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A , ' ,
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insQots ar© subjeet to attack bjr a large number of

parasitic aad predacious sp@ei©s and disease causing

mieroorganiOTisw Utilization of these natural ©nemiea

to control insect pests is %ppli®a biological eositrol".

Biological control using microorganisms is termed

*iiiicrobial control iO.though th© t®m is of recent

origin the idea it designates datas back to ov^ a

hundred years ago. fhe illustrious soologist Hi©

Hetchnikoff (189§) is credited t^ith having first

suggested the us© of iaieroorganisms to control harraful

insects.

fh© iiicroorganisas associated %iitla insects ar©

bacteria, fungi, virusj protozoa and nematodes# Som©

of these have proved promising in the control of various

plant and aniraal posts* Some of the laieroorganisas

ar© amenable to be cultured in enormous numbers to meet

urgent demands. By virtue of certain rar© attributes

like non-interference in the natural balance, lack of

hasards to other aniroals and absence of ric: of causing

developaent of resistance in insects, saierobial pr®-»

parationg are becoming increasingly .opular both for

research as wall as for practicala application in.

insect control.
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ISas-ly attOTpts to me Eilcrooygaiiisms were sad© with
frnigi and not until the goth century wore the bacteria
utilised in controlling insect p@sts- Landmarks in the
«se ©f bacteria begin %)ith th© period 1909-1915
a ilerelle <1©11, 1912, 1914, 1915) created considerable
interest and excitement by claiming euccessful control
of the migratory grasshoppers with the use of gocoofoacillnn

acridiort^. But the failure to Suplicate this success
by subsequent worters led to the abandoning of the effort*
In the late 19SOs and 1930s several workers in Hungary,
Yugoslovia and elsewhere obtained encouraging results
with the use of bacteria, especially spore forsing
organisms like Baei^llus^ thuring^ienais Berl. Hoi^ever,
for soKe unknown reasons these successes were not

followed up. The third stage is markea by the success

achieved against the Japanese beetle Poj»illia ,1aponica

by th© us© of the *railky disease* organisms Bacillua

and B. lentiEorbus^ Later in 1949, Steinhaus

renewed the investigations with B. thuringienaig ana

related species* 2"his was followed by es^austive studies

by workers like Paldini and Pastrana (195S), Angus
(1956 a, b), Grison and Beguin (1954), Janada (1956,1959)
Okka (1957) j Habb (1957)^ Heimpel and Angus (1958)
and many others.

As a result of these studies it is now known that



E* B©ri, is a larg© and rsotil© bacteriiam
^\Hiieh Is gram positive, rodshaped, crystalliferous, spore

fomilng and entomog^aous and esm be used as an effective

'living inseetieia©** , ffh© outstanding advantages of the

baoterimi have been fotmd to toe Its long Mstopy of absence

of toxieity to wai*© blooded aniiialS} isdde speotpuia of

activity, ecMpetibiiity tdth aost pestieidosj stability

of virulene© enabling its long storage, comparative rapidity

of action, and aiaQnability to conaaaroial jprofittction. ®h©s©

virtues have acquired for the organic the highest place

among other microbisl inaeetieidas#

Beeont inwstigations workers, Bonnefoi and

Beguin (19S9), Fishar and Bosaer (1959) j Mqma and Fox

(I960) Me Iwen ^ al. (1960>, Patel end Ctiteomp (1960),

Steinha«s C19S1, 196D) and Smirnoff Cl96S) ha^ro brought

to light many informations" regarding its tosicity, apfie

of action, virtiience, compatiMlity, residual action and

other aspacts. Effect of environmental factors ©n the

progrossion of iafeotionj th© hlstopathologicaX changes

in the host, laethods of increasing susceptibility of

host insects etc,, fiolds wliich hav© not been probed

to in detail# .Quai^ativa data on the gneeeptibility of

Afferent insect species is meagre and far betwent

In India researches in this field have jttst been



initiated ©nly. The wriss so far doa©^e of Deaand

lonar (1956) ^ Majumder ^ (1956), iia© ^ (i96S),

?«jnkatraman M Cl96S)j Setor and Gcjpiuath (1962)

and Emmm^thf (1963 a,b) and these are mainly of a

screening natiare. In Kerala, Ayyar (1961) reported the

susceptibility of fiv© caterpillar pssts»

In view of the iEmense possibilities of the use

of B, thuriagionais in eontrolling crop pests and the

lack of information on its effect on the different

caterpillar pests in this country, the present studies

wer© taken up.

In thes© studios the susceptibility of twentysix

species of caterpillar pests affecting various crops has

been ascertained by screening tsst%« Ctesage oortality'

relation between 16 of these caterpillars and spores of

tfhiiyiinigi^^nsia has been iforfed out inrfpll# Th© differ

ent species of caterpillars have shorn different suseepti-

bilitios t© infection by I# t^urlngiansis md ltheibac4:erial

preparation has proved prosaising to control some of these

pests•

A brief rei^ew of mvk don© so far id.th

Bacillus thurinaiensis is also presented*

.ooOoo~—•
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k bacterial disea-s® of tte la3»TO0 of ;|lefilt©ff?aii©m

fl©uip moi% aphestia knhfiielia 2©2.X©r ms 3?ecoi?i®d In

Qemarnif W Berltoer In 1931. %&tOT inlSlS h© named "

the causative momim as Baeillms ttwiriRglQngis* Mattes.

(ItSf) als© ie©latafi th@ baet^rim froe the diseasQfi

laspfae of ttie safe© imseet#

•Sii€i3?e is s©®e disagx^easent oa ttie taaBsnomio status

©f B« tli\ariagi©a0is. Its felatefi .sp©cs4©s» iilinger
m mni in •riiiiiiiw—>—i^»iwiii»iiiiilDiiiHi-ii

'am ChTOaifie Cl9^), ,mM ^ ^ •<l©4i)j fouaanoff
'C19S3|195S)" and T^WimGff aM I»e" e©2?3?©ll@r (1959) qqhsM^t
B;., 'as a of W* ff* &-F, But

St©iBteu-s Cl9il a, 19S1 j Btmnh&m ana Jerrel (1954)

and H©iapel. aHo tog«s' (19^8» 1960 a) t3p©at -it .as a •

distinct @peei©S»

MmMim to B©i»gf»s Manual ©f Mtmmlmtim

, Bae-t@3?i©i©iF (1957) 5 B, thiffiingl^sis has-, hem gtire^ the'

folljswing systes^tic'pogitioa*

eiass- •• '# iehigdiaye'ates „

era®!*'- . 's %1)li©t«i^l«s

P«ilf s:. Sacillacea© . ' _

: •(a0BU9 •. Baeillus'

. Sp©eiQs. t t'li'u.?4U'gi'©as2.9'- •

bact@yiiira. has |je8a'€es©3?'lb@'€ im •detail in th©

mTgf*B Manual# tli® i?©gst®tiv© .ceils ©f the bacterium ara

.5 mUYANi )f )



foi.' shap@i lAth sq«aa?0 ©iiiSf »esswing i*0 to IpS 'by

".S*0 t©- i*0 wd-emtiSf usually oecttrriag In shmt to long

ehiaiae ani-aet eapsulate^# fhey ar© aetile snfi g3?a» '

p©siti¥#«- 'Ih# sfopaiagia aif©-not aefiaitely- -swolletti

sp©j?©s,^l^i^.g •©MiQtiQlsr in thm* tiie Bp&mmim. •aentatiBs

c^ystalliaa inclusion bodies. %©|»©© ©llipsoiiai

aiia meamm.%9^ t© 1#5 iale:p©iis»

"I. foMe: '{leehaMaa.

' Mtiemn^ hum W mvimB

workers mg^w€in$ tli# tomie -seehaais® <?f- •i3aet©ri^#,

S#m# feeli©^ •that tk& tesleity Is attributable to tu&

• a e3?yst^ formed. 4mflBg spo2P«latl©nf wMXq -

• othms tMnte that th© atoia© ia. ©iioiigte* A tMyd- -

e©fie©pt-|ii tlii8 "jegari %3 tlist %&%h tim sp©3P@ anft the •

02»ystaJ- S.re ©issestial £0^ tMs tesdd •aJ'fect#

-pfdsemf of a espFstal te.tli©: gp^Fongim ,

together, with •th© ^pom vfirst obedwd W MmUmT

. <195 ) 'mA Mm hf Mattes dmfU ffe© ^©laMmship ©f
. >

tli© ei'^rstal t^th th© tosdeit^r fea f4-3^st iadioat^i 'to
. toy &igms .fi© foimd tkat M the
....into th# aitomteyeaimi -hf slltew»^ siawsM ©©ssatieft

••©f Gi .tti© mi€gmt -toth.:

'• Hfeiwiaf Clii5) -dljsewei t&«t toiag spo^e ^©f^aat4©iif , •

th© •spwes iftwti&toiy m& aseospaalQd hj

. . shaped erystals afii eoBelui@a tiiat th&f say a^soei@t©d
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with patliogenicity. Purthepr works fey Angus <1954 a,1956 b)
also fiewstrated'the highlf toaac character of th© crystals

to certain Inseets# He foimd that th© aidgut pH of the

suscQptibl© inseets was alkaiin© <9i»0 to 10«5) j a condi
tion necessary to dissolv© th©' erjrstals*

Heiispel <1955^^ fsrom his studies with rnmy h&ct&ria
pathogenic''to tM© iarcli'sat«fly-f gristiahora ©riebgoni^.9
fuled out the possibility that th© pathogenecity is

dependent oli th© presence of the crystals* But investiga
tions by %nkom (1®57)^ Beimefoi sm Beguin <19S9) and
PatQl and Cutcottp <1961) yielded results revealing th©

toxic nature of th@ crystal* For es^pl© Bennofoi and
Bsguin (1959) d©aonstrat©d that the pure extracts of
crystals aro S«5 times as ©fr©ctive as a standard spore
preparation. 5:h©y also observed th© gut pH of suscepti
ble insects is at^eve 9*

Heimpel and iingus <1959) recorded that in th©

larvae of Anagastra kuhniella* the spores geriBinate in

the presence of crystalline toadn and grow in the midgut
before causing death, indicating that both the spore

and the crystal are necessary tc> oauso death#

McGonnel and Richards (1959) and Tcasashiro

(1960) reported another to:^n which is heat-stable and
to3cic when injected into insects but not when ingested,

Lipa (1968) Observed in Fieris brassicae that

the infected larvae died out of- septiceieia, th© dead
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by Mattes ClS2?) in ktihaiella* ife obserwd the follo^dag
successive stages? <i) ingestion of the spores and their

gemination in th© Bsidgiitf (S) foraation of a la^^g© nuEibep
of vegetative cells in tii®idgut| (S) damaging the gut

©pithelium by the enzymatic activity of the bacillus as
it flourishes in the gut c©Rt©ntsf <4) !8iga?ation of the

bacteria between the host cells into the body cavity;
(5) abundant growth of the bacillus in the ha^olyjnph;
(6) disintegration of intes-nal tissues as the result of

bacterial enaymes I<7) appearance of ©asternal symptoms

of the disease; <a) penetration of the bacteria into the

tissues of the nervous syste® resulting in deathi

(9) further di$int©g|?atioii of all tissues and drying or

'iBUBHSification* ©f the larval repjainss (10) foraationccff

-gpores of^the bacteria#

in. Virulence*

/
\

fhe tera virulence refers to the ability of a

aicrocorganisffi to invade ane in;)ure the tissues of the <

body of its ho3t» ITariations in the virulence are rather

frequent ainong entomogenoua bactorla and have caused

inconsistency in the resiilts*

Mattes (1^2?) recorded that the gpores of Bacillus

thuringionsia remain viable for at least six years#

Steinhaue (1949) suggested that the virulence can be

enhanced by (1)'passing thera'thrdugh-susceptible hostsf
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(2) ^©aiisifig the®' to disseeiat© iuto aor@, strainsf

Cs) iatroaweliii together aieFOorga^isasi subs^teets

that mayincrease their iumsii?© pomip ana (4) laissiisg theHi

.with ©th©r miero orgatiisas ttoat say riR^iep t-h@® iKir© ©apafel©

of in-mding tisam©s»'Again li©.{199l) 3h&m€ that the ©iilta?a

@f the Qr§mi$m ©n srtifidial ii©fiia -tb.©!? long sterag©

ttpt© fiftd^n y@am cawsei m torn of ¥iri2l©TC©« l»®QPigHe

^'rt* (1956)aieo noted a© leas &i vimvUmm is lal)orat©r^

eialtur^ f©y three fsafs# • .

