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Abstract

Human population pressures upon land resources have increased the need to assess impacts of land use change on soil quality.
In order to assess effects of land use changes on soil quality properties and carbon storage in Oak forest ecosystem of Morocco, soil
samples were collected from two types of stands (green oak and cork oak) with three levels of degradation (natural forest, matorral
and cereals crops) or six land uses. For each land use, we estimated carbon stocks in four reservoirs, i.e., aboveground biomass (trees,
shrubs and herbaceous plants), belowground biomass (roots), necromass (litter and deadwood) and the soil. Various physico-
biochemical characteristics (structural stability, bulk density and soil organic carbon were also evaluated. The results have shown
that the cultivation of forests have resulted in the percentage loss of water stable aggregates > 1mm in 59% and 45%, a decline of
76% and 77% in soil organic carbon and an increase of 8% and 10% in the bulk density under green oak and cork oak respectively.
The degradation of natural forest by grazing (matorral) is responsible of approximately half carbon stock decreases. Forests are able
to store five times more carbon than the cultivated area. The natural cork oak forest store 2.5 times more carbon than in the natural
green oak forest. The quantification of carbon stock in different reservoirs (biomass, necromass and soil) showed that the soil has
the biggest potential to sequester carbon under six land uses studied. Indeed, the carbon stocks vary from 65 to 95% in soils against
5 to 30% in biomass and only 1 to 11% in necromass.

Keywords: Land use; oak; soil; biomass; necromass; carbon sequestration

Introduction

. the forest ecosystem plays both a role in mitigating climate change
Forests are present all over world continents and cover about y play gating &

dini ing forest production [12]. M tudies h inted
one-third of earth’s surface [1] and are responsible for about two- and in increasing forest production [12]. Many studies have pointe

thirds of global photosynthesis [2]. They play an important role in out that the amount of carbon stored in the different reservoirs

consuming and regeneration cycles of atmospheric carbon dioxide. largely depends on land use change [13-15]. Sequestered carbon,

Many investigations have shown that the conversion of forest to particularly in soil, may have impacts on soil quality. It improves,

. . . i.e,, soil structure, capacity for water retention and its biodiversity
cropland, pastures and grazing land contributes to the climate

ion [16,17]. Thus, th isiti i
change effects [3,4]. Land use and land cover change releases expression [16,17]. Thus, the data acquisition on carbon storage is

. . . important to understand ecosystems functioning according to their
significant amounts of CO, to the atmosphere. It is estimated that p y 5 5

. ., mode of management and to estimate the relative contribution of
on average, deforestation has caused the loss of about 25% of soil g

. o . . different reservoirs to the carbon sequestration phenomena. In
organic C over the years [5,6] largely due to oxidation of soil organic d p

. . . . this regard, there is a significant lack of data in Morocco and other
carbon as well as soil erosion. Crop and livestock production

) . countries of the southern Mediterranean shore on the quantification
are the main causes of deforestation [7]. Forests can sequester

D L . of carbon stocks in the different reservoirs in response to land use
a significant amount of carbon in different reservoirs such as

. . . . changes.
biomass, necromass and soil to remove exceeding concentrations

of CO, from the atmosphere [8-10]. Primarily deforestation was The studies on the storage potential of different reservoirs
responsible for 20% of anthropogenic CO, emissions during the (soil, biomass and necromass) under two types of oak stands with

1990s [11]. This carbon sequestered in the different reservoirs of  different levels of degradation simultaneously in the same study

N
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have not been carried out yet. Furthermore, effect of transformation
of oak forest into others land uses on soil physical properties
remains scarcely studied under semiarid Morocco’s environment.
Thus, the objectives of this study are 1/ to investigate the effect
of the conversion of oak forest ecosystems on some physical and
chemical properties of the soil; 2/ to quantify the carbon storage
capacity in different reservoirs including biomass, necromass
and soil for green oak and cork oak woodlands having undergone
different levels of degradation.

