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Assessment of soil suitability for sustainable intensive agriculture is an appropriate tool to select the
land suitable for agricultural production with the least economic and environmental costs. This study
was conducted to evaluate the agricultural soil quality in the northeast area of Tadla plain (Morocco)
using geographic information system (GIS) and analytical hierarchy process (AHP). Six soil quality
indicators, i.e., pH, organic carbon, cation exchange capacity, texture, salinity and slope were considered
and performed in 60 subsurface soil samples. AHP method was utilized to identify the weight of each
indicator from the pairwise comparison matrix. The weighted sum overlay analysis was then used to
generate the soil quality map in a GIS environment, by overlaying both indicator weights and subindicator weights. The studied area was classiﬁed into four soil quality categories, i.e., poor, medium,
good, and excellent, the percentage of each category is 1.12, 20.98, 61.07 and 16.83%, respectively. The
results indicated that 1.12% of the study area has poor suitability for sustainable intensive agriculture
due to their unsuitable texture and low salinity, while about 77% of cultivated soils are adapted to
agricultural production. The above results could be useful for the management of agricultural activity.
Keywords. Tadla plain; soil quality; AHP method; GIS; indicator; intensive agriculture.

1. Introduction
Agricultural soils are more important for
supporting crop production and for maintaining
clean water and air, reducing greenhouse gas emissions, preserving natural biodiversity and ensuring
food quality (Bremer and Ellert 2004). With the
growing demand for crop production in relation
to increase in global population, assessing soil
quality has become a serious challenge to understand the dynamics and distribution of the soil
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characteristics that are critical for predicting future
sustainable use of each soil quality. Nevertheless,
the concept of the soil quality is not well deﬁned,
because it belongs strongly to the outlook of the
land users. As a result, many indicators were
recently taken on soil quality evaluation based
upon uses and contexts of lands since soil properties vary greatly across soil types and management
systems (Herrick et al. 2002; Bremer and Ellert
2004; Aparicio and Costa 2007; Bastida et al.
2008; Filep et al. 2016; Barakat et al. 2017a). The
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combination and comparison of such indicators
and their spatial analysis and modeling were made
possible with advancements of geographical information systems (GIS) that are capable of handling
diﬀerent types of data (Kumar and Hassan 2013).
More beneﬁts of using GIS in soil quality assessment have been demonstrated in many research
studies (i.e., Akıncı et al. 2013; Feizizadeh and
Blaschke 2013; Nguyen et al. 2015; Kazemi et al.
2016; Barakat et al. 2017a; Mokarram and Hojati
2017). Most of these studies used multicriteria
evaluation (MCE) with GIS. The use of GIS multicriteria decision making (MCDM) methods allowed
having information from diﬀerent data, necessary
to identify the most appropriate spatial pattern for
future soil uses. Developed in 1960 to assist with
decision-making, MCE is a device which enables
the most appropriate choice to be made among
many criteria (Cay and Uyan 2013). The analytical
hierarchy process (AHP) becomes a multi-attribute
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technique that has been applied to the land
evaluation techniques, and also allows the weights
of these multiple and heterogeneous criteria to be
determined according to relative importance (i.e.,
Zhang et al. 2015; Zolekar and Bhagat 2015; Nie
et al. 2016; Wali et al. 2016; Yalew et al. 2016;
Barakat et al. 2017b). Therefore, MCE based AHP
and GIS techniques were used in our study to help
interpret the data from diﬀerent soil measurements
and to map the soil suitability for sustainable
agriculture in the northeast area of Tadla plain
using the inﬂuencing indicators.
Morocco operates ∼9.2 million hectares for agriculture, which constitute the most important economic sector. In addition, agriculture is regarded
as very vulnerable to climate change and also
to the agricultural pollution. However, over the
time, intensive farming and inadequate human
activity has contributed to land degradation in
many irrigated agricultural areas such as the

