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The soil–vegetation relationships are reciprocal and fundamental for terrestrial

ecosystem integrity. However, the long-term degradation of vegetation cover

alters edaphic conditions, which can lead to degradation of habitats, and

obstructs proper ecosystem functioning. This study aimed to assess the

effects of the degradation of perennial steppe vegetation due to overgrazing

(i.e., continuous and free grazing) on the physicochemical characteristics and

soil fertility in the steppe rangelands of Halfa (Macrochloa tenacissima syn. Stipa

tenacissima) of semi-arid areas in Algeria. The edaphic parameters of the

superficial horizons of degraded steppes and other undegraded steppes

were compared in order to suggest adequate strategies for rangeland

management and remedy the degradation of vegetation and thereby ensure

the sustainability of these agro-pastoral systems. The soil, collected from the

surface horizons (A1 and A2) of pedological profiles, was analyzed according to

standard methods of soil physicochemical analyses to determine the particle

size fractions (clay, silt, and sands), pH, electrical conductivity (EC), total and

active CaCO3, organic matter (SOM), organic carbon, total nitrogen, and the C:

N ratio. The distribution and variation of soil parameters between horizons and

the two types of steppes were examined using generalized linear mixed models

and redundancy analysis. Findings of this study revealed that the degradation of

steppe vegetation cover by short-term overgrazing did not cause a significant

variability in soil physicochemical parameters between degraded and

undegraded steppes and the horizons A1 and A2. The sites studied have

clayey–silty textures in non-degraded steppes and coarse textures

dominated by sands in degraded steppes. The edaphic environment of the

Halfa grass steppes was characterized by a calcareous substratum with high

carbonate content (total CaCO3 = 36.8–41%, active CaCO3 = 17.5–18.5%), with

an alkaline pH (8.09–8.19) and EC averaging 0.99 ± 1.24 dS/m. Soils had low

SOM contents (1.42–2.93%), organic carbon (0.82–1.64%), and nitrogen

(0.1–0.15%). The strong positive correlations recorded between the fine-size

fractions, SOM, total CaCO3, nitrogen, and EC indicated good soil structural

stability in undegraded steppes, while the negative correlations between these

same variables with sand and pH substantiate the structural degradation of the
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soil. The negative correlation betweenC:N ratio and SOM indicated that the rate

of SOMmineralization was rapid in semiarid steppes, with a higher fertility state

in the undegraded steppe. Our findings suggest and urge to implement a

restoration plan against the degradation of semi-arid Halfa steppes in order

to avoid the irreversible state of soil and habitat destruction in the future

because even the degradation of rangeland plant cover due to livestock

overgrazing—in the short term—has not affected the edaphic characteristics

of steppe rangelands.

KEYWORDS
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Introduction

Soil degradation results from the combination of factors

which drive the soil to an evolution different from the natural

evolution linked to the local climate and vegetation (Osman,

2018; Dragović and Vulević, 2020; Smith et al., 2020). Land

degradation is generally directly linked to the action of human

activities via, for example, 1) the replacement of the native

diversified vegetation (known as climax) by a secondary

vegetation, a monoculture in the worst case, which modifies

the humus and soil formation processes (Fialho and Zinn, 2014);

2) decrease in the soil organic carbon pool induced by

overexploitation of the organic matter in the soil (non-return

or insufficient return of the exported matter) and/or its leaching

(Joosten, 2015; Garcia et al., 2018); 3) destruction of humus and

insoluble clay–humic complexes of the soil due to inappropriate

agricultural practices such as plowing which buries and destroys

the living upper layers of the soil, or by excessive tillage, i.e., too

intensive or too frequent (Baranian Kabir et al., 2017; Garcia

et al., 2018); 4) acidification, salinization, and desertification

which can be induced or exacerbated not only by climate

change but also by irrigation and drainage (Dragović and

Vulević, 2020; Smith et al., 2020); 5) water and wind erosions,

which are facilitated by plowing, vegetation clearing, and

overgrazing, which leaves the soils bare for too long;

therefore, they become prone to deconstruction and

degradation by the impact of droughts and/or rains which

trigger surface runoff and sheet erosion instead of infiltration

(Benabderramane and Chenchouni, 2010; Arar and Chenchouni,

2014; Belala et al., 2018); 6) pollution by heavy metals or biocidal

substances which harm soil essential organisms (fungi and

earthworms) and thus disrupt the cohesion and capillarity of

the soil (Singh et al., 2020); and 7) soil compaction, which is one

of the most serious and common forms of soil degradation; it

induces a sharp drop in the natural porosity of the soil and causes

soil asphyxiation. Soil compaction is most often related to

agricultural and forestry machinery, but overgrazing and over-

frequentation of an environment by humans can contribute

locally to vegetation trampling (Osman, 2018). The

degradation of a given soil can ideally be assessed by

comparisons of physicochemical and biological parameters

with identical undegraded soil (Yong-Zhong et al., 2005;

Neffar et al., 2013; Fialho and Zinn, 2014; Bouaroudj et al.,

2019; Chenchouni et al., 2019).

The arid and semi-arid regions of North Africa are currently

experiencing a severe degradation of natural resources (Le

Houérou, 2009; Slimani et al., 2010). The region comprises

various plant formations including forests, shrublands,

matorrals, and steppes, which are experiencing a regression

under climatic and anthropogenic influences (Aidoud and

Touffet, 1996; Chenchouni, 2010; Kouba et al., 2021). This

dual action induced physiognomic and landscape changes

which are at the origin of long-term dynamics and major

changes in the region’s resources (Le Houérou, 2009; Negm

et al., 2020).

