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Abstract: The crop-land suitability assessment (LSA) is important for managing land and water resources and
developing sustainable agricultural systems. In the field of determining the suitability of cropland, the multi-criteria
evaluation approach (MCEA) or multi-criteria decision-making (MCDM) is becoming more popular as a tool for
analyzing difficult situations and obtaining logical conclusions. The 75 relevant publications from 2010 to 2023 were
reviewed and summarized in this paper to precisely explain and identify MCEA application areas and decision-making
The findings indicated that the MCDM or MCEA
techniques have been applied with or without remote sensing, Agricultural Land Use Evaluation System, parametric

problems resolved within the crop-land suitability assessment.

methods, etc. for land suitability evaluation. This study also contributes to the classification of criteria used for this
purpose. A total of 117 parameters from six groups: soil properties, climate, topography, hydro-geomorphology, land use
compatibility, and hazard are necessary for LSA.
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1 Introduction

Land suitability analysis (LSA) for crops is
essential for agriculture development and planning.
According to FAO (1976), LSA is the procedure of
determining the suitability of a specific type of land
for cultivating a given crop based on its ideal growth
identified by
comparing the land characteristics and the crop
requirements (Khan et al., 2022). The results of the

needs. Crop-land suitability is

evaluation process answer questions such as where to
grow and how to grow? (Bisht et al., 2022).
Nowadays, there are many approaches to assess crop-
land suitability. Each of them has its particularities,
relying on specific research purposes. According to
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Akpoti et al. (2019), the LSA methods can be
classified as traditional and modern approaches. The
former has used biophysical characteristics to assess
crop alternatives using quantitative, qualitative, and
parametric techniques. The latter, modern land
suitability assessment (LSA) methods are those that
integrate geographic information system (GIS) and
machine multi-criteria

learning algorithms, or

decision-making  or  multi-criteria  evaluation
approaches, and remote sensing techniques (Mugiyo
et al., 2021). Some techniques have been labeled
“"traditional™ but are still in use, such as Boolean logic
(Elaalem et al., 2010), multiple linear regression
models (Leroux et al., 2019), weighted linear
(WLC) (Subandi et al., 2019),

multivariate statistics (Akpoti et al., 2019), weighted

combination

overlay (WO) (Hassan et al., 2020), and parametric
method (the stories and the square root) (Ghanbarie et
al., 2016). In most traditional approaches, socio-
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economic information, and infrastructure is scarcely
used, although this data is necessary for performing
crop-land suitability assessments (Mugiyo et al.,
2021). Moreover, categorical data are infrequent in
traditional techniques, except for the qualitative and
WLC methods.

The fundamental distinction between modern and
traditional approaches is that the former is successful
in mapping regions with uniform characteristics
taking into account a variety of factors, thus they can
offer solutions to more complex problems. As a result,
modern methods may utilize more time-consuming or
complicated algorithms and processes than traditional
techniques (Mugiyo et al., 2021). The primary
modern LSA methods are categorized as follows: (1)
(2) artificial
intelligence methods; and (3) multi-criteria decision

computer-aided overlay mapping;

making (MCDM) and multi-criteria evaluation
(MCEA) (Bera et al., 2017). This review focuses on
the third method of modern LSA approaches in LSA
for crops. Because of the numerous variables related
to decision-making, LSA has been determined as a
multi-criteria assessment problem. In order to solve
these difficulties, MCDA was established in the
1960s to aid decision-makers in combining several
possibilities into a possible or
framework (Adem Esmail and Geneletti, 2018). The
MCDM approach can be divided generally into two

retrospective

categories: (1) A method for determining criteria
weights; (2) A technique for ranking/ selection of
alternatives (Nadkarni and Puthuvayi, 2020). For
several crops, MCDM and MCEA seem to be
applicable in GIS-based land suitability evaluations
(Khan et al., 2022). According to Mugiyo et al.
(2021), GIS-based MCDA techniques are effective
because numerous production criteria may be
analyzed and weighted based on their relative impact
on crop growth conditions. GIS is a helpful tool to
analyze multiple geospatial data with higher accuracy
in LSA. GIS enables the creation of models that aid in
the generation of crop-land suitability maps from a
collection of thematic data such as topography,
climate, soil, socio-economic, etc. (Zolekar and

Bhagat, 2015). Therefore, in order to handle
complicated problems of land suitability evaluation
with the best alternatives, the MCDM process has
been combined with geospatial technique in
numerous research (Mendas and Delali, 2012). This
procedure applied a weight overlay algorithm for
multi-criteria assessment with GIS to analyze the
suitability of cropland. In addition, some studies
investigated the applicability of MCDM and GIS in
combination with traditional algorithms such as or
modern models such as TOPSIS (Bagherzadeh and
Gholizadeh, 2016), FNN (Jiao and Liu, 2007), etc. to
determine the most suitable areas for crops. Among
the various MCDM techniques, the analytic hierarchy
process (AHP) proposed by Saaty (2005) is one of the
most popular used algorithms (Subramanian and
Ramanathan, 2012) and has been applied in a wide
fields.
publications have concentrated on the use of AHP in

range of application Several recent
particular areas such as flood hazard zone (Ba et al.,
2021; Dung et al., 2021), construction (Darko et al.,
2019), etc. According to Jafari and Zaredar (2010),
the combination of the AHP approach is one of the
widely used techniques for spatial multi-criteria
analysis with GIS in determining the crop suitability
index.

Recently, there have been a number of papers
reviewed for land suitability evaluation. While
Aburas et al. (2015) analyzed land suitability by using
AHP and GIS for urban growth, Mugiyo et al. (2021)
offered decision-makers and researchers the most
reliable techniques and necessary criteria in
developing LSA for neglected and underutilized crop
species. Just like Mugiyo et al. (2021), Singha and
Swain (2016) emphasized the applications of several
methods for assessing the appropriateness of crop-
land for sustainable agriculture in developing nations.
Unlike the above authors, Bisht et al. (2022) has only
focused on one method, MCEA technique combined
with geospatial technology, to determine the crop
suitability index. However, this publication has not
explored all the studies using this method nor

mentioned the combination of this method with other
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technologies which are gaining popularity in recent
years. In order to fill the gaps, this review provides an
overview of the hybrid methods using more than one
technique to evaluate land suitability for crops
including MCDM and major parameters used to
identify that appropriateness. This review can assist
academics, experts, and decision-makers in
generating standards and guidelines for an effective
crop suitability mapping process for increased

agriculture productivity.
2 Methodology

An effective literature review, according to Levy
and Ellis (2006), establishes a solid foundation for
advancing science. This paper uses a systematic
literature review approach that utilizes precise and
explicit criteria to identify, evaluate, and synthesize
particular topics of literature. The following is the
description of systematic literature review criteria
utilizing hybrid methods (including MCEA and
MCDM methods) applied in this study.

2.1 Formulate the research questions

In the present paper, the authors established
questions related to the use of MCEA and MCDM
techniques in assessing crop-land suitability. The
problems formulated in the paper include: What crops
have been used MCEA or MCDM techniques to
assess land suitability? What kind of MCDM or
MCEA techniques have been applied? What
parameters have been used to evaluate land suitability
for crop production?

