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A 1ist of Insects whose susceptibility to
infection by B. thuringiensis has been
investigated by various workerss

Mortality of different species of caterpillars
fed on the host material dipped in 18,5 x 10°
spores per 100 ce. suspension of B, thurinyiensis.

Percentage mortality of G. marginata caterpillars
fed on Taberna montena loaves sprayed with

different concentrations of spore suspensions of
B. thuringi@nsis.

Percentaqe mortality of A. gzigx;z;g caterpillars
fed on sunnhemp follage sprayed with .different
concentrations of spores suspensions of

E, thuringiengis.

.Percentage mortality of E. polymena eaterpillars

fed on swwet potato leaves sprayed with different
grades of spore concentrations of 8B, thuringiensis.

Percentage mortality of S. derogata caterpillars
fed on bhindi leaves sprayed with different grades
of spore. concentrations of Bs thurinpiensis.

Peorcentage mortality of 0. axwinacea caterpillars
fod on mango leaves Sprayeé with different grades

~of spore concentrations of B. thuringiensis.

Parc@ntage mortality of N. depunctalils eaﬁerpilWars
fed on paddy leaves sprayed with different grades
of spore concentrations of B, thuringiensis.

Percentage mcrtality of Co medinalis caterpillars
fed on paddy leaves spraved with different graﬂes

‘of spore ecncantrations of Be. thurinciensise.

Percentage mortality of N. gerinopa caterpillars

fed on coconut leaves spray@d with different -
grades of spore concentrations of B. thuringiensis.
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X1 Percentage mortality of P. lzgu:@‘eaterpillars
fed on bhindi leaves sprayed with different
grades of spore concentrations of B. thuringiensisg,

XII  Percentage mortality of H. faseialis caterpillars
- fed on Amapanthug leaves sprayed with different
griédes of spors concentrations of B. thuringiensis.

XIII  Percentage mortallty of M. indica caterpillars fed -
‘ - on bittergourd leaves sprayed with different grades
of spore concentrations of Bs thuringiensis.

XIV  Percentage mortality of D. obligua caterpillars
fed on coupea leaves sprayed with different grades
. of spore concentrations of B. thuringiensis. .

p Y Percontage mort&lity of Ps ricini caterpillars fed on .
‘ banana leaves sprayed with different grades of spore
concentrations of B. thuringiensise '

I Peréentage mortality of P. peponls caterpillars
fed on snakegourd leaves sprayed with different
grades of spore concentrations of B, thuringiensis.

XVII  Percentage mortality of S. mauritia caterpillars
fed on paddy ledves sprayed with different grades -
of spore concentrations of B, thuringiensis.

XVIII LbDgg of B, thuringiensis spores to different species
- of caterpillars and the slopes of the ld=-p liness
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Insects are subject. to attack by a large number of

-parasitic and predacious specles and disease causing

/ \Q)\“— T.[/’/g N

D

nmieroorganisms, Utilization of thase natural enomies
to control insect pests is 'apglieﬁ_biologibal control !,
Biological control using micrporganisms is termed
‘microbial control's Although the term is of recent
'-originwthe iﬂea it designates dates back to over a

‘hundred years ago. The illustrious zoologist Elie

" Metehnikoff (1879) is credited with heving first

suggested the use of microorganisms to control harmful

insects.

The microarganiéms assopeiated with insects are
bacteria, fungi, virus, protozoa and nematodes. Some
of these have proved promising 1n the control of various
plant and animal pests. Some of the micrcargaﬁiéms
are amenable to be eultured in enormous numbers to meet
urgent demands. By.virtue of eértain rare atiributes

. like nen-interference in the natural balance, lack of

. hazards to other animals-and absence of ric: of causing

development of resistance in insects, micreoblal pro-
parationg are becoming inersasingly ,.opular both for
research as well as for practiecal: application in

inaeet econtrol.
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» Early»aﬁtempﬁs to use microc%ganiSﬁs were made'with
fungi and not until the Eath century were the bacteria
-~utilized in controlling inseet pests. Landmarks in the
use of baecteria begin with the period 1909-1915 when
' Herelle (1911, 1912, 1914, 1915) created considerable
interest and exiltement by ¢laiming succeéssful control ‘
of th@ wigratorv grasshoppers with the use of Cocﬁobacillus
qevzdlorum. But the failure te duplieat@ this suecess
\ny subsequent workers led te tha abandoning of the effort.
‘In the late 1920s and 19303 several warkers in Hungary,
’ khgoslovia ané elsewaere mbtazned encouraginw results
. with the use of bacteria, esnecially spore forming
crgaﬁisms like Bae;;lus,thuringlensis.aerl. Hovever,
for some unknown ‘iéaéoQS'thase successes were ‘not
followed up, The third~stage is marked by the suecess
achleved agalnst the japenesge beetle Popillia Japonica

by the use of the ?mi1ky diseage! 6rganiéms‘ﬁaeillus
- popillae and B. lentimorbus. Later in 1949, Stelnhaus
renewed the investigatians with B, thuringiansis and

related specaes. This was xolluwad by eshaustive studies
by workers like Faldini and Pastrana (1952), Angus

(1956 a, b), Grlscn and Beguin (1954), Tanada (1956,1959)
Okka (1957), Rabb et al (1957), Heimpel and Angns (1958)

and many others,
ﬁs a result of these sfudles it is now known that



3

B. thuringlensis Berl, is a large and motile bacterium

which 1s gram positive, rodéhaped, crystalliferons, spore

- forming and entomogenous and can be used as an effective
‘1iving inseeticidets . The outstanding advantagés of the
baeteﬁium have beeﬁ found to be its long history of absence
of toxicity to warm blooded animals, wide spectrum of
activity, eampatibllity with most aestieides,'stability' _
of virulﬂnce enabling its long storage, ‘comparative rapidity
of actien, and amenabllity to commercial production. These
virtues have acquired for the organism the highest place

among other microbial insecticides.

Recent investigations by the workers, Bennefol and t
Beguin (1959), Fisher and Rosnmer (1959), Jagues and Fox |
(1960) Mc Bwen ot al. (1960), Patel and Cutcomp (1960),
Steinhaus (1961, 1960) and Smirnoff (1963} have brought
to light meny informaticns wregarding its toxicity, mode
of action,'vifulence, compatibility, reéidual action and
~ other aspects. Bffect of environmental factors on the
:bfbgrQﬁsicn of infeetion; thethistupathblagical changes
" in the host, methods of incressing auSéeptiﬁility of
host ingects etc., are fields which ha%e not heen probed
to in detail, Quan@ativa datz on the sueee?tibility of

different insecct species is meagre and far botween,

In Indis rosearches in this field have just been



initiated only. The works so far done are bﬁ'Deéand
Konaﬁ’(lgﬁﬁ)g Majumder ot al.(1956), Raoc gt al.(1962),
Venkatraman et al. (1962), Sekhar and GbpinathfﬁIQGE) |
and Bamamurthy (1963 a,b) and these are mainly of a
'screaning.natnre¢ In Kerala, Ayyér (1961) reported the
susceptibility of fibe caterpillar pests.

In view of the immense'péssibiiities 6f the use
of Be ;hnz;ng;gngia in controlling crop pests and the
lack of information on its effect on the‘different
.caterpillar pests in this countryg'the present studies
vere taken up. |

In these Btudi@a the susceptibility of twantysix

species,of aaﬁerpillar_pesta affecting various erops has
- been ascertained by screening tests. Dosage mortali ty
relation between 16 of these caterpillars and spores of
B. jhnxinglang;a has been workad out in-full. The uiffer—
ent species of caterpillars have shoyn different suscep%in
bzlities %o dnfection by B. xnnxingignaig and ‘thei bacterial
'preparatioﬁ has proved premieing to eentrol sone of these
pests.‘

A éfiéfjreview_af work done so far with

Bacillus thuringionsis is also presented.
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A bacﬁerial diseage of the larvae of‘ﬁediterranaan
flour m@ﬁh, Ephestia kuhniells Zeller was vecorded in
Germany by Berliner in 1911, Later inl91S he named
the causative organism &s EaaizlusAthuringiensia, Mattes,

(1927 also isoleted the baeteriun from the diseased

1&?#&9 of the same insects

. There is some disagreement on the taxononmic status

of B. thuringiensis ané its related species. Ellinger

" and Chronine (1930), §g§*h gﬁ‘gl .(1946), Tounanoff

(1953,19558) and Eaumaneff and Le ﬂarrollar (1959) congider

o B. thuringi@nwis as a variety of B‘ aeraus P & ¥, But

teinhaus (1951 a, 1951 b), Steinhaus and Jerrel (1954)

' aﬂd Heimpel and Angus (1958, 196@ a} treat it as a

diatiﬁet sgecaesy

ﬁccarﬁing to Bergy's Hanuai of Determinative
,Baeterialoﬂv (19573 B. thuringiensis has been given “the

....mm

4'f911ewin sgstamav;c p@sitiﬂn.

Class ‘¢ Sehigomycetes
order '+ Iubacteriales
Femily +: Baeillaceao

. -Genus : Bac@llué

| ,Specias; s thuringiensis

The bacterium has been deseribed in detail in the

Bergy's Manual, The vegetative'ﬂeiis of the bacterium ara
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raéfsﬁap@d with square enéa; measuring 1.0 to 1.2 by
3.0 to 540 microns, usually cccurring in short to long
chains aga.nét capsulated. They aﬁe motile and gé&ﬁ
| pasitiv@@»“Thé sperangla are not aefiniiéiy-awellen,
‘spareﬁflying'ehliquely in them, @h@ gporanglimm contains
ierystallin@ ine&usiqn bodies. Spores are elli;saiéal

and measure 1.0 to 1,5 microns,

I. Toxie Mechanism,

" Different views have been espressed by various
“worlers regaréimg the tozlc mechanism of ‘the. bactamium->
Some balieve that the texzicity is attributabla to the
: presaﬂce@ a ervstal forrsd during snaralatian, while
.uthera think that the spore alone is enough. A third -
eenaept in this regard is that both the spore anﬁ the .

“ erysta? are @ssantial f@r the taxie affect.

‘ The grasence of a erystal in the syarangium .
':tngpﬁher w&th th@ Spore was firsﬁ observed hy ﬁerliner |
€195 ) an«:i later by Mattes (1927). The relationship of
| the cr;st&l with the toxielity was first 1néieateé to
by Angus (1@53). He found that injection of the toxzin:
_into the alimantary canal af siliworms caused cassati@n
'Qaf faeéiﬂg, @aralysis of th@ miﬁguﬁ and eventual death.
irﬂannay (1053) @bsgrveﬁ that duoring s@mrﬂ farmatiﬂn,
.th@ spores invapriably ave acaampaniaﬁ by éiam@nd

shapad ervstgls and eencl&ﬁeﬁ that they may be aaseciate&

t
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with pathogenicity. Further, works by Angus (1964 2,1956 b)
alsc démenstrate@’the highly'toxie cha?aeﬁ@r'of tﬁe erystals .
to certain inseets. He found that thé midgut pil of the
susceptible 1nsects was alkaline (9.0 to 10.5), 8 condi-

tion n@cesqarv to dissolve the crystalse

ﬁeimpel (1955@} from his studies with many bacteria
pathog@nie to the larch sawfly, Pristiphora erichsoni 3,
fuled out the pessibility that the pathogenecity is

dependent on the presence of the erystals. But investiga-
 tions by Venkova (1957), Bennefol. and Beguin (1959) and
Patel and Cutcomp (1961) yielded results revealing the ‘
toxic natura of tho crystals For example Bennefol and

' Beguin (1959) éemanatrateé that the pure e:xfaets of |

| erystals are 8,5 times as efrective as a standard spore.
'preparatian. They algo observed the gut pH of suscepti-\ '
" ble insects Ls above 9 -

" Heimpel and Angus (1959) recorded that in'the
Jlarvaa of Anagastra’] kuhniella, the spores germinate in

" the presence of erystalline toxin and grov in the midgut
- pefore causing death, indicating that both the sSpore

and the orystal are necessary to cause deaths

McConnel and Richards (1959) and Tamashiro
'A(1960) reported another toxin which is heatwstable and
toxie ‘when 1njeeteﬁ into insects but not when 1nge»ted.

Lipa (1962) observed in Pieris bragsicae that

' the infected larvae died out of septicemia, the dead

. 1
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larvae shawing a large number of haeterial c2lls. Similay
posults were also obtained by Tanada and Reiner (1963)

~on Heliothis gea. Smirnoff (1968) in his ‘olaborate

. axﬁeyim@ﬂts uith Choristoneura fumifarana pecorded

tygieal saptieemi& anﬁ eanalﬁﬂed tnaé tha eryst&ls
3ara not asaential to pathcgenieityu-

: V‘Gamérmﬁ il@ﬁﬁi, ,fviawing ‘the whai@ payiticn.
'7;bumaaris@g mis views in the follouing werds. "The present
fﬂay kﬁ@@l&dge of the ﬂelative xunetx@n anﬁ importance of

the spores and aﬁystals in aauaiﬁg éeath of éiﬂfarank

 iasect speclies 15 f&r*frem camglat@v sometinmes one or -
the atﬂar is alm&at entiraly raspsnsi e, but in other

ffcasas there apgaars 0 be an intaraetian batwean the two."

| Prapertieﬁ af the aﬁwstal P Th@ é@yatal is t&p&cally |
: diammnﬂushmpe@ a$ ehsarvgé by Hannay il@ﬁ%) and 1% ma?7
‘jhtake 8 phombohsdral to aub@idal shape in some oases as
notad by ‘Stieinhaus end 3arr@l (1054}, ~ According to
?“ﬂannay ilgdéﬁ, it is 3@Luble in ﬁiln%@ alkalias an&

, 1nsm1uh1a in watew and @rganic solventss Iﬁvestigatians

"*x_hy danna? ‘and Pitg Jamas (1985) prmved the @Y&&Qﬁe@ of at

_Tleast 17 auine aeiés in it.

- 11. ?ath@genasis.

?athugeﬁesis or the eeurse @f lﬁfeaﬁi@n ag iﬁ
. takes plaee in the insect hes%s hag been stuﬁieé in detail



9

by Mattes (1%27) in L. kuhniella. He observed the following
successive stagas: (1) ingestion of the spores end their
‘germination in the midguts (2) formation of & large number
of éegetative cells in themidgut; (3) damaging the gut
'epitpelium by the enzymatic activity of the baeiTIus as
it flourishes in the gut contentsy (4) migratien of the
'bacterla ﬁetween the host ecells into ‘the body cavitys

{s) abundant growth of the baclllus in the haemolymph;

(6) disintegration of internal tissues as the result of
Ybaeteriélvenzymes§(7) &ppeérance of external symptomsA

of the diseage; (8) penetration of the bacteria into the ‘
tissues of the narvous system reﬁulting in death~'

(9) further disinﬁng$aticn of all tissues and drying or
Jmummificationt of the larval remains- (10) fbrmationrof
spmrea of the baet@rma.

- III. Virulence.
4 \

The torm virulence refers to the ablility of &
micro-organism to invade and injure ihé.tissues of the
body of i1ts hosts Variations in-thé-virulanee are rather
:fraquent among entomogenous bactoria and have eauged

ineansisténcy in the results.

