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ABSTRACT

Cropland suitability assessment is an essential technique for agricultural development and future planning. It is an
evaluation to determine how suitable the land is for growing a specific crop in a particular region based on multiple
parameters like soil, climate, topography, socio-economic condition, infrastructure, irrigation, existing land use/land
cover and environmental aspects. The paper presents different multi-criteria evaluation (MCE) techniques such as
Analytical Hierarchy Process (AHP), Fuzzy Analytical Hierarchy Process (FAHP), Analytic Network Process (ANP),
Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) and ELimination Et Choice Translating
REality (ELECTRE) approaches integrated with geospatial technology, namely remote sensing and Geographical
Information System for cropland suitability assessment. Review findings indicate that the AHP technique was used by
53% of the researchers, followed by FAHP (16%); ANP (6%); TOPSIS (6%); ELECTRE (3%) and other techniques
(16%) with or without geospatial technology. The integrated approach of MCE with geospatial was used by 69%,
among which AHP technique of MCE was used by 72%; whereas, 22% used geospatial and 9% used MCE techniques
alone. The results from the selected research articles also indicated that the most important input parameters were
soil, topography and climate used by 97%, 88% and 74% of the researchers, respectively. The review can be helpful
for researchers and decision-makers to select the most robust methods and standard parameters required for cropland
suitability assessment to achieve higher agricultural production on a sustained basis.

Keywords: Cropland suitability, Geographical Information System, Multi-criteria evaluation, Remote
sensing

The cropland suitability analysis is the process of
assessing the appropriateness of a given type of land for
growing a particular crop based on its optimum growth
requirements (FAO 1976). It is a function of different
parameters such as climate, soil, topography, land use,
infrastructure, water availability, socio-economic and
environmental factors etc. The relative importance of these
parameters can be evaluated to determine the suitability by
different statistical techniques such as MCE (Nagasawa et
al. 2005) integrated with geospatial techniques such as RS
(Remote sensing) and GIS (Geographic Information System)
(Trigoso et al. 2020). It also involves major decisions at
various levels starting from choosing significant land-use
types, selecting criteria, deciding suitability limits for
each class of the criteria and deciding the preferences,
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both qualitative and quantitative. Remote Sensing (RS)
data provides reliable information on land use/land cover,
topography etc. on a spatial scale in less time and money
which can be integrated into GIS along with data on bio-
climate, soil, crop etc. that will be helpful to decision-makers
for increasing the crop productivity and reducing the cost
of production. Kumar et al. (2021) analyzed cotton yield
in Haryana and reported that phosphorus addition increased
the yield but simultaneously increased cost of cultivation.
Some researchers used either the MCE technique (Gautam
et al. 2017, Jain et al. 2020) or the geospatial technique
(Dhami et al. 2012, Ranjan et al. 2018), and they found that
handling weights of parameters are indigent or insufficient in
determining the crop suitability index. Hence, the integrated
approach of MCE and geospatial techniques in cropland
suitability assessment has great potential to increase the
accuracy and effectiveness of the results (Chivasa et al.
2019, Ramamurthy ef al. 2020). Chand et al. (2021) opined
that the cultivation of non-suitable crops leads towards
unsustainability of agriculture in the affected area. Hence,
cropland suitability assessment is vital for matching the
land characteristics with crop requirements (Mustafa et al.
2011, Pan and Pan 2012, Kihoro et al. 2013, Sharma et al.
2018) which can answer the questions such as where to
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grow and what to grow? Identification of suitable crop/crops
will further facilitate environmentally friendly sustainable
agriculture by developing optimum crop plans. There are
reports (Kadao et al. 2001, Prasad et al. 2009, Likhar and
Prasad 2011) and review (Jain et al. 2018) for suitability
evaluations, however, most of the methodologies for
optimum plans are based on existing cropping pattern and
do not cover crops on the basis of land suitability (Jain et
al. 2015, Jain et al. 2019). Applicability of such methods is
more relevant when the crops used in the model are suitable
for the region as per their bio-physical applicability.

