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ABSTRACT

A total of 25 Nigerian plants used locally
for different medicin=l 2nd domestic purposcs
were extracted with cold methanol before evaporation
to get the methanolic (MEOH) extracts and distilled
water fused after filtration as unevaporasted crude
water (UECW) extracts or after filtration, rotary
evaporstion and redissolving as evaporated crude
woter (ECW) extracts/. When they were tested for
molluscicidal activity, extracts of 18 (72%) of“the
plants were active on laboratory reared adult Lymnaea
natalensis Krauss. The ECW method produced extracts
that were active in 9 (36%) of the 25 plants, the
MEOH method produced extracts that were active in
13 (52%) 6f the 25 plants while the UECW method
produced extracts active in 16 (6L4%) of the 25 plants.

Probit analysis of the lethal concentration (LC)
values of molluscicidal plants showed that the ECW

extracts of Aristolochia =2lbida, Kigelia africana,

Sclerocarya birrea and Vetiveria nigritana were

significantly more toxic than those of the MECH and
UECW extracts. The MLOH extracts produced by

Boswellia dalzielii, Gnidia kraussiana (=Lasiosiphcn
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kraussianus), Pseudrcedrela kotschyi and Ziziphus

abyssinica were significantly more toxic than the

ECW and the UECW extracts, while the UECW extracts

of Acacia nilotica,EBalanites aegyptiaca, Blighia

sapida, Detarium microcarpum, Nauclea latifolia,

Polygonum limnatum and Parkia clappertoniana

(=Parkia filicoidea) were significantly more toxic

than the ECW and the MFOH extracts. The UECW

extract of Securidaca longipedunculata had about the

same toxicity with the MEOH extract, both of which
pruved significantly more texic t» adult snails than

the ECW extract.

Further toxicity tests with the UECW extracts

of 17 plants on yeung L. natalensis shuwed that

their susceptibility to these extracts also differed.

A. nilotica, A. albida, G. kraussiana, Ximenla

americana and V. nigritans which had activity on
adult snails were non-toxic to young snails, while

Cissampelos mucronata which appeared non-toxic to

adult snails was molluscicidal to young snails.

Computed X2 values of all molluscicidal plants

torether with cupper sulphate (CuSOh) controls were

ix



non-significant for heterogeneity.

Poisoning with extracts caused adult snails
either to retract into the shell or to become
swollen and extended from the shell opening,
expelling or not expelling haemolymph. These were
attributed to the mode of action of the extrscts.

Peculiar protective behavior of L., natalensis to

avoid contact with test solutions was also observed

especially with sub-lethal doses of extracts.
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DEFINITION OF TERMS

Molluscicide -

Molluscicidal -
¢§fcariciﬁal | -
Oviéidaln' .. -
P?sc;cidal ' -
Toxicology _ -

Toxicity -

A substance that 1s poisonous

or lethal to molluscs (e¢.g.
snails). It may be synthetic

or derived from plants.
Referring to e substence that is

poisoncus and lethal to molluscs
(e.g. snaila) ' '

Referring to a substance that ia
lethal and poisonous to cercarise.

Referring tc a substence that is
polsonous and lethal to eggs.

Referring to s substance that i{s
poisonous and lethal to fish.

The study of poisons and their

effects on living ocrganisms.

The degree of virulence produced

by poisons or toxicants.

Lethal corcentration (LC) - This is the concentration

xxiii

of a substance that is required
to kill a certain percentage of
the organisms within a particular

periocd of time.



DEFINITION OF TERMS (contd)

LCSﬁ - This is the concentration of
substance th~t is required
to kill SO% of the organisms
within a2 particular period

of time.

Zoonoses - Those diseases and infecticn,
which are naturally transmitted
between vertebrate animals and

man.

Zoonotic - Pertaining to zoonoses.

xxiv



CHAPTFR ONE

INTRODUCTION

The digenetic trematodes comprise a large
group of endoparasites variable in size and
shape. In their hosts, these parasites are found
practically in all the major organs causing in
varying degrees, disorders of medical and
veterinary importance. Quite a considerable
number of them are of zoonotic importance (Ulmer,
197€). Most of the important members belong to

the family Schistosomatidae and Fascioclidae.

From the standpoint of development and life-
history, the digenetic trematodes possess by far
the most complex developmental cycles among the
animal kingdom. In a typical digenetic life-cycle,
they develop through a succession of stages
utilizine two, three or more hosts: one being the
definitive host and the other(s) serving as the
intermediate host{s). In the intermediate host,
the parasite assumes various larval forms each of
which develops asexually from the preceeding generation.
It is only in the definitive host that sexual

reproduction nccurs, However, what ever the



variation in life-cycle, they have one feature 1in
“commrn i.e. all require a mollusc as the only or
one of the intermediate host{s). It is in this hnst
that the final product of asexual reproduction -
the cercarise infective to the definitive host or
the cercariae which encyst to give metacercariae
infective to the definitive hosts are produced.
Thus,. the occurrence of trematode disease is
dependent on the presernce of bhiotypes sultable for
the development of the molluscan intermediate hosts
and as such associated with specific ecological

niches.

Many fresh water and amphibious snails have
been ldentified as intermediate hosts of digenetic
trematodes of medical and or veterinary importance. .
It has been observed that there is a high degree
of specificity among trematodes in general for the
snail intermediate hosts (Wright, 1973; Malek and

Cheng, 1974).

The family Schistosomatidae includes the genus

Schistosoma which in turn includes several species

parasitic in the blood vessels of man and domesticated
animals, Human schistosomiasiz, a disease caused

by infection with Schistcsoma species 1s considered

by WHO (1965) to be the second most important human



parasitic disevase, estimated to affect about

200 million people mostly in the tropics (WHO, 1980).
Schistosomes occur almost in all domesticated
animals and sre incre=zsingly being recognised as

important pathological agents of livestock.

Trematodes belonging to the family Fasciolidae
are large flukes parasitising and causing damage to
the liver of herbivores and sometimes man.
Fascioliasis (liver rot) due to Fasciola gigantica

and Fasciola hepatica is considcred the most

important trematode infection of domesticated animals.
The economic losses resulting from fascioliasis are
enormous {Oakley, 1978), and the increzssing

frequency of the disease appears to be associated
with intensive agricultural practices including
continuous grazing and the feceding of cut foliage
from infected areas (Alicata, 1964). As well as
fescioliasis, numerous other snail-borne fluke
diseases occur especially in the tropics. Some of
them are of zoonotic importance. Among the better

known of these are species of Dicrocoelium, Heterophyes,

Pararonimus and Paramphistoamum,

Thus, the importance of snails in the propagation
of important fluke diseases of man and his domesticated

stock cannot be over-emphasized.



The aims of the present study therefore are:

(a) To screen some Nigerian plants for
molluscicidal activity.
(r) To determine their molluscicidal activity

on 12-week (adult) lymnaea natalensis.

(¢) To evaluate the spectrum of activity of
plant extracts molluscicidal on L.

natalensis at 100 parts per million (ppm).

(d) To cumpare the toxicity of extracts with
copper sulphate (Cusoh).
(e) To determine the molluscicidal activity of

Unevaporated crude water (UECW) extracts

on 2-week (young) L. natalensis.

The objective was to discover indigencus plants
that may be readily available within the reach of
most rural communities, and probably cheaper for

use in control of snail-borne diseases.



CHAPTER TWO

LITERATURE REVIEW

2.7 Control of Snail-=Eorne Diseases

Compared with many other parasitic diseases,
little overall progress has been made in the
control cf snail-borne diseases both in man and
livestock. It is only in a few areas that
substantial progress has been made. The objectives
of cuntrol of any disease may be simple cuntainment
of the spread of infection, a reduction in morbidity
or a significant reduction in a transmission resulting
in decressed morbidity, severity and prevalence.
Control methods often used include chemotherapy,
heslth education of the human population, binlogical,
environmental, chemical and integrated control methods

of snail intermediate hosts.

2.1.17. Chemotherapy

Mass themotherapy involves treatment of all
infected people within the population with appropriate
drugs at specific dosage and frequency of administration

(WHO, 1660, 1980). This approach has been used in a



number of schistosomiasis control programmes as
summarised by WHO (1980) which resulted in the
decrease in prevalence. According to WHO (1980),
Niridazrle in combination with tartar emetic in

Egyrt reduced morbidity from 45.7% in 1968 to 6.2%

in 1977 while Niridazole together with hycanthone
were found to give good results in Swaziland and

in Tunisia, 91.9% success was repnorted over an 8-year
control peried, while oxamniquine in Venezuela gave
92% curative measure nver the same period. Inspite
of these encouraging results, this method has some
disadvantages., Firstly, although output of eggs

from infected individuals are reduced which in turn
reduces transmission, reservoir hosts may directly

or indirectly pollute the water with eggs of the
parasites and thus maintain a high level of endemicity
(Malek & Cheng, 1974). Secondly, the drugs have

some side-effects on the infected individuals.
Niridazole and hycanthone are potential carcinogens,
and Niridazole also has a cytogenetic action on
spermatogenesis (WHO, 1980). Oxamniguine prnduces
dizziness, drowsiness, headache, vomiting and
diarrhoea (Davis, 1973). In the past chemctherapy
for livestock fascioliasis involved the use nf carbon
tetrachloride which was later abandoned due to its

poisonous nature. Thirdly, most of the drugs are



expensive and may not be affordable to poor countries.
For example, hexachloruethane and hexachlorophene

used In the treatment of cattle and sheep fascioliasis
(Soulsby, 1982), apart from not always being available

are also costly.

2: 725 Healtthducatinn

Health education has been integrated into all
successful schemes of control of parasitic diseases.
In Epgypt, Sudan and Zimbabwe. Where great stress has
been put on health educatien in an attempt to centrol
schistosomiasis, the strategy was directed at the
population at risk, the five-year old age group
(Gana, 1979; Pugh, 1979). This took the form of
pasters and lectqres. However, this met with
considerable difficulties due to high illiteracy
rate. According to WHO (1980), effective healith
educ-ation programmes for schistosomiasis control
should promote active community participation,
establishment of water supply through self-help
projects and communal cooperation with health
authorities in reducing contact with infested water,
However, in mecst localities at risk, it may be
impracticable tc recommend this due to the fact

that couple with poor finance, the very existence of



the community depend on the use of infested water

bodies for house-hold uses and cultivation of crops.

2.2 Snail Control

A11 methods used to prevent or eradicate snail-
borne diseases depend upon interrupting the life-cycle
of the parssite in such a way ss to break transmission.
Evidence indicates that snail control is the most
effective single measure of control of snail-borne
diseases as the snails represent the weakest 1link
in the life-cycle of the parasites (WHO, 1960).
However, complete eradication nf the snail intermediate
hosts may be extremely difficult because of their
high intrinsic rate of proliferatinn, dispersion
capabilities and genetic variation (WHO, 1980);
but there is the possibility that transmission could
be prevented by reducing the snail population density
below a certain threshold. Goffman and Warren (1970)
tbserved thet if the density of susceptible snails
falls to the critical level, then the disease will
decline. OScme degree of snail control may be
achieved by a wide range of measures involving
biclogical, environmental, chemical and integrated

approaches.



2.2.1. BEBiclongical Cuntrol nf Snails

Biological contrecl is based on stress praduced
by other organisms which compete with, prey on or
parzsitize the snail intermediate hosts. Predators

and comrpetitor snails such as Lininogeton fibri,

Marisa cornuarietis, Tereba granifera and Pomacea

haustrum compete as voracious feeders with adult and

also ingest erg masses and young Biompbalaria glabrate

in Puerto Rico (McMullan, 1973). Fish e.g. Clarias

gariepinus and Tilapia and ducks are other potential

agerts in East Africa and Nigeria,.(Cowper, 1971).
Similarly, parasitic fungi, leeches, nematodes,
oligochaetes and trematodes serve as control agents

against snails of the genera Austrolorbis, biouphalaria,

Bulinus and Helisoma (Malek and Cheng, 1974). The

possibility of using schiomyzid larvae to control
Lymnaea snails has been reported by Berg (1964).
Accurding to this worker, larvae of this insect prey
exclusively on Lymnaea snails than those of related

grcups Phernaea dorsata, Sepedon macropus and Pheidole

megacephala.

One drawhack in the use of biological control
in reducing snail population is that they have been

mostly based on the results of laboratory experimenis.
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Urder laboratory conditions however, the biological
balance is disturbed to the disadvantage of the

snail, and, therefore in nature where this imbalance
does not occur, it seems unlikely that these parasites
and predators are effective in exterminating the
snails. There may be, however, some reduction in

the populatisn density.

2.2.2v Environmental Control of Snails

This is effected through altering the habitat
necessary for establishment of snail colonies and
thus either eradicating them or considerably reducing
the size of the population, Some of the methods used
is to drain or fill in and dry out all unnecessary
bodies of water; increasing the speed of flow of
streams; clearing vegetation from banks and

pruovision of concrete linings to irrigation cannals.

This technique bhas been particularly effective
in Palo, Leyte, Philippines and Japan where engineering
and impruved agricultural methods in endemic foci
eliminated many snail colonies with 95% reduction of
total snail pupulation (McMullen, 1973). Stool assay
vf the 1ncal population made before and two years after

control was started showed a decrease in prevalence
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in all age groups; with 77% success in the under

five years' sge group. Similerlv, in Iraq, Kenya,
Ghana, and Puerto Rico, well~-designed and constructed
irrigaticr and drainage systems, gond water
management, careful maintenance of canals, especially
weed contral and improved agricul tural practices
successfully reduced shail populatinns (WHO, 1980).
However, the drawback in the use of this technigue

is that snails can withstand 1ﬁng perinds of
dessication and are able to repopulate the habita®

within a short period after water has returned.

2+.2.3. Cremical Control of Sneils

Chemical contrul empluys several synthetic
molluscicides such as Niclosamide (Bayluscide),
Copper sulphate (Cusoh), sodium pentachlorophenatz
(NaPCP) (WHO, 1965). Control by molluscicides is
a rapid and efficient means of reducing or
elimin~ting snail population and has been reccrmended
to be among the method of choice for snail control
programmes (McCullough et al., 1980). Niclosamide and
NaPCP are both molluscicidal and onvicidal with
encouraging results obtained in field control

programmes in Egypt, Sudan, Arabia, Swaziland,
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Tanzania and Tunisia (McCullsugh et al., 1980; WwHO,
1980), They are also selective in action by not
affecting non-target organisms (WHO, 1960). One nf
the prublems associated with the use of mnlluscicides
iz that of resistant strains of snails developing as
pointed out by (WHO, 1980)+« Furtherm-ore some of them
e.g. NaPCP are irritating to the handler. The
activity of NaPCP is also known to be reduced by
brignt sunlight hence reducing its effectiveness
under tropical conditions (WHO, 1960). CuSQ,,
though less piscicidal, is corrosive to equipment,
ineffective at high pH, non-ovicidal and readily
absorbed by soil and organic matter (Ritchie, 1973).

2.2.4:. Integrated Control of Snail-korne

Infections

Integrated control employs a combination cf
two or more of the current measures to meet the
basic health needs of the local people. Fur example,
chemotherapy may be combined with snail control,
supply of portable water and health education,
to achieve better results. This approach uffers
the best way “n snail control programmes because it
utilises the advantages and minimises the disadvantages

of other contirol methnds.
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2.2.5. Plant Molluscicides

In viewr of the grave disadvantages of using
chemical mnlluscicides and limitatiens of nther
apprnaches, it is clearly important that serious
consideration be given to melluscicides cof plant
origin. This is an aspect of snail centrol that
has of recent been receiving greater attention since
Lemma (1965) nbserved high mortality of Schistosome=-
transmitting snails in natural bodies of water where

Phytolacca dodecandra (Endod) had been used.

In Nigeria, evaluation of vegetable molluscicides
embracing many traditional medicinal plants has been
carried out by Adewurni and Safowora (1980) who showed
that 23 (12.7%) of the plant extracts they screened
were molluscicidal i.e. giving 100¥% mortality of
laboratory bred Bulinus (Physopsis) globesus. They

also observed that molluscicidal activity was not
limited to or more pronounced in any particular

family or morphological part ~f the tested plants.
Ancther preliminary investigatinn on Ambrosia maritima
has also been reported by Ebele (1987). Water extracts
of this plant at 50C ppm were found to be lethal to

B. globosus., Similarly, Alternanthera sessilis, a
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soap making aquatic plant commonly found in fresh
water has been reported to be lethal to B, globcsus

(Ndifon, personal comrunication).

An extensive laboratory and field evaluation

of the aqueous and methanolic extracts of Tetrapleura

tetraptera was carried out by Adewumi et al. (1980)

in a Schistosomiasis control project at Fasina and
Aduni-Abon, Western Nigeria., The methanolic extracts
gave encouraging results of being stable under fileld
conditions with little mammalian toxicity and ne~
phytotoxicity. In another field trial it was found

that Calliandra portoricensis though molluscicidal

was also highly piscicidal (Adewumi & Marquis, 198%),

A host of other tropi-al plants either those
used in African traditional medicine or species
closely related to them have been found to be

molluscicidal. The fruits of Bzaslanites aegyptiaca

used as food in Nigeria and other African countrles
(Dalziel, 1937) and as a fish poison (McCullough et al.,
1980) was shown to have some activity against B.
planorbis {Archibald, 1936) and B, glabrata (Plank,
1945). Its activity on B. (P.) globosus was confirmed
in Migeriz by Adewumi and Safowora (1980). Another

clrsely related plant Balanites maughmii was lethal
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to B, (P.) africanus and L. natalensis in South

Africa ('v.agnc-r, 19.’56)'

Acacia, Pithecellrbium, Parkia and Prusopis

species the seed of which give high quality protein
and are consumed throughout tropical Africa (Dalziel,
19373 Telker & Bandurski, 1979) exhibit toxicity to
srails (Kloos & McCullough, 1982). The leaves of

Ximenia americana (Adewumi & Safowora, 1980),

Dichrostachys glomerata (Jordin, 1970) the fruits of

which are eaten in tropical Africa, and the leaves

of Lophira alata, sought for the cil in the nuts are

also lethal to snails (Kloos & McCullough, 1982).

The shell ,f the cashew nut (Anacardium sccidentale)

in an hexane extract, killed young and adult E.
glabrata and their eggs at very luw concentrations

(Pereira & Suine, 1974; Sullivan et al., 1982).

Other-plants with molluscicidal properties

include Phytolacca dodecandra (Endod) which is used

as soap =and traditional medicine in Ethiopia (Kl>os,

1976, and Sapindus saponaria (Mozley, 1939; Medina

& Woodbury, 1979; McCullough et al., 1980), Polygonum

senegalense (Dossaji et al., 1977), Entada phaseoloides

(Yasuraoka et al., 1977), Schima argentea, Swartzia

madagascariensis (Mozley, 1939), Calliandra
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purtoricensis (Adewumi & Safowora, 1980) which is

used as fish poison. The seed of Croton macrnstachys

and Croton tiglium used as a purgative and antihelminthic

in Sudan were found to be molluscicidal (Daffala &

Amin, 1976). Similarly, Ambrosia maritima used as

an antispasmodic in colics, as a diuretic (Sherif &
El-Sawy, 1962a) and as a remedy for hzematuria in

S. haematobium infections in Egypt (Kloos & McCullough,
1952) have been used in community-level snail control
programmes (Sherif & El-Sawy, 1962b,c). Withania
samnifers, a household medicine in Ethiopia (Kloos,
1976) which also contain an anti-tumor and anti-
arthritic stercid lactone (Fuegner, 1973) is a
potentizl plant molluscicide to B, globosus in Ethiopia
(Kloos & MeCullough, 1982).

