Impact of organic amendments (dromedary droppings and cow dung) on the physico-chemical properties of three arid soils and their water-holding capacity.


ABSTRACT
Soils come from the arid region of Hadjer-Lamis (13°00′00″ N; 15°44′00″ E). Samples were taken in March 2025 at a depth of 0 to 20 cm. At the same time, dromedary droppings and cow dung were collected. The physicochemical characterization of the soils from Dandi, Karal, and Mani was carried out at the Soil, Water, and Plant Laboratory (SWPL) in Chad. The granulometric analysis gives the following results: clay: Dandi (19.5%), Karal (17%), Mani (14%); silt: Dandi (17.5%), Karal (7.5%), Mani (7%); sand: Dandi (63%), Karal (75.5%), Mani (79%). These soils are sandy-loam, chemical analyses indicate, Dandi: MOT (0.655%), CT (0.38%), EC (335 µS/cm), PT (192 ppm), pH (7.64), KT (478.00 mg/kg), CEC (13.34 meq/100 g); Karal: MOT (0.617%), CT (0.358%), EC (687 µS/cm), PT (279 ppm), pH (6.28), KT (994.00 mg/kg), CEC (24.50 meq/100 g). Mani: MOT (0.519%), CT (0.301%), EC (183 µS/cm), KT (384 ppm), pH (6.26), CEC (11 meq/100 g). dromedary droppings: MO (5.20%), pH (7.30), NT (0.033%), potassium (39 mg/l), PA (151.97 mg/kg), Na (86.50 mg/l), EC (2960 µS/cm), Cu (9.60 mg/l), Ca (750 mg/l); cow dung: OM (190 mg/kg), pH (9.2), NT (16 mg/kg), potassium (1.1 cmol/kg), PA (18.2 mg/kg), Na (0.1 cmol/kg), EC (250 µS/cm), Cu (8.1 mg/l), Ca (5 cmol/kg). The application of these organic amendments improves structure, porosity, and organic matter in the soil.
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1. INTRODUCTION
The strong demographic growth observed in sub-Saharan Africa is leading to a significant increase in food requirements. In this context, long fallow periods are gradually disappearing in favour of shorter rest periods and more sedentary forms of agriculture [1]. The objective of achieving food self-sufficiency remains central for several countries on the continent, and those of sub-Saharan Africa are fully engaged in this dynamic. In the face of rapid population growth, both at the African and regional levels, increasing agricultural production appears indispensable [2,3]. To achieve this, a combination of measures is required: expansion of cultivated areas, improvement of soil fertility [4,5], better management and valorisation of water resources, greater diversification of agricultural production, strengthening of food crisis prevention and management mechanisms, technical support for producers, and training in promising agricultural value chains.
Food self-sufficiency would represent a major advantage for all African countries, particularly those of the Sahel, which are regularly confronted with crisis situations. The Sahel is characterised by a particularly harsh climate, notably marked by low and irregular rainfall as well as poor soils [6]. Despite the efforts made by actors in the agricultural sector, yields vary greatly from one year to another depending on factors such as rainfall, drought, strong winds or locust invasions. Soils also display considerable spatial and temporal variability. Apart from certain favoured areas-plains, lowlands and depressions-aridity remains a dominant characteristic. As these soils are exploited for various uses, they gradually become depleted. In general, a large proportion of land in sub-Saharan Africa suffers from low natural fertility, as a result of constraints specific to each agro-ecological zone [7]. These limitations are key factors influencing agricultural production [8,9], fertility being defined as “the capacity of an environment to ensure production”, taking into account its various properties. Chad, a landlocked Sahelian country located between latitudes 7° and 24° North and longitudes 13° and 24° East, is subject to a hot continental climate. In Chad, rainfall amounts vary greatly from north to south, ranging between 100 and 1,200 mm per year. This disparity directly influences agricultural systems, especially as rainfall shows high interannual variability and is frequently associated with the risk of drought. The country therefore faces significant climatic hazards that strongly affect agricultural production and food supply. The Chadian population is estimated at 16, 722,196 inhabitants (INSEE, 2021), with a demographic growth rate of 3.30%. Among this population, 44.2% are affected by some form of food insecurity, whether temporary or persistent. Agriculture and livestock farming constitute the pillars of the national economy. The agricultural sector occupies a strategic place in the country’s development: it contributes approximately 23% of GDP, of which 20% comes from food crop production and 3% from cash crops such as groundnuts, cotton or gum arabic. It is also the main source of employment, engaging nearly two thirds of the working population, among whom women are in the majority. The second essential contribution of the agricultural sector lies in food production, which directly addresses the challenges of food insecurity and poverty, particularly acute in Chad due to frequent shortages. A third major function of agriculture concerns the supply of raw materials for national agri-food industries. The majority of actors in this sector are family farms which, for several decades, have been facing various constraints that have led to a marked decline in yields [10]. Among these constraints is the progressive degradation of soil fertility [11], exacerbated by certain fertilisation and amendment practices that alter soil properties [12-15]. To restore and maintain soil fertility, several actions are required: the application of organic fertilisers (manure, compost, plant residues) [16] and mineral fertilisers (NPKSB, urea), the establishment of fallow periods of varying length, the promotion of cover crops or nitrogen-fixing forage crops in order to sustainably improve soils and yields, as well as the training of farmers in simple, low-cost techniques combining erosion control and the addition of organic matter at the plot level.
This study proposes a comparative analysis of soils from the three sites mentioned, in order to provide an additional contribution to the understanding of their physico-chemical characteristics. It highlights their properties in relation to fertilisation practices, as well as their behaviour with respect to water: affinity, retention capacity, circulation and soil-water interactions.
2. MATERIALS AND METHODS
2.1   Location of the sample collection sites
