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Abstract 

Tropical Leatherleaf Slug, Laevicaulis alte is the most destructive invasive molluscan pest of agri-horticultural crops in India. 

Several aspects of biology and ecology of this Garden Slug have already been investigated with an aim to formulate control 

measures for such pestiferous species. Now-a-days the efficacy of different chemical molluscicides utilised for the said purpose 

is in question because of serious concern over development of species resistance to the compounds used as well as toxicity 

caused to the non-target organisms present in the environment. The present investigation has progressed in laboratory condition 

by utilising aqueous extracts of Tobacco leaf, Tea leaf & Neem leaf as three plant derived molluscicides considered to be safe, 

inexpensive and environment friendly alternative of previously used synthetic molluscicides. Total immersion of test species in 

aqueous extract of selected plant molluscicides for entire duration of treatment has been found to be the most effective technique 

for mortality studies that caused severe slime secretion and death out of desiccation, thereby discarding other methods. Mortality 

rate of slugs has been estimated to be more effective during treatment in higher concentration with less duration of exposure as 

well as in low concentration but with longer duration of exposure in respective plant derived molluscicides. A significant 

positive correlation is also observed between test concentrations and percentage of mortality of species for 24 hours of treatment 

in selected plant derived molluscicides. The impact of toxicity of said aqueous extracts has also been statistically examined with 

degree of effectiveness on the species as Tobacco leaf (Highly toxic) ˃Tea leaf (Moderately toxic) ˃ Neem leaf (Less toxic) in 

existing laboratory condition.  
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1. INTRODUCTION  
 Laevicaulis alte is considered as the most destructive non-insect, invasive pest of agri-horticultural crops in India (Herbert and 

Kilburn, 2004). It has also been recorded as a pest of flower beds in India feeding on a number of ornamental plants including 

Balsam, Marigold, Dahlia, Narcissus and Lily (Brar and Simwat, 1973) and as a pest in gardens seriously damaging seedlings 

and young plants of Bean, Cabbage, Gourd, Lettuce etc (Raut 1999, Das & Parida, 2015). Various aspects of ecology and 

biology of the species have already been studied with a view to formulating control methods for such gastropod pests. In order to 

make slug control more effective now-a-days, various attempts have also been made including the use of different chemical 

molluscicides. The effectiveness of such molluscicides formulated as spray, dusting powder or bait is greatly influenced by 

weather and soil condition as well as the behaviour of slugs and snails. Some of such synthetic molluscicides are giving 

encouraging results (Godan 1983, Henderson 1989, Panigrahi & Raut 1993). But the high cost of above imported synthetic 

compounds, along with increasing concern over the possible build-up of snail resistance to these compounds and their toxicity to 

non-target organisms, has given new impetus for the study of environmentally safe plant based phyto – compounds as 

molluscicides (Kloos and McCullough,1987). The use of plants with molluscicidal properties appears to be a simple, 

inexpensive and safe alternative to chemical molluscicides (Perrett and Whitfield, 1996;Tantawy et al., 2004; Bakry and 

Hamdi, 2007; AlDaihan, 2010; Singh and Singh, 2010; Quintero Santos et al., 2022). There are a considerable number of 

plants with their respective phyto-products being extensively used as plant derived molluscicides with successful 

implementation towards control of different agri-horticultural pests of our ecosystem (Kashyap, et.al.2019). The principal toxic 

effect of plant derived molluscicides is the stimulation of the mucous gland which causes excessive sliming, leading to death by 

dehydration. Increased mucus production followed by increase in its secretion is the reaction to molluscicide poisoning. Animals 

face serious risk of desiccation due to high water content of exuded mucus. The appealing aspects with plant extracts as 

botanical control agents are that: they are highly effective, rapidly biodegradable, inexpensive, readily available and easily 
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applicable with simple techniques (ElKassas, 2001). The toxic effects of these compounds are also seriously affecting different 

aspects of the biology including reproductive behaviour of different gastropod species finally causing indirect control over the 

population of the said pestiferous organisms in the infested environment. Moreover these compounds are also sometimes 

mutagenic and carcinogenic for different experimental animals including molluscs. Tobacco is one such agricultural product of 

the plant Nicotiana tabacum which exude an addictive stimulant and potent parasympathomimetic alkaloid known as Nicotine. 

