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Abstract

The aim of the study was to perform a comparative evaluation of the toxic effects of selected botanical and synthetic insec-
ticides on the subterranean termites, Macrotermes subhyalinus. Workers and soldiers of M. subhyalinus were exposed to
various concentrations (0, 50, 100, 150 and 200 mg/ml) of the aqueous extracts of six plant materials; Anchomanes difformis
(leaf, rhizome), Curcuma longa (thizome), Tithonia diversifolia (leaf, root), and Zingiber officinale (rthizome) and termites’
mortality were monitored at 24, 48, 72 and 96 h post-exposure durations. Similarly, the termites were exposed to 0.001, 0.01,
0.1, and 1 % w/v of four synthetic insecticides; chlorpyrifos, dichlorvos, cypermethrin and cyhalothrin. All the plant materials
and synthetic insecticides exhibited termiticidal activity even at the lowest concentration tested. For the plant materials, the
LDy, values were highest in the groups treated with 7. diversifolia (root) for most of the exposure durations while the LDs,
values were lowest in A. difformis (thizome) group at most of the exposure durations. For the synthetic pesticides, the LDs,
values were highest in in the groups treated with dichlorvos for most of the exposure durations while the LD5, values were
lowest in cypermethrin group at most of the exposure durations. These data suggest that Anchomanes rhizome has the highest
termiticide activity among plant materials while cypermethrin was the most potent of the four synthetic insecticides. The
results of the present study indicated that all the screened plant materials produce termiticide activity comparable to those
of synthetic termiticides, and are therefore potential candidates for termiticide formulation for incorporation into integrated
management of termites.
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Introduction

The subterranean termites, Macrotermes subhyalinus is a
large-sized, mound-building social insects that is highly abun-
dant in tropical regions of the world especially in East and
West Africa (Malaka 1996; Vesala et al. 2017; Phillips et al.
2021). They are pests of agriculture and forestry, and their
infestation has been reported to be responsible for up to 60%
yield loss of crops in Africa (Mitchell 2002; Johnson et al.
2010; Nyagumbo et al. 2015; Negassa and Sileshi 2018). Cer-
tain forest trees especially the Eucalyptus are under constant
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attack of termites, eventually leading to their mortality (Santos
et al. 2016; Alamu et al. 2018). Recently, there is a growing
concern on the contribution of M. subhyalinus along with other
termites’ species to global warming through production of
huge amount of greenhouse gases like methane, nitrous oxide
and carbondioxide (Konemann et al. 2017).

Various approaches are being employed in the control of
termites including the non-chemical methods such as the
use of termite-resistant materials for building (mechani-
cal barrier), debris removal, heating (treating the wooden
materials to a temperature that exceeds 120 °F for at least
30 mins), wood replacement, biological control e.g. intro-
duction of pathogenic fungi etc. (Qasim et al. 2015). The
use of synthetic pesticides like organochlorines, organo-
phosphates, pyrethroids etc. either as contact pesticides,
repellents, fumigants or dusts is by far the most common
of the control methods of termites but with the attendant
problems of non-target organism toxicity, high mammalian
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toxicity, environmental contamination, low level of biodeg-
radability and development of resistance, hence the need for
alternatives to these synthetic chemical pesticides (Ahmed
et al. 2006; Ahmed and Qasim 2011).

