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ABSTRACT  
 

Twelve of bacterial isolates were isolated from El Salam canal (P1, P2, P3, P4, P5, and P6), 
homemade milk whey (E2, E3, E4, E5 and E5P) and clay soil from Moshtohor, Benha city, Qalyubia 
governorate, in north-eastern Egypt (F). All isolates isolated on nutrient agar and King’s media plates. 
Isolates were coded P1, P2, P3, P4, P5, P6, F, E2, E3, E4, E5 and E5P. Those isolates were tested 
against mealy bug insect Phenacoccus parvus nymphs and adults by using leaf dip technique  under 
laboratory conditions. Results showed a significant level of mortality for the most bacterial isolates 
after 72 h exposure period. Bacterial isolates P1, P2, P3, P4, P6, and F consider be succeeded against 
both two stages nymphs and adults of mealy bug since they showed mortality percentage more than 
90 % during three days. With bacterial metabolites, for P1, P2, P3 and P4 considered succeeded 
against nymphs as they gave percentage mortality > 90 % while no any treatment succeed against 
adults. Bacterial cells free from metabolites of isolates coded E3 showed percentage mortality > 90 % 
mortality during three days with adults. While the effect against nymphs E4 and E2 showed 
percentage mortality > 90 %. Toxicity at LC50 level after 3 days exposure indicates that the bacterial 
isolate of E3 was the most toxic followed by bacterial isolates P4, P3, F, E4 and P6 against nymphs of 
mealy bug insects. While P6 was the most toxic against adults followed by E3, E4, F, P3 and P4.On 
the other hand, tested commercial insecticides: Malathion, Ashok, ALKANZ 2000 and Masrona oil 
showed 100 % mortalities after 3 days exposure against both stages nymphs and adults of mealy bug. 
The study proved also, the toxic action of bacterial isolates against mealy bug is due to its production 
of hydrolytic enzyme (protease) and ammonia. The present study highlights the remarkable use of 
bacterial technology to produce potentially valuable products (bioinsecticides) and is interesting from 
a conservationist point of view, as isolated native bacterial taxa are maintained in Soil Fertility and 
Microbiology Department with cooperate with Plant Protection Department in culture collection and 
bioassay in Desert Research Center and Agricultural Research Center, Egypt. We recommended 
further chemical and structural studies on the active principles of F, E3, E4, P3, P4 and P6 isolates. 
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Biocontrol agents 

 
Introduction 
 

With continuous growth of world population, a priority of agriculture to increase crop 
production to assure food security becoming more sustainable (Gatehouse et al., 2011). The way to do 
that is by improving the management of pests. Due to their incredible diversity and adaptability, 
insects are probably the single most challenging pest to control in agriculture worldwide, they do not 
only cause major damage to agricultural crops as pests, but are also vectors of diseases. Plant pests 
and pathogens including viruses, bacteria, nematodes, insects, and fungi reduce crop yields by 30–
50% globally, contributing to malnutrition and poverty (Mousa and Raizada, 2013). Mealy bugs are 
sap-sucking insects and some species cause severe economic damage to a wide range of vegetables, 
horticultural and field crops (Kumar et al., 2012). In the initial stage it breeds on all types of weeds 
round the year and then migrates to main crop. The insect damage at initial stage appears in small 
pockets and then spreads to whole field. The mealy bugs (Hemiptera: Pseudococcidae) are considered 
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the main causal agent for virus spreading in plants (Charles et al., 2006). These insect vectors cause 
death of plants in the field directly (damaging the fruit and causing appearance of sooty mold) and 
indirectly, by transmitting viruses. (Filho et al., 2009). 

