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Abstract

Khadidja D., Tayeb S.: Effects of land use changes on the soil physicochemical properties in south-
western Algeria. Ekolégia (Bratislava), Vol. 39, No. 3, p. 224-235, 2020.

This study shows the impact of the reforestation program by some tree species (Pinus halepensis,
Cupressus sempervirens and Eucalyptus camaldulensis) on the soil physicochemical parameters
in south-western Algeria steppe. The study was realized on soil samples from the Touadjeur site.
One hundred soil samples were taken from the field, followed by physicochemical analyses in the
laboratory. A comparison of the soil elements between reforested and unreforested sites consid-
ered as a control was carried out. The results show that there are differences in the physicochemi-
cal parameters of the soil between the reforestation and the non-reforestation ones constituted
by a steppe vegetation. The ANOVA one way test shows a highly significant difference change
in soil physical parameters, moisture, holding capacity and saturated hydraulic conductivity, but
no change in apparent density, actual density and color. Also, from a chemical point of view, the
differences concern the organic matter, organic carbon, pH and certain soil contents. The main
differences in soil properties between the reforestation sites and the control site, reflect the con-
sequences of forest management adopted by the forest services, most probably the choice of re-
forestation species.

Key words: steppe, reforestation, soil analyses, desertification, ANOVA, N4dama.

Introduction

The steppe zone is located between the 400 and 100 mm isohyets in northern Algeria, on an
area of 20 million ha between the southern limit of the Tellian Atlas and the southern foothills
of the Saharan Atlas (Nedjraoui, Bédrani, 2008), characterized by a Mediterranean-type cli-
mate, semi-arid to arid, dominated by four main types of plant formations: the grassy steppes
based on Stipa tenacissima L. and Lygeum spartum L., which are rangelands, and Chamae-
phytic steppes of Artemisia herba alba Asso, whose pastoral values are very significant, and
Hamada scoparia (Pomel) located on the regs. Azonal formations are represented by psam-
mophilous species and halophilous species with good forage values (Nedjraoui, Bédrani,
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2008). The steppe soils are characterized by the presence of calcareous accumulation, the low
organic matter content and a high sensitivity to erosion and degradation (Yerou, Benabdeli,
2013). The steppe undergoes a degradation at a rate and intensity that are becoming more
and more accentuated, leading to a reduction of biological potential and a rupture of ecologi-
cal and socio-economic balances (Sitayeb, Belabbes, 2018; Nedjraoui, 2004; Aidoud, Touffet,
1996; Le Houérou, 1985). The steppe zone is particularly exposed to the phenomenon of
degradation due to environmental constraints and intense and continuous human pressure
(Sitayeb, 2016; Khalid et al., 2015; Aidoud, Touffet, 1996). The restoration of degraded arid
and semi-arid lands through the introduction of woody species as a soil protection measure
(Castillo et al., 1997), to provide resources, to combat desertification (Reynolds, 2001) and
to provide a recreational space (Schiller, 2001). The objective of this study is to identify the
main ecological consequences of the introduction of woody species into large monospecific
plantations in the arid and semi-arid zones of Algeria. Understanding the ecological conse-
quences of these plantations is a matter of utmost importance to evaluate current and past
forest policies, to develop alternative restoration strategies and to predict the long-term con-
sequences of these plantations on ecosystem function and dynamics.

We are interested in the reforestation project that was carried out in 2007 on 400 ha by the
use of three forest species (Pinus halepensis, Cupressus sempervirens and Eucalyptus camaldu-
lensis). To show the impact of land-use change on the modification of the soil physicochemi-
cal parameters, more precisely the effect of reforestation practices that lead to change in the
soil structure and the modification of the organic contents and mineral elements.

Material and methods

Study area

The study area is part of the high plains of South Oranie, it extends between 32° 08’ 45” and 34° 22’ 13” north lati-
tude, and 0 °36’ 45”is 0 ° 46’ 05”of west longitude (UTM WGS 84) ; it belongs to the wilaya of Ndama.