With about tenth of the Algerian territory, the steppe

rangelands sustain the livelihood of the agro-pastoral

population (~12% of the total population), which depends

essentially on the proper functioning and integrity of these

ecosystems (Hadeid, 2006; Nedjraoui and Bedrani, 2008;

Hamel, 2018). The degradation state of the Algerian steppe

rangelands is translated via the decline in natural resources

observed in several regions throughout the country (Nedjraoui

and Bédrani, 2008; Moulay et al., 2012). Climate changes

combined with overgrazing and an increase in the number of

livestock are the main sources of steppe vegetation degradation,

causing land desertification and serious decline in steppe areas of

Macrochloa tenacissima (L.) Kunth (syn. Stipa tenacissima L.)

named in Arabic Alfa or Halfa (Macheroum and Kadik, 2015;

Merdas et al., 2021). Free grazing with a high number of animals

adversely affects the natural resources of these rangelands already

weakened by climatic hazards, including severe droughts and

intense heatwave events (Nedjraoui and Bédrani, 2008; Belala

et al., 2018; Kouba et al., 2021). Already, the productivity and

regeneration of the Algerian steppes have reached a critical state

of degradation (Martínez-Valderrama et al., 2018), where the

degradation islands constantly expand across the considerable

diffuse surfaces, whereas in the past, these localized patches of

degradation were spatially limited (Kadi-Hanifi, 1998;

Macheroum and Kadik, 2015). Steppe degradation was
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amplified and aggravated by the anarchic clearing and plowing

combined with inadequate development of steppe areas and poor

grazing management by farmers and pastoralists in the context of

aids granted by the state for exploitation of the steppes (Hadeid,

2006). These degradation conditions favor the establishment of

plants of low forage value that do not meet the needs of the

animal load, but rather this accentuates the pressure of

overgrazing on non-degraded areas (Hasnaoui and Bouazza,

2015; Merdas et al., 2021).

In steppe ecosystems, soil physicochemical properties play a

key role in soil–vegetation relationships because the distribution

of the vegetation is closely linked to the characteristics of the

abiotic environment, especially the edaphic and climatic

parameters (Chenchouni, 2017; Bezzalla et al., 2019) and also

biotic interactions (Bansal and Sheley, 2016; Merdas et al., 2021)

including livestock grazing (Liu et al., 2020), which also has

various feedback influences on the soil itself (Haynes and

Williams, 1992; Dormaar and Willms, 1998; Yong-Zhong

et al., 2005; Cheng et al., 2016; Ye et al., 2016). Several studies

have extensively investigated environmental-related problems of

North African steppes in terms of soil erosion, desertification,

droughts, plant community diversity, and vegetation cover

dynamics in relation to livestock grazing and various land

managements (Aidoud and Touffet, 1996; Benabderramane

and Chenchouni, 2010; Belala et al., 2018). However, the

situation of the soils of North African steppe ecosystems, and

in particular those of Algeria, is poorly understood and very little

studied in the context of different temporal scales of land

degradation due to grazing pressures inducing plant cover

changes, which are constantly increasing in order to meet

growing socioeconomic needs. In North Africa, studies that

have investigated the fate of soil properties in degraded

steppes are very rare (Aidoud et al., 1999; Jeddi and Chaieb,

2010; Amghar et al., 2012; Neffar et al., 2013; Hasnaoui and

Bouazza, 2015; Neffar et al., 2022). The scientific questions

addressed in this study are as follows: 1) does the degradation

of steppe vegetation induce degradation or significant change in

soil characteristics? 2) Is this change dependent on the time

during which the steppe was subjected to degradation? 3) In

response to land degradation, will steppe soil parameters react in

the same way at the different horizons? 4) How do soil

parameters interact with each other for different degradation

conditions of semi-arid steppes (degraded vs. undegraded)?

Thus, this study aimed to determine and compare the

variations in edaphic properties in different soil horizons and

between degraded and undegraded steppes of Halfa (M.

tenacissima) in semi-arid areas of Algeria. Under degradation

conditions of the steppe plant cover, it is expected that a decrease

in soil fertility is observed and a depletion of soil organic matter

(SOM), which determines the amount of soil organic carbon

(SOC), phosphorus and nitrogen and therefore the C:N:P ratio

that was taken as a reliable indicator of soil fertility (Boudjabi and

Chenchouni., 2021; (Boudjabi and Chenchouni., 2022).

Nevertheless, while the above-ground biomass and litterfall

are expected to experience a significant and rapid decrease in

degraded rangelands (Snyman, 2005), the effect of vegetation

degradation on soil carbon and nitrogen stock dynamics is a slow

process where tangible changes are expected to be observed at

long-term (Chapin et al., 2009; Chenchouni and Neffar, 2022).

Therefore, the current study seeks to first determine whether

short-term degradation could induce significant deterioration of

soil conditions, and subsequently, it aims to suggest

recommendations for restoring the habitat to a state with

balanced and well-functional soil.

Materials and methods

Study area and sampling sites

The study area “Region of Tebessa” is located in the

highlands of northeast Algeria (Figure 1). Included between

35°29′N and 35°40′N latitudes and 07°35′E and 08°23′E
longitudes, the region involves agro-sylvo-pastoral systems

where agricultural lands occupy 56%, forests and shrubs 26%,

and steppe rangelands 11% of the studied area (Macheroum and

Kadik, 2015). The rainfall data for the period 1972–2016 (Tebessa

weather station) showed that the rainiest month was September

(40.9 mm) and the driest month was July (14.9 mm). The

seasonal regime showed a maximum in spring (112.96 mm)

and a minimum in summer (43.21 mm). Annual precipitation

was highly variable (mean = 372 mm/year), with a coefficient of

variation of 27.62%. This interannual variation is a characteristic

of arid climates, but it is here slightly below the level given for the

arid zones of North Africa (Le Houérou, 2001, 2009). The mean

of minimum temperature of the coldest month (January) was

1.7°C, and the maximum temperature of the hottest month was

35°C, recorded in July. The study area has a Mediterranean semi-

arid bioclimate with cool winter. The Emberger’s pluviothermal

aridity index (Q2) was estimated to be 38.85. According to the

Köppen climate classification (Supplementary Appendix S1), the

region falls under a cold semi-arid (steppe) climate (Köppen

code: BSk). Two seasons marked the climate each year, a cold and

humid season (November‒April) and the second is hot and dry

(May‒October). The impact of drought is accentuated by

frequent events of the sirocco (southerly hot and dry wind)

which occur in late spring and summer. With haplic calcisols

(Boudjabi and Chenchouni, 2022), three different steppe regions

dominated by Halfa grass were studied in the Tebessa region.

Within each of these regions, the soil of two types of steppes,

i.e., degraded recently ( < 2,3 years) and undegraded (Figure 2)

was sampled. The various characteristics of degraded and

undegraded steppes studied and sampling sites are listed in

Table 1.

Site 1: El-Houidjbet (35°17′50″N, 08°17′36″E, altitude:

1,000–1,200 m a.s.l.) is located 23 km south-east of Tebessa
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City. The relief has a moderate topography with varied slopes

(0–12%), and is characterized by limestone and hard dolomitic

geological substrates (74.1% of the total surface), alluvium and

sands (24%), and marls (1.9%) (HCDS-BNEDER, 2007).

