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INTRODUCTION 

Soil is one of the essential natural resource, 
providing the main mineral elements for plant de-
velopment and agricultural production [Haritha et 
al, 2022]. It is a living entity and not just a sub-
strate in which plants grow. Soil is the top layer 
of the earth’s crust, made up of inorganic and or-
ganic matter [Schoonover and Crim, 2015).

Agriculture refers to the ability to raise plants 
from the soil and is one of the most economic 
factors for human beings. But the concentrated 
use of agrochemicals and their residues can lead 

to soil degradation, which includes negative ef-
fects, particularly in vegetable and market garden 
production [Fotio et al., 2004]. Soil fertility is 
a key factor in determining plant growth. It de-
pends on organic and inorganic matter (N, P, K), 
micronutrients and water. Chemical soil fertility 
is the requirement for nutrient inputs, the lack 
of which is the main factor in soil degradation 
[Hartemink, 2010].

The Zaër region benefits from a privileged 
geographical location, a satisfactory transport in-
frastructure, a favourable physical environment 
(climate, soil and water resources), and a large 
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useful agricultural area (UAA) [Monographie, 
2015]. This potential gives it a considerable place 
in regional and national agricultural production. 
The region is considered to be a major agricul-
tural centre par excellence, known nationally for 
its high potential in cereal and pulse crops. The 
growth and development of this agriculture has 
led to an intensification in the use of agricultural 
land, sometimes in an irrational way.

On the other hand, the region’s agricultural 
land is under heavy pressure from erosion, over-
grazing, inappropriate use of tools and, above all, 
the drop in rainfall over the last decade, given 
that the region’s agriculture (cereals and pulses) 
is based on the bour. This has an impact on the 
functional properties and quality of the soil [Sa-
ber and Mrabet, 2002]. As a result, this study was 
assessed using a number of physico-chemical 
indicators.

The main aim of this work is to assess the 
quality of soils in the Zaër region by character-
izing physico-chemical parameters (pH, organic 
matter, assimilable phosphorus, exchangeable po-
tassium, cation exchange capacity and exchange-
able bases).

MATERIALS AND METHODS

Study area

The Zaër region is located in north-west Mo-
rocco, 80 km south-east of Rabat, and belongs to 
the administrative region of Rabat-Salé-Kénitra; 
it is attached to the province of Khemisset. The 
area covered by this study lies between latitude 
33°30’ and 33°45’ North and longitude 6°24’ and 
6°45’ West, with altitudes varying between 200 
and 500 m. The study region shows great diver-
sity in the landscape and in the genesis and evolu-
tion of the geological formations of the thirteen 
experimental sites (Fig. 1). It is represented by 
[El Hassani, 1990]:
	• Silico-clastic deposits during the Palaeozoic; 

these Palaeozoic formations, mainly of Visean 
age, are widely exposed in the northern and 
western parts of the study area in the Sidi Bet-
tache basin. The Visean land, have very low 
permeability and are generally made up of 
sandstones and quartz sandstones traversed by 
a network of fractures and diaclases acquiring 
fissure permeability, pelites, shales and fairly 
localised dolerite veins [Combe et al., 1975];

	• Saliferous red clays and impermeable basal-
tic rocks of Mesozoic (Triassic) age occupy 
the southern and eastern parts of the region 
[Combe et al., 1975];

	• Marly and carbonated soils of Miocene age 
made up of calcarenites, lumachelles, yellow 
biodetritic sands with conglomeratic interca-
lations and quaternary silts, clays and sands 
occupy the southern and eastern parts of the 
region.

The geological formations in the study area 
have a fairly diverse lithology, ranging in age from 
Paleozoic schist bedrock to Quaternary surface 
strata. The region has a Mediterranean climate, 
with cool, wet winters and dry, hot summers.

Because of its lithological diversity, climatic 
factors and geological characteristics, the study 
region has a fairly diverse range of soils (Fig. 2). 
According to the French classification of soils 
[CPCS, 1967]:
	• Vertisols developed on dolerite basalt and Tri-

assic red clay parent rock, distributed along 
the wide valleys of the Rommani depression, 
with sites on calcimagnesic soils;

	• Vertisols formed in a semi-arid climate and 
developed on a parent rock of sandy marl and 
Miocene calcarenites; they are distributed 
over the Merchouch plateaux [Mekkaoui et 
al., 2021];

	• Complex soils (alkaline soils); these are a 
burnished soil and a soil with crude minerals 
which extend into the Jamaa Moullablad sec-
tor and cover only a small area;

	• Isohumic soils with traces of poorly developed 
soils located in the Aïn Sbit sector [Mekkaoui 
et al., 2021]. 

Sampling and analysis techniques

The choice and distribution of sampling sites 
in the study region take into account a number of 
parameters, including geological and geomorpho-
logical contexts and soil diversification, i.e. the 
nature of the parent rock, as well as topography, 
slope exposure, soil types, cropping practices and 
yields, previous cropping, and the homogeneity of 
the chosen soil. In this study, the sampling cam-
paign was carried out during the spring season 
of 2021 at thirteen sites (SZ1, SZ2, SZ3, SZ4, SZ5, 
SZ6, SZ7, SZ8, SZ9, SZ10, SZ11, SZ12 and SZ13). To 
assess water and nutrient retention potential, two 
samples were taken per site, one at 20 cm and the 
other at 40 cm (Fig. 3).
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Samples are taken using topographical and 
geological maps of the study region; samples are 
taken using an auger to form a composite sample 
which is then transported to the laboratory of the 
National Institute of Agricultural Research in Ra-
bat for air-drying, aggregate reduction and siev-
ing to 2 mm. The sieve is recovered for physico-
chemical analysis.