The growing population pressure and competing
demand for natural resources such as land, water and
biomass exerts tremendous pressure on these resources.
A large proportion of land is used either excessively or
inadequately to grow different crops without considering
its potential and constraints. Under present situations, it is
not possible to bring more area under plough and hence
productivity has to be increased from existing cultivable
land to meet the growing demand for food for our future
generations. Therefore, to increase food production and
provide food security, it is essential to grow the crops in
areas where they are best suited. There are various criteria
and approaches available in literature for cropland suitability
assessment. From the selected research articles, it was
noticed that different input criteria such as soil, climate,
topography, socio-economic, infrastructure, irrigation and
land use/land cover (LULC) were used by researchers. Using
these criteria, the MCE techniques such as AHP, FAHP,
ANP, TOPSIS and ELECTRE etc. have been applied with
or without geospatial techniques (RS and GIS) for suitability
assessment, but there is no review available on the essential
criteria and popular approach. The present review describes
and analyses the MCE technique and geospatial tools and
techniques and, corresponding criteria requirements for
cropland suitability assessment. Based on the analysis, and
the standard parameters, the most robust approaches are
identified that can help researchers, decision makers and
policymakers to develop guidelines on cropland suitability
for improved crop productivity.

The present review is based on the latest research papers
from last 10 years, barring a few basic ones. The papers were
selected using the key words like “crop suitability”, “MCE”,
“GIS”, “RS”, “AHP”, “Fuzzy AHP”, “ANP”, “Best Worst
method”, “land suitability” from Springer, IEEE Xplore,
Elsevier, Science Direct, MDPI, Taylor and Francis, Google
Scholar, and other Scopus indexed journals and conference
proceedings. The papers with reputed and high impact factor
journals were selected for the review. Where available,
full-length articles were downloaded, and research details
were extracted, such as the country where the study was
carried out, the study’s objective, methods or model used,
crop(s) studied and the thematic factors used in assessing
the suitability. We developed a Microsoft Excel spreadsheet
to enter and later quantitatively assessed the extracted data.
We assumed no selection bias as the literature search and
curatorship was done by two independent researchers.
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Identification of criteria for cropland suitability
Determination of optimum land-use type for an area
involves integrating data from various sources and domains
such as soil science, social science, meteorology, and crop
science. All these significant streams can be considered in
separate groups; each group can have various parameters
(criteria) in itself. However, all criteria are not equally
important; every criterion will contribute to suitability
at different degrees (Gundimeda 2007). The relative
degree of various criteria contribution can be addressed
well when grouped into various groups and organized at
various hierarchies. Considering the soil (soil texture, soil
pH, soil drainage), climate (temperature and humidity),
topography (slope) and LULC parameters, Kihoro et
al. (2013) studied the cropland suitability for rice crop
using AHP technique. While, Kaunakaran et al. (2019)
included clay content, exchangeable sodium percentage,
available water content, saturated hydraulic and organic
carbon content in their suitability evaluation for cotton
using AHP-method. Maddahi et al. (2017) used the soil
parameters (soil texture, surface stoniness, soil depth, pH,
EC, phosphorus, potassium, OM), climate (temperature
and relative humidity), topography (slope and aspect),
infrastructure (distances from road, rice milling plant,
residential areas with work opportunities), LULC and
irrigation (distance from river and stream, from water well)
using fuzzy AHP technique. In an empirical study, Mugiyo
et al. (2021) used the soil parameters (soil depth), climate
(temperature and rainfall, LGP, ET,)), topography (slope and
elevation), infrastructure (distance from road) and LULC
for under-utilised crops (sorghum, cowpea, amaranth and
taro) in South Africa by using AHP. Seyedmohammadi e?
al. (2018) studied the soil parameters (depth, pH, electrical
conductivity, exchangeable sodium percentage, calcium
carbonate, gypsum), slope and climate to estimate the
land suitability for maize, rapeseed and soybean crops
using SAW, TOPSIS and FAHP techniques. Yohannes and
Soromessa (2018) used soil parameters , (depth, soil texture,
soil drainage pH, EC, CEC, carbonate, OM, total nitrogen,
available phosphorus) along with temperature, rainfall,
slope, aspect, altitude, erosion hazard, distance from road,
river distance and LULC for cropland suitability assessment
of wheat and barley using ANP technique whereas, Fekadu
and Negese (2020) used soil parameters (texture, depth,
BD, pH, OC,NP,CEC,PBS), temperature, rainfall, slope,
elevation, AWC using AHP technique in Ethiopia. Jain et
al. (2020) used temperature, rainfall, relative humidity,
length of the growing period, soil texture, soil depth, pH,
EC, OC, slope, net returns per ha, market concentration
and road density for different crops for cropland suitability
evaluation using AHP technique in the Bundelkhand region,
India. The different researchers used different parameters,
tools and techniques to address the suitability (Table 1).

