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Different tree species provide a wide range of local livelihood options,
including firewood, timber, and medicinal uses, among others.
Specifically, traditional medicine significantly contributes to primary
Keywords: health care with a sizable number of people heavily depending on
traditional medicine, while many others have used medicinal plants at one
Warburgia ugandensis, time or another. For instance, Warburgia ugandensis is mainly utilised for
Conservation, Its medicinal value in many rural areas. Furthermore, people living in rural
areas depend on the herbal medical system due to their firm beliefs and
limited access to allopathic medicine. Traditionally, indigenous plant
- species are used to treat diseases that affect both humans and livestock.
Medicinal plants.  consequently, the wide use of medicinal plants such as Warburgia
ugandensis has increased commercial collection, unregulated trade, and
habitat loss, with the imminent danger of the plant species being
threatened. To further compound the problem, few or no medicinal plant
species are cultivated on farms. Therefore, the study aimed to analyse
traditional uses and examine ex-situ conservation measures of Warburgia
ugandensis around Katimok Forest Reserve in Baringo County, Kenya.
The primary data was collected using household survey questionnaires
and key informant interviews. The key informant interviews and
household surveys were done by randomly sampling 345 respondents.
One-way ANOVA and SPSS version 28.0.1 were used to analyse the data.
Tables, charts and a histogram were used to present data in frequencies
and percentages. All the statistics were considered at 95% confidence
levels. The results revealed a significant difference in existing ex-situ
conservation measures (F (2,9) =63.55, P-Value=4.92) and traditional
uses of Warburgia ugandensis in the study blocks around Katimok Forest
Reserve (F (3,12) = 109.66, P-Value=5.49). Medicinal use is the most
predominant among the other uses. Additionally, there are limited ex-situ
conservation measures for important plant species. Therefore, there is an
immediate need to promote the ex-situ conservation of invaluable
medicinal plant species to enhance the sustainability of traditional uses.
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INTRODUCTION

All over the world, there are tens of thousands of
medicinal plant species (Marrelli, 2021). The
International Union for Conservation of Nature
and the World Wildlife Fund (Chen et al., 2016)
identified between 50,000 and 80,000 flowering
plants that have medicinal value globally. In the
Himalaya Region of India, which is a global
biodiversity hotspot, there are close to 2,000
medicinal plant species identified (Sofi et al.,
2022). According to Satovié et al. (2012), there
are 800 plant species with traditional uses in the
Amazon region of Brazil, comprising fruit trees,
oil-producing trees, and hundreds of medicinal
trees. Africa has a vast repository of plant
biodiversity, with more than forty thousand
known vascular plant species, many of which are
used in traditional medicine (Mahomoodally,
2013). The family Canellaceae is the most
commonly traded and consumed plant species in
Sub-Saharan Africa (Muchugi et al., 2012b). The
genus Warburgia belongs to this family and
occurs primarily in South Africa and Eastern
Africa. The specific countries where the wealth of
these species is found include South Africa, the
Democratic Republic of Congo, Kenya, Uganda,
Ethiopia, and Tanzania (Dokata et al., 2023).

According to Jamil (2022), overharvesting and
habitat destruction due to population growth and
increased plant consumption are threatening the

existence of these valuable plant species. Many
countries face forest destruction, land
degradation, and loss of biodiversity (Yismaw &
Tadesse, 2018). In Kenya, a host of native tree
species, including important medicinal tree
species, faces threats of extinction due to shifting
agriculture and wood harvesting (Harvey-Brown
& Shaw, 2020). Despite these alarming threats of
extinction for these medicinal plant species, there
are no or few existing conservation plans (Painuli
et al., 2021). The available population of
medicinal plants is mostly found growing inside
forests, at the edge of the forest, and in the
intermediate surroundings outside forests (Otieno
& Analo, 2012).