SmiemTf l!a|«d®rj m |1# (19S6), 2?©po$t©a that th©

virulmm ms- lost m artifieial, cialtoriug, but 3?@gai»0a

i«ife©n pasa@i_"tehi»0«^ii awse^ptibl©'. Mats*

•SteluMas (liBi a) ©bservsa thatjwhen a mastitfe of

Serratia aui B# thii^iflgteiisls ms te

§ail©gia a#ioftQila> th© f©»» iiihiMt©^ th© Mmlopment

of th©

1?* Atfeetlog Infeetion aM li^ialeReQ#

a* iRVi^^aaental faeodirss

It is recsogiitg^a that t©®p©mtttj?e and

husidit^r sr©. th^ pfiTCipal faetoi'a that affect %fm mtlm •

•^tj? of ©ateaogeBoms Biloi'oorgajsi.siasft:

Mmz (19.S©) ^ei©.H©d that the. ap®r@s remain aliv©

evQii tifees ttj@, ©tmosphe^ie teaptratiar® was telew 0% for
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long |j©rio<is5 however wias fomd to b® more •

favourable t© rapid develop®©nt and quick patfiogoale

effect* Angles (1953) and Steinliaus (19S4) pointed out

that th® 'eaeterinia possesses its mssimum virul«ace aft^

sporulation •yhieh la turii was observed to b© majdmias!

at a range of 36 to 37®C* MeConnel and Cutcomp <1954)

•workiiig on ©wopeap corn borer larva© obtained poai*.

tlve correlation betwson tcsaporattsre -witMa a rang© of

SO-35®0* gorad the rapidity of infeetion# Steinhaus (1959)

observed t̂hat wry 'liigh or lew t@®p€sratiir©s relB^

tive hyiaidlties little effect oa virulene©* Ignoffo

<1962 Jq) in iiis extonsive studies yitii Poctinophora

gosgypiella obtained a direct relationship of th®

progression of mortality in larva® ^ith the tasiperatm'©

level at which mm MalntQin©a» Tim relative mmidity

was not found to be m influenoiRg factor, fhe optiBm

teaperattare on the basis of IS 50, was 40«1® Siairnoff

(1963) studied the •effect•©f temporatur© in d©tall» He

foimd that the incubatiosi period and the amoimt of Mortality

vary %fitfi temperatiiro*

Kiishner and-Harvey, quoted by Camex^on (1963),

found that at certain times of the year the foliago

of certain trees contain a component that inl^ibits the

germination of B« thm'i»gi#nais in ttie insect gut, thmg

affording protection against infoetljon*



IS

hm Gultwp& iBQditimf

fh© aedli® la wM@h th© organissi is grotan nay

influenc® the idriilene© ©f the pathogen# iusa (1989)

©hserved eppr@eiahle dlff^r^aee in the virBdlan©© of th©^

bactarluis grmm in etiltfflpes ©f different pH e©ne©a-»

trationsi thoa© h&ving pH 7 or 7«3 inparting nor© "^ru**,

lence# Mstalnikoir and Ghorin© (1©S9 b) repertefi that

©Ider ©ttltares •mve taor© ^riilent than y©img ©n©s#

St©ixdiam@ (1961) obsarwd that ©p©re pr©dmstion ws

®©r© in solid than that in liquid ©©din®# He

also noted that adMtion ©f 1^ desEitros© t© th© mediaa

inet*©a3©di th© rat© of spor© 'fomation while th® afl^ltion

of 2$ proteos@p©pt©a@ or m&m chloria© retarded it#
\

fh© haoteritm^aet® as"a stosaeh poison and its

©ff©otS: ar@ mm marked on ©hewing inseets. As .early

as in 192t, Matt©0 observed that lorm© ©f IphQatim

knhniQllsy if pr©t®et©i by mh^ ar© not affect©d by • ;

th© spores*. B© and Komi? attributed the low

mortality in trogoderiEa gran^iua to ^th© Internal feeding,

habit of th© larvaet Steinhatis (1957 a)| Burger^on

mnd Ilingl©r (jiSQ) and Jaqueg and Fok ^1960) in' their
©a^serisients -on Fyrausta nabilalig« foriae "giri^ana

Holiothis: a©a r©©,peetlwly-| sna:ggested that th©

ineffeetiveness of th© bacteritm in the field is' dn© ''
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t© tli® 'fettiiii hafelts of tli@ lai?w©#. Fainting •(1962)

#stablish©fl a ^©lationubettfiem the l©%r ©ffeet of the

bacterii® Ihrneioaia aui itspeeiili-ai? haMt

iR r«Je«stipg plaat while tepiag into the feud.

Gmmon ClttS) .eoasItid©a tJaat the bacteri«a is

©ffeistlw against bomm sr6 fmAm^s*

^^3^^3>gtaiie© ..aM Rc^sMiial- aetion in the giald.

'-^esiduial _©f a pathogenic sat©s*4ai 3.si 6ti.

iiBljettent fa®t©» esp^eiailr whm it is applied against

an immt having ©wrlapplsg geueratioiss. Ho- eoiaelegiv© '

data '4.8 availatil© tta show the p®psigt©oefe fesifeal

t©»leitjf of ,B, thigiiigfienala.

• Uhrnim iWm} emQirnrn that' th© hact®!-!.® easnot

hQ tis©d as a prophrtette B^stSiTO ms its'©ffeetiveiiess

is- lest tm sdoa# Weisaaa •C1941) imsm that its efi^ective*

mBS m& mt affeeted t:^to ©igtit-^ia'/s, -but was- loat in

slmtmn da|®: iue t© raias*. iio¥©?©i?'| -Leiaoigft© 'sS S2. •

(1956) that th© Bpowm ha^fe persisted ®v©ii after '

th© rains iia"f© fallen aafi %n mt& ©as® tfe®jr hav© prewnt@i

ealjteg© ¥ora Infestations im'lmgm .pesioa© than that

ifAth tm' apflieatiotts. ©f Bit#. _̂. Hall and An^m it9m}

Mv© reported that th© lia€>t0i»iiM wlth©tit stictflug ag^t®

digplayei & only Sot & to 10 dars

against ealibage iBseets» whereas fankom Cli62) found



that the ©ffeetiveness of Bpf&fs with coisaerclal

preparations lasted for two ¥©©ks«

Hall (2.961) Cf>nt0at«d that the rssidiaal effect is

dependent not only upon th© hoat-^parasite relationsiilp,

but also on the plant gfoii^th asd ©nvironiaential factors.

Sralmoff <l$f63) found that th® ©ffeetivenesg of spray

diminished «ith time whether protected or improtected
\

fro® rain» fie has put forimrd tm possible e^lanations

for this? (1) th® spores gorrainat® on the foliage and

subsequently die, as suggested by Stephens (1957) in

the case of B« cereus (ii) som© volatile substances

released by the foliage laay Inactivate the spores#

VII.. OoapBtibility Mth Ad.mvants. Inseetieides
and Fungicides. ,

Although knowledge of the effect of additives

in spray or dust formulations of insect pathogens is

limited, various standard wetting and sticking agents

haire been used successfully in cosbination with micro-

bial roaterials.

Adjttvantsi Weistaan (1941) fotmd that effectiveness

of the spray of spore materials can be increased by

adding a wetting agent, though 14®e sulphur added as

an adhesive has a retarding effect. Canada (1956)

supported this view by sho^^ng that addition of friton
B-19S6, as a wetting agent to spray, at a concentration

of 1?800, had no adverse effect on the virulence.



X0

. . and l3?©ig, (195^) hsm ^©peyted s«sc©ssfiil •

BiMng ©f sethyX ©ellnlos© ^.th bafetejrial, pathogen as an

'aihesiir©. Fiyptfier inws'tigati^ag by j^giiS' (19S9) she«®4

that foliage ta?eat®i B# thmgiHgiengis. an,d a wayl

latex stieksp ms to^© to stlkw©^ la?m© @v©ii aft@T

consiiarafel® wsathefing mA imshln®. iWQQ)

was stieeessfiil in aiding classes as am ails©siv@«'

feqiseS aM' Fom (i960) ol^set^M that sfeis'milk powder m&

g©dtt latex ine.s»©i8@a th^ ©tmQtimrnBs^ ©f tli© patii©g©n

••against Hegls yapa^ on eafc^ag©? temt' failed, te imwms®

the &tfmt on Off.QgQglitheya tepaata atid' Als^pMla pmQ%m*i.a

m- appl®» §e©3?ing and l»l©yd <1962) in lahofa.t&ry trials

foiand that Lovo (aaiia© st©affat©> spmy aaattives pr©iu©©d

significant ispffoveBeiit intha effic&c^i l@miiag t©

improi?©a smse©ptiMllty,| i?©clue©a wapoyatton-and iiip2»©ir©a'

adhesion oi fi®|3©$its» €ag© teat® msiug FiQS'i.s •lamasgieae

also :ish0i®d a i'Duy-.foM immmB in tissag© ©ffieisae^t

Festieifiess • B| tli«y-iiiii©ftsis' Ms bees e©iil>ia©i _^tli

son© ©f th# itmmt .potent ias®etiei€©s f fangieltes

antiMotles# '

Mayt0'W0t <1959) tsp®tt04 that C.eppm

mid Sine ditMoearbaiaat# &m ©©spatifele, yith B*thiitiagjeftsi®>

@©iiiMg CliSO) fompli^© -lAth til® pathogen and appliei

®gaiB®t frietepltisia ,tii ^ Mt-th® ©omMaation wa® mt^

signtfSeastiy bette-r than Bacllitts 03? fompii©a@ alone. ;
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McEwen ^ (i960) studied the compatibility of

Bjl with Parathion, Sevin, D.emeton, TEPP,
Trithioii, Meneb, Qaptan, Goes and Chloranil. Of these

dhloranil alone had some adverse effects*

Toumanoff and Lapied (1954) observed that

thurinqiensis showed varied reactions to antibiotics.

Tanada (1959) pointed out that Penecillin is innocuous,
while streptomycin affects most of the entomogenous

bacteria.

P^thods of Infection and '3^ran«'a^ssion«

In nature the pathogenic bacteria infect their

hosts mainly through the oral route and to a lesser extent

thi'ough congenital transmission. Transmission may also

occur through sting of parasites, bites of predators or

through cannibalism, there is.little evidence for the

infection thrbugh respiratory route in insects though
it is a common method in bacterial pathogens of man.

Natural dispersal occurs through the infected hosts,
by the mechanical transportation through bodies of insects

and other animus and through wind, rain and streams.

Metalnikov and Metalnikov (19S5) in their studies

with the xjax laoth larvae observed that the parasite

Dlborachvs sp. can transmit Bacillus eohestd^aie (sBa6illus

.thiaringiensis) through its ovipositor. Investigations of
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Folivtea (1056) have shown that the spread of the disease

oceiars thtoxk^ insect parasites, predators, other

animals and birSs# '

MaJijiafier ^ Ci956)- obtained som® spread of

the Oisease by liberating infeeted larvae asaong the

jpopulation of the lablab pod borer Ada.{3iara atkiasoni..

Tanada (1961) is of opinion that in oral infection

the host aoQuir^s the pathogen by eannibalissi or by

feeding on food eontajainated with i (1) the decomposed

remains Of infeoted hosts» <S) the faeces from infected:

host and (s) the infectious sieroorganisms carried to

•the food plants by vdnd, rain 5; oth^r' anisals and laan,

^ Although there .are increasing reports on the

1congenital transiaissiori|Df certain pathogens like
viruses and protc>20a| only a few bacteria have been

reported to be^ transKitted in this manner©lere appears

no such incidence in the case of B. thiaringiensis.

IX. Methods of Asplioation*
/ , ' • •

S'he microblal agents are usually applied for

insect control in the following four isajor ways»

(1) application alone as a sfrayj dust or bait,

<2) introduction and eolonigation into an insect popu»

iation, (3) application iii cosibination with chemical
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ins0eticid©s and (4) application co-opdinated with inseet

pai^aaites 9 predators and other aleroorganisas.

Husg <1930) working on Pyransta nubilalia observed

tl^iat dusting gave results equal to that of spraying*

Field eaperiaents eonduoted ^by ^11 and Andres (1969)
;

showed that coverage of the material on the plant Is

extrejselF important and that this factor aay explain the

efficacy of dust over gpraying.

Dunn (1960) and Brigggi (i960) obtained good eontrol

doraestioa which develop in droppings of animals?

bv incorporating !• thuringiongia spores into the feed

of Steel's and Chicken#- Similar results were •obtained

by Burns ^ (1961) by feeding the spores to caged

layers in their ration*

1?he ti®e» niaaber and siethod of application! as

well as the coaplete coverage of the pl^t are import^t

factors in increasing the efficiency of mierobial control

as emphasiaed by ilall Cl96i) anA fanada and Reiner(1962) ♦

^h© latter authors observed that a thorough dust applica«»

tion was most effective against Pvrausta nubilalis.

Smirnoff(196S) in his esEperiraents with "Thuricide"

found that aqueous suspensions wex'e more effective than

oil emulsions against ghoristoneura fiaaiferana.
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^ Hegai'diag th@'T^ada Cl^i©) etat^d
that sost df the-edHveHtloii&l sprayers asi totors, -

ffiist |jlo¥®rs -aireraft haw saitaM© for

fi©M apflication. of the aierotti&l insec-tieifles.

%0 fQ.^*lQitg-. •.t:Q:....iae;h0r..;.aaieals asftfl- flaats.. ,

,fljer©'lias not teen reported cas© of of

Baeilims. thariegleasia to hi.gli®r mnlmoXs and th®

hari9l@ssn®ss lias tosea b^oail ioubt i» saay instiaii* '

c©s»

Berliii©^' (191S) fiant m initeatlon. of the teaeiXlug

beisig patliogeaio to mj wrteferat©'# Iiater stoiiihatis-'

Cl©§a.) 5 bF Ms ©latoat®'to^oolo^cal. tests, estaMlshed

th© Mrifllessiiess of th& toterltJ® to warobieodod animals*:.

