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WETTABLE POWDER FORMULATIONS OF Metarhizium anisopliae 

(METCHNIKOFF) SOROKIN AND THEIR EFFECTIVENESS AGAINST 

Bemisia tabaci GENNADIUS AND Aphis gossypii GLOVER  

By  

NORHELINA LATIFF 

May 2019 

Chair  : Professor Dzolkhifli Omar, PhD   

Faculty  : Agriculture 

 

Sap sucking insect Bemisia tabaci Gennadius (Hemiptera: Aleyrodidae) and Aphis 

gossypii Glover (Hemiptera: Aphididae) have become important pests infesting 

economic important crops and worsened by their resistance to a multiple classes of 

chemical pesticide and among them are organophospates, pyrethroids and 

neonicotinoid. These have prompted potential of utilizing biological control as an 

alternative to chemical insecticide. Of these, Entomopathogenic fungi (EPF) are the 

most suitable due to their ability infecting through the cuticle and displaying a great 

prospective for controlling sap-sucking pest. One of these EPF is Metarhizium 

anisopliae. There is little information on the effect of M. anisopliae on the sap-sucking 

insect in Malaysia. The objectives of this study were to screen the most virulent isolate 

of M. anisopliae against B. tabaci and A. gossypii, prepare the wettable powder (WP) 

and evaluate the effect of UV and storage on the formulations, and assess the WP 

formulations effectiveness in the field. Five isolates of M. anisopliae (PR1, GT2, 

TFFH3, GJ4 and HSAH5) were highly pathogenic against first instar of B. tabaci and 

A. gossypii and the two most superior were PR1 and GJ4. The B. tabaci was 

invulnerable on brinjal than chilli and vice versa on A. gossypii. The LC50’s of PR1 

isolate against B. tabaci and A. gossypii were lower than GJ4 isolate on both brinjal and 

chilli host plant. Both PR1 and GJ4 isolates were highly infective to all developmental 

stages of B. tabaci and A. gossypii; with the first instar was prone to fungal disease than 

other life stage decreasing through the next stages. In the preparation of the wettable 

powder (WP) formulation, the compatibility of inert ingredients on conidial viability 

was never lower than 80% and most was between 90–96% in all tests. The ingredients 

of the WP formulation comprised of active ingredient of fungal conidia and inert 

ingredients. The inert ingredients consisted of diluent (glycerin, distilled water), three 

components of surfactant system (combination of three of the following: sodium 

naphthalene sulphonates, sodium lignosulfonate, kaolin, silica powder, skimmed milk 

powder), UV protectant (lignin, skimmed milk powder, molasses) and additive (sodium 

glutamate, sodium alginate). The 22 prepared WPs from both isolates gave germination 

ranging from 65.0 to 93.6%. Wettable powder-based kaolin and WP-based skimmed 
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milk powder enhanced the UV tolerance of conidia and gave significantly better 

germination than WP based silica powder. The WPs were able to maintain conidia 

viability up to four months storage at temperature 4℃, 16℃ and 25℃. Nevertheless, at 

30℃ the viability was only maintain for a maximum of four weeks. In the small-scale 

field trial, selected WP of PR1 and GJ4 based kaolin were more effective compared to 

unformulated isolates conidia and untreated control. These formulations also gave 

significantly better yield compared to unformulated isolates and untreated control. M. 

anisopliae isolates PR1 and GJ4 effectively control sap sucking insect both in 

laboratory and in the field against all stages of B. tabaci and A. gossypii and able to 

improve the yield. 

 

  



© C
OPYRIG

HT U
PM

iii 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Doktor Falsafah 

FORMULA SERBUK BASAH Metarhizium anisopliae (METCHNIKOFF) 

SOROKIN DAN KEBERKESANANNYA TERHADAP Bemisia tabaci 

GENNADIUS DAN Aphis gossypii GLOVER 

Oleh 

NORHELINA LATIFF 

Mei 2019 

Pengerusi : Profesor Dzolkhifli Omar, PhD 

Faculti : Pertanian 

Serangga yang menghisap sap iaitu Bemisia tabaci Gennadius (Hemiptera: 

Aleyrodidae) dan Aphis gossypii Glover (Hemiptera: Aphididae) telah menyebabkan 

masalah ekonomi kepada tanaman dan kebal kepada beberapa kelas racun serangga 

perosak antaranya adalah organophospates, pyrethroids and neonicotinoid. Hal ini 

memberi peluang kepada potensi penggunaan kawalan biologi sebagai alternatif kepada 

racun serangga kimia. Fungi penyebab penyakit serangga (EPF) adalah yang paling 

sesuai berbanding kawalan biologi lain kerana kebolehannya untuk menjangkiti melalui 

lapisan kulit luar dan menunjukkan prospek untuk kawalan serangga penghisap sap. 

Salah satu daripada EPF ini adalah Metarhizium anisopliae. Maklumat berkenaan 

kesan penggunaan M. anisopliae terhadap serangga penghisap sap di Malaysia adalah 

sangat sedikit. Objektif kajian ini adalah untuk memilih isolat M. anisopliae yang 

paling beracun terhadap B. tabaci dan A. gossypii, persediaan formula serbuk basah 

(WP) dan menilai kesan UV dan penyimpanan terhadap formula, dan mengkaji 

keberkesanan formula WP di ladang. Lima isolat M. anisopliae (PR1, GT2, TFFH3, 

GJ4 dan HSAH5) mempunyai kadar patogenik yang tinggi terhadap instar pertama B. 

tabaci dan A. gossypii dan antaranya dua isolat paling tinggi kadar patogenik adalah 

PR1 dan GJ4. B. tabaci yang membiak pada tanaman terung lebih kebal berbanding cili 

dan sebaliknya pula kepada A. gossypii. Isolat PR1 mempunyai LC50 yang lebih rendah 

berbanding GJ4 apabila dikaji terhadap B. tabaci dan A. gossypii ke atas tanaman 

terung dan cili. Kedua-dua isolat PR1 dan GJ4 mempunyai kadar keberkesanan yang 

tinggi terhadap semua peringkat pembesaran B. tabaci dan A. gossypii; dengan instar 

pertama lebih mudah diserang penyakit kulat berbanding peringkat hidup lain yang 

semakin menurun apabila ke peringkat seterusnya. Semasa penyediaan formula serbuk 

basah, keserasian bahan-bahan lengai ke atas keupayaan hidup konidia didapati tidak 

pernah berada di bawah 80% dan dalam semua ujian kebanyakkannya adalah di antara 

90–96%. Bahan-bahan untuk formula WP termasuklah bahan aktif iaitu kulat konidia 

dan bahan lengai. Bahan-bahan lengai termasuklah pencair (glycerin, air suling), tiga 

komponen sistem surfactant sodium naphthalene sulphonates, sodium lignosulfonate, 
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kaolin, serbuk silica, serbuk susu skim), pelindung UV (lignin, serbuk susu skim, 

molasses) dan pengawet (sodium glutamate, sodium alginate). 22 WP daripada kedua 

isolate menghasilkan kadar germinasi daripada 64.95 kepada 93.62%. WP berasaskan 

kaolin dan WP serbuk susu skim menghasilkan germinasi yang ketara lebih baik untuk 

meningkatkan toleransi konidia terhadap UV berbanding dengan WP berasaskan 

serbuk silica. Kesemua WP berupaya mengekalkan keupayaan hidup konidia dalam 

empat bulan penyimpanan pada suhu 4℃, 16℃ and 25℃. Manakala, pada suhu 30℃ 

keupayaan konidia untuk hidup hanya berjaya dikekalkan pada kadar maksimum empat 

minggu sahaja. Kajian di ladang berskala kecil mendapati WP terpilih PR1 dan GJ4 

adalah lebih berkesan berbanding dengan konidia isolat yang tidak diformulasikan dan 

kawalan yang tidak dirawat. Formula ini juga memberikan kesan hasil yang lehih baik 

berbanding dengan isolat tidak diformulakan dan kawalan yang tidak dirawat. Isolat 

PR1 dan GJ4 M. anisopliae berkesan untuk mengawal serangga penghisap sap di 

makmal dan di ladang kepada semua peringkat B. tabaci dan A. gossypii dan 

memperbaiki hasil di ladang.  
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CHAPTER 1 

 

1 INTRODUCTION 

 

1.1 Introduction  

 

Solanaceae such as brinjal, Solanum melongena L. and chilli, Capsicum annum L. are 

important crops that are cultivated in tropical and subtropical region and highly value 

in Southeast Asia (Aied et al., 2017; Sujayanand et al. 2015; Rahman et al. 2010). 

Solanum melongena has become increasing appreciate and demand due to its 

considerable dietary value of high moisture content and low calorie with highly content 

of antioxidants and proteins (Kandoliya et al., 2015; Adamczewska-Sowinska and 

Krygier, 2013; Lo Scalzo, et al., 2010). However, S. melongena facing serious exposed 

to the attacked of more than a dozen insect-pest species even with much preventive 

care due to long cropping season (Khandekar et al. 1982; Dhandapani et al., 2003). 

Solanum melongena is one of the most common fruit vegetables sell in Malaysia’s 

market yet the outbreak of Bemisia tabaci commonly known as whitefly causing the 

farmer losing their interest in growing them and thus cause limited supply of S. 

melongena in local market (Mohd Rasdi et al., 2009). Population of B. tabaci on S. 

melongena reaches the highest peak due to the food availability and Malaysia’s tropical 

climate that favourable to their development all year round (Mohd Rasdi et al., 2009). 

 

Capsicum annum is an important crop due to their economic, nutritional and medicinal 

value contains an appreciable amount of essential micro and macronutrients and 

healthy ingredients to promote health (Emmanuel-Ikpeme et al., 2014; Olatunji and 

Afolayan, 2018). In Malaysia, Aphis gossypii is a major pest of C. annuum and heavily 

infested by colonizing the crop for direct feeding and transmits virus diseases (Rahman 

et al., 2010). Although, chemical pesticides proved to control pests of brinjal and chili 

however the used of chemical pesticides regularly result in development of resistant 

strains of B. tabaci and A. gossypii (Basit et al., 2013; Yuan et al., 2012; Basit et al., 

2011; Rahman et al., 2010; Palumbo et al., 2001; Morales, 2001).  

 

In addition to the resistant, there is increasing awareness from people for food’s safety 

due to the chemical residual that may enters food they consume which may pose risk to 

their health (Butt et al. 2001; Kaur and Kaur, 2007). Most of agriculture nowadays still 

depends heavily on the chemical pesticide that leads to deterioration of environment, 

food contamination and increasing resistance to insect pests (Zafar et al., 2016; Kranthi 

et al. 2001; Faria and Wraight, 2001). The utilization of naturally occurring organisms 

such as bacteria, entomopathogenic fungi (EPF) and viruses in order to control crop 

pests, weeds and diseases application as an alternative for pest management in 

agriculture also encouraging more research and offer environmentally friendly 

alternative to chemical pesticides (Hidalgo et al., 1998; Faria and Wraight, 2001). 

Given these concerns, using biological control approach as alternative has been 
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considered economically and environmentally worthwhile (Wang et al., 2002; Kaur 

and Kaur, 2007).  

This study was justified in order to provide an alternative and environmental friendly 

strategy for control sap sucking insect particularly pest that infesting on vegetable 

crops S. melongena and C. annuum in Malaysia. In addition to the increase of insect 

resistance due to the use of chemical, the actual problem for the local farmer is due to 

the highly cost of cultivating the crops as common chemical pesticides used as coping 

strategy to manage the pest infestation are expensive. Considerable amounts of 

literature have published on biological control using fungi as active ingredient in their 

formulation. However, research has consistently shown that these study showing varied 

result depends on the types of microbial control used including the geographically 

sources which may differ in temperature and origin. However, much uncertainty still 

exists about the varied result of the EPF on pest insects and potential of applying EPF 

against sap sucking insect due to limited sources of information available.  

This study seeks to remedy these problems by analyzing the literature of EPF M. 

anisopliae against selected sap sucking insect. So far, there has been little discussion 

about using M. anisopliae against sap sucking pest such as B. tabaci and A. gossypii. 

Although there are studies of using M. anisopliae in laboratory, however limited 

information is available on comparative study of formulated and unformulated conidia 

of EPF for the control of B. tabaci and A. gossypii in the field. Therefore, in Malaysia, 

to the best of our knowledge, this is the first study of using EPF M. anisopliae for the 

control of sap sucking insect (B. tabaci and A. gossypii) in both laboratory and field. It 

is postulated that isolate of M. anisopliae, as wettable powder formulations is effective 

against B. tabaci and A. gossypii. 

