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Eurycoma longifolia or ‘tongkat ali’ is a well-known tropical medicinal plant used 

widely to cure human illness. However, this plant is highly vulnerable to several insect 

pests, especially Atteva sciodoxa larvae. In the present study, a total of 28 E. longifolia 

forest and cultivation areas in Peninsular Malaysia were surveyed. Results of the 

surveys showed that A. sciodoxa larvae infestation was major and common in E. 

longifolia’s plantations, followed by scale insect, Zeuzera stem borer, animal damage, 

Coptotermes sp. and spider mites. Several diseases were also observed such as algal 

leaf spots, sooty mould, Sudden Death Syndrome (SDS) and Colletotrichum leaf spot. 

Twenty five Metarhizium anisopliae isolates obtained from natural forest soils of 

Peninsular Malaysia were identified and screened for pathogenicity against A. 

sciodoxa larvae. Morphology of the fungus was studied and a phylogenetic tree of the 

fungal ITS region sequences was developed. The study revealed that cultures of the 

fungal isolates were flat with a yellowish mycelial mat bearing brownish to dark green 

masses of conidia. Conidia were single celled, cylindrical with rounded tips and varied 

in size, ranging from 5.7 ± 0.5µm × 2.5 ± 0.4 µm to 7.4 ± 1.0 µm × 3.3 ± 1.0 µm. They 

were then identified as M. anisopliae var. anisopliae due to short shaped conidia. 

Phylogenetic analysis found that all the isolates were closely related within species 

regardless of their geographic origins. The species was also found to be closely related 

with M. anisopliae var. majus supported with 99% bootstrap value.  Growth rate test 

showed that SDA is a media supported fastest fungus growth followed by PDA, MEA, 

CMA and WA at temperatures 25oC, 28 oC and 31 oC. Screening tests revealed that all 

the isolates were pathogenic against the inoculated A. sciodoxa larvae with mortality 

as early as 3 days after inoculation. The highest larval mortality recorded by FRIM858, 

followed by FRIM880, FRIM873, FRIM859, FRIM862, FRIM871 and the least 

virulent was FRIM878. None of the larvae in the inoculated control treatment died. 

Further study was conducted on isolates FRIM880, FRIM871, FRIM859 and 

FRIM858 to determine the median effective conidia concentration (EC50) and median 

effective time (ET50) against the pest larvae. The study revealed that FRIM589 was 

the most effective and aggressive against the pest larvae. The EC50 recorded was 
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1.1x106 conidia ml-1 and ET50 was 2.9 days. Field trials in KESEDAR Gua Musang 

and Sg. Menyala Forest Reserve show that FRIM859 significantly reduce population 

of A. sciodoxa larvae with 57.0% and 63.4% larvae reduction, respectively. The study 

suggests that FRIM589 was the best candidate to be developed as biological control 

agent against A. sciodoxa larvae.  
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Eurycoma longifolia or “tongkat ali” merupakan tumbuhan ubatan tropika yang sangat 

dikenali digunakan secara meluas untuk menyembuhkan penyakit manusia. Walau 

bagaimanapun, tumbuhan ini dilaporkan terdedah kepada serangan serangga perosak 

terutamanya larva Atteva sciodoxa. Dalam kajian ini, sejumlah 28 hutan dan ladang E. 

longifolia di Semenanjung Malaysia telah di survei. Keputusan survei menunjukkan 

serangan larva A. sciodoxa adalah yang masalah utama dan biasa didapati di ladang-

ladang tongkat ali, diikuti teritip, ulat pengorek batang Zeuzera, kerosakan oleh 

haiwan, Coptotermes sp. dan hama lelabah. Beberapa penyakit juga diperhatikan, 

seperti karat alga, jeragat, sindrom mati mengejut (SDS) dan bintik daun 

Colletotrichum. Dua puluh lima isolat Metarhizium anisopliae diperoleh daripada 

sampel tanah hutan semulajadi Semenanjung Malaysia telah dikenalpasti dan 

diperiksa untuk ujian patogenik ke atas larva A. sciodoxa. Morfologi kulat-kulat 

tersebut telah dikaji dan pokok filogenetik bagi penjujukan ITS telah dibina. Kajian 

menunjukkan kultur isolat kulat adalah rata dengan hamparan miselia kekuningan 

mengalas konidia berwarna perang ke hijau gelap yang padat. Media SDA merupakan 

media yang mencatatkan pertumbuhan kulat ini paling cepat diikuti media PDA, 

MEA, CMA dan WA pada suhu 25oC, 28 oC and 31 oC. Konidia adalah sel tunggal, 

berbentuk silinder dengan hujungnya membulat dan saiznya berbeza, antara 5.72 ± 

0.51µm × 2.51 ± 0.38 µm to 7.36 ± 0.96 µm × 3.30 ± 1.00 µm. Kulat-kulat ini dikenali 

sebagai M. anisopliae var. anisopliae berdasarkan konidia yang bersaiz kecil. Analisis 

fiologenetik menemui kesemua isolat-isolat adalah berkaitan rapat dalam lingkungan 

spesies tanpa mengira geografi asal. Spesies ini ditemui berkait rapat dengan M. 

anisopliea var. majus disokong nilai bootsrap 99%.  Walau bagaimanapun, kedua-dua 

M. anisopliae var. anisopliae dan M. anisopliae var. majus kurang berkaitan dengan 

M. acridum. Ujian saringan menunjukkan kesemua isolat adalah patogenik ke atas 

larva A. sciodoxa dengan kematian seawal selepas 3 hari selepas inokulasi. Isolat yang 

merekodkan kematian larva paling tinggi adalah FRIM858, diikuti FRIM880, 

FRIM873, FRIM859, FRIM862, FRIM871 dan yang paling kurang berkesan adalah  
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FRIM878. Tiada kematian larva pada rawatan kawalan. Kajian lanjutan telah 

dijalankan ke atas FRIM880, FRIM871, FRIM859 dan FRIM858 untuk menentukan 

median kepekatan efektif (EC50) dan media masa efektif (ET50) konidia. Kajian 

menunjukkan isolat FRIM859 adalah paling efektif dan agresif ke atas larva perosak 

ini. EC50 direkodkan adalah 1.1x106 konidia ml-1 dan ET50 adalah 2.9 hari. Ujian 

lapangan di KESEDAR Gua Musang dan Hutan Simpan Sungai Menyala 

menunjukkan isolat FRIM859 pengurangan bererti populasi larva A. sciodoxa dengan 

mencatatkan 57.0% dan 63.4% pengurangan larva bagi kedua-dua lokasi. Kajian 

mencadangkan FRIM589 adalah calon terbaik untuk dijadikan sebagai agen kawalan 

biologi bagi mengawal larva A. scoidoxa. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

Eurycoma longifolia Jack or locally known as ‘tongkat ali’ is a famous and highly 

demanded herb used as supplement to improve human health due to its medicinal 

properties. Traditionally this plant is used as medicine against illnesses such as mouth 

ulcer, fever and as after birth treatment (Burkhill 1966). Nowadays, many products 

based on E. longifolia have been developed and marketed locally and internationally 

whether in form of energy drink, capsule or soluble extract. In Malaysia, products 

from E. longifolia generate revenue estimated at RM2 billion per annum (Mohd Azmi 

et al. 2003). However, the raw material is limited as the supple comes from natural 

forest. Mass harvesting of E. longifolia directly from natural forest could put pressure 

on this species. Planting E. longifolia in large scales as in plantations is seen as an 

alternative to overcome these problems. 

