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Editorial

It wasindeeda floody quarter floodsacrosdndia,
Europe,China,etc. Counteringthis wasthe blisteringheat
from acrossEurope to Canada.Certainly, one has to
attributetheseto 6 ¢ | i cnhaat ned hatst destis acliché
thesedays but no onereasonghe why of these Caughtin
the crossfiresof extremesin climate, biota, especially
insectspaysthe price.We 6 megerstudied,whathappens

to insectsduring floods. Soil-dwelling insects,soak and
sink to deathin submergedvater, which withdraws only when riverine run-off ceasesin the

interim period, Collembolansto dung rollers, a host of myriad insects are washedoff or

drowned Theseare hardly enumeratedbr documentedDitto for high heatwavesfor low-
temperatureadaptedinsects perhapsheat may not take that much a toll, as insectsbeing
poikilotherms, may loop up some rapid physiological survivat perhaps!If deforestation,
urbanization environmentalpollution, etc. were the past and presentmastersof i nsect s 6
extinction,climateis thenewmonsteron theanvil.

In aninterestingpaperon thefruit fly, i E f fofeclomiate changeon biology of Oriental
fruit fly, BactroceradorsalisHendel(Diptera: Tephritidago publishedn CurrentSciencethatif
temperaturecrosdndia, increasedy a few degreesB. dorsaliswould shift its baseto eastand
north-eastof India! Of coursethis is mathematicaderivativeprojection,andmay not follow the
model.My presumptioris thatthis beinga gradualupheavalthefly would concomitantlyevolve
to adjustto theambientclimate (if notadapt) ratherthanmove.

This issuehasan excellentmix of insectinformation.Kituta and Berkmansbring to fore
the Bactroceralatifrons in Congo,while Sahooand Tripathy bring out the recordof a fruit fly
Gastrozondasciventrisirom Odisha,India. Reddy,ChitraShankamandRanarecordthe predator
Conocephalusn leaf folder larvaein rice ecosystemThereare manyinterestingshortnotesof
value. | congratulateall the authorsfor their contributionsin digitally disseminatinginsect
informationthroughthe pagesof InsectEnvironment

Our regularblogshavereally endearedo thousand®of studentsandlay people.lt is our
endeavouro give spaceto busy entomologistson the move to take one hour off and blog an
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insecttheme,for the readersat large. We publishal list of blogsin the last quarter.Our website
deserves leisurely browsingi the back volumes,currentcolumn, photographsi L E N(@ndE
uniquespeciality)andblogs.

The era of professionalphotographshave not dimmed. Nevertheless amateurswith
mobile gadgetshave capturesof insects,which cannotbut be acclaimed.This changingdigital
upgradesjn severalphonesgive usersmegapixels and picture experienceand have brought
photograply to a level that hardly distinguishbetweenprofessional and amateurism!That is
why IE hasbeenencouragingll andsunderto eyeandshootpictorial storiesof the arthropods,
which we bannerunder LENS. IE appreciatedMaster GauthamG a v g14 gearsold) insect
pictures achild photographeprodigyindeed. Only IE LENS givesspaceto suchtalents.

We of course have professionallensersin Dr. D.N. Nagargu and Dr. Sevagan
Subramanianwhosepicturesappearon our coverandl at timeswrap themwith someprosefor
ourblog.

In this issuewe havean excellentbook reviewedwhoseauthor,Dr. RamesbhArorais an
internationalentomologisiof repute.His bookis a synthesisof sheerknowledgeandexperience
that translatesinto very efficacious pest managemenprotocols in the field. Kudos to our
Professor.

My obituaryon Dr. R.J Rabindrais an attemptto projecthim deservinglyasa new era
biocontrol strategistwho provedinvasiveinsectscan be bio-controlled, beforethey naturalize
into unbearablgestsand intrudersinto our biodiversity space His researchbearingssaw that
papayamealybug,eucalyptusgall, etc. could not notcha slot like that of serpentindeaf miner,
for example which hascometo stay,asthoughtheywerenon-exotic!

Thosewho havesupporteduswith 6 A n n 0 u ndpagesmieserveour specialthanks.As
our subscriptionis free, it is thelargessef you people which is keepinglE moving. IE ratingis
underreview by NAAS, andour specialthanksto CABI, Indian AbstractsFAO, Zoo Bank for
beingour partneran disseminatingligitally the IE contents

Wishingourreadersa safequarterahead.

Dr. AbrahamVerghese
Editor-in-Chief
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Research Articles

Current statusof the Solanumfruit fly Bactroceralatifrons (Hendel)in the easternpart of
Democratic Republic of Congo
JeanAugustin Rubabura Kituta **and Muhigwa BahanangaJeanBerkmans?
*EntomologySectionResearciCentrein Natural Science$CRSNLwiro), (P.0)D.S./
Bukavu,DemocraticRepublicof Congo,

2StateUniversityof Bukavu,(P.0) 570/ Bukavu,DemocraticRepublicof Congo
*Correspondingauthor: dodorubabura@gmail.com

Abstract

Fruit flies (Diptera: Tephritidae)are well-known for their invasivenessnd propagation
throughthe movemenbf infestedproducts Also, they constitutethe limiting factorfor fruit and
vegetablesxploitation.Bactroceralatifrons Hendelis presenthroughoutthe Kabareareain the
SouthKivu province of easternDemocraticRepublicof Congoin Solanumaethiopicumand
Capsicumfrutescenslt is a speciesof Asian origin. It is a major destructivepestof fruits and
vegetable®f the family of Solanaceaand,to a lesserextent,Cucurbitaceadt displaysa rapid
progressiorgiventhatit invadedotherterritoriesevenentireeasterrpartof DemocraticRepublic
of Congo.

Keywords: Solanumaethiopicum Capsicumfrutescensincubation,invasive species,Solanum
fruit fly, tephritid

Introduction

The Solanumfruit fly Bactroceralatifrons (Hendel)is amongthe economicallymost
importantinsectpest,belongingto the Dacinaesubfamily of tephritid fruit flies (Vargaset al.,
2015). Bactroceralatifrons is of Asian origin (Carroll et al., 2002). Its range has however
expandeahroughintroductionsinto Hawaii (Vargasand Nishida, 1985), Japan(Ishida et al.,
2005), Tanzania(Mwatawalaet al., 2010),Kenya(De Meyeret al., 2011),Burundi (Ndayizeye
etal., 2019)andCongo(NdayizeyeandKataraka2021).McQuateandLiquido (2013),basecn
reportedfield infestationdata,showthat a total of 59 plant speciesfrom 14 plant families are

identified ashostsof B. latifrons. However,Yong et al. (2013)andVargaset al. (2015)attested
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in their study, B. latifrons infests mainly solanaceousruits. It hascausedseriousdamageto
solanaceousrops such as chili pepper,tomato,and eggplant(Vijaysegranand Osman1991,
Liquido etal., 1994).

The studyof NdayizeyeandKataraka(2021)focusedon African eggplantin the farmsin
low land Uvira territory of SouthKivu provinceat Kavimvira. However,they were chosenthis
regionbecauset bordersBurundito thewestandthereis alot of movemenbf peopleandgoods
acrossheborder.In addition,the agriculturesectoris quite well developedn this low land area.
Moreover,becauseat might be that retail trader peopletraveledto purchasesolanaceousrops

suchaschili peppertomato,andeggplanto RwandaandBurundi.

Thereis further expansiorof the speciesghroughoutthe province SouthKivu province,
easternpart of Democratic Republic of Congo, and the whole area of Kabare territory by

bringingin hostfruits and/or by the movemenbf adultflies.

This paperoutlines the current statusof the Solanumfruit fly in the areaof Kabare

territory at the SouthKivu provincein the easterrpartof DemocratidRepublicof Congo.

Materials and Methods

The frequencyof samplingis invariable,but dependsn the time of year.An incubation
studywascarriedout overatwo-monthsperiodfrom 10 Februaryto 10 March2020and2021on
Solanumaethiopicum LycopersiconesculentumCapsicumspp collectedin the field at Lwiro,
Ciranga,Kamakombe Kashenyi,Bishibiru, Kamakombe Cegeraand Buhandahand#calities
Kabareterritory. For eachfruit species;12 fruits weresampledandincubatedat periodsof up to
four or five weeks,dependingn the stageof infestationof the fruits. Conveniencesamplingwas
usedto selectthe fruits collected.It is a non-probability samplingplan wherethe samplingunits
are selectedon purpose.The basisof selectionwas the presenceof visual fruit fly puncture
markson the surfaceof the fruit. The infestedfruits collectedare placedin incubationunits and
providedwith labels,following the methoddescribedy EkesiandBillah (2007).Theincubation
units consistof two plastictubs of different diametersdependingon the size of the fruits. All
fruits collectedwere washed weighed,placedand incubated(four fruits per box individually).

The bins arerespectively30 cm and 20 cm in diameter.The trays are superimposeda layer of
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fine sand2 to 3 cmthick atthe bottomof thelargetray, on which is placedthe secondsmalltray
containingthe infestedfruit (s) to be incubated.The traysarethencoveredwith a fine cloth or
muslincloth, to ensuregoodventilationof the mediumandpreventsecondarynfestationsduring
incubation.Then,the boxeswith the fruits areplacedin the laboratoryto allow theflies to form
pupae.The pupaeareremovedirom the sandby sievingfrom thefirst 10 daysof incubation.The
sandis sievedat intervalsof 3 to 4 days.The pupaearecountedandplacedin Petridishesand/
or in atransparenbox with a perforatedid, lined with toilet paperandkeptin cagesuntil adults
emergeThesievingis continueduntil the fruit hascompletelyrotten. They arethendissectedo
collectanyresidualpupaeor larvae. The methodsof breedingfruit flies aredescribedy Ekesiet
al. (2007)wereused. The pupaeareseparatedndthencounted After emergencef adultflies,
Tephritidae are placed in tubes filled with O 90% ethanol for storage.Several types of
determinatiorkeysare used:the recentsystematiaeview of tephritidaeincluding that of White
andElsonHarris(1994),CABI (2005),White (2006),De Meyeretal. (2008).

The DTMs are derived by using different interpolation methods.Indeed, the applied
interpolationmethodscanbe changeddependingon the structureof the surfaceandthe number
of control points(Yilmaz, 2007).In this study, a differentinterpolationmethodis interpretedto
definea surface Measuredoointsaretransferredo Surfer17.1 softwareandthe volume of the
objectis calculatedby usingthe previouslymentionedinterpolationmethods.So, the betterthe
surfaceis describedthe closerthe amountof volume s to the real value. Accordindy the
resultsclosestto the real value of the volume are obtainedfrom the following methodskriging
(90.00%)andinversedistanceto a power(95.00%). The mostsuitablecontourmapof the object
is obtainedfrom the triangulationwith linear interpolationand inverse distanceto a power
method.The most suitable3D model of the objectis obtainedfrom triangulationwith inverse

distanceo a powermethod.

Software R was usedto analyze paired t-Test, oneway ANOVA and linear model
regressiorof flies andmakingboxplot of fruit flies observedduring incubationof Solanaceous.
T-testwas donefor examiningthe differencein meansof solanaceou$ruits weight bagsfrom
Rwandaandeasterrmof DRC, SouthKivu province.The parametrianethoddt-Test)appropriate

for examining the differencein meansthat is paired or dependenton one another. Tukey
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multiple comparisonsof meansat 95% family-wise confidencelevel was done and mean+

standarddeviationwascalculatedoo.

Results

The resultsfrom the currentstudy indicatedthat Solanumfruit fly Bactroceralatifrons
(Hendel)observedafterincubationin thosefruits SolanumaethiopicumandCapsicunfrutescens
butnotin LycopersicoresculentunandCapsicumannuum in the areaof Kabareterritory atthe
SouthKivu provincein the easterrpartof DemocraticRepublicof Congo.The figure showsthe
visually mapsof irregularly spacedB. latifrons in surfaceof this area.Additionally, B. latifrons
set has a stationaryvariancebut also a nonstationarymean value within the searchradius
(Figurel). Calculatedvalueof 6 6 tomésto -3.185atdf 3 on 0.01level, p-valueis 0.050.Thus,
thecalculatedvalueis less.Therefore the differencebetweersolanaceouguit weightbagsfrom
Rwandaand DR Congois significant. Thus, small tradersand peoplesoften bring a greater
guantity of solanaceousrom Rwandacountryto DR. Congo.Table 1 showsthe differencein
meanof whole origin of the solanaceou$ruits. In the table 2 of oneway anova,it showsthe
significant difference of fruits weight bag in different sites of South Kivu province i.e.
Walungu_Kamanyoldasa greatersolanaceousruits weight bag than Kabareand Kalehe, so
Kabarehasa greaterfruits weight bag than Kalehetoo (table 3). The boxplot and the linear
modelregressiorshowtendencyof fruit flies observedduring incubationof Solanaceou$ruits
(Figure2 and3). The averageat eggplantwasof 69 + 41.78for Bactroceradorsalis,of 2 + 0.97
for Zeugodacusucurbitag of 2 + 0.89 for Dacus bivittatus and of 1 + 1.13 for Bactrocera
latifrons. Accordingchili pepperthe averagevasof 44 + 33.70for Bactroceradorsalis andof
1 £+ 0.58 for Bactroceralatifrons. Additionally, the averageof Bactroceradorsalis on tomato

wasof 57 + 39.59andof 3 + 1.53Ceratitis capitataon pepper

Discussion

In view of theresults,Solanumfruit fly Bactroceralatifrons (Hendel)is detectedor the
first time at the SouthKivu provincein the eastermpartof DemocraticRepublicof Congo.Near
borderandtradecanexplainthis presencef Solanumfruit fly. This is thereasonof Bactrocera

latrifons migrationandotherfruit flies.
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This result confirms the observationsof Mziray et al. (2010 a, b) indicating that B.
latifrons attacks mature ripe eggplant. Ndayizeye (2019) shows that it displays a rapid
progressiongiven that it invadedthe entire country within one year of first detection,with
potentialto invade neighboringcountriesin the region of GreatLake of central Africa. The
results of the study of Ndayizeyeand Kataraka(2021) showedthat Bactroceralatifrons on

African eggplantSolanumaethiopicun in Kavimvira, Uvira territoty of SouthKivu province.

Conclusion

Bactroceralatifrons is presentthroughoutKabareareaat the South Kivu provincein
Solanumaethiopicumand Capsicumfrutescens.t displaysa rapid progressiongiven that it

invadedotherterritoriesevenentireeasterrandwesternpartof DemocraticRepublicof Congo.
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Figure 1. Solanumfruit fly Bactroceralatifrons (Hendel)in study area
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Table 1. Solanaceousrops (Tomato, eggplant, pepper, chili pepper) weight bag of South

Kivu province

Area Tomato Eggplant Pepper Chilli pepper
Kabare 1440 5550 2250 2000
Walungu_Kamanyola 7000 6500 3050 3000
Kalehe 4080 0 0 0
Meanz Standard 4173.33t 2781.17| 6025+ 671.75| 2650+ 565.68| 2500 707.1

deviation

Table 2. One-way ANOVA of solanaceousruits weight bag of South Kivu province

Sourceof variance Df | SumSq | MeanSq | Fvalue Pr(>F)

Area 2 | 29970217 | 14985108 | 3.661 0.0687
Residuals 9 | 36840875 | 4093431
Signif.codes:06 * *00@L6 * 6.@6 *0®M506 0.6661
Table 3. Tukey multiple comparisonsof means

Area Diff lower upper p adj
KaleheKabare -1790.0 -5784.3398 2204.34 0.4551230
Walungu_Kamanyoliabare 2077.5 -1916.8398 6071.84 0.3569167
Walungu_KamanyokKalehe 3867.5 -126.8398 7861.84 0.0574106
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Orthopterarpredatorsn rice fields area lesseresearchedrea.Chitraetal., (2000)have
recordedConocephalusongipennis(de Haan),ConocephalusnaculatusLe Guillou, Anaxipha
longipennisServo and Metiochevittaticollis (Stal) as the commonly encounteredrthopteran
predatordn therice fields. Conocephaludongipennisis widespreadn all rice growing regions.
It is consideredas a minor pestin Africa, whereit is widely distributedin the lowland rice
ecosystem&nd have a wide hostrangeviz., maize,wheat, sorghum,millets etc., (Abo et al.,
2002). The eggsare laid on leaf sheathswith the help of long sickle shapedovipositor. The
newly emergednymphs completeits life cycle in 142 to 182 days (Rubia et al., 1990).
Conocephaludongipennisis a generalistpredatorin early growing seasorof rice, feedingon
eggmasse®f yellow stemborer,leaf folder andrice earheadbugs(NozatoandKiritani 1976;
Ito et al., 1995). They alsofeed on nymphsand adultsof brown planthoppergreenleafthopper
and adultsof leaf folders, stemborers,whorl maggotand earheadbug (Rubiaet al., 1990). It
hada greatempreferencdor eggsof the earheadbugthanleaf folder eggs(Krakeret al., 1996).
Manley (1985) reportedthat, C. longipenniswas an opportunisticpredator,which breaksopen
the stemborereggmassesndotherstrongcasesf eggsof rice pestswhich werelateraccessed
by smallerparasitoidsandpredatorsHe alsoreportedthat, whennymphsof C. longipenniswere
forcedto feed on leavesalone it showedabnormaldevelopmentChitra et al., (2002) reported
that, C. longipennisfed on anaverageof 17.5leaf folder eggsperday. Thefield predationrange

of 17to 65%onyellow stemborereggmassesvasrecordecby Pantueetal., (1984).

In our study, conductedfor evaluatingthe impact of bio-intensive pest management
(BIPM) practiceson natural enemy abundanceand diversity in rice in a f a r mfeld dns
Nalgondadistrict (16° 4 645 N, 79° 2 8319 . B @f Telanganastate, C. longipenniswas
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observe at a meanpopulationof 1 per 10 hills. Rice leaf folder was the dominantpestwith
mean population of 8.50 to 14.75 larvae per 10 hills during kharif-2020. Along with other
mortality factorssuchaspredatorsparasitoidsandgranulosisvirus andentomopathogenitungi,
C. longipenniswas found predatingon leaf folder larvae (Fig 1). While earlier workers have
recordedeedingof eggs,nymphsandadultsof rice insectpests this behaviourwasrecordedor

thefirst time anddetailedstudyin regardis requiredin thefuture.

