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INTRODUCTION

The rash of pest outbreaks which has occurred cver
the last few years in literally every country where certain
new organic insecticides have been used 1s a testimony to

this bifaced ecological impact.

The tobacco caterpillar, Spodoptera litura (Fabricius)-

a cosmopolitan pest - has become a major and pernicious one
in the past few years. It is a polyphagous noctuid, recorded
on 112 species of host plants belonging to 44 families in
tropical and temperates zones {(Moussa et al., 1966). In
India, it was recorded on 63 plant species belonging to 22
families (Prasad and Bhattacharya, 1975). A loss of about
282 lakhs in tobacco and Rs. 275 lakhs in chillies hasg been

reported from Andhra Pradesh (Krishnamurthy Rac et al., 1983},

The strategic importance of biclogical control agents
effective in limiting the endemic and migratory populations
of the pest needs to be assessed. It implies an extensive
knowledge of the ecoblologlml factors decisive for the
activity of hWhe parasitic-complex. As @ sequal to this

approach, sequence and status of individual species of the



parasitic~complex were investigated under crop ecosystems.
Concurrently, eccbiclogical interactions/ correlations with
the pest and the key abiotic factors in cabbage and cauli-
flower crops were studiesd. Presently, therefore, insecti-
cidal efficacy to the pest and its relative safety to the
major parasites (T. chilonis and P. orbata) was evaluated
under the laboratofy conditions. But insecticidal treatments
must be in consonance with the natural-enemies of the pest.
The cﬁmponent of biclogical control in pest management is
not to be viewed as a method that will necessarily exclude

or altogether eliminate the use of chemical pesticides.

e
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REVIEW OF LITERATURE

The tobacco caterpillar, §. litura is a widely
distributed pest reported on 112 cultivated crop plants
belonging to 44 families in tropical and temperate zones
(Moussa et al., 1960). In India, 63 plant species, belong-
ing to 22 families were recorded as hosts (Prasad and
Bhattacharya, 197%)., The major hosts included cabbage
(Fletcher, 19i4) and cauliflower (Fletcher, 1932; Basu,1943,
1945), A comprehensive review pertaining to host plants of
the pest, related biotic components and use of insecticides
has been provided ( Prasad, 1978; Sheikh, 1984; Chelliah and
Natarajan, 1985; Jayaraj and Santharam, 1985; Jayaraj, 1985;
Vijayvergia , 1986). Annonated notes on pest incidence
(Nasr, 1961; Rivney, 1961; Prardey, 1970; Patil and Devaiah,
1978; Sasitharan, 1980; Maheswara Reddy, 198.; Balasubra-
manian, 1983), outbreaks (Goco, 1921; Janisch, 1930; Moutia,
1935; Nasr, 191; Pandey, 1970, 1976) and correlations with the
abiotic factors (Nasr et alL1973; Chelliah and Natarajan, 1985)

have also been contributed.



Incidence and status of parasites

attacking the pest (S. litura)

A wide range of parasitic~complex comprised of about
74 species of insect parasites attackigg the pest in different
stages. These included 10 egy, 3 egg-larval, 48 larval,
2 larval=-pupal, 15 pupal and 1 larval-adult parasite specles

besides a pupal hyperparasite (Appendix I).

Utilization of egg parasites need our serious consi-
deration since the crop damage can be greatly reduced 1f the
parasites are released timely and in adeduate numbers at
frequent intervals. Of the egg parasites, there were three

species of braconids, belonging tc genus Chelonus (black=-

burni Gupta, formosanus Sonan, heliopae Gupta}; two species

of scelionid, Telenonus (nawaii Ashmead, remus Nixon), and

five specles of trichogrammatid, Trichogramma (australicum

Girault, c¢hilonis Ighii, evanescens Westwood, gvanescens

minutum Riley, pretiosa Riley).

T™e use of egg parasites such as Trichogramma species

is promising. Mass=-multiplication is cheap but needs proper
timing and efficient field application technidues (Huffaker,

1977; Yadav and Patel, 1987). But, Trichogramma species

in particular have poor searching ability (Nagarkatti,1982).

Diets have been developed for in vitro rearing of



Trichogramma species (King et als, 1982). The speciles,

T. chilonig was reported to be a major parasite of 8. litura
at Anand (Yadav and Patel, 1987), and Udaipur (Prasad, 1978;

Vijayvergia , 1986). Telenomus remus Nixon also gave

encouraging results by inundative releases and parasitized
more than 50.0 per cent of the S. litura eggs 1in cobkage

copr. (Krishnamoorthy and Mani, 1985). T, chilonis and

Telenomus species were active even in the hottest parts of
the season on g.,litura (Anonymous, 1987Db), The use of

Trichogramma species and Chelonus blackburni was amply

demonstrated in Gujarat against S. litura and Heliothis

armigera (Anonymous, 1983). ¢C. blackburni was capable of

breeding successfully in the field ({(Ancnymous, 1983)and
suitability of laboratory hosts for its mass-rearing was
discussed (Pradyumm Kumar and Ballal, 1987)., 1In case of

C. heliopae mass-rearing was not economical since the parasite

was not amenable to mass-multiplication (Nagarkatti,l9®),

The egg-larval parasites included three braconid

specles under Chelonus (blackburni Gupta, carbonator,

formosanus Sonan).

The larval parasites are known for environmental
resistance against increases in pest populations. Potential
for using larval parasites in augmentative releases was

indicated (King et al., 1982), The species of larval



parasites, arranged under family and genera, included the

following:

Fannidae: Fannia leucostica Smith

Phoridae: Megasella species

Sarcophagidae: Sarccophaga E?regrina (Robineou—Desvoidy),

Sarcosolomonia species

Tachinidae: Actia nigrutula L., Blepharella lateralis

(Macquart), Cnephalia (Gonia) ginerascens Rond, Peribaea

orbata (Wiedemann), Podomyia setosa Dol,,Sturmia species

(aequalis Mall, incospicuoides Baranov}, Tachina larvarum

.., Winthemia dispar Macd.

Braconidae: Apanteles species (beneficiens Vies, species

nr. colemani Viereck, flavipes {cameron}, glomeratus,

marginiventris (Cress.), species (og¢tonarius) group,

prodeniae Viereck, risbeci species n., ruficrus Haliday,

species (vitripennis species - group), Bracon gelicheae,

Chelonus formosanus Sonan, Microbracon serinopae Ramskr,

Microplitis {(demolitor Welkn., prodeniae Rao and Kur iyan) ,

Rogas species, Zele (chlorophthalma (Nees), nigricornis

(Wlkn.))

chalcididae: Lasiochalcidia erythropoda - cameron.

Enlophidae: Euplectrus (gopincmohani Mani, xanthocephalus),

Tchneumonidae: Barylypa humeralis (Brauns), Campoletis

(chlorideae Uchida, flavicincta), Carops gbtusus Morl.,

Charops species, Diadegma argenteopilosa Camercn,




Enicospilus species, Eriborus sp.? argentegpilosus

‘cameron), Eulimneria xanthostoma {Grav.), Metopius

{discolor Tosd., Xapugawanus Mats.), Netelia ferruginea

cameron, Paniscus {(productus Brulle, testaceus Gravenhorst) .

In general, however, the mass-rearing of larval
parasites, particularly t+hose that are solitary, is laborius
and uneconomical (King et al., 1982). Since Apanteles

marginiventris Cress. had considerable potential for use in au-

grentation .progranmes it was imported from west Indies and
introduced to attack and develop in S. litura (Lingren,1969;

Singh, 1985). Campoletis chlorideae and Eriborus speciles

were not amenable to mass—rearing and the process was

uneconomical (King et al., 1982; Sithanantham, 1987).

campoletis flavicincta parasitized the pest S. litura effe-

ctively (Anonymous, 1987b) . Migroplitis species proved

to be an effective solitary larval parasite and more capable
of withstanding adverse conditions than its host (Hegazi

et al., 1977). The tachinid flies have high fecundity,
ability to disperse well and also to search out the host
(David, 1987). P. prbata could be mass-bred easily in the
laboratory and was gregarious (Nagarkatti, 19€2); 1 to 12
parasitic larvae emerged from a single host larva (Jayanth
and Nagarkatti, 1984). It was more dominant on S.litura

(Cchari and Rao, 1987).



The larval-pupal parasites reported earlier compr ised

of a species each of Phoridae, Megaselia species and .

tachinidae, Blepharella jateralis (Macquart) .

The pupal parasites, arranged under family and genera,

included the following:

Phoridae: Megaselia species

Sarcophagldae: Parasarcophaga misera, Sarcophaga (dux Thoms,

albiceps Mg.)
Tachinidae: Actia (Gymnopareia) zegyptia villen,Stomatomyia

bezziana Baranov, Strobliomyia aegyptia Vvill.

Braconidae: Xanthopimpla stemmator Thnb.

Chalcidoidae: Brachymeria lassus walker, Hybothoraciz’ sp.

Euloph%dge: Tetrastichus ayyari Rohwer, Trichospilus

.. S 'B'—‘ =
1of "/ﬁaéivora Ferr.

- e
[

25
%h? Ichneumonidae: Eucthromorpha specles, Metopius rufus Cameron

Pteromalidae: Conomorium cremita (Forst)

Besides these, a pupal hyper-parasite, Avhanogamus

fijlensis Ferriere was also reported. (Hym.s Ceraphronidae)

The larval-adult parasite reported included only one

species of family eumeridae, Delta maxillosa dimidiatipennis

Saussure.
Bioecology of the major €gg and larval parasites

T. chilonis
T. chilonis was first collected from eggs of Chilo



simplex Butler and Diatraea on rice plants near Los Banos,
Laguna in Phillipines (Ishii, 1941). Its diagnostic
characters were discussed with differsnt criteria (TsenBheng,
1965;Manclsche & Tian,1973;Nagarkattl and Nagaraia,1971,1977,
1979; Xia et al., 1982), The spacies is widely distributed
in Australian and Oriental regions including Japan, Madagascar,
Mauritius, Indian subcontinent and Sri Lanka (Nagarkathi

and Nagaraja, 1971; Nagarkatti, 1982),

The adults of Trichogramma were markedly phototactic

positively and their activity increased with light intensity.
(Costas, 1951; Quednau, 1958). Pu at al, (1981) studied the
habits of T, ghilonis., The parasite interacted to host
environment including light and temperaturc rather than the

host (Laing, 1938; Metcalfe and Brenisre, 1969),.

The parasite in high intensity of population, was

- récorded during July - September and March - May at Anand

in Gujarat {(Anonymous, 198% .) and August to November at
Udaipur (zaz, 1982; Srivastava and Kushwaha, 1987a). Tt
parasitized ' to the extent of 15.0 par cant {Zaz and
Kushwaha, 1983), 1In another survey at Udaipur, T. chilonis
alongwith Telenomus species parasitigzed upto 36.8 per cent
(Vvijayvergia , 1986). Thontadarya and Nangia (1983) reported
it to parasitize upte 32.5 per cent of the S.litura e¢ggs at

Karnataka during May, 1983.

Valuable contributions have been made in developing



rearing techniques (Singh, 1969; Rajendram and Hagen, .1974;
Li, 1982; Liu and wu, 1982; David and Easwaramoorthy, 1986)
and rearing cages (Ulrich, 1968) for mass multiplicaticn

of Trichogramma speciss., Reduction in ffectiveness conse-

Quent to long term laboratory rearing of Trichogramma had

been indicated (Ashley gt al,,1973;Nagarkatti, 1979); and the
species could be stored at 10°C for 35 days without signi-

ficant mortality (Anonymous, 1987a).

Host preference of T. chilonis was highest on Corcyra

cephaleonica and followed in seGuence H. armigera, Sitotroga

cerealslla and Cadra cautella (Navarajan Paul gt al.,1981).

Tt was earlier established that the female could distinguish
parasitized eggs by the smell left by itsslf or other indivi-
duals (Salt, 1937). However, this response could be lost

when there werc excaess of Trichogramma population which

resulted in superparasitism. This could ultimately result
in slower development, smaller adults with low fecundity and
progressive degeneration of ths stocks (Broniere, 1965;
Metcalfe and Breniers, 19G9). Drumming, oviposition or
drilling of the egg-chorion was regardless of the stage of
the dsvelopment of the host egg (Quednau, 1960; Breniere,
195; Klomp and Teerink, 1962), The duration of life-cycle
of T. ghilonis was influenced with varintion in temperature.

Accordingly, it was completaed within 6,8 (33.32°C), 7 to 8
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(26 ~28°C) and 11,9 (22.1°C) days (Pan and Lim, 1981; Iﬁhan
and Pawar, 1983), However, optimum tempsrature was raported

to be 27°C (Savescu and Tien, 1972). Thc biology of the
species was studled at Udaipur (Srivastava and Kushwaha,1987a).
Other investigations pertaining to biology of the speciss

are referrable to Nagarkatti and Nagaraja, (197¢),zaslavskii
and Kvi, @982),Fabritius and Hassan, (1984),and Mohasin and

SomChoudhary 0987).

The optimum conditions for fileld release of parasites
were concluded to include temperature 24-26°C, relative
humidity 60 -~ 80 (%} and sunny weather (Savescu and Tien,
1972). T. chilonis could survive extreme summer temperature
of more than 36°C of Bangalore (Nagarkatti, 1973). But high
temperatures of 34.6 (1975) to 38.3°C (1974) adversely
affected its survival at Anand (Yadav and Patel, 1981). The
pParasite was positively corretated with temperature and host
density (Vargas and Nishida, 1982), Nagarkatti (1979)
discussed intermixing of strains from different agrogclimatie
zones for inundative releases. On the field scale, releases
of T. chilonis from 70,000 to 830,000 / ha were made success-
fully during 1980 to 1987 in crop seasons to control S.1litura
(Yadav and Patel, 1987)., Mass releases of the species under
field condifions were succeessful ¢ in Tamil Nadu and

Hyderabad (Sithanantham, et al.,1982: Gupta .et al., 1987),



P. orbata

Biotlc efficiency of the tachinid flies relevant to
sugarcane borers (moths) was elasborately discussed (Bennet,
1969), Tachinids are most important amongst entomophagous
diptera, and their hosts were mostly the larvae of Lepldoptera,

or adults of Coleoptera (Clausen, 1940).

P. orbata is an effective larval parasite of S.litura
in India (Jayanth and Nagarkatti, 1984), Description of

this species was given in detail under the name Strobliomyia

aegyptia by Mesnil (1963), The detailed syncnyms and
identity of this species were discussed by Crosskey (1966,
1973) and Hegazi et al.(1977). Shima (198l) briefly

discussed the geographical variaticns of the parasite,

The parasite is widespread from Africa through the
South East Asia to Australasia, Melanssia and Micronesia

(Shima, 1981),

The parasitization (%) by P. gorbata was 6.5 to 8,9 at
Rajahmundry in South India during October - November (Anony-

mous, 1983). Recently the parasitization was recorded upto

Synonyms: Gymnoparia aegyptiaca (Willcocks and Bahgat,1937),
Actia palpalis (Kamal, 1951), Strobliomyia aegyptia
(Mesnil, 1963), Strobliomyia (Peribaca) orbata(=zaegyptia)
(Hegazi et al., 1977).
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24.0 per cent {Chari and Rac, 1987). At anand in Gujarat,
the parasitization was only 1.2 per cent (Anonymous, 1983) .
studies at Udaipur from 1975 to 1986 revealed that parasi-
tization of S. litura was higher in cauliflower crop than
in cabbage, The parasite was attacking the pest from July
to January and assumed a major status during August to
October, whan it parasitized 14.0 to 25,0 per cent of the
pest population in cauliflower crope. In cabbagea, the
pafasitigation was only upto 5.0 per cent (Prasad, 1978;
zaz, 1982: Vijayvergia , 1986; Srivastava and Kushwaha,

1987b).

-

Cleare (1939) first observed that tachinid females
could be guided to suitable oviposition site by smell.
Simul taneously, Clausen (1940) contributed a review on
the biclogy of tachinids. Basically, the temperature,
light and age of the flies were attributed to be critical
factors for mating of the tachinids, The period of gest-
ation, larval and pupal, in tachinids was discussed under
tropical conditions (Bennet, 1969), In Egypt at Alexandria,
the species completed the life-cycle in 10 to 19 days

(Hegazi et al., 1977).

Augmentative releases in P. orbata were convenient
becusa the species could be mass-bred in the laboratory

(Nagarkatti, 19€2). Exposurc to mild sunlight for 45 o 75
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minutes / day stimulated the mating activity of the adults
in the laboratory (Anonymous, 1980}. Life-cycle of the
parasite, at Rajahmundry was completed in about 15 days
(Anonymous, 1981}, At Udaipur, the biology, was studied

in detail (Srivastava and Kushwaha, 1987b)., Interastingly,
the sexual dimorphism was present even in the pupal stage
(Anonymous, 1980). Longevity of the laboratory bred adults
was & to 10 days under field conditions as against 16 to 18

days in the laboratory {Anonymous, 1985),

Superparasitism was recorded and in an earlier obser-
vation, 8 to 10 puparia were recorded (Anonymous, 1980),and
subsequently 1 to 12 maggots were noted emerging from a

single full grown host larva (Jayanth and Nagarkatti, 1984).

Normal pupal development in tachinids was impaired at

low humidity and temperature {(Bennet, 19%69).

Efficacy of insecticides against S.litura

visea~-vis safety to the parasites
T, chilonis

A series of insecticidal trials have revealed that
only few like endosulfan, lindane and phosalone were relat-
ively safer to the insect parasites (Rattan Lal and Prakash

Sarup, 1970; Singh, 1970; Thobbi, 1970; NWavarajan Paul gt al.,



1976; Sukhoruchenko et al., 1977; Nagarkatti, 1982 General
conclusions have indicated that insecticides at commonly
used dosages in control of the pests had proved highly
toxic to the parasites (Mabbet, 1979; Xie et al.,1984;
Santharam and Kumaraswami, 1985),., There was no incidence

e 2 i e

with insecticides (vadav and Fatel, 1987).

considering safety to T. chilonis, after its adults
were exposed to the toxic film in the laboratory, endosulfan
(0.1%) was found to give least mortality followed by lindane
and phosalone (Navarajan. Paul et al., 1976; Sithanantham and
Navarajan Paul,1980) It was also reported that the activity
of T. chilonis was not hampered by Cypermethrin (&nonymous,

1987p)

The trials to evaluate emergence of parasites after
treatment of host egas have revealed that maximum emergence
of parasite was noticed in case of endosulfan (0.1%)
(Navarajan Paul et al., 1976; Sithanantham and Navarajan
Paul, 1980), (0.035 %) (Santharam and Kumaraswami, 1985),
(0,025 %) (Srivastava and Kushwaha, 1987¢), malathion and
lindane (0.1%) (Navarajan Paul et al., 1976), and monocro-
tophos (0.025 %) (Santharam and Xumaraswami, 1985). Low
percentage of emergence was noticed from host cggs sprayed

with insecticide just prior to emergence {(Navarajan Faul



1o

st al,, 1976) and when host eggs were treatad before

parasitization (Santharam and Kumaraswami, 1985).

Differential mortality of thc parasite conseduent to
treatment of pupal stage at different deses of insecticides

has also been indicatsed (Mohasin and Somchoudhary, 1987).

P. orbata

There was no raference of work on this aspact of
the parasite available., However, Yadav and Patel {(1987)
recorded no parasite population from fields spraycd with

insecticides,
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MATERIALS AND METHODS

Field incidence for seasonal intensity of Spodoptera

litura and associated parasites in

cauliflower and cabkage

Sampling of major crop hosts vis—-a-vis pest

rarasite intensity

cauliflower (Brassica oleracea var. botrytis) and

cabbage (B. oleracea var. capitata) being the most preferred
host of 8, litura were selected for regular population

sampl ing.

Observations were taken on the University Horti-
culture (RCA) and Kushalbag Farms at Udaipur, and in the
village Chotinauka adjoining Udaipur. Absolute sampling
of the larval stages in crop fields was carried out weekly
at intervals. The larvae thus collected were individually
reared in the Biocontrcl Laboratory in order to study the
extent of mortality on account of bictic agents including

diseases in successive stages of pest development.

e e ————

Note - RCA, Rajasthan College of Agriculture.




"

The method of "Stratified random" sampling was
followed. Accordingly, the field was divided into three
subdivisions or strata; one sample was randomly drawn out
from each strata, (vide Yates and Finney., 1%42;:; Healvy,

1362),

Sampling unit

Absolute population estimates, expressed as
density per unit area of the crop, was taken, the unit
area for cabbage as well as cauliflower was fixed as 20
sam, (100 plants) per stratum*. Three samples were drawn -
one from each stratum -~ to make a plant count of 100 each
and cumulative count of 300 plants. The samples were
taken in the fore-noon from 8.00 to 10.30 a.m. Distribution
of the pest larvae in different stages of growth was

recorded,

Laboratory rearing

The egg~masses collected from the laboratory pest
cultures were pinned in batches for egg parasitization |

on the foliage of the crop host of the pest in the field

* The plant count corresronding to the unit area of
the cabbage and cauliflower crors was bkased on the
recommencded plant population per hectare,
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at the RCA Farm., The egg masses were expersed for duration
of 24, 48 and 72 hours after which the respective lots

were brought back for hatching in the labcratory.

In case of larval collections, rearing was done
in separate plastic containers (6 x 6 cm). The 1id of
each container was cut centrally (3 cm diameter)} and was
replaced/ refixed with a plastic gauge of 20 mesh, Indi-
vidual larval record was maintained pertaining to its
locality, date of sampling, its fate during the period/
span of rearing till adult emergence, or its mertality on
account of parasitism,pathogenicity or deformity. Each
container was disinfected with 10 per cent formalin solu-
tion, Those larvae preparing to pupate were transferred
to containers with sieved moist soil of about 3 cms. The
emerged parasites if any, out of the parasitized larvae
were marked and identified at the Commonwealth Institute

of Entomology, British Museum (Natural Historvy),london,

The parasitic-complex thus identified included

one egg (Trichogrammatidae, Trichogramma chilonig Ishii)

and 9 larval (Braconidae, Apanteles species (vitripennis

species-group), chelonus sp., Microplitis sp., RoOgas spe,

Ichneumonlidae, Campoletis chlorideae Uchida, Eriborus sp.?

argenteopilosus, Charops sp.; Tachinidac, Blepharella
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lateralis (Macquart), Peribaca orbata (Wiedemann)) parasites.

Mass-rearing technidques .

S. litura., = The larvae were rearad on the natural crop
hosts as well as on the artificial @iet. The diet formu-
lated by Patsl et al. (1973) was found to be satisfactory
for successful rearing. To start with, the glasswares to
be used were autoclaved for 20 minutes at 15 pe.s.i. and
120°C; 10 per cent formalin solution was used to disinfect
other equipments. Green lucerne fodder was dried in open
air undar shade; the dried leaves and tender parts were
thoroughly ground and siesved through 20 mash screen to
obtain the fine l=af powder. Agar was then dissclved by
boiling in three-fourth water (1200 ml) and thoroughly
mixed in leaf powdcr. The water added contained anti-
microbial solution in it before it was mixed with leaf
powder. At 15 p.s.i. the mixture was coocked for 25 minutes
in a pressure-cooker and was allowed to cool: ths remain-

ing water was thoroughly mixed with the measured Juantity

N.B. Ingredients of the semi-synthctic diszt: Lucerne
leaf powder 600 g.; Ascorbic acid 12 g; Agar 6 g;
vitamin solution 30 ml (Dissolve 12 mg biotin/100 ml
water + nicotinic acid 600 mg; cal.pentothenate 600 mg:
riboflavin 300 mg; @yridoxine hydrochloride 150 mg;
and Vitamin B-12 1.2 mg); Antimicrckial solution (4 g
sorbic acid and 3,049 methyl-parahydroxybenzoate diss-
olv-d in 34 ml ethyl alcohal);Formalin 1lml; Acstic
‘acid 12 ml and Distilled water 1800 ml.



of acetic acid, vitamin solution and formalin, Plastic
dishes with a thin layer of diet wer: kept upside down on
wire screen support half inch above soil in the rearing

cags.

To run the culture on artificial diet, the freshly
hatched larvae were transferred from the laboratory culture
of larvas. To start with,the larvae were transterred to
a wide mouth glass jar containing fresh leaves of caster.
The mouth of the jar was covered with a piece of finely
perforated plastic sheet (on the irner sides). The j¢r
was covered with black cloth to allow the larvae to settle
on the leaf., On the next day, fresh leaf was provided
below the older one. .within four days, most cf the larvae
developed into third ingtar. These were +transferred to the
cage containing plastic dishes with the artificial-diet,
and then covered by black cleth. The larvae apprroached
food through the wire screen suprort and fed from below.
The excrement dropped through the screen; regular c¢leaning
and fresh supply of food as and when required was practised.
The full grown mature larvae entered the soil for pupation.

Finally, the soil was sieved to separate pupae carefully.

The egg parasite, Trichogramma chilonis. - The initial

parasite culture was raised through the pest eggs exposed

in the crop for trapping the parasites (vide supra).
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The subsequent cultures were raised on the eggs of S.litura

as well as Corcyra cephalonica. The host eggs were unifor-

mly glued to a card strip (preferably green simulating the
green background of the crop) and introduced into glass-
tubes (25 x 10 cm). A parasitized 'egg-card' from which

the adults were about to emerge was introduced inside the
tube and 2-3 streaks of 5 per cent honey were provided for
nourishment, The relative number of host eggs and the
parasites was adjusted to avoid superparasitism. The host
eggs were exposed to freshly emergzd egy parasites for about
12-24 hours for parasitization in a well 1lit atmosphere. It
was then removed to fresh tﬁbes where it was observed for.
emergence of the parasites. Ffesh eggs, as above, were
exposed daily for further parasitization until the parasites

died.

The larval parasite,FEribaea orbata - The initial cul ture

of the parasite was raised from the parasitized host larvae
(s. litura) collacted from the cauliflower crop. The
parasite culture was maintained on the laboratory rceared

host larvae.

