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Abstract  

In the present study field experiments were carried out in 

three different citrus orchards, lemon (Adalia), mandarin (Morkite) 

and summer orange trees in Giza Governorate, Egypt during seasons 

,2021 and 2022   to evaluate the influence of foliar application with 

aluminum silicates in comparison with abamectin as bio-insecticide 

to reduce the infestation with citrus leaf miner (CLM) Phyllocnistis 

citrella Stainton (Lepidoptera: Gracillariidae). Aluminum silicates 

was applied at a concentration of 1 kg/20L and 0.5 kg /20L water 

and the bioinsecticides was used at a concentration of 3ml/20L 

water. An emulsifier (Tencotic) was added with a concentration of 

40 ml/ 20Lwater. Each compound was sprayed individually twice in 

each season, the duration between them was 14 days. The results 

showed that, the low concentration of A. silicates (0.5kg/20L) gave 

a higher reduction percentage of the studied aspects of CLM with the 

three tested citrus species than the high one(1kg/20L). Morkite 

scored the highest reduction percents 82.71%, 92.77%, 70.98% and 

70.98% of live mines, larvae pupae and eggs, respectively at the 

lowest concentration of A. silicates compared to abamectin which 

scored 88.63 %, 83.00%, 82.17% and 74.72%, respectively. there 

was a highly significant difference between the two sprays in the case 

of the percent reduction of mines, larvae and eggs. Spray (2) 

recorded a lower mean numbers and higher reduction percentages of 

different aspects than spray in all studied citrus species. After 

treatment with the two concentrations of A. silicates in the three used 

citrus species, the mean number of parasitoids was higher than that 

of abamectin. The results of the study proved that foliar spray with 

A. silicates reduced the mean number and increased the reduction 

percentages of live mines, larvae, pupae and eggs of CLM infested, 

adalia, morkite and summer orange trees without a negative effect 

on the number of the associated parasitoids, so it can be used in the 

management of this serious insect. 
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Introduction 
Citrus fruit is considered the most 

important fruit in Egypt due to its cheap price, 

very high nutritional value, economic 

importance and its high quality in foreign 

markets. Citrus is attacked by many insect 

pests, from those is a citrus leaf miner (CLM), 

Phyllocnistis citrella Stainton (Lepidoptera: 

Gracillariidae). It is a microlepidopteran insect 

that infest newly tender leaves resulting in 

severe damage especially in the young trees 

(Salas and Goane, 2001). The eggs of this 

insect which laid individually on the lower 

surface of the leaves (Knapp el al., 1995) 

hatched into larvae (Have four instars) within 

2-10 days and cause severe damage to the 

leaves during feeding resulting in formation of 

mines and wounds, which serve as a source for 

infection by a bacterium causing citrus canker 

(Ujiye, 2000 and Gottwald et al., 2001). The 

other symptoms of infestation of citrus trees by 

CLM are, curling of the leaf margins by 

prepupae which emerge later to adults 

repeating the life cycle, the presence of silver 

film in leaf mine (Beattie, 1989), a drop of the 

fruits before maturation and leaf drop, this 

finally leading to a reduction in annual yield 

(Peña et al., 2000 and Graham et al., 2004). 

   Effective control of CLM by 

extensive use of chemical insecticides is 

difficult and has resulted in many problems 

such as, appearing of insecticide resistant 

population of the insect, high costs, in addition 

to its larvae and pupae being protected from the 

insecticides contact by leaf cuticles and leaf 

margin, respectively (Raga et al., 2001). So, it 

is necessary to develop an alternative safe 

technique to control this dangerous pest, 

increasing plant resistance to insects is one of 

the safe methods.  

Enhancing the rigidity and strength of 

the cell walls of the plants by deposition of the 

silicon in the plant tissue increases the 

resistance of the plants to many stresses 

(Hodson et al., 2005). Silicon occurs in plants 

as silicon dioxide (SiO2), which is known as 

silica. Strengthening plant cells by application 

of silicates results in regulation of insect 

population and inducing defences of the plant 

(Epstein, 1999). Silicon induces plant defenses 

to biotic and abiotic stresses (Correa et al., 

2005).  

