analysis of variance (ANOVA) and means were compared 
using Tukey HSD all pair-wise comparison test. 
 
Results 
Percent mortality regarding the efficacy of different 
insecticides against citrus mealybug was recorded and 
subjected to statistical analysis (Table 1). The results showed 
that treatments and concentrations were highly significant at 
all-time intervals. At 36 HAT, treatments and concentrations 
showed a significant difference (F value = 272.18, P value = 
0.0000 and F value = 63.96, P value = 0.0000), respectively. 
The interaction between treatments and concentrations showed 
non-significant result (F value = 1.62, P value 0.1358 and F 
value 0.70, P value = 0.7073) at 6 HAT and 12 HAT, 
respectively. The interaction was significant at 24 HAT (F 
value = 3.00, P value = 0.0064).  
Mean comparison done through Tukey HSD all pair-wise 
comparison test showed that maximum mortality was observed 
in case of Polytrin C (46.13% and 74.84% at 24 HAT and 36 
HAT, respectively). The second effective insecticide was 
Buprofezin which showed 44.14 and 65.15 percent mortality at 
24 HAT and 36 HAT, respectively. The least significant result 
was observed in case of Imidacloprid (30.88%, 36.87%) at 24 
HAT and 36 HAT, respectively (Fig. 1). In case of 
concentration of each chemical, the maximum mortality was 
observed at 4 ppm (53.32%, 67.61%) after 24 HAT and 36 
HAT respectively. The percent mortality of P. citri was also 
significant at 2 ppm (42.85, 61.95%) after 24 HAT and 36 
HAT respectively. The least significant results were observed 
in case of 0.5 ppm on which mealybug mortality was (27.27%, 
49.91%) after 24 HAT and 36 HAT, respectively (Fig. 2).  
 
 

Table 1: Analysis of variance for toxicity of different insecticides against 3rd instar female P. citri 
 

  6 HAT 12 HAT 24 HAT 36 HAT 
Source DF F P F P F P F P 

Treatments(T) 3 50.67 0.00 30.02 0.00 60.68 0.00 272.18 0.00 
Concentrations(C) 3 98.92 0.00 75.01 0.00 154.28 0.00 63.96 0.00 

T X C 9 1.62 0.13 0.70 0.71 3.00 0.01 1.86 0.08 
Error 48         
Total 63         

 

 
 

Fig 1: Mean toxicity (% mortality) of 3rd instar female P. citri against different insecticides 
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Fig 2: Mean toxicity (% mortality) of 3rd instar female P. citri at 
different concentrations of insecticides tested 

 
Discussion 
Citrus mealybug, Planococcus citri, is an emerging threat to 
citrus orchards in Pakistan, particularly in Sargodha district for 
the last decade (Anonymous, 1969: Fayyaz-ur-Rehman, 2009) 

[4, 11]. In case of severe infestation and no control, 100% fruit 
drop or 80% defoliation has been observed (Kerns et al. 2001; 
Arif et al. 2012) [5]. Consequently, citrus growers have been 
using different insecticides for mitigating these devastating 
pests with mixed control success. The present study was aimed 
to evaluate the comparative efficacy of different insecticides at 
different concentrations against citrus mealybugs in order to 
find out the most effective insecticide and its concentration to 
be suggested to farmers as chemical control option. 
Results of this laboratory study showed that combination 
insecticide, Polytrin-C, is more promising against P. citri 
females. One of the possible reasons for its effectiveness 
would be its dual mode of action because Profenofos is a 
organophosphate inhibiting acetylcholinesterase (AChE), 
while the other insecticide, Cypermethrin, is a pyrethroid 
targeting sodium channel transmission of insect nervous 
system. Both of these insecticides are found effective against 
sucking insect pests such as whiteflies, aphids, jassids on 
cotton and hoppers on rice and mango plants (Rudramuni, 
2011; Mansoor-ul-Hasan, 2000; Sandeep et al., 2006) [18, 20, 22]. 
Therefore, in spite of low absorption of target insecticides into 
female mealybug bodies, the joint action of two different 
insecticides might be lethal enough for these insect pests. 
These findings are in conformity with the results of Saeed et 
al. (2007) [21], Hussain et al. (2012) [13] and Gulzar et al. (2015) 
[12] who also demonstrated that profenofos is the most effective 
insecticide against mealybug infestation. Second most 
effective insecticide has been found Buprofezin which is an 
insect growth regulator and actually inhibits chitin 
biosynthesis. This IGR compound has already been claimed 
very effective against mealybugs and other homopteran insect 
pests along with Spirotetramat (Basit et al. 2012) [7]. These 
results are also in line with findings of Nikam et al., (2010) [19] 
under laboratory conditions.  
However, the toxicity of imidacloprid and cypermethrin 
against P. citri has been found relatively lower than Polytrin-C 
and buprofezin in this study. One of the possible reasons for 
this ineffectiveness is potential development of insecticide 
resistance due to blind and irrational use these insecticides 
against mealybugs.  
Conclusively, it is suggested that profenofos plus cypermethrin 
and buprofezin are good options to be incorporated as 
insecticidal control tools in the integrated management of 
mealybug menace to citrus production in the country. 
However, the bio-efficiency of these insecticides should be 

evaluated under field conditions because of the potential 
escape of mealybugs from applied insecticides either due to 
lower body penetration or obscuring nature of these insect 
pests (Kahramanoglu and Usanmaz, 2013) [14]. Moreover, the 
residual toxicity and non-target effects of these synthetic 
insecticides should also be determined under field conditions. 
 
References 
1. Abbott WS. A method for computing the effectiveness of 

an insecticide. Journal of Economic Entomology. 1925; 
18:265-267. 

