


LAND USE DYNAMICS AND FORAGE AVAILABILITY OF PASTURES IN THE MUNICIPALITY OF BATIÉ (SOUTHWEST BURKINA FASO)

ABSTRACT
Land is subject to various uses aimed at meeting human needs for crop and livestock production as well as infrastructure. These multiple uses and demands make land occupation dynamic. To understand this dynamic and its potential impacts on livestock activities, the present study was conducted in the municipality of Batié. It aimed to examine the conditions of feed availability for livestock by analysing both the evolution of grazing areas and the productivity of forage herbaceous species. A diachronic analysis of land use dynamics from 1990 to 2019 was carried out, followed by an evaluation of the pastures in Batié municipality. The results show a strong decrease in natural formations to the benefit of human-modified ones between 1990 and 2019. For example, wooded savanna decreased by 8,494.55 ha, while farmland gained 9,128.09 ha during the same period. At the same time, bare areas increased by 690.33 ha. These changes negatively affected both the availability and quality of pastures. Indeed, the expansion of bare areas and settlements reduced the extent of grazing lands, while the increase in cropland and orchards favored the spread of non-palatable species such as Spermacoce verticillata, Hyptis spicigera, and Tridax procumbens. The results also show that Fields, with the lowest gross pastoral value (19%), constituted a poor pastoral unit. Conversely, shrub savanna, with the highest pastoral value (70.12%) and the best phytomass yield, was identified as the best pastoral unit in the study. Its reduction in area has therefore led to a decline in forage quality and availability. It is thus necessary to further reflect on the dynamics of land occupation in the municipality through a study on local perceptions of the phenomenon.
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[bookmark: _GoBack]1. INTRODUCTION
At the end of the 1960s, the western region of Burkina Faso was characterized by a low population density, hardly exceeding 10 inhabitants per km². This situation has changed considerably due to strong demographic growth, largely driven by migration linked to extreme climatic events. Following the successive droughts of 1973–1974 and 1983–1984, many herders and farmers migrated from the northern to the western parts of the country in search of better living conditions (Sanon et al., 2014). These events accelerated the occupation of the area.
Batié, one of the municipalities in western Burkina Faso, which has also faced the adverse effects of drought (Nougtara et al., 2021), has experienced a significant population increase since that time, reaching a density of about 46 inhabitants per km² (Ouédraogo et al., 2022). Furthermore, successful control of trypanosomiasis and the use of crossbreeds between zebu and taurine cattle—more resistant to trypanosomiasis—have encouraged a large influx of cattle herds into the region (Gonin, 2012).
These human and animal migrations have generated diverse needs, particularly for housing, cropland, and grazing space. There is an increasing demand for land to meet both domestic and export needs for food and cash crops (Gonin, 2018). The expansion of agricultural areas has also been facilitated by the use of animal traction, which reduces labor constraints. Moreover, the rapid growth of livestock populations has increased the demand for grazing land.
In this context—characterized by a pastoral livestock system requiring extensive space (Sawadogo, 2011) and extensive agriculture under high demographic pressure—pasturelands and forage resources are increasingly threatened and degraded. It is therefore essential to assess pasture areas in terms of their availability and productivity. It is within this perspective that the present study was conducted. Its objective is to examine livestock feed availability by analyzing both the evolution of grazing area availability and the current productivity of herbaceous forage species.
2. MATERIALS AND METHODS
2.1. The study site
The study was conducted in the municipality of Batié, located in the extreme south of Burkina Faso (Figure 1). The municipality of Batié shares part of its border with two neighboring countries, the Republics of Côte d’Ivoire and Ghana. It is a relatively well-watered area, with an average annual rainfall of about 1,200 mm (Thiombiano & Kampmann, 2010), and it hosts a diverse vegetation cover (Nougtara et al., 2023). The main economic activities practiced are agriculture and livestock rearing, both carried out extensively. These economic activities therefore play an important role in shaping the dynamics of land use in the area. Long regarded as a reception and transit zone for transhumant herders, Batié appears to be a strategic area for pastoral livestock production, as evidenced by the Fulani camps scattered throughout the region.
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Figure 1 : Location of the study area
2.2. Mapping
2.2.1. Cartographic data collected
