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Abstract

Termites are problematic insects due to their threat in agricultural fields and human settlements. They cause a significant
loss to food and cash crops, wooden components in buildings and trees of economic importance, especially in warm
environments of subtropical and tropical regions. For a long time, termite attack has been controlled using different
chemical methods, though they cause human health and environmental problems. This review has been focused on termite
diversity, damage caused by termites in crop plants and other infrastructures as well as three eco-friendly alternative
methods such as insecticidal plants, biological method and cultural control. Methods discussed under cultural approach
include animal by-products, dead animals, meat and sugarcane husks, wood ashes and intercropping system. For biological
method the focus is on nematode, bacterial and fungal application while the insecticidal plants highlighted on the potential
of Cupressus lusitanica, Tephrosia vogelii, Eucalpytus dalrympleana, Lantana camara and Azadirachta indica in the control

of termites.

Keywords: Biological method, insecticidal plants, insect pests, termites.

Introduction

Termites are insects which usually possess a stable and an
organized colony in warm terrestrial environments'. They
contribute significantly to the ecosystems of the world through
decomposing wooden components®. Termite activities in the soil
lead to excellent aeration and improvement of soil nutrients by
adding Nitrogen (N) and Carbon (C) through Nitrogen (N)
fixation and Carbon (C) mineralization respectively'. They are
known primarily for their damage to woody plant parts and
constrain crop production®. In addition, they attack wooden
structures of buildings and inhibit production of trees of
economic importance to mostly African communities’ farms,
global tropical and subtropical areas™. The most known
problematic termites species are Heterotermes, Psammotermes
and Coptotermes (family Rhinotermitidae), Hodotermes and
Anacanthotermes (family Hodotermitidae), Neotermes sp.
(family Kalotermitidae) as well as Syntermes, Procornitermes,
Odontotermes, Microtermes, Microcerotermes, Macrotermes,
Cornitermes,  Ancistrotermes and  Amitermes  (family
Termitidae)’”’. Apart from causing crop damage and individual
hardship to life, approximately $ 40 billion was used to buy
synthetic pesticides purposely to manage termites and repair
destroyed wooden property in 2010 globally’®. African
countries like Mozambique, Zambia, Uganda and Malawi had
cases where maize were destroyed by termites before and after
harvesting, while in Nigeria, Burkina-Faso, Niger and Mali at
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most 30% of harvested groundnuts were reported to be damaged
by termites in 1996°"".

In East Africa, particularly Tanzania, damage by termites to
both young and mature coconuts during dry seasons were
reported’. In light of the above, there is a need to test and
evaluate the less costly and reliable termite management
strategy so as to encourage households and small scale farmers
to engage in crop farming. In fact, having a sustainable way of
controlling termites will result in the reduction of hunger in
developing countries especially African countries where the
problem of hunger has been reported most of times.

African Termite diversity

Favorable condition of Africa is the major reason for high
abundance of termites with more than 664 termite species
diversity recorded in the continent'>"’. High abundance of
termite animals has been documented from southern, western
and eastern Africa, with few species recorded in Northern
Africa''®. In this study termite diversity has been described
based on their morphology. Morphology is characterized by
using body color (pale, grey, brown and red-black), body size
(large or small), large and small heads with mandible position as
well as soft and hard cuticle'®. For example, in genus
Macrotermes, species labeled A, B, C, G and H (Figure-1) differ
among themselves in color with respect to their locations.
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Therefore, few images compiled in Figure-1, justify that regions

of Africa have high diversity of termite species and therefore,

S

Figure-1: Keys

Figure-1: Diversity of some African termite species.