Tools and techniques used for cropland suitability
Geospatial tools and techniques: Geographic information
system (GIS) is an efficient tool for input, storage and
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retrieval, manipulation and analysis, and output of spatial
data (AbdelRahman et al. 2016). These data contain both
thematic and geometric (spatial) information, which can be
represented in raster or vector form. GIS can integrate many
geographic technologies such as GPS, RS etc. and it can
also perform various tasks using spatial and attribute data
stored in it. It allows the construction of models that helps
to create cropland suitability map from a set of thematic
maps such as soil, climatic, topography maps etc. (Zolekar
and Bhagat 2015). Remote sensing (RS) gives information
regarding numerous spatial criteria like topography (aspect,
slope, elevation) (Bisht et al. 2013), land use/land cover
(LULC), drainage density, etc used for cropland suitability
assessment at larger scale. The thematic layers of various
input parameters namely temperature, rainfall, relative
humidity, texture, drainage, soil pH, OC, EC, depth etc.
along with spatial inputs derived from RS data, and can be
incorporated in GIS (Bisht et al. 2019, Shaloo et al. 2021)
for cropland suitability classification (Perveen et al. 2007).

Multi-criteria evaluation (MCE) techniques: The Multi-
Criteria Evaluation (MCE) technique is a powerful tool
for solving multiple criteria decision-making problems. It
enhances decision-making when a set of alternatives must
be evaluated based on conflicting and unequal criteria. This
technique examines many choice possibilities in light of
multiple criteria and objectives. Following are the commonly
used MCE techniques for cropland suitability assessment.

a. The Analytical Hierarchy Process (AHP): AHP
method of MCE is the most widely used technique to
obtain the weights of criteria by constructing a pairwise
comparison matrix using a scale value from 1-9 points for
decision-making. Saaty (1980) developed this method for
solving complex problems (Yu ef al. 2011) related to crop
suitability (Rabia and Terribile 2013), land use planning
(Zolekar and Bhagat 2015) etc. The weights of criterion
were calculated in four steps in pairwise comparison matrix,
i.e. (1) formation of judgments, (2) calculation of assigned
ranks, (3) preparation of normalized pairwise comparison
matrix and finally, (4) calculation of weights. Judgments of
ranks were formed based on expert opinion and compared
in pairwise comparison matrix.

b. Analytic Network Process (ANP): The analytic
network process (ANP) is a generalized form of AHP
which structures a decision-making problem into a network
(Eldrandaly et al. 2014, Mokarram et al. 2019). It also uses
a pair-wise comparison system to estimate the structure
components weights and finally rank the alternatives in
the decision.

c. Fuzzy Analytical Hierarchy Process (FAHP): Fuzzy
Analytic Hierarchy Process (FAHP) is a method of AHP
developed with fuzzy logic theory which sets the AHP
scale into the fuzzy triangle scale (fuzzy numbers) to access
the criterion's priority (Srisawat et al. 2017, Kahsay et al.
2018). This method deals with uncertain data and precious
knowledge, which can be used by the decision-makers in
uncertain circumstances.

d. Best-Worst Method (BWM): BWM method is
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used to estimate a set of alternatives regarding a set of
decision criteria (Rezaei 2016). This method is based on
a structured pair-wise comparison of the decision criteria.
The decision-maker (DM) determines two criteria (the
best criterion and the worst criterion), after identifying the
decision criteria where the best criterion (most important)
is the one that has the most vital role in decision making
(Everest et al. 2022). In contrast, the worst criterion (least
important) has the opposite role. The DM then provide their
preferences of the best criterion over all the other criteria
and preferences of all the criteria over the worst criterion
using a predefined scale value ranging from 1-9. These
two sets of pair-wise comparisons are utilized as input for
an optimization problem, the adequate results of which are
the weights of the criteria.

e. TOPSIS method: The technique for order of
preference by similarity to ideal solution (TOPSIS) is based
on the principle that the alternative chosen must have the
shortest distance from the positive ideal solution and the
farthest distance from the negative ideal solution (Hwang and
Yoon 1981). Bagherzadeh and Gholizadeh (2016) evaluated
the cropland suitability for rice crop in Iran using TOPSIS
method integrated with GIS.

