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			Abstract | Serious environmental issues, such as soil erosion, diminishing water quality and quantity, and biodiversity loss, are present in the Djelfa region of Algeria. The aim of this research was to determine and evaluate the present state of different methods and approaches for conserving soil and water in the arid region of Taadmit (Djelfa, Algeria).The approach was founded on field observations and surveys with farmers and government organizations to ascertain the size, composition, and efficacy of water and soil conservation (WSC) structures as well as to elucidate their connections to the agro-ecological and climatic conditions of the study area.The assessment of the status of these developments showed that the study region offers a wide variety of WSC strategies and demonstrates a form of human adaptation to severe physical constraints.The results obtained show that the traditional cultivation techniques used, such as windbreaks, ridging and hilling, manure have had a significant positive effect on the preservation of water and soil on cultivated land. In addition, the anti-erosion techniques (torrential correction, hill retention, reforestation, pastoral planting, rustic fruit planting, seguia, Sed, biological fixation of dunes, protection, stone bunds) show that they are largely effective and have a positive impact on the conservation of water and soil. The WSC developments carried out have a positive impact that can be Cultural practices (such as stone removal, fallow, fertilization and rotation), mechanical (banks, terraces, benches, dry stone bunds, etc.) or biological treatments (choice of crops, reasoned fertilization, vegetation) which constitute a very effective means of anti-erosion. Analysis of field results showed that the actions undertaken aimed at water and soil conservation and management (WSCM) were numerous and diverse. Analyzing the main factors in time and space will help understand degradation phenomena and propose appropriate biological control strategies and techniques for sustainable natural resource management. In order to guarantee this beneficial effect on land productivity and lower the risks of degradation, these two forms of development must always be combined. Public authorities and farmers have undertaken efforts to restore and protect soils through land-use planning and the adoption and improvement of soil and water conservation measures on agricultural lands to improve ecosystem functioning in drylands. This study aims to assess WSC, in terms of farming practices and research activities, by analyzing the stability, rehabilitation, and effectiveness of existing anti-erosion developments, and exploring how WSC technologies and practices offer a way to restore soils to good condition and improve sustainable agriculture in this study area, in the face of low rainfall on fragile lands. 
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			Introduction

			Drylands are characterized by water scarcity and seasonal climate extremes and unpredictable rainfall patterns (Davies et al., 2017). Water scarcity is increasing, and in many regions desertification is spreading, leading to serious human and environmental consequences (UN, 2016).

			They are threatened worldwide. Despite their importance, drylands are degraded by a complex combination of climatic (decreased rainfall and water evaporation) and human-induced (unsustainable agricultural techniques, mining and overgrazing) stresses (UN, 2016). Climatic factors that can affect soil degradation, particularly rainfall variation, also poor agricultural practices such as continuous cultivation with little or no amendment, low organic matter content due to the removal of crop residues, overgrazing, successive tillage and cultivation on marginal lands have been identified as major elements of agricultural soil degradation (Nezomba et al., 2017; Jones et al., 2015), causing a decrease in biodiversity, a decrease in organic matter content, fatigue and exhaustion, which endangers the long-term survival of agricultural production and soil (Nezomba et al., 2017; Jones et al., 2015).

			Agricultural land degradation is a complex phenomenon that combines the reduction of the quantity of nutrients and organic matter in soils, their physical, but also biological degradation (Dugué et al., 2024). In semi-arid areas, after erosion, most soils are crusted on the surface and give rise to surface runoff of organic matter and nutrients from the surface horizons (Roose, 1989; Melalih, 2012).

			Algeria’s arid and semi-arid regions frequently deal with severe environmental issues like degraded soil, inadequate management of water resources, inadequate conservation of soil, and inadequate management of vegetation cover. Livelihoods are diminished and crop and livestock productivity is restricted by these issues. Erosion, water resource depletion, and biodiversity loss are some of the factors that contribute to this state of affairs; these are all connected to the accelerated process of soil degradation. The loss and degradation of soil is extremely advanced, and because of the climate and strong human activity that reduces vegetation cover, large amounts of soil are lost and washed away annually by wind and water erosion (Morsli et al., 2012, 2013; Hassani, 2019; Boucherit et al., 2021).

			Water erosion is one of the main factors of land degradation and environmental problems. It has socio-economic repercussions at the local, regional and national levels. These phenomena are aggravated by production systems, methods and soil working tools (Zaghouane et al., 2006; Hassani, 2019).

			Environmental degradation and changes can be mitigated by adopting appropriate agricultural practices that can sustainably restore the productivity of degraded soils and ensure food security for rural populations (Hien et al., 2012).

			Water and soil management and conservation (WSMC) aims at agricultural development through good use of water and soil to develop the fertility and production potential of the land and to reduce erosion problems and solid transport downstream. This strategy relies on the farmer, as the main operator in the agricultural development of his land and the protector of the environment, integrated into an overall plan for land use and development (Roose, 1994; Arabi, 2021).

			The aim of this project is to determine, gather, and assess the present condition of soil and water conservation methods and agricultural practices in the Taadmit region (Djelfa, Algeria). In this study, the primary methods for conserving water and soil in arid environments are examined, and the effects of these anti-erosion strategies on WSC and agricultural productivity enhancement in the Taadmit region are assessed.

			Materials and Methods

			Study area

			The Taadmit area covers an area of 788.56 Km²; it is located in the southwest part of the wilaya of Djelfa (Algeria). It is 70 km away from the capital of Djelfa. It is limited between 34°3’N, 34°38’N and 2°45’E, 3°15’E (Figure 1).

			In this study area, this is part of the high steppe plateau of Algeria, its reliefs range from 728m to 1595m, with peaks exceeding 1300 m, such as Djebel Toughersane at 1315 m.

			The commune of Taadmit has 22,525 residents as of 2023, representing a 45 percent increase from 2008 (10,359 residents) to 2023. Because of the increased demand for food and agricultural land brought on by population growth, covered land has been deforested in order to exploit it (DBPM-Djelfa, 2024).
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			Figure 1: Geographic location of the Taadmit area (Djelfa, Algeria).

			The climate in the Taadmit region is characterized by an average annual temperature of 19.92°C. The average annual precipitation recorded in the Taadmit area over the last 30 years is 115.51 mm. The Taadmit region belongs to the arid bioclimatic zone (Boussaïd et al., 2012; ANRH-Djelfa, 2023; Power Nasa Data Access Viewer, 2022). Torrential rains exceeding 200mm/year in some years can damage the WSC infrastructures and developments. However, the damage recorded on these developments is often repaired by the owner or through touiza (a social organization for collective work), a very common method in Algeria where maintenance is carried out collectively by the beneficiaries of these developments.

			The majority of the study area is covered by calcareous-magnesian soils (brown calcareous soils, rendzinas, brown soils with calcareous accumulations, gypsum-encrusted calcareous soils, isohumic soils, poorly developed soils, and raw mineral soils (lithosols, regosols)) (Halitim, 1988; Bourahla, 2017; Benaradj, 2017; Boucherit, 2018). The most commonly encountered soil types in the Pinus halepensis forests of the Saharan Atlas are generally brown calcareous soils (Kadik, 1983). Overall, the soils are skeletal and poor in organic matter, often less than 1%. These soils are severely affected by water erosion and wind erosion. According to our surveys and observations, we found that in Taadmit, the areas affected by water erosion and wind erosion represents approximately 40% and 30%, respectively.

			Methodological approach

			The Taadmit area is rich in traditional water and soil conservation (WSC) techniques and developments. 