The study was carried out in three localities of the Hadjer-Lamis region: Karal, Dandi and Mani. The Hadjer-Lamis region is located at 13°00'00" North latitude and 15°44'00" East longitude, and covers an area of 31,426 km². The geographical coordinates of the three localities are as follows: Dandi, 12°48.954' North latitude and 14°40.722' East longitude, with an average altitude of 284 m; Karal, 12°52.752' North latitude and 14°45.507' East longitude, with an average altitude of 276 m; Mani, 12°44.622' North latitude and 14°41.155' East longitude, with an average altitude of 285 m. The climate of the Hadjer-Lamis region is of the Sahelian type, characterised by a long dry season extending from October to May, followed by a rainy season lasting approximately four months. The months of July and August record the highest rainfall, with monthly precipitation ranging from 80 to 180 mm and an annual average close to 450 mm. Monthly maximum temperatures range between 35 and 45 °C, while minimum temperatures vary between 11 and 22 °C. The hottest periods correspond to the months of March, April, May and June, whereas December, January and February are the coolest [17].
2.2    Sampling and laboratory analysis of manures and soils
Manures : These consisted of dromedary droppings and caw dung. The analyses were carried out at the Soil-Water-Plant Analysis Laboratory (SWPAL) in N’Djamena (Chad). The samples were collected in the Hadjer-Lamis region in March 2025, after which they were air-dried for one week [13] and then ground before chemical analysis. The pH of each sample was measured by electrometry using a sample to water ratio of 1: 2 (w/v). Organic carbon content was determined by dry combustion [18], while total nitrogen was assessed using the micro-Kjeldahl method [19]. The samples were then digested in a mixture of perchloric and nitric acids, after which available phosphorus was determined using the vanadomolybdate yellow method [20]. Potassium and sodium were measured using a flame photometer, whereas calcium and copper were quantified by atomic absorption spectrometry (AAS).
Soils: Soil samples were collected in March 2025 from different locations and soil horizons (0-20 cm). This choice of depth is explained by the fact that these zones correspond to the soil layers where roots develop, ensuring plant anchorage and providing the essential elements for growth: heat, water, and nutrients. It is also within these horizons that the concept of soil fertility is best understood [21]. The samples were then subjected to various physico-chemical analyses at the Soil-Water-Plant Analysis Laboratory (SWPAL) in N’Djamena (Chad). Particle size distribution refers to the determination of the percentages of minerals that make up the fine earth fraction; it was determined using the densimetric method [22]. Chemical analyses were carried out as follows: the maximum water retention capacity (WRC_max) was estimated using the percolation method according to the following relationship:
                                                                                                                                    (1)
where WR is the amount of water retained (g), WI is the amount of water initially present in the fresh sample (g), and D.M is the dry matter (g) [23]. Electrical conductivity makes it possible to determine the level of soluble salts in water; it is measured using a conductivity meter on a soil suspension with a soil/water ratio of 1:5 after 2 hours of contact, and the reading is taken with a conductivity meter. The results are expressed in µS/cm [6].
Soil moisture can be estimated using several methods. In our experiment, we chose the gravimetric method, which consists of drying the soil sample at 105 °C for 24 hours. The loss of weight after drying is equal to the soil water content. The values obtained can be expressed as a percentage relative to the weight of the dry or wet sample [24].
                                                                                                          (2)
2.3    Experimental setup
The experimental setup used is the same as that employed by [27]. The climatic chamber is regulated according to the following set points: the initial water content, temperature and relative humidity are respectively 8%, 30 °C and 48%. Several PVC tubes (diameter, D = 4 cm; height, h = 15 cm), several Petri dishes, a metal ruler, adhesive tape and a drying oven are prepared.
2.4    Soil preparation and filling of the PVC tubes
The objective is to amend three arid soils to a given organic matter content. The required materials are as follows: soil samples, distilled water, powders of dromedary droppings and cow dung, a spatula, a balance, a drying oven and airtight containers. The procedure is as follows: Place the soil in the drying oven at 105 °C for approximately 48 h prior to handling, then allow the soil to cool for about thirty minutes. This duration may vary depending on the quantity of soil required for the operation, but it should be sufficiently short to limit rehydration through absorption of atmospheric moisture. A quantity of the dry soil is then taken and placed in an airtight container. The preparation of the soil columns involves several stages: grinding the air-dried dromedary droppings and cow dung (organic materials) into powder, and measuring the masses of the empty PVC tubes and Petri dishes. To obtain the control soil samples, a sufficient given quantity of soil taken from the drying oven and allowed to cool is mixed with 8% distilled water to obtain a homogeneous mixture. For the preparation of the amended soil, the mass of soil is determined according to the number of PVC tubes required. Thus, for a given mass of soil, 4% of organic matter powder (cow dung or dromedary droppings) is first added and mixed until homogeneous; subsequently, 8% distilled water is added and mixing is continued until complete homogeneity is achieved.
Once this step is completed, the samples to be placed in the climatic chamber can be prepared. Filling of the PVC tubes begins with, on the one hand, the control samples and, on the other hand, the amended samples. Compaction is carried out flush with the rim at both ends of the tubes; one end is sealed with adhesive tape to prevent moisture loss. In this way, the soil columns are prepared.
A small quantity of soil remaining after preparation is kept in order to determine its water content. For this purpose, the mass of the moist soil and the dry mass after oven-drying at 105 °C are determined.
· Fick’s law:                                                                                                                       (3)
Where J  is the water diffusion flux in the soil, D  is the diffusion coefficient, and      is the water content gradient.
· Darcy’s law:                                                                                                                                                (4)
,  is the hydraulic conductivity,       is the hydraulic head gradient.
· Richards’ equation:                                                                                (5)
3.    RESULTS AND DISCUSSIONS
3.1 Results
	Table 1: Mineral proportions  of the samples

