Greenhouse Pest
il Management

- 1 Edited by: Laichattiwar Mukesh Anandrao

4




GREENHOUSE PEST
MANAGEMENT

Edited by:

Laichattiwar Mukesh Anandrao

[2

www.delvepublishing.com

IIIIIIIIII




Greenhouse Pest Management

Laichattiwar Mukesh A nandrao

Delve Publishing

2010 Winston Park Drive,
2nd Floor

Oakville, ON L6H 5R7

Canada
www.delvepublishing.com

Tel: 001-289-291-7705
001-905-616-2116
Fax: 001-289-291-7601

Email: orders@arclereducation.com

© 2020 Delve Publishing
ISBN: 978-1-77407-220-2 (Hardcover)

This book contains information obtained from highly regarded resources. Reprinted
material sources are indicated and copyright remains with the original owners. Copy-
right for images and other graphics remains with the original owners as indicated. A
Wide variety of references are listed. Reasonable efforts have been made to publish
reliable data. Authors or Editors or Publishers are not responsible for the accuracy of
the information in the published chapters or consequences of their use. The publisher
assumes no responsibility for any damage or grievance to the persons or property aris-
ing out of the use of any materials, instructions, methods or thoughts in the book. The
authors or editors and the publisher have attempted to trace the copyright holders of all
material reproduced in this publication and apologize to copyright holders if permission
has not been obtained. If any copyright holder has not been acknowledged, please write

to us so we may rectify.

l\_l otice: Regisfered trademark of products or corporate names are used only for explana-
tion and identification without intent of infringement.

Delve Publishing pul?lishes wide variety of books and eBooks. For more information
about Delve Publishing and its products, visit our website at www.delvepublishing.
com.



TABLE OF CONTENTS

Chapter 1

Chapter 2

LiSE.OT FIGUIBS . iviivssvssressnses sunsesarssinsssintss s aiiereruit oy ser e b AN OO FOOS xiii
LiStOF TabBlBS ivsviivoiisvvsinivannsiavissisvsnsessssuacetissse s e st srse s e Xix
Preface i i e Xxi
INOAUCHION it ie e e o e ) Xxili
Introduction to GreenhoUSES .........ccveeeerueenssenissesenssmssnissessnessssssnenesssessns 1
L8 1 13 o] O OGO DR OF LG £ 70 010701 1. 2
(B0 (91 o7 (1 [ef 1T | Do e s B et e A F R CRERDX  G o 4
T 3iGreenhouselEffe i e e s o s e 6
T4 Advantages ). i i e et e T v e e 6
145 Gl ass i At O . e e s 7
Identification of Pests........ccceeuuen. Cevsensttanstsasandssestassensan e sanentaats 17
2.1 INtrOAUCTION i ovsurassrasnrndasstaenshsvaban b tas e n e S S P e SO s 18
D o ] (o L P T O Y T P iy 19
2 3 BrOaAd MITES e o e et e 20
2 A CaterD I ars e e e e 22
2 5 CyclamE N Ve e e e e s 23
B N gUS G NalS e e e T 24
2.7 LAl HOPPETS .-t iictiaiettenseaemensne e e e s 25
2.8 1ieaf IMIINETS 1. i e evsaomeesains oot ana s e 26
2.9/ MealybUIgs .. - .ciiiiesitiieieineaaerinreneneatensas o e e 27
2.10 Pillbugs and SOWbUES . Tt 29
21T SCANES - ouvaesiesssnsannnnssssssanmssessassaisassinee st e e T 29
2.2 SOTE FlIES s esnssssssniansesnnisisssinasisarimiiins tre et s a T )ROSR U R 31
2,13 Slugs And SNAils ....eiveresnssssisrsumsaisatingiiea st RN S 31
2.14 Twospotted SpiderMite: . uxires s iasariaissatsiti S SR 32