Since the introduction of synthetic insecticides, their application has made a major contribution 
to improve food production, In both developed and developing countries, the use of chemical 
pesticides has increased dramatically during the last few decades, but unfortunately the application of 
synthetic pesticides has side effects on the environment, concerns for public health and the rapid 
development of resistance (Heckel, 2012). Chemical insecticides also induce harmful chemical 
changes on non-target insects/pests on their predators, parasites, etc. (Lacey and Siegel, 2000). 
Pesticides can be classified as either “chemical pesticides” or “biological pesticides.” Biological 
pesticides are subdivided into three groups: microbial pesticides, biochemical pesticides, and 
transgenic plant pesticides. Microbial pesticides contain a bacterium, fungus, virus, protozoa, or alga 
as the active pesticidal ingredient. The active microbial ingredient may be naturally occurring or may 
be altered via manipulation of genetic material. Commercial production of microbial pesticides often 
involves growth in large fermentation vessels to which have been added raw materials containing 
appropriate growth nutrients. (Sjblad et al., 1992). Microbial control agents can be effective and used 
as alternatives to chemical insecticides. Microbial pesticides as biocontrol agents are safe for humans 
and other non-target organisms, they leave less or no residues in food, they are ecologically safe, and 
increased biodiversity in managed ecosystem, so they are used either uniqly or in combination with 
other pest management programs, integrated pest management (IPM) , considers all available 
ecological pest control actions, strategy relies heavily on natural mortality factors,  and the potential 
interaction among various control tactics, cultural practices, weather, other pests, and the crop to be 
protected (Flint and Van den Bosch, 1981).Microbial pesticides based on bacteria have been used to 
control plant diseases, nematodes, insects, and weeds.  Bacteria are present in all soils and are the 
most abundant micro-organisms in soil samples. Bacteria are a large group of single-celled prokaryote 
microorganisms and are ubiquitous in every habitat on earth, growing in soil, water as well as in 
organic matter, plants and animals. There are approximately five nonillion (5.1030) bacteria on earth, 
forming much of the world’s biomass (Whitman et al. 1998; Fredrickson et al. 2004).  Many spore 
forming and non-spore forming bacteria are known to be effective against a wide spectrum of insects 
and diseases. For these reasons and like other organisms, insects are continuously in contact with an 
extremely large variety of bacteria found both in their natural environments as well as in their diets. 
Different types of interaction can be distinguished between insects and bacteria: the symbiotic, the 
pathogenic and the semichemically mediated interactions, these later being in some cases part of the 
symbiotic relationship. There is an increasing body of examples for symbiotic interactions between 
insects and bacteria with the associated microorganisms providing nutrients or defensive compounds 
for their hosts (Oliver et al.  2010). A microbial toxin can be defined as a biological toxin material 
derived from a microorganism, pathogenic effects of those microorganisms on the target pests are so 
species specific, the effect by microbial entomopathogens occurs by invasion through the integument 
or gut of the insect, followed by multiplication of the pathogen resulting in the death of the host. 
Studies have demonstrated that the pathogens produce important insecticidal toxins in pathogenesis, 
most of them have been identified as peptides, but they vary greatly in terms of structure, toxicity and 
specificity (Burges, 1981). 

Proteins in microbial pesticides can be found as components of the active microbial ingredient, 
or in the growth (fermentation) medium as released by metabolic activities or via lysis of the 
microorganisms. Specific proteins associated with the active microbial ingredient may be the 
pesticidal material. Pesticidal microorganisms are active because they may include, toxins which are 
proteins or result from the activity of enzymes. The best example of these are the proteins from 
varieties of Bacillus thuringiensis which are toxic. (Sjoblad et al., 1992). When the bacteria is 
consumed by certain insects, the toxic crystal is released in the insects gut, blocking the system, and 
the insect dies by poisoning from the stomach contents and the spores themselves. The expression of 
insecticidal proteins from B. thuringiensis (Bt toxins) in crops has proved to be a valuable strategy for 
agricultural pest management, and have increased global agricultural productivity by an estimated 
US$78 billion from 1996 to 2013 (James, 2014). Another example for enzymes activity, 
Pseudomonads, which are able to infect and kill insects, its genome encodes for hydrolytic activities 
and also encodes for a putative hydrogen cyanide (HCN) synthase. (Kupferschmied et al., 2013; Ryall 
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et al., 2009). Pseudomonas paralyzes and destroys insect phagocytes. (Dowling et al., 2007; Vlisidou 
et al., 2009). 

Mealy bugs control is difficult as this species is characterized by waxy covering of the body 
hindering penetration of most pesticides (Williams, 1996). These features of mealy bugs make the 
application of only few systemic insecticides useful to control it (Mani, 1989). However, systemic 
insecticides cannot be used in edible plants representing a serious problem in pest control. Repeated 
use of chemical insecticides during decades has disrupted biological control by natural enemies 
leading to pest outbreaks and sometimes in the development of resistance (Franz, 1970). These 
problems have highlighted the need for the development of new and selective insects control 
alternatives from biological origin. For example, bioactive metabolites may serve as alternative 
sources of insects control agents. The use of microorganisms’ metabolites may offer a possible 
alternative to suppress mealy bugs’ populations (Demirci et al., 2011).  

