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Abstract 
This study assessed the distribution, indigenous utilization, vulnerability, and conservation status of 
medicinal plants across cropland, rangeland, and forest reserve ecosystems in the Daura Emirate, 
Katsina State, Nigeria. A mixed-methods ethnobotanical and ecological approach was employed, 
integrating structured questionnaires, semi-structured interviews, field surveys, and soil analysis. A 
total of 150 respondents contributed 616 medicinal plant records across five Local Government Areas. 
Data were analyzed using descriptive statistics, alpha diversity indices, Sorenson similarity index, and 
Principal Component Analysis (PCA). Results revealed that croplands recorded the highest number of 
medicinal plant records (217), followed by rangelands (205) and forest reserves (194), indicating 
significant utilization of human-modified landscapes for traditional healthcare. The most frequently 
cited species included Guiera senegalensis, Bauhinia reticulata, and Azadirachta indica, primarily used 
in treating fever, malaria, wounds, and gastrointestinal ailments. Alpha diversity analysis showed high 
species diversity in croplands (Shannon = 4.697; Simpson = 0.9889), while forest reserves exhibited 
lower diversity but higher evenness. Sorenson similarity indices indicated moderate species overlap 
among land-use types, with the highest similarity between forest reserve and rangeland (0.512). PCA 
revealed distinct clustering of plant communities according to land use, explaining nearly all observed 
variance in species distribution. Soil analysis indicated higher organic carbon and organic matter in 
forest soils compared to croplands and rangelands, suggesting a strong link between soil fertility and 
medicinal plant distribution. Several low-frequency species were identified as potentially vulnerable 
due to habitat disturbance and overharvesting. The study highlights the dual role of agricultural 
landscapes in conserving medicinal plant diversity and the increasing vulnerability of forest-dependent 
species. It underscores the need for community-based conservation strategies, sustainable land 
management, and systematic documentation of indigenous knowledge to ensure long-term preservation 
of medicinal plant resources in semi-arid ecosystems. 
 
Keywords: Medicinal plants; Indigenous knowledge; Land-use change; Conservation status; 
Daura Emirate 
 
 
INTRODUCTION 
Medicinal plants constitute one of the oldest and most important components of traditional 
healthcare systems worldwide. For centuries, human societies have relied on plant-derived 
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remedies for the prevention and treatment of numerous ailments, including infections, fever, 
inflammation, hypertension, diabetes, gastrointestinal disorders, and skin diseases (Iwu, 2013; 
Naderifar et al., 2017). In many developing countries, particularly in Africa, medicinal plants 
remain central to primary healthcare because they are culturally accepted, locally accessible, 
and comparatively affordable (Abdullahi, 2011). The continued dependence on herbal 
medicine has also increased in recent years due to growing public perception that plant-based 
remedies are more natural and less toxic than synthetic pharmaceuticals (Briki, 2019; Delhami 
et al., 2022). Following the Coronavirus Disease Coronavirus Disease (COVID-19) pandemic, 
the use of herbal medicine further increased across many African communities as local 
populations sought alternative and complementary therapeutic options (Haidara et al., 2020). 
The therapeutic importance of medicinal plants is largely attributed to the presence of 
bioactive phytochemicals such as alkaloids, flavonoids, tannins, terpenoids, saponins, and 
phenolic compounds, which possess diverse biological activities (Chen et al., 2016). Beyond 
their medicinal value, these plants contribute substantially to food security, income 
generation, cultural identity, and biodiversity conservation in many indigenous communities 
(Chukwuma et al., 2015). Indigenous knowledge associated with medicinal plants represents 
a cumulative body of ecological understanding and cultural practices developed through 
generations of interaction between humans and their environment (Posey, 2019). Such 
knowledge systems are often transmitted orally and remain fundamental to the identity, 
healthcare traditions, and socio-cultural organization of rural populations (Josephine & 
Nwamaka, 2019). 
 
