


Uses of plant species and its impact in Agadez locality (Niger)


Abstract 
Climate change combined with under exploitation of plant resources impacts plant density and diversity in arid environments. To collect data, an individual ethnobotanical survey was conducted among 90 people in the area, including 30 people per village of both sexes, in order to identify the various activities that impact vegetation, the different management methods, the species most important to the local population, and the contribution of income from plant resources to the promotion of socio-economic activities. This study shows that wood cutting is the activity that has the greatest impact on vegetation. People surveyed, 98% confirmed that the vegetation cover has decreased and 18 species have been recorded as extinct. The five species extinct species with high frequencies are Guiera senegalensis J. F. Gmel., Leptadenia pyrotechnica (Forsk.) Decne., Piliostigma reticulatum (DC.) Hochst.Among the practices learned by the population for vegetation conservation, assisted natural regeneration (ANR) is the most widely taught and also the most widely practiced for conservation and improvement of tree density. Fifteen plant species are used for human consumption, 15 plant species are also used as fodder, and 32 species are used in pharmacopoeia. Income from plant resources contributes to improving the population's quality 	Comment by user: Please rephrase the highlighted sentence. 	Comment by user: Check the highlighted sentence, there is a repetition of species. You can rephrase your sentences.	Comment by user: Add space in between the two words.
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Introduction 
According to a recent study, more than 80% of the Earth's surface is directly affected by human activities that profoundly alter ecological conditions within habitats, the distribution of habitats across the landscape, and the functioning of populations and their interactions (Pascal., 2010). These disturbances result in the overexploitation of plant resources and lead to the disappearance of vegetation cover and biodiversity. In the Sahelian zone of West Africa, and in Niger in particular, plant species play a central role in the lives of rural communities. They provide many products and services that are used by the population. They have not only an ecological, fodder, and energy function, but also a food, health, social, and economic function (Larwanou et al., 2010).	Comment by user: Add space in between the two words.
In Niger, local populations are extremely dependent on products derived from natural vegetation, such as wood and non-wood forest products (NWFPs), which are the main source of income, medicinal products, and food supplements, especially in rural areas. However, irregular rainfall, repeated droughts, desertification, and demographic pressure on natural resources have led to profound changes in farming practices, which in turn have had an impact on natural resources.
According to (Habou.,2016), the excessive cutting of certain plant species, which is linked to socio-economic values, is one of the factors contributing to the degradation of vegetation, especially in the Sahelian and Sudanian zones of West Africa. In arid and semi-arid areas, the physical appearance of vegetation and the characteristics of the land surface affect the spatial change in infiltration and runoff of rainwater (Albergel., 1988). Vegetation associations in this zone are often linked to habitat degradation because they establish themselves in areas with the highest runoff (Ichaou et al., 1997; Ludwig et al., 2005).
The decline in vegetation cover following tree felling exposes the soil to the combined and multiple effects of wind and water erosion (Moussa et al., 2011). The idea of conserving species diversity, taking into account the needs and concerns of local populations, has become an undisputed reality since 1992 at the Earth Summit (Inoussa et al., 2013). Despite this awareness, the atmosphere of biodiversity poses a threat to humans (Sinsin and Kampmann, 2010). This is why studying the state of flora and vegetation in relation to environmental parameters not only allows us to study environmental conditions but also to analyze the consequences of vegetation on environmental variability. It also allows local communities to be informed about environmental changes through the scientific development of sustainable management (Abdourahamane., 2016; Alhassane., 2019). Indeed, according to (Melom et al., 2015), knowledge of the state of flora and vegetation in a given area is an effective means of supporting sustainable development policies. A necessary solution to this accelerated degradation and its management methods in the urban commune of Agadez.
MATERIALS AND METHODS
The study area and its characteristics
The study was conducted in the Agadez region, specifically in the urban commune located in the northern part of the country between latitude 16°56'44'‘ North and longitude 7°57'42’'. It has an arid tropical climate, with a relatively rainy period between June and September. It is part of the Sahelian zone, which receives some rain from the African monsoon. The hottest season begins in April and lasts until June, before the rains arrive. However, rainfall is often scarce, even in the wettest month. The city is located in the middle of Niger at an altitude of 500 meters. On average, the temperature is 69.6°F in the coldest month (January) and 95.6°F in the hottest month (June). In 2023, rainfall was 110 millimeters: this is a desert area. Rainfall can be as low as 0 mm in the months with the least rainfall (January, February, March, October, November, December), and can reach up to 50 mm in the rainiest month (August).
 
