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Twenty two plants showed to be new palatable hosts for Phenacoccus solenopsis in Sharkia Governorate, Egypt. 
These plants were classified as field crops (6), vegetables (8), ornamentals (2), weeds (4) and fruits (2) and they 
belong to 13 plant families. Those plants belonging to Solanaceae and Malvaceae appear to be most favorable to 
this pest. Field investigations indicated that the highest population density of the insect tends to accumulated on 
plants at the eastern zone of the field, while the lowest population density tends to occur in both south and central 
zones.  The peak of insect population density was recorded in August 2016 and the lowest population occurred 
during October 2016. The pest management indicated that the 1st nymphal instar was more susceptible to all tested 
insecticides than the adult females. Beauveria bassiana was found to be more effective than Metarhizium 
anisopliae. While, The botanical insecticides can be arranged according to their potency as follows: neem extract 
(Nimbecidine®), garlic oil, clove oil and then eucalyptus oil. While, the mineral oil (CAPI®) showed to be the most 
effective among all tested pesticides. 

Keywords: Cotton mealybugs; Phenacoccus solenopsis; ecology; biological control; entomopathogenic fungi; plant 
extracts.  

 
INTRODUCTION 

The cotton mealybug, Phenacoccus 
solenopsis Tinsley (Hemiptera: Pseudococcidae) 
is the major threat to many agricultural and 
horticultural crops in many tropical and subtropical 
countries. So far, it has been recorded in 24 
countries of five continents (Wang et al., 2010). It 
was originally reported on ornamentals and fruit 
crops in New Mexico (Tinsley 1898) and then 
spread in different regions of the world. In Texas, 
USA it was reported in 1989 as a pest of cotton 
(Fuchs et al., 1991) In Egypt, P. solenopsis was 
first recorded during 2010 on weeds by Abd-
Rabou et al. (2010) then for the first time it was 
recorded as a new insect pest attacking cotton 
plants in Kafr El-Sheikh Governorate (El-Zahi et 
al., 2016). Beshr et al., (2016) recorded 22 host 

plants for P. solenopsis belonging to 12 families, 
eight species of herbal host plants were recorded 
in Egypt for the first time in Alexandria and Behera 
Governorates. Recently, Shehata (2017) recorded 
this insect pest on okra plants in Sharkia 
Governorate.  

 P. solenopsis is a polyphagous insect pest 
attacking more than 154 host plants belonging to 
53 plant families (Arif et al., 2009). The adult male 
has no feeding mouthparts and causes no 
damage, while the females and nymphs are 
phloem feeders and suck cell sap from the cotton 
plant (Saeed et al., 2007), excretes honeydew 
(Godfrey et al., 2002) and inserts toxic saliva into 
the plant (Williams and Granara de Willink 1992). 
The black sooty mould that grows on honeydew 
interferes and prevent the plant photosynthesis 
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(Saeed et al., 2007) causing stunted and may be 
death which leads to highly annual loss in crop 
productivity (Hodgson et al. 2008; Lysandrou et al. 
2012). P. solenopsis causes yield losses of 34.9% 
in India (Vennila et al., 2010) and 1.4 million tons 
of cotton were infested in China (Wang et al., 
2010) with loss of about 3.1 million bales of cotton 
in 2006-2007 in Pakistan (Mahmood et al., 
2011).While, during 2005-2009, this pest caused 
30–60% yield losses in cotton in India and 
Pakistan (Fand and Suroshe 2015). 

Due to the harmful effects of chemical 
pesticides on human, animals, beneficial insects 
and ecosystem, also presence of white powdery 
wax covering the back of P. solenopsis and its 
feeding habits the chemical management of this 
insect pest is not always safe, sufficient and 
successful (Joshi et al., 2010). Also, successful 
use of pesticides/bio-pesticides, information is not 
only needed on the biology and feeding activity of 
the control agents but also on the most 
susceptible stage of pest species (Cuthbertson et 
al., 2003). 

So, this study aims to evaluate other 
alternative strategies and ecofriendly 
management program for the first time in Egypt 
against P. solenopsis, with evaluate the 
susceptibility of different stages (1st nymphal 
instar and adult females) to entomopathogenic 
fungi (Beauveria bassiana and Metarhizium 
anisopliae) and different plant extracts (clove oil, 
garlic oil, eucalyptus oil and neem extraction as 
Nimbecidine®) as well as mineral oil (CAPI®) were 
evaluated under laboratory conditions to keep this 
insect pest under threshold levels to avoid health 
hazards of chemical insecticides especially during 
human daily consumption of vegetables. 
 
MATERIALS AND METHODS 

Ecological studies 
The field studies were conducted in Sharkia 

Governorate, Hehia district located 150 km away 
from Cairo. During June 2016, many farms of 
different crops belonging to different families were 
surveyed for recording newly host plants for the 
cotton mealybug individuals in Egypt. The 
collected mealybug specimens were identified by 
Prof.Dr. Saber Faheim, Plant Protection Research 
Institute, Agriculture Research Centre, Egypt.   

The Preliminary field survey showed heavy 
infestations of mealybug P. solenopsis on the okra 
farms. The infestation rate and mode of insect 
distribution on the plant was evaluated by 
scouting the individuals on the infested okra farms 

during 5 months that started on 10th June till 10th 
October 2016. For this purpose, three okra farms 
were selected for examination and evaluation; 
each farm (0.5 feddan) was divided into 5 
locations (North, South, West, East and Center) 
and then five plant samples (whole plants) were 
collected randomly from each location then 
transferred to the laboratory in plastic bags. Each 
plant was divided into three parts; apical or upper, 
median and basal or lower. In each part; all leaves 
(upper, lower surface & leaf neck), stem and fruits 
were examined for estimating the infestation rate 
of the mealybug with its vertical distribution on the 
whole okra plants. Average temperature and 
humidity records were obtained from the Central 
Laboratory for Agriculture Climate, Agriculture 
Research Centre during the experimented 
duration.  

