
PAPER DETAILS

TITLE: EXISTENCE OF BEAUVERIA BASSIANA (BALSAMO) VULLEMIN AS ENDOPHYTE ON

ONION PLANTS AND ITS PATHOGENICITY (IN VITRO) AGAINST ONION THRIPS, THRIPS

TABACI LIND. (THYSANOPTERA: THIRPDAE)

AUTHORS: Nihal BAGY,Mohaemd ABDELRAHMAN,Mohamed MORSY,Gaber ABOUELHAGAG

PAGES: 15-24

ORIGINAL PDF URL: https://dergipark.org.tr/tr/download/article-file/485783



 
 

15 
 

 

 

International Journal of Agriculture, Forestry and Life Science, 2 (1) 2018, 15-24 

ORIGINAL PAPER 

e-ISSN: 2602-4381 Received: 21.01.2018 Accepted: 14.05.2018 Published: 15.06.2018 

 

EXISTENCE OF BEAUVERIA BASSIANA (BALSAMO) VULLEMIN AS 

ENDOPHYTE ON ONION PLANTS AND ITS PATHOGENICITY (IN VITRO) 

AGAINST ONION THRIPS, THRIPS TABACI LIND. (THYSANOPTERA: 

THIRPDAE) 

Nihal M. M. Bagy
1
, Mohamed A. A. Abdel-Rahman

1*
, Mohamed A. A. Morsy

2
, and Gaber 

H. Abou-El-Hagag
2
 

1
 Plant Protection Research Institute, ARC, 

2
 Plant Protection Department, Faculty of Agricultural, Assiut University 

*Corresponding author email: abdel-rahman-alaa@hotmail.com 

Abstract 

Beauveria bassiana (Balsamo) was successfully isolated from the leaves of onion plants, Allium cepa 

Lind. cultivated in the Experimental Farm of Assiut University. Morphological characters of the fungus were 

described. Moreover, the pathogenicity of this isolate was assayed (dipping technique) against onion thrips, 

nympal and adult stages (In vitro). Six concentrations (13x10
4
, 29x10

4
, 42x10

4
, 64x10

4
, 86x10

4
 and 104x10

4
 

conidia / ml) were used. Our results demonstrated that mortality increased as the conidial concentrations 

increased. It seems that the concentration of 104 x 10
4
 conidia / ml is an effective to get sufficient mortality for 

the nymphal stage (92.50%) and adult stage (88.46%). In general, results refer that B. bassiana isolated from 

onion leaves at the concentration of 104x10
4
 spores/ml is effective to get about 90% mortality for the onion 

thrips regardless of the pest stage. Also, virulence of B. bassiana against onion thrips (nymphal and adult stages) 

elucidated that the fungus was more effective on nymphal than adult stage as indicated by low value of LC50 and 

LC95. The present results reflect the potential role that can be played by B. bassiana endophyte in the biological 

control of thrips infesting onion plants under field conditions. 
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INTRODUCTION 

 

Onion (Allium cepa Lind.) belonging to the Family Liliaceae is a major horticultural 

cash crop in Egypt. Onion thrips, Thrips tabaci Lindeman (Thysanoptera: Thripidae), is a 

cosmopolitan species found in onion-growing regions world-wide (Lewis, 1997, Macintyre-

Allen et al., 2005 and Gill et al. 2015). It is one of the key pests of onion crop cultivated in 

Assiut (Abou-Elhagag and Ezzel-Din 2002 and Mahmoud 2008). Heavy infestations may 

reduce yield and the marketability of onion bulbs (Mo et al., 2009 and Boateng et al. 2014). 

Various control tactics such as insecticide application are not sufficient to acheive complete 

control indicating that a new control tactic is needed to keep the thrips's population under the 

threshold of economic damage without an environmental negative impact produced 

(Zereabruk 2017). In the course to seek an effective tactic control we come across that an 

interesting issue is the presence of fungal endophytes. The term of endophyte was coined by 

the German scientist, Heinrich Anton De Bary in 1884 and used to define fungi and bacteria 

occurring inside plant tissues without causing any apparent symptoms on the host (Sasan and 
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Bidochka 2012). Endophytic fungi, which live within host plant tissues without causing any 

visible symptoms of infection, are important mutual benefit organisms that mediate plant-

herbivore interactions. Fungal entomopathogens are important regulators of insect 

populations (Parsa et al. 2013).  