The following parameters were analysed: 
particle size, pH, electrical conductivity (EC), 
organic matter (OM), assimilable phosphorus 
(P2O5), exchangeable potassium (K2O), cation 
exchange capacity (CEC) and exchangeable cat-
ions. The physico-chemical characteristics of 

the soils studied were determined using the fol-
lowing techniques:
	• Granulometry: is carried out using a Robin-

son pipette, after destruction of organic matter 
with hydrogen peroxide, total limestone with 
1N sodium acetate and dispersion with sodium 
hexametphosphate [AFNOR, 2003];

	• Total limestone: was determined using the 
Bernard calcimeter, after etching with HCl 6N 
hydrochloric acid;

	• pH water: was measured with a pH meter on a 
soil/water solution at 1/2.5 [Mathieu and Piel-
tain, 2003];

Figure 1. Geological map of the study area

Figure 2. Distribution of different soils in the study area
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	• Electrical conductivity (EC): was measured 
using an Orion conductivity meter, model 162. 
Measurements were taken on soil solutions of 
the 1/5 saturated paste extract; it is expressed 
in mS/cm at 25°C [U.S.S.L, 1954];

	• Organic matter (OM): is quantified by the 
Walkley-Black method, this consists of cold 
oxidation of the organic fraction of carbon by 
potassium dichromate in an acid medium and 
titration by Mohr’s salt. The percentage of or-
ganic matter is calculated using the following 
formula: OM% = C% × 1.724 [Walkley and 
Black, 1934] ;

	• Assimilable phosphorus (P2O5): was deter-
mined by the OLSEN method in which ex-
traction is carried out using sodium hydrogen 
carbonate at pH 8.5; this method is based on 
the formation and reduction of a complex of 
ortho-phosphoric acid and molybdic acid. The 
phosphorus content is read using a UV Visible 
spectrophotometer-model JENWAY 6405 at a 
wavelength of 825 nm. The result is expressed 
in ppm [Olsen, 1954];

	• Exchangeable potassium and sodium (K2O 
and NaO): extraction is carried out using 
CH3COONH4 1N ammonium acetate at pH 
7. K2O and Na+ levels were determined using 
a CL 378 flame photometer. Results are ex-
pressed in ppm [Van Rast et al., 1999];

	• Exchangeable bases (CaO and MgO): are de-
termined using 5N NaOH solution, 1/3 trieth-
anolamine solution and 5% KCN potassium 
cyanide solution; Na+ is determined using 1 
N CH3COONH4 ammonium acetate at pH 7 
[Bower et al., 1952];

	• Cation exchange capacity (CEC): was deter-
mined by the sodium acetate method [Bower 
et al., 1952].

The standards of interpretation of soil fertility 
are those used by the Office of Agricultural De-
velopment of Gharb (Table 1) [DIAEA /DRHA /
SEEN, 2008].

The statistical data processing contains de-
scriptive statistical analysis, Pearson correlation, 
and multivariate method used is principal com-
ponent analysis (PCA). This factorial method 
uses linear links between variables and individu-
als. It allows for a good graphical representation 
that serves to facilitate the interpretation of the 
relationships between variables and observations. 
These statistical analyses of the data were done 
with Excel Stat software.

RESULTS AND DISCUSSION

Characterisation of soil physico-chemical 
parameters

Granulometry of soils

The texture of a soil corresponds to the par-
ticle size distribution of its constituents (sands, 
silts and clays). It affects the physical proper-
ties of the soil, in particular drainage, aeration, 
water retention, root penetration and the ease 
with which the soil can be worked. It also has 
an effect on the nutritional status of the soil 
[Kekane et al., 2015; Tale and Ingole, 2015; 
Nijimbere et al., 2020].

Figure 3. Location of the thirteen study sites in the Zaër region, Morocco
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The granulometric analysis of the soils stud-
ied revealed that most of the soils in our study re-
gion are dominated by the silt fraction (SZ1, SZ2, 
SZ3, SZ4, SZ5, SZ8, SZ9, SZ10 and SZ13), with a 
percentage of silt that can reach 78% in SZ1. The 
soils at stations SZ6, SZ11 and SZ12 have a silty-
clay and sandy-clay texture respectively, with a 
clay content of 40% recorded at station SZ11. The 
texture of soil SZ7 is silty-clayey-sandy, with a 
sand content of over 50%. The sandy fraction is 
in second place, followed by the clay fraction 
(Table 2). A study carried out on soils in the Zaër 
region shows the dominance of the clay fraction, 
silt-clay to silty-clay and silty-clay to clay [Mek-
kaoui et al., 2021].

The representation on the USDA texture tri-
angle shows that the textural class of the soils 
studied is silty, with 18% clay, 51% silt and 30% 

sand on average (Fig. 4). These different particle 
size classes form part of the balanced textures for 
agriculture. They are well aerated textures, easy 
to work with, allowing suitable infiltration by 
roots and good water retention capacity with sat-
isfactory permeability [Kekane et al., 2015].

