Contents

Preface t0 the SECONM EdItION.......cicii ittt e e sba e e sbe s sbe e eaeeans Xiii
Preface t0 the FirSt EQItION......ccuiiiie ettt st e s e eb e e e ebae b XV
F AN U110 T TR XVii
Chapter 1
Need for Pesticides and Their Pattern Of USE.....c..oociiiiii it 1
8 A [ 01 o Yo [ Tox A o o 1
A \\ <=0 I 0] g oY) {of [0 [T 1
2 R = o To Lo [ = (o 1o [ Ut (o] o TR 1
1.2.2  WOrld HEAIth STatUS......cciiiiiiii ittt sttt st e a s s sbae s s sbbae s s saree s 3
R T o1 (=11 g 0 ) L TSRS 4
14 PESHICIAE ECOMOMICS. . .ciiviiiiiteiee ittt e s sttt e e sttt e e s sttt e s st et e s s etbeeessabeeeesbeeeessbbeeesssbeeesssbeeeessrbenesins 7
e = (T 10T TR 8
Chapter 2
FOrmMUIAtION OF PESTICIUES. .....ceiiviiie ittt ettt e st e e s s b b e e s s sb b e e e s sab e e e s ssbbeeessbbessssabenaeaas 9
228 R 1)1 0 o 003 £ o] o TSR 9
2.2 TYPES OF FOMMUIATION. .. .ottt ettt saesre e beseeeneens 9
At R B 1 U1 £ 9
2.2.2  WVELADIE POWELS......eviiei ettt ettt et s s s a e e s s bt e e s s sab e e e s sbaaee s 10
2.2.3  EMUISITIabIE CONCENIIATES. ....cvvieeiceeiee sttt e et e e s s e e s s e e e e s erbeeessreeesaas 10
2.2.4  Suspendable Concentrates OrFIOWables..........c.ccvvveiciiiiccc e, 10
2.25  Water-SOIUDIE POWAETS......oveiiietiii ettt s 10
T 10 ] 1111 o] T 1
A A € - o1V [T 1
2.2.8  Water-Dispersible Granules.........cooooiiiiiiiiecee e n
2.2.9  Ultralow-Volume FOrmMUIAtIONS........cuuiiiiiiiii ittt un
A L I AN =Y {0 T-Yo ] K-SR 12
2211 Controlled-Release FOrmulations........cccovviiiiiiiiic it 12
N A = - U (TSR 13
2.3 Nonpesticidal Ingredients of FOrmulations............cccoviriiiiir e 14
2 I R (o | A V2T | (TR 14
PG T T VT o | £ 15
T T 1] = Y1 ¥- ) €T 15
24 Disposal Of PestiCide CONTAINEIS. ........c.couiiiiriieieinte et 17
2.5  Pesticide Application EQUIPMENT........cooiiiiiiiieieie e 18
RETEIEINCES. ...ttt ettt et e bt e sa b e e st e e s bt e e sab e s et e e e sbb e e sbb e e ebb e e sabessabesesbaessbbeesrees 18
Chapter 3
Pesticide Laws and REQUIALIONS. ..........cooiiiiiiiiee ettt s nne e 21
31 INtrodUCHION......eceieiiiciiccee e 21
3.2 Federal Insecticide, Fungicide, and Rodenticide ACt.........cccccevviieiieieie s, 21
321  Registration Of PESHICIUES. ... .cccveiieiieii i 21