The aim of this work is to study the potential of some bacterial isolates against mealy bugs, 
through assess the toxicity against adult and immature stages.  
 
Materials and Methods 
 

Twelve isolates coded as P1, P2, P3, P4, P5, P6, F, E2, E3, E4, E5, and E5P, were studied  to 
obtain an extensive overview for the occurrence of insecticidal activities against  mealy bug insects 
Phenacoccus parvus within isolates. Recently different isolates of bacteria recovered from different 
environmental habitats have been extensively studied in term of their production of extracellular 
compounds toxic to insects. 12 bacterial isolates were isolated from El Salam canal (P1, P2, P3, P4, 
P5, and P6), homemade milk whey (E2, E3, E4, E5 and E5P) and clay soil from Moshtohor, Benha 
city, Qalyubia governorate, in north-eastern Egypt (F). 
 
1-Isolation of bacteria 
 

Samples from different natural sources (soil, water, whey) were collected, 5 gram of 
rhizosphere soil, and 5ml from water or whey, was transferred to 100 ml Erlenmeyer flask containing 
45 ml of sterile distilled water. After thorough shaking, the antagonists in suspensions were isolated 
by serial dilution plate method (Pramer and Schmidt, 1956). From different dilutions one ml of each 
aliquot was pipetted out, poured in sterilized Petri dish containing King s B medium and nutrient agar 
medium separately and they were gently rotated clockwise and anti-clockwise for uniform distribution 
and incubated at temperature (26°C), and (30°C) for King s B medium and nutrient agar medium 
respectively until growth. After growth, separated colonies were isolated individually and purified by 
streak plate method (Nadoli and Rangaswami, 1993) on Nutrient agar medium and King s B medium 
respectively. The pure cultures were maintained on respective agar slants at 4°C. 
 
2- Preparing of bacterial cultures for bioassay 
 

Bacterial isolates, F, E2, E3, E4, E5, and E5P were streaked on nutrient agar plates and P1, P2, 
P3, P4, P5, and P6 on King s B agar plates, to obtain single colonies for each isolate. The obtained 
single colonies were inoculated in nutrient broth medium and King s broth medium, and incubated at 
30 °C and 26°C, respectively, overnight. Some of the isolates were incubated more days due to their 
slow growth. After incubation the bacterial density was approximately 106 cfu/ml (Colony forming 
unit). To obtain metabolites and precipitated cells, a centrifugation made for bacterial cultures at 104 
for 15 min, the metabolites suspension separated, and bacterial cells resuspend in deionized sterilized 
water for further bioassays.  
  
3-Insecticidal activity of bacterial isolates against mealy bug insects 
 
3-1-Test insect 
 

The selected insects for this study were mealy bug insects Phenacoccus parvus Morrison 
(Hemipetra: Pseudococcidae) that were obtained from Lantana trees (Lantana camara) growing in the 
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garden of Plant Protection Research Institute, Giza. The insects were identified by taxonomy 
specialists at the department of Scale Insects and Mealy bugs, Plant Protection Research Institute, 
Giza, Egypt. Adults and immature stages of mealy bug insects were selected to study the insecticidal 
activities of bacterial isolates. 
 
3-2-Bioassay technique  
 

The leaf dipping technique (Ali, 1999) was used as toxicity test for twelve bacterial isolates 
against adults and nymphs of mealy bug Phenacoccus parvus Morrison (Hemipetra: Pseudococcidae) 
insects. Plant leaves were selected from Lantana trees (Lantana camara) and were dipped in each 
bacterial isolate (twelve bacterial isolates) for 10 seconds. After drying at ambient temperature a 
single leaf was placed in a petri dishes (9 cm diameter, 1cm high by 3.5 cm diameter), then ten 
preadults and ten adults of mealy bugs were placed on each leaf in Petri dishes. Five replicates were 
conducted for each treatment. A control leaf was dipped in sterilized uninoculated media. Tested 
isolates were compared with some natural products as neem formulation (Ashok), mineral oil (Super 
Masrona) and plant extracts   (ALKANZ 2000) which were prepared in water. Malathion formulation 
is also compared with bacterial isolates as chemical insecticides. These procedure repeated with 
whole bacterial cultures, metabolites, and bacterial precipitated cells. After application, Petri dishes 
placed in laboratory conditions and examined for mealy bugs mortality after 1, 2, and 3 days.  
Different serial concentrations of the most effective bacterial isolates were chosen to calculate LC50 
value .These concentrations were selected after preliminary tests. Insect mortality was recorded and 
the mortality percentages and LC50 value were calculated. Insects were considered to be dead if 
appendages did not move when prodded with a fine hair brush, when observed under the light stereo-
microscope (Choi et al., 2003 and Peschiutta et al., 2017). 
 