2. Ackonor JB. Current levels of incidence of parasitism and 
predation in Planococcus citri Risso (Homoptera: 
Pseudococcidae) in Ghanaian cocoa (Theobroma cacao 
L.) farms. Insect Science and its Application 2002; 
22:105-112. 

3. Al A, El-Arnaouty SA, Attia AR, Abd-Alla-Ael M. 
Biological control of citrus mealybug, Planococcus citri 
(Risso) using coccinellid predator, Cryptolaemus 
montrouzieri. Muls. Pakistan Journal of Biological 
Science. 2010; 13(5):216-222. 

4. Anonymous. Survey of parasites of insect pests of 
cultivated and useful plants and survey of insects 
destroying weeds and their parasites. CIBC Pakistan Final 
Report, 1969, 1959-1969. 

5. Arif MI, Rafiq M, Wazir S, Mehmood N, Ghaffar A. 
Studies on cotton mealybug, Phenacoccus solenopsis 
(Pseudococcidae: Homoptera), and its natural enemies in 
Punjab, Pakistan. International Journal of Agriculture and 
Biology. 2012; 14(4):557-562. 

6. Bartlett BR, Clancy DW. Treatment for the control of root 
mealybug on nursery plants. Economic Entomology 1972; 
65:1329-1332. 

7. Basit M, Saleem MA, Saeed S, Sayyed AH. Cross 
resistance, genetic analysis and stability of resistance to 
buprofezin in cotton whitefly, Bemisia tabaci 
(Homoptera: Aleyrodidae) Crop Protection 2012; 40:16-
21. 

8. Ben-Dov Y. Family Pseudococcidae. Scale Net. 
http://www.sel.barc.usda.gov/scalenet/ lifehist.htm, 2007. 

9. Bodenheimer FS. Citrus entomology in the Middle East. 
W. Junk, The Hague, the Netherlands, 1951. 

10. Cid M, Pereira S, Segura A, Cabaleiro C. Population 
monitoring of Planococcus citri (Risso) (Homoptera: 
Pseudococcidae) in Edo vinlas Rõas Baixas (Galicia). Pest 
Plant Health Bulletin 2006; 32:339-344. 

11. Fayyaz-ur-Rehman M, Tariq MI, Aslam M, Khadija G, 
Iram A. Inhibition studies of cellulolytic activities Isolated 
from Planococcus citri. The Open Enzyme Inhibition 
Journal. 2009; 2:8-11. 

12. Gulzar A, Hafeez M, Yousaf K, Ali M, Tariq M, Tahir 
MN. Toxicity of some conventional insecticides against 
Mango Mealybugs, Drosicha mangiferae. Science 
International 2015; 27(2):1693-1695. 

13. Hussain SI, Saleem MA, Fareed S. Toxicity of some 
insecticides to control mango mealybug, Drosicha 
mangifera, a serious pest of mango in Pakistan. Pakistan 
Journal of Zoology. 2012; 44(2): 353-359. 

14. Kahramanoglu I, Usanmaz S. Management strategies of 
fruit damaging pests of pomegranates: Planococcus citri, 
Ceratitis capitata and Deudorix livia. African Journal of 
Agricultural Research. 2013; 8(49):6563-6568.  

15. Kerns D, Wright G, Loghry J. Citrus Mealybug 
(Planococcus citri), 2012.  
http://ag.arizona.edu/crop/citrus/insects/citrusmealy.pdf 



 

~ 23 ~ 

Journal of Entomology and Zoology Studies 
 

16. Laflin HM, Parrella MP. Developmental biology of citrus 
mealybug under conditions typical of California rose 
production. Annals of the Entomological Society of 
America 2004; 97:982-988. 

17. Mahmood R, Rehman A, Ahmad M. Prospects of 
biological control of citrus insect pests in Pakistan. 
Journal of Agricultural Research 2014; 52(2):229-244. 

18. Mansoor-ul-Hasan, Ahmad F, Abbas A. Comparative 
efficacy of different insecticides against Helicoverpa 
armigera (Hub) eggs on cotton. Pakistan Entomologist 
2000; 22(2):41-43. 

19. Nikam ND, Patel BH, Korat DM. Biology of invasive 
mealy bug, Phenacoccus solenopsis Tinsley (Hemiptera: 
Pseudococcidae) on cotton. Karnataka Journal of 
Agricultural Sciences. 2010; 23:649-651. 

20. Rudramuni T, Reddy KMS, Kumar CTA. Bio-efficacy of 
new insecticidal molecules against insect-pests of cotton. 
Journal of Farm Sciences. 2011; 1(1):49-58. 

21. Saeed S, Munir A, Ahmad M,Kwon YJ. Insecticidal 
control of the mealybug Phenacoccus gossypiphilous 
(Hemiptera: Pseudococcidae) a new pest of cotton in 
Pakistan. Entomological Research. 2007; 37:76-80. 

22. Sandeep, Gaikwad D, Bhamare VK. Efficacy of newer 
insect growth regulators and insecticides against cotton. 
International Journal of Plant Sciences. 2006; 1(1):104-
106. 

23. Singh SP. Some success stories in classical biological 
control of Agricultural pests in India. Apaari publication, 
2004, 21. 

24. Staver C, Guharay F, Monterroso D, Muschler R. 
Designing pest-suppressive multistrata perennial crop 
systems: shade-grown coffee in Central America. 
Agroforestry System 2001; 53:151-170. 

25. Uygun N, Karaca İ, Ulusoy MR, Şenal D. Pests of citrus. 
In Uygun N. (ed.): Integrated management on citrus 
orchards in Turkey. Publication of Agricultural 
Researches, TARP, Adana, 2001, 9-57. 

26. Wysoki M, Swirski E, Izhar Y. Biological control of 
avocado pests in Israel. Protection Ecology 1981; 3:25-28.  


