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ABSTRACT

The effectiveness of Bacillus thuringiensis H14 as
a biological control agent was tested in the | aboratory
agai nst cul ex pipiens | arvae by bic>assay nmet hods. The
second, third and fourth instar |arvae were exposed to
different bacterial concentrations. The percentage nortality
of nosquito larvae increased with increase in concentration,
exposure time and water volune but decreased with the

increase in larval age fromsecond to fourth instars.

The LC50 val ues after 6 and 24 hours in 150 m of
bacterial suspension were 0.020 ng/1 and 0.0036 ng/3 for
second instars; 0.04 ng/1 and 0.009 nmy/1 for third instars;
0.063 ng/1 and 0.013 ng/1 for fourth instar larvae. In 30 n
of bacterial suspensions, these values were 0.038 ng/1 and
0.008 ng/ 1; 0.05 ny/ 1 and 0. 015 ng/ 1; 0.158 my/ 1 and 0. 017
rag/l for second, third and fourth instar |larvae after 6

and 24 hours exposures respectively.

The LCI0 val ues after 6 - 24 hours in 150 m of
bacterial suspensions for second, third and fourth Iarval
stages were 0'i58 ng/1 - 0.022 ng/ 1, 0.199 ngy/1 -+ 0.050
ng/1 and 0.251 ng/1 - 0.071 ng/1 while in 30 m bacterial
suspensi ons, these values were 0.211 ng/1 - 0.093 ny/ 1,
0.251 ng/1 - 0.079 ny/1 and 0.791 ny/1 - 0.081 ny/ 1

respectively.
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Statistical tests to determine differences in
nortality due to exposure tine, beakers and larval instars

were all found to be significant (P>0.05).
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CHAPTER ONB

. " INTRODUCTTON

ﬁosduitoeé arc still cahsidered one of the.mcst.
important vectors of human ard domestic animal discases and
a nuisance pest even after mnesive contircl and eradication.
They have a world wide distribution and are found at
elevations of 5,500m and in mines at depths of 1,250m below

sea level (Service, 1980).

411l wosguitoes belony to the family Culicidae. This
fomily consists of 34 genera arronged in 3 subfamilies,
Toxorhynchitinae, Anopheles and Culicinae. There nre sdme
3,100 species of mosquitocg and the most important man-biting

species belong to the szenera [inopheles, Culey, ledes, Mansonia,

Hoenngogus, Sabethes and FPsorophora {Knight and Stone, 1977).

They are vectors of 'wwoan diseases like Melariaz,
Filariasis, Yellow fover, Dongue fover and encepnnlitides
 which continues to limit prozress bhoth in developed and

dovelopilin; nations (Anunyrous, 1%73).

tlnloria is possibly the most provalent diseas. of
mankind btoday. It »ffects between 200 - 400 million people
in 107 countries. It is estinated that at least 100
Imillion cases of nalaria occur anmunlly rosulting in about
2 aillion deaths {(HewMark, 1933). In Africa, this discase

" 1s responsiblie for the deaths of about 1 million people zlonse.
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~ o In Nigeria; about.i‘million caseé of thié disease is
reported annually accounting for 170,000 denths, This
L
'ﬁakes malaria the fourth priucipal cause of death in the
- country {idedavon and Fayiga, 197%), tMolarin disables more
| pecple and exert a higher metorizl cost than any other
parasitic diseass (Alvarndo and Deace-Chwatt, 1962).
flthough *ilariasiz has aore limited distribution
than meloria, it Ls #6411l 2 covmeon discase in tropieal areas.
The incldance of this disease has increnscd in recent years
due £ urbanization which Was led to an incroease in breeding
argas For the mosquibtoes vectur._ Tqﬁay, RO than 250

million poople are affected by'this disense { Anonymous, 1973).

Yellow foever is alss ono of the most virulent
diEQQSes of nan. Today, this viral diseaae héé géen
controlled by the usse of an effective vaccine, Yellow lever
is now limited to Central and South Americnh and sume pavts
- of Africa. ‘ “ -
- Dergus fever, another viral disease, nccur
ﬁhrnughout the tropical awd subtropical rezlong 2f the
wordld., Imlike yoellow fever, Dengue fever is a prostrating
and not o killer dlsease. “owever, a more viralent form
of this disoaségéalled Dengue haeworrhagic fever has resulted

in deaths among children in Scuth Fast Asiz {inonymous, 1473).
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Anopheles spp to DDT was reported in 1951 and by 1960,
registnnce had baen observed in about 29 species {Alvarado

and Bruce-Chwatt, 19625, 7Today, over 93 species of
noagultoves have develuped resistance to chemlcals (WHD, 1882).
- Tt appears that effoctive insecticides are vanishing and their
replacouent arce scarce. Tha development of new pesticlde
products is now much reduced as conpared to the recent past

(Hertlein, et al., 1950).

Cne of the most promising alternative to chemicals is

© biclogical control, It is tho influence of p;edators,
parasites and pathogens intrnduced by man to dontml target
peats (Burges and Hussey, 1971). To date, the rost promising
blologicnl control agent is the bacterium called Bacillus

- thuringicnsis (Goldberg and Marmalit 10773 WHO, 1987; Klowden

et al., 1993 and Rishixesh and Qudlenvee¢, 1933)., Its potential
application as a2 microbilal agent has been studied by many

. sclentists. It has beon found to be specific for target
ingects, dues nol produce toxic residual effects and may
persist in field populatlon thus lowering the resiatance of
insect pests (Heimpel, 1967), Laboratory and {ield trials
with E;E Hel4 have been correled out in many parts o7 the

world (WHO, 1922}, However, little work has been done in

LAfrica which form one of the mainatreams of moaquito=borne

. diseases of the world (WHO, 1982), S



This present study is undcrtaken to determine the

effectiveness of Bacillus thuringziensis H-14 on the different

inatars of Culex pipiens _arvae in 250 ml benkers containing

150 ml of bacterial suspension and 50 nl bealicrs with 30 ml

of B.t suapensions under laboratory conditions.,



CHAPTER TWO

2. LITERATURE REVIEY

The entomopathopen, Bacillus thurliiasziensis vor

thuringlcisis was origianlly thought to affect oialy

lepidepiorcus larvae (Hedirpel, 1967; "'HO, 1092 and {lowden
__r_:-_t_g._J;., 1943), Howcvaer, savaral carly isolntes of B.t when
usced at very high concontration werc found to show some
activity in mnesquiteces {WHO, 12P2), In 1277, aun isolate

called L. thuringicnsis isrclensis serntype He14 (B.t He14)

wag discuvered (WHC, 1270 and 1022), This isclatc has been
showm Lo be highly effective (Toxic) against the larvac of
ricdically important dipterans, such as mosquitces and
Blackflics {Coldberg and '"areniit, 1977,and Undcen et al.,
1978). However, this subspacics of B.t appears to be
non-toxic to lepldepterans (Goldberg and ¥ar-alit, 1977). The
most susceptible mosquito species reported are sedes acgypti;

_&. triseriatus and Culex tarsalis [WHO, 19°2),

2,1 ORIGIM ANMD MATURAL DISTRIBUTIONM

Bocillus thuringiensis was first isolated under this

name by Perliner in 1915 (Aineus, 1271), However, tha
mosquito factor, B.t K-14 was first isclated in Yegev,

Isracl in 1977 (WHO, 197°2), Since then, “wenty-five isclates
of Bt H--14 have beoer i-.;mlnt.ec' in differaent parts of the
worl:, These areas included the Mediterranuan regions,

Africa, South eaat Asia, Turope and "orth fAmerica (WHO, 1982).



2.2 1AXONOMY

One of the most important aspect of any biological
investigation is the precisc ientifiecation of the organisn
under study. Toumanaff and Lz Contraller (1957) claszified

crystalliferous bacteria a2s varieties of Bacillus cereus Fran

and Fron. Howover, Hoimpel 1767) spouped these bacteria as

varieties cf B. thuringicnsis. Early classifications were

based on morphological o+! metabolic characteristics and
tuxicily on Bombyx morl, !hicrn claseification is based

on some bicchenmical charact.ristics live specificity of
flagellzp antirens of vesrctalive cells, estarase types,
antizenic conpositisn of delto-cndotoxin and production of
toxins (de Barjac, 1271 and Norrds, 1964). Crystal serclogy
which was introtuce! by Jde¢ Barjac and 'onnefoi, (1963) is also
used as a criteriun of classilication (Rrywienczyk an! Fast,

1920). To date, the species B. thuringiensis has beon

subdivi’ad on the basis of its flagcllar antigens (H-antigens)

iato 19 scrotypes (WHO, 1992).

2.3 BIOLOGICAL CHLRACTTRISTICS

Bacillus thuringionsis is » spore-forning: bacterium,

It produces onc ar mere crystals of toxic proteins
{Delta-endotexin) during the phase of spore--formation

(Heimpel , 1967). This property of B.t distinguishes it from
B. ccreus to which it is sinilar in morpaclogy, phvsinlogy,
fatty acit composition, flagellar antigens and have high degree

of DI homolegy (Yoshimura et 21., 1992).



Bacillus thuringiensis are aerobic, gram-positive

rods, Thay measura between 2 - 6 micron long. Their
endogsporas veasure 1-1.2 by 0.9 nicron while thoeir crystals
are 0,4-0.7 by 0.F<1.4 nicrons. These crystal bodies stain
like otlhier material., They are libzratcd by the lysis of the
sporangium at the end of sporulstior, It is now known that
the crystals preoduction is not linked with spore formation
except in a single sarotype callad the H-2 serotype (WHO,

1972).

2,4 BACILLUS THURIMGIEV'SIS TOXINS

Toxins preduced by B.t are the useful metabolites
which are harmful to sensitive hosts (Lysenko and Kucera,
1971). They are considere’ as one of the psssible mechanisns
of pathogenicity. According to their locations E.t toxins
can be grouped intos endutoxins and exotoxins. Endotuxins are
bound to bacterial cells from which they are oxtractoed while
exotoxins are the solublc compounds extracted cut during the
bacterial growth. This bacterium has the ability to produce
several tuxins which enables it to contral a wide spectrun
of insccts. Heimpel (17€67) reported that —ore than 137 insects
species belonging to the order Lepi‘optera, Hymenoptera,

Diptera and Coleoptera are affected by this bacteriun,

During the last decadae, a lot of worl has been done
on B.t toxins., Heimpel (1967} reviewed that four dirfferent

toxins have been isolated in cultures of H.t. These are:




alpha-endotoxin or phospholipose C,

beta-exotoxin or Thermostable exotoxin;

ganra-axotoxin (the unidentified enzyme), and

delta~endotoxin or crystal narasporal body.
Today, seven different toxic components in E;E atrains have
been postulated (WHC, 1972), The two most important toxins
are the Peta-exotoxin and the Delta-endotoxin (Quarashi, 1977).

These are the only toxins being roviewsd hera,

2.4,1 BETA EXITIYIM

liCconnell and Richard {1959) dewonstrated that the
supernatant from liquid culturcs of B.t was toxic to insects
belonging to several orders. Tnis toxic materizl was later
on classified as Beta-exotoxin (Burgerjon and Galichet, 1065).
Beta-exotoxin is a small, water soluble, heat stable
dialyzable molecule which is formed only by scile strain of
B.t (F2lcon, 1971), This toxin is an adenire nucleotide that
appears to be an ATF analog. It is toxic to invertcbrates,
birds and mammals (WHO, 17723}, 1In VForth America and
Western Furope, commercial forrulation of B.t are exclusively

based on strzins which do not produce Beta-exstoxin (WHO, 1982).

2.4.2 DELTA-EVDOTOXIN

B.t delta-endotoxin was first discovered by Hannay

(1553). Later, Angus (195€) showed the proteinous nature of

the crystal and its high toxicity on lepidopterous larvae.