Total limestone of soils

Total limestone is all the limestone present 
in the soil in all its forms: insoluble, soluble and 
exchangeable. Its origin is linked to the alteration 
of the parent rock and the addition of basic soil 
improvers (liming). The results of analyses of to-
tal limestone in the soils studied show that levels 
are very low, varying between 0 and 3% (Table 3 
and Fig. 5). These are non-calcareous to slightly 
calcareous soils.

Table 1. Standards and interpretation of soil fertility indicators [DIAEA /DRHA /SEEN, 2008]

Parameters Values Interpretation

pH

˂ 6 Acidic
6 – 6,5 Weakly acidic

6,5 – 7,3 Neutral
7,3 – 7,8 Weakly basic
7,8 – 8,5 Moderately basic
8,5 – 9 Alkaline tendency

> 9 Very alkaline

CE (dS/m)

˂ 4 Non saline
4 – 8 Not very saline

8 – 16 Saline
16 – 32 Highly saline

> 32 Very strongly saline

Organic matter (%)

˂ 0,7 Very poor
0,7 – 1,5 Poor
1,5 – 3 Moderately poor
3 – 6 Rich
> 6 Very rich

Available phosphorus P2O5 (%)

˂ 15 Very low
15 – 30 Low
30 – 45 Well provided

45 – 100 High
> 100 Very high

Exchangeable potassium K2O (ppm)

˂ 60 Very low
60 – 100 Low

100 – 180 Well provided
180 – 300 High

> 300 Very high

Total nitrogen (%)
˂ 0,1 Low

0,1 – 0,15 Medium
> 0,15 High

CEC (Cation exchange capacity) (méq/100g soil)
< 5 5–10

Very low Low

S (Sum of exchangeable cations) (méq/100g soil)
< 2 2–5

Very low Low

%V=S/T·100 (saturation level)
< 15 15–40

Very low reserve Low reserve
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A slight increase in the level of limestone as 
a function of depth was observed at sites SZ1 
and SZ11, whereas a decrease in this level was 
observed at sites SZ2 and SZ8. This is probably 
due to vertical leaching of calcium carbonate and 
farming practices.

These low levels of limestone in the soils 
studied are certainly due either to the lithological 
nature of the parent rocks, or to the size of the 
limestone elements. A low limestone content, and 
therefore a low calcium (Ca2+) content, has an im-
pact on the physico-chemical balance of the soil, 
in particular the formation of clay-humus com-
plexes capable of retaining plant nutrient cations 
on their surface [Baize, 2000].

Equivalent soil humidity

Equivalent moisture or water content is one of 
the most important properties of soil. Too much 
or too little water in the soil has consequences 
not only for nutrient uptake and plant growth, 
but also for microbiological and soil processes 
[Labrecque, 2011].

Analysis of the equivalent moisture results 
reveals that the soils studied have a fairly high 
percentage of H2O, varying between 23.03% and 
30.4%, particularly in the superficial horizons 
from 0 to 20 cm (Table 4 and Fig. 6). This mois-
ture content decreases or even disappears in the 
lower horizons (20–40 cm). This means that the 
majority of soils are moist, plastic and malleable 
at the surface.

Table 2. Physical constituents of the soils studied

Stations Depth (cm)
Mineral part

Textural characterization
Clay, % Silt, % Sand, %

SZ1

0–20 10 78 12 Silt loam
20–40 10 76 14 Silt loam

SZ2

0–20 10 71 18 Silt loam
20–40 10 72 18 Silt loam

SZ3

0–20 20 29 51 Loam
20–40 20 32 48 Loam

SZ4

0–20 10 38 52 Loam
20–40 10 49 41 Loam

SZ5

0–20 10 45 45 Loam
20–40 10 41 49 Loam

SZ6

0–20 35 50 15 Silty clay loam
20–40 35 51 14 Silty clay loam

SZ7

0–20 20 27 53 Sandy clay loam
20–40 20 23 58 Sandy clay loam

SZ8

0–20 20 59 21 Silt loam
20–40 20 59 21 Silt loam

SZ9

0–20 10 63 27 Silt loam
20–40 10 29 62 Sandy loam

SZ10

0–20 15 66 19 Silt loam
20–40 15 70 15 Silt loam

SZ11

0–20 40 41 19 Silty clay
20–40 41 44 15 Silty clay

SZ12

0–20 31 52 17 Silty clay loam
20–40 31 53 17 Silty clay loam

SZ13

0–20 15 77 8 Silt loam
20–40 15 77 8 Silt loam

Figure 4. USDA textural triangle 
for soils in the study area
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Table 3. Total limestone content of the soils studied

Stations Depth (cm) % CaCO3

SZ1

0–20 0
20–40 1

SZ2

0–20 1
20–40 0

SZ3

0–20 0
20–40 0

SZ4

0–20 0
20–40 0

SZ5

0–20 0
20–40 0

SZ6

0–20 0
20–40 0

SZ7

0–20 0
20–40 0

SZ8

0–20 2
20–40 0

SZ9

0–20 0
20–40 0

SZ10

0–20 0
20–40 0

SZ11
0–20 0

20–40 2

SZ12
0–20 3

20–40 3

SZ13
0–20 1

20–40 1

Figure 5. Total limestone content according to the depth of the soils studied

Table 4. Humidity analysis results for the soils 
studied

Stations Depth (cm) Equivalent humidity (%)