The present investigation aimed to 

study the effect of foliar sprays with aluminum 

silicates in comparison with abamectin as 

bioinsecticide on the infestation with citrus leaf 

miner CLM and its parasitoids in three different 

orchards of citrus trees, lemon (Adalai), 

mandarin (Morkite) and summer orange.  

Materials and methods 

The experiment was performed in three 

citrus orchards five years old, lemon (Adalai), 

mandarin (Morkite) and summer orange at 

Giza Governorate, Egypt, through seasons 

,2022 and 2023 to study the efficacy of foliar 

spray with aluminum silicates paralell to 

Abamectin as bioinsecticide against citrus leaf 

miner, P. citrella. Aluminum silicates was 

applied at a concentration of 1 kg/20L and 0.5 

kg /20L water and the bioinsecticides was used 

at a concentration of 3ml/20L water.  

An emulsifier (Tencotic) was added 

with a concentration of 40 ml/20Lwater.The 

solution of each compound was sprayed 

individually on each type of the citrus trees in 

the morning by means of back spray motor of 

20 litre capacity and the trees were completely 

covered by the spray solution, between the two 

treatments a row without treatment was left as 

a barrier.  

Each compound was sprayed twice in 

each season, the duration between them was 14 

days. Six replicates (Six trees) from each citrus 

orchard for each compound were used parallel 

to six replicates without treatment as control. In 

the second spray of the two seasons, three 

replicates were sprayed with the previous 

concentration of aluminium silicates and the 

others were sprayed with the half (Low) 

concentration, 0.5kg/20Lwater.  

Samples from new flushes were 

randomly taken from the tested citrus trees 

and the control one day before treatment. 

After 7 days from every spray, three samples 

(Three branches) were collected randomly 

from each tested replicate and the untreated 
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control, then they were placed in a plastic cage 

and a laboratory examination under binuclear 

was done, recording number of some surviving 

aspects of citrus leaf miner per branch as, 

mines, larvae, pupae, eggs and parasitoids.  

Number of parasitoids associated with larvae 

and pupae was counted and recorded. 

Reduction percentages of different survived 

aspects were calculated according to 

Henderson and Tilton (1955), 
% Reduction = [1-(Ta×Cb/Tb×Ca)] 100], 

Ta= Number of survived (Mines, larvae, pupae or 

eggs) in the treatment after spraying. 

Cb= Number of survived (Mines, larva, pupae or eggs 

in the untreated control before spraying. 

Tb= Number of survived (Mines, larva, pupae or eggs) 

in the treatment before spraying. 

Ca= Number of survived (Mines, larva, pupae or eggs) 

in the untreated control after spraying.  

Obtained results were statistically 

analyzed as factorial, using Proc GLM in SAS 

(Anonymous, 2003). Differences between 

means were compared by Duncan multiple 

range test (P= 0.05 level) in the same program. 

Results and discussion 

Data of Tables (1-7) are the  obtained 

results of foliar sprays of the three citrus 

species , adalia , morkite and summer orange 

with Aluminium  silicates and abamectin 

during two successive seasons .The results  
illustrated in Table (1) clear that , mean number 

of  live mines of citrus   leaf miner in the three 

tested citrus species  is very highly decreased 

after   foliar spray application with the two used 

different concentrations of   A. silicates and  the 

bioinsecticide, abamectin comparing to the 

control  and pre-treatment trees.  

On the other hand, morkite scored the 

highest reduction percent of live mines 82.71% 

at low concentration of A. silicates 

(0.5kg/20L), and there was no significant 

difference compared to abamectin 88.63 % 

followed by summer orange 69.90% percent 

reduction with the same concentration of A. 

silicates compared to 88.15 % with abamectin 

while adalia scored 68.89% reduction percent 

with the same concentration comparing to 

80.25% with abamectin.  

The results of the table are clear that, a 

low concentration of A. silicates recorded a 

higher percent reduction in live mines than high 

one, in the case of adalia and summer orange 

there was highly significant difference in the 

percent reduction of live mines between the 

high and low concentration of A. silicates and 

abamectin.  