Figurel. Mortality factors of leaf folder in the field (a) Wolf spider, Lycosasp. (b) Ant,
Solenopissp. (c) Conocephaluslongipennis (d) Granulosisvirus (e) Beauveria

bassiandf) Apantelesp.(Imageswerecapturedoy thefirst authorduringthe study)
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Abstract

Potentialpredator ScymnugoccivoraAyyar is againstseveralspecief mealybugsbut
awarenessf their comparativebiology andfeedingpotentialin diversemealybug speciess not
yetexplored.In thisregard,a comparativestudyon the biology andfeedingpotentialof Scynmus
coccivoraon two prominentmealybugpests,Maconellicocuushirsutus and Planococcustitri
werestudied.Theresultson the biology of S. coccivoraon M. hirsutusandP. citri revealedhe
beetlehad completedits life cycle successfullyon both specieswith the total developmental
period(eggto pupa)of 18.1+ 1.0dayson M. hirsutusand21.1+ 0.8 dayson P. citri. Theadults
beetlesdevelopedn M. hirsutushadhigh fecundity36.6+ 0.9 eggs/ femaleandlongevity 59.8
+ 1.2 daysthanthosedevelopedon P. citri. Analysis on the growth indicesof S. coccivora
portrayedmore preferenceon M. hirsutuswith high suitability index of 2.54thanP. citri (1.99).
Amongthe two life stagesadultsof S.coccivorawasmorevoraciousandeachadultconsumed
an averagenumberof 1301.64,151.08 and 24.53 on M. hirsutus eggs, nymphs and adults
respectivelywhile it was 1229.06,139.4and 19.6 for P. citri, respectively.The grubsrequired
277.46,54.87 and 8.66 numbersof M. hirsutus and 136.92,44.0 and 4.8 number of eggs,
nymphsandadultsfor P. citri, respectivelyto completelife stagesOut of differentinstarsof S.
coccivorg third andfourth instarsconsumecdaround68.8,77.3and 64.5 per centeggs,nymphs
and adults of M. hirsutusand it was 77.0, 82.7 and 58.3 per cent for P. citri, respectively.
Though predatoryScymnuscoccivoradisplayedgood developmentand feeding potential with
boththe mealybugsMaconellicoccusirsutusasthefeedexpresseanoregainsin termsof short
developmenperiodof the beetle higherfecundityandconsumptiorrate.

Key words: Comparison, biology, predatory potential, Scymnus coccivora, mealybugs,

Maconellicoccusirsutus Planococcu<itri
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Introduction

Coccinellids are efficient predatorsof soft bodied insectssuch as aphids, mealybugs,
whiteflies, leafhoppers,scale insects and mites. They are augmentedand conservedas an
importantbio-controlagentto manageseveraimportantpestspeciesn the conceptof Integrated
PestManagemenglobally (Ali etal., 2015).Scymnuspp.arewell known predatorof peststhat
causesevereeconomic damage(Ghosh and Chakrabarti,1984; Saraswati,1990). Scymnus
coccivoraAyyar is a promisingpredatorfor severalspeciesof mealybugs Scymnuscoccivora
belongsto beetlegroup of insectsin the family Coccinellidaeandtype genusof the subfamiy
Scymninaeandthe tribe Scymnini(Bug Guide,2006). The adultlady bird beetleis an elongate
oval, moderatelyconvex beetlewith pale yellow to yellowish brown markingsin elytra. Two
small circular spotsare presentin the elytra. The adultslay pale yellow colouredeggsin the
coloniesof mealybugsThe emerginggrubis a compodeiformlarva, dorsalsurfacecoveredwith
white waxy filaments,which on hatching,feedon mealybugsThelarval stagelastsfor 15 to 20
days.The grubsturn to an exaratepupa,which is oval andlight yellowish brown fringed with
hairs. The pupaturnsto adultin a day or two andstars feedingon mealybuggPoorani,2004).
Both the grub and adult stagesare predaciouson mealy bugs, but adults were more potential
feedersof mealybugeggs(Padmajaetal., 1995).Different workershavestudiedthe biology of a
numberof Scymnuspp.(Kapur,1942;Johnson1972; Tawfik et al., 1974;Buntin and Tamaki,
1980; Ramamurthy,1982; Mani and Thontadarya1987). But the information availableon the
biology and feeding potential of Scymnuscoccivoraon different types of mealy bugsis quite
meagre.A comparativestudy on the biology and feeding potential of S coccivora on two
different mealybugsMaconellicoccusirsutusandPlanococcugitri was,therefore carriedout

at Tamil NaduAgricultural University.

Materials and Methods

The laboratorystudieson biology andfeedingpotential of S. coccivoraon M. hirsutus
and P. citri were conducted at the Biocontrol Laboratory, Department of Agricultural
Entomology,Tamil NaduAgricultural University from 20032004.

Biology of S. coccivoraon M. hirsutus and P. citri: The culturesof M. hirsutusand P. citri

maintainedon pumpkinwere usedfor the biology studyof S. coccivora Eggsof S. coccivora
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were allowedto completeone generationon the respectivehostsand were usedfor biological
andpredatorypotentialstudies Twenty-five fresheggsweretakenseparatelffrom the surfaceof
M. hirsutusand P. citri infestedpumpkin. Egg period was calculatedby recordingthe day of
ovipositionandday of emergenceAfter eclosion first instargrubsstartedto feedmealybugsand
the developmentaperiodfor eachinstarwasrecordedoy observingthe moultedexuviae.Pupae
of S. coccivora were collected and kept in adult emergencecage for the pupal period.
Observationson pupal weight, adult emergenceand sex ratio were made by the method
suggestedby Sunil Joshietal. (1999).Variousgrowthindiceswerecalculatecbasedon the data

generatean biologicalparametersf S.coccivoraon two mealybugdy differentformulae.

Predatory potential of S. coccivoraon M. hirsutus and P. citri: The predatorypotentialof the
grub and adult of S. coccivora was studied on M. hirsutus and P. citri, according to
Radkeet al. (1977). Experimentswere conductedto determinethe rate of consumptionon
different stagesof both the mealybuggeggs,nymphsandadults)by the predatorygrubsin two
different experimentgAfter hatching,eachgrub was confinedin a polypot and providedwith
known numberof hostinsects Observatiorwas madeat 24 h interval andsurviving hostinsects
were countedand removed. Fresh hosts were offered to the predatorygrub until pupation.
Numberof hostinsectsconsumedoy the grub in eachinstar and the total consumptionduring
grub period were calculated.The feeding potential studieswere conductedwith ten grubs
consideringeachoneasreplication.Similarly, to determinethe rate of consumptioron different
stagesof mealybugs(eggs,nymphsand adults) by the adultsof S. coccivorag eachadult was
confined in a polypot and provided with known number of mealybugs.The number of

mealybuggpreyedby the adults/ daywascountedat 24 h intervaltill theadultswerealive.

Results

Biology of S. coccivoraon M. hirsutus and P. citri with its predatory potential: Life cycle of
S. coccivora had succcessfullycompletedon M. hirsutus and P. citri and the lifestagesand
developmenperiodswerelistedin Tablel. The meaneggperiodof S.coccivorawas3.6+ 0.4
daysand4.2 =+ 0.3 dayswhenrearedon M. hirsutusandP. citri, respectively. Uniformly four
grubinstarswereobservedn bothmealybugspeciewith anaveragedurationof 1.9+ 0.3,2.1+

0.2,2.6x 0.3and2.8+ 0.4 daysrespectivelyfor first, secondthird andfourth instarsM. hirsutus
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and2.7+ 0.4,2.4+£ 0.2,2.3+ 0.2and 3.1+ 0.2dayson P. citri. The meangrub periodof S.

coccivoraaveraged®.6+ 0.4and10.7+ 0.3 dayson M. hirsutusandP. citri, respectively. The
prepupalandpupalperiodof S.coccivoralastedl.2+ 0.2and3.7 + 0.3daysand 2.2+ 0.3and
4.0 £ 0.3 dayson M. hirsutusand P. citri, respectively(Table 1). S. coccivorashowedmore
feedingpreferenceon M. hirsutusthanP. citri. S.coccivoratook 18.1+ 1.0 daysfrom eggto

pupawhenrearedon M. hirsutus, while it was21.1+ 0.8 dayson P. citri. Althoughtherewas
slight variationin per centpupationof S. coccivoraper centadult emergencevas recordedon

two prey speciesstudied. Scymnuscoccivorahad a maximum fecundity of 36.6 £ 0.9 eggs/
femaleon M. hirsutus in a ovipositionperiodof 28.6+ 0.6 dayscomparedo 33.7+ 0.9 eggs/
femaleon P. citri with a ovipositionperiodof 25.2+1.3 days.The sexratio observedvas1:0.9.
Theadultof S.coccivorasurvivedfor 59.8+ 1.2 dayswhenrearedon M. hirsutuswhereas57.4

0.8dayson P. citri. The averagepupalandadultweightof S.coccivorawas0.4+ 0.03and0.7

+ 0.07mg on M. hirsutusand 0.3+ 0.04and0.3 £ 0.06 mg on P. citri. Studieson the growth

indicesof S.coccivoraon M. hirsutusandP. citri by keepingone mealybugspeciesasconstant
indicatedthatthe predatorshowedmore preferenceon M. hirsutuswith high suitability index of

2.54thanfor P. citri (1.99)(Table2).

Predatory potential of S. coccivora on M. hirsutus and P. citri; Grubs and adults of
S.coccivorarequiredatotal numbersof 1579.1+ 552.2,205.95+ 62.36and33.19+10.03eggs,
nymphsandadultsof M. hirsutuswhile the requiremen®. citri was1365.98+ 534.74,183.4+
58.11 and 24.4 + 8.23 to completetheir life stages.The adult of S. coccivorawas able to
consumeon anaverageof 1301.64+ 45.9,151.08+ 3.4 and24.53+ 0.3 numbersof M. hirsutus
while it was1229.06+ 51.3,139.4+ 5.0and19.6+ 0.5 numberof eggs,nymphsandadultsof
and P. citri. The grub required277.46+ 40.47,54.87+ 12.37 and 8.66 £ 0.79 numbersand
136.92+ 23.70,44.0+ 10.29and 4.8 + 0.23numberof eggs,nymphsandadultsof M. hirsutus
and P. citri, respectively.Among variousinstarsof the predator,third and fourth instar were
voraciousand consumeds2.62+ 2.0, 10.46+ 1.1 and2.46 + 0.3 numberand 128.47+ 40.7,
31.98+ 0.8and3.13+ 0.3numbersof eggs,nymphsandadultsof M. hirsutus.whereasthethird
andfourth wereconsumed0.26+ 3.9,10.8+ 0.9and1.4+ 0.3 numbersand65.23+ 10.2,25.6
+ 2.5and 1.4 + 0.5 numbersof eggs,nymphsand adultsof P. citri, respectively which were

68.8,77.3and64.5percentand77.0,82.7and58.3 per centof total eggs,nymphsandadultsof

387



Vol. 24 (3) (September 2021) Insect Environment

M. hirsutusandP. citri consumedrespectively. First andsecondnstarsconsumedollectively
31.1,22.6and35.4 percentand22.9,17.3and41.6 per centof eggs,nymphsandadultsof M.
hirsutusandP. citri, respectively.The consumptiorof first andsecondnstarswere86.37+ 2.6,
12.43+ 1.2and3.07+ 0.7 numbersand31.43+ 3.6,7.6 + 0.4 and2.0 £ 0.4 numbersof eggs,

nymphsandadultsof M. hirsutusandP. citri, respectivelyTable3).

Table 1. Life stages of Scymnus coccivora reared on Maconellicoccus hirsutus and

Planococcustitri

Developmentalperiods* on
Life stagesof S.coccivora
M. hirsutus P. citri

Egg(days) 3.6x04 4.2+0.3
Grub (days)

| instar 1.9+0.3 27+04

Il instar 2.1+£0.2 24+£0.2

[l instar 2.6+0.3 2.3+0.2

IV instar 28+0.4 3.1+0.2
Total grubperiod(days) 9.6x0.4 10.7+£0.3
Prepupaperiod(days) 1.2+0.2 2.2+ 0.3
Pupalperiod(days) 3.7+0.3 4.0+ 0.3
Total developmentalperiod (days) 18.1+1.0 21.1+0.83
Pupation(%) 74.0+£ 0.3 69.0+ 0.2
Adult emergencé%) 100 100
Fecundity(Nos.) 36.6+ 0.9 33.7£ 0.9
Sexratio(l :Il') 1:09 1:09
Ovipositionperiod(days) 28.6+ 0.6 25.2+1.3
Longevity 59.8+1.2 57.4+0.8
Weightof Pupa(mg) 0.4+0.03 0.3+£0.04
Weightof adult(mg) 0.7+ 0.07 0.3+ 0.06

*Mean of five replications
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Table 2. Growth

Planococcustitri

Insect Environment

indices of Scymnus coccivora on Maconellicoccus hirsutus and

Life stagesof S.coccivora M. hirsutus P. citri
Larvalpupalindex - 2.19
Pupalweightindex - 1.36
Adult weightindex - 1.89
Adult emergencéndex - 1.00
Developmentndex - 0.86
Generalgrowthindex 7.71 6.52
H o w egisthindex 0.11 0.09
Suitability index 2.54 1.99
Dataobtainedfor M. hirsutuswasusedto calculategrowthindicesof P. citri
Table 3. Feedingpotential of S.coccivoraon M. hirsutus and P. citri

NumbersconsumedMeanz+ SD)
Life stagesof M. hirsutus P. citri
S.coccivora
Egg Nymph Adult Egg Nymph Adult

Grub (Instar)

I 42.0+0.8 51+06 | 1.3+x04 147+ 0.8 3.2+0.2 | 1.0+0.2
Il 44.3+1.8 7.3+0.6 | 1.7+£0.3 16.7+ 2.8 44+0.2 | 1.0+0.2
1 62.6%+ 2.0 104+11 | 24+0.3 40.2+ 3.9 10.8+£09 | 1.4+0.3
vV 128.4+40.7 | 31.9+0.8 | 3.1+0.3 | 65.2+10.2 | 25.6+25 | 1.4+0.5
Total 2774+ 404 | 54.8+12.3| 8.6+0.7 | 136.9+23.7 | 44.0+£10.2| 4.8+0.2
Adult 1301.6+£45.9| 151.0+ 3.4 | 245+ 0.3 | 1229.0£51.3| 139.4+ 5.0 19.6£ 0.5
E‘;tr?s'umption 1579.1+552.2| 205.9+ 62.3|33.1+ 10.0| 1365.9+ 534.7| 183.4+ 58.1(24.4+ 8.2

*Mean of tenreplications
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Discussion

Studieson the biology of S. coccivoraon two mealybugs,M. hirsutus and P. citri
indicatedthat S. coccivorahad completedts life cycle successfullyon the both the hostinsects
but preferencavasfoundto bemoreon M. hirsutusthanP. citri. Therewasmild variationin egg
periodof the predatorwhenrearedon M. hirsutus(3.6 = 0.4 days)andP. citri (4.2 0.3 days);
However, earlier reportsby Padmajaet al., (1995) statedan egg period of 4.0 to 4.5 days of
S.coccivoraon M. hirsutuswhich s slightly higherthanthe preseninvestigation.Thetotal grub
periodof S.coccivorawasshortest(9.6 = 0.4 days)on M. hirsutusnymphswhich wasextended
by 1.1 dayson P. citri. Slight variationin grub period of S. coccivorawas noticed(10.6 days)
whenrearedon mealybugnymphs(Mani and Thontadarya1987),10.80 days(Padmajeet al.,
1995)andit was10.45dayswhenS. nubiluswasrearedon M. hirsutus(KumarandChakraborty,
1997).The variationin the developmentaperiod of grubsmight be dueto quantity and quality
of the prey madeavailableto S. coccivora Scymnuscoccivoratook 18.1+ 1.0and21.1+ 0.8
daysfrom eggto pupawhenrearedon M. hirsutusandP. citri, respectivelywhich is lower than
the finding of Mani and Thontadaryg1987)who reported20.35+ 1.04 daysfrom eggto pupa
on M. hirsutus The meannumberof eggsperfemalewas36.6+ 0.9and33.7+ 0.9 whenreared
on M. hirsutusandP. citri, respectivelywhich is in accordancevith the findings of Mani and
Thontadaryg1987).Grubsandadultsof S.coccivoracollectively requiredan averageof 1579.1
€ggs,205.9nymphsand 33.1 adultsof M. hirsutusto completeits life stageswhile the rate of
consumptioron P. citri to completeits life cyclewas1365.9,183.4and24.4respectivelywhich
clearly demonstrateghe strong feeding preferenceof S. coccivora on different stagesof
M. hirsutus In contrastto the presentinvestigations,Mani et al. (1987) reported that
S. coccivoragrub consumed307.7 eggsor 62.2 nymphsor 6.55 adults of M. hirsutus under
laboratorycondition(26-29°Cand63-67% RH). Padmajeet al. (1995)recordedhatsingleadult
of S.coccivoraconsumed64.4eggswhile larva consumed314.2eggsof M. hirsutus Among
variousinstarsof the S. coccivorg third andfourth instargrubsconsumedabout68.8,77.3 and
64.5 per cent of total eggs,nymphsand adultsof M. hirsutus respectively.Similar patternof
consumptionof hostinsectby S. coccivorawas obtainedby Mani and Thontadaryg1987) and
Padmajeet al. (1995) who reportedthat first and secondinstarsof S. coccivorafed minimum

guantityof mealybugswhile third andfourth instarsconsumednorenumbersof M. hirsutus
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Conclusion

Mostimportantpredator Scymnugoccivorahasplayedvital role for severalagricultural
and horticultural pestsof economicimportance.The presentstudy on the biology and feeding
potentialof S. coccivoraon two mealybugsM. hirsutusandP. citri indicatedthat S. coccivora
hadcompletedts life cycle successfullyon the boththe hostinsectsbut preferencevasfoundto
be moreon M. hirsutusthanP. citri. Therefore,Scymnusoccivorais highly recommendedor

themanagemenf invasivemealybugMaconellicoccushirsutus
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First record of GastrozondasciventrisMacquart (Diptera: Tephritidae) from Odisha, India
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Fruit flies (Diptera: Tephritidae)representone of the largestfamilies of Dipterg with
about 4,500 speciesin 500 genera under six subfamilies (Blepharoneurinae,Dacinae,
Phytalmiinae, TachiniscinaeTephritinaeand Trypetinae)known worldwide. About 243 species
representthe Indian fauna in 79 generaunder four subfamilies (Dacinae, Phytalmiinae,
Tephritinaeand Trypetinae)(David andRamani,2011). GenusGastrozonaBezzibelongsto the
tribe Gastrozoniniunderthe subfamily Dacinae.Seven species of this genus are known from
India viz., Gastrozonabalioptera Hardy, G. montanaBezzi, G. parvisetaHardy, G. proterva
Hering, G. nigrifemur David and Hancock, G. fasciventrisMacquartand G. soror (Schiner)
(David andHancock,2017).

Fig. 1: Gastrozondasciventris A) Dorsal view B) Lateral view C) Fore win
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This observationrecords G. fasciventris Macquart from Cuttack district of Odisha
(Location: 20°26'52.0"N85°31'03.9"E).The adult fly (figure 1) was collectedon 27.ii.2021
while visiting a pumpkin plant and was identified by using the keys of David and Hancock,
2017. This specieshas been identified in the following states: Arunachal Pradesh,Bihar,
KarnatakaKerala,and MaharashtraThe currentobservatiorperhapsmakesthe first recordof
this speciesfrom the state of Odisha. There are reportsof this speciesfrom Malaysia and
Thailandcollectedfrom bamboo(Dohmetal., 2014),andit alsohasbeenrearedfrom the shoots
of the Siamesebamboo, ThyrsostachyssiamensisGamble (Poaceae)(Tigvattananontand

Bumroongsook2016).
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Damageof lemon butterfly, Papilio demoleuql.) on bael, Aeglemarmelos(l.) tree
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Introduction

Bael, A. marmelosis one of the oldestand underutilizedfruit tree speciesandigenousto
India. It belongsto the citrus family Rutaceaeand it is also known as Bengal quince, bilva,
Indian quince,goldenapple,holy fruit, bael,belwa, sriphal, stoneappleandmaredoin India. It
was introducedto Europefrom Indiain 1759.1t is a sacredtreein Hinduismandis offeredin
prayersof Hindu deitiesLord Shivaand Parvatiandthus,the treeis also known by the name
0 S hi v a(the Tnee 6f Shiva).Its medicinal propertieshave beendescribedin the ancient
treatiselike CharakaSamhitaUpavanaVinodaandYajur Vedaandit hasalsobeenportrayedn
the paintingsof AjantaCavesWide distributionof Baelin Indiansubcontinenandotherpartsof
theworld reflectsits adaptatiorto arangeof agro-climatic conditions.In additionto well-known
nutritional, traditional and medicinalbenefits,the Bael fruits haveconsiderablgrocessingand

industrialvalues(Singhetal., 2019).