	
	Localities
	

	
	Dandi
	Karal
	Mani
	

	Parameters
	Value
	Methods

	Sand (%)
	63
	75.50
	79
	The densimetric method
(J. Pauwels and al., 1992)

	Silt (%)
	17.50
	7.50
	7
	

	Clay (%)
	19.50
	17
	14
	






	Table 2: Proportions 1 of selected chemical elements in the three soils and their standard values

	
	Localities
	

	
	Dandi
	Karal
	Mani
	

	Parameters
	Value
	Standards
	Methods

	TOM (%)
	0.655
	0.617
	0.519
	3.6 – 6.5
	The organic carbon content multiplied by 1.724 (Walkey and Black, 1934) gives the organic matter content

	TC (%)
	0.380
	0.358
	0.301
	1.26 – 2.5
	Dry combustion (Nelson D.W. and al., 1996 )

	MC  (%)
	2.85
	4.52
	2.93
	------
	 gravimetric (N. Bouchenafa and al., 2014)

	EC  (µS/cm)
	335
	687
	183
	------
	 electrical conductivity (Amir Sido Yacoub and al, 2018)

	TN (%)
	0.036
	0.041
	0.029
	------
	Micro- kjeldahl (Bremner J. M, 1996)

	C/N
	11
	9
	10
	11 - 15
	C/N, ratio is obtained by directly comparing the total carbon content to the total nitrogen content (Timbé N' Djédanoum, 2023a).

