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Abstract 

As most trees enter senescence, the assessment of undergrowth species and seedling outcomes 
from soil seed banks becomes imminent research and an essential tool to checklist an area 
prioritized for tree conservation. The procedure to ascertain senescent trees are not 
underrepresented is uncommon research, specifically for a buffer zone of a strict nature reserve 
(SNR) in the Akure Forest Reserve. This study evaluates the species richness of the undergrowth 
patterns that are prioritized for conservation and also examines the effective soil depths for 
seedling outcomes. However, four (4) sample plots (50×50m) from lowlands were established at 
the buffer zone of a protected forest to measure the population size of the undergrowth species 
pattern. Similarly, twenty (20) 1 x 1m quadrats of 60 samples were collected at different soil depths 
(0-3cm, 3-6cm, 6-9 cm) and were warm stratified at about 21-390 C in a greenhouse for seedling 
outcome. A total of 97 undergrowth species were encountered aboveground, while a total of 18 
plant species were distributed at 0–3 cm, 16 at 3-6 cm, and 8 at 6–9 cm seedling emergence. The 
results from the statistical analysis showed the observed differences among the soil depths from 
the seedling outcome are significant, and there is a strong dissimilarity between the seedling 
outcome and the undergrowth species. The undergrowth species pattern is more diverse, and the 
species richness is higher, which implies a stable community with little or no disturbance. 
Regrettably, some ageing trees were still underrepresented, despite the undergrowth species 
richness and diversity. More so, the IUCN red list assessment showed that numerous plants, i.e., 
34 plants out of 97 undergrowth species, fall into the category of Not Evaluated (NE), which 
showed that many plants in this typical forest are still going through IUCN evaluation. The current 
evaluation will assist the IUCN assessment and also help government agents in the conservation 
allotment of underrepresented aging trees in the protected forest. In the meantime, public education 
will be used to manage the unsustainable gathering of wild fruit and forest food in the buffer zone. 
This will be followed by support for home gardens as a means of preventing the overuse of aging 
tree fruit and plants throughout the ecosystem. It was advised that research be done in protected 
areas of the forest on soil depths suitable for seedling recruitment and soil seed bank potential that 
would support conservation action allocation. 

Keywords: Buffer zone - Soil seed bank mode - Undergrowth species pattern - IUCN red list – 
Conservation – Aging tree 

 
1 Introduction 

Environmental concerns are rising as human pressure on the current biodiversity increases. As 
with ecosystem disturbance, human activity has altered the planet Earth, making most forests 
incapable of protecting biodiversity (Boonman et al., 2024; Van Lear et al., 2005; Plaza et al., 
2018). Meanwhile, the biodiversity that would eventually replace the older ones can only be 
protected when human activities cease to interfere with the planet Earth. The way to effectively 
sustain an ecosystem is when humans put passion and dedication into the concepts and processes 
of ecosystem services (Rockwell et al., 2022; DeClerck., 2013; Hector & Bagchi., 2007). 
Considering ecosystem services, in the past and to date, forest food and non-timber forest product 
resources (NTFPs) have brought numerous benefits to both rural and urban dwellers. However, 
there has been an increase in the conflict between the interaction of biodiversity and other managed 
ecosystems, i.e., agriculture. Linking cultivated spaces and natural ecosystems together has been 
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a major challenge facing conservation activities, but Siminski et al., (2021) exemplify methods 
that promote forest regeneration in post-agricultural secondary forests in their studies. 
Forest regeneration plays a significant role in reclaiming tropical forest lands through natural 
regeneration, and by so doing, all forests can successfully regain the biodiversity that has been lost 
due to disturbance. According to Martnez-Ramos et al., (2016) and Siminski et al., (2021), the 
ongoing disturbance of tropical forests has resulted in significant devastation and a loss of 
biodiversity. Forest disturbance and biological loss were identified as natural processes and part 
of the issues facing biodiversity conservation on a global scale (Omomoh et al., 2020). Usually, 
this disruption leads to the loss of certain species, a decline in the productivity of forest ecosystems, 
and a reduction in biodiversity (Pain et al., 2021; Odeleye et al., 2018; Lôbo et al., 2011). 
Employing natural regeneration approaches and comprehending the associated regeneration 
mechanisms, such as the dispersion agent in forest restoration, is a vital step in the implementation 
of highly effective biodiversity restoration. In the tropical forest, these methods might be 
constrained in various ways. There have been reports of common physical processes in dryland 
seeding that include propagule limitation, abiotic and biotic factors (Shackelford et al., 2021). 
Statistics on the species variety and undergrowth richness of soil seeds are not always available 
for many regions of the world, notably Africa (Mashiane et al., 2023). Consequently, several 
habitats in Africa have disappeared due to disturbances to soil seed banks, which include plant 
species from several environments (Padonou et al., 2022). Other studies (Solar et al., 2015; Piotto 
et al., 2021) revealed that anthropogenic disturbances may restrict indigenous species’ peculiarity 
to regenerate secondary forests, which may favor other species’ dominance and establishment. 
Nigeria's expanding population is putting strain on its tropical rainforests due to grazing, extensive 
logging, infrastructural development, and other related activities (Odeleye et al., 2018). Nigeria 
has one of the highest annual rates of forest disturbance in the world, at 3.7%. (FAO, 2010). Among 
these disturbances are fire, flood, wind, and human activities like logging and grazing. As a result 
of the widespread attempts to ecologically restore ecosystems disrupted by human activities (Golos 
et al., 2016), there is a greater understanding of how seed banks can affect the colonization and 
organization of plant communities (Doroski et al., 2020). Since seed banks are found in many 
environments and can change the composition and productivity of vegetation, it is crucial to 
understand the mode of seed distribution and the dynamic interaction between above-ground 
vegetation and seed banks (Esaete et al., 2021). Soil seed banks are the components of live 
propagules that are above or below the soil (Price et al., 2010; Thompson & Grime, 1979). 
Research on the mode of soil seed bank distribution is necessary to comprehend how they support 
forest regeneration (Padonou et al., 2022; Butler & Chazdon, 1998). The soil can produce new 
plants from dormant, viable seeds (Fenner, 1985). Soil seed banks serve a critical role in the 
regeneration process after human activities or natural disruptions (Thompson, 1992). Studies on 
tropical forest succession have highlighted the importance of soil seed banks as a source of 
recruitment following disturbances (Huang et al., 2022). Recent research has focused on the 
diversity and composition of soil seed banks in forest ecosystems (Abdella et al., 2007; Butler & 
Chazdon, 1998; Decocq et al., 2004; Kalamees & Zobel, 2002; Madawala et al., 2016; Kalesnik 
et al., 2013). Studies on the composition and diversity of soil seed banks in Nigeria have been 
conducted due to their impact on natural forest regeneration (Akinyemi et al., 2018; Chima & 
Kamalu, 2016; Odeleye et al., 2018; Oke et al., 2007; Olatunji et al., 2015; Omomoh et al., 2019, 
2020). On the other hand, it has been observed that the interaction between environmental 
conditions of undergrowth and forest age affects the prevailing life cycle in the regenerating forest 
of the secondary forest (Piotto et al., 2021). 
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Adetula, (2008) reports that sixteen forest reserves in Ondo State have records of forest 
disturbance. Of these, the Akure Forest Reserve covers 70.19 sq km, with 21.37% (14.98 sq km) 
of disturbed areas. For this reason, a buffer zone with a strict nature reserve was created to protect 
the forest biodiversity from human disturbance (Omomoh et al., 2019). Although some 
anthropogenic activities were prohibited, the original inhabitants are still able to assess the buffer 
zone for non-timber forest products (NTFPs), with high discrimination against removing senescent 
trees’ fruits and seedlings. Similar studies were reported by Keatinge et al., (2010) and Kehlenbeck 
et al., (2013) in sub-Saharan Africa, where most wild fruits are normally gathered from natural 
forests while indigenous fruit trees are usually not cultivated on farms (Weinberger & Lumpkin, 
2005; Simitu et al., 2009), which puts more pressure on the existing forest for forest resources. 
Similarly, in Nigeria, over 1000 wild plants and forest food have been identified as forest resources 
(Idumah et al., 2008). A significant amount of forest food is consistently consumed by rural 
dwellers who collect it for food. However, pressure on the wild plants has impeded progress on 
the undergrowth pattern to replace the aging trees specifically marked for conservation. Studies 
that were carried out over a decade ago (Onyekwelu et al., 2008; Adekunle et al., 2013) and 
compared with the current assessment showed a wide range of undergrowth species patterns and 
a long process of aging trees (Omomoh et al., 2019, 2021). The recent change in undergrowth 
species exposes threats to certain aging trees that are underrepresented for conservation 
assessment, while some plants with a higher rate of species richness and diversity do not capture 
the current IUCN Red List assessment. Therefore, this study aims to contribute data to the IUCN 
species database by evaluating the undergrowth species pattern concerning population size and 
relating it to the aging tree for IUCN conservation statuses. It should be highlighted in this study 
that the majority of the information on mature trees in the aging class that would successfully 
preserve genetic diversity and indigenous knowledge is descriptive. However, the evaluation of 
understory species patterns and soil seed bank modes can yield valuable data on almost all trees 
that are close to senescence. We compare the contrast between forest undergrowth and soil seed 
banks using different soil depth parameters. The results were used to check if the current status of 
this forest has the regenerating potential to replace the senescent trees in no time. 