The mapping of the study area required the collection of Landsat images from three different periods—1990, 2005, and 2019—from the National Topographic Data Bank (BNDT) of Burkina Faso. This 30-year time span made it possible to conduct a diachronic analysis of land use dynamics in Batié. The images, taken in October, had a spectral resolution of 30 m × 30 m. This period corresponds to the end of the rainy season, which is characterized by better visibility.
To identify land use units in Batié from the satellite images of the three periods, the land use nomenclature from the Burkina Faso Land Use Database (BDOT) was used. Previous studies, notably those by Yaméogo et al. (2021), have already applied this nomenclature in identifying land use units.
2.2.2 Processing and Analysis of Land Use Data
The processing of satellite images for determining land use units was carried out using the BDOT reference system of Burkina Faso. To evaluate the classification accuracy, the confusion matrix and the Kappa index were employed. According to Mama & Oloukoi (2003), the confusion matrix highlights errors that occur both within and between land use classes during interpretation.
In this study, the overall classification accuracies were 97.92%, 97.62%, and 98.59% for the years 1990, 2005, and 2019, respectively. The corresponding Kappa indices were 0.97, 0.96, and 0.98 for the same years.
To highlight the land use dynamics across the three periods, the transition matrix method was used. Several studies (Mama & Oloukoi, 2003; Bamba et al., 2008; Yaméogo, 2021) have applied this method in similar analyses.
2.3. Methods for Collecting and Processing Pasture Data
2.3.1. Methods for Collecting Data
Pasture assessment was carried out through the examination of floral diversity and the analysis of phytomass production across different vegetation units. These vegetation units were identified based on the analysis of land use maps and confirmed through a field transect.
The identified units included riparian formations, wooded savannas, shrub savannas, orchards, and Fields. In each unit, three observation plots of 2,500 m² each were delineated.
The investigations on pastures were both qualitative and quantitative, focusing exclusively on herbaceous forage. This choice was justified by the relative accessibility of the herbaceous layer and its predominant role in the diet of ruminants.
[bookmark: _Hlk193797761]The quality of the forage available in the pastures was assessed using the ‘aligned quadrat points’ method developed by Daget and Poissonnet (1971). This method of pasture inventory made it possible to identify the herbaceous species in the study area, determine their specific contribution (SC) and calculate the gross pastoral value (GPV) within the units studied. The following formulas were used:
·  
· VPB=0,2   with
FSi = Specific frequency of species i
CSi = Specific contribution of species i
VPB = Gross pastoral value
ISi = Specific quality index of species i
The evaluation of phytomass was carried out to quantify the herbaceous biomass. To do so, the complete harvesting method, commonly used in several studies in West Africa (Sanon et al., 2014; Samandoulgou et al., 2019), was adopted. Thus, in each observation plot, 10 subplots of 1 m² each were established, and their contents were completely cut and measured.
To determine the dry matter production, 250 g samples of grasses were taken from each subplot, weighed, and then dried until a constant dry weight was obtained. To estimate the forage production of the studied pastures, the amount of dry matter per square meter was extrapolated to a per-hectare basis.
2.3.2. Processing of Pasture Data
Data were entered using Microsoft Excel (2016), which was also used for the design of figures and tables. The Statistical Package for the Social Sciences (SPSS) version 21.0 was employed to calculate means, standard deviations, and to perform mean comparisons.
3. RESULTS
3.1. Land Use Dynamics in Batié from 1990 to 2019
3.1.1. Spatial Land Use Patterns
The diachronic analysis of spatial land use in Batié between 1990 and 2019 reveals that the surface areas of land use units have undergone rapid changes (Figure 2; Table 1).
In 1990, the territory of Batié municipality was dominated by shrub savanna, which covered 43,787.81 ha, representing 35.70% of the municipality’s total area. This land use unit was followed by Fields and wooded savanna, which occupied 32.65% and 26.96%, respectively, of the area.
Thirty years later, in 2019, Fields, which previously ranked second, had become the main land use unit in Batié, covering 49,171.38 ha, or 40.09% of the municipality. The shrub savanna followed, with 39,223.20 ha, representing 31.98% of the total surface area.
Orchards, which covered only 39.34 ha in 1990, expanded to 1,794.34 ha in 2019. During the same period, there was a noticeable land degradation, with bare areas increasing significantly from 480.08 ha in 1990 to 1,170.40 ha in 2019.
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Figure 2: Land Use Dynamics in Batié from 1990 to 2019
Table 1: Area and Proportion of Land Use Extent
	[bookmark: _Hlk201770192]Unit
	1990
	2005
	2019

	
	ha 
	% 
	ha 
	% 
	ha 
	% 

	Fields
	40,043.30
	32.65
	39,981.24
	32.60
	49,171.38
	40.09

	Riparian formation
	4,622.48
	3.77
	789.26
	0.64
	2,614.22
	2.13

	Settlements/Habitat
	273.06
	0.22
	391.84
	0.32
	[bookmark: _Hlk195110795]1,794.34
	1.46