 

 

Plantation of E. longifolia blooms in the late 1990s with government agencies, private 

sectors companies and personal planters play active role at developing new 

plantations. However, it did not proceed as planned when the plantations were reported 

attacked by insect pests such as Atteva sciodoxa (Lepidotera), scale insect (Hemiptera) 

and Zeuzera stem borer. Sudden Dead Syndrome (SDS) disease, which can be fatal to 

E. longifolia plants was also reported (Patahayah et al. 2011). Of these pests and 

diseases, A. sciodoxa larvae has been claimed as most the destructive and hard to 

control. Outbreak of A. sciodoxa was first reported in 2000, when it caused severe 

damages to several E. longifolia plantations, mostly affecting young saplings (Mohd 

Noh & Mohd Ilham 2002). The infestation continues as Patahayah et al. (2011) also 

reported the incidence of this pest in plantations. Failure in controlling this pest 

infestation can bring downfall to E. longifolia industries in this country. Besides, most 

of E. longifolia plantations in Peninsular Malaysia have poor pest management and 

some have been abandoned. Therefore, survey on infestation of A. sciodoxa in forests 

and plantations are crucial as the current status of infestation can be assessed. The 

information will be useful in developing a pest management strategy for A. sciodoxa.  

 

 

Although the use of chemical pesticides is effective to control A. sciodoxa larvae the 

potential hazardous effects from chemical residues to human, animal, beneficial insect 

rendered it non-desirable. Numerous cases have been reported due to pesticides 

poisoning among agricultural workers worldwide which lead to more serious diseases 

like cancers, asthma, foetal defect and leukaemia (Owens et al. 2010). Moreover, toxic 

from pesticides are easily spread via air, water or foods. Insect pest can also develop 

an immune response to pesticide, which makes them resistance (Naqqash et al. 2016).  

 

 

Biological control is considers the best approaches to control this problem replacing 

application of chemical pesticide. Uses of biological agents to control insect pests have 

been promoted decades ago with most beneficial effects. Biological agents do not give 
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harm to human, environment and non-target species. Bacteria, fungi, nematodes and 

viruses among the agents used in biological control approaches. Some commercial 

products based on bacteria like Bacillus thriguienesis, and entomopathogenic fungi 

such as Metarhizium anisopliae and Beauveria bassiana, are examples of biological 

control products used widely in plantations and nurseries to control insect pests (Nishi 

et al. 2011).   

 

At present, mycoinsecticides from entomopathogenic fungi receives a lot of attention 

for developing biological insecticides because of their high virulence and wide host 

range characteristic. Entomopathogenic fungi can infect many orders of arthropods 

including Lepidoptera, Hemiptera and Scarabaeidae (Sajap et al. 2014; Islam et al. 

2016; Goble et al. 2014). Numerous studies on entomopathogenic fungi like 

Metarhizium spp., Beauveria spp., Paecilomyces spp. and Ventricillium spp. have 

been conducted as agents to control insect pests (Keller & Zimmerman 1989). These 

fungi can be isolated from soils or dead insect.  Mass propagation of these fungi is 

easy to achieve using low technology, thus the production is not costly. 

 

 

Metarhizium anisopliae is reported as the most reliable entomopathogenic fungus as 

it is easily isolated, widely distributed in soils, and have wide host range of arthropods 

compared to others fungi. Undisturbed area is reported to have high occurrence and 

distribution of entomopathogenic fungi compared to agricultural land, which may be 

due to human cultivation activities (Meyling and Eilenberg 2006). Thus, rainforest 

areas in this country could offer better candidates of effective entomopathogens with 

robust strains to be developed into biocontrol agents compared to agroecosystems. 

Furthermore, isolation of entomopathogenic fungus from different forest areas can 

give information on relation between types and nutrients in soils with the occurrence 

of certain entomopathogenic fungal species. This information can be used to specify 

sampling site to find new fungus candidate in future. 

 

 

The capability to control A. sciodoxa, the major threat of E. longifolia plantations 

using biological agents such as M. anisopliae is attractive as it could offer a safer 

cultivation practice, enhance the value of E. longifolia and avoid chemical 

contaminants in E. longifolia based products. Even in the same species, different 

strains of M. anisopliae posses different level of virulence and host specificity. 

Therefore, screening for a strain that is high virulence and robust is a mandatory step 

before it can be used as an active ingredient in mycoinsecticide to control A. sciodoxa 

larvae. 

 

 

This study focused on the severity of A. sciodoxa infestation on E. longifolia 

cultivation and screening for virulent M. anisopliae strains with potential to be 

developed as biological control agent. Hence, the specific objectives of this study were 

as below:  

 

1. To asses current incidence and severity of A. sciodoxa infestation and other pest 

and diseases on E. longifolia plantations in Peninsular Malaysia. 

2.  To isolate and characterize M. anisopliae harboring natural forest soils. 
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3. To identify M. anisopliae isolates with high virulency against A. sciodoxa larvae

in laboratory and field.
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Moresco JJ, & Yates JR. 2014. Secretome of the biocontrol agent Metarhizium 

anisopliae induced by the cuticle of the cotton pest Dysdercus peruvianus 

reveals new insights into infection. Journal of Proteome Research. 

13(5):2282-96. 

 

Bharadwaj A. & Kirby CS. 2012. Susceptibility of Ixodes scapularis (Acari: Ixodidae) 

to Metarhizium brunneum F52 (Hypocreales: Clavicipitaceae) using three 

exposure assays in the laboratory. Journal of Economic Entomology 

105(1):222-231. 

  

Bidochka M, Kasperski JE, & Wild GAM. 1998. Occurrence of the entomopathogenic 

fungi Metarhizium anisopliae and Beauveria bassiana in soils from temperate 

and near Northern habitats. Canada Journal of Botanical 76: 1198–1204. 

 

Bidochka MJ, Kamp AM, Lavender TM, Dekoning J, & De Croos J.N.A. 2001. 

Habitat association in two genetic groups of the insect pathogenic fungus 

Metarhizium anisopliae: uncovering cryptic species. Applied Environment 

Microbiology 67:1335–1342. 

 

Bidochka MJ, St. Leger RJ, & Roberts DW.  1994. Differentiation of species and 

strains of entomopathogenic fungi by random amplification of polymorphic. 

DNA (RAPD). Current Genetic 25: 107-113. 

 

Bischoff JF,  Rehner SA, and Humber RA. 2009 A multilocus phylogeny of the 

Metarhizium anisopliae lineage. Mycologia 101(4):512-530. 