Figure 1. Location map of the study area. (a) National scale and (b) regional scale.
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Table 1. The soil quality parameters and their analytical method in this study.
Parameter
pH
Soil texture
Organic carbon
Salinity
Cation-exchange capacity
Slope

Analytical method

Unit

Method of McLean (1982)
Robinson’s pipette method
Spectrometry after oxidation in a sulfochromic
Saturation extracts(Richards)
Metson method (1956)
The digital terrain model

in H2 O
%
%
dS/m
Cmol/kg
%

Table 2. Analysis result of soil quality indicators and statistical summary.
Indicators
Samples

pH
(H2 O)

S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22
S23
S24
S25
S26
S27
S28
S29
S30
S31
S32
S33
S34
S35
S36
S37
S38
S39
S40
S41
S42

8.5
8.6
8.4
8.1
8.2
8.3
8.1
8.3
8.3
8.5
8.3
8.1
8.2
8.5
8.3
8.3
8.1
8.1
8
8.4
8.3
8.2
8.5
8.3
8.5
8.5
8.3
8.5
8
8.3
8.4
8.3
8.3
8.5
8.2
8.4
8.4
8.5
8.5
8.2
8.3
8.6

CEC
(Cmol/kg)

OC
(%)

21.5
29.2
16.5
10.7
30.8
29.6
35.5
44.2
37.7
23.4
23.5
34.6
37.4
21.1
21.5
39.7
43.9
33.4
30.7
29.9
18.3
27.6
25.8
18.1
29
30.3
33.8
27.5
32.6
26.6
14.2
22.4
18.7
28.4
29.6
19.7
25.3
19.2
12.6
34.5
35.9
23.1

1.05
1.59
1.43
1.30
1.68
1.60
1.80
1.43
1.58
1.61
1.77
1.28
1.66
0.71
2.20
1.66
1.95
1.18
1.26
1.24
1.43
2.06
1.62
1.43
1.66
1.62
2.25
1.49
1.47
2.07
0.94
2.19
1.55
1.40
2.05
1.79
1.32
1.16
0.70
1.44
1.41
0.96

Clay and silt
(%)
68
74
55.3
27.7
76.7
78.3
75.7
75.7
69.8
51.5
56.5
69.8
80
61.1
68.4
79
76.2
75.5
74.5
81.5
61.5
71.5
65.5
66.5
70.1
70
72
61.9
64.7
59.7
52
56.5
62.5
68.5
60.1
67.7
59.3
63
26.8
66.7
64.8
49.6

Salinity
(dS/m)
1.82
1.462
1.14
0.98
0.946
1.032
1.634
1.032
1.032
1.29
2.38
0.688
0.946
1.68
1.29
1.29
1.118
0.516
0.774
1.032
1.96
2.322
1.96
2.94
1.29
1.118
1.548
1.96
1.892
1.29
1.33
1.82
2.52
1.118
1.806
2.8
1.54
2.38
2.1
0.946
1.204
1.14
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Table 2. (Continued.)
Indicators
Samples

pH
(H2 O)

CEC
(Cmol/kg)

OC
(%)

Clay and silt
(%)

Salinity
(dS/m)

S43
S44
S45
S46
S47
S48
S49
S50
S51
S52
S53
S54
S55
S56
S57
S58
S59
S60
Min
Max
Mean
Standard deviation

8.3
8.4
8.1
8.3
8.3
8
7.6
8.3
8.3
7.9
8.3
8
8.3
8.4
8.3
8.2
8.5
8.3
7.6
8.6
8.29
0.184

20.2
48.6
25.3
23.9
40.8
26.4
19.1
32.9
26.4
24.7
23.8
23
30.5
19.3
22.1
35.6
23.3
32.2
10.7
48.6
27.44
7.932

1.69
1.18
1.28
2.12
2.96
2.24
1.82
2.52
2.72
1.94
1.87
2.04
2.21
1.69
2.26
2.43
1.42
1.58
0.70
2.96
1.67
0.46

53.7
84.5
53.5
64.7
75.3
59.9
68.5
84
65.5
68.5
58.8
69.3
75.2
71
65.2
86.3
61.2
76.8
26.8
86.3
66.3
11.310