 Mattes (192?) recorded that the spores of Bacillus

thuringiensis pemain viabile for at least six years.

Steinhaus (1949) suggested that the virulence can be
enhanced by (1) passing them through suseceptible hosts,



10

(2) causing them to disseciate into moré virulent strains,
(3) introducing together with microorganisms, substances
that nay increase their invasive power and (4) mizing them

'  with other miero qrgaﬁisms that may render them tore capable

. of invading tissucs. Again he (1951) showed that the culture -

of the organism on artificial media and their long storage
~ upto fifteen years caused no loss of virulence. Lemoigne
. @t al.(1956)a1s0 noted ne 1os of virulence in laboratory

eultures for three years,

' H@wéﬁar, Maéumdﬂf, eﬁ élg (1956) éepé#ted that the
R virulenee was lost on artificial culturing, but regained
| whan passed through suseeptible 1o8ts.

Steinhaus (1959 a) observed ﬁhat,when a maxture of
Serratia marcescens and B. thuringlensis was fed to

Galleria mellonella, the former inhibited the development
of the latter.

" IV. Factors Affecting Infoction and Virulence.
: as Enviranmental faeoorss ’

It is widely racagnizeé that temperature and
hunidity are. the prineipal factors that affect the acti- -

vity'af eﬁtempgenuus.miernmrgaaismég

Husz (1929) reported that the spores remein alive
even when th@(azmuagherie»ﬁamperatura was below 0°C for
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- long periods; however 30°Cy was found to be mors

~ favourable to rapld development and quleik pathogonic
effect. Angus (1953) and Steinhaus (1954) pointed out
hat the bacterium peéséssas its meximum virulence after
spornlaﬁiaﬁ wyhich in turn was‘abseﬁveﬂ to ba'maximum

at a raunge of 35 to 379C. ¥eConnel and Cutecomp (1954).
werking on europesn corn horer ia?vae mbtaiﬁaé a pogie
tive correlation betwecn temperaturs within a range of
20«5506, and the rapidity of infecﬁien, Steinhauns (1959)
observgﬁ“that vary high or low temperatures and relaw-
tive hwsidities had 1ittle effect on virulence. Ignoffo
(1962 1) in his extengive studies with Pectinophora -

'§095¥P2911ﬂ abtaine& a direct rélatiénship of the
progressién of mortality in larvaa<with the temperature
lovel at which they were maintaiﬁed._Th@ relative humidity
was noﬁ fouﬁa to be an influencing factor. The optimum
temperature on the basis of LT 50, was 40.1° €. Swirnoff
(1963) studied the effect of temperature in detall. He

: found that the incubation period and tﬁe.ameant of mertaiity

vary with femperaturea

Kushner anﬁ.Hérvey, §unﬁed by'ﬂameron {1983),
‘found that at certain times ef the yeaé the foliage
of certain trees contain a component that inhibits the
germination of E? t@uringi@nsis in the inseet’gut; thus

affording protection against infectfion.
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b. Culture mediums

~ The medium in which the organism 1s grown may
influenaa the virulence of the pathogen., Husz (1920)
‘observed appreciable diffevence in the virnlence of the"
bacterdium grown in eulturea'ef diffeﬁent pH eonéen» |
tratinns, thase having pH 7 or 7.2 imparting more virue.
lence. Metalnikav and Ghorine (1929 b) reported that
clder cultures were more virulent than young oness
Steinhaus (1951) observed that spore production was
" more in solid medd um than'that 1n.1iqu1d medium. He
also noted that aﬁdition of 1% dextrose to the meddun
- inereased the rate of spore fanmation vhile the addition
of 2% proteasepaptoua or 5% sodium chloride retarded it.

| TheAbaétewiﬁméggggias“a stomach poison and its

effects are more marked on cheving inscets. As early
as in 1927, Mattes observed that larvae of Epheatia
Enhg&glia* if-preﬁ@eted by web, aﬁe not affeéted by .
the s§ores;‘ De and Konar ¢1956) attributed the low _
'martality 1§ Erggodermg granariun to the internal fesding

habit of the larvae. Steinhaus (1957 a), Burgerjon

. and Klingler (1959) and Jaques ané rox $1960) in their

experiments on “yrausta nuhilalis, ?Qrix v;ridiana

and Heliothis gea raspaetivﬁly, suggested that thé

ineffectiveness of the bacterium in thelfield is due

*
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to the baring habits of the larvae, Pointing. (196 )
e&tablished & relation: b@twe@n the 1aw effect of the
bactérium Qn_ﬁhygegonxa buoliaﬁa~ and itspeculiar habit
in rejecting plant tisaa@@ while b@ring into the bud. |

Cameron (1963) concluded that the bacterium is

not effective against borers and internal feeders.

VI. Persistence and Residual action in the Field.

ﬁha‘£§siﬂu&l effect of a gathﬁgeﬁie material ié an
,im@aﬁﬁan% fae%er esga@iaily vhen it is applied against
an insect haviﬁg éugrlaygéng generations, ﬁa~eaﬁ¢iusiv@
daﬁa is avaiigﬁle ta sﬁ@% the p@rsiét@nee and residual

~ toxieity of B. thuringiensig.

Chorine (1930) concluded that the bacterium cannot
. _be used ag a @r@ph&iaeﬁie_maaéure'as~its'effeativaness

is lost too soons Welsman (1941) found that its effectivee
ness was not affected upto aight dajS, but was lost
gixteen aays due o rains' However, Lemaigne‘gg‘al .
(1956) ‘cbgerved that the spores haﬂ@ipersisted even after
the rains have fallen anﬁ‘inrene'easa they have prevented
e&ﬁhﬁg@-warm infes&aﬁions for longer periods than that

. with twn4appiica%i@ns of Bﬂﬁékiﬁall and Andres (1959)

have gapér%ed that the bacterium without sticking agents
displayed a residual effect only for 5 to 10 days'
- against cabbage insects, whereas Vankova (1962) found
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that the effectiveness of sprays with commercial

preparations lasted for two weeks.

Hall (1861) contented that the residual effect is
dependent not only upon ﬁhé hogt~parasite relatianshiﬁ,
- but also on the plant growth and>environménﬂa1 factors.
Smirnoff (1963) found that the effectiveness of spray
 dininished with time whother protected or unprotected
from rain. He has put férward two possibls explanations

- for thiss (1) the spores germinate on the foliage and

. subsequéntly die¢, as suggested by Stephens (1957) in
the cass Qfﬁg, cereus and (11) some volatile substances

- released by the faliagevmay inactivate the spores.

Although knowledge of the effect of additives

‘ iﬁ‘s;ray or dust formulations of insect pathogens 1s
‘limite&, various standard w@ttipg and Sticking agents

~ have Eeen used successfully in combination with wmicro~ .
 bial materials.

Adjuvantss ﬁhismanf(194l) found that effectiveness

of the spray of spore matérials can bé inefeasag»by
adding a wetting agent, though lime sulphur added as

an adhesive has a retarding effect. Tanada (1956)
supported this view by showing that ad@ition of Triton
B=1956, as & wobting agént to spray, at a concentration

of 1:800, had no adverse effect on the virulence,
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' Angiis: (19520b) and Kreig (1957) have reperted suasessfﬁl
ﬁixing of methyl cellulose with baéteriél pathogen as an
‘adhesive. Further investigations by énguS‘(lgﬁg)vshewed
that foliage treated wi%ﬁ‘g. thuringiensis and a venyl
 latex gticker was toxlc to silkwornm larvae even after
considerable weathering and washing, Gﬁnther {1060)

. was successful in adding melasses as an adhesive.

- Jaques and Fox (1960) observed that skim milk povder and
geon latex increased the effectiveness of the pathogen

'agaiﬂst Pioris rapag on cabbage, but failed to increase

the effect on Operophthera brumata aﬁ@‘ﬁisgﬁhilafgpm@tariaf'

1,'an4a@ple, Geering aéﬁ tLloyd (1962) in laboratery trials
found that Love (amine sﬁea$&te) s@r&? additives praduéed
© significant improvement inthe efficacy; leading to
improved suscaptiéility, reduced QVRp@rati@n»an& improved
adhesion of depésitSa Cage tests uaing.?ia@isrbnasaiéaa

~ also :showed 8 four-fold increase in dosage efficlency.

s '?astieidesz : B; thuriﬁgienéiS'has been combined with
sam@ of the récent potent inseetieiées, fangiciées and
antibiotics. o ’ |

Martmwat (1959) reported that Copper oxyehleriéa

© and zine. ﬂithiocarbamaﬁe are eampatible with B.thuring&ensis.

: Qenung (1960}'mizﬁd Tczapheﬂe-witn the pathogen and applied
against Trichoplusia ni , but the enmbinaiimn vas net=  
éignificantly better than Bacilius"dr Toxephene aionea;
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McEwen et al. (1960) studled the compatibility of
BL thyxing;gng;g with Parathion, Sev1n, Demeton, TEPP,
- Trlthion, Meneb, Gaptan, Cocs and Chloranil. . Of these

' dhlgranll alone had some adverse exfectSe“

Toumanoff and Lapled (1954) observed that.
B« thurlngiensi showed varled reactions to antibioties.
" Tanada (1909) pointed out that Peneeillin is innocuous,
while ,streptomycin.affeqts.most of the entomogenous

bacteria,

YIII. Eéthods of Infectien and Transmission.

In neoure the yathGgGHWC bacteria infect their
«'hosts mainly %ﬂrougﬂ the oral route and to a lesser extent
through con?erital truusm1931on. 1ransmlsqion may also |
occur through sting of parasites, bites of predators or
' through cannibalism. There is little evidence for the
'1nfection tnrough r@spiratory route in 1nsects though

it 1s a common methoa in bacberia1 aathogens of man.

Natural clswevsal occurq +hrough txe infected hosts,
'fby the meehanlcaT transPQrtatlon through bodles of insects

- and other animals ana throagh w1nd, rain and streams.

Metalnikov and Metalﬁikbv-(]QSo) 1n their studies
with the wax moth 1arvae observed that. the uarasite

‘ _Diborachq 8D, can ‘transmit Baczlluﬂ‘gghestgae (-Bacillus?

thuringiensis) through 1fs ovﬁpos1tor. Investlgatlons of
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Pelivka (1956) have shown ﬁhat the apread of the disease?
ocecurs through insect parasites, predatofs, other
animals and birds.

Majumder gt gle (1956) obtained scme spread of
the disease by liberating infected larvae among the
'population of the lablab pod borer Adisura atkinsoni,

 Tanada (1961) is of opinion that in oral infection
‘f‘&h.e host aequi_’tres’; the pathogen by canniballsm or by |
feeding on food<¢entam1nated with s (1) the decomposed
remains of infected hosts, (2) the faeces from infected
host and (3) the iﬁfeétieus nieroorganisms carried to

‘the food plants by wind, rain,gather'animals and man.

_ Although ther@ are ;ncreasing r@perts on the
wuongenital transmissiombf certain pathogens like
viruses and protozoa, only a few bacteria have been
’ raéorted to be %ransm1tt&& in this m&nne?. éﬁeya appears

‘no such incidencoe in the case of B. thuringiensis.

IX Hethcds of Agglicatian.

The micrcbial a*ants are usually applied for
insect control in the following four major wayss
(1) application alana as & spray, dust or bait, -
(2) intrdauctioﬁ and eoleﬁigation into an inseet popu=

lation, (3)'applieation in ecmbinaﬁion with chemical
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ingecticides and (4) application co-ordinated with insect

parasites, predat@isvand.other mieroorganisms->

Husz (1930) working on Pvrausta nubilalis ohserved

' that dusting gave results equal to that of ‘spraving,

. Field experiments eonducted by Hall and Andres (1959}
showed that coverage of tho material‘enithe plant is
extremely 1mPartant an& that thi3 faetor may explain the
»}.effieacv of dust over spraying.

Dunn (1960) and Briggs (1960) obtained good control
of Musca Qomeﬁﬁiﬂé which develop in droppings of animals,
by incorporating B, thuringiensis gpores 1nto the feed
l of Steers and ﬁhieken- Similar results were - obtained
by Burns ot al. (1961) by feeding the spn“es to caged
- layers in their ration;

The time,-number‘and method of appliecation, as

- well ag the eomplete écverage,qf'the,plénﬁ arevimpartant
raetars_in igcreasing the etfiéieney of microbial contrel
as emphasizé&'by'ﬁalij§1961) anﬁ‘ﬁhﬂadé agé<Reiner(1962);-

- The latter authors observed that a thorough dust applicas-

“tion was most effective against Pyrausta nubilalig.

Smirnoff(1963) in hig experimeﬁﬁs.with "Thuricide"

found that aqueous suspensions were more effective than

oil emulsions against Choristoneura fumiferana.
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Regarding tha aaglianees, Tanada (1959) stated
tnat most of the- e@nventional sprayers and dusters,
‘mist ulowers and aireraft have been found suitable for
field ap@licatinn of the microbial insectieiﬁes.

fhére‘héa not been any_geportea case of boxicity of
Beeillus thuringiensis %o higher animals and the

'Aharmlassneas has b@em proved bayon& doubt in nany instanv 

GQS& »

‘Berliner (1915) £aund no indication of the bacillus
being yaﬁhoﬂenic to any var%ebrate. Later Steinhaus |
: (1951), by his elaboraﬁg taxieelegical tests, established

” the harmlessness af th@ banterium $o0 warmbleoded animals._

 He pointed nut that Qral consumption of a culture of the

~ bacillus by a human volunteer produced no untovard result

‘>ef any kind. The harmlessness of B | hgginggensga to
hi gher animals was further evinea& by the works of
Lemoigne gt al. (1956) 3 Griscn and Milaeire (1959) and
”Fisher and Rosner (1959).

, There 13 an apgrehen»ion among some scientists
~that Bacillus thuringéinggg may mutate to B. anthraeis

or similar farms whieh are path@ganie to vertebrates
anﬁ plants. But Steinhaus (1959 c) aansidering the
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‘question in detail has expressed the view that the chanees

of sueh a changs are very little.

The only recorded observation on phytotoxicity
seems 4o be that of Creigton gt al. (1961) on Tobacco.
In field %eéfs, a wettable powder prgparaticn at 10 1ib.
per acro, applied by hand to buds, was found to injure

tender foliage. At 4 1bs per acre it was less phytotoxic.

XI. Bffect on«Naturalienemigs_ofrlnéects.
| 'Instances‘of'deleteriaus effect on insect parasites
and prodators are rather few. Solaman (1940) reported

 a case wherein the Hymenopteran parasite Microbracon

hebetor on hosts severely attaeked by'Bacillus thuringliensis

became infected and quickly Succumbed.'