However, some ex-situ conservation of trees has
been established to address the challenges of high
rural poverty, food insecurity, and loss of
biodiversity (Zinngrebe et al., 2020). Various
stakeholders, such as the government and
international donors, have funded on-farm tree-
growing projects as one of the tools for improving
the welfare of rural communities. In the wake of
climate change, on-farm forestry has evolved to
include carbon forestry, with the dual purpose of
sequestering carbon and improving rural
livelihoods (Kiyingi et al., 2016). Warburgia
ugandensis is a highly important medicinal
species with a wide range of antimicrobial
activities (Senkoro et al., 2020; Painuli et al.,
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2021). There are parts of the tree species,
specifically stem barks and leaves, that are used in
the management of many disorders and protection
against health conditions such as cough, cold,
respiratory, and odontological ailments among
many communities in Kenya (Abuto et al., 2018).
Apart from using the species for the treatment of
diseases, there are other expansive uses ranging
from harvesting livestock feeds, timber, poles,
charcoal, and firewood. These wide swaths of
uses have significantly decimated the tree
population (Abuto et al., 2018). A previous study
by Muchugi (2012a) emphasised the urgent need
for developing and implementing conservation
strategies for this species and information on
genetic structure as a crucial input.

MATERIALS AND METHODS
Study Area

This study was conducted within four sub-
locations adjacent to Katimok Forest Reserve
(KFR) in Baringo County, Kenya. The forest
reserve was gazetted in 1949, and it is currently
being managed by the Baringo County
Government (Dokata et al., 2023). The elevation
of the sub-locations ranges between 2162 m and
2288 m above sea level and lies on latitudes 00°
59°N - 00° 38’N and longitudes 35° 32°E - 35°
39°E. The study area receives an annual rainfall of
about 1000-1500 mm and mean annual
temperatures ranging from a minimum of 10 °C
and a maximum of 30 °C (Ednah et al., 2018). The
sub-locations  surrounding  Katimok Forest
Reserve include Talai, Ossen, Kelyo (Kabartonjo)
and Saimo. The 2019 census report indicates that
the total population in these sub-locations

Table 1: Sample size distribution
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surrounding the forest was about 29,000 people
(KNBS, 2019).

Sample Size Determination

The number sample size (n) was calculated using
the Yamane formula (1967): The formulae allow
the determination of sample size, which has
characteristics the same as the population
(Uakarn, 2021).

n=[z2*p*1-p)/e2]/[1+@Z2*p*(1-p)/
(e2* N))I.

Where: z = 1.96 for a confidence level (o) of 95%,
p = proportion (expressed as a decimal), N =
population size, e = margin of error.

z=1.96, p=0.35 N =29000, e = 0.05

n=[1.962*0.35* (1 -0.35)/0.052] / [1 + (1.962
*0.35 * (1 - 0.35) / (0.052 * 29000))]

n =349.5856 / 1.0121 = 345.422 = 345
The sample size was therefore, 345.

The respondents were proportionately distributed
across the four sub-locations neighbouring
Katimok Forest Reserve. This was done by
dividing the population of each sub-location by
the total population of the four sub-locations and
finally multiplying the results by the total number
of respondents (Population of a sub-location /
29000 * 345). Households which were living
close to the forest, preferably not more than 3 km
from the forest edge were picked randomly using
systematic simple random sampling within each
sub-location to administer the questionnaires. The
different sub-locations’ sample size distribution is
detailed below (Table 1).

Village/sub location Population Sample
Kabartonjo 7900 93
Ossen 6100 73
Saimo 5800 68
Talai 9200 111
Total 29000 345
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In addition, key informant interviews were
conducted with 15 herbalists, 2 tree nursery
owners and 2 foresters purposively sampled.

Data Analysis

After data collection and compilation, Analysis of
Variance (One Way ANOVA) was used to
compute the difference in the traditional uses and
ex-situ conservation measures of Warburgia
ugandensis. Further, SPSS version 28.0.1 was
used to present descriptive statistics that included
tables and charts. All the statistical significances
were considered at 95% confidence levels.

, Volume 6, Issue 1, 2023

RESULTS AND DISCUSSIONS
Respondents Occupation

The study revealed that crop farming and
livestock keeping were the leading livelihood
activities at 60% and 23%, respectively. Whole
and retail shop businesses and Formal
employment accounted for 6% and 7%,
respectively. Lastly, the results indicated that
trade in medicinal plant parts was an important
economic activity, with 4% of the respondents
engaged in its sales as their main livelihood
activity (Figure 1).

Figure 1: Occupation of respondents around Katimok Forest Reserve

= Crop farming

= Trade in Medicinal Plants
Parts

= Retail shop/Wholesale

= Formal employment

= Livestock keeping

The findings are consistent with a study (Brown
et al., 2006) which showed crop farming and
livestock rearing as sustainable livelihood
strategies in rural Kenyan highlands. Moreover,
previous studies (Mbuni et al., 2020) found that
more than 70% of Kenyans rely on herbal
remedies as their first sources of medicine,
thereby explaining why there are people involved
in the sale of medicinal plant parts as their main
livelihood activity.