In recent times, the use of botanicals as alternatives to less-
environmentally tolerable synthetic pesticides in the control of
termites’ infestation is becoming popular (Ajayi et al. 2012;
Osipitan and Oseyemi 2012; Addisu et al. 2014; James et al.
2016; Ajayi et al. 2018; Kassie 2019). The botanical pesticides
are relatively harmless to non-target organisms, and contain
a wide arrays of chemical compounds such as saponin, fla-
vonoid, alkaloids, cardiac glycosides etc. which act concert-
edly on the behavioural and physiological processes in termite
organisms (Oni et al. 2018; Hikal et al. 2017). Also, the ten-
dency of termites developing resistance to botanical termiti-
cides is very low (Saxena 2014). Since Africa is blessed with
a wide array of plants in different families that could be poten-
tially useful as botanical pesticides, research efforts should
be made towards assessing various local plants as potential
botanical pesticides. To this end, four locally available plants;
Mexican marigold (Tithonia diversifolia), Forest Anchomanes
(Anchomanes difformis), Tumeric (Curcuma longa) and ginger
(Zingiber officinale) were assessed for their termiticidal prop-
erties against the subterranean termite, Macrotermes subhya-
linus in the present study. Previous studies have established the
insecticidal properties of these plants against pests of stored
grains, (Akinkurolere 2007; Mpumi et al. 2016), however, not
much is known about their potentials as termiticides. Also,
the termiticidal activity of four common synthetic insecticides
(chlorpyrifos, dichlorvos, cypermethrin, and cyhalothrin) were
determined. It is hoped that the results of this study will iden-
tify potential botanicals for incorporation into integrated man-
agement of the menace of termites.

Materials and methods
Culturing and collection of termites

Subterranean termite, Macrotermes subhyalinus were cul-
tured in the premises of the Federal University of Technol-
ogy, Akure, Nigeria (latitude 7.2972 °N; longitude 5.1461
°E) by placing plastic buckets that have been perforated at
the base on bare soil. The plastic containers contained shred-
ded cartons, soft wood and were left for 2 weeks in a shaded
environment. Workers and soldiers of M. subhyalinus used
for the bioassays were collected along with the soil particles
from the buckets and their surroundings with the aid of a
camel hair brush into transparent plastic containers. The col-
lected termites were taken to the Research Laboratory of the
Department of Biology, Federal University of Technology,
Akure, Nigeria, and were acclimated in the laboratory for
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24 h. The plastic containers were sprayed with water prior
to taking them to the laboratory in order to maintain the
relative humidity at approximately 80%.

Collection of the plant materials and preparation
of plant extracts

Fresh and healthy Mexican marigold, Tithonia diversifolia,
(leaf and root) and Forest Anchomanes, Anchomanes dif-
formis, (leaf and rhizome) were obtained on the campus of
the Federal University of Technology Akure, Nigeria while
Tumeric, Curcuma longa, and Ginger, Zingiber officinale
were purchased from a local market within Akure metrop-
olis, Ondo State, Nigeria. The plant materials were thor-
oughly rinsed with water to remove dirts and allowed to
drain. Approximately twenty grams (20 g) of each of the
fresh plant materials was weighed into mortar and ground
with a pestle. The extract was constituted in 100 ml of water
to give 200 mg/ml stock and allowed to stand for 24 h. The
solution was then shaken thoroughly and sieved with a mus-
lin cloth. Serial dilutions containing O (control), 50, 100,
150, and 200 mg/ml (undiluted stock) of the plant extracts
were later prepared from the stock solution.

Collection of soil samples

Soil samples were collected into clean, oven-dried beakers and
were sieved using 3 mm sieve in order to attain a uniform con-
sistency of the sample and filled up into a conical flask. The
conical flask containing the soil samples was autoclaved at
110 °C for 1 h to kill all pathogenic microorganisms in the soil.

Exposure of termites to aqueous plant extracts
and synthetic insecticides

Approximately 40 g of autoclaved soil was weighed into Petri
dishes, and were admixed with 2 ml of each of the various con-
centrations of the plant extracts or distilled water (control). The
four synthetic pesticides; chlorpyrifos, dichlorvos, cyperme-
thrin and cyhalothrin used in the experiment were purchased
from a chemical store within Akure metropolis, Nigeria. A
similar experimental set up was performed for the synthetic
insecticides at four different concentrations; 1, 0.1, 0.01, and
0.001 % w/v (based on the active ingredients of the insecti-
cides). The Petri dishes were allowed to air dry for about 1
h in the laboratory prior to introduction of the termites. Ten
termites (eight workers and two soldiers) were placed into
each Petri dish containing the treated soil. All the treated Petri
dishes were then placed in a carton and covered with a black
cloth to simulate the dark galleries of termites. There were four
replicates for each treatment and the termites were checked for
mortality at 24, 48, 72 and 96 h post treatment.
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Table 1 Perceptage mprtality Percentage mortality over time