2.2 Select and access the literature

In order to collect a comprehensive set of data, an
objective search strategy was required to find
publications related to LSA for crops. Prior to
beginning the literature search work, three databases
including Scopus, Google Scholar, and Web of
Science were assessed. The results showed that
Scopus covers many publishers, including the most
popular publishers for research relevant to this
paper’s topic (e.g., ACM, IEEE, Springer, Elsevier),
is less inclusive than Google Scholar but is more
inclusive than Web of Science. However, unlike

Google Scholar, Scopus allows filtering of non-peer-
reviewed publications, such as technical reports
(Daun et al., 2023). For these reasons, this review
used Scopus to implement the data search.

To achieve the main objective of this study, we
examined numerous publications discussing hybrid
methods (including MCEA and MCDM techniques)
for crop-land suitability evaluation. Based on this
strategy, which consisted of two main steps we
conducted our study. The first step involved selecting
journals relevant to the research topic based on
scientific journal rankings (SJR-Scimago Journal and
Country Rank), or conferences related to and the
second is the choice of key phrases within those
selected articles. Because the ranking of journals has
been largely constant over time, the default year of
2010 was chosen for this study. The journals of all
possible nations in these categories were taken into
account. The search syntax used for searching
including “MCEA” or “MCDM?” or “AHP” or “Fuzzy
AHP” or “ANP” or “TOPSIS” or “ELECTRE”, and
“crop-land/ land suitability” or “land suitability
evaluation/ assessment/ analysis” or “agriculture-land
suitability”.

2.3 Evaluate the quality of the literature included
in the review

The search was restricted to keywords, titles, and
abstracts and resulted in the identification of 223
research publications. However, there were some
duplicate articles and not all of the identified articles
related to the main topic of the present paper.
Therefore, an evaluation of each article’s contents
was then conducted to remove unrelated papers or
duplicates. Following the screening, 74 publications
were eventually considered valid with the research
topic. The full-length publications were downloaded
and utilized for further analysis. The details of the
studies were retrieved such as the nations where the
research was performed, methods or models applied,
crops studied, and the thematic parameters utilized in
analyzing land suitability and these findings are
presented in Tables 1 to 4.
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Table 1 Analytic hierarchy process (AHP) method used in crop-land suitability assessment

Thematic factors

Crop . . . Hydro- Scio- Land Use Reference Nation
Climate  Topography Soil properties . e Hazard
Geomorphology ~ economic ~ Compatibility
(Madrigal-
. PA; Mart mez and
E Sl SD; ST; S PRi; PID; . . Peru
Dis_R Puga-Calderdn,
Apple
2018)
T Sl SM; ST; SDr; SD (Kim and Shim,
Korea
2018)
(Debesaet al., -
Cereal RF; T Ele; SI SD; ST; SDr; pH AM; PRo LULC 2020) Ethiopia
Coffee T:RF Sl; Ele Sty; SG WR; Ge Dis R (Mighty, 2015) Jamaica
RF, T, S| pH; OC; ST; SD; (Sathiyamurthi et India
Cotton M SDr; EC; ESP al., 2022)
T: A; (Rasheed and .
pH; SA; STy GWQ; R Pakistan
RF Naz, 2016)
. T, M; . Pro; PS; (Tercan and
Citrus Sl; Ele; As PRi . Turkey
RF; ST PIPD Dereli, 2020)
Jute and OC; N; P; K; Zn; (Singha and India
Lentil pH; ST; EC Swain, 2018)
pH; CCE; ESP; EC; (Tashayo et al.,
T El; SI Iran
ST 2020)
Sheikh et al., i
Maize pH; OM:; EC; ST; GWQ (Shei Pakistan
2017)
(Chivasaaetal.,  Zimbab
RF; T Sl STy
2019) we
Maize, (Salifu et al.,
RF Sl, SE, OM; STy LULC Ghana
groundnut 2022)
(Salunkhe et al., .
Mango RF; T Sl OC; ST; BD India
2022)
Orange Sl pH; OM; CEC; P; K; DS Al (Nguyen et al., Vietna
and Tea SD; ST 2019) m
Organic i (Mishraetal., i
i Sl SD; SG Ge Dis_ R LULC India
farming 2015)
pH; EC; N; P; Z; (Singha et al.,
Potato Bengal
OC; ST; 2019)
Ostovari et al.,
Rapeseed  RF; T As; Sl pH; EC; CCE; ST LU; NDVI ( 2‘81;) Iran
OM; CEC; pH; SEC; (Nguyen and .
Vietna
Re BS; OC; ST, SD; IC Khuong, 2019) m
SDr
i SE; (Adrian et al., Indones
RF El; SI, SM; STy WC; IS; DS Dis_ R R
DR 2022) ia
Lamidi and
RF; T Sl pH; ST; pH LULC _( o Nigeria
ljaware, 2022)
Dis_R; (Maddahi et al.,
i pH; P, OM’; ST; SS; . Dis_RMP 2014)
Rice Dis_SW; _
T Sl; As SD; EC; K; SCC; ) ; Dis_PC; LU Iran
Dis_WW
SLC - PASC;
PRC
(Ayehu and
RF; T Sl ST; pH; SD Besufekad, Ethiopia
2015)
RF: T ST: SD; pH; TN; (Roy and Saha, ;
SI; Re WRA; Ge India
AP; K; MN 2018)
M Sl ST; pH; SD (Kihoro etal, Kenya
; ; pH; 2013) Y
RF; T; X
(Maleki et al.,
Saffron SH; El; SI; As EC; ST; pH; Iran
2017)
NFD;M
Ca; CEC; pH; P;
P (Ahmed and Jeb, L
Sorghum Sl OM; OC’ Na; N; LU 201) Nigeria

EC; Mg; K; ST;
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Thematic factors

Crop Hydro-

Scio- Land Use Reference Nation

Climate  Topograph Soil properties Hazard
pography prop Geomorphology  economic ~ Compatibility
SDr; SD
SD; OM; pH; EC;
P (Tadesse and e
RF; T Sl CEC; Ca; P; N; Na; Ethiopia
Negese, 2020)
Mg; K
Sugarcane (Alburo et al., Philippi
Sl; Ele; SO SD; WHC; ST
2019) nes
OM; CaCO3; CEC; (Khallouf et al., .
Wheat Sl Syria
pH; EC; ST; SD 2019)
EC, pH, ESP, OM, (AbdelRahman
Wheat, RF; T;
Ele; SI ST, SDr CaCO3, ICI LS etal., 2022) Egypt
Vegetables Eva
CEC, AWC, FC, BD
pH; OC; P; CEC; (Fekadu and
Wheat and L
barle RF; T Sl; Ele; PBS; TN; SD; BD; Negese, 2020) Ethiopia
¥ AWC; ST
. | ST; pH; SoSa; SD; (Dadhich et al., §
Wheat S GW! LULC India
SDr; N; P; K Q 2017)
Pistachio,
Strawberry RF; .
CH- (Quinta-Nova
’ ' Ele; OM; pH Bi and Ferreira, Portugal
Almond, CHU;
2020)
Walnut M;
tree
Onion,
Cabbage,
Potatoes, (Maulana and Indones
i RF; T Sl; Ele Sty; BS; ST; SD LU i i
rice, sweet Kanai, 2022) ia
potatoes,

