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Abstract:  

This study aimed to evaluate the effect of water, ethanol 

extracts of propolis, and Bacillus thuringiensis on larvae of tomato 

leafminer  Liriomyza sativae Blanchard (Diptera: Agromyzidae). 

This pest is considered one of the most serious pests all over the 

world because it has a wide host range and may promote pathogen 

transmission followed by loss of crop quality and yield. Due to the 

problems of chemical pesticides to all organisms and the 

environment, natural control replaced pesticides. Microbial control 

with B. thuringiensis is one of the effective methods used in pest 

control. Also, propolis extracts are one of the natural control methods 

which is used recently in pest control. In this study, a water propolis 

extract achieved a high mortality rate against L. sativae with LC50 of 

4628.002 ppm followed by BT with LC50 of 7110.849 ppm, then 

propolis ethanolic extract was less effective material with LC50 of 

9288.848 ppm. 
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Introduction 

Tomato (Lycopersicon spp.) is 

economically one of the most important 

vegetables (Polston and Anderson, 

1999). Leafminer flies (Diptera: 

Agromyzidae) are phytophagous 

insects distributed worldwide, with 

approximately 2500 species being 

described (Spencer, 1990 and Winkler 

et al., 2009). These leafminers are 

characterized by the development of 

eggs and larvae inside the leaves, 

leading to the formation of mines in the 

leaf parenchyma that reduce 

photosynthesis, increase premature leaf 

drop and promote pathogen 

transmission, subsequently 

compromising crop quality and yield 

(Johnson et al., 1983; Parrella, 1987 

and  Matteoni and Broadbent, 1988). 

International trade of ornamental and 

vegetable crops facilitates their 

dispersion because the eggs and larval 

mines are not always visible in the host. 

Liriomyza sativae Blanchard (Diptera: 

Agromyzidae) is polyphagous and 

cosmopolitan, with an increased 

distribution and agricultural 

importance. Pesticides produced from 

natural products have been recently 

attracting the attention of many 

scientists to avoid the problems caused 

by synthetic compounds. They are 

deeply interested in their chemical 

constituents and biological properties 

(Abou-Yousef et al., 2010).  

Propolis is generally known as 

the “bee glue”, which is a generic name 

that refers to the resinous substance 

accumulated by the bees from different 

types of plants. The word “propolis” is 

derived from Greek to mean defense for 

“pro” and city or community for 

“polis”, or in other words the beehive 
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(Castaldo and Capasso , 2002). Propolis 

functions in sealing holes and cracks 

and for the reconstruction of the 

beehive. It is also used for smoothing 

the inner surface of the beehive, 

retaining the hive's internal temperature 

(35 °C), preventing weathering, and 

invaded by predators. Furthermore, 

propolis harden the cell wall and 

contributes to an aseptic internal 

environment. Propolis generally 

becomes soft and sticky upon heating 

(Shehu et al. , 2016). It also possesses a 

pleasant smell. Propolis and its extracts 

have numerous applications in treating 

various diseases due to its antiseptic, 

anti-inflammatory, antioxidant, 

antibacterial, antimycotic, antifungal, 

antiulcer, anticancer, and 

immunomodulatory properties. 

 Bacillus thuringiensis  (BT) is 

an aerobic gram-positive endospore-

forming bacterium which is a part of the 

family Bacillaceae and it is widely used 

in agriculture as a biological pesticide 

(Aronson et al., 1986; Höfte and 

Whiteley, 1989 and Feitelson et al., 

1992).   

The hypothesis of the present study was 

to evaluate the influence of natural and 

microbial control methods with 

propolis extracts and B. thuringiensis, 

respectively, as control agents against 

leafminer  which considered one of the 

most serious pests all over the world 

because it has a wide host range, 

followed by loss of crop quality and 

yield.  As well as reducing the use of 

chemical pesticides that cause a lot of 

hazards to all organisms and the 

environment. 

Materials and methods 

1. Insect rearing: 

Tomato leaves carrying larvae 

of L. sativae were collected from the 

unsprayed farm of Agricultural 

College, Mansoura University, 

Dakahlia, Egypt. The leaves were kept 

in jars at 27 ± 2 °C and 65 ± 5% RH. 

The colony was maintained for two 

generations before the beginning of the 

tests. Then, the leaves with the newly 

hatched larvae of L. sativae were placed 

in plastic Petri dishes (10 cm diam). 

Each dish was covered with muslin for 

aeration and tomato leaves were put on 

the bottom of the dish (Madahi and 

Sahragard, 2012). Whenever the leaves 

appeared discoloured, they were 

replaced with fresh ones. 

