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ABSTRACT

The present investigation assesses the larvicidal effect of Pistia stratiotes (water lettuce) against
early 3" and 4" instar larvae of Aedes aegypti in the laboratory. Mosquito larvae were sampled and
larval population was monitored before and after application of plant aqueous extract. To assess
the larvicidal activity, four different doses (0.5, 1.0, 1.5 and 2.0) mg/L respectively were used in the
trials. Larval mortality was monitored after 24, 48 and 72 hours. At the highest dose, mortalities of
97.40, 98.80 and 99.80% for the third instar larvae and 99.70, 97.50 and 97.7% for the fourth instar
larvae was observed. The percentage mortality for the fourth instar larvae decreased with hours of
exposure. Analysis of variance (ANOVA) conducted on the data, showed that there was significant
difference (p>0.05) in mortality between treatments and in hours of exposure. Further, the LCs, and
LCqo for the 3™ were 0.11 and 1.44 mg/L while that of the 4" instar larvae were 0.22 and 1.51 mg/L
respectively. The study indicated that (P. stratiotes is an effective insecticide against the larvae of
A. aegypti. Measures to enhance its use for large scale mosquito control are essential.
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1. INTRODUCTION

It is well recognized that mosquito transmitted
diseases constitute a significant public health
problem globally. Species belonging to genera
Aedes, Anopheles and Culex are vectors for the
causative agent of various diseases like Dengue
fever, Dengue haemorrhagic fever, Malaria,
Japanese encephalitis and filariasis [1]. Among
these diseases, malaria remains the most
serious affecting some 300-500 million people
and 1.4 to 2.6 million deaths annually throughout
the world. More than 40% of the world's
populations live in malarious areas [2]. In Nigeria,
about 75% of the landmass is considered to be
malarious and about two-thirds of the populations
(over 40%) are at risk of the disease [3]. In
addition to mortality, vector borne diseases
cause morbidity in millions of persons thus,
resulting in loss of man-days and causing
economic loss [4].

A. aegypti, the vector of dengue and denuge
haemorrhagic fever, is widely distributed in the
tropical and subtropical zones. Dengue
haemorraghic fever is endemic to South East
Asia, the Pacific Islands, Africa and America [5].
One of the successful ways of reducing mosquito
densities is by attacking the larval breeding sites
with the use biopesticides [6].

Botanical products have been used traditionally
by human communities and application of easily
degradable plant compounds is considered to be
one of the safest methods of control of insect
pests and vectors. These plants are rich source
of novel natural substances that can be used to
develop environmental safe methods for insect
control [7]. In all probability, these plants
contained insecticidal phytochemicals that are
predominantly secondary compounds produced
by plants to protect themselves against
herbivorous insects [8,9]. Development of
resistance by pests and vectors against the
botanicals has not been reported and botanical
insecticides are generally pest or target specific,
readily biodegradable, environmentally safe,
target specificity, lower bioaccumulation and lack
toxicity to higher animals, with low cost and can
be used by individual and communities in specific
situations [10-12].

Plant extracts or oils in general have been
recognized as an important natural resource for
the control of parasites and pest of public health

importance [13-17]. Many researchers have
reported the effectiveness of plant extract against
mosquito larvae [12,18,19]. The use of plant
crude-powder reduces the cost of extraction and
thus would make the larvicides more accessible
to the resource poor rural farming communities,
especially in irrigation schemes.

Insecticidal activities of different plant essential
oils have been reported against different
mosquito species. For example, Tare et al. [20]
reported the larvicidal activity of essential oils of
11 plants grown in the Himalayan region against
A. aegypti larvae. Likewise, Pitasawat et al. [21]
screened the larvicidal effects of ten plant
species and found three plant essential oils
(Kaempferia galanga, lllicium verum and
Spilanthes acmella) to have larvicidal properties
against Culex quinquefasciatus. The
identification and eventual use of local plants in
the control of mosquito larvae may be very
valuable for developing countries. As a result,
there has been an increased interest in
developing potential alternative or additional
control methods/materials that are effective
against the target vector species [22,23]. The
present investigation assessed the larvicidal
effect of P. stratiotes against early 3 and 4"
instar larvae of A. aegypti in the laboratory.

2. MATERIALS AND METHODS

The research was conducted at the Department
of Animal and Environmental Biology at Delta
State University, Abraka, Nigeria (Long. 6°10 E,
Lat. 5°79 N) between October and November,
2012. The materials used for this study were:
Electric blender, white plastic container, A.
aegypti mosquito larvae and dry leaves of water
lettuce (P. stratiotes). Water lettuce(P. stratiotes)
is a branched, smooth, succulent, herb, found in
open, damp and waste places. It is more or less
purplish herb (10-50 cm) in height, with
somewhat 4-angled stems. The plant has
analgesic [24], anti-inflammatory and antiarthritic
activity [25].

