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ABSTRACT

Organic matter is a major component of soil. It is of considerable ecological importance given its role in
determining soil health, influencing ecosystem productivity and climate. For this reason, it is essential to
carry out studies to evaluate its dynamics in natural ecosystems. In this study, the authors aimed to explore
the dynamics of soil organic matter (SOM) in forest ecosystems of the Central Plateau in Morocco, as well
as to investigate the potential of spectral vegetation indices in modeling SOM. To this end, the soil samples
for analysis were collected from 30 sites across three vegetation types, including cork oak, Barbary thuja
and scrub (matorral). In addition, the normalized difference vegetation index (NDVI) was extracted from
Landsat 8 images to be used to model SOM using linear regression. The obtained results showed a weak,
although statistically significant (a < 0.05), correlation between NDVI and SOM at 0.45. In addition, only
the scrub type showed a statistically significant (o < 0.05) relationship between its corresponding SOM and
NDVI, and was therefore retained for modeling. Vegetation type had a statistically strong influence (a <
0.01) on SOM, with cork oak and garrigue ecosystems having the highest and lowest SOM contents with
5.61% and 2.36%, respectively. In addition, the highest SOM contents were observed under slightly acidic
pH soils on mild, warm slopes at high altitude sites, while the lowest were found in lowland areas with
predominantly weakly evolved soil.
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INTRODUCTION

Organic matter plays an essential role in soil
functioning. It contributes strongly to soil struc-
ture, physical and chemical fertility, water hold-
ing capacity, and is the main source of matter and
energy for living soil organisms (Dai et al. 2014;
Nocita et al. 2013; Guo et al. 2017). In addition,
soil organic matter (SOM) plays an important
role in climate regulation, as soils are the larg-
est terrestrial carbon reservoir, capable of stor-
ing up to 4800 Pg (Ciais et al. 2013; Houghton
2014). Indeed, SOM, which is composed of more
than 50% carbon, participates in the evolution
of carbon dioxide (CO,) concentration in the at-
mosphere. Since the intensity of climate change
depends mainly on the evolution of atmospheric
CO, concentration, an increase in soil organic
carbon (SOC) in the form of SOM could help mit-
igate the effects of climate change (Couteaux et
al. 2003; Lal et al. 2004; Liitzow et al. 2006; Ben-
jamin et al. 2008; Mabit and Bernard 2010; Lal
2016; Martin et al. 2021). Therefore, any change
in vegetation composition can alter SOM dynam-
ics and related ecosystem services. Although the
importance of plants in SOM formation and car-
bon cycling is now well established, predicting
SOM from vegetation composition in a variety of
ecosystems remains challenging due to poor un-
derstanding of the mechanisms and potential in-
teractions with biophysical attributes modulating
vegetation-SOM relationships (Schelfhout et al.
2020; Laganiére et al. 2022).

The type of vegetation that dominates an
ecosystem plays an important role in influencing
SOM. Indeed, studies have shown that SOM con-
tent and quality are mainly dependent on surface
vegetation and land use types, having a significant
correlation with residual plant leaves penetrating
the soil and interaction with microbial species in
the soil (Jia et al. 2006; Castellano et al. 2015; Fu
et al. 2020; Wu et al. 2022). Thus, understanding
the distribution of SOC on the soil surface and
its influencing factors further improves the under-
standing of the subsurface carbon cycle mecha-
nism and enhances the understanding of the soil
carbon sink function. In Moroccan ecosystems,
despite great floristic and pedological diversity,
forest resources are often severely degraded, re-
sulting in organic and mineral impoverishment of
soils (Roose, 2002; Badraoui, 2016; Dallahi et al.,
2023). Thus, the acquisition of data on the dynam-
ics of SOM will make it possible to understand
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the functioning of ecosystems according to their
management mode and thus to avoid the progres-
sion of forest degradation, and even promote their
restoration. This includes forest management ac-
tivities, such as reforestation with well-adapted
species that promote the OM uptake into the soil.

