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HemocyteDiversity of the American Bollworm
Helicoverpaarmigera

Govind T. Guja  andVinay K. Kalial

The hemogtesof the Americanbollworm Helicoverpaarmigera (Hiibner)were studiedin
the lastinstarlarvae by phasecontrastmicroscopy to investigatethe differencesamong14
populationscollectedfrom tenlocations,spreadover a distanceof approximately3000km
in six differentstateof India. Theclusteranalysisof differentialhemogtesshavedasmary
as11 clustersof populationsat 5% andsix clustersat 10% homogeneitylevel. The cluster
analysisof hemogtesof seven populationsrom cottoncropsshaved ve andthreeclusters
at5% and10%homogeneityevels,respectiely. Diversity of hemogtesof four populations
from chickpeawas wider thanthat from cotton. The differencesn hemogtes of various
populationsmay be due to space,time, host plant, insecticideuse, other agroecological
conditions, and insect geneticvariability per se The eld populationsof H. armigera
heaily treatedwith insecticidesappearedo containmore spherulogtes at the expenseof
plasmatogtes and granulogtes. The treatmentof 6-day-oldlarvae of H. armigera with
cypermethrindecreaseglasmatogtes and granulogtes, and increasedprohemogtes and
spherulogtesin the hemolymphof lastinstarlarvae. Thus,differentialhemogte countsmay
sene asanindicatorof insecticideexposureandthediversity of insectpopulations.

KEY WORDS: Diversity; hemogtes; cypermethrin; American bollworm; Helicoverpa
armigera; prohemogtes; granulogtes; plasmatogtes; spherulogtes; adipohemogtes;
oenogtoids.

INTRODUCTION

Thecellularandthehumoralcomponentsf hemolymphorm theessentiatomponents
of the immune system. The hemogtes in the hemolymphimmediately respondto
infection of the hostby recognitionof aliens,hemogte mobilizationandcellulardefenses
suchas phagogtosis, encapsulatiorand nodule formation. Thus, hemogtes are often
at the forefront in the defenseof the host insect. The insect hemogtes have been
characterize@xtensvely in the past. However, their nomenclaturendclassi cation has
beenambiguousand controversial, owing to the variable morphologiesof hemogtes,
dependingiponthedevelopmenistagesaffectedby variouservironmentalfactors besides
diversity of insects(12). Recentadwancesin chemistryand instrumentationhave led
to the recognitionof six broadclassesyiz.,, prohemogtes, plasmatogtes, granulogtes,
spherulogtes, adipohemoygtes, and oenogtoids (15,19,21). The total and differential
hemogtes are often studiedfor correlationwith physiological actiities like molting,
grownth anddevelopment9). In addition,thehemogtesarecharacterizeth approximately
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200insectspeciesn 100generabelongingto LepidopteraHymenopteraColeopteraand
Diptera(7,18,26). Gupta(17) recognizedhe inherentvariability of hemogteswithin a
speciesaswell ascloselyrelatedones. However, thereis little informationon hemogtic
differencesn differentpopulationsf the sameinsectspecies.

The Americanbollworm Helicoverpaarmigera (Hubner)is animportantinsectpestof
agriculturalcrops,with a wide geographicatlistributionin theworld (13,14,24).1t is one
of the mostimportantpestsof cotton, pulsesandsomevegetablesn India, damaginghe
agriculturalcropsto the tuneof approximately$1 billion annually Theindiscriminateuse
of insecticideshasled to the developmenif resistancén 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 comparedhe differential
hemogte counts(DHC) of the eld-collected populationwith thatof alaboratory-reared
one.Therewasasigni cant increasean spherulogtesat the expenseof plasmatogtesand
granulogtesin the insectscollectedfrom cotton elds that had beentreatedwith eight
or nine insecticidespraysover a period of 2 months,as comparedwith the laboratory-
rearedinsects. It wasassumedhat differencesn DHC betweentheselaboratory-reared
and eld-collected populationsveredueto thelatter's ability to tolerate/resisthe actionof
insecticidesThis promptedusto investicatefurtherthe DHC of variouspopulationsof H.
armigera collectedfrom differentpartsof the country

The hemogtes of H. armigera were rst characterizedby phaseand electronmi-
croscopy and were groupedinto six differentkinds, viz.,, prohemogtes, plasmatogtes,
granulogtes, spherulogtes, oenogtoids and coagulogtes (13). In our investigations
on hemogtes of H. armigera with phasecontrastmicroscoy (22), we also found
adipohemoygtes, which had previously not beenreported;and consideredcoagulogtes
(13) asgranulogtesasperGupta(19).

