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Abutilon theophrasti 4, 327
Acremonium 4, 330
Acremonium diospyri 4
Additives 181, 183, 278, 330, 365, 379
Aeschynomene virginica 4, 179, 226, 266, 290,
362
Aflatoxin 333
Agronomic issues 381, 382
Alginate 12, 38, 116, 119-120, 185, 260
Allozymes 199, 201-202, 229
Alternaria alternata 328, 329, 331
Alternaria cassine 4, 187, 326
Alternaria eichhornia 4, 327
Alternaria zinniae 4
Ampelomyces quisqualis 2, 11, 13, 198, 290, 297
Antagonism 7, 52, 323-324, 334, 362, 378
Antagonistic yeasts
commercialization 274-278
formulation 278
mass production 277
stabilization 278
Antagonists 16, 17, 19, 20, 122, 275, 277, 378
Aphids 3, 41, 42, 51, 54, 72, 84-88, 97, 99,
100, 108, 109, 111, 113, 115, 116, 119,
124-126, 130, 194, 198, 199, 201, 229,
247, 254-255, 264
Application
controlled droplet application 296
droplet size 292-296, 299-300, 302-304
droplet size spectra 296
oil formulation
M. anisopliae var. acridum 298-301
Paecilomyces farinosus 299
retention 294
spray drift 296
sprayer types 304-306
volume applications rate 295
work rate 296
see also Mycoherbicides and Mycoinsecticides
Appressoria 79, 99, 103, 160, 270, 271, 325

Appressorium 25, 160, 183, 200, 223, 224, 227,
228, 244, 267

Arthrobotrys irregularis 361

Aschersonia 25, 27, 41, 73, 256, 312

Aschersonia aleyrodis 27

Aspergillus 6, 25, 204, 225, 240, 333

Bassianolide 26, 312, 320-321, 351

BCA 1, 4-7, 9, 10, 12-20 23, 28, 39, 46, 47,
54, 155-157, 159, 161, 163-165,
170-178, 181, 185, 186, 229-234, 246,
138-149, 157, 159, 163, 166-167,
169-170, 272-279, 311-312, 322, 329,
333, 377-383

Beauveria 3, 25, 26, 254, 290, 318-321, 339,
341, 343

Beauveria bassiana 5, 26, 42, 43, 132, 194,
196-198, 221, 244, 256, 290, 305, 312,
348, 359

wettable powder 261

Beauveria brongniarsii 3, 26, 194, 204, 260, 312,
319, 360

Beauvericin 320-321

Beauveriolide 320-321, 351

Bemisia see Whiteflies

Biocontrol agent see Biological control agent

Biological control agent 1, 9, 11, 23, 52, 124, 155,
164-170, 173, 194, 219, 292, 298, 305,
311-312, 325, 348, 358, 364, 365, 377