Distribution of nicotine in mature plant is widely variable: 64% of total nicotine in leaves, 18% in stem, 13% in root, and 5% in 

flowers whose consumption in any form proves to be highly toxic.  All parts of the plant containing nicotine can be extracted 

and used as an insecticide or pesticide. Tobacco water is also used in domestic gardening as traditional organic insecticide 

(Dawitri, E. 2013). Similarly Tea is an aromatic beverage commonly prepared by pouring hot or boiling water 

over cured leaves of the plant Camellia sinensis. Fresh tea leaves contain about 4% caffeine as well as related compounds like 

theobromine and theophylline, which are stimulants. Caffeine overdose can result in a state of central nervous system over-

stimulation known as caffeine intoxication. Caffeine in plants also act as natural pesticide which can paralyze and kill predator 

insects feeding on the plant. Caffeine is toxic to some birds as well as mammals and has a pronounced adverse effect 

on molluscs, various insects, and spiders (Mohanpuria et.al, 2010). Several other phyto-compounds have also been isolated and 

characterized from neem tree, Azadirachta indica following the discovery of neem kernel as a locust feeding deterrent. The main 

feature is that most of them are chemically similar and biogenetically derivable from a tetracyclicterpenes called limonoids 

(azadirachtin, meliantrol, salanin etc.) as bitter principles and occur in other botanical species as well. Azadirachtin as a 

constituent of neem is non-toxic to humans but interrupts in metamorphosis of insects as well as causing pesticidal effects. Many 

more compounds, related to azadirachtin are present in the seeds as well as in leaves and bark of neem tree showing strong 

biological activities among various pest insects (Mondal et al, 2016). Considering the toxic properties of several plant derived 

materials the present investigation has progressed selecting the above three easily available, cost effective plants like Nicotiana 

tabaccum (Tobacco), Camellia sinensis (Tea) & Azadirachta indica (Neem) with their respective phyto-chemicals to examine 

their controlling effect on the Pestiferous Garden Slug, Laevicaulis alte causing severe damage to the ornamental plants of our 

locality. 

2. MATERIAL & METHODS  
Laevicaulis alte in large number were first collected from the U.N. College garden and nearby locality. Some selected adult 

specimens with prior measurement of their morphometric data were then sequentially released in three separate glass terraria of 

Slug Research Laboratory for experimentation. The artificial culture medium of each terrarium was properly maintained 

throughout the investigation on feeding slugs with fresh lettuce or cabbage leaves and water ad libitum followed by regular 

cleaning of faecal materials from the environment to avoid infection and also proper sealing of edges of terrarium to avoid 

escape of test species. For the present investigation, only leaves of three selected plants of Tobacco, Tea and Neem have been 

taken into consideration for evaluating their molluscicidal activities on Laevicaulis alte. The plant leaves were first collected 

manually from the nearby locality or purchased from the market on availability. Then all the three selected plant materials were 

exposed to air under shade at room temperature for drying under ideal conditions. The dried plant leaves were made into fine 

powder by using electronic mixer grinder and stored in separate air tight plastic containers as respective test substance to be used 

later in different experimental procedures. In order to examine the molluscicidal impact of above selected plant materials with an 

aim towards developing an appropriate pest management practice in laboratory condition, five different methods like dusting, 

spraying, mixing of plant product in soil, poison bait and total animal immersion have been employed on the test species under 

experimentation. In all the above methods five starved slugs were taken in three separate glass troughs and respective test 

substances were applied on them separately as per the procedure to observe the responses. Every time care has been taken to 

cover the top of each glass trough used during experimentation by means of specially designed glass lids to avoid escape of 

surviving test animals as well as facilitating proper aeration and constant tracking of slug movement during the period of 

treatment. Results of each such experimental procedure were keenly observed to examine their effectiveness in mortality studies. 