In Africa, traditional medicine continues to play a major role in healthcare delivery, 
particularly in remote and resource-limited communities where access to modern medical 
facilities remains inadequate (WHO, 2013; Abdullahi, 2011). It is estimated that between 70% 
and 95% of African populations depend partly or entirely on herbal medicine for primary 
healthcare needs (Thiombiano et al., 2022). In Nigeria, medicinal plants are extensively utilized 
across rural communities for the management of malaria, fever, hypertension, wounds, 
gastrointestinal disorders, and reproductive health conditions (Sofowora, 2006; Hamza & 
Salim, 2023). The persistence of traditional medicine in northern Nigeria is strongly linked to 
cultural beliefs, poverty, accessibility of medicinal plants, and confidence in the efficacy of 
indigenous remedies (Agbodan, 2023; Ouro-Djeri et al., 2022). 
 
Despite their immense importance, medicinal plants are increasingly threatened by 
urbanization, agricultural expansion, overharvesting, deforestation, overgrazing, and climate 
change, all of which contribute to habitat degradation and species decline (Bussmann et al., 
2016; Gadikou et al., 2022). The growing global demand for herbal products, coupled with 
unsustainable exploitation, has accelerated the depletion of many medicinal plant species 
(Chen et al., 2016). Recent global assessments estimate that nearly half of the world's flowering 
plant species may be at risk of extinction due to land-use change, habitat fragmentation, and 
climate change (Antonelli et al., 2023). Climate change further intensifies these threats by 
altering species distribution, reducing habitat suitability, and affecting ecosystem resilience 
(Elith et al., 2011; Cain & Douzet, 2022). These pressures highlight the urgent need for effective 
conservation strategies to safeguard both medicinal plant diversity and associated indigenous 
knowledge. 
 
The Sudan Savannah region of northwestern Nigeria, including Daura Emirate, is 
characterized by fragile semi-arid ecosystems experiencing increasing environmental 
pressure from farming activities, fuelwood extraction, grazing, and land degradation. 
Although the region possesses substantial ethnobotanical resources and indigenous medicinal 
knowledge, systematic documentation of medicinal plants and their conservation status 
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remains limited. Local communities across the Daura Emirate depend heavily on medicinal 
plants obtained from croplands, rangelands, and forested areas for healthcare and livelihood 
support. However, continuous land-use transformation threatens both the availability of 
medicinal plant species and the survival of indigenous knowledge systems associated with 
them. 
 
Land use practices play a critical role in shaping medicinal plant diversity, distribution, and 
accessibility. Croplands, rangelands, and forest reserves differ considerably in terms of 
disturbance intensity, vegetation structure, and human utilization patterns, thereby 
influencing species composition and conservation status (Shengji, 2001). In many rural 
African landscapes, agricultural systems may simultaneously contribute to biodiversity loss 
while also serving as reservoirs for culturally important plant species through selective 
preservation by local farmers (Salako et al., 2021). Understanding how medicinal plant 
diversity varies across land-use systems is therefore essential for designing effective 
conservation and sustainable management strategies. 
 
Furthermore, indigenous knowledge associated with medicinal plants is rapidly eroding due 
to modernization, changing lifestyles, formal education systems, and insufficient 
documentation (Atakpama et al., 2021). The gradual loss of this knowledge threatens not only 
traditional healthcare systems but also future opportunities for pharmacological research and 
biodiversity conservation. Ethnobotanical studies therefore provide an important scientific 
approach for documenting traditional knowledge, assessing culturally significant species, and 
identifying vulnerable medicinal plants requiring conservation attention (Saslis-Lagoudakis 
et al., 2015). 
 
Although several ethnobotanical studies have been conducted in different parts of Nigeria, 
limited information exists regarding the cultural importance, vulnerability, and conservation 
status of medicinal plants across different land-use systems in the Daura Emirate. Previous 
studies have largely focused on species inventories or medicinal uses without integrating 
conservation concerns and land-use dynamics. Consequently, there is inadequate 
understanding of how environmental disturbance and human activities influence medicinal 
plant diversity and sustainability in the region. 
 
This study was therefore designed to investigate the indigenous knowledge, cultural 
importance, vulnerability, and conservation status of medicinal plants across major land-use 
types in the Daura Emirate, Katsina State, Nigeria. Specifically, the study aimed to document 
commonly used medicinal plants, assess their distribution and conservation status across land 
uses, and provide baseline information necessary for sustainable utilization and conservation 
planning. 
 