Botrytis cinerea 2, 11, 14, 242, 323

Candida oleophila 2, 11,14, 198, 275, 290
Candida saitoana 277

Cassia obtusifolia 4, 326, 327

Cassia occidentalis 4, 11

Cercospora rodmanii 4

Chitinase 322, 325

Chondrosterium purpureum 2, 4, 290
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Classical biological control 194-221, 357-358,
360, 363
Entomophthora grylli 210
Entomophaga maimaiga 220
Erynia radicans 220
mycoinsecticide 194
Puccinia chondrillina 220
Puccinia jaceae 220
Zoophthora 194
Cockchafer 3, 45, 46, 194, 198, 201, 254, 319
Cockroaches 3, 49, 254, 359
Colletotrichum 176, 179, 180, 196, 200, 203,
223,272, 312, 329
Colletotrichum coccodes 4, 192, 327
Colletotrichum gloeosporioides 4, 179, 194, 196,
221, 266, 290, 362
Colletotrichum graminicola 194, 266, 290, 362, 327
Colletotrichum orbiculare 4
Colletotrichum truncatum 246, 267, 268, 270-274
Colorado potato beetle 36, 37, 40, 42, 50, 254
Commercial 1, 4-6, 10, 12, 16, 19-21, 36,
45-46, 49, 66, 119-120, 138, 155-157,
160, 166, 179-180, 184, 186, 219, 221,
224, 226, 228, 239, 232, 239, 249, 253,
254, 258, 260-262, 265-279, 289, 296,
300, 305, 306, 311, 312, 319, 322-323,
326, 328, 330, 347, 358-359, 381-382
Commercialization 198-199
genetic engineering 230-232
Conidia 3, 13, 24-32, 35-39, 41-44, 46-49, 51,
53, 54, 72-75, 77-106, 109-110,
117-120, 125-129, 132, 157, 161, 174,
206, 207, 221, 223, 226, 240-247, 254,
265, 270-273, 297-299, 301-304, 352,
354, 359, 360
Coniothyrium minitans 2, 11, 12, 195, 198, 290
Cordyceps 5, 24, 25
Crops 10-12, 14, 15, 17-19, 31, 32, 41, 42,
44-47, 54, 55, 97, 99, 108, 111, 115,
122-124, 127, 129, 131, 155-156, 159,
163, 164, 169, 170, 172, 174, 176-177,
185, 186, 198, 199, 206, 231, 232, 242,
265-267, 274, 279, 289-290, 295, 297,
298, 381, 382
Cryptococcus albidus 2, 11, 15, 275, 277
Cuscuta australis 4
Cuscuta chinensis 4, 179
Cuticle 25, 26, 36, 43, 51, 79, 80, 85, 88, 89,
94, 97, 99, 223, 225-227, 257, 264,
315-316, 356
adhesion 25, 43, 117, 226, 227
penetration 25, 26, 36, 38, 41, 43, 51, 79,
94, 160, 224-228, 264, 268, 301,
305, 382
Cuticle degrading enzymes 225-227
Cyclosporin 5, 312
Cyst nematodes 362
Cytochalasin C 5, 312

Destruxins 26, 31, 223, 312-318, 333, 351
Aschersonia 312
M. album 316
M. anisopline 312-318

Diospyros virginiana 4

DNA 202, 204, 208-215, 217-218
DTX see Destruxins
Duddingtonia flagrans 3, 155

Echium plantagineum 352, 353
Ecological fitness 239-249, 257, 378
Ecology 1, 6, 10, 13, 15-21, 71, 158, 165-166,
172, 187, 189-191, 193, 195, 206,
211-213, 229, 231, 366, 369
Economic (includes economical, economically,
economics) 1, 7, 16, 44, 114, 123-124,
126, 170, 177-179, 184-186, 191,
194-195, 216, 221, 230, 248, 256-258,
260, 263, 265-269, 276, 301, 305, 327,
350, 353, 357, 362-364, 366-367, 377
Ecophysiology 250
Efrapeptins 318
Eichhornia crassipes 4, 327
Endothia parasitica 2, 198, 290
chestnut blight 2, 15, 350
non-pathogenic strain 2
Enniatins 320, 331
Entomogenous fungi 3, 5, 7-8, 157, 241-242,
244, 312, 318, 380
field trials 5, 42, 44, 46, 120-121, 248-249
inoculation 13, 35, 44, 93, 107, 113,
128-129, 193, 207, 221, 264, 292,
316, 363, 379
isolation 6, 105, 113, 220, 222, 275
novel 5, 10, 34, 41, 53, 112, 132, 223,
258, 279, 304, 325, 351
spray 1, 12, 34-36, 38, 41, 44, 45, 50, 53,
111, 115-118, 123, 124, 174,
181-185, 187, 247, 260, 263,
289-306, 326, 359, 378, 379
Entomopathogen 30, 32, 40, 49-51, 56-58, 66,
131, 221-225, 229, 231-233, 253, 255,
259, 261, 262, 264, 265, 271-273, 279,
291, 304, 312, 319, 320, 347, 348, 356,
359, 366, 368
Entomophaga aulicae 76, 79, 121, 201, 257
Entomophaga grylli 30, 72, 73, 77, 79, 94, 96,
110, 114, 206-209, 211, 229, 354, 355
Entomophaga maimaiga 72, 76, 88-91, 93, 106,
107, 112, 121, 201, 220, 360
Entomaophthora muscae 75, 77, 78, 80-84,
114-115, 121, 127
Entomophthoralean fungi 30, 88, 91, 111-112,
124, 129-130, 256-257, 261
Entomophthorales 71, 73-74, 79, 86, 105,
110-112, 116-118, 120-124, 127, 130,
201, 356
augmentation 111
bottlenecks in exploitation 116
conservation 110
exploitation in pest management 105
formulation of hyphal material 119
introduction of exotic 105
Environment 193, 194, 220, 221, 225-233, 239,
240, 244, 246, 247, 255-256, 261,
264-269, 271, 272, 274-277, 279, 289,
291, 297, 298, 303-305, 322, 326, 327,
333, 334, 350, 351, 354, 356-358, 360,
363-367, 379-382
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Epizootiology 25, 30, 82, 83, 86, 91, 97, 101,
115, 122, 125, 129, 195