The climatic data for the period 1985-2013 (ONM, 2016) show that the area spreads from the upper arid bio-
climatic stage to cool winter. The rainfall pattern is PAEH type (Spring, Autumn, Summer and Winter) and a strong
thermal amplitude estimated at 35.1°C is subject to continental influences.

Soils, in general, are shallow (10 to 30 cm), poor in organic matter and consist of limestone or sandstone
materials resulting from a source rock alteration (CENEAP, 2009). To study the impact of reforestation on the
soil parameters, it is necessary that the only difference between sites is the reforestation species. The primary
criteria for a good comparison are then: the homogeneity of the soil and its parent material, the proximity of
the sites to each other (Fig. 1), the topography (Mead, Cornforth, 1995). In addition, it is desirable that criteria
such as implementation conditions and management (Bonneau, Ranger, 1984), and age (Hughes et al., 1994) be
identical for all sites.

Site description

The reforestation site is 20 km north from the wilaya capital. It is located between the national road n°6 and the
wilaya road leading to the Touadjeur locality. The site of Touadjeur occupied by a flat plain with an altitude about
1000 m. The reforestation project was carried out to colonize bare lands and treat the silting corridor that threatens
the south agglomeration of Mecheria and the Touadjeur locality. It was carried out in 2007 on 400 ha, with 1600
plants/ha of density, three species (Pinus halepensis, Cupressus sempervirens and Eucalyptus camaldulensis) were
used. The project was evaluated by the forest services of the wilaya of Ndama at a 70% success rate. No silvicultural
practices have been carried out after the planting date.
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Fig. 1. Situation of study sites.

Sampling
The various methods of soil studying and characterization lead to the topsoil sampling (Pansu et al., 1998). Sampling
soil and analyzing it require knowing environmental site context of the site and its occupation (Laperche, Mossman,
2004). The mixed sampling method was used (Gounot, 1969). This strategy begins with stratified sampling consist-
ing of a delineation of four ecologically homogeneous sites (stratification) of the study area (same soil type, similar
climatic and topographic conditions) (Fig. 1). Then within the selected sites, we made subjective samples. Three
represent the reforestation area and the fourth site in a non-reforestation one. Five plots in each site were chosen,
each plot with a surface of 400 m2 In each plot, five soil samples were randomly carried out in the topsoil (Guénon,
2010). Soils were placed in plastic bags in an unsealed manner to maintain an aerobic state until their transportation
to the laboratory. They were then screened at 2 mm to remove undesirable particles (roots, earthworms, etc.) and to
obtain a perfectly homogeneous sample, after determining the humidity.

Physical analyses

The method of Mathieu and Pieltain (1998) was used to determine the soil moisture. It is determined after drying
100 gm of soil sample in an oven for 24 hours at 105 °C, and it is calculated by the difference between fresh and dry

weight.
Total porosity is determined on the basis of the true density (Pp) and apparent density (Ps) of a soil (Aubert,

1978). The total porosity will be given by:
Pp —Ps
Pp

x 100.
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The Apparent density was determined by the cylinder method (Aubert, 1978). This method involves taking
a sample of soil of known volume whose moisture mass will be determined, then the dry mass, and therefore the
density. Apparent density “Ps” is then given by:

P—MS
Y

where: Ms — soil mass dried at 105 °C (gr),V — Cylinder volume.

To calculate the true density, we adopted the pycnometer method, which is obtained in the following way: To
obtain two mass values, m : a mass of pycnometer plain of liquid plus the mass of soil; m,: soil mass plus the mass
of liquid completing the pycnometer to the mark. Knowing these two values, we can calculate the difference m =
(m,-m,), corresponding to the mass of a volume of liquid equal to the volume of soil placed in the pycnometer
(Aubert, 1978).

True density “Pp” is then given by:

>

N Ws
P==
where: Ws — dry soil weight (gr), V — liquid volume remaining in the burette.