He pointei out tbat oral eonst^ption of a etiitiire of the -

.. bacillus W a ^"mm yoiuateer proSiic©d no mt&m^d resiilt

of mfMM*.,. fli© faawl©8SB®3s of B, thtirliiEioasis to

hlghm- 'aaiiiisls %ras fttrtho'r &vlmm fer the -works of,

immolm® 9 Prison ana imiair© Ci9S9) ani
''f^,sh©r sad Sosn@r „Cl9§9)»

Thoy® is m apfr©ii0nsioii mong mmo scientists

ttmriflgQinaia- say aiitat© to B* antja^aeiis

or -similar forss tsiiiefe ar@ -ijathogQiiio to 'ii@rtoferat©'s

saS plants* - S«f StoiaMaias e) oonslteiug th©.
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question In detail has ©is^pessed th© view that the ehanees

of ^ueh a change are veapy little#

Sli© only recorded obs@3?vatidn on phytotosdeity

seeias to be that of Creigton et al. <1961) on fobacco#

In field tests9 a wettable powder preparation at 10 lb*

per acre, applied by hand to budsi was fotmd to injure

tender foliage. At 4 lb* per acre it ¥as less phytotoxic.

XI. Iffect on Natural enemies of Insects.

Instances of deleterious effect on insect parasites

and predators are rather few# Solaraan (1940) reported

a case therein the aymenopteran parasite Microbraeon

hebetoy on hosts severely attacked by Bacillus thuringiensis

becaroe infected and quickly succumbed.

On the contrary the haralessness of the bacterium

on natural en^es of insects has been estabiished in

several cases. Bilotti (195(3) investigated the effects of

tiie bacterium on the parasites of Pieris brassicae . He

observed that thp development of Anllastus ebinitts fiuad

Apanteles alomerata •m$ normal, the only difference being

that the larvae of ipanteles left their hosts to pupate

someindiat earlier than those in the control. However, he

noted considerable mortality among larvae of the Syrphid,

Xanthandrus eomtus in test fslots* <195(5) did not

observe any adverse effects on insect parasites mid

predators of the I»epidopterous pests of eruciferous
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plants* According to Habb (19S7) th@ spores did not

affect the admits and colonies of Foliates ©sseiamans^
an impB^tant natiaral ©nejfiy of }i03?nw0i?as«, Helson <1960)

a?©popt@d that the bacteritiiB did not, ha-'/Q any h&rmful •

offeat '-©n th© Sypphid sad H^©nopt©rous ©Baaiea of

cabbage inseots. Investigations by Ayyar C1961) s?ev©alea

til© haimlessn^ss of th© bacteyiiM to''SeteMaMllia

piipi^ApantalQa sp»} Mie;gQb£'acon sp«j and Scyiiaius sp«;

fmashiro (1960) reeord^ mi interesting obserimtion

that bpacon parasitised la3?va© of Gogc^dya cephalonica

were laor© susceptible to infeetion by the bact©piiQ!n»

^2. HonQy be©s and th© To:sicity of tho BaeteTlura.

Reports so far do not ahow that the baetepiusi

has any adverse ©ffect on honey bees, atudieo in this line

by Martpuret (1959)j Ayyar (1961) and mison (1962)

Isad to th© conclngipn that th© bacterit® is harmless

to tliQ bees*'

Xlil- Soectruia of Insects Biiso©Dtiblg»

Bacillus thmringiensis by virtu© of its great

potentialities as a taicrobial ins©eticide has toeen tried

against a large ntmber of'insects,- Large seal© applica^

tions of th© imdtaritss,-against -the alfalfa cfiterpillar

iii California, against Golias losbia in Argentina and



m

agatost estsfeag© p©st8 in isa^ ya@14®i spectactilai'

tmn%%Bw A list.. &f iasedts agaifest 'Wtiieli th© bacterium

Isas" b$0i!:_tri#(i iS'fable 1#

• 'Wm' X

& list of' iiiseet aests wtos® siiseoptiMiitf
to tos inwsti--

• gated fey-.various workers#

^g3?e0''
©f ©ff-i
©otltr©-.

Orler al

SiSs'sMs

-mm

.ms.

/ • ffeyieallAa gleiiii

• PtattelQa puletiQlla

Betepi-g- QmQUBQvSLaTia

Gi?asbida©.«'

. MlsssSlss ;
Wmmm& isiaieas-,

Sei*-tpophage aiwMa

Cw^tophagidaBS

mphantlB B@rinopB ,

XXX

^x'

R©f©r@neas

.Hail mid Saii 1988

W©is@y ani feto©^ 19§4

faslllevic I9§?5l96l

Hall anfi •Q®©fff'sy 1962

Ha© ^ 10&2 ;. -•

BaiaaiBiirtfef'1S63 a,

Baiaaaiiytliy 1963 a

iliiB5iiiiim?t!i^ 1963 a*'

Raisacnai'thF 1963 a«

Ayyar If61#
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Supterotidaes

totegpt® fabla jci;

M*

Qalleridaes

EsUsmeias

Gelechiidaei

.Gno3?ia©sohema ©perotileiia

Geoiaetfldaes

' ilsmMla MaSsESa

BatotoMa itsitatfi

^Q^antitera brisnat^f

,P,m4gt?]|gSS PQgvQlgatft

lATOi^n^ MmfM

Jlyponomeutida© J

Wmm^ Bp.
I« iaailinell».q

Sekhaj? and Gopinath 196S

Rao ^ a2,. 196S

xsx raEagh«i>o 1960
3QK BaQ-s& 196S

•m tommoft and Grisoa 1954

Metalnikov and Metalnikov
1933, 1935

3CS3C Ignofto 1962 a

xsx JaguQs and Fox I960

^sx Jaques 1961

3£^ Qtaiaton & Daone 196S

Moi^is 196g

• xscs- ileismaa' 1941

:3tsz Jaques & Fox 1960

x:^c Jaques 1961

sxx Qulnton ^ Doan© 1962,

x Mmmmthj 1963 a

aosx Isoko-oa 1958

e

3PSC Wiesmau 1941

Isalsova 19589 Sohweaoa 1959,
Gianther IQeOsFranz 1961,
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taaioeamiJtaaes

BettdgoXitsias sibigioug

M* .ammm

MalacosoKia aiiQgieAna

K. neustria

tymenti'ida©

lUP^oeMslianata

•liSmMa jlteSK

M.tUm9Uf} Mala

Monetilda© s-•

g„pg4M^.t,i?A3i

Hoetwidast

•iassi^'ajfeisiQmi •

MsUiMm

....V --a^kd^ ssljy^am

M» £S&

X2S falalaev .1958, 1959

3CXX Talaiaev 1962

XXX Jaques & Fox 1961

Toimanoff & Grison 1954

^xx Van Bamfiie'i: Vatider Lann
1959

3E3CS . Vandep L©ai\ & Wassink 1962

/ .

Venkatraiaaii M mX*3.962

2dis Metalnikov & Chorine
1929 a ,

ssm Cantwe.ll ^ 1961

XKX Metalnikov 1930 .

^ Mentainikov 1930

XX Hall Curni 1950

sooc Majtaader al» 1956

X3C3C Figueiredo ^ al>1960

22CK Martoupet 1959

- . Habb ^ 1957

Guthri© al«19S9

Greighton ^ al.l961

sx H ill & Dunn1958
Jaques ^ Fox 196G

X3ae Tanade <& Biener 1962
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A

S5

siWitla

feiphopla^ia nl

!?0todontida©s

MMm mlni.B.t.m

llymphalidaes

-ur,Meaa

Olethreutidaes

,^a4lQBAl^a .Qcellaiia

Papilionidaes

.eaBilio

Phylloenlstidae f

B3}aiocnlsti,s .c.itrella

Pleritia©!

£q2M^ MsMM

2 S

-. Hall & Andres 1959

X Hall & Bisan 1958

XX Kelson 196D

3asE A^yar 1961.

Ayyar 1961

xxx Janada 1956 ,

XK Hall and Dunn 1958 ,

3!KX Grigarick & Tanada 1959

XX3I Hall & AB-dres 1959

jLm Mc itSwen al.l96Q

XXX Hall ^ al^l961

X Somel 1961

sxx Jaques and Fox 1961

XKS Metalnikov and-Chorine
19S9

xo: Jaques &. Fox 1961

^3LX Lsgner & Oatsian 1962

•k:kx Ramamurth;/ 196S a

Ramasurthy 1963 a,b«

XKX Paldini & Pastrana 1952



;

^4^

Q$

MMa gfill944g^" 3E3PE StQinhaus 19S1

3SXX Stem ^ jaX*l®59

nSEjU

BsEia mm

Plutellidaes

Kititella

sxx HalX & Stem 1962,

Mstalnikev &- Metalniicov
1935

X3i:s T^andff & Grison 1954

XS35 Bilotti 1956

K3QC IiemoigG© jsk ^•l^se

X3K Biii»g©r;Joii 1957

X3CX KiPeig 1957 .

353SX 1968

i^xX Martoutet 1959

X Bohm 1961

addc Lipa 1962

X3ds Tankdim IQQ'S

xxx.Tanada 1956

XXX Hall anfi An&eQS 1959

3CS3C Mc Swen & Hervey 1959

sxx Me Bwen ^ jii«1960

XX^ F©x & JaqTOS 1961

yigy Tanacia 1956

XX?: Oka 1967

XXX M©mi 1960

leyTc Pox & Jaques 1961



87

Pterophoridaes

eard,ald.aet,irla

Pyralidae;

QoSm:^ fi^haloniea

Msh§sM^ '

I« MMsiia.'

IMMla iiaialls

' LsBSi22odi2a mibQsaMS

teg§r.Qa|a

Storaoptegyx

'ssLgala .saJ4salla

IZte

Pyraustldaej

aafaAJa]lla^

5

xra: I'anatia & Riein©p 1960

,sx3« Morris 1962

* Raraaaurthy 1963 a

S2CX Tauada 1960

XXX fenketamraan ^ a.l«1962

KX Oodavaribai ^ al.l960
;

KXK Berliner 1915

3£2d£ Jacobs 1950

TanaOa 1956

HasaiBurtliy 1963 a

XX2£ Ayyar 1961

CTK Ksntak 1959

2£Z3£ Rasasiiirthy 1963 a 5b

sjxx PigueireSo M a 1.1960

^ Hall & Bonn 1958

xxx Huss I9S89I9295I930

ss2£ -Choririe 19S9

X2CS Metalnxkov ni al.l9^

X Mc Connel Cutcoap 1954

XX Steinhaus 1957

xyix Mar tour©t 1959

:^3i Hudon 1962 ^

^ Eckstein 1934
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%liii3giaa0S

fiiaia©t®p©@ia©i

wilMaacmi •

.f©^ts»i©lia0s , •• •'

' im^$asa4s.jigiteB

^Mmmurn Mmlla

^ SSlSEB.

SaSds

ZygmuMmt -.

•teiiEialiilt MUllma

3

^ Basiasyrtlif 196S a.

Babfe M, li*3.9Sf,

SOK ^

aos C?©lght0ii IfSl

XXX nmh-M, ' •

am SylsoB ant Begain'lf©4-

mx Ma?toiif'#t 19S^

to«r©t© 1961

sss Oi-isoa 4 B@g«in'i®®4

Mmm M.

m toi ^ 1958

mm iaii@3? M .^♦1^09

,31^ Mqu&^ & F@x 1961

mx lie 'Mwbb m^ ^bWBO

m ItelsiBan 1941 • •

z faiie & i%0ilje^c 1907

X .fedsea & 1958-
»

« •lie Emu .alalQSQ

^ '• Jaqw©s 1961'

frana ItSl'

'm. IqXsot 1960

s lfelil9S8
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Aej?ldJMaes

!•!

IcjiistoeQ.!

feath^ediuidass

Order Gol©©pteras

Bostriehid.aes •

-Ci3i?eiiiioniaa©i

S- torn

Beraestidae-s

tomMssi ^masidA

f©Be!>rioMiaa0'S

MmmsM

• . SMMMm, smhimm.

ClirysoffiQlidaet

MMm mMss

" ^al-emeeXia

Coeciriellidae s

X Baird 1958

K Baird ims

2c Imk^trmmn al.lQ62

s» tmk&t&mmm M li*196g

- Sfeisbaus & B.ell .19§3

s Stelnhaas & Bell 1§5S

m dr _ .

m Hall S: Dmm 1958

Stern 1961

« Be ^ K0mr IBM

MM Shepherd 1924

- , Stei'Bhaus ^ Bell 19S3.

E Halt & Buhh 19&S

X Hail & 'Dmm 1936

.sxx- Veakatarmim Bt"al*1962
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Scarabs© Maei

' afelatriehla conferta^

Order Dipterae

Miiscida©s

Mm&Sk -domostioa

3

X3K Sskhar and ¥enkatarMiah
1963

• 6«mber 1057

X2CS ilail jalt al-1959

3ESX Hgueiirefio M a3.«2-969

.jsm Briggs I960

xzx Dtarm 1960

xs::^ Meim 1960

Sli© effectiveness is rated as

M mmi ^ z « lowf kSe • ooaerat©, xkx- -- Mgli#

'XIV# Host ^asccptibillty and SeveloDment of Heslstance«

The widespread deirelopaent of resistance io insects
V f

to oheialcal ins0Ctidid©s has caused sob® concern that

.siallar problems &£''•? resistance to entomog^ons lalcro-

organisms also may appear in due course# fioweverj there

is no positive evidence todate that insects have become

absolutely resistant to infection frofii applied bacterial

pathogens or their by-prodticts*

The phenomenon, that young larvae are most susceptible

tiian alder larvaeto most riiseaeesi has been foimd'to



*m%0T3S

o;^©xq©:smpr©ItTSBfpE^WfWS»¥e«

@!io-i:?.®§T%s©&a|JO.sfii^pmsm^sm^d0%^

••MiXnooQIm%S.ti|p©©j.^1%'•©%®sixctiip|j0X|l3jf.