			The methodology adopted consisted of first conducting an inventory of water and soil conservation, a physical and institutional assessment of this inventory, and an evaluation of the actions implemented within the strategies. 

			The field surveys and explorations, using the questionnaire developed near to 30 farmers, allowed us to collect all the relevant and necessary information to conduct a diagnosis of the selected survey sites and to carefully analyze the traditional WSC developments inventoried in the Taadmit region. 

			The inventory consists of open-ended and closed-ended questions to obtain as much information and data as possible on water and soil conservation techniques, and methods for improving the fertility of their agricultural soils.

			A questionnaire was developed, consisting of a series of questions designed to gather more information about the sites and farms studied, the different crops grown, the various existing soil conservation techniques, constraints, etc. 

			This questionnaire was pre-tested to ensure that the questions were understandable and could yield the sought-after information. A survey using questionnaires (face-to-face interviews supplemented by photos) was conducted with 30 farmers in the study area to collect quantitative data and the desired information. The sampling was carefully considered to provide a representative sample of the region. 

			Furthermore, this study emphasizes the participation of various stakeholders in WSC; thus, the implementation of these techniques in the field, rehabilitated either by farmers or by the relevant government services. Additionally, a survey was carried out with relevant institutions such as the Directorate of Agricultural Services (DSA), Forest Conservation (CF), the High Commission for the Development of the Steppe (HCDS) and the National Institute of Forest Research (NIFR) to gather as much information as possible. An agronomic and environmental assessment at different scales was conducted at the plot, farm, and territory levels.

			The identification (surveys and field surveys), inventory, and classification of these water and soil conservation techniques (traditional and modern techniques) are based on field work and the examination of pre-established questionnaires, and the location and spatial distribution of certain water and soil conservation techniques (hydraulic works, pastoral development, mechanical and biological developments). 

			The method used is part of a descriptive and explanatory approach. It is based on the exploration and field observation of water and soil conservation techniques and/or practices encountered in the study area. 

			The analysis of various factors, including the techniques’ adaptability to the natural environment, farmer adoption, efficiency, sustainability, reproducibility, etc., forms the basis for the evaluation and classification of WSC techniques (Alkarkouri et al., 2002; Boucherit, 2009; Boucherit et al., 2012, 2021; Morsli et al., 2013).

			Results and Discussion

			Analysis of agricultural data in the region of Taadmit

			While in the Taadmit area, which is an agro-pastoral area, it was noted that the dominant crops are fodder crops with 41%, cereal crops with more than 23%.

			Vegetable production

			Indeed, the total agricultural areas (TAA) are 48 975 ha or 62.10% of the total area of Taadmit, whose agricultural areas usable (AAU) is 17 480 ha, 13.44% is irrigated (Table 1). Unlike this type of earth, pastures and routes represent almost the entire total surface. It is 3 1495ha, where 64.31% of the agricultural areas usable (DBPM -Djelfa, 2024).

			Plant production includes cereal farming over an area of 1354 ha, market garden cultures on 472 ha and arboriculture on 144 ha (Table 2).

			Table 1: General land distribution in the commune of Taadmit.

			
				
					
					
				
				
					
							
							Categories

						
							
							Area (ha)

						
					

					
							
							Total agricultural areas (TAA) 

						
							
							48 975

						
					

					
							
							agricultural areas usable (AAU)

						
							
							17 480

						
					

					
							
							Utilized irrigated agricultural area (UIAA)

						
							
							2 469

						
					

					
							
							Steppe rangelands

						
							
							31 495

						
					

				
			

			Table 2:Taadmit plant production (DBPM-Djelfa, 2024).

			
				
					
					
					
				
				
					
							
							Crop

						
							
							Area (ha)

						
							
							Production (Qx)

						
					

					
							
							Cereals

						
							
							1 578

						
							
							43 180

						
					

					
							
							Forage Crops

						
							
							326

						
							
							15 300

						
					

					
							
							Market Gardening

						
							
							381

						
							
							76 420

						
					

					
							
							Fruit Trees

						
							
							184

						
							
							11 120

						
					

				
			

			Production animale

			The socioeconomic activity that occurs in the study area in question is closely linked to the Agropastoral System, where a significant number of sedentary and nomadic people live and the majority work in agriculture and sheep and goat farming. Indeed, the courses which dominate the distribution with 65763.57ha, representing 71.15% of total area of the Taadmit region.

			Table 3: Production animale de Taadmit (DAS-Djelfa, 2022; DBPM -Djelfa, 2024).

			
				
					
					
				
				
					
							
							Type of livestock

						
							
							Number of heads

						
					

					
							
							Sheep

						
							
							109300

						
					

					
							
							Goats

						
							
							13300

						
					

					
							
							Cattle

						
							
							710

						
					

					
							
							Camel

						
							
							40

						
					

				
			

			Taadmit’s economy is mainly based on farms, particularly sheep, with 109,300 heads, followed by goats with 13,300 heads and that of cattle with 710 heads. Camelin farming represents a number of 40 heads, while the number of hives existing in the study area is 30 hives (Table 3).

			This can be remedied by avoiding overgrazing and respecting the appropriate number of animals on plots, especially those with fragile soil and low vegetation cover. Pressure on vegetation cover can also be reduced through certain rehabilitation and rangeland productivity improvement measures, such as the establishment of protected areas (Grazing exclusion area) and the diversion of wadi waters onto rangelands to improve the water balance and, consequently, land productivity. These improvements have shown good results in enhancing plant productivity and thus represent alternatives to alleviate pressure, particularly on degraded rangelands (Benaradj et al., 2017; Boucherit et al., 2017; Khalid et al., 2015; Anteur et al., 2022; Benamara et al., 2023).

			Applied development measures 

			Surveys and observations made on the ground and the counting of questionnaires have enabled us to identify a heritage very rich in water and soil conservation techniques (WSC). The inventory consists in exposing all the traditional techniques and arrangements WSC identified in Taadmit region during Investigations. On the ground, it appeared that the Taadmit region had a diversity of actions aimed at preserving water and soils. The techniques can be readily categorized at the study area level based on the new techniques put in place by the State and the conventional techniques that farmers adopted at the plot level. Each group of methods has a well-established classification based on how they are extended.

			The analysis of field results has shown that the actions undertaken aimed at managing and conservation of water and soil (WSC) were numerous and diverse. Two techniques of conservation of water and soils in progress have been observed, namely: traditional techniques and modern techniques. 

			The choice of the most suitable methods for conserving water and soil, considering natural data and socio-economic factors, is essential. Techniques for managing water like seguias have shown to be beneficial in combating runoff and erosion, ensuring effective soil management while dissipating runoff energy.

			The principle of the Seguias (open-air and sometimes underground conduits) is to divert runoff water and irrigation water and transport them by gravity from the water intake point to the crop fields to be irrigated, which are located at a lower point downstream. The Seguias absorb the strong energy of water erosion by channeling rainwater, which can then be used to irrigate agricultural plots. This reduces the adverse effects of water erosion. By channeling rainwater runoff, these Seguias prevent the concentration of runoff water that can cause damage, especially on sloping areas. 

			The Taadmit region is a mountainous area with a mosaic of reliefs, sparse vegetation cover, and fragile soil texture. A trend toward wind, sheet, and claw erosion has been noted.