 

Brady BLK. 1979. Beauveria bassiana CMI Descriptions of Pathogenic Fungi and 

Bacteria No. 602. Commonwealth Agricultural Bureaux. Pp.1964-1995 

 

Braga GUL, Flint SD, Miller CD, Anderson AJ, & Roberts DW. 2001. Both solar 

UVA and UV-B radiation impair conidial culture ability and delay germination 

in the entomopathogenic fungus Metarhizium anisopliae. Photochemical and 

Photobiology 74: 734–739. 

 

Bridge PD, Prior C, Sagbohan J, Lomer CJ, Carey M, & Buddie A. 1997. Molecular 

characterization of isolates of Metarhizium anisopliae from locusts and 

grasshoppers. Biodiversity and Conservation 6(11): 177-189. 

 

Bridge PD, Williams MAJ, Prior C. & Paterson RRM. 1993. Morphological, 

biochemical and molecular characteristics of Metarhizium anisopliae and M. 

flavoviride. Journal of General Microbiology 139:1163-1 169 

 

Bukhari T, Takken W. & Koenraadt CJM. 2011. Development of Metarhizium 

anisopliae and Beauveria bassiana formulations for control of malaria 

mosquito larvae. Parasites & Vectors - Parasites Vectors 4 (1):1-14. 

 

Burkill IH. 1966. A Dictionary of the Economic Product of the Malay Peninsula. 

Volumes I & II. Ministry of Agriculture and Cooperatives, Kuala Lumpur. 

http://academic.research.microsoft.com/Author/24081105/tullu-bukhari
http://academic.research.microsoft.com/Author/23566928/willem-takken
http://academic.research.microsoft.com/Author/9667553/constantianus-jm-koenraadt
http://libra.msra.cn/Journal/18400/parasites-vectors-parasites-&-vectors


© C
OPYRIG

HT U
PM

74 
 

Butt TM, & Goettel MS. 2000. Bioassays of entomogenous fungi. In Navon A. and 

Ascher KRS. (Eds.), Bioassays of entomopathogenic microbes and nematodes. 

CAB International, Oxon. Pp. 141-195. 

 

Chew TK. 1975. Preliminary notes on the performances of experimental plantations 

in Bahau forest reserve. Malaysian Forester 38: 140–148. 

 

Clarkson JM, & Charnley AK. 1996. ‘New insights into mechanisms of fungal 

pathogenesis in insects’. Trends in Microbiology 4:197–204. 

 

Council NR. 1996.  Ecologically Based Pest Management: New Solutions for a New 

Century. The National Academies Press. Pp.144. 

 

Daily Express, Dec 28, 2013. Malaysia's lucrative herb market 

http://www.dailyexpress.com.my/news.cfm?NewsID=87642 

 

Daniel O, Meier MS, Schlatter J, &  Frischknecht P. 1999. Selected phenolics 

compounds in cultivated plants: Ecological functions, health implications and 

modulation by pesticides. Environmental Health Perspective 107: 109-114.  

 

Daoust RA, & Roberts D.W. 1983. Studies on the Prolonged Storage of Metarhizium 

anisopliae Conidia: Effect of Temperature and Relative Humidity on Conidial 

Viability and Virulence against Mosquitoes. Journal of Invertebrate Pathology 

41: 143–150. 

 

Davidson G, Phelps K, Sunderland KD, Pell JK, Ball BV, Shaw KE & Chandler D. 

2003. Study of temperature-growth interactions of entomopathogenic fungi 

with potential for control of Varroa destructor (Acari: Mesostigmata) using a 

non-linear model of poikilotherm development. Journal Applied Microbiology 

94(5): 816–825. 

 

Driver F, and Milner RJ. 1998. PCR applications to the taxonomy of 

entomopathogenic fungi. Applications of PCR in Mycology. CABI, London. 

Pp 153–186.  

 

Driver F, Milner RJ, & Trueman JWH. 2000. A taxonomic revision of Metarhizium 

based on a phylogenetic analysis of rDNA sequence data. Mycological 

Research 104:134-150. 

Entz  SC, Johnson DL, &  Kawchuk LM. 2005. Development of a PCR-based 

diagnostic assay for the specific detection of the entomopathogenic fungus 

Metarhizium anisopliae var. acridum.  Mycol Res. 109: 1302–1312. 

 

Esteve-Zarzoso B, Belloch C, Uruburu F, & Querol A. 1999. Identification of yeasts 

by RFLP analysis of the 5.8S rRNA gene and the two ribosomal internal 

transcribed spacers. International Journal of Systematic Bacteriology 49:329-

337. 

 

http://www.sciencedirect.com/science/journal/00222011


© C
OPYRIG

HT U
PM

75 
 

Faria MR, & Wraight SP. 2007. Mycoinsecticides and Mycoacaricides: A 

comprehensive list with worldwide coverage and international classification 

of formulation types. Biological  Control 43: 237-256. 

 

Farooq AS, Cheng SW &Tariq MB. 2005. Nutrition influences growth and virulence 

of the insect-pathogenic fungus Metarhizium anisopliae, FEMS Microbiology 

Letters, 251(2): 259–266. 

 

Fernandes EKK, Rangel DEN, Moraes AML, Bittencourt VREP, & Roberts DW. 

2007. Variability in tolerance to UV-B radiation among Beauveria spp. 

isolates against South American tick. Journal of Invertebrate Pathology 96: 

237–243. 

 

Ferron P. 1978. Biological Control Of Incest Pests By Entomopathogeous Fungi. 

Annual Revision of Entomology 23: 409-442.  

 

Finney D J. 1971. Probit Analysis. Cambridge University Press, Cambridge. Pp.333. 

 

Gams W, & Rozsypal J. 1973. Metarrhizium flavoviride sp. isolated from insects and 

from soil. Acta Botanica Neerlandica 22: 518–521 

 

Gao L, Sun MH, Liu XZ, & Che YS. 2007. Effects of carbon concentration and carbon 

to nitrogen ratio on the growth and sporulation of several biocontrol fungi. 

Mycological Research 3: 87–92. 

 

Gillespie AK. (1988). Use of fungi to control pests of agricultural importance. In 

Burge MN (ed.), Fungi in Biological Control Systems. Manchester University 

Press, Manchester. Pp. 37-60. 

 

Gimlette JD, & Thomson HWA. Dictionary of Malayan Medicine, Oxford University 

Press, Kuala Lumpur, Malaysia. Pp. 183. 

 

Goble, T. A., Conlong, D. E. and Hill, M. P. (2015), Virulence of Beauveria 

brongniartii and B. bassiana against Schizonycha affinis white grubs and 

adults (Coleoptera: Scarabaeidae). Journal of Applied Entomology, 139: 134–

145.  

 

Goettel  MS. & Inglis GD. 1997.  Fungi: Hyphomycetes. In Lacey LA. (Ed.), Manual 

of techniques in Insect Pathology. Academic Press, San Diego. Pp. 213-249. 