2.15 Western Flower ThriDs: .o sususisssiscarstiasgsatia st S ueico iy s 33



Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

2.16 Whiteflies

Viral DISRasEs ummsmanestaitsl e SRR S s 37
3.1 Tt OUCHION eussssrsss st R 38
3.2 Dispersal MaGhaNISMS sssssmsisvrmsmtiniy A A P 38
3.3 nfection SOURCES wwwmsaustdeinaai ittt 39
3 4 Transmission Of Viral DiSEases.......ceerssssssseessssessssesssssssesstssensassnnasans 40
3.5 MajOr Viral DISEASES ...uuusussssssesssssssssssssssssmmmsssassssesessmmssassssssasssanseseee 41
3.6 Plant Virus CONIOl ... cesiassseuseinsasssnessessenssassasessnsessanassactissaseacessnaasanase 55
Bacterial And FUNGal DiSEaSeS...cuucuniusenscnssmnssnsensensensensensssssssssssasinsennsnns 57
A1 INrOQUCHION .ecsessssssassnzedstsseasassssnaessrasismizacas seoncast et s 58
4.2 Bacterial DiSEASES...veueesessssssssssssssasssssssansasasasesnsesastanatasasacasasasacassasass 58
4.3 FUNGAl DISEASES ...rvvussecussseussnmsassssssenassemssenasssasesssenssssseasscassstsessasenees 62
NEIMALOAES «..eveevereereerersasssssessssssssasssasssssssssasssssssssssssssasessnessnssasasasnesssnasss 81
5 1 IIETOAUCHION cavevereeeeevereesensesenseneesesassseenassasstannes s ansssas e s s aas et sa et 82
5.2 Biology of Nematode Pests .........coceurmeusineususicnsisnnnsnssssssnnes 82
5.3 SYMPLOMIS....voiueteuneusustsessusesensastetsnssnassssisasasas sttt sa s s s 83
5.4 MONMIOTING.c.vevreueseteseseie et sttt 83
5.5 Strategies FOr CONrol........coeuieuiiiiiiiiicisi e 85
5.6 Integrated APProach ..........ocoeueiiiiiiiiiiiinici e 88
Epidemiology 89
6.1 INtrodUCHION - i iniinivisiieaissnoiiassonstas s reansa s o 90
6.2 Disease/PestTetrahed o A 90
6.3 EPIAEMICS -.vicuieiunuiiamianinosiansssshosiismasmass s e T 93
6.4 DAMABE ucvisviaiitiiisiieessnenasnsvensomsersnssunssioien et NI S 94
6.5 ACtiON TRIEeshOlds ......uiivimsimsisssissinanssiasassissesnies s e 95
6.6 Relationships And Thresholds:. .. s i U T —— 96
6,7 RESCATCH .;1.10serenssimnsonsrasnssansnsnssnanasans ientes 97
6.8 Integrated CONIO.....siismsmsninsisnmersonmmemi e i R 98
SAMPIINE wivircesssserssning: i A s S ()
7.7 ItOQUCHON 11100000m0trinrsenssmsizassiormsnsssisiane . 102
7.2 INBBCLS 11vnsssrssesniransnssrnsonssssinsnsrentyinenas ioan et ()
7.3, PathOBENS o s 108