			This technique allows the wadi’s water to be oriented, captured in the soil, and, most importantly, used to trap the fine soil particles and organic matter that are mobilized upstream of the slopes by water erosion. Additionally, farmers employ other cultural practices that are significantly significant in terms of plots but are less well-known and uncommon. The most striking are the use of manure, rustic fruit arboriculture (Olive, Fig tree and Pomegranate tree), wind breezes created by willows, and curfs in bowls.

			These latest techniques are highly effective in semi-arid regions, such as Benhar which is located in the north of Djelfa, where farmers use them extensively on their plots.

			Addressing the grave, frequent erosion and flood events happening in the researched region, government bodies have started multiple initiatives to alleviate these issues in the Taadmit area, utilizing more costly methods compared to those employed by agriculturalists. Regarding slopes, the strategies implemented are primarily those of governmental departments (HCDS, forest Conservation), including seguias and derivation channels, all of which are constructed with concrete and commonly used within the area.

			Employing this method enables a reduction in runoff velocity, which enhances water retention in the earth, and furthermore, it helps to ensnare minute soil particles dislodged from the slopes upstream by water erosion.

			After our surveys in the Taadmit area, we noticed that mechanical developments are in the order of 12.12%, while biological developments and agricultural practices, each one with a percentage of 43.94%.

			Biological measures 

			The study region’s forest inheritance covers more than 17,222 hectares and is primarily made up of scrubland that occupies the mountains, insulating reliefs, and artificial stands that take the shape of bands, belts, and afforestation (Table 4).

			Table 4: Biological development in the Taadmit area (HCDS, 2023; FC- Djelfa, 2023).

			
				
					
					
					
					
				
				
					
							
							Place

						
							
							Biological techniques

						
							
							Area (Ha)

						
							
							Observation

						
					

					
							
							Menkeb 

						
							
							
							370 ha

						
							
							HCDS

						
					

					
							
							Menkeb Benhamed

						
							
							457 ha

						
							
							HCDS

						
					

					
							
							Fekrine 

						
							
							100 ha

						
							
							HCDS

						
					

					
							
							Elsemima 

						
							
							70 ha

						
							
							HCDS

						
					

					
							
							Hiouhi

						
							
							19000 ha

						
							
							HCDS

						
					

					
							
							Hiouhi

						
							
							Protection of pasture

						
							
							3219 ha

						
							
							HCDS

						
					

					
							
							Benhamed

						
							
							11769+ 4050ha

						
							
							HCDS

						
					

					
							
							Houdh Naoum

						
							
							Windbreak

						
							
							20Km

						
							
							FC

						
					

					
							
							Toughersane

						
							
							4Km

						
							
							FC

						
					

					
							
							N’thila

						
							
							Dune stabilization

						
							
							25ha

						
							
							FC

						
					

					
							
							Toughersane- Djellal

						
							
							Hardy fruit plantation (olive tree)

						
							
							71ha

						
							
							FC

						
					

					
							
							Magtaa el wast

						
							
							10ha

						
							
							FC

						
					

					
							
							Aouf

						
							
							10ha

						
							
							FC

						
					

					
							
							Houdh

						
							
							10ha

						
							
							FC

						
					

					
							
							Foures

						
							
							10ha

						
							
							FC

						
					

					
							
							Hiouhi

						
							
							10ha

						
							
							FC

						
					

					
							
							Toughersane

						
							
							Reforestation

						
							
							240Ha

						
							
							FC

						
					

					
							
							Djellal gharbi

						
							
							70Ha

						
							
							FC

						
					

					
							
							Forestry group 1, 2 and 4

						
							
							107Ha

						
							
							FC

						
					

				
			

			Biological fittings with a large volume divided between reforestation, fruit plantation, exclosure.

			Exclosure technique 

			This method entails creating steppe routes by allowing them to rest for a predetermined amount of time (three to five years) so that the natural plant cover can regenerate. The routes’ fodder effort then rises as a result (Figure 2 and 3).

			One pastoral improvement strategy that has been tested to counteract these ecological wrongdoings is defense, which seeks to reactivate the biological rise. Through this full protection, it is a question of promoting the regeneration, restoration and development of spontaneous vegetation to ensure soil protection (Benaradj, 2009; Benaradj et al., 2012).

			Among the pastoral remedies offered for the rehabilitation of these degraded routes, the technique of pastoral improvement “defenses” has recorded ecological advantages. This technique promotes natural regeneration, the most suitable for inducing the natural biological rise of steppe species. Defense has a positive impact in terms of organic rise. Defense allows a quantitative and qualitative increase in floristic wealth, the development of pastoral species, in particular therophytes. This results in a significant phytomasse, and a recovery of relatively high vegetation. The floristic composition is very diverse. It has favored the resettlement and reappearance of endangered species (Benaradj, 2009; Benaradj and al., 2010, 2013a, b, 2017; Khalid and al., 2015; Amghar et al., 2016; Boucherit et al., 2017; Anteur et al., 2022; Benamara et al., 2023).
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			Figure 2: Biological techniques of water and soils in the area of Taadmit.
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			Figure 3: Effect of the exclosure technique on vegetation cover in degraded steppe rangelands with Stipa tenacissima in the Taadmit region.

			Defense areas actually play an important ecological role. They make it possible to protect fragile ecosystems, to promote the regeneration of vegetation and to limit the effects of erosion, thus contributing to the conservation of biodiversity and contribute to the fight against desertification (Benaradj et al., 2017; Boucherit and Benaradj, 2024).

			Pastoral plantation 

			The selection of plants and crops to be used in the framework of WSC on agricultural land is determined by the agro-ecological conditions of a given area (Nicol et al., 2015). 

			Utilized as a pastoral plantation, Atriplex carescens is an important species for conservation and soil quality improvement. It is a fodder shrub that can be used in a variety of arid climates and soil types, which allows it to be utilized in a variety of agro-ecological settings (HCDS, 2023).

			Winds and live hedge (living fence) 

			Planting trees are usually in a direction perpendicular to the wind. The reed plant and casuarina are two of the most commonly used species (Figure 4). According to El-Yadari et al. (2019), live hedges, the use of perennial species to delimit fields (fence) or to protect them from livestock.

			[image: ]

			Figure 4: Windbreaks made in the Taadmit region.

			Cultural practices 

			The territory is converted rationally by using appropriate agricultural methods (diversification of production, use of appropriate irrigation techniques, avoid extensive cereal farming, respect for soil capacity to support cattle herds) and by installing sustainable crops such as fruit plantation such as the olive tree, the pomegranate tree and the fig tree (Figure 5). 

			This allows the soil fixing and improves the ecosystem. Fruits such as vineyards, plum, nectarine, apple tree, fig and grenadier, the apricot tree have a relative success rate. 

			According to Habit et al. (2020), this dynamic of agricultural development, based essentially on the mobilization of natural resources (water and soil), has contributed, in certain areas, significantly in the improvement of income and job creation, which has generated flow of agricultural products. The data gathered from the interviewed individuals indicates that the manner of utilizing their land is distinctly geared towards a plant-based production for survival. This involves engaging in diverse farming methods to fulfill their family’s immediate requirements and to deal with climatic challenges and risks (Boucherit et al., 2012). 

			When combined, these methods greatly increase the effectiveness of WSC structures. According to the findings of Morsli et al. (2008), it has been shown that these simple cultural practices are very effective at controlling erosion and conserving water.

			[image: ]

			Figure 5: Cultural practices in the Taadmit region.

			Trees also have other functions: Creation of hedges and wind breeze, constitution of coppice, etc. Interventions include the diversification of crops, the rotation of crops, conservation agriculture, agroforestry, water collection and small irrigation systems, the case of seguia. Enhancing the suitability of proper species and varieties utilized with climate conditions. Mixtures of species can allow better resistance of cultures to drought episodes.