The presentcommunicationreports variation in the DHC of different populations
affectedby spatial,temporalandhostplantdistribution. The effect of insecticideson the
DHC of laboratory-rearednd eld-collected populationss alsoreported.

MATERIALS AND METHODS

Insectsusedin thesestudieswere collected as larvae from the elds of different
cropsandfrom differentlocationsin India, viz., Akola, Amravati, Bangalore,Coimbatore,
Delhi, Guntur Mehna, Muktsatr Raichurand Vijayawada (Fig. 1). Insectswere also
collectedfrom cotton elds in variouslocalities, viz, Chakkatibba Kalatibba, Abohar
Sirsa,Gangnagr, BhatindaandMansain Punjabandfrom chickpeaelds in the sulurbs
of Delhi in 2001 from a limited geographicalrea. Larvae of only a few populations
collectedin their lastinstarhadto berearedon the chickpea-basedrti cial dietat27 C
and 60—70%r.h. until pupationin the laboratory The adultsemeging from the pupae
wereoffered10% honey solutionthroughouthe egg-layingperiod. The eggswerelaid on
roughcottoncloth that coveredthe matingjar. The cottoncloth wasremoved eitherdaily
or onalternatedays,sprinkledwith water andthenkeptin aseparatgar at27 C until eggs
hatched.Upon hatching,young larvae wererearedon the arti cial dietin groupsof ten
insectsfor 6 days,andthenseparatedndplacedindividually in plasticcontainersf 3 cm
diameterand1 cm heightto avoid cannibalismandallowedto feeduntil pupation.Newly
moltedlast-instadlarvaewerealwaysusedfor DHC studies.

The newly moltedlast-instarlarvae of uniform sizeandweight( 150-200mg each)
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were bled by cutting a proleg sterilized with 70% ethanol. A drop of fresh, un xed
andundilutedhemolymphwascollecteddirectly on a cleansterile slide andimmediately
coveredwith a thin glassslip. The hemogtes were examinedundera phasecontrast
microscopeat 400 magni cation. They were classi ed into six different kinds, viz,

prohemogtes, plasmatogtes, granulogtes, spherulogtes, oenogtoids and adipohemo-
cytes, as per Gupta(19). Unidenti ed oneswere groupedseparately Approximately
400-800cells were countedfor eachpreparation. At least ve preparationgreplicates)
wereperformedfor eachinsectandthreeto ve differentlarvae of eachpopulation. The
DHC wereexpressedisper Shapiro(28). The DHC of differentpopulationsveregrouped
spatially temporally andaccordingto host-plantspecies.

Six-day-oldlarvae weighing 30—40mg each,belongingto Delhi and Gunturpopula-
tions, were treatedtopically with 1 g of cypermethrineach,repeatedwice with 2 g
cypermethrironday8 andday9 of larval age.For eachtreatment70-82larvaewereused
anda similar numberof larvaereceved 1 | of acetone.Larvaewereallowedto feedon
arti cial diet. Mortality wasrecordedat 24-hintenals. Thelarvaethatmoltedto the nal
instarswereusedfor DHC studiesasabove.

Thedataon DHC weresubjectedo analysisof variancausingtheleastsquardestat5%
level of con dence.The Euclidearweightedaveragdinkageanalysisof DHC of different
populationswhich placesan equalemphasion all obsenationsin eachpopulationasper
SneathandSokal(31), wascarriedout by usingthe clusteringmethodof the Entomology
software(IndostatHyderabadindia).

RESULTS AND DISCUSSION

The DHC of different populationscollectedfrom various locationsin the country
differedwidely (Table1) andevenfor chickpeaandcottoncropsfor alimited geographical
area(Table 2). The prohemogtes rangedfrom 1.39%to 7.47%, lowestin the Raichur
andhighestin the Vijayawadapopulation.Plasmatogtesrangedrom 27.54%to 66.98%,
lowestin the Amravati and highestin the Vijayawadapopulation. Granulogtesranged
from 3.04%to 32.43% andlowestin the Amravati andhighesin the Guntur98 population.
Spherulogtesrangedfrom 4.30%to 59.17% lowestin the Gunturpopulationandhighest
in the Amravati population.

