



Floristic Composition and Community Analysis of Rangelands Invaded by Sida cordifolia L. in the Department of Falmey, Niger Republic

Abstract

Invasions are a fundamental driver of ecosystem degradation in many parts of the world. The impact of invasive species on human activities can be associated with livestock production, including interfering with grazing practices, lowering yield and quality of forage, increasing costs of managing and producing livestock, slowing animal weight gain, reducing the quality of meat, milk, wool, and hides, and poisoning livestock. This study provide the characteristics of plant communities in the rangelands invaded by Sida cordifolia L. and the edaphic factors which could governed the distribution of this invasive species. A total of 126 phytosociological plots were established in the invaded rangelands. On each of the above-mentioned plots, five samples of soil were collected at the depth of 20cm and mixed to form a composite sample. The samples were taken for physical and chemical analysis in the Soil Laboratory of Centre for Dryland Agriculture Kano (Nigeria). Among the soil properties measured include particle size distribution (sand, silt, clay), soil reaction (pH), Electrical Conductivity (EC), Organic Carbon (OC), nitrogen (N), available phosphorus (P), Calcium (Ca), Magnesium (Mg), Potassium (K), Sodium (Na), Exchange Acidity (EA), Effective Cation Exchange Capacity (ECEC), Zinc (Zn), Copper (Cu), Manganese (Mn) and Iron (Fe). A total of 180 species belonging to 40 families were recorded in the study area. The Poaceae family with 22.72% of the total flora largely dominate the flora followed by the Fabaceae (18.17%). Shannon diversity index and Evenness indices of these rangelands were low exception of G4 (4.52 bits). The low value of the Shannon index indicated that the environment is unfavorable to floristic diversity while the low Evenness indicated unequal distribution of plant species and dominance of few species. The unequitable distribution of species has probably favoured the proliferation of Sida cordifolia, hence its colonization of rangelands. Therophytes 59.66% were the most dominated in the study area followed by phanerophytes 23.86% in the raw spectrum. The combined effect of overgrazing, climate change and the harmful practice of excessive harvesting of immature fodder by certain actors leads to a regression in the dynamics of rangelands. This may be the cause of the scarcity or even the disappearance of certain fodder species, and the colonization of rangelands by Sida cordifolia. All the plant communities recorded in the rangelands invaded by Sida cordifolia were established on acid soils and their soils structure range from sandy clay loam, sandy loam to loamy. This study revealed that Sida cordifolia pose a threat to rangelands in the study area and this threat results in the modification of the floristic composition.
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1. Introduction 

Invasive plant species are a major threat to the ecosystems and economies of rangelands in Africa and other regions. These plants often spread quickly in areas that have been disturbed or overgrazed, where they overshadow native grasses and shrubs, leading to a decrease in plant variety and poorer quality of grazing land. This situation poses a challenge for pastoralist communities, who find that their livestock productivity drops because they can no longer access enough nutritious grazing resources (Shackleton et al., 2017). Problematic invasive plants include Prosopis juliflora, Lantana camara, Parthenium hysterophorus and (Kumar et al., 2024; Rothe and Dhale, 2016), Sida cordifolia These species can change soil nutrients, water flows, and fire patterns, as well as increase the cost of land management ((Vilà et al., 2011; Mwangi & Swallow, 2005). These shifts undermine crucial ecosystem benefits like carbon capture, water management, and preventing soil erosion. For instance, in the USA, the cost of dealing with invasion species from 1960 to 2020 has been estimated at a staggering $4.52 trillion (Fantle-Lepczyk et al., 2022). 
In Niger, Sida cordifolia is one of the major invasive species which has been increasingly taking over rangelands, especially in the Dosso, Maradi Tahoua and Tillabery regions. This poses serious risks to biodiversity, livestock productivity, and the livelihoods of pastoral communities. Its rapid expansion competes against native forage plants such as Andropogon gayanus and Eragrostis tremula, reducing the number of tasty grasses vital for grazing. In places like the Goulbi N’Kaba valley, neglected rangelands overrun by Sida cordifolia have shown plant cover dominance of up to 35.43%, significantly decreasing species diversity and disrupting the ecosystem (Alhassane et al., 2021). This invasion worsens land degradation and increases conflicts between herders and farmers due to less available grazing land. To combat this, comprehensive management tools need to be advanced for maintaining the health and resilience of rangelands (Pyšek et al., 2020). 

Phytosociology is crucial in managing plant invasions as it provides scientific techniques to analyse the structure, make-up, and behaviour of plant communities. Through detailed surveys and classification systems, these tools help spot the presence of invasive species, understand their spread, and assess their ecological impact on both natural and semi-natural habitats (Braun-Blanquet, 1964; Kent, 2012). This foundational data is vital for monitoring changes in biodiversity and shifts in community structure due to invasions, thus allowing for early detection and the prioritization of high-risk areas for management perspectives (Chytrý et al., 2012). By identifying the native species being displaced and the ecological niches occupied by invaders, phytosociological assessments inform the development of tailored, site-specific management and restoration strategies. These may include the introduction of resilient native species and the evaluation of habitat vulnerability to future invasions (Pyšek & Richardson, 2010). In rangeland ecosystems where invasive plants can drastically reduce forage quality and impact pastoral livelihoods, phytosociological insights support informed land-use planning and ecosystem rehabilitation. Ultimately, phytosociology provides a scientific foundation for evidence-based management of invasive species and enhances the long-term resilience of ecosystems. Thus, the present study intends to contribute to the understanding of the biodiversity of the rangelands invaded by Sida cordifolia using phytosociological tools. The objectives of this study is to (i) determine the plant composition of the rangelands invaded by Sida cordifolia; (ii) classify into plant communities the vegetation of the rangelands invaded by Sida Cordifolia L. following multivariate statistical analysis; (iii) describe the plant communities invaded by Sida cordifolia L. using chorological and ecological spectrums, edaphic variables, alpha diversity and indicator species analysis; and (iv) identify the ecological determinants which structured species distribution and plant communities in rangelands invaded by Sida cordifolia. These information could be used as a support to control the invasion of the species and to guide the restoration activities of the rangelands invaded.

2. Materials and Methods 

2.1 Study Area 

The study was carried out in the Department of Falmey Dosso Region. The Department of Falmey covers an area of 1,172 km2 and is located in the extreme South-West of Niger Republic, 100 km from Dosso and 155 km from Niamey (capital of the country) (Sitou et al., 2019). The Department of Falmey is located between Latitudes 12°35′38′′ ′′and 12°50′00 North, Longitudes 2°35 and 3°00 East in the western part of the Dosso Region (Figure 1). The climate of the Department of Falmey is tropical arid with an annual average rainfall of between 600 and 800 millimeters (Sitou et al., 2019). The climate is characterised by two alternating seasons: a rainy season which spans from May to September and a dry season which occurs from October to April. Temperatures vary considerably throughout the year, depending on the season. Maximum temperatures are recorded during the months of March and April, while minimum temperatures during the months of December and February (PDC, 2014). The figure 2 shows the variation in annual rainfall in Falmey Department from 1970 to 2020. It indicates absence of regular cycles, as there was a very dry period during the 1970s followed by distinctly wet periods during the years 1973, 1975 and 1977 which recorded large annual accumulations of rain, characterized by excess years. These periods are followed by years of drought during the years 1980 to 2000 which are generally regarded as deficit period. Wet periods are observed in the years 2001-2020 with greatest annual accumulations in 2004 and 2017 and characterized by excess years. In 2020, there was a record of 674.4 mm of rain, with over 39 rainy days in Falmey. The study sites are four (4) rangelands invaded by Sida cordifolia. These rangelands are extensively used for livestock production. 