cassava

Accessibility to Market (AM); Aridity (A);
Aspect (As); Available Water Capacity (AWC); Base
Saturation (BS); Biogeography (Bi); Bulk density
(BD); Calcium (Ca); Calcium Carbonate (CaCO3);
Canal: (C); Cation Exchange Capacity (CXC); Cation
Exchangeable Capacity (CEC); Chilling Hours (CH);
Coarse Fragments (CF); Crop heat units (CHU);
Density of Rural labor Force (DRF); Disaster Risk
(DR); Distance from Main Road (Dis_R); Distance
from Population Centers/ Working Populations
(Dis_PC); Distance from residential areas with work
opportunities (Dis_RA); Distance from the Villages
(Dis_V); Distance from Rice Milling Plant
(Dis_RMP); Distance to city (Dis_C); Distance from
surface water/ river/ stream (Dis_SW); Distance from
Water Well/ Pump and Spring (Dis_WW); Drainage

System (DS); Ecoregions (E); Electrical Conductivity:

(EC);  Elevation (Ele); (CCE);
Evapotranspiration (Eva); Exchangeable Bases (EB);

Equivalent

Exchangeable Sodium Percentage (ESP); Fertilization
(F); Flooding (FI); Geology (Ge); Gravel (Gr);
Groundwater Depth (GD); Groundwater Potentiality

(GP); Ground Water Quality (GWQ); Gypsum (G);
Inundation Land Type (ILT); Iron (Fe); Irrigation
Capability Index (ICI); Irrigation Condition (IC);
Irrigation System (IS); Labor Availability (LA); Land
Accessibility (LA); Land Capability (LC); Land Form
(LF); Land Use Land Cover (LULC); Landscape (LS);
Length of growing period (LGP); Lime (L);
Lithology (Li); Magnesium (Mg); Mean Weight
Diameter (MWD); Micro Nutrients (MN); Moisture
(M); Molybdenum (Mb); Natural Fertility (NF);
Nitrogen (N); Normalized Difference Vegetation
Index (NDVI); Number of frost days (NFD); Organic
Carbon (OC); Organic Matter (OM); Percent Base
(PBS);
Phosphorous (P); Pigment Depth (PD); Population
Areas (PA); Potassium (K); Productivity (Pro);
Proximity to Agricultural Service Centers (PASC);

Saturation Permeability  (Pe); pH;

Proximity to irrigation ponds and dam lakes (PIPD);
Proximity to Irrigation Ditch (PID); Proximity to
River (PRi); Proximity to the Rural Cooperative
(PRC); Proximity to Road (PRo); Proximity to Town
(PT); Proximity to settlements (PS); Proximity to
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Water Surface (PWS); Road (Ro); Rainfall (RF);
Relief (Re); River: (R); Salinity and Alkalinity (SA);
Salinity (S); Slope (SI); Sodicity & salinity (SoSa);
Soil-Cadmium (SCC); Soil
consistency (SC); Soil Depth (SD); Soil erosion: (SE);
Soil Drainage/Drainage Capacity (SDr); Soil Group
(SG); Soil Hydrology (SH); Soil Infiltration Capacity
(SIC);  Sail (SM);  Soil-Lead
Concentrations (SLC); Soil Reaction (SR); Soil

Concentrations

Morphology

Texture (ST); Soil type (STy); Soil Structure (SSt);
Soil Water Content (SWC); Soil soluble Chlorine
(SSC); Sum of Exchangeable Cation (SEC); Sunshine
time (ST); Surface Stoniness (SS); Temperature (T);
Total Nitrogen (TN)\; Vertical Properties (VP); Water
Holding (WHC); Water resources
Availability (WRA); Water Coverage (WC); Water
Reserve (WR); Water Resources Properties (WRP).

Capacity

Table 2 Fuzzy analytic hierarchy process (FAHP) method used in crop-land suitability assessment

Thematic factors

Crop

. . . Hydro- . i Land Use Reference Nation
Climate  Topography Soil properties Socio-Economic s azard
Geomorphology Compatibility
RF; T; . Dis_R; Dis_C; (Deng et al., X
Alfalfa Sl; Ele pH; OM; SD; SCS Dis_SW China
M DRF 2014)
ST, SD; SDr; pH; S; (Koca et al.,
Banana Sl Turkey
VP 2022)
Durum Pe; pH; EC; CaCO3; i (Mendas and X
Sl WR; SDr; Dis_R; LA i Algeria
wheat CEC; ST; SD - Delali, 2012)
Natural, Economic and (Tung et al., .
Orange i Vietnam
Social Factors 2022)
RF; T: (Sarkar et al.,
Paddy Sl; El; pH; ST Bengal
M 2021)
. PH; P; K; OM; ST; SS; Dis_SW; Dis_R; (Maddahi et
Rice T; M; Sl; As; . i i Iran
SD; EC; Dis WW Dis_RMP;Dis_RA al., 2017)
pH, OM; ST; STh; (Tranetal., .
Rubber Sl Ethiopia
STy 2020) P
Kahsay et .
Sorghum SD; ST; SC; (Kahsay Ethiopia
al., 2018)
SSC; pH, ST; SOC,
RF; T; (Zhang et al., X
Tobacco Re; Ele; Sl AN, AP, AK; Ca; Mg; China
ST 2015)
Mb
ST; CEC; ESP; G; (Mokarram et
wheat Re GD; H Iran
CaCO0g; SD; pH al., 2010)
ST; pH; EC; OM; L; Kilic et al.,
Wheat Ele; SI; As P (Kihe et a Turkey
SD 2022)
pH: G; SA; CaCo3; (Hamzeh et
Barley Sl; Re; GD; PD Iran
ST, SD; al., 2014)

Table 3 Analytic Network Process (ANP), Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS), and
ELimination and Choice Expressing REality (ELECTRE) methods used in crop-land suitability assessment

Thematic factors

Crop Climate

Ti h il i H - Availabili L H
opograp Soil properties ydro vailabili and L.Js.e. azard Reference Nation
y Geomorp ty Compatibilit
hology y
ANP method
. SR; SD; ST; CF; SDr; (Kenzong etal.,  Camero
Maize Sl; Ele
CEC 2022) on
SD; ST; SDr; pH; OM; (Yohannes and
Wheat and . . L
barle T As; SI; Ele EC; CEC; P; N; Ca; Dis_SW Dis_R Soromessa, Ethiopia
y 2018)
ST; CF; SD; G; CaCO0g3; (Seyedmoham
Maize T, RF Sl; AWC; pH; OC; P; K; DS Fl madi et al.,
CEC; EC; ESP 2019)
TOPSIS method
ST, SDr; SD; pH; EC; (Bagherzadeh
OC; ESP; CaCO3; G and
RF, T Sl; Fl X Iran
Wheat Gholizadeh,