Scaramuzza-Box-technique (Box, 1933, 1952,1956;
Scaramuzza, 1930) was uscd for mass~-breeding of P.orbata.
The freshly desveloped pupae (marcon colourcd) were placed

on damp cotton in a wooden emergence box (30 x 25 x 20 cm)



RCA IBRARY

Sy,

RC.A. LIBRARY

20

v

PHD.K

into which two glass-tukes (4 x 16 cm )} fitted securely

on one side. Adults, positively phototactic on emergence,

entered into these tubes and then were transferred to

cages (20 x 20 x 20 cms) with nylon mesh sides and back

panéls, and a sliding plastic front designed for mating.

Cotton-wool pads scaked in honey (water Ailutnd) provided

food and were changed daily to prevent fermentation. Mated

females were removed and held until gravid. After 4-6 days

the abdomen was opened, the uterus containing maggots in

their egg-shells were remcoved and placed in a drog of

saline or tap water. After rupture of the uterus, the

maggots cracked open the egg shells. One to three maggots

were placed on a host larva by means of a fine krush. The

parasitized host larvae were kept in separate plastic

containers (6 x 6 cm. .). The parasite maggot emerged out

and then pupated. The pupae were removed. This process

was repeated again, )P//,} D ) C;Y\’(:b .
Biology of the parasites g g‘z

-

To study the biology of the parasites (- chilonis

and P. orbata) the parasitized host stages (egg and larva)

were carefully ruptured with fine needles under stereos-

copic microscore. The developing stages obtained in series

of such dissections were preserved in 70 per cent

alcchol.



In order to study the searching behaviour of the
larval parasite,.gu orbata, ten host larvae of IT and I1I
instar were encaged along with 4 pairs of adult parasites
of P. orbata,. Fresh leaves of castor were provided from
time to time and a cotton swab socaked in honey was hung
from the top of the cage to provide nutrition to the pest
larvae and the parasites. Searching behaviour of the

female parasite was cbserved on several occasions,

Impact of key abiotic factors on

the natural populations

To study the impact of key biotic and abiotic
factors on the natural populations,cerrelaticns were
worked out between (i) pest population and associated
biotic-complex, and, abiotic factors, (ii) major larval
parasite (P. orbata) and pest population and abiotic
factors, for the crops and seasons for all the three

locations.

Pathological techniques

The sampled larvae reared in the laboratory were
also observed for microbial infections and conseduent

pathological symptoms and mortality (%). The
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isolated microbial pathogens {fungi and bacteria) and virus
infected larvae were sent for ldentificstionat the Division
of Entomology and Parasitology, University of California,

Berkeley,

Efficacy of insecticides against S. litura

vis-a-vis safety to its parasites

rd
T. chilonis

Laboratory trials were conducted to assess the
toxicity of the insecticides to the developing stages of
the parasite, T. chilonis within the host egg. Four insecti-
cides, viz., endosulfan, meonocretophos, phosalone (0.05,
0.025 %) and fenvalerate (0,005, 0,0025%) were used besides

control (water spray).

Fresh eggs of the host (S.1itura) were glued on bits
of cards exposed to adults of T. chilenis in ratio of 5 host
eggs to a fertilized female parasite. The samples of 20
parasitized eggs were taken at intervals of 24 hours,
serially from the day of parasitization till adult emergence
(ca. 8 days). The insecticides were sprayad on each such

batch of samples with the help of an atomizer. These ‘egg
cards' were dried in shade, placed in glass tubes (10 x 4 cm),
covered and kept to record parasite emcrgence. Each treat-

ment was replicated three times. Emergence of parasites



was recorded; emergence in percentage was converted into
corresponding angular transformations before subjecting

to analysis of varilance. Z€ro and hundred per cent valﬁes
were substituted by aprplying 1/4n and 100 -~ 1/4n, resp~
ectively, where 'm' was the nurber of insects (eggs, in this

case) as suggested by Bartlett, (1947).

P. orbata

A laboratory experiment was conducted to test three
insecticides, viz., endosulfan, rhosalone and fenvalerate
against the pest, S. litura. Correspondingly, the safety
to the reclated parasite, P. orbata was also evaluated, The
insecticides were used in three concentrations: endosulfan,
phosalone in 0.05, 0.04 and 0.02 per cznt and fenvalerate

in 0,005, 0,003 and 0.002 per cent.

Cauliflower plants in pots were sprayed with the
insecticides by hand-compressor sprayer. After about an
hour of the treatment, the plants weare enclosed with glass
chimneys. Ten III -~ instar larvace of the pest along with
ten freshly smerged adults of the parasitc were released in
each chimney in replicated lots of threc for each treatment
besides control (water spray):; each chimney was coveraed with
muslin cloth to ensurz proper aeration. A cotton swab
soakad in 30 per cent honey solution was fixed on a string

to hang centrally from the muslin cloth within, for
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nourishment of the parasites. Ths mortality responss (count)
of the pest and the parasite was rccorded after 18, 24, 48

and 72 hours of zxpeosure,

Zero and hundrzd per cent values werc substituted
by applying 1/4n and 100 - 1/4n , respactively. where ‘n!
was the number of insects as suggested by Bartlett (1947).
The data obtained were converted into corresponding angles

before subjecting to analysis of varianca.
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EXPERIMENTAL FINDINGS

Field incidence for seasonal intensity of

Spodoptera litura and associated parasites

in cauliflower and cabbage

Intensity of the pest population in the crops

Regular quantitative survey of S.litura was carried
out in caul iflower (1985-86)and cabbage (1986-87) crops on
the Horticulture Farm and Kushalbag Farm in Rajasthan College
of Agriculture, Udaipur and in the adjoining village Choti-~
nauka ¢a.5 km in South of College Campus (vide Materials

and Methods).

cauliflower crop.- The data (Table 1, Appendices II-IV)

have revealed that the pest intensity was distinctly higher
during kharif than in rabi, The period of peak incidence
during kharif was IIT week of September while in rabi it

was mostly IV week of October,



ropulation incidence of S.litura infes

crop in different localities at Udaipur (1985-86)

Horticul ture
Farm

vVillage
Chotinauka

Kushalbag
Farm

1986 Horticul ture

rarm
Village
Chotinauka

Kushalbag
Farm

Rabi

1985 Horticul ture

Farm
Village
Chotinauka

Kushalbag
Farm

1986 Horticul ture

Farm

Village
Chotinauka

Kushalbag
Farm

- i ——

Table 1

Crop
duration

7.Viii-—23.x
6.viii-22.x

30,vii -24.1ix
21.vii -29.1ix

26 ,vii =27.1x

30.x - 18.xii
29.x - 17.xii
29.x = 17.xii
1.x - 19.x1i
6.x — 24.x1
4.x = 6.xii

e i AT p—— = E

Range of
incidance

(No)

10~-115

3-138

1-141

6-115

5-342

8-129

31-65

25-67

29-80

ting cauliflower

+

Peak
incidence
(month , week)

i b AR M ——

September, 11T
Septermber, I11

sevtember, I1IT

September, IT1I
September, II1

September, ITX

QOctober, IV
October, IV

Qctober, IV

JOctocber, IIT
October, 1

October, IV

ey i o a A mem W —

+ vide Appendices 11~ IV (detéils of weekly population data)

2

)



Cabbage crop.- The data (Table 2, Appendices VIII - Xx)

depicted that the pest intensity was more or less uniform.,.
When compared to the pest intensity in this crop with that
of the fabi cauliflower, the pest preference seemed to be
evident for the latter. The peak incidence during 1986 was
in TI week while during 1987 it was in the III week of

January.

The insect parasites and the microbial pathogens
(bacteria, fungus and virus) played significant role in
regulating the intensity of pest population. The mortality
on account of former was relatively lower compared to the
latter. It may be pointed out that the individuals were
reared separately in plastic containers and sanitary

conditions.

Cauliflower

The associated parasitic-complex comprised of one egg
and nine larval parasites:
Egg parasite

Family Trichogrammatidae

Trichogramma chilonis Ishiti (Fig.1l}




Fig.1.

Trichogramma, chilunis ISt
FaM, Trichogrammatidac
(BT FaRASTTE)



Table 2

Population incidence of S.litura infesting cabbage

L+
crop in different localities at Udaipur (1986-87)

TSN SRS N o L W Sy A P T bk LB T Tl ikl e o - o L x wh e EAMPER AT - AT E ke iR

Year/ Crop Range of Peak

Locality duration incidence incidence
(No3 (month ,weck)

1986

Village 1.1 - - 31g.1i 3 =12 Januvary, II

Chotinauka

Horticulture 2.4 - 20.1ii 3 -10 January, II

Farm

Kushalbag 1.1 = 19,11 2 =11 January, II

Farm

1987

Village 5.1 = 23.1ii 1 210 January, I1I

Chotinauka

Horticul ture 7«1 = 25,ii 1 -9 January, III1

Farm

Kushalbag 3.1 - 21,ii 2 =11 January, III

Farm

+ vide Appendices V -~ VII (details of weekly population data)



Larval parasites

Family Braconidae

Apanteles species (vitripennis species-group) (Fig.2)

Chelonus species (Fig.3)

Microplitis species (Fig.4)

Rogas species (Fig.5)

Family Ichneumonidae

campoletis chlorideae Uchida (Fig,6)

Eriborus specles? argentecpilosus (cameron) (Fig.7)

Charops species

Family Tachinidae

Blepharella lateralis (Macduart)

Peribaea orbata (Wiedemann) (Fig.8)

In the diseased larvae, following diagnostic symptoms

observed are bricfly referred to:

1. Voracious feeding;active movements: irritabillity to
stimulus cace heal thy
2. Loss of appetite; ceased fesding, sluggish movements
coee diseased
a, (i) Lying prostrate on leaf surfacc with decreased
irritatability to stimulus
(ii). Flaccid carcass usually darkened in colour;

integument intact; dead larvae shrivelled and driad



Fig.2.

[ N §
-3 mm

APLNTELES SP (VITRIPENNIC SE GROUI
LARVAL PARASITE

HYMENOQPTERA EBRACONIDAE

HOST | SPCDCPTERA LITURA




Fig. 3.

CHELONUS SP, EGG-LARVAL
PARASITE

HYMENOPTERA : BRACGNIDAL
HOST : SPODOPTERA LITURA
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Fig. 4.

LARVAL
PARASITE

Microplitis sp,
HYMENOPTERA : BRACONIDAE
Host Spedoptera litura



Fig. 5.
BRACONIDAE

SP
Larval parasite

Rogas
YMENOPTERA




Cuampoletis chlorideac UcHipa ,
Hymemormaa ! [onneumoninas

Fig. 6.

TARVAL Fakaslik



Fig. 7.

Eriborus sp.? argenteopilosus (Cameronti

7 % X

2
-

Hyminopicra: fchne winunid-sp




Fig. 8.

Diptera Tachinidac

PERIBAEA ORBATA Wiedemann

Host Spodoptera lizara
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.... Tbacteriosis (Pssudomonas aeruginosa Schi.,

Streptococcus species)

b.(i). Restlessnass, body mummificd, hard and not
disintegrating in water.
(11) . Body filled with filamentoushyphae with hyphal
tufts growing out between segments s.... mycosis

. whits cadaver ....... Beauverida bassiana

. green cadaver seeeees Metarrhizium anisopliae

¢ (i) . Body size reduced, change in body colour from
green to creamy-white and finally pink parti-
cularly on abdomen ventrally.

(11} . Diseased larvas hanging in an inverted position
on the walls of the containar and on the upper
leaves: tree-top sickness' and sometimes adhcring
to the leaf-surface.

(111i). Fragile cuticle ruptured casily on touch, releas—
ing 1iquified contents.

vere...virosis (Nuclcar Polyhedrosis virus)

Larval mortality (Appendices II -~ IV)

T+ was evident from the data(Table 3) that th:
parasitcs consistently eontributed to the extent of 50 pef
cont towards pest mortalitys the peak during kharif was
mostly I to IV weck of September, whilc in rabi it was mostly

from I to III week of November (Figs. 9-11 and 15-17}. The
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Table 3

34

Population incidence of parasite-complex attacking S.litura

in cauliflower crop in different lccalities at Udaipur

(1985-86) +

Crop

season/ Locality

Year

Kharif

1985 Horticulture

Farm

Village
Chotinauka

Kushalbag
Farm

1986 Horticul ture

Farm

Village
Chotinauka

Kushalbag
Farm

Rabi

1985 Kushalbag

Farm

Horticul ture
Farm

Village

Chotinauka
1986 Kushalbag
Farm

Horticulture
Farm

Village
Chotinauka

+ vide Aprendices TII~IV (deta

Crop Range of
duration incidence
(%)
7.Viii—23.x 7-7 — 55.0
6.Viii—22.}{ 4-8 - 40.0
13-Viii—22.}{ 201 - 41.8
30,vii ~24.ix 11,8 ~ 30,4
21.vii =29.ix 10,0 - 37.3
26.vii =27.ix 11.4 - 20.4
29.x = 17.,xii 9.3 - 55,1
30.}( - 18.Xii 2.6 - 54.5
29.X - 17.}(11 2.1 - 42o4
4.x - 6,.xii 6.7 -~ 57,1
1.}( _19-Xi 3.7 - 20.0
6.}( - 24.Xi 5.0 - 33.3

B T —

Feak
incidence

(month- ,week)

Dctober, I
September, I

Octcber, T

September, IV
September, IV

September, I

December, IIT
Novemnber, ITI

November, ITT

November, III
November, I

November, II

ils of weekly population data)
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average mortality (%) on account of parasitic~complex colle—
ctively resulted to 20.9 at Kushalbag Farm, 20.3 at Horti-
culture Farm and 19.3 in farmer's field at village Chotinauka,
This was calculated on the basis of total larval counts for

the whole szason. FPeribaca orbata alone could parasitize to

the extent of 12.9 to 14.1 per cent in the three localities

(Tables 11 and 12)}.

The discase incidence in larval stage claimed more
than 57 per cent on the basis of total larval count during
both, the kharif and rabi seasons (Table 4Y, The maximum
mortality was during September-October, and T weak of
Novenber to II weck of December, The average mortality on
this account ranged from 35.7 to 46.6 per cent in thc three
locations. It may be pointed out that the mgximum mortality
on account of insect parasitecs was also recorded during the
same corresponding period. But it was very evident that the
entomopathogens played more decisive role than the inssct

parasitzs in regulating low intensity of the pest population,

Pupal mortality (Appendices XX a,b,c)

Mortality on account of disease (including some
deformity) was rccorded upto 57.0 per cent (100% when only
two individuals pupated at Chotinauka) (Tablc 5). But overall
average ranged from 11,2 to 16,8 per cent in the three

localities (Table 11), There was higher ineidence of disease



Takle 4

Population incidence of diseases in g, litura larvae

in cauliflower crop in different localities at Udaipur

et e et et e il ot b ik m—— = — A

+ vide

(1985-86) *

crop . Crop Range of . Eﬁak

season/ Locality duration incidence incidence

(%) (month. , week?

Year

Kharif

1985 Village 6, Tiii-22.x 11.8-67,2 Octcber, III
Chotinauka
Kushalbag 13,viii=22.x 7.1-84.5 October, III
Farm
Horticulture Teviii-23.x 3.4=83,1 October, IIX
Farm

1986 village 21.vii ~29.1x 5.0-~73,1  September,I
Chatinauka
Kushalbag 26,.,vii <27.ix 5.3-69.2  August, IV
Farm
Horticulture 30.vii -24,ix 21.0-57.3 September, II
Farm

 Rabi

1985 Village 29,x = 17.xii 27.3-83,3 December, I
Chotinauka
Horticul ture 30.x = 18.xii 18.2-71 .4 September, IT
Farm
Kushalbag 29.,x = 17.xii 10.3-90.0 Octcber, IV
Farm

1986 Village 6.X = 24.xi 20.0-66,7 November, 1
Chotinauka
Horticul ture lox =419.x3 10.5-71.4 October, I
Parm
Kushalbag 4.x -~ 6.,xii 6.7-100,0 October, I
Farm

Appendices II -~ IV(details of weekly population data)



Table 5

Fopulation incidence of pupal mortality in cauliflower

crop in different localities at Udaipur (1985-86) *
Crop : Crop Range of Peak
season/ Locality duration incidence incidence
Year (2£) (month ,week)
Kharif
1985 village 6.viii-29.ix 11,5-29.4 September, IT
Chotinauka
" Horticulture Toviii=23.x 9,5-57.1 September, T
Farm '
Kushalbag 13.viii-22.x 7.2-55,5 September, I
Farm
1986 Village 21,vii -29.ix 3.3-20.0 August, IV
Chotinauka
Horticulture  30.vii -24.ix 3.6-16,6  August,I
Farm
Kushalbag 26.vii -27.1ix 7.5-23,5 August,IT
FParm
Rabi
1985 Horticulture 30.x - 18,xii 11.4-24.6 October, 1Tv
Farm
Kushalbag 29.x « 17.xii 3.4-25.8 December, I
Farm
Village 29.x - 17.xii 3.3-25.0 November,I
Chotinauka
1986 Horticul ture l,x - 19.,xi 2.8=21,7 QOctober, I
Farm
Kushalbag 4.%x - 6.xii 5.5~-50.0 November, IV
Farm
Village 6.x -~ 24.xi 5.5-100.0 November,IV
Chotinauka

T e M e = g L M il . e - P v W m

+ vide Apperdices

XX a-e {(details of wecskly population data)

[}
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during August-September and from last week of October to

beginning of December.

Cabbage

The parasitss associated with S.litura in this crop
included only two species of larval parasites: Peribaea
orbata (Wiedemann) (family Tachinidae) and Rogas spacies

{family Braconidae).

Larval mortality (Appendices VIII -X)

The parasitization (%) of the pest was about 40 in the
three localities; relatively higher intensity of parasiti-
zation was obscrved from I to IIT week of January (Table 6).
An overall parasitization {(average) ranged from 2.2 to 9.3

per cent in the three locations (Table 11, Figs.12-14,18-20).

The discasc incidence was responsible for mortality
toll of more than 50 per cent and was maximum during the
month of January ({(II-IV week) (Table 7). The averagc morta-
lity (%), in the three localities, ranged from 33.3 to 41.1

(Tablec 11).

Pupal mortality (Appendices XXI a,b,c)

In general, the mortality in this stage was always
very low compared to that in larval stage. On the whole, the

mortality was 18.8 per cent (Table 8, 11).



IFIG 12 NATURAL LARVAL POPULATIONS OF SPODOPTERA LITURA AND
MORTALITY ON ACCOUNT OF NATURAL ENEMIES IN ITS DIFFERENT

STAGES IN CABBAGE CROP AT KUSHALBAG FARM
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F1G. 13. NATURAL LARVAL POPULATIONS OF SPODOPTERA LITURA AND
MORTALITY ON ACCOUNT OF NATURAL ENEMIES IN ITS DIFFERENT
STAGES IN CABBAGE CROP AT VILLAGE CHOTINAUKA
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FIG. 14. NATURAL LARVAL POPULATIONS OF SPODOPTERA LITURA AND

MORTALITY ON ACCOUNT OF NATURAL ENEMIES IN ITS DIFFERENT
STAGES IN CABBAGE CROP AT HORTICULTURE FARM
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FiGIS.LARVAL POPULATION OF S.LITURA AND ASSOCIATED SPECIES
OF PARASITES IN CAULIFLOWER CROP AT KUSHALBAG FARM
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FIG.16. LARVAL POPULATION OF S. LITURA AND ASSOCIATED
SPECIES OF PARASITES IN CAULIFLOWER CROP AT
VILLAGE CHOTINAUKA
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FIGIZ LARVAL POPULATION OF S.LITURA AND ASSOCIATED
SPECIES OF PARASITES IN CAULIFLOWER CROP AT
HORTICULTURE FARM
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FiG. 18 LARVAL POPULATION OF S.LITURA AND

- ASSOCIATED SPECIES OF PARASITES IN CABBAGE
CROP AT KUSHALBAG FARM
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F1G. 19 LARVAL POPULATION OF S. LITURA AND
ASSOCIATED SPECIES OF PARASITES IN CABBAGE
CROP AT VILLAGE CHOTINAUKA
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FiG. 20 LARVAL POPULATION OF S, LITURA AND
ASSOCIATED SPECIES OF PARASITES IN CABBAGE

CROP AT COLLEGE HORTICULTURE FARM
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Table 6

Topulation incidence of parasite-complex attacking

S. litura in cabbage crop in differsnt localities

at Udaipur (1986-87)

Year / Crop Range of Peak

: duration incidence incidence
Locali

ty (%) {month, week)
1986
Kushalbag 1.1 - 19.ii 0.0 =36.4  January, T
Farm
Horticul ture 2.1 -~ 20.1ii 10.0 =-42.8 January, I
Farm
village 1.4 - 19.ii - -
Chotinauka
1987
Kushalbag 3,1 -~ 21.i1 11.1 =40.0 January, II
Farm
Horticulture 7.1 - 25.1ii 33,3 =40.0 January, IT
Farm :
Village 5.1 = 23.ii 0.0 =20.0 January, III
Chotinauka

- A e EE e b e ke A P e el A AT " = —

+ wvide Appendices V - VII (details of weekly population data)

.

i



Year-

1986

40

Table 7

Population incidence of diseases in S.liturs larvae

in cabbage crop in different localities at Udaipur

(1986-~87) *
, crop Range of Peak

Locality duration incidence incidence
(%) (month, week)

Kushalbag 1.1 - 19.1it 27.3- 75,0 January, IV

Farm

Village 1.1 -19.,1i1 16.7-100.0 January, III

Chotinauka .

Horticul ture 2.1 - 20,11 14,3~ 87.5 January, IV

Farm

Kushalbag ~ 3.1 -~ 21,11 11,0 =50.0 January, IV

Farm

Vvillage 5.1 - 23.1ii 20.0 =50.0 January, IX

Chotinauka

Horticulture 7.1 - 25.1i1 20,0 ~100.0 February,Ilr

Farm

et et Stam i mn e m o Tt SR o R — it - o e A R ek R e w8 A e Ty ST e

+ vide Appendices V - VII {(details of weekly population data)



Table 8

FPopulation incidence of pupal mortality in cabbage

e
crop in different localities at Udaipur (1986-87)°

Year

1986

Crop Range of Peak

Locality duration incidence incidence
() (Month,week)
Kushalbag 1.i - 19,11 16,6 ~20,0 January, I
Farm February,ITX
Village l.i -19.i1 14,3 =33.3 January, IV
Chotinauka
Horticul #yre 2.1 - 20,11 10,0 =33.3 January, IV
Farm
Kushalbag 3.1 - 21.311 20,0 =100.0 Pebnuary, II, .
Farm 11T
Village 5.1 « 23,11 10.0 ~ 50.0 February, III
Chotinauka

Horticulture 7.1 25,11 16.6 =100.0 February, IV

Farm

I

+ wvide

e ——— sk e N Yk —— _——— - —

Appendices XXT aw-e~{details of weckly population data)
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Conclusively, the tabulated data have rcvealed that
the total larval mortality on account of parasites and
diseases was 61 per cent (parasites, 20.1 and diseases,

40,9%) in the cauliflower crop; and 43.3 per cent (parasites,
6.7 and diseasss, 36.6%) in cabbage crop. In the pupal stage,
the mortality was only on account of discases; it was 13.9 in
cavliflower and 18,8 per cent in the cabbage crop., Accord-
ingly, the cumulative mortality worked out to be 75,04 per
cent in cauliflower and 62.2 rer cant In the cabbage crop on
account of these blotic componants (Tables 9-11), Evidently,
the appropriate approach to augment the effectiveness of thesge
components is.unavoidably essential in management of the pest.
Tt implies that the pesticidal schedul: must provide for

safety and efficacy of these components.

Status of the parasites under n2twal crop

environment

Egg parasite (Table 13, Fig.l)

Synchronous appearance of the parasite with its host
in the crop ecosystem is the pre-requisite of parasitic

efficiency. Trichogramma chilenis, the only egg parasits, was

recorded in the cauliflower crop in first week of September
but the pest (§.litura) population was built up from the IIT
week of September, Specific studies revealed that the eggs

were parasitized upto 22.1, 31.8 and 29,8 per cent when exposed



Table 9

Fopulation incidence of cumulative biotic-mortality

of S.litura larvae in cauliflower crop in different
. +

localities at Udaipur (1985-86)

Crop , Crop _

Locality : Range of Paak
a
izaion/ duration incildence incidence
(%) (month,week)

Kharif

13885 Kushalbag 13,viii-22.x 22,2 - 86,6 October, TIT
Farm
Horticul ture Teviii=23.x 15,4 - 83.1 Cctober, IV
Farm
Village 6.viii-22.x 4,8 - 78.7 October, III
Chotinauka

1986 Kushalbag 26.vii —27.1ix 17.6 - 84.6 August, IV
Farm
Horticulture 230.vii--24,1ix 21.0 ~ 74,8 September, IT
Farm
village 21 .vii-~29.,1ix 15,0 - 92.4 September, 1
Chotinauka

Rabi

1985 Horticulture 30.x - 18,xii 57.6 - 85,7 “overber, 11
Farm
Kushalbag 29.x = 17.xii 54,8 - 93,1 Nevember, I1
Farm
village 29,x = 17.,xii 54.2 = 92,5 Octover, IV
Chotinauka

13886 Horticul ture l,x = 19,xi 26,3 = 77.1 October, I
Farm
Kushalbag 4.X - 6.xii 13,3 -100.0 October, I
Farm
Village 6.x = 24.x1 20.0 -100.0 November, II
Chotinauka

— i i A A A A i W o —— i ——— = e e A T M Cm e rm o A 4 T e e e S s = S e

+ vide Aprendices II - IV (details of weckly population data)
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Table 10

Population incidence of cunulative biotic -~ mortality
of S.litura larvae in cabbage crop in different

..!._

leocalities at Udaipur (1986-87)

v e = w4 e R o - o s w e

Year Locality Crop Range of Peak
duration incidence incidence
(% (month, week)
1986
Kushalbag 1,i - 19,11 33.3- 75%.00 January, IV
Farm
Village 1.1 - 19.1ii 16,7- 100.0 February,III
Chotinauka
Horticulture 2.1 - 20,11 l6,7- 87,5 January, IV
Farm
1987
Kushalbag 3.1 - 23,44 22.2- 60,00 January, IT
Farm
Village 5.1 - 23,11 20.0- 50.00 January, III
Chotinauka
Horticul ture 7.1 - 25,14 33.3~ 100,0 January, I
Farm

HE———— —— n e e 8 ey RN A Sy ——rr —— W W & A et

+ vide Appendices V - VII (details of weekly population data)
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for staggered periods of 24,48 and 72 hours respectively
under the natural crop cnvironment (vide Meterials and .