All partsof the Bael plant is of immensemedicinal properties.The herbal medicinal
preparationsof this sacredtree are usedto treat chronic diarrhoea,dysentery,peptic ulcers,
laxative for astringency,and respiratory ailments (Baliga et al., 2011). Bael has more
considerablesignificanceas it has many compoundswith anticancerougroperties.The antk
inflammatoryactivity wasdemonstratetly preparation®f Baelroots(Kintzios, 2006).

Damageof lemon butterfly, P.demoleuson Bael, A. marmelos

Surveywas conductedin two districts selectingthreetalukasand two villagesin each
talukaand 10 treesin eachvillage andtotal of 60 treeswererecorded.The 10 shootsper tree
weretakenfor recordingthe observationsThe Lemon butterflies,P. demoleuscaterpillarsfeed
on foliage and causeseconomiclossesto farmers. Other insectpestslike Citrus leaf miner
(Phyllocnistiscitrella, Stainton),Spiralling whitefly (AleurodicusdispersusRussel)andbrown

scale Coccus hesperidum(L.) are of minor importance,as these are either sporadic in
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occurrenceor confinedto certainpockets.Hundredper centinfestationof lemon butterfly was
recordedon Bael tree at Nawagamvillage (22.47 N latitude, 72.34 E longitudeand altitude of
32.4m MSL), 88 percentdamageat Kathwadavillage (23.03N latitude,72.68E longitudeand
altitude of 37.0 m MSL) khedataluka, whereas50 per centdamagein Traj village (22.67 N
latitude, 72.63 E longitude and altitude of 34.0 m MSL) and 56 per centdamagein Garmala
village (22.68 N latitude, 72.67 E longitude and altitude of 34.0 m MSL) of Matar Talukain
Khedadistrict of Gujarat,India. However,in 84 percentdamagevererecordedn Barejavillage
(22.85N latitude, 72.59 E longitude and altitude of 30.0 m MSL) and 75 per centdamagein
Mahijdavillage (22.82N latitude,72.54E longitudeandaltitudeof 35.0m MSL) wererecorded
in Dascroitalukain Ahmedabadlistrict. The 10 to 20 larvaewerefound feedingon leavesand

smalltendertwigs.

The activity of lemonbutterfly, P. demoleuson Bael plantwas noticedfrom 27" SMW,
2020 (StandardVeteorologicalweek) with 2.4 caterpillars/10 shootsper two districtsandwas
found maximum (6.6 caterpillars/10shoots)on 37" SMW on leavesand tendertwigs with 100
per cent shoot damage. Caterpillar population started declining in 39" SMW with 5.45
caterpillars/1Gshootsand completelydisappeareih 2" SMW of 2021.The leaf damageanged
from 1.60to 14.20percentin differentmonthsandmaximuminfestation(14.20%)wasobserved
at37"" SMW, (meanof two districts)2020.

Caterpillarson stem Caterpillarson smallbranches Whole Baeltreedamage

Life cycleof lemon butterfly, P.demoleus
Life cycle

Theadultfemalelays eggssingly ontheundersurfaceof tenderdeavesandalsoontender

twigs. The pooledmeandurationof the different stagesof lemon butterfly viz,, the incubation
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period of 2.80days,larval period of 9.23 days, pre-pupal period of 0.99 days, pupal period of

8.11 days,femaleadultslongevity period of 3.85 days,respectively(Haldaret al., 2017). The
averagdength,width andwing expanseof male butterfly were found to be 27.961mm, 5.997
mm and 88.518mm while femalebutterfly wasfoundto be 29.015mm, 6.327mm and91.072
mm, respectively(Haldaret al., 2017). This speciegypically hasfive instarsandis capableof

producingmultiple generationgper yeardependingon temperatureonstraintsNearthe equator
asmanyasnine generationsnay be seen.The averagdength of a generatiorvariesfrom 26 to

59 days.In colderclimates pupaemayoverwinter.

Maturelarvae Prepupalstage Pupalstage

Alternate hostsalready recorded:

The lemon butterfly feedson plantsin the Rutaceaefamily. It is known to feed on
cultivatedlime, orangeandlemonslike Citrus aurantifolia (Christm.) C. grandis,C. limon, C.
sinensis, Atalanta racemosa, Glycosmis pentaphylla, G. arborea, Ruta graveolens, Aegle
marmelos, Murraya koenigii, Chloroxylon swietenia Ziziphus mauritiana, Acronychia
pedunculataMicrocitrus australis The lemon butterfly also found to feed on plantsin family
Fabaceaeon speciesof Cullen: Cullen australasicum,C. badocanum,C. balsamicum,C.
cinereumC. patens C. pustulatumand C. tenax(toughscurfpea,emufoot, emugrass),andC.
leucanthum(Saradeetal., 2013).
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Pateletal., (2017)studiedthe hostpreferenceandreportedthat significantdifferencesn
egg laying amongdifferent hostsby lemon butterfly, P. demoleuswas observed.Maximum
number of eggswas laid on Lemon: Citrus limon (L.) Osbeck(11.03 eggs), followed by
Mandarin: C. grandis (L.) Osbeck(10.18),Lime: C. aurantifolia Swingle (9.34), Curry leaf:
Murrayakoenigii(L.) Sprengel8.49),Bael: A. marmelosCorrea(7.64),while minimumnumber
of eggswas recordedon Ber: Zizyphusmauritiana Lam. (6.49). The resultsof surveyon host
plantsrevealedhatall the plantssuchaslemon,lime, mandarinBael,curry leaf, Ber andbabchi
supportedthe larvae of lemon butterfly from 46" to 7" StandardMeteorologicalWeek while
maximumlarvaewere recordedat 49" and 5" SMW. Hence,theseplantscan be considerechs

thehostplantsof lemonbutterfly.

Baeltree Citrus Curry leaf

Management
1 Handpicking of variousstagef caterpillarsan nurserieandyoungorchards

1 The parasitoidsviz., Apantelessp. and Bracon hebetor(HymenopteraBraconidae)are

knownto parasitizePapilio demoleudarvaein India.

1 Spraying with entomogenousfungus, Bacillus thuringiensis @ 1g/L, Neem seed
extract@3%, Berliner or nematodeDD-136 strainalso givesvery high mortality of the

caterpillars.

1 In caseof severeinfestation,spraywith quinalphos25 EC, 20 ml in 10 litre of wateris

recommended.
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Sootymould scavengemeetle,Leiochrinus nilgirianus Kaszab (Tenebrionidae: Coleoptera)
on palms
JosephRajkumar, A

ICAR-CPCRI,RegionalStation,Kayamkulam$90533 Kerala, India
Correspondingauthor:_joecpcri@gmail.com

ICAR-Central Plantation Crops Researchlnstitute has discovereda sooty mould
scavengebeetle,Leiochrinusnilgirianus Kaszab(TenebrionidaeColeopterapn palmsinfested
by the exotic rugose spiralling whitefly, AleurodicusrugioperculatusMartin (Aleyrodidae
Hemiptera)from Kayamkulam Kerala,India during 2018.Dueto excretionof honeydewby A.
rugiopercualtus,uppersurfaceof whitefly-infestedpalm leaflets developblack colouredsooty
mouldbelongingto Leptoxyphiunsp.interferingphotosynthesisAdult L. nilgirianus beetlesand
grubsnaturallyemergingduring monsoorphasgJuneJuly) would eatawaythe sootymoulds@
1-2mn? perbeetlein oneminuteFig.1 The specialadaptiveleg featureswith bristle hairsaid in
properadhesiorandassistin swift movemenf L. nilgirianus on fungusladenleaflets. Dueto
beetle feeding, black sooty mould depositswere gradually and completely cleansedand the
leafletsbecomegreeneryeviving photosyntheti@fficiency of palms.In situ habitatconservation
of L. nilgirianus would help to reducethe sooty mould at no costenablingbetterenvironmental
health as well. The messageis i ¢ 0 n sneartvuagiftetd snprove palm health after pest

out breako.
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Fig. 2. Leiochrinus nilgirianus Pupa,Bristle-like hairs on legs Adults
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A laboratory study on oviposition in fresh palm datesby Rhynchophorusferrugineus
Olivier
Rajan Shelke' and J.R. Faleiro?
Departmenbf Agricultural EntomologyDon BoscoCollegeof Agriculture, Sulcorna,
QuepemG0a403720

’Mariella, Arlem-Raia, Salcette Goa403720
*Correspondingauthor: rajanshelke6691@gmail.com

India producesand marketsdatesmostly at the khalal stage (Greenunripe) because
climatic conditionsdo not favor full ripeningof the fruit to producetamar stagedatesthat are
usually harvestedin the monsoon Datesare highly nutritious and relishedby the peoplein
different parts of India. Dates have beenusedin various ways and at religious and social
festivitiesin the country (Shaha 2014). The fresh datemarketis rapidly growingin India with
the statesof Gujaratand Rajasthanbeing the major producersin the country. The red palm
weevil (RPW), RhynchophorugerrugineusOlivier (Coleoptera:Curculionidae)is reportedas
major pestof palmsin diverseagraecosystemsvorldwide. In datepalm Phoenixdactyliferal.,
RPWis designatedsa categoryl pestby the FAO (Anonymous2014).In Indiatoo, RPWis a
threatto the datepalm plantationsin Gujarat,RajasthanAndhraPradestand Tamil Nadu.The
datepalm variety Bahree(yellow coloredfruit) is widely cultivatedfor harvestingin the khalal

stageasfreshdatesin Indiaandelsewhere.

During July, 2021 an experiment was conductedin Departmentof Agricultural
Entomologyof Don BoscoCollegeof Agriculture, Sulcorna,QuepemGoa, India (15.1068 N,
74.148608 E) to assesshe ovipositionpreferencéyy red palmweevil in khalal datefruits of two

datepalm cultivars. Adult weevilsusedin the ovipositiontrials were collectedfrom the coconut
field using insecticide free food baitedpheromone(Ferroluré™) based bucket traps and
recorditioned in the laboratoryfor two weeksby allowing the adultsto feed on sugarcanen

plasticcageq28+ 1 °C, 76 £ 3% RH) (Faleiroetal, 2014).

Freshdatesviz., Barheeand a nondescriptred colouredvariety usedin the testwere
procuredfrom the local market.In a no choicetest, two fertile and gravid adult RPW females

andonematuremale were cagedovernightin 10 containersgper variety. Two freshdatesof the
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respectivevariety wereprovidedin eachcontainerfor egglaying overnight. The numberof eggs
laid wasrecordedhe nextday by carefully extractingthe eggsfrom fruit tissuewith a camelhair
brush.The experimentwas carriedout underthe completelyrandomizedblock design.The trial

was replicatedtwice and dataon the cumulative numberof eggslaid subjectedto statistical
analysis (ANOVA) using the Web Agri Stat Package (WASP 1), available at

https://ccari.res.infwasp/index.pHpesultson the cumulativeovipositionarepresentedbelow.

4 -
3.5 -
s g Bahree
=
'JZ.S -
Bg
2 2 CD (p=0.05): 1.76
S15 - b
)
= 1-
0.5 -
0 T
Bahree Non Descript (Red)
Date Palm Variety

Figure 1. Cumulative meannumber of eggslaid by red palm weevil in fresh date fruit

Resultspresentedn figure 1 revealthat RPW can oviposit on fresh dates.The study
showedthat freshdatefruit of the non-descriptred variety was significantly more preferredfor
egglaying (meanegglay: 3.45)by RPW ascomparedo the popularBahreevariety (meanegg
lay: 1.45). Al-Bagshi et al. (2013) evaluatedfrond tissue of 25 date palm cultivars for
ovipositional antixenosisto RPW and found that the cultivar, Bahree was the fourth least
preferred.The questionis, canfreshdatesposea RPW quarantinghreat?The answeris no, as
mereegglaying in datepalm fruits by RPW doesnot ensurecompletionof the life cycle. These
eggslaid in the fruit tissuewould perishfor want of palm tissueand fibre essentialfor the

completionof thelarval andpupalstagegEl-Shafieetal, 2013).
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Like apple(Shahinaetal., 2009),datefruits is only alaboratorymediumfor RPWto lay
eggs.This studyis thefirst reporton egglaying by RPWin freshdates.
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Field evaluation of secondarymetabolite formulation againstsweetpotato weevil Cylas
formicarius (Fabricius) (Insecta: Coleoptera: Brentidae)
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Sweetpotato,Ipomoeabatatas(L.) Lam (Family: Convolvulaceae)s believedto have
originatedfrom USA. It is the secondmost importantroot crop with a world production of
103.11 million tonnes (Cockerhamet al., 1954). The tuber is an important source of
carbohydrateSweetpotatohasassumedjreatsignificancein recentyearsasa healthfood dueto
variousbioactivephenolicandanthocyanircontent.lt is referredasthreein onetubercombining
the propertiesof cerealsfruits andvegetable®wing to its contentrespectivelyof starch,pectin
andvitamins.Certainvarietieshavingyellow flesharerich in carotenea precursoof vitamin.
Sweetpotatois proneto various pestsand diseasesCylas formicarius commonly referredas
sweetpotatoweevil which is oneof the mostseriouspestof sweetpotato,with reportsof losses

rangingfrom 10to 97%in areaswvherethe weevil occurs(Pillai etal., 1986).

Fig 1. Sweetpotato field trial plot
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Fig 2. Sweetpotato weevil adult

(Sourcewww.whatsthatbug.cojn

Life Cycle

Adults are antlike, shiny, blue-black, snoutbeetleswith bright orangered legs (Fig 2).
Eggsarelaid singly in small cavitieseatenout in the stemor tuber. Eggshatchin lessthana
weekandlarvaefeedinsidefor two to threeweeks.Larvaearelegless,white to creamcoloured
with a palebrown head.Pupationoccursin the potatoesThe pupalstagelastsabouta weekto
tendays.Therecanbeasmanyaseightgenerationgperyear.A completelife cyclerequiresone
to two months,with 35 to 40 daysbeing commonduring the summermonths.Adults do not
undergoa periodof diapausen the winter, but seekshelterandremaininactiveuntil the weather
is favourable All stagescanbe found throughoutthe yearif suitablehostmaterialis available
(Jansson1991).

Althoughthe symptomof infestationis noticedby yellowing of leavesthe damages not
apparentuntil the tubersare harvested.Thus, incipient problemsare easily overlooked.The
principal form of damageo sweetpotatois mining of the tubersby larvae.Theinfestedtuberis
often riddled with cavities, spongyin appearanceand dark in colour. In additionto damage
causeddirectly by tunnelling, larvae damageindirectly by facilitating the entry of soil-borne
pathogensEvenlow levelsof feedinginducea chemicalreactionthatimpartsa bitter tasteand

terpenendourto thetubers.Larvaealsominethe vine of the plant, causingit to darken crack,or
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collapse.Theadultmayfeedon thetubers,creatingnumerousmall holesthatmeasureaboutthe
lengthof its head.The adultgenerallyhaslimited accesdo the tubers,however,the damageby

this stageis lessseverghanby larvae.Adult feedingon thefoliage seldomis of consequence.

Field evaluation

The secondarymetaboliteformulation was developedby Agferm InnovationsPrivate
Limited usingbio procesgechnology.Two different strainsof Bacillus subtilis wereused.The
metaboliteextractionfrom the broth culture of the two strainswas extractedusing non polar
solventand evaporatedo obtain concentratedsecondarymetabolite.This was resuspendeah

polarsolventandformulatedusingsuitableadjuvantspolysorbate80.

Thetrial wasconductedcat Mohan& Co Farms,NangaliVillage, Kolar (Dist), Karnataka
in 0.5 acre as shown in (Fig 1). The varety cultivated was Bhadra (CTCRI). Foliar and
drenching both applicationswere evaluated.Two different formulations named Boxer and
Rootexwere evaluatedagainstthe pestin f a r mfeeld and comparedhe resultswith leading
chemicalmoleculeusedby the farmer.Boxer formulationwastried againstadults(Table 1) and
comparedagainstleadingmoleculegenerallyusedby the farmersCyazypyr10.26%0D(Trade

name Benevia) and chlorpyriphoscombination.Mortality rate was calculatedusingAb b ot t 6 s

formula.

Table 1: Foliar Spray: for the control of adult population

Date of Typesof Bio Pesticide/Insecticide
Application

Agferm Organic Chemical Insecticides
solution

20" day after Boxer@5ml/It Cyazypyrl0.26% | Chlorpyriphos50%E@ 3ml/It
planting OD@1gml/lt

40" dayafter Boxer@5ml/It Cyazypyrl0.26% | Chlorpyriphos50%E@ 3ml/It
planting OD@1gm/lt

60" dayafter Boxer@5ml/It Cyazypyrl0.26% | Chlorpyriphos50%E @ 3ml/It
planting OD@1gm/lt
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Graph 1. Mortality rate

The farmer practicewasto combinetwo different chemicalmoleculesin controlling the

pest.The samewas evaluatedagainstour formulation. It is very evidentthat Boxer was highly

efficient in controlling the adult populationcomparedo the chemicalcombinationof Cyazypyr

10.26%0ODandChlorpyriphos.The percentagenortality was98%in comparisorto the chemical

combinationrwherethe mortality percentagevasonly 65%asshownin Graphl.

Table 2: Drenching: for the control of larval population that damagesthe tubers

Typesof Bio Pesticide/Insecticide

Date of .
Application Agferm Organic Chemical Insecticides
solution

20" day after Emamectirbenzoate : 0

planting Rootex@5ml/It @1gmilt Chlorpyriphos50%E@ 3ml/It
40" dayafter Emamectirbenzoate : o

planting Rootex@5ml/It @1gmilt Chlorpyriphos50%E@ 3ml/It
60" day after Emamectin . .

planting Rootex@5ml/It benzoate@1gmiit Chlorpyriphos50%E@ 3ml/It
80" dayafter Emamectirbenzoate : 0

planting Rootex@ 5ml/It @ 1gm/lt Chlorpyriphos50% EC@3ml/It
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Four application drenchingwas carriedout at an interval of 20 days after planting as
mentionedin Table 2. Therewas a clear 99% control of larval populationwith Rootex. The
farmersperceptioncollectedduring our interactionwith the farmerwasthatthe combinationof
drenchingandspraywith A g f esiproddictleadto remarkabledecreasen tuberdamageThere
was no significantreductionin populationwhen Emamectinand Chlorpyriphosdrenchingwas
carriedout. The larval mortality was only 59% versesRootexwhere 99% reductionin larval

populationwasevident.