Climatically, the average annual precipitation rate was

342 mm with 54 days of rain, where March was the rainiest

month (43 mm) and June was the driest (10 mm). The minimum

temperature (6.5 ± 0.8°C) was recorded in January, while July was

the hottest month with a mean maximum temperature of 35 ±

3.5°C (Supplementary Appendix S2). The climate was cool (lower

zone) semi-arid, according to the Emberger classification (Q2 =

35.2) with De Martonne aridity index = 14 and a continentality

index = 36.9 (Supplementary Appendix S1).

Site 2: Gourigueur (35°25′22″N, 07°35′36″E, altitude:

863–1456mm a.s.l.) is located 47 km north-west of Tebessa.

Geomorphologically, the site includes gullied slopes (average slope

~10–25%), glacis dominated by limestone and hard dolomite

substrates (54.5% of the surface), alluvium, sands, and limestone

crust (22.12%), and marl (11.05%) (HCDS-BNEDER, 2007). The

average annual rainfall was 377mm (63 rainy days), the large amount

of rainfall was recorded during May (50 mm), and the lowest was

recorded in June (10 mm); the lowest temperature was recorded in

January (5.5 ± 2°C), and it reached a maximum of 35 ± 2°C in July

(Supplementary Appendix S2). This region is located at the upper

zone of cool semi-arid bioclimate (Q2 = 38.85), with De Martonne

aridity index = 16 and a continentality index = 34.7 (Supplementary

Appendix S1). At the landscape scale, a homogeneous structure

characterized the steppe surface (4,520 ha); however, it presented

locally a discontinuity due to the presence of scattered patches of

cultivated and/or degraded areas.

Site 3: Morsott (35°40′06″N, 08°00′26″E, altitude:

600–1,000 m a.s.l.) is located 38 km north of Tebessa. The

geomorphological forms corresponded to low to medium

slopes (5–20%), glacis (0–4% of the surface), and marl‒

limestone geological substratum (63.24%) (HCDS-BNEDER,

2007). Climatically, annual precipitation averaged 351 mm

recorded on 59 days of rain. The highest amount of rain was

recorded in March (37 mm) and the lowest in July and August

(17 mm). The mean minimum temperature was recorded in

January (6.5 ± 2.2°C), while the maximum was measured in

July (35 ± 3.1°C). This sampling site falls within the lower zone of

the cool semi-arid bioclimate (Q2 = 36.17), with De Martonne

aridity index = 15 and a continentality index = 32.6

(Supplementary Appendix S1 and Supplementary Appendix S2).

Soil sampling

In this study, the analysis of soil characteristics in the

sampling sites aimed at demonstrating whether the

FIGURE 1
(A) Altitude map of Algeria in North Africa, (B)map of climate zones of the Province of Tebessa, northeastern Algeria, displaying the geographic
locations of the steppe rangelands studied, (C) ombrothermic diagrams of Gaussen and Bagnouls of the three study sites in Tebessa, where mean
temperature (T in °C) and precipitation (P in mm) are monthly averages.
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degradation of the Halfa vegetation cover in the short term is

accompanied by serious modifications in soil essential

components. According to the study by Kadi-Hanifi (1998),

each phytoecological study should be completed by the

analysis of edaphic variables and vice versa. Therefore, this

study focused on the comparison of soil physicochemical

characteristics between degraded and undegraded Halfa

steppes in each of the three sampling sites. The soil sampling

was carried out during the fall of 2016. Using a pickaxe, three soil

profiles in each type of steppe (degraded vs. undegraded,

Figure 2) were dug vertically to a maximum depth of 1 m,

and six soil samples with three replicates were recovered from

each sampling site. The thickness of the surficial soft layers of

each profile was determined, and then a soil sample was taken

from each of the horizons A1 and A2 of each type of steppe. The

distinction between the A1 and A2 horizons was mainly based on

color, layer thickness, and morphological appearance. The soil

samples were collected in a paper bag labeled with the sample

information. The samples were dried in open air for a week. After

desiccation, the soil was sieved using a sieve with a 2-mmmesh to

separate the coarse elements from the fine earth, which was used

for soil analyses following standard soil analysis techniques

(Mathieu and Pieltain, 2003; Baize, 2018).

Soil physicochemical analyses

All soil physicochemical analyses were performed using fine

earth (Ø < 2 mm). For each soil sample, the particle size

distribution was determined after the destruction of soil

organic matter (SOM) using an energetic oxidant (oxygen

water), and then the mineral particles were dispersed using an

alkaline dispersant (sodium hexametaphosphate). Coarse-size

particles larger than 0.05 mm in diameter were separated by

sieving, and medium-size and fine-size particles were measured

by sedimentation rate. The type of soil texture was determined

following the USDA textural soil classification (Duchaufour,

1997). Soil pH (pHw) was measured in a soil/solution

suspension prepared with distilled water with a ratio of 1/5 (s/

w) by the electrometric method using a pH meter (Mathieu and

Pieltain, 2003). The electrical conductivity (EC) was estimated

with a conductivity meter in the soil extract prepared by stirring a

mixture of sol/water (ratio s/w = 1/5) for 15 min (Mathieu and

Pieltain, 2003). Total carbonate calcium equivalent (TCCE) was

calculated using the Bernard calcimeter method (Baize, 2018).

The Drouineau–Galet’s method (Mathieu and Pieltain, 2003) was

used to determine the active carbonate calcium equivalent

(ACCE), which was neutralized with oxalates. Organic matter

was quantified from SOC content (i.e., SOM = SOC×1.724),

which was evaluated using the method of Anne (Duchaufour,

1997). Total nitrogen was determined following the Kjeldahl

method (Mathieu and Pieltain, 2003; Baize, 2018). The C:N

stoichiometry of soil was appraised, using the ratio of SOC to

nitrogen content as a good indicator of nitrogen and humus

richness (Duchaufour, 1997; Mehalaine and Chenchouni, 2022).