			Hydraulic measurements

			Among the other traditional techniques of conservation of water and soils observed, there are techniques in the form of a land work such as the cords (in stones, vegetable or mixed), water derivations (Seguias, seds and diguettes of spreading of flooding).

			Table 5: Pastoral hydraulic works carried out in the Taadmit region (Souissi, 2015; HCDS, 2023). 

			
				
					
					
					
					
					
				
				
					
							
							Hydraulic structures

						
							
							Forage

						
							
							Source

						
							
							Sed

						
							
							Seguia

						
					

					
							
							Number

						
							
							3

						
							
							1

						
							
							1

						
							
							7,865m

						
					

				
			

			These actions will additionally enable the installation of native flora (oleander, tamarix, etc.) on areas at risk from erosion, to construct in watercourses, to organize the banks with irrigation channels. In our study region, (14,917 m3) of the work was undertaken during the timeframe (2004 to 2024) (HCDS, 2023; CF-Djelfa, 2023).

			These volumes are separated into 2 kinds of labor, namely: the derivation Seds that have been made of concrete, and the seguias. The utilization of irrigation based on hill reservoirs aided the evolution of agriculture and the augmentation of cultures. In the field, the gravity irrigation method is installed in two forms: Square basins and rectangular basins (more utilized in the north of the study area) (Table 5). 

			These systems have proven effective in conserving and managing water, but when used in conjunction with other, more expensive, modern irrigation systems, they require particular up keep. Whereas in the south, where agricultural activities are near wadi, farmers utilize wadi water by seguias to irrigate their plots whose breadth and length are clearly defined according to the surface and the slope of the terrain.

			The dam of the Taadmit wadi, which was built by the HCDS in 2005 at a cost of 5,000,000 DA. The dam is a weir built on a wadi or tributary, which ensures the collection or diversion of surface water via a traditional canal (seguia) that transports the water to the fields.

			Mechanical measurements

			The state incorporates a variety of mechanical projects, including concrete spills, to accomplish flood protection and torrential correction work in the wadis, stabilize the banks and the ravine bottom to prevent the river bed from widening, control flow, and store sediments. In addition, the state has undertaken several conservation interventions for the fight against erosion (slopes, low walls, cords the terraces, bench terraces, small dikes, dikes, earth cords, stony cords, dry stones, hedges, lively hedges, benches and correction of ravines) (Figures 6 and 7).

			[image: ]

			Figure 6: Mechanical measurements carried in the Taadmit region (a- Sed; b- Seguia; c- gabionage).

			In the Taadmit area, mechanical arrangements are divided into several types of works (stony cords, gabion thresholds and dry stone walls) were made following a request filed by the farmer from forest services to protect these agricultural land against the risks of flood. These practices are used to curb runoff, stop the progress of the ravines and considerably reduce runoff.

			Stony cord (Rows of stones)

			Hien (1995) claims that stony cords are filter barriers that reduce runoff velocity; they also enable the sedimentation of particles (sands, fine earth, and organic matter) upstream of the the bund (small dike), increasing the amount of watering water that infiltrates.

			The techniques of the stony cords have a high priority by the fact that they have a great capacity to combat erosion and are more durable. These results have shown that stony cords are systems resistant to the erosive effects of water and wind compared to any other techniques (Bationo et al., 2012).

			[image: ]

			Figure 7: Mechanical Technical distribution of water and soils in the Taadmit region.

			Infiltration bowl or planting pit

			This technique is based on creating tiny holes with a hoe (depth 5–15 cm, diameter 10–30 cm, and spacing of 50–100 cm) where the plants will be placed. Downstream of the pits, use the remaining soil to form a small dike and enrich it with compost, fertilizer, or grass straw (Kanté, 2001; Bayen et al., 2012). Indeed, the fittings of the slopes (terraces and individual basins) still plays their roles for which have been built (improvement of infiltration, soil capture and runoff) and have proven their high efficiency in the face of different forms of erosion. 

			Embankment (lifting of earth) 

			The crests are parallel to the contours lines: These are small embankments in the ground (15-20cm high), between which is a groove which collects the runoff of a strip cultivated between the Billons (Anschűtz et al., 2003; Nafi, 2020). Among the examples of production surface development, terraces with stone walls or with a simple embankment are a widely used phenomenon in Tellian Mountains, as well as individual infiltration cups (Mazour et al., 2008). 

			Assessment of traditional anti -erosive techniques

			WSC and the productivity of the developed land were both positively impacted by the analysis of these traditional developments in the various study areas.

			Analysis of traditional developments has revealed that windbreaks, seguias, and manure are meant to improve soil quality while protecting developed plots from runoff energy. Manure is used for stability, fertility, and soil productivity. These are techniques judiciously used in the study area and of variable size. 

			The soil’s type and depth determine the dimensions. When combined with a variety of biological measures, cultural practices, or structures (such as an earth embankment in conjunction with manure), their stability is linked to good water infiltration or drainage.

			Based on our polls, the behavioral findings illustrate water and soil protection initiatives regarding efficiency, endurance, viability, output, and their performance with respect to runoff and erosion (Table 6).

			Table 6: Analysis of techniques implemented in the Taadmit region (farmer’s perception scores, 2023).

			
				
					
					
					
					
					
				
				
					
							
							Techniques 

						
							
							Effectiveness

						
							
							Stability

						
							
							Sustainability

						
							
							Productivity

						
					

					
							
							Works and structures

						
					

					
							
							Stone barrier

						
							
							+

						
							
							+

						
							
							+

						
							
							+

						
					

					
							
							Windbreak

						
							
							++

						
							
							++

						
							
							++

						
							
							++

						
					

					
							
							Seguia

						
							
							+

						
							
							++

						
							
							++

						
							
							++

						
					

					
							
							Earth embankment (bank)

						
							
							++

						
							
							+

						
							
							+

						
							
							+

						
					

					
							
							Cultivation techniques

						
					

					
							
							Manuring

						
							
							++

						
							
							++

						
							
							++

						
							
							++

						
					

					
							
							Intercropping
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			Controlling runoff and the positive impacts of erosion control measures on it will improve agriculture through water conservation, stabilize the population, mobilize runoff, and preserve its quality. Pastoral planting and protected areas are biological developments that have proven effective in regenerating rangelands. 

			Due to our efforts and to transmit land degradation management practices, the following suggestions should be heeded:

			
					Create an economic strategy with the goal of logically utilizing natural resources to enhance rural residents’ quality of life through government-backed initiatives; 

					Create a system to support livestock feed (concentrate or dry barley) to preserve pasturevegetation within protected areas; 

					Use water resources sensibly and build pastoral hydraulics (storage infrastructures like diversion and storage seds, hill reservoirs, dikes) (Boucherit et al., 2021).

			

			In the Taadmit area, seguias have proven effective: Runoff water is collected and then channeled through seguias, improving infiltration and correcting the slope. This effectiveness is multiplied if the seguias are developed and, more importantly, combined with cultural practices such as the use of manure. 

			There are also very common practices, such as living fences, also known as windbreaks, which are essential for demarcating plots and protecting orchards from the wind. Drought-resistant species are used in the design of fences (Casuarina, cypress, reed, pomegranate, and sometimes olive). 

			Moreover, ridging has a favorable impact on water and soil preservation and on boosting the output of cultivated areas, especially when aligned across the slope of the terrain. 

