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HemocyteDiversity of the American Bollworm
Helicoverpaarmigera

Govind T. Gujar1;� andVinayK. Kalia1

The hemocytesof theAmericanbollworm Helicoverpaarmigera (Hübner)werestudiedin
the last instar larvaeby phasecontrastmicroscopy to investigatethe differencesamong14
populations,collectedfrom ten locations,spreadover a distanceof approximately3000km
in six differentstatesof India. Theclusteranalysisof differentialhemocytesshowedasmany
as11 clustersof populationsat 5% andsix clustersat 10%homogeneitylevel. Thecluster
analysisof hemocytesof sevenpopulationsfrom cottoncropsshowed� ve andthreeclusters
at5%and10%homogeneitylevels,respectively. Diversityof hemocytesof four populations
from chickpeawaswider than that from cotton. The differencesin hemocytesof various
populationsmay be due to space,time, host plant, insecticideuse, other agroecological
conditions,and insect geneticvariability per se. The �eld populationsof H. armigera
heavily treatedwith insecticidesappearedto containmorespherulocytesat the expenseof
plasmatocytes and granulocytes. The treatmentof 6-day-old larvae of H. armigera with
cypermethrindecreasedplasmatocytes and granulocytes, and increasedprohemocytes and
spherulocytesin thehemolymphof lastinstarlarvae.Thus,differentialhemocytecountsmay
serve asanindicatorof insecticideexposureandthediversityof insectpopulations.
KEY WORDS: Diversity; hemocytes; cypermethrin; American bollworm; Helicoverpa
armigera; prohemocytes; granulocytes; plasmatocytes; spherulocytes; adipohemocytes;
oenocytoids.

INTRODUCTION

Thecellularandthehumoralcomponentsof hemolymphform theessentialcomponents
of the immune system. The hemocytes in the hemolymphimmediately respondto
infectionof thehostby recognitionof aliens,hemocyte mobilizationandcellulardefenses
suchas phagocytosis, encapsulationand nodule formation. Thus, hemocytes are often
at the forefront in the defenseof the host insect. The insect hemocytes have been
characterizedextensively in the past. However, their nomenclatureandclassi�cationhas
beenambiguousand controversial, owing to the variable morphologiesof hemocytes,
dependinguponthedevelopmentstagesaffectedby variousenvironmentalfactors,besides
diversity of insects(12). Recentadvancesin chemistryand instrumentationhave led
to the recognitionof six broadclasses,viz., prohemocytes,plasmatocytes,granulocytes,
spherulocytes, adipohemocytes, and oenocytoids (15,19,21). The total and differential
hemocytes are often studied for correlationwith physiological activities like molting,
growth anddevelopment(9). In addition,thehemocytesarecharacterizedin approximately
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200insectspeciesin 100generabelongingto Lepidoptera,Hymenoptera,Coleopteraand
Diptera(7,18,26). Gupta(17) recognizedthe inherentvariability of hemocyteswithin a
speciesaswell ascloselyrelatedones.However, thereis little informationon hemocytic
differencesin differentpopulationsof thesameinsectspecies.

TheAmericanbollwormHelicoverpaarmigera (Hübner)is animportantinsectpestof
agriculturalcrops,with a wide geographicaldistribution in theworld (13,14,24).It is one
of themostimportantpestsof cotton,pulsesandsomevegetablesin India, damagingthe
agriculturalcropsto thetuneof approximately$1 billion annually. Theindiscriminateuse
of insecticideshasled to thedevelopmentof resistancein H. armigera in India,especially
in the south(6,23). In 1996,during the courseof our studieson baselinesusceptibility
of H. armigera to Bacillus thuringiensisvar. kurstaki (16), we comparedthe differential
hemocyte counts(DHC) of the �eld-collected populationwith thatof a laboratory-reared
one.Therewasa signi�cant increasein spherulocytesat theexpenseof plasmatocytesand
granulocytes in the insectscollectedfrom cotton �elds that had beentreatedwith eight
or nine insecticidespraysover a period of 2 months,as comparedwith the laboratory-
rearedinsects. It wasassumedthat differencesin DHC betweentheselaboratory-reared
and�eld-collectedpopulationsweredueto thelatter'sability to tolerate/resisttheactionof
insecticides.This promptedusto investigatefurthertheDHC of variouspopulationsof H.
armigera collectedfrom differentpartsof thecountry.

