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Abstract 

Several studies have demonstrated the biological efficacy of leaf, stem and root powders or extracts of 
Chromolaena odorata (L.) King and Robinson against insect pests but those that are focused on the 
biological efficacy of aqueous leaf extracts against Macrotermes species are scanty. Current 
management of termites with synthetic insecticides is being discouraged due to human and 
environmental hazards. Therefore, the insecticidal effectiveness of aqueous leaf extract C. odorata 

against Macrotermes species was investigated. Five concentrations (0, 2.5, 5.0, 7.5 and 10.0% (w/v)) 
of the aqueous extract of C. odorata plant were evaluated for repellency and toxicity on the worker 
caste of Macrotermes species following standard procedures. The filter paper impregnation technique 
was used for the bioassay. Percentage repellency was monitored for 30 minutes and mortality recorded 
at 12, 24 and 36 hours post exposure. The leaf extract of C. odorata significantly repelled 95% of 
Macrotermes species at the highest concentration of 10% (w/v) after 30 minutes post treatment 
exposure. Mortality of Macrotermes species was independent of treatment concentration, but 
dependent on duration of exposure. All treatment concentrations of aqueous leaf extract of C. odorata 
caused significant mortality against Macrotermes species ranging between 94% and 98% compared to 
the control; indicating very great potential for adoption and use in the management of Macrotermes 
species.  
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INTRODUCTION 

Termites are eusocial insects of the phylum 
Arthropoda and order Blattodea (Lefebvre et 

al., 2008). Like ants (Hymenoptera), termites 
share labour among their castes which consist 
of “workers” and “soldiers” and live in 
colonies having kings and queens. Termites 

are major detritivores particularly in the 
tropical and subtropical regions, feeding on 
mostly dead plant materials and cellulose, 
generally in the form of wood, leaf litter, soil, 
or animal dung (Mitchell, 2002). Termites 
have long been recognized as important 
agricultural and domestic pests (Logan et al., 

1990). Macrotermes species impact the 
economy negatively by causing damage to 
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various agricultural crops, wooden portions of 
buildings, furniture, utility poles and fence 
posts in several parts of Africa and the world 
at large (Sekamatte, 2001; Wong et al., 2001; 
Mitchell, 2002; Nyeko et al., 2010).  
 Outdoor infestation by Macrotermes 
species has profound effects on the agricultural 
enterprise before and after harvest due to their 
foraging activities on plants (Fenemore and 
Prakash, 2006). Crops such as yam and 
cassava, sugar cane, groundnuts, sorghum and 
maize (Sands, 1977a,b; Wood et al., 1980; 
Logan et al., 1990) are prone to infestation and 
damage by termites. Termites also cause 
serious damage to young tree seedlings 
especially in the coconut-growing areas since 
they are often subjected to moisture stress and 
transplanting (Johnson et al., 1981; Logan, 
1992; Bong et al., 2012). Termites also 
constitute a significant pest of rice, attacking 
rice plants on the field especially when dead 
plant materials are not readily javailable 
(Pathak and Khan, 1994). 
 It is well established that pesticides play a 
major role in the production of adequate and 
high yielding food, especially vegetables for 
an increasing world population through the 
control of insect pests. Many synthetic 
insecticides are however toxic and persistent 
(Kluive, 1981). Furthermore, synthetic 
insecticides cause toxicological and environ-
mental problems such as their residual effects 
in food, soil water and adverse effects on non-
target organism and other beneficial organisms 
as well (Amoako, 2010; Fening et al., 2013). 
Due to the serious negative impacts of the use 
of synthetic insecticides, search for alternative 
approaches to managing insect pests have to be 
considered. Consequently, there is a need to 
control insect pests such as Macrotermes 
species with affordable and locally available 
plant materials which are biodegradable, 
readily available, easy to prepare and easy to 
apply (Owusu et al., 2008; Muhammad, 2009).  

 Pesticides obtained from plant materials 
are known to be very effective in insect-pest 
control as they have repellent and antifeedant 
properties among others and are less hazardous 
compared to the conventional pesticides 
(Mishra, 2013). The use of botanicals is an 
age-old practice involving the use of different 
plant parts in the form of extracts and powders 
to control insect pests (Mishra, 2013; 
Cobbinah et al., 1999). Termites have been 
managed with relative success over the years 
using synthetic insecticides. However, the 
possible threat posed and the long term 
resistance developed by insects have made the 
use of botanical pesticides a necessity.  
 Extracts and powders of some indigenous 
and alien plants have been widely reported to 
possess insecticidal activities. Chromolaena 

odorata (L.) (Kings and Robinson) 
(Asteraceae) leaf powder may therefore serve 
as an alternative to synthetic insecticides for 
managing termites such as Macrotermes spp. 
Although, recent studies clearly shows that C. 

odorata plant powders have high insecticidal 
properties against crop pest such as 
Callosobruchus maculatus Fab. (Coloeptera: 
Chrysomelidae) and Sitophilus zeamais 
Sitophilus zeamais (Motschusky) (Coleoptera: 
Curculionidae) (Cobbinah et al., 1999); there 
is currently no record of the repellent activities 
of the leaf extract of C. odorata against 
Macrotermes species (termites). The objective 
of this study was therefore to evaluate the 
toxicity and repellent effects of application of 
powdered and aqueous leaf extracts of C. 

odorata as protectants against termites 
(Macrotermes species). 
 

