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Abstract

Conservation and sustainable management practices are crucial for preservation of most threatened species of Vitalaria
paradoxa Nilotica Nilotica for enhancing the socio-economic benefit in Ethiopia. This study employs quantitative methods to
assess the population dynamics and regeneration status of Vitellaria paradoxa Nilotica (VPN) across three sites in the Gambella
Regional State: Terkudi in Abobo district, Elia in Itang district, and Ateti in Gog district. Primary data were collected through
transect walk and secondary data were gathered from existing documents. A forest inventory was conducted by establishing nine
transect lines, with five sample quadrats per line, leading to an effective sampling area of 4.5 hectares. The results indicate a total
tree population of 463, with the highest density in Ateti site (185 trees) and the lowest in Elia (131 trees). Sapling counts further
favor Ateti, which recorded 76 saplings compared to Elia's 46. The average diameter at breast height (DBH) was 14.7cm, with
Terkudi showing the largest mean DBH (15.10cm) and Elia the smallest (14.37cm). The average tree height across sites was
10.84 meters, reflecting generally healthy growth conditions, albeit impacted by anthropogenic activities. The findings of this
study underscore the significant influence of environmental factors, specifically altitude and slope on height of the population
dynamics of Vitalaria paradoxa Nilotica in the Gambella Region. The strong positive correlation coefficients across the three
sites indicate that increased altitude is associated with heightened plant growth and the statistically significant P-values further
validate these relationships. The study highlights the need for improved management strategies, including artificial plantations
and agroforestry systems, to enhance food security and economic gains. The findings underscore the significant regeneration
potential of VPN in Gog Woreda, while emphasizing the threats posed by agricultural expansion and human settlement. Effective
management and community-based initiatives are essential for protecting and enhancing the ecological and economic value of
VPN in the region.
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1. Introduction

Shea tree, scientifically known as Vitellaria paradoxa,
thrives in its natural ecosystem, forming a belt across Africa
from Senegal to the Sudan and the Ethiopian border [9]. These
species includes two subspecies: Vitellaria paradoxa subsp.
paradoxa and Vitellaria paradoxa subsp. nilotica. The latter,
commonly referred to as the shea tree, is particularly signifi-
cant for rural women who rely on it for oil extraction [9] The
butter derived from its nuts is a vital product, frequently em-
ployed in cooking, lighting, soap manufacturing, skin mois-
turizing, and traditional medicine [7].

In Ethiopia, Vitellaria paradoxa subsp. nilotica is adapted to
low altitudes (<600 m.a.s.l) and poor soil types, primarily
found in the Abobo, Itang, Gambella, and Gog Woredas of the
Agnua zone within the Gambella National Regional State [8].
Unfortunately, populations of this subspecies are declining
due to both anthropogenic and natural factors, notably recur-
ring fires in their habitat [5]. While the shea tree is a crucial
resource for the Agnua ethnic groups, providing food, feed,
and traditional medicine, it has received little attention for
sustainable industrial or cottage industry utilization [13].

The Gambella National Regional State is recognized for its
substantial forest and woodland cover, which is essential to
the livelihoods and culture of local communities. These
communities heavily depend on non-timber forest products
(NTFPs) for subsistence and income [11]. NTFPs such as
honey, spices, and essential oils from the region have signif-
icant potential for national and international trade [14]. Sus-
tainable production of these products can play a pivotal role in
poverty reduction, economic growth, biodiversity conserva-
tion, and the provision of multiple ecosystem services [15].

The shea butter tree (Vitellaria paradoxa subsp. nilotica) is
one of the key NTFPs utilized by local communities, partic-
ularly in the Agnua community of the Gambella region [16].
Known for its high-quality, multipurpose oil, this tree has
applications in cosmetics, food, and pharmaceuticals [17].
Proper management and processing of shea butter can provide
additional income for local communities [18]. Enhancing
management practices can ensure sustainable production,
improve quality and productivity, and promote value addition
through improved supply chains [19]. There is a lack of de-
tailed information on the population structure of Vitellaria
paradoxa in the Gambella region, particularly concerning the
effects of environmental and anthropogenic factors. Current
knowledge about the phenology of the shea butter tree, in-
cluding flowering and fruiting patterns, is inadequate for
optimizing harvesting and management practices [20]. There
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is a need for more research on effective management strate-
gies that can enhance the sustainability of shea butter pro-
duction while supporting local communities [2]. The general
objective of this study is to assess the degradation status of
Vitellaria paradoxa in the Gambella region by investigating its
population structure and ecology. The findings will aim to
inform sustainable management practices that enhance the
resilience and productivity of this vital resource for local
communities.