While comparing the mortality rates of Laevicaulis alte in all the above methods of toxic impact in existing laboratory 

conditions, the most effective one resulting in highest percentage of mortality in limited duration of treatment has been selected 

discarding other procedures. For standardization of the most suitable total animal immersion technique, previously weighed 

powdered dust of three plant leaves was manually made into clear filtered aqueous extract by using measured amount of double 

distilled water. The filtered extract of test substances were immediately stored inside refrigerator in glass reagent bottles as 

experimentally standardised stock solutions, i.e; Aqueous Tobacco Leaf Extract (ATLE) – 500 ppm , Aqueous Tea Dust Extract 

(ATDE) – 5000 ppm and Aqueous Neem Leaf Extract (ANLE) – 5000 ppm for utilisation in present investigation. Every time 

the said stock solutions were prepared fresh and diluted as per requirement of specific concentrations of the extract to conduct 

mortality experiments on test slugs. In the present experimental design mature adults of Laevicaulis alte within a range of 3 to 5 

gms each were initially kept in separate well aerated glass troughs to acclimatize them in starved condition for two days in the 

laboratory prior to their toxic treatment by total animal immersion method using different concentrations of aqueous extracts of 

respective plant leaves to examine the lethal effects. Series of experiments were carried out by exposing group of five mature 

slugs every time in all the three selected aqueous extracts of different concentrations (ppm) on diluting respective stock solutions 

prepared earlier. In order to standardise both the preliminary and narrow range of toxicity tests for mortality studies in 

Laevicaulis alte, the test concentrations from 10 to 500 ppm of leaf extracts for Nicotiana tabacum (ATLE), 100 to 4000 ppm 

for Camellia sinensis (ATDE) and 500 to 5000 ppm for Azadirachta indica (ANLE) were utilised respectively for treatment of 

slugs through whole body contact by fully immersing them initially for 1 hour followed by 24 hours of treatment of survived 

animals later to record the mortality of species. One control group of same number of slugs in separate glass trough was also 

treated each time with distilled water for same durations to examine the negative impact of control solution. The resultant data 

on percentage of mortality of test animals treated in above set of experiments with control solution as well as different aqueous 

concentrations of selected plant leaf extracts both for 1 and 24 hours exposure only was also statistically analysed depicting the 

said results in form of graphical representation to highlight the extent of efficacy of each such experimental plant material for 

mortality studies of slugs in existing laboratory condition.  
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3. OBSERVATIONS  
In dusting and spraying procedure (Table -1 & 2), though Tobacco leaf & Tea leaf have been proved to be highly toxic than 

Neem leaf with following responses but percentage of mortality was dependent on the amount of test substance used and 

duration of exposure because the same sloughed off immediately from body surface along with secreted slime causing escape of 

the animal from the environment (Fig.1).  

Table – 1 : Dusting with selected test substances  

Test substance 

 

Observed responses of slugs Remarks 

Tobacco leaf dust  

Immediate and profuse secretion of slime from body surface, rapid movement 

for escape, bending of body with projected mouth & tentacle, death within 

thirty minutes if test substance remains on direct body contact throughout 

duration of treatment 

Highly toxic 

Tea leaf dust  

 

Immediate and profuse secretion of slime from body surface, rapid movement 

for escape, bending of body with projected mouth & tentacle, death within 

thirty minutes if test substance remains on direct body contact throughout 

duration of treatment 

Highly toxic 

Neem leaf dust  

 

Moderate secretion of slime from body surface, irritant material exuded from 

body surface along with slime but still attached to foot, slow and restricted 

movement towards escape, contracted body, death within one hour if test 

substance remains on direct body contact throughout duration of treatment 

Less  

toxic 

 
Fig. 1. Initial mortality results of Laevicaulis alte by dusting plant leaf powder 

 

Table – 2 : Spraying of aqueous concentrated test substances  

Test substance 

 

Observed responses of slugs Remarks 

Tobacco leaf dust in 

solution 

Immediate sliming on body surface, rapid movement for escape, 

bending of body in sprayed solution with projected tentacle, 

death within one hour if test solution remains on direct body 

contact throughout duration of treatment 

Highly toxic 

Tea leaf dust  

in solution 

Immediate sliming on body surface, rapid movement for escape, 

bending of body in sprayed solution with projected tentacle, 

death within one or two hours if test solution remains on direct 

body contact throughout duration of treatment 

Highly toxic 

Neem leaf dust  

in solution 

Moderate secretion of slime from body surface, irritant solution 

exuded from body along with slime, slow movement towards 

escape, delayed death if test solution remains on direct body 

contact throughout duration of treatment 

Less toxic 

When the slugs were released in the soil mixed with test solutions (Table – 3), the toxic environment became ineffective for the 

purpose with following responses as the animals narrowly escaped from the environment with exuded slime. 
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Table – 3 : Mixing of test substances with soil 