Watt and Breyer-Brandwizk (1962) have pointed
out that few plant species screened for molluscicidal
activity bave already been studied chemically and
pharmacologically. Some of the traditional medicinal
plants have been studied and the chemical basis of
their action outlined, For example, Ambrosin, damsin
and tribromodamsin are responsible for the molluscicidal

action of Ambrosia maritima (Abu-Shady & Soine, 1953).

Similarlv, flavonol glycoside, a cynogenic compound

is the active material of Polygonum senegalensis
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(Dossaji et al., 1977; Hustettmann et al., 1982),
while the triterpencid saponin, ouleanolic acid
glycoside has been reported to be the active
material responsible for the molluscicidal action

of Phyiolscca dodecandra (Parkhurst et al., 19743

Hostettmann et al., 1978). Ocher plants whose
molluscicidal activity are due to saponins include

Derris elliptica, Agava sisalana, Bnlanites aegyptiaca,

Entada phaseoloides, Swartzia madagascariensis,

Schima argentea and Sapindus saponaria {(McCullough

et al., 1980). In Egypt, Bergapten in Amni magus

has been shown tc be as active as NaPCP, and safe

to handle (Abdulla et al., 1977).

The vast majority of the wurld's screened

plant molluscicides were mainly tested on Schistosoma-

transmitting snails (Kloos & McCullough, 1982) with
only 2 1little work being done on Fasciola-transmitting
snails. This may be partly due to lack of awareness
on the increasing econoumic loss due to fascioliasis
(Babalola & Schillhorn van Veen, 1976; Oakley, 1978;
Al~nge & Fasanmi, 1979; Kela, 1982) ur the assumption

that such plants screened un Schistosoma-transmitting

snails may also have activity on Fasciola-transmitting

¢nails. This may not be so as Lymnaes truncatula

(Taylor, 198l ) and some strains of L. natalensis
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are semi-aquatic and may exhibit different
protective behavior in test solutions from the

aquatic Biomphalaria and Bulinus snazil intermedlate

hosts »f schistosomiasis. Moreso, different species
of snails vary in susceptibility to different
molluscicides (lLemma, 1970; Dnssaji et al., 1977);
and technicues used for the control of one snail
host may not be effective for another even of the
same penus (WHO, 1965). It is essential therefore
to undertake the screening of more Nigerian plants
to evaluate their molluscicidal activity on L.

natalensis.




CHAPTER THREE

MATERIALS AND METHODS

3.17. Laboratory Procedures fur Snails

3.1.1. M-intenance of L, natalensis

Egg-laying adult specimens of L, natalensis

(shell length, 1.5 to 2.0cm) were obtzined from
Ahmadu Eello University Dam, Zaria. These were
maintained in three 101 plastic bath tubs that
were two-thirds filled with untreated dam water.

Weeds (Eloidea species and Pistia stratiotes) were

flaated oa the water to provide shelter and

oviposition sites for the snails.

Fresh lettuce and *purine dog chew were added
as feeds for the snails and silt added with these
feeds for mechanical digestion. Decayed lettuce
and faecal droppings of the snails were removed
daily and the water was changed twice weekly. Air
was bubbled into each bath for 3 hours daily by

means of two **HYFLO air pumps. Water temperature

*Pfizer livestock Feeds Limited, Ikeja.

**¥Medcalf Bros. Ltd., Cranborne R.ad,
Potter Bar Herts, EN6 3JN, England.
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temperature varied between a8 o 27%,

3.7¢2. Breeding of L, natalensis

At weekly intervals, the bath tubs were
drzined and erg masses removed and transferred into
a glass squarium set up as described by Shonekan
(1961) for hatching. The aquarium was observed at
weekly intervals for emergence of young snails which

usually took about two weeks.

L. natalensis were grown in two 451 fibre-glass

centaining a loosely packed mixture of washed pebbles,
gravel and mud-free sand at the bottom to a depth of
about 15mm. The aquaria were then filled to about

& capscity with untreated dam water from Abmadu

Bello University Dam, Zaria. Eloidea weed, Pistia

stratiotes and young aguatic sedge were introduced

as shelter for the young snail and lettuce and a
mixture of purine dug chew were added as food. To
improve the shell cuality of the snails, 0.15gm
calcium carbunate (CaCOB) was added per litre of
water at weekly intervals as recommended by van
Someran (1946). Aeration of the aquaria was done
daily for the first five weeks and stopped. Snails

avaraging 12mm shell length were obtained in 12 weeks
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and these were used for the toxicity tests.

3.2. Procedures involving Plants

31.2.,1., Cellection of Plant Material

Plant material to be screened were collected
frum Bauchi township, Billiri-Kufai, -Dongol, Giricili,
Nabordo, Tanglang and Yuga in Bauchi State and Samban,
Samaru and Zonkwa in Kaduna State. Information on
plant material was obtazined by interviewing traditiunal
herbalists and Fulani herdsmen. Information were
sought on;

(a) Plants used as s»ap

(b) Plants used for fishing

{(c) Plants used for both (2) and (b) above, and

{(d) Plants used in traditional medicine.

Vernacular namee and parts of the plants used
in traditional usage were documented. Twenty-five
specimens of plants were collected with the aid of
the local herbalists and preserved in a plant press.
These were sent to taxonomists at the Department
of Biological Sciences, Ahmedu Bello University Zaria

and Bauchi campuses for proper identification.
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3.2.2. Preparation of Plant Material for

Extraction

As much as possible, only plant parts specified
for the traditional usage i.e. bark, flowers, leaves,
pods, roots and stem were collected and dried on
cement slabs under shade. The dried plant -
parts were then pounded to powder in a wooden mortar
and then stored in labelled containers. Fresh (wet)
samples of leaves, roots, and stems were pounded
immediately after collection before mixing with

methanol or distilled water.

3.3.0. Extrsction and Evaluation of Plant Material

Three methods were used for extracting plant
material, namely:

a. Evaporated methanolic method

b. Evaporated crude water method, and

c. Unevaporated crude water methud.
Extracts recovered from these methods are referred
to as methanolic (MEOH), evapurated crude water
(ECW) and Unevaporated crude water (UECW) extracts

respectively.



3.3.17. Evaporated Methanolic Method

The pounded plant material was mixed with
methanol in the ratio of 1:5 weight per volume (W/V)
as described by Ibrahim et al. (1984) in 11 reagent
bottles, conical flasks or measuring cylinders and
allowed to stand for U8 hours at ambient temperature.
The supernatant was decanted and filtered first
through two layers of cheese cloth inserted in a
2.0mm mesh gauze and finally through a 0.42mm mesh
gauze, The filtrate was concentrated to dryness
in vacuo at 50°C using a rotary evaporator coupled
to a thermo-regulator, Extracts obtained were
scraped and stored in labelled specimen bottles in

a refrigerator.

The pounded fresh (wet) fruits, leaves and
root were’ weighted and mixed at the ratio of 1:5 W/V
with methanol, after which they were similarly

filtered, evapurated to dryness and stored.

3.3.2. Water Extraction

This was done with slight mcdification of the
method of Ibrahim et al, (1984). Pounded plant

materizl was mixed with distilled water at the ratio
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of 1:5 W/V and allowed to stand for 48 hours at
ambient temperature. The suspension was filtered
using the same procedure adapted fur the methanolic
method and divided into two portions for the

evaperated and unevaporated crude water methods.

3.3.3, Eveporated Crude Water Method

The weight of the empty rotary evaporator
distillation flask was recorded and a known volume
of crude agueous extract from each sample was
introduced and evaporated to dryness at 80°c using
the procedure described for the methanolic method.
The total yield of evaporated crude extracts was

then worked out.

3.3.4. Unevaporated Crude Water Method

The UECW extracts were prepared by negative
extrapolation from information ubtained through
evaporating known volumes of crude agueous extracts
s above. Corresponding vnlumes of each sample
equivalent to 1000ppm were wurked vut by diluting
with appropriate vulume of distilled water. Efforts

were alsc made to prepare different concentrations
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of each sample immediately for the screening tests
as soon as weights of evaporated crude water extracts

were known.

3.4, Prepsration of Stock Solutions

A gpram of each evaporated ervtract wAs dissolved
in a 1itre of distilled water to give a concentration
of 1000mg/1 or 1000ppm which served as the stock
solution. For the Eggﬁ ﬁgﬁﬁggts. concentrations
eguivalent to 1000ppm7/out from information ubtained
in the evaporated crude water method or by comparing
weights of equal volume of extracts with that of
distilled water (rough estimate) for the three
samples that could not be concentrated. Other

concentrations used for the tests were serially

diluted from the stock solutions.

The extracts were used immediately for

toxicity tests in order to avoid loss of potency.

3.5. Toxicological Prucedures

For the toxicity tests, WHO (1965, 1983)
stand=rd procedures for preliminary screening of

plant for molluscicidal activity were followed.
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For each test concentratien, four replicates of
five snails eacl) were used. Because of non-
availability of Niclosamide as recommend by WHO
(1981) as a reference molluscicide, Cusoy was used
as the reference molluscicide and, distilled

water and untrested dam water used as controls.

Fafore each test, the snails were washed in
distilled water and blotted dry with "Whatman"
filter paper. They were then exposed in the test
or control medium for a 2lj~-hour period. Observations
for peculiar protective behavior of the snails were
made at hourly intervali At the end of each
exposure period, snails were washed with distilled
water and put in 150ml1 fresh distilled water for a
recovery period of LB hours as recommended by Lugt
(1681). Mortality was confirmed by failure of heart-
beat observed by shining light from the bottom of
each experimental container using dissecting
microscope and failure of snails to retract into their
shell when touched with a needle after the prescribed

I48-hours recovery period.
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3,5 Statistical Analyses

For screening of plant extracts on 12-week

old 1 . natalensis, the total number of replicates

used for each concentration was four and the
total number of snails in ail the faur repl'icates

of each cuncentration was 20.

Percentage mortality for each replicate of
a cuncentration is given by:

No. dead x 100

Nu. exposed
where No. exposed = 5.

For serial dilutions used in determining
lethal concentration values of extracts, the 20
snails exposed in all the four replicates were

used.

Percentage mortality is given by:

No. dead x 100
No. expused

where No. exposed = 20.

This was done tuv avoid fractions in tke
numbers of dead snails since mortality rates have

to be in whole numbers for the attachment of the
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95% fiducial limits according to the method

described by Tallarida and Murray (1961).

For screening of UECW extracts on 2-week

0ld L. natalensig, ten snails were used for each

of the 10 different concentrations of extracts.

Percentage mortality for each test is given

by the same formular as for adult snails.

Mortality data for lethal concentration
values for all tests were cunverted to probit as
described by Litchfield and Wilcoxcon (1949); and
the fiducial limits of the lower and upper LCSO
at P = 0.50% were obtained as outlined by

Tallarids and Murray (1981).

The relaticnship of Log-concentration-mortality

(protit) was plotted for the different extracts.



CHAPTER FOUR

RESULTS

4«1 Plants Collected for Screening

Informztion was obtained non 50 plant species
based on their use in soap-making, fishing and
traditional medicine. Twenty-five plant species
(sce plates I = XXV) from 23 families were
collected for screening.

Informatiun on the plants is given in Table 1.

4+2. Plant Extracts

h.2.1. NEOH Extracts

Four of the 25 plants extracted in methanol
yielded cily gelatinous extracts which separated
into an upper light layer and a luwer dense layer
after four weeks of storage in the refrigerator.

These included the fruit of Blighia sapida, the

roots of Aristolochia albida, Cissampelns mucronata

and Vetiveris nigritana. The so0lid extract frum

Cissus gquadrangularis after extraction became liquid

«fter about four weeks storage in the refrigerator,

29



30

while the s0lid extracts from the rest of the
20 plants remained in their original solid state
even after refrigeration. This suggests that

they can remain stable when stored for sometime.

.2.2. ECW Extracts

Of the 25 plants extracted by use of this
method, 20 yielded solid extracts. Two of these,

Gmelina arborea and V., nigritana yielded solid

extracts which became liquid after about four
weeks of refrigeration. Twu of the plants

Aristoluchia albida and C. mucronata yielded oily

extracts. B. sapida and Opilia celtidefolis which

produced fuam 2nd C. gquadrangularis which was sticky

and mucoid could not be concentrated in vacuo.

Seven of the plant extracts obtained by use of
all the three extractiun methods foamed when shaken.

These were the bark of Balanites aegyptiaca and

0. celtidefolia, the fruit of B. sapida and Luffa

cylindrica, the root of Securidaca longipedunculata,

the pod of Acacia niloticea and the leaves of Vernonia

amygdalina.

Extract from Gnidia Kraussiana caused strong

burning sensation on the mucous membrane of the
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eyes and nose while those uof the bark of Detarium

micrccarpum, Kigelia africana, Pseudocedrela

kotschyli and the pod of Parkia clappertoniana

procuced characteristic irritating smell and caused

sneezing in bhumans.

L.3, Testing for Molluscicidal Activity

Details of the tests arc given in Table 2.
Using WHO (1965) standard, extracts of 18 (72%)
of the 25 plants produced by all three extraction
methods were mulluscicidal as can re seen from
Tables 3-5. The ECW method produced extracts
that were active in 9 (26%) of the 25 plants,
the MEOE method produced extracts that were active
in 13 (52%) of the 25 plants while the UECW method
produced extracts that were active in 16 (64%) of
of the 25 plants. Molluscicidal activity does not
appesar to be limited to any morphological part of
the plants tested nor is it restricted to any

plant family.

In five of the 25 plant extracts produced by
all three extraction methods were molluscicidal.

These include the bark of B, acgyptiaca, Boswellia

dalzielii, D. microcarpum, and Ximenia americana
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and the pod of P. clappertoniana, while in 10 of

them i.e. the bark of K. africana, Pseudocedrela

kotschyi and Sclerocarya birrea, the fruit of

B. s=2pidaz tne leaves of Pulygonum limnatum, the

pod of 2. nilutica and the roots of A. albida,

-
f—-

G. kraussiana, S. longipedunculata and V. nigritana

wt e
——

were molluscicidal with extracts produced by two
methods.
In the case of the bark of Nauclea latifolia and

0. celtidefolia and the rcot of Ziziphus abyssinica,

only extracts produced by one extraction method
were molluscicidal., Extracts of the rest i.e. the

bark of Anuvgeissus 1 igocarpus, the flower of Cmelina

arbores, the fruit of L, cylindrica, the leaves of

V. amygdalina, the pod of Posopis africana, the

roots of C. mucronata and C. quadrangularis were

not molluscicidal when obtained by any of the three

extraction methods but all except V. amygdalina

appeared molluscicidal at higher concentrations
with =t least one of the extraction methods

(Table 2).

Extracts from N, latifolia, V. amygdalina and

V. nigritana precipitated after about an hour of
introduction of snails into their solutinns, which

sugeests rapid degradation of these extracts
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probably by snail mucous. This phenomenon was not

observed with extracts from the remaining 22 plants.

It was observed that most snails dropped to

the bottom of test solutions of E. aegyptiaca,

B, sepida, L. cylindrica, O. celtidefolia, S.

longipedunculata and V. amygdalina but crawled out

of extracts of A, nilotica, D. microcarpum, P.

clappertoniana, P. limnatum and X. americana.

Pnisoning with the extracts caused the adult
snails either to retract into the shell (Plate XXVI)
or to become swollen and remain extended from the
shell opening (Plate XXVII) and expel haemolymph
(Plate XXVIII). The former response was seen with

extrects of A, nilotica, A. leiocarpus, A. albida,

C. gquadranpularis, G. aborea, L. cylindrica, N.

latifelia, S. birrea, V. amygdalina, V. nigritana,

X. americana and Z, abyssinica. The latter

respunse is seen particularly with extracts of the

other 13 plants and those cf E., aegyptiaca, B. sapida,

G. kraussiana, 0. celtidefnlia and S. longipedunculata

as well as CuSOh.
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L. Determination of Lethal Concentration

(LC) values

E tracts from plants thet were molluscicidal
i.e. producing 100% mortality at 100ppm by each
extraction method were diluted serially and more
rigorous toxicity tests were evaluated with 12-week

old L. natalensis. Detailed mortality data from

these tests together with their pr>bit transformstion
(Litchfield and Wilcoxon, 1949) are shown in

Appendices 1 - 3.

Results of statistical a2nalysis of the
lethal concentration values fur extracts produced
by 3ll three extraction methods are shown in
Tables 6-8 from which it can be seen that there
appear to be significant differences between the
lethal concentration values of the different extracts.
These differences also exist fur the same plant
between extracts obtained by different extraction
method. In contrast tec the reference standard

(CuSOLL svlution) showed constant LE values.

L.y.1. MEOH Extracts

From the results presented in Appendix 1, it

appears that mortality varies with cencentration of
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MEOH extructss This is also evident from Table 6
which shows the results of the statistical
analysis of lethal concentration values of each

extract.

On the basis of LCSO fiducial limits (P=0.05%)

it appeers that extracts of the pod of P. clappertoniana

are the most toxic of 211 those tested. However,
their degree of toxicity was nut statistically
significantly different from that of the back of

B. aegyptiaca as can be seen from the overlap of

their LC50 limits. Similarly, no statistically
significant difference in toxicity was noticed

between extracts of B, dalzielii, D. microcarpum

and G. kraussiana which also appear to be less toxic

than P, clappertonianz and B. aegyptlaca. B. sapida

though significantly less toxic than the abuve five
plants is mure toxic than the remaining seven plants
based on L350 as shown in Table 6., There is no
statistically significant difference between the

toxic effect of 8. birrea, S. longipedunculata,

P. limnatum and X. americana =s shown in the same

table which are less tuxic than P. clappertoniana

to B. sapida. The last three plants, P. kotschyd,

Z. abyssinica and A. nilytica are statistically

significantly different from each other in their
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degree of tcxicity which decreased in that order.
However, none of the 13 plants is more toxic than
CuSOLL solution which hzs the least LCSO value of
0,75 (0.66 - 0.84) ppm.

The slope function effect for the extracts
are nearly all the same, varying from 1.06 in

A, nilotica to 1,70 in G. krezussizna (Table 6).

The implication being that increase in concentration

of these extracts may produce about the same

mortality rates.

All the Xz values were nut significant for
he terogeneity, suggesting that the mortality data
of Appendix 1 is not heterogenous. The log-
concentratiun-probit lines plotted from test
data of Appendix 1 are shuown in Figs 1 - L. The
lines indicate a linear relationship between log-
concentration and mortality (probit scale) for each

extract.

L.h.2. ECW Extracts

Results for the above extracts are presented in
Appendix 2, and the computed lethal concentration

values are shown in Table 7 from which it can be seen
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that there are marked differences in toxicity of
extrects to snails. This is clearly seen from

the results of statistical analysis of the lethal
concentration values. The LCBO values vary from

€.13ppm in B. acgyptiaca to 45.37ppm in K. africana.

These values are higher than 0.75ppm for CuSOh
solution thus indicating that these plants are less
toxic than CuSOh. Similerly, the 1.07ppm LC90
value of Cusoh indicates bhigher toxicity than
those of the tested extracts which varied from

8.54ppm in B, aegyptiaca to 65.51 ppm in K. africana.

B. aegyptiaca and P, claprertoniana produced the

most toxic extracts, folluwed by V. nigritana,

D. microcarpum and S. birrea, then X. americana

and B, d=lzielii in that order.

Extracts of A. albida are significantly less toxic
than those of all the above plants, and more toxic
than those of K. 2fricana. Extracts of all the nine
mulluscicidal plants extracted by the ECW method were

less toxic than CuSUh (reference molluscicide).