 

The present study aimed to isolate and identify of B. bassiana as an endophyte from 

healthy onion plants and also to investigate its effects (In vitro) against the onion thrips 

(nymphal and adult stages).  

 

MATERIALS AND METHODS  

 

1-Isolation of B. bassiana as endophyte colonized onion plants 

An endophytic fungus, B. bassiana used in the present study was isolated from onion 

plants cultivated at the Experimental Farm of Assiut University. Field samples (twelve 

samples) of onion plants were collected throughout the period from January to March during 

2016 and 2017 onion growing seasons. Onion plants were freshly collected two times / 

month. Plants with no visible symptoms of disease were carefully selected after physical 

examination.  

Samples of leaves were rinsed gently with running water to remove dust and debris. 

Isolation of endophytic fungi was done according to the method described by (Arnold and 

Lutzoni 2007). Surface sterilization of samples was carried out by stepwise washing with 

70% ethanol for 3 min, sodium hypochlorite solution (4-6%) for 3 min and 70% ethanol for 

30 sec., followed by two rinses with sterilized distilled water. Then they were thoroughly 

dried between sterilized filter papers (Filip et al., 2003). The edges were cut by sterilized 

scalpel to remove dead tissues due to chemical disinfection application, and samples were cut 

into about 1 cm
2
 pieces. Four pieces were placed in 9 cm Petri-dishes containing Potato 

dextrose agar (PDA) media (ten replicates each sample). All Petri-dishes were incubated at 

25±2ºC for 10-15 days. Periodically the colonies were examined and each colony emerged 

from segments was transferred to antibiotic-free potato dextrose agar medium (PDA) to aid 

identification. Endophytic isolates were identified on the basis of culture and morphological 

characteristics. 

2- Identification of fungi 

 

The fungus was identified at Assiut Mycological Lab., Botany and Microbiology 

Department, Faculty of Science according to Domsch et al. (1980), Moubasher (1993) and 

Humber (1997).      

3- Inoculums preparation 

The endophytic B. bassiana strain was streaked on PDA media. The Petri dishes were 

incubated at 25±2ºC and after two weeks, conidia were gently scraped from Petri dishes using 

sterile scalpel blade. The conidia were collected and suspended in 25 ml sterilized distilled 

water (SDW) containing 0.1% Tween 80. To avoid uneven distribution of the conidia, the 

homogenous conidial suspension was forcefully vortexes for 5 min and used as stock 

suspension. The conidial concentration was determined using an improved Neubauer 

Homocytometer (Marien feld, Germany). Concentrations were prepared using micropipette.  

 

4-Bioassay against onion thrips (nymphal and adult stages) 
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Dipping assay was used to compare the pathogenicity of B. bassiana isolated from 

onion plants as endophyte against nymphal and adult stages of the onion thrips (In vitro).  Six 

concentrations of B. bassiana were used (13x10
4
, 29x10

4
, 42x10

4
, 64x10

4
, 86x10

4
 and 

104x10
4
 conidia / ml). Leaves containing thrips were placed in conidial suspensions of B. 

bassiana and immersed for 5 seconds. The treatments were replicated four times. Sterilized 

distilled water and Tween 80 (0.1%) were used as control. After treatments, the insects 

groups were placed in a sterilized moist chamber consisting of a Petri-dish lined with wet 

filter paper. After 3, 5, and 7 days the plates were inspected to observe mortality. Percent 

mortality was calculated. The values of LC50, LC95 and slopes were calculated by 

computerized Probit analysis program (Finny 1971). 

 

RESULTS AND DISCUSSION 

 

Owing to survey studies through onion growing seasons of 2016 and 2017, onion 

thrips, Thrips tabaci Lind. was found infesting onion plants. Nymphs and adults of this pest 

were commonly intermixed together at the same location on the onion plants. Available 

literatures in Egypt confirmed our findings and showed that this pest species is infesting 

onion plants causing severe damage (Mahmoud 2008).  