The Traditional uses of Warburgia ugandensis

The study revealed that 81% of the respondent use
Warburgia ugandensis for medicinal purposes,
while about 10% reported its use as poles, 5% as
fuelwood, and 4% indicated it as food (especially
fruits which are consumed by animals). The
disaggregation of the main traditional uses of
Warburgia ugandensis per study block is detailed
below (Table 2).
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Table 2: The Traditional uses of Warburgia ugandensis in Baringo County

Study Block Medicinal Timber/Poles Charcoal/firewood Food/feed
Ossen 61 4 5 3
Kabartonjo 74 12 4 3
Talai 82 17 7 5
Saimo 61 2 3 2
Per cent (%) 81% 10% 5% 4%

The one-way ANOVA showed a significant
difference in socio-economic uses of Warburgia
ugandensis in all the study blocks (F 12 =
109.66, P-Value=5.49). The major socio-
economic of Warburgia ugandensis revealed by
the study was medicinal. The respondents noted
that Warburgia ugandensis is used to treat several
ailments in the study community. They cited the
use of tree species parts in the treatment of
malaria, toothache, chest congestion and stomach
ache, among other uses. They also elaborated that
mature Warburgia ugandensis provide quality
timber needed for construction purposes. These
results are consistent with other studies that the
tree is being over-harvested mainly because of its
medicinal value as opposed to other traditional

Figure 2: Forms of Medication

uses (Delvaux et al., 2009). Besides, an estimated
80% of Kenya’s rural population depends on
medicinal plants for medication (Nankaya et al.,
2021). Furthermore, another study cited the
antimicrobial activities of Warburgia ugandensis
species, thus its wide use in the management of
health conditions such as cough, cold, respiratory
and odontological ailments among many
communities in Kenya (Abuto et al., 2018).

Forms of Medication

The number of respondents using herbal
medication accounted for 32% and those who
preferred modern medication were 68% as shown
in Figure 2.

= Herbal Medication
= Modern Medication

The major reason for the use of herbal medicine,
according to respondents, was that modern
medicines are relatively expensive when
compared to local herbs. Moreover, scientific
work validating therapeutic claims on herbal
plants continues to increase (Gakuya et al., 2020).

According to the study, a small number of
respondents who prefer traditional medicine said
they resort to modern medicine when they do not
recuperate after treatment administered by
traditional medicine practitioners. This is
consistent with an earlier study (Tomlinson &
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Akerele, 2015) indicating that across the globe,
the push to reduce the cost of health care has made
herbals and botanicals a favourable alternative to
more expensive synthetic remedies. Notably,
interviewees had a general feeling that traditional
medication may turn out to be the best form of
medication, especially in the wake of the COVID-
19 pandemic and other emerging diseases.

, Volume 6, Issue 1, 2023

Parts of Warburgia ugandensis Harvested by
the Local Community

The results indicated that the most commonly
harvested part for herbal medicine is the bark
(76%), the leaves (18%), stems or branches (5%)
and fruits accounting for 1% of used parts. Table
4 below shows the distribution of the most
commonly extracted plant parts across the four
selected study sites.

Table 3: Warburgia ugandensis parts most extracted

Study Block Bark Leaves Stem/Branches Fruits
Ossen 59 7 0
Kabartonjo 67 22 3 1
Talai 72 32 7 0
Saimo 64 1 2
Frequency 76% 18% 5% 1%

There was a significant difference in the
Warburgia ugandensis parts commonly used
within the different study blocks (F (312 = 60.17,
P-Value = 1.67). Bark and leaves were the most
commonly used tree parts. Bark and leaves were
mainly extracted for the treatment of various
illnesses according to responses from interviewee
participants. The respondents also clarified that
stems and branches are very good poles for the
construction of houses, thus necessitating
harvesting of the parts. The fruits are least
harvested and, when harvested, are eaten by
domestic animals or seed removed for sowing on
the farm or in tree nurseries. This concurs with the
finding by Abuto (2018) that bark extracts
displayed the highest antimicrobial activity
compared to leaf extracts, regardless of the
extracting solvents. Further findings by Maobe et
al. (2013) cited antimicrobial activities of leaf
decoction of Warburgia ugandensis species, thus
its wide use in the management of health
conditions such as cough, cold, respiratory and

odontological ailments among many communities
in Kenya.

