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Abstract 

Background:  Termites are the most destructive pests in many agricultural and forest plantations in Uganda. Cur-
rent control of termites mostly relies on chemical pesticides. However, the adverse effects of chemical insecticides 
necessitate the need to search for and popularize the usage of environmentally safer options. Plants represent one of 
the most accessible resources available for termite control by communities in Uganda. However, limited documented 
information exists for their contribution in the management of except through verbal sharing. This study aimed at 
assessing the communities’ knowledge about plants traditionally used in controlling termites among selected com-
munities in Apac District, northern Uganda.

Method:  An ethnobotanical survey was conducted between November 2016 and February 2017 in 12 randomly 
selected villages in the sub counties of Apac and Ibuje of Apac District, northern Uganda. Open-ended questionnaire 
interviews were used to gather ethnobotanical and sociodemographic data. A total of 381 indigenous people were 
interviewed [male, 281 (73.8); female, 100 (26.2)]. Data were analysed using descriptive statistics and Informant Con-
sensus Factor (ICF), and the relative frequency of citation (RFC) was determined.

Results:  Overall, 70.9% of the respondents were knowledgeable about plants used for control of termites. There was 
a significant association between respondents’ knowledge of pesticidal plants with age and gender but not with edu-
cation status. A total of 11 plant species belonging to eight families were identified to be in use for control of termites 
in Apac. Solanaceae, Eurphorbiaceae and Asteraceae were the most represented families with two species each, while 
the rest of the families had only one species mentioned. According to the relative frequency of citation (RFC), Kigelia 
africana (Lam.) Benth. (RFC = 0.43), Vernonia amygdalina Delile (0.18) and Tithonia diversifolia (Hemsl.) A. Gray (0.10) 
were the most used in the control of termites in the study area. Fruits (45.9%) and leaves (29.2%) were the most used 
plant parts. Squeezing, crushing and chopping of the plant materials were the most popular methods of preparation 
and water extract was the commonest mode of formulation of plant parts.

Conclusions:  The study has shown that rural populations of the targeted localities possess indigenous knowledge 
on anti-termitid plants. However, screening is urgently needed to validate their bioactivity and to determine the 
bioactive constituents responsible for killing the invertebrates in pest management. Furthermore, simple methods for 
local propagation and cultivation are needed to ensure a sustainable supply of termicidal plant biomass.
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Background
Termites are the most pestiferous insects in the tropics, 
causing damage to crops, trees, rangelands and buildings 
(Okwakol and Sekamatte 2007; Sileshi et al. 2009). Over 
2600 and 660 species of termites have been documented 
worldwide (Sileshi et  al. 2009) and from Africa (Kamb-
hampati and Eggleton 2000; Eggleton 2000), respectively. 
Of the known termite genera, most of the pestiferous spe-
cies are from the family Termitidae (Sileshi et  al. 2009). 
This family is categorized into four sub-families (Termi-
tinae, Macrotermitinae, Apictotermitinae and Nasutiter-
mitinae) and four distinct groups (damp wood, dry wood, 
subterranean and arboreal or mound builder termites). 
The damp wood species are restricted in distribution, 
and live and feed on moist wood, especially stumps and 
fallen trees on the forest floor (Kambhampati and Eggle-
ton 2000). Termites can construct shallow subterranean 
foraging galleries radiating from the nest to a distance of 
up to 50 m (Abdurahman et al. 2010). The main galleries 
give rise to a network of small galleries from which forag-
ing parties exploit potential food sources over wide areas, 
attacking plants at the base of the stems, ring barking or 
cutting them completely (Osipitan and Oseyemi 2012). 
Yield losses attributed to termites have been estimated 
to range between 50 and 100% in various crops in East 
Africa (Sekamatte 2001; Nyeko et al. 2010). Over 90% of 
termite damage in agricultural, forestry and urban set-
tings is attributed to species of the sub-family Macroter-
mitinae (Sileshi et al. 2009; Pomeroy et al. 1991; Mitchell 
2002; Adekayode and Ogunkoya 2009; Verma et al. 2009). 
The Macrotermitinae build large epigeal mounds (also 
called termitaria) from where the Macrotermes for-
age outwards (Abdurahman et  al. 2010). They feed on 
dead organic materials such as crop residues, mulches, 
soil organic matter and live plant materials (Nyeko and 
Olubayo 2005). The decreasing quantity of litter and soil 
organic matter, a preferred food source for indigenous 
termites, compels them to feed on pasture grasses, crops 
and woody materials (Sekamatte 2001; Mugerwa et  al. 
2011).