Me thods) .

Larval parasites (Appendices V-vII, XI-XTII, Figs.2-8)

In cauliflower crop, the total larval parasitization
by nine species was, on an average, 20.1 per cent {Table 11),
Of this, P. orbata contributed to the extent of 50.5 per cent.
Tndividually, the moximum parasitization (%) was: E.orbata

14.1, Rogas sp.8.4, Apanteles sp. (vitripennis spacies—-group)

8.3, Micropiitis sp. 2.7, Blepharellsa lateralis 2.6, Charops

sp. 1.8, campoletis chlorideae 1.6, Chelonus sp. 0.6,

Eriborus sp.? argenteopilosus 0.3 (Table 125,

In cabbage crop, only P. orbata and ROg2s SP. Were

involved and parasitized to the extent of 6.3 3nd 4.2 per
cent respectively. Lower parasitic activity in this crop

than in the cauliflower appeared due to variable microclimate,

Sequence of parasites

while a single effective parasitec on one stage of the
host may bring about significant control of the pest, a
sequenca of parasites 1is very much desirdacle. Based on
sequential freduency in parasitization during four crop

seasons in the four localities, it was observed that P.orbata
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Table 13

Laboratory egg-mass cultures of S.litura exposed to
T. chilonis in the cauliflower crop for parasitization

(R.C.A, Farm, Udaipur, 1985)

- - e b r— —a ——— - - - JRp—

Date of DMNo.of egygs exposed (No, parasitized, % parasitiza-

exposure tiontat three intervals
24 hrs. 48 hrs, 72 hrs.
17.viii 106 (=) 145 (=} 145 {=)
18.viii 106 (=) 101 (=) 136 (=)
19.viii 196 (=) 160 (=) 292 (=)
20.viii 360 (=) 187 (~) 176 (=)
23,.viit 275 (=) 226 (=) 299 (~)
24 ,viii 119 (=) 127 (=) 115 (=)
25.viii 125 (=) 155 (=) 145 (=)
26 ,viidi 113 {(~) 126 (=) 160 (=)
27.viit 75 (=) 195 (=) 85 ()
2.ixn 126 (=) 125 (=) 124 (=)
5.1ix 157 (=) 95 (3,3.2) 85 (.2, 2.3)
6.1ix 105 (14, 13.3) 197 (19,9.6) 145 (23, 15.9)
7.ix 385 (=) 232 (5,2.1) 105 (7, 3.4)
8.1ix 110 (~) 257 (=) 202 5, 2.5)
9.1ix 162 (=) To101t (=) 164 {2, 1.2)
10.ix 150 (=) 150 (=) 38  (~)
12,1ix 187 (=) 139 (=) 209 (=)
15.1ix 201 (3, 1.5) 198 (4,2.0) 125 (=)
16.1x 179 (2, 1.1) 157 (=) 151 (4, 2.6)
18.1ix 271 (=) 152 (2,1.3) 154 (=)
19,ix 190 (4,2.1) 250 (6,2.4) 230 (7,3.0)
20.,1ix 118 (=) 200 (=) 101 (=)
22 ,ix 67 (~) 93 (2, 2.1) 149 (12, 8,0)
24,1 298 (=) 132 (=) 134 (=)
25,ix 118 {(~) 162 {11,6.8) 179 {9,5.0)
26,1x 130 (12, 9.2) 151 (=) 97 (=)
27.1ix% 159 (-) 109 (7, 6.4) 178 (10,5.6)
28.1ix 160 (<) 102 (=) 117 (=)
29.1ix 104 (-} 142 (=) 109 (=)
1.x 102 (=) 142 (8, 5.6) 162 (10, 6.2)
2.x 139 (9, 6.5) 114 (31, 27.2) 134 (40,29.8)
3.x 125 (=) 138 (8,5.8) 149 (12, 8.0)
4.x 68 (15, 22.1) 154 (49,31.8) 185  (42,22.7)

6 X 135 (9,6.7} 120 (11,9.2) 170 {(17,10.0)

L3 Jd



Table 13 contlnucd

Date of No,of eggs exposed (No. paraSLtlzed % para51tlza—

exposure tlon)at three 1ntervals
24 hrs. 48 hrs. 72 hrs,
7.% 123 (=) 88 (7, 7.9) 98 (9, 9.2)
8.% 115 (3, 2.6) 138 (4, 2.9) 149 (13, 8.7)
9.% 70 (=) 76 (=) 44 (=)
10.% 194 (=) 189 (=) 38 {2, 2.0)
12.x 126 (1, 0.8) 129 (3, 2.3) 143 (4, 2.8)
13.% 105 (=) 93 (23,24.7) 120 (35,29.2)
15.x 152 (=) 161 (10,6.2) 103 (92, 8.7)
16.x 102 (=) 85 (7, 8.2) 101 (3, 3.0)
17.% 110 (=) 130 (=) 75 (=)
18.x% - g8 (-) 176 (=)
19.x 150 (=) 98 (=) 276 (=)
21.x 101 (=) 195 (=) 186 (=)
22.x% - 103 (=) 105 (=)
26 .x% - 33 (=} 85 (=)
27.x - - 99 (=)
29.x 115 (=) 93 (=) 105  (~)
30.x 78 (-) 138 (3, 2.2} 176 (6, 3.4)
7.x1 109 (=) 156  (-) 178 (=)
13.x1 75 (=) 170 (9, 5.3) 175 (6, 3.4)
ld.x1i 99 (=) 106 (=) 107 (=)
15.x1 106 (=) 100 (=) 107 (-
16.x1i 71 (=) 29 (=) 9% (=)
28.x1 81 (=) 99 (=) 56 (=)
30.x1 - 98 (=) 119 (=)
1.xii - 213 (=) 109 (=)
2.xit - 76 (=) 69 (=)

Total number of eggs exposed = 23,984

Number and percentage of parasitization = 593 (2.47%)
Number and percentage of hatchability =21,006 (87.58%)
Range of egg parasitization (%) = 0.8 to 31.8

31V,
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was invariably the foremost to aprear in both the crops,

followed by Apsnteles sp. (vitripennis species-group),Rogas

Sp., C.chioridsae, Microplitis sp., Chelonus sp., B.lateralis,

Charops sp. and E.sp.? argentcopilosus {(Fig.21 3,b).

Biozcology of the major egg and larval parasites

The egg parasite, T.chilonis was recorded from Sapte-
mber to November in cauliflower crop on the Horticulture
Farm during 1985, Maximum parasitization continued during

I and ITI weeks of October (upto 31.8 %).

Sexual behaviour

Copulation amongst the scxes commenced immediately
following emergence of adults. The male approzched the
female with characteristic abdominal movements and antennal
vibrations. The female amenable for copul “tion remained
motionless for about 30 seconds, and the cxcited male mounted
the partner. Preparatory to conjugation, male bent its
abdomen dowrwards to articulate its genitalia within the
female genital ehamber:; such behaviouristic sexual responses
lasted for about six minutes. Curiously, the mated female
did not refrain from the subsequent matings. Pre=oviposi-

tional period for orientation was less than 30 scconds,



Host-parasite behaviour

Ovipositional behaviour

As maternal instinct, the fertilized female encount=-
ered the host =ggs for appropriate site for eviposition.
Thereafter, it rubbaed its hindlegs with antennae and walked
repeatedly (3-4 times) over the eggs; drumming of the host
¢ggs with swift antapnal movements lasted for about 15 saconds,
Subsceduently, the postericr abdowninal portion was lowered and
wings were raised vertically upwards:; ultim2tely the ovipo=-
sitor drilled into the egg. Oviposition priod lastcd upto
thr:e minutes, but exposure to light did enhance the respon-
sive activity. Peripheral eggs of the cgg-mass were mostly

preferred.

Imp2ct of parasite on th: host cgg

A normal egg of the host hatched on third day, but in
case of parasitization it provided for dovelopment of the
parasite upto 8 days., The parasitized eggs characteristi-
cally turned black on third day. The parasite cggs apparently
increasad in size before hatching. Parasitism rcsulted in

complete destruction of the host embryo.

Superpafasitism

It was specifically obscrved that a host ¢gg was



repeatedly parasitized upto six times. Such superparasitism
was observed when there was scarcity of host eggs under the

laboratory conditions.
Biology

Egg stage.- The freshly 1aid minute eggs (¢ca.1 mm jdissected
out of the host eggs were, translucent and fusiform in shape;
but became oval-shaped prior to hatching after 24 hcurs.
Lzrval stage.- There were three larval instars, sacciform in
shape. 7The laryees were white and cpadue with membrancous body
cuticle. The larval period of I,I1 and the IIT instar was
completed within 21,27 and 48 hours. The total larval period
was completsd in about 4 days.

Pupal stage.- The pre-pupal stage was irreqularly ovial, but
somewhat broader anterierly. It lasted for a day. The pupa
was cream coloured. The wing-pads and appendages were clearly
demarcated. Eyes and ocelli were red. The stagc lasted for
two days,

Adult stagec.- The fully developed adults emerged through 2
circular hole cut through the chorion of the host cgg, aind were
pPhotopositive. They were minute (0.5 mm), chrome vellow with

blackish abdomen (Figs. 1 and 22).

Total life-cycle was completed within 8 days, and the

adult longevity was 3-4 days,
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Fig. 22. IMMATURE STAGES OF TRICHCGRAMMA CHILONIS:
a, EGG; b, Il INSTAR LARVA, ¢, PRE-PUPA;d,PUPA




P. orbata

The tachinid, Feribiea orbata was a major larval

parasite of S.litura, It was active from August to Fecbruary;
maximum parasitization was during Septcmber-October (1985-87)

at Udaipur. It was an internal gregarious parasitc.

Agrozcosystems affecting lovel of parasitism

A very evident impact of the two ccosystems {cabbage
and cauliflower) on P, orbata was imminent. Of the porasitic-
complex in both the crops, P, orbata had higher parasitization
upto 14.1 per cent of the pest population in cauliflower, and

in cabbage crop it parasitized only upto 6.3 per cent(Table 12).

Based on the data of natural populations, the larval
parasite (P.orbata) population was positively correclated with
mxlimum temperature and evening humidity, but it was negat-
ively correclated with minimuem temparature, morning humidity

and rainfalil,

Weather acts to rcgulate inscct population densities
by interacting with other physical and bictic aspceots of a
habitat, As a sequel to this, the package of the intcracting
two major ablotic componcnts will have to be considcecred to
afrive at 2 possiblc interpretation for peak activity of the

parasites, In present case study, the following packiage-range



(Fig.23, Appendices XXII a,b-XXIV a,b) sccmed compatible for
the high intensity of parasitization during sampling from
September 8 to Octcber 2, (1985~86): Temperiturs,maximum
30.5-33.9°C vs minimum 19,8+22,1°%C vs Rclative Humidity,

morning 69.9-82.0% vs cvening 36-51,3%,

Multiple parasitism

Interestingly, the same host larva was parasitized by
two larval parasite speeics, a braconid Apanteles sp, (vitri-
pennis specics-group) and a tachinid, P.orb2ta, Curiously,

puparia of A, sp. (vitripennis sp.-group) was obscrved a day

earlier than the maggot of the co-parasite P.orbata from
the commen host larva, Of course, this was not 2 common

ebscrvation and was reccerded only in three instances.

Behaviouristic responscs

Sexuial behaviour

¥Freshly emaerged females and males 2-3 days old on

exposure to mild sunlight for 40 to 75 minutes per day stimu-

lated the mating activity in the laboratory. The male foll-
owed the female fluttering its wings and holding the antennac
just straight, Ultimately, it rested its antennae on the
wings of the amenable female fly which remained motionless.

The male fly then mounted on the dorsum and held it near the

50



FIG.23. INCIDENCE OF P ORBATA PARASITIZING S.LITURA VIS-A-VIS
ABIOTIC FACTORS (1985-86)
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base of the wings by forelegs; the midlegs held the abdomen.
Hind wings of the female rested on the substratum, In c¢ase
of non-receptive female the male fly was avoided with chara=

cteristically fluttering of wings and by moving away.

During the act of copulation, the wings of the male
fly remained vertically upy but following immediatciy it bent
its abdomen downwards to conjoin its genitalia with that of
the female. The female did respond by slightly raising its
abdomen., Mating usually lasted for about 8 minutes on an

average, but the duration varied from 2 to 10 minutes.,
Host-=parasite behaviour

Host s=arching and ovipositional behaviour

Host searching Eehaviour of the parasite was keenly
observed in the labeoratory ciges. The adult tachinid flies
locatzd the host larva mostly by random wandering. But they
were stimulated for oviposition by the remains of the dead
larva of the host and damaged plant tissues in the vicinity.
The fly was observed to be oviparocus in habit. The pre-
oviposition peried ranged from 4 to 6 days., On locating a
suitable instar of the host larva, the fly promptly availed
herself of the chance to oviposit and lowercd its abdomen
towards host dorsally, in spits of the resistance off:sred by
the host. The act of oviposition lasted for about 3 to 7

minutes. The eggs hatched immediately and the first instar



cn

maggots entered the host by boring dircctly through the
integument, leaving tiny ruptures on the host surfacc. More:

than one larva was parasitized by an individual fly.

Behaviour of the parasitc towards host larva

Tt was observed that only young larvac wers parasi-
tized, prefgrably the second and third instar probably
because the later instars resisted the attack besides the

matzrnal instinct of preference on part of the parasite,

Behaviour of the host larva against the parasite

The host larva felt irritated and offered great
resistance by jerking its body, raising upwards its head
along with the thoracic porticn. It moved its head on
either sides to avoid parasitizétion. Occasionally, the
parasite flew to another host or sat on the foliage moment-
arily, when disturbed by the host movements. The host larvae

attempted to kill the parasitizing female fly by biting,.

Effect of parasitism on the host

It was noticed that with each succeésive instar the
survival of the parasitized hosts increased. The second
and the third instar larvae were found to be highly susce-
ptible but the final instar was the least susceptible stage.

The parasitic maggots completely devourad the body contents
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and internal tissues of the host, The parasitized host
developed normally till the first 2 to 3 days of parasitizate
jon: thereafter its growth was checked and activities were
almost suspendéd. Finally, it succumbed to dezth, However,
some of the later instars, when parasitized, survived even
after issue of the maggots and could pupats normally. It was
able to overcome thc damage caused by the pzrasite and thus

survived.

Superparasitism (gregarious parasitism)

It was observed to be a common faature in this species:
3 to 4 matured maggots issued from 2 single host larva for
pupation., In one observation, emergence upto 12 maggots was

raecorded.

Biology

Egg stage.- The eggs were macrotype, translucent and
croscent-shaped with smoothly rounded ends. The chorion
was thin and transparent. Incubation period was short, and
the eggs hatched instantaneously on the host surface and
bore directly into the host body. The point of entry was

usually on intersegmental membrane,

Larval stage.,~ It was an endoparasitic stage; the maggots

were cream coloured and oval in shape. Therce were three
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instars. The creamish maggots fed on the host tissue until
the IITI final instar. The host survived till the development
of the parasitic maggots was completed. The developmental
period within the host varied from 5 to 7 days. ‘The fully
developed creamish yellow maggots issued from the host by

chewing its way out to pupate externally.

pupal stage.~ The maggots grown to 4 to 5 mm long exhibited
strong wriggling movements, following their emergence from
the host body; the movements ceased after about half an hour.
Subsequently, it started contraction movements, the size was
ultimately reduced to 3-4 mm. Finally the movements stopped.
These were ultimately transformed to barrel-shaped pupae of
maroconish hue with rounded ends., The pupal transformation
was completed within 2~-3.,5 hours. The pupal stage lasted

from 6 to 17 days; the average duration was 7.18 days.

Adult stage.- The fully developed parasite pushed its way
by the front of its head out of the puparia, Within 2 to

4 minutes it attained its full posturce and wing-expanse.,
The dark brownish-grey adults were active fliers and posi-
tively phototactic in nature. Notably, the females were
found to be bigger in size and less active as compired to
the males. The total life-cycle was completed within 18 to
29 days. The males lived from 2 to 5 days with an average

longevity of 3 days. The female flias lived longer than



the males, ranging from 3 to 6 days with an average of 4 days

under the laboratory condition (Table 14, Figs.8, 24),

Correlations of natural population components

with key biotic and abiotic factors

Correlations of the natural pest populations with ﬁhe
interacting mortality factors, viz., biotic (parasites and
microbialpathogens including bacteria, fungus and virus} and
key abiotic (temperature, humidity and rainfall) factors as
well as correlations of the biotic-complex with the abiotic
factors have been worked out for three locations, viza.,
Kushalbag Farm {Kf), Horticulture Farm (Hf) and the village
Chotinauka (Cv). Similarly, correlations have also been
worked out between the natural populations of the major

larval parasite, Peribaeca orbata and the pest (S.litura),as

also with the key abiotic factors. These correlations have
been based on the data in cauliflower crop for six crop-
seasons each in 1985 and 1986; and, in cabbage crop for three

seagons each during 1986 and 1987,

cawl iflower crop

Impact of key biotic (parasite-complex and diseases) and

abiotic factors on the pest popul ation (Tables 15a-17a3,

Fias. 252ii - 27piii).-

Correlations for pest populations and related biotic

bu
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Table 14

Biolegy of P. orkata under laboratcory conditions

at Udaipur (1985)

Characteristic e ?ES%EE?E_.
rhages Range Average
1. Mating period 2 - 10 min, 7.88 min.
2. Pre-~oviposition 4 - 6 days 4,8 days
reriod
3. larval period 5 - 7 davys 5.75 days
4, Pupal formation 2 - 3.5 hours 2.42 hours
pericd
5. Pupal period 6 =17 days 7.18 Gays
6. Life-cycle 18 - 29 days 25 days
7. Adult longevity
(a) Males 2 -5 days 3 days
(b) remales 3 -6 days 4 days

N.B. Daration of cy&le, September -~ October, 1985,
Temperature (°C) (range): Min. 10.6 - 24.8,
Ma}{. 23.6 - 35.0

Relative humidity (%) (range):Morning, 66.0 - 94.0,
Evaning, 18,0 - 98.0
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FIG. 27a. POPULATION OF § LITURA AND THE INTERACTING BIOTIC AND ABNOTIC FACTORS
N CAULIFLOWER CROP AT HORTICULTURE FARM [15.05]
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FIG27ThLPOPULATION OF S.LITURA ANO THE INTERACTING BOTIC AND ABOTK
FACTORS N CAULIFLOWER CROP AT HORTICULTURE FARM (1944)

() 1m0+

— PEST (5. UTURA) p
©—0 PARASITE (B QREATA)

o ~0 MOR. HUMIDITY
= EVE, HUMDITY

b 1] 0w
1 a0 <
2
i & * ol . 70
:’ L} P'."J--.._“:‘ :
o 20 ‘t,--.---*-'*---..------‘\ - 60
\‘ ‘V‘-‘\
- N
15 ﬂ“ . A, 59
o \'t “\ '; ., S g
- . F LI 0
§ "" v
0 H{:]
(13120, vo——e PEST (S LITUKA! . -
k—d DISEASES

1004 8 PAAASITE ~ COMMLEX -




de)
xy FUSD I T qued Iad § 3 JUROTITUBTE {P-BATX seoTpusddy ODTA 4
05570 £TST"0 wy LOLE® 0= 4., 0C2E"0 E00T°0 TIX*9 =~ x°p
*aﬁomﬂ.ol «*ommm“ol *kbmmh”oi #*mwmm“ol **mmﬁm”o Hﬁnhm tTatgg 986 T
wxBEEET0= #x €250~ x2S 12670 xx82TGT0 L, €989°0 TITX*LT =~ X'g7
PeET" O~ vy PLTB0- xxVIPZT 0 $x£966°0- . 88G6E°0 X*ZZ-TITAET  586T(q
xyVEBT 0= LL022° 0~ 45 C0G9° 0 450662 0= ST0Z" 0- Hﬂx.m;.!r,wqm;a:rlepgr:
wxPIT9"0- wnlG18°0- we TPELSO- xx68L9°0~ |, SSBL*O0  XT*[z -T1TA°9z  ogeT
ey POVT0 ey P9L2%0 250559770 w x36L5°0- «x 379870 TIX*LT -~ X*3gZ
9Z6T° 0= 2y CEOP O ey 79970 9500°0 |, ,66LL"0 XP2e-TIIAET G361(®
GEDT SELO ‘uUTW * Xep . R
(uaua) - e -— - UoT3eIn o
TTeFuIey *SIY (%) A TRPTUNY SATIR oY (Do) eanzexoduay, do1n Teex
+ (98-586T) JIndrepn ‘wIeg Beqroysny je R
doId IOMOTITTINRD U SIO30eF OTIOTUR Aoy pue (eI03T1°S DuTdLalje) Soswasip
TerTqoIoTw (q) pue sejrseded 3oosut (B) 30 (I) 3usroriIsco UGTIeTSIIC)H
qst oTgRl
%%@m@@.@ **Obo,ﬁoo .«.&.MMDM-OI *mmw‘N-Ol #*Fm%@.@l TL0Z°0 NNON-D TIX*9Q - X*f
.,_‘%O.ﬁmm 0 .fn.ﬁm._”m " .«.*wﬂmm\ Ol%*admh 0= .fxmm,vm.”Ol .,C.homwm..OI %kwm.ﬁm-o Nﬂ.hm..lﬁﬁbowN 986 T
wxEIL6°0 L ,T09L°0 E60ET® 0=, 4 E69E° 0~ xxCSSV 0= xxOTLPT0 OTTS"0 TIX*LT - x°67
. re . . A e . . * . . - -
wn7LEVT0  688L°0  €6TZ°0-~  S65L ol-**m@ﬁn 0= L GOLSV 0= 7¥0608°0  X'zz-TT1A'€7 6T
A ————— - e - - mmw;m I.I'.I.WMMID\ l.ill-.l-....!.l.inl..l..-,nl] . Oll..lrl| T s m Al e R e e e e e e e —
() sIy e s uoTITIND
~SERSTCO 031Seded  [TtIUuTed (%) A 1pTUumy 24130 TN (D) anjeizoduny do1s zeox

O R L o i B e —a——

8I030tF DI30TH

o —— Y e i Al .~ WS kR g e e et 1t

+(98-586T) Indrepn
Ay pue 27307Tq fy3 pue uolzerndod

- _Ee A A e i e e e M e mm—aa

- —— e —

BINITII"S JO

ST eTqel

SIO30BF PTIOTAY

S e e e me b e n mem ke ——

‘ured beqreysny 3e dOID IUMOTIT Tned Ul s3I0310e3 OT30Iqe

(I) 3UusTorIFoOR UOT3eToIION



sy Y20 384 1 pcmo um& g 3e ‘.Em.UHﬁcmHm .@lﬂDNmmU.ﬁbcm&Qd SPTA  +
«x87E6° 0 xx0LEP"0 wxBLTI"0 L 9TIGL°0 L ,0EPS*0  IX*PZ =~ X*9
e CCEP0- «xB860%° 0~ G9L0*0- . ,2VPS*0=  ,SG02°C XT°67 ~ITA'[Z 9867
18€2° 0- (926270 4y EEEET0= PTSETQ | . GZ8P°0 TIX"LT - X°62
2y TEVE " O L x89LE" 0 2xC06Y° 0= 4uyTT6L°0= 4, 9969°0  X*ZZ=1ITA°9  SH6T(J
w5 L706°0 612570 «xCPIS°0  ,,T295°0  ZZLI"0 1X'¥e - X'9
wx8LET 0~ ¢x502G° 0 IPTIT® 0= 4, T0S9°0— _,L9TE°0  XI°6Z -TTA'TZ 9867
9181 0~ oLZe 0= 6%9g°" 0~ 6OLOTO= 675070 TIX*LT « X*57
2 xOF6ES O xxLEGG° 0" «y0EPB 0= 099070~ | LYP8T0  X'ZZ-TEIAT9  SEGT(®
(ww) GEFI o 8ELQ .GHZ o .xmz ucT3RINg
. Tregured _ CSIY(X) ARTPIWNY SATIETEM  (O,) samieraduar - doxd Te8x

+ (98-5S86T) usaﬁmﬂub ‘eyneuIloyD sbeTrTA
e doI> IsMOTITTNED UT SIO3ORF DT3I0TAe ASY pue (eINJTI* g BUTOPI}e) S9SEISTP
TeTqoIOTW (q) pue se3fseded 3O95UT () FO (X} JUSTOIIFBOD UOTIe [HIIOD

goT STdel

A m e e e e E S e e e e i M e W T e ek e B e e e L = = fm e i ——
T

xxLEBE70  (EPOBTO ,,9SV670 ,,BYPSTO  ,,G065°0 L, 150870 ,,9665°0 FX9T = X9
$x6T6670 (92960 4 ESGGPT 0~ ,(LGEV* 0=~ 6LOT"0~,SET9°0- ,TT22°0 XI*62-TTA'TC 9867
+x9L9L"0 BLET 0 x4VTES"O- a¥mm¢@.ou 2x8LYS 0= 499070 L, SPEL*O TTX*L1 - X°67

¥*nﬁmm.o x;wnmm.o. mﬂmm.os mﬁn@.ou o@om.o: wmmm.ou**mmnw.o X*zZ~ Hﬂﬂ>. G867
SEPT SELO ‘UK * Xl R
(urar) — sy — . _ _
5SPasSTJ oytseaeg TIRFUTRY (%) A1pTumy sar3jeTsy (Do) vanyeaadwag, UOTIRIND
s1030e3 213014 ] sio3oe3 O1aotay doan Teox