3.2.2 Classification of Pesticides and Certification of Applicators...........ccccovvvrvierennnn. 25



vi CONTENTS

3.2.3  Other Provisions OF FIFRA ..ot 25

3231 Experimental Use PEIMItS.........cccoveiieeiiieiineieese e e se et esie e 25

3.2.3.2 ReVIEW and SUSPENSION......c..cviirreieieiaiesiesieseee s 25

3.2.3.3 Registration of EstabliShments............cccooeiiiiiiiieii e 26

3.2.3.4  UnIaWTUL ACES......iiiii e 26

3.2.3.5  PENAITIES. ....ictiiciiicie e rs 26

3.2.3.6 RIGhS 10 Data.....c.ccociviiiiiiieic et 26

3.2.3.7  SPECIAl REVIEW....c.viiiiiieiicic ettt 26

I e (o] o [T O =0 o LR 26

3.3 Federal Food, Drug, andCoSMELIC ACT........cccoieiiiiirieiieieees e 27

I A o (=] =V ol R 27

TS I = ] N (0] g o [ - g Vo= TS 27

3.4 Food Quality ProteCtion ACT........c.ccveiiiiiiie et st sreane s 27

3.5 SHALE LAWS. .t n e ne e nn e 28

K T =l ] 0] oT=T 0 1< o | PSP 29

L =] £ o0 ST 29
Chapter 4

Classification OF INSECLICIARS. .......oceiiie ittt seeees K1l

A 1 1€ £ o [FTox £ [ o SOOI 3l

4.2 Classification Of INSECHICIARS. ......cerverieiiiiirieiees e 3

421 Chlorinated Hydrocarbon INSECHAUES.........cccuvviveiieeiieeiiieiieree e see e see e 3

4211  DDT GlOUP..oiieeieteriieieriste sttt sre e nne e 3

42.1.2 Chlorinated CyclicCOMPOUNGS..........cccoviirierieieinesise e 3

4.2.2  OrganophOSPRALtES........c.ciiii et rs 35

4221 PhOSPNALES.....ccviiiiciecece e 35

4.2.2.2 PhoSphOrothioates.........ccceiieiiiiiecicse e 37

4.2.2.3 Phosphorodithioates..........cccoveiriiiiie i 39

4.2.2.4 Phosphorothiolates...........ccoiiiiiiieiiiiiiees e 42

4.2.2.5 PROSPNONGLES.......ciiiiiiiiiiiiie e 42

4.2.2.6 PhoSphoramitates..........ccoereieiriniieieeee s 43

O B O 1 o Uy (1= 1 £ TSP PSR ORROPO 44

4.2.4  PYFEtNIOIAS. ...cviiiiieece s ane s 50

4.25  BotaniCal INSECHICIURS. .....eiveierieiiieiieieee et 58

4251 Nicotine......ccceevrrrrennne. 58

4.2.5.2 ROENONE. ...ttt bbb e 59

4253  AZAITaCNTIN......oiiiiieececee e 59

4.2.5.4  SADAAIIA.......coeeeieceeee s 59

4,255  RYANIA ..c.iiiiiitiieieie et 60

4.2.6  Insect Growth REQUIALOIS........cccveiiiiiiiicic et 60

4.2.6.1 Juvenoids (JuvenileHormone MiImiCS).......ccoveviviierieieiisie e 60

4.2.6.2 Benzoylphenylureas (ACYIUIEAS)..........ccceveveieerieiiseiiee e 62

4.2.6.3  DiaCyINYdrazines.........ccooveeiiieeiene e 66

I N 4 T VA | TS 66

4.2.6.5  ThiAQIAZINES....cciiieieie ettt 67

N A =Yoo oo ] 1 (o] o [T PRTTRTR 67



CONTENTS

428
4.2.9

4.2.10
4211
4212

42.13

vii

FOIMAaMIAINES. ..ottt nee e 69