2 METHODOLOGY 

2.1 STUDY AREA 

The current study (Figure 1; N07.272280, E005.035600) is being carried out in a tropical rainforest 
at a plant refugium that was established by the Nigerian Forest Department in 1948 (Ola-Adams, 
1978) to safeguard the biodiversity of the Akure forest reserve and preserve the genetic resources 
of indigenous forest tree species in Nigeria. This forest is made up of two distinct seasons. The 
wet season, also known as the first season, normally starts around May and lasts until September 
of the same year, while the dry season, also known as the second season, usually starts around 
October and lasts until April of the following year (Omomoh et al., 2021). The study area was 
situated within the Akure Forest Reserve. Farming is a key activity in the settlements that border 
the forest, and this forest benefits rural residents socioeconomically by providing wild edible 
plants. With the discovery of new research and educational studies, the natural forests offer value 
for traditional and indigenous knowledge for current scientific uses. Recently, the ecosystem's 
habitats have become increasingly unstable as a result of disturbance from surrounding areas, 
which has a particular negative influence on the undergrowth species pattern. The individual plant 
species encountered were based on IUCN Red List assessments (IUCN, 2021), and this was to 
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categorize the poorly-recorded species in the Akure forest buffer zone into; Not Evaluated (NE), 
Data Deficient (DD), Least Concern (LC), Near Threatened (NT), Vulnerable (VU), Endangered 
(EN), Critically Endangered (CR), Extinct in the Wild (EW), and Extinct (EX) to further enhance 
the research on individual plant conservation status 

2.2 METHODS 

Four sample plots with similar lowland forest features of 50 m by 50 m each, were established in 
the buffer zone of Akure Forest Reserve (Table 2). At each plot, all plant species were identified 
and counted. Thereafter, their specific habits were classified into herbaceous, lianas, climbers, 
saplings, and shrubs using taxonomic guides (Hutchinson & Dalziel, 1958; 1963, 1968, Akobundu 
& Agyakwa, 1998) and were also rated according to the IUCN, (2021) red list. A plant taxonomist's 
assistance made it simpler to identify plants at the species and family levels, and where certain 
species could not be identified, those plants were transported to the University herbarium (FUTA 
herbarium) for correct authentication. We also engaged the online database-African Plant 
Database, to group the plants into their different habits. Meanwhile, in each sample plot, (five) 1m 
by 1m sub-plots were deterministically derived within the selected plots. The criteria for the 
selection of soil seed bank samples followed Savadogo et al., (2017). Twenty 1 x 1m quadrats, and 
a total of 60 samples (15 samples per depth) were collected using a soil auger at soil depths of 0- 
3, 3-6, or 6-9 cm. The soil depth diameter adopted in this study was multi-layer soil depth for the 
African ecosystem (Padonou et al., 2022). The 15 soil samples taken from multi-layers were used 
to construct 60 composite soil samples because of the plot’s similarity. A 5mm mesh size was used 
to separate the soil samples from rocks, boulders, decaying wood and roots, pebbles, and other 
detritus. Many seeds in the tropical rainforest were embedded and deeply buried in a soil seed 
bank, and those with smaller seeds cannot be extracted due to their smaller sizes. Therefore, the 
composite soils were placed into perforated 43cm diameter potted media and warm stratified at 
about 21-39 0C for three months to stimulate germination in a greenhouse where seedling 
emergence was examined. During this period, seedling emergence was studied and monitored 
every week, while identified seedlings were recorded, removed, and thrown away after counting 
the number of individual seedlings in the pots. However, in a situation where the seedling was too 
small to be properly identified, it would be left for an additional one to two weeks to be identified. 