	



Figure 1 study area
Sampling
Random sampling was carried out in three (3) villages in the municipality. Thirty people in each village were surveyed. A total of 90 people were questioned. These surveys were conducted using a questionnaire provided in the appendix. Each form contains the respondent's personal information, such as their first and last names, occupation, age, gender, and the name of the village where they live.
Data collection 
Ethnobotanical data was collected through surveys conducted in the villages. The survey was conducted using a pre-established questionnaire. This questionnaire included closed and open-ended questions to achieve the objective of this study. Ethnobotany is the discipline that studies natural sciences with the aim of studying the use of riparian flora by various human groups (Ramade., 2008). For this work, the individual survey method was used. A questionnaire in Appendix 7 was presented to all social groups of the riparian populations. A total of 90 people (men and women) between the ages of 20 and 80 were interviewed. The data is based on information about the locality, the date on which the survey took place, the age, occupation, and identity of the respondent, local perceptions of vegetation, ecosystem services, and local management of plant resources.
Data processing
The data collected during the survey were encoded, entered into Excel, then processed and analyzed using the same software. This made it possible to determine the importance of species using values determined by informants, such as use value.

Citation frequency 
For each category of use, we analyzed the citation frequency (CF).


Use value
The use value (UV) is the quotient between the number of citations of a given species in a presumed use category and the total number of informants questioned. The use value shows the species generally exploited in a given category. It also reveals a significant idea of the degree of pressure exerted on the species. The use value is defined by the formula below:  
UV = (∑U) / (N)
U: frequency of citations mentioning the use of the species for a given purpose;   
N: total number of pieces of information received.
The total use value of the species
This consists of identifying the species that have the greatest value in a given environment based on the cumulative use values in all areas where they are used. The total use value of each species is determined by measuring the sum of all the use values of the assumed species within the different areas of use. The total use value of a species is calculated using the following equation: 
TUV = ∑p1 UV
TUV: corresponds to the total use value of the assumed species k;   
VU: indicates the use value of species k for a given category of use;  
P: corresponds to the frequency of areas of use or categories of use covered by the species.
 Frequency of citation of organs used
For each species considered, this frequency shows the organs or parts of the plant most commonly used in a given category of use. This frequency of citation of organs used by type of area of use varies from 0 to 100. The number 0 shows that the organ is not used and the number 100 indicates that the organ is used by all respondents. The frequency of citation of parts used by the plant (organs) and by type of category of use is given by the following equation:
F = S / (N) X 100
F: is the calculated response frequency; S: is the frequency of citations of use of the part in question; N: is the total number of informants.  
The overall rate of use of an organ or part of a species in a given category is determined by first finding the cumulative frequency of use of that same part or organ of the species for all species exploited for the same selected domain. This cumulative rate is then divided by the total cumulative frequency of all parts used in the assumed domain.
FT = CF / (TCF) X 100
FT: the general value of use of the part (organ) in a given category of use;
CF: the cumulative frequency of use of the organ in question for all species exploited in the same category;  
TCF: the sum of the cumulative rates of all parts or organs of the species exploited in the area in question.
Results
Perception of vegetation
The figure illustrates the views of respondents on the state of vegetation cover in the past and present in this municipality. Of the 90 people surveyed, 98% confirmed that the vegetation in the municipality of Agadez has declined compared to previous years (figure 2).
 