2.52
2.15
1.032
2.1
1.376
0.86
1.12
2.236
2.1
1.032
1.68
1.032
1.118
1.68
2.66
1.118
1.032
1.29
0.516
2.94
1.52
0.578

irrigated Tadla plain, perimeter of Souss-Massa
and irrigated perimeter of Haouz (Debbarh and
Badraoui 2001). Over-fertilization, excessive irrigation and destruction of vegetation roots are often
responsible for runoﬀ, soil loss, discharge of pollutants and sediments to surface and groundwater
bodies, nutrient deﬁciency, salinization and water
logging of soil (Barakat et al. 2016b, 2017a; Harti
2016). These eﬀects could undoubtedly reduce the
fertility and ability of the soil to sustain crop
growth, which could aﬀect consequently agricultural production. To conserve the soil functions,
it is necessary to mitigate the negative impact
of the agricultural intensiﬁcation on the quality
of soil, water, air, and biodiversity. Sustainable
intensive agriculture is a recent approach aimed
to increase food production on the planet for
adequately feeding the world’s population, while
preserving the ecosystem processes and the world’s
natural resources. With inadequate agricultural
intensiﬁcation added to the fragile ecosystem characterized by the arid climate, Morocco is beginning
to have a serious problem not only on soil fertility, but also on quantity and quality of freshwater,
and biodiversity. The soil nutrients became insufﬁcient to meet the higher nutrient demands of
intensive agriculture, and the chemical fertilizer

inputs would contribute to soil acidiﬁcation and
salinization that will decline the soil fertility. Under
these circumstances, practices of sustainable agriculture based on knowledge of the soil functions
are required for most agricultural regions of the
country.
The present study was conducted with the
objective to evaluate the quality of soil in the
northeast part of the Tadla plain (Morocco) to
support a sustainable agriculture without ecosystem deterioration and with minimum low economic
and environmental costs, using GIS and AHP techniques. In this study, in addition to the topographic
indicator (slope), the subsurface soil samples were
monitored to characterize contents of ﬁve soil quality indicators suggested in the previous literature
for lands, such as pH, organic carbon, cation
exchange capacity (CEC), texture and salinity that
is often reported as a lumped parameter, i.e., electrical conductivity (EC). Integration of GIS and
AHP methods has been approached to determine
the distribution and areas of land suitable for
intense agriculture in the context of sustainable
development. The results of this study would
be crucial for making decisions on sustainable
land management in the northeast area of Tadla
plain.
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Assessment quality
Soil topographic maps
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Laboratory analysis
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Pairwise comparison matrix
Calculate the coherence index (IC)

Calculate the ratio of coherence (CR)

CR≤0.1

No

Yes

Calculation of weights
Score determination to sub-criterion

Weighed overlay analysis
Land suitable quality

Figure 2. Procedure followed in applying the AHP method.

Table 3. Saaty and Vargas preference scales.
Description
Equal importance
Equal to average importance
Average importance
Average to strong importance
Strong importance
Strong to very strong importance
Very strong importance
Very strong or superstrong importance
Superstrong importance

Intensity of
importance
1
2
3
4
5
6
7
8
9

2. Material and methods
The methodology used in this study is aimed to
generate the suitability map of the quality of the
agricultural soils in the study area. Two important steps applied in this process or system consist of two parts. The ﬁrst is devoted to data
preparation and the second is intended to land

suitability assessment as illustrated in ﬁgures 2
and 3. The objectives are to (i) characterize the
physicochemical properties of the soil by laboratory
analysis and generate interpolation maps of each
parameter using inverse distance weighted (IDW),
and (ii) elaborate the soil quality map in the
study area using multi-criteria analytic hierarchy
process (AHP) methods to identify suitable areas
for agriculture.
2.1 Study area
The study area (1100 km2 ) corresponds to the
northeast part of Tadla plain in Morocco center (ﬁgure 1). The Tadla plain is demarcated to
the northeast by the phosphates’ plateau, to the
southeast by the Atlas Mountain of Béni-Mellal.
The geological formations are mainly composed of
limestone, marls, and sandstones. They range in
age from Paleozoic to Quaternary (Bouchaou 2009).
Altitude varies from 400 to 700 m with high peaks
located close to the Atlas Piedmont. The annual