The field damage percentage was estimated 
by scouting the individuals of P. solenopsis on all 
plants of  the cultivated host plants especially 
crops, vegetables and fruits that were recorded 
and examined during the survey experiment. For 
this purpose, 175 m2 (one carat) of each 
cultivated host plant  (4-8 plant/m2 according to 
the field category) was detected and examined 
during June 2016 for evaluation of the field 
damage (Infestation %) according to Bertin et al. 
(2010) using following formula.   
  
Field damage (Infestation %) = 
 
    (No. of infested plants in the field) 
 ------------------------------------------------------------------
- X 100 
 (No. of all examined plants in the field) 

Laboratory toxicological studies 

Insect culture 
The mealybug specimens were collected from 

infested okra farms and transferred to the 
laboratory and then released into rearing 
rectangular plastic boxes (50×30×30cm) provided 
with sawdust for absorption of humidity and okra 
fruits for feeding and rearing of the pest and the 
boxes were covered with nylon net. The colony of 
P. solenopsis was maintained under laboratory 
conditions (27 ± °C, RH 65%, 12:12 h. light/dark) 
as discussed by Shehata (2017). The 1st nymphal 
instars and adult females were used for laboratory 
toxicological studies as will be explained later.  
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Bioassay 
In a series of experiments, the toxicity of 

some commercial bio-pesticides against different 
stages of P. solenopsis (1st nymphal instar and 
adult females) was evaluated. These bio 
pesticides include entomopathogenic fungi, 
botanical extracts and the mineral oil (CAPI®). 

In the first group; potency of the 
entomopathogenic fungicides (bio-magic and bio-
power) were tested. Bio-Magic® is a liquid 
commercial formulation of M. anisopliae. While, 
Bio-Power® is a liquid commercial formulation of 
B. bassiana. These products were manufactured 
by T. Stanes Company, India. 

Five diluted concentrations 1×107, 5×106, 
1×106, 5×105 and 1×105 spores/ml H2O of each 
product were prepared with addition of 2 drops of 
tween-20 as an emulsifier then stirred gently for 
testing and laboratory bioassay. 

In the second group; potency of the botanical 
extracts, garlic (Allium sativum), eucaluptus 
(Eucalyptus globulus) and clove (Syzygium 
aromaticum) were obtained from CAPPHARM 
Company, Egypt. While the 4th botanical extract 
was neem (Azadirachta indica) known 
commercially as Nimbecidine® 0.03 % 
manufactured by T. Stanes Company, India. 

In the third group; potency of the mineral oil 
(CAPI®) known commercially as CAPI® 
manufactured by MAJ Company, Egypt was also 
tested.  

In both second and third groups, five 
concentrations 2000, 1000, 500, 250 and 125 
ppm were tested. These were prepared by 
addition of 1ml of chloroform and 2 drops of 
tween-20 as an emulsifier and then stirred gently 
before testing.    

 For assessing the toxic effect of the selected 
insecticides, the "fruits-dip bioassay" was used 
according to Gulsar Banu et al., (2010). Fresh and 
healthy okra fruits were used as a food source for 
both females and nymphs of this insect pest; 
these fruits were washed with distilled water and 
left overnight to dry. For treatment two fruits were 
dipped in each tested concentration for 5 minutes 
with continuous shaking and then left for few 
minutes to dry at ambient temperature. The 
treated fruits were placed in sterilized plastic cup 
120 ml lined with filter paper. Healthy and live 
individuals of 1st nymphal instar and adult females 
of P. solenopsis were isolated from the laboratory 
culture and released into the plastic cup on the 
treated okra fruits. Control groups were treated 
with distilled water mixed with 1ml of chloroform 
and 2 drops of tween-20. Three independent 

replicates for each bioassay were done (30 
nymphs and 30 females have been used for each 
replicate). All cups were incubated in an incubator 
(25±1°C, 60–70% RH) with a photoperiod of 12:12 
h. (L:D). Mortalities were taken after 3, 5 and 7 
days of treatment. 

The data obtained were subjected to analysis 
and differences among means of mortality were 
considered significant at a probability level 
(p≤0.05) using SPSS program. Probit analysis 
was carried out to determine the LC50 values of 
each treatment. 
 
RESULTS  

Ecological studies 

Host preference and infestation rate   
Results of field survey showed the mode of 

insect distribution which indicated that, the adult 
females of the cotton  mealybug P. solenopsis 
were recorded on different host plants including 
field crops, vegetables, ornamentals, weeds and 
fruits during the summer months of 2016. A total 
of 23 host plants belonging to different plant 
families were surveyed and the adult females 
were recorded on 22 plant species including field 
crops (6), vegetables (8), ornamentals (2), weeds 
(4) and fruits (2). These plants belong to 13 plant 
families described as Malvaceae, Pedaliaceae, 
Solanaceae, Poaceae, Moraceae, Cucurbitaceae, 
Apiaceae, Portulacaceae, Convolvulaceae, 
Myrtaceae, Fabaceae, Asteraceae, and 
Cruciferae as reported in table (1). 

Samples collected from various host plants 
showed different degrees of infestation rate 
ranging from mild to severe depending on the 
count of the adult females on the plant parts 
(leaves, stem and fruits or sepals).The leaves in 
all host plants appeared to be more susceptible to 
infestation except okra and squash plants, where 
the fruits were more susceptible than leaves and 
also on cotton plants the tonsils were more 
susceptible than the leaves. The host plants 
belonging to Solanaceae and Malvaceae were 
more attractive to the insect compared with the 
others. The infestation rate was high on different 
host plants especially okra, eggplant, purslane 
and peanuts while it ranged from mild to moderate 
on the other host plants with no record of any 
infestation on sugar cane farms. 
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Table 1.  Host plants and their preference to infestation with the cotton mealybug P. solenopsis in Sharkia Governorate during June - 
October 2016. 