The water retention capacity at the field was obtained using the protocol described by Saetre (1998). Thirty grams
of fresh soil was weighed in a PVC cylinder (5 cm in diameter, 4 cm in height). Distilled water was then added until the
soil was saturated. The cylinder and its contents were placed at 4 °C (12 h) to allow drainage of the gravity water, and then
they were weighed. The water content of this saturated sample, referred to as the field capacity, was finally determined by
drying the cylinder in the oven (105 °C, 24 h) and subtracting the masses of dry soil and saturated soil (Guénon, 2010).

The soil permeability is the depth of water measured per centimeter that infiltrates the soil per time unit
(Mathieu, Pieltain, 1998). The permeability calculation is given by the following formula:

K (cm/h) = 0.857 x h (water).

The soil color is determined by reference to Munsell code, International normally includes 175 colored cartons
or chips (Escadafal et al., 1988). These boxes are systematically grouped according to their Munsell notation on
boards assembled in a loose-leaf notebook (Delaunois, 2006).

Chemical analyses

The soil pH was measured on a suspension of soil in distilled water. The measurement was carried out after 2 hours of
stabilization at room temperature using a pH meter (HANNA-HI8424). The same operation is carried out for the pH, | but
replacing the distilled water with the (KCI) solution. The electrical conductivity was measured using a conductivity meter
(HANNA-HI8733) in slurry of the fine soil in distilled water (Mathieu, Pieltain, 2003). We used the volumetric method,
also called the method “Bernard Calcimeter” to calculate total limestone. It was determined by the decomposition with
hydrochloric acid (M) of CaCO, in CO,, whose volume was determined by the calcimeter Bernard (Aubert, 1978). The total
organic carbon was determined by the method of oxidation of the organic matter cold by an excess of potassium dichromate
(K,Cr,0,) in the presence of concentrated sulfuric acid according to the protocol of Anne described by Aubert (1978).
So, the organic matter is determined by the following formula:

OM% =C% x 1.72,

where: OM% — The percentage of organic matter, C% — The percentage of oxidized carbon.

Chemical elements measured by X-ray fluorescence analysis, this procedure is related to the practical instru-
mental method of elemental analysis of the soil by fluorescence spectrophotometry. The elements: Si, Al, Fe, Ca, Mg,
K expressed in the oxidized forms: SiO,, ALO,, Fe,O,, CaO, MgO, K,O are determined on a solid solution sample.

Statistical analysis

The data collected were subjected to simple descriptive analyzes and one-way analysis of variance (ANOVA), and the Duncan
test was used for both analysis of variance and comparison of means. The test was applied at a probability level of (p = 0.05).
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Results
The results of comparing the means of the physicochemical parameters of soils between the

four sites are shown in Table 1 and 3; the results of Duncan’s post hoc test of homogeneous
subsets are shown in Table 2 and 4.

Table 1. One-Way ANOVA test of physical parameters.

Parameters Sites Signification
Pinus Cupressus Eucalyptus control
Hu % 2.15 4.50 3.98 3.46 0.000**
Ps (g/cm3) 1.34 1.31 1.32 1.38 0.060
Pp (g/cm3) 2.36 2.34 2.31 2.33 0.859
RC % 35.97 46.19 44.22 45.83 0.036*
Pr (%) 42.72 43.72 42.56 39.72 0.095
Ks (cm/h) 2.20 2.66 2.82 5.74 0.000**
Couleur R-O R-O R-O R-O 0.919

Notes: Hu — moisture, Ps — apparent density; Pp — true density; RC — retention capacity; Pr — porosity; Ks — perme-
ability; R - red; O - orange; **, * — Significant at 0.01 and 0.05, respectively.

Physical parameters

The hygroscopic humidity (Hu) values show that the site of Pinus halepensis represents the
lowest average with 2.15% compared to the control site, which represents a high value of
3.47%, whereas the sites of Eucalyptus and Cupressus represent values high with 3.98 and
4.50%. The retention capacity (RC) analysis represents a mean difference between the Pinus
halepensis site of 35.97% compared to the other sites that make up a homogeneous group,
Cupressus 46.19%, control 45.83%, Eucalyptus 44.22% (Table 2). The statistical test of soil
permeability (Ks) shows a difference in the mean of the two groups - the first constitutes
the three reforestation sites with low values compared to the control site, which represents a
high value with 5.7 (cm/h), against Eucalyptus 2.82 (cm/h), Cupressus 2.66 (cm/h), and Pi-
nus halepensis 2.2 (cm/h). The Duncan’s test on apparent density (Ps), true density (Pp), soil

Table 2. Duncan post hoc test for physical parameters.