Figure 1: Location of the Study Area        
The area is very conducive to both agricultural production and animal production, which means that agro-pastoralism is very developed there. Among the different types of soils in the study area include sandy soil, valley soils, hydromorphic soils and lateritic soils (AIC PROGETTI SPA, 2019): The sandy soils of dallol which are reworked as aeolian formation and belong to the subclass of leached tropical ferruginous soils. The texture of these soils is generally sandy on the surface and the sand content is always between 90% and 97%. These soils are poor in organic matter, with a content of less than 0.5%. Valley soils with more or less heavy, rich in clay, silt and organic matter. Hydromorphic soils with temporarily submerged areas develop hydromorphic soils with a sandy texture. They are characterized by a high content of soluble salt (natron) which forms in the settling deposits of clay-sandy texture which is unexploited because of the high salinity level. The Lateritic soils which are very stony of the hills at the level of the stony plateaus and the soils of the “Zigui” and “Fakara” plateau which are made up of sandy layers resting on ferruginous-sandstones of the terminal continental. These soils are increasingly exploited but cannot be cultivated permanently without improving cultivation techniques.
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Figure 2: The Diagram of Variability of Annual Rainfall in Falmey from 1970 to 2020 (National Direction of Meteorology)

The vegetation of the study area is composed of “tiger bush” which is an alternation of a strip of vegetation and a bare strip when seen from the plane “the image of the Tiger’s coat”; tree and shrub savannah as well as shrub steppes (Kindo et al., 2019). The floristic composition as well as the density of this vegetation vary from one zone to another in the Department, according to the rainfall gradient, the nature of the soil and other anthropogenic factors. The tree layer, which is made up of large trees and constitutes an agro-forestry park, is deliberately preserved in association with crops. The main species encountered are: Neocarya macrophyla, Faidherbia albida, Piliostigma reticulatum, Detarium microcarpum, Sclerocarya birrea, Prosopis africana, Vitellania paradoxa, Borassus aethiopum, Hyphaene thebaica, Mitragyna inermis, Vitex doniana, Daniellia oliveri, Ceiba pentandra, Ficus sycomorus, Sarcocephalus latifolius, Feretia apodanthera, Balanites aegyptica, Acacia nilotica, Ziziphus mauritiana, Bauhinia rufescens, and Diospyros mespiliformis. The shrub layer is that which is composed of medium and small trees whose main species are: Combretum micrantum, Guiera senegalensis, Anona senegalensis, Combretum glutinosum, Cadaba farinosa, and Boscia senegalensis. And the grassy layer which is made up of the most common herbaceous species on dune soils. The fodder value of these species is good to average depending on the case; they are: Andropogon gayanus, Cenchrus biflorus, Eragrotis tremula, Cassia mimosoides, Tripogon minimus, and Diheteropogon hagerupii (PDC, 2014).

2.2 Method of Vegetation and Environmental Variables Collection
First a reconnaissance survey was conducted in the department of Falmey at the beginning of August 2022 to identify the rangelands invaded by Sida cordifolia L. (Plate 1 & 2). It was possible to identify the rangelands of the study area as well as that invaded by Sida cordifolia  L. These informations were collected in collaboration the environment Director of Falmey Department and his team through an interview. For this purpose, four (6) rangelands were chosen for data collection: the rangeland of Kara in the village of Bellande; the rangeland of Toungan gambou in the village of Garbou; the rangeland of Karel koissi in the village of Koissi, the rangeland of Binguel bodi in the village of Djonkoto, the rangelands of Natangou and Galala in the village of Sour –Sour all of them invaded by Sida cordifolia.
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Plate 1: Animals Looking for Forage in a Part of the Rangeland of Kara Partially Invaded by Sida cordifolia L.
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Plate 2: A part of the rangeland of Toungan Gambou completely invaded by Sida cordifialia L.
The Sampling consists of establish transects in the rangeland according to the geomorphology:  depression or plateau. In each geomorphological unit was established a plot of 1000 m² (20 m × 50 m) taking into account the homogeneity of the woody and herbaceous vegetation in order to avoid the edge effect. In each plot the vegetation and environmental variables were studied according to phytosociological approaches. The surveys were carried out in August and September 2022. Indeed, during this period the sahelian herbs cover was at maximal development, with grasses and forbs easily identifiable
(Soumana et al., 2012). Phytosociological surveys were carried out according to the sigmatist method de Braun-Blanquet (1932). This method makes it possible to describe plant communities and understand the spatio-temporal organization in quantitative and qualitative terms of species constituents (Houinato, 2001). Transects were established in each rangeland invaded by Sida cordifolia L according to the geomorphology: depression or plateau. Within each plot of 1000 m², a floristic inventory were established and geographic coordinates, geomorphology, soil texture by the tactile method, and soil surface crusts following Casenave and Valentin (1989) were noted. These authors distinguished six mains crusts for the Sahel based on the nature of the outcropping microhorizon, the number of microhorizons, and their continuity. Soil surface crusts used were structural crust, the process is dominated by the mobilization of particles and splashing depending on the size of the clay and sand constituents; runoff crust, these are the different sediments deposited in the runoff layer, more or less consolidated during desiccation. Very frequently, they cover a structural crust; Erosion crust, dominant process uprooting by water and wind; Aeolian deposit crust, the fine sand that undergoes wind deflation is deposited as soon as the wind hits an obstacle: small dunes or plant barrier; Settling crust, this is the crust that forms after sedimentation of particles in a liquid at rest: the very marked granulometric sorting between the different beds that constitute it, from coarse elements at the base to fine on the surface, promotes the formation of cracks and splits during desiccation; desiccation crust, the reorganization processes can be reduced to the sole mechanisms involved during the wetting-desiccation cycles. Thus, for a very sandy material, almost entirely devoid of clay, well protected from the impact of raindrops, by the grassy cover for example, the only mechanism consists of a slight massing of the first millimeters, or even the very first centimeters.
2.3 Data Analysis 

The identification of the species was made in the field for certain species and for others from preserved herbariums and different floras. The flora used are the following: Flora of West Tropical Africa by Hutchinson and Dalziel (1954. 1958. 1963. 1968 & 1972), Flore du Sénégal (Berhaut. 1967), Flore du Sahara (Ozenda. 1983), Poaceae du Niger (Poilecot. 1999), and Trees, shrubs and lianas of the dry zones of West Africa (Arbonnier, 2000). Nomenclature adopted for plants is that of Lebrun and Stork (1991-2015). The list of the species families recorded in this study was arranged according to the Linear Angiosperm Phylogeny Group (LAPG) IV (APG, 2016).
The biological spectrum consists in establishing for all the species present in the grouping, the percentage of species belonging to each of the life forms or biological types existing in the floristic list of the sites studied. Boudet (1991) indicates that they parallel the appearance of each plant in the good season and during the bad season. The biological types used in the phytosociological tables are those defined by Raunkiaer (1934). The phytogeographical types used in the work are those described by White (1986). 
The floristic data analysed consist of 126 plots and 178 species (herbaceous and woody). This has been subjected to multivariate analysis to identify the main plant communities. With the Euclidean distance option selected in the software PC-ORD ver. 5, Then, Hierarchical Ascendant Classification was complemented by Detrended Correspondence Analysis (DCA) (McCune et al., 2002), an indirect gradient analysis was implemented to detect the level of change in species composition along the two first ordination axis. This allowed to identify the main environmental factors associated to change in species composition. To test for differences between the pre-defined plant communities in terms of plant species composition, multi-response permutation procedure (MRPP) with the Sørensen distance measure have been used because its less inclined to exaggeration based on outliers and zero values for cover estimates. Multi-Response Permutation Procedures (MRPP) is a nonparametric test used to compare the similarity of variables within groups relative to other groups. For this analysis, the matrix of 126 plots and 178 species was analysed. MRPP generates three key statistics: T statistic which measures the separation between groups, a more negative T value indicates greater separation. A statistic which represents the chance-corrected within-group agreement. A value of 1 indicated perfect agreement, while 0 suggests no agreement beyond random expectation. In community ecology, A values are generally less than 0.1. P-value: This determines the statistical significance of the test.