No. 
Surveyed plants 

Plant family 
Plant 

category 

Infestation 
rate 

/ plant 

Infestation % 
/ field 
(Field 

damage) 

Target regions on plant 

English name Scientific name leaves stem fruits 

1 Cotton 
Gossypium  
barbadense 

Malvaceae 
 
 

Crop Moderate 56.89 √ √ Tonsil 

2 Okra 
Abelmoschus  

esculentus 
Vegetable Severe 75.29 √ √ √ 

3 Molokhia Corchorus  olitorius Vegetable Moderate 47.77 √ √ - 

4 Hibiscus Hibiscus  sabdariffa Ornamental Moderate ** √ √ √ 

5 Tomato Solanum  lycopersicum 

Solanaceae 
 

Vegetable Moderate 58.89 √ √ Sepals 

6 Eggplant Solanum  melongena Vegetable Severe 61.14 √ √ √ 

7 Pepper Capsicum  annuum Vegetable Mild 25.43 √ √ - 

8 
Black-

Nightshade 
Solanum  nigrum Weeds Severe ** √ √ √ 

9 Sesame Sesamum indicum Pedaliaceae Crop Moderate 54.14 √ √ √ 

10 Corn Zea mays Poaceae 
 

Crop Mild 26.36 √ - - 

11 Sugar Cane Saccharum  officinarum Sugar crops 0 0 - - - 

12 Fig Ficus carica Moraceae Fruits Mild 17.71 √ - - 

13 Watermelon Cirullus lanatus 

Cucurbitaceae 

Vegetable Mild 24.14 √ √ - 

14 Cucumber Cucumis  sativus Vegetable Moderate 45.71 √ √ √ 

15 Squash Cucurbita pepo Vegetable Mild 29.86 - - √ 

16 Parsley Petroselinum  crispum Apiaceae Weeds Mild 

** 

√ - - 

17 Purslane Portulaca  oleracea Portulacaceae Weeds Severe √ √ - 

18 Lvy Convolvulus  arvensis 
Convolvulacea

e 
Ornamental Moderate √ √ - 

19 Guava Psidium  guajava Myrtaceae Fruits Mild 5.43 √ - Sepals 

20 Peanuts Arachis hypogaea 
Fabaceae 

Crop Severe 50.29 √ - - 

21 Cowpea Vigna  unguiculata Crop Mild 29.71 √ √ √ 

22 Sunflower Helianthus annuus Asteraceae Crops Mild 27.29 √ √ √ 

23 Watercress Eruca Sativa Cruciferae Weeds Mild ** √ - - 

        -  Infestation rate = Average number of insect females / plant:   Mild <10 females/plant;   Moderate = 10-20 females / plant;   Sever ˃ 20 
females / plant. 

        -  Field damage = (No. of infested plants in the field / No. of all examined plants in the field) X 100. 
        ** Meaning random distribution of plants  (Satanic and scattered cultivations). 
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Furthermore, the results regarding field 
damage done by P. solenopsis on crops, 
vegetables and fruits were observed to be highest 
on okra and eggplant cultivations (75.29 and 
61.14%, respectively) during June 2016 and 
similarly damage was observed to be 50-59% on 
tomato, cotton, sesame and peanut cultivations. 
Also, the damage percentages were very low on 
fruits fig and guava (17.71and 5.43%, 
respectively). Meanwhile, damage percentage on 
ornamentals and weeds has not been calculated 
due to random distribution of these plants with 
unknown number of the total plants (Satanic and 
scattered cultivations). 

Effects of directions  
The data in table (2) and illustrated in fig.(1) 

indicated that, the directions are extremely 
effective on distribution of the mealybug P. 
solenopsis where the highest population density 
tends to accumulated on the plants at the east 
zone of the field (90.16±22.4 females/plant); this 
was followed by the west direction (73.92±26.2 
females/plant) and then the north direction 
(73.48±18.8 females/plant).While, the lowest 
population density tends to occur in the south 
direction and the central zone. Analysis of data 
showed insignificant effects between directions 
(east, west and north) on insect distribution. Also, 
the differences between (south and central zones) 
of the field were insignificant. While, the significant 
differences were recorded between the first 
directions (east, west and north) and the last 
directions (south and central zones) of the field. 

On the other hand, data on the insect 
population in different months ignoring the 
directions are also given in table (2) and illustrated 
in fig. (1). The results indicated that the adult 
females were recorded in all experimental months 
(June, July, August, September and October) with 
the highest population density in August 
(99.36±13.9 females/plant).While, the lowest 
population on okra plants occurred in October 
(39.72±6.9 females/plant). In June, the mean 
population was 54±25.8 females/plant, this 
increased significantly to 74.68 ± 3.7 and 
99.36±13.9 females/plant during July and August, 
respectively. During these months the 
temperature ranged from 30.1 to 30.4 ˚C and R.H. 
from 53.1 to 57.8%. This could be considered as 
the optimum conditions for reproduction of this 
pest and the population then showed gradual 
significant decrease to 74.4±9.3 females/plant in 
September (28.5 ˚C and 55.5 % RH.). In October, 
the population were significantly lower being 

39.72±6.9 females/plant when the temperature 
dropped to 26.6 and 57.1 % RH. A significant 
difference in the distribution and reproduction of 
the cotton mealybug P. solenopsis during August 
2016 was observed compared with the other 
months. This variation is probably correlated to 
the prevailing environmental conditions.   

Vertical distribution of P. solenopsis on the 
plant 

The vertical distribution of P. solenopsis under 
field conditions on okra plants was estimated. The 
data in table (3) indicated that P. solenopsis were 
recorded on all parts of the plant. Examination of 
the selected plants showed that the mean 
population of adult females was 121.4±16.9 
females on whole plant during August. Leaves 
and fruits were more attractive to the females with 
no significant effects between them where the 
average of the recorded females was 49.3±18.1 
females/leaf (40.6%) and 48.4±19.7 females/fruit 
(39.9%). This was followed with a significant 
reduction for the females which settled on the 
stem to be 23.7±10.7 females/stem (19.5%). 