On the contrary the harmlessness of the bacterium
- on natural enemies of insects has been estaﬁlishad in
. several cases. Bilotti (1956) investizated the effects of

‘the bucterium on the perasites of Pieris bragsicae . He

observed that the development af.ﬁniléstus ebinius and

- Apentales glomerata was normal, the only difference being
that the larvae of Apapteles left thelr hosts to pupate
somewhat earlier than those in the cﬁﬁtioi. However, he
noted Qeﬁsiﬂerabie mortality among lavvap>of the Syﬁﬁhid,
Zanthandrus comtus "in fest plots. Tanéﬁa (1956) did not
l*observe any advaorse effects on 1nseet"paxasites;and'

_ predators of the Lepidopterous pests of cruciferous
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plants., According to Rabb (1957) the spores did not
affect:the adults and celonies_of<quistes exﬁlamans,

én impurtant natural en@myzof hornworms. Helson (1960)
reported that the Dbacterium did not have any harmful
effeet ‘on the Syrphid and Hym@naptereus enenles of
cabbage insects. Investigations by Ayyar (1961) revealed
 the harmlessness of the bacterium to’izigﬁggﬁilugﬂ

| ﬁgpivor& ,Apanterleé sDey Microbracon sp. ,\ and Scmg‘ ue sp._;

Pamashire (1960) recorded an interesting chservation

that. bracon parasitised larvae of cOrcvra caphaloniea

| were moré suqceptible tc infection by the bacterlum.

XII. Honey bees and the Toxicity of the Bacterium.

Reports so far do not show that'thglbécterium
haS’any adverse effect on honey bees. Studies'innghis line
by Martouret (19569), Ayyar (1961) and Wilson §i962)

- 1ead tb tha conclusion that the bgeﬁerium is harmless

. to the bheeg.

. XIII. Sgectrgg of Inseets Suscegtible,

Bacillus thurin?iensia by virtus of 1ts gre&t

patentialities as a microblal -insecticide has been tried

- against a8 large nusher of insects. Large scale applicaw

tions of the hacterium apainst the alfalfa‘eaﬁergiilar .
in California, against Golias lesbia in Argénﬁina and
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against eab%age pests in U.8.4, haﬁe vielded spectacular |
rasﬁits. 7 list of inseots against which the baeterium
has h@en tried is given in Labla I.

Tﬁﬂﬁﬁ‘ I

& list of insect pests whose suseapbtibility
to Eagil&ng thuripzensis has been 1nvesti~
: gateﬁ by various workerss

S o Dogres L
Insect of eff= References
: « gctivo- L

| . ness.
l bréer‘Eap1&ap%eﬁas
Avctiidae & | , S V
- Aretlmgaja 00 xxx Martouret 1959
Estiggene aer@a " $¥x  Hall and Dum 1968

. . Weiser and Veber 1954
- xxm | Vasiljevie 1967,1961
xxx  Hall and Geoffrey 1962

. Perfeslla plotni . - Rao gt gl. 1962 .
- Utetheise pulehella . Ramamurthy 1963 &
- Boarmildae: o - o
Betropls grepuscularia - - Morrds 1062,
. Grambidae- j . | .
. Guilo gonellus LA Ramamurthy 1963 a
Procoras indicus. - xxx  Ramamurthy 1963 a.

gﬂ@iaﬂﬁﬁagé;ﬂiVﬂllﬁ_ - XXX Ramanurthy 1963 a,

 Cryptophasidaes ’ | § o
Nephantis serinopa X Ayyar 1961.
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1
~ Bupterotidae: -
.. Eupterote fabia

- xx Sekhar and Goplnath 1962

« Rao at gl. 1962

. XXX :Tamash«i»ro 1960

xx Toumanoff and Grison 1954

xxx Metalnikov and Metalnikov

1933, 1935

xxx Ignoffo 1962 a

E. mollifers
Galleridae:

Salleris mellopella
Gelechiidaes |

.Gnoéimaachema gperculelia -

Pactinophora gossvpiella
Geometridaes

‘Algophila pometaria

. : !! ey I . ! 'i’: ! ;'

xxx Jaques and Fox 1960

xxx Jaques 1961
- xxx Quinton & Daone 1962
- ¥x Morris 1962
,'xxxfﬁéisman'1§4l
xx% Jagues & Fox 1960

XXX Jaques_l@ﬁl’

Semiothisa pepzoleats
Thamuonoma wawaria
Hypaqameutidae=,
 H¥uonondfa sp.
H. mallinellus

/

" zxx Quinton & Doane 1962,

%  Ramemurthy 1963 a
xxx Isokova 1958

zxx»W1qsman 1941

- xxx Isakova 1068, Schwezoa 1959, _

Gunther 1960,Frang 1961.
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Laeioeampitdae. |
I)enﬁmlims sibiricus xxz Telalaev 1958, 1959
D. auperans xxz Talalaev 1962
Malacosoma americana " xxz Jaques & Fox 1961
H. neustria ~ xxx Toumanoff & Grison 1954

xxx Van Bamme* : Vander Lann
1958 -

\ p xxx - Vander Loan & Wassink 1962
Lymentridas AR S

EHQM&L& dunata #x  Venkatraman gt al.1962
l:m.n:&z:m digvan xxx Hetalnikov & Chorine
. - 1929 a
xxx Cantwell ot al. 1961
, X% Hetalnikov 1930 |
_ﬁilmm@ .s.a_lgi.a 'xx Mentalnikov 1930 -
Lionetiidaes. - | ' ‘

Bugcoulatriz fhurberiella ~=x Hall & Dunn 1958
Hoetuidaet . = : S R

Adsi ﬁg;;"a-mi- "  xxx Majumder gt al. 1956
Alabama arzillaces .- sxx Figueiredo gt 21,1960
.- Heliothig &gg,;;gg_a o mmx Martouret 1959

He Vipsscens - .~ = Rabb gt al. 1957
I - Cuthrie of 21,1959
' _ - Grelghton ot .al. 1961

He zed o e xx  H-1l & Dunnl958

«  Jaques & Fox 1960
xxx Tanada & Riener 1962
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1 - ) %
Laphyena exirua - Hall & Andres 1959
¥ Hall & Dunn 1958
Blusia ghaleites zx Helson 1960
2+ peponis xx% Ayvar 1961.
Snodopters auritia  xx Ayyar 1961

XK Tanaaa 1956 .
xx Hall and Junn 1958

xxx Grigarick & Tanada 1959
xxx Hall & Andres 1959
sxcx Mo Buen o ade1960

xxx Hall ot al+1961

X Hemel 1961

Notodontidae:
Datsna pinistra xxx Jaques and Fox 1961
Nymphalidae?
Yapnessa upticae xxx Metalnikov and Chorine
1920
Olethreutidae: |
' Sailonoia Qgglggég - xXxx Jagues & Fox 1961
xxx Legner & Oatman 1962
Papilionidacs A
Papilio demoleys XXX Ramamur%hy 1963 &
Fhyllocnistidaes
Phvileenistis clirella zxx Ramamurthy 1963 a,b.
Pieridae: \

Colianz lesbia F. xxx Faldini & Pastranz 1952
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Colieg piilofice supvtheme xxx Steinhaus 1951

| - x%% Stern et al.1950
xxx Hall & Stern 1962,

Pierls bragsicae XXX ivietalnikov & Egetalnikov
A | 1935

‘ xxx Tamanoff & Grison 1954
XXX Biletti 1956
xxx Lemoigne gf gl.lgsé

xxx Burgerjon 1957
xxx Kreig 19567
xxx Isakova 1968
xxx Martouret 1959
x Bohm 1961
xxx Lipa 1962
4 xxx Vankova 1962
ﬂ.ﬂﬂﬁ I2pa8 o xxx Tanada 19566
| | xxx Hall and Andres 1959
xxx Me Emn & Hervey 1959
xx¥ Me Bwen gi 31,1960
xxx Fox & Jeques 1961
Plutellidae: | |
,_;mmua W  xxx Tanada 1956
 xx: Oka 1957
xxx Menn 1960 -
XXX Fox & Jaques 1961




2%

i N g )
Pterophoridaes
Platypi gl;g capdujdactyla  xxx Tanada & ﬁién@r 1960
Pyralidae:s _ ’ _
Aeleris werians  xxx Morris 1962
Cpaphalogroeis medinalis ~  HRamanmurthy 1863 a
Cgrgzpa cephal g;g ‘ xxx Tanada 1960
XXX Venketaraman eh 21.1962
Eahgﬁ§ia cautells %X Godévaribai et al.1960
B. kubniella | %xx Berliner 1915
| xxx Jacobs 19850
Hellula undalis zxx Tanada 1956
Lencipodes gxpggglig = Ranamurthy 1963 a
ﬁargagegié indica xxx Ayyar 1961
And a-,rie»w~f xxx Kantak 1959 )
Stomoptervy subseeivells  xxx Ramamurthy 1963 a,b
avlepta siliealis xxx Flgueiredo at al.1960
Udes rubigalis ' xx Hall & Dunn 1958
Pyrauatidae.
Eyrauste pubilalds xxx Husz 1928,1929,1930

xxx Chorine 1939

xzx Metalnikov gi 21.1930

x He Connel & Cuteomp 1954
wx Steinhaus 1957

x#x Martouret 1959

xx Hudon 1963

- Eckstein 1934
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Saturnidaes |
Agking gelene . P Raﬁimurﬁhy 1963 a

Sphingidao: T

Zotrix sps
Eygaan&éae: : :
g.mm m&lﬂ.ﬁnﬁ

xxx Rabb gt al.1957 -

xxx Cuthvie of gl.1957

xxz Croighten 1961
x¥x Rabb gt al1.1957 .

| xxx Grison and Eaguin‘ 1954
| Xz ﬁariaumt 1969
mux Androie 3.%1

xuwx Grison & Eef*uin 1954

' sixx Moore b 81.1962

xx Hall & Dunn 1958
xxx Kadler ot al.1050
xxx Jagues & Fox 1961
Me 'E;W@n g& 91.1960

- %{i@isman 1941

% Tadic & Vag iljevic 1057
x Hadsen & Hoyt 1?58'

:m Me Ev.«sen ot ;'aJ.a 1060

XX Jaques 1961,

xxx Franz 1961

xx Helson 1960

x  Hall 1985
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Order Orthopteras
Acridiidaes
Eﬂg}aaﬂf}glug 1&,@3;&&333
Lobilituratus
Sg £rogaria

AELEAGIRAT

Order Hymenopterat
Tenthredinidaes

- Order Coleoptera:

ﬁastri@hidaQS‘
Curculionidae:
Cadandra granapia

Tenebrioﬂiﬁéeﬁ

Euchocerus eornakus

Choysonelidaes

ﬁl ?éi g cg ﬁmhig;zﬁ

% DBaird 1958
% Baird 1958

- x  Venkatraman gf pl.1962

zxx Venkataraman gt 81,1962

« Steimbaus & Bell 1953
xx OSteinhgus & Bell 1653
b:-o: S A B

®E Hall & Dunm 1988

- Stern 1981

« De & Konar 1956

xx Shepherd 1924
~  Steinhaus & Bell 1953

- R Hall & Dunn 1958

Gajerncelis ggubgamg; ena ¥ Hall & Dunn 1858

Coccinellidaos

xxx Venkataramen ot al.1962
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Scarabaeidaes
- Wﬁ gonferta xxx Sokhar end Venkataramish
1963 '
nxggggg rhincceros - « Cumber 1957
Order Dipteras |
Muscldaes
Yusea Somestica xxx Hall ot 21.1059

xxx Figueiredo ot al.1960

,xxxfﬂriggS'lgeﬁ

xxx Dinn 1960
XuR Menn 1960

The effectivenesélis:fated as

— @ NONme, X @ low, xX 3 moderate, xxx = high,

'XIV. ﬁosm Susce tibilitv and ﬁevelo_ment'af Resistance.

The widGSpreaﬁ develog@ent of rasistance in insects.
to chemical insecticides has caused sﬁmevconcern that
_é@milar proﬁlems of3* rpsistanee to enfamcgenaus nicro-
-organisms also may appear 1n due courge.  However, there.
i no- positive evidence todate that insects have become
absolutely resistent to infection fram applied bacterial -
yathouens or their by-products.

The phenomenon3 that young larvae are nmost susceptible

. than elder larvae - to most diseases, has been found to
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holﬁ gbad ia the c4se of,@@gillgé :f dngien
vlnvesﬁiga%ians of MeConnel and Cuteomp (1954) with

- gﬁgggyﬁggi abi] Lis, Vasiljavie {1957) with Hypantrio

.emes am:% Ayyar (1961) with W W& and
¥ have yield@é resmlts in this line.

Spodonters |

The suseagtibilitv’ef eerﬁa;n *QGEQvS to
B, thwringrensis and itg ¢lose ralativgs is apgarently

assoeiaﬁeé with the pH of the midgut. - ﬁngus {1954 a,l@ﬁﬁb)

- from his aritieal studies Gﬁ th@ ﬁsxxeztg of the arystal,
'fauné that tﬁe suscaeptibla insaets ‘had a midgut pﬁ.af 20
o 1045 '

o While me5t expl&natians of hast rasistanee
have b@&n haﬂaﬁ on seleetien, the passibility of the
@ecurrence of an imﬁaﬁaty must not be overlooked.
Metalnikov and Chorine (1920 b) - ‘showed that. Pyrausta
nnﬁilglia ean be easily immunigea agginst mederataly
virulent bacteria, but not againsﬁ more virulent ones

. ag E‘ ¥

Briggs (1956) demonstrated thet vaceination
of some’ Lepidoptarams 1arvae rpsn&ted in the formation

" of a heat stahla antibacterial principla and 1t~ c@nfaxreé ‘

-.an increasaﬁ %Ol@?ﬁﬁém to patheganie bacteria, but he

 failed to daplicate.the vesult by feeding the inoculum.

- ,Sﬁéphana (iésa‘a;b) persued this type of investigations

usinglggalgxzﬁ,mgligngllg and was able tc isalate tha

fneteru
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XV. Boseges to Control Insects,

In applied insect pathology tha gaal of the
entomologist is to determine the minimum éasagé at which
a pathogen will give effective control of a particular |
ingeet pest. Eaﬁiy in 1956 Lemolgne gf al. observed
that a eoncentrabtion of 200 million spores per mle
applied at the rate of 126 gallons per aérs gave
complote kill éf,ziggig hragsieas. |

Tanada (1956) reported that concentrations
of 0425 gme, 0«5y gme, and 1 to 2 gm, spores per gallon

of water W@§a'raquir@d for effoetive control of Pleris

‘ papee, Plutella maculipepnis end Trichopluel
respectively. o
Oka (1957) obtained 95% control of Plutella

rig with a eoncentration of 2,500 million

spores per ¢ce, while Grison (1957) found that a cone
centration @f 200 million spores per ¢c. gave effective
eontrol of eaterpillar pests of cabbage.