			Water is transported from the spring and wadis to the irrigated plots via a seguia, a main canal composed of concrete or beaten earth. The local population uses the water from the sed (dam) and ponds for livestock watering and domestic use. Their effectiveness depends on the maintenance of this type of infrastructure, which is ensured by a volunteer project (Touiza). 

			The effectiveness of these conservation techniques can also be increased by using other cultural practices, such as biological pest and disease control, which contribute to agricultural sustainability and resilience to climate change (Nciizah et al., 2021; Kuyah et al., 2021). 

			Integrating trees into crops through agroforestry allows for agricultural production that is less sensitive to periods of drought (Kessler and Boni, 1991).

			The majority of the reservoirs are not operating because of the infrastructure’s degradation, This analysis was done in order to safeguard the study area and prevent siltation of hydraulic infrastructure and irrigated areas downstream of floods. However, the concrete seguia works perfectly because it is maintained daily by the beneficiaries and its location was well chosen. 

			The contribution of these structures to flood control is considerable at the local level, and their effectiveness is recognized as essential across the study area, particularly for the seguia examined, which has a high efficiency rate. This also applies to the stability and adaptability of the hydraulic installations (El-Abassi, 2000; Hassani, 2019). 

			However, regular maintenance of these structures is imperative to ensure their effectiveness during periods of heavy rainfall. They constitute the most effective method for land protection and flood control in terms of hydraulic management. The implementation and sustainability of these techniques ensures sustained long-term productivity, not only ecologically, but also biologically, economically, and socially (CRSTRA, 2008).

			Conclusion

			The study of agricultural practices and WSC techniques in the Taadmit region reveals that erosion, accelerated land degradation, soil depletion, and a shortage of arable land under unprecedented demographic pressure are the major and most frequently discussed environmental problems. In response to this situation, multiple traditional water and soil conservation measures have been implemented in the arid climate of the Taadmit region. 

			Traditional techniques (mechanical, biological, and cultural practices) are generally used by farmers (windbreaks, stone barriers, earthworks, and manure use, cultivation in basins and on ridges). They have a significant impact on WSC in farmed plots. The area thus provides a rich hydro-agricultural legacy by exhibiting a range of WSC management techniques and a human adaptation to extreme physical limitations. These kinds of actions typically improve the productivity of farmed land and conserve water and resources.

			Plain, cheap, and modified techniques, which have been embraced and perfected by growers, have shown to be the most beneficial. Yet, these systems stay broadly scattered and occasionally restricted; some have been discarded, whereas others are extensively utilized because of their benefits.

			The completed projects consist primarily of mechanical structures, representing a volume of over 14,917m3 spread across five types of structures (gabionage, torrent correction, sed, seguia, opening of agricultural tracks), as well as biological developments covering an area of 19,670 hectares divided between pastoral planting, reforestation, restocking, fruit planting, biological dune fixation and green dam, and 19,038 hectares of protected areas.

			It is nearly essential to combine these two forms of development mechanical and biological in order to guarantee a very favorable effect on land productivity and lower the risk of degradation. Among the many opportunities that WSC strategies offer are enhancing soil productivity, raising crop yields and, consequently, income, protecting biodiversity and the environment, adjusting to climate change, and raising farmers’ standards of living. Their contributions to soil condition include preventing soil erosion, recycling nutrients, preserving soil organic matter, which enhances the physicochemical qualities of the soil, preserving soil water availability for plants, and affecting soil microbial activity.

			Based on these findings, it’s evident that these SWC methods, which have demonstrated their usefulness through the years, and particularly those that farmers have embraced, modified, and perfected, can be enhanced to adjust to present and forthcoming environmental and socioeconomic circumstances, and incorporated into a fresh participatory approach to water and soil preservation. These methods should be given special consideration by policymakers in their sustainable land management strategies and their developmental endeavors.

			The role of technology dissemination and investigation for development is crucial to diminish soil degradation and reinforce WSC techniques, to enhance animal and plant yield, and guarantee food and nutritional security in arid and semi-arid areas. Within this context, it is necessary to take actions aimed at creating (WSC) techniques best suited to agro-ecological conditions and traits.

			Acknowledgements


			I wish to express my sincere gratitude to all those who contributed to this work: Dr. Denidina Benlabiod, National Institute of Forest Research, Djelfa Station, Mr. Soufiane Benzaoui (Member of the GIS unit), National Urban Planning Agency (NUPA) and Dr. Tayyib Moussaoui, Laboratory of Sustainable Management of Natural Resources in Arid and Semi-arid Areas, Salhi Ahmed University of Naama, Algeria.

			Novelty Statement

			The objective of the study is to determine, gather, and assess the present condition of soil and water conservation methods and agricultural practices in the Taadmit region (Djelfa, Algeria). In this study, the primary methods for conserving water and soil in arid environments are examined, and the effects of these anti-erosion strategies on WSC and agricultural productivity enhancement in the Taadmit region are assessed.

			Author’s Contribution

			Fatima Zohra Benrekia: Conceptualization, Data Curation, Format Analysis, investigation, Methodology, Resources, Validation, Writing-Original Draft, 

			Abdelkrim Benaradj: Conceptualization, Format Analysis, Supervision, Validation, Visualization, Writing-Original Draft, Writing-Review and Edition

			Boutkhil Morsli: Format Analysis, Supervision, Validation, Visualization, Writing-Original Draft

			Generative AI and AI-assisted technology statement

			Generative artificial intelligence or AI-assisted techniques were not used in the preparation, writing, or editing of this manuscript

			Conflict of interest

			The authors have declared no conflict of interest.

			References

			Al-Karkouri, J., A. Watfeh and M. Aderghal. 2002. Techniques de CES dans une zone semi-aride du Rif Central (Beni Bouffrah, Maroc). Bulletin du Réseau Érosion., 21: 56-82.

			Amghar, F., L. Estelle, F. Estelle and M. Pierre. 2016. La mise en défens et la plantation fourragère: deux modes de restauration pour améliorer la végétation, la fertilité et l’état de la surface du sol dans les parcours arides algériens. Biotechnol. Agron. Soc. Environ., 20(3): 386-396. https://doi.org/10.25518/1780-4507.12576

			A.N.R.H. Djelfa, 2023. Les grandes occupations de sol dans la région de Djelfa. Agence Nationale des Ressources Hydrauliques de Djelfa, ANRH- Djelfa.

			Anschütz, J., A. Kome, M. Nederlof, R. Neef and T. Van de Ven. 2003. AD13E Water harvesting and soil moisture retention (No. 13). Agromisa Foundation

			Anteur D., A. Benaradj and H. Boucherit. 2022. The impact of exclosure on the rehabilitation of steppe vegetation at Naâma rangelands in Algeria. J. Rangel. Sci., 12(2): 113-128.

			Arabi, M., 2021. La lutte contre l’érosion en Algérie: De la défense et restauration des sols (DRS) à la gestion conservatoire de l’eau, de la biomasse et de la fertilité des sols (GCES). Rev. Mar. Sci. Agron. Vét., 9(4): 657-665

			Bationo, B.A., A. Kalinganire and J. Bayala. 2012. Potentialités des ligneux dans la pratique de l’agriculture de conservation dans les zones arides et semi-arides de l’Afrique del’Ouest: Aperçu de quelques systèmes candidats. ICRAF Technical, Nairobi, Kenya. pp. 32.