2. Bacterial strain used, source and 

applications:  

Bacillus thuringiensis 

(4QSTR1) was obtained from the 

Center of Bacillus Genetics Stock, 

Biochemistry Department, Ohio 

University, Columbus, U.S.A. Bacillus 

thuringiensis was preserved on Luria-

Bertani (LB) medium, containing: 0.5% 

NaCl, 0.5% yeast extract, and 1% 

tryptone and pH 7.0 (Sambrook et al., 

1989).  B. thuringiensis was grown in 

Petri dishes. The spores were collected 

from L.B agar plates, then washed three 

times with ice-cold distilled water. 

Pellets (spores and crystals) were 

responded in small volumes of distilled 

water. The bacterial crystals and 

endospores were prepared according to 

the method described by Karamanlidou 

et al. (1991). 

3. Preparation of propolis extracts: 

Propolis, which used in this 

work was collected. then kept in the 

dark until processing. The procedure 

was described by Alencar et al. (2007) 

with some modifications. Twenty g of 

finely ground propolis was added to 

different solvents (Water and 95% 

ethanol) to a final volume of 100 ml. 

The mixtures were protected from light, 

with moderate shaking during 24 h, at 

room temperature, and left to rest 

overnight. These mixtures were filtered 

through Whatman filter paper No.1. 

The mixtures were an ethanolic extract 

of propolis (EEP) and water extract of 

propolis (WEP) (Sabrien et al., 2016). 

4.HPLC separation of flavonoids and 

phenolic compounds:  
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HPLC analysis was conducted 

in the laboratories of Food Science and 

Technology Institute, Giza, Egypt. An 

Agilent 1100 HPLC system (Agilent 

Technologies, Palo Alto, CA, USA) 

was used to identify and quantify the 

flavonoids and phenols of propolis 

(Shuai et al., 2014). 

5. Spray application: 

Tomato leaves which 

containing larvae of L. sativae were 

used for the application. Four 

concentrations were used as well as four 

replicates for each concentration. Ten 

larvae for each replicate were used to 

estimate the mortality line. Different 

concentrations were sprayed directly on 

the larvae. The concentrations used 

were 5000, 10 000, 15 000, and 20 000 

ppm. The percentage mortality was 

recorded after one, three, five, and 

seven days and the data were corrected 

relative to control mortality (Abbott, 

1925). LC50 values were determined 

using the probit analysis statistical 

method of Finney (1971). The equation 

of Sun (1950) was used to determine 

LC50 index 

Toxicity index for LC50 =   

 (LC50  of the most effective 

compound/ LC50  of the least effective 

compound) × 100  

6. Field experiment: 

LC90 for each material was used 

for this experiment. A field experiment 

was conducted on tomato plants at Aga, 

Dakahlia Governorate, Egypt.   All 

cultural practices for tomato plants 

were followed according to the 

instruction laid down by the Egyptian 

Ministry of Agriculture.  

A complete randomized block 

design with three replicates was 

adopted in this experiment and the 

treatments are as follows : 

1. Control treatment (Tap water) 

2. LC90 BT.  

3. LC90 propolis water extract . 

4. LC90 Propolis ethanolic extract  

Regular samples of larvae were 

collected and examined to record the 

percent of reduction in larval 

infestation, according to Hendrson and 

Tilton formula (1955) after 3, 5 and 10 

days of spraying by assigning 

treatments according to the formula: 

Reduction (%mortality) = [1- ( Cb/  Ca 

X    Ta/    Tb)   ] X 100 

Where: 

Cb= number of alive pest individuals in 

control before treatment.  

Ca= number of alive pest individuals in 

control after treatment.  

Ta= number of alive pest individuals 

after treatment.  

Tb= number of alive pest individuals 

before treatment. 

Results and discussion  

1. Effect of Bacillus thuringiensis and 

propolis extracts on the mortality 

rate of Liriomyza sativae larvae: 

In Table (1), results indicated 

that the water extract of propolis was 

the most effective material than the 

other materials, the ethanolic extract of 

propolis and BT, against larvae of 

leafminer L. sativae with different 

concentrations. At the higher 

concentration, 2000 ppm, the mortality 

rates were 76.67, 73.33, and 70 ppm for 

water extract of propolis, ethanolic 

extract of propolis, and BT, 

respectively.  