 

Goh SH,  Chuah CH,  Mok JSL,  and Soepadmo E.  1995. Malaysian Medicinal Plants 

for the Treatment of Cardiovascular Disease, Pelanduk Publication, Kuala 

Lumpur, Malaysia. Pp.95. 

 

Goreja WG. 2004. Tongkat Ali: The Tree that Cures a Hundred Diseases 2. Amazing 

Herb Press, New York, USA. Pp.10-11. 

 

 

 



© C
OPYRIG

HT U
PM

76 
 

Gupta SC, Leathers TD, El-Sayed  GN, &  Ignoffo CM.  1994. Relationships among 

enzyme activities and virulence parameters in Beauveria bassiana infections 

of Galleria mellonela and Trichoplusiani. Journal Invertebrate Pathology 

64:13-17. 

 

Gurmeet KB, & Sanehdeep K. 2013. Phenoloxidase activity in haemolymph of 

Spodoptera litura (Fabricius) mediating immune responses challenge with 

entomopathogenic fungus, Beauveria bassiana (Balsamo) Vuillmin. Journal 

of Entomology and Zoology Studies 1(6):118-123. 

 

Hajek  AE, & St. Leger RJ. 1994. Interaction between fungal pathogens and insect 

hosts. Annual Revision Entomology 39:293-322. 

 

Haryani N. 2009. Integrasi sawit, tongkat ali tingkat pendapatan. 

http://www.mpob.gov.my 

 

Hauxwell C, Vargas C & Opuni Frimpong E. 2001. Entomopathogen for control of 

Hypsipyla spp. Proceedings, International Workshop of ACIAR, , 20 – 23 

August, Canberra, Australia. Pp.131–139 

 

Hoe PK, Choon Fah JB, Jugah K & Rajan A. 2009. Evaluation of Metarhizium 

anisopliae var. anisopliae (Deuteromycotina: Hyphomycete) isolates and their 

effects on subterranean termite Coptotermes curvignathus (Isoptera: 

Rhinotermitidae). America Journal of Agriculture and Biological Science 4: 

289-297http://www.kesedar.gov.my/program-kebun-herba.  

 

Huang W, Shang Y, Chen P, Gao Q & Wang C. 2014. MrpacC regulates sporulation, 

insect cuticle penetration and immune evasion in Metarhizium robertsii. 

Environmental microbiology. 17(4):994-1008. 

 

Hughes WOH, Thomsen L, Eilenberg J, & Boomsma JJ. 2004. Diversity of 

entomopathogenic fungi near leaf-cutting ant nests in a neotropical forest, with 

particular reference to Metarhizium anisopliae var. nov.: a cryptic species of 

M. anisopliae and a member of the M. flavoviride complex. Journal of 

Invertebrate Pathology 85:46–53 

 

Inglis GD, Duke GM, Goettel MS, & Kabaluk JT. 2008. Genetic diversity of 

Metarhizium anisopliae var. anisopliae in southwestern. British Columbia 

Journal of Invertebrate Pathology 98:101–113 

 

Inglis GD, Goettel MS, Butt TM, & Strasser H. 2001. Use of hyphomycetous fungi 

for managing insect pests. In Butt et al. (Eds.), Fungi as biocontrol agents: 

progress, problems and potential. CABI Publishing, Wallingford. Pp. 23-69.  

 

Islam MT, Omar D, Shah AA, & Hasan MF. 2016. Virulence of entomopathogenic 

fungus, Metarhizium anisopliae to sweetpotato whitefly, Bemisia tabaci 

(Hemiptera: Aleyrodidae) under osmotic stress. Proceedings of the National 

Academy of Sciences, India Section B: Biological Sciences. 2016 Sep 

1;86(3):617-22. 

http://www.mpob.gov.my/
http://www.kesedar.gov.my/program-kebun-herba.%20Accessed%20on%2011/10/2014


© C
OPYRIG

HT U
PM

77 
 

Ismail ARN. 1999.  “Marketing of medicinal plants using landscape architectural 

design. In Chang et al. (eds.),  Proceedings of the Conference on Forestry and 

Forest Product Research, Medicinal Plants: Quality Herbal Products for 

Healthy Living. Forest 22-23 June Research Institute Malaysia, Kepong. 

Pp.19–25. 

 

James PJ, Kershaw MJ, Reynolds SE, & Charnley AK. 1993. Inhibition of desert 

locust (Schistocerca gregaria) Malpighian tubule fluid secretion by destruxins, 

cyclic peptide toxins from the insect pathogenic fungus Metarhizium  

anisopliae. Journal of Insect Physiology 39: 797-804. 

 

Joelle TM, Pierre A, Ouorou KDK, and Manuele T. 2014. Pathogenicity of 

entomopathogenic fungi Metarhizium anisopliae and Beauveria basssiana on 

larvae of the legume pod borer Maruca vitrata (Lepidoptera: Crambidae). 

Journal of Agricultural and Biological Science 9(2): 55-64. 

 

Júnior WDP,  Lacava PT, Messias CL,  Azevedo JL. and Lacava PM. 2008. Bioassay 

assessment of Metarhizium anisopliae (metchnikoff) sorokin (deuteromycota: 

hyphomycetes) against Oncometopia facialis (signoret) (hemiptera: 

cicadellidae). Brazilian Journal of Microbiology 39(1): 128–132. 

 

Kamat MN, Patel MK, & Dhande GW. 1952. Occurrence of the green muscardine 

fungus on Pyrilla species in Bombay. Current Science 21: 317. 

 

Kamp AM, & Bidochka MJ. 2002. Conidia production by insect pathogenic fungi on 

commercially available agars. Applied Microbiology 35: 74–77 

 

Keller S, & Zimmermann G.  1989. Mycopathogens of Soils Insects. In Wilding, N. 

(Ed.) Insect Fungus Interactions.  Academic Press, London. Pp. 239-270. 

 

Keller S, Kessler P, & Schweizer C. 2003. Distribution of insect pathogenic soil fungi 

in Switzerland with special references to Beauveria brongniartii and 

Metarhizium anisopliae. Biocontrol 48: 307-319. 

 

Khaskheli MI,. Jiskani MM, Soomro MH, Talpur MA, & Poussio GB. 2011. 

Prevalence Of Mango Sudden Decline/ Death Syndrome (Msds) On Various 

Varieties At The Orchards Of Different Age In The Vicinity Of Tando Qaiser, 

Hyderabad, Sindh. Pakistan Journal of Agriculture Agril. Engg., Vet. Sci., 

2011, 27 (2): 160–167 

   

Khudhair MW, AlRubeai HF, Khalaf MZ, Shbar AK, Hamad BS, & Khalaf HS. 2014. 

Occurrence And Distribution Of Entomopathogenic Fungi In Iraqi Agro 

Ecosystems. International Journal of Entomological Research 2(2):117–124. 

 

Khuhro RD, Nizamani SM, Abbasi QD, Solangi GS, & Jiskani MM. 2005. Mango 

Tree Mortality due to Asian ambrosia beetle, Xylosandrus crassiusculus Mot. 