Worldwide, conventional synthetic insecticides are 
mostly used in termite control (Nyeko and Olubayo 
2005). However, many of the synthetic insecticides avail-
able to-date are associated with a number of challenges 
due to toxicity to non-target organisms such as pollinator 
insects and beneficial microorganisms, resistance devel-
opment by target insects, environmental pollution and 
health-related effects including cancer, metabolic dis-
eases such as diabetes, endocrine system disruption and 

infertility amongst others (Taiwo 2019; Ankit et al. 2020; 
Anjarwalla et  al. 2016). Accessibility to synthetic pesti-
cides for pest control is also limited for many farmers due 
to high costs and restricted distribution networks (Anjar-
walla et  al. 2016). This calls for the use of environmen-
tally friendly, readily available, economically viable and 
culturally acceptable botanical insecticides as an alterna-
tive measure, especially for resource-poor farmers (Amo-
abeng et al. 2013; Isman 2006; Owusu et al. 2008). Many 
plants have been recognized to have anti-termiticidal and 
repellent activities against the termites, such as Cym-
bopogon citratus (DC.) Stapf, Cinnamomum cassia (L.) 
J. Presl, Chrysopogon zizanioides (L.) Roberty, Eucalyp-
tus citriodora Hook., Eucalyptus globulus Labill., Cedrus 
atlantica (Endl.) Manetti ex Carriere, Syzygium aro-
maticum (L.) Merr. & L.M. Perry), Lantana camara L., 
Tephrosia vogelii Hook. f., Vernonia amygdalina Delile, 
Ocimum gratissimum L., Tithonia diversifolia (Hemsl.) 
A. Gray, Tagetes minuta L. and Azadirachta indica A. 
Juss. (Anjarwalla et al. 2016; Zhu et al. 2001; Elango et al. 
2012; Nyirenda et al. 2011; Isman 2017).

In Uganda, few studies have focused on anti-termitid 
plants used in the control of termites. Mwine et  al. 
(Mwine et al. 2011) evaluated the sources of plant-based 
pesticides in South Western Uganda. Plant-derived prod-
ucts in termite control have traditionally been practised 
in many parts of Uganda, where farmers have been 
reported to ferment a mixture of water, tobacco leaves, 
red pepper and wood ash for 5–14  days to control ter-
mites (Mugerwa et  al. 2011). Additionally, mixtures of 
cow urine and plants like Tephrosia sp, Melia azedarach 
L. and Tagetes sp have been used by agro-forestry farm-
ers to control termite damage in the country (Nyeko 
et al. 2004). In Apac district in particular, several locally 
available plant species have shown pesticidal prospects 
for termite control and knowledge of pesticidal plants is 
passed on verbally from one generation to another. How-
ever, there is a lack of proper documentation of these 
plant resources, which could be exploited in developing 
new standardized bio-pesticides for termite manage-
ment. Hence, there is an urgent need to survey and docu-
ment indigenous knowledge and information on the use 
of these plant species as a cheap and sustainable way to 
control termites in Uganda and beyond. However, the 
indigenous knowledge of these plants is fast disappearing 
because of technical and socio-economic changes. Some 
of the plants are also being endangered due to the loss 
of their habitats. The aim of the present study, therefore, 
was to assess the knowledge of the local people of Apac 
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District (the Langis) in controlling termites using plants 
and to identify the plant species they use, as well as the 
mode of preparation and administration in order to fur-
ther evaluate their potential for new plant-based anti-ter-
mitid products.

Materials and methods
Study area
Apac district is comprised of four sub-counties, namely, 
Apac, Akokoro, Ibuje and Chegere. The present study 
was conducted in Ibuje and Apac sub counties (Fig.  1). 
The district lies within two agro-ecological zones namely 
the North Western Savannah Grassland in the northern 
part and the Kyoga Plains in the southern part (Wort-
mann et al. 1999). There are two rainy seasons and two 
dry seasons. The lesser rainy season is from April-July 
and the greater from September to October (Atube et al. 
2021). Annual rainfall average is about 1200–1600  mm. 
The average monthly maximum temperature is 29  °C 
and the average monthly minimum temperature is 17 °C. 
The climatic conditions in the district are favorable for 
termites’ growth and development while facilitating the 
performance of their ecological role. The total popula-
tion of Apac district, based on 2014 National Census, 
was 182,975, of which 93,136 were females and 89,839 
were males (UBOS 2016). There are 36,152 households 
and the majority of the population (85%) is engaged in 
smallholder agriculture, and approximately 94% are rural 
based. The selected sub counties are major crop pro-
ducing areas in the district and the crops grown include 
cereals such as maize, rice, sorghum and millet as well 
as beans, sunflower, cowpeas, groundnuts, cassava and 
sweet potatoes.