2. Methdology

Gambella Regional State is situated between 8N latitude
and 34 <€ longitude. Gambella Regional State is located in the
western part of Ethiopia, bordered by South Sudan to the west
(Figure 1). It is characterized by a diverse landscape that
includes wetlands, rivers, and forests, making it one of the
unique ecological zones in the country. The region experi-
ences a tropical savanna climate, with distinct wet and dry
seasons. Average temperatures range from 15<C to 30<C, with
higher temperatures during the dry season (November to
April). The annual rainfall averages between 800mm and
1,200mm, with the majority occurring from June to Septem-
ber. Dominant plant species include Vitellaria paradoxa (shea
tree), acacia species, and various grass species.

A quantitative methods, was employed to collect essential
data for the study. Primary data was collected through field-
work, including transects walks for species inventory. Sec-
ondary data was compiled through a thorough review of ex-
isting documents. Primary data was sourced used to collect
vegetation data from three sites: Terkudi in Abobo Woreda,
Elia in Itang Woreda, and Ateti in Gog Woreda. These loca-
tions within the Agnua zone are recognized for their popula-
tions of Vitellaria paradoxa (VPN), specifically in the districts
of Gog, Itang, and Abobo, encompassing the Terkudi, Elia,
and Ateti sites.

To conduct a forest inventory and assess the population
structure of the shea butter tree, nine transect lines were es-
tablished three each at the Terkudi site (Abobo Woreda), Elia
site (Itang Woreda), and Ateti site (Gog Woreda) within the
Agnua zone. Each transect line was maintained at a length of
1km. On each line, five sample quadrats, spaced 100 meters
apart, were laid out, each sample plot measuring 50 m x 20 m
(0.1 ha). This arrangement resulted in an effective sampling
area of 4.5 ha across the three Woredas.
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Figure 1. Map of the study site.

The transect lines were positioned 1.5km apart. A quadrat
of 50m x 20m was chosen as it is well-suited for the wood-
land/forest vegetation type and facilitates easier enumeration
(Whittaker, 1978). The transect lines were established using a
GPS, measuring tape, and compass. Distances from the
starting point of each transect line to the successive quadrats
were recorded in the GPS for future reference and verification.
Additionally, site observations and desk reviews were con-
ducted to classify vegetation types and identify dominant
species of Vitellaria paradoxa subsp. nilotica, in the desig-
nated sites of Terkudi, Elia, and Ateti. Data collected en-
compassed population counts, diameter class distribution,
height class distribution, and basal area class distribution of
the VPN tree. The regeneration status was assessed through
seedling and sapling counts, categorizing seedlings under 1.5
m as seedlings and those between 1.5m and 3m as sap-
lings/recruits.

Data Analysis

The population structure of Vitellaria paradoxa and other
species data was analyzed by of diameter, height, and basal
area classes for all trees with a diameter at breast height (dbh)
of >3cm. The regeneration trends (seedling and sapling counts)
of Vitellaria paradoxa were, estimating the percentage com-
position of Vitellaria paradoxa based on the counts. Size class
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for diameter, height, and basal area per tree were also devel-
oped to examine the stand structure. SPSS and Python were
used to analyze the data.