MicCrobial INSECICIAES. ... ...veiieie et 70
I A = - Vol 1= T VOSSPSR 70
4292 FUNQi.iiiiiiiicc SRS 77
4.2.9.3  BACUIOVITUSES. ....couiiiiiiieiieiisie sttt 77
42,94 PrOIOZOA. ... .coueiiueeiieeiiee ettt sttt 78
FUMIQANTS. ..ttt e ste e te e te e be et e eneeenteenreereenreas 78
INOrganiC INSECHICIARS. ....oovi e 80
Miscellaneous INSECtICIAR ClaSSES......cuuiuiiiiiririeiirieeiere e 80
42121 AMIdINONYAraZONES. ......ooveiiiiiiiiieieeiei e 80
4.2.12.2 Phenylpyrazoles (FIProles).......cuiiiiriiiiniie e 80
4.2.12.3 PYFAzZOIES....ccui et 8l
A S Y (0] =TS 82
4.2.12.5 OXAAIAZINES. . ccueiierieiieiteeie e ste e e et et seeseesbesteeneeneesneeneas 82
4.2.12.6 SUIFONAMIAES. ....ccuiiieeeeeee e e 83
4.2.12.7 PYIAAZINONES. ....ccuiiiiiiiieieieieite ettt 83
4.2.12.8 NereistoXin ANalOgS......ccciveiiiiiiiiieie e 84
4.2.12.9 Pyridine AZOMEthiNES........coeiiiiicce e 85
4.2.12.10 PYrimidinaminesS........cccoveieeiieeieeieese e se e e esieesieesee e sre e saeesteesee e esee e senennas 85
4.2.12.11 Trifluoromethylnicotinamides..........cccccvevveieiecieeie s 86
O A B T T 10 ] [ L= SRS RURSRTR 86
4.2.12.13 Dichloropropenyl Ethers........cccoovoiiinincnn 87
O A < 1 0] o [ AN o] o (PSS 88
4.2.12.15 TEtramiC ACIUS....cciieiie et 88
4.2.12.16 SEMICAIDAZONES. ....c.eiviiiiiiirieieieese et 89
4.2.12.17 QUINAZOIINONES. .....ueeivieitiecteecte ettt ettt ettt ere et s et ereeere e sre e e 89
4.2.12.18 SUITOXIMINES....ciueeiieieieiiee sttt sttt neas 90
4.2.12.19 Pesticidal OilS and SOAPS.......cccevieiiriiiriieeie s sre e ee e see e e 90
F AN Y o] o TSR Q0
42131 OrganoSUITUIS......ccoiiiiiieieisestee e Q0
4.2.13.2 INOTQANICS...cuviviiiirieteieiesie ettt sttt sttt b s a
4.2.13.3  OFQANOTINS.....eitiieiiitieie ettt sttt sb s a
42134 PYFAZOIES....ccv ittt 92
4.2.13.5 QUINAZONINES. ....oiiiiiiecee ettt aesreeanee 92
4.2.13.6  MethOXYacCrylates......cccov i 93
4.2.13.7 NaphthOQUINONES. ..ot 93
4.2.13.8 TetrONIC ACIUS...ciueiieieie ettt seeens 94
B R B 1 V4 [ -1 USSP 94
4.2.13.10 OXAZOIES... .ottt e 95
4.2.13.11 CaArDAZALES. .. .eiuiieeeeeeieeieeiee ettt ettt et seenaeeneas 95
4.2.13.12 Benzoylacetonitriles (Acylacetonitriles).........ccccoevevieiiicviiieiieccie e, 95
4.2.13.13 Trifluoromethanesulfonanilides............ccocoviriieeieincee e 96
4.2.13.14 Bridged DIphenylS.........cco i 96
4.2.13.15 ThiazZOIIAINES...ccviiieciece ettt ettt e be e et 96
4.2.13.16 QUINOXAIINES....cueiiviiitiicieiee ettt st rre e e e 97
4.2.13.17 Pyrethroid Ethers............... 97
4.2.13.18 ThioCArDAMALES. .......civiieiiieieie e 97