1-B. bassiana as endophyte isolated from onion    

According to entomopathogenic fungi as endophyte, results indicated that B. bassiana 

(Family: Moniliaceae, Order Moniliales) was identified as endophyte in onion leaves. Plates 

(1 - 4) show B. bassiana grown in the culture media (SDA), by scan electron microscopy 

(SEM), transmission electron micrograph and those grown on insect body (nymph and adult). 

The culture characteristics of B. bassiana were, colonies growing slowly, wooly; at first 

white but later often are becoming yellow to slightly pinkish. Conidiogenous cells arising 

either singly; in whorls from vegetative hyphae; or more commonly in clusters from swollen 

stalk cells. Conidiogenous cells differentiated into a sub-globose to ellipsoidal or cylindrical 

venter and a filiform, zigzag- shaped rachis, denticulate rhachis arising by sympodial 

elongation. Conidia as described by Domsch et al., 1980 and Moubasher, 1993 were hyaline; 

globose or ellipsoidal with a rounded or slightly pointed base. 

 

Endophytes are microbes which colonize living internal tissues of plants (Stone et al., 

2004, Arnold and Lutzoni 2007 and Sanchez et al., 2007). Entomopathogenic fungi gain 

more and more interest in biocontrol and protection of plants. Many species of 

entomopathogenic fungi in various genera are known and some of them show promising 

effects as bio-control agents (BCA). The entomopathogenic fungus B. bassiana has the 

ability to colonize various cultivated plants endophytically (Bing and Lewis, 1991; Akello et 

al. 2008, Ownley et al. 2008 and Gurulingappa et al. 2010).  Many plant used endophytic 

fungi as a tool of indirect defense against herbivores. Also, the fungus provides benefits to 

the plant such as increasing water or nutrient uptake. Once associated, the fungi alter nutrient 

content of the plant and enhance or begin production of secondary metabolites (Schulez et al. 

2002 and Schardl et al. 2004). Several researchers identified and surveyed these fungi species 

as endophytes from several plants worldwide and is considered to be the best candidates for 

the biological control of herbivorous insects (Evans et al. 2003 and Arnold et al. 2003).   

2-Bioassay of B. bassiana against nymphal and adult stages  
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The efficiency of B. bassiana isolated from onion plants as endophyte was assayed 

(In vitro) against nymphal and adult stages of the onion thrips, Thrips tabaci Lind. Six 

concentrations were prepared and tested. Data presented in Table (1) show the percentages of 

mortality among tested concentrations after 5-days.  Relationships between probits equivalent 

to percentage of mortality and log concentrations (conidia / ml) of B. bassiana used are 

presented in Figure (1). The calculated LC50 and LC95 values are given in Table (4).   

2.1-Nymphal stage 

Data in Table 1 reveal that concentrations of 13x10
4
, 29x10

4
, 42x10

4
, 64x10

4
, 86x10

4
 

and 104x10
4
 conidia / ml were able to kill 33.33%, 50.00%, 64.86%, 70.51%, 87.50%, and 

92.50% of nymphal stage, respectively. By contrast, mortalities of nymphs in the control 

treatment was acheived by 1.02%. Mortality increased as the conidia concentration increased.  

It seems that the B. bassiana as endophyte at the concentration of 104 x 10
4
 conidia / ml is 

effective to get sufficient mortality (92.50%) for the nymphal stage of onion thrips. 

Pathogencity of B. bassiana against the nymphal stage of T. tabaci was summarized in Table 

(4). The LC50 and LC90 were calculated as 1.23x10
5
 and 7.02x10

6
, respectively.  

2.2- Adult stage 

Adult stage of the onion thrips infesting onion plants was treated with different 

concentrations of B. bassiana (conidia/ml). Mortality rates among treated individuals of 

onion thrips showed a dose-mortality trend as presented in Table 2. Data exhibited that the 

different concentrations resulted in considerable mortalities of the treated adults. By contrast, 

mortality in the control treatment was acheived by 4.65%. Recorded mortality values among 

the tested concentrations reached 88.46, 75.76, 78.95, 73.68, 53.13 and 28.57% for the 

concentrations of 104x10
4
, 86x10

4
, 64x10

4
, 42x10

4
, 29x10

4
 and 13x10

4
 conidia / ml, 

respectively.  