79
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Table 4. Detailed weights of indicators and sub-indicators obtained from AHP.
Criteria
pH
Salinity
Slope

OC

Texture

CEC

Sub-criterion
(with ranges)

CR

Weight

Area (ha)

Area
(%)

0.033

0.106
0.894

68806.23
1403.3

98
2

Unit

CR

Weight

In H2 O

0,023

0.126

Poor (<5.5 – >8)
Good (6.5–8)

0.286

Medium (2–4)

0.25

4186.76

5.96

Good (<2)

0.75

66022.15

94.04

Poor (15–25)

0.106

2245.16

3.20

ds/m
%

%

%

Cmol/kg

0.052

0.126

0.286

0.126

Medium (8–15)

0.26

Good (<8)

0.633

Poor (<1)

0.106

246.8

0.35

Medium (1–2)

0.26

56788.57

80.89

Good (2–4)

0.633

13172.84

18.76

Medium (15–35)

0.106

151.61

0.22

Good (35–50)

0.26

636.39

0.91

Excellent (>50)

0.633

69421.25

98.88

Medium (10–25)

0.25

18048.87

25.71

Good (>25)

0.75

52158.81

74.29

Figure 3. Spatial distribution of texture in the study area.

5055
61498.07

7.20
87.60
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temperatures range from 38◦ to 40◦ C in summer
and 3◦ −4◦ C in winter. The average rainfall is
259 mm/yr in the plain, while 456 mm/yr in the
mountain.
The Tadla plain contains some of the most
important population in the Béni-Mellal Khénifra
region and includes its major economic and social
centers such as Béni-Mellal and Fkih Ben Salah
towns. Agriculture and livestock are the main
sources of income to 62% of the region’s active
population. The farming systems are widely based
on tillage sector that are largely characterized by
cropping of cereals, pulse crops, sugar beets, forage and market gardening, olive and citrus fruits.
Agriculture is dependent on soil quality and surface and groundwater resources of the region. The
studied area is characterized by various subsoil
resources and topography that makes it suitable
for a variety of diﬀerent purposes. The deep soils
are used for arable farming due to its fertility and
are distributed on foothill zones. The very shallow
soil with rocky patches or parent rock are visible on steep slopes distributed on Atlas Piedmont
that constitutes an important source for aggregate
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stone production (Barakat et al. 2016a, 2017a).
These relationships between soil type and land use
could aﬀect the soil functions through alteration of
their soil properties related to inappropriate farm
actions such as excess in fertilization, irrigation and
plowing (Barakat et al. 2017a). There, it is of crucial importance to assess the capacity of soil types
to support intensive farming.
2.2 Soil sampling and indicators analyzed
In this study, 60 samples were collected from the
agricultural soil of the northeast area of Tadla
plain during March and April 2015, according to
the sampling procedures. The soil samples were
composite samples from the top 20 cm of four sampling points. The coordinates of each sample are
recorded with the help of global positioning system
(GPS) instrument. All soil samples were air-dried
and sieved through a sieve of 2 mm stainless steel
mesh, and then analyzed in GeoRessources and
Environment Laboratory at the Faculty of Sciences and Techniques of Béni-Mellal, to detect
physical and chemical parameters (indicators). For