2.3 STATISTICS ANALYSIS 

There was only one treatment (soil depths) in this experimental unit. The experimental data in this 
study were performed using R software. Using the information from the soil depths, an Excel 
spreadsheet was generated with three categories: treatment (Trt), replication (Rep), and value. The 
file format was modified to CSV (comma delimited) so that the R application could read it. The 
CSV was transformed into a working directory by R Studio (Set as a Working Directory) so that 
it could be examined. Thereafter, a completely randomized design (CRD) was employed for the 
soil depths, and a fixed effect was the type of statistical model used. To ascertain which soil depth 
level had significantly increased or decreased the population of the species, the data from the 
experimental units were transformed, and a follow-up test (LSD) was conducted when the Ho was 
not accepted. Similarly, we used Species richness, Shannon-Wienner, and Simpson diversity in 
Chao et al., (2014) and Chao et al., (2016)’s iNEXT R package to determine the species diversity 
and distribution among the three soil depths. The computation of estimated bootstrap s.e. and 
confidence interval estimators was also obtained through the R/E (extrapolated rarefaction and 
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extrapolation) sampling curve. We used a rarefied bootstrapping sampling curve of 100 at the 0.95 
level of the confidence interval in the package to make the data more powerful. The estimated 
asymptote provided was used to compare species diversity indices. To test for any significant 
difference, the biodiversity indices and principal component analysis (PCA) of species 
undergrowth and seedling outcome were calculated and tabulated using the PAST 4.03 Statistical 
Package. PCA was utilized to quantify the degree of variation in the species distribution across 
various soil depths. Likewise, Origin software (v 2023) was used to project similarity in species 
composition of vegetation and seedling emergence, and two similarity indexes were performed by 
non-metric MDS Bray-Curtis to show similarity within the three soil depths. 

3 RESULTS 

3.1 Floristic composition of the soil seed banks and undergrowth plants 

A total of 97 undergrowth species were found across the typical locations (Table 1). The 
occurrence of the life-form categories revealed that 46 saplings (44 species, 35 genera), 26 shrubs 
(26 species, 22 genera), 16 climbers (16 species, 6 genera), and 9 herbs (9 species, 6 genera) were 
distributed across the buffer zone. A total of 38 families were recorded, Apocynaceae (10 species) 
and Rubiaceae (9 species) had the most dominant members. Annonaceae, Caesalpinoideae, 
Euphorbiaceae, Rubiaceae, and Sterculiaceae had 5 members each, while other members within 
the range of 1 to 4 species fell into many families that made up the remaining families. It was 
deduced from the above result that, the herb was remarkably low due to the spread of other 
undergrowth habits, i.e., the sapling, shrub, and climber took the top three spots in the 
undergrowth. 

3.2 Plant species composition in the soil seed bank 

However, in Table 2, a total of 18 plant species were distributed at soil depths of 0–3 cm, 16 plant 
species at soil depths of 3-6 cm, and 8 plant species at soil depths of 6–9 cm were identified in the 
soil seed bank, even though the fewest species are found in soil between 6-9 cm. Laportea aestuans 
and Asystasia vogeliana were both thought to have the maximum number and relative density in 
the 0–3 cm soil depths across all three soil depths. The highest number and relative density of 
Platostoma africanum, Laportea aestuans, and Panicum maximum (graminoid) were found in soil 
depths of 3-6 cm, while only Panicum maximum (graminoid) was highest in soil depths of 6–9 cm, 
but lowest in all three soil depths observed (Table 1). Among the soil depths (Table 2), herbs, the 
most dominant habitat, were progressively higher given that they are pioneer plants; however, 
saplings were relatively high, indicating that the soil seed bank is significantly rich in tree-seeded 
species, while graminoid and climber were thought to be the lowest. 

3.3. Soil depth and species distribution 

Within the three soil depths, there was an 84.7±64.5 record of seedling emergence and 
accumulation. The seed density and total seedling emergence were climbers (8±9.64), graminoids 
(8.33±2.31), herbaceous (54.3±44.6), and saplings (14±11). However, in Figure 2 (Soil depth 1) 
and (Soil depth 2), emergence rates for graminoids (grasses) in 3-6 cm and 6-9 cm soil depths were 
higher than 0-3 cm soil depth 1 (Figure 2). Similarly, in 0-3 cm and 3-6 cm soil depths (Figure 2), 
there were a lot more saplings present and higher than the 6-9cm soil depths. As a result, the total 
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seedling outcome for the 0-3cm soil depths was 93.3%; the herbaceous species dominated the 0– 
3 cm soil depth, making up 73.1% of the species discovered. 10.1% of the plant species were 
saplings, 5.4% were climbers, and 4.7% were grasses in the soil seed bank (Figure 2). Some 
perennial species were discovered, including Asystasia vogeliana, Chromolaena odorata, 
Commelina diffusa, Laportea aestuans, Palisota hirsuta, Platostoma africanum, Physalis 
angulata, Pouzolzia guineensis, Sida acuta, Spermacoce ocynoides, and Synedrella nodiflora. The 
two saplings identified were Discoglypremna caloneura and Celtis zenkeri. Dioscorea preussii 
and Sida urens were the only climbers found, while Panicum maximum was the sole grass present. 
More specifically, at 3-6 cm depth, the total seedling outcome was 97.1%. However, herbaceous 
species dominated the soil since they made up 69.7% of all the species that were found in the soil 
seed bank from the location; saplings made up 13.7%, grass made up 12.6%, and climbers made 
up the final 1.1%. Celtis zenkeri was the only sapling found in the soil. The plant species Asystasia 
vogeliana, Chromolaena odorata, Commelina diffusa, Laportea aestuans, Platostoma africanum, 
Physalis angulata, Pauridiantha hirtella, Spermacoce ocynoides, Sida acuta, and Synedrella 
nodiflora are the herbaceous species found here. Only Panicum maximum was discovered there. 
A total of 126.4 % was found in the soil depth 6-9cm. Similarly, grass and herbs made up the 
majority of the seed bank at a soil depth of 6-9 cm, accounting for 36.8% and 42.2%, respectively. 
42.1% of the saplings discovered were trees, with climber species making up the lowest percentage 
(5.3%) of the total seedling outcome. The two species identified there were Dioscorea preussii, a 
climber, and Panicum maximum, a grass. The soil seed bank contained Platostoma africanum, 
Laportea aestuans, Physalis angulata, Sida acuta, and Synedrella nodiflora among other perennial 
herbaceous species. 