When the okra plant was divided into three 
parts, the highest population tended always to be 
settled on the apical parts 75.7±18.23 females to 
represent 62.4% from the total count of the insect 
females on the whole plant. The average number 
of females on the median parts was significantly 
lower (31.9±20.1 females) to represent 26.3%. 
While, the basal parts always harbored the lowest 
population 13.8±3.17 females to be 11.4%. 
Generally, the apical parts showed to be more 
attractive to the female compared to the median 
and basal parts. The statistical analysis showed 
highly significant differences (P<0.05) in the 
vertical distribution of adult females of P. 
solenopsis on the plant under field conditions. 

Laboratory toxicological studies 

Potency of entomopathogenic fungicides 
Table (4) indicated the susceptibility of 1st 

nymphal instar and adult females to both B. 
bassiana and M. anisopliae. Different degrees of 
mortality percentages were recorded in both 
varieties related to the tested concentrations and 
exposure time but the entomopathogenic fungi B. 
bassiana appeared to be more effective and the 
1st nymphal instar appeared to be more 
susceptible to entomopathogenic fungi with 
different responses related to the tested 
concentrations and exposure time.    
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Table 2.   Population density of the adult females of P. solenopsis on okra plant at different field directions during June - October 2016 

Monthly 
variation 

Average 
Temperature ºC 

&  RH % 

Mean population density ± SD 
at different field directions Mean population± SD 

during different months 
East North West South Centre 

June 
28.8    ºC 
51.2    % 

85.6 ±21.6 60.8 ± 24.9 52 ±18.73 48.8±12.73 22.8±14.37 54 ± 25.8 C 

July 
30.1    ºC 
53.1    % 

88.8±19.96 79.8±24.35 84.2±18.08 56.2±13.35 64.4±29.15 74.68 ± 3.7 B 

August 
30.4     ºC 
57.8     % 

121.4±16.9 99.4 ± 11.97 116 ±13.9 89.2 ±11.39 70.8 ±17.51 99.36 ± 13.9 A 

September 
28.5     ºC 
55.5     % 

96.4 ±12.1 80.2 ±18.3 74.6±33.8 59.2±18.9 61.6±12.6 74.4 ± 9.3 B 

October 
26.6    ºC 
57.1     % 

58.6 ±18.4 47.2 ±8.91 42.8 ±12.34 33.4 ±6.83 16.6 ±5.9 39.72 ± 6.9 C 

 
28.88±1.35 ºC 
54.94 ±2.47 % 

90.16±22.4 a 73.48±18.8 a 73.92±26.2 a 57.36±19.9 b 47.24±21.7 b 68.43±20.32 

                      Means followed by the same letters are not significantly different at 0.05 levels 
 

 Figure 1.   Population density of the adult females of P. solenopsis on okra plant at different field directions during June - October 2016 
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Table 3.   Population density and vertical distribution of the adult females of P. solenopsis on okra plants during August 2016 
 

Plant parts 
Mean No. of settled 

females ± SD on 
vertical parts/plant 

Mean No. of settled females ± SD 
on okra plant 

Leaves Stem Fruits 

Whole plant 121.4 ± 16.9 49.3 ± 18.1 A(40.6 %) 23.7 ± 10.7 B(19.5 %) 48.4 ± 19.7 A(39.9 %) 

Apical part 75.7 ± 18.23 a(62.4 %) 26 ± 12.67 17.9  ±  9.7 31.8  ± 17.14 

Median part 31.9 ± 20.1 b(26.3 %) 15.6 ± 9.8 5 ± 1.57 ± 3 11.3 

Basal part 13.8 ± 3.17 c(11.4 %) 7.7 ± 4.45 0.8 ± 0.6 5.3 ± 5.1 

Means followed by the same letters are not significantly different at 0.05 levels 
Table 4.  Effects of the entomopathogenic fungi (B. bassiana and M. anisopliae) against different stages of P. solenopsis under 
laboratory conditions 

Tested 
concentrations 

(Spores/ml) 

1st nymphal instars Adult females 

B. bassiana M. anisopliae B. bassiana M. anisopliae 

% of accumulative mortalities post-treatment at indicated days 

3 5 7 3 5 7 3 5 7 3 5 7 

1 × 107 22.22 63.33 86.67 a 10 36.67 67.78 a 0 11.11 43.33 a 0 7.78 32.22 a  

5 × 106 18.89 38.89 86.67 a 12.22 24.44 64.44ab 0 6.67 32.22ab 0 0 24.44a 

1 × 106 16.67 26.67 71.11ab 8.89 20 51.11ab 0 2.22 20 bc 0 0 7.78 b 

5 × 105 8.89 18.89 64.44 b 5.56 15.55 47.78 b 0 1.11 6.67 cd 0 0 0 b 

1 × 105 8.89 14.44 37.78 c 1.11 13.33 12.22 c 0 0 2.22 d 0 0 0 b 

Control 0 0 3.33 d 0 0 3.33 d 0 0 0 d 0 0 0 b 

LC50 % 

(upper - lower) 
at 95% confidence 

limits 

2.31 × 105 spores/ml 
(1.78 – 5.24) 

8.72× 105 spores/ml 
(7.1 – 11.93) 

1.39×107 spores/ml 
(0.82 – 3.81) 

3.67× 07 spores/ml 
(2.83 – 4.88) 

Means followed by the same letters in the same column are not significantly different at 0.05 levels
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In the case of 1st nymphal instars treatment; 
the average mortality percentages ranged from 
(22.22% to 8.89%) and from (10% to 1.11% ) after 
feeding of nymphs on okra fruits treated with B. 
bassiana and M. anisopliae, respectively, for 3 
days when the tested concentrations ranged from 
1×107 to 1×105 spores/ml. The mortality 
percentage increased after 5 days of treatment 
with B. bassiana being 63.33 % at concentration 
of 1×107 spores/ml. The other concentrations 
caused sub-lethal effects and considered as sub-
lethal concentrations since they gave mortalities 
less than 50%. Similarly, all tested concentrations 
of M. anisopliae had the same trend 5 days-post 
treatment. 