©t|%tl€l@SOT^$|0^.pes^Q^onfKf

f©5>iejiioo.,^X|JtS®exdi:aa|«(l.X©'f4:©%9Bqx|.«i©XQB^e^«©i|bjp©

ti0i%BmQ|:.8t|^W$p©^x^.e0,5m&m%SEi0»%€0p|fi@^.©ii«>^j:o

Hof.t^BKtsiaeA.f©t|©a,!|®iiowp(9961).fSSi^S'

>rpwiroimi'->gse
®©iio3.T0ia;'ion-^mq

,-SX®Q-s^®P<^®!|,stt|-03®:|s©0imi!a»i^XISB©
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Iff* Besageg te.Ooptrol las^ets,. - •

M applied iiiSQct pathologF the goal ©f the

®iitoiaol@gis% is to th© ratnim'am dos^g© at which

a patliogea Mil, give effeeti^e eoatrol ©f a particular

iRg®ct p@st« Issly in -19S@ isenoign.© ^ ©feser'^ed

that a aoaeeatmtios ©f 200 ffiillioa spores ale

applied -at th© 3?at© ©f 1^6 gallons per mTB $me

kill ©f .^sasiMia*

farsaia CliiS) i?Bp©3?t©fi that, eoneeatraitions

of ©tSS g!2*f,, ©IIS,5 gia'»^ and 1 t© S m* spoirss p©i? gallon

•Of water wei^e r©q«i3?#i fdf dffsetiY© ©ontr®l of FMxSjl .

smm-i ^slslmtesls M. • '

msprntimif*

• Oka ©Wc4teM--9S^ eeiitroi

mafi.tiiiaQmia ^tli a soiieemtration''©f %S0© Billies,

spores p-©r ©c» $ ¥lill.© Cfriseu (1957) S*©afid tiiat a ooa-

©Qntratiea ot 280 pillica spores per -m* gave ©ffectiw •

©©ntyol.. of pssts of ealsfeag©#

Ball afii. :Cl9i9) fro© tlieiF crlti^^al

f!ORel«sa©fi that a ffilniiiiai i©s© of S5 x 10^^

speyes per aer© i>m& reqiaitoA to. gtv@ kill ©f --

fyitthoplugia aui g|._ayJ.M « Me Swan' and Sarmf •

(1©69) US04 a eosffiiereial preparatioia «?ont.aiaing 100,000

million sgofes per "gyaia at a dosage of 0»3 lb»p©r aer®

fomfi #ff©etlTO agaiiiit gi.Qyl-a. MM* -
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Kantacfc (1959) obsei'vsd that 12,5 million

spores p©r gram^ ©f gyain m^s effective against .ElMia

^•r.tQypunctella.

Stern ^ mX.*. ^1959) got ©xcollerit G<DntPol of

Goliag ©urytlieae by using a prepai?atioa containing

40,000 million spores per gram applies at 1.8 oa.per acre#

Hall <1961) stated that for nse in initial

field tests of the sporeforming erystalbcaring bacteria
13

a series of gradaated dosages up to a level of 4»5 x iO

spores p©r acre (that is up to approximately 1 lb.

of ssaterial of a cpneantration of 100 billion spores per

gram or the aquivalent toxieity per acre) applied as

a du0t or spray might be siiitabl^. -

Hudon (1962) observed that 2 to 4 lb. per acre

of a material containing 25 x 10^ spores per grma was
necessary for control of Pvrauata nwbilali^. Bull and

Geoffrey (1962) foimd that a suspension of 75 million

spores per 100 cc. is an effective dosage against

ailanthus webvjorm#-

Qijinton and Doane (196S) reported that 4 lb.

of a Riaterial containing 7S x 10^ spores per gram was
effective against Al^aophila asiQSjs§£M»

Smirnoff (1963> obtained best results against

ChngistonQ«ra fiMif_ei;.am wh©n SO grams- of "Thurieide"
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•Ccofttaining 30 x 10® spores per gram) per gallon of
water was applisd at the rate of 10 gallons per acre, .

Baaamnrthy <1963 b) obtained good conteol of groundnut

leaf folder Sto?nontervs: subsaeitrQlla if/ith a spore sus

pension containing 400 million s.po:reg p@r Eillilltr©#

Dosago-moi'tality analyses in the eas© of

talliferous bactoMa are eomialicateci by the action of

the to;^c erystal. Several workers lia¥e reported

mriabilitif in effQctiveBOss as the spore conceatpation

•varies « Only "very few attempts have been sade to

determine qiiMitatlvel:? the Iiost susceptiMlity#

McGomiel and Cutcoap <1904) for eijaaple, worked out'

the median l©tlial dose for teaiasM 30,000

spores per cc# Bair4-<1^58) worked out tli© for

Mfilanor>ltig bilitnralis as 0.002 mg. <5 s 10® s|)Or©s '

i3©r ga) andi Meiiii (I960) calculatod for Plutella

meullBQnnis as 1.1 x 10® spores p@r 100 The

iOgQ and LTgQ of the pink boll worm larvae have been
worked out by Ignoffo (1962>a)» LBg^ for long and'
short cycle larva© were 49.7 and 49,9 spores per larva

ie 1*9 spores•per ®g and 2.1 aporos per mg. body

weight respectively.
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M A f I A L S A H B M B g H Q D S

A. mmm* _ . . - '

<a) Bacterial sBogQa used*

A wettable powder preparation of spores of Baeillug

thuringionais Berl# known taider the cosmerCial name

*l.arvatrol M.Pi 25 x 10®' containing S5 m. yf 'ffiabl©

spores per graa was used in the present investigations#

This was obtain©^ froft the AgricwdLtural products Ccaspany
o

California, U.S,Ai,

Cb) Saraving towers (Plate 1 )

A spray aettling tower constrtasted on the principles

of ' Fotters tower' was used for the spraying#

(c) sisM-iJhsm'

fhese consisted of specimen tubes cm x S#5 em),

glass vialsI conical flasks, pippette 1 cc., S cc. and S cc«

capacity! JPetridishes (9»5 cm#diameter), measuring

cylinder 100 ce. capacity, glass rod, and bealcers 50 ce»,

100 cct and 250 cc* capacity#

(d)

Bearing equipments used were Hi^riosne chimneys

15 cm. X 5 C!i», glass jars (18 cm* x 10 cm# x 27 cm#)

caiael hair brushes etc*.
1

(e) ypst. inmts

Caterpillars of twentysix different species of moths

were used for the esi^eriaents and they are listed belows
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B. MEtraoM..

(a) QfttCTlUarfft

Healthy active eate3?pillars of uniform slae

were used for tliGi ©2Q)©riii«?nts« Thes© eaterpillars i^re

starv©«a for 24 hours before being jised, Btavving o£ the

caterpillars ms considered to ensure unifos® feeding

by the individual caterpillars when they were subsequently

supplied with, food ®at©rial.s s'prayed with the spore

suspension of .thurineiensia and thus minimise varia-

tion due t© differetiees in the amount of spores consumed.

(b)Preparation of spore gu3pensions> •

B.V© different coneentrations were tried in each

e^erimant# In each ease a suspension containing the

highest concentration was prepared which served as a

stock suspension fro® which the loiter eoncsntrations

were obtained by dilution td.th sterile distilled water# ,

Follo^sing are the details of an e^iaple.

1 gE!»'iisrvatrol* IQO ce*\s!ater. 5 86 x 10^ spores
per 100 cc. - i

10 cc.S-f 10 cc. water s IS*5 x 10®spores/
100 ce. - »

10 cc.B + 30 CO. water - 6*3$ x 10^ jj - C
10 ce.S ♦ 70 ec.mter - 3»125 X10^ ®
10 ec.i + 150 cOfwater - 1.56^ x 10^ ,, • ^
(e) Ajsplicationof spore suspension to host materials.

foung leaires of the host plant concerned were

selected# washed well with tap water and air dried#
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AND

OBSERVATIONS



MD 0B31R¥AfIONS

Preliainagy ScpQQniag f©sts»

With a to ascertain the overall suseepti-

Mlity of the csoBEidn caterpill-ai? pests occurring in

KeiFala as a fiipst step in plaBUing m&re objective and

precise tests# a series of screening e3EperjUaents were

conducted by feeding Baci,i|.Tis Bsrl, spores

to the insects* Only one eoncentration of the spore

suspension containing 12,5 m10® spores per 100 ce»ms
utilised in all oases# Tim dip method used'by Jatitiss

(1961) was followed in these tests. A parallel control

was run in each case with caterpillars fed on the

food materials dipped in sterile distilled water#

The caterpillars used mre collected from the

field and starved for S4 houro prior to the experiments.

Only healthy caterpillars of lanifoj;® sise were utilised

in all cases. Mortality counts were recorded at inter- .

vals of 24 hours, fhes© experiments wbtb' conducted dnriag

the period beti^een ?«8»1963 and S6-il-i963. Details

of tha e;^periiaents and observations are presented in

Table II.

It will be observed frcm tii© Table-that the

susceptibility ©f different eateriaillars' is varj'ing.

The Bacteria® causes cent per cent Eaortality aiaong '
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eaterplllars of S.vlQpta msggihata.

PmmsM sZigsQlSesHa.). Masgamii^ Kaooleia wlgalls.

4SEa2Sim> HymQBia fjiscialls. and: Achoea .ianata

wltMn S4 to 3.44 hours# Gaterpillars of iteoliantis •

obllqm and PgP-lc_allla ricini record

only less than SO^ mortality. The orgaiiism causes prae-ti-

eally'negligible amount of raortality among caterpillars

of Prodenla lititra and Ehiprectig fgatBrm and no mortality

ixi Smteals. jmBi£sia»

Typical syixiptoins of bacterial infection were

noticed in all eases of death except in Prodonia litura

and

Main B^eriPients*

A series of sixteen experiments were condiioted

to assess the effect of different graded concentrations

of spores of B.aellliis. thuFinf^ignflia Berl* on different

species .of caterpillar peats eosimonly occurring in

Kerala, The effect was assessed in terras of mortality

•caused to tho Cat9ri3iliars- as a resialt of th© bacterial

infections. Th© details and results of e3Q)e3?iiaents

are given in th© follGid,ng pages.

JjjgiBxifflml;,. I. • -

Dosage mortality relationship between Bacillus
thm'lngjensls spores and caterpillars of

MMMmS

SsTDoriaental Detailss
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5^«sata5©nts s

A. 1#56S3 X10^ ¥iabl@ spores per 100 ce»
B. SilgS X 10^

C. 6.S9 s 10®

is.s 3c 10^

B. 25»0 X 10^

9 J

»>

f #

0duti?©|8 Distilled imt^r obI;^

Heplioationss 3 each '
V• - ' •

Nwabar of caterplliars in I
I 10

each yeplicatioK# . • | •

fest insect* Caterpillars of the foiarth iastar were

. used for' th© e^e^iment* fhese mm

fro® th© ®gg massos collected

from montana plants and conOi-

tioned as ietaJLled under ©aterials and

methods,

o . .

Period diaring ^mioh |
the experiment was | 8-3*1964 to ll'-'S-»1964#
conducted $ I

Teiaperatare diaring S Knia, 78© - 8SP F,

the periods I Mm. • 86® F,

Relative hiamiditsr I
I 63^ - 90$

during the periods; §

ProcediireJ ^e caterpillars were fed on the spores sprayed

on the leaves as described earlier wnder materials and

toethods.
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Basilic®

Results of the ©:^epiment are ^oresdnted in

feble 112 which gives the percent mortalities in eater-

pillars caused by different eoiicentrations of BaeillM?^

spores at var^^lng perioas after iBgestion.

S-he same resialts are depicted in Fig. (1), It will be

observed that the highest concentration (B) causes cent

per sent Mortality among th© caterpillars witMn a

period of one- day after ingestion. Yhe highest

two concentrations via. 12^5 x 10® and 25 x 10® appear
to be more or less eqiiitosde to the caterpillars# In

oi'her cases mortality increases \d.th inceease in con

centration and even after five days none of these cos-

centrations produce coaplste .laortaiity,

9^. .iRfeetieai InfeetGd caterpillars devoloped

a brom colour at the anterior 1/3 of the body, fhey

stopped feeding and remained siotionless on the leaves#

Biarrhoea and voiaitihg of ingested food were also evident.

Soon after death th© cadavers turned dark bro¥ii and

dried up without liqtiifying, giving em offensive saell,

Bxperiaent. 2 • ,

Dosage mortality relatiaaahis betMeen
B* thuringiensis spores and eaterpil-

Targ of .

E^erimental details s

^est insect! Fom^th instar caterpillars were used for

the experiment« They v/ere reared froEi the



Pigy (1) Graph showing iosag© iii©3?tality realtion-

ship between B, thuringiensis spores anci

caterpillars of Gli/ohodes mar^inata*

Fig. Cs) Gra]^ shoi<d.32g dosag©-mortalltsr'relation

ship between S«thuriRgiQRRls spores and

caterpillars of Argina erijbraria«

Fig. Cs) Graph showing iosag© adrtality relation

ship betwaenB.thtiringieasis spores and

caterpillars -of liaGhromla

fig« (4) Graph showing dosage mortality relation

ship beti^een B^thuringiensis spores aM

, •caterpillars of SyleBita d®ros;ata»
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Small caterpillars collected from sunhGEip

crop in the fara., and conditioned in the

laboratopy.