Torday, cpystals of suae B.t strains are found to be toxle o
some madically important dipterans (WHO, 1942),
Deltawendcotoxine are contnincd within the crystals which are
found during sporulation, These crystols are typically
dianond-shaved oxcept crystals af‘E;E H-i4 which are of 2ll
sizes and shapes (WHO, 17982), iHereover, its crystalline lattice
1s nuch snialler than that of the rest. The cristals of

B.t 14 are serologically distinct because their antigenic
moterial ig differcnt from thase toxine active for nther
group of insects. Thaey ~lse differ in anine acid composition
and contain 3 times nore lysine and 15} tines leoss argisine
than tho crystals of var Xurstaki {(Tyrell et al., 19?9;

Undeen ond Bert, 1979).

2,5 MODE OF ACTION OF BXCTONIN AMD ENMDOTOXIM

EXCTOXIN

The present knowledge on the node of action cf
B-exotoxin is exclusively based on the work Jdone by Scbesta
arvd Horakay (1568}, They found that its mode of action is
possibly due to the competitive nhibitiom of enzymes that
catalyze the splittivag of ATF and pyropiwsphate. Farllier,
Burgerjon and Galichat (1965} showed that Beexotoxdin affuct
insects only during moulting or retarorphisis. This implics
that the toxin interfers with hornones responsible for thoese
physislogical changes. Toxicity of Be-exntoxin in mammals is

moatly the necrosis of the liver which is the principal oregan
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affected. Other organs that show signs of 4dasage are the

kidneys, spleen and adrenal glands (Bond ot 2l., 1971).

BDOTOXTH

The protenous crystals of B.t H-14 containg protoxina.
Each protein is compcsed of a single subunit of approximately
134,000 dalton molaculnr veight, However, uost subspecies
of 3.t produce crystals containing at least ~ae protein whose
molcculer weight is apout 13C,700 dalton units. ‘e 2
crystal is ingested by o guscaptable host, the protoxin is
quickly converted to smaller toxic subunits in the presence
of hizh FH and suiteble enzymes in its gut (Tyrell &t al.
1679}, The specificity of B.t H-14 is probably duc to the
absence in most irnvertcbrates of tie enzymic system that

transform its protoxin to the actual toxin /WHO, 982).

The gross pathology associzted with Delto-endotoxin is
characterised by a rapid paralysis of the rmouthparts and gut
(Anderson and Rogoff, 1965 and WHO, 19£2). Effect of toxin
is seen scme 10 minutes aftor inrestion which ia reflected in
the increasing alkalirity of the hacmolynmph {Anderson and
Rogoff, 196%5). This rapid PH charge brings about the total
paralysis within 1-7 hours which eventually results intce tho
death of insccts within 24 hours. Paralysis cnsist of the
loss >f integrity of the gut epithelium as a result of the

swalling, distortion and final bursting of cells {(WHO, 1982).
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Histopethologicsl studies showod that the cells of the

midgut epithelium were moystly affected. The gastric cacca ond
the posterior stomach showed the greatest signs of damage

{(JHO, 1672). Thes= cells hecome free from one ansthier and

also from the basement mambrone of the gut (Anderson and Rogoff,
1965). Death results probably, from disruption of the ionic
ragulaticn capacity of the midgut and the subsequent loakage

of gut ¢ ntent intoe the hacuecccl (Couch, 1980)., Farliosr,
Ramakrishnan (1367) attribute! the ris: in henolymph level

of u' as responsible for thc papalysis,

Some species of Bacillus thuringicnsis, » spore-forming

bacteria, prcduce endosporas which allow then to persist in

a dormant state outside the body of the intended hoast. Upon
ingestion by =2 susceptible host, the spores sertiinate in the
gut to produce the vegctative cells. These cells entar the
henocoel where they multiply rapidly, destroy certaln tiassuss
and soor fill the cavity. This stage of infection is called
septicemicz (Ealcon, 1971). Prior % death of hust, thick
walled spores are formed which arc roleasced after death of the
host. However, B.t H-14 does not kill mosquito larvee by

the develwpment of spores but through the Jdirect action

of the Delta-endotoxin ‘Rishikesh and Quelennee, 1923),

2.6 STAIDARDIZATION

Bacillus thuringicnsis produce severn) toxic materials

which has created problems with its production ard
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stendardization (Heimpel, 1967). Standardization, according
to Durges and Thonson, (1971) is the adoptatiosn of the most
appropriate units for measurcnert of insccticidal potancy

of a pathogenic preparation. It enables a rnonufacturce to
reproluce a product of constant potency conparable to the
potency of other products. In the past, spores wore the oanly
units available for ghbandardization (Fisher, 1363).

ilowever, the spore-counts do not give an accurate estimate
of crystal contents of » preparation. Similarly, the number
of spores or crystals contents bear no relationship to the
activity of the delta-endotoxin., Also, the pru-ortion = the
spore «nd endotoxin containing crystals of proparation of
B.t varies with the Bacillus and its mnole of preduction.

PMue to these short-cominss of the sporz~counts, other bettop
nethods like biovassay has becen adopted (Rishikesh and

Quelannec, 19303).

As a result of this, the International Organisation of
Biolugical Control {10FC) has agreed that tha standard
reference material should be the 'Inastitut Pasteur Standard?’
198& (IP5, 78) {(WBO, 1980), The first stanlar| was developed

-

by the Internatioral icfaorence Centre on B. thurinziensis H-14

in 1972, It was assimed the arbitrary fixed potency of
1000 toxic units per nilligram (WHO, 1980 and 1982). The re
recommended target insect was the Ylnte third instar op sarly

fourth instar larvae of Acdes aegypti. This standar! powder

contnins sporc-cryctal complex of serotype H-14, Bicause of
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the failure in stability after exposure at 507¢ (Larget., 1982’
and significant variztion 1n data »f sceveral sclentists, a
seccond reference naterial, the IPS<%0 was prapared (Rishikesh
and Quelennec, 1983). This has been aveluated at 15,000

toxic mnit per millizeram on fedes aepvpti WHQ, 19R2). Until

Lo

the €inal standard IP3-f2 becomes available, the IPS=30 remnains
the refercnce material (Rishikaesn and Ouelennce, 1983). An
alternative Lo bicassay is currently bveinrg developed using
immunochemical technology (WHn, 19821, Tere, tho amsunt of

crystol in a apore~crystal preparation of B. thuringicnsis is

determined py its reaction with specific antiserum in an

immunclogical test (Burges and Thomson, 1971).

2.7  PRODICTION AMD FORMULATION

A1l Baclllus thuringicnsis toxins are commercinlly

nroduced bth in semi-solid and subnerged fermentations
{Dulmage and Rhodes, 1971). The semi-golid nrocess yleld
wottuoble powilery and dust formulation containing sporos,
crystals and exotoxin. The subnerged procoss, on the sther
hand, produce flowable formulation contnining sporc—crystal

connlex. Bacillus thuringionsia, especially serotype 1H-14

gar. be grown ln o variety of protenaceous material auch as
conmercial powder of soya bean products, fish meal, dried
wilk products, blond and serum from a variety of animal as
wall os human faecal material {Hertleinlgg_gi., 1980).

Cut of all these media, soya broth substrate had been shown
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to produce the highest larvicidal activity, beef and egg
albumen substrate provided for the formation of few gpures
with high toxin production ver spore while Jdried nilk nedium

~ produced many spores with little toxin per spore (WHO, 1982},

Bacillus thuringicnsis have heon formulated into dust,

wettable powders, Agranules, agueous and emulsificd concentrates
{Angus anc¢ Luthy, 1971). For developirg countries, cotiage-
Industry type of production, which is simple an?® does rot
require industrinl formulotions have boon suggented (Hertleoin

et al., 1680).

2.8  STABILITY

It has been shown that the delta-endutoxin of B.t Hwl4
cit withstand & temperature nf up to 20°C during 24 hours
without losiog itas activity but exposurs to 120°¢C fop 15 mirutes
result in its ipactivation (WHO, 1092), Ultea-violet or garma
racdiations 45 not harm the erystals but spores are lkilled by |
UV light (WHO, 1982). Primary powdler of B.t H-14 was found
€o rapidly loss its biological activity when atored in
sthonol while it is preserved in neutral distilled witer

{(WHO, 1972). When thc stability of toxicity of the bacterium

toward Culex quinquefascintus larvas was testad in polluted

water, the percentago mortality of the larviae decrsascd, This
is bocauze rud 2nd other particulote natter nffect bactorial

activity (UHO, 1982).
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4 laboratory test carriwl out in Thailand by
Pantuwatana (19280) using B.t H-14 in distilled water at room
tamporatura, showed that the bacteriun was sLill active for
about 165 days. A sinilar study on the longivity of B.t H-14
was caprried out in Migerin., The powlsr was stored for 22
montha both at room temperaturs and in refrigsrator. No
significant reduction in the potency of the powdar was
obscrvet when 1t was later tested against 2nd instzr larvae

of fdedes aegypti (Prasertphon and Rishikoesh, 1979),

Similarly, the s2tability of the toxin under tropiczal conlitiona
was also studied in Borkina Faso and French Guisnae, Mo loss
in activity was observel when primary powder was kept in sealed
dry conbainers for up ts 6 wmonths. Apparent ioss of achivity
was however cbsepved in powder expoged to alp and bhumidity

(MHO, 19-2).

Laboratorﬁ studies have shown the atability of the
crystal ondotoxin on dead larvee. This aay provide additional
control when mosquito larvae feed on B.t H14 Killed larvae
that contazin vegetative cells with crystals and apores of the

hacterium, : o ]

2.9  BACILLDS THURTMGIENSIS AS A BIOLOGICAL COWNTROL AGENT

It is aboub over a hundrod yenrs since man first loarnt
that bacteria coan cause diseases in insects, Today, over 90
species and varleties of pathogenic baclerdis have been

igolated and described from insects (Anonymous, 190G). Of
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these, Bacillus thuringionsis which nave shown a wile host

range in various ordars of insects have Luen developed on
cotmercial basis for the possible control of pests. This
bacterium has bean produced in many countries vader various
trade names such az Biotrol, Dipel, Microtrol and Thuricide
{Quarashi, 1277). These preparations have buen tested
succaasfuliy agalinzt more than 137 insect speclies mostly
belonging to the order lepidoptera {(Heimpel, 1967). tost of
these pathogenicity testes have been carried under laboratory
conditions while othuers havs beon tricd in the fields (WHO,
1962). Largc scale tests have heen conducted in Fuasia,
France, folland, United States and Canada, Some of the developing
nationzg that have shown interest in the use of this microbial
agent for thoe pest control are Mligeria, Philippines, Ropublic

of ¥Yorea and Thailand (WHO, 1981}).

in recent years; commercirl preparation of E;E: have been
produced by at least 12 manufacturers in five countriss, In
the Uhited 3tates, hundreds of tons of thiz material are
 manufactursd each year with continous increasce in production
apnuvally. One fimn, for exampls, incraased producticn more
than 200 folds over the past elght years (Falcon, 1971). A
very conacrvative ostinate indicatod thalb over 5,000 fons of
B.t have been used for the control of insects (WHO, 1982).
In the Uiited States aloue, 5.t products are currently registered
for uase on rore than 20 crops (Feoleon, 1971}, These included

alfalfs, banabas, cabbages, cauliflower, lettuce, melons,
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potatoes, tomatoes and forest irees (Heinpel, 1967).
In the past, products of .t have vieldod 2 genorally

good to excellent results in the control of cabbege worm,

Piwrils brassican (Herf and Krieg, 1963}, Anrusz {1368)

reported the protection of over 50% of the eclo-crop and

lettuce from the cabbage looper, Trichoplusia ni in Scuthern

Califurnia during the period hetwcen 1965 oml! 1756,
Preparablion of B.t hnve also benn usged azalnst the Buropcan

cornberer, Ostrinia nubilalis {Raun, 1962)., This biocide was

formulated into a new encapsulatod form to achleve control
of the pest. Allen (1661) reported the use of 2.t as cornmeal

ait to %ill the tobaces budworm Haliothis virescsna. e

control of the cornuwern Heliothis 2ea have heen achigved uaing

this bacterium (Tanada and Reiner, 1962). The tobacce hornworm,
Manrluca soxta, is also controlled by commercinal preparations
of .t, eapecially in the production of chemical free tobaccc

in the U.S.A. (Bugas, 1964).