MATERIALS AND METHODS 
Study area 
The study was conducted in Daura Emirate, Katsina State, northwestern Nigeria, located 
within the Sudan Savannah ecological zone between approximately 12°36′–13°20′N latitude 
and 8°12′–9°00′E longitude (Figure 1). The Emirate comprises five Local Government Areas 
(LGAs): Daura, Zango, Mai’adua, Baure, and Sandamu. The region experiences a semi-arid 
climate characterized by mean annual temperatures ranging from 30–37°C and annual rainfall 
of 600–800 mm, concentrated between June and September, which are typical features of the 
Sudan Savannah zone of northern Nigeria (Bello et al., 2019; Thiombiano et al., 2022). 
Vegetation is dominated by scattered trees, shrubs, and grasses adapted to seasonal moisture 
limitations and recurrent anthropogenic disturbances (Thiombiano et al., 2022). 
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The major livelihood activities of the inhabitants include crop cultivation, livestock rearing, 
fuelwood collection, and the utilization of medicinal plants for primary healthcare and 
cultural purposes (Abdullahi, 2011). Increasing agricultural expansion, grazing pressure, 
urbanization, and deforestation have contributed to habitat degradation and modification of 
the natural vegetation structure across the region (Bello et al., 2019). 
 
Three major land-use types were investigated: cropland, rangeland, and forest reserve. 
Croplands are intensively cultivated agricultural areas, rangelands are primarily used for 
livestock grazing, and forest reserves represent relatively protected ecosystems with relatively 
higher vegetation cover and biodiversity. These land-use categories were selected to evaluate 
variations in medicinal plant diversity, indigenous utilization, vulnerability, and conservation 
status under different environmental and anthropogenic conditions. 

 
Figure 1:  Map of Daura Emirate Katsina State Showing the Sampling Locations. 

 
Research design 
A mixed-methods ethnobotanical research design was employed in this study, integrating 
qualitative and quantitative approaches to assess the indigenous knowledge, cultural 
importance, vulnerability, and conservation status of medicinal plants across different land-
use systems. The study combined field surveys, structured questionnaires, semi-structured 
interviews, and ecological observations to generate comprehensive ethnobotanical data. 
 
The qualitative component focused on documenting indigenous knowledge associated with 
medicinal plants, including traditional uses, preparation methods, and cultural relevance. The 
quantitative component involved the assessment of species occurrence, frequency, diversity 
indices, and similarity patterns across land uses. 
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Sampling procedure and sample size 
A purposive sampling approach was employed to identify respondents with substantial 
knowledge of medicinal plants and traditional healthcare practices (Amin, 2005; Da Vaus, 
2001). Preliminary consultations were conducted with community leaders, traditional healers, 
herbal practitioners, and elders to identify suitable participants across the selected LGAs. A 
total of 150 respondents, comprising traditional healers, farmers, herb sellers, and elderly 
community members, were interviewed using structured questionnaires and semi-structured 
interviews. 
 
For the ecological survey, medicinal plant occurrence was assessed through systematic field 
walks across the three major land-use types (cropland, rangeland, and forest reserve). Within 
each land-use category, 10 m × 10 m quadrats were established at regular intervals along pre-
determined transects to record tree and shrub medicinal plant species, while herbaceous 
species encountered within the quadrats were also documented. Quadrat locations were 
selected using a systematic sampling design to ensure broad spatial coverage and minimize 
sampling bias. A total of 616 medicinal plant records were documented, comprising 217 
records from croplands, 205 from rangelands, and 177 from forest reserves. The combined 
ethnobotanical and ecological sampling framework ensured adequate representation of both 
indigenous knowledge and medicinal plant diversity across the study area. 
 
Ethnobotanical data collection 
Primary data were collected using structured questionnaires and semi-structured interviews 
administered directly to respondents (Jaskirat Kaur et al., 2017; Martin, 2014). Information 
obtained included local plant names, scientific names, plant families, plant parts used, 
ailments treated, methods of preparation, modes of administration, frequency of use, and 
land-use sources of medicinal plants. 
 
Interviews were conducted in local languages familiar to respondents to facilitate accurate 
communication and improve reliability of responses. Additional information regarding 
perceived threats to medicinal plants, conservation practices, and changes in plant availability 
over time was also documented during discussions with key informants. 
Field observations and guided plant walks were conducted with respondents to identify 
medicinal plant species in their natural habitats. Plant specimens encountered during surveys 
were collected, photographed, and later identified using standard taxonomic keys and 
existing floristic literature. Scientific identification and verification of plant species were 
further confirmed at the Herbarium of Umaru Musa Yar’adua University, Katsina. 
 