1.2 Objectives 

The objectives of this study are: 

1. to screen the most virulent isolate of M. anisopliae for the control of whitefly

(B. tabaci) and aphid (A. gossypii)

2. to prepare wettable powder formulations of M. anisopliae

3. to evaluate the effect of WP formulations of M. anisopliae to UVB radiation

and shelflife in storage

4. to evaluate the effectiveness of WP formulations of M.anisopliae against B.

tabaci and A. gossypii in the field



© C
OPYRIG

HT U
PM

 

100 

 

8 REFERENCES 

 

Abdel-Rahem, M. A., & Al-keridis, L. A. (2017). Virulence of Three 

Entomopathogenic Fungi against whitefly, Bemisia tabaci (Gennadius) 

(Hemiptera: Aleyrodidae) in tomato crop. Journal of Entomology 14, 155-159. 

Abdullah, N. M., Singh, J., & Sohal, B. S. (2006). Behavioral hormoligosis in 

oviposition preference of Bemisia tabaci on cotton. Pesticide Biochemistry and 

Physiology 84, 10-16. 

Adamczewska-Sowinska, K., & Krygier, M. (2013). Yield quantity and quality of field 

cultivated eggplant in relation to its cultivar and the degree of fruit maturity. 

Biological Sciences Garden Culture 12 (2), 13-23. 

Aied, K. Y., Wahab, Z., Kamaruddin, R., & Shaari, A. R. (2017). Growth response of 

eggplant (Solanum melongena L.) to shading and cultivation inside greenhouse 

in a tropical region. International Journal of Scientific and Engineering 

Research 8 (5), 89-101. 

Alavo, T. B., Sermann, H., & Bochow, H. (2001). Virulence of Strains of the 

Entomopathogenic Fungus Verticillium Lecanii to Aphids: Strain Improvement. 

Archives of Phytopathology And Plant Protection 34, 379–398. 

Alomar, O., Riudavets, J., & Castañe, C. (2006). Macrolophus caliginosus in the 

biological control of Bemisia tabaci on greenhouse melons. Biological Control 

36, 154–162. 

Altre, J. A., Vandenberg, J. D., & Cantone, F. A. (1999). Pathogenicity of 

Paecilomyces fumosoroseus Isolates to Diamondback Moth, Plutella xylostella: 

Correlation with Spore Size, Germination Speed, and Attachment to Cuticle. 

Journal of Invertebrate Pathology 73, 332–338. 

Alves, R. T., Bateman, R. P., Gunn, J., Prior, C., & Leather, S. R. (2002). Effect of 

different formulations on viability and medium term storage of Metarhizium 

anisopliae conidia. Neotropical Entomology 31, 91-99. 

Alves, R. T., Bateman, R. P., Prior, C., & R, L. S. (1998). Effects of simulated solar 

radiation on conidial germination of Metarhizium anisopliae in different 

formulations. Crop Protection 17, 675–679. 

Alves, S. B., Pereira, R. M., Stimac, J. L., & Vieira, S. A. (1996). Delayed germination 

of Beauveria bassiana conidia after prolonged storage at low, above-freezing 

temperatures. Biocontrol Science and Technology 6, 575-581. 

Amóra, S. S., Bevilaqua, C. M., Feijo, F. M., Silva, M. A., Pereira, R. H., Silva, S. C., 

et al. (2009). Evaluation of the fungus Beauveria bassiana (Deuteromycotina: 

Hyphomycetes), a potential biological control agent of Lutzomyia longipalpis 

(Diptera, Psychodidae). Biological Control 50, 329–335. 



© C
OPYRIG

HT U
PM

 

101 

 

Anderson, R. D., Bell, A. S., Blanford, S., Paaijmans, K. P., & Thomas, M. B. (2011). 

Comparative growth kinetics and virulence of four different isolates of 

entomopathogenic fungi in the house fly (Musca domestica L.). Journal of 

Invertebrate Pathology 107, 179–184. 

Ansari, M. A., Shah, F. A., Tirry, L., & Moens, M. (2006). Field trials against Hoplia 

philanthus (Coleoptera: Scarabaeidae) with a combination of an 

entomopathogenic nematode and the fungus Metarhizium anisopliae CLO 53. 

Biological Control 39, 453–459. 

Ansari, M. A., Shah, F. A., Whittaker, M., Prasad, M., & Butt, T. M. (2007). Control of 

western flower thrips (Frankliniella occidentalis) pupae with Metarhizium 

anisopliae in peat and peat alternative growing media. Biological Control 40, 

293–297. 

Anthanassiou, C. G., Kavallieratos, N. G., Vayias, B. J., Tsakiri, J. B., Mikeli, N. H., 

Meletsis, C. M., et al. (2008). Persistence and efficacy of Metarhizium 

anisopliae (Metschnikoff) Sorokin (Deuteromycotina: Hyphomycetes) and 

diatomaceous earth against Sitophilus oryzae (L.) (Coleoptera: Curculionidae) 

and Rhyzopertha dominica (F.) (Coleoptera: Bostrychidae) on wheat a. Crop 

Protection 27, 1303– 1311. 

Arcas, J. A., Dı´az, B. M., & Lecuona, R. E. (1999). Bioinsecticidal activity of conidia 

and dry mycelium preparations of two isolates of Beauveria bassiana against 

the sugarcane borer Diatraea saccharalis. Journal of Biotechnology 67, 151–

158. 

Arthurs, S., Thomas, M. B., & Langewald, J. (2003). Field observations of the effects 

of fenitrothion and Metarhizium anisopliae var. acridum on non-target ground 

dwelling arthropods in the Sahel. Biological Control 26, 333–340. 

Askary, H., Benhamou, N., & Brodeur, J. (1999). Ultrastructural and Cytochemical 

Characterization of Aphid Invasion by the Hyphomycete Verticillium lecanii. 

Journal of Invertebrate Pathology 74, 1–13. 

Auclair, J. L. (1963). Aphid feeding and nutrition. Annual Review Entomology 8, 439–

490. 

Augustyniuk, K. A., & Kram, K. J. (2011). Entomopathogenic Fungi as an important 

natural regulator of insect outbreaks in forests (Review). Forest Ecosystems 

Journal 1 (1), 268-294. 

Aung, O., Soytong, K., & Hyde, K. (2008). Diversity of Entomopathogenic Fungi in 

Rainforests of Chiang Mai Province, Thailand. Fungal Diversity 30, 15-22. 

Avery, P. B., Faull, J., & Simmonds, M. S. (2008). Effects of Paecilomyces 

fumosoroseus and Encarsia formosa on the control of the greenhouse whitefly: 

preliminary assessment of a compatability study. BioControl 53, 303–316. 



© C
OPYRIG

HT U
PM

 

102 

 

Awmack, C. S., & Leather, S. R. (2007). Growth and Development. In H. van Emden, 

& R. Harrington, Aphids as Crop Pests (pp. 135-144). Oxfordshire, UK: CAB 

International. 

Bakeri, S. A., Siti Ramlah, A. A., Tajuddin, N. S., & Kamaruzzaman, N. E. (2009). 

Efficacy of entomopathogenic fungi, paecilomyces spp., In controlling the oil 

palm bag worm, pteroma pendula (Joannis). Journal of Oil Palm Research 21, 

693-699. 

Barbagallo, S., Cocuzza, G., Cravedi, P., & Komazaki, S. (2007). IPM Case Studies: 

Tropical and Subtropical Fruit Trees. In H. F. van Emden, & R. Harrington, 

Aphids as Crop Pests (pp. 663-676). Oxfordshire, UK: CAB International. 

Barnett, H. L., & Hunter, B. B. (1998). Illustrated Genera of Imperfect Fungi 4th 

Edition. St. Paul, Minn: APS Press. 

Basit, M., Saeed, S., Saleem, M. A., & Sayeed, A. H. (2013). Can resistance in Bemisia 

tabaci (Homoptera: Aleyrodidae) be overcome with mixture of neonicotinoids 

and insect growth regulators. Crop Protection 44, 135-141. 

Basit, M., Sayyed, A. H., Saleem, M. A., & Saeed, S. (2011). Cross-resistance, 

inheritance and stability of resistance to acetamiprid in cotton whitefly, Bemisia 

tabaci Genn (Hemiptera: Aleyrodidae). Crop Protection 30, 705-712  

Bateman, R. P., Carey, M., Moore, D., & Prior, C. (1993). The enhance infectivity of 

Metarhizium flavoviridae in oil formulation to desert locust at low humidities. 

Annals of Applied Biology 122, 145–152. 

Batta, Y. A. (2003). Symptomatology of Tobacco Whitefly and Red Spidermite 

Infection with the Entomopathogenic Fungus Metarhizium anisopliae (Metsch.) 

Sorokin. Dirasat, Agricultural Science 30 (3), 294-302. 

Bayu, M S Y I; Prayogo, Y. (2018). Field Efficacy of Entomopathogenic Fungi 

Beauveria Bassiana (Balsamo.) for the Management of Mungbean Insect Pests.  

IOP Conferences Series: Earth and Environmental Science 102. Semarang, 

Indonesia: IOP Publisher Ltd. 1-9. 

Bellotti, A. C., & Arias, B. (2001). Host plant resistance to whiteflies with emphasis on 

cassava as a case study. Crop Protection 20, 813–823. 

Berlinger, M. J. (1986). Host plant resistance to Bemisia tabaci. Agriculture 

Ecosystems Environmental 17, 62-82. 

Bethke, J. A., Paine, T. D., & Nuessly, G. S. (1991). Comparative Biology, 

morphometrics and development of two populations of Bemisia tabaci 

(Homoptera: Aleyrodidae) on cotton and poinsettia . Annals Entomological 

Society of America, 407-411. 

Bhagat, R. M., Gupta, R. B., & Yadava, C. P. (2003). Field efficacy of two 

entomopathogenic fungal formulations against whitegrubs in Himachal 

Pradesh. Indian Journal of Entomology 65 (1), 76-81. 



© C
OPYRIG

HT U
PM

 

103 

 

Bhanu Prakash, G. V., Padmaja, V., & Siva Kiran, R. R. (2008). Statistical 

optimization of process variables for the large-scale production of Metarhizium 

anisopliae conidiospores in solid-state fermentation. Bioresource Technology 

99, 1530–1537. 

Bidochka, M. J., & Khachatourians, G. G. (1990). Identification of Beauveria bassiana 

extracellullar protease as a virulence factor in pathogenicity toward the 

migratory grasshopper, Melanoplus sanguinipes. Journal of Invertebrate 

Pathology 56, 362-370. 

Bink-Moenen, R. M., & Mound, L. A. (1990). Whiteflies: their bionomics, pest status, 

and management. Andover, Hants, UK: Intercept Ltd. 

Blackman, R. L., & Eastop, V. F. (1984). Aphids on the World’s Crops: An 

Identification and Information Guide. Chichester, UK: Wiley. 

Blackman, R. L., & Eastop, V. F. (2007). Taxonomic Issues. In H. F. van Emden, & R. 

Harrington, Aphids as Crop Pests (pp. 1-22). Oxfordshire, UK: CAB 

International. 

Blackman, R. L., & Spence, J. M. (1994). The effects of temperature on aphid 

morphology using a multivariate approach. European Journal of Entomology 

91, 7-22. 

Boopathi, T., Karuppuchamy, P., Singh, S. B., Kalyanasundaram, M., Mohankumar, S., 

& Ravi, M. (2015). Microbial control of the invasive spiraling whitefly on 

cassava with entomopathogenic fungi. Brazilian Journal of Microbiology 46 

(4), 1077-1085. 

Boucias, D. G., & Latge, J. P. (1988). Non-specific induction of germination of 

Coridiobolus obscurus and Nomuraea rileyi host and non-host cuticle extracts. 

Journal Invertebrate Pathology 51, 168–171. 

Boucias, D. G., & Pendland, J. C. (1991). Attachment of mycopathogens to cuticle. In 

G. T. Cole, & H. C. Hoch, The Fungal Spore and Disease Initiation in Plants 

and Animals (pp. 101-127). New York: Plenum Press. 

Boucias, D. G., Pendland, J. C., & Latge, J. P. (1988). Nonspecific factors involved in 

attachment of entomopathogenic Deuteromycetes to host insect cuticle. Applied 

and Environmental Microbiology 54, 1795-1805. 