Statistical analyses

Soil physicochemical parameters were expressed as means and

standard deviations, whereas descriptive statistics of the data were

plotted for soil horizons A1 and A2 for both degraded and

undegraded steppe rangelands. The coefficient of variation (CV)

FIGURE 2
Photographs of semi-arid steppes rangelands ofMacrochloa
tenacissima syn. Stipa tenacissima in northeastern Algeria. (A)
Undegraded steppe with healthy and dense Halfa vegetation, (B)
degraded steppe rangeland due to overgrazing by sheep and
goats, (C) a close-up view showing the morphological aspect of a
tuft of Halfa containing necromass of roots and small-size living
leaves lasting after livestock overgrazing.
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was computed to measure the dispersion of the frequency

distribution for soil grain fractions (clay, silt, and sand). The

variation of each soil parameter between soil horizons and

rangeland steppe conditions (degraded and undegraded) was

tested using generalized linear mixed models (GLMMs). In each

model, steppe conditions, soil horizons, and their interactionwere the

fixed effects, whereas the three sampling sites (Figure 1) were

considered random effects. Linear interrelationships between all

soil physicochemical parameters were examined separately for

degraded and undegraded steppes using Pearson’s correlation

tests. The results of correlations (Pearson coefficients and

p-values) were mapped in the form of a correlation matrix. The

Mantel test was applied between the two correlationmatrices in order

to demonstrate how the pattern of soil parameter interactions was

similar between degraded and undegraded steppes. The distribution

of the Pearson coefficient between two matrices and p-value were

estimated from 10,000 permutations. Statistical significance of all

tests was set at p < 0.05. In order to visualize the correlative relations

between soil fertility indicators (i.e., organic carbon, total nitrogen,

and C:N ratio) and the rest of soil physicochemical parameters

(i.e., clay, silt, sand, pH, EC, ACCE, and TCCE) at each soil horizon

and for degraded and undegraded steppes, a redundancy analysis

(RDA) was implemented. All statistical analyses and graphic plotting

of the current study were carried out using the packages {nlme},

{ggplot2}, {vegan}, and {corrplot} of the free statistical software R (R

Core Team, 2020).

TABLE 1 Characteristics of degraded and undegraded steppes in sampling sites of Halfa grass (Macrochloa tenacissima syn. Stipa tenacissima)
rangelands in northeastern Algeria.

Characteristics Study sites

El-Houidjbet Gourrigueur Morsott

Undegraded steppe rangelands

Dominant plant species M. tenacissima,
Ampelodesma mauritanicum,
and Artemisia herba-alba

M. tenacissima
(pure steppe, Figure 2A)

M. tenacissima,
Rosmarinus officinalis,
and Genista microcephala

Total vegetation cover (%) 45–80 45–75 40–70

Vegetation cover of Halfa (%) 30–60 30–55 20–35

Plant litter cover (%) 5–15 5–10 1–5

Sand deposit sheets (%) 25–10 — —

Bare ground cover (%) — 20–05 20–10

Coarse-grained materials (%) 0–5 5–30 15–35

Bedrock outcrop (%) 0–5 — 0–5

Maximum height of Halfa (cm) 40–100 35–70 30–55

Animal load (ha/sheep unit) 2.0–3.0 2.73–1.69 2.32–1.91

Degraded steppe rangelands

Dominant plant species Artemisia campestris, M. tenacissima
(degraded, Figure 2B)

M. tenacissima

Thymelaea hirsuta,

Carthamus pinnatus, Atractylis humilis (degraded, Figure 2B)

M. tenacissima
(present as necromass, Figure 2C)

Thymus algeriensis Pituranthos scoparius

Total vegetation cover (%) 20–35 10–35 10–30

Vegetation cover of Halfa (%) 5–10 5–20 5–15

Plant litter cover (%) 5–25 10–15 5–10

Sand deposit sheets (%) 40–50 — —

Bare ground cover (%) — 20–55 25–45

Coarse-grained materials (%) 5–10 40–50 45–50

Bedrock outcrop (%) 0–10 1–5 5–15

Maximum height of Halfa (cm) 10–25 10–30 10–25

Animal load (ha/sheep unit) 3.43–4.17 3.41–3.87 3.94–6.57

Grazing pressure (heads) 36,612 59,356 36,098

Total agricultural land area (ha) 15,400 39,684 21,923
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Results

Classification of soil texture

The texture of soil samples in degraded steppes ranged from

medium-size types (silty clay loam, clay loam, and loam) to

coarse-grain type (i.e., loamy sand) compared with the soil

texture observed in undegraded steppes, where the soils in the

north of the study area at Morsott and north-west at Gourigueur

had medium-size (i.e., clay loam) and moderately fine textures

(i.e., silty clay), respectively. The soils in the southeast of the

study area at El-Houidjbet were coarse and included sand, loamy

sand, and sandy loam (Figure 3). For the same sampling site and

the same steppe type (degraded vs. undegraded), there was no

vertical variation in the distribution of grain size between the

horizons (degraded or undegraded).

Distribution of particle size fractions

The content of the clay fraction was higher in the undegraded

steppes for both A1 and A2 horizons with 24.5 ± 20.5% (mean ±

standard deviation) and 28.1 ± 18.2%, respectively, than in the

degraded steppes where clay averaged 16.7 ± 12.5% and 19.1 ±

17.6%, respectively (Figure 4). The level of the silt fraction was

relatively unvarying between the soil horizons of the two types of

steppes; it ranged from 31.8 ± 10.9% to 36.5 ± 11.2%. Sand levels in

degraded steppes (51.5 ± 22%) were significantly higher than those of

undegraded ranges (43.9 ± 40%), especially at the A1 horizon

compared with A2 (47.6 ± 33.5%). The large values of the

coefficients of variation (CVs) indicated a high heterogeneity in

the spatial distribution of the particle size fractions of the texture of

the studied soils. According to CV, the distribution of particle

fractions was more unbalanced in the A1 horizon of undegraded

steppes than in the A2 horizon of degraded steppes.

Soil physicochemical characteristics

Figure 5 illustrates the variation of the soil physicochemical

parameters of the A1 and A2 horizons for degraded and

undegraded steppes. The pH values measured at the two types

of steppes (degraded vs. undegraded) showed some stability and

indicated that the soils where Halfa exists were alkaline, with

pH ranging from 8.09 ± 0.21 to 8.19 ± 0.4 (mean ± standard

deviation). Soil EC indicates that the study area

had—generally— low saline soil in all the steppes studied, while

the highest values were recorded in the undegraded sites on the

FIGURE 3
Soil textural triangles (following the USDA classification) of study sites for degraded and undegraded steppe rangelands in northeastern Algeria.
Symbols plotted within each triangle represent soil samples of horizon A1 (▲), horizon A2 (■), and the average (C). (ClLo: clay loam, Lo: loam, LoSa:
loamy sand, Sa: sand, SaLo: sandy loam, SiCl: silty clay, and SiClLo: silty clay loam).
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A2 horizon (EC = 0.99 ± 1.24 dS/m). Regardless of steppe

degradation status, the levels of TCCE, ranging from 36.8 ±

30.2% to 41 ± 33%, revealed that the analyzed soils were

moderately rich in CaCO3. The content of active CaCO3 was

almost stable in all soil samples. It fluctuated between 17.5 ± 2.1%

and 18.5 ± 0.3%. The analyzed soils were considered rich in ACCE.