The highest mortality percentages were 
recorded 7 days post-treatments. After application 
of B. bassiana the mortality percentage increased 
to be 86.67, 86.67, 71.11, 64.44 & 37.78 % at 
concentrations of 1×107, 5×106, 1×106, 5×105 & 
1×105 spore/ml, respectively. While, the mortality 
decreased to be 67.78, 64.44, 51.11, 47.78 and 
12.22 % after treatment with M. anisopliae at the 
same concentrations, respectively, compared with 
3.33% in the untreated control. 

In the case of adult females treatment; the 
entomopathogenic fungi (B. bassiana and M. 
anisopliae) appeared to be less potent as shown 
in table (4). The mortality percentage at all tested 
concentrations after 7 days of treatment was less 
than 50 %. The maximum mortality was 43.33% 
and 32.22% after application of 1×107 spore/ml of 
B. bassiana and M. anisopliae, respectively. B. 
bassiana appeared to be more effective against 
the adult females than M. anisopliae. 

Generally, nymphs of the cotton mealybug P. 
solenopsis were found to be more susceptible to 
the entomopathogenic fungi than the adult 
females. Also, the entomopathogenic fungi B. 
bassiana appeared to be more effective than M. 
anisopliae. The lethal concentrations were 
2.31×105 and 1.39×107 spore/ml for B. bassiana 
against nymphs and adult females, respectively. 
While, the lethal concentration of M. anisopliae 
increased to be 8.72×105 and 3.67×107 spore/ml 
for nymphs and adult females, respectively. 

Potency of some botanical extracts and 
mineral oil 

Four botanical extracts; garlic oil, eucalyptus 
oil, clove oil and Nimbecidine® 0.03 % as neem 
extract were tested in addition to one mineral oil 
(CAPI®). 

In the case of adult females treatment; all 
formulations did not affect the population of adult 

females of P. solenopsis 3 days post-treatment 
(Table 5). With increase of the exposure time to 5 
days, the population density of the adult females 
was reduced in all treatments of garlic, clove and 
eucalyptus oils but all tested concentrations 2000, 
1000, 500, 250 and 125 ppm caused mortality 
less than 50 %. While, neem extract was highly 
toxic to the adult females 5 days post-treatment 
compared with the other treatments and the 
recorded mortality percentage reached to 64.44 % 
after application of 2000 ppm. 

The highest mortality percentages were 
recorded 7 days post-treatments to be 68.89, 
62.22, 43.33, 36.67 and 14.44% for garlic oil 
concentrations 2000, 1000, 500, 250 and 125 
ppm, respectively. The same concentrations of 
clove oil caused mortalities 67.78, 65.56, 65.56, 
42.22 and 18.89 % respectively. While, the 
mortality percentages increased to be 75.56, 
67.78, 53.33, 36.67 and 27.78 % at application of 
eucalyptus oil at mentioned concentrations, 
respectively. Among all tested botanical 
pesticides; neem extract was the most effective 
against the adult females of P. solenopsis where 
the mortality reached to 81.11, 71.11, 62.22, 
42.22 and 32.22% after treatment with 2000, 
1000, 500, 250 and 125 ppm, respectively. 

On the other hand, the mineral oil (CAPI®) 
appeared to be more effective against females of 
P. solenopsis compared with the botanical 
extracts. Table (5) revealed that the mortality 
percentages were more being 67.78 and 54.44% 
after application of 2000 and 1000 ppm, 
respectively. While, the concentrations 500, 250 
and 125 ppm caused mortalities less than 50%, 5 
days post-treatments. Increase of the exposure 
time up to 7 days led to increase of the mortalities 
to be 87.78, 75.56, 67.78, 52.22 and 38.89% after 
application of 2000, 1000, 500, 250 and 125 ppm, 
respectively. Generally, investigations revealed 
that the botanical extracts were potent in 
management of P. solenopsis but 7 days post-
treatment. The potency of tested insecticides may 
be arranged as neem extract, clove oil, eucalyptus 
oil and then garlic oil as related to the lethal 
concentrations LC50% (315.3 ppm, 388,9 ppm, 417 
ppm and 721.6 ppm), respectively. While, the 
mineral oil (CAPI®) appeared to be the most 
effective where the LC50% was 231.7 ppm. 

In the case of 1st nymphal instars treatment; 
all botanical pesticides were found to be effective 
in controlling the 1st nymphal instars of cotton 
mealybug P. solenopsis (Table 6). 
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Table 5. Toxicity of different plant extracts and mineral oil against the adult females of P. solenopsis under laboratory conditions 
 

Tested 
concentrations 
/ ppm 

% of accumulative mortalities 

Garlic oil Clove oil Eucalyptus oil 
Neem extract 
(Nimbecidine®) 

Mineral oil 

(CAPI®) 

Days post-treatment 

3 5 7 3 5 7 3 5 7 3 5 7 3 5 7 

2000 0 44.44 68.89a 0 34.44 67.78a 0 41.11 75.56a 0 64.44 81.11a 18.89 67.78 87.78a 

1000 0 43.33 62.22a 0 28.89 65.56a 0 32.22 67.78ab 0 48.89 71.11ab 0 54.44 75.56ab 

500 0 27.78 43.33b 0 27.78 65.56a 0 23.33 53.33bc 0 43.33 62.22b 0 47.78 67.78bc 

250 0 21.11 36.67b 0 18.89 42.22b 0 16.67 36.67cd 0 25.56 42.22c 0 21.11 52.22cd 

125 0 0 14.44c 0 0 18.89c 0 10 27.78d 0 16.67 32.22c 0 18.89 38.89d 

control 0 0 0c 0 0 0c 0 0 0 e 0 0 0d 0 0 0e 

LC50% 

(upper - lower) 
at 95% confidence 
limits 

721.6 ppm 
(419.2 – 1033.7) 

388.9 ppm 
(251.8 – 691.4) 

417.0 ppm 
(275.1 – 743.4) 