of M. subhyalinus at different

durations following exposure to Plant material 24 h 48 h 72h 96 h

50 mg/ml of aqueous extracts of

plant materials A. difformis (thizome) 15.00 + 1.22¢ 35.00 + 2.88% 47.50 + 2.50° 57.50 +2.50°
A. difformis (leaf) 15.00 + 2.04¢ 27.50 + 3.23¢ 42.50 + 2.50° 55.00 + 2.89°
T. diversifolia (leaf) 2.50 +0.29* 12.50 + 2.50% 25.00 + 2.04* 42.50 + 1.44°
T. diversifolia (root) 10.00 + 0.00° 20.00 + 0.00° 30.00 + 0.00° 42.50 + 2.50°
Z. officinale (thizome) 5.00 + 0.58" 17.50 + 1.44° 35.00 +2.04° 52.50 + 2.50°
C. longa (rhizome) 10.00 + 0.00° 30.00 + 0.00° 45.00 + 2.89°¢ 62.50 + 2.50°

Each value is mean + Standard deviation of four (4) replicates. The means with the same alphabets in the
same column are not significantly different

Data analysis

The mortality data were converted to percentages and
subsequently arcsine transformed. The transformed data
were tested for normality using Shapiro-Wilk test and sub-
sequently analyzed using a one-way analysis of variance
(ANOVA). This was followed by Tukey’s HSD tests in
cases of significant difference. Also, the LDs, (dose of the
extracts/synthetic insecticides that resulted in the mortality
of the 50% of test organisms) were determined using the
Log-Probit analysis. Statistics were performed using SPSS
version 17, and significance was assumed at p < 0.05.

Results

Effects of different concentrations of aqueous
extract of plant materials on the mortality of M.
subhyalinus

The percentage mortality of the subterranean termite, M.
subhyalinus due to treatment with 50, 100, 150 and 200 mg/
ml of the aqueous extract of the plant materials are shown
on Tables 1, 2, 3 and 4 respectively. There was significant
difference in the percentage mortality due to treatment with
botanicals at all the concentrations tested in the study (p <
0.05). At 50 mg/ml exposure concentration, 7. diversifolia
(leaf) caused the least mortality to the termites for the four

exposure durations while A. difformis (thizome) resulted in
the highest mortality of the termites for most of the exposure
durations (Table 1). At 100 mg/ml exposure concentration,
the aqueous extracts of C. longa, Z. officinales, and A. dif-
formis caused significantly higher mortality of the termites
in comparison to the groups treated with aqueous extracts
of T. diversifolia (leaf and root) (Table 2). At 150 mg/ml
exposure concentration, the aqueous extract of A. difformis
resulted in significantly higher mortality of the termites
at most of the exposure durations compared to other plant
extracts (Table 3). At 200 mg/ml exposure concentration,
the plant materials resulted in 100% mortality of the ter-
mites by 96 h exposure with the exception A. difformis (leaf)
and T. diversifolia (root) in which the percentage mortality
was 75 and 87.5% respectively (Table 4). Also, the percent-
age mortality of the termites increased progressively with
increasing exposure duration for all the plant materials at all
the concentrations tested in the study.