Figure 2: vegetation cover
Extinct species
Extinct species in the municipality of Agadez. These species are classified according to their frequency (table 1) from highest to lowest frequency. These species are as follows: Guiera senegalensis J. F. Gmel., Leptadenia pyrotechnica (Forsk.) Decne., Piliostigma reticulatum (DC.) Hochst., Acacia senegal (L.) Willd., Faidherbia albida (Del.) A. Chev., Acacia chrembergiana Hayne., Euphorbia balsamifera Ait., Commiphora africana (A. Rich.) Engl., are extinct species with high frequencies. A total of 18 species have been recorded as extinct.
Table 1. Extinct species recorded
	Extinct species
	                                                               Frequency of citation

	Guiera senegalensis J. F. Gmel
	10,78

	Leptadenia pyrotechnica (Forsk.) Decne.
	8,77

	Piliostigma reticulatum (DC.) Hochst.
	8,77

	Acacia senegal (L.) Willd.
	8,27

	Faidherbia albida (Del.) A. Chev.
	8,27

	Acacia chrembergiana Hayne.
	7,77

	Euphorbia balsamifera Ait.
	6,27

	Commiphora africana (A. Rich.) Engl.
	6,02

	Balanites aegyptiaca (L.) Del.
	4,51

	Bauhinia rufescens Lam.
	4,26

	Annona senegalensis Pers. 
	4,01

	Tamarindus indica L.
	3,76

	Zizyphus mauritiana Lam.
	3,76

	Combretum glutinosum Perr.
	3,51

	Acacia nilotica (L.) Willd. ex Delile
	3,01

	Sclerocarya birrea (A. Rich.) Hochst.
	3,01

	Zizyphus spina-christi (L.) Desf. 
	2,76

	Adansonia digitata L.
	2,51

	 Total : 18 species
	100



Activities impacting vegetation
The majority of respondents believe that plant biodiversity in the municipality is deteriorating and is currently undergoing a sharp decline. This degradation of species is largely the result of multiple and complex combined factors, including human activities and natural factors. Plants have many uses, including human and animal food, human and animal health, wood for energy and construction. Excessive tree cutting (for firewood, service wood, and timber) is the activity that has the greatest impact on vegetation (figure 3).

Figure 3 Activities impacting vegetation.
Species that have appeared
According to the municipality's population, no species have appeared or been introduced in the 10 years since Prosopis juliflora was introduced to counteract desertification. This species is used because it is resistant to the most extreme ecological conditions and has a rapid regeneration capacity.
Ecosystem service
Species used in human food
The figure 4 below shows the plant species used in human food. It consists of many plant species, the most commonly consumed of which are: Phoenix dactylifera L., Moringa oleifera Lam., Leptadenia hastata (Pers.) Decne., Hyphaene thebaica (L.) Mart., Zizyphus mauritiana Lam., Zizyphus spina-christi (L.) Desf., and Maerua crassifolia Forsk.

Figure 4 : Species consumed in human food
Species used in animal feed
According to the population, the plant species most appetizing to animals are the following: Acacia tortilis (Subsp.) Savi., Boscia senegalensis Lam., Boerhavia repens L., Prosopis juliflora (Sw.) DC., Maerua crassifolia Forsk., Panicum turgidum Forsk., Tribulus terrestris L., Faidherbia albida (Del.) A. Chev., with their respective frequencies of 17.57%; 11.94%; 11.04%; 10.81%; 10.59%; 9.91%; 7.21%; 5.18%. The figure 5 below illustrates the plants most consumed by animals.

Figure 5 : Species used in animal feed.
Species used in human health
The figure 6 below shows the species used in human health. Only the species with the highest citation frequencies are shown. The most commonly used species are: Acacia nilotica (L.) Willd. ex Delile., Balanites aegyptiaca (L.) Del., Acacia chrembergiana Hayne., Maerua crassifolia Forsk., Salvadora persica L., Zizyphus mauritiana Lam., Acacia senegal (L.) Willd., with their respective frequencies of: 18.18%; 15.34%; 10.23%; 7.95%; 7.95%; 5.56%; 5.11%.