Duriing the past decade, iL.1 have been tested
extensively for cotton jrest contral (Aragon, 1964), Leafl
danage by E, Ei was reluced significontly in larpe scale fleld
tests in the United Strtes (Falcnnlggﬂgl., 1963, Also
lsignificant reductisn in larval populntion of eottor leal

perforator Bacculatrix thruberizlla was obtained (Aragen, 1064),
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Since the 1950s, B. thuringicnsis has been tested for

control over 20 specles of lepidoptorous pests on nore than
10 kinds of fruit trees. The codling moth, Cgdia pomonella,
because or its grest cconomic inportance had receivad
conagiderable attention, In most tests, worm damase to apple
waes reduced considerably but insufficient by western standard
because the larvae feed only sliphtly on the surface before

tunneiling into apple (Falcon, 1971).

In peaches, oriental fruit moth, Grapholitha molesta could

not be emntrolled even with several concenlration »f Thuricide
and Biotrol (Falecon, 1871). However, an important
lepidopoteran pest of ponches, the peach twir boarer, fnarsia

linentella was susceptible to B. thuringionsis (Krieg, 1367).

Bacillus thuringicnsis has alsc been used to control the

grape leaf folder on prapes in Californic (Jensen, 19661},
The bacterium is now an important part of the intoegratel pest

control programme for agrape pests (Falcon, 1971).

2.10 EFFECTIVENESS OF B.T H=-14 OM INSECTS

cuLICIDAE

Laboratory tests have shoun that Acdes and Culax larvae

are more sensitive teo this bacteriva than Ancpheles larvae

——————

(VHO, 1922). This is probahly ‘ue to the surface feeding habit
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of Anopheline mosquitocs while the other two specles ars

bottom feaders. Nicolescu (1952) reported that Culex pipiens

larvae have higher susceptihility to E;E’H-14 than ﬁnophcles
atroporua, while &2233 nepypti have thce highest ausceptibility.
There is alsoc some variation in sensitivity £o this bacteriun
between strains of the same zpecies of mosquitoes {(YHO, 1082),
For examplc Culex moirstus has heen cbserved to display

high variation in susceptitility botween £iold collected

larvae and thosa rearcd in the labaorcatory (Mocoloscu, 19821).,

The results of boih field and la»oratory evaluations
have shown that wabter temperature, residual chlorise in tepucter,
depth of water, sunlight, orginic and inorgunic matter in water
may affect the activity of the bacterium against mosquito

larvae (WHO, 1832)}. For instance, B

i
—

. thuringiensis H414 was

found o be about A6 times more active agzinst 4-day old larvae

of Aedes acgypti in distilled wnter than in pon¢ water

(WHO, 1982).

Bacillus thuringiensis have been shown to mix well

with othoer chemical insccticides to produce better effocts

(Heimpel, 1967). A study carried out on Aedes negypti showed

a synergic offect of about 1.8 to 1.9 times with chlorophoxinm
and tanerhos (WHO, 1992). Pyrethroid compounds decrease
the effectivancess of B.t H-14 becauge they act quickly and

disturb the feeding of larvae (WHO, 19R2),
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The possibility of cruss resiscance of this bacteriun
to mosquito larvae which nre resistant to conventionnal
insecticides has been exanmined., The larvae of Culex

quinquerasciatus and Anopheles albinrnus wore usced for the

teats. 1t has been observed that the existing mechanisms of
resistance toward carbaimates, orgnacphosphote and pvrothroids
do not appear to confer a significant advantage to mosquito

larvac in presence of B.t H-14 toxin (WHG, 1982). Also cross
resistance to DDT does not appear to extend to B.t (Van Essen

and Eembree, 1970).

B.t H-14 is very active and has rapid and specific
action against mosguitc larvae (WHO, 1942). This is true even
in harsin environment such as salt norshes or at relatively
low temparature in ponds containing large quantities of
vogetal material (Luthy ct al., 19%0). There is no evidence
of recycling of'g;i H=14 in any of the habitats where
cveluntions were carricd cut even thoupgh survival of the
Lacteriw: Liag been cheserved in dead larvae in the laboratory

(VHO, 1002).

SIMULIIDAE

The pctential of Bt H-14 as a blackfly contrcl agent
has Leon investiguted wder laboratory conditions sincc 1972

and later in the ficld since 1770,
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Testa carried sul in the laboratory demonstrated the
high potentirl of %tbe bacterium in the control of black flies.
Differont species of gimuliid vary in thaeir response. The
youngor instara are morée suscentible than older black{My
larvae (tiolloy gt al., 1971}, Prenarations of B.t H-14 differ
in their effectiviness. In a test conducted, 4% nortality
was recorded after 1 minute exnosure to 5:{106 snores/ml
(IPS.7" powder) and 99% zafter 1 ~inute exposure to 1x105
apores/nl (Undeen anl Berl, 1972). L lirect corrclation was
found to exist hetwzen efficiency and particle size (WHO,
1972), Tests carried >ut on E, 32222222 cormlax showed that
the larvae sclect particles in relation to their size. These
particle sizes are related to the capacity of their

ingestion and toxicity, lareger particlns have greater lathal

effect (Elsen, 1632},

Field cvaluntions conducted with B.t H-14 have
gonerally confirmed lzboratory exposurszs. They showed high
toxicity to a wide range of bluckfly species under diverse
conditions in difforent parts of the world., Tonperature of
the water body plays o significant role in the activity of
this bactcriz. For cxample, the warm water temperaturc
(26.800) of Marahoué river in West Africe fécilitated the
efficacy of the hacteria during a large scale field trial

(Lacey et 2i. 1982). Howevor, hich levels of simulild

&)
mortality wore reparted at tomperature as low as 27°C (Undeen,

and Colba, 192G},
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2.11 SAFETY OF NOW TARGET ORGAMISMS

Microbial insecticides used for the control of insects
must be safe enough bhofore they arce accepted for control
purpcses. In countrics like the 'mited States, West Germany,
delland, Mew-Zealand, Canada, bBritzin, Japan and France, bodies
were set up to look into the safety of these bivlogical

control agents before they are registerced (Heimpel, 1971).,

Sarety studies incluiing human volunteer tests, were
neccessary. These Lasts carried out between 1956 to 1958 allowed
the safe usc of this bacteriun and its varicties on vegetables
and forage crops. By 1960, commercial applications of B.

thuringiensis based preparations to food and forage crops

were allowed (Heimpel, 1971). Extensive laboratory and

field safety trials are being regularly comducted (WHO, 1082),

In aquatic environments, the only non-target fauna
susceptible to‘gzg H=14 at dosages used for the control »f
mosquitues were dixids and chironomids (Culicidae) (WHC,
1912, Chironomids arc moderztely susceptible at thesa
dosages in the laboratory 20 the field except for Chironomus
thumni which was found to be very susceptible (WHO, 1082).

The predatory mosquito, Toxorvnchites splendens was

reported unharmed by B.t H-14 intoxicated mosquitc larvae

-

AWHO, 1982). Similarly, 9.t H-14 ¢o not harn aquatic

lepidopterans (Pyralidae) but terrestial Lepidopterans are
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moderately susceptible. Toxicity studies carried cut on
honey bees (Apis inlica) showe! no adverse effect on the

organisms or on honey proiuction and quality (Bailey, 1971).

Toxicological studies were carried cut with EEE H-14
on various laboratory animals like nice, rats, puinea pigs
and rabbits, Different routes of administration of bacteria,
like subcutanecus, intra-peritoneal, oral, percutanecus,
inhilation, ocecular and scarification were used. No acute or
chrenic toxicity could be demonstrate! in these animals
(Heimpel, 1971}, Eye irritation safety tosts carried out in
rabbits showed only slight irritation (Hertlein et al., 1930).
However, the bacteria can persist in the eye for at least one
month (WHO, 1982). Ancther safety test carried ocut with

mice receiving B. thuringiensis H-14 in their food for over

two penerations showed no effect on weight changes, mortality
or fertility (WHO, 19%2). Intracranial injection of B.t

H=14 into rats at less than 1x105 variable organism was not
haruful (Hertlein ct al., 719%90). Anaphylactic shock could not
be induced in pguinea pigs, whiles succossive serial passage

in mice did not lead to the appearance of virulence (WHO,
1682) ., Acute and chronic feeding tests showed no apparent

toxicity on ducks, laying hens and fish (Heimpel, 1971).

Eighteen human volunteers ccmmenced a 5-day course of
injestion of 1gm each of the bacterium. 1In addition five of

the volunteers inhaled 100 mz of the powder daily for 5 days.
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All subjects when thoroughly examincd were found to be healthy
and all the extensive laboratory tests werc negative (Heiwpel,

1971). ‘*wultiplication of ©H. thuringiensis d-es not occur

in mawnalian tissue in vivo (Hertlein et al., 19720)., The
bacteriz persist for three to four hours at the site of
injection and later collucts in the splecn where they may
be destroyed (WHC, 19A2). The above results confirnad the

safety of Bacillus thurinriensis and its varieties for

mamnals.

2.12 [CCONOMICS

There is no sufficient knowledge on the cconomics of
microbial insect control (Dulrmage, 1971). Except for few
private and confidential studies by industries, the cost of
production and application of microbial organisms have not
been thoroughly investigated. Essential basic research
is being carried by universities and government agencics in
countries like Russia, Conada, FEngland, Germany, The Netherland
and the U.S.A, since the financial risks would be too high for

vrivate companies to undertake sucn studies.

In 1971, the U.,S. government spent about two million
dollars for ressarch and assimed 40 - 60 seniur scientists
to thesc projects (Dulmage, 1971). This mouney was spent
primarily in searching for naw pathogens, producing and

utilizing them. This contrasts to the amoints spent by the
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governmaents for research on chuamlcal pesticides. The woney
was largely devoted tc cvaluate componn:! previously }“_
synthesized and sacreenet by industry. Even though the |
overall cxpenditures for rcacarch were higher for chemlcal
insecticides, the expenditures for the development of now
producta were probably sreater for the microbial agents
{(Dulage, 1971). The world-wide total for industrial
investigation of insect control with B.t prabably did ast

cost more than 600,000 dellrrs per annum in j5971. This
contrast with the 1040 milliorn dollars per year apent by

industries in investigating chemical pesticides (Dulmape, 1971).
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3. | MATFRIALS AND METHODS

3.1  VAINTENANCE OF MOSQUITO COLONY | :

Culex pipiens, a medium sized culicine mosquito with
uniformly brown thorax and stripped abdemen with rounded tip
werc rearad in the laboratory. Male and female musquitocs
vere collacted by means of sweep net {Platce I) and confined
to two separate cages marked as 4 and B (Plate II}, Cage A
measured 41,0 x 37.5 x 70.0 cm while cayge B measured

45,2 ¥ 45,0 x T9.5% ¢em,

3. 1.1 GG LAYING

Female mosquitces in the cages were provided with blood
meals from pipeons for maturation nf eges. This is because
greater number of eges z2re laid by famles that have fed on
birds rather than on mammals (Krishmamati and Pal, 1958).

For thils purpose, the thoracie and abdominal feathera of the
pigeons used were pluckad off to make their skin clenr and o
accessible for feeding by the mosquitoss. The wings and legs
of thess birds wore tied and placed inside the cages in the
evenings and left overnight., The birds were duly fed with sone
graing and water., Thick layvers of cotton wool soaked in 4%
sugar {sucrose) solutions coverc?d with filter paper in petri
dishes were alse placed in the cages for oviposition by the

gravid female mosquitoes. After the first batches of eggs

L

-
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were laid, the female mosquities repularly fed on blood at

an interval of 12 hours {Subra, 1980).

Male mosquitoes fed on 7% sugar solutions poured into
small grnss bottles containing cotton wool. About 2em of the
cotton wool was left sticking out of each bottle for the
mosquitocs to feed on, 4% sugar solutions werc provided in
the cages for the females to feed 3n in the absence of blood

meals.

3.1.2 REARING OF L{RVAE

Egg rafts laid on moist bloating paper were collected
and transferred into rearing pans (Plate III). The pans used
were enamel containers of =%out 21.0 em in diameter and
8.20 cm deep. The lids of theer pans have their centres
covered with net measuring 13.5 ¢n in diameter. These pans
were half filled with deionized wnter and Jdried grass of the

species Pennistum pedicellatum. The contents of these pans

were left for 24 hours to allow for the infusicn of the grass
and the solution to attain rocn temnerature. The infuse!
grass solution provided the necessary organic and inorganic

fcod needed by the larvae.