Assessment of conservation status and vulnerability 
The vulnerability status of medicinal plant species was assessed using a semi-quantitative 
ranking approach adapted from ethnobotanical conservation studies (Shengji, 2001; 
Bussmann et al., 2016). Three indicators were considered: (i) frequency of occurrence during 
field surveys, (ii) distribution across the three land-use types, and (iii) harvesting pressure as 
perceived by local informants. Each indicator was assigned a score ranging from 1 (low 
vulnerability) to 3 (high vulnerability). The cumulative score was used to classify species into 
low (3–4), moderate (5–6), or high vulnerability (7–9) categories. Species with restricted 
distribution, low occurrence frequencies, and high harvesting pressure were considered the 
most vulnerable and therefore of highest conservation priority. 
 
Data analysis 
Data obtained from questionnaires and field surveys were collated, coded, and summarized 
using descriptive statistics. Frequencies, percentages, tables, and graphical presentations were 
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used to describe ethnobotanical information and medicinal plant distribution across land-use 
types and Local Government Areas (LGAs). Data management and preliminary summaries 
were performed using Microsoft Excel 2021 (Microsoft Corporation, Redmond, WA, USA). 
Medicinal plant diversity across land uses was assessed using the Shannon–Wiener diversity 
index, Simpson diversity index, and Pielou’s evenness index, while similarity in species 
composition between land-use types was evaluated using Sorenson’s similarity index. 
Multivariate analysis was performed using Principal Component Analysis (PCA) to examine 
patterns of species distribution and relationships among land-use types based on medicinal 
plant occurrence data. Diversity metrics and PCA were computed using R statistical software 
version 4.3.2 (R Core Team, 2023), with functions implemented through the vegan package 
(Oksanen et al., 2024). The PCA results were subsequently visualized using standard 
graphical outputs to identify major ecological gradients and clustering patterns among land-
use categories. 
 
Ethical Considerations 
Ethical approval for the study was obtained from the relevant research ethics authority of 
Umaru Musa Yar’adua University, Katsina. Prior informed consent was obtained from all 
respondents before data collection. The study adhered to the ethical principles of 
ethnobiological research as outlined by the International Society of Ethnobiology 
(International Society of Ethnobiology, 2006), ensuring respect for indigenous knowledge, 
confidentiality of participants, and appropriate acknowledgment of traditional knowledge 
holders. 
 
RESULTS AND DISCUSSION 
Ethnobotanical Distribution of Medicinal Plants Across Land Uses 
A total of 616 medicinal plant records were documented across cropland, rangeland, and 
forest reserve systems in the Daura Emirate (Table 1). Croplands recorded the highest 
proportion of medicinal plant records (217), followed by rangelands (205), while forest 
reserves accounted for 194 records. 
 
At the Local Government Area level, Baure and Sandamu exhibited the highest 
ethnobotanical richness (150 records each), followed by Zango (118), Mai’adua (103), and 
Daura (94). This spatial heterogeneity is visually summarized in Figure 1, which illustrates 
clear variation in medicinal plant distribution across land-use systems and LGAs. 
The dominance of cropland systems suggests that anthropogenic landscapes function as 
secondary reservoirs of medicinal plants. This reflects deliberate retention and management 
of useful species within agricultural mosaics, a pattern previously reported in savannah 
agroecosystems of northern Nigeria (Abdullahi, 2011; Chukwuma et al., 2015). 
 
Table 1. Distribution of medicinal plant records across land-use types and Local Government 
Areas in Daura Emirates, Katsina State, Nigeria. 
 

Local Government Area Cropland Rangeland Forest Reserve Total Records 

Baure 60 50 40 150 
Sandamu 55 55 40 150 
Zango 40 35 43 118 
Mai’adua 35 35 33 103 
Daura 27 30 38 95 
Total 217 205 194 616 

 
Distribution of documented medicinal plant records across cropland, rangeland, and forest 
reserve systems within the five Local Government Areas of Daura Emirates, Katsina State, 
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Nigeria. Croplands contained the highest number of medicinal plant records, indicating 
substantial ethnobotanical utilization within agricultural landscapes. 
Cropland (217) > Rangeland (205) > Forest Reserve (194) 
 

 
Figure 2: Distribution of Medicinal Plant Records Across Land-use Systems. 