Hall and dndres (1959) from their eritieal
studies eoncluded that a minimum dose of 26 x 102
spores pey acre vas raquireﬁ;tc give 80% will of -
Tpienoplusia pi &nd Bieris papae . Me Huen and Harvey -
(1959) used a @emﬁareial,§raparaticn aentaini#g 100,000
millian Sporés per gram at a dosage of 0,3 lb.per acre

and found effective ag&iﬁst‘gigxia,xgnggc~
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Kantack (1959) observed that 12.5 million
gspores per grem of grain was effective against Plodig

Stern et gl. (1959) go: excellent control of

Colias eurytheme by using a preparation containing

40,000 willion spores per gram applisd at 1.8 oz.per acre,

Hall (1961) stated that for use in initial
field tests of the sporeforming crystalbeaéing bacteria
a series of praduated dosages uwp to & level of 45 X 1013
spores .er acre (that is up to approximately 1 lb.
of material of a concentration of 100 biliion spores per
gram or the aguivalent toxicity per acre) applied as

a dust or sproy might be suitable. -

Hudon (1962) cbsorved that 2 to 4 lb. per acre
of & material containing 2D x 10? SpoOres per gram was
necegsary for control of Enggagg‘ngyilglig. Hull and
Geoffrey (1962) found that & guspension of 75 million
spores per 100 cc. is an afvective dosage against |

~ailanthus webworn.

Quinton and Doane. (1962) reported that 4 ib.
of a materialvcmntaining " X 10g gpores per gram was

effective against Algophila pometapia.

Smirnoff (1963) obtalned best resulits against
Choristoneura fumiferans when BO grams. of "Thuricide"
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(containing 30 x 10° spores per gram) per gailan of
"water was applied at the rate of 10 gallons per acre.
Ramamurthy (1963 b) obtained good control of groundnut
leaf folder Stomouteryx subsecivella with & spore suss

pension containing 400 million spores per millilltre.

Dos agewmortality anpalyses in‘the cage of eryse
alliferous bacteria are eomglleateﬂ bg the action of
the toxie erystal. Several workers have reported .
variability in effectivenass as the spore caneentratian
varies « Only very few attempts have been nmade to
. deternmine quantativelv the host suseeptibllity. |
MeConnel and Cutcomp (1954) for @xcmple, worked out’
the median lethal dose for EZypansta publialis as 50,000
éparas per et. Baird (1058) worked out the Lﬂﬁa for
Melanoplus bhilituralig as 0,002 mg. (5 x 10° spores
W gm)f:ma Menn (1960) calculated LDy, for Plutella
peculipeonnis as l.1 x 108 spores per 100 ce. The
LD&G and LY

5o OFf the pink boll worm~1arvae have been
worked out by Ignoffo (1962 ale LD 5o for long and
short cvele larvae were 49.7 and 49.9 spores per larva
ie 1.9 sporés'per mg and 2.1 spores per mg. body

welght respectively.

w0000
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AND METHODS



MATEREALQ,AHD_METHODS

(a) Baeterial sgoreq used, N |
A vottable powder preparatian of spores of‘_agzllug
'xhnxiazignsig Barl. known under the comvercial name
'Larvatrol W.P, 25 x 10%' containing 25 x 10° viable
_8pores per granm was used in the present investlgationé{
Thiq was obtained from the Agricultural prsduets Eempany
Califﬂrnia, U.Sehi

(b) Spravine tower: - (Plate 1)
' A spray settling tower eﬁnsbructed on the principleﬂ

of ' Potters tower' was used for the Sprgying.

(e) Qlaa_,ugzgg. .

Thege consisted of spocimen tubes (?.5 e X 248 cm),
giass vials, conical flasks, pip§ette°l cc.,2'¢ce. and § cc.
capacity, ?etridisheé (Qoﬁxcm;aiameter),'measuring.
¢ylinder 100 cc. capacity, glass rod, and beakers 50 CCey

100 ces and 260 ce. éaﬁacityé

(d)

,Rearing‘equipménts‘used-weré’ﬁnfricéne chimneys
15 cm. x 5 oms,y glass jérs (18 cma % 10 oms x 27 crm.)
- eamel halr brushes etc.
(e) Iost ingects used.

Caterplllars of twentysii different species of moths
wore used for the experiments and they are listed belows
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Ligt of Test Insects.

Sl.No. Name Pamily  Host plant
1. Iuchromia polvmena L. Amatidae Sweet potato
2. Digcrisia ovliqua W. Arctiidae Coupea
3. Pericallia ricini F. ., " ‘Banana
4, [Neophantis gerinopa M. Cryptopasidae Coconut
6. ZHupterote mollifera W. Eupterotidas  Moringa
6. Argina cribraria C. Hypsidae Sunnhemp
7. Buproctls fraterna M Lymantridae Castor
8. Psalis seeuris H, . Paddy
. 9. Achoea jamata = L Noctuldae Castor
10, QOrthaga ezvipaces M. ss Mango
11. Phytometra peponis T. ’ 9 Snakegourd
12. Polvoryeta dimidialis S 33 Cowpesa.
13. [Prodenia litura T, 55 'Bhin&i
14. Sﬁqdopteéa nauritia B. - Paddy
15. HMelapitis ismene C Nymphalidae 29
16. ?é?iliq demoleus L Papilionidae Citrus
17. Cnsphalocroeis medinalis G.  Pyralidse  Paddy
18. Dichocroecis punctiferalis C. 93 Castor
19, Glyphodes marginate H. - Tabernae pontana
20, Hymenia fascialls ~ C. ',, Amaranthus
2l. Margaronia indica S. - Bittergourd
22, Jagoleia mulsalis G s Greengram
23. PFPsara bipunctalis F. s3 | Amaranthus
24, ' ’s Bhindi
295 . Pyraustidae = Paddy.
26. Pyrausta Phoenigealis H. "y Coleus spe




=7

. B. MBTHODS .
(a) xua‘, 2.0}

N Healthy and active eaterpillars of uniform size
were used _for the experimente. These caterpillars were
starved for 24 hours before being used. Starving of the
‘caterpillars vas considered to ensure uniform feeding
by the inﬂividual'caterpillars'when they werso subséquently ”
supplied with food materials sprayed with the spore |
QHSQEBSiQH of 3. ;ngziggignaig and thus mlnimise varia~

tion due to differences in the amount Qf spores consumed.

(b)Prqg@ratiQn;Gf'snore sugpensions.

Five diff@rént canecnﬁrati@ns wéré_trieﬁ in each
experiment. In eaéh'caée‘a sgspension'cqntaihing tha'
highest doncnhtratioh was prepared which served as a
stock suspansion from whlch the lower concentratiocns
were obbtained by dllution with sterile distilled water.

Followinp are the details of an example.
1 go.'Larvatrol?® . 100 ce. wvater & 25 x 10° spores

per 100 €C. = B

10 cc.E 4 10 cc. wvater = 12.6 x 1ogspores/ _
W00 cee. -  « D

10 cc.B 4 30 ce. water = 6.25 x 109 T - G

- 10 ec B * 70 ccowater = 3.125 x 10° ,, - B
- A

SR 9 .

10 ecc.B + 150 cc.water g 1+9625 x 107 4y

(¢) Applicationof spore suspension to host materials.
Young leaves of the host plant ccncerned were

selectoedy washsd well with tap waﬁer_and‘air dried.
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Both th@'siées'&f fhe 1eavés>war@ thon gprayed with the

: mﬁasuxéé.SgérefﬁmSpens&mn~unﬁeﬁ a ~s§§ay$ng towar. For
this the leaf or lesves were placed in a petridish on
the platform of the spraying tower and $§¥a3§ﬁ over

wit:. 1 ce. of the saspenaian,“fhe spra? @eposit was then
allowed to dry after vhich the opposite side of the
-leaveéfalso g@z@‘gprayeﬁ §ith tﬁe”smﬁpensien in the
sﬁmilé? way end allowed to dry.

- (@) Feeding the eaterpillars with the spore deposits.

The sgrayéé leaves wepe transferred to hurrdcane
chimnﬁya; ?an-aaterpiliars saleatad'at random from the I
stoek Kept ready for the purposs, were introduced into

“each of the chmineys using a fine camel halr brush.
The chimneys were then closed with muslin. The cater-
pillars wore allowed to foed on the sprayaed foliage
for 24 hﬂarslsahaequently<thé surviving larvae were
iraﬁsfeézéﬁ daily to fresh untreated folllage.

(o) Assossment of effacts of infection:

The lethal effects caused by the bacterial
infeetién was agsééﬂeﬁ ﬁy‘abséréing the mortalities
of caterpillars at intervals of 24 hours, Any other
offect such as cessation of feeding and discolouration

also were obgserved,:
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() Ezperimanta;_éénditionsn L

All the exmerimen%s warg a@nduetaa un&er l&boratory

“M“fegnaiﬁiens of -temporature and mmidity. dppendiz I

'givms the mamthlg %emparatur@ anﬁ humiéitj for the

~ pericd of ths\gxgerimanﬁs. B

‘-aﬁaﬁﬁeoaa~"‘
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EXPERIMENTS AND OBSERVATIONS

Preliminary Screening Tests.

With a view to éscertain the overall susceptie-
bility of the common caterpillar pests osccurring in
Kerala as a first step in pianning more ohjective and
precise tests, a series of sereening experinents wers
conducted by feeding Bacillus thurinsiengis Sérl; spores
to-fhe‘inseets. Only one éoncentration of the spore
suspension eontaining 12,5 x 109 spores per 100 éc.was
utilised in all cases, The dip method used by Jaques
(1961) was followed in these tests. A parallel control
was run in each case with caterpillars fed on the

food materials dipped in gterile distilled water.

The caterpillars used were collected from: the
Pield and starved for 24 hours prior to the experiments.
Only healthy caterpillars of uniform size were utilised
in all cases. Mortality counts were pecorded at inter=
vals of 24 hours. These experiments were conducted during
tha period betwéen Y=8=1963 and 26-11-1963, Details
of the experiﬁents and observations are pregented in
Table II.

It will be observed from the Table that the
suseeptibility of different caterpillars is varying.

The Bacteriam causes cent per cent mortality among
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TABIE I

sortality of ditferont spscios of eaterpillams fed on the host material dipped in 12,5 x 109 spores por 100 cc.

gt | ?iiﬁa":’i’;:z h pércontage wortelity after

. froated Gontrol 24 brs, 48 brs, 98 lwp, 96 hrs, 120 hrs, 144 hiy
(1) | {2) : {3 _ R . . ’

1 Dichooroois pumotiforelis 25 = 480 64,0 V2.0 €00 0.0 8.0
o gylepta derogata - s0 18 83,8 68,8 75,8 88,7 - 933  100.0

7]

peare bipmeteils 000 . - - 20 80 16,0 35,0 800 85,0 95,0  95.0

QNQME@_ m”:&.in@# A PR T | | "?0.0 85,_6 85,0 me,d D - -
Fsalig soourls o o S g,é . 50,0 70,0 75.0  £0.0 80,0
solsnitis jamore o 1 0 10,0 50,0 80,0 0.0  £0.0 -
Orthaga sxvimces - |  ‘ 0 0 10,0 20,0 5.0 B850 - 70,0 ,%’,&

Gnaphaloeroeis nedinaiis . 20 20 . 10,0 30,0 45,0, 80,0  €0.0 -

o @ N o e -

Prodenis iiturs - 30 0 0 0 8.7 6.7 67 -
10 polyoryéts dinsdial o L B 0 'B6.7  53.3 60,0 66,7 -
31 pyessts phosnicoalis = 15 15,0 80,0 1000 - —

. 5‘5

arzeronte indies - - 28 10 " §0.0 0,0 60,0  ©8.0 00,0 -



Coniinged.,

i3

(1) (2) (8 (4)

15 Fhybozebra poponis. 20 10 60.0  70.0  80.0  85.0 5.0 -
i4 Buptergts mollifers 40 ‘ 10 0 0 0 0 0 ¢
15 Hophentis sorincpe 30 10 0 X 8.7 353 53,3 33,3
16 Discrisia obligue 30 10 6,7 16.7 16.7 20,0 20,0 23.5
1% macoleis vulmplis 16 10 6.7 66,7 1000  w= - —
13' rapilio demolens. 15 10 13:3 8.0 95,3  100.0 - -
19 Hymonis fascialis. 40 10 75,0 75,0 B0 825 1000 -
20 jzeina eribraris 30 10 o 86,7 35,5 40,0  60.0  60.0
21 _.choea 'ﬁmea 20 10 o €0.0 85,0  100.0 ovan o~
22 Fuchronia rolymena. 80 EQ o 6.0 8,0 42,0 56.0 86,0
25 Spodorters mauritia. 0 10 6.7 10.0 20,0 3.3 53,3 63.5
24 Rymnhula Sepumetalis 2 10 15,0 20,0 80,0  60.0  80.0 85.0
25 pericallia ricini 20 10 5.0  B.0 20,0 45,0 45,0  45.0
26 Zunrocbis fraterﬁa, 30 10 0 o 0 3,3 o3 3.3
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caterpillars of Sylepta derosata, Glyphodes mgrsinata,
Qggggggg phoeniceglis, Margarvonig indica, Nacoleia vulealis.
Panilin demaleué, Hymenig fage;alis and Achoea Jjanata
within 24 to 144 hours. Caterpillars of Henhantls - |
sevinops, Diaerdisis ohllgque and Perieallia picind record
only léss than 80% mortality. The arganismfcauses gracti; |
éallv'négligihle'amaunt of mortality among caterpilliars
of Prodenia liturs and Euprecils nzmggLng and no moftality
in Zupterote mollifera.

Typical symptoms of bacterial infection were
noticed in all eases of death except in Prodenia litura
and Huproctis fratorna.

 Main Experiments.

A seriss of slxteen experiments were conducted
to assess the effect of Gifferent graded ooncehtrations :
of gpores of Bacillus thurinciengies Berl. on differpnt
speecieg of eatergillar pests commonly occurying in
Keralas The effect was assessed in terms of moritality
‘cauged to ﬁh@ caterpillarg as a result of the bacterial
: infeaticns.‘ The details and results of experiments
are given in the followlng pages.
Bxporiment. I

Dosage mortality relationship bebween Bacillus

thuringjensig spores and caterpillars of
lggn odes mapzingka

Igperimental Betailﬁ'



Treatmentss:
_g. l.5625 x.log 'Viabiequérés per 100 cc,
B. 3,125 x 10° .5 | |
¢. 6.85 x10° : .

D. 125 x20°
B. 25,0 x 10° -

’ - ContPol: Distilled uater only
‘Replications: 3 each .
Number of caterpillars in §
 each replication: R 10
Test insect: Caterpillars of the fourth ingtar were

'  used fér ﬁhe ex@eﬁiment. These were |
rearaed from the 8gy masses céliected '
 from Zabernae montasna plants and condi-
tiﬂned.és éetailed'unaer paterials and

methods.
Poriod during which | g
the experiment was % Budelf6d to 1131964,
conducted 3 §
Temperature during' g ¥nm, 78° - 82° P,
the period: ¥ paxm. 82° - 86° F.
Relative humidity = N

{ 63% - 903

during the périods § |
Procedure: The caterpiliars were fed on the spores sprayed
on the leaves as described earlier under materials and

metho dS -



P ABLE I

Parcontage mortelity of G.ms marpiusta eaterpillers fed on

Taborme montera leaves &pm.;e& with different eomeatmi;isns
" of gpore sas;:ansiena ‘of B.. aharingzexwis, :

Goncensontiang

S Por eont mowtality sfier

of spore SuIPEn. i;g;cﬂﬁ'ﬁ 7
sn {Spores - ' - - . _

;:I‘n}.éo 09‘) 'hs.@n. % m\u . 48 m- 72 hrs. 98 hm:_ 120 mc
A, 1.5625 x 10° 9,194 1.5 20.00  20.00 26,7  26.9
8. 5.125 x10° 8,495 40.0 50,00 53,00 8.5 56,7
C. 6.25 ' x m? 9,796 80,0 80.00 85,00 85,7 90,0

' 9. : _ L
Gontrol 0 o o 0 o

* Trestmont mortmlities corrected ueing Abbobtt's formula,

+



43

R@sglﬁgau |

Hesu}ts of the experiment are presented in
fable III which gives the percent mortalities in catere
pillars caused by different eoncanirations of Baeilius
Ehupingiensis spores at varying periods afier ingestion,
The same resuits are depicted in Fig. (1). It will be
observed that the highest concentration (E) causes cent
per cent mortality among the eaterpillars within a
period of one day after ingeétion¢ The highest ﬁ
two coneentrations viz. 12:5 x 109 and 25 x 10g appéé?“ o
tp‘be more or less equitoxic to the caterpillars. In
oﬁhe? cases mortality inecreases with increase in cone
céntration and even after five days none of these cone

centrations produce complete mortality.