Effects of different concentrations of synthetic
pesticides on the mortality of M. subhyalinus

The percentage mortality of the subterranean termite, M.
subhyalinus due to treatment with 0.001, 0.01, 0.1 and 1%
(w/v) of the synthetic pesticides are shown on Tables 5, 6,
7 and 8 respectively. The treatment of the termites with dif-
ferent concentrations of the synthetic pesticides resulted
in significant difference in the percentage mortality of

Table 2 Percentage mortality
of M. subhyalinus at different

Percentage mortality over time

durations following exposure to Plant material 24 h 48 h 72h 96 h

100 mg/ml of aqueous extracts

of plant materials A. difformis (thizome) 27.50 + 1.44¢ 45.00 +2.04¢ 57.50 + 2.50° 70.00 + 2.04°
A. difformis (leaf) 17.50 + 1.44° 37.50 + 2.50¢ 55.00 + 2.04° 70.00 + 2.04°
T. diversifolia (leaf) 15.00 + 2.89° 30.00 + 2.04> 50.00 + 0.04° 55.00 + 2.89*
T. diversifolia (root) 10.00 + 0.00° 20.00 + 0.00* 35.00 + 2.04* 55.50 + 2.50°
Z. officinale (thizome) 12.50 + 1.44° 27.50 + 1.44° 52.50 + 2.50° 72.50 + 1.44°
C. longa (rhizome) 12.50 + 2.00® 32.50 + 2.50° 50.00 + 0.00° 72.50 + 2.50°

Each value is mean + Standard deviation of four (4) replicates. The means with the same alphabets in the
same column are not significantly different
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Table 3 Percentage mortality
of M. subhyalinus at different

Percentage mortality over time

durations following exposure to Plant material 24h 48 h 72 h 96 h

150 mg/ml of aqueous extracts

of plant materials A. difformis (thizome) 37.50 + 2.50¢ 60.00 + 2.04 72.50 + 2.50° 77.50 + 2.50°
A. difformis (leaf) 22.50 + 2.50° 42.50 + 2.50° 55.00 + 2.88° 67.50 + 2.50°
T. diversifolia (leaf) 15.00 + 2.89% 32.50 + 2.50° 50.00 + 2.04° 75.00 + 2.89°
T. diversifolia (root) 12.50 + 1.44° 27.50 + 2.50% 40.00 + 2.04° 60.00 + 2.04*
Z. officinale (rhizome) 17.50 + 1.04° 45.00 + 2.89¢ 70.00 + 2.04 92.50 + 2.50°
C. longa (rhizome) 12.50 + 2.50° 32.50 +2.50° 52.50 +2.50° 82.50 + 2.50°

Each value is mean + Standard deviation of four (4) replicates. The means with the same alphabets in the
same column are not significantly different

the mortality at different exposure durations (p < 0.05).
At 0.001% exposure concentration, dichlorvos caused the
least mortality to the termites for the four exposure dura-
tions while cypermethrin caused the highest mortality of
the termites for most of the exposure durations (Table 5).
At 0.01% exposure concentration, exposure to cypermethrin
caused significantly higher mortality of the termites in com-
parison to the groups treated with other synthetic pesticides
(Table 6). At 0.1% exposure concentration, cypermethrin
exposure resulted in the highest mortality of the termites at
all the exposure durations while dichlorvos caused the least
mortality effect to the termites at all the exposure durations
(Table 7). At 1% exposure concentration, the four synthetic
pesticides resulted in 100% mortality of the termites by 96 h
exposure (Table 8). Also, just as for the botanical pesticides,
the percentage mortality of the termites increased progres-
sively with increasing exposure duration for all the synthetic
pesticides at all the concentrations tested in the study.

Median lethal doses (LD;,) of aqueous plant extracts

The lethal doses of all the plant extracts required to achieve
50% mortality of the termites (LDs,) at different exposure
periods are shown in Table 9. The LDs, values were low-
est in A. difformis (rhizome) group at most of the exposure
durations (020.45, 9.02, and 6.32 mg/ml for 24, 48, and72
h respectively) while T. diversifolia (root) group had the

highest LDs, values for most of the exposure durations
(1404.25, 52.03, 17.59, and 7.40 mg/ml for 24, 48, 72, and
48 h respectively).