F. ELECTRE method: ELimination Et Choice
Translating REality (ELECTRE) method is one of the out-
ranking methods for MCE which comprises a systematic
analysis between pairs of different alternatives from a set
of evaluation criteria. This method can be used to produce
the best alternative ranking relationship assuming that
one alternative can dominate over the other alternatives
(Govindan and Jepsen 2016). Likewise, when the alternatives
are equally good, weights are needed for all criteria as a
comparison to assess (Rogers et al. 2000).

Integration of MCE and Geospatial techniques

Several GIS-based approaches such as interpolation,
weighted overlay and modelling etc. of geospatial data
can be used for cropland suitability mapping. Though
these approaches are not having a well-defined mechanism
for incorporating decision makers’ choices in GIS, they
can be solved by integrating MCE techniques with GIS.
Interpolation technique present in GIS is used to create
thematic layers of input parameters such as air temperature,
rainfall, soil texture, drainage, pH, electrical conductivity,
organic carbon, slope etc. MCE technique such as AHP, Fuzzy
AHP, ANP etc. can be utilized to determine the weights
of each parameter using expert opinions. The combined
approach can be used for developing crop suitability models
as per the optimum crop growth requirements in terms of
input parameters of specific crop (Otgonbayar et al. 2017)
(Fig 1). The integrated approach of MCE and geospatial
techniques have excellent potential to find suitable land for
crops that save resources, time, money and provide valuable
information to farmers and policymakers to reduce costs
and increase production (Singh et al. 2018).

Following the systematic search, 121 research papers
were selected for analysis. After removing all duplicates,
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Further, Jain ef al. (2021c)
have reported that suitability
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Fig 1 Flow chart for cropland suitability assessment.

articles selection was done emphasizing peer-reviewed
articles from reputed journals and conference papers.
Papers that were based on land suitability but not related
to crops were excluded. Finally, we used 79 researches for
this analysis. Several researchers used MCE techniques for
obtaining the weights of parameters, among which AHP
technique was used by 53% of the researchers followed by
FAHP, ANP, TOPSIS and ELECTRE with 16%, 6%, 6% and
3%, respectively, while 16% researchers used some other
techniques as shown in Fig 2. From the identified literature
used in this review, 69% used the integrated approach of
MCE with geospatial among which 72% used AHP technique
of MCE. Whereas, 22% used geospatial and only 9% used
MCE techniques alone. AHP was found better than other
techniques due to its relative ease in handling multiple
criteria and compensating both qualitative and quantitative
data (Moeinaddini et al. 2010). Most of the researchers used
the GIS tool with MCE techniques for developing model
for cropland suitability as shown in Table 1. A total of
seven input parameters namely, soil, climate, topography,
socio-economic, infrastructure, irrigation and LULC were
used by researchers of which soil, topography and climate
were used by 97%, 88%, and 74%, respectively. Among
the input parameters, the most important parameters
were soil (soil texture, drainage, soil depth, pH, OC and
EC), climate (temperature and rainfall) and topography
(slope) for cropland suitability assessment. In recent study
Jain et al. (2021a) demonstrated the methodology for
computation of infrastructural suitability in agriculture at
district, state and country level. Composite infrastructural
classes highlighted that all the states in the country have
infrastructural inadequacy in one or more parameters (Jain
et al. 2021b). The authors analyzed that improvement in
agricultural infrastructure in the country calls for huge

suitability analysis based on
computer vision (Nigam et
al. 2021).

The analysis clearly reveals that soil, climatic and
topography parameters are essential parameters for crop
suitability analysis. Latest research also recommends use of
socio-economic and infrastructural variables as these govern
the farmer’s decision to adopt the crops in the region of
interest. Detailed methodology for the same is available in
Jain et al. (2021a,b).