 
Dominant Medicinal Plant Species and Ethnomedicinal Importance 
The frequency structure of medicinal plants revealed strong dominance by a small number of 
widely used species (Table 2). Guiera senegalensis, Bauhinia reticulata, Azadirachta indica, 
Adansonia digitata, and Combretum micranthum were the most frequently cited taxa. 
These species are well established in West African ethnomedicine for the treatment of malaria, 
fever, gastrointestinal disorders, and infections (Iwu, 2013; Sofowora, 2006). Leaves and bark 
were the most frequently utilized plant parts, reflecting both phytochemical richness and ease 
of harvest. Decoction was the dominant preparation method, consistent with traditional 
pharmacological extraction practices in sub-Saharan Africa (Atakpama et al., 2021). 
 
Table 2. Most frequently reported medicinal plant species across land-use systems in Daura 
Emirates, Katsina State, Nigeria. 

Scientific Name Family Frequency Primary Ethnomedicinal Use 

Guiera senegalensis J.F. Gmel. Combretaceae 21 Wound healing, fever 
Bauhinia reticulata DC. Fabaceae 17 Diabetes management 
Azadirachta indica A. Juss. Meliaceae 15 Malaria and fever 
Adansonia digitata L. Malvaceae 14 Fever treatment 
Combretum micranthum G. Don Combretaceae 14 Fever management 
Mangifera indica L. Anacardiaceae 13 Fever treatment 
Carica papaya L. Caricaceae 13 Malaria management 
Balanites aegyptiaca (L.) Delile Zygophyllaceae 11 Malaria treatment 
Diospyros mespiliformis Hochst. ex A.DC. Ebenaceae 11 Stomach disorders 
Detarium microcarpum Guill. & Perr. Fabaceae 10 Diarrhea treatment 
Senna occidentalis (L.) Link Fabaceae 9 Fever treatment 
Moringa oleifera Lam. Moringaceae 9 Nutritional supplementation 
Prosopis africana (Guill. & Perr.) Taub. Fabaceae 8 Toothache treatment 
Faidherbia albida (Delile) A. Chev. Fabaceae 8 Fever and livestock health 
Sclerocarya birrea (A. Rich.) Hochst. Anacardiaceae 7 Nutritional use 
Calotropis procera (Aiton) W.T. Aiton Apocynaceae 7 Skin disease treatment 
Jatropha curcas L. Euphorbiaceae 6 Skin disease management 
Khaya senegalensis (Desv.) A. Juss. Meliaceae 6 Malaria treatment 
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Medicinal Plant Diversity Across Land-Use Systems 
Alpha and beta diversity analyses revealed strong land-use-driven structuring of medicinal 
plant communities. Croplands exhibited the highest species diversity, followed closely by 
rangelands and forest reserves. This pattern is illustrated by the alpha diversity indices 
presented in Figures 2 and 3. 
 
Croplands recorded the highest diversity (Simpson = 0.9889; Shannon = 4.697), indicating that 
managed agricultural landscapes can support substantial medicinal plant richness. This 
supports the hypothesis that anthropogenic landscapes may serve as biodiversity refugia for 
ethnobotanical resources (Abdullahi, 2011). 
 
However, Sorenson similarity indices revealed only moderate species overlap between land-
use types, with the highest similarity observed between forest reserve and rangeland. This 
suggests that while diversity is high, species composition is highly differentiated across land 
uses, reflecting ecological filtering and habitat specialization. 
 

 
Figure 3: Comparison of Simpson diversity and Pielou's evenness indices of medicinal plant communities across 
cropland, forest reserve, and rangeland systems in Daura Emirates, Katsina State, Nigeria. 
 

 
Figure 3. Shannon–Wiener diversity index of medicinal plant communities across cropland, forest reserve, and 
rangeland systems in Daura Emirates, Katsina State, Nigeria. 
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Multivariate Structure of Medicinal Plant Communities (PCA) 
Principal Component Analysis demonstrated strong segregation of medicinal plant 
communities across land-use systems (Figure 4). The first two components explained nearly 
all observed variance, indicating strong environmental and anthropogenic control over 
species distribution patterns. 
 