Table (1): Mean number and reduction percentage of live mines of (CLM) in three citrus species after foliar 

application with Aluminium silicates during season, 2021 and 2022.    

Tested compounds Lemon (Adalia) Mandarin (Morkite)   Summer orange 

Mean 

number      

% 

Reduction 

Mean 

number        

% 

Reduction 

Mean 

number        

% 

Reduction 

Control 23.2 -- 23.2 -- 26.25 -- 

Before –spray 18.8 -- 18 -- 23.80 -- 

Abamectin 3.7 80.25 a 2 88.63 a 2.75 88.15 a 

A. silicates(1kg/20L) 7.8 58.40 c 5.7 68.26 b 10.25 55.73 c 

A. silicates(0.5kg/20L) 6.2 68.89 b 6.3 82.71 a 7.3 69.90 b 

F -- 13.75 -- 15.85 -- 26.13 

P -- < .0001 -- < .0001 -- < .0001 

Data with different letters within the column are significant different (p < 0. 05). 

Data obtained in Table (2) clear high 

depression in the mean number of larvae of CLM 

in adalia , morkite and summer orange trees  after 

foliar application with the two used 

concentrations of A. silicates and abamectin 

compared with control and before treatment trees. 

There was a significant difference in the 

reduction percentage of larvae of CLM between 

the two tested concentrations. The low 

concentration of A. silicates (0.5kg/20L) gave 

higher reduction percentage with the three tested 

citrus species than  the high one(1kg/20L). 

Morkite scored the highest reduction percentage 

92.77% followed by summer orange 85.50% and 

adalia 83.17 % at the low concentration compared 

to abamectin 83.00, 89.14 and 81.70 % percent 

reduction with morkite, summer orang and adalia 

trees, respectively.  
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Table (2): Mean number and reduction percentage of larvae of (CLM) in three citrus species after foliar 

application with Aluminium silicates during season, 2021 and 2022.    

  

Tested compounds               

Lemon (Adalia) Mandarin (Morkite)  Summer orange         

Mean 

number      

% 

Reduction 

Mean 

number        

% 

Reduction 

Mean 

number        

% 

Reduction 

Control 12.7 -- 10 -- 13.75 -- 

Before –spray 12.2 -- 8 -- 11 -- 

Abamectin 2.25 81.70 ab     1.2 83.00 ab 1.75 89.14 a 

Aluminium 

silicates(1kg/20L) 

3.5 69.73 b 2.6 67.90 b 4.50 70.90 b 

Aluminium 

silicates(0.5kg/20L) 

2 83.17 a 1.8 92.77 a 2.42 85.50 ab 

F -- 3.4 -- 4.88 -- 3.76 

P -- 0.049 -- 0.016 -- 0.037 

Data with different letters within the column are significant different (p < 0. 05). 

 

Results of Table (3) showed a high 

decrement in the mean number of pupae of P. 

citrella in the tested citrus species, adalia, 

morkite and summer orange trees after 

treatment with the tested concentrations of A. 

silicates and the standard bio-insecticides 

compared with untreated control and before spray 

trees. At a concentration (0.5kg/20L) of A. 

silicates, morkite recorded the highest reduction 

percentage 70.98% followed by adalia recorded 

62.2% at the same concentration compared to 

abamectin 82.17% and 82.20% with two citrus 

species respectively. There was no significant 

difference found in the reduction percentage of 

pupae between the two concentrations of A. 

silicates in the case of adalia and summer orange 

trees, while there was a significant difference 

between them and the standard, abamectin.  
Table (3): Mean number and reduction percentage of pupae of (CLM) in three citrus species after foliar 

application with Aluminium silicates during season, 2021 and 2022.  