The slope function of log=-cuncentration and
mortality (probit scale) varies from 1.12 in A,

albida to 1.86 in D, micrccarpum. All the computed

X2 values are not significant for heterogeneity

implying that the mortality data are consistent.



38

Figs 5=7 compare the slopes of the log-concentration-
probit lines using the date of Appendix 2. Extracts
of A, 2lbida and V. nigritana both produced steeper
slopes than both CuSCh snlutinn and the remaining

extracts.

L.i.3. UECW Extracts

Mortality data for snails due to these extracts
are shown in Appendix 3, with the computed lethal
concentration velues presented in Tzble 8. There
are statisticelly significant differences in LCSO

values which range from 3.40 ppm in P. clappertoniana

to 77.82 ppm in P. kotschyi, 2ll of which are
statistically sipnificantly different from that of
Cusoh which was 0.75 ppm.

Based on the LCg limits (P=0.05%) as shown in

Table 8, extracts of P. clappertoniana is the most

toxic though not significantly different from those

of E, segyptiaca and D. microcarpum because of the

uverlap in the loawer and upper limits. Toxicity
nf the extracts decressed down the table from B.

sapida, P, limnatum, O, celtidefolia and A, nilotica

with their LCSO limits also overlapping, suggesting
that the difference in their respective LC50 values
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is not statistically sigmificant within the greup.

X. zmericana and S, longipedunculata is less toxic

them the above eight plants. Others are B. dalzielii,

N, 1=tifolin to V. nigritana; G. kraussiana and A.

albida; K. 2fricans down to the least toxic of all

the extracts, P. kotschyi.

Toxicity of UECW extrac.s decreased with
increase in concentration., It also varied with

species being highest in P. clappei toniana, followed

by B. aegyptiaca then D. microczrpum in the order

as shown in Table 8. Hewever, all these extracts
were less toxic than CuSOh solution, the reference
molluscicide as can be seen from LCSO values shown

in Table 8.

For most of the extracts, the slope function

values fell between 1 and 2, except B. aegyptiaca,

P. clappertonizna and S. longipedunculata, for which

they were greater than 2. As with the MEOH and ECW
methods, none of the calculated X2 valuee is
significant as can be clearly seen from the plot

of log-concentration versus mortality (probit scale)

shown in Figs 8-11. For P. clappertoniana, B.

aegyptisca and D. microcarpum, whose extracts were

more toxic than the ather extracts, the plots were
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fairly linenr and the slope flat while A. ~
albida, K. africana and P. keschyil which were
less toxic than the first three plants above, the

-

slopes were steep.

4.5 Comparison of toxic effects of extracts gn

adult L. natalensis

Toxicities of extracts obtained by the three
extraction methuds are compared in Table 9 using

the LC limits (P = 0.05%) of all the 18

“50
molluscicidal plants. It can be seen from the
table that the toxicities of nearly all UECW
extracts were statistically significantly different
from those of extracts produced by the other two
methods. Nine of the 18 plant extracts produced

by the UTCW method showed significant increase

in toxicity over both the MEOH and the ECW extracts.

These include P. clappertoniana, b. aegyptiaca,

D. microcarpum, X. americans, B. sapida, P. limnatum,

A, nilotica, N. latifolia and Q. celtidefolia. The

UECW extract of S. lungipedunculata had about the

same toxicity with thet obtained by the MEOH methud.

The MEOH extraction method produced the most

toxic extracts in B. dalzielil, G. kraussiana,
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kotschyi and Z. sbyssinica. The ECW extracts

E.

cf A, 2lbida, K. africana, S. birrea and V. nigritana
were more toxic than extracts nf the same plants

produced by the MEOH and ECW methods.

Figs 12-16 show plots of log=-concentration
against mortality (precbit scale) fer extracts of
five plants which proved to be molluscicidal when
produced by all the three extraction methods as
shown in Tables 3-5. In all cases the plots were
linear snd in the case of the MEOH and ECW extracts

of B, aegyptiaca the slopes were similar to that

of CuSOu as shown in Fig 13. This implies that
eoual concentrations of extracts and CuSOLL may give
equal mortality. This 2lso apply to the UECW
extract of B, dalzielii and the control (CuSOh)

as shown in Fig 14, and the MEOH extract of

X. americana and Cu.‘:JOLL (Fig 16). In contrast,

the slrpe for the UECW extracts of B. aegyptiaca

(Fig 13), P. clappertoniana (Fig 12) and D. microcawpum

(Fig 15) are flatter than that of Cusoh the standard

molluscicide.

L.6 Effect of UECW extracts on 2-week old
L. natalensis

Susceptibility of 2-weeks old L., natalensis

was evaluated by diluting each extract 10-fold and
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exposing 10 snails to each dilution. Details
of the tests are presented in Appendix 4 and
the results are summarized in Tables 10 and 11
frem which it cen be seen that five plants i.e.

A, nilotica, A, albida, G. krzussiana, K americana

and V. nigritana which were molluscicidal to adult
snzils =t 100 ppm, were not active at the same
concentration on yuung snaeils. The results
further revealed that the other extracts though
molluscicidal =2t 100 ppm on both adult and young
snails, differ in their toxicities to young snails
as shown by results of the LC values presented in
Tables 8 and 11. C. mucronata though not
molluscicidal on adult snails at 100ppm (Tables

3 - 8) was toxic to young snails at this

concentration (Table 10).

The LC50 values range from O.46 ppm in
P, clappertoniana to 61.50 ppm in B, dalzielii

and the LC values from 1.33 ppm also in
0

9
P. clappertoniana to 166.68 ppm in P. kotschyi.

Toxicity of extracts un both adult and young snails
differ significantly based on the LCSO values and
their 95% limits as shown in Table 12. Seven of
the samples including CuSOh solution showed improved

toxicity en young snails, requiring almost bhalf of
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the LCBO values for adult snails. These were E;

clappertoniana, D. microcarpum, O. celtidefolia,

N, latifolia, K. africana and P, kotschyi. Extracts

produced by P. limnatum, B. aegyptiaca, B, sapida,

B, dalzielii and S. longipedunculsata were zpparently

less toxic on young snails compared to adults.,

The slepe function vazluzs for most plant
extracts are nearly all the same ranging from

1.18 in O, celtidefolia to 1.75 in N. latifolia

implying that similar mortalities may be produced

with sinilar doses, except P. clappertoniana, P.

kotschyi and CuSOu which had values of 2.28, 3.32

and ©.27 respectively. As shown in Table 11 X2
values are not significani which imply that

mortality datas is homogenuus. Plots of log-
concentration against mortality (probit) (Figs 17 to
19) are 211 linear with most of the lines being close
to the origin indicating that the extracts are

potent.
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Plants selected for screening based on the local uses

as given by local herdsmen and traditional herbalists

- Part Month of Site/ o
Plant Species Local Names Collected Collection Locality Local Uses _ L
1. Acacia nilotica F-Narehi Ped January Samaru Pod used for fishing and
_ DEL H=-Bagaruwa namiji Dry . ; together with some additives
* T-Suirmin for treatment of fascioliasis
("Hanta"). o
2. Anogeissus H-Marke Bark August Nabardo Bark boiled and used for
elocarpus I-Atara Dry treatment of worms.
T-Walam
mwmww & wmmmr. Y-Ayin -

3. Aristolochia F-Madachin k'asa Root September Tanglang Dried root pounded and used

albida H-ga'dakuka Dry in treatment of intestinal
DUCH® T-Domock ~disorders and worms.

L. Balanites F-Tanni (pl. Bark September Nabardo Bark and root used as
aegyptiaca Tanne) Dry soap and also for fishing.
IR DRL.  H-Aduwa

T-Ankwam'a
5. PRlighia sapida F-Feso Fruit January Samban Fruits crsshed and used
K OENTG H-Fisg Wet as soap.
WIS I-dialects okpu
S-Parkuma
Y-Ischin - . )

6. Boswellia F-Lndakehi Eark September  Yuga Eark used for fishing.

dalzielii H=Hano or Eanu Dry

HUTCH

T-Shemneng
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T Fart Fonth of Site/ )
Plant Species Lecal Names Collected Collection Locality Local Uses
7. Cissampelos H-JibJjar Kasa Koot August Tanglang Root dried, pounded and
mucronata I-Agalo abakenwo Dry mixed with water for
RICH. S-Rindam intestinal upset and also
T~Tonguloro for treatment of worms.
Y-Jen jako
8. Cissus H-Tsattsarar Kura Stem August Gricilli- Used in treatment of gastro-
quadrangularis T-Awurkan Wet Nabordo intestinal complex.
i RICH
9. Detarium H-Taura Bark August Nabordo Bark thrown into pond for
microcapum T-Ankufrang Dry fishing.
____GUILL & PERR. _ Y-Ogbogto )
10. Gmelina arborea Flower January Samaru Based on my observation of
RORB Dry the flowers which dropped in
' pond leading to snail
) mortality. )

11. Gnidia kraussisrg H - Tururubi Root September Tanglang Root pounded and put in
(=Lasiosiphon F-Sungoje Dry pond for fishing and also
kraussianus) T-“Sha ka Sani" for treatment of general

MEINSN- gestrointestinal disorders

12. Kigelia H-Rahaina Bark September  Nabardo Bark used for fishing.

africana (Lam.) T-Kutukuta Dry f1s0 boiled and taken

Y~Pandoro or uyan

crally for schistossmiasis.
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Part Menth of Site/
Plant Species Local Names Collected Collection Locality Local Uses
13. Luffa H=Soso0 Fruit January Samaru Riped and unriped fruits
cylindrica I-Alu Olisa Wet used for washing as soap.
T-Soso
ROEM. Y-Erun B
14 . Nauclsa H-Tafashiga Bark September Nabordo Back boiled and taken orally
“Tatifolia T-Yesh Dry for treatment of worms and
Qoaf oo 3 5 3 -
SMITH. S-Tess general inte WH:aH disorders.
15. Opilia F-Yemoin ngari Herk August and Nabordo Bark used for washing as soap,
celtidifolia H=Inuwar gada or Dry January and also concoction taken orally
(GUTLL & PERR) Rufar gada Tanglang by humang for treatment of
ENDL. EX WALP. T-Lakikume fascioliasis.
16. Parkia H-Dorawa Pod May Dongol Pod used for fishing.
clappertoniana I-Ogirili-Igala Dry
(=P. filicoldea) S-Loloh
T-Talil
KEAY Y-Irugba or igba -
17. Polygomum T, & Leaves J anuary Samaru Leaves crushed and used for
P T-Tillo Dry fishing.
MEISN ) o
F-Koli Pod October Nabordo Pod used for fishing.
H-K'irya Dry
o I-Aman kanu ubwa
TAUB-  7_ghinji
19. Pseudocedrela F-Bodal Bark October Nabordo Bark used for fishing and
kotschyl H=Tonam or Tonas Dry also for sreatment of
I'~-Ananan gastro=-intestinal disorders.

HARNS-HOLL,

Y-Emigbegbi

e ——
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T-Lai Ledo or
Ledo fimana

Part Fonth of oitef .
Plant Species Local Names Collected Collection Locality Local Uses
20, Sclerocarya H-Danya Bark October Nabordo Bark used for fishing.
birrea T-RBau Dry
{Z.RICH.) S~Poma
HOCEST.
21, Securidaca F-£1labi Root September Zonkwa Foot macerated and used as
longipedunculata H-Sanya or Uwar Wet and and soap. Also known as “the
FRES magan guna October Samban mother of medicine.®
' T=-Mun _
S=-Yobh ’
Y-Ipeta S
22. Vernonia F=K'aka'de Leaves -~ October Samaru Leaves macerated and used
alygdalina H~Shiwaka Wat as soap.
I-Onugbu
23. Vetiveria F-So'dornde Root Septenber Billiri- Root bolled and drenched
nigritana H~J ema Pry Kufai to cattle for treatment of
2. Ximenia F-Sabk'bulde Back August Ngbeordo Back used for fishing.
. arericana H-Tsada Pry
LINK S=Geh
e T=Tatum
Y-Igo i _
25. Ziziphus F-Jabi (pl. Jabe) Rooct August Tangleng Root boiled and taken orally
abyssinica H~VMagarya Dry for treatment of
LAY S=-Nidyok schistosomiasis.

1. Vernacular nares used were mainly given by informants and confirmed from
Dalziel (1937); "The useful plants of Tropical West Africa® Crowvn Agents, London.

2. F-Fulani; H-Hausaj; I-Igbo; S-Samban; T-Tangale and Y-Yoruba.
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Table 2. Ccmperative preliminary screening of plant extracts
on 12-week cld Lymnaea natelensis based on WHO (1965,
1983) standzrds.

Conc. Ave. MBEOH extract Ave., W extract Ave, UEAW extract
Plant Family and in No. % No. % No. %
Species (PPM) Exposed Mortality Exposed Mortality  Exposed Mortality
1. AMPELIDIACEAE _ 10006 c 0 COULD NOT BE 5 100
Cissus 500 g o CONCENTRATED ) 100
quandrangularis 100 5 0 BECAUSE OF ITS 5 15
gC 5 0 MUCOID NATURE 5 2
10 5 g 5 20
2. ANACARDIACEAE 1000 5 100 5 100 5 20
*Scleroczrysa 5QC 5 100 5 100 S 0
tirrea 100 5 100 5 180 . g 0
50 5 100 g 100 L5 0
K 5 0 5 0 5 8)
3. ARISTCLOCHIACEAE 1000 5 ., 100 5 100 5 100
*tristolochia 5C0 5 100 5 100 g 100
alrciaa 100 5 5 5 100 g 100
50 5 Q 5 100 5 20
10 5 0 5 0 5 2
Lo BIGNONISCELE, 106G 5 100 5 100 5 100
*kigeliz =fricena 500 5 100 5 100 g 100
100 5 Ls g 100 5 100
50 5 0 5 55 5 0
10 5 0 5 Q 5 0




Table 2 (contd.) : e

fonc.  Ave. MEOH extract Ave, ECW extract AVe. UECW extract
Fiant Farily and in No. % ka. 5% NG o %
Strecies (FPM) Exposed  Mortality  Eynosed  Mortality  Exposad Mortality
5. CAESALPINIACEAE AMOO 5 100 W MOO W 106
s o0 5 100 Co 100
TRetariin 100 5 100 5 100 5 100
LoCcEIpun 50 5 100 5 100 5 100 —
10 5 10 5 306 5 &
&, COMBRLTACEA 1000 5 100 5 100 5 85
500 5 1C0 g 100 5 8C
Ancgeissus 100 5 0 5 20 5 L5
leiccorpus e 3 0 5 0 5 O
10 5 O 5 8 5 . O
7+ COMEFOSITLE 1000 S ] 5 P ) 75
500 5 O 5 G 5 68
Vernonia 100 5 0 5 0 s LO
SMyEdeling 50 5 0 5 0 S 0
10 5 O g O 5 Q
8. CUCURBITALEAE 1000 5 0 g 0 Y 100
500 iy 0 5 O 5 100
Luffa cylindrica 100 5 0 13 o 5 O
50 g O 5 0 [ 0
10 g Q 5 0 5 C
9. BURSERACEZE 1000 5 106 5 100 5 100
) 500 5 130 g 100 5 100
*Boswellie 100 5 100 5 100 5 100
d=lzielil 50 5 100 5 100 5 100
10 5 35 5 20 g 0
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Conc. Ave. IMECH extract Ave. ECW extraci Ave. UECW extrsct
Flznt Family znd in G . b2 No. % No, %

Species {PPM) Exposed Mortality Exposed Mortality Exposed Fortality
10. GRAMINEAE 1000 5 O g 100 5 100
500 5 0 [ 100 g 100
*Vetiveris 160 e 0 B 100 5 1060
nigritzna 50 5 0 5 100 5 55
10 5 Q 5 0 5 Q
1. MALILCEAE 1000 5 100 5 100 g 100
60 5 100 g 100 5 100
*Psevdccedrels 100 g 100 g 50 g 100
kotschyl 50 [ 10 g 0 5 0
T 10 5 0 g 0 5 O
12. MENISFEEMACELE 1200 5 Lo 5 LG 5 100
500 5 15 5 15 5 100
Cissampelaus 100 5 0 5 0 5 L0
UCIONE L3 50 5 0 C 0 5 0
10 5 0 5 0 5 0
3. MIMOSACELE 1000 5 100 5 100 5 100
500 5 100 5 100 g 100
(1) *Lcecis 100 g 100 5 T8 5 100
niictice 50 5 O g o g 100
0 5 g 5 0 2 100
(ii) Perki= 10G0 5 TG0 . C 100 g 100
clagperionisna 500 5 1C0 5 100 5 100
100 5 100 5 100 g 100
50 5 100 5 100 c 100
10 5 SO 5 95 5 100
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Table 2 (contd.)

Conc. Ave. MEOH extract Ave. ECW extract Ave.
Family and in No. % No. % No.

-

(PPI1) Exposed Mortality Exposed Mortality Exposed

100
100
2C
25
0

B
J
'—
I~
,-J
n
-
D
J
wniiiuonian
-
3
i

100

32
5

100

ASARN SRV RN A RN 5] i

vlilonvivonun
foiununonun

OO0 O

100 OULD N
100 ONCENTRATE
100 ISE OF

100

9
t
=
l,_l
m
s
P-
{.ﬁ
)
o
A
nuuniuiun
=
T}
bl
1
(N
honioiaon

THYMEIL EAE 1000 5 100 g 10( g
500 5 100 5 100 5

*#*Gnidiz kreussisns 10C g 100 5 0 5
=L.aslosipkon 60 g 10C 5 5

5 5 5

Kraussizrius) 10 30

VERBENACELE 1000

ﬂ m;._ \r“_

to

(B[4
.

—_—
P
C )

e JoloXoNe
U

~ A M

Gmelina arborea 100
50
10

houununian
sleoloRoll;
\SaRNaRN RN R,
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Cornc. iy 3 y n ) . -
Plant Family and ﬁwwgv %Mw. ﬁﬁ@uﬁmﬁaﬁmoa mww. ECW mwﬁﬁiow mww CMO&ﬁmxﬁﬁsOﬁ
Species o Exposed Mortality Exposed  Mortality  Exposed NMortality
23, ZYGOPHYLLZCZEAT 1000 5 100 5 100 5 120
500 5 100 5 100 5 100
¥Ealanites 100 S 100 5 100 [ 100
aegyptisca 50 5 100 5 100 S 100
10 5 100 5 100 5 100
CusQ 10 1) 100
L 8 5 100
6 5 100
I 5 100
2 5 100
Untreated dam water - S 0
Distilied water - 5 0

*Plants that have passed WHO (1965, 1983) stzndards.