Physical parameters subset
Sites Hu Ps Pp RC Pr Ks (cm/h) Color
1 2 3 1 1 1 2 1 1 2 1
Pinus 2.15 - - 1.34 2.36 35.97 - 42.72 2.20 - 2.44
Cupressus - - 4.05 1.31 2.34 - 46.19 | 43.72 | 2.66 - 2.52
Eucalyptus - - 3.98 132 | 231 - 4422 | 42.56 | 2.82 - 2.36
control - 3.46 - 1.38 2.33 - 45.83 | 39.72 - 5.74 2.52
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Table 3. One-Way ANOVA test for chemical characteristics.

Sites Signification
Parameter -
Pinus Cypressus Eucalyptus control

pH ., 7.60 7.51 7.92 7.87 0.000"
PH 7.30 6.80 7.10 7.26 0.000"
EC (ms/cm) 6.10 7.04 2.01 2.44 0.000”
CaCo, (%) 7.98 11.28 9.70 8.30 0.027°
Corg (%) 0.49 0.72 0.84 0.78 0.000™
OM (%) 0.85 1.24 1.45 1.34 0.000”
CaO (%) 22.83 22.25 21.38 21.61 0.487
MgO (%) 0.48 0.40 0.54 0.65 0.000"
AL,0, (%) 9.69 9.05 10.84 11.00 0.000"
Si0, (%) 46.57 45.25 45.35 44.23 0.767
K,0 (%) 1.64 1.63 1.70 1.69 0.060
Fe,0, (%) 5.13 5.46 6.34 6.80 0.000™

Notes: EC — electrical conductivity; Corg — organic carbon; OM — organic matter; **, * — Significant at 0.01 and
0.05, respectively.

Table 4. Duncan post hoc test for chemical parameters.

Chemical parameters subset
Sites CaCo, Fe O ALO K,0 | CaO | SiO, EC
1 2 1 2 1 2 1 1 1 1 2 3
Pinus 7.98 - 513 - 9.69 - 1.64 | 22.83 | 46.57 6.1 - -
Cypressus - 11.28 | 5.46 - 9.05 - 1.63 | 22.25 |45.25 | 7.04 - -
Eucalyptus - 9.70 - 6.34 - 10.84 | 1.70 | 21.38 |45.35 - 2.01 -
control 8.30 - - 6.80 - 11.00 | 1.69 | 21.61 |44.23 - - 2.44
Chemical parameters subset
Sites OM pH,, pH o MgO Corg
1 2 3 1 2 3 1 2 1 2 3 1 2 3
Pinus 085 | - - - - | 730|760| - | 048|048 | - | 050 | - -
Cypressus - 1.24 - 6.80 - - 7.51 - 0.40 - - - 0.72 -
Eucalyptus - - | 145 - | 710 - - | 792 - 054 - - - | 084
control - 134 | 1.34 - - 7.26 - 7.87 - - 0.65 - 0.78 -

porosity (Pr) and soil color shows homogeneity of values between the four stations (Table 3),
which reflects the lack of reforestation impact with the three species in the change of these

parameters.
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Chemical parameters