  

Tested compounds 

Lemon (Adalia) Mandarin (Morkite)         Summer orange 

Mean 

number      

% 

Reduction 

Mean 

number        

% 

Reduction 

Mean 

number        

% 

Reduction 

Control 9.25 -- 9 -- 10.25 -- 

Before –spray 8.30 -- 8.3 -- 9 -- 

Abamectin 1.30 82.20 a 0.7 82.17 a 0.83 90.48 a 

Aluminium 

silicates(1kg/20L) 

3.40 56.94 b 2.5 56.94 b 4.8 46.82 b 

Aluminium 

silicates(0.5kg/20L) 

3.30 62.20 b 4.2 70.98 ab 4.5 49.29 b 

F -- 7.80 -- 8.83 -- 32.29 

P -- 0.0023 -- 0.0013 -- < .0001 

Data with different letters within the column are significant different (p < 0. 05) 

The mean number of eggs of P. citrella 

infests tested species of citrus trees, adalia , 

morkite and summer orange   as a result of 

foliar spray with A. silicates and abamectin are 

shown in Table (4). It was obvious that there 

was a high decrement in the mean number of 

eggs after treatment with A. silicates and the 

bio-insecticides compared with before spray 

and untreated control trees. Regarding to 

reduction percentages of the eggs, the data in 

the table clear that, there was a significant 

difference between the two treatments of A. 

silicates and abamectin. Morkite recorded the 

highest percent reduction of eggs 78.32% at the 

low concentration of A. silicates compared 

with 69.37 % with high one and 74.72 % 

percent reduction with the bio-insecticides 

followed by adalia recorded 77.53 % and 69. 

37% reduction percentage with low and high 

concentrations, respectively and 74.72 % with 

abamectin. Summer orange scored73.1% 

,64.88% and 68.6 % reduction percentages with 

low and high concentrations of A. silicates and 

the bio-insecticides, respectively. 
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Table (4): Mean number and reduction percentage of eggs of CLM in three citrus species after foliar application with 

Aluminium silicates during season,2021 and 2022.    

  

Tested compounds 

Lemon (Adalia) Mandarin (Morkite)   Summer orange 

Mean 

number      

% reduction Mean 

number        

% reduction Mean 

number        

% reduction 

Control 40 -- 28.5 -- 43 -- 

Before –spray 42.2 -- 28.8 -- 44.3 -- 

Abamectin 10.6 74.72 ab 11 74.72 ab 13.9 68.60 ab 

Aluminium 

silicates(1kg/20L) 

12.9 69.37 b 9.2 69.37 b 15.58 64.88 b 

Aluminium 

silicates(0.5kg/20L) 

9.5 77.53 a 10 78.32 a 12 73.1 a 

F -- 4.03 -- 4.43 -- 3.96 

P -- 0.03 -- 0.02 -- 0.032 

Data with different letters within the column are significant different (p < 0. 05). 

Comparing the efficacy of the two 

foliar sprays (1 and 2) during the two seasons 

on the studied aspects of citrus leaf miner, the 

results in Table (5) clear that, there was a highly 

significant difference between the two sprays 

in the case of the percent reduction of mines, 

larvae and eggs and spray (2) recorded lower 

mean number and higher reduction percentages 

than spray (1) in all tested citrus species, while 

in case of pupae, there was no significant 

difference found between them. Data from the 

table also show that morkite scored the highest 

percent reduction of tested aspects of citrus leaf 

miner, 84.42, 89.43 ,74.75, 82.35 and 89.43 % 

for mines, larvae, pupae and eggs, respectively. 

Table (5): Effect of two foliar sprays (1 and 2) with Aluminium silicates and Abamectin to three different species of 

citrus trees on mean number and reduction percentage of different aspects of CLM.   

Some 

(CLM) 

aspects                        

The spray    Lemon (Adalia)     Mandarin (Morkite)     Summer orange 

Mean      % reduction Mean      % reduction Mean      % 

reduction 

 

    Mines 

 

Spray1 10.9 58.05 b 9.2 71.60 b 12.2 61.91 b 

Spray 2 7.2 76.69 a 6.4 84.42 a 8.1 77.95 a 

F -- 29.29 -- 13.77 -- 19.95 

P -- < .0001 -- .001 -- 0.0001 

 

Larvae 

Spray1 6 64.01 b 4.3 63,15 b 7.1 66.05 b 

Spray 2 3.4 86.01 a 2.6 89.43 a 3.4 91.16 a 

F -- 19.82 -- 12.64 -- 16.46 

P -- 0.0002 -- 0.0015 -- 0.0004 

Pupae 

 