3.4 Principal component analysis (PCA) of soil depths 

The relationships between species behaviors in the three soil depths are shown in Figure 5. It 
demonstrates that the four selected habits had the largest relative species densities in saplings. 
However, unlike the climber, graminoid, and herb, which are noticeably varied among the habits, 
the saplings do not differ much from the three other habits. The degree of variation in the 
distribution of the species across the three soil depths (Table 6; Figure 3) was explained in principal 
component analysis (PCA). The first principal component (PC1), which accounted for 66.32% of 
the variance, showed the highest degree of variation. Following this were the second principal 
component (PC2), which had the largest degree of variation (25.73%), and the third principal 
component (PC3), which had the lowest degree of variance (7.94%). All three soil depths strongly 
correlated with PC1 and the species that contributed mostly to the variations were Laportea 
aestuans, Platostoma africanum, Pauridiantha hirtella, Asystasia vogeliana, Synedrella nodiflora, 
Panicum maximum etc. 

3.4 Analysis and significant effect of soil depths 

The ANOVA showed that there is a significant difference in species diversity among the soil 
depths because p < 0.05 at the significance code in Table 3 shows the level of significance. The 
LSD test (Table 4) showed a slight difference among the three depths. The most highly influenced 
soil depth benefited from the soil nutrient, notably with a higher seedling outcome. However, 
seedling patterns among the three depths were nearly similar in species richness and slightly 
different in species diversity. Seedling outcomes were positively influenced at the first depth (Soil 
Depth 1) than at the two other depths studied, which implies that the nearer the soil depth to the 
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topsoil, the better the seedling outcome. The variation in Table 5 shows the percentage of variance 
that was found in seedling outcomes at different soil depths. Axis 1, with an equivalent of 1.989, 
was more influenced than the two other axes, 0.772 for axis 2 and 0.238 for axis 3. The results 
indicate that the soil depth of 0-3 cm yielded the highest results across all measured parameters 
(Table 2). Nevertheless, the overlap in the confidence interval of the rarefied and extrapolated 
curves demonstrated that the observed species richness of the three soil depths did not significantly 
differ from each other (Figure 4a). The rarefied and extrapolated curve of observed Shannon 
diversity and species evenness of 0-3 cm soil depth proved the depth as the only depth significantly 
different from the other two soil depths observed in the species accumulation curves in Figure 4(b 
and c) 

3.5 Undergrowth species IUCN rating 

In all the research, thirty-four plant species were Not Evaluated (NE), five species were of Least 
Concern (LC), one species of plant was found to be Endangered (EN), five as Vulnerable (VU), 
and thirty-seven as of least concern (LC) according to the Red List ranking of plant conservation 
status (Table 1). The field survey that was carried out around the communities surrounding the 
protected forest showed that some rural dwellers are planting some of the fruit-producing trees in 
their homes to reduce the stress and competition of going to the forest for forest fruit harvesting. 
Idumah et al., (2008) studies two decades ago also corroborated some of the trees found in the 
descriptive study in Table 7 of this study. 