Braga, G. U., Flint, S. D., Messias, C. L., Anderson, A. J., & Roberts, D. W. (2001b). 

Effect of UV-B on conidia and germlings of the entomopathogenic 

hyphomycete Metarhizium anisopliae. Mycological Research 105 (7), 874-882. 

Braga, G. U., Flint, S. D., Miller, C. D., Anderson, A. J., & Roberts, D. W. (2001a). 

Both solar UVA and UVB radiation impair conidial curability and delay 

germination in the entomopathogenic fungus Metarhizium anisopliae. 

Photochemistry and Photobiology 74, 734–739. 



© C
OPYRIG

HT U
PM

 

104 

 

Brooks, A., & Wall, R. (2005). Horizontal transmission of fungal infection by 

Metarhizium anisopliae in parasitic Psoroptes mites (Acari: Psoroptidae). 

Biological Control 34, 58–65. 

Brown, J. K. (1994). Current status of Bemisia tabaci as a plant pest and virus vector in 

agroecosystems worldwide. FAO Plant Protection Bulletin 42, 3–32. 

Brown, J. K., Frohlich, D. R., & Rossell, R. C. (1995). The sweet potato or silverleaf 

whiteflies: biotypes of Bemisia tabaci or a species complex? Annual Review 

Entomology 40, 511–534. 

Burges, H. D. (1998). Formulation of Microbial Pesticide. Dordrecht, The 

Netherlands: Kluwer Academic Publishers. 

Butler, G. D., Henneberry, T. J., & Clayton, T. E. (1983). Bemisia tabaci (Homoptera: 

Aleyrodidae): Development, Oviposition, and Longevity in Relation to 

Temperature. Annals of the Entomological Society of America 76, 310-313. 

Butt, T. M., Jackson, C., & Magan, N. (2001). Fungi as Biocontrol Agents Progress, 

Problems and Potential. Wallingford, UK: CABI Publishing. 

Byrne, D. N., & Bellows, T. S. (1991). Whitefly Biology. Annual Review of 

Entomology 36 (1), 431-457. 

Byrne, D. N., & Miller, W. B. (1990). Carbohydrate and amino acid composition of 

phloem sap and honeydew produced by Bemisia tabaci. Journal Insect 

Physiology 36, 433-439. 

Cahill, M., Byrne, F. J., Gorman, K., Denholm, I., & Devonshire, A. L. (1995). 

Pyrethroid and organophosphate resistance in the tobacco whitefly Bemisia 

tabaci (Homoptera: Aleyrodidae). Bulletin of Entomological Research 85, 181-

187. 

Carabali, A., Bellotti, A. C., Montoya-Lerma, J., & Cuellar, M. E. (2005). Adaptation 

of Bemisia tabaci biotype B (Gennadius) to cassava, Manihot esculenta 

(Crantz). Crop Protection 24, 643–649. 

Castrillo, L. A., Griggs, M. H., Ranger, C. M., Reding, M. E., & Vandenberg, J. D. 

(2011). Virulence of commercial strains of Beauveria bassiana and 

Metarhizium brunneum (Ascomycota: Hypocreales) against adult Xylosandrus 

germanus (Coleoptera: Curculionidae) and impact on brood. Biological Control 

58, 121–126. 

Castrillo, L. A., Ugine, T. A., Filotas, M. J., Sanderson, J. P., Vandenberg, J. D., & 

Wraight, S. P. (2008). Molecular characterization and comparative virulence of 

Beauveria bassiana isolates (Ascomycota: Hypocreales) associated with the 

greenhouse shore fly, Scatella tenuicosta (Diptera: Ephydridae). Biological 

Control 45, 154-162. 

Cauquil, J., & Folin, J. C. (1983). Presumed virus and mycoplasma-like organism 

diseases in sub-Saharan Africa and in the rest of the world. Cotton and Tropical 

Fibers 38, 309–317. 



© C
OPYRIG

HT U
PM

 

105 

 

Cauquil, J., & Vaissayre, M. (1971). The ‘blue disease’ of cotton in Africa: cotton 

transmission by Aphis gossypii Glover. Cotton and Tropical Fibers 26, 463–

466. 

Charnley, A. K. (1989). Mechanisms of fungal pathogenesis in insects. In J. W. 

Whipps, & R. D. Lumsden, Biotechnology of Fungi for Improving Plant 

Growth (pp. 85-125). Cambridge, UK: Cambridge University Press. 

Chu, C. C., Henneberry, T. J., & Cohen, A. C. (1995). Bemisia argentifolii 

(Homopteran: Aleyrodidae): Host preference and factors affecting oviposition 

and feeding site preference. Environmental Entomology 24, 354–360. 

Cisneros, J. J., & Godfrey, L. D. (2001). Midseason pest status of the cotton aphid 

(Homoptera: Aphididae) in California cotton: is nitrogen a key factor? . 

Environmental Entomology 30, 501–510. 

Clarkson, J. M., & Charnley, A. K. (1996). New insights into the mechanisms of fungal 

pathogenesis in insects. Trends in Microbiology 4, 197–203. 

Claudia, D., & Lacey, A. (2008). Microbial Control of Arthropod Pests of Tropical 

Tree Fruits. Neotropical Entomology 36, 161-179. 

Clerk, G. C., & Madelin, M. F. (1965). The longevity of conidia of three insect-

parasitizing hyphomycetes. Transactions of the British Mycological Society 48, 

193-209. 

Clewer, A. G., & Scarisbrick, D. H. (2001). Practical statistics and experimental 

design for plant and crop science. New York: John Wiley & Sons Ltd. 

Coffin, R. S., & Coutts, R. H. (1995). Relationships among Trialeurodes 

vaporariorum-transmitted yellowing viruses from Europe and North America. 

Journal of Phytopathology 143, 375-380. 

Cohen, A. C., Chu, C. C., & Henneberry, T. J. (1998). Feeding biology of the silverleaf 

whitefly (Homoptera: Aleyrodidae). Chinese Journal of Entomology 18, 65-82. 

Cohen, A. C., Henneberry, T. J., & Chu, C. C. (1996). Geometric relationship between 

whitefly feeding behaviour and vascular bundle arrangements. Entomology 

Experimental Application 78, 135-142. 

Correa, L. R., Cividanes, F. J., & Sala, S. R. (2013). Biological aspects of Aphis 

gossypii Glöver, 1877 (Hemiptera: Aphididae) on colored lint cotton cultivars. 

Archived of the Biological Institute 80 (3), 325-333. 

Costa, H. S., & Brown, J. K. (1991). Variation in biological characteristics and esterase 

patterns amongst populations of Bemisia tabaci, and the association of one 

population with silverleaf symptom induction. 61,. Experimental and Applied 

Entomology 61, 211-219. 

Daemen, A. L., & van der Stege, H. J. (1982). The destruction of enzymes and bacteria 

during the spray drying of milk and whey. 2: The effect of the drying 

conditions. Netherlands Milk and Dairy Journal 36, 211–229. 



© C
OPYRIG

HT U
PM

 

106 

 

Daoust, R. A., & Roberts, D. W. (1983). Studies on the prolonged storage of the 

Metarhizium anisopliae II: Effect of growth substrate on survival and virulence 

against mosquitoes. Journal of Invertebrates Pathology 41 (2), 143-150. 

Daoust, R. A., Ward, M. G., & Roberts, D. W. (1983). Effect of formulation on the 

viability of Metarhizium anisopliae conidia. Journal of Invertebrates Pathology 

41 (2), 151-160. 

De Barro, P. J. (1995). Bemisia tabaci biotype B: A review of its biology distribution 

and control. Canberra, Australia: SCIRO. 

De Barro, P. J., Liebregts, W., & Carver, M. (1998). Distribution and identity of 

Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) in member countries of 

the Secretariat of the Pacific Community. Australia Journal of Entomology 37, 

214-218. 

De Barro, P. J., Liu, S. S., Boykin, L. M., & Dinsdale, A. B. (2011). Bemisia tabaci: a 

statement of species status. Annual Review of Entomology 56, 1–19. 

Deguine, J. P., Vaissayre, M., & Leclant, F. (2007). IPM Case Studies: Cotton. In H. F. 

van Emden, & R. Harrington, Aphids as Crop Pests (pp. 573-581). Oxfordshire, 

UK: CAB International. 

Dembilio, Ó., Quesada-Moraga, E., Santiago-Álvarez, C., & Josep A. Jacas, J. A. 

(2010). Potential of an indigenous strain of the entomopathogenic fungus 

Beauveria bassiana as a biological control agent against the Red Palm Weevil, 

Rhynchophorus ferrugineus. Journal of Invertebrate Pathology 104, 214-221. 

Denholm, I. (1988). Insecticide resistance: an avoidable pest management problem. 

Aspects Application Biology 17, 239–246. 

Dent, D. (2000). Insect Pest Management 2nd Edition. Wallingford: CAB 

International. 

Deshayes, C., Siegwart, M., Pauron, D., Froger, J. A., Lapied, B., & Apaire-Marchais, 

V. (2017). Microbial Pest Control Agents: Are they are a Specific and Safe 

Tools for Insect Pest Management? Current Medicinal Chemistr 24 (27) , 2959-

2973. 

Dewar, A. M. (2007). Chemical control. In H. van Emden, & R. Harrington, Aphids as 

Crop Pests (pp. 391-411). Oxfordshire, UK: CAB International. 

Dhandapani, N., Shelkar, U. R., & Murugan, M. (2003). Bio-Intensive Pest 

Management in Major Vegetable Crops: An Indian perspective. Journal of 

Food, Agriculture & Environment 1 (2), 330–339. 

Dixon, A. F. (1992). Constraints on the rate of parthenogenetic reproduction and pest 

status of aphids. Invertebrates, Reproduction and Development 22, 159 - 163. 

Dixon, A. F., Horth, S., & Kindlmann, P. (1993). Migration in insects cost and 

strategies. Journal Animal Ecology 62, 182-190. 



© C
OPYRIG

HT U
PM

 

107 

 

Dorta, B., Bosch, A., Arcas, J. A., & Ertola, R. J. (1990). High level of sporulation of 

Metarhizium anisopliae in a medium containing by products. Applied 

Microbiology and Biotechnology 33, 712-715. 

Driver, F., Milner, R. J., & Trueman, J. W. (2000). A taxonomic revision of 

Metarhizium based on a phylogenetic analysis of rDNA sequence data. 

Mycological Research 104, 134-150. 

Drummond, J., Heale, J. B., & Gillespie, A. T. (1987). Germination and effect of 

reduced humidity on expression of pathogenicity in Verticillium lecanii against 

the glasshouse whitefly Trialeurodes vaporariorum. Annals of Applied Biology 

111, 193-201. 

Eastop, V. (1983). The biology of the principal aphid virus vectors. In R. T. Plumb, & 

J. M. Thresh, Plant Virus Epidemiology (pp. 115–132). Oxford: Blackwell. 

Ekesi, S., Adamu, R. S., & Maniania, N. K. (2002). Ovicidal activity of 

entomopathogenic hyphomycetes to the legume pod borer, Maruca vitrata and 

the pod sucking bug, Clavigralla tomentosicollis. Crop Protection 21, 589–595. 

Ekesi, S., Maniania, N. K., Ampong-Nyarko, K., & Akpa, A. D. (2001). Importance of 

timing of application of the entomopathogenic fungus, Metarhizium anisopliae 

for the control of legume flower thrips, Megalurothrips sjostedti and its 

persistence in cowpea. Archives of Phytopathology Plant Protection 33, 431-

445. 

Ekesi, S., Maniania, N. K., Ampong-Nyarko, K., & Onu, I. (1998). Potential of the 

entomopathogenic fungus, Metarhizium anisopliae (Metsch.) Sorokin for 

control of the legume flower thrips, Megalurothrips sjostedti (Trybom) on 

cowpea in Kenya. Crop Protection 17 (8), 661-668. 

Elliot, S. L., Blanford, S., & Thomas, M. B. (2002). Host pathogen interactions in a 

varying environment: temperature, behavioural fever and fitness. Proceedings 

of the Royal Society B: Biological Sciences 269, 1599-1607. 

Emmanuel-Ikpeme, C., Henry, P., & Okiri, O. A. (2014). Comparative evaluation of 

the nutritional, pythochemical and microbiological quality of three pepper 

varieties. Journal of Food and Nutritional Sciences 2 (3), 74-80. 