The hemocytes of H. armigera were �rst characterizedby phaseand electronmi-
croscopy and were groupedinto six different kinds, viz., prohemocytes, plasmatocytes,
granulocytes, spherulocytes, oenocytoids and coagulocytes (13). In our investigations
on hemocytes of H. armigera with phasecontrastmicroscopy (22), we also found
adipohemocytes, which had previously not beenreported;and consideredcoagulocytes
(13)asgranulocytesasperGupta(19).

The presentcommunicationreportsvariation in the DHC of different populations
affectedby spatial,temporalandhostplantdistribution. Theeffect of insecticideson the
DHC of laboratory-rearedand�eld-collectedpopulationsis alsoreported.

MATERIALS AND METHODS

Insectsused in thesestudieswere collectedas larvae from the �elds of different
cropsandfrom differentlocationsin India,viz., Akola,Amravati, Bangalore,Coimbatore,
Delhi, Guntur, Mehna,Muktsar, Raichurand Vijayawada(Fig. 1). Insectswere also
collectedfrom cotton �elds in various localities, viz., Chakkatibba,Kalatibba,Abohar,
Sirsa,Ganganagar, BhatindaandMansain Punjabandfrom chickpea�elds in thesuburbs
of Delhi in 2001 from a limited geographicalarea. Larvae of only a few populations
collectedin their last instarhadto be rearedon thechickpea-basedarti�cial diet at 27� C
and60–70%r.h. until pupationin the laboratory. The adultsemerging from the pupae
wereoffered10%honey solutionthroughouttheegg-layingperiod.Theeggswerelaid on
roughcottoncloth thatcoveredthematingjar. Thecottoncloth wasremovedeitherdaily
or onalternatedays,sprinkledwith water, andthenkeptin aseparatejar at27� C until eggs
hatched.Upon hatching,younglarvaewererearedon the arti�cial diet in groupsof ten
insectsfor 6 days,andthenseparatedandplacedindividually in plasticcontainersof 3 cm
diameterand1 cm heightto avoid cannibalismandallowedto feeduntil pupation.Newly
moltedlast-instarlarvaewerealwaysusedfor DHC studies.

Thenewly moltedlast-instarlarvaeof uniform sizeandweight (� 150–200mg each)
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were bled by cutting a proleg sterilized with 70% ethanol. A drop of fresh, un�x ed
andundilutedhemolymphwascollecteddirectly on a cleansterileslideandimmediately
coveredwith a thin glassslip. The hemocytes were examinedundera phasecontrast
microscopeat 400� magni�cation. They were classi�ed into six different kinds, viz.,
prohemocytes,plasmatocytes,granulocytes,spherulocytes,oenocytoids andadipohemo-
cytes, as per Gupta (19). Unidenti�ed oneswere groupedseparately. Approximately
400–800cells werecountedfor eachpreparation.At least� ve preparations(replicates)
wereperformedfor eachinsectandthreeto � ve differentlarvaeof eachpopulation.The
DHC wereexpressedasperShapiro(28). TheDHC of differentpopulationsweregrouped
spatially, temporally, andaccordingto host-plantspecies.

Six-day-oldlarvaeweighing30–40mg each,belongingto Delhi andGunturpopula-
tions, were treatedtopically with 1 � g of cypermethrineach,repeatedtwice with 2 � g
cypermethrinonday8 andday9 of larval age.For eachtreatment,70–82larvaewereused
anda similar numberof larvaereceived1 � l of acetone.Larvaewereallowed to feedon
arti�cial diet. Mortality wasrecordedat 24-hintervals. Thelarvaethatmoltedto the�nal
instarswereusedfor DHC studiesasabove.