Materials and Methods
Study area

This study was carried out in the Bou Regreg watershed of
Oulmes region, which is one of the main courses in the Moroccan
river system. The Bouregreg wadi forest is an integral part of the
Plateau Central National Park, which is an area of protection and
conservation of the biodiversity of the Oak and thuja ecosystems.
The first site based on green oak (Quercus rotundifolia) is located

in the Ait Ichou East forest (latitude: 33° 21’ 15”- 33° 25’ 27"N,
longitude : 5° 46’ 51”- 5° 54’21”E) and the second site; cork oak
(Quercus suber) is located in the El Harcha forest (latitude: 33°
24’ 497- 33° 25’ 26”N, longitude : 6° 8’ 7”- 6° 22’38"W) (Figure 1).
At each site, three types of land uses at different stages of forest
degradation were chosen. They correspond to the natural forest,
matorral and a growing area (cereal culture) for a total of six lands
uses to be studied. Climate is one of the main factors influencing soil
degradation and vegetation. The temperature controls the spatial
distribution and growth of the vegetation, mainly the minimum
temperature of the coldest month and the maximum temperature
of the hottest month. Maximum temperatures vary between 10.9 °C
and 31.7 °C. The months of July and August are the hottest months
in the year. Minimum temperatures vary between 2.7 °C and 15 °C.
The months of December and January are the coldest. The average
annual precipitations in the studied region vary between 413 and
647 mm during the last 36 years with peaks recorded in December
and January. The study area benefits from a subhumid bioclimatic
zone with a fresh variant.
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Figure 1: Land use; oak; soil; biomass; necromass; carbon sequestration.

Physico-chemical Characterization of Soils

For each land use, samples were collected at a depth of
30 cm at the edge of the quadrat 0.2 m x 0.2 m as reported by
Figure 2. We carried out 3 repetitions for each land use sample to
determine texture, pH and organic carbon content. Soil texture was
measured using the hydrometer method [18]. The pH of the soil
was determined by the potentiometric method using a pH meter.

However, soil moisture is determined by the gravimetric method.
The soil samples are collected in air tight aluminum containers
from 30cm depth. They are weighed and they are dried in an oven
at 105 °C for about 24 hours until all the moisture is driven off. After
removing from oven, they are cooled slowly to room temperature
and weighed again. The difference in weight is amount of moisture
in the soil.
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Figure 2: Sampling plan for different carbon pools and some physicochemical characteristics of the soils.

Soil Organic Carbon

Disturbed and undisturbed soil samples were taken for
determination of soil organic carbon content (SOC) and bulk
density respectively, and at the same time at the edge of the quadrat
0.2 m x 0.2 m as reported by Figure 2. SOC assessment was realized
according to the Walkley and Black method [19]. which consists
of cold oxidation of organic carbon by a mixture of potassium and
bichromate (K,Cr,0.) in sulfuric medium (H,SO,). The SOC was
calculated as the difference between the total volume of dichromate
added and the amount of unreacted dichromate determined

through titration with iron sulfate.

Soil bulk density

Soil bulk density (pb) at 30 cm depth was measured by the
core method [20] using 7 cm @ and 10 cm deep cores. The intact
soil core was obtained from the middle of the superficial layer and
weighed in the lab. The cylinders with segmented cores were put in
an oven at 105 °C for dry weight determination. The bulk density

was determined using the following formula.

pb= " (Mgm-) (1)

With : m: oven dry weight of soil (Mg) ; v : cylinder volume

(m?).

Soil Aggregate Stability Measurement

The water stable aggregates (WSA) > 1mm of different soils
from various land uses studied were estimated using the method
of Pojasok and Kay [21]. Five grams of <6-mm aggregates was used
for measurements of WSA. The aggregates were poured into 40 mL
of distilled water in 100mL test tubes, and then stirred for 5 min
at 56 oscillations min-1 on a horizontal shaker. After sieving, the
residual material was dried at 105 °C for 24 hours and its weight
determined. The dried aggregates were dispersed in a sodium
hexametaphosphate solution at 50 g L* and then stirred at a high
speed. Thus, the percentage of water-stable aggregate (WSA) >