Total Sweet Potato Tuber Yield
(Ton/Acre) % of Sweet potato tuber damage

( Sweet Potato Weevil - Adult/Larvae)

[
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Graph 2. Comparative yield studies Graph 3. Damagepercentage

Comparativeyield studiesshowedthat more number of tubers was harvestedabout
6tons/acren the chemicalusedfield againsts.7tons/acrewith Agfermsorganicsolution. About
300kgdifference in yield wasnoticed(Graph2). However whena comparisonon the saleable
part of the tuber was assesseda significant rejection of tubers due to larval damagewas
inevitablein the chemicalsprayedfield. With usageof Agferm solutions,the farmer fetched
betterrealization,sincethe tuber damagewas almostnil (Graph3). The productcombination
Boxer asfoliar sprayand Rootexdrenchingthus provedto be very efficient in controlling the

pestpopulation
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Managementof mangostemborer Batocerarufomaculatathrough organic repellant
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Mango stem borer, Batocera rufomaculata De Geer (Cerambycidae)internationally
known as bark borer/mangostemborer/ tropical fig boreris a seriouspestin many fruit trees
acrossthe globeafflicting 26 countriesor morein Asia; sevenin Africa; threein Europe,North
Americaandmanymore (Anon, 2021).Although the pestis referredasmangostemborer it is
not limited to mango crop/ trees but infests other fruit treesviz., Anacardiumoccidentale
(cashewnut); Artocarpusheterophyllus(jackfruit); Ceiba pentandra(kapok); Dyera costulata
(jelutong); Ficus carica (commonfig); Heveabrasiliensis(rubber); Morus sp (mulberry tree)
and Spondiassp (purple mombin) (Anon, 2021a). In India damageinflicted to the afore
mentionedeconomicallyimportant horticultural and plantation crops impact economyof the
farmers.Also, lossdueto stemborerhavedetrimentaleffect on incomeof poor householdf

thefarmingcommunity.

At ICAR-IIHR, Bengaluru,an organicformulation has beendevelopedto managethe
borer effectively. It was evaluatedin mangoorchardsagainstB. rufomaculatain five major
mangogrowing districts of Karnatakaduring 20162020. Control measuresavailablefor stem
borer managemenéare lessevidentwith the scantyliteraturefor organicmeasuresHence,the

studygainsimportancen promotingorganiccontrolmeasure$or stemborerB. rufomaculata

Whenthe treeis infestedwith stemborerthe frass(the debrisof borer mixed with cut
piecesof stemby the borer) canbe visualizedat the bottom of the trunk (in severecases)The
borerdrills the main stemand the holescan be clearly seen(Figure 1). Before applicationof
organic repellentformulation the grubs can be removedso that further damageis contained

(Figure2).

The organicformulation procuredas gratis from ICAR-IIHR wasin a pasteform. The

formulationwasdiluted with equalquantityof watertill it attainedmeltedice creamconsistency
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sothattheslurry adheredo brush.The consistencyasadjustedoy addingformulationor water.
Theslurry thuspreparedvasbrushedill 3 feetheighton trunk (Figure3). Resultssuggestedhat
re-infestationwasnil up to 6 monthswhereasnfestationoccurredat 8" month. The formulation
wasagainbrushedand obtainedzeroinfestationfor next six months.The resultsalsosuggested
that swabbingof organicformulationtwice a yearwaseffectivein achievingzeroinfestationon
stem borer infested trees (Table 1). However, on healthy trees, swabbingonce a year was

effectiveto give effectivecontrolfor 12 months(Table2).

Figure 1. Stemborer infestedtree Figure 2. Removingof stemborer grub

. \({ A
) «

Figure 3. Swabbingof organic repellent on the cleanedbark of mango
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ThepestB. rufomaculatacaneffectively be controlledin mangoby swabbingthe organic
formulationdevelopedat ICAR-IIHR on borerinfestedmangotreesoncein 6 months.Healthy
treescan be protectedagainstthe pestby swabbingthe sameformulation oncein 12 months
effectivelywithout anyinfestation.

Table 1. Monitoring re-infestation of stemborer in treated mangotrees

‘ District ‘ Borer infested Re-infestation after treatment Percentinfestation
IStNcts trees (months) (%)
| | L2 [ 4 ][ 6 |[ 8 ] |
|Kolar || 15 Il o || o || o || 1 | 6.7 |
| Chikkaballapur| 10 Il o || o || o || o | 0 |
|Hassan || 18 Il o || o || o || 1 | 5.6 |
[Tumkur | 12 Lo J[ ol o[ o] 0 |
\Ramanagara H 18 H 0 H 0 H 0 H 1 H 5.6 |

Table 2. Monitoring healthy treesfor stemborer in treated mangotrees

Damageafter treatment _ _
Districts He?rl(tagyt/ et(r;lees (months) Percent(:;:)gestatlon
2 4 6 8
Kolar 25 0 0 0 0 0
Chikkaballapurg 30 0 0 0 0 0
Hassan 22 0 0 0 0 0
Tumkur 28 0 0 0 0 0
Ramanagara 22 0 0 0 0 0
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Insect pestsof Melia dubia Cav. an important commercial tree species
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Melia dubia Cav. commonly called as Malabarneemof the family Meliaceaeis the
fastestgrowing and widely plantedas plantationtree speciesin different parts of India, and
particularlyin Southernindia. It is anindigenousspeciedo the WesternGhatsof southernindia
andcommonin moistdeciduoudorest(Gamble,1902). The wood from this treeis mainly used
in Plywood Industry. This is a large tree, growing more than a height of 20 meterswith a
cylindrical straightbole of morethan9 m. length. It growsrapidly andis usedfor reforestation
purposesandyields a usefultimber. The wood is usefulfor packingcasescigar boxes,ceiling
planks, building purposes, agricultural implements, pencils, match boxes, splints and
Catamarandt is suitablefor musicalinstrumentsteaboxesandply board.It is alsoa goodfuel

wood.

Melia dubiais susceptibldo insectpestattackparticularlythe sapsuckeranddefoliators

duringthenurseryandyoungplantationstages.

Themajordefoliatorsare:

1. Bormia variegataMoore. (Lepidoptera Geometridae)The Moth is whitish-grey or palein
colour (Fig 1). Caterpillaris a looperwith two pairs of suckerfeet on the last abdominal
segmentsnaked,occursin two colourforms, greenwith darklines or paleyellowish brown
full sizeof 2 to 2.5 inches.Pupais reddishbrownin colour. Younglarvaefeedgregariously.
Thelarvaeconsumehe leaf completelyonly leavingthe mid vein andsomebasalportion of
leaf (Fig. 2). This pestis moreactiveduring April to September.

2. Myllocerustenuicornis Faust.(ColeopteraCurculionidae)Adult beetles are metallicgreen
in colour (Fig 3). Males have pointed abdominalend whereasfemaleshave roundedend.
Larvaeand adult feed on the leaves. Severefeedingresultsin partial defoliationin tender

foliage of youngseedlingsaandsaplings.This pestis moreseriousduringMay to September.

417



Vol. 24 (3) (September 2021) Insect Environment

Themajorsapsuckingpestsare:

1. Empoascasp.(Hemiptera Cicadellidae)The nymphsaremoreor lesstransparenat the edge
andastheyrestcloselypressedo the surfaceof leaves.The nymphsof the hopperssuckthe
sapof theleavesandtendershootsin the nurseriesandin youngplantationgFig 4 & 5). This
pestcauseslamageo theyoungseedlinggluring April to June.

2. Ferrisia virgate (Cockerell) (Hemiptera: PseudococcidaeYhe mealybugis very small
elongatepval shapedTheadultfemaleis coveredwith powderywhite wax andhasa pair of
purplishdorsalstripesalongthe back. Long, glossywhite wax threadsextendfrom the body
andtherearetwo long wax tails (Fig 6). Themealybugsareoftentendedby antsandtheants
actto keepotherinsectsawayfrom the mealybug.The mealybugssuckthe sapof the leaves
and tendershootsin the nurseriesand in young plantations.The severelyattackedplants

show wilting and gradual die-back symptoms.The damageby this pest on the young

seedlingss seriousduringthe monthsof JuneandJuly.

Fig. 1 Adult moth of Bormia Fig. 2 Larva of Bormia Fig. 3 Myllocerustenuicornis
variegata variegata beetle

Fig. 4 Empoascasp. attack
on M. dubiaseedlings

Fig. 6 Mealybug Ferrisia

Fig. 5 Empoascasp. virgata
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Brinjal (Solanummelongend.) is one of the importantvegetablecropsgrown all over
the world including tropical, sub tropical and otherwarmerareas.t is alsoknown as eggplant
andis native to India. The crop is attackedby a numberof insectsnamely whitefly (Bemisa
tabaci), leafhopper(Amrascabiguttula biguttulg), haddabeetle(Epilachnavigintioctopunctatj
shootandfruit borer (Leucinodesorbonalig, lacewing bug (Urentius hystricellug, stemborer
(Euzopheraperticella) and leaf roller (Eublemmaolivaceg. Apart from theseinsects, mites
(Tetranychusurticae) alsoattackthe brinjal plants.This article is focusedon natureof damage

andmanagemendf majorinsectpestinfestingbrinjal crop.

Major insectand mite pestsof brinjal

1. Leafhopper, Amrascabiguttulabiguttula(Hemiptera:Cicadellidae)it is alsoknownasjassid
and prefer relatively hot and humid weather conditions. Different field crops, weeds and

vegetablecropslike okra,radish,tomatoandpotatoareknownto beattackedoy leafhoppers.

Nature of Damage:Both adultandnymphsuckthe sapfrom leaves.During feeding,they also
inject toxin into the plant tissuewhich leadsto yellowing of leaves.Under severeconditions
whenthe populationof insectsis very high, theyellow spotsappearon leavesdueto suckingthe
sap from the same spot followed by curling, bronzing and drying forming i h o plpemr

symptoms.

Management Spraythe crop with 300-400 ml malathion50% EC in 200-250 litres of waterat
an interval of 15 days.When fruiting start, spray the crop with syntheticpyrethroids(80 mi
fenvalerate20%EC, 70 ml cypermethrin25%ECor 200 ml deltamethrin2.8%EC)in 200 litres

of waterperacre.Syntheticpyrethroidssprayshouldnot be continuouslyrepeated.

2.Whitefly, Bemisatabaci(Hemiptera:Aleyrodidae):Whitefly feedson alargenumberof plants

including brinjal. It attacksother vegetableplants such as tomato, okra, chilli, cucumberand
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sweetpotatoalongwith differentweedsandfield crops.Hot anddry weatherconditionsfavour

the populationbuild-up of whiteflies.

Nature of Damage Both nymphand adult causedirect damageby suckingthe cell sapfrom

underside®f leaves.Underhigh incidencetheseleaveswill turn downyellow anddropoff. The

vigour of infested plant is greatly reduced. Indirect damageis also causedby honeydew
excretionwhich hamperghe photosyntheti@ctivity of plant.

Management Spraythe crop with 400 ml malathion50% EC in 200-250 litres of waterat an
intervalof 15 days.

3. Hadda beetle EpilachnavigintioctopunctatgColeopteraCoccinellidae)Haddabeetleis one

of themostimportantpeston brinjal. It feedson cucurbits potato kidney beanandtomato.

Nature of Damage Adult aswell as grub causeshe damageto crop plantsby scrapingthe
chlorophyll from epidermisof leaves.During their feeding, they from the parallel band of
uneatenplant tissue in regular eatenareawhich gives lace like appearancdo the leaves.
Ultimately leavesturn brown, dry and drop off. Under high populationthe whole plant gets
skeletonised.

Management: Spraythe crop with 400 ml malathion50% EC in 200-250 litres of waterat an
intervalof 15 days.

4. Brinjal shoot and fruit borer, Leucinodesorbonalis (Lepidoptera: Crambidae): Most
destructivepestof eggplant.

Nature of damage Damageis causedby the larva alonethey bore nearthe growing point of
flower or fruit uponhatching.At early stagethe larva feed on tendershootandboreinto shoot
andfruit andfeedontheinnercontentby makingtunnel. Theentryholeis pluggedby excretaln
vegetativestageof crop, the droppingof youngshootis a typical symptomof brinjal shootand

fruit borer.Underhighincidencemorethanonelarvais foundto feedon the samefruit.

Management Infestedshootsand fruits should be removedand destroyedin orderto reduce
carryoverof insectpopulations Beforethe flowering, asthe infestationappearsspraythe crop
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with 75 ml spinosad45%SCin 200 litres of water per acre and spraythe crop 3 times at an
interval of 15 days.Harvestingof fruits shouldbe done before spraying.For seedcrop, spray

with 56 g emamectirbenzoat&%SGis suggested.

5. Red spider Mites, Tetranychusurticae (Acarina: Tetranychidae)Mites emergedasa serious
problemin vegetableproductionasthey attackmany cropslike tomato,frenchbean,cucumber
andmanyotherfield crops.The multiplication of mitesis favouredby dry climate.

Nature of Damage Adults and nymphssuckthe cell sapfrom the leavesand the infestation
startsfrom the lower portion of plants.White or yellow speckleis formedon the leavesdueto
reducedchlorophyll. Webbingon the leavescanalsooccurunderhigh infestation. Whenthe dry
climateprevailsfor long time andthe populationdensityof mitesgetshigh, theyaggregateat the
tip of leavesandform aball like massby usingthe strandof silk which helpsin reachingthe new

leavesof plantby wind andthisprocessn calledi b al | ooni ngo.

Management Spraythe crop with fenpropathrinl5%-+pyriproxifen5% in 200 litres of water
per acre. First sprayis given before flowering stage,secondand third spraysat 10-12 days

interval.
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The woodenlogs of morethan 20 forestspeciesareimportedinto India from morethan
40 countries,to meetthe demandof real estate,furniture, housing, packaging,etc. Padauk,
Pterocarpussp. (Fabaceaejs one suchcommodity being regularly importedfrom Cameroon,
mostly in the form of logs. Between2018to 2020, a total 36,223 MT of Padauklogs were
importedthroughTuticorin portlocatedin southerrindia alone.

In India, the PlantQuaranting Regulationof Importinto India) Order2003issuedasper
the Destructivelnsects& PestsAct, 1914 (Act 2 of 1914)regulatethe import of all agricultural
commodities.The species/woodelogs that are listed under ScheduleVl and VIl of the Plant
QuarantineOrder 2003areallowed for import and as per the import requirementdisted under
theseschedulesIn addition, generalimport requirementfor woodenmaterialare listed under
Section9 (Requirementof Import of Wood and Timber), Chapterll (Generalconditionsfor
import) of the Plant QuarantineOrder 2003. The import of wood and wood productsrequires
fumigation/heatreatment/Kiln Dried to be endorsedon the phytosanitarycertificateissuedin

the countryof export.

The Plant Quarantine Stations located at different ports inspect the imported
consignmentss per provisionsof PlantQuarantineOrder 2003. During 201819 and 201920,
115 and 184 consignment®f Padauklogs were importedthroughTuticorin port locatedin the
stateof Tamil Nadu,respectivelyThevolumeof importedPadaudogs amountedo 14,848and
21,739MT, respectiely duringthe sameperiod.

During our regularplant quarantinenspection,a hemipterarbug wasinterceptedbn two
occasionson theselogs. The interceptedbugs were collectedin sufficient numbersand were

storedin 70% alcoholfor further study.The bugswereidentified basedon the habitusandmale
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genitaliastructuresas Fulvius anthocoroideqReuter,1875) (Hemiptera:Miridae) (Figure 1).
The specimensare depositedin the collection of Departmentof Entomology, Gandhi Krishi

VignanKendra(GKVK), Universityof Agricultural SciencesBangalorg UASB), India.

Fulvius anthocoroidescan be easilyidentified by the markingon its body, brown head,
with antennalsegmend| pale at apical third. Clavus yellowish at basal half and at apex.
Embolium narrow, reddishbrown in the distal part. Corium with pale patchabovecuneusand
Cuneusbrown.

The Miridae subfamily Cylapinae (Hemiptera: Heteroptera)is a small group of
zoophagousnd probably mycetophagousrue bugs (PluotSigwalt & Chérot2013),inhabiting
mainly tropical and equatorialregionsof the World. ThegenusFulviusspeciesare predatoryand
frequentlyfound on tree barkhuntingfor microarthropodaln India, threespeciesare known to

occur (Yeshwanth,et. al., 2016). The specieshasits distribution from the Afrotropical and

OrientalRegions

Figure 1. FulviusanthocoroidegReuter,1875)(HemipteraMiridae).

Distribution:

INDIA: KarnatakaKerala,OdishaUttarakhandandWestBengal(Yeshwanthgt. al., 2016)
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WORLD: AFRICA (Gabon, Ghana, Ivory Coast, Malawi, Nigeria, Senegal), CENTRAL
AMERICA (Bahamas,CostaRica, Cuba, Jamaica,Martinique, Panama,Trinidad), NORTH

AMERICA (United Statesof America), SOUTHAMERICA (Brazil, Chile, Ecuador:Galapagos
Islands,Venezuela) ASIA (China:Hong Kong, JapanMalaysia,Seychelledslands,Singapore,
Sri Lanka, Taiwan, Thailand),AUsSTRALIA (Christmasislands),Pacific Islands(Bonin, Mariana,

Guamlslands);importedbut not establishedn WesternEurope[in France,GreatBritain, The

NetherlandgGorczyca2006)andBELGIUM (Dethier& Chérot2014)].

Fulvius anthocoroides not known to occur in Cameroon,but occur in neighbouring
countrieslike Nigeria and Gabon.Cameroons sharingland borderwith both the countriesin
addition to Niger, Chad, Central African Republic, Congo and Equatorial Guinea (Gorczyca
2006) Thereis possibility that the insectmight havedrifted to Cameroonfrom the adjoining
countries.The presentinterceptionis a first reportof F. anthocoroidefor CameroonGorczyca
(2000)examinedspecimen®f F. anthocoroidesollectedin the FrenchharbourRouenon a ship
which hadcomefrom Senegalln the presenstudy,the speciesvascollectedon woodenlogs. It
clearlyindicatesthatinternationakradein woodenlogsis aidingthe spreado F. anthocoridego

newterritoriesandit mayhavebeenintroducednto Cameroorby similar pathways.

Fulvius anthocoroidess reportedfrom India. However,interceptionof any live insectin
an imported consignmenteadsto apprehensioron the integrity of the imported consignment.
Therefore importedlogs werefumigatedwith Methyl Bromide @ 48 g/n? for 24 hoursat NAP
andre-inspectedrior to releasdo ensurepestfreedom.
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White grubs are seriouspestsof severalcrops and widespreadacrossthe continents.
More than 2000 speciesof white grubsare known to occurin Indian subcontinentpf which
morethan40 speciecauseseriousdamageo anextensivevariety of crop plants(Veereshetal.,
1991). The speciesare mostly coveredundertwo major generaHolotrichia and Anomala.The
specienf Holotrichia aremore destructive polyphagousand predominanin variousregionsof
India (Sreedeviet al., 2017).Both, the grub and adult stageof the speciednflict heavydamage
to variousfruit trees their nurseriesyegetableslawnsandfield crops.Theimmaturestagedeed
on the roots of the cropswhile the adult beetlesfeed on the leavesof the trees.The monsoon
showerstrigger the emergenceof adult dark brown beetlesfrom the soil and hencetheseare
generallyknown as May-Junebeetles.The loose soils with moderateto low rainfall provide
favourableconditionsfor the survival and multiplication of thesesubterraneapestand certain
speciesare seriouspestsof sugarcanegroundnut,etc., particularly in partsof RajasthanUttar
PradeshGujarat,MaharashtraKarnatakaandBihar (Pal,1977, Sreedevetal., 2014).