Median lethal doses (LD;,) of the synthetic
insecticides

The lethal doses of all the synthetic insecticides required
to achieve 50% mortality of the termites (LDs) at different
exposure periods are shown in Table 10. The LDs, values
were lowest in cypermethrin group at the four exposure
durations (0.04, 0.003, 0.001, and 0.001% for 24, 48, 72,
and 48 h respectively) while the dichlorvos group had the
highest LDs values (0.19, 0.1, 0.008, and 0.005 for 24, 48,
72, and 48 h respectively).

Discussion

In the present study, attempt was made to evaluate the
aqueous extract of plant materials for termiticidal activi-
ties against the subterranean termite, M. subhyalinus
through contact toxicity and systemic poisoning when
admixed with soil. The results obtained indicated that most
of the plant materials exhibited some termiticidal effects at
varying degrees of potency. This observation was in agree-
ment with reports of previous studies that have shown that

Table 4 Percentage mortality
of M. subhyalinus at different

Percentage mortality over time

durations following exposure to Plant material 24 h 48 h 72h 96 h

200 mg/ml of aqueous extracts

of plant materials A. difformis (thizome) 52.50 + 2.50¢ 87.50 + 2.50° 95.00 + 2.88¢ 100.00 = 2.50¢
A. difformis (leaf) 32.50 + 2.50° 57.50 + 3.33° 65.00 + 2.88° 75.00 + 2.89°
T. diversifolia (leaf) 30.00 £ 2.04¢ 67.50 + 2.50° 100.00 =+ 0.00* 100.00 + 0.00°
T. diversifolia (root) 17.50 + 1.44% 40.00 + 0.00* 60.00 + 0.00* 87.50 + 2.50°
Z. officinale (thizome) 25.00 +1.73° 45.00 + 2.04° 85.00 + 1.22° 100.00 + 0.00°
C. longa (rhizome) 17.50 + 2.50* 50.00 + 4.08° 67.50 + 4.79° 100.00 + 0.00°

Each value is mean + Standard deviation of four (4) replicates. The means with the same alphabets in the
same column are not significantly different
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Table 5 Perceptage mprtality Percentage mortality over time

of M. subhyalinus at different

durations following exposure to Plant material 24 h 48 h 72 h 96 h

0.001 % w/v of aqueous extracts

of plant materials Chlorpyrifos 7.50 + 2.50° 20.00 + 4.50° 27.50 + 2.50° 32.50 + 2.50°
Dichlorvos 2.50 +0.50* 5.00 + 2.89% 5.00 + 2.50% 20.00 + 4.08*
Cypermethrin 15.00 + 2.89° 30.00 + 4.80° 37.50 + 2.50° 50.00 + 2.50¢
Cyhalothrin 10.00 + 4.08" 20.00 + 4.50° 27.50 +2.50° 40.00 + 4.08°

Each value is mean + Standard deviation of four (4) replicates. The means with the same alphabets in the
same column are not significantly different

aqueous extracts of plant materials when applied to filter
paper or mixed with soil cause mortality and repellent
effects on termite indicating their efficacy against several
species of termites and thus depicting botanicals extracts
as potential biopesticides for the management of termite
(Blaske and Hertel 2001; Blaske et al. 2003). The ter-
miticidal actions of these plant materials have been linked
to the presence of toxic and insect repelling compounds
in the plant materials, some of which include alkaloids,
saponins, tannins and flavonoids (Blaske and Hertel 2001;
Blaske et al. 2003; Adegoke et al. 2010; Adebo et al. 2018;
Oni et al. 2018). The contact toxicity of the plant extracts
was probably due to systemic actions of the active ingre-
dients of the extracts on the organs and tissues of the ter-
mites that results in mortality. The active ingredients upon
contact with the termites were absorbed and distributed
into tissues and organs where they interfere with the nor-
mal functioning of the organism such as feeding deterrent
and disruption of ATP metabolism (Mpumi et al. 2016).
The use of synthetic insecticides for the control of ter-
mites’ population is popular all over the world (Riekert
and van Berg 2003; Ahmed et al. 2017). Although, their
usage has serious environmental concerns, they are still
being used since the alternative botanical pesticides are
still being developed. The efficacy of common insecticides
against M. subhyalinus was determined using contact tox-
icity. The results indicated that all the four synthetic insec-
ticides have termiticidal properties in the following order;
cypermethrin > cyhalothrin > chlorpyrifos > dichlorvos.