1mm to water sieving is calculated according to the following

formula (2) :

mass of stable soil >1mm — sand mass > 1mm
WSA>1mm = (2)

initial soil mass — sand mass > lmm

Sampling strategies and measurements of carbon pools

The sampling to estimate the carbon stock in each reservoir
has been done during the spring season characterized by mean
seasonal precipitation of 150 mm and the minimum and maximum
temperatures in Seasonal were 6 °C and 17 °C respectively. Our
sampling method is based on the work of many authors [22-25]. The
carbon reservoirs (sometimes also called stocks or pools) sampled
are : aboveground biomass (trees, shrubs and herbaceous species),
deadwood and soil litter representing necromass, belowground
biomass (roots up to 30 cm deep), and soil. Figure 2 illustrates
our sampling plan. According to Pearson and Brown [25], in each
land use, we installed three circular plots of 12m radius and all
standing trees and dead wood within each plot were sampled. The
circumference at 1.30m breast height of all tree trunks (alive and
dead) with a diameter greater than 5cm was measured using a
tape measure [21]. Live and dead wood samples were collected to
determine the density of the wood that will be used in the biomass
estimation. We installed a subplot of 2m? (2m* 1m) in each of the
circular plots and cut all undergrowth vegetation (shrubs and
herbaceous plants) with pruning shears (Figure 2). The sample was
weighted on site and a subsample collected. The litter (coarse and
fine) was taken in quadrat of 0.50m x 0.50m (0.25 m2) installed
inside the plot of 2 m2 Roots were obtained by digging an area of
0.2 m x 0.2 m in the quadrat of 0.25 m? to a depth of 30 cm (Figure
2) [24]. Sub-samples of undergrowth taken from the field were
dried at 80 °C, until the stabilization of their weight corresponding
to the dry weight. The litter was washed, screened, and then dried
on the same conditions and weighed. The large roots were sorted
and washed, while the rest of the sample was dissolved in water
and passed through a 2 mm sieve [23]. They were also dried at 80

Citation: Hafida Zaher, Hassan Benjelloun. Ibrahim Mahamane. Effect of Oak Ecosystems Degradation on the Carbon Storage in the
Southern Mediterranean Forests. Open Acc ] Envi Soi Sci 4(2)- 2019. OAJESS.MS.ID.000185. DOI: 10.32474 /0AJESS.2019.04.000185.

N


http://dx.doi.org/10.32474/OAJESS.2019.04.000185

Open Acc ] Envi Soi Sci

Volume 4 - Issue 2

Copyrights @ Hafida Zaher, et al.

°C and finally weighed to obtain the dry weight. The dry mass of
the undergrowth is obtained by the ratio between the dry mass of
the subsample and the fresh mass of the subsample multiplied by
the fresh mass of the whole sample [25]. The dry masses of litter
and roots are obtained directly after oven drying. The conversion
of dry matter to carbon in biomass and necromass was carried out,
making the product of the dry mass by 0.5 [22]. The soil organic
carbon (SOC) pool contained per unit area (Mg ha' for a 30cm
depth) was computed by multiplying the SOC concentration (kg Mg
1) with bulk density (Mg m?) and depth (0.30 m) :

C pool (Mg ha') = Ccontent (kg Mg™) x pb (Mg m™®) x depth (m)
x10 3 Mg kg!x 104 m? hs*(3)

Statistical analysis

All statistical analyzes were performed with SAS 6.12 software
for Windows [26]. The analysis of the variance (ANOVA) of the data
was carried out according to a completely random experimental
design comprising six land uses. To differentiate between different
land uses, the test of the Least Significant Difference (LSD at a
probability P <5%) was done [27].

Table 1: Characteristics of the soil according to different land uses.