Period during which I
§

the exparitaent was H 29-10-1963 to' S-ll«1963.
i

condueteds ; • I ''.

ffempemtupe diiring S ifem. / 76© - 80® P
J •

the pei'iois I ^8^ - 84® F
/

R©lativ^ hufaidity 0
J 6S^ « 92|

during the period; ,1

Other details sam© as in Bsjpeyijnent I*

Results of th© ^35)0rimeiit are. given in Table 1¥

and represented in Fig,. <2), It is observed that even

after seven days, nom of the concentrations imder test

causes complete mortality «3f the caterpillars# Fiarther,

only the highest two eoneentrations cause raore than 50^

mortality. The increase in mortality vj^th laps© of time

is gradual and it is mor© or less static in tho two lower

concentrations (A) and <B).

of infection,Cessation of feeding was the aost

conspictiotis symptom in infected caterpillars. Infected

caterpillars were fotand to be lethargic and became

moribiind sis hours before death, !?he dead caterpillars



•i. • ^ ^

• • 1! A B L-E If

ffiortftllt?- bS eyibg«i?i» ratei^iiltss f©a on sansleap foiia^
with SSftei®r& coa^aUrntioBS' ©f spsse smpsmlm of' B.tfcuglaigl@g3la

— •; " ' ' •• " "" UJi*

pss 'Cejsfe Rorii«116y itter
Coacenferatioss
•of «poj» sassea-

• @ioa {@.pose«
i^r 100 eo*3

84 to. 48 lORS 72 iW, 96 fcr«. ISO 144 ^5 168 hrs.

s
X,53S0 X 10 3.S 13.9 1©.S m.9 10.& 10.9 10.9

B. S.ia5 Xio® ^ • S.5 . lO.S 1S.9 14.3 14.S 14.3 Si.4

<J. 6.2§ X10^ 6.9 S7.6 S7.6 28.5 S2.2 3§,7 42.9

9
S. 1E.5* * 10 13.9 S8.0 48.3 46.4 53.6 SS.6 64.5

9
K, 85.0 X 10 24.3 38.© fis.e 64.S n,4 • 78.6 85.7

flOBtsrol 3.S S.S 5.3 6.? 6.7 6.7 6.7

• - M iSk

* C . _ , , C'X^X;-^r; n * aoMeoted' ag la BxrjdirJineat I,
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became tols' in colem m& &?le4 wp-'within 24, hott^s,

& tout smeli also . ; •

SsjsztesS*: ^ / .•

• rnmm- Bi^rtaiity r8iatioiisliip.,te@t«©@ii
sgogas. aM eatQ^iaillags ©f

treafteQiitas

• A.".. 3-,lgS %10^ Visfele. sfOTOS p©? 100 cc*

B, &M25 s,l# • "- •** '•/ .
12#5> 10^^ , ;'•**•

;•/«.-io.*© xio® .«'.
•e©i^p@iLi \ ^ mstt3J.@d tester

;• f@st:iii'stcts/ ' C6t@ff:pillai*s ©f tias thii?d i»stas»- ir^i*© .-

• •• -•.- .•'v: • tts@i for 'Ifi©'e:^©i'i!aeiitt fhef ¥©r© reajfe^-;

ia tMe ialfeo:raiofy fmm @gg aa^sds ©ollactM'

• ft® S¥f©t p6te%©-f3<a]^#fe.to twm* •

fitSPiBg; Mhieli ,| ' ^'
^ - ^©'@-^©?lf|#nt/'«as • I' f»H*l95^ -to •

eoMmetetS;, •• I , ^ ^ .

"impm&tmB drafiag ' | Miss*- 78® 82® F'/ ' . •
•tfm i Mas# 8®^ * 86® P

T 57^- 888' \ • . •
Supiftg til® p©yi©ds I • ' ,• . -

; \ lest 'til® i@tails ai?@ as. im. Sxpertseiit I.
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Begults of the e^perinent are presented i»

^abl© ? depicted in Fig,(3). It is evident that the

bacteriuia has very littlo and that too glow effect on the

caterpiilafs# Only th© highest eoneeritration-eouM bring

about 1000 giortallty and that too after 3 days. Mortality

in the initial periods is very low* However5 a sharp in

crease in mortality' is ©"gldont after 6 Says of feeding.

Percentage kill in th© three loiter concentrations A,B & C

doss not reaoh even 50|# Increase in mortality is co-

" extensive if.'ith increase in spor© concentration#

SvraT:>tQr.i!q of lyiifQctiong Infedtad caterpillars de's^eloped

a unifona black colour and shewed a reduction In fisreding

which was very laarked after 5 days* In the initial stages-

th®y showed reistleasneBS and later became lethargic, fell

fiowi to the bottom and flieS| syroptoms of diarrhoea also

were ©viclent. Increased mortality on the sixth day coin

cided %Lltk the ©ceurrenos of mottlting# She cadavers ttirned

dark brovai, flaseidj lost their norml vshape, and disin

tegrated tinder light pressure j giving an'offensive smell.

DosagQ .aortalitv -yelationsM-o between
||« th^3^ingiensi8 spores and caterpillars of

SglMitu

leet insects Gaterpillars of the third instar \4&Te used

for the 03i^rinji©nt. These vmre roared fro®

SBiall caterpillars collected froro bhindi crop



^ A B L E f

of 2. palgjaem, caterpiilacs fed on SB^et poteto Issitos spra^d isitii QJ.ffeient g2?».<lea
of spore conceaSss-tioira of B. tMringlensig

OoaeeRtws'siofls of -

aper©

(snores per 100- ec.) ,

log.

, coBcen-

trJitJloii.

* per cent aortaIlij aftei?

24 to. 48 lira. • 7S to . 96 hvs ,̂ ISO lirs. 144 hrs . 158 lira. 192 hrs 816 hrs.

A, S.ISS X10® 9.495 0 0 0 0 0 0 0 0 S.7

B. 5.25
9

* 10 9»79S 0 0 0 0 0 11.1 SS.3 40,8 44.4

0.12.5
9

s 10 10.097 0 3.S 3.3 • S.5 3.7 22. E sv.o 44.4

B.as.o
9

X io i0»398 5.3 3.3 6.7 S.5 11.1 ss.s 55.6 81,4 92.6

E.50.0
9

X 10 10.6®9 S.S . 5.S &.7 17.8 S7,0 S5,2 9B,6 100.0 100.0

Coatrol 0 0 0 0 6.7 10.0 lO.O 10.0 •10.0 IS.O

* Oo3?i©ct©a «s ia fx.periffisnfc 1.
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In th© farifl and eon^itioned in tlie

laborato:fcy«

Period during •which |
til© ©xperiment was - | 12«n-196S to 19^11-1963.
conductsds 1

tPeiBperatm-e during | Man, 78° ^ 82® F
the p0pl©d f Msffi.. 8§® - 06® F

Relative hijmidity I
i 6S$ ^ 6B%

during the periods f

Rest of the _details as in ,l3^©j»iiB0nt X»

Hesiilta; • -

H©sults of th© Qxp&rimmt are presented in

Table fl whieh gives the per cent ffiortalitjr eaus©^ xnges-

tion of different ceneentrations of Bacillus spores at varj^lng

periods after feedingi,. $h© same results ,are depicted in Pig.

(4)9 It Can toe observed that th© highest two eoDCeatrations

of spores cause cent x3QrG©at mortality 5 days sft©r feeding#

lA. general the mortality is more or l©.ss proportionate

to the spore eone@ntratioa» Increase in Mortality yith

time appears to b© gradu^.

S3mi.?itpm.s„-of .•inf.eetio^ 8 A sudden stoppage of feeding was

notiosd in infected cetorpillars# They bQcam© lethargic and

did not wab or roll, tis© leaves# Th©y d©"VQlop©d dark brox^fi

spots on the central side ©f the,first thrse abdominal

3 "



'Ia%Sit^

A'9e"ss'ss*se'«00J<U%UOQ

O'OOIO*O0to'mt'9*95g*9e•.^'0&,gOT^o*S3*a

O'OOI©•GOT9*9S.^rm'S'g&O*0f'^01XS'gl'tl

'a*584''386*eA9*899*aso*oso*otSS*9

S*92Q'fS0*12•0'Ag9*itA*9ts*sOtX
6

Qsvt*a-

e'K6*giS'gt6*ST6*gTO'OTg'g-,0T2Sg9S*T'V
6

•©®I891Wt•S^tgogt*ssqgs•SJEll,g&••ISlqSt-*mnfgC*0©00f.aM®ss0fts)
•rroTSrra'Tfin©txreffls

^Baa-OTitai^SUGt^fS-s^GasoO

•©jmagsB-i^rflif,'g|oeaoj^^m&auooazodsj;©.-.ssfimaq:s^©|j:ip
P€^s>auesmii&ftf>spiq«c?§0j»i&va&f*03siSq,tiei.^osi.©SB^u^ttea

ma*2s¥

-a.^.
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S0gffi0Bts. Withiyi a few hours after death the body

turned dark broMi ©r almost blaek. The cadavers lost their

normal shape9 becams soft and distntiegrated under light

pressure, giving an offensive smell*

.ExaeriniQnt.g

mortality relationship beteaen
1* tj2ur,iag;l.en3la spores aad eaterpillars

of Orthaga ^xvinaeeai

„d©^q43,a.

Jest insects Caterpillars of fourth instar were used

for the e':^eri2a©nt* Thes© yer© reared

from small caterpillars collected fro®

the raango orchard and conditioned in the

laboratory*

Period during whicli • I

the 03|)0riraent was 1 14»11*196S to S4-.11-196S

conducteds

Teisperature during § I-inm. 78^ • 38® F
5

the period: I Mm. 80® - 86® F

Relative hisHidity §
S 64^ - &9%

dtiring the periods I

Best ©f the details are as in ggperiment 1

Besiilts of the ©sp@ri®ent ar® presented in

Table VII,'which gives the per cent mortalities caused

by ingestion of Baelllm spores after varying periods of



T A B L S rU

P©r©3at9ge ef Of. ex^imcm fed on E«nso loaves sprnfsfi with £!iffe5?e»t

• • gra&e .of snore concmtmtlom of

CoaesatT^tloina of
*• T®j.» e&nt ®ortnlit^ .sffesi'

gpoiB acs-pe.j»ioa
{sporoa. rer 100 ce,) S4 hia. 48 bJ?0. fcrs . 96 120 is^s. 144 to. "16© . 192 216 §40

A. i,5S85 X10® 0 S.5 10.0 10.0 m,9 20.0 20.0 S6.9 26.? S6,7

B. S.ISS x 10^ s.s 10.0 3^.® 1S.3 IB.? m*o 2q.O 30.0 30.0 So.o

C. 6,2§ $ 10^ IG.O xs.s SS-,B S0.O SS,S. S5.? 40.0 §0.0 56.? 5S.7

B.1S.5 X10® IS*?- 23,S 2$.f .§©»v 45.5 43.5 5S,7 ?S,3 76.7

S.^.O X iS,f. 2S,? S3.S S8.,7 43,S 5S.3 6S.S 80. G 30.0 9S.S

Control 0 •e 0 0 t G 0 0 0 0

* Corseeteil as. is Bxperiiseat 1,
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f©@dings« flie sata® results m& mpmsmte^. in Fig.<S) ,•
It vill b® ©Ijserwa tbat @fen uit^r m daysj mm. of the
Bpom &QmeatmUoms cbubq. cmt-pm mortaUty^ It
is also fliat increase in uoptallty is mt e©-»

©xteiisit© witli iaei»©a3e in spopa coaeentratioii* IHiee th©

oonee,iit»atloi3- of. spore suspension imi'©as©s 16 fold, tli@

soi'tailty iBereases haFily 4 folt,.- Th& Umst two sf©re

0©ne9at3?atioiis C (&} aisfi (B) ) do sot .caws® $Q^ sioytality
&.Stm -10'days, ther^ beiiig no furthe? i^th

thes© c©ae©atratioiis. after i cMys^ A sharp inereas^ in

soptalitjr is ai^ieaeei in th© Mglies? ea!ie©Bt?atioas after

seven .days.

S215i£Ma,«s£»i££s6SS^$ A gm^wal rei«®ti©K in tli© rat©
of feeding was ebse^ired, fi-on ©©ceM toy onwarfiso lufeetecl

caterpillaps- feee^e ietliargie and sltiggish, in soi^sent.*

A peductisn in sim els© was notieefl.. wsaall^ fell

Sown to the bott©® aa€ died*. ' flje-eadsTOr.a tmriod daFk '

aiiQ sfeoft@ji$4 in l©agtli».

gp©3?es aM, eateppilla^s

of ifiBphtala aeometalis
iniiiiTiiiiiiiMMir-irii-iiiiiiMiiiwiiri- iimiwna-iiMiii nniiiiii" v«i-n n-iMm-rntrrflirriiriaoin^^

o

'IggjI lBS@eti 6atei»|>i-liars of seeoiii irjstar mro usefi

fotf t.he @x.p©ri®eKt« fhei© •wep® reared f>*oai

v&^f small est@rpillai?s eollectefi from paddy



Fig* (0) Graph shovdng aosag© mortality

relationship between

apor®0 ani caterpillars ©f • , -

Orthaga exvinaQea*

Fig« (6) Graph showing dosage mortality relation- ^

sMp between B^thuriflgien'sia spores an^

caterpillars of lyznphula depunctails.