3. Results and Discussions

The population densities of Vitellaria paradoxa subsp. ni-
lotica have been continuously declining in their natural habi-
tats over the years, primarily due to both anthropogenic and
natural factors, with recurring annual fires being a significant
driver. The population structure of this species was chosen in
the respective weredas of the region: Terkudi in Abobo dis-
trict, Ateti in Gog District, and Elia in Itang District of the
Agnua zone respectively. Result in Figure 2 shows the grand
mean across all sites shows a total of 463 trees with an average
density of 102.8 trees/ha. This provides a baseline for under-
standing tree distribution and health in the region. The
Terkudi site has a total of 147 VPN trees, resulting in a density
of 98 trees per hectare. This indicates a moderate level of tree
presence, contributing 31.74% to the overall tree count. The
Ateti site has the highest tree count (185) and density (123
trees/ha), accounting for nearly 40% of the total. This sug-
gests optimal conditions for tree growth, making it a vital area
for biodiversity. The Elia site exhibits with 131 trees and a
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density of 87 trees/ha, Elia site has the lowest tree count and

proportion (28.29%).

Tree Count, Tree Count/ha, and Proportion by Site
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Figure 2. Shows (VPN) tree count in number, tree count per hectare and proportion per sites.

Figure 3. Show pictorial representation of VPN tree, sapling and seedling stages.

Result in our study indicates that while it has a significant
number of trees, it is less dense compared to the other sites.
The analysis reveals distinct differences in tree density and
counts across the sites. Ateti stands out as the most produc-
tive site, which could be attributed to various factors such as
soil quality with respect to good physic-chemical factors,
water availability, and less anthropogenic pressure. In con-
trast, Terkudi and Elia have poor environmental factors for
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lower counts and densities. The result with the higher tree
counts and densities in Ateti suggest better ecological health
and potentially greater biodiversity. This site could serve as a
key area for conservation efforts, habitat restoration, and
ecological studies. The findings further highlight the im-
portance of targeted management strategies. Areas with lower
tree counts, such as Terkudi and Elia, need strong interven-
tions to benefit from reforestation efforts or protective
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measures against deforestation and degradation.

The decline in (VPN) shea tree populations in the study
area is often attributed to human activities such as agricul-
tural expansion, overharvesting, savanna wild fires and land
conversion for other uses. In a similar study conducted in
Benin, it was noted that (VPN) shea trees are under threat
due to increasing population growth and inappropriate agri-
cultural practices, which resonate with the findings from the
Gambella area Natural disturbances, including recurring fires,
have been identified as significant threats to (VPN) shea tree
populations.

The similar study conducted by [1] highlighted that the
(VPN) shea tree's habitat is often modified due to charcoal
production and other natural pressures, which can lead to
population declines (The differences in tree density and
health across the three sites in Gambella reflect findings
from other studies that show how environmental factors such

as soil quality and water availability influence tree growth.
For instance, the Ateti site, with the highest density, may
indeed have more favorable conditions compared to Terkudi
and Elia, which aligns with observations in other regions
where land management practices significantly affect tree
populations.

Figure shows the VPN tree forms as tree, sapling and
seedling stages in the study sites. The regeneration status is
determined from seedling and sapling count determined from
attaining >1.5-3m in height classified as saplings/recruits. The
result in Figure 4 provides information on sapling counts
across three sites. The result indicates total sapling count and
sapling count per hectare, and proportion of the total sapling
population. The grand mean indicates a total of 208 saplings
across the sites, with an average density of 46 saplings per
hectare. This provides a baseline for evaluating sapling dis-
tribution in the region.

Sapling Count, Sapling Count/ha, and Proportion by Site

Values

Terkudi

=== Grand Mean

H Sapling Count
B Sapling Count/ha
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Ateti

Site Name

Figure 4. Show VPN Sapling count per hectare and proportion per site.

Terkudi site has a total of 71 saplings, resulting in a density
of 47 saplings per hectare. This accounts for 34.13% of the
total sapling count, indicating a relatively healthy presence of
young trees. The Ateti site shows the highest sapling count
with 76, leading to a density of 50 saplings per hectare. This
represents 36.53% of the total, suggesting favorable condi-
tions for sapling growth. Elia site with 61 saplings and a
density of 46 saplings per hectare, Elia site has the lowest
count and proportion (29.32%). While it still maintains a
decent density, it lags behind Terkudi and Ateti. The analysis

82

reveals variations in sapling density and counts among the
three sites. Ateti stands out with the highest sapling count,
which could be linked to optimal environmental conditions
such as soil fertility, adequate moisture, and lower competi-
tion from mature trees. Conversely, Elia’s site for lower count
may indicate environmental stressors or competition that
hinder sapling establishment.