	Water body
	330.12
	0.27
	540.41
	0.44
	509.05
	0.42

	Wooded savanna
	33,066.05
	26.96
	34,940.45
	28.49
	24,571.51
	20.04

	[bookmark: _Hlk195108562]Shrub savanna
	43,787.81
	35.70
	43,065.35
	35.11
	39,223.20
	31.98

	Orchard
	39.34
	0.03
	2,543.39
	2.07
	3,588.15
	2.93

	Bare area
	480.08
	0.39
	390.329
	0.32
	[bookmark: _Hlk201762211]1,170.40
	0.95


Source: Landsat imagery from 1990, 2005, and 2019
Table 2 provides an assessment of land occupation in Batié over the different periods. Overall, it appears that land-use units influenced by human activities expanded at the expense of natural units between 1990 and 2019.
Thus, the area occupied by Fields increased sharply (+9,128.09 ha, or +7.44%) over the period from 1990 to 2019. The same trend is observed for orchards and settlements, which increased by +2.89% and +1.24%, respectively. Bare lands also expanded, with an increase of +0.64% between 1990 and 2005 and an overall increase of +0.56% between 1990 and 2019.
Meanwhile, natural formations (wooded savanna, shrub savanna, and riparian formations) experienced a decline in surface area: –6.93% for wooded savanna, –3.72% for shrub savanna, and –1.64% for riparian formations.
In summary, the overall assessment from 1990 to 2019 indicates that natural units (riparian formations, wooded savanna, and shrub savanna) declined regardless of the time interval considered, while human-modified units showed strong and continuous increases over the different periods—except Fields, which decreased between 1990 and 2005 before increasing again between 2005 and 2019.
Table 2: Land use balance for the period 1990 to 2019
	

Type of occupation
	Assessment of
 2005-1990
	Assessment of 
2019-2005
	Assessment of 
2019-1990

	
	Ha
	%
	Ha
	%
	ha
	%

	Fields
	-62.03
	-0.05
	9,190.12
	7.49
	[bookmark: _Hlk210766921]9,128.09
	7.44

	Riparian formations
	-3,833.21
	-3.13
	1,824.96
	1.49
	-2,008.25
	-1.64

	Habitat
	118.78
	0.10
	1,402.5
	1.14
	1,521.28
	1.24

	Water body
	210.29
	0.17
	-31.35
	-0.03
	178.94
	0.15

	Wooded savannah
	1,874.39
	1.53
	-10,368.94
	-8.45
	[bookmark: _Hlk210766880]-8,494.55
	-6.93

	Shrubby savannah
	-722.47
	-0.59
	-3,842.17
	-3.13
	-4,564.64
	-3.72

	Orchard
	2,504.04
	2.04
	1,044.76
	0.85
	3,548.8
	2.89

	Bare area
	-89.79
	-0.07
	780.12
	0.64
	690.33
	0.56


increasing again between 2005 and 2019.
3.1.2 Changes in land use types
An overview of the dynamics of these areas shows a transformation of natural vegetation into degraded or even anthropised vegetation (Table 3).
Between 1990 and 2019, riparian formations lost areas that were transformed into wooded savannah (1,782.19 ha), shrubby savannah (878.41 ha) and fields and orchards (1,034.6 ha). Shrub savannah lost ground, with 15,620.47 ha being converted to fields, 9,768.32 ha to wooded savannah, 1,041.32 ha to orchards and 424.28 ha to housing. The biggest changes occurred in wooded savannah, where 11,789.48 ha, 10,264.26 ha and 1,296.65 ha were converted into fields, shrub savannah and orchards, respectively. 
The area of habitat has increased considerably over the past 30 years at the expense of fields and savannahs. As a result, 1,091.5 hectares of fields, 424.28 hectares of shrub savannah and 162.37 hectares of wooded savannah have been converted into residential areas. Orchards have also been a major factor in changing land use patterns. From 39.34 ha in 1990, orchards had expanded to 3,588.14 ha in 2019, to the detriment of wooded savannah, shrub savannah, fields and riparian formations, which lost 1,296.65 ha, 1,041.32 ha and 719.15 ha and 501.45 ha respectively. Fields were the biggest factor in land use change. They mainly benefited from the area of shrub savannah (15,620.47 ha), wooded savannah (11,789.48 ha) and riparian formations (533.13 ha).