Table 3. Sunmary of screening of methanolic (MECH)
extracts on 12-week o0ld Lymnaea natalensis

Plant Species Fart Eg?. Mortality Co mmen t
tested Exposed at 100 PPM
1.*A. nilotica Pod 5 100 Molluscicidal
2. L. leloc=rpus Bark 5 0 Non-Molluscicidal
3. As altida Root 5 5 Non-Molluscicidal
L+ *Bs aegyptiaca Bark 5 100 Molluscicidal
5. *Bs sapida Fruit 5 100 Molluscicidal
6. *E. dulzielii Bark : 100 . Molluscicidal
7+ C. mucronata Root & 0 Molluscicidal
8., C. guadrangularis Stem 5 0 Non-Molluscicidal
9. *D. microcarpum Bark 5 100 Molluscicidal
10. G. arborea Flower g 0 Non=Molluscicidal
11+ *G. kraussiana Root 5 100 Molluscicidal
12. K. africana Bark g 45 Non=Molluscicidal
13. L. cylindrica Fruit 5 0 Non-Molluscicidal
M. N. latifolia Bark 5 0 Non=Molluscicidal
15. 0. celtidefolia Eark 5 2 Non-Molluscicidal
16. *P, clappertoniana Pod 5 100 Molluscicidal
17. *P. limnatum Leaves 5 100 Molluscicidal
18. P, africana Pod 5 S Non=-Molluscicidal
19. *P, kotschyi Bark 5 100 Molluscicidal
20, *S. birrea Eark 5 100 Molluscicidal
2l F
longipedunculzta Root 5 100 Molluscicidal
22. V. amygdalina Leaves 5 0 Mon=Molluscicidal
23. V.enigritana Root 5 0 Non-Molluscicidal
2. *X. americana Bark Y 100 Molluscicidal
25. *Z4 abyssinica Root 5 100 Mclluscicidal
CuS0), (reference molluscicide) 100 Molluscicidal

Non=Molluscicidal
0 Non=Molluscicidal

Untreated Dam Water (Control)
Distilled Weater (Control)

o\
D)

¥A plant is molluscicidal when it had 100% mortality
at 100 ppm, bazed on WHO (1965) standard.




Table g .
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Sumupr¥ of screening of unevaporated crude
U

water (UECW) extracts on 12-week old Lymnsea
natalensis.
Ave. %
Plant Species Part No. Mortality Commen t s
tested Exposed at 100 ppm

1. *A. niloticsa Pod 5 100 Molluscicidal

2. A. leiocarpus Bark 5 L5 Non-Molluscicidal
3. *A, albida Root 5 100 Molluscicidal

4. *B, acgyptisca Bark 5 100 Molluscicidal

5. *E. sapida Fruit 5 100 Molluscicidal

6. *E. dalzielii Bark 5 100 Molluscicidal

7. Cs mucronata Root 5 ine Non=Molluscicidal
8. C. guadrangularis Stem 5 Lus Non-Mplluscicidal
9. *D. microc:rpum Bark 5 100 Molluscicidal
10. G. arborea Flower 5 0 Non-Molluscicidal
11. *G. Kkraussiana Root 5 100 Molluscicidal
12. *K. africsna Bark 5 100 Molluscicidal

13. L. cylindrica Fruit 5 0 Non=Molluscicidal
Yy. *M, latifolia Bark 5 100 Molluscicidal

15. *D, celtidefolia Bark 5 100 Molluscicidal

16. *P. clappertoniana Pod 5 100 Molluscicidal
17. *P. limnatum Leaves 5 100 Mol luscicidal
18. P. africana Pod 5 0 Non=Molluscicidal
19. *P. kotschyi Bark 5 100 Molluscicidal
20, S. birrea Fark 5 0 Non=Molluscicidal
21+ *S.

Tongipedunculata Root 5 100 Molluscicidal

22. V. amypd=lina Leaves 5 L0 Non=-Molluscicidal
23. *V, nigritana Root 5 100 Molluscicidal
2. *X. americana Bark 5 100 Molluscicidal
25. Z. abyssinica Root 5 80 Non=Molluscicidal
CuSOu (reference molluscicide) & 100 Molluscicidal
Untrested Dam Water (Control) & 0 Mon=NMolluscicidal
Distilled W=tcr (Control) 5 0 Non=Molluscicidal

¥A plant is molluscicidal when it had 100% mortality
at 100 ppm, based on WHO (1965) standard.
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Table 6, Statistical analvsis of lethal coneentrations. of methanolic (MEOH)
extracts on 12-week o0ld Lymnaea natalensic .

o Slope Lower and Upper
mmemp Plant Species memv wm wm romku w% ov rmmmu w:ﬂmWMo: o Mwymmm WMQWMMMa
N=25 lity level (PPM
. ¥ Parkia clappertoniana L.0OS L.49 6.40 9,12 10.10 11.50 1.43 3.10 NS 5.64 - 7.26
- Balanites aegyptiaca .15 5.56 7.26 9.48 10.24 11.29 1.3 2.38 NS 6.46 - 8.17
3. Boswellia dalzielii 6.92 7.72 11.23 16.33 18.20 20.87 1.6 1.63 NS 9.81 - 12.84
b Detarium microcarpum 9.55 9.94 11.42 13.11 13.65 14.36 1.1 2.66 NS 10.87 - 12.00
5. Gnidia kraussiana 6.13 7.14 12.14 20.64 2K.06 29.21 1.70 3.10 NS 10.48 = 14.07
6. Blighia sapida 9.62 11.13 17.21 26.61 30.18 35.39 1.5 1.94 NS 14.72 - 20.12
T Sclerocarya birrea 15.4,8 16.89 22.88 30.98 33.82 37.78 17.35 2.51 NS 21.03 - 24.89
8. Securidaca
~ longipedunculata .01 15.54 22.23 31.81 35.28 }0.21 1.43 L4.90 NS 19.56 - 25.28
9. Polygonum 1limnatum 16.26 17.73 23.92 32.28 35.20 139.26 1.35 L4.95 NS 21.48 - 26.63
10. Ximenia americana 19.48 20.70 25.50 31.42 33.37 36.01 1.23 0.75 NS 23.27 = 27.95
M. Pseudocedrela kotschyi 40,01 42.35 51.56 62,77 66.44 71.39 1.22 1.34 NS 14,8.50 - 54.80
12, Ziziphus abyssinica 65.11 67.25 75.21 84.11 86.87 90.49 1.12 3.31 NS 72.25 - 78.28
13. Acacia nilotica 7,.87 76.05 80,28 8L.74 86.08 87.80 1.0¢ 2.93 NS 78.74 - 81.85
L. Cus0) (rof. standard) 0.52 0.57 0.75 0.98 1.07 1.08 1.32 2.63 NS 0.66 - 0.8

NS - Not significant (P<0.05%)
N = Average number of snails exposed per concentration.
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Table 7« Statistical analysis of lethal concentrations of evaporated crude water
(ECW) extracts on 12 week* o0ld Lymnaea natalensis

Lower and Upper

Serial Slope
. ’ . 2 Values of LC50
No. Plant Species LC10 LC4¢ LCgo LCg LCgp LC Function X -
Ne5 (pmM) (Pol) (pBn) (Poh) (ppM) (oeF (3) at 95 probebi

lity level (PBV

¥ Balsnites aegyptiaca Lo L.7, 6.13 7.93 8.54 9.38 1.29 L.91 NS 5.48 - €.86
25 Parkia clappertoniana 4.38 4.90 7.217 10.61 11.87 13.67 1.47 L6 NS 6.47 - 8.03
3. Vetiveria nigritana 12.35 12.89 14.98 17.,0 18.17 19.19 1.16 2.53 NS 14.20 = 15.81
L. Detarium microcarpum 6.79 '8.13 15.11 28.11 33.62 4/2.18 1.86 3.77 NS 12.47 - 18.33
5. Sclerocarya birres 1M.12 11.97 15.60 20.04 21.59 23.72 1.29 1.54 NS 14.30 - 16.78
6. Ximenia americana 12.75 14.34 21.49 32.21 36.21 [1.98 1.50 2,30 NS 18.95 - 24.37
T Boswellia dalzielii 12.12 13.94 22.64 36.78 L2.31 50.51 1.62 1.86 NS 19.79 - 25.91
8. Aristolochia albida 31.26 32.32 36.29 L40.74 L42.13 L43.95 1.12 1.12 NS 35.01 - 37.62
9. Kigelia africeana 34.43- 34.12 L5.37 60.33 65.51 72.69 1.33 1.95 NS }1.92 - 49.11
10. ncmorhwmwmmenm . 0.52 0.57 0.7 0.98 1.07 1.18 1.32 2.63 NS 0.66 - 0.8
molluscicide)

NS: Not significant (P.0.05%) .

-

N = Average number of snails exposed per concentration.

LY - - .



Table 8. Spgatistical analysis of lethal soncentrations of unevaporated crude water
(UECW) extracts on 12-weék o0ld Lymnaéa natalepsis

Siope Lower and Upper
Serial LCq0 LC16 LCgo LC8 LCgo LC 2
N3. Plant Species (FM1) (pEM) (PBM) (oml) (P@M) (sof) Function X°  Values of LC 0
N =G5 (s) at 95% probabi
1ity level (PFM)
1. Parkia clappertohiana 0.91 1.22 3.40 9.50 12.78 18,60 2.79 3.11 NS 2.35 = .91
2. Balanites aegyptiaca 1.15 1.8 3.3 8.4,2 10.81 1,.85 2.38 7.14 NS 2.70 - L.63
i Detarium microcarpum 1.91 2.31 L.50 8.7% 10.60 13.52 1.95 7.88 NS 3,66 = 5.53
L. Blighia sapida O 17 7.1 11.60 18.93 21.81 26.08 1.63 2.69 NS 9.73 - 13.83
5, Polyeanum Limhatum 6.8, 7.91 13.09 21.66 25.05 30.10 1.65 1.0 NS 10.93 - 15.68
6. Opilia celtidefollia 8.75 9.98 15.74, 24,.81 28.29 33.411 1.58 2.78 NS 13.37 - 18.53
T Acacla nilotica 8.42 9.74 16.1 26.75 30.95 37.23 1.66 2,03 NS 13,80 - 18.87
8. Xlmenla americana 13.49 14.22 17. 20.47 21.57 23.05 1.20 0.4S NS 15.98 - 18.21
9. Securldaca
Tongipedunculata 7 .64 9.59 21.11 rm.rw 58.32 77.79 2.20 3.22 NS 16.95 - 26.27
10. Boswellla dalzielli 23.25 25.01 32.21 Lh1.48 LL.62 wm.o: 1.29 0.80 NS 29.77 - 34.83
M. Nauclea latifolla 28,17 30.74 L41.60 56.28 61.4,2 68.59 1.35 4.46 NS 37.87 - L,5.69
12, Vetiveria nipritana 34 .68 7.2 L7.69 €61.05 65.57 71.76 1.28 L.71 NS .52 - 51,07
13. Cnidia Kraussiana 36.69 39.26 L9.66 62.80 67.21 73.23 1.27 2.96 NS L46.52 - 53,00
W Aristolochia albida Lé.sy L8.82 57,61 67.98 71.31 75.75 1.18 1.51 NS 54.29 - 61.12
15. Kigelila africana 5Lh.12 57.02 68.30 81.81 86.18 92.05 1.20 0.38 NS 6)..02 - 72.86
16. Pseudocedrela kotschyi 71.92 73,20 77.82 82.74 8L.21 86.12 1.06 2.99 NS 7 .AW - 79.55
Ve n ncmo:hwmmm mmMMonamu 0.52 0.57 0.7 0.9 1.07 1.18 1.32 2.63 NS 0.66 - 0.84

NS = Not significant (P¢<0.05%)

N = Average number of snails exposed per concentration.
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Table o.n Comparative toxicities of extracts obtained by the three

extraction methods on 12 weeks old
based on the lower and upper limits

LCgpo _and 1imits

Plant Species Extract (ppm) Comments
1. Parkia clappertoniana VEOH 6.40 Mn 6L~ 7. mmw UECW extract significantly more
ECW 6.13 (6.47- 8.0 toxic than the MEOH and ECW
*UECW 3.40 (2.35- L.91) extracts.
2. Boswellia dalzielii *MEOH 11.23 (9.61-12.84 The toxic effect of all the
ECW 22.6L(19.79=-25.91 three extracts significantly
UECW 32.21(29.77-3L .8l differ from each other. MEOH
extract being the most toxic
3, Balanites aegyptiaca MEOH 7 .26 M@.rmi 8.7 UECW extract significantly more
ECW 6.13 (5.48~- 6.86 toxic than the MEOH and ECW
*UECW 3.53 (2.70- L .63 extracts.
L. Detarium microcarpum MEOH aa.rmnéo.mﬂlda.@ow The toxic effect of all the
ECW 15.11(12.47-18.33 three extracts differ from each
*UECW L.50 (3.66- 5.53) other. The UECW extract being
the most toxic.
S. Ximenia americana MEOH 25.50 mw.mﬂlmq.omw The toxic effect of all the
ECW 21.49(18.95-24,37 three extracts differ from each
*UECW 17.06(15.98-18,21) other. ECW extract most toxic
o than MEOH and UECW extracts.
€. Gnidia kraussiana *MEOH 12.1(10.48-14.07) The toxic effect of both extracts
UECW LS.66(Lh6.52-53.00) differ from each other.
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LC50 and limits

Plant Species Extract (ppm) Comments
. T« Blighia sapida MEOH dﬂ.méndr.ﬂwlmo.amw Toxic effect of UECW extract
*UECW 11.60 (9.73-13.83 differ significantly from
MEQOH.
8..Securidaca longipedunculata MEOH mm.mum;m.mmlmm.mmw Both extracts had about the
UECW 21.11(16.95-26.27 same toxicity.
9. Sclerocarya birrea MEOH 22.88(21.03-24.89) Toxicity of both extracts differ
*ECW 15.49(14.30-16.78) significantly from each other.
10. Polygonum limnatum MEOH mu.cmﬁmé.rmumm.mww The toxic effect of both
*UECW 13.09(10.93-15.68 extracts significantly differ
from each other.
11. Pseudocedrela kctschyi *MEOH 51.56(48 .50-54 .80) MEOH extract significantly
UECW 77 .82(7€ .14-79.55) more toxic than the UECW
extract.
12. Acacia nilotica MEOH mo.mmmﬁm.ﬂrlmqummv The UECW extract is significantly
*UECW 16.14(13.80-18,89) more toxic than the MEOH extract,
13. Vetiveria nigritana *ECW 14 .98(1,.20-15.81) ECW extract significantly more
UECW L7 .69(Ll .52-51.07) toxic than the UECW extract.
14 Aristolochia albida *ECW wm.mnMum.oérww.mmv The ECW extract significantly
UECW 57 .61(54.29-61.13) more toxic than the UECW

extract.
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LCgp and 1imits

Plant Species Extract (ppm) Comments
15, Kigelia africsna *ECW Pm.wﬂm A.wmurw.AAW The ECW extract significantly
UECW 68.30(64.02-72.86 more toxic than the UECW -
extract.

16. Ziziphus abyssinica *¥MEOH — 75.21{72.25-78.28) The only extract that bad the
mos3t toxic effect on adult
snails.

17. Cpilia celtidefolia *RURECW .. 15.74(13.37-18.53) The only extract that had the
most significantly toxic
effect on adult snails.

18. Neuclez latifolia **JECW 41.60(37.87-45.69) The only extract that had the
most significently toxic effect
on adult snails,

19. Cusgy, Reference molluscicide 0.75 (0.66- 0.8L) CuSol, is significantly more

toxic than either extract.

*¥LCgp for extracts of these plants are significantly different to values of other

extracts for the same plant.

Thelir LC50 limits do not overlap.

**Extract producing the most significantly toxic effect relative to the other
extracts of the same plant.

FECE - methanolic extract; ECW - Evaporated crude water extract:; UECW - Unevaporated

crude water extract.
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Table 10. Summary of effect of 100ppm unevaporated crude water
(URCW) extracts on 2-week old Lymnaea natalensis

f\VE‘- %
Plant ' Species Part No. Mortality Comment s
o tested Exposed at 100 PPM
1. A. nilotica Pod
(dry) 5 0 Non=Molluscicidal
2. A. albids Root
(dry) 5 10 Non=Molluscicidal
3.*E. aegyptiaca Bark
(dry) 5 100 Molluscicidal
L. “B. sapida Fruits
- (wet) 5 100 Molluscicidal
5. *B. dalzielii Root
(dry) 5 100 Molluscicidal
6. *C. mucronata Root,
(dry) 1 100 Molluscicidal
7+ *D. microcarpum Bark
(dry) g5 100 Molluscicidal
8. G. kraussiana Root
(Dry) 5 0 Non-Molluscicidal
9. *K. africana Bark
(Dry) 5 100 Molluscicidal
10. *0,. celtidefolia Bark
(dry) 5 100 Molluscicidal
1. *P, clappertoniana Pod
(dry) 5 100 Molluscicidal
125 *¥P. limnstum Leaves
(dry) 5 100 Molluscicidal
13. *P. kotschyi Bark
(dry) 5 100 Molluscicidal
4. *N. latifolia Fark
T (ary) 5 100 Molluscicidal
15, %8, Root
Tongipedunculata (wet) 5 100 Molluscicidal
16. X. americana Eark
(Dry) 5 0 Non-Molluscicidal
17. V. nigritana Root
(dry) 5 10 Non-Molluscicidal
18. CUSOLL (Zppm) 5 100 Molluscicidal
19, Untreated DLam Water 5 0 Non=Molluscicidal
20, Distilled water 5 (0] Non-Molluscicidal
1. Extracts were molluscicidal when 100% mortality were
recorded st 100ppm based on WHO (1965) standard.
2. Tests were carried out only on UECW extracts that were

active on 12-week cld L. natalensis except Cissampelos

mucronata.




Table 11. Statistical analysis of expected effective concentrations

OH:UnamuonwmaondamtmamﬂAcmntvnu&nmnwuonwntoorown
L. natalensis. o

P 1c - CAl. LC LCoc moomm. . 5 mwzoanS@.dmmmﬂ

No. " Plant Specles (3 (i () (emh (5B (o8R) e 74 -

kol lity level (PPM)
Vs Parkia clappertoniana 0.16 0.20 O.L6 1.05 1.33 1.80 2.28 2.33 NS 0.32 - 0.66
2 Detarium microcarpum 1.54 173 2.60 3.91 L.LO 5.10 1.50 1.45 NS 2,02 =« 13.35
3. Opilis celtidefolia 5.77 6.06 7.17 8.9 8.92 9.42 1.18 1.44 NS 6.46 - 7.96
L. Balznites aegyptiaca 5.73 6.09 7.51 9.25 9.82 10.60 1.23 1.4,0NS 6.75 = 8.34
5, Kigelia africana 3.17 6.03 10.33 17.70 20.67 25.16 1.71 1.96 NS 6.45 - 16.56
6. Nauclea latifolia 5.6, 6.62 11.60 21.17 23.69 29.04 1.75 1.69 NS B8.19 = 16.32
T Pseudocedrela kotschyi 7.58 10.72 35.54 117.91 166.68 258.29 3.32 L4.85 NS 25.50 = ,9.55
. bmmwmmmwmmc:ncwm&m 23.92 26.42 137.26 52.56 58.04 65.80 17.417 3.03 NS 31,31 = 4.3,
P Cissampelos mucrinata 17.73 21.01 37.82 68.09 80.68 100.01 1.60 3,52 NS 28.10 - 50.82
10. Polygonum limnatum 26.97 30.86 L47.19 78.41 89.71 106.37 1.59 2.37 NS 138.86 - 62.27
T%e Blighia sapida §2.61 L5.17 55.30 67.69 T1.77 77.27 1.22 3.97 NS 48.78 - 62.68
124 Foswellia dalzielii u8.26 50.95 61.50 7h.22 78.36 83.93 1.21 2.67 N 52.16 = 72.51
m..:mﬁ,.r (ref. molluscicide) 0.00 0.00 0.03 0.17 0.29 0.57 6.2 L.05 NS 0.01 = Q.14

NS = Not significant (P40.05%)

N = Average number of snails exposed per concentration.
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Table 12. Comparative toxicities of unevaborated ecrude.- watéer (UECW)
extracts on 12-week and 2-week o0ld Lymnaea natalensis

LCgg of 12 weeks old LCgp of 2 weeks o0ld snalls
Plant Species snails and limits (PPM) and limits (PPM)
1. Parkia clappertoniana 3.40 (2.35 - 4.91), 0.46 (0.32 - o.mmwd
2. Balanites aegyptiaca 3.53 (2.70 - 4.63 7.51 (6.75 - 8.34),
3. Detarium microcarpum 4.50 (3.66 - 5.53 5 1.73 (2.02 -'3.3
L. BIighia saplda 11.60 (9.73 -13.83 5 mm.qu:m.qm -62.6
5. Polygonum limnatum 13.09(10.93 -15.68 L47.19(38.86 -62.27 1
Ts mnmomm nilotica 16.14(13.80 -18.89 Not toxic to young snails
8. Ximenia americana 17.06(15.98 -18.21 5 Not toxic to young snails
9. Securldacca longipedunculata 21.11(16.95 -26.27)5 wﬂ.mmMuA.wA =Ll . 3L
10. Boswellia dalzielil 32.21(29.77 -34.84 61.50(52.16 =72.51 1
11. Naucles latifolla 41.60(37.87 -45.69 11.56 (8.19 -16.32
12. Vetiveria nigritana rq.mmm .52 =51,07 Not toxic to young snails
13. Gnidia kraussiana L49.66(46.52 -53,00 Not toxic to young snails
14. Aristolochia albida mq.moMmr.mo -61.13 Not toxic to young snails
15. Kigella africana 68.30(6l.02 -72.86 10.33 (6.45 =16.56 .4_
16. Pseudocedrela Kotschyi 77.82(76.14 =79.55 wm.mrmmm.mo ~49.55
17. Cissampelos mucronata Not toxic to adult snails 37.82(28.10 -50.92
ocmo_ (ref. molluscicde) 0.75 (0.66 - 0.84) 0.03 (0.01 - 0.14)
Iﬂ

Samples that showed improved toxicity >f extracts to young snails over
adult snails.

mmmanwmm that showed improved toxicity of extracts to adult snails over
young snails-

Lower and Upper hnmo limits in parenthesis.
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Plate III. Aristnlochia 2lbida DUCH.,: Climber;

stem with leaves, flawer and fruits.
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Plate II: Anngeissus leiocarpus GUILL & PERR.:

01d branch with leaves and fruit.
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Plate I. Acacia nilsatica DEL.: Main branch with

leaves and fruits.