demands more studies to identify unknown ones.
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Letter Species name Distribution References
A Macrotermes bellicosus Northern and Western Africa 17,18
B Macrotermes natalensis Southern African 19
C Macrotermes sp. Eastern Africa 20
D Microtermes sp. Western, Eastern and Southern Africa 20,21
E Microcerotermes sp. Western Africa 22,23
F Psammotermes hybostoma Northern Africa 24
G Macrotermes sp. Eastern and Western Africa 20
H Macrotermes sp. Southern Africa 25
| Neotermes sp. Western Africa 26
J Coptotermes sp. Eastern and Southern Africa 15,20
K Cubitermes sp Western, Eastern and Southern Africa 18,20,21
L Kalotermes sp. Northern Africa 15,26
M Amitermes sp. Eastern and Southern Africa 20,21
N Baucaliotermes hainesi Southern Africa 27
O Fulleritermes sp. Western Africa 23
P Heterotermes spp. Western Africa 28
Q Apicotermes sp. Southern Africa 27
R Nasutitermes sp. Western Africa 28
S Trinervitermes spp. Southern and Western Africa 18,23,26
T Odontotermes sp. Southern and Western Africa 19,22
U Hodotermes mossambicus Southern and Eastern Africa 14,27
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Damage caused by termites in crop plants

Susceptible crop plants to termite pests in Africa include
groundnuts, sweet potato, rice, millet, maize, cassava, soybeans,
yam and sorghum™'®!"". The damage to crop plants caused by
termite pests in many African countries is not quantified. For
example, in Kenya, Namibia and South Africa, where termites
were reported among the key maize damaging insects which
cause reduction in yield, though no exactly figures of crop loss
were reported”?'. Although it is difficult to find reliable
information of crop losses in figures (percent), but still there are
few scientific findings showing crop yield loss in percentage as
presented in Table-1.

Table-1: Some African countries with crops affected by termite
damage in figures.

% Crop
Crop name Country yield loss References
Mali,
Groundnuts Burkina- 1030 6
Faso, Niger
and Nigeria
Groundnuts Zambia >90 4
Maize Uganda and | g, 32
Nigeria
Maize Zambia and |54 3 1"
Malawi
Rice Nigeria 50-100 33
Cassava Nigeria 40.0 34
Maize, sugarcane,
rice, millet, cassava, Uganda 50-100 35.36
groundnuts
andsorghum
Groundnuts,
cowpeas, sweet
potato, rice, millet,
maize, cassava, | Ghana <100 5
soybeans, yam,
garden eggs and
sorghum
Coconut seedlings Tanzania 20-100 7
Maize Ethiopia 45-50 37
Sorghum Ethiopia 25 37
Damage caused by termites in other
infrastructures

In tropical and subtropical countries, the destruction of
buildings due to the termites have been reported as a major
challenge due to the diversity of termites favored with good
conditions in these geographical areas.
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For instance, Africa herself has over 664 distinct termite
species'>'*** Generally, in Africa scientific evidence on annual
losses caused by termite damage in buildings are almost not
available. But still, termites continue to destroy buildings which
cost the owners for repairing and maintaining their buildings. In
Southern Africa, especially in Zambia there is a wide infestation
and termite damage in buildings®®.

This is in agreement with assertions by the reports of other
scholars. For example, a research report has showed that 10 %
of the budget from Building Research Institute is used for
repairing damaged wooden components in buildings and buying
synthetic chemicals to control termites in Western Africa®.
Apart from damaging wooden structures in buildings, also
termites attack live trees of economic importance. Vividly, it is
indicated that Ugandan small scale farmers suffer from termite
attack in their Gravilea robusta’s farms and the affected trees
die before reaching maturity, leading to low timber production®.

Considering the economic losses done by termites in crops, trees
and wooden components in buildings, there is a need to carry
out further studies to investigate the appropriate management
strategies which can reduce termite activities to manageable
levels and avoid possible damage in farmlands and buildings.

Termite control methods

Four methods namely i. chemical control ii. cultural control iii.
biological control and iv. use of insecticidal plants are known as
possible methods for termite management in buildings, wooden
structures, crops and trees of economic importance.