ThedataonDHCweresubjectedtoanalysisof varianceusingtheleastsquaretestat5%
level of con�dence.TheEuclideanweightedaveragelinkageanalysisof DHC of different
populations,which placesanequalemphasison all observationsin eachpopulationasper
SneathandSokal(31),wascarriedout by usingtheclusteringmethodof theEntomology
software(Indostat,Hyderabad,India).

RESULTSAND DISCUSSION

The DHC of different populationscollectedfrom various locationsin the country
differedwidely (Table1) andevenfor chickpeaandcottoncropsfor a limited geographical
area(Table 2). The prohemocytes rangedfrom 1.39%to 7.47%, lowest in the Raichur
andhighestin theVijayawadapopulation.Plasmatocytesrangedfrom 27.54%to 66.98%,
lowest in the Amravati andhighestin the Vijayawadapopulation. Granulocytes ranged
from 3.04%to 32.43%,andlowestin theAmravati andhighestin theGuntur98population.
Spherulocytesrangedfrom 4.30%to 59.17%,lowestin theGunturpopulationandhighest
in theAmravati population.

Plasmatocytes,granulocytesandspherulocytesconstitutedthebulk of thehemocytes,
contributing � 90% of the total hemocytes. Prohemocytes,oenocytoids andadipohemo-
cytes,constitutinglessthan10%of thetotalhemocytes,showedlessheterogeneitybetween
populations.A Euclideanweightedaveragelinkagedendrogram(not shown) basedupon
prohemocytes, oenocytoids and adipohemocytes showed the highesthomogeneityin a
clusterof Amravati andGuntur99 (< 0.6%heterogeneity).The maximumheterogeneity
within aclusterof Delhi98andDelhi 99wasonly2%. Theoverallmaximumheterogeneity
in all clustersof populationswasat most� 4%.

Using plasmatocytes,granulocytesandspherulocytesasa group,Delhi 98, Delhi 2K
andCoimbatore98,althoughgeographicallyfar apart,formeda clusterwith homogeneity
of > 97% among themselves, and similarly for Bangalore, Raichur and Delhi 99 of
> 96%.Besidesthesetwo clusters,all otherpopulations,viz., Muktsar, Guntur98,Mehna,
Vijayawada,Akola, Amravati, Coimbatore2K andGuntur99, showed separateclusters
totalingtenat 5% level of homogeneity.

Euclideanweightedaveragelinkagedendrogramanalysisbaseduponall differential
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TABLE 1. Differentialhemocytecountsof last-instarlarvaeof variouspopulationsof Helicoverpaarmigera

Population Dateof
collection

Hostcropz Dateof
assay

Differentialhemocyte counts(%, mean� S.E.)

PRy PLy GRy SPy OEy ADy Others
Delhi 98 18.XI.98 Pigeonpea 23.XI.98 x 5.86b� 0.51 46.56c � 1.13 5.50d � 0.85 41.10b� 0.65 0.42d � 0.18 0.09c � 0.07 0.26c � 0.21
Bangalore 25.IX.98 Arti�cial

diet
5.XI.98 2.96b� 0.27 50.52b� 0.81 7.99c � 0.70 35.85c � 1.41 1.96c � 0.57 0.39b� 0.16 0.23c � 0.11

Raichur 25.IX.98 Cotton 6.XI.98 1.39c � 0.21 53.80b� 0.97 7.78c � 0.37 34.59c � 1.37 2.00c � 0.30 0.28bc � 0.12 0.14c � 0.06
Coimbatore98 25.IX.98 Cotton 2.XI.98 1.95c � 0.33 47.70b� 0.96 8.40c � 2.59 40.06b� 0.71 1.17cd � 0.14 0.21bc � 0.12 0.14c � 0.0
Guntur98 27.X.98 Cotton 23.III.99 6.71A� 0.46 52.60b� 1.12 32.43A� 0.58 4.30e� 0.74 2.52b� 0.65 0.45b� 0.19 0.95a � 0.49
Mehna 4.XI.98 Cotton 12.XII.98 3.76b� 0.19 49.40b� .03 10.20b� 0.28 31.50c � 1.60 1.86c � 0.09 0.20bc � 0.16 2.79b� 0.26
Vijayawada 28.X.98 Cotton 5.V.99 7.47a � 0.28 66.98a � 0.31 9.64c � 0.82 13.60d � 0.57 1.70c � 0.09 0.54b� 0.02 0.0c