Table 3: Transition matrix of Batié from 1990 to 2019
	Unit
	Fields
	ForRi
	Habitat
	Water
body
	TreeSav
	ShrSav
	Verger
	Bare area
	Total 2019

	Fields
	20,808.69
	533.13
	109.89
	25.83
	11,789.48
	15,620.47
	4.23
	279.65
	49,171.38

	ForRi
	232.59
	867.71
	1.17
	0.99
	715.62
	795.6
	0.45
	0.09
	2,614.22

	Habitat
	1,091.5
	5.49
	72.99
	0
	162.37
	424.28
	0.18
	37.53
	1,794.34

	Water body
	83.26
	52.12
	0.63
	207.36
	31.87
	128.95
	4.59
	0.27
	509.05

	TreeSav
	4,277.86
	1,782.19
	22.86
	9.9
	8,696.74
	9,768.32
	7.97
	5.67
	24,571.51

	ShrSav
	11,944.8
	878.41
	61.02
	79.65
	10,264.26
	15,877.16
	1.62
	116.28
	39,223.2

	Verger
	719.15
	501.45
	1.08
	6.39
	1,296.65
	1,041.32
	20.3
	1.8
	3,588.14

	Bare area
	885.44
	1.98
	3.42
	0
	109.06
	131.71
	0
	38.79
	1170.4

	Total 1990
	40,043.3
	4,622.48
	273.06
	330.12
	33,066.05
	43,787.81
	39.34
	480.08
	122,642.23


Legend: ForRi = Riparian formation; TreeSav = Tree savanna; ShrSav = Shrub savanna.
3.2. Pasture analysis
3.2.1. Floristic Diversity of Pastures in Batié
The inventory of herbaceous species in the pastures of the study area identified 98 herbaceous species, belonging to 68 genera and 21 families. The main herbaceous families recorded were Poaceae, Fabaceae, Rubiaceae, Asteraceae, and Malvaceae.
Across all vegetation units, Poaceae were by far the most represented family (Table 4). Except in Fields, where they accounted for only 30.4% of families, Poaceae showed high proportions ranging between 48.4% and 62.2% in the remaining vegetation units. Among all units, shrub savanna contained the highest proportion of Poaceae (62.2%). In addition, Asteraceae, Fabaceae, and Malvaceae were the second most represented families within the vegetation formations.
The results also indicate that Fields constituted the vegetation unit with the highest family diversity (16 families). These findings contrast with those from the riparian formations, where only six families were recorded.
Table 4: Main herbaceous families of the studied units
	Vegetation Unit
	Number of Species
	Number of Families
	Characteristic Families (in %)

	Fields
	46
	16
	Poaceae
	30.4

	
	
	
	Rubiaceae
	13.0

	
	
	
	Asteraceae
	8.7

	
	
	
	Lamiaceae
	8.7

	Orchard
	31
	9
	Poaceae
	48.4

	
	
	
	Rubiaceae
	9.7

	
	
	
	Fabaceae
	9.7

	
	
	
	Malvaceae
	9.7

	Shrub savanna
	37
	10
	Fabaceae
	10.8

	
	
	
	Malvaceae
	5.4

	
	
	
	Poaceae
	62.2

	
	
	
	Rubiaceae
	5.4

	Wooded savanna
	37
	10
	Amaranthaceae
	5.4

	
	
	
	Asteraceae
	10.8

	
	
	
	Malvaceae
	10.8

	
	
	
	Poaceae
	48.6

	Riparian formation
	9
	5
	Asteraceae
	16.7

	
	
	
	Fabaceae
	16.7

	
	 