Test substance Observed responses of slugs Remarks 

Tobacco dust solution mixed with 

soil 

Immediate sliming on body surface, rapid movement for 

escape from soil surface, death results if constantly exposed 

for longer period 

Highly toxic but 

without immediate 

effect 

Tea dust solution mixed with soil Immediate sliming on body surface, rapid movement for 

escape from soil surface, death results if constantly exposed 

for longer period 

Highly toxic but 

without immediate 

effect 

Neem dust solution mixed with soil Low secretion of slime from body surface, slow movement 

towards escape with exuded mucus trail, attached to wall & 

roof of trough, narrow escape from death 

Less toxic and less 

effective 

While the phyto-products were used as poison bait mixed with cabbage leaves (Table – 4), the slugs preferred to ignore the 

treated leaves completely but rather consumed only the untreated leaves as per following observation. 

Table – 4 : Test substances as poison bait (treated cabbage leaf) 

Test substance Observed responses of slugs Remarks 

Cabbage leaf dipped in tobacco dust 

solution 

Immediate sliming on body surface, rapid movement 

for escape from close proximity of treated leaves, no 

consumption of treated bait material, survived in the 

medium 

Highly toxic but 

without effect 

Cabbage leaf dipped in tea dust solution Immediate sliming on body surface, rapid movement 

for escape from close proximity of treated leaves, no 

consumption of treated bait material, survived in the 

medium 

Highly toxic but 

without effect 

Cabbage leaf dipped in neem dust 

solution 

Low secretion of slime from body surface, slow 

movement for escape from close proximity of treated 

leaves, no consumption of treated bait material, 

survived in the medium 

Less toxic and not 

effective 

Lastly with all the drawbacks in previous procedures, total immersion of slugs in aqueous concentration of test solution (Table – 

5) was proved to be most effective because the whole body of slugs remain completely immersed for entire duration of exposure 

inside the enclosed trough as well as the same artificial environment has the effect of contact toxicity in the said medium causing 

profuse slime secretion thereby resulted mortality of test species under experimentation with following responses (Fig.2 & 3). 

Table – 5 : Total animal immersion in aqueous solution 

Test substance Observed responses of slugs Remarks 

Aqueous extract of tobacco leaf dust 

 

Immediate sliming on body surface, rapid movement for escape 

from aqueous toxic medium, rapid twisting of body, protruded 

mouth & tentacle, bloody secretion from mouth, swelling of 

body with upright position, death within thirty minutes 

Highly toxic 

Aqueous extract of tea leaf dust 

 

Immediate sliming on body surface, rapid movement for escape 

from aqueous toxic medium, rapid twisting of body, protruded 

mouth & tentacle, bloody secretion from mouth, death within 

thirty minutes 

Highly toxic 

Aqueous extract of neem leaf dust 

 

Immediate sliming on body surface, rapid movement for escape 

from aqueous toxic medium, attached to wall & roof of trough 

with profuse sliming followed by mucus trail, rapid bending of 

body, death within one to two hours 

Moderately 

toxic 

In all the laboratory control methods implemented above for complete duration of exposure, each of the treated slug was 

carefully examined at the end by poking needle on its body surface which indicated no movement in response thereby 

confirming death in mortality experimentation.  
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Fig.2. Slime secretion in Laevicaulis alte on treatment with aqueous extracts 

 
Fig.3. Mortality of Laevicaulis alte by Immersion in Aqueous Leaf Extracts 

3.1. Standardization of total animal immersion technique as suitable control method in laboratory condition:- 

As per present experimental investigation the mortality percentage in twenty adult slugs was initially examined in the 

immersion method selecting a replicate of five each time for one hour treatment in each test solution taking wide range of 

concentration into consideration first as well as to standardize finally a narrow range of acute toxicity of the same for treated 

species. The same procedure was also repeated for 24 hours treatment of slugs under experimentation. The observations in terms 

of relationship between concentrations of aqueous Tobacco leaf extract (ATLE), Tea leaf extract (ATDE) & Neem leaf extract 