Eggs which were whitish at the time of laying turned dark
grey at the onset of hatching. Larval reveclopment from onc
instar to another was roughly taken as 48 hours as recommended

by Subrz (1980). The first set of larvac which hatched from
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the ezis were regarded as the first instars. Forty eight
hours aftcer their cmerzence, some of these larvae were userd
for Lioassays as second instars. The remaining second instar
larvae ware kept for another 48 hours after which ther were
labelled as third instars which 1-2%er develnued inte the
fourth instars after another 47 hours. New adult mosquitoes
for the colony emerged from the pupae that ha?' developed from

the fourth instar larvae.

The temperaturc of the cages was maintained between
28 + 1°C. Light bulbs werc used to increase the temperature
during cold days and alsc to induce mating. Relative humidity
was maintained at about 60 - f5% by placing :damp cloths over
the capges when necessary. Aerators were comected to the
rearing pans to prevent scum formation and provide adequate
aeration., Water was added after every 4 - 5 days to replacc
the amount lost from the rearing pans. Mosquito colony was

maintained until the end of the experimont.

3.2 PREPARATION OF SCRIAL DILUTIONS

Thoroughly homogoerized dilutions of the bacterial powder
was made from z stock solution, This stock sclution was

preperaed by weizhing 50 mg (0.057) of Bacillus thurinsicnsis

H=14 powder and mixing it with 10 ml of deionized water in
1.5 % 1.7 em test tube. The contents were thorouphly mixed

with a stirring rod for 5 minutes. The stock solution had



N

a concentration off 5,000 mg of bucterial powder por litre,
From this homogenate, another stock solution was made in
ancthor test tude by adding 0,1 ml of the homogenate to 9.9
nl deionized water. This was then mixed thoroughly with a
stirring rod for a few minutes. The concentration in this

atock soclution was 50 mg per litre (UNDP/Worl:l Bank/WHC, 1985).

3.3 EXPOSURE OF LARYAE TO B,t SOLUTIONS

Biovassnys were carrled out in 250 ml plastic boeokers
with 150 ml of B.t H-14 suspension and 50 ml beakers containing

30 w1 of hacterial suspansions.

150 ml of deionizod water was poured inko each of the
six 250 ml beakers uzced in a bioassay. Twanty (20) live

larvae of Culex pipiens were tronsforred to ench besker with

the help of n brush. By means of micropipetts, 120, 90, 6n,
30, 24 and 15 microlitre suspenziors from the stock solution
of B.t H-14 were added to benkers marked 5, 2, 3, 4, 5 and 6
respectively giving a final solutlon of 0.04, 0.03, .02,

G.01, 0.006 and ¢.005 my per litre in cach of the serieg of

beakers respectively.

Similarly, 30 ml of deionized water was nlaced 1nto cach
of the six 50 ol berkers. Twenty {20} live lorvae and 24, 18,
12, 6, 4.8 and 3 microlitre of tho stock solutior contalning

hactorinl suspension were added into each of the beakers which



also gave final concentrations of 0.04, 0,03, 0.02, 0.01, 0,008
and 0.005 mg per litre in containers narked 1, 2, 3, 4, 5, and
6 respectively. Second, third and fourth instar larvac were
exposed separately to various concentrations of bacterial
suspcnsion ir both 250 ml bLeaior containins 150 nl of bacterial
suspensions and 5C ml benkers with 30 ml of bacterial suspensions.
First instor larvae were not include! in thesc tests hecause

of the difficulty involve? in haniliug them.

Srall amcunt of bYrewer's ycast and brend crumbg was
added to each containcr to avold excessive nortality.
iosguito larvze during these triazls were exposed to bacterinl
suspension for 24 hours an? nortality recorded aftoer every 6
and 24 hours. During the course of this worl:, o total of
10,080 larvac were used., FEach bioassay test was repeated

6 times (Appondix, 1 -6 ),

Control heakers contalued deionized wateor and food
naterial, Pupae were not included in mortality counts. The
taemperaturc of the laboratory whicre Licossays were carried out

was maintained at approxinately 30 :_1“C.

3.4 DATA AMALYSIS

Concentrations and their corresponding aean percentage
mortalities were plotted on Probit-log scale graph sheets.

Logarithus to the basc of 10 were used for transformation of
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bacterial concentrations. The equation for the lines of

best fit was uced as

1

=a+ bx (1)
where Y is the mean percentase mortality in probit;
a = intaercept on Y.axis, b = the slspe and x = lop
concentration. Both the intercept (a) and slope (b)
were calculated using the equations;
6a + bEx = By
Exa bEx2 = Exy (2)
standard statistical methods like correlation and analysis
of variance were usad to analyse the data, 411 the values

were tested at 5% significant level,

Standard error of LC50 values was Jdetermined by

1 \’1 (3)

T ' Bnw
where b = slope, n = number of live larvae used in each
Leaker and w = the weichtinz coefficients, while the S.E

of LCOC was calculated using

3 ‘/1 4+ m-X -2 '4)
h Snw Snw  (x-X)
where m= LCY0 value in log and X = mean concenbration in

log (Finney, 1964).
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CHAPTER 'OUR

4, RESULTS

The efficaey of Bacillus thurinzionsis H-14 agninst

second, third and fourth instar larvae of Culex nipiens was

tested in the laboratory in two types of containcers. These
were 250 1l beakers containing 150 ml of bpcterial suspensions
and 50 ml beskers with 30 ml of bactorial suspensiob. Six (6)
beakers of cach type were used durinz bioassay. Twenty (20)
live larvae form the initial larval pupulation in each
container were exposed to bacterizl suspensions. Bach
bioassoy test was repeated six (6) times (fLppindix 1 -6 L
Observations on the mortality and the number of fourth instars
larvac which have developed into pupae were recorded against
their corresponding dosawe concentraticns after every 6 and

24 hours exposures (Appendix 1 -8 ).

It has been observed that the dying larvae at first
became sluggish and lerthagic as paralvsis sets in after
ingestion of E.t H-14 and spren’s to all parts of the body,
After 24 hours exposure whon death have occurred, the colour
of the dead larvae changced from tho usual dark grey to pale
grey. The Lody surfaces ard parts startcd to disintegrate.
However, nc cdead larvasz were found in any of the containers

marked as controls throuizhout the experiment.
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Fuod particles (Yeast an. Bread crumbs) were added to
all B,t H-14 suspensions used fop bivassays. This was because
during the carly part of this operinent, when food matorials
ware not added, the rates of mortality were very high which

also ocecurre? in contral haakers,

4.1 EFFECT OF 2.t H-14 ON DIFFURUMNT LARVAL INSTARS

Three different larval stapes, second, third and
fourth instars were rearcd Ior the purpose of biosassays. They
were exposed to B.t =14 suspension in 250 ml heakors for

6 and 24 hours <urations.

4.1.1 SECOND INSTAR LARVAE

Mortality of these¢ mogquits larvae increascd with
increcasc in concentration of bacterial suspension. The
highest mortality occurrcd in soluticns of 0.04 mg/l
concentrations (Figures 1 and 2). The highest number of
Geaths otserved in 250 ml beakers after 6 and 24 hours ranged
between 63.3 and 97.5 percent. In the 30 ml series of
bacterial suspensions contained in 50 =l beakers, the highest

mortality rates were 54.16 and 20,0 percent.

The mean percentapge rnortalities of this group of larvae
when plotted againat concentrations on Pralit-log graph zive
a2 linear reclationship (Figures 1 and 2). The nean LC50 and LC90

which are thc concentrations at which 50 and 90 percent
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regpectively of the mosquito inrvae woull die were
graphically deternmirned. The LCS50 values after 6 and 24
hours were 0.92 ma/l and 0.0036 m:/1 in 250 ml beakers while
0,035 i/l and 0.00% ~+/1 have been leternined for hionssays
in 50 ml bheakers =sfter 6 and 24 h~urs eynosurcs, Sindlarly,
the LCSO wvalues afiter 6 ond 24 hours in 250 nl cups wers
0,15 m3/1 and 0,022 rnz/1l, and 0,211 ne/1 and 0.093 mg/l in

50 ml cuntainors respactively.

4.1.2 THIRD IVSTAR LARVAE

The wortality of this larvae also increased with
concentration with the highest moptality occurring in
sclutions of concentration of 0.04 mg/l. In the bigger
containers (250 nml beakers) containing 150 ml of bacterial
suspension, the highest mortality for the third larval iastars
recorded during 6 and 24 hours cxposures were 40.8 and G0
percent, Smaller 50 ml beskers, on thc other hand had their
nicrtilities ranging from 34.2 porecont after € hours to

75.2 percont after 24 hours (Firures 3 and 4),

Eastinated S0 percent lethal concentrations of 0.04
mg/l an’ 0,006 nz/1 werz praphically determingd for & and 24
hours exposures in 150 ml of E.t solutions; the 30m1-LC50
values were estimated at 0.056 mz/1l and 0,015 ma/l alter 6
and 24 hours respectively. While the 15001-LCI0 values for

third instars were 0,190 mg/l and 0,050 apz/l after 6 and 24 hours,
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the 30m1-LCA0 were determined at 1.251 mg/)l after 6 hours

and 0,070 mg/1 after 24 hours exposure to B.t suspensions.

4,1.3 FOURTH IMSTLR LARVET

Highest percentare rmortalitics racorded for fourth
instar lorvae in 150 m1 of hecterial suspensions were
31.67 and 79.2 parcent; 25.3 and 71.20 percunt in 30 ml suspensions

after 6 and 24 hours rospectively {(Figurces 5 and 6},

The graphically deternined LCS0 for this instar larvae
in 150 ml suspensions after 6 and 24 hours were 0,063 mg/l
and 0,013 mg/1l whereas in 30 ml L.t suspensions,the LC50 were
0.158 /1 and 0.017 mz/l. Similarly, the LCOO values for
150 ml bactzrial suspension wis 0.25%1 mp/l after 5 hours and
0.071 mg/1l after 24 hours, while 0.79 ng/l and 0.08° ng/l were

determined after 6 and 24 hours respectively for hioassays

carried out in 30 ml of B.t H-14 suspension.

4.1.4 TOXICITY OF P.t !-14 OM THE THREE L RVAL INSTARS

It has heen observed that for n given exposure time
and wyater volums, the second instars larvae responded as the
nost saensitive developmentnal stagze of this 'osquito specics
to bacterial powder. This is followed by the third and then
the fourth instar larvae which were comparatively the lecast

sensitive. The rates of mortality, which 2re represented by
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slopes of graphs. were highest for scecond instar larvac when
cowpared with that for third and fourth larval proups

(Figs, T and 8),

The LC50 valuas for 150 ml bacterial suspeansion after
6 and 24 hours exposures at 7.02 me/l ancl 0.0036 mg/l1 for
secund instars were the lowest as compared to 0.04 and 0,000
mg/l for third instar larvae response and 0,263 mg/l ang 0.013
ng/l for fourth instar larvano (Table 1). In 30 ml suspensions
the least LCS0 valuas of 0.035 me/l and 0,008 me/l were recorded
for second instars than 7.986 mg/l and 0.91°5 /1l for third and
0.158 ng/l and 0.317 ne/l recorded for the fourth instars

after 6 and 24 hours oxposure pariods respectively (Table 2).

Sinilarly, the 150 ml suspensions - LC90 volues after
6 and 24 hours exposure increased from 0,158 mg/1 and 0.022
mz/l Tor second instar larvae, 0,199 ng/l and 0.050 mg/l for
third, to 0.251 mz/l and 0.071 mz/1 for fourth instar lurvae
{Table 3). In 30 ml cf bacterial suspension these valucs
increased Trom that of second ivstars, £.211 /1 and 0.093
mz/) throuzh that of the third 0.251 mg/l and 9.979 mg/l;
to that of the fourth, .72 ng/l and 0,589 my/)l after 6 and

24 hourc oxposure time (Table 4).