Results and Discussions

The results of the physico-chemical characterization of soils
are presented in Table 1. Most of the changes after conversion of
forests to arable land have soil moisture that is shown as a result
of this work. Soil moisture at forest sites is higher and averages
17.7 and 19.3 kg kg! for all green oak (GO) and cork oak (CO) sites,
respectively. Soil moisture in cultivated areas shows the lowest
values with an average of 15 and 16 kg kg-1 under GO and CO
respectively. In addition, matorral zones have soil moisture values
intermediate between those recorded in forest and in cereal fields,
confirming the results obtained by Deng et al. [28]. These authors
noted that, soil moisture decreased significantly when land use was
changed to growing trees, shrubs, or grasses, but the changes were
also influenced by soil depth. Earlier studies of the effects of trees
on moisture levels in the topsoil (<20cm) have reported the effects
to be either significantly negative [29], significantly positive [30]
or negligible [31]. Our results can be explained probably by the
roots of cereal crops are mainly confined to the surface layer [32].
Which increase water uptake by roots and decrease volumetric soil
content.

Clay ‘ Silt ‘ Sand 0
Land uses pHH,0 pH Kcl
g100g? kg kg
Natural (NG) 22.61 25.4 51.99 17.7 5.8 5.5
Green oak Matorral (MG) 22.4 31.63 45.97 16.9 6 5.8
cereal crop (CG) 15.6 30.73 53.67 15 5.9 5.4
Natural (NC) 16.4 374 46.2 19.3 5.5 5.3
Cork oak
Matorral (MC) 18.7 25.2 56.1 17.5 6 5.7

0 : Soil moisture

The data presented is an average of three repetitions.
Soil organic carbon under different land uses

Soil organic carbon (SOC) strongly impacts, amongst others,
soil quality (better resistance to degradation, mainly to erosion)
and environment (fixation of pollutants). Its estimate is of
great importance. According to Table 2, SOC content modified
significantly after natural forestland transformed into matorral and
cultivated land. Soil analyzes in the green oak forest area showed
that the SOC contents were 0.99% for its natural state (NG), 0.46%

for matorral (MG) and 0.24% for the forest converted into cereal
growing zone (CG). Furthermore, in the territory of the cork oak
forest, its undegraded state (NC) has the highest carbon contents
(2.99%), the matorral (MC) (1.59%) and the forest transformed
into the cereal crops zone (CC) has the lowest levels (0.70%). SOC
contents in various land use were significantly different (P=0.0028
and P=0.0024 for green oak and cork oak forests respectively). It's
approximate 54% and 76 % less in SOC for MG and CG respectively

compared to NG under green oak area.

Table 2: Variation of land use effects on some soil physico-chemical properties.

il Soil Organic Carbon Water Stable Aggregates Bulk Density

g100g* Mg m?3

Natural (NG) 0.99a 24.67a 1.37c

Green oak Matorral (MG) 0.46b 28.67a 1.42b
cereal crop (CG) 0.24c 10.00b 1.48a

Natural (NC) 2.99a 37.67a 1.22b

Cork oak Matorral (MC) 1.59b 32.00a 1.30a
cereal crop (CC) 0.70c 20.67b 1.34a

Treatments followed by different letters indicate significant statistical differences at P< 0.05.
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The highest carbon contents are recorded under natural
forest in both oak stands. Similar trends are also recorded after
transformation of the cork oak forest area into matorral and
agricultural area. SOC levels are respectively 46% and 77% lower in
MC and CC compared to NC. The data in Table 2 showed clearly that
due to forest degradation, the average of SOC in cultivation area
is decreased about 4 times in comparison with soil under forest
vegetation. These results are consistent with those of Spaccini et al.
[33] who found that SOC content was two to four times higher in the
forested than the cultivated soils. The SOC losses can be explained
by the reduction of organic matter inputs when converting from
natural forest either into grazing area [34,35] or into agricultural
ecosystem [36] and the decrease of SOC physical protection by the
tillage practices [37].