— ot e b R i e ———— b B URAN ek et B . R MR M et - T R e m— - E——— e v wre e = -
- R e — " Eaa s oweme P e o rm

+(98-58671) aIndtepn ‘exneurioyd obeIT1a e doao .Hmzo.mmﬁasmu Ul Si1030ep3F 2T30TdR
A9y pue 2130Tg 9ya pue uorjerndod BINITT*S JO (I1)3usTdIIIo0d UOT3IET8II0D

B9T SIdel




w

¥y JUSD Jod T

- - — —

v & = A

‘¥3udd aad ¢ 3e FJUEDTITUBTS {p-BIAX saoTpuaddy SpPTA  +

- T e e e e - i ——— 4 A i S i e ——

x*mmmw.o 9LZ20" Q- **ommb.o h.?.,@mom..o bIFowmm.o IX*6T= X*1
«58065° 0~ wnlTEST 0= xxPS6VT0~  EB9L%0- . 98ZL°0 XT°yZ- TIA'0E 9867
«%Oomm.0| &*Oomm.ol **@@@m.@l *immmm.o **vﬁhm.o TIX*Q T~ X*0¢
w2 TTSETO0T | xaBTEETOT | 44L909°0- 919870~ | v8€5t0 JIVEETERIATL  S86T (@
02020~ 6700° 0= +xCESP O~ 9ZL2°0 L ,0P6%°0 IX°G6T =~ x°7
«y EPEGT O~ wy IBE6 " 0O #x8E8L70= [ €6EB70~ ,[2016°0 XI*yz ~ITA°0f ogeT
95T T 0 v221°0 €900%0=  , 66LE"0= "LOLOE*0 11X°8T = x-pop
L TEOIOT TSR0 ,,e970n | REET'0 eerato xeer-irnacs  sssr (e
SEYT GELO CUTR " Xel
(uaur} _ uoizeanp
TTeFuted *8IY (%) A3 TPTUNY SAT3R TSy (Do) aInjeaadwar doad Ie8x
+ (98=~5867) andiepn fured sanaTnorzaoy 3E
doad JaMoTFTINED Ul S1030®vF OT3OL(e ASY pue (BANFTIT°S mcﬂxomuumv segeasIp
TeTqoIatu (q) pue soiyseled 308Ul (B) JO (I) JUSTOTLIIo00 UOT3R [8ITOD
AL T 9TgelL
#xlS98° 0 (L L62G°0 ,,B285°0 LBLOTO™ (4 ¥BEV 0 ,,PBYB*0 ,,EC56°0 1x*6] o x-7

56668670 4, T006%0 ,,E999°0- ,,59.8°0- ,,82¥5" 0= #x1808°0-4, 00440 XT*}Z -TTA"0F 9867

54598870 xx87EC0 rLZ" O~ L8Ot~ O- T0LY* 0~ **mﬁvm 0

¥ ¥ ¥ ¥

TIPS°0 11x°g7 - x-qog

**thMIO **mmomoo *!um.lh.m”mmco.l **N.ﬂvm@tOl *&.mﬁ.ﬁmool *&.m.w..VNoOIu‘.*mmoch uﬁ.ﬂNlHHanﬁ_ 86 T

. s ——— R TR A e s i o s o m i et A = S —"——

(i} SEPT o5 SELO “UIn P Xel
g TSex =20 T
SSRECIA SITSRIRD L rezuted (3 A3 TDTIMG SATIRTS  (D,) eanjexaduar,
. : — e - UOTyIRIND
103083 OT30TH SI0}ORY OTIOTgY doap Ieax

e e e e e T e e e = e e 1y iy TUR N M e e o i -

+(98-6867) Indiepn ‘wIied oIN3 TNOTIIOH e doId IomOTIT Thes ut sI030eI S1301qe
A2y pue DO1301q ay3 pue uorzetndod SINITICS 3O (I) IUSBTIDTIIBOD UOTIETBIION

LT STURL




538

data were worked out for twelve crop seasons at all the

thrée locations. The correlations were found to be posi-
tively significant for eleven seasons with the parasites
(non-significant during rabi crop of 1985 at village Choti-
nauka) and twelve seasons with the diseases. There were signi-
ficant correlations of the pest population with minimum and
maximum temperatures and morning and evening humidities each
in eleven crop seasons, and with rainfall in ten crop

seasons as summarised below:

— g aaae

Abjiotic Correla- Crop Localities (Year)
factors tions* seasons
Temp. (°C)
Max imum + kharif Kf,Cv,Hf (1986-86)
rabi Kf,Ccv,Hf (1985);Cv,Hf (1986}
Min imum . rabi Kf,Cv,Hf (1985);Cv,Hf (1986)
. kharif Kf, Cv,Hf, (1985~86)
R.H. (%)
Morning + rabi CV,HF (1986)
- kharif Kf, Cv,Hf (1985);Kf,Hf (1986)
- rabi Kf,Cv,Hf (1985); Kf (1986)
Evening + rabi cv (1986)
- Xharif Kf, cv,Hf (1985-86)
- rabi Kf,Cv,Hf (1985); Kf (1986)
Rainfall (mm}+ rabi Cv,Hf (1986)
- kharif Kf,Cv,Hf (1985~86)
- rabi cv (1985); Kf (1986)

* Only the significant correlations have been indicated
in the summary,



Impact of key abictic factgrs on the parasite-complex

(Tables 15b-17b, Figs. 25aii-27biii) «~

There were significant correlations of the parasite-
complex in seven crop seasons with minimum temperature and
in nine crop seasons with maximum wmperature; and with the
relative humidities, both morning and evening in nine crop
seasons each; and with rainfall in seven crops scasons.

These are summarised below:

Ablotic Correla- Crop Localities (year)

factors tions seasons
Temp, (°C)
Max imum + kharif Kf,cv,Hf {1985-86)
+ rabi HEf (1985-86)
- rabi Kf (1985)
Minimum + rabi cv {1986)
- kharif Kf, Cv,Hf (1986)
- rabi Kf,Hf (1985); Kf (1986)
R.H. (%)
Morning + rabi Kf, (1985); cv (1986)
- kharif Kf,Cv,HEf (1985) ; Kf, Bf (1986)
- rabi Kf, Hf, ( 1986}
Evening + rabi Kf (1985); Cv (1986)
- kharif Kf,Cv,Hf (1985-86)
- rabi Kf {1986)
Rainfall {(mm) + rabi KEf (1985); Cv (1986)
- kharif cv {1985); Kf,Cv,Hf{(1986)

- rabi Kf (1986)




Impact of P.orbata population on the pest (S.litura)

population (Tables 21-23, Figs, 25ai-27bi) .-

Correlations for parasite (P.orbata) populations with
the pest populatioms were worked out for twelve crop seasons
at all three locations., It was positively significant for

eleven crop-scasons as summarised below:

e —— - A T4 ke e . . A . —— - —t ® o e el - AE A Em . w v et oMk A le—Smim—

Correlation crop Logal ities {yecar)
seasons
Pest + Kharif Kf,Cv,Hf (1985-86 )
+ rabi Kf,Cv, {1985) ;Kf, Cv,Hf (1986}

- T— T A - gy ke gy e - Pl U e i - -

Ampact of key abiotic factors on the P.orbata population

There were significant corrclations of the factors
with the parasite in ten geasons with maximum temperature
and five seasons with minimum temperature; with the relative
humidities, both morning and evening- in clavsn »nd twelve
szaaone respectively; Ind with r2infll in ten crop sceesons.

_ These are summarised below:

T e Al o . L M —n W WU ko n b e S i A e —— AR ih . -

Abiotic Correla- Crop Localities (year)
factors tions 82asons
Temp, (°C)
Max imum + kharif Kf,Cv,Hf (1985-1986)
* rabi Cv (1985); HEf (1986)

Contd. .«
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1. 2. 3. 4.
- rabi ®f, Hf (1985}
Minimum + rabi cv (1986)
- kharif KEf, Cv,Hf (1986)
- rabi Kf (1986)
R.H (%)
Morning + rabi Kf, Hf (1985); cv {(1986)
- Xharif Kf, Cv, Hf (1985);
Kf, Hf (1986)
- rabi, Cv (1985); Kf, Hf (1986)
Evening + rabi Kf, Hf {(1985); cv (1986)
- kharif Kf, Cv, Hf (1985-86)
- rabi Cv (1985); Kf, Hf (1986)
Rainfall {mm) + rabi Kf, Hf (1985); Ccv (1986)
- kharif Kf, Cv, Hf (1985-86)
- rabi Kf (1986)
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Impact of key abiotic factors on the incidence of

diseases (Tables 15b ~ 17b, Figs. 25ai - 27bii).-

There were significant correlations of disease in
twelve crop seasons with minimum and in eleven Crop seasons
with maximum temperatures; with morning and evening humi-
dities in eleven and ten Ccrop seasons respectively:; and with
These are summarised

rainfall in nine Crop seasons,

below:
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Abiotic Correla~ Ccrop Localities (year)
factors tions seasons
Temp, (°C)
Max imum + kharif Kf, Cv, Hf (1985-86)
+ rabi Kf, Cv, Hf (1985)3Cv, HEf
(1986)
Minimum + rabi Kf, Cv,Hf (1985-86)
- Xharif Kf, Cv,Hf (1985-86)
R.H. (%)
Morning + rabi Cv, Hf (1986)
- kharif Kf, Cv,Hf (1985); Kf, Hf,
(1986)
- rabi Kf, Cv, Hf (1985);
Kf (1986)
Evening + rabi cv {1986)
- kharif Kf, Cv, Hf (l19s85-886)
- rabi Kf, Cv, Hf (1985)
Rainfall (mm) + rabi Cv, HBf (1986)
- Xharif Cv, Hf (1985):; Kf,Cv,Hf
' (1986)
- rabi Kf,Hf (1985)

For this crop, it may thus be broadly concluded that
the correlations between the pest population and the biotic
factors was exclusively pesitively significant, Such signi-

ficance was found to the extent of 91.66 rer cent with



parasite-complex and cent per cent with diseases. The
correlations with abiotic factors depicted relatively more
of negative trend except that the max imumn temperature was
correlated exclusively positively. More srecifically, the
correlations of pest population with abiotic factors indi-
cated in frejuency of 'significance' in percentage of each
factor out of 12 crop seasons {proportional positive and

negative) was as follows:

Maximum temperature ... 91.66 (positive)

Minimum temperature ... 91,66 (41.66, positive; 50,0, negative)

Morning humidity ... 91.66 (16.66,positive;75.0,negative)
Evening humidity ve. 91.66 (8.33,positive;83.33, negative)
Rainfall ... 83.33(16.66, positive;66.66,negative)

The correlations of the parasite (complex) with the
abiotic factors also indicated more of negative.trend,except
with maximum temperature, where the trend was more towards
positive, The correlations indicated in freduency of

'significance' in percentage of zach factor was as follows:

Maximum temperature ... 75.0 (66 .66, positive;8.33, negative)
Minimum temperature ... 58.33(8.33, positive; 50.0, negative)

Morning humidity ee. 75.0 (16.66,positive;58.33,negative)
Evening humidity w.. 75,00(16.66, positive;58.33,ncgative)

Rainfall e.. 58,33(16.66, positives4l .66, negative)

-
o
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Correlations of discases with the abiotic factors,
indicated in frequency of 'significance' in pcrcentage of

each factor, out of twelve cfop scascons was as followss

Max imum temperature ... 100.0 (positive)

Minimum temperature ... 83.33(16.66, pesitive;66.66, nagative)

Morning humidity eeo 66,66 (positive)
Evening humidity eee 50.0(33.33,poRitive;16.66,negative)
Rainfall ees 66.66 (50,0, positive;16.66, negative)

Correlations betwsen the major larval parasite
(P.orbata) population and the pest(S.litura) population
during kharif depicted th: trend of correlation to be
exclusively positive. With maximum temperature also similar
trend of positive correlation existed, whereas it was exclu-
sively negative with minimum temperature, morning and even-
ing humidities, and, rainfall. The rabi crop did show
significant correlations but the responszs were negative
as well as positive during crop seasons at the three loca-

tions.

The correlations betwsen the major larval (P.orbata)
parasite population and the pest population was positively
significant to the extent of 91.66 per cent. The correla-
tions with ablotic factors indicated in percentage of cach

factor out of twelve crop szasons was as follows:



Maximum temperature ... 83.33(66.66,positive;16 .66, ncgative)

Minimum temperature ... 41.66{8.33,positive; 33.33,negative)

Morning humidity ves 91,66(25.0,p0sitive;66,66, negative)
Evening humidity eea 100,0(25.0,positive;75.0, ncgative)
Rainfall eee 83.33(25.0, prositive;58,33,negative)

Cabbage crop

Impact of key biotic (parasits-complex and diseases)

and abiotig_ﬁggtqgs on the pest_population (Tables 18a-20ga,

Figs. 28aii-30biii). =~

Correlations of the natural pest populations with the
related bilotic data were worked out for six crops* cultivated
in the said three locations (1986-87), No parasitization
of the pest was recorded during the sampling of fieclds at
Chotinauka village (1986). Thc rairasitization and discase
incidence were pesitively significant with pest population.
Such significance was found for the data in all the six crop
Seasons with reference to discase whereas parasitization
was significant only for three crops. The host and parasite
populations sampled from Horticulturs Farm (1986-87) were
non-significant for correlations. There were significant
correlations of the pest population in six crops with

maximum and in five crops with minimum t:mpsratures,in four

* Cabbage is cultivated as winter crop only on both the Farms
of the University whereas at vill.cChotinauka two Ccrops are
grown, but to maintain uniformity only one Crop wias
sampled at all the localities,



FIG 28¢
POPULATION OF §. LITURA AND

THE INTERACTING BIOTIC AND

ABIOTIC FACTORS N CADBAGE CROP
AT KUSHALBAG FARM (134¢)
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FIG 29a.POPULATION OF S LITURA AND
THE INTERALTING BIOTIC AND
ABMONUC FACTORS IN CABBAGE

CROP AY VILL. CHOTINAUKA (1984)
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FIG29 b. POPULATION OF 5.LITURA AND
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ADIOTIC FACTORS IN CABBAGE
CROP AT YILL CHOVINALKA (1987)
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FI8.30 o. POPULATION OF § LITURA AND
THE INTERACTING BIOTIC AND ABIOTIC
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crops with morning and in three crops with evening humidities,

and with rainfall in four crops as summarised below:

e v ——— - —C —

et -

Abiotic Correla- . Localities {year)
factors tions
Temp. (°C)
Max imum - Kf,Cv,Hf (1986~87)
Minimum + Kf (1987)

- Kf,Cv,Hf (1¢86);Hf (1987)
R.H. (%)
Morning + Cv (1986);Kf,cv,Hf {1987)
Evening + Kf, cv (1987)

- cv (1986)
Rainfall (mm} + Xf, Cv, Hf {1987)

- cv {(1986)

Impact of key abiotic factors on the parasite-complex

(Tables 18b - 20b, Figs. 28aii - 30biii). -

There were significant correlations of the parasite-
complex in five crops, each with maximuin and minimum temper-
atures, morning and evening humidities; and only in one -
crop with rainfall., 1In rest of the crops it was non-signi-
ficantly correlated. The significant correlations are

summarised below:
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Abiotic Correla- Localities (year)

factors tions
Temp. (°C)
Max imum - Kf, Hf (1986):Kf,Cv,HE (1987)
Minimum + Kf,Cv, HEf (1987)
- Kf, Hf (1986)
R.H. (%)
Morning + Hf (1986); Xf,cv,Hf (1987)
Evening + Kf, Hf (1987)
- Kf, Hf (1986)
Rainfall (mm) + Kf (1987)

Impact of P.orbata population on the pest (S.litura)

population (Tables 24 ~26, Figs. 28ai -~ 30bi) .~

Correlations for the parasite populations with the
pest population were worked cut for five crops at alil the
three locations during 1986-87, However, no incidence of the
parasite was recorded during 1986 at Chotinauka village. The
correlations were positively significant in three crops viz.,

Kushalbag Farm (1986-87) and village Chotinauka (1987).

Impact of key abjiotic factors on the P,orbata population

(Tables 24 - 26, Figs. 28ai-30bii).-

There were significant correlations of the factors with

the parasite in four crops with maximum temperature and three

b
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crops with minimum temperature; with morning and €vening
humidities in four and three crops respectively; and with

rainfall in one crop seascn, Thege arc summarised belows

e = AR —— - W W e B 3w e o e hem % T m e e

Ablotic Correla- Localitics {y=ar)
factors tions
Temp. (°C)
Max imum - Kf {1986);Kf,Cv,Hf (1987)
Minimum - Kf, cv {1987)

- Kf (1986)
R.H (%)}
Mo rning + Hf (1986); Kf,Cv,Hf (1987)
Evening + Kf, Hf (1987)

- Kf (1986)
Rainfall (mm) + Kf (1987)

Impact of key abiotic factors on the incidonce of disecase

(Tables 18b - 20b, Figs. 28aii-30biii). -

There were significant correlations of discase
(complex) with maximum and minimum temperaturcs in three
crops each; with both morning and evening humidities in four
crops @ach and in five crops with rainfall. These are

summarised below:
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Abiotic Correla- Localitiss (year)
factors tions

Temp. (°C)

Max imum - cv (1986); Kf,Cv (1987)
Minimum - cv (1986); Kf, Hf (1987)
R.H. (%)
Morning + Kf, Cv, Hf (1987)
- Kf (1986)
Evening + Kf,Hf (1986); Cv {(1987)
- cv (1986}
Rainfall (mm) + Kf, Hf (1986); Cv, Hf {(1987)
- cv (1986)

— ——— m—— p— - -

For the cabbage crop, it may thus be concluded thet
the correlations between the pest population and the biotic
factors were exclusively positively significant. Such signi-
ficance indicated in freduency of 'signifience' in percentage
was found to be 60.0 per cent with parasite comprlex and cent
per cent with discases. The correlations with abiotic factors
depictaed relatively more of positive trend except that the
minimum temperature which was more of negative. Howevoir,
maximum temperature and morning humidity were exclusively
positively correlated. The correlations of pest population
with the abiotic factors, indicated in frequency of 'signi-

ficance' in percentage of cach factor, out of six corops was

g3



84

as follows:

Maximum temperature ... 100. (postive)

Minimum temperature ... 83.33 (16 .66, positive; 66,66, nagative)

Morning humidity vee 65,66 (positive)
Evening humidity oes 50,0 (33.33,positive;l6.65,negative)
Rainfall see 66,66 (50,0, positive;16 .66, negative)

The correlations of the parasite (complex:with the
abliotic factors also indicated more of positive trend except
that the maximum temperature was exclusively and evening
hunidity was mostly negatively correlated. The correlations
of the parasites with the abiotic factors, indicated in
freguency of 'significance' in rercentage of each factor,

out of five crops was as follows:

Maximum temperature ... 100.0 (negative)

Minimum temperature ... 100.0(60.0, positive; 40,0, negative)

Morning humidity ess 100.0(80.0,positive)
Evening humidity «e. 100.0(40.0, positive,60.0,negative)
Raihfall +»e 20.0 (positive)

The correlations of the diseases witn the abiotic
factors, indicated in freduency of 'significance' in percent-.

age of each factor, out of six crops was as follows:

Maximum temperature ... 50.0 (negative)

Minimum tempercture ... 50.0 (negative)



Morning humidity ... 66,66 (50.0,positive: 16 .66, negative)
Evening humidity ... 66.66 {50,0,positive; 16.66,negative)

Rainfall ees 83.33 (66.66,positive:16.66,negative)

There were significant positive correlations between
the P.,orbata populations, and morning humidity and rainfall
whereas negative correlation existed with maximum temperature,
However, the response was negative as well as positive with
minimum temperature and evening humidity. Correlations
between the P. orbata population and the pest popul ation

was positively significant to the extent of 60.0 per cent.

The correlations of P.orbata population with the
abiotic factors indicated in freduency of ‘'significance' in

percentage of each factor was as follows:

Maximum temperature ,,. 80.0 (negative)

Minimum temperature ... 60.0(40.0, positive;20,0 negative)

Morning humidity ve.s 80,0 {(positive)
Evening humidity ees 60.0(40.0, positive;20.0,negative)}
Rainfall es. 20.0 (positive)

Efficacy of insecticides against S.litura

vis-a-vis safety to the parasites

E.chilonis

The present laboratory trials were conducted to study



the effect of four insecticides on the emergence cf the

egg parasite, Trichogramma chilonis parasitizing S.litura

eggs. The ingsecticides (lower and higher doses) included
were endosulfan,monocrotophos and phosalone in concentratiors
of 0.05 and 0,025 per cent and fenvalerate in 0,005 and

0.0025 per cent,

The data have revealed that the emergence of parasites
in control was significantly higher as compared to that in the
treated eggs (Tables 27a,b). However, the developing stages
of the parasite-consequent to the exposure of parasitized
host eggs to insecticidal treatments-responded differently
in adult emergence subject to insecticides/ dose:/age-

intervals,

Emergence vis-a=-vis period x treatments (Table 27a) .~

It was noticed that maximum mean erergence commanced
after 7 and 4 days of post parasitization following insecti-
cidal treatments, and was comparably at par (statistically
no significant difference among both the treatments), Next
in descending seQuence of emergence were the e€ggs trezted
after 0, 1, 8, 6,2,5 and 3 days of parasitization.
Relatively higher emergence after 4 and 7 days of pest
parasitization followlng treatment may be attributed o
the mid-larval and mid-pupal stages. The mean data pertain-

ing to emergence was the lowest after 3 days, This

8b
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Table 27 Db

Interaction of insecticides and doses on the emergence of

T. chilonis

mrr—— e ms w4 e W M A M W R = e A e

Doses/
Insecticide Higher Lower Mean
Endosulfan 45,1 T0e7 58.2

(42 ,2) (57.2) (49,7)
Monocrotophos 12.0 23.3 17.3

(20.3) (28,.8) (24.6)
Phosalone 40.9 52.8 46 .8

(35.8) (46 .6) (43,2)
Fenvalerate 2.4 5.0 36

(8.9) (12.9) (10.9)
Mean 21.7 35.2

(27.8) {36.4)

S.Em C.D.

1 5%

Insecticides 0.29 0.80 1.05
Doses 0.20 0,56 Deld
Insecticides x doses 0.41 1,13 1,48



critical time referred to one of the most sensitive instars
in the transitional stage, i.e. sccond instar in transfor-

maticn to third instar.

The two components, viz., periods and treatments,
seemed to interact in a way to produce distinctly significant
maximum cmergence of 90.4 per cent on account of endosulfan
(0.025%, * day) as comparsed to the emergence in control
ranging from 97.65 to 99.99 per cent. Next in descending
sequence (rangz, 90.40 to 68.35) were endosulfan (0,025%,
1,7 days); monocrotophos (0.025%, 7 days); endosulfan
(0.025%, 4,6 days), (0.025%,8 days); monocrotophos (0.025%,
4 days, (0.025%, 1 day); phosalone (0.025%, 4 days) and
monocrotophos (0,025%, 0 day). Rest of the treatments gave
emergence less than 60.0 per cent, Parity amongst interact-

ing components cited above is mentioned group-wise below:

(a} Monocrotophos (0.025 %, 7 days)iendosulfan (0.025%,
4, & days).

(b) Endosulfan (0.025%, 4,6 days), (0.025%, 8 days).

(c) Endosulfan (0.025%, 4,6 days), (0.025%, 8 days):
monocrotophos (0.02%%, 4 days).

(a) Endosulfan (0,025%, 4,6 days), (0.025%, 8 days);
monccrotophos (0.025%, 4 days), 0.025%, 1 day.

(e) Endosulfan (0.025%, 8 days; monocrotophos {0.025%,

4 days}), (0.025%, 1 day):; phosalone (0.025%, 4 days).



(£} Monocrotophos (0.025%, 4 days), (0.025%, 1 day):
phosalone (0.025%%, 4 days); monocrotorhos (0.025%,

0 day).

Emergence vis-a-vis insecticide x doses (Table 27b) .-

A ——

Presently insecticides and their doses-irrespective

of the period discussed (vide supra) - depicted that endo-

sulfan {0,025%) permitted the maximum mean emergence of

70.7 per cent. The emergzsnce in sequential descending order
was influenced serially by phosalone (0.025): endosulfan
(0.05), phosalone (0.05}; monocrotophos (0.025), (0.05);

fenvalzrate (0.0025) and (0.005).

In another situation, ‘'exclusive influence of insecti-
cides' revealed that cendosulfan proved to be least toxic
and spared emergence of 58.2 par cent, only next to control
(99.3%).

Still another situation was considercd when, only the
‘two doses of insecticides' were interproted to be involved,
Accordingly, the lowér dose favoured maximum emsrgsnce of
35.2 psr cent when the highsr dos: permitted only 21,7 per »
cent.

Conclusively, endosulfan at 0,025 per cent concent-
ration provzd Ieast toxic whereas fenvalerate at 0.005 per
cent proved most toxic, on the basis of various interactions

pertaining to insecticides/doses/Aage-intervals discussed



above. Evidently, there is nzcd for rethinking seriously
to revise insecticidal recommendations presently in vogue to

conserve and augment the natural cnemiss.