Symptoms of infeetion: Infected caterpillars devoloped

a brown cclour at the anterior 1/3 of the body. They

stopped feeding and remained motionless on the leaves,

Diarrhoea and vomiting of ingested food were also evident.

Soon after death the cadavers turned dark brown and )
dried up without liquifying, giving an offensive smell,

Bxperinent. 2

' Dosuge mortality relationship between

B. thuringiensis spores and caterpile

Tars of ALAINg CILDLALiA-

Bxperimental details:

Test insect: Fourth instar caterpillars were used for

the experiment. They vere reaved from the



Figg (1)

Fig. (2)

J H.g:\' (4)

Graph showing,acsage mortality realtion-
ship between B.thuringiensis spores and

- caterpillars of Glyphodes marginata.

Graph showing dosage mortality relations
ship between B.thuringiensis spores and
céter@illars of Argina cribraria.

Graph showing dosage mortality relations

| ship Eefﬁaquggpuringiensis spores and

caterpillars of Buchromia polymenas

Graph showing dosage martality-ﬁélation-

ship betweenig;ﬁhur;ngiensisfspofes and

_caterpillars of Sylepta derogatas
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small caterpillars collected from sunhemp
crop in the farm, and conditioned in the

laboratory.

Period during which g _
the experiment was ! 29-10-1063 0 5m11-1063.
P

conducteds
Temperature éuring _g Mom. . 769 - 80° P
the'yeriad: i' Maom. 98° - 849 F
Relative humidity  { '

§ 629 - 92%
during the period: §

Other details same as in Expeviment I,

Reas tsﬁ

Results of the experiment are.givem in Table IV
and represented in Fig. (2), It is-observed that even
after seven days, none of the ¢oncentrations under tost
caunses complete mortality of the caterpilliars, Further,
only the highest two concentrations cause more than 50%
mortality. The increase in mortality with lapse of time
is gradudl and it is more ei less static in the two lower

coﬁcentratimns (A) and (B},

Symptons of infeetion: Cessation of feeding was the most

congpicuocus symptom in infected caterpillars. Infected
caterpillars were found to be lethargic and became

moribund six hours before death, The dead caterpillars



T B LB IV
Percohtage mmim of A, cribreris catorpillans fed on sunshepy foliape sprayed
with differsnd concentrabions of spore suspesaion of B.thuringiensis

Goneensrabions
of SPOIS SUSIOh

" aion {Bpores

* per cens

ROFEaliby

after

—

24 hrs. 48 hrs

. 72 brs, 96 brs. 120 hys 144 hrs (168 hrs,

par 10{; et.)

f. 1.5685 x 109 3.5 1B 3.9 10.9 10.9 10.5 10.9

B, %1% x10 . -~  35. 10.3 15,9 14,8 14,3 14,3 21.4
9 ’ ‘ o

C. B.25x 10  Be £7.6 27,6 28,5 32,2 35,7 42.9

D. 125 x 100 13.9 38.0 48,8 46.4 53.6 53,6 64,5

9 . . ) ’

E. 25,0 x 10 24,2 88,0  58.6 66,3 71.4 78.6 85,7

* R * gorrocted ag in Experiment 1.
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heeam? &arkibrown in eolour and dried up-within 24 héuré.-
A foul smell vas also evidents |
WQ& 3

ﬁasage martality‘xalatianshi bﬁtween acd
wwinelensic cat@ﬂyillarg af

i*f;'E \e?imantalzéetailsz"l

' fpeatmentst |
| AL 5.12& b 1@9 Viable spares per 100 CCs

33,61.2531@9 R
Co12.5 %1207 I
'325; 2540 xm@ o *
| B 5040 X w0 "
_ ’centralz ‘, ﬁiatilled watar anly.
Test insaat~:  | catarpilldrs of the thirﬁ 1natar were

" used for the asperiment. fhey were reared
in the labor&tery from egeg massas collecte&

AR ‘Wﬁi‘ﬁ'V from suoet §otata plants in th@ farme
Pariaé &uving whieh B "

the  oxperinent vas ~ { ,7;13;;195&‘136 16-11-1963

§
i
i
i
ecnﬁueteé‘ | P |
0 . ' N h - ‘
?empnratﬁre during "§ Mom, 78° - g2° F
“the p@raué. o § My, 826 o8 F
@elative humiﬁity‘ g SRS
i 5?;% - asyé
éuring %ha pariga; _'§ .

. Rest Qf %he éetails are as iﬁ,Experiment I,



Begultg:

Results of the experiment are presented in
Table V and depleted in Fig.(3). It is evident that the
bacterium has very 1ittle and that too slow effect on the
caterpillars. Only the highest concentratien could bring
about 100% mortality and that too after 8 days. Mortality
in the iﬂitial @erleﬁs is very love However, a csharp ine
erease in mortality is evident after 6 days of feeding.
Percentage kill in the three lover concentrations AB & C
does not reach even 50%. Increase in mortality is co=

extensive with inerease in spore concentration.

Infedéted caterpillars deysloped
a uniform black eolour and showed a reductlon in feeding
which was very marked after 5§ days. in the iﬁitial stages-
they ghowed resﬁleséness‘ané later hecame lethargic, fell
'dewh to the bottom and dled; sympboms of diarrhoea also
were eviﬂént. Inereased mortality on the sizth day eoin—
giéaa with the cccurrenes of mouliting. The cadavers turned
dark brown, flaseia,’lost thelr normal shape, and disine

tograted under light pressﬁre, giving an offensive smell.

Barperi * 40

Ba tME:iggi@E§$ﬂ“3@02@$ and eaterpillars of
' Svlepts deyropatyge

Test insectd Gaﬁerpillars of the third instar were used

for the experiment. These were reared from

small caterpiliars collected from bhindi crop



2 ABLE ¥

Pereanﬁage' mortality of B. polymona caterpillers fed on gweel poteio leaves sprayed with differont grades
‘ ot spore conesnireiiouns of B. Lthuringiensis

Goncemmizi'om of -

* pax cead

morsality after

spore suspsrsion m?‘

(epores por 100 cc.) . - 2OFHEC 24 hrs. 48 bra. 72 hrs. 96 bvs. 120 brs. 144 hes, 168 hva,192 hes 216 hrs.

8, 3,126 x 10° 9.495 0 0 0 Y 0 0 0 o 8.7

B. 6,25 x 10° 9,796 0 6 0 0 o 111 33.3  40.8 44,4
9 - . . :

6125 =10 10,097 0 3.8 2.3 - 5.5 3.7 22,82 22,2 B7.0 4.4
9 - , - |

5.25.0 x 10 }..0,,3%8 3;3 3.3 6!‘7 305 llnl 5:5;8 55.6 8:194 92.6
9 ,

E.50,0 x130 10,699 5,8 . 8.8 6.7 17.8 37,0 85,2 92.6 100,0 100,06

Gonkrol o 0 o 0 6.7 10.0 0.0  36.0 10,0  10.0

* Corrected ag in EXperiment 1.
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 in the farm and conditioned in the

laboratohy.
- Period during which g
the experiment was % 12-11-1963 to 19-11-1963.
conducted: » g
Temperature during 5 Mom, 78° . 8290 P
the perloed J Mxm. 80° « 86° F
Relative humidity  § |
! 62¢% - B8%
during the pericds §

Rest of the details as in Bxperiment 1.
Resultos

Results of the experiment are presented in

Table VI which gives the per cent mortality caused by ingese
tion of different concentrations of Bacillus spéres at varyingu
perlods after feeding. The szme results are depicted in Fig.
{4), It can be observed that the highest two concentrations
of gpores cause cent percent mortality 5 days after feeding.
Ih general the mortality is more or less proporticnate

to the spore concentration. Increase in mortality with

time appears to be‘graﬁualq

A gudden stoppage of feeding was

noticed in infected catorpillars. They became lothargic and
d@id not web or roll the leaves. They developed dark brown
spots on the ventral side of the first three abdominal

@

3



T A BLE VI

Percaniage moriality of 8. derosate eaterpillers 6@ on bhindl leeves spreyed wit
difterest grades of gpore soncentrations of B. Shurimedernsis.

h

£

Gonconbrations of

spore suspension
(Bpores por 108 ee.)

3

ereeviage murielidy ofter

2¢ ws, 48 s, 78 hra. 96 bre. 120 bvs, 144 hes. 168 bvs,

- .
A, 1.5685 % 10 5,3 10,0
o |
o |
:(;. 6525 T 3.9 46,0 6{3.‘3
5,125 % 16° 40.0 75.3
B.85.0  x 10° 45,3 76,7
gontrol L8 o

&7.6

$8.6

86.2

Sad

13.9

£7.6

65,6

93,1

5.8

5,8

13.9

31,0

13,9

M.5

82,7

Jﬁﬂng

34,3

85,28

85,7

100.0

10C.0

6.7

*  Corrected as in Dxperiemnt 1.
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segments. Within a few hours after death the whele body

turned dark brown or almost black. The cadavers lost their

normal shaps, became sgoft and distntegrated under light

pressure, giving an offensive smell,

mingiensis spores amaﬁcat@rplllars
cf Orthaga ezwanaeea,

Test insect: Caterpillars of fourth instar were used
for the experiment. These were reared
Ffrom gnmell caterpillérs colleeted from
the mango créhard and conditioned in the

laboratory,

Periocd during whieh - §
the experiment was § 14=11=1963 to 24-11-1963
(] -

conducteds

Temperature during | Mam. 789 - 820 ¥
the periods % Mzm. 80° = 86° F
Relative humidity g 64 - 895
during the period: H _ )

Rest of the detalls are as in 8xperiment 1
Resultes |

Results of the oxperiment are presented in

Table VII, which gives the per cent mortalities caused

by ingestion of Bagillus spores after varying perioeds of



T & B L B VIZ ,
Poreantoge morielity of 0. exvineces ceterpiilevs fod on mango loaves gnrayed with different
grndas of spore concentyasions of B.iburinsionsie ‘

- omer gunt  morbellty alter
Coneenirationy of ‘

spore suspenaion 24 hrs. 46 brg, Y2 bre. 96 hra. 120 bve. 144 kvs. 168 hrs. 192 216

(sgamg wr 100 ec.) %40
A 1.5525 x 10° 0 3.5 10.0 10,0 187 20,0 20.0 26,7 26.7 26,7
5. 8,125 x 10° 55 10,0 0.0 183 16.7 20,0 %0.6  20.0 30.0 50.0
6. 6,25 x10° 10,0 18,5 25,3 50,0 558, 56,7 40,0 50.0 56.7 56,7
525 x 10° 16,7 23,5 B6.9 88,7  45.5  43.3 55,7 65.7 75,3 76.7
B.25.0 x10° 16.7 86,7 383 éa‘.,v 45,5 533 65,5 £0.0 90.0 9B.3
-

Conbrol G & ¢ Y o 0 0 ¥ G

* gorrcoted s in Experimest 1.
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feedings, The same resulis ave represented in Pig.(8) .
It will be observed that even alter 10 daysy none of the
spore e@ﬂeeaﬁrati@né cause ceﬁ%‘pef.aemt mertality, It
is also evident that increase in mortality is not coe
exﬁeﬁsiVG’wiﬁhvinerease in spore concentration. When the
| coneentration of spore sugy@nsi@n,iner@éses 16 fold, the
Eartéiity inereeses hardly 4 fold. The lowsst two gpore

- conesntrations ( (4) and (8) ) do not cause 50% mortality
even after 10 days, there being no Purther mortality with
these concentrations after 6 days. shary inerease in

- mortality is evidenced in the kigher eaneamtraﬁiens afber

. geven days.

A graﬁual ?@ﬁuﬂ%AQE in the rate

of feeding wags mhservea from second day onwards. Inf@eteﬂ
caterpiliars becane lethargie and sluggish in movement,
A reduction in gize alse was noticed. They usually fell

down %o the bottom and died. = The cadavers turned dayi

brown and shortened in longth.

Bxperiment 6.

Zogt insect: ﬁaﬁewpillara af second instar were used
L for the experiment. These were reared from
very small caterpillars collected from paddy
field.



F’i{gbi (5)

-Fig; (6)
Fig. (7)

Fig, (8)

Graph showing dosage mortality
relationship between B.ihyrinsgiensis
spores and caterpillars of

Grthéga exvinacea.

Graph showing dosage mortality relation-

ship botueen B.thuringiensis spores and

caterpillars of Nymphula depunctalis.

Graph showing dosage mortality relation~

‘ship between B.thuringiensis spores and

caterpillars of (naphalocroeils medinalis

L]

Graph showing dosage wortality relation-

ship betweon B.thuringiensis spores and

caterpillars of Nephantls sorinopa.
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Period during whieh g ;
- the experiment was % 18-11=1963 to 25-11-1963.
i

con&ueteds

Temperatnée during {Mnm, 76° - 800 F
the period: §Mxm; 800 - 840 F
Relative humidity {
- \ 64% - 86%
during the period §
Proeédure: Two weeks old paddy seedlings were transe
~planted in flower pots - three in each pot - and the spore
suspeﬁsicn sprayed uﬁif@rmiy on the plants using & hand
| atnoizer. The control was sprayed with sterile distilled
gaﬁer alone. The catar?illarg were then put on to the
@iénts ané—the plents enclosed in hurricane chimneys.

Care was taken to gee that thoere %as standing water in
the pots. Haech pot served ag one replication in one
treatment. Aftor 24 hours the surviving caterpiliars

wére removed to fresh vlants in pots.

Rest of the détails as in BExperiment I.
Roshilkse
Results'af the eXperiment arse bresented in Table

VIII. The same resulis are represented in Fig.(8)s It ig
obvious from the Table that only the highest two concene
trations(B)and(D)eaunsge eenf percent mortality. The lowest
two eoncentrations (4) and (B) do not cause even 50%
mortality even after 7 days. On the vhole it aﬁyears tﬁat

increase in mortality is directly propartieg&lfgﬂ e




T A B L B VIIZ

Poreentage mortelity of E.dopunctsiis caterpillars fed on pedady leaves sprayed with

difforent grades of ovore concentimbions of B,thurinsionsis,

- Goncentrations of
SHOI0 zusrension

¥ ver cend mordelity efter

96 brs,.