Because of the vegetation heterogeneity between the degraded and

undegraded steppes, the content of SOC was moderately low

throughout the study area, where the lowest (0.82 ± 0.13%) and

highest (1.64 ± 1.14%) values were observed in the A2 and

A1 horizons, respectively, of the undegraded steppes. Overall,

the nitrogen content was very low in the steppe rangelands

sampled as it varied between 0.1 ± 0.01% and 0.15 ± 0.06%.

However, the highest values were recorded in the A1 horizon for

both degraded (0.15 ± 0.06%) and undegraded (0.13 ± 0.07%)

steppes. The C:N ratio revealed that the SOM decomposition was

slower in the A2 horizon of undegraded steppes (12 ± 3%) and the

A1 horizon of degraded steppes (10 ± 4%) when compared to the

moderately fast SOM decomposition in the rest of soil horizons of

sampled steppes.

Variations of soil parameters

The GLMMs testing the variation of soil parameters between

degraded and undegraded steppes at the soil horizons A1 and

A2 revealed significant differences in the clay fraction (p = 0.011)

and sand fraction (p = 0.042) between degraded and undegraded

steppes (Table 2). However, there was no significant variation (p =

0.093–0.972) in the rest of the soil parameters between the different

soil horizons, steppe degradation status, and for horizons in

interaction with steppe degradation conditions.

Relationships between soil parameters for
degraded and undegraded steppes

In general, the soil parameters were poorly correlated with

each other throughout the study area (Table 3). The significant

positive correlations found in the two steppe cases included the

following: clay‒silt, silt‒TCCE, and SOM‒SOC, whereas

significant negative correlations were observed between sand

(clay, silt, and TCCE) and pH‒EC. Soil parameters that

showed strong positive correlations in degraded steppes were

clay‒EC (r = 0.93, p = 0.006), sand‒pH (r = 0.82, p = 0.046), and

N‒TCCE (r = 0.83, p = 0.039), while the strong negative

correlations included clay‒pH (r = −0.93, p = 0.008) and

sand‒EC (r = −0.84, p = 0.037). In steppe rangelands with

undegraded vegetation, strong significant correlations were

observed between clay‒TCCE (r = 0.94, p = 0.005), SOM‒N

(r = 0.95, p = 0.003), and N‒SOC (r = 0.96, p = 0.003). However,

the C:N ratio was negatively correlated with SOC and SOM

(r = −0.87, p = 0.023). Mantel’s test showed that soil correlation

matrices of degraded and undegraded steppes were significantly

correlated (two-tailed test: r = 0.704, p < 0.001), which specified

that the patterns of interrelations observed between soil variables

for each steppe were very close.

Influence of soil properties in degraded
and undegraded steppes on soil fertility

The redundancy analysis (RDA) investigating the

relationships between soil fertility indicators (i.e., organic

carbon, total nitrogen, and C:N ratio) and the rest of soil

physicochemical parameters in degraded and undegraded

FIGURE 4
Violin plots displaying the range of soil grain fractions (clay, silt, and sand) and the coefficient of variationmeasured at soil horizons A1 and A2 for
degraded and undegraded steppe rangelands of the Halfa grass (Macrochloa tenacissima) in northeastern Algeria. Solid white circles represent the
mean of observed data.
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FIGURE 5
Boxplots showing the variation of soil physicochemical parameters measured at horizons A1 and A2 for degraded and non-degraded steppe
rangelands of the Halfa grass (Macrochloa tenacissima) in northeastern Algeria. White diamonds within boxplots represent the mean of observed
data.

TABLE 2 Generalized linear mixed-effect models (GLMMs) testing the variation of soil physicochemical parameters between soil horizons (A1 and A2)
and habitat conditions “degraded and undegraded” of steppe rangelands of Halfa grass (Macrochloa tenacissima) in northeastern Algeria.

Variables Df χ2 p χ2 p χ2 p χ2 P χ2 p χ2 p χ2 P

Clay Silt Sand CV grain pH EC

Steppe conditions 1 6.55 0.011 0.33 0.567 4.13 0.042 0.001 0.972 0.51 0.477 3.45 0.063

Soil horizons 1 0.84 0.359 1.48 0.224 1.60 0.205 0.003 0.960 0.07 0.784 0.69 0.407

Condition × horizon 1 0.03 0.859 0.44 0.507 0.22 0.637 1.353 0.245 0.97 0.324 0.09 0.759

TCCE ACCE SOM SOC N C:N ratio

Steppe conditions 1 3.06 0.080 1.68 0.195 1.47 0.225 1.29 0.255 0.73 0.392 1.28 0.258

Soil horizons 1 0.31 0.576 0.29 0.589 1.09 0.296 1.47 0.225 3.27 0.070 0.01 0.910

Condition × horizon 1 0.61 0.435 0.02 0.886 1.67 0.197 1.48 0.224 0.08 0.775 2.82 0.093

(CV: coefficient of variation of soil grain fractions (clay, silt, and sand), EC: electrical conductivity, TCCE: total CaCO3, ACCE: active CaCO3, SOM: soil organic matter, SOC: soil organic

carbon; and N: total nitrogen).
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steppe rangelands totaled 75.11% of explained variance in the

first two axes of the RDA triplot that accounted for 79.62 and

19.68% of the constrained inertia, respectively (Figure 6). Both

total and active CaCO3 were the main edaphic variables

explaining the change in soil fertility of degraded and

undegraded steppes (Table 4). Total CaCO3 was positively

correlated (r = 0.660, p = 0.019) on the first axis of RDA and

influenced both organic carbon and total nitrogen in degraded

steppes, whereas the active CaCO3 was negatively correlated

(r = −0.627, p = 0.029) of the same axis and significantly

affected the C:N ratio in undegraded steppes, especially is soil

samples collected from the A2 horizon. Total nitrogen and SOC

were associated with soil samples collected from the A1 horizon,

mainly in degraded steppes (Figure 6). The contribution of the

second axis of RDA (19.68%) was marginal as soil variables were

not significantly correlated (Table 4), and there was no clear

scheme in the distribution of these variables between soil

horizons nor steppe degradation status (Figure 6).

TABLE 3 Matrices of Pearson’s correlations between soil physicochemical parameters measured in degraded (above diagonal) and non-degraded
(below diagonal) steppe rangelands in northeastern Algeria (see the subsection “2.3. Soil physicochemical analyses” for abbreviations of soil
properties). Pearson’s correlation coefficients shown in boldface text are significant at p < 0.05.