Tnerc was a steady increase in lethal concentrations

{LC5" and LC9C) with increcse in larval age. The following
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Table 1: LC5" (mg/l) of B.t d=14 on second, third and

fourth instar larvae of Culex pipilens (Meuns of 6

experiments in 150 ml of bacterial suspension},

-

instar 6 hours 24 hours

Second 7.0200 + 0.0045 ma/1 0.0036 + 0.0007 mg/1
Third! 0.0400 + 1.,0070 me/l1 0.0%93 + 0.9015 2g/1
Fourth 0.N€30 + ©.0126 ma/1 0.0130 + 7.0025 ng/1

Table 2: LCS0 (ms/l) of B.t H=14 on seccnd, third and

fourth instar larvae of Culex pipiens (Means of

6 experimernts in 30 ml of bacterinl suspension).

Larval

instor 6 hours 24 hours
Second 0.9355 + 0.0058 ma/l 0.0030 + 0,0020 mg/l
Third 0.0560 + N,7193 mr/) 1.0157 + 12,0025 g/l
Fourth 0.1580 + 0.0171 mg/l 0.9170 + 0,0029 ng/l
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Table 3: LCY (me/l) of B.t H=14 on second, third
and fourth instar larvae of C. pipiens
{I'eans of 6 experinents in 150 nml of bacterial
suspension).
Larval
instar 6 hours 24 hours
Second 0.1590 + 10,1264 m3/1 0.022% + 0.006 ng/l
hird 0.1700 + 0.7452 mg/l 0.0500 + 0.017< mg/1
Fourth 5.2510 4+ 0,1190 mg/1 2.0710 + 0.0317 mg/1
Table 4: LCO (apg/l) of B.t H-14 o0 second, third
and fourth instar larvae of C. pipiens
{Meargof A exporiments in 30 ml of bacterial
suspension).
Larval
instar & hours 24 hours
Second 0.2170 + 0.127° mg/l 0.0930 + 0.0649 mg/1
Third 0.2510 + 0.187° mg/1 2.0790 + 0.0337 mg/l
Fourth 71,0820 + 0.050% mg/1

t 0 -ﬂgno _t n . '.3233 mg’l
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series was obtaincd for the 3 instars tested, second, third
and fourth in the ord r of dacreasing susceptibility (Figs. ©

and 10),

During the exporinent or larval aee, the second instar
larvae were found to be 2.00 folds more suaceptible to
B.t H-14 arter 6 hours exposure and 2.57 fulds more sensitive
after 24 hours than third instar larvaz., This group of larvae
were alsv 3.15 and 3.75 times more sensitive than fourth
instarsg larvac after 6 and 24 hours in 150 ml of bacterial

sugpension,

In 30 ml solutions, the seco:d instars were observed
to be 1.5 folds more sensitive after 6 hours and 1.7 folds
after 24 hours cxposures thzn third instars. They were also
3.20 and 2,10 times more susceptible than the fourth larval

instars.

The third instars were about 1,5 times more
sensitive than the Dourth Instars 00 150 al bacterial
suspensions. In 30 ml suspensions,this instor larvac was
2.03 tiwes more scrsitive after 6 hours and 1.3 times nore

suscceptibla than fonrth instors after 24 hours exposures,

Statistical anclysis was dwme to see any significant
differencs betweer thease larval stagea, The susceptibility

of these different instar larvae to B.t H-14 was sipgnificant
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at the 57 significant level /- >0.95), The correlation
coefficient 'r' was also cnlculated for each instar during
6 and 24 hours exposure periods, These r-values were found
to be greatest withirn the second instar larvae ond least

for fourth instar group.

4,2 LFFECT OF WATER VOLI™E AVD DEPTH ON MORTALITY

Yortality of mosquits larvac was found to increasc
with the increasc in water voluic and depth  of cuntainer.
Bionssays carried out in 250 ml heakers with 150 ul bacterial
suspensionsg resultce! i1 higher mortalitics than thoae
performed in 5C ml beakers with only 20 ml of bacterial

suspensions.

Highcr average percentase mortallty results of
63,33 and 97.50 percent; 40.8" and 20.0 percent; 31.57 and
76.20 percent were racorded in 250 ml beakers for sccond,
third and fourth instar larval proups respectively after

6 and 24 hours exposures,

O the other hand, mortality readines observed in 50
bealters wore 54,16 ond A0.0 percent; 34,16 and 73,83 percent;
28.23 and 71.16 percent ~fter 6 and 246 hours for second, third

and fourth instar larvae respactively (Appendix, 1 -6 ).

Platting the mean percentage mortslities ageinst

concentrations of bicassays fror these two scts of beakers
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showe! steeper regressions ilines with higher mortality
rates for experiments carried out in 150 ml suspensions
than for biozssays performed in 30 m)l bacterial suspensicns
for seccp!, third and fourth larval groups ‘@gigs, 11, 12
and 13). The mean lathal concentrations (LCSC and LC20}
were also graphically letermined, These values decreased

with increase in water volume and depth.

The 50% lethal concentrations for second, third and
fourth larval stages obtzined after 6 and 24 hours in bizger
(250 ml) containars with 150 m1 bactordal suspensisng were
0.02 g/l and 0,0035 mg/l; C.04 ma/l and G.009 ng/l;

0.063 g/l and 0,013 e/l respectively. Thesc values are
snaller than 0.935 mg/1 and 0.00% mz/1, 2,055 w/1 anld

C.014 ng/); 0,157 me/l and 0.017 me/l estimated for bloassays
carried out in 50 ml beakers for second, third and fourth

instars after 6 and 24 hours respectively.

Sinilar trends were observed for 90% lethal eoncontratior s
where the valuas in 250 nl containers after 6 znd 24 hours
fur second, third and fourth instars, 0,158 mg/l anl 0.022
m2/1; 0,197 mg/l and 0,950 me/l; 0.251 we/l £o 0.071 me/1 were
lower than 0.211 mg/l and 0,903 mg/l; 0.251 mg/l and 0,076 s A
367243
wgll; .71 mp/l and 0.CRG ng/l cbtained for bioassays

perfortied in 50 ml beakers after 6 and 24 hours exposurz periods.
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un the whole, the sasceptibility of mosquito larvae

of the sanc instar at a given time in thuse two types of

beaker are significantly different (P 20,05).

4,3 ETFFECT O EXPOSURE TIME

Mortality results within the scie beaker with the same
instar larvae diferrcd with exposurce time. Yore Jcaths
occurred after 24 hours exposures than during the first 6
hours (Appendix, 1 -6 ). The =ean percentage mortalities of
Culex pipiens larvac treated with B.t H-14 over 24 hours
abservation pericd followed 2 linaar relationship when
plotted ~zainst concentration on probit-log scale (Figs. 1 - 6).
There was 2lso a progressive decline in lethal concentration
values (LC%0 and LCO0O) from 6 hours tn 24 hours iniiecating
that nore larvae died at the 2nd of 24 hours exposures to

bacterinl suspensions (Figs. 14 and 15).

The determined LC50 values after 6 hours exposures
in 150 nl and 30 nl of B.t H~14 suspensions were 0.02 mz/l
and 0.032 mg/l for second ingtars, 0.04 mg/l and 0,056 me/l
for third instars while 0.063 mg/1 and 0.15% mg/l have been

deterained for the fourth instar larval group.

The 24hrs-LC50 values, on the other hand, have bcen
found to be 0.0036 mg/l and ¢.008 mp/l for second instars;

0.009 mg/1 and 0.014 1ng/1 four third instars and 0.013 mg/l1
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and C.017 mg/l for fourth instars in 150 ml and 30 ml of

bacterial suspensicn restoctively (Fic. 14).

Six-hrs-LCI0 values of 0,152 mg/l znd 0,211 mg/l1
were deternined for second instars while 0.199 mg/l and
0.251 mg/l; 0.261 ma/1 and 0,701 g/l were estimated for third
ant. frarth larval instars in 159 ml and 30 @ml suspension of B.t

H-14 reaspoctively,

Twenty-four-hre<LC30 values of 0.022 mg/1l and 0,093 mg/l;
0.0501 and 0,07% mg/l; N0.671 and 0.086¢ mg/l were ecstimnted
for second, third and fourth instars in 150 ml and 33 ml

bacterial suspensions (Fip. 15),

The lethal conceatration values decrease with the
inercease in exposure tine., Lower valucs were obtained for
biocassays exposed for 24 hours than those exposed for only
6 hourg, It has Leen obscerved during the course >f present
studies that the sccond larvae wore about 5.7 and 4.7 times
more nore susceptiols after 24 hours thon after 6 hours
exposures in 150 nl and 30 ml of bacterial snspensions
respectively. The third instar larvac were 4.4 and 3.7
tines nore sensitive whilc the fourth were 2.1 2nd 8,3 folds
more susceptible after 24 h urs exposuras in 150 ol and

30 ml of bacterial suspensions.
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Test statistics (analysis of variances) carried out
showed that there existod a significant difference between

these two (6 and 24 hours) oxposure times,

The stand=ard errors (S.F} which give the biocassavs
more precision were calculated far coch lethal concentration

value (Tables 1 - 4).
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CHAPTER FIVE

5. DISCUSSION
5.1 KIFECT OF R.t H-14 ON LAIVAL INSTARS

The rusuita of aresent laberztory evaluationg showed
that all tha three larval stages (sccond, third and fourth)
of C. pipiens uscd for this experiment were sensitive to
B.t H-14. Howevcr, comparis-n of Lhe deternined LC50 values

obtained herc with provious findings showed that Culex pipiens

larvae are less susceptible to B.t H-14 than thc larvae of

dedes ccpyptl. The estisated 24 hours [.C50 valuc for second

instar larvas in 150 m1 of bacterial suspension was 0.0036 ng/l.
This valua is higher and indicates lower sensitivity when

cemparel with 0,0034 mg/l estimoted for Acdes aggypti by de

Barjac anud Larget (1979) even with the highar laboratory
temperature (30 + 1’C}) wherz thesc presant bloassays wers

carried cut, Culex pipicns larvac are, however, nore

sensitive to bacterial suspension than mosquito larvae of

nnnghclca species. The 24 hours<LC50 for secon! instar larvac

of fnoupheles stephensi 0,066 nzg/l in 150 ml of bacterinl

suspension reporbtod by de Barjac and Larget (1979}, iadicates
loss suscaptibility when comparel with 0.9036 ng/l estimated
for E, E}picns larvae herc. Vicolescus (1982) alse reported
that C. piviens larvac are more susceptible than inopheles
atrcparus.  The larvae of inopheles spp hzve heen reported

to be about 20 times less toxic to B.t 1-14 poxin than Culax

aindl Acdes larvae (Tyrcll =t al., 1979). Such difforonces in
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suscoptibility can ve attributeld Lo differonces in modes of
fecdinz of theso various larvao. Liss sensitivity of
Incpheles larvac is ue to its surface feeding habits vhile

Culox and Aeles spp larvac are bottom feedors,

The second instar larvae were found to be the mest
susceptible of the three¢ differant instarsg used for these
bionssays. It is fullowed by the third larval instars and
then the fourth instar group which showe! the least ra2shonse.
This is reflected in the lowor LOSCH and LCY0 valuee of the
sccon! instar larvae when compared with that of the rost
instar groups (Tables 1 = 4), This finding i3 in agrecnont
with a sinilar experinent conductad Ly de Barjac ant Larzet
(1979), who reported that the secon! instar larvac of Aedes
ag',g;;ti were more susceptible than the fourth instar pgroups.,
They estimated the 24hps-LCS50 values at 0.0034 me/l
and 0.0z24 ng/l for second and fourth instars respectively.
This trend is similar to the values (06,0036 mg/l and 0,0126

nz/1) obtained during this study for second and 1ourth instars,

Marinz the course of this work, the second instars were
found £5 be about 3,76 times more sensitive than the fourth
instar larvae while the third iastar were about 1.5 tinmes
nore susceptible than the fourth in 158 ml of Lacterial
suspansione after 24 hours exposurce. This wark is nob in

agreement with previously reported study where the secont instar



larvae of lwdes acgypti were found to be aheout 7 felds more

susceptible to B.t H-14 than fourth larval croup while the

second instars of /ropheles stephonsi wera about 1.67 times

more susceptible than the fourth instar larvae., (v Earjac and
Larget, 1073}, These variations in  susceptibility to B.t H.14
susoension can be ateributed to Jdiffar-nces in larval specles

uscd for experiments. JLeles nepyptl and anopheles stephensi

larvac wers used by the previous workers while Culex pipiens

larvee were exposed to Bt H-14 during oreaent invastimations.
The dezrae of susceptibility ‘nurhar of folds) slLserved during
this exporiment do appee with that of Sinere iﬁuﬂl‘ (1979)

who worke? with Culex nijiens quinguefasciatus and found that

early stapges (1st and 2n! instars) are 4 times mcre sensitive
than last stages (3rd an? 4th instars). This little difference
may be duc to the fact that C. viplens were uset here while
Sincgre an” en-workers uscd o particular subspecies of this

mosquito (Culex pipicns guinquefascintus!).