{spores or 100 cc) 24 bra. 48 hra 72 hm 120 bes 144 hrs .7 i68 hrs.
B. 1,5625 x 10° 0 6.9 105 14.3 17,8 25,0 25.0
B. 3.125 x10°,- 6.7 103 27,6 2.2 82,2 32,2 52,3
C. 6.5 x10° 16.7  13.9  BLO  48.9 57,1 60,7 64,5
B, 185  x 10° 16,7 57,5 69,0 82.1 gé:.-a 96,5 100.,0
%. 25,0 x10° 3.5  58.8 %1 100.0 160.0  200,0  100.0°
Gontrol 0 3.3 8.5 8.7 6.7 6,7 6.7

* Qorrected <5 in Bxwoviment 1.
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to the increase in concentrations 4 sudden increase in

mortality is evident two days after ingestion.

Symptons of infeetion: Initial symptoms vere the appearw

ance of black spots on the thoratlic sepments andklcss of

- apnetite. Infected-cat@rpillars fed very little alter 48
hours. They turned dark brown, became moribund, fell down
and died within the leaf cases. The dead bodies hecame

soft and disintegrated under 1ight pPressure.

Bxperiment 7.

Dogsage mortality relationship between
 B.thuringiensils spores and caterplllars
of Fuproctis fraterna.

Hxnermnental detailg:

Rest inseet: Caterpillars of third instar were used for
the experiment.,Thesé were reared from egg
masses ecllected from castor plants,

Period during which the

-} / |
: - I 206-11-1963 to 9=12-1963,
experiment was conducteds X , :

Tomperature during the @ Mome  76° = 849 P

periods - - § Mam. 81° - 86° F
 Relative humidity i | !

' Co I 64% to 93¢

during the perleod: ]

‘Rest of the details are as in Experiment 1.
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Begults: |
o Ne mortality was observed in any of the
treatments. - The caterpillars fed noymmlly and pupated.

Adult emergence was also normal,

Expesiment 8,
Dosage mortality relationship between
B. “ggxﬂngigggab sporés and catcrplllars
_Eaaﬁalggxggia |ﬂ§§in_l;ﬁ

Test insect:  Third instar caterpiliors were used for
( ‘the experiment. They were reared on
paddy leaves from gmall caterpillars

-

collected from paddy fieldé.

Period during whiech

the ezperiment was é ‘3/12~1965 to O=12-1963,

conductad. | : g | |

Temperature during § Mnm. 980 . 84° 1
gﬁm.‘mQ—B@F

s

the periocd.

Relative humidity R

! 64% - 804
during the nperiod X
Procedures Same as in experiment 7

Rest of the details as in Sxperiment. 1.
Regultss | '
Regults of the experi~ment are presented in
Table IX. The same results are illustrated in Figo (1),
It will be observed that cent per eent moptality is
obtelned with the highest Goncentration (E) on the fourth



T 4 3L g% X

Forcertage mordality of C. medinelis ecatorpilisre fod on paddy leavaes spraved with differand
gmmn of spore coucenirations of E. thwrinziensis,

® ver cent mortelity after

~ boncensretiong of Spore

auspengion

{ apores per 100 ce.) 24 nra, 'éa hirs 72 nrg. 96 hrs, 120 brs 144 ks,

9

A, 1,5625 x 10 0 2.5 7.3 1.5 7.9 7.9
B, 5,125 = 10° 5 20,7 27.6 10.3 19.9 . 18.9
6. 6.25 x10° 6.7 4,5 51,7 - 83,9 60.0 - 65.6
2. 125 = 10° 23,5 65.6 e 86.5  96.0 100.0
. 25,0 % 10° 50,0 68.9 . 95,1 100,0  100.0 1000
Eﬁﬁ"aro}, 4] .3.,3 3,3 18,3 16,7 16.7

* Corrected 88 in BEveriment 1,



53

day and with the nesxt higher concentration on the sixth
day. Uhe lowest two concentrations (A) and (B) do not
cause 50% mortality after six days. The mortality

rates in these tuo conceptrations remain more or less
static. The percontage mortality caused by ﬁhe iowest
concentration (A) is not différant from that in the
control. A sharp increase in mortality is evidenced

after 24 hours,

Symptoms of infections infeeted caterpillars‘developed
a dark brown colour on the ventral aspeet of the first
three abdominal segnentse The colour extended anteriorly
and p@steriérly causing sluggishness. They showed loss
of appetite and failed te}eonafruet webs. Four hours

after death the cadavers turned completely black in

colour, shrunk in size and fell down.

ef..@smm_zw

Test insect: Caterpillars of th@_third instar were
used for the experiments. They were
reared froim early instar caterpillars
collected from coconut plantations in

the farm.
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poriod during which the 1§ ‘ A ,
| ¢ » I 4-12-1963 to 12-12-1963
experiment was conducteds  § ‘ '
Temperature during the % Mam. T80 = 84O F
poriod. { tam., 81° s 84°F
Relative humidity B
o i 6af - a8p
" during the period ¥ )
Treak zea%&w  Ag in Bzperiment 3

Regt of the details as'in,mxpe?iment.'lg

. Besulls.

Results of the ezperimant are ywegémﬁ@ﬁ in
PTable X. The seme resuts ave graphically pres&ﬁtéa in
Fig. {8}, It is ovident from the table that none of
ﬁ“@ congentrations canses m@rﬁality in 24 hours and
dnea not conge gend percent waﬁtai%y even after eoight
days. The lower three concentrations {4, B and C) do
not cause even 50% mortality. The increase in mortality
due to inerease in concentration is fluctuating. Howover,
inerease in moriality in ?rﬁyapﬁiﬁﬂlte the coneentration

1 ovident. Increase in mortality vith time is graduale

Infected caterpillars showed a

marized reduction in féé&ing’ and construction @f‘galleri@é.
A dark brown colour developed in the middle 1£3 portion
of the body whieh gradually extendeé to both ends.

They became moribund and died. The caﬁavers tmrna& aarker



T ABLE X

| Perc m:ﬁge mortalit:: ot H. gorinope caterpiilers fsd on eocomz* Ihaaves pr-nwd with ﬂiffef‘ﬂ"it
m&as of spoDe cqncsm:rasiam of B. thurmgiemis :

# per cent mortmlity after
Concontrations of ..

snore auwmvension

. , 2¢ hra, 48 hes 72 hra 96 hrg 120 hrs 144 hrs 168 hm 3*‘ hrs,-
(spores per 100 ce.) o ‘

A, 5,125 x 10° 0 35 -0 - B35 356 0.0 7.4 48
B. 6.25 x 10 o 0 5.5 8.5 3.5 7.1 7.4  18.8
C. 12,5 x 10? . 0 8.7 10,9 - 10,9  2i.4 28,5 25,9 23,3
b, 5.0 x10 0 . 267 358 8.8 39,2 39,2 44,4 5.9
'9» l ) .- N \ ' A .
3., 0.0 x 10 0 30,0 322 42,9 56,7 - 60,7 70,5 70.3
Gontrol e o 6.7 8.7 8.7 8.7 10,0 10,0

*  Gorwected as in Bxporimens 1,
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and soon hardened, causing a shrinking in size.
‘Experiment 10: | | x .
Dosage mortality relstionship between spores

‘B. thurineiensis and caterpillars
of Prodenia litura. -

'Egﬁerigegtgi details:

Test insects Caterpillars of the féurth’instar,were
used for the experiment. They were reafed
from eggs 1éidvby adﬁits on bhindi plaﬁts
in the laboratory.

Period during which % »
the experiment was % 10-12-1963 to 15-12-1963,
conducteds ]
Temperature during % Mnm. 78° - 80° F
the periods. ! Mxm. 810 - 849 F
Relative humidity  § .

: % 63% - 80%

during the period:

'Rest of the details same as in Experiment 1.
Hesults. : |
| - Besults of the experiment are presented in
Table XI. The data presented in the Table are not
corrected with reference to the mortality in the control
as in most cases the mortality variation is irregular
and does not follow any relatiohsggp with the change
in,conceﬁtration. Further,typicai:symptoms of infection .
were not evident. Hence it appearé that the bacterium

is not infeetive to the insect.




T ABLEB X1

Porcontage mortelity of P. liturs c2ierplliars fed on bhindi leaves eprovad with
different grades of spore concentrationsof B.thuringiensic ’

reor cont morbalidy afber
Concontrationy of
spors Swpensien

(spores ter 100 ) 24 hra, 48 krs, 72 lus, 96 hre. 120 hra,

b 15625 % 10° 0 o 6.7 10.0 . 10.0
B. 3.125 x 10 0 o e ) 3.5
6. 6.5 x10 0 ) 6.7 8.7 18.3
5. 125 =z 10 e 0 '4 5.5 6.7 10,0
L. 25,0 x10 o 0 6.7 6.7 10.0

Control 0 o o 0.0 13,5
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Experiment 11,
Dosage mortalifx rolationship between
B. thurinslensls spores and caterpillars

of , )

Experimental details:

Test insect: ~ Second instar caterpillars were

| used for the experiment. They were
reared from very small caterpillars
collected from,amaranthﬁs-crep in the
farm. | o
* Period during hich the

i _ \
: I 2~1.1964 to 7-1-1964.
experiment was conducteds o :

Temperature during - ; Mnm, 78° - 80°F
the periods = - ¥ Mxm, 82° - B6OF
Relative humidity during § E -
i 64% - 89%
- the period: i

Rest of the details same as in Experiﬁent 1.
Resultss o ‘ 4 |
Resﬁlté of the ex@ariﬁent'afepresented in Table XII
and in- ?ig.(g) . It is seen that the highest Spore Con= -
centration under test causes cent percent mortality
.'among the caterpillars in 3 days and next higher in
5 dayse All the concentrations exzcept the 1owest one
(4) causeu mcfe than 50%‘m6rtality‘ih 48 hours. It is

alsec clear that increase in mortality is not commensurate



? A B L B XII

Fercenbage morbqlity of 3_%.' Paseinlis ecoterpillars féﬁ on Amarsnthug leaves gproyed
: with different gredss of spore concenbretionscd B.thuringie nsis

Q@n@% ntrebions of

* per cent mortality after

8poze suspsnsiocn 22 hys, 48 heg, . 72 hrs, 96 irs., 120 hes.
(spores yer 100 ¢o.) :

5. 15685 x 10° 26,0 28,5 21.6 32,2 85,8

' B. 5.125 x10° 56.7 . 58,3 5.2 55,6 64,3
6. 6.25 =10° B85 86.7 86,2 92,8 92,8
D, 125 x 100 68,5 86,7 es.7 92,8 100.0

B. 25,0 %10 63,3 9.5 1000 00,0 100.0

' Control - 6 o 8,5 6.7

Ge?

*  gorpoctod eg 4o Bxperimen® 1,
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Figs (9) GCraph showing dosage mortality relatione

Fig;

Flge.

(10)

Figs (11)

(12)

ship between B.thuringiensis spores and
caterpillars of Hﬂ@énia-fascialis.

Graph showing dosage mortality relatione
ship betwesn §,thur%ggiensi§ spores and

caterpillars of Margaronia indieca.

Graph showing dosage mortality relation-
ship between B.thuringiensis spores and
caterpillars of Disecrisia obligua.

Graph showing~dosage'morta11fy relation=

ship between B,

eatgrbillars QfAPér;callié ricini.

thuringiensis spores and

o
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with increase in spore eeneehtratién. A sixteen fold
increase in spore eoncentration causes hardly three Pold
increase in mortality. Further s Mortality inereases
only slowly with lapse of time.

Svmptons of infections Infected caterpillars showed o

marked reduetion in feeding. fhey dld not fold the leaves.
They deyeloped a light brown colour, became lethargic and
died. . The dead caterpillars turned dark b-rown with
deeper shades at the anterior and pogteriop extremities,

They lost theirp shape and adhered to the leaves,

Dogase mortality alationghis batween

B. ihwrinciensis spores and caterpillars

‘Test insect: Third instar caterplillars wWere wged
for the experiment. These vere reared
from small cat@rp17lars ee?leeted fron
bitter gourd plants in the farm,
Period during which J
he experinment wag 4el-1964 16 Qul-1964,
conducted:
Temperature during
the pariad
‘Relative hunidity 4% - v
during the period ' |
Rost of the detalls are same as in Bxperiment. 1.
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Begults:

Results of the exueriment are presented in
Table XIII, and in Pig. (10}, It will be observed tuat
all the consentrations sxcept the lowest two cause more
lthan 50% mortality in 24 hrs. In the case of the two
highest coneentrations 1008 mortality is achioved in B

days.

Swmptoms of infection:  iInfected eaterpillars stopped
feeding, and devalaped a dark braun colour in the thoraciec
region which oxtended anter;arly and posterierly. Diarrhoea
gnﬁ sluggishness were also noticed. The acadavers turned
dark brown and éemainaé fléseié on the leaves. They disin-

tegrated under light pressure giving a bad smell.

' fonghin hatuann
B. Lﬁgxiggiaggia speres and cateraillars
of Digcrisis obligua,

Experimental detgiig:

Test insect: Catorpillars of thid ingtar were used for

the experiment. These were reared from
he Uzall catérpillars collected from
g -cewpea erop in the farm.
PerioG during which | |
the e?permment wag 4-1-1962 to 10-1—1964.
conducteds o
M. 78° < 80° P
Mym. 84° - 86° F

Temperature during

SRV, N G Y S ey

the periéﬂ:'
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T A BL B

R

XIIL

Porcontage mortality of M. indica eaterpillsrs fod on bitter gourd lesves sprayed
with differert gredos of gpore concentrmtionsof B. shurinsiensdis

Concentimiions of

apore suspension

* rer cemb moriality =fter

o e 24 hrs, - 48 hre. 78 hrs. 96 hrs. 120 hes.
5, 1.9625 x 20° 0 19,5 23,1 27,6 27.0
B, 3.1% =x10° 32,2 65.4 69,2 69.2  €9.2
G, 6,26 x 10° 57,1 57,7 65.4 73,1 ’vs».s
D, 125  x 10 67.8 69,8 80,7 88.5  100.0
B, 25,0 x 109‘ 75.0 75-9 88,5 93,3 100.0
Combrol 6.7 13,3 15,5 1.3 13.3

* Gorvected as in Experiment 1.,
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Relative humidity N
49% « 78%

during the period:

Rest of the details as in Experiment 3.

Resultss

Results of experiment are presented in
‘able XIV end depieted in Fig.(11). It is obgerved that
Do concentration of spores effect cent per eent mortality
aven after gix dayse It is also evident that increase in
mortality is not commensurate with incr‘éas,_e in spore concen-
trations Thus it is seen that a sixteen fold inerease
in spore concentraiion. gives hardly threefold increase
in mortality percentage. A sharp increase in morgality
is evident after the seeond day. Thereafier the mortality
increases only gradually and is more or legs constant

in the lower two eoncentrations (A) and {B)

Symptoms of infection: Infected caterpillars stopped
fegﬂing 12 hours before death, developed a davk brown
or black colour and became moribund, and fell down. The

cadavers shrunk in size and appeared stiff.