Soil physicochemical parameters of degraded steppe rangelands

Soil physicochemical parameters of non-degraded steppe rangelands Clay 0.87 −0.97 −0.93 0.93 0.78 0.56 −0.14 −0.07 0.37 0.57

0.98 Silt −0.96 −0.64 0.67 0.96 0.09 0.34 0.41 0.69 0.28

−0.99 −0.99 Sand 0.82 -0.84 -0.90 -0.35 -0.09 −0.16 −0.54 −0.44

−0.63 −0.60 0.62 pH -0.95 -0.58 -0.75 0.34 0.31 -0.15 -0.60

0.71 0.69 −0.70 -0.98 EC 0.53 0.67 −0.40 −0.35 0.03 0.53

0.94 0.90 -0.93 −0.39 0.46 TCCE 0.03 0.49 0.55 0.83 0.25

0.15 0.21 −0.18 −0.30 0.40 0.01 ACCE −0.77 −0.76 −0.27 0.74

0.50 0.54 −0.53 −0.20 0.13 0.61 −0.39 SOM 0.99 0.70 −0.57

0.50 0.54 −0.53 −0.20 0.13 0.61 -0.39 1.00 SOC 0.76 −0.50

0.48 0.55 −0.51 0.01 −0.04 0.62 −0.35 0.95 0.96 N 0.18

−0.72 −0.72 0.72 0.64 −0.58 −0.71 0.17 −0.87 −0.87 −0.73 C:N

FIGURE 6
Tri-plot of redundancy analysis displaying relationships between soil physicochemical parameters and soil fertility indicators (i.e., organic
carbon, total nitrogen, and C:N ratio) in soil horizons A1 and A2 for degraded and undegraded steppe rangelands of the Halfa grass (Macrochloa
tenacissima) in northeastern Algeria.
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Discussion

This study investigated the influence of the short-term

degradation of the steppe vegetation on some edaphic

parameters in the Halfa (M. tenacissima) rangelands where

grazing is practiced freely throughout the year. The results

suggest that this land degradation can be corrected if

appropriate management measures are implemented because

the comparisons of edaphic parameters between degraded and

undegraded rangelands of the three sampled steppes revealed a

state of non-deterioration in soil conditions. Therefore, in the

short term, the soil has been able to maintain its good state of

fertility and functioning, which indicates that the restoration of

the vegetation cover will allow the recovery of the initial state of

the Halfa steppe. In the steppes of the high plains of Algeria, the

Halfa, a Mediterranean perennial species, represents an iconic

and emblematic species that stretches over vast areas. It plays the

role of “keystone” within the steppe ecosystem in semi-arid and

arid zones (Kadi-Hanifi, 1998; Jeddi and Chaieb, 2010; Merdas

et al., 2021). Acting as a biological barrier against the advance of

the desert through its highly developed root system, the species

provides better soil fixation and protection against erosion

(Moulay et al., 2012). In recent decades, the Halfa has

undergone an advanced degradation triggered mainly by

human activities, in particular overgrazing, which is the first

driver for the disappearance of very large areas of Halfa and the

extension of rainfed crops that further aggravated the effects of

desertification (Aidoud and Touffet, 1996; Belala et al., 2018;

Martínez-Valderrama et al., 2018). However, the decline in the

vegetation cover of Halfa steppes in the short term, especially by

grazing, does not seem to induce significant and immediate

edaphic changes. According to the study by Aronson et al.

(1995), the degradation of vital soil attributes, such as SOM

or soil nutrients and fertility, can only be effectively detected after

a period of about 10 years. But according to the study by

Albaladejo et al. (1998), soil degradation was found to be

somewhat faster; in fact, they estimated that after about

5 years, the reduction in plant cover can have a significant

impact on soil characteristics through the decrease in SOM

and soil fertility and even the deterioration of soil physical

properties.

The results relating to the percentage of clay from sampling

sites confirm that in degraded steppes, the level of clay was low

compared to the dominance of coarse elements, i.e., sand. This

particular state is due to the soil structure degradation at the level

of clay–humic complexes and especially resulted from the sand

encroachment and accumulation of coarse grains transported by

the wind following the destitution of the soil and the reduction of

vegetation cover, which represent the most efficient shield against

wind and water erosions. Therefore, we can deduce that the

presence of a good cover of Halfa favors the conservation of

steppe soils by maintaining a balanced soil with high resilience to

various forms of land degradation. The climatic conditions of the

last decades, characterized by long periods of intense drought

(Belala et al., 2018; Kouba et al., 2021), have been at the origin of

the degradation of the vegetation cover of steppe formations

dominated by M. tenacissima, Atriplex halimus, and Artemisia

herba-alba, where large areas have been covered with thorny

plants and/or species of low forage quality. With regard to soil

productivity, the degradation of pastoral areas in Algeria from

the 1980s to date shows a decrease in the indices of the productive

value of pastures. In fact, plant cover represents 40% of the total

pastoral area, while 3–4% of this area has been invaded by grazing

areas; hence, the plant area declined to 20%, while the density of

grazing livestock reached 12 heads per hectare which exceeds the

carrying capacity (Macheroum and Kadik, 2015; Macheroum

and Kadik, 2018). Moreover, among the most common and

frequent forms of degradation that threaten the steppe

TABLE 4 Intraset correlation coefficients (r) and probability values (p) of soil physicochemical variables with the first three axes of RDA ordination.
Percentages between brackets are constrained inertia of each axis. Significant correlations (p < 0.05) are indicated in boldface font.

Soil variables RDA axis 1 (79.62%) RDA axis 2 (19.68%) RDA axis 3 (0.70%)

r p R p R p

Clay fraction 0.248 0.437 0.262 0.410 −0.618 0.032

Silt fraction 0.561 0.058 0.269 0.398 −0.469 0.124

Sand fraction −0.399 0.198 −0.272 0.393 0.563 0.056

pH −0.110 0.734 0.189 0.557 0.726 0.008

Electrical conductivity −0.048 0.882 −0.128 0.693 -0.638 0.026

Total CaCO3 0.660 0.019 0.371 0.236 −0.328 0.299

Active CaCO3 −0.627 0.029 0.471 0.122 −0.589 0.044

Organic carbon 0.887 < 0.001 −0.011 0.972 0.094 0.771

Total nitrogen 0.812 0.001 0.400 0.198 −0.066 0.840

C:N ratio −0.590 0.043 0.533 0.075 0.051 0.874
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rangelands of Algeria are desertification, invasion of sand dunes,

plowing of steppe lands and creation of new agricultural

perimeters, clearing of natural vegetation, depletion of surface

and underground water, land salinization, soil fertility loss, fires,

water, and wind erosion, and uncontrolled discharge of solid

waste and wastewater (Figure 7).