Plasmatoygtes,granulogtesandspherulogtesconstitutedthe bulk of the hemogtes,
contrituting  90% of the total hemogtes. Prohemogtes, oenogtoids and adipohemo-
cytes,constitutingessthan10%of thetotalhemogtes,shavedlessheterogeneitpetween
populations.A Euclideanweightedaveragelinkage dendrogran{not shovn) basedupon
prohemogtes, oenogtoids and adipohemoygtes shaved the highesthomogeneityin a
clusterof Amravati and Guntur99 (< 0.6% heterogeneity).The maximumheterogeneity
within aclusterof Delhi 98 andDelhi 99wasonly 2%. Theoverallmaximumheterogeneity
in all clustersof populationsvasatmost 4%.

Using plasmatoygtes, granulogtesand spherulogtesasa group, Delhi 98, Delhi 2K
andCoimbatore98, althoughgeographicallyfar apart,formeda clusterwith homogeneity
of >97% amongthemseles, and similarly for Bangalore, Raichur and Delhi 99 of
> 96%. Besideshesetwo clustersall otherpopulationsyiz., Muktsar Guntur98, Mehna,
Vijayawada, Akola, Amravati, Coimbatore2K and Guntur 99, shaved separateclusters
totalingtenat 5% level of homogeneity

Euclideanweightedaveragelinkage dendrogramanalysisbasedupon all differential
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TABLE 1. Differentialhemogte countsof last-instadarvaeof variouspopulationsof Helicoverpaarmigera

Population Dateof Hostcrop? Dateof Differentialhemogte counts(%, mean S.E.)
collection assay
PR PLY GRY SH oF ADY Others
Delhi 98 18.X1.98 Pigeonpea  23.X1.98 X586 0.51 46.56 1.13 5.50' 0.85 41.1® 0.65 0.4X 0.18 0.0 0.07 0.26 0.21
Banglore 25.1X.98 Atrti cial 5.X1.98 296 0.27 50.52 0.81 7.9¥ 0.70 358% 141 1.9¢ 057 0.39 0.16 0.2F 0.11
diet

Raichur 25.1X.98 Cotton 6.X1.98 1.3¢ 0.21 538 0.97 7.76 0.37 345% 1.37 2.0C¢ 0.30 0.2&° 0.12 0.1 0.06
Coimbatored8  25.1X.98 Cotton 2.X1.98 1.95 0.33 47.7¢0 0.96 8.4C 259 4006 0.71 1.17% 0.14 0.21°¢ 0.12 0.1 0.0
Guntur98 27.X.98 Cotton 23.11.99 6.71A 0.46 52.6(° 1.12 32.43A 0.58 4.3¢ 0.74 252 065 049 0.19 0.95 0.49
Mehna 4.X1.98 Cotton 12.X1.98 376 0.19 49.4¢ .03 10.2¢® 0.28 31.5¢ 1.60 1.86¢ 0.09 0.20° 0.16 2.7 0.26
Vijayawada 28.X.98 Cotton 5.V.99 7472 028 66.98 0.31 9.64 0.82 13.60' 0.57 1.7¢ 0.09 054 0.02 0.0
Guntur99 26.X.99 Pigeonpea  29.X.99 332 1.73 61.7% 297 13.7P 1.23 16.3¢ 3.88 513 0.11 0.¢° 0.C¢
Amravati 20.X1.00 Pigeonpea  2.X1.00 430 037 2754 1.09 3.0# 0.28 59.172 1.72 572 059 0.26° 0.06 0.C°
Akola 25.X1.00 Pigeonpea  5.XI1.00 580 0.75 36.04 3.13 536" 0.24 48.6% 0.45 3.14A° 0.46 0.C° 0.C°
Muktsar 7.X1.00 Pigeonpea  30.X1.00 3.6 0.29 4220 1.32 4.44° 034 452% 218 392 0.26 056 0.16 O0.CF