2.1 Plant Collection and Preparation

Green leaves of water lettuce (P. stratiotes) were
collected from Ogbe-ljoh swamp in Delta State,
Southern Nigeria and allow to air dried under
shade for four weeks. The dry dark leaves were
separated from the leaf petioles and ground into
a fine powder by an electric motor driven
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blender. The ground material was further sieved
severally through a fine mesh (1mm) to give the
fine powder used for the bioassay.

2.2 Test Mosquitoes

Tests were carried out on Laboratory reared A.
aegypti mosquitoes were used as test
mosquitoes. These mosquitoes were free of
exposure to insecticides and pathogens. Cyclic
generation of A. aegypti was maintained at 25-
29°C and 80-90 percent R.H (relative humidity) in
insectariums following the methods of [26].

Commercially prepared feed (powdered dog
biscuit and yeast in the ratio of 3:1) was used in
feeding the larvae. For adult mosquitoes, they
were fed using10% glucose solution. Also, to aid
egg production, adult female mosquitoes were
periodically blood-fed using restrained albino
mice [26]. Mosquito larvae were collected from
the insectarium along the bank of River Ethiope
in Delta State. Each habitat was first inspected
for the presence of mosquito larvae. The
mosquito larvae when present were sampled by
the standard dipping technique as described by
Service [27].

2.3 Bioassays Test

A total of 30 circular white plastic containers of
10cm in diameter and depth of 6cm were used
for each treatment. The plastic basins with a
capacity of 100 ml were filled with fresh aquatic
water to mimic the natural environment of the
mosquito larvae. The doses of the plant powder
used for the test were 0.5, 1.0, 1.5 and 2.0 mg/L
respectively. Each dose was placed in a plastic
container and 100ml of fresh water was added.
Ten active 3" instar larvae of the mosquito were
introduced into the container. Similar treatment
was carried out for the fourth (4”‘) instar larvae of
the mosquito. In the control, 100ml of distilled
water were placed in a plastic container to which
ten (10) 3™ and 4" instar larvae were separately
added. Three replicated were set up for each
dose including the control.

Mortality observations were made over 72 hours,
after which the larvae were introduced into
distilled water to notice recovery. A recovery time
of 72 hours was allowed as recommended by
WHO. Larvae were counted as dead when they
were not coming to the surface for respiration
and were probe insensitive [28].

In all tests, percentage reduction of larvae was
determined and the percentage mortality
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calculated indirectly using Abbott’s formulae [29],
taking into account mortality in the controls. In
this study, standard methods for testing the
susceptibility of mosquito larvae to insecticides
were employed following the methods described
by WHO, [30].

% Mortality in treated -
% Mortality in control
100- % Mortality in control

Mortality = X100

2.4 Statistical Analysis

Descriptive statistics was performed using graph
pad statistical package version 5 and Microsoft
Excel 2003 was used for graphical presentation
of data. Analysis of variance (ANOVA) was
performed to test for significant difference in
mortality with hours of exposure.Regression
equation was derived to determine the LCs, for
both 3 and 4"instar larvae.

3. RESULTS

The larvicidal activity of P. stratiotes (water
lettuce) against A. aegypti mosquitos’ larva is
presented in Tables 1 and 2. The results
indicated that in 24 hours duration, the
percentage mortality of the 3“ and 4™ instar
larvae caused by 0.5g of P. stratiotes powder
was 18.8 and 23.60% respectively. In 48 hours,
the percentage mortality was 55.8 and 55.2 for
the 3 and 4" instar larvae respectively. At 72
hours of exposure, the mortality at 0.5%
increased to 80.1 and 67.8%, for the 3" and 4'
instar larvae respectively.

At the application of 1.0 g, the mortality
increased from 86.2, 87.60 and 92.30% for the
3 instar larvae of the mosquito. A similar trend
was also observed for the 4" instar larvae with a
percentage mortality of 92.40, 83.00 and 91.70%
at 24, 48 and 72 hours of exposure. At 1.5g of
the powder of P. stratiotes, the mortality of A.
aegypti for the 3"instar larvae was 97.90, 97.20
and 99.40% (Table 1). Although there was a twist
in the order of mortality in the 4" instar larvae
with a decreasing mortality of 99.0, 85.0 and
93.60% at the same dose of 1.5g of the plant
powder (Table 2).

At the highest powder dose of 2.0g, mortalities of
97.40, 98.80 and 99.80% was observed for the
3" instar larvae as shown in Table 1. Still, there
was fluctuation in mortality for the 4" instar
larvae with mortality of 99.70, 97.50 and 97.7%



respectively (Table 2). The percentage mortality
for the fourth instar larvae was observed to be
decreasing with hours of exposure. Analysis of
variance (ANOVA) conducted on the data,
showed that there was significant difference
(P<0.05) in mortality between treatment and in
hours of exposure at 95% confidence limit. The
highest mortality was observed in the highest
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for the third instar larvae. While 97.50%, 97.70%
and 99.70% was observed at 24, 48 and 72h of
exposure respectively for the fourth instar larvae.