(ANLE) to percentage of mortality in respective test molluscicide extracts have been graphically represented separately as 

histograms on treatment of slugs both for 1 and 24hrs duration of exposure to exhibit impact of respective aqueous plant extracts 

in comparison causing mortality in the species (Fig.4 - A, B & C). According to the present experimental results, mortality rate 

of slugs has been estimated to be more effective during treatment in higher concentration with less duration of exposure as well 

as in low concentration but with longer duration of exposure in respective selected plant derived molluscicides. As per 

observations, hundred percent mortality of Laevicaulis alte was resulted in immersion method when the concentration of 

aqueous tobacco leaf extract, aqueous tea dust extract and aqueous neem leaf extract reached about 180ppm, 1100ppm and 

4000ppm respectively for treatment duration upto 24 hours whereas the said mortality percentage became most effective when 

the concentrations of aqueous tobacco leaf extract, aqueous tea dust extract and aqueous neem leaf extract reached about 

300ppm, 4000ppm and 5000ppm respectively but only in one hour toxic treatment of the species under experimentation. A 

significant positive correlation has also been observed between aqueous extract concentrations and percentage of mortality of 

Laevicaulis alte for 24 hours of treatment in selected plant derived molluscicides (Fig.5- A, B & C). The above experimental 

results of total animal immersion method of treatment in specific duration was hereby standardized as suitable for controlling the 

species by using the tested plant derived molluscicides in existing laboratory condition and the results of  statistical analysis for 

three selected plant derived molluscicides on exposure of Laevicaulis alte for 24 hours duration also supported the observed data 

of mortality rate to prove that the aqueous extract of Tobacco leaf to be highly toxic from that of Tea leaf as well as Neem leaf 

under experimentation and their degree of efficacy is in the sequence of Tobacco leaf (Highly toxic) ˃Tea leaf (Moderately 

toxic) ˃ Neem leaf (Less toxic). 
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Fig.4 (A) – Comparative % of mortality in different duration of treatment with ATLE 

 
Fig.4 (B) - Comparative % of mortality in different duration of treatment with ATDE 

 
Fig. 4 (C) - Comparative % of mortality in different duration of treatment with ANLE 

 

0

50

100

10 20 30 40 50 60 70 80 90 100 150 160 180 200 220 240 250 300 400 450 500

M
O

R
TA

LI
TY

CONCENTRATION

1Hrs mortality 24Hrs Mortality

0

50

100

M
O

R
TA

LI
TY

CONCENTRATION

Mortality 1Hr Mortality 24Hrs

0

50

100

C
o

n
tr

o
l

5
0

0

1
0

0
0

1
3

0
0

1
5

0
0

1
7

0
0

2
0

0
0

2
1

0
0

2
3

0
0

2
5

0
0

2
7

0
0

2
9

0
0

3
0

0
0

3
2

0
0

3
4

0
0

3
5

0
0

3
6

0
0

3
7

0
0

3
8

0
0

3
9

0
0

4
0

0
0

4
2

0
0

4
5

0
0

5
0

0
0

M
O

R
TA

LI
TY

CONCENTRATION

Mortality 1Hr Mortality 24Hrs

http://www.jetir.org/


© 2022 JETIR July 2022, Volume 9, Issue 7                                                                     www.jetir.org (ISSN-2349-5162) 

JETIR2207155 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b474 
 

 
Fig.5 (A) Correlation between ATLE concn & % of mortality on 24hrs treatment 

 
Fig.5 (B) Correlation between ATDE concn & % of mortality on 24hrs treatment 

 
Fig.5 (C) Correlation between ANLE concn & % of mortality on 24hrs treatment 

 

4. DISCUSSION 
The principal objective of the present investigation was to examine the efficacy of some plant derived molluscicides for 

controlling an invasive, pestiferous garden slug, Laevicaulis alte causing severe damage to the ornamental plants in the rural belt 

of Prachi river bed of Odisha. Molluscicides, commonly used at present to control molluscs (snails and slugs) are synthetic ones 

that have high import cost with various problems of toxicity in non-targeted organisms and increasing resistance amongst 

molluscs. Therefore selection of plant molluscicides that are containing secondary metabolites like alkaloids, saponins, cardiac 

glycosides, and essential oils/terpenes enable plants to exert their natural control over molluscs. As per the updated review on 

list of plants used as molluscicides (Kashyap et.al, 2019), they have also gained importance because of their potent action, less 