(Coleoptera: Scolytidae). Pakistan Journal of Agriculture Agricultural 

Engineering And Veterinary Science 21(1): 39–42. 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Pria%20J%26%23x000fa%3Bnior%20WD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lacava%20PT%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Messias%20CL%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Azevedo%20JL%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lacava%20PM%5Bauth%5D


© C
OPYRIG

HT U
PM

78 
 

Klingen I,  Eilenberg J, & Meadow R. 2002. Effects of farming system, field margins 

and bait insect on the occurrence of insect pathogenic fungi in soils. 

Agriculture Ecosystems & Environment 91:191–198. 

 

Klingen I & Haukeland S 2006. The soil as a reservoir for natural enemies of pest 

insects and mites with emphasis on fungi and nematodes. In: Eilenberg J & 

Hokkanen HMT (eds.). An Ecological and Societal Approach to Biological 

Control (Vol. 2.). Netherlands: Springer. pp. 145-211. 

 

Krumutang P, & Mekchay S. 2005. Pathogenicity of entomopathogenic fungi 

Metarhizium anisopliae against termites. Conference on International 

Agricultural Research for Development. 11-13 October 2005, Stuttgart-

Hohenheim, Tropentag. Pp 1-4. 

 

Kuo PC, Damu AG, Lee KH, and Wu TS. 2004. Cytotoxic and antimalarial 

constituents from the roots of Eurycoma longifolia. Bioorcganic and 

Medicinal Chemistry 12: 537-544. 

 

Lai PY, Tamashiro M, Yates JR, Su NY, Fujii JK & Ebesu RH. 1983. Living Plants 

in Hawaii Attacked by Coptotermes formosanus. Proceedings, Hawaiian 

Entomological Society Vol 24. October 1983. Pp. 283-286 

 

Langewald  J, & Kooyman C.  2007. Green MuscleTM, a fungal biopesticide for control 

of grasshoppers and locusts in Africa. In Vincent et al. (eds.), Biological 

Control: A Global Perspective. CABI International/AAFC, Wallingford, 

United Kingdom. Pp.311-318 

 

Latch GCM. (1964). Metarhizium anisopliae (Metschnikoff) Sorokin strains in New 

Zealand and their possible use for controlling pasture inhabiting insects. New 

Zealand Journal of Agricultural Research 8: 384–396. 

 

Lim TK, Bowman L, & Tidemann S. 1993. A report on the survey of winged 

vertebrate pest damage crops in the northern territory. winged vertebrate pest 

damage in the northern territory. Techinal Bulletin No. 209. ISBN 

0724527036. Pp 68.  

 

Luo S, He M, Cao Y, & Xia Y. 2013. The tetraspanin gene MaPls1 contributes to 

virulence by affecting germination, appressorial function and enzymes for 

cuticle degradation in the entomopathogenic fungus, Metarhizium acridum. 

Environmental Microbiology. 1;15(11):2966-79. 

 

Malaysian Herbal Monograph Technical Committee 1999. Malaysian Herbal 

Monograph. Vol. 1. Forest Research Institute Malaysia. Pp.93. 

 

Masood A, Saeed S, Silveira SF, Akem CN, Hussain N, & d Farooq M. 2011. Quick 

Decline Of Mango In Pakistan: Survey And Pathogenicity Of Fungi Isolated 

From Mango Tree And Bark Beetle. Pakistan Journal of Botany 43(3): 1793–

1798. 

 



© C
OPYRIG

HT U
PM

79 
 

McCoy CW, Samson RA. & Bovcias DG. 1988. Entomogenous fungi. In Ignoffo CM. 

(ed.), CRC Handbook of Natural Pesticides. Microbial Insecticides Part-

A:Entomogenous Protozoa and Fungi 5. Boca Raton, FL. Pp.151–236 

 

Mcleod Scott J. 2010. Algal leaf spot. Home and garden information center. TYK 

1210. CLEMSON cooperative extension. 

 

Mehinto JT, Atachi P, Kobi O, Kpindou D, & Tamò M. 2014. Pathogenecity of 

entomopathogenic fungi Metarhizium anisopliae and Beauveria bassiana on 

larvae of the legume  pod borer Maruca vitrata (Lepidoptera : Crambidae) 

ARPN. Journal of Agriculture Biology Science 9:55–64. 

 

Metschnikoff  E. 1879.  Maladies des hannetons du ble. Zapiski imperatorskogo 

obshchestua sel'skago Khozyaistra yuzhnoi rossii. Pp. 17-50. 

 

Meyling NV, & Eilberg J. 2006. Occurrence and distribution of soil borne 

entomopathogenic fungi within a single organic agroecosystem. Agriculture, 

Ecosystem & Environment 113: 336-341. 

 

Meyling NV, Thorup-Kristensen K, & Eilenberg J. 2011. Below and above ground 

abundance and distribution of fungal entomopathogens in experimental 

conventional and organic cropping systems. Biological Control 59:180–186. 

 

Meyling NV. 2007. Methods for isolation of entomopathogenic fungi from the soil 

environment Laboratory manual, Department of Ecology, Faculty of Life 

Sciences, University of Copenhagen, Thorvaldsensvej 40, DK-1871 

Frederiksberg C, Denmark. Meyling 2007: Manual for isolation of soil borne 

entomopathogenic fungi. 

 

Mietkiewski RT, Pell JK, & Clark SJ. 1997. Influence of pesticide use on the natural 

occurrence of entomopathogenic fungi in arable soils in the UK: field and 

laboratory comparisons. Biocontrol Science Technology 7:565–575. 

 

MILLER D. 2005. Selected Scale Insect Groups (Hemiptera: Coccoidea) In The 

Southern Region Of The United States. Florida Entomologist 88(4) : 482–501. 

 

Milner RJ, Hartley TR, Lutton GG. & Prior C. 1994. Control of Phaulacridium 

vittatum (Sjöstedt) (Orthoptera: Acrididae) in field cages using an oil based 

spray of Metarhizium flavoviride Gams and Rozsypal (Deuteromycetina: 

Hyphomycetes).  Journal of the Australian Entomological Society 33:165 -

167. 

 

Milner RJ, Staples JA, Hartley TR, Lutton GG, Driver F, & Watson JAL. 1998. 

Occurrence of Metarhizium anisopliae in nests and feeding sites of Australian 

termites. Mycological Research 102:216–220. 

 

 

 

 



© C
OPYRIG

HT U
PM

80 
 

Mohd Anuar A. 2003. Some notes on the control of the tiger moth, Atteva sciodoxa 

(Lepidoptera: Yponomeutidae) and scale insect on tongkat ali (Eurycoma 

longifolia). In editor 6th International Conference on Plant Protection in the 

Tropics, 11-14 August 2003, Kula Lumpur. Pp 92-95 

 

Mohd Azmi MI, Mohd Shahwahid HO, and Ahmad Fauzi P. 2004. The Prospect of 

medicinal plant trade in Malaysia. In editor?, The Conference on Scientific and 

Social Research (CSSR) 2003. 26-27 August 2003, Seri Kembangan. 