SZ1

0–20 26.51
20–40 24.64

SZ2

0–20 23.03
20–40 0.00

SZ3

0–20 26.43
20–40 0.00

SZ4

0–20 26.17
20–40 0.00

SZ5

0–20 28.35
20–40 0.00

SZ6

0–20 26.25
20–40 0.00

SZ7

0–20 30.40
20–40 0.00

SZ8

0–20 28.96
20–40 24.24

SZ9

0–20 25.16
20–40 0.00

SZ10

0–20 23.90
20–40 25.77

SZ11
0–20 29.36

20–40 0.00

SZ12
0–20 26.99

20–40 0.00

SZ13
0–20 26.12

20–40 0.00

Figure 6. Variations in moisture content with depth at sampling stations
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Hydrogen potential of soils

The pH is an indication of the concentration 
of hydrogen ions (H+) present in the soil. These 
ions come from biological reactions of organic 
matter and root activity [Félix-Faure et al., 2013]. 
It conditions many of the chemical and microbio-
logical reactions that take place in this compart-
ment and specifically affects nutrient availability, 
biological life and plant growth [Mulaji et al., 
2016]. It is determined by pHwater and pHKCl.

The results of the pH analyses of the soils 
sampled during the spring season ranged from 
5.4 to 8.2, except for SZ6, which is a moderately 
acidic soil, meaning that it is moderately alkaline 
to weakly acidic.

The ∆pH values (= pHKCl – pHwater) are ei-
ther positive, zero or slightly negative indicating 
the dominance of variable charge minerals [Ni-
jimbere et al., 2020]. Acidic soils with a ∆pH 
close to zero appear to contain a low exchange-
able Al3+ content, which is the case for the fol-
lowing soils: SZ4 (0–20cm), SZ5 (20–40cm), SZ6 
(20–40cm) and SZ7 (0–20cm). In the case where 
the ∆pH is largely negative, which is the case for 
the stations sampled where the ∆pH varies from 
-0.9 to -1.2, it is difficult to determine the type 

of dominant loads (variable loads more than per-
manent loads). Furthermore, in all cases, the pH 
(H2O) is higher than the pH KCl, indicating the 
presence of negatively charged colloids in the 
soils studied (Table 5) [Mulaji, 2016].

Electrical conductivity of soils

Soil electrical conductivity is used to deter-
mine the concentration of soluble salts in soils, as 
well as measuring the quantity of ions present in 
the soil solution. As the concentration of ions in-
creases, so does the electrical conductivity, which 
helps to measure salinity [Nijimbere, 2020].

The results of the electrical conductivity anal-
yses of all the soils sampled show that site SZ6 
has the highest electrical conductivity values of 
1.2 ms/cm for the 20–40 cm depth and 1.1 ms/cm 
for the 0–20 cm depth, while the lowest value of 
0.2 ms/cm is represented by sites SZ3 (20–40 cm) 
and SZ4 (20–40 cm) (Table 6).

In most of the soils studied, salinity is con-
centrated more at the surface than at depth, with 
an elemental variance of no more than 0.5 mS/cm 
from the surface (0–20 cm) to the lower horizon 
(20–40cm), explained by the absence of leaching 
of salts from the surface to depth (Fig. 7).

Table 5. pHwater and pHKCL values in the soils studied

Stations Depth (cm) pH water pH Kcl ∆pH = pHKCl – pH eau Soil type

SZ1

0–20 7,9 6,9 -1
Moderately alkaline

20–40 8 7 -1

SZ2

0–20 8 7,1 -0,9
Moderately alkaline

20–40 8,1 7,1 -1

SZ3

0–20 7,1 6,4 -0,7
Neutral

20–40 6,8 6,1 -0,7

SZ4

0–20 6,5 6 -0,5
Weakly acid

20–40 6,2 5,2 -1

SZ5

0–20 5,4 4,6 -0,8
Moderately acid

20–40 5,9 5,4 -0,5

SZ6

0–20 5,7 5 -0,7
Moderately acid

20–40 6,4 5,9 -0,5

SZ7

0–20 6 5,4 -0,6
Moderately acid

20–40 5,4 4,7 -0,7

SZ8

0–20 7,5 6,8 -0,7
Weakly alkaline

20–40 7,7 6,9 -0,8

SZ9

0–20 7,1 6,4 -0,7
Neutral

20–40 6,8 5,7 -1,1

SZ10

0–20 7,9 7 -0,9
Moderately alkaline

20–40 8 7 -1

SZ11

0–20 7,9 6,9 -1
Moderately alkaline

20–40 7,9 6,9 -1

SZ12

0–20 8 7,2 -0,8
Moderately alkaline

20–40 8 7,1 _0,9

SZ13

0–20 8,2 7 -1,2
Moderately alkaline

20–40 8,2 7 -1,2
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Most of the soils in the study region are not 
very saline; this is due to the management of the 
leaching of salts in the soils, to the large amounts 
of rainfall which limit the phenomenon of evapo-
ration. However, the agricultural area of Zaër rep-
resents on average 58.6% of the total area of this 
region, which is mainly located in rain-fed condi-
tions [Benbrahim et al., 2017], i.e. the soils retain 
their physical characteristics and withstand a long 
working life, unlike groundwater-irrigated soils, 
which can lead to changes in physico-chemical 
properties through an increase in osmotic pres-
sure, which limits the absorption and supply of 
water by plants and thus the degradation of crops. 