4- Microbiological studies 
 
4-1- Hydrogen cyanide (HCN) production Qualitative assay 
 

HCN production of bacterial isolates were tested qualitatively following the method of Bakker 
and Schipper (1987).  Each bacterial isolate was streaked on Kings B medium amended with glycine 
at 4.4g/ l., and sterile filter paper saturated with picric acid solution (2.5 g of picric acid; 12.5 g of 
Na2CO3, 1000 ml of distilled water) was placed in the upper lid of the Petri plate. The dishes were 
sealed with Par film and incubated at 28°C for 48 h. A change of color of the filter paper from yellow 
to light brown, brown or reddish-brown was recorded as weak (+), moderate (++) or strong (+++) 
reaction respectively. 
 
4-2- Ammonia production 
 

Bacterial isolates were tested for the production of ammonia in peptone water. Freshly grown 
cultures were inoculated in 10 ml peptone water in each tube and incubated for 48–72 h at 2872 1C. 
Nessler’s reagent (0.5 ml) was added in each tube. Development of brown to yellow color was a 
positive test for ammonia production (Cappuccino and Sherman, 1992). 
 
4-3- Determination of protease activity by well diffusion method 
 

Agar was prepared along with 1% (w/v) casein, skimmed milk, and gelatin and poured in petri 
dishes. The plates were solidified for 30 min and holes (5 mm diameter) were punched. A 10 µl of 
crude culture supernatant from each isolate was loaded into the holes. The plates were incubated for 
overnight at 37°C. The size of a zone of inhibition around each isolate was detected. 
 
4-4- Determination of Chitinase activity by well diffusion method 
 

All isolates were screened out for chitinase activity by method on chitin agar plate in which 1% 
of colloidal chitin was used. The plates were solidified for 30 min and holes (5 mm diameter) were 
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punched. A 10µl crude culture supernatant from each isolate was loaded into the holes. Plates were 
incubated at 37oC for 5-7 days and observed for clear zone. 
 
4-5- Antagonistic effect with E. coli 
 

All isolates tested against E. coli strain (ATCC 25922, 28/7/2016, from Namero, Cairo, Egypt) 
by filter paper disc assay. Sterile filter paper discs inoculated with 10µl of a crude culture supernatant, 
per each, for each isolate and placed on solidified nutrient agar inoculated previously with 1 ml crude 
culture supernatant of E. coli in Petri dishes, and incubated at 37oC. Filter paper soaked in medium 
served as control. Surface area of inhibition was measured by tracing the area of inhibition comparing 
with control. 
 
4-6-16s rrna sequencing isolates identification 
 
    All selected isolates identified according to 16s rna sequencing identification by Centre for 
Environmental Studies and Consultation, Suez Canal University. 
 
5- Statistical analysis and toxicity lines  
 

All figures obtained with different tests were subjected to statistical analysis to evaluate the 
relative efficiency of bacterial isolates as spots as insecticides. In the present investigation all percent 
mortalities were corrected for the natural mortality according to Abbot’s formula (1925). Mortality 
curves (LC-P Lines) were drawn on propit logarithmic graph papers according to the method 
developed by Finney (1971) and computed according to the POLO software program. 
 
Results  

 
1- Toxic effect of bacterial isolates against mealy bug insects 
 

The data given in table (1) show the toxicity of twelve bacterial isolates against adult and 
nymphs of mealy bug insect (Phenacoccus parvus) which tested with the leaf dip technique. A 
significant level of mortality were found for the most twelve bacterial isolates through 3 days 
exposure period under laboratory conditions. 
 
1 -1- Effects on adults 
 

As shown in table 1, the toxicity against nymphs and adults of mealy bug insect increased as 
exposure time after treatment increased. Bacterial isolates P1, P2, P6 and F, showed the highest 
insecticidal effect against adult stage of mealy bug since they gave 100 % mortalities after three days 
exposure followed by P3 and P4 which gave percentage mortality > 90 %. Other bacterial isolates 
showed percentage mortality less than 90 %. 
 