 

 

 

Spray1 4.2 62.47 a 3.8 62.47 a 4.6 63.17 a 

Spray 2 3.2 71.83 a 2.7 74.75 a 3.8 65.85 a 

F -- 4.6 -- 5.38 -- 3.52 

P -- 0.042 -- 0.29 -- 0.07 

  

Eggs 

 

Spray1 22.4 59.73 b 18.2 59.73 b 26.16 52.53 b 

Spray 2 12.9 82.09 a 10.1 82.35 a 15.4 78.35 a 

F -- 92.94 -- 89.43 -- 137.06 

P -- < .0001 -- < .0001 -- < .0001 

Data with different letters within the column are significant different (p < 0. 05). 

Regarding the effect of the first and the 

second season on the different aspects, mines, 

larvae, pupae and eggs of CLM in the tested 

citrus species, results in Table (6) show that, the 

first season recorded higher reduction 

percentages and higher mean number of these 

aspects than the second one. There was a 

significant difference in the reduction 

percentage of live mines in the case of adalia 

and summer orange and no significant 

difference was found in morkite trees.  
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On the other hand, while no significant 

differences were found for the reduction 

percentages of larvae and pupae of P. citrella 

between the two seasons in adalia and morkite 

trees, a high significant difference between 

them was found in summer orange trees. The 

obtained data proved that, foliar application of 

A. silicates reduced the mean number and 

reduction percentages of the studied aspects of 

CLM infested, adalia, morkite and summer 

orange trees, this may be due to A. silicates 

improved leaf characters such as thickness, 

strength and the contents of studied citrus   trees 

and this may enhance the leaves to resist the 

infestation with that pest. 

Table (6): Effect of the two seasons, 2021and 2022 of foliar sprays with Aluminium silicates in three different species 

of citrus trees on mean number and reduction percentage of different aspects of CLM.  

Some 

(CLM) 

aspects 

                        

     

 The season        

      Lemon (Adalia)     Mandarin (Morkite)     Summer orange           

Mean      % reduction Mean      % 

reduction 

Mean      % reduction 

 

Mines 

 

Season2021 10.6 76.9 a 9.45 83.2 a 12.3 79.2 a 

Season 2022 8.6 69.6 b 7.42 80.1 a 9.8 71.9 b 

F -- 6.87 -- 1.6 -- 6.57 

P -- 0.0123 -- 0.21 -- 0.014 

 

 

     

Larvae 

Season 2021 5.8 81.7 a 4.1 82.2 a 5.7 89 a 

Season 2022 4.4 78 a 3.4 79.4 a 5.2 76 b 

F -- 1.11 -- 0.37 -- 9.7 

P -- 0.297 -- 0.55 -- 0.003 

 

Pupa 

 

 

Season 2021 4.4 74.6 a 4.1 76.9 a 4.8 78.5 a 

Season 2022 3.6 68.9 a 3 70.4 a 4.3 61.7 b 

F -- 1.52 -- 2.1 --   16.5 

P -- 0.225 -- 0.15 -- 0.0002 

  

Eggs 

 

Season 2021 19.5 74.78 a 15.9 73.1 a 23.3 68.35 a 

Season 2022 18.5 73.5 a 13.6 73.1 a 20.57 68.9 a 

F -- 0.43 -- 0.01 -- 0.08 

P -- 0.5 -- 0.94 -- 0.78 

Data with different letters within the column are significant different (p <  0. 05). 

These results agree with Epstein (1999) 

who reported that, application of silicates 

provides regulation of insect populations by 

strengthening plant cells and inducing other 

plant defences. Silica supplies a protective 

effect for plants against insect herbivores and 

appositive correlation was found between level 

of its accumulation in plant tissue and increased 

resistance of plants (Juma et al., 2015 and 

Meyer and Keeping, 2005). From the most 

significant effect of silicon on plants, is 

improving fitness to adverse environmental 

conditions (Chanchal et al., 2016). Also, Dito 

(2016) reported that, when citrus seedlings 

were fertilized with soluble silicon, citrus leaf 

miner decreased compared with untreated 

plants. The present results also agree with Abo 

El-Enien et al. (2017) who found a negative 

correlation between infestation percentage of 

citrus leaf miner and leaf silicon content.  

