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Abstract

In Nigeria, there is paucity of information on plants used to repel or kill mosquitoes despite the abundant plant species in the
country’s tropical rain forests. Majority of available data are on the traditional use of plants for curative purposes. This study
documents some plant species used for insecticidal or repellent purposes against mosquitoes in Nigeria. An ethno-botanical
survey was carried out in four geo-political zones in the country using structured questionnaires and focus group discussion.
A total of six plant species belonging to five families were reported in Delta state with Conyza Canadensis (Compositae)
being the most utilized (50%) and Aspilia africana (Compositae), the least mentioned (5.60%). In Enugu state, a total of nine
plant species belonging to eight families were mentioned by respondents with Aframomum melegueta the most utilised
(26.09%) while Agava sisalana and Dracaena manii belonging to the families Agavaceae and Dracaenaceae were the least
mentioned (1.09% each). A total of six plant species belonging to five families were reported in Kaduna State with Lantana
camara belonging to the family Verbenaceae accounting for 58.82% of the utilised plant species for mosquito control while
Ipomea asarifolia, Terminalia catappa and Citrullus vulgaris belonging to the families Convolvulaceae, Combretaceae and
Cucurbitaceae respectively were the least utilized (5.88% each). Lagos State recorded the highest number of plant species
(twenty five) belonging to eighteen families. Spondia mombin belonging to the family Lilaceac was the most mentioned
(7.33%) while the least mentioned (0.37% each) were Magnifera indica, Baphia nitida and Pennisetum purpeum belonging
to the families Anacardiaceae, Fabaceae and Poaceae respectively. There is a need for further investigation on these plant
species as they may constitute potential sources of cidal and repellent compounds against a wide range of insect pests.

Keywords: Ethno-botanical survey, insecticidal, repellence, mosquitoes, plant species

Introduction sourcing blood for the development of their eggs [,

6,7].

Mosquitoes remain the most significant insect
vectors in the transmission of pathogens of both
medical and veterinary importance [1, 2, 3, 4]. They
are also known enemies of humans due to the noise
nuisance and biting annoyance they create when

In tropical and sub-tropical regions, infected female
Anopheles mosquitoes are the primary host and
major agent of transmission for the Plasmodium
parasites that causes human malaria, a disease that is
endemic in over 90 countries, with about 50% of the
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worlds’ population at risk [8, 9]. In addition, the
disease accounts for over 200 million clinical cases in
Africa, Asia and South-America, with about 400,000
deaths annually [10].

As part of efforts to control mosquitoes in the tropics,
the World Health Organization recommends the use
of insecticide treated nets, indoor residual spraying
and environmental management approaches aimed at
destroying larva-breeding sites [11, 12]. The over-
reliance on synthetic insecticides for mosquito
control, because they are fast acting and easy to
apply, has led to a number of deleterious side effects
which includes the development of strains of
mosquitoes and other pest species resistant to
insecticides and destruction of non-target organisms.

These observations have generated public health
concerns and renewed interest in the search for more
biodegradable, environmentally safer and low cost,
easily available indigenous interventions for
mosquito control [13, 14]. One of the most prominent
of the aforementioned indigenous and
environmentally friendly interventions is the use of
natural products of plant origin, which are more
target specific, relatively less toxic and less
expensive [14]. They are also bio-degradable and
easily available. The use of repellent plants against
nuisance biting insects is common in the country (15,
16,17) and their potential for mosquito control
requires evaluation of the different plant species
available for the communities.

Ethno botany is the scientific study of interrelations
between humans and plants. In modern times, it
involves study of indigenous or traditional
knowledge of plants, their classification, cultivation,
and use as food, medicine and shelter (18). This field
is an important step in the identification, selection
and development of medicinal and insecticidal
plants. Most of the ethno-botanical surveys that have
been carried out in Nigeria focussed on documenting
plant species used in herbal medicine for managing
human diseases (19, 20, 21) with limited information
on plant species used for mosquito control.