Erynia neoaphidis 72, 76, 88, 97, 99, 100, 115,
118, 121

yield 7, 116

Erynia radicans 101, 194, 220

Erynia variabilis 226

European corn borer 3, 30, 43, 52, 198

Fermenter 45, 118, 119, 121, 255-258, 272, 276
Field assays 366
Fitness 239, 251, 257, 267, 268-269, 271-272,
378
Formulations 5, 7, 8, 12, 13, 18-19, 21, 30, 32,
35-36, 38, 45, 49, 51, 116, 117,
119-120, 123, 127, 147, 148, 179,
181-185, 187, 189, 190, 192, 240, 248,
378
see also Antagonistic yeasts, Mycoherbicides
and Mycoinsecticides
Fumonisins 320, 329-332
Fungi
entomogenous see Entomogenous fungi
risk assessment 7, 164, 195, 196, 311,
326, 327, 333, 365, 366, 382
Fusarium 2, 5, 11, 13, 17, 187, 198, 200, 223,
2406, 290, 312, 320, 322, 327, 329-332,
351

Fusarium oxysporium 2

Galleria mellonella see Wax moth
Genetic engineering/manipulation 222-223
commercialization 230-232
detoxification 223-225
differential display 222
differential hybridization 222
environmental persistence — temperature/
moisture 228, 229
expressed sequence tag (EST) 222
fungicide resistance 229
host penetration 223-225
host specificity 225-227
C. gloeosporioides f. sp. aeschynomene
226
Erynia variabilis 226
M. anisopliae 226
Rhizoctonia solani, 226
infection 227, 228
microbial ecology 229-230
pathogenicity 222-223
random mutagenesis 222
receptors 223-225
specificity 222, 223
toxins 223-225
transformation 222
virulence 224, 225
Metarhizium 225
Germ tube 25, 99, 103, 223, 244, 245
germination 25, 29, 32, 35-37, 43, 49-50,
73, 89, 92, 93, 95, 99-101, 103,
120-122, 181, 183, 206, 207, 226,
239, 240, 244-246, 264, 265,
267-268, 270-272, 325

conidia 3, 12, 13, 24-54, 72-132, 157,
161, 167, 196, 197, 200, 206,
207, 221, 223, 226, 240-247,
254-265, 270-273, 297-304, 352,
354, 259, 260
effect of temperature 115, 243
inhibitors 223, 225, 318, 330, 331
Gliocladium 2, 11, 12, 198, 290, 312, 322, 324,
325
Gliocladium virens 2, 12, 322
Gliocladiun catenulatum 2, 198, 290
Gliotoxin 323-325
Gliovirin 312, 325
Grasshoppers 3, 28, 30, 32-34, 39-41, 46, 53,
94-96, 110, 114, 202, 206-212, 221,
254, 255, 264, 291, 354, 359, 360
field bioassays 6
microbial insecticides 43, 256, 355
ovipositing 27, 39, 84
Glycerol 122, 240, 242-247, 257, 264

Haemocoel 26, 33, 35, 44, 85, 90, 95, 225, 318,
359

Health and safety 16, 230

Heterobasidium annosus 2

Heterokaryosis 200

Hirsutella thompsonii 312, 321

Hirsutellin 312, 321-322, 351

Honey bees 53, 219, 349, 379

Horizontal transmission 35, 47-48, 108, 116,
206, 291

Host insects 354

aquatic 196, 316, 327, 362

Hydrophobin 26

Hyphal bodies 26, 31, 44-45, 79, 86, 95, 100,
104, 109, 117-120, 125-126, 257-258,
260-262, 265