EPPO. (2004). Bemisia tabaci: Diagnostic protocols for regulated pests. European and 

Mediterranean Plant Protection Organization Bulletin 34, 281-288. 

Erdogan, C., Moores, G. D., Gurkan, M. O., Gorman, K. J., & Denholm, I. (2008). 

Insecticide resistance and biotype status of populations of the tobacco whitefly 

Bemisia tabaci (Hemiptera: Aleyrodidae) from Turkey. Crop Protection 27, 

600–605. 

Fang, W., Pei, Y., & Bidochka, M. J. (2007). A regulator of a G protein signaling 

(RGS) gene, cag8, from the insect-pathogenic fungus Metarhizium anisopliae is 

involved in conidiation, virulence and hydrophobin synthesis. Microbiology 

153, 1017-1025. 



© C
OPYRIG

HT U
PM

 

108 

 

Fargues, J., & Luz, C. (2000). Effects of fluctuating moisture and temperature regimes 

on sporulation of Beauveria bassiana on cadavers of Rhodnius prolixus. 

Biocontrol Science and Technology 8, 323-334. 

Fargues, J., Goettel, M. S., Smits, N., Ouedraogo, A., Vidal, C., Lacey, L. A., et al. 

(1996). Variability in susceptibility to simulated sunlight of conidia among 

isolates of entomopathogenic hyphomycetes. Mycopathologia 135 (3), 171-181. 

Fargues, J., Oedraogo, A., Goettel, M. S., & Lomer, C. J. (1997). Effects of 

temperature, humidity and inoculation method on susceptibility of Schistocerca 

gregaria to Metarhizium flavoviride. Biocontrol Science and Technology 7, 

345–356. 

Faria, M., & Wraight, S. P. (2001). Biological control of Bemisia tabaci with fungi. 

Crop Protection 20 , 767–778. 

Faria, M., & Wraight, S. P. (2007). Mycoinsecticides and mycoacaricides: a 

comprehensive list with worldwide coverage and international classification of 

formulation types. Biological Control 43, 237–256. 

Faria, M., Hajek, A. E., & Wraight, S. P. (2009). Imbibitional damage in conidia of the 

entomopathogenic fungi Beauveria bassiana, Metarhizium acridum, and 

Metarhizium anisopliae. Biological Control 51, 346–354. 

Fekrat, L., & Shishehbor, P. (2007). Some Biological Features of Cotton Whitefly, 

Bemisia tabaci (Homoptera: Aleyrodidae) on various Host Plants. Pakistan 

Journal of Biological Sciences 10 (18), 3180-3184. 

Feng, M. G., Poprawski, T. J., & Khachatourians, G. G. (1994). Production, 

formulation and application of the entomopathogenic fungus Beauveria 

bassiana for insect control: Current status. Biocontrol Science and Technology 

4, 3–34. 

Feng, Z., & Wu, Y. (2011). Formula Optimization Design of Pesticide Microemulsion. 

In M. Stoytcheva, Pesticides - Formulations, Effects, Fate (pp. 63-68). Rijeka: 

InTech. 

Ferron, P. (1978). Biological control of insect pests by entomogenous fungi. Annual 

Review Entomology 23, 409-442. 

Ferron, P. (1985). Fungal control. In G. A. Kerkut, & L. I. Gilbert, Comprehensive 

Insect Physiology, Biochemistry and Pharmacology (pp. 313–346). New York: 

Academic Press. 

Finney, D. J. (1971). Probit Analysis 3rd edition. Cambridge. Cambridge: Cambridge 

University Press. 

Forschler, B. T., & Nordin, G. L. (1989). Impact of Beauveria bassiana on the cotton 

wood borer Plectrodera sclator (Coleoptera : Cerambycidae), in a commercial 

cotton wood nursery. Journal of Entomological Sciences 24, 186-190. 



© C
OPYRIG

HT U
PM

 

109 

 

Foster, S. P., Devine, G., & Devonshire, A. L. (2007). Insecticide resistance. In H. R. 

van Emden HF, Aphids as crop pests (pp. 261–285). Wallingford, UK: CAB 

International. 

Fransen, J. J. (1990). Natural enemies of whiteflies, Fungi. In D. Gerling, Whiteflies: 

their Bionomics, Pest Status and Management (pp. 187-210). Andover, UK: 

Intercept. 

Gahukar, R. T. (1991). Control of cotton insect and mite pests in subtropical Africa: 

current status and future needs. Insect Science and its Application 12, 313–338. 

Gangwar, R. K., & Gangwar, C. (2018). Lifecycle, distribution, nature of damage and 

economic important of whitefly, Bemisia tabaci (Gennadius). Acta Scientific 

Agriculture 2 (4), 36-39. 

Garrido-Jurado, I., Ruano, F., Campos, M., & Quesada-Moraga, E. (2011). Effects of 

soil treatments with entomopathogenic fungi on soil dwelling non-target 

arthropods at a commercial olive orchard. Biological Control 59 (2), 239-244. 

Garzo, E., Soria, C., Gomez-Guiollamon, M. L., & Fereres, A. (2002). Feeding 

behavior of Aphis gossypii on resistant accessions of different melon genotypes 

(Cucumis melo). Phytoparasitica 30, 129-140. 

Gerling, D., Alomar, O., & Arno, J. (2001). Biological control of Bemisia tabaci using 

predators and parasitoids. Crop Protection 20, 779-799. 

Gibson, R. W. (1972). The distribution of aphids on potato leaves in relation of vein 

size. Entomology Experimental Application 15, 213-223. 

Gildow, F. E. (1980). Increased production of alate by aphids reared in oats infected by 

barley dwarf virus. Annals of the Entomological Society of America 73, 343-

347. 

Gillott, C. (2005). Entomology 3rd Edition. Dordrecht, The Netherland: Springer. 

Gindin, G., Geschtovt, N. U., Raccah, B., & Barash, I. (2000). Pathogenicity of 

Verticillium lecanii to different development stages of the silverleaf whitefly, 

Bemisia argentifollii. Phytoparasitica 28 (3), 229-239. 

Goettel, M. S., & Inglis, G. D. (1997). Fungi: hyphomycetes. In L. A. Lacey, 

Biological Techniques: Manual of Techniques in Insect Pathology (pp. 213–

250). San Diego: Academic Press. 

Gökçe, A., & Er, M. K. (2005). Pathogenicity of Paecilomyces spp. to the glasshouse 

whitefly, Trialeurodes vaporariorum, with some observations on the fungal 

infection process. Turkey Journal Agriculture Forest 29, 331-339. 

Gonzáles, W. L., Ramírez, C. C., Olea, N., & Niemeyer, H. M. (2002). Host plant 

changes produced by the aphid Sipha flava: consequences for aphid feeding 

behaviour and growth. Experimental and Applied Entomology 103, 107–113. 



© C
OPYRIG

HT U
PM

 

110 

 

Gopalakrishnan, C., Anusuya, D., & Narayanan, K. (1999). In vitro production of 

conidia of Entomopathogenic fungus Paecilomyces farinosus. Entomology 24, 

389-392. 

Gowthaman, M. K., Krishna, C., & Moo-Young, M. (2001). Fungal solid state 

fermentation: an overview. In G. G. Khachatourians, & D. K. Arora, Applied 

Mycology and Biotechnology Volume 1 Agriculture and Food Production (pp. 

305-352). Amsterdam: Elsevier Science B.V. 

Guijarro, B., Larena, I., Melgarejo, P., & De Cal, A. (2006). Effect of drying on 

viability of Penicillium frequentans, a biological control agent against brown 

rot disease caused by Monilinia spp. . Biocontrol Science and Technology 16, 

257–269. 

Guijarro, B., Melgarejo, P., Torres, R., Lamarca, N., Usall, J., & De Cal, A. (2007). 

Effects of different biological formulations of Penicillium frequentans on 

brown rot of peaches. Biological Control 42 , 86–96. 

Guldemond, J. A., Tigges, W. T., & de Vrijer, P. F. (1994). Host races of Aphis 

gossypii on cucumber and chrysanthemum. Environmental Entomology 23, 

1235-1241. 

Gullan, P. J., & Cranston, P. S. (2005). The Insects: An outline of Entmology. Malden, 

USA: Blackwell Publishing Ltd. 

Hajek, A. E. (1997). Ecology of terrestrial fungal entomopathogens. Advance 

Microbial Ecology 15, 193-249. 

Hajek, A. E., & Eastburn, C. C. (2003). Attachment and germination of Entomophaga 

maimaiga conidia on host and non-host larval cuticle. Journal of Invertebrate 

Pathology 82, 12-22. 

Hall, R. A. (1982). Control of whitefly, Trialeurodes vaporariorum and cotton aphid, 

Aphis gossypii in glasshouses by two isolates of the fungus, Verticillium lecanii. 

Annal Application of Biology 101, 1-11. 

Hall, R. A. (1984). Epizootic potential for aphids of different isolates of the fungus 

Verticillium lecanii. Entomophaga 29, 311-321. 

Han, J. H., Jin, B. R., Kim, J. J., & Lee, S. Y. (2014). Virulence of entomopathogenic 

fungi Metarhizium anisopliae and Paecilomyces fumosoroceus for the microbial 

control of Spodoptera exigua. Mycobiology 42 (4), 385-390. 

Hardie, J. (1993). Flight behaviour in migrating insects. Journal of Agricultural 

Entomology 10, 239–245. 

Hardie, J., Holyoak, M., Taylor, N. J., & Griffiths, D. C. (1992). The combination of 

electronic monitoring and video-assisted observations of plant penetration by 

aphids and behavioural effects of polygodial. Experimental and Applied 

Entomology 63, 233–239. 



© C
OPYRIG

HT U
PM

 

111 

 

Hashim, N., & Ibrahim, Y. B. (2003). Efficacy of Entomopathogenic Fungi 

Paecilomyces fumosoroseus, Beauveria bassiana and Metarhizium anisopliae 

var. majus against Crocidolomia binotalis (Lepidoptera; Pyralidae). Pertanika 

Journal Agriculture Science 26 (2), 103-108. 

Hedgecock, S., Moore, D., Higgins, P. M., & Prior, C. (1995). Influence of moisture 

content on temperature tolerance and storage of Metarhizium flavoviride 

conidia in an oil formulation. Biocontrol Science and Technology 5, 371–377. 

Hesketh, H., Alderson, P. G., Pye, B. J., & Pell, J. K. (2008). The development and 

multiple uses of a standardised bioassay method to select hypocrealean fungi 

for biological control of aphids. Biological Control 46, 242–255. 

Hidalgo, E., Moore, D., & Le Patourel, G. (1998). The effect of different formulations 

of Beauveria bassiana on Sitophilus zeamais in stored maize. Journal of Stored 

Products Research 34, 171-179. 

Hill, D. S. (1987). Agricultural insect pests of the tropics and their control. London: 

Cambridge University Press. 

Hoang-Minh, T., Le, T. L., Kasbohm, J., & Giere, R. (2010). UV-protection 

characteristics of some clays. Applied Clay Science 48, 349-357. 

Hong, T. D., Gunn, J., Ellis, R. H., Jenkins, N. E., & Moore, D. (2001). The effect of 

storage environment on the longevity of conidia of Beauveria bassiana. 

Mycological Research 105, 597–602. 

Horaczek, A., & Viernstein, H. (2004). Comparison of three commonly used drying 

technologies with respect to activity and longevity of aerial conidia of 

Beauveria brongniartii and Metarhizium anisopliae. Biological Control 31, 65–

71. 

Hori, M. (1999). Role of host-plant odours in the host-finding behaviours of aphids. 

Applied Entomology and Zoology 34, 293–298. 

Houndété, T. A., Fournier, D., Ketoh, G. K., Glitho, I. A., Nauen, R., & Martin, T. 

(2010). Biochemical determination of acetylcholinesterase genotypes conferring 

resistance to the organophosphate insecticide chlorpyriphos in field populations 

of Bemisia tabaci from Benin, West Africa. Pesticide Biochemistry and 

Physiology 98, 115–120. 

Hywel-Jones, N. L., & Gillespie, A. T. (1990). Effect of temperature on spore 

germination in Metarhizium anisopliae and Beauveria bassiana. Mycology 

Research 94, 389-392. 

Ibrahim, Y. B., & Low, W. (1993). Potential of mass-production and field efficacy of 

isolates of the entomopathogenic fungi Beauveria bassiana and Paecilomyces 

fumosoroseus against Plutella xylostella. International Journal of Pest 

Management 39, 288–292. 