Table 6 Percentage mortality of M. subhyalinus at different durations
following exposure to 0.01 % w/v of aqueous extracts of plant materi-
als

In tandem with this finding, Ahmed and Qasim (2011) also
reported a high termiticide activity of selected synthetic
pesticides against subterranean termites in a farm building.

The lethal effects of the various plant extracts and synthetic
insecticides used in the present study were both concentration-
and time-dependent. All the plant materials and synthetic insec-
ticides tested evoked higher mortality with increasing concentra-
tions of the insecticides with 100% mortality being recorded at
the highest concentrations (200 mg/ml for the plant extracts and
1 % wiv for the synthetic insecticides) used in the study. This
observation was consistent with reports of similar studies which
also used botanicals to control termites in which concentration-
dependent toxicity of the botanical pesticides against termites
were reported (Addisu et al. 2014; Verma et al. 2016; Bakaruddin
etal. 2018). The higher mortality at the high concentrations could
be due to increased availability of the active compounds in the
extracts and synthetic insecticides. Also, we observed increased
mortality which corresponds with increasing exposure duration
in the present study. All the plant materials and the synthetic
insecticides showed highest toxicity values at 96 h which was
the longest exposure duration tested. These results confirmed the
moderate persistence of these plant materials which make them
to be suitable for use as botanical pesticides.

Comparatively, inferencing from the 24 h LD, data, the ter-
miticidal activity of the plant materials could be ranked as A. dif-
formis (thizome) > T. diversifolia (leaf) > Z. officinale (thizome)
> A. difformis (leaf) > T. diversifolia (root) > C. longa (thizome).
The use of 24 h LDy, data for ranking of termiticidal activity in

Table 7 Percentage mortality of M. subhyalinus at different durations
following exposure to 0.1 % w/v of aqueous extracts of plant materi-
als

Percentage mortality over time

Plant material 24 h 48 h 72h 96 h

Percentage mortality over time

Plant material 24 h 48 h 72h 96 h

10.00 + 4.08* 20.00 + 0.04* 27.50 + 4.79* 35.00 + 2.89"
10.00 + 4.08* 20.00 +4.08 25.00 +4.79* 27.50 + 2.50°
20.00 + 4.08" 30.00 + 0.24° 40.00 + 4.08° 52.50 + 4.79¢
15.00 +2.89* 32.50 +2.84° 37.50 +2.50° 42.50 + 2.50°

Chlorpyrifos
Dichlorvos
Cypermethrin
Cyhalothrin

10.00 + 4.08* 35.00 + 5.00° 47.50 + 4.60° 52.00 + 4.70°
12.50 +£2.50* 22.50 +2.50° 27.50 +4.60* 32.50 + 2.50°
25.00 +2.89° 40.00 +4.70° 50.50 + 4.06° 65.00 + 2.70°
27.50 +2.58° 32.50 +2.50° 37.50 +2.50° 47.50 +2.50°

Chlorpyrifos
Dichlorvos
Cypermethrin

Cyhalothrin

Each value is mean + Standard deviation of four (4) replicates. The
means with the same alphabets in the same column are not signifi-
cantly different

Each value is mean + Standard deviation of four (4) replicates. The
means with the same alphabets in the same column are not signifi-
cantly different
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Table 8 Percentage mortality
of M. subhyalinus at different

Percentage mortality over time

durations following exposure to Plant material 24 h 48 h 72h 96 h

1 % w/v of aqueous extracts of

plant materials Chlorpyrifos 100.0 + 0.00¢ 100.0 + 0.00? 100.0 + 0.00? 100.00 + 0.00*
Dichlorvos 95.00 + 2.89°¢ 100.0 + 0.00? 100.0 + 0.00? 100.00 + 0.00*
Cypermethrin 67.50 + 2.50° 100.0 + 0.00? 100.0 + 0.00? 100.00 + 0.00*
Cyhalothrin 57.50 + 2.50* 97.50 + 2.50% 100.0 = 0.00? 100.00 + 0.00*