The distribution of SOM depends on several
factors, including vegetation type, soil type, cli-
mate, land use, among others (Fang et al. 2012;
Liuetal. 2015). This leads to a wide variety of ap-
proaches adopted for its assessment. Reflectance
spectroscopy in the visible and near- and mid-
infrared bands has yielded satisfactory results
(Miltz and Don, 2012, Conforti et al. 2013; Nawar
et al. 2016; Lefévre et al. 2017; Chakraborty et
al. 2017) while approaches such as Walkley and
Black (Walkely and Black, 1934), Mebius (Me-
bius, 1960), colorimetric (Nelson and Sommers,
1996), and dry burning have performed reason-
ably well in past studies, in spite of some limi-
tations. SOM predictions are important to meet
the requirements of land use, climate change, and
simulations of future situations (Amundson et al.,
2015; Jin et al., 2017). However, conventional
soil analyses are both painstaking with high la-
bor intensity and costly, making it essential to de-
velop a corresponding non-destructive, rapid, and
cost-effective analysis method.

Therefore, this study was undertaken with
the following main objectives: (1) to assess the
utility of modeling SOM content from NDVI de-
rived from Landsat 8 images; (2) to assess the in-
fluence of three ecosystem types, including cork
oak, Barbary thuja, and scrub (matorral), on SOM
and NDVI; and (3) to characterize the aforemen-
tioned ecosystems in terms of their ability to de-
rive SOM content.

MATERIALS AND METHODS

Study area

General description

The study area (Figure 1) extends over the
forest massifs of Timekssaouine and Houderrane,
covering an area of about 16550 ha. It is located
5 km from the city of Khémisset, in the northern
region of Morocco, 110 km from the capital, Ra-
bat. These forests are characterized by a varied
geological range with a strong dominance of the
Paleozoic bedrock, which is mainly composed of
pelites, sandstones and quartzites, severely folded
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and tectonized during the Hercynian orogeny. Pe-
dologically, similar to the forests of the Moroccan
central plateau, the study area is marked by the
dominance of weakly developed soils and under-
developed mineral soils (Figure 2). The most dom-
inant elevation clusters are located between 400
and 800 m, representing about 89% of the study
area where slopes below 50% exceed 80% of the
area. The climate of the study area is characterized
by a mean annual precipitation that varies from
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432 to 509 mm. It is subject to important interan-
nual variation and spatiotemporal variability. On
the other hand, mean temperatures vary between
4°C in the coldest months and 34.4°C in summer.

Vegetation

The tree vegetations (Figure 3) that domi-
nate the forests of the study area are the cork oak
(Quercus suber) and the Barbary thuja (7etraclinis
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Figure 1. Geographic location of the study area
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Figure 2. Dominant soil types of the study area
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Figure 3. Dominant vegetation types of the study arca

articulata). The cork oak stands extend over an
area of about 4939 ha, dominating the low altitudes
where the substrates are siliceous and offer a floris-
tic procession dominated by Cistus sp. shrubs. On
the other hand, the Barbary thuja is spread over an
area of 4457 ha. Owing to its rustic character and
its indifference to the nature of the substrate, this
conifer grows mainly on weakly developed soils
along medium to steep slopes. In addition, sec-
ondary species constitute an important part of the
study area, exceeding 5500 ha. They mainly domi-
nate the scrubland areas and are composed of Pis-
tacia lentiscus, Olea europea var Oleastre, Cistus
salviaefolius, Arbutus unedo, Rhus penthaphylla,
Chamaerops humilis, among others.

Methods

Satellite data

The corresponding satellite image data used
in the study were obtained from the USGS web-
site (http://earthexplorer.usgs.gov/). Thus, Land-
sat 8 images for the 2018 period were download-
ed from which the Normalized Difference Veg-
etation Index (NDVI) was extracted based on the
formula in Equation 1.

(Band 5 — Band 4)
(Band 5 + Band 4) (1)
where: Band 4 and Band 5 correspond to the

near infrared and red reflectance bands,
respectively.