Aggregates structural stability

Soil aggregation is considered a soil quality indicator that
provides information on the soil’s ability to function as a basic
component of the ecosystem. Soil aggregation influences the
transportation of liquids, gases, and heat, as well as physical
processes such as infiltration and aeration [38]. Soil aggregation
integrates edaphic properties (physical, chemical, and biological),
itis easy to measure, and it is sensitive to variations due to weather
and land use [39]. In addition, it is a good indicator of soil erosion
and degradation [40]. Consequently, it is considered an excellent
tool to evaluate soil quality. Although the fertility of the forest soil is
a subject that has been widely explored by the research, the same is
not true of its physical characteristics. However, the functioning of
the soil and the good development of forest stands depend largely
on it. Among these physical characteristics that we will investigate
during this study, would be the structural stability of the soil and its
bulk density. Structural stability is the ability of a soil to maintain
its arrangement between solid and void particles when subjected
to stress such as the impact of raindrops or wetting [41,42]. It is
recognized as a better indicator of soil quality and its sensitivity
to erosion and compaction [43,44]. Water Stable Aggregates
(WSA >1mm) percentages range from 24.7%, 28.7% and 10%,
respectively, for natural forest of green oak, matorral and cereal
growing at Site 1 (Table 2). It appears that land use has a significant
effect on aggregate stability at this site. However, multiple
comparison of WSA averages indicated a nonsignificant difference
between NG and MG, although WSA >1mm rates were higher under
MG. On the other hand, in site 2, the NC has the highest stable
aggregate rate (37.7%), followed by matorral (32%) and cereals
(20.7%). Multiple comparisons between averages also revealed
that degradation of the cork oak forest into matorral did not have a
significant effect on the percentage of WSA >1mm. Otherwise, the
transformation of forests into cereals led to a significant decrease in
stable aggregates of 59% and 45% respectively in the green oak and
in the cork oak areas. According to Ashagrie et al. [45], aggregation
is influenced by land use and land use change in the way that the

proportion of water stable macroaggregates is reduced in the order

forest > pasture/grassland > arable land. Our results are consistent
with those of these authors who noted that the cultivation
decreased the proportion of water stable macroaggregates from
70 to 50 %, in comparison with natural forest. Many authors have
noted that structural stability is negatively influenced by tillage
[46,47]. Cultivation areas, periodically subject to tillage, have
macroaggregates breakdown and the topsoil layers disintegration
[48]. Similarly, in pasture areas trampling by animals compacts the
soil surface and alters the arrangement between the particles and
subsequently the structural stability of soils [49]. The results of
the statistical analysis on the experimental data showed that the
structural stability and the organic carbon of the soils both under
forest soil and on cultivated soil (Figure 3) were strongly positively
correlated (r = 0.81 and r = 0.93 respectively).

This study confirms, once again, the link that exists between
organic matter and the structural stability of soils. This stability
increases with the increase of soil organic carbon content. Many
previous studies have clearly underlined the biological temporal
effects of organic matter on the stability of soil aggregates [50].
The tendency of the decrease of water-stable aggregates following
the transformation of the forest into a farmland was established by
Ashagrie et al. [4]. The main cause of the decrease of the content of
water stable aggregates after the conversion of native vegetation to
cropland is the decrease of the content of organic matter [51], and
some of its components [52].

Bulk density

The purpose of this study is, among other things, to study the
influence of the degradation of forest areas on certain physical
properties, particularly the bulk density of the soil. Bulk density
estimation can give indications on physical disturbance by
settlement. From the analysis of our data, it appears that the
conversion of forest lands into agricultural zones causes soil
compaction. At the level of the forest of the green oak site, Table
2 shows that the forest has the lowest bulk density (pb = 1.37 Mg
m), followed by the matorral (1.42 Mg m*). The highest density is
recorded in cereal lands (1.48 Mg m=). The same trend is observed
in the cork oak site with the lowest pb (1.22 Mg m®) followed by the
matorral (1.30 Mg m*) and the cereal crop (1.34 Mg m®). These data
clearly show that the degradation of forest ecosystems leads to an
increase in the bulk density of soils, as an evidence of compaction.
Our results are consistent with those of Desyatkin et al. [53] who
clearly have made it that pb of forest soils is significantly lower than
soils of arable land. In many studies, it is recognized that forest soils
with bulk densities greater than 1.3 Mg m* are compacted soils [54].
For agricultural soils, the work of Lal and Shukla (2004) pointed
out that the optimum levels of bulk densities are those less than
1.4 g cm™. From our bulk density data, we can say that the green
oak site is an area with compaction problems because it records
the highest values on both forest and agricultural soils. The effect
of land use on pb is very highly significant (P=0.0001). Thus, the
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forest areas, both under green oak and cork oak, showed the lowest
soil bulk densities. Moreover, this bulk density is lower in cork oak
forest rich in organic carbon than on green oak soil. The correlation
of the soil organic carbon data with its bulk density (Figure 3)
revealed that the correlation between the two measurements is
good (R,=0.75). Bulk density shows a negative correlation with