Indicator species analysis was conducted using PC-ORD 5 to identify the characteristics species of each plant community. This analysis allows combine both the relative frequency and abundance to calculate the indicator value (IV) of each species whose significance is tested by the Monte Carlo test. The Indicator Value was computed using the following formula:
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        equation 1      

Where:

IV= is Indicator Value

RA= is the relative abundance of a given species j in a given site type k and RF= is the proportional frequency of species j in site type k (i.e., the proportion of plots in each site type with species j).

Values of IV ranged from 0 to 100. All species with a probability of less than 0.05 were retained as characteristic species of a plant community. The plant communities were named each time by Sida cordifolia and another most characteristic species of the herbaceous stratum or the ligneous stratum, but the ruderal species were avoided in this nomenclature 

Alpha diversity is assessed by specific diversity index of Shannon and Weaver and evenness (regularity) index according to the Shannon-Weaver method.

Difference in soil structure and chemical composition among the plant communities have been tested following one-way ANOVA. Before computing the one-way ANOVA the normal distribution of each variable was tested using the test of Kolmogorov-Smirnov test (Feller, 1948).The analyses were conducted using the software PC-ORD ver. 5. 
3. Results 

3.1 Total Flora and Taxonomic Composition
A total of 176 species belonging to 40 different families were recorded (table 1, appendix 2). The most represented families are Poaceae with 40 species (22.72%) followed by Fabaceae with 32 species (18.17%), Malvaceae with 13 species (7.37%). Convolvulaceae and Rubiaceae both with 9 species (5.11%), Amaranthaceae with 6 species (3.40%), Cucurbitaceae and Cyperaceae both with 5 species (2.84%), Combretaceae and Apocynaceae both with 4 species (2.27%), and Amaryllidaceae and Commelinaceae both with 3 species (1.70%). The other families are represented by only one or two species (Table1).

Table 1:  Number of Species and Genus per Family
	Families 
	Genus
	Percentage 
	Species
	Percentage 

	Poaceae
	20
	18.01
	40
	22.72

	Fabaceae
	18
	16.21
	32
	18.17

	Malvaceae
	7
	6.3
	13
	7.37

	Amaranthaceae
	6
	5.40
	6
	3.4

	Convolvulaceae
	4
	3.60
	9
	5.11

	Apocynaceae
	4
	3.60
	4
	2.72

	Rubiaceae
	3
	2.70
	9
	5.11

	Amaryllidaceae
	3
	2.70
	3
	1.7

	Cucurbitaceae
	2
	1.80
	5
	2.84

	Cyperaceae
	2
	1.80
	5
	2.84

	Combretaceae
	2
	1.80
	4
	2.72

	Acanthaceae
	2
	1.80
	2
	1.13

	Arecaceae
	2
	1.80
	2
	1.13

	Asclepiadaceae
	2
	1.80
	2
	1.13

	Asteraceae
	2
	1.80
	2
	1.13

	Euphorbiaceae
	2
	1.80
	2
	1.13

	Lamiaceae
	2
	1.80
	2
	1.13

	Meliaceae
	2
	1.80
	2
	1.13

	Molluginaceae
	2
	1.80
	2
	1.13

	Pedaliaceae
	2
	1.80
	2
	1.13

	Solanaceae
	2
	1.80
	2
	1.13

	Zygophyllaceae
	2
	1.80
	2
	1.13

	Commelinaceae
	1
	0.90
	3
	1.7

	Capparaceae
	1
	0.90
	2
	1.13

	Aizoaceae
	1
	0.90
	2
	1.13

	Phyllanthaceae
	1
	0.90
	2
	1.13

	Polygalaceae
	1
	0.90
	2
	1.13

	Alismataceae
	1
	0.90
	1
	0.56

	Anacardiaceae
	1
	0.90
	1
	0.56

	Araceae
	1
	0.90
	1
	0.56

	Boraginaceae
	1
	0.90
	1
	0.56

	Capparidaceae
	1
	0.90
	1
	0.56

	Liliaceae
	1
	0.90
	1
	0.56

	Moraceae
	1
	0.90
	1
	0.56

	Nyctaginaceae
	1
	0.90
	1
	0.56

	Papilionaceae
	1
	0.90
	1
	0.56

	Portulacaceae
	1
	0.90
	1
	0.56

	Rhamnaceae
	1
	0.90
	1
	0.56

	Rosaceae
	1
	0.90
	1
	0.56

	Verbenaceae
	1
	0.90
	1
	0.56


Table 2 represents the life form or biological spectrum of the total flora. It indicates that therophytes were the dominant plants with 105 species, which account for 59.66% of the total flora. Phanerophytes were the second life form represented by 40 species and 23.86% of the total. Chamaephytes are found with 11 species (6.25%) followed by geophytes with 8 species (4.54). Hemicryptophytes and Hydrophytes are represented respectively by 6 (3.40%) and 4 (2.27) species. 
                            Table 2: Biological Spectrum

	Biological types 
	Number of species
	Species %

	Therophytes
	105
	59.66

	Phanerophytes
	42
	23.68

	Chamaephytes
	11
	6.25

	Geophytes
	8
	4.54

	Hemicryptophytes
	6
	3.40

	Hydrophytes
	4
	2.27

	Total
	176
	100


Table 3 represents the phytogeographic spectrum of the total flora identified in the study area. The species widely distributed represent 51.68% and the species with distribution limited to African countries represent 48.25 of the total flora. Among the species widely distributed, the pantropical species dominated the flora and were represented by 48 species (27.27%). The most frequent species were Sida cordifolia L., Waltheria indica L., Alysicarpus ovalifolius, Evolvulus asinoides L., Aristida adscensionis L., Digitaria horizontalis, Panicum subalbidum. Echinochloa colona L., Digitaria ciliaris, Hyptis suaveolens, Chrozophora brocchiana. These are followed by paleotropical species. Among species with distribution limited to African countries, the Sudanian species were the most dominated, including Combretum micranthum. Fimbristylis hispidula and Sudano-Zambezian species. The species with wide distribution were more abundant than species with continental distribution. The strong dominance of these widely distributed species (paleotropical, pantropical) is an indication of ecosystem disturbance.