This phenomenon causes the surface water table 
to rise, leading to poor drainage control and sa-
linisation of agricultural soils.

Organic matter of soils

Soil organic matter is an important indicator 
of soil quality [Laudicina, 2015; Parras-Alcanta-
ra, 2015] through its contribution to soil stability, 
increased soil water retention capacity, fixation of 
mineral elements, and substrate for soil microor-
ganisms [Khodrani et al., 2017].

Analysis of the organic matter results for the 
soils studied indicates a basic variation in rates 
from one horizon to another and within the same 

Table 6. Electrical conductivity values for the soils studied

Stations Depth (cm) CE (mS/cm) Class of salinity

SZ1

0–20 0,7
Not saline

20–40 0,5

SZ2

0–20 0,5
Not saline

20–40 0,4

SZ3

0–20 0,4 Not saline
20–40 0,2

SZ4

0–20 0,7
Not saline

20–40 0,2

SZ5

0–20 0,7
Not saline

20–40 0,6

SZ6

0–20 1,1
Not saline

20–40 1,2

SZ7

0–20 0,7
Not saline

20–40 0,6

SZ8

0–20 0,7
Not saline

20–40 0,5

SZ9

0–20 0,8
Not saline

20–40 0,4

SZ10

0–20 0,7
Not saline

20–40 0,5

SZ11

0–20 0,5
Not saline

20–40 0,4

SZ12

0–20 0,4
Not saline

20–40 0,7

SZ13

0–20 0,4
Not saline

20–40 0,4

Figure 7. Electrical conductivity of soils as a function of depth during the spring season
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station. Thus, organic matter levels vary from 
0.1% to 1.4% and are high in the superficial level 
from 0 to 20 cm, as this horizon contains all the or-
ganic restitutions (manure, dead leaves, etc.), ex-
cept at one site where the opposite is found, such 
as SZ13 (0–20 cm) and SZ13 (20–40 cm). This is in 
agreement with the results obtained on the Zaër 
soils, which show that the organic matter content 
varies from less than 1% to 3.4% (Table 7).

To remedy the organic matter deficiency, 
animal organic amendments are recommended to 
improve the quality of these agricultural soils [El 
Oumlouki, 2014].

Assimilable phosphorus in soils

Assmilable phosphorus is a major nutrient 
and mineral element required for plant growth 
and development; it is present in every living 
cell [Nijimbere et al., 2021]. It is an essential and 
obligatory chemical element that is considered an 

important macronutrient for agricultural produc-
tivity [Holford, 1997].

The results of the assimilable phosphorus 
analyses of the soils studied show that average 
phosphorus levels vary from 1.6 to 210.1 ppm 
(Table 8, Fig. 8). Station SZ6 has the highest 
phosphorus content (210.1 ppm). Phosphorus 
levels are very high during the spring season as 
a result of the excessive use of phosphorus fer-
tilisers both on the surface and at depth. Another 
study carried out on Zaër soils shows that the as-
similable phosphorus content of the soil varies 
from 8.4 to 45.4 ppm. It could be linked to the in-
put of phosphate fertilisers, which is related to the 
category of farmers. The low amount of phospho-
rus in the soil has an impact on root development, 
photosynthesis and therefore on crop production 
potential [Benbrahim et al., 2017].

Exchangeable potassium in soils

Potassium is an element that promotes plant 
development and growth (Wicklander, 1954). It 
is considered to be the most important element 
present in all living cells (Nijimbere et al., 2020). 
Potassium is required for several enzymatic func-
tions and for the metabolism of proteins and car-
bohydrates. Its content depends on the physico-
chemical properties of the soil [USSL, 1954].

The results of the exchangeable potassium 
analyses of the soils studied show extreme val-
ues at most of the stations (Table 9, Fig. 9). Site 
SZ1, at a depth of 0–20 cm, has the highest level 
of exchangeable potassium (542.3 ppm), while 
site SZ7, at a depth of 20–40 cm, has the lowest 
level at 78.3 ppm. This increase may be due to 
the excessive use of potassium fertilisers. This is 
in agreement with results obtained on Zaër soils 
which show that the amount of potassium in the 
soil varies from 147 to 708 ppm [Benbrahim 
et al., 2017].

Exchangeable soil bases

The results of the exchangeable base analy-
ses of the soils studied show that calcium is the 
most abundant cation, followed by magnesium, 
while sodium levels are very low. It is the most 
dominant element, accounting for 70% to 80% 
of exchangeable cations in all the soils [Touh-
touh et al., 2014].