soil organic carbon. Such links are of interest because they could

CE
= 4 Forest soil A
= a0
o A
E a5 . WAgricultural soil
L A
A 30 -
2 Ab_— y= 5.8406x + 19.554
25 -
% R =0.66
E [ ]
n
g 20 S A
=
=
15
: .
L
.3 10 y=22342x +4.758
= L] R = 0.86

0 1 2 3 4
Seil organic carbon (g 100" g du sol)

be used as a quick and easy way to evaluate the concentration
of organic carbon and the bulk density of the soil. Since the bulk
density estimate for forest soils, especially those that are stony, is
very laborious, the use of models to predict bulk density from soil
organic carbon concentrations could be an attractive alternative
[55,56].

o

4 Forest soil

® Agricultural soil

=
a Y S
[ ] i T —— =
= - - T -
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Figure 3: Relationship between structural stability, bulk density and organic carbon content in forest soils and agricultural

soils.

Total carbon stock and carbon distribution in reservoirs

The carbon stocks in the different reservoirs obtained after
data analysis based on wood density values are recorded in Table 3.
The quantity of carbon stored in each of the reservoirs studied, i.e.,
aboveground, belowground biomass, necromass (deadwood and
litter) and soil, as well as the total amount of carbon in the different
reservoirs are significantly affected by land use change. The natural
green oak forest stored a total of 63.51 Mg C ha! of which 30%
was in biomass (15.15% in aboveground biomass and 14.85% in
roots), 6% in necromass (1% in dead wood and 5% in litter) and

64% in soil. As for the matorral, it sequestered 26.68 Mg C ha-1
with 16.6% in the biomass (7.88% in the aboveground biomass and
8.72% in the roots). 10.6% in the necromass and 72.8% in the soil.
As a result, only 11.77 Mg C ha! was stored in cereal ecosystem,
7.6% of which was in biomass (2.3% in aboveground biomass and
5.3% in belowground biomass), 1.4% in necromass and 91% in soil.
Moreover, the natural cork oak forest stored 2.5 times more carbon
than in the natural green oak forest, i.e, 163.99 Mg C ha!, whose
29.4% of stored carbon was registered in the biomass (24.6% in the
aboveground biomass and 4.8% in the roots), 4% in the necromass
(1% in the dead wood and 4% in the litter) and 66.6% in the soil.

Table 3: Variation of land use effects on some soil physico-chemical properties.

AG biomass BG biomass Total Soil Stock
Land uses stock stock biomass Necromass (30cm) Total stock
(Mg hat)
Natural (NG) 9.62a 9.43a 19.05a 3.63a 40.83a 63.51a
Green oak Matorral (MG) 2.10b 2.33b 4.43b 2.82a 19.43ab 26.68b
cereal crop (CG) 0.27c 0.63c 0.90c 0.17b 10.70b 11.77b
Natural (NC) 40.38a 7.90a 48.28a 6.57a 109.14a 163.99a
Cork oak Matorral (MC) 1.67b 1.93b 3.60b 2.48b 62.01b 68.09b
cereal crop (CC) 0.54b 0.67b 1.21b 0.40c 28.12c 29.73c

AG: aboveground; BG: belowground

Treatments followed by different letters indicate significant statistical differences at P< 0.05.

