sun19dr1484

muing

nruehaTumIInuaT. 2535, sorumlelrnauaznItaamide. enmamouns 1y
InsanmrusidosiunncisamaonizTaathimann)sag 3 wa. 253s.
2536. NTANNA,

ursna o flowmys. 2525. nanauguAngvuns Sy Taed 3. quittumunudngiy
TauFiundduviand uminodunuaimand.

wdind oy, 253. mm'mquuumﬁn;iﬂanm:'lﬁ#an. 183-192. 11 n31dms
Az, nImugaefngAvTanT i RiensineRsddiungamma.

aufia Arams. 2525, Tsadhaasmstlesiuna. munlindn naddtoliniy nain
mstnuas. nsEnsrunuatuazounsal 1w, 2525,

Ty ysmwileniug. 2524, ﬁ’n;sﬂwﬁuacmﬁun1='[ﬂn§151mn Nilaparvata lugens

| (Stal) (Homoptera:Delphacidae) Tulszimeaina Inoiinudiiygnuvniudia
uninoduinuasmeaad.

NIBINOH

Aguda, R.M., Rombach, M.C,, Im, D.J,, and Shepard, B.M. 1987. Suppression of population
of the brown planthopper Nilaparvata lugens Stal. (Homoptera: Delphacidae) in
field cages by entomogenous fungi (Deuteromycotina) on rice in Korea. J. Appl.
Entomol. 104 (2): 167-172,

Ainsworth, G.C., Sparrow, F K., and Sussman, A.S. (eds.) 1973. The fungi : An advanced
treatise, (V.4A) . A taxonomic review with keys © Ascomycetes and Fungi
Imperfecti. New York : Academic Press.

Al-Aidroos, K., and Roberts, D.W. 1978. Mutants of Metarhizium anisopliae with increased
virulence toward mosquito larvae. Canad. J. Genet. Cytol. 20: 211-219.

Alexopoulos, C.J., and Mims, C.W. 1979. Introductory Mycology. 3rd ed. New York :
John Wiley & Sons.



62

Austwick, P.K.C. 1977. Pathogenicity, pp. 82-126. In Raper, K.B., and Fennell, D.I. (eds.).
The Genus Aspergillos. 3rd ed. New York : Robert E. Krieger.

Bandara, JM.R.S., and Ahangama, D. 1994. Metarhizium sp.: a new biocontrol agent for
brown planthopper management in rice fields. IRRN 19:4.

Bames, G.L., Boethel, D.J., Eikenbary, R.D., Criswell, I.T., and Gentry, CR. 1975. Growth
and sporulation of Metarhizium anisopliac and Beauveria bussiana on media

) containing various peptone sources. J. Invertebr. Pathol. 25:301-305.

Barnett, H1..1967. Ilustrated Genera of Imperfect Fungi. 2nd ed. USA : Burgess
Publishing .

Booth, C. 1971. The Genus Fusarium. Great Britain: The Commonwealth Mycological
Institute.

Borrer, D.J., and White, RE. 1970. A Field Guide to The Insect of America North of
Mexico. Boston: Houghton Miffilin Company.

Burges, H.D. (ed.) 1981. Microbial control of pest and plant diseases 1970-1980.
London : Academic Press.

Burges, H.D., and Hussey, N.W. (eds.) 1971. Microbial control of insect and mites.
London : Academic Press

Chui, S. 1979. Biological control of the brown planthopper. In International Rice Research
Institute. Rice Brown Planthoppeﬁ Threat to Rice Production in Asia
Philippines.

Chui, S.F. 1984, Recent advances in the integrated control of rice insects in China.
Bulletin of the Entomological Society of America. 30(3) :41-46.

Crove, J.F., and Pople, M. 1980. The insecticidal activity of beauvericin and the enniatin
complex. Mycopathologia. 70(2): 103-105.

Daoust, R.A.,and Roberts, D.W. 1982. Virulence of natural and insect-passaged strain of
Metarhizium anisopliae to mosquito larvae. J. Invertebr. Pathol.40:107-117.

Fawcett, H.S. 1944. Pungus and bacteria discases of insects as factors in biological c<.mtml.

The Botanical Review. VX No.6 : 327-348.



63

Ferron, P. 1981. Pest control by fungi Beauveria and Metarhizium. pp. 465-482 In Burges ,

H.D. (ed.) Microblal Control of Pests and Plant Diseases 1070-1880, London
: Academic Press.