S 3 atlionshin betéoarn

B. ~bggigg1gnais_spores"and'c&terpillara
of gegicgllgg,g;gigi

Expnerinental ﬁefagl :

Test ingeets  Caterpillars of the third instar were

used for the experiment. They were

reared irom egrmasses collected from

L . T T U Y T



Poresy essﬁ: mnptalicy of Z. ohligus
gmdw of spore Suncen nhpetions of ,m zhm'em”i%

T A B L B X317
eaterpllilavy ﬁefﬁ on Cowpen Elmves sssm%*& wish differerd

1438,

Congontretions of
gpore suspansion

{oporss per 10D eto)

& o
por eont morbality afier

7E hog.

144 hrs 168 bra,

26 heg. 46 hre. 95 hvs. 120 bras
ﬁ‘ ﬁ.zﬁ e :&ﬂg 8.7 13.3‘ ’ 20,6 %3,3 5&,3 %3-3 N 33.5
i 8 . .
€, 1285 X 10 0.0 18,8 367 43.8 45,3 50,0 50,0
D, 26.0 %30 10,0 16,7 46,7 5338 60,0 85,5 63,3
. 50,0 x 10 18,3 36,7 555 56,7 66,7  70.0 96,97
Conbrol ) o o 0 ) 0 o
% porrected sg in Pxperiment 1
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Period during which the } -
T § 7-1-1964 to 14-1-1964, -
 experimont was conducted.: |

Temperature during ' 'g Mpme 76° - 80° F
‘the periods . i M. 82°-g6°F
'Relative hupidity ;_lb;¢y »

g - 48% - 9%

during the periods

Rast of the dotails are as in Ezpariﬁent.l.w
Egggggs:’ B _' |
| Rogults of the experiment are gﬁesented in
‘Aable RV and grapt wﬁcally represented in Fig.(18). It
will be seen that in general tbe bacterium has little
“effect on the satergilla?s. iven the highast spore
eoncentration -does not cause cent per cent mertality
in 7 days. Further, cnly the highest eoncentration (E)
céusés more than 20% mertality. It is obvious that
inerease in épmr@ concentration is commensurate with
' ineresse in mortality. Mortality increases suddenly
after the first aaﬁ and then it pemains mére or less
staﬁic.and does not keop pace with lapse of times The

iawest ccmcentratien (A) does not cause any mortality.

Symptoms of infection: The most conspicuous symptem of

infection was reﬁuctmon in feedimg followed by stunted
growth. The stunting efiect was percgptible on the
third aay‘after'ingastion anﬁ'yas‘§ra§ﬁunceé~an the
gixth days The iﬁtensity of stunting was generally



T L P L ¥ X

3 papesntass wo r%’* oy of P risint ﬁnﬁamu‘mr& fod on bamane lenves spreyed with
Brfozont poadcs of SHOTO gonconbrations of E, ?smimzimnﬁs.

* pop cont wmartality efter

Concerbrasions _ , — _ s

O o ,QZ, éﬁ% -y 24 hrs. 48 h¥s. 72 hiv. 6 hos. 120 hrs, 346 bra. 168 bre,
 $. 25625 3 20° - s © © e o & .0

B, 3,385 x 30° o %3 33 53 38 0.0 16,0

6. 8,28 =300 s &7 81 &7 &7 100 300

pass xw® | BS 153 187 167 0 16T . 200 20,0

s.28.0 x0 .  187 66T 700 70,0 BB TS 76,7 -

Coatrol « o 0 o o 6 - 0 o

*  gorrocteQ as in Sxpevieent i,
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proportional to the dosage . Measurements of length and

thoracic width (mean of five values) of infected caterpill-

ars in cach treatmoent were ag followss

A Treatménts
A B- ¢ D E  Control

Length in mm. 39,00 27,88 17,33 16,00 18,5 41.00

Thoracie | o | )
width in rm. S.77 3,03 2,00 2,00 2,00 4.43

Plate (2) alse shovs clearly this reduetion in size
of eaterpillars due to infeetian.‘ The dead eéterpillars
wore dark black in colour and dried up without 1iquifying.
They remained on the leaves attaeched by'hhé_anal end.
After the seventh day a reversal of effect was notlced
as the stunted surviving caterpillars began to grow in

size. 'hey pupated end the adults emerged normally.

3 & . : NGy o e
E, &hnzingigngia spcres and caterpillars
of gbmmm msm:.a

. Test insects Third instar caterpillars were used
| for the experiment. Those were reared
from small eaterpillars collected from

snake gourd ¢rop in the farm.l
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 Period during which the I _ ' , ,
i 11-2«1564 o 16-2=04

experiment was eonducteds | :

Mnm, 20° « 869 F

Temperature during the ' g
period: i

Relotive humidity ¥ |
' § 42% - 88%

during the period: a8
_ " Rest of the details as in Bxperiment l.
Oesulbge

Results of the experiment are pregented in
?ablé ZVI and graﬁhie&l&y ropresentad in Fig (13). It
will be observed that eent per eent mortality is
cbtained after three days in the highest enneentration,
ghorsas it does mot reach cent per ecent inm any other |
_concentration even after five days. increase in MOTe
tality is voughly grager%ianai to inerverss in spaéa
concentration. A4 sudden imcrease in maft&lity is

gvident aftor & days.

Symntomg of iunfections A significant reduction in
feeding wae evident in infeeted ecaterpillars. They
surned completely dark broun. An yellowlsh green
‘@igcharge and loose faecal pellebs were observed at this
stage. In all cases the cadavers were seen hanging

down wiﬁh their anal ends attached to the leaves oF gides
of the chimneyss They tlost their shape and dried up

in 48 hours assuming & dark brown to black colout.



paBLE VI

yercontags morbality of ¥, poponde eaterpillers fod on Spakegourd loaves sorayed with
sifferont grades of spore CIHS nsretions of B. sporingiengis

conesubrations of # pop eent mordalivy afler
; : GERS ong L8 )

JDOTE guapension

(pores per 100 co) o2 mea. 48 brs. | 712 b, % L. 120 Beo.
8. 15625 = 10° S % 18 23.1 18,9 28.0
B, 325 = 10° 14,3 19,3 88,5 5.9 28,0
g. 6.2 = 10° 28,5 26,1 577 55,9 58,8
B, 185 % w0 - XIS 07 BAO 91..9
g, 2.0  x 10 82,1 96,2  100.0 ~ 100,02 1000
Gontrol | . & 13 we 18 B X

# goprocted g in Trperimut l.
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ﬁragh sﬁawing dosage mortality relatiena
ship beﬁw&aﬁ B,%huringieaﬁis apores and

 eaterpillars of thtametra pe ponis.

‘Graph snéwimg dosage mortality feiati@ﬁn

L shig,bétwé@nvﬁgﬁhﬁriﬁ'ienwia Spores ahﬁﬂ

aatew@izlars ef‘_ﬁaaagﬁgra mauriﬁxa.'
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Pupae of infected caterpillars died in cocoons.

i

Test inseets Caterpillars of third instar wore

“ used for the experiment. These were
reared from egg maases collected frem’
paddy fields.

Perlod during whach *iﬁ e arivont ouay
the experiment was % 5=3=1964 to 11-3-1964.
conducteds { .
Temperature during | % Mam. 76° - 829 »p
. the periods ¥ Maom 899 - 88° 1
]
]
b

Relative humidity
during the period 4% - 80g
Rest of the details are as in Experiment 1.

Hosgy -= _ .

Results of the experiment are presented in
Table XVII and depieted in Pig.(14). It wili be observed
that oven after six.ééys-ef feeding evgm/the highegt
eﬁneen%ratioﬁ of sﬁargs does not cause eent per cont
mortality ameng the catorpillars. It is also evident
that dinerease in mdrtaiity is not eémmenéurat@'with

N



TABLGE XVII

Percont~ge moybality of B maupitia, catierpilliars fea on paddy lesves sprajyed wmh differens
graces of sporc concenbrations of :s. thm'lmzumis

R * ; 014t 4
Conecentrations of per cony moxvality after

gpore suwIengian

{spores per 100 col R4 hrs. 46 brs. 72 hrs. 96 bvs. 120 hre. 144 hvs 186 hrs,

s, 1.5625 x 10° 6.9 111 7.8 | 2.9 7.9 12,5 12,5
B. 8.125 = 10° 10,3 Wi 7e 1m0 260 20,0  20.9
6. 6.2 x10° 0.5 168 7.9 28,0 40,0 5.9 45,9
B, 12,5 x10° 1.9 18,6 19.9 55,9 5.9 0.9 70,9
B, 2.0  x 107 276 481 8.0 840 920 9,9  95.9

Control | 5.3 10,0 16.7 8.7 16,7 20,0 20,0

* Corrected as in Bxperirent 1,
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increase in spore concentration. Thus it is seen that
when the coneentration of spore suspension inereases

lﬁ.fold, the mortality increases hardly 7 fold. Further,

& sudden increase in mrritality is evidenced after a

period of three days.

Infected caterpillarsg teveloped
a dark brown colour, became Lethargle and fell down before
death. However, sometimes the cadavers were seen attached
to the leaves by the anal end.  The cadavers turned dark
brown and assumed & flageid condition. &fter 24 hours they

1iquig;ed glving an ungieasant small,

‘-ﬁ—ﬁbﬁ%@wfﬁ



DISCUSSION



DISCUSSITORN.

In the present investigations susceptibility of
twentysix specles of caterpillars, damapging various cultiva-
ted erops, to infection by B.ihurineioneis has been deter-
mined. .of these twénﬁysix species, susceptibllity to
infection by this bacterium has been tested for the first

time in seventeen species, namely, Bichocrocis punetiforalis,
Svlepta deroeata, Bsara bipunctalis, Bsalis gecurls,
Molanitis ismene, Orthags exvinacea, Brodenia li&gzgs
sy Evrousta phoe alls, B Sds
obliqua, Nacolels wlgalis » Lwmenia foseialis, Apzina
geribraria, _Qﬂgué.ianﬂﬁgg.anghwgmia.Eﬁlxmanﬁ, Hymphula
depumetalig and Huproctis fzaﬁgxnﬁ~

' | Relative susceptibility of the different speties
of ecaterpillar pests to infection by Bethuringiensis has been

ascertained by two series of experiments. In the first

series which are scrocning tests, lots of caterpillars are
fed on food plant parts imumersed ln a suspension of spores
of B.thuripgiongis and dried. Of the twentysiz caterpillars

'tested, those of Bupterote mollifera, P.litura and B.fraterna
are not. infected by the bacterium eventhough the spores are

eaten by them. This: observatiomconfirms that of Rao et al.
(1962). Other insects show varylng degrees of susceptibility.

The caterpillars highly susceptible to the

organism are g.derogata, Glvphodes marginata, 2 icea

HMargaronia indica, N.wulgaiis, Eapilig‘ggmnlgﬁaasii@@gialia
and A.janata. This observation is in line with those of
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hyyar (1961) and Ramanurthy (1963 a), Cameron (1963)
states that the bacterium i1s not effective against borers
and internal feeders. But in the present investigations
Dichocroeds punciiferalis has been found %o be fairly
susceptible, Similar obgervations on the susceptibllity of
borers have been made by Husz (1928, 1929, 1930) and
Martouret (1959) on Bvrausts nubllalis and Metalnikov and
Metalnikov (1933, 1935) on Peghinonhora gossvpiella.

The bagteriuvm also appears to be promising against
the pests EBgara bipugetalis on amaranthus, Phy
{Plusia) peponis on snakegourd, Nymphuls depunctalis and
Epaphalgeroeds medinalls on paddy and Blghoerceis

netiferalis on ecastor.

Lok

In the second series of experiments dosage mortality -
relationships between spores of B.thuringiensis and sixteen
host insects have been determined. ‘Fﬁom the actual data of
mortality caused by the orgenism in the different species of
insects under test, they may be grouped under three categories
viz. those highly susceptible giving 80-100 per cent mortality,
those highly resistant giving below 50 per cent mortality and
those of medium suseeptibility giving 50-80 per cent
mortality. Thus 80~100 per cent mortality is observed in
Gepapeinata, é‘;@m&@‘i E.polymena, S.deropata, Q.oxvinaces,
H.depunctalis, Ce.medinalis, H.faselalis, M.indica, P.peponls
and,ﬁ;mgggiﬁig by concentrations of the suspension varying
from 6.25 x 10° to 50 x 10° spores per 100 cc. These specles
can thus be considored highly susceptilble to infection by
H.

e ®,

ensis. On the other hand caterpillars of
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seilaterns give below 18 pér ¢ent mortality
and are highly resistant. The caterpillars of N.gerinoua,
D.oblioua and Lerieini show intarmeﬁiaﬁe suseégtibility ‘
giving mortalities between 70 and 80 per cent only even with

the highest coneentration of 50 x 10° spores per 100 ce;
- These observations are in agreement with those recorded in
the sereening tests,

With a view to compare more precisely the
susceptibility of the &ifférent spacies, lﬁm§ lines (log.
dose - probit mortality) have been plotited for each. . Frem
these the Median Lethel Doses (MLDs) are found by intere
polation ané the él@pe measured by counting the number of
probits for a uﬁit increase in dose. Since for some
insects MLD can be int@rpeiaﬁed at 72 hours and for others
it cen be donme only at 168 hours; lines have been drawn
sepapately for these two sets of inseeis, ,

Table XVIII gives the MIDs of the spores .for
the different species of insects as well as the slopes of
the respective ldwp lines, Figures(15) and (16) shov the
ldep lines. Frem the position of the lines in Fig. (15)
and from the Table it will be observed that H.fascialis is
the most susceptible and R.picind éhe least susceptible in
the first group. Similarly from Fig.(16) and the Table it
is elear that §,gggwigia is the most susaeptible and

ng the laast susceptible in the scecond groupe



; : ingiensic s&porss to different specles
of aaternillarg anﬂ the sl@pgs of the ldep lines,

Sl@ﬁ)é {Nos

%%' §p@eiesv§f inseet 533 : gghrs‘ ‘ ef1§§§§;ts X
1. Hwmenia faselalis 2.51 x 109 | | 676
2. Glvghodes 2,98 x 10° - 800
3. Mar ia indica 3.16 x 10 413
4 Phvtometra pewomis 412 x 10° %0
ﬁ; annha;g@gaéisAmeggnalié 5625 % 1@9 | - | 65
6, sg;agta derogata 5.95 z 109 e 550
e ggﬁgula @g@g@t&lﬁs T84 % lﬂg - 575
8« Pericallis Mi. 20.42 x 3.09' | ‘ o 775
Q. gadaggega pauritia R , 6,92 % 109 . 988
10. A ”ggggg‘”gihgwﬂzg | 7.86 x 109 563
11, Orthegs exvinogea | : - 10,23 x 10° 313
12, Digerisia obligu . 12.60 % 10° 350
la;lmughgegi@<§§lXEE§m o | 18460 x 10° 750

14, Nephantis serimeps - 28,18 x 10° 563




Fig. (15) GRAPH SHOWING THE LOG. DOSAGE -
PROBIT MORTALITY LINES OF
DIFFERENT SPHCINS OF CATERPILLARS
AT 92 HOURS.
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Fig. (16) GRAPH SHOWING THE LOG. DOSAGE -
| PROBIT MORTALITY LINES OF |
DIFFERINT SPRCIHS OF CATERPILLARS
AT 168 HOURS,
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‘ | These ELD values are greater than those for

Pyrausta pubilalis, HMelano glgg ;11 turatus and Plutells
maculisennis worked out by Me Lonnel and Gutcemp (1954),
" Baird (1958) and Menn (1960) respectively. It wili be
observed fromvthe Table that based on MLDs the insects can
be ranked in the order of descending.susc@ptibility asie
inate, M.indlea, E.peponis, Gepedinalis,
Sederogata, E.W_},ig and B.rieind in the first group
(MLD at 72 hours) and asi:~ S.pouritia, A.gribraria,
O.exvinacea, D.obliaua, EB.polymeng and N.sexinops in the
'secona‘group (MLD at 168 hours). The obuerﬁatien of high
°usce§t%b111uy of G.parginata, M.indlea and ngﬁgggig

Hefaselalis, Gemar

- -agrees with the findings of Ayyar (1%861). Rao‘gl,a‘.(lgaz)

and Ramamurthy (1963 o) have reperte& negative offects of
the bac»erium on ?.xigzg. and C.medinalig respectively,
But in the present investigations both these insects are
found susceptible, the useeptibility of C.medinalis being
fairly high. The lack of effects raported by the sarlier
workers ma& be due to the léw dosages used. (Raec i a8l.-
have used an unspecified number of spores and Ramamurthy a
gpore‘e@neentratianmﬁiby*‘197 spores per 100 ce.) In the
present tests also, wortality of these insects is very low
in lower spore concentraticnse

The ineffectiveness of the bacterium on Bediturs
and its comparatively low effect at the earlier hours on
S.pmauritia strengthens the views of Tanada and Reiner (1960)
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that cutworms are not very susceptible to the bacterium,.