	TP (ppm)
	192
	279
	384
	0.2 - 0.23 (g.kg-1)
	Olsen et Sommers (1982)


	AP (ppm)
	2.02
	5.50
	9.72
	3 - 8
	

	Legends : TOM : Total Organic  Matter ; TC : Total Carbon ; TN : Total Nitrogen ; AP : Assimilable  Phosphorus ; TP : Total  Phosphorus ; C/N : Carbon on  Nitrogen ; Cond : Electrical conductivity ;  MC : Moisture content



	Table 3 : Proportions 2 of selected chemical elements in the three soils and their standard values

	
	Localities
	

	
	Dandi
	Karal
	Mani
	

	Parameters
	Value
	Standards
	Methods

	TP (mg/kg) 
	TK
	478.00
	494.00
	324
	3700
	Flame emission spectrometer (Walinga et al., 1989)

	        EB (meq/100g) 
	Ca2+
	2.34
	8.11
	1.44
	5 - 8
	Fluoronitroperchloric acid (HOWOLER, R. H., 1996)

	
	Mg2+
	1.25
	3.77
	0.70
	1.5 - 3
	

	
	K+
	0.87
	0.37
	0.67
	0.15 - 0.25
	

	
	Na+
	0.61
	0.25
	0.05
	0.3 - 0.7
	

	SB (meq/100g) 
	S
	5.07
	12.50
	2.86
	7.50 - 15
	 ,  (Timbé N’Djédanoum and al., 2023a)

	SR
(%)
	V
	38
	51
	26
	60 - 90
	Saturation Rate,  , (Timbé N’Djédanoum and al., 2023a)

	CEC (meq/100g) 
	T
	13.34
	24.50
	11
	10 - 20
	Ammonium acetate metson, pH= 7, (Mathieu C. 2003)

	Sr
	pH-KCl
	5.56
	5.42
	5.2
	-----
	The pH (pH-water and pH-KCl) (hydrogen potential) was determined using the method of Mc. Lead (1982).

	
	pH-Eau
	7.64
	6.28
	6.26
	-----
	

	Legends : TP : Total Potassium; EB : Echangeable Bases; SB : Sum of Bases ; SR : Saturation Rate ; CEC : Cation Exchange Capacity ; Sr : Soil Reaction ; Ca2+ : Assimilable calcium ; Mg2+ : Assimilable magnesium ; K+ : Assimilable potassium ; Na+ : Assimilable sodium.


Normative reference values (Howeler, 1996, 2001; Giroux and Audesse, 2004; Doucet, 2006).

	Table 4: Proportions 2 of chemical elements present in the powder of dromedary droppings

	Parameters
	Values
	Methods

	AP (mg/kg)
	151.97
	 The method described by Saunders and Williams (1955).

	Cu (mg/l)
	9.60
	Atomic absorption spectrometry (AAS), (Faye B. et al., 2009)

	Na (mg/l)
	86.50
	

	Ca (mg/l)
	750
	

	K (mg/l)
	39
	Flame emission spectrometer (Walinga et al., 1989)

	TN (%)
	0.033
	Micro- kjeldahl (Bremner J. M, 1996)

	OM (%)
	5.20
	The organic carbon content multiplied by 1.724 (Walkey and Black, 1934) gives the organic matter content

	OC (%)
	3.01
	Dry combustion (Nelson D.W. and al., 1996 )

	Cond. Elect. (µS/cm)
	2960
	Conductivity meter (Amir Sido Yacoub and al., 2018)

	pH-KCl
	7.04
	Surplus from a suspension of a substrate sample in distilled water at a solid-to-solution ratio of 1:5 (Ognalaga and Itsoma, 2014)

	pH-Eau
	7.30
	

	Legends : OM : Organic  Matter ; Ca : calcium ; Na : sodium ; OC : Organic Carbon ; Cu : Copper ; K : potassium





	Table 5 : Proportion of chemical elements present in cow dung powder

	Parameters
	values
	methods

	AP (mg/kg)
	18.2
	The method described by Saunders and Williams (1955)