2016)
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Maize; SD; pH; EC; ESP; (Seyedmoham
Rapeseed,; Climate Sl CaCo03; G madi et al.,
Soybean 2018)
ST; EC; EPS; CaCO3; (Bagherzadeh
Gr; SD; OC; pH; G; SDr and
Wheat RF, T Sl Fl i Iran
Gholizadeh,
2016)
ELECTRE method
. (Alietal.,
Rice RF Sl; SDr; SD; pH; OM SE
2020)

Table 4 Hybrid method used in crop-land suitability assessment

Thematic factors

Crop . Hydro- . Land Use .
Climat  Topograph . . Socio- . Reference Nation
Soil properties Geomorphol . Compatibilit Hazard
e y economic
ogy y
AHP and others
Agricultu (Yalewetal., L
Ele; SI SD; SS; Sty; SWC PWS PR; PT LULC Ethiopia
re 2016)
Cassava RF;T;  Ele;Sl SG WRA LULC; (Pumamasart i esia
Y ' NDVI etal., 2019)
Cereal RF; T Ele; SI ST, SD; SDr; Sty; pH; OC LULC (Abebe, 2020) Ethiopia
RF; T; (Singh et al.,
pH; N; P; K; SDr; SoSa; .
Cereal LGP; Sl LULC SE 2018) India
SD; ST; Pro
M;
Tenkap and Lo
Cocoa RF sl STy LULC (Tenkap Nigeria
Balogun, 2020)
(Mustak et al., .
Gram RF Re; Sl STy GP; IS LULC India
2015)
EC; OC;pH;CEC; BS; N; (Mustafa et al.,
maize P; K; CaCOg3; ST; SD; 2011) India
AWC
Maize, Mulugeta, .
'Z RF; T sl SDr; ST; SD; Sty; SS LU (Mulug Ethiopia
Wheat 2010)
. . : (Habibie et al., .
Maize RF Sl; Ele STy Dis_SW Dis_ R LC Indonesia
2021)
RE: T: . (Ramu et al., -
Paddy Sl; Ele ST; Gr; Li LULC India
TWI 2022)
(Kamau et al.,
Potatoes RF; T Re pH; ST; SD SDr Kenya
2015)
(Nliqum
Ele; SI;; pH; CEC; OM; N; P; K; .
Potato RF; T; Trigoso et al., Peru
As ST; EC
2020)
(Hossen et al., Banglades
RF; T Sl; Ele; ST, SD; S; pH; SDr; ILT LULC
Pulse 2021) h
. (Razaetal., .
Rice T EC; pH; SDr; STy; Pakistan
2018)
Rice RF; T Sl H; ST; SD; SDr (Robertson and India
' PH: S T: SU; Oinam, 2023)
. . LULC; (Das et al., Banglades
Tea RF, T Ele; Sl ST, pH; SD; STy Dis_SW Dis_ R
NDVI 2020) h
ST; AWC; pH; EC;
. (Kumar and i
Rlce M Sl Nutrients (N, P, K) and MN LULC India
Patel, 2020)
Rice S| ST LA LULC (Yangouliba et Burkina
y al., 2020) Faso
RF; T; (Shaloo et al., .
Cereal Sl pH; ECE; OC; SDr; ST India
M 2022)
i (Bilas etal., i
Maize RF, T Sl CEC; OC pH; ST; CF; WRP China
2022)
RF; T; Tong et al.,
Rice Ele; SI; T STy; SD; F; IC Fl (Tong i
SH 2021) Vietnam

Fuzzy AHP and others
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Thematic factors

Crop . Hydro- . Land Use .
Climat ~ Topograph . . Socio- - Reference Nation
Soil properties Geomorphol . Compatibilit Hazard
e y economic
ogy y
ST, SD; SDr; SS; Ph; s;
Wheat Sl NDVI (Tugag, 2021) Turkey
CaC03; OM
Cacao;
Coffee; RE: T S| pH; BS; CEC; OC; ST; SD; (Sappe et al., Indonesia
Clove; ' SEC 2022)
Pepper

3 Results and discussion

3.1 Distribution of publications based on study
regions, crops, and decision techniques

This section discusses 75 publications related to
the major topic of the paper. The findings revealed
that the majority of crops mentioned in the studies
were rice, maize, wheat, cereal, potato, and sorghum.
Another review study also drew a similar conclusion
about the main crops when researching methods to
assess crop-land suitability (Mugiyo et al., 2021). In
addition to information on major crops, the countries
where the studies were performed were also extracted
from full-length papers. Most of the studies are
conducted in India, Ethiopia, Iran and some Asian

countries such as Indonesia, China, Vietnam, Turkey,
etc. On the contrary, it seems that MCDM s rarely
used for some nations in Africa such as Burkina Faso,
Cameroon, Egypt, Ghana, Kenya, Nigeria, Tanzania,
etc. (Only one research has been reported in each
country). This might be due to lack of technology,
funds, and/or expertise, experts (Gebre et al., 2021).
From the selected literature, it can be seen that the
MCDM and MCEA techniques including AHP,
FAHP, ANP, ELECTRE, and TOPSIS have been
applied with or without remote sensing or
Agricultural Land Use Evaluation System, FAO,
parametric methods, etc. for land suitability
evaluation. Table 5 lists the methods and the number

of studies used them.

Table 5 Approaches for analyzing crop-land suitability

Method Reference Total
(AbdelRahman et al., 2022; Ahmed and Jeb, 2014; Alburo et al., 2019; Ayehu and Besufekad, 2015;
Chivasaa et al., 2019; Dadhich et al., 2017; Debesa et al., 2020; Fekadu and Negese, 2020; Khallouf et al.,

2019; Kihoro et al., 2013; Kim and Shim, 2018; Lamidi and ljaware, 2022; Maddahi et al., 2014; Madrigal-
AHP Mart fiez and Puga-Calder&, 2018; Maleki et al., 2017; Maulana and Kanai, 2022; Mighty, 2015; Mishra et 34

al., 2015; Adrian et al., 2022; Nguyen and Khuong, 2019; Nguyen et al., 2019; Ostovari et al., 2019; Quinta-

Nova and Ferreira, 2020; Rasheed and Naz, 2016; Roy and Saha, 2018; Salifu et al., 2022; Salunkhe et al.,
2022; Sathiyamurthi et al., 2022; Sheikh et al., 2017; Singha and Swain, 2018; Singha et al., 2019; Tadesse
and Negese, 2020; Tashayo et al., 2020; Tercan and Dereli, 2020)

ANP (Kenzong et al., 2022; Seyedmohammadi et al., 2019; Yohannes and Soromessa, 2018) 3

(Deng et al., 2014; Hamzeh et al., 2014; Kahsay et al., 2018; Kilic et al., 2022; Koca et al., 2022; Maddahi et
FAHP al., 2017; Mendas and Delali, 2012; Mokarram et al., 2010; Sarkar et al., 2021; Tran et al., 2020; Tung et al., 12