The mosquito repellent activity of ten plants
popularly used by the indigenous people of Ibadan,
south-western Nigeria against the malaria mosquito
vector, Anopheles stephensi was investigated by [22].
Results showed that Cymbopogon citratus and
Lantana camara exhibited appreciably high
repellence against the mosquito vector. In addition,

[15] gathered information over a two-year period in
randomly-selected villages across five states in
south-east Nigeria, on plant species used as repellents
against malaria vectors. Findings revealed twenty-
four plant species across 16 families with mosquito
repellent activity. This study therefore sought to add
to the scanty body of knowledge on plant species
used for mosquito control in Nigeria. Information
obtained will serve as a guide for future ethno-
botanical studies in the search for plant species with
insecticidal and repellent properties as alternatives to
synthetic insecticides.

Materials and Methods

Study area and study design

This study was carried out in Nigeria between 2008
and 2018. Nigeria is located in West Africa and
borders Niger Republic in the north, Chad in the
northeast, Cameroon in the east, and Benin Republic
in the west (Figure 1). The country is the most
populous in Africa, and the seventh most populous in
the world with over 200 million inhabitants [23].
Administratively, the country has a total of 36 states
and 1 Federal Capital Territory spread across six
geopolitical zones. Study sites were selected using a
two-stage approach, where all the states in the
country were divided into geopolitical zones. Four of
the six geopolitical zones (south-west, south-east,
south-south and north-west) were selected for the
study based on available funds. A random selection
method was employed in the selection of a study site
in the States and Lagos, Delta, Enugu and Kaduna
representing south-west, south-south, south-east, and
north-west geopolitical zone respectively were
selected.

Lagos State is situated in the south-west geopolitical
zone of the country, and is the smallest of the 36 states
in terms of land area. The State however, is the most
economically viable and contains the nation's largest
urban area with over 9,019,534 inhabitants according
to the 2006 Nigerian census. Enugu State is located in
the south-east geopolitical zone, and has a population
of 3,267,837. Delta State is situated in the south-
south geopolitical zone with a population of
4,112,445 while Kaduna State is located in north-
west geopolitical zone, and is a trade centre and a
major transportation hub. The population of Kaduna
was estimated to be at 6,113,503 according to the
2006 Nigerian census.

Sampling methods
The study was cross-sectional in design and in each
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of the selected study States, two popular herbal
markets were purposively selected for the study;
Mushin and Oyingbo markets in Lagos State, Main
market, Warri, and Ogbogonogo market, Asaba in
Delta State, Central Market, Kaduna and Sabongari
Market, Zaria in Kaduna State, Ogbete market and
Newhaven market in Enugu State). In each market,
vendors who sell herbs were identified and
approached with well-structured questionnaires to
obtain information on the type of plants used to repel
or kill mosquitoes following the method of
[24,25,26].

A snowball sampling method was employed in
selecting study participants. This involved
identification and recruitment of other vendors in the
same market from among the acquaintances of initial
study participant until a maximum target of 50
vendors was met per market. However, in some
instances, the number of vendors interviewed varied
based on availability as at the time of visitation.
Plants implicated in repelling/killing mosquitoes
were purchased, dried and pressed in a suitable plant
press. They were further identified and authenticated
in the herbarium, Department of Botany, University
of Lagos, and the Department of Plant Science and
Biotechnology, Federal University Oye-Ekiti, Ekiti
State, Nigeria.

Legend

Data analysis

Data obtained from the completed questionnaires
were extracted and inputted into Microsoft excel
2007 software. Descriptive statistics in form of
percentages and frequencies were estimated. Chi-
square statistics was used to investigate association
between demographic variables and significant level
was setat 95%.

Results

Demographic characteristics of study participants

A total of 400 vendors who sell herbs were recruited
across the four study locations. By age category,
majority of the respondents, 57.2% were within 18
and 35 years and 42.8% were within the age group
36-65 years. There was no significant difference
between the age of study participants across the study
locations (p>0.05). Similarly, the vendors were more
of males (60.8%) in respect to gender, those who
were married (65.5%) and those with primary
education (52.5%). However, there were significant
differences between sex, marital and educational
status of study participants across the study locations
(p<0.05) (Table 1)

Knowledge about plants used to repel or kill
mosquitoes

By location, 86%, 94%, 95% and 71% of vendors
from Lagos, Enugu, Delta and Kaduna knows about
plants that can repel mosquitoes (Table 1). A total
number of 6 plants used to repel or kill mosquitoes
were recorded in Delta with 18 mentions (Table 2). In
Kaduna, 6 plants with 17 mentions (Table 3), 9 plants
were recorded with 92 mentions in Enugu (Table
4),and 25 plants with 273 mentions in Lagos (Table
5) (Figure 1).