Guntur99 26.X.99 Pigeonpea 29.X.99 3.32b� 1.73 61.79a � 2.97 13.77b� 1.23 16.31d � 3.88 5.13a � 0.11 0.0c 0.0c

Amravati 20.XI.00 Pigeonpea 2.XI.00 4.30b� 0.37 27.54e� 1.09 3.04e� 0.28 59.17a � 1.72 5.72a � 0.59 0.26bc � 0.06 0.0c

Akola 25.XI.00 Pigeonpea 5.XII.00 5.80a � 0.75 36.04d � 3.13 5.36d � 0.24 48.65a � 0.45 3.14Ab� 0.46 0.0c 0.0c

Muktsar 7.XI.00 Pigeonpea 30.XI.00 3.60b� 0.29 42.20c � 1.32 4.44de � 0.34 45.22b� 2.18 3.92a � 0.26 0.56b� 0.16 0.0c

Delhi 99 19.X.99 Pigeonpea 28.X.99 4.31b� 0.14 50.60b� 0.59 6.26cd � 0.18 37.21c � 0.77 1.61d � 0.02 0.0c 0.0c

Delhi 2K 28.X.00 Pigeonpea 1.XI.00 4.43b� 0.75 46.15c � 2.55 5.32d � 0.57 39.93b� 2.14 3.65b� 0.33 0.48b� 0.21 0.0c

Coimbatore2K 26.II.00 Pigeonpea 6.III.00 5.84c � 0.49 33.76d � 1.38 7.11cd � 0.91 49.05b� 1.71 2.95cd � 0.28 2.74a � 0.12 0.0c

z At thetime of collection.
y PR,prohemocytes;PL, plasmatocytes;GR,granulocytes;SP, spherulocytes;OE,oenocytoids;AD, adipohemocytes.
x Within columns,valuesfollowedby acommonletterdonotdiffer signi�cantly accordingto LSD at5%level.
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TABLE 2. Differentialhemocytecountsof last-instarlarvaeof Helicoverpaarmigera collectedfrom chickpeaandcottoncrops

Locationof insect
population

Dateof
collection

Dateof assay Differentialhemocyte counts(%, mean� S.E.)

PRz PLz GRz SPz OEz ADz

Chickpea(Delhi suburbs)
Delhi 24.III.01 27.III.01 y 4.98b� 0.27 45.36b� 0.79 6.59b� 0.16 39.15a � 1.16 3.43b� 0.37 0.49b� 0.05
Daultabad 22.III.01 29.III.01 4.62b� 0.24 57.48a � 1.76 6.20b� 0.33 29.44b� 1.50 1.12c � 0.50 0.30b� 0.11
Jonapura 27.III.01 3.IV.01 4.10b� 0.93 53.10a � 1.32 5.93b� 0.54 32.00b� 2.98 4.84a � 0.34 0.00c

Kanganhedi 22.III.01 29.III.01 6.97a � 0.93 32.72c � 2.29 14.57a � 0.49 42.13a � 1.84 2.53b� 0.22 0.92a � 0.05
Cotton(Punjablocalities)