Inbar, M., & Gerling, D. (2008). Plant-mediated interactions between whiteflies, 

herbivores, and natural enemies. Annual Review Entomology 53, 431-448. 



© C
OPYRIG

HT U
PM

 

112 

 

Inglis, G. D., Goettel, M. S., & Johnson, D. L. (1995). Influence of ultraviolet light 

protectants on persistence of the entomopathogenic fungus, Beauveria 

bassiana. Biological Control 5, 581–590. 

Inglis, G. D., Goettel, M. S., Butt, T. M., & Strasser, H. (2001). Use of Hyphomycetous 

Fungi for managing insect pests. In T. M. Butt, C. Jackson, & N. Magan, Fungi 

as Biocontrol Agents: Progress, Problems and Potential (pp. 23-69). 

Wallingford, UK: CAB International. 

Inglis, G. D., Johnson, D. L., & Goettel, M. S. (1997). Effects of temperature and 

sunlight on mycosis (Beauveria bassiana) (Hyphomycetes: Sympodulosporae) 

of grasshoppers under field conditions. Environmental Entomology 26, 400-

409. 

Inyang, E. N., McCartney, H. A., Oyejola, B., Ibrahim, L., Pye, B. J., Archer, S. A., et 

al. (2000). Effect of formulation, application and rain on the persistence of the 

entomogenous fungus Metarhizium anisopliae on oilseed rape. Mycological 

Research 104, 653–661. 

Jackson, M. A. (1997). Optimizing nutritional conditions for the liquid culture 

production of effective fungal biological control agents. Journal of Industrial 

Microbiology & Biotechnology 19, 180–187. 

Jaharlal, S., Chakraborty, K., & Chatterjee, T. (2016). Biology of cotton aphid Aphis 

gossypii Glover. Journal of Global Biosciences 5 (8), 4467-4473. 

James, R. R., Buckner, J. S., & Freeman, T. P. (2003). Cuticular lipids and silverleaf 

whitefly stage affect conidia germination of Beauveria bassiana and 

Paecilomyces fumosoroseus. Journal of Invertebrate Pathology 84, 67-74. 

James, R. R., Croft, B. A., Shaffer, B. T., & Lighthart, B. (1998). Impact of 

temperature and humidity on host-pathogen interactions between Beauveria 

bassiana and a Cocciellid. Environmental Entomology 27, 1506-1513. 

Jarrold, S. L., Moore, D., Potter, U., & Charnley, A. K. (2007). The contribution of 

surface waxes to pre-penetration growth of an entomopathogenic fungus on 

host cuticle. Mycological Research 111, 240-249. 

Jones, W. E., Grace, J. K., & Tamashiro, M. (1996). Virulence of seven isolates of 

Beauveria bassiana and Metarhizium anisopliae to Coptotermes formosanus 

(Isoptera: Rhinotermitidae). Environmental Entomology 25 (2), 481-487. 

Kaay, G. P., & Hassan, S. (2000). Entomogenous fungi as promising biopesticides for 

tick control. Experimental and Applied Acarology 24, 913-926. 

Kakimoto, K., Inoue, H., Yamaguchi, T., Ueda, S., Honda, K., & Yano, E. (2007). Host 

plant effect on development and reproduction of Bemisia argentifolii Bellows 

and Perring (B. tabaci [Gennadius] B-biotype) (Homoptera: Aleyrodidae). 

Application Entomology Zoology 42, 63-70. 

Kandoliya, U. K., Bajaniya, V. K., Bhadja, N. K., Bodar, N. P., & Golakiya, B. A. 

(2015). Antioxidant and nutritional components of eggplant (Solanum 



© C
OPYRIG

HT U
PM

 

113 

 

melongena L.) fruit grown in Saurastra region. International Journal of Current 

Microbiology and Applied Sciences 4 (2), 806-813. 

Kaur, G., & Kaur, H. (2007). Environmental hazards of pesticide in agriculture. 

Ecology, Environment and Conservation 13 (1), 83-86. 

Kaya, H. K., & Gaugler, R. (1993). Entomopathogenic nematodes. Annual Review of 

Entomology 38, 181–206. 

Kaya, H. K., Bedding, R. A., & Akhurst, R. J. (1993). An overview of Insect-parasitic 

and Entomopathogenic Nematodes . In R. A. Bedding, R. J. Akhurst, & H. K. 

Kaya, Nematodes and the Biological Control of Insect Pests. Melbourne: 

CSIRO. 

Kershaw, M. J., Moorhouse, E. R., Bateman, R., Reynolds, S. E., & Charnley, A. K. 

(1999). The role of destruxins in the pathogenicity of Metarhizium anisopliae 

for three species of insect. Journal of Invertebrate Pathology 74, 213–223. 

Khalid, S. A., Mohamad Roff, M. N., & Idris, A. B. (2009). Population abundance of 

alate whitefly, (Bemisia tabaci Gennadius) in chilli (Capsicum annuum L.) 

ecosystem. Journal of Tropical Agriculture and Food Science 37 (2), 263-270. 

Khan, M. S., Zaidi, A., & Musarrat, J. (2009). Microbial strategies for crop 

improvement. London: Springer Verlag. 

Khandekar, S. S., Noronha, A. B., & Banerji, S. A. (1982). Organochlorine pesticide 

residues in vegetables from Bombay market. A three years assessment. 

Environments and Pollutions 4, 127-134. 

Khetan, S. K. (2001). Microbial Pest Control. New York: Dekker. 

Kim, J. J. (2007). Influence of Lecanicillium attenuatum on the development and 

reproduction of the cotton aphid, Aphis gossypii. BioControl 52, 789-799. 

Kim, J. J., Goettel, M. S., & Gillespie, D. R. (2010). Evaluation of Lecanicillium 

longisporum, Vertalec against the cotton aphid, Aphis gossypii, and cucumber 

powdery mildew, Sphaerotheca fuliginea in a greenhouse environment. Crop 

Protection 29, 540-544. 

Knowles, A. (2005). New Developments in Crop Protection Product Formulation. 

London: T&F Informa UK Ltd. 

Knudsen, G. R., Eschen, D. J., Dandurand, L. M., & Wang, Z. G. (1991). Method to 

enhance growth and sporulation of pelletized biocontrol fungi. Applied 

Environmental Microbiology 57, 2864-2867. 

Knudsen, G. R., Johnson , J. B., & Eschen, D. J. (1990). Alginate pellet formulation of 

Beauveria bassiana (Fungi: Hyphomycetes) isolate pathogenic to cereal aphids. 

Journal of Economic Entomology 83 (6), 2225-2228. 

Kranthi, K. R., Jadhav, D., Wanjari, R., Kranthi, S., & Russell, D. (2001). Pyrethroid 

resistance and mechanisms of resistance in field strains of Helicoverpa 



© C
OPYRIG

HT U
PM

 

114 

 

armigera (Lepidoptera: Noctuidae). Journal of Economic Entomology 94, 253–

263. 

Kumar, V., Francis, A., Avery, P. B., McKenzie, C. L., & Osborne, L. S. (2018). 

Assessing compatibility of Isaria fumosorosea and buprofezin for mitigation of 

Aleurodicus rugioperculatus (Hemiptera: Aleyrodidae): An invasive pest in the 

Florida landscape. Journal of Economic Entomology 111 (3), 1069-1079. 

Lacey, L. A., Fransen, J. J., & Carruthers, R. (1996). Global distribution of naturally 

occuring fungi of Bemisia, their biologies and use as biological control agents. 

In D. Gerling, & R. T. Mayor, Bemisia 1995: Taxonomy, Biology, Damage, 

Control and Management (pp. 401-433). Andover, UK: Intercept. 

Landa, Z., Osborne, L., Lopez, F., & Eyal, J. (1994). A bioassay for determining 

pathogenicity of entomogenous fungi on whiteflies. Biological Control 4, 341-

350. 

Laubscher, J. M., & von Wechmar, M. B. (1992). Influence of aphid lethal paralysis 

virus and Rhopalosiphum padi virus on aphid biology at different temperatures. 

Journal of Invertebrate Pathology 60, 134–140. 

Leclant, F., & Deguine, J. P. (1994). Cotton aphids. In G. A. Matthews, & J. P. 

Tunstall, Insect Pests of Cotton (pp. 285-323). Wallingford: CAB International. 

Lee, D. H., Nyrop, J. P., & Sanderson, J. P. (2011). Avoidance of natural enemies by 

adult whiteflies, Bemisia argentifolii, and effects on host plant choice. 

Biological Control 58, 302–309. 

Lenteren, J. C., & Noldus, L. J. (1990). Whitefly-plant relationships: behavioral and 

ecological aspects. In D. Gerling, Whiteflies: their Bionomicss, Pest Status and 

Management (pp. 47-89). Andover, UK: Intercept. 

Leuenberger, H. (1999). The application of percolation theory in powder technology. 

Advanced Powder Technology 10, 323–352. 

Leuenberger, H., & Lanz, M. (2005). Pharmaceutical powder technology - from art to 

science: the challenge of the FDA’s Process Analytical Technology initiative. 

Advanced Powder Technology 16 (1), 3–25. 

Lisansky, S. G., Quinlan, R. J., & Tassoni, G. (1993). The Bacillus thuringiensis 

Production Handbook. Newburry: CPL Scientific. 

Liu, H., Skinner, M., Brownbridge, M., & Parker, B. L. (2003). Characterization of 

Beauveria bassiana and Metarhizium anisopliae isolates for management of 

tarnished plant bug, Lygus lineolaris (Hemiptera: Miridae). Journal of 

Invertebrate Pathology 82 , 139–147. 

Liu, S. D., Lin, S. C., & Shiau, J. F. (1989). Microbial control of coconut leaf beetle 

(Brontispa longissima) with green muscardine fungus, Metarhizium anisopliae 

var anisopliae. Journal of Invertebrates Pathology 53, 307-314. 



© C
OPYRIG

HT U
PM

 

115 

 

Lo Scalzo, R., Fibiani, M., Mennella, G., Rotino, G. L., Dal Sasso, M., Culici, M., et 

al. (2010). Thermal treatment of eggplant (Solanum melongena L.) increases 

the antioxidant content and inhibitory effect on human neutrophil burst. Journal 

of Agricultural and Food Chemistry 58 (6), 3371-3379. 

Lord, J. C. (2005). From Metchnikoff to Monsanto and beyond: the path of microbial 

control. Journal of Invertebrate Pathology 89, 19-29. 

Lourenção, A. L., Alves, A. C., Melo, A. M., & Valle, G. E. (2011). Development of 

leaf silvering in squash cultivars infested by silverleaf whitefly. Horticultura 

Brasileira 29, 112-116. 

Loxdale, H. D. (2001). Tracking flying insects using molecular markers. Antenna 25, 

242–250. 

Magan, N. (1997). Fungi in extreme environments. In D. T. Wicklow, & B. 

Soderstrom, The Mycota IV, Environmental and Microbial Relationships (pp. 

99-114). Berlin: Springer. 

Malsam, O., Kilian, M., Oerke, E. C., & Dehne, H. W. (2002). Oils for Increased 

Efficacy of Metarhizium anisopliae to control Whiteflies. Biocontrol Science 

and Technology 12, 337-348. 

Martin, J. H. (1999). The whitefly fauna of Australia (Sternorrhyncha: Aleyrodidae): a 

taxonomic account and identification guide (CSIRO Entomology Technical 

Paper No. 38). Canberra, Australia: Commonwealth Scientific and Industrial 

Research Organization. 

McGuire, M. R., & Shasha, B. (1990). Sprayable self-encapsulating starch formulations 

for Bacillus thuringiensis. Journal of Economy Entomology 83, 1813-1817. 

Meade, D. L., & Byrne, D. N. (1991). The use of Verticillium lecanii against 

subimaginal instars of Bemisia tabaci. Journal of Invertebrate Pathology 57, 

296-298. 

Meekes, E. T., Fransen, J. J., & van Lenterenb, J. C. (2002). Pathogenicity of 

Aschersonia spp. against whiteflies Bemisia argentifolii and Trialeurodes 

vaporariorum. Journal of Invertebrate Pathology 81, 1-11. 

Migiro, L. N., Maniania, N. K., Chabi-Olaye, A., Wanjoya, A., & Vandenberg, J. 