Conclusion

The present review used a scoping method to obtain and
incorporate information on cropland suitability. The review
is expected to provide researchers and decision-makers the
most robust methods for cropland suitability assessment
which can be used to improve current and future planning

MCE

ELECTRE
3%

ANP
6%

TOPSIS
6%

Fig 2 Per cent use of MCE techniques in cropland suitability
assessment with or without geo-spatial technology.
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on climate change issues, environmental management and
crop production guidelines. Many studies have used AHP
method of MCE techniques for obtaining the weights of
criteria in GIS platform for suitability evaluation. Most of
the studies used soil, topography and climate as important
input parameters. However, for better land use planning
especially in small holder farming systems, socio-economic,
infrastructure, irrigation factors and pollution load should
also be considered. Future studies should focus on using
artificial intelligence (AI) and machine learning methods
(MLMs) which are gaining popularity in recent years and
can be integrated with MCE and GIS for improving crop
suitability mapping for climate-smart agriculture. Finally,
these tools and techniques can be integrated in the form
of a spatial decision support system (SDSS) to smoothen
the decision-making process for management, planning,
operations or satisfactory solution path recommendation.
SDSS provides support for decision making and
recommendations to researchers, farmers, decision-makers
and policymakers to solve complex problems related to crop
production in the agriculture sector.

REFERENCES

AbdelRahman M A E, Natarajan A and Hegde R. 2016. Assessment
of land suitability and capability by integrating remote sensing
and GIS for agriculture in Chamarajanagar district, Karnataka,
India. The Egyptian Journal of Remote Sensing and Space
Sciences 19: 125-41.

Ali I, Gunawan V and Adi K. 2020. Decision Support Systems
for Land Suitability Evaluation on Rice Cultivation using
ELECTRE Method. E3S Web of Conferences 202: 14004.

Bagherzadeh A and Gholizadeh A. 2016. Modeling land suitability
evaluation for wheat production by parametric and TOPSIS
approaches using GIS, northeast of Iran. Modeling Earth
Systems and Environment 2: 126.

Bisht H, Nain A S, Gautam S and Puranik H. 2013. Agro-climatic
zonation of Uttarakhand using remote sensing and GIS. Journal
of Agrometeorology 15(1): 30-35.

Bisht H, Gautum S, Puranik H and Nain A S. 2019. Agro-ecological
zonation of Uttarakhand using geo-spatial techniques. /ndian
Journal of Agricultural Sciences 89(11): 1792-96.

Chand P, Rao S, Agarwal P and Jain R. 2021. Sustainable
intensification of water guzzling crops: Identifying suitable
cropping districts of India. The Indian Journal of Agricultural
Sciences 91(8): 1117-21.

Chivasa W, Mutangab O and Biradar C M. 2019. Mapping land
suitability for maize (Zea mays L.) production using GIS
and AHP technique in Zimbabwe. South African Journal of
Geomatics 8(2): 265-81.

DhamiJ, Roy S, Nain A S and Panwar R. 2012. Suitability analysis
of apple and pear using remote sensing and GIS in Uttarakhand.
Journal of Agrometeorology 4(14): 464-74.

Eldrandaly K A and Mohammed A. 2014. An Expert GIS-
Based ANP-OWA Decision Making Framework for Tourism
Development Site Selection. International Journal of Intelligent
Systems and Applications 6(7): 1-11.

Everest T, Sungur A and Ozcan H. 2022. Applying the Best—Worst
Method for land evaluation: a case study for paddy cultivation
in northwest Turkey. International Journal of Environmental
Science and Technology 19: 3233-46.

[Indian Journal of Agricultural Sciences 92 (5)

FAO. 1976. A framework for land evaluation: Soils Bulletin 32.
Food and Agriculture Organization of the United Nations,
Rome, Italy.

Fekadu E and Negese A. 2020. GIS assisted suitability analysis
for wheat and barley crops through AHP approach at Yikalo
sub-watershed, Ethiopia. Cogent Food and Agriculture 6: 1.

Gautam D, Patel P R, Kalubarme M H and Pandya M. 2017.
Development of decision support system for land suitability
evaluations for crops using ICT tools. Engineering and
Technology in India 8(1&2): 65-70.