2. Efficiency and toxicity index of the 

tested materials (Water propolis 

extract, ethanolic propolis extract, 

and Bacillus thuringiensis) against 

larvae of Liriomyza sativae: 

However, Table (2) and Figure 

(1) showed that propolis water extract 

was the most effective material with 

LC50 4628.002 ppm and LC90 

78279.872 ppm. Then BT was effective 

with LC50 7110.849 ppm and LC90 

98172.253 ppm. The propolis ethanolic 

extract was less effective material than 

the other tested materials with LC50 

9288.848 ppm and LC90 51399.335 

ppm.  
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Data in Tables (3 and  4) 

demonstrated reduction in L. sativae 

after 3, 5 and 10 days that treated with 

propolis water extract, propolis 

ethanolis extract and BT. comparing 

with control.  

 

Table (1): Corrected mortality % of larvae of Liriomyza sativae treated with Bacillus thuringiensis 

and propolis extracts under laboratory conditions at 27 ± 2 °C and 65 ± 5% RH. 

Treatments 
Conc. 

(ppm) 

Mortality after treatments % Total 

Mortality % One day Three days Five days Seven days 

Propolis water 

Extract 

5000 3.33 26.67 10 13.33 53.33 

10000 3.33 33.33 20 3.33 60 

15000 6.67 30 16.67 16.67 70 

20000 16.67 43.33 13.33 3.33 76.67 

Propolis 

ethanolic 

extract 

5000 3.33 10 13.33 6.67 33.33 

10000 3.33 13.33 20 3.33 40 

15000 3.33 43.33 10 6.67 63.33 

20000 10 40 20 3.33 73.33 

BT 

5000 3.33 10 3.33 10 26.67 

10000 10 16.67 3.33 16.67 46.67 

15000 10 20 23.33 10 63.33 

20000 3.33 50 10 6.67 70 

Table (2) : Efficiency of propolis extract and Bacillus thuringiensis against Liriomyza sativae. 

Treatments Conc. 
Corrected 

mortality% 
LC50 LC90 

Slope± 

S.D. 

Toxicity 

index 

LC50 

LC90/ 

LC50 

Propolis 

water 

extract 

5000 53.33 

4628.002 78279.872 1.043 100 16.91 10000 60 

15000 70 

20000 76.67 

Propolis 

ethanolic 

extract 

5000 33.33 

9288.848 51399.335 1.725 49.823 5.53 10000 40 

15000 63.33 

20000 73.33 

BT 

5000 26.67 

7110.849 98172.253 1.124 65.084 13.81 10000 46.67 

15000 63.33 

20000 70 

 

 

Figure (1):  LC-P line for propolis extracts and Bacillus thuringiensis of Liriomyza sativae. 
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Table (3): Effect of assigned treatments on infestation reduction percentage of Liriomyza sativae 

after 3, 5 and 10 days of treatments  

Treat. 

1st  replicate 2nd  replicate 3rd  replicate 4th replicate Treatment efficiency 

Pest 

number 

Red. 

% 

Pest 

number 

Red. 

% 

Pest 

number 

Red. 

% 

Pest number 

Red. 

% 

Pest number 
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After 3 days 

Propolis 

water 

extract 

11 0 100 11 4 80 11 4 80 11 4 80 11 3 85 

Propolis 

ethanolic 

extract 

11 4 80 11 4 80 11 4 80 11 4 80 11 4 80 

BT 4 3 58.75 4 3 58.75 4 3 58.75 4 3 58.75 4 3 58.75 

Control 11 20 ------ 11 20 ------ 11 20 ------ 11 20 -------- 11 20 ------ 

After 5 days 

Propolis 

water 

extract 

6 0 100 6 2 84.7 6 0 100 6 2 84.7 6 0 92.35 

Propolis 

ethanolic 

extract 

11 6 75 11 6 75 11 6 75 11 6 75 11 6 75 

BT 4 0 100 4 0 100 4 0 100 4 0 100 4 0 100 

Control 11 24 ------ 11 24 ------ 11 24 ------- 11 24 ----- 11 24 ----- 

After 10 days 

Propolis 

water 

extract 

6 1 93.45 6 1 93.45 6 1 93.45 6 1 93.45 6 1 93.45 

Propolis 

ethanolic 

extract 

11 2 92.86 11 2 92.86 11 2 92.86 11 2 92.86 11 2 92.86 

BT 4 2 80.36 4 2 80.36 4 2 80.36 4 2 80.36 4 2 80.36 

Control 11 28 ------- 11 28 ------- 11 28 ------- 11 28 ------ 11 28 ------ 

Table (4): Mean of total reduction percentage of Liriomyza sativae infestation.  