(2011). Effect of infection by Metarhizium anisopliae (Hypocreales: 

Clavicipitaceae) on the feeding and oviposition of the pea leafminer Liriomyza 

huidobrensis (Diptera: Agromyzidae) on different host plants. Biological 

Control 56, 179–183. 

Milner, R. J. (1997). Prospects for biopesticides for aphid control. Entomophaga 42 

(1/2), 227-239. 

Milner, R. J., & Bourne, J. (1983). Influence of temperature and duration of leaf 

wetness on infection of Acrthosiphon pisum. Annals of Applied Biology 102, 

19-27. 



© C
OPYRIG

HT U
PM

 

116 

 

Milner, R. J., & Hunter, D. M. (2001). Recent developments in the use of fungi as 

biopesticides against locusts and grasshoppers in Australia. Journal Orthoptera 

Research 10 (2), 271–276. 

Mohd Rasdi, Z., Fauziah, I., Fairuz , K., Mohd Saiful, M. S., Md Jamaludin, B., Che 

Salmah, M. R., et al. (2009). Population ecology of whitefly, Bemisia tabaci 

(Homoptera: Aleyrodidae) on brinjal. Journal of Agricultural Science 1 (1), 27-

32. 

Moore, D., & Caudwell, R. W. (1997). Formulation of entomopathogens for the control 

of grasshoppers and locusts. Memoirs of the Entomological Society of Canada 

171, 49–68. 

Moore, D., & Prior, C. (1993). The potential of mycoinsecticides. Biocontrol News Info 

14, 31-40. 

Moore, D., Bridge, P. D., Higgins, P. M., Bateman, R. P., & Prior, C. (1993). 

Ultraviolet radiation damage to Metarhizium flavoviride conidia and the 

protection given by vegetable and mineral oils and chemical sunscreens. Annual 

Application of Biology 122, 605-616. 

Morales, F. J. (2001). Conventional breeding for resistance to Bemisia tabaci-

transmitted geminiviruses (Review). Crop Protection 20, 825–834. 

Morley-Davis, J., Moore, D., & Prior, C. (1996). Screening of Metarhizium and 

Beauveria spp. conidia with exposure to simulated sunlight and a range of 

temperatures. Mycological Research 100, 31–38. 

Moscardi, F. (1999). Assessment of the application of the Baculoviruses for control of 

Lepidoptera. Annual Review of Entomology 44, 257-289. 

Mound, L. A. (1963). Host-correlated variation in Bemisia tabaci (Gennadius) 

(Homoptera: Aleyrodidae). Proceeding of Royal Entomological Society of 

London 38, 10-12. 

Moyer, J., & Salazar, L. (1989). Viruses and Viruslike Diseases of Sweet Potato. Plant 

Diseases 73, 451-455. 

Mueller, C. B., William , I. S., & Hardie, J. (2001). The role of nutrition, crowding and 

inter-specific interactions in the development of winged aphids. Ecology 

Entomology 26, 330-340. 

Musa, P. D., & Ren, S. X. (2005). Development and reproduction of Bemisia tabaci 

(Homoptera: Aleyrodidae) on three bean species. Journal Insect Science 12 , 

25-30. 

Nankinga, C. M., & Moore, D. (2000). Reduction of banana weevil populations using 

different formulations of Entomopathogenic fungus Beuveria bassiana. 

Biocontrol Science and Technology 10 (5), 645-657. 



© C
OPYRIG

HT U
PM

 

117 

 

Nasruddin, N., & Stocks, I. C. (2014). First report of economic injury due to the 

spiralling whitefly (Hemiptera: Aleyrodidae) on pepper in Indonesia. Florida 

Entomologist 97 (3), 1255-1259. 

Ndiaye, M., & Doumma, A. (2006). The impact of the silverleaf whitefly, Bemisia 

argentifolli Bellow and Perring [Bemisia tabaci (Gennadius) Biotype B.] on 

growth and production of soybean. Pest Management in Horticultural 

Ecosystems 12 (1), 1-8. 

Nelson, T. L., Low, A., & Glare, T. R. (1996). Large scale production of New Zealand 

strains of Beauveria and Metarhizium. Proceedings of the 49 th New Zealand 

Plant Protection Conference, 257-261. 

Nirmala, R., Ramanujan, B., Rabindra, R. J., & Rao, N. S. (2006). Effect of 

entomofungal pathogens on mortality of three aphid species. Journal of 

Biological Control 20, 89-94. 

Nugroho, I., & Ibrahim, Y. (2007). Efficacy of Laboratory Prepared Wettable Powder 

Formulation of Entomopathogenous Fungi Beauveria Bassiana, Metarhizium 

anisopliae and Paecilomyces fumosoroseus against the Polyphagotarsonemus 

latus (Bank) (Acari: Tarsonemidae) (Broad Mite) On Capsicum Ann. Journal of 

Biosciences 18 (1), 1-11. 

Olatunji, T. L., & Afolayan, A. J. (2018). The suitability of chili pepper (Capsicum 

annum L.) for alleviating human micronutrient dietary deficiency: A review. 

Food Science and Nutrition 6, 2239-2251. 

Oliveira, D. G., Pauli, G., Mascarin, G. M., & Delalibera, I. (2015). A protocol for 

determination of conidial viability of the fungal entomopathogens Beauveria 

bassiana and Metarhizium anisopliae from commercial products. Journal of 

Microbiological Methods 119, 44-52. 

Oliveira, M. R., Henneberry, T. J., & Anderson, P. (2001). History, current status, and 

collaborative research projects for Bemisia tabaci (Review). Crop Protection 

20, 709–723. 

Omer, A. D., Johnson, M. W., Tabashnik, B. E., Costa, H. S., & Ullman, D. E. (1993). 

Sweetpotato whitefly resistance to insecticides in Hawaii intra island variation 

is related to insecticide use. Experimental and Applied Entomology 67, 173-

182. 

Ota, M., Ozawa, A., & Kobayashi, H. (1999). Efficacy of Beauveria bassiana 

preparation against whiteflies on tomato. Annual Report of The Kanto-Tosan 

Plant Protection Society 46, 103-112. 

Ouedraogo, A., Fargues, J., Goettel, M. S., & Lomer, C. J. (1997). Effect of 

temperature on vegetative growth among isolates of Metarhizium anisopliae 

and M. flavoviride. Mycopathologia 137, 37-43. 



© C
OPYRIG

HT U
PM

118 

Pal, S., St Leger, R. J., & Wu, L. P. (2007). Fungal peptide destruxin A plays a specific 

role in suppressing the innate immune response in Drosophila melanogaster. 

Journal of Biological Chemistry 282, 8969-8977. 

Palumbo, J. C., Horowitz, A. R., & Prabhaker, N. (2001). Insecticidal control and 

resistance management for Bemisia tabaci. Crop Protection 20, 739–765. 

Parker, B. L., Skinner, M., Costa, S. D., Gouli, S., Reid, W., & Bouhssini, M. E. 

(2003). Entomopathogenic fungi of Eurygaster integriceps Puton (Hemiptera: 

Scutelleridae): collection and characterization for development. Biological 

Control 27, 260–272. 

Pedrini, N., Crespo, R., & Juárez, M. P. (2007). Biochemistry of insect epicuticle 

degradation by entomopathogenic fungi (Review). Comparative Biochemistry 

and Physiology 146, 124–137. 

Perring, T. M. (2001). The Bemisia tabaci species complex. Crop protection 20 (9), 

725-737. 

Perumal, Y., & Marimuthu, M. (2009). Host plant mediated population variations of 

cotton whitefly Bemisia tabaci Gennadius (Aleyrodidae: Homoptera) 

characterized with random DNA markers. American Journal of Biochemistry 

and Biotechnology 5 (1), 40-46. 

Pham, T. A., Kim, J. J., & Kim, K. (2010). Optimization of Solid-State Fermentation 

for Improved Conidia Production of Beauveria bassiana as a mycoinsecticide. 

Mycobiology 38 (2), 137-143. 

Pimentel, D. (1991). CRC Handbook of Pest Management in Agriculture 2nd Edition. 

Boca Raton: CRC Press. 

Polar, P., Moses, T. K., Kairo, Moore, D., Pegram, R., & John, S. A. (2005). 

Comparison of water, oils and emulsifiable adjuvant oils as formulationg agents 

for Metarhizium anisopliae for use in control of Boophilus microplus. 

Mycopathologia 160, 151-157. 

Poprawski, T. J., Greenberg, S. M., & Ciomperlik, M. G. (2000). Effect of host plant of 

Beauveria bassiana and Paecilomyces fumosoroseus induced mortality of 

Trialuerodes vaporariorum (Homoptera: Aleyrodidae). Environment 

Entomology 29, 1048-1058. 

Poprawski, T. J., Robert, P. H., Majchrowicz, I., & Boivin, G. (1985). Susceptibility of 

Delia antiqua (Diptera: Anthomyiidae) to eleven isolates of entomopathogenic 

hyphomycetes. Environmental Entomology 14, 557–561. 

Powell, W., & Pell, J. K. (2007). Biological Control. In H. van Emden, & R. 

Harrington, Aphids as Crop Pests (pp. 469-500). Oxfordshire, UK: CAB 

International. 

Price, J. F., & Taborsky, D. (1992). Movement of immature Bemisia tabaci 

(Homoptera: Aleyrodidae) on poinsettia leaves. Fla Entomology 75, 151-153. 



© C
OPYRIG

HT U
PM

 

119 

 

Price, R. E., Bateman, R. P., Brown, H. D., Butler, E. T., & Müller, E. J. (1997). Aerial 

spray trials against brown locust (Locustana pardalina, Walker) nymphs in 

South Africa using oil-based formulations of Metarhizium flavoviride. Crop 

Protection 16, 345-351. 

Prosser, J. I., & Tough, A. J. (1991). Growth mechanisms and growth kinetics of 

filamentous microorganisms. Critical Review Biotechnology 10, 253-274. 

Püntener, W. (1981). Manual for Field Trials in Plant Protection Second Edition. 

Basle: Ciba-Geigy Limited. 

Quesada-Moraga, E., Maranhao, E. A., Valverde-García, P., & Santiago-Álvarez, C. 

(2006). Selection of Beauveria bassiana isolates for control of the whiteflies 

Bemisia tabaci and Trialeurodes vaporariorum on the basis of their virulence, 

thermal requirements, and toxicogenic activity. Biological Control 36, 274–

287. 

Quesada-Moraga, E., Navas-Cortes, J. A., Maranhao, E. A., Ortiz-Urquiza, A., & 

Santiago-Alvarez, C. (2007). Factors Affecting the Occurrence and Distribution 

of Entomopathogenic Fungi in Natural and Cultivated Soils. Mycological 

Research 111 (8), 947-966. 

Quintela, E. D. (1994). Production of Metarhizium anisopliae (Metch) Sorokin on 

coarse grain rice. Annals of the Entomological Society of Brazil 23, 556-560. 

Quisenberry, S. S., & Ni, X. (2007). Feeding Injury. In H. van Emden, & R. 

Harrington, Aphids as Crop Pests (pp. 331-347). Oxfordshire, UK: CAB 

International. 

Rafiq, M., Ghaffar, A., & Arshad, M. (2008). Population dynamics of whitefly 

(Bemisia tabaci) on cultivated crop hosts and their role in regulating its carry-

over to cotton. Int. J. Agri. Biol., 10: 577–80. International Journal of 

Agricultural Biology 10, 557-580. 

Rahman, T., Mohd Roff, M. N., & Idris, A. B. (2010). Within-field distribution of 

Aphis gossypii and aphidophagous lady beetles in chili, Capsicum annuum. 

Experimental and Applied Entomology 137, 211–219. 

Ramarethinam, S., Marimuthu, S., Murugesan, W. V., & Lognathan, S. (2000). 

Evaluation of Paecilmyces fumosoroseus, on entomopathogenic fungus for 

controlling red spider mite, Oligonychus coffeae (Nietner) (Acarina: 

Tetranycmidae), Infesting Tea in India. Pestology 24 (9), 1-5. 

Ramle, M., Mohd, B. W., Norman, K., Hisham, H., & Siti Ramlah, A. A. (2006). 

Research in the commercialization of Metarhizium anisopliae (Hyphomycetes) 

for biocontrol of the rhinoceros beetle, Oryctes rhinoceros (Scarabaeidae), in 

oil palm. Journal of Oil Palm Research Special Issue, 37-49. 

Ravensberg, W. J. (2011). A Roadmap to the Successful Development and 

Commercialization of Microbial Pest Control Products for Control of 

Arthropods. Dordrecht: Springer. 