Hyphae 24-26, 31, 43-44, 51, 79, 104, 120,
157, 160-161, 256, 258, 304, 318,
352

Hyphomycetes 23-26, 28, 30, 32-34, 37-42,
47-73, 124, 132, 219, 221, 262, 355

Insect 7-8, 16, 23, 25-36, 38-43, 47, 48, 50-71,
73,75, 79, 80, 85, 90, 95, 101, 104,
117, 119, 122, 124-135, 140, 164, 178,
171, 174, 176, 178, 194-205, 207-208,
212, 219-233, 241-242, 247, 253-254,
256, 257, 263-266, 279, 280, 289,
291-293, 299, 312, 315-316, 318,
320-321, 329, 330, 347, 348, 354, 355,
358, 359, 364, 3606, 379, 380
Internal transcribed spacer 203
Inundative inoculations/augmentation 220,
357-360, 362
B. bassiana 221, 359
Chondrostereum purpureum 363
Colletotrichum gloeosporiodes f.sp.
aechynomene 221, 362
C. gloeosporioides f.sp. malvae 221, 362
M. anisopliae 221, 359
Phytophthora palmivora 221
V. lecanii 221
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Lagenidium giganteum 3
LC,, 316, 320
Lethal concentration 50

Locust 3, 33, 35, 41, 46, 94, 96, 255, 291, 294,

298, 316
Lymantria dispar 72, 76, 88-89, 93, 106, 112,
201, 220, 360

Magnaporthe 202, 228, 325
Magnaporthe grisea 202, 228, 325
Maravalia cryprostegine 292, 363
Markers 6, 165, 199
allozymes 201, 207-208
B. bassiana 201
B. brongniartii 201
Entomaphthora grylli 207, 208
M. anisopliae 201
Pandora neoaphidis 201
Zoophthora radicans 201
transposable elements 199, 204, 205
gene tagging 197, 205
immunological 197, 200, 201
karyotype- 201, 202
B. bassiana 202
C. gloeosporioides 201
molecular 197, 202-204, 208-211
B. bassiana 202-204
B. brongniartii 203, 204
C. goeosporioides 204
E. aulicae 202
E. grylli 208-211
E. maimaiga 202
M. anisopline 203-204
tagging 197
Verticillium 204
Zoophthora radicans 203
morphological 197, 200
phenotypic 196
B. bassiana 201
Entomophthorales 201
M. anisopliae 201
transformation 205
vegetative compatibility groups (VGCs) 200
Mass production see Antagonistic yeasts,
Mycoherbicides or Mycoinsecticides
Median lethal dose 28, 315
see also LD and LC, |
Meloidogyne 155, 156, 159, 164, 290
Meloidogyne arenaria 156
Meloidogyne incognita 156, 164
Melolontha melolontha 156
Metabolites 26, 29, 198, 220, 228, 266, 276,
311-334, 351, 357, 368, 378, 381
Metarhizium 25, 26, 51, 203, 223, 224, 255-256,
261, 298, 316, 359-360
Metarhizium album 316
Metarhizium anisopliae 3, 5, 6, 46, 127, 194, 198,
221, 240, 256, 260, 290, 298, 312, 379
virulence 7, 28, 52, 56, 58-59, 61, 73, 97,
108, 128, 145-146, 160, 179-180,
187, 199-201, 212, 217, 220,
222-227, 241, 257, 258, 271, 316,
326, 351, 352, 356, 366, 378
Metarhizium flavoviride 3, 222, 290