Govindan K and Jepsen MB. 2016. ELECTRE: A comprehensive
literature review on methodologies and applications. European
Journal of Operational Research 250(1): 1-29.

Gundimeda H. 2007. Environmental Accounting of Land and Water
Resources in Tamilnadu, Department of Humanities and Social
Sciences. Indian Institute of Technology Bombay, Mumbai.

Hwang C L and Yoon K. 1981. Methods for Multiple Attribute
Decision Making. (In) Multiple Attribute Decision Making.
Lecture Notes in Economics and Mathematical Systems.
Springer, Berlin, Heidelberg 186: 58—191.

Islam MM, Ahamed T and Noguchi R. 2018. Land Suitability
and Insurance Premiums: A GIS-based Multicriteria Analysis
Approach for Sustainable Rice Production. Sustainability
10(6): 1-28.

Jain R, Raju S S, Srivastava S K, Kaur A and Singh J .2015.
Manual on methodological approach for developing regional
crop plan, ICAR-NIAP, available at https://niap.icar.gov.in.

Jain R, Malangmeih L, Raju S S, Srivastava S K, Kingsly I and
Kaur A P .2018. Optimization techniques for crop planning:
a review. Indian Journal of Agricultural Sciences 88(12):
1826-35.

Jain R, Kingsly I, Chand R, Raju S S, Srivastava S K, Kaur A P and
Singh J. 2019. Methodology for region level optimum crop
plan. International Journal of Information Technology 11(4):
619-24.

Jain R, Chand P, Rao SC and Agarwal P. 2020. Crop and soil
suitability analysis using multi-criteria decision making in
drought-prone semi-arid tropics in India. Journal of Soil and
Water Conservation 19(3): 271-83.

Jain R, Chand P, Agarwal P, Rao S and Pal S. 2021a. Determination
of agricultural infrastructural suitability in aspirational
districts: A case study of Bundelkhand. The Indian Journal of
Agricultural Sciences 91(7): 1020-24.

Jain R, Chand P, Agarwal P, Rao S and Pal S. 2021b. Measuring
the Infrastructural Adequacy for Agriculture: A Comparative
Analysis of Indian States. Journal of the Indian Society of
Agricultural Statistics 75(1): 25-35.

Jain R, Begam S and Chand P 2021c. Evolutionary Computing
for Optimum Crop Planning. (In) Special Proceeding: 23rd
Annual Conference of SSCA (Society of Statistics and Computer
Application).

Prasad J, Ray S K, Gajbhiye K S and Singh S R. 2009. Soils of
Selsura research farm in Wardha district, Maharashtra and their
suitability for crops. Agropedology 19(2): 84-91.

Jamil M, Sahana M and Sajjad H. 2018. Crop Suitability Analysis
in the Bijnor District, UP, Using Geospatial Tools and Fuzzy
Analytical Hierarchy Process. Agricultural Research 7: 506-22.

Kadao S H, Gajbhiye K S, Prasad J and Sharma J P. 2001.
Evaluation of some dominant banana (Musa paradisiaca)
growing soils of Wardha district in Maharashtra state for
their suitability classification. Indian Journal of Agricultural
Sciences 71(4): 279-81.



May 2022]

Kahsay A, Haile M, Gebresamuel G, Mohammed M and Moral M
T. 2018. Land suitability analysis for sorghum crop production
in northern semi-arid Ethiopia: Application of GIS-based fuzzy
AHP approach. Cogent Food and Agriculture 4: 1-24.

Kaunakaran K, Govindasamy V, Rajendran G and Prasad J. 2019.
Nano-scaled soils: Characterization and applications in plant
nutrient management. /ndian Journal of Fertilisers 15(11):
1238-53.

Kihoro J, Bosco N J and Murage H. 2013. Suitability analysis
for rice growing sites using a multicriteria evaluation and GIS
approach in great Mwea region, Kenya. SpringerPlus 2: 265.

Kumar S, Kumar N R, Jain R, Balaji S J, Jhajhria A, Bangaraju
S and Awais M. 2021. Resource use efficiency in cotton
production in Palwal district of Haryana. The Indian Journal
of Agricultural Sciences 91(9): 1285-89.