                    Table 3: Phytogeographical Spectrum
	Phytogeographical Spectrum 
	
	Number of Species 
	
	Species %

	Widely distributed species 
	
	
	
	

	Pantropical
	
	48
	
	27.27

	Pal
	
	35
	
	19.88

	Cosmopolitan
	
	6
	
	3.4

	Afroamericans
	
	2
	
	1.13

	Total
	
	91
	
	51.68

	Species with distribution limited to African Continent 
	
	
	
	

	Sudanian
	
	32
	
	18.18

	Sudano-Zambezian
	
	26
	
	14.74

	Pluriregional
	
	15
	
	8.52

	Afrotropicales
	
	11
	
	6.25

	Afromalgaches
	
	1
	
	0.56

	Total
	
	85
	
	48.25


3.2 Identification Plants Communities Invaded by Sida cordifolia 

The hierarchical classification based on 126 plots and 176 species allows one to differentiate six (6) different groups of plant communities (Figure 3). Community 1 (G1) and Community 6 (G6) both have 15 plots each; Community 2 (G2) has 33 plots; Community 3 (G3) has 35 plots; Community4 (G4) has 17 plots and Community 5 (G5) has 11 plots. The analysis using Detrended Correspondence Analysis" (DCA) distinguished communities 1 and 2 from grassland to the communities 3, 4, 5 and 6 from woodland (Figure 4). The DCA indicates a physiognomy gradient. The table 4 presents the Eigenvalue and percentage of cumulative variance explained by the first three axes, according to the Detrended Correspondence Analysis" (DCA). The analysis on this table 4 shows that the total inertia is 3.28 and the first three axes explain 22% the total variance and highlight the dispersion of the information’s on factorial axes (table 4) 

Table 4: Percentage of Cumulative Variance Explained by the First Three Axes

	Axes 
	Axis 1
	Axis 2 
	Axis 3
	 Total Inertia

	Eigenvalue
	0.243
	0.148
	0.115
	            3.2848

	Length of Gradient
	3.189
	2.494
	2.031
	

	Percentage Cumulative of variance
	10
	 16  
	22   
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Figure 3: Dendrogram of Plant Communities in Invaded Rangelands 
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1= G1 Sida cordifolia and Desmodium hirtum community, 2= G2 Sida cordifolia and Tripogon minimus community, 5=G3 Sida cordifolia and Cassia sieberiana community, 60=G4 Sida cordifolia and Balanites aegyptiaca community, 84=G5 (Sida cordifolia and Hyphaene thebaica community, 102=G6 Sida cordifolia and Cenchrus biflorus community

Figure 4: DCA ordination of Plant Communities in the Invaded Rangelands  

The Multi-Response Permutation Procedure (MRPP) indicates that there were significant differences in plant composition between the six plant communities (A = 0.11 p < 0.00 T= -43). Each pair-wise comparison shows that plant communities differ significantly (p<0.00). According to the strong chance- corrected within-group agreement (A = 0.11), the six plant communities have different ecological conditions, indicating that the six plant communities were distributed in different spaces of the rangelands of Falmey. The average within-group distance shows that the plant communities 1, 2, 3, 4, 5 and 6 are relatively highly tighted with all A inferior to 0.15 (Table 5).

Table 5: Summary of the Multi-Response Permutation Procedure (MRPP) Statistics of Plant Communities on the Rangelands Invaded by Sida cordifolia

	Pairwise comparison
	T
	A
	p

	G1vs G2
	-10.88
	0.03
	0.00

	G1vs G3
	-16.31
	0.05
	0.00

	G1vs G4
	-12.78
	0.07
	0.00

	G1vs G5
	-9.76
	0.07
	0.00

	G1vs G6
	-16.53
	0.14
	0.00

	G2 vs G3
	-19.06
	0.04
	0.00

	G2 vs G4
	-19.41
	0.06
	0.00

	G2 vs G5
	-18.15
	0.07
	0.00

	G2 vsG6
	-25.93
	0.12
	0.00

	G3 vs G4
	-19.45
	0.06
	0.00

	G3 vs G5
	-14.47
	0.05
	0.00

	G3 vs G6
	-23.84
	0.09
	0.00

	G4 vs G5
	-13.10
	0.09
	0.00

	G4 vs G5
	-16.95
	0.12
	0.00

	G5 vs G6
	-9.69
	0.07
	0.00


Results are given for multiple pairwise comparisons of the squared Euclidean distance. A=change-corrected within group agreement; T = difference between the observed and expected deltas. G1=Sida cordifolia and Desmodium hirtum community, G2 = Sida cordifolia and Tripogon minimus community, G3= Sida cordifolia and Cassia sieberiana community, G4 = Sida cordifolia and Balanites aegyptiaca community, G5= (Sida cordifolia and Hyphaene thebaica community, G6 = Sida cordifolia and Cenchrus biflorus community.

3.3 Description of Plant Communities 
3.3.1 Sida cordifolia and Desmodium hirtum Community (G1)
This community was described based on 15 plots and 70 species recorded on the plateau near the temporal ponds which have water only in the rainy season. The soil of this plateau was sandy loam with 50.11%, 28.21% and 21.67% of sand, clay and silt respectively. This soil is slightly acidic with a pH of 5.7, low Organic Carbon (OC 0.54±0.022 %), and Nitrogen (N 0.04±0.003%) content and high Effective Cation Exchange Capacity (ECEC 3.19±0.22 cmol (+)/kg) (Table 7).  
A total of 71 species including 66 for the herbaceous layer and the number of species ranged from 8 to 32 per plot. This community constitutes a grassland in which Sida cordifolia covered 41.7% of the total land area (Table 6). According to Indicator Species Analysis (Appendix 1), based on the species relative frequency and relative abundance, the characteristic species of this community with significant indicator values (p < 0.05) are Spermacoce pusilla, Zornia glochidiata, Ipomoea vagans, Pandiaka heudelotii, Spermacoce filifolia, and Echinochloa stagnina (Table 8). The alpha diversity with a Shannon-weaver index of 3.11 bits and a Pielou evenness of 0.49 (Table 6) indicate that this community has medium diversity with a few number of species with a significant cover due to the invasion of Sida cordifolia. 

The Life Form spectrum was widely dominated by Therophytes (77%) the others life forms were represented by small number of species (Hemicryptophyte 11%, Phanerophytes 5%, Chamaephytes 2%) (Figure 4). The classification on the bases of the Chorotypes spectrum indicated that this community was dominated by large distribution of species which are Pantropical 30% and Paleotropical 20%, followed by Sudano zambezian species (14%), Sudanian 12% and Pluri-regional 11%. The others element of were presented by few species (Figure 5). 

3.3.2 Sida cordifolia and Tripogon minimus Community (G2)

This community was established from 33 plots and 108 species recorded on the plateau. The soil is sandy loam with respectively 60.46%, 19.33%, 20.22% sand, silt and clay. This community is characterized by acid soil (PH = 5.68±0.09), low content of Nitrigen (N 0.05±0.001), Phosphorus (P 0.71±0.46mg/kg) and Organic Carbon (O.C 0.47±0.05) and high content of the Fe (119.53±2.87 mg/kg) and EC (117.13±18.81Us/cm) (Table 7). This community is made up of a grassland colonized by Sida cordifolia which was present in all the plots (100% of frequency) of the community with an average recovery of 23.64 % of the total area. Based on Indicator Species Analysis with species relative frequency and relative abundance, the other characteristic species of this community with significant indicator values (p < 0.05) are Aristida mutabilis, Waltheria indica, Digitaria ciliaris, Alysicarpus ovalifolius, Mollugo nudicaulis, Monechma ciliatum, Euphorbia convolvuloides, Tephrosia linearis Cassia italica, Cleome viscosa and Spermacoce stachydea (Table 8). The Shannon diversity index and evenness indices of this community are 3.19 bits and 0.58 respectively (Table 6), which indicates significant medium species diversity and dominance of one or few species.