Microcentrospora acerina 303
Microsatellites 204
Monitoring
biocontrol fungi 193-212
Entomophthora grylli 206-207
Monoacrosporium ellipsosporum 361
Morrenia odorata 4, 179, 266, 290, 363
Mutants 197, 199-200, 222, 226-227, 240-241,
316, 325
heat-sensitive — B. bassiana 200
M. anisopliae 197
Mycoherbicides 274, 176, 179-186, 221, 230,
232, 246, 266-279, 267, 269-271, 274,
289, 297, 303, 326-328, 330, 362-364
application 303-305
humectants/adjuvants 303-305
longevity 303
Microcentrospora acerina 303
spray placement 303
Stagonospora 303
Colletotrichum truncatum 270-274
commercialization 266-279
mass production — media and fitness 267,
269-270
mass production methods 269
stabilization 270
Myecoinsecticides 30, 40, 55, 116, 123, 169, 221,
253-266, 289, 298, 329, 358-362
application 301-303
longevity 301
spray timing 301
spray placement 301
commercialization 253-266
formulation 262-266
granules
safety 257
UV protectants 263
mass production
attenuation 257
liquid substrate 256-258
physiological manipulations 257
quality control 257
solid substrate 256, 258
oil formulation — M. anisopliae var. acridum
298
oil formulation — Paecilomyces farinosus 299
packaging 261
potential for improvement 258
stabilization 259-262
conidia 259
controlled atmosphere 260
hyphal bodies/blastospores 260-262
temperature 259
Myrothecium 3, 198, 330, 362
Myrothecium verrucaria 3, 198

Nematode 3, 41, 52-53, 155-167, 198, 290,
304, 347, 352, 358, 361-362, 379

cyst 155, 157, 158, 160, 362
ectoparasitic 362
eggs 156-158, 160-162, 262
plant parasitic 3, 156, 198, 361-362
root knot 155-165, 362
-trapping fungi 361



Index

389

Nematophagous fungi 3, 157, 160, 361, 362

Neozygites 73, 75, 77, 79, 84-88, 117-119

Neozygites aphidis 84

Neozygites floridana 76, 85,

Neozygites fresenii 76, 80, 84-86, 108-109, 115,
119, 124, 126

Neozygites parvispora 72, 76

Neozygites fumosa 76

Nomuraea rileyi 26

Oosporein 318-320
Organic acids 322
Organic farming 382

Packaging 380

Paecilomyces 3, 24-26, 31, 44, 47, 156, 240, 256,
259, 290, 299, 312, 320, 352, 362

Paecilomyces farinosus 24, 240, 299

Paecilomyces fumosoroseus 3, 31, 44, 47, 256, 290,
312

Paecilomyces lilacinus 156, 352, 362

Parasexual cycle 222

Pathogen 7, 11, 13, 15, 17, 23, 25-30, 32-33,
35, 39, 41, 45, 51-53, 138-141,
143-144, 146, 148-150, 152, 171, 172,
174-177, 180, 186, 188, 195, 198-208,
210, 246

PCR (polymerase chain reaction) 113, 158, 199,
203-205, 208, 219-233, 246, 253-254,
247, 263-267, 270-271, 279, 290-292,
301, 304, 311-312, 315, 318, 320,
322-323, 326-329, 332-334, 347-367,
379

Penicillium spp. 2, 11, 185

Peptaibols 323-324

Pest control 15-17, 51, 53, 112, 193-194, 211,
224-226, 228, 230-232, 240, 257, 291,
292, 296, 367-373, 378-379

Phlebia gigantea 354

Phlebiopsis (Phanerochaete, =Phlebia, =Peniophora)
gigantea 2

Phloeosporsa mimosaepigrae 292

Phytophthora 4, 11, 13, 179, 198, 221, 266, 290,
326, 349, 350, 362

Phytophthora cinnamomi 350

Phytophthora infestans 349

Phytophthora palmivora 4, 179, 198, 221, 266,
290, 326, 362

Phytotoxins 328-334

Plant diseases 2, 9-10, 13, 16, 18, 49, 239, 322,
328-332, 347

Polyols 241-243, 249, 251, 272

Population dynamics 380

Probe 199-200, 202-203, 208-210

Production costs 378

Puccinia canaliculata 194

Puccinia chondrillina 220

Puccinia jaceae 220

Puccinia melampodii 364

Puccinia obtegenes 194

Pythium 2, 11-13, 198, 199, 290

Pythium oligandrum 2, 199, 290

Pythium ultimum 2, 11

Phytotoxins of phytopathogenic fungi 328-329
host specific 328
non-specific 329

Rainfall 36, 95-101, 116, 239, 381

Random amplification of polymorphic DNA 113,
193, 196-200, 215-217, 202-204, 208,
229