viii




Chapter 8

Chapter 9

Chapter 10

Chapter 11

MONIOTING .cveruinrinineniineinninssnssnsansassnsenssssnssnsssssnssnssssassnsnssnssssnsssssssassns 113
8.1 SCOULING vsssiivsssnssarssatachbnsssssnsssasossussssonssaadtObLssissoatess)a eoanesssodeseossonss 114
8.2 PassiVe SCOULING......cuiiveesneeinisivadesssrsensssosisvasssaveassecssesssisansoosseseasrasss 115
8.3 ACHVE SCOULINEG....uveessreiestiisvvessbssssnsoasssasnsiosistssissssssssasssssassscssesaessnse 116
8.4 Thresholds .u.uisusssasssssearsssnins sorsate rvsivisss rvassis st Ao NN AV Ve e bos ooty 117
8.5 A Recent Application of Lighting And Pests............cccooiiiiiiin. 119
Sanitation And Cultural Control..........cocevveverienieiiiinisiiscninnssiicinnininen 121
9.1 INtrOAUGCHON  zeatsitisesesessduesnraistososbvaastossetvesnsecsnsss s aad e oS ooNs 122
L T [ = 11 o] PO P PP PP PP PP PO R 1,044
9.3 FErtility, ciesusnsnsstnesneasvacsavinisssstsnssivrsisnssnsssaisnenmn e st e et sy eI les 122
9.4 SANTALION ¢eeuiicueeeneossnessstassnnosssessunsossassnessmananmasonzssntssnassannassasasancss 122
Use Of PESHICIAES ....cceeeereerserseesaesunssesacssissesaesaesnesussasassnssnsssssncsncsnssnnsnans 125
10357111 700 (Ve 1] D romrrromrsanssaoaaom e O 3R OGO E 126
10.2 Improving Performance..........oeeeeeeieieieniieiecciiccsncs e 127
10.3 Identification Of PEStS.........ccovveueriiniinesiiesie it 127
10.4 Coverage Of PeStiCIAES ....o.veueueueuemeieneicieiiciccci s 127
10.5 TN ooviisucsinscasmmmsessets SRR b et L S 128
10.6 Water QUAlity .....c.coceuivinmeieieiensstisiesestesseestensnsiss st s 129
10.7 MOAES OFf ACHION . v -seznancsmsamsanssassnssasassssanssrasnnasasnesstetencastsescacsasass e 130
10.8 Application TEChNIQUE .....ccucuuiiiiciiinici e 131
TO.9 TAFELS w.vveueueerrueresese sttt 131
10 101 Labeli Rt e s R s R 131
T SR L e e e R 132
T0.12 FIOQUENCY ..vuvevrenrmsesseseseseiss st 132
10.13 Issues With Using PetiCides........ccoveeiiicninieiiniiniiiiinicninens 133
10.14 Operational FACIOrS ..o s 135
10.15 Biological FACtOrS .....coiiiiieieiisisisisiiiss s 135
10.16 MUItIPIE PESES ....vvriiisiisciisiciniss s 139
110177 MiXtlire Of PestiCiaes e e e et S 140
Biological Control........cccocvuveinninensnsnsisnsnsesnisans sesasensansansnennes wasnanaesasassasan 143
17,7 ItrOOUCHION: cosssesssssesssassnsinnsshissstsntitatasssssssassantastastsssrhsntassassashsbasns 144
11.2 AQVANLAZES ...vevvienesissesissssss s s 144
11,3 QC srormmssssmamsemsssssssisssispstmissnitiii O E S 145
ix




Chapter 12

Chapter 13

Chapter 14

11.4 |Il\p|(‘ll\(‘lll.lll(Nl

1.5 Approa 108, oxsusssseusorsrssssssassenmaessanesi AR esas AT 149
11.6 Natural Enemies And THEIT TYPES covivisurmsssssssssssisssssssssnisinsinnsans, 150
11,7 Banker PlantS .ot SIS R 153
11.8 Effect Of ENVITONMENE.uusssmmssisssussstsnsessassssisstimistassassssssssssssssensuaas, 155
11,9 Effect OF PIANLS wustessrsssissetsssusssssvssssssssssassesassssseessssnseessasseesossssastos 156
11.10 Release Of Natural ENCMICS....cuuesmmesmssssssssistissssenscsssnsssnsinnnnsn,, 158
11,11 POSHICIACS cuvueresassnsssssssnsensessinamssssassissessnssessssassnessasssasesntsassasuasannass 159
Management of A Greenhouse.....ccveeiisnsinsinsnnnas <iSeessmessnsseie ey el 161
121 ITOAUCTION c.vtceereereeeesssssssesss e sa s s s ettt 162
12.2 MANAZEMICNL. c..voeieiseesssasssssss st 162
12.3 Crop ManagemeNt ........c.cuimusssssssssssssisiss sttt 172
12.4 Crop Environment And Management ..........ooeeeeiciniiiiiniiininnnn, 176
Host and Plant Resistance...... ..183
13,7 INtrOTUCHION io-coiicvssuisssssnsasssaevondaashnnasnnanusn it LN SOON AU 184
13.2 Key TerminOlOBY ... isccmrsssusessnsssashronrasnasnsn e s s SO E RS 184
133/ Mechanisms Of RESISTANCE ssaasssssssssrsaetens s s ne oy 185
134 GeNELICS oo ivvviismisiiinsiasssconsinssos v rssse e e e U 187

13.5 DUrability ... ccoueiiisissisomaiiitanininrine e s e e e SRU U NEE 188
13.6 Breeding..........ccciinensuiessusasniitssnsesiasros e AN 189
13.7 SHALEBIES ..o00s0sesnesssssmsmsnsansnesanmasnnnassestestonsia e S SN 193
13.8 Advantages and Disadvantages ..............eeuerevceeeeeeseeessesesseseesenns 194
13.9 Current SCENANIO....siusicuiiiicsamsraissnsonsaiea S 195
13.10 Perspectives.........cosiuiii i o e 196
Disinfestation................. ieas 197
141 I0tOGUCHION .crivirivonssssnsssmmsaesonssssnsirrian 198
14.2 SICAMING . vvrssssssesssssisisissssnyissairssmmnmetasas e 198
14,3 FUMIBRUON 1rvrrvrsrssnsrsrissssmsissmssissinsiamane 199
14.4 Importance of Selective Pesticides . i O ST AARAARRS 201
14.5 Side-Effects v w201
B ———— — [
14.7 Effect of Chemical Pesticides on Usefu| Organisms........... A D 204
V4.0 Factors InVOIVed. st S s e )