Chakkatibba 4.IX.01 7.IX.01 7.12c � 0.88 48.36bc � 1.34 5.79ab � 0.91 36.03b� 0.69 2.35d � 0.37 0.04� 0.03
Abohar(CIPHET) 3.IX.01 10.IX.01 9.95b� 0.25 54.83b� 1.06 5.11b� 0.15 24.06c � 0.85 5.91a � 0.60 0.00
Kalatibba 4.IX.01 15.IX.01 15.96a � 1.22 41.11c � 0.95 2.79d � 0.16 36.74b� 0.42 3.37bc � 0.12 0.00
Sirsa 5.IX.01 10.IX.01 7.15c � 0.84 51.39bc � 6.45 3.72c � 0.23 35.77b� 5.94 1.90e� 0.28 0.00
Bhatinda 19.IX.01 27.IX.01 6.86c � 0.69 51.55b� 1.16 7.58a � 0.22 30.96bc � 1.71 3.02cd � 0.28 0.00
Ganganagar 18.IX.01 29.IX.01 8.58bc � 1.12 50.12bc � 3.24 4.55bc � 0.84 34.32b� 3.69 2.43cd � 0.38 0.00
Mansa 19.IX.01 29.IX.01 13.26a � 0.78 51.02b� 1.78 2.40d � 0.53 28.73bc � 1.78 4.58ab � 0.60 0.00

z PR,prohemocytes;PL, plasmatocytes;GR,granulocytes;SP, spherulocytes;OE,oenocytoids;AD, adipohemocytes.
y Within columns,valuesfollowedby acommonletterdonotdiffer signi�cantly accordingto LSD at5%level.

TABLE 3. Temporalvariationsin differentialhaemocytecountsof last-instarlarvaeof Helicoverpaarmigera collectedfrom pigeonpeain Delhi

Dateof collection Dateof assay Differentialhemocyte counts(%, mean� S.E.)
PRz PLz GRz SPz OEz ADz Others

18.XI.98 24.XI.98 y 5.86a � 0.52 45.56a � 1.13 5.50a � 0.85 41.10a � 0.65 0.42c � 0.18 0.08a � 0.07 0.26a � 0.22
19.X.99 28.X.99 4.31a � 0.14 50.60a � 0.59 6.26a � 0.18 37.21a � 0.77 1.61b� 0.02 0.0a 0.0a

28.X.00 1.XI.00 4.43a � 0.75 46.15a � 2.55 5.32a � 0.57 39.93a � 2.14 3.65a � 0.33 0.48a � 0.21 0.0a

23.X.01 23.XI.01 4.32a � 0.26 45.70a � 2.57 4.64a � 0.36 43.04a � 3.18 1.61b� 0.24 0.55a � 0.05 0.0a

8.XI.02 5.XII.02 5.09a � 0.47 47.80a � 1.79 6.84a � 0.38 36.85a � 1.04 2.67a � 0.28 0.74a � 0.24 0.0a

z PR,prohemocytes;PL, plasmatocytes;GR,granulocytes;SP, spherulocytes;OE,oenocytoids;AD, adipohemocytes.
y Within columns,valuesfollowedby thesameletterdonotdiffer signi�cantly accordingto LSD at 5%level.
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TABLE 4. Differentialhemocytecountsof last-instarlarvaeof Helicoverpaarmigera collectedfrom differenthostplantsz

Locationof
insect
population

Dateof
collection

Dateof
assay

Food/Diet
onwhich
reared

Differentialhemocyte counts(%, mean� S.E.)

PRy PLy GRy SPy OEy ADy Others
Delhi (lab),
11thgener-
ation

27.XII.97 6.XI.98 Meridic
diet

x 1.51e� 0.05 57.90a � 2.95 8.39b� 0.86 27.95c � 2.80 2.25ab � 0.91 0.27ab � 0.12 1.65b� 0.75

Delhi 18.XI.98 23.XI.98 Pigeonpea 5.28b� 0.51 45.60b� 0.87 5.92c � 0.65 40.32ab � 0.82 0.53b� 0.18 0.05bc � 0.04 0.26c � 0.22
Delhi 16.XI.98 24.XI.98 Cotton 5.68b� 0.54 44.00b� 1.24 6.41bc � 0.86 39.70b� 2.34 0.71ab � 0.22 0.0c 3.29a � 0.62
Delhi 4.IV.99 6.IV.99 Chickpea 7.37a � 0.12 47.78ab � 1.01 14.69a � 0.97 25.76c � 1.91 3.67a � 1.53 0.32a � 0.06 0.16c � 0.13
Delhi 9.XI.99 11.XI.99 Cauli�ower 4.13c � 0.11 54.34a � 1.53 11.86a � 0.37 27.95c � 1.54 1.71ab � 0.19 0.0c 0.0c