From the present inveasti-ations, it cppears that
sugsceptibility sraduclly decreoses with increase in lapval
aze (from seceond to fourth instar wrouns). This is hecavss
as larvaa approach pup~tion they become less active. Second
instar larvac wer. killed most by B.t ii~14 bucause they were
very active and so fuoed actively thus takine in pore of

bocterial toxins which are affoctive only when eaten. The

late instars (3rd and 4th) which are close to Jdevelapin: into
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pupag, feed less actively thus coasuidng less bilocidae. Pupae

arc not affected by hacterial suspensicn hecause thay do not

faad,

Culex piniens larvac reared in the laborstory appeared

to e mere sensitive to B.t tuxins than fleld collectz?
species. The 50% lethal concentrations, of 3Irt - 4th instars
of C. pipiens larvac ranysing from 0.009 mg/l - 0.0167 me/l
after 24 hours oxposure is lower than previcusly reported
values of 0.01 = 0,035 2w/l for fiel? enllected species.
(Sincare et ali, 1990). [Hzgher LCS0 valuss or less
susceptibility among ficld collected larvae may he due to lack
of acclanatization to lakaratory coaditions when brought fron

the fiald,

The estimated 507 lethal concentrations Jdetermined
in 150 ml of bacterial suspensions after 24 hours exposurcs,
generally indicated higher suscoptibility when cunparoed with
previcus findings, Iannffo 3&_3&. {1921) estinated the LCBD
value for sccon? instar larvas E. siniens as 0,11 ng/l
Vankora {1991) determined the LCS0 value for third instar
as 0.19 ng/l; while Lebram ~nd Viayen (31901} estimatel the
LC50 value of fourth irstor larvac of the same nosquito
species 2s 0,012 mg/l, Thesc vnlues are gencrally hilher
whon compared with 0.9036 na/l estinated for second! instars,

0,009 mg/l estimated £y third instar larvae; ant 0.0126 mg/l




estinataed Hr Surth isstar lars.. DPifferences in
suscepbibility to bacterial suspensions may be explained

by different laboratory terperatures where cxperiments were
conducted., Vhile prasant hiorssays were conducted at a
Ltaaperature of 36 + 1°C. thes: previous ones werd periormed

at labourztory tenperatures of 26 :_1°C.

5.2 EFFECT OF WATER VOLIM'F 'L DEPTH O ACTIVITY OF B.t H-14

Fron the prescat work, it is guite cvilent that therc
exist a simnificant differcnce in bioassays carried cut in 250
ml and 50 ml heakers, Shnllow bealzers with 30 ml of iclta-
endotoxds suspension inluce less mortality than deeper oncs
with 150 ml of bacterial suspensicons. This is ruflacted in
thie lower LCS0 and LCY values estinatod fop bloossavs
performed in 250 111 than in 50 ml containars. Thesc lower
lethal concentration valuas astimated for decper beakers
irdicate higher susccptibility and mortality. Thoe LCSO values
for second instar larvac in 150 ml and 30 nl of bactarial
suspensiong recorde’ during this expariment aftor 24 hours
werc 0.0036 mz/1 and 0.907 n=/1 respectively. The pattern here

is sinmilar to the estinated LCRD for ledes aegyptl after 24

hours exposure which were determined bty de Barjac and Lorpet
{1979) as 0.007% ITU in 15C ml and 0,024 ITU in 30 nl cf
bactorial susnensions. Thase workors alsn showed that the
inTluence of depth was simificant even for ‘nopheles

larvae which are top feoders, The Jetermine’] LCS0 values
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after 24 hours in 150 21 ond 30 21 of wacterierl suspensions

for An.pheoles stephnnai have hoon reportel at 0,010 ITU and
0,752 ITU resncctively., Hizher suscaptibility in deepor
toakors way be due to incpoase in metabolic activities of
larvae (dc Barisc and Larset, 1070) Deener cortalners induce
incrense feeding rates which result in ingestion of greater
guantitics of toxin ner unit time (YHO, 1082). The difference

in activity »f Culex odpicns larvae in these two scts of beakers

conuld be duc to temperature fact .. Decper containers with
pgreator volune (150 mll of suspensions may be 3lirhtly warmer
than shallow ones (37 ml of B.t suspension). Terperature,
according to Burges and Thomson (1977), not only result in
higher metabolism and feeding of larvac but alsc rcsults in

faster multiplication of hacterium in the case of B,t var

_tz_ilurin&" ensis.,

On the whole, tho susceptibility of mosquito larvae of
the same instar at 2 -iven tine in these two types of
beakers is simificant, The effoct of watur volune was found
to be oauch tore less simnificane in this cperiment than that
of exp-sure time (6 ant! 24 hours;. This is in contrast with
the revort by de Barjac and Larget (1979), where the effcct
af depth was found to be groater than that of exposurc time.
Thie digsinilarity may Le due to the ditfersice in types of
shallow contailners used, Hare, gnizll B0 nl beakers wers
used while petridishes wers use? by de Barjac and Larget

(1079). The difference in mortalitv here may have Laen more
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than that induce by tice, i petridishes which are shallower
were used instend of the 50 ml benlcors which nre smaller in

diareter but deeper than petridishes,

w‘
.
W

EFFRCT_OF FXPOSURE TIIF M ACTIVITY OF R.t H-14

—

The results of toxicity tests using 3.t H-14 apgainat second
third and fourth instar larae of €. pipiens showed 2 direct
aind positive relationship Lotween exposure perisd and
mortality. Deaths cccurred as early ns after 6 hours with
littlc differances in mortality among the various larval stapges.
This is fuund te be in apgrecrment with report Ly Hertleir et al,
{1580) who observed that the activity of.E;E.H-TQ on o
susceptiblc host starts within 2 - 10 hours ~fter ingestion.
Goldherg and Marcalit (1977) reported that toxins of }_3_._1:,. H=14
take less than 12 hours to act, with little difference between
1st - 2n:l and late 3rd - 4th instar larvace of mosquitoes.
Similarly, fAnderson and Rogof€f (1965) reported the cnset of
rapid paralysis within 20 « 30 ninutes after consumption of
bacterial suspension in susceptitle insects lilie Sili'tworm,
Tobacco and Tomate hornworms. ‘The paralysis rapidly spreads
tc all parts of the body within 1 - 7 hours which eventually

resulta in death after 24 hours,

I» the case »f B,t H=14, mortality <7 larvae have been

recorile’ as carly as after & hours, however, parclysis

occurraed ruch earlier than thia period. This also agrees
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with WHO (1972} report which siwea that the fourth stage
larvac of L. acgyptl and C. tarsalis becane moritund and
lorthasic within two hours when ol=ced in 0,1 mg/l
concantration of B,t H-14, This work is also in agrecment
with the fact that depending ~n the dose consuned and typa
of pathogenic action induced, « susceptible hust dics in a
few hours to about 3 weeks after ingestion of B.t H-14 (WHO,

1722),

Furthermorz, a steadv increns: in the nomber of Jdeaths
of larvaz was ohserved with increase in exhosvre tine. More
decaths occurred after 24 hours than after 6 hours exposures
in all the bloassays (ipnendix, 7 -6 ). This fact is reflected
in the lower values of lothal econcmtrations(LCR) and LC90)
deternined aftoer 24 hours when comparedl with that after €
nours. This indicates hirher sensitivity during 24 hcurs
expusurs, because the chances »f a larva coming into conbact
with bncterial toxin increases with the incrense in time. These
findings 2re in accordance with that by Fromuer eb zl. {1271)
who reporte’ a sharpy Jdecrease in LGS0 fror 0.%1 ngll -- D.32
g/l when exposurs time was increased from 30 - 60 minutes.
Similarly de Parjac =rd Larzet (1979) sheowed that the determined
4hrs--L0S0 (00,0066 me/1l) was 1ower than the 24hrs-LC50 (00,0070
ng/l) farli. as~ypti. Even thoush the exnosure times used by
thesu provious workers 30min - A0mins and 24hors - 4°hrs!
viare different from the ones chosen in thoe present studies
(6 - 24 hours), mortalities foll wed the savie trend, they

increase with increase in tine, Almost all the 24hes-L.C50 values
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estinate? during the prascnt stulies fell within the 0,001

mi/l and 0.01 mg/l range roparted by Largct and de Barjac

(1241),

The LCSO value of sec? instar larvac »7 Culex pipiens

ter 6 hours in 157 =1 of bacterizl suspension was about
5.7 times preater (i.o less susceptible) than that obhserved
after 24 hours., This is in contrast with the observations
made by de Borjac and Larget, 1779) vherc the LCRD for A.
Aegypti after 24 hours in 159 ml of bacterial suspension were
found to be about 1.25 times grenter than that of 47 bours.
Higher folds ohserved in present investipation may be due to
differences of mosquito larvae used (Aedes sp and Culex sp);
exposure noriods chosen (24 hours - 48 hoursand £ .. 24 hours)
and differences in laboratory temperatures (26 :_100 and 30 4+ 1°C)

where assays vere carricd ont,

The present invaestipgations rovealel that mortality

dua to exposure time has more sisnificance than that caused

by water lcpth. This finding dows nobt agree with that by

de Barjac and Larzet [(1779) where the effect of water cdepth
was said to be more than that of time, Dissimilaritics in the
two findings can be attributad to Jdifferencues In oxposure
time chosen and laprval species used for bioassays., In this
experiment, the exposurc tino uscd were 6 and 24 hours while

24 and 48 hours werec used by de Barjac and Larzet (1979).
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While C. pipicns larvae wors exposc’ to bacterial suspensions
here, A. agpypti were used for bicassays by thesc previocus

workers,

5.4  EFFECT OF FOOD ;DDITICM OM ACTIVITY OF R.t H. 14

During the early part of the present experiment
whaon food was not adde! to bacterial suspensions, the rate
of nortality was very high., About 10 - 15% deaths wer2 even
recorded in controls after 24 huours exposures., Tnis increase
in cdeath rates is due to starvation which increzses
susceptibility to B.t F-14 toxin and ensures that all larvae
of sensitive host lfecd (Burzes and Thomsen, 1971}, The
condition, gquality and anount of food were found to interfere

with the efficacy of B.b toxins {(An7us, 1065),

Addition of food to B.t H-14 suspensiocns during this
experinent have greatly reduced the afficiency of H.t H-14,
This finling agrees with that of Ali et al. (19°1) who reported
that food additicns simnificantly dilute the effectivencss of

bacterial furmulations. Using Culex piplens quinquefasciatus,

they estimated the LC5O valucs I solutions without fcod to
be 0.11 mz/l = 0.30 rg/l and the LC50 ~f bacterlial suspensions

with food zt 0,35 <« 0,589 mz/1 after 24 hours exposures,

Food addition also can be used to explain the little
erratic results obtained for 24<hours<-LC30 values in 30 ml

of bacterial suspgension uring this study. The LCI0D value
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obtained for second instar (0,093 =iz/l) is higher than
0.07¢ mg/l and 0.0%1 mi/l estinated for third and fourth instar
larvac respectively. This is because food particlas added

to tacterial suspensions were not quantificd,
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SUMARY AND CONCLUZION

From the toxicity tests, it cnn be concluded that

larvac of Culex pipicns are senzitive to B.t H=14 with hipghest

deaths occuprring in 0.04 ng/l bacterial concentrations.
Sacond instars larvae woere found &0 be the most susceptible
of all the thrae (second, thir! an! fourth) instar groups
tested. These larvae are about 1.9 and 2.57 times more
susceptible than third instar larvae in 30 nl and 150 ml of
Lacterial suspeinsisns after 24 hours exposurss, Second
instar larvac arz: also about 2.10 to 3,75 folds porc
soensitive than fourth instar larvac in 30 and 150 =l of

bacterinl suspensions after 24 hours,

Exposuras of mosquito larvae to B.t =14 toxins for
24 hours reanlted in hiczher mortalities than 6 hours exposures
in all bioassays conducted, The 24hours-LC50 values
(0.0036 - 0.002, 2,009 = 0,014, and 0.013 ~ 1,017 nz/l) and
LCSO values (0.022 - 0.093, 0.050 « 0.979 an? 0.071 ~ 0.089
mg/l)were smaller than the 6hours-LCSO (0.02 - 0.03%, 0.04 -
0.056 and 0.063 - 0.058 1z/1) znd LC2O (0,153 - 0.211,
0,199 - 0.251 and 0,257 = 0,791 =;z/1) values fir biloassays
carrisd cut in 150 ml and 30 ml of bacterial suspensions

respectively.