	Cu (mg/l)
	8.1
	Atomic absorption spectrometry (AAS), (Faye B. et al., 2009)

	Na (Cmol/kg)
	0.1
	

	Ca (Cmol/kg)
	5
	

	K (Cmol/kg)
	1.1
	Flame emission spectrometer (Walinga et al., 1989)

	TN (mg /kg)
	16
	Micro- kjeldahl (Bremner J. M, 1996)

	OM (mg/kg)
	190
	The organic carbon content multiplied by 1.724 (Walkey and Black, 1934) gives the organic matter content

	OC (mg/kg)
	110.4
	Dry combustion (Nelson D.W. and al., 1996 )

	Cond. Elect. (µS/cm)
	250
	conductivity meter (Amir Sido Yacoub and al., 2018)

	pH-KCl
	8.39
	Surplus from a suspension of a substrate sample in distilled water at a solid-to-solution ratio of 1:5 (Ognalaga and Itsoma, 2014)

	pH-Eau
	9.2
	



· Dandi soil 



Figure 1: Comparative evolution of water content in three Dandi soils during drying (116 h) with error bars ±5%, under conditions: Winitiale = 8%, RH = 48%, T = 30°C

· Karal soil



Figure 2: Comparative evolution of the water content of three Karal soils 1 during drying (152 hours) with error bars ±5%, under the following conditions: Winitiale = 8%, RH = 48%, T = 30 °C

· Mani soil


Figure 3: Comparative evolution of the water content of three soils 1 from Mani during drying (128 h) with error bars ±5%, under conditions: Winitiale = 8%, RH = 48%, T = 30 °C