© C
OPYRIG

HT U
PM

 

120 

 

Reyad, N. F. (2017). Empact of Entomopathogenic fungi on White fly, Bemisia tabaci 

in Tomato Crop in Egypt. International Journal of ChemTech Research 10 (12), 

372-377. 

Riley, D. G., & Palumbo, J. C. (1995). lnteraction of silverleaf whitefly (Homoplera: 

Aleyrodidae) with melon crop quality. Journal of Economic Entomology 88, 

1726-1732. 

Roberts, D. W., & Humber, R. A. (1981). Entomogenous fungi. In G. T. Kendrick, & 

B. Cole, Biology of Conidial Fungi (pp. 201-236). New York: Academic Press. 

Roberts, D. W., & Sweeney, A. W. (1982). Production of fungi imperfect with vector 

control protection. Invertebrate Pathology and Microbial Control. Proceeding 

3rd International Colloquium on Invertebrate Pathology (pp. 409-413). 

University of Sussex. 

Roberts, I. H., & Meleney, W. P. (1971). Variations among strains of Psoroptes ovis 

(Acarina: Psoroptidae) on sheep and cattle. Annals Entomology Society of 

America 64, 109–116. 

Roditakis, E., Roditakis, N. E., & Tsagkarakou, A. (2005). Insecticide resistance in 

Bemisia tabaci (Homoptera: Aleyrodidae) populations from Crete. Pest 

Management Science 61, 577–582. 

Rubinstein, G., & Czosnek, H. (1997). Long-Term Association of Tomato Yellow Leaf 

Curl Virus with its Whitefly Vector Bemisia tabaci Effect on the Insect 

Transmission Capacity, Longevity and Fecundity. Journal of General Virology 

78 (10), 2683-2689. 

Sabuquillo, A., De Cal, P., & Malgarejo, P. (2010). Development of a dried Penicillium 

oxalicum conidial formulation for use as a biological agent against Fusarium 

wilt of tomato: Selection of optimal additives and storage conditions for 

maintaining conidial viability. Biological Control 54, 221–229. 

Sahayaraj, K., & Namasivayaam, S. R. (2008). Mass production of entomopathogenic 

fungi using agricultural products and by products. African Journal of 

Biotechnology 7 (12), 1907-1910. 

Sajap, A. S. (2001). Growth and infectivity of Nomuraea rileyi (Farlow) Samson 

(Deuteromycete) isolates on Spodoptera litura (Fabricius) (Lepidoptera: 

Noctuidae) larvae at different temperature). Journal of Plant Protection in the 

Tropics 13 (1), 11-16. 

Sajap, A. S., & Kaur, K. (1990). Histopathology of Metarhizium anisopliae, an 

Entomopathogenic Fungus, Infection in the Termite, Coptotermes curvignathus. 

Pertanika 13 (3), 331-334. 

Sajap, A. S., & Phang, T. J. (1990). Pathogenicity of the two entomogenous fungi, 

Beauveria bassiana and Metarhizium anisopliae on the termite Coptotermes 

curvignathus. Proceedings of the IUFRO workshop on Pests and Diseases of 

Forest Plantations (pp. 266-271). Bangkok: FAO-RAPA. 



© C
OPYRIG

HT U
PM

 

121 

 

Salvucci, M. E., Rosell, R. C., & Brown, J. K. (1998). Uptake and Metabolism of Leaf 

Proteins by the Silverleaf Whitefly. Archives of Insect Biochemistry and 

Physiology 39, 155–165. 

Samih, M. A., Zarabi, M., Yazdani, Z., & Rouhani, M. (2014). Biological Traits and 

Life Table Parameters A and B Biotype of Bemisia tabaci (Genn.) on Cotton 

and Rapeseed . Brazilian Archives of Biology and Technology 57 (3), 309-316. 

Samodra, H., & Ibrahim, Y. (2006). Effectiveness of selected entomopathogenic fungi 

in packed rice grain at room temperature against Corcyra cephalonica Stainton. 

Academic Journal of Science and Technology Development 23 (3), 183-192. 

Samuels, K. Z., Heale, J. B., & Llewellyn, M. (1989). Characteristics Relating to the 

Pathogenicity of Metarhizium anisopliae toward Nilaparvata lugens. Journal of 

Invertebrate Pathology, 25-31. 

Samuels, R. I., Coracini, D. L., Martins dos Santos, C. A., & Gava, C. A. (2002). 

Infection of Blissus antillus (Hemiptera: Lygaeidae) Eggs by the 

Entomopathogenic Fungi Metarhizium anisopliae and Beauveria bassiana. 

Biological Control 23, 269–273. 

Sanchis, V., & Bourguet, D. (2008). Bacillus thuringiensis: applications in agriculture 

and insect resistance management: A review. Agronomy Sustainable 

Development 28, 11-20. 

Sarkar, P. K., Mukherjee, A. B., & Ghosh, J. (1996). Assessment of loss of bhendi 

against red spider mite. Environmental Ecology 14, 480-481. 

Satar, S., Kersting, U., & Uygun, N. (1999). Development and fecundity of (Glover) 

(Homoptera: Aphididae) on three Malvaceae hosts. Journal Agriculture and 

Forestry 23, 637-643. 

Sayed, S. M., Ali, E. F., & Al-Otaibi, S. S. (2019). Efficacy of indigenous 

entomopathogenic fungus, Beauveria bassiana (Balsamo) Vuillemin, isolates 

against the rose aphid, Macrosiphum rosae L. (Hemiptera: Aphididae) in rose 

production. Egyptian Journal of Biological Pest Control 29 (19), 1-7. 

Sayyed, A. H., & Crickmore, N. (2007). Selection of a field population of 

diamondback moth (Lepidoptera: Plutellidae) with acetamiprid maintains, but 

does not increase, cross-resistance to pyrethroids. Journal of Economical 

Entomology 100, 932-938. 

Schrank, A., & Vainstein, M. H. (2010). Metarhizium anisopliae enzymes and toxins . 

Toxicon 56, 1267-1274. 

Schuster, D. J., Stansly, P. A., & Polston, J. E. (1995). Expressions of plant damage by 

Bemisia. In D. Gerling, & R. T. Mayer, Bemisia 1995: Taxonomy, Biology. 

Damage Control and Management (pp. 153-166). UK: Intercept. 

Scorsetti, A. C., Humber, R. A., Gregorio, C. D., & Lopez Lastra, C. C. (2008). New 

records of entomopathogenic fungi infecting Bemisia tabaci and Trialeurodes 



© C
OPYRIG

HT U
PM

 

122 

 

vaporariorum, pests of horticultural crops, in Argentina. Biological Control 53, 

787-796. 

Shah, F. A., Ansari, M. A., Prasad, M., & Butt, T. M. (2007). Evaluation of black vine 

weevil (Otiorhynchus sulcatus) control strategies using Metarhizium anisopliae 

with sublethal doses of insecticides in disparate horticultural growing media. 

Biological Control 40, 246–252. 

Shahid, A. A., Rao, A. Q., Bakhsh, A., & Husnain, T. (2012). Entomopathogenic fungi 

as biological controllers: new insights into their virulence and pathogenicity. 

Archive Biological Science Belgrade 64 (1), 21-42. 

Sharma, S., Gupta, R. B., & Yadav, C. P. (1999). Mass multiplication and formulation 

of entomopathogenic fungi and their efficacy against white grub. Journal of 

Mycology and Plant Pathology 29 (3), 299-305. 

Shi, W. B., & Feng, M. G. (2004). Lethal effect of Beauveria bassiana, Metarhizium 

anisopliae, and Paecilomyces fumosoroseus on the eggs of Tetranychus 

cinnabarinus (Acari: Tetranychidae) with a description of a mite egg bioassay 

system. Biological Control 30, 165–173. 

Shipp, J. L., Zhang, Y., Hunt, D. W., & Ferguson, G. (2003). Influence of humidity and 

greenhouse microclimate on the efficacy of Beauveria bassiana (Balsamo) for 

control of greenhouse arthropod pests. Environmental Entomology 32, 1154-

1163. 

Silva, W. O., Mitidieri, S., Schrank, A., & Vainstein, M. H. (2005). Production and 

extraction of an extracellular lipase from the entomopathogenic fungus 

Metarhizium anisopliae. Process Biochemistry 40, 321-326. 

Simmons, A. M. (1994). Oviposition on vegetable by Bemisia tabaci (Homoptera: 

Aleyrodidae): temporal and leaf surface factors. Environmental Entomology 23, 

381-389. 

Simmons, A. M. (2002). Settling of Crawlers of Bemisia tabaci (Homoptera: 

Aleyrodidae) on Five Vegetable Hosts. Annals of the Entomological Society of 

America 95 (4), 464-468. 

Simmons, A. M., Ling, K. S., Harrison, H. F., & Jackson, D. M. (2009). Sweet potato 

leaf curl virus: Efficiency of acquisition, retention and transmission by Bemisia 

tabaci (Hemiptera: Aleyrodidae). Crop Protection 28, 1007-1011. 

Singh, G., Singh, N. P., & Singh, R. (2014). Food plants of a major agricultural pest 

Aphis gossypii Glover (Homoptera: Aphididae) from India: an updated 

checklist. International Journal of Life Sciences, Biotechnology and 

Pharmaceutical Research 3 (2), 1-26. 

Singh, R., & Singh, K. (2015). Life History Parameters of Aphis gossypii Glover 

(Homoptera: Aphididae) Reared on Three Vegetable Crops. International 

Journal of Research Studies in Zoology 1 (1) , 1-9. 



© C
OPYRIG

HT U
PM

123 

Slosser, J. E., Pinchak, W. E., & Rummel, D. R. (1989). A review of known and 

potential factors affecting the population dynamics of the cotton aphid. 

Southwestern Entomologist 14, 302–313. 

Smith, C., & Edgington, S. (2011). Germination at different water activities of 

similarly aged Metarhizium conidia harvested from ageing cultures. Journal of 

Stored Products Research 47, 157-160. 

Smith, R. J., & Grula, A. (1981). Nutritional requirements for conidial germination and 

hyphal growth of Beauveria bassiana. Journal of Invertebrate Patholology 37, 

222–230. 

Smits, N., Fargues, J., Rougier, M., Goujet, R., & Itier, B. (1996). Effects of 

temperature and solar radiation interactions on the survival of quiescent conidia 

of the entomopathogenic hyphomycete Paecilomyces fumosoroseus (Wize) 

Brown and Smith. Mycopathologia 135 (3), 163–170. 

Smolinske, S. C. (1992). Handbook of Food, Drug and Cosmetic Excipients. Denver: 

CRC Press. 

Sood, A. K., Mehta, P. K., Kashyap, N. P., Rameshlal, & Lal, R. (2001). Bioefficacy of 

Beauveria bassiana against diamond back moth, Plutella xylostella (L.) 

(Lepidopera: Yponomenidae). Journal of Entomological Research 25 (4), 267-

271. 

Soper, R. S., & Ward, M. G. (1981). Production Formulation and Application of Fungi 

of Insect Control. In G. C. Papavizas, Biological Control in Crop Protection 

(pp. 161-180). Totowa: Allanheld and Osmun. 

Soundarapandian, P., & Chandra, R. (2007). Mass Production of Entomopathogenic 

Fungus Metarhizium anisopliae (Deuteromycota: Hyphomycetes) in the 

Laboratory. Research Journal of Microbiology 2 (9), 690-695. 

Spinner, J. E., Mansfield, S., Pilkington, L. J., & Thomson, P. (2011). Sampling 

protocol to detect Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) in 

mixed species populations in greenhouse vegetable crops. Australian Journal of 

Entomology 50, 276–280. 

Sree, K. S., Padmaja, V., & Murthy, Y. L. (2008). Insecticidal activity of destruxin, a 

mycotoxin from Metarhizium anisopliae (Hypocreales), against Spodoptera 

litura (Lepidoptera: Noctuidae) larval stages. Pest Management Science 64, 

119-125. 

St Leger, R. J. (2007). Metarhizium anisopliae as a model for studying bioinsecticidal 

host pathogen interactions. In M. Vurro, & J. Gressel, Novel Biotechnologies 

for Biocontrol Agent Enhancement and Management (pp. 179–204). Dordrecht: 

Springer. 

St Leger, R. J., Bidochka, M. J., & Roberts, D. W. (1994). Germination triggers of 

Metarhizium anisopliae. Microbiology 140, 1651–1660. 