During the spring season, the levels of ex-
changeable Ca2+ recorded at the various sites 
varied considerably. In the surface horizons, they 

Table 7. Organic matter content of the soils studied

Stations Depth (cm) MO (%) Interpretation

SZ1

0–20 2,6
Poor

20–40 2,3

SZ2

0–20 2,3
Poor

20–40 2,2

SZ3

0–20 2,6 Poor

20–40 1,6 Very poor

SZ4

0–20 2 Poor

20–40 1,4 Very poor

SZ5

0–20 2,5 Poor

20–40 1,9 Very poor

SZ6

0–20 3,6
Poor

20–40 2,9

SZ7

0–20 2
Very poor

20–40 1

SZ8

0–20 2,9
Poor

20–40 2,5

SZ9

0–20 2,4 Poor

20–40 1,3 Very poor

SZ10

0–20 3
Poor

20–40 2,7

SZ11

0–20 3,3
Poor

20–40 2,8

SZ12

0–20 2
Poor

20–40 2,2

SZ13

0–20 1,8 Very poor

20–40 2,3 Poor
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Figure 8. Assimilable phosphorus levels in the soils studied as a function of depth 
during the spring season

Table 8. Assimilable phosphorus levels in the soils studied

Stations Depth (cm) P2O5 (ppm) Interpretation

SZ1

0–20 69.1
High

20–40 49.1

SZ2

0–20 40.8
High

20–40 30.2

SZ3

0–20 52.4 High
20–40 28.9 Medium

SZ4

0–20 173.6
High

20–40 109.6

SZ5

0–20 189.8
High

20–40 154.7

SZ6

0–20 210.1
High

20–40 146.9

SZ7

0–20 158.2
High

20–40 138.8

SZ8

0–20 121.2
High

20–40 71.8

SZ9

0–20 82.4
High

20–40 42.4

SZ10

0–20 51.8
High

20–40 34.3

SZ11

0–20 48.1
High

20–40 37.0

SZ12

0–20 52.7
High

20–40 49.7

SZ13

0–20 52.1
High

20–40 36.2

Figure 9. Exchangeable potassium levels during the spring season in soils 
studied under two horizons (0–20 cm) and (20–40 cm)
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ranged from 7.5 meq/100g (SZ3) to 74.5 meq/100g 
(SZ2), while in the deeper horizons they fluctu-
ated between 4 meq/100g (SZ7) and 89 meq/100g 
(SZ10) (Fig. 10).

Exchangeable magnesium levels vary widely 
from site to site. These levels fluctuate between 
1.5 meq/100g (SZ2) and 20.5 meq/100g (SZ7) in 
the surface horizons, while they range between 
1 meq/100g (SZ10) and 28.5 meq/100g (SZ8) in 
the deep horizons.

Sodium levels are very low at all sites, with a 
more or less even distribution. They ranged from 
0.3 (SZ4, SZ5, SZ7 and SZ12) to 1.4 meq/100g (SZ1) 
in the 0–20 cm horizons, while the deeper layers 
had values ranging from 0.3 meq/100g (SZ4 and 
SZ7) to 1.2 meq/100g (SZ6). With the exception 
of site SZ1, all of the soils analysed do not show 
great variability in sodium levels with depth.

Cation exchange capacity of soils

Cation exchange capacity is a measure of 
the size of the reservoir of nutrients able to pass 
easily into the soil solution. It generally varies 
from 8 (sandy soils, poor in M.O) to more than 
20 meq/100g (clay soils, rich in M.O) and indi-
cates how full this reservoir is [Védie, 2008].

The results of analyses of the cation exchange 
capacity of the soils studied are lower during the 
spring season, with a rate of 7.4 meq/100g at site 
SZ6 (0–20cm) and around 1.6 meq/100g at site 
SZ7 (20–40cm) (Fig. 11). Soils with low CEC are 
sandy or silty soils, while soils with high CEC are 
clay soils [Kombienou et al., 2015].

Theoretically, CEC is a parameter that de-
pends on both the clay fraction and the organic 
matter [Benhassine, 2006]. The coefficients of de-
termination obtained, show that the clay fraction 
explains 0.2% of the variation in CEC, whereas 
organic matter explains only 100% of the varia-
tion in CEC. The quantity of exchangeable bases 
in these soils is therefore determined mainly by 
the organic matter and the chemical and organ-
ic amendments, and is not linked to the mineral 
fraction (Fig. 12).

The saturation rate of the clay-humus com-
plex is determined by the product of the S/T ratio: 
V = (S/T) x 100 where S is the sum of exchange-
able bases (Ca2+, Mg2+, Na+, K+) in meq/100g 
of soil. The CEC and saturation rate values are 

Table 9. Exchangeable potassium content of soils 
studied under two horizons (0–20 cm) and (20–40 cm)

Stations Depth (cm) K2O (ppm) Interpretation

SZ1

0–20 542,3 High
20–40 385,6 Medium

SZ2

0–20 506,1 Very high
20–40 403,7 Very high

SZ3

0–20 376,6 Very high
20–40 244 High

SZ4

0–20 219,9 High
20–40 216,9 High

SZ5

0–20 310,3 Very high
20–40 238 High

SZ6

0–20 340,4 Very high
20–40 229 High

SZ7

0–20 114,5 Provided
20–40 78,3 Low

SZ8

0–20 406,7 Very high
20–40 195,8 High

SZ9

0–20 361,5 Very high
20–40 186,8 High

SZ10

0–20 355,5 Very high
20–40 274,1 High

SZ11

0–20 93,4 Low
20–40 232 Provided

SZ12

0–20 358,5 Very high
20–40 454,9 Very high

SZ13

0–20 358,5 Very high
20–40 238 High

Figure 10. Variation in exchangeable base levels in the soils studied during the spring season
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presented in the CEC and saturation rate interpre-
tation grid (Table 10, Fig. 13).