1-2- Effects on nymphs 
 

Bacterial isolates P1, P2,  P3,  P4,  P6, F and E5 showed the highest toxic effect against nymphs  
of mealy bug  insect since they gave > 90 % mortalities after 3 days exposure, followed by other 
bacterial isolates showed percentage mortality less than 90 %.  

Generally, it could be said that only bacterial strains P1, P2, P3, P4, P6 and F were considered 
as the most active bacterial strains since they gave > 90 % mortalities against both two stages nymphs 
and adults of mealy bug insect, while E5 considered active against nymphs only.   
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Table 1: Effect of bacterial isolates on mortality percentage of mealy bug nymphs and adults with leaf dip 
technique. 

Exposure time (Days )  
% Mortality 

 
 

Isolates Adults Nymphs 
3 days 2 days 1 day 3 days 2 days 1 day 
100.0 100.0 84.0 100.0 100.0 80.0 P1 
100.0 94.0 64.0 100.0 88.0 66.0 P2 
94.0 88.0 60.0 100.0 100.0 100.0 P3 
96.0 94.0 62.0 100.0 100.0 100.0 P4 
88.0 84.0 70.0 86.0 78.0 68.0 P5 

100.0 98.0 52.0 100.0 98.0 94.0 P6 
62.0 26.0 12.0 76.0 42.0 22.0 E2 
86.0 62.0 34.0 88.0 64.0 44.0 E3 
38.0 18.0 6.0 62.0 36.0 18.0 E4 
78.0 62.0 52.0 92.0 80.0 44.0 E5 

100.0 81.4 62.0 100.0 100.0 100.0 F 
78.0 42.0 18.0 76.0 48.0 16.0 E5P 

  

2- Toxic effect of bacterial metabolites on mealy bug insects 
 
2-1- Effects on adults  
 

The data presented in table 2 show that all metabolites from bacterial isolates showed 
percentage mortalities less than 90 % on mealy bug adult (P6, E3, P3 and E5) gave the most toxic 
effect followed by P5, E5P and P4 as compared with the other tested isolates which achieved 46 - 64 
% mortality after 3 days exposure times. 

  
2-2- Effects on nymphs  
 

The bioassay was conducted to estimate the potential activity of bacterial metabolites for tested 
isolates towards the mealy bug nymphs. The results are given in table 2 show that four isolates (P1, P2, 

P3 and P1) showed maximum toxicity with > 90 % percent mortality after 1-3 days exposure time 

towards the mealy bug nymphs. The isolates number P2, E5 and P6 which achieved activity less than 
90 % mortality.  
 
Table 2: Effect of bacterial metabolites on mortality percentage of mealy bug nymphs and adults with leaf dip 

technique.             
Exposure time (Days ) 

% Mortality 
 
 

Isolates Adults Nymphs 
3 days 2 days 1 day 3 days 2 days 1 day 
53.3 45.7 30.0 100.0 90.2 52.0 P1 
60.0 43.5 22.0 93.9 85.4 54.0 P2 
73.3 67.4 44.0 100.0 100.0 84.0 P3 
62.2 56.5 34.0 100.0 100.0 78.0 P4 
64.4 56.5 38.0 65.9 57.6 32.0 P5 
80.0 69.6 24.0 73.2 69.7 18.0 P6 
53.3 39.1 24.0 54.5 41.5 28.0 E2 
75.6 54.3 40.0 54.5 34.1 22.0 E3 
48.9 43.5 22.0 36.6 36.6 20.0 E4 
73.3 50.0 32.0 78.8 51.2 24.0 E5 
46.7 37.0 22.0 45.5 34.1 28.0 F 
62.2 45.7 38.0 53.7 34.1 30.0 E5P 
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3- Toxic effect of precipitated bacterial cells on mealy bug insects. 
 
3 -1- Effects on adults  
 

 Data in table (3) indicated that precipitated bacterial cells of isolates only E3 the most toxic 

effect gave › 90 % (95.4) while other bacterial cell isolate gave less than 90 % mortalities, while  F 

showed ( 81.2%), P6 (7.7%) and  E4 (70.5%). 

 

3-2- Effects on nymphs  
 

As table 3 shown, bacterial cell E4 and E2 showed the highest insecticidal effect against 
nymphs after 3 days  exposure which gave percentage mortality more than 90 % (95.5 & 90.1 %),  
respectively followed by F (88.7 %), E3 (88.6), E5P (86.4 %) and P5 (81.8 %) while other isolate 
showed toxicity effect less than 80 %. 
 