NDVI =
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Soil sampling and analyses

A total of 30 samples were collected across
the three vegetation types characterizing the
study area. Specifically, for each vegetation type,
soil samples were collected from a depth of 0 to
30 cm using an auger and stored in sealed bags
for laboratory analysis. The “feel method” was
the technique used in the field, while particle size
analysis was performed in the laboratory to de-
termine soil texture. Using the latter technique,
texture can be expressed using the triangular dia-
gram, based on the percentages of fine soil ele-
ments. The determination of organic carbon in
soil samples was based on the Walkley-Black
(1934) chromic acid wet oxidation method. The
organic matter in soil is oxidized by a solution of
potassium dichromate. The reaction is assisted by
the heat generated when two volumes of sulfuric
acid are mixed with one volume of dichromate.
The residual dichromate is assayed with ferrous
sulfate and in this case the titer is inversely pro-
portional to the amount of carbon present in the
soil sample. The soil organic content was multi-
plied by the Van Bemmelen (1980) factor of 1.724
to obtain the SOM content. Determination of pH
was done by weighing 20 g of air-dried soil into
a beaker and adding 50 ml of deionized water, re-
sulting in a soil:water ratio of 1:2.5. The suspen-
sion was stirred intermittently for 30 minutes and
then allowed to stand for 12 h. Then, the electrode
was dipped into the clear supernatant, followed
by recording the pH once the reading stabilized.
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Table 1. Selected variables for hierarchical classification

Variable Description
Soil 1 Weakly evolved soils
Soil type
Soil 2 Raw mineral
Text 1 Clayey
Text 2 Silty
Soil texture Text 3 Silty clayey
Text 4 Silty clayey sandy
Text 5 Silty sandy
pH 1 5-6
pH pH 2 6-7
pH 3 7-8
SOM 1 <4%
SOM SOM 2 4% < SOM < 6%
SOM 3 > 6%
Alt 1 <500 m
Elevation Alt 2 500 m <Alt <700 m
Alt 3 >700m
Slop 1 <15%
Slope Slop 2 15% < Slop < 25%
Slop 3 > 25%
Expo 1 ENE
Aspect Expo 2 NNW
Expo 3 WSW
Expo 4 SSE
Eco 1 Cork oak
Ecosystem Eco 2 Scrubland
type
Eco 3 Barbary thuja

61230

6100w STIOW

Data analyses

The Pearson correlation matrix was used to
investigate the relationship between different soil
properties and site characteristics, while multiple
linear regression was adopted to find the relation-
ship between SOM, elevation and NDVI. To assess
the influence of vegetation type on both NDVI and
SOM, one-way ANOVA was leveraged, followed
by the Newman-Keuls post-hoc test to identify the
difference between vegetation types. The signifi-
cance level for both statistical tests was set at (o0 <
0.05). In addition, the hierarchical cluster analysis
approach was used to assess the relationships be-
tween different soil properties and site characteris-
tics (Table 1), and thus establish a characterization
of SOM based on these parameters.

RESULTS

Soil and NDVI analysis of the ecosystem types

The results of the soil properties and NDVI
(Figure 4) analyses across the three vegetation
types dominating the study area are presented
in Table 2. Soil pH was very slightly acidic to
near neutral under the three vegetation types,
ranging from 6.49 to 6.83. As expected, Barbary
thuja, the needle-like leaves of which acidify the
soil, had the lowest pH values on average. Soil
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Figure 4. NDVI distribution of the study area
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Table 2. Soil physico-chemical properties and NDVI of the three ecosystem types