Depth and volune of water in 250 ml containers induced

more decaths than shallow (50 ml) ones. Lower 6 - 24 hours
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LCs0 (5.02 - 0.0036, 0,04 - 0,009 and 0.063 - 0,013 mg/l) and
LCSO (0,150 - 0.022, 0,169 - 0.0501 and 0.251 - 0.071 /1)
values were determined for second, third and fourth instar
larvac respectively in 257 ml bealkers when compare! with the
50 ml .- LC&/O (0,035 .- 0,008, 0,766 - 1,014 and 0,158 - 0,017
mg/l) and LC9O (0.211 - 9.073, 0.251 = 0.072 and 0,791 -

0.039 mg/l) for thesc three instars,

Mortalitios of €. piniens larvae were significantly
differont (P2 0.05), for the two types of heakers (250 - 50 ml),
two exposure periods (6 = 24 hours) and the three larval

instars {(second, third and fourth).

The effect of exposure time of B.t H-14 on C. pipiens
wae the most aignificant factor than that of instars and
two types of beakers use! (250 ml and 50 ml), A2dition of
food to bacterial susnansions has greatly reduced excessive

mortality by diluting the ef'fect of bacterinl efficacy.

Further research should be counducted in the fields to

evaluate the efficacy of the hacterium 2gainst this mosquito.



5.

T7

REFERENCES

Adadcvoh, B.K, and Foyiba, H.i1, (Eds) (1678)
Malaria in Yizepiz: An author bibliography from
1057 - 1978, Wim, Ins. Med. Research Publ.
po. BS,

—

L A imere R
dee y ANy N

Susceptibility of sone Florida cnirononi

and mosquitoes to verlous forualtions of
Bacillus thirinziensis serovar, Israclersis.
J. Econ, Entorol., 74: 672-677, T

ar? Stawrt, J. (1091),

“ vy .

"
(-
[N

-

Allen, ¥, (19A1). Bacillus thuringiensis contr.ls the
tobacco budworm, Tobacco Sci., 5: 141-15).

Alvarado, C.A. and Mmuce-Chwatt, L.J. (1962).
Malaria. Sciomtific American 284-295,

-

Anderson, R.F. anf Rogoff, M. H., (1965).
Crystalliferous bacteria ns insect toxicants.
In natural pest control noents. pp. 65-79.
American choemical society, Publ,

Angus, T.A. (1965). Association of toxicity with
protein crystallirce inclusions with Bacillus Sotto
Ishiwat~. Can, J. Micrubiol., 2: 122-131.

ftnras, T.A. (1971).  Pacillusc thupingionsis as a
microbial insecticide. In naturally occurring
insecticidos. (Jacobson and Crosby, cds). M.
Dekiker, Vow York. pp. 463-477.

sngus, T.A, and Luthy, P, (1971). Formulation of
microcinl insecticides., 1In Microbizal control
of insccts and mites, (BDurges and Busscy, eds).
Acadamic Prass. London. pp. H$23-636.

Anonymous (1969}, Editorial. Chemical week,
104, ipril 26, 36-32,

Aonymous (1973). 1'squito contrel: Some prospoctives
for developing countries. A report of an Ad Hec
panel of the advisory committee on Technological
innovation board on ascience 2nd technclogy for
international devolopment. Nationnl Acadeny of
Science, 63 pp.

Aragon, J.H. (1964}, In use of bacteria for
micrebial control. Microbial control of insects
and mites. (Burges, H.D, and Hussey, M.Y, eds)
Academic Press. Londen, pp. 3.



12,

13.

14,

15.

16,

17.

18.

19.

20.

21.

™

Bailey, L. (1371). The safebty of pest-inscct
pathogans for beneficinal insects: In
microbial control of insects and mites (Burges
and Hussey, eds), Acaderic Press, London.

Pp. 491-503,

de Barjac, H. (1927), Identification of H~-serclypes
of B.t In Microbial ermtpcl of pest and plant
digeases. 1971-19R7, (H.D, Burres ad.)
icadenmic Press. Lordon, 949 pages.

de Barjac, H. and Boennefol, L. (1963).
Classification sf Bacillus thuringiensis.
Entomophaga., 17: 607,

de Barjac, H. and Larset, I. (1972), Propsysals for
the adoption of a standardized bloassay method
for the revialuation of insecticidal formulations
derdived from scrotype H-14 of Bacillus thuringiensis
Mimeographed document HHO!?BC/??.TEE, 15 pp.

Beggs, J.A. (1964!, 1In use of bacteria for
Micronial control. Vierobial control of insects
and mites., /Burges, H.D, and Hussey, M.W,. 2ds).
Acadenic Press. Londen. pe. 83,

Bon¢, R.P.M., Bovee, C.B.C., Rezoff, M,H, and Shich, T.R.
{1971). The thermaosteble exctoxin of Bacillus
thuringiensis. In Microbial cmtrol of insects and
~itec., (Borges ant Pissey, eds),. Academlic Pross.

London, pp. 275-=302.

5ulla, L.A. {12821). Purification and
chapracterization of entomocidal protoxin of
Bacillus thuringiensis. J. Bicl, Chem. 256:
H00 =304 .

Bulletin of World Health Orzanisation (19390).
Standariized meticd for Livassay of the
larvacidal actici of Baclillus thuringsionsis serotype
H-14, 58: 231-232.

Bulletin of Worl ' Health Organisation (1981),
Biological control of insects voctors of liseases.
55:15): 669-7C5.

Burgejon, A, and G, Galichet, P.F. (19658},
The effectivoness of tho heat-stable toxin of
5.L var thuringiensis Berliner on larvae of
Musca domestica. . Invert, Pathol. 273-




79

2. burgejon, a. and Martcuret, D, (1971).
Determination and significance of the host
spectrum of L. thuringiensis. 1In
tierobial control of insccts and nites
(Burges and Hussey). .cademic Prass, London,
pp. 3N5-322.

23. Burpes, H.D. and Thomson, E.M. (1971},
Standardization and aasay of microbial
insecticides. In Mieprobizl control of
insacts aind mites. (Burges an! Hussey,
eds). Acaderic Press. Loadon, pp. 687-708,

24, Bursell, . {1254}, Environmentzl aspects:
Temperature in the phyaionlogy of insecta,
{Rockstein, ed). fendemic Press. Londorn,
1: 233-321,

25, Clenent, A.V. (19A3). The physiology of mosquito.
Perpamon Press. Oxford, London, New Yorl,
Paris., 363 L,p.

26, Colbo, M.H. and Undeen, A.H. (1980). Effoect of
B.t var israglensis on non-target insects
In stream trials for control of simulidac.
Mosquito Pews. 40: 363-371.

27 Couch, T. (19CC), Mousouito pathogenicity of
B,k var israclensis, Dev in Industrial
ﬂIcrohiul. pp. 22,

28, Domme, E.M.G. van and la'an P.A, van (1968).
Suvme observetion on the effect of E-52 powder.
{B.t Berlinar} on the Malacosom? nauatria,
Entompphngr. 4: 221-225]

29. Dulmage, H.T. znd Rhoden, R.A. (19715,
Econonmics of micenbial control. In Microbial
cuntrsl of insects «ad mites. ({il.D, Burges
and N,V. Husscy, eds). icademic Prcss.
London. pp. BR1-5RG,

30. Elscn, P. (1982). Hature and size of particles
ingested by simuliid laprvae, in reclation to the
use of larvicides. Procs, Bri. 3oc. Parasitol.

34: 40,
31, talcon, L.A. (1971), Use of bacteria for microbial

control of insectz. In Microbial control
of insects and mites. (H.D. Burges and N,W,
Hussey, eds). Acadomic Press. London. pp. 67~90.



32

KX

a4,

36.

3?‘.u

an

Faloun, L.i4., van don dosch, 2., Ferrdis, CG.L.,

Stromberg, L.¥., "tzel, L.X,, Stinner, ©.E.

and Leigh, T.F. {796%}. In thz use of bacteria
for microbial control. Micrphial control of
inzects and wmites. {Burges, H.D. and Hussey, V.W.
ads}, Lcademic Pross, London. pp. 79).

Finnay, ™.dJd. "i%645. Probit analysis: & statlistical
trealment o the 3irmoid response curve, Cacbridee
Hniversity Press. 317 pp.

Fishoer, R.oa. (1963, Bloassay of microbial pasticides.
In firnlytical Mathoads for pesticides and food
additives. jecad.mic Press Inc., Hew York, np
4254472,

Fromaer, R, Heabree, S., Melson, J., Remington, M.
and Gibhs, ¥, (1987}, The evaluation of
Bacillus thuringiensis var isrnelensis in
reducineg Simaliu vittatus (Diptera: Simuliidas)
larvae in tnelpr natural habitat with no extensive
aquatic veogetative growth, Mosquito Mews,

41: 330347, o - -

Goldberg, L.J. and Mapgalit, J. {1877). 4 bacterial
gpore demonstrating renld larvicidal activity
againat anopheles serpmtii, leenobaenia uncuiculata,

r

Culex pipiens. Mosquit. Neun, 37: 355-357.

Goldhare, L.d., Geldhers, DM, and Margalit, J.
(1767}, Totential application of a baclerinl
apore OMR<604 to mosqguito laryal control:
Denonatratad rapid larvicidal activity against
jnopheles sarpentii, Urpontoenia unzuiculota,
Culox univitattus, aedes aeﬂz?ti and fulicex piplens
(Complax) RO Accuvent BHO/V/RC/T7.662, 7 0p.

Hannay, C.L. (1153}, Crystzlline inclusicns in
nerol.lc cpore forying boctoria.  Wature TTQ 1004,

Hodmpaol, AG™. {1967}, O critical reviow of Bacillus
thurlhglongis var. thurinplengis,.  herliner and
Dther crystalliforsus bacterin.  Ann. Poev. Entomol.
JE} 2P 2322,

Heimpel, 4.0, [30971). Sefety of insect pathogens
Inr man and vortebrataesg,  Ins Mlerohial contpol
of insccis and nites. (H.D. Burpges and W.V. Hussey,
edas})., ficademic Press. London, pp. 469-487,



a1

41, Heimpel, h.M. and Angus, T.h. (1963), Diseases caused
by certain spore forming bacteria. In: Insect
pathology, an advance! treatisa, (2teinhaus, ed).
Academic Press, Londen, 2@ 21-73.

42, Hertlein, B.C., Hornby, J., Levy, R. and Miller, T.W.
(1720), Prospects of spore-forming bacteria for
vector control with special emphasis on their local
production potential, Mineographed Jlocument,
WHO/VBC/20,.7921, 11 np,

43. Imoffo, C., Couch, T., Carcecia, C. and Kroha, M,
(1981}, HRelative activity of Bacillus thuringiensis
var kurstakl and B. thuringiensis var israelensis
against larvac of hedes aepyritr, Culex
guingquefuasciatus, Trichoplusia ni Heliothisxzea
and Heliothis vircscens In: data sheet on the
biclkogical control arzent. Document WHO/VBC/79,750
55 Pp.