Figure 6 Species used in human health 
The most frequently treated diseases in human health are hemorrhoids, wound healing, stomach ache, gastric ulcer, and fever, with respective frequencies of 26.78%, 10.88%, 10.04%, 8.37%, and 7.95% figure 7.

Figure 7 Diseases treated in human health.
Species used in animal health
The species most commonly used for animal care are: Boscia senegalensis Lam., Hibiscus sabdariffa L., Tamarix orientalis Forsk., Maerua crassifolia Forsk., with respective frequencies of 22.99%; 20.69%; 9.20%; 8.05% figure 8.

Figure 8 Species used in animals health 
The most commonly treated diseases in animal health are: constipation, hypertension, cough, wounds, diarrhea, lice, and appetite, with respective frequencies of 22.73%; 20.45%; 13.64%; 10.23%; 9.09%; 6.82%; and 5.68% figure 3.

Figure 9 Species used in animals health 
Species used in construction
The species most commonly used in construction are: Prosopis juliflora (Sw.) DC., Calotropis procera Ait., Acacia tortilis (Subsp.) Savi., Hyphaene thebaica (L.) Mart., Phoenix dactylifera L., with respective frequencies of 26.71% figure 10.

Figure 10 Species used in construction.
Species used in crafts
The species most commonly used in crafts are: Hyphaene thebaica (L.) Mart., Panicum turgidum Forsk., with respective frequencies of 57.24% and 40.69% figure 11.
 
Figure 11 Species used in crafts.
Species used in rituals
The species used in rituals are: Acacia nilotica (L.) Willd. ex Delile., Commiphora africana (A. Rich.) Engl., Zizyphus mauritiana Lam., with respective frequencies of 50%, 25% and 25% figure 12.
 
Figure 12 Species used in rituals.
Plant resource management 
Local practices for conserving plant species
assisted natural regeneration (RNA) is the most common practice in the municipality for conserving vegetation. Tree planting is also a practice carried out by many people with the aim of improving vegetation (51,14%), while pruning and monitoring are the least common practices among the population (figure 13).	Comment by user: Capitalize the first letter.
 

Figure 13 Local practices for the conservation of plant species.
Learned practices for conserving plant species
RNA is the practice learned by the municipality's population with a frequency of 49.40%. Dune fixation, half-moons, and benches are also the least known learned practices by the population with frequencies of 26.51%, 15.66%, and 8.43%, respectively (figure 14).

Figure 14 Practices learned to conserve plant species.
Reasons for conserving plant species
The reasons for conserving plant species are as follows: food, medicine, shade, fuel wood, construction, crafts, rituals, and also to combat desertification. This is evidenced by the fact that Prosopis juliflora (Sw.) DC is the most widely planted species in the municipality for construction, animal feed, shade, fencing, timber, and fuel wood. The presence of certain trees in fields (gardens) also contributes to better agricultural productivity (figure 15).