Figure 2: Frequency of mention of plants used to
repel or kill mosquitoes across the study area




102 Nigerian Journal of Parasitology

Table 1: Demographic characteristic of study Table 3: Plant Species Used By Respondents In

participants Kaduna State To Kill/repel Mosquitoes
Lagos Enugu Delta Kaduna Total
N(%) N(%) N(%) N(%) N(%)
Age (in years) Num
18-35 58 (58.0) 48 (48.0) 58(58.0)  65(65.0)  229(57.2) :
36-65 42(42.0) 52 (52.0) 424200  35(35.0) 171 (42.8) Plan.t Family Name English Part of ber Of %
Total 100 (100) 100 (100) 100 (100) 100 (100) 400 (100) species Name plant used mention
p-value 0.111 Lant. Bush
antana us
Sex camara Verbenaceae lantana Leaves 10 58.80
Male 29 (29.0) 67 (67.0) 62(62.0)  85(85.0) 243 (60.8)
Female 71 (71.0) 33(33.0) 38 (38.0) 15 (15.0) 157 (39.2) Ginger
Total 100 (100) 100 (100) 100 (100) 100 (100) 400 (100) Ipomea Convolvulacea leaf
p-value <0.00001 P . Leaves 1
asarifolia e Morning 5.88
Marital status glory
Single 23 (23.0) 54 (54.0) 42(42.0)  20(20.0) 139 (34.5) Newbouldia Boundary
Married 77 (77.0) 46 (46.0) 58(58.0)  80(80.0)  261(65.5) W 1 ; ;
Total 100 (100) 100 (100) 100 (100) 100 (100) 400 (100) laevis Bignoniaceae tree Root 2 1.77
p-value <0.00001
Educational status Ipomea Convolvulacea  Sweet Leaves 5 1177
No education 11(11.0) 6(6.0) 14(14.0)  83(83.0) 114 (28.5) batatas e potatoes
Primary education 61 (61.0) 78 (78.0) 55(55.0) 16 (16.0) 210 (52.5)
Secondary 28 (28.0) 16 (16.0) 31(31.0)  1(1.0) 76 (19.0) I :
education Terminalia Combretaceae Tropical Leaves 2 5.88
Total 100 (100) 100 (100) 100 (100) 100 (100) 400 (100) catappa almond
p-value <0.00001
Citrullus . Watermel .
Knowledge about plants that repels mosquitoes vulearis Cucurbitaceae on Fruit 2 5.88
Yes 86 (86.0) 94 95(95.0)  71(71.0)  346(86.5) &
(94.0) 17 100
No 14 (14.0) 6 5(5.0) 29(29.0)  54(13.5)
(6.0)
Total 100 (100) 100 100 (100) 100 (100) 400 (100)
(100)
p-value <0.00001

Table 4: Plant Species Used By Respondents In
Enugu State To Kill/repel Mosquitoes

Table 2: Plant Species Used By Respondents In Delta

Part of plant  Number of

. . . . . o
State To Kill/repel Mosquitoes Plantspecies  Family Name  English Name .y mention 7
Ocimum Scent leaf,
basili Labiatae Sweet and Leaves 8 8.70
. Number asilicum hairy basil
Plant species Family Name E;;ii‘:h Part of plant used of %
mention Aframomum L Alligator
— T melegueta Zingiberaceae pepper, grains Seeds 24 26.09
erianthus Euphorbiaceae ady’s Leaves 2 of paradise
macrocarpus slipper 11.1
Denniettia . .
Conyza . . Horze . . tripetala Annonaceae Pepper fruit Fruit 11 11.96
Canadensis ompositae weed, eaves 50
fleabare Kylopia A Ethiopi d 14 15.22
Newbouldia Boundary acthiopica nnonaceae thiopian Seeds 5.
. Bignoniaceae Root 2 11.1
laevis tree Achwranth Chaff St d
“ :fl é) :;m us Amaranthaceac  flower/devil lc:\[/];:m 3 3.26
A‘?Rllm Compositae Wwild Leaves and Root 1 5.6 horsewhip
Africana sunflowes Pergularia Asclepiadacea
— Tronical daemia A Pergularia Leaves 16 17.39
erminaiia Combretaceae ropiea Leaves 2 11.1
catappa almond Ageratum )
. . ol vy leaf conyzoides Compositae Goat weed Leaves 14 15.22
pomea onvolvulacea Morning  Leaves 2 11.1
hederacea e
glory Agave sisalana Agavaceae Sisal hemp Sap 1 1.09
18 100
Dracaena manii ~ Dracaenaceae ~ Welw.ex baker  leaves 1 1.09