The results of the soil analyses studied show 
that the saturation rate of the clay-humus com-
plex is very low. This is linked to the exchange-
able bases and low cation exchange capacity of 
the soils studied. A saturation level of over 50 en-
sures good plant nutrition.

Statistical analysis

In order to better visualise the similarities 
observed previously and to better appreciate the 
behaviour of the physico-chemical parameters of 
the soils, 14 variables were used for the princi-
pal component analysis (PCA), namely clay, silt, 
sand, total limestone, equivalent humudity, water 
pH, electrical conductivity, organic matter, ex-
changeable potassium, assimilable phosphorus, 
exchangeable bases and the cation exchange ca-
pacity of two horizons (0–20 cm) and (20–40 cm).

The correlation test between the various physi-
cochemical parameters studied enabled us to high-
light (Table 11): positively significant correlations 
between pH water and silt; electrical conductivity 
and exchangeable sodium, as well as a moderate 

correlation between pH water and exchangeable 
potassium, pH water and organic matter, pH water 
and exchangeable calcium, exchangeable sodium 
and cation exchange capacity, calcium and ex-
changeable potassium, silt and exchangeable cal-
cium and silt and exchangeable potassium. Highly 
significant negative correlations were recorded 
between silt and sand, organic matter and sand, 
water pH and assimilable phosphorus.

Correlation between physico-chemical para-
meters and soils in the surface horizon (0–20 cm)

The information provided by the factorial 
axes is presented in Table 12. These results vary 
from 5.01 to 2.95%, from 35.81 to 50.91%. The 
F1 axis alone represents almost all the informa-
tion, i.e. 35.81% of the total inertia. The other 
axes (F2, F3 and F4) provide 21.10%, 13.90%, 
13.90%, 10.708% and 6.01% respectively. The 
first four factorial axes explain approximately 
81.52% of the total variability of the different ac-
tive variables.

The first two axes (F1 and F2) define the main 
plane; they provide approximately 56.91% of the 
information. Observation of the correlation circle 

Figure 11. Cation exchange capacity of the soils studied

Figure 12. Relationship between CEC and clay fraction and organic matter content
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between the variables and the F1 and F2 factorial 
planes shows that silt, exchangeable calcium and 
water pH are well represented in the correlation 
circle and are close to axis 1, with a positive co-
ordinate, and assimilable phosphorus, equivalent 
moisture and sand with a negative coordinate. 
Variables such as electrical conductivity, ex-
changeable sodium, organic matter and exchange 
capacity are close to axis 2. The higher soil’s val-
ues in each of the above variables, the higher its 
coordinate on axis 1. Conversely, the lower the 
values, the more the soil will have a negative co-
ordinate (Fig. 14).

Analysis of this graph of individuals revealed 
3 discriminating groups (Fig. 15). Group G1 is 
represented by the variables % OM, % CEC, 
CE, NaO and P2O5, which are positively cor-
related with the F2 axis and represented by the 
only soil sample (SZ6). Group G2 is represented 
by the variable % silt, CaO, K2O, pHwater and 
limestone, which is positively correlated with 
the F1 axis and the soil samples SZ1, SZ2, SZ10, 
SZ12 and SZ13. In terms of granulometry, this re-
flects the predominance of the silty fraction and 
exchangeable calcium in these areas. Group G3 
corresponds to factors negatively correlated with 
the F1 axis, i.e. % equivalent moisture, % sand, % 
clay and MgO, and to SZ3, SZ4, SZ5, SZ7, SZ8, SZ9 
and SZ11 soils. This reflects the low concentration 
of group G3 factors in the stations sampled.

Correlation between parameters and 
soils in the deep horizon (20–40 cm)

The results of the principal component analy-
sis of the 14 soil variables studied show that the 
first two axes present respectively 40.75% and 

Table 10. Interpretation of CEC and saturation rate

CEC (Cation exchange capacity)
(méq/100g soil)

< 5 5 – 10

Very low Low

S (Sum of exchangeable cations)
(méq/100g soil)

< 2 2 – 5

Very low Low

%V = S/T·100 
(Saturation level)

< 15 15 – 40
Very low 
reserve

Low 
reserve

Table 11. Pearson correlation between the different parameters studied

Variables Clay,% Silt,% Sand,% Limestone,% Humi-
dity,%

pH
water CE MO P2O5 K2O NaO CaO MgO CEC

Clay,% 1
Sily,% -0.19 1

Sand,% -0.36 -0.84 1
Limestone,% 0.48 0.22 -0.48 1
Humidity,% -0.22 0.52 -0.37 -0.12 1
pH water 0.09 0.78 -0.79 0.52 0.43 1