Fig. (?) Graph shoMag dosage mortality relation-

sliip foetweeii thuriRgiensls spores' anfi

caterpillars of Caaphalecroeis ssQdinalis ^

Fig» (8) Graph shoxidng dosage mortality relation-

sMp between B, thrtringlensis spores and

caterpillars of Hephantis serinopa.
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Period d«rijag i^iieh |
• til© estpes-iment ms | 18-11^1963 to 20-^11*1963.,

conduoteds |

Temperature duriiig ^Mms, 78® - 80® F
i

the periods Imss# #. 84® F

Relatiw rmmiiity S

during the perloi • I

Procedur®! Tis?© weeks ©la .paddy seedlings Mere trans-
.planted ia flower .pots • three in each pot - and the spore
suspension sprajrecl «nif©rt3l.y on th© plants using a hand
atEioiser* Th© control yius sprayed ^th sterile distilled
water aloij©. The caterpillars were then put on to th©

plants and th© plants ©nolosed in horrieaiie chimnejrs.
Care was tak©n to gee that thwe was standing water in
the pots. Each pot served as one replication in ona'

treatment, After 24 hours th© survii^ng eatorpillars
%/ere removed to fresh plants in pots.

Hest of tha details as in Bspericient I,

iBesuits of the e^^periment are presented in Table
VIII. The saise results are represented in Pig.. (6). It is
obvioas from th«5 Table that only the highest two concent

tratiGns(E)and(D)eaus0 cent percent laortality. The lowest
two eono^ntratlons Ca) and <B) &o not cause even 5Q^

Bortalitjr ©I7en after 7 days* On the whole it appears that
increas© in mortality is direetly proportional i-:.



"T T

A B L B. mi

Ifex'c©nt«ee mortality of H,aspuaetglte caterplU^ra fed on pBddy l®?jves sprayed with
iii^Gr&nt grades of Btyom concenti'^tiom of B.tbEriaeiQisais,

eoaca?)ti?a-feloaa of
Bxyoxo Sti3t©'i'^5 on ~

per Borfe^lity
-

i©posj©s- ?»r 100 CO) 24. Iirg, 48 bris ?S ios. 96 te. 120 bm 144 hrs 168 has.

«. 1.56^ X 10® 0 6,9 lO.S 14.S 17.8 25.0 25,0

B, 3.12S X10®.. - 6,7 10,3 S7,6 S8.2 3S.8 38.2 32. 8

0. 6.S5 s IG® 16.7 13.9 si,e 42.9 57.1 60.7 64.S

B, lg.5 • X10^ 16.7 37,5 69,0 8S,1 9S.5 96,5 100.0

1. 85.0 X10^ ss.s 58.6 ^.1 100.0 1C0.0 100,0 100.0'

•doaferol 0 3.3 s.s '•6.7 6.7 6.7 6,7

* Corrected na in Ixpei'tosirt; 1.
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to the incrsas© in concentnation* A sudden increase in

mortality is evident tw days after ingestion.

Syiitstoiaa of infQctlori? Initial s^ptoas \fere the app©^-<^

anc© of blaek spots on the thoratic segments aM loss ©f

appetite. Infected caterpillars f©cl very little after 48

hours# They turned darte broMij beeaae'Moriby-ndj fell dom

and died Mthln the leaf cases• fhs dead bodies became

soft ana disintegrated mder light pressiare.

Bxporiment i #

SosagG Biortality relationship between
B.thurinfgiQnsis spores and caterpillars
of Bup^ctis fr"Se^> " -

Bistserri^tal details a

Rest insscts Caterpillars of tliir4 iiistar were used for

tlie experiment. These were reared from egg

masses eollected from castor plants*

Period during',which the I
I 29-11-1963 to 9^i2..1963.

e:q3eri®8nt was conducted® ' I ,

Teaperatiare during the 15 Mim. - 84® F

periods I Mssa. 81° - 86® F

Relative humidity I
I 64^ to 95jl

durine the periods I

Hest of the details are as Im Sxpericient 1,
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Ko mortality was observed In any of the

treatments. "She caterpillars fed normally and pupated,
•Adult emepgsnce also laorsali,

Imti'imerit 8. .

raortality relationship between
I* spores and caterpillars

Sest insects Thi3?d i^star caterpillars were used for

the experliaent. fhey were reared on

pairiy leaves frcsa sraall caterpillars

collected frc® paddy fields.

pQvlo6- during which I
r.the e^erimeat was | 3/i2«i963 to 9-.lg-l9Q3.

conducted. ' i

tPemperatura during I Mim, ' Q4p F

th© period. | . g3_c ^ ggd ^

Relative iimaidity |̂
^ _ S 64|. - 89^

during the period X

Procedures Sam© as in ©i^erimont ?

Heat of tlie details as in Slsperiment. !•

Besults of th0 e^eri^ment are presented in

labls iX. ffhe -QsmQ results ,are illustrated in Fig^C?),
It 1/d.ll be observed that cent per cent mortality is

obtained with tlie highest cConcentration W on the fourth



-t
^ f H ^ - - "Y

5 ^ B L S IX

,0©re©»fca^ of£. t&& on p^.Mw lemm snr^^m^ mth ditf^mnt
'QmOBB of spo» eoaeentara'feiojss of s. tfeurlBgleia-ig.

^ ms seats .Eostftlity ssfter
•CoKCQm ratioS3, of sporo

araMnnioB

1 B|502©s p©r 100 ca,) ^ tea. 4S h»s 7S tos. 9S lira. ISO tes M4 Ii3?a.

i»S685 X10^ 0. • S.5 17.3 11. 5 f.0 7.9

B, g,125 X10® 0 ^ 20.? S7.6 1S.3 39.9 . 19.9

0. 6,g5 x 10® 6.7 S^r.S 51.7 8S.9 60.0 • 62,6

D, 1S,5 s 10® 2'6,Z 6S.6 ' ©1.7 88,5 96,0 100.0

B. S5.0 Xio® 50,0 68.9 . 9S,I 100,0 100.0 100.0

Control 0 3.3 S.S IS.S 16. f 16.7

C'owseteg «s la SxissrSj^Et; i.
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(Say and -witli the nedit highea? conseiitrstioii on the siacth

da^r, llie lowest two conceRtrations (A) and (B) do not

cause SO^ mortality after sis days, fh© mortality

rates in thes© two coneesstrations resaia aore or less

static. I'he percQiitage mortality caused by the lowest »•

coneentration (A) is not diff^rant free that in th©

control. A sharp inereas© ia mortality is evidenced

after 24 hours*

Infeetea eaterpillars developed

a dark brcrfu coloitr oii the ventral aspset of th© first

thre© abdosiinal segiants, fhe aolour ejctended anteriorly

and pesteriorlF causing sluggishness, fhey showed loss

of appetit© and failed to construet wbs® Four hours

after death th© cadavers turned completely black in

eolour, shrunk in size and fell down,

9.

, I. spores and caterpillars
of IMiSiM ^

ls?.0p,ip©ntal._.de..tail8 j

T'est inserts Caterpillai's of th© third instar were

used -for th© ©:EperiiP.©nts. %©y were

reared from early instar caterpillars

eolleeted f3»om coeontif plantations in

the farm#
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Period awiag whloh the | ls-1S-19a3
,e3Ep@3?AB©iat was" <(3&iito®!t©d# •i

feBp®yatiKp!& toi»g tb@ | Kas9'»
gos'ioi^ i 11^. ei® ^ 84® f

Belatite HwiditF , j ^0 ^ '
€^i^liig th© p©ii©i S - • •. -

freafei^BtsJ • Ag ia

lest @f the derails as in. Ixpeilment. '1-9

Fi^malts of th© ©?4)@yto9nt um -pTBrnt^tM

fafele X« ®i© BfMB Tesuts ay© grapMemllj in

Fig» C8)b It is efiS^at :^o!a tlie t.abX© tJiat a,oii0 of
tM ecfiesBtfatioBs dsmsifs'iioytaMty tn ^4 hoOTS

4©@s mc-t csmse mnt percent^ mottaity eimn aftst eight

days® fli© l©¥®r tlires poaeeatpatiofts <A, B aui C) d©
uet «atis6 §0^ m©5Ptalitr» itierease •in aostality

fine't© iii©Feas@-lii eoneeEtiP^tloii is fliietiaa'll.f^* Hm^0i?©r.|

immm^ isi Bssftality in proportloa to the conceptrati^n .

is Iftcreas.e in Moptalitj/ with tima Is gl*eteaJ..»

S'̂ ^BtoKia .ef.. ^ Intmt®^ cat«rfillai"s showefl a

ffia:^l£©d i»eiaetioii in f©@fiiiig- and eoastruction ®f- galleries*

A (k&k. eoiotir de^lope'S is th© middle 1/S ^©ftioa

of the- tooGj wliieli gradually extended to both ©ads®

fii©F beeaiao ©©riband and the eadavers toned darker
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and soon hardened, causing a shrinking in size#

Dosage mortality relationship between spores
thuringiensis and caterpillars

of

Test insect: Caterpillars of the fourth instar were

used for the experiment. They were reared

from &ggs laid by adnlts on bhindi plants

in the laboratory.

Period during which I
I . • . • ' • 'the experiment was | 10-12-1963 to 15-1S-196S,

conducted; I

5?emperature during | Mnm. 78® - 80° P
the period?. I Mxin. 81° - 84® F

Relative humidity I
I 63^ 80^

during the periods I

Best of the details same as in Experiment 1,

' Results 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 relationship with the change

in concentration. Further, typical s^ptoBis of infection

were not evident. Hence it appears that the bacterium

is not infective to the insect.



•f

U 4 B 1 XI

of litora c^terplllptrs fed on bhindi le«!tr©3 spupyetl with

aiffQTOst grscies of apore coaeon-Sratioasof l.t-ijaE-lagieiai©

Cone©atwtiom of
j?&T osni; i!ior&«jlxty aftieff

{s?o:^0 t©r 100 oc) 24 to. 48 iis-s 72 bra. 96 hra. ISO toa.

i5. 1.S885 3C 10® 0 0 6.7 10.0 • 10.0

B. 3.125 X10® 0 0 C 0 3.S

G. 6.85 X10® 0 0 6.7 6.7 13,3

B. 12.5 X10® 0 0 2.3 6.7 JjO.O

E. 25.0 X10® 0 0 6.7 6.7 10.0

Control 0 0 0 10.0 13.5
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Hzparlment 11.

Dosage mertalit-y rQlationship bettjeen
B« ttoringieasls spores and oaterpillays

of Hvraenla fasei^ajlls

Earoerlmental detailss

Test insects Second instar caterpillars wer©

used for the e^sriiaent. They were

reared from very ssiall caterpillars

collected from amaranthus crop in th©

farm.

Period during which the I
I S-1^1964 to 7-1-1964.

eajjoriaent wss cdndueteds 1

Tenperature during | Mnra^ 78® - 8D®F
the period? I Ma®. 82° - 860F

Belative huoidity during ^ ^ ^
i 64$ - 89^

the periods I

Hest of the details same as in Basperiment 1.

SssjilSss

Results of th© 0:^eriii0nt arepresented in Table XII

and in Fig«(9) . It is seen that the highest spore con

centration under test causes cent percent mortality
I

among th© caterpillars in 3 days and next higher in

5 days# All the concentrations except the lowest one

(A) cause;'. Eiore than 50^ laortality in 48 hours. It is

also clear that increase in mortality is not coisraensurate



T h B L ZU

of B, faselalls feS oa ftmaantfeiii ImveB ap^^yBti
With diff&mst of spore eoaeeafewtloaso? B.tl«ii?iiiisi©i®i@

•T:

©f

• fer leeats mortalitF a^Ser

spo^ siai^-Mioa

C»I5QS©S mr 100 ee.l
24 te. 48 - ys. te5. 90 ls2^» ISO

M, l.SSSS X10®' 20,0 2S,S • S7,B S2,.& s§.s

B. S.lg§ xlO^ SS.? SS.3 SS.S^' ss.s 64.3-

C. 6.25. X10^ ®,s 86.7. B&.& BB,8 92.8

B, IB.S X 63..S 8S»V 89,7 92,8 JiOQe©

®.. gs.o ' X10® - • 63.3 m^s 200.0 100.0 100.0

G&mtrol © • 0 3.S 6-,? '6.7

* ©OOTetei m in 'Sx^rSjmmt 1»



Fig* (9) Graph ©hoviing fiosage ffiortslity relation

ship hetweea B»thuringiensi3 spor©s and

caterpillars of Hyiaepia fascialis»

Fig* (10) Graph showing dosage tsortality relation**

ship between B» thuringionsis spores and

eaterpillars of Har^aronia indica#

Fig# (11) Graph shotding dosage isortality relation

ship between B,thuringiensis spores and

caterpillars of Diaerisia obliqua.

Slg* (is) &raph showing dosage mortality relation-

• ship between B:». thuringi©nsi's s'por©s and

oaterpillars of Perieailia ricini>
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with increase in gpors concentration, ABi^een fold
increase in spore eoncentration eauses Mrdly three tola •
increase in raortallty. Further , sortalitF inoreases
only slowly with lapse of time,

Qm^ptpmr. >7f Infected caterpillars sho^^d a
markad reduction in foe&lng. Shey did not fold the leaves.
'Shey defelopQd a light brow colour, becaa® lethargic and
died, . 3?h€> dead oaterpillars tttrned dark bzrowi xsdth

deeper shades at the anterior and posterior extremities.
Shey lost their shape and adiiered to the leaires.

scores and caterpillars

- Mamaoaa^iniica ~

tesslieBM1..4sfeUas
^est insect!. Siird instar- caterpillars were m&d

for the esEpsriraent* !rhes© ijere r©ar©d

froa s®ali caterpill^s collected fipom

bitter goiard plants in the farm.