resistance, easy availability, less cost, eco-friendly nature and fast biodegradability that proved them to be the most reliable 

methods in controlling the overpopulation of molluscs. The presence of bioactive substance such as alkaloids and saponins 

interfere with metabolic activities in snails in number of ways such as interference with enzymatic activities, interference with 

neural transmission, interference with digestive system, interference with osmoregulation and growth leading to various 

pathological effect on cells and organs of the snails, decrease in size, paralysis and subsequent death of the animals. Therefore 

understanding the mode of action of plant molluscicides is vital in limiting the toxicity against non-target organisms of the 

environment (Abubakar, A. et.al, 2017). As per the latest review on alternatives for control of mollusc pests from different 
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continents, the use of plant extracts as molluscicides has already dominated, followed by biological means and other natural 

products in use. The recommended alternatives mostly depend on respective mollusc species, size, phytogenetic resources of 

reported bioregulators such as saponins and essential oils from plants developing as more efficient, less aggressive plant derived 

molluscicides (Quintero Santos et al., 2022). Artificial control of Laevicaulis alte with usual practice of dusting, spraying, tests 

with repellent effects or mixing of substances in soil using different chemical molluscicides like copper sulphate etc. was 

initially found to be most satisfactory with significant results in checking overgrowing population of the species (Kulkarni & 

Nagabhusanam, 1973). Several preferred food items of slugs, Laevicaulis alte and snails Achatina fulica were also used as 

poison baits by injecting pesticides like Rogor & Nuvan to cause 100% mortality of mollusc pests only with safe use of such 

toxic materials to avoid environmental hazards which may result death of non-target organisms due to contamination of soil 

through application of same by traditional spraying or dusting method (Panigrahi & Raut, 1993). Laboratory trial of some 

pesticides alone and in combination against slug pest Laevicaulis alte under North Bihar condition also revealed combination of 

metaldehyde granules with carbofuran as superior over other chemicals causing about 99% mortality and can be effectively 

exploited for management of pest species (Kumari & Thakur, 2007). Series of experimental observations on the molluscicidal 

activity of different pesticides, insecticides & herbicides against black slug, Filicaulis alte have also been reported towards 

effective treatment through no-choice laboratory feeding tests causing about 100% mortality of the species. (Kaur & Mehta, 

2010, Kaur & Panjgotra, 2012 and Kaur & Kaur, 2013). In spite of some encouraging results by the use of synthetic 

molluscicides towards control of Laevicaulis alte, the hazardous impact of such chemicals on surrounding environment as well 

as the non-targeted organisms as described earlier has given new impetus to search for environmentally safe plant derived 

molluscicides as effective alternative for control of the species. An aqueous extract prepared from kernels of the fruit of Thevetia 

peruviana has been found to be toxic to both Laevicaulis alte & Achatina fulica with an effective concentration of 20% extract 

causing almost 100% mortality of both the species within a short time under experimentation either on exposure to the mixed 

soil or applied as poison baits through potato slices (Panigrahi, A & Raut, S.K 1994). The molluscicidal effect of silica 

synthesized from rice husk ash (RHA) on Laevicaulis alte & Achatina fulica has also been assessed under laboratory conditions. 

Initially the silica particles derived from RHA were coated with leaf extracts (botanical pesticides) of Azadirachta indica, 

Pongamia pinnata, Nicotiana tabacum and Calotropis procera. Then silica coated with plant extracts and the uncoated silica 

were applied to the molluscs in dust or slurry form which caused inactivation, mortality, and body fluid loss in Laevicaulis alte 

& Achatina fulica over 24 hrs. During the experiment it was noted that when the concentration of silica increased, the time 

required for inactivation and mortality was reduced and dust application was more effective than the slurry. For Achatina fulica 

the biopesticide - coated silica particles were more effective particularly when coated with neem, followed by tobacco and 

karanj but for Laevicaulis alte, the particles were most effective when coated with tobacco, followed by neem and karanj. The 

plant extract (liquid as well as dry powder) without silica showed no molluscicidal effect on Achatina fulica and Laevicaulis 

alte, except for some temporary inactivation, particularly with tobacco extract (Selvi et.al, 2015). Plants such as Melia 

azedarach, Sphaeranthus amaranthoides and Sarcostemma brevistigma were also screened for molluscicidal activities as well as 

impact on alkaline phosphatase activities in the intestine of Laevicaulis alte. In the plant extract treated intestine, the alkaline 

phosphatase activities showed decreasing trends for 1st, 3rd and 7th days of treatment that continues with a gradual increment 

thereafter both in 15th and 30th days of treatment. From the above results, it has been evidenced that the phyto-compounds 

present in all three plants have some effective molluscicidal properties in controlling the slug Laevicaulis alte which was 

examined by studying their impact on intestine process of the species (Boominathan et.al.2014). 