In the assessment of Life Form spectrum the dominant life forms were Therophytes (69%) followed by Phanerophytes (15%). and Chamaephytes (7%). Other life forms Geophytes 4% Hemicryptophytes and Hydrophytes 3% each one were represented in small proportions (Figure 5). The Chorotype spectrum was dominated by Pantropical species (30%) were followed Paleotropical (25%), Sudano zambezian (14%), Sudanian species (11%), Pluriregional and Tropical Africa (7%) each one and Cosmopolitan species (5%) (Figure 6).
3.3.3 Sida cordifolia and Cassia sieberiana Community (G3)

This community was established from 35 plots and 102 species recorded on loamy soil with 51.94%, 16.26%, and 31.80% sand, clay and silt respectively. The soil of this community was acidic (PH=5.69±0.05) and has high Fe (119.53±2.87 mg/kg) and EC (108.16±13.48Us/cm), ECEC (3.01±0.28 cmol (+)/kg), with the content of N (0.05±0.001) (Table 7).
Based on Indicator Species Analysis with species relative frequency and relative abundance, the other characteristic species of this community with significant indicator values (p < 0.05) include Aristida funiculata, Guiera senegalensis, Spermacoce ruelliae, Mitracarpus villosus, Achyrantes aspera, Piliostigma reticulatum and Andropogon gayanus (Table 8). It is a shrub and tree steppe colonized by Sida cordifolia present in almost all the plots of the community with an average recovery of 30%. The Shannon diversity index and evenness indices of this community are 3.74 and 0.55 bits respectively (Table 6), which indicates a significant medium species diversity and dominance of few species. 

This community was composed mostly of Therophytes 67% followed by Phanerophytes 17%. Other Life Form including Chamaephytes 6%, Hemicryptophytes 5% and Geophytes3% were represented by few species (Figure 5). Based on Chorotype spectrum, Pantropical species 33% were dominant in the community followed by Paleotropical 20% and Sudano zambezian 18%, Sudanian 10% and Pluriregional species 8%. Other elements of the spectrum were lest represented (Figure 6).

3.3.4 Sida cordifolia and Balanites aegyptiaca Community (G4)

A total of 86 species were recorded in 17 plots for this community. The particles size distribution indicates that the soil texture of Sida cordifolia and Balanites aegyptiaca community G4 was sandy clay loam with 54.57%, 23.95% and 21.48% of sand, clay and silt respectively. The soil was acidic PH=5.75±0.18, as the content of Fe (133.90±22.5 mg/kg) was high Phosphorus (P=8.94±1.05 mg/kg), ECEC (3.09±0.46 cmol (+)/kg), while the content of N (0.05±0.003%), Organic Carbon O.C (0.54±0.05%) were low in the community (Table 7).  

A total of 87 species were listed.Other characteristic species of this community are Heliotropium strigosum, Crotalaria arenaria, Tribulus terrestris, Panicum laetum, Digitaria exilis, Dactyloctenium aegyptium, Panicum maximum, Acacia seyal, Cucumis prophetarum, Chorchorus fascicularis, Prosopis juliflora, Acacia nilotica and Loudetia togoensis (Table 8).
Also noted is the presence of Sida cordifolia but with a low average recovery of 5.83% compared to the other communities. However, the Shannon diversity index and evenness indices of this community are 4.52 and 0.69 bits respectively (Table 6). This indicates high species diversity and uniform distributions among the species in this community. This high diversity in the plant community can be linked to the low average recovery of the invasive species.

Therophytes 63% species were dominant in the community followed by Phanerophytes 19%, Chamephytes 8% while all other Life Forms were represented by small number of species (Figure 5). The result of Chorotype spectrum indicated that Pantropical 33% were dominated in the community. They were followed by Paleophytes 18%, Pluriregional 12%, Sudanian and Sudanno zambezian in co-dominace 11% each one (Figure 6).
3.3.5 Sida cordifolia and Hyphaene thebaica Community (G5)

This composition was established from 11 plots and 56 species recorded on loamy soil with 51.89±1.77%, 30.34±1.46%, 17.77±2.11%, of Sand, silt, and clay respectively and acid soil PH= 5.99±0.06. (Table 7). A total of 57 species were recorded and the number of species ranged from 5 to 28 by plot. Ipomoea asarifolia, Digitaria gayana, Fimbristylis hispidula and Eragrostis tenella are the others characteristic species (Table 8).It is also a wooded steppe colonized by Sida cordifolia present in all releves with an average coverage of 31. The Shannon diversity index and evenness indices of this community are 2.85 and 0.48 bits respectively (Table 6), which indicate significant lower species diversity and dominance of few species. The diversity of this community was relatively low compared to others communities. 
Therophytes 68% were the most dominant Life Form of the community followed by Phanerophytes 16%, and Chamephytes 9% the others elements were represented by few numbers of species (Figure 5). Based on Chorotype spectrum, Pantropical species 35% were dominant in the community followed by Paleotropical 22%, Sudano zambezian 15%, and Pluriregional species 11%. Other elements of the spectrum were lest represented (Figure 6).

3.3.6 Sida cordifolia and Cenchrus biflorus Community (G6)

The community was established from 15 plots and 46 species that are characterised by sandy loam soil with 60.59%, 27.56% and 11.84 % of sand, silt and clay respectively. The soil of this community was slightly acidic PH=5.95±0.08 with a high content of Fe (110.99±12.11mg/kg), EC (87.18±6.56Us/cm), Phosphorus (P=6.02±0.08mg/kg) and ECEC (3.32±0.35 cmol (+)/kg) and a low content of N (0.03±0,003%), and Organic Carbon O.C (0.57±0.08%) (Table 7). This community forms a grassland colonized by Sida cordifolia present in about 67% of plots but with a low recovery of 4.10%.

 However, the Shannon diversity index and evenness indices of this community are 3.9 and 0.7 bits respectively (Table 6), which indicates significant medium species diversity and uniform distributions among the species.