Delhi 30.IV.00 17.V.00 Sun�ower 3.17d � 0.14 40.56b� 4.94 3.51d � 0.18 51.14a � 4.93 1.54ab � 0.20 0.0c 0.0c

z Insectsusedin theinvestigationswerefrom �eld-collectedlarvae,exceptfor Delhi lab-rearedones.
y PR,prohemocytes;PL, plasmatocytes;GR,granulocytes;SP, spherulocytes;OE,oenocytoids;AD, adipohemocytes.
x Within columns,valuesfollowedby acommonletterdonotdiffer signi�cantly accordingto LSD at5%level.

TABLE 5. Effectof cypermethrinon thedifferentialhemocyte countslast-instarlarvaeof Helicoverpaarmigera

Population Differentialhemocyte counts(%, mean� S.E.)
PRz PLz GRz SPz OEz ADz Others

Delhi
Control y 2.41a � 0.12 57.71a � 1.80 13.63a � 0.76 25.15a � 2.34 0.92a � 0.06 0.04a � 0.03 0
Treatment 3.30a � 0.38 47.23a � 6.32 3.36b� 0.19 43.69b� 6.60 2.20b� 0.46 0.07a � 0.06 0

Guntur
Control 6.71a � 0.46 52.60a � 1.73 32.43a � 1.58 4.20a � 0.73 2.52� 0.65a 1.45a � 0.19 0.95a � 0.49
Treatment 10.48b� 0.49 46.35b� 0.14 22.57b� 0.33 13.63b� 0.13 3.55b� 0.42 0.81a � 0.12 2.57a � 0.51

z PR,prohemocytes;PL, plasmatocytes;GR,granulocytes;SP, spherulocytes;OE,oenocytoids;AD, adipohemocytes.
y Within columnsandsites,meanvaluesfollowedby thesameletterdonotdiffer signi�cantly accordingto LSD at5%level.
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Fig. 1. Distributionof populationsof Helicoverpaarmigera in India.

hemocytes,followedcloselythepatternof plasmatocytes,granulocytesandspherulocytes
asa group.At 5% level of homogeneityusinga criterionof all differentialhemocytes,11
different clusterswere formed (Fig. 2A). At 10% homogeneityin hemocyte attributes,
a dendrogramfor all differential as well as three major hemocytes (plasmatocytes,
granulocytes and spherulocytes) showed six clusters,viz., one of Delhi 98, Delhi 2K,
Coimbatore98andMuktsar;anotherof Bangalore,Raichur, MehnaandDelhi 99;athird of
AkolaandCoimbatore2K; a fourthof Amravati; a �fth of Guntur99andVijayawada;and
a sixth of Guntur98. As thehomogeneityof hemocytesincreased,clustersof populations
decreased.Thus,at 25% homogeneityof differentialhemocytes,only four clusters,viz.,
oneof Guntur98; a secondof VijayawadaandGuntur99; a third of Akola,Amravati and
Coimbatore2K; anda fourthof therestof all otherpopulations,wereformed.