The slope of the 1d-p lines is @ measure of the
response of the insects to changes in dose of the stiﬁulanﬁ.
The values of the slopes of the different ld-p lines given
in Table XVIIT will sﬁQW'thaﬁ the highest response to
dosage changes of the spores is manifested by G.parsinata
which is also highly susceptible to the arganism.' On the
other hand, ﬁ,iggiga\which is also almost as susceptible as
Gemarginata shows vefy low response to increased doses of
the sp@r@é. Fufihexg B.rxicini which is relatively highly
resistant to the bacterium, shows a high degree of response
tc the inéreased doses of the efganism. Thus there appears
to be no cerrespépdenca between extent of éﬁsce@tibility
to infeetion by spores and respenge.ta their dosage cﬁanges.
With reference to the response of the caterpillars to
inereased changes in doses of the spores the different
species of caterpillars-can be ranked in the descending
order as follows:~  Ge.parginata, B.picini, B ﬁglxmﬂna,
Sepauritia, H.faselalig, Qamﬁﬁnnéliﬁs Hedepunctalis,
HNegerinopa, A.cribparia, B.peponis, S.derogata, Etiﬂ@i&@n
D.oblima and Q.exvinaces.

The symptoms of infection noticed in different
larvae are in general agreement with those described py
Steinhaus (1949), Sekhar and Gopinath, (1962) and Maéré
{1962). These authors have recorded the development of a

browﬁ colour in the caterpillars before death. During the



present investigaticns 1t has been cbserved that in most .
eases the colour develops firat in the thoraeic region or
at the anterior region of the abdomen. The stunting eff ect
of the bacterial infection on Pericallia ricini is an
interasting phenemenan; {Plate 2) similar observations
have been recorded by Jagues Clgsl) on. Lglaggggma.émgxiggnﬂ
The reversal of the taxic efiect of the bacterium on this

insect aftex the seventh day . iq also peculzar.

Larvae of E

, gglzmgng show 1ﬂcreased
moveménts .and restlessness es a result of the infection.
Similar éyﬁptémsihave been recorded By Steinhaus (1949)

far bacterial 1nfectians in general. ﬁnother interesting
phenomenon ohserved in E.ng;zmana is the great increase in
*i mortaliﬁy observed at the time of.mculting; The same
phenomenen has been observed by’ Kusnner and Harvey (196?)

‘on larch sawfly in which aecording %o Eeimgel (1955 a) the -
nidgut in the moulting larva is usually devoid of food and

' rather fragile., Kushner and Harvay g: ax@lanatien to- the

phenomendn is thusa« “It 1may be that haeteria are better
able to grew in the gui contents of gueh 1arvae than 1n those‘
of feeding larvaa so that if they can enter the insect's .gut
when it ia not feeding, or can remain after fecd 1s gone,
their chanees of growth are mueh ! creater”. The same
-explanat‘.ion seens to be applicable in the present observation

-;alsc, Thiu throws sone 1ight on the.texic mechanism of the
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haeterium‘aﬁﬁ,strengthans the vieus of Heimpel (1955 b),'A‘
Lipa (1962) and Smirnoff (1963) that the bacterium should
multiply in the gub far gausing mortality.

Ths quicker actian of the baeterium as evidenced
by high 1n1tial mortaliiy and & drastie reéduction in feeding
dre seen :1n Q._g_a__gina;_a_, ﬁ.i_ﬁg_igg,;,;, M.indiecq end g.ngmnis_.

“Angus (1953) showed this as the typical toxiec effect of the
. crystal assoelated with the bacterinm;J.Thesavobeervations
supporﬁ the view that the cryétalxhas‘a najor role in '
¢ausing mortality in insects as propounded- by Vankova (1957),
' Bonnefoi and Beguiﬁ (1959) and Patel and Cutébmp (1961)%

In the case of n“ygnig a 1arge number of pupae
_of infected catewPi71drs die in the cocoons as a result of
sep%icemia. This suggests that tn9 bacteriun can ba used as
a long range control meaanre ‘against thls pest. Similar

~ observations have baen made by Legner and Oatmen (1962) on
Snilongta ocellapa and by Lipa (1962) on Pioris brassicaa.

_ mhcugh martality ameng catergzllar, af’Egnhgnﬁia
gggiggng 1s only 70,3 per cont after 8 days of feeding, Lt
i;appaars possibla that the hact@rium aan b@ used in e@njunetion
with chﬂz biological agenta such as the parasltes; so that,
‘the latter can multiply and maintain their papulation |
density on the surviving caterpillars. Furtner, the reduction
_in Peeding as éiresﬁlt (a3 infecﬁien,by the bacterium, well
>manifés§e§ 3mong"cétarpillars ef‘g*gzxingggﬁ,ﬂé;‘ev ka,
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£.medinalis, Nedepunctelis and N.gerinopa, eventhough their
_ initial mortality is low, suggests thaf; application of the
organism can prevent economic loss. Observaticns in the

" same line have been made by C’reightcn .&Q al. (1964) on
_xiﬁhgmm nle

A5 a vhole the effeet of the bacterium is more
pronounced in the case of eéterpin_ars which serape the
leaves, such as g.f‘ascia; ig, Semarginata, M.indieg,
Copedinalls and S.derogat
‘such as g.oaurlida, A.cribrarla, D.bliqus, B.rieini and
ﬁ.mlmm. This is enly natural as the surface serapers

than inthose eating whole leaves

are able to ingest relatively mmre nunber of spores than
i:he bulk feeders. '

Fram the results discussed above the fell@wing
eonclusions may be drawn regarding fshe use of B ,thmgi,ansiﬁ
. in the control of some crap pestsse

‘ (a) The caterpillars of D.punctiferalis and | »
Avdanata on castor; ,_.W on bhindil; P.bhioupctalis and
H.faselalds on smaranthus; Pegecuris, C.medinalis, Medsmene,

N.depunctalis and S.mauritia on paddy; H.indica and

~ Be.peponis on gourds; R.demoleus on eitrus; O.exvinacea on |
mango; A.eribraria on sunnhemp; Lepolumens on sweebpotatos
g.-marginata and E.phoeniceslis on garden plants; and
Nesulgalis on greengiam may be 'effac‘tively controlled by
spraying the crop with spore suspensions of B.thuringsiensis
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- contalning 6.85 x 107 to 50 x 10° sporeé per 100 e¢c.

(b) The bacterium appears %o be not very

effective against the caterpﬁllars of Ne.gerinopa on
coconnt, D.obliqua on pea and E.;Lm en banana.
However, since all these caﬁerpilléfs are subject to
natural eontrol to some axtent by parasitic Insects,
use of the bacterial preparatian will help in augmente
ing the effieiency of con%rel of these pests without
: upsetting the ‘'balance! as thls baeterium is harmless

to parasites.

(e) B.thuringionsig is ineffective in the
control of B ;;g;gg, B.fraterna and E.pellifera as they
are very resistant to the bacterial infection.

e 300000 § cmere






EUMMARLY.

Literature on Bacillus thuringicnsis Berliner

in relation to insect pest control has been reviewed.

Susceptibility of twenitysix different species
of caterpillar pésts, c@ﬁmcnly occcurring in Kerala, to
infection by B.ihurineionsis spores has been ascertained.
Suseeptibility of seventeen of these caterpillars to the _

bacterium has been tested Tor the first btime.

In & screening experiment all the twentysix
species of eaterpillars have been infected by feeding then
with food materials dipped in the sporé suspension of
B.thuringiensis contalning 12.5 3_109 speres per 100 cc,
Results show that caterpillars of Dighocrocis punetiferalls,
Sylapta dégaggga, Egara bipunctalis, Glvphodes mare ’
Bsalis securis, Melanitis ismenc, Cnaphalocroeis medinalds,
Pyraysta phoenicenls, Herseronia indica, Fhvtometrs
s Bapilio demolens, Nacoleia wvulsalis, Hvmenia
faseialis, Achosa janata and Nywphula depunctalis are highly
sugeceptible showing 80-100 per cent mortality in 2 to 6 days.
Caterpiliars of Erodenisg litura, Hupterote mglligggg,
Neohantls serinopa, Blacrigia obliqua, Perlcailis rieind
and Euproctds fraterpa are highly resistant giving zerc to

fgrtyf;ve per cent mortality in one to six days.

REDOTLILS
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 In a second series of experiments dosage
mortality relationships betwaen spores of ggmmm‘
end sixteen host caterpil lars have béen :detérminea in
full, Caterpillars of Glggimdes marginats, :“33.5:.‘.‘.@.
eribraria, Euchromi golygena, Sylepta derogata, Grthaga
gxvinacea, Nymphula depunctalis, Cnaphaloerecis medinalis,
Hymemla faseialis, Margaronia indica, Bhytometrs peponis
and Spodoptera manritis are highly éuseeptible giving
80-100 per cent mortality with spore concentratiehs of
6425 x 10° to 50 x 109 spores per 100 ce. suspensione
catefpillars of ggggggig‘liﬁura and Buproetis fraterna
arve highly reaiutant giving only less than 15 per cent
mortality. Caterpillars of Hephantis ggg;gggg, Diacrisia

gm and W rgc;g show intermhdiate susceptl- ‘
bility«

 Based on MLDs the inseo}":s'unaer test fall

o uhder two groupsi~ those which give 50 per cent mdrtal‘ity
and above in 3 days and those vhich give similar mortality
in 7 days. The relative susceptibility of insects in the
fipst group in the descending order is: Hymenia fasclalds,
Glyphodes mareinata, Marearonia indlca, Bhviometra popondss
nnanhﬂlaﬁsnﬁia medinalls Svlepte derozata, Nvmehula
depunctalls and Pericallis ricinis and that of the insects
in the second group iss W papritia, é;:zma |
gribraria, Orthars exvinaces, Dlacrisia chlioug, Buchromis



76
~pelymena and Nephantls Serinona.

The slopes of the 1d~p lines taken as a
measure of the response of the inseets to changes in dose
Of the bacterial spores, indicate that there is no definite
relatian betwesn the extent of suseeptlbility of the
different Speci@s of insects to infection by the spores
and the response of these insscts to- changes in the dose

of the spores,

The general external symptoms on the catep-

: pillars c¢aused by the baeterial infection are discolouraw
Tlon, slu@yishness and ¢essation of feeding. Stunted growth

7 ana reversal of the effects of infection are seen in eatepe

pillars of Pagkmgllgg,gigigi Larvae of Buchromia polvmens

become rastless and show inereased m@gtality at the time of

moultinge

Bffect of the bacterium is more pronounced in the
case of those caterpillars which serape the leaves than on

those which feed on whole leaves.

_ It is coneluded that spore suspensions containing
6.25 x 10% to 50 x 169 spores of B ;hwuingi@nsig'per 100 cc.
can be used with advantage to control the caterpillar pests

.._sbsm:gsig ounctiferalis and Achoea Jdanafa on castor;
Svlepta derogsta on bhindi; Psara hipunctalis and Hymenin



;:qu arginat a and ?ggaust

'fﬁggginlig on amarantﬁuss ’j;;iiii';,.f
gggbuia depunctalis, ?salis seeuris, E@lanitis ismene ‘
and ng m on yadéz,;g Margaronia indlca
| and Phvtonetra geponis on gfognds; Papilie dengleus on
o citrs s Qgggggaigggig_ggg on nangos “mgigg gribrar
' ' j;ron sweet p@tatag ﬁlxy&gﬁgg t
hoenicealis on garden ylants, ‘

and ﬁaceiaia vulgalis an green grat.
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| ZPEERNDIX
‘Record of Tompereture and Huddity (August 1965 ~ mereh 1964)

| | zinimun 0 yeximum wrd A4
lionth fegk = temperaturc - - temperaburc. § v
Brom To Fron Te  From TO
mgust 1963 1 76 82 8z 8 90 95
‘ 2 - 80 B8 - ope 84 9 95
3 ‘76 8l 80 84 g 95
4 7% 80 e 82 8% 95
Sepponber 1963 0 1 76 &2 &0 - 84 7% o2
2 78 82 82 86 90 92
3 78 8% 84 86 9 91
‘ 4 78 82 62 86 9 91
‘Ogtober 1968 1 7% 88 63 8 9 o=
, 2 e &2 e 8 90 92
3 98 - &2 80 86 90 98
4 7% & 78 e4 % =
Hpvoubzr 1968 1 76 80 78 8 85 96
) 78 82 84 86 - 80 95
3 78 80 80 8 7 95 -
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4 79 84 86 80

83 89




PLATES



PLATE I

Spraving tower






PLATE IX

Caterpillars of Pg 1lis ricini normal
(left) and stunted (right) due to infection
by B._thurineiopsls. Hote the reduction in
gize due to the bacterial infectlon.

PLATE III

~ Cagerpillars of Phytometra peponls dead due
to infeetion by B. thuringiengis, hanging with
the posterior end attached. to the host leaf,







PLATE IV

Caterpillars of Diserisia obliqua
dead due to infeection by B.thurineiensi

PLAIE ¥

Caterpillars of Argina cribraria
dead due to infectiocn by B.thuringiensis.







PLATF VI

Cat@rgnllars af Pericallis ricini
dead due to infection by B Wgnm.
Hote the Shrunken sige of the cater rpillars.

PLATH VII
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