Overall, our findings suggest that land degradation driven by

short-term heavy grazing of vegetation did not cause a significant

variation of soil physicochemical parameters between degraded

and undegraded steppes and between the soil horizons A1 and

A2. The particle size classification of soil textures shows a fairly

contrasting composition. In degraded steppes, the level of clay

was low compared to undegraded steppes. The comparison of

soil textures shows an overall decrease in the fine grain fraction,

and at the same time, the texture becomes coarser and sandy due

to degradation of the plant cover by overgrazing and trampling,

which promotes soil erosion, destruction of soil aggregates,

transport particles, and sand encroachment (Aidoud et al.,

1999; Slimani et al., 2010; Schmalz et al., 2013). The negative

correlations observed between sands and fine grain particles (clay

FIGURE 7
Photographs showing different forms of degradation and threat of Halfa (Macrochloa tenacissima syn. Stipa tenacissima) steppe rangelands in
NE Algeria. (A) Plowing within extensive undegraded Halfa steppe, (B) uncontrolled discharge of solid wastes, (C) cultivation of rainfed cereal crops
(Hordeum vulgare, Triticum durum, and Triticum aestivum), (D) overgrazing due to free grazing with an animal load exceeding the livestock carrying
capacity, (E) rangeland fires, often associated with forest fire, (F) clearing of natural vegetation and water erosion, (G) sand encroachment and
sand dune movement, and (H) Aeolian and water erosion.
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and silt) confirmed this, as is the case in degraded habitats

(Douaoui et al., 2001; Aliat et al., 2016). Therefore, the

presence of dense Halfa tufts in undegraded steppes

(Figure 2A) promotes soil fixation against erosion (Hasnaoui

and Bouazza, 2015). This kind of plant constitutes a real “nebka-

trap” in windy open environments (Slimani, 1998; Bradai et al.,

2015; Chenchouni et al., 2019; Chenchouni et al., 2022). The

abundance of the fine grain fraction in the Halfa steppes of North

Africa results from its origin, which belongs to the marl-

limestone geological substratum (Kadi-Hanifi, 1998). It is

noteworthy mentioning that the superficial horizons A1 and

A2 of the same soil profile have high physicochemical

homogeneity despite their morphological heterogeneity.

All soil samples studied had an alkaline pH according to the

study by Baize (2018). In semi-arid lands, this parameter is

considered among the most important indicators of soil

changes (Li and Shao, 2006). In rangelands, it is strongly

influenced by parental material (Rezaei and Gilkes, 2005) than

the low biological activities of hot arid soils. Indeed, the studied

soils are classified as strongly calcareous (Baize, 2018) because of

the limestone origin of the region (Djebaili, 1984; Halitim, 1988),

where the active fraction of CaCO3 varied between 17.5 ± 2.1 and

18.5 ± 0.3%. This high level of CaCO3 explains the soil alkalinity

(Neffar et al., 2013); indeed the sampled soils were rich in active

CaCO3 (> 10%). Soil pH generally encompasses the synthesis of

several chemical interactions between edaphic variables

(Douaoui et al., 2001). The alkalinity of the pH is also

attributed to animal trampling and the alkalizing effect of

sheep urine, which has a high pH of about 8.7 (Haynes and

Williams, 1992). During the hydrolysis of urea of urine into NH4
+

in the soil, the release of OH− causes an increase in pH and also

enrichment of inorganic nitrogen in the soil (Ma et al., 2007).

This explains the level of nitrogen in degraded steppes which was

quite equal to N levels in undegraded steppes (mainly generated

from SOM) and thus specifies the origin of nitrogen in each type

of steppe. Indeed, there is a strong positive correlation between N

and SOM (r = 0.95, p = 0.003) and C (r = 0.96, p = 0.003) in

undegraded steppes (i.e., nitrogen has mainly an organic origin)

and between N and total CaCO3 (r = 0.83, p = 0.039) in degraded

steppes (i.e., nitrogen has mainly an inorganic origin). More

generally, however, the measured concentrations of mineral

nitrogen in all soil samples studied were low (Cortina and

Maestre, 2005). These low levels of mineral nitrogen are

attributed to competition for nitrogen consumption between

microorganisms active in the rhizosphere of pastures and the

roots of steppe plant species (Huntjens, 1971). Indeed, the

contents of all the nutrients in the soil solution are generally

low in steppes and, therefore, the ionic strength is low as reported

in the study by Edmeades et al. (1985) in prairies. These

observations between CaCO3 and SOC, N, and C:N ratio were

confirmed by the RDA where the rate of mineralization (i.e., C:N

ratio) was associated with alkalization (i.e., active CaCO3),

whereas the low contents of SOC and nitrogen are considered

a typical characteristic of the calcareous soils (i.e., rich in total

CaCO3) in semiarid steppes of N Africa where the haplic calcisols

dominate. According to the study by Duchaufour (1997), the soil

is considered rich in SOM when its level is higher than 2%, and

according to the assessments of Djebaili (1984) this rate does not

exceed 3% in steppe soils. Accordingly, the studied soils are

moderately rich in SOM, except for the A2 horizon of

undegraded Halfa steppes which was the poorest in SOM

(1.42 ± 0.22%). However, according to the study by Kadi-

Hanifi (1998), the studied soils can be classified as low in

SOM. The statistical analyses showed that there is no

significant difference in SOM and SOC content when

changing from an undegraded steppe to a degraded steppe.

The relatively high levels of SOM and SOC in the undegraded

steppes are due to Halfa tufts, which form small mounds and

contribute actively in improving soil properties by providing

SOM and intercepting and then fixing soil fine grain elements

(Aidoud et al., 1999). This explains the richness with SOM of the

surface horizon of the soil. While the traces of SOM in the

degraded steppes are justified by the importance of the

necromass (Figure 2C) released from Halfa tufts after

trampling and/or grazing by livestock in the form of plant

litter and animal excreta.