4.2.13.19 MONOLEIPENOIUS. ... ccveeveeieeieeiieeseeste e teete e see e e nbe e aeeae e sre e neeeeeanneas 98



Mii CONTENTS

4.2.14  INSECE REPEIENTS. ...t 98

42141 Synthetic INSeCt REPEIENTS......coiiiiieici e 98

4.2.14.2 Botanical Insect REPEHENS........cccoveiiiiiicieie e 99

L =] =] TSR 100
Chapter 5

EVAlUGLION OF TOXICILY ...uveuviiiiie ittt sttt e ste st et ntesneenee e e 103

L A 11 0o [T o o TSRS 103

I -1 (] 1o T (0 Tod=To [N - TSSO 103

5.3 TESES WIth INSECTS.....eieiieiee ittt ettt eneeneas 104

531  Topical APPHCALION. ....c.ciiiiiiitiieeeie e 104

TR I 1o 1= ox [ T 1Y =1 T o SRR 104

5.3.3  Dipping MEethod........c.coviiiiiiiie e 105

534 Contact Method (Residual Exposure Method)..........ccccverviiiniineneisine e 105

535  FUMIQation MEthOd.........cccoiieiiiiiiiic e e 106

536  Feeding Method.........coiiiiiiiie s 106

54  Tests With Higher ANIMaAlS. ... 107

541  ACULE TOXICILY TOSIS....iiiiiiiiiiiiie ettt sttt e et aeesaesresreenaenrens 107

5.4.2  Subacute Toxicity and Chronic TOXICity TeSIS........ccccvvrireriiiinreeeese s 107

5.5 PrODIt ANAIYSIS. . cui et nreare s 107

5.6  Source of Variability in D0SE-RESPONSE TESES.....ccciciiiiiriiiieiieie e 1

BUB. 1 QR HI

ST A 1 USRS 112

5.6.3  REANNG TEMPEIAIUIE......cviitiiieiete sttt re et re e e e be e e e e sresbeeraesaesre s 112

5.6.4  FOOU SUPPIY ..ot 112

5.6.5  PopUIation DENSITY......cciiviiieie ettt reane s 113

5.6.6  HIUMINALION ..ottt 113

5.7 USE OF LDP LINES....iiiiitiiiiiie ittt sttt st sttt te st esaestestesneesaesaesseeseesrnsnaeneensens 113

APPENAIX 5. ettt E et E bbbt 116

RETEIENCES. ...ttt ettt bRt bttt ne s 120
Chapter 6

UPLaKe OF INSECHICIARS. ....ecvviiiieieie ettt e reera e e sreane s 123

G ] oo [N T o] oSSR 123

6.2  Penetration of Insecticides through the Insect Cuticle...........ccooviiiiiiiicin e, 123

6.2.1  Structure 0f INSECT CULICIE.....cuiieiiiee e 123

6.2.2 Movement of Insecticides through the CUtiCle..........cccooeiiiiiiiiiinc e 123

LT T | (=30 = ] Y2 124

6.2.4  Factors Affecting Cuticular Penetration RAtes............covreieiiiiiiencieicceesees 126

6.24.1  Effect OF SOIVENT......cooiiiiiee e 126

6.2A2  Polarity of INSECHICIARS...ccveivveiii e 127

6.2.4.3  Cuticular COMPOSITION.......coieieiiiiriiiie et 128

6.2.5 Metabolism of Insecticides in the CULICIE............coeriiiiiiiiiic 128

6.3 ENtry VIia the MOULN.....cooi e 128

6.4  Uptake Via the SPITACIES........ccociiiiiieie e 129

R B BINCES . ..ttt ettt ettt e e et e ettt e e ettt e sttt e sasa et e e et e e s naeeena et e e re et ena et ee e rererarares 130