315.3 ppm 
(167.9 – 612.1) 

231.7 ppm 
(101.3 – 415.8) 

Means followed by the same letters in the same column are not significantly different at 0.05 levels 
 

Table 6. Toxicity of different plant extracts and mineral oil against the 1st nymphal instar of P. solenopsis under laboratory conditions 

Tested 
 concentrations 

/ ppm 

% of accumulative mortalities 

Garlic oil Clove oil Eucalyptus oil 
Neem extract 

 (Nimbecidine®) 
Mineral oil (CAPI®) 

Days post-treatment 

3 5 7 3 5 7 3 5 7 3 5 7 3 5 7 

2000 34.44 91.11 100.0a 35.56 76.67 96.67a 31.11 80.00 88.89a 54.44 94.44 100.0a 52.22 100.0 100.0a 

1000 24.44 74.44 81.11b 32.22 53.33 75.56b 25.56 71.11 74.44b 41.11 77.78 94.44ab 45.56 93.33 100.0a 

500 18.89 54.44 65.56bc 27.78 52.22 58.89bc 22.22 48.89 55.56c 32.22 67.78 91.11ab 36.67 87.78 97.78a 

250 14.44 37.78 56.67cd 23.33 35.56 56.67c 14.44 34.44 53.33c 25.56 66.67 80.0bc 32.22 87.78 81.11b 

125 14.44 30.00 42.22d 11.11 25.56 33.33d 12.22 25.56 30d 24.44 37.78 64.44c 23.33 53.33 61.11c 

control 0 0 3.33e 0 0 3.33e 0 0 3.33e 0 0 3.33d 0 0 3.33d 

LC50% 

(upper - lower) 
at 95% confidence 

 limits 

197.8 ppm 
(127.23 – 331.95) 

211.3 ppm 
(204.67 – 315.56) 

221.5 ppm 
(158.92 – 418.71) 

107.3 ppm 
(77.25 – 213.36) 

93.6 ppm 
(55.92 – 171.53) 

Means followed by the same letters in the same column are not significantly different at 0.05 level
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 All tested concentrations caused nymphal 
mortalities, but the mortality increased gradually 
with an increase in the exposure time and the 
tested concentrations compared with the mortality 
percentage 3.33% in the untreated control. In 
garlic treatments, mortality percentage ranged 
from 34.44 to 14.44 % 3 days post-treatment at 
concentrations that ranged from 2000 to 125 ppm, 
respectively, but with increasing the exposure 
time to 5 days, the mortality percentage increased 
to 91.11, 74.44, 54.44, 37.78 and 30% using 
2000, 1000, 500, 250 and 125 ppm. The 1st 
nymphal instar was more sensitive to garlic oil 7 
days post-treatment, where the mortality reached 
to 100 % after application of 2000 ppm and 
decreased to 81.11,65.56, 56.67 and 42.22% 
when the tested concentrations decreased to 
1000, 500, 250 and 125 ppm, respectively. 

After treatment with clove oil, the tested 
concentrations appeared to be less toxic than 50 
% during the first 3 days of treatment, while the 
mortality percentage increased to be 76.67, 53.33, 
52.22, 35.56 and 25.56% after treatment with 
2000, 1000, 500, 250 and 125 ppm, respectively 
with increasing of the exposure time to 5 days. 
The toxic effects of clove oil reached to the 
maximum level at 7 days after treatment. The 
highest mortality percentages were 96.67, 75.56, 
58.89, 56.67 and 33.33 % at the mentioned 
concentrations, respectively. 

Similarly, eucalyptus oil follows the same 
trend against the 1st nymphal instars where all 
tested concentrations caused mortalities less than 
50% 3 days post-treatment, the mortality 
percentage increased 5 days after treatment to 
range from 80 to 25.56%, while the maximum 
effects of eucalyptus oil was recorded at 7 days 
post-treatment to range from 88.89 to 30 % when 
the tested concentrations ranged from 2000 to 
125 ppm.  

Neem extract showed to be the best because 
the mortality reached to 54.44 % at concentrations 
of 2000 ppm 3 days post-treatment but the lowest 
concentrations caused mortality less than 50 
%.There was increase in the mortality percentage 
to 95.44, 77.78, 67.78, 66.67 and 37.78 % at 5 
days post-treatments. While, the highest 
mortalities were recorded after 7 days of 
treatment to be 100, 94.44, 91.11, 80 and 64.44% 
at the tested concentrations 2000, 1000, 500, 250 
and 125 ppm, respectively. 

On the other hand, the mineral oil (CAPI®) 
was the most effective in management of both 
nymphs and females among all tested pesticides. 
The lowest mortalities were recorded 3 days post-

treatment where the lethal effects were less than 
50 % in all tested concentrations (Table 6). The 
high mortalities were recorded at all tested 
concentrations at 5 and 7 days after treatment; 
the mortality ranged from 100 to 53.33 % after 5 
days and reached to 100, 100, 97.78 and 81.11% 
after 7 days of treatment with 2000, 1000, 500 
and 250 ppm, respectively. While, the lowest 
concentration (125 ppm) caused about 61.11% 
mortality. 

These investigations revealed that the 
botanical insecticides are efficient for the control 
of nymphal instars of the cotton mealybug P. 
solenopsis. The tested insecticides can be 
arranged according to their potency as neem 
extract, garlic oil, clove oil and then eucalyptus oil 
depending on the lethal concentration LC50% 
(107.3 ppm, 197.8 ppm, 211.3 ppm and 221.5 
ppm), respectively. While, the mineral oil 
appeared to be the most effective among all 
tested pesticides where the LC50% was 93.6 ppm  

DISCUSSION  
The cotton mealybug P. solenopsis is serious 

insect pest of many crops and ornamentals in 
many parts of the world (Zaka et al., 2006; 
Kakakhel 2007). It has become a highly invasive 
and polyphagous pest with wide host adaptability 
in different climatic conditions.  