Delhi 99 19.X.99 Pigeonpea  28.X.99 431 0.14 506 059 6.26¢ 0.18 37.2F 0.77 1.6 0.02 0.CF 0.0

Delhi 2K 28.X.00 Pigeonpea  1.X1.00 44% 075 46.1% 255 53# 057 39.99 214 368 0.33 049 021 0.C
Coimbatore2K  26.11.00 Pigeonpea  6.111.00 584 049 33.76 1.38 7.119 0.91 49.09 1.71 2959 0.28 2.784 0.12 0.0

2 At thetime of collection.
Y PR, prohemoytes;PL, plasmatogtes;GR, granulogtes; SR spherulogtes; OE, oenogtoids; AD, adipohemogtes.
X Within columns valuesfollowedby a commonletterdo notdiffer signi cantly accordingto LSD at5% level.
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TABLE 2. Differentialhemogte countsof last-instadarvaeof Helicoverpaarmigera collectedfrom chickpeaandcottoncrops

Locationof insect Dateof Dateof assay  Differentialhemogte counts(%, mean S.E.)
population collection
PR PLZ GF? SH OF AD?
Chickpea(Delhi sukurbs)
Delhi 24.111.01 27.111.01 Y499 027 453 079 659 0.16 39.1% 1.16 3.43F 0.37 0.49 0.05
Daultabad 22.111.01 29.111.01 462 024 5748 176 620 0.33 2944 150 112 0.50 0.3 0.11
Jonapura 27.11.01 3.1v.01 410 0.93 53.1¢ 1.32 593 054 32.00 298 488 0.34 0.0¢
Kanganhedi 22.111.01 29.111.01 6.972 0.93 32,77 229 1457 049 421% 184 253 0.22 0.92 0.05
Cotton(Punjablocalities)
Chakkatibba 4.1X.01 7.1X.01 7.1* 0.88 48.3¢%° 1.34 57%° 091 36.0® 069 2.35 0.37 0.04 0.03
Abohar(CIPHET)  3.1X.01 10.1X.01 9.9 0.25 54.8% 1.06 5.1 0.15 24.06 0.85 5.9 0.60 0.00
Kalatibba 4.1X.01 15.1X.01 15.98 1.22 41.1F 095 279 0.16 36.78 042  3.37° 0.12 0.00
Sirsa 5.1X.01 10.1X.01 715 0.84 51.39¢ 6.45 3.7% 0.23 3577 594 1.9C¢ 0.28 0.00
Bhatinda 19.1X.01 27.1X.01 6.86 0.69 5159 1.16 758 0.22 30.9¢° 1.71 3.029 0.28 0.00
Gangnagir 18.1X.01 29.1X.01 8.5&° 1.12  50.12° 324 45%° 0.84 3432 369 2439 038 0.00
Mansa 19.1X.01 29.1X.01 13.268 0.78 51.02 1.78 240 0.53 28.7%° 178 458° 060  0.00

2PR,prohemogtes;PL, plasmatogtes;GR, granulogtes;SP spherulogtes; OE, oenogtoids; AD, adipohemoytes.

Y Within columnsvaluesfollowed by a commonletterdo notdiffer signi cantly accordingto LSD at5% level.

TABLE 3. Temporalvariationsin differentialhaemogte countsof last-instadarvaeof Helicoverpaarmigera collectedfrom pigeonpeain Delhi

Dateof collection Dateof assay

Differentialhemogte counts(%, mean S.E.)

PR PLZ GR? SF OF AD? Others
18.X1.98 24.X1.98 ¥5.868 0.52 4556 1.13 5.5 0.85 41.1¢ 0.65 0.4Z 0.18 0.08 0.07 0.26¢ 0.22
19.X.99 28.X.99 4.3 0.14 50.6¢ 0.59 6.26¢ 0.18 3728 0.77 1.6 0.02 0. 0.02
28.X.00 1.X1.00 443 0.75 46.1% 2.55 5.32 0.57 39.93% 2.14 3.6 0.33 0.48 0.21 0.02
23.X.01 23.X1.01 432 0.26 4573 2.57 464 0.36 43.04 3.18 1.6 0.24 0.5 0.05 0.0
8.X1.02 5.XI11.02 5.0% 0.47 47.8¢ 1.79 6.84 0.38 36.8% 1.04 267 0.28 0.784 0.24 0.0

2PR,prohemogtes;PL, plasmatogtes;GR, granulogtes;SP spherulogtes; OE, oenogtoids; AD, adipohemogtes.