Thesestudiesshowed that irrespective of the geographicaldistanceseparatingthe
populations,clusteringoccurred.Secondly, populationslike thoseof MehnaandMuktsar
populationsin Punjab,althoughgeographicallyclose, showed heterogeneityof � 12%;
Akola andAmravati populationsin Maharashtraof � 13%; andVijayawadaandGuntur
99populationsin AndhraPradeshof > 25%.Furtherstudiesof variationof DHC in limited
spatialdistribution in 2001showed formationof threeclustersout of seven populations
of cottoncropsin Punjabat 10%homogeneitylevel (Fig. 2B). Therewasanoutbreakof
H. armigera on cottonin 2001. And despite10 to 25 insecticidalspraysover a periodof
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Fig. 2. Weighted average linkage dendrogramsof all differential hemocytes of 14 different
populationsof Helicoverpaarmigera. A. Delhi 98 1, Bangalore2, Raichur3, Coimbatore4, Guntur
985, Mehna6, Vijaywada7, Muktsar8, Akola9, Amravati 10,Delhi 9911,Delhi 2K 12,Guntur99
13andCoimbatore2K 14. B. Chakkatibba1,Abohar2,Kalatibba3,Sirsa4,Bhatinda5,Ganganagar
6 andMansa7. C. Delhi 1, Daulatabad2, Jonapura3 andKangahedi4.

approximately2months,bollwormscouldnotbecontrolledin view of theirhighinfestation
andinsecticidalresistance.TheKalatibbapopulationshoweddistinctnessfrom therestof
other �eld populations.In chickpea,therewerethreeclustersout of four populationsat
10% homogeneitylevel (Fig. 2C). Chickpeais traditionally sprayedless(onceor twice)
for thecontrolof H. armigera andwide variability in hemocytesof insectsfrom chickpea
maybeattributedto their diversity, unin�uencedby selectiondueto insecticidesprays.

In India, approximately50% of the pesticidesused in the agricultural crops are
employed for the control of pestsin cotton, particularly H. armigera. The pesticide
consumption(in gramsper ha) varieswidely amongthe states:Delhi 942, Punjab923,
AndhraPradesh548,Tamil Nadu410,Karnataka216,andMaharashtra184(1). Although
Delhi andPunjabhavethehighestconsumptionof pesticides,theproportionof insecticides
for H. armigera control is relatively less,Delhi beinga non-cottonareaandPunjabusing
a signi�cant proportionof pesticidesin rice andwheat.AndhraPradeshusesa signi�cant
proportionof insecticidesin cotton.It is in thecontext of pesticideusepatternthatonemay
�nd possibleexplanationsfor differencesin hemocytesof differentpopulations.Ambrose
and George (4) reportedvariationsin DHC of three morphs(differing in biology and
toleranceto insecticides)of thereduviidpredatorRhynocorismarginatusFab.
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The unusualcompositionof hemocytesin the GunturandVijayawadapopulationsin
respectto plasmatocytes,granulocytesandspherulocytesmaybeattributedpartially to the
selectionpressureof insecticides. It is reportedthat � 50% of the insecticides(approx.
7,000tons per annum)usedin Andhra Pradeshare appliedto cotton for control of the
bollworm complex in theGunturandVijayawadadistrictsonly (1). This suggeststhat the
populationsatGunturandVijayawadaareoftenin astateof �ux createdby thehighamount
of insecticidesusedduring thecroppingseason,followedby a relatively insigni�cant use
during the restof the year. The prohemocytesarefound in signi�cantly high proportion
in thesetwo populations. They areconsideredasa progenitorof othermain categories
of hemocytes(32). Similarly, granulocytesarefound in unusuallyhigh concentrationsin
theGunturpopulation.Thepeculiarityof thesetwo populationsmaybeattributedto their
narrow geneticbaseresultingfrom regularselectionwith extensiveuseof insecticidesover
many years,in contrastto theotherpopulations,whicharesubjectedto fewerandirregular
insecticidalpressures.

Temporalvariation in hemocyte populationof last-instarlarvae collectedfrom the
pigeonpea�elds at our Institute in Delhi from 1998 to 2002 did not show signi�cant
differencesin DHC, except for oenocytoids in the last 5 years(Table 3). The DHC
compositionthusseemedto becharacteristicof thatpopulation.