Plate IV.

Balanites aegyptiaca (LINN.) DEL.:

01d branch with leaves and thurns.
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Plate V. Blighia sapida KOENIG. : 0ld branch with

fruits and leaves.
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Plate VI. Eoswellia dalzielii HUTCH.: Yowng branch

with leaves.






Plate VII. Cissampeles mucronata RICH.: Stem with

leaves and wracts.






Plate VIII. Cissus a%adrangularis RICH.. Squared=-stem,

tendrils and leaves.






Plate IX. Detarium microcarpum GUILL & PERR.:

Ynung branch with old and new leaves.






Plate X. Cmelins arborea RORB,: Yaung stem and

“unch of fruits and flower.






Plate XI. Gnidia kraussiana MEINSH.- Sh--t wiib

linear leaves,






Plate XI1., Kigelia africana (LAM.) BENTH.t

Young stem with leaves.









Plate XII1. Luffa cylindrics ROEM,? Stem with

tendrils, leaves 2and matured light

brown fruit.






Plate L..v. iaucles latifelia 35.-uTH.:01d branch with

fruit and leaves.



Plate XV. Ovpilia celtidefslia (GUTLL. & PERR ) ENDL.

EX WALP.: 0Old stem with fruits, leaves






Flate XVI. Parklns clappertcniana KEAY.?! Young branch

with fruits and Jjcoves.
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Plate XVII. Pelygenum limnatum MEISN.: Stem with

leaves, fruits and flewers.
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Plate XVIII. Prosepis africana TAUB.: Young branch

with flewers, leaves and fruits.






XIX. Eﬁeudocedre]q kotcchyl HARMS-HCLL ¢ ¢

and new leavesS.

Plat-
Young STem with old






Sclerocarya birrea (A. RICH) HOCHST.::

01ld stem with leaves and fruits.






Securidacsa 1engipedunculzata FRE

01d stem and leavesS.

oo -
o s TV






Plate XXII. Vernonia amypdaline DEL.: Young stem,

leaves and flower.






Plate XXIII, Vetiveria nigritoana STAPF,: Ctem,

leaves =2nd flewers.






Plate XXII. Xirienia americana LINN.: 0ld stem,

leaves and sharp thorns.






Plate XXV. Ziziphus abyssinica LAM,: 0ld stem

with leayes 2nd curved thorns.






Plate YXVI,

Dend Lynnaea natalens

91

is retracted

into the shell.






tlate

XXVII,

Uead Lymnaea natalensis swellen

extended out of shell opening.

92

and






Plate XYVIII.- Dead Lyrnaes gﬂ;»len:is expelling

haemalymph.



A.n.= Acacia nilotica
Balanites aegyptiaca

aOl_ P m.ﬂ.ﬂ
8.d.= Boswellia dalzielll
D.m.= Detarium microcarpum
84 P.c.= Parkia clappertoniand
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Fig. 1 Relationship of
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54 B.s.= Blighia sapida

G-k.= Gnidia kraussiana

S.l.= Securidaca longipedunculata
ml

to mortality [probit scalel
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-0-8 -0 0 04 0-8 1-2 16 2.0
Log— concentration {ppm)
Fig.2 Relationship of _.ool.no:nm::.o:o:

to MEOH extracts for 24 hours

for adult L.natalensis exposed
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S.b.= Sclerocarya birrea
P. |. = Polygonum limnatum

~
1

~
|

mortality (probit)

i |

T ] I
~0°4 0 04 08 12 1-6 2:0
Log —concentration (ppm)

Fig.3 Relationship of romino:nm::o:o: to mortality (probit scale]

for adult L.natalensis exposed to MEOH ox:oﬂm.oqwasocqm



_o.ﬂ P. K.= wmmcnonmaqm.o ro_mnsm,_

FSseut

¥.a.= Ximenia americand
Z.a.= 2iziphus oUMmm.;ﬂna
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Fig. 4 Relationship of romino:no::a:o: to mortality [probit scalel

for adult L. natalensis exposed 1o MEOH extracts ftor 24 hours

—




98

7 B.a.= Balanites aegyptiaca
p.c.= Parkia ml_m“.um_;o:mc:o
V.a.= Vetiveria nigritana
¢Il

&~
|

N
|

mortali ty {probit)

1 1 1 T

-0°6 —0°4 -0°2 0 0-2 0-4 0-6 0-8 1.0 1:2 144
Log —concentration lppm)

Fig.5 Relationship of Log—concentration 1o moriality [probit scale]
for adult L. natalensis exposed to ECW extracts for 24 hours

e
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o

Aristolochia al bida

AR e =

B.d.= Boswellia dalzielil
K.a.

-

= Kigelia africang
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roalno:no::.o:o: (ppm) :
Fig. 6 Relationship of roolnoano:__.n:o: to mortality [probit scalel
ECW extracts for 24 hours

adult L. natalensis exposed to

tor
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10 . .

| D.m.= Detarium microcarpum
S.b.= Sclerocaryd birrea
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CHAPTER FIVE

DISCUSSION

It is generally agreed that control uf the
shail intermediate hosts is an effective means of
reducing the tranamission ot trematode diseases,
The possibility that vegetable molluscicides may
be of value in the control of snails wes suggested
by Lermme (1965) when he made direct observation of
the molluscicidal effect of Endod on schistosome-
transmitting snails, The results obtained from the
present s tudy have confirmed this possibility. Thus,
based on the standardized method proposed by WHO
(1965, 1983} for preliminary screening of potential
plant molluscicides, 18 (72%) sf the 25 plants
screenid during the present study had molluscicidal

effects on adult L., natalensis. One of the problems

envisnged in the use o' plant molluscicides in the
control of snails is the chiice of solvent fer
extracting active plant materiasls. Lemma and
Heyneman (1975) and Dossaji et 21. (1977) reported
that weter may be 2 good universal solvent for
cxtroctiing plent materials. WHO (1983) advocates

the usec of water as the extracting medium. From

113
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results obtained here, activity recorded for the
different types of extraction methods show that the
UECW extreocts bad 16 (64%), the ECW extracts had 9
(36%) snc the MEOH extracts had 13 (52%). This
clesrly shows that water as an extrnction solvent
for plant molluscicides w2s superior to mecthenol.
This would sppear to sugeest that pectentisl active
ingredients in the plants are water soluble. This
is encouraging since the use of plant molluscicddes
is more likely to be undertanen in rural aress where
use of special solvents and sophisticeted technology

may not be fensible.

MEOH extracts of A, nilotica, B. sapida, D.

microcarpum, P. clappertoniana, S. birrea and X.
americona were not more potent than the water
extracts. On the sther hand, it was observed tit

the MEOH extracts of B, dalzielii, G. kraussiana,

P. kotschyi and Z. abyssinica were more potent than

their UECW extracts. It may likely be that
molluscicidal activity of some plants is either
enhznced or diminishcd depending on the solvent used,
or the different solvents released different amounts
of the active ingredients in the plants. This calls
for using different solvents during extraction so

as to determine the one that gives better results.
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Lernn ¢t als (1972) reporfed that butanol improved

the potency of P, dodecandra.

Results obtained in this s tudy show that sume
of the plants apparently recorded as being non=-
molluscicidal at 100 ppm were active at higher

concentrations.

Apart from the type of solvent, another
parameter th=t might have affected the potency of
some extracts is temperawure. Non-molluscicidal
activity reported with the ECW extracts of A, niletica,

G. kraussiana, N, latifolia, P. limnatum and P.

iNg
—_—

kotschyi may be due to the 80°C used in extraction.
This temperaturc could have denatured the active
ingredients. Similar observations have heen made

on extracts of P. dodecandra (Lemma & Heyneman,

1975) and Swartzia madagascariensis (Liwibula,

personal comrunication). For those nlants whose
ECW extracts had molluscicidal =ctivity, it may be

suggested that the active ingredients were stable.

It has been suggested that melluscicidal activity
vf plants are not restricted to any morphological
part of the plant (Adewumi & Safowora, 1980), 1In a

preliminary screening test on E. globusus, these
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werkers reported 10% mortality with the methanolic
extract of the fruit of K. africana. The results
obtaincd from the present study show that MEOH, ECW
and UECW extracts of the bark of the same plant bad
L5%, 100% =nd 100% mortality respectively on L.

natalensis. This may surpest thnt the active

molluscicidal compound is nore concentrated at the
bark of the plani. Lack of molluscicidal activity
by P. 2fricana observed during the present study
contrasts with observations made for the same plant
by Felker and Bandursky (1979) who found it to be
toxic cn B. globosus.

P. africana which exhibit properties toxic to B.
globosus (Felker & Bandursky, 1979), may be due to
two reasons. This may be due te the fact that the
unripe pod of P, africanas used for this study could
have contairzd less molluscicidal active compounds.

Secondly; L. natslensis may be less susceptible to

extracts of F. africana. Screening of the ripe pou

of this plant on L, natalensis as done on b. globosus
by Felker end Bandursky (1979) is however recomnended

to ascertain these claims.

One major problem in the control of snail-borne
disens.s is that different species of snails differ

in their susceptibility to different molluscicides
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(Lemma, 1070; Lemma & Yau, 1974; Dossaji et al.,
1977). Dlost of the reported work on trials of plant

mollugscicides have been on the genera Biomph=laria

and Fulinus sneil intermediate hosts of schistozsomiasis

(Kloos & McCullough, 1982), E. aegyptiaca, B.

maughanii, P. c¢lapperioninna, S. longipedunculata

and X.amcricana have been reported to be molluscicidal
on these species of snails. The present work has
confirmed that these plants also have molluscicidal

effect on L. natalensis. This is cncouraging since

gome of these plants can be used in the integrated
control of fascioliasis and schistoseomiasis in

endemic foci.

A. niletica, C. guadrangularis, L. cylindrica;

—

P, linnatum and 7. abyssinica have not been tested

previously for molluscicidal activities, though

activities nf Acacis dudgconi, Cissus papulnen,

Luffa operculata, Polygonum gscnepgalensis and

Ziziphus jaozero bave been reported.  Barbosa and

Mello (1969) rcported 30% mortality of B, glabrata
with wator extracts of the bark of Ziziphus
Jaozeiro.  The present work reports 1006 murtality

on 1. natalensig at 100 ppm with the MEOH extract of

the rool of Z. abyssinica. Similarly, 100%

activity reported with the MNEOH and the UECW extracts
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of the pod or A. nilntica and O mortality with

the FEOH extract of the stem of Z, quadrangularis

on L. natalensis are simil-sr to the findings of

Adewumi snd Safowors {(1980) who tested C. Eagulnea
and 4. dudgeoni on B, globosus. Also 100% mortality
2t 100 ppm with the MEOH and UECW extrocts of the
leaves of P, limnatum observed during the present
study is similar to th=t obtaincd by Dossaji et al.
(1677) who worked with water extract of

P, senegnlensis on B. pfeifferi and L. natalensis.

Howcver, the 100% activity at 100 ppm reported with

water extract of the fruit of Luffa cylindrica

controsts with the 60% activity of water extract of

the fr it of Luiffa operculata un B, stramina reported

by Silva et al. (1971). These variaticns could be
due to the ecotype of the plants sand the plant and

snail species used.

Some plant molluscicides have been studied and
the chenmical basis of their action identified.
Ambrosin, damsin and tribromo-damsin are responsible
for the molluscicidal action of A. maritima (Abu-Shady
& Soine, 1953). Similarly,. flavonol glycoside, a
cynogenic compound has becen reported as the active

m2terial of P, senegalensis (Dossaji et al., 1977;

Hostettnann gt al., 1982); wheress the triterpenoid

m————
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saponin, oleanolic acid glucoside has been
identified as the active materizl for the

molluscicidal action of Polygonum L~ rbatum

(Parkhurst et al., 1974 ; Hostettmann et a’,, 1978).

A variety of other plants including E. acgyptisca

have seponins =2s their molluscicidal compounds
(McCuliourh et al., 1980). Mortalities of B,
globosus 2nd E. plenorbis due to extract of B,

acpyptinca was caused by saponins. These compnunds

could have been the active ingredients responsible

for L, natelensis mortality in P, limnatum and,

A. nilotica, B. sapida, L. cylindrica, 0. celtidefolis

and S5, longipeduncul=ta which had characteristic

foamy extracts. It is probable that disterpene

present in G. kraussiana (Nwude, 1976) could have

been the cause of L. natalensgis murtality in extract

of this plant.

It has been observed that mulluscicides cause
stress on the water balance system by lowering the
surface tension (McCullough et al., 1980). This
could bhave accounted for the rz2pid submergence of
sn=ils in extracts and to some extent the csuse of
snall mortality observed during the present study.
Poisoning which c=used sn=2ils to expel haemolymph

could be due to destruction of the blood system by
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extracts, Poisoning in snails which extend from

shell opening is due both to extract which act on

the central nervous system (CNS) leading to loss

of water balance control, nnd inhibitiun of the
enzymetic activity of the snails (McCullough et al.,
1940). It has also been documented by these workers
that de=th caused’ by CuSOh is due to inhibition of

the enzymatic sulfydryl proup. 1t could be speculated

that extracts of B, dalzielii, D. microcarpum, K.

africana, P. clappertoni.na and P. kotschyi whose

mode of action caused snails to rem=in extended uut
of shell opening could be neuro-toxic in action.
Apparently, saponins responsible for activity in

B. aegyptiaca (Hostettman gt al., 1982) hss a similar

mode of action.

Nwude (1976) reported nasal and ocular

discharges in test animals exposed to L2siosiphon

kraussiznus (= G. kraussiana) which he sttributed

to irritotion by tuxins resching the nose and the
eye thrcugh the blood capillaries. This cwld be
the cause of burning sensation experienced by any

one while extracting and screening this plant.

The relztive toxicity of ecxtracts obtesined by

any of the three extractiun methods and CuSOh on



121

adult snails (Figs 1 - 11) are encouraging, as the
log-concentration murtality plot for most extracts

were close to the oripin (Firs 1, 5 and 8). Similarly,
Fradient of the lines 2nd their relationship to that
far [J:Lh differ, suggesting differences in toxicity
of extracts and the reference molluscicide. A

similar .bservation has been reported by Baalawy

(1972) for Endod extract on Biomphalaria and Bulinus

snails. Since molluscicides are¢ affcected by verious
environmental f actors, viz,'organic matter, pH and
ultra violet (UV) light (WHO, 1965; Lemma & Yau,
197;), it follows that differences in stability

will result in different field application depending
on the local environmental conditions. The MEOH

extracts of A. nilotica, D. microcarpum, Z. abyssinica;

the ECW extracts of A. albida, K. africana, P,
kotschyi and X. americana which produced steep slopes
sugFest that the concentration of extrscts and
durstiern of application bhave to be increased to

obtain maximum control of L. natalensis in field

trials. MEOH extracts of P. limnatum, P. kotschyi,
S. birrea which had parallel lines to Cus0), indicates
that they act in like manner with this reference
standard molluscicide. It could be deduced from the

graphs that there is no apparent toxic difference
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between using the MEOH and the UECW extracts of

B. 2cgyptisca since at abrut 10 ppm both extracts

caused abuut the same mortality rates. Above 10
ppm on the other hand, the MEOH extract of B.

acgyptiaca appenrs superior to the UECW extract as

confirmed by the LCQO and LCQS values (Tables 7 and

8). Similarly, MZOH extract of D. micrucarpum

appears superior to that of B. dalzie¢lii above
10 ppm as it produced high mortality rates for small

increase in concentration.

UECW extracts of A, nilotica, A. 2lbida,

G« kraussianz, V. nigritana and X. americana were

non-toxic to young snailaz at the concentrztion at
which they were toric to adult ones. This sugpests

that young L. natalensis are less susceptible than

adult ones to these extracts.

Al though log-concentration mortality plot for
UECW extrzcts on young snz2ils were not parallel tu
th=t for CuS0, , the distance between the origin and

the foot of e=ch line especially for E. aegyptiaca,

D. microcarpum, K. africana, N. latifolia, P.

clappertoniana and P, kotschyi are comparable to

Cusou. This suggests that althuugh the way in which

these extracts act differ from each other and from
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CuBy, , their toxicitiep on young L. natalensis are

goed when compared to CuSOu the reference molluscicide.

Differences in steerness 2nd slope effects of
the lines indicete the extent to which increase
in concentr=stion of extracts should be done to
secure an incresse in response (Brander & Pugh,
1977). Accordingly, the concentratisn of B.

aegyptiaca, 0. celtidefolia (Fig 17); S.

longipedunculata (Fig 18), and B. sapida and

B, dalzielii (Fig 19) which have steep lines
compered to the nther extracts and Cusoh, have to

be incressed for desirable results on young snails.
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SUMMARY AND CONCLUSION

The molluscicidal activities of 25 Nigerian

plants were evaluated on L, natalensis using

three extraction methods. Overall activity by
WHO (1965, 1983) standards with extrects from at
least one of the extraction method used were

recorded in 18 (72%).

Seme of the reported variations in toxicity
between the plants studied were probsbly due to

extraction method, solvents used and temperature.

The study confirmed molluscicidal activity of

some plant extracts on L. natealensis some of which

have not been reported in the literature to be

molluscicidal on the genera Biomphalaria and

Bulinus snails.

Peculiar protective behavior of L. natalensis

observed in test sclutions during tuxicity tests
may lead to failure of field control progr=mmes.
This could be overcome by incressing concentration

of extracts and duration of application.