Figure 4. Spatial distribution of pH in the study area.
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accurate assessment of spatial soil fertility, some
soil quality indicators that are frequently used
for assessment of land quality and suitability for
agriculture (Schiefer et al. 2015; Filep et al. 2016;
Barakat et al. 2017a), i.e., slope, texture, pH, electrical conductivity (EC), cation exchange capacity
(CEC), and organic carbon (OC) were used to map
the land fertility in this study area. The monitored
parameters, their units, statistical value and the
methods of analysis are summarized in tables 1 and
2. The parameters used and the reasons for their
selection are explained in detail in the following
sections. Thematic maps of all analyzed parameters were prepared based on the obtained results,
using inverse distance weighting (IWD) interpolation techniques. Slope map was prepared using
digital elevation model (DEM) with a 30 × 30 m
cell size of the study area. All thematic maps were
generated using ArcGIS software.
2.3 AHP approach
The AHP approach developed by Saaty (1977,
1990), is the most used multi-criteria method for

quantifying the comparison of decision criteria in
a pairwise technique (Laskar 2003). The steps
involved in the AHP process used in this study can
be outlined as: pairwise comparison, calculation of
weights, and weighted overlay analysis (ﬁgure 2).
The pairwise comparison is made using a scale
with values from 1 to 9 (Saaty and Vargas 2001)
(table 3) to evaluate the rank of the relative priorities of two criteria. The ranks of inﬂuencing criteria
are created according to the experts’ suggestions.
To ensure the credibility of the relative inﬂuence
ranking used, the consistency ratio index (CR) will
be calculated using equation (1)
CR =

CI
RI

(1)

where CI is the consistency index and RI is the
random matrix. Saaty (1977) suggests acceptable
CR values up to 0.1, or a revised judgment for
CR exceeding 0.1. The scores of sub-indicators
(indicator buﬀers) were assigned, based on the literature (Barakat et al. 2017a), from 1 to 9 based on
favourable conditions for sustainable agriculture,

Figure 5. Spatial distribution of organic carbon in the study area.
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i.e., the higher score suggests maximum portance
level of sub-indicators (table 4).
Then, all thematic layers were integrated with
each other in GIS using the weighted overlay technique to produce the ﬁnal land fertility map. The
ﬁnal map was determined by computing the land
suitability index (LSI), in the following manner
LSI =

n

i=1

79

of inﬂuencing criteria and pairwise comparison
matrix (PCM) in comparison to super decision
software (CSDS) used to determine the weights.

3. Results and discussion
3.1 Description of the soil indicators

wi ∗ xi

(after Cengiz and Akbulak 2009)
(2)

where n is the total number of LS criteria, wi is the
weight index of factor, and xi is the weight index of
sub-criteria. Higher LSI values indicate areas more
suitable for sustainable agriculture.
The ﬁnal suitability map generated using ArcGIS
by combining six criteria maps and overlaying
weighs of individual criteria, was reclassiﬁed into
excellent suitable, good suitable, medium suitable,
and poor suitable. The pairwise comparison matrix
was created to determine the weights of parameters according to the AHP method (table 4). The
experts’ opinions were used to decide the ranks

Delimitation of fertile areas is a very important
process for a successful operation of the development of a sustainable intensive agriculture. Soil
quality assessment involves an extensive evaluation
process in order to identify the suitable good agricultural land location. The identiﬁed suitable soils
must contain the major nutrients for basic plant
nutrition in order to reduce organic, mineral chemical inputs to minimize economic cost and environmental damage. In this study, six soil quality
indicators, namely slope, texture, pH, EC, CEC,
and OC, were considered to map the soil quality
for intensive agriculture in the northeast area of
Tadla plain. All indicators are explained below, and
their measured concentrations were summarized in
table 2.

Figure 6. Spatial distribution of cation exchange capacity in the study area.
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Soil particle size is an important physical
characteristic inﬂuencing the behaviour of plant
growth as it impacts the soil texture, soil quality
and soil erosion (Aderonke and Gbadegesin 2013).
The contents of the clay and silt fraction measured
in the studied soils ranged from 26.8 to 86.3%.
According to quality norms (table 4), the clay and
silt fraction range is classiﬁed in medium, good and
excellent quality categories covering 0.22% (151.61
ha), 0.91% (636.39 ha), 98.88% (69421.25 ha) of
the study area, respectively (ﬁgure 3).
Soil pH or soil reaction is a measure of the
acidity or alkalinity in the soil and is measured in
pH units. It is an important indicator of soil health
because of its inﬂuence on the supply of nutrients
(cations and anions) to plants and on the microbial
activity. The soil pH value measured in water was
ranging between 7.6 and 8.6 and classiﬁed into two
categories: the poor quality level with a percentage of 98% (68806.23 ha) and in good quality level
occupying about 1.10% (1403.3 ha) of the study
area (ﬁgure 4).
The OC has long been identiﬁed as
one of the important factors to soil fertility
(Kucharik et al. 2001), because it serves as a