P. solenopsis is dependent on the cotton as 
the main host plant without any specification of 
crop variety (Dutt U 2007) causing highly yield 
losses of 34.9% in India and 1.4 million tons in 
China (Vennila et al., 2010; Wang et al., 2010) 
while during 2005-2009, this pest caused 30–60% 
yield losses in cotton in India and Pakistan (Fand 
and Suroshe 2015). Although cotton is the main 
preferred host for P. solenopsis, this pest attacks 
many host plants belonging to different families 
where it was reported damaging more than 200 
plant species belonging to 55 families from about 
24 countries of tropical and subtropical regions of 
the world (Fand and Suroshe 2015). In 
Pakistan,154 host-plant species including 20 
economically important field crops, 64 weeds, 45 
ornamental plants, 25 shrubs and trees, belonging 
to a total of 53 plant families were documented by 
Arif et al., (2009). While, in USA Ben-Dov et al., 
(2009) recorded 183 host plants from 52 families. 
Also, in India, 166 host plants belonging to 51 
families were recorded by Nagrare et al. (2012). In 
Egypt, P. solenopsis was first recorded during 
2010 on weeds by Abd-Rabou et al., (2010) then 
for the first time it was recorded as a new insect 
pest attacking cotton plants in Kafr El-Sheikh 
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Governorate (El-Zahi et al., 2016). 
Our results recorded 22 plants to be new 

favorable host plants for P. solenopsis in Sharkia 
Governorate, Egypt. These plants were classified 
as field crops (6), vegetables (8), ornamentals (2), 
weeds (4) and fruits (2).These hosts belong to 13 
different families while plants belonging to 
Solanaceae and Malvaceae appeared to be more 
favorable to this pest causing highly damage 
percentages  especially on okra and eggplant 
cultivations (75.29 and 61.14%, respectively). This 
is similar with previous observations. Beshr et al., 
(2016) recorded a total of 22 species of host 
plants belonging to 12 families in Alexandria and 
Behara Governorates with record of eight species 
of herbal plants as new hosts in Egypt. While, 
Shehata (2017) recorded the okra plant 
(Solanaceae) as a new host plant for P. 
solenopsis in Sharkia Governorate.  

  More knowledge about the biology of 
P.solenopsis and thermal developmental 
requirements have been documented (Shehata 
2017). So, it was focused advisable to evaluate 
the infestation rate and factors affecting the insect 
distribution under Egyptian field conditions to 
determine the favorable conditions for proper 
insect management.  

For field examination, three okra farms were 
selected for examination and evaluation the effect 
of directions on insect distribution each farm was 
0.5 feddan. Our results showed that all different 
stages of P. solenopsis were recorded in all 
directions of okra fields. The highest population 
density settled on plants located in east, west and 
then north directions with no significant difference. 
While the lowest population tends to occur in the 
south direction and the central core. The present 
results similar with those obtained by Habib et al., 
(1971) who recorded the lowest population of soft 
scale insect Lecanium acuminatum in the central 
core of mango tree in Egypt. Also, accumulation 
of the mealybug  individuals towards the east 
zones was the highest compared with the other 
zones and coincide with those of Bancroft (2005);  
Bakr et al., (2009) while conflicted with Karar et al. 
(2013) who recorded abundance of the mealybug 
Drosicha mangiferae in the south zones of the 
trees. This distribution pattern may be correlated 
to the insect photopositive reaction and the 
climatic conditions where the insect on the basis 
of habitat requirement try to settle on plants that 
meet their optimum requirements for obtaining 
heat, sunshine and humidity as discussed by 
Singh et al., (2017).  

 The effect of the monthly variation on insect 

distribution and population density was studied 
and the adult females of P. solenopsis were 
recorded on okra plants during months from June 
to October 2016. The highest mean population 
density was recorded in July and August. While, 
the lowest population occurred in October. The 
dispersal pattern may be correlated to the 
environmental conditions where a positive 
correlation was observed between the mean 
population density of P. solenopsis and 
temperatures.  During October the average 
temperature was 26.6 ºC and 57.1 % RH while 
during July and August the temperature ranged 
from 30.1ºC to 30.4ºC and RH 53.1 to 57.8 %. 
This could be considered as the optimum 
conditions to complete the pest development and 
appearance of the complete generation. These 
observations agree with the results obtained by 
Shehata (2017) who calculated and expected the 
number and frequencies of the annual 
generations of P. solenopsis in Egypt based on 
accumulation of the thermal requirements. Also, 
Dhawan et al., (2009) observed the peak field 
infestation of P. solenopsis during 23rd July to 26th 
August when the mean temperature ranged from 
28.2-32.3 ˚C in India. Our results are also in 
accordance with Mahmood et al., (2011) who 
reported the population trend of P. solenopsis at 
Tandojam district in Pakistan during 2007; its 
numbers continued increasing in August and 
September and then decreased through 
November when the crop was harvested. Also, in 
Pakistan at three different locations of district 
Sanghar the highest population was in September 
and then started to decline in the October 2006 as 
reported by Shah et al., (2015).  

Study of the vertical distribution of the P. 
solenopsis on okra plants in the field indicated 
that the apical and median parts of the okra plants 
were more favorable for insect settling than the 
basal parts. The photopositive reaction of the 
insect seems to be responsible for this distribution 
pattern despite the unfavorable microclimatic 
temperatures attained in these parts during the 
summer season. Also, leaves and fruits of okra 
plants appeared to be more attractive to P. 
solenopsis than the stem. P. solenopsis is a 
sucking insect pest and are primarily phloem 
feeders, abstracting sap via specially adapted 
mouthparts so, it preferred the juicy green tissues 
matching with the habitat and nutrient 
requirements. These observations similar with 
those of Habib et al., (1971) who studied the 
vertical distribution of L. acuminatum on mango 
trees in Egypt. Also, Singh and Kumar (2012) 
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recorded the highest population count of P. 
solenopsis on the apical shoot of cotton and okra 
plants in India, while the maximum population 
count was recorded during October throughout 
three  interval seasons (2009, 2010 and 2011). 