2022; Zhang et al., 2015)

TOPSIS (Bagherzadeh and Gholizadeh, 2016; Seyedmohammadi et al., 2018) 2
ELECTRE (Ali et al., 2020) 1
Hybrid method 23

(Abebe, 2020; Das et al., 2020; Habibie et al., 2021; Hossen et al., 2021; Iliqu ® Trigoso et al., 2020; Kamau

AHP. RS, GIS et al., 2015; Kumar and Patel, 2020; Mulugeta, 2010; Mustafa et al., 2011; Mustak et al., 2015; Purnamasari

T etal., 2019; Ramu et al., 2022; Raza et al., 2018; Robertson and Oinam, 2023; Singh et al., 2018; Shaloo et

al., 2022; Tenkap and Balogun, 2020; Yalew et al., 2016; Yangouliba et al., 2020)
FAHP, RS, GIS (Tugag, 2021)

FAHP and PCA model

AHP and Agricultural Land Use
Evaluation System (ALUES
software)

AHP and Techniques for Order of
Preference with Similarity to Ideal
Solution

(Sappe et al., 2022)

(Bilas et al., 2022)

(Tong et al., 2021)
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The distribution of MCDM and MCEA
approaches discussed is shown in Figure 1. Among
75 reviewed studies, AHP technique could be
observed from 34 research (46%). The predominance
usage of AHP over the other approaches is due to the
fact that it is simpler, more adaptable, and requires
fewer cognitive abilities than any other form of
MCDM (Ananda and Herath, 2009). In addition, the
hybrid approach using more than one technique

40 -

35 A

(including MCDM and MCEA) was also a prevalent
method for analyzing crop-land suitability with 23
papers (31%). The use of ELECTRE, ANP, and
TOPSIS techniques were identified to be insignificant
for assessing land suitability (only 1 to 3 studies). It
was noted that the FAHP method can classify and
generate crop-land suitability maps with high
accuracy, but there are not many studies using this
method (12 studies).

30 A
25 1
20 A
15 1
10 1
5 -
0 T
AHP

FAHP

—
ANP

TOPSIS ELECTRE HYBRID

Figure 1 Distribution of MCDM/ MCEA techniques for crop-land suitability

3.2 MCDA/MCEA techniques and tools used to
assess crop-land suitability

The thematic layers of different input factors with
various MCDA techniques such as AHP, ANP, FAHP,
etc. can be incorporated into a GIS environment for
crop-land suitability identification. Below is an in-
depth analysis of the methods and their advantages
and disadvantages
3.2.1 AHP

The AHP is widely used and recognized as one of
the most useful approaches in determining the
weights of parameters, and addressing various
problems based on complicated variables at different
stages (Shaloo et al., 2022). According to Maddahi et
al. (2014), the AHP method is regarded as one of the
most useful MCDM approaches to analyze and
evaluate land appropriateness for various crops. The
integration of AHP and GIS in evaluating crop-land
suitability has great potential to increase the
effectiveness and accuracy of obtained results

(Chivasaa et al., 2019). The AHP takes into account a
set of criteria that involved land suitability evaluation
as well as alternative options before making the
optimal decision. In this method, the pairwise
comparison matrix was generated based on the
relative importance of one variable over another to
determine the factor weights according to the AHP
preference scale (Rodcha et al., 2019). There are four
steps to calculate the weights of the evaluated criteria
based on the pairwise comparison matrix, that is (1)
Creating the judgments; (2) Determining the assigned
ranks; (3) Developing the normalized pairwise
comparison matrix; (4) Calculating the weights (Bisht
et al., 2022). AHP can handle complicated spatial
scenarios, but they are subjective and have some
restrictions in consistency (Alkimim et al., 2015).
Therefore, although AHP is widely employed in
MCDM, it is insufficient to remove any ambiguity in
the data, since the characteristics of the data utilized
influence whether the data is certain or uncertain. On
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the other hand, the AHP is one of the MCDM
techniques that is most frequently used, however
when there are more than nine criteria or indications
to take into account, consistency is difficult to
determine (Saaty, 2002).

Previous studies have shown that AHP has many
advantages in determining the suitability of cropland,
such as integrating the tangible and intangible aspects
of issues, putting more emphasis on group goals than
individual ones, and constantly brainstorming for
better answers (Dyer et al., 1992). According to Han
et al. (2021), compared with the traditional crop-land
appropriateness assessment approach, the AHP
assessment findings are more precise and objective.
Additionally, a regional scale study of each land unit
may be conducted to determine the impact of each
evaluation element on the suitability of various crops.
Furthermore, this method is considerably simpler to
understand and can be calculated using MATLAB or
Python, which are basic software programs.
Additionally, AHP has been identified to be better to
other approaches because it can handle many criteria
and compensate for both qualitative and quantitative
data (Bisht et al., 2022). The technique does, however,
have significant drawbacks, such as the way it
expresses the issue of environmental unpredictability
(Belton and Gear, 1983), hierarchy-induced deuce
deficiency (Millet and Harker, 1990), the potential for
linguistic mistakes when answering the AHP
questionnaire (Kocaoglu and Niwa, 1991). Besides,
traditional AHP may not consistently yield reliable
results, thus resulting in low result reliability. Based
on expert assessments, the relative relevance of two
factors is represented by the weights of each index.
However, the opinions of different experts differ,
which could lead to a bias in the conclusion when it is
assessed using a single weight index (Peng et al.,
2021). Although there are many advantages and some
disadvantages, the combined method of GIS and AHP
might provide a higher-quality database and guide
map for decision-makers evaluating crop-land
displacement to achieve appropriate agricultural
production (Shaloo et al., 2022).

3.2.2 FAHP

Although AHP is more commonly employed for
MCDM to handle the problem of human uncertainty,
it is still insufficient to deal with the inherent
ambiguity and inaccuracy involved in mapping
decision-makers’ perceptions to actual numbers
(Rodcha et al., 2019). In order to solve uncertainty
and vagueness caused by AHP shortcomings, Zadeh
(1965) developed a fuzzy set theory (Lermontov et al.,
2011). FAHP is an integration of a fuzzy logic
approach and the AHP method. According to Kahsay
et al. (2018), FAHP is an AHP method developed
with a fuzzy logic theory that converts the AHP scale
into a fuzzy triangle scale to determine the priority of
the criterion. The FAHP was considered the base
approach in LSA in various research. This approach
tackles ambiguous data and valuable knowledge that
decision-makers can use in uncertain circumstances.
According to the findings of Hosini (2020), in
determining land suitability, FAHP evaluation is
more accurate than the ordinary parametric method.
Moreover, the comparison of the results of FAHP and
FAO methods based on the observed yields in
validation fields indicated that the former has higher
precision than the latter method (Hamzeh et al., 2014)

The literatures indicated that uncertainty of
weighting by expert judgments of the FAHP method
can be improved. The uncertainty concerning the bias
of expert opinions is resolved by the FAHP (Rodcha
et al, 2019).
parametric approach, the fuzzy-based method was

Furthermore, compared to the

more sensitive and adaptable, better reflecting the
actual conditions of the area. In comparison to AHP,
the primary benefit of FAHP is that it is more
appropriate to the fuzzy law of human thinking
(Zhang et al., 2013). Additionally, using the FAHP
method provides the advantage of simultaneously
considering both quantitative and qualitative data, in
contrast to traditional methods like the square root
method, which heavily rely on expert opinions to rank
the most critical criteria (De la Rosa and van Diepen,
2009).