Population, sampling design and sample size
This study was based on a cross-sectional design carried 
out using self-administered questionnaires conducted 
in the selected communities. The target population of 
farmers was selected using a multistage sampling tech-
nique. First, the two sub counties (Ibuje and Apac) were 
randomly selected out of the list of four sub counties 

in the district. In each of the selected sub counties, two 
parishes (Atana and Atik parishes in Apac; Aketo and 
Amii-Amilo in Ibuje) were randomly selected, totaling 
four parishes. From each of the parishes, three villages 
were randomly selected making a total of 12 villages (i.e., 
Aduni, Ginnery, Otuculuk, Alebtong, Amwonyo-Cao 
A, Te-itek, Awir, Iwal, Abuli, Arocha, Awiri and Owany 
Central) for the entire study (Fig. 1). Finally, 381 house-
holds (100 females and 281 males) were randomly and 
proportionally selected from the 12 villages (an average 
of 33 households per village). In each selected household, 
household head, spouse or any adult household member 
(≥ 18  years) was interviewed. The sample size required 
for the survey was calculated based on Yamane’s simpli-
fied formula n = N/1 + N (e2) (Yamane 1967), where n is 
the minimum sample size required, N is the total popula-
tion in the district, e is the level of precision or acceptable 
sampling error (5%). Thus, n was determined to be 400.

Data collection
The ethnobotanical survey was carried out from Novem-
ber 2016 to February 2017. The survey was carried out 
by trained data enumerators. Prior to the survey, meet-
ings with the local leaders from each study site were con-
ducted to inform them about the aims and objectives 
of the work for authorization to investigate within their 
communities. The respondents’ knowledge of the plants 
used in the control of termites was assessed using an 
open-ended questionnaire in the local language (Lango/
Luo). Informed consent was obtained from all the partici-
pants prior to the administration of the questionnaires. 
The questionnaires were administered physically to 381 
consented respondents (281 males and 100 females). 
The interviewees are those who were either born in the 
area or had lived there for most of their lives. The col-
lected data included demographic information such as 
gender, age and employment status (Table  1). During 
the interview, questions were asked of each respondent 
(one per household) to obtain detailed information on 
the plants that they use to control termites, such as ver-
nacular names, plant part(s) used as well as the methods 

Table 1  Description, definition, and values of variables used in the chi-square analysis

Variable Description Value and unit of measurement

Dependent variable

Knowledge Knowledge of the respondent on anti-termi-
cidal plants

Dummy, 1 = yes (knowledgeable), 0 = No (not knowledgeable)

Independent variablle

Gender Gener of the respondent Dummy variable, 0 = Female, 1 = Male

Age Age of the respondent (in years) 1 if 18–35, 2 for 36–55, 3 for 56–75 and 4 for greater than 75

Education Level of education of the respondent 0 for illiterate, 1 for primary, 2 for secondary and 3 for post-secondary
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of preparation and modes of administration. Specimens 
were collected from plants claimed to have anti-ter-
mitid activity with the help of actual users. Such plants 
were later identified by a qualified botanist and voucher 
specimens deposited at the Makerere University Her-
barium, Uganda for future reference. The species names 
were checked using the catalogue of life (https://​www.​
catal​ogueo​flife.​org/​data/) and plant families were defined 
according to the Angiosperm Phylogeny Group classifi-
cation (APG IV) for the orders and families of flowering 
plants (Chase et al. 2016).

Data analyses
The ethnobotanical data were entered in Excel and 
exported to SPSS for Windows, version 26 software, for 
analysis. Descriptive statistics using frequencies and 
percentages were used to summarize ethnobotanical 
and interviewee’s socio-demographic data. The associa-
tion between respondents’ knowledge of plants used to 
manage termites with their gender, educational status 
and age were tested with Chi-square test. The frequency 
of citation was calculated to assess the incidence of one 
particular species used for the control of termites in rela-
tion to the overall citations for all plants. The relative fre-
quency of citation index (RFC), calculated as the number 
of informants/respondents who cited a specific plant spe-
cies divided by the total number of informants, was used 
to indicate the local importance of the species for termite 
control. The Informant Consensus Factor, ICF (Heinrich 

et al. 1998; Faruque et al. 2018), was calculated to deter-
mine the homogeneity in the ethnobotanical information 
of the respondents using the formula; ICF = Nur − Nt/
(Nur − 1), where “Nur” refers to the total number of use 
reports for each use category and “Nt” refers the total 
number of species used. The ICF values range from 0 to 1; 
high ICF values (close to one) are obtained if the species 
are used by a large proportion of informants or informa-
tion is exchanged between informants, whereas low ICF 
values indicate that informants do not exchange informa-
tion about plants’ use or disagree over which plant to use.