© C
OPYRIG

HT U
PM

 

124 

 

St Leger, R. J., Butt, T. M., Goettel, M. S., Staples, R. C., & Roberts, D. W. (1989). 

Production in vitro of appressoria by the entomopathogenic fungus Metarhizium 

anisopliae. Experimental Mycology 13, 274- 288. 

Stenseth, C. (1985). Whitefly and its parasite Encarsia formosa. In N. W. Hussey, & N. 

Scopes, Biological Pest Control the Glasshouse Experience (pp. 3-33). Poole, 

Dorset: Blanford Press. 

Stimac, L. J., Pereira, M. R., Alves, B. S., & Wood, A. L. (1993). Mortality in 

laboratory colonies of Solenopsis invicta (Hymenoptera: Formicidae) treated 

with Beauveria bassiana (Deutromycetes). Journal of Economic Entomology 86 

(1), 1083-1087. 

Sujayanand, G. K., Sharma, R. K., Shankarganesh, K., Saha, S., & Tomar, R. S. 

(2015). Crop diversification for Sustainable Insect Pest Management in 

Eggplant (Solanales: Solanaceae). Florida Entomologist 98 (1), 305-314. 

Sulaiman, S., Jeffery, J., Sohadi, A. R., Yunus, H., Busparani, V., & Majid, R. (1990). 

Evaluation of Bactimos wettable powder, granules and briquets against 

mosquito larvae in Malaysia. Acta Tropica 47, 189-195. 

Tabashnik, B. E. (1994). Evolution of resistance to Basillus thuringiensis. Annual 

Review of Entomology 39, 47-79. 

Takalloozadeh, H. M. (2010). Effects of host plants and various temperatures on 

population growth parameters of Aphis gossypii Glöver (Homopetra: 

Aphididae). Journal of Scientific Research 6 (1), 25-30. 

Thomas, M. B., & Jenkins, N. E. (1997). Effects of temperature on growth of 

Metarhizium flavoviride and virulence to the variegated grasshopper, Zonocerus 

variegatus. Mycological Research 101 (12), 1469-1474. 

van Lenteren, J. C., & Noldus, J. J. (1990). Whitefly-plant relationships: behavioural 

and ecological aspects. In D. Gerling, Whiteflies: their bionomics, pest status 

and management (pp. 47–89). Hants, UK: Intercept Ltd. 

van Steenis, M. J., & El-Khawass, A. M. (1995). Life history of Aphis gossypii on 

cucumber: influence of temperature, host plant and Parasitism. Experimental 

and Applied Entomology 76, 121-131. 

Vandenberg, J. D., Shelton, A. M., Wilsey, W. T., & Rmos, M. (1998). Assessment to 

B. bassiana sprays for control of diamond back moth (Lepidoptera: Plutellidae) 

on crucifers. Journal of Economic Entomology 91 (3), 624-630. 

Vandenberg, J. D., Wraight, S. P., & Shelton, A. M. (2007). Application and 

Evaluation of Entomopathogens in Crucifers and Cucurbits. In L. A. Lacey, & 

H. K. Kaya, Field Manual of Techniques in Invertebrate Pathology 2nd 

Edition: Application and Evaluation of Pathogenns for control of Insects and 

other Invertebrate Pests (pp. 361-374). Dordrecht: Springer. 

Vet, L. E., van-Lenteren, J. C., & Woets, J. (1980). The parasite-host relationship 

between Encarsia formosa (Hymenoptera: Aphelinidae) and Trialeurodes 



© C
OPYRIG

HT U
PM

 

125 

 

vaporariorum (Homoptera: Aleyrodidae). Journal of Applied Entomology 90, 

26-51. 

Vicentini, S., Faria, M., & Oliveira, M. V. (2001). Screening of Beauveria bassiana 

(Deuteromycotina : Hyphomycetes) Isolates against Nymphs of Bemisia tabaci 

(Genn.) Biotype B (Hemiptera:Aleyrodidae) with description of a new Bioassay 

Method. Neotropical Entomology 30 (1), 97-103. 

Vu, V. H., Hong, S. I., & Kim, K. (2007). Selection of Entomopathogenic Fungi for 

Aphid Control. Journal of Bioscience and Bioengineering 104 (6), 498–505. 

Vu, V. H., Hong, S. I., & Kim, K. (2008). Production of Aerial Conidia of 

Lecanicillium lecanii 41185 by Solid-State Fermentation for Use as a 

Mycoinsecticide. Mycobiology 36(3), 183-189.  

Walstad, J. D., Anderson, R. F., & Stambaugh, W. J. (1970). Effects of enviromental 

conditions on two species of Muscardine fungi; Beauveria bassiana and 

Metarhizium anisopliae. Journal of Invertebrate Pathology 16, 221-226. 

Wang, K. Y., Liu, T. X., Yu, C. H., Jiang, X. Y., & Yi, M. Q. (2002). Resistance of 

Aphis gossypii (Homoptera: Aphididae) to fenvalerate and imidacloprid and 

activities of detoxification enzymes on cotton and cucumber. Journal of 

Economic Entomology 95, 407–413. 

Wang, L., Zhang, S., Luo, J. Y., Wang, C. Y., Lv, L. M., Zhu, X. Z., et al. (2016). 

Identification of Aphis gossypii Glover (Hemiptera: Aphididae) Biotypes from 

Different Host Plants in North China. PLoS ONE 11 (1) , 1-15. 

Webb, S. E. (2007). IPM Case Studies: Cucurbits. In H. F. van Emden, & R. 

Harrington, Aphids as Crop Pests (pp. 639-649). Oxfordshire, UK: CAB 

International. 

Wiktelius, S. (1984). Long-range migration of aphids into Sweden. International 

Journal of Biometeorology 28, 185–200. 

Wiktelius, S., Weibull, J., & Pettersson, J. (1990). Aphid host plant ecology: the bird 

cherry–oat aphid as a model. In R. K. Campbell, & R. D. Eikenbary, Aphid–

Plant Genotype Interactions (pp. 21–36). Amsterdam: Elsevier. 

William, C. T. (1995). Effects of plant age and condition on the population dynamics 

of Myzus persicae (Sulz.) on sugar beet in field plots. Bulletion of 

Entomological Research 85, 557-567. 

William, I. S., & Dixon, A. F. (2007). Life Cycles and Polymorphism I.S. Williams and 

A.F.G. Dixon. In H. van Emden, & R. Harrington, Aphids as Crop Pests (pp. 

69-81). Oxfordshire, UK: CAB International. 

Wraight, S. P., Carruthers, R. I., Jaronski, S. T., Bradley, C. A., Garza, C. J., & 

Galaini-Wright, S. (2000). Evaluations of the entomopathogenic fungi 

Beauveria bassiana and Paecilomyces fumosoroseus for the microbial control 

of the silverleaf whitefly, Bemisia argentifolii. Biological Control 17, 203-217. 



© C
OPYRIG

HT U
PM

126 

Wraight, S. P., Inglis, G. D., & Goettel, M. S. (2007). Fungi. In L. A. Lacey, & H. K. 

Kaya, Field Manual of Techniques in Invertebrate Pathology: Application and 

Evaluation of Pathogens for Control of Insects and other Invertebrate Pests 

(pp. 223-248). Dordrecht, The Netherlands: Springer. 

Wraight, S. P., Jackson, M. A., & de Kock, S. L. (2001). Production, Stabilization and 

Formulation of Fungal Biocontrol agents. In T. M. Butt , C. Jackson , & N. 

Magan, Fungi as Biocontrol agents: Progress Problems and Potential (p. 253). 

New York: CABI. 

Wraight, S. P., Sporleder, M., Poprawski, T. J., & Lacey, L. A. (2007). Application and 

evaluation of entomopathogens in potato. In L. A. Lacey, & H. K. Kaya, Field 

Manual of Techniques in Invertebrate Pathology 2nd Edition: Application and 

Evaluation of Pathogenns for control of Insects and other Invertebrate Pests 

(pp. 329-360). Dordrecht: Springer. 

Yuan, L., Wang, S., Zhou, J., Du, Y., Zhang, Y., & Wang, J. (2012). Status of 

insecticide resistance and associated mutations in Q-biotype of whitefly, 

Bemisia tabaci, from eastern China. Crop Protection 31, 67-71. 

Zafar, J., Freed, S., Khan, B. A., & Farooq, M. (2016). Effectiveness of Beauveria 

bassiana against Cotton Whitefly, Bemisia tabaci (Gennadius) (Aleyrodidae: 

Homoptera) on Different Host Plants. Pakistan Journal of Zoology 48 (1), 91-

99. 

Zhang, A. W., Liu, W. Z., Nong, X. Q., Deng, C. S., Guo, W. L., & Jang, B. (1992). A 

trial production of wettable powder of Beauveria bassiana. Chinese Journal of 

Biological Control 8 (3), 118-120. 

Zimmermann, G. (1982). Effect of high temperatures and artificial sunlight on the 

viability of conidia of Metarhizium anisopliae. Journal of Invertebrates 

Pathology 40, 36–40. 

Zimmermann, G. (1993). The entomopathogenic fungus Metarhizium anisopliae and 

its potential as a biocontrol agent. Pesticide Science 37, 375-379 



© C
OPYRIG

HT U
PM

148 

BIODATA OF STUDENT 

The student Norhelina Latiff was born in Sepang, Selangor. She studied high school at 

Sekolah Menengah Kebangsaan Sungai Pelek and MARA College Seremban for 

Matriculation Program. She graduated with a Bachelor of Science Honor in 

Conservation Biology on 2008 from Universiti Malaysia Sabah (UMS). During her 

study, she also joined research expedition and inventory at Lumaku Mountain, 

Sipitang, Tawau Hill Park and Klias, Beaufort, Sabah. She got research training from 

Prof. Dr. Ahmad Said Sajap at Forest Entomology Laboratory, University Putra 

Malaysia (UPM) assisting research project (Extractive of Vitex pinnata to control 

subterranean termites, Coptotermes curvignathus). She employed as a microbiologist at 

NOVA Pharmaceutical Research Laboratory. She then graduated with Master of 

Science in Entomology on 2010 from Universiti Kebangsaan Malaysia (UKM).  

She has participarted and presented research papers in a few of international academic 

conferences as following: Malaysia Plant Protection Society (MAPPS) National 

Seminar December 2011, International Conferences of Biopesticides VI (ICOB6) 

December 2011 and 2nd Global Conference on Entomology (GCE-2) November 2013. 

She also volunteers as a scientific committee during International Symposium of 

Insects (ISOI) 2012 organized by Entomological Society of Malaysia (ENTOMA). She 

employed at Ikari (Singapore) a subsidiary of Ikari Environmental Group, Shinjuku, 

Japan as an entomologist (Urban and Industrial Entomology) teaching technical 

training for personnel on entomology, pest management and Associate Certified 

Entomology (ACE) program from Entomological Society of America (ESA). She also 

gave presentation of ‘Common Pest at dry and wet environment’ at Singapore 

Management University (SMU) with Prof Dr. Lee Chow Yang from USM, Penang.     



© C
OPYRIG

HT U
PM

149 

LIST OF PUBLICATIONS 

Norhelina, L., Sajap, A. S., Mansour, S. A., and Idris, A. B., 2013. Infectivity of 

Five Metarhizium anisopliae (Deuteromycota: Hyphomycetales) Strains 

on Whitefly, Bemisia tabaci (Homoptera: Aleyrodidae) Infesting Brinjal, 

Solanum melongena (Solanaceae). Academic Journal of Entomology 6 

(3): 127-132 

Norhelina, L., Sajap, A. S., and Idris, A. B., 2011. Effect of M. anisopliae (Metch.) 

infection on whitefly, Bemisia tabaci (Genn.) (Homoptera: Aleyrodidae) 

infesting brinjal, Solanum melongena. Sixth International Conference on 

Biopesticides 6 (ICOB 6), Chiang Mai, Thailand, 11-16 December 2011 

Norhelina L., Sajap A.S., Omar D. and Radhiah R. 2013. Control of Aphid, Aphis 

gossypii (Glover) using Metarhizium anisopliae (Metch.), 2nd Global 

Conference on Entomology (GCE-2), Sarawak, Malaysia, 8-12 November 

2013, P200 



© C
OPYRIG

HT U
PM


	B5 Part 1A Helina PhD Correction 24.10 23.7.2019
	B5 Part 2 Helina PhD Correction 24.10 18.7.19
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