Y Within columns valuesfollowed by the sameletterdo not differ signi cantly accordingto LSD at5% level.
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TABLE 4. Differentialhemogte countsof last-instadarvaeof Helicoverpaarmigera collectedfrom differenthostplants

Locationof Dateof Dateof Food/Diet Differentialhemogte counts(%, mean S.E.)
insect collection assay onwhich
population reared

PR PLY GRY SH or ADY Others
Delhi (lab), 27.X11.97 6.X1.98 Meridic X1.5% 0.05 57.9G¢ 2.95 839 0.86 27.95 2.80 225 0.91 0.27° 0.12 1.65 0.75
11thgener diet
ation
Delhi 18.X1.98 23.X1.98 Pigeonpea 528 051 45.60 0.87 59F 0.65 40.32® 0.820.5 0.18 0.09¢ 0.04 0.26 0.22
Delhi 16.X1.98 24.X1.98 Cotton 568 054 4400 1.24 6.41° 086 39.7¢ 2.34 0.78> 0.22 0.CF 329 0.62
Delhi 4.1V.99 6.1V.99 Chickpea  7.3%2 0.12 4778 1.0114.6% 0.97 2576 191 3.672 153 0.32 0.06 0.1 0.13
Delhi 9.X1.99 11.X1.99 Cauliower 4.1%F 0.11 5434 153 11.888 0.37 27.95 154 1.7”% 0.19 0.0 0.0
Delhi 30.1V.00 17.\.00 Sunower 3174 0.14 4056 4.94 351 0.18 51.14 493 158 0.20 0.0 0.CF

ZInsectsusedin theinvestigationswerefrom eld-collected larvae,exceptfor Delhi lab-rearecnes.
Y PR, prohemoytes;PL, plasmatogtes;GR, granulogtes; SR spherulogtes; OE, oenogtoids; AD, adipohemogtes.
X Within columns valuesfollowed by a commonletterdo notdiffer signi cantly accordingto LSD at5% level.

TABLE 5. Effect of cypermethrinon the differentialhemogte countslast-instadarvaeof Helicoverpaarmigera

Population Differentialhemogte counts(%, mean S.E.)
PR PLZ GRZ SF OF? AD? Others
Delhi
Control Y242 0.12 57.7% 1.80 13.63 0.76 25.1% 2.34 0.92 0.06 0.0# 0.03 0
Treatment 3.3 0.38 47.2% 6.32 3.36 0.19 4369 6.60 2200 0.46 0.02 0.06 0
Guntur
Control 6.7 0.46 52.60 1.73 32.4% 158 420 0.73 2.52 0.65 148 0.19 0.9 0.49
Treatment 10.48 0.49 46.3% 0.14 2257 0.33 13.6% 0.13 358 0.42 0.82 0.12 257 0.51

2PR,prohemogtes;PL, plasmatogtes;GR, granulogtes;SP spherulogtes; OE, oenogtoids; AD, adipohemoytes.

Y Within columnsandsites,meanvaluesfollowed by the sameetterdo not differ signi cantly accordingto LSD at5% level.
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Fig. 1. Distribution of populationsof Helicoverpaarmigerain India.