Cropland sites formed a distinct cluster, reflecting strong human selection pressure and 
species management, while rangeland and forest reserve communities showed partial 
overlap, suggesting shared ecological constraints. This pattern aligns with ecological theory 
that land-use intensity is a primary driver of species turnover in savannah ecosystems (Mora 
et al., 2011). 

 
Figure 4: PCA Ordination of Medicinal Plant Communities 

 
Soil Properties and Their Role in Medicinal Plant Distribution 
Soil physicochemical properties varied significantly across land-use systems (Table 3; Figure 
5). Forest soils exhibited the highest organic carbon and organic matter content, followed by 
croplands, while rangelands showed consistently lower values. 
 
Table 3. Mean soil physicochemical properties across major land-use systems in Daura 
Emirates, Katsina State, Nigeria. 

Land Use Type pH Organic Carbon (%) Organic Matter (%) Water Holding Capacity (%) 

Forest Reserve 5.84 ± 0.27 1.98 ± 0.26 3.40 ± 0.46 20.14 ± 2.39 
Cropland 6.38 ± 0.13 1.57 ± 0.33 2.70 ± 0.56 18.93 ± 3.49 
Rangeland 6.72 ± 0.08 0.94 ± 0.08 1.61 ± 0.13 15.33 ± 3.05 

 
Forest soils demonstrated higher fertility and water retention capacity due to increased 
organic matter accumulation and reduced disturbance. In contrast, rangelands exhibited 
degraded soil conditions likely resulting from overgrazing and reduced litter inputs. 
These edaphic differences strongly influence medicinal plant distribution by controlling 
nutrient availability, soil structure, and moisture retention. This supports established findings 
that soil organic matter is a key regulator of vegetation diversity in savannah ecosystems 
(Bationo et al., 2007). 
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Figure 5: Mean soil physicochemical properties across forest reserve, cropland, and rangeland systems in Daura 
Emirates, Katsina State, Nigeria. 

 
Integrated Interpretation and Conservation Implications 
The results demonstrate a strong coupling between land-use systems, soil fertility, and 
medicinal plant diversity. While croplands currently support high species richness, this may 
reflect short-term retention of useful species rather than long-term ecological stability. Forest 
systems remain critical reservoirs of soil fertility and ecological integrity, while rangelands 
exhibit clear signs of degradation and reduced ethnobotanical potential. 
 
The vulnerability of low-frequency species highlights the urgent need for targeted 
conservation strategies, particularly for forest-dependent taxa. Community-based 
conservation, agroforestry integration, and systematic documentation of indigenous 
knowledge systems are essential for sustaining both biodiversity and cultural heritage (Salako 
et al., 2021; Posey, 2019). 
 
Conclusion 
This study provides an integrated assessment of medicinal plant diversity, conservation 
status, and associated indigenous knowledge across cropland, rangeland, and forest reserve 
systems in Daura Emirates, Katsina State. Medicinal plant diversity was high across all land-
use types, with croplands supporting the greatest species richness, highlighting the important 
role of managed agricultural landscapes in conserving ethnobotanical resources. The study 
also identified variations in species vulnerability, with low-frequency and restricted-
distribution species facing increased risks from habitat disturbance, overharvesting, and land-
use change. Furthermore, soil properties differed significantly among land-use systems, with 
forest reserves exhibiting higher organic carbon, organic matter, and water-holding capacity, 
factors that contribute to the distribution and persistence of medicinal plant species. Overall, 
the findings demonstrate that medicinal plant availability is shaped by both ecological 
conditions and indigenous management practices, emphasizing the need for sustainable 
conservation and utilization strategies. 
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Recommendations 
1. Local communities, traditional healers, and relevant government agencies should 

collaborate to develop conservation programs that promote sustainable harvesting, 
enrichment planting, and protection of vulnerable medicinal plant species, 
particularly those with low occurrence frequencies and restricted distributions. 

2. Given the high diversity recorded in croplands, agroforestry and on-farm 
conservation initiatives should be encouraged to maintain medicinal plant 
populations while supporting local livelihoods. Such approaches can reduce pressure 
on natural habitats and enhance long-term resource sustainability. 
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