Out of various plant derived molluscicides applied for molluscan pest control, the present investigation has progressed 

in laboratory condition with three cost effective, easily available plant materials from the plants like Nicotiana tabaccum 

(Tobacco), Camellia sinensis (Tea) and Azadirachta indica (Neem) basing on following earlier experimental observations as 

effective molluscicide agents for different mollusc species. Neem tree is acknowledged to be the most effective and 

environmental friendly source of pest inhibitors with its active ingredient Azadirachtin, a tetranotriterpenoid. Experimental 

observation of the effect of neem leaf extract on snails Achatina achatina indicated that the leaves had poisonous elements that 

can also destroy the systems of the snails as molluscicides at high concentrations (Ufele A.N. et.al 2013). Molluscicidal property 

of Azadirachta indica against the snails Lymnaea acuminata and Indoplanorbis exustus was also observed to be both time and 

dose-dependent. The toxic effect of pure azadirachtin against both the snails was greater than the synthetic molluscicides (Singh, 

K. et.al, 1996). The nicotine content and toxicity of different types of tobacco were determined on adult brackishwater pond 

snails, Cerithidea cingulata Gmelin, in which the lethal concentrations (LC50) and (LC99) decreased as nicotine content of the 

tobacco dust increased indicating a higher molluscicidal activity. Molluscicidal activity also progressively increased with time of 

exposure while conducted under controlled laboratory conditions (Borlongan I. G. et.al, 1998). Tobacco waste can be utilised 

for Golden Apple snail (Pomacea canaliculata) control in paddy field as trialled in 3 experiments e.g. laboratory, green house 

and field trial. The increasing rate of tobacco waste has affected water pH, electrical conductivity increment but decreased 

dissolved oxygen in artificial laboratory environment (Rochana T & Suriya S, 2009). Caffeine is also obtained in commercial 

quantities via synthesis or as a by-product of de-caffeination of coffee or tea and proved to be advantageous over the most 

commonly used molluscicides now-a-days. This has been proved from the pioneering research contribution on effective 

treatment of caffeine as both repellent and toxicant against the slug, Veronicella cubensis as well as on orchid snail, Zonitoides 

arboreus. A drench treatment using 1 to 2% solution of caffeine caused 100% death of slugs from caffeine poisoning and 2% 

solution of caffeine applied to growing medium of orchids also killed about 95% of snails giving better control than liquid 

metaldehyde product normally used as chemical molluscicide for the purpose (Hollingsworth et al, 2003). Caffeine, the most 

familiar natural product has already been approved as the safe food additive that can be comfortably applied in solution for 

protecting food crops from slugs and snails. The anti-molluscal activity of saponin-rich plant extract from Camellia oleifera 

obtained from tea seeds has also been proved to be novel natural compounds potentially used in the control of grey field slug, 

Deroceras reticulatum. The extracts showed anti-feeding activity and toxicity against slugs when injected orally at a range of 

concentrations between 1 and 4% also damaged the gastric epithelium of the crop region of the slugs, suggesting strong 

membranolytic properties on the digestive system of these molluscs (D. Gonzalez-Cruz & R. S. Martín, 2013). Effect of clove 