92 100
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Table 5: Plant Species Used By Respondents In
Lagos State To Kill/repel Mosquitoes

Part of plant Number of
used mention

Plant species Family Name English Name Y%

Bush pepper, African

Piper guineense Piperaceae black pepper Fruit 19
6.96
Spondias mombin Lin  Anacardaceae Hog pl}lm. yellow Fruit 20
mombin 7.33
Rhaphiostylis . . .
beninesis Icacinaceae Rhaphiostylis Leaves 13 4.76
Lawsonia inermis L. Lythaceae Henna plant Leaves 14 513
Carica papaya Linn Caricaceae Pawpaw Leaves 13 4.76
Citrus sinensis Rutaceae Sweet orange Peels 13 4.76
Allium sativum Liliaceae Garlic Bulb 16 5.86
. e . Scent leaf, balsam, N
Ocimum gratissimum  Labiatae basil Leaves 8 293
Nicotiana tabacum Solanaceae Tobacco Leaves 13 4.76
Jatropha curcas Euphorbiaceae  Physic nut Seeds 14 513
Cymbopogon citrates ~ Poaceae Lemon grass Leaves 12 4.40
Erythrophleum Leguminosae  Saaswood Bark 10
suaveleus 3.66
Zanthoxylum . S ’
Zanthoxyliodes Rutaceae Fagara Bark 13 276
Cutcasia scandens Araceae Climbing arum Leaves 8 2.93
Petiveria alliacea Phytolaccaceae  Anamu Seeds 13 4.76
Tetrapleural . N .
tetraptera Leguminosae  Aridan Seeds 11 2.03
Hyptis suaveolens Labiatae Hyptis Leaves 9 3.30
Zingiber officinale Zingiberaceae  Ginger Rhizome 11 4.03
Bucholzia coriacea Sterculiaceac ~ Wonder kola fruit 9 3.30
Capsicum fiutescens Solanaceae Chilli pepper Seed 12 4.40
Azadirachta indica Meliaceae Neem tree Leaves 17 6.23
Anacardium .
vecidentalis Anacardiaceae  Cashew tree Stem 2 0.73
Magnifera indica Anacardiaceae  Mango tree Leaves 1 0.37
Baphia nitida Fabaceae Camwood Leaves 1 0.37
Pennisetum purpeum  Poaceae Elephant grass Leaves 1 0.37
273 100

Discussion

In this study, the demographic data showed that a
high proportion of the respondents (86.5%) had good
knowledge of plants with insecticidal and/or
repellent ability. This observation is similar to
findings in Tanzania, Southern Uganda, and
Cameroon where respondents showed high
knowledge of plants used for mosquito control [14,
27, 28]. Most of the respondents had little or no
formal education with majority (52.5%) of the
respondents with only primary school education and
28.5% with no formal education. Few of the
respondents (19.0%) however had secondary school
education while none of the respondents had tertiary
education [29] observed a similar scenario in South-
western Nigeria where most of the herbal medicine
sellers had little or no formal education.

Most of the respondents (60.8%) were males while
39.2% were females. The only exception was in
Lagos State where most of the herb sellers were
females. This is in agreement with the pattern
reported by [14, 30, 31, 32] who noted that males
dominated the herb selling business. This could be
attributed to the fact that most of the elderly
population in Enugu, Delta and Kaduna States prefer
to engage their male child in the family line of trade

instead of their female child who is likely to be
married later in life.

Most of the respondents (57.2%) were youths
between 18 and 35 years. However, the knowledge
exhibited by this age group of youthful population in
utilising plants for medicinal, insecticides/repellents
purposes might have been gained from their elderly
parents [33]. More so, the youths are more energetic
compared to their older parents and hence they can be
found in the market space carrying out one activity or
the other.