Chapter 15

Chapter 16

14.9 Pesticide Resistance And Anti-ReSISEANCE e
Common PestS. .. suasreI B L 211
15.1 INtPOAUCHON e cuteuessarssessseanssassnssnssnssussssaveonssusssssntsnssssansssssnsssssssueasess 212
15.2 Pink HibisCus MEalyDUR ...c.ucviusiusemsmsmsssmismssismmsssssusssssssssssssssssssses 212
15.3 Chilli THEIPS occcrcesivsnssassensvensessannanssesseosess susssssvessaasssonssorsssssspstsssses 214
15.4 LEATMINET cusivesssmisivussussssesonsesssssvevanssarsisenvavsessosnysssoovassnsssessesesittis 216
15.5 Two-Spotted Spider MItes.......ouruummusmssmsmsusssnsmensassssssnissss 219
15.6 FUNGUS GNALS..ruiveirisemiunisiuimseinsianssessassasansnssnssnssssssasssasissssessaste 221
15.7 SHOTe BliRSi conassssenssssnsidenssssonsravirvsvesunierivospassyts e oaises Sy SESE s 22
15.8 WHILETlIES cocorssissssnnsnsssnssssbsusarsmnasiudbinsvisssnamssesorssses G s eesities 224
15.9 ADRIS wooucbnussisssssossusssmsbissssvommusessmseensssensessmostastsass e s 225
15. 70 THEIPS.conummeammamestissseyst it eaeyasre e e 228
15 T SERIEE ..ottt vanevsentUiselesapsasesteivss s obers TR E S 229
15.12 IAENtFICAtION wovevecuisivsinsussseisrsirsusnssussssuseesssusessassasassssassasmaeeaseasitts 231
Common Greenhouse Crops and Pest Management.....c.oousescssessssssecsees 249
16.1 INrOAUCHON . coeeasusesensensussmsmsisaseasuasaseasiaetscassastassasastesm i it 250
16.2 MaJOT PESIS cc.cunsensmusssereanssesmasassstsomssssercamsss ceniasss s e 250
163 TPM e e o e 251
168 CUCUTDILS sooteoemertce st ettt i 253
16.5 Strawberries And GTEENNOUSES -.sssnsescsenensaseneasmanassensmsnssitsessdsssmanses 257
R fOreNICES oot st e 259
s Lt s s S 269
xi



L/

Greenhouse Pest Management

T, T -

The concept of greenhouses has been an interesting since decades as they provide an excellent base
for cultivators who wish to go for mass scale vegetation under controlled conditions. This book will
give an impetus towards initiating Integrated pest management. The pests have been proved as a
crucial factor in management of greenhouses, Many techniques were used since many areas to
produce crops which can be freed of pests and pathogens but of often landed in several roadblocks.
Today's technology may decide the advancements in the future, The same concept can be applied to
the greenhouse and integrated pest management.

Several attempts to adapt crop production according to the manipulated environment date back to
previous times. The structures which were used in protected crop production was reported first in the
early Roman empire and the Emperor Tiberius Caesar (14-37 AD) initiated this. These structures
contained mobile beds in which cucumbers where placed when the weather was bad and placed
outside in the case of good weather.

The greenhouses in UK used glass structures which were built to cultivate plants imported from Amer-
ica and tropical Asia during 16th and 17th century. These important methods ceased to function with
the decline of the Roman Empire. In early 18th century there was much development in this field
which has flourished since then. Simple forms of greenhouses were first seen in England, Japan, China,
France and The Netherlands. In the late 19th century there was a drastic development in the commer-
cial production in the greenhouses.

The primary purpose of growing crops under protected conditions such as greenhousse is to enhance
their cropping season and to protect the crop from rough environmental conditions. The extreme
conditions can be diseases, precipitation and temperatures. This book has taken care of almost all the
aspects of the greenhouse and the process of associated integrated pest management.

This book may be used as a hand book for undergraduates, postgraduates and research students who

would like to know the basics and would like to excel in the field of integrated pest management in
greenhouses.
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