The presence of saplings is crucial for forest regeneration
and overall ecosystem health. Higher sapling densities in sites
like Ateti suggest strong potential for future tree growth and
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biodiversity. Terkudi also shows promising sapling counts,
which could support ongoing forest recovery efforts. The
differences in sapling counts highlight the need for targeted
management strategies. Areas with lower sapling counts,
particularly Elia, may benefit from interventions such as
planting additional saplings or enhancing site conditions to
promote growth.

The findings in our study regarding sapling counts across
the three sites in the Gambella Regional State provide valua-
ble insights into the regeneration status of the forest ecosys-
tem with respect to VPN. The data indicates a total of 208
saplings with an average density of 46 saplings per hectare,
which serves as a baseline for evaluating sapling distribution
in the region. The presence of saplings is critical for forest
regeneration and overall ecosystem health. A study conduct-
ed by [3], showed that a higher sapling densities, such as
those observed in suggest a strong potential for future tree
growth and biodiversity, which is essential for maintaining
ecological balance.

The differences in sapling counts among the sites reflect the
influence of environmental conditions on sapling establish-
ment. For instance, higher sapling count may be attributed to
favorable conditions such as soil fertility and adequate mois-
ture, which are known to enhance sapling growth [4]. The
result in our study aligns with findings from other studies that

emphasize the role of environmental factors in shaping plant
community structures [6]. The analysis highlights the need for
targeted management strategies, particularly in areas with
lower sapling counts like Elia. Interventions such as planting
additional saplings or improving site conditions can promote
growth and enhance regeneration efforts. This is consistent
findings from other research advocating for active manage-
ment to support forest recovery [12]. Our findings allows for a
clear understanding of the regeneration status, which is crucial
for developing effective conservation strategies.

Seedlings are vital for forest regeneration and resilience.
Result in Figure 5 provides the data outlines for seedling
counts across three different sites in the Gambella Regional
State, categorized by wereda/district and site name. The met-
rics include area, total seedling count, seedling count per
hectare, and proportion of the total seedling count. The grand
mean indicates a total of 178 seedlings across all sites, with
an average density of 39.5 seedlings per hectare. It serves as
a baseline for evaluating seedling distribution and plant
health of VPN in the region. The Terkudi site has a total of 49
seedlings, resulting in a density of 32.6 seedlings per hectare.
It contributes 27.5% to the overall seedling count, indicating a
relatively moderate presence of young plants. The Ateti site
stands out with the highest number of seedling count of 91,
leading to a density of 60.6 seedlings per hectare.

Seedling Count, Seedling Count/ha, and Proportion by Site
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Figure 5. Show VPN seedling count per hectare and proportion per site.

The Ateti site accounts for 51.12% of the total seedlings,
highlighting it as a critical area for regeneration and biodi-
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versity with respect to VPN. While Elia site score only 38
seedlings and a density of 25.3 seedlings per hectare, Elia has
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the lowest count and proportion (21.34%). The result data in
our study shows significant variation in seedling density and
counts among the three sites. Ateti's higher seedling count
suggests favorable environmental conditions, such as soil
quality with respect phyico-chemical properties, soil mois-
ture availability, and possibly lower competition from estab-
lished vegetation’s. The phonological patterns of the VPN,
particularly the shea tree, demonstrated seasonal fruiting and
harvesting times influenced by climatic conditions and wild-
life interactions.

Conversely, Elia's site lower seedling density may indicate
adverse conditions affecting seedling growth, such as poor
soil fertility or higher competition. The higher density of
seedlings in Ateti indicates strong potential for future forest
growth and ecological stability. In contrast, the lower counts
in Elia may hinder long-term forest recovery and biodiversity
in that area. The findings of our study emphasize the im-
portance of conserving areas with high seedling densities. So,
protecting Ateti by enhancing the ecological conditions while
in Terkudi and Elia will be crucial for ensuring the sustaina-
bility of forest ecosystems in the region.