This high carbon storage potential in cork oak forests should
challenge us to make more efforts to preserve these ecosystems,
which are clearly in regression in Morocco. Its area has declined over
the last decades, from 1.53 million ha in 1947 to 425 000 ha in 1980
[57]. Future forest management should focus on the conversion

of forest type and the selection of the species in reforestation to

maximize the C sequestration potential of forest ecosystem in
Morocco witch located at south of the Mediterranean known as a
region highly vulnerable to climate change. MC stored only 68.08 Mg
C ha?, divided into 5.3% in biomass (2.5% aboveground and 2.8%
belowground biomass), 3.6% in necromass and 91.1% in soil. Cereal
crops stored 29.73 Mg Cha™, 4.1% in biomass (1.8% in aboveground
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biomass and 2.3% in roots), 1.4% in necromass and 94.5% in soil.
We note that for agricultural areas, soil represents a large reservoir
of carbon exceeding 90% of stored carbon compared to forest land
that their soils store only 60%. These results are close to those of US
[58] and French [59] researchers who noted that soils store 54% of
the total carbon stored in the forest. So to mitigate climate change
in agricultural areas, we should adopt techniques that allow more
carbon storage in the soil reservoir as stipulated ‘4 per thousand’
initiative adopted in COP 21 (e.g. improving soil quality by addition
organic amendments, N fertilization, minimum tillage and fighting
against erosion). Furthermore, in forest ecosystems, to sequester
more carbon, it is necessary to act by adopting management and
management approaches that allow the storage of carbon both in

the soil reservoir and in the biomass reservoir.

It can be seen from Table 3 that regardless of the studied
sites, the forest stores more carbon than the matorral and cereal
crops land. At each site, the forest sequesters more than twice the
carbon stored in the matorral and more than five times more than
the cereal crop. These results confirm the importance of forests in
carbon storage, and any reduction in forestland area would lead to
the carbon stock decline [60,61]. Several previous studies have also
noted that forests immobilize much more carbon per unit area than
grasslands and agricultural lands [62- 64].

Concerning the potential of carbon storage of different sinks
studied, soil appears to be the most important carbon reservoir
for all land uses. Stocks in the soil are around 65% for forest lands
in both sites, ranging from 72.8 to 91% for matorral and from 91
to 94.5% for agricultural lands. Considering the total carbon stock
for different land uses studied, we note that the transformation of
the green oak forest into matorral and cereal crops area caused
carbon losses of 58% and 81.5% respectively. Similar trends were
also noted for the Cork oak area. These results are close to the data
recorded by Houghton’s work [65], pointing out a loss of about 77%
of carbon in tropical Asia following the transformation of forests

into permanent crops.

Conclusion

Assessment of soil properties upon conversion of natural
forests for varying pasture or agricultural purposes is of utmost
importance to detect early changes in soil quality. This study
showed that the effect of land-use change is significant on the
physicochemical properties of the soil. Grazing and cultivation of
forested lands resulted in deterioration of soil properties compared
to soils under natural forest. Cultivated soils had lower aggregate
stability, reduced organic carbon contents and higher bulk density.
The determination of the carbon stock in the green oak and cork
oak woodlands reveals that forests stores more than twice the
carbon stored in the matorral and more than 5 times more than
the cereal crops. The data from this study also showed that the
natural forest of the cork oak stores more than twice carbon that

in the green oak. Natural forest area is expected to support carbon
storage and improve soils quality. Therefore, Changes in land use
and ecosystem must take into consideration in public policies.
The transformation of forests into matorral under the effect of
overgrazing leads to a reduction of 58% in the total carbon stock
for the two oak ecosystems. Although the conversion of forests
to cultivated land caused losses of carbon stocks of 81.5% and
81.9% under green oak and cork oak respectively. The distribution
of carbon in the different reservoirs studied reveals a significant
contribution of soil in carbon storage followed by biomass and
necromass for all land uses studied. The carbon stock in the soil
is about 64 and 67% under natural forests, 73% and 91% under
matorrals and 91% and 95% under cereal crops for the green oak
and cork oak area respectively. In forest areas, soil and biomass are
the largest sinks of carbon, while in agricultural lands, soil is the
largest reservoir.
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