Parameters Cork oak Barbary thuja Scrubland
pH 6.76 £ 0.29 6.49 + 0.69 6.83+0.61
C (%) 3.25+1.28 2.24+1.16 1.37£0.45
MO (%) 5.61+2.20 3.89+1.94 2.36 £0.79
Soil properties
Clay 24.36 +7.42 27.23 £9.86 35.30 £ 7.51
Texture (%) Silt 30.39+7.43 33.52+7.96 33.21+6.39
Sand 4525 + 11.48 39.25+12.03 31.49+10.83
NDVI 0.34 £0.05 1.29 0.05 0.21 £ 0.06

carbon and therefore SOM were highest under
cork oak, while they were lowest under the scrub
vegetation type. Indeed, SOM was observed to
be between 2.36% and 5.61%, corresponding to
scrubland and cork oak respectively. Regarding
soil texture, the clay fraction, which plays an
important role in regulating SOM content, was
highest under the scrubland at 33.21%, while
the lowest under the cork oak stands at 24.36%.
NDVI was generally low in all three vegetation
types, not exceeding 0.34, observed for the cork
oak vegetation type.

Relationship between NDVI,
site and soil properties

The results of the correlation test to assess
the relationship between site and soil properties
and NDVI are presented in Table 3. Soil carbon
and consequently SOM showed low, although
statistically significant (o < 0.05), correlation
coefficients with NDVI at 0.44 and 0.45, respec-
tively. An even weaker relationship between or-
ganic matter content and soil pH was observed,
with a coefficient less than 0.2. Consistent with
the former observations, a weak, although highly

statistically significant (o< 0.01), relationship be-
tween SOM and elevation was observed at 0.48.
On the other hand, elevation was observed to be
very strongly (o < 0.001) correlated with NDVI,
presenting a coefficient of 0.73.

Relationship between NDVI and
SOM content by ecosystem type

The results of the one-way ANOVA test to
study the effect of vegetation type on SOM and
subsequently NDVI are presented in Table 4. Both
cork oak and Barbary thuja forests, corresponding
to the reasonably well-established stands, present-
ed no statistical significance in their corresponding
SOM. In contrast, a statistically significant (a0 <
0.05) relationship between SOM corresponding to
the degraded scrubland and NDVI was observed.
On the basis of the observed influence of scrubland
vegetation type on SOM, as well as NDVI, a linear
regression test was performed to establish the re-
lationship between SOM and NDVI (Table 5). As
a result, the corresponding equation (Equation 2)
was selected for the modeling of SOM throughout
the study area.

SOM = 0.35 +9.63 * NDVI )

Table 3. Pearson correlation matrix illustrating the relationship between the variables studied

Vegetation type df MS F p-value
Regression 1 0.429 0.429 0.080 0.785
Cork oak Residual 8 43.093 5.387
Total 9 43.522
Regression 1 5.880 5.880 2 0.229
Barbary thuja Residual 8 27.768 3.471
Total 9 33.648
Regression 1 3.161 3.161 10.526 0.012*
Scrubland Residual 8 2.403 0.300
Total 9 5.564

Note: *, ** and *** indicate significant correlations at a2 < 0.05, a <0.01 and o < 0.001, respectively.
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Table 4. One-way ANOVA investigating the relationship between NDVI and SOM by vegetation type

Vegetation type df SS MS F p-value
Regression 1 0.429 0.429 0.080 0.785
Cork oak Residual 8 43.093 5.387
Total 9 43.522
Regression 1 5.880 5.880 2 0.229
Barbary thuja Residual 8 27.768 3.471
Total 9 33.648
Regression 1 3.161 3.161 10.526 0.012*
Scrubland Residual 8 2.403 0.300
Total 9 5.564

Note: * indicates significance at o < 0.05.

Table 5. Linear regression results investigating the relationship between NDVI and SOM in the scrubland ecosystem

Regression Coefficients Standard error t-stat p-value
Intercept 0.3463 0.6441 0.5376 0.6054
NDVI 9.6301 2.9683 3.2444 0.0118

Effect of ecosystem type on SOM and NDVI

The results of the ANOVA test investigating
the effect of ecosystem type on SOM and NDVI
are presented in Table 6. It was observed that the
nature and type of vegetation had a statistically
high (a0 < 0.01) and very high (a0 < 0.001) influ-
ence on SOM and NDVI, respectively.