The calculated LC50, LC95 and slope values were observed in Table (4). The LC50 and LC95 

values of the adult stage were 1.42x10
5
 and 8.96x10

6
 conidia/ml, respectively.  

2.3- Regardless of T. tabaci stages  

Data shown in Table (3) demonstrate the relative pathogencity of B. bassiana isolated 

from onion leaves as endophyte against onion thrips. Concentrations of 13x10
4
, 29x10

4
, 

42x10
4
, 64x10

4
, 86x10

4
 and 104x10

4
 conidia / ml were able to kill 30.77%, 51.92%, 69.33%, 

73.27%, 85.48% and 90.22%, respectively. In contrast, mortality in the control treatment was 

acheived by 2.11%. Mortality increased as the conidia concentration increased.  It seems that 

the B. bassiana isolate as endophyte at the concentration of 104 x 10
4
 conidia / ml is an 

effective to get 90.22% mortality for the onion thrips regardless of the pest stage.  

Virulence of B. bassiana against the onion thrips was summarized in Table (4). The 

LC50 and LC95 were calculated as 5.43x10
6 

and 1.34x10
5
 (slope = 0.93±0.05). Thus B. 

bassiana was more effective against nymphal stage than adult stage of the onion thrips as 

indicated by low value of LC50 (Table 4). 

In the present study, B. bassiana as an endophytic fungus was tested against nymphal 

and adult stages of the onion thrips (In Vitro). This fungus has been used as an important 

criterion for selecting some other fungal species in the microbial control of agricultural pests 

(Lai et al., 1982; Zoberi and Grace, 1997; Wells et al., 1995; and Almeida et al., 1997).   
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The ability of entomopathogenic fungi to infect the nymphal and adult stages of T. 

tabaci or the potential to control this pest through nymph and / or adult infestation has been 

poorly studied. The results reported herein indicate that B. bassiana as endophyte was more 

effective against nymphal stage of the onion thrips than adult stage since, the LC50 were 

calculated as 1.23x10
5
 and 1.42x10

5
 for nymphs and adults, respectively. Observations on 

infected nymph and adult stages indicated that differences in virulence between both stages 

may be due to the differences in ability to adhere to the surface of infected stage, 

subsequently facilitates penetration into the infected individual (Couch and Ignoffo 1981, and 

Samuels et al, 2002). El-Sufty et al. (1982) evaluated the efficiency of B. bassiana against 

the cotton leaf worm. They found that treating larvae with suspensions of low and middle 

spore densities (up to 10
8
 spores / ml) yielded not more than 16% mortality. The authors 

interpreted the low susceptibility of S. littoralis larvae to B. bassiana infection as a result of 

the physical and chemical structure of the larval cuticle. 

In general, B. bassiana as an endophyte at the concentration of 104 x 10
4
 conidia / ml 

is an effective to get 90.22% sufficient mortality for the onion thrips, in addition to its higher 

effectiveness against nymph than adult as indicated by low value of LC50. 

From the aforementioned results it could be concluded that biological control with 

pathogenic fungi is a promising alternative to chemical control against the agricultural pests 

all over the world, (Wells et al., 1995; Grace, 1997; and Milner et al., 1998).  

 

 

 

 

 

 

 

 

Plate (1): SEM showing B. bassiana network forming hyphal mycelium covering dead thrips. 

Mycelia covered whole surface of thrips and penetrated body wall and legs.  
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Plate (2): Transmission electron micrograph showing the conidia of B. bassiana identified. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate (3): Morphological characteristic of B. bassiana: 

(A)  7-days old colony on PDA. (B & C) Scanning Electron Micrographs showing fungal 

hyphae with flask shaped conidiogenous cells and rachis elongated in a long Zig-Zig 

extension. 
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Plate (4): Showing B. bassiana hyphae colonize the abdomen of the onion thrips under light 

microscopy using high power (x 500) 

(A) Nymph   

(B) Adult 

 

Table (1): Mortality (%) of the onion thrips (nymphal stage) treated with different 

concentrations of B. bassiana.  