4 DISCUSSIONS 

The relationship between the aging trees and the undergrowth species pattern begins from the soil 
seed banks mode of the typical forest. Since each species has a unique germination mechanism, 
the interface between the undergrowth species pattern and the soil seed bank mode of different 
forest communities will continually differ in species diversity. However, the forest sampling of 
this study revealed that there is no strong affinity between the undergrowth and the soil seed banks. 
Meanwhile, given the current results, the sampling in the forest buffer zone cannot be interpreted 
as a degraded forest that was disturbed. The transition of soil seed banks into forest undergrowth 
from soil depths in this study, were evaluated for species conservation. Although, soil depths 
within the range of 0-5 and 10-15 cm are still increasingly used in forest ecosystems (Douh et al., 
2018), in this study, the soil seed assessment with respect to soil depth sampling; 0-3cm and 6- 
9cm, has led to a great influence on the seedling outcome. The seeds that constitute soil seed banks 
are mostly produced by parents that are nearby, and the remaining seeds are produce by plant 
communities that are geographically far away from the parent plants (Piotto et al., 2021; 
Chaideftou et al., 2011, Solomon, 2011). Studies on the list of threatened species (IUCN, 2021), 
showed some species of plants that are tagged as Near Threatened (NT), Critically Endangered 
(CR), Extinct in the Wild (EW), and Extinct (EX) species were not found in the forest undergrowth 
assessment. However, those predominating species of plants that were found in this current study 
could still be given proper assessment, while those that are Endangered (EN) are to be given utmost 
priority in the entire forest ecosystem. The common dominant species are native species found on 
the IUCN (2021) red lists of Least Concern (LC) and Not Evaluated (NE). Previous studies 
revealed the majority of them as saplings of trees and shrubs with a high Importance Value Index 
(IVI) that had the highest number of occurrences in this forest (Omomoh et al., 2019; Onyekwelu 
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Evaluated (NE) species of the IUCN list assessment (Marsh et al., 2023; IUCN 2021). At first, we 
expected a shift in species priority but rather found a loss of species specifically red-listed for 
conservation. Onyekwelu et al., (2008) studies revealed a higher number of endangered species in 
other regions of Southern Nigeria, and some of them were absent in this part of the forest, e.g., 
Holoptelea grandis, Diospyros mespiliformis., Lovoa trichilioides etc. Seed distribution in the soil 
seed bank and seedling recruitment in the aboveground vegetation rely on native factors for species 
richness and abundance (Pragasan, 2023). However, in this current study, saplings have a higher 
number of species despite the environmental complexity of the soil seed bank and aboveground 
vegetation. The disparity between the regenerating undergrowth species and the soil seed banks 
provides a solid assessment of the type of seed present in the current studies and provides 
information about the management of the buffer zone that is present in the specific areas (Lopez- 
Marino et al., 2000). 
Table 1 of this study showed a general trend at which vegetation transitions are occurring and the 
conservation measure implemented to combat anthropogenic activity. The species richness 
revealed a hotspot of species diversity, while the soil depths, being one of the prevailing factors 
affecting seedling outcome with the passage of time, were more favorable to the herbaceous cluster 
in the buffer zone (Figure 4). Soil nutrient penetration by seeded species and its proximity to the 
upper layer are the primary limitations facing seed propagule in most of the forest (Shackelford et 
al., 2021). In this study, Triplochiton scleroxylon dominated the sapling layer, with a higher species 
richness than most other sapling species examined. An indication of a stable and transitions forest 
with little or no disturbance is when the species richness of the herbaceous understory becomes 
relatively low. This observation concurred with Oroboade et al., (2023) and Zida et al., (2020) 
studies that disturbance, canopy gaps, and open regions bring about herbaceous forest ecosystems. 
Piotto et al., (2021) reported that a forest with average or more forest disturbance could impede 
the recolonization potential of endemic species in regenerating forests. Generally, a regenerating 
forest with a good yield of seedlings and saplings is an efficient producer of long-lived seeds 
(Wodkiewicz & Kwiatkowska-Falinska, 2010). The vegetation transitions of the undergrowth 
studies and seedling outcome in this study was considered higher compared to other studies in 
Southwest Nigeria (Akinyemi et al., 2018; Onyekwelu et al., 2021). A nature-based approach to 
forest disturbance is when seedling recruitment is given a holistic solution to scale up the 
ecological balance or ecosystem stability. The choice of natural regeneration was prescribed by 
Siminski et al., (2021). Celtis zenkeri, which was present in saplings and seedlings in this 
investigation, was found to be well-represented at the adult stage (Rawat et al., 2018). 
Additionally, Discoglypremna caloneura, Least Concern (LC), was also represented in this study's 
saplings as well as at the adult stage (Omomoh et al., 2019). According to Butler et al., (1998), 
factors including floristic composition, the phenology of the surrounding vegetation, and 
disturbance at the forest boundary have an impact on the composition and quantity of soil seed 
bank species as well as the dispersion of living things. However, when the mature trees failed to 
regenerate at all in the sapling and seedling stages, as a result of being poorly represented at the 
adult stage, they became seriously vulnerable to anthropogenic disturbance (Wani et al., 2022). In 
this forest, where saplings of different tree species are removed for other purposes, we believe that 
external forces of an anthropogenic nature is still dominating the undergrowth cover. Such patterns 
were found in grazing-induced areas that significantly decrease and largely increase some 
undergrowth cover of some herbs as reported in a certain study area (Coop et al., 2014). Shift in 
habitat patterns in the sapling layer outweighed other life forms with canopy closeness, even 
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On the contrary, Piotto et al., (2021) reported no connection in a forest where the canopy openness 
of mature forest persists. Escudero et al., (2005) investigated the connection between above- and 
below-ground species composition. His research found little overlap between soil seed banks and 
vegetation types. However, Cuni-Sanchez et al., (2021) noted that seed rain from nearby places as 
well as current and former above-ground vegetation affect a seed bank's composition, while Liu et 
al., (2021) found a reflection of seed rain was evident in the above-ground plant community at 
76% to 95%. The pioneering seeds of an herbaceous cluster that make up the soil seed bank at the 
early stage of plant succession may be responsible for the failure of key species (Gayley & Sridith, 
2020). When single species come in a clump of herbs, they frequently alter how tree-seeded species 
respond to germination (Günter et al., 2007). Results showed that the profusion of herbs and their 
seed mechanisms over tree-seeded species was due to successful seed dispersal (Bist & Shrestha, 
2022) and their longer and finer roots over woody plants (Valverde-Barrantes et al., 2020). 
Likewise, the herbaceous sampling of this study concurred with the agricultural weeds of Sri 
Lankan semi-deciduous forests (Perera, 2005), and other factors were as a result of different land- 
use types (Omomoh et al., 2020; Piana et al., 2019). For instance, in the three different forests 
studied and evaluated by Baidya et al., (2021), only one forest, Bichikiri, had higher species 
richness and recruitment, and this was due to the low human habitat living near the forest. On the 
other hand, diverse drivers influence the vegetation transitions and regenerating potential of 
undergrowth saplings and soil seed banks. Soil seed banks are mostly susceptible to the direct 
attack of these drivers, which reduces their ability to enter the germination stage. Sommerville et 
al., (2018), Meehan et al., (2002), and Alderotti & Verdiani, (2023) reported pests and diseases as 
some of the reasons seed germination and regeneration were hindered in the regenerating forest. 
The species's adaptation belowground determines how naturally seedling root branch systems are 
selected to mycorrhizal partners for nitrogen uptake (Valverde-Barrantes et al., 2021). Moyano et 
al., (2020) and Kothandaraman et al., (2022) reported the rooting system of some new species may 
suppress key species and the seedling outcome. As a result, allelopathy inherent in certain plants 
provide suitable habitat to deleteriously compete in the natural conditions (Akomolafe et al., 2024; 
Omomoh et al., 2021). Annual weather changes affect soil seed, seed storage, and germination 
rates with the passage of time (Julia Raquel et al., 2019). From the descriptive study (Table 7), 
according to a study from Gangoo et al., (2017), the collection of non-timber forest products 
(NTFPs) has increased by 60% in some parts of the world. This indicates that unsustainable 
collection of wild species can constitute a serious threat to some tropical ecosystems if forest 
resources are not managed effectively. A further contributing element is the low educational 
attainment of forest residents that manifests as a lack of environmental awareness and a focus 
solely on revenue generating (Thoker et al., 2024). However, some findings projected scientific 
ways to mitigate the trends. Studies such as Crouzeilles et al., (2020) and Siminski et al., (2021) 
presented natural regeneration as the most practiced and effective method in the ecosystem 
restoration, meanwhile in a severe disturbance, natural succession take time in the recovery of tree 
biodiversity (Shackelford et al., 2021; Van den Berg & Kellner, 2005). The introduction of assisted 
regeneration (Siminski et al., 2021) in the re-establishment of big-seeded trees in a natural forest 
where dispersal agents like animals are scarce should be considered when selecting seed-bearing 
plants for biological conservation (Alderotti & Verdiani, 2023). Similarly, observation from the 
descriptive studies showed that introduction and integration of local forest food in small spaces in 
urban region to secure food among the urban dwellers can also be encourage among the rural 
dwellers to discourage overexploitation of forest resources in the protected areas (Rockwell et al, 
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recovery in cases where natural regeneration is unable to restore restoration (Omomoh et al., 2021; 
Onyekwelu & Olabiwonnu, 2016, Reid et al., 2021, Wani et al., 2022). Specifically, Reid et al., 
(2021) reported that biological control has been improved by this action. However, this technique 
has no direct replacement for natural forest ecosystem, because the non-timber forest products 
(NTFPs), which are direct forest food resources and income generation for rural dwellers, will 
gradually be lost (Ogunjobi et al., 2008). 