P.orkbata

The present laboratory trials were conducted to
evaluate the efficacy of insecticides against S.litura (I11
instar larva) and its parasite, P.orbata. The insscticides
included endosulfan and phosalone said to be relatively safer
against the parasites, and fenvalsrate, a pyrethroid preva-
lently recommendsd commonly for pest management. Three
concentrations were used in each case., Accordingly endosul-
fan and phosalone were used in concentrations of 0.05,0.04
and 0.02 per cent and fenvalerate in 0,005, 0.003 and 0,002

per cent,

Wwith r=ference to the pest mortality, the inseoticidal
treatments had proved significantly superior over control
(water-spray). No mortality was recorded in control.
Fenvalerate was signifieantly superior to othzr inseccticides
at all the concentrations except endosulfan, tested after 18
hours for its efficacy with highest conccntration., Furthcr,
all the three insecticides were found to be comparable after
18 hours with lowest concentration whereas fenvalerats and
endosul fan were comparable after 24 hours with all the con-

coentrations. As scen from the table 28, fenvalerate knockad
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down upto 70.0 por cent of the pest population after 24 hours
with 0.005% concentration, and more than 80.0 per cent with
all the three concentrations after 48 hours. Absolute mort-
ality incurred after 72 hours with 0.003 and 0.005 per ccnt

concentrations,

Endosuifan was found to be the next best in cfficaey,
and proved inferior to phosalone only aftcr 48 hours when
used in medium (0.04%) concentration. Z2Zndosulfan and
phosalone were comparable after 24 and 72 hours with lowest
and middle concentrations and after 48 hours with all the
three concentrations. After 48 and 72 hours it inflicted
mortality to more than 70.0 per cent of tho pest larvac with
0.05% and 0.04 % concentrations respectively. But after 72
hours it inflicted mortality upto 95.0 per cent with 0.,05%

concentration,

Phosaldne was the lsast toxic of all the three insecti-
cides. After 72 hours it accountcd for mortaelity upto 46.0
per cent and 66,7 per cent with 0.02 (%) and 6.04 (%) concen-
trations respectively. Aftsr 48 and 72 hours, when used in
highest concentrations (0.05%) it inflicted mortality upto

63.5 and 80,0 per cent respectively.

Toxicity of the insecticides, fenvalcrate, cndesulfan
and phosalona in three concentrations each was considerzad

against the parasitz for diffcrent durations.



9%

Fenvalerate proved significantly most toxic aft:r 48
and 72 hours followed in sequence by endosulfan and phosalone
when used in their lowest concentrations, Considering the
residual toxicity at the end of 72 hours, fenvalerate, <ndo-
sulfan and phosalone gave 100,0, 87.0 and 73,5 p2r cent

mortality respectively.

When used in medium concentratioh, fenvalerate and
endosul fan were equally cffective and superior to phosalone
at the end of 24, 48 and 72 hours, whercas endosulfan and
phosalone were comparable after 18 hours. The residual
toxicity at the end of 72 hours was 100.0 per ccnt with

fenvalerate and endosulfan and 95.2 per cent with phosalone.

The highest concentration in case of fznvalerats and
endosulfan were equally cffective aftdr 18, 24 and 48 hours
and were significantly superior to phosalonc., At the end of
72 hours all the insecticides werc 2qually effective and gave

100.0 per cent kill.

The said trials of insecticidal toxicity to the pest
and the parasite need to be considored for eco-ordinated
management approach of pest kill togethar with parasite
safety. Apparently, parasite individuals were spared at the
end of 72 hours to the cxtent of about 5.0 per cent and 6.0

per cent with medium (0.04%) and low {0.02%) concontrations
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of phosalone alone, Correspondingly, mortality to the pest
was about 67.0 per cent and 47.0 per cent, Rejecting the
concentration (0.02%) giving less than 50.0 per cent of the
pest mortality, medium concentration (0.04%) of phosalonc
secmed to be the only alternative for use in the sco-oriented
pest management with special reference to bioclogiczi

control.,.



DISCUSSION
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DISCUSS ION

Field survey for seasonal incidence of the pest,

S. litura and associated parasites

During the présent investigation, the impertant
observations based on protracted field data, pexrtaining
to the tobacco caterpillar (S. litura) are discussed, As
a sequel to eco-oriented management strategy under specific
agroecosystem, regular quantitative sample surveys were made.
Observations were recorded throughout the crop seasons of
cauliflower and cabbage for intensity of the pest and the
related parasitic-complex. Incidence of the pest per unit
area was recorded simultaneously in three locations viz.,
Horticulture Farm and Kushalbag Farm at the College of
Agriculture, Udaipur and on Farmers field in the adjoining

village Chotinauka (vide Materials and Methods).

The data (Table 12) revealed that the intensity .
of the pest - during . all the crop seasons {1985, 1986)
was distinctly higher in cauliflower crop as compared to
that in the cabbage crop (1986, 1987)., It appears that
longer season for cauliflower cultivation, i.e. two crops

of cauliflower from July to Decembar, provided conducive
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monocul ture environment.for the pest as is also evident
from the correlations between pest population and abiotic
factors. Evidently, the pest intensity in cauliflower was
aistinctly higher than in the single cabvbage crop cul tivated
during December - March. Again,the intensity of the pest
amongst the successive kharif and rabi caunliflower crops
wag invariably higher in former than during the latter.

The pericd of peak incidence during kharif cauliflower was
11T week of September (115 to 342 jarval count / 300 plants)
while in rabi it was mostly IV week of October (20 to 80
larval count / 300 plants}. The peak incidence in ¢abbage
was II and III week of January (9 to 12 larval count / 300

plants) .

Earlier cbservations similarly indicated that the
pest generations continued incessantly throughout the year
under intensive cultivation of these crops in this region.
However, additional intensity peaks of the pest population
were recorded during IV week of August - ITI week of Sep=
tember, II week of August/ III week of November, and IV
week of September - I week of Octoper in cauliflower,and
IIT week of January -~ February, I - I1 week of March and
1T week of April in cabbage crop (prasad, 1978; zaz, 1982;

vijayvergia , 1986).

The biotic components were egually competitive in

follow up to subjugate the pest activity. The parasites



consistently contributed to the extent of 50.0 per ccnt

and 40.0 per cznt towards pest parasitization in cauli-
flower and cabbage crops. The peak during kharif was
shifted from I week of September to the IV week of

October. Likewise, in the rabl crop the peak was mos tly
from I week to III week of November. The average mortalilty
(%) in the three locations ranged from 15,3 to 20.9 per cent
in cauliflower and 2.2 to 9.3 per cent in cabbage crop
(Table 11). 1In all, the parasitic-complex locally comprised
of 22 species including eight braconids, four ichneumonids,
two each of sarcophagids and tachinids and one each from
eulophidae, eumeridae, fannidae, phoridae, scelionidae and
trichoénammatidae. 0f these, ten species were recorded
during present investigations, while twelve additioml

species, viz., Telenomus species, Apanteles flavipes,

A. glomeratus, A. ruficrus, A. species (octonarius group) ,

Diadegma species, Fannia leucostica, Megaselia speciles,

Sarcophaga peregrina, Sarcosolomonia species, Delta

maxillosa dimidiatipennis and a hyperparasite Tetrastichus
species nr. glactopus were recorded earlier., The pest
mortality on this account recorded earlisr was %o a
maximum of 26,8 per cent (Prasad and Kushwaba, 1979; Zaz

and Kushwaha, 1983; Vijayvergia , 1986).

The parasite component was simultaneously followed

by disease. It was very evident that the microbial

‘w
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pathogens (bacteria~Pseudomonas aerugincosa and Stireptococgus

species, fungus - Beauveria bassiana and Metarrhizium

anisopliae and a virus - Nuclear polyhedrosis virus) played

relatively more significant role n pest mortality. The
average mortality (%) ranged from 35,7 to 46,6 in cauli-
flower ( maximum mortality (%): kharif, 84.5, IIT week of
October and rabi, 100,0,I week of October ) and 33.3 to
41.1 in cabbage (maximum mortality (%): 100.0, III week

of January, February) (Table 11). During 1985, the larval
infection was upto 90.0 per cent but it was upto 100.0

per cent during 1986, The earlier reports indicated larval
infection (%) in cauliflower and cabbage crops to the extent
of 11.3, 28.8 during 1975-76 (Prasad, 1978), 18.9, 21,2
during 1979-81 (zZaz, 1982) and 41.5, 35.4 during 1981-83

(Vijayvergia ., 1986) respectively.

It was significant to note that both the parasitic-
complex and the microkbial diseases collectively killed
the larval population to the extent of 75.0 and 50.0 per
cent on cauliflower and cabbage crops respectively. The
maximum mortality on account of both these components
synchronously was during I1I week of September and IV
week of October in cauliflower,and, IT week of January

and III week of February in cabbage crop.

The diagnostic symptoms of diseased larvae were
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keenly observed and have been discussed earlier.

It was specifically advocated that the role of
natural biotic agents in regulating the pest population
was not merely host specific but also crop specific,
reflecting the complicated relationship amongst the orga-

nisms in an ecosystem (Kushwaha, 1983),

Status of parasites

The only egg parasite recorded was T. ghilonis
which parasitized from I week of 8eptember to IT week of
November. Specific studies revealed that the parasitization
ranged from 0.8 to 31.8 per cent when the eggs were exposed
in the crop fields at Staggered duration of 24, 48 and 72
hours., Maximum rarasitization was 31.8 per cent after 48

hours during I week of October,

The parasite was earlier recorded at Udaipur from
August to October with peak incidence of 15.0 per cent
during I week of August (Zaz and Kushwaha, 1983). 1In
species parasitized upto 36.8 per cent during II week of
October (Vijayvergia, 1986), It appeared in high intensity
during July - September and March - May at Anand in Gujara+

(Anonymous, 1987b),
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Individually, P. orbata parasitized the pest to the
extent of 14.1, Rogas species, 8.4, Apanteles species

fritripennis srecies = group), 8.3, Microplitis species, 2.7

Blepharella lateralis , 2.6, charops species, 1.8,

campoletis ehlorideas, 1.6, Chelonus species, 0.6, and

Eriborus argenteopilosus, 0.3 per cent in cauliflower crop.

In cabbage, only P. orbata and Rogas species were involved
and parasitized to the extent of 6.3 and 4.9 per cent

respectively.

P. orbata was earlier reported at Udaipur to
parasitize $. litura in cauliflower from 14.0 toc 25.0 per
cent and in cabbage upto 5.0 per cent (Prasad, 1978; zaz,
1982; vijayvergia , 1986). The parasitization ranged
from 6,5 to 8.9 at Rajahmundry in South Tndia during
Dctober - November (Anonymous, 1983). Recently parasiti-
zation was recorded upto 24,0 per cent (Chari and Rao,1987).
At Anand in Gujarat, the parasitization was only upto 1.2

per cent (Anonymous, 1983).

The seQuence of parasites based on seduential
frequency in parasitization revealed that P, grbata was
invariably the foremost to appear, in both the crops

followed by Apanteles sgvitripennis species-group), Regas

species, C. chlorideae, Microplitis species, Chelonus

species, B, lateralis , Charops species and E. argenteo-

pilosus; A single species of parasite is incapable of
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destroying as many of a host population as is destroyed

by a succession of different enemies.
Bioecology of the major parasites

T. chilonis

The eggs of S.litura parasitized by T.,chilonis, chara-
cteristically turned black on the third day on account of
black granules deposited on the inner surface of the choricn
(Flanders, 1937; Xrishnamurti, 1938; Marchal,1936; Moutia
and Courtois, 1952). The endoparasite completed the life-
cycle within 8 days and emerged as adults which copulated
soon after, Drumming and drilling of the egg chorion was
regardiess of the stage of the development of the host egg
{Quednau, 1960; Breniere, 1965; Klomp and Teerink, 1962). The
period of oviposition, egg, larval and pupal stages were 3
minutes, 24 hours, 4 days and 2 days respectively. The adult
longevity was about 3 to 4 days., Studies on biclogy elsewhere -
conducted under variable ecological situations have revealed
that the duration of life-cycle was 6.8 (33.32 °C), 7 to 8
(26-28°C) and 11.9 (22.1 °c) days (Pan and Lim, 1981:; Tuhan
and Pawar, 1983), However, optimum temperature was reported

to be 27°C (savescu and Tien, 1972).

Since the parasite was positively phototactic, its
activity increased with light intensity, Similar observa-
tions were made by Costas (1951) and Cusdnau (1958), The

parasite interacted to host environment including light and
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temperature rather than the host (Laing, 1938:; Metcalfe and
Breniere, 1969), Feripheral eggs were mostly preferred.
Elaborate reviews by Tmms (1937) and, Metcalfe and Breniere
(1969) have interestingly referred to these aspects. It was
earlier established that the female could distinguish
parasitized eggs by the smell left by itsclf or other indi~
viduals (Salt, 1937). However, such response of paternal

care could be lost when ther:z were excess of ITrichogramma

population which resulted in superparasitism (Smith, 1916;
Lund, 1938), It was speculated that this behaviouristic
tendency of superparasitism could ultimately lead to low
fecundity and progressive degeneration of the stocks

(Brenicre, 1965; Metcalfe and Breniere, 1969},

P. orbata

The tachinid, P. orbata preferred the second and
third instar larvae of S. liturd as a maternal instinct
and possibly that thesc offered least rcsistance, Never-—
theless, some of the later instars, when parasitized,
survived even aftesr issue of the maggots and could pupate
normally., It was able to overcome the damage caused by the
parasits and thus survived, The life-~cycle was completed
within 18-29 days and the freshly emerged adults got sti-
mulat:d for mating aftsr exposurc to mild sunlight for

40 - 75 minutes/ day in the laboratory. The period of



mating, pre-oviposition, oviposition, endoparasitic stages,
pupal, formation and pupal periods were 7,88 minutes, 4.8

days, 5.75 days, 2.42 hours and 7.18 days on an average
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respectively. Interestingly, sexual dimorphism was present

even in pupal stage. The female tachinid was oviparous ih
habit and the ovipositlon period was 3 to 7 minutes. The
adult longevity of male and female parasites was 3 and 4
days on an average respectively under the laboratory con-
ditions. Reportedly, the longevity differed under field
and laboratory conditions and was 6 - 10 days and 16 - 18
days respectively (Anonymous, 1985), Studles on bioclogy
el sewhere conducted under variable ecological conditions
revealed that the duration of life-cycle was 10 - 19 days
at Alexandria in Egypt (Hegazi et al.,1977) and 15 days

on an average at Rajahmundry (Anonymous, 1981).

As already described the female parasite tried to
locate the host larva by random wandering guided by the
remains of the dead host larva and damaged plant tissues
in the vieinity. But the host larva counter=d the attack
through body movements and wandered to seek shelter under
the leaves provided as food. Cleare (1939) also reported
that the tachinid flies could be guided to suitable ovi-
position site by smell. Ssuperparasitism resulted in
development of 3 to 4 maggots from a host larva, but even

12 were noticed in a soldttary case., Similar cobservations



have indicated emergence of 1 ~ 12 larvae from a single
host (Anonymous, 1980; Jayanth and Magarkatti, 1984).
Multiple parasitism was also rccorded, and & singles host
larva harboured a parasitic larva each of Apanteles speciles

(vitripennis species-group) as well as P. grbata.

Impact of key abictic factors on

parasite population

The general trend of correlation of coefficient
(r) of the parasite, P, orbata with the pest population
was found to be significant and depicted thz activity of
the parasite as density-dependent., Correlation of coeffi-~
cient in cauliflower depicted a mor:s or less regular trznd
of positive with maximum temperature, and negative with

minimum temperature, morning and cevening humidity, and,

rainfall, But in cabbage, it was erratic and irregular.

The package-range of the interacting two key

abiotic components which seemed compatible for the high
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intensity of parasitization during sampling was: temperature,

maximum 30,5 = 33,9 °C Vs minimum 19.8 -~ 22.1 °C Vs
relative humidity (%), morning 69,9 - 82,0 Vs cvening

36.0 haad 51.3‘

Bennet (1969) observed that normal pupal developmsnt

in tachinids was impaired at low humidity and temperature.
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Correlation coefficisnts worked out between past
_population, parasite-complex and diseases separately with
key abiotic factors have depicted a pattern characteristic
of cauliflower and cabbages crop ecosystems. The general
trend of correlation of the key abiotic factors with the
pest and parasite-complex was ncgative while that with
disease was positive in cauliflower crop. But in cabbagg,
it was positive pertaining to all the three components, i.e.
pest, parasite-complex and disecasc. However, there were
some exceptions of contrary trends mostly with maximum and

minimum temperature (vide Experimental findings).

It is implied that the environmental factors do not
interact in isolation; rather a complex of sclf-regulatory
natural phenomenon operates under multipronged factorial
interactions. The factors of environment do affict the pest
activity to a great extent but it was more difficult to
quantify such effect on a procise scale of influcence

(williams, 1940).

similar correlations have also bcen discussed for
studies for the period during 1975-1983 (Prasad, 19278;

zaz, 1982; vijayvergia , 1986),



100

Efficacy of insecticides against S. litura

vis-a-vis safety to the parasites
T. chilonis.

Toxic vulnerability of insecticides could vary with
the developmental stages of the parasite {(Croft and Brown,
1975)., wWhile evaluating the effect of four insecticides,
viz., endosulfan, monocrotophos, phosalone and fenvalerate
on emergence cf T. chilonis from parasitized eggs of
5. litura, endosulfan (0.025 %) proved to be safest and
fenvalerate (0.005%) most toxic. The order of adult emer-
gence (%) was 70,7 (endosulfan, 0.025%), 52.85 (phosalone,
0.025%), 45.10 (endosulfan, 0.05%), 40.90 (phosalone,0.05%),
23.3 (monocrotophos, 0.025%), 12.0 (monocrotophos, 0.05%),
5.0 fenvalerate (0.0025%) and 2.45 (fenvalerate, 0.005 %).

Earlier studies indicated that endosulfan (0.1%) was least

toxic to emergence of T. australicum (8ithanantham and

Navarajan Paul, 1980). 1In more or less similar studies,
investigations have been made on impact of endosulfan @ 0.1
per cent (Navarajan Paul et al., 1976), 0.07 per cent and
0.035 per cent (Santharam and Kumaraswami, 1985) concentra-

tions on the survival and emergence of T. australicum,

T. japonicum and T. chilonis. Maximum mean emergence
commenced after 7 and 4 days of post parasitization.

Relatively higher emergence at 4 and 7 days may be wltribut-d



to the mid-larval and mid-pupal stages as also referable

to earlier studies (Breniere, 1965; Sithanantham and
Navarajan Paul, 1980; Srivastava and Kushwaha, 1987a).

The mean data pertaining to smergence was the lowest after

3 days. This critical time referred to one of the most
sensitive instars in the transitiomml stage, i.2. sacond
instar in transformation to third instar. Similar obser-
vations were made by Sithanantham and Navarajan Paul (1980).
The two componants, viz., periods and treatments secmed to
interact in a way to produce distinctly significant maxi-
mum emergence of 90,4 per cent on account of endosulfan
(0.025 %) after zero days of post parasitization treatment
as compared tc 97.65 to 99.99 per cent emergence in control.
Consldering the two doses of insscticides, tha lower dose
favoured maximum mean emergence (35.2 %) when the higher
dose permitted only 21.7 per cent, Insecticides at commonly
used dosages were highly toxic to the egg parasitic wasps
including T. chilonis (Mabbet, 1979; Xie et al., 168&;

Santharam and Kumaraswami, 1985},

P. orbata. -~

Evaluation of insacticides toxic to the pest with
reference to safety of the parasite revealed that fenvale-
rate (0.005%) proved significantly most toxic and phosalone
was the least toxic of all the insecticides, FPhosalone

spared the parasite species to the extent of 5.0 and 6.8



112

per cent with 0,04 and 0.02 per cent concentrations at the
end of 72 hours. Correspondingly, the mortality of the pest
was about 67.0 and 47,0 per cent. Thus Fhosalone (0.04%)
seemed to be the only alternative for use in the eco-
oriented pest management with special reference to biolo-
gical control., Yadav and Fatel (1¢87) reported that no
parasite population was recorded from fields regularly

sprayed with insecticides.
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SUMMARY

Investigations were carried cut on the status and
ecobiology of the majer insect parasites of the tobacco

caterpillar, Spodoptera litura at Udaipur during 198587,

Three locations including Horticulture Farm, Kushalbag

rarm and an adjoining village Chotinauka were regularly
surveyed for incidence of the pest and the related parasites
in cabbage and cauliflower crops. The main objective was

to develop a strategy based on ecobioclogical management of

the pest.

1. The pest intensity in cauliflower crop was distinctly
higher with peak incidence of 342 larval count/ sample
unit than the cabbage crop with 12 larval count / sample

unit.

2. The parasitic-complex of §. litura {maximum parasiti-

zation %) comprised of ten species, viz., Trichogramma

chilonis (31.8 %), FPeribaea orbata (14.1%}, Rogas species

(8.4%), Apanteles species (vitripennis species-group)

(8.3%), Microplitis species (2.7%), Blepharella lateralis

(2.6%), Charops species (1.8%), Campgletis chlorideae (1.6%),

Chelonus species (0.6%) and Eriborus sp.? argenteopilosus



(0.3%) in cauliflower crop. Whereas in cabbage, only

P. orbata and Rogas species, were found parasitizing the
pest to the extent of 6.3 and 4.9 per cent respectively.
The sequence of parasites based on sequenéial freduency in
parasitization revealed that P. orbata was invariably the

foremost to appear, in both the crops.

The average parasitization (%) in the three locations
ranged from 19.3 to 20.9 per cent in cauliflower and 2.2

to 9.3 per cent in cabbage crop.

3. The average mortality (%) on account of entomopathogens

(bacteria-Pseudomonas aeruginosa and Streptococcus species,

fungus- Beauveria bassiana and Metarrhizium anisopliae, ang,

a virus ~ Nuclear polyhedrosis virus) ranged from 35.7 to

46 .6 in cauliflower and 33.3 to 41.1 in cabbage,

It was significant to note that both, the parasitic-
complex and the microbial diseases collectively killed the
larval population to the extent of 75.0 and 50.0 per cent

on cauliflower and cabbage crops respectively.

4. Trichogramma chilonis completed its life-cycle within

8 days during the months of September - October. Life-cycle

of the tachinid, Peribaea orbata was completed in abrsut

1% to 26 days during September - October,

11



5. The general trend of correlatipn of coefficient (r} of
the parasite, P. orbata in cauliflower depicted a more or
less regular trend of positive with maximum temperature;
and negative with minimum temperature, morning and evening
humidity, and,rainfall, But in cabbage, it was erratic and

irregular.

6. The general trend ef correlatien of the key abiotic
factors with the pest and parasite-complex was negative
while that with disease was positive in cauliflower Crop.
But in cabbage it was positive pertaining to all the three

components, i.e. pest, parasite-complex and disease.

7. While evaluating the effect of four insecticides on
emergence of T, chiionis conseduent to the exposure of -
parasitized host eggs, the order of adult emergence (%) was
70.7 (endosulfan, 0.025 %), 52.85 (phosalone, 1.025 %),
45.1 (endosulfan, 0,05%), 40.9 (phosalone,0.05%), 23.3
(monocrctophos; 0.025%), 12.0 (monocrotophos, 0.05%), 5.0

(fenvalerate, (.0025%) and 2.45 (fenvalerate, 0 .005%) «

8, Evaluation of insecticides toxic to the pest with
reference to safety of the parasite, P. orbata revealed

phosalone (#.04 %) to be the safest.
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APPENDIX I

Insect parasites of the tobacco caterpillar,
Spodoptera litura (Fabricius)
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(a} Egg parasites

(1} Order: Hymenoptera
Fam, Braconidae: Chelonus sp. (Miller, 1933), C. blackburni
Gupta (Anonymous, 1983),C.formosanus Sonan (Sonan, 1932;
Patel et al,,1971; Rai, 1974), C. heliopae Gupta (Patel and

Patel, 1971; Patel et al., 1971)

Fam. Scelionidae : Telenomus sp. (Zaz and Kushwaha, 1983),
T. nawaii Ashm ,.{Gahan, 1925; simmonds, 1937), T. remus Nixon
{Anonymous, 1983)

Fam, Trichogrammatidae : Trichogramma australicum Girault
(Joshi et al., 1979), T. chilonis ishii (zaz and Kushwaha,
1983), T. evanescens Westwood (Chu and Hu, 1937; Kamal,
1951), T. evanescens minutum Riley (Krishnamurthy and Usman,
1954), T. pretiosa Riley (Anonymous, 1913)

{b) Egg-larval parasites

(1) Order: Hymenoptera

Fam, Braconidae: Chelonus blackburni Gupta (Anonymous,1983),

C. formosanus Sonan (Rac and Patel, 1974; Joshi et al.,1979),
C. garbondtor (Rao et al,, 1981)

(¢) Larval parasites

(1) order : Diptera
Fam, Faniidae : Fannia leucostica Smith (Zaz and Kushwaha,
1983)

Fam. thoridae: Megaselia sp. (Pandey, 1970)

Fam. Sarcophagidae : Sarcophaga sp. (Scnan, 1937),3arcophaga
peregrina (Robineau- Deésvoidy) (zaz and Kushwaha,1933),
Sarcosolomonia (Vijayvergia , 1986)

Fam. Tachinidae: Actia nigritula L. (Hafez, 1951),Blepharella
lateralis (Anonymous, 1983), Cnephalia (Gonia) cinerascens
Rond (Sonan, 1937, Peribaea orbata (Wiedemann) (Prasad and
Kushwaha, 1979; zaz and Kushwaha, 1983), Podomyia setosa Dol

(Miller, 1933}, Strobiomyia orbata Yeid. T?andey, 1970),

(i)




sturmia sp. (Smee, 1930), S. asqualis Mall (Hoyt, 1955),
§. inconspicuoides Baranov (lLever, 1935, 1943), Tachina
Tarvarum Lo (Bishara, 1934; Kamal, 1951), Winthema dispar
Macq. (Hoyt, 1955).