 Concentrations  

(Conidia / ml) 

Total no. of 

individuals 

No. of dead individuals Mortality  

(%) 

13x10
4
 40 37 3.33 

29x10
4
 64 56 50.00 

42x10
4
 78 55 64.86 

64x10
4
 37 24 70.51 

86x10
4
 40 20 87.50 

104x10
4
 60 20 92.50 

Control (untreated) 98 1 1.02 

 

 

 

 

 

A B 
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Table (2): Mortality (%) of the onion thrips (adult stage) treated with different concentrations of B. bassiana.  

 Concentrations  

(Conidia / ml) 

Total no. of 

individuals 

No. of dead individuals Mortality  

(%) 

13x10
4
 52 46 28.57 

29x10
4
 66 50 53.13 

42x10
4
 38 30 73.68 

64x10
4
 38 28 78.95 

86x10
4
 64 34 75.76 

104x10
4
 70 20 88.46 

Control (untreated) 43 2 4.65 

 

Table (3): Mortality (%) of the onion thrips (nymphal & adult stages) treated with different 

concentrations of B. bassiana.  

 Concentrations  

(Conidia / ml) 

Total no. of 

individuals 

No. of dead 

(individuals) 

Mortality  

(%) 

13x10
4
 92 83 30.77 

29x10
4
 124 106 51.92 

42x10
4
 116 85 69.33 

64x10
4
 75 52 73.27 

86x10
4
 104 54 85.48 

104x10
4
 130 40 90.22 

Control (untreated) 142 3 2.11 

        

       Table (4). Results of LC50 and LC95 of B. bassiana as endophyte against onion thrips 

(nymph and adult). 

Stage LC50 LC95 Slope ± SE Regression equations 

Nymphal 1.23x10
5
 7.02x10

6
 0.94±0.05 Y=-4.77+0.94x 

Adult 1.42x10
5
 8.96x10

6
 0.91±0.06 Y=-4.71+0.91x 

Total 5.43x10
6
 1.34x10

5
 0.93±0.05 Y=-5.43x1.02x 

Lc50 (Lethal concentration 50): is the concentration of B. bassiana, which kills 50% of a 

sample population. 

Lc95 (Lethal concentration 95): is the concentration of B. bassiana, which kills 95% of a 

sample population. 

 

CONCLUSION 

Entomopathogenic fungi gain more and more influence in biocontrol and protection of 

plants. Many species of entomopathogenic fungi in various genera are known and some of 

them show promising effects as bio-control agents (BCA).From the aforementioned results it 

could be concluded that biological control with pathogenic fungi as endophyte is a promising 

alternative to chemical control against the agricultural pests all over the world. Endophytes 

are microbes which colonize living internal tissues of plants. Beuveria bassiana is a fungal 

entomopathogen with the ability to colonize onion plants endophytically cultivated in Assiut, 

Egypt. Plant use of endophytic fungi in defense occurs when endophytic fungi, which live 

symbiotically with the majority of plants by entering their cells, are utilized as an indirect 

defense against herbivores. 

 

 



 
 

23 
 

ACKNOWLEDGEMENT 

Thanks are due to Dr. El-Hagag Ahmed Hassan, Lecturer of Microbiology, Botany and 

Microbiology Department, Faculty of Science, Assiut University for identification of the 

entomopathogenic fungi. 

 

REFERENCES 

 
Abou-Elhaga, G. H. and Ezz-Eldein, H. A. (2002). Factors affecting the population of Thrips tabaci Lind. 

(Thysanoptera: Thripidae) on onion crops in Upper Egypt with special references to its chemical 

control. J. Pest Control & Environ. Sci. 10: 69-98. 

Akello, J.; Dubois, T.; Coyne, D. and Kyamanywa, S. (2008). Effect of endophytic Beauveria bassiana on 

populations the banana weevil, Cosmopolites sordidus and their damage in tissue-cultured banana 

plants. Entomol. Exp. Appl., 157-165.  