Malaysia. Pp. 

 

Mohd Farid, A., Wan Muhd Azrul, WA., Ong SP., & Lee S.S. 2014. Destructive Leaf 

Cutter (Tiger Moth) of Eurycoma longifolia. FRIM Technical Information No. 

73. 

 

Mohd Ilham A, Abdul Halim T, Mohd Kafi J, & Mohd Faizal K. 2000. Penanaman 

Tongkat Ali Secara Terbuka. Satu Kajian Awal. Seminar on Medicinal & 

Aromatic Plants, 12-13 Sept 2000, FRIM, Kepong. 

 

Mohd Noh H J. 2000. Penanaman Herba di bawah Kelapa Dewasa di Kawasan Tanah 

Liat Pantai Semenanjung Malaysia. In Chang et al. (eds.), Proceeding of the 

Seminar on Medicinal & Aromatic Plants 12-13 Sept 2000, Forest Research 

Institute Malaysia (FRIM), Kuala Lumpur. Pp. 147-148. 

 

Mohd Noh HJ, Mohd Ilham A. & Fauziah I. 2004. Ancaman-ancaman utama dalam 

penanaman Tongkat Ali di Semenanjung Malaysia. In Chang et al. (eds.), 

Proceeding of the Seminar on Medicinal Plants: Tongkat Ali, Kacip Fatimah 

and Pegaga - New dimension in complementary healthcare. 20-21 August 

2002, Kuala Lumpur. Pp. 42-46.   

 

Mohd Noh HJ. & Mohd Ilham A. 2000. Penanaman Tongkat Ali sebagai selingan di 

bawah kelapa. In Chang et al. (eds.), Proceedings of the Seminar on Medicinal 

and Aromatic Plants, Towards Bridging Science and Herbal Industry. 12-13 

September 2000, Forest Research Institute Malaysia, Kepong, Malaysia. Pp. 

148. 

 

Moslim R, Wahid MB, Kamarudin N,  Sharma M. &  Ali SRA. 1999. Remove from 

marked Records  Impact of Metarhizium anisopliae (Deuteromycotina: 

Hyphomycetes) applied by wet and dry inoculum on oil palm rhinoceros 

beetles, Oryctes rhinoceros (Coleoptera: Scarabaeidae). Journal of Oil Palm 

Research, 11(2): 25-40. 

 

Musa Y, Patahayah M,  &  Ramli M. 2005. Assessment of growth and root yield of 

tomngkat ali (Eurycoma longifolia Jack) grown under open mono-cropping 

system. Proceeding of the Harnessing Cures from Nature: Trends and 

Prospects, Sept. 13-14, FRIM, Kuala Lumpur, Pp.72-80. 

 

 

 

 

http://www.cabdirect.org/search.html?q=au%3A%22Moslim%2C+R.%22
http://www.cabdirect.org/search.html?q=au%3A%22Wahid%2C+M.+B.%22
http://www.cabdirect.org/search.html?q=au%3A%22Kamarudin%2C+N.%22
http://www.cabdirect.org/search.html?q=au%3A%22Mukesh+Sharma%22
http://www.cabdirect.org/search.html?q=au%3A%22Ali%2C+S.+R.+A.%22
http://www.cabdirect.org/add_marked_records.html?pa=20001111221&retUrl=http%3A%2F%2Fwww.cabdirect.org%2Fabstracts%2F20001111221.html%3F
http://www.cabdirect.org/add_marked_records.html?pa=20001111221&retUrl=http%3A%2F%2Fwww.cabdirect.org%2Fabstracts%2F20001111221.html%3F
http://www.cabdirect.org/search.html?q=do%3A%22Journal+of+Oil+Palm+Research%22
http://www.cabdirect.org/search.html?q=do%3A%22Journal+of+Oil+Palm+Research%22


© C
OPYRIG

HT U
PM

81 
 

Nadia ME. Norazlina M. Norliza M. Isa NM. & Ahmad  NS. 2012. Eurycoma 

longifolia: Medicinal Plant in the prevention and treatment of male 

osteoporosis due to androgen deficiency.  Journal of Evidence-based 

Complementary And Alternative Medicine. Vol.2012: Hindawi Publishing 

Corporation. pg. 9. 

 

Naqqash MN, Gokce A, Bakhsh A & Salim M. 2016. Insecticide resistance and its 

molecular basis in urban insect pests. Parasitology Research, 115(4): 1363 – 

1373. 

 

Nelson S. 2008. Sooty mold. Plant Disease. Cooperative extension service. College of 

tropical agriculture and human resources. University of Hawaii at Manao. PD-

52. 

 

Nguyen TL, & Vo TBC. 2007. Biocontrol potential of Metarhizium Anisopliae and 

Beauveria bassiana against diamondback moth, Plutella xylostella. Omonrice 

15: 86-93. 

 

Oddsdottir ES, Nielsen C, Sen R, Harding S, Eilenberg J, & Halldorsson G. 2010. 

Distribution patterns of soil entomopathogenic and birch symbiotic 

ectomycorrhizal fungi across native woodland and degraded habitats in 

Iceland. Iceland Agriculture Science 23:37–49 

 

Old KM, Lee SS, Sharma JK, & Yuan ZQ. 2000.  Manual of diseases of tropical 

acacias in Australia, South-East Asia and India. Center for International 

Forestry Research, Indonesia 35-38. Pg. 104  

 

Ouedraogo A, Fargues J, Goettel MS, and Lomer CJ. 1997. Effect of temperature on 

vegetative growth among isolates of Metarhizium anisopliae and M. 

flavoviride. Mycopathologia 137: 37-43. 

 

 Ouedraogo A,  Fargues J,  Goettel MS, & Lomer CJ. 1997. Effect of temperature on 

vegetative growth among isolates of Metarhizium anisopliae and M. 

flavoviride. Mycopathologia 137(1): 37– 43 

 

Oumi N, Hasegawa K, Aok CY, Iiyama K, & Shimizu S. 2011.  Phylogenetic analysis 

of Metarhizium spp. isolated from soil in Japan.  Applied Entomology and 

Zoology 46:301–309. 

 

Owens K, Feldman J, & Kepner J. 2010. Wide Range of Diseases Linked to Pesticides. 

Pesticide-Induced Diseases Database 30(2) Pp.13-21. 

 

Patahayah  M, Lee SS & Mohd Farid A. 2011. Penyakit, Perosak dan Gangguan 

Tanaman Tongkat Ali. FRIM Technical Handbook, 41. Pg. 31. 

 

Perry LM. 1980. Medicinal plants for east and Southeast Asia. "Attributed properties 

and uses. M.I.T. Press MA. Pp. 389. 

 

http://link.springer.com/search?facet-author=%22A.+Ouedraogo%22
http://link.springer.com/search?facet-author=%22J.+Fargues%22
http://link.springer.com/search?facet-author=%22M.S.+Goettel%22
http://link.springer.com/search?facet-author=%22C.J.+Lomer%22
http://link.springer.com/journal/11046
http://link.springer.com/journal/11046


© C
OPYRIG

HT U
PM

82 
 

Pu ZL, & Li ZZ. 1996. Insect Mycology. Anhui Science Technology 95-97. Hefei 

Press, Anhui, China. Pp. 360-368. 