4y, Informal consultation on the devel-nment of
Bacillus sphaericus as 2 microbial larvicide
TTﬁ?Eﬁ“TﬁbeﬂB?Tﬁ'ﬁhnkfWHﬂ sneciil prosramme for
ragearch and training in tropical liseases,
Mincographed documant. TDR/BCU/Sogaerueys/B5.3.

45, Jensen, F.L. (1966)., In use of bacteria for microbinl
control., lierahial control of insocts and mites.
{Burges, H.D. and Hussey, N.W. eds). Academic
Pposs. London. nn. 6.

46, Kellen, W.R., Clark, T.D., Lindesren, J.E., Ho, 3.C.,
Rogoff, M.R, and Sinzor, S. (1965). Bacillus

sphacricus MNeido as a pathogzen of wrsquiﬁoes.
Journal Invert, Pathol. T 442440,

& Klowden, M.J., Held, G.A. 2nd Bulla Jor, L.d. (1273},
Toxicity of Tacillus thuringiensis subsp.
israclonsia to aduil lcucs zetypti mosquitoes
Applici Enviroa, Microbiol, 4502): 312.315,

42, Knigsht and Stone (1977). In a2 guidc o Medical
Entomolozy. The MacMillan Press. London,
226 pp.

49 . XKriegz, £. (17689), 1In use of bacteria for Microbial

control., ‘Herctial control if insects and mites.
(Burjyres, H.,D. and Hussey, V.%W. eds). Academic
Press. London., pp. B6.



50.

51.

52.

53.

54,

55.

4

57

58,

59.

a2

Krishnemurti, U.S. ani Pal, A, (195%). 4 sote o the
comparative effect of diffcrent Llood feed on
epg production of Culex p. fatipans. Bull Nat. Soc.
Ind. Mal. Mcsq, Dis. - : 21-20.

Krywienzyk, J. and Past, P. (1930). Serslopical
relationships of the crystals of B.t var Lsraelensis
J. Invert. Pathcl, 36: 139-14),

Lebrum, V', and Vlayer, F. (1071}, Comparative stody
of the hioactivity and secondary effects of
Sacillius thurinpiensis H-14: 1In data sneet on
the biological control agent. Eocument
WHO/VBC, 79.757 ©p. 45

Lacaey, L.A. and Mulla, #,S. (1977}, Ewvaluaticn of
5.t a3 2 biccide of Blackfly larvac, (Diptera:
Birmuliidac) J:urn. Invert, Pothol. 30: 46<40,

Locey, L., Escaffre, H., Philippen, B., Seketeli, A.
and Guillet, P. (1982)., Largze river treatriont with
bacillus thuringiensis (H-14) [or the control of
Similium damncsiun s.1l. in the Onchocerciasis
conbrol Frogrammae: 1n data shect on blclorical
control agent. Docunent WHO/V3C/79.750. 45 pp.

Larget, I. /10%2). Report on the study of IPS~78
stability aftier expesiure a2t 57 C: In data sheet
on the bhiolegical control anent. Document
WRO/VDC/79.750 45 o,

Larget, 1. and Darjac de, H., (1981). The serotype
=14 of Bacillus thuringicnsis. Parasitology.
82 17-117%.

Luthy, P., Rabcud, C., Delucclie, V. and Kucnzi, M.
{1939), Tield efficacy of Bacillug thuringicnsis
var israclonsis: In data sheet on the blological
contr.l agent. Docunwat Wil0/INC/79.750. 45 pn.

Lysceko, 0. an! Xupera, M, {1671). lHero-organisms
as sources of now insccticide chemiczls: Toxins
In: Microhial contrsl of inaccts and fhiites:
.0y Uurees and M9, Hussey, =d3;, Academic Press.
London. po. 205-226.

licConnell, E. and lichards, A.G. (1959). The production
of B.t Nurliner »f a heatstable substance toxic for
insccts., Can, J. l'icrobiol. 5: 161-168.

Yelloy, D., Geugler, i, and dJarmback, H, (1901). Factors
inflvencine efficacy of Uacillus thuringiensis var
isrnelensis ag 2 hiological contral agent o
Biacklly larvace: In data sheet on the biological
control agent., Document WHO/VBC/79.750, 45 pp.




6%,

62,

63.

64,

65.

66.

67.

65.

I‘,r} -

71.

83

lewnark, P. (1073), hat chance a Malaria vaccine
(News). PMature. 302(590%): 473,

Micolescu, G. (1972}, Thc action of two forrulation
containinr B, thuric-iensis seratype H--14 on
some autochthonous mosquit: specics (Diptern;
culicidac). Archives houmainzs dc pathologie
experimentals et de 'ierchislorle. 4(1): 67-72.

Horris, J.R. (1964}, The classification of Bacillus
thiurineicnsis, J. Appl. Bacteriol. 27 h3T-hh7.

Morris, J.P, (1971}, The protein erystal toxin of
. thurinriensis: Riosynthesis -n! physical
Trructurc. 10t derobisl contral of insects and
mites. (H.D. Durzes and N.W. Hussey, eds).
Academic Press. London., pp. 2294245,

Pantuwatana, S. {1981). Laboratory cvaluation of
various formulations of L.t H-14., 1In: Data
Sheet on the Jiological Control Arents:
Mineographed document WHO/VLCT79,750. 45 pp.

Pinder, ®.M. (1972). Malaria: The desim, usec and
mode of action of chemotherapcutic asents.
Bristol: Scientechnica Ltd, pp 1-19.

Yragertphon, S, and Rishilkesh, ¥, (1979), DlYrcgress
repart on biolorical control activities carried
out from April throuzh June at WHO/VDBCU-1,
Kaduna liigeria. 1In: usata sheet on the biological
cuntrol ~goat.  Mineo;raphed docunent WHO/VDRC/T9.750.
45 pp.

OQuraishi, !1.8. (i977). BRBiochemical insect control:
It's inpact on eccrnomy, environment and notural
selectinm, A Viley intersciance mblications.
New ¥York, 230 pp.

Ramrkrishnan. M. 11953), 1In crysetal toxin; Diochemistry
and mode of acti:n, Micratial control of insects
and mites. (Turc.e, H.D. and Hussay, N,Y, eds).
Aesderic Press. London. Dp. 270,

Jemoska, W.id., cCollum, W.l., Quickenlon, K.L. and
Seckinrer, i. (1972}, Fileld test of two
comnercizlly forculation of I, thurinziensis
serotypnc H-14 apainst Aedes Masquito larvae in
Montana pasture land, Mosguito lows 43(2): 251-254,

Raun, E.S. (1963). Cornborer control with D.t

Berlincr. Iowa State Journ., Scien. _‘:i_’:
141=-150,



a4

72. rishiesh, N. and Quelennec, G, (1€83). Intrciuction
to a stanldardize method for the cvalustion of
potency of .t serotype I1-14 hased products. Dull,
Norld Health, Org. 6(1): 93-27.

T3 Sebasta, X. and Horska, K, (1968), 1In the

‘ thermostable cxotoxin of Dacillus thuringiensis
microbial contrel of inscets and mites. (Durges,
H.D. and Hussey, MN.W.) Acadomic Press., Lonlon,
pp 298,

T4, Service, M.W. {1076). Mosquito ecolozy: Field
samplings methods, Applied science publishers.
London, 523 pp.

5. Service, M.¥. (197C0). A muids to Madical Entomnlozy.
The HacMillan Press. London, 226 pp.

76. Sinegre, 5., Gaven, i, and Jullien, J.L. (1979).
Esscus ce titragzo ‘e deux poun'res prinnires
axperimentales du serotyne H-16 de Dacillus
thurineiensis par conparaison avee 1a formulation
de regerence IPS.77 eén employant de larves de

Culex wipiens et A' Aedes caspius. HMimeographed
docurmcnt - 3C/79. 788, T8 pp.,

7. Sinegre, S., Gaven, .13., ullien, J.L. ¢t Crespe, O.
(1979). Activite du serotype H-14 de Dacillus
thuringiensis vis-a-vis de principales especes do
moustiques. Anthroposhiles due littoral
mediterrancan Francais. Mimeozraphed docunont
WHO/VAC/79.743, T pr.

3, Singer, S. (1973}. Insecticidal activity of Recont
bacterial isolatcs and their toxins arainst
mosquitc larvae. “Yalure. 244(5411): 110.

79. Subra, R. {1679}, Picloaey and control of Culax pipiens
quinguernsciatus say, 1923 (Liptera, culicidae)
with special rolercnce to africa, Mineographed
document WHO/VPC/A0,741,

80, Tanzda, Y, and Reiner, C, (1962). In usec of bacteria
for nicrobinl cortrsl. Microbial control of ingects
and mites. (Durees and Hussey, eds), Acadeaglc
Pross, London, op. R2.



e1.

82,

83.

84,

85,

86.

ar.

89,

90.

25

-

Toumonoff, C., and L¢ Conroller, Y. (1959),
Contributicn & 1l'etude le lacillus cercus
Frankland and Franklan'@ cristallophoves ct
pathogenes pour les larvaec de lepidopteres. In
a critical reviow of Dacillus thuringiensis var
thurinsiensis Terliner and othor crystalloferous
bacteria. #&nn, Rev. Fotomol. 12: 207-322.

Tyrcll, D,, Davidson, 1., Pulla, L. and Ramosta,
W. (1°79), Toxicity of parasporal crystal of B,.t
subsp. israelensis to mosquitoes. Appl. Environ.
Microbiol. EE: ABR.AGR,

Undeen, A, and Nage, W, (1978). The effect of
Bacillus thurin?iensis ONR AOA strain
(Goldberg) on oimulium larvae in the laboratory:

In Dats Sheet on the binlogical control agent.
Document WHO/UBC/79,750, 45 pp.

Undeen, A. and Berl, A, (1972}, Laboratory studies
s~ on effectiveness of B.t var. israclensis de Barjac
against Sirulium dammosum, (Diptera: Simuliidae)
larvae. ~Mosquito Vews. 30: T42-745,

Undeen, A, and Colbo, ™, (1780}, The efficacy of
Bacillus thuringiensis var israelensie against
blacklly larvae (Dipfera: Simuliidae) in their
natural habitat: 1Irm data sheet on the biological
control agent. Document WHO/VBC/79.750. 45 pp.

Undeen, A., Takaoka, Y, and Hansen, ¥, (1981). A test
of Bacillus thuringiensis var israelensis de Barjac
as 7 larvicide for Simulium ochraccum Ghe Central
American vector of onchocerclasis. 1n dats shect
on the biological control agent, Document
WHO/VBC/79,750, 4% pn,

Van Essen, F. and Hembrese, 3. (1980). Laboratory bioassay
of Bacillus thuringi nsis var israelensis. against
all Instars ol Aedes taeniomynbus. larvae.

Mosquito nNews, L0:

Varkova, J, (1231). House-flyv susceptibility to Bacillus
thuringiensis var israelensis and A comparison with
the activity of other insecticidal bacterial preparations
Tn data she=t on biological control agent,
Document HEO/?BC/7QLI§Q. 45 pp.

WHN, (1982). Data sheet on the biolozical control agent.
(Bacillue thuringiensis ssrotype F-14, de Barjac).
Documen ¥ . . 4% pp,

Yamamota, T. (1982). Tdentification of entomocidal
toxins of B.t by high performance liquid
chromatography. Journ. Gen. Microbiol. 129:
2595-26030




26

1. Yoshimura, X,, Yamamota, O., Seki, T. and Ochuma, Y,

{19%2). Distribution of heterogenouz.and homologous

plasmid in Bacillus epp Appl. Environ. Ificrobiol.
46(6): 1268-1275.

g2. Youstein, A.A., Jones, M.E, and Benoit, R.E. (1982).
Development of selective/differentinl bacteriological
media for thc enumeration of Bacillus thuringienais -

serovap, israclensis (H-14) and B, sghaariCua
1593, Document WROZVBC/82.844, T pp.