3.2.3 ANP
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Although there are other ways to calculate
weightings, ANP is one of the best procedures to
apply to wvarious and heterogeneous variables
(Seyedmohammadi et al.,, 2019). The ANP is a
generalized form of the AHP and was proposed by
Satty in 1980. It is a nonlinear structure that has
having bilateral interactions (Azizi et al., 2014) and
structures a decision-making problem into a network
(Mokarram et al., 2019). In the ANP analysis, a
concept model was initially created to establish
relationships between the criteria and alternatives. It
also employs a pair-wise comparison technique to
calculate the weights of the structural components
before ranking the decision’s options (Bisht et al.,
2022). The ANP was chosen by Seyedmohammadi et
al. (2019) as the method to calculate the weights of
the criteria influencing crop-LSA since it can offer
solutions in a challenging multi-criteria decision
environment. Like the AHP technique, a pair-wise
comparison of the relative significance of factors
within groups and for the relationship of parameters
within and among groups is the first step of the ANP
technique. The degree of consistency of the pair-wise
comparison matrices is considered acceptable if the
consistency ratio is lower than 0.1.

According to Yang and Tzeng (2011), the ANP
technique was created to address the hierarchical
flaws in the AHP method.
"supermatrix™ is created using the ANP approach to

Furthermore, a

figure out the composite weights of the parameters
(Schulze-Gonzdez et al., 2021). But when applied
alone, the ANP technique has certain shortcomings
that might result in inconsistent judgment and low-
quality results (Kheybari et al., 2020).
3.2.4 TOPSIS method

TOPSIS is the most well-known MCDM model
proposed first by Hwang and Yoon (1981) in 1981
(Tzeng and Huang, 2011). Like the AHP, TOPSIS
can be used to analyze a set of factors and supply
decision-makers an idea of the weights or prioritized
ranking of those criteria (Bagherzadeh and
Gholizadeh, 2016). The fundamental logic of TOSIS
is to identify the ideal solution and negative ideal

solution. The method for ranking preferences by
similarity to the ideal solution is that alternatives
selected must have the furthest distance from negative
ideal solution and the closest distance from the
positive ideal solution (Hwang and Yoon, 1981). This
model has been successfully used in the land
evaluation method (Prakash, 2003). TOPSIS model
consists of seven steps: (1) Establishing data matrix;
(2) Standardizing data and preparing normalized
matrix; (3) Determining weights for indicators; (4)
Generating  dimensionless weight matrix; (5)
Calculating positive ideal and negative ideal; (6)
Determining relative closeness; (7) Ranking
alternatives. In order to assess the accuracy of this
method, the findings obtained from TOPSIS models
can be compared with those of the parametric method
in (Bagherzadeh and Gholizadeh, 2016). As a result,
the coefficient of identification between the
parametric land index values and the corresponding
TOPSIS preferred values showed a strong correlation
between the two methods (Bagherzadeh and
Gholizadeh, 2016).

As assistant decision-making tools, TOPSIS has
clear benefits including practicality, conciseness, and
systematization. There are two issues to pay attention
when applying TOSSIS to multi-objective decision
problems. Firstly, according to (Wang, 2018), the
basic factors that should be carefully considered when
breaking down and simplifying multiobjective
decision-making situations, without taking into
account the possibility of adding or missing variables.
exhibit
differences cannot be effectively compared within the

Furthermore, factors that significant
same layer.
3.2.5 ELECTRE method

ELECTRE is an MCDM approach that utilizes the
idea of outranking through pairwise comparison of
different choices based on each relevant criterion
(Govindan and Jepsen, 2016). In order to select the
dominant alternative, ELECTRE is utilized in the
ranking process based on the concordance and
discordance index (Ali et al., 2020). Evaluations

carried out using ELECTRE will result in the best
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alternative ranking relationship under the supposition
that alternative one can be preferred to the others.
When the options are equally valuable, it is necessary
to prioritize all factors that are mutually convincing
and not conflicting. The ELECTRE method has six
stages, which are as follows: (1) Make a paired
comparison for matrix normalization; (2) Calculate
the preference matrix; (3) Come to decision a set
index of concordance and discordance; (4) Determine
the matrix of concordance and discordance; (5)
Compute the threshold to create the dominant
concordance and discordance matrix; (6) Establish
the matrix of dominant aggregation (Ali et al., 2020).
This method is suitable for choice and elimination
processes. However, its drawback is in calculating the
weights of the criteria. Therefore, ELECTRE has
been integrated with other approaches for analyzing
land suitability. In particular, A combination of
fuzzy-AHP for criterion weighting and the ELECTRE
method for ranking have proven effective in creating
web-based information systems with perfect results
(Alietal., 2020)
3.2.6 Integration of MCDM and others

In addition to the methods described above, the
hybrid approach is also used extensively for crop-
LSA. Most are a combination of AHP and FAHP and
remote sensing technology in a GIS environment.
Many researchers have assessed land suitability using
RS and MCDM to raise crop yield and decrease
environmental footprints and input material costs
(Dhami et al., 2012, Shaloo et al., 2022). According
to Mugiyo et al. (2021), this integration might offer a
superior database and guide map for decision makers
taking into account farmland substitution to improve
agriculture productivity. Remote sensing methods
will provide data frequently and at an inexpensive
value to allow interference for crop recovery at the
proper time (Ennouri and Kallel, 2019). Several types
of selected information on available resources such as
land use, land cover, soil humidity, soil type, crop
nature and state, slope, elevation, etc. can be

extracted from satellite images (Blaschke et al., 2008).

In addition, remote sensing data was utilized to

determine the Normalized difference vegetation index
time series of crops and to derive geomorphologic
units (Baroudy et al., 2020), soil-adjusted and
atmospherically ~ resistant  vegetation index,
atmospherically resistant vegetation index, modified
soil-adjusted vegetation index, etc. (Binte Mostafiz et
al., 2021). However, RS data alone cannot
recommend crop-land appropriateness for a region
unless it is integrating this information with site-
specific soil and climatic data (Martin and Saha,
2009).

In identifying land suitability using MCDM, the
challenge often met is the considerable subjectivity of
researchers in judging the importance of land
attributes. In order to address this problem, numerous
researchers employed principle component analysis
(PCA) in evaluating crop-land suitability to
investigate the interests of several conflicting land
characteristics (Sappe et al., 2022). Although some
scientists utilized PCA to decrease dimensional data
into a few criteria (Nguyen et al., 2020; Said et al.,
2020), Ranjbar et al. (2016) stated that not lessening
data is the most precise approach to assess land
quality and provide reliable results. Therefore, in
evaluating crop-land suitability, PCA is used to
analyze the significance of soil properties without
decreasing it to a few data (Sappe et al., 2022).