Period during uhloli I

the e2£p0ri©ent was I 4-l»lS04 to 9^1«1964,

coBductadi i

ffesiperatisre dtsring | Mna. - eo*^ F
the period | Msaa.. 84® - 66® P

'HQlative hufaidity I
, • I 47^ ^dttring ttia period |

H<5st of the details are s^e as in Bj^eriment. 1,



m
i

a

Results of the ©speriment are presented ia

Table 33II, aM ia Fig, iXQ), It will fee obserwd that •

all the eoneentratioas ®xe©pt the two cause sore

than 500 mortality in S4 hrsi In th© ease of th© two

highest coneentrations 10Q$ mortality is aQhimed In 5

days. •

linfeGtei caterpillars stopped

feediiigj ^cl developed a dark hroim eotonr in the taoraeie

region which ©s^tsndeS anteriorly posteriorly^ Diarrfiocsa

m& sluggisliness were silso notiq©d« The •acadavers tinned

dark: tvovm aad reraaiaod flassid an the leaves^ Th©y disin-

tegratetS imd©r light pressure giTlag a bad se@11.#

IS.

tjiailJU£l#asl-a spores aaci caterpillars

of ^Jtesiiala

•SsBi2ii!inSal..asis4lM •

Sest insect? Catoi'pillars of thM ixistar wera used for

• the e^eriment, Ttjese i^-ere reared from

the SEiall caterpillars collected from

• cowp©a crop in the farm.

Period during which |
the ezperiiaent \jas | 4-l~1964 to 10-1~1©64,
condueteda 1

Temperature during | mim, 78® - 80® F
the periods ^ Mbb. 84® « 86® F



f i B I, B XTYT

..Percentage c£ E. indiea e«t.tez^i3Jl«jrQ fad on hitter gourS le«-?e8

with different; gs^aiiss of spose coac&atratioias of B. thttgingieasla

* fer eent ssort^lity fitter
CfOGcentKitiom of

apor© suspaasios

Isposes per iOO ee)
84 tes. 48 hra . • 7S bPs, 96 lirs. tos.

A. 1.S585 X10® 0 19,5 ' 2S.1 87,0 27,0

B. 3.125 X10^ ss,s 65,4 69,2 69. S • 69,2

S.. 6.25
9

X 10 57,1 57.7 65.4 73,1 76,9

2. IS, 5 X10® 87.8 6Q.S' 60,7 88. S 100,0

1. 85.0 X 10® 75.0 75.© 86,5 92.5 100,0

Control 6.7 1S.3 13,3 15,3 13.3

Oori^cfeeS ®s la Bxperiaent I,
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59

Relatiire humi^lity i
, , i 49^ Wfo
duT'ing th© perioQj |

Hsst of the details as in lxperia©at 3#

fiesults of ^^QrirnQtit ar© presented
Table XCV and depicted In Fig.(11). It is observed that

no eoneentration of spores effect cent per eent Mortality
QVQn after six days. It is also eirlient that increase in

mortality is not commGnsurat© \dth inereas.e in spore concen

tration# fhus it is se©n that a sixteen fold iaereas©

in spore concentration, gives hardly thra^^fold increase

in mortality pereentago. A sharp increase in mortality
is evident after the second day. thereafter the mortality
increases only gradually and is more or less constant

in the lower tijo concentrations (A) and (B)

Infected ' eaterpillars stopped
feeding 12 hours before death, developed a dark brown

or black colour and became iBoribiind, and fell dom« fiie

cadavers shrunk in size and appeared stiff.

betfca^il
So_£telBglsnala-.apore9 and caterpillars

lm^i!ime.ntal details s

5?est insects . Gaterpillara of, the third instar were

tised for the ©sQjeriiaent. Slhey were

reared from- eggnasses collected froii

banana plants in the fai®#
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PeplQd during which the I
i 7-1-1964 to 14^1-1964,

ej^eriisQnt ms eondueted. s 8

Temperature during i Mjm# 76® • 80*^ F
§

the periods 1 Msm. 88® * 66® F
t

Belative hianidity I I r. :. .
r 48^ - 79^

during the ijoriod? i

Rest ofth^e details are as in Bsspcrriment.l#,

SssBlSas,

Hesuits of the ©^eriment are presented in

fable IV and graphically represented in Fig,(IS)# It

^iill be seen that in general tli© baeteri^M has little

•©ffeet on the caterpillars* iven the highest spor©

coneentration does not cause cent per cent laortality

in 7 days. ^Fi^rther, ©nly the highest edaeentration <BJ)

caiases laore than 20^ sortality# It is obvious that

increase in spor© coneentratieh is c<»aensiirat® «ith

increase in mortality.. Mortality increases suddenly

after the first day and then it ifemains more or loss

static and does not Iseep pace with laps© of time* fh@

lowest coReentration (A) does not cause any mortality#

Sm^toms of infeetion; most conspieuous sysptosi of

infection li^s reduction in feeding follmfad by stunted

growth, -fhe stunting effect was pero©pt±bl© on the

third day after ingestion ^d uas pronoimced on the

sixth day# the intensity of stimting was generally
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proportional to th© dosag© • Measiipeii©ntg of length and

thoracic width (sjean of five values) of infected caterpill

ars in ©acli treateent were as follows?

freataents

. A B • € , B E Qontvol •

Length in mb. 59*00 27^m 1?«S3 16.00 Ig.S 41,00

Thopacie
width in m, S»77 S#OS ^*00 2»O0 S.OO 4*43

Plate (i§) also shms clearly this reSiiction. in size

of eat0ppiliape dua to infsetion. fh© dead caterpillars

ware <3ark blacfe in colour and dries up without liquif^dng#

They rsKalned on.the leaves attached fey the ansl ©nd.

After th© seventh day a r0-\^rsai of ©ffeet was noticed

as th© stmstod surviving caterpillars began to gi-ow in

sise» fhey pupated and th© adults ©merged norraallsp.

IsiMumS* 3.S*

Bosago. mortality relgitionship .between
S# thugingiffiifiRia spores ^d caterpillars

' IS»3erii?ienta.l details!

Test insect# fhird instar caterpillars were used

for th© e^eriment* These n^ra reared

from ssall caterpillars coH.eeted from

gsnake gourd crop in th© far®#
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Fig# -Qm-ph stowiag- iesage aortality f^lation-

sMf feetiie.ea B^AnyiRgi^HsAa: sperms and

eat©rpillaa*s ©f ?hwtm@tm mmnls*

ftg#:- Cl4) •G^ap.ii slim-iiiig 4©.$ag® asrtalitr

,'.••'• ship' tetwaaft' sporfs .

' • " Qa%BWp%ll '̂$ ©f ^
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Pupae of infQCtea caterpillars died in cocoons*

IXiaaEiMent- 16.

rolatlotasMQ.bQtA^^R •
B« spores and oaterpillars

aataritla.

BsogJ!iMQj}.tai._A0tailas-
fl

Tsat insects Gaterpillars of third instar war©

us©^ for th© experiment* These w©re

reared ftrom ©gg masses CQlleeted from

padtlj fields.

Period during i^hich t' ..;) was .

the ©^i>@rii!33it was f S-S-19i4 to il«3»1964.
condi!,et©ds 1

TmpBmtuTB during | Mma. ?S® «82® '-.'F
tim periods | Mssi 8'?® • 88® F

.Relatil^ humidity I
I 40,€ « &0$

during the period I

Rest of th© details as in E^erim^t 1»

IsffilMi

Hesults of th© experipesit are presented in

Table XfXI and depleted in Pigi<14), It ^ll bo obserifed

tl-iat Bwn aftor six dajrs' of feeding pv@n the highest

oofieentration of sporss does «6t eaus6 eant par ©snt

mortality among th© cat©rpillarse It is also evident

tliat increase in nortality is not eommnsurate ^th
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imifeas© in spore concentration* ®i«s it is s©©n that

when tile coneentratioii of spore suspension increases

16 fold, the mortality increases hardly 7 fold. Further,
a sudden increase in mortality is evidenced after a

period ©f three days.

infected eaterpillars developed
a dark brown colour, became lethargic and fell Oomi before

death. However, soiaetiffios the eadair©rs u@re seon attached

to ti'ie leaves l^the anal ©nfl. ' The cadavers turned dark

brown and assumed a flascid condition. After 24 hours they
liquified giving an unploasant smell,

—-ooOo©---



DISCUSSION



D I a C H S S I 0

In the present investigations stasceptibilitj of

twent^raiis species of caterpillars, damaging various cultiva-

t@d crops, to infection !>?/ S^thBringienQia has been deter-

Jiiined. Of thes© t'.f©ntysi;« species^ susceptibility to

infection by this bacteriu® has b©en tested for the first

time iis seventeen species5 mraely, MsiteZ2£is ifflHSMSiSZaUSi

SzlmM ismgats, £!aara folBMiotaliSi £salLci BBSjavlB,

PsOjsmM iiBMlsMs? filmmSjBMUss Ms9J£^M

xsMlaug} MmiMXl&i

.Sysitenila iHusiiila

and Inm^tis fraterna^

Relative susceptibility of the different species

of caterpillar pests to infection toy B» tfatirlngiensis has been

ascertained by two series of o'^^eriments. In the first

series which are scroening tests, lots of caterpillars are

fed on food plant parts immersed in b. suspension •of spores •

of .B^.thtiringiensis and dried. Of the twentysig caterpillars

tested8 those of mollifera. P.li.tJim and l^Xratema

are not, infected by th@ bacteriiM ©venthoiagh" the spores are

eaten by thes# This observation^confirms that of Bao ^ al.

(196S), Other insects show varying degrees of susceptibility.

The caterpillars highly susceptible to the

organism are .s..derQgatay Myahodes raarginata, P.phQenicealis >

UM$M$ -dmolaus, g.,

and A.Jan&ta* This observation is in line with those of
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(3,9'61) and Ramarourthy (196S a), Cameron (1963)

states that the bacterimi is not effective against borers '

and interaal feeders* Btit in the present investigations

DAinetiferalis has been foond to be fairly

susceptible, SiEilar obseri?ations on the susceptibility of

borers have been made by Husa (1928, 19S95 19SO) and

Hartouret <1959) on fia'anat.a nubila.ii.s as^ Mstalaikov and

Metalniko^ (1933, 193S) on

fhe baeterium also appears to be promising against

the pests Psara Mounctalis on amaranthus, PhvttaKetra

iElJislal .B-QjaonM.. on snalsegoiirci, lygiBhula toimctaliB and

.Bi-QMn.all3. on paddy and Plchocrocis

on eastor.

In the second series of experiments dosage mortality

relationships between sjsores of B, thurlngiensis and sixteen

host insects have been determined* Froa the actual data of

mortality caused by the organlsta in the different species of

insects under test, they may b© grouped under three categories

v1e» those highly susceptible giving 80-100 per sent laortality,

those highly resistant giving below 50 per cent mortality and

those of medium susceptibility giving 60«-80 per cent

mortality* ^hus 80-100 per cent mortality is observed in

R.salsasnai

Sf£ags^M3jLa»

and g.maurltia by concentrations of the suspension varying

from 6.SS X10^ to 50 x 10^ spores per 100 ee,» These species

can thus be considered highly susceptible to infection by

B4thuringienai b. On the other hand eaterpillars of
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Se^mSsEBB giirs below' 1§ peip eent soFtality
and ay© Mghljr Fsslstant. flie eateppillar® ©f

ana sfeow iaterraeaiate sKseeptiMlity
gl'̂ lng aortalltiiss betwea fO a^d 80 per &ent only ev^n with

tlie Mghest comentmUom of 50 m1©^ spo^gs p©r 100 ce,
. Thes© Dbs©rwti©ns ar© in agpe©a©nt isiith tHos© Fee©rfi©a in

the se^©©ii£ng tests#

Itfitli a iFiew t© mmpm& no^e pf©eis©lf tlie

suscsptiljilitj ef the mtmwernt speeiQSj 1.€^p lines Clog,
dos© - pfoMt fflOFtaiity) been pletteii for ©a©!i# - f^os

these tlia fteiiaii l»©tlml Boses CiaDs)^ ap© fomia hf '

polati-OH m& the slope measured hj eoiiatiag the numb©? mi

profits t&T a TOit iiie?Qas0 ia Sine© tor soiae "

insects MLB ©an fee isterpolateti at ?S tours and for others

it can bs ion© &mlf at 168 howes j lines ham' fee@a iram

s©pamt©l7 .for tlies© two sets of inserts#

fabl© Sflll gitreg th© !»!I^s of tte bpotbb -for

the different species of iaseets as ifsll aa tb© slopes ©f

tlie respectiira M.^p liues, Pigay^sCli) and (16) sh©¥ the

ld«.p liTOs» Frem the position o,f'the in -Fig» (is)

and fi^oia the fabl© it will be obserirad that ll»..faseiaMa is

the mmt siiseeptiW© and the least suseeptifele ia

the first group* Bimllarly fmm Fig. (16) aacl the fafele it

is etoay timt is tlie ra^st siiseeptibl© aM

S»S,^3ssbs the least sasesptiljle in the s&QOiid groups
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Ijso ot to iifteeat ^pmUs
,©f caterpillars m€ the slopes ,©f tli© lci«p MmB*

«« . ' , si©p© Cm©»
Spacies of iBseot^ ||S|J^ ' ^

3.» Smm^ b^sx x lo® ^ mB
'a.Qs s 10® • §00

S. MaR£asQjila,,..i.iiMea ' 3,10 s 10^ ' , . 41S

4» .gliytomQtm lammis 4»IS 3c 10® 0SO

taaphaleefoels medinalia §#35 %10® -• •6?g

• 6« -S.tS s 1# ••?• S80

Imiimla toimfifeall.g.. t«g4 ^ IQ^ •

. 8» MSlM.' SQ»48 s 10® • •, ' •?7a

isMasSim .ffiM3£i_tl.a 6,92 S 10® ^fg#

i©* ^sim-asiMisis nas'si i©® 56s

11* Ag^Mam e;^aflo^a - - * lO.gS g lo^ siS

is« MmMsm afeliam • ' 12*59 x 10® sso

1®« mlaam' , ' ^ 16,60 x 10® ^so

14* lealiasMM ' 28«l8 s 10^ 66S



Fig» (15) ilRAPH SHOWING THE LOG. D03AGS -

PROaif MO}^TALIfY LINES OF

DI-FFgREI?T SPiSCIBS OP CATEHPILLiffiS

AT ?S HOURS.
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These ITLiB values are gs-eater than those fo^

imMiSiiSj Mlltugatus m& Plntalla

lasmiliaSiaBla worked out by Me Gonnel and Gutsoap (1954) >
Bairci- (1958) and M®tm (1960) respeetlTOly# It ^11 be

observed tvovn the 3?ablQ that based on MLDs th@ Insects can

be rankQd in the order of descending susceptibility ass«-

I.a^asalgj .c.^QdimiiR,
s,i©£2^^,- and £.ri0lni in the first group

(MLD at 72 hours) and qsj- lUeribraria^

SvSSlsaSM l»s0riaopa in the ''

second group (tlL© at 168 hours). The obsorfetion of high

susceptibility of £«BS^gSm^9 and P«p©gonig

•agrees,-with the ..findings of Ayyar (1961). fee ^(1962)

and Raiaamurthy (1963 a) have reported negative effects of

the bacterium on and •G.ia.edinalis respectively.