Table 3: Effect of precipitated bacterial cells on mortality percentage of mealy bug nymphs and adults with leaf 
dip technique.  

Exposure time (Days ) 
% Mortality 

 
 

Isolates Adults Nymphs 
3 days 2 days 1 day 3 days 2 days 1 day 
38.7 28.3 12.0 52.3 42.9 18.0 P1 
56.8 41.3 10.0 75.0 56.5 26.0 P2 
29.5 19.6 10.0 43.2 30.4 22.0 P3 
40.9 23.9 16.0 59.1 43.4 32.0 P4 
47.7 34.8 30.0 81.8 63.0 36.0 P5 
72.7 43.5 14.0 77.8 60.8 34.0 P6 
54.5 36.9 18.0 90.1 76.1 42.0 E2 
95.4 60.1 38.0 88.6 73.9 52.0 E3 
70.5 52.2 30.0 95.5 84.7 54.0 E4 
38.6 32.6 18.0 70.5 67.4 36.0 E5 
81.2 59.2 18.0 88.7 65.2 28.0 F 
54.5 32.6 26.0 86.4 71.7 42.0 E5P 

 

4- Toxicity lines and LC50 values for most toxic treatments 
 
    From the previous data, it is clear that bacterial metabolites (P3 and P4), total isolate (P6) and 
bacterial cells (E4, E3 and F) gave the most toxic effect against nymphs and adults of Phenacoccus 
parvus. So a series of concentrations of above mentioned metabolite, bacterial cell isolate were tested 
against nymphs and adults of mealy bug to calculate LC50 levels. 
 
4- 2- Effects on adults 
 

Concerning the bacterial isolates, table 4 indicates that the toxicity of the six isolates can be 
arranged discerningly according to the LC50 levels after 3 days exposure as follows; P6 (25.3), E3 
(35.5), E4 (40.2), F (41.6), P3 (44.7) and P4 (66.4) mg/ml, respectively. 

 
4-1- Effects on nymphs 
 

The data in table 4 prove that the bacterial isolate of E3 after 3 days exposure was more 
effective than the other bacterial isolates P4, P3, F, E4 and P6 against nymphs of Phenacoccus 
parvus. After three days exposure, the calculated concentrations of the bacterial isolate (E3) was 9.9 
mg/ml at the LC50 levels, respectively. Concerning the isolates P4, P3, F, E4 and F the values were 
12.7, 16.3, 24.8, 25.5 and 49.0 mg/ml for LC50, respectively. 
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Table 4: Cumulative LC50 values (mg/ml) of some bacterial isolates on nymphs and adults of the mealy bug 
insects Phenacoccus parvus. 

Bacterial 
Isolates 

Exposure 
Time (Days) 

Nymphs Adults 
LC50 

mg/ml 
Slope LC50 

mg/ml 
Slope 

P3 1 day 25.7 1.8 8062.8 0.3 
2 days 23.0 2.9 122.7 0.7 
3 days 16.3 2.6 44.7 0.6 

 
P4 

1 day 16.0 1.4 231.9 1.3 
2 days 16.5 2.3 86.7 2.5 
3 days 12.7 2.2 66.4 1.9 

 
P6 

1 day 131.2 1.4 118.3 1.3 
2 days 80.7 1.3 29.1 2.8 
3 days 49.0 1.6 25.3 3.4 

 
E3 

1 day 132.4 1.0 374.3 0.9 
2 days 38.6 0.9 66.4 1.3 
3 days 9.9 1.0 35.5 3.0 

 
E4 

1 day 117.2 1.0 321.5 1.1 
2 days 33.0 2.1 126.7 0.9 
3 days 25.5 2.6 40.2 1.3 

 
F 

1 day 383.2 1.0 469.4 1.2 
2 days 58.8 1.6 469.4 1.2 
3 days 24.8 2.0 41.6 2.1 

 
5- Toxic effect of some commercial pesticides on mealy bug insects. 
 