Each value is mean + Standard deviation of four (4) replicates. The means with the same alphabets in the
same column are not significantly different

Table 9 Median lethal dose (LDs,) obtained for aqueous plant materials extracts on M. subhyalinus

LDs, (Lower limit - Upper limit) (mg/ml) per post-treatment hours

Plant material 24 48

72 96

A. difformis (Leaf)

A. difformis (Rhizome)
C. longa (Rhizome)

T. diversifolia (Leaf)

T. diversifolia (Root)
Z. officinale (Rhizome)

78.76 (42.47 — 115.05)
20.45 (18.29 — 23.65)
1822.08 (157.72 — 3486.44)
37.92 (28.46 — 65.48)
1404.25 (209.24 — 2598.77)
55.24 (40.73 - 90.32)

17.20 (14.20 - 23.31)
9.02 (7.30 — 10.68)
35.23 (20.68 — 49.78)
16.72 (14.31 - 20.89)
52.03 (35.20 — 108.54)
22.19 (19.25 - 27.02)

8.20 (6.45-9.73)

6.32 (4.46 — 7.78)
8.44 (5.05 - 11.23)
9.61 (7.4 — 11.87)
17.59 (14.31 = 24.77)

8.14 (7.27 - 8.96)

3.18 (0.00 - 6.36)
4.70 (1.88 — 6.62)
4.09 (2.24 — 5.49)
6.93 (4.80 — 8.62)
7.40 (5.03 - 9.29)
5.22 (4.21-6.07)

Table 10 Median lethal dose (LDs,) obtained for the different synthetic termiticides on M. subhyalinus

LDy, (Lower limit - Upper limit) (% w/v) per post-treatment hours

Synthetic termiticides 24 48

Chlorpyrifos 0.16 (0.009 - 0.023) 0.005 (0.01 — 0.009)
Dichlorvos 0.19 (0.12 - 0.054) 0.1 (0.007 - 0.026)
Cypermethrin 0.04 (0.021 - 0.06)

Cyhalothrin 0.07 (0.03 - 0.22) 0.005 (0.003 - 0.13)

0.003 (0.002 - 0.006)

72 96

0.003 (0.01 - 0.005) 0.002 (0.01 - 0.003)
0.008 (0.002 - 0.14) 0.005 (0.002 - 0.008)
0.001 (0.001 —0.008) 0.001 (0.001-0.01)
0.003 (0.01 - 0.005) 0.001 (0.001 —0.001)

the present study was due to the fact that by 96 h post treatment,
termiticidal activity was very high and nearly the same for all
the plant materials tested in the present study. The high termiti-
cidal effect of A. difformis as observed in the present study has
also been supported by reports from previous studies that have
reported toxic effects of extracts of A. difformis to storage beetles
(Adedire and Akinkurolere 2005; Akinkurolere et al. 2006, 2007).
The differences in the termiticidal properties of the different parts
of the same plants, for example higher activity in the rhizome of
A. difformis in comparison to the leaf was observed. This is an
indication that different parts of the plant differed in their phy-
tochemical components (Raya et al. 2015; Madike et al. 2017).
In conclusion, the results of the study indicated that the
plant materials exhibited some forms of termiticidal activities
that are persistent and could therefore be promising alterna-
tives to the non-environmental friendly synthetic pesticides
which have hitherto be used in the control of termite infesta-
tion. The incorporation of highly potent A. difformis with low
doses of active synthetic pesticides would offer an integrated

@ Springer

approach for the management of termites’ infestation thus
helping to reduce the quantity of synthetic pesticides in use.
Further studies are therefore encouraged towards the elucida-
tion of the underlying mechanisms of termiticidal effects of
these plant materials with a view of producing commercial
termiticides from them.
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