The results arranged in Table 4 show a difference of pH,, | mean between the group formed
by the Cupressus and Pinus halepensis sites and the group consisting of the control and Eu-
calyptus sites. Table 3 and 4 show that Ph, , results show the difference in mean between the
three groups - the first presents Cupressus site (6.8), the second group constitutes Eucalyptus
site, and the last is formed by Pinus and control sites with. The electrical conductivity results
presented in Table 3 show a significant difference between the resinous species sites (Pinus
halepensis 6.1 (ms/cm), Cupressus 7.04 (ms/cm)) and the control site with a value of 2.44
(ms/cm), which is more or less equal to the value of the Eucalyptus site, which has a low
electrical conductivity with an average of 2.01 (ms/cm). Duncan’s post-hoc comparison of
averages between the four sites shows that the Cupressus and Eucalyptus sites have a high
value of Calcium carbonate (CaCo,) against the Pinus and control sites (Table 4). The Pinus
halepensis site has a low value of organic carbon (0.49%) against the control site, Cupressus
and Eucalyptus with 0.78, 0.72 and 0.84%, respectively. The results of organic matter (Table 4)
indicate that the average value of Pinus halepensis site 0.85% is lower compared to the group
constituted by the control, Cupressus and Eucalyptus sites. The comparison results of the
means of soil chemical elements between the four sites studied (Table 3), the modifications
are recorded in the following elements: Fe O,: The results (Table 4) show a difference in the
mean between Pinus halepensis 5.1% and Cupressus 5.4%, which have low values against the
Eucalyptus 6.3% and that of the control 6.8%. AL O,: Values for Pinus halepensis and Cupres-
sus are low compared to the control and Eucalyptus (Table 4). MgO: The reforestation sites
have low values against the control 0.65%. The elements (CaO, SiO,, K,0) do not present any
difference in means between the fourth sites.

Discussion

Rates of soil moisture depletion in the topsoil at the pinus site were significantly lower than
at other sites. Given the fact that the land cover ratio was important, according to (Quere-
jeta et al., 2001), plantations of Pinus halepensis in semi-arid areas generally show lower soil
moisture content with other plant communities. Bellot et al. (1999, 2004) found a negative
effect of P. halepensis plantations on soil moisture at 0-10 cm, and at 10-30 cm depth, rela-
tive to the adjacent shrublands and grasslands in a semiarid catchment in Murcia province
(South-East Spain).

The apparent density of the soil globally reflects the state of compaction of the material,
and indirectly, the total porosity. When the Apparent density is high, the soil does not con-
tain pores necessary for root growth, water capacities are reduced, and circulation of fluids is
slowed down (drainage and gas exchange) (Alongo, Kombele, 2009). The results confirm the
explanation of Alongo and Kombele (2009), the apparent density value of the control site is
superior to that of the reforested sites, which reflect the influence of soil preparation practices
in reforestation sites.

The retention capacity analysis (RC), which is the threshold below which water contained
in the soil cannot be drained. RC rate is 36% lower in the Pinus site compared to other sites.
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Thus, Cypresus soil has a high RC value of 46%. Like other physical characteristics, the reten-
tion capacity can be influenced by the rate of organic matter (Dutartre et al., 1993; Klute,
1986; Fustec-Mathon et al., 1975). Control, Cypresus and Eucalyptus sites have a lower land
cover ratio and abundant spontaneous vegetation.

Soil permeability is a critical factor in assessing the effectiveness of soil restoration meth-
ods, it is expressed by a coeflicient characterizing the rate at which water infiltrates into the
soil, depending to its moisture status (Bottinelli, 2010; Lipiec et al., 2006). The result shows
the negative effect of vegetation on soil permeability. It is mainly controlled by soil macropo-
rosity: size, connectivity and stability of agency gaps between aggregates (Lipiec et al., 2006).

In addition, decaying organic matter and soil microorganisms, particularly fungi, can
lead to water repellency (Morales et al., 2010; Lichner et al., 2007; Doerr et al., 2000). Soil
acidification due to acid litter decomposition, particularly in plantation conifers, can lead to
the collapse of soil aggregates and reduce macroporosity (Chappell, Franks, 1996).