 

Purwar JP, & Sachan GC. 2005. Biotoxicity of Beauveria bassiana and Metarhizium 

anisopliae against Spodoptera litura and Spilartcia oblique. Annals of Plant 

Protection Science 13: 360-364. 

 

Quesada EM, Navas-Corte´s  JA, Elizabeth AA,  Maranhao A, Ortiz-Urquiza A, 

Santiago-Avarez CL. 2007. Factors affecting the occurrence and distribution 

of entomopathogenic fungi in natural and cultivated soils. Mycological 

Research 111:947–966. 

 

Rasmussen AN, Kanapathy K, Santamaria N. & Gurmit S. 1982. Establishment of oil 

palm in Agriculture in the Eighties, Volume II. Eds: Pusparajah E & Chew PS. 

Kuala Lumpur 1981. The Incorporate Society of Planters. Kula Lumpur p. 

641–651. 

 

Rehman SU, Choe K & Yoo HH. 2016. Review on a Traditional Herbal Medicine, 

Eurycoma longifolia Jack (Tongkat Ali): Its Traditional Uses, Chemistry, Evidence-

Based Pharmacology and Toxicology. Molecules 21(331): 1-31. 

 

Richard JS, Neal TD, Karl JK, & Michael RK. 2010. Model reactions for insect cuticle 

sclerotization: participation of amino groups in the cross-linking of Manduca 

sexta cuticle protein MsCP36. Insect Biochemical and Molecular Biology 

40:252-258. 

 

Robinson GS, Tuck KR,  and Schaffer M.  1994. A Field Guide to the smaller moths 

of South East Asia. 1st Edition. Kuala Lumpur, Malaysia. Pg 307. 

 

Rodriguez M, Gerding M, & France A. 2009. Selection of entomopathogenic fungi to 

control Varroa destructor (Acari:Varroidae). Chilean Journal of Agriculture 

Research 69(4): 534–540. 

 

Rombach  MC, Humber RA, and Evans HC. 1987. Metarhizium album, a fungal 

pathogen of leaf and plant hoppers. Transactions of the British Mycological 

Society 88: 451-459. 

 

Sachin K,  Parate RL,  Mane SS, and Deshmukh VV.  2012. Influence of nutrition and 

different physical parameters on growth and sporulation of Metarhizium 

anisopliae. International Journal of Science, Environment and Technology 

1(5): 479 – 484. 

 

Sahayaraj K, & Namachivayam SKR. 2011. Field Evaluation of Three 

Entomopathogenic Fungi On Groundnut Pests. TROPICULTURA 29 (3):143–

147. 

 

 

 

 



© C
OPYRIG

HT U
PM

83 
 

Sajap AS, Rozihawati Z, Omar D. & Lau W H. 2014. Remove from marked 

records Isaria fumosorosea and Metarhizium anisopliae for controlling Atteva 

sciodoxa (Lepidoptera: Yponomeutidae), a pest of Eurycoma longifolia. 

Journal of Tropical Forest Science 26(1): 84–91 

 

Sajap AS. & Kaur K. 1990. Histopathology of Metarhizium anisopliae, an 

entomopathogenic fungus Infection in-the termite, Coptotermes curvignathus. 

Pertanika 13(3): 331–334. 

 

Salehudin MR. 2010. Felda Jengka tanam  tongkat ali.  http://www.utusan.com.my 

 

Samson RA. 1981. Identification: Entomopathogenic Deuteromycetes spp., In Burges 

HD. (ed.), Microbial control of pests and plant diseases 1970–1980, Chapter 

6. Academic Press. Pp. 94–105 

 

Sapna NB, Sasidharan TO,  Remadevi OK, Rajan PD, & Balachander M. 2010. 

Virulence of Metarhizium isolates against the polyphagous defoliator pest, 

Spilarctia obliqua (Lepidoptera: Arctiidae). Journal of Tropical Forest 

Science 22(1): 74–80 

 

Shah FA, Ansari MA,  Prasad  M,  &  Butt TM. 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. 

 

Shah PA, & Pell JK. 2003. Entomopathogenic fungi as biological control agents. 

Applied Microbiology and Biotechnology 61: 413–423. 

 

Shaharuddin MI, Abd. Rahman AR, & Zahari I. 2004. The prospect of plantation 

conservation of tongkat ali (Eurycoma longifolia) in Peninsular Malaysia. In 

Chang et al. (eds.), Proceeding  of the Seminar on Medicinal Plants, Tongkat 

Ali, Kacip Fatimah and Pegaga - New dimension in complementary 

healthcare.20-21 august 2002, Kuala Lumpur, Malaysia. Pp. 34–44. 

 

Sharififard M, Mossadegh MS, & Vazirianzadeh. 2012. Effects of Temperature And 

Humidity On The Pathogenicity of The Entomopathogenic Fungi In Control 

Of The House Fly, Musca domestica L. (Diptera:Muscidae) Under Laboratory 

Conditions. Journal Of Entomology 9(5): 282–288. 

 

Sharma G, & Pandey RR. 2010. Influence of culture media on growth, colony 

character and sporulation of fungi isolated from decaying vegetable wastes. 

Journal of Yeast and Fungal Research 1 (8): 157 – 164. 

 

Smith JR, & Grula EA.  1981. Nutritional requirements for conidial germination and 

hyphal growth of Beauveria bassiana. Journal Inveterbrate Patholology 

37:222–230. 

 

 

http://www.cabdirect.org/search.html?q=au%3A%22Sajap%2C+A.+S.%22
http://www.cabdirect.org/search.html?q=au%3A%22Rozihawati%2C+Z.%22
http://www.cabdirect.org/search.html?q=au%3A%22Omar%2C+D.%22
http://www.cabdirect.org/search.html?q=au%3A%22Lau%2C+W.+H.%22
http://www.cabdirect.org/add_marked_records.html?pa=20143056032
http://www.cabdirect.org/add_marked_records.html?pa=20143056032
http://www.cabdirect.org/search.html?q=do%3A%22Journal+of+Tropical+Forest+Science%22


© C
OPYRIG

HT U
PM

84 
 

St Leger RJ, May B, Allee LL, Frank DC, Staples RC. & Roberts DW. (1992) Genetic 

differences in allozymes and in formation of infection structures among 

isolates of the entomopathogenic fungus Metarhizium anisopliae.  Journal of 

Invertebrate Pathology 60: 89-101. 

 

St. Leger RJ, Charmley AK, & Cooper  RM. 1988.  Production of polyphenol 

pigments and phenoloxidase by the entomopathogen, Metarhizium anisopliae.  

Journal of Invertebrate Pathology 53: 211–215. 

 

St. Leger RJ, Durrands PK, Charnley AK, & Cooper RM. 1988. Role of extracellular 

chymoelastase in the virulence of Metarhizium anisopliae for Manduca sexta. 