The presence of a higher density of seedlings in Ateti
suggests a strong potential for future forest growth and eco-
logical stability. In contrast, the lower counts in Elia could
hinder long-term forest recovery and biodiversity in that area
[10]. The findings emphasize the importance of conserving
areas with high seedling densities, particularly Ateti. Pro-
tecting this site while enhancing ecological conditions in
Terkudi and Elia will be crucial for ensuring the sustainabil-
ity of forest ecosystems in the region [18].

Result in Figure 6 provides the mean diameter at breast
height (DBH) of VPN trees across three different sites in the
Gambella Regional State. The data include area, mean DBH,
standard deviation (SD), maximum DBH, and minimum
DBH values. Mean DBH in Terkudi site exhibits the highest
mean DBH at 15.10cm, indicating a generally larger tree size
compared to the other sites. The result indicates better growth
conditions or older tree populations. The Ateti site show
means DBH is slightly lower at 14.63cm, which still reflects a
reasonable tree size. The standard deviation (5.94) indicates
moderate variability in tree sizes. The Elia site has the lowest
mean DBH at 14.37cm, with the smallest maximum DBH of
50.5cm.

The standard deviation (5.71) is slightly lower than Ateti,
suggesting that a more consistent size among trees. The
maximum DBH recorded in Elia (50.5cm) is noteworthy,
indicating that there are some very large trees present despite
the lower mean DBH. Terkudi site has the highest maximum
DBH of 41cm, while Ateti's maximum is 28cm. The mini-
mum values are relatively similar across the sites, with
Terkudi having the lowest minimum DBH at 3cm. This sug-
gests that all sites have a range of smaller trees, but Terkudi
has a notable number of very small trees. The analysis result
shows that Terkudi has the highest mean DBH, indicating
potentially favorable growth conditions. The higher SD sug-
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gests a mix of tree ages and sizes, which can be beneficial
for ecosystem resilience in savanna vegetation. Ateti and Elia,
while having slightly lower mean DBH, show that they still
support healthy tree populations.

Result of current study shows that larger trees (higher
DBH) are often important for various ecological functions,
such as providing habitat and improving biodiversity.
Terkudi's larger average VPN size contributes positively to
local wildlife and ecosystem stability. Given the variability
in tree sizes in Terkudi, forest management practices could
focus on maintaining this diversity, perhaps through selective
logging or conservation efforts. In contrast, Ateti and Elia
may benefit from initiatives aimed at promoting growth in
smaller trees to increase overall biomass and diversity. The
result in our study suggests potential challenges for seedling
establishment and survival in savanna vegetation.

Similar study by [6] showed that the diameter class distri-
bution of VPN was positively skewed. 48.54% of the trees
had diameters lying above the mean, which was 31.4cm. The
diameter size of the present assessment is by far smaller than
the previous study which shows the VPN populations are
dominated by younger trees than old. The highest DBH class
distribution in terms of tree volume and basal area was rec-
orded in Ateti site Gog wereda, while the least DBH class
distribution in terms of tree volume and basal area was rec-
orded in Elia of Itang wereda. Terkudi shows the highest
variability in tree sizes (SD of 6.54), which might indicate a
mix of tree ages and sizes. In contrast, Ateti and Elia have
lower SD values, implying a more uniform tree population.

The result implies that the VPN population structure in
terms of DBH with corresponding basal area is highly dis-
turbed in Elia and Terkudi sites than what was observed in
Ateit of Gog sites. The population of VPN tree of Elia and
Terkudi sites may have been highly impacted by the expan-
sion of agriculture through deforestation of large trees. The
findings our study showed that regarding the diameter at
breast height (DBH) of Vitellaria paradoxa subsp. nilotica
(VPN) across the sites in the Gambella Regional State pro-
vide important insights into the population structure and
plant health of these trees in savanna vegetation.