In addition to combining the MCDM and RS, the
combination of the FAHP method and principal
component analysis is appropriate for transforming
numerical data of different magnitudes into
membership function values and indicating land
suitability. The principal component analysis is an
efficient approach for calculating the weights of
several variables in a systematic and objective
manner (Sappe et al., 2022). In this method, Fuzzy is
applied for normalizing features, and PCA is used to
analyze conflicts of interests between attributes.

In order to determine the level of suitability for
cultivating a certain crop in the region, the combined
method of AHP and Agriculture Land Use Evaluation
System (ALUES) can be used. ALUES is a program
that assesses land suitability for producing various



June, 2024

AgricEnglnt: CIGR Journal Open access at http://www.cigrjournal.org

Vol. 26, No.2 69

crops. ALUES is a highly optimized library with
main algorithms written in C++. In evaluating land
suitability, this software uses fuzzy logic methods to
analyze the land suitability of a specific region based
on input criteria such as topography, rainfall,
temperature, topography, and soil properties, and the
AHP was utilized to calculate the weight of those
input factors (Bilas et al., 2022). Also, according to
Bilas et al. (2022), based on ALUES, assessment of
land suitability can be performed by mapping the
input features of a land unit into the suitability class
of the target parameter.

The integration of AHP, GIS, and technology for
order of preference by similarity to the ideal solution
is also used in modeling the crop-land suitability. In
this approach, according to Tong et al. (2021), using
the structured AHP, expert opinions are utilized to
calculate the weights of specified criteria, and
technology for order of preference by similarity to the
ideal solution evaluates the potential for crop
cultivation on the land to create a ranking. In addition,
GIS is employed to operate the spatial analyst module,
and is also used to detect suitable variables. This
approach can be performed following nine steps: (1)
Generate a set of criteria; (2) Identify the relative
importance of each criterion; (3) Determine the
average proportion of alternatives; (4) Calculate the
weighted average of the results; (5) Normalize the
way in which alternatives; (6) Compute the value of
the normalized standard in a given case; (7) Calculate
the optimal fuzzy positive ideal solution and the
optimal fuzzy negative ideal solution; (8) Determine
the distance between each solution and the
coefficients in close proximity; (9) Establish the
ranking order for the alternatives (Tong et al., 2021).

The use of each algorithm of the multi-criteria
assessment method can be applied to the analysis of
crop-land suitability. However, each approach has
different advantages and disadvantages. Therefore, to
get the best results, algorithms should be integrated
together. In addition, in order to improve crop
compatibility mapping for climate-smart agriculture,

future research should concentrate on utilizing
artificial intelligence (Al) and machine learning
techniques (MLMs), which have gained popularity
recently and can be coupled with MCE and GIS
(Bisht et al., 2022). In addition, since expert opinions
can vary at any time, the study can analyze a time
series to enhance the model precision. As a result, the
procedure should be repeated and assessed on a
regular basis until the model is stable, and then it
should be confirmed using a sampling plot in the field
(Rodcha et al., 2019).
3.3 ldentification of the necessary criteria for
crop-land suitability evaluation

The identification of criteria in crop-land
suitability assessment differs among scientists. There
are numerous physical factors used for evaluating
land suitability such as climate, topography, land use,
soil (Dula, 2010; Mulugeta, 2010). However, Debesa
et al. (2020) emphasized that these are not the only
parameters that identify the suitability of a given
crop-land. It is necessary to consider other criteria
such as socio-economic, infrastructure, etc. The
degree of contribution of different factors’ can be
solved effectively when arranged into multiple groups
and at different levels. Some authors divided these
criteria into high and lower parameters based on the
judgments of experts (Jahanshiri et al., 2020). The
former factors are natural or biophysical criteria that
directly influence crop cultivation such as
precipitation, temperature, soil fertility, etc. The latter
ones are socio-economic factors that do not directly
affect crop growth but have an impact on how
appropriate a land use is for a certain purpose. Others
grouped variables into five categories: hydrology, soil,
and landscape characteristics, socio-economic and
technical indicators, land wuse, and land cover
(Mugiyo et al., 2021). Byeon et al. (2018) organized
into various groups including soil, climate,
topography, land use, land cover, socio-economic/
infrastructure, and irrigation. In this paper, using
previous studies as references, the main factors were

selected for analyzing the crop-land suitability can be
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classified into the following classes: climate,

topography, soil properties, hydro-geomorphology,
socio-economic, land use compatibility, and hazard.

The criteria and sub-criteria used in analyzing crop-
land suitability are summarized in Table 6.

Table 6 The criteria and sub-criteria used in crop-land suitability evaluation

Criteria

Sub-criteria

Number

Available Water Capacity (AWC); Mean Weight Diameter (MWD); Soil consistency (SC); Soil Drainage/Drainage Capacity
(SDr); Soil Depth (SD); Soil Hydrology (SH); Soil Group (SG); Soil Infiltration Capacity (SIC); Soil Morphology (SM); Soil
Reaction (SA); Surface Stoniness (SS); Soil Texture (ST); Soil type (STy); Soil Structure (SSt); Soil Water Content (SWC); Base
Saturation (BS); Bulk density; BD; Cation Exchange Capacity (CXC); Cation Exchangeable Capacity (CEC), Calcium Carbonate
Equivalent (CCE); Calcium (Ca); CaCO3; Iron (Fe); Coarse Fragments (CF); Electrical Conductivity: (EC); Exchangeable Bases

Soil properties

(EB); exchangeable sodium percentage (ESP); Fertilization (F); Gravel (Gr); Inundation Land Type (ILT); Gypsum (G); Land

Capability (LC); Lime (L); Magnesium (Mg); Micro Nutrients (MN); Molybdenum (Mb); Natural Fertility (NF);Nitrogen (N);
Organic Carbon (OC); Organic Matter (OM); Phosphorous (P); Percent Base Saturation (PBS); pH; potassium (K); Permeability
(Pe); Salinity and Alkalinity (SA); Salinity (S); Soil Soluble Chlorine (SSC); Sodicity & salinity (SoSa); Sum of Exchangeable
Cation (SEC); Soil-Cadmium Concentrations (SCC); Soil-Lead Concentrations (SLC); Productivity (Pro); Total Nitrogen (TN)\;
Vertical Properties (VP); Water Holding Capacity (WHC);

Topography

Climate

Aspect (As); Elevation (Ele); Relief (Re); Slope (SI)

Aridity (A); Chilling Hours (CH); Crop heat units (CHU); Ecoregions (E); Evapotranspiration (Eva); Length of growing period