The present observationson white grub, Holotrichia consanguinea(Blanchard
(ColeopteraScarabaeidaavielolonthinae)are from CheetwariVillage (27° 9' 02.0"N 75° 48
54.9"E) in Chomutehsil, JaipurDistrict, Rajasthanindia. The adultswere found emergingat
dusk in large numbersand actively foraging on Jamun(Syzygiumcumin) and neem plants
(Azadirachtaindica) (Figs. 1-2), adjacentto groundnutfields. Holorichia consanguineas the
predominanspeciesof root grubin Rajasthanpartsof Uttar Pradesi{Sreedevetal., 2017)and
severalother parts of the country. The taxonomyand biology of H. consanguineanfesting
groundnutin Rajastharhasbeenworkedout (Rai, etal., 1969,Kumaretal., 2017).Thedamage
to groundnutis estimatedto rangefrom 20 to 100%. Managemenbf this pestis warrantedto

curbyield lossesintegratedpestmanagemenncorporatingthe pheromondrapswith anisoleas
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a lure may be advocatedin endemic pockets of infestation. Wide area managementvas
undertaken using pheromone Nano formulations in different parts of Rajasthan

(https://www.icar.org.in/content/icarbair).
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Figure 1. Holotrichia consanguinea Figure 2. A mating pair and defoliation
defoliating jamun leaf observedin neem
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Abstract

Stinglessbeeor dammerbee, Tetragonulairidipennis Smithis the smallestof the honey
producingbees.They are highly social insectslike honey beesliving in permanentcolonies,
nestingin dark placeslike cavitiesin treetrunks,emptylogs, cracksand crevicesin old walls.
They are importantand effective pollinators of many crops.However,reliable information on
stinglessbeeforaging behaviouris scanty.Therefore experimentwas conductedo observethe
foragingbehaviourof the stinglessbee,T. iridipennis Smithin Devarkovil Kozhikkode(Kerala)
during October2020to November2020 at fortnightly interval. The intensity of outgoingbees
showeda maximumat 1300 hr (26.72 bees/15min)which kept on decreasingsignificantly at
successivenourstill 1600hr(7.27 bees/15min)The incoming foragerintensity was lowest at
1600 hr (11.54bees/15min). Comparisonof the intensity of incoming foragersaveragedver
time showedthe highestintensity of bees(37.65bees/15minat 1300hr. The intensityof nectar
foragerskept decreasingrom 1300hr (20.98bees/15min) to 1600 hr (7.56 bees/15min). The
pollenforagernumberalsoshoweda gradualdeclinefrom 1300hr (16.67bees/15min) to 1600
hr (3.98bees/15min).

Keywords: Stinglessbee Tetragonulairidipennis foraging behaviouy foragers outgoing
foragersjncomingforagers nectarforagers pollenforagers

Introduction

Stinglesdbeesarethe smallestof the honeyproducingbees belongs to the family Apidae
andsubfamily Meliponinae As in honeybeegheir principalresourcesrepollenandnectar but
they also collect materialssuchas resin, water, sap,wax, honeydew extrafloral nectar,mud,
salts,animal protein, and fungal sporesfor nutrition or nestbuilding materials(Roubik, 1980).

Largeproportionof tropical plantspeciessummingup to onefifth of thelocal angiospernflora
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requiresthe serviceof stinglessbeepollination (Corlett,2004). Thereare morethan500 species
of stinglessbeesdescribedall overthe world (Michener,2013). The mostcommonstinglessbee
speciesof SouthIndiais Tetragonulairidipennis Smith (Michner,1974). They are highly social

insectslike honeybeediving in permanentolonies,nestingin dark placeslike cavitiesin tree
trunks,emptylogs, cracksandcrevicesin old walls etc. Unlike the otherhoneybee®sf the genus
Apis they constructnumerouselliptical cells for storing pollen and honey by using a special
material known as "cerumen"madeof wax, resin, propolis and mud. But the sting is greatly
reducedwithout an effective tip. Hence,the defensebehaviouris by chasingthe intrudersby

biting, often gets entangledin thei n t r whdire andgetting into the nose, earsand eyes.
Devanesaret al. (2002) observedpeakforaging activity of T. iridipennis during the month of

July and leastforaging activity during Decemberand January.Danareddi(2007) reportedthat
foraging behaviourof T. iridipennis during different seasorand activity of outgoingbeeswas
highin OctoberandNovember alsopollenforagingin the monthof February.T. iridipennishas
two peakhoursof foragingactivity, which arein the morningandin the afternoon(Layek and
Karmakar,2018)

During foragingthe Tetragonulabeesshow preferencedor different plants. Transferof
coloniesto the hivesenhanceshe potentialityof stinglessbeesfor crop pollination. Hives canbe
transportedvherepollination is required.They are importantand effective pollinatorsof many
crops.Nine speciesof cropsare confirmedas effectively pollinatedby stinglessbeesandthey
makea contributionto the pollination of nearly60 othercrops(Heard,1988. However,reliable
informationon stinglessbeeforagingbehaviouris scanty.For betterutilization of T. iridipennis,
more knowledgeon variousaspectsf this speciess absolutelyessentialHence,to bridge the
researclgap,the presenstudieswereundertakeno studytheforagingactivity of stinglessee.

Material and Methods

Studieswere carriedto generatanformation on foraging behaviourof the stinglessbee,
T. iridipennis Smith in Devarkovil village, Kozhikode District, Kerala. The location of
experimentis situatedat an altitudeof 11maboveMeanSealevel andthe latitudeandlongitude
of 11.6698°N, 75.7633°E respectively.Over the courseof the year, the temperaturan the
regiontypically variesfrom 23.8°Cto 34°C. The averageRelativeHumidity is around85% and
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annual rainfall is 3055 mm. Common bee flora in the region includes Hibiscus, Rose,

CommunistpachaPepperNutmeg,TulsiandCoconut

Foraging behaviour

For this study one colony of T. iridipennis was selectedfrom wall crevice in an
abandonedhousesituatedin Devarkovil village, KozhikkodeDistrict, Kerala(11° 40" 26.1156"
North latitude, 75° 46' 2.9784"Eastlongitudeand altitude of 11 m abovemeansealevel). The
foragingactivity in termsof the numberof foragerdeavingthe hivesandreturningto their hives
with pollenload (Pollenforagers)andwithout pollenload (Nectarforagers)wererecordedfor a
period of fifteen minutesat hourly interval from 1300 - 1600 hour. Theseobservationsvere
recordedat fortnightly intervalfrom October2020to November2020.

Resultsand Discussion

Thenumbersof beedeavingthe nestandenteringthe colonyfor 15 min. werecountedat

hourly intervalfor everyfortnight from 13001600hrs during October- November202Q

Outgoing Foragers

The meannumberof outgoingbeeswasmaximumat 1300hr (26.72bees/15min)which
kepton decreasingignificantly at successivdourstill 1600hr(7.27 bees/15min)rrespectiveof
months(Table 3). The comparativedepartureintensity of the beesaveragedover time during
differentfortnightsshowedsignificantvariationin the outgoingmovemen It washighestduring
Octobersecondfortnight (20.75 bees/15min) (Tablel)and the numberof outgoingbeeswas
comparativelyless in Novemberfirst and secondfortnights (17.93 and 16.01 bees/15min)
(Table 2). Leastactivity wasfound during Octoberfirst fortnight (15.7 bees/15min) (Table 1).
Therewas significantinteractionbetweentime and the intensity of outgoingbees.The overall
peakintensity of outgoing beeswas observedat 1300 hr. Naik (2002 also reportedthat the
intensityof outgoingbeesincreasedyraduallyin T. iridipennisfrom 0800- 0900hr andreaching
peakat 1400 - 1500hr.
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Incoming Foragers

The intensity of incomingforagersshoweda significantvariationduring different hours
of the day. It waslowestat 1600 hr (11.54bees/15min) andthenwenton increasingto record
the maximum value of (37.65 bees/15min)at 1300 hr (Table 3). The comparativedeparture
intensity of the beesaveragedver time during different fortnights showedsignificantvariation
in the incoming bee activity. It was highestduring Octoberfirst fortnight (26.7 bees/15min)
(Tablel) andthe numberof outgoingbeeswascomparativelylessin Novembersecondortnight
(22.72bees/15min) (Table?2).

Nectar Foragers

Theintensityof incomingnectarforagersduring differenthoursof the day averageaver
the months (October- November2020) showedsignificant differenceamongthem. A mean
numberof 7.56 nectarforagers/15mirrecordedat 1600 hr varied significantly to 20.98 nectar
foragers/15minat 1300 hr (Table 3). There was successivanarginal decreasean the nectar
foragersfrom 1300-1500hr andreacheda lowestof 7.56 nectarforagers/15min at 1600hr. The
fortnight wise averageintensity of nectar foragersvaried significantly amongthem. It was
highestduring Octoberfirst fortnight (16 nectarforages/15min)Table1). It wascomparatively
lessduring Novembeffirst fortnight (14.72nectarforages/15minjollowed by Novembersecond
fortnight (13.81 nectarforages/15minYTable 2). Lowest of 12.59 nectarforagers/15minwere
observedn the secondortnight of October.However,peaknectarforagingwasat 13031400hr
during the study period andthe nectarforagersnumbershoweda gradualdeclinefrom 1400 hr

onwards.

Pollen Foragers

Theintensityof incomingpollenforagersduring differenthoursof the day averagedaver
the fortnights Octoberand Novemberrevealedsignificant differenceamongthemwith a major
numberof 3.98bees/15mirat 1600hr. It reachedl6.67bees/15mirat 1300hr. beyond1300hr
the pollen foragersactivity went on decliningwith everysuccessivénour of the day (Table 3).
The fortnightly meanof incoming pollen foragersintensity, averagedover time, also showed
significantvariationamongthem.During first fortnight of October the numberof beeswas9.55

bees/15mirthat increasedn secondfortnight to 12.3 bees/15min(Table 1). In Novemberthe
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intensity of beesshoweda declinein the numberwith 10.35bees/15min in first fortnight and
8.91bees/15minn secondfortnight (Table2). Therewasa significantinteractionbetweentime

andintensityof beesTheintensityshoweda gradualdecliningpatternfrom 1300hr to 1600hr.

Thepresentesultsmatchedwith findingsby Roopa(20032, thatrelativepercentof nectar
foragersin T. iridipennis were alwayshigherthanthat of pollen foragersthroughoutthe study
period Higher percentof pollen andresinforagerswere observedduring morningcomparedo
nectarforagersin the afternoon. Naik (2002) alsoreportedthat amongincomingbees number
of nectarforagersexceedegbollenforagerdtill noonandtowardsthe endof theday.Cervanicaet
al. (1982)alsoobservedactivecollectionof pollenby T. minangicavanT.iternaand T.mooreiin

theafternoonandrapidincreasean theforagingactivity of T.biroi astheday progressed

Table 1. Foraging activity of stinglessbee,T. iridipennis during October 2020

October first fortnight (11/10/20to 15/10/20)
_ Beeactivity
Time
Pollen Nectar Incoming bees Outgoing bees
1300hr 15.20 23.00 38.20 25.00
1400hr 11.80 19.80 31.60 20.60
1500hr 7.80 13.40 25.80 12.40
1600hr 3.40 7.80 11.20 4.80
Mean 9.55 16.00 26.70 15.0
October secondfortnight (16/10/20to 31/10/20)
Beeactivity
Time
Pollen Nectar Incoming bees Outgoing bees
1300hr 19.38 18.46 37.80 30.38
1400hr 15.76 15.69 31.15 24.23
1500hr 9.07 10.14 19.92 18.78
1600hr 5.00 6.07 11.07 9.61°
Mean 12.30 12.59 24.98 20.75
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Table 2. Foraging activity of stinglessbee,T. iridipennis during November2020

Novemberfirst fortnight (01/11/20to 15/11/20)
_ Beeactivity
Time
Pollen Nectar Incoming Outgoing
1300hr 16.71 21.28 38.00 26.9
1400hr 11.91 18.25 30.25 22.91
1500hr 8.90 11.71 19.76 14.92
1600hr 4.28 7.64 11.92 7.42
Mean 10.35 14.72 24.98 17.%A
Novembersecondfortnight (16/11/20to 20/11/20)
_ Beeactivity
Time
Pollen Nectar Incoming Outgoing
1300hr 15.40 21.20 36.0 25.00
1400hr 11.00 14.80 25.8 19.8
1500hr 6.00 10.90 16.90 12.00
1600hr 3.25 8.75 12.00 7.25
Mean 8.91 13.81 2273 16.01

Table 3. Mean foraging activity of stingless bee, T. iridipennis during October and

November2020
Average Beeactivity
Time Pollen Nectar Incoming Outgoing
1300hr 16.67 20.98 37.65 26.72
1400hr 12.61 17.13 29.7 21.88
1500hr 7.84 11.43 20.49 14.52
1600hr 3.98 7.56 11.54 7.27

435



Vol. 24 (3) (September 2021) Insect Environment

References

Cervanica,C. R., Barile, G. E., Veeresh,G. K., ShankarR. O. and GaneshaiahK. N. 1982.
Foragingbehaviourof Trigona biroi Friesc.Proc. Int. Symp.on pollination in tropics
Bangalore78-80.

Corlett R. T., 2004. Flower visitors and pollination in the Oriental (Indomalayan)Region.
Biological Reviews/9 (3):497532

DanaraddiC. S.2007.Studieson stinglessbee, Trigonairidipennis Smithwith specialreference
to foraging behaviour and melissopalynology at Dharwad, Karnataka (Doctoral
dissertationlUAS, Dharwad).

DevanesanS., Nishg M. M., Bennet R.and Shailaja K. K., 2002, Foraging behavior of
stinglessbee, Trigonairidipennis Smith. InsectEnvironmeng, 8 (3) : 131-133.

Naik, G. H., 2002.Seasonatlevelopmenandactivitiesof Trigonairidipennis Smith,andits role
in mango pollination. M. St (Agri) Thesis University of Agricultural Sciences,
Bangalorel- 213

Heard,T. A., 1988.Propagatiorof hivesof Trigona carbonariasmith (HymenopteraApidae).
J.Aust.Ent, 27: 303304

Layek U. andKarmakar P., 2018.Nestingcharacteristics|oral resourcesandforagingactivity
of Trigonairidipennis Smithin Bankuradistrict of WestBengal,India. Insectesociaux
65(1):117-132

Michener C. D., 1974 Thesocialbehaviorof the bees:a comparativestudy.HarvardUniversity
Press

Michener,C. D., 2013.Themeliponiniln Pothoney.Springer, New York: 3-17

Roopa,A N., 2002. Bioecology of stinglessbee Trigona iridipennis Smith. (Hymenoptera:
Apidae).M. Sc(Agri) Thess, University of Agricultural SciencesBangalorel -161

Roubik D. W., 1980.Foragingbehaviorof competingAfricanizedhoneybesandstinglessees.
Ecology 61(4): 836-845.

436



Vol. 24 (3) (September 2021)

Technology Attributes

Insect Environment

AgFerm Innovations brings to you certified organic biological blends
catering to plant health and crop protection, leading to higher
productivity, focusing on chemical free agricultural solutions. We at
AgFerm create customized products through our unique and proprietary:
BIOPROCESS TECHNOLOGY-(BPT). This technology involves usage of
selective microorganisms and combining them with plant metabolites
furnishing safer products for integrated crop management. BPT aims at
contributing fowards organic products, that enhances the ecosystem, by
providing an improved process of Carbon Cycle.

Our Research and

Customised crop nutrients to suit crop
physiology and ecosystem

Organic Carbon- enriched products
for soil reclamation

Plant protection products that are
safe to environment and comply IPM
norms

Plant protection products to fight
resistance against pests and disease
to build immunity

Assured enhanced productivity with
improved quality

Creat value addition in terms of
freedom from chemical residues to
fetch better marketability

All products in nanonized form helps
increase the surface area for
dissolution and helps increase
efficacy and assured results.

)

Factory: Plot No.28A, KIADB Industrial Area, Hoskote, Bangalore-562114,

AFNPK Water Soluble Powder

* Organic Carbon —
>40%(on dry basis)

* Moisture — 70-75%

*ph-5.5-6.0

* NPK - 10% EACH

* NPK levels can be
customised as per the crop
requirement to the range of
10% each.

* Application:

* Recommended for all crops

WSP -5gmy/It

INPUTS

Karnataka, India, Ph : +91 9148018393, E-mail: info@agferm.com, Website: www.agferm.com

437



Vol. 24 (3) (September 2021) Insect Environment

from o ‘complex mixture of fats,
proteins, sugars, and ions. Our
flagship product against thrips / mites
/ whitefly / mealybug efc.

2 mi/l

LEO

Before Spraying LEO

&

Leo o broad spectrum Fungicide with
prophylactic and curative qualities against
several diseases caused by Qomycetes group
of fungi and also wilts and Rofs etc.

1.5ml/ltr

Proprietory formulation for the control of
lepidopteran pests. Formulated with biological
extracts and various solubilization agents having : FLORA

defined strong chaotropes unfolding the protein with  : A special product that is a combination of
strong denaturants and acfive monomers. : several useful amino and imino acids, rich in
3ml/ltr : proline and natural hormones. Acts as

photosynthate translocaters to enhance
flowering, fruit setting, enhancing fruit size,
seed weight and keeping quality.

Tml/ltr

loaded with several plont
rejuvenating factors and also
to contain virus spread within
plant, recommended in
combination with our organic
insecticide Cometto suppress
different insect vectors.

J 2.5gm/It

Root grub infestation

Rootex is rare and comprehensive Organic
solution to all soil pests like White Grubs /
Nematodes / Termites. It is a unique combination
of Microbial and Plant extract.

S5mil/ltr

438



Vol. 24 (3) (September 2021) Insect Environment

ReviewArticles/ Short Notes/Essays
The chemosensorysystemof forensic flies controls their bio-physiological behavior
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The erraticandunpredictableaccessibilityandavailability of carcassemake themtemporary
resourceswhich are frequently colonizedand exploited by large numberof arthropodsincluding
sarcophagescoprophages,dermatophageskeratophages detritivores, predators and parasites
(Braack,1987).Carrionflies, owing to their outstandinglydevelopedantennakensillaenrichedwith
olfactory receptors/osmoreceptocain detectpungentsmell of severalammoniaand sulphurrich
volatile compoundseleasedrom rottendeadbodiesevenfrom a substantiatlistance.