source of plant nutrients, and aids in the soil
pH buﬀering capacity. Moreover, organic carbon
inﬂuences water relations, aeration, and workability through its inﬂuence on some soil’s physical and chemical proprieties such as colour, soil
structure, exchange capacity, nutrient turnover,
nutrient-holding capacity, and stability. The OC
values obtained ranged between 0.70 and 2.96%
and showed thus that 0.35% (246.8 ha) of the total
area had poor soil quality for intensive agriculture,
80.88% (56788.57 ha) was medium suitable, and
18.76% (13172.84 ha) was good suitable (ﬁgure 5).
CEC is a measure of the soil ability to hold positively charged ions. It is a very important soil
property inﬂuencing soil structure stability, nutrient availability, soil pH and the soil reaction to
fertilizers and other soil improvers. The CEC value
in the study area ranged between 10.7 and 48.6
Cmol/kg and classiﬁed into medium and good categories representing, respectively, about 25.71%
(18048.87 ha) and 74, 30% (52158, 81 ha) of the
study area (ﬁgure 6).
Soil salinity refers to surface or near-surface
accumulation of salts (Tanji 2002). The soils may
become saline as a result of land use, including

Figure 7. Spatial distribution of salinity in the study area.
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the use of irrigation water with high levels of salt.
The measured salinity value ranged between 0.516
and 2.94 dS/m, indicating thus a medium to good
suitable soil quality for intensive agriculture. About
94.04% (66022.15 ha) of the study area is well suitable for agriculture, and only 5.97% (4186.76 ha)
area shows medium suitability (ﬁgure 7).
Soil slope is particularly important in terms of
its eﬀect on erosion. The soil depth decreases with
increasing slope rate and increases as the slope
decreased (Atalay 2006). In the study area, the soil
slope extracted from the DEM showed that 87.60%
(61498.07 ha) of the total land is a ﬂat area that
is considered better for intensive agriculture; had
good quality, 7.20% (5055 ha) has medium slope
rate, and only 3.19% (2245.16 ha) is steep and
consequently not suitable for intensive agriculture
(ﬁgure 8).
3.2 Land suitability map
The use of GIS allows us to obtain thematic
raster maps of independent physico-chemical variables corresponding to the soil quality indicators.
According to the importance of these indicators,
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the weight of each indicator was calculated using
AHP multi-criteria analysis (table 4), and then the
soil quality map of the study area was generated
by the superimposition of all thematic raster maps
using the overlay weights sum extension in ArcGIS
software’s (ﬁgure 9). The land suitability map for
sustainable intensive agriculture in the study area
was generated and classiﬁed into four categories
(ﬁgure 9), i.e., excellent, good, medium and poor
soil quality. It showed that about 11807.51 ha of
the investigated area is excellent suitable, 42849.74
ha are good suitable, 14714.61 ha had medium
suitability, and only 787.56 ha had a poor quality of sustainable intensive agriculture. Together,
the excellent and good suitability categories make
up about 78% of the total area that could be
recommended for intensive agriculture. Furthermore, 22% of the agricultural soil was delineated
as not recommendable for agriculture (table 5).
Geographically, these not recommendable areas
are characterized by unsuitable texture and low
salinity. These two factors were considered as limiting factors to categorize the soil quality of the
study area located in the Tadla plain irrigated
area, which encountered several problems such as

Figure 8. Spatial distribution of slope in the study area.
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Figure 9. Map of soil suitability for intensive agriculture.