Likhar C K and Prasad J. 2011. Productivity and suitability
assessment of orange (Citrus reticulata)-growing soils in
Nagpur. The Indian Journal of Agricultural Sciences 81(6):
500-05.

Maddahi Z, Jalalian A, Kheirkhah Zarkesh M M and Honarjo N.
2017. Land Suitability Analysis for Rice Cultivation Using a
GIS-based Fuzzy Multi-criteria Decision-Making Approach:
Central Part of Amol District, Iran. Soil and Water Research
12(1): 29-38.

Mehra G and Rajeshwari. 2018. Crop land suitability and
sustainability of agriculture in Mahendragarh district, Haryana,
Annals, Nagi 38(2): 281-300.

Moeinaddini M, Khorasani N, Danehkar A, Darvishsefat A A
and Zienalyan M. 2010. Siting MSW landfill using weighted
linear combination and analytical hierarchy process (AHP)
methodology in GIS environment (Case Study: Karaj). Waste
Management 30(5): 912-20.

Mokarram M, Pourghasemi H R and Tiefenbacher J P. 2019.
Comparison analytic network and analytical hierarchical process
approaches with feature selection algorithm to predict ground
water quality. Environmental Earth Sciences 78(21): 625.

Mugiyo H, Chimonyo VGP, Sibanda M, Kunz R, Nhamo L,
Masemola C R, Dalin C, Modi A T, and Mabhaudhi T. 2021.
Multi-criteria suitability analysis for neglected and underutilised
crop species in South Africa. PLOS ONE 16(10): e0244734.

Mustafa A A, Singh M, Sahoo R N, Ahmed N, Khanna M, Sarangi
A and Mishra A K. 2011. Land suitability analysis for different
crops: a multi criteria decision making approach using remote
sensing and GIS. Researcher 3(12): 61-84.

Nagasawa R, Delowar K M, Perveen F and Uddin I. 2005. Crop-
land suitability analysis using a multi-criteria evaluation and
GIS approach. International Society for Digital Earth (ISDE).

Nigam S, Jain R, Marwaha S, Arora A, Singh V K, Singh A K and
Paul R K. 2021. Automating yellow rust disease identification
in wheat using artificial intelligence. The Indian Journal of
Agricultural Sciences 91(9): 1391-95.

Otgonbayar M, Atzberger C, Chambers J, Amarsaikhan D, Bock
S and Tsogtbayar J. 2017. Land Suitability Evaluation for
Agricultural Cropland in Mongolia Using the Spatial MCDM
Method and AHP Based GIS. Journal of Geoscience and
Environment Protection 5: 238-63.

Pan G and Pan J. 2012. Research in crop land suitability analysis
based on GIS. Li D, Chen Y (Eds.) Computer and Computing
Technologies in Agriculture V. CCTA 2011. IFIP Advances in
Information and Communication Technology. Springer 369:
314-25.

Perveen M F, Nagasawa R, Uddin M I and Delowar H K M. 2007.

CROPLAND SUITABILITY USING MCE 561

Crop-land suitability analysis using a multi-criteria evaluation
& GIS approach. (In) 5™ International Symposium on Digital
Earth (ISDES), June 5-9, University of California, Berkeley,
USA.

Peter I. 2020. Determination of Soil-Crop Suitability for
Enugu State using Geographic Information System (GIS) &
Multi-Criteria Evaluation (MCE). International Journal of
Engineering Research and Technology 9(1): 274-81.

Rabia A H and Terribile F. 2013. Introducing a new parametric
concept for land suitability assessment. International Journal
of Environmental Science and Development 4(1): 15-19.

Ramamurthy V, Reddy GPO and Kumar N. 2020. Assessment of
land suitability for maize (Zea mays L) in semi-arid ecosystem
of southern India using integrated AHP and GIS approach.
Computer and Electronics in Agriculture 179: 105806.

Ranjan R, Nain A S and Jha A. 2018. Assessment of land
suitability potentials of Willow for enhancing green cover under
wastelands of Haryana using geospatial technology. Journal
of Agrometeorology 20(Special Issue): 4448

Raza S M H, Mahmood AS, Khan A A and Liesenberg V. 2017.
Delineation of potential sites for rice cultivation through
multi-criteria evaluation (MCE) using remote sensing and GIS.
International Journal of Plant Production 12: 1-11.