Based on the Life Form spectrum Therophytes 69% were the most dominant species in the community followed by Phanerophytes 16%, and Chamephytes 9%, the other elements were represented by a few number of species (Figure 5). Chorotype spectrum was dominated by large distribution of species which were Pantropical 44% and Paleotropical 20% followed by Sudano zambezian 18% the others elements of the spectrum were represented by few species (Figure 6). 
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Figure 5: Life Form Spectrum of the Plant Communities Invaded by Sida cordifolia  (Raunkiaer 1934)
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Figure 6: Chorotypes Spectrum of the Plant Communities Invaded by Sida cordifolia (White 1986).
The table 6 shown the characterization of the six plant communities

Table 6: Summary of the General Parameters of the Different Plant Communities in the Rangelands Invaded by Sida Cordifolia
	Plant Communities 
	G1
	G2
	G3
	G4
	G5
	G6

	Number of plots 
	15
	33
	35
	17
	11
	15

	Species richness (S)
	71
	107
	102
	87
	57
	48

	Shannon diversity index (H)
	3.11
	3.91
	3.74
	4.52
	2.85
	3.94

	Evenness (E)
	0.49
	0.58
	0.56
	0.7
	0.48
	0.7

	Average Recovery of S.cordifolia (%)
	42.00
	24.00
	30.81
	5.83
	31.00
	4.10

	Sand (%)
	50.11 
	60.46
	51.94
	54.57
	51.89
	60.59

	Clay (%)
	21.67
	20.22
	16.26
	23.95
	17.77
	27.56

	 Silt (%)
	 28.21
	19.33
	31.80
	21.48
	30.34
	11.84


G1=Sida cordifolia and Desmodium hirtum community, G2= Sida cordifolia and Tripogon minimus community, G3=Sida cordifolia and Cassia sieberiana community, G4=Sida cordifolia and Balanites aegyptiaca community, G5= (Sida cordifolia and Hyphaene thebaica community, G6 =Sida cordifolia and Cenchrus biflorus community

                 Table 7: Mean and Standards Deviation of Soils Physicochemical Properties in the Six Communities
	Soil properties
	G1
	G2
	G3
	G4
	G5
	G6
	P-values 

	Sand (%)
	50.11c ±0.94
	60.46ab±5.63
	51.94c±1.10
	54.57bc±2.18
	51.89c±1.77
	60.59a±0.65
	0.000

	Silt (%)
	28.21a±2.42
	19.33b±5.08
	31.80a±1.02
	21.48b±1.88
	30.34a±1.46
	27.56a±0.93
	0.000

	Clay (%)
	21.67ab±1.62
	20.22bc±0.59
	16.26d±1.24
	23.95a±0.45
	17.77cd±2.11
	11.84e±1.00
	0.000

	pH (1:1)
	5.7abc±0.0268
	5.68c±0.09
	5.69c±0.05
	5.75bc±0.18
	5.99a±0.06
	5.95ab±0.08
	0.000

	EC (Us/cm)
	104.19a±18.81
	117.13a±18.81
	108.16a±13.48
	88.40a±30.70
	98.13a±13.33
	87.18a±6.56
	0.216

	O.C (%)
	0.54b±0.022
	0.47b±0.05
	0.72 a±0.02
	0.54 b±0.05
	0.54b±0.07
	0.57b±0.08
	0.000

	N (%)
	0.04a±0.003
	0.05a±0.001
	0.05a±0.003
	0.05a±0.003
	0.04a±0.004
	0.03b±0.003
	0.000

	P (mg/kg)
	1.95c±0.63
	0.71c±0.46
	1.38c±0.41
	8.94a±1.05
	4.93b±0.389
	6.02b±0.08
	0.000

	Ca (cmol(+)/kg)
	2.11a±0.20
	1.90a±0.20
	1.76a±0.05
	1.99a±0.44
	1.87a±0.07
	1.74a±0.11
	0.206

	Mg (cmol(+)/kg)
	0.53±0.05
	0.64±0.0903
	0.58±0.03
	0.63±0.04
	0.63±0.04
	0.59±0.07
	0.312

	K (cmol(+)/kg)
	0.20b±0.02
	0.29a±0.08
	0.21b±0.0431
	0.20b±0.02
	0.17b±0.01
	0.17b±0.003
	0.000

	Na (cmol(+)/kg)
	0.08b±0.001
	0.09ab±0.01
	0.07c±0.003
	0.09a±0.01
	0.06c±0.002
	0.05c±0.004
	0.000

	EA (cmol(+)/kg)
	0.27b±0.02
	0.10b±0.04
	0.34b±0.05
	0.18b±0.04
	0.28b±0.16
	0.76a±0.20
	0.000

	ECEC (cmol(+)/kg)
	3.19a±0.22
	3.01a±0.28
	2.96a±0.04
	3.09a±0.46
	3.02a±0.16
	3.32a±0.35
	0.518

	Zn (mg/kg)
	3.09c±1.36
	3.27c±0.37
	11.50a±3.74
	3.38c±1.36
	6.09cb±2.36
	8.17ab±0.70
	0.000

	Cu (mg/kg)
	2.22ab±0.16
	2.50a±0.17
	2.10ab±0.23
	1.67b±0.20
	1.70b±0.19
	2.37a±0.47
	0.001

	Mn (mg/kg)
	26.80ab±4.90
	32.46a±4.07
	19.09c±1.37
	16.79c±2.30
	20.35bc±1.78
	23.17bc±1.412
	0.000

	Fe (mg/kg)
	115.66b±4.59
	119.53b±2.87
	106.67b±4.90
	133.90ab±22.5
	160.61a±18.59
	110.99b±12.11
	0.000



Means values within rows followed by same letter are not significantly different at P ≤ 0.05.
G1= Sida cordifolia and Desmodium hirtum community, G2 =Sida cordifolia and Tripogon minimus community, G3 =Sida cordifolia and Cassia sieberiana community, G4 =Sida cordifolia and Balanites aegyptiaca community, G5 =Sida cordifolia and Hyphaene thebaica community, 

G6 =Sida cordifolia and Cenchrus biflorus community

Table 8: Characteristics Species of Plant Communities in Rangelands Invaded by Sida cordifolia