3.2   Discussions
Physical Analysis : Table 1 shows that the Mani soil has the highest average sand content (79%) compared with the other sites. In contrast, the Dandi soil is distinguished by a higher average silt content (17.50%) than those of Karal (7.50%) and Mani (7%). Dandi also exhibits the highest clay content (19.50%) among the three locations. According to the textural triangle classification [28], these results indicate that all three soils belong to the sandy-loam class [29]. The obtained textural characteristics are similar to those reported by [30] in the Bouskoura region, where the authors observed clay contents ranging from 6.30 to 8.30%, silt from 19.40 to 35%, and sand from 57.30 to 74.30%. However, they differ from the results of [13], who studied soils in south-eastern Gabon (Franceville) and identified a fine silt-dominated texture, as well as from [31], who reported a silty-clay texture, and from [32] or those discussed by [1], which are sandy-silty-clay.
Chemical Analyses: In Tables 2 and 3, total potassium contents range from 324 to 494 mg·kg⁻¹, with an average of 432 mg·kg⁻¹, values significantly lower than the standard of approximately 3700 mg·kg⁻¹. The Karal soil exhibits the highest concentration (494 mg·kg⁻¹), followed by Dandi (478 mg·kg⁻¹) and Mani (324 mg·kg⁻¹). Regarding exchangeable bases, Ca²⁺ contents range from 1.44 to 8.11 meq/100 g, with an average of 3.96 meq/100 g, below the reference values (5-8 meq/100 g). Karal stands out with 8.11 meq/100 g, slightly above the standard, whereas Dandi (2.34 meq/100 g) and Mani (1.44 meq/100 g) display low levels. Mg²⁺ contents range from 0.70 to 3.77 meq/100 g, with an average of 1.90 meq/100 g, within the normative range. However, Karal reaches 3.77 meq/100 g, a slightly high value, while Dandi shows a normal content (2.34 meq/100 g) and Mani a low content (0.70 meq/100 g) [17]. For K⁺, concentrations vary between 0.37 and 0.87 meq/100 g, with an average of 0.63 meq/100 g, higher than the standard (0.15-0.25 meq/100 g); Dandi (0.87 meq/100 g) and Mani (0.67 meq/100 g) have very high contents, while Karal shows a slightly above-standard level (0.37 meq/100 g). Na⁺ contents range from 0.05 to 0.61 meq/100 g, with an average of 0.30 meq/100 g, conforming to reference values (0.3-0.7 meq/100 g). Dandi shows a normal content (0.61 meq/100 g), Karal a slightly low value (0.25 meq/100 g), and Mani a very low content (0.05 meq/100 g).
The sum of exchangeable bases (S) varies from 2.6 to 12.50 meq/100 g, with an average of 6.81 meq/100 g, below critical thresholds (7.5-15 meq/100 g). Karal reaches 12.50 meq/100 g, above the threshold, whereas Dandi (5.07 meq/100 g) and Mani (2.86 meq/100 g) show low to very low levels. Saturation rates generally remain below recommended values. The pH, a key indicator of nutrient availability, varies for pH-water around an average of 6.72, corresponding to a neutral soil. Extreme values range from 6.26 (slightly acidic) to 7.64 (slightly alkaline). This average is lower than that reported by [28] but higher than values obtained by [31]. The pH-KCl, ranging from 5.42 to 5.62 (average: 5.52), is higher than that observed in the study by [13]. Organic matter contents (0.519-0.655%) are low compared with [13] but remain higher than those observed by [33]. Total nitrogen varies from 0.029 to 0.041% (average: 0.035%), with Karal leading (0.041%), followed by Dandi (0.036%) and Mani (0.029%). Available phosphorus ranges from 2.02 to 9.72 ppm (average: 5.74 ppm, a normal value). Mani has a high content (9.72 ppm), Karal a normal content (5.50 ppm), and Dandi a low value (2.02 ppm). Total phosphorus varies between 192 and 384 ppm (average: 285 ppm). Dandi (192 ppm) is slightly below the standard, whereas Karal (279 ppm) and Mani (384 ppm) are above it. C/N ratios range from 9 to 11, with an average of 10, above recommended values, indicating relatively slow organic matter decomposition. Only Dandi shows a compliant ratio. These values are lower than those reported by [34]. Finally, Cation Exchange Capacity (CEC) varies from 11 to 24.50 meq/100 g, with a normal average of 16.28 meq/100 g. Dandi and Mani exhibit compliant CECs, while Karal shows a high value.
Manure Analyses: Table 4 presents the proportions of chemical elements present in dromedary droppings powder. Dromedary droppings exhibits a neutral to slightly alkaline pH (pH-water = 7.30; pH-KCl = 7.04), indicating a dominance of basic cations, in agreement with observations in arid zones [34, 35]. Its high electrical conductivity (2960 µS/cm) reflects a high content of soluble salts, a characteristic feature of animal excreta originating from arid environments [36]. The contents of organic carbon (3.01%) and organic matter (5.20%) confirm the presence of relatively stable organic matter, which is favourable for improving soil structure and water retention [37]. The high level of available phosphorus (151.97 mg/kg) represents a major agronomic advantage in tropical soils that are poor in phosphorus, while the moderate copper concentration (9.60 mg/l) remains below toxicity thresholds.