(LGP); Moisture (M); Number of frost days (NFD); Rainfall (RF); Temperature (T); Sunshine time (ST)
Biogeography (Bi); Canal: C; Distance from surface water/ river/ stream (Dis_SW); Distance from Water Well/ Pump and Spring
(Dis_WW); Drainage System (DS); Irrigation Condition (IC); Irrigation Capability Index (ICl); Irrigation System (1S); Geology
(Ge); Proximity to irrigation ponds and dam lakes (PIPD); Proximity to River (PRi); Proximity to Irrigation Ditch (PID);
Proximity to Water Surface (PWS); River: (R); Water resources Availability (WRA); Water Coverage (WC); Water Reserve
(WR); Water Resources Properties (WRP); Groundwater Depth (GD); Ground Water Quality (GWQ); Groundwater Potentiality
(GP); Pigment Depth (PD); Lithology (Li);

Distance from Main Road (Dis_R); Distance from Rice Milling Plant (Dis_RMP); Distance from Population Centers/ Working
Populations (Dis_PC); Distance from residential areas with work opportunities (Dis_RA); Distance from the Villages (Dis_V);

Hydro-Geomorphology

Scio-economic

Distance to city (Dis_C); Density of Rurallabor Force (DRF); Labor Availability (LA); Landscape (LS); Land Accessibility (LA);

Population Areas (PA); Road (Ro); Accessibility to Market (AM); Proximity to Agricultural Service Centers (PASC); Proximity
to the Rural Cooperative (PRC); Proximity to Road (PRo); Proximity to Town (PT); Proximity to settlements (PS)

Land Use

Lan Use Land Cover (LULC); NDVI

Compatibility

Hazard

Sum

Disaster Risk (DR); Flooding (FI); Soil erosion: SE;

56

11

23

18

117

Table 7 summarized the techniques, criteria group
and the number of studies used them for LSA. From
this review, most studies confirm that soil is the most
dominant and indispensable criterion when assessing
crop suitability. Only 1 study (Tercan and Dereli,
2020) that
topographical conditions play a major role in citrus

suggested meteorological  and
cultivation planning. In the criteria related to soil
properties, some soil chemical characteristics such as
pH, CEC, EC, OM, P, N, Ca, etc. and some soil
physical features such as soil depth, soil texture, soil
drainage, etc. were mentioned in many studies. Field
soil sampling methods were utilized to assess the
quantity and spatial distribution of soil components
and nutrient availability (Yohannes and Soromessa,
2018). After soil

characteristics, topography

parameters are also assessed as necessary and
indispensable with 66 studies. Topography is strongly
associated with the normal growth of soil.
Topographical factors used in the studies include
slope, elevation, relief, and aspect. In which, slope
and elevation were the prevalent criteria in this group
because they were evaluated as one of the most
important topographical conditions (Tercan and
Dereli, 2020). While elevations have an impact on
crop-land suitability due to their influence on
variations in temperature and changes in plant cover
(Memarbashi et al., 2017), slopes have a direct effect
on soil nutrients, soil thickness, and agricultural
productivity (Han et al., 2021). Although the aspect
has a significant impact on farming operations and

crop output by affecting soil temperature and water



June, 2024

AgricEnglnt: CIGR Journal Open access at http://www.cigrjournal.org

Vol.26,No.2 71

content (Ostovari et al., 2019), but only 9 out of 66

studies included this factor in the analysis model.

Table 7 Techniques, criteria groups and a number of studies used them for LSA

Soil

Hydro- Socio- Land Use

Method Total Climate Topography . . e Hazard
properties Geomorphology Economic Compatibility

AHP 34 24 30 33 13 8 10 2
FAHP 12 4 9 12 5 3 0 0
ANP 3 2 3 3 2 1 0 1
TOPSIS 2 2 2 1
ELECTRE 1 1 1 1 1 0 0 0
HYBRID 23 20 21 23 9 3 15 2
Total 75 53 66 74 30 15 25 6

Another group of factors that are also preferred
when assessing crop-land suitability is climate. The
scientists insisted that, these criteria provided a highly
efficient procedure for deciding on suitable regional
planning for crop cultivation (Tercan and Dereli,
2020). Among 75 reviewed studies, climate criteria
could be found from 53 studies including aridity,
chilling hours, crop heat units, ecoregions,
evapotranspiration, length of growing period,
moisture, number of frost days, rainfall, temperature,
sunshine time. However, most of the factors used in
this group are rainfall and temperature. With respect
to heat, the growing season and ripening of crops are
determined by the average temperature during the
crop development period. The development of crops
and vyields are impacted by the amount of rainfall
(Han et al., 2021). Although evaluated with high
weight when analyzing land suitability, others such as
aridity, chilling hours, crop heat units, ecoregions,
evapotranspiration, length of growth period, number
of frost days, and sunshine time were utilized limited
in the studies. For parameters related to hydro-
geomorphology and land use compatibility, the
number of studies using these factors to analyze land
suitability accounts for just over a third of the total
number of studies. A thorough understanding of land
use and land cover (LULC) is essential for crop
suitability assessment and effective environmental
management (Mugiyo et al., 2021). However, of all
possible approaches, that may identify land suitability,
only 33.3% used LULC. The socio-economic and
hazard criteria group appeared to be of the least
interest to scientists. The socio-economic factors such
as rural labor force, landscape, population area, road,
distance from main road, rice milling plant,

population center, village, city, etc. Most factors in
this group have a weight rank at moderate level. For
hazard factor groups, not only are they used the least
among the groups, but the criteria of this group are
also assessed to have the least impact on crop-land
suitability.  Although
influenced LAS and it is impossible to consider all of

there are many criteria

them, according to Madrigal-Martmez and Puga-
Caldercn (2018), each group of parameters has some
degree of significance in evaluating the crop-land
suitability and it is not suggested to exclude any of
them. In order to choose the appropriate criteria, it is
necessary to pay attention to the crop growth
conditions and the actual situation in the study area.

4 Conclusion

The application of MCEA-based GIS for
identifying the best land suitability for farming is a
critical approach due to flexibility of the models such
as ease of understanding, different types of criteria
both quantitative and qualitative can be used, etc. By
combining GIS and Multi Criteria, it is possible to
manage the criterion data, generate criterion layers,
determine attributes using spatial analysis, combine
decision criteria using modelling, conduct sensitivity
analyses, and create the maps required for evaluating
crop-land suitability. The review found techniques of
multi-criteria assessment were used to analyze the
appropriateness of crop-land including AHP, FAHP,
ANP, TOPSIS, and ELECTRE. In which, the AHP
technique and the combination of AHP and other
methods such as remote sensing, FAO framework,
ALUES software, etc. are used the most. Otherwise,
although ANP, TOPSIS, and ELECTRE are
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considered the most well-known MCDM models,
they do not seem to be in common use in studies.
Furthermore, as a result of the study, it has been
revealed that 117 criteria of seven groups (climate,
topography, soil properties, hydro-geomorphology,
socio-economic, land use compatibility, and hazard)
play an important role in assessing land suitability.
Notably, the factors related to the properties of the
soil are always assigned high weight and are
necessary to be included in the model calculation.
This review can help and will be valuable as a
prepared resource for individuals who are interested
in integrating GIS and MCDA as a useful tool for
crop-land suitability evaluation.
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