To broaden the scope of this study so as to

achieve the goal fur ideal plant molluscicides of
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acceptable effectiveness, further work is
recommended on the chemical basis of the active
cumpourd(s) of all molluscicidal plants reported

by use ¢f the UECW extraction methud.

Toxicologiczl investigations on the cercsaricidal,
wvicidsl and piscicidal effects o f these extracts
at the molluscicidal concentr~tion may lead to

effective field control proprammes of L. natalensis,

other snail intermediate hosts 2nd the trematode

diseases they transmit,
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prendix 7. Number of dead adult Lymnaea natalensis out of 20 exposed
to different concentrations of MEQH extract of Acacia
nilotica for 24 hours /corrected probits, corrected effects,
expected effects and deviation (GI) of Litchfield and
Wilcoxon (1949) method incorporated/. :
Conc.
in L tality Lorrcected rri (a Expec i evisticr
ppm) C . * robit Ef o) t (GI)
75.C L4751 (C) 3.7L0E 1.5 . 0.0521
Iﬂ..,! A_lv oL b, 3t 3 & \. P..
30 ; 1 A v ¢ of 5 [ M.»m.u.v <Ot by
Za . (1) 7 5 i 70.C £Q, 0.0
» 1 .929) (16) 6. i o 563 . _
&b «Gl (19) S5 6.5829 25 . ( Ol.3 ~ K
1.965) (20) 1 7 10C7 ) o 3 2 6f

*Mortality figures in parentheses are number dead out of 20
exposed while those outside parentheses are percentage dead.
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prendix I wontd. 2 Number of dead adult L e Bmgoﬂuwu out of 20 exposed
e

to different concentrations o ct of Balanite

hhhHMMWWMD for 2l hours mmduuoonon probits, corrected elfects,
expec effects and dev mMWwoa (GI) of Litchfield and Wilcoxon

(1949) method incorporated/.

i t y crrected Correct: viaticon
ppm) . F it Effect Effect (GI)
.5 0,397 (cy o 23l 3 _ . 00LC

- (2) 607 10.C Nole/ I
7.5 751 (&) 198 h .7 72

-9L3 (13) { 65 ( 6l .1 L

i1 (17) : 3 7
(20) 1 e h <3 m

*Mortality figures in parentheses are number dead out of 20
exposed while those outside parentheses are percentage dead.
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sontd., 2. Number of dead adult Lymnaea natalensis out of 20 exposed

to different concentration of MEOH extract of Blighia
sapida for 2i hours J/corrected probits, correc effects,
expected effects and deviation (GI) of Litchfield and
wilcoxon (1949) method incorporated/.

Log Mortality Corrected Corrected Expected Leviatior
~onc . * Probit ffect Effect (GI1)
- (0) © 3.7609 3.5 10.8 .0553
1761 (6) 30 L .6862 30.0 37.7 .0252
« 301 12) 60 5.3426 €0.C 62 .4 0050
o ¢ ﬁ.__ v H( W‘-q.\r m:,u.m £0.3 0.00C1
. __wJ.._ ﬁ\.\ d lu») nnlﬁlu__.nﬂ\r\s M\w l.; |*.\\ -_ .._MM
.5l (15) ©§ £.6196 cq, QL .7 - 0002
6021 (20)1 £.92L3 g9.( a7.3 D

"Mortality figures in parentheses are number dead out of
20 exposed while those outslide parentheses are percentage dead.
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Number of dead adult Lywnaes nataleunsis out of 20
exposed to different concentrations of MEOH extractis
of Boswellia dal-ielil for 2 hours /corrected probit
corrected effects, expected effectis and deviation (GI
of Litchfield and Wilcoxon (1949) method incorporate

,MWn Leog rtality Ccrrected Corrected Expected Deviatior
(ppm) Conc. * Probi Effect Effedt (GI)
. 0 .69 (@) © 2 :t5€F5 0.3 0.6 C.0015
745 - (3) 18 3.8224 15.0 12.C 0.C085
10, 1.0000 (7) 35 L .693€ 35.C 27.2 0. 0307
12.5 1.0069 (12) 60 5.2853 60 .C 61.2 0.0C06
15.( 1.1767 (15) 75 5.7688 75.0 77.9 0.00L9
e 1.2L30 (18) o €.1776 G0.0 3C.(C 0.0038
O 1.3010 (20)10 6.5317 q8. 33.7 0.0313

*Mortality figures in parentheses are number dead out of 20
exposed while those outside parentheses are percentage dead.
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Anrendi ontd. ©. Number of cead adult Lymnaea natalensis out of 20
o exposed to different concentrations of MEOH extract
of Deterium microcarpum for 2l hours /corrected probits,
corrected effects, expected effects and deviation (GI
of Litchfield and Wilcoxon (1949) method incorporsted
= 1 ’ rtelity .orrected GCerrected E pected EV1isSTior
A‘._.,._u Wh: * ’ Prok it Effact Effect (GI)
135 IRy () C L9023 Te3 C.2 C.0C0s5
10 1, (1) L.0L78 20, 17. C.0059
12.¢ L0969 (12) & 5,6%00 60.C P2 01553
ol F+413C (17) 85 5.8316 85 .( 82.4 0.00L7
14.5 P i e | (i9) 85 €.L5636 5.0 ¢2.8 C.0072
1 1.1761 (20)10¢ € .GEG( 5 g7 .t .0ng2

*Mortality figures in parentheses are number dead out of 20
exposed while those outside parentheses are percentage dead.
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€. Number of dead adult Lymnaea natslensis out of 20 exposed to different
concentrations of MEOH extracts of Gnidia kraussiana for 2l hours

AMoqwmodma vnocwﬁm.ooﬂwmoﬁmnmmmmoamoﬂﬁooamnmmwmoammbnam<wwdpos
GI) of Litchfield and Wilcoxon (1949} method incorporated/

Log Mortality Corrected Corrceted Expected Devietion
Cene. g " Probit Effect Effect (GI)
5.C C.695C (c) © 3. 3369 JF > Ji+ 8 0.022
7.5 0.8751 (L) 2n ):. 0968 2C.0 18,3 C.0019
10.0 10300 (7) 35 LL.636C 35.C 35.8 0.0003
12.5 1.0666 (10) sC 5.054L3 50.0 52.2 0.CC19
1€ .C 1.1761 {12) FO 5.3GE0 6C.0 E5.4 0.0129
1755 T e2lL3K (16) &8¢ 5.62LG 80.0 543 Cc.0119
20.0 1. 3C1C (20)100 5.9382 Ol . & 82 .6 0.1036

*Mortality figuyres in parentheses are number dead out of
20 exposed while those outside parentheses are percentage dead.
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/+« Number of dead adult Lymnaea natalensis out of 20 exposed to different
concentrations of MEOHR extracts of Parkia clar ertoniana for 2l hours
*mownmoama probits, corrected effects mxumommm effects and deviation

GI) of Litchfield and Wilcoxon (1949) method incorporated/

ww . Log Mortzlity Corrected Corrected Expected Deviation
(ppm) oonc s * Probit Effect Effect (GI)
2.5 C.3979 (0) © 2.3653 Je3 0.2 C.C005
5.0 0 EE9( (2) 25 L.« 3092 25.0 275 C.0073
feb 0. 8751 (1C) 8¢ Sl 5C.0 67,2 C.1342
8.C 2.9031 (14) 76 5.6273 70.0 72 .4 ), 0029
10.0 1.0000 (1) 90 6.2531 Q0,0 RO .6 0.0002
12.5 1.0C6Q (2C)100 6.8788 GB.7 97.0 00065

*Mortality figures in parentheses are number dead out of 20
exposed while those outside parentheses are percentage dead.
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8. Number of dead adult Lymnaea natalensis out of 20 exposed to different
concentrations of MEOH extracts of Folygonum limnatum for 24 hours
hmodwmowma effects, expected effects and deviatlon {G1) of Litchfield
and wilcoxon Agwrow method incorporated/

¢ OWO - . .
in Log Fortzlity Corrected Corrected ELope Leviation
(pom) Corc. * Frobit Effect Effe (GI)
45,0 1.1769 (c}y © 3.1509 2.0 £, 0.02G3
17.5 1.2):30 () 10 3.GE2€ 10.C 15.0 C.01GE
2G.C 1.3010 (%) 25 1, LCES 25.0 27.6 0,003k
25.C 1.3579 (£) LG 5.1L66 LG.O SE .2 0.1C66
30,0 1.0L771 (17) 25 5.7518 85.0 77 .4 0.0330
35.6 1.5k (20)100 €.2635 96.8 29.6 0.CES6

*Mortality figures in parentheses are number dead out of 20
exposed while those outside parentheses are percentage dead.
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Appendix I contd.

g, Number of dead adult Lymnsea natalensis out of 20 exposed to

different concentrations of MEOH extract of Pseudocedrela
kotschyi for 2l hours Jcorrected probits, corrected effects,
expected effects and deviation (GI) of Litchfield and Wilcoxon
(1949) method incorporated/

.M”n. Leg Mortality Cérrected Corrected Expected Deviation
(ppm) Conc. * Protit Effect Effect CI)
35.0 15401 (C) © 3.0428 1:0 25 0,0062
L0.0 1.6021 (2) 10 3.7176 10.0 10:€ 0.000C
L5.0 1.65132 (L) 20 L.3128 20.0 1€, 0.0003
50.0 1.6920 (1C) 50 L.8ys2 50.0 +3.9 0.0151
55.0 1.7L0L (13) 65 5.3269 65.0 62.8 0.0021
60.0 1.7782 (16) 80 6.7666 80.0 778 0.0028
65.0 1.8129 (17) 85 6.1710 85.0 87.9 0.007%
70.0 1,851 (20)100 6.5455 Gt.0 3,0 0.0293

1

*¥Mortality figures in parentheses are number dead out of 20
exposed while those outside parentheses are percentage dead.
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NMumber of dead adult nataslensis out of 20 exposed tc different
‘ centrations of ™ extracts of S5 0C birreas Tor 2, hours
corrected probit, corrected effects, expected ellec deviation

GI) of Litchfield and wilcoxon (194S) method incorporated

Log Mertelity Cecrrected Corrected Fkpected Deviation
Conc. * Probit Effect Effect (GI)
1 1761 (C) O 3.6157 246 é3 C.0u27
1.2L30 (3) 15 L1212 15.0 16.0 ). 010l
1.3010 (8) LO 4..5591 L0.0 32,0 0.C222
1.3522 (1C) 50 4 .9453 EC.0O L7.8 C.CO19
1.3979 (12) 60 5.2908 0.0 61.4L 0.0Cce8
1.4771 (16) 80 5 8887 50, ¢ 81 .3 0.0011
T5LLA (20)1c0 6.3942 97.7 91.8 0.0462

*Mortzlity figures in parentheses are number dead cut of 20
exposed while those cutside parentheses are percentage dead.
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11. Number of dead adult Lymnaea natalensis out of 20 exposed to different

concentrations of MEOH extracts of Securidaca longipedunculata for

2l hours hModﬁmo&mn probits, corrected eifects, expected elfects and

deviation {GI) of Litchfield and Wilcoxon (194S) method incorporated/
cone. _ . .
in Ing Fortzlity  Corrected Corrected Expected Deviation
(ppr) Conc. * Frobit Efiect Effect {(GI)
15.0 1.1767 (%Y © 3.9071 Ity 13.7 G.0732
2C.C 1.301C () 20 Ly, 7059 20.0 330 0.1L31
25.0 143979 (12) 6C 5.3256 £0.0 62 .8 0.003
3C.0 14777 (1&) 80 5.8318 £0.C 79.7 0. GO0
35.0 1.50L01 (18) 90 £.2EG9 GC.0 8G.6 0.0002
HEOS, 1.6021% {(20)100 F.6307 g8l .9 0.06253

*Mortality figures in parentheses are number dead out of 20
exposed while those outside parentheses are percentage dead.
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For each test concentratien, four replicates of
five snails eacl were used. Because of non=-
availability of Niclosamide as recomnend by WHO
(1981) as a reference molluscicide, CuSC!h was used
as the reference meolluscicide and, distilled

water and untrested dam water used as controls.

E=fore each test, the snails were washed in
distilled water and blotted dry with "Whatman®
filter paper. They were -hen exposed in the test
or control medium for a 2lL-hour perind. Observations
for pecullar protective behavior of the snails were
made at hourly intervals At the end of each
exposure period, snails were washed with distilled
water and put in 150ml1 fresh distilled water for a
recovery period of LH hours as recommended by Lugt
(1981). Mortality was confirmed by failure of heart-
beat observed by shining light from the bottom of
each experimental container using dissecting
microscope and failure of snails to retract into their
shell when touched with a needle after the prescribed

j8=hours recovery period.
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12. Number of dead adult Lymnaea natalensis out of 20 exposed to different
concentrations of MEOH extracts of Ximenia americana for 24 hours
mNOHﬂmOdma probits, corrected effects, expected eifects, and deviation

GI) of Litchfield and Wilcoxon (1949) method incorporated/

Conc. . )

in Log Fortzality Corrected Corrected Expected Devistion
(ppm) Conc. * Erobit Effect Effect (GI)
15.0 1.1761 (0) © 2.4691 G.3 0.5 C.co08
2C.0 1.3010 (3) 15 3.8409 15.0 12.3 0.0068
25.0 1.3979 (&) 40 ,.9CE0 ;C.0 L6.2 0.0165
30.0 1.4771 (18) 75 5.77hL 75.0 78.1 0.0056
35.0 1.5ul1 (19) g5 6.502, 9.0 93.L 0.0042
LQ.0 160271 (20)100 7.1L62 Go.13 a8.L 0.0C51

Mortality figures wr‘mmwmmﬁsmmmm are number dead odt of 20 exposed
while those outside parentheses are percentage dead.
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13, DNumber of dead adult Lymnaea natslensis out of 20 exposed to different
concentrations of MEOH extracts of Ziziphus ab mmhamﬁm for 24 hours
mmowﬂmoﬁma probits, corrected effects, expecte ects and

eviation (GI) of Litchfield and Wilcoxon ﬁﬂwrnv method pJOOdﬁOﬁmdm&M

i

L5

wmmc. leg Mort=1lity Corrected Corrected Expected Devistion
{ppm) Cenc. i Frobit Effect zifzct _ (GI)
65.0 | 841 ¢ (¢) © 3.7033 3.2 9.7 0,Cut2
70.0 1.8L51 (L) 20 L.3622 20.0 26 .2 0.0199
75.0 1.5751 (12) €0 Lt .C757 £0.0 1.0 0.0L8L
80.0 1.9031 (15) 75 LG5 75.0 70.8 0.0085
85.0 T.92904 (16) €0 6.0:85 8c.C 8€ .2 0..C323
90.0 1.6542 (18) 35 €.5568 Q5.0 9l .5 0.00Cs
95.0 1..9777 (20)100 7.-0775 99.3 Q8.1 C.0Q07

¥Mortality figures in parentheses are number dezd out of 20 exposed
while those outside parentheses are percentage dead.



Ea%ouuoan-ncun Eocaonmonou&gwn?ﬂauo
concentrations of CutQ) reference molluscicide for Mﬁ hours /corrected
probits, corrected effects, expected effects and iation (CI) of
Litchfield and Wilcoxon (19459) method incorpora

Log Fortality -orrected Corrected Erpected Devisticn
Conc. * Frobit Effect Effect (GI)
-0,6021 (0) © 1.08E60R 0.3 0.1 C.00L0
-~0.3010 Awu 1 3.5531 400 7 .11 0.009C
" - - o ol -~ .”un\.

-0.12L9 (7) 35 5.0142 35.0 5C.5 0. 09¢

=0.0L58 (15) 75 5.6711 75.0 L9 0.0000
R 50 To fE 2 0 76
C.(C00 (18) 90 6.0508 0.0 85.3 0.017€
w & 3 ~ ) = (&) __;__-.w m
ro\u 210 2\ u\_fmt. m,nm.iu.vm.m m«@o___ ,k...ﬁm e UGG

*Fortality figures in parentheses are number de=d out of 20 exposed
while those cutside parentheses are percentage dead.
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1. HNusmber of dead adult tal is out of 20 exposed to different
concentrations of ECw extracts o ) a albida for 24 hours
corrected probitg, corrected effects, expected elfects and deviation
mouu incorpora
”.Qa.j.. - bas = ) .
in Log 3 Corrected Corrected Expected Deviation
(Ppm) Cang., * Probit Effect Effect (GI
30.0 1.4771 (¢) © 3.2667 1.8 5.1 0.0253
2.5 1.5119 (3) 15 L;.0538 15.C 17.0 ¢.C03Y
6.0 1.54L) 1 (8) LO L. 689G 0.0 37.8 0.0021
37.5 1.87L,0 (13) 65 5.2822 €5.0 61.1 0.006L
LC.O 1.6021 (1€) 80 5.8362 80.0 7S. 0.0000
L2.5 528l (18) 9¢ 6.3566 gC.0 81.2 0.C018
L5.C 1.,6€32 (20)1C¢C 6.8uL713 98.7 GE .2 0.0771

*Mortelity figures in perentheses are number dead cut of 20
exposed while those outside parentheses are percentage dead.
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Appencix ITI contd.

2. Number of dead mncwuw(j.h natalensis out of 20 exposed to different
concentrations of extracts of bBalanites mwmmwu»uOm for 2i hours
corrected probits, corrected effects, expec eifects and deviation
mcuu incorpora
Conc.
in Lof nortality Corrected Corrected Expected Deviation
(ppm) Canc.e * Probit Effect Effect (GE)
245 0.3979 (Q) © 1.5348 0.3 0.1 0.0040
5.0 0.6520 (5) 2% L.212G 25.0 21.6 C.0C68
75 0.8751 (12) 60 5. 7795 €0.0 78:2 0.1943
8.0 0.9031 (18) 90 €.028¢ g0.0 8L .8 0.0210
9.0 C.gsh2 (19) 95 6..840 95.0 93.1 0.0056
10,/ i .0CC0 (20)10C 6.8911 09.0 97 .C 0.C13yr =

*Mortality figures in parentheses are number deazd ocut of 20 exposed
while those outsicde parentheses are percentsge dead.



3.

149

drpendix II comtd.

Number of dead adult Lvmnaea natalensis out of 20 exposed to different
concentrations of ECW extracts ol Boswellis dalzieliil for 2l hours
NmOﬂﬁmodma probits, corrected effects, expected effects and

deviation (GI) incorporated/

nme. Lég Yortolity  Corrected Corrected Expected Deviantion
(upm) Conc. * Probit Effect Effcct (GI)
5.0 Q.6920 (") o .2030 C.3 G.1 0.00HO
10.0 1. 0000 (1) 5§ 3.3242 g.0 .7 0.0002
15.0 1.,1761 (L) 2C L1555 zC.0 19.9 0. 0G0
20.0 1.3010 (7) 35 L.7Lsh 35.C 16,9 C.0100
25.0 1.387¢ (12) &C 5.2029 £0.0 £5.0C G006
30.0 1.7 (i5) 75 5.5767 5.0 71.8 0.0051
35.0C 1,500 (1€) 30 cL8028 5G.0 g1.1 C.00117
LC.Q 1.6071 {20)120 m.émmm g€.% 87.2 G.Q707

“#Mortality figures in parentheses are number dead out of 20 exposed
while those outside parentheses are percentage dead.
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Appendix IT contd.

. Dhumber of dead -nzun:wummmmu natslensis cut of 20 exposed to different
corcentrations of ECW extracts o tarive microceroum for 2l hours
mmonﬁanamn protits, correc effects, expected eifects and .

eviation (GI1) incorporat .