The analysis of present study indicates that Terkudi has the
highest mean DBH, suggesting favorable growth conditions,
while Ateti and Elia show slightly lower mean DBH values
but still support healthy tree populations. This variability in
Terkudi suggests a mix of tree ages and sizes, which can en-
hance ecosystem resilience. So, larger trees are crucial for
various ecological functions, such as providing habitat and
improving biodiversity. Terkudi's larger average size may pos-
itively contribute to local wildlife and ecosystem stability. The
presence of a diverse age structure in Terkudi could be benefi-
cial for maintaining ecological balance. The findings suggest
potential challenges for seedling establishment and survival,
particularly in areas with a predominance of younger trees. [6]
noted that the diameter class distribution of VPN was posi-
tively skewed, indicating a dominance of younger trees, which
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aligns with the current assessment showing smaller diameter

sizes compared to previous studies.
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Result in Figure 7 indicates the mean height of trees across
three sites in the Gambella Regional State, with data includ-
ing area, mean height, standard deviation (SD), maximum
height, and minimum height. The Terkudi site has mean
height of trees is 10.68 meters, indicating a relatively tall tree
population. The maximum height recorded is 21 meters,
suggesting the presence of some very large trees of VPN. The
Ateti site has a mean height slightly lower at 10.61 meters,
with a maximum height of 24 meters, indicating that Ateti
supports taller trees, even though the average height is almost
on par with Terkudi. Elia has the highest mean height at 11.25
meters. The maximum height is 21 meters, with a minimum
height of 3 meters, indicating a diverse age and size distribu-
tion. Terkudi site has the highest standard deviation (4.25),
which suggests greater variability in tree heights compared to
the other sites. This could be indicative of a mixture of ages
and growth conditions. Ateti's SD (4.09) is also relatively
high, while Elia has the lowest SD (3.96), suggesting a more
consistent tree height distribution. Ateti has the highest
maximum height (24 meters), which is significant as it sug-
gests the potential for very tall trees in this area.

The minimum heights across all sites are similar, with
Terkudi recording a minimum of 3 meters, signifying that all
sites have some smaller trees present. The analysis reveals
that Elia has the highest average tree height, which could
indicate favorable growing conditions or an older tree popu-

Ateti
Site Name

Figure 6. Show VPN mean DBH and SD per sites.
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Elia

lation. Terkudi and Ateti show similar average heights, but
Ateti has the tallest individual tree recorded. The variability
in height (as indicated by standard deviation) is notable in
Terkudi, suggesting a diverse age range, which is beneficial
for ecological resilience. Taller trees play a vital role in forest
ecosystems, offering habitats for various species and con-
tributing to overall biodiversity. The presence of significant
height variation in Terkudi suggests it may provide a range
of microhabitats, essential for supporting different species.

Result of current study show that the height and variability
in Terkudi, forest management practices could focus on
maintaining this diversity, perhaps by promoting the growth
of younger trees and ensuring that older, taller trees are pre-
served. In contrast, Ateti may benefit from efforts to enhance
the growth of shorter trees to improve overall forest structure.
Protecting areas with taller trees, particularly in Ateti, is cru-
cial as they contribute to carbon sequestration and ecological
stability. The future forest conservation strategies should aim
to preserve these trees while also fostering growth in younger,
smaller trees across all sites.

Similar study conducted by [6] showed that the mean
height estimate of VPN population is 11.3 meter which
agrees with the findings of present study. The highest tree
height class distribution with corresponding frequency was
recorded in Ateti site Gog wereda, while the least tree height
class distribution with corresponding frequency was recorded
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in terkudi of Abobo wereda. The result also shows that even
though there are high trees recoded in Elia site it is much
disturbed with least frequent across the landscape which
shows the area is much disturbed because of anthropogenic
factors like expansion of large scale agriculture which caused
the deforestation of VPN trees. Conversely in Ateti sites the
tree height with the corresponding frequency is somewhat
uniform which shows the population is dominated with
young trees which are less disturbed by anthropogenic fac-
tors of expansion for agricultural investment.