(1) Order : Hymenoptera
Fam. Braconidae : Apanteles sp. (lever, 1944; Braune, 1980},
A, beneficiens Vies (Anonymous, 1983), A. sp. nr, golemani
Vierack (Patel et al,,1971), A. marginiventris (cress)
(Anonymous, 1983), A, sp. {octonarius groupf‘?Joshi et al.,
1979; Frasad and Kushwaha, 1979), 4. prodeniae Viereck
(rhyyar, 1927; Bhatnagar, 1948&; Krishnamurthy and Usman, 1954),
A, risbeci sp. n. (De Saeger, 1942), A. ruficrus Haliday
Tsonan, 1937; ¢hiu and Chou, 1976; Zaz and Rushwaha, 1983},
A, sp. (vitripennis species-aroup) (Sheikh,1984), Bragon -
elicheae” (Anonymous,1987b) . chelonus formosanus Sonan
Rai, 1974), Microbacon serinopae Ramskr. (Charian,1930),
Microplitis sp. (Prasad and Rushwaha,1979; zaz and Kushwaha,
19837, M. demolitor Welkn (Hafez, 1951), M,prodeniae Rao

and Kuriyan {Rao and Kuriyan, 1950), Rogas SP. (Prasad and
Kushwaha, 1979), Zzele chiorophthalma Nees) Wamal, 1951},

Z. nigricornis {(“lkn.) (Ramal, 1951)

Fam. Chalcidoidae : Lasiochalcidia erythropeda Cameron
(Rao et al.,1981)

Fam. Eulophidae : Euplectrus sp. (Lever, 1944), E.gopinomohani

e

Mani (Patel et al., 1971), E. xanthocephalus (Anonymous, 1983}

i T

Fam, Ichneumonidae : Baryl humeralis (Brauns) (Kamal,1951),
campoletis sp. (Battuy, 19TTi C. flavicincta (Anonymous,1983),
Carops obtusus Morl, (Fatel et al., 1971), Diadegma sp.
(Prasad and Kushwaha, 1979), D. argenteopilosa Cameron (Ayvar,
1927), Enicospilus species (sathe, 1987), Eriborus sp.?
argenteopilosus (Vijayvergia , 1986), Eulimmeria xanthostoma
(Grav) (Ramal, 1951), Metopius discolor Tosd. {(Peacock,1913;
Mason, 1915), M. kapugawanus Mats. (Sonan, 1937), Net:lia
ferruginea Cameéron (Krishnamurthy and Usman,1954; Usman and
Futtarudriah, 1955), PFaniscus productus Brulle (Hafaz,1951),

P. testaccus Gravenhorst (Krishnamurthy and Usman, 1954)
(d4) Larval-pupal parasites

(i) Order : Diptera
Fam. Phoridae : Megaselia sp. (Prasad and Xushwaha, 1979}

Fam. Tachinidae:; Blepharella lateralis (3nonymous, 1983)
(e) Pupal parasites

(i} ©order : Diptera
Fam, FPhoridac : Megaselia sp. (Pandey, 1970)

Fam, Sarcophagidae : Parasarcophaga misera (Battu, 1977),

(11)



sarcophaga dux Thoms (Joshi et al., 1979), S.albiceps Mg.
(Rao et al., 1981)

Fam, Tachinidae : Actia (Gymncopareia) aegyptia villen
(Bishara, 1934), Stomatomyid bezziana Baranov (Hutson,1939),
Stroblicmyla aegyptia vill. (F3tzl et 21,,1971)

(ii} Order : Hymenoptera
Fam. Braconidas: Xanthopimpla stemmator Thnb. (Vinson,1942)

Fam, Chalcidoidae : Brachymeria lassus walksr {(Narendran
and Joseph, 1977), Hybothoracini spescies (Raoc st 31.,1981)

FPam, Eulophidae : Tetrastichus ayyari Rohwer (Krishnamurthy
and Usman, 1954; Usman and Puttarudriah, 1955), Trichospilus
pupivora Ferr. (Anantanarayanan, 1934)

Fam. Ichneumonidae : Bucthromorpha species (Thompson,1946),
Metopius rufus Cameron (Sonan, 1925)

Fam. Pteromalidae : Conomorium cremita (FPorst) (Kamal,1951)

(f) Pupal hyperparasite

(i)Order: Hymenoptersa
Fam, Ceraphronidae : Aphanogamus fijiensis Ferriarc
(Chari and Rao, 1987)

() Larval-adult parasite

(1) order : Hymenoptera

Fam, = Eumeridae: Delta mexillos> dimidiatipennis (Prasad
and Kushwaha, 1979,

(iii)



AFPFENDIX II

Quantitative incidence of Spodoptera litura and its

related bictic components in cauliflower crop sampled

on Kushalbag Farm, Udaipur (1985-86)

Date Larvae Mortal ity factors Adult
of. . No./ e . Pupation emergence
SAMELE, amts paragiess  Disease  Total
No. % No. % No. % No. % No %
1985
13.viit 1 - - - - - - 1 100 1 100
20, viii 3 - - - - - - 3 100 3 100
27.viii 10 ~ - - - ~ - 10 100 10 100
3.1ix 27 3 11.1 3 11.1 6 22,2 21 77.8 6 22,2
10.ix 92 22 23,9 12 13,0 34 37.0 58 63.0 30 32.6
17,ix 141 29 20.6 10 7.1 39 27,7 102 72,3 78 55.3
24.1ix 109 34 31,2 15 13,8 49 44,9 60 55,0 39 35,8
l.x 110 46 41,8 23 20.9 69 62,7 41 37.3 21 19.1
8.x 102 19 18,6 29 28.4 48 47.1 54 52,9 23 22,5
15.% 97 18 1B.6 38 39.2 56 57,7 41 42,3 17 17,5
22.x% 97 2 2.1 8 84,5 84 8.6 13 13,4 6 6,2
29.x 80 - - 72 90,0 72 90.0 8 10.0 3 3,7
5.xi 43 4 9.3 32 74.4 36 83,7 7 16.3 2 4.6
12.x1 29 8 27.6 19 65.5 27 93,1 2 6.9 1 3.4
19.xi 31 11 35,5 12 38,7 23 74,2 8 25.8 3 9.7
26 .x1 37 13  35.1 15 40.5 28 75.7 9 24.3 5 13,5
3.xii 31 8 25.8 9 29.0 17 54.8 14 45,2 6 19.4
10.x11 31 16 51,6 9 29,0 25 80.6 6 19,3 1 3,2
17.xii 29 16  55.1 3 10.3 19 65.5 10 34.5 3 10.3

————

o ——————— 4 = ——

(iv)



Contd, Appendix IT

- e b T T TR LAl Sy S WL M b W M — A T Feprr—r— e eyl -smprar—_ s —————

1. 2. 3. 4. 5. 6- ’?.o 8. 9. lO 11 12
1986
26,viti 8 - - - - - - 8 1060 8 100
2,viii 10 - -~ - - - - 10 106 10 100

S.viii 17 - - 3 17.6 3 17.6 14 82.3 10 58.8
le.viii 18 - - 5 27.8 5 27,8 13 72.2 11 e6l.1
23,.,viii 13 2 15.4 9 69.2 11 84 .6 2 15.4 2 15.4
30.viii 19 4 21.0 i 5.3 ) 26,3 14 73,7 11 57,9
©.1ix 23 7 30.4 6 26.0 13 56.5 10 43.5 8 34.8
13,ix 40 11 27.5 14 35.0 25 62.5 15 37.5 12 30.0
20,1x 129 21 16.3 45 34.9 66 51.2 63 48,8 42 32.6

27.1ix 105 iz 11.4 €9 65,7 81 77.1 24 22,9 12 11.4

4.x 5 - - 5 100.,0 5 100,0 - - - =
11.x 10 - - 2 20.0 2 20,0 8 80,0 7 T70.,0
18.x 15 1 €.7 1 6.7 2 13.3 13 86,7 10 66,7
25.x 20 5 25,0 7 35.0 12 60.0 8 40,0 6 30.0

1.x1 18 8 44,4 5 27,8 13 7242 5 27.8 4 22,2

8.xi 17 3 17.6 11 64.7 14 82 .4 3 17.6 2 11.8
15.x1 14 8 57.1 3 21.4 11 78.6 3 31,4 3 21.4
22,x1 6 2 33.3 - - 2 33.3 4 B6,.7 2 33.3
29,x1 2 - - - - - - 2 100.0 1  50.0

G.xii 2 - - - - - - 2 100.0 2 10040

(v)



AFPENDIX

I1T

Quantitative incidence of §.litura and 1ts relatédd

biotic components in cauliflower crop sampled at
village Chotinauka, Udaipur (1985-86)

Larvae Mcrtality factors Adult

Date of No./ - - ———— Pupation emergence
sample 300 Insect  Disease Total
Plants parasites
No. % No. % No. % No. % No %
1985

6.viii 3 - - 2 66.7 2 66,7 1 33.3 1 33.3
13.viii 3 - - - - - - 3 100.0 3 100,0
20.viii 28 - - - - - 28 100.0 24 85,7
27.viii 42 2 4.8 = - 2 4.8 40 95,2 30 71.4
3.ix 15 40.90 3 20.0 % 60.0 6 40,0 3 20.0
10.ix 68 13 19,1 8 11.8 21 30.8 47 6%.1 27 39,7
17.ix 138 51 36,9 20 14,5 71 51.4 @7 48.5 47 34,1
24.1ix 117 g 32.5 16 13.7 54 46.2 g3 53.8 46 39,3
l.x 133 40 30.1 40 30.1 8O 60.2 58513 39.8 27 20.3
B.x 97 16 16.5 23 23.7 39 40.2 58 59.8 36 37.1
15.x 92 21 22.8 41 44,6 62 67.4 30 32.6 14 15,2
22.% 61 7 11.5 41 6742 48 78,7 113 21,3 6 9.8
29.x 67 10 14,9 52 TT.6 62 92,5 5 75 2 3.0
5.x1 48 5 10.4 21 43,8 26 54,2 22 45,8 10 20,8
12.x1 48 1 2.1 39 81.3 40 83.3 8 16.7 6.3
19,.x1 33 14 42,4 9 27.3 23 69,7 10 30.3 18,2
26 ..x1 47 14 29.8 19 40.4 33 7T0.2 14 29.8 19.1
3.xil 42 7 16,7 19 45,2 26 €1.,2 16 8.1 11 26,2
10.xii 30 2 6.7 25 83.3 27 90.0 10.0 2 6.7

17.x1id 25 5 20.0 17 68.,0 22 88,0 12.0 - -

(vi)



contd. Appendix III

ek e p————— S — W . = T o " P e T . Ml . i ek i R e S el - ——

1. 2. 3. 4,
1986
21l.vii 5 - -
28.vii 20 2 10.0
4.,viii 16 5 31.2
11.viii 19 4 21,0
18.viii 34 9 26.5
25,.,viii 83 12 14,5
1,.ix 111 12 10,8
8. 1ix 212 41 19.3
15.1ix 342 53 15.5
22.1x 108 18 16.7
29.1ix 51 19 37.3
6.xX 73 11 15,0
13.x 24 - -
20..x 15 - -
27.x 20 1 5.0
3, xi 15 1 6.7
10.x1 15 S 33.3
17.x1 5 1 20,0
24 .,x1 2 - -

5. &,
1 5.0
4 25,0
5 26.3
9 26.5
48 57,8
52 46.8
155 73.1
247 72.2
47 43,5
24 47,0
42  57.5
14 58.3
3 20.0
8 40.0
10 86,7
10 66,7
2 40,0

7. 8. 9. 10 11, 12.

- - 5 100.C 5 100.0

3 15.0 17 85.0 13 65.0

i 56 o2 7 43,7 7 43,7

9 47.4 10 52.6 7 36.8

18 52.9 16 47.0 11 32.4
60 72.3 23 27«7 17 20.5
64 577 47 42,3 35 31.5
19% 92 .4 16 7e5 g 4.2
300 87.7 42 12,3 26 746

65 60.2 43 39.8 35 32,4

43 84,3 8 15,7 5 9.8

53 72 .6 20 27.4 16 21,9
14 58.3 10 41 .6 8 33.3
3 20.0 12 80.0 9 60.0

9 45,0 11 55,0 9 45,0
11 73.3 4 26 .6 3 20.0
15 100.0 - - - -
3 60.0 2 40,0 20.0

- - 2 100,06 2 100,0

(vii)



APFENDIX IV

Guantitative incidence of S.litura and its related

biotic components in cauliflower Crop

sampled at the

Horticulture Farm, Udaipur (1985=86)

e n e e i— - —— o —— o e

Larvae Mortality factors Adult
Date of No./300 pupation  emergence
sample plants Insect Disease Total
parasites
MO, % No . % No. % No. % No. %
1085_

7.viid 10 2 20.0 - - 2 20.0 & 60.0 4 40.0
14,viii 21 6 28,6 - - 6 28,6 g 42.9 7 33.3
21 ,viii 29 11 37.9 1 3.4 12 41,4 17 58.6 13 44.8
28.viii 39 7.7 3 7.7 & 15.4 33 84.6 20 51.3

4,1ix 28 32,1 8 28.6 17 60.7 25 89.3 9 32,1
11.ix 78 8.9 14 17.9 22 28,2 56 71.8 33 42.3
18.1ix 115 35 30.4 16 1lé.5 54 46,9 61 53.0 34 29.6
25.1ix 11¢ 41 37.3 17 15.5 58 52,7 52 47,3 39 35,5

2.x 110 55 50.0 26 23.6 8l 73.6 29 26.4 20 18.2

9.x 54 8 14,8 4 T4 12 22.2 42 77.8 18 33.3
16 .x 56 11 19.6 26 46.4 37 66,1 19 33.9 12 21.4
23 % 65 - - 54 83,1 54 83,1 11 16.9 4 6.2
30.x 65 4 6.2 44 67.7 48 73,8 17 26.2 1 1.5

6exi 39 1 2.6 26 66,7 27 69,2 12 30.8 3 7.7
13,.xt 35 5 14,3 25 71.4 30 85,7 5 14.3 1 2.8
20 .x1 33 18 54.5 6 18.2 24 7247 9 27.3 2 6.l
27.x1 41 (5t 14.6 29 70.7 35 85.4 6 14,6 1 2.4

4.,¥%ii 33 2 6.1 17 51,5 19 57.6 14. 42.4 8 24,2
11.xii 32 11 34,4 11 34.4 22 68,7 10 31.2 4 12,5
18.xii 31 9 29.0 11 35.5 19 61.3 11 35,5 5 16,1

(viii)




Ccontd, Appendix _IV_

S e B T A e A e S e e AT - b o e W s ———

1. 2. 3. 4. 5. 6. HZiq_wﬁl__uzt_‘ig,-Ei;q-EEL

1986

30.vii 6 - - - - - - &6 100.,0 6 100.00
6.viii 12 - - - - - - 12 100,020 10 83.3
13,viii 19 - - 4 21,0 4 21,0 15 78,2 15 78.9

20.viii 28 4 14,3 i2 42.9 16 57.1 12 42.9 11 39,3
27.viii 36 5 13.9 12 33.3 17 1742 19 52.8 15 41.7

3.ix 93 11 11.8 42 45,1 53 57.0 0 43.0 33 35.5
10.ix 103 18 17.5 59 5743 77 74.8 26 25.2 21 20.4
17.ix 115 20 17.4 61 53.0 81 70 .4 3% 29.6 26 22,6
24,1x 69 21 30.4 30 43,5 51 73.9 18 26.1 15 21,7

—_— = o mm—— e o et ¢ b e A -  Rbe R ——— T L i

l.x 27 1 3.7 19 70.3 20 74,0 7 25.9 6 22.2
B.x 35 2 5.7 25 71.4 27 7761 8 22.8 7 20.0
15.x 35 4 11.4 15 42,8 19 5.3 16 45,7 12 34.3
22 % 23 4 17.4 6 26,0 10 43.5 13 56.5 8 34,7
29.x 19 3 15,8 2 10.5 5 26.3 14 73.6 14 73.6
5.xi 15 3 20.0 7 46 .6 10 €6 .6 5 33.3 4 26,5
12 ,xi 10 1 10,0 2 20.0 3 30.0 7 70 .0 5 50,0
19.x1 5 - - - - - - 5 1006-0 4 80,0

e m o mom = b Trm e b —— - . ———

{(ix)



APPENDIX V

Status of different parasites attacking S.litura
infesting cauliflower crop at Kushalbag Farm,
Udaipur (1985-86)

o s e e — e e e = TER e A— R
—— i M b m L k- arw————h mmme_iET® e o2

Date of Host Larvae parasitized (No.)by parasits spp ) Total
sample larvae e e e e e v vt e e 4

collected P R Av Cc M ca Ch
1985
13.viii 1 - - - - - - - -
20,.,viii 3 - - - - - - - -
27.viii 10 - - - - - - - -
3.ix 27 - - 3 - - - - 3
10.1ix 92 14 1 3 4 - - - 22
17.1ix 141 8 5 10 5 1 - - 29
24,ix 109 17 8 2 1 1 - 34
1.x 110 12 26 7 - 1 - - 46
B.x 102 5 2 10 - 1 - 1 19
15.x 97 15 1 1 - - - 18
22.x o7 - 1 - - - - 8
29.x 80 - - - - - - - -
5.x1 43 3 - - 1 - - -
12 ,.x1 29 7 - 1 - - - -
19.x1i 31 8 1 2 - - - - 11
26 .x1 37 8 4 1 - - - - 13
J.xii 31 3 1 3 1 - - - 8
10,.,xii 31 3 12 - 1 - - - 16
17.x1ii 29 8 8 - - - - - 16



Contd, Appendix V

e M M e L W e R B - e e ————n —

nm b R = ey m—

1. 2. 3. 4. 5. 6. 7. 8. 9. 10
1986
26 ,vii 8 - - - - - - - - -
2.viii 10 - - - - - - - -
9.viii 17 - - - - - - - -
l6,viii 18 - - - - - - - -
23.viii 13 1 - - 1 - - - 2
30.viii 19 1 - - - - - - 4
6.1ix 23 4 - 1 2 - - - 7
13,1ix 40 5 2 3 1 - - - 11
20.1x 129 15 3 3 - - - - 21
27.1ix 105 & 3 3 - - - - 12
d.x 5 - - - - - - - -
11.x ic - - - - - - - -
18.x 15 1 - - - - - - L
25.x 20 1 - 4 - - - - 5
1.x1 18 4 2 2 - _ - - g
B.x1i 17 - 1 1 - - 1 - 3
15.xi 14 3 2 2 - - 1 - 8
22.x1 € 2 - - - - - - 2
29,x%xi 2 - - - - - - - -
6,.x1ii 2 - - - - - - - -

* Abbrev.: Av, Apanteles sp. (vitripennis species-~group):;
Ca, cCharops sp.; Cc, Campoletis chlorideae Uchida;
Ch, Chelonus sp.; M, Microplitis sp.: P., Peribaea orbata

(WieaémannF; R, Rogas sp.

(x1)



APPENDIX VI

Status of different parasites attacking S.litura

infesting cauliflower crop at villege Chotinauka,
Udaipur (1985-86)

— - —— e v - = i —

Larvae parasitized (Nos.)by parasite spp” Total

Date of Host
sample larvae o i e i e
sampled P R Av Cc M ca Ch Bl Ea
1985
6L.viii 3 - S — - - - - - - -
13.viii 3 - - - - - - - - - -
20.viii 28 - - ~ - ~ - - -~ - -
27.viii 42 2 - - - - - - - - 2
3.1ix 15 6 - - - - - - - -
10.1ix% 68 8 2 3 - - - - - - 13
17.ix 138 24 12 6 - 9 - - - - 51
24.1ix 117 19 7 8 1 3 - - - - 38
l.x 133 24 4 8 - 2 1 1 - - 40
8.x 97 6 1 8 - 1 - - - - 16
15.x 92 19 - 1 - 1 - - - - 21
22.x 61 4 - 3 - - - - - - 7
29.x 67 6 2 2 - - - - - - 10
5exi 48 2 - 3 - - - - - - 5
12 ,x1i 48 - 1 - - - - - - - 1
ig.xi 33 7 2 4 - - - - - 1 14
26 .x1 47 3 2 9 - - - - - - 14
3.xii 42 1 4 1 - - - - L - 7
10.x11 30 - 1 - 1 - - - - - 2
17.xii 25 2 1 2 - - - - - - )

(xii)



Contd, Appemilx Vi

. R G o b Fr e e e W 3 e W

1. 2. 3. 4. 5. 6. 7. 8. 9. 10, 11i. 12.
1986
21.vii 5 - - - - - - - - - -
28.vii 20 - 2 - - - - - - - 2
4.viii 16 3 2 - - - - - - - 5
11.viii 19 4 - - - - - - - - 4
18,viii 34 4 3 2 ~ - - - - - 9
25.viii 83 8 1 2 - - -~ 1 - - 12
l.ix 111 10 1 1 - - - - - - 12
8.1ix 212 23 3 10 2 3 - - - - 41
15,.ix 342 22 4 15 6 3 - 3 - - 53
22.1ix 108 12 6 - - - - - - - 18
29,1ix 51 12 2 4 - - - 1 - - 19
6.x 73 8 1 2 - - - - - - 11
13.x 24 - - - - - - - - - -
20.x 15 - - - - - - - - - -
27.X% 20 1 - - - - - - - - 1
3.x1 15 1 - - - - - - - - 1
10.x1 15 3 = 1 - - - 1 - - 5
17 .x1 5 1 - - - - - - - - 1
24 .x1 2 - - - - - - - - - -

- — ——— e - _——

* Abbrev.: Av, Apanteles sp. (vitripennis gpecids~group) ;
Bl, Blepharella lateralis (Macguart); Ca, Charops sp.:
Cc, Campoletis chlorideae Uchida; Ch, Chelonus 5P’
Ea, Eriborus sp.? argenteopilosus {(Cameron);
Microplitis sp.; P, Peribaea orbata (ﬂledemann), R,ROgas spe.

(xiii)



APPFENDIX VII

Status of different parasites attacking S.litura
infesting cauliflower at Horticulture Farm, Udaipur
(1985-86)

Date of Host Larvae parasitized(Nos.)by parasite spp * Total

sample  larvae =" =" T TR e M ca ch B1
sampled
1985
Toviii 10 - - L - 1 - - ~ 2
14,.viii 21 - - 4 - 2 - - -
21.viii 29 - - 7 - 4 - - - 11
28.viii 39 2 - 1 - - - - -
4.ix 28 6 - - - 2 1 - -
11.ix 78 2 - 2 1 2 - - -
18.1ix 115 20 - 5 3 7 - - - 35
25,.1ix 110 21 8 8 1 1 1 1 - 41
2.x 110 30 9 14 1 - - 1 - 55
9.x 54 4 - 3 1 - - - - 8
16 .x 56 8 1 1 - - - - 11
23.X 65 - - - - - - - - -
30.x% 65 3 - 1 - - - - - a
6.x1 39 - - - - 1 - - -
13.xi 35 2 - 1 1 - - - 1 5
20.x1 33 2 6 2 1 - - - 7 18
27.x1 41 2 1 3 - - - - - 6
4.x1ii 33 1 1 - - - - - -~ 2
11.xii 32 3 5 1 2 - - - - 11
18,x1ii 31 4 4 - 1 - - - - 9

- o — o — o Ak i 8 m——— et  me e e e R- A el e R et

{¢iv)



contd, Appendix VII

i i m ek W M mew o= e e . —— e ——— —

Lo 2. 3, 4. 5. 6. _.7. 8 9 10. 11
1986
30.vii & - - - - - - - - - -
6.viii 12 - - - - - - - - -
13.viii 19 - - - - - - - - -
20.viii 28 4 - - - - - - - 4
27.viii 36 4 - - 1 - - - - 5
3.ix 93 6 - 3 - 1 1 - - 11
10.ix 103 8 - 8 i L - - - 18
17.1ix 115 11 1 1 1 5 1 - - 20
24.1x 69 12 2 1 1 1 1 - 23
1.x 27 - 1 - - - - - - 1
8.x 35 1 - 1 - - - - - 2
15.x 35 3 1 - - - - - - 4
22.% 23 2 1 1 - - - - - 4
29.x% 19 1 - 1 1 - - - - 3
Sexi 15 1 - 2 - - - - - 3
12 ..x1 10 1 - - - - - - - 1
19.x1 5 - - - - - - - - -

* Abbrev,: Av, Apanteles sp. (vitripennis species-group);
Bl, Blepharella lateralis (MacQuart); Ca,Charops sp.s
Cc, Campeletis chlorideae Uchida; ch, chelonus sp.;
M, Microplitis sSp.; P.Peribaea orbata (Wiedemann);

R, Rogas sp.