RAPD see Random amplification of polymorphic
DNA

‘Rational pesticide use’ 291

Relative humidity 7, 28, 35, 120, 247, 257, 356

Restriction fragment length polymorphism 199

Rhizoctonia 2, 11-13, 198, 226, 290, 322, 340

Rhizoctonia solani 2, 11, 12, 226, 322

Rhizosphere competence — Fusarium oxysporum
Fo47 322

Ribosomal RNA 322

Risk assessment 311, 333-334

see also Safety

Safety 193, 347-383
see also Risk assessment
Safety 347-383
allergenicity 351
application strategy 357
Ascosphaera apis/Chalkbrood 349
Beauveria bassiana 348
beauveriosis 348
classical biological control 357-358,
360-361
E. grylli 360
E. maimaiga 360-361
Zoophthora radicans 360
competitive displacement 354-355
E. grylli 354-355
Phlebia gigantea 354
dose-related 355-356
genetic manipulation — genetic engineering
356
hazards 350
host depletion 352-354
host specificity 348-350
inundative augmentation 357-360
B. bassiana 359
B. brongniartii 260
M. anisopliae 359
M. anisopliae var. acridum 359-360
mycoherbicides 362-363
oosporein 318-320
organic acids 322
peptaibols 323-324
phytopathogenic fungi 328-334
risk assessment 333, 334
nematophagous fungi — Verticillium
chlamydosporium 361, 362
non-target effects 352
origin 357
pathogenicity 352
see also non-target effects and host
specificity
persistence — dispersal 356
specificity — E. grylii 355
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Safety continued
toxicity 351
B. bassiana 351
Fusarium nygamai 351
Hirsutella thompsonii 351
M. anisopliae 351
Trichoderma harzianum 351
Soil 157-166, 228, 243, 257, 262, 265, 273,
290, 291, 318, 320, 322, 323, 326, 333,
356, 361, 362, 381-382
Spores 24-26, 30, 46, 72, 73, 75, 78-79, 81-83,
85, 87-96, 100-101, 103-104,
106-110, 112, 117, 120-122, 125, 126,
157, 161, 171, 173, 180-185, 198,
206-208, 210, 226, 228, 244-247,
254-257, 259, 262-265, 267, 269, 270,
271, 290, 291, 299, 302, 303, 316,
322-323, 351, 356, 359-361, 378, 380
Stagonospora 303
Strain improvement 219-233
Sugars 241-243, 249, 251, 261

Termites 3, 30, 48-50, 254

Thrips 3, 30, 32, 38, 41-42, 53-54, 72, 75,
85-86, 119, 198, 239, 254-255

Toxins 26-27, 162, 223-225, 227, 232-233, 311,
312, 315, 318, 319, 321, 322, 326,
328-334, 351, 368, 381

Transposons 197, 205

Trichoderma 2, 11-12, 14, 312, 318, 322-325,
330

Trichoderma harzianum 2, 11-14, 199, 204, 246,
290, 322-343, 351

Trichoderma polysporum 2, 11, 14
Trichoderma viride 2, 5, 11, 13, 14, 340
Trichothecenes 223, 312, 325, 330-331
Tritrophic interactions 380

Verticillium 25, 73, 157, 204, 255

Verticillium chlamydosporium 3, 155-164, 361

Verticillium considia 256

Verticillium lecanii 3, 26, 73, 160, 199, 221, 258,
290, 298, 312

Verticillium psalliotae 157

Verticillium suchlasporium 157

Virulence determinants 378

Wax moth 315, 321

Weeds 1, 4, 7, 15, 18, 97, 169-172, 174,
176-179, 184, 186, 193, 195, 219-221,
226, 228, 231, 239, 266, 279, 290, 295,
312, 326, 327, 347, 352, 358, 382, 363,
365, 379, 380

Whiteflies 27, 31, 41, 42, 44, 45, 198, 221, 254,
255, 264

Xanthium occidentale 4
Xanthium spinosum 4, 187
Xerotolerant 240, 246

Zearalenone 5, 331
Zoophthora radicans 72, 76, 88, 101-104, 108,
113, 114, 121, 194, 261