Gillespie, A.T., 1986. Effect of entomogenous fungi on the brown planthopper of rice
Nilaparvata lugens. Monograph Crop Protection Council 34:245-251.

Gillespie, A.T., and Jimenez, J. 1990. The potential of fungi for control of rice pests. pp.
177-180. In Grayson, B.T., Green, M.B., and Copping, L.Ci. (cds.) Pest
Management in Rice. Conference on Pest Management in Rice. New York:

The Society of Chemical Industry.

Gilman, J.C. 1975. A manual of soil fungi. 2nd ed. New Delhi: Oxford & IBH Publishing.

Gunathiragaraj, K., Babu, P.C.S., and Gopalen, M. 1987. Mycosis of Nilaparvata lugens
(Stal) from India. Current Science. 56(21):1124-1125.

Gupta, M., and Pawar, A.D. 1989, Biological control of rice leafhoppers and planthoppers in
Andha Pradesh. Plant Protection Bulletin (Faribabad). 41(1-2):6-11.

Hell, R.A. 1981. The fungus Verticillium lecanii as a microbial insecticide against aphids
and scales. In Burges, H.D. (ed.} Microbial control of pests and plant diseases
1070-1880. London : Academic Press. 7

Heale, J.B., Isaac, J.E., and Chandler, D. 1989. Prospects for strain improvement in
entomopathogenic fungi. Pestic.Scl. 26: 79-92.

Hirashima, Y., Aizawa, K., Miura, T., and Wongsir, T. 1979. Field studied on the biological
control of leafthoppers and planthoppers (Hemiptera: Homoptera) injurious to rice
plants in South-East Asia. Progress report for the year 1977.Esakia 13: 1-21.

Holdom, D.G., Taylor, P.S., and Soper, R.S. 1988. Activity of Entomophthoran Fungal
Isolates (Zygomycetes) against Nilaparvata Jugens and Sogatodes orizicola
{Homophthora: Delphacidae) J. Invertebr. Pathol. 52: 221-230.

Hussey, N.W., and Scopes, N. (eds.) 1985. Blological pest control . The glasshouse

experience. Dorset : Biandford press.



Hwang, S.W. 1968, Investigation of ultra-low temperature for fungal cultures: I. An
evaluation of liquid-nitrogen storage for preservation of selected fungal cultures,
Mycologia. 60: 613-621.

Hwang, S.W., and Howell, A, 1968, Investigation of ultra-low temperature for fungal
cultures II: Cryo-protection afforded by glyceral and dimethyl sulfoxide to 8
selected fungal cultures. Mycologla. 60: 622-626. '

International Rice Research Institute (IRRI). 1983. Field problems of tropical rice.
Revised edition. Philippines.

King, D.S. 1979, Systematics of fungi causing entomophthoramycosis. Mycologia. 71:731-
745.

Kramer, K.J., Hopkins,T.L., and Schaefer, J. 1988. Insect cuticle structure and metabolism
pp.160-185. In Hedin, P.A., Menn,J.J., and Hollingworth, R.M. (eds.)
Biotechnology for crop protection. The Third Special Conference of the
Division of Agrochemicals of the American Chemical Society. Snowbird, Utah
June 28- July 3, 1987.

Kisimoto, R. 1957, Studies on the polymorphism in the plmﬁoppers (Homoptera:
Araecopidae) III. Differents in several morphological and physiological characters
between two wing forms of the planthoppers. Jap. J. Appl.Ent.Zool.1:164-173.

Kuruvilla, S., and Jacob, A. 1980. Pathogenicity of the entomogenous fu.ngus Paecilomyces
farinosus (Dicken ex Fries) to several insect pests. Entomon. v.5(3):175-176.

Li, HK. 1985. Entomopathogenic microorganisms of rice planthoppers and leafhoppers in
China, International Rice Research Newsletter. 10¢1):13-14.

Li, HK. 1986. Beauveria bassiana for controlling brown planthoppers (BPH) and green
leafhoppers (GLH). International Rice Research Institut: Newsletter. 11(3):22.

Mancharan, N., and Jayaraj, S. 1979, Observation on the ecology and bio-control agents of
rice brown planthopper.Recent Trends in Rice Brown Planthopper Control
Colloquium on Rice Brown Planthopper , June,24 pp. Z8-31. |

Pathak, M.D. and Khan, ZR. 1994. Insect pests of rice. International Rice Research

Institute, Philippines.



65

Raper, K.B., and Fennell, D.I. 1977. The Genus Aspergillus. 3 rd ed. New York : Robert
E. Krieger.