Figure 15 Reasons for conserving plant species.
Discussion
The ethnobotanical study reveals that almost half of the species recorded in the study area have disappeared or are in the process of disappearing (31 species), including 18 extinct species and 13 species threatened with extinction. Similar results were reported by (Danjimo et al., 2003) in their study conducted around the village of Gouré and in Dallol Bosso, where 30 plant species out of the 250 species assessed have disappeared, and 27.2% (68 species) are threatened with extinction. This percentage of extinction is significantly higher than the regional threat level in West Africa, where it is 1.5% (Juffe-Bignoli et al., 2012). The cutting of wood from certain plant species, such as those of socio-economic importance, is one of the factors disrupting the plant community, especially in the Sahelian and Sudanian zones of West Africa (Rabiou., 2016). It should be noted that the Sahelian zone has experienced similar droughts in recent decades (1913, 1914, 1972, 1983, 1984) (Borton et al., 1994). This rainfall deficit has led to deficiencies in the soil water balance. This has resulted in poor water absorption by vegetation. In the urban commune of Agadez, excessive logging and scarce rainfall have led to the extinction of certain plant species, fragmented certain ecological habitats, weakened the resistance of species, and also promoted the development of certain plant species. Indeed, since the 1990s, the decline or even disappearance of certain forest species has been reported (Saadou., 1990). This loss of plant biodiversity was much more closely linked to rainfall, as for several decades, countries in the Sahel region have been facing a rainfall deficit (Sene., 2000). The destruction of land in the Sahel is mainly linked to poor management, over exploitation, and failure to restore soil constituents (Avadogo et al., 2015). The consequence has been a lack of regeneration of certain species (Delwaulle., 1973), as well as poor resource management. This effect is felt by the entire population surveyed who have lived through these periods and confirms the regressive trend in vegetation development and their exploitation of these resources. Throughout history, civilization has been a constant search for natural resources (Fisher et al., 2009). In food, health, construction, crafts, and rituals are the most affected by species, and the way they are exploited is not conducive to preserving the integrity of the plant being exploited, thereby causing the plant to become disabled or even die. This is why, today, the history of rapid population growth has become an undisputed reality in terms of the use of plant species, with uncontrolled exploitation of these species to meet daily needs, without realizing that this can cause short- or long-term damage to the environment in which they live. In the study area, the data obtained and analyzed clearly show that plant species play a vital role in meeting the needs of local populations. Of remarkable importance, the species of its flora have significant socio-economic value for the population. It has been proven that the local populations in this area are more interested in the seven categories of services identified, namely human and animal food, human and animal health, construction, crafts, and rituals. These results corroborate those of (Cheikh Youssef et al., 2011), according to whom the consensus factor for the different categories of tree use is high on average in the arid and semi-arid zones of Africa. In addition, it should be noted that the frequency of use of species depends on these categories of identified services and the type of plant preferred by the population, as well as the parts of the plant that are used.	Comment by user: Remove the word In from the begining of this sentence.
Conclusion
This study is part of a broader study of the vegetation and management of plant resources in the landscape ecosystem of the urban commune of Agadez, with the aim of providing information on the current state of flora and vegetation, ecosystem services, and the threats to the latter. It has contributed to a better understanding of the floristic composition. This study has also provided insight into the different categories of plant species use by the population, as well as the different ways in which these resources are managed by the population.
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Species used for animal feed 
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Species used in human health
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Species used in construction
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Frequency of citation 



Species used in crafts

Fr	
Hyphaene thebaica (L.) Mart.	Panicum turgidum Forsk.	Phoenix dactylifera L.	57.241379310344833	40.689655172413794	2.0689655172413794	Species


Frequency of citation 



Species used in rituals

Fr	
Acacia nilotica (L.) Willd. ex Delile	Commiphora africana (A. Rich.) Engl	Zizyphus mauritiana Lam.	50	25	25	Species


Frequency of citation 



Local practices for species conservation

Fr	
RNA	Plantations	Elagaes	Controles	51.136363636363633	28.40909090909091	14.772727272727273	5.6818181818181817	Pratiques


Fr



ANR	Planting	Pruning	Monitoring	51.14	28.41	14.77	5.68	Practices


Frequency of citation 




Assisted natural regeneration RNA 	   Dune stabilization 	   Half-moons 	   Silvicultural benches 	49.4	26.51	15.66	8.43	


Wood energy	Food	Pharmacopoeia	Shade	Construction	Craftsmanship	Fertilization	Reforestation	Rituals	22.97	18.239999999999998	14.86	12.16	10.14	9.4600000000000009	6.76	3.38	2.02	Use


Frequency of citation 
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