(Syzygium aromaticum) plant extract was also studied against land slug, Limax flavus, under laboratory and field conditions. In 

this case slugs were treated with different concentrations of plant extract as a contact for one week and LC50 value indicated that 
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plant extracted by ethanol more toxic than plant extracted by acetone. Clove plant extract by ethanol achieved good results to 

control the slugs with high toxic effect against slugs in addition to teratogenic effects on reproductive system of the surviving 

individuals by preventing to produce eggs (Mobarak S.A. et.al, 2015). Considering the above experimental observations on 

molluscicidal activity of presently selected plant materials, the total animal immersion in aqueous extract has been found to be 

most appropriate for mortality studies in Laevicaulis alte only because of contact toxicity with severe slime secretion from the 

body surface resulting in death out of desiccation within 24 hours of treatment in the said procedure. A similar effective 

immersion technique employed earlier also discarded all other traditional methods of contact toxicity utilized because of 

abnormal behaviour of slugs on treatment in said procedures during studies on the effects of pesticides on some eco-

physiological aspects of Laevicaulis alte leading to artificial control of the species (Bodhankar, 1984). Hence the said total 

animal immersion method earlier proposed by Henderson, 1968 proved to be most advantageous because through this technique 

the whole body of the animal comes in direct contact with the test material as well as an accurate concentration of test substance 

can also be prepared in laboratory condition to determine the exact lethal dose for the animal under experimentation. Another 

modification of the said technique involving carbon dioxide anaesthesia of laboratory reared Deroceras reticulatum followed by 

application of different test substances in solution to the dorsal surface of the species also described an accurate indication of 

dermal toxicity of test substance to be more appropriate for effective, reproducible application in slug control (Young & 

Wilkins, 1989). Therefore as per the successful method of application of standardized concentration of aqueous extract of 

presently selected plant derived molluscicides, it has been estimated from respective observed data of present investigation that 

tobacco leaf extract is most effective than tea leaf and neem leaf for controlling Laevicaulis alte in existing laboratory condition 

causing 100% mortality within short duration of exposure. The present experimental investigation has proved that the 

molluscicidal effect of nicotine present in tobacco leaf is significantly toxic in lower concentration than caffeine in tea leaf and 

azadirachtin of neem leaf for control of Laevicaulis alte in artificial environment. The percentage of mortality of Laevicaulis alte 

was also dependent on increase in concentration of aqueous leaf extract of both tobacco and tea while treated separately for 24 

hours duration in comparison to neem extract utilized for the purpose. Similar observation has also been obtained while 

examining fourteen different plant species selected for evaluation of their efficacy against Garden slug, Laevicaulis alte under 

laboratory condition, out of which the aqueous extract of Nicotiana tabacum (Tobacco) has been reported to be exhibiting 

highest mortality and most effective in terms of molluscicidal properties followed by Cantharanthus ruseus (Sadaphuli) and 

Arum triphyllum (Non-edible Alu) as cheap, non-toxic and eco-friendly for large scale use in integrated pest management level 

(Dhembare et.al., 2010). Several other laboratory trials with natural products such as caffeine and tobacco extract or their 

mixtures combined with distilled water or ethyl alcohol also demonstrated their molluscicidal efficiency on troublesome 

greenhouse slug pest, Lehmannia valentiana. When two mixtures of caffeine/ethyl alcohol (0.5/5%) and tobacco extract/ethyl 

alcohol (0.5/7%) were sprayed on marigold seedlings by choice feeding tests, the mixture of 0.5% tobacco extract and 7% ethyl 

alcohol proved to be a proper control method for slug in green house without causing any negative impact to environment or 

plants (Jeong K. J. et.al.2012). 

5. CONCLUSION   

Mortality study has always been designated as an important tool in evaluating toxicity of the lethal and sub-lethal concentration 

of particular toxic compound present in different natural or artificial molluscicides. In the present investigation mortality rate of 

Laevicaulis alte has been observed both in control and molluscicide intoxicated environment which was found to be increasing 

with increase in concentration of selected plant derived molluscicides. Again in toxicological studies, the behavioural changes of 

test animal under toxic environment are its reaction to surrounding environment and also regarded as the most sensitive indicator 

of toxicity stress. Therefore from the present investigation it has been proved that aqueous extract of tobacco leaf and tea leaf 

containing toxic nicotine and caffeine respectively can be effectively used in measurable concentration as well as for longer 

duration as suitable plant derived molluscicides in place of synthetic chemicals to control the population of Laevicaulis alte in 

experimental condition with possible field trial later. The use of aqueous neem leaf extract in the present investigation has been 

found to be less effective probably because of presence of much lower quantity of toxic azadirachtin in leaves than seeds of the 

plants that has to be explored to establish the impact of said phyto-chemical as effective molluscicide against slug species. 
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