 
5. CONCLUSION 
Other managed ecosystems are increasingly becoming susceptible to climate change as a result of 
the degradation of natural resources. Despite growing awareness of this decline, a large population, 
according to Sharma et al., (2020), still depends on natural resources for living and income 
generation. However, it is important to preserve current natural regenerating forests because the 
loss of an ecosystem affects the lives of the creatures that directly depend on it. While there is a 
growing need for forest resources for rural dwellers, there are concerns about the risk of losing the 
regeneration potential of the next generation of trees. The present research specifically studies the 
species distribution of undergrowth patterns and soil seed bank modes in this forest. It can be 
deduced from the report that herbaceous plants generally dominate the soil seed banks in the three 
soil depths. This study recognizes the influence of wild fruit collection as one of the factors 
influencing the low seedling outcome in the soil seed bank and their poor representation of the 
undergrowth pattern. Forest resources are widely used across the globe, and they are recognized 
to have a significant impact on rural inhabitants' daily income and food security. The same forest 
potentials on a regular basis also contributed to the regeneration potential of every forest 
ecosystem. However, when it is consistently and indiscriminately removed, it can alter the species 
composition of the forest. The species makeup of a community can be altered by human activities, 
and this can change the functions provided by the community. The data from this research would 
make it easier for conservation planning to evaluate the most underrepresented plants on the IUCN 
list in this forest. Nevertheless, forest food domestication via home garden was recommended as 
the solution for rural dwellers so as to reduce the stress and competition on most sources after 
forest trees for income generation. The home garden therefore provides a bridge between the social 
and the biological, linking cultivated spaces and natural ecosystems, combining and conserving 
species diversity and cultural diversity. When most of the non-timber forest products (NTFP’s) are 
domesticated in the form of home gardens this will definitely reduce the pressure on natural 
resources. It is critical to understand that natural forest restoration is a dependable strategy for 
safeguarding the regenerating forest under its natural environment. Growth from seed plants to 
herbaceous plants indicates vegetation changes that face natural regeneration. However, further 
research is necessary to determine the potential importance of soil seed bank availability in 
predicting future forest regeneration constraints. 
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Figure 1 showing the map of the study area 
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Figure 2: Comparative studies of species composition of the three soil depths 
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Figure 3. PCA scatter plot of the three soil depths variable in the study area. Key: A= Asystasia vogeliana, B= Synedrella nodiflora, C= 
Chromolaena odorata, D= Palisota hirsute, E= Commelina diffusa, F= Dioscorea preussii, G= Discoglypremna caloneura, H= Platostoma 
africanum, I= Sida acuta, J= Sida urens, K= Panicum maximum, L= Chassalia kolly, M= Pauridiantha hirtella, N= Spermacoce ocynoides, 
O= Physalis angulate, P= Celtis zenkeri, Q= Laportea aestuans, R= Pouzolzia guineensi 
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(4b) 
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(4c) 
Figure 4a, b and c showing the Individual-based rarefied–extrapolated Species richness, Shannon diversity and Simpson diversity curves for 
the three-soil depths. 
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Family Name Habit IUCN Status Plot 1 Plot 2 Plot 3 Plot 4 

Acanthaceae Acanthus montanus (Nees) T. Anders. in J. Linn. Herb LC x x x x 

Annonaceae Anonidium mannii (Oliv.) Engl. & Diels Monogr Sapling LC    x 
 Cleistopholis patens (Benth.) Engl. & Diels Sapling LC x x x x 
 Monodora myristica (Gaertn.) Dunal Sapling LC  x   

 Annickia chlorantha Shrub LC  x   

 Hexalobus crispiflorus A. Rich. in Sagra Shrub LC  x x  

Apocynaceae Oncinotis gracilis Stapf in Kew Bull. Climber NE    x 
 Alafia barteri Oliv. Liana NE x x x  

 Baissea subsessilis (Benth.) Stapf ex Hutch. & Dalz. Liana NE x x x x 
 Motandra guineensis (Thonning) A. DC. Liana NE x x x x 
 Alstonia boonei De Wild. Sapling LC x x x x 
 Funtumia elastica (Preuss) Stapf Sapling LC x x x  

 Picralima nitida (Stapf) Th. & H. Dur Shrub NE x x x x 
 Rauvolfia vomitoria Afzel. Shrub LC x x x x 
 Tabernaemontana pachysiphon var. cumminsii (Stapf) 