The variability in DBH is beneficial for ecological resili-
ence, as it can support a range of microhabitats for different
species. In contrast, Elia's lower SD (3.96) suggests a more
uniform tree height distribution, which may indicate a less
diverse age structure. Taller trees play a crucial role in forest
ecosystems by providing habitats for various species and
contributing to overall biodiversity. The significant height

variation in Terkudi suggests it may offer a range of micro-
habitats, essential for supporting different species. The pres-
ence of older, taller trees is particularly important for carbon
sequestration and ecological stability. The findings indicate
that while Elia has the highest average tree height, it is also
significantly disturbed by anthropogenic factors such as ag-
ricultural expansion, which has led to deforestation of VPN
trees. This disturbance may hinder the regeneration potential
of the site. Conversely, Ateti appears to be less affected by
such pressures, with a more uniform tree height distribution
dominated by younger trees. Given the variability in tree
heights in Terkudi, forest management practices should focus
on maintaining this diversity by promoting the growth of
younger trees and ensuring the preservation of older, taller
trees. In Ateti, efforts could be directed towards enhancing
the growth of shorter trees to improve overall forest structure
and resilience.

Mean Height with Standard Deviation Error Bars by Site
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Figure 7. Show means height and SD of VPN per each site.

Result in Table 1 show indicate a strong positive relation-
ship between mean height and mean slope for Vitalaria par-
adoxa Nilotica across all sites, with coefficients of 0.88
(Terkudi), 0.98 (Ateti), and 0.78 (Elia). The result indicates
that as the mean height of the plants increases, the slope per-
centage also tends to increase, indicating a potential influ-
ence of topography on plant growth. The P-values associated
with the correlations (0.0032 for Terkudi, 0.001 for Ateti, and
0.003 for Elia) are all below the significance threshold of
0.05. This indicates that the observed correlations are statis-
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tically significant, reinforcing the reliability of the relation-
ship between mean height and mean slope. The strong corre-
lations suggest that specific environmental conditions, such
as moderate slopes and optimal heights, play a critical role in
the successful growth of Vitalaria paradoxa. Sustainable
management practices should prioritize the conservation of
these environmental attributes to support the species' popula-
tion dynamics.

Our study indicates that integrating knowledge about pop-
ulation dynamics and phonological patterns into management
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plans can help in creating effective conservation strategies.
For instance, protecting areas with optimal mean heights and
slopes can enhance the habitat quality for (VPN) Vitalaria
paradoxa. So engaging local communities in monitoring and
managing these environmental factors can enhance sustaina-
ble practices, ensuring that the needs of both Vitalaria para-
doxa Nilotica Nilotica and the local population are met. The
investigation into the population dynamics and phonological
patterns of Vitalaria paradoxa Nilotica in the Gambella Re-

gion reveals significant correlations between environmental
factors and plant growth. These findings our study under-
scores the importance of targeted conservation efforts and
sustainable management practices that consider the ecological
needs of this species. By focusing on the identified relation-
ships between height, slope, and population dynamics,
stakeholders can better ensure the long-term viability of Vi-
talaria paradoxa Nilotica in its natural habitat.

Table 1. Correlation of mean height of with slope of VPN per sites.

Site Nam Mean Height (M) Mean Slope % Correlation P-value
Terkudi 10.68 3.65 0.881229 0.0032
Ateti 10.61 3.80 0.981229 0.001
Elia 11.25 5.10 0.781229 0.003

Result in Table 2 shows that the relationship between en-
vironmental factors, such as mean height and mean altitude,
plays a vital role in understanding the population dynamics
of Vitalaria paradoxa Nilotica in the Gambella Region. The
correlation coefficients (0.84 for Terkudi, 0.74 for Ateti, and
0.75 for Elia) indicate a strong positive relationship between
mean height and mean altitude across all sites. This suggests
that as the altitude increases, the height of Vitalaria paradoxa
Nilotica also tends to increase. Such a relationship may im-
ply that higher altitudes provide favorable conditions for
plant growth, such as better drainage or cooler temperatures.
The P-values for all sites (0.0380 for Terkudi, 0.04806 for
Ateti, and 0.002806 for Elia) are below the significance
threshold of P -0.05. This indicates that the observed correla-
tions are statistically significant, reinforcing the reliability of
the relationship between mean height and mean altitude.