Existing  Warbugia Ex-Situ

Conservation Measures

ugandensis

According to household survey results, the
farmers do little to grow the tree species. Those
who do not have the tree species growing on their
farms accounted for 92.5% of the respondents.
The distribution of respondents without the tree
species on their farms were 18.8%, 23.2%, 31.6%
and 19.7% for Ossen, Kabartonjo, Talai and
Saimo  study blocks, respectively. The
respondents who have the Warburgia ugandensis
tree species on their farm accounted for 7.2%. The
distribution of the respondents having the tree
species on their farms was 2.3%, 3.8%, 0.6% and
0.6% for Ossen, Kabartonjo, Talai and Saimo
study blocks, respectively. Lastly, only 0.3% of
the respondent’s stock Warburgia ugandensis
seedlings (Figure 3).
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Figure 3: Ex-situ Conservation Measures of Warburgia ugandensis around Katimok Forest
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Analysis of the conservation of Warburgia
ugandensis in the various study blocks indicated a
significant  difference in existing ex-situ
conservation measures (F (9 =63.55, P-
Value=4.92). The responses by interviewees
clearly indicated minimal ex-situ conservation
measures by the local communities. The majority
of the respondents reported that it naturally
regenerates. These findings corroborate a study by
Chen (2016) that showed limited deliberate
conservation strategies for medicinal plants.

Equally, according to Marquard (2015), failure to
grow medicinal plants on-farm would lead to
unsustainable-farmed supplies of medicinal plant
products and limited provision of alternative
sources of income to farmers.

Status of Ex-Situ Conservation Measures

According to the results, the ex-situ conservation
measures were 16% very effective, 44% effective,
30% less effective, while only 10% were reported
as not effective (Figure 4).

Figure 4: Status of ex-situ Conservation of Warburgia ugandensis

= Very effective
= Effective

m Less effective
= Not effective
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Concerns have been raised over the unsustainable
harvesting of medicinal plant species as its
demands are rising as people prefer to use natural
medicinal plants to meet their health care needs
(Nankaya et al., 2021). Previous research (Kumar,
2006) indicated an imminent threat to the survival
of medicinal plant species worldwide, with a
number of plant species being threatened,
endangered or extinct. However, ex-situ
conservation of medicinal plants including
Warburgia ugandensis is reported to have been
adversely affected by human activities, livestock
grazing and wildfires (Gafna et al., 2017).

, Volume 6, Issue 1, 2023

Source of Warburgia ugandensis Seedlings

The majority (97%) of the respondents reported
that Warburgia ugandensis is a naturally growing
tree species and that they do not plant seedlings on
their farms. A paltry 2% of respondents indicated
that the seedlings were being stocked by local
nurseries and that they buy from the nurseries if
necessary. Surprisingly, 1% of the respondents
said they get wildings from natural vegetation to
grow on their farms (Figure 5).

Figure 5: Sources of Warburgia ugandensis Seedlings in Baringo County

0
0

= Not Growing
= Local Nurseries
Natural Vegetation

In Kenya, tree nursery establishment and
management experience challenges such as the
production of few species and the lack of
knowledge, skills and resources necessary to set
up and run a nursery (Nieuwenhuis & O’Connor,
2000). This explains why in Kabartonjo and
Saimo the respondents cited a lack of nurseries
that stock Warburgia ugandensis species as the
reason why they were not cultivating Warburgia
ugandensis on their farms. It is only the Kenya
Forest Service nursery in Ossen that stocks
Warburgia ugandensis seedlings. Additionally,
tree nursery owners face challenges of water
shortage, theft and market-related problems
(Rutto & Odhiambo, 2017).

CONCLUSION

There are limited ex-situ conservation measures
for Warburgia ugandensis despite its wide range
of traditional uses. The study established that
medicinal use is the most predominant traditional
use in all the study blocks. Thus, there is an
immediate need to promote ex-situ conservation
programs for the plant species to enhance the
sustainability of the traditional uses as well as
boost the declining population of the plant
species. Ex-situ conservation measures such as
kitchen gardens, botanical gardens, and seed
banks should be promoted in the study area.
Finally, there is a need to promote the use of other
medicinal plant parts (apart from Warburgia
ugandensis) as well as encourage the use of
modern medications to reduce over-reliance on
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Warburgia ugandensis tree species among the African Journal of Environmental Science
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