Results of pesticides and biopesticides against nymphs and adults of mealy bug were presented in 
Table (5). Among two tested stages, nymphs were found to be more susceptible than adults, no 
mortality for nymphs and adults were recorded in control treatments. With adults, Malathion and 
Masrona oil recorded 100 % mortality at 24, 48 and 72h after treatment and it ranked first against 
adults and nymphs. At 24, 48 and 72 h after treatment Ashok andALKANZ 2000formulations ranked 
second with (84, 95.7and100) and (76, 95.7 and 100) % mortality against adult stage and were found 
to be on par. When these formulations were tested against nymphs, the same trend of results was 
observed. Malathion, Masrona and ALKANZ 2000 recorded a 100 % mortality with mealy bug 
nymphs at 24, 48 and 72 h after treatment. Ashok was recorded (87.2, 100.0 and 100.0) % mortality 
the same level. Perusal of data on the effect of pesticides and biopesticides against P. parvus revealed 
that the chemicals were found to be superior than biopesticides against adults at three exposure 
periods.  

In a comparison between the bacterial isolates and biopesticides (ALKANZ 2000 and Ashok), 
results prove that, two isolates codedP1, P2, P6 and Fshowed alerted the same toxic as ALKANZ 
2000 and Ashok formulations during the three days after treatment against adult of mealy bug, but 
Malathion and Masrona were superior, with effect 100 % mortality after 1-3 days against adult and 
immature. 

 
Table 5: Effect of some pesticides on mortality percentage of mealy bug nymphs and adults with leaf dip 

technique.  
Exposure time (Days ) 

% Mortality 
 
Pesticides Formulations 

Adults Nymphs 
3 days 2 days 1 day 3 days 2 days 1 day 
100.0 100.0 100.0 100.0 100.0 100.0 Malathion 
100.0 95.7 84.0 100.0 100.0 87.2 Ashok 
100.0 95.7 76.0 100.0 100.0 100.0 ALKANZ 2000 
100.0 100.0 100.0 100.0 100.0 100.0 Masrona oil 

 
 



Middle East J. Appl. Sci., 7(4): 1066-1079, 2017 
ISSN 2077-4613 

1074 

6- Microbiological Studies 
 
6-1- Hydrogen cyanide (HCN) production Qualitative assay 
 

The results of qualitative test of HCN production showed that all tested isolates were not 
capable of producing HCN. According to Heydari et al. (2008) only about 37 percent of isolates were 
capable of HCN production and this capacity was different among the strains. 
 
6-2- Detection of Hydrolytic Enzymes 
 

Lytic enzymes (chitinase, protease) are responsible for the lysis and antagonists against 
deleterious insects. In these mechanisms, chitin, and protein components of the insects cell wall are 
digested by these extracellular enzymes.  

The results showed that all isolates were unable to produce chitinase, while most of them 
produced protease. Ramyasmruthi et al. (2012) recorded that around 45.5% from isolates showed 
negative results with chitinase detection. Isolates P1, P2, P3, P4, P5, P6 and E5P produced protease 
enzyme. Isolate F was the highest one and E5P was the lowest (Table:6) and photo (1). While isolates 
E2, E3, E4 and E5 did not produce protase. 
 
Table 6: Protease production as inhibition zone in skimmed milk agar 

Isolate code Inhibition zone diameter(cm) 
P1 4.5 
P2 6.75 
P3 4.1 
P4 4.75 
P5 4.25 
P6 5.1 
F 9.2 

E2 0.0 
E3 0.0 
E4 0.0 
E5 0.0 

E5P 3.7 

 

 

Photo1: Protease production 
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6-3-Ammonia production 

Isolates F, E3, and E5P were positive for ammonia production, while P1, P2, P3, P4, P5 and P6 
were negative for ammonia production. (Photo2) 

 
 

Photo 2: Ammonia production 

6-4- Antagonistic effect with E.coli 

 Almost all isolates showed no antagonistic effect with E.coli, only isolate coded E5P showed 
positive effect with 2.5 cm inhibition zone (Photo 3). 

 

Photo 3: Effect of E5P on E.coli growth 

C-6-16s rrna sequencing isolates identification 
 

From obtained results, it was clear that we have six isolates play an important role to suppress 
the populations of nymphs and adults for mealy bug insects up to 100 % of mortality under laboratory 
conditions with different mode of actions. The isolates identification was as shown in table (7) 
 
Table 7: 16s rrna sequencing isolates identification 
Code Identification Similarity 

F Bacillussubtilis strain CAF3 16S ribosomal RNA gene, partial sequence 83% 
E3 Enterobacter sp. L3 16S ribosomal RNA gene, partial sequence 98% 
E4 Enterobacter sp. RITF1202 16S ribosomal RNA gene, partial sequence 93% 
P3 Pseudomonasaeruginosa strain fwzb9 16S ribosomal RNA gene, partial sequence 98% 
P4 Pseudomonasaeruginosa strain SN1 16S ribosomal RNA gene, partial sequence 96% 
P6 Pseudomonasaeruginosa strain PA-4 16S ribosomal RNA gene, partial sequence 53% 
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Discussion 
 