Chemical method: Synthetic pesticides are artificial made
compounds which have long half-life in the environment®.
They are effective for protection of termites though they cause
serious human health and environmental problems***. For
instance, when methyl bromide is sprayed, it penetrates quickly
inside the wooden structures and kills either dry wood termites
or arboreal species®. Although methyl bromide control termites
successfully, it is believed to cause atmospheric ozone layer
depletion®*. The ozone layer depletion turns into skin cancers
which stands as a human health problem®. Other industrial
chemicals that have been used for controlling termites in stored
wood, wooden components in buildings and crops are
chlorpyrifos, fipronil, bifenthrin, imidacloprid, endosulfan,
lindane, aldrin, coldrane, dieldrin, endrin and heptachlor43'45’47.
Chemical residues of these compounds are usually carried away
from their sources by air and water to aquatic and terrestrial
systems. For example, decrease by 80 % in fishes has been
reported in different farming seasons of paddy cropping in
Malaysia®®. Synthetic pesticides have caused insect population
reduction in United States of America*’ and bird populations in
India’®. Furthermore, synthetic pesticides have been reported to
have negative effects to human health such as cancer’’. In
addition, synthetic pesticides have ability to cross cell
membrane into the cells and result into cancer cells™.
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Also they cause hardness in breathing, skin pill off, vomiting,
stomach ache and disrupt hormonal balance system in humans
and wildlife”***. Although one may apply synthetic chemicals
on farms and protect crops from insect pests and diseases but on
the other hand they affect and kill massive non-targeted
organisms / biodiversity (Figure-7).

Considering the effects synthetic pesticides on human,
environment and non-target insects, there is a need to develop
new approaches to control termites in sustainable and eco-
friendly ways. Therefore, this study suggests to use cultural
control, biological method and insecticidal plants to control
termites since these methods they have no negative effects to
non-targeted organisms, environment and human health as well.

Cultural control: Cultural control refers to indigenous
knowledge. Indigenous knowledge is the knowledge and skills
that is not obtained from research findings and is normally
practiced locally in rural areas®. Indigenous knowledge is much
common and it has been used for a long time in developing
countries before an invention of synthetic pesticides®°. Many
African countries practice different local methods in trying to
reduce termite incidence. For example, in Uganda, Kenya,
Zambia, Malawi, Mozambique and Nigeria small scale farmers
use cow’s urine, fresh cow dung, goat dung, dead animals, meat,
fish viscera and sugarcane husks to reduce termite destruction
on wooden properties and agricultural crops such as
maize*?78, Moreover, wood ashes are commonly used to
control termites on crop fields and buildings in Kenya, Uganda
and Zambia'"**°, In Tanzania, farmers use wood ashes to
supprggs insect pests in stored cereals, groundnuts and common
beans™.

Intercropping system strategy is highly appreciated in Uganda.
For example, in this country, farmers experienced low termite
damage on maize in maize - soybean intercrop system'’. This is
similar with the results obtained in Zambia thereby it showed a
reduced termite attack to maize crop in intercropped maize with
legumes®'. To farmers, cultural control strategy is less effective
because usually crops are not free from insect pests and
diseases, but it is of beneficial practice to non-targeted
organisms / biodiversity (Figure-7). Therefore, it is important to
put into consideration these indigenous practices because there
are information gaps which call for further scientific researches
to justify the mechanism behind of these methods in protecting
agricultural crops, trees of economic values and wooden
materials in buildings from insect pests and termites.

Biological method: Biological method of insects is defined as
natural enemies manipulations (i.e. pathogens, predators and
parasitoids) for maintaining, reducing or eliminating insect pest
populations from areas of interest, for example in cropping
farms®>®. Majority of scientists and researchers prefer this
strategy because it is environmental - friendly method and
affects only target species®®. Bacteria, viruses, nematodes,
protozoa and fungi are potential biological agents for integrated
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pest management (IPM)*%. Every agent mentioned here is very
important and can be applied as alternative method to synthetic
pesticides. Therefore, the introduction of bacteria or fungi in
bio-control have to be put into consideration for controlling
insect pests in eco-friendly way resulting to the maintenance of
biodiversity and good crops (Figure-7).

In this review our focus has been only on three biological
control agents namely; fungi, nematodes and bacteria.