Often an alkaline soil pH indicates the presence of salinity

and correlates with electrical conductivity (Mehalaine and

Chenchouni, 2020). But in our case, the EC correlates

negatively with pH and sand and positively with clay, while

the increase in pH value and level of sand is accompanied by a

proportional decrease in salinity and clay fraction. This may be

related to the nature of the salts (Chenchouni, 2017) and the

moisture level of the land (Mihi et al., 2019). The comparison of

the electrical conductivity of sampled soils in this study with the

classification proposed in the study by Mathieu and Pieltain

(2003) shows that the surface horizon (A1) of the soil in degraded

steppes is non-saline, whereas the rest of the soil samples were

slightly salty. The low EC of the A1 horizon is due to the coarse

grain texture which induces an influence that makes grains

unable to retain cations because of its permeability and favors

it to accumulate in the A2 horizon, which was more saline than in

A1. Although the EC was low, the presence of slight salinity in the

undegraded steppes can be explained by the high level of clay

which makes the soil less or impermeable and favors the

stagnation of water laden with cations (Chenchouni, 2009,

2017), which slightly increases the salinity once the salts

accumulate on the surface after water evaporation or by the

capillary rise of saline solution to the surface (Osman, 2018). This

indicates that EC does not always imply structural degradation of

the edaphic environment (Douaoui et al., 2001).

This study revealed strong positive correlations between the

fine fraction (clay and silt) and SOM (Slimani, 1998), total

limestone (Mbagwu and Bazzoffi, 1998), nitrogen, and low

salinity (electrical conductivity), which seem to be indicators

of the improvement of the structural stability of the soil (Douaoui
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et al., 2001). The negative correlations observed between these

same variables with the coarse fractions (Slimani, 1998) and the

alkaline pH can be considered indicators of processes favoring

the structural degradation of the soil (Douaoui et al., 2001). The

strong negative correlation between the level of SOM and the C:N

ratio indicates the rapidity of SOM mineralization, which is a

characteristic of arid and semiarid North African steppes

(Djebaili, 1984; Boudjabi and Chenchouni, 2022).

The results of this study showed that the short-term

degradation of the steppe vegetation cover by grazing did not

lead to a large significant difference in the soil chemical

parameters between the degraded and undegraded Halfa

steppes because short-term grazing has impact on the biotic

order, which causes the destruction of perennial species (Aidoud

and Touffet, 1996). Therefore, significant changes in the soil are

considered the final stage in the degradation of the ecosystem and

a threshold of irreversibility in the long-term decline of natural

habitats (Slimani, 1998). In this sense, several studies have shown

that long-term grazing negatively affects the vegetation, soil

physicochemical properties, and ecosystem services of

grasslands and steppes (Zeng et al., 2015; Dlamini et al., 2016;

Pulido et al., 2017; Zhang et al., 2017; Gao et al., 2018). But, on the

other hand, the implementation of appropriate exclosure land

management systems, such as grazing exclusion, drives

significant improvements in both soil and vegetation

properties in degraded rangelands (Jeddi and Chaieb, 2010;

Linstädter and Baumann, 2013; Mekuria and Aynekulu, 2013;

Kouba et al., 2021). In addition, the rehabilitation of arid and

semiarid steppe rangelands using plantations “plant nurses” has

proven to efficiently trigger increases in soil fertility, plant

diversity, and vegetation cover (Neffar et al., 2013, 2015,

2018). Also, Cheng et al. (2016) showed that the exclusion of

pastures significantly increased biodiversity, litter, and soil

fertility (total nitrogen and SOC). But, they also found that

long-term grazing exclusion had a negative effect on the

diversity and abundance of soil bacteria. The comparison of

soil physicochemical parameters and the floristic richness

between grazed and short-term grazing exclusion in arid

degraded steppes showed significant variations in coarse

elements, sand, and biodiversity (Amghar et al., 2012; Kouba

et al., 2021). But, there was no variation in soil chemical

characteristics. The results of the study by Ye et al. (2016)

showed that the effects of grazing during 18 months were not

important on the functioning (i.e., chemical and biological

parameters) of the soil. Shrestha and Stahl (2008) also

observed no change in SOC. Moreover, by studying the effect

of grazing on the soil, Dormaar and Willms (1998) observed

similar results to our study, in which SOC contents did not vary

significantly between grazed meadows and non-grazed lands,

with very little change in the C:N ratio associated with light

grazing. But, long-term heavy grazing pressures induced a

significant decrease in SOC levels, while increasing pH, CaCl2,
and total nitrogen. High grazing pressure reduces soil fertility by

significantly inhibiting soil respiration rates (Chen et al., 2017).

Therefore, long-term grazing causes slow and continuous

changes in both vegetation and soil, inducing persistent land

degradation of the ecosystem (Porensky et al., 2016). In the

steppes of West Algeria, Aidoud et al. (2011) observed a decrease

in the level of clay of 57% and in SOM of 61% in steppes grazed

for 30 years, while the decrease was not significant for the two soil

variables in steppes with grazing exclusion. The long-term

degradation of the Halfa steppe was accompanied by severe

deterioration of edaphic properties.

Conclusion and recommendations

The degradation of vegetation by livestock grazing in the short

term (up to 2 years) did not cause significant variations in soil

physicochemical properties in the different soil horizons of the

semi-arid steppes of Halfa. This demonstrated that the degradation

of vegetation by grazing has not affected the edaphic environment,

and thus this short-term degradation can be corrected by urgent

land restoration actions. The soils analyzed in the Halfa steppes of

NE Algeria are characterized by moderately fine textures in the

undegraded steppes and coarse textures in the degraded steppes.

The high accumulations of CaCO3 in the soils in these areas are

linked to the type of substrate. The low contents of SOM, carbon,

and nitrogen resulted from the rate of mineralization, which is

faster in alkaline and slightly salty habitats, especially under hot

semi-arid conditions. North African steppe rangelands are prone

to land degradation because of their high sensitivity to

desertification, severe drought events, erosion, and livestock

overgrazing. Given the current ecological situation of steppe

ecosystems in semi-arid zones, it is necessary to promote a

homogeneous steppe management program with the

participation of local populations in the long and medium

term. In order to solve the problems of land and steppe

vegetation degradation and accordingly avoid soil degradation

in the future, the actions of land management to be

implemented in the near future in degraded and/or vulnerable

steppes are, in particular, 1) rehabilitation by planting degraded

areas and enclosure of rangelands that are too affected, sensitive,

and/or very degraded in order to stimulate natural regeneration, 2)

adoption of a rotational grazing system that considers short

periods of free grazing alternated with grazing exclusion in

order to sustain the productivity of the rangeland, and 3)

consideration of livestock carrying capacity of the grazed

rangeland in the grazing management in order to prevent

overgrazing and soil trampling (Chenchouni and Neffar, 2022).
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