On the basis of the strong observed influence
of vegetation type on SOM and NDVI, the New-
man-Keuls test performed for multiple compari-
son of means identified homogeneous groups for
both parameters. The results are presented in Ta-
ble 7 and show two distinct groups for SOM and
NDVI. For SOM, the first group is represented
by cork oak whose corresponding SOM had the
highest observed content at 5.6%. On the other
hand, Barbary thuja and scrubland represent the
soils with the lowest SOM content (2.4%). Re-
garding NDVI, the cork oak and Barbary thuja
group was characterized by the highest observed

values (up to 0.34), while the scrubland type had
the lowest values.

Characterization of SOM in the study area

The results of the hierarchical cluster analysis
reveal two distinct groups (Figure 5) based on the
content of SOM. The first group is characterized
by a generally high SOM content (> 4%) and con-
cerns cork oak ecosystems. The corresponding
stands are characterized by a slightly acidic pH
and are found on gentle and warmer slopes and
high-altitude sites (> 500 m). In addition, the soil
is often characterized by clay, silt, sandy-silt and
sandy-clay textures. On the other hand, the sec-
ond group is characterized by a low level of soil
organic matter (often below 4%). It is found in the
ecosystems corresponding to the Barbary thuja
and scrubland vegetation types, where the pH is
often basic, the aspect leads to often wet condi-
tions and is characterized by low altitude stands

Table 6. One-way ANOVA to evaluate the effect of vegetation type on SOM and NDVI

Source

Ecosystem df SS MS F p-value
Model 2 52.81 26.405 8.617 0.001**
SOM Error 27 82.735 3.064
Total 29 135.545
Model 2 0.094 0.047 14.946 0.0001***
NDVI Error 27 0.085 0.003
Total 29 0.179

Note: ** and *** indicate significance at o < 0.01 and o < 0.001 level, respectively

267



Ecological Engineering & Environmental Technology 2023, 24(8), 261-271

Table 7. Newman-Keuls post-hoc results identifying
distinct groups based on SOM and NDVI

Ecosystem

Vegetation type
Cork oak

Group

A

SOM Barbary thuja B
Scrubland B
Cork oak

Barbary thuja

Scrubland B

NDVI

(< 500 m). In addition, the corresponding soil is
weakly evolved, the texture of which is generally
of a silty-clay nature.

DISCUSSION

The obtained results revealed the highest
SOM rates under deciduous stands dominated by
cork oak, while the lowest were observed under
conifers (Barbary thuja) and especially under ma-
torrals. This difference in SOM content between
different vegetation types is well documented in
the literature given that vegetation is the main
source of organic matter in soil, primarily in the
form of organic carbon (Mueller et al., 2015;
Schelfhout et al., 2017). The high content ob-
served under the cork oak in the presented study
can be explained by the return to the soil of a qual-
ity litter from the cork oak, as opposed to the litter
of the Barbary thuja which is of acidifying nature
(Boca et al. 2020). Indeed, the greater litter input

30

of oaks results in maximum soil carbon storage,
as observed by Sheikh et al. (2009) in their study
comparing soil carbon storage under oak and pine
stands in the Indian Himalayas. Moreover, Au-
gusto et al. (2015) noted that deciduous trees tend
to induce faster litter decomposition than conifers
due to their tissue chemistry, resulting in generally
higher SOM contents. In turn, the SOM content ob-
served under cork oak was generally high (> 4%),
it remains considerably lower than that observed
under other Moroccan oaks. Indeed, EI Mderssa
et al. (2019) recorded higher SOM contents un-
der holm oak (Quercus rotundifolia) and zean oak
(Quercus canariensis) in the central Middle Atlas
region of the country. The markedly higher SOM
content under forest stands compared to scrubland
(matorral) may be related to the return of a signifi-
cant amount of biomass and litter to the soil un-
der the former ecosystem. Nevertheless, the SOM
content (2.36%) under the matorral ecosystem in
this study was notably lower than that observed
by Kannouch (2016) in the central Middle Atlas,
where SOM was recorded up to 6.74%.