			Bayen, P., S. Traoré, F. Bognounou, D. Kaiser and A. Thiombiano. 2012. Effet du zaï amélioré sur la productivité du sorgho en zone sahélienne. VertigO, 11(3). https://doi.org/10.4000/vertigo.11497

			Benaradj, A. and H. Boucherit 2014. Gestion intégrée des ressources pastorales dans la région de Naâma (Algérie). Revue algérien de développement économique N °01. 19-29. https://doi.org/10.12816/0020021

			Benaradj A., H. Boucherit and K. Benabdeli. 2017. Effet de la réhabilitation de la steppe à Hammada scoparia dans la région de Naâma (Algérie). Bot. Comp., 41: 81-91. https://doi.org/10.5209/BOCM.56866

			Benaradj, A., H. Boucherit, O. Hasnaoui, K. Mederbal and A. Sehli. 2013a. Rehabilitation of the Steppe Lygeum spartum in the Region of Naama (Western Algeria). Energy Proc., 36: 349-357. https://doi.org/10.1016/j.egypro.2013.07.040

			Benaradj, A., H. Boucherit and K. Mederbal. 2013b. Remontée biologique de la steppe à Stipa tenacissima L. après une mise en défens dans la station de Noufikha (Naâma -Algérie). Ann. Inrgref., 18, Numéro spécial, 107-121

			Benaradj, A., H. Boucherit and T. Merzougui. 2020. Water resources, state of play, and development prospects in the steppe region of Naâma (Western Algeria). pp. 253-283. https://doi.org/10.1007/698_2020_537

			Benaradj, A., O. Hasnaoui, H. Boucherit, K. Mederbal, D. Baghdadi and F. Aibout. 2012. Efficacité de la technique de Mise en défens sur la préservation des plantesd’intérêtsmédicinalesdans la région de Naâma: Cas de la station de Zaboudja – Tiout. Phyt. Chem. Biol. Sub J., 6(1): 39-45.

			Benaradj, A., 2009. Mise en défens et remontée biologique des parcours steppique dans la région de Naâma: dissémination et multiplication de quelques espèces steppique. Mémoire de Magistère, Université de Mascara, Algeria.

			Benaradj, A., 2017. Étude phyto-écologique des groupements à Pistacia atlantica Desf. Dans le sud Oranais (Sud-Ouest algérien). Thèse Doctorat en Foresterie. Université Abou Bakr Belkaid de Tlemcen, Algeria.

			Benaradj, A., K. Medrebal and K. Benabdeli. 2010. Remontée biologique du parcours steppique à Lygeum spartum après une durée de Mise en défens dans la steppe sud-oranaise de Naâma (cas de la station de Touadjeur). Mediterránea. Serie d’Estudios Biológicos. Época II, n. 21. https://doi.org/10.14198/MDTRRA2010.21.04

			Benamara N., A. Benaradj, S. Bouarfa. 2023. Ecological assessment of steppe rangelands in the Ain Sefra region (southwestern Algeria), Natural Resources and Sustainable Development, 13(2): 255–268. https://doi.org/10.31924/nrsd.v13i2.133

			Boucherit, H., 2009. Conservation, valorisation et perspective de développement durable de l’arboriculture dans les monts de Tlemcen Cas de la région de Beni-Snous, Mémoire de fin d’étude pour l’obtention d’un diplôme de Magister.

			Boucherit H., A. Benaradj and A. Mihi. 2025. The pastoral development of the steppe rangelands in Naama (Western Algeria). C. R. Acad. Bulg. Sci., 78(4): 532-542. https://doi.org/10.7546/CRABS.2025.04.06

			Boucherit H., A. Benaradj and A. Bouderbala. 2021. Conservatory management of natural resources in the Naâma Region (Southwest Algeria). Water Conserv. Sci. Engin., 6(1): 249-262. https://doi.org/10.1007/s41101-021-00118-9

			Boucherit H., M. Mazour and A. Benaradj. 2012. Conservation, valorisation et perspective de développement durable de l’arboriculture dans les monts de Tlemcen Cas de la région de Beni Snous. Mater. Environ. Sci., 2 (1) : 576-583

			Boucherit, H., 2018. Etude ethnobotanique et floristique de la steppe à Remth (Hammada scoparia) dans la région de Naâma (Algérie occidentale). Thèse de Doctorat en Sciences Agronomiques. Université de Tlemcen, Algeria. 

			Boucherit, H., K. Benabdeli and A. Benaradj. 2017. Biological recovery the steppe of Hammada scoparia after enclosure in the region of Naama (Algeria). Ekologia (Bratislava), 36(1): 52–59. https://doi.org/10.1515/eko-2017-0005

			Boucherit H., A. Benaradj and A. Bouderbala. 2021. Conservatory Management of Natural Resources in the Naâma Region (Southwest Algeria). Water Conserv Sci Eng 6, 249–262 . https://doi.org/10.1007/s41101-021-00118-9

			Bourahla, L., 2017. Etude du comportement de la biomasse microbienne des sols steppiques d’Algérie. These de Doctorat. Université Mustapha Stambouli-Mascara, Algérie.

			Boussaïd A., N. Souiher and F. Djaballah. 2012. Contribution à une étude climatique comparative entre deux trentaines d’années (1913-138) et (1975-2009) cas de la région de djelfa. 4(4): 23-44. https://doi.org/10.21608/ejec.2012.96650

			Boucherit H. and A. Benaradj. 2024. Physico-chemical properties of steppe soils with Hammada scoparia (Pomel) in the Naâma region (Algeria). Ekológia (Bratislava) Vol. 43, No. 1 : 16–25. https://doi.org/10.2478/eko-2024-0002

			CF-Djelfa, 2023. Bilan des aménagments réalisés dans la wilaya de Djelfa entre 2004-2024.

			Critchley, W. and J.W. Gowing. 2012. Water Harvesting in Sub-Saharan Africa. Routledge. ISBN 9780415537735. https://doi.org/10.4324/9780203109984

			CRSTRA, 2008. Recommendation. Colloque inyterbntional sur l’aridoculture. Biskra 13 and 14 Décembre 2008. J. Alégr. des régions arides N°7.

			DAS-Djelfa, 2023. Données sur le secteur agricole dans la wilya de Naama. 

			Davies, J., L. Poulsen, B. Schulte-Herbrüggen, K. Mackinnon, N. Crawhall, W.D. Henwood, N. Dudley, J. Smith and M. Gudka. 2017. Conservation de la biodiversité des zones arides. UICN, PNUE-WCMC et CNULCD, xii +84p

			DBPM (Directorate of Budgetary Programming and Monitoring) of Djelfa, 2024. monographie de la Wilaya de Djelfa. pp. 148.

			Dugué P., N. Andrieu and T. Bakker. 2024. Pour une gestion durable des sols en Afrique subsaharienne. Cah. Agric., 33(6): 1-12. https://doi.org/10.1051/cagri/2024003

			El-Abassi, H., 2000. Le savoir-faire des populations locales et gestion des eaux etdes sols dans une moyenne montagne méditerranéenne semi-aride. Rif oriental (Maroc). Bull. Réseau Erosion, 20: 399-428.

			El-Yadari, H., M.Chikhaoui, M. Naimi, M. Sabir and D. Raclot, 2019. Techniques de conservation des eaux et des sols au Maroc: Aperçu et perspectives. Rev. Mar. Sci. Agron. Vét., 7(2): 343-355.

			Habi M., B. Morsli and M. Hamel. 2020. Impact de la dynamique agricole sur la durabilité des périmètres agricoles traditionnels: Cas des oasis des monts du Ksour– Algérie. Digital J. Archaeol. Archit. Art.,

			Halitim, A., 1988. Sols des régions arides d’Algérie. OPU, Alger, pp. 384.