Fungal application: Fungal agents are entomopathogens which
can be produced massively and have ability to affect the target
species through contact®. The Paecilomyces sp., Beauveria
bassiana, Isaria fumosorosea and Metarhizium anisopliae are
potential candidates of fungi species in the management of
termites®”®®. A fungus Isaria fumosorosea has caused a
significant mortality of termites, Coptotermes formosanus in the
laboratory®’. Metarhizium anisopliae has shown a remarkable
degree of mortality on subterranean termites, Globitermes
sulphureus  compared with  Beauveria  bassiana  and
Paecilomyces sp. in Malaysian laboratory®. This corresponds to
the research data which revealed thathigh efficacious mortality
of tea termites, Microtermes obesiin vitro was induced by
Metarhizium anisopliae while Beauveria bassiana demonstrated
better results in field condition, India®. This could be attributed
by the highest repellency of Metarhizium anisopliae compared
with Beauveria bassiana strains. For example, documented
information has proven that the virulent strains of Metarhizium
anisopliae possess repellent properties which trigger alarm,
isolation and defensive reactions among untreated termites’*’".
Based on this background information, more research designs
about strain selections of fungi to control termites under field
conditions are recommended.

Nematode application: Families Steinernematidae,
Heterorhabditidae, Allantonematidae and Mermithidae belong
to  nematodes®, Among these, Heterorhabditidae and

Steinernematidae families have diverse species which are
potentialin the management of terrestrial insect pests®*’>
Species of these families have a tendency of forming a
mutualistic association with bacteria called nematode-bacteria
complex, thereby the association is useful in infecting host
insects””’*. At infective juvenile stage, nematodes become
active and free living that are able to search for host insects.
Wherever they get host insects, they use open space like mouth
and anus to penetrate into haemocoel of host insects and release
their mutualistic bacteria”’®. Usually, the released bacteria
produce lethal toxins which cause fatal septicemia and death to
host insect. The host cadaver is used to serve as source of food
in reproducing another infective juvenile generation of
nematodes’’.

Few studies have been conducted to study the potentiality of
nematodes on termite control. For example, high mortality has
been found to termites, Reticulitermes flavipes exposed to
parasitic nematodes’".
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A study conducted in Benin using parasitic nematodes such as
Heterorhabditis sonorensis and Heterorhabditis indicashowed a
significant mortality to subterranean termite, Macrotermes
bellicosusin laboratory’>. This is in line with the laboratory
report which justified that nematodes; Steinernema feltiae
(Filipjev-UK76), Heterohabditis bacteriophora (Poinar -
HP88), Steinernema carpocapsae (Weiser-Mexican 33) and
Steinernema riobrave (Cabanillas, Poinar, and Raulstonn - 355)
are able to cause severe mortality in termites of Reticulitermes
flavipes (Kollar), Gnathamitermes perplexus (Banks) and
Heterotermes aureus (Synder)79.

Apart from laboratory trials, also experiments under field
conditions have been done. A study under field conditions
concluded that nematodes, Steinernema carpocapsae alone can
control termites, Reticulitermes tibialis™, This is related to study
designed to wuse nematodes in eliminating termites of
Odontotermes obesus from millet and wheat crops®. Again it
remains a challenge to researchers because high rates of reports
are laboratory based and very few successes from field trials.
Further studies are required so as to identify the limitations that
hinder entomopathogenic nematodes in controlling or
eliminating termites under the field conditions.

Bacterial application: Some rhizobacteria are good sources of
Hydrogen cyanide for example, Pseudomonas aeruginosa. The
Hydrogen cyanide is the chemical compounds which is effective
in the management of undesirable soil microorganisms®**. For
example, Hydrogen cyanide from Pseudomonas aeruginosa has
served as agent control towards nematodes in the fields***. All
hydrogen cyanide - producing rhizobacterial species can be very
useful to termite control by applying them directly to the termite
mounds, thereby localizing cyanide production and also to
minimize menace effects on other soil living animals. Bacteria
which produce harmful metabolites may play part in biological
control of termites. For instance, three different hydrogen
cyanide - producing rhizobacterial species, Aeromonsa caviae,
Alcaligenes latus and Rhizobium radiobacter have been tested
under in vitro conditions and demonstrated positive results to
kill termites of Odontotermes obesus"*. Although, less
information is available on negative effects of Hydrogen
cyanide released from rhizobacterial species, therefore, this
review proposes numerous studies to investigate the negative
effects of Hydrogen cyanide (HCN) to other living soil fauna
compared with conventional insecticides.