Table 5. Land suitability classes.
Suitability
class

Area
ha

%

Poor
Medium
Good
Excellent
Total

787.56
14714.61
42849.74
11807.51
70159.42

1.12
20.97
61.08
16.83
100

land degradation, excessive irrigation, and soil
salinization. These eﬀects could undoubtedly
reduce the fertility and ability of the soil to sustain
crop growth, which could aﬀect consequently
agricultural production.
From the results of our study and other observations made by a number of researchers for land suitability analysis (LSA) and land use planning and
management (Schwilch 2011; Nyeko 2012; Barakat
et al. 2017a), we infer that it is more important to
invest in the prior characterization of soil quality
in order to limit economic and environmental costs
of soil amendments. It is true that the intensive
agriculture contributes to meeting the increased

global food demand, but in the medium term, it
can be harmful to the environment by contributing to water and soil pollution, depletion of these
resources, and destruction of biodiversity.
Water resources in the study area are decreasing
more and more due to the cumulative impact of
the years of drought and anthropogenic pollution
(Benkaddour 2011; Barakat et al. 2016b; Knouz
et al. 2016). This pollution is mainly attributed
to the intensive use of fertilizers and phytosanitary products. An estimate of nitrate pollution
from the use of nitrogen fertilizers shows that
about 3000 tons of nitrogen are annually leached
and reach the Tadla water table (ABHOER 2017).
Faced with this alarming situation, and given the
awareness of citizens, consumers and stakeholders in the agricultural sector, there is an urgent
need to address the challenge of protecting water
resources by means of conservation of soil quality and biodiversity by introducing less intensive
farming systems that preserve the environment.
Among the less intensive agricultural practices, it
is necessary to adopt the appropriate crop types
to each soil quality in order to minimize the use
of inputs (fertilizers and other improvers) whose
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leaching through rain or irrigation water is one
of the main causes of pollution of rivers and
aquifers. Reliable and accurate soil quality evaluation is therefore indispensable to any practical soil
management policies for sustainable agriculture in
the study area. Several researchers throughout the
world have demonstrated the usefulness of preliminary soil quality studies for agricultural purposes,
because the soil elements determine its suitability
for intensive agriculture (Akıncı et al. 2013; Zolekar
and Bhagat 2015; Dadhich et al. 2017; Nasrollahi
et al. 2017). The quality of the soils allows targeting
the crops according to their nutritional demands. It
would be advisable to grow very demanding crops
on better soils. On the other hand, low-quality
crops must be grown regardless of soil quality.
For these kinds of preliminary studies like our
own, the multi-criteria evaluation approach based
on GIS decision rules constitutes an ideal tool
because of its ability to derive information from
diﬀerent sources to map agricultural suitability
properly.

4. Conclusion
The present study was conducted to assess the
suitability of the present agricultural lands in the
northeast area of Tadla plain for sustainable intensive agriculture using GIS and AHP approaches.
Six soil quality indicators, namely pH, OC, CEC,
texture, soil salinity and slope, were used in the
present investigation. AHP approach was applied
to estimate the weights of indicators and subindicators to account their inﬂuences in selecting
suitable land for intensive agriculture. ArcGIS spatial analyst was used to generate the thematic maps
using IDW interpolation, and then, each thematic
map was rasterized based on weights obtained
from AHP. The calculator function of ArcGIS and
overlay analyses of ArcGIS spatial analyst were
used to produce the ﬁnal suitability map. Based
on the ﬁnal suitability map of the study area, soil
capability for sustainable agriculture was classiﬁed
into excellent, good, medium and poor suitability
classes. The results indicate that 16.83% has excellent suitability, 61.08% has good suitability, 20.97%
has medium suitability, and 1.12% of the study
area has poor suitability for a sustainable intensive agriculture. The AHP multi-criteria method
has also demonstrated its usefulness as assessment
approach of soil quality and land suitability for
intensive agriculture.
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