Almeida, J.E.M., Alves, S.B., and Pereira, R.M. (1997). Selection of Beauveria spp. isolates for control of the 

termite Heterotermes tenuis (Hagen, 1858). J. Appl. Entomol., 121: 539–543.  

Arnold, A. E.; Mejia, L. C.; Kyllo, D.; Rojas, E. I.; Maynard, Z.; Robbins, N. and Herre, E. A.  (2003). Fungal 

endophytes limit pathogen damage in a tropical tree. PNAS USA 100: 15649-15654.  

Arnold, A.E. and Lutzoni, F. (2007). Diversity and host range of foliar fungal endophytes: are tropical leaves 

biodiversity hotspots? Ecol., 88: 541-549.  

Bing, L. A. and Lewis, L. C. (1991). Supression of Ostrinia nubilalis (HuBner) (Lepidoptera: Pyralidae) by 

endophytic Beauveria bassiana (Balsamo) Vuillemin. Environ. Entomol., 20: 1207-1211.  

Boateng, C. O.; Schwartz, H. F.; Havey, M. J.; and Otto, K. (2014). Evaluation of onion germplasm for 

resistance to Iris Yellow Spot Virus (Iris yellow spot virus) and onion thrips, Thrips tabaci. 

Southwest. Entomol. 39:237-260.  

Couch, T.L. and Ignoffo, C.M. (1981). Formulation of insect pathogens. In: Burges, H.D. (ed.) Microbial 

Control of Pests and Plant Disease: 1970-1980. Academic Press, London, pp.621-634.  

De Bary, H. A. (1884). Vergleichende Morphologie und Biologie der Pilze Mycetozoen und Bacterien. Verlag 

von Wilhelm Engelmann, Leipzig. 

Domsch, K. H.; Gams, W. and Anderson, T. H. (1980). “Compendium of soil fungi,” Vol. 1&2. Academic 

Press, New York. 

El-Sufty, R.; Abd El-Rahman, I. and Abd El-Rahim, W. A. (1982). Testing of Beauveria bassiana (Bals.) Vuill. 

on certain larval instars of the cotton leafworm, Spodoptera littoralis (Boisd.). J. Agric. Res. Tanata 

Univ., 8(1): 275-282.  

Evans, H.C.; Holmes, K.A.; and Thomas, S.E. (2003). Endophytes and mycoparasites associated with an 

indigenous forest tree, Theobroma gileri, in Ecuador and a preliminary assessment of their potential 

as biocontrol agents of coca diseases. Mycol. Prog., 2: 149-160. 

Filip, V.; Plockova, M.; Smidrkal, J.; Spickova, Z.,; Lzoch, K. and Schmidt, S. (2003). Resveratrol and its 

antioxidant and antimicrobiological effectiveness. Food Chem.: 585-593. 

Finney, D. J. (1971). Probit analysis-Cambridge Univ. Press, London and New York. 

Gill, H. K.; Garg, H.; Gill, A. K.; Gillett-Kaufman, J. L. and Nault, B. A. (2015). Onion thrips (Thysanoptera: 

Thripidae) biology, Ecology, and management in onion production systems. 

http://dxdoi.org/10.1093/jipm/pm/006. 

Grace, J.K. (1997). Biological control strategies for suppression of termites. J. Agric. Entomol. 14: 281–289.  



 
 

24 
 

Gurulingappa, P.; Sword, G. A.; Murdoeh, G. and McGee, P. A. (2010). Colonization of crop plants by fungal 

entomopathogens and their effects on two insect pests when in plants. Biol. Control., 55(1): 34-41.  

Humber, R. A. (1997). Fungi: identification. In: Lacey, L. A. (Ed.), Manual of techniques in insect pathology. 

Academic Press, London, pp 153-185. Journal of Functional Foods, 5(2): 689-697.  

Lai, P. Y.; Tamashiro, M. and Fuji, J. K. (1982). Pathoengecity of six strains of entomogenous fungi for 

Coptoterme formosanus. J. Inverbr. Patol. 39: 1-5 

Lewis,T. (1997). Thrips crop pests. CAB International, Wallingford, UK, 740 pp.  