			Hassani, B., 2019. Evaluation des actions de conservation des eaux et des sols dans une zone aride, -cas de la wilaya de Naama. MEMOIRE de Master en Géographie et Aménagement du Territoire, Option: HCT/Hydrologie, Climatologie and Territoire. Université d’Oran 2 - Mohamed Ben Ahmed

			HCDS, 2023. Haut-commissariat de développement de la steppe de la wilaya de Djelfa.

			Hien, E., W.T.Kabore, D. Masse and P. Dugue, 2012. Apports organiques et pratiques de conservation de l’eau comme clés de la restauration de la productivité des sols dégradés dans la zone semi aride du Burkina Faso Lutte antiérosive, réhabilitation des sols tropicaux et protection contre les pluies exceptionnelles Editeurs scientifiques: Eric roose, Hervé duchaufour et Georges De Noni. https://doi.org/10.4000/books.irdeditions.12611

			Hien F.G., 1995. La régénération de l’espace sylvopastoral au Sahel : Une étude de l’effet de mesures de conservation des eaux et des sols au Burkina Faso. Doct. Thesis, Wageningen Agric. Univ., The Netherlands, 223p.

			Hudson, N.W., 1990. Conservation des sols et des eaux dans les zones semi-arides. Bull. Pédol. FAO, Rome, 57: 199.

			Jones, A., H. Breuning-Madsen, M. Brossard, J. Chapelle, A. Dampha, J. Deckers, Dewitte, O.S. Dondeyne, T. Gallali, S. Hallett, R. Jones, M. Kilasara, P. Le Roux, E. Micheli, L. Montanarella, O. Spaargaren, L. Thiombiano, Eric Van Ranst, M. Yemefack and R. Zougmoré. 2015. Atlas des sols d’Afrique. Luxembourg, GD Luxembourg: Union européenne. Bureau Publ., 

			Kadik, B., 1983. Contribution à l’étude du Pin d’Alep (Pinus halepensis Mill.) en Algérie. Écologie, dendrométrie, morphologie. O.P.U. Alger.

			Kanté, S., 2001. Gestion de la fertilité des sols par classe d’exploitation au Mali-Sud. Wageningen University and Research.

			Kessler, J.J. and J. Boni. 1991. L’agroforesterie au Burkina Faso: bilan et analyse de la situation actuelle (No. 1). Ministère de l’environnement et du tourisme, Direction forêts et reboisement.

			Khalid F., K. Benabdeli and B. Morsli. 2015. Impact de la mise en défens sur la lutte contre la désertification dans les parcours steppiques: cas de la région de Naâma (sud-ouest algérien). Rev. d’Ecol. (Terre et Vie), 70(1): 16-31

			Kuyah, S., G.W. Sileshi, L. Nkurunziza, N. Chirinda, P.C. Ndayisaba, K. Dimobe and I. Öborn. 2021. Innovative agronomic practices for sustainable intensification in sub-Saharan Africa. A review. Agron. Sustain. Dev., 41: 1-21. https://doi.org/10.1007/s13593-021-00673-4

			Liniger, H., R. Mekdaschi, C. Hauert, and M. Gurtner, 2011. Sustainable land management in practice: Guidelines and best practices for Sub-Saharan Africa, FAO, Rome, Italy

			Mazour M., B. Morsli and E. Roose. 2008. Analyse de quelques techniques traditionnelles de conservation de l’eau et du sol dans le nord-ouest algérien. 

			Roose, E., J. Albergel, G. De Noni, M. Sabir and A. Laouina. 2008. Efficacité de la GCES en milieu semi-aride,Actes de la session VII organisée par le Réseau E-GCES de l’AUF au sein de la conférence ISCO de Marrakech (Maroc), du 14 au 19 mai 2006 AUF, EAC et IRD éditeurs, Paris, pp. 193-198

			Melalih, A., 2012. Analyse des techniques de conservation de l’eau et du sol dans la zone aride cas bassin versant d’AinSefra. Mémoire de Magister en Sciences agronomiques. Université de Tlemcen. 120p.

			Morsli B., A. Halitim and M. Mazour 2008. Érosion et effet des techniques culturales sur les versants semi-arides de l’Algérie (Beni Chougrane). In : Efficacité de la GCES en milieux semi-arides. Édit. AUF-IRD-ENFI, Paris, pp. 199-203.

			Morsli B., M. Habi, M. Mazour, A., Hamoudi and A. Halitim. 2012. Érosion et ruissellement en montagnes méditerranéennes d’Algérie du Nord: analyse des facteurs conditionnels sous pluies naturelles et artificielles. Rev. Mar. Sci. Agron. Vét., 1: 33-40

			Morsli B., M. Habi and M. Meddi. 2013. Dynamique de l’érosion en zone méditerranéenne algérienne: Facteurs explicatifs de variation du ruissellement et de l’érosion sous différentes occupations du sol. Revue des sciences de l’eau / J. Water Sci., 26(2) : 89-105. https://doi.org/10.7202/1016061ar

			Morsli, B., M. Mazour, N. Medejel, Arabi M. and E. Roose. 2005. Influences of land uses, soils and cultural practices on carbon eroded and carbon stocks in soils of Mediterranean mountains of northern Algeria. Soil Erosion Carbon Dyn., pp. 103-124. https://doi.org/10.1201/9780203491935-10

			Mutunga, K., 2001. Water conservation, harvesting and management (WCHM) Kenyan experience. In Sustaining the global farm. 10th International Soil Conservation Organization Meeting. Purdue University and the USDA-ARS National Soil Erosion Research Laboratory, pp. 1139-1143.

			Nafi, E., 2020. Interactive tillage and crop residue management effects on soil properties, crop nutrient uptake and yield in different weathered soils of West Africa. Doctoral dissertation, Universitäts-und Landesbibliothek Bonn).

			Nair, P.K.R., B.T. Kang and D.C.L. Kass. 1995. Nutrient cycling and soil-erosion control in agroforestry systems». Juo, ASR and Freed, RD édit. Agriculture and the Environment. https://doi.org/10.2134/asaspecpub60.c7

			Nciizah, A.D., H.A. Mupambwa, P. Nyambo, B. Muchara and C.W. Nantapo. 2021. Ecological agriculture’s potential in building the resilience of smallholder agricultural soils under a changing climate. In Handbook of climate change management: research, leadership, transformation (). Cham: Springer International Publishing. pp. 591-611. https://doi.org/10.1007/978-3-030-57281-5_322

			Nezomba, H., F. Mtambanengwe, P. Tittonell and P. Mapfumo. 2017. Practical assessment of soil degradation on smallholder farmers’ fields in Zimbabwe: Integrating local knowledge and scientific diagnostic indicators. Catena, 156: 216-227. https://doi.org/10.1016/j.catena.2017.04.014

			Nicol, A, S. Langan, M. Victor and J. Gonsalves. 2015. Water-smart agriculture in East Africa. Colombo (Sri Lanka); Kampala (Uganda): International Water Management Institute (IWMI), CGIAR Research Program on Water, Land and Ecosystems (WLE); Global Water Initiative East Africa (GWI EA), 352p.

			Power Nasa Data Access Viewer, 2022. Données climatiques de Djelfa de l’année 2022.

			Roose E., 1989. Méthodes traditionnelles de gestion de l’eau et des sols en Afrique occidentale soudano-sahelienne: Définitions, fonctionnements, limites et améliorations possibles. Communication a la 6e Réunion du Réseau Erosion. Montpellier: 1-8.