Treatments 

Mean 

reduction of 

1st scan 

Mean 

reduction of 

2nd scan 

Mean 

reduction of 

3rd scan 

Mean of 

total 

reduction 

Propolis water extract 85 92.35 93.45 90.3 

Propolis ethanolic extract  80 75 92.86 82.6 

BT 58.75 100 80.36 79.7 

As described in Sabrien et al. 

(2016), the spores appeared as a dark-

staining body. Bacillus thuringiensis 

(4QSTR1) produced cry proteins that 

appeared as stained crystals. There is a 

relationship between the insecticide 

activity and the crystal morphology of 

B. thuringiensis (Maeda et al., 2000). 

The results indicated that the water 

extract of propolis was the most 

effective material than the other 

materials, ethanolic extract of propolis 

and BT, against larvae of leafminer, L. 

sativae with different concentrations. In 

the higher concentration, 2000 ppm, 

These results were in agreement with 

Zewdu and Legessa (2016) Evaluate the 

insecticidal effect of propolis against 

larvae of lesser wax moth Achroia 

grisell concluded that the extract of 

propolis at higher concentrations is a 

powerful contact toxicant against young 

wax moth larvae. High-performance 

liquid chromatography equipped with a 
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diode array detector was  used to 

separate flavonoids and phenolic 

compounds from samples with varied 

matrixes. It was used to identify and 

quantify the flavonoids and phenolic 

compounds in propolis. These results 

were in agreement with Sabrien et al. 

(2016) who proved that The resultant 

appeared that chlorogenic was the most 

identified phenolic compound (120.62 

µg/100 g dry weight) and the acacetin 

was the major identified flavonoid 

component in propolis (647.53 µg/100 

g dry weights) (Shuai  et al., 2014). 

These results can state that propolis has 

general biological activities as 

insecticides activity  These results were 

in agreement with Sabrien et al. (2016) 

who proved that water extract of 

propolis was the most effective material 

against Tetranychus urticae. Also, 

Talha et al. (2019) proved that 

microbial control using BT was 

effective and safe in controlling most 

pests. Sabrien et al., 2016 , also, proved 

effectiveness of water propolis extract 

against pests. 

In the present investigation, 

bioinsecticidal effect of B. 

thurinogiensis cry toxin, propolis 

extracts against larvae of L. sativae 

were studied. The results revealed that 

they would be suitable for developing a 

biological process and can be used 

successfully in IPM program to control 

leafminer L. sativae . 

References 

Abbott, W.S. (1925): A method of 

computing the effectiveness of 

an insecticide. Journal of 

Economic Entomology, 18 : 

265-267. 

Abou-Yousef, H. M.; Farghaly, F.S.  

and Torkey, H.M.  (2010):  

Insecticidal activity of some 

plant extracts against some sap- 

sucking insects under laboratory 

conditions. World Journal of 

Agricultural Sciences, 6(4): 

434- 439. 

Alencar, S.M.;  Oldoni, T.L.C.; 

Castro, M.L.; Cabral, I.S.R.; 

Costa-Neto, C.M.; Cury , J.A.; 

Rosalen, P.L. and Ikegaki, M. 

(2007): Chemical composition 

and biological activity of a new 

type of Brazilian propolis: red 

propolis. J 

Ethnopharmacol,  113:278–

283. 

Aronson, A.I.; Beckman, W.  and 

Dunn, P.  (1986): Bacillus 

thuringiensis and related insect 

pathogens. Microbiological 

Reviews, 50: 1–24. 

Castaldo S. and Capasso, F.  (2002): 

Propolis, an old remedy used in 

modern 

medicine. Fitoterapia, 73(1): 

367-373.   

Feitelson, J.S.; Payne, J.  and Kim, L.  

(2002): Bacillus thuringiensis: 

insects and beyond. 

Biotechnology, 10: 271–275. 

Finney, D.J. (1971): Probit Analysis. 

Cambridge University Press, 

London, U.K., pp. 333.  

Hendrsonm C.F. and Tilton, E.W. 

(1955). Tests with acaricides 

against the brown wheat 

mite.J.Econ. Ent.,38:157. 

Höfte, H. and Whiteley, H.R.  (1989): 

Insecticidal crystal proteins of 

Bacillus thuringiensis. 

Microbiological Reviews, 53: 

242–255. 