Results
Socio‑demographic characteristics of respondents 
and association of traditional knowledge of plants used 
for controlling termites with gender, age and education 
status
A total of 381 respondents were interviewed in the 
study (Table  2), comprising of 100 females (26.2%) and 
281males (73.8%). The majority (49.6%) of the respond-
ents were in the age bracket of 36–55 years. 51.4% of the 
respondents had basic primary education, while 2.4% had 
post-secondary education. Overall, 70.9% of respondents 
had some knowledge about using plant to locally control 
termites. There was a significant association between 
knowledge of the pesticidal plants with gender (χ2 = 9.2, 
df = 1, P = 0.002) and age of the respondents (χ2 = 66.5, 
df = 3, P < 0.001). However, there was no significant asso-
ciation between knowledge of pesticidal plants with the 

Table 2  Association of knowledge on pesticidal plants locally used to control termites with age, gender and educational status of the 
respondents and their socio-demographic characteristics (n = 381)

Characteristic Total number of 
respondents (%)

Knowledge on pesticidal 
plants (n)

χ2 df P-value Significance

No Yes

Gender

Male 281 (73.8) 70 211 9.2 1 0.002 Significant

Female 100 (26.2) 41 59

Age (years)

18–35 63 (16.5) 44 19 66.5 3  < 0.001 Significant

36–55 189 (49.6) 47 142

56–75 100 (26.2) 19 81

Above 75 29 (7.6) 1 28

Educational status

Illiterate 54 (14.2) 9 45 4.8 3 0.186 Not significant

Primary 196 (51.4) 62 134

Secondary 122 (32.0) 37 85

Post-secondary 9 (2.4) 3 6

Knowledge on the plants used to control termites

Yes 270 (70.9)

No 111 (29.1)

https://www.catalogueoflife.org/data/
https://www.catalogueoflife.org/data/
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Fig. 1  Location of Apac and Ibuje sub-counties in Apac district, northern Uganda
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educational status of the respondents (χ2 = 4.8, df = 3, 
P = 0.186) (Table 2).

Ethnobotanical plants used for control of termites, their 
modes of preparation and administration
A total of 11 plant species belonging to eight different 
families were reported to be used locally in control of 
termites in Apac District. Table 3 shows the summary 
of the botanical names of the identified anti-termitid 
plants, their local names, families, parts employed and 
frequency of citation. The most used families were 
Solanaceae, Eurphorbiaceae and Asteraceae (each with 
two species) while the rest of the families had only one 
species mentioned (Fig. 2). The ICF value for control of 
termites was 0.98. The identified species have different 
growth forms but trees (72.7%) were predominant fol-
lowed by shrubs (18.2%) and herbs (9.1%). The calcu-
lated RFC indicated that plant species such as Kigelia 
africana (Lam.) Benth. (RFC = 0.43), Vernonia amyg-
dalina Delile (RFC = 0.18) and Tithonia diversifolia 
(Hemsl.) A. Gray (RFC = 0.10) were the most used in 
the control of termites while the least used plants were 
Nicotiana tabacum L. (RFC = 0.01) and Senna siamea 
Lam. (RFC = 0.003) in Apac district (Table  3). Differ-
ent parts of plants were employed for the preparation 
of pesticidal recipes (Fig.  3), with fruits (45.9%) and 
leaves (29.2%) the most commonly used plant parts. 
For some species like V. amygdalina and Senna siamea 
Lam., two or more plant parts were used. Fluid extract 
was the commonest mode of formulation of plant parts 
accounting for 72.7% of all the plant species used while 
the least mode (27.3%) was by chopping the plant part 
into small pieces and inserting into termite mounds. 
Vitex doniana Sweet in particular was used as a trap 
for termites since termites prefer feeding on the stems/
logs. The principal modes of preparation included 
squeezing, crushing and chopping (Table 3).