Because of human and environmental 
hazards caused by chemical insecticides and 
difficulties in management of P. solenopsis with 
low doses of synthetic chemical insecticides due 
to   wax layer covering the body that protects it 
against the contact with pesticides (Tanwar et al., 
2007; Ujjan et al., 2015), the present study was 
conducted to evaluate the potency of bio-agents 
using different entomopathogenic fungi (B. 
bassiana and M. anisopliae), natural plant extracts 
(clove, eucalyptus, garlic oils, neem extract as 
Nimbecidine®) as compared to commercial 
mineral oil (CAPI®) for the management of 
different stages of P. solenopsis. 

The 1st nymphal instar of cotton mealybug P. 
solenopsis was more susceptible to all tested 
insecticides (entomopathogenic fungi, plant 
extracts and mineral oil) than the adult females.  

 The entomopathogenic fungi (B. bassiana 
and M. anisopliae) caused moderate lethal effects 
against P. solenopsis and the highest mortalities 
were recorded 7 days post-treatments. B. 
bassiana was found to be more effective than M. 
anisopliae where the lethal concentrations for 
50% of 1st nymphal instars were 2.31×105 and 
8.72×105 for B. bassiana and M. anisopliae, 
respectively, compared with 1.39×107and 
3.67×107 for the adult females. So, the 
entomopathogenic fungi appeared to be less 
effective in management of the adult females of P. 
solenopsis compared with the nymphs. These 
observations may also be due to the presence of 
less amount of surface wax on nymphs than the 
adults, also nymphs are faster than the adults in 
movement so, it may be highly contacted to 
insecticides. Our results are in conformity with the 
findings of many authors. Gulsar Banu et al., 
(2010) found that the bio-pesticides Verticillium 
lecanii, M. anisopliae and B. bassiana caused 
median mortalities of both nymphs and adults of 
P. solenopsis while, M. anisopliae caused the 
lowest effects. Also, Ujjan et al., (2015) confirmed 
that M. anisopliae strain PDRL526 is effective 
against P. solenopsis; it caused 50% mortality 
after 5.2 days. But our results disagree with 
Kumar et al., (2011) who recorded the maximum 
reduction in population of P. solenopsis after 
treatment with M. anisopliae compared with V. 
lecanii and B. bassiana. Generally, the 
entomopathogenic fungi are known for their 

activity against many sucking insect pests in 
Egypt and can be used in integrated pest 
management (Abdel-Baky et al., 1998; Abdel-
Baky 2000).  

On the other hand, treatments with the tested 
plant extracts showed high efficiency in reducing 
the population density of this insect compared 
with the entomopathogenic fungi. The 1st nymphal 
instars appeared to be more susceptible to the 
tested plant extracts than the adult females, so, 
these extracts can be recommended for 
management of the nymphal instars but at 5 days 
post treatment and 7 days-post treatment for 
females. The tested plant extracts may be 
arranged according to their potency as neem 
extract (Nimbecidine®), garlic oil, clove oil and 
then eucalyptus oil depending on the lethal 
concentration LC50% (107.3 ppm, 197.8 ppm, 
211.3 ppm and 221.5 ppm), respectively for 1st 
nymphal instars. While for the adult females, 
these extracts may be arranged as neem extract 
(Nimbecidine®), clove oil, eucalyptus oil and then 
garlic oil where the lethal concentration LC50% 

increased to be  315.3 ppm, 388.9 ppm, 417 ppm 
and 721.6 ppm, respectively. 

In the same line, our results indicate that the 
mineral oil CAPI® was the best product in 
management of both nymphs and adult females of 
P. solenopsis. The mortalities ranged from 100% 
to 61.11% in treated nymphs and from 87.78 to 
38.89% in treated females 7 days post-treatment; 
the lethal concentration LC50% was 93.6 and 231.7 
ppm for 1st nymphal instar and adult females, 
respectively. So, these findings can be stated that 
the mineral oil (CAPI®) was effective significantly 
in management of P. solenopsis followed with 
neem extract (Nimbecidine®), 

These results are similar with previous 
investigations. Sahito et al. (2011) reported the 
effect of neem oil on reducing P. solenopsis 
population (45.9 %) compared with the control 
group. In the same way Mamoon-ur-Rashid et al. 
(2012) recorded significant effects of neem extract 
on different biological aspects and mortality of P. 
solenopsis with prolonged developmental 
durations of the nymphs. Also, Prishanthini and 
Vinobaba (2014) reported that the neem extract 
appeared to be the most effective while garlic 
extract was the lowest among different plant 
extracts against the cotton mealybugs. Also, El-
Zahi et al., (2016) stated the promising efficacy of 
the mineral oil (KZ-oil) against P. solenopsis after 
three days of application recording 41.1% 
reduction in the infestation, but its activity declined 
sharply to give 13.7% average population 
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reduction over an experimental period of 10 days. 
Effects of the tested essential oils may be 
correlated to the mode of action where the oils 
contains linalool, linalol, linoleic acid, p-cymene, 
estragosol, eucalyptol, eugenol, citral, thujone, 
ocimene, camphor, methyl chavicol, oleic acid, 
and many other terpenes as active ingredients, all 
of which are effective as repellents and 
antifeedant activity (Moore and Lenglet 2004). 
Many studies showed that the essential oils 
possess acute contact and fumigant toxicity, 
repellent activity, anti-feedant activity as well as 
development and growth inhibitory activity against 
different species of insects (Schmutterer 1988; 
Huang et al., 1997; Regnault-Roger 2013; Salama 
and Shehata 2017). 

CONCLUSION 
In conclusion, contact pesticides are less effective 
against mealybugs because of their cryptic 
habitats in plants and the water proof waxy layer 
over the body. So, findings of the present study 
concluded that, the mineral oil (CAPI®) and plant 
extracts especially neem extract (Nimbecidine®) 
can be used as a botanical spray to get better and 
safe control of cotton mealybug P. solenopsis to 
keep this insect pest under threshold levels in the 
field. 
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