hemogtes,followed closelythe patternof plasmatogtes,granulogtesandspherulogtes
asagroup. At 5% level of homogeneityusinga criterion of all differentialhemogtes,11
different clusterswere formed (Fig. 2A). At 10% homogeneityin hemogte attributes,
a dendrogramfor all differential as well as three major hemogtes (plasmatogtes,
granulogtes and spherulogtes) shaved six clusters,viz., one of Delhi 98, Delhi 2K,
Coimbatore98 andMuktsar;anotheiof Bangalore,Raichur MehnaandDelhi 99; athird of
AkolaandCoimbatore2K; afourth of Amravati; a fth of Guntur99 andVijayawada;and
asixth of Guntur98. As the homogeneityof hemogtesincreased¢lustersof populations
decreasedThus,at 25% homogeneityof differentialhemogtes,only four clusters,viz,,
oneof Guntur98; a secondf VijayawadaandGuntur99; a third of Akola, Amravati and
Coimbatore?K; anda fourth of therestof all otherpopulationswereformed.
Thesestudiesshowved that irrespectve of the geographicaldistanceseparatingthe
populationsgclusteringoccurred.Secondly populationdik e thoseof Mehnaand Muktsar
populationsin Punjab,althoughgeographicallyclose, shaved heterogeneityof = 12%;
Akola and Amravati populationsin Maharashtraof 13%; and Vijayawadaand Guntur
99 populationdgn AndhraPradeslof > 25%. Furtherstudiesof variationof DHC in limited
spatialdistribution in 2001 shaved formation of threeclustersout of seven populations
of cottoncropsin Punjabat 10% homogeneityevel (Fig. 2B). Therewasan outbreakof
H. armigera on cottonin 2001. And despitel0 to 25 insecticidalspraysover a period of
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Fig. 2. Weighted average linkage dendrogramsof all differential hemogtes of 14 different
populationof Helicoverpaarmigera. A. Delhi 98 1, Bangalore2, Raichur3, Coimbatore4, Guntur
985, Mehna6, Vijaywada7, Muktsar8, Akola9, Amravati 10, Delhi 99 11, Delhi 2K 12, Guntur99
13andCoimbatore2K 14. B. Chakkatibbdl, Abohar2, Kalatibba3, Sirsa4, Bhatindas, Gangnagr
6 andMansay. C. Delhi 1, Daulatabad®, Jonapura88 andKangahedi4.

approximately2 months pollwormscouldnotbecontrolledin view of theirhighinfestation
andinsecticidalresistanceThe Kalatibbapopulationshaved distinctnessrom the restof

other eld populations.In chickpea,therewerethreeclustersout of four populationsat

10% homogeneitylevel (Fig. 2C). Chickpeais traditionally sprayedess(onceor twice)

for the control of H. armigera andwide variability in hemogtesof insectsfrom chickpea
may be attributedto their diversity, unin uencedby selectiondueto insecticidesprays.

In India, approximately50% of the pesticidesusedin 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,
AndhraPradestb48, Tamil Nadu410,Karnataka216,andMaharashtrd 84 (1). Although
Delhi andPunjabhave thehighestconsumptiorof pesticidestheproportionof insecticides
for H. armigera controlis relatively less,Delhi beinga non-cottonareaand Punjabusing
a signi cant proportionof pesticidesn rice andwheat. AndhraPradestusesa signi cant
proportionof insecticidesn cotton.It isin the context of pesticideusepatternthatonemay
nd possibleexplanationdor differencesn hemogtesof differentpopulations.Ambrose
and Geoge (4) reportedvariationsin DHC of three morphs(differing in biology and

toleranceto insecticidespf thereduviid predatorRhynocorismarginatusFah
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The unusualcompositionof hemogtesin the Gunturand Vijayawadapopulationsin
respecto plasmatogtes,granulogtesandspherulogtesmaybe attributedpartially to the
selectionpressureof insecticides. It is reportedthat 50% of the insecticides(approx.
7,000tons per annum)usedin Andhra Pradeshare appliedto cottonfor control of the
bollworm complex in the GunturandVijayawadadistrictsonly (1). This suggestshatthe
populationsatGunturandVijayawadaareoftenin astateof ux createdythehighamount
of insecticidesusedduring the croppingseasonfollowed by a relatively insigni cant use
during the restof the year The prohemogtesarefoundin signi cantly high proportion
in thesetwo populations. They are consideredas a progenitorof other main catejories
of hemogtes(32). Similarly, granulogtesarefoundin unusuallyhigh concentrationsn
the Gunturpopulation.The peculiarityof thesetwo populationsmay be attributedto their
narrav genetichaseresultingfrom regularselectionwith extensive useof insecticideover
mary years,n contrasto the otherpopulationswhich aresubjectedo fewer andirregular
insecticidalpressures.

Temporalvariation in hemogte populationof last-instarlarvae collectedfrom the
pigeonpea elds at our Institutein Delhi from 1998 to 2002 did not shav signi cant
differencesin DHC, except for oenogtoids in the last 5 years(Table 3). The DHC
compositiornthusseemedo be characteristiof thatpopulation.