H. Huber 
Voacanga africana Stapf in J. Linn. Soc. 

Shrub 
 

Shrub 

LC 
 

LC 

   x 
 

x 

Araceae Culcasia scandens P. Beauv. Climber LC x x x x 
 Rhaphidophora africana N. E. Br. Climber NE x x x  

 Amorphophallus abyssinicus (A. Rich.) N. E Herb NE  x  x 
 Anchomanes difformis var. difformis Hepper Herb LC x x x x 

Asclepiadaceae Mondia whitei (Hook. f.) Skeels Liana NE x x x x 
 Secamone afzelii (Schultes) K. Schum. Liana NE x x   

Bignonoceae Kigelia africana (Lam.) Benth. Sapling LC x x   

 Newbouldia laevis (P. Beauv.) Seemann. ex Bureau Sapling LC x x x  

 Ceiba pentandra (Linn.) Gaertn. Sapling LC   x  

Burseraceae Canarium schweinfurthii Engl. Sapling LC x x x x 
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32 

39 

43 

50 

Caesalpinoideae Mezoneuron benthamianum Baill. F. T. A. 2: 261; 
Chev.Bot.219 APDacc 
Anthonotha obanensis (Bak. f.) J. Léonard in Bull. Jard. 
Bot. Brux. 
Brachystegia eurycoma Harms 

Liana 

Sapling 

Sapling 

NE 

NE 

LC 

x 

x 

x 

 

x 

x 

 

x 

x 

 

x 

x
 Brachystegia nigerica Hoyle & A. P. D. Jones Sapling VU x x x x
 Pterocarpus osun Craib Sapling LC   x  

Capparidaceae Ritchiea longipedicellata Gilg Liana NE x x   

 Buchholzia coriacea Engl. Sapling LC x x x x

Combretaceae Combretum racemosum P. Beauv Liana NE x    

 Terminalia ivorensis A. Chev. Sapling VU   x x

Commelianaceae Palisota ambigua (P. Beauv.) C. B. Cl. in DC. Herb NE  x   

 Palisota hirsuta (Thunb.) K. Schum. in Engl., Bot. Jahr Herb NE  x   

Connaraceae Cnestis ferruginea Shrub NE x x x  

Convulvulaceae Ipomoea hederifolia Linn. Climber NE  x  0

Ebenaceae Diospyros dendo Welw. ex Hiern Shrub LC x x x x
 Diospyros monbuttensis Gürke Shrub LC x x x  

 Diospyros suaveolens Gürke in Engl Shrub LC x x x x

Euphorbiaceae Macaranga barteri Müll. Arg. Sapling LC x x  x
 Macaranga hurifolia Beille Sapling LC x x x x
 Ricinodendron heudelotii (Baill.) Pierre ex Pax Sapling LC x x x x
 Antidesma laciniatum Müll. Arg. var. laciniatum Shrub LC  x   

 Drypetes gilgiana (Pax) Pax & K. Hoffm. Shrub LC x x x  

Icacinaceae Icacina trichantha Oliv. Shrub NE x x x x
 Pyrenacantha staudtii (Engl.) Engl. Shrub NE x x x x

Irvingiaceae Irvingia wombolu Vermoesen Sapling LC x x   

Maranthaceae Marantochloa congensis (K. Schum.) Léonard & 
Mullend. 
Marantochloa leucantha (K. Schum.) Milne-Redh. 

Herb 
 

Herb 

NE 
 

NE 

x 
 

x 

x 
 

x 

x 
 

x 

 
 

x
Meliaceae Entandrophragma utile (Dawe & Sprague) Sprague Sapling VU x x x x
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Blighia sapida Konig in Konig & Sims, Ann. Sapling LC x
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22 

26 

33 

40 

47 

54 

59 

 Khaya grandifoliola C. DC. Sapling VU x x   

 Trichilia heudelotii Planch. ex Oliv. Shrub NE x  x x

Menispermaceae Rhigiocarya racemifera Miers—Diels Liana NE  x   

 Triclisia gilletii (De Wild.) Staner Liana NE x x  x
 Sphenocentrum jollyanum Pierre Shrub NE x x x x

Moraceae Musanga cecropioides R.Br. Sapling LC   x x
 Myrianthus arboreus P. Beauv. Sapling LC x x x x

Myristicaceae Pycnanthus angolensis (Welw.) Warb. Sapling LC x x x x
 Staudtia stipitata Warb. Sapling NE    x

Nyctaginaceae Napoleona imperialis P. Beauv. Sapling LC x x x x
 Napoleonaea vogelii Hook. & Planch. Sapling LC x  x  

Olacaceae Strombosia pustulata Oliv. Sapling LC x x x x

Pandaceae Microdesmis puberula Hook. f. ex Planch. Shrub LC   x  

Papilionoideae Leptoderris micrantha Dunn Liana NE x x x  

 Amphimas pterocarpoides Harms Sapling LC x    

Passifloraceae Barteria fistulosa Mast. Sapling LC 4  x x

Polygalaceae Carpolobia lutea G. Don Sapling LC x x x x

Rubiaceae Geophila obvallata (Schumach.) F. Didr. Herb NE x x x x
 Cuviera truncata Hutch. & Dalz. Liana NE x    

 Massularia acuminata (G. Don) Bullock ex Hoyle Sapling NE x    

 Rothmannia hispida (K. Schum.) Fagerlind Sapling LC   x  

 Rothmannia longiflora Salisb. Sapling LC x x   

 Rothmannia whitfieldii (Lindl.) Dandy in F. W. Andr. Sapling LC x  x x
 Chassalia kolly (Schumach.) Hepper Shrub NE x x  x
 Oxyanthus speciosus DC Shrub LC  x   

 Rytigynia umbellulata (Hiern) Robyns Shrub NE x    

Rutaceae Zanthoxylum parvifoliolum (A. Chev. ex Keay) W.D. 
Hawth. 
Zanthoxylum rubescens Planch. ex Hook. f. 