	Characteristics species 
	Relative Frequency (%)
	Indicator Value (%)
	P-Value 

	Sida cordifolia and Desmodium hirtum Community G1

Desmodium hirtum

Zornia glochidiata   

Echinochloa colona    

Spermacoce pusilla   

Sida cordifolia                                               

Ipomoea vagans

Pandiaka heudelotii
	74

100

40

33

100

33

20
	33.5

30.2

30.4

33.3

21.5

21.9

15.8
	0.0004

0.0004

0.0002

0.0002

0.0426

0.0022

0.0130

	Sida cordifolia and Tripogon minimus Community G2

Tripogon minimus

Aristida mutabilis

Alysicarpus ovalifolius

Waltheria indica

Digitaria ciliaris

Sida cordifolia
	88

68

80

88

74

91
	44.9

29.0

23.2 

24.1

32.5
	0.0002

0.0016

0.0172

0.0124

0.0130

	Sida cordifolia and Cassia sieberiana Community G3

Cassia sieberiana

Aristida funiculata

Guiera senegalensis

Spermacoce ruelliae

Mitracarpus villosus

Digitaria horizontalis 

Piliostigma reticulatum

Andropogon gayanus

Sida cordifolia
	50

56

53

18

74

65

41

29

97
	38.5

31.5

27.2

25.6

24.3

22.8

19.5

17.8


	0.0004

0.0006

0.0018

0.0032

0.0074

0.0092

0.0196

0.0124



	Sida cordifolia and Balanites aegyptiaca Community G4

Balanites aegyptiaca

Tribulus terrestris
Panicum laetum

Panicum maximum

Dactyloctenium aegyptium

Acacia seyal

Prosopis juliflora

Sida cordifolia
	82

41

59

41

82

29

18

82
	52.9

38.4

37.1

32.7

32.9

29.4

17.6
	0.0002

0.0002

0.0002

0.0002

0.0002

0.0004

0.0066

	Sida cordifolia and Hyphaene thebaica Community G5

Hyphaene thebaica

Ipomoea asarifolia

Digitaria gayana

Fimbristylis hispidula

Eragrostis tenella

Sida cordifolia
	64

36

36

91

18

100
	33.2

27.9

25.5

23.3

15.7
	0.0004

0.0002

0.0010

0.0138

0.0138

	Sida cordifolia and Cenchrus biflorus Community 6

Cenchrus biflorus

Cassia mimosoides

Chrozophora brocchiana

Indigofera hirsuta

Aristida adscensionis

Sida cordifolia
	73

93

53

47

73

67
	31.2

34.1

46.0

29.5

22.3
	0.0010

0.0002

0.0002

0.0002

0.0140


4. Discussion

Diversity is a combination of two factors, the number of species present, referred to as species richness and the distribution of individuals among the species, referred to as evenness or equitability. In the ecosystem high degree of species interaction reveals the high species diversity. Low or changing diversity among the species indicate stress on ecosystems (Bhaskar and Rajanna, 2018)
A total of 176 species belonging to 40 different families were recorded in the study area. The Poaceae with 22.72% of the total flora were largely dominated the flora followed by the Fabaceae (12.50%). Many other authors have also indicated the dominance of Poaceae and Fabaceae Sudano-Sahelian zone and can be seen in the literature published. These included  Soumana et al., (2012) Alhassane et al., (2017), Idrissa et al., (2020), Manan et al., (2022). The Poaceae members have vast ecological amplitude, which contributes to their different habitats.
The Shannon diversity index and evenness indices of these rangelands were low exception of plant community G4 which has an average index of 4.52 bits. The low value of the Shannon index indicated that the environment is unfavourable to floristic diversity and the low Evenness indicated unequal distribution of plat species and dominance of few species. The unequitable distribution of species has probably favoured the proliferation of Sida cordifolia, hence its colonization of rangelands. Therophytes, which predominated in the research area and are typically connected to unfavourable dry climatic conditions, are an adopted strategy for survival and are a sign of significant human disturbance.

The stress of unregulated grazing on open grazing areas is generally linked to the diminished diversity and abundance of herb species due to the dominance of a few species having greater adaptability against grazing influences.

The Life Form or Biological Spectrum is an important physiognomic characteristic that is frequently used for vegetation study. It shows how plants have adapted to their micro- and macro-climates. Therophytes were the most dominated in all the plants communities identified in the study area followed by Phanerophytes. In another study conducted in open forests in the W National Park Phanerophtyes are the most represented. The study area being located in the partial wildlife reserve of Dosso, therefore on the outskirts of the Park W, this difference could be explained by the strong pastoral pressure on these rangelands. Indeed, according to Idrissa et al., (2020), the combined effect of overgrazing, climate change and the harmful practice of excessive harvesting of immature fodder by certain actors leads to a regression in the dynamics of rangelands. These environments are conducive to the development of annual plants, capable of germinating and growing rapidly under challenging conditions (Chakkour et al., 2024). Therefore, according to Idrissa et al., (2020), the combined effect of overgrazing, climate change and the harmful practice of excessive harvesting of immature fodder by certain actors lead to a regression in the dynamics of rangelands. This may be the cause of the scarcity or even the disappearance of certain fodder species, and the colonization of the rangelands by Sida cordifolia.

 In all the plant communities studied, species with wide distribution (51.68%) are more abundant than species with continental distribution (48.25). The strong dominance of these widely distributed species (Paleotropical, Pantropical) is an indication of ecosystem disturbance.

The results of this work also indicated that the plant communities of the rangelands studied are colonized by Sida cordifoliaat different levels. The community of Sida cordifolia and Desmodium hirtum in which the invasive species (Sida cordifolia) has an average recovery of 42% is at the stage 3 of invasion. The community of Sida cordifolia and Tripogon minimus, the community of Sida cordifolia and Cassia sieberiana and the community of Sida cordifolia and Hyphaene thebaica with 24%, 30.81% and 31% average recovery of Sida cordifolia respectively are at the stage 2 of invasion.

The community Sida cordifolia and Balanites aegyptiaca and the community of Sida cordifolia and Cenchrus biflorus with 5.83 % and 4. 10 % (average recovery of Sida cordifolia) respectively are at stage1 according to the classifying of Richardson et al., (2000); Chabrerie et al., (2007); Oumarou et al., (2010). 
Therefore, the community of Sida cordifolia and Desmodium hirtum is the most affected by the invasion in the study area. This community being formed by grasses and legumes very palatable by the animals which could favour the proliferation of Sida cordifolia not appreciated in the fresh state. That combined with the excessive browsing of forage species could create an environment prosperous to Sida cordifolia. The latter can form a dense colony in the medium and smother the other beneficial species. The shade created by the foliage of the invasive plant could be one of the major reasons for the reduction in the number of species in the ecosystems (Aboh, 2008).
Conclusion 

This study provided the characteristics of plant communities in the rangelands invaded by Sida cordifolia and the edaphic factors which could governed the distribution of this invasive species. A total of 176 species belonging to 40 different families were recorded. The most dominant families were Poaceae with 40 species followed by Fabaceae 32 species and Malvaceae 13 species. Hierarchical Ascendant Classification allowed to discriminate six (6) different groups of plant communities. All the plant communities have Shannon diversity index and Evenness indices of these rangelands were low exception of G4 (4.52 bits). The expansion of Sida codifolia is leading to deleterious effects characterized by a decrease in Shannon diversity and evenness indices. All the plant communities recorded in the rangelands invaded by Sida cordifolia were established on acid soils and their soils structure range from sandy clay loam, sandy loam to loamy. This indicated that Sida cordifolia can develop on any type of soil ranged from sandy clay loam, sandy loam to loamy and has adapted to highly acidic soils.
Since the invasion of Sida cordifolia reduces the diversity, introducing species with good fodder quality through seeding can help to improve both the productivity and the pastoral value of the rangelands. This requires the involvement of breeders in execution of rangelands management projects. It would be interesting to investigate the allelopathic effects of Sida cordifolia on the others plant species,

Disclaimer (Artificial intelligence)

Option 1: 

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

Option 2: 

Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology

Details of the AI usage are given below:

1.

2.

3.
References

Aboh, A. B. (2008). Phytosociology, ecology, potential and management of natural pastures invaded by Chromolaenaodorata and Hyptissuaveolens in the Sudano-Guinean Zone (Benin). Thesis Presented for Obtaining the (Unique) Doctorate from the University of AbomeyCalavi. https://www.slire.net/download/1625/th_se_de_doctorat_unique_aboh_b._andr_.pdf 
Alhassane, A., Soumana, I., Karim, S., Chaibou, I., Mahamane, A. and Saadou, M. (2017). Flora and Vegetation of the Rangelands of Maradi Region, Niger. Journal of Animal &Plant Sciences, 2017. Vol.34, Issue 1: 5354-5375
Alhassane, A., Soumana, I., Oumarou, M. and Mahamane, A. (2021). Proliferation of Sidacordifolia L. on Sahelian Rangelands, case of Niger. https://www.researchgate.net/publication/348408793
Bhaskar, K and Rajanna, L. (2018). Phytosociological Analysis in Semi-Arid Region of India: A Case Study from Yadgir District, Karnataka. J Biodiversity, 9(1-2): 14-24 DOI: 10.31901/24566543.2018/09.1-2.064.

Braun-Blanquet J. (1932). Plant sociology: The study of plant communities.