Johnson M.W.; Welter, S.C.; 

Toscano, N.C.;  Ting, I.P.  and 

Trumble, 

J.T.  (1983): Reduction of 

tomato leaflet photosynthesis 

rates by mining activity 

of Liriomyza sativae (Diptera: 

Agromyzidae). Journal of 

Economic 

Entomology, 76: 1061– 1063. 

Karamanlidou, G.; Lambropoulos, 

A.F.  ; Koliais, S.I.  ; 

Manousis, T.  and Ellar, D.   

(1991): Toxicity of Bacillus 

Marouf et al. , 2021 



228 
 

thuringensis to laboratory 

populations of the olive fruit fly 

(Dacus oleae). Applied and 

Environmental Microbiology, 

57: 2277-2282. 

Maeda, M.; Mizuki, E.; Nakamura, Y.; 

Hatano, T. and Ohba, M.  

(2000): Recovery of Bacillus 

thuringiensis from marine 

sediments of Japan. Current 

Microbiology, 40: 413-422. 

Madahi, K. and Sahragard, A. 

(2012): Comparative life table 

of Aphis pomi (Hemiptera: 

Aphididae) on two host plants 

MaluspumilaL. and 

Chaenomeles japonica under 

laboratory conditions. Journal 

of Crop Protection, 1(4): 321- 

330. 

Matteoni, J.A. and  Broadbent, A.B.  

(1988): Wounds caused 

by Liriomyza trifolii (Diptera: 

Agromyzidae) as sites for 

infection of chrysanthemum 

by Pseudomonas 

cichorii. Canadian Journal of 

Plant Pathology, 10: 47– 52. 

Sabrien, O. A. ; Elsayed, I. A.; 

Marouf, E. A. and Dawood, D. 

H. (2016): Effects of Bacillus 

thuringiensis cry toxin, propolis 

extracts and silver nanoparticles 

synthesized by soil fungus 

(Fusarium oxysporum) against 

two species of Tetranychus spp. 

(Acari:Tetranychidae). Journal 

of Agricultural Chemistry and 

Biotechnology Mans. Univ., 

7(12): 283- 289. 

Parrella, M.P. (1987): Biology 

of  Liriomyza.  Annual Review 

of Entomology, 32:201– 224. 

Polston  J. E. and Anderson, P. K.  

(1999): Surgimiento y 

distribution de Gemini virus 

transmitido spormoscablanca en 

tomate en el Hemisferio 

Occidental. ManejoIntegrado de 

Plages, 53:24-42. 

Sambrook, J.; Fritsch, E.F. and 

Maniatis, T. (1989): Molecular 

cloning: a laboratory manual, 

vol. 3. Cold Spring Harbor 

Laboratory Press, Cold Spring 

Harbor, N.Y. 

Shehu, A.; Ismail, S.; Rohin, M. A. K.  

; Harun, A.  ; Aziz, A. A.  and 

Haque, M. (2016): Antifungal 

properties of Malaysian 

Tualang honey and stingless bee 

propolis against Candida 

albicans and Cryptococcus 

neoformans. Journal of Applied 

Pharmaceutical Science, 6(2): 

44–50.  

Shuai, H.; Cui-Ping, Z.; Kai, W.; 

George, Q. L. and Fu-Liang, 

H. (2014): Recent Advances in 

the Chemical Composition of 

Propolis. Molecules, 19:19610- 

19632. 

Spencer K.A.  (1990: Host 

Specialization in the World 

Agromyzidae (Diptera). Kluwer 

Academic 

Publishers, Dordrecht, The 

Netherlands. 

Sun, Y. P. (1950): Toxicity index - An 

Improved method of comparing 

the relative toxicity of 

insecticides. Journal of 

Economic Entomology, 43 (1): 

45-53.   

Talha, N.; Sehroon, K. and Dewen, Q. 

(2019): Biological control of 

insect pest. Pests Control and 

Acarology, 10: 57- 67. 

Winkler, I.S.;  Scheffer, S. J.  

and  Mitter, 

C. (2009): Molecular 

phylogeny and systematics of 

leaf‐mining flies (Diptera: 

Agromyzidae): delimitation 

of Phytomyza Fallén sensu lato 

and included species groups, 

with new insights on 

morphological and host‐use 

evolution. Systematic 

Entomology, 34:260– 292. 

Egypt. J. Plant Prot. Res. Inst. (2021), 4 (2): 222–229 



229 
 

Zewdu, A. and Gemechis, L. (20   16): 

Insecticidal action of honeybees 

propolis extract against larvae 

of lesser wax moth. Agriculture 

and Biology Journal of North 

Amrica, 7 : 302-306. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Marouf et al. , 2021 