Shrub 
 

Shrub 

LC 
 

LC 

x 
 

x 

 
 

x 

x 
 

x 

x
 

x
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43 Keys: X = Present, definition of NE= Not Evaluated (NE), DO=Data Deficient (DD), LC= Least Concern (LC), NT= Near Threatened (NT), VU= Vulnerable (VU), EN= 
44 Endangered (EN) 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

Sapotaceae Chrysophyllum perpulchrum Mildbr. ex Hutch. & Dalz. Sapling LC x  

 Pachystela brevipes (Bak.) Baill. ex Engl. Monogr Shrub LC   x  

Sterculiaceae Cola gigantea var. glabrescens Brenan & Keay Sapling LC x x x x 
 Cola hispida Brenan & Keay Sapling LC x  x x 
 Cola nigerica Sapling VU   x  

 Mansonia altissima (A. Chev.) A. Chev. var. altissima Sapling EN x x x x 
 Triplochiton scleroxylon K. Schum. Sapling LC x x x x 

Tiliaceae Desplatsia dewevrei (De Wild. & Th. Dur.) Burret in 
Mildbr. 
Glyphaea brevis (Spreng.) Monachino 

Sapling 
 

Shrub 

LC 
 

LC 

x x 
 

x 

x  

Ulmaceae Celtis mildbraedii Engl. Sapling LC    x 
 Celtis philippensis Blanco Sapling LC x  x  

 Celtis zenkeri Engl. Sapling LC x x x x 

Violaceae Rinorea brachypetala (Turcz.) O. Ktze. Shrub NE   x x 
 Rinorea dentata (P. Beauv.) O. Ktze. Shrub NE x x x x 

Zingiberaceae Aframomum sceptrum (Oliv. & D. Hanb.) K. Schum Herb LC x x x  

No of Species    70 66 65 56 
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34 

38 

4 5 
Table 2 

6    
7  Soil_Depth_1 Soil_depth_2 Siol_depth_3  
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 Table 3 ANOVA table for soil seed bank samples obtained across the locations 
21 

 Source of Variance Df Sum Sq Mean Sq F. Value Pr (>F)  
23 Soil depth (Trt) 2 199.0 99.49 8.963 0.000627*** 
24 Residual 39 432.8 11.10   
25 Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
26 
27 28 

Table 4 Seedling emergence obtained from soil depths across the locations 
29   
30  Treatment Value  
31 Soil depth 1(0-3cm) 8.22±3.24a 32 

Soil depth 2 (3-6cm 5.44±3.86b 
33 

Soil depth (6-9cm) 2.38±2.07c 
35 The values with different letters are significantly different while there is no values with same 
36 letters 
37 

Values are mean±SD 
39 
40 Table 5: Eigen values and percentage correlation Matrix of the three soil depths 

 

 
45  3 0.23832 7.94%  
46 
47 48 Table 6: Variables intraset correlation of species composition of soil depths. 
49   
50 Species composition PC 1 PC 2 
51 
52 
53 
54 
55 
56 
57 
58 
59 

Taxa_S 18 16 8
Individuals 148 87 19
Dominance_D 0.06373 0.09209 0.2078
Simpson_1-D 0.9363 0.9079 0.7922
Shannon_H 2.81 2.515 1.808
Evenness_e^H/S 0.9225 0.7728 0.762
Margalef 3.402 3.359 2.377
Equitability_J 0.9721 0.907 0.8693

41 
42 
43 

 
1 

Eigenvalue 
1.98968 

Percentage of Variance 
66.32% 

44 2 0.772 25.73% 

Asystasia vogeliana Benth. 0.80115 1.46972
Synedrella nodiflora Gaertn. 0.28973 0.63716
Chromolaena odorata (L.) R. M. King 0.49046 0.56037
Palisota hirsuta (Thunb.) K. Schum. -1.94663 -0.76075
Commelina diffusa J. K. Morton -0.31017 -0.09588
Dioscorea preussii Pax -0.68188 -0.01389
Discoglypremna caloneura (Pax) Prain -1.94663 -0.76075
Platostoma africanum P. Beauv. 1.89019 -0.35205
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Table 7: Forest food trees and their uses to the rural dwellers around the forest communities 
21   
22 Forest food tree species Uses Status 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

17 Ricinodendron heudelotii (Baill.) Pierre ex Pax Oil LC 
44 18 Trilepisium madagascariense DC. Nuts and Fruits LC 
45 19 Xylopia aethiopica (Dunal) A. Rich. Spice LC 
46 20 Lecaniodiscus cupanioides Planch. ex Benth. Edible fruits LC 
47 

21 Dialium guineense Willd. Edible fruits LC 
49 Source: Field Survey 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

Sida acuta Burm. f. -0.51636 0.21928
Sida urens Linn -0.18533 1.02329
Panicum maximum Jacq. 2.59846 -2.56095
Chassalia kolly (Schumach.) Hepper -1.78989 -0.76551
Pauridiantha hirtella (Benth.) 1.86985 0.09095
Spermacoce ocynoides Burm. F. -0.98048 0.12867
Physalis angulata Linn. 0.3046 0.43253
Celtis zenkeri Engl. -0.65276 0.11871
Laportea aestuans (L.) Chew 2.05901 0.6951
Pouzolzia guineensis Benth. -1.29334 -0.06599

1 Afzelia africana Sm. Condiments VU
2 Brachystegia eurycoma Harms Condiments LC
3 Brachystegia nigerica Hoyle & A. P. D. Jones Condiment VU
4 Buchholzia coriacea Engl. 
5 Canarium schweinfurthii Engl. 
6 Ceiba pentandra (Linn.) Gaertn. 

Edible fruits 
Edible fruits 
Vegetables 

LC 
LC 
LC 

7 Cola gigantea A. Chev. Condiment LC
8 Cola pachycarpa K. Schum. 
9 Dennettia tripetala Bak. f 
10 Ficus sur Forssk. 

Edible fruits 
Edible fruits 
Vegetables 

LC 
LC 
LC 

11 Garcinia kola Heckel Nuts and Fruits VU
12 Irvingia gabonensis (Aubry-Lecomte ex O’Rorke) Baill. Jam Jelly NT
13 Monodora myristica (Gaertn.) Dunal 
14 Myrianthus arboreus P. Beauv. 
15 Pterocarpus mildbraedii Harms 

Spice 
Vegetables 
Vegetables 

LC 
LC 
VU 

16 Pterocarpus osun Craib Vegetables LC
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