Soil properties, such as pH and texture, are
important as they influence other physical and
chemical properties of the soil, and thus play a
key role in the dynamics of organic matter in
the soil (Zhou et al. 2020). In this study, soils
were generally slightly acidic, which could be
explained by the acidic chemical nature of the
dominant sandstone and shale lithologic mate-
rial in the study area (Duchaufour 1977), as well
as the acidifying nature of the litter, particularly
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Figure 5. Hierarchical cluster analysis dendrogram of the ecosystem types
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from the lignin-rich needles produced by Barbary
thuja. In contrast, acidic soils are often character-
ized by lower organic matter content due to accel-
erated SOM depletion (Tripathi et al. 2018; Zhou
et al. 2020), this was not the case in the presented
study. Indeed, the highest organic matter con-
tents were recorded in these soils compared to the
slightly basic soils. This could be explained by a
relatively basic pH favoring microbial mineraliza-
tion and humification activities of the microflora
where bacteria dominate. Nevertheless, it should
be noted that soil pH is not always a determining
influence in SOM dynamics. Indeed, Tonon et al.
(2010) observed only a small effect of soil pH on
the chemical composition of organic matter in their
study in Rothamsted (UK), suggesting that physi-
cal mechanisms are often more important, espe-
cially in the presence of the finest soil fractions.
Soil texture has a distinct influence on organic
carbon accumulation because of the physical pro-
tection of SOM induced by the aggregation of fine
particles, such as clay and fine silt (Jobbagy &
Jackson, 2001). The plant communities presenting
the highest SOM contents in this study were estab-
lished on relatively coarse texture soils. Indeed,
under these soils, SOM and clay form the clay-hu-
mus complex which, owing to its negative surface
charges, adsorbs a part of the cations of the soil
solution. Moreover, this complex confers a certain
stability and resistance to the SOM preventing its
degradation and favoring its accumulation as has
been highlighted by Marti-Roura et al. (2019).
Terrain characteristics, such as slope and el-
evation, play an important role in controlling or-
ganic matter variations (Moghiseh et al. 2013),
especially in arid and semi-arid climates (Shedayi
et al., 2016; Merabtene, 2021). In the conducted
study, the highest SOM levels were recorded at
sites above 500 m. Similar observations of increas-
ing SOM with elevation were noted by Massaccesi
et al. (2020) up to mid-elevation areas, followed
by a decrease in high elevation areas. This could
be explained by vegetation characteristics taking
precedence over terrain factors as driving factors,
thus strongly influencing subsurface processes
(Bardgett et al. 2014; Bargali & Bargali 2020). In-
deed, Sheikh et al. (2009) observed organic mat-
ter under both oak and pine stands to decrease at
high altitudes in their study in India. High eleva-
tion areas are often characterized by increased pre-
cipitation and low temperatures that can lead to
inhibition of SOM decomposition rates (Gutiérrez-
Girén et al. 2015; Wan et al. 2019). Indeed, slow

mineralization rates of organic matter in the form
of carbon lead to increased organic matter reserves.

CONCLUSIONS

This study was undertaken to evaluate the
dynamics of SOM in different ecosystems with
varying dominant vegetation types in Morocco.
Although edaphic and location-specific conditions
such as soil pH and texture, among others, were
observed to play a role, the obtained results indi-
cate that the conditions related to elevation and
vegetation have a distinct effect on SOM. Spe-
cifically, the nature of the vegetation litter more
strongly controls the content and distribution of
SOM. Indeed, the highest SOM rates are recorded
under deciduous stands primarily dominated by
cork oak, while the lowest are observed under co-
nifers as well as degraded scrubland. This is as-
sociated with the return to the soil of high-quality
litter from deciduous trees, as opposed to coni-
fers the litter of which has an acidifying effect on
chemical composition in the soil. Although NDVI
was used to model SOM, its use was limited to
the scrubland ecosystem. Hence, its applicability
in the region remains in question. A study based
on other vegetation indices could complement the
obtained results and further highlight the potential
of using spectral data in soil modeling.
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