{xv}



APPENDIX VIII

Quantitative incidence of S.litura and its related
biotic components in cabbage crop sampled on Kushalbag

Farm, Udaipur (1986-87)

R p—————— T T T ———— 8 ——  ——— TRy My AT i im 1 e A v e B e e 4 & = = ey e A o

Larvae Mortal ity factors _ Puration Adult
Date of No./300 TMhsect ~ T T Tt TToeTeme———— emergence
sample plants parasites Disease Total
No, % No. % No % No. % No. %

1986

1.1 5 - - 2 40,0 2 40.0 3 &0.0 2 40.0

8.1 11 4 36.4 3 2743 7 63,6 4 36.4 2 18,2
15,1 2 - - - - - - 2 100.0 2 100.,0
22,1 3] - - 2 33.3 2 33.3 £ 65,7 3 50,0
29.1 4 - - 3 7540 3 75.0 1 25.0 1 25.0

5.11 5 - - 2 40,0 2 40.0 3 60,0 2 40.0
12,11 5 - - 3 60,0 3 60.0 2 40,0 2 40.0
19,11 3 - - 2 66,7 2 66,7 T 33,3 1 33,3
1987
o 3.1 2 - - 1 50.0 1 50,0 1 50.0 1 50,0
10.1 5 2 40,0 1 20.0 3 60.0 2 40.0 1 20,0
17.1 9 11,1 1 11.1 2 22 .2 7T T77.7 6 66,6
24,1 7 - - 2 28.5 2 28,5 5 71.4 5 71,4
31,1 4 - - 2 50.0 2 5C0.0 2 50.0 1 25,0

7Teii 4 - - 1 25,0 1 25,0 3 75,0 2 50,0
14,1ii 2 - - - - - - 2 10C.0 2 100,0
21.ii 1 - - - - - - 1 100.0 1 100.0

A e = m e wm m—— ow o a ——— W AR e ML e i —n o m m Y A ke i ———

(xvi)



APFENDIX IX

Quantitative incidence of S.litura and its related
biotic components in cabbage crop sampled on farmer's

field in willage Chotinauka, Udaipur (1986~87)

. - e A o ' e n T U TR ek S m - ERme— e TR s S S ST —_—

Date of ﬁgfjggo Tﬁéggégi{%?z'iaﬁﬁiigﬂ'-'H—_‘ Pupat ior .eiggésnce
sanple plants parasites Disease Total Y
No o % NoO . %  No. % No %  No %

1986
1.1 6 - ~ 2 33.3 2 33,3 4 66.7 3 50.0
8 .1 12 - - 4 33.3 4 33,3 8 66.7 6 50.0
15.1 8 - - 3 37.5 3 37.5 5 62,5 3 37.5
22,1 7 - - 4 571 4 57.1 3 42.9 2 28.6
28,1 6 - - 1 16.7 1 16.7 5 83,3 3 50.0

5.i1 6 - - 3 50.0 3 50,0 3 50.0 2 33.3
12,11 3 - - 2 66 .7 2 66,7 1 33.3 1 33.3
19.ii 3 - - 3 100,0 3 100.0 - - - -
1987

5.1 3 - - - - - - 32 100.0 .3 100.0
12,1 & 2 2 33,3 4 66,6 3 50,0
io.i 10 3 5 5 50.,0 g4 40,0
26,1 S - - 2 2242 2 22,2 7 77.7 7 T77.7

5 i 1 4

2 1 1

2

1

2.1i1 80.0 .3 60.0

9,11 1 50.0 1 50,0
- - - - - - 2 100,0 1 50.0
1

100.0 1 100.0

l6.11
23.11

@ e e A e L m B mmEmee ir AP wm e e m e R T L m R e S m e = b e b m o mLow o S en R T SRR ST - -

(xvii)



AFPPENDIX X

Quantitative incidence of S.,litura and itsrelated
biotic components in cabbage crop samrled at the
Horticulture Farm, Udaipur (1986-87)

p——— - rm— o - PR

B o ki Ak

Larvae Mortality factors Pupation Adult
T N TG s W enerencs
No. % No ., % No . % No % No %
1986
2.1 7 3 42,8 1 14.3 4 57.1 3 42.8 2 28,6
9.1 10 1 10.0 3 30.0 A 40,0 6 60.0 5 50.0
16.1 10 1 10.0 5 50,0 6 60,0 4 40.0 3 30,0
23,1 6 - - 1 16.7 1 16.7 5 83.3 3 50.0
30,1 8 - - 7 87.5 7 87.5 1 12.5 1 12.5
6,11 8 - - 3 37.5 3 37.5 5 62,5 3 37.5
13,11 6 - - 5 83,3 5 83,3 1 16.7 1 16.7
20,14 3 - - 1 33,3 1 33.3 2 66.7 2 66,7
1987
7ol 3 33,3 1 33.3 2 66,6 1 33.3 1 33.3
14,14 5 2 40.0 1 20.0 3 60,0 2 40.2 2 40.0
21,1 6 - - 2 33.3 2 33.3 4 66.6 3 50.0
28,1 8 - - 3 37.5 3 37.5 5 62.5 5 62.5
4.3 5 - - 2 40.0 2 40.C 3 60.0 2 40.0
11,14 3 - - 1 33.3 1 33.3 2 66.6 1 33.3
18,114 1 - - 1 100.0 1 100.0 = - -
25,11 1 - - - - - ~ 1 100.0 ~ -

{xviii)
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APFENDIX XTI

infesting cabbage crop at the Kushalbag Frarm,
Udaipur (1986-87)

Host Larvae parasitized(No.)by parasite spr* pyral

Date of larvae — _——
sample collected P R Av Ce M ca ch
1986

1.1 5 - - - - - - - -

8.1 11 2 2 - - - - - 4
15.1 2 -~ - - - - - -
22,1 6 - - - - - - - -
29.1 4 - - - - - - - -

5.1i1 5 - - - - - - - -
12,14 5 - . _ a . _ ) _
19,41 3 - - - - _ . - _
1987

3.1 2 - - . _ ~ _ . )
10.1 5 1 1 _ o . ) ,
17.1 9 1 _ . _ i N _ 1
24.1 7 - - - - ) _ _
31.1 4 - a - - _ _ ~

7.11 4 - - - L _ _ )
14,41 2 - - - - . _ _
21.11 1 - - . L _ ) _

* Abbrev,: Av, Apanteles sp. (vitripennis species-group);
Ca, charops sp.; Cc, Campoletis chlorideae Uchida;
Ch, chelonus sp.; M, Microplitis sp.; P, Peribasa
orbata (Wiedemann); R, Rogas sp.

{(xix)



APEENDIX XII

Status of different parasites attacking S.litura
infesting cabbage crop at the village Chotinauka,

Udaipur (1986-87)

Date of laryse L2Ivae Prasitlzed(fo.by parasite s’  Total
sample collected P R Av Cc M Ca Ch
1986

1.1 &

8.1 12
15,1 8 No parasitization recorded
22,1 7
29.1 3)

5.11 &
12,11 3
l1o9.ii- 3
1987

5.1 - - - - - - - -
12.1 6 - - - - - - - -
19,1 10 2 - - - - - - 2
26,1 9 - - - - - - - .
2 .1 5 - - - - - - - -
9 ,ii 2 - - - - .. - - -
16.1i1 2 - - - - - - - -
23,11 1 - - - - -~ - - -

¥ Abbrev.: Av, Apanteles sp. (vitripennis species-group):
Ca, Charops sp.: Cc, Campoletis ghlorldeae.Uchlda;
ch, Chelonus sp.; M, Microplitis sp; P, Eeribaea
orbata (Wiedemann): R, ROg2s sSp.




AFFENDIX XIIT

Status of different parasites attacking S.litura
infesting cabbage crop at the Horticulturse Farm at
Udaipur (1986-87)

T ——— - A — Attt r—— = W = —————— e k= = mmirm s w o h va r B m s e e iw R S CEL W T et ERTES m o EVm

* . . *

Date of ?gigae Earva%_?iféiiﬁi%?QEgié:{?{__ifﬁslte_%gp Total
sample collected P R Av cc M Ca Ch
1986

2.1 7 2 1 - - - - -

9.1 10 - 1 - - - - -
16.1 10 1 - - - - - -
23.1 6 - - - - - - - -
30.1 8 - - - - - - - -
6.11 8 -~ - - - - - - -
13,11 é - - - - - - -
20,11 3 - - - - - - - -
1987

Tei 3 1 - - - - - - 1
14.1 5 1 1 - - - - - 2
21,1 6 - - - - - - - -
28,1 8 - - -~ - - - - -

4,i1 5 -~ - - - - - - -
11,11 3 - - - - - - - -
18.11i 1 - - - - - - - -
25.11 1 - - - - - - - -

* Abbrev.: Av, Apanteles sp. (vitripennis species-group):
Ca, Charops sp.; Cc, Campoletis chlorideas Uchida;
ch, Chelonus sp.; Microplitis sp.; P, Zeribaea
orrata (Wiedemann); R, Rogas sp.

(xxi)



APFENDIX XTIV a

Field populetion of S.litura and the related data for
biotic and key abiotic factors in cauliflower crop at

Kushalbag Farm, Udaipur (August - December,1985)

e — k- . e e o = wmeEm W ar e -

Larvae Biotic factors Abiotic factors /Rain-

Eggidzf Eﬁééigo Parasifé Diseadse EEQEL°6;:?i;i;é€Z€£é fall
No. No . Max.  Min. 0735 1435 (mm)
13.viii 1 - - 28.0 23,1 83.1 73.9 59,4
20.viii 3 - - 28.0 23.6 85,9 77.6 78,6
27.viii 10 - - 28,2 22.2 84,0 64.8 -
3.1ix 27 3 3 28.2 21,5 86,0 65,0 0.4
10,.1ix 92 22 12 28.2 20.0 80.4 51.1 -
17.1ix 143 29 10 32.1 22,0 2.1 46.4 -
24.1x 109 34 15 32.8 22,1 78,0 49,0 21,5
l.x 1i0 46 23 32.5 20.6 77,9 38.7 0.2
B.x 102 19 29 31.7 19,6 83.6 62,6 128,9
15.x 97 18 38 29,1 17.1 83.4 37.4 1.6
22.x 97 2 82 30.7 13.7 78.9 22,9 -
29.x 80 - 72 30 .6 12.0 80,6 25,1 -
S.x1 43 4 32 31.8 12,2 82.4 21.9 -
12.x1 29 8 19 304 10.5 83.9 25.3 -
19.x1 31 11 12 29.3 9.1 81,9 24,4 -
26 .x1 37 13 15 27.6 8.7 B2.6 29,6 -
3.xii 31 8 9 27.7 9.0 85.0 33.1 *
10.xi1i 31 16 9 26.5 6.9 8l.3 33.8 -
17.x11 29 16 3 26,1 11.9 91,0 48.1 2.9

o ——————— ik PR W mr———— i S e B A—

- o - - - -
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APFENDIX XIV b

FPield population of S.litura and the related data for
biotic and key abiotic factors in cauliflower crop at

Kushalbag Farm, Udaipur (July - December, 1986)

——— . Ak ke i e e s i A S i
- T e o it — ————

Larvae Biotic Factors Abiotic Fa?_*fo_fs_____/"fz'é-i-ﬁ—
e plive Rpmie dggms R OTLEGR oL
26.vii e - - 30.8 24,7  77.1  64.1 98.2

2.viii 10 - - 26.4  22.3  87.6  72.7 50.0
9.viii 17 - 3 29.0 24,2 86.9 67.3 51.8
16.viii 18 - 5 27.7  23.7 82.3 75.6 46.0
23.viii 13 2 9 27.3  22.8  81.6 68.3 0.2
30.viii 19 a 1 28,7 19.6 82.1 57.3 ..
6.ix 23 7 6 30.0  20.2 82,7 51.6 -
13.ix 40 11 14 31.6  20.8 77.7  46.0 -
20.ix 129 21 45 33.0  20.6  74.3  45.1 4.0
27.4x 44 12 69 34.5  19.2  73.6  29.6 -
4.x 5 - 5 34,7  21.0  83.4  37.0 11.0
11.x 10 - 2 34,6  18.9 81.0 32.1 -
18.x% 15 1 1 34.4 17,3 76.1  28.1 -
25,x 20 5 7 31.8  14.2 59,3  41.1 -
1.xi 18 8 5 32,4 11.3  67.1 34.3 -
8.xi 17 3 11 30,3 14.0  72.3  35.6 -
15.%i 14 8 3 30.4  10.4  73.3  29.0 -
22.x1 6 2 - 28.4 8,7 73.0  31.0 -
29.x1 2 - - 29.4 9.6 73.3  35.6 -
6.x11 2 - - 30,9 8.1  77.6  45.7 -

(xxiii)



APTENDIX XV a

Field population of S.litura and the related data for
biotic and key abiotic factors in cauliflower cron at

village Chotinauka, Udaipur (August - December, 1985)

——— L ———— s T api— e

r——

Larvae Biotic Factors Abiotic Factors __ / Rain-
Date of No./300 Parasite Disecase Temp. (°C) R.H. (%¥)hrs. fall
sample plants  No. No. Max. ™in. 0735 IZ35 (mm)
6.viii 3 - 2 28.0 23.4 B88.4 82.4 165.9
13.viit 3 - - 28,0 23.1 83,1 73.9 59.4
20.viii 28 - - 28.0 23.6 85,9 7746 78.6
27.wiii a2 2 - 28.2 22,2 84,0 64.8 -~
3.ix 15 6 3 28.2 21.5 86,0 65,0 0.4
10.x 68 13 8 28,2 20.0 8.4 51.1 -
17.ix 138 51 20 32,1 22.0 72.1 46,4 -
24,1ix 117 g 16 32.8 22,1 78,0 49.0 21.5
l. x 133 40 40 32.5 20.6 77,9 38,7 Q2
B. X 97 16 23 31,7 19.6 83.6 62,6 128,9
15.x 92 21 41 29,1 17,1 83.4 37.4 1.6
22 .x 61 7 41 30.7 i3,7 78.9 22.9 -
29,x 67 10 52 30.6 12.0 80.6 25,1 -
S.x1 48 5 21 31.0 12,2 82.4 21.9 --
12.x1 48 1 39 30.4 1c.5 83,9 25.3 -
19,.xi 33 14 o 29.3 g.1 81.,¢ 24 .4 -
26 .x1 47 14 19 27 6 8.7 82.6 29,6 -
3.xii 42 7 1s 2747 9,0 85.0 33.1 -
10.xii 30 2 25 26.5 6.9 Bl.3 33.6 -
17.xii 25 5 17 26.1 11,9 91,0 48.1 2.9

T MR MR sy e TR LA - = e b ——— e o — —— - i— =
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APFENDIX XV D

biotic and key abiotic factors in cauliflower crop at

village Chotinauka, Udaipur (July - November, 1986 )

-  —— - W w—

— . R —— A R b A S B st B it - = e

Larvae Biotic Factors Aciotic Factors _ /" Rain-~
Date of No./300 Yaras{ts™ Tisédse Temp.(°C)  R.H .(%ihrs. fall
sample plants 7 5L No. MEXT—TIni. 0735 1435 (mm)
21.vii 5 - _ 33,33 25.6  70.1 49.4 34,2
28,vii 20 2 1 28,2 23.3 82,7 75.7 138.1
4oviii 16 5 4 27.3  22.8  86.4 66.9 10.5
1i.viii 19 4 5 28,5  24.2 89,3 71,9 55.4
18.viii 34 9 9 27.8  23.6  79.5 73.0 42,0
25.viii 83 12 48 27.4  21.8  8l.0 67.1 0.2
1.ix 113 12 §2 29,5 19,6  82.9 52.3 -
8. 1x 212 41 155 30.5  20.4 82,0 51.3 -
15.1x 342 53 247 31,7  20.3  78.3 43.3 -
22.1x 108 18 47 33,2 20.2  70.3 43,1 4.0
29.ix 51 19 24 35,2  192.6  77.4 29.0 -
6 .x 73 11 42 34.2  21.2  83.2 39.0 11.0
13.% 24 - 14 35,0  17.8  79.7 28,3 -
20.x 15 - 3 33,7 17.7 71,7 3l.4 -
27.x 20 1 8 31.6  12.3  62.3 40.4 -
3.xi 15 2 10 32,7  11.9  67.9 34,1 -
10.x1 15 5 10 29.4  13.3  70.4 32.0 -
17.xd 5 1 2 30,4 10,9  75.7 33.6  «°
24.x1 2 - - 28.6 7.9 72.4 28.7 -

e . et . i ol e I —— — .. | St ki, e o ey T e MR W = e S Eerommmaemam kMR- Sy s 4 S e TR
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APEENDIX XVI a

Field population of §,.litura and the related data for
biotic and key abiotic factors in cauliflower crorn at

Horticulturs Farm, Udaipur {August - Decerber, 1985}

et akAm m e e e o Em e = B om mom s B bk W R e m e e n s

Larvae Biotic f’eié{:o rs Abiotic Factors
Date of No./300 Parasite: Disease Temp.{(°C) R.H.(%) hrs. Rain-
sample plants = No. No. Nax.  Min. 0735 1435 ?gé%
7.viii 10 2 - 28,0 23.4 88.3 80,0 160.0
14 ,viii 21 6 - 28.3 23.3 84.1 74,9 64,3
21 ,viii 29 11 1 27.8 23.4 86,3 766 T73.2
28.viil 39 3 3 28,0 21,9 82,3 6347 -
4,ix 28 S 8 28,2 21,9 84,7 65,1 O.4
11.,ix 78 7 14 28,9 19,4 80.1 48,9 =
i8.ix 115 35 1¢ 32.1 22.8 73.7 46,7 -
25.1x 110 41 17 32,4 21.7 77.9 49.6 21,7
2.x 110 55 26 33.2 19.8 7645 36.0 =
9.x 54 8 4 30.8 20.1 86 .0 63.6 130,5
16.x 56 11 26 29,6 16.2 83.3 34.7 -
23.x 65 - S4 30.6 13.7 7847 23.3 -
30 .x 65 4 44 30.8 11.7 80.1 25,4 -
6.xi 39 1 26 30,9 11.8 82.3 22.0 -
13.x1 35 5 25 30.3 10.6 83.6 26 .0 -
20.x1i 33 18 6 29.3 8.7 80.7 23.7 -
27 .x1 41 6 29 27.4 9.0 84,4 31.4 =
4.xii 33 2 17 274 8.6 83.9 32.5 -
11 ,.xii 32 11 i1 25,8 6.7 83.0 33.7 -
18,.,xii 31 9 11 26.9 12,9 2.3 52,3 2.9

el 4 S e Tt AL R b TR b e tme = e e ek on amamkm —md A B e h M o ow w ek e e ek ke 4 e 8 e e e s T o s
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APFENDIX XxVI b

Field population of S.litura and the related data for
biotic and key abiotic factors in cauliflower crop at

Horticulture Farm, Udaipur (July - December, 1986)

r— - A 4 s ke e B e o e e e e b A mee e - R L L v ek 4 S Ay BT M e e W R e e ek m——

Larvae __ Blotic Factors  _ Abiotic Factors /- puynr”

Date of No./300 Tarasite. Disease Temp. (°C)  E.H. (%) Ars  soii
sample plants TN oL, Max.  Min., 0735 1435 (rum)
30,vii 6 - ~ 26,1 22.2 88.1 78.6 143.4
6.viii 12 - ~  28.6 23.6 85.6 65,6 21,8
13.viii 19 - 4 28,3 24,1 84.0 72.0 45,8
20.viii 28 4 12 27,0 23.0 83.4  73.9  36.2
27.viii 36 5 12 27.9 21,1 78.4  63.3 -
3.ix 93 11 42 30,0 19.8 84.1 51.3 -
10.ix 103 18 50  30.8 20.4 82,1 51,0 -
17.ix 115 20 61  32.4 20,5 74.0 39.4 -
24.1x 69 21 30 33.9 19,8 69.9 39,9 4,0
1.x 27 1 19 34,8 20.0 82.6 32.9 3.2
8.x 35 2 25 34,0 20.6 83.4 37.6 7.8
15.x 35 4 15 35.3 16.6 76.1 26.4 -
22.x 23 4 6  32.6 17.6 66.3 34,3 -
29.x 19 3 2 32,0 11.4 66,3  40.3 -
5.x1 15 3 7 31.7 13.9 70.7  36.3 -
12,.xi 10 1 2 30.1 10.7 69.0 26.3 -
19.,x1 5 - -~ 29.3 10.5 77.4  35.7 -

T TR R mm Mk ek e M R m = mm n m o e memr w mw s m = L e« 4 o w x m e h . a4 e med W e = - . —
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APIENDIX XVII a

Field population of S.litura and the related data for
biotic and key abiotic factors in cabbage crop at
Kushalbag Parm, vdaipur ( January - February, 1986)

Ahiotic Factors e

et re— e =

e a = e o = om = = ove = oM n mem o ow b N

Larvae Biotic Factors

e m e e a i m—— ma——mn e e e Rain-
Date of No/300 pPards{fe;’ Disedse Temo.(7C) R.H. 0Ohrs o)y
sample plants Mo, No, Max, Min, 0735 1435 (ram)
1.i 5 el - 24.8 7.6 87.6 35.3 -—
8.1 11 4 3 22,0 2.3 84,3 30.0 -
15.1 2 - - 23,7 6,1 84,6 31.3 -
22.1 6 - 2 23.9 7.8 85.4 37.1 —
Seil 5 - 2 24,1 9.1 7842 3643 -
12,11 5 - 3 23.5 10.1 76,0 45.0 543
19.1i1 3 - 2 25,2 945 79.7 28,6 -
AFFENDIX XVII b
Field population of S.litura and the related data for
biotic and key abiotic factors in cabbage crop at
Kushalbag Farm, Udaipur (January - Pebruary, 1987)

Larvae __Blotie Factors _ Abiotic Factors = _
Date of No./300 E;gEEEEEL.QiﬁﬁﬁﬁQ. Temp. (°C)  R.H. (%) hrs Rainfall
3 2. Temp,(°C) R.H. (%) hrs
sample plants Vax. | Min. . 0735 1435  mm

- — (M e msm o m a e+ rmm o memm o = e mptee = s e e - - - g e e

3.1 2 - 1 22 .4 3.0 82.7 43.6 -
10.1 5 2 1 23.5 9.2 83.6 52.1 -
17.1 9 1 1 20.6 10,9 84.3  55.7 1,0
24.1 7 - 2 21.6 5.3  79.6 35.9 -
31,1 4 - 2 27.6 5,1 81,7 28,6 -

Teii 4 - 1 26 42 744 7541 38,7 -
14,44 2 - - 27,7 7 o2 77.7  40.0 -
21,11 1 - - 28.3 9.4 6643 28.7 -

(xxviii)



AFFERDIX XVIIT a

Field population of S.litura and the related data for
biotic and key abiotic factors in cabbage erop at village
Chotinauka, Udaipur {(January - Webruary, 1986}

e e A o b e e i T e e &L = ——

Larvae Biotilc Factors _ AblOEgC Factors Rain-
Date of No./300 TFarasite. Disease Temp,(°C) R.f. 7. 05 DBILs  fall
sample plants No . NG~ Max, Min, G735 1435 (rorn)
1.1 6 b 2 24.8 7.6 87.6 35.3 -
8.1 12 - 4 22.1 243 B4,3 30.0 -
15.i 8 A 3 23.7 6.1 84.6 31.3 -
22.1 7 - 4 23.9 T8 85.4 37.1 -
5-ii 6 - 3 24.1 9-1 78.9 36.3 -
12,114 3 - 2 23,5 10.1 76,0 45,0 5.3
19,ii 3 - 3 25,2 9,5 79,7 28,6 -
APPENDIX XVIII b
Field population of S.litura and the related data for
biotic and key abiotic factors in cabbage crop at village
Chotinauka, Udairur (January -- February, 1687)
Larvae _ Biotic Factors _ Abiotic 'ia"c'écggs; e
Date of No./300 Parasite Disease TEmo'('QS R.H. (%) hrs. Rain-
sample plants ~ No. ~ ~ No. = Madx.  Min, 0735 1435 @ fall
(mm)
5.1 3 o bl 23.7 4.4 79.9 39.7 -
12,4 6 - 2 22,0 9.9 88.0 64,6 -
19.1i 10 2 3 20.7 9.4 84 .6 46 .0 1.0
26.i 9 - 2 23.6 4‘.6 78.0 33.4 _—
2,11 5 - 1 27.8 6.7 TTa7 29.4 -
Q.11 2 - 1 26,0 6.7 773 41 .1 -
16.11 2 — _-— 28.3 7.8 73.7 35.0 -
23,11 1 - - 28,7 10,9 65,7 31.7 -

NI i MR AL M e R AR B R Rl e L e e A il e MR- . mR ML ke & T W s mmnm & 7 R e orm B R e o a —
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APFENDIX XIX a

Field population of S.litura and the related data for
biotic and key abiotic factors in cabbage crop at
Horticulture Farm, Udaipur (January - February, 1986)

——— . m—— - W=

Larvae Biotic Factors A AleE%Q,EaCtorS-_ _____
Date of No./300 Tarasite Disease Temp,(?C) R.H.(ohzs™ "Rain-
sample plants Mo, No. ™ “Max. Min. 0735 1435 £all
o)
2.1 7 3 1 23.7 6.4 87.1 31.9 -
9,1 10 1 3 22.5 2,4 B4,9 29,6 -
16,1 10 1 5 23,8 6a5 84,0 32.3 -
23.i 6 -— l 24.1 7.8 84.‘1 36.7 -
30.i 8 — 7 25.8 9.1 83.6 44.9 et
6lii 8 b 3 23'7 8.8 73-0 32¢O -
13.1ii & - 5 23.8 10.5 8l.7 46,3 5.3
20,11 3 - 1 25.4 9,0 78,3 26,6 -

——— = e

T W modkcm A M e m tE - e L n L e f M o mRIAE o s a m A 4 moom o e moam i 4 s mmm o o = m = 4 T oum e e 7w ———

AFFENDIX XIX b

Field population of S.litura and the related data for
biotic and key abiotic factors in cabbage crop at the
Horticul ture Parm, Udaipur (January - February, 1987)

Larvae __ Blotic Factors &blotlc “actors _ Rain-
Date of No,/300 ©Parasite: Disease IEmp1(°C) JH, GAhre. a1
sample plants TNGT '735?"'"Max. Min.~ 0?35'—15§§ (rm)
7ad 3 1 1 24.2 5.9 81.3 £0.7 -
14,1 5 1 20,4 10.8 88.9 65,86 ~
21.1 6 - 2 21.2 7.7 8.9 42,1 1.0
28,1 8 - 3 25.4 ta6 78.4 31.4 -
4,14 5 - 2 27.2 7.8 77.4 33,6 -
11,1443 3 - 1 26 4% 6.2 7547 42,1 -
18,1ii 1 - 1 28,3 8.1 69,9 31.1 -
25,11 1 - - 28,9 11.6 70 .5 33,1

AR — L L it Tkl . s i 8 0 Bw m e rmr e il b ke B o B e A ek P mmm o m e ¢ m.mm i oam ommaa = e = m 4 e oem e+ w
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APFENDIX XX a

Pupal population of S.litura and the related data for
biotic factors in cauliflower crop at Kushalbag Farm,

Udaipar (1985 - 86)

- Larvae Fupation Pupal mortal ity
Date of  No./300 e e s e
sample plants No. % No, %
S T P P Y
1985
13,viii 1 1 100.0 - -
20.viii 3 3 100.0 - -
27.viii 10 10 100.0 - -

3.1ix 27 21 778 15 55.5
10.ix a2 58 63.0 28 30.4
17.ix 141 102 72.3 24 1740
24.1ix 109 60 55.0 21 19,2

l.x 110 41 37.3 20 18,2

8aX 102 54 52,9 31 30.4
15.x 97 41 4243 2% 24,7
22.x 97 13 13.4 7 Y
29,.x 80 8 10.0 5 6.2

5.x1 43 7 16.3 5 11.6
12.x1 29 2 6.9 1 3.4
19,x1 31 8 25,8 S 16,1
26 .x1 37 9 2443 4 10.8

J.xii 31 14 45,2 8 25.8
10.xii 31 6 19,3 5 16.1
17.xii 29 10 34.5 7 24,1

Contd..
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1986
26 .11
2 .viii
g .viii
16.viii
23.viii
30.viil
6.1x
13,ix
20.1x
27.1ix

lo

i0
17
18
13
19
23
40

129
105

4.x
11 .x
BeXx
25.x%
1,.x1
8.x1
15.x1
22 .x1
29,xi

b.xiti

ek o ———

5
i0
15
20
18
17
14

6

2

2

e m g e m o wed e om

8
10
14
13

2
14
10
15
63
24

8
3
8
5
3
3
4
2
2

e

(xxxii)

Contd. Appendix XX a

100.0
100.0
82.3
72 .2
15.4
7347
43.5
3745
48,8
22.9

B0,L.0
86,7
40.0
27.8
17.6
21.4
66.7
100.0
100.0

.