	 
	Poaceae
	50



The analysis of floristic composition (Table 5) indicates that Fields are the most diversified, with 46 herbaceous species. This vegetation unit is dominated by forbs (31.4%), among which Spermacoce verticillata L. is the most represented species. Forbs are also well represented in orchards and riparian formations.
In contrast, annual grasses are the most dominant species in both shrub savanna and wooded savanna. Hyparrhenia smithiana (Hook. f.) Stapf (20.1%) and Brachiaria decumbens Stapf (14.88%) are the main species in the wooded savanna, while Hyparrhenia smithiana (Hook. f.) Stapf (20.38%) and Schizachyrium exile (Hochst.) Pilg. (18.9%) are the most dominant species in the shrub savanna.
The results also show that, apart from the riparian formations and shrub savanna, where they are relatively more common (Andropogon tectorum Schumach. & Thonn accounting for 34.6% in riparian formations and Andropogon ascinodis C.B. representing 8.3% in shrub savanna), perennial grasses are rare in the other vegetation units.


Table 5: Main recorded herbaceous species and their contribution
	[bookmark: _Hlk209536753]Vegetation Type
	Producing Species
	TF
	FS (%)
	CS (%)

	Field

	[bookmark: _Hlk210767886]Spermacoce verticillata L. 
	Au 
	91
	15.53

	
	Gomphrena celosioides Mart.
	Au 
	52
	8.87

	
	[bookmark: _Hlk210767914]Hyptis spicigera Lam. 
	Au 
	41
	7.0

	
	Brachiaria distachya (L.) Stapf
	Ga 
	40
	6.83

	
	Kyllinga pumila Michx.
	Au 
	37
	6.31

	Tree savanna

	Hyparrhenia smithiana (Hook. f.) Stapf
	Ga 
	156
	20.18

	
	Brachiaria decumbens Stapf
	Gv  
	115
	14.88

	
	Brachiaria lata (Schumach.) C.E. Hubb.
	Gv 
	58
	7.50

	
	Setaria pumila (Poiret) Roemer & Shultes.
	Ga  
	41
	5.30

	Shrub savanna

	Hyparrhenia smithiana (Hook.f.) Stapf
	Ga 
	241
	20.38

	
	Schizachyrium exile (Hochst.) Pilg.
	Ga 
	224
	18.9

	
	Andropogon pseudapricus 
	Ga 
	102
	9.22

	
	Andropogon ascinodis C.B. Clarke
	Gv 
	98
	8.3

	
	Spermacoce filifolia (Schumach, & Thonn.)
	Au 
	98
	6.6

	[bookmark: _Hlk209876671]Riparian formation

	Andropogon tectorum Schumach. & Thonn
	Gv 
	28
	34.6

	
	Aneilema setiferum A. Chev.
	Au
	26
	32.1

	
	Aspilia bussei O. Hoffman & Muschl.
	Au
	5
	6.2

	
	Crotalaria palida Ait.
	Ga
	12
	14.8

	Orchard

	Digitaria horizontalis Willd.
	Ga 
	231
	41.7

	
	Spermacoce ruelliae DC.
	Au 
	80
	14.4

	
	Pennisetum polystachion (L.) Schult.
	Ga 
	50
	9.0

	
	[bookmark: _Hlk210767968]Tridax procumbens (L.) L.
	Au 
	40
	7.2



3.2.2. Phytomass Production and Gross Pastoral Value
Phytomass yield varied from one vegetation unit to another (Table 6). The lowest yield was recorded in orchards, with a production of 0.31 ± 0.21 tDM·ha⁻¹, while the highest amount of phytomass was obtained in the shrub savanna, with a yield of 2.62 ± 1.21 tDM·ha⁻¹. Comparing the different vegetation units, it is clear that the shrub savanna was the most productive, with a yield of 2.62 ± 1.21 tDM·ha⁻¹. Its phytomass production was significantly higher than that of all other vegetation units.
Fields (1.83 ± 1.13 tDM·ha⁻¹) also recorded a significantly higher quantity of phytomass than the wooded savanna (0.95 ± 0.73 tDM·ha⁻¹), orchards (0.61 ± 0.25 tDM·ha⁻¹), and riparian formations (0.31 ± 0.20 tDM·ha⁻¹).
The results of total phytomass production clearly show that shrub savanna was the vegetation unit that produced the most forage (102,913.09 tDM). Fields represented the second most productive unit, with 90,029.16 tDM. However, this unit, which is dominated by herbaceous species with low quality indices, had a low pastoral value (19.82%) compared with the other vegetation units.
Among these vegetation units, orchards (57.58%), wooded savanna (64.53%), and shrub savanna (70.12%) achieved a gross pastoral value close to the reference value of 65%.