Isolate coded F showed 100% mortality with nymphs during the first day, and with adults 
during the third day, while precipitated cells free from metabolites showed 89% and 81% mortality 
after three days with nymphs and adults respectively. Meaning that metabolites play a role, by 
only10% to 20%, in accelerating bacterial pathogenicity, and the effect of metabolites free from cells 
supported that explanation, since the mortality with nymphs and adults recorded only 45.5% and 
46.7% respectively after three days, without bacterial cells infection.  

Isolates E3 and E4, showed relatively high mortality with cells free from metabolites to reach  
95.4% and 70.5% during three days on adults for E3 and E4 respectively, the effect on nymphs were 
88.6% and 95.5% for E3 and E4 respectively. These results indicated that E3 and E4 isolates may 
have high cells pathogenicity effect with some kind of virulence factor different from exotoxins in 
metabolites.  

The findings for isolates F, E3, and E4 are in agreement with those of Cakici et al. (2015) that 
B. subtilis, which is cell pellet re-suspended in phosphate buffer solution, were an effective pathogen, 
and had 100 % insecticidal activity on insect Cimbex quadrimaculatus. In addition, Vodovar et al. 
(2005) revealed that Pseudomonas, induces a strong systemic immune response and kills Drosophila 
larvae and adults after oral infection. Also, Watanabe et al. (2000), mentioned that Enterobacter 
cloacae have been used to control insect pests on mulberry leaves. 

 Isolate coded P3 showed 100% mortality with nymphs during the first day, and 94% mortality 
with adults during three days. While the metabolites free from cells showed 100% for nymphs and 
73.3% for adults’ mortality after two days and three days respectively. These results support that 
metabolites playing a big role, by 60% to 70%, in accelerating bacterial pathogenicity, mortality rate 
and percentage. These findings are in agreement with those of Nabar, and Lokegaonkar (2015) and 
Mishra et al. (1987), who stated that, 100% mortality was obtained by the secondary metabolites 
isolated from Bacillus and Pseudomonas. Jang et al. (2011) and Salvadori et al. (2012), suggested that 
the extracellular metabolites produced by Photorhabdus bacteria are toxic towards a diverse group of 
insects, and a culture extract of Photorhabdus spp. was reported to have a significant insecticidal 
activity (76%‒83%) 48 h after treatment. Precipitated cells free from metabolites showed only 43% 
and 29.5% mortality on nymphs and adults respectively during three days.   Jeong et al. (2010) Stated 
that the mechanism of action of the cultures depended on the metabolites or enzymes and not on the 
living cells. 

Isolate coded P4 showed 100% mortality with nymphs during the first day, and 96% with adults 
during the third day. Metabolites showed also 100% mortality with nymphs but during the second 
day, and showed only 62.2% mortality with adults during the third day. P4 metabolites had major 
effect.  Precipitated cells free from metabolites showed only 41% and 59% mortality on nymphs and 
adults respectively during three days.  

Isolate coded P6 showed 100% mortality with nymphs and adults during three days, free cells 
metabolites showed mortality around 73% for nymphs and 80% for adults, and for Precipitated cells 
free from metabolites showed mortality around 78% for nymphs and 73% for adults during three 
days. These results indicate that both of cells and cells metabolites are needed together and play 
almost equal role in antagonistic effect and mortality for mealy bug insects. Abdel-Razek, (2003) and 
Bussaman et al. (2009), reported that a culture extract of X. nematophila was shown to kill 83% of 
Luciaphorus perniciosus mites within 72 h. Also, Vodova et al. (2005) mentioned that, the 
mechanisms by which kills flies cannot exclude Pseudomonas virulence is mediated by a toxin, which 
explain 100% mortality with whole microbial culture in our results. 
 
Conclusion 
 

Conducted study indicated that the local bacterial isolates showed high insecticidal effect 
suitable for controlling mealy bug nymphs and adults if it used as isolates (P1, P2, P6, P3, P4, P6 and 
F) while bacterial cell E4 and E2 could be used against nymphs, E3 against adults, its metabolites P1, 
P3, P4 and P2 could be used against nymphs and it could be recommended of using them as 
alternatives of chemical insecticides. 
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