APFENDIX XX b

Pupal population of S.litura and the related data for
biotic factors in cauliflower crop at village Chotinauka,

Udaipur {1985 - 86)

- - e o omoem m me——

Date of Larvae Pupation Pupal mortality

sample ﬁ?;ﬁiﬁo = > oy
1985
6.viii 3 1 33.3 - -
13.viii 3 3 100,0 - -
20.viii 28 28 100.0 4 14,3
27.viii 42 40 95.2 10 23.8
3.ix 15 6 40.0 3 20,0
10.1ix 68 47 69.1 20 29.4
17,.ix 138 67 48,5 20 14,5
24.1x 117 63 53,8 17 1445
1.x 133 53 39,8 26 19.5
8.x 97 58 59.8 22 22,7
15.x 92 30 32 .6 16 17.4
22.x 61 13 21.3 7 11.5
28,x 67 5 7.5 3 445
5exi 48 22 45,8 12 2540
12 .xi 48 8 1647 5 10.4
19.%xi 33 10 30.3 4 12.1
26 ¢xi a7 14 29,8 5 10.6
3exii 42 16 38.1 5 11,9
10.xii 30 3 10.0 1 3.3
17.xi1 25 3 12.0 3 12,0
Contd.,
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contd. Appendix XX b

5.

3
5
6
12
7
16

8
3

S e Y

B N

6.

J L I

20,0
15,7
14,7
762
10,8
3.3
4,7
7ed
5.8

L T T I e

Y 4.
1986
21 ,vii 5 5 100,0
28,vii 20 17 85,0
4,.,viil 16 7 43,7
11 ,viii 19 10 52 .6
18,viii 34 16 4740
25,viii 83 23 27.7
1.ix 111 47 42.3
8,1ix 212 16 TeS
15.ix% 342 42 12.3
22 ,1ix 108 43 39.8
29,ix 51 8 15,7
6.x 73 20 274
13,x 24 10 41 .6
20.% 15 12 8040
27.x 20 11 55,0
3.x1 15 4 26 .6
10.xi 15 - -
17.xi 5 40,0
24.xi 2 2 100,0

(xx¢iv)

4

2
3
2
1

=

5.5
8,3
20.0
10.0
6.6
2040
100,0



APPENDIX XX ¢

Pupal population >f S.litura and the related data for
biotic factors in cauliflower crop at Horticul ture
Farm, Udairvur (1985 - 86)

- Lty e T i e n e % mmm e B A TR ———— o _-_ i rm e = =

Larvae Pupation Pupal mortality

Date of No./300 - -— T A e e
sample plants No. % No. %
1985

T.viii 10 & 60,0 2 20,0
14.viii 21 9 42,9 945
21 ,viii 29 17 58.6 4 13.8
28,viii 39 33 84,6 13 33.3

4,ix 28 25 89.3 16 57.1
11.ix 78 56 71.8 23 29,5
18.ix 115 61 53.0 27 23 .5
25.1ix 110 52 4743 13 11.8

2.x 110 29 26 .4 9 8.2

9.x 54 42 77.8 24 44,4
16.x 56 19 33,9 7 12.5
23.x 65 11 16,9 7 10,7
30.x 65 17 26,2 16 24,6
6l.x1 39 12 30,8 9 23,0
13.x1 35 5 15.3 4 11.4
20.x4 33 2743 7 21.2
27.x1 41 14,6 5 1z2.2
4,xii 33 14 42 .4 6 18,2
11.xii 32 10 31,2 6 18,7
18.xii 31 11 35.5 & 19,3

Contd..

{(xxxv)



N e s MR R _AAe dm— ke m ma m mind m o

1936
3Q,.vii 6
6.viii 12
13,viidi 19
20,viil 28
27 .viii 36
3.ix 93
10.1ix 103
17.1ix 115
24.ix 69
l.x 27
8.x 35
15.x 35
22 .x 23
29.x 19
5.x1 15
12 ,xi 10
19,.x1 5

———— - .

Contd. Appendix XX c

3. 4.,
6 100.0
12 100.0
15 78.9
12 42,9
19 52,.8
40 43,0
26 25,2
34 29,6
18 26,1

7 25,9
22.8

16 45,7
13 56 45
14 7346
5 33.3
7 7040
5 100.0

(%xxvi)

1
2
1

5.

o ——————

6

. e  ————

—

16 .6
3.6
11.1
745
4.8
6.9
2.3

[ —

3.7
2.8
11.4
21,7
€ .6
20,0
20,0

I AN nm e W e U TR 4 bk pevmramn e el R RS M i o e e e o e e i ——



APFENDIX XXI a

Pupal populaticn of S.liturg . and the related data for
biotic factors in cabbage crop at Kushalbag Farm,
Udaipur (1986 - 87)

——— i M LW moam e mam ¥ M W m o mpae k A M = m e = m e = o i R T e e 4 A e b L R R leiem o m —

Larvae Pupation Fupal mortality

Date of No./300 — o o e e —
sample plants No. % No. %
1986
1.1 5 3 €0.0 1 20,0
8.1 11 4 36 .4 2 18.1
15.1 2 2 100.0 - -
22.1 6 4 66,7 1 16 46
29,1 4 1 2540 - -
5.11 5 3 60.0 1 20.0
12444 5 2 40.0 - -
158,.ii 3 1 33.3 - -
1987
3 .3 y 1 50 40 1 50.0
10.1 5 2 40,40 1 20.0
17.1 9 7 7747 6 66 .6
24,1 7 5 71 .4 5 71 .4
31.1 4 2 50.0 1 25,0
.11 4 3 75.0 2 50 .0
14,1ii 2 2 100,0 2 100.0
21,11 1 1 100.0 1 100.0

—— — e o R — e o A ————— | T e ke ke Ak ——— i e N Tw W ere—
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APPENDIX XXTI b

Pupal population of S.litura and the related data for
biotic factors in cabbage crop at village Chotinauka,
Udaipur (198 «87)

e L At T ———— — W o dm - e L e o e -weEn e A

Date of Larvae Pupation Pupal mortality
Sample No. /300 o - ————— e — 2w m e
plants No. % No. %

1986

1.1 6 4 66 .7 1 16.6

8,1 12 8 66,7 2 16.6
15.1 8 5 62 .5 2 25.0
22.1 7 3 42,9 1 14,3
29,1 & 5 83.3 2 33.3

8.1ii & 3 50.C 1 16,6
12 .11 3 1 33.3 - -
19,it 3 - - - -
1987

5.1 3 100,02 - -
12,1 & 4 66 .6 1 16 .6
19,1 10 5 50.0 1 10.0
26,1 9 7 77.0 ~ -

2.11 5 4 80.0 1 20,0

S.1i1 2 1 50,0 - -
16,11 2 2 100,0 1 5040
23,1ii 1 1 100.0 - -

(xxxviii)



APEENDIX XXI ¢
pupal population of s.litura and the related data for
bictic factors in cabbage crop &t Horticulture Farw,

vdaipur (198 -~ 87)

e e e = R e - S

Larvae Pupation Pupal mortality

Date of No,./300 e e s e em e me e e = e
samrple plants No . % No. %
1986

2.1 7 3 42 .8 1 14.3

9.1 10 6 60,0 1 10.0
16.1 10 4 40,0 1 10.0
23.1 6 5 83.3 2 33.3
30.1 8 1 12.5 - -
6.11 8 5 62.5 2 25,0
13,11 6 1 1647 - -
20.11 3 2 66,7 - -
1987

7.1 3 1 33,3 - -
14,1 5 2 40,0 - -
21.1 6 4 66 6 1 16 .6
28.1 8 5 62,5 - -

4,11 5 3 60.0 1 20.0
11,14 3 2 66 .6 1 33.3
18,11 1 - - - -
25.i1 1 1 100,0 1 10C,0

(xxex ix)



APPENDIX XXIT a

Field population of the parasite, P.orbata parasitizing
S.litura and the related data for key ablotic factors in

caul iflower crop at Kushalbag Farm, Udaipur ( August ~
December, 1985)

Larvae ) Abiotic faftors

FP.orbata . ~22T% . Rainfall
2:;;lgf Eﬁéﬁiﬁo No. MziTp-(°§%n. R-E;;f)h§:35 (rom}
13,viii 1 - 28,0 23.1  83.1 73.9 59.4
20,viii 3 - 28,0 23.6 85.9 77.6  78.6
27, viii 10 - 28.2 22,2 84,0 64.8 -

1.1ix 27 - 28,2 21,5 86.0 65,0 0.4
10.ix 92 14 28,2 20.0 80.4 51.1 -
17.ix 141 8 32.1 22.0 72,1 46,4 -
24,ix 109 17 32.8 22,1 78,0 49,0 21.5

1.x 110 12 32,5 20.6 77.9  38.7 0.2

8.x 102 5 31,7 19,6 83.6 62.6 128,9
15.x 97 15 29,1 17.1 83,4  37.4 1.6
22 .,x 97 - 30,7 13.7 78,9 22,9 -
29.x 80 - 30 .6 12,0 80.6  25.1 -

5 xi 43 3 31,0 12,2 B2.4 21,9 -
12.x1 29 7 30.4 10,5 83,9 25,3 -
19,x1 31 8 29,3 9.1  Bl.9 24,4 -
26 Jx1 37 8 27,6 8.7 82.6 29,6 -~

3.xii 31 3 22,7 9,0 85,0 33,1 -
10.xii 31 3 26.5 6.9 B8l.3  33.6 -
17.xii 29 8 26.1 11,9 91.0  48.1 2.9

(x1)




APPENDIX XXII D

Field population of the parasite, P.orbata parasitizing
S.litura and the related data for key abiotic factors in
cauliflower crop at Kushalbag Farm, Udaipur (July -
December, 1986)

- e ———

e r—— - — . - -

larvae -F_’.orbata Abiotic factors

Rainfall
ool W30 . _Temg. (°C) TR Ghnzs . (m)
Max, . Mini. 0735 1435
26 ,.vii 8 - 30,8 24,7 77.1 64,1 98,2
2.,viii 10 - 26,4 22,3 87.6 72.7 50,0
9.,viii 17 - 29,0 24,2 86,9 €7.3 51,8
16 .viii 18 - 27.7 23,7 82,3 75.6 46,0
23,viii 13 1 27.3 22.8 81.6 68.3 0.2
30.,viii 19 4 28,7 19.6 82.1 57.3 -
6.1x 23 4 30,0 20.2 82,7 51.6 -
13.1ix 40 5 31,6 20,8 77.7 46,0 -
20.1x 129 15 33,0 20.6 74.3 45,1 4,0
27.1ix 105 6 34.5 19,2 73.6 29,6 -
4,x 5 - 34.7 21.0 83,4 37.0 11.0
11.x 10 - 34,6 18,9 81,0 32.1 -~
18.x 15 1 34,4 17.3 76,1 28,1 -
25.x 20 1 31.8 14,2 59,3 4.1 -
1 .xi 18 4 32,4 11,3 67.1  34.3 -
8 .xi 17 - 30.3 14.0 72.3  35.6 -
15.x4 14 3 30.4 10.4 7343 2940 -
22 ,.xi 6 2 28,4 2.7 73,0 31,0 -
29,x1 2 - 29,4 9.6 73,8 35.6 -
6.xii 2 - 30,9 8,1 7746 45,7 -

e e o L b T R B b B e W W drsh e A ke -k e e W o A M B TR almm e b R Ceth i w0 e e S Se—

(x11)



Date of
sample

B.viii
13,viii
20,viii
27.viid

3.ix
10.ix
17.1ix
24,1ix

l.x

8.X
15.x

22 0%
290}(

5.x1
12,.x1
19.x1
26 .x1i
J.xii

1C.x1ii

December, 19€5)
Larvae  P.orbata
Now/300 T el TRme F
Max. Min.
3 - 28,0 23.4
3 - 28,0 23.1
28 - 28.0 23.6
42 2 28,2 22.2
15 6 28,2 21.5
68 8 28.2 20.0
138 24 32.1 22.0
117 19 32,8 22.1
133 24 32.5 20.6
97 6 31,7 19.6
92 19 29,1 17.1
Bl A .30.7  _13.1
67 6 30.6 12.0
48 2 31.0 12 .2
48 - 30.4 10.5
33 7 29,3 9.1
47 3 2746 8.7
42 1 27.7 9,0
30 - 26.5 649
25 2 26.1 11.9

17.xii

APPENDIX XXITII a

Field population of the parasite, P.orbata parasitizing

S.litura and the related data for key ablotic factors in

cauliflower crop at village Chotinauka,

(x1ii)

Udaipur (August -

Abiotic factors

e e +o— Rainfall
R.H, (%) hrs (mm)
0735 1435

88,4 82 .4 165.9
83.1 73.2 59.4
85,9 776 78.6
84,0 64,8 -
86 .0 65,0 0.4
80 .4 51.1 -
72 .1 46 . & ~
78,06 49,0 21.5
77.9 38,7 0.2
83.6 52 .6 128,.9
82.4 374 1.6
e dBe2 22,9 .
80.6 25.1 -
82,4 21 ,¢ -
83,9 25.3 -
8l.9 24 .4 .
82 .6 29.6 -
85,0 33.1 -
81.3 33,6 -
1.0 48,1 2.9



in cauliflower crop at village Chotinauka, Udaipur

APPENDIX XXIII b
Field population of the parasite, P.orbata parasitizing
S.litura and the related data for key abiotic factors

(July - November, 1986)

Larvae P.orbata Abiotic factors
Date of No./300 I e e —_
sample  plants No. Temp (°C) R.He (%) hrs
Max., Min. 0735 1435
21.vii 5 - 33,3 25,6 70.1 49.4
28,vii 20 - 28.2 23,3 82.7 5.7
4.viii 16 3 27.3 22.8 86.4 65,9
11,viii 19 4 28,5 24,2 89,3  71.9
18,viii 4 4 27.8 23,6 79.5 73.0
2§;giii 83 8 27.4 21,8 81.0 67.1
111 10 29.5 19,6 82,9 52.3
Seix 212 23 30,5 20.4 82,0 51,3
15.1x 342 22 31,7 20,3 78.3 43.3
22.1x 108 12 33.2 20.2 70.3  43.1
29.1x 51 12 35.2  19.6  77.4 29,0
6 o 73 8 34.2 21.2  83.9 39,0
13.x 24 - 35,0 17.8 79,7  28.3
20,.x 15 - 33,7 177 71.7 31.4
27.x 20 1 31,6  12.3 62,3  40.4
J.xi 15 1 32,7 11.9  67.9 3l
10,.x1 15 3 29.4 13,3  70.4  32.0
17.xi 5 1 30.4 10.9 75,7  33.6
24.x1 2 - 28,6 7.9  72.4 28,7

A — W iy e . mm =

e mh 4R e o EPTEE . em e o A R W A M A Ry e = W

(x1iii)
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APFENDIX XXIV &

Field population of the parasite, P.,orbata parasitizing
S.litura and the related data for key abiotic factors in
caul iflower crop at Horticulture Farm, Udaipur (August -
Decernber, 1985)

e e T T T T TR T T Ty

ABbhiotic factors

a £ Larvae P.orbata
£ N O R i
Max. . Mink.. 0735 1435
Toviii 10 - 28.0  23.4 88.3 80,0 160.0
14.viii 21 - 28.3 23.3 84,1 74,9 64,3
21,viii 29 - 27.8  23.4  86.3  76.6  73.2
28.viii 39 2 28.0 21.9 82.3  63.7 -
4.ix 28 6 28,2 21.9 84.7  65.1 0.4
11.ix 78 2 28,9  19.4  80.1 48,0 -
18,1x 115 20 32,1 22.8  73.7  46.7
25.ix 110 21 32,4 21.7  77.9  49.6  21.7
2.% 110 30 33.2  19.8  76.5  36.0 -
9.x 54 a 30,8  20.1  B6.0  63.6 130.5
16 .x 56 8 29.6  16.2  83.3  34.7 -
23.x 65 - 30.6  13.7  78.7  23.3 -
30 .x 65 3 30.8  11.7 80.1  25.4 -
6.x1 39 - 30,9 11.8 82.3  22.0 -
13.%i 35 2 30.3  10.6 83.6  26.0 -
20.xi 33 2 29.3 8.7 80.7  23.7 -
27.x1 a1 2 27.4 9.0 84.4  31.4 -
4.x11 33 1 2.4 8.6 83,9  32.5 -
11,x11 32 3 25.8 6.7 83,0  33.7 -
18,xii 31 4 26.9 12,9  92.3  52.3 2.9

A ke ety = e = m

{(x1iv)
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APPENDIX XXIV b

Field population of the parasite, P.orbata parasitizing
S.litura and the related data for key abilotic factors
in cauliflower crop at Horticulture Farm, Udaipur

(July - December, 1986)

e mem e r e m e A
- a - i S I I IS
e T T A I

Larvae P.orbata Abiotic factors

Date of No./300 ' e e e e e e
sample plaﬁts No. Temp. (°C) R.H. (%) hrs Ramf%ll
eMPa b = | Dele N T o

Max,. Mimn.. (0735 1435

f————m - PR o e
—— s e E = A w R % e ek & 4 s W A e e = w TR M o o MRS W e ek W vty o o

30,vii 6 - 26 .1 22,2 88,1 78.6 143.4
6.viii 12 - 28,6 23.6 85.6 65.6 21,8
13.viii 19 - 28,3 24,1 B4.0 72,0 45,8
20.viii 28 4 2740 23,0  83.4  73.9 36,2
27,.viii 36 4 27.9 21.1  78.4 63.3 -
3.1ix 93 6 30.0 19.8 84.1 51,3 -
10.1ix 103 8 30.8 20.4 82,1 51.C -
17.1x 115 11 32.4 20,5 74,0  39.4 -
24,ix 69 12 33.9 19.8 69.2 39,9 4,0
1.x 27 - 34,8 20.0 82.6 32,9 3.2
8.x 35 1 34,0 20.6 83,4 37,6 7.8
15.x 35 3 35.3 16 .6 76,1 26,4 -
22 ,x 23 2 32 .6 17.6 66,3 34,3 e
29.x 19 1 32,0 11,4 66,3  40.3 -
5.x1 15 1 31,7 13.9 70.7 33.3 -
12.xi 10 1 30.1 10.7 69.0 26.3 -
19.xi 5 - 29.3 10.5 77.4 35,7 =

i T e — mmim. = o rmmr e eim m e m mem sk e o mamme e mh—k = im m  Me = T m m = m o= e m p b i—
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APFENDIX XXV a

Field population of the parasite, F.orbata parasitizing
S.litura and the related data for xey abiotic factors in
Cabbage crop at Kushalbag Farm, Udaipur (January-
February, 1986)

. R o — — T e —— i
e p——————— TR L S

Date of Larvae Pyorbata Abiotic factors
ate o No./300 "No. T T T Y e hn '
sample Plagts Temp, (°C) R.H. (%) hrs. Rainfall
Max. Mini. 0735 1435 (mm)
1.1 5 - 24,8 76 87.6 35.3 -
8.1 11 2 22 .0 2.3 84,3 30,0 -~
15,1 2 - 23.7 6.1 84 .6 31.3 -
22.1 6 - 23,9 7.8 85.4 37.1 -
29,1 4 - 25.7 8,3 82,6 42 .3 -
5aii 5 - 24,1 9,1 18.9 36,3 -
12.11 5 - 23,5 10.1  76.0 45,0 5.3
19.11 3 - 25.2 9.5  79.7 28.6 -
APEENDIX XV b
Field population of the parasite, P. orbata parasitizing
S.litura and the related data for key abiotic factors in
cabbage crop at Kushalbag Farm, Udaipur ( January -
February, 1987)
Larvae E,ggpata Abiotic factbrs
Date of No./300 NO . S T A cn et
sample plants _Temp, £°C) R.H.(Ahrs __ Rainfall
Max., Min. 0735 1435 (mm)
3.1 2 - 22.4 3.0 82,7 43.6 .
10,1 ) 1 23.5 9,2 83,6 52.1 -
17.1 9 1 20.6 10.9 84.3 55.7 1.0
24,1 7 - 21 .6 5.3 79.6 35,9 —
31,1 4 - 27 .6 5.1 81,7 28.6 -
Teli 4 - 26 .2 7ot 75,1 38,7 -
14,31 2 - 2747 T el T7.7 40,0 -
2L.11 1 - 28.3 9,4 66 .3 20.7 -

e e et = 7 o w e Wi - A Aw = ek e % W eeme= em = e == B = ocw = S S e b1 e r———

{x1vi)



APFENDIX XVI

Field population of the parasite, P.orbata parasitizing
S.litura and the related data for key abiotic factors
in cabbage crop at village Chotinauka, Udaipur (January -

February, 1987)

i . e el i - * M T . . e w7 e ok me W ey sk e W Aol e e T el TS ca - E E

Larvae P.orbata __ Abiotic factors _
a1 mamiel Moo memp.(°0)  R.H.Odhrs  Rainfall
Max., - Mihi. 0435 1435

5.1 3 - 23.7 444 79.9 39.7 -
12.1 6 - 22.0 9.9 88,0 64 .6 -
19.1 10 2 20.7 9,4 B4 .6 46,0 1.0
26,1 9 - 23.6 G eb 78.0 33.4 -
2.11 5 - 27.8 6477 TT a7 29,4 -
9.ii 2 - 26,0 6a7 7743 41,1 -
le,ii 2 - 28.3 7.8 73e7 35.0 -
23.11 1 - 28,7 10.9 65.7 31.7 -

(x1vii)



APPENDIX XXVII a

rield population of the parasite,F. orbata parasitizing
S.litura and the related data for key s abiotic factors in
Cabbage crop at Horticulture Farm, Udaipur {(January -
February, 1986)

o -E‘a'fv-a'e. - -}3 :é&‘_é%_t% ____ Abiotic factors . ___
T;g:;;lgf Ei&ﬁiio Ho. _ Temp.(°C) R.H, (%) hrs Rainfall
Max.. Min. 0735 -1435 (ttra)
2.1 7 2 23.7 6eé 87.1 31.9 -
9.1 10 - 2245 2.4 84.9 29.6 -~
16,1 10 1 23.8 6.5 84.0 32.3 -
23.1 6 - 24.1 7.8 B8h.4 36,7 -
30.1 8 - 25.8 9.1 83,6 4449 -
S 8 - 23,7 8.8 73.0 32.0 -
13,11 6 - 23,8 10.5 8l.7 46.3 5.3
20.11 3 - 25,4 9.0 78.3 26,6 -
APEENDIX XXVII b
Field population of the parasite,P.orbata parasitizing
S.litura and the related data for key abiotic factors in
cabbage crop at Horticulture Farm, Udalpur (January -
February, 1987)
Date of Egr;ggo 'E'Q'I'E‘?'E —-Ablotic facvors . ... SERE—
sample  plants . Temp, (°C) = R.H. (%) hrs Rain£all
Max, Min. 0735 ¢ 1435 {rm)
7.1 3 1 24,2 5.9 8l.3 20 .7 -
14,1 5 1 20.4 10,8 88.°9 65 .6 -
21.1 & - 21 .2 Ta7 82,9 22 .1 1.0
28,1 8 - 25.4 4,6 78471 3t.4 -
4,11 5 - 27,2 7.8 77 ot 33.6 L
11.41 3 - 26 .4 6.2 75.7 32 .1 ~
18.ii 1 - 28,3 B.l 69,9 31.1 -
25.11 1 - 28,9 11,6 70.6 33.1 -

(xlviii)



APEEMDIX XXVIII

Test of significance of effectiveness of insecticides
on the emergence of T. chilonis under laboratory

conditions (Ref. nle 27 &,b)

e e = o W T erim s e mm ol m B eSS . ———— . L ——— i ——

Source of Degrees of MaSeSs
variance freedom
ok
Periods 8 2434,5213
* %
Treatments 8 15440,797
* %
Control / Rest 1 67947,405
d
Rest fi 7939,8535
: *%
Insecticide 3 16891 .636
* %
Dose i 4008,3922
. . e
Insecticide x 3 268,5576
Dose
R *x
Period x 64 420,.,6817
Treatments
Error 262 4.,4887
**  Significant at 1.0 per cent level of significance.

(x1ix)
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APEENDIX XXIX aCA. LIBRARY'

Test of significance of effect of insecticides on the
adults of the parasite, P.orbata along with its host
larvae (S. litura) under laboratory conditions (Ref. Table 28)

Source Degrees of serial cunulative mortality (%4)
of freedom e e m mm e e s s mer— ST C o S mem e
variance Parasite Hosth
TM.S.S. MaSeSe

(a)

* * * %
Treatment 9 1232 ,.3882 570.5278
Error 20 13.5753 33,7919

. N 1a'aS S

o) P D ot

o x * %
Treatment 9 2042 ,5914 750.4182
Error 20 43.1339 12,079 @% '2___
{c)

w % *x
Treatment 9 2397.2600 1280,.6667
Erxor 20 20,0330 16.1325
(@)

w % %
Treatment 9 2323,4623 2190,.8316
Error 20 13.85 34,1

e - n me P M im m m R E o dr W ok e e R T e R =MW W e R T S e m o m rmam s e woTes o mm e A A s

** gSignificant at 1 per cent level of significance
N.B.— Observations at (a) 18 hours, (b, 24 hours, (¢} 48

hours, and {d) 72 hours following exposurs of
parasite and host to treated plants.

(L)}