During cadavericdecompositioncomplexcompoundsas well as severaldigestiveenzymes
producedby the body oozesout to chemicallyalter and degradethe cadavericcemainsand a sharp
increaseof bacterialload from within the deadbody arewitnessedo fastendecompositior{Mondor
et al., 2012). Furthermore the bacteriapresentin the gastrointestinatract acceleratesoft tissue
decompositiorusingthe proteinandcarbohydratenacromoleculefrom the deadbody. Bacterial
growth and proliferation takesplace alongwith the releaseof apneumonegvolatile compounds
releasedrom the cadaver)as chemicalby-products(Josephet al., 2011; Mondor et al., 2012).
Volatile moleculesof ammonia,cadaverinehydrogensulfide, methanesulfur dioxide, hydrogen
and putrescineare responsiblegfor the remarkableputrid odour during putrefaction(Mondor et
al., 2012).1t wasalsopostulatedhatchemicalgeleasedt differentstagesof decompositiorcan
controlthe severalbehaviourabspectsn insects(LeBlancandLogan,2010;Joseptetal., 20117).
During early stagesof decompositionsulphurrich compoundsattractsthe carrionflies (Joseph
et al., 2011 whereasammoniarich compoundsare involved in augmentingoviposition of the
flies onthe carcasgAshworthandWall, 1994)

The receptivenes®f the olfactory receptorspresentin the antennaand mouthpartsof

severalforensicflies enableghemto detectgaseseleasedy the bacteriaduring fermentation.
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Chemicalcuesin a hugenumberof insectgroupaidsin foraging,locating ovipositionsitesand
selectingconspecificmates.Severalresearchreportsrevealedthat amongflesh flies, blowflies,
andscrewflies,significantnumberof animatrelatedcompoundsrouseeithera physiologicalor
behavioral response(Wassermanand Itagaki, 2002). Additionally it was also assessedy
Wassermarand Itagaki (2002) that the antennaeand maxillary palpsof flesh fly Neobellieria
bullata were more sensitiveto odors of animalsderived extract (blood extract and saturated
carboxylicacid) thanthat of the plant derivedproducts(citral, hexenol,hexenal).Someprecise
examplesof animal/plantextractsand their interactionwith insect chemosensorgystemare

enlistedin Tablet

Table 1: Animal/plant extracts and their interaction with insectchemosensorysystem

Forensicflies Physiologicalresponses Animal/ Plant extract

Cochliomyiahominivorax Dried bovinebloodactasolfactory

) i Olfaction attractan{Hammacketal., 1989;
(Calliphoridae) Hammack 1990)
Phormiaregina Olfactionandbehavioral | Aliphatic alcoholsandaldehydes
(Calliphoridae) responses (Dethier,1976).
Lucilia sericata Olfaction C2 Ce6alkyl thiols, cyclohexaneethyl
(Calliphoridae) acetateandcamphor(Dethier,1976)

Meat,carrion,andcheesesome

Calliphoraerythrocephala | Olfactionaidedby single alcohols aldehydesaindmercaptans

(Calliphoridae) receptomneuron (Dethier,1976)
Fseaigggﬁg;%gga gﬁ'ﬁ)ﬂﬁ; " Liver odor (Mitchell andSoucie,1993)
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Midnight deroesbrought to Daylight: Insights from the National Moth Week2021(India)
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Introduction

Moths (Lepidoptera: Heterocera)are the close relatives of butterflies due to their
similitude in shapeandstructure Both moths(Heterocerajpndbutterflies(Rhopalocerapelong
to the sameorderLepidopteraMoths areinsectsthat are usuallyunseerandunloved.They are
the 6 u n shuenrgook tekedAnimal Kingdom consideringtheir rich diversity and ecosystem
services. However,in n a t uperspécsivejt reallyd o e swvork. On contrary,if we beginto
put the conceptof systematicclassificationin it, thereare a numberof whys and wherefores
which differentiatebutterfliesand moths. The mostcommondifferencebetweenbutterfliesand
mothsare;butterfliesarediurnalandmothsarenocturnal However therearemanymothspecies
that fly during the day hours.The major differencesbetweenthe mothsand butterfliesare the
antennae;moths have very feathery antennaewhile the butterflies are having thin clubbed
antennaeThe frenulumwhich is the wing couplingdeviceis absentn butterflies,while asit is
presentin all moths.Moths comein different shapessizesandvibrant colours(Figure.1). The
largestspeciesof moth ever recordedis the Herculesmoth with a wingspanof about30 cm
(MoscardoandBertella,2021). Apart from Bees,flies and otherpollinating insects,Moths also
takepartin pollinatingtheflowering plants.Besidegollination, mothsarethe diet of mostof the
birds, lizards, spidersand a whole range of other animals as well which makesthem an
extremelyimportantpart of our ecosystemsThe significant roles played by the mothsin our
ecosystemsamakes them remarkablespeciesin the animal kingdom. However, the larvae
(caterpillars)of mostof the moth speciesare consideredas pestsof many vegetableand fruit
crops. Most of the adult moth speciesrequire nectarfrom the flowering plantsas their food,
while manyarethe pestsof fruit andvegetablecrops.The caterpillarsof mostspeciedeedonthe
leaves of many vegetableand crop plants for their survival. As the larvae transform into
pupae/chrysalisthe developmentand growth startswithin the pupaewhich later emergesnto

adultmoths.This transformatiomeedsa lot of energywhich larvae(caterpillars)storeasa food
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despitethe fact they only feed themselveswith the leavesof vegetablesand other crops.The
caterpillarsof moths are equippedwith biting and chewing mouthpartswhile adults havethe

long proboscidor suckingthe nectarsandotherjuicesfrom flowers (Dempster1983.

Fig. 1: A Golden Emperor Moth (Leopakatinka) (Photo: Muzafar Riyaz)

National Moth Week (http://nationalmothweek.ory/is a citizen science project
establishedn 2012 by East Brunswick EnvironmentalCommissionin New Jersey.From the
time of its establishmentalmost50 USA statesand 80 countriesare participatingin this event.
Theaim of thisinitiative is to encouragescientistsyesearctscholarsamateurentomologistand
mostimportantlygeneralpublic to participatein the surveyof mothsduringthe night hours. The
NationalMoth Weekis celebratedn the lastweekof July month.This year(2021),the National
Moth Week was celebratedduring 17-25 July. Usually, peopleparticipatein organizedevents
like virtual conference®r from their own gardensand lawns individually. The National Moth
Week projecthascollaboratedvith major online databasesjepositoriedike inaturalist,Project

Noah,Flicker andIndia Biodiversity Portal,wherepeoplefrom all aroundthe globeuploadtheir
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observationonline. Since 2012, the national moth week hasbeencelebratedevery year with

changesn thedatesin the monthof July asshownin Tablel.

Tablel. Moth  weeks in the month of July from 20122021 (Source:

http://nationalmothweek.org/)

National Moth Week (Year) Celebratedon
2012 July 23-29
2013 July 20-28
2014 July 19-27
2015 July 18-26
2016 July 23-31
2017 July 22-30
2018 July 21-29
2019 July 20-28
2020 July 18-26
2021 July 17-25

India hasfour major hotspotsandin termsof biodiversity heritageand managemenof
both flora and fauna. India is home for more than 10,000 moth specieswith the extensionof
speciegangesfrom the Himalayasto Peninsulaplateaus)ndo-Gangeticplainsto Greatindian
Desertandfrom Coastalplainsto Islands(SondhiandKunte, 2014). The Nationalmoth weekis
celebratedn India with all enthusiasmn both entomologistandcommonpeople.Many virtual
conferencesvereorganizedby both governmentandnongovernmenbprganizationsandaswell
astheresarchinstitutes,collegesanduniversitiesfrom different partsof the country. The aim of
this eventis not limited to observeand documentthe speciesto the data depositoriesbut to
spreadknowledgeand learn aboutthe managementf thesenight creaturesThis eventaims at
creating awarenessamong people from different age groupsto learn and contributeto the
scientific data with the help of citizen science.Although there are only estimatesof their
population,the diversity is still not known. Since,the discoveryof new speciesof mothsare
frequentlybeenpublishedin journalsaccountingfor datafrom suchinitiatives. It is high time
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that peoplefrom all aroundthe globe take partin suchactivitieswhich may leadto evenmore
discoveriesof new speciesandrecords.The observationgrom National Moth Week (2021)in

India were deposited in two major data depositories, India Biodiversity Portal
(https://indiabiodiversity.org/ andinaturalist(https://www.inaturalist.org/ The utmostnumber
of observationswas uploadedon India Biodiversity Portal followed by inaturalistand other
online databasesThe chart showingthe numberof observationsaand uploadsfrom 17-25 July
2021from NationalMoth Weekin India ((Figure2).

Number of Observations during National Moth Week
(17-25 July 2021) in India

12000
10000
8000
6000
4000
2000

0 5 : . .

Species Infraspecies Accepted species Observations
® iNaturalist 1038 8189
m India Biodersity Portal 5635 37 5670 2130
m India Biodersity Portal miNaturalist

Fig. 2: Number of speciesand observationsuploaded to the mentioned data depositories.

(Source:India Biodiversity Portal and inaturalist)

Summary

Citizen scienceaimsat increasingscientific knowledgethroughcollaborationand public
participationin scientific researchWith this initiative, peoplefrom different partsof the world
take part in such activities and share and contribute to data monitoring and collection
programmegSalmonet al., 2021). Citizen scienceallows peopleto enhancetheir scientific
temperamenin the fields andempowerscommunitiesto observenatureandwith the collective

effortsto conserveaswell. In India, the majority of peoplearebeentaking partin suchactivities
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and peopleare very enthusiasticabout sharingand collaboratingto scientific researchMore
citizenscienceprojectsmustbeinitiatedin the future aswell sothatmorediscoverief species
can be madeand togetherwith the public, scientistsand researchersvill be ableto solve the

environmentaproblems.
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Coconut, Cocos nucifera Linnaeus (Fam: Arecaceae)mainly grown in tropical and
subtropicalpartsof theworld, is animportantplantationcrop grownin India. Coconutis known
asi Kal pavarii ksahléheda v lrenadsealmostevery part of this treeis useful and it
providesmany productsviz food, fuel, oil, coir, fibre andtimber. India standsat 3rd placeafter
Indonesiaand Philippines with area 2178000 hectare, production 21384 million nuts and
productivity 9815 nuts per hectare (Anonymous, 2020). India, Indonesia and Philippines

contributeto morethan70 percentof the copraproductionof theworld (Anonymous2021).

Coconutcrop is ravagedby many pestsbut four pestsviz Rhinocerosbeetles,Oryctes
rhinocerosLinnaeus(ColeopteraCurculionidae) red palm weevil, Rhynchoporus ferrugineus
Olivier (Coleoptera: Curculionidae), black headed caterpillar, Opisina arenosella Walker
(LepidopteraOecophoridaeand Coconutmite, Aceria guerreronisKeifer (Acari: Eriophyidae)
are consideredas major pestof nationalimportance White grub, slug caterpillars,scaleinsects,
mealybugstermites, rodentsand mites are considerecas a minor pest(Abhishekand Dwivedi,
2021). But now a new invasive pest, Neotropical Whitefly, Aleurotrachelusatratus Hempel
(Hemiptera:Aleyrodidae),is creatinghavocin coconutplantationsn India. It wasfirst reported
from MandyaandMysoredistrictsof Karnatakacolonizingon coconutpalm, Cocosnuciferaand

ornamentapalm,Dypsa lutescengsluring February2019(Selvarajetal., 2019).

Neotropical Whitefly Aleurotrachelusatratus originated from Brazil found attacking
C. nucifera(MoundandHalsey,1978)but Howardetal., (2001)reportedt from manycountries
viz., Antigua, BahamasBarbadosBermudaBrazil, VenezuelalUSA, Colombia,Guyana,Saint
Helena,PuertoRico and Florida and consideredas widely distributedpestall over the globe.
Malumphy and Treseder,(2011) showed polyphagousbehaviourof this pest attacking and
perpetuatingon more than 110 plant speciesbelong to family of Arecaceae,Rutaceae,

Cycadaceae5olanaceaandLauraceae.
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Biological control was known as the best technique after the legislation in the
managemenbf the exotic or alien pest.It was consideredas the safestand nontoxic method
from an environmentalpoint of view and also as a permanentsolution. Natural enemies
(predatorsor parasitoid)are generallyidentified andintroducedfrom the native regionthe pest
Kityo et al. (2017) reportedfour parasitoidspeciesviz., Encarsia basicincta (Hymenoptera:
Aphelinidae),Encarsiasp., Eretmoceruscocois (HymenopteraChalcidoidea)and Signiphora
sp. (Hymenoptera: Signiphoridae) that effectively reduced the whitefly population in
Mozambique,Africa. But no parasitizationwas shown by these speciesagainstneotropical
whitefly, Aleurotrachelusatratus in India. Selvarajet al. (2019) reported nitidulid beetle,
Cybocephaluspp. (Coleoptera:Nitidulidae), greenlace wing Dichochrysaastur (Neuroptera:
Chrysopidae),lady bird beetles Jauravia pallidula and Chilocorus nigrita (Coleoptera:

Coccinellidaeasa promisingpredatorof this invasivepest.

References
Anonymous202Q www.indiastat.com.

Anonymous.2021 Information Sheeton Coconut Food and Agriculture Organizationof the
UnitedNations.2001.Retrieved4 April 2021.

Abhishek, T. S., and Dwivedi, S. A. 2021 Review on integratedpestmanagementdf coconut

crop.InternationalJournalof EntomologyResearch6 (3), 115120.

Howard, F. W., Giblin-Davis, R., Moore, D., and Abad, R. 2001 Insectson palms CABI
Publishing,Wallingford pp.414.

Kityo, R., Cugala,D., and Nampala,P. 2017 First recordof parasitoidsassociatedvith the
invasivecoconutwhitefly in Inhambaneprovince,Mozambique InternationalJournal of
Agricultureand EnvironmentaResearch3 (2): 25682583.

Malumphy, C., and Treseder,K. 2011 Palminfesting whitefly, Aleurotrachelus atratus
(Hempel) (Hemiptera: Aleyrodidae) establishedin England at a botanical garden.
Entomologist'svionthlyMagazine 147 (1760-62); 23-31.

448



Vol. 24 (3) (September 2021) Insect Environment

Mound, L. A., and Halsey, S. H. 1978 Whitefly of the world. A systematiccatalogueof the
Aleyrodidae(Homopterawith hostplantandnaturalenemydata.JohnWiley and Sons.
pp.340.

Selvargy K., SundararajR., andSumalathaB. V. 2019 Invasionof the palminfestingwhitefly,
Aleurotrachelus atratus Hempel (Hemiptera: Aleyrodidae) in the Oriental region.
Phytoparasitica47(3): 327-332.

449



Vol. 24 (3) (September 2021) Insect Environment

Slippery flowers protect plants from nectar-robbers
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Plant® visual and odor cuessuchas volatile organic chemicalsare factorsexploitedby
insectsto locate their hostplantfor food or habitator both. While thesecuescandirectthetransit
route of insects they do not necessarilyconfertheir attachmentvith the hostwhich is essential
for propagatiorof their life events Mutualism,antagonisnandcommensalisnarethethreekind
of plantinsectinteractionmodesknown. Insectsand their interactingplantsare constantlyco-
evolving in a direction which either supportsor antagonizether. For beneficialinsectslike
pollinators,hostplantshaveevolvedcharactershatfavor insectattachmenthereasantagonistic
evolution as found againstherbivores,ii n e ¢ th a re etce Bawe renderedplants with such
featuresthat deterenemies.Theseevolutionaryeventsare modificationsor changesn surface

morphology biochemistryor physiologicalprocessesf the plants.

Aerial tissuesof higher plantshave cuticular lipids that were earlier thoughtto protect
them from desiccation(Dominguezet al., 2017) This trait that has beenunder selectionby
plantsfor variousother functionsthatit carriesout, suchas protectionfrom abiotic and biotic
damagesA plantscuticle layeris the physicalinterfacewhereinsectinteractswith its adhesive
regions. Structuralmorphologyas well as biochemicalconstituentsof this layer is crucial in
determininginsect attachment Cuticles are compositeheterogeneoustructurescomprisedof
severallayerswherewaxesare primary constituents\Waxescan either be presentbetweenthe
cuticular layersor depositedover the cuticle called epicuticularwaxes.Very long chain fatty
acids and their derivativessuch as aldehydes,alcoholsor alkanesform waxes (Wang etal.,
2020) The assemblyand arrangemenbf thesewaxesform a 3-D structureof the cuticularand
epicuticularwax layer. Compositionaland structuralvariation of different types of fatty acid

causewariationrequiredfor a specificfunction.

Thesewax coatingson plantgenerallyformsaslipperysurfaceandsuchsurfacesarewell

knownto play role in myrmecophilousnteractions. In somespeciedike Macarangaantplants
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evolutionin thesecuticular layer hasled to formation of selectivelayer specificto the insect
speciesvisiting them. Their slippery stemsare easyfor the beneficialantsto visit but hinders
accessibility of antagonistants (Markstadteret al., 2000) Other plant speciessuch as the
bamboohas heavy wax encrustationalong with trichrome on young culms that hinders ant
accessibility protecting the stems (Gorb et al., 2017) Interestingly carnivorousplants like
Nepentheslso haveslippery surfacesbut with severalotherbiomoleculesn complexeswhich
otherwisetrapsthe occasionallyvisiting insectsandinhibit their escapeAnts are a nuisanceo
someplantspeciedike Salix, Eriope etc.becauseheyrob off nectarsrom their flowersandare
thuscalledfinectarthieve® orii n e ¢ to & b &his hanpergpollination of thesespeciesThey
thushavea wax coveredslipperyfloral stemsthat actsasdefensesystemagainstantshindering

their movementandthis phenomenoiis knownaso g r @aesy n d r(@orb& Gorb,2017)

Apart from the stem, floral parts are also known to have slippery surfacesand
hypothesizedo bea p | a sttategyto ward off nectarthieves.In somespeciesthe slippery
surfacesof the perianthare dueto densewax crystalswhich function to inhibit non-pollinator
beesfrom visiting their flowers. Flowersof Fritillaria koidzumianaand Codonopsidanceolata
also have slippery surfaceswhich were hypothesizedto be deterrentto ants which would
otherwisestealnectardrom their exposedectariesThis wasstudiedin detail by Takedeet. al.,
at Kyoto University thatwhile flowersof Fritillaria koidzumianaand Codonopsidanceolataare
easily pollinatedby their respectivepollinatorsbeeand hornet their nectarrobbers;ants,could
not track or moveoverthe flower surfacesandtheir nectarswas protectedrom stealth(Takeda
etal., 2021) Keenobservation®f the group madethem concludethat the floral regionswhere
the pollinators and the antagonistvisit are different. Floral regionsvisited by antagonistshad
slippery surfaceswhile the areawherepollinatorsattachedor nectarsucking,hencefacilitating
pollinationdid not haveslipperysurfacesMicroscopicimagingof thesetwo surfaceslearedthe
pictureasit was observedhat epicuticularwax crystalswere denselyarrangedon the perianth
areaswhereantscould potentially walk makingit slippery. Hornetsand beesvisited the non
slipperydistal area thatlackedwaxescompletelyasshownin figure 1.

This is a new perspectiveon plant defensesystem againstinsect which is flower-
mediated.Earlier studieson slippery surfacesaffecting attachmentof pollinators have been
linked to epidermalcell structuresbut role of differential wax depositionin a new paradigmin
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this study. Slipperysurfaceson flowersis ageneraimorphologicakcharacteristidoundin several
plant speciesFrom resultsof their studyit may be speculatedhat the flower-mediatedstrategy
may be a common mode of defenseagainstantagonistpollinators or insectsin the plant

kingdom whichis yetto beexplored.