The strong correlations suggest that altitude plays a sig-
nificant role in determining the growth potential of Vitalaria

paradoxa. Management practices should focus on preserving
high-altitude habitats that are conducive to the growth of this
species. As altitude appears to influence plant height posi-
tively, conservation efforts should prioritize the protection of
areas at optimal altitudes. This can help enhance biodiversity
and ensure the sustainability of Vitalaria paradoxa Nilotica
populations. Local knowledge in Gambella region can be
invaluable in identifying critical habitats and implementing
sustainable practices that benefit both the species and the
community. The investigation into the population dynamics
and phonological patterns of Vitalaria paradoxa Nilotica in
the Gambella Region reveals significant correlations between
mean height and mean altitude. The results of current study
highlight the importance of altitude as a factor influencing
plant growth and underscore the need for targeted conserva-
tion strategies. By focusing on the identified relationships,
stakeholders can enhance the sustainability of Vitalaria par-
adoxa, ensuring its long-term viability in its natural habitat.

Table 2. Correlation of mean height of with mean altitude of VPN per sites.

Site Name Mean Height (m) Mean Altitude (m) Correlation P-value
Terkudi 10.68 474,53 0.837547 0.0380
Ateti 10.61 464.60 0.737547 0.04806
Elia 11.25 471.71 0.747547 0.002806
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4. Conclusion and Recommendation

The study of the Vegetative ecology and dynamics of (VPN)
across various sites in the Gambella Regional State reveals
critical insights into the tree population dynamics, regenera-
tion status, and anthropogenic impacts on these ecosystems.
The study reported a total tree population of 463, with the
highest density observed in the Ateti site of Gog wereda (185
trees), indicating less anthropogenic pressure compared to the
Elia site of Itang wereda, which recorded only 131 trees.
Sapling counts also favored Ateti, with 76 saplings, while Elia
had the least with 46. Overall, the regeneration status of VPN
was significantly better in Gog wereda, suggesting that agri-
cultural expansion is a primary driver of tree population
degradation in Itang and Abobo weredas.

The average diameter at breast height (DBH) of VPN trees
was found to be 14.7cm, with Terkudi showing the largest
mean DBH (15.10cm) and Elia the smallest (14.37cm). The
average tree height across sites was 10.84 meters, indicating
generally healthy growth conditions, though impacted by
anthropogenic activities. The phonological patterns of the
VPN, particularly the shea tree, demonstrated seasonal fruit-
ing and harvesting times influenced by climatic conditions
and wildlife interactions. Despite the economic potential of
the VPN for local communities, barriers exist in terms of
accessibility and harvesting practices. The long distances to
natural forest areas hinder fruit collection, often resulting in
early consumption by wildlife. The assessment highlights the
need for improved management strategies, including artificial
plantations and agroforestry systems, to enhance local food
security and economic benefits.

The study concludes that the VPN populations in the Gam-
bella region exhibit significant potential for regeneration and
economic benefit, particularly in Gog wereda. However, the
degradation caused by agricultural expansion, human settle-
ment, and wildfires poses a critical threat to these ecosystems.
Effective management, including in-situ conservation and
community-based initiatives, is essential to protect and enhance
the VPN's ecological and economic value. Hence, promote the
integration of VPN trees in agricultural practices to enhance
fruit and seed collection while providing environmental bene-
fits. Further, implementation of conservation strategies that
prioritize the protection of existing VPN populations, particu-
larly in high-impact areas like Itang and Abobo weredas. It also
advisable for establish nurseries near community farm lands to
supply VPN seedlings, making it easier for households to cul-
tivate and harvest their own trees. So, engaging local and re-
gional governments to promote policies that support sustaina-
ble land use and forest management practices address the
drivers of deforestation and degradation in the region.

Abbreviations

cm Centimeter
DBH Diameter at Breast Height
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GPS  Geographic Positioning System
Ha Hectare

Km Kilometer

M Meter

mm Millimeter

SD Standard Deviation

VPN Vitlaria Paradoxa Nilotica
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