Table 6: Forage Production of the Vegetation Units
	Vegetation Unit
	Area (ha)
	Yield (tDM·ha⁻¹)
	Total Phytomass
	GPV %

	Fields
	49,171
	1.83
	90,029.16
	19.82

	Riparian formation 
	2,614
	0.31
	822.92
	49.63

	Tree savanna
	24,572
	0.95
	23,251.63
	64.53

	Shrub savanna
	39,223
	2.62
	102,913.09
	[bookmark: _Hlk210768563]70.12

	Orchard
	3,588
	0.64
	2,304.62
	57.58



4. DISCUSSION
4.1. Spatial Use of the Municipality of Batié
The diachronic analysis reveals a permanent reorganization of land use in the municipality of Batié over the period from 1990 to 2019. This reorganization is marked by the reduction of natural formations in favor of human-modified units. Indeed, wooded and shrub savannas and riparian formations—which covered two-thirds of the area in 1990—declined considerably and represented barely half of the municipal surface area in 2019. This finding is consistent with earlier studies, particularly those by Kima et al. (2016) and Yaméogo (2021), who analyzed land occupation from 1980 to 2020 in Burkina Faso and showed that although natural vegetation formations were dominant, they have been progressively decreasing.
The study reveals that large areas of riparian formations have been converted into wooded and shrub savannas, while extensive wooded savanna spaces have shifted into shrub savannas. These observed changes in natural vegetation formations reflect their degradation. This degradation can be attributed to climate change, which is considered a driver of resource depletion (Hellendorff, 2012). In the same vein, Igué et al. (2010) indicate that climate modifications—particularly the declining trend in rainfall totals since the drought of the 1970s—may explain the current state of degradation of vegetation formations.
The diachronic analysis also shows a considerable increase in bare soils, suggesting likely soil degradation. In their work in the North-Central region of Burkina Faso, Kaboré et al. (2019) demonstrated that several factors, including the expansion of bare soils, are indicators of soil degradation.
Beyond climate effects, human activities have had a substantial impact on the reorganization of land use in Batié. The study results show a regression in riparian formations and savannas in favor of Fields, orchards, and settlements. This dynamic of land anthropization is widely recognized by several authors who have studied the topic (Oloukoi, 2013; Djohy et al., 2016; Kima et al., 2016; Akpoyètè et al., 2018; Yaméogo, 2021). The reorganization aims primarily to meet the population's needs for food resources, housing, and economic development.
Our results show that Fields constitute the main land-use unit and one of the most dynamic, with a gain of 9,128.09 ha over 30 years. This may be explained by the fact that agriculture in Burkina Faso is predominantly extensive, and expanding agricultural land is perceived as an adaptation strategy to declining agricultural yields (Nougtara et al., 2018). However, according to Hountondji (2008), the expansion of agricultural land is partly responsible for natural resource degradation.
The expansion of cropland may also be linked to significant population growth in the area, which increased from 5,036 households to 8,329 households (Ouédraogo et al., 2022), a rise of 65.39%. Furthermore, orchard areas experienced rapid expansion, increasing from about 40 ha to more than 2,500 ha between 1990 and 2015. The mass return of Burkinabè from Côte d’Ivoire following the socio-political crises of the 1990s–2000s and their shift toward market gardening and especially cashew planting may explain this increase.
Overall, the trend marked by the reduction of natural areas, the expansion of human-modified formations, and the growth of bare lands leads to a reduction in both the availability and quality of pastures in the Batié area.
4.2. Pasture Assessment
The floristic inventory revealed a species richness of 98 herbaceous species grouped into 21 families. Regardless of the vegetation unit, the Poaceae family was by far the most represented. These results are consistent with those of Samandoulgou et al. (2019) and may be due to the adaptability of Poaceae to difficult rainfall conditions. Ndotam et al. (2017) associate the adaptability of Poaceae with their resistance to climatic hazards and diseases.
Fields recorded the highest species richness. This result aligns with those reported by other authors (Yanra, 2004 in the West; Sanon et al., 2014 in the Southwest; Sawadogo et al., 2012 in Eastern Burkina Faso) and can be explained by the fact that highly anthropized environments are often characterized by high species richness (Sawadogo et al., 2012).
Contrary to earlier findings (Zoungrana, 1991; Sanon et al., 2014), which reported a dominance of perennial grasses in the Southwest, the results of the present study show that forbs and annual grasses are now the dominant life forms. This situation indicates pasture degradation in the area and corroborates Diallo (1997), who reported degraded savanna pastures dominated by annual herbaceous species in western Burkina Faso.
In the study area, some plant species considered indicators of overgrazing (Hofmann, 1985) were recorded, such as Sporobolus pyramidalis, Spermacoce stachydea DC., Tephrosia bracteolata Guill. & Perr., and Tridax procumbens (L.) L. Additionally, in the context of land anthropization and soil denudation, pastoral units are shrinking in surface area. This suggests that the pastures of Batié are subject to overexploitation, which may explain their degradation.
The phytomass assessed can be considered a default estimate of potential production, as the evaluated pastures were either exposed to grazing—as in riparian formations and shrub and wooded savannas—or influenced by human activities, as in Fields and orchards, which are regularly managed. Several phytomass assessment studies have been conducted under similar conditions (Béchir et al., 2010; Sawadogo, 2011).
The phytomass of vegetation units ranged from 0.31 tDM·ha⁻¹ to 2.62 tDM·ha⁻¹, with the highest production observed in shrub savanna. Overall, phytomass yield is moderate. Indeed, the results of this study are lower than those reported by other authors in the same phytogeographical zone (Yanra, 2004; Sawadogo 2011; Sanon et al., 2014), which ranged from 1 to 5 tDM·ha⁻¹. This situation may be attributable to grazing pressure from livestock.
Moreover, in most vegetation units, annual grasses and forbs were the most dominant groups. However, pastures dominated by annual grasses and forbs have lower phytomass productivity than those dominated by perennial grasses (Sanon et al., 2014).
The examination of pastoral value showed that shrub and wooded savannas had a gross pastoral value of 65% or higher, which is considered good-quality pasture according to Daget and Poissonet (1971) and César (2005). These savannas contain a high proportion of annual grasses with excellent specific index values, such as Hyparrhenia smithiana (Hook. f.) Stapf and Schizachyrium exile, as well as perennial species of the genera Brachiaria and Andropogon.
The strong contribution of these forage species likely explains why the pastoral value of savannas in this study is higher than the 42–45% found by Kiema et al. (2015) and Yanra (2004) in the south-Sudanian zone.
However, most pastoral units showed pastoral values below the reference threshold, which suggests that overall, the pastures in the area are of moderate to low pastoral quality. Fields, with a gross pastoral value of 19.82%, represent the poorest unit.
These Fields are dominated by forbs such as Spermacoce verticillata and Gomphrena celosioides Mart., and Hyptis spicigera, which have low to zero specific indices. They also contain species such as Hyptis suaveolens (L.) Poit. and Hyptis spicigera Lam., which are invasive plants that reduce the biological diversity of pastures (Thiombiano et al., 2009; Samandoulgou et al., 2019).
Nevertheless, Fields remain a key source of livestock feed due to their contribution of crop residues.