Reissig, W.H., Heinrichs, E.A., Litsinger, J.A., Moody, K., Fiedler, L., Mew, T.W., and
Barrion, A.T. 1985. Control of rice pests. In lllustrated Guide to Integrated
Pest Management in Rice in Tropical Asla. International Rice Research
Institute. Los Banos, Philippines.

Roberts, D.W. 1981. Toxins of entomopathogenic fungi. pp. 441-464. In Burges, H.D. (ed.).

Microbial Control of Pests and Plant Diseases 1970-1980. London:Academic
Press.

Roberts, D.W., and Yendol, W.G. 1971. Use of fungi for microbial control of insects.
pp- 125-149. In Burges, H.D. and Hussey, N.W. (eds). Microbial Control of
Insects and Mites. New York: Academic Press.

Rombach, M.C., Aguda, R.M., and Roberts, D.W, 1986a. Biological contro} of the brown
planthopper, Nilaparvata lugens (Homoptera : Delphacidae) with dry mycelium
applications of Metarhizium anisoplige (Deuteromycotina : Hyphomycetes).
Philippine Entomologist 6(6):613-619.

Rombach, M.C., Aguda, R.M., Shepard, B.M., and Roberts, D.W, 1986b. Infection of rice
brown planthopper Nilaparvata lugens (Homophtera : Delphacidae) by field
application of entomopathogenic Hyphomycetes (Deutromycotina) Environ.
Entomol 15(5) : 1070-1073.

Rombach, M.C., Agudsa, R.M., and Roberts, D.W. 1988, Effect of conidia germination on
infection of brown planthopper (BPH) by insect fungi. IRRN 6 : 42-43,

Rombach, M.C., and Roberts, D.W. 1989, Hirsutella species (Deuteromycotina :
Hyphomycetes) on Philippine insects. Philippine Entomologist 7(5):491-518.

Rombach, M.C., Roberts, D.W., and Aguda, R.M. 1994. Pathogen of rice insects.
pp- 613-655. In Heinrichs,c.a. Biology and management of rice insects.
International Rice Research Institute. New Delhi:Wiley Eastern Limited.

Samson, R.A. 1974. Paecilomyces and some allied Hyphomycetes Stud. Mycol.
Baan.6:1-119.



66

Samson, R.A. 1981. Identification : Entomopathogenic Deuteromycetes. pp. 93-106. In

Burges , H.D. Microbial control of pests and ptant diseases 1870-1880.
London:Academic Press.

Samson, R.A., and Rombach, M.C. 1985. Biology of the fungi Verticillium and
Aschersonia. pp, 34-42. In Hussey, N.W_, and Scopes, N. ieds.) Biological Pest
Control.The Glasshouse Experience. Poole: Blandford Press.

Samuels, K.D.Z., Heale, J.B., Liewellyn, M. 1989. Characteristics relating to the
pathogenicity of Metarhizium anisopliac toward Nilaparvata lugens J. Invertebr.
pathol, 53:25-31.

Schaerffenberg, B. 1964. Biological and environmental conditions for the development of
mycoses caused by Beauveria and Metarhizium. J. Insect Pathol. 6:8-20.

Schmutterer, H. 1985. Trails of biological and intergrated pest control in the tropics.
Giessener Beltrage Zur Entwick lungstor chung, I (Symposien) 12:143-150.

Srivastava, R.P. and Nayak, P. (1978). A white muscadine disease on brown planthopper of
rice. Current Science 47(10):355-356.

Steel, G.L., and Torrie, J.H. 1960. Principles and procedures of statistics. New York : Mc
Graw-Hill.

Steinhaus, E.A. 1947. Insect Microbiology 2nd ed. New York : Vail Ballou Press.

Sussman, A.S. 1951. Studies of an insect mycosis II ; Host and pathogen ranges, Mycologia
43:423-429.

Sussman., 1952. Studies of an insect mycosis TV ; The physiology of the host-parasite
relationship of Platysamia cecropia and Aspergillus flavus. Mycologla 44: 493-
505.

Tanada, Y. 1967. Microbial Pesticides. p.31-87 In Kilgore, W.W_, and Doutt, R.L. (eds.).
Pest control : biological, physical and selected che:ﬁlcal methods. U.S.A.

Teian, LF., Xuan, T.H.,and Olivares, F.M. Effect of botanical treatments on brown
planthopper Nilaparvata jugens (Stal).IRRN. 19:28.