The results in Table 5 show that cow dung powder has a strongly alkaline pH (pH-water = 9.2; pH-KCl = 8.39), reflecting a dominance of exchangeable bases and a strong alkalinising capacity, in accordance with previous studies on bovine manure [38, 39]. The low electrical conductivity (250 µS/cm) indicates low salinity, limiting the risk of salinisation and confirming its suitability for regular application on fragile soils [34]. The low levels of exchangeable sodium (0.1 cmol/kg) rule out any risk of sodification, while the concentrations of copper (8.1 mg/l) and available phosphorus (18.2 mg/kg) remain consistent with values reported for tropical bovine manures [36].
Figure 1 illustrates the evolution of soil water content (g/g) in the Dandi soil over a period of 116 hours. Error bars represent variability around the mean. Three treatments are compared: the control soil (blue curve), soil amended with dromedary droppings (red curve), and soil amended with cow dung (green curve). Overall, a progressive decrease in water content is observed, corresponding to the drying process. This dynamic can be interpreted in light of the principles of water transport in porous media. Moisture diffusion follows Fick’s law, according to which the diffusive water flux J is proportional to the gradient in water content, explaining the gradual migration of water towards drier zones over time. In addition, the temporal evolution of soil water content conforms to the framework of the Richards equation, which combines diffusion and gravitational advection, thereby explaining the observed kinetics of water retention and loss among treatments. Vertical water movement within the soil profile is also governed by Darcy’s law, clarifying why soils with improved pore structure or higher water-holding capacity exhibit slower flow rates. In this context, amended soils show higher water contents than control soils, reflecting enhanced water retention associated with the addition of organic matter and modifications to hydrodynamic properties (increased storage capacity and reduced effective conductivity). Soils amended with cow dung even display a slightly higher water-holding capacity than those amended with camel dung, in agreement with observations reported in [40] and proving more effective than what is described in [41].
Figure 2 illustrates the evolution of soil water content in Karal soils amended with two types of organic matter. Error bars indicate the uncertainty associated with the measurements. Three treatments are compared: the control soil (blue curve), soil amended with dromedary droppings (red curve), and soil enriched with cow dung (green curve). Over a period of 152 hours, the control soils show the greatest decrease in water content, revealing a low water-holding capacity in the absence of organic amendment. In contrast, the amended soils maintain higher water contents throughout the experiment, confirming the role of organic matter in improving soil porosity and cohesion, and thus its capacity to retain moisture. Between the two types of amendments, dromedary droppings provides slightly higher water retention than that observed with cow dung. These results are consistent with the conclusions reported by [42].
Figure 3 illustrates the drying kinetics of three types of Mani soils: for each figure, a control soil, a soil amended with dromedary droppings, and another amended with cow dung are presented. The aim of this representation is to assess the effect of organic amendments on the dynamics of soil moisture loss over time. In both figures, observation of the curves shows a progressive decrease in water content for all samples, reflecting the normal drying process. However, the drying rate varies depending on the type of amendment applied. The control soil exhibits rapid water loss, whereas the amended soils retain moisture for a longer period. Among the latter, the soil amended with cow dung displays a slower drying kinetics than that amended with camel dung. These differences reflect the influence of organic amendments on the soil’s water-holding capacity. Cow dung, rich in fine and colloidal organic matter, improves soil structure, increases effective porosity, and reduces the rate of desiccation. Dromedary droppings, being more fibrous and less decomposed, also contributes to improving soil structure, but its effect on water retention remains more moderate compared with cow dung. By contrast, the control soil, lacking any amendment, exhibits a coarser structure and low aggregate cohesion, resulting in rapid moisture loss. Overall, the drying kinetics highlight the decisive role of organic amendments in soil moisture conservation. Amendment with cow dung proves to be the most effective in slowing down drying, which constitutes a significant advantage for agricultural production in arid and semi-arid regions. These results are in agreement with several previous studies highlighting that organic matter improves soil structure, stability, and water-holding capacity [43, 41].
 Conclusion