Use of insecticidal plants: Insecticidal plant compounds occur
naturally, degrade easily when exposed to the sunlight and
therefore have short half-life of persistence to the
environment®. Generally, plant pesticides are known to control
insect pests in eco-friendly way because they do not have
negative effects on non-targeted insects, human health,
environment and crops (Figure-7). Studies show that
compounds derived from plants usually degrade into harmless

. 54,86
substances ranging from few seconds, hours and even a day”""".
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On the other side, synthetic pesticides are known to have
negative effects on beneficial insects, human health,
environment and insect pests do resist to them which lead to
their failure in controlling insect pests’. Due to undesirable
effects of synthetic pesticides, much attentions have been taken
in developing alternative methods such as use of insecticidal
plants so that to minimize health and environmental problems™.

In Africa and other developing countries, different insecticidal
plants have been reported to be effective in controlling insect
pests both in field crop and stored products in different
. For instance, candidate pesticidal plants that are
applied by Ugandan farmers in the control of insect pests on
basin of the Lake Victoria are Phytollacca dodecandra, Cofea
species, Carica papaya, Cupressus spp., Tagetes spp., Nicotiana
tabacum, Capsicum frutescens, Tithonia diversifolia, Lantana
camara, Musa spp., Aloe spp., Tephrosia vogelii, Eucalyptus
spp., Moringa oleifera, Azadirachta indica and Vernonia
amygdalina®’. In Tanzania, farmers have been applying a
mixture of powdered rice husks and neem parts, mixture of soap
solvents and neem components, neem parts mixed with cow’s
urine, combination of red pepper, tobacco and neem
components®. Several scholars support the use of insecticidal
plants with some modified application techniques. For instance,
appreciated positive results have been obtained in the test
involving fresh ground leaves, mixed and soaked overnight®®. A
boiled combination of detergent soap and parts of pesticidal
plants has demonstrated positive results in the control of insect
pests®. Another technique involving soaking of the sun dried
plant materials into organic solvents (acetone) has shown some
promising results in protecting leaves of crop plants from rust
problem inboth field and greenhouse conditions™. All
mentioned techniques show efficacious results in controlling
some pest insects. This calls for diverse research approaches to
assess the effective application method. For example, what will
happen when plant parts are boiled or soaked in soap solution
and organic solvents with the aim of wider scale application on
the termite and insect pest control.

Potential of Cupressus lusitanica, Tephrosia vogelii,
Eucalpytus dalrympleana, Lantana camaraand Azadirachta
indica in controlling termites: Five plant species including
Cupressus  lusitanica,  Tephrosia  vogelii,  Eucalpytus
dalrympleana, Lantana camara and Azadirachta indica are
selected as potential candidates in controlling termites. The
selection of these botanicals has been done due to their
efficacious results demonstrated in management of insect pests
and termites on field crops, stored food cereal and legume
grains as well as wooden properties'”". In developing countries
especially in the villages, these botanicals are used to control
insect pests and termites in agricultural crops, stored grains and
wooden properties®’. Therefore, it is of paramount important to
conduct researches that serve for rising awareness of people
especially farmers and households on how to use the locally
available pesticidal plants in the control of insect pests.
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Cupressus lusitanica: Cupressus lusitanica (mexican cypress)
belongs to the family cupressaceae and possesses aromatic
compounds and essential oils such as B-cedrene, bornyl acetate,
a-cedrene, epimanool, cedrol and agathadiol as depicted in
(Figure-2)">*. Essential oils possess antimicrobial, antifungal
and insecticidal properties””. Growth inhibition has been
observed to Aspergillus niger and Bacillus cereus after exposing
to volatile essential oils*®. Other studies, found that essential oils
have a fumigant and repellency effects against insect pests in
stored food grains™®’. In addition, leaf extracts and leaf
powders are used to protect crops from termites’*’. This body
of knowledge might be useful for insect pests and termite pests
control in field crops, buildings, wooden structures and trees of
economic importance. Therefore, many more studies are
required to identify the active compounds from Cupressus
lusitanica and test their efficacy to insect pests including
problematic termites.