Non-slippery

Slippery

Figure 1: Epicuticular wax crystal structure on slippery and non-slippery regions in

flower of C. lanceolatelmage adaptedfrom Takedaetal., 2021
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Abstract

Butterfliesare fascinatingcreaturesof orderLepidopterawith specialplacein the insect
world. Rich diversityindicatesgoodhealthof a particularhabitat.Insectecologistsalsofocuson
butterfliesasthe bestgroup of insectsfor examiningthe patternsof biodiversity.Butterfliesare
of greataestheticvalue. They form a partof then a t i hermafeand needto be conserved.
Butterfliesaregoodflagshipspeciedo stimulateinvertebrateconservatiorawarenesf society.
We canhelpin butterfly conservatiorby encouragingutterfly gardensbutterfly farmsin homes
and institutions.Butterfly cultivation will be a profitable agro-basedindustryin India and will
surely give a major boost to agriculture by acceleratingits productivity. Ecofriendly
commercializationwith fascinatingdiversity of butterfliesist o d aealitysButterfly farming
canprovidejobsto thelocal peopleandpromoteconservatiorof naturalresources.

Key words: Butterfly, conservation butterfly farming, eco-friendly commercialization

Introduction

In India natureworshiphasancienthistory. Venerationof natureis entrenchedleeplyin
Indian psycle. Religious,culturalandmythicalbackgroundndicatesa strongalliancewith fauna
and flora as sacredsymbols. Sacredgroove tradition is very ancientin which protectionis
providedto patchesf forestsdedicatedo deitiesor ancestrabpirits. Grovesarerich heritageof
India, and play an important role in religious and sociocultural life of the local people
(Malhotra 2007). Accordingto Dr. Kumud Kanitkar,who hasconductedan exhaustivestudy of
animal sculpturesand motifs in Indian culture,i T hRemanssaw animalsas fierce creatures
which hadto be killed or controlledfor humansurvival. The Greekssaw them as symbol of
powerliving in a separatevorld of their own. But ancientindianssawthemasthey shouldbe
seeni friendly, loyal and g r a c¢ eTirua to.Inglian tradition and beliefs conservationof

beneficial insectsand preventingsomeof the useful speciesfrom extinction can be achievel
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through ecofriendly commercialization, sound production and protection management

strategiesalongwith savingtheendangeredpeciesandfragile ecosystems.

Butterfly diversity and its importance

India is megadiversity county hometo more than 1500 butterfly species Butterflies
havebeenlinked with differentspiritual conceptsn different cultures.The word Psychologyhas
the Greekorigin meaninga butterfly, consciousself, soul. Accordingto Greekp hi | osopher €
butterfly life cycle resemblesiumanlife. They havegreataestheticvalue andformeda part of
our naturalheritage Butterfliesarefascinatingcreaturef orderLepidopterawith specialplace
in the insectworld. Butterflies are economicallyvery important insectsbecausethey act as
pollinators. Caterpillarsof somebutterflies feed and developon weedsinsteadof agricultural
cropsthus helping in controlling weeds.Some caterpillarsare insectivorousfeedson aphids,
mealybugsantlarvaeand are usefulin controlling them.Thus butterfliescanappropriatelybe
caled driendsof farmer& Oftenadvertisersandillustrator usebutterfliesto indicatesomething
is environmentafriendly. Today conservatiorbiologistsuseseveralspeciesof butterfliesasan
indicatorspeciedo identify habitatthatarecritical andneedto be protectedButterfliesarealso
monitoredto indicate climate changeand environmentaldegradationThus, like otheranimals
andbirdsbutterfliesarenow studiedasliving ecologicalcomponentgKehimkar,2008).Because
of their rich diversity, wide distribution, specificity to vegetationtype, rapid responseto
perturbation,taxonomic tractability, statistically significant abundanceand easeof sampling,
they havebeenconsideredisefulorganismdo monitorenvironmentathangegGaonkar,1996).
Insectecologistsalsofocuson butterfliesasthe bestgroupof insectsfor examiningthe patterns
of biodiversity. Theyindicatewide rangeof otherinvertebrateswhich compriseovertwo-third

of all speciesTheyalsosupportarangeof predatorandparasites.

Butterflies havefascinatinglife cycle that are usedin many countriesto teachchildren
aboutnaturalworld. Transformationfrom eggto caterpillar,chrysalisto adult winged jewel is
oneof the mostcherishedvondersof the nature.In many partsof the world butterfliesareused
asmainresourcdor promotionof ecatourism.Butterfliesaregoodflagshipspeciedo stimulate

invertebrateconservatiorawareness society.
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Threats to Butterflies

Butterflies are victims of illegal trading and commercializatiorespeciallyfor monetary
benefitsandto satisfyfalseaesthetidnterestof collectors.Flourishingillegal tradeof butterflies
is athreatto butterfly diversity. Accordingto RedDataBook publishedby ZoologicalSurveyof
India (GuptaandMondal, 2005) butterfly tradingis quite extensiveandoccursat all levelsfrom
personalollectorsto substantiabusinessLucrativetradeof butterfliesis prevalentin Western
Himalaya (Himachal Pradesh Ladakh and North-westernparts of Uttar Pradesh)the Eastern
Himalaya (Sikkim and in the north of West Bengal) and WesternGhats. The butterflies are
collectedfrom Ladakh,Lahaul, Spiti, Sikkim andMeghalayaeedinginto 100million US dollars
internationaltrade (Menon, 1996). Butterfly trading hasspreadworldwide dueto its increasing
demandAt someplacesbutterfliesarereleasedt specialoccasionsButterfliesarevery popular
amonginsect collectors, researcherstudying systematis, ecology, ethnology, evolution, and
conservation.Thereis high demandfrom museumsgcollege laboratories,schools,big hotels,
tourist places.Thesearealsousel to mountin plasticor glassto decoratepursestrays,screens,
wall hangingsetc. Otherthan these butterflies have demandfor ornamentaland decorative

purposes.

Thus illegal trading, habitatlossdueto deforestatiorand urbanizationalongwith useof

pesticidesdeforestatiorandpollution arethe mainthreas to butterfly diversity.
Conservationmeasures

Conservatiormeasureso protectthesemagnificentinsectarevery necessarySomeof themare
asfollows:

1 DocumentationThefirst steptowardsconservation(Clark, 2002,Godfray, 2002)

1 Public AwarenessPopularizingbutterfliesamongpublic especiallyamongstudentghrough
environmental education will urge conservationrather than wanton collection. Forest
conservatorsshould actively participatein creating awareness about rare, endangered
speciesand implementationof the law regardingwildlife protection.Bombay Natural

History Societys ConservationEducationCentre(CEC) in Mumbai is generatingpublic
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interestan butterfliesthroughorganizinglocal field visits andcrashcourselike Introduction

to ButterfliesandButterfly Gardening.

1 Codeof InsectCollection: For the legitimateusecodeof insectcollectionshouldbe strictly
followed in the field. There should be strict implementabn of Wildlife Protectionlaws
(Andrewet.al.2017).

1 Developmentof butterfly park, cultivation and protectionof larval and nectarhost plants,
provision of protectionand maintenanceof mating sitescan surely help for the butterfly

conservation.

1 Nair et.alin 2014 underlinedthe importanceof institutionalcampusessa preferredhabitat
for butterflies. If the landscapingand maintenanceof gardensare carefully planned,the
diversity of butterfliesmay increasen college/ institution campusproviding a rich ground

for butterfly conservatioraswell asfor research.

1 Agricultural buffers are strips of native grassesandwild flowers plantedalong agricultural
field margins. These buffers provide a solution for increasing native pollinators and
improving habitat, and also provide financial benefitsto farmers (Jolie 2012. Farmers
should be encouragedto adapt ecofriendly practiceslike integrated pest management,

organicfarmingandmaintaininghedgerows.

1 In the cities butterflies can be protectedand conserved by maintainng nectar plants as
avenueplants in the pottedplantson windowsill. Maintenanceof a properlandscapingand
plantationof butterfly nectarplantsin big institutionsespeciallyschoolsandcolleges offices
andwill not only help for butterfly conservatiorbut also addto the aestheticvalue of the
place.

All thesemeasuresvill surelyleadtowardsthe conservatiorof the butterflies.

Eco-friendly Commercialization

KipepeoProjectfrom the northcoastof Kenya,EastAfrica is very goodexampleof Eco-

friendly commercializatiorof butterflies.Initially this projectstartedin 1993to help farmersto

457


https://www.researchgate.net/scientific-contributions/Jolie-G-Dollar-2034139962

Vol. 24 (3) (September 2021) Insect Environment

compensatdor the damagecausedby elephantsand baboons.Now farmersare very actively
involved in the exportof butterfly pupaeand ecotourismandthereis considerablencreasen
the local income. This projecthaswon the Dubai InternationalPrizein 1998 for its successful
effortsin enlistingp e o pduppd@tkr the conservatiorof ArabukoSokokeforest,by involving
forestedgecommunitiesin butterfly farming (Kehimkar,2008). In Australiaand USA, some
speciesge.g.,the Monarch,arerearedin large numberson demandand releasedduring special

occasiondike wedding,forming partof anindustry(Sigh,2011).

In India BannerghattaButterfly Park, Bengaluru, Butterfly conservatoryat Ponda,
OvalekarWadi Butterfly Gardenat ThaneandButterfly Gardenin Kevadiyain Narmadadistrict,
Gujaratare good initiatives towardsconservatiorof butterfliesin India. KrushnamegtKunte,
PhD and AssociateProfessorNational Centrefor Biological ScienceNCBS) said,fi P a lik& s
the one Bhopalwould be greatfor creatingawarenessboutbutterflies,their caterpillars,their
interesting interactions with plants, and connecting especially young people with insect
biodiversity 0. Butterfly farming is a sustainableesourcevhich resultsin money.It encourages
habitatconservatioralong with improvedknowledgeof local flora and faunaamongcommon
people. Legalizing butterfly farming will not only end poachingbut also generatepotential
employmentopportunitiesand will enhanceecotourism. Formation of Butterfly Park and
ecotourismwill leadto in situ conservatiorandeffectivetool of environmentakducationlt has
great potential for alternative income production by incorporating butterfly exhibitory in
ecotourismenterpriseslf this methodof breedingbutterfliesin their native habitatsis widely
used,it canpotentially protectbutterfly habitats targetspeciesaswell asotherbutterfly species,
andinvolve the local peoplein the conservatiorof forestsandwildlife without displacingthem
(Kunte,2007).

Around 41.49% of total labaur is associatedwith agriculture in year 2020. Farmer
suicidesaccountfor 11.2% of all suicidesin India. According to Dominic Merrott (2016)
socioeconomidactors,ratherthan mentalhealthproblems,are associatedvith farmersuicides,
with increasedndebtednesplayingthe predominantole. Butterfly cultivationwill be profitable
agro-basedindustry in India and will surely give a major boostto agricultureby raising its
productivity. Ecofriendly commercializationof butterflies will surely help for the butterfly
conservatioralongwith upliftment of the societyespeciallyfarmers. It canbe considerecasa
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natural way out of poverty. Thus, ecofriendly commercializationof butterflies through

formationof butterfly gardenswill be of greatimportancefrom monetaryaswell aseducational
point of view. But there is difference betweenbutterfly park and butterfly conservatoires.
Conservatoriearemorehelpful for conservatiorandbreedingof endangeredhreatenedpecies
of butterflies especiallyin wild and urban habitats. There must be well planned breeding
programmesndreleaseof lab-raisedbutterfliesin the naturalhabitat.Raisingbutterfliesin the

butterfly gardendor commercialpurposetheir breeding habitatandlarval hostplant protection

hasto go handin handto achievebalancan theecosystem.

Summary

Butterfliesarevery importantcreaturesand efforts are neededo conservehemin order
to have balanced,healthy environment.As a business cum-educationalenterprise, butterfly
gardensand butterfly housesare becomingincreasinglypopularin many countries.We should

all join our handsin saving these charismatic flagship speciesalong with eccfriendly

commercialization.
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Almost after 26 years,India witnessedmultiple upsurgesof locustsin scheduleddesert
areasof Rajasthanand Gujarat during 201¢z2020. This phenomenorwas unheardof and
mesmerizingfor youths under the age of 35 years constituting more than 65% of Indian
population. Picturesand videos of swarmswere widely circulatedby the tech savvy young
population,print and electronicmedia. During the period, every insectfound in groupswere
mistakenfor desertlocustsand farmerswerein fear envisioningtheir potentialto damagethe
cultivatedcrops.The residualpopulationof desertlocuststhat escapedhe control operationsn
the scheduleddesertareascrossedthe bordersand invaded parts of MaharashtraMadhya
PradestandUttar Pradeshywhich madethe matterevenworse.

Concurrently outbreakof otherspecief grasshoppergerealsoreportedin otherareas
viz., Kerala, Karnataka, Andhra Pradesh,Tamil Nadu, etc. Outbreak of Spotted Coffee
LocustAularches miliaris Linnaeus (Orthoptera: Pyrgomorphidae)was reported in Keralg
Poekiloceruspictus (Fabricius) (Orthoptera:Pyrgomorphidae)n Tamil Nady Karnatakaand
Andhra Pradeshand Hieroglyphusnigrorepletus(Bolivar) (Orthoptera:Acrididae) in Andhra
PradeshTheseoutbreaksvere mistakenfor desertiocustsandcreatedoanicamongfarmersand
generapublic (Tablel).

Locust are also grasshoppeBut, locustscanexistin two different behaviouralstates
namely, solitary and gregariousstates. At lower population densities, locusts behave like
individuals whereas at highedensity individuals undergo physiological and behavioural
changesvhich form bands ohympls and swarms addult. In additionto changesn behaviour,
changs may be accompaniedby changesn body shapeand colour, andin fertility, physiology

and survival. These changesare so dramaticin some speciesthat the swarming and non
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swarmingforms were onceconsideredo be different species. The scaleof populationincrease

andmigrationsalsodistinguishthosespecieknownaslocustsfrom grasshoppers.

Table 1. Outbreak of grasshoppersduring 201$z2020in India8

Sl. No. Species Host plants Location
Schistocerca
gregariaForsskal : .
01. (Orthoptera: Many RajastharandGuijarat
Acrididae)
Wrightiatinctoniaand | Vizianagaramand Vishakhapatnan
Cashew Districts, AndhraPradesh.
Arecanut, Banana, . L
Aularches  miliaris | Coconut ThrissurDistrict, Kerala.
02 Linnaeus
" | (Orthoptera: Banana Idukki and Malappuram Districts,
Pyrgomorphidae) Kerala.
Cocoa,Coffee,Dadap
treeMango,Black WayanadDistrict, Kerala.
PeppeandTeak,
TumakuruDistrict, Karnataka.
Poekilocerugictus .
03 (Fabricius) sBananaandCantropls KrishnagiriDistrict, Tamil Nadu.
" | (Orthoptera: P-
Pyrgomorphidae) Srikakulam and Vizianagaram
Districts, AndhraPradesh
Hieroglyphus
nigrorepletus . i
04. | (Bolivar) Maize Medak District and Siddipet,
, AndhraPradesh.
(Orthoptera:
Acrididae)

(Anon.,2020;DPPQS2021;NBAIR, 2021;Milu Mathewetal., 2027)

Four specief locustsnamelyDesertlocust Schistocercayregaria Forsskal Migratory
locust Locustamigratoria (Linnaeus) BombayLocust Nomadacrissuccincta(Johannsohand
Treelocust Anacridiumsp. (all Orthoptera:Acrididae)areknownto occurin India. The desert

locustis the mostimportantpestin India andis alsoanintercontinentapest(Fig. 1).
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Bombay Locust - Tree 7 ocust

Fig. 1. Locust speciedn India (DPPQS2021)

Life cycle of locustsconsistof threestagesnamelyegg, nymphand adult. Eggsarelaid
in moist sandysoil in podsat a depthof about10 cm. Gregariousemales usually lay 2z3 egg
podsat an interval of 7710 daysand eachegg pod has60z80 eggson an average Solitarious
females lay 374 timesandeacheggpod having 15(z200 eggson anaverage Eggs do not hatch
in areasbelow 15°C. The incubation period is 10z12 days at an optimum temperatureof
32z35°C.Thereare five nymphalinstarsin gregariousform and 5z6 instarsin solitary form.
Every instar changesthe colouration,which is characteristicof locust. The biology of other

grasshoppers almostsimilar exceptthatthey canbreedon differentsoils (DPPQS 2021).

The Directorate of Plant Protection Quarantine and Storage (DPPQS) under the Ministry
of Agriculture and Farmers Welfare have the international obligation and commitment to
monitor,forewarnandcontrolthe occurrence of desdotcussin ScheduledesertAreas (SDA).

Locust Warning Organization (LWO) of the Directorate is monitoring the desert locust outbreaks

ot

and undertakes management operations as per
The SDA is located in Rajasthan, Gujarat and Haryaa@S{DPPQS, 2021).
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SchistocercagregariaForsskalOrthopteraAcrididae)in Rajasthan(PC:FAQO, 2021)

Fig. 2. Grasshoppersoutbreaksin India

Outbreaksof other grasshoppespecieswere mistakenfor desertlocustsby farmers,
generalpublic, print and electronic media, etc. Many such outbreaksof grasshoppersvere
flaggedby respectiveStateGovernmentg&ndbroughtto the noticeof the Directorateandits sub
offices locatedin many states.Outbreaksof other grasshoppespeciesoutside SDA is out of
purview of LWO, howeveris a concernof Plant ProtectionDivisions of Central and State
DepartmentsHowever,the outbreaksof otherspeciesof grasshoppersiere localizedandthey
subsequentlyanishedinto the nearbyforestafter attainingadult stagein mostof theseplaces.
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Moreover,othergrasshoppespecieshavelow migratory potentialand therewere no interstate
migrationsreported.The pest neverattaineda major statuson any of the crops(Milu Mathewet
al. 2021)
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The antsof the genusCrematogasteare commonlycalled SaintValentine Ants, dueto
their heartshapedabdomenThey are also called Cocktail Ants andare commonlyfoundin our
surroundingsmostly on arborealhabitas. Crematogasteantsbuild cartonnestsusing different
kind of raw materialswhich are maintaired for manyyears(Fig. 1) The neststructureandsize
vary basedon speciesand populationsize. In forests carton nestsof Crematogasterook
outstandingon tall trees.Pagodalike nestscontairs multiple chamberswith minute openings.
Theseopeningsareshadedo avoid directsunlightandrain waterin to the chamberUsually,no
ants can be located on the surfaceof the nest as they remain inside their chambers.On

provocationthe membersanbe seenpeepingout of thechamber.