The Hadjer-Lamis region is subject to a Sahelian climate of the tropical semi-arid type, marked by strong seasonal variability. It is characterised by a long dry season lasting eight to ten months and a short rainy season concentrated between June and September, with low and irregular annual rainfall generally ranging from 150 to 600 mm. Temperatures are particularly high, frequently exceeding 40 °C at the end of the dry season, which intensifies water stress and contributes to land degradation. Agricultural lands in the region are therefore generally poor and weakly structured. Physico-chemical analyses carried out on soils from the localities of Dandi, Karal and Mani revealed a predominantly sandy-loam texture, associated with a low organic matter content, thereby limiting their water retention capacity. In order to assess the effect of organic amendments on these arid soils, a prior chemical characterisation of cow dung and dromedary droppings was conducted. The soils were subsequently amended with 8% of either organic material and then placed in a controlled climatic chamber maintained at a temperature of 30 °C and a relative humidity of 48%. The results demonstrate that the addition of organic matter, whether cow dung or dromedary droppings, significantly improves the water retention capacity of the studied soils. These organic amendments contribute to improved soil structure and optimisation of soil hydric functions, highlighting their potential as a local, sustainable and appropriate solution for enhancing soil fertility and resilience in the arid environments of Hadjer-Lamis under prevailing climatic constraints.
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Sol témoin de Karal, 152 h.	0	1	2	3	5	7	11	15	19	23	24	28	32	36	40	44	48	52	56	60	64	68	72	76	80	84	88	92	96	100	104	108	112	116	120	124	128	132	136	140	144	148	152	7.0333010689818523E-2	6.7180275835639139E-2	6.6361383665721599E-2	6.5501546887308998E-2	6.4273208632433701E-2	6.3249593420037609E-2	6.1980310556666481E-2	6.0874806127278809E-2	5.9933080131874532E-2	5.8254351183544946E-2	5.7271680579644692E-2	5.6616566843711767E-2	5.5429173197331823E-2	5.47331148529034E-2	5.3955167291481441E-2	5.3300053555547913E-2	5.2726829036606825E-2	5.1989826083680857E-2	5.1416601564739504E-2	5.0925266262788975E-2	5.027015252685519E-2	4.9655983399417916E-2	4.9082758880476675E-2	4.8468589753038534E-2	4.8018199059584224E-2	4.7567808366129886E-2	4.6830805413204696E-2	4.6544193153733829E-2	4.6011913243287891E-2	4.5356799507354321E-2	4.4865464205404194E-2	4.4374128903454053E-2	4.3882793601504162E-2	4.3432402908050033E-2	4.2900122997603901E-2	4.2613510738133124E-2	4.2408787695653774E-2	4.195839700219945E-2	4.1630840134232766E-2	4.1180449440778449E-2	4.0484391096349104E-2	4.0156834228382413E-2	3.982927736041604E-2	Sol 1 de Karal avec crottes de dromadaire, 152 h.	0	1	2	3	5	7	11	15	19	23	24	28	32	36	40	44	48	52	56	60	64	68	72	76	80	84	88	92	96	100	104	108	112	116	120	124	128	132	136	140	144	148	152	7.8352915990415994E-2	7.7653303365926213E-2	7.6903718411115804E-2	7.6254078116946719E-2	7.5254631510532521E-2	7.4405101895080733E-2	7.3355682958346699E-2	7.2256291691290539E-2	7.1256845084876466E-2	7.0457287799745513E-2	6.9607758184293211E-2	6.8958117890124113E-2	6.8258505265634359E-2	6.7758781962427878E-2	6.7159113998579087E-2	6.665939069537194E-2	6.6209639722485766E-2	6.5659944088957867E-2	6.5210193116071513E-2	6.4810414473506786E-2	6.4310691170299639E-2	6.3760995536771434E-2	6.3361216894205832E-2	6.281152126067803E-2	6.241174261811222E-2	6.1961991645226665E-2	6.1412296011698987E-2	6.1162434360094733E-2	6.0762655717529514E-2	6.0212960084001885E-2	5.9863153771756487E-2	5.9513347459512124E-2	5.9163541147267122E-2	5.8813734835022884E-2	5.8463928522776994E-2	5.811412221053211E-2	5.7914232889249857E-2	5.7514454246684034E-2	5.7214620264759451E-2	5.6914786282835333E-2	5.6415062979628103E-2	5.5865367346100404E-2	5.5665478024817694E-2	Sol 1 de Karal avec bouse de vache, 152 h.	0	1	2	3	5	7	11	15	19	23	24	28	32	36	40	44	48	52	56	60	64	68	72	76	80	84	88	92	96	100	104	108	112	116	120	124	128	132	136	140	144	148	152	7.7336041597957553E-2	7.5872340828160884E-2	7.5140490443262528E-2	7.4199539948393858E-2	7.2997214316059919E-2	7.2108538848683762E-2	7.0906213216350322E-2	7.0017537748974124E-2	6.8867487144134043E-2	6.7612886484307438E-2	6.6776486044424085E-2	6.5940085604539664E-2	6.4842310027192013E-2	6.4162734669786933E-2	6.3535434339873423E-2	6.2699033899989529E-2	6.1705808377627375E-2	6.123533313019254E-2	6.0712582855266074E-2	6.0189832580337707E-2	5.9614807277917473E-2	5.9039781975497738E-2	5.8569306728062646E-2	5.8151106508120776E-2	5.7785181315671834E-2	5.7157880985758712E-2	5.6896505848294913E-2	5.6478305628352481E-2	5.595555535342546E-2	5.5589630160976324E-2	5.5223704968527118E-2	5.491005480357123E-2	5.4491854583628513E-2	5.4282754473657692E-2	5.3864554253715904E-2	5.3446354033773694E-2	5.3028153813831823E-2	5.2714503648875533E-2	5.2453128511411554E-2	5.2034928291469683E-2	5.1669003099020498E-2	5.1250802879078607E-2	5.0832602659137201E-2	Time ( hours)

Water content (g/g)

2