MATERIALS AND METHODS 

Collection and preparation of plant 

powder 

Fresh leaves of C. odorata plants were 
collected from an open farmland at Dentistry 
quarters, within the vicinity of the University 
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of Benin Teaching Hospital (UBTH), Benin 
City (6º39’N, 5º56’E), Edo state, Nigeria. 
During collection, the leaves were chopped 
into pieces, washed with running water and 
shade dried for about 7 days and thereafter 
oven dried at 60°C for 72 hours. The dried 
leaves were ground fine into powder using an 
electric grinder (Braum Multi-quick 
Immersion Hand Blender, B White Mixer 
MR 5550CA, Germany) and then preserved 
in an air-tight, water-proof container and 
stored at dark room temperature prior to use. 

 

Extract preparation  

The amount of powder mixed with 100ml of 
water were calculated on weight per volume 
basis. As 2.5, 5.0, 7.5 and 10.0 grams of the 
leaf powder was mixed with 100ml of water 
in a flask to obtain a crude extracts of four 
different concentration levels of 2.5, 5.0, 7.5, 
10.0 % (w/v). The flask containing the 
extract was thoroughly shaken for 30 
minutes to ensure uniform distribution of the 
solute. 

 

Insect collection 
Macrotermes species were collected from an 
open farmland at the Faculty of Agriculture 
within the University of Benin, Benin City, 
Nigeria. At the collection site, termite mould 
was dug up using a spade and mould 
containing the termites was put in a plastic 
box. The termites were collected from the 
mould using camel hair brush and placed in a 
plastic box (22 × 17 ×7 cm3) as described by 
Gitonga et al. (1995). Wooden plant was 
added as feed for the termites. The top of the 
box was covered with muslin cloth so as to 
allow ventilation in and out of the plastic box 
without allowing the termites to escape. 
Moistened pad of cotton wool was placed 
inside the plastic box to maintain the 
required moisture level (> 60%) for termite 
survival. The box containing the termites was 
then transported to the laboratory of the 

Department of Animal and Environmental 
Biology, University of Benin, Benin City, 
Nigeria and placed in a cool dark area until 
needed for the experiment. 

 

Repellency bioassay 

The experiment was conducted in the 
laboratory of the Department of Animal and 
Environmental Biology, University of Benin, 
Benin City, Nigeria. Four concentrations: 
2.5, 5, 7.5, 10 % (w/v) of the aqueous  leaf 
extract of C. odorata was prepared. 
Whatman No.1 filter paper, cut into two 
equal parts (half part was treated and the 
other half was left untreated) were placed 
inside a petri dish of 8.5cm diameter. The 
distance between the two halves was 1cm. 
The treated half had 1ml of the botanical 
extract while the untreated half of the filter 
paper contained 1ml of water; both treated 
using a 2ml syringe. Ten termites were 
introduced at the centre of the petri dish 
between the treated and untreated filter paper 
and the petri dish was placed in a darkness to 
reduce light effect on the termites. Five 
replicates were used for each concentration 
of the extracts. Number of termites on both 
treated and untreated halves of the filter 
paper was recorded from each petri dish at 
30 mins after application of treatment. Based 
on the number of termites which stayed on 
the extract-treated filter paper, repellency 
was determined. Percentage repellency was 
calculated using the equation: 
 

Repellency (%) = (U −T) ×100 
                    U 
 
Where: 
U =  Number of termites on the untreated  
 filter paper. 
T =  Number of termites on the treated filter  
 paper. 
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Mortality bioassay 
To perform mortality bioassay, the botanical 
extract was prepared at different 
concentrations of 2.5, 5, 7.5, 10 % w/v with 
distilled water as control. Filter paper was 
placed in Petri dishes and treated separately 
at each concentration of the aqueous leaf 
extracts of C. odorata. Ten termites were 
introduced per treatment in five replicates 
and laid out in a Completely Randomized 
Design (CRD. The set up was arranged 
carefully on the bench in darkness in the 
laboratory at ambient temperature of 26±3˚C 
and relative humidity of 60-70% for two 
days. Termite mortality was recorded at 12 
hours interval and percentage mortality was 
calculated using the equation: 
 

Mortality (%)  
 =  Number of dead termites   × 100 
  Total number of termites 

 

Statistical analysis 

Percentage Mortality and Repellency at 
different concentration levels of C. odorata 
leaf extracts were analysed with the 
Generalized Linear Model (GLM) assuming 
a normal distribution with an identity link 
function. Where the overall differences in 
treatment means were significant, 
comparisons were made using the Tukey’s 
Honest Significant Difference (HSD) test at 
α0.05.  

 

RESULTS 

Repellency test 

The aqueous leaf extract of C. odorata leaves 
exhibited excellent biological activities 
against Macrotermes species with high 
percentage repellency ranging between 77 
and 95%; depending on the concentration 
levels of the extract (Figure 1). Following a 
30-minute exposure period of Macrotermes 
species to the different concentrations of the 
aqueous leaf extract of C. odorata plants, 

percentage repellency against termite 
significantly differed (Wald χ2

3 = 8.401; P = 
0.038) with the 2.5 % w/v concentration 
exhibiting the least percentage repellency (77 
%) against the termites (Figure 1). There 
were no significant differences in percentage 
repellency between the 5.0, 7.5 and 10.0 % 
w/v treatments, although the 10.0% treatment 
ostensibly exhibited the highest percentage 
repellency (95 %) (Figure 1). 

 

 
 

 
Figure 1: Percentage repellency of Macrotermes 

species at different concentrations of 
Chromolaena odorata leaf extract after 30-
minutes exposure period. Sample sizes are given 
in parenthesis.  

 

Mortality test  
The aqueous leaf extract of C. odorata plant 
caused high mortality against Macrotermes 
species. Termite mortality at all treatment 
concentrations, which ranged between 72 
and 98% was considered to be very high 
(Figures 2-4). Termite mortality varied 
significantly with exposure period to the 
toxicants. For example, following a 12-hour 
exposure of Macrotermes species to different 
concentrations of the aqueous leaf extract of 
C. odorata plants, percentage mortality 
significantly differed (Wald χ2

3 = 8.065; 
P=0.045) with the 2.5% w/v concentration 
exhibiting the least mortality (72 %) (Figure 
2). There were no significant differences 
(P<.0.05) in mortality between the 5.0, 7.5 
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and the 10.0% w/v treatment concentrations 
treatments, although the 10.0% w/v treatment 
ostensibly exhibited the highest percentage 
mortality (90 %) (Figure 2) at this exposure 
period.  
 Similarly, at 24-hour exposure period of 
Macrotermes species to the different 
treatment concentrations of the aqueous leaf 
extract of C. odorata plants, percentage 
mortality did not differ (GLM ANOVA: F3,19 
= 0.36; P=0.781) as all treatments caused 
statistically equal mortality levels (range: 88 
to 94 %) (Figure 3). Also at the 36-hour 
exposure period trial, termite mortality did 
not differ (F3,19 = 0.18; P = 0.907) but was 
generally very high ranging between 94 and 
98 % implying effectiveness of the extracts 
even at low concentration.  
 Across all treatments, the percentage 
mortality was dependent on exposure time 
with increasing concentration leading to a 
corresponding increase in termite mortality 
(Figure 5). 
 

 
 

Figure 2: Percentage mortality of Macrotermes 
species treated with different concentrations of 
leaf extracts of Chromolaena odorata over a 12-
hour period.  
(Means capped with different letters are significantly 

different (after Tukey’s Honest Significant Difference 

[HSD] test: P<0.05). Sample sizes are given in 

parenthesis.  

 
 

 
 

Figure 3: Percentage mortality of Macrotermes 
species treated with different concentrations of 
the leaf extracts of Chromolaena odorata over a 
24-hour period.  
(Means capped with different letters are not 

significantly different (after Tukey’s HSD test: 

P>0.05). Sample sizes are given in parenthesis.  

 
 

 
 

Figure 4: Percentage mortality of Macrotermes 
species treated with different concentrations of 
the leaf extracts of Chromolaena odorata over a 
36-hour period.  
(Means capped with the same letters are not 

significantly different (after Tukey’s Honest 

Significant Difference [HSD] test: P>0.05). 

Sample sizes are given in parenthesis.  
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Figure 5: Percentage mortality of Macrotermes 

species exposed to different concentrations of the 
aqueous leaf extract of Chromolaena odorata at 
different exposure periods.  

 
 

DISCUSSION 

The aqueous leaf extract of C. odorata 
exhibited excellent toxicity and repellent 
activities against the worker caste of the 
mound building termites, Macrotermes 
species in the laboratory, This indicates the 
capacity for adoption of the aqueous leaf 
extract of C. odorata as an environmentally 
safe alternative pesticide against termites.  
Admittedly, several earlier studies have 
demonstrated the effectiveness of different 
plant powders, oils and extracts in repelling 
insect pests of importance (Addisu et al., 
2014; Uyi and Obi, 2017), yet the 
effectiveness of the aqueous leaf extract of 
C. odorata is novel. Indeed, the results from 
this  study corroborate the importance of 
botanicals and revealed that the leaf extract 
of C. odorata could be an excellent repellent 
termiticide against Macrotermes species. 
While studies focusing on the repellent 

activities of the leaf, stem, and root powders 
or extracts of C. odorata against insect pests 
are not uncommon (Lawal et al., 2015; Uyi 
and Igbinoba, 2016; Uyi and Obi, 2017), 
there have been no reports of the repellent 
activity of the aqueous leaf extract of C. 

odorata against Macrotermes species to our 
knowledge. 
 In this study, the repellency of C. 

odorata against Macrotermes species varied 
with concentrations of the aqueous leaf 
extract. The effectiveness following a 30 – 
minute exposure period of the pest to the leaf 
extract of C. odorata showed high mortality 
even at the lowest treatment concentration 
(2.5%w/v) and this mortality was not 
significantly different at all other 
concentrations; yet there was ostensibly an 
increase in percentage repellency with 
increasing concentrations of C. odorata leaf 
extract; thus, repellency was highest at the 
highest concentration (95%). This 
corroborates the findings of other authors on 
the effectiveness of toxicants with increasing 
concentration (Addisu et al., 2014; Udebuani 
et al., 2015; Ahad et al., 2016; Uyi and 
Igbinoba, 2016). Further on the insecticidal 
effectiveness with increase in concentration 
of the root powder of C. odorata, Uyi and 
Igbinoba (2016) had reported that C. odorata 
root powder demonstrated very high 
repellent activity (91%) against 
Callosobruchus maculatus (Fab.) 
(Coleoptera: Chrysomelidae) at the tested 
highest concentration of 3.98g. 
 Undoubtedly, there are empirical 
evidences on the insecticidal activities of C. 

odorata leaf, stem and root powders as well 
as extracts against insect pests (Udebuani et 

al., 2015; Lawal et al., 2015; Uyi and 
Igbinoba., 2016; Uyi and Obi, 2017). These 
notwithstanding, report on the toxicity and 
repellent activities of C. odorata leaf extract 
against Macrotermes species remain 
anecdotal. Even at 36 h exposure period of 
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the pest to the leaf extract of C. odorata, all 
concentrations exhibited still exhibited 
significant toxicity and repellency; 
conforming with the findings of Wahedi et 

al. (2013) and  Iloba et al., (2016) who 
reported significant mortalities of insect pests 
at all concentrations of plant powders or 
extracts used.  
 As it is common and consistent with 
other studies that insect mortality normally 
increased with an increase in exposure time 
(Adedire, 2002; Iloba et al., 2016; Uyi and 
Igbinoba, 2016); it was also found in this 
study that the insecticidal effectiveness of C. 

odorata aqueous leaf extracts increased 
significantly with exposure period. Similar 
report on the bio-termiticidal activities of 
some botanical extracts by Addisu et al. 
(2014) showed an increase in the mortality of 
Macrotermes species after a 72-hour 
exposure period of the pest to the plant 
extracts. One interesting explanation for the 
observed results in this study is related to the 
fact that plants generally possess secondary 
metabolites that have been reported to be 
toxic to a number of insect pests (Agaba and 
Fawole, 2014; Udebuani et al., 2015). For 
example, in studies on the phytochemical 
composition of the leaf extracts of C. 

odorata; Udebuani et al. (2015) reported the 
presence of biologically active secondary 
metabolites such as alkaloids, tannins, 
saponins and flavonoids. Therefore, the 
presence of these secondary metabolites in 
the leaf extract of C. odorata might be 
responsible for the biological efficacy of the 
aqueous leaf extract of C. odorata against 
Macrotermes species observed in this study.  
 Further studies should be directed 
towards the isolation and characterization of 
the bioactive compounds that are present in 
the leaves of C. odorata. In addition, field 
and toxicity studies on the effects of the leaf 
extract of C. odorata against other group of 
animals are needed to improve our 

understanding of the toxicology of the 
aqueous extract of this plant and its potency 
in other formulations.  
 Consequently, this study suggests that 
the leaf extract of C. odorata can be used as 
a sustainable alternative to synthetic 
insecticides in reducing crop loss due to 
termite infestations in Nigeria and other 
countries where the pest has remained a 
menace.  
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