Conc.

in Lcg Forteslity  Cerrecied Correctea Expected Levistion
mwmﬂu Covic . * rrobit Effect 2ffect (21) .
7.5 C.8757 (0) ¢© 3.8770 L1 13.1 Q.07
10.0 1.00G0 (6) 20 L.3281 3C.0 25.h 0.0C112
15.0 1.1767 (8) LG 1L.9579 L0.0 Le.5 0.0367
20,0 1.3C10 (13) 65 5.LhaC £E5.0 £7.3 C.002L
25.0 1.3979 (17) 85 5.8066 6.0 79.0 G.0217
20.C TLTT (17) 85 £.0088 g, o 6.4 0.001Y
5.0 1.5407 (20100 £.,3459 Q7 .1 a1 .1 . 0Ly

*¥ortality figures im parentheses are nusber dead cut ef 20 exposed
while those outside parentheses are percentage dead.
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tppendix II contd.

5. Number of dead adult Lymnaez nataslensis out of 20 exposed to different
concentrations of ECW extracts of Kigeliam africana for 2l hours
[corrected probits, corrected effects, expected effects and
deviation (GI) incorporated/

OMMO. Lor Mortality Corrected Correctad Exgected Cevizticn
{ppem) Conc. * FProbit Effect Effect (GI)
30.0 1.0L771 (3) © 3.5562 2.6 7. 0.0336
©.G 1.5:401 (4) 2c .08l 2 20.0 18.3 0.0019

LG.0 1.6021 (€) 30 )i . 5602 30.0 33,0 0.00L1
L5.0 1.6532 (¢) 45 .9713 LE.0 L8.8 0.0C56
50.0 1.6990 (12) 0 5.3338C £0.0 £63.3 C.00L7
55.C 1.7.0} (1€) &0 5.6716 80.0 C 7h.9 0.0138
€0.0C 17782 (20)100 5.9753 9.8 §7.6 0.0335

*Mortality figures in parentheses are number dead out of 20 exposed
while those outside parentheses are percentage dead.



Appendix II contd.

ucluoﬂonununnacpn rumﬁwnp ﬂapm»ocaonmoonvousnnon»hnonln«
o osananhouuonmntonnuonou uunmnn oumvv-anUunsa&onmrvocnu
corrected probits, corrected efrects, expected effects and

eviation (GI) incorporat

152

nmmn. oF Mortality Corrected Corrected Expected Leviation

(ppm) Conc. * Probit Effect Effect (GI)
2.5 N.3979 (0) © 2,2768 0.3 0.3 0.0000
5.0 0.62G0 (4) 20 L .08G3 20.0 17 .Lu Q.0047
7..5 0.8751 (9) L5 5.1020 L5.0 L .1 0.0333
8.0 0.S0C31 (11) &€ 5:2679 55.0 €C.5 0.0127
9.0 0.65,2 (16) €0 5.5708 60.0 ¥46 0.03L7

10.0 1.0000 (206)100 58414 9L.0 80.0 0.1225

*Mortality fligures 'in parentheses sare number dead cut of 20
exposed while those outside parentheses are percentsge dead.
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7. Number of dead adult Lymnaea natalensis out of 20 exposed to different
concentration of ECW extract of oclerocarya birrea for 2i hours
NMOHHmOﬁma probits, corrected effects, expected effects and
deviation (GI) incorporated/

L one,

in Log Fortzlity Ccerrected Corrected Exrected Teviation

(ppr) COnc . > Probit Effect Effect . (CI)
10.0 1.000C (0)y O 3.3099 1.6, .6 C.0205
12.5 1.0969 (5) 25 L1171 25,0 20,0 0.0130
15.2 1.1761 (&) 4o 1:.8753 0.0 L&.C 0.0101
17.5 1.2430 (i3) €5 S.L705 £5.0 68.1 0.CoLL
2G.C 1.3010 (16) COC 5.5860 80.0 £3.8 G.C106
22.5 1.3522 (1¢) 9o €.L408 95,0 92.% 1, 0030
25.0 1.3979 (2C0)100 6.8L75 G8.4 96.7 3.0691

#Mortality figures in parentheses are number ammmmﬁWJ of 20
exposed while those outside parentheses are percentage dead.
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Appendix II contd.

kumber of desd sdult Lysnnes natalenzis out of 20 exposed to different
concentrations of ECW extract of Alzenia azericsna for 2L hours
thCﬂneorea._adn»aa. corrected effecis, expected eriecls and

deviation (GI) incorporated/

Conc.

1245 1.0969 (c) O 3.6621 2.9 9.2 0.0475
15.0 1.1761 (L) 20 111170 20.C 16.9 0.0008
20.0 1.3010 (8) LO ly.8236 L0.0 113.0 0.003Y
25.0 1.3979 (13) 65 5.3718 65.0 &L .5 0.0001
30.C 1.L771 (16) 80 5.8106 80.0 7%.4L 0.0002
35.0 1.5L41 (20)100 £.1983 96,5 88.5 0.0629

*Mortality figures in parentheses are number dead out of 20 exposed

while those outside parentheses are percentage dead.
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Aupendix II contd.

7+ Bumber of desd adult mkninhm.-n& natalensis cut of 20 exposed to different
concentrations of EC4 extracts of Vetliveris

corrected prouvits, correc
eviation (GI) incorporate

_mMn Lrg Mortzlity Correscted Ccorrected m.mmnw.u maﬁpmﬁio:
(ppm Conc. * Probit Effectl Effect (Gl)
10,0 1.0G00 (0) 0O 2.31°%4 0.3 Q. 0.0003
12.( 1.07%2 (2) 10 3.5290 10.0 T 0.0128
.0 1.1461 (5) 25 L.5517 25.0 32.7 0.0269
5.0 1.1761 (8) IO 5.0094 LC.O 50.3 0.0L2y
16.0 1.20L7 (15) 75 514376 75.0 €6.7 0.0310
18.0 T1.«2553 (18) 20 6.2190 eC.0 8.5 0.0012
20.C 1.3010 (20)1co 6.9180 ag.0 97.2 0.Q119

*Mortality figures in parentheses are number dead out of 20 exposed
while those outside parentheses are percentage dead.
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Appendix II ccorntd.

10
“° Number of cdead acdult lymnses natalensis out of 20 exposed to different
concentrations of ocmﬂ“ relerence control molluscicide for 2!, hours
corrected probits, corrected effects, expected effects and
eviation (GI) incorporated/
Loncgc., . z - 3 :
in 1oz rertality .orrected Corrected Expected prdpmﬁpo:
{prm) Corca o Probit Effect Effect (GI)
0.25 ~CE021 (o) © 1.C555 0.3 0.1 0.00L0
0.50 ~0. 3010 (2) 10 3.5531 10.0 [ 0,009
0.75 -0.124¢ (7) 35 5.01L2 35,0 50.5 0.0961
0.90 -0.0L58 (15) 75 5.6711 75.0 .9 HaCe
1.00 0.0000 (158) go €.0508 S0.0 8.3 0.0176
2.0C 0.3010 20)10¢ 8.5L85 99,7 9¢.9 0.COL0

*Mortality fiszures in parentheses sre number desd out of

20 exposed
while those outside parentheses are percentage dead.



Appendix III

157

13 Number of dead adult Lymmaeza natalensis out of 20 exposed to differemt
concentrations of URCH exirsct ol Ac=cila nilotica for 2, hours
[corrected probits, corrected efiects, expecter effects and
deviation (GI) incorporated/
cmMn. Lok, Mort=1lity Corrected Ceorrected Expected Deviztion
{pom) Conc. * Probit Effect Effect {(GI)
5.0 0.69%0 (0) ¢C 2.6521 0.3 0.3 C. 0000
10,0 1.0000 {l.) 20 . 0569 20.0 17.3 0. 0051
5.0 1.4761 (&) Lo h.8E52 LHO.O hiy.2 0,0072
20.0 1.3C1G (12) 60 S5.4h217 6£C.0 E6.3 0.0178
25,0 1,3579 (17) &g 5.8610 85.0 85.0 0.0129
30.0 1.4771 {(20)160 6.2200 56.5 88.9 0.068%

*Mortality figures in parentheses are number dead out of 20 exposed

while those ocutside parentheses are percentage dead.
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Appendix IIT contd.

@hsies Nutalensi

exwvracC

out of 20 exposed to different
stolockis =2lbida for =l hours

158

mhcﬂﬂmn.mn probits, corrected effects; expected effects and
eviation (GI) incorporated/
Conc. . T
in Leg. Mortality Corrected Zg¢orected Expected Deviztion
(pem Conc. * Frobit EZfect Effect (GI)
LC.O 1.6021 (0) © 2 .8091 0.7 0.4 0.0035
L45.0 T.6532 (1) s 5166 5.0 £.9 0.0056
50.0 7 .£960 (L) 20 i . 1495 20.0 1G.¢8 0.0CCO
§5.0 1.7L0L (1¢) 50 L.722¢ 50.0 0.0499
0.0 1.7762 (12) €0 S.2L5 €0.0 56 .8 0.00C0
70.0 1.8L51 (17) 8¢ 6.170¢ 85.0 7.0 0.0079
80.0 1.9031 (20)100 6.972> Q9,0 97.6 0.008,

*Mortality figures In psrentheses are number dead out of 20 expo sed
while those cutside parentheses are percentage dead.
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Appendix IIT contd.

3. Number of dead =2dult Lymnaea nzatalensis out of 20 exposed to different
concentrations of UECW extracts of Balanites aegyptiaca for 2L hours
corrected probits, corrected effects, ouvoonmm omwaomn and
eviation (GI) incorporated/

wag Leuge. Mort=1lity Corrccted Corrected Expected Devieation
(ppm) Conc. * Frobit Effect Effect (CI)
1.0 0.0000 (0) O 3,55139 S 7.4 0.0380
0.2979 (&) 20 L.E037 L0.0 3L.0 0.0129
5.0 0,69%0 (12) 6C £.3979 €0.0 FE.L 0.018Y
7.5 0.6751 {13) 65 S .8625 65.C 8C.€ 0.1556
8.0 0.9031 (16) 80 5.936L 80.0 g2.x5 C.0CL3
9 0.95L2 19) 95 6.0714 95,0 85.9 0.068l
10 1.0000 (20)100 6.1921 6.7 8€.4L 0.0593

*Mortality figures in parentheses are number dead out of 20
exposed while those outside parentheses arg percentage dead.
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Appendix III contd.

r.zcuvonohnamamacuuruanmaw:mdmwm:m»uo:ncwmomuvonmawoawnunﬂoaa
concentrations of UECW exiracts of Elighia sapida for 2l hours

mmonnmnumu mnosyn..noaﬁcnﬁaammnmoam.mxfmoﬁmamnawoammsanacpmnuou
GI) »bnoaﬂOﬂmammw

Omwn. Leg. Mortzlity Corrected Corrected Expected Devization
(EPM) Conc., * Probit Effect Effect (CI)
5.0 0.69S0 (Q) ¢ 3.290L 1.3 Lot 0.0228
7.5 C.2751 (5) 25 .1139 25.0 18.6 C.0252
10.0 1.0000 (3) LO L .6982 L0.0 38.1 0.2015
5.0 1.1761 (12) 60 5.5218 60.0 €9.9 0.0466
0.0 1.3010 (18) g0 6.7061 90.0 86 .6 ).0100
5.0 1.3G67¢ (20)100 €.55C3 G8.0 ¢l .0 0.0284

*Mortality figures in parentheses are number dead out of 20
exposed while those outside parentheses are percentsage dead.
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>+ Number of dead uQCHMQWHmmmmm natalensis out of 20 exposed to different
concemirations of UECW extracis of Boswellia dalzielii /corrected
waovnnm. corrected effects, expected effects, and deviation (c1)

ncorporated/

nmﬂb. Leg Mertality Corrected Corrected mxw.nqna ‘rdmuawon

( ppm) Coric . * Probit Effect Effect (GI)
0.0 143010 (0) O 3.1270 1.0 3.0 0137
25.0 1.3979 (?) 15 L, Col2 15.0 16 .C 0, 0007
30.0 14771 (8) LO L .7209 0.0 36,0 C.000Y
35.0 15041 (13) 65 5.3269 65.0 €2.8 C.00
hC.C 1.6021 (16) B8C €.8518 80.0 8C.3 0.0001
45.0 1.6532 (18) <0 6.314€ 90.C 30.€ G, 000N
50.0 1,6€C0 (20)100 €.729C G8.l Qf 2 C.022)

*Mortality figures in parentheses are number dead out of 20 exposed
while those outside parentheses are percentage dead.
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¢. Number of dead adult Lyunaea matalensis out of 20 expesed to different

concentreticns of URCw extracts o tsrius microcsrpum for 24 hours
mmoﬂﬂmnnoa probits, corrected effects, expected effects and
eviation (GI) incorporate

Conc. ) . ) -

in Log Mlortality Corrected Corrected  Expected Leviztion
(ppm) Conce. * Probit Effect Effect (GI)
1,0 0. 0CCC (0) O 2.7509 0.3 0.3 C.0000
2.5 0.3979 (5) 25 L1211 2¢.0 19.0C 0.0234
5.0 0.6990 (9) 45 5.1576 45.0 56.3 0.0519
75 0.8751 (12) 60 5.7639 €0.0 T7 7 0.1808
8.0 0.9031 (16) &0 5.860L 80.0 80.5 0,002
g.0 C.95,2 (19) <8 6.0368 95.0 85.0 0.076L
10.0 1.0000 (20)100 6.1941 96.2 &8 .4 0.0593

*Mortality figures in parentheses are number dead out of 20

exposed while those ocutside parentheses are percentage dead.
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Appendix III ~ontd.

T e Nuaber of dezd zdult lyrhsen pctosencls out of 70 evposed to diffsprant
corcentrations ¢f Uil extr-cis of Ghicis krousslsns for 21 hours
men&mnﬂmn procits, correctdd effects, expecied eiiects and -

eviation (CI) incorporsted

OMMO. Lue Mortelity Crrrected Corrected mx@m0¢ma Deviaticn
(pom) Conc. * Frobit Effect Effect (GI)
35.0C 1.51L7 (0) © 3.5192 2.3 &.7 0.0310
10.0 1,602 (3) 15 L. O8L5 15.0 18.0 . G061
45.0 1.6532 (8) LO 1,.5832 10.0 33.8 0.0172
50.0 1.6990 (11) 55 5.02G2 55.0 1.2 0.0058
55.0 1.7040L (12) 6C 5.4328 EC.0 G6.7 0.0202
60.C 1.7782 (16} 30 5.8011 80,0 78.8 {.0C09
65,6 1.8129 20)100 6.1400 95.9 87.2 ¢.0667

sMortality figures in perentheses are number dead out of 20 exposed
while those outslde parentheses are percentage dead.
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& Numbsr of dead sdult Lymmaa: patalensic out of 20 exposed different
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Y*  concentrstions of ULEY extracts of xwmuu»a b 4 na for 2l hours
corrected probits, correc effects, expec effects and
eviation (GI) incorporate

Conc.

in Log. Mortzlity Corrected Corrected Expected Deviation
(ppm) Conc. * Probit Effect Effect (GI)
0.0 16650 () O© 3.2820 L.5 I3 0. 0001
60.0 1.7782 (L) 20 L .28€5 20.0 23,8 ¢.0080
70.0 18451 (i2) €60 £.1359 €0.0 56 .L 0.008
30.0 1.2031 (16) 80 5.8716 80.0 £0.8 0.000L

0.0 1.9542 (19) 95 £ .5206 95 .« 93.6 0.0033
100.0 2.0000 (20)100 7.1011 97.7 0.0022

*Mortality figures in parentheses are number dead out of 20 exposed
while those outside parentheses are percentage dead.
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Appendix III contd.

o Number of dead adult

" concentrations of crnm extrac
corrected probits, correc
eviation (GI) incorpora

talensls out of 20 exposed to different

idefolia for 24 hours
expec ellec and

effects,

nMMn. Lcg. Mortality Corrected Corrected Expected Deviztion
(ppm) Conc . * Probit Effect Effcct (GI)
5.0 0.6920 (0) © 2.4L955 0.3 C.6 0.0015
10.0 1.0000 (4) 20 ly .00%6 20.0 16.1 0.0113
1540 1.1761 (8) LO Iy . 5e5), L0.C 1L5.8 0.0136
20.0 1.3010 (12) 60 5.52138 €0.0 70.0 0.0u76
25.0 1.3979 (18) 90 6.0112 G0.0 8Ly .2 0.0253
30.0 1 774 (20)100G €.L095 97.4 92.0 0.0396

*Mortality figures in parentheses are number dead out of 20 exposed
while those outside parentheses are percentage deed.
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Appendix III contcd.

L Nuaber of dead adult mjuu nmnnuﬁnw out of 20 exposed to different
concentrationa of U extrac wmmwmmmww for mr hours
mooﬁ.-ooon probits, correct

eviation (GI) incorpora

-mwn. Log. Mortelity Corrected Ccorrected Expected Deviation
(pom) Conc . * Probit Effect Effect (GI)
20.0 1.3010 (0) © 25917 0.3 0.8 0.0032
30.0 1.4771 (L) 20 3.9252 20.0 1.1 0.0287
1,0.0 1.6021 (7) 35 1 .8713 35.0 L)y .9 0.0396
45.0 1.6532 (10) s0 5.2587 50.0 60.2 0.0434
50.C¢ 1.6990 (14) 70 5.6052 70.0 72.8 C.00L0
55.0 1.7404 (18) 90 5.9187 90.0 82.1 0.0L25
60.0 1.7782 (20)100 €.20,8 96.5 88 .6 0.,0618

*Mortality figures in parentheses are number dead out of 20 exposed
while those ocutside parentheses sre percentage dead.
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Appendix III contd.

. Number of dead adult rummmo- snnuwosnpm out of 20 exposed to different

orrected probits, correct effects, expec elffects and

o:oauawmnnou-onc onmoo wopunuaospmubnonm:uo:ni
.Mm mIL.
eviation (GI) incorporated/

e tale
A .

in leg. Mortallity Corrected Corrected Expected Deviation
(ppm) Conc, * Frobit Effect Effect (GI)
10 0.0000 (0) © 2,818l 3.8 11.8 0.061%5
25 0.3979 (8) LO h 702l LC.O 36.3 C.0012
54 C.6990 (12) 60 5.3733 60.C €L .5 0.0088
7.5 0. 8751 (16) 80 5.7658 80.0 778 0.0028
10.C 1.0000 (20)100 eoLL 3 9%.3 85.2 0.0809

*Mortality figures in parentheses are number dead out of 20 exposed
while those outside parentheses are percentage dead.
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Number of dead adul
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corrected probits, correct

eviation (CI) incorporated

YEon

d effects, e

Appendix III contd.

exiracis o

168

atalensis out of 20 exposed to different

2 of Toly

um limnatum for 24 hours

xpected effects and

;WMn. Log Mortality Corrected crrected Expected Deviation
(ppm) Conc., * Probit Effect Effect (GI)
. 0.6920 (C) o 3.0987 1oL 2.5 0.0092
1C.0 10000 (6) 30 L 680 30.C 36.3 0.0172
5.0 117561 (12) ¢ 5.2689 60.( £0.6 002
c.0 1.3010 (16) 80 5.8372 80.0 799 C. 00
25.0 1.3579 (18) 90 6.2780 90.0 89.9 0.0CC0
30.( T h771 (20)100 6.6382 98.L ¢lL.9 0.0253

*Mortality figures in parentheses are number dead out of 20 exposed
while those outside parentheses are percentage deed.
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Appendix III contd.

corrected probits, correct effects, expec efiects and
eviation (GI) incorporated

169

Number of dead acult mjh- .ﬂ.-:unﬂm- out of 20 exposed to different
concentrations of U extracts o E for 24 hours
t

Conc. =

in Log. Mortality Corrected Correcte¢ E pected Deviation
(ppm) Conc. * Frobit Effect Lffect ﬁCHN._
70.0 1.8L51 (C) O 3.2785 T4 4.3 0.0204
7245 1.8603 (2) 10 3.81,87 10.C 12.5 0.0057
75.0 8751 (%) Lo L. 3965 LG 27 4 0.0789
60.0 1.9031 (12) 60 S Ll 81 60.0 67.3 0.0242
82.5 1.91€5 (16) 80 S.8LE0 80.0 82.8 0.0055%
85.0 1.929L (15) S5 €.4331 95.C 92.4 C.00%¢E
90.0 1.952 (20)100 73618 90,7 ©9.9 2.00L0

*Mortality figures in parentneses ere number dead out of 20
exposed while those outside parentheses are percentage dead.
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Appendix III contd.