			Roose, E., 1994. Introduction à la gestion conservatoire de l’eau, de la biomasse et de la fertilité des sols (GCES) (Vol. 70). Organisation des Nations Unies pour l’alimentation et l’agriculture. 438p

			Roose, E. and B. Barthes. 2001. Organic matter management for soil conservation and productivity restoration in Africa: A contribution from Francophone research. In Managing Organic Matter in Tropical Soils: Scope and Limitations: Proceedings of a Workshop organized by the Center for Development Research at the University of Bonn (ZEF Bonn), Germany, 7–10 June, 1999 (pp. 159-170). Springer Netherlands. https://doi.org/10.1007/978-94-017-2172-1_15

			Sidibé, A., 2005. Farm-level adoption of soil and water conservation techniques in northern Burkina Faso. Agric. Water Manage., 71(3): 211-224. https://doi.org/10.1016/j.agwat.2004.09.002

			Souissi, M.S., 2015. Évaluation des grands projets du Haut-Commissariat au développement des steppes dans la wilaya de Djelfa de 1994 à 2010. USTHB Alger, Algeria.

			UN, United Nations, 2016. Site Internet de la Journée mondiale de la lutte contre la désertification et la sécheresse (17 juin).

			Young, A., 1987. Soil productivity, soil conservation and land evaluation. Agroforestry systems 5: 277-291. https://doi.org/10.1007/BF00119126

			Zaghouane O, Abdellaoui Z, Houassine D (2006) Quelles perspectives pour l’agriculture de conservation dans les zones céréalières en conditions algériennes?. Options Méditerranéennes, Série A, Numéro 69, CIHEAM-IAMZ, Zaragoza (Espagne),183–187

			Zougmoré, R., K. Ouattara, A. Mando and B. Ouattara. 2004. Rôle des nutriments dans le succès des techniques de conservation des eaux et des sols (cordons pierreux, bandes enherbées, zaï et demi-lunes) au Burkina Faso. Sci. Change. Planét. Sécheresse, 15(1): 41-48.

		

	OEBPS/image/Image155336781.png
Map of Agricultural Practices in the Study Area (T'admit)

3820000

3780000

3760000

3800000

480000

500000 520000
u
w
] L
8
BENI YACOUB
AIN EL IBEL
g
poulis
K ’ Laghouat_Province /
Legend
| T'admit_Area
~ =~ Boundary of Djelfa Province _g
code = Farming practices 4
1=Manure application DELDOUL

2=Croplrotation, manure application, crop residues
@  3=ntercropping, manure application, crop residues
@© 4=Manure application, crop residues

) manure
]

6=Ci manure

@ 7=Ridging/hilling, manure application, crop residues

Coordinate System: WGS 1984 UTM Zone 31N
Projection: Transverse Mercator
9 1:200 000

Datum: WGS 1984
16 Km
L

h
Source: Summary of Organized Field Trips '

,’SEI}\

RAHAL

3760000

500000

520000






OEBPS/image/Image155336777.png





OEBPS/image/Image155336775.png
BENIYACOUB

ANELIBEL

- /

Laghout Provinco

DELDOUL

Legend
Tacnt_vea

- Boundary ofDjta Provioe.

Biologicaltechniques

[t

e womentorege | Lt






OEBPS/image/Image155336745.png
1015000 1025000 1035000 1045000 1055000
N S T S T S T R |
AT TaRE

3845000

3835000

3825000

IMALI NIGER

3815000

ALGERIA

IS s, sacyfobm
A 7ecioaou
LN BN T
o i o

3805000

wsh

i
yeL i

a5l

Bk

LAGHOUAT

‘boundaries
X i \) § &

— — T T T T T
1015000 1025000 1035000 1045000 1055000 1065000 1075000 1085000

Wilaya of Djelfa | Municipality of Taadmit

hudia






OEBPS/image/Image155336808.png
Map of Mechanical Techniques in the Study Area (T'admit]

480000 500000

480000 500000 520000
N
w
s
g 8
8- S
BENI YACOUB
AIN EL IBEL
H g
£ re
g 3
Dpouis
, Laghouat Province
g 5 8
H v LS
H N g
Lo o DELDOUL
Legend
Tadmit_Area
- - - — Boundary of Djelfa Province
Mecanical techniques
(@©  Earth Embankment/ Stone Cordon / Gabion-Small Dike
@  arth Embankment  Stone Cordon Q?.'fv";mserg:."mﬂ%s&gu
oo :
H @  cor Embankment 0 4 8 16 Km - SED\ |§
g . No mecanical management Source: Summary of Organized Field Trips ' RAHAL E






OEBPS/image/1.png
OPEN aACCESS Pakistan Journal of Agricultural Research

™

Check for

- updates
Research Article

Assessment of Water and Soil Conservation Schemes in the Arid Zone

of Taadmit (Djelfa, Algeria)
Fatima Zohra Benrekia', Abdelkrim Benaradj* and Boutkhil Morsli*

lLabomtary of Sustainable Management of Natural Resources in Arid and Semi-arid Areas, Salhi Ahmed University of Naama,
45000 Naama, Algeria; ?National Institute of Forest Research, station of Tlemcen, BP8S, Mansourah, Tlemcen, Algeria.

Abstract | Serious environmental issues, such as soil erosion, diminishing water quality and quantity, and biodiversity
loss, are present in the Djelfa region of Algeria. The aim of this research was to determine and evaluate the present
state of different methods and approaches for conserving soil and water in the arid region of Taadmit (Djelfa,
Algeria). The approach was founded on field observations and surveys with farmers and government organizations to
ascertain the size, composition, and efficacy of water and soil conservation (WSC) structures as well as to elucidate
their connections to the agro-ecological and climatic conditions of the study area.The assessment of the status of
these developments showed that the study region offers a wide variety of WSC strategies and demonstrates a form of
human adaptation to severe physical constraints. The results obtained show that the traditional cultivation techniques
used, such as windbreaks, ridging and hilling, manure have had a significant positive effect on the preservation
of water and soil on cultivated land. In addition, the anti-erosion techniques (torrential correction, hill retention,
reforestation, pastoral planting, rustic fruit planting, seguia, Sed, biological fixation of dunes, protection, stone
bunds) show that they are largely effective and have a positive impact on the conservation of water and soil. The
WSC developments carried out have a positive impact that can be Cultural practices (such as stone removal, fallow,
tertilization and rotation), mechanical (banks, terraces, benches, dry stone bunds, etc.) or biological treatments (choice
of crops, reasoned fertilization, vegetation) which constitute a very effective means of anti-erosion. Analysis of field
results showed that the actions undertaken aimed at water and soil conservation and management (WSCM) were
numerous and diverse. Analyzing the main factors in time and space will help understand degradation phenomena
and propose appropriate biological control strategies and techniques for sustainable natural resource management. In
order to guarantee this beneficial effect on land productivity and lower the risks of degradation, these two forms of
development must always be combined. Public authorities and farmers have undertaken efforts to restore and protect
soils through land-use planning and the adoption and improvement of soil and water conservation measures on
agricultural lands to improve ecosystem functioning in drylands. This study aims to assess WSC, in terms of farming
practices and research activities, by analyzing the stability, rehabilitation, and effectiveness of existing anti-erosion
developments, and exploring how WSC technologies and practices offer a way to restore soils to good condition and
improve sustainable agriculture in this study area, in the face of low rainfall on fragile lands.
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