5. CONCLUSION
The study was carried out with the aim of examining livestock feed availability by assessing the evolution of grazing areas between 1990 and 2019 and conducting a point analysis of the productivity of herbaceous forage species in the municipality of Batié. The results show that anthropogenic land-use units (Fields, orchards, settlements) have increased significantly at the expense of natural land-use units such as savannas and riparian formations.
Human activities have thus led to the conversion of thousands of hectares of riparian formations and savannas into Fields, orchards, and settlements. They have also contributed to the expansion of bare soils, which increased from 480 ha in 1990 to 1,170 ha in 2019.
The land-use dynamics suggest a reduction in the extent and even the quality of pastures. Indeed, within the diversity of herbaceous species recorded, the study revealed the appearance of plant species considered indicators of overgrazed or degraded pastoral units, such as Sporobolus pyramidalis, Spermacoce stachydea, Tephrosia bracteolata, Tridax procumbens, as well as invasive species such as Hyptis spicigera.
The phytomass yield of vegetation units—considered moderate—ranged from 0.31 to 2.62 tDM·ha⁻¹, and most vegetation units showed low to moderate gross pastoral value, which poses a major constraint for pastoral practices.
In the future, and with the aim of reducing the impact of land-use dynamics on the environment and pastoral activities, it would be important to conduct an investigation into local perceptions of the physical land-use changes observed.
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