Again, variation in DHC of larvae belongingto different host plants from Delhi
shaved the highestproportion of prohemogtesin chickpeaand the lowestin insects
rearedon the arti cial diet (Table 4). The DHC of insectsfeeding on various host
cropsdid not shaw ary de nite patternbetweenhigh-proteinhostslike chickpea,pigeon
peaand chickpea-basedrti cial diet, andlow proteinhostslike cauli ower, cottonand
sun ower. Plantnutrientsmay not be importantfactorsfor variationsin DHC in view
of the polyphagyof H. armigera. It is likely thathemogte differenceamight essentially
be the resultof interactionsof the insectwith hostplantallelochemicals.Thesenaturally
occurringchemicalsareknown to affect the hemogte patternsn insectsyiz., ecdysteroid
(makisteroned) in Hieroglyphusnigrorepletus(2), plumbaginin Dysdecuskoenigii (27),
andazadirachtinn Rhodniugrolixus(8).

In view of our initial assumptionwe studied changesin the DHC as a result of
insecticidal application. The Delhi population, which was unsprayedat the time of
collectionfrom pigeonpeaandrearedfor mary generationsn the laboratory was used
alongwith the Gunturpopulation,which was supposedo be a pyrethroid-resistanbne.
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 cypermethrinl g onday6, 2 g onday8, and2 g on day9 of
larval age. Therewas a signi cant increaseof 2—-3 daysin the larval periodin treated
insectsas comparedwith control insectsof the Guntur population. In contrast,the
larval period of cypermethrin-treateéhsectswas the sameasthat of the control for the
Delhi population.Cypermethrirdecreaseglasmatogtesandgranulogtes,andincreased
spherulogtes in both populations. There was a concurrentincreasein prohemogtes
(Table5). Hazarikaand Gupta(20) reportedanincreasen prohemogtesanda decrease
in plasmatogtes and granulogtesin the adultoid of Blattella germanicaas a result of
treatmentof last-instarnymphswith juvenile hormonel. Similar resultson the decrease
in granulogtesandincreasdn spherulogtes,anddissimilarresultson prohemogtesand
plasmatogtes,have beenreportedin Anthemeaassamaasa resultof protozoarinfection
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(10). Ambroseand Geoge (5) reportedan increasein prohemogtes and decreasen
granulogtesin the reduviid predatorAcanthaspigpedestrislO daysafter treatmentwith
quinalphosandendosulén. However, a decreasén prohemogtesandplasmatogtesand
anincreasen granulogteshave beenreportedn A. pedestrislO daysaftertreatmenwith
monocrotophogjimethoateandmettyl parathion(3).

It seemghatinconsistenthangesn differentialhemogtesarethe resultof treatment
with insecticideand the dose,timing of obsenations,and hostreaction. Shapiroet al.
(29) concludedthat qualitative or quantitatve changesn hemogtesarethe non-speci ¢
responsesausedby the presenceof foreign substancesind/or stressconditions. The
increasein prohemogtes as a result of applicationof cypermethrinmight be a result
of the insects inherentability to stabilizehemogtic balance. The prohemogtes, being
progenitorsof otherhemogtes, are constantlycorrectingthe balanceaccordingto insect
speci city. The decreasén plasmatogtesandgranulogtes,which aretheimmunogtes,
is a resultof immunodepressanmeactionof insecticideg27). The spherulogtes (along
with adipohemoygtes)areconsideredh morematureform of granulogtes(19). It is likely
that prohemopgtes, eitherdirectly or indirectly, aid in the multiplication of spherulogtes.
Thesespherulogtes seemto be less fragile than granulogtes, which degranulateand
disintegratequickly, and/orareremovedfrom circulation,underthein uence of insecticide
andsimilar stressconditions. Pyrethroidsareknown to affect the neuroendocringystem,
which leadsto hormonalimbalancein insects(30). Hormonalchangesn turn lead to
hemogte differentiation(25,33). In fact, cytokine-like factorsproducedby hemogtesin
responséo bacterialinfection arereportedto causedepletionof plasmatogtesin insects
(11).
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