But in the present investigations both these insects are

found susceptible j the susceptibility of C.T?}edina.lis being

fairly high. The lack of affects ^efso^-ted by the earlie?

workers may b© due to the low dosages used. (Bao et al.

have used an unspecified ntaaber of spores and Bamamurthy a

spore coneentrationcOi 15 %w'̂ spore© per 100 oe.) In the

present tests also, raortality of these insects is very low

in lower spore concentrations.

The ineffectivenees of the bacterixia ©n P.; 11tars.

and its GOiaparatii^ely low effect at the earlier hours on

s.Bamdtla strengthens the views of Tanada and Reiner (1960)
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that cutworas are not very susaeptlble to th© bacterium#

The slope of the Id-p lines is a raeasure of th©

response of th© insects t© changes in dose of the stitiulant*

The values of th© slopes of th© different Id-p lines given

in Table X?III laill shov that the highest response to

dosage changes of th© apores is manifested by Q.siiarginata

#iich is also highly suscsptibl© to the organism# On th©

other handle H. indiea ttfhieh is also alraost as susceptible as

G>mafgifiata shows very low respons© to increased doses of

the sporas» Fiirthers £«.iiieini xdiieh is relatively highly

resistant to the bacterimi, shows a high degree of response

to th© increased doses of the organism. Thus there appears

to be no eorrespondenee between extent ©f smseeptibility

to infeetion'by spores and response to their dosage changes.

With refsrene© to th© response of the caterpillars to

increased changes in doses of the spores the different ^

speei^JS.pf eat©rpillars--^ean be ranted in the descending

order as follows £#zMb19 I»S2i™£m$

'

leSSKlama#

The spiptoms of infection noticed in different

larvae are in gen©ral agreeisQnt with those described by

StQinhaiis (1949), Sskhar and Gopinath, (196S) and Moor©

(1962)• These authors have recorded the development of a

brown colour in the caterpillars before death. During the
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present investigations it has be^n observeci that in most

eases "tti© colour develops first in the thoracic region or

at th® anterior region of th®- abdomen, fhe sttmting effect

of th© bacterial infection on Pericallia ricinl is an

interesting phonomonon.. <Flate S) Similar observations

have been recorded by Jaques (1961) on

the' rewrsal of the tosle eff^t of th© baeteriiM on this

insect after the seventh day is also peculiar#

Larvae of Inetirottia polmma. show increased

laovesjeiits -^d .restlessness as a result of the infection#

Similar ssnaptoss have been recorded by Steinhaus (1949)

for bacterial infections in general# Another interesting

phenoBienon observedi in S«SS^2ZESEia i® the great increase in

TOrtality observed at the time of.raoiilting* 'ShB same

phenomenon has been observed by Kusbner and Harvey (1962)
dn larch sawfly in which according to Heimpel (19S5 a) the

Bidgiat in the moulting larm is usually devoid of food and

rather fragile#' ICushner and Harvey's explanation to-the

phenoBsnon is thust- fft aay be that bacteria- are better

able to grw in the gut contents of such larvae than in those

of feeding l^irvae so that if they can enter the insect's gut

it is- not feeding,, or can remain after food is gone,

their'Chances of'growth are much greater"'. She saiae

explanation seeros to be applicable in the present observation

also* Stsis throws some light on the toxic sechanisra of the
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baeteriura and strengtlieiHs th© vimm of HelBpet (1955 b),

Lipa <1@6S) and Sairnoff (196S) that the baeterim shoald

mtaltiply in the gut for eausing mortality*

The quicker action of the baot©2»ium £^s evidenced

by high initial moi'tality and a drastic reduction in feeding

are seen in P.pegonis.

Mgus (1953) showad this as the t3>|>ical t©3dc effect of thQ

crystal associatod with the bacterium* These observations

support th® vi0¥ that the crystal has a laa^or role in

Causing mortality in insects as propoiaided by Vankova (1957)j

Bonnefoi and Beguin Cl§59) and fatel and SuteoBip (1961).

In th© cas© of P.pQponis a large nmbQip of pupa©

of infoctod caterpillars die in the cocoons a© ^ result of

septicesia* fhis suggests that the teeteriuia caia be_used as"'

a long range control rasasure against this pest. Similar

observations' hiiw been aade by I.egner and Gatman (196g) on

Spiioitiota gcellsBS and by Lipa (19Q2) on

fhough mortality among caterpillars of Mephantis

serinopa is only 70*S per cent after S days of feeding, it

appears possible that the baeterias cai b® used in eonjianetion

with other biological agents such as the parasitesj so that,

th© latter can multiply arid maintain their population

density on the surv5.ving caterpillars* Further, the reduction

in feeding as a result of infection by the bacteriuin^ well

manifested among caterpillars of G*S2S3SSSS1BS S«darogata.
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BBS H,B.©giEoy |̂ ©wnthough their
Initial mortality is loWj suggests that application of the

organisa can prevent econoEiic loss# Observations in the

aaia© lin© have been mad© by Creighton ^ (1964) on
Triehoplt^r^^ lll«

As a lijole the effeet •of the baeteriuia is aor©

pronounced in the case of caterpillars which scrape the

leaves, such as SsSESinsSii M>indiea>

an<3 than inthose eating whole leaves,

such as and

ZeSfilSSiOa* ^^his is only natural as the surface scrapers
are able to ingest relati^ly more nuiiber of spores than

the bulls feederst,

Froifl the results Siscussed above the follOtsing

conclusions siay be draim regarding the use of B«thrtngi^ngi g

in the control of sosi© crop pestss-

(a) The Caterpillars of B^pimctiferali^ and

on castor I on bhindii E^biQunetalia and

S£§SfiBllS on aiaaranthus? I.£a£2J£3,^» G.nedinalis. M.ismeney

and on paddy; M.indica and

OB gourds I g* daaoleii3 on citrus| 0* ©sivinaeea on

mango? S«szSl2SEia on sunnhanp; SsslSEEm on sweetpotato;

^•laarsiaaM ^nd £»jzlisSQissa34£l on garden plants; and
N.'^ilgaliq on gre^grea may be effectively controlled by

spraying the crop with spore suspensions of B*thuriB.glen.si b



73

containing 6.25 x lOp to 50 x 10^ spores per 100 ec,

(b) The bacterium appears to b© not very

effective against th© caterpillars of H.sQrinopa on

coconuts .B.-dMigyta on pea and g.ricini on banana.

Howeverj since all th©s© caterpillars are subject to

natural control to some esstent by parasitic insects,

USQ of the bacterial preparation will help in au^ent-

ing the efficiency of control of these pests without

upsetting the 'balance* as this bacterium is harmless

to parasites.

(c) 1 «.thurin.giensia is ineffective in the

control of P.MMEa? B...fj.!a.tei!na. and B.mollifera as they

are very resistant to the bacterial infection.

~—JooOoos——
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SUMMARY



I s a i i 11-

liiteratupe on Bacillus tji.taglnglQRsi.s Berliner

in relation to ijisaet .pest control has be©n reviewed,

SusOGptibiiity of twentysix different species

of oaterpillar pestss eefflsonly oeenrrlng ,ln Kerala, to

infection by g*AliMriiigiensis spores has been ascertained.

Susceptibility of se^entoen of these caterpillars to the

bacteriiM has feaen tested for the first time#

In a screening ©:sperimeiit all ths twantysix

species of eatorpillars have been infected by feeding them

with food mterials dipped in the spor© suspension of

B> thiariii£le.mi_9 containing 12«5 s 10® spores per 100 cc«

H^smlts show that caterpillars of Mchocrocla BTOetifQgalis,

Pssm Mmstalisf ^ lamlasfes?

iniisaj

IrntHiB

laSiSlallas Missa -iaiiaM and are highly

susceptible showing 80-100 per cent mortality in 2 to 6 days.

Caterpillars of llteaj

sMzimmt sELlsBai £§£J.g3Ul# sUiM.

and luproctis fraterna ar© highly resistant giving zero to

fort^five per cent mortality in one to .six fiays.



n

In a second series of esperiaants dosage

mortality relationships between spores o$ B>thnriagiensis

sn^ sixteen host caterpillars have been deterialnea in

-full# Caterpillars of GiyphG0es marglnata, AmitiB.

crlbraria. BuchroMa polmena», Syleiata dorogata, Orthajga

exvinacea* H^ymohula deaimctalis* Cnaphalocrocis medinalisi

Hvmenia faseialis^ Margarenia indiea# Phvtcmetra .-gesoni^

and Saodoptera laanritia are l^ghly susceptible giving

80-100 per cant Bsortality with spore concentrations of

6,25 X10® to 00 X10^ spores per 100 ec* suspension*
Caterpillars of Prodenia litura and Bubroctis fraterna

are highly resistant giving only less than 15 per cent

mortality. Caterpillars of HenhEmtis serinopa% Diaerisia

QbliGiia and ^ericallia ricini show interrofediate suscepti-^

biiity#

Based on MI»Bs the insects under test fall

under tiwo groupss*- those is^ich give 50 per cent mortality

and above in S days and those which give siiailar mortality

in 7 days# %e relative susceptibility of insects in the
first group in the descending order is®

GlvBhodes marginata. Margaronia iiyMSS? £M2la»

Cna^halQcroeis tne^inalia.

d^mmctalis and Perieallia of the insects

in the second group is* §p,94l?PtQr.af BaiiSSJiiiSs

gyihrarla* Orthaga solm^^s
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and

Th© slopes ©f m© Id-p lines talsea as a
measti?© of the response of the inseets to oMages In dos©
of the bacterial spores, iiidicat© that there is no defiuite
relation between the extent of susoeptibility of the
different species of inseots to infection by the spores
and the responso of thcsse insects to changes In th© dose

of the sporeffs*

Ifh© general external syaptc^s on the cater

pillars eaused by the bacterial infection are discoloum-

•tion, sluggishness and cessation of feeding, Stiinted growth
and reversal of the effects of infection ar© seen in eater-

pillars of XI.SIM. I.ar¥ae of JiuQteoiiiia nolvme^np.
beeorae restless and show increased mortality at th© time of

moulting.

Bffeet of the feacteriiffii is more pronounced in th©

easG of those caterpillars which scrape th© leaves than on

those wiiieh feed on it^ole leaves.

It is concluded that sp©r© suspensions containing

6,25 s 10^ to 50 X10^ spores of B.thiiringimaik per 100 cc»
can be-^iised with advantage to control the caterpillar pests

Dighocyoci-? Dt3notifQrQ?.ig and Aehoga Janata on eastor j

.^,er,Ogata on bhindii Mmne.talis and limenia



iaiBSa #ptme%alis> ^lis seeurts, "Melanitis Umem '
•^ft^.^ifisiialssa .lias&lls wMft HmrgaroMa iiiaiea

.cltrasf ^Siasa .on- laaufdi ,i3;gigm erlb^aria' oa

.BSllimM oa Bm®t 'potato} aivphodes
pafgiaa'fca and' gyraiista lahofiiiceaAia m gaM@n plaates

• • . .N. , ^

•'ani lacQlQla TOl.galis' .©b. green- gpaa.*

^s©©.Go©5*—
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PLATS II

Caterpillars of mmia.1 '
Cleft) and stitnt©,ci (right) due to infeetion
by B. tlitiringtQBsls^. lote ttiQ reduction in
size due to the feactarial infeetiont

PLAl:l III

Caterpillars of Phytoaetra peponis dea«i dti©
to infection by B» thtiriORiensis. hanging with
th& posterior end attaeiied-to the liest leaf.
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PLATE I?

Caterpillars of MBCgiala iaMlam
dead duo to infection by l.j "

• PLATS ¥

Caterpillars of Argina cribgaria
^©aci du© to infection by B«thugingiensis«
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Caterpillars' of
deaa du© to infection by B....thM£ingi.ensjla»
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