Again, variation in DHC of larvae belonging to different host plants from Delhi
showed the highestproportion of prohemocytes in chickpeaand the lowest in insects
rearedon the arti�cial diet (Table 4). The DHC of insectsfeeding on various host
cropsdid not show any de�nite patternbetweenhigh-proteinhostslike chickpea,pigeon
peaandchickpea-basedarti�cial diet, and low proteinhostslike cauli�ower, cottonand
sun�ower. Plant nutrientsmay not be importantfactorsfor variationsin DHC in view
of thepolyphagyof H. armigera. It is likely thathemocyte differencesmight essentially
be theresultof interactionsof the insectwith hostplantallelochemicals.Thesenaturally
occurringchemicalsareknown to affect thehemocyte patternsin insects,viz., ecdysteroid
(makisteroneA) in Hieroglyphusnigrorepletus(2), plumbaginin Dysdercuskoenigii (27),
andazadirachtinin Rhodniusprolixus(8).

In view of our initial assumption,we studiedchangesin the DHC as a result of
insecticidal application. The Delhi population, which was unsprayedat the time of
collection from pigeonpeaandrearedfor many generationsin the laboratory, wasused
alongwith the Gunturpopulation,which wassupposedto be a pyrethroid-resistantone.
The correctedmortality was 40% in Guntur and 49% in the Delhi populationat the
time of molting to last-instarlarvae as a result of treatmentof young larvae (30–40
mg each)with cypermethrin1 � g on day 6, 2 � g on day 8, and 2 � g on day 9 of
larval age. Therewas a signi�cant increaseof 2–3 daysin the larval period in treated
insectsas comparedwith control insectsof the Guntur population. In contrast, the
larval periodof cypermethrin-treatedinsectswas the sameas that of the control for the
Delhi population.Cypermethrindecreasedplasmatocytesandgranulocytes,andincreased
spherulocytes in both populations. There was a concurrentincreasein prohemocytes
(Table5). HazarikaandGupta(20) reportedan increasein prohemocytesanda decrease
in plasmatocytes and granulocytes in the adultoid of Blattella germanicaas a result of
treatmentof last-instarnymphswith juvenile hormoneI. Similar resultson the decrease
in granulocytesandincreasein spherulocytes,anddissimilarresultson prohemocytesand
plasmatocytes,have beenreportedin Antheraeaassamaasa resultof protozoaninfection
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(10). Ambroseand George (5) reportedan increasein prohemocytes and decreasein
granulocytesin the reduviid predatorAcanthaspispedestris10 daysafter treatmentwith
quinalphosandendosulfan. However, a decreasein prohemocytesandplasmatocytesand
anincreasein granulocyteshavebeenreportedin A. pedestris10daysaftertreatmentwith
monocrotophos,dimethoateandmethyl parathion(3).

It seemsthat inconsistentchangesin differentialhemocytesaretheresultof treatment
with insecticideand the dose,timing of observations,and host reaction. Shapiroet al.
(29) concludedthat qualitative or quantitative changesin hemocytesarethe non-speci�c
responsescausedby the presenceof foreign substancesand/or stressconditions. The
increasein prohemocytes as a result of applicationof cypermethrinmight be a result
of the insect's inherentability to stabilizehemocytic balance.The prohemocytes,being
progenitorsof otherhemocytes,areconstantlycorrectingthebalanceaccordingto insect
speci�city. Thedecreasein plasmatocytesandgranulocytes,which arethe immunocytes,
is a resultof immunodepressantreactionof insecticides(27). The spherulocytes (along
with adipohemocytes)areconsidereda morematureform of granulocytes(19). It is likely
thatprohemocytes,eitherdirectly or indirectly, aid in themultiplicationof spherulocytes.
Thesespherulocytes seemto be less fragile than granulocytes, which degranulateand
disintegratequickly, and/orareremovedfrom circulation,underthein�uenceof insecticide
andsimilar stressconditions.Pyrethroidsareknown to affect theneuroendocrinesystem,
which leadsto hormonalimbalancein insects(30). Hormonalchangesin turn lead to
hemocyte differentiation(25,33). In fact,cytokine-like factorsproducedby hemocytesin
responseto bacterialinfectionarereportedto causedepletionof plasmatocytesin insects
(11).
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