Tulloch, M. 1976. The Genus Metarhizium. Trans. Br. mycol. Soc. 66(3):407-411.



67

Vouk, V. and Klias, Z. 1931. Condition influencing the growth of the insecticidal fungus
Metarhizium anisopliae (Metsch.) Sor. Int'| Corn Borer Invest. Res. Rept. 4:24-45
quoted in Barns, G.L. , Boethel, D.J., Eikenbary, R.D., Criswell, J.T. and Gentry,
CR. (1975) Growth and sporulation of Metarhizium anisop/ise and Beauveria

bassiana on media containing various peptone sources. J. Invertebr. Pathol.

25:301-305.

Walstad, J.D., Anderson, R.F., and Stambaugh, W.J. 1970. Effect of environmental
conditions on two species of muscardine fungus (Beauveria bassiana and
Metarhizium anisopljae). J, Invertebr. Pathol.16:221-226.

West, EJ,, and Briggs, J.D. 1968. In vitro toxin production by fungus Beauveria bassiana
and bioassay in greater wax moth larvae. J, Econ. Entomo. 61: 684-687.

Wilding, N. 1981. Pest control by Entomophthorales. pp. 539-554. Jn Burges, H.D. (ed.)
Microbial Control of Pests and Plant Diseases 1970-1880. London:
Academic Press.

Yu, S.Y., Wu, W.S_, Wei, HP., Ke, D, Xu, J.R. and Wu, QZ. 1989. Field tests of rice

paddy pest control with fish cuiture. Chinese Journal of Biological Control.
5(3):113-116.



SOUUINYUINNS )
ANAINTUNAINENRE



69

ATENHINT 1 Sz muiuoInudanu lunmageus Nymuntnlumne

W - # ] -f -’ : 4
Minalinveaudenaomtonizlaaththema afaf 1

11{3:1 LRI ko aundanifany
G @ |1 s sl 7] odw |1t 5] 135w
control _‘ 39 0 0 0 1 2 4 4
M. flavoviride 0501 43 1 1 1 2 4 5 9
M. flavoviride 0512 74 0 1 13 15 17 20 28
M. flavoviride 0513 45 0 0 0 0 2 1 7
P. fumosoroseus 0515 45 3 4 6 ¥ 10 14 19
V. lecanii 0516 3z 0 0 (H 0 H 1 7

ASNENINT 2 T nuunImenzriunuRanu lumImareuanumusalumne

- — y 24
Wiaalsnveudermomaonizlanthima asa 2

ion LR NI TN AINIRANY
Fubu @ |1 3| s 7] 9% || s
control 34 0 1 1 3 12 | 1% 22
M. flavoviride 0501 37 0 1 1 2 B 12 16
C. lunata 0503 39 1 4 |6 | 12| 16 19 22
F. lateritium 0511 as 0 o | 2| 4 8 10 12
M. flavoviride 0512 36 0 1 3 5 10 | 16 21
M. flavoviride 0513 35 2 3 4 | 8 11 17 26
P. fumosoroseus 0515 30 1 | 2 3 4 10 11 16
V. lecanii 0516 32 o |o| o | al| 7 9 15
B. haptosporus pl 2/08 34 0 1 1 3 4 % 13
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MINHHINT 8 Sty auiTunufanu lumInaroun umunIoluniine

- i . X y 2
MinaTinveudordembonyz Taathian adan 3

vé:m drunung dnuntnamvnzrundainisianu
Fuduen | oS |s S sau |75 9% [ v 133
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3 59 7 M 99U | 117
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2 2 : 5 7 13
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2 1 4 4 8 16
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2 1 1 1 . .

-‘. Y i & []
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MTaInil 5 mnadmneia iR udtoninadurdguinanlnlail

v vab d d 4
uawiﬂn 5 muﬂmfnmuuﬂ?umﬁnu'lummsmque 3 qns

Source of variation Df 58 MS Observed F Tabulated F
0.05 0.01

Rep (R) 2 63.804 31.902 <l

Treatment 14 13865.601 990.400 17.09** 2.06 2.80
Fungi {A) 4 11361.590 2840.398 49.01** 2.1 4.07
Media (B) 2 1590.712 795.356 13.72** 334 5.45

AxB 8 913.299 114.162 1.97 2.29 3.23

Error 28 1622.727 57.954

Total 44 15552.128

1 o v . Yy w o
cv =116, ** = ﬂmmtmnn'Nmmﬁuuﬂmq;mmmnmmzaun‘nm§tmu 99 %
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380191 Haemacytometer
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