CONTENTS iX

Chapter 7
Mode Of ACtION OF INSECLICIARS. .....civiiveieiiiiesiee bbb 133
7L INTFOTUCTION. ..ttt bbbttt bbbt b bt n e ens 133
7.2 Insecticides Affecting Voltage-Gated Sodium Channels.........cccocvvvenviiiiiiiniie e 133
721 BACKQIOUNG......ooiiiiiiiiiceeet et 133
7.2.2  Mode of Action of the DDT Group, Pyrethroids, Indoxacarb, Sabadilla,
and MetaflUmMIZONE. ......cooii e 137
7.3 Insecticides Affecting Ryanodine RECEPLOIS. ........couiiiirerieiieiiiseseees e 139
7.4  Insecticides Inhibiting AcetylCholiNeStErase. .........covveiiviviiievi i 141
2 R = T 103 (o | o1 1o SR 141
742  Mode of Action of Organophosphorus and Carbamate Insecticides...................... 143
7.5 Insecticides Interfering with Chloride Channels...........cccooveviiiiiiiie i 147
751 GABA-Gated Chloride Channels.........ccoooiiiiiiiiiiee e 147
7.5.2  Glutamate-Gated Chloride Channels...........ccccovviiiieie i 149
7.6 Insecticides That Bind to Nicotinic Acetylcholine Receptors........ccccovvvveveieiviieveiecienn, 150
7.7 Insecticides Affecting Octopaming RECEPLOIS.......ccvciveieeieiie e see e 153
7.8  Insecticides Interfering With RESPIratioN...........ccooeiiiiiiiieicisieee e 154
7.8.1 Inhibitors of the Mitochondrial Electron Transport System..........cccccevevvvvecinennns 154
7.8.2  Inhibitors of Oxidative Phosphorylation...........c.ccceeeiiiineiiieeecce e 155
7.9  Insecticides Disrupting Insect Midgut Membranes...........ccoovvviereiiiineneneneeseseseeins 155
791  BaCillus thUFMINGIENSIS.....ccuiiiiiccce et sre 155
7.9.2  BaCillus SPRAETICUS. ......ciiiiiiiicie e 157
7.10 Mode of Action of Baculovirus INSECHICIAES. ........cvvveieieiiiieee s 157
711 Insecticides Affecting Chitin Biosynthesis or Cuticle Sclerotization............ccccccoevveveiennene. 157
7.12  Insecticides Acting as Juvenile HOrmone MimiCS........cccoviiriniiiiiiniieeiseseseeesee e 160
713 Insecticides Acting as Ecdysone Agonists or Blocking Molting Hormone Activity........... 162
7.14 Insecticides Causing Protein Degradation and Necrotic Cell Death.........c.cccovvveivennnnn. 163
7.15 Insecticides Abrading or Disrupting InSect CULICIE.........ccceevviiiiiiiieicce e 163
7.16 Insecticides Acting as Selective Feeding BIOCKENS..........ccooeiiiiiiiniieisc e 163
7.17  Insecticides Causing SUFFOCALION...........ccoiii i e 164
718  Mode Of ACHION OF ACAITCIURS. .. .cvieiieiciieie et 164
7181 Acaricides Interfering with RESPIration.........cccoouviviiviininineeee e 164
7.18.2 Acaricides Interfering with Growth and Development...........ccocoveveieiecvecceenan, 165
7.18.3 Acaricides ACting @S NEUIOTOXINS.........eiveiriririerieieise st 166
719 Mode of Action 0f INSECt REPEIIENTS........cviiiiiiii e 166
RETEIBICES. ...ttt et b e et b b bbbt b e bbb e bbb et 167
Chapter 8
Principles of Pesticide MetaboliSm...........ccooi s 175
R 1 11 oo 1 Tox o] o SRS 175
8.2 Phase IREACHIONS......cuiiiiieie ettt e e e e beste et e saesreenaenbenre s 176
I R © ) [ =L { [ PO P TSRS 176
8.2.2  HYAIOIYSIS. ...ttt 182
ST T o (<o [ o] 1 To] o OSSR 184
8.3  Phase Il Reactions.........cccovvvevereivnincieiennns 185
831  GlUCOSE CONJUIALION.....uitiriieiieiieiestet ettt 186