Rezaei J. 2016. Best-worst multi-criteria decision-making method:
Some properties and a linear model. Omega 64: 126-30.

Rogers M, Bruen M and Maystre L Y. 2000. Electre and Decision
Support: Methods and Applications in Engineering and
Infrastructure Investment, pp.208. Springer. New York.

Roy J and Saha S. 2018. Assessment of land suitability for the
paddy cultivation using analytical hierarchical process (AHP):
A study on Hinglo river basin, Eastern India. Modeling Earth
Systems and Environment 4(2): 1-18.

Saaty T. 1980. The Analytical Hierarchy Process, Planning Priority.
Resource Allocation. TWS Publications. USA. pp. 287.

Seif-Ennasr M, Bouchaou L, El Morjani Z E A, Hirich A, Beraaouz
E H and Choukr-Allah R. 2020. GIS-based Land Suitability
and Crop Vulnerability Assessment under Climate Change in
ChtoukaAit Baha, Morocco. Atmosphere 11(11): 1167.

Seyedmohammadi J, Sarmadian F, Jafarzadeh A A and McDowell
R W. 2019. Integration of ANP and Fuzzy set techniques for
land suitability assessment based on remote sensing and GIS
for irrigated maize cultivation. Archives of Agronomy and Soil
Science 65(8): 1063-79.

Seyedmohammadi J, Sarmadian F, Jafarzadeh A A, Ghorbani M
A and Shahbazi F. 2018. Application of SAW, TOPSIS and
fuzzy TOPSIS models in cultivation priority planning for
maize, rapeseed and soybean crops. Geoderma 310: 178-90.

Shaloo, Singh R P, Jain R and Bisht H. 2021. Assessment of spatial
variability of soil properties in Haryana using GIS. Annals of
Agri-Bio Research 26(2): 169-72.

Sharma R, Kamble S S and Gunasekaran A. 2018. Big GIS analytics
framework for agriculture supply chains: A literature review
identifying the current trends and future perspectives. Computer
and Electronics in Agriculture 155: 103-20.

Singh P, Upadhyay R K, Bhatt H P, Oza M P and Vyas S P. 2018.
Crop suitability analysis for cereal crops of Uttar Pradesh, India.
The International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences, Vol XLII-5. (In)
ISPRS TC V Mid-term Symposium Geospatial Technology —
Pixel to People, Dehradun, India. November 20-23.

Srisawat P, Kronprasert N and Arunotayanun K. 2017. Develop-
ment of decision support system for evaluating spatial efficiency



562 SHALOO ET AL.

of regional transport logistics. Transportation Research
Procedia 25: 4832-51.

Thapa D M, Shrivastav C P, Shah S C and Sah K. 2020. Land
suitability evaluation using GIS for vegetable crops at
Sharadanagar, Chitwan, Nepal. Tropical Agrobiodiversity
1(1): 42—4e.

Trigoso D I, Lopez R S, Briceno N B R, Lopez J O S, Fernandez
D G, Oliva M, Huatangari L Q, Murga R E T, Castillo E B
and Gurbillon M A B. 2020. Land Suitability Analysis for
Potato Crop in the Jucusbamba and Tincas Microwatersheds
(Amazonas, NW Peru): AHP and RS—GIS Approach. Agronomy
10(12): 1898.

[Undian Journal of Agricultural Sciences 92 (5)

Yohannes H and Soromessa T. 2018. Land suitability assessment
for major crops by using GIS-based multi-criteria approach in
Andit Tid watershed, Ethiopia. Cogent Food and Agriculture
4: 1-1470481.

Yu J, Chen Y, Wu J and Khan S. 2011. Cellular automata-based
spatial multi-criteria land suitability simulation for irrigated
agriculture. International Journal of Geographical Information
Science 25(1): 131-48.

Zolekar R B and Bhagat V S. 2015. Multi-criteria land suitability
analysis for agriculture in hilly zone: Remote sensing and
GIS approach. Computers and Electronics in Agriculture
118: 300-21.