Braun-Blanquet, J. (1964) Pflanzensoziologie, Grundzüge der Vegetationskunde. 3rd Edition, Springer-Verlag, Berlin, 631. http://dx.doi.org/10.1007/978-3-7091-8110-2
Chabrerie, O., Hoeblich, H. and Decocq G (2007). Determinism and Ecological Consequences of the Invasive Dynamics of the Late Cherry (Prunus serotina Ehrh.) on the Plant Communities of the Compiegne Forest. Acta Bot. Gallica, 154 (3), 383-394 https://doi.org/10.1080/12538078.2007.10516071
Chakkour, S., Ennouni, H., Sahli, A., Kadaoui, K., Houssni, M., Kassout, J. and Ater, M.  (2024). Vegetation Composition and Ecological Characteristics of the Fragmented Alnus Glutinosa Woodlands of Morocco. Ecological Frontiers 45 54–67 https://doi.org/10.1016/j.ecofro.2024.08.007
Chytrý, M., Wild, J., Pyšek, P., Jarošík, V., Dendoncker, N., Reginster, I., Pino, J.,  Lindsay C. Maskell, L., Vilà, M., Perg, J., Kühn, I., Spangenberg, J. H., and Settele, J.(2012). Projecting Trends in Plant InvasionsiIn Europe under Different Scenarios of Future Land-Use Change. Global Ecology and Biogeography, (Global Ecol. Biogeogr.) (2012) 21, 75–87. DOI: 10.1111/j.1466-8238.2010.00573.x

Ewald, J. (2003). A Critique for Phytosociology. Source: Journal of Vegetation Science, Vol. 14, No. 2  pp. 291-296.

Fantle-Lepczyk, J.E., Haubrock, P.J., Kramer, A.M. et al.( 2022).Economic costs of biological invasions in the United States, Science of the Total Environment, https://doi.org/10.1016/j.scitotenv.2021.151318
Huerta-Martínez, F. M. ; Vázquez-García, J. A. ; García-Moya, E. ; López-Mata, L. Vaquera-Huerta, H. (2004).Vegetation ordination at the southern Chihuahuan Desert (San Luis Potosi, Mexico). Plant Ecology 174: 79–87.

Idrissa, I.; Morou, B.; Abdourhamane, H.; Karim, S.; Abdourhamane, T.; Djibo, I. Mahaman, A.(2020).Floristic richness and demographic structure of the woody populations of the natural sahelian routes of South-East Niger: Case of the pastoral enclave "Dadaria" (Mainé-soroa, Diffa). Int. J. Biol. Chem. Sci. 14(3): 706-721. DOI: https://doi.org/10.4314/ijbcs.v14i3.6.                                                            
Kamiri, H.W.; Choge, S.K.; Becker, M. (2024). Management Strategies of Prosopis juliflora in Eastern Africa: What Works Where? Diversity 2024, 16, 251. https://doi.org/10.3390/d16040251
Kent, M. (2012). Vegetation Description and Data Analysis: A Practical Approach, Second Edition. John Wiley & Sons, University of Plymouth, John Wiley & Sons, Ltd.
Kindo, A. I.; Abasse, T.; Soumana. I.; Bogaert, J. and   Mahamane, A. (2019). Local perception and factors of mutation of the ligneous flora of a protected area of West Africa: case of the Partial Reserve of Fauna of Dosso, Niger. Afrique SCIENCE 15(6) 229 - 249. https://orbi.uliege.be/bitstream/2268/263921/1/19-AS-2338_ok.pdf
Manan, F.; Khan, S.M.;Muhammad, Z.; Ahmad, Z.; Abdullah, A.;Rahman, Au.; Han, H.; Ariza-Montes, A.; Contreras-Barraza, N.; and Raposo, A. (2022). Floristic composition, biological spectrum, and phytogeographic distribution of the Bin Dara Dir, in the western boundary of Pakistan. Front. For. Glob. Change 5:1019139. doi: 10.3389/􀀀gc.2022.1019139.

Munyai, N.; Ramoelo, A.; Adelabu, S.; Bezuidenhout, H.; Sadiq, H.  (2023). Influence of Environmental Factors on Species Richness and Diversity in a Semi-Arid Environment, South Africa. Grasses 2, 218–229. https://doi.org/10.3390/grasses2040017
Mwangi, E., & Swallow, B. (2005). Invasion of Prosopis Juliflora and Local Livelihoods: Case Study from the Lake Baringo Area of Kenya. ICRAF Working Paper – World Agroforestry Centre.

Oumarou, M., Aboh, B. A., Babatounde, S., Houinnato, M., Sinsin, B. (2010). Pastoral Value, Productivity and Endogenous Knowledge of the Effect of the Invasion, by Hyptissuaveolens L Poit., Natural Pastures in the Sudano-Guinean zone (Benin). Int. J. Biol. Chem. Sci. 4(4): 1262-1277.

  Pyšek, P., Hulme, P. E., Simberloff, D., et al. (2020). Scientists’ Warning on Invasive Alien Species. Biological Reviews, 95(6), 1511–1534. https://doi.org/10.1111/brv.12627
.

Richardson, D. M., Petr, P., R., Michel, G. B., Panettas, F. D. & Carol, J.W. (2000). Blackwell Science, Ltd Naturalization and Invasion of Alien Plants: Concepts and Deﬁnitions. Institute for Plant Conservation, Botany Department, University of Cape Town, Rondebosch 7701, South Africa.

Rothe, S.P. and Dhale, D.A. (2016). Impact of Invasive Plants in Changing Pattern of Native Biodiversity from Vidarbha Region of Maharashtra State. International Journal of Research Studies in Biosciences (IJRSB) Volume 4, Issue 8, August 2016, PP 19-21. ISSN 2349-0357 & ISSN 2349-0365. http://dx.doi.org/10.20431/2349-0365.0408004
Sitou, M. I.; Koba, H. I.; Mouctari, O.M-M. ; Saidou, O.; Magagi, G. and Chaibou, M. (2019). Red meat production in the slaughter areas of the rural commune of Falmey (Niger). International Journal of Innovation and Scientific Research ISSN 2351-8014 Vol. 42 No. 2 pp. 104-113 © 
Soumana, I. (2011). Plant Groups Grazed from Rangelands in Zinder Region and Exploitation Strategies Developed by Uda’en herders. Doctoral thesis, University of Niamey, 206 P.
Soumana, I.; Mahamane, A.; Gandou, Z.; Ambouta, J-M.; K. and Saadou, M. (2012). Vegetation and plant diversity pattern study of Central Eastern Niger Grasslands. Int. J. Biol. Chem. Sci. 6(1): 394-407. DOI: http://dx.doi.org/10.4314/ijbcs.v6i1.34.

Soumana I., Boubacar M. M, Youssoufa I., Mahamane A., Ambouta J.M. K and Saadou M. (2017). Ecological Drivers of Ecosystem Diversity in Sahelian Rangeland of Niger. Journal of Rangeland Science, Vol. 7, No. 3.

Kumar, V., Sharma, A. K., Rana, M. K., Singh, A., & Singh, R. (2024). Biocontrol measures to manage Parthenium hysterophorus: Current paradigms, scope and relevance. Journal of Applied and Natural Science, 16(2), 563.
Vilà, M., Espinar, J. L., Hejda, M., et al. (2011). Ecological Impacts of Invasive Alien Plants: A Meta‐Analysis of their Effects on Species, Communities and Ecosystems. Ecology Letters, 14(7), 702–708. https://doi.org/10.1111/j.1461-0248.2011.01628.x