Journal of Invertebrate Pathology 52: 285–293.  

 

St. Leger RJ, Joshi L, & Bidochka MJ. 1996. Construction of an improved 

mycoinsecticide over expressing a toxic protease. Proceedings of National 

Academy of Sciences of the USA 93: 6349–6354. 

 

Studdert JP, & Kaya HK. 1990. Water potential, temperature, and clay- coating of 

Beauveria bassiana conidia effect on Spodoptera exigua pupal mortality in 2 

soil types. Journal of Invertebrate Pathology 56: 327–336. 

 

Sun BD, & Liu XZ. 2008. Occurrence and diversity of insect-associated fungi in 

natural soils in China. Applied Soil Ecology 39:100–108. 

 

Syarifah DSB. 2012. Potensi besar dunia herba.  http://www.hmetro.com.my. 

 

Talbott SM, Julie A, George A, & Pugh M. 2013. Effect of tongkat ali on stress 

hormones and psychological mood state in moderately stressed subjects. 

Journal of the International Society of Sports Nutrition 10:28. 

 

Tanada Y, & Kaya HK. 1993. Insect Pathology, Academic Press, San Diego, CA. 

Pg.666. 

 

Tang LC, & Hou RF. 2001. Effects of Environmental Factors on Virulence of the 

Entomopathogenic Fungus, Nomuraea rileyi, Against The Corn Earworm, 

Helicoverpa armigera (Lep: Noctuidae) Journal of Applied Entomology 125: 

243–248. 

 

Tangthirasunun N, Poeaim S, Soytong K., Sommartya P, & Popoonsak S. 2010. 

Variation in morphology and ribosomal DNA among isolates of Metarhizium 

anisopliae from Thailand. Journal of Agricultural Technology 6(2): 317–329  

 

Thistleton BM, Neal MJ, & Smith ESC.2013. Plant Industries, Darwin Management 

of the Giant Northern Termite (Mastotermes darwiniensis). Agnote No. 158. 

Northern Territory Government.  Pg. 7 

 

Tho YP. 1974. The termite problem in plantation forestry in Peninsular Malaysia. 

Malaysian Forester 37: 278–283. 

 

http://www.hmetro.com.my/


© C
OPYRIG

HT U
PM

85 
 

Thomas MB. 2000. Development of a Myco-insecticide for Biological Control of 

Locusts in Southern Africa. Cheke et al. (eds.).Workshop on Research 

Priorities for Migrant Pests of Agriculture in Southern Africa. Plant Protection 

Research Institute, Pretoria, South Africa, 24–26 March 1999. Natural 

Resources Institute, Chatham, UK. 

 

Todd U. 2014. Metarhizium (Order: Hypocreales, Family: Clavicipitaceae) 

http://www.biocontrol.entomology.cornell.edu. 

 

Tsigos I. & Bouriotis V. 1995. Purification and characterization of chitin deacetylase 

from Colletotrichum lindemuthianum. Journal of Biological Chemistry 

270:26286–26291.  

 

Tulloch M. 1976. The genus Metarhizium. Transactions of the British Mycological 

Society 66: 407-411. 

 

Vanninen I. 1996. Distribution and occurrence of four entomopathogenic fungi in 

Finland: effect of geographical location, habitat type and soil type. 

Mycological Research 100:93–101. 

 

Velasquez VB, Carcamo MP, Merino CR, Iglesias AF, Duran JF. 2007. Intraspecific 

differentiation of Chilean isolates of the entomopathogenic fungi Metarhizium 

anisopliae var. anisopliae as revealed by RAPD, SSR and ITS markers. 

Genetic Molecular Biology 30:89–99 

 

Vilcinskas A, Matha V, & Gotz P. 1997. Inhibition of phagocytic activity of 

plasmatocytes isolated from Galleria mellonella by entomogenous fungi and 

their secondary metabolites. Journal of Insect Physiology 43: 475–483. 

 

Wang C, & St. Leger RJ. 2005. Developmental and transcriptional responses to host 

and nonhost cuticles by the specific locust pathogen Metarhizium anisopliae 

var. acridum. Eukaryotic Cell 4(5):937–947. 

 

Westphal A, Xing L, Scott Abney T, & Shaner G. 2006. Sudden Death Syndrome. 

Diseases of Soybean. Purdue Extension BP-58-W.Pg.6 

 

White TJ, Bruns T, Lee S. & Taylor J. 1990. Amplication and direct sequencing of 

fungal ribosomal RNA genes for phylogenies. In: Innis et al.(eds), PCR 

Protocols. A Guide to Methods and Applications. Academic Press, New York, 

U.S.A. Pp. 315–322. 

 

Yanaka-Schafer FY, Dall’Onder LP, Panichi MC, Mendes RG, Fagundes NJR, 

Bandinelli JB, & Bogo MR. 2008. Sequence analysis of the rDNA intergenic 

spacer of Metarhizium strains isolated. Brazilian Genetic and Molecular 

Biology 31:116–121 

 

 

 

 

http://www.biocontrol.entomology.cornell.edu/
http://ec.asm.org/search?author1=Chengshu+Wang&sortspec=date&submit=Submit
http://ec.asm.org/search?author1=Raymond+J.+St.+Leger&sortspec=date&submit=Submit


© C
OPYRIG

HT U
PM

86 
 

Yeo H, Pell JK, Alderson PG, Clarke SJ, & Pye BJ. 2003. Laboratory evaluation of 

temperature effects on the germination and growth of entomopathogenic fungi 

and on their pathogenicity to two aphid species. Pesticide Management 

Science 59: 156–165. 

 

Zanoli P, Zavatti M, Montanari C, & Baraldi M. 2009. Influence of Eurycoma 

longifolia on the copulatory activity of sexually sluggish and impotent male 

rats. Journal of Ethnopharmacology 126:308–313. 

 

Zhari I, Norhayati and Jaafar L. 1999. Herba Labisiae. Malaysian Herbal Monograph. 

Volume I. Malaysian Monograph Committee, Kuala Lumpur. Malaysia. Pp 

45–48. 

   

Zimmerman G. 1998. Suggestions for a standardized method for reisolation of 

entomopathogenic fungi from soil using the bait method (G. Zimmermann, 

Journal of Applied Entomology 102,213-215, 1986). IOBC/WPRS Bulletin, 

Insect pathogens and insect parasitic nematodes 21:p. 289. 

 

Zimmermann G .2007. Review on safety of the entomopathogenic fungi Beauveria 

bassiana and Beauveria brongniartii. Biocontrol Science Technology 17:553–

596 

 

Zimmermann G. 1986. The ‘Galleria bait method’ for detection of entomopathogenic 

fungi in soil. Journal Applied Entomology 102: 213–215. 

 

Zimmermann G. 1993. The entomopathogenic fungus Metarhizium anisopliae and its 

potential as a biocontrol agent. Pesticide Science 37: 375–379. 

 

 

  


	Blank Page
	Blank Page
	Blank Page
	Blank Page