From the ethno — botanical survey carried out in this
study, a total of six plant species belonging to five
families were reported in Delta State with Conyza
Canadensis (Compositae) being the most utilized
(50%) and Aspilia Africana (Compositae), the least
mentioned (5.60%). The low occurrence of plant
species used to kill and/or repel mosquitoes in this
area may be as a result of environmental degradation
occasioned by oil exploration.

In Enugu State, a total of nine plant species belonging
to eight families were mentioned by respondents with
Aframomum melegueta, the most utilised (26.09%)
while Agava sisalana and Dracaena manii belonging
to the families Agavaceae and Dracaenaceae were the
least mentioned (1.09% each). The low number of
plant species recorded in the State may be due to the
fact that the State, like other south eastern parts of
Nigeria, are commercial hubs, so most of the
vegetation would have been cleared and replaced by
buildings for commercial business purposes.

A total of six plant species belonging to five families
were reported in Kaduna State with Lantana camara
belonging to the family Verbenaceae accounting for
58.82% of the utilised plant species while Ipomea
asarifolia, Terminalia catappa and Citrullus vulgaris
belonging to the families Convolvulaceae,
Combretaceae and Cucurbitaceae respectively were
the least utilized (5.88% each). Kaduna State is
located in North-western Nigeria which is
characterized by sparse trees and grass land. This
could be the reason behind the low number of plant
species mentioned.

Lagos State recorded the highest number of plant
species (twenty five) belonging to eighteen families.
Spondia mombin belonging to the family Lilaceae
was the most mentioned (7.33%) while the least
mentioned (0.37% each) were Magnifera indica,
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Baphia nitida and Pennisetum purpeum belonging to
the families Anacardiaceae, Fabaceae, and Poaceae
respectively. Lagos State is a cosmopolitan State,
located in the rainforest zone of South-western
Nigeria with abundant trees, shrubs and herbs. The
high occurrence of respondents in the State could be
as a result of influx of people from other parts of the
country and beyond. The direct consequence of this is
shown in the high number of plant species (twenty
five) belonging to eighteen families mentioned.
Majority of the respondents inherited the knowledge
of their practices from their fore parents, relatives or
friends.

In this study, Anacardaceae, Libiatae,
Euphorbiaceae, Compositac and Convovulaceae
were the most utilised families for pesticidal and
repellence purposes in the surveyed geopolitical
zones of Nigeria. In similar studies in southern
Uganda, [28] reported that the family Euphorbiaceae,
was one of the most useful for pesticidal purpose.
Leaves (44.6%) were the most utilised plant part
followed by seeds (22.0%), fruits (15.25%), bark
(5.75%) bulbs (4.0%), peels (3.25%) and rhizomes
(2.75%). Roots and stem/leaves (0.75%), stem
(0.5%), sap and leaves/roots (0.25%) were the least
mentioned. This is consistent with findings from
various studies in which the leaves were identified as
the most utilised plant parts for mosquito control [14,
34,35].

Moreover, Leaves were the only plant part mentioned
in all the four geopolitical zones. The fact that leaves
are exposed and conspicuous makes them easy target
for herbivores and other pathogens. Plants are
therefore likely to deposit and store secondary
metabolites in this area to serve as deterrent to
predators. The high utilisation of leaves by the
respondents for insecticidal and repellence purposes
could also be because they are easily available and
renewable [36].

There was no intersection in any of the plant species
mentioned in any zone to that from another zone. This
shows the high cultural and rich plant diversity in
Nigeria as one moves from one geopolitical zone to
another. It is imperative for developing nations like
Nigeria to document its rich plant resources
especially those with insecticidal/repellent
properties in all communities before they become
extinct due to urbanization and industrialization. The
elderly population who are usually the custodians of
such information are also fast disappearing.

Whole plants that have demonstrated appreciable

mosquito repellent activity can be mass produced and
distributed among individuals within a community
for mass-cultivation around dwellings. This way,
they reduce the population of exophilic mosquitoes
and also for beautification of the environment. These
plants will be particularly promising in regions where
mosquitoes bite early in the evening and in regions
where they have exophagic (outdoor) feeding habits,
and bed net use is unlikely to be very effective.

It is therefore very important that the diverse plant
species in Nigeria especially those identified in this
study are further investigated for mosquitocidal and
repellent activities in order to provide justification
for consideration as alternatives to synthetic
insecticides.
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