Macintyre-Allen, J. K.; Scott-Dupree, C. D.; Tolman, J. H. and Harris, C. R. (2005). Evaluation of sampling 

methodology for determining the population dynamics of onion thrips (Thysanoptera: Thripidae) in 

Ontario onion fields. J. Econ. Entomol., 98(6): 2272-2281.  

Mahmoud, H. H. (2008). Ecological studies on certain insect pests of onion with special emphasis on the onion 

bulb fly Eumerus amoenus Loew. (Diptera: syrphidae). Ph. D. Thesis, Fac. Agric. Cairo University.  

Milner, R.J.; Staples, J.A.; Hartley, T.R.; Lutton, G. G.; Driver, F. and Watson, J.A.L. (1998). Occurrence of 

Metarhizium anisopliae in nests and feeding sites of Australian termites. Mycol. Res. 102: 216–220.  

Mo, J.; Stevens, M. and Liu, D. L. (2009). A temperature-driven daily process model for onion thrips 

populations in onions. 18
th

 World IMACS / Congress, Cairns, Australia, 13-17 July.  

Moubasher, A. H. (1993). Soil fungi in Qatar and other Arab countries. The center of Scientific and Applied 

Research, University of Qatar, Doha, Qatar.  

Ownley, B.H.; Griffin, M.R.; Kimgeman, W.E.; Gwinn, K.D.; Moulton, J.K. and Pereira, R.M. (2008). 

Beauveria bassiana: Endophytic colonization and plant disease control. J. Invert. Pathol..  

Parsa, S.; Ortiz, V. and Vega, F. E. (2013). Establishing fungal entomopathogens as endophytes towards 

endophytic biological control. J. Vis Exp., 74: 50-60.  

Samuels, R.I.; Coracini, D.L.A.; dos Santos, C.A.M. and Gava, C.A.T. (2002). Infection of Blissus antillus 

(Hemiptera; Lygaeidae) eggs by the entomopathogenic fungi Metarhizium anisopliae and Beauveria 

bassiana. Biol.Control, 269–273.  

Sanchez, M. S.; Bills, G.F. and Zabalgogeazcoa, I. (2007). The endophytic mycobiota of the grass Dactylis 

glomerata. Fungy Diversity, 27: 171-195.  

Sasan, R.K. and Bidochka, M.J. (2012). The insect-pathogenic fungus Metarhizium robertsii (Clavicipitaceae) is 

also an endophyte that stimulates plant root development. Amer. J. Botany,  99: 101-107.  

Schardl, C. L.; Leuchtmann, A. and Spiering, M. J. (2004). Symbioses of grasses with seed-borne fungal 

endophytes. Ann. Rev. Plant Biol., 55: 315-340.  

Schulez, B.; Boyle, C.; Draeger, S.; Rommert, A.K. and Krohn, K. (2002). Endophytic fungi: a source of 

biologically active secondary metabolites. Myco. Res. 106: 996-1004.  

Stone, J. K.; Polishook, J.D. and White, J. F. (2004). Endophytic fungi. In: Biodiversity of fungi. Inventory and 

monitoring methods (Mueller G.M., Bills G.F., Foster M.S., eds) Elsevier Academic Press, San 

Diego, USA. Pp. 241-270. 

Wells, J.D., Fuxa, J.R., and Henderson, G., (1995). Virulence of four fungal pathogens to Coptotermes 

formosanus (Isoptera: Rhinotermitidae). J. Entomol. Sci. 30: 208–215. 

Zereabruk, G. (2017). Seasonal distribution and abundance of thrips (Thysanoptera: Thripidae) on onion 

production in central zone of Tigray, Ethiopia. Int. J. life Sci., .5 (3): 323-331.  

Zoberi, M. H. and Grace, J. K. (1997). Isolation of the pathogen Beauveria bassiana from Reticulitermes 

flavipes (Isoptera: Rhinotermitidae). Sociobiology, 16: 289-296.  

  