§jﬁ

--; i
*':f><OH < <

cedrol B-cedrene o-cedrene o-cedrene oxide
CHz0OH
T’ ““CHz0H
904 g Jeon
5, - A/:: —/ 0]
K CH;0H
epimanool agathadiol bornyl acetate

Figure-2: Some terpenic compounds in Cupressus lusitanica®.

Eucalpytus dalrympleana:
eucalyptus species which belong to the family myrtaceae
Eucalpytus dalrympleana and other Eucalyptus spp. have strong
essential oils including, aromadendrene, limonene, a-pinene,
1,8-cineole, p-cymene, a-terpineol, citronellyl acetate,
eucamalol, linalool, y-terpinene and citronellal'®1%!, Among
these components, the 1, 8-cineole has been reported as the most
active monoterpene'®®. Many studies have reported similar
results on 1, 8-cineole as shown in Figure-3. The study which
used oil components of synthesized 1, 8-cineole and natural
monoterpenes founda fumigant toxicity against Musca
domestica(L.)“B. In addition to this, severe mortality of first-
instar nymphs of Rhodnius prolixus has been observed when
introduced into volatile essential oils and monoterpenes

composed of 1, 8-cineole'™.

There are many varieties of
93,100

Moreover, the extracts of 1,8-cineole from Eucalpytus
dalrympleana is effective for the reduction of Haematobia
irritans (Horn fly) incidence in cattle'®. Other scholars have
quantified that essential oils from Eucalpytus dalrympleana
have insecticidal and repellent activity against stored food
grains insect pests'’’. Similarly, essential oils of Eucalyptus
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dalrympleana have shown antifeedant, repellency and
insecticidal properties on termite workers of the Odontotermes
obesus'™. Based on these findings, essential oils could be useful
in the management of insect pests, flies and termites. However,
essential oils are very volatile compounds which are difficult to
handle them, meaning that they can escape easily when exposed
to sun light'®. Any study to investigate essential oils stability
should be done with the purpose of improving their half-life so
that to minimize the frequent application.

Figure-3: Chemical structure of 1,8-cineole1°7.

Tephrosia vogelii: Tephrosia vogelii is a legume which belongs
to the family Fabaceae'™'”. Tephrosia vogelii is the most
effective insecticidal plant which is used in the management of
insect pests in both field crops and stored products'®. It is also
used to increase soil fertility through biological nitrogen
fixation'”. The effectiveness of Tephrosia vogelii is due to
bioactive compounds such as chemotype 2 (C2) and chemotype
1 (C1) (Figure-4)“°. Cl has been reported to be the most
effective compound in Tephrosia vogelii resulting to the
repellency of insect pests”''“!"!. For these reasons, the
pesticides from Tephrosia vogelii possess insecticidal effects.
For example, the pesticides from Tephrosia vogelii are
commonly used in remote areas of Africa for illegal
fishing''>'"®. The pesticides from Tephrosia vogeliiare already
confirmed to exhibit antifeedant, repellent and insecticidal
properties towards golden flea beetle''.