1), . Nugber of dead adult L a m«mmﬂnuu out of 20 exposed to different
concentrations of UECW .nmﬁjo s of 5 idac pOﬂhhnmmcmmmmmmn for
24 hours Jcorrected probits ooeaﬁommm owwoam- expec ects and
deviation (GI) »noonvonnaamw

mmMo. Log., Mortelity Corrected Corrected E.pected Deviation
(pom) Conc. * Probit Effect Effect (GI)
5.0 0.£900 () © 3.18y2 143 3.5 0.0143
10.0C 1.0000 (L) 20 L .0582 20.0 173 0.0051
15,0 11761 (7) 35 L .5695 35.C 33.3 C.0013
20.0 1.3010 (8) L0 L.9322 10,0 47.3 0.021}4
30.0 1..L771 (12) 60 5.4L35 €0.0 671 0.0228
L0.0 1.6021 (17) 85 C.8062 85.0 79.0 0.0217
50, 1.6950 (20)1¢0 € .0876 Qg.¢ £6.2 0.07L 3

“Mortality figures in parentheses are numsber dead cut of 20 expcsed
while those outside parentheses are percentage dead.
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Number of dead adult Lymnsea natalensis out of 20 expos

171

1 ed to different
ot concentrations of UECW extracts of Ximenia americana for 2!, hours
mmwnﬂnoﬁnn probits, corrected effects, expected owmoouu and deviation
GI) incorporated/ )
Tonc .
in Logs Mcrtality Corrected Corrected E)pected Deviation
(pom) Conc . *_ Probit Effect Effect (GI
10.0 1.00Q0 (C) O 2.08 0.3 0.2 0.00085
12.5 1.09€6S AAV 5 33021 5.0 k.S Q.0006
15.0 1.+1761 (L4) 20 L, .2978 20.C 2l C 0092
17.5 1.2L3C (12) €0 5.1396 60.0 6E€.5 0.005Q
20,0 1 301 (16) 80 5.8689 80.C 0.7 ).0050
25,0 1.3979 (20)10C0 7 .0875 99 .9 8.2 0.006&E

*Mortality figures in parentheses are number dead out
while those outside parentheses are percentage dead.

of 20 exposed



16, Number of dead adul

Appendix III contd.

tL n 1
concentrations of cmndkmmmmmo o

oonﬁoononvnocn«u.oond.o onn!n
eviation (CI) incorpors

172

out of 20 exposed to different

igritana for 24 hours
: onvoo¢mmnmumdew and

Conc.

in Log Mortality Corrected Corrected Expected Deviat
(ppm) Canc., * Probit Effect Effect (GI)
35.0 1.54L1 (0) ¢ 3.755L 6.7 10,7 0.0167
40.0 1.6021 (8) LO L .2527 40.0 2l .0 0.1404
L5.0 1.6532 (8) Lo L .7E6€E7 L0.0 L0.8 C.000C3
50.0 1.655C (12) 60 5.1907 0.0 57 .6 . 0024
55.0 1.74CL (12) €& 5.5743 60.C 71.7 0.0675
60.0 1.7782 (16) 80 5.924 80.0 82.2 0.0033
700 1.8L51 (20) 6.5418 5.€ G3.9 C.0C50

*Mortality figures in parentheses are number dead out of 20
exposed while tF e ¢ tside parentheses are percentage dead.
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Apvendix III contd.

17. Number of dead adult Lymnaea natalensis out of 20 exposed to different

concentrations of reference molluscicide for 2i; hours /corrected
probits, corrected effects, expected effects and deviation (CI)
incorporated/
Conc.
in L7g Mortality Ccrrected Corrected Expected Deviation
{ppm) Cenc. * Probit Effect Effzct (GI)
0.25 -0.6021 (0) © 1.0555 0.3 0.1 0.00LO
50 -0.3010 (2) 10 3.5531 10.0 7.4 0.0099
C.75 -C.1248 (7) 35 5.0142 35.0 50.5 0.0561
S( -0, 0,58 (15) 75 56711 750 7.5 0.0C00
0 G.C000 (18) 90 6.0508 0.0 85.3 0.01%76
C 0.3010 (20)100 8,585 9g.7 9.9 C.COLO

*Mortality figures in parentheses are number dead out of 20 exposed
while those outside parentheses are percentage dead.
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Appendix IV

T.Number of dead young Lywnaea natalensis out of 10 exposed to different
concentrations of UECW extract of Mmmwu»nmu tiaca for 2, hours
corrected probits, corrected effects, expec effects and deviation
GI) gooﬁvog&

in Log Mortality Corrected Corrected Expected Cevietion
(ppm) Conc, * Probit __Effect Effect (G1)
L.C 0.6021 (0) © 2.00u2 O.h 0.2 0.0020
5.0 0.6SS0 (0) O 3.0660 ;[ 2.7 0.0C7S
£.0 0.7782 (1) 10 3.9344 20.0 0.3 0.C265
70 0.81151 (3) 30 L .6682 30,0 37.0 0.0210
8.0 0.9011 (5) s0 5.3038 50.0 61.9 0. 0600
9.0 0.98L2 (8) 80 5.8645 80.C 80.6 0.0002
0.0 1.00C0 (10)1cC0 6. 3661 95:€ 91.4 0.022)

*¥Mortality figures in parentheses are number dead out of 10 exposed
while those outside parentheses are percentage dead.
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Appendix IV contd.

talensls out of 10 exposed to different
for 2l hours Jcorrected
effects, and deviation (

> Number of dead young Lyenasea
concentretions of UECY extract o
probits, corprected effects, expect

incorpora

Conc,

forl __Eote: TR etit . Befeet o Erfect . Dol
20.0 1..3010 (0) ¢ 0.0010 0.1 0.1 0.0000
30.0 1.4771 (0) 0 1.9941 0.2 1.2 0.008Y
L0.C 1.6021 (1) 10 3.4083 10.0 13.2 C.2089
5C.0 1.6990 (2) 20 L.5052 20.0 ue.7 0.1775
60.0 1.7762 (5) 50 5.L01L 50.0 63.6 0.1616
70.0 1.8451 (9) 9C 6.1562 90.0 6.3 0.0116
80.0 1.9031 (10)100 €.8158 Q5.0 = I 0.0217
90.,C G5l 2 (10)100 7 390! 95,3 g€.1 0.0077

*Mortality figures in parentheses are number dead of 10 exposed while
those outside parentheses are percentage dead.
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Apperdix IV contd.

3. Nuimber of dead young Lymnaea natalensis out of 10 exposed to different
concentrations of UECW extracts of boswellis dalzielii for 2L hours

corrected probits, corrected effects, expected effects and devistion
- {GI) inccrporated]/ -

omﬂo. Lcg. Eortality Corrected Corrected maﬁmﬂﬁma Um<wmwwom
(ppm) Conc. * Probit Eifect Effect (GI)
3C.0 1.05771 (C) © 1.2045 0.1 0.1 0.0000
L0.0 1.6021 (0} © 2.7258 0.3 1.2 0.0C68
50.0 1.6990 (1) 10 3.95058 10.C 12.7 0.0066
£0.0 1.7782 (2) 20 L. 8699 2G.0 Lh.8 0.24,87
70.0 1.8457 (8) B0 5.E650 80.0 R0.0 0. LoD
8G.0 1.5C37 (9) 90 6.3017 90.0 91.6 0.00L3
90.0 1.9542 (1C)100 7.0139 99. 2 Q4.3 0.CCCo
100.0 2 ,0000 (10)100 7.5711 99.6 “G.5 C.C002

*Mortality figures in parentheses are number dead out of 10 exposed

while those outside parentheses are percentage dead.



Appendix IV contd.

L. Number of dead young lLymnaea natalensis out of 10 exposed.to different
concentrations of UECW extracts of kissampelos muceronata for 2l hours
corrected probits, corrected effects, expected effects and deviation

GI) incorporated/

ﬁmwo. Log Mortality Corrected Corrected E pected Deviation
(ppm) Conc. * Probit Effect Effect (GI)
S 0.6990 (0) © 1.5769 0.3 0.1 C.Coyo
10.0 1.0000 (0) o 2.7495 0.3 142 0.0068
20.0 1.7%010 (1) 10 3.922 10.0 4.1 0.0139
30,0 14771 (2) 20 L.6080 20.0 34.6 C.09€5
LO.O 1.6021 (4) 40 5.09L7 40.0 53.8 0.0766
50.0 1.6990 (6) 60 S.h722 60.0 68.2 0.0310
60L0 1.7782 (10)100 5.7806 €7.6 78.3 C.06LS
701 181451 (10)100 6.0yl 7€ .8 8.1 0. 058"

Ta

*Mortality figures in parentheses are number dead out of 10 exposed
while those outside parentheses are percentage dead.



Appendix IV contd.

5. Number of dead young Lymnaea natalensis out of 10 exposed to different
¢ concentrations of UECW extract of Detarium microcarpum for 24 hours
“ kMoaqmo«mc probits, corrected effects, expected effects and devization
(GI) incorporated/

CMMO. l1og Mortality Cerrected Corrected Expected Deviation
(prm) Conc * Probit Effect Effect (GI)
1.0 0.0CC0 (0) © 2.6700 2.0 Y21 0.007L
2.0 0.3010 (Q) 20 L,.3608 20.0 2€ .2 0.019%
3.0 0.4771 (5) 50 5.3498 50.0 63.7 0.0812
L.0 (.6021 (€) B0 €.0515 80.0 8l 0.023L
5.0 0.6990 (10)100 6.5558 G7.1 9L4.5 0.0130
6.0 0.7792 (10)100 7 .0L05 98.1 97 .9 0.00C2

*Mortality figures in parentheses are number dead out of 10 exposed
while those outside parentheses are percentage dead.



Appendix IV contd.

6. DNumber of dezd young Lymnaea natalensis out of 10 exposed to different

concentrations of UECW extract of Kigelia africama for 2!, hours

.

/corrected probits, corrected effects, expected effects and deviation
deV incorporated/ -

ﬂwwo. Log Mortality Corrected Corrected Expected Deviation
(ppm) Conc. * Probit Effect Effect (GI)
2.5 0.3979 (0) © 23775 0.3 0.5 0.0008
5.0 0.6%90 ((1) 10 3.6585 10.0 3.0 0.0012
10.0 1.000 (6) 60 4.9395 60.0 47 .6 C.0616
20.0 1.3010 (8) 80 6£.2208 80.0 88.9 0.0803
30.0 1.L771 (10)100 6.5698 9.7 e7.5 0.0322
L0.0 1.6021 (10)100 7 .5015 98.3 99.4L4 0.0203

*Mortality figures in parentheses are number dead out of 10 exposed
while those outside parentheses are percentage dead.
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Appendix IV contd.

T HNumber of dead young Lymnaez natalensis out of 10 exposed to different
"concentrations of UECW extract of. hauclea latifolia for 24 hours
KMUWﬂmOﬁmQ probits, corrected effects, expected eflects and deviation
"(GI) incorporated/ -

omMo. icg. Mortality Corrected Corrected  Exgected Deviatinn
{ppn) Conc .- * Frobit Effect “ffect (GI)
2.5 0.3979 (0) © 2.2660 1.0 0.3 0.01€6L
5.0 0.63C0 (1) 10 3.5037 10.0 £.7 0.0174
10.0 1.0000 (3) 30 L 713 30.C 39.8 0.0L01
20.0 1.3010 (5) 50 5.97°0 80.0 83.6 0. 0095
30,0 1.L777 (8) 20 £.7030 g1.3 95.6 G.0LLO
40,0 1.6021 (10)100 7.21€7 6.l Q&7 0.00L12

*Mortality figures - in parentheses are number dead out of 10 exposed
while those outside parentheses are percentage dead.
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8. Number of dead young Lymnaea natalensis out of 10 exposed to different
concentrations of UECW .extracts of Opilia celtidefolia for 24 hours
Jceorrected probits, corrected effects, expected effects and deviation
GI) incorporated/
Conc.
in Log. Mortality Corrected Corrected Expected Deviation
(ppm) Conc. * Effect Effect Effect (GI)
5.0 0.6990 (0) © 2.8708 T3 1:7 0.0C10
6.0 0.7782 (2) 20 3.9L61 20.0 14.6 0.023L
7.0 0.8L51 (5) 50 L .8553 €0.0 Lli.3 C.0132
B0 0.9031 (6) 60 5.6L28 6C.0 4.0 0.1019
9.0 0.954h2 (3) g0 6.3375 90.0 90.9 0.0C10
10.0 1.0000 (10)100 6.9589 a8.L 87.5 0.0033

*Mortality figures in parentheses are number dead out of 1C exposed
while those outside parentheses are percentage de=zd.
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9. Number of dead young Lymnaea natalensis out of 10 exposed to different
concentrations of UECW extracts of Parkia clappertoniana for 2L} hours
mmoﬂﬂmoama probits, corrected efifects, expected eitects and deviaztion

GI) ingcorporated/.
Conc.
in Log. Mortality Cerrected Cerrected  Expected Deviation

{ppm) Conc.- * Probit Effect Effect (GI)

0.18 -0.7L47 (0) © 3.87C3 7.6 12.9 0,0250

C.25 -C.6021 (L) Lo ly.. 266l LG.0 23.2 0.158L

C.50 ~-G.3010 (5) 50 5.1009 50.0 5L.0 0.006M

.75 -0.1249 (7) 70 £.65850 70.0 72.2 G.0o024

1..00 0.G000C (2) <0 5.935L 90,0 82.5 0.0350

2,0¢ 0,201G (10)100 6.7699 g€.8 G6.1 0.0013

*Mortality figures in parentheses are number dead out ¢of 10 exposed
while those outside parentheses are percentage dead.
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Number of dead young Lymnaea natalensis out of 10 exposed to different

10. concentrations of UECW extract of rolygonum limnatum for 2L hours
*mo%umodma probits, corrected effects, expected effects and deviation
GI)} incorporated/ _ b
Conc.
in lcg. Mortality Corrected Corrected Expected Deviation
(ppm) Cone., * Probit Effect Effect (G1)
10.0 1. 0000 (0) © 2.016%5 .2 0.1 0,0010
20.0 1.30M10 (0) O 3.2566 1.3 2.8 0.0083
30.0 14771 (2) 20 3.9820 20.0 1L.6 0,023L
40,0 1.6021 (2) 20 L Lo67 20.0 32.9 C, 075k
50.0 1.6990 {8) 50 L, . 8959 50.0 51.5 0, 0009
60.0 1.7782 {(€) €0 5.2221 60.0 6e .l o.018L
7C.0 1. 8451 (7) 70 5.L979 70.0 77 oy 0.0313
80.0 1.9031 (10100 5.7367 93,3 g8e, ¢ 0.0540
90.0 1.98,.2 {(10)100 S.94L75 94.8 G0.1 0.02,,8

*Mortality figures in parentheses are number dead out of 10 exposed
while those outside parentheses are percentage dead.



Appendix IV contd.

181,

44, Number of dead young Lymnaee natzlensis out of 10 exposed to different

concentrations of UECW extract 5T rseuqocedrela kotschyi for 2L

‘hours Jcorrected probits, cgrrected ~ffects, expected effects, and
deviatIon (GI) incorporated/

conc.

in Log. Mortality  Corrected Corrected  Expected Deviation
{(ppm) Cong. * Probit Effect Effect (GI)

“.5 0.3979 (0) © 2.7985 1.3 1.4 0.0001

5.0 0.6990 (0) © 3.3732 2.9 5.2 0.0107
10.0 1.0000 (3) 30 3.9482 30.0 1.7 0.1867
20.0 1.3010 (3) 30 L.5231 30.0 31.7 ©.0013
30.0 104771 {5) 50 14 .859L 0.0 bl 0.0127
LC.O 1.6021 (5) 50 5.0980 50.0 v 53.9 0.CC6"
50,0 1.,6950 (5) O 5.2830 50.0 61.2 0.0528
6C.0 1.7782 (6) 60 5.0 3L2 60,0 66 .8 0.0208
70.0 1.8151 (7) 70 5.5621 7C.0 71.3 0, 6008
£0.0 1,503 (7) 70 5.6728 7C.C 7L:.9 0.0128
90.0 1.9542 (8) 60 5.7705 80.0 78.0 0.0023
100.0 2.,0000 (g) 80 .5.8579 90.0 80.4 0.0585
11C.0 2.0l (10)100 5.9369 95.6 82.5 0.1189

*Mortality figures in parentheses

while those outside parentheses

are number dead out of 10 exposed

are percentage dead.
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12.° Number of dead young Lymnaea natalensis out of 10 exposed to different
concentrations of UECW extract of Securidaca longipedunculsta for
2ly hours hmowmedma probits, corrected eifects, expecied efrects and
deviatlon (GI) wﬂoowﬁOﬂmﬂmww
Conc.
in Lcg. Mortality Corrected Corrected  Expected Deviation
{ppm} Conc. * Probit Effect Effect (GI)
10.0 1.0000 {(0) 0O 1.1965 U.3 0.1 0.0chL0
20.0 1.3010 (0) O© 3.2009 0.3 3.6 0.031h
30.0 14771 (%) 10 1 .3735 10.0 26.5 ¢,0270
LC.O 1.6021 (5) 50 5.2051 50.0 58.1 0.027C
50.0 1.69S0 (7) 70 5.8507 70.0 80.3 0.0671
60.0 1.7780 (9) 50 6.3779 S0.0 §1.6 0.0033
70.0 1.8481 (10)100 £.8237 99,3 36.6 0.C222
80.0 1.9031 (10700 7.2098 99.7 98.7 0.0078

*Mortality figures in parentheses are number dead out of 10 exposed
while those outside parentheses are percentage dead.
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13, Number of dead young Lymnaeaz natslensis out of 10 exposed to different
concentrations of CuSy, relerence molluscicide wm hours Jfcorrected

probits, corrected effects, expected effecty, and deviation a(GI) .
incorporated/

Caonc.

in Leg. Mortality  Corrected Corrected Expected Deviation

(ppm) Conc . * Probit Effect Effect (GI)

0.09 ~0.,0458 (0) O  5.6457 89.6 (R 0.1252

0.18 -C.7LL7 (7) 70 £.0213 70.0 8L .6 0.1636

0.25 -0.6021 (8) 80 6.1980 80.0 58.5 0.C710

0.50 -0.3010 (9) 90 6.5749 90.0 9.2 0.0323

C.75 -0.1249 (10)100 6.7947 98.0 96.4L 0.0074

1.00 0, 0000 (10)100 6.9505 98.7 97.5 0.0059

*Mortality figures in parentheses are number dead out of 10 exposed
while those outside parentheses are percentage dead.