8.3.2  Glucuronic ACid CONJUGALION. ......ciiiiriieieisieriee s 186



X CONTENTS

8.3.3  Sulfate CONJUOALION. ......ciiiiiiiieeiie e 187
8.3.4  Phosphate CoNnjUYAtiON...........cccecveiiiieiieiese sttt 187
8.35  AMIN0 ACIH CONJUIALTION......ciiiiiiiitiiiir et 187
8.3.6  Glutathione CoNjUGALION.........cceevieiiiieiere e 188
8.4  Metabolic SYStEMSIN PIANTS.......ccciviii ettt nae 192
8.5  Metabolic Pathwaysof Selected INSECHICIAES........ccveiiiieiiii e 192
8.5.1  CArDAMALES. ...t 193
8.5.2  OrganophOSPNAteS........ccccviiiiiciee e 195
8.5.3  PYIEINIOIGS. ... 197
8.5.4  Chlorinated HYdroCarbONS.........ccocveieiiiice et 199
8.5.5  BenzoylphenylUreas..........cooi oo 199
ST ST TN VY= o] o TSP SS PSS TN 200
8.5.7  INEONICOUINOIUS. ...c.viviiiiiiite ettt 200
8.5.8  FOIMAMIGINES.....ciuiieieiiciece ettt 203
8.5.9  AMIdINONYAIaZONES.......eiuieii et 205
8.5.10 PRENYIPYIazZOIES.......couiiieeiie ettt et 205
8.5.11  ThIAAIAZINES. ....i ettt sttt te et ste s e neeseeereeneeneeas 205
ST A N FT- V.4 |- SRS SSUSPSSSTN 205
8.5.13  QUINAZOIINES......ccveitiecte ettt ettt et et ettt ee e 207
8.5. 14 OFQANOTINS.....cviueeieeiietiie ettt ettt b bbb 207
8.5.15 Microbial INSECHICIARS. ......civeiiiieeiee et 208
8.5.16 DiaCYINYArazZiNeS........coviviiieie et 209
8.5.17  NEreiStOXin ANAIOGS. ....cvciviiieieicieie et se et st sre e 209
8.5.18 ThioCArDAMALES.......ccveeieii ittt seesre s 209
8.5.19  OrganOSUITUIS.......eiiie e et re e s re et e e be e re e sre e sreennas 211
8.5.20  PYIAZOIES....ccui ettt e re e 211
8.5.21 Phthalic ACId DIamMides......c.cceiiiiiieieieii e 211
8.5.22  ANthranilic DIiamides......ccooiieiiiiiieeee e e 212
ST IZA T I= 0] T [ A o [ LSS 212
8.5.24 Dichloropropenyl ETNErS. ... ..o 215
T (=] =] 1TSS 216
Chapter 9
Species Differences and Other Phenomena Associated with the Metabolism
(o) B Q=T 4o 0T Lo} o] ST 221
LS R 1011 o T [ od o o OSSPSR 221
9.2  Species Differences in Detoxification Enzyme ACtiVItY.......ccccoveiievieiieiiieve s 221
921  EXamples of DIifferenCeS. ..ot 221
9.2.2 Evolution of Species Differences in DetoXification............cc.ccoovrereiniviinieniienns 227
9.3  Effect of Age and Sex on ENzyme ACHIVITY ..o 228
9.4  Specificity of DetoXification ENZYMES.........ccooiiiiiiiiiiiies e 231
0.5 SEIECTIVE TOXICITY . ...vivitieerieiieiist ettt bbb 233
9.6 Synergism and ANTAJONISM.......ccvciiiiiieeeie sttt re e ste st reeaesbesre e eresrenneens 241
9.7 ENZYME INUCTION. ...etiiiieicise et 245
971  Induction of DetoXification ENZYMES.......cccoviiieiiiriieieeceee s 245
9711 Cytochrome P450 MONOOXYJENASES. .....ceruirvermrrrieriisieniereeesiesiesreseeseanas 245
0.71.2  Glutathione S-TranSferases........ccocuveeriiereeie et 247
0.7.1.3 Esterases and REAUCTASES.......c.covvvrveirrierreieesie e 249

9.7.2  Enzyme Induction as Detoxification Mechanism..........cccccecvvviivevievivnnciese e, 249



CONTENTS Xi

9.8 INSECICIAR RESISTANCE. ... eiii ettt ee e 251

] (= =] (oL TSRS 251
Chapter 10

INSECHICIAE RESISTANCE. ... viivi ettt et s e st e s bbesbeeeaeesabesabesabesteesbee e 257