In Malawi, Mozambique and Zambia, farmers who used extracts
from crushed leaves of Tephrosia vogelii managed to protect
field crops from termites''. However, there are inadequate
scientific studies to verify the potentiality of using Tephrosia
vogelii to control problematic termites®. Therefore, there is an
urgent need to identify other bioactive compounds of Tephrosia
vogelii which may control termites effectively.

o o .\\\\O

OMe O
Chemotype 2

Chemotype 1

OMe
Figure-4: Chemotype 1 (C1) and Chemotype 2 (C2)'®.
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Azadirachta indica: Azadirachta indica is a native plant in
India'"®. Tt belongs to Meliaceae family with known more than
200 compounds®. Among these compounds, Azadirachtin is the
most active constituent in A. indica compared with salannin and
nimbin (Figure-5). Azadirachtin has strong repellent, antifeedant
and insecticidal effects to insects. Azadirachtin has ability to
interfere chemoreceptors, block sugar and receptor cells, affect
growth and moulting, affect reproduction through inhibiting
oogenesis and ovi position in female and interrupt mature sperm
production in male insects’. Documents on A. indica support
the botanical use of this plant. For example, a practical report
has reported that the A. indica extracts have strong antifeedant
effects against termites, Reticulitermes speratus''®. Similar
studies have been conducted using different species apart from
termites. For instance, it has been found that A. indica extracts
strongly inhibited growth in Pseudaletia unipuncta and
Trichoplusia ni, after laboratory exposure''’. The A. indica oil
extracts minimized significantly the number of Tuta absoluta in
vegetable tomatoes compared with the fields without
treatments''®. Thereafter, it is worthy to use A. indica extracts as
alternative to control insect pests and termites which are serious
menace to plants.

azadirachtin

° COOMe

g

.I E }
. H OAc
CO;Me

nimbin

salannin

Figure-5: Some of chemical structures in Azadirachta indica'".

Lantana camara: Lantana camara is a native plant of South
America and it belongs to Verbenaceae'”’. Apart from South
America, it is invasive plant to other areas'?'. Some scholars
have recognized and presented that Lantana camara possesses
diverse compounds including proteins, carbohydrates, lactones,
furfural, flavonoids, triterpenoids, glycosides, flavonoids, and
phenylethanoid ~ glycosides'?*'*,  Among these chemical
compounds, triterpenoids such as ursolic acid stearoylglucoside
is reported to be more active component than any other in this
plant, as illustrated in (Figure-6)'*. The presence of ursolic acid
stearoylglucoside and others have enhanced many medicinal
applications and few of them have been discussed here.
Exposing rats or mice to Lantana camara affected their ability
to move, caused congestion of heart and lung, nephrosis,
dehydration and constipation with hepatosis as well as low
reproduction performance according'*'*,
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Lantana camara is also reported to have a fumigant effect
against Sitophilus granarius adults in the stored grains'®.
Laboratory experiments of scholars have also indicated that
Lantana camara possesses a repellency, antifeedant, insecticidal
activity to stored food grains insect pests'?*'?’. Besides, leaf
extracts of Lantana camara have shown excellent repellent,
moderate toxic and antifeedant activities on termites,
Reticulitermes flavipes in the laboratory’'. Also 5 % chloroform
extracts of Lantana camara have exhibited excellent mortality
in termite workers under laboratory conditions'**. However,
most of these reports are laboratory based, thus more field trials
are needed. In addition, continuous use of Lantana camara
would minimize invasion to other biodiversity. Also the toxic
effects exhibited by Lantana camara, demands for further
experiments so that to quantify the toxicity level on treated
stored food grains before taken by consumers.

HO
o)

Y

OH

%,
%,
4

CO(CHz)15CH;
Figure-6: A  chemical structure of wursolic acid
stearoylglucoside'®.
Conclusion

This review has demonstrated that termite infestation is high to
less developed countries although synthetic insecticides are
primarily applied to control termites. However, the continuous
use of synthetic insecticides is highly discouraged since they
cause human health and environmental problems. Therefore, it
is necessary to combine or integrate two or more pest control
systems which are environmentally friendly in order to
minimize the negative effects caused by synthetic chemicals. In
addition, more research is needed regarding the active botanical
ingredients, preparation requirements, application rates and
residue effects to the environment and health risks to the
farmers and other users. Apart from insecticidal plants, on-farm
research is required in biological and cultural control for
feasible management of termites at farmer level.
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