CE 0.51 0.00 -0.28 0.07 -0.03 -0.19 1
MO 0.49 0.64 -0.88 0.27 0.40 0.64 0.44 1
P2O5 0.04 -0.40 0.36 -0.35 -0.24 -0.82 0.57 -0.22 1
K2O -0.01 0.60 -0.56 0.56 0.15 0.67 0.02 0.38 -0.46 1
NaO 0.23 0.38 -0.49 -0.16 0.00 0.12 0.70 0.57 0.18 0.10 1
CaO -0.02 0.63 -0.59 0.39 0.36 0.69 -0.09 0.54 -0.49 0.61 0.06 1
MgO -0.08 -0.14 0.18 0.03 0.07 -0.10 0.22 -0.23 0.18 0.08 -0.12 -0.47 1
CEC 0.16 0.63 -0.69 0.23 -0.23 0.47 0.20 0.54 -0.23 0.49 0.67 0.35 -0.35 1

Figure 13. Saturation levels of the clay-humus complex in the soils studied
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19.53% of the information, i.e. a total of 60.28% 
of the total variability. The correlation matrix of 
the variables analysed represents the correlation 
circle of the variables on the main plane (F1-F2). 
The first four factorial axes represent 82.16% of 
the total variability of the different active vari-
ables (Table 13). Observation of the correlations 
between the variables and the main axes shows 
that axis 1 is very well positively correlated with 
sand and negatively correlated with silt, CT, K2O, 
CaO, water pH and equivalent moisture. Axis 2 
shows a very good positive correlation with EC, 
NaO, P2O5, OM, CEC and clay.

Analysis of the first plane of the PCA indi-
cates that most of the variables are all relatively 
well projected and negatively correlated with 
each other. The positive correlation is observed in 
relation to axis 1 for the variables MgO and sand 
(Fig. 16) and is opposed to the limestone content, 
% silt, CaO and K2O, water pH and equivalent hu-
midity, which are therefore negatively correlated 

with these variables in relation to the same axis. 
This correlation does not summarise enough of 
the variables used to construct soil quality indices.

Axis 2, on the other hand, is strongly influ-
enced by CE, % clay, NaO, % OM, CEC and 
P2O5, which are located on the positive ordinates. 
This arrangement of variables makes it possible 
to identify an initial homogeneous group made 
up of coarse elements (sand), which move in the 
same direction, in opposition to the fine elements 
(silts) and total limestone in the soil. These are 
the areas subject to the effects of wind inputs, 
which promote soil degradation under wind ac-
tion. These two processes therefore constitute the 
main mechanism for the evolution of these soils.

Projecting the individuals along the F1 axis 
revealed 2 main groups (Fig. 17). Group 1: indi-
viduals with high sand and MgO contents (SZ3, 
SZ4, SZ5, SZ7, SZ8 and SZ9); group 2 includes in-
dividuals with high levels of silt, limestone, K2O, 
CaO, pH water and equivalent humidity (SZ1, 
SZ2, SZ10, SZ11, SZ12, SZ13); axis F2 includes 
group 3 with a single site (SZ6) with high levels 
of EC, clay, NaO, MO, P2O5.

Table 12. PCA factorial axes for the soils studied

Specification F1 F2 F3 F4

Own value 5,013 2,955 1,946 1,499

Variability (%) 35,811 21,104 13,902 10,708

Cumulative (%) 35,811 56,914 70,817 81,525

Figure 14. Projection of variables into 
the main F1 and F2 factorial planes

Figure 15. Projection of individuals 
into factorial planes F1F2

Table 13. Distribution of eigenvalues and variance along the various factorial axes

Specification F1 F2 F3 F4

Own value 5,705 2,735 1,656 1,407

Variability (%) 40,753 19,535 11,826 10,050

Cumulative (%) 40,753 60,288 72,114 82,164
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CONCLUSIONS

The Zaër region is one of the most important 
agricultural regions in central Morocco. This study 
contributes to the characterization and evaluation 
of the physico-chemical quality of the region’s 
agricultural soils. Most of the region’s soils have 
physical properties marked by a balanced silty-
clay texture and a well-developed structure. Physi-
co-chemically, the pH is moderately acidic to mod-
erately alkaline. Organic matter levels are moder-
ately poor to poor. These levels are explained by 
the low use of green manures (organic manure) 
and the intensification of cereal and legume crops. 
On the other hand, the soils are not affected by sa-
linity problems, being rich in assimilable phospho-
rus and exchangeable potassium. The soils contain 
adequate levels of calcium and magnesium, with 
low levels of sodium during the prison season.

Regular monitoring and control of the soil is 
necessary for the sustainable use of this farmland. 
The CEC is relatively low, mainly due to the low 
levels of organic matter and clay fraction in the 
spring. In fact, it is essentially the mineral and 
organic fractions that are involved in cation ex-
change in the study area.

Intensive agricultural use in the Zaër region, 
the very low percentage of OM and the silty-
sandy texture have a real impact on soil fertility. 
Hence the need to explore the potential for carbon 
storage in the soil in order to improve its quality 
and characteristics. The soil’s organic matter and 
nitrogen content show the negative impact of in-
tensive farming on soil quality in Zaër. Hence the 
need to resort to the use of organic soil improv-
ers, which have a dual function of increasing soil 
fertility and agricultural yields.

To maintain the quality of the soil and its fer-
tilisation in order to obtain good yields, it is nec-
essary to regulate the quantity and nature of the 
clays and the quantity of organic matter present by 
encouraging optimisation with organic fertilisers.
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