L0 T 1014 {0 To [ To1 £ [ PSP ST TOPTOPROTROPRON 257

10.2  GEeNEtiCS OF RESISTANCE. .....iiieie ittt sre e e resneens 258

1021 Preadaptation........cocciiiieieieesie et 258

10.2.2  GENE FrEOUEBNCY ...octiiiieieitiiteetie ettt ettt bbbt sb e bbbt nenne e 260

10.2.3 Dominance and NUMDEr OF GENES........ccoviiieiieeeeeee e 261

10.2.3.1 Monogenic INNErtANCe.......ccvcieeie e e 264

10.2.3.2 Polygenic INNEIItaNCEe........ccevi e 264

10.2.4 ReVversion 0f RESISTANCE.......cccciiii i 266

10.3  MechanisSms OF RESISTANCE.......ccueieiieiee sttt sttt sr e seeneas 268

10.3.1 Behavioral ReSISTANCE........cccuiiee et se st sre e s re e re e e e sre e sreennas 268

10.3.2 Physiological RESISIANCE. .......cccveiieiieiteerec e e e e ste e sre e sre et sre e sre e sreennas 268

10.3.2.1 Reduced Penetration..........ccccoeiveiieiiesiesie et 269

10.3.2.2 Target Site INSENSITIVILY.......cocoveiiiieiicicc e 269

10.3.2.3 Increased DetoXifiCation..........ccccvcviiiiiiiicicicccc e 276

104 INteraCtion PRENOMENA........cccii it e e e e e eesneeenne s 282

1041 Cross-Resistance and Multiple ReSIStaNCe......cccovvevviviie e 282

10.4.2 Interaction of ReSISTANCE FACIOIS.......cc.ciiiiiicicie st 284

10.4.3 Fitness Costs of Insecticide ReSISTANCE..........cccceieeieieiiie e 285

10.4.3.1 Resistance to Organophosphorus and Carbamate Insecticides.............. 286

10.4.3.2 Resistance to Pyrethroid Insecticides..........cccvvvvvveieriniviie e 286

10.4.3.3 Resistance to MicrobialINSectiCides.........ccovvvviiiieeriiieiiee e 286

10.4.3.4 Resistance to Chlorinated Hydrocarbon Insecticides..........ccccccevvennne. 287

10.4.3.5 Resistance to InsectGrowth Regulators........cccocooveevinviinienn i 288

10.4.3.6 Resistance to Neonicotinoid Insecticides........c..cceovvvoviieeieieniiere e 288

10.4.3.7 Resistance to Miscellaneous Insecticides and Multiple Resistance...... 288

10.4.3.8 Association between Fitness Disadvantage and Resistance

Y LTod 0T LT T o o SRR 289

105 Rate of Development OF RESISTANCE........ccuviiiiiieieiree s 291

1051 Frequency OF R ANIIES.....cco s 292

10.5.2 Dominance OF R AHEIES........coi oo 292

10.5.3  GENEIAtiON TUMMOVE .....iiii e i cieeciee e e et te e te e te e te e be e te e ste e ste e be e teebeeteeste e steenas 292

10.5.4 Population MODIITY......c.ccoveiiiiece e 293

10.5.5 Persistence Of PeStiCIERESIAUES.........ccccvveieeieeieeie e ese e 294

10.5.6  SEIECHION PrESSUIE....cuiiiiiiicieeeie ettt sttt st sbe e eneeneenee e 294

10.6 Pattern of Resistance DeVEIOPMENL.........ccooiiiiiiiieee et 295

10.7  Management Of RESISTANCE.........civiiiiiiiee e 295

10.7.1 Reducing Resistance GeNe FreQUENCY........ccvieiiriieiieriieseesnesieesieesreeseesneesnnesenes 296

10.7.2  Use of Insecticide Mixtures and ROtatioNns...........cccoeviiieviiieieciese e 296

10.7.3  Use 0of INSECHICIAE SYNEIGIStS....ccviiiieiieiieiiesec e see e st se e sre e e e e e sreenre e 298

10.7.4  Use OF NEW PeSHICIUES.......eciciiiies et st 200

10.7.5 Use of Resistant Predators andParasites.........cccccvevvivieriiesiciie e 201

O AT =1 [0 Y o) a L (o] 1 Vo R 202

10.7.7  Use OF TranSgENIC CrOPS....cueiuiiiieiiieiteseeiestestese e st e steste e sresre e e aesresre s e resresneens 203
References



Xii

Chapter 11

Pesticides in the Environment
111 Introduction

References

Index

11221
11222
11223
11224
11225
11.2.2.6

11.2  Persistence of Pesticides in Soil

1121 Adsorptive Forces
11211 Chemical Bonding
11.2.1.2 Physical Binding
11.2.1.3 Hydrogen Bonding
11.2.2 Factors Influencing Persistence of Pesticidesin Soil
Soil Type

Soil Temperature

Microbial Degradation
113 Photodegradation of Pesticides
1131 Hydrolysis
11.3.2 Dechlorination
11.33 Oxidation
11.34 Isomerization (Intramolecular RearrangementProcess)
114 Pesticides and the Food Chain
1141 Lipid Solubility of Pesticides
11.4.2 Metabolic Activity
1143 Feeding Habits
11.4.4 Behavior and Ecological Niche
115 Sublethal Effects of Pesticides on Wildlife
1151 Eggshell Thinning in Birds
11.5.2 Endocrine Disruption in Wildlife
1153 Biomarkers as Indicators of PesticidePollution

Nature of the Pesticide

CONTENTS