Data of Table (7) compared the mean 

number and percent reduction of different 

aspects of citrus leaf miner in the three used 

citrus orchards. The data cleared that, in the 

case of mines, morkite recorded the highest 

reduction percentages79.39 % and there were 

no found significant differences between adalia 

and summer orange while in the case of 
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reduction percentages of larvae and pupae there 

were no significant differences found between 

the three citrus species. In the case of eggs there 

were no found significant differences between 

adalia and morkite while there were a 

significant between them and summer orange 

scored the highest reduction percent of eggs 

68.63%. 
Table (7): infestation rate (Mean number) and percent reduction of some aspects of Phyllocnistis citrella in 

citrus orchards after different treatments.  

Citrus species          Mines        Larvae         Pupae                Eggs 

Mean 

number 

% 

reduction 

Mean 

number 

% 

reduction 

Mean 

number 

% 

reduction 

Mean 

number 

% 

reduction 

Lemon (Adalia) 9.6 69.24 b 5.1 78.29 a 4.0 68.08 a 19.0 73.14 a 

Mandarin 

(Morkite) 

8.4 79.39 a 3.7 77.20 a 3.6 69.84 a 14.75 73.3 a 

Summer orange 11 71.53 b 5.45 81.12 a 4.6 64.78 a 21.9 68.63 b 

F --- 8.6 --- 0.48 --- 0.92 --- 8.23 

P --- 0.0004 --- 0.62 --- 0.40 --- 0.0006 

Data with different letters within the column are significant different (p <  0. 05). 

The obtained previous results cleared 

that, the three used citrus species differ in their 

susceptibility to infestation with citrus leaf 

miner, this may be due to differences in the 

nature of the flushes and leaves of each citrus 

tree. These results are supported by Knapp et 

al. (1995) who reported that, the flushing 

patterns of the citrus trees effect on 

susceptibility among different citrus species. 

The obtained data in Table (8) showed the 

effect of A. silicates on the parasitoids densities 

of P. citrella pupae. The results proved that, 

after treatment with the tested concentrations of 

A. silicates in the three used citrus species, the 

mean number of parasites was higher than that 

of abamectin. In the case of adalia and summer 

orange there was no significance difference 

between the two concentrations in the mean 

number of parasites while there was a high 

significance between them and abamectin in 

the three citrus species. The results of the table 

also cleared that, there was no found significant 

difference in the effect of the two seasons or the 

two sprays on the mean number of the 

parasitoids. The results also proved that, all the 

parasites found associated with fourth instars 

larvae, this runs in full agreement with Vercher 

et al. (2005) who showed that, all species of 

parasites of citrus leaf miner developed from 

third and fourth instars larvae.  
Table (8): Effect of foliar application of lemon (Adalia) and mandarin (Morkite) summer orange with aluminium silicates 

and Abamectin on mean number of parasites associated with pupae of Phyllocnistis citrella.  

The treatment  Mean number 

Lemon (Adalia) Mandarin (Morkite) Summer orange 

Control 10 a 10.25 a 9.5 a 

Pretreatment 10 a 9.83 a 10.33 a 

Aluminium silicates (1kg/20L) 7.58 b 5.67 c 10.92 a 

Aluminium silicates (0.51kg/20L) 6.5 b 7.7 b 9.17 a 

Abamectin 1 c 0.92 d 0.92 b 

F 29.37 39.37 46.98 

P < .0001 < .0001 < .0001 

The season 

Season 2021                6.62 a 6.62 a 7.42 a 

Season 2022           6.79 a 6 .12 a 8.12 a 

F 0.07 0.75 1.47 

P 0.79 0.39 0.23 

The spray 

Spray1 6.44 a 5.55a 7.67 a 

Spray2 6.08 a 6.12 a 7.21 a 

Data with different letters within the column are significant different (p < 0. 05). 
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