Theraw materialsusedfor makingup thesenestsrangefrom jute fibres,mud, dry leaves,
twigs, paperlike materialsetc. Herethereis an interestingobservationfrom the dry deciduous
forestsof the Buxatiger reserve Theseforestsaredominatedoy plenty of elephantsinsidethese
forests,nestsof Crematogasteare a commonsight on tall trees.But inside core area, some
nestswere located,built by the speciesCrematogasterogenhoferiMayr exclusivelybuilt with
elephandung.Thesenest werebuilt on a heightof aroundfour metersfrom theground.Hordes
of elephantanove throughoutthe forests,at all times. So, dungis spreadeverywhereandis a
plentiful resourcelt wasinterestingto seethat one of the new nestswasbeingconstrucéd with
fresh elephantdung. The beautiful nestswere perfectly smoothenedn surfacewith small
entry/exitholeson which the antscould be seen.The n e s mogstappearancashowedthat, a
largenumberof colony membergperhapswvorked togetherin a shorttime so that the alignment
of the chambersaswell asthe surfacestructurecanbe shapedeforethe dungdried up. Outside
appearancef the nestis entirely different from that of the nestmadeby Crematogasteflava
Forel, which waslocatedon the roadsidesof the sameforestrange.The nestof C. flava were
madeup of paperlike materialsandunlike C. rogenhoferiareroughon surface.Soasto protect
from consistentrains, they prefer to build the nestsunder thick canopy.Here it shows an

interestingexamplefor the capacityof antsto utilize the availableresources.
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Fig.1 Nestof Crematogasterogenhoferi
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Woodp e c¢ k leolesbrs mangotrees: A wound worth bearing
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2ICARNational Bureauof Agricultural InsectResources;ebbal,Bengalurti 560024 India
*Correspondingauthor: pvreddy2011@gmail.com

It is afamiliar sightin anyfruit orchardto find treeswith characteristidholesof about2-3
cm diameteron main trunk or branchesnadeby the wood pecking birds. Theseholes might
slightly bring down the aesthetidook of a tree but the ecologicalfunction behindthem s of
immensevalue.Hencea mangofarmerwould be morethanhappyto seethesewingedwonders
peckingthe trees.Mango pestmanagemengxpertstoo vouch for encouragingvoodpeckersn
fruit orchardsThe missionof thesewoodpecker®n treetrunk is tracingandextractingthe stem
borerlarvaewhich form partof their deliciousfood. WoodpeckergFamily Picidae)aresmallto
mediumsizebirds of varying colours.About 230 specieof woodpeckersare known worldwide
and about 12 speciesare known from India and someof them are white-bellied woodpecker,
greater flameback, lesser flameback, rufous woodpecker, speckled piculet, heartspotted
woodpeckeretc. (https://nice.ncbs.res.ini 2020/10/14).Signs of woodpeckerforaging and
predationon treesis also an indication of infestationby wood-boring beetles(Colemanet al.,
2011) and they are consideredas important natural enemiesof emeraldash borer, Agrilus
planipennisFairmairea seriouspestof ashtreesin North America (Jenningset al., 2016).In
India, Chakravarthy (1988) recorded predation of Goldenbacked woodpeckeDinopium
benghalensé€Linn.) on cardamomshootandfruit borer, Dichocrocis punctiferalis (Guene)in

Chikmagaludistrict of Karnataka.

The Cerambycid mango stem borer, Batocera rufomaculata De Geer is the most
destructiveandwidespreadolyphagoudree borerundertropical conditions.Besidesmango,it
attacksguava,fig, jackfruit, drumstick,aonlaetc. Sincethe grub stagehasa prolongedduration
of about6-8 monthsand feed by tunnelling the stem,damageoften leadsto the deathof the
affectedtree. Researchon stem borer managementt ICAR-Indian Institute of Horticultural
Research(llHR), Bengaluruhas yielded an effective prophylacticmeasurein the form of a

productcalledi A r BoeerControl( A B Cgniinprovedversionof earlierformulationpopular
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asi Se acuneH e a | (8hivanandaand Reddy, 2019). ABC and woodpeckes form an
effective combinationof mangostem borer managementWhile applicationof ABC protects
mangotreesby preventingthe beetlefrom egg laying, the woodpeckes extractand kill the
larvae of borersin alreadyinfestedtrees.This is the reason,it is consideredi w o uwoudh

bearingo.

Presencef theseuniquelydrilled holeson mangostemsis anindicationof the activity of
woodpeckes and the natural control of stemborerin an orchard.During surveysof mango
orchardsat IIHR, HesaraghattaBengaluruaswell asin f a r mfeeldssindChittoor district of
AndhraPradeshit wasobservedhattreesthat recoveredrom borerdamageéhad2-6 holesmade
by woodpeckes at different heights The role of differentbirdslike sparrowsandcrowsin pest
controlis well evidentwherethey pick up the openlyvisible insectlarvaeeitheron plantor from
soil surfacefollowing a deepploughing.Howeverwoodpeckes are more specializedn tracing,
extractingandcatchingtheir prey from treetrunksandthusdecipheringhe cueswhich drive the

woodpeckes to exactlylocatethe boreron atreewould be aninterestingresearchopic.

Fig. 1. A woodpecker picking larva from a Fig. 2. A mangotree trunk with holesmade by

tree woodpeckers
(Photocredit: https://ornithology.com/why-

do-woodpeckerspeck)
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Record of the mealybugPhenacoccusolenopsisTinsley on red amaranthusin Bengaluru
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The cotton mealybugPhenacoccusolenopsisTinsley was first reportedin 20072008
(Dhawanet al, 2007,Bambawale2008,SureshandKavitha, 2008). Typical of manymealybugs
this speciedoo hasthetenacityto infestseveralhosts(Vennilaetal, 2013).It hasbeenreported
on 205 hosts (Anonymous, 2021). Considering this, recording this on red amaranthus
(Amaranthudricolor) in aterracegardenis not surprising.However,if infested,no management
optionsareavailablefor a shortdurationcrop like amaranthusgexceptselectivelydiscardleaves,
which areinfested.Apparentlythis mealybugspreado amaranthugsrom adjacentomatoplants
(Solanum lycopersicuip  So, if infestations are noticed in a mixed vegetable garden,

managemeritke neemsoapspraysshouldbeinitiatedin othercrops.

The nymphalperiod of both malesand femaleslast for 18-29 days(Pawaret al, 2017)
andwould be the potentialdurationof the mealybugspncethe crawlersestablish.Considering
the duration of growth period of amaranthudo be about45 days, preventingcrawlersfrom
establishingon the crop, throughvigil and early brushing off of nymphs,seemto be the only

way out, andis feasiblein akitchen/terracgarden.

Fig. 1 PhenacoccusolenopsisTinsley on Amaranthustricolor (Red amaranthus)
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Zombification: Parasites mind control host insects
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Zombification: Insectsare susceptiblgo diseasesndattackedby different microbesincluding
bacteria,virus and fungi (Helen, 2013). The p a r a geénonecostrolsh o s bebasiourby
altering physicalor biochemicalcharacteristicof the host. The complexity of this interaction
betweenhostand parasitehasbeena subjectof fascinationfor manyresearcherslhe pamasites
havedevelopednechanismso control their hostsandcreateinsecté z o m blm vdod a mute
andwill -lessbody, robbedof its soul and given the semblanceof life by a supernaturaforce,
usually for manuallabaur or someevil purposeis referredasfi Z o m bSueh Bombiesin the
naturalworld represenbneof the mostimpressiveexamplesf behavioralmanipulation(figures
1 and?2).

The agendaof the parasiteis to extendits phenotypeby ensuringits ultimate survival,
capacity to reproduceand be transmittedto new susceptibleinsect hosts (Loretto, 2019).
Therefore the pressurdies on the parasiteto exploit the hostefficiently, while the pressurdies
on the host to eliminate the parasiteor at least mitigate the impact of its infection. These
controlling manipulationsy parasitesanresultin peculiarbehaviourin the host. The degreeof
p a r a smanipaldtisn can range from pre-existing behaviourto an expressionof wholly
different characteristicshat haveneverpreviousl beensightedin preinfectedhosts.The only
assumptiordrawnnow is thatthe p a r a genoneidflaencesthe expressiorof behaviourin
host(Doherty,2020).

Tug of war: Insteadof just passivelybeing manipulatedthe hostcan actively avoid parasitic
exploitationby behaviouralor socialimmuneresponsgLoretto, 2019). Theseare particularly
exhibitedby socialinsectssuchasants,honeyeesandtermites.Metarhiziumfungal sporesare
tackledby hygienicbehavioursof socialinsectsto avoid pathogensand parasitedoy grooming
behavior, including self-grooming and allogroomingto improve survivorship (Okuno et al.,

2012) Behaviouralprophylaxiscanalsooccurthroughsocialwithdrawaland deathin isolation.

For example,gardenants(Lasiusneglectysnfectedby Metarhiziumanisopliaestay away from
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the broodchamberand moribundantsceasesocial contactwith their nestmatesandleavetheir

nestshoursor daysbeforedeath(Hughes,2011).

Zombie-insect examples:

’ N

-

? e
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S G e

Fig. 1. Zombieantsfoundwith mind Fig.2.JewelWaspwith its preya cockroach

controling Ophiocordycepsnilateralis fungi PhotograptCourtesy:Journalof Molecular

PhotographDavid Hughes GraphicsandModelling

In zomb(con)clusion!Alterationof h o s ldelagiourby parasiteareintricateanddiverseand of
great scientific interest. However, there are still significant gaps in our understandingthe
mechanismaunderlying thesebehaviours.The acquisitionof genomicinformation, secondary
metabolism,chemistry,and insectneurephysiologywould help uncoverthe biological secrets
behindchangesn 6 z o m binsectbé&haviour(Hughes,2011) exploring new opportunitiesto

furtherstudythesemechanisms.
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The nocturnal hungry visitor - the horned caterpillar of the commonpalmfly, Elymnias
hypermnestra
Rufina Sujatha K.G.
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My ornamentapalm plant hadfour beautifulfrondsandit washealthyornamentaplant
which wasindoorsand would be put out oncea weekfor sunlight. A few weeksagoasthere
w a s muach sunlight, | left the palm outside.A week later to my surprisetwo of the healthy
fronds looked like someonehad givenit a 6 h aiurnathera 6 | e aiftTide fronds were cut
evenlyon both sidesandtherewereonly stubs. | wassureit wasthe handiworkof one of the
pestsputl hadnot noticedany eggsor beetleson the palmleaves During theday | would check
andfind nothingon or on the undersideof the palmleaves.Oneeveningasit wasgettingdark,
out of curiosity, | checkedthe palm andwhen| turnedthe fronds, | finally caughtthis hungry
nocturnalvisitor. An active greend h o rcnaetde r pl iwatdhedin ascinationasit chewed
awaya largechunkof thetenderleavesin notime. This wasa caterpillarof the commonpalmfly
Elymniashypermnestral recalledhavingseena brown dull anddrab butterfly hoveringaround
thegrassin theeveningaweekor sobeforemy palmgotthe6 | eat 6 .

Thecommonpalmfly, Elymniashypermnestrais a specief Satyrinebutterfly foundin
Southand SoutheasAsia. It belongsto the Order: Lepidopteraand Family: Nymphalidae The
family Nymphalidaeare called Brush-footed butterfly or four-footed butterfly. They are called
by this namedueto the fact thatthey havereducedorelegswhich arehairy resemblingorushes.
Thusthey posses®nly four functionallegsfor perchingor walking. The front legsare held up

belowthehead.

Family Nymphalidaeis the largestfamily of butterflieswith around6,000speciesThis
family includesotherwell known powerful fliers suchasNawabsandRajahsand migrantssuch
as the Milkweed butterflies. The common palmfly belongsto the Sub family: Morphinae
Amathusiids.The main featuresof this subfamilyis their colour, mostof themaredrabbut very
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few are brilliantly coloured.The undersidef the wings have eyespotsor can be variegated.

Theirantenna@arelong andslenderandgraduallythick at thetip.

Their antennaeneverappearto be abruptly clubbed.Both sexeshavethe characteristic

hairy andsmallbrushlike feetandin malesit is smallercomparedo thefemales.

Fig. 1 The Arecapalm Fig. 2 The cut leaves of the fronds

The commonpalmfly move closeto the ground, are weak fliers and settle with their
wings closed.The maleshavewingsthatareblackishbrownwith purplegloss,therearea series
of large purplish or bluish spotsaroundthe apexand wing margins.The female hasa large
orangepatchon eachwing. It mimics the unpalateablédanaine,the CommonTiger Danaus
genutidbut hasa broaderblack borderandblack stripeson the upperpart of bothwings. The life
cycleof the butterfly comprisesf the eggs larva, pupaandadult. Thetime from the eggstageto
adultis about30 days.Therearefive instarsanda lot of changesn the headandthe hornsocaur
after each moulting proces3he caterpillaris a 6 h o rcnaetde r known bexaugeof the
characteristideaturesof having a pair of prominenté h o romits &dead.The caterpillaris a
green fusiform setosevorm with a pair of longitudinalyellow dorsalandlaterallines. The head

is brownishin colour, with two erectbrownishsetoseprocessesThe analsegmenthastwo red
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slenderbackwardprojectingprocessesThe caterpillaris crepuscular in behaviour feeding only
during dawn and dusk:.he hornedcaterpillarof the commonpalmfly on my ornamentaplant
was the nocturnalvoracioushungry culprit who chewedup the tenderfronds and madeit look
bald.
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Book review

Arora Rameshand Sharma Sushma(2021) An Introduction to IntegratedPest
and DiseaseManagementKalyani Publishers,New Delhi, 180pp.,Rs 250-,
ISBN: 978-93-9052225-5.

The textbook entitled 6 A introduction to IntegratedPestand DiseaseMa nage ment 6
(IPDM) is primarily aimedat the studentof B. Sc. (Hons)in Agriculture and Biotechnologyas
per the latest syllabusapprovedby the Indian Council of Agricultural ResearchNew Delhi.
With over four decadesof experiencein teaching, research,development,validation and
disseminatiorof IPM in avariety of crops,Dr Arorais uniquelyqualifiedto write this textbook.
Dr Arora is a prolific author and has authored/edited 17 books on pest managementand
sustainableagriculture but most of thesebooks are meantfor researcherand post graduate
students.He has also contributednearly 50 chaptersin edited volumespublishedby leading
internationalpublishersncluding CABI, Taylor & Francis,Springer Kluwer, Oxford, Harwood,
PanimaandNarosaamongothers.This s hisfirst textbookfor UG students.Dr SushmaSharma,
AssistantProfessornf Plant Pathologyat EternalUniversity, Baru Sahib,HimachalPradeshis
his co-authorin this textbook.

The pestproblemsin agricultureare probablyasold asagricultureitself. As soonasthe
land was clearedof the naturalvegetationand replacedby a single or a few speciesof plants,
humans'battle with pestsbegan.However,in traditional agriculture,the yields obtainedwere
low andthe proportionlost to pestswasalsolow mostof the time. The farmerswere unableto
preventtheselossescausedy pests pathogensandweeds.Over centuriesfarmersdevelopeca
suiteof mechanicalgcultural, physicalandbiological control measure$o minimize crop damage
causedy pests.The conceptof integratedpestmanagementiPM) originatedin the 1960sand
hasevolvedduring the last 50 yearsto emergeasthe dominantparadigmin the managemenof
crop pestsandpathogensTaking into consideratiorthe recentadvancesn the teachingof crop
protection,the Fifth D e a Cemimitteerightly recommendedn integratedcourseon pestand
diseasemanagemenin the revisedB.Sc. (Hons) Agriculture syllabusin 2017.Accordingly, the
courseentittedd P r i naf infedragedPestand DiseaseMa n a g e was apprévedby the
Indian council of Agricultural ResearcICAR), New Delhi. The book thoroughly coversthe
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latestsyllabusof the ICAR for the courseon IPDM for studentsof B.Sc. (Hons) Agriculture as

well asbiotechnologyin India.

Someof the highlightsof the bookincludeeasyto-understangtyle andlanguageprecise
definitions of technical terms in each chapter, a tabulated history of the landmarksin
managemenbf insect pests and diseasessummarizedschemefor identification of pests,
pathogensand nutritional disordersobservedin crops, important examplesfor utilization of
variouspestmanagementacticsin Indianagriculture,anda comprehensivést of invasivepests
andpathogen®f cropsrecordedn India. The booklays emphasin ecological biological and
biotechnologicabpproachegor the managementf pestsand pathogensn the agroecosystem.
Recentdevelopmenti the utilization of informationandcommunicatiortechnologiegICT) for
modelling, decisioamaking and disseminationof IPM are also adequatelycovered. Climate
changeand biodiversity loss have emergedas huge challengesfor agricultural sustainability.
Therefore,an additionalchapteron the impactof climate changeon arthropod biodiversity and

pestmanagemenrtiasbeenincludedin the book.

Although the book is primarily aimedat the UG studentsand teachersjt would prove
equally useful for studentsof ma s t prag@mmmesin Plant Protection, Entomology, Plant
Pathologyand Nematologyin India and other South Asian nations.The agricultureextension
workersandthe faculty in Krishi Vigyan Kendras(KVKs) will alsofind it aninvaluablesource
of information.

Overallanexcellentbookfor studentsteacherstesearcherandextensiorofficials. A mustfor
everylibrary. Very relevantly writtenin the contextof currentpestandclimatechanges.

Congratulationguthors.

Editorsin Chief
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Insect Lens

Solitary bee,Nomia sp.

Alkali beesare ground-nesting beeswith a preferencefor salty soils. Looks similar to
honeybeedut slightly smallerthan the honeybeesnd havea more elaboratestriping pattern:
black abdominal segmentsare separatedwith gorgeousiridescentstripesmadeof enamelled
scales.
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Tiger beetle Prothymaproxima

Tiger beetleaffords excellentexamplesof protectiveresemblanceand mimicry. Known for
their aggressivepredatory habits and running speed.The membersof this family are easily
recognizedoy large headwith prominenteyes.
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Indian Potterwasp,Delta pyriforme

Potter waspsare namedfor the way they build their hives.Hives are truly potteryartists and
createunique and beautiful pot-like homesfor their off-springs. Female constructthe hives
with mud and it hastiny cells betweenthe layers.Femalewill either gather dropletsof water
soonafter rain fall mixedwith her own salivato makethe mud.
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Fruit fly, Bactrocerasp.on Basil leaves Malesgetattractedto Methyl eugenolin the plant,

which is essentiafor gonaddevelopment
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Crab spiderpredatinga rock bee, Apis dorsata

Crab spideris calledsodueto their resemblancedo crabs.Theyeither activelyhunt for preyor
sit and wait for potentialpreyhence,theyare alsocalled ambushpredators

Author: Dr. M. JayashankarAssistantProfessor,Departmentof Zoology, St. Joseph'sCollege
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Male Pantropical Jumper, Plexippuspaykulli

Plexippuspaykulli is a cosmopolitanspeciesof jumping spider. It is usually associatedwvith
buildings and may be found near light sourcescatching insectsattracted by the light. It is
namedin honor of SwedishOrnithologistand Entomologist,Gustafvon Paykull.
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Sphaerosporascripta (long hoverfly)-The imaginesof long hoverfly exhibit Batesianmimicry

and are harmless.Theyfeedon pollen and nectar and visit the flowers of low growing plants,
like a dandelionasseenin the photo.
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Bombus terrestris (buff-tailed bumblebeeBumble bees are highly valued pollinators
worldwideand substantiallyadd to the value of crop production. Buff tailed bumblebeelarge
earth bumblebeeis a eusocial, fat and a hairy bee that generally builds its colonies
underground.
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Lime butterfly caterpillar on lime tree cultivatedin terracegardenwasfound parasitized
Author: Dr. A George
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HelicoverpaarmigeralLarva going for pupationandinitial stageof pupain chickpea
Author: KotakJigar N. and RathodAtul R., TechnicalAssistantJunagadbAgricultural
University,JunagadhGujarat
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