To date, most of the existing studies on hydrology, vegetation-related soil properties, fo-
cus on reforestation effects (Bonell et al., 2010; Greenwood, Buttle, 2012) and the comparison
of forest soils and degraded pastures or grasslands across watershed studies (Archer et al.,
2013; Ghimire et al., 2013). Soil porosity is the first factor of soil fertility. It favors the storage
of water for plant and the circulation of air necessary for good functioning of the roots. The
color of a soil is a good indicator of the moisture regime of the soil and the state of oxidation
of minerals, the soil color of the study stations varies between red and orange, a clear color
in 100 samples. The presence of organic matter expresses a dark coloration of the soil (Birot,
1966). The pH is an important parameter that conditions a large number of chemical and
microbiological reactions in the soil. The pH, , corresponds to the hydrogen concentration
(H*) of the soil obtained after the addition of potassium chloride (KCI). KCI has the effect of
removing the (H") fixed on the Clay-Humic Complex, which makes it possible to determine
the total acidity or reserve acidity of the soil. The results show that the pH of soils is more
acidic in conifer sites than those under the Eucalyptus cover because of the acidic nature of
the main components of conifer leaves and derive from leaves (Laudicina et al., 2012), coni-
fer leaves and litter have lower basal content (Pritchett, Fisher, 1985). The supply of acid pine
needles on the forest floor creates extremely acidic bedding that promotes the acidification of
the soil (Binkley, Fisher, 2013; Gerrard, 2000; Neal et al., 1992). In all cases, the results show
that pH, , is greater than pH, , indicating the presence of negatively charged colloids in soils
(Koy Kasongo, 2009). The electrical conductivity of soils (EC) determines their degree of
salinity (Hardie, Doyle, 2012).

Soil salinization after afforestation has been reported in several parts of the world for
different types of trees (broad-leaved and evergreen, coniferous and broad-leaved) and in a
wide range of climates (Nosetto et al., 2007; Jobbagy, Jackson, 2004; Sapanov, 2000; Vertessy
et al., 2000; George et al., 1999; Heuperman, 1999). Tree species strongly influence soil sa-
linity, depending on their respective salinity tolerances. Under homogeneous conditions,
species with higher salinity tolerances will lead to higher Salinization than less salt-tolerant
species. The greater tolerance of Eucalyptus could be due to the combination of an effective
mechanism of salt exclusion by the roots and a better osmotic adjustment by the synthesis
and accumulation of osmolytes (Adams et al., 2005; Niknam, Mccomb, 2000). Others mecha-
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nisms, such as salt absorption and excretion by leaf glands, become important in Tamaris sp.
(Thompson et al., 1969).

According to Pouget (1980), the root system of the perennial steppe vegetation contrib-
utes effectively to the limestone dynamics. In the horizons of calcareous accumulation, it
shows that the activity of the root system is associated with the presence of a particular type
of calcite in very fine crystals, of the order of one micron. But in our case we studied the
wooded forest vegetation on steppe, and the level of limestone in soil is due to plowing done
in soil preparation before planting, deep plowing can ride the limestone crust into the topsoil.

The result of organic carbon coincides with the findings of (Guo, Gifford, 2002) who
found afforestation by Pinus (non-leafy species) significantly reduced soil carbon. The or-
ganic matter in the Eucalyptus plantation is high compared to the other sites, which confirms
the work of Feyisa et al. (2018).

Several studies have found the soil organic matter and the total nitrogen concentration
low in the Pinus halepensis plantations (Castillo et al., 2002). According to Pouget (1980),
there is an influence of the nature of the vegetation cover on the organic matter content and
its distribution in the profiles.

Conclusion

The purpose of this study was to evaluate the reforestation effects of species (Pinus halepens-
sis, Cupressus sempervirens and Eucalyptus camaldulensis) on soil physicochemical proper-
ties in the steppe area of the Naama region. One hundred soil samples were collected at 0-15
cm depth and analyzed at the laboratory. The results suggest that changes have marked many
physicochemical soil parameters analyzed in different sites. These changes showed the effect
of the introduction of tree species in modifying soil edaphic parameters of a steppe ecosys-
tem. The effect of reforested species is mainly expressed in the upper horizons of the soil.
Species such as pine, cypress and eucalyptus cause litter accumulation and acidification of
the upper soil layers to not be caused by the steppe vegetation cover native to the area. The
choice of a species during an afforestation operation remains partially qualitative with regard
to the fragile soils of intermediate fertility. Therefore, it would be useful to gather other data
in order to seek to establish a model on which the decision-maker could rely to establish
management plans maintaining the sustainability of an ecosystem.
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