Analysis of the regression equations in Figs. 1
and 2 respectively shows that theLCs, andLCgyg
for the 3" were 0.11 and 1.44mg/L respectively
while that of the 4" instar larvae were 0.22 and

application dose of the powder producing
98.80% and 99.80% (48 and 72h respectively)

1.51 mg/L respectively.

Table 1. Cumulative mortality of 3 instar larvae of A. aegypti exposed to P. stratiotes powder
over 72 hours

Treatment Mean percentage mortality (+ S.E)* LC (mg/L)

dose (mg/L) Exposure periods (Hrs) LCso LCqo
24 48 72

0.5 18.80+1.44 55.80+1.31 80.10+1.17

1.0 86.20+1.37 87.60+0.29 92.30+0.59 0.11 1.44

1.5 97.90+1.04 97.20+£1.02 99.80+1.04

2.0 97.40+1.27 98.80+0.60 99.80+0.14

*Each value is mean of triplicate observations with 10 larval per replicate

Table 2. Cumulative mortality of 4™ instar larvae of A. aegypti exposed to P. stratiotes powder
over 72 hours

Treatment Mean percentage mortality (* S.E)* LC(mg/L)
dose (mg/L) Exposure periods (Hrs) LCs LCy
24 48 72
0.5 23.60+1.17 54.20+1.27 67.80+1.69
1.0 92.40£1.75 83.00£1.20 91.70+1.33 0.2 1.51
1.5 99.0+0.44 85.00+1.44 93.60+1.63
2.0 99.7040.17 97.504£0.41 97.70+1.29
*Each value is mean of triplicate observations with 10 larval per replicate
0.4 -
0.3 - y =0.2002x - 1.2785 4
0.2 - *
- 0.1 -
-g 0 T T T T T T ’ T T 1
o
0.1 ( 1 2 3 4 5 7 8 9
-0.2 -
-0.3 - L 4
-04 - ]
Log Concentration

Fig. 1. Percentage mean mortality of 3" instar larvae of A. aegypti exposed to P. stratiotes
powder: regression equation inclusive
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Fig. 2. Percentage mean mortality of 4™ instar larvae of A. aegypti exposed to P. stratiotes
powder: regression equation inclusive

4. DISCUSSION

Water lettuce, P. stratiotes L. is a free-floating
aquatic weed that is well distributed in the
tropical and subtropical region of Africa. Studies
have shown that the plant possesses some
medicinal properties. For example, the plant is
considered antitubercular, antiseptic,
antidysentric, antimicrobial and antifungal [31,
32]. It is no doubt why the Gambian, extracts
from the leaves of P. stratiotes are used in
treating eczema, leprosy, ulcers, piles and
syphilis among other chronic skin diseases [33].

Despite the vast recognition of P. stratiotes as a
medicinal plant with wide scale applicability,
reports on the use of the plant as a possible
candidate for mosquito larval control in Nigeria
are lacking. This study assessed the larvicidal
potential of P. stratiotes (water lettuce) against
3rd and 4th instar larvae of Aedes aegypti. It was
observed that percentage mortality increased
proportionally with increased in concentration of
P. stratiotes extract. This suggest that P.
stratiotes possess active compounds which are
responsible for insecticidal. That the level of
larvicidal activity was found to be dose
dependent is not unexpected as result of
previous study using plant crude extracts have
also shown that larval mortality of An. gambiae
and Cx. quinquefarciatus exposed to crude
extracts of Lepidagathis alopecuroides and
Azadirachta indica (neem) increased with time of
exposure and concentration [34].

Although not significant, the percentage mortality
of the fourth instar larvae slightly decreased with
hours of exposure. The reason for this is unclear.
However, given that the LCsqfor the 4" instar
larvae was higher than that of the 3 instar larvae,
it is reasonable to infer that the 3“ instar larvae
are more susceptible to P. stratiotes. Unrelated
study using plant extract have shown that second
instar larvae of Cx. quinquefasciatus were
relatively more susceptible than fourth instar
larvae as shown by higher level of mortality
[35,36]. Further investigation on the larvicidal
effect of P. stratiotes against early 3 and 4"
instar larvae of A. aegypti would be needed to
unveil the pattern of mortality among the 4"
instar larvae with reference to exposure.

In this study, it was observed that extract of P.
stratiotes rendered the A. aegypti larvae inactive
and motionless. Furthermore, disturbance in the
normal behaviour of the larvae was observed in
treatments of A. aegypti suggesting that the plant
possesses larvicidal properties that may affect
the either behavioural or physiology of the larvae.
This possibly may be interterm to the study of
Vincent et al. [37] which reported a decrease in
the feeding behavior in Anopheles and Culex
after treatment with neem extract.

5. CONCLUSION

The current results obtained in this study have
important implications in the practical control of
mosquito larvae in polluted aquatic ecosystem.
The plant used in this study is available in large
quantities in several aquatic habitats in the
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tropics. It can

be concluded that nature

possesses numerous medicinal plants, which
may be useful for control of vector borne
diseases. Therefore, the derived materials could
be useful for managing field populations of
mosquitoes.
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