Discussion
Our study revealed 11 plant species distributed in eight 
families that are used by the local communities in the 
study area for control of termites (Table 3). K. africana, 
V. amygdalina and T. diversifolia were mostly used. 
Some of the plant species reported in the study area 
are also known to be used for termite control by farm-
ers elsewhere in Africa e.g., (Anjarwalla et  al. 2016; 
Nyirenda et  al. 2011; Isman 2017). The high ICF value 
(0.98) obtained indicates agreements among respondents 
on the different plant species used to control termites 
(Heinrich et al. 1998; Faruque et al. 2018). The three most 
dominant families (Asteraceae, Solanaceae and Euphor-
biaceae) are the best candidates to start from when look-
ing for species with pesticidal importance. Our results to 
some extent agree with those of Mwine et al. (2011) who 
found that family Euphorbiaceae was one of the most 
used sources of plant-based pesticides in South Western 
Uganda. Several other studies in sub-Saharan Africa have 
also reported Euphorbiaceae as the dominant family pro-
viding biopesticidal plants (Adebayo et al. 2015; Qwarse 
et al. 2018). The widespread use of these families could be 
attributed to their range of phytochemical compounds, 
including polyphenols, phenolic acids, flavonoids, sapo-
nins, tannins, acetylenes, coumarins and triterpenes, 
among others (Rolnik and Olas 2021; Kumar et al. 2010).

Overall, our study shows that generally, the people of 
Apac district have good knowledge on the use of plants 
in the control of termites. The possible explanation is 
that Apac district is dominated by arable farming, with 
over 80% involved in subsistence farming (UBOS 2016) 
and all age groups have knowledge on pesticidal plants 
because of frequent use of these pesticidal plants due to 
high cost of synthetic pesticides. However, knowledge 
of pesticidal plants was not associated with the educa-
tional status of respondent suggesting that local people 
have traditional knowledge regardless of their educa-
tional status. Males being more knowledgeable about 
the pesticidal plants compared to the females could be 
attributed to the men being more engaged in outdoor 
activities, e.g., farming compared to women (Bello et al. 
2019) and because boys are favoured for transfer of tra-
ditional knowledge (Kidane et al. 2014). The middle-aged 
people (36–55 years) being more informed about termite 
control using plants than the advanced age group (above 
55 years) could be attributed to memory loss of ethnobo-
tanical knowledge. A study by Ayantunde et al. (2008) in 
Southwestern Niger indicated a curvilinear relationship 
between age of respondents and the number of plant spe-
cies identified, suggesting that knowledge of plant species 
drops after a certain age. From a practical point of view, 
our results emphasize the need for timely transfer of eth-
nobotanical knowledge to youthful generations.

Fig. 2  Number of plant species per family used for control of 
termites in Apac district, northern Uganda
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The use of fruits and leaves mostly for control of ter-
mites is in agreement with findings by Mwine et  al. 
(2011) in South Western Uganda. This finding can be 
attributed to the positioning of these plant parts (leaves 
and fruits) on the plants. According to the plant defense 
theory (Massei and Hartley 2000), chemical or structural 
defenses should be maximized when and where browsing 
is most likely to occur. Leaves and fruits being exposed 
parts make them easy targets of attack by herbivores, and 
for this reason, they tend to deposit and localize a large 
portion of the secondary substances. From a conserva-
tion point of view, harvesting of fruits and leaves for pes-
ticidal use is beneficial since the plant is not destroyed 
in the process of harvesting. Besides, the collection and 
processing of leaves and fruits are relatively less labori-
ous and is more sustainable since plants can re-grow new 
leaves and form new fruits compared to harvesting of 
roots, bark or whole plants (Rehecho et al. 2011).

Most of the plants were administered through water 
extract, physical stuffing and latex mixture. This find-
ing is in agreement with previous work in South west-
ern Uganda by Mwine et al. (2011), who indicated water 
extract as the most commonly mentioned mode of for-
mulations against termites. Aqueous extracts of Citrus 
sinensis (L.) Osbeck, Theobroma cacao L. and T. diver-
sifolia have also been reported to cause mortality and 
repellency in termites in Ogun state, Nigeria (Osipitan 
and Oseyemi 2012). The finding is also consistent with 
a study by Dhang and Sanjayan (2012), which noted that 
various plant extracts are used under various formula-
tions to control termites and other insect pests.

In conclusion, our study showed that the rural popu-
lations in Apac district possess indigenous knowledge 
on anti-termitid plants. The notable plant species used 
in termite pest management included Kigelia africana, 

Vernonia amygdalina, and Tithonia diversifolia. These 
plants could be utilized for making locally available and 
effective plant-based anti-termitid pesticides. How-
ever, there is need to do systematic screening of the 
identified plants in order to identify the bioactive com-
pounds responsible for killing the invertebrates in pest 
management. This will go a long way in improving the 
agrochemical industry in Uganda. Furthermore, sim-
ple methods for local propagation and cultivation are